
E 1

#
# ~%, UNITED STATES
!' NUCLEAR RECULATORY COMMISSION
$ :f

,

WASHINGTON, D. C, 20$$$ |

..... January 31, 1990*

NOTE TO: D. Lanham ;

NUDOCS
,

FROM: H. Smith

SUBJECT: R.LICCIARDO-DIFFERINGPROFESSIONALOPINION(DPO)CONCERNING :
ZION 1/2 CONTAINMENT ISOLATION VALVES, AND 1

METHODOLOGY USED FOR CALCULATING 0FFSITE DOSES

Enclosed is a Chronology (Enclosure 1) related to the October 19, 1989

memorandum from R. Licciardo to J. Taylor, EDO, which consists of a Differing

ProfessionalOpinion(DPO)concerningZion. Enclosure 2 are records

pertaining to the DPO. Please make the Chronology and the enclosed records

available in Central Files and the Public Document Room. Mr. Blaha, EDO,

agrees with this action. Please contact me on 21287 if additional information

is needed.
>

a el Smith, NRR

Enclosures:
1. Chronology - DP0
2. Records related to DP0, as listed on Enclosure 1

cc w/ Enc 1 1:
'

R. Licciardo .

J. Blaha
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Enclosure 1 '

CHRONOLOGY

Pertaining to the DP0 filed by Mr. Licciardo with the EDO on Zion

Item No. Description

1. Meme dated 10/19/89 from R. Licciardo to J. Taylor, EDO, which
constitutes a formal submission of a Differing Professional Opinion
(DP0) concerning Zion isolation valves, and methodology used for.
calculating offsite doses. (1 page memo; 4 page attachment) the
follcwing items are enclosures to the DPO. i

Enclosure 1 Memo-(proposed by R. Licciardo) dated 5/11/89 from
J. Wermiel to D. Muller, subject: Offsite Radiological Consequences
of LOCA During Containment Purge Proposed in Technical Specifi-
cation (TS)ChangesforZion1and2,"withSERandSALPinput
(memo 2 pages; SER 3 pages; SALP 1 page).

Enclosure 2 Memo dated 5/10/89 from J. Wermiel to D. Muller,
subject: " Proposed TS Changes on Purge / Vent Operation" (2 page
memo; 3 page SER; 1 page SALP input; page 202a of TS).

.

Enclosure 3 Memo dated 5/11/89 from R. Licciardo to 1. Murley,
which submits the differing professional view regarding Zion and
offsite doses, w/ memo (proposed by R. Licciardo) dated 5/11/89 from
Wermiel to Muller attached (9 pages).

Enclosure 4 - Memo dated 7/20/89 from R. Licciardo to F. Miraglia i

' submitting).information requested by F. Miraglia memo dated 5/11/89(70 pages .

Enclosure __5 Zian/FSAR Section 9.10. " Plant Ventilation," Desi
Auxiliary Building Ventilation and Contair. ment Purge Systems (gn Basis for35
pages).

Enclosure 6 Memo dated-9/13/89 from T. Murley to R. Licciardo
consisting of his conclusions in regard to Mr. Licciardo's DPV. (1
page) with the 8/31/89 Review Panel memo (3 pages), and References 1-6
as listed below:

Reference 1 Management Response to Oversight Committee. (57
pages)

Reference 2 Background Information Related to DPV (28 pages),
including Branch Tech. Position CSB 6-4 and Section 4.2 of
NUREG-0800

Reference 3 The memo dated 7/20/89 described in Enclosure 4.
I

.i
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Reference 4 Memo dated 8/11/89 from A. Thadani to F. Miraglia,
DPV concerning containment isolation valves at Zion (19 pages).

Re_ference 5 . Note from A. Thadani to F. Miraglia dated 8/24/89,
DPV concerning containment isolation valves .0 Zion, w/ memo
dated 8/23/89 from W. Hodges and 8/21/89 from N. Lauben. (14
pages)

Reference 6 Note from A. Thadani to F. Miraglia dated 8/29/89,
with memo from R. Jones dated 8/25/89; DPV to T. Murley dated
5/11/89 with listing of 10 memoranda; 5/18/89 memo from T. Murley

.

to Licciardo acknowledging receipt of DPV; 5/25/89 memo from
R. Licciardo to T. Murley naming panel members; 5/26/89
memo from T. Murley to Panel (Miraglia, Rossi, Congel); 6/2/89
memo from F. Miraglia to R. Licciardo; 6/23/89 memo from F.
Miraglia to R. Licciardo; 6/30/89 memo from R. Licciardo to
F. Miraglia; 7/14/89 memo from R. Licciardo to F. Miraglia;
7/14/89 memo from R. Licciardo to F. Miraglia; memo 7/14/89
from R. Licciardo to F. Miraglia correcting a date appearing in
the initial 7/14/89 memo; 7/21/89 memo from F. Miraglia to
R. Licciardo with chronology.

'

2. Memo dated 11/8/89 from J. Taylor to R. Licciardo acknowledging
receipt of 10/19/89 DP0. This memorandum names Jr. Ross of RES as
head of independent review groupc. T. Mur?ey and L. Soffer are also
members of this review group.

'3. Memo dated 11/30/89 fror T. Murley to R. Licciardo steting that the
staff will complete its review of the Zion Technical S i

for containment purge and vent systems after Dr. Ross'pecificationsgroupcompletesitsrevif
of this issue.

4. Memo dated 1/2/90 from J. Taylor to R. Licciardo, subject: Disposition-
E of DP0 - An Independent, Outside, Qualified Review

5. Memo dated 1/8/90 from J. Taylor to T. Murley, subject: operational
usage of large purge system valves-PWR's; re-examination of NRR's
safety policy and practices

|
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UNITED STATES -

NUCLEAR REGULATORY COMMISSION
'

! a
WAGMHeeTON, D. C,20000.{ ;

-

May 11, 1989
4, f.

Docket'Nos.-50-295
and 50-304 ,

-
MEMORANDUM FOR: Daniel Muller, Director

Project Directorate III-2
Division of Reactor Projects III, IV, Y

and Special Projects

FROM: Jared S. Wermiel, Acting Chief ;
Plant Systems Branch
Division of Engineering and Systems Technology

.

SUBJECT: OFFSITZ RADIOLOGICAL CONSEQUENCES OF LOCA DURING
CONTAINMENT PURGE PROPOSED IN TS CHANGES FOR ZION 1 AND 2

Reference: LettertoH.R.Denton(NRC)FromP.C.Leonarddated
February 2,1986, Subject: Zion Nuclear Power Station,
Units 1 and 2 Proposed Amendment to Facility Operating
License No. DPR-39 and DPR-48,

Plant Name: Zion Nuclear Power Station, Units 1 and 2
,

Licensee: Cosmonwealth Edison Company

TAC Nos.: 55417 and 55418*

Review Status: Complete

Zion Units 1 and 2 (Ceco) has responded to an NRC request to propose TS to
primarily constrain operation of the large (42") containment purge supply

! and exhaust valves on these units; see reference 1.,

The former Plant Systems Branch, Section A, of the Division of PWR Licensingl

A, requested Section 8 of the same branch to review the offsite radiological
consequences of this proposal.

The enclosed Safety Evaluation Report has been prepared by the technical reviewer
initially assigned to this task, namely Robert B. A. Licciardo.

The licensee's proposal is to allow full power operation of the facility with
,

the 42" purge supply and exhaust containment isolation valves op(en to a7)secondsof-
limited position of 50*, and capable of isolation within seven '
the commencement of a LOCA.

The review concludes that the 42" valves at Zion should remain closed in
Modes 1, 2, 3. and 4 because the consequence of the offsite dose to thyroid
(from fodine),during a LOCA is unacceptable high; whole body dose has not been

y

The least value for the additional offsite dose which may be proposedI

evaluated:
within the licensing basis is 64,000 rem over the first seven (7) seconds.'

,

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS

i i
operating. inventory of fission products is released to the containment, and
then to the environment, cannot in general be sustained against thermal hydraulic|

analyses for containment response, and licensing basis requirements (including
<

|

. criteria) for the calculation for, and the occurrence of, fuel damage and the
quantification and treatment of resulting source terms.

O%1N 3 f f.
~
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Our SALP input is provided in Enclosure 2. We consider our efforts on TAC
Nos. 55417 and 55418 to be complete.

.

Jared S. Hermiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology ;

Enclosures:
As stated

cc w/ enclosures:
C.-Patel

CONTACT: R. Licciardo
XF0876-

.
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-Daniel Muller -2- <

.y /-
Dur SALP. input is provided in Enclosure 2. We consider our efforts on TAC
Nos. 55417 and 55418 to be corsplete,

,

.

Jared S. Wermiel, Acting Chief
Plant Systems Branch ^ ..

Division of Engineering and Systems Technology
'

Enclosures:
As stated

2

cc w/ enclosures:
C. Patel

.

? CONTACT: R..Licciardo
-

| -X20876
.

,.

DISTRIBUTION
Docket files
Plant File
JWersiel
JKudrick
RArchitzel,

i AThadani
LShao
TGody (SALP only)-

RLicciardo

'SPLB: DEST SPLB: DEST SPLB: DEST
RLicciardo;cf JKudrick JWermiel
5////89 5/ /89 5/ /89

5520 NAME:. Zion TACs 55417/8 Licciardo

. - - . . - - _ _ _.
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Enclosure 1 ,

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
PLANT SYSTEMS BRANCH -

0FFSITE RADIOLOGICAL CONSEQUENCE OF LOCA DURING >

CONTAINMENT PURGE
ZION NUCLEAR POWER STATION, UNITS 1 AND 2

DOCKET N05. 50-295 and 50-304

1.0 INTRODUCTION

Zion Units 1 and 2 (Ceco) has responded to an NRC request to propose TS to
~

primarily constrain operation of the large (42") containment purge supply
.

!

i and exhaust valves on these units.

The former Plant Systems Branch, Section A, of the Division of PWR Licensing
A, requested Section 8 of the same branch to review the offsite radiologica ,i

consequences of this proposal.i -

'

2.0- EVALUATION

Background' review shows that the facility was evaluated on the basis of
normally closed purge valves so that these consequences were never included
in the Zion SER.. Further, that a letter from WestinghouseiW) to Cosunonwealth
Edison Company dated October 22, 1976 on the subject of "Offsite Doses During
LOCAandContainmentPurge"(Ref.2)hasneverbeenevaluatedbytheNRC.

,

L. Subsequent to that TMI-2 event, the operability and automatic control of these
' valves was evaluated leading to the request for the required TS, but the

RadiologicalAssessmentwasleftasa"long(er)termissue"(Ref.3)whichwas
intended to be resolved in a subsequent probabilistic risk assessment which
definitively excluded it from consideration without any-justification (Ref. 4).

The W analyses undertaken under Consnonwealth Edison instruction, uses an RCS
operational inventory of 60 uc/gm equivalent I 131 at the time of the accident
with a resulting site boundary thyroid dose due to iodine (during closure of
the valves), of 52 ren, and which added to the containment leakage dose of 123
rem gives a total 175 rem which is within the 10 CFR 100 limit of 300 rem.
The total iodine inventory of the RCS is assumed to be released into containment
on initiation of the LOCA; a 50% plate out is assumed leaving the residual 505
as part of containment inventory for discharge out through both fully open

i containment purge lines for a total of seven (7 seconds).

However, whee reviewed against the BTP CSB 6-4, Item B.S.a requires that:

"The source term used in the radiological calculations should be based
on a calculation under the terms of Appendix K to determine the extent of
fuel failure and the concousnitment release of fission products, and the ,

fission product activity in the primary coolant."3

.

- . .
. . .



._ _ __ _

e 3

'

qe

I*

2-

sf r
SRP 4.2 identifies fuel failure with infringement of DNBR criteria,Further:

with the related requirement that gap activity be considered as part of
the source term, and Regulatory Guide 1.77 recommends that under similar

Fuelcircumstances, gap activity should be assumed at 10% of core activity.
damage criteria also includes the occurrence of center line melting (fth
measures of additional activity release also guided by Regulatory Guide 1.77, ,

!
but the Zion SAR shows this does not occur. )
Revising the source term to Appendix K calculations [in which all fuel goes I'
to DNBR in i second) with related release of all gap activity into containment,
with limited blowdown to offsite during the related 7 seconds closure time J

and absent a 50% plate out of iodine as can be interpreted from the above
referenced item B.S a. increases offsite dose due to containment purge above

rem and would thereby be completely unacceptable.by a factor of 3400 to 176,000
Limiting the purge line valves to an opening of 50' could reduce offsite dose
to 64,000 rem and represents the least value which may be proposed within the
licensing basis.

;

The BTP CSB 6-4 proposing that valve closure within 5 seconds willNote:
ensure purge valves are closed before the onset of fuel failures has sinceFurther,been extended by the staff on a plant-specific basis to 15 seconds.

These positions cannot be sustained for Zion since a) pporting these positions.the writer cannot. find any safety evaluation report suIrNBRinfringement(from
Appendix K calculations) and hence fuel failure and gap activity release [Ref.
SRP 4.2) of 10% of core inventory (Ref. Regulatory Gui<le 1.77) occur within i
second of the initiation of the LOCA, b) related maximum clad temperatures of
1750'F occur immediately and never reduce below 1400*F, c) RCS pressure in the
region of the core rapidly reduces from 2250 psia to 900 psia in 7 seconds
increasing potential pressure drop across the cladding for release of gap
activity to the RCS inventory, d) the massive bulk boiling and blowdown
surrounding the failed fuel ultimately discharges 270,000 lbs of RCS inventory
into the containment at 7 seconds into the event increasing containment pressure
from 0.3 psig to 23.8 psig (in these 7 seconds), and e) causes 15,000 lbs of
the resulting containment inventory to be disch6rged to the environment through
2x42" fully open lines, or 5400 lbs for the same lines with valve closed to 50'.

3.0 CONCLUSION

The 42" valves at Zion should remain closed in Modes 1, 2, 3, and 4 because
the consequences of the offsite dose to thyroid (from iodine) during a LOCAThe least valueis unacceptably high; whole body dose has not been evaluated.
for offsite dose to the thyroid which may be proposed within the existing

) licensing basis is 64,000 rem.

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
operating inventory of fission products is released to the containment, and then
to the environment, cannot in general be sustained against thermal hydraulic
analyses for containment response, and licensing basis requirements (including
criteria) for the calculation for, and the occurrence of, fuel damage and the
quantification and treatment of the resulting source terms.

J



. . . . ._ - . _ . .- ..

:s

,

,.

. . ..

.

</ r References
'

.

1. LetterfromP.C.81ond(Ceco)toH.R.Denton(NRC); Subject:
Zion, Units 1 and 2, Proposed Amendment to Facility Operating L4 cense ,'

Nos. DPR-39 and DPR-48 dated February 21, 1986.

2. Letter from R. L. Kelley LW) to C. Reed (CECO); Subject: Offsite
Dose During LOCA and Cont'aTnment Purge, dated October 22, 1986.

3. Letter to L. O. De1 George (Ceco) from S.A. Varga (NRC); Subject:
Generic Concerns of Purging and Venting Containments, dated
September 9, 1981.

4 Memo for F. H. Robinson from R. W. Houston, Subject: " Evaluation
of the Risk at Zion," dated August 14, 1985.
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Enclosure 2 ,

is r-
'

SPLB SALP INPUT ,

Plant Name: Zion Nuclear Generating Stations, Units 1 ar.d 2
SER Subject: Containrent Purge and Vent Valve Operation -

TAC Nos.: 55417/8
.

Summary of Review / Inspection Activities
,

The licensee provided an evaluation of offsite doses undertaken in 1976. This
was undertaken with a methodology and source term chosen by the licensee. The
licensee did not present results from alternative more detailed methodologies
which could be considered enforceable under existing regulatory positions and
the related circumstances.

Narrative Discussion of Licensee Performance - Functional Area

The single only methodology used by the licensee is not an acceptable approach
for estimating doses under the proposed circumstances and especially since
alternate detailed evaluations required by the SRP give greatly increased
values beyond 10 CFR Part 100 limits. A prudent approach would have. -

recognized the deficiencies and risks in the single methodology adopted with
resulting substantively different recommendations to ensure public health and
safety.

| Author: Robert B. A. Licciardo

Date: May 11, 1989
|

-

|

|
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( Enclosure 2." -

May 10,- 1989L
' *
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L Docket Hos. 50-295
and 50-304

L

MEMORANDUM FOR: Daniel Muller. Director
>

'

Proiect Directorate III-2 'Divisitm of Reactor Projects III, IV, V
and Special Projects

FROM: Jared S. Wermiel, Acting Chief
Plant Systems Branch
Division.of Engineering and Systems Technology

SUBJECT: PROPOSED TS CHANGES ON PURGE /YENT OPERATION

0 Reference: Zion Nuclear Power Station, Units 1 and 2 Proposed Amendment

| to Facility Operating License No. DPR-39 and DPR-48, letter
L to H. R. Denton (NPC) From P. C. Leonard dated February 2,1986

.

i Plant Name: Zion Nuclear Power Station, Units 1 and 2
l Licensee: Comonwealth Edison Company

Review Status: Complete
,

The Plant Systems Branch has reviewed Comonwealth Edison's proposed changes to
the Technical Specifications on containment purge and vent valve operation for
Zion Units 1 and.2,'as described in a letter dated February 21, 1986. The
proposed changes are either administrative in nature or are to comply with the
generic concerns of NPA B-24 as-it is related to demonstration of containment!

purge and vent valve operability. Based on the enclosed safety evaluation
the Plant Systems Branch concludes that the proposed

L report (Enclosure 1)Ionsareacceptable.Technical Specificat'

There is one possible follow-up-item that should be clarified with the
licensee,_however. There is some question as to how the licensee intends to

. preclude opening.the purge / vent valve beyond the 50 degree angle as specified
in the TS. Discussions with the Mechanical Engineering Branch (MEB) have
indicated that a positive stop is required on the valve to prevent opening ..
beyond the TS angle. Operational procedures, by themselves, are not acceptable.
Since none of the incoming information addresses how the opening will be
limited, the Project Manager should verify with the licensee that a positive
stop has been installed on the valve. If this is not the case, this issue
should be pursued with MEB.

I
.

.

em
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Danfal Muller -2-
.

Dur SALPLinput is provided in Enclosure 2. We consider our efforts on TAC
Nos. 55417 and 55418 to be comp 7ete.

.

Y
*

Jared S. Wemiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology

.

Enclosures:
As stated

cc w/ enclosures:
C. Patel'

i

| CONTACT: J. Kudrick
X20871

|- |

:
!.

-

DISTRIBUTION
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Docket files
Plant File ;

|JWermfel
JKudrick'

RArchitzel
AThadani. ;

LShao-
,

i

TGody (SALP. only)
RLicciardo .,i

-!
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Enclosure 1

'

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION!
PLANT SYSTEMS BRANCH

PROPOSED TECHNICAL SPECIFICATIONS
CONTAINMENT PURGE

ZION NUCLEAR POWER STATION, UNITS 1 AND 2
DOCKET N05. 50-295 and 50-304

_

1.0 INTRODUCTION
;

Commonwealth Edison, the owner of the nuclear power plants Zion Units 1 and 2,
proposed in a letter to H. Denton dated February 21, 1986, an amendment toThe amendment proposed
Facility Operating License Nos. DPR-39 and DPR-48.
changes to the Technical Specifications (TS) related to vent and purgeThese
operations.as well as restricting the maximum purge valve position.
changes were in response to an NRC request in a Safety Evaluation Report dated

Simply stated, the request was to reflect the permissibleApril 3, 1984. The submittal containsoperation of the purge and vent valves into the.TS.
,

tie requested changes.
,

2.0 EVALUATION

The proposed changes related to restrictions in purge and vent operations. !

Specifically, they include the allowable angle the purge supply and exhaustvalves can be opened, the number of valves that can be used at one time. theEach of these
-

valve closure time, and the goal for purging time in one year.
changes will be discussed below.

However, before the individual TS changes are discussed, there t onesurvie11ance test that was recossended in the staff SER that *,as not added
The staff had recommended the. periodic leakage testingto the proposed TS.

of the valves with resilient seals. The frequency was to be once per three
months during operating Modes 1 through 4, if the valves were considered to
be active.

In response.to this request, the licensee indicated that the additionalsurveillance requirement was not needed for the valves at Zion because the
,

i

L

isolation valve seal water system and penetration pressurization system are
designed to continuously detect any leakage during plant operation.

If
t

The staff has| leakage is detected, an alars is sounded in the control room.
reviewed the licensee's justification for not performing the added leakageL

As part of their justification..the licensee, in the bases Section 3.4
''

of the TS, indicated that the seal water is introduced at a pressure of 50tests.

This pressure is slightly higher than the peak containment postpsig. Further, the seal water system and penetration

pressurization system are included in TS Section 3.9.1 and 3.9.2 whichincludeslimitingconditionforoperation(LCO)andsurveillancerequirements,
accident pressure.

b$A.5.h.fL?f Yff
.- .. . .
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' Based on the above, the staff concludes that the continuous leakage detection
(

) systems now in place at Zion Units 1 and 2 satisfy the requirements of theIn addition, theo

surveillance leakage tests referenced in the staff's SER.
current TS on the leakage systems meets the intended purpose of the suggestedj

Therefore, the staff concurs with the licensee that no additionalL

added TS.>

surveillance testing or added TSs are necessary.

The proposed TS indicating that the purge supply and exhaust valves shall notbe opened more than 50 degrees is consistent with the staff's SER dated April 3,
~

Therefore the staff finds the proposed TS acceptable. The acceptance
of the allowable opening angle is based, in part, on the demonstration of1984

acceptable stresses within the valve. An equally important parameter inThe staff concluded, as
determining the closure stresses is the closure time.
documented in the April,1984 SER, that acceptable closure times range between

.

The proposed TS change, in this regard, is to change the5 and 8 seconds. The revised
survie11ance test value from the current 60 seconds to 7 seconds.closure time reflects the acceptable stress analysis and is therefore acceptable.

|
Another proposed change is to assure that the containment purge valves shallI

! This operational
not be open concurrently with the containment vent valves.
restriction-is consistent with.the guidelines set forth in SRP Section 6.2.4Based on thisto minimize the nuuber of pathways open at any one time.L

compliance with the SRP, the staff finds the operational guidance provided for
:

vent and purge operation acceptable.

An important consideration in the development of an effective program is
the selection of a usage factor as well as the reasons for vent and purgeThis

The licensee has proposed a goal of 2000 hours per year.operation.
time has been established based upon the licensee's estimate to limit the
concentration of radioactive materials in the containment atmosphere to lessAfter
than 100 times the maximum permissible concentration per 10 CFR 20.
review of the purging criteria,-the staff has concluded that the programHowever, due to
including the goal established by the licensee is acceptable.

the importance the staff has placed on the need to minimize purging or ventingof the containment, the staff believes that additional clarification should be
'added to'the TS to ensure that purging be performed only for safety related

A marked up copy of the appropriate TS page is er. closed which the
The licensee has agreed to the staff's proposedreasons.

staff would find acceptable. Based on the verbal agreement of

markup in a series of telephone conferences.the marked up changes, the staff finds the proposed use of the purge and vent
systems acceptable.

Anadditionalconsiderationmustbeincludedintheoverallevaluationofthe}purging program, in light of the fact that large diameter valves are being
-

|For these conditions, SRP
used fc: time, periods greater than 90 hours. ,

Section 6.2.4 indicates that the radiological consequences of a LOCA concurrentThe !

with the purge / vent valves assumed open at time zero must be calculated. |
analysis should show that 10 CFR Part 100 limits are not exceeded. .-

|

-_- _____ _ _ _ _ _ .. . - - - - ___.
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Guidance is provided in the SRP concerning the source term to be used for
calculating the dose consequences due to the release through the valves until

The guide indicates that for valve closure times within fiveclosure. This has beenseconds, isolation is assured prior to onset of fuel failure. '

interpreted by the_ staff to mean that only the pre-existing iodine spike need
to be considered in determining primary coolant activity without the need for

-

*

further' justification. For closure times slightly beyond 5: seconds,-the staff
has evaluated the merits of assuming-no fuel failure on a case by case basis.
Consideration has-included the transport times necessary to sweep the source
from the failed fuel into-the reactor coolant, from the fuel pins to the
postulated pipe rupture, from the pipe rupture to the nearest pipe inlet of
the open purge line, and finally through the duct to the isolation valve.
Based on this rationale, the staff has concluded that there will be a
substantial time delay between the onset of fuel failure and the actuall'

release of products from the containment as a result of the fuel failure.
Additionally, there will be a finite minimum time before initiation of fuel,

Using the above rationale, the staff has concluded that a|
>

failure can occur.'

l bound of valve closure time for which no source term.more reasonab e upper
contribution due to fuel failure can be conservatively assumed is 15 seconds.j

~

Ther(fore, for the Zion closure time of seven seconds, the staff has concluded
that fuel failure need not-be considered.

Based on the above, the staff has!-

concludsd that only the pre-existing iodine spike need be considered..

L

The licensee has computed the dose consequences considering the above sourceI

The results show that using a 60 uc/gm equivalent I-131 spike at the
time of the accident, the site boundary thyroid dose due to iodine up untilterm.

When added to the containment leakage dose of 123
[ - valve closure is 52 rem.
L

rem yields a total dose of 175 rem. This is well within 10 CFR 100
requirements of 300 rem.g.

$ The staff has performed an independent calculation of the dose contribution
[ The results confirm thedue to releases through the purge / vent pathways.

Based on this agreement, the staff finds that the doseA
licensee's value.
consequences due to purging operations are acceptable and within 10 CFR 100F

* limits.

3.0 CONCLUSION

Based on the above evaluation, the staff concludes that the proposed changes|

to the Zion Units 1 and 2 Technical Specifications for limitation on purge andL
vent valve operation above cold shutdown are more restrictive than current TSs

I

and consistent with the connitments identified in the staff SER on the same
Therefore, the staff. finds the proposed changes acceptable.subject.

.-

5520 NAME: Zion TACS 55417/8

i
,

l

j

.-

- - _ _ - - - - _ _ - - _ - - - _ _ - - - - - - - - . , - - - - . - _ - - - - - , . - - - - - -
''- *



,, . _ _ _ ___ _ ._ __ _ _ _ . _ _ _ . . . . _ - . _ __ ._ _ . . . . _ . . - . _

- u -
,

,

.

.# '
,

,,

IEnclosure 2',

SPLB SALP INPUT
,

Plant Name- Ifon Nuclear Generation Stations, Units 1 and 2 -

.SER Subject: Contalement Purge and Vent Valve. Operation
-

-TAC Nos.: 55417/8 ,

Summary of Review / Inspection Activities |

The licensee initially proposed Technical Specification changes for
containment purge and vent valve operation needed revision. However,

' data revisions adequately addressed the concerns.

Narrative Discussion of Licensee Performance - Functional Area

< The licensee's approach for resolution of generic concerns related to the
demonstration of containment purge and vent valve was viable and sound from

'

a safety standpoint.- ,

~

-

' Authors: J. Kudrick and C. Li

Date: May 10, 1989 ,
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LIMITING CONelitou FOR OPERATION CONTAINNENT VENTILATION SYSTEN

.

4.g.6

CONTAINNEN" VENTILATIOO SYSTEN The positten of the containment purge
.sA. .1.3.g.6

supply and enhaest 1selatten valves.
The purge supply'and exhaust isolatten valves s w M determined at the W an W e0
shall be 11m%ted to a maulsen opening of 50-k ogegel & safelc M perce er venting operattens and at~

A.
y least once per weet wh11e venting erdegreesgnadma$ont,3 '

The containment vent line shall be isolatedwhenever a containment purge line is open, . Alesen purge 1selatten valve positten'is

perging.reasons. -

S. .

|

q q be. 9eew4 #w safeg-related Anaa.u. being centre 11ed by regulating the air-2.

pressure to the valve operator. the air _ |Modes 1, 2, 3, 4, and 1 pressere shall be seasured at theAPPLICABILITY: i

With the purge supply or exhaust
beginning of the purge operatten and

isolation valve (s) open greater thae 50 daily while perging.ACTION: a.
,

'

degrees, return the valve (s) to an- .The conolative gaseous radioactive
:

acceptable.positten within 1 heer er 3.
terminate porge operations and close and effluent release shall be determined
deactivate at least one in-series purge once per month for the purpose of -

j,

1selatten valve er be in at least NOT
verifying coup 11ance with the gaseems'

effluent release limits.
:

SHUT 00WI within the next 6 heers and in
-

At least once per le months valves-COLD SHU190MN within the follow 1gg 30 |
,

'4.
av0001, tv0002, RV0003, NV9004, tv0005heers. !

With the containment vent isolatten
and Rv0006 shall be closed manually'

valves and purge 1selatten valves.open
from the centrol reen and the closing !

,

b.
time measured. Performance will be

paths withis I heer er be in at least NOT
acceptable if the valves close within |simultanesesly. 1solate ene of the flew-

i

SHuiS0WN within the next 6 heers and in seven seconds.
, .

COLD SNNis0WN within the following 30 -

,r

hours.
f
i<

ej
!i

. 3

,'
i

t
. :

202a
05490/09290
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B May 11, 1989
,

a

'MEM0RANDUM FOR:' Thomas E. Marley, Director
Office of Nuclear Reactor Regulation

FROM:- Robert 8. A. Licciardo, Reactor Engineer (Nuclear)*
Plant Systems Branch ..

Division of Engineering and Systems Technology

SUBJECT: DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance of SER to Zion 1/2 allowing full power
operation with open 42" containment isolation
valves.

.

b) Methodology used for calculating related offsite doses.
.

ThewritersubmitsaDifferingProfessionalView(DPV)inaccordancewiththe
provisions of NRC Manual Chapter 4125.

This issue has arisen out of the Safety Evaluation Report (SER) undertaken for .

"

the Zion Units 1 and 2 as prepared by the writer; see Attachment.

- The principal issue is the prudent and conservative calculation of the additions
to offsite dose which may result from a LOCA at a facility during the use of
open purge supply and exhaust valves at full power.

The licensee for Zion 1/2 has proposed full power operation of the facility
with the 42" purge supply and exhaust containment isolation valves open to
alimitedposition-of50*.andcapableofisolationwithinseven(7) seconds
of the cossencement of a LOCA.

The writers SER concludes that the 42" valves at Zion should remain closed
in Modes 1, 2 3 and 4 because the consequence of the offsite dose to thyroid
(from iodine),during a LOCA is. unacceptably high; whole body has not been-
evaluated. The least value for the additional offsite dose which may be

'

proposedwithinthelicensingbasisis64,000removerthefirstseven(7)
seconds of the LOCA. Management staff has disagreed with the writer's
methodology and conclusion and plans issuance.of a separate SER permitting
the operation requested. 'The writer requests non issuance of the related SER
to the licensee. He also proposes probability of a generic action on other
facilities which have been granted such licenses based on the staff's current
methodology.

In general' t'he management staff has adopted a criterion described in SRP
BTPCS86dwhichisthatprovidingthemaximumtimeforclosureofthese
containment isolation valves does not exceed 5 seconds (and by plant-specific
exception, up to 15 seconds), then the valves would be closed before the onset-
of fuel failure following a LOCA so that the only contribution to offsite dose
is from RCS operational levels of fission product directly discharged into
containment during this period, and then through the open containment isolation
valves before closure.

$0 WLWO5 L I f
. . . _ .-
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Thomas E..Murley -2-

// f
in evaluating the consequence for Zion, the writer has used an alternata

,

-

criterion in BTP CSB 6-4 which states that:

"The following analyses should be performed to justify the containment-

purge system design:

An analysis of the radiological consequences of a loss-of-coolant
The analysis should be done for a spectrum of break s

accident.
sizes, and the instrumentation and setpoints that will actuate the 6

The source term used in.purge valves closed should be identified.
the radiological calculations should be based on a calculation under
the terms of Appendix K to determine the extent of fuel failure and
the concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing iodine spike should
be considered in determining primary coolant activity. The volume
of containment in which fission products are mixed should be
justified, and-the fission products from the above sources should be
assumed to be released through the open purge valves during the

'

The radiologicalmaximum interval required for valve closure.
consequences should be within 10 CFR Part 100 guideline values."

.

the fuel performance over the 0-7 secondst

I Using these related guidelines for Zion,(by infringement of DNBR criteria)
is detailed and shows that fuel failure
occurs within i seconds of the connencement of the LOCA, and together with other
licensing basis responses including fission product release from the fuel gap"

and the thermal hydraulic conditions in the core, containment and discharge
nozzle, result in a substantive discharge of fission products to the
environment of far greater consequence than are calculated by the staff.

I The relative consequences of these differing approaches are that whereas the'

staff methodology gives additions to offsite dose resulting in total doses
within 10 CFR Part 100 limits, the alternate approach used by the writer
shows a substantially increased offsite dose exceeding 10 CFR Part 100 limits,

j

with completely unacceptable consequences to Public Health and Safety.
,

)

The writer requests review of the Differing Professional View in a timely
-,

l

manner in accordance with the provisions of NRC Manual Chapter 4125. l

f W |
l

Robert B. A. Licciardo f
Registered Professional Engineer California-
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380

.

cc: J. Sniezek
D. Nuller
S. Varga
:C. Patel
!F. Miraglia
L. Shao
A. Thadani
J. Wermiel
J. Kudrick

- . . . **"-- - - - - - _ . - _ _ _
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NUCLEAR REGULATORY COMMISSION8 e-
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May 11, 1989/ ,,, ,.
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Attachment
Docket Nos. 50-295

L and 50-304 .

-

~ MEMORANDUM FOR: Daniel Muller, Director
Project Directorate III-2
Division of Reactor Projects III, IV, Y

and Special Projects

FROM: Jared S. Wermiel, Acting Chief
Plant Systems Branch

| Division of Engineering and Systems Technology'

-SUBJECT: OFFSITE RADIOLOGICAL CONSEQUENCES OF LOCA DURING
CONTAINMENT PURGE PROPOSED IN TS CHANGES FOR ZION 1 AND 2

Reference: LettertoH.R.Denton(NRC)FromP.C.Leonarddated
L

February 2, 1986, Subject: Zion Nuclear Power Station,
Units 1 and 2 Proposed Amendment to facility Operating

!

License No. DPR-39 and DPR-48

Plant Name: Zion Nuclear Power Station, Units 1 and 2
i Licensee: Connonwealth Edison Company
l' TAC Nos.: 55417 and 55418

.

L Review Status: Complete

Zion Units 1 and 2 (Ceco) has responded to an NRC request to propose TS to
;

;

!'

L
primarily constrain operation of the large (42") containment purge supply
and exhaust valves on these units; see reference 1.

The former Plant Systems Branch, Section A, of the Division of PWR Licensing
A, requested Section B of the same branch to review the offsite radiologicali.

consect?nces of this proposal.
.

The enclosed Safety Evaluation Report has been prepared by the technical reviewer
initially assigned to this task, namely Robert B. A. Licciardo.

The licensee's proposal is to allow full power operation of the facility with
i

the 42" purge supply and exhaust containment isolation valves op(en to a7)secondsof
limited position of 50", and capable of isolation within seven'

the commencement of a LOCA.

The review concludes that the 42" valves at Zion should remain closed in
Modes 1, 2, 3. and 4 because the consequence of the offsite dose to thyroid
(from fodine),during a LOCA is unacceptable high; whole body dose has not been

The least value for the additional offsite dose which may be proposedevaluated:
within the licensing basis is 64,000 rem over the first seven (7) seconds.

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
~ not occur over the first 5-15 seconds after a LOCA and thereby that only RCS-
operating inventory of fission products is released to the containment, and

-then to the environment, cannot in general be sustained against thermal hydraulic
analyses for containment response, and licensing basis requirements (including
criteria)forthecalculationfor,andtheoccurrenceof,fueldamageandthe
quantification and treatment of resulting source terms.

-4 't 9'i L+$ L 'LyQ 3pp.
- . - - . . . - _ _ _ _ _ ___
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Our SALP input is provided in Enclosure 2. We consider our efforts on TAC
Nos. 55417 and 55418 to be complete.

!

.

Jared S. Wermiel, Acting Chief -

Plant Systems Branch- :

Division of Engineering and Systems Technology. '

Enclosures: ,

As stated ,

cc w/ enclosures: -

C. Patel
.,

CONTACT:.R. Licciardo
X20876 -
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-Our SALP input is provided in Enclosure 2. We consider our efforts on TAC-.
Nos. 55417 and 55418 to be complete.

.

Jared S. Wermiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology

Enclosures:
As stated

-cc w/ enclosures:
C. Patel

CONTACT: R. Licciardo-
X20876

.

-DISTRIBUTION _
pocket Files

Plant File
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JKudrick -
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LShao
TGody(SALPonly)-
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NUCLEAR REGULATORY COMMISSIONn

'$ WASHINGTON. D. C. 20SSS-
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Enclosure 1y

| SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
''

PLANT SYSTEMS BRANCH
OFFSITE RADIOLOGICAL CONSEQUENCE OF LOCA DURING

CONTAINMENT PURGE

,
ZION NUCLEAR POWER STATION, UNITS 1 AND 2

DOCKET NOS. 50-295 and 50-304l

1.0 INTRODUCTION

| ZionUnits1and2(Ceco)hasrespondedtoanNRCrequesttoproposeTSto
L primarily constrain operation of the large (42") containment purge supply
| and exhaust valves on these units.

! The former Plant Systems Branch, Section A, of the Division of PWR Licensing
A, requested Section B of the same branch to review the offsite radiologica' ,

L consequences of this proposal.
,

L 2.0 EVALUATION

Background review shows that the facility was evaluated on the basis of .

normally closed purge valves so that these consequences were never includedE

in the Zion SER. Further, that a letter from Westinghouse ) to Comonwealth
-Edison Company dated October 22,1976 on the subject of."O ite Doses During

! LOCA and Containannt Purge" (Ref.;2) has never been evaluated by the NRC.
| Subsequent-to that TMI-2 event, the operability and automatic control of these

valves was evaluated leading to the request for the required ~TS, but the'

Radiological Assesssent was left as'a "long(er) tenn issue"-(Ref. 3) which was
intended to be resolved in a subsequent probabilistic risk assessment which
definitively excluded it from consideration without any justification (Ref. 4).

The W analyses undertaken under Comunonwealth Edison instruction, uses an RCS
operational inventory of 60 uc/gm equivalent I 131 at the time of the accident'

with a resulting site boundary thyroid dose due to iodine (during closure of-
( the valves), of 52 rem, and which added to the containment leakage dose of 123
L rom.gives a total 175 rem which is within the 10 CFR 100 limit of 300 rem.
L The total iodine inventory of the RCS is assumed to be released into containment

- on initiation'of the LOCA; a 505 plate out is assumed leaving the residual 505

containment purge lines for a total of seven (7 seconds)gh both fully openas part of containnent inventory for discharge out throu
.

,

However, when reviewed against the BTP CSB 6-4, Item 8.5.a requires that:

i' "The source term used in the radiological calculations should be based ,

' on a calculation under the terms of Appendix K to determine the extent of
fuel failure and the concomitment release of fission products, and the
fission product activity in the primary coolant."

i

|

Mi MpA f'
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Further: SRP 4.2 identifies fuel failure with infringement of DNBR criteria,-
with the related requirement that gap activity be considered as part of
the source term, and Regulatory Guide 1.77 recommends that under similar
circumstances, gap activity should be assumed at 105 of core activity. Fuel
damage criteria also includes the occurrence of center line melting Vith
measures of additional activity release also guided by Regulatory Guide 1.77,

'but the Zion SAR shows this does not occur. ;

i

Revising the source term to Appendix K calculations [in which all fuel goes ,I

to DNBR in i second) with related release of all gap activity into containment,"

with limited blowdown to offsite during the related 7 seconds closure time
and absent a 50% plate out of iodine as can be interpreted from the above
referenced item B.S.a. increases offsite dose due to containment purge above
by a factor of 3400 to 176,000 rem and would thereby be completely unacceptable.
Limiting the purge line valves to an opening of 50' could reduce offsite dose'

L to 64,000 rem and represents the least value which may be preposed within the
L licensing basis.

The BTP CSB 6-4 proposing that valve closure within 5 seconds.willNote:
ensure purge valves are closed before the onset of fuel failures has sinceFurther,been extended by the staff on a plant-specific basis to 15 seconds.
the writer cannot find any safety evaluation report supporting these positions.
These positions cannot be sustained for Zion since a) DNBR infringement (from
Appendix K calculations) and hence fuel failure and gap activity release [Ref.

| SRP 4.2) of 10% of core inventory (Ref. Regulatory Guide 1.77) occur within i
second of the initiation of the LOCA, b) related maximum clad temperatures of
1750*F occur immediately and never reduce below 1400'F, c) RCS pressure in the
region of the core rapidly reduces from 2250 psia to 900 psia in 7 seconds

-

activity to the RCS inventory, d)p across- the cladding for release of gapincreasing potential pressure dro the massive bulk boiling and blowdown
i

L surrounding the failed fuel ultimately discharges 270,000 lbs of RCS inventory
-into the containment at 7 seconds into the event increasing containment pressure
from 0.3 psig to 23.8 psig (in these 7 seconds), and e) causes 15,000 lbs of
the resulting containment inventory to be discharged to the environment through
2x42" fully open lines, or 5400 lbs for the same lines with valve closed to 50'.

3.0 CONCLUSION

The 42" valves at Zion should remain closed in Modes 1, 2, 3, and 4 because
the consequences of the offsite dose to thyroid (from iodine) during a LOCA
is unacceptably high; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which may be proposed within the existing
licensing basis is 64,000 rem.

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
operating inventory of fission products is released to the containment, and then
to the environment, cannot in general be sustained against thermal hydraulic
analyses for containment response, and licensing basis requirements (including
criteria) for the calculation for, and the occurrence of, fuel damage and the
quantification and treatment of the resulting source terms.

_.
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Enclosure 2

ar
'

SPLB SALP INPUT ,

lPlant Name: Zion Nuclear Generating Stations, Units 1 and 2
)SER Subject: Containment Purge and Vent Valve Operation -

TAC Hos.: 55417/8 !
4

l
'

Summary of Review / Inspection Activities

The licensee provided an evaluation of offsite doses undertaken in 1976. This '

was undertaken with a methodology and source term chosen by the licensee. The
licensee did not present results from alternative more detailed methodologies
which could be considered enforceable under existing regulatory positions and
the related circumstances.

Harrative Discussion of Licensee Performance - Functional Area

The single only methodology used by the licensee is not an acceptable approach
for estimating dosas under the proposed circumstances and especially since
alternate detailed evaluations required by the SRP give greatly increased
values beyond 10 CFR Part 100 Timits. A prudent approach would have
recognized the deficiencies and risks in the single methodology adopted with
resulting substantively different recommendations to ensure public health and
safety.

Author: Robert 8. A. Licciardo
|
'

Date: May 11, 1989

|
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MEMORANDUM FOR: Frank J. Miraglia, Associate Director
for Inspect <on and Enforcement

FROM:. Robert B. A. Licciardo, Reactor Engineer
Plant Systems Branch
Division of Engineering and Systems Technology

-SUBJECT: DIFFERINGPROFESSIONALVIEW(DPV)CONCERNINGCONTAINMENT
ISOLATION VALVES AT ZION

On May 11, 1989, The\riter submitted a memo on the subject:

Differing Professional View Concerning

a). Issuance Of SER To Zion 1/2 Allowing Full Power
- Operation With Open 42' Containment Isolation Valves

b). Methocology Used For Calculating Related Offsite Doses
.

By memo of May 11,1989, from F. J. Miraglia to R. Licciardo, the writer was
asked to clarify certain aspects of the regulatory positions used in the
analyses including the time to failure used in LOCA anal
for the transport of fission products from the primary (yses and mechanismssystem)tothe

.

containment.

The writer was also asked to provide'a view as to the safety significance of-
the Amendment proposed by management and the safety significance of my concern
-regarding LOCA analyses.

.
,

:In response to the above request, I am pleased to submit the enclosed document
which analyzes for your specific concerns and presents the related conclusions
in Section 4.

; Regarding the safety significance of the existing Zion Amendment proposed by
management. Use of that Amendment and required Regulatory Guide 1.4 criteria
would result in a contribution to thyroid dose over seven (7) secs, of 158,000 -

. rem; using DNBR failure criteria with 105 fission product gap release would
reduce ~ this to 64,000 rom. Use of DNBR failure and equilibrium gap activity
only would contribute 27,000 rem.

L It would take a fuel failure of only 0.2% of the existing rods releasing

|
105 gap activity only to increase offsite doses to 10 CFR 100 limits.

.

u
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Frank J. Miraglia -2-

It must be recognized that allowing'the containment purge valves to remain
openforsevens7) secs,followingaLOCA,multipliesby 194,000 the amount
of fission product that would otherwise be release by leakage over the same
periodofseven(7) secs,fromanisolatedcontainment. It becomes a direct
contradiction of the regulatory need for effective containment and limitedlea kage.

In sumary: Proceeding with the existing Amendment proposed by management
would be in direct violation of regulatory requirements.

The writer's SER of May 11 issued with his DPV of that date remats the
writer's safety conclusions and recommendations in this matter i.e.:

"The 42" valves at Zion should remain closed in Modes 1, 2, 3 and 4 because
the consequences of the offsite dose to thyroid (from iodine) during a LOCAi

is unacceptably high; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which may be proposed within the existinglicensing basis is 64,000 rem.

The conventional treatment of BTP CSB 6-4 whic'h assumes that fuel failure doesL
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
oserating inventory of fission products is released to the containment, and ,

tien to the environment, cannot in general be sustained against thermal
hydraulic analyses for containment response, and licensing basis requirements
(including criteria) for the calculation for, and the occurrence of fuel
failure and the quantification and treatment of the resulting source, terms."

'

i

MYWf '

Robert B. A. Licciardo-
|

Registered Professional Engineer California-
Nuclear Engineering License No. NU 001056

| Hechanical Engineering License No. H 015380
i Enclosure:

As stated

L cc: J. Sniezek
'

C. Rossi
F. Congel
H. Smith

i

i
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AN EVALUATION OF THE CRITERIA FOR.

AND
';-

THE~ CALCULATION OF OFFSITE DOSES DERIVING FROM
OPEN-CONTAINMENT-PURGE, VALVES DURI.NG

A LOCA AT ZION UNITS 1 & 2
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DATED JULY 20, 1989 ,

1.

L
1

PREPARED BY

L ROBERT B..A. LICCIARDO -

REGISTERED PROFESSIONAL ENGINEER CALIFORNIA
| NUCLEAR ENGI'AEERING LICENSE NC. NU 001056
L . MECHANICAL ENGINEERING LICENSE NO. M015380

|
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INTRODUCTION

Un iby 11,1989, thewritersubmittedamemoonthesubject:

DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance Of SER to Zion 1/2 Allowing Full Power Operation With
Open 42" Containment Isolation Valves.

b) Hethodology Used For Calculating Related Offsite Doses.

By memo of May 11, 1989, from F. J. Miraglia to R. Licciardo, the writer was
asked to clarify certain aspects of the regulatory positions used in his
analysis including: a) Time to failure used in LOCA analysis and b) mechanisms
for the transport of fission products from the primary (system) to the contain-
ment. The writer was also asked to provide his view as to the safety significance
of the Amendment proposed by management, and the safety significance of his
concerns regarding LOCA analysis. -

This material was prepared in response to that request and is in adjunct to
his D.P.V which is attached to this document as Attachment 1.

.
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FISSION PRODUCT RELEASED FROM FUEL AND CONTAINMEKT USED IN ACCIDENT ANALYSFS
'

t

1.] Radiolooical Source Terms Within The Core '

Exhibit I shows core and gap activities for Zion for iodine.

Calculated levels of iodine in the fuel clad gap are given to show a total
*

I 131 EQU of 24.09 x 105 curies

Total iodine in the core as I-131 EQV is 15.79 x 107 curies.
*

1. 2 LOCA: Reo. Guide 1.4 Criteria: Application to Zion

Branch Technical Position CSB 6-4 (Ref. 25) states that:
.

"The sizing of the purge lines in most plants have been based on the need
to control the containment atmosphere during refueling operations. This
need has resulted in very large lines penetrating the containment (about
42 inches in diameter). Since these lines are normally the only ones pro-
vided that will permit some degree of control over the containment atmos-
phere to facilitate personnel access, some plants have used them for con-
tainment purging during normal plant operation. Under such conditions,
calculated accident doses could be significant. Therefore, the use of
these large containment purae and vent lines should be restricted to cold
shutdown conditions and refueling operations and they must be sealed closed
in all other operational modes.

The desion and use of the purge and vent lines should be based on the
premise of achievino acceptable calculated offsite radiological
consecuences and assuring emergency core cooling (ECCS) effectiveness
is not degraded by a reduction in the containment backpressure.

'

i
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Purge system designs that are acceptable for use on a nontoutine basis
during normal plant operation can be achieved by providing additional

purge lines. The size of these lines should be limited such that in the
event of a loss-of-coolant accident, assuming the purge valves are open
and subse4uently close, the radiological consequences calculated in accor-
dance with Regulatory Guides 1.3 and 1.4 would not exceed the 10 CFR

Part 100 guideline values. Also the maximum time for valve closure should
not exceed five seconds to assure that the purge valves would be closed before
the onset of fuel f ailures following a LOCA. Similar concerns apply to

vent system designs."

This is interpreted by the wiiter as specifying that the large 42" purge
and vent lines (PVLs) should be closed except in Modes 5 and 6. And if

purging is necessary in Modes 1, 2, 3 and 4, then smaller lines (8" and
10") should be considered and the source term to be used for evaluating
offsite dose is that of Reg. Guide 1.4 which uses TID 14844 source terms
as the fission product available for release to containment.

RG 1.4.C Regulatory Position (Ref. 30) requires the following under

related subsection No.:

"la. Twenty-five percent of the equilibrium radioactive iodin * inventory
developed from maximum full power operation of the core should be
assumed to be immediately available for leakage from the primary

reactor containment. Ninety-one percent of this 25 percent is to be
assumed to be in the form of elemental iodine, 5 percent of this 25
percent in the form of particulate iodine, and 4 percent of this 25
percent in the form of organic iodides."

i.e., 25% of the radioactive iodine inventory from exhibit 1 is specified
to be immediately available inside primary containment for leakage to the

atmosphere. For Zion this would represent approximately 25 percent of
15.79 x 107 curies of I-131 EQU in the core i.e., 3.9 x 107 curies
immediately available inside containment for leakage to atmosphere.

l
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"Ic. The effects of radio;ogical decay during holdup in the containment or

other buildings should be taken into account."

With half lives for iodine (I) varying from 3.16 x 108 secs for I-134 to
6.95 x 105 secs for I-131, released immediately on a LOCA, and a time to '

valve closure of seven (7) seconds, there is no time for significant ',
.

radioactive decay of any iodine isotope before it is discharged to i
'atmosphere.

;

It is to be noted that the actual first stage of fission product release -

during a LOCA occurs with the infringement of DNBR for the fuel rod,
leading to overheating of the clad and fuel failure according to SRP 4.2
(Ref. 26) by perforation (or loss of hermeticity). For Zion, this is
specified to occur 0.1 sec's into the event in the Appendix K evaluation
of the LOCA event; the off-site calculations for this submittal have been
made for a DNBR infringement of 1/2 sec. and are therefore less |
conservative.

,

"Id. The reduction in the amount of radioactive material ava.ilable for
leakage to the environment by containment sprays, recirculating
filter systems, or other engineered safety features may be taken into

,

account, but the amount of reduction in concentration of radioactive

materials should be evaluated on an individual case basis."

During the first 7 seconds, there are no engineered safety features (ESF)
! fission product clean up systems available for reducing fission product
! content prior to discharge to the environment. Engineered safety feature
l containment sprays are initiated after 45 secs. Any filtration systems on

the 42" inlet and outlet penetrations are not designed to ESF requirements.
; Recirculating filter systems provided by W for fission product control of
j- containment atmosphere during normal operations are not ESF equipment.

.

Containment volume of 2 million cubic feet originally containing 144,000
lbs of air reduces fission product discharged from the RCS by prior dilu-

! tion through mixing. Exhibits 3 and 4, and 3A and 4A show the circumstances

! for containment and the discharging reactor coolant system.
|
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;

The containment has an initial mass of air of 144,000 lbs (at atmospheric ;
pressure). On a LOCA, the initial rate of discharge from the RCS into ]
containment is 75,000 lbs/sec and over a period of seven (7) seconds prior

i

to containment valve closure, a total of 270,000 lbs is so discharged.
This increases total mass in containment to 420,000 lbs, increasing total

!
pressure in containment to 23.7 psig; at the same time a total mass of

:
15,000 lbs (valves fully open) to 2,860 lbs (valves partly open) of mixed
containment inventory is discharged to the atmosphere.

{.
[

If it is assumed that all fission product released from the core is i

immediately available to containment as in RG 1.4, then total mixing
of this product should be assumed to occur on initiation of the LOCA.
(The data presented show the results for a release second after the
LOCA, but the differences are not significant for the intent of this
submittal.) As a result, containment inventory discharged contains a
uniform concentration of a decreasing curie content over the first !

7 seconds, and the net result is a release to outside containment of 4.38%
of the source term fission product inventory Q, released from the core on

occurrence of t':e LOCA. . (A reduced amount of 1.57% is released for partly '

closed valves). Exhibit 2A shows that for the RG 1.4 source term, this;

i gives e total release from containment over the first 7 seconds of 1.7 x
108 curies direct to atmosphere. Related offsite dose is 490,000 rem for
2 x fully open valves. Partially open valves reduce this to the value
shown in Exhibit 2 of 612,000 curies and 156,000 rem.

It should be recognized that the thermal-hydraulic, including energy;

conditions, are such that fluid is discharging from both the RCS and the
containment at very high energy levels, with associated pressure levels
giving sonic discharge velocities into containment of the order of 1000
fps. Under these conditions it takes only hundredths of a seconds for RCS,

fluid to reach the containment isolation valves from the RCS system. This
is no comparison with the very low transport rates from the top of a fuel
pool to containment isolation valves for a fuel handling accident inside

1-4
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containment as discussed in Section 1.3.3.5 of this submittal; values of
up to 15 secs. have been considered appropriate for these circumstances. ;

If is assumed that the core fission product source term is instead uniformlyl

mixed with the RCS Iluid prior to its dicharge to containment, (less con- (
servative than R.G. 1.4) curie content discharged to atmosphere is reduced

from 4.38% Q to 1.9% Q where Q is the total term source released from the |
core by the LOCA and related source terms and related offsite doses are

|reduced by the same amount.

!
These are not unrealistic assumptions, for conservative purposes. The ;
LOCA causes sudden pressure drops in the RCS, to saturation pressures for

,

the prevailing temperatures of the RCS inventory, causing steam release
from violent boiling throughout the system. This would cause substantial ;
vibration of the fuel rods and movement of the prevailing damaged 00

2

pellets, facilitating the mass transfer of fission product gases to and
through the gap to the locally faulted cladding, followed by blowdown f
through the clad defects at high rates because of the prevailing pressure I

drops, between the gap and the core.

Over the first seven seconds of the event, heat is being tranferrred from
the core to containment by steam formation at the core and subsequent mass

,

'

transfer to the RCS system and break, and discharge to the containment,
,

at the very high rates discussed earlier in this subsection. Since fission
product gases are released from the cladding, (and probably at the hottest
sections) the transport of fission products released from the gap would
be within the same steam and entrained liquid transport system to the
break and then containment. :

I

Within containment, unless special provisions have been made, there is no
guarantee that a certain percentage of high concentrations of fission
product inventory being released by RCS discharge is not being bypassed
directly to the open containment isolation valves from its main path to
principal containment volume. In this sense, assuming an immediate
release of all fission product to the containmeat on DNBR would help
offset the potential non-conservatism of this bypass.

1-5
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I
"le. The primary reactor containment should be assumed to leak at the. leak

rate incorporated or to be incorporated as a technical specification
requirement at peak accident pressure for the first 24 hours

,

[0.1 percent per day), and at 50 percent of this leak rate for the
,

remaining duration of the accident. Peak accident pressure is the
maximum pressure defined in the technical specifications for '

containment leak testing."
,

.

Except for dilution through mixing discussed under Id above, there is
complete bypass of containment for 7 secs through the 2 x 42" open valves. :

,

The magnitude of discharge to the environment with related offsite doses -

has been discussed under Id above. In reviewing these figures, it should
be recognized that for a normal leakage of 0.1%/ day from containment,

,

8 x 10 6% of Containment Inventory (Q), would be released in the same time
frame of 7 seconds. When compared with 4.38%, this represents a dose
reduction factor of 541,000 and would reduce the 7 second dose from
489,000 rem to 0.9 rem.

Over a two hour time frame, and making allowance for 38 seconds without
spray, followed by an iodine removal coefficient of 54/hr with a maximum

reduction factor of 100, gives an approximate reduction in discharge by a
factor of 32,000 leadir @ to a calculated dose of 15 rem.

,

These reduction factors in offsite dose of 489,000 for the first seven
seconds by effective early containment at 0.1%/ day, and of 32,000 in the
first 2 hours by effective containment at 0.1% per day and an iodine
cleanup factor of 100, manifest the real significance of effective '

containment and containment spray in fission product containment.

1.3 LOCA: BTP CSB 6-4, B5 Criteria

The Reg.1.4 source terms of 1.2 above, are based upon the Regulatory requirement
of 10 CFR 100,11, (a) footnote 1 (Ref. 36) that:

1-6
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I

I"The fission product release assumed for these calculations should be based
{upon a major accident, hypothesized for purposes of site analysis or

postulated from considerations of possible accidental events, that would
result in potential :.azards not exceeoed by those from any accident
considered credible. Such accidents have generally been assumed to result
in substantial meltdown of the core with subsequent release of appreciable

;

quantities of fission products."
:

However, Branch Technical Position CSB 6-4 (Ref. 25) provides another basis to
justify containment purge design and which is less conservative than the

.

Regulatory position. This is given in related section B-5, as:
'
t

"5. The following analyses should be performed to justify the containment
purge system desion:

An analysis of the _radiolegical consecuences of a loss-of-a.

coolant accident. The analysis should be done for a spectrum of
break sizes, and the instrumentation and setpoints that will
actuate the purge valves closed should be identified. The source
term used in the radiological calculations should be based on a
calculation under the terms of Appendix K_to determine the extent
of fuel failure and the concomitant release of fission products,
and the fission product activity in the primary coolant. A pre-
existing iodine spike should be considered in detemining primary

| coolant activity. The volume of containment in which fission
products are mixed should be justified, and _the fission products
from the above sources should be assumed to be released through

_

the open purge valves daring the maximum interval required for
valve closure. The radiological consecuences should be within
10 CFR Part 100 guideline values."

To gain further regulatory interpretation of the meaning of fuel failure
within this context, the writer's DPV (Ref. 42) refers to SRP 4.2 FUEL SYSTCH

DESIGN, I (AREAS OF REVIEW), 2nd para. (Ref. 26) which states that, in respect|

of postulated accidents:

1
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"The objectives of the fuel system safety review are to provide assurance
that (a) the fuel system is not damaged as a result of normal operation
and anticipated operationel occurrences, (b) fuel system damage is never
so severe as to prevent control rod insertion when it is required, |
(c) the number of fuel rod failures is not underestimated for postulated '

acciden N and (d) coolability is always maintained. "Not damaged," as
use') in the above statement, means that fuel rods do not fail, that fuel
system dimensions remain within operational tolerances, and that functional
capabilities are not reduced below those assumed in the safety analysis.
This objective implements General Design Criterion 10 (Ref. 38), and the
design limits that accomplish this are called Specified Acceptable Fuel
Design Limits (SAFDLs). " Fuel rod failure means that the fuel rod leaks !

and that the first fission prodect barrier (the cladding) has, therefore,
been breached. Fuel rod failures must be accounted for in the dose analysis
required by 10 CFR Part 100 (Ref. 2) for postulated accidents."

.

The underscored lines show that fue rod failure in the context of this
paragraph must be evaluated for postulated accidents and this evaluation must

,

be conservative. Fuel Rod Failure means that the fuel rod leaks and that the
first fission product barrier (the cladding) has therefore been breached;
these failures must be accounted for in the dose analysis required by 10 CFR

.

Part 100 (Ref. 36) for postulated accidents.
;

Coolability is addressed as a separate criterion.

.

1.3.1 Characteristics of Fuel Failure Giving Fission Product Release During
Postulated Accidents

Regulatory clarification of fuel rod fanivre is given in SRP 4.2.II.A.2.
(Ref26) This is abstracted as follows for the circumstances of postulated
accidents in particular:

"2. FUEL ROD FAILURE

This subsection applies to [ normal-operatbnt-anticipated-operationai
occurrences;-and) postulated-accidents. [ Paragraphs-(a)-through-(e)-address

1-8
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f aiiere-mechanisms-that-are-mere-iimiting-dering-nermai-eperation;-and-the
inf urmatien-to-be-reviewed-shecid-be-contained-in-Sectien-4 f-ef-the-Safety

Analysis-Report:) Paragraphs (d) through (h) address failure mechanisms that
are more limiting during (anticipated operational occurrences and) postulated
accidents,[and-the-infermatien-te-be-reviewed-wiii-essaiiy-be-contained-in
Ehepter-15-ef-the-Saf ety- Analysis-Report:--P aragraph-fi3-shecid-be-addressed j

i n- Se cti e n-4: f- e f- the- S a f e ty- Anaiy s i s - Re po rt- be c a us e-i t-i s- no t- addre s s ed
'

eisewhere)
>

To meet, the requirements of [(a3-6eneral-Besign-Eriterien-16-as-it-relates-te
Specified-Acceptable Fuel Design Limits for normal operation, including antici i

pated-eperationai-eecerrences;-and-(b3] 10 CFR Part 100 as it relates to fission
product releases for postulated accidents, fuel rod failure criteria should be
given for all known fuel rod failure mechanisms. Fuel rod failure is defined
as the loss of fuel rod hermeticity. [Aithengh-we-recognite-that-it-is-not

p e s si bi e- t e- a v oi d- a ii- f eei- r ed- f ai l ure s- and- that- ci e nnep- sy stems- are-i ns teil ed

to- h and l e - a- s ma ii- nomb e r- of -i e s ki ng- red s ;-i t-i s- the- obj ec ti v e- of- the- re vi ew- te

assere-that-f uei-does-not-f aii-dee-to-specific-eanses-dering-normai-operation
and-anticipatedeperationai-occurrencest) Fuel rod failures are permitted during
postulated accidents, but they must be accounted fcr in the dose analysis.

1

Fuel rod failures can be caused by overheating, pellet / cladding interaction
(PCI), hydriding, cladding collapse, bursting, mechanical fracturing, and

,

'

fretting. Fuel-failure criteria should address the following to te complete.
:

|

Only those failure mechanisms that are more limiting for postulated accidents
are abstracted here:

(d) Overheating of Cladding: It has been traditional practice to assume that
failures will not occur if the thermal margin criteria (DNBR for PWRs [and

EPR-for-BWRs)] are satisfied. [T he-re vi ew- e f- the s e - c ri te ri a- i s-det ail e d-i n

SRP-Sectien-4:4:--Fer-normal-eperation-aad-anticipated-operationai-occer- .

L
rences--vieistion-of-the-thermai-margin-criteria-is-not permitted ) For

L postulated accidents, the total number of fuel rods that exceed the cri
| teria has been assumed to fail for radiological dose calculation purposes,
|
i

|

|

| 1-9
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:

Although a thermal marcin criterion is sufficient to demonstrate the avoid-
,

!

ance of overheating from a deficient coolina mechanism, it is not a ney ssary '

condition (i.e., DNB is not a failure mechanism) and other mechanistic methods
may be acceptable.

There is at present little experience with other approcches_, '

but new positions recommendino different criteria should address cladding I

_ temperature, pressure, time duration, oxidation, and embrittlement.
.

(e) Overheating of Fuel Pellets: [it-has-sise-been-traditional practice-te !

asseme-that-f ailere wiii eeent-if-centerline-melting-takes piece:--This
,

analysis-shenid-be performed-for-the-maximem-iinear-heat generation-rate
anywhere-in-the-cere;-incieding-aii-het-spots-and-hot-channei-facters- and
shecid acceent-fer-the-effects-of-bornep-and-composition-en-the-melting
poi nt:-- F o r- no rmai- ope ra ti on- a nd- a nti c i p ated- opera ti onai- oc currenees -

,

| centeriine-meiting-is-not permitted:] For postulated accidents, the total
{number of rodsj hat experience centerline meltina should be assumed to fail

for radiological dose calculation purposes. [The-centerline-meiting-cri- '

terien was-established-to-assere-that axiai or radiai reiocation-of-moiten
feei wenid neither-ailow-meiten-feet-to-come-inte-contact with-the-cladding
ner predece-iecei-het spets ] The assumption that centerline meltino results
in fuel failure is conservative.

(f) Excessive Fuel Enthalpy: [For-a severe-reactivity-initiated accident-(RfA)
in-a-BWR at-tere-or-iew power--feei-failure-is-assumed-to-eccer-if-the-radi-

'

ai4y-averaged-feel-red enthaipy-is greater-than-iF6-esi/g-st-any-axial-ieca-
tion:] 'For full-power RIAs in a BWR and all RIAs in a PWR, the thermal mar-

,

cin criteria (DNBR and CPR) are used es fuel fail ge criteria to meet the
guidelines of Regulatory Guide 1.77_(Ref. 6) as it relates to_ fuel rod
failure. [The-iFB-eai/g-entheipy-criterien-is primarily intended-te,

L address-etadding overheating effects--but-it-aise-indirectly-address
,

peliet/ciadding-interactions-(PEi):] Other criteria may be mote appropriatei-

for an RIA, but continued approval of [this-enthalpy-criterien"and-the ther-
mal margin criteria may be aiven until oeneric studiet yield improvements.

(g) Pellet / Cladding Interaction: There is no cutrent criterion for fuel failure
resulting from PCI, and the design basis can only be stated oenerally. Two

related criteria should be applied, but they are not sufficient to preclude

1-10
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,

PCI failures. ;

(1) The uniform strain of the claddino should not exceed 1%, I

{in-this-centext- eniform strain-feisstic and-ineinstic)-is-defined-as
transient-indeced-deformatien-with gege-lengths corresponding-to-cladding

;

dimensions--steady-state-creepdewn-and-irradiation prowth-are-excinded:]
j

Althuugh observino this strain limit may preclude some PCI failures, it
{

will not preclude the corrosion-assisted failures that occur at low strains,
fnor will it preclude highly localized overstrain failures. (2) Fuel meltina |should be avoided. The large volume increase associated with meltino may

cause a pellet with a molten center to exert a stress on the cladding.
Such a PCI is avoided by avoiding fuel melting. Note that this same cri
terion was invoked in paragraph (e) to ensure that overheating of the
cladding would not occur.

(h) Bursting: To nuet the requirements of Appendix K of 10 CFR Part 50 (Ref.
9) as it relates to incidence of rupture during a_LOCA, [a-reptore-tem-
peratere-eerreistien-mest-be-used-in-the-t06A-E665-analysis ] Zircaloy
cladding will burst (rupture) under certain combinations of temperature,
heating rate, and differential pressure. [Aithough-fuei-suppliers may-use
different reptete-temperature vs-differentiai pressere-cerves--an accept-

:

able carve-shonid-be-similar-to-the-ene-described-in-Reft-10 ]

L (i) Mechanical Fracturing:
A mechanical fracture refers to a defect in a fuel

rod aused by an externally applied force such as a hydraulic load or a
load derived from core plate motion. Cladding integrity may be assumed if '

,

L
the applied stress is less than 90% of the irradiated yield stress at the ^

appropriate temperature. Other proposed limits must be justified. Results
;froir seissic and LOCA analysis (Appendix A to this SRP section) may show
that failures by this mechanism will not occur for less severe events."

-

,

L Summary:
L
I

Feilure Mechanisms include: '

.

Ia) Infringment of DNER criteria during postulated accidents which causes

-

overheating of the clacking of the fuel rod, and is assumed to cause failure
,

.

1-111
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of the clad, and release of contained fission products from the gap as
a source term for the calculation of radiological doses.

(b) If postulated accident conditions cause calculated values of fuel pellet
temperature to reach the melting point for the uranium dioxide at the
centerline of the pellet, it is assumed that all such rods shall fail (and
release fission products from the pellets - as well as the gap) for the
calculation of radiological doses.

1.3.2 'haracteristics of Fission Product Released From Failed Fuel During
Postulated Accidents

1.3.2.1 General

Fission product release as source terms for' postulated accidents relevant to
the above fuel failure criteria are specifie'd as:

SRP 4.2, Section I, last paragraph (Ref. 26) states that:
.

"All fuel damage criteria are described in SRP Section 4.2. For those cri-
teria that involve DNBR or CPR limits, specific thermal-hydraulic criteria
are given in SRP Section 4.4. The available radioactive fission product
inventory in fuel rods (L 2. , the gap inventory expressed as a release
fraction) is provided to the Accident Evaluation Branch for use in estimat-
ing the radiological consequences of plant releases."

SRP 4.2.C.3(h) (Ref. 26) states that:

" Fission Product Inventory: To meet the guidelines of Regulatory Guides
1.3, 1.4, 1.25 and 1.77 (Refs:-6--28-S8] as they relate to fission product
release, the available radioactive fission product inventory in fuel rods
(i.e. , the gap inventory) is presently specified by the assumptions in those
Regulatory Guides. These assumptions should be used until improved calcu-
lational methods are approved by CPB [see-Ref:-Si)."

i
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The criteria from these Reg Guides are considered separately in the following
subsections of this submittal in order to examine for general guidelines which
may be applied to BTP CSB 6-4 B5 Criteria.

1. 3. 2. 2 Regulatory Guide (RG) 1.25: Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel !

Handling and Storage Facility for Boiling and Pressurized Water
Reactors

RG 1.25 (Ref. 31) covers the Fuel Handling Accident inside containment.
;

.

RG 1.25 page 25.1 under Section B, second para, provides for an immediate
release of all activity from the fuel rod gap of the damage rods:

"The number and exposure histories of fuel assemblies assumed to be damaged

determine the total amount of radioactive material available for immediate
release into the water during a fuel handling accident."

The same Section B, fourth para, provides that:
.

"Only that fraction of the fission products which migrates from the fuel
matrix to the gap and plenum regions during normal operation would be avail-
able for immeoiate release into the water in the event of clad damage.
(Migration of fission products is a function of several variables including
operating temperature, burnup, and isotopic half life taken into considera-
tion in establishing the release fractions listed in this guide.)"

RG 1.25 also assumes that 10% of the total radioactive iodine in the rod (with ;

calculated peak activity) is contained in tte gap for release. (See page 25.2
Item C.1.d):

"All of the gap activity in the damaged rods is released and consists of
10% of the total noble gases other than Kr-85, 30% of the Kr-85, and 10%

of the total radioactive iodine in the rods at the time of the accident.

1-13
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Released iodine rises to the surface of the related pool with a decontamination
factor of 100, provided a minimum depth of 25 ft exists, and gap pressure is no
greater than 1200 psig. Subsequent tveatment of the source term is typified
by the guidelines of SRP 15.7.4 Radiological Consequences of Fuel Handling
Accidents (Ref. 28) which requires (under Section III.4, second and third
para's that:

"The reviewer should assess the time required to isolate the containment.
P

This should include the instrument line sampling time (where appropriate), '

detector response time anf, containment purge isolation valve actuation and
closure time. The contasnment is considered isolated only when the purge
isolation valves are fully closed. The applicant's analysis should be
reviewed regarding the travel time of any activity release starting from
its release point above the refueling cavity or transfer canal and
including travel time in ducts or ventilation systems up to the inner,

containment purge isolation valve."
.

"The time required for the release to reach the inner isolation valve is
!

compared to the time required to isolate the containment. If the time
required for the release to reach the isolation valve is longer than the
time required to isolate containment, then essentially no release to the

.

atmosphere occurs, and the reviewer's assessment should reflect this. If

the time required for the release to reach the isolation valve is less
than that required to isolate containment, and no mixing ur dilution
credit can be given, the reviewer should assume that the entire activity
release escapes from the containment in evaluating the consequences.
Claims for credit for dilution or mixing of a release due to natural or
forced convection inside containment are reviewed and assessed. References
[4] and [S) should be consulted end used by the reviewer for guidance in
estimating' dilution and mixing. Where mixing and dilution can be demon-
strated within containment, the radiological consequences will be reduced
by the degree of mixing and dilution occurring prior to containment
isolation."

|
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Related references [4] and [5] are:

"4. Evaluation of Fission Product Release and Transport for a Fuel

Handling Accident by G. Burley, Radiological Safety Branch, Division
of Reactor Licensing, revised October 5, 1971.

5.
Industrial Ventilation /A Manual of Recommended Practice - American
Conference of Governmental Industrial Hygienists."

These circumstances relate to a set of containment environmental conditions in
which mixing energy is virtually absent, being provided by low energy contain-
ment purge and exhaust ventilation fans, and virtually no additional energy
from the very small mass of fission product gas released from the damaged fuel
elements, after travelling through a minimum depth of 23 ft. Under certain
conditions, this could provide for the total activity released (after decon-
tamination in the pool) to be discharged directly to atmosphere outside
containment.

For Zion, the fundamental set of values for the thermal hydraulic parameters
covering the above circumstances, are completely different to those governing
the release and disbursement of fission products to the environment from a LOCA.

1.3.2.3 Regulatory Guide 1.77: Assumptions Used for Evaluating a Control Rod
Ejection Accident For Pressurized Water Reactors

Fundamentally, this Guide provides for an evaluation of the Thermal Hydraulic
and Power conditions within the core, during the accident, to determine a) the
extent of DNBR infringement and b) the amount of fuel exceeding the initiation
temperature of fuel melt (approxireately 5150'F).

For Source Terms, RG 1.77, Appendix B1 (Ref. 32) proposes that:

"a. The case resulting in the largest source term should be selected for
.

evaluation.
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b. The nuclide inventory in the fuel elements potentially breached !
should be calculated, and it should be assumed that all gaseous
constituents in the fuel-clad gaps are released.

:

c. The amount of activity accumulated in the fuel-clad cap should be

assumed to be 10% of the iodines and 10% of the noble cases
accumulated at the end of core life, assumino continuous maximum

full power operation. *

f

d. No allowance should be given for activity decay prior to accident |

initiation, regardless of the reactor status for the selected case,
,

e. The nuclide inventory of the fraction of the fuel which reaches or
exceeds the initiation temperature for fuel meltino (typically
2842*C) at any time during the course of the accident should be

fcalculated, and 100% of the noble' cases and 25% of the iodine

contained in this fraction should be assumed to be available for
!

release from the containment."
2

|

Summarily: The source term from molten fuel is the same as for RG 1.4. The

source term release from the gap is the same as for the fuel handling 7

accident.
P

|- The subsequent effects of the release path on the ultimate source terms from

! containment are evaluated for each of two release paths, as if the other did

not exist. These release paths are:
,'

l

(1) By effectively immediate release of all source terms to containment to be
followed by the following cleanup and decay provisions which are the same ,

as those normally accounted for in a LOCA in RG 1.4 (Ref. 30). RG 1.77,
'

|| App. B1 (Ref 32) provides that:

"f. The effects of radiological decay during holdup in the containment or
other buildings should be taken into account.

I

i
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g. The reduction in the amount of radioactive material available for
leakage to the environment by containment sprays, recirculating *

filter systems, or other engineered safety features may be taken into ;
account, but the amount of reduction in concentration of radioactive

'

'

materials should be evaluated on a case-by-case basis.

h. The primary reactor containment should be assumed to leak at the leak
rate incorporated or to be incorporated as a technical specification
requirement at peak accident pressure for the first 24 hours, and at

,
'

50% of this leak rate for the remaining duration of the accident.
Peak accident pressure is the maximum pressure defined in the ,

technical specifications for containment leak testi.ig."
,

Additionally SRP 15.4.8. Section III.3 (Ref. 27), further specifies that:

"For releases via the containment building, 100% of the noble gases and
25% of the iodines contained in the fuel which is estimated to reach
initiation of melting are assumed to be available for release from the
containment."

Summarily: For the release path to containment, these are effectively the
provisions of RG 1.4 in respect of the treatment of Fission Product Source -

Terms after release from the core.
,

(2) By release of fission products to the secondary system as per
RG 1.77, Appendix B, Items li, j and k (Ref. 32).

There are not considered in this submittal, as they do not apply to a release
to containment.

'

1.3.2.4 Summary (of General Positions on Fission Product Releases Deriving

from RG 1.25 and 1.77)

(a) For failure of fuel cladding by either DNBR infringement or fuel handling
accident:

,
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For iodine, 10% of the fuel rod inventory is released from the gap. For

the control rod ejection accident this release is assumed to be available
immediately inside containment for leakage. |

(b) For f ailure by centerline melting of the fuel pellet:

25% of the iodine inventory of any fuel rod which reaches or exceeds t

the initiation temperature of fuel melting is assumed to be immediately
available inside containment for release. This is the same assumption

applied in RG 1.4 for fuel melt deriving from a LOCA.

1.4 LOCA: BTP CSB 6-4/B5 Criteria: Application to Zion

Zion Fuel temperatures during normal operation at maximum power prior to a LOCA
very from 2500'F to 4100' for approximately 15% of the care (Exhibit 23). There
wiil be a substantial increase in temperatu're of the whole core over a period
of up to 7 seconds following a LOCA and Exhibit 6 shows the related average
cladding temperatures. Considering the correlation of fission product release
as a function of temperature shown in Exhibit 22, ihere is a high probability
of a substantial increase in fission product activity in the gap over that of

'

the equilibrium activity level represented on Exhibit 1, during these first
seven (7) seconds of the accident, so that an increase in gap ectivity level
from the equilibriurn values shown in Exhibit 1 to the value of 10% used in the
other postulated accidents is not an unreasonably conservative regulatoryI

| position to adopt for this event. On this basis, the iodine source term

! derivirg from fuel rod failure by overheating of the fuel cladding by DNB
infringement at Zion at 0.1 second into the event wculd be 157.9 x 105 curies
of I-131 EQU and is the value adopted by the writer in conformance to thel

related BTP. In respect of fuel rod fai!u e by centerline melting, the Zion
| F5AR (Ref. 33) does not provide detailed information on fuel pellet tempera-!

' tures except for the ;)eneral statement that the safety injection system prevents
core meltdown Ref 33, page 14.3-46, Revision 1 second para.; provision for
r4 ated fission product release from melted fuel rods is therefore not necessary
for this evaluation to the guidance of the related BTP.

I
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On the basis of BTP CSB 6-4, B5 therefore, a total iodine fission product
release of 157.9 x 105 curie I-131 EQU from the core, would be available to i

'

inside containment at 0.1 second into the LOCA. By reference to the conditions
inside containment discussed in detail in Section 1.2, items Id and le above, I

it can be shown that, the release of 157.9 x 105 curies of I-131 EQU from the {
'

core as a source term will result in the discharge of 692,000 curies of I-131
EQU to atmosphere with an offsite dose of 176,000 rem with 2 x 42" fully open i

for 7 seconds, see Exhibit 2A, item 5. With valves partly closed this is
reduced to 249,000 curies I-131 EQU and 63,400 rem, see Exhibit 2 item 5.

It is noted that in its recent revision to the FSAR (Ref. 34 ) page 14.3-38

Revision 1. W has calculated an offsite dose from the LOCA on a non-Reg. Guide

1.4 basis, by also using the entire inventory of fission products contained in ;

the pellet cladding gap, but has assumed the equilibrium values only, as listed
in Exhibit 1. This is equal to 24.09 x 105 I-131 EQU which is 1.52% of the
core activity as compared with the 10% exemplified in other NRC criteria and
used by the writer. Effective doses that would be obtained using equilibrium

gap activity only are also presented in Exhibits 2A and 2 under items 4 and show
offsite doses to thyroid are reduced to 27,000 rem for 2 fu11open valves and
9.700 rem for 2 partially closed valves.

,
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2 0FFSITE DOSE CONSEQUENCES: SUMMARY

2.1 Basis for Calculations
.

Based on discussions in section 1, radiological releases and related offsite
consequences are shown in Exhibit 2A item 6 for 2 x 42" fully open (90') valves
and Exhibit 2 item 6 for 2 x 42" values at a limited opening of 50'.

All calculations are based on valves closing in 7 seconds from commencement of

a LOCA. Doses are based upon valves being in the open position for a full 7

seconds as required by the SRP. Valves will be required by technical specifica-

fir; to close within seven (7) seconds of commencement of the LOCA.

For the sake of example only, source terms are restricted to iodine in terms of
I-131 EQU, and thyroid dose only has been calculated. Dose is calculated at

the site boundary (exclusion distance) of 415 meters. Each dose is calculated ,

independently of each other and are to be added to the LOCA leakage dose (over
2 hours) of 123 rem as appropriate.

An additional dose due to RCS inventory discharged into the containment would
also need to be added, for all non-RG 1.4 calculations. These are given in
Exhibits 2A and 2 under items 2 at 132 rem for 2x fully open valves, and 48

rem for 2 partially opened valves.

For the diffusion coefficient, a value of 5 x 10 4 sec/cm3 applicable to
leakage conditions over a 2 hour period has been used. In fact we have a high

energy puff release of 7 seconds giving a potential finite cloud in travel to
the enclosure boundary instead of a low leakage release diffusing into a cloud;

|

as a result, the offsite dose under actual conditions is likely to be increased.
j

L For the 0-2 hour leakage, the licensee has used a more conservative value than
the NRC of 9.2 x 10 4 sec/cm8 and this would increase dose by a factor of 1.84.

|

!

!

:

1.
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2, 2 Offsite Doses ,

I

2.2.1 RG 1.4 Source Terms Released Immediately on LOCA
;

.

Exhibit 2A, item 6, shows that for fully (90') open 42" valves, the offsite '

dose for a RG 1.4 source term is calculated at 489,000 rem. And Exhibit 2,
item 6, shows that for partially (50') open 42" values, these doses are
reduced to 256,000 rem,

i
2.2.2 10% Gap Activity Released on DNBR

,

Exhibit 2A (item 5) shows offsite doses reduced to 176,000 rem for fully open
e

I

'

valves, and Exhibit 2 (item 5) shows reduction to 63,000 fem for partially
open valves.

2.2.3 Equilibrium Gap Activity Released on DNBR <

Exhibit 2A (item 4) shows offsite dose is reduced to 27,000 rem for fully open !

valves and Exhibit 2 (item 4) shows reduction to 9,700 rem for valves partially
open.

2.2.4
RCS @ 60 pc/gm Activity; All Released To Containment Immediately On A

.

LOCA.

Exhibit 2A (item 2) shows offsite dose contribution is 132 rem for fully open
valves and Exhibit 2 (item 2) shows a reduction to 48 rem for partially open
valves.

This activity release is equivalent to DNBR infringement of only .08% of the|

fuel in the core,. . Lwd et.. Sq, A b 6 > . ' *s e I *' ~ ' '"J,

'

2.2.5
RCS @ 60 pc/gm Activity; Released Progressively To Containment On RCS|

Discharge From A LOCA .

Exhibit 2A (item 3) shows offsite dose contribution is 58 rem and Exhibit 2
(item 3) shows a reduction to 21 rem for partially open valves.

l
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2.2 Conclusions
)

(1) According to Reg. Guide 1.4 criteria the offsite doses are completely
unacceptable.

.

(2) LOCA calculations for Zion show to fuel melt; however, for DNBR infringe-
ment only, an evaluation of offsite dose based on release of 10% gap
activity from 100% fuel still shows completely unacceptable circumstances.

!
Although this is in conformance with SRP 6-4, BTP, CSB BS criteria, it is i

not in conformance with 10 CFR 100,11 (a) footnote 1 requirements which
,

states that:
,

"The fission product release assumed for these calculations should be
'

based upon a major accident, hypothesized for purposes of site
an:1ysis or postulated from considerations of possible accidental
events, that would result in potential hazards not exceeded by those
from any accident considered credible. Such accidants have generally :

been assumed to result in substantial meltdown of the core with
subsequent release of appreciable quantities of fission products." ;

(3) Partially closing the valve to 50' from 90' is not successful in reducing ,

the offsite dose to acceptable values. '

,

(4) With valves partially open at 50'; fuel failures by DNBR infringement on
a LOCA would have to be limited to 0.2% of the core to limit total doses
to 10 CFR 100 limits.

.
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3 APPENDIA K EVALUATIONS, FUEL FAILURE, AND FISSION PRODUCT RELEASE 1

10 CFR 50.46 (Ref. 37), acceptance criteria fer emergency core cooling system 1

for light water nuclear power reactors, requires that during a LOCA, cladding
temperatures, cladding oxidation, and hydrogen generation, are limited and such
that the core remains amenable to cooling in the short run from the initial
break through reflood, and also for long term post accident cooling.

10 CFR 50.46 does not include a requirement to evaluate the earliest time at
which fission products could be released by local failure of the fuel cladding
as fuel rod conditions rapidly change, challenge and exceed the limiting
features of design which ensures fuel clad (and rod integrity) under Normal
Operating Conditions and Transient Occurrences. These limiting features are
described as specified acceptable fuel design limits (SAFDLs) and are required
under 10 CFR Part 50, Appendix A, Criterion 10. -

A principal feature of the Appendix K evaluation is that it is designed to
identify that rupture which causes a maximum post rupture cladding temperature -

within the fuel assembly being evaluated; and it is this time to rupture which
is reported in the FSAR. The Appendix K evaluation is not designed to report
the earliest rupture that can occur.

,

3.1 Lreliminary

In evaluating 10 CFR 50.46 criteria through the use of the Appendix K evalua-
tion model (Ref. 39), licensees are required to undertake a detailed evaluation
of the items to be discussed below throughout the complete LOCA event, i.e.,
from time 0 through 50-60 seconds, to determine that the clad rupture meeting

|
the Appendix K criteria does not occur in the first 10-15 seconds of the event,
and which is the region of special interest for this review. In the time avail-
able for this research, a search of the UFSAR and the related reference mate-
rial on the docket does not disclose many of essential the details of this
calculation (Ref's 1-24). We therefore use the limited information available
to draw conclusions.

3-1
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3. 2 Review
!

Appendix K calculations are undertaken on that fuel element assembly which
ultimately provides the maximum clad temperature after (post) clad rupture.

Genericworkbyy(Ref.17)proposesthatmaximumcalculatedtemperatures
(post rupture) occurs in the low burn up (third region) fuel assembly.

Exhibit 6 shows the average clad temperatures deriving from Appendix K calcula-
tions from the Zion FSAR, Figure 14 F. 2-19a, (Ref. 33). This shows that on
infringement of DNBR at 1/10 second, average clad temperature increases very |

'

rapidly from a normal operating value of 720*F to at least 1350'F, and then to
1750*F, over a total period of seven seconds; thereafter temperature reduces
rapidly to 1000'F at about 15 secs, from which it sharply increases ultimately
to approx 2200'F.

Exhibit 10 shows that W fuels are designed to require a yield strength of
45,000 psi a minirnum for normal operations, and an ultimate tensile
strength of 57,000 psi as a damage limit, as specified acceptable fuel design
limits (SAFDL). Exhibit 11 shows that as temperatures increase above 850'F,
the available mechanical properties can be reduced below both these limits so
that fuel clad cannot therefore be considered reliable in terms of protection
against fission product release.

Exhibit 10 also shows that W fuels require a design limit of 1% on cladding
strain as a design limit, and 1.7% as a damage limit. The work of this Sec- i

tion 3 will show how both these limits can be exceeded inside the seven seconds
on infringement of DNBR during the course of a LOCA, so that again, fuel clad
cannot be considered reliable in terms of protection against fission product
release.

Exhibit 15, shows how a temperature range of 1350'-1750'F traverses a range of
Zircalloy metallurgical phases (transitions), a to (a + p) to $ phases, during

L which ys = UTS and structural stability under stress is dependent upon mechan-
ical/ strength properties which are a function of temperature and related time
and stress at temperature. Under the circumstance of the transient expected

3-2
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f rom Appendix K calculations with rapid changes of both temperature and strcss, !

their is a need for empirical tests to determine swelling and burst (rupture) i

characteristics under these same dynamic conditions. Exhibit 15 represents

results from such a series of tests (Ref. 13).

Such conditions a e also represented in Exhibit 16 for Engineering Hoop Stress '

and temperature at rupture, for particular heating rates, and in conjunction
,

with the information in Exhibit 20 on related rates of circumferential strain ,

on rupture, at the given rupture temperatures. j

What are the expected operating pressure differentials across the clad under
'

these LOCA conditions:

Reference inf ormation shows that internal clad pressure under nomally operat-
ing conditions is of the order of 1400 psig for new fuel and expected to
increase to 2250 psig at the end of the 3rd' cycle (for the fuel). On this
basis, we evaluate a gap pressure of 1500 psig at approximately 1/3 burnup into >

the first cycle, at which burnup maximum calculated clad temperatures are '

expectea on a LOCA. ,

It is proposed that, immediately on a LOCA as clad temperature increases to
1350'F, gap pressure vill increase by 20%, to 1800 psig. Exhibit 12 shows that
at this time, core pressure has reduced to 1500 psig giving a pressure drop
across the clad of 300 psi which according to Exhibit 13 will give a hoop
stress of approximately 2460 psi.

At 7 seconds into the event, clad temperature has increased further to 1750'F,
a total increase of 1030*F from the normal operating condition. From this, it ,

can be proposed that gap pressure for the complete rod can increase by 36% over
its normal operating value to 2100 psig. Exhibit 12 shows that at this time,
core pressure has reduced to 950 psig so that the pressure drop across the
clad is now 2100-950 i.e., 1150 psi which according to Exhibit 13 will give a
hoop stress of 9400 psi.

When the above values of pressure and temperature are plotted on a particular
Hoop Stress vs Burst Temp curve (Exhibit 14) from reference 1, at one see the

-
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clad does not rupture, but at seven sec.onds the clad is well into the rupture

regime.

In its calculation of clad strain during Appendix K calculations, W uses results
from tests by Hardy (Ref. 13). Exhibit 15 is a set of results from one such
test at 100 C/sec heat up rate (the heat up rate between 720*F and 1750'F in j
7 seconds = 150F*/second (or 84C /second]). This exhibit shows that these 1

Appendix K values over the first 7 seconds bracket the range from zero (0) |+

expansion at 1350 F to the burst regime at 1750'F. In respect to these values,
W has assumed that if clad strain reaches 10%, the clad will rupture; see j
Exhibit 18 from Ref. 3. Note that the SAFDLs of 1% and 1.7% on cladding strain ;

can both be exceeded in the first seven seconds of DNBR infringement in the
toutse of the LOCA. h

"
The NRC, in its clad strain and rupture models uses the data shown in Exhiait
16 to determine when rupture is likely to occur for given rates of increase in
temperature. It is pioposed by the NRC that the 28'C/S (=50F*/second) test -

points apply also to largar values (of rate of temperature increase).
_

Exhibit 16 shows that the Appendix K values again bracket the complete set of
experimental data and significantly at the higher temperatures of the transient.

Exhibit 20 shows the circumferential strain that can occur at giver rupture $
temperatures, and the curve proposed by the NRC for Appendix K calculations.
Prime f ac.ie maximum strain gives maximum blockage leading to maximum calcu-

- lated temperatures for cladding after the burst. In fact, W has established
that maximum post rupture cladding temperature does not necessarily occur with
a maximum circumferential strain at rupture, due apparently to direct radiation
influences from fuel rods exposed by rupture at lesser values. Providing rup-
ture is expected by the data of Exhibit 16, the related strain is to be given
by v s. NRC curve on Exhibit 20 (or lesser value giving maximum temperature). -

It should be noted that with this information there would be a very high prob-
sility of rupture at 1750 F down to 1500*F, with the probability decreasing,
but still present at lower temperature.

Note that Exhibits 16 and 20 do show that fuel temperatures and pressures could
rupture the cladding over t shole range of conditions. However, the purpose of

'
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the Appendix X evaluation is to identify that particular rupture which would
have the most conservative effect with respect to meeting the requirements of
10 CFR 50.46 and for this end, it models, and uses factors, to conservatively
calculate' values for the related parameters. Its purpose is not to determine
and identify when failure by bursting (rupture) first occurs as an otherwise ,

evaluation of when fission product is first released. An example can_be seen
from Exhibit 16. The test points can show marked deviations from what are
apparently best estimate curves for the various rates of temperature increase.
For conservatism in estimating the first occurrence of fuel rupture, one would
have presumed the use of a boundary curve at the lower temperatures and pressures
of each heating rate and Exhibit 20 would not have been required.

Note that, Exhibit 15 does show that even though rupture may not occur with a
detailed re-evaluation, cladding strain is most likely to exceed the 1% strain
used by W (Ref 33, P. 3.2-39) as a SAFDL to meet the regulatory requirements
of Ref. 38. -

The writer would be concerned about the relevance of the hoop stress, strain /
rupture data of Exhibits 16 and 20 to the power generation and heat trans-
fer conditions inside a reactor. These tests were done on electrically resist-
ante heated cladding tubes. They do not simulate the heat transfer from
central fuel rod' pellets at high temperatures through a realistic gas gap of
varying geometry, fuel pellet-clad contact, and pellet fracture / fragmentation
to a cladding which is 12 ft long and which is likely to have a much smaller
ratio of rupture length to clad length and gap volume than the test specimens.
The most revealing feature of Exhibit 16 is the data from the only test under-
taken under much more realistic conditions, on a nuc1 car fuel rod using
Zircalloy cladding in the TREAT reactor at ORNL; this information shows rtptures

,

at very much reduced stress levels than the rest of the data.

3.3 Summary

k
y1.

Conuitions within the core as currently evaluated by the Appendix K model,
.

show that over the first seven (7) seconds following a LOCA, the following
significant events occur:

3-5
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1.1 ONBR for the whole core is infringed at 1/10 sec requiring gap
activity at 10% core inventory for.the whole core to be assumed as
a source inside containment.

1.2 The temperature of the fuel clad, and the pressure drops across the.
'

same fuel clad, infringe specified acceptable fuel design limits
(SADL) for normal operation and operational occurrences, required by
10 CFR 50 Appendix A, Criterion 10. Fuel rod failure must therefore
be assumed for conservative calculations of offsite dose.

1.3. The temperature of the fuel clad and the related pressure drops show
conditions in which substantial deformation of the fuel clad by
strain, can exceed the design and damage SAFDL values for cladding

- ' strain. Fuel rod failure must therefore be assumed for conservative
calculations of offsite dose.

.

1.4 The temperature of the fuel clad and the related pressure drops show
conditions which could result in fuel rupture. This conclusion would
need to be subject to detailed verification using the Appendix K
model.

|
1.5 For Zion, fuel rods do not reach the melting point of the. fuel pellets

so that under minimum engineered safeguard conditions, additional
fission product release from the fuel rods would not occur.

2. The writer proposes that the purpose of Appendix K is to identify that
particular rupture which would have the most conservative effect with
respect to meeting the requirement of 10 CFR 50.46 and for~this end itL

models, and uses factors, to calculate values for the related purposes.
/The purpose is not to determine and identify when failure by bursting

- (rupture) first occurs as an otherwise evaluation of when fission product
is first released from the fuel summary a LOCA.

.
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4 CONCLUSIONS

1. Conditions within the core as currently evaluated by the Appendix K model,
show that over the first seven (7) seconds following a LOCA, the following

significant events occur: ;

1.1 DNBR for the whole core is infringed at 1/10 sec requiring gap ,

activity at 10% core inventory for the whole core to be assumed as
a source inside containment.

1. 2 The temperature of the fuel clad, and the pressure drops across the
same f-uel clad, infringe specified acceptable fuel design limits
(SADL) for normal operation and operational occurrences, required by

|
10 CFR 50 Appendix A, Criterion 10. Fuel rod failure must therefore
be assumed for conservative calculations of offsite dose.

.

| 1.3 The temperature of the fuel clad and the related pressure drops show

L conditions.in which substantial deformation of the fuel clad by

I strain, can exceed the design and damage'SAFDL values for cladding

| strain. Fuel rod failure must therefore be assumed for conservative
calculations of offsite dose.

1.4 The temperature of the fuel clad and the related pressure drops show
conditions which could result in fuel rupture. This conclusion would

need to be subject to detailed verification using the Appendix K
model.

1. 5 For Zion, fuel rods do not reach the melting point of the fuel pellets

I so that under minimum engineered safeguard conditions, additional

fission product release from the fuel rods would not occur.

- 2. The writer proposes that the purpose of Appendix K is to identify that
;-

particular rupture which would have the most conservative effect with
respect to meeting the requirement of 10 CFR 50.46 and for this end it
models, and uses factors, to calculate values for the related purposes.

|

'

| 4-1

|
..

_ - - _



- _ _ _ _ - _ _ _ _ _ _ -- _ _ _ _ _ _ - - _ _ _

''*
..

.

I ;.'

The purpose is not to determine and identify when failure by bursting
-(rupture) first occurs as an otherwise. evaluation of when fission product
is first released from the fuel summary a LOCA.

3. As a result of the above

3.1 Fission product release from the fuel gap is a realistic considera-
tion over the first seven seconds and prudent conservatism at this

time should consider release from the whole core.

3.2 Reg Guide 1.4 deriving from Regulatory Requirement 10 CFR 100
requires consideration of substantial molten fuel as a design for the
source term.

4. The writer proposes that Regulatory philosophy recognized the possibility
of Beyond Design Basis Events as the realism of a substantial commercial
industry and therefore required protection against this occurrence and
made provision in the Regulations for this purpose.

Considering the energy exchanges occurring in the core, and the insight of
the Appendix K evaluations, it is not difficult to foresee significant
fuel melt with potential additional substantive release of fission
products from the fuel pellets over this time frame. The question of the

separate consideration of the timing of this additional contribution to
the source term inside containment however must be moot. Uncontrollable
release through open 42 inch CIVs is out of the question so that steps
taken to correct that prob 1cm by effective isolation do resolve the
unanswered philosophical question as to when fission products released
by fuel melt should be more realistically and conservatively established.

4.1 A review of available fuel failure criteria, and the thermal-
hydraulics aspects of the movement of fission gases from the clad

to the environment over the first seven seconds of the event shows
' that:

4-2
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(5): The assumption of an immediate release to the containment is I

,

the only available conservative basis for use at this time, '

and that l

,

-(b) The physics of the large energy releases from the core clad
through the RCS to containment, and through the open isolation >

valves, shows effective mass transfer of fission product release

from the clad to the environment within the same (7) secs.

5. Fully open purge valves for a period of seven (7) secs. discharge '

1.7 x 108 curies of 1181 EQU to the environment giving an offsite dose
of 489,000 rem to thyroid.

An isolated containment leaking at the safety analyses and TS limit of
0.1% over 24 hrs, releases 3.14 curies of 1231 EQU over the same seven

seconds with a contribution to offsite dose of 0.9 rem.i

L The effectiveness of containment isolation and effective leak tightness in
achieving a clean up factor of 541,000 over the first seven seconds of

"

the LOCA is manifest.

6. The offsite dose to thyroid for fully (90') open 42" valves using RG 1.4
source terms is calculated at 489,000 rem. For partially (50') open 42"

, valves, these doses are reduced to 156,000 rem. Reduction of source terms
from RG 1.4 to 10%_ gap activity released on DN8R infringement reduces
offsite dose to 176,000 rem for fully open valves with a reduction to

,.
-63,000 rem for partially open valves.

,

Since the allowable limit for thyroid under 10 CFR 100 is 300 rem for 2
hrs at the Exclusion Boundary, these circumstances are unacceptable.

Therefore the 42" valves at Zion 1 and 2-should remain closed in;

' Operational Modes 1, 2, 3 and 4.'

7. The stress / temperature relationships used to calculate fuel clad rupture
to 10 CFR 50.46 are derived from test environments which are substantively
non realistic when compared with actual fuel rod conditions in a reactor

4-3
,.
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during a LOCA.. The only_in-reactor tests known to the writer at this
time with the closest simulation of a real fuel condition gives ruptures

]
- at very much reduced pressures for given rupture temperatures. This

comparison neect to be revisited to more thoroughly evaluate the reasons
for the' differences and thereby improve our detailed knowledge of the
total. heat transfer environment which can lead to improvements in the j

calculational models of the fuel assemblies used in the Appendix K evalua-

tions. This can help in a improved definition of the limiting features of
the circumstances and lead to ways and means of improving fuel clad design

and performance for these circumstances.
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EXHIBITS

OF,

BACKGROUND INFORMATION RELATED TO

DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance of SER to Zion 1/2. allowing full power operation with
open 42" containment isolation valves,

b) Methocology used for calculating related offsite doses.
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ZION

COREANDGAPACTIVITIES(IODINEONLY)

Assurnptions : Operation at 3391 MWt for 500 days

Equilibrium
Curies Percent
in the of Core Curies

I 131 EQU
inthg) Gap (X10 )

Core - 1 131 EQU Activity
57 (X 10Isotope (X10') x 10 in the Gap-

1-131 8.35 8.35 2.3 19.2 19.2
1-132 12.75 46 0.26 3.3 .12
1-133 19.09 5.16 0.79 15.1 4.08
I-lit 23.01 .39 0.16 3.8 .06

- 1-IS5 17.0E 1.43 0 43 7.5 .63
73 79 K 09

.
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ZION: LOCA DURING CONTAINMENT PURGE
USING 2x42" PENETRATIONS - VALVES OPEN 50'

'

n- THYROID DOSE AT SITE BOUNDARY RESULTING ONLY FRON
f' DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSilRE

(LOCA LEAKAGE DOSE (OVER 2 HRS) = +123 REMS)

:

Site /Excl.
Iten: Curies Discharged Boundary Dose
No. Source Radiological Sources _1 131 E0 (Thyroid (REM)

1- Licensee I 131 EQ. 60 uc/gm in 73.5 18.7
RCS;50% cleanup in cont.
All released to
containment on LOCA

y

2 RL I 131 EQ 60 uc/gm in 188 48
RCS. Allreleasedto
cent. on LOCA + 0.5 secs.

$[ Total =0.119x10
curies]

3 RL I 131 EQ; 60 uc/gm in RCS. 82 21
Released progressively to -

'

cont. with RCS discharge
.

4 RL I 131 EQ equiv gap 38,000 9676 -

activity-(FgARcalc.) .

[24.09 x 10 curies
of I 131 EQ into cont,
on LOCA + 0.5 secs.]-

5 RL I 131 EQ; SRP Gap activity 248,950 63.400
at-10% Total Activity

5(SRPcalc.)[157.9x10
curies of I 131 EQ
into cont, on LOCA + 0.5

secs.]

6 RL I 131 EC; Reg. Guide 1.4 611,500- 155.700
at25%TogalActivity
[390x10 curies of -

I 131 EQ into cont. on
LOCA]

[NRC]Xa 5 x 10-4 sec/m8 for 0-2 hrs. at minimum exclusion distance of 415 meters
r

[Licenseehasused9x10-4 sec/m3forSARs] ,

.
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|: ZION 1 ft 2
CONTAINMENT INVENTORIES*

DURING LOCA BLOW DOWN l
,

'

L '
.

- - -- RCS Mass Discharge Rete .,
'

'/ Into Containment .

r $ Cumulative Discharge of
2 RCS Into Containment 400 x 103 %

100 -[ A Cumulative Mass of Air .EOr '8and RCS Discharge g
|
| N - Eh

,

,
. . -

b-
,

e F !
a

L 80
.

ap
I 300x10s.g"

,

,I f i, x
I.

.!
" |' ( 1] .

' 8 1/ J
j

.
-ga 7 ,

200 x 1C'S g50 ; ,

\ i
,

-

.|- Ma

. . 1
%

d I k
't

I g' 100 x 103

-J %-

%8
[ \*w

A
' % ....

10 37 % )

I
%

|,

ip T
"O ;

0
0 4 8 12 16 20 24 as

Time After Break - Seconds |
|

v

|

|
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ZION 1 ft 2
'

~

CONTAINMENT THERMAL HYDRAULIC CONDITIONS-

FISSION PRODUCT INVENTORIES .

2 x 42" Lines
v.ives open oniy so- -

Instead of 90' Fully open
At 7 Secs

-
.

154,486 Lbe Air
D2,100 Lbs RCS -

-

428,820 Lbs
iPress a 23.70 psig

-

!
.' Fission Product inventory'

'

= 0.W x Q Released
at 0.5 secs

Discharge Rates
Cumulative Totals Discharged Air + RCS Inventory

1023.88 Lbs/sec
| --

Air + RCS Inventory.
- 5379 Lbs (.237% inv.)

+f . d+
Fission Product Inventory Fission Product inventory

1.588% of Q .237% Q/sec

|

f.

(Q = Fission Product inventory Released at t = 0.5 secs)

!

b.

1

.- = , . , . --. . - - - - ,--n- , , , , , , .,.-..,--n-. ,,,., ,e., .. -
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FISSION-PRODUCT DISCHARGED TO OUTSIDE CONTAINMENT

EFFECT OF ASSUMPTIONS ON
FISSION PRODUCT RELEASE TO CONTAINMENT'' ,

2 x 42" lines.
Valves open 50'

Given Q = total inventory of fission products in RCS at T=0.5 soci, after LOCA

If Q is released instantaneously to the total containment volume:*

Fission proouct inventory discharged outside containment
over 7 secs = 1.5685 0 ,

If Q is released over time with RCS inventory and based on a uniform*

distribution within the inventory:

Fission product inventory discharged outside containment
over 7 secs = 0.5615 Q

(
%

*
.
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|
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ZION: LOCA DURING CONTAINMENT PURGE
'USING 2x4?" PENETRATIONS - VALVES FULLY OPEN (90') |

-i

THYROID DOSE AT SITE BOUNDARY RESULTING ONLY FROM ,

DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE ~|
(LOCALEAKAGEDOSE(OVER2 HRS)=+123 REMS) ,

l

-i . ,

Site /Excl.

Boundary) Dose .(REM). Item Curies Discharged
(Thyroid

_N o . Source Radiolooical Sources I 131 E0

1 Licensee I 131 EQ. 60 uc/gm in RCS 204.3 52
-

50% cleanup in cont.
All released to
containment on LOCA

2 RL I 131 EQ, 60 uc/gm in 522 132..
~

RCS. -All released to cont.

ho =059y!b5 curies]

3 RL I 131 EQ; 60 uc/gm in RCS. 227 58
-

Released progressively to
cont. with RCS discharge

'

4 RL I131EQ;equivgapactigity 105,600 26,878

(FSAR calc.) [24.09 x 10|

curies of I 131 E0 into cont.'

on LOCA + 0.5 secs.]

5 RL I 131 EQ; SRP Gap activity .691,520 176.010
at 10% Total Activ{ty (FSAR
calc.)[157.9x10 curies
of 1 131 EQ into cont on
LOCA +-0.5 secs.]-

6- RL I 131 E0; Reg. Guide 1.4 1,698,592 488.911

at25%TogalActivity
[390 x 10 curies of
I 131 EQ into cont. on
LOCA)

X = 5 x 10~4 sec/m3 for 0-? hrs, at minimum exclusion distance of 415 meters
[NRC)U .

,

[Licenseehasused9x10'4 sec/m3 forSARs]

|,
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ZION 1 & 2
CONTAINMENT INVENTORIES
DURING LOCA BLOW DOWN

-

,r - RCS Mass Discharge Rate' '

/ Into Contelnment
9. Cumulative Discharge ofr

J RCS Into Containment 400 x 103 % ,

[ & Cumulative Moss of Air 38100
8

and RCS Discharge g
g$,

N n -

/ a, r r 300 x 103 $
,

I-
, , a
I

i t o
', h } {

' ,

p# ,
,

E"
'

|

=0.x 103 .I
)\ f

,

1t= .

- ,

I ua - , .-

{ 40 ,,

E J L 4,

s
8 h

100 x 103N %
to 1 %'

*
_ *%

!

- g*
*e..,

d g
10 \ N

~\Ill "O
0

0 4 8 12 18 20 24 5

Time After Brook - Seconds

!
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ZION 1 & 2 |

CONTAINMENT THERMAL HYDRAULIC CONDITIONS '

. FISSION PRODUCT INVENTORIES
i

i

2 x 42" Lines 1

Fully Open
At 7 Secs y

'

t

154,400 Lbs Air
262,474 Lbs RCS_ .

416,934 Lbs ;

Press a 23.78 pelg

.

Fission Product Inventory
= 0.956 x Q Released

'
'

E et 0.5 secs
p

L
Discherge Rate

: . Cumuletive Totels Discherged Air + RCS inventory
-

| Air + RCS Inventory 2000 Lbs/sec

18026 Lbs ( 082% 1,nv.)
,

Rf h% '
'

Fission Product inventoryFission Product inventory -
.882% O/sec4.38% of Q

0

(Q = Fission Product inventory Released et t = 0.5 secs)
.

%

L
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FISSION PRODUCT DISCHARGED
TO OUTSIDE CONTAINMENT !

EFFECT 0F ASSUMPTIONS ON
FISSION PRODUCT RELEASE TO CONTAINMENT

? x 42" lines/

fully open (90').
.

fter LOCA.

Given Q = Total inventory of fission products in RCS at T=0.5 sec a

If Q is released instantaneously to the total containment volume,

Fission product inventory discharged outside containment
*-

over 7 secs = 4.301 Q
iform

If Q is released over time with RCS inventory, and based on a un*

distribution within the inventory:
Fission product inventory discharged outside containment
over 7 recs = 1.901 Q

L

'
,

'
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3.1.3.3 Thermal and Hydraulic Limits
:

The reactor core is designed to meet the following limiting thermal and
hydraulic criteria:

The minimum allowable DNBR during] normal operation, includinga.
anticipatedtransients,is[1.30*.

b. No fuel melting during any anticipated operating condition.

To maintain fuel rod integrity and prevent fission product release, it
is necessary to prevent clad overheating under all operating conditions.
This is accomplished by preventing a departure from nucleate boiling (DNB).
DNB causes a large decrease in the heat transfer coefficient between the
fuel rods and the reactor coolant resulting in high clad temperatures.

.
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The integrity of fuel rod cladding so as to retain fission products or fuel
material is directly related to cladding stress and strain under normal-

operating and overpower conditions. Design limits and damage limits (cladding
perforation)intermsofstressandstrainareasfollows:

Damage Limit Design Limit

Stress Ultimate strength Yield strength-
57,000 psi minimum 45,000 psi minimum

Strain 1.7% 2.0% J

The damage limits given above are minimum values. Actual damage limits depend ,

I

upon neutron exposure and normal variation of material properties and would
For most of the fuel igenerally be greater than these minimum damage limits.

rod life the actual stresses and strains are considerable below the design i

limits. Thus, significant margins exist between actual operating conditions |
1

and the damage limits.

The other parameters having an influence on cladding stress and strain and
I the relationship of these parameters to the damage limits are as follows:
.

[
i 1. Internal gas pressure: ,

The internal gas pressure required to produce cladding stresses equal to
the damage limit under normal operating conditions is well in excess of
the maximum design pressure. The maximum design internal pressure under |~

. nominal conditions-is 2250 psia which is equal to the coolant pressure.
The end of life internal gas pressure depends upon the initial pressure,*

void volume, and fuel rod power history, however it does not exceed the
design limit of 2250 psia.

N
2. Cladding temperature:

The strength of the fuel cladding -is temperature dependent. The minimum
ultimate strength reduces to the design yield strength at an average
cladding temperature of approximately 850*F. The maximum everage
cladding temperature during normal operating conditions is given-in Table
3.2.2-1[as720*F].

,

I

i

?.
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Previous experience with removable roos has been attained at Saxton, vankee
and Zorita; and soditional experience will bc a:cuired at the San Onofre Cycle'

2 and Surry Unit 1. Over 300 fuel rods were removed and re-ioserted into' assemolles during the Saxton re-constitution without evidence of failure.
Leak detection tests were performed on the assemblies after 8Il rods were

'

} re-inserted, and no leakage was detected. An equally large number of Sarton
ro:s have been successfully removed, examined and re-inserted into over 12 3x3
subassemelles at Saxton. In addition, 28 full length Yankee rods were

- removed, axamined and re-inserted into Yankee Core V spe:lal assemolles.
Similiar hancling of 22 removaele rods was su:essfully comoleted during the
first Zorita refueling. All such fuel handlings have teen cone routinely anc
mitno ; c!!ficulty..

j The same fuel rod design limits indicated in section 3.2.3 fuel tem:erata:e
1 anc internal pressure, are maintaineo for these regovable roes and tnere is n:

reduction in rargin to DNS. Their inclusion in the initial 21:9 u !t 1 c. e
2:ading int:cca:es no actitic.al safety co.sicerati:ns and in r: - t y t ,; s
t e safe;uar: analyses and relateo engineering infere4 tion tresente: in
: evio. sly submittee material in supoort of the license scollta:!:n.

3.2.3.5 Evaluation of Core Components
.

ruel Evaluation

The fission gas release and the associated buildup of internal gas pressure in-
-

'. the fuel rocs is calculated by a cooe based on experimentally determined
! rates. The increase of internal pressure in the fuel rod due to this
'

;nen:cena is inclucec in the determination of the maximum cladcing stresses at
the end of ccre life when tne fission product gap inventory is a maximum.-

The maximum allowable strain in the cladding, considering the comoined effects
of internal fission gas pressure, external coolant pressure, fuel pellet
swelling and clad creep is limited to less than 1 per cent throughout corea
life. 7ne asso:iatec stresses are below the yield strength of the material
uncer al) ncreal ocerating conditions.

To assure that manufactured fuel rods meet a high standard of excellence from
the standpoint of functional requirements, many inspections and tests are
performed both on the raw material and the finished product. These tests and
ins:e:tions include chemical analysis, elevated temperature, tensile testing
of fuel tubes, dimensional inspection, X-ray of both end plug welds,
ultrasonic testing and helium leak tests. See additional details in Section
3.3.3.1.,

I' In the event of cladding defects, the high resistance of uranium dicxide fuel '

cellets to attack by hot water protects against fuel deterioration or Oe: ease
|j in fuel integrity. Thermal stress in the pellets, while causing some fracture

of the eulk material during temperature cycling, Oces not resudt in
_] Culverization or grcss v;10 formation in the fuel matrix. As JWewn by
ig ocerating ex erience and extensive experimental work in the industry, the
[p trermal Oesign paraneters conservatively account for any changes in tne

the:Tal cerf: mance of the fuel element due to :ellet fracture.u-

_
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The consecuences of a breach of cladding are greatly reduced by the ability of
uranium dioxide to retain fission products incJucing these which are gaseousor highly volatile.

This retentiveness cecreases with increasing tem:erature
and fuel burnvo, but remains a significant factor even at fullpower coeratingtemperature in the maximum burnup element.

'

A survey of high burnup uranium dioxide'* fuel element behavior indicates
that for an initial uranium dioxide void volume, which is a function of the

-

fuel density, it is possible to conservatively define the fuel swelling as a
-

fan: tion cf outnue.
tem:.erature cistribution, and internal voics.The fuel swelling model cons 10ers the effe:t of turnup,

It is an em:171:al n::e1.ni:hhas :een :ne: .e: witn esta frst 5ett!s, van <ee, CVTR, Earton kn: :.''t s. Tr.e i:ellet censitles for the tnree re;1cos are listed in Tatle 3.2.3-1..
{

Tne integrity of fuel rod cladding so as to retain. fission produ::s or fuel
-

material is dire:tly re]ated to cladding stress and strain unear r.rr* al
Operatin; an: : sero:g r con:!tions.
cerferatien) in terms of stress ano strain are as follows:Cesign limits and :t a;e lin.its (:'.a:dir;

;
Camace Limit Desion Limit

Stress Ultimatestdength YJeld strength- ||
,

57,000 psi minimum 45,000 psi minimum
H

Strain 1.7% 1.05 O
'

i
\ lThe damage limits given above are minmlum values. Actual damavoon neutron exo:sure and normal variation of material propert.ge limits cependes and would

generally be greater than these minimum damage limits. For most of the fueli

i

roc life the actual stresses and strains are considerably below the cesign| . limits.
Thus, significant margins exist between actual operating conditions| and the damage limits. g

g

The other parameters having an influence on cleoding stress and strain and tne'

relationship of tnese parameters to the damage limits are as fell:ws:
, 1. Internal gas pressure:

The internal gas pressure required to produce cladding stresses equal to
the damage limit under normal operating conditions is well in excess of
the maximum design pressure. The maximum design internal pressure under j
nominal conditions is 2250 psia which is equal to the coolant pressure.

-

The end of life internal gas pressure depends upon the initial pressure, i

void voluine, and fuel rod power history, hcwever it does not exceed the ,

design limit of 2250 psia. p,

2. Cladding tercerature: .

The strength of the fuel : lace'ing is temperature ce;encent- The minimum
ultimate strength reduces to the cesign yield strength at an average
cladding tem:erature of sporoximately 950*F. The maximum avera e cla: din
tem:erature during normal ocerating ecncitions is given in Taele 3.2.2-1.g,

.

0115T 3.2- 39
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Clad swelliot and Ruoture ?todel
. ,,,

nA j3.5 ..

-

During a LOCA tiie clad is essumed to strain uniformly and plantically in
;

f
/*

d the dif ferential
the radial dire tion provided that both the temperature anIf the strain exceed *in:;) (a .c )

I
'

.

pressure across the clad are sufficiently high. -

d as a f unct ion
or the clad temperature eseceds the burst temperature (determineaiF an additional
of the instantaneous steress) the clad is a.ssumed to burnt gmumm ====-- u

local strain is added to the burst mode.
,

*

Three empirical models are employed to evaluate the clad swelling and
rupture behavior.

|-

|. 3.S.1 Clad Swelling prior to Rupturel'

T
intern.11 pres-

perf ormed a series of tests in which rods with constantMardy ramp rat s.

sure were roeped tu a series temperatures at'va 'ivum cenutant

The previsures reported by Hardy were converted to hoop strerece by the.

formula

(3 695
-

f$-
'

.

correlated as
and the strain at a given temperature and ramp rate vers

The equation developed which best
functions of the derived hoop stress.

describem the data in 1 (a.c)
N

r
(3-70).

1'

..

,

tI

where:
-

(a < )-

I-

..

I
.

,

|

'
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<
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.

f-

. (a.c) i
L }
L:

i(a.c)'

*
:

|
l .

'
|

'e
!

;

,

n ~,
I

b 3.5.2 Clad nurst .

*

b T I***).

if it reaches 1101) hoop strata based en' the milingm
I Clad Aa' assumed to burst
(~ andel describeJ above or if the clad temperature an the burst mode reacInda=======m. es==== _

mam .

Nurst temperature.[ bum,keeperature is ca'culated as a function of
*r

F

boop stress based on correlation of the h* st ingheuse singic rod burst test
_
''

data shem in Figure 3-1. The best estimate curve from figure 3-1 is used and '
i

(- .

[' <

pressure is converted to hoop stress by the relattenship described in.
-

Equat ion 3-69- using original test specison geometry. This best-estimate
curve is described by the equation ,

(a.h.c) r'

'

i. (3-71A).-
'

-

. g-y
.

,

3.53 Local Hw;* strain Af ter Surst {, ,-

,

The loca'11:ed d,igr,gg,gp1 swelitas that ,eccurs very rapid 1t at the time of .
~ l tion of sint,lc rod burst. test data.oL

burst is calculated from a corre a
' Figure M shfww tin' correlat tmt . sed the ran::ch' Wutingban*** and othe rs.

of ilUsU used. I;upressed in terns of hoop stress the corria1ation given#

-

-

el g g

Ad* *

d,_
Y
le

.y (3-718)
J
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' Assumptions: Operation at 3391 MWt for 500 days

;

i of Core Fuel Voluee Local Temperature. 'F
Above the Given Teeperature
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9.10 PLANT VENTIL4 TION.
,

9.10.1 AUX 1LIARY BUILDING VENTILATION AND CONTAINMENT PtAGE SYSTEM 5
'

9.10.1.1 Desion Basis

The Auxiliary Building ventilation System serves all plant areas of the
Auxiliary Building including the Fuel Handling Building, but excludes the
control room, computer room, auxiliary electrical equipment room, and
miscellaneous rooms and laboratories in the Auxiliary Building which are
served by other independent environmental control systems. The Auxiliary
Building ventilation System also incorporates individual cubicle cooler units
to provide supplementary cooling to specific safeguard equipment cubicles.

The Auxiliary Building ventilation system is designed to provide a continuous
source of filtered, temperature conditioned outdoor air to maintain a thermal
environment in accordance with the maximum amelent temperature for the
operating equipment in the various areas served by this system as described
above. During normal operation the temperature in equipment areas is limited'

to 105'F. In the event of a loss of outside power, this temperature is
limited to 115*F, except in cubicles with unit coolers where the temperature

I is limited to 105*F. (bnditioned air is supplied to clean areas and is routed
to areas of progressively greater contamination potential. Pressure
differential control dampers are employed as required to maintain a nominal
1/4" negative pressure in potentially contaminated cubicles or pipe chases.
All exhaust air is routed through a return duct system, is passed through HEPA

|
filters and is. discharged to two ventilation stacks which are directed up the;

side of each containment building. In addition, normally bypassed charcoal
filters are provided and subject to high radiation, exhaust air from the fuel
handling building, potentially contaminated equipment cuoicles, or tPe pipe
tunnel can be routed through the charcoal filters prior to discharge to the
ventilation stacks.

The containment purge system is designed to assure safe, continuous access (40
hours / week) to the containment within three hours after a planned or unplanneo
reactor shutdown by reducing the airborne particulates of the containment

i atmosphere. Prior to activating the purge system, the particulate and gas
| monitors will indicate the system activity levels inside the containment and
' is used as a guide for routing release from the building.

The purge system can also be used to purge the containment after a
loss-of-coolant accident after the activity in the containment has reached a
level low enough to allow its exhaust to the atmosphere (See Section 14.3).

1

9.10-1
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9.10.1.2 System Desion and Ooeration

9.10.1.2.1 Containment Purge System

The containment purge system provides 40,000 cfm of filtered, heated as 1

required, outside air which is delivered to the reactor containment around the ]
periphery of the reactor refueling pool. The air is discharged through linear
grills to create a fluid boundary, or air curtain, between access areas
surrounding the pool and air with a potential tritium concentration. This
purge rate provides approximately 1-1/2 air changes per hour and will permit ,

safe access to the containment three hours after a planned or unplanned
|shutdown. The purge exhaust is routed through HEPA filters prior to discharge

to the ventilation. stacks. |

The purging system exhaust and air supply connections through the containment
are provided with two tight-seating, 125 psig butterfly valves with one
located inside and one located outside the containment. These valves are

with the space between the valvesnormally closed during plant operationg
pressurlzed by the penetration pressurization system.

Interlocks to the radiation monitoring system and containment pressure sensors
automatically close the butterfly valves upon a high containment activity or
containment isolation signal.

All actuators are remotely controlled from the control room by the operator,
except where automatic interlocks are involved as described above. All
actuators are designed to fall in the position required for post ac'cident

! operatien upon loss of electric or pneumatic power. Instruments will be
located in the control room to provide information to allow proper remete
operation of the system. Additionally a low air temperature alarm on the
purge air supply system is proviced at a local panel in the purge room.

,

|

l'- Exhausting the air in the containment prior to entrance for maintenance or
| refueling will be a normal, but intermittent, source of radioactivity in
| airoorne effluents. This radioactivity will stem from evaporation of

refueling water during refueling, the desorption of gases when equipment is'

disassemoled during cleaning or maintenance, leakage through valves and pumps,
and the activation of argon in the containment air.

The amount of radioactivity in the effluent from the containment cannot be
precisely predicted. This amount will vary with fuel failure levels,
equipment leakage'and the celay time prior to opening the containment exhaust

i valves. However, the emmisions from these sources normally does not exceed an
annual average of 300 vCi/sec.

The isotopic composition of these emissions will also vary depending upon the
L

| sources of leakage; when in time the refueling occurs, the extent of
| maintenance required, and upon the decay time prior to opening containment

exhaust valves. A typical breakdown might indicate that tritium comprises
about 80 percent af the radioactivity from these sources. The only other
radionuclides which would then be expected in quantities sufficient to effect

9.10-2
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dose calculations would be isotopes of Krypton and Xenon (Xe), with XE-133 the :

L dominant noble gas. Iodine and particulates will be rendered insignificant in
the containment exhaust due to prior circulation through charcoal and'

particulate filters and flitration through particulate filters during
discharge.

Assuming conservatively that all the activity released from the containment
ventilation system is Xe-133, then the annual whole body dose as the site
boundary is approximately 1 mrem, which is well within the 10 mrem limit
proposed in Appendix I of 10CFR50.

9.10.1.2.2 Auxiliary Building Ventilation System

The Auxiliary Building ventilation system is shown on Figures 9.10.1-1 and
9.10.1-2. The supply sysyem filters 103 outdoor air in two stages where the
final stage has a nominal efficiency of 85% based upon the NBS atmospheric
dust spot test. The filtered air is heated or cooled as required to maintain
a nominal supply air temperature of 758F + 100F. The system incorporates
three, 53 capacity supply fans; two whicII normally operate and one which is
standby. During normal operation (full power or shutdown), two supply fans
are in operation. In the event of a loss of off-site power, the system is

designed to operate with one (1) ventilatPA fan which is connected to the
emergency power supply. During normal ope *;u lon, the two operating supply
fans are controlled to maintain a constant supply volume in the main supply
duct.

Supply air is ducted to various areas in the auxiliary and fuel handling
buildings and in general.is delivered to clean areas which are normally
accessible. The volume of air delivered in each area is based on the quantity
of heat to be dissipated and/or to provide sufficient air change for personnel .!

occupancy. All of the ventilation air flows to areas of progressively greater
contamination potential where it is returned through a duct system to tne
Auxiliary Building ventilation System equipment room (El.642). Pressure
differential control dampers are located as required to maintain potentially
contaminated areas at a negative pressure.

All exhaust air which is returned from the auxiliary building and fuel
handling building is filtered through IEPA filters which are tested on site
for a nominal bank efficiency of 99.04 based on 0.3 micron DOP tests.

The HEPA filters are arranged in three separate banks. The main bank, which
filters return air from general areas in the auxiliary building, consists of
six filte.r modules; five which operate normally and one module is standby. A

j second bank of IEPA filters for filtering exhaust air from the auxiliary
building equipment cubicles consist of three filter modules; two which operate
normally and one which is standby. A third HEPA filter bank filters exhaust
air from the fuel handling building and consists of two filter modules; one
normally operates and one which is standby. The soare exhaust filter modules
are provided to permit the replacement of expended filter elements without
interruoting the normal exhaust air capacity. The filtered exhaust air is

I then routed up the ventilation stacks.

9.10-3
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'Two banks of charcoal filters have bee'n provided and on detection of high
radiation, air from potentially contaminated equipment cubicles, or the pipe
tunrels will automatically be routed through the charcoal filters prior to
exhaust. In addition, exhaust air from the fuel handling building is routed
through the charcoal filters during the refueling operation. A maximum of
three (3) out of four (4) charcoal booster fans will automatically start to
account for the increase in system resistance in accordance with the required
flow through the charcoal filters. The exhaust air from cubicles of
potentially high radiation which can be passed through the charcoal filters
include the following:

a. Boric acid evaporator feed pumps :

b. Hold-up tank recirculating pump
c. Auxiliary building equipment drain tank and pumps
d. Auxiliary building sump A
e. Residual heat removal pumps
f. Diesel residual heat removal pugs (future)
g. Cavity fill pumps (future)

I h. Gas decay tank
1. Auxiliary building sump B
j. Containment spray pu@ s
k. Residual heat exchangers
1. Safety injection pug s
m. Charging pumps
o. Boric acid and rad waste evaporators

In addition to the exhaust filters described above, a local HEPA filter is
provided to filter exhaust air leaving the instrument calibration room. An
air flow bypass with manual dagering is provided to permit replacement of the
filter elements without interrupting the exhaust air flow.

A local filter system is provided for the drumming station exhaust air.
Normally, the exhaust air from the drumming station bypasses the local
filter. Whenever the drumming station is in operation, the exhaust air is
passed through a IEPA filter and charcoal filter before being routed to the
main ventilation exhaust system.

Six (6) auxiliary building exhaust fans are provided; four (4) which normally
operate and two (2) which are standby. The exhaust fans are arranged such
that two (2) out of three (3) exhaust fans discharge the air flow to each of
two stacks. In the event of a loss of off-site power, the system is designed
to operate with two (2) exhaust fars.

Equipment located in the safeguard equipment cubicles does not normally
operate. These cubicles are connected to the ventilation system in such a
manner so as to provide a nominal amount of ventilation during operation.

,.

I~ Whenever the equipment within an individual cubicle is operating,
supplementary cooling is required. To meet this function, auxiliary building
cubicle unit coolers are installed in the cubicles. The unit coolers are each
designed to limit the maximum ambient temperature to 1050F, Each cooler is
equicoed with either two, three, or four ventilating fans arranged to operate
in parallel with a single section cooling coil housed in a common cabinet.

9.10-4
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One of the fans on each cubicle unit cooler is a spare. Wwever, whenever
cooling is required, all fans will automatically start, and consequently, the
design allows for the loss of one fan without the loss of design cooling
capac.ity. The auxiliary building cubicle unit coolers are connected to the _'

emergency power supply and are designed to operate under any normal or
abnormal pinnt condition. Cubicle unit coolers have been provided for the
following equipment: '

a. Residual heat removal pumps
b. Safety injection pumps
c. Containment spray pue s
d. Charging pumps

Provision for future installation of cubicle unit coolers has been made in the
diesel driven R$ and cavity flood pumps cubicles.

All essential operating functions are monitored and controlled from the
,

control room. Each supply and exhaast fan may be manually started and stopped'

from the control room.

| Operation of the auxiliary building cubicle unit coolers is completely
' automatic and these units start whenever the equipment in the respective

cubicle operates. '

-

All system temperature control is maintained from a local panel and the supply
i- temerature is maintained between the limits of 650F and 858F.

The supply fans are controlled to maintain constant air supply to the
auxiliary building. The exhaust fans are controlled to maintain the auxiliary
building at a nominal 1/4" negative pressure a ith respect to the outdoors.
The pressure in potentially contaminated areas is controlled for approximately

|
1/4" negative pressure with respect to adjacent clean areas in the auxiliary
building.t

L

The auxiliary building exhaust air routing through the charcoal filters, as
described above, is automatically controlled by high radiation signals from
the creviously described areas. Exhaust air from the fuel handling building
is passed through the charcoal filters during refueling.

System variables pertaining to normal operation are indicated on the main
control room panel. Abnormal conditions, such as high temerature, low
temerature, low building differential pressure, high pressure drop across
filters, and high radiation are annunciated either locally or on the main
control panel.

/

|
|
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9.10.1.3 System Components

All equipment will be factory inspected and tested in accordance with the
applicable equipment specifications. System ductwork and erection of
equipment was inspected in accordance with the respective specif.ications. On
completion of construction tests, the system was balanceo for the design air
and water flows. Control on each system was checked, adjusted and tested to
insure the proper sequence of operation under all normal and abnormel
conditions. A final integrated test was conducted with all equipment and
controls operational to verify that system performance and operation met all

idesign requirements,

9.10.1.3.1 Supply Filters
.

The auxiliary building ventilation supply filters are composed of banks of
pref 11ters. and high efficiency filters installed in series. Each filter unit
has a rated flow of 300,000 cfm. Each prefilter bank contains 143 individual
filter elements rated at 10K efficiency based on the NBS atmospheric dust spot
test. Each high efficiency filter bank contains 143 individual filter
elements rated at 85% efficiency based on the NBS atmospheric dust spot test.

9.10.1.3.2 Festing Coils

The auxiliary building ventilation heating coils are composed of twelve (12)
coil sections arranged in 2 sets in parallel, each of six (6) coils. The
heating coils are designed to heat 300,000 cfm from -10*F to 650F when
supplied with hot water at 270*F. The total coil capacity is 24.3 x 10 *
Btuh.

9.10.1.3.3 Supply Fans

The auxiliary building ventilation supply fans are of the direct-driven vane
axial type located downstream of the heating coils. Each fan is rated at

cfm at a total pressure of 6.5" H O and is driven by a nominal 200HP150,000 2
motor.

9.10.1.3.A Cooling Coils

The auxiliary building cooling coils are composed of twelve (12) sections
arranged in 2 sets in parallel, each of six (6) coils. The cooling coils are
designed to pool 300,000 cfm from 98.50F to 81.5'F when supplied with water at
a temperature of 780F. This guarantees the minimum required capacity to'

supply air at 850F in case of a loss of one coil section. The total coil
capacity is 5.53 x 10* Btuh.

9.10-6
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| 9'.10.1.3.5 Exhaust Fans

|_
(he auxiliary building vent system exhaust fans are of the direct-driven vane

L axial-type. Each fan is rated at 75,000 cfm at a total pressure of
9' H O and is driven by a nominal 150 HP motor, g2

| 9.10.1.3.6 Charcoal Booster Fans 1

The auxiliary building vent system charcoal booster fans are of the direct-
'driven vane axial type. Each fan is rated at 22,000 cfm at a total pressure

of 3.5" H O and is driven by a nominal 15 HP motor. These fans are designed2
to overcome the additional resistance of the charcoal adsorbers when the air |
from the cubicles, fuel handling building or the pipe tunnel is routed through
the charcoal adsorbers as a result of high radiation or during refueling. |

'

9.10.1.3.7 Fuel Handling Building Exhaust filters

The fuel handling building exhaust filters are composed of banks of prefilters
and HEPA filters installed in series. Each filter unit has a rated flow of
22,000 cfm. Each prefilter bank contains 24 individual filter elements rated
at 85% efficiency based on the NBS atmospheric dust spot test. Each HEPA
filter bank contains 24 individual filter elements each having a nominal
efficiency of 99.7% based on the 00P-test.

1.10.1.3.8 Cubicles Exhaust Filters
.

The auxiliary building cubicles exhaust filters are composed of banks of
profilters and HEPA filters installed in series. Each filter unit has a rated
flow of 20,000 cfm. Each prefilter bank contains 24 individual filter
elements rated at 85% efficiency based on the NBS atmospheric dust spot test.
Each HEPA filter bank contains 24 individual filter elements each having a
nominal efficiency of 99.7% based on the DOP test.

-9.10.1.3.9 Main Exhaust Filters

The auxiliary building vent exhaust filters are composed of banks of
prefilters and HEPA filters installed in series. Each filter unit has a rated
flow of 48,000 cfm. Each prefilter bank contains 48 individual filter
elements rated at 85% efficiency based on the NBS atmospheric dust spot test.
Each HEPA filter bank contains 48 individual filter elements each having a

nominal efficiency of 99.7% based on the DOP test.

9010.1.3.10 Charcoal Adsorbers

The auxiliary building charcoal exhaust system is composed of t,anks of
charcoal adsorbers rated at 32,000 cfm. Each unit contains 91 individual
elements which are tested at least once every 18 months. A laboratory
inalysis is run, and when charcoal adsorber efficiency to adsorb methyl iodide
lecreases to 5 95% at 95% RH, the charcoal adsorbers are replaced.'

9.10-7
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9.10.1.3.11 Cubicle Unit Coolers
;

.

.The auxiliary building cubicle unit coolers are designed to limit the maximum
ambient temperature to 105'F. Each cooler is equipped with either two, three,
or four-ventilating fans arranged to operate in parallel with a single section
cooling coil housed in a common cabinet. One of the fans on each cubicle unit !

cooler is~a spare. However,whenevercoolingisrequired,allfansjill
automatically start, and consequently, the design allows for the loss of one

! . fan without the loss of design cooling capacity. The unit coolers have the
~ capacities as listed on Table 9.10.2-1.

9.10.1.3.12 Miscellaneous Vent System

-Vent lines from various tanks containing radioactive or potentially
contaminated wastes are headered together and pass through a prefilter, a HEPA
filter and chaicoal adsorber before discharging to the athosphere. The
filters have a rated flow of 3000 cfm. .

9.10.1.3.13 Instrument Calibration Room Filter

The' instrument calibration room filter consists of one prefilter element
having a nominal efficiency of 35% based on the NBS atmospheric dust spot
test, and one HEPA filter element having a nominal efficiency of 99.7% based
on the DOP test. The filters have a rated flow of 1,000 cfm.

9.10.1.3.14 ' Sample Room Exhaust >

Ventilation air from the Sample Room is discharged into the Auxiliary Building
Ventilation System which is filtered and monitored as described in Section'
9010.1.2.

-9.10.1.3.15 Drumming Station Exhaust System

The drumming station exhaust filters are composed of banks of prefilters,
HEPA filters and charcoal filters. Each has a rated flow of 4,000 cfm. The

prefilter bank contains 4 individual. filter elements having a nominal
efficiency of 35% based on the NBS atmospheric dust spot test. The HEPA
filter bank contains 4 individual filter elements having a nominal efficiency
of 99.7% based on the 00P test. The charcoal bank contains 12 individual
adsorber elements. Laboratory analysis on samples of charcoal are run at
lease once every 18 months. The charcoal adsorbers are replaced when the bank
efficiency to adsorb methyl iodide decreases to 90% at 95% RH.

9.10-8
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9,10,2 CONTROL ROOM HEATING VENTILATING AND AIR CONDITIONING SYSTEM

9.10.2.1 System Desian and coeration

The control room heating, ventilating and air conditioning system including |
ductwork is designed to function during the Design Basis EarthquakeMOBE). 1

The design consists of two,100% capacity equipment trains. One system will 1

operate normally and one system is standby. All of the electric equipment i

required for maintaining a continuously operating, heating, ventilating and i

air conditioning system is connected to the emergency electrical system. The
normal occupancy of the control room will be three to five people.

iThe design of the heating, ventilating and air conditioning for the contrel
room is based on a system with the capability to provide air filtration,
heating and/or cooling, with humidification and/or dehumidification with
continuous occupancy under any normal or abnormal condition to permit a safe
shutdown of the plant as may be required.

Interconnected areas (such as computer room, auxiliary electric equipment,
offices, cold and process laboratories, etc.) are served by a separate air
conditioning system as described in Section 9.10.4.

The control room HVAC. system arrangement shown on Figure 9.10.2-1 consists of
high efficiency filters, a charcoal filter for odor removal, a cooling and
heating coil package, a humidifier, and a direct-driven vane axial fan. Air
is supplied through a louverall ceiling. Return air passes through the
control boards into a return duct system which is connected to outlets on top
of the boards. The return air is mixed with outside air as required to meet
minimum-ventilation requirements and/or room cooling requirements. The
control room HVAC system equipment room and outside air intake is located at
E1. 617'-O'.

A fixed minimum quantity of make-up air is supplied which is sufficient to
maintain a positive operating pressure in the control room with respect to
adjacent areas to prevent inleakage. The system will be controlled to
maintain'a nominal 15'F and 40% RH.

The normal make-up air supply is the outside air supply which is brought in
through a missile-protected wall opening. In the event of high radiation
detection in the outside air supply, the normal outside air inlet is closed,
which allows make-up air for pressurizing the control room to be introduced
from.the turbine room. Also, the emergency make-up filter fan is
automatically started, and make-up air is introduced through HEPA filters and
charcoal adsorbers for the removal of potential radioactive contamination. In
a11'other respects, the system operates as for normal operation.

In the event of smoke in the control boards, smoke detectors will annunciate
in the control room. Concurrently, all of the supply air delivered to the
conditioned spaces will pass through a normally bypassed charcoal filter for
smoke and odor absorption.

b -
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Mechanical cooling for the control room system is provided by means of two (2)
1005 capacity water-cooled refrigeration units. Each refrigeration unit will )
be connected to its respective air handling unit. |

Each air conditioning system has a local control panel and each is
independently controlled. Important operating functions are controlled and
monitored from the main control room.

Instrumentation is provided to monitor important variables associated with
normal operation. Instruments to alarm abnormal conditions are provided in
the control room. All of the facilities oiscussed above are structurally and
physically arranged within the control room complex.

9.10.2.2 Normal Operation

Each control room HVAC system is controlled to provide ventilation, heating
and/or cooling on a year-round basis. Two (2) full capacity air handling
units are provided; one of which is standby.

_

Each air handling unit is connected to a full capacity refrigeration unit.
During normal operation a minimum amount of outdoor air is introduced to the
system for the purpose of odor and smoke (cigarette) ollution, and system

-pressurizing. Return air from the conditioned spaces is ducted back through a
return fan and is recirculated through the air handling unit or is exhausted
to the outdoors as conditions dictate. A standby return air fan is prov10ed.
Each system is provided with separate controls.

The HVAC systems are controlled to maintain the following conditions:

Outside Air ventilation: 2000 cfm
Control Room Temperature: 75 + l'F
Control Room Humidity: 40 7 5% RH

~

Control Room Pressure
Relative to Adjacent
Exterior Spaces: 0.25 g .03 in H 0,2

9.10.2.3 Control Room Ventilation Isolation

9.10.2.3.1 General

The control room is designed to accommodate the normal occupancy of three to
five people. The control room, cable room, computer room and other
Interconnecting areas are, from a ventilation standpoint, isolated comoletely

| from the remainder of the auxiliary building. The control room has two (2),
103 capacity HVAC systems together with adequate shielding which is
independent from the HVAC system for the remainder of the interconnecting
areas. All HVAC equipment for the control room has the necessary standby
capacity to accommodate an equipment failure and is powered from the emergency
electrical system so that adequate ventilation is maintained at all times.

,
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9.10.2.3.2 Radiation Level Control

A pressure differential controller, with sensing elements in the control room
and the auxiliary and turbine buildings, modulates a control damper in the ;

relief duct to maintain a positive pressure within the control room.. This
- will prevent the inleakage of any airborne activity from outside theicontrol
room area. All cable, piping and miscellaneous penetrations through:the
biological barrier are sealed to minimize the negnitude of leakage. -Personnel |

doors will be tight-fitting and gasketed. ;

A~ radiation monitor in the outside air intake is set to sense an abnormal
level of activity. On an. increase in activity approximately 100 tines above
background, the HVAC system automatically takes make-up air from the turbine

-building and automatically starts one (1) of two (2) 100% capacity emergency ;

filter make-up air fans and routes the make-up air through two (2) HEPA filter '

and charcoal adsorbers arranged in series. The minimum quantity of outdoor
air introduced into the system under all conditions replaces air leakage for
system pressurizing. The quantity of make-up air to the control room is more
than sufficient'to satisfy personnel requirements. In all other respects, the

system operates as for nornal operation.
|

The guiding principle of this design is to have alternate fresh air intake
points such that either, but probably not both, could be contaminated by
containment leakage following a LOCA. However, in any event, inlet filtration |

| capability is provided, in addition to the recirculation filters in nornal '

6

luse, to ensure the system's capability to provide clean air.'

| A re-evaluation of this system in terms of post-LOCA thyroid doses was based
on the following set of assumptions:

- a. Twenty-five percent of the equilibrium radioactive iodine inventory
developed from maximum full power operation of the core is immediately
available for leakage from the primary reactor containment - as per AEC'
Safety Guide 4, paragraph C.1.d..

b. Initial gross iodine and tellurium inventories used are slightly higher
than given by the procedure outlined in TID 14844 due to an-gliowance for
higher yields from plutonium fissions in ripe fuel (8.2 x 10' curies of

8 curies of tellurium isotopes).iodine isotopes, 2.8 x 10

c. One percent of the initial tellurium inventory is immediately available
for leakage from the primary reactor containment. Residual tellurium in
the fuel is allowed to decay into iodine, one fourth of which then becomes
available for leakage.

1

d. Leakage from the primary reactor containment is assumed to average 0.1'

percent for the first day and 0.045 percent per day thereafter.

4
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The plume of escaping isotopes is assumed to travel in the worst possible ,
e. '

direction; - directly into the turbine building from which fresh air
make-up is drawn.

Circulation in the turbine building through convective ventilation out off.
the uoper windows is assumed to continue after the LOCA at 2.5 x 10' cfm.

1
'

t

Free volume of turbine building is taken to be 12,000,000 f t' .g.

h. Free volume of control room - 132,500 ft'. |

| 1

Tellurium and iodine decay is allowed to proceed during residence in the ,

'1.
turbine buildD:9 and control room.

|
The eight hour breathing rate from AEC Safety QJide 4, paragraph 2.c (10 )j.
meters */8 hours) is used throughout.

Iodine dose conversion factors as given by ICRP Pub. 2, Report of Ik. Committee II, " Permissible Dose for Internal Radiation," 1959 are used. '

(See also Table 14.3.5-2).
|

The containment spray removes 90 percent of the lodine present as1.
elemental and particulate iodine. No credit is taken for removal of any
of the organic lodices,

Ingress and egress from the control room is assumed to take six minutes
per shift (2 times 400 meters to site bouncary at 4 miles per hour).

Itm.

is conservatively assumed that the individual breathes air with the same
lodine content as that at the control room filter intake.

Results of the re-calculation of control-room doses based on the above
assumptions are presented in the following table:

Elapsed Accumulated Accumulated Iodine Trapped

time after Thyroid Dose Thyroid Dose on Filter

LOCA (Continuous (1/3 Occtpancy*)
Occupancy)

(hours) (Rem) (Rem) (millicrams)

~~ 36 .165 .125 3

92 .257 .194 6

140 .318 .238 9

308 .462 .347 18

'
812 .607 .456 44

1484 .632 474 81

8760 .664 498 85

Including allowance for ingress and egress this dose approximates*
individual exposures for one eight hour shift per day.

9.10-12
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These results are very conservative since they are based on the 60 day |

persistance of the worst possible meteorological condition and include no )
"

allowances for plate-out, fallout, washout or similar loss factors, in
addition, no iodine intake has been allowed for the activated charcoal filters
used for smoke and odor removal in the recirculation part~of the control room ,

air conditioning system. Since the tandem FEPA - charcoal filters contain a
total of approximately 420 pounds of activated charcoal, the iodine removed
from the air supoly to the control room represents an extremely light
loading. No decrease in breathing rate after eight hours has been assumed,
and no use of available respiratory equipment during ingress and egress has
been assumed.

9.10.2.3.3 Fire / Smoke Detection and Cbntrol
*An equipment fire in the control room will not cause abandonment of the

control room and will not prevent a safe shutdown of the plant.

Overload and short circuit protection 15 provided for the electrical control
and instrumentation equipment within the control room. There are no power
cables in the control room, therefore the fire hazard due to electrical faults
is minimized. All electrical wiring and equipment is surrounded by or mounted
in metal enclosures. The redundance of the reactor trip, Engineered
Safeguards Systems Control circuits and the associated segregation and
physical separation afforded for redundant channels (including wiring) allows
only isolated damage to electrical equipment.

In the event of a fire, the operators have available portable respiratory
equipment and portable fire extinguishers located and ,used in accordance with
National Fire Code and National Fire Protection Associatien specifications.-
It is considered that the equipment provided is adequate to control any such
fire that could possibly result and prevent a forced abanconment of the
control room. The ability to achieve a safe shutdown condition during a fire
is discussed in References 1 and 2.

To prevent the spread of fire behind the control boards and interconnected
areas, the following provisions are made:

a. Cables used throughout the installation will have an exterior jacket that
meets the IPCEA vertical flame test requirements. Power and control
cables for application at 480-volt and lower are rated at 600-volts and
insulated with oil-based, high temperature rubber and covered with a fire
resistant Jacket of similar material. Shielded instrumentation cables are
insulated with fire resistant chlorosulfurated polyethylene and covered
with a jacket of the same material.

b. Structural and finish materials (including furniture) for the control room
and interconnecting areas have been selected on the basis of fire
resistant characteristics. Structural floors and interior walls are of
reinforced concrete. Interior partitions incorporate metal, masonry or
gypsum dry walls on metal joints. The control room ceiling, door frames,
and doors are metallic. Wood trim was not used.i

9.10-13
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The design of the HVAC system insures a habitable environment both during an I
outbreak of fires or smoke and during the period required to bring the .'condition under control. The HVAC system is arranged to estabitsh a ,

ventilation sattern which routes supply air first to the normally occupied !
'

spaces and tsen exhausts air through normally unoccupied areas to the return
duct system. In the control room, conditioned air is supplied to the occupied i

spaces through a ceiling distribution system. Air is exhausted from the
control room through openings in the control boards and up through n haust ,

ducts to a return header located above the ceiling. )
-|

The air outlets from the control boards is provided with dampers to regulate )

the distribution of air flow to each board section. Since the control boards I

are under negative pressure, any leakage through board cracks will be from the i '

occupied area to behind the boards.

In the event of fire, smoke, or products of combustion in the control boards,
smoke detectors will alert the operators and will automatically position
dampers to pass all of the supply air delivered to the conditioned spaces
through a normally bypassed charcoal filter for smoke and odor absorption. A
manual override is also provided for this function. Also, a smoke detector is
located in the emergency make-up air supply from the turbine building. On
sensing smoke the detector will generate a signal which will divert all of the ,

supply air delivered to the control room through the charroal adsorbers. |
'

,

:

9.10.2.4 System components ;

All components and their supports meet the requirements for Seismic Class I
structure.

9.10.2.4.1 Supply Air Filters

The control room supply air filters are composed of banks of profilters and
high efficiency filters installed in serids. Each filter unit has a rated
flow of 13,500 cfm. Each profilter bank contains 12 individual filter
elements rated at 35% efficiency based on the NBS atmospheric dust spot test.
Each high efficiency filter bank contains 12 individual filter elements rated
at 95% efficiency based on the N85 atmospheric dust spot test.

9.10.2.4.2 Air Handling Units

The control room HVAC system air handling units consist of cooling and heating
coils and cold deck and hot deck mixing dampers arranged in a housing with an
interconnecting direct-driven vane axial f an arranged f or blow-through
operation. Each air handling unit is 00% design capcity with one unit as a
spare. The heating coil is designed to heat 12,400 .fh of air f rom 62'F to
88'F when supplied with 20 gpm of water at 210*F. ibe a cling coil is

designed to cool 13,500 cfm of air f rom 81'F 08 and 62.5'F WB to 47.5'T 08 and

.
.
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46.t*F WB when supplied with refrigerant at 39'F. The total coil capacity is

610.000 Stu/hr. The air handling unit supply air fans are of the
direct-drivro vane axial type and are mounted on the inlet of each air
handling unM coil cabinet. Each fan is rated at 13,500 cfm at a total
pressure of 4.9P H O and is driven by a nominal 20 HP motor.2

.

2

9.10.2.4.3 Return Air Fans

The control room HVAC System return air fans are of the direct-driven vane !

exial type and are mounted in line in the return ductwork. Each fan is rated |
'

4t 13,500 cfm at a total pressure of 2.5' H O and is driven by a nominal 7.52
HP motor. Two fans are provided for the control room system and each is 100% !

'

design capacity with one (1) fan as a spare.
i

9.10.2.4.4 Odor Filter .

The control room HVAC system charcoal odor absorption unit is located
downstream of the ventilation part b W ate filters and upstream of the air
handling unit supply fan. Each charcoal bank has a rated air flow of 13,500

l cfm and contains 40 individual charcoal absorption elements. Each filter bank

|
is 100% design capacity with one (1) filter unit as a spare.

|

| 9.10.2.4.5 Make-Up Air Filter Units

! The control room HVAC system make-up air filter units are located in the
makeup air duct coming from the turbine room. Each filter unit consists of a
prefilter, HEPA filter and two charcoal absorbers arranged in series and are
each designed for 99% iodine adsorbtion. Face velocity is 40 feet / min and bed
depth is two inches. Laboratory analysis on samples of charcoal are taken at
least once every 18 months. The charcoal adsorbers are replaced when the bank
efficiency to adsorb methyl iodide decreases to 90% at 95% RH. Each filter
unit has a rated air flow of 2,000 cfm. The profilter bank contains 2
individual filter elements having a nominal efficiency of M based on the N85 ,

atmospheric dust spot test. Each HEPA filter bank contains 2 filter elements
each having a nominal efficiency of 99.7% based on the 00P test.

,

Based on the 2000 cfm minimum outdoor air flow, and the fact that charcoal
filters can absorb an average of 33.3% of its own weight of most odor causing
substances, and an average of 16.7% of chlorine and other toxic gases, the
make-up charcoal filter has the capability of absorbing 70 lbs, of chlorine
and other toxic gases (charcoal weight of 420 lbs.) Assuming that 50% chlorine
and 50% other gases would be absorbed by the charcoal filter simultaneously, a
total of 35 lbs. of chlorine can be absorbed. The charcoal filters would then
be adequate for 12 hours of operation at an inlet chlorine concentration of
162 ppe.

.

.
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9.10.2.4.6 Make-up Air Filter Unit Fans ,

The control room HVAC System make-up air filter unit fans are of the
direct-driven, centrifugal type and are located on the downstream side of the
make-vo air filter units. Each fan is rated at 2,000 cfm at a static pressure
of 6" H O and is ririven by a nominal 3 HP motor. Two fans are provided and

,

2each is 1004 design capacity with one (1) as a spare.
i

9.10.2.4.7 Refrigeration Units

The control room HVAC system refrigeration units are of the packaged,
reciprocating water cooled type. Each refrigeration unit is interconnected to
its respective air handling unit. Each condensing unit will develop 51 tons

f

490F,000 Stu/hr) of cooling capacity corresponding to a suction temperature o(612 and a condensing temperature of 105'F. The condenser on each unit is
water cooled and will dissipate 880,000 Btu /hr of heating when supplied with
160 gem of water at 80*F. Two (2) concensing units are provided for tre
control room system and each is 1005 design capacity with one (1) as a spare.

'

9.10.2.5 Inscettien and Tests

All equipment will be factory inspected and tested in accordance with the
applicable equipment specification. System ductwork and erection of equipment
was inspected in a;:cordance with the respective specifications. On completion
of construction tests, the system was balanced for the design air and water
flows. Controls on each system were checked, adjusted and tested to insure

Athe proper secuence of operation under all normal and abnormal conditions.
final integrated test was conducted with all equipment and controls
ooerational to verify that system performance and operation met all design
requirements.

9.10.3 CONTAltNENT VENTILATION SYSTEM

9.10.3.1 3rformanceObjectives

The containment ventilation system as shown in Figure 9.10.3-1 will during
normal operation acconclish the following:

Limit the average containment thermal environment to 1200 maximum and 65'Fa.
minimum. - The design cooling load is based on all internal and external
effects. In particular the amolent air surrounding the reactor coolant
pumps is limited to 1200F.

Permit cleanup of the containment atmosphere prior to limited personnelb.
access at power.

Provide ventilation to remove all the heat generated within the CR0 shroudc.
and limit the maximum exhaust air tencerature to 155'F.

9.10-16
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d. Provide ventilation in the reactor vessel cavity to remove tre thermal
and gamma heat losses from the reactor vessel and limit the maximum
temperature of the biological shield to 150*F. In sedition, provide *

ventilation to the out-of-ecte instrumentation to limit the maximum
surrounding concrete surface temperature to 150*F, and limit the
surrounding air temperature to 2350F. ;

e. Minimize the risk to operators on the manipulator crane brioge from
inhaling potential airborne tritium during refueling.

;

f. Maintain the normal containment atmospheric pressure between -0.1 and
+0.3 psig.

g. Provide means to reduce the concentration of particulate and gaseous ;'
contamination to assure safe continuous access (40 hours / week) during
normal reactor shutdown. '

'
h. Provide the necessary instrumentation and controls to permit the required

monitoring and control of all systems from outside the containment for
.

all required modes of operation.
'

'

9.10.3.2 Desion Description -

The reactor containment ventilation system is a recirculation system designed
to limit the maximum thermal environment inside the containment and is
completely isolated from the atmosphere outside the containment except under
the following conditions:

a. During normal operation only when operating pressure is less than or
greater than -0.1 psig and +0.3 psig respectively. Isolation is broken
by a pressure and vacuum relief system which connects the. containment t

atmosphere and the outside atmosphere to keep the pressure inside the
containment within the above range,

b. After normal shut down of the reactor, the containment exhaust air will
be purged through HEPA-filters to reduce potential airborne particulates
and dilute the concentration of any gaseous constituents. '

c. After a loss-of-coolant accident, the containment air will be purged when
the activity in the containment has reached a level low enough to allow
its exhaust to the atmosphere. (See Section 14).

The reactor containment ventilation system consists of the following ,

sub-systems:

1. Reactor containment Fan Coolers (RCFC)
2. Containment Activated Charcoal Filter Units
3. Reactor Qivity and Out-of-03re Instrumentation ventilation
4 Control Rod Drive Mechanism (CRDM) Ventilation
5. Manipulator Crane ventilation
6. Contairment Purge System
7. Pressure and vacuum Relief System

.
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9.10.3.3 Containment ventilation Suesystem Desion Descriptions
'

9.10.3.3.1 Reactor Containment Fan Cooler (RCFC) System

The fan cooler units provide cooling so as to limit the air tencerature in the
closed containment to a maximum tempenture of 120'F during all normal modes
of operation and a minimum of 65'F during shut down conditions. The system
also is designed to remove heat and particulate radioactivity from the
containment as required following a less-of-coolant accident.

The main portion of this system consists of five (5) air handling units (RCFC
units) located in the space beween the containment wall and the secondary i

shielding (crane support wall). Each unit draws air from the containment
atmosphere through a return air riser, which extends approximately 50'-0"
above the operating floor.

Each unit discharges ventilation air inside the periphery of the secondary
shield wall through concrete shafts designed for missile and radiation shield
protection. The ventilation air is circulated first to the reactor coolant
pum and the steam generator area and then flows upward above the operating
floar and is mixed with air in the upper containment atmosohere.

The air flow inside each unit follows either one of two paths:

a. Normal Operation: During normal reactor operation and after reactor r3fe
shutdown, the air is routed from the return air risers directly to the
cooling coils bypassing the demister and the HEPA (high efficiency
particulate air) filters, and to the fan suction plenum. The fan is
operating at approximately 1200 rpm during normal operation,

b. Accident Operation: Immediately following a LOCA ventilation air is
automatically rerouted to flow from the return air risers to the demister,
the high efficiency particulate filters, Cooling coils, and into the fan
suction plenum. During accident operation, the fan speed is automatically
reduced to approximately 900 rpm.

The reactor containment fan coolers are required to operate after a
less-of-coolant accident, and consequently they are designed to operate in the
47 osig containment pressure resulting from the accident. In addition, every
component of each unit is capable of withstanding, without impairing
operability, a pressure of 1.5 times the design pressure and the associated
temperature of the air-vaoor mixture (298'F) for a period of one hour. A
detailed oescription of post accioent operation is described in Chapter 6.3.

The following oesign criteria are common and applicable to filter assemolles,
moisture eliminators, cooling coils, fans, RCFC unit housing, and connecting

,

ductwork for each of the five air handling assemolles,

a. Normal design air flow rate is 85,000 cfm/ unit, and corresponding to
accident oceration the flow is reduced to 53,000 cfm/ unit.

9.10-18
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b. The nornal maximum environment is a dry bulb temperature of 1200F and cew |

point temperature of 80*F. The oesign maximum accioent environment
corresponds to a saturated steam air mixture of 271*F at 47 psig, and
density of 0.175 lb/cu ft.

c. All components are cacable of withstanding differential pressures which
may occur during the rapid pressure rise to 47 psig in ten (10) secones.

,

d. All components and their supports are designed to meet the requirements .

'

fer Class 1 (seismic) structures.

e. Each fan is provided with isolators to isolate the fan vibration from the
other components.

in addition to the besign criteria common to the components stated above,
additional desiCn criteria applicable to specific components are discussed in
Chapter 6.3.

i

'

9.10.3.3.2 Dontainment Activated Charcoal Filter Units System

This system is provided to permit cleanup of the containment atmosphere prior -

to limited personnel access at power and prior to personnel access for
refueling.,

This system consists of two charcoal filter units located on the refueling
floor in the space between the containment wall and the crane support wall
equally spaced around the containment perimeter. Each unit is provided with ,

the following components:

a. High efficiency particulate air (HEPA) filters
*

b. Activated charcoal filters
c. Circulating fan

All co@onents and their supports meet the requirement for seismic Class II
structures. Each unit is capable of circulating 8,000 cfm in the normal
containment atmosphere conditions. Operation of these two units for
approximately 32 hours will permit two hours access to the containment at full
power under normal operating conditions. These units are not part of the
engineered safeguards system and are not essigned to operate after a
loss-of-coolant accident.

9.10.3.3.3 Reactor Cavity and Out-of-Core Instrumentation Ventilation System

This system is provided to remove gamma and thermal heat from the biological
shield wall around the reactor vessel and to supply ventilation to cool the
out-of-core instrumentation cavities. Cooling air supplied to the reactor
cavity will be drawn from outside the crane wall areas and will be dischargeo
around the nozzles and up to the refueling pool area.

s
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This system consists of two (2) full capacity fans located at El. 568'-0"
between the containment wall and the crane wall. Either fan draws relatively
cool air from the above location and the discharge is ducted to the reactor
cavity where it flows into the following paths:

1. Through eight ducts into the eight out-of-core instrumentation cavities to )
pick up the heat from gamma radiation and thermal conduction, and then
flows upward around the cable junction boxes and out to the refueling I
floor area. _

|

2. Upward through the gap between the biological shield and the reactor )
vessel where part of the flow will escape around the sealing plate, and 1

the balance of the air will flow out through the gaps around the eight j

reactor vessel nozzles.

Each fan is capable of delivering 20,000 cfm of which 2,000 cfm flows to the
out-of-core instrumentation cavities (250 cfm per each cavity) and the balance
flows upward around the vessel. i

i

This system is not part of the engineered safeguards system and is not |
required to operate after a loss-of-coolant accident. All conconents and 1

their St.pports meet the requirements for Class 11 (seismic) structures.

9.10.3.3.4 Control Rod Drive Mechanism (CRDM) Ventilation System

This system is designed to supply cooling air to the control rod drive
mechanism shroud and to exhaust ventilation air which has absorbed heat within
the shroud.

This system consists of four (4) 1/3 capacity control rod drive ventilation
booster fans which induce air from the reactor coolant pump area where the air
is relatively cool. The discharge from each fan is directed towards the top
of the CRDM cooling shroud where ventilation air is drawn into the CRDM shroud.

Each fan is capable of delivering 25,000 cfm, or a tetal of 75,000 cfm during
normal operation. These fans are not part of the engineered safeguards system
and are not required to operate during reactor shut down or after a LOCA; this
system wil2 operate only during reactor operation.

Two (2) full tapacity control rod drive ventilation fans, one which is
and one which is standby, induce air from the control rod

normally operating, ling shroud and discharge it vertically to the upperdrive mechanism coo
atmosphere of tre containment above the refueling floor. Each fan is designed
to deliver 75,000 cfm.

These fans are not part of the engineered safeguards system and are not
recuired to operate during reactor shut down or after a LOCA. All conponents
and their suoports meet the requirements for seismic Class II structures.
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9.10.3.3.5 Manipulator Crane Ventilation System

This system is provided to minimize the risk of the operators working on the
manipulator crane from inhaling air mixed with water vapor from the refueling
trater where the possibility of higher concentration of tritium exists in the
immediate vicinity of the refueling water.

This system consists of two (2) 50% capacity fans mounted on the top of the
manipulator crane which induce air from the containment atmosphere and Air
discharge this air into a plenum having a perforated distribution plate.
flows downward from the perforated plate and delivers a cuitain of air above

This downward flow of 61r willthe operators standing on the crane platform.
,

minimize the potential of the operators inhaling water vapor from the
This system operater in conjunction with the purge supplyrefueling water.

air system which delivers outdoor air around the periphery of the refueling
pool.

This system is not a part of the engineered safeguards system and is designed
to operate during the refueling period only. All components and their
supports meet the rartuirements for seismic Class II structures.

9.10.3.3.6 Containment Purge System

This system is described in Section 9.10.1.1,

9.10.3.3.7 Pressure and Vacuum Relief System >

This system is provided to handle the normal pressure changes in thecontainment which result from containment air temperature changes, barometric
pressure changes, instrument air bleeds, and inleakage from the Penetration

The containment pressure will be maintained betweenPressurization System. This is to facilitate
-0.1 psig and +0.3 psig during normal operation.The pressure relief itne will
personnel access during normal operation.
discharge to the ventilation stack.

This system consists of one 10" line penetration through the containment withThese valvesfast-acting, butterfly valves located outside the containment.
are normally closed and are designed to fati closed in the event of an
incident or failure of control power.

When the containment pressure increases to the high set point pressure, the
corresponding pressure switch sounds an alarm in the main control room,
Concurrently, the corresponding diverting butterfly damper opens to line up

As a result of the alarm (and after athe discharge path to the stack.g

containment air sample has been obtained and the appropriate release form
approved), the operator will open the two isolation valves (gate type) whichThe
allows the containment air to be released to the ventilation stack.
operator will close the isolation valves when the containment pressure has
equalized (reaches steady state value as indicated on the correspondingSimilarly, when the
pressure indicator at the main control board).
containment pressure decreases to the low pressure set point, the

,

9.10-21

Rev. 1
0047F . lune 30, 1989

-
.

. . .



._ - - . - . - - .. -

,

t

.

.

corresponding pressure switch sounds an alarm in the main control room and
concurrently the corresponding diverting butterfly dager opens to line up the
intake patn through the purge supply system. When the operator opens the-
isolation valves, temered and filterco outside air is allowed inside the
containment through the relief line to ecualize the pressure. The operstar
will close the isolation valysts when the containment pressure reaches a steady | 1 |

state value.

In the case of vacuum in the containment, after the two pressure and vacuum
relief containment isolation valves have been opened, outside air is
automatically routeo through the purge supply system high efficiency filte.:s

>

and heating coil to assure a source of filtered and heated (in winter) air
delivery to the containment.

The isolation valves used in this system are designed for fall safe
operation. The valves will close either on a containment isolation signal or
on a high radiation level in the containment, or on loss of instrument or :

electrical power source.

The isolation valves are Seismic Class I, the ductwork and instrumentation are
Seismic Class II.

'

As the system is not an engineered safety feature, single failure criterion is
not incorporated.

9.10.3.3.8 Hydrogen Purge System .

The hydrogen purge exhaust system consists of two separate ICE capacity fans
each fed from one of two separate lines from the containment. Either fan may
be fed from the main 42 inch purge line or from the pressure and vacuum relief
line. The fans and lines are Seismic Class I and redundant power operated
cogonents are supplied from separate essential busses. The charcoal filter
units are Seismic Class I and consist of roughing, IEPA, and charcoal filters
in series, with a rated flow of 400 CFM. Two such units are provioed for each
Zion containment.

9.10.3.4 System Cbmponents

9.10.3.4.1 Reactor CDntainment Fan Cboler (RCFC) System

Each RCFC unit is provided with the following components:

a. Demister or moisture separator
b. High efficiency particulate air filters
c. CDoling coils
d. Two speed fan

A description of these components is given in Section 6.3.2. .

Rev. 1
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9.10.3.4.2 Containment Activated Charcoal Filter Unit Systems

The containment charcoal filter unit circulating fans are of the l
'

direct-driven, vane axial type and are mounted on the outlet of the respective
containment activated charcoal filter' housing. Each fan is rated at 8,000 cfm
at a total pressure of 2.5" H O and is driven by a nominal E hp motor. Two2
(2) fans are required for maximum clean-up with no spares.

The containment activated charcoal filter units are composed of banks of HEPA i

filters and charcoal absorbers installed in series. Each filter unit has a
rated flow of 8,000 cfm. Each filter bank contains nine (9) individual HEPA
elements rated at 99.97% efficiency based on the 00P test. The charcoal
absorbing bank has 24 drawer-type elements each nominally rated at 8,000 cfm
and having a nominal efficiency of 99% on the removal of elemental lodine at I

75'F and 906 RH. Two (2) filter units are required for maximum clean-up with |no spares.

9.10.3.4.3 Reactor Cavity and Out-of-Core Instrumentation ventilation System

The reactor cavity vent fans are of the direct-driven, vane axial type and are
mounted in-line in ductwork to discharge air to the reactor ventilation
cavity. Each fan is rated at 20,000 cfm at' a total pressure of 4.5" H O and2
is driven by a nominal 25 hp motor. Two (2) fans are provided for each
containment unit as each is 1005 design capacity with one (1) fan as spare.

9.10.3.4.4 Control Rod Drive Mechanism (CRDM) Ventilation System
4

The CROM ventilation booster fans are of the direct-driven, vane axial type
and are mounted in-line in ductwork and are arranged to discharge air toward
the CROM shroud. Each f an is rated at 25,000 cfm at a total pressure of 2.5"
H O and is driven by a nominal 15 hp motor. Four (4) fans are provided for2each containment unlt and each is 1/3 design capacity with one (1) fan as
spare.

The CROM ventilation fans are of the direct-driven, vane axial type and are
mounted on a plenum taking suction from the CROM mechanism shroud. Each fan
is rated at 75,000 cfm at a total pressure of 7.5" H O and is driven by a2
nominal 150 hp motor. Two (2) fans are provided for each containment unit and
each is 10CN design capacity with one (1) fan as spare.

9.10. .4.5 Manipulator Crane ventilation System

The manipulator crane ventilation fans are of the direct-driven vane axial
type and are mounted to discharge air into a plenum on top of the manipulator
crane bridge. Each fan is rated at 5,000 cfm at a total pressure of 2.25"
H O and is driven by a nominal 3 ho motor. Two (2) fans are provided for2each containment unit and each fan is 506 design capacity.
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9.10.3.4.6 containment Purge System .
,

! The containment purge system supply filters'are located in the supply air ,

f inlet, and are conposed of banks of prefilters and high efficiency filters.
The filters are arranged in two (2) parallel independent modules and eachi

module has a rated air flow of 20,0cc cfm. The prefilter bank in each module
contains 20 individual filter elements having a nominal efficiency of 35 |1
based on the NBS atmospheric dust spot test. The high efficiency filter bank
in each module contains 20 filter elements each having a nominal efficiency of |1
8 N ossed on the 2 5 atmospheric dust spot test.

The containment purge system supply air preheating coil is designed to heat
40,C00 cfm of air from -10T to 684 when supplied with 67 gom of water at ,

270V. The total coil capacity is 3.37 x 10' Btu /hr and consists of 3 '

finned tube sections supported and arranged for plenum mounting.
,

The containment purge system supply air fans are of the direct-driven, vane |1
|
' axial type and are mounted on the outlet of the respective supply air filter

and coil plenum.Each fan is rated at 40,000 cfm at a total pressure of 6.5"
H O and is driven by a nominal 60 hp motor. Two (2) supply air fans are |1'

.

2provided for each containment unit, each of 103 design capacity with one (1)
I

fan as spare. They are Seismic Class II.

The containment purge exhaust air filters are composed of banks of prefilters
and HEPA filters installed in series. The filters are arranged in two (2)
parallel independent modules and each module has a rated flow of 20,000 cfm.
The pref 11ter bank in each module contains 21 individual prefilter elements
having a nominal efficiexy of 85 based on the NBS atmospheric dust spot
test. The IEPA filter bank in each module contains 21 individual filter 1

elements having a rated efficiency of 99.974 based on the 00P test. The
arrangement of the two (2) filter modules in parallel permits replacement of
elements in the module without interruption of the purge exhaust ventilation.

The containment purge system exhaust air fans are of the direct-driven, vane
axial type and are mounted on the outlet of the respective exhaust air filter
and coil plenum. Each fan is rated at 40,000 cfm at a total pressure of 7.5"
H O and is driven by a nominal 75 hp motor. Two (2) exhaust air fans are2provided for each containment unit, each of ICOE design capacity with one (1) '

fan as spare. They are Seismic Class II.
.

In addition a containment mini-purge system is installed on both Units 1 and 4
W,

2. The mini-purge system is operated as necessary to lower the containment ;airborne activity prior to maintenance or other needs to increase the stay
time in containment. The mini-purge is used to purge the contairvnent when the 'M.,
containment activity is too high to permit the use of the main containment .

purge system.

The mini-purge system on each unit consists of one mini-purge supply fan and
one mini-purge exhaust fan, each rated at 3000 cfm. The mini-purge fans are
arranged in parallel with the containment purge fans. A variable flow camper ,

is installed on the discharge of the mini-purge exhaust fan and on the suction

,
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of the mini-purge c@ ply fan. This variable flow dancer can be manually
adjusted locally to provice a variable mini-purge fan flow rate. A flowmeter'

is installed on the discharge of both the mini-purge exhaust fan and .,

'e
min 14 urge supply fan. On high mini-purge exhaust flow, the mini $ urge
exhaust fan will automatically trip. ,

t

;

The containment purge supply and exhaust air ducts are each equipped with two
(2) isolation valves in series.The isolation valves are Seismic Class I.

t

9.10.3.4.7 Pressure and Vacuum Relief System
'

The pressure and vacuum relief system components are described in section 1 ;

9.10.3.3.7.
i-

9.10.3.4.8 Hydrogen Purge System

The hydrogen purge exhaust venting fans, each of which provides a flow rate of
360 CFM, were sized based on the following assunctions

The hydrogen generation rate in the containment after an LOCA is such thata.
the hydrogen level reaches 3.0E in 55 days,

b. The purge rate was selected to match the hydrogen production rate at 55 ,

days so that the hydrogen level will slowly decrease from 3.5 as the
-

production rate decreases.

The entire quantity of hydrogen required to be removed from thec.
containment at 55 days can be purged in a period of one hour. This allows
the operator to choose the optimum purge period as a function of the ,

'

prevailing metelarological conditions on each day that the purge system is
operated.

The hydrogen purge exhaust charcoal filters have the following parameters:

Airflow 400 ft'/ min
Depth of Charcoal Bed 2 inches
Face velocity 40 ft/ min '

Efficiency Methyl locide removal efficiency
3,994 at 7m RH

These are the only two components unious to the itdrogen Centrol Systems for
the Zion Station.

9.10.3.4.9 Steam Pipe Tunnel ventilation System

The steam pipe tunnel ventilation fans are of the direct-driven, vane axial
type and are mounted in the ductwork in the respective pipe tunnel penthouse.
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Each fan is rated at 27,500 cfm at a total pressure of 1.55 inches 60 anc
is driven by a nominal 10 hp motor. Four (4) steam pipe tunnel ventilation |
fans are provided for each containment unit and each is rated at 294 design '

capacity.

9.10.3.4.10 Tendon Access Tunnel ventilation System

The tendon access tunnel ventilation fans are of the direct-driven, propeller !

type and are mounted in closure panels within the tenoon access tunnel. Each
fan is rated at 300 cfm at a static pressure of 0.15" H O and is driven by a2
nominal 1/10 hp motor. Two (2) fans are required for each containment unit
and each is rated at 5(X design capacity.

9.10.3.5 Control and Instrumentation

Hand switches are provided on the main control panel for control of the
following eculpment:

a. Reactor containment fan cooler fans
b. Reactor cavity ventilation fans *

c. Control rod drive ventilation fans,
d. Containment charcoal filter unit fans ,

e. Normal flow and bypass dampers in each RCFC unit '
f. Containment pressure reller line isolation valves *

,

'

The following conditions are alarmed on the main control panel:

a. Containment enarcoal filter unit fan trip -
b. Control rod orive ventilation fan trip

c. Reactor cavity ventilation fan trip ,

d. Containment charcoal filter unit high temperature
e. Containment ventilation local control panel system trouble
f. Normal operation containment high/ low pressure

The following indication is provided on the main control panel:

a. Normal operation containment pressure
b. RCFC fan motor current (high and low speed)'

c. RCFC normal flow and bypass dampers position indicating lights
d. RCFC fan vibration indication and test
e. Containment atmosphere dewpoint temperature (3 points)
f. Containment atmosphere dry bulb temperature (3 points)

The following variables are measured and inputted to the computer:

a. Out of core neutron monitor temperature (8 points)
b. RCFC return air temperature (5 points)
c. Control rod drive booster fan discharge temerature (4 points)
d. Discharge temperature around reactor vessel nozzles (4 points)
e. Reactor cavity air inlet temperature (1 point)

Control rod drive shroud air inlet temperature (1 point))f.
Control rod drive shroud air outlet temperature (1 pointg.

5.10-26
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9.10.3.6 Inspection and Tests

All eculoment was factory inspected and tested in accordance with the '

applicable eculpment specifications. System ductwork and erection of
equipment was inspected in accordance with the respective specifications. On
com letion of construction tests, each system was balanced for the design air
and water flows. Controls on each system was checked, adjusted and tested to |

,

insure the proper sequence of operation under all normal and abnomal ;

conditions. A final integrated test was conducted with all equipment and
~

controls operational to verify that system performance and operation met all ,,

design requirements.

9.10.4 AUXILIARY ELECTRIC EQUIPMENT ROOM Ato COPUTER ROOM HEATING,

VENTILATING AND AIR COPOITIONING SYSTEM

9.10.4.1 System Design

The auxiliary electric equipment room and computer room heating, ventilating
and air conditioning system including ductwork to the electric equipment room
is designed to seismic Class 1. Equipment for this system is connected to the
emergency electrical system. The design consists of two, 50s equipment
trains. Two (2) systems will operate normally and one (1) system is shutdown
on a loss of off-site power. This system may be manually restarted by the
operator when emergency power is available. All of the electric equipment
required for maintaining heating, ventilating and air conditioning ,to the -

auxiliary electric equipment room is connected to the emergency power supply.

The auxiliary electric eouipment room is normally unoccupied, and therefore,
there is no special provision to provide outside air make-up during post LOCA
or loss of off-site power operation.

The design of the heating, ventilating and air conditioning for the auxiliary
electric equipment room is based on a system with the capability to provide
air filtration, heating and/or cooling, and humidification and/or
dehumidification under any normal or abnormal condition to permit a safe
shutdown of the plant as may be required.

Interconnt.cted areas which are normally served by this system (such as
comuter room, offices, cold and process laboratories, etc.) are shut off from
the supply of conditioned air after a loss of off-site power. Therefore, a
source of cooling is maintained only to the auxiliary electric equipment room
under this condition.

Each HVAC equipment train shown on Figure 9.10.4-1 consists of high efficiency
filters, a cooling and heating coil package, humidifier, and a direct-driven
vane axial fan. Air is supplied via a dual duct distribution system and room
or zone control is achieved by means of terminal mixing boxes.

Return air is ducted back to the HVAC equipment room (El 617'-0") where it is
mixed with outside air as recuired to meet the normal minimum ventilation
requirements and/or room cooling recuirements.

9.10-27
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During normal operation, a minimum Quantity of outside air is supplied to
maintain a positive operating pressure in the conditioned areas with respect
to adjacent areas to prevent inleakage. The system will be controlled to i

maintain a nominal 75 4 and 405 RH. |
,

The outside air suoply will be brought in through a missile-protected wall
opening. In the event of abnormal outside radiation detection, or loss of I
off-site power. the normal outside air inlet will close and the system will j
operate on a 10m recirculation basis. Under these conditions, the filtered i

make-up supply on the Control Room HVAC System (See Section 9.10.2) will l

provide positive contamination control in the areas served by the auxiliary |
electric equipment room system as a result of leakage from the control room
through the auxiliary electric coulpment room.

1

In the event of smoke or fire in the auxiliary electric equipment room, smoke |

detectors will annunciate in the control room. ,

Mechanical cooling for the auxillery electric equipment room and computer room
system is provided by means of two (2), 50% water-cooled refrigeration units.
Each refrigeration unit will be connected to its respective air handling i

unit. Each air handling unit is also rated at 53 of the total design cooling
capacity.

Each air conditioning equipment train is independently controlled. Important
operating functions are performed from the main control room.

Instrumentation is provided to monitor incertant normal operating variables.
Instruments to alarm abnormal operating conditions are provided.

With regard to radiological exposure, all of the facilities discussed soove
are structurally and physically arranged within the control room conclex.
This complex is protected at the outer boundries by concrete shielding which
reduces radiation exposure to less than the design limit of.1/2 rem /8 hours
subsequent to a LOCA. This shield wall includes the heating, ventilating and
cooling eculpment room serving the subject areas. Missile protected openings
are provided into the latter controlled area; one for the make-up air intake,'

I and one for the exhaust air. By including the equipment room within the
controlled area, access may be gained to the equipment under any condition.,

|
9.10.4.2 System Operation

9.10.4.2.1 Normal Operation

Each auxiliary electric equipment room and computer room HVAC equipment train
is controlled to provide heating and/or cooling on a year-round basis. Two

(2), 53 capacity air handling units are provided, one of which is shut down
on loss of off-site power. In the event of failure of one equipment train:

| during normal operation. the remaining operating. unit functions to maintain
cooling to the auxiliary electric eculpment room. Cooling to the cable rooms
is shut of f under these conditions.

9.10-28
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Each air handling unit is connected to a 50E capacity refrigeration unit.
During normal operation a minimum amount of outdpor air is introduced to the
system for the purpose of odor and smoke (cigarette) dilution, exhaust air
make-vo and system pressurizing. Return air from the conditioned spaces is ;

'

directed back through two (2), SOE ca:acity return fans and is recirculated
throgh the air handling units or is exhausted to the outdoors as conditions
dictate. Each system is provioed with separate controls.

I
t

9.10.4.2.2 Abnormal Operation

The auxiliary electric equipment room is normally unoccupied, but 15 designed
to accommodate an occupancy of three to five people. The cable room, computer
room and other interconnecting areas served by this system are automatically
isolated from the conditioned air supply for circumstances previously
described. The electric equipment room HVAC system has two (2), 50k HVAC
equipment trains together with adequate shielding and which is independent
from the HVAC system for the control room. All HVAC equipment for the
electric equipment room has the necessary standby capacity to accommocate an
equipment failure and is po-ered from the emergency electrical system so that
adequate ventilation is maintained at all times. .

A radiation monitor in the outside air intake is set to sense an abnormal
level of activity. On an increase in activity approximately 100 times above
background, the HVAC system automatically closes a damper in the make-up air
duct from the outdoors. Under these conditions, the HVAC system will operate
on a 1005 recirculation basis. Leakage of make-up air supplied to the control
room system is sufficient to satisfy personnel requirements and space
pressurization. In all other respects, the system operates as for normal
operation.

In the event of a loss of off-site power, the HVAC system will operate on a
100N recirculation basis. In addition, one of the two RVAC equipment trains
is shut down and the system operates to maintain cooling to the electric
equipment rooms only, and cooling to the computer room and cable room is
automatically shut down.

9.10.4.3 System Components

9.10.4.3.1 Supply Air Filters

The system supply air filters are composed of banks of pref 11ters and high
j efficiency filters installed in series. Each filter unit has a rated flow of

22,500 cfm. Each prefilter bank contains 12 individual filter elements rated
at 35E efficiency based on the NBS atmospheric dust spot test. Each high
efficiency filter bank contains 12 individual filter elements rated at 854
efficiency based on the NBS atmospheric dust spot test.

.
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9.10.4.3.2 Air Handling thits

The air handling units consist of cooling and heating coils and cold deck and )

hot deck arranged in a housing with an interconnecting direct-driven vane
axial fan arranged for blow-through operation. Each air handling unit is 5LX
design capacity. The heating coil is designed to heat 17,0C0 cfm of air from ,

66.5V to 90.50F when supplied with 25 gpm of water at 210*F. The cooling
coil is designed to cool 22,800 cfm of air from 80.6V DB and 62.50F WB to |

50V DB and 40V WB when supplied with refrigerant at 43*F. The total coil
capacity is 872,0C0 Stu/hr. The air handling units supply air fans are of the
direct-driven vane axial type and are mounted on the inlet of each air
handling unit coil cabinet. Each fan is rated at 22,800 cfm at a total
pressure of 5.3" H O and is driven by a nominal 25 HP motor. .

2

The return air fans are of the direct-driven vane axial type and are mounted .

In line in the return ductwork. Each fan is rated at 22,800 cfm at a total |1
pressure of 3" H O and is driven by a nominal 15 HP motor. Two fans are

'

2
provioed, each is design capacity.

9.10.4.3.3 Refrigeration Condensing Units >

.

The refrigeration condensing units are of the packaged, reciprocating water
cooled type. Each condensing unit is interconnected to its respective air
handling unit. Each condensing unit will develop 73 tons (875,0C0 Btu /hr) of
cooling capacity corresponding to a suction temperature of 53*F and a
condensing temperature of 1050F.

^

The condenser on each unit is water cooled and will dissipate 1,210,000 Btu /hr
of heating when supplied with 220 gem of water supplied at 80*F. Two (2)
condensing units are provided for the system and each is 5t% design capacity.

,

9.10.4.3.4 Exhaust Air Fans

lhe exhaust air fans are of the direct-driven centrifugal type. Each fan is
rated at 4050 cfm at a static pressure of 6" and is driven by a nominal 75 HP
motor. Two fans are provided, each is ICG design capacity with one (1) fan
as spare.

9.10.4.3.5 mt L.aboratory Exhaust Filter
'

\ The hot laboratory exhaust filter is located in the duct between the hot
/ laboratory hood and the exhaust fans. The filter is conposed of prefilters

and EPA filters installed in series. The filter unit has a rated flow of
15C0 cfm. Each prefilter bank contains two (2) indivioual filter elements
rated at 354 efficiency based on the NBS atnespheric dust spot test. Each
HEPA filter bank contains two (2) filter elements each having a nominal
efficiency of 99.7% based on the DOP test.

Rev. 1
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9.10.4.4 Inspection and Tests -

All equipment was factory inspected and tested in accordance with the
applicable equipment specifications. System ductwork and erection of
equipment was inspected in accordance with the respective specifications. On
completion of construction tests, the system was balanced for the design air
and water flows. Controls on each system were checked, adjusted, and tested
to ensure the proper sequence of operation under all normal and abnormal
conditions. A final integrated test was conducted with all equipment and

'

controls operational to verify that system performance and operation met all
design requirements.

>

9.10.5 SERVICE WATER PLM ROOM VENTILATION

P.10.5.1 Desion Basis

The service water pump ventilation system is designed to limit the maximum
ambient temperature to 105'F and minimum ambient temerature to 650F on a
year-round basis. -

9.10.5.2 System Design and Doeration

The service water pump ventilation system is shown on Figure 9.10.8-1 and
consists of six (6), 25% capacity fans for both Units 1 and 2. Whenever the
out-door te@erature is above 40'F, four (4) of six (6) fans operate to mix
out-door air with recirculated air as required to limit the maximum pump room
ambient temperature to 105'F. Below 40*F, only two (2) of six (6) fans
operate as decribed above.

This system is connected to the essential power supply and is designed to
operate after a LOCA and/or loss of off-site power. All components and their
supports are designed to meet the requirements for Class I (seismic)
structures.

9.10.5.3 System Components

9.10.5.3.1 Circulating Water Pump Area Ventilation

Nine (9) propeller-type supply air fans are provided. Each fan is 1/9
capacity (no standby) and is rated for 40,000 cfm at a static pressure of 1"
H O and is driven by a nominal 7.5 hp motor.2

-

9.10.5.3.2 Service Water Pump Area ventilation

Two (2) sets of three (3) 25% escacity vane axial fans, each rated for 37,500
cfm at a total pressure of 2.5" H 0, are provided and are driven by a2
nominal 20 he motor.

|
|
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9.10.5.4 Inspection and Tests

All equipment was factory inspected and tested in accordance with the
applicable equipment specifications. System ductwork and erection of
eculpment was inspected in accordance with the respective specifications. On

completion of construction tests, each of the systems was balanced for the
design air and water flows. Controls on each system were checked, adjusted,
and tested to ensure the proper sequence of operation under all normal and
abnormal conditions. A final integrated test was conducted with all eculpment
and controls operational to verify that system performance and operation met
all design requirements.

9.10.6 OIESEL DENERATOR, AREA VENTILATION

9.10.6.1 Design Basis

The diesel generator building ventilation systems are designed to maintain a
thermal environment in each of the eculoment areas in the diesel generator
building, and/or to provide the air change rate as required to ventilate the
space.

9.10.6.2 System Design and Operation
.

').10. 6. 2.1 Diesel Oil Acom ventilation System

Each diesel oil room ventilation system is designed to introduce air from the
turbine building to the diesel oil rooms and to exhaust this air to the
outdoors. The rate of purge is designed to prevent the accumulation of
flammable fumes.

The diesel oil room ventilation system for Unit 1 as shown on rigure 9.10.6-1
consists of two (2) full capacity exhaust fans, each capab1' of exhausting
6,000 cfm total from three oil rooms. One fan normally operates and one is
standby. A similar system is provided for Unit 2. Air is drawn from the
tureine room through openings protected by fire dampers. The exhaust duct
penetration leaving each room is also protected by a fire damper.

This system is not part of the engineered safeguards system and is not
required to operate after a LOCA. All components and their cupports meet the
requirements for Class I (seismic) structures.

.

9.10.6.2.2 Diesel Generator Room Ventilation System
,

i Each diesel generator room ventilation system is designed to introduce outside
air to the room to limit the maximum room amolent to 115'F and to supply the
diesel engine with the necessary combustion air. Exhaust air is relieved to

| the turbine building.
!

|

t
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An independent ventilation system is provided for each diesel generator room. |
Each system as shown on Figure 9.10.6-1 has one fan with a design capacity of |

70,000 cfm which induces putside air through a missile protected outside air i

plenum. Each inlet to the fan is provided with a fire damper and each fan has
a variable inlet vane to modulate the amount of ventilation required. The fan
variable inlet vane is controlled by a pioportional room thermostat. Exhaust
air from each room is relieved to the turbine building through a relief damper
protected by a fire damper.

This system is part of the engineered safeguards and is required to operate
for all loss of off-site power conditions. Each ventilation system starts
automatically and controls room temperature whenever the respective diesel
generator starts. Syste's operation is interlocked with the CO2 fire
protection system and will automatically shut down whenever the fire
protection system is activated. All components and their supports meet the ,

requirements for Class I (selstnic) structures.

i

9.10.6.2.3 Switch Gear and M-G Set Ventilation System

Each switch gear or M-G set ventilation system is designed to introduce air to
the respective room to limit the maximum room ambient temperature to 105*F.
Exhaust air is relieved to the turbine building.

Switch Gear Rooms El. 617' ventilation System -

Each ventilation system as shown on Figure 9.10.6-1 consists of one fan for
each switch gear room at El. 617'-0" having a capacity of 10,500 cfm. Each
fan induces outside air through the same missile protected inlet for the
diesel generator room. Exhaust air is relieved to the turbine building.
Penetrations for ventilation in each room are protected by fire dampers.

This system will be required to operate after a LOCA or loss of of f-site
power. All components and their supports meet the requirements for Class I
(seismic) structures.

Switch Gear Rooms El. 642' ventilation System -

Each ventilation system as shown on Figure 9.10.6-1 consists of two (2) 504
capacity fans and each is capable of delivering 6,000 cfm. One system is
provided for Unit I and one system is provided for Unit 2. Tnis system is not
part of the engineered safeguards and will not be required to operate after a

.
LOCA or less of off-site power. All components and their supports meet the
requirements for Class II (seismic) structure.'

In normal operation two (2) fans operate. In the event of fan failure.
partial ventilation capacity can be maintained. Outside air is induced by the
fans and discharged to the switch gear rooms. All exhaust air is relieved to
the turbine building. All wall penetrations used for ventilation openings are
protected by fire dampers.
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Each ventilation system as shown on Figure 9.10.61 consists of one fan having i

a capacity of 12,500 cfm. One system is provided for Unit 1 and one system is i

provided for Unit 2.

This system is not part of the engineered safeguards and will not be required
to operate after a LOCA or loss of off-site power. All components and their i

supports meet the requirements for Class 11 (seismic) structures. ]

MG Set Room Vent Systems
!
|In normal operation, the 1005 capacity fan operates continuously - no standoy

All exht.ust air 10 relieved to the turbine building,ged to the MG set
Outside sir is induced by the fan and dischar1s provided.

and all wallroom.
penetrations used for ventilation openings are protected by fire dampers.

9.10.6.3 System Components

9.10.6.3.1 Main Turoine Buildino Area Vent System I
|

All inlet and outlet windows have pneumatic operators.

9.10.6.3.2 Fuel Oil Room Exhaust System

Two (2),1005 capacity vane axial fans per unit (Equipment Nos. ITV012-1A,
ITV013-1B, 2TV012-2A, 2TV013-29), each fan rated at 6000 cfm at a total
pressure of 2.25" H O and driven by a nominal 3 ho motor.2

9.10.6.3.3 Diesel Generator Room Vent System

One (1) vane axial fan per each room (Equipment Nos. ITV009, ITV010, OTV011,
2TV009, 2TV010), each fan rated at 70,000 cfm at a total pressure of 3" H O2
and driven by a nominal 50 hp motor.

9.10.6.3.4 Switch Gear Room Elevat' ion 617' Vent System

One (1) vane axial fan per each room (Equipment Nos. ITV001, ITV002,1Tv003,
2TV001, 2TV002, 2TV003), each fan rated for 10,500 cfm at a total pressure of
2.25" H O and driven by a nominal 5 hp motor.2

9.10.6.3.5 Switch Gear Room Elevation 642' vent System

Two (2), 504 capacity vane axial fans per each room (Equipment Nos. ITV004,
ITV005, 2TV004, 2TV005). Each fan is rated for 6,000 cfm at a total pressuret

of 2.25" H O and is driven by a nominal 3 hp motor.!

2
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9.10.6.3.6 M-G Set Room Vent System

One (1) vane axial fan per each room (Equipment Nos. ITV006, 2TV006). Each
fan is rated at 12,500 cfm at a total pressure of 2.5" H O and is driven by2
a nominal 7.5 hp motor.

9.10.6.4 Tests and Inspections

, All equipment was factory inspected and tested in accordance with the
applicable equipment specifications. System ductwork and erection of
equipment was inspected in accordance with the respective specifications. On
completion of construction tests, each of the systems was balanced for the
oesign air and water flows. Controls on each system were checked, adjusted
and tested to ensure the proper sequence of operation under all normal and
abnormal donditions. A final integrated test was conducted with all equipment
and controls operational to verify that system performance and operation met
all design requirements.

.

0
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TABLE 9.10.2-1

CUBICLE COOLERS HEAT REMOVAL CAPACITIES

.

Number Heat Transfer Number Fan Motor
of Units Capability (Btu /hr/ unit) of Fans HP

Residual Heat Removal 4 120,000 3 1
Pump Rooms

~

Safety Injection 4 120,000 3 1
Pump Rooms

Containment Spray 4 330,000 4 3
Pump Rooms

Reciprocating Charging 2 60,000 2 1.5
Pump Rooms

Centrifugal Charging 4 180,000 3 3
Pump Rooms

.
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Enclosure 6 !.

!esmee, .

+ UNITED sTATts j

[ e e, NUCLEAR REGULATORY COMMISSION ;

; ; J W ASHINGTON, D. C,20666 j

....+ SEP 1819S9

MEMORANDUM FOR: Robert B. A. Licciardo, Reactor Engineer (Nuclear)
Plant Systems Branch
Division of Systems Technology

FROM: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

SUBJECT: DIFFERINGPROFES$10NALVIEW(DPV)

References: 1. Memorandum, Licciardo to Murley, dtd May 11, 1989
2. Memorandum Murley to Miraglia, et al dtd May 26, 1989
3. MemorandumandReportfromDPVStandIngReviewPanelto

Murley dtd August 31, 1989
:

On May 11,1989 (Reference 1), you sent me a Differing Professional View
| regardingcontainmentisolationvalves(42"purgesupplyandexhaustvalves)
i at Zion. Pursuant to NRC Manual Chapter 4126, and NRR Office Letter No. 300,

I established a Panel to review your Differin (I Professional View and make -

recommendations to me regarding appropriate d1sposition of your concerns !

(Reference 2).
I

I have reviewed the Panel's report and have discussed these issues with you in
a meeting in av office on September 8,1989. Based on ny review of the Panel's
report and on our discussions, I have concluded that the following actions
should be taken:

1. The staff should issue its evaluation of the proposed Zion Technical
Specifications. (Action--Projects A/D for Region III & V Reactors)

2. The staff should ensure that pressure and temperature effects during a
LOCA are considered in the review of new and advanced fuel designs.
(Action--Reactor Systems Branch)

3. The staff should revise the Standard Review Plan to clarify the relation-
ship between DNBR and fuel failure. Such clarifications may be made
during the normal SRP update process. (Action--InspectionandLicensing
ProgramBranch)

.f -i

Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

Enclosure: Memorandum and Report
from Panel dtd 8/31/89

cc: F. Miraglia
F. Gillespie
J. Partlow

M df 5 N -f',

I
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August 31, 1989

MEMORANDUM FOR: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

FROM: DPV Standing Review Panel

SUBJECT: DIFFERINGPROFESSIONALVIEW(DPV)CONCERNINGZIONBY
ROBERT LICCIARDO

The subject DPV was submitted to you on May 11,1989(Enclosure 1). The OPV
was handled in accordance with NRR Office Letter No. 300, Revision 1. and NRC

,

Manual Chapter 4125. On May 26, 1989, the Standing Review Panel of Frank J. j
Miraglia, C. E. Rossi and Frank J. Congel was established to review the DPV.

,

,

I This memorandum suisnerizes the activities of the Panel and provides our
recommendation regarding the subject DPV.

On June 12, 1989, the Panel met with Ashok Thadant and J. Wermeil regarding the
subject DPV. ThePanelrequestedthat(1)copiesofallreferencestostaff
criteria in the DPY be provided. (2) the results of an Appendix K LOCA analysis
for Zion be provided, and (3) the staff opinion on the safety significance of
the DPV for Zion, and to other power plants, be provided. Mr. Wermeil responded
tothePanel(Reference 1).

On June 16. 1989, the Panel met with Mr. Licciardo. Mr. Licciardo proviud
the Panel with background material (Reference 2). Based on that meeting, ,

Mr. Licciardo's concern regarding calculation of allowable closure times for
containment purge valves was primarily based on a belief that fuel rods would
rupture early in a LOCA induced accident and that entry into DNBR also occurred
early, and thereby significant fission product inventory would be present in
the containment in less than one second. When these results are coupled with
conservative radiological dose models in the SRP's, large radiological con-
sequences are projected.

'

The Panel requested Mr. Licciardo to provide clarification of his position.
Mr. Licciardo provided a response to the Panel on July 20,1989(Reference 3).

On July 27, 1989 the Panel requested the staff to provide the following
information: (1)thetemperatureandpressureeffectsexperiencedbyfuel
early in a LOCA event, and (2) why entry into DNBR does not result in fuel

i failure. The staff responded on August 11, 1989 (References 4 and 5).
Mr. Licciardo indicated that these References did not appropriately address
his concerns. The Panel requested the staff to re-examine their response.
On August 29,1989 the staff reaffirmed their original views (Reference 6).

& mW l N.h
I
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Thomas E. Murley -2- August 31, 1989 :
!
:

Based upon our review of the subject DPV, and reference material, the Panel :

concludes the following:

1. Test data provide reasonable asst.rance that fuel clad integrity will be I

maintained for more than 7-15 seconds into a LOCA event for current fuel
designs. (Advanced fuel designs may need further evaluation.)

Entry into DNBR is not e (ClarificationintheSRP's would be helpful.)quated to fuel failure.
2.

!

3. The proposed Zion License Amendment on containment purge valve operation |

can be issued based on the staff safety evaluation.

The Panel reconunds that:
,

1. The staff evaluation of the proposed Zion Technical Specifications be
issued.

2. The Reactor Systems Branch be requested to review new and advanced fuel
designs to assure that pressure and temperature effects during a LOCA
are considered. .

3. Revision of the SRP's not be undertaken in view of resource restraints.

In accordance with NRR Office Letter No. 300, Revision 1 copies of the
enclosedlistofmemorandaandreferencesareintheoffIcialOfficefile
being maintained by Chief, Planning, Program and Management Support Branch,
PMAS.

i

The Standing Review Panel is prepared to brief you on the subject matter if you
| desire.
|
|

(

| Frank J. C@el /

.

W
Charles E. Ross1

y
frank JCJ11 rally Jr. 'M

Enclosures:
As stated

cc: R. Licciardo
J. Larkins

|

|
. . . -- . . - . . . - _ _ - . -. _ . _ . _ . .. __ _ _._
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List of References

1. Management Response to Oversight Comittee Regarding DPV of R. Licciardo
dated May 11, 1989.

!

2. Background Information Related to Differing Professional View.

3. Memorandum to F. Miraglia from R. Licciardo dated July 20, 1989 enclosing
"An Evaluation of the Criteria for and the Calculation of Offsite Doses
Deriving from Open Containment Purge Valves During a LOCA at Zion Units 1
and 2." .

|

4. Note to F. Miraglia from A. Thadani dated August 11,1989,subj: "DPV
Concerning Containment 1 solation Valves at Zion."

5. Note to F. Miraglia from A. Thadant dated August 24,1989,subj: 'DPV
Concerning Containment isolation Valves at Zion."

6. Note to F. Miraglia from A. Thadant dated August 29,1989,subj: "DPV
Concerning Containment isolation Valves at Zion."

l
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Management Response to Oversight Committee
Regarding DPV of R. Licciardo dated Nay 11, 1989

1. Provide copies of the references to staff criteria included in the above
DPV. Indicate DEST management view on their applicability to the issue.

T

-Response:

IMr. Licciardo refers to three staff criteria documents as the basis for
his alternative dose calculation with the containment |TheseareSRPSection6.2.4(specificallyBTPCSB6-4)purgevalvesopen., SRP Section 4.2, i

and Regulatory Guide 1.77. These are attached,

s. SRP Section 6.2.4 " Containment Isolation System." BTP CSB 6-4 |

'' Containment Purging During Normai Plant Operations"
1

BTP CSB 6-4 provides the applicable staff guidelines for use of j
the containment vent / purge valves during power operation and ,

'

s >ecifically identifies the need to perform an analysis to ensure
t1at radiological consequences for a loss-of-coolant accident i
occurring tt the time the purge valves are open will t>e within-
10 CFR Par.t 100 limits. Itstates(page6.2.4-15,PositionB.S.a):

"An analysis of the radiological consequences of a loss-of-coolant
!

accident. The analysis should be done for a spectrum of bresk
sizes, and the instrumentation and setpoints that will actuate the

|~ purge valves closed should be identified. 'The source term used in
the radiological calculations should be based on a calculation under|

the terms of Appendix K to determine the extent of fuel failure and
the concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing iodine spike should,

'

be considered in determining primary coolant activity. The volume
|: of containment in which fusion products are mixed should be
. justified, and the fissien products from the above sources should!

be assumed to be released through the open purge valves during the
maximum interval required fc- valve closure. The radiological
c~ sequences should be within 10 CFR'Part 100 guideline values."

in als DPV, Mr..Licciardo refers only to the third sentence in the
above paragraph. He does not employ the above guidance fully which
indicates consideration of a pre-existing iodine spike. Instantaneous'

release of fission products from projected failed fuel ignores that
transport that must take place, i.e., release from fuel into the
primry system, release to the containment, and subsequent release
from the containment. The use of the spiked coolant activity
specified by the SRP 6.4 BTP was intended to bound the maximum
activity that could exist in the coolant at the onset of the LOCA.
As an siternative, Mr. Licciardo refers to SRP Section 4.2 and

1 Regulatory Guide 1.77.

b. SRP Section 4.2 " Fuel System Design"

SRP Section 4.2 provides the staff guidelines for analyses to ensure
acceptable fuel performance (limited damage, maintaining coolability,
and ensuring control rod insertion). It applies to normal operation,
anticipated operational occurrences and postulated accidents. It

does not, however, apply to the design basis LOCA. 10 CFR 50.46

- - - ._ -- -_ ____ _________ _ ___ _ _| _
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criteria are employed when evaluating fuel performance following a .

LOCA. The indicated use in the DPV is "SRP 4.2 identifies fuel
failure with infringement of DNBR criteria, with related requirement
that gap activity be considered as part of the source term...." By

satisfying the requirements of 10 CFR 50.46, Zion assures negligible
fuel damage pm GDC 35 for a LOCA.

c. Regulatory Guide 1.77. 'Assemptions Used for Evaluating a
control Rod Ejection Accident for Pressurtred Water Reactors"

RG 1.77 identifies accepteble analytical methods and assumptions
that may be used in evasutting the consequences of a rod ejection
accident in a PWR. T 4 assumptions were not intended to be used
for a LOCA evaluation. The DPV refers to the guidance in Appendix B
of Regulatory Guide 1.77, " Radiological Assumptions," which statesthat the amount of activity accumulated in the fuel clad gap should
be assumed to be 10% of the iodines and 10% of the noble gases
accumulated..." For the rod ejection accident, limited, localized,
DNB caused, fuel f ailure is assumed (typically 10% of fuel pins)
and the source term as specified in Appendix B is assumed to be
instantaneously dumped and uniformly' mixed into the primary coolant.
The rod ejection accident results in releases to the environment
through two paths: leakage from the primary vessel to the containment
and subsequent leakage from the containment, and second, through
primary-to secondary leakage in the steam generators. While the rod
ejection transient itself is rapid (within 2 seconds) releases of
fission products through these two paths is assumed to occur over a
period of several hours and the rod ejection accident assumptions
are intended to bound the expected rod ejection doses. Because of .

the assumed accident duration for the rod ejection accident is
several hours, the assumptions used in the evaluation of the rod
ejection accident obviously ignore any transport time for fission
products. This is not the case for the purge contribution
to the LOCA dose. The timing of the valve closure (15 seconds or

less) is very)important to limiting the releases and, as stated initem a (above , a pre-existing iodine spike (one which was the
result of fission product activity existing in the fuel at the time
of the LOCA and not the result of subsequent LOCA fuel failures) was
used to bound the expected dose consequences.

2. Provide the results of an Appendix K LOCA analysis which indicates when
the onset of fuel failure occurs.

Response:

Attachment 1 is a copy of the ECCS Analysis for Zion from the updated
FSAR. It gives the results of the LOCA analysis (per 10 CFR 50.46 and
Appendix K) for a spectrum of breaks. Note that in no case does fuel
failure " hot rod burst" occur before 34.8 seconds.

.

' ' ' ' -- -
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3. What is the staff opinion on the safety significance of this issue for
Zion and generically.

Response:

a. The safety significance of_ this issue for Zion specifically is as -

follows:

1) By imposition of more restrictive technical specification-
surveillance requirements for the purge valve closure time from
60 seconds to 7 seconds, potential radiological releases are
reduced. While there is some probability of failure of the
redundant valves in series to close, the staff views it to be
sufficiently unlikely, concurrent with a LOCA to require
continuous purge valve closure at power. In spite of this,
some restrictions are imposed on the allowable hours of purge
valve operation.

2) As indicated in the staff guidance, use of the purge valves
is intended to be minimized, however, purging is necessary
for relief of containment pressure due to air leakage from

,

- pneumatic controllers, and reducing airborne activity levels
to facilitate containment access. The detrimental effects
that these problems could have on equipment operability
(e.g., ability to do maintenance while at power) is outweighed
by the negligible decrease in offsite release probability
resulting from continuous purge valve closure. ,

u

l
, 3) 'The DPV unreasonably assumes instantaneous (within i second)
! fuel failure and transport of the resulting gap activity to

the site boundary before the 7 second purge valve closure time.
The LOCA analysis (Attachment 1) indicates that the purge

| valves would be closed long before fuel failure would occur
L (approximately 34 seconds). Additional time is needed to
,

transport the release to the purge line opening.

l The staff concludes, therefore, that the concerns in the DFV are not

|
safety significant and do not justify a change in staff position.

b. The generic safety significance of this issue is similar to
the above discussion for Zion. While there are plant. specific
differi ces in purge valve closure time and time to fuel failure
following a LOCA, the staff believes significant margin exists andL

( the probability of an unacceptable release is very small.

|~
|
|
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MCLG Ca = 0.6 MCLG Ca = 0.8 * MCLE Ce = 9.4
MCLG Ca = 0.4 h'

! 0.0 0.0 0.0 4i..

t

5tsrt 0.0
, '

Rn Trip Signal 0.147 0.737 0.732 0.737

S.I. $1gnal 1.09 1.52 1.34 1.52 [
'

b Ia

1

Accamelaterinjection 20.10 15.00 12.00 15.00 O ,

&.

pump injection 26.99
~ 26.52 26.34 26.52 .t, ,

i

End of Biewdown 38.99 30.14 30.86 30.14 b' ,

tad cf typass 30.99 30.14 30.96 30.14

Sottom of Core Recovery 53.75 43.34 45.17 43.34 9 --
%

Accumulators tapty 66.67 60.37 58.90 60.33 ,

B i
~>
> t

,

Note: All times in seconds
k !

j-.

With Replacement Reactor Containment Fan Coolers as installed 1995* s

c a
,

- ~
h !

.

y,>
i

l
..

]

i

'

'

<w
>
D

nevision i
0411T .

June 26, 1996 |
0189A |

:
_

. . . . _ _ _ . . . - .. -. . ._ .



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . -- - _ _ - - _ _ - _ - . _ _ _ - _ _ - _ _ _ _

~

2 -

*
'

_

~~
saett se.s.r-r

-t

Lanst entan atsetts - isos aantvsts - esins nostrate isei noott lentei sant) i

KCLs t. e.4 stcts c. - e.6 stete c. - e.s * stets c. - e.s

Results. 2159198320161995Peak Clad Yesperature (*F) 6.95.5
' 6.0 6.0

Peek Ciad Temp. Elevatten (ft.) 6.94 |4.065
4.584 4.1e2'

Men local tr # ,0 Reaction (5) 6.05.56.0 -

6.0Men Local IrM ,0 Run Elevatten (ft.)
4.3 4.3 |

4.34.3. Total tr/n,0 Reaction (5) 6.0,

6.0 5.5
6.0

Wet Red 9 erst Elevetten (ft.) 34.8
35.2 34.8 ,

42.8
Not Red 9 erst Time (sec.)

1

Inputs !

I

= 3250 left
WS$$ Power - 1925 of

t= 15.575 tw/f t.
Peak Linear Power - 1925 of i

= 2.32Local Peaking Facter (at licensed rating) !

= 900 ft*/ tank iiccumulater Water Volume
= 105 (uniform) i;

Steam Generator Tube F1 egging Level
I

With replacement WCFC and corrected*
data transfer methodelegy between W KFLOOD and BART %. ,

!

'l

Values for KCLG Cg = .4 and .8 reflect original KFC
3 = .6 case reanalyzed with new RCFC because this represents the limiting case

:Note:
KCLGC

!

Revisten 1
June 26, 1996
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TABLE 14.3.2-4

$NALL GREAK RESULT 5 - 1984 ANALYS15 - 6' SREAK CASE

i
'

nulin
*

rest Clad Teneerature -- 1741 *F /
' Peak Clad Temp. Elevation 10.75 ft.=

1.455ass Local tr/M,0 Reaction =
,

E ass Local Zr/H,0 Run Elevation 11.00 ft.=

Total Ir/H,0 Reaction = <0.3 l

11.00 f t.met Rod turst Elevation =

313.59 sec. .|not Rod turst Time =
'

1
,

.

IBRILh

3390 MWt jCore Power - 1025 of E50R =

See F19ure 14.3.2-7peak Linear Power - 102% of =

:

. )j Accumulator hinter Volume ' 900 ft'.=
i

~l

-!

! !

|
|, *a

|-

; :. ..

I

k

1

j&
|
1

' '
04111 Revision 1
0189A June 26, 1986
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NUREG 0000
(Formerly NUREG 75/08M-

.

$_ U.S. NUCLEAR REGULATORY COMMISSIONSTANDARD REVIEW PLAN
A

i-

OFFICE OF NUCLEAR REACTOR REGULATIONk ..v /
...

l

6.2.4 CONTAINMENT ISOLATION SYSTEM i

l

REVIEW RESPONSIBILITIES
]

!

Primary - Containment Systems Branch (CS8)

|Secondary - None

1. AREAS OF REVIEW

The design' objective of the' containment isolation system is to allow the normal
or emergency passage of fluids through the containesnt boundary while preserving
the ability of the boundary to prevent or limit the escape of fission products
that may result from postulated accidents. This SRP section, therefore, is con-

f-

corned with the isolation of fluid systems which penetrate. the containment bounda'ry,
including the design and testing requirements for isolation barriers and actuators.
Isolation barriers include valves, closed piping systems, and blind flanges.L

The CS8 review of the applicant's safety analysis report (SAR) regarding contain-
ment isolation provisions covers the following aspects: ,

1. The design of containment isolation pro'visfor.s, including:

The number and location of isolation valves, i.e., the isolation valve
arrangements and the physical location of isolation valves with respect-

a .-

to the containment.

The actuation and control features ,for isolation valves.b.

Thepositjonsofisolationvalvesfornormalplantoperatingc'onditions
(including shutdown) postaccident conditions, and in the event of valve

c.

operator power failures.

d. The valve actuation signals.
. ,

The basis for selection of closure times of isolation valves.
,

e.

f. The mechanical redundancy of isolation devices;
.

g
'
,

Rev. 2 - July 1981
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g. The acceptability of closed piping systems inside containment as
isolation barriers,

2. The protection provided for containment isolation provisions against loss
of function of missiles, pipe whip, and earthquakes.'

3. The environmental conditions inside and outside the containment that were
considered in the design of isolation barriers.

4< The design criteria applied t.o isolation barriers and piping.

5. The provisions for detecting a possible.need to isolate remote-manual-
centro 11ed systems, such as engineered' safety features systems.

, -

'

6. The design provisions for and technical specifications pertaining to
operability and leakage rate testing of the isolation barriers.

,

'

|
7. The calculation of containment atmosphere released prior to isolation valve

closure for lines that provide a direct path to the environs.

CSB will coordinate other branch evaluations that interface with the overall
review of the containment isolation system, as follows: The Mechanical
Engineering Branch (MEB) will review the system seismic design and quality
group classification as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2, respectively.- The Structural Engineering Branch
(SEB) and the MEB will review the mechanical and structural design of the con-
tainment isolation system as part of their primary review responsibilities for
SRP Sections 3.8 and 3.9, respectively, to ensure adequate protection against e
a breach of integrity, missiles, pipe whip, jet impingement and earthquakes. )
The Instrumentation and Control Systems Branch (ICSB), as part of its primary v

,

responsibility for SRP Section 7.5, will evaluate the actuation and control
features for isolation valves. The Equipment Qualification Branch (EQB), as
part of its primary review responsibility for SRP Sections 3.10 and 3.11, will
ovaluate the qualification test program for electric valve operators, and sens-
ing and actuation instrumentation of the plant protection system located both
inside and outside of containment; and the operability assurance program for
containment isolation valves. The Accident Evaluation Branch (AEB), as part -

of its primary review responsibility for SRP Section 15.6.5, will review the
radiological dose consequence analysis for the release of containment atmo-
sphere prior to closure of containment isolation valves in' lines that provide
a direct path to the environs. The Reactor Systems Branch (RSB), as part of
its primary review responsibilities for SRP Section 15.6.5, will review the
closure time for containment isolation valves in lines that provide a direct
path to the environs, with respect to the prediction of onset of accident-induced
fuel failure. The review of proposed technical specifications, at the operating
license stage of review, pertaining to operability and leakage rate testing of

, the isolation barriers, and the closure time for containment isolation valves,
is performed by the Licensing Guidance Branch (LG8), as part of its primary
review responsibility for SRP Section 16.0.

For those areas of review identified,above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

.
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II. ACCEPTANCE CRITERIA

The CS8 will accept the containment isolation system design if the relevant
requirements of General Design Criteria 1, 2, 4, 16, 54, 55, 56, and 57 and
Appendix K to 10 CFR Part 50 are met. The relevant requirements are as follows:

1. General Design Criteria 1, 2, and 4 as they relate to systems important
to safety being designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be

performed;(systems being designed to withstand the effects of naturale.g., earthquakes) without loss of capability to perfore theirphenomena
safety functions; and systems being designed to accommodate postulated

|environmental conditions and protected against dynamic effects (e.g.,
missiles, pipe whip, and jet impingement), respectively.

2. General Design Criterlod 16 as it relates to a system, in concert with
the reactor containment, being provided to establish an essentially leak
tight barrier against the uncontrolled release of radioactivity to the !

environment. |

i 3. General Design Criterion 54, as it relates to piping systems penetrating ;

the containment being provided with leak detection, isolation, and contain-
ment capabilities having redundant and reliable perfomance capabilities,t

and as it relates to design provision incorporated to permit periodic oper-
ability testing of the containment isolation system, and leak rate testing(

of isolation valves.

4. General Design Criteria 55 and 56 as it relates to lines that penetrate
the primary containment boundary and either are part of the reactor,

coolant pressure boundary or connect directly to the containment atmo-
sphere being provided with isolation valves as follows:

a. One locked closed isolation valve 2 inside and one locked closed,

isolation valve outside containment; or!

b. One automatic isolation valve inside and one locked closed isolation
valve outside containment; or "

,

One locked closed isolation valve inside and one automatic isolationc.
valve 8 outside containment; or

8
d. One automatic isolation valve inside and one automatic isolation valve

outside containment.

5. General Design Criterion 57 as it relates to lines that penetrate the primary
containment boundary and are neither part of the reactor coolant pressure
boundary nor connected directly to the containment atmosphere being provided
with at least one locked closed, remote-manual, or automatic isolation
valves outside containment.

~
3 Locked closed. isolation valves are defined as sealed closed barriers (see Item
II.3.f).

8A simple check valve is not nomally an acceptable automatic isolation valve\
for this application.

6.2.4-3 Rev. 2 - July 1981
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- 6. Appendix K to 10 CFR Part 50 as it relates to the determination of the
extent of fuel failure (source ters) used in the radiological calculations.

'

The General Design Criteria identified above established requirements for the
design,-testing, and functional performance of isolation barriers in lines

. penetrating the primary containment boundary and, in general, required that
two isolation in series be used to assure that the isolation function is main-
tained assuming any single active failure in the containment isolation provisiens.
However, containment isolation provisions that differ from the explicit require-
ments of General Design Criteria 55 and 56 are acceptable if the basis for the
differenceisjustified.

Specific criteria necessary to meet the relevant requirements of the regulations
identified above and guidelines for acceptable alternate containment isolation
provisions for certain classes of lines are as follows:

Regulatory Guide 1.11 des'cribes acceptable containment isolation provisions 1
. a. '

L for instrument lines. In addition, instrument lines that are closed both
inside and outside containment, are designed to withstand the pressure l

and temperature conditions following a loss-of-coolant accident, and are |
designed to withstand dynamic effects, are acceptable without isolation j

valves. ;
.

b. Containment isolation provisions for lines in ' engineered safety feature :

or engineered safety feature-related systems may include remote-manual
valves, but provisions should be made to detect possible leakage from these
lines outside containment. ~

5Containment isolation provisions for lines in systems needed for safe 'jc.
shutdown of the plant (e.g., liquid poison system, reactor core isolation
cooling system, and isolation condenser system) may include remote-manual
valves, but provisions should be made to detect possible leakage from these
lines outside containment,

d. Containment isolation provisions for lines in the systems identified in
items b and c normally consist of one isolation valve inside, and one :

isolation valve outside containment. If it is not practical to locate a
valve inside containment (for example, the valve may be under water as a
result of an accident), both valves may be located outside containment.
Tor this type of isolation valve arrangement, the valve nearest the con-
tainment and the pip ng between the containment and the valve should be
enclosed in a leak-t ght or controlled leakage housing. If, in lieu of a :

housing, conservative design of the piping and valve is assumed to preclude
'

a breach of piping integrity, the design should conform to the requirements
Design of the valve and/or the piping compartmentof SRP Section 3.6.2.

should provide the capability to detect leakage from the valve shaft and/or
;

i bonnet seals and terminate the leakage.

Containment isolation provisions for lines in engineered safety featuree.
or engineered safety feature-related systems normally consist of two

I
isolation valves in series. A single isolation valve will be acceptableu

if it can be shown that the system reliability is greater with only one
| isolation valve in the line, the system is closed outside containment,'

and a single active failure can be accommodated with only one isolation i
| valve in the line. The closed system outside containment should be protected'

from missiles, designed to seismic Category I standards, classified Safety

'
l
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Class 2 (Ref. 9), and should have a design temperature and pressure rating
at least equal to that for the containment. The closed system outside

unless it can be shown that the system' containment should be leak tested
integrityisbeingmaintaineddurIngnormalplantoperations. For thish s
type of isolation valve arrangement the valve is located outside contain-
ment, and the piping between the containment and the valve should be
enclosed in a leak tight or controlled leakage housing. If, in lieu of a

*

housing, conservative design of the piping and valve is assumed to preclude
a breach of piping integrity, the design should conform to the require-
ments of SRP Section 3.6.2. Design of the valve and/or the piping compartment
should provide the capability to detect leakage from the valve shaft and/or
bonnet seals and teminate the leakage,

f. Sealed closed barriers may be used in place of automatic isolation valves.
Sealed closed barriers include blind flanges and sealed closed isolation
valves which may be closed manual valves, closed remote-manual valves,
and closed automatic valves which remain closed after a loss-of-coolant
accident. Sealed closed isolation valves should be under administrative
control to assure that they cannot be inadvertently opened. Administra-
tive control includes mechanical devices to seal or lock the valve closed,
or to prevent power from being supplied to the valve operator.

Relief valves"may be used as isolation valves provided the relief setpointg.
is greater than 1.5 times the containment design pressure,

h. Item II.E.4.2 of NUREG-0737 and NUREG-0718 requires that' systems penetrat-
ing the conteinment be classified as either essential or nonessential.
Regulatory Guide 1.141 will contain guidance on the classification of

C. essential and nonessential systems. Essential systems, such as those des-
cribed in items b and c, may include remote-menual containment isolation
valves, but provisions should be made to detect possible leakage from the
lines outside containment. Item II.E.4.2 of NUREG-0737 and NUREG-0718

;

'

also requires that nonessential systems be automatically isolated by the
containment isolation' signal.

)
Isolation valves outside contaiment should be located as close to the con-1.
tainment as practical, as required by General Design Criteria'55, 5,6, and j

57. .

In meeting the requirements of General Design Criteria 55 and 56, uponJ. loss of actuating power, automatic isolation valves should take the posi-,

The position of an isolation valvetion that provides greater safety.
for nomal and shutdown plant operating conditions and postaccident condi-
tions, depends on the fluid system function. If a fluid system does not
have a postaccident function, the isolation valves in the Ifnes should be
automatically closed. For engineered safety features or. engineered safety

s. . feature-related systems, isolation valves in the lines may remain open or/ The position of an isolation valve in the event of powerbe opened. Normallyfailure to the valve operator should be the " safe" position.
this position would be the postaccident valve position. For lines
equipped with noter-operated valves, a loss of actuating power will leave
the affected valve in the "as is" position, which may be the open position;
however, redundant isolation barriers assure that the isolation function
for the line is satisfied. All power operated isolation valves should'

I have position indication in the main control room.

6.2.4.5 Rev. 2 - July 1981
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k. To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, Item II.E.4.2 of NUREG-0737 and NUREG-0718
requires that the containment setpoint pressure that initiates containment /
isolation for nonessential penetrations be reduced to the mittimum value
compatible with normal operating conditions. )

1. There should be diversity in the parameters sensed for the initiation of |
containment isolation to satisfy the requirement of General Design Cri- i

'

terion 54 for reliable isolation capability. |

m. To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, system lines which provide an open path
from the containment to the environs (e.g., purge and vent lines which
are addressed in Item II.E.4.2 of NUREG-0737 and NUREG-0718) should be
equipped with radiation monitors that are capable of isolating these
lines upon a high radiation signal. A high radiation signal should not
be considered one of the diverse containment isolation parameters.

n. In meetin'g the requirements of General Design Criterion 54 the performance
capability of the isolation function should reflect the importance to
safety of isolating system lines. Consequently, containment isolation'

valve closure tiras should be selected to assure rapid isolation of the
containment following postulated accidents. The valve closure time is
the time it takes for a power operated valve to be in the fully closed ,

position after the actuator power has reached the operator assembly; it
does not include the time to reach actuation signal setpoints or instru-
ment delay times, which should be considered in determining the overall

etime to close a valve. System design capabilities should be considered
in establishing valve closure times. For lines which provide an open path )
from the contaisent to the environs; e.g., the containment purge and vent -

lines, isolation valve closure times on the order of 5 seconds or less -

may be necessary. The closure times of these valves should be established
on the basis of minimizing the release of containment atmosphere to the
environs, to mitigate the offsite radiological consequences, and assure
that emergency core cooling system (ECCS) effectiveness is not degraded

Iby a reduction in the containment backpressure. Analyses of the radio-
logical consequences and the effect on the c6ntainment-backpressure due-
to the release of containment atmosphere should be provided to justify
the selected valve closure time. Additional guidance on the design and
use of containment purge systems which may be used during the normal plant ,

operating modes (i.e., startup, power operation, hot standby and hot shut-
down) is provided in Branch Technical Position CSB 6-4 (Ref. 13). For
plants under review for operating licenses or plants for which the Safety
Evaluation Report for construction permit application was issued prior to
July 1,1975, the methods described in Section B, Items B.1.a. b, d, e,
g, f, and g, 8.2 through B.4, and 8.5.b, c and d of Branch Technical Posi-

I tion CSB 6-4 should be implemented. For these plants, BTP Items B.I.c
and B.S.a, regarding the size of the purge system used during normal plant
operation and the justification by acceptable dose consequence. analysis,
may be waived if the applicant commits to limit the use of the purge sys-
tea to less than 90 hours per year while the plant is in the startup, power,
hot standby and hot shutdown modes of operations. This commitment should

*be incorporated into the Technical Specifications used in the operation
of the plant.
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Item II.E.4.2 of NUREG-0737 and NUREG-0718 requires that containment purge
valves that do not satisfy the operability criteria set forth in Branch
Technical Position CSB 6 4 or the Staff Interim Position of October 23

s. 1979 must be sealed closed as defined in SRP Section 6.2.4, Item II.3.f
during operational conditions 1, 2, 3 and 4. Furthermore, these valves ,

must be verified to be closed at least every 31 days. (A copy of the
Staff Interin Position appears as Attachment 1 to Item II.E.4.2 in
NUREG-0737.) ,

The use of a closed system inside containment as one of the isolationo.
barriers will be acceptable if the design of the closed system satisfies
the following requirements:

1. Tha system does not communicate with either the reactor coolant sys-
tem or the containment atmosphere.

2. The system is protected against missiles and pipe whip.
.

3. The system is designated seismic Category I.

I 4. The system is classified Safety Class 2 (Ref. 12).

5. Thesystemisdesignedtowithstandte'aperaturesatleastequalto
the containment design temperature.

6. The system is designed to withstand the external pressure from the
containment structure acceptance test.

.

; 7. The system is designed to withstand the loss-of-coolant accident tran-
sient and environment.

Insofar as CSB is concerned with the structural design of containment inter-
the protection of isolation barriert

nel structures and piping systems,iles, pipe whip, and earthquakes willagainst loss of function from miss
be acceptable if isolation barrierr, are located behind missiles barriers,
pipe whip was considered in the design of pipe restraints and the loca-
tion of piping penetrating the containment; and the isolation barriers,
including the piping between isolation valves, are designated seismic Cate-
gory I, i.e., designed to withstand the effects of the safe shutdown
earthquake, as recommended by Regulatory Guide 1.29.

In meeting the requirements of General Design Criteria 1, 2, 4 and 54,p.
appropriate reliability and perfomance considerations should be included
in the design of isolation barriers to reflect the importance to safety
of assuring their integrity; i.e. , containment capability, under accident
conditions. The design criteria applied to components performing a contain-
ment isolation function, including the isolation barriers and the piping,

between them, or the piping between the containment and the outermost
isolation barrier, are acceptable if:

1. Group B quality standards, as defined in Regulatory Guide 1.26 are
applied to the components, unless the service function dictates that
Group A quality standards be applied.

,,

( 2. The components are designated seismic Category I, in accordance with
Regulatory Guide 1.29.

6.2.4-7 Rev. 2 - July 1981
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General Design Criterion 54 requires reliable isolation capability. There-
q.

fore, when considering remote manual isolation valves, the design of the
>

containment isolation system is acceptable if provisions are made to allow
/

the operator in the main control room to know when to isciate fluid systemsSuch provisionsthat are equipped with remote mar.ual isolation valves.
may include instruments to measure flow rate, sump water level, tempera-
ture, pressure, and radiation level.

'

General Design Criterion 54 specifies the requirements for the containmentr.
isolation system. Therefore, to satisfy General Design Criterion 54, pro-
visions should be made in the design of the containment isolation system
for operability testing of the containment isolation valves and leakage
rate testing of the isolation barriefs. The isolation valve testing pro- '

gram should be consistent with that proposed for other engineered safety
features. The acceptance criteria for the leakage rate testing program
for containment isolation barriers are presented in SRP Section 6.2.6.

General Design Criterion 54 requires reliable isolation capability. Tos.
satisfy this requirement, provisions should be made in the design of the
containment isolation system to reduce the possibility of isolation valves
reopening inadvertently following isolation. In this regard, Item II.E.4.2
of NUREG-0737 and NUREG-0718 requires that the design of the control systems
for automatic containment isolation valves'be such that resetting the isola-
tion signal will not result in the automatic reopening of containment
isolation valves. Reopening of containment isolation valves should require
deliberate operator action. In addition, ganged reopening of containment
isolation valves is not acceptable. Reopening of isolation valves must
be performed on a valve-by-valve basis, or on a line-by-line basis r')pro-
vided that electrical independence and other single-failure criterion
continue to be satisfied.

-

,

A&inistrative provisions to close all isolation valves manually before
e

resetting the isolation signals is not an acceptable method of meeting
this design requirement.L

III. REVIEW PRDCEDURES ,

The procedures described below provide guidance on review of the containeerit
The reviewer selects and emphasizes material from the reviewisolation system. Portions of the reviewprocedures as may be appropriate for a particular case.

may be done on a generic basis for aspects of containment isolation common to
a class of containments, or by adopting the results of previous reviews of
plants with essentially the same con'tainment isolation provisions.

Upon request from the primary reviewer, other review branches will provide The
input for the areas of review stated in subsection I of this SRP section.

)- primary reviewer obtains and uses such input as required to assure that this
review procedure is complete.

The CSB determines the acceptability of the containment isolation system by
comparing the system design criteria to the design requirements for an engi-

The quality standards and the seismic designneered safety feature.
classification of the containment isolation provisions including the pipingL

penetrating the containment, are compared to Regulatory Guides 1.26 and 1.29,
, respectively.'
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The CSB also ascertains that no single fault can prevent isolation of the con-
This is accomplished by reviewing the containment isolation provisionsteinment.

for each line penetrating the containment to determine that two isolation bar-
riers in series are provided, and in conjunction with the PSB by reviewing the,

A
power sources to the valve operators.

| The CSB reviews the information in the SAR justifying containment isolation
provisions which differ from the explicit requirements of General Design!

Criteria 55, 56, and 57. The CSB judges the acceptability of these contain-
| ment isolation provisions based on a comparison with the acceptance criteria'

given in subsection II of this SRP section,

The CSB reviews the position of isolation valves for normal and shutdown plant

|
operating conditions, postaccident conditions, and valve operator power failure

r

conditions as listed in the SAR. The position of an isolation valve for each
.of the above conditions depends on the system function. In general, power-;

'

operated valves in fluid systems which do not have a postaccident safety
function (nonessential systems, as defined in Regulatory Guide 1.141) should ||

'

In the event of power failure to a valve operator, theclose automatically.
valve position should be the position of greater safety, which is normally the:

j postaccident position.. However, special cases may arise and these will be
considered on an individual basis in detemining the acceptability of the pre-
scribed valve positions. The CSB also ascertains from the SAR that all
power-operated isolation valves have position indication capability in the main
control room.

The CSB reviews the signals obtained from the plant protection system to initiate
In general there should be a diversity of parameterscontainment isolation.(~S sensed;e.g.,abnormalconditionsInthereactorcoolantsystem,thesecondary*

coolant system, and the containment, which generate containment isolation sig-(
Since plant designs differ in this regard and many different combinationsnals.

of signals from the plant protection system are used to initiate containment
isolatien, the CSB considers the arrangement proposed on an individual basis
in determining the overall acceptability of the containment isolation signals.
The CSB will use the guidance presented in Item II.E.4.2 of NUREG-0737 for its
review of the containment setpoint pressure that initiates containment isolation
for nonessential penetrations. This pressure *'setpoint should be the minimum
value that is compatible with normal operating conditions.

The CSB reviews isolation valve closure times. In general, valve closure times
should be less than one minute, regardless of valve size. (See the acceptance

criteria for valve closure times in subsection II of this SRP section.) Valves
in lines that provide a direct path to the environs, e.g., the containment purge
and ventilation system lines and main steam lines for direct cycle plants, may
have to close in times much shorter than one minute. Closure times for these
valves may be dictated by radiological dose analyses or ECCS performance con-
siderations. The CSB will request the AEB or RSB to review analyses justifying;

valve closure times for these valves as necessary.

The CSB determines the acceptability. of the use of closed systems inside contain-
ment as isolation barriers by comparing the system designs to the acceptance
criteria specified in subsection II of this SRP section.

The MEB and SEB have review responsibility for the structural design of the
,

( containment internal structures and piping systems, including restraints, to
assure that the containment isolation provisions are adequately protected

'
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against missiles, pipe whip, and earthquakes. The CSB determines that for all I
Icontainment isolation provisions, missile protection and protection against

(' loss of function from pipe whip and earthquakes were design considerations. '

/
L The CSB reviews the system drawings (which should show the locations of mis-

sile barriers relative to the containment isolation provisions) to determine
,' that the isolation provisions are protected from missiles. The CSB also

reviews the design criteria applied to the containment isolation provisions to'

determine that protection against dynamic effects, such as pipe whip and earth-
quakes, was considered in the design. The CSB will request the MEB to review
the design adequacy of piping and valves for which conservative design is
assumed to preclude possible breach of systel integrity in lieu of providing a
leak tight housing.

Systems having a postaccident safety functior. (essential systems, as defined
in Regulatory Guide 1.141) may have remote-ranual isolation valves in the
lines penetrating the containment. The CSP reviews the provisions made to
detect leakage from these lines outside coitainment and to allow the operator
in the main control room to isolate the system train should leakage occur.
Leakage detection provisions may include instrumentation for measuring system
flow rates, or the pressure, temperature, radiation, or water level in areas
outside the containment such as valve rooms or engineered safeguards areas.
The CSB bases its acceptance of the leakage detection provisions described in
the SAR on the capability to detect leakage and identify the lines that should
be isolated.

The CSB determines that the containment isolation provisions are designed to
allow the isolation barriers to be individually leak tested. This information
should be tabulated in the safety analysis report to facilitate the CSB review. .e

)
The CSB detemines from the descriptive information in the SAR that provisions
have been made in the design of the containment isolation system to allow perio-
dic operability testing of the power-operated isolation valves and the containment
isolation system._ At the operating license stage of review, the CSB determines
that the content and intent of proposed technical specifications pertaining to
operability and leak testing of containmer.t isolation equipment is in agree-
ment with requirements developed by the staff. ,,

~

The CSB verifies that the design of the control system for automatic contain -
ment isolation valves is such that resetting the isolation signal will not
result in the automatic reopening of containment isolation valves, and that
ganged reopening of. isolation valves is not possible.

IV. EVALUATION FINDINGS ,

The information provided and the CSB review should support concluding state-
.

ments similar to the following, to be included in the staff's safety evaluation
report:-

The staff concludes that the containment functional design is accept-
able and meets the requirements of General Design Criteria 1, 2, 4,
16, 54, 55, 56, and 57 and Appendix K to 10 CFR Part 50. The con *
clusion is based on the following: (The reviewer should discuss each
item of the regulations or related set of regulations as indicated.)

1. The applicant has met the requirements of (cite regulation) with
respect te (state limits of review in relation to regulation)

6.2.4-10 Rev. 2 - July 1981
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by (for each item that is applicable to the review state how it
was met and why acceptable with respect to the regulation being

' discussed):-

''
a. meeting the regulatory positions in NUREG and/or

Regulatory Guide (s) ;

b. providing and meeting an. alternative method to regulatory
positions in Regulatory Guide
reviewed and found to be accepTibTi, that the staff has;

c. meeting the regulatory position in BTP ;

d. using calculational methods for (state what was evaluated)
that have been previously reviewed by the staff and found
acceptable; the staff has ieviewed the impact parameters
in this case and found them to be suitably conservative or

,

performed independent calculations to verify acceptability
of their analysis; and/or'

e. meeting the provisions of (industry standard number and
title) that have been reviewed by the staff and detemined
to be appropriate for this appi11 cation.

2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION

C The following is intended to provide guidance to applicants and licensees
regarding the NRC staff plans for using this SRP section.'

Except-in those cases in which the applicant proposes as acceptable alterna-
tive method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for confomance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs. ~

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 1. " Quality Standards
and Records."

2. 10 CFR Part 50 Appendix A, General Design Criterion 2. " Design Bases for
Protection Aga nst Natural Phenomena."

.
3. 10 CFR Part 50, Appendix A, General Design Criterion 4. " Environmental

and Missile Design Basis."L

| 4. 10 CFR Part 50, Appendix A, General Design Criterion 16 " Containment
Design.",

:
' 5. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Piping Systems-

( Penetrating Containment.",
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10 CFR Part,50, Appendix A General Design Criterion 55, " Reactor Coolant6.
Pressure Boundary Penetrating Containment."

/
7. 10 CFR Part 50, Appendix A General Design Criterion 56, " Primary Contain-

sent Isolation."

10 CFR Part 50, Agpendix A General Design Criterion 57, " Closed System
.

8.
Isolation Valves

Re ulator{ Guide 1.11, " Instrument Lines Penetrating Primary Reactor Con-9.
ta neent

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

11. Regulatory Guide 1.29, " Seismic Design Classification."

12. Regulatory Guide 1.141, " Containment Isolation Provisions for Fluid
-

Systems."
i

13. Branch Technical Position CSB 6-4, " Containment Purging During Normal'

Plant Operation," attached to this SRP section.

14. 10 CFR Part 100, " Reactor Site Criteria." ,

15. 10 CFR Part 50, Appendix K, "ECCS Evaluation Models."
|

16. 'NUREG-0737, " Classifications of TMI Action Plan Requirements." ~}'

'

17. NUREG-0718, " Licensing Requirements for Pending Application for Construc-
tion Permits and Manufacturing License."'

l

.

.

.

I
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Branch Technical Position CSB 6-4

CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS ]|

I A. BACKGROUND I
;

This branch technical position pertains to system lines which can provide an ;

open path from the containment to the environs during normal plant operation; |
e.g. , the lines associated with the containment purge .and vent systems. It i

supplements the position taken in SRP Section 6.2.4. | ,

1

While the containment purge and vent systes.s provide plant operational ,

flexibility, their designs must consider the importance of minimizing the i

release of containment atmosphere to the environs following a postulated i

lost of-coolant accident. Therefore, plant designs must not rely on their use 1

!on a routine basis.
*

,

The need for purging has not always been anticipated in the design of plants,
'

and therefore, design criteria for the containment purge system have not been
fully developed. The purging experience at operating plants varies considerably

l from plant to plant. Some plants do not purge during reactor operation, some
purge intermittent 1,y for short periods and some purge continuously. There is

| similar disparity in the need for, and use of, containment vent systems at ,1

operating plants.

Containment purge systems have been used in a variety of ways; for example,
to alleviate certain operational problems, such as excess air leakage into the
containment from pneumatic controllers, for reducing the airborne activity within
the containment to facilitate personnel eccess during reactor power operation,g

o

and fcr controlling the containment pressure, temperature and relative humidity.'

Containment vent systems are typically used to relieve the initial containment
pressure buildup caused by the heat load imposed on the containment atmosphere
during reactor power ascension, or to periodically relieve the pressure buildup
due to the operation of pneumatic controllers. How6ver, the purge and vent
lines provide an open path from the containent to the environs. Should a LOCA
occur during containment purg ng when the reactor is at power, the calculated
accident doses should be with n 10 CFR Part 100 guidelines values.

,

The sizing of the purge lines in most plants have been based on the need to
control the containment atmosphere during refueling operations. This need has
resulted in very large lines penetrating the containment (about 42 inches in
diameter). Sinco these lines are normally the only ones provided that will

| permit some degree of control over the containment atmosphere to facilitate
personnel access, some plants have used them for containment purging duringi

normal plant operation. Under such conditions, calculated accident doses could
be significant. Therefore, the use of these large containment purge and vent
lines should be restricted to cold shutdown conditions and refueling operations'

and they must be sealed closed in all other operational modes. |

The design and use of the purge and vent lines should be based on the premise
of achieving acceptable calculated offsite radiological consequences and assuring
that emergency core cooling (ECCS) effectiveness is not degraded by a reduction
in the contalment backpressure.

Purge system designs that are acceptable for use on a nonroutine basis during
normal plant operation can be achieved by providing additional purge lines. |
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The size of these lines should be limited such that in the event of a loss-of-
coolant accident, assuming the purge valves are open and subsequently close,
the radiological consequences calculated in accordance with Regulatory Guides p

-1.3 and 1.4 would not exceed the 10 CFR Part 100 guideline values. Also, the
caximum time for valve closure shod d not exceed five seconds to assure that
the purge valves would be closed before the onset of fuel failures following a
LOCA. $1milar concerns apply to vent system designs.

lThe size of the purge lines should be about eight inches in diameter for PWR
plants. This line size may be overly conservative from a radiological viewpoint
for the Mark III BWR plants and the H1GR plants because of containment and/or
core design features. Therefore, larger line sizes may be justified. However,
for any proposed line size, the applicant m'st demonstrate that the radiological -

u
consequences following a loss-of-coolant accident would be within 10 CFR Part 100
guideline values. In summary, the acceptability of a specific line size is a
function of the site meteorology, containment design, and radiological source
term for the reactor type; e.g., BWR, PWR, or HTGR.

B. BRANCH TECHNICAL POSITION
I

The systems used to purge the containment for the reactor operational modes of|

power operation, startup, hot standby and hot shutdown; i.e., the on-line purge
I system, should be independent of the purge system used for the reactor opera-

.tional modes of cold shutdown and refueling.

1.- The on-line purge system should be designed in accordance with the following
criteria: .

General Design Criterion 54 requires that the reliability and perfor- | )a.
mance capabilities of containment isolation valves reflect the impor- -

tance of safety of isolating the systems penetrating the containment
boundary. Therefore, the perfomance and reliability of the purge
system isolation valves should be consistent with the operability
assurance program outlined in Branch Technical Position MEB-2, " Pump
and Valve Operability Assurance Program." (Also see SRP Section 3.10.)
The design basis for the valves and actuators should include the build-
up of containment pressure for the LOCA break spectrum, and the supply
line and exhaust line flows as a function of time up to and during
valve closure.

b. The number of supply and exhaust lines that may be used should be .

limited to one supply line and one exhaust line, to improve the
reliability of the isolation functior,as required by General Design
Criterion 54, and to f acilitate compliance with the requirements of
Appendix K to 10 CFR Part 50 regarding the containment pressure used
in the evaluation of the emergency core cooling system effectiveness
and 10 CFR Part 100 regarding offsite radiological consequences.

The size of the lines should not exceed about eight inches in diameter,c.
unless detailed justification for larger line sizes is provided, iontoimprove the reliability and performance capability of the isolat
and containment functions as required by General Design Criterion 54,
and to facilitate compliance with the requirements of Appendix K to
10 CFR Part 50 regarding the containment pressure used in evaluating
the emergency core cooling system effectiveness and 10 CFR Part 100
regarding the offsite radiologica1 consequences. |
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d. As required by General Design Criterion 54, the containment isolation |

provisions for the purge system lines should meet the standards appro--*

I priatetoengineeredsafetyfeatures{i.e., quality, redundancy, test-
ability and other appropriate criteria, to reflect the importance toN
safety of isolating these lines. General Design Criterion 56 estab-
lishes explicit requirements for isolation barriers in purge system
lines.

To improve the reliability of the isolation function, wh.ich is addressede.
in General Design Criterion 54, instrumentation and control systems
provided to isolate the purge system lines should be independent and *

actuated by diverse parameters; e.g., containment pressure, safety
injection actuation, and containment radiation level, furthermore.-
if energy is required to close the valves, at least two diverse sources
of energy shall be provided, either of which can effect the isolation
function.

f. Purge system isolation valve closure times, including instrumentation-
delays, should not exceed five seconds, to facilitate compliance with
10 CFR Part 100 regarding offsite radiological consequencas.

Provisions should Ls made to ensure that isolation valve closure willg.
not be prevented by debris which could potentially become entrained
in the escaping air and steam.

2. The purge system should not be relied on for temperatare and humidity
control within the containment.

3. Provisions.should be made to minimize the need for purging of the contain-
ment by providing containment atmosphere cleanup systems within the contain-

[
ment.

4, Provistons should be made for testing the availability of the isolation
L function and the leakage rate of the isolation valves during reactor

operation.

.5. The following analyses should be performed to justify the containment
purge system design:

An analysis of the radiological consequences of a loss-of-coolanta.
accident. The analysis should be done for a spectrum of break sizes,
and the instrumentation and setpoints that will actuate the purge
valves closed should be identified. The source term used in the
radiological. calculations should be based on a calculation under the
terms of Appendix K to determine the extent of fuel failure and the-

i concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing iodine spike should
be considered in determining primary coolant activity. The volume
of containment in which fission products are mixed should be justified,
and the fission products from the above sources should be assumed to
be released through the open purge valves during the maximum interval
required for valve closure. The radiological consequeces should be
within 10 CFR Part 100 guideline values.

..

I
\ b. An analysis which demonstrates the acceptability of the provisions

made to protect structures and safety-related equipment; e.g. , fans,
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filters, and ductwork, loccted beyond the purge system isolation
valves against loss of function from the environment created by the
escaping air and steam, j

An analysis of the reduction in the containment pressure resultingc. from the partial loss of containment atmosphere during the accident
for ECCS backpressure determination. ,

The maximum allowable leak rate of the purge isolation valves shouldd.
be specified on a case-by-case basis giving appropriate consideration

,

to valve size, maximum allowable leakage rate for the containment
j (as defined in Appendix J to 10 CFR Part 50), and where appropriate,

the maximum allowable bypass leakage fraction for dual containments

,

'

.

.

i

l

,

.

1

*
.

.-

'

r
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l

- 6.2.4-16 Rev. 2 - July 1981
~ - - - - - - - . - - _ _ . _ _ _

_ _.._ __ j|



________ ____ _ _ .._. _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ . . _ . _ _ _ _ _

....

[
' i+. . . . .

.

NUREG 0000
(Formerly NUMEG 75/057) t

/ ..h U.S. NUCLEAR REGULATORY COMMISSION

T @**( ..v/J STANDARD REVIEW PLAN- 1

OFFICE OF NUCLEAR REACTOR REGULATION ;
...

4

4.2 FUEL SYSTEM DESIGN

REVIEW RESPONSIBILITIES
.

Primary - Core Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

The themal, mechanical, and materials design of the fuel system is evaluated by
CPB. The fuel system consists of arrays (assemblies or bundles) of fuel rods
including fuel pellets, insulator pellets, springs, tubular cladding, and
closures, hydrogen getters, and fill gas; burnable poison rods including com-
ponents similar to those in fuel rods; spacer grids and springs; and plates;In the case of the control rods,. channel boxes; and reactivity control rods.
this section covers the reactivity control elements that extend from the coupling i

interface of the control rod drive mechanism into the core. The Mech 6nical
Engineering Branch reviews the design of control rod drive mechanisms in SRP
Section 3.9.4 and the design of reactor internals in SRP Section-3.9.5;

,
-

The objectives of the fuel system. safety review are to provide assurance that
(a) the fuel systaa is not damaged as a result of normal operation and antic-
ipated operational occurrences, (b) fuel system damage is never so severe as to
prevent control rod insertion when it is required, (c) the number of fuel rod
failures'is not underestimated for postulated accidents, and (d) coolability is

"Not damaged," as used in the above statement, means thatalways maintained.
fuel rods do not fail, that fuel system dimensions remain within operational
tolerances, and that functional capabilities are not reduced below those assumed
in the safety analysis. This objective implements General Design Criterion 10

.

_(Ref. 1), and the design limits that accomplish this are called Specified
Acceptable Fuel Design Limits (SAFDLs). " Fuel rod failure" means t. hat the fuel-'

rod leaks and that the first fission product barrier (the cladding) has,
therefore, been breached. Fuel rod failures must be accounted for in the dose
analysis required by 10 CFR Part 100 (Ref. 2) for postulated accidents. .

"Coolability," in general, means that the fuel assembly retains its rod-bundle
geometry with adequate coolant channels to permit removal of residual heat even
after a severe accident. The general requirements to maintain control rod |
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insertability and cote coolability appear repeatedly _in the General Design
Criteria (e.g., GDC 27 and 35). Specific coolability requirements for the I

lloss-of-coolant accident are given in 10 CFR Part 50, 650.46 (Ref. 3),
/ I

All fuel damage criteria are described in SRP Section 4 2. For those criteria
that involve DNBR or CPR limits,' specific thermal-hydraulic criteria are given
in SRP Section 4.4. The available radioactive fission product inventory in
fuel rods (i.e. , the gap inventory expressed as a release fraction) is provided *

to the Accident Evaluation Branch for use in estimating the radiological j

1consequences of plant releases.

The fuel system review covers the following specific areas.

'A. Desian Bases

Design bases for the safety analysis address fuel system damage mechanisms
and provide limiting values for important parameters such that demage
will be limited to Lcceptable levels. The design bases should reflect |

the safety review objectives as described above.
!

B. Descript,4on and Oesion Drawinas
,

The fuel sytten d'escription and design drawings are reviewed. In general,
the descri,etion will emphasize product specifications rather than process ,

| specifications, j

i C. Desian Evaluation
|

5
| The performance of the fuel system during nomal operation, anticipated ,

'

operational occurrences, and postulated accidents is reviewed to determine '

I

if al) design bases are met. The fuel system components, as listed ,'

above, are reviewed not only as separate components but also as integral
units such as fuel rods and fuel assemblies. The review consists of an

| evaluation of operating experience, direct experimental comparisons,:

l detailed mathematical analyses, and other infomation.

| D. Testina. Inspection, and Surveillance Plans <
,

I Testing and inspection of new fuel is performed by the licensee to ensure
that the fuel is fabricated in accordance with the design and that it i

reaches the plant site and is loaded in the core without damage. On-line
fuel rod failure monitoring and postirradiation surveillance should be
performed to detect anomalies or confirm that the fuel system is performing
as expected; surveillance of control rods containing 8 C should be performed4

to ensure against reactivity loss. The testing, inspection, and surveil-
lance plans along with their reporting provisions are reviewed by CPB to
ensure that the important fuel design considerations have been addressed.

1

II. ACCEPTANCE CRITERIA
1

Specific criteria necessary to meet the requirements of 10 CFR Part 50,$50.46; ,

J

General Design Criteria 10, 27, and 35; Appendix K to 10 CFR Part 50; and
| 10 CFR Part 100 identified in subsection I of this SRP section are as follows: i
,

|

l
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A. Desian Bases

The fuel system design bases must reflect the four objectives described
in subsection.I Areas of Review. To satisfy these objectives, acceptance

( crittria are needed for. fuel system damage, fuel rod failure, and fuel ,
'

coolebility. These criteria are discussed in the following:

1. Fuel System Damage

This subsection applies to normal operation, and the information to i

'

be reviewed should be contained in Section 4.2 of the Safety Analysis
Report.

To meet the requirements of General Design Criterion 10 as it relates
to Specified Acceptable Fuel Design Limits for normal operation,
including anticipated operational occurrences, fuel system damage
criteria should be given for all known damage mechanisms.

Fuel system damage includes fuel rod failure, which is discussed
below in subsection II.A.2. In addition to precluding fuel rod
failure, fuel damage criteria should assure that fuel system dimen-I

sions remain within operational tolerances and that functional
capabilities are not reduced below those assumed in the safety
analysis. Such damage criteria should address the following to be
complete.

(a) Stress, strain, or loading limits for spacer grids, guide
, tubes, thimbles, fuel rods, control rods, channel boxes, and
| other fuel system structural members should be provided.L

, Stress limits that are obtained by methods similar to those*

given in Section III of the ASME Code (Ref. 4) are acceptable.'

Other proposed limits must be justified.

The cumulative number of strain fatigue cycles on the structural(b) '

members mentioned in paragraph (a) above should be significantly
less than the design fatigue lifetime, which is based on appro-
priate' data and includes a safety factor of 2 on stress amplitude
or a safety factor of 20 on the number of cycles (Ref. 5).
Other proposed limits must be justified.

Fretting wear at contact points on the structural members(c) mentioned in paragraph (a) above should be limited. ' The allowable '

fretting wear should be stated in the Safety Analysis Report
and the stress and fatigue limits in paragraphs (a) and (b)
above should presume the existence of this wear,

f (d) 0xidation, hydriding, and the buildup of corrosion products
(crud) should be limited. Allowable oxidation, hydriding, and'

crud levals should be discussed in the Safety Analysis Report
and shown t.o be acceptable. These levels should be presumed to
exist in paragraphs (a) and (b) above. The effect of crud on
thermal-hydraulic considerations is reviewed as described in |

SRP Section 4.4.

Dimensional changes such as rod bowing or irradfation growth of
( (e) fuel rods, control rods, and guide tubes need not be limited to

4.2-3 Rev. 2 - July 1981
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I setvalues(i.e. damage Ifmits but they must be included in
the design analysis to establis , operational tolera;ces.

(f) Fuel and burneble poison rod internal gas pressures should
I'remain below the nominal system pressure during normal opera-

tionunlessotherwisejustified. |
(g) Worst-case hydraulic loads for normal operation should not i

exceed the holddown capability of the fuel assembly (either ]gravity or holddown springs). Hydraulic loads for this
i

evaluation are reviewed as described in SRP Sectior. 4.4. |

(h) Control rod reactivity must be maintained. This may require ;

the control rods to rerain watertight if water-soluble or
1eachablematerials(e.g.,8C)areused.<

4

2. ' Fuel Rod Failure ;

This subsection applies to normal operation, antici ated operational '

occurrences and postulated accidents. Paragraphs a)through
address failure mechanises that are more limiting d ring normal (c)

and the information to be reviewed should be contained in'.

operation,2 of the Safety Analysis Report.Parecraphs (d) throughSection 4. <

(h) address failute mechanisms that are more limiting duttng
andanticipatedoperationaloccurrencesand$ostulatedaccidents

.

tie inforsation to be reviewed will usue 1y(1) should be addressed inbe contained in dhapter 15of the Safety Analysis Report. Paragraph
Section 4.2 of the Safety Analysis Report t*ecause it is not addressed -

(%)clsewhere.

Tomeettherequirementsof(a)GeneralDesignCriterion10asit
uel Design Limits for normal opera-rrelates to Specified Acceptable

tion,100asitrelatestofissionproductreleasesforpo(b) latedincluding enticipated operational occurrences and 10 CFR
Part stu
accidents fuel rod failure criteria should be niven for all known
fuelrodfailuremechanisms. Fuel rod failure Is defined as the ;

loss of fuel rod hermeticity. Although..we recognize that it is not .

possible to avoid all fuel rod failures and that cleanup systems are .

installedtohandleasmallnumberofleakingrods,itistheobjective>

of the review to assure that fuel does not fail due to specific
causes during normal operation and anticipated operational occurrences.
Fuel rod fai ures are permitted during postulated accidents, but
they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet / cladding -

interaction (PCI) hydridinh, cladding collapse bursting, sectanical
and fret ing. Fuel failure criteria should address the

fracturinglobecomplete.i
following

Hydridin : Hydriding as a cause of failure i.e. , primary I
hydridin ) is prevented by keeping the level (of moisture and(a)

other hy rogenous impurities very low during fabrication.
Acceptab e moisture luels for Zircaloy-clad uranium oxide fuel
should be no greater than 20 ppa. Current ASTM specifications '
(Ref. 7) for 00 fuel pellets state an equivalent Ifmit of 2 ppm
of hydrogen from all sources. For other materials clad in

4.2-4 Rev. 2 - July 1981
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' Zircaloy tubing, an equivalent quantity of moisture or hydrogen !

can be tolerated. A moisture level of 2 og Hs0 per em* of het i

void volume within the Zircaloy cladding has been shown (Rei, 8) !
i-(. to be insufficient for primary hydride femation, j

(b) Cladding Co11apte: If axial gaps in the fuel pellet column |
occur due to densification, the cladding has the potential of |
collapsing into a gap (i.e., flattening). Because of the large :

*local strains that accompany this process, collapsed (flattened) j

cladding is assumed to fail. ;
i

(c) Fretting: Fretting is a potential cause of fuel failure, but | |
*

it is a gradual process that would not be effective during the :

brief duration of an abnomal operational occurrence or a J
'

postulated accident. Therefore, the fretting wear requirement
in paragraph (c) of subsection II. A.1, Fuel Damage, is sufficient -

to preclude fuel failures caused by fretting during transients.t

(d) Overheating of Cladding: It has been traditional practice to ,

'assume that failures will not occur if the themal margin
criteria (DNtR for PWRs and CPR for SWRs) are satisfied. The -

review of these criteria is detailed in SRP Section 4.4. For
normal operation and anticipated operational occurrences. '

violation of the thermal margin criteria is not pemitted. For
postulated accidents, the total number of fuel rods that exceed
the criteria has been assumed to fail for radiological dose 4

i calculation purposes. ,

[.- Although a thermal mergin criterion is sufficient to demonstrate )

( the c. voidance of overheating from a deficient cooling mechanism,
'

'

,

it is not a necessary condition (i.e., DNB is not a failure
sechanism) and other mechanistic methods may be acceptable. ;

There is at present little experience with other approaches, i
'

but new positions recommending different criteria should address
cladding temperature, pressure, time duration, oxidation, and j
ombrittlement.

< ,

(e) Overheating of Fuel Pellets: It has also been traditionti |
practice to assume that failure will occur if centerline melting l

takes place. This analysis should be performed for the maximum
linear heat generation rate anywhere in the core, including all
hot spots and hot channel factors, and should account for the 1

ieffects of burnup and composition on the melting point. For
normal operation and anticipated operational occurrences,
centerline melting is not pemitted. For postulated accidents,

Ithe total number of rods that experience centerline melting
). should be assumed to fail for radiological dose calculation

purposes. The centerline melting criterion was estabitsbed to
assure that axial or radial relocation of molten fuel would
neither allow molten fuO to come into contact with the cladding,

nor produce local hot spots. The assumption that centerline
melting results in fuel failure is conservative.

(f) Excess' ?uel Enthalpy: For a severe reactivity initiated'

.( acciden' -AIA) in a BWR at zero or low power, fuel failure is.

assumed to occur if the radially averaged fuel rod enthalpy is
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treater than 170 cal /g at any axial location.IAs in a BWR and all RIAs in a PWR, the thermal margin criteria
For full power

(DNBR and CPR) are used as fuel failure criteria to meet the
guierlines of Regulatory Guide 1.77 (Ref. 6) as it relates to ,

fuel rod failurt. The 170 cal /g enthalpy criterion is primarily
intended to address cladding overheating effects, but it also
indirectly addresses pellet / cladding interactions (PCI). Other

,

criteria may be more appropriate for an RIA, but continued
approval of this enthalpy criterion and the thermal margin'

criteria may be given until generic studies yield improvements.

(g) Pellet / Cladding Interaction: There is no current criterion i
for fuel failure resulting from PCI, and the design basis can
only be stated generally. Two related criteria should be
applied, but they are not sufficient to preclude PCI failures.
(1) The unifors strain of the cladding should not exceed 1%.

| In this context, uniform strain (elastic and inelastic) is
defin6d as transient induced deformation with gage lengths
corresponding to cladding dimensions; steady state crespdown
and irradiation growth are excluded. Although observing this
strain limit may preclude some PCI failures, it will not preclude
the corrosion-assisted failures that occur at low strains, nor>

will it preclude highly localized overstrain failures. (2) Feel
melting should be avoided. The large volume increase associated
with melting may cause a pellet with a molten center to exert a
stress on the cladding. Such a PCI is avoided by avoiding fuel
melting. Note that this same criterion was invoked in para-
graph (e) to ensure that overheating of the cl. adding would not

!,

occur.
'(h) Bursting: Tc meet the requirements of Appendix K of 10 CFR

Part 50 (Ref. 9) as it relates to the incidence of rupture
during a LOCA, a rupture temperature correlation must be used
in the LOCA ECCS analysis. Zircaloy cladding will burst
(rupture) under certain combinations of temperature, heating
rate, and differential pressure. Although fuel suppliers may
use different rupture temperature us differential pressure
curves, en acceptable curve should be sin 11ar to the one -

described in Ref.10. |

(1) Mechanical Fracturing: A mechanical fracture refers to a 1
defect in a fuel rod caused by an externally applied force such
as a hydraulic load or a load derived from core plate motion.
Claddir.g integrity may be assumed if the applied stress is less
than 905 of the irradiated yield stress at the appropriate
temperature. Other proposed limits must be justified. Results

) from the seismic and LOCA analysis (see Appendix A to this SRP
sectio 3) may show that failures by this mechanism will not
occur for less severe events.

3. Fuel Coolability

This subsection applies to postulated accidents, and most of the
information to be reviewed will be contained in Chapter 15 of the
Safety Analysis Report. Paragraph (e) addresses the combined effects
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of two accidents, however, and that information should be containedl
To meet the require-.

in Section 4.2 of the Safety Analysis Report. l

ments of General Design Criteria 27 and 35 as they relate to contro
rod insertability and core coolability for postulated accidents,
fuel coolability criteria should be given for all severe damageCoolability, or coolable geometry, has traditionally I

implied that the fuel assembly retains its rod-bundle geometry with
,

mechanisms. ;

adequate coolant channels to permit removal of residual heat. l'

Reduction of coolability can result from cladding embrittlement, violent expulsion of fuel, generalized cladding melting,llooning.gross I

structural deformation, and extreme coplanar fuel rod ba i

Control rod insertability criteria are also addressed in thisSuch criteria should address the following to be
!

!
i

subsection.
complete:

To meet the requirements of 10 CFR
Cladding Embrittlement:as it relates to cladding embrittlement for a

,

(a)
LOCA, acceptance criteria of 2200'F on peak cladding (temperature

'

Part 50, 550.46,
Note: If ,

and 17% on maximum cladding oxidation must be met.
'

the cladding were predicted to collapse in a given cycle, it ;

would also be predicted to fail and, therefore, should not be|

irradiated in that cycle;* cons.equently, the lower peak claddingtemperature limit of 1800 F previously described in Reference 11
,

|
;

l Stellar temperature ;

is no longer needed,)andoxidationc?iteriamaybejustifiedforotheraccidents.f
;

|

In severe reactivity initiated
Violent Expulsion of Fuel:
accidents,suchasrodejectioninaPWRorroddropinaBWR,the large and rapid deposition of energy in the fuel can resu t

'
(b) l

The mechanical
in melting, fragmentation, and dispersal of feel. -

;
[ action associated with fuel dispersal can be sufficient to destroy

the cladding and the rod-bundle geometry of the fuel and to pro-(-
To meet the guide-

duce pressure pulses in the primary system.lines of Regulatory Guide 1.77 as it relates to preventing wide-
spread fragmentation and dispersal of the fuel and avoiding thesystem of a PWR, a
generation of pressure pulses in the primary /g should be observed.

,

radially averaged enthalpy limit of 280 cal
This 280 cal /g limit should also be used for SWRs.

. ,

Generalized (i.e., non-local)
Generalized Cladding Melting:melting of the cladding could result in the loss of rod-bundle(c)'

Criteria for cladding embrittlement in

paragraph (a) above are more stringent than melting criteriawould be; therefore, additional specific criteria are not use .
fuel geometry.

d

To meet the requirements of Appendix K of
Fuel Rod tallooning: burst
10 CFR Part 50 as it relates to degree of swelling,llooning

,

(d)
strain and flow blockage resulting from cladding ba

must be taken into account in the analysis of coreBurst strain and flow blockage models must(swelling)ibution.
be based on applicable data (such as Refs. 10, 12, and 13) inflow distr

such a way that (1) the temperature and differential pressureat which the cladding will rupture are properly estimated (see(2) the resultant degree
paragraph (h) of subsection !!. A.2),imated, and (3) the asso-
of cladding swelling is not underestcisted reduction in assembly flow area is not underestimated.f-

{
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The flow blockage model evaluation is provided to the Reactor
Systems Branch for incorporation in the comprehensive ECCS

ievaluation model to show that the 2200'F cladding temperature
'and 175 cladding oxidation limits are not exceeded. The reviewer

should also determine if fuel rod ballooning should be included in '

the analysis of other accidents involving system depressurization. s

(e) Str oral Deformation: Analytical procedures are discussed in
%. , A, " Evaluation of Fuel Assembly Structural Response to
External. ; piled Forces."

8. Description and Desian Drawings

The reviewer should see that the fuel system description and design
'

drawings are complete enough to provide an accurate representation and to
supply information needed in audit evaluations. Completeness is a matter
of judgment, but the following fuel system information and associated .

tolerances are necessary for an acceptable fuel system description:

Type and metallurgical state of the cladding
Cladding outside diameter
Cladding inside diameter
Cladding inside roughnei,s
Pellet outside diameter'

Pellet roughness
Pellet density -

Pellet resintering t'ata
Pellet length e

iPellet dish dimensions
turnable poison content ,

| Insulator pellet parameters
j Fuel column length

Overall rod length
',

Rod internal vo'd volume
Fill gas type and pressure

| Sorbed gas composition and content
"Spring and plug dimensions

|
, ,

Fissthe enrichment
! Equivalent hydraulic disseter -

Coolant pressure

The following design drawing have also been found necessary for an
acceptable fuel system description:

Fuel assembly cross section
Fuel assembly outline
Fuel rod schematic
Spacer grid cross section
Guide tube and nortle joint
Control rod assembly cross section
Control rod assembly outline
Control rod schematic
turnable poison rod assembly cross section
Burnable poison rod assembly outlitie k

Burnable poison rod schematic
Orifice and source assembly outline

4.2-8 Rev. 2 - July 1981
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C. Desian Evaluation I

i
The methods of demonstrating that the design bases are met must be

Those methods include operating experience, prototype testing, |
*

k reviewed. t
Many of these methods will be presentedand analytical predictions.

generically in topical reports and will be incorporated in the Safety
;

:
Analysis Report by reference.

i

1. Doeratina Exoerience
_

t

Operating experience with fuel systems of the same or similar design
should be described. When adherence to specific design criteria can
be conclusively demonstrated with operating experience, prototype =

;

testing and design analyses that were performed prior to gaining
that experience need not be reviewed. Design criteria for fretting
wear, oxidation, hydriding, and crud butidup sight be addressed in ;
this manner.'

e

2. Prototvoe Testing
'

When conclusive operating experience is not available, as with the
introduc. tion of a design change, prototype testing should be reviewed.

i

Out of-reactor tests should be perfomed when practical to determine
the characteristics of the new design. No definitive requirements '

have been developed regarding those design features that must be
tested prior to irradiation, but the following out-of-reactor tests
have been pt.rforu d for this purpose and will serve as a guide to

'

the reviewer:-
.

Spacer grid structural tests
Control rod structural and perfomance tests
Fuel assembly structural tests (lateral, axial and torsional

stiffness, frequency, and damping)
Fuel assembly hydraulic flow tests (lift forces, control

rod wear, vibration, and assembly wear and life)

In reactor testing of design features and lead-assembly irradiation 'The followingof whole assemblies of a new design should be reviewed.
phenomena that have been tested in this manner in new designs will
serve as a guide to the reviewer:

Fuel and burnable poison rod growth
Fuel rod bowing

,

Fuel assembly growth
Fuel assembly bowing
Channel box wear and distortion
Fuel rod ridging (PCI)
Crud femation
Fuel rod integrity
Holddown spring relaxation
Spacer grid spring relaxation
Guide tube wear characteristics

In some cases, in-reactor testing of a new fuel assembly design or a
new design feature cannot be accomplished prior to operation of a..

( full core of that design. This inability to perform in-reactor
-
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testing may result from en incompatability of the new design with
the previous design. In such cases, special attention should be
given to the surveillance plans (see subsection !!.0 below). )

3. Analytical Predictions

Some design bases and related parameters can only be evaluated with ,

calculational procedures. The analytical methods that are used to j

make performance predictions must be reviewed. Many such reviews
have been performed establishing numerous examples for the reviewer.
The following paragraphs discuss the more established review patterns )
and provide many related references, q

Fuel temperatures and *{'

(a) Fuel Temperatures (Stored Energy): ion are needed as input tostored energy during normal operat i

ECCS performance calculations. The temperature calculations
require complex computer codes that model many different
phenomena. Phenomenological models that should be reviewed

,

include the following:
,

Radial power distribution
, Fuel and cladding temperature distribution
turnup distribution in the fuel
Thermal conductivity of the fuel, cladding,

cladding crud, and oxidation layers
Densification of the fuel
Thermal expansion of the fuel and cladding
Fission gas production and release .C \ .

Solid and gaseous fission product swelling ()Fuel restructuring and relocation
Fuel and cladding dimensional changes
Fuel-to cladding heat transfer coefficient
Thermal conductivity of the gas mixture
Thermal conductivity in the Knudsen domain
Fuel to-cladding contact pressure
Heat capacity of the fuel and cladding .

Growth and creep of the c14dding .

Rod internal gas pressure and composition
sorption of helium and other fill gases
Cladding oxide and crud layer thickness
Cladding-to-coolant heat transfer coefficient *

Because of the strong interaction between these models, everall
code behavior must be checked against data (standard problems
or benchmarks) and the NRC audit codes (Refs.14 and 15).
Examples of previous fuel performance code reviews are given in

,

References 16 through 20.

(b) Densification Effects: In addition to its effect on fuel
temperatures (discussed above), densification affects (1) core

"Although needed in fuel performance codes, this model is reviewed as described g

in SRP Section 4.4.
,

4.2-10 Rev. 2 - July 1981
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power distributions (power spiking, see SRP Section 4.3),
(2) the fuel linear heat generation rate (LHGR, see SRP

,

'

Section 4.4), and (3) the potential for cladding collapse.
Densification magnitudes for power spike and LHGR analyses are(
discussed in Reference 21 and in Regulatory Guide 1.126 (Ref. 22).
To be acceptable, densification models should follow the guide-Models for cladding-collapse
lines of Regulatory Guide 1.126.
times must also be reviewed, and previous review examples are
given in References 23 and 24. |

Guidance for the analysis of fuel rod bowing
Interim methods that may be usedFuel Rod Bowing:(c) 6

prior to compliance with this guidance are given in Reference 2 .is given in Reference 25.

At this writing, the causes of fuel rod bowing are not wellunderstood and mechanistic analyses of rod bowing are not being|

approved.
Acceptance Criteria are discussed in

Appendix A. " Evaluation of fuel Assembly Structural Response toStructural Deformation:(d)
Externally Appited Forces."

Zircaloy rupture and
Rupture and Flow Blockage (Ballooning)ECCS evaluation model and

: ,

(e) flow blockage models are part'of theThe models are empirical and should
should be reviewed by CP8. Examples of such data and.

|
be compared with relevant data. previous reviews are contained in References 10, 12, and 13.

The thermal perfomance code for calculating .
'

temperatures discussed in paragraph (a) above should be used toFuel Rod Pressure:(f)
C~ / calculate fuel rod pressures in conformance with fuel damageThe reviewer ,

criteria of Subsection !!.A.1, paragraph (f).

should ensure that conservatisms that were incorporated forcalculating temperatures do not introduce nonconservatisms with
regard to fuel rod pressures. l

To meet the requirements of Appendix K

of 10 CFR Part 50 (Ref. 9) as it relates to metal / water reactionMeta 1Nater Reaction Rate:(g)
the rate of energy release, hydrogen generation, and ,

rate,ing oxidation from the metal / water reaction should beFor non-LOCA i

calculated using .the Baker-Just equation (Ref. 27). applications,othercorrelationsmaybeusedifjustified.
claddi

'

l

Fission Product Inventory: To meet the guidelines of Regulatory
,

to fission product release, the available radioactive fiss on1.3, 1.4, 1.25 and 1,77 (Refs. 6, 28-30) as they relate(h) i.

Guides

product inventory in fuel rods (f.e. , the gap inventory) is
presently specified by the assumptions in those RegulatoryThese assumptions should be used until improved
calculational methods are approved by CPB (see Ref. 31).Guides.

Testina. Inspection, and Surveillance Plans

Plans must be reviewed for each plant for testing and inspection of new
D.

fuel and for monitoring and surveillance of irradiated fuel..

-

!
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1. Testina and Inspection of New Fuel

Testing and inspection plans for new fuel should include verification ;,

| of cladding integrity, fuel system dimensions, fuel enrichment
|

burnable poison concentration, and absorber composition. DetaIlsof )

; the manufacturer's testing and inspection programs should be documented j

i in quality control reports, which should be referenced and summarized ;

in the Safety Analysis Report. The program for onsite inspection '

of new fuel and control assemblies after they have been delivered to
the plant should also be described. Where the overall testing and ,

inspection programs are essentially the same as for previously ;

approved plants, a statement to that effect should be made. In that i

case, the details of the programs need not be included in the Safety!

Analysis Report, but an appropriate reference should be cited and a ;

(tabular) summary should be presented.

2. On-line Fuel System Monitorino
>

The applicant's on-line fuel rod failure detection methods should be
reviewed. Both the sensitivity of the instruments and the applicant's
commitment to use the instruments should be evaluated. References 32
and 33 evaluate several common detection methods and should be
utilized in this review.

Surveillance is also needed to assure that B,C control rods are not
losing reactivity, Baron compounds are susceptible to leaching in

,

the event of a cladding defect. Periodic reactivity worth tests
such as described in Reference 34 are acceptable, fm

t

! 3. Post-irradiation Surveillance b'

A post-irradiation fuel surveillance program should be described for
each plant to detect anomalies or confim expected fuel perfomance.
The extent of an acceptable program will depend on the history of
the fuel design being considered, i.e., whether the proposed fuel
design is the same as current operating fuel or incorporates new
design features. , ,

s

For a fuel design like that in other operating plants, a minimum
acceptable program should include a qualitative visual examination
of some discharged fuel assemblies from each refueling. Such a
program should be sufficient to identify gross problems of structural
integrity, fuel rod failure, rod bowing, or crud deposition. There
should also be a commitment in the program to perfom additional
surveillance if unusual behavior is noticed in the visual examination
or if plant instrumentation indicates gross fuel failures. The
surveillance program should address the disposition of failed fuel.;

In addition to the plant-specific surveillance program, there should
exist a continuing fuel surveillance effort for a given type, make,
or class of fuel that can be suitably referenced by all plants using
similar fuel. In the absence of such a generic program, the reviewer
should expect more detail in the plant-specific program.

'

For a fuel design that introduces new features, a more detailed
surveillance program commensurate with the nature of the changes

4.2-12 Rev. 2 - July 1981
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should be described. This program should include appropriate
qualitative and quantitative inspections to be carried out at interim;

and end-of-life refueling outages. This surveillance program should i[
i( be coordinated with prototype testing discussed in subsection II.C.2.

When prototype testing cannot be performed, a special detailed
surveillance program should be planned for the first irradiation of
a new design.

'

III. REV! N PROCEDURES

For construction permit (CP) applications, the review should assure that the
design bases set forth in the Preliminary Safety Analysis Report (PSAR) meetThe CP review should furtherthe acceptance criteria given in subsection II.A.

,
,

determine from a study of the preliminary fuel system design that there is
'

reasonable assurance that the final fuel system design will meet the design
.

This judgment may be based on experience with similar designs.i
'

bases.

For operating license (OL) applications, the review should confim that the
e

#

design bases set forth in the Final Safety Analysis Report (FSAR) meet the
acceptance criteria given in subsection II. A and that the final fuel system

.'

design meets the design bases.'

Much of the fuel sys. tem review is generic and is not repeated for each similar
That is, the reviewer will have reviewed the fuel design or certainplant.

aspects of the fuel design in previous PSARs, FSARs, and licensing topical
All previous reviews on which the current review is dependent shouldreports.

be referenced so that a completely documented safety evaluation is contained
in the plant safety evaluation report. In particular, the NRC safety

C evaluatien reports for all relevant licensing topical reports should be cited.Certain generic reviews have also been perfomed ly CPS reviewers with findings
At the present time these reportsissued-es NUREG- or WASH-series reports. I

,

include References 9 11, 21, 31, 32, 35, and 36, and they should all be|
Applicable Regulatory

approprietelycitedIntheplantsafetyevaluettenreport.6, 22, 28-30, and 41) should also be mentioned in the plant|
Guides (Refs. Deviation from these guides or positions should be
safety evaluation reports.After briefly discussing related pree'ous reviews, the plant

,

'

explained.
safety evaluation should concentrate on areas where the application is nqt
identica'l to previously reviewed and approved <appliestions and areas related
to newly discovered problems.

Analytical predictions discussed in subsection !!,g.S will be reviewed inWhen the methods are being reviewed,
PSARs, FSARs, or licensing topical reports.

.

calculations by the staff may be performed to verify the adequacy of theThereafter, audit calculations will not usually be performed
analytical methods.to check the results of an approved method that has been submitted in a Safety

Calculations, benchmarking exercises, and additional reviewsAnalysis Report.
of generic methods may be undertaken, however, at any time the clear need
arises to reconfim the adequacy of the method.,

IV. EVALUATION FINDINGS i

The reviewer should verify that sufficient infomation has been provided to
satisfy the requirements of this SRP section and that the evaluation supports
conclusions of the following type, to be included in the staff's safety l

I' evaluation report:
i

\
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The staff concludes that the fuel system of the plant has |
been designed so that (a) the fuel system will not be' damaged as a result'of

1

normal operation and anticipated operational occurrences, (b) fuel damage .
.'

/during postulated accidents would not be severe enough to prevent control rod
insertion when it is required, and (c) core coolability will always be main-
tained, even af ter t.evere postulated accidents and thereby meets the related
requirements of 10 CFR Part 50, 650.46; 10 CFR Part 50, Appendix A. General
Design Criteria 10, 27 and 35; 10 CFR Part 50, Appendix K; and 10 CFR Part 100. ,

This conclusion is based on the following:

1. The applicant has provided sufficient evidence that these design
objectives will be met based on operating experience, prototype
testing, and analytical predictions. Those analytical predictions
dealing with structural response, control rod ejection (PWR) or drop
(BWR), and fuel dentification have been performed in accordance with .

(a) the guidelines of Regulatory Guides 1.60, 1.77, and 1.126, or
methods that the staff has reviewed and found to be acceptable
alternatives to those Regulatory Guides, and (b) the guidelines for
? Evaluation of Fuel Assembly Structural Response to Externally
Applied Forces" in Appendix A to SRP Section 4.2.

2. The applicant has provided for testing and inspection of new fuel to
ensure that it is within design tolerances at the time of core
londirig. The applicant has made a commitment to perform on-line
fuel failure monitoring and postirradiation surveillance to detect
anomalies or confirm that the fuel has performed as expected.

The staff concludes that the applicant has described methods of adequately .

predicting fuel rod failures during postulated accidents so that radioactivity s ,)
'

releases are not underestimated and thereby meets the related requirements of
10 CFR Part 100. In meeting these requirements, the applicant has (a) used
the fission-product release assumptions of Regulatory Guides 1.3 (or 1.4),
1.25, and 1.77 and (b) performed the analysis for fuel rod failures for the
rod ejection accident in accordance with the guidelines of Regulatory Guide 1,77
or with methods that the staff has reviewed and found to be an acceptable
alternative to Regulatory Guide 1.77.

'

V. IMPl.EMENTATION ,

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section,

Except in those cases in whien the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,c

i

the method described herein will be used by the staff in its evaluation of'

conformance with Commission regulations.
:

Implementation schedules for conformance to parts of the method discussedi
herein are contained in the referenced regulatory guides and NUREGs.
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l APPENDIX A
i

EVALUATION OF FUEL ASSEMBLY STRUCTURAL RESPONSE
r

TO EXTERNALLY APPLIED FORCES ,

TO

STANDARD REVIEW PLAN SECTION 4.2 |

'

A. BACKGROUND
>

Earthouakes and postulated pipe breaks in the reactor coolant system
would nsult in external forces en the fuel assembly. SRP Section 4.2 |

:states that fuel system coolability should be maintai%d and that damage
should not be sa severe t.s to prevent control rod insertion when r9 quired

.

;

during these kt probability accMents. This Appendix de6cribes thv
review that should be perfumed of the fuel assembly structura'l mspons? |I

i
to seismic and LOCA loads. Backgroart.1 material for this Appendix is

|given in References 37-40.

B. ANALYSISOF_j.0 ADS-

r
1. Irput

Input for the fuel assembly structural. analysis corses from results
-

,

of the primary coolant system and reactor internals structural
analysis, which is reviewed by the Mechanical Engineering Branch.
Input for the fuel assembly response to a LOCA should include

4

(a) motions of the core plate, core shroud, fuel alignment plate, or
other relevant structures; these motions should correspond to the
break that produced the peak fuel assembly loadings in the primary

;'coolant system and reactor internals analysis, and (b) transient.
pressure differences that apply loads"directly to the fuel assembly.
If the earthquake loads are large enough to produce a non-linear
fuel assembly response, input for the seismic analysis should use
structure motions corresponding to the reactor primary coolant
system. analysis for the SSE; if a linear response is produced, a
spectral analysis may be used in accordance with the guidelines of
Regulatory Guide 1.60 (Ref. 41).

2. Methods
~

Analytical methods used in perfoming structural response analyses '

should be reviewed. Justification should be suppited to show that
the numerical solution techniques are appropriate.

Linear and non-linear structural representations (i.e. ' the modeling) |

should also be reviewed. Experimental verification of the analytical
Arepresentation of the fuel assembly components should be provided

when practical.
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A sample problem of a simplified nature should be worked by the j

applicant and compared by the reviewer with either hand calculations
or results generated by the reviewer with an independent code (Ref. 38). j

Although the sample problem should use a structural representation( that is as close as possible to the design in question (and, therefore,
would vary from one vendor to another), simplifying assumptions may '

be made (e.g., one might use a 3-assembly core region with continuous )sinusoidal input).

The sample problem should be designed to exercise various featuresThe sample problem comparison
of the code and reveal their behavior.

,

is not, however, designed to show that one code is more conservative
than another, but rather to alert the reviewer to major discrepancies
so that an explanation can be sought. ,

,i

3. Or,rertainty Allowances i

The fuel assembly structural models and analytical methods are l

probably cohtervative and input parameters are #150 conservative,
However, to ersure thet the fuel assent'ly anfiysis does not introduce I(e) If itany non-convervatisms, two precautions should be teken:
is not expiteitly evaluoted, imoact loads from the PWR LOCA analysis

i

|

should he' increased (by about 30%) to account for a pressure pulse,
which is associated with steam flashing that af fee'.s cnly the PWR

(b) Conservative margin shoMd be added iffuel assembly analysis. J

any part of the analysis (PWR or BWR) exhibits pronounced sensitivity
to input variations.

Variations in resultant loads should be determined for 110% variationsvariations in amplitude and frequency:
in input amplitude and frequencyIwultaneously. A factor should be

,

'

should be made separately, not s
developed for resultant load magnitude variations of more than 155. 3

;

For example, if 110% variations in input magnitude or frequency |produce a maximum resultant increase of 355, the sensitivity factor ;
Since resonances and pronounced sensitivities may bewould be 1.2.

'

plant-dependent, the sensitivity analysis should be perfomed on a

plant-by-plant basis until the revi. ewer is confident that furthersensitivity analyses arn unnecessary or it is otherwise demonst. rated
]that the analyses perfonned are bounding.
I

4. Audit' .

I

Independent audit calculitions for a typical full-sized core should
be performed by the reviever to verify that the overall structural

An independent audit code (Ref. 38)representation is adequatt.
should be used for this ajdit during the generic review of the |

analytical methods. !
t

5. Coetination of Loads

To meet the requirements of General Design Criterion 2 as it relates j
to combining loads, an appropriate combiration of loads from natural )Loads on fuelphenomena and accident conditions must be made.

assembly components shauld b6 calculated for each input (i.e., seismic and LOCA) as described above in Paragraph 1, and the resulting-

( loads should be added by the square-root-of-sum-of-squares (5RSS)
f
'
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method. These combined loads should be compared with the component i

strengths described in Section C according to the acceptance criteria i

in Section D.

C. DETERMINATION OF STRENGTH :

i 1. Grids

All modes of loading (e.g. , in grid and through grid loadings)
should be considered, and the most damaging mode should be represented ,

in the vendor's laboratory grid strength tests. Test procedures and ,

results should be reviewed to assure that the appropriate failure
mode is being predicted. The review should also confirm that (a) the
testing impact velocities correspond to expected fuel assembly i

ivelocities, and (b) the crushing losd P(crit) has been suitably selected
from the load-vs deflection curves. Because of the potential for
different test rigs to introduce measurement variations, an evaluation
of the grid strength test equipment will be included as part of the '

review of the test procedure.

The consequences of grid deformation are small. Gross def;mation
of grids in many PWR assemblies would be needed to interfere with

buckling of a few !solated
controlrodinsertionduringanSSE(i.e.Ificantlyfromtheirproper

. .

grids could not displace guide tubes sign >

location), and grid defomation (without channel deflection) would
not affect control blade insertion in a SWR, In a LOCA, gross
defomation of the hot channel in either a PWR or a SWR wnuld result
in only smell increases in peak cladding temperature. Therefore, f

and the allowable crushing load 1 ;average values are appropriate
|

P(crit)shouldbethe955cc.1fIdencelevelonthetruemeanastaken s
from the distribution of measurements on untrradiated production
grids at (or corrected to) operating temperature. While P(crit) will
increase with irradiation, ductility will be reduced. The extra

:margin in P(crit) for irradiated grids is thus assumed to offset the
unknown deformation behavior of irradiated grids beyond P(crit).

i

2. Components Other than Grids
,

Strengths of fuel assembly components other than spacer grids may be
deduced free fundamental material properties or experimentation.
Supportinp evidence for strength values should be supplied. Since
structu're failure of these components (e.g., fracturing of guide
tubes or fragmentation of fuel rods) could be more serious than grid
deformation, allowable values should bound a large percentage (about
95%) of the distribution of component strengths. Therefore, ASME
toller and Pressure Vessel Code values and procedures may be used
where appropriate for detemining yield and ultimate strengths.'

Specification of allowable values may follow the ASME Code require-
ments and should include consideration of buckling and fatigua
effects.

4
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D. ACCEPTANCE CRITERIA
'

1. Loss-of Coolant Accident
,

Two principal criteria apply for the LOCA: (a) fuel rod fragmentation
must not occur as a direct result of the blowdown loads, and (b) the

*10 CFR Part 50, 650.46 temperature and extdation limits must not be
exceeded. The first criterion is satisifed if the combined loads on i'

the fuel rods and components other than grids remain below the
allowable values defined above. The second criterion is satisfied
by an ECCS analysis. If combined loads on the grids remain below :

P(crit), as defined above, then no significant distortion of the fuel i

assembly would occur and the usual ECCS analysis is sufficient. If

combined grid loads exceed P(crit), then grid deformation must be ,

assumed and the ECCS analysis must include the effects of distorted
fuel assemblies. An assumption of maximum credible deformation ;

(i.e., fully collapsed grids) may be made unless other assumptions
are justified. |

Contrcl rod insertability is a tMrd criterion thst must be satisfied.
Loads fra the worst case LOCA that requires m. trol rod it.sertion
must be costing with the SSE lo6ds, and control rod insertability-

must be demonstrated for that combined load. For a Pm'P, if :oe.Mned
loads on the mids remain below P(crit) as defined above, then
significant deformation of the fuel assecoly would not occur and con-
trtl rod insertion would nt,t % interfered with by lateral displacement
of the guide tubes. If cort, ired loads on ths grids escoed F(crit),
then additiertal analysis is needed to shoa that deformation is not
severe enough to prevent control rod inse' tion.

For a BWR, several conditions must be met to demonstrate control '

blade insertability: (4) combined loads on the channel box must -

remain below the allowable value defined above for components other
than grids; otherwise, additional shalysis is needed to show that
defomation is not severe enough to prevent control blade insertion, ,

and (b) vertical liftoff forces must not unseat the lower tieplate
from the fuel support piece such that the resulting loss of lateral
foal bundle positioning could inter' fore with control blade ins'ertion.

2. Safe Shutdown Earthquake

Two criteria apply for the $$E: (a) fuel rod fragmentation must not
occur as a result of the seismic loads, and (b) control rod inserta-
bility must be assured. The first criterion is satisfied by the
criteria in Paragraph 1. The second criterion must be satisfied for

*

$5E loads alone if no analysis for combined loads is required by
Paragraph 1.

'
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RIOUI ATORY SUIDt 1.77 :

L ASSUMPTIONS USED POR EVALUATING A CONTROL ROD ,

EJECTION ACCIDENT POR PRESSURl2ED WATER REACTOR 8 ;,

,
.

; A. INTRODUCTION noctor h sonaby kmited by the deelen of the control i

..
'

tod eyetem to a value well below that wtuch would msult
Section EM,'Tonwnts of appbcations: technical in erious donage to the nector system. Howmr, a,

hformauen," of 10 CFR Part 30. "Lleensing of Pro- postulated faDum of the sentral rod system provida theI

duesoa ad Uttissuon Factnes," seguiru that wah potensal for a seletively higi mie of peacovity inseruon
,

i

I appbesses for a seestruction permit at opereung midch, 6f lary enoups, seuld eeuse a pro:npt power
,

I beense provWe a andysis ad evaluaties of the desip burst. For Vo fvd, e large fraction of this genetsteds

| and performance of Mrectums, systems, and camponents evaleet orargy k mond mementarey in the fust ord
|' of te facibty wie to abpesve of assessing the then nlemed io 6M rest of the system. lf the fuel owrpy '

posadel s6ek to public 'nemith and anfety soeulting from denenes won hiWi shoudt, ihm would sust Je
.

graden of the facWty. General Desip Criterion 23, potenual 6ee prsenpt uptuse of inel pins ed the !

| |. T.eactMty undts," of Appendia .4, ' General Desip eemangwns np64 but tunefet to the e* stet from Anoly
Cateria for Nuclear Pown Pteram " t# 10 CFR Part 30, espered matten UOs. Prompt fuel elemet rupture is, ,

seguires the seaturity control syikm to be deaiped defbwd homin a a apid acman b intwed fn: tod
'

with appropdatt k nit on the pownti.1 amount and rate pnuum due to anteneve fuel molens, followed by epid
,

g of rsectMty bcseaar to somn that the effect of frapentamus and espmaal of fuel aladding bio the, ..

postulated macevity assidsen aan neither mult in coolant. This b -r Bd by tha swevmion of,

. ., damage to the seestor coolant possum boundary seester avaleer entgy, deposited as everpown hans a the fuel
*

I han kmited lood yielding ett su'Hoteady disturb th* md in the sosiant, to r==k==wi energy which, in,
*

esse is apport uructuses, tv ether seactor pressuse sfncient quansty, sodd eenosivably enanange the-I V eusse,l laternale 6 gntAcandy the espebWry to sanctor esse or benach the primary system.

,.

'

emelthesom. Desip Celter6on 23 also squises
that these postulated sencevity sealdens include een.
siderstlen of the red ejsetles assident unless meh a The Regdetory man tus mired es paRabk (

emidret b prenad by palen seems. ''{'I"''''I I',I""'8'" '*"'''"I'8 I"I I'Ud" 'h*'h'el la genwal fetuse consequenses for UOs have bun
Thh PWs Wendan assepuWe endysed methods , insiplAcant below 300 ent/s for both irre&sted ad

and asumpenas that may be used in evaluating the uninesswd fuel rods. Thmim, a eniculated meal
eensequenses of a red e)scWon assident in manium mmes enugy dendy of 200 ent/s M my amin! fwl '

entde. fueled psomusiaed water seacters (PWRs). In some laceoon la my twl rod u e munt of a pomuWed rod" '
i

esses, usumal sies skaracteriscos, plant desip foetuses, e)cuan meldest pmWu e sonomen maannusn unih
q

or sent sessen may agula effent asumpoons # "'*" *** '" d'"*gr we be minw md tu*
,

whish we he senddend on an hervWud basis. The both short.tse and losig wrm een soohng espebely )
Advisory Comunities se Raastor Safeguards he been wW not be impalmd.

,

sonailted esaseming his guide sad has sencurred in the l
.

agulatory posidea. For the postuisted control rod ejection accident, e ,

S. Det0US$60N nochemical faGuse of a cestrol rod mechanhm housing h |*

asunwd such that the seactor coolut system presure )
The rete et which seacevity saa he heer wo

.e of . mium ,u.d mes,.co.ted into the .uld e) set the.sentral sed and delve shaft to the fuuyd -, 4,ews ,s. on.e
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A sumcient number of laitial sosctor uttet to
conequeo se of this accident for o presounted water

*

f

eorr.pletely bracket a5 possible operetione! conditions of seactet.
f

intenst should be malysed to asum esamina'. ion of '

C. RESULATORY (80SITIONupper bounds on ultimate damage. In areAt of uncer. *'
,

tainty, the appropr6ste minimum or master.um pare-
Aeoeptable asumptions and evaluation modeh formeters alsthe to hominal or aspected vGues should be

analysing a rod eJoction accident in PWRs are presented .

uwd to aneurs a conserystive evaluation. The initial
: actor states should include c ensideration of et least the

in A;.pentbces A (Physi:n and Thermel Hydrauhest and |-

3 (Ra,iliological Anunatons) eef this guide. gy su dfollowing:
these appendises,it should be shown that .

'

2ero pown (hot standby) - Desinning of Life (DOL)
1. Reetuvi'y emeursions wiu not result in a ndialand Ei.d of 1.ife (EOL).

Low power - Fel, sad EOL; everop N enQalpy greetet then 200 calls et any asial

Full. power - DOL and EOL. locatos 1,y fuel red.
'

The effects of the lose of pr6 mary system Integrity 2. 66salmum nactor pneeuw during any ponlon of
s a soeult of the failed control sod housing should be the assumme tranaent wlB be less than the value that will

'

inclueet ja the analysis. It should also be shown that sense staemes to axesed the Emergsnry Ceedition stress

failure of'one control rod housing wlB not lead to faDuse lin64 at defined in Section ill of the ASidt SoDer and
of other eenteel rod housings. Presem Vesel Code.'

The approach that should be used in die radiological 3, (stfelte does sensequences wlD be wsU within the

analysis of a control rod v)ecoon socident is te dete'* geteelines of 10 CFR Port 100,"Aesctre Site Cnteria"
anne the amount of each panews yeabonur.lide volesmd ,,,,

ces swy be 54swa te on A,weinna satrer er.sto tw pri; nary scatamment ww', with thls Ir.fonastiert
ts oeuses teamwara. Lehad F.$nwrtes Costtr.MS East eith ;

la conjunctim 'sith th2 peseedums at furth b
Appensa a er this guide, to determine the ad6alosical

s==i,w vaa.m v=k Ite 1.
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PHYSICS AND THERMAL HYDRAUUC8

''

The asumpdens decedbed below should be led the mapitude of Ww wandent. Pressum and temperature ,

in evalueung the phydes and thermal. hydraulic or em mainly apdhcant with sospect to their eflect on the
of te seacter system for a control rod e$ectos encident, amount of reactrity barried if thee Ahu a positive

moderet",,t cosmclent.

1. The e)ocud rod worth should be calculated based+

an the manimum worth red sesulting itom the following S. The fuel thermal properen such as fuel.cnnd gap
Anditions: (e) all sentrol banks et poeldone corres- heat transfer seemclent and fuel thermal conductivity
pensag to values for mantnmm allowable bank einer. should be senservedvaly chosen, dependans upon the
sons at a given power level and (b) adMWomal fuDy or trendent phenomenen being inveengsted. For condst6ons
partally laserted misaliped or loosenho red or tods if of a ser9 or pestive moderator esemc6ent (usuaDy et
eBowed by opereung precedome humcient paranwtric bonnhg of hie), for mample, hidi heat transfer

,

,

saates theuld be performed to detennine the worth of parameten would edues the Doppler feedback and
de met mactive centrol red in each rod poup for increase any poetive moderster feedback effects and-

efferent aantrol red eenRgurations, both aspected and hones tend to tassoase the mapiitude of the rescurify
emespected. The wonh of sinda rods in rod poupe trendent. For a nepdve modestor seemeient, high

L should be evaluated dudng startup physics toets and heat transfer parametsm could seuse the magnitude of
east. pared with volum und in the rod efecten malysis. tw eendent to desmese if a gives aptanuty of heet

i The accident ehtmid be seanalysed if the pod worths peduaes mese feedback in the snoderator than in the
,

,

| esed la th7 hiant mulyde as found to be sonton. hel. In te condderation of possum pulses which may

| envesve. Caksisted rod wenha should be tecmend,if be peerawd, h,gh modersta heeung reiss souid asum ;

assessary, to aseount for salculotl< mal usoenalnues b . dpW6sant ymaum radients to develop in $w mr der.
parameters such a neutron eron seedona ad power stor shannels. In computing the everap enthalyy of cuo

symmetdes due to menon easillations. hottest kai petet during t t escussion for powet eues,
'low hast trent.for would bt mnyrvative.

2. The macevity insertise rete dne to an e6ected rod
' should be determhed from aflematia! sentrol rod 6. The spelac heat (f UCns has been detemiined

m'* ward rurves and calculated trendent roJ posiden versus usensesetauy ad b a delennir.istic -factor it, the ''','
:

time curves. If differentist rod twah surns are not sekunsted unwnt of etead seeqy fentialpy) h the
f(. srai;eble for the reactor state elinterest, conserve 6tmfeet. Reccmmended values in tie veny of 25 to 902T

| e
*

'

should be included in the eniculation of mecuvity ra ilw Asie sported ty hioerv and lOUy (Ref. 2). L:' *

*j insertion throudi condderation of the nenhneerity bi the rear of 900 tc 284fC. t,e data setnined by Hein-

mactivity edauen as the rod a throudi .the active and Flegelis (Ref. .?), Leibomb, hhhler, ed Chasarav
g

sess. The sets of sjection sh 4 he calculated bened on (Ref. 4), and Chaunov (Ref. 5) are secommes,ded fur ,

te manimwn posas efferential and the welWit and the heat especify c,f da fuel. Them meemmended values
emeesc6emal ame of the sontrol rod and drive shaft, ese for elean ease eeneticas. Famtble vadation in #w,

amening no poemwe border notet: Won. spostAs heat due to beinup should be investigated and ,

' appropriots values used,if naessaary.
3. The amiculation of effective delayed neutron frac. *

,

tion (Asff) and prompt neutron lifeerne (t') should be 7, 'The moderstor seectivity soomcients due to voids,
based on to web.imown dennitions maulting fram per. coolant poems shangse, and coolant temperatum,

| tesbetion esary, mesh as these desenbod by Henry (Ref, ehenys should be calculated based on the various
1), males sectopie apostmental delayed neutron dets assuned constions of the fuel and moderator using

,

and everaging by the fraction of flesion h the var 6ous standard transport and diffusion theory codes. If no
essionable smotedals. In cues whom the accident is aguite three dimendenal space time kinetics calculeuon is per.
masitive to Asff(whose the ejected rod worth impeft), the formed, the seacovity feedback due to them cosmcient
annimum calculated value for the pven mactor state should be comervativsly weidited to account for the-

should be und. For smaller transients, conurvatism in veristion h their spatial- tmponence in the mining
the valw should include considereuon of not only sw emension(s). If boric acid shim is used in the moder,
taltial power rise (which inemasse with deemanns $), but stor, the highest boron eensentrouan cormsponding to

'

abo the power eduction efter the trip. Similar son. the initial seactor state should be asemned.
siderations should also be applied to determine an
appropdately eenenvettve value of tv to be end. 8. The Doppler confRcient should be calculated bawd

on the effective resonanos integrals and should include
4. The hitial seactor coolant pressure, core inlet eonections for pin shadowtng (Dancoff correction)...

[ temperatum, and now rete usod in the analysis should be Calculations of the poppler cosmclent of reacttvi'y
senarvatively abenen with sospect to their inDuence on should be based on and should compare conservatively

%
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w66 ovenable expertmental data moh as theer of Hd- chwuteristics and thanges in Aus shapes should be i

strand (Ref. 6). Sines the Soppler seefncient anects the invntipted, and the conumtism of the flut shape
'

shany in sectMry as e function of fuel temperatum, used for reacWvity input and feedback, puk energy )
*

'

I
uncertalnnes in predicting ful temperatures at different deposiuon, total energy, and gros best transfer to the

<

power levels should be nAeced by conarvatism in the
coolant thould be evalveted. Also, sentidv9y studies on |

sppled value of the Doppler cosincknt, if no three. variations of the Doppler effect, power estribution, fuel
'

dimensional space time kinetics calculation is performed,
element hut transfer parameters, and othe/ nierent |

the mactMty effect of spatially wel@ung the core premeten should be included. ,l
.

enrage temperatun rue h both the antal and radial
13. The pmaare wrge should be calculotte em the bus j

emceone should be calculaerd. of cosmntonal hut transfer from the fuel, a tenurve. ,

the metalweter reaction th'eshold, and prompt heat
9. Control sod reactMty insert 19n during trip versus

pneration in the coolant to determine the verisuon of
,

mee should be obtained by combining Se Afferential heat nun with time and the volume wry. The volume 1

.
ved worth eum with a rod velocity sum based on sury diould then be und h tw calculation of the I

mutmum desip limit values for scram inwrtion tunn.
.

'

If he rod worth curve (mactivity vs. depth of tnurtion) preamre trendent, toldng into account fluid trenoport in- ,

'

the system, heat transfer to *he steam generators, andis est obtained from o "true" repneentation (i.e., an a,
the acton of the piessurtset alief and safety valves.No i

y,a, t er a r, s, t calculation), en sometrystism of the endit should be taken for the possible pmmte teduc. |

WP esiculsson should be shown. The dif. ton esund by the assumed faGute of the control tod !
forence in the depth of inertion et aero power and at '

full power should be estounted for is eticulating the peamm housing.
|

eveteWe scram seactMty. 14. The number of fuel rods saper6encing clad faDute
should be esiculated and und to obtain the amount of |

ICL h mactor trip deley tbne or the amount of time cantained Aselun product inventory timand to the ,

wWeh alapses between the kitant the nosed pommeitt seactor coolant system. It should be amu.ned dat clad j

fee, pnente or neutron fun) reache the level for fauvre occun tf the heet Su ognis or esneeds the vr.lue |
which protect >v action is uquired and the onset of
sognetve seacovity inertion, should be based on maxi.

oomep&g to t.: enut of tw transition from i
i

nucleate to fBai booing (DNS), a for omu approprim 1

~;' I ema volun of she following: (s) time mqvind for l
eeuws. }

J tretrumor,t channel to produce e signal,('o) time for the

! {
tip breaker to ete.t(c) tems for me cae to renome Se . j )>

4 ,

; roes, and (d) ti.no aquhd befon scram toda ente! the*

sam tf ahe thodis obew me soe nflectr,riaterface. 71e marsti to DN9 is upmesed in terms of a '""
departure froo nuc'este ber.g ratio (DNBR). The i

!*

II. The coopoter code used for calculating the tran. DhBR st en positiae tn the hotteet ch6ntwlis the setio
sient should be a coupled thennel, hydrodynamic, and of to DNS heat Out tra the actual heat flua %e DNB l

musteer model with the following espebeltin: (e) incor. last fra should be evoluted using eorrelstio'u based on |

peestion of all maior reactMty feedback mechanisms, secognised studies and emperimmatal heet transfer DNS

(b) at Isant sta deleyed neutron youps,(c) both axial data. A mhlmum DNSR abould be determined Imm the
and radial segmentation of the fuel element,(d) soolant evaluation of the emperimental date to ensure e 95%' |

Sow pom'.gon, and (e) oomtrol sted scram initiation on probabtity with a 955 sonAdense level lhet DNB has |

either ecolant systeen preams as asutren Sun. not oesumd for the Asel element being evaluated, One
enemple of a cornletion which has been used to date is ,

12. The analyesel models and computer codes und phen by Tong (Ref. 7).The use of this eorrelstion and the j

should be desemented and justifkd and the con- above probabuities and confidence level ykids a mini.
'

amethm of the moeste and codes should be evaluated mum DNBR of 1.30. Other DNB or clad faDure
both by comparisen with emperiment, se svaBable, and comletions may tw used if they are edequately justined

wth snose sophistiested spatial Idnetime codes. In par. by analytical methods and apported by suffneient
almist, the importance of two or three dimensional aux experimental dets.

.-

1
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APPgNDIX B -

*

RADIOLOQlCAL A$$UMPfl0NS ) .
.

\|
,

i The asumptions sken below should be applied in pressure defined h the anAalcal specMeetions for !
*

| determining a conservethe source term and subsequent containment kak testing.
! transport of actMty and multing doses to the public foi
| ter in evaluating et radiolog6 cal somsegwnces of a 1. R*kme of fision products to the secondary'

control rod e) cton ace 6 dent system should be computed by assuming shot n!! finaion
produce pleased from the fuel stad am uniformly L

1. The assunap6ons related to the release of radioacuve mined in the prt. nary coolant volume, ,

meterial to the primary cantainment an as follows:
J. M primary.toeecondary kak rete limitauori e

,

s. The same maalting in the larpet eeures term la8erP8'eted se to be incorporewd u a techniW '

i
should be elecwd for ovaluation. specification seguirement should be asumed to entst

, until to primcy ayuem presure falls below the-

b. The nuclide hventory in the fuel elenwats escondary system pressure.
'

potentlelly beached thould k cahulaud, and it thouldi

! te assumed set all gueous constituents in the fuel. clad k. N misen of Assion products from the
,

gaps are esiased, ascendary system should be evaluawd with the assump. '

elen of a coincident loss of offeite power.
c. The amount of actWity encumulsed in the'

| fuel clad pp should in woumed to be 10% of the lodines
2. Acceptable msnmp*ms for samnpher6c effusion

| and 105 of the noth here accumunaud et k and of *d8" ** "'8""**I *

oore life, imming sustinuous saatimurn full rower

|
oppahn. *

a. 71.e 0 to 44, tour grovad4evel relatie runoentre.

d. No aDmace th2uld be ghen for hetMty inty ens may be reduced by a factor ranging from one to a'

maximon of thest (se Fidum 1) far ad&donal dia.serior to mecl6ent initierken, agardkas of he maca
outus for As ukcted cese. pnWon 'pduced by es turbulent wmbe cf ik mattor

| eunding in e61cul.iting potential exposures. The volu.
<-..T

"-

e. N suchde teventory of the fractice c,f the metric busding weh cornetters, a defined in Section. t'

i fus! which rouw or easseds the init%m temperatum 3 3 $.2 of Wiecdogy and Alatk Anergy 1%g(Ref.1), (,/
of fnel ras!ti g (typicaDy 2642'C) y my Vr.w during sSeald be most (dy in se Go6. hour period;it 4 used' -

i 8 the ernte of the enddent sould be nulated, m, with a rhape fLtor of 1/2 ed the ed.iirnu n eroes.-
'

*{ INE of he noble psee ad 25% of to ita utional area of tire roastr,r htiding Wy,

sentalert in this freetion sound be armaved ts W b. R nemehe eouse ;m ade fa mpMM d
soilab o for alease from es cretainment. 6e efk.t plume of red.oectWe lodine due to deposi,

f. N effects of radiological escey durtag holdup tioa am G pound or for th mesological dessy c!
lodirW IR trendLIn the saatainment or other bundiny should be taken

I""******** ' c. For the first a bours, the broot$g rete of a
erson offeits should be assuned to be 3.47 m IF*g The redaction in the enount of re&oacthe e

8
material available for leakage to the environment by m /sec. From 8 to 24 houm foBowlas the accident,the

i

containment spreys, socimulating fDeer systems, or other breathing rete should be assumed to be 1.75 x 10-*
8

i enginesad ufety festeses may be taken into account, m /sec. From 24 hours untG the end of the accident tha

but the amount of meluction in esseentration of rete should be assumed to be 2.32 x 10'' m'/sec.
esdioeceke asterials should be evaluated on a esse by, 4(These was wue develop'ed from the overop dailyreathingrete 2 x 10' em / day) auumed in a reporteene basis.

(Ref. 2) ofICIP.')-

h. The prinsary seactor containtnent should be
assumed to leak at the leak rete incorporate 6 or to be d. The 6edhe dose oorversion factors an also given
Ec;nted as a tecludal specifleetion requirement et b Reference 2.
peak accident possues for the 6. ret 24 hours, ed as $05

'

e. Extemal whole body doses thould be calculatedof this leak rete for the remaining heretion of the
socident.' Peak accidset peerste is the snesimum using '' infinite aloud aanseptions,i.g., the dimensions

of the cloud are asumed to be lary compared to the
,

distance that the pnuma rays and beta particles travel.

8ne ers.et senh e asenn , e.g. ne.,,, ''Sud a enoud would be seasidered e infinite cloud for
eseeinees er t.eiene psestems m sed.e the is kasi er
menace's mswetah tres she esaminaset shmed to sankated

8as a ses>4Nass tesla. 8eenresitene Comedisles se Redleisplant Protocoon.s ,
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s seceptor et the senter becoun my additional (samme g, The atmospbene diffusion model should be as '* *
I

and) bets emitting material beyor d the eloud emen- foDoes-*

gens would not siter sie flux of [pamma reys and) bets ;
,

partisles to the seseptor."-(Ref. 3) Estonal additions (1) The beene equation for atmospheric dif-
f_
' I

mere made to the quotation so that gamme a well u beta-

endians meter 6al sould be considered. Under them
fusion from a pound level point source is:

|
senditions, die ate of entry absorydon per unit g

,

j'

volume is equal to the sets of energy released per unit X/Q = ,,,y,a >

volurr*, For en infinite uniform cloud containing x '

curies of bate resoecuvity per cubic meter, the beta whom
!

dose in air et the cloud center is: the short. term everage sente:!be value of .=A '

p ; * 0.437T x ou pound. level concentranon (et/m* )D p i
unount of metenal released (Cilwc)Q =

wmdsp::sd (m/me)The suffees body does rete from bets emitters in the u =

the hodsontal eiendard devletion of the
- *

tafinite cloud can be approximated a being ene. half this ye a

emount (i.e., pty, = 0.23 Ipt). For gamme emitting
plume (meton) (see Figure V 1, Ref. $),**

the verdcal standard dernation of the i

meterial, the dose rete in air et the cloud esoter is: e a
s

plunw (meters) (see Figum V 2, Ref. 5).

p;=0.$07Yg ,

+

(2) For time per6ces puter than 8 houn, the '

| From a semiinnnhe enoud, the gunma dose rate in air plume should be asumed to amender and spread
85: uniformly over a 22.$' sector.The resultant equatfon h:

3 |. 0.25T9 X/0 * 1032
.

D'

e,ux.
.

WhCN edieR ,

D dhtence frorn the paint 6f nisaae to thep;= beta due ate frorn en infhnite cloud a =
(rad /se:) moeptor; other venables are a sken in ,

.i o

y;= gamme dose eats freen en trfAlte cloud paragraph g. (l), ebove....j Do
-

(redlese)j
( p= everap bote energy per esinteration

(3) The atmospherie eff.nelon model' for
.. Y

,

Y, = (,, ora /ds)ge gamme energy per maintepetion, M' :! sensenes is based on we aformation la tlw
blev-

-

.

(idev/ dis)
table below.

consentration of bets or pmma emitting ;x =
8

: Isotope in the cloud (Ci/m )
Time

f. The foBowing specific enemptions are hacep. FoBowing ,

tdde with respect to the resoecthe cloud does calcula- , Accident Atmospheric Conditions

tions: 08 PengulB Type F, whid speed I m/sec: uniform

(I) The dess at any estense froen the nectet Imus steedon
should be celeulated based on the maalmum concentro-
tion in the plume et that distence, taking tito secount 3 24 PesqulD Type F, wind speed I m/sec,
specia! meteoreleglesi, r;m;ial, and other shar. bours vedeble encilon witisin a 22.$' sector

-

acteristics winch may Afect the maximum plurne con-
sentration. These s;te related characteristics must be 14 (a) 40% PasquB1 Type D,, wind speed 3
svaluated on a ame by<ase basis. In the case of beta g,y, ,,/mc"-

es&stion, the esseptoe is assumed to be exposed to en (b) 60% PsequRI Type F, wind speed 2
innnite cloud at the maximum pound. level concentre- m/sec
tion et that estance from the reactor, la the case of (c) wind erection - vedable within a 22.5'
gunma ro6stion, the seceptor is sesumed to be exposed sector.
to only one half the cloud owing to the presence of the
pound. The snanimum eloud concentration alweys
shound be sensened to be st poundlevel. 8ms need should be end entu edequate she

seawee.esess este se abiaised le see mes, peastins
(2) The appropriate overny bets and gamme tireressen, suk w sinismenogy,wpserophy.end pseereP mihi.-

energles emitted per disintepetion, es given in the Table tenson, ser eietsw en me et a men restr6 cove moest to

oflootopes (Ref.4), should be used,
tuon e seanteen essissie et penseel ettsew s pesums.

.
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.. . . .

j*.- .

.k . ' . '

-c ,.

'.

.

.

Tune ihne *

Fouowing PoBowing*

Accident Atmospher6c Conditions Ass 6 dent Atomespher6c Conditions*

440 (c) 33.3% PesquG Type F, wind speed 2 /
doye m/sec

(d) Wind enction - 33.3% faquency in e
22.$' sector.

430 (e) 33.3% Pesqual Type C, wind speed 3 '-

doye m/sec (4) Figum 2(A) and XB) pve the ground level I

(b) 33.3% PesqulD Type D, wtad speed 3 saleser emnespheric effusion facton bened on the
m/sec parameten geen h parapaph g.(3), above.
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BACKGROUND INFORfRTION RELATED TO

DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance of SER to Zion 1/2 allowing full power operation with
open 42" containment isolation valves,

b) Methodology used for calculating related offsite doses.
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CORE AND SAP ACT!YITIES

Assumptions: Operation at 3391 MWt for 500 days

Curies Percent
in the of Core Curies

Core 7)
1 131 tQU Activity inthgGap I 131 EQU7 5(X 10 x 10 in the Gap IX 10 ) (110 )Isotope

I.131 8.35 8.35 2.3 19.2 19.2
1-132 12.75 .46 0.26 3.3 .22-

1-133 19.09 5.16 0.79 15.1 4.08'
1-134 23.01 .39 0.16 3.8 .06

. .' *

I-135 17.05 :.43 0.43 7.5 .63 '

1T79 7009

.

.

i

'.

f
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Z10N: LOCA DURING CONTAINMENT PURGE
U$!NG 2x42' PENETRATIONS - VALVES OPEN 605 -

(t THYROID DOSE AT SITE SOUNDARY RESULTING ONLY FROM-

DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE
(LOCA LEAXAGE DOSE (0VER 2 HRS) = +123 REMS)

Site
Curies Discharged

80undary (REM)Source Radiolootcal Sources I 131 EQ Exposure

Licensee 1 131 EQ. 60 cc/gm in RCS 73.5 E
505 cleanup in cont. '

All released to
containment on LOCA

'RL I 131 EQ 60 uc/gm in 188 48
RCS. Allreleasedtocont.

.,' ~

on LOCA + 0.5 secs.5
s

[ Total =0.119x10 curies)
,

.RL I 131 EQ; 60 oc/gm in RCS. 82 21
Released progressively to -

cont. with RCS discharge
,

'

F RL I 131 EQc equiv gap actigity 38,000 9676
I (FSARca'Ic. '24.09 x 10

. k curies of I 131 EQ into cont.
| on LOCA + 0.5 secs.) % -

SRP Gap activity at 248,950 63.400
1131EQj;|Agtivity(FSARcalc.)

RL
105 Tota /

[157.9x10 curies of I 131 E
Into cont. on LOCA + 0.5 secs. ,

'

.

X = 5 x 10*4 sec/m8 for 0-2 hrs. at minimum exclusion distance of 415 seters
[NRC)I
[Licenseehasused9x10*4 sec[m8forSARs]

<

*

.(-
.

.
.



- - - - . . - - -- .- -..- _._- _ _ - .- .
.

a .. a. .-.--- - .- . . . . . . . . , . . . . . _ . . . .

3
.

,

i

|

ZION 1 ft 2
; CONTAINMENT INVENTORIES I.

DURING LOCA BLOW DOWN !..
..

!

b - RCS Mass Discherto Rete !

/ Into Containment

r 9 ComuistNo Discharge of
J

100 RCS into Containment 400 x 108
[ & Cumulative Mass of Air ,E

f
and RCS Discharge '

,
,

' : =, -

j ]3
'

~

.* r r ,

i ,p 7 an x im g

J" ;- t 3.

.

N
'" '<

li = x ie=,
; ; g.

.

_

ua -

.JL {
db (* 'y.

N 100 x 108
'

'

N
*

a0 :
'

.

A

)
' %

10 , , - s
s
*N

'l ' '(
0 4 8 12 16 20 M M

'

Time After Break - Seconds,

'
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ZION 1 ft 2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS

'

.

FISSION PRODUCT INVENTORIES 1

l

l

2 x 42" Lines i
Valves Open Only BO' '

instead of 90' Fully Open '

At 7 Secs .

'

.
..

.

.

, , , . . . . . . ..

154,486 Lbs Air
272.180 Lbs RCS

428,830 Lbs
Press a 23.70 pois i

. .

j Fissioq_ Product Inventory
'

= 0.ss4 x Q Released '

l. et 0.5 secs
|

I

Discharge Rates .

| . Cumulative Totals Discherged Air + RCS Inventory -

Air. + RCS Inventory 1023.88Lbs/sec
E379 Lbs (.237% Inv.)

k h*
- Fission Product Inventory Fission Product inventory.

1.888% of Q .237% O/sec
'

.

I

L (Q = Fission Product inventory Released et t = 0.5 esco)
. .

|
.

.

e

.' y\

I 4 9 y -g , %w-e e--w--w--'mNw--- '-- - ^ - - - - - -- '
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FISSION PRODUCT DISCHARGED TO OUTSIDE CONTAINMENT-

( EFFECT OF ASSUMPTIONS ON
F15510N PRODUCT RELEASE TO CONTAINMENT

2 x 42' lines.
Valves open 50'

Given Q = total inventory of fission products in RCS at T=0.5 secs after LOCA

If Q is released instantaneously to the total containsent volume:*

Fission product inventory discharged outside containment
over 7 secs = 1.6685 Q

If Q is released over time with RCS inventory and based on a uniform'

distribution within the inventory: , ,

Fission product inventory discharged outside containment
over 7 secs = 0.5615 Q

.

4

,

l

9

$

|

'

..
g.

.
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1

~ ~ ~ ~
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ZION: LOCA DURING CONTAINMENT PURGE
USING 2x42" PENETRATIONS - VALVES FULLY OPEN (90')

THYR 0ID DOSE AT SITE BOUNDARY'RESULTING ONLY FROM
DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE

(LOCA LEAKAGE DOSE (OVER 2 HRS) = +123 REMS)

Site
Curies Discharged BoundarySource Radiologfcal Sources 1 131 E0 Exposure (REM)

Licensee 1 131 EQ. 60 ve/gm in RCS 204.3 52505 cleanup in cont. -

All released to
containment on LOCA

'

RL I 131 EQ 60 uc/gm in
,

522
RCS. Allreleasedtocont. 132

-

on LOCA + 0.5 secs.5
[ Total =0.119x10 curies]

'

RL 1 131 EQ: 60 uc/gm in RCS. 227 58Released progressively to -

cont. with RCS discharge,,

RL
' I 131 EQ e viv gap actigity 105.600 26.878-

(FSAR ca c. '24.09 x 10
curies of I 1.Il EQ into vont.
onLOCA+0.5 secs.]- '

RL 1 131 EQ: SRP Gap activity at 691,520 176.010-
105 Total Agtivity (FSAR calc.)
[157.9x10 curies of I 131 E -

into cont. on LOCA + 0.5 secs. '

X = 5 x 10''sec/a for 0-2 hrs. at minimum exclusion distance of 415 meters[NRC)Q
s

'

[ Licensee has used 9 x 10'" sec/mi for SARs] 'I

.
4

-
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ZION 1 ft 2
CONTAINMENT INVENTORIES

.

. -

DURING LOCA BLOW DOWN

i| j*

I I T' - RCS Mass Discharge Rate

|-| / Into Contelnment
$ Cumulative Discharge of

[ | r
I I J RCS into Contelnment 400 x Ma %

100| | [ & Cumulatlwe Mass of Air. K|
.n. RC. Di..he,ge g."j ; 7 at.

-

| j. :

35
.

"1 I / .

i ir r ,,x,,,0
1

.

y "t 1
'

sny g' .

}8 2

I "Il/l ]
-

.

i lPI P

fa l I =0.x tw { j

j .

'+m
,

'

|Kj ,1 X \
'

lI N , , , , , ,
-',11 s

.

IT %
t " 12

- % . ..

%g:

| 'P N'
o 4 s u is a 24 m'

-

Time After Break - Seconds~
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ZION 1-& 2''

CONTAINMENT THERMAL HYDRAULIC CONDITIONSL

FISSION PRODUCT INVENTORIES
!

I

2 x 42" Lines
Fulty Open
At 7 Seos

,.

:-

.

i
l

154,480 Lbs Air
282,474 Lbs RCS :j

i
418,934 Lbs i

' ' *

!~ Press a 23.79 pelg |
;

)
i.

.

'
J

Fission Product Inventory -

,,

= 0.966 x 0 Released
S et 0.5 secs :

Dischstge Rote

Cumulative Totsis Dischsteed
Air + RCS inventory

2000 Lbs/sec' Alt + RCS Inventory
15028 Lbs (.082% 4,nv.)

-

.

'

_

Fission Product inventory 7Fission Product Inventory
.882% O/sec4.38% of Q

.

(Q = Fission Product inventory Released et t = 0.5 secs)
.

I

o

e

9
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FISSION PRODUCT DISCHARGED
4

TO OUTSIDE CONTAINMENT

EFFECT OF ASSUMPTIONS ON*

FIS$10N PRODUCT RELEASE TO CONTAINMENT
|

'

? x 42' lines
fullyopen(90').-

Given Q = Total inventory of fission products in RC5 at T=0.5 sec after LOCA.

If Q is released instantaneously to the total containment volume*-

Fission product inventory discharged outside containment
over 7 secs = 4.385 Q

.

If Q is released over time trith RCS inventory, and based on a unifom*

distribution within the inventory:

Fission product inventory discharged outside containment
over 7 secs = 1.901 Q

'

,

u
!

.

L
.

4

9

|
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,
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3.1.3.3 Thermal and Rydraulic Limits
, ,

The reactor core is designed to seet the following limiting thermal and
i hydraulic criteria:

TheminimumallowableDNBRduring]normaloperation, includinga.
anticipated transients, is [1.30* .

b. No fuel melting during any anticipated operating condition.

To maintain fuel rod integrity and prevent fission product release, it
is necessary to prevent clad overheating under all operating conditions.
This is accomplished by preventing a departure from nucleate boiling (DNB).
DNB causes a large decrease in the heat transfer coefficient between the
fuel rods and the reactor coolant resulting in high clad temperatures.

.

*

'
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! The integrity of fuel rod cladding so as to retain fission products or fuel
meterial is directly related to cladding stress and strain under normal
operating and overpower conditions. Designlimitsanddamagelimits(cladding
perforation) in terms of stress and strain are as follows:'

Damage Limit Design Limit

Stress Ultis te strength Yield strength-
57,000 psi minimum 45,000 psi minimum

Strain 1.75 1.05

The damage limits given above are minimum values. Actual dan ge limits depend
upon neutron exposure and normal variation of material properties and would
generally be greater than these minimum damage limits. For most of the fuel
rod life the actual stresses and strains are considerable below the design
limits. Thus, significant margins exist between actual operating conditions
and the damage limits.

.

The other parameters having an influence on cladding stress and strain and
the relationship of these parameters to the damage limits are as follows:,

!1. Internal gas pressure:

The internal gas pressure required to produce cladding stresses equal to
the damage limit under normal operating conditions is well in excess of

f the maximum design pressure. The maximum design internal pressure under
nominal conditions is 2250 psia which is equal to the coolant pressure.

k The end of life internal gas pressure depends upon the initial pressure,
void volume, and fuel rod power history, however it does not exceed the
design limit of 2250 psia.

N2. Cladding temperature:

The strength of the fuel cladding is temperature dependent. The minimum
ultimate strength reduces to the design yield strength'at an average
cladding temperatere of approximately 850'F. The maximum everage
cladding temperature during normal operating conditions is given in Table
3.2.2-1[as720*F].

.
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Previous experlerce with remDvable roos has been attained at $4ston, va,-Age
.and Zorita; and meditional experience will be a:cuired at the San Onofre tyrle.

2 and Surry lef t 1.
Over 300 fuel rods were removed and re-leserted intoassemslies during the Saxton re-constitution without evidencerof failure.

Leak detection tests were performed on the assemblies after aT1 rods were
re-inserted, and no leakage was detected. An equally large nember of Sarton
rods have been successfully removed, examined and re-inserted into over 12 3 3
subassemblies at Saxton. In additicn, 28 full length Yankee rods were
removed, exanined and re-inserted into Yankee Core y special assamolles..

Similiar handling of 22 rerevanle rods was su:essfu]Iy c soletec during the
first forits refueling. All such fuel handlings have teen cone routirely sneadt.wt cifficulty.

The same fuel rod de'si
and internal pressure,gn 11mits indicated in se: tion 3.2.3 fuel tt .:tra: .:e.

are raintainee for these re':cvable to:s and :nere is n:,
reduction in margin to DNS. Their inclusion in the inititl Zh . '.Bi: 1 c'. e
hacing intreu.es no accitic .a1 safety c:es!derati:ns a .o 1,

t's sa.e; ard analyses and relateo engineering ir.ferution c,n r:..q . t .;3s ,: i. ress:.tr: in
treviously, submitted material in,sup: ort of the license srelk6:!:n. {.

3.2.3.5" Evaluation of Core comoonents.

, .

ruel Evaluation -

The fission gas release and the associated bull of , internal gas pressure in
the fuel rods is calculated by a code based on experimentally determineds*
rates. The increase of internal pressure in the fuel rod due to this l

'praremena is included in the cetermination of the maritium cladcing stresses at !

the t'nd of core life when the fission product gap inventory is a maxim rm.-
1

The maximum allowable strain in the cladding, considering the comsined effects '

''

of internal fission ges pressure, external coolant pressure, fuel pellet
swelling and clad creep is limited to less than 1 per cent thre rghout.ccre

-

life.
.

The esso: lated stresses are below the yield strength of the r4terial
uncer all ncrmal teerating conditions.

'

To assure that manufactured fuel rods meet a high standard of excellence from
the standpoint of functional recuirements, many inspections and tests are
performed both on the raw material and the finished product. These tests and
ins:a:tions include chemical analysis, elevated temperature, tensile testing
of fuel tubes, dimensional inspection, X-ray of both end plug welds,

.

ultrasonic testing and helium leak tests. See additional details in Se: tion '

3.3.3.1.
t

In the event of cladding defects, the high resistance of uranium di xide fuel
pellets to attack by hot water protects against fuel t!eterioration or ce:resse
Jn fuel integrity. Therral stress in the pellets, while causing some fracture
of the bulk material during temperature cycling, oces not resdt in
pulver12ation or gross void fortation in the fuel matrix. As shown by
coerating experience and extensive experimental work in the industry, the
thermal cesign parameters conservatively account for any changes in the
thermal perferrance of the fuel element due to pellet fra:ture.

0115T 3.2- 38
0060A
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3. Burnup:
,. ,

Fuej burnuo results in fuel swelling which produces cleodino (dytil,D. Thestrain causge limit isWexFe~cTeo to be reaches unul tee peak c.:rnuo
reaches accrosisately 65,000 WDATU. The peak pellet burnup for fuel in .

env111brium cycling is espected to be 50,000 WD/M70. Trit cesign
equilibrium regim everage discharge burn @ is about 33,000 WDATU.

4. Fuel terroerature and kw/ft: I-

At zero burrum, claw 51ng despe is calculated to c: cur at 31 kr/ft -i ,: '

u:,on In:: Ing strair. re6:Mng 16e :ses
of the pellet central region is expe::;e I!mit.e: to ce in the n:asn w:n!;. ..

At this ::-er :U.;- .4 e
'

The maxi'un thermal output at rated pcwer is 15.0 kw/ft.

An eva3uation of the fuel densification as it affe:ts c:mti p:Icx fcr
p* thit 1 is given in Aspencia 3a, an: CAP 20d3 at:tn:.e. 2 (rf . : :s ti). 5

g 'aW B122 anc its setenoum-(references 25 am 26) evtl.a:ts fd2
L censifiestion as it applies to Unit 2.

In Aptendix M, the 2nitial fuel densities of Regions 2 anc 3 reflect the-
actcal region censities as stanced in the FSAR Table 4.1. he fuel

-

censity Atself coes not have any significant-effect on the power transient
associated with the rod ejection accident. '

,.

0 In the. fuel densification report a 2700*F clad surface temperature limits I( is used for accidents such as Rod Ejection and f.ocked Rotor as dis:ussed
in WCAP 7855 and in Attactpent 13 of Westingh:use 1stter NS-St.Sf.3 i* (.lanuary 12,1P73) to Cr. D. F. Knuth. '

In Appendix 3A. the methods described in CAF-7422-1 Nestinghouse PWR
Ccre 5thavior Fo11cwing a Loss-of-co:lant- Ac:! cent" section 6.2.3 mere

-usec to cetermine the gap conductarce durinc LOCA es:ept for the initial
value. The initial gae concuetance in LOOTA ass adjusted such that tne
= initial average tancerature in LOCTA uas ecual tc tne cesig. vake of the
BOL average terigerature et the appropriate Kw/ft plus an adol", local
temperature increase to cover an uncertainty which was e:tual lo 7.375 x I
(Kw/ft). *

Parameters considered incortant to fuel densification analysis are
summarized in Table 3.1 and Tacle A.1 of the Zion and Point Reach unit 2fuel densification reports. In addition: *

a. The initial, as fabricated diametral fuel pellet / clad gao for Zion is
0.0075 inches wMch is 0.001 inches less than that for Point les:h,

'
Unit 2.

b. The tire integrated axial power distribution (or fast ~neutren flux
cistritution) used in the analyses of gap :oncuctanci for estn Zion

! and Polnt Sea:h Unit 2 is iven in Atta:hr.ent L F1(ute 2 of
[ westirghouse letter NS-SL g21 (.lanuary 4,1973),to Cr. D. F. An ,th., .

t

'.
3.2-40
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Clad Svelline and hunture Modi 1
. .,

...t'

3. 5
,

>- .

During a tbCA tlw clad is assuecd to strain uniformly and plastical y
l in

:

*

d tiec dif ferent ial. ( the radial dire * tten previded that both the tosperature anIf the'atrain esceeds.g10 '.,.(a,c)
,

.

[ pressure across the clad are suf ficiently high. .functinn
or the clad temperature eseceds the burst temperature (determined as a

'

!

of. the instantaneous stress) the clad 1. assumed to burnt M an addition.sga======='' === ex-mem.

. local strain is aJJed to the burst mode.
,

-

Three empirical madvis are employed to evaluate the clad swelling and!

rupture behavior.
L

I.

Ciad swellins Prior to Rupture3.5.1*g Y
interntil pres . ,

' performed a series of tests in which rods with constant !tiardy ramp rate 4
sure were ramped to a serJes temperatures. at various cenutant

*

l
-

The pressures repeted by Hardy were converted to hoop strersc by the.

L formula- :

.!(3-695

,

.

.

correlated as
sad the strain at a given temperature and resp rate vers

The equation developed which best
functions of tlw deriv 6d hoc,p stress.

describes the d.sta is 1 (a.r)e
(3-70)I .

'
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Clad n ,urst
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Clad is assumed to burst if it eeschesl10tlheep otrain based on the swelling
'

an==m=====. -

andet described above *or if the clad toeperature an the burst mode reactic.s
- e- ammmmme _

.

>, amamme
| ,ke_eperature is sa'culated as a function ofc

E urst-temperature. Itu Mri-

tsp stress based on correlation of the W st ingliouse single red burst asst (2d|~

fi i The best estimate curve free figure 3-1 is used and

|datashouninFirute3-1. pressure ta senverted to hoop stress by the relationship described inI[ .
Egest ten 3-69 using original test specimen sousetry. This best estimmte
surve as described by the equation

.

(a.h r)
1"

0-71A)*

* 1Tg,,,
-u

e

1,acal Ilw , Strain Atter Surst -
53.53 ,

The loca'lised'digLagp1 swelling that eccurs very rapid 1s_ at the time of .

burst} is caleelsted free a terrelation of single ed burnt tent dat.:
of_

.eed the rangets._,
ek.atinge.cuse and others. Figure M shfews tlw correlat to.)
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Branch Technical Position CSB 6-4 i

'

CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS

A. BACKGROUND
:

This branch technical position pertains to system lines which can provide an
open path from the containment to the environs during normal plant operation; '

e.g., the lines associated with the containment purge and vent systems, ft i

pupplements the positkn taken 'in.5RP.&ection 6.2.4. '

While the containment purge and vent systems provide plant operational
flexibility, their designs must consider the importance of minimizing the -

rolesse of containment atmosphere to the environs following a postulated '

loss of coolant accident. Therefore, plant. designs east. cot eely on thatr use
4 en a vestine.hasis. .

The need for purging hasest always been anticipated in the design of plants, t

and therefore,. design criteria for the containment purge system have not been
fully seveloped. The purging experience at operating plants varies considerably
from plant to plant. Some plants do not purge during reactor operation, some >

purge intermittently for short periods and some purge continuously. There is
similar disparity in the need for, and use of, containent vent systems at
operating plants.,

Containment purge systems have been used in a variety of ways; for example,
'

to alleviate certain operational problems, such as excess air leakage into the
containment from pneumatic controllers, for reducing the airborne activity withine

y the containment to facilitate personnel access during reactor power operation,
and for controlling the containment pressure, temperature and relative humidity.
Containment vent systems are typically vsto to relieve the initial containment
pressure buildup caused by the heat load imposed on the containment atmosphere,

| during reactor power ascension, or to periodically relieve the pressure buildup '

due to the operation of pneumetic controllers. However, the pur
'

Gines1 provide.an open path from the.contefaent.4e.Aha.anvirons. ge and vent
, ,

| Shou'd'a LOCA
CJur,tn_g Ao.ntaineeripurgi0g Wl)eh .the. reactor. isJt.. power the ca' culated

! ac dont Wees eheild 4be,within.20 #A # art gu$ liess.7 W1 ;1 % #9e9W V=
{

,

; . , .

The string of the purge lines in most plants have been based on the need to
control the containment atmosphere during refueling operations. This need has
resulted in very large lines penetrating the containment (about 42 inches in '

I diameter). Since these lines are normally the only ones provided that will
permit some degree of control over the containment atmosphere to facilitate

;

personnel access, some plants inave used them fenicontainment purging during
normal plant optration. Under such conditions, calculated accident. doses could
be significant. Therefore, the use of these tu e.
lires should be restricted to cold shurdown icond tio(p.gginnent nur_ne a M vantns and refueltag.aperations .

) ,anc thei~aidst"Wisslercluserifall".ethWF'opirati' WaT.Eddes.. ,
|

o

The design and use of the purge'end vent lines should be based on the premise
of. achieving agcthatemergencyc.edglecalculatedaffsita. radiological.conse.guencesandaturore clioTing JECCSDLfectifedisJp,t~dsHMd twiredoM an

jfSe Tangmin)"backaressure. ,

g
,

Purge system designs that are acceptable for use on a montoutine basis durin%

normal plant operation can be achieved by providing accittonal purge lines. g
|

6.2.4 13 Rev. 2 - July 1981
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I - " The size of these lines should be limited such that in the event of a'9ett of-
i f coolant accident, essuming the purne velves are apen end nubseouentiv ein. "

! y4 stne .racuu.opceMonsequences calculatec in accordance wtsh Regulatory Guides
r j.:4"3'%nd"T'446018~ Mot 4mceell%e w du9eMMDTde71ne vaives, the J

'

TffTLE"TTIET6F vaive efosure snowlc not exceea rive secones so as'

/tur purge _ vaives wouic De closeU DeTore the_ thsef. DT Tvel f allopet f tL11 ne ay
. gn, usuar concerns apply to vent system designs.

The site of the purge lines should be about einht inchen in diameter for fg i
planSs. This line site m_r be og r1 conservative from a radioleeical viewooint L
for the Mark !!! BWR pinMY' "and ,e GR o~ ants because of containment and/or
Tore oesign Teaturth nerefore, arger l' ne sites may be 31sti4ed. However,-

or ejn grooosed line S te. Ene applicant must. demonstrate Lia', the radielee9esi2

Eu"fdeliM ,es1Te11ewingyosgef-coo,lantieecidentmovid be within 10 Un part inoc3ns37venc
v4]jgM,n summary,TTie accecTattlity or a specific ' ine s' me is a

| Tunction of the site meteoroloov, containment sosian- anc radio'coice source
,gg3 or the reactor type, e.g. , BWR, PWR, or H' GR.f; ,

| 8. BRANCH T[CHNICAL P051T!0N

The systems used to purge the containment for the reactor operational modes of

g sysi.em.frTJ1kyde_pe_,. 4ot Stoneby end hot evtdown; *4.g. ,.the .on-4 4me eucee -
power operation startup

ndenroT~ Die 3yg)e avstem used ter the concur anera-n ,
Tional notes of co 6 shutdown and refuel' no.

1. The en-line nurne system should be designed in accordance with the following
i.o m m. y.

. .
.

a. General Design Criterion 54 requires that the reliability and perfor- |
'u. 'mance capabilities of containment isolation valves reflect the impor-

tance of safety of isolating the systems penetrating the containment
I boundary. Therefore, the performance and reliability of the purge

system isolation valves should be consistent with the operability .
i

assurance " Pump
"tintrVDve' program outlined in Branch Technical Position m.s z(Also see SRP SectIon 3.10.)

'

,

Operability Assurance Program."
| The design basis for the valves and actuators should include the build-'

up of containment pressure for the LOCA break spectrum, and the supply
*

-

|
line and exhaust line flows as a function of time up to and during
valve closure.

| b. The number of supply and exhaust lines that may be used should be
| limited to one supply line and one exhaust line, to improve the
' reliability of the isolation function as required by General Design

Criterion 54, and to facilitate compliance with the requirements of
Appendix K to 10 CFR Part 50 regarding the containment pressure used
in the evaluation of the emergency core cooling system effectiveness

i and 10 CFR Part 100 regarding offsite radiological consequences.
'

c. -The size of the lins I,hould not exceed about etoht inches in diameter,
UDiess cetat ed jum cation "or larcer line v aos is arov10ec, to*

improve the reliabu U;y and performance capabi' 'sy of t)e isolation
and containment functions as required by General Design Criterion 54,
and to facilitate conD11ance with the renuiremente af Ann ndir K to
L0 CFR Part 50 recar,,g,ig the coDtajDeenL pt.asture uted in an1"Mina h
bne emyggpcv core _cooiino livstem effectiveness and 1(CFR part 100 ,v
regard ,ng the of fsite radio' ooical consecuenceis.

6.2.4-14 Rev. 2 - July 1981
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d. As required by General Design criterion 54, the containment isolation i
. provisions for the purge system lines should meet the standards appro-

i priate to engineered safety features; i.e., quality, redundancy, test-
ability and other appropriate criteria, to reflect the importance to
safety of isolating these lines. General Design criterion 56 estab-
lishes explicit requirements for isolation barriers in purge systemd lines.

.

To improve the reliability of'the isolation function, which is addressede.
, < in General Design Criterion 54, instrumentation and control systems

provided to isolate the purge system lines should be itdependent and
i actuated by diverse parameters; e.g., containment pressure, safety

injectionactuation,andcontainmentradiationlevel. Furthermore
if energy is required to close the valves at least two diverse sou,rces
of energy shall be provided, either of whIch can effect the isolation
func ton.

f.(O 4iA_Purce system isolation valvo closure tints. i h dina instrumentatici~

l s. shouJ MnedMe7econds, ;o fBei' u ste compliance witi <

R Par ; LOO renardliclffiMe~iadlologicalTtMeQuences.
v =

g. Provisions should be made to ensure that isolation valve closure will
not be prevented by debris which could potentially become entrained
in the escaping air and steam.

2. The purge system should not be relied on for temperature and humidity
control within the containment,

t 3. Provisions should be made to minimize the need for purging of the contain-b ment by providing containment atmosphere cleanup systems within the contain-
ment.

4. Provisions should be made for testing the availability of the isolation
function and the leakage rate of the isolation valves during reactor
operation.

5.
The following analysesg be performed to <g the containmentpurge system design: A

a. An analysis of $he. radiological consecuences of a less of-coolant
"st'fTBnt.~The,,, analysis shou'Id belone for a spectrum of break sizes,
ana sne instrumentation and setpoints that will actuate the purge
valves closed should be identified. The source tom used in the
radiological calculations should be based on a ca culation under the
terns or appendix K to_detemine_ the extent o_r ruel ratture anc the

i|concoanant release of Tiss1on pro 5ucts, am W T1stion procuct
i er.tivny in sne orimary cooiant. A pre-extuting tooine sstko snould

) no cona10erec in cetermining primary coolan', ac11vity. Ise volume
o" con".alnment in wnten vission proaucts are muea should be jtstified, '

and the fissi >n eredurts from the above sot rens shsuld bn assumed to
be released ttrouch tse open Daroe valves c ur' no t se max' mum interval

. reou' rett to valve clasuro. T se radioloalcal consecuences snoula De
with'n 10 CJR Part 100 gu'deline values. '

b. An analysis which demonstrates the acceptability of the provisions
made to protect structures and safety-related equipment; e.g., fans,

6.2.4 15 Rev. 2 - July 1981
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i

filters, and ductwork, located beyond the purge system isolation
valves against loss of function from the environment created by the

,

'

escaping air and steam, p

c. An analysis of the reduction in the containment pressure resulting |
Trom Inc partiss voss UT containment atmonporre curing Inc accigent j

*vor tcca pacapressure setermination._ ;
;

d. The maximum allowable leak rate of the purge isolation valves should i

be specified on a case-by case basis giving appropriate consideration j

to valve size, maximum allowable leakage rate for the containment !

(as defined in Appendix J to 10 CFR Part 50), and where appropriate, I
Ithe maximum allowable bypass leakage fraction for dual containments.

%

l
1

l

I
I

.

I

J
-

,

.
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.

|

s
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4.2 FUEL $YSTEM DESIGN

REVIEW RESPONSIBILITIES )

Primary - Core Perfomance Branch (CPB)'

Secondary - None {
!. AREA $ OF REVIEW

1

'

The themal, mechanical, and materials design of the fuel system is evaluated by
L CPB, The fuel system consists of arrays (assemblies or bundles) of fuel rods

including fuel pellets, insulator pellets, springs, tubular cladding, end i

closures, hydrogen getters, and fill gas; burnable poison rods including com-
ponents similar to those in fuel rods; spacer. grids and springs; and plates; '

channel boxes; and reactivity control rods. In the case of the control rods, !
this section covers the reactivity control elements thtt extend from the coupling ,

interface of the control rod drive mechanism into the core. The Mechanical
Engineering Branch reviews the design of control rod drive mechanisms in SRP

.
' i

Section 3.9.4 and the design of reactor internals in $RP Section 3.9.5.

k.*Theobjectivesofthefuelsystemsafetyreviewaretoprovideassurancethat
.

*

pgy --(a) the
I gystem 11s. mot danang()es .4 gesuit4T4tema14pereMon end (ntjr.1 _

ii. ./ 49ated ope .3 . .
,

uhences..(b fuel syneen P. = W si *ai
neerLGhieshenide.ds.veeutred, (c)' thew"f,,as.say.pra_at

.

fevent..sontral. r of.J h ad '
.'

I.ailmres ; ^tenanderas"J = 1-d *^ aestula mg-, and (c) coolar : 1",y sis '

abe'fvT)ys.pa.
Atajaad. ."No", damaged,"'as used ' n t w aDove statement, means that -

rods do not fail, that fuel systas dimensions remain within operational .

tolerances, and that functional capabilities are not reduced below those assumed
in the safety analysis. This objective implements General Design Criterion 10 )

(Ref.1), and the design limits that accomplish this are'' called 6pecif.iad .

dt.N g' Acceptable fuel * Design Limits''t$AFDLs), sN Fasel ved Wailere* epans *"t'.tr ' 1gWi '

leaks 'and that gnL,[{rgt f asden arocuct narfler 4the sei sdd" na Mas c - i

/ 5I 75 Yore 2.been treac
~

ed. Joe: vos fahures ausg ed Nrintemas- -
F1MT' _ reevine ey_ nFA i' art apo TNT MT3er.po_,gecoun'

i''E s
- *

s",dib ace < aentn. .

diolablitty," In general, means that the fusi asseno y re ,,itns ' ts rod-bundle
geometry with adequateaceolant thannels4o9emitwomevel gfieritua'1' heat even

u fter.a severe weidentem4he general requirements to maintain control rod |a

.
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insertability and core coolability appear repeatedly in the General Design i

criteria (e.g., GDC 27 and 35). Specific coolability. requirements for the |

loss of-coolant accident are given in 10 CFR Part 50, 650.46 (Ref. 3). )

All fuel damane criteritare described in SRP Section 4.2. For these criteria i
that nvolve DNBR or CP_R limitsa _spet1 Fic_J.herma' -hv#rau' it criteria are niven i'

< e un > (art 4aa A A The.4vailable lac'osctive C ssion eroduct enwant.orv en- i

.wel . cod,g.,(i.3,. ;-the |1LMe&c.Estnt Q)u,1pa,p invento,ry expressed at.efeMe fraction) Ts orovidedMijQ larmse Mn estimat1 no the +eeieletrieal
danseauences eT h ant 1..a=pnch ;

=- i

The fuel system review covers the following specific areas.

A. Desian Bases -
+.

.

Design bases for the safety analysis address fuel system damage mechanisms
and provide limiting values for important parameters such that damage

,

will be Itaited to acceptable levels. The design bases should reflect
,

the safety review objectives as described above.
,

8. Descriotion and Desion Drawines

The fuel system description and design drawings are reviewed. In general,
the description wl11 emphasize product specifications rather than process
specifications. ;

*

;

C. Desion Evaluation
f

The performance of the fuel system during normal operation, anticipated e 1

operational occurrences, and postulated accidtAM is reviewed to determine b -

if all design bases are met. The fue' system components, as listed
above, are reviewed not only as separate components but also as integral,

units such as fuel rods and fuel assemblies. The review consists of an' *

| evaluation of operating experience, direct experimontal comparisons, i

L detailed mathematical analyses, and other information.

D. Testinac Insoection, and Surveillance Plans

Testing and inspection of new fuel is perfomed by the Itcenseh to ensure
that the fuel is fabricated in accordance with the design and that it
reaches the plant site and is loaded in the core without damage. On-line ,

fuel rod failure monitorinit and postirradiation surveillance should be
performed to detect anomal' es or confirm that the fuel system is performing
as expected; surveillane.e of control rods containing B C should be perfomed
to ensure against reactivity loss. The testing, inspection, and surveil-
Iance plans alent) with their reporting provisions are reviewed by CPB to
ensure that the toportant fuel design considerations have been addressed.

) !!. ACCEPTANCE CRITERIA
.

Specific criteria necessary to meet the requirements of 10 CFR Part 50,550.46;
General Design Criteria 10, 27 and 35; Appendix K to 10 CFR Part 50; and
10 CFR Part 100 identified in subsection I of this SRP section are as follows:

'

|

|

4.2-2 Rev. 2 - July 1981 ,
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i
A. Desion Bases |,

The fuel system design bases must reflect the four objectives described
t

in subsection I, Areas of Review. To satisfy these objectives, acceptance*.-

b' criteria are needed for fuel system damage, fuel rod failure, and fuel
coolability. These criteria are discussed in the following: '

1. Fuel $ysteA4amage-
i

This subsection applies to estaaldperation, and the information to i
be reviewed should be conta' ned in Section 4.2 of the Safety Analysis i
Report.

.

i

To meet the requirements of General Design Criterion 10 as it relates
to specified Acceptable Fuel Design Limits for normal operation, '

including anticipated operational occurrences, fuel system damage
criteria should be given for all known damage mechanisms. !

Fuel system damage includes fuel rod failure, which is discussed
below in subsection !!.A.2. In addition to precluding fuel rod t

failure, fuel damage criteria should assure that fuel system dimen-
|

sions remain within operational tolerances and that functional
capabilities are not reduced below those assumed in the safety;

analysis. Such damage criteria should address the following to be >

j complete.

(a) Stress, strain, or loading limits for spacer grids, guide
tubes, thimbles. fuel rods, control rods, channel boxes, and
other fuel system structural members should be provided.(. 5 tress limits that are obtained by methods similar to those ;I_

iven in Section !!! of the ASME Code (Ref. 4) are acceptable.
ther proposed limits must be justified.

(b) The cumulative number of strain fatigue cycles on the structural 4

members mentioned in paragraph (a) above should be significantly ,

less than the design fatigue lifetime, which is based on appro-
priate data and includes a safety factor of 2 on stress amplitude
or a safety factor of 20 on the number of cycles (Ref. 5).
Other proposed limits must be justified.

(c) Fretting wear at contact points on the structural members
mentioned in paragraph (a) above should be limited. The allowable
fretting wear should be stated in the Safety Analysis Report
and the stress and fatigue limits in paragraphs (a) and (b),

above should presume the existence of this wear.

(d) 0xidation,hydridingIted.and the buildup of corrosion products
) (crud) should be lim Allowable oxidation, hydriding, and

crud levels should be discussed in the Safety Analysis Report-

and shown to be acceptable. These levels should be presumed to
'

exist in paragraphs (a) and (b) above. The effect of crud on
themal-hydraulic considerations is reviewed as described in |
SRP Section 4.4.

,

(e) Dimensional changes such as rod bowing or irradiation growth of
fuel rods, control rods, and guide tubes need not be limited tog
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set values (i.e., damage Ifmits), but they must be included in'

the design analysis to establish operational tolerances.

(f) Fuel and burnable poison rod internal gas pressures should
remain below the nominal system pressure during norinal opera-
tion unless otherwise justified.

(g) Worst case hydraulic loads for normal operation should not
exceed the holddown capability of the fuel assembly (either
gravityorholddownsprings). Hydraulic loads for this
evaluation are reviewed as described in SRP Section 4.4. |

(h) Control rod reactivity must be maintained. This may require
the control rods to remain watertight if water-soluble or
leachable materials (e.g., 84 ) are used.C

2. Fuel Rod Faltere

This subsection applies to n#iiialTirition, anticip(ated operationaloccurrences and postulated accidents. Paragraphs a)through(c)
addressfailuremechanismsthataremorelimitingdur:ngnormal

operation,2 sf'.the Jaformation-to be reviewedehould he.santainedJn>and,

(h) adress failuro mechan!*==ysis'1eport.=*= acre limiting duringSection 4: the Safety Anal Paragraphs (d) through|

+ha'
|

anticfbated operat<onal occurrences and postelated accidents and
the information to be reviewed will usually be contained in dhapter44

,

po! '" histyJnalyste4eport.. Paragraph (i) should be addressed in '

Section 4.2 of the Safety Analysis Report because it is not addressed p;

elsewhere.

L Tomeettherequirementsof(a)GeneralDesionCriterion10asit
relates to Specified Acceptable Fuel Design Limits for normal opera-
tion, including anticipated operational occurrences and 10 CFR
Part100asitrelatestofissionproductreleasesforpo(b) latedstu
accidents fuel rad failure criteria should be niven for all known
fuel rod failure mechanisms. Fuel rod failure is defined as the
loss of fuel rod hermeticity. Although we recognize that it is not
possible to avoid all fuel rod failures and that cleanup systems are
installed to handle a small number of leaking rods, it is the objective.

,

of the review to assure that fuel does not fail due to specific'

causes during normal operation and anticipated operational occurrences.
Fuel rod failures are permitted during postulated accidents, but Iythey must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet /claddin; '

mecianicalinteraction (PCI), hydriding, cladding collapse bursting, dress thefracturing, and fretting. Fuel failure criteria should ad
# following to be complete.

Hydriding as a cause of failure i.e. , primary I
hydridin ) is prevented by keeping the level (of moisture and(a) Hydridin :

'

other hy rogenous impurities very low during fabrication.
Acceptable moisture levels for Zircaloy-clad uranium oxide fuel -

*should be no creater than 20 ppe. Current ASTM specifications
l (Ref. 7) fr 00 fuel pellets state an equivalent limit of 2 ppm -

"
I of hydrogen from all sources. For other materials clad in

4.2-4 Rev. 2 - July 1981
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Zirceloy tubing, an equivalent quantity of moisture or hydrogen
can be tolerated. A moisture level of 2 og Hs0 per ces of het
void volume within the Zircaloy cladding has been shown (Ref. 8)

; to be insufficient for primary hydride formation.

(b) Cladding Collapse: If axial gaps in the fuel pellet Oclumn (
occur due to densification, the cladding has the potential of
collapsing into a gap (i.e., flattening). Because of the large
local strains that accompany this process, collapsed (flattened)
cladding is assumed to fail.

(c) Fretting: Fretting is a potential cause of fuel failure, but |
it is a gradual process that would not be effective during the
brief duration of an abnormal operational occurrence or a
postulated accident. Therefore, the fretting wear requirement

1in paragraph (c) of subsection II.A.1, Fuel Dama9e, is sufficient
' to preclude fuel failures caused by frstting dur<ng transients. |

,,/ (d) fverheating af Cladding: -It has been traditional practice to - f
issume that failuresV11 not occur if the themal margin- -.O *
criteria (DNBR for PWRs and CPR for BWRs) are satisfied. The
reviewofthesecriteriaisdetailedinSRPSection4j.4 ter

it * g v, nnrmal operation end enticipated 9perational =eceverencea,1

%rieIation*st the=themaleargin e:ritaria Ja est+ emitted. Jor '
i

be f'"' N 4 ostulateg,tecidents 4heatotalmumberif" fuel rods that eaceed
j criteria hasseen essumed.4a dalldermedielegicaldese. ,

'

Ealcu14(ogJuypos,3 i
,

Although a themel margin criterion is sufficient to demonstrate ' '

| N, the avoidance of overheating from a deficient cooling mechanism,
it is not a necessary concition (i.e., DN8 is not a failure
mechanism) and other mechanistic methods may be acceptable.=Pt

. There is at present little experience with other approaches,.

! bid.mewpositionsTecommending different criteria should addresse:
4'

cladding temperatura, pressure, time duration, oxidation, andr-
| embrittlement. y .

! (e) Overheating of Fuel Pellets: It has also been traditional
e

f
practice to assume thstfallerstr111moccW4feenter'14nemeltingh g.takesglace. This analysis should be performed for the maximum >

( linear heat generation rate anywhere in the core, including all
I hot spots and hot channel factors, and should account for the

effects af burnup and composition on the melting point. der
namel aperetion end entteipated aperational securrences,
denterline eelting'aismottomitted.Mor postulated accidents,
the estalaumbe/.sffe6s'that experience centerline melting .
ghould be assumed to del);for.radiologicaldose c'alculation

| purposes. Thecenterlinemeltingcriterionwasestablishedlo
'

| assure that axial or radial relocation of molten fuel would
| neither allow molten fuel to come into contact with the cladding

nor produce local hot spots. The assumption that centerline
melting results in fuel failure is conservative.

/' (f) Excessive Fuel Enthalpy: For a severe reactivity initiated.

accident (RIA) in a SWR at zero or low power, fuel failure isO assumed to occur if the radially averaged fuel rod enthalpy is-

,

.
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greater than 170 cal /g at any axial location. For full power
RIAs in a BWR and all RIAs in a PWR, the thermal margin criteria -

I
(DNBR and CPR) are used as fuel failure criteria to meet the f

.

guidelines of Regulatory Guide 1,77 (Ref. 6) as it relates to
fuel rod failure. The 170 cal /g enthalpy criterion is primarily
intended to address cladding overheating effects, but it also
indirectly addresses pellet / cladding interactions (PCI). Other * *

criteria may be more appropriate for en RIA, but continued
approval of this enthalpy criterion and the thermal margin
criteria may be given until generic studies yield improvements.

'r (g) Pellet / Cladding Interaction: There is no current criterion
for fuel failure resulting from PCI, and the design basis can >

only be stated generally. Two related criteria should be
applied, but they are not sufficient to preclude PCI failures.

-

(1) The unifore strain of the cladding should not exceed 1%. .

In this context, uniform strain (elastic and inelastic) is
defined as transient-induced deformation with gage lengths
corresponding to cladding dimensions; steady-state creepdown

,

and irradiation growth are excluded. Although observing this ,

strain limit may preclude some PCI failurer,, it will not preclude
i the corrosion assisted failures that occur at low strains, nor

will it preclude highly localized overstrain failures. (2) Fuel
melting should be avoided. The large volume increase associated !

with melting may cause a pellet wii.h a molten center to exert a
stress on the cladding. Such a PCI is avoided by avoiding fuel
melting. Note that this same criterion was invoked in para-
graph (e) to ensure that overheating of the cladding would not

-

occur.
"

(h) Bursting: To meet the requirements of Appendix K of 10 CFR
Part 50 (Ref. 9) as it relates to the incidence of rupture

f( during a LOCA a rupture temperature correlation must be used
in the LOCA EdC5 analysis. Zircaloy cladding wi1 W est

heating
W(rupture) under certain combinaQnns of temperature, liers mayate", and differential pressure, hithough fuel supp

use different rupture temperature vs differential pressure
curves, an acceptable curve should be similar to the one
described in Ref.10.

.(1) Mechanical Fracturing: A mechanical fracture refers to a |

defect in a fuel rod caused by an externally applied force such
as a hydraulic load or a load derived from core-plate motion.
Cladding integrity may be assumed if the applied stress is less
than 905 of the irradiated yield stress at the appropriate
temperature. Other proposed limits must be justified. Results
from the seismic and LOCA analysis (see Appendix A to this SRP ,

' section) may show that failures by this mechanism will not |
1

occur for less severe events.
.

3. Fuel Coolability

This subsection applies to postulated accidents, and most of the g
information to be reviewed will be contained in Chapter 15 of the
Safety Analysis Report. Paragraph (e') addresses the combined effects ,,
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of two accidents, however, and that information should be contained
in Section 4.2 of the safety Analysis Report. To meet the require-
ments of General Design criteria 27 and 35 as they relate to control
rod insertability and core coo) ability for postulated accidents,.

fue) coolability criteria should be given for all severe damage
mechanisms. Coolability, or coolable geometry, has traditionally
implied that the fuel assembly retains its rod-bundle geometry with

u. adequate coolant channels to permit removal of residual teat.
Reduction of coolability can refuit from cladding embrittlement
violent expulsion of fuel, generalized cladding melting, gross ,

%ontrol rod insertabi1Ity criteria are also addressed in thisstructural deformation and extreme coplanar fuel rod ballooning.
subsection. Such criteria should address the following to becomplete:

(a) Cladding Embrittlement: To meat the requirements of 10 CFR
Part 50, 550.46, as it relates to cladding embrittlement for a
LOCA, acceptance criteria of 2200'F on peak cladding temperature
and 17% on maximum cladding oxidation must be met.
the cladding were predicted to collapse in a given cy(Note:Ifcle, it
would also be predicted to fail and,~ therefore, should not be
irradiated in that cycle; consequently, the lower peak cladding
temperature limit of 1800'F previously described in Reference 11
is no longer needed.) Similar temperature
and oxidation criteria may be justified for other accidents.

(b) Violent Expulsion of Fuel: In severe reactivity initiated
t accidents, such as rod ejection in a PWR or rod drop in a SWR,

;

g the large and rapid deposition of energy in the fuel can result :

in melting fracaentation, and dispersal of fuel. The mechanical
action asso,ciated with fuel dispersal can be sufficient to destroy
the cladding and the rod-bundle geometry of the fuel and to pro-
duce pressure pW ses in the primary system. To meet the guide-
lines of Regulatory Guide 3J7 as it relates to preventing wide-
spread fragmentation and dispersal of the fuel and avoiding the
generation of pressure pulses in the primary system of a PWR, a '

radially averaged enthalpy limit of 280 cal /g should be observed.
This 260 cal /g limit should also be used for SWRs.

(c) Generalized Cladding Melting: Generalized (i.e., non local)
melting of the cladding could result in the loss of rod-bundle*

fuel geometry. Criteria for cladding embrittlement in
paragraph (a) above are more stringent than melting criteria
would be; therefore, additional specific criteria are not used.

.

(d) Fuel Rod Ballooning: To meet the requirements of Appendix K of
10 CFR Part 50 as it relates to degree of swelling, burst
strain and flow blockage resulting froa cladding ballooning
(swelling) must be taken into account in the analysis of core
flow distribution. Burst sted9n lind flow hiockage models must
be based on applicable data (such as Refs.10,12, and 13) in
such a way that (1) the temperature and differential pressure
at which the cladding will evpture are properly estimated (see
paragraph (h) of subsection II. A.2), (2) the resultant degree
of cladding swelling is not underestimated, and (3) the asso-.

ciated reduction in assembly flow area is not underestimated.

4.2-7 Rev. 2 - July 1981
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The flow blockage model evaluation is provided to the Reactor
Systems tranch for incorporation in the comprehensive ECCS

,evaltation model to show that the 2200'F cladding temperature
and 17% cladding oxidation limits are not exceeded. The reviewer .J
should also determine if fuel rod ballooning should be included in
the analysis of other accidents involving system depressurization.

(e) Structural Deformation: Analytical procedures are discussed in
Appendix A. " Evaluation of Fuel Assembly Structural Response to
Externally Applied Forces."

8. Descriotion and Desion Drawines
'

.

The reviewer should see that the fuel system description and design
drawings are complete enough to provide an accurate representation and to
supply information needed in audit evaluations. Completeness is a matter
ef judgment, but the following fuel system information and associated
tolerances are necessary for an acceptable fuel systen description:

Type and estellurgical state of the cladding
Cladding outside diameter
Cladding inside diameter
Cladding inside roughness
Pellet outside diameter

-

Pellet roughness
Pellet density
Pellet resintering data

, Pellet length
Pellet dish dimensions
Burnable poison content
Insulator pellet parameters
Fuel column length
Overall rod length
Rod internal v61d volume
Fill gas type and pressure
Sorbed gas composition and content
Spring and plug dimensions
Fissile enrichment

* Equivalent hydraulic diameter
Coolant pressure

The following design drawing have also been found necessary for an
acceptable fuel system description:

Fuel assembly cross section
Fuel assembly outline
Fuel rod schematic

! Spacer grid cross section
Guide tube and nogale joint
Control rod assembly cross section
Control rod assembly outline
Control rod schematic
Burnable poison rod assembly cross section
Burnable poison rod assembly outline
Burnable poison rod schematic
Orifice and source assembly outline

4.2-8 Rev. 2 - July 1981
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C. Desian Evaluation

The methods of demonstrating that the design bases are met must be
i reviewed. Those methods include operating experience, prototype testing,.

and analytical predictions. Many of these methods will be presented'

generically in topical reports and will be incorporated in the Safety ,

Analysis Report by reference. |
|

1. Ooeratino Exoerience j

'

Operating experience with fuel systems of the same or similar design
ishould be described. When adherence to specific design criteria can

be conclusively demonstrated with operating experience, prototype !

testing and design analyses that were perfomed prior to gaining
that experience need not be reviewed. . Design criteria for fretting
wear, oxidation, hydriding, and crud buildup might be addressed in
this manner. ,

,

2. Prototyoe Testino
|

,
When conclusive operating experience is not available, as with the

I introduction of a design change, prototype testing should be reviewed.
Out-of reactor tests should be perfomed when practical to det0mine
the characteristics of the new design No definitive requirements
have been developed regarding thost design features that must be
tested prior to irradiation, but the following out-of-reactor tests
have been performed for this purpose and will serve as a guide to 4

the reviewer:

Spacer grid structural tests
Control rod structural and performance tests .

Fuel assembly structural tests (lateral, axial and torsional
stiffness, frequency, and damping)

Fuel assembly t.ydraulic flow tests (lift forces, control
rod wear, vibration, and assembly wear and life)

In-reactor testing of design features and lead-assembly irradiation
of whole assemblies of a new design should be reviewed. The following
phenomena that have been tested in this manner in new designs will
serve as a guide to the reviewer:

Fuel and burnable poison rod growth-

Fuel rod bowing
Fuel assembly growth
Fuel assembly bowing
Channel box wear and distortion
Fuel rod ridging (PCI) *

i Crud formation
Fuel rod integrity
Holddown spring relaxation .

Spacer grid spring relaxation
Guide tube wear characteristics

,

in some cases, in-reactor testing of a new fuel assembly design or a,

new design feature cannot be accomplished prior to operation of a
full core of that design. This inability to, perform in-reactor

4.2-9 Rev. 2 - July 1981
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testing may result from an incompatability of the new design with !.

the previous design. In such cases, special attention should be i
-

given to the surveill.ance plans (see subsection !].D below).
}

3. . Analytical Feedictions |

Some design bases and related parameters can only be evaluated with
calculational procedures. The analytical methods that are used to
make performance predictions must be reviewed. Many such reviews
have been performed establishing numerous examples for the reviewer.
The following paragraphs discuss the more established review patterns
and provide many related references.

|
(a) Fuel Temperatures (Stored Energy): Fuel temperatures and :

stored energy during normal operation are needed as input to
ECCS performance calculations. The temperature calculations
require complex computer cudes that model many different

,

4

phenomena. Phenomenological models that should be reviewed !
include the fullowing: ;

Radial power distribution I
' '

Fuel and cladding temperature distribution
i Burnup distribution in the fuel -

Thermal conductivity of the fuel, cladding,
cladding crud, and oxidation layers ,

Densification of the fuel
Thermal expansion of the fuel and cladding
Fission gas production and release
Solid and gaseous fission product swelling
Fuel restructuring and relocation
Fuel and cladding dimensional changes*

Fuel-to-cladding heat transfer coefficient,

| Themal conductivity of the gas mixture
| Themal conductivity in the Knudsen domain
l Fuel-t'-cladding contact pressureo

Heat capacity of the fuel and cladding
Growth and creep of the cladding
Rod internal gas pressure and composition
Sorption of helium and other fill gases
Cladding oxide and crud layer thickness
Cladding-to-coolant heat transfer coefficient *

'

Because of the strong interaction between these models, overall
code behavior must be checked against data (standard problems
or benchmarks) and the NRC audit codes (Refs.14 and 15).
Examples of previous fuel performance code reviews are given in
References 16 through 20. -

i '

? (b) Densification Effects: In addition to its effect on fuel
temperatures (discussed above), densification affects (1) core,

|

"Although needed in fuel performance codes, this model is reviewed at described
'k|

in SRP Section 4.4. 7'

-
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'

'power distributions (power spiking, see SRP Section 4.3),
(2) the fuel linear heat generation rate (LHGR, see SRP |

s Section 4.4), and (3) the potential for cladding collapse.
%* Densification magnitudes for power spike and LHGR analyses are '

discussed in Reference 21 and in Regulatory Guide 1.126 (Ref. 22).
To be acceptable, densification models should follow the guide- |
lines of Regulatory Guide 1.126. Models for cladding-collapse |
times must also be reviewed, and previous review examples are '

given in References 23 and 24.

(c) Fuel Rod Bowing: Guidance for the analysis of fuel rod bowing
is given in Reference 25. Interin methods that may be used
prior to compliance with this guidance are given in Reference 26. 1

At this writing, the causes of fuel rod bowing are not well -

understood and mechanistic analyses of rod bowing are not being
approved.

(d) Structural Deformation: Acceptance Criteria are discussed in
Appendix A. "fvaluation of Fuel Assembly Structural Response to
Externally Applied Forces."

(e) Rupture and Flow Blockage (Ballooning): Zircaloy rupture and
flow blockage models are part of, the ECCS evaluation model and
should be reviewed by CP8. The models are empirical and should
be compared with relevant data. Examples of such data and
previous reviews'are contained in References 10, 12, and 13. *

(f) Fuel Rod Pressure: The thermal performance code for calculating

-( temperatures discussed in paragraph (a) above should be'used to ;
,

,

calculate fuel rod pressures in conformance with fuel damage
criteria of Subsection !!.A.1, paragraph (f). The reviewer
should ensure that conservatisms that were incorporated for
calculating temperatures do not introduce nonconservatises withi

regard to fuel rod pressures.'

(g) Metal / Water Reaction Rate: To meet the requirements of Appendix K
of 10 CFR Part 50 (Ref. 9) as it relates to metal / water reaction ,

rate, the rate of energy release, hydrogen generation, and
,

cladding oxidation from the metal / water reaction should be
calculated using the Baker-Just equation (Ref. 27). For non-LOCA
applications, other correlations may be used if justified.

(h) Fission Product Inventory: To meet the guidelines of Regulatory,

[i G d ,- Guides 1.3,1.4,1.25 and 1.77 (Refs. 6, 28-30) as they relate
. 4 .u , . .*M ./.s to fission product release, the available radioactive fission *
4,p,j* ' ' product inventory in fuel rods (i.e., the gap inventory) is

presently specified by the assumptions in those Regulatory .

. Guides. These assumptions should be used until improved s
,

'chlsolational methods are approved by CPS (see Ref. J1)t.

D. Testina. Insoection, and Surveillance Plans
'

Plans must be reviewed for each plant for testing and inspection of new
/ fuel and for monitoring and surveillance of irradiated fuel.

,
,
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/ fa NUCLEAR REGULATORY COMMISSION !

**

{ } wAssiwatow, p. c. 30666

k..... July 20, 1989 )
;
F

MEMORANDUM FOR: Frank J. Miraglia, Associate Director
for Inspection and Enforcement ;

FROM: Robert B. A. Licciardo, Reactor Engineer
Plant Systems Branch
Division of Engineering and Systems Technology

$UBJECT: DIFFERINGPROFESSIONALVIEW(DPV)CONCERNINGCONTAINMENT
ISOLATION VALVES AT ZION

On May 11, 1989, The\riter submitted a memo on the subject: :

| Differing Professional View Concerning
1

a) Issuance of $ER To Zion 1/2 Allowing Full. Power'
,

Operation With Open 42" Containment Isolation Valves

b) Methodology used For Calculating Related Offsite Doses

By memo of May 11, 1989, from F. J. Miraglia to R. Licciardo, the writer was
asked to clarify certain aspects of the regulatory positions used in the
analyses including the time to failure used in LOCA analyses and mechanisms
for the transport of fission products from the primary (system) to the
containment.

| The writer was also asked to provide a view as to the safety significance of
L the Amendment proposed by management and the safety significance of my concern

regarding LOCA analyses, -,

t .

In response to the above request, I am pleased to submit the enclosed document'

which analyzes for your specific concerns and presents the related conclusions
in Section 4.

Regarding the safety significance of the existing Zion Amendmont proposed by
annagement. Use of that Amendment and required Regulatory Guide 1.4 criteria
would result in a contribution to thyroid dose over seven (7) secs. of 158,000
rem; using DN8R failure criteria with 105 fission product gap release would

'

reduce this to 64,000 rom. Use of DNBR failure and equilibrium gap activity
only would contribute 27,000 rom.

It would take a fuel failure of only 0.2% of the existing rods releasing i

101 gap activity only to increase offsite doses to 10 CFR 100 limits.

j

M Y u-T y .u s+g *^ ff.A $ $ | f
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Frank J. Miraglia -2-

It must be recognized that allowing the containment purge valves to remain
open for seven (7) secs. following a LOCA, multiplies by 194,000 the amount
of fission product that would otherwise be release by leakage over the same
periodofseven(7) secs.fromanisolatedcontainment. It becomes a direct
contradiction of the regulatory need for effective containment and limited
leakage.

In summary: Proceeding with the existing Amendment proposed by management >

would be in direct violation of regulatory requirements. ,

The writer's SER of May 11 issued with his DPV of that date remains the
writer's safety conclusions and reconmendations in this matter 1.e.:

"The 42" valves at Zion should remain closed in Modes 1, 2, 3 and 4 because
the consequences of the offsite dose to thyroid (from iodine) during a LOCA
is unacceptably high; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which may be proposed within the existing
licensing basis is 64,000 rom.

i

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure cloes
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
operating inventory of fissioni products is released to the containment and
thentotheenvironment,cannotingeneralbesustainedagainstthermal
hydraulic analyses for containment response, and licensing basis requirements
(includingcriteria)forthecalculationfor,andtheoccurrenceof, fuel
failure and the quantification and treatment of the resulting source tems."

'

M
Robert B. A. Licciardo '

Registered Professional Engir.ser California
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380 -

Enclosure:
As stated

.

cc: J. Sniezek-
C. Rossi
F. Congol
H. Smith

1
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AN EVALUATION OF THE CRITERIA FOR
;

AND
'

THE CALCULATION OF OFFSITE DOSES DERIVING FROM
OPEN CONTAINMENT PURGE VALVES D'JRING

A LOCA AT ZION UNITS 1 & 2 ,

i

.

.

'

| *
,

:

DATED JULY 20, 1989

,

PREPARED BY'

ROBERT B. A. LICCIARDO
i

| REGISTERED PROFESSIONAL ENGINEER CALIFORNIA
l

NUCLEAR ENGINEERING LICENSE NO. NU 001056
MECHANICAL ENGINEERING LICENSE NO. M015380

u .
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INTRODUCTION

;

On May 11, 1989, the writer submitted a memo en the subject:
i

DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance Of SER to Zion 1/2 Allowing Full Power Operation With |
Open 42" Containment Isolation Valves. ,

,

!

b) Methodology Used For Calculating Related Offsite Doses. ;

By memo of May 11, 1989, from F. J. Miragita to R. Licciardo, the writer was .'

asked to clarify certain aspects of the regulatory positions used in his
analysis including: a) Time to failure used in LOCA analysis and b) mechanisms
for the transport of fission products from the primary (system) to the contain-
ment. The writer was also asked to provide his view as to the safety significance

'
of the Amendment proposed by management, and the safety significance of his
concerns regarding LOCA analysis.

This material was prepared in response to that request and is in adjunct to
his D.P.V which is attached to this document as Attachment 1.

.

.
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1 FISSION PRODUCT RELEASED FROM FUEL AND CONTAINMENT U$ED IN ACCIDENT ANALYSES
-

1.1 Radiological Source Terms Within The Core

Exhibit I shows core and gap activities for Zion for iodine. ;
,

Calculated levels of iodine in the fuel clad gap are given to show a totalo

I-131 EQU of 24.09 x 105 curies
'

Total iodine in the core as 1-131 EQU is 15.79 x 107 curies.*

,

a

1.2 LOCA: Reg. Guide 1.4 Criteria: Application to Zion

:.

Branch Technics 1 Position CSB 6-4 (Ref. 25) states that:

"The sizing of the purge lines in most plants have been based on the need
to control the containment atmosphere during refueling operations. This
need has resulted in very large lines penetrating the containment (about
42inchesindiameter). Since these lines are normally the only ones pro- ,

vided that will permit some degree of control over the containment atmos-
phere to facilitate personnel access, some plants have used them for con-
tainment purging during normal plant operation. Under such conditions,

calculated accident doses could be significant. Therefore, the use of -

these large containment Durae and vent linet should be restricted to cold ,

shutdown conditions and refueling operations and they must be sealed closed
in all other operational modes.

>

The desion and use of the purge and vent lines should be based on the
premise of achievino acceptable calculated offsite radiolooical
consecuences and assuring emergency core cooling (ECCS) effectiveness

is not degraded by a reduction in the containment backpressure.

1-1
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Purge system desions that are acceptable for use on a nontoutine basis
during normal plant operatior, can be achieved by providing additional
purge lines. The size of these lines should be limited such that in the
event of a loss-of coolant accident. assuming the purce valves are open
and subsequently close. the radiological consequences calculated in accor-
dance with ReQulatory Guides 1.3 and 1.4 would not exceed the 10 CFR

Part 100 ouideline values. Also the maximum tiae for valve closure should
not exceed five seconds to assure that the purge valves would be closed before
the onset of fuel failures following a LOCA. Similar concerns apply to

,

vent system designs."

This is interpreted by the writer as specifying that the large 42" purge
and vent lines (PVLs) should be closed except in Modes 5 and 6. And if
purging is necessary in Modes 1, 2, 3 and 4, then smaller lines (8" andt

10") should be considered and the source term to be used for evaluating
offsite dose is that of Reg. Guide 1.4 which uses TID 14844 source terms
as the fission product available for release to containment.

RG 1.4.C Regulatory Position (Ref. 30) requires the following under
related subsection No.:

.

"la. Twenty-five percent of the equilibrium radioactive iodine inventory
developed from maximum full power operation of the core should be
assumed to be immediately available for leakage from the primary

: ,

resetor containment. Ninety-one percent of this 25 percent is to be
assumed to be in the form of elemental iodine, 5 percent of this 25
percent in the form of particulate iodine, and 4 percent of this 25

'

| percent in the form of organic iodides."

l

f.e., 25% of the radioactive iodine inventory from exhibit 1 is specified
i to be immediately available inside primary containment for leakage to the

| atmosphere. For Zion this would represent approximately 25 percent of
15.79 x 107 curies of 1-131 EQU in the core i.e. , 3.9 x 10' curies
immediately available inside containment for leakage to atmosphere.

1-2t
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"Ic. The effects of radiological decay Curing holdup in the containment or
other buildings should be taken into account."

With half lives for iodine (1) varying from 3.16 x 108 secs for I-134 to
6.95 x 105 secs for I-131, released immediately on a LOCA, and a time to
valve closure of seven (7) seconds, there is no time for significant
radioactive decay of any iodine isotope before it is discharged to
atmosphere.

It is to be noted that the actual first stage of fission product release
during a LOCA occurs with the infringement of DNBR for the fuel rod,,
leading to overheating of the clad and fuel failure according to SRP 4.2
(Ref. 26) by perforation (or loss of hermeticity). For Zion, this is
specified to occur 0.1 sec's into the event in the Appendix K evaluation
of the LOCA event; the off-site calculations for this submittal have been
made for a DNBR infringement of 1/2 sec. and are therefore less

conservative.

"Id. The reduction in the amount of radioactive material available for
leakage to the environment by containment sprays, recirculating
filter systems, or other engineered safety features may be taken into
account, but the amount of reduction in concentration of radioactive
materials should be evaluated on an-individual case basis."

During the first 7 seconds, there are no" engineered safety features (ESF)'
fission product clean up systems dvailable for reducing fission product
content prior to discharge to the environment. Engineered safety feature

containment sprays are initiated after 45 secs. Any filtration systems on
the 42" inlet and outlet penetrations are not designed to ESF requirements.
Recirculating filter systems provided by W for fission product control of
containment atmosphere during normal operations are not ESF equipment.

Containment volume of 2 million cubic feet originally containing 144,000
lbs of air reduces fission product discharged from the RCS by prior dilu-
tion through mixing. Exhibits 3 and 4, and 3A and 4A show the circumstances

for containment and the discharging reactor coolant system.

'

1-3
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The containment has an initial mass of air of 144,000 lbs (at atmospheric I

pressure). On a LOCA, the initial rate of discharge from the RCS into
containment is 75,000 lbs/sec and over a period of seven (7) seconds prior |
to containment valve closure, a total of 270,000 lbs is so discharged, i

This increases total mass in containment to 420,000 lbs, increasing total
pressure in containment to 23.7 psig; at the same time a total mass of j
15,000 lbs (valves fully open) to 2,860 lbs (valves partly open) of mixed '

containment inventory is discharged to the atmosphere. ;

. .

If it is assumed that all fission product released from the core is
immediately available to containment as in RG 1.4, then total mixing
of this product should be assumed to occer on initiation of the LOCA. ;

(The data presented show the results for a release Is second after the [
LOCA, but the differences are not significant for the intent of this

i

submittal.) As a result, containment inventory discharged contains a
uniform concentration of a decreasing cur'o content over the firsti

'

7 seconds, and the net result is a release to outside containment of 4.385
of the source term fission product inventory Q, released from the core on
occurrence of the LOCA. (A reduced amount of 1.57% is released for partly
closed valves). Exhibit 2A shows that for the RG 1.4 source tern, this
gives a total release from containment over the first 7 seconds of 1.7 x
10s curies direct to atmosphere. Related offsite dose is 490,000 rem for
2 x fully open valves. Partially open valves reduce this to the value

'

shown in Exhibit 2 of 612,000 curies and 156,000 ren.
-

t ,

; It should be recognized that the themal-hydraulic, including energy

| conditions, are such that fluid is discharging from both the RCS and the
containment at very high energy levels, with associated pressure levels ,

giving sonic discharge velocities into containment of the order of 1000
: fps. Under these conditions it takes only hundredths of a seconds for RCS

fluid to reach the containment isolation valves from the RCS system. This

is no comparison with the very low transport rates from the top of a fuel ,

pool to containment isolation valves for a fuel handling accident inside

1-4
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containment as discussed in Section 1.3.3.5 of this submittal; values of
up to 15 secs. have been considered appropriate for these circumstances,

if is assumed that the core fission product source term is instead uniformly ;

mixed with the RCS Fluid prior to its dicharge to containment, (less con-
servative than R.G. 1.4) curie content discharged to atmosphere is reduced

from 4.38% Q to 1.9% Q where Q is the total term source released from the
core by the LOCA and related source terms and related offsite doses are

'

reduced by the same amount.

These are not unrealistic assumptions, for conservative purposes. The

LOCA causes sudden pressure drops in the RCS, to saturation pressures for
the prevailing temperatures of the RCS inventory, causing steam release
from violent boiling throughout the cystem. This would cause substantial

.,

vibration of the fuel rods and movement of the prevailing damaged 00

pellets, facilitating the mass transfer of fission product gases to and
through the gap to the locally faulted cladding, followed by blowdown
through the clad defects at high rates because of the prevailing pressure
drops, between the gap and the core.

.

Over the first seven seconds of the event, heat is being tranferrred from
the core to containment by steam formation at the core and subsequent mass >

transfer to the RCS system and break, and discharge to the containment,
at the very high rates discussed earlier in this subsection. Since fission
product gases are released from the cladding, (and probably at the hottest
sections) the trani; port of fission products released frca the gap would

I

be within the same steam and entrained liquid transport system to the

break and then containment.

Within containment, unless special provisions have been made, there is no |

) guarantee that a certain percentage of high concentrations of fission
product inventory being released by RCS discharge is not being bypassed j

directly to the open containment isolation valves from its main path to'

principal containment volume. In this sense, assuming an immediate

release of all fission product to the containment on DNBR would help j

offset the potential non-conservatism of this bypass.
;

1-5
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;

"le. The primary reactor containment should be assumed to leak at the leak
'

rate incorporated or to be incorporated as a technical specification
requirement at peak accident pressure for the first 24 hours
(0.1 percent per day), and at 50 percent of this leak rate for the i

remaining duration of the accicent. Peak accident pressure is the
maximum pressure defined in the technical specifications for |

containment leak testing."
;

Except for dilution through mixing di'scussed under Id above, there is
complete bypass of containment for 7 secs through the 2 x 42" open valves. I

l
J

The magnitude of discharge to the environment with related offsite doses ;

has been discussed under Id above. In reviewing these figures, it should ;

be recognized that for a normal leakage of 0.1%/ day from containment, I
8 x 10 $% of Containment Inventory (Q), would be released in the same time J

frame of 7 seconds. When compared with 4.38%, this represents a dose q

reduction factor of $41.000 and would reduce the 7 second dose from ;

489,000 ren to 0.9 rem. !

Over a two hour time frame, and making allowance for 38 seconds without

spray, followed by an iodine removal coefficient of $4/hr with a maximum
reduction factor of 100, gives an approximate reduction in discharge by a
factor of 32.000 leading to a calculated dose of 15 rem.

,

,

|

These reduction factors in offsite dose of 489,000 for the first seven
seconds by offective early containment at 0.1%/ day, and of 32,000 in the
first 2 hours by effective containment at 0.1% per day and an iodine
cleanup factor of 100, manifest the real significance of effective

|
containment and containment spray in fission product containment.

1.3 LOCA: BTP.CSB 6-4. B5 Criteria ,

I.

The Reg.1.4 source terms of 1.2 above, are based upon the Regulatory requirement
of 10 CFR 100.11, (a) footnote 1 (Ref. 36) that:

,

L
'
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"The fission product release assumed for these calculations should be based
upon a major accident, hypothesized for purposes of site analysis or

,

postulated from considerations of possible accidental events, that would
result in potential hazards not exceeded by those from any accident

considered credible. Such accidents have generally been assumed to result ;

in substantial meltdown of the core with subsequent release of appreciable

quantities of fission products."

However, Branch Technical Position CSB 6-4 (Ref. 25) provides another basis to
justify containment purge design and which is less conservative than the
Regulatory position. This is given in related section B-5, as:

"5. The c''owing analyses should be performed to .iustify the containment
.

Durae system desian:
.

a. An analysis of the radiological consecuences of a loss-of,
coolant accid q . The analysis should be done for a spectrum cf
break sizes, and the instrumentation and setpoints that will
actuate the purge valves closed should be identified. The source

term used in the radiological calculations should be based on a
calculation under the terms of Appendix K to determine the extent
of fuel failure and the concomitant release of fission products,

! and the fission product activity in the primary coolant. A pre-
existing iodine spike should be considered in determining primary-
coolant activity. The volume of containment in which fission
products are mixed should be justified, and the fission products
from the above sources should be assumed to be released through'

i

the open purge valves during the maximum interval reauired for

valve closure. The radiological consecuences should be within

10 CFR Part 100 guideline values.''-

e

To gain further regulatory interpretation of the meaning of fuel failure
uithin this context, the writer's DPV (Ref 42) refers to SRP 4.2 FUEL SYSTEM
DESIGN, I (AREAS OF REVIEW), 2nd para. (Ref. 26) which states that, in respect

of postulated accidents:

|

1-7
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"The ob.iectives of the fuel system safety review are to provide assurance

[ that (a) the fuel system is not damaged as a result of normal operation
and anticipated operational occurrences, (b) fuel system damage is never

,

so severe as to prevent control rod insertion when it is required,
(c) the number of fuel rod failures is not underestimated for postulated
accidents, and (d) coolability is always maintained. "Not damaged," as

[ used in the above statement, means that fuel rods do not fail, that fuel
system dimensions remain within operational tolerances, and that functional
capabilities are not reduced below those assumed in the safety analysis.
This objective implements General Design Criterion 10 (Ref. 38), and the
design limits that accomplish this are called Specified Acceptable Fuel
Design Limits (SAFDLs). " Fuel rod failure means that the fuel rod leaks
and tha't the first fission product barrier (the cladding) has, therefore,

been breached. Fuel rod failures must be accounted for in the dose analysis
required by 10 CFR Part 100 (Ref. 2) for postulated accidents."

- The underscored lines show that fue rod failure in the context of this
paragraph must be evaluated for postulated accider.ts and this evaluttion must
be conservative < Fuel Rod Failure means that the fuel rod leaks and that the

_

first fission product barrier (the cladding) has therefore been breached;
these failures must be accounted for in the dose analysis required by 10 CFR ,

__

_

Part 100 (Ref. 36) for postulated accidents.

Coc1 ability is addressed as a separate criterion.
,

-

1.3.1' Characteristics of Fuel Failure Giving Fission Product Release During

Postulated Accidents

Regulatory clarification of fuel rod failure is given in SRP 4.2.II. A.2.-

- (Ref 26) This is abstracted as follows for the circumstances of postulated
_ accidents in particular:
-_

- "2. FUEL ROD FAILURE-

This subsection applies to (nermai-operation--anticipated-operationai
ocentrences--and] postulated-accidents. [ Paragraphs-(a)-through-(e)-address

,

_ 1-8
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f ailure-mechanisms-that-are-more-iimiting-dering-normat-operation--and the
informatien-to-be-reviewed-shecid-be-contained-in-Section-4 f-ef-the-Safety

Analysis-Report-] Paragraphs (d) through (h) address failure mechanisms that
are more limitina durina (anticipated operational occurrences and) postulated
accidents, [and-the-information-to-be-reviewed-wiii-essaily-be-contained-in 1

Ehepte r-IS- of- the- Saf ety- Analysi s- Report:-- Para graph- f i)-s hosi d-be- addre s s ed

in-Section-4 f-ef-the-Safety-Anaiysis-Report-because-it-is-not-addressed ,

eisewhere]

To meet the requirements of [(a)-Generai-Besign-Eriterien-16-as-it-relates-te

| Specified-Acceptable Fuel Design Limits for normal operation, including antici
pated-operationai-cecorrences;-and-(b)] 10 CFR Part 100 as it relates to fission

'

,,

product releases for postulated accidents, fuel rod failure criteria should be
I civen for all known fuel rod failure mechanisms. Fuel rod failure is defined

as the loss of fuel rod hermeticity. [Aitheegh-we-recognice-that-it-is-not
possible-to-avoid-ail-f eei-red-f ail ures-and-that-eleanep-systems-are-insteiied
to- h andl e- a- s mali- numbe r- of-i e s ki ng- re d s t -i t-i s- the-obj ec ti ve-of- the-revi ew- te

assere-that-feei-does-not-faii-dee-to-specific-causes-dering-normai-eperation
end-anticipated-operationai-occorrences:] Fuel rod failures are permitted during
postulated accidents, but they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheatina, pellet / cladding interaction
(PCI), hydridino, claddina collapse, bursting, mechanical fracturino, and

frettina. Fuel failure criteria should address the following to be complete.
'

,

Only those failure mechanisms that are more limiting for postulated accidents
are abstracted here:

(d) Overheating of Cladding: It has been traditional practice to assume that

failures will not occur if the thermal marain criteria (DNBR for PWRs [and
EPR-for-BWRs)] are satisfied. [The-review of-these-criteria-is-detaiied-in
SRP-Section-4:4 --Fer-normal-operation-and-anticipated-operationai-occer-

rencest violation-of-the-thermai-margin-criteria-is-not permitted;] F,g
postulated accidents, the total number of fuel rods that exceed the cri
teria has been assumed to fail for radiological dose calculation purposes.

1-9
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Although a thermal margin criterion is sufficient to demonstrate the avoid-
ance of overheating from a deficient cooling mechanism, it is not a necessary
condition (i.e., DNB is not a failure mechanism) and other mechanistic methods
may be acceptable. There is at present little experience with other approaches,
but new positions recommending different criteria should address cladding
temperature, pressure, time duration, oxidation, and embrittlement.

(e) Overheating of Fuel Pellets: [it-has-aise-been-traditional practice-te
asseme-that-faiiere-wiii-occer-if-centeriine-melting-takes pinee:--This .

analysis-shoeid-be performed-for-the-maximne-iinear-heat generation-rate
a nywhe re-i n- the- c orei-i nei ndi ng-si l- ho t- s p ets- and- hot-c ha nnei- f actors t- a nd ;

s hoei d- acceent- f or-the-ef f ects-of-bornep- and-composition-en-the-meiti ng !

poi nt:-- F e r- no rmai- ope rati on- and- a nti ci p ated- operati onal-oc c urrene e s- )
centeriine-meiting-is-not permitted:] For postulated accidents, the total
number of rods that experience centerline melting should be assumed to fail
for radiological dose calculation purposes. [The-centeriine-meiting-cri-

teri en-was- e s tabii s hed- t o- a s s ere-that-axi mi- et-radi al-reioc ati on-of-moi te n ;

feei-wonid-neither-allow-melten-feel-to-come-inte-contact-with-the-eiadding

nor prednee-ioest-hot-spots ] The assumption that centerline melting results
in fuel failure is conservative.

(f) Excessive Fuel Enthalpy: [For-a-severe-reactivity-initiated-see4 dent-(RIA)
in-a-BWR-st-tero-or-tow poweri-fati-failere-is-assumed-to-ocest-if-the-radi-
eity- avera ge d-f eel-rod- e nthai py-i s- gre ate r-th an-i? 6- cai /g- st-any-axi al-i e c a- ;

tion:] For full-power RIAs in a BWR and'all RIAs in a PWR, the thermal mar- !

cin criteria (DNBR and CPR) are used as fuel failure criteria to meet the
cuidelines of Regulatory Guide 1.77 (Ref.-6) as it relates to fuel rod
failure. [Yhe-176-eai/g-enthaipy-eriterien-in-primarity-intended-to
addres s-ei ndding- overheati ng-ef f ec ts i-bet-i t-ai s o-i ndirec tly-addre s s

peitet/eiadding-interactions-(PEi):] Other criteria may be more appropriate
for an RIA. but continued approval of [this-entheipy-eriterion-and-the ther-
mal margin criteria may be civen until generic studies yield improvements.

(g) Pellet / Cladding Interaction: There is no current criterion for fuel failure
resultina from PCI and the desian basis can only be stated generally. Two
related criteria should be applied, but they are not sufficient to preclude

1-10
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PCI failuro. 3) The uniform strain of the claddina should not exceed 1%.

{{n-this-context- eniform strain-(einstie-and-ineinstic)-is-defined-es
,

-transient-induced-deformation-with gege-iengths-corresponding-to-cladding
dimensions--steady-statt-creepdown-and-irradiation growth-are-extieded;]
Although observing this strain limit may preclude some PCI failures, it
will not preclude the corrosion-assisted failures that occur at low strains,
nor will it preclude highly localized overstrain failures. (2) Fuel melting

should be avoided. The large volume increase associated with melting may I

cause a pellet with a molten center to exert a stress on the cladding.
Such a PCI is avoided by avoidino fuel meltino. Note that this same cri

Iterion was invoked in paragraph (e) to ensure that overheating of the
cladding would not occur. -

(h) Bursting: To meet the requirements of Appendix K of 10 CFR Part 50 (Ref. >

9) as it relates to incidence of rupture during a LOCA, [a-reptere-tem- t

peret're-correlation-most-be-used-in-the-tBEA-EEES-analysis ] Zircaloya

cladding will burst (rupture) under certain combinations of temperature, ,

heating rate, and differential tressure. [Aithough-feet-suppliers-may-ese
different-reptere-temperatore-vs-differentiai pressure-carves--an-accept-

! able-carve-shoeid-be-simitar-to-the-one-described-in-Ref:-16:] i

, (i) Mechanical Fracturino: A mechanical fracture refers to a defect in a fuel
|
' rod caused by an externally applied force such as a hydraulic load or a

load derived from core plate motion. Cladding inteority may be assumed if'
the applied stress is less than 90% of the irradiated yield stress at the'
appropriate temperature. Other proposed limits must be .iustified. Results
from seismic and LOCA analysis (Appendix A to this SRP section) may show
that failures by this mechanism will not occur for less severe events."

Summary:

)
Failure Mechanisms include:

(a) Infringment of DNBR criteria during postulated accidents which causes
overheating of the cladding of the fuel rod, and is assumed to cause failure

1-11
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of-the clad, and release of contained fission products from the gap as
a source term for the calculation of radiological doses.

(b) If postulated accident conditions cause calculated values of fuel pellet
temperature to reach the melting point for the uranium dioxide at the
centerline of the pellet, it is assumed that all such rods shall fail (and
release fission products from the pellets - as well as the gap) for the
calculation of radiological doses.

1.3.2 Characteristics of Fission Product Released From Failed Fuel During

Postulated Accidents

1.3.2.1 General ,

j

Fission product release as source terms for postulated accidents relevant to ;

the above fuel failure criteria are specified as: |

SRP 4.2, Section I, last paragraph (Ref. 26) states that: !

"All fuel damage criteria are described in SRP Section 4.2. For those cri-
teria that involve DNBR or CPR limits, specific thermal-hydraulic criteria i

are given in SRP Section 4.4. The available radioactive fission product
= inventory in fuel rods (i.e., the gap inventory expressed as a release
fraction) is provided to the Accident Evaluation Branch for use in estimat-
ing the radiological consequences of plant releases."

SRP 4.2.C.3(h) (Ref. 26) states that:
i

" Fission Product Inventory: To meet the guidelines of Regulatory Guides
1.3, 1.4, 1.25 and 1.77 [Refs--6--28-S6] as they relate to fission product
release, the available radioactive fission product inventory in fuel rods
(i.e., the gap inventory) is presently specified by the assumptions in those -
Regulatory Guides. These assumptions should be used until improved calcu-

lational methods are approved by CPB [see-Ref--Si)."

1-12
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- The criteria from these Reg Guides are considered separately in the following
subsections of this submittal in order to examine for general guidelines which .;

c.ay be applied to BTP CSB 6-4 BS Criteria. 1

1.3.2.2 Regulatory Guide (RG) 1.25: Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel

.

Handling and Storage Facility for Boiling and Pressurized Water
Reactors

l'
L

|-
RG 1.25 (Ref 31) covers the Fuel Handling Accident inside containment.

!
|

| RG 1.25 page 25.1 under Section B, second para, provides for an immediate
release of a'11 activity from the fuel rod gap of the damage rods:

"The number and exposure histories of fuel assemblies assumed to be damaged

determine the total amount of radioactive material available for immediate
release into the water during a fuel handling accident."

The same Section B, fourth para. provides that:

"Only that fraction of the fission products which migrates from the fuel
matrix to the gap and plenum regions during nomal operation would be avail-
able for immediate release into the water in the event of clad damage.

(Migration of fission products is a function of several variables including
,

operating temperature, burnup, and isotop~ic half life taken into considera-
tion in establishing the release fractions listed in this guide.)"

RG 1.25 also assumes that 10% of the total radioactive iodine in the rod (with
calculated peak activity) is contained in the gap for release. (See pags 25.2,

Item C.I.d):
e

"All of the gap activity in the damaged rods is released and consists of
10% of the total noble gases other than Kr-85, 30% of the Kr-85, and 10%

of the total radioactive iodine in the rods at the time of the accident.

1-13
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Released iodine rises to the surface of the related pool with a decontamination :

factor of 100, provided a minimum depth of 25.ft exists, and gap pressure is no
greater than 1200 psig. Subsequent treatment of the source term is typified
by the guidelines of SRP 15.7.4 Radiological Consequences of Fuel Handling i

Accidents (Ref. 28) which requires (under Section 111.4, second and third
para's that:

1

"The reviewer should assess the time required to isolate the containment.
IThis should include the instrument line sampling time (where appropriate),

[
detector response time and containment purge isolation valve actuation and
closure time. The containment is considered isolated only when the purge

isolation valves are fully closed. The applicant's analysis should be
reviewed regarding the travel time of any activity release starting from i

its release point above the refueling cavity or transfer canal and
including travel time in ducts or ventilation systems up to the inner
containment purge isolation valve."

"The time required for the release to reach the inner isolation valve is
compared to the time required to isolate the containment. If the time
required for the release to reach the isolation valve is longer than the
time required to isolate containment, then essentially no release to the -

atmosphere occurs, and the reviewer's assessment should reflect this. If

the time required for the release to reach the isolation valve is less
than that required to isolate containment, and no mining or dilution

,

credit can be given, the reviewer should'' assume that the entire activity
release escapes from the containment in evaluating the consequences.
Claims for credit for dilution or mixing of a release due to natural or
forced convection inside containment are reviewed and assessed. References

[4] and [5] should be consulted and used by the reviewer for guidance in
estimating dilution and mixing. Where mixing and dilution can be demon-
strated within containment, the radiological consequences will be reduced4

by the degree of mixing and dilution occurring prior to containment
isolation."

1-14
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Related references [4] and [5] are:

"4. Evaluation of Fission Product Release and Transport for a Fuel

Handling Accident by G. Burley, Radiological Safety Branch, Division. t

of Reactor Licensing, revised October 5, 1971.

5. Industrial Ventilation /A Manual of Recommended Practice - American
Conference of Governmental Industrial Hygienists."

These circumstances relate to a set of containment environmental conditions in
which mixing energy is virtually absent, being provided by low energy contain-
ment purge and exhaust ventilation fans, and virtually no additional energy
from the very small mass of fission product gas released from the damaged fuel
elements, after travelling through a minimum depth of 23 ft. Under certain
conditions, this could provide for the total activity released (after decon-
tamination in the pool) to be discharged directly to atmosphere outside
containment.

For Zion, the fundamental set of values for the thermal hydraulic parameters
, covering the above circumstances, are completely different to those governing

the release and disbursement of. fission products to the environment from a LOCA.

1.3.2.3 Regulatory Guide 1.77: Assumptions Used for Evaluating a Control Rod
EjectionAccidentForPressurizedWaterReactors

Fundamentally, this Guide provides for tn evaluation of the Thermal Hydraulic
and Power conditions within the core, during the accident, to determine a) the'
extent of DNBR infringement and b) the amount of fuel exceeding the initiation
temperature of fuel melt (approximately 5150*F).

For Source Terms, RG 1.77, Appendix B1 (Ref. 32) proposes that:

"a. The case resulting in the largest source term should be selected for
svaluation.

1-1!,
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.b. The nuclide inventory in the fuel elements potentially breached
should be calculated, and it should be assumed that all caseous
constituents in the fuel-clad gaps are released,

c. The amount of activity accumulated in the fuel-clad cap should be

assumed to be 10% of the iodines and 10% of the noble cases

i
accumulated at the end of core life, assuming continuous maximum
full power operation.

.
.

d. No allowance should be given for activity decay prior to accident

initiation, regardless of the reactor status for the selected case.

e. The nuclide inventory of the fraction of the fuel which reaches or

exceeds the initiation temperature for fuel meltino (typically

2842*C) at any time during the course of the accident should be
calculated, and 100% of the noble cases and 25% of the iodine

contained in this fraction should be assumed to be available for
release from the containment."

- Summarily: The source term from molten fuel is the same as for RG 1.4. The

source term release from the gap is the same as for the fuel handling
accident.

The subsequent effects of the release path on the ultimate source terms from
,

containment are evaluated for each of two re16ase paths, as if the other did
not exist. -These release paths are:

(1) By effectively.immediate release of all source terms to containment to be
followed by the following cleanup and decay provisions which are the same
as those normally accounted for in a LOCA in RG 1.4 (Ref. 30). RG 1.77,

App. B1 (Ref. 32) provides that:

"f. The effects of radiological decay during holdup in the containment or
other buildings should be taken into account.

1-16
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g. :The reduction in the amount of radioactive material available for
leakage to the environment by containment sprays, recirculating
filter systems, or other engineered safety features may be taken into

,

account, but the amount of reduction in concentration of radioactive
materials should be evaluated on a-case-by-case basis,

h. The primary reactor containment should be assumed to leak at the leak
rate incorporated or to be incorporated as a technical specification-
requirement at peak accident pressure for the first 24 hours, and at-

50% of this leak rate for the remaining duration of the accident.
Peak accident pressure is the maximum pressure defined _in the 3

L
technical specifications for containment leak testing."

Additionally SRP 15.4.8, Section III.3 (Ref. 27), further specifies that:
>

,

"For releases via the containment building, 100% of the noble gases and

25% of the iodines contained in the fuel which is estimated to reach.

-initiation of melting are assumed to be available for release from the
.. containment."
!-
|

Summarily: For the release path to containment, these are effectively ~the
provisions of RG 1.4 in respect of the treatment of Fission Product Source
Terms after release from the core.

|
.

(_ (2) By release of fission products to the secondary system as per
' RG 1.77, Appendix B, Items li, j and k (Ref. 32).

There are not considered in this submittal, as they do not apply to a release ,

to containment.'

1.3.2.4 Summary (of General Positions on Fission Product Releases Deriving

from RG 1.25 and 1.77)

. a) For failure of fuel cladding by either DHOR infringement or fuel handling(
accident:

1-17'

_ _ . _ _ _ . __



. _ . _ . . _ . . .

- .-

* .

For iodine,10% of the fuel rod inventory is released from the gap. For

the control rod ejection accident this release is assumed to be available
immediately inside containment for leakage.

(b) For failure by centerline melting of the fuel pellet:

25% of the iodine inventory of any fuel rod which reaches or exceeds
the initiation temperature of fuel melting is assumed to be immediately
available inside containment for rele'ase. This is the same assumption
applied in RG 1.4 for fuel melt deriving from a LOCA.

1.4 LOCA: BTP CSB 6-4/85 Criteria: Application to Zion

Zion Fuel temperatures during normal operation at maximum power prior to a LOCA
vary from 2500'F to 4100' for approximately 15% of the core (Exhibit 23). There
will be a substantial-increase in temperature of the whole core over a period
of up to 7 seconds following a LOCA and Exhibit 6 shows the related average
cladding temperatures. Considering the correlation of fission product release
as a function of temperature shown in Exhibit 22, there is a high probability
of a substantial increase in fission product activity in the gap over that of
the equilibrium activity level represented on Exhibit 1, during these first
seven (7) seconds of the accident, so that an increase in gap activity level
from the equilibrium values shown in Exhibit I to the value of 10% used in the
other postulated accidents is not an unreasonably conservative regulatory

,

position to adopt for this event. On this bas"is, the iodine source term
deriving from fuel rod failure by overheating of the fuel cladding by DNB
infringement at Zion at 0.1 second into the event would be 157.9 x 105 curies
of 1-131 EQU and is the value adopted by the writer in conformance to the
related BTP. In respect of fuel rod failure by centerline melting, the Zion
FSAR (Ref. 33) does not provide detailed information on fuel pellet tempera-
tures except for the general statement that the safety injection system prevents
core meltdown Ref. 33, page 14.3-46, Revision I second para.; provision for -

related fission product release from melted fuel rods is therefore not necessary
for this evaluation to the guidance of the related BTP.

1-18
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On the basis of BTP CSB 6-4, B5 therefore, a total iodine fission product
release of 157.9 x 105 curie I-131 EQU from the core, would be available to'
inside containment _at 0.1 second into the LOCA. By reference to the conditions
inside containment discussed in detail in Section 1.2, items Id and le above,
it can be shown that, the release of 157.9 x 105 curies of I-131 EQU from the
core as a source term will result in the discharge of 692,000 curies of I-131

-EQU to atmosphere with an offsite dose of 176,000 rem with 2 x 42" fully open
for 7 seconds, see Exhibit 2A, item 5. With valves partly closed this is
reduced to 249,000 curies 1-131 EQU and 63,400 rem, see Exhibit 2 item 5.

It is noted that in its recent revision to the FSAR (Ref. 34 ) page 14.3-38
Revision 1. W has calculated an offsite dose from the LOCA on a non-Reg. Guide

1.4 basis, by also using the entire inventory of fission products contained in
the pellet cladding gap, but has assumed the equilibrium values only, as listed
in Exhibit 1. This is equal to 24.09 x 105 1-131 EQU which is 1.52% of the
core activity as compared with the 10% exemplified in other NRC criteria and
used by the writer. Effective dnses that would be obtained using equilibrium
gap activity only are also presented in Exhibits 2A and 2 under items 4 and show
offsite doses to thyroid are reduced to 27,000 rem for 2 fu11open valves and
9,700 rem for 2 partial'ly closed valves.

'

.
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-2 0FFSITE DOSE CONSEQUENCES: SUMMARY

'2.1 Basis for Calculations
|

Based on discussions in section 1, radiological releases and related offsite
consequences are shown in Exhibit 2A item 6 for 2 x 42" fully open (90') valves
and Exhibit 2 item 6 for 2 x 42" values at a limited opening of 50'.

- All calculations are based on valves closing in 7 seconds from commencement of
a LOCA. Doses are based upon valves being in the open position for a full 7
seconds as required by the SRP. Valves will be required by technical specifica-
tions to close within seven (7) seconds of commencement of the LOCA.

[ For the sake _ of example only, source terms are restricted to iodine in terms of
I-131 EQU, and thyroid dose only has been calculated. Dose is calculated at
the site boundary (exclusion ' distance) of 415 meters. Each dose is calculated
independently of each other and are to be added to the LOCA leakage dose (over
2 hours) of 123 rem as appropriate.

An additional dose due to RCS inventory discharged into the containment would
also need to be added, for all non-RG 1.4 calculations. These are given in
Exhibits 2A and 2 under items 2 at 132 rem for 2x fully open valves, and 48
ren for 2 partially opened valves.

.

For the diffusion coefficient, a value of 5 x'10 4 sec/cm3 applicable to
leakage conditions over a 2 hour period has been used. In fact we have a high
energy puff release of 7 seconds giving a potential finite cloud in travel to
the enclosure boundary instead of a low leakage release diffusing into a cloud;

,

as a result, the offsite dose under actual conditions is likely to be increased.
For the 0-2 hour leakage, the licensee has used a more conservative value than

)- the NRC of 9.2 x 10 4 sec/cm8 and this would increase dose by a factor of 1.84.

2-1
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2.2 Offsite Do gs

-l
2.2.1 RG 1.4 Source Terms Released Immediately on LOCA ;

Exhibit 2A, item 6, shows that for fully (90*) open 42" valves, the offsite
dose for a RG 1.4 source term is calculated at 489,000 rem. And Exhibit 2,
item 6, shows that for partially (50') open 42" values, these doses are
reduced to 156,000 rem.

2.2.2 10% Gap Activity Released on DNBR

Exhibit 2A (item 5) shows offsite doses reduced to 176,000 rem for fully open
valves, and Exhibit 2 (item 5) shows reduction to 63,000 ren for partially
open valves,;

i

2.2.3 Equilibrium Gap Activity Released on DNBR ,

Exhibit 2A (item 4) shows offsite dose is reduced to 27,000 rem for fully open-

valves and Exhibit 2 (item 4) shows reduction to 9,700 rem for valves partially
open.

2.2.4 RCS 9 60 pc/gm Activ.cy; All Released To Containment Immediately On A

LOCA.

Exhibit 2A (ites 2) shows offsite dose contritrution is 132 rem for fully open
~

valves and Exhibit 2 (item 2) shows a reduction to 48 ren for partially open

valves.
.

This activity release is equivalent to DNBR infringement of only .08% of the
fuel in the core.

1

2.2.5 RCS 9 60 pc/gm Activity; Released Progressively To Containment On RCS

Discharge From A LOCA

Exhibit 2A (item 3) shows offsite dose contribution is 58 rem and Exhibit 2
(item 3) shows.a reduction to 21 rem for partially open valves.

2-2
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2.2 Conclusions

(1) According to Reg. Guide 1.4 criteria the offsite doses are completely
unacceptable.

(2) LOCA calculations for Zion show no fuel melt; however, for DNBR infringe- -

ment only, an evaluation of offsite dose based on release of 10% gap
activity from 100% fuel still shows completely unacceptable circumstances.

-
.

Although this is in conformance with SRP 6-4, BTP, CSB B5 criteria, it is
not in conformance with 10 CFR 100.11 (a) footnote 1 requirements which

states that:

"The fission product release assumed for these calculations should be
a based upon a major accident, hypothesized for purposes of site

analysis or postulated from considerations of possible accidental
events, that would result in potential hazards not exceeded by those
from any accident considered credible. Such accidents have generally
been assumed to result in substantial meltdown of the core with
subsequent release of appreciable quantities of fission products."

- (3) Partially closing the valve to 50' from 90' is not successful in reducing
the offsite dose to acceptable values.

,

.

| (4) With valves partially open at 50'; fuel failures by DNBR infringement on
a LOCA would have to be limited to 0.2% of the core to limit total doses

!- to 10 CFR 100 limits.
|
<

f.

;
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3 APPENDIX K EVALUATIONS, FUEL FAILURE, AND FISSION PRODUCT RELEASE

10 CFR 50.46 (Ref. 37), acceptance criteria for emergency core cooling system
for light water nuclear power reactors, requires that during a LOCA, cladding
temperatures, cladding oxidation, and hydrogen generation, are limited and such
that the core remains amenable to cooling in the short run from the initial
break through reflood, and also for long term post accident cooling.

10 CFR 50.46 does not include a requirement to evaluate the earliest time at
which fission preducts could be released by local failure of the fuel cladding
as fuel rod conditions rapidly change, challenge and exceed the limiting
features of design which ensures fuel clad (and rod integrity) under Normal
Operating Conditions and Transient Occurrences. These limiting features are
described as specified acceptable fuel design limits (SAFDLs) and are required
under 10 CFR Part 50, Appendix A Criterion 10,

A principal feature of the Appendix K evaluation is that it is designed to
identify that rupture which causes a maximum post rupture cladding temperature
within the fuel assembly being evaluated; and it is this time to rupture which
is reported in the FSAR. The Appendix K evaluation is not designed to report
the earliest rupture that can occur.

3.1 Preliminary

'

In evaluating 10 CFR 50.46 criteria through the use of the Appendix K evalua-
tion model (Ref. 39), licensees are required to undertake a detailed evaluation
of the items to be discussed below throughout the complete LOCA event, i.e.,
from time 0 through 50-60 seconds, to determine that the clad rupture meeting
the Appendix K criteria does not occur in the first 10-15 seconds of the event,
and which is the region of special interest for this review. In the time avail-
able for this research, a search of the UFSAR and the related reference wate-
rial on the docket does not disclose many of essential the details of this

calculation (Ref's 1-24). We therefore use the limited information available
to draw conclusions.

3-l '
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. 3. 2 Review,

!

Appendix K calculations are undertaken on that fuel element assembly which
ultimately provides the maximum clad temperature after (post) clad rupture.

Generic work by W (Ref.17) proposes that maximum calculated temperatures
(post rupture) occurs in the low burn up (third region) fuel assembly.

Exhibit 6 shows the average clad teinperatu'res deriving from Appendix K calcula-
tions from the Zion FSAR, Figure 14 F. 2-19a, (Ref. 33). This shows that on
infringement of DNBR at 1/10 second, average clad temperature increases very
rapidly from a normal operating value of 720'F to at least 1350'F, and then to
1750'F, over a total period of seven seconds; thereafter temperature reduces
rapidly to 1000*F at about 15 secs, from which it sharply increases ultimately
to approx 2200*F. .

Exhibit 10 shows that y fuels are designed to require a yield strength of
45,000 psi a minimum for normal operations, and an ultimate tensile
strength of 57,000 psi as a damage limit, as specified acceptable fue'l design

limits (SAFDL). Exhibit 11 shows that as temperatures increase above 850'F,

the available mechanical properties can be reduced below both these limits so
that fuel clad cannot therefore be considered reliable in terms of protection
against fission product release.

.

Exhibit 10 also shows that y fuels require a design limit of 1% on cladding
strain as a design limit, and 1.7% as a damage limit. The work of this Sec-

tion 3 will show how both these limits can be exceeded inside the seven seconds
on infringement of DNBR' during the course of a LOCA, so that again, fuel clad
cannot be considered reliable in terms of protection against fission product
release.

Exhibit 15, shows how a temperature range of 1350'-1750*F traverses a range of -

Zircalloy metallurgical phases (transitions), o to (a + p) to s phases, during
which ys = UTS and structural stability under stress is dependent con mechan-
ical/ strength properties which are a function of temperature and relateo time
and stress at temperature. Under the circumstance of the transient expected

3-2
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from Appendix K calculations with rapid changes of both temperature and stress,
their is a need for empirical-tests to determine swelling and burst (rupture)
characteristics under these same dynamic conditions. Exhibit 15 represents

results from such a series of tests (Ref. 13).

Such conditions are also represented in Exhibit 16 for Engineering Hoop Stress
and temperature at rupture, for particular heating rates, and in conjunction
with the information in Exhibit 20 on related rates of circumferential strain
on rupture, at the given rupture temperatures.

What are the expected operating pressure differentials across the clad under
these LOCA conditions:

Reference information shows that internal clad pressure under normally operat-t.

ing conditions is of the order of 1400 psig for new fuel and expected to
increase to 2250 psig at the end of the 3rd cycle (for the fuel). On this

L
basis, we evaluate a gap pressure of 1500 psig at approximately 1/3 burnup into
the first cycle, at which burnup maximum calculated clad temperatures are
expected on a LOCA.

It is proposed that, immediately on a LOCA as clad temperature increases to
1350*F, gap pressure will increase by 20%, to 1800 psig. Exhibit 12 shows that
at this time, core pressure has reduced to 1500 psig giving a pressure drop
across the clad of 300 psi which according to Exhibit 13 will give a hoop

.

stress of approximately 2460 psi. "

;
1

At 7 seconds into the event, clad temperature has increased further to 1750'F,
a total increase of 1030*F from the normal operating condition. From this, it
can be proposed that gap pressure for the complete rod can increase by 36% over
its normal operating value to 2100 psig. Exhibit 12 shows that at this time,

i core pressure has reduced to 950 psig so that the pressure drop across the
clad is now 2100-9501.e. ,1150 psi which according to Exhibit 13 will give a
hoop stress of 9400 psi.

When the above values of pressure and temperature are plotted on a particular
Hoop Stress vs Burst Temp curve (Exhibit 14) from reference 1, at one see the

|

|
3-3

.. . - . _ - -. _

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ - _.- - . -. - .- . - _ . - - - . . - . - . - . - .

~
..

,

.

-.

clad does not rupture, but at seven seconds the clad is well into the rupture l

|
regime. j

|

In its calculation of clad strain during Appendix K calculations, y uses results .|
from tests by Hardy (Ref. 13). Exhibit 15 is a set of results from one such ]
test at 100*C/see heat up rate (the heat up rate between 720'F and 1750'F in l

7 seconds = 150F'/second [or 84C'/second)). This exhibit shows that these
Appendix K values over the first 7 seconds bracket the range froia zero (0)
expansion at 1350'F to the burst regime at 1750*F. In respect to these values,

y has assumed that if clad strain reaches 10%, the clad will rupture; see
Exhibit 18 from Ref 3. Note that the SAFDLs of 1% and 1.7% on cladding strain
can both be exceeded in the first seven seconds of DNBR infringement in the

course of the LOCA.
o

The NRC, in its clad strain and rupture models,uses the data shown in Exhibit
16 to determine when rupture is likely to occur for given rates of increase in
temperature. It is proposed by the NRC that the 28'C/S (=50F'/second) test
points apply also to larger values (of rate of temperature increase).

..
Exhibit 16'shows that the Appendix K values again bracket the complete set of
experimental data and significantly at the higher temperatures of the transient.

.

Exhibit 20 shows the circumferential strain that can occur at given rupture
temperatures, and the curve proposed by the NRC for Appendix K calculations.
Prime Facie; maximum strain gives maximum bl.ockage leading to maximum calcu-

, ,

lated temperatures for cladding after the burs"t. Infact,yhasestablished
that maximum post rupture cladding temperature does not necessarily occur with
a maximum circumferential strain at rupture, due apparently to direct radiation

L influences from fuel rods exposed by rupture at lesser values. Providing rup-

I ture is expected by the data of Exhibit 16, the related strain is to be given
by the NRC curve on Exhibit 20 '(or lesser value giving maximum temperature).
It should be noted that with this information there would be a very high prob-
ability of rupture at 1750'F down to 1500*F, with the probability decreasing,
but still present at lower temperature.

Note that Exhibits 16 and 20 do show that fuel temperatures and pressures could

rupture the cladding over a whole range of conditions. However, the purpose of
.
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the Appendix K evaluation is to identify that particular rupture which would
have the most conservative effect with respect to meeting the requirements of ;

10 CFR 50.46 and for this end, it models, and uses factors, to conservatively
calculate values for the related parameters. Its purpose is not to determine
and identify when failure by bursting (rupture) first occurs as an otherwise
evaluation of when fission product is first released. An example can be seen

from Exhibit 16. The test points can show marked deviations from what are
'

apparently best estimate curves for the various rates of temperature increase.
For conservatism in estimating the first occurrence of fuel rupture, one would
have presumed the use of a boundary curve at the lower temperatures and pressures
of each heating rate and Exhibit 20 would not have been required.

Note that Exhibit 15 does show that even though rupture may not occur with a
detailed re-evaluation, cladding strain is most likely to exceed the 1% strain
usedbyy(Ref33,P.3.2-39)asaSAFDLtomeettheregulatoryrequirements
of Ref. 38.

The writer would be concerned about the relevance of the hoop stress, strain /

rupture data of Exhibits 16 and 20 to the power generation and heat trans-
fer conditions inside a reactor. These tests were done on electrically resist-
ance heated cladding tubes. They do not simulate the heat transfer from
central fuel rod pellets at high temperatures through a realistic gas gap of
varying geometry, fuel pellet-clad contact, and pellet fracture / fragmentation
to a cladding which is 12 ft long and which is likely to have a much smaller

,

ratio.cf rupture length to clad length and ga;f volume than the test specimens.
The most revealing feature of Exhibit 16 is the data from the only test under-
taken under much more realistic conditions, on a nuclear fuel rod using
Zircalloy cladding in the TREAT reactor at ORNL; this information shows ruptures
at very st.ch reduced stress levels than the rest of the data.

3.3 Summary

1. Conditions within the core as currently evaluated by the Appendix K model,
show that over the first seven (7) seconds following a LOCA, the following

significant events occur:

3-5
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1.1 DNBR for the whole core is infringed at 1/10 see requiring gap
activity at 10% core inventory for the whole core to be assumed as
a source inside containment.

I

1.2 The temperature of the fuel clad, and the pressure drops across the
!same fuel clad, infringe specified acceptable fuel design limits

(SADL) for normal operation and operational occurrences, required by
10 CFR 50 Appendix A, Criterion 10. Fuel rod failure must therefore
be assumed for conservative calculations of offsite dose,

,

1. 3 The temperature of the fuel clad and the related pressure drops show
conditions in which substantial deformation of the fuel clad by
st' rain, can exceed the design and damage SAFDL values for cladding

strain. Fuel rod failure must therefore be assumed for conservative
calculations of offsite dose.

1.4 The temperature of the fuel clad and the related pressure drops show
conditions which could result in fuel rupture. This conclusion would
need to be subject to detailed verification using the Appendix K

| model.

- 1. 5 For-Zion, fuel rods do not reach the melting point of the fuel pellets
so that under minimum engineered safeguard conditions, additional
fission product release from the fuel rods'would not occur.,

'

<

2. -- The writer proposes that the purpose of Appendix K is to identify that
,

particular rupture which would have the most conservative effect with

j respect to meeting the requirement of 10 CFR 50.46 and for this end it
models, and uses factors, to calculate values for the related purposes.
The purpose is not to determine and identify when failure by bursting

[ (rupture) first occurs as an otherwise evaluation of when fission product
is first released from the fuel summary a LOCA.

I

|3-6
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; .4 CONCLUSIONS

1. Conditions within the core as currently evaluated by the Appendix K model,
show that over the first seven (7) seconds following a LOCA, the-following
significant events occur:

1.1 DNBR'for the whole core is infringed at 1/10 sec requiring gap

j activity at 10% core inventory for the whole core to be assumed as
a source inside containment.

_
,

1.2 The temperature of the fuel clad, and the pressure drops across the

k same fuel clad, infringe specified acceptable fuel design limits

; (SADL) for normal operation and operational occurrences, required by
10 CFR 50 Appendix A, Criterion 10. Fuel rod failure must-therefore

~

be assumed for conservative calculations of offsite dose. -

1.3 The temperature of the-fuel clad and the related pressure drops show
- conditions in which substantial deformation of the fuel clad by

strain, can exceed the design and damage SAFDL values for cladding*

- strain. Fuel rod failure must therefore be assumed for conservative
- calculations of offsite dose.

1.4. The temperature o. the fuel clad and the related pressure drops showf

conditions which could result in fuel rupture. This conclusion would,
need to be subject to detailed verif'lcation using the Ar.pendix K
model.

_._

-

1.5 For Zion, fuel rods do not reach the melting point of the fuel pellets
so that under minimum engineered safeguard conditions, additional
fission product release from the fuel rods would not occur."

2. The writer proposes that the purpose of Appendix K is to identify that
particular rupture which would have the most conservative effect with
respect to meeting the requirement of 10 CFR 50.46 and for this and it
models, and uses factors, to calculate values for the related purposes.

,

t

4-1
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The purpose is not to determine and identify when failure by bursting
'

(rupture) first occurs as an otherwise evaluation of when fission product,

is first released from the fuel summary a LOCA.

3. As a result of the above

3.1 Fission product release from the fuel gap is a realistic considera-
tion over the first seven seconds and prudent conservatism at this
time should consider release from the whole core,

i

3.2 Reg Guide 1.4 deriving from Regulatory Requirement 10 CFR 100
requires consideration of substantial molten fuel as a design for the
source term.

4. The writer proposes that Regulatory philosophy recognized the possibility
of Beyond Design Basis Events as the realism of a substantial commercial
industry and therefore required protection against this occurrence and
made provision in the Regulations for this purpose.

Considering the energy exchanges occurring in the core, and the insight of
the Appendix K evaluations, it is not difficult to foresee significant

'

fuel melt with potential additional substantive release of fission
products from the fuel pellets over this time frame. The question of the
separate consideration of the timing of this additional contribution to

,

the source term inside containment however must be moot. Uncontrollable
release'through open 42 inch CIVs is out of the question so that steps
taken to correct that problem by effective isolation do resolve the
unanswered philosophical question as to when fission products released
by fuel melt should be more realistically and conservatively established.

e
4.1 A review of available fuel failure criteria, and the thermal-

hydraulics aspects of the movement of fission gases from the clad -

'

to the environment over the first seven seconds of the event shows
that:

4-2
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(a) The assumption of an immediate release to the containment is
-the only available conservative. basis for use at this time,
and that

,

(b) The physics of the large energy releases from the core clad
through the RCS to containment, and through the open isolation
valves, shows effective mass transfer of fission product release !

from the clad to the environment within the same (7) secs. |

5. Fully open purge valves for a period of seven (7) secs. discharge
|1.7 x 105 curies of 1281 EQU to the environment giving an offsite dose'

1

; of 489,000 rem to thyroid.
l

An isolated containment leaking at the safety analyses and TS limit of
0.1% over 24 hrs, releases 3.14 curies of 1132 EQU over the same seven

,

seconds with a contribution to offsite dose of 0.9 rem.

The effectiveness of containment isolation and effective leak tightness in
. achieving a clean up factor.of 541,000 over the first seven seconds of
the LOCA is manife'st.

6. The offsite dose to thyroid for fully (90') open 42" valves using RG 1.4
source terms is calculated at 489,000 rom. For partially (50') open 42"
valves, these doses are reduced to 156,000 rem. Reduction of source terms

,

from RG 1.4 to 10% gap activity released"on DNBR infringement reduces
offsite dose to 176,000 rem for fully open valves with a reduction to
63,000 ren for partially open valves.

Since the allowable limit for thyroid under 10 CFR 100 is 300 rem for 2 !

hrs at the Exclusion Boundary, these circumstances are unacceptable. !

). Therefore the 42" valves at Zion 1 and 2 should remain closed in
Operational Modes 1, 2, 3 and 4. l

!

7. The stress / temperature relationships used to calculate fuel clad rupture ,

to 10 CFR 50.46 are derived from test environments which are substantively

non-realistic when compared with actual fuel rod conditions in a reactor '

4-3
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>
,

,

during a LOCA. The only in-reactor tests known to the writer at this
time with the closest simulation of a real fuel condition gives ruptures
at very much reduced pressures for given rupture temperatures. This

comparison needs to be revisited to more thoroughly evaluate the reasons
for the differences and thereby improve our detailed knowledge of the
total heat transfer environment which can lead to improvements in the
calculational models of the fuel assemblies used in the Appendix K evalua-

' tions. This can help in a improved definition of the limiting features of
the circumstances and lead to ways and means of improving fuel clad design .

and performance for these circumstances,

i

e
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EXHIBITS

|
OF

BACKGROUND INFORMATION RELATED TO
.

:

DirFERING PROFESSIONAL VIEW CONCERNING |
t

'a) Issuante of SER to Zion 1/2 allowing full power operation with !

open 42" containment isolation valves. .

.

b) flethocology used for calculating related offsite doses.
.
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!

COREAMDGAPACTIVITIES(10DINIONLY)
t

Assuinptions : Operation at 3391 ML't for 500 days -

!
Equilibrium

Curies Percent i
'

in the of Core Curies
1 131 EQU |1 131 tQU ' Activity

inthg)Gep (X10 )Core 7) 7 5(X 10(x 10 x 10 in the GapIsotope

1-131 8.35 8.35 2.3 19.2 19.2
1-132 12.75 46 0.26 3.3 .12
1-133 19.09 5.16 0.79 15.1 4.08
1-134 23.01 .39 0.16 3.8 .06'

1-135 17.05
'

.43 0.43 7.5 63
iT"79 iC09t

. .

)

-

.

!

I
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Rev. 1

ZION: LOCA DURING CONTAINMENT PURGE
USING 2x42" PENETRATIONS - VALVES OPEN 50*

THYROID DOSE AT 51TE BOUNDARY RESULTING ONLY FROM )

DISCHARGE 70 CONTAINMENT DUTSIDE DURING CLOSURE |

(LOCA LEAKAGE DOSE (OVER 2 HR$) = +123 REMS)
'

Site /Exci.
Item Curies Discharged 80undary Dose

L source Radiolecical Sources I 131 E0 (Thyroid (REM)

1 Licensee 1 131 IQ. 60 uc/gm in 73.5 18.7
-

RCS 50% cleanup in cont.
All released to
containment on LOCA

'

2 RL ! 131 EQ 60 uc/gm in 188 48
RCS. Allreleasedto >

cent on LOCA + 0.5 secs. .

$ *

[ Total =0.119x10
curies)

-

3 RL I 131 EQ: 60 uc/gm in RCS. 82 E
Released progressively to
cent. with RCS discharge

4 RL I 131 EQt equiv gap 38,000 9676

activity (FgARcalc.)
[24.09x10 curies .

".

of 1 131 EQ into cont.I

onLOCA+0.5 secs.)

5 RL i 131 EQ: SRP Gap activity 248,950 63.400

i at 105 Total Activity 5
| ($RP calc.) :157.9 x 10

curies of I J31 EQ
t

|'
into cont, on LOCA + 0.5
secs.)

6 RL I 131 EQ: Reg. Guide 1.4 611,500 155.700 '

at255TogalActivityI

( [390x10 curies of
1 131 EQ into cont, on
LOCA)

X = $ x 10~4 sec/mi for 0 2 hrs, at minimum exclusion distance of 415 meters
[NRC)Q
[ Licensee has used 9 x 10'4 sec/m8forSARs)

'

---
___ _ __ _ _ _ _ . _ . . _ _ . . . _ __ _ _ _ . _ _ _ _ _ . _ . . _ . _ _ .
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:

!

|

'
'

ZION 1 ft 2 |

CONTAINMENT INVENTORIES j-

DURING LOCA BLOW DOWN 4

!

RCS Mass D6scharge Rete ;.
.

/ Into Contelnment ;

r $ Cumulative Discharge of
J RCS Into Contelnment 400 x 108 %100
[ & Cumulative Mass of Air 3| !

and RCS Discharge , ;[
Rh

,

2 ,

.

j }&
'

;-

,
*

T F
;

200 x 10s yt
I. j Ey=j

'

4

,g... ..

t- 3
'

'

I# p6.

;

t i
" j m, =0 x as

3 p j.

--

.y,,

40
.

Jk [
j= .I \L

s,

|. N 100 x 108

! g %' '
'

9
l' % ,

d b * * < w

% -

A
|| P '%

%.

0 4 8 12 18 30 34 3
I Time After Brook - Seconds
\-

L
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i

ZION 1 ft 2 !
'

:{~
FISSION PRODUCT INVENTORIES

CONTAINMENT THERMAL HYDRAULIC CONDITIONS i

:

j.

1 x 42" Unos j
Velves Open Only 80'

instead of 90' Fully Open
At 7 Secs |

.

i
:
,

i 154,406 he Air
*

272.100 Lbs RCS

423,820 Lbs |
Press a 23.70 psig

'

.

*

,.
'

Fission Product inventory
= 0.984 x Q Released

'

et 0.5 sees
2

,

Discharge Rates
|"

Cumuistive Totals Discharged Air + RCS Inventory -

Air + RCS Inventory 1023.08 Lbs/sec I

S379 Lbs (.237% inw.) <

k h*
_

Fission Product inventory Fission Product inventory
1.588% of Q .237% Q/see

#
:

1

(Q = Fission Product Inventory Released at t = 0.5 seos)
'

.

$ |
.

*
.

.

- .m. ,,..w,-. ,-,,n-...,..-,_g,-,,.,-a , - , , , , , , , --.,.,,-n,,-m -.-m,, , - , , . - , - , - , - - ~ --,. , - -
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FISSION PRODUCT DISCHARGED TO OUTSIDE CONTAINMENT

' ' ' EFFECT OF ASSUMPTIONS ON ,

FISSION PRODUCT RELEASE TO CONTAINMENT \'
-

a$ve opn56'
!

Given 0 = total inventory of fission products in RCS at T=0.5 secs after LOCA

If Q is released instantaneously to the total containment voluse:*

Fission proeuct inventory discharged outside containment
over 7 secs = 1.6685 Q

If Q is released over time with RCS inventory and based on a uniform*
distribution within the inventory: ,

Fission product inventory discharged outside containment .

over 7 secs = 0.5615 Q
-

,

l

h
g

.

,
,

9

,

1

.

.f
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Rev. 1 1

'

ZION: LOCA DURING CONTAINMENT PURGE
USING2x4?" PENETRATIONS-VALVESFULLYOPEN(90')

THYR 01D DCSE AT SITE BOUNDARY RESULTING ONLY FROM
DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE

(LOCA LEAKAGE DOSE (OVER 2 HRS) = +123 REMS)

Site /Excl.
Item Curies Discharged

Boundary) Dose (REM)(Th.yroidNo. Source Radiological Sources 1 131 EO

2 Licensee I 131 EQ. 60 uc/gm in RCS 204.3 52
"~

501 cleanup in cont.
i

All released to
containment on LOCA

- +

2 RL I 131 EQ 60 uc/gm in 522 132
RCS. Allreleasedtocont.

-

,

ho =0$9 b6 curies)

3 RL I 131 EQ; 60 uc/gm in RCS. 227 58
-

Released progressively to
cont. with RCS discharge -

105,600 26.878
I 131 EQ eq)uiv gap actigity4 RL

(FSARcalc. [24.09x10
curies of I 131 EQ into cont.
onLOCA+0.5 secs.) ,

5 RL I 131 EQ; SRP Gap activity 691,520 176.010

at 105 Total Activgty (FSAR
calc.)F curies
of 1 13]157.9 x 10EQ into cont. on
LOCA+0.5 secs.)

6 RL 1 131 E0; Reg. Guide 1.4 1,698,592 488.911

at255TogalActivity;-
[390x10 curies of
1 131 EQ into cont. on
LOCA)

X = 5 x 10'' sec/m8 for 0-2 hrs. at minimum exclusion distance of 415 meters
[NRC)Q

[Licenseehasused9x10*#sec/m8forSARs)
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ZION 1 ft 2 !

,

CONTAINMENT INVENTORIES -

r

DURING LOCA BLOW DOWN
.

.

--
RCS Mats Discharge Mete
Into Contelnment

| | / i

9 Cumulative Dischstge of '

I I r
RCS lato Contelnment 400 x w3 %

1 I

u0| | A Cumulative Mass of Air A|
51

and RCS Discharge ,

"j ,

.

~ 35| |
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ZION 1 & 2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS |

FISSION PRODUCT INVENTORIES[,

2 x 42" Lines
;Fully Open

At 7 Secs
t

'

i
.,

154,480 Lbs Air
262,474 Lbs RCS

418,834 Lbs
Press a 23.79 psig

.

i
/ Fission Product inventory >

g = 0.956 x Q Released
,

et 0.5 esos

Discharge Rete
Alt + RCS Inventory

Cumulative Totals Discharged 2000 Lbs/sec
Air + RCS Inventory (.082% lnv.)"

18026 Lbs
,

_

|. Flesion Product inventory
1 Fission Product inventory .882% Q/sec

4.38% of Q

L
,

(0 = Fission Product inventory Released at t = 0.5 esos)

|

.

i
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!

F15510H FRODUCT DISCHARGED ;

TO OUTSIDE CONTAINMENT

\
EFFECT OF ASS'J:PTIONS ON

.

FISSION PRODUCT RELEASE TO CONTAINMENT i

P x 42" lines
.

'

fullyopen(90').
:

Given Q = Total inventory of fission products in RC5 at T=0.5 see after LOCA.i

If Q is released instantaneously to the total containment volume*

Fission product inventory discharge's outside containment ,'
,

over 7 secs = 4.361 Q

if Q is released over time with RCS inventory, and based on a unifo m
,

o

distribution within the inventory:
Fission product inventory discharged outside containment :

over 7 secs = 1.901 Q.-
'
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301.3.3 Thermal and Nydraulic Limits\

The reactor core is designed to meet the following limiting thermal and
hydraulic criteriet

The minimum allowable DhBR during] normal operation, includinga.
anticipatedtransients,is[1.30*.

b. No fuel melting during any anticipated operating condition, t

To maintain fuel rod integrity and prevent fission product release it
..

!

is necessary to prevent clad overheating under all operating conditions.
Thisisaccomplishedbypreventingadeparturefromnucleateboiling(DNB).
DN8 causes a large decrease in the heat transfer coefficient between the
fuel rods and the reactor coolant resulting in high clad temperatures.
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The integrity of fuel rod cladding so as to retain fission products or fuel i

material is directly related to cladding stress and strain under normal,

< ''

\ operating and overpower conditions. Design limits and damage limits (cladding
perforation) in tems of stress and strain are as follows:

,

i i
Damage Limit Design Limit

:-

Stress Ultimate strength Yield strength. ;

57,000 psi minimum 45,000 psi minianim
;

Strain 1.75 1.05 ;

The damage limits given above are minimum values. Actual damage limits depend
upon neutron exposure and normal variation of material properties and would
penerally be greater than these minimum damage limits. For most of the fuel
rod life the actual stresses and strains are considerable below the design -

'

limits. Thus, significant margins exist between actual operating conditions
and the damage limits.

The other parameters having an influence on claddin stress and strain andI

the relationship of these parameters to the damage inits are as follows:
f i

1. Internal gas pressure:

The internal gas pressure required to produce cladding stresses equal to
the damage limit under normal operating conditions is well in excess of" ,. the maximum design pressure. The maximum design internal pressure under

( nominal conditions is 2250 psia which is equal to the coolant pressure.
The end of life internal gas pressure depends upon the initial pressure,'

void volume, and fuel rod power history, however it does not exceed the
design limit of 2250 psia.

N
2. Cladding temperature:

The strength of the fuel cladding is tesperature dependent. The minimum
ultimate strength reduces to the design yield strength at an average
cladding temperature of approximately 850'F. The maximum average
cladding temperature during normal operating conditions is given in Table
3.2.21 [as 720'F).

.
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Q Previous experience with removable rods has been attained at Santon, Yankee
| and 2erita; and socitional exper!ence will be a:cuired at the San Onofre Cycle :

2 and Surry Unit 1. Over 300 fuel rods were removed and re-losettee into
assemelles during the Saxton re-constitution without evidenctief failure.
Lerk cete:tjon tests were performed on the assemblies after ail rods were

,

'

'
I re-inserted, and no leakspe was detected. An ecuelly large nonber of Easton

rocs have been successfully removed, examined and re-inserted into over 12 3x3 t

| subassemelles at Saxton. In addition, 28 full length Yankee rods were r

removed, examined and re-inserted into Yankee Core V special assemelles. |similia handling of 22 removable rods was su:sssfully completed durin; the '
.,

| first Zorita refW11ng. All such fuel handlings have teen cc,ne routinely and
=!thout clff!:alty.

;

The same fuel rod de' sign limits indicated in section 3.2.3 fuel tsi:trat e.

ano internal pressure, are maintained for these retovable ro:s and there is n:,
reds: tion in margin to DNS. Their inclusion in the initici !!:n . hit I cut
1:ading int:ccu:es no seditle al safety coesideratiens and in r: .ty :. t.; s
the sare;unts analyses, and relateo engineering infere.ation cresente: in
: eviously submitted material in supcort of the license a:ellent!:n.

.

3.2.3.5 Evaluation of Core Components
'

ruel Evaluation

i1 The fission gas release and the associated buildup of internal gas pressure in
I (' the fuel rods is calculated by a code based on experimentally determined

rates. The increase of internal prussure in the fuel rod due to this
phen:mena is included in the determination of the maximum cladcing stresses at
the end of core life when the fission product gap inventory is a maximum.

The maximum allowable strain in the cladding, considering the comDined effects
of internal fission gas pressure, external coolant pressure, fuel pellet
swelling and clad creep is limited to les,s than 1 per cent throughout ec,re
life. Tne asso:1sted stresses are below the yield strength of the material
uncer all ncreal coerating conditions.

'

To assure that manufactured fuel rods meet a high standard of excellence from
*

the standpoint of functional ree;*rements, many inspections and tests are
performed both on the raw material and the finished product. These tests and
ins:e:tions include chemical analysis, elevated tencerature, tensile testing
of fuel tubes, dimensional * inspection, X-ray of both and plug welds,
ultrasonic testing and helium leak tests. See additional details in Section ,

3.3.3.1.

In-the event of cladding defects, the high resistance of uranium dicaide fuel
pellets to attack by hot water prote:ts against fuel deterioration or ce::sase
in fuel integrity. Thermal stress in the pellets, while causleg some fracture
of the bulk material during temperature cycling,l matrix.does ret res4t inpulverf ration or gross void formation in the fue As phown by

-g ooerating experience and extensive experimental work in the industry, the

(A thermal :esign parameters conservatively account for any changes in the
thermal perf:rmance of the fuel element due to pellet f s:ture.

0115T 5.2 38
.
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(- The consecuences of a breach of claccing are greatly recuced by the ability of |'

uranium cloxide to retain fission procuets in:1ucing these which are ;aseous
or hjgnly volatile. This retentiveness cecreases with increasing tem:erature
and fuel burnvo, but remains a significant factor even at fullpower coerating4

temperature in the maximum burnup element.
l-

A survey of hjgh burnup uranjum djoride" fuel element behavior indicates |

that for an initial uranium dioxide vold volume, which is a function of the J

. fuel density, it is possible to conservatively define the fuel swelling as a ifunctJon of Dernvo. The fuel swellin) model consf oers the effe:t of t'urnso, |

temerature cistt3bution, and interna: voles. It is an erelt! cal n:':e1.ni:5
,

5ss :stn :nt:.e: ith cata from Entt!s, var.<et, CvTR, Saxton 6n: u* 1 *s. ine
:ellet censit!ss for the tnree re;1ons are listed in Table 3.2.31.

ine integrity of fuel rod eleccing so as to retain. fission prodets or fuel i
-

material is ejrectly related to cladding stress and strain un er r.rt a1
::aratin; 6n: overo:.er con:jtlons, tes3;n limits anc ta .a;e lie.;is (:;a: !rg
cerferation) in terms of stress ano strain are as follo.st

'

Damaos timit Desion Limit

Stress Ultimate strength Yield strength- |
57,000 psi minimum 45,000 psi minimum I

- Strsin 1.75 1.05

The damFge limits given above are minmlun values. Actual damage limits depend.

upon neutron encosure and normal variation of material properties and would
generally be greater than inese minimum camage limits. For most of the fuel
rod life the actual stresses and strains are considerably below the oesign

.llmits. Thus, significant margins exist between actual operating concitions
,, and the damage limits.

.

The other parameters having an influence on cladding stress and strain and the
relationship of these parameters to the damage limits are as fellcwst

,1. Internal gas pressure:
,

The internal gas pressure reouired to produce cladding stresses egual to
the damage limit under normal operating conditions is well in excess of
the maximum design pressure. The maximum design internal pressure under
nominal conditions is 2250 psia which is equal to the coolant pressure. iThe end of life internal gas pressure depends upon the initial pressure,

,
void volume, and fuel rod power history, hcwever it does not exceed the

idesign limit of 2250 psia.

2. Cladding temerature:

The strength of the fuel cleoding is temperature cependenk The einimum
ultimate strength reduces to the cesign yield strength at an avers;e
cladding tecerature of sooroximately 250*r. The maximwe. average :Is:0!n

. (( temerature during normal ocerating conoitions is given in istle 3.2.2-1.G
-

g

4
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During a thCA the clad is assumed to strain wniformly and plastles11y in*

differenttal
the radial direition previded that both the temperature and theIf the' strain esceeds p %q 5

,1 (a c)
pressure across the clad are suf ficiently high. t *

er the claJ temperature eseceds the burnt temperature (determined as a funct on
et the instantanecos stress) the clad is assumed to burnt TW an additlanalOe=== m

local strain is aJJed to the burst nede.
,

-

Three empirical madvis are employed to evaluate the clad swelling anJ
tupture behavior.

3.).1 clad $ welling prior to Rupture
# f-

perforsted a series of tests in whteh tods with sonatant intern.11 pres-Eardy temperatures at'varleum cenutant ramp rat.. .sure were roeped tu a series
The pressures reywrted by Mardy were eenverted to heep strersea by the*

formula
'

M (3495 .

ih
-

.

and the strain at a given temperature and rear rate wers terrelated as
The equation developed tAitch best

functions of the deriv 6d hosp stress.
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Attachmentq, UNITS 0 tTATss

f ,

NUCLEAR REGULATORY COMMIS$10N.o
g . J menworow. o. c. amu

1

y * ..... - May 11, 1989
,

MEMORANDUM FOR: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

.

FROM: Robert 8. A. Licciardo, Reactor Engineer (Wuclear)
Plant Systems Branch

'

Division of Engineering and Systems Technology

$UBJECT: DIFFERING PROFES$10NAL VIEW CONCERNING

a) Issuance of SER to Zion 1/2 allowing full power
operation with open 42" containment isolation
valves.

,

b) Methodology used for calculating related offsite doses.
,

1

L ThewritersubmitsaDifferingPenfessionalView(DPV)inaccordancewiththe
| provisions of NRC Manual Chapter 4125.
1 .

This issue has arisen out of the Safety Evaluation Report (SER) undertaken for
the Zion Units 1 and 2 as prepared by the writers see Attachment.

' The' principal issue is the prudent and conservative calculation of the additionsIC to offsite dose which may result from a LOCA at a facility during the use of -

( open purge supply and exhaust valves at full power.

The licensee for Zion 1/2 has proposed full power operation of the facility
with the 42" purge supply and exhaust containment isolation valves open to
a limited position of 50' and capable of isolation within seven (7) seconds
of the cossencement of a LOCA.

The writers SER concludes that the 42" valves at Zion should remain closed
| in Modes 1, 2 3 and 4 because the consequence"of the offsite dose to thyroid
| (from fodine),during a LOCA is unacceptably high whole body has not been
L evaluated. Theleastvaluefortheadditionaloffsitedosewhichmaybe

proposedwithinthelicensingbasisis64,000renoverthefirstseven(7)
seconds of the LOCA. Management staff has disagreed with the writer's"

methodology and conclusich and plans issuance of a separate SER permitting
the operation requested. The writer requests non-issuance of the related SER
to the licensee. He also proposes probability of a generic action on other
facilities which have been granted such licenses based on the staff's current
methodology.

In general, t'he management staff has adopted a criterion described in SRp
BTP CSB 6-4 which is that providing the maximum time for closure of these
containment isolation valves does-not exceed 5 seconds (and by plant-specific
exception,upto15 seconds),thenthevalveswouldbeclosedbeforetheonset
of fuel failure following a LOCA so that the only contribution to offsite dose

'/ is from RCS operational levels of fission product directly disch ygg4 into
( containment during this period, and then through tha open containment isolation

valves before closure. .

- -

.- . -oiy m yre- &
___
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-2-Thomas E. Murley
'

yr
3 in evaluating the consequence for Zion, the writer has used an alternata

Criterion in BTP C$8 6-4 which states that:
'The following analyses should be performed to justify the cont,ainment

|
-

purge system design:
II

An analysis of the radiological consequences of a loss-of-coolant !

The analysis should be done for a spectrum of breakaccident.
sizes, and the instrumentation and setpoints that will actuate the

The source term used inpurge valves closed should be identified.
the radiological calculations should be based on a calculation under i

the terms of Appetidix K to detemine the extent of fuel failure and
the concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing iodine spike shouldThe volumebe considered in determining primary coolant activity.|

of containment in which fission products are mixed should be
- ,

<

justified, and the fission products from the above sources should be
assumed to be released through the open purge valves during the

!- The radiologicalmaximum interval required for valve closure.
L consequences should be within 10 CFR Part 300 guideline values."

UsingtheserelatedguidelinesforZion,(thefuelperformanceoverthe07 secondsis detailed and shows that fuel failure byinfringementofDNBR. criteria)
occurs within i seconds of the commencement of the LOCA, and together with other.

licensing basis responses including fission product release from the fuel gapU'
and the thermal hydraulic conditiens in the core, containment and discharge\

nozzle, result in a substantive discharge of fission products to theenvironment of far greater consequence than are calculated by the staff.
.

The relative consequences of these differing approaches are that whereas the
staff methodology gives additions to offsite dose resulting in tctal doses
within 10 CFR Part 100 limits, the alternate approach used by the writer
shows a substantially increased offsite dose dxceeding 10 CFR Part 100 limits,
with completely unacceptable consequences to Public Nealth and Safety.

The writer requests review 'of the Differing Professional View in a timely
manner in accordance with the provisions of NRC Manual Chapter 4125.

f Gl4W
Robert 8. A. Licciardo
Registered Professional Engineer California
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380

. .

cc: J. Snie$ek
D. Muller
S. Varga

( C. Patel sa
1 F. Miraglia

L. Shao
A. Thadani ,

J. Wermiel
,

-- JA@lksk_ -_
_ - __-



. . .. _ ._. _ . _ _ _ . _ _ . . - - . . . _. _ - -. _ -.-- - _ _ -- - _ _ _- .

0,iF

i.| b
,.

+-
. . .

o: :.

..

.[ .:. . .

UNITso sTATss .)
1, f '' e = NUCLEAR REGULATORY COMMISSION

WAspettet700s. D. C. 30508
g

May 11, 1989
i

_
_

.,

o.swy Attachment I

Docket Nos. 50-295 i

and 50-304

' MEMORANDUM FOR: . Daniel Muller, Director-
Project Directorate !!!-2 iDivision of Reactor Projects !!!, IV, V

and Special Projects'

FRON: Jared 5. Wermiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology

0FFSITE RADIOLOGICAL CONSEQUENCES OF LOCA DURING-SUBJECT:
CONTAllMENT PURGE PROPOSED IN TS CHANGES FOR ZION 1 AND 2

Reference: LettertoH.R.Denton(NRC)FromP.C.:Leonarddated
February 2,1986, Subject: Zion Nuclear Power Station,
Units 1 and 2 Proposed Amendment to Facility Operating .

License No. OPR-3g and DPR-48 ,

.

i Plant Nand: Zion Nuclear Power Station, Units 1 and 2

.s Licensee: Commonwealth. Edison Company

TAC Nos.: 55417 and 554!8
Review Status: Complete

( ZionUnits1and2'(Ceco)hasrespondedtoanNRCrequesttoproposeTSto
primarily constrain operation of the large (42'). containment purge supply

-

and exhaust valves on these units; see reference 1.
' .

.The former Plant Systems Branch Section A, of the Division of PWR Licensing- '

;A, requested Section 8 of the same branch to review the offsite radiological
: consequences of this proposal. -

The enclosed Safety Evaluation Report has been prepared by the technical reviewer
initially assigned to this task, namely-Robert 5. A. Licciardo.

The licensee's y sal is to allow full power operation of the facility with k

and exhaust containment isolation valves open to athe 42' purge supp
limited position o 50*, and capable of isolation within seven (7) seconds of
the commencement of a LOCA.

? The review concludes that the 42* valves at Zion should remain closed in
Modes 1, 2, 3.and 4 because the consequence of the offsite dose to thyroid

during a LOCA is unacceptable high; whole body dose has not been
(from todine)'he least value for the additional offsite dose which may be proposedevaluated: T
within the licensing basis is 64,000 ren over the first seven (7) seconds.

'The convehtfonal treatment of BTP CSB 6-4 which assumes that fuel failure doesnot occur over the first 5-15 seconds after a LOCA and thereby tJpt pnly RCS|
~

[ operating inventory of fission products is released to the containsfentand

' then to the environment, cannot in general be sustained against thermal hydraulicV

analysesfor.containmentresponse,andlicensingbasis. requirements (including
c'iteria)forthecalculationfor,andtheoccurrenceof,fueldamageandthepgqigia27 pgL r

- nnnPK81mRA9EEd t000tment of resulting source terms.
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Daniel Muller 2
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L Dur SALP~ input is provided in Enclosure 2. We consider our efforts ce TAC '

Nos. 55417 and 55418 to be complete.
.

..
'

Jared S. Wermiel,-Acting Chief ,

Plant Systems Branch
Division of Engineering and Systems Technology

.

Enclosures:
.As stated

,

L cc w/ enclosures:
C. Patel"

'

.

CONTACT: R. Licciardo
L 'It0876

-
.
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~ Daniel Muller -2-
,

._ .? r
V.. Our SALP input is provided in Enclosure 2. We consider our efforts on TAC

.

,

Nos. 55417 and 55418 to be complete.
>.

., ,

Jared S.- Wemiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technolegy

Er. closures:
As stated . ,

4

.

ec w/ enclosures:o
' C. Patel !

| CONTACT: R. Licciardo
j- X20876
,

'

e

)!$TRIBUTION
r

Jocnet rites
Plant File

-[ JWermiel
,

,

JKudrickX RArchitzel
AThadani
LShao-
T60dy(SALPonly)--

RLicciardo
:

' .

W:-

SPL8: DEST SPLB: DEST SPLB: DEST

RLicciargotcf JKudrick JWermiel

- 5////89 5/ /89 5/ /89
f~ ./ //

l 5520 NAME: Zion TACs 55417/8 Licciardo

.

.-

-_ - . . _ . . ._ .____ - _ _-_ _ _____________
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i Enclosure 1
| .

SAFETY EVALUATION SY THE OFFICE OF NUCLEAR REACTOR REGULATION
PLANT SYSTEMS BRANCH

!

0FFSITE RADI0 LOGICAL CONSEQUENCE OF LOCA DURING
CONTAINNENT PURGE

ZION NUCLEAR POWER STATION, UNITS 1 AND 2
DOCKET NOS. 50-295 and 50-304

L-
!' !.0 INTRODUCTION
|

ZionUnits1and2(Ceco)hasrespondedtoenNRCrequesttoproposeT$to
primarily constrain operation of the large (42") containment purge supply

! and exhaust valves on these units.

The former Plant Systems Branch, Section A, of. the Division of PWR Licensing
A, requested Section 8 of the same branch to review the offsite radiological ,
consequences of this proposal.

2.0 EVALUATION
;

'[ Background review shows that the facility was evaluated on the basis of
%, normally closed purge valves so that these consequences were never included

in the Zion $ER. Further, that a letter from Westinghouse iW) to Commonwealth

LOCA and Containment Purge" (Ref.1976 on the subject of *0f91te Doses DuringEdison Company dated October 22
2)hasneverbeenevaluatedbytheNRC.

Subsequent to the,THI-2 event. the operability and automatic control of these

valves was evaluated leading to the requast for the required T5 Radiological-Assessmentwasleftasa"long(er)termissue*(Ref.butthe
,

t3)whichwas
intended'to be resolved in a subsequent probabilistic risk assessment which
~definitivelyexcludeditfromconsiderationwithoutartyjustification(Ref.4).

uses an RCS
The W analyses undertaken under Connonwealth Edison instruction,f the accident
operational inventory of 60 uc/gm equivalent I 131 at the time o
with a resulting site boundary thyroid dose due to iodine (during closure of
the valves), of 52 rom, and which added to the containment leakage dose of 123
rem gives a total 175 rem which is within the 10 CFR 100 Timit of 300 res.
The total iodine inventory of the RCS is assumed to be released into containment

>

p on initiation of the LOCA; a los plate out is assumed leaving the residual 505
as part of containment inventory for discharge out through both fully open
containment purge lines for a total of seven (7 seconds).

However, whed reviewed against the BTP CSB 6-4. Item 8.5.a requires that:

'The source term used in the radiological calculations should be based
on a calculation under the terms of Appendix K to determine the extent of

f. fuel failure and the concoenitment release of fission produJts and thej
( fission product activity in the primary coolant.'

h i.L L N h A ? " W .
_. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ .- . .- ..
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.L Further: SRP 4,2 identifies fuel failure with infringement of DNBR criteria,

with the related requirement that gap activity be considered as part of
the source term,' and Regulatory Guide 1.77 reconnends that under similar
circumstances, gap activity should be assumed at 105 of core activity. Fuel
damage criteria also includes the occurrence of center line melting'With
measures of additional activity release also guided by Regulatory Guide 1.77,
but the Zion SAR thows this does not occur.

-RevisingthesourcetermtoAppendixKcalculations[inwhichallfuelgoes
to DN8R in i second] with related release of all gap activity into containment,

c with limited blowdown to offsite during the related 7 seconds closure time
and absent a 505 plate out of iodine as can be interpreted from the above
referenced item B.5.a. increases offsite dose due to containment purge above
by a factor of 3400 to 176 000 rem and would thereby be completely unacceptable,

,

L-
f Limitingthepurgelinevalvestoanopeningof50'couldreduceoffsitedose

to 64,000 rem and represents the least value which may be proposed within the
licensing basis.

Note: The BTP C5B 6-4 proposing that valve closure within 5 seconds will
ensure purge valves are closed before the onset of fuel failures has since
been extended by the s+aff on a plant-specific basis to 15 seconds. Further,

-

the writer cannot find any safety evaluation report supporting these positions.
ThesepositionscannotbesustainedforZionsincea)DNBRinfringement(from
Appendix K calculations) and hence fuel failure and gap activity release [Ref.,. .

p( SRP 4.2) of 105 of core inventory (Ref. Regulatory Guide 1.77) occur within.4 .

( second of the initiation of the LOCA, b) related maximum clad temperatures of
1750*F occur isnediately and never reduce below 1400'F c) RCS pressure in the
region of the core rapidly reduces from 2250 psia to g60 psia in 7 seconds-
increasing potential pressure drop across the cladding for release of gap

d)themassivebulkboilingandblowdown
activity to the RCS inventoryltimately discharges 270,000.Ibs of RCS inventorysurrounding the failed fuel u

,

;

into the containment at 7 seconds into the event increasing containment pressure
from 0.3 psig to 23.8.psig (in these 7 seconds), and e) causes 15,000 lbs of
the resulting containment inventory to be discharged to the environment through
2x42' fully open lines, or 5400 lbs for the same lines with valve closed to 50'.

3.0 CONCLUSTON
I

- the consequences of the offsite dose to thyroid (from Iodine) and.4 because| The 42' valves at Zion should remain closed in Modes 1 2 3 during a LOCA'

is unacceptably high; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which sty be proposed within the existing i

licenstog basis is 64,000 rem. j

'

The conventional treatment of BTp CSB 6-4 which assumes that fuel failure does ,

|

not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
!

operating inventory of fission products is released to the containment, and then
totheenvironment,cannotingeneralbesustainedagainstthermalhy(draulic
analyses for containment response, and licensing basis requirements including )

, (, criteria) for the calculation for, and the occurrence of, fuel dynap and the
.

,|t quantification and treatment of the resulting source terms.
(
I

___ _- _ _- -.
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'f /./ e- References
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1. Letter from P. C. Blond (CECO) to H. R. Denton (NRC); Subject: -

Zion, Units 1 and 2, Proposed Amendment to Facility Operating'L4 cense
Nos. DPR-39 and DPR-48 dated February 21, 1986.

2. Letter from R. L. Kelley LW) to C. Reed (Ceco); Subject: Offsite
Dose During LOCA and Containment Purge, dated October 22,1986.

3. Letter to L. O. De1 George (Ceco) from S.A. Varga (NRC); Subject:
Generic Concerns of Purging and Venting Containments, dated

_ September 9, 1981.

4. Memo for F. H. Robinson from R. W. Houston, Subject: " Evaluation
of the Risk at Zion," dated August 14, 1985.

|
| .

L
,

r.

.

Y

O

*
.

.

*

|. , . . .' ir
-

y

|

- ._ . _ , _ __ _ _



_ _ . . . .. . . _ _ _ _ . _ _ . _ _ ._ _ __ _ . _ _ _ _ _ _ _ _ _

|y, .x m

H. . . . .

i
-

,

+ . , , ,

'

.

Enclosure 2

1- si e-y $PLB SALP INPUT
"

,-

= Plant Name: Zion Nuclear Generating Stations, Units 1 and 2 -

**~SER Subject: Containment Purge and Vent Valve Operation
TAC Nos.: $5417/8

,

:$umary of Review /!nspection Activities

The licensee provided an evaluation of offsite doses und.rtaken in 1976. This
was undertaken with a methodology and source term chosen by the licensee. The
-licensee did not present results from alternative more detailed methodologies
which could be considered enforceable under existing regulatory positions and
the related circumstances.

Narrative Discussion of Licensee Performance - Functional Area-

The single only methodology used by the licensee is not an acceptable approach
I for estimating doses under the proposed circumstances and especially since

alternate detailed evaluations required by the $RP give greatly increased
-values beyond 10 CFR Part 100 limits. A prudent approach would have
recognized the deficiencies and risks in the single methodology adopted with

:resulting substantively different recossendations to ensure public health and
:!- ((' - safety.

Author: Robert B. A. Licciardo

Date: May ll, 1989r
.
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tt0TE TO: Frank J. Miraglia, Associate Director '

for Inspection and Technical Assessment, NRR ;

FROM:- Ashok Thadani, Director
Division of Systems Technology, NRR ,

SUBJECT: DPV CONCERNING CONTAINMENT ISOLA!0N VALVES AT ZION

In your note to me dated July 27,1989 regarding the above subject you asked
forinformationregardingthetechnicalrationalefortimetofueldamagefrom
the onset of a LOCA in-the Appendex K analysis. Specifically: (1)the .

I
temperature and pressure effects experienced by fuel early in a LOCA event;
and, (2) why entry into DNBR does not result in fuel failure. Wayne Hodges'
note to me dated August 10,1989, (Enclosure 1) addressed these issues. - )

|With regard to (1) above, analysis indicates that there is potential for fuel lo
L pin rupture during the LOCA blowdown ( 7 seconds) for very high power pins.

-

| However, for fuel pin powers that exist for current designs no blowdown.
L rupture is predicted. Thus, fuel pin rupture during blowdown is not a problem
|- for existing designs but should be checked for future designs.

With regard to (2) above, the main contributors to " fuel cladding rupture" are ~ !
While i

highpressureacrosscladdingandhighcladding) temperature.entry into departure from nucleate boiling-(DNB 'significantly reduces
the heat transfer resulting in rapid cladding temperature rise, the heat transfer ,

is not.zero and the temperature rise is not instantaneous. Thus, it is not
. physically possible for the cladding to instantaneously rupture upon entry 1

into DNBR because of LOCA conditions. Experimental data confirms this conclusion. . 1

ThefuelcriteriadescribedinChapter4oftheStandardReviewPlan(SRP)
1- could be interpreted to apply to LOCA analyses in the absense of staff

-

|practice. However, staff practice has never to our knowledge been to
assume fuel failure upon inception of DNB for LOCA analyses. Perhaps, the SRP 1

should be revised to more clearly describe staff practice, but I do not ,

believe the effort to be worth the cost in staff resources.
|Based upon these analyses and discussions with several staff experts, I do not
|

believe that rupture of high burnup fuel pins during the blowdown transient to
be credible for existing fuel designs. However, it is appropriate to verify
that blowdown rupture does not occur for future designs.

s

! You also requested comments regarding the applicability of Reg Guides SRP's .

and BTP's cited in the reviews of the Zion amendment. Jack Kudrick, SPLB, and |
j:
' Ted Quay, PD31, looked into this (See Enclosures 2 and 3, respectively). |

|

---,my we. - - eg =-'i.swy- f'
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Regarding Reg Guides, SRP"s and BTP's cited in the subject DPV, the major;

reference within-the DPV is BTP CSB 6-4. This BTP is referenced in SRP'

Section 6.2.4, Containment Isolation Section. The focus of the DPV only
adoresses the BTP, however, to present a complete picture of the staff's

' position SRP 6.2.4 and how BTP CSB 6-4 is referenced need be considered. In
particular SRP 6.2.4 states that for lines which provide an open path from
the containment to the environs; eg., the containment purge and vent lines,
isolation valve closure times "on the order of" 5 seconds or less may be

j ' necessary. Note that the intent must be taken as a goal but does not
<

L preclude closure tises greater than 5 seconds.
l-

Subsection n of SRP 6.2.4 is relevant to the DPV regarding dose analysis.
Subsection n states:

...regarding the size of the purge system used during normal plant"

| operation and the justification by acceptable dose consequence analysis,
may be waived if the ap>11 cant comits to limit the use of the purge
system to less than 901ours per year while the plant is in the
startup, power, hot standby and hot shutdown modes of operations."

Enclosure 3 provides discussion on Reg Guides and the SRP regarding the
subject DPV's contentions on the release of fission products to the
contain'nent and subsequently to the environment through open purge valves.
The bottom line of this discussion is that although the staff has used the
" instantaneous" source term in accidents such as-LOCA, its use was to. ensure
that containment isolation features incorporated either fast acting valvesI

or features that-would ensure containment integrity was not compromised during
operation (e.g.,dualdoorsonpersonnellocks). This simplified approach was
never intended to be applied to purge velves except for those valves that were
extremely slow closing (e.g., 2 sinutes). No opening _in containment during
operations could be justified using the simplified instantaneous source term
assumption. Specifically, no purge / vent system design could be found
acceptable and without such systems, plant operations would be extremely
restricted. Although the SRP specifies 5 seco0ds, the staff accepted closure -

times up to 15 seconds based on informal discussions we had with Research on
their severe accident analyses. We were told that even for closure times up
to 20 seconds that no substantial releases would occur.

The above discussion more properly reflects the staff view on purging. It
does not indicate that the staff during the development of the SRP believed
that the consequences of purging at the time of a LOCA would result in the
impact asserted in the DPV.

Ash k Thadani, Directori
Division of Systems Technology

.

Enclosures:
1. Note from W. Hodges on DPV, dated August 10, 1989
2. Note from J. Kudrick on DPV, dated August 8,1989
3. Note from T. Quay on DPV, dated August 10, 1989

- . . . . _ - - - . . - . _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _ _ _ _ _
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LMOTE T0:- Ashok Thadani, Assistant Director
L for Systems
L Division of Engineering & Systems Technology
L Office of Nuclear Reactor Regulation

FROM: M. Wayne Hodges, Chief ,

- Reactor Systems Branch '
'

Division of Engineering & Systems Technology
Office of Nuclear Reactor Regulation

SUBJECT: DPV CONCERNING CONTAIMMENT ISOLATION VALVES AT ZION
-

;

+
. ,

.The attached memorandum from Norm Lauben addresses most of the technical
issues raised in the DPV. The analyses performed by Norm Lauben do indicate

:the potential for fuel pin rupture during blowdown for very high power pins.
However, for pin powers which exist for current fuel designs, no blowdown
rupture is predicted. Therefore, pin rupture during blowdown is not a problem
for existing designs but should be checked for future designs.

p

The fuel failure criteria described in Chapter 4 of the Standard Review Plan
f(SRP) could be interpreted to apply to LOCA analyses in the absence of staff

practice. However, staff practice has never (at least not since 1974 when I .
.

'

Joinedthestaff)beentoassumefuelfailureuponinceptionofDNBforLOCA
analyses. Perhaps, the.5RP should be revised to more clearly-describe staff
practice, but I-do not believe the effort to be worth the cost in staff
resources.

Based upon the enclosed analyses and discussions with several staff experts
(R. Meyer, R. Jones, L. Rubenstein), I do not believe that rupture of high
burnup fuel pins during the blowdown transient to be credible for existing
fuel designs. However, it is appropriate to verify that blowdown rupture does
not occur for future-designs.

eMaelW ty '

brvinHodese
"

Chief
M. Wayne Hodges, Branch '

Reactor Systems
Division of Engineering & Systems Technology
Office of Nuclear Reactor Regulation

Enclosures:

{ As_ stated
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. MTMORANDUM FOR: M. Wayne Hodges, Chief '

,- Reactor Systems Branch
.

:

Division of Engineering & Systems Technology'

,

1 Office of Nuclear Reactor Regulation

; .FROM: G. N. Lauben. Section Leader
! Accident Management Section

Reactor & Plant Systems tranch
.

Office of Nuclear Regulatory Research
|

J ~ SUBJECT: CON 9ENTS ON A DPV CONCERN!NG EARLY BLOWD0WN CLADDING
RUPTURE DURING A LARGE BREAK LOCA

' r.,

'

- ,.

.Per your request, I have reviewed certain aspects of the DPV on Containment-
*

.-

Isolation Valves at Zion. In particular, I addressed the issues raised with
. respect to cladding rupture of high burnup high pressure fuel early in
sblowdown prior to containment isolation (about 7 seconds). The cossents are
enclosed. If you have any questions, please contact me on x23573.

2. @. AJ~ ,

G. N. Lauben Section Leader -

Accident Management Section
Reactor 8 Plant Systems Branch

'

Office of~ Nuclear < Regulatory Research ;

Enclosures:
As stated

cc: R.B.A Licciardo
A. Thadani <

+

AI *2=

wA ef Im- -
,,

+
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Cossents on a DPV Concerning Early Blowdown

Cladding Rupture During a Large Break LOCA

In a DPV (reference 3) Bob Licciardo has postulated that PWR fuel rods with
i

high LJrnup and high internal pressure could sustain cladding rupture within a
few seconds of a large break LOCA prior to containment isolation. This is

l

further postulated to lead to large off-site releases. Following is some
inforestion which may be helpful in addressing some of the issues in the DPV.
Seven issues in the DPV are first addressed, then some preliminary

,

| observations are made. The DPV issues are referenced by page number ard a

quote or summary of the issue. .

..

r'

P ;,

| 1ssue 1 (p. 3-1) ' Appendix K evaluation is not designed to report the -

earliest rupture that can occur * (Also on pp. 3 4 and 3-5)

L
While Appendix K does not specifically require searching for the earliest
rupture, early ruptures would always be the worst with respect to 50.46 limits
if thrj were calculated to occur. Vendor analyses in the past have shown that!'

because of the extensive cladding swelling prior to rupture, the resultant lowj
'

|_ transient gap conductance severely limits blowdown heat removal. As a
,

consequence, vendor evaluation model calculations showed that the 2200'F PCTt.

|

j tas always exceeded. Therefore, the vendors would always need to reduce the .

peak power to avoid early blowdown cladding ruptures. Vendor steady state

L
fuel themel performance and subsequent LOCA analyses showed that the peak

linear heat generation rate (pLHGR) was always low enough to avoid earlyl

blowdown swelling and rupture for high burnup pins. These studies were done
! about 13 to 15 years ago with Appendix K evaluation models which are no longer

; used. I do not know if analyses with high burnup pins have been done with
L recently approved fuel performance and LOCA models. The older analyses always

showed that low burnup post densification pins were always most limiting, in
'

:

L fact, because the PLHGR was highest and gap conductance was very low. High

burnup pins are lowest in PLHGR although the pin pressure is highest. The

combination of high cladding temperature and higher internal pressure are
. - needed to cause cladding rupture.

i

!
_ _ _ _ _ _ _ _ - - - - _ _ _ _ _ .__ _ _ __ __. _.__ _ _ _ _ _ _ _ -..__ ~-
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Issue 2 (p. 3 2) 'This shows that on infringement of DNBR at 1/10 second,

everage clad temperature increase very rapidly from a normal operating value
of 720'F to at'least 1350'F, and then to 1750'F, over a total period of seven

seconds."

1750'F is indeed a very high early blowdown peak cladding temperature (PCT),
but virtually impossible for a high burnup pin with a much lower PLH6R. If a .;

high burnup pin reached 1750'F, at 7 seconds it would most likely rupture.
More realistic, LOCA analyses have been performed as part of the Code Scaling.

Applicability,'nd Uncertainty program in RES. A best estimate analysis was| a

performed and code uncertainties evaluated for a large break LOCA (reference|~

2). In order to accomplish this, sensitivity studies were performed which
f

varied gap conductance, peaking factors and several other variables. The
plantusedwasaWestinghouse4-loop 3411MWtplantwith17x17fuelandaled

.

burnup of only 16000 MWD /MTU which resulted in a ptHGR of g.35 kw/ft. The
blowdown peak for the nominal CSAU case was 1103'F (see figure'1). Based on

over 250 clad temperature calculations and using Monte Carlo sampling
techniques, it was determined that the 95th percentile blowdown PCT was 1447'F.
It has been determined that 15:15 pins (as used at Zion) with burnups greater
than 40,000 MWD /MTU have PLHGRs no greater than 5.17 kw/ft. Using the CSAU

calculated sensitivity of blowdown PCT to LHGR, the value of 1447'F can be
extrapolated to approximately 1265'F for the,5.17 kw/ft PLHGR high burnup 15x15

pin. This' illustrates that the 1750'F blowdown PCT calculated by Westinghouse
is quite conservative, especially for a high burnup pin. I believe that this~

Westinghouse calculation is probably at least 10 years old.
,

Issue 3 (p. 3-2) "Enhibit 10 also shows that WJ fuels require a design limit
The

! of 15 on cladding strain as a design'11mit, and 1.75 as a damage limit.

work of this Section 3 will show how both of these limits can be exceededp

L inside the seven seconds on infringement of DNBR during the course of a LOCA,
*

......

As exhibit 10 states, these design values are for nominal operation or
|

|
overpower conditions, n,g LOCA. Also, DNBR infringement has never been

|

l' -
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-considered the operant' criterion for. fuel failure during a LOCA. Although, I
am told that this is not as clear as it should be in the standard review plan

~ or any applicable reg. guides. Incidentally, PBF LOCA test do not show DNB
occurring until 3-4 seconds for a very severe L8LOCA (reference 3).

-Issue 4 (p. 3-3) *.... there is a need for empirical tests to determine -|

: swelling and burst (rupture) characteristics under these same dynamic
conditions."

'

The results of the P8F LOCA tests satisfy this condition and will be discussed-
as part of Issu'a 7..

|
' Issue 5 (p. 3-3) " Reference information shows that internal clad pressure
under normally operating conditions is of the o'rder of 1400.psig for new fuel f

( and expected to increase to 2250 psig at the end of the 3rd cycle (for the i

fuel).* ;
*

It is' not known what reference-information is being invoked here. GAPC0N
calculations show the following results.,

L

TABLE 1 GAPCON Pin Pressure Calculations
*

a

Code Fuel PLNGR Burnup Pressure

kw/ft MWD /MTU (psig)

GAPCON! 15x15 15 0 1700

GAPCON 15x15 10 50,000 2700
'

GAPC0N 15x15 5 50,000 2500

GAPCON 17x17 15 0 1900

GAPCON 17x17 10 50,000 3300

|
n

|

.

|
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The reference 4, GAPCON calculations were performed g to 10 years ago. The PAD
3.4 model (refemnce 5) was approved by the NRC for design and safety analysis |

in May 1988. Proprietary calculations done with PAD 3.4 showed substantially
lower pressures at comparable burnups and PLHGRs. It is well known that the
SAPCON fission gas release model is. very conservative. The PAD calculations
were Jone~at an arbitrarily high PLHGR and would show an even lower pressure
at the reduced kw/ft. *

*

Issue 6 (p. 3-3) "It is proposed that, innsdiately, on a LOCA as clad
. temperature ine'reases to 1350'F, gap pressure will increase by 205, to 1800
psig ..... At 7 seconds into the event, clad temperature has increased
further to 1750'F, .... _ From this, it can be proposed that gap pressure for '

the complete rod can increase by 365 over its normal operating value to 2100 [ !~

psig.' I

The basis for concluding that pin pressure increases during an L8LOCA blowdown
is not known and contrary to the evidence. A series of 31arge break LOCA
staulations(reference 3)(LOC-3, LOC-5,andLOC-6)wereperformedinP8Fwith

!

well-instrumented Iircaloy clad U0, fuel elements pre-pressurized to simulate l

low and high burnup PWR fuel. P8F blowdowns are quite severe compared to ,

: postulated PWR.L8LOCA blowdowns. In P8F. the pressure decrease and rate of
mass loss is very rapid. = No good reverse flow blowdown heat transfer is '

evident as is the case in LOFT results or PWR analysis. Figure 2 (reference,
6)showsthefuelrodpressureforrod3intestLOC-3. Also, shown are
FRAP-T6 calculations using two different plastic deformation models. Clearly,
pressure jggy,ajgg throughout the transient. Figure 31s a plot showinga

measured pressure decrease for Rod 11 in Test LOC-6. A FRAP-T6

| characterization calectation was done for a postulated LBLOCA in Zion
(reference 7)whichalsoshowedapressuredecreasethroughoutthetransient.

Issue 7 (p. 3-5) - Concern is expressed about the relevance of electrically
heated rods used in defining the swelling and rupture curves in NUREG-0630.
It is suggested that the TREAT data shown in NUREG-0630 (reference 6) would be
more realistic. Also, on pp. 4-3 and 4-4, this concern is restated.
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It is clear that TREAT data is anomalous compared to the electrically heated
rods and is attributed to difficulties in obtaining accurate temperature data
in,the burst region. A better source of in-reactor data is the P8F series

~ discussed previously. Figure 4 is a plot from NUREG 0630 (reference 8, i

exhibit 16). Included are data points with temperature uncertainty for the 9

ruptured rods in the PBT LOC series of tests, and the FRF data from TREAT. It
-

is clear that the more recent PBF data is very consistent with the NUREG-0630

curves.

Observations Regarding LOLOCA Blowdown Rupture of High Surnup Fuel Rods.
.

1

The main contributors to fuel cladding rupture.are high pressure drop across
'

i

the cladding and high cladding temperature. Early post-DNS cladding ;
*

<1 temperatures are determined to a very large degree by pre-accident stored
energy which is a function of local peak power (PLHER), pre-accident gap
conductance, effective U0, thermal conductivity, blowdown heat transfer, and

-critical flow'model. TheCSAUstudy(reference 2)confirmedthisassessment.
-Of these variables, only PLHGR is controllable by plant operators, and thenL

only to a limited degree. High burnup, third cycle fuel is always placed in

L
low power regions. Pin pressure is determined by pre-pressurization andi

L fission gas release. As shown in reference 3 and 6, pin pressure-does not ,

exhibit a direct functional relationship to b1'owdown cladding temperature.

As noted earlier, the CSAU 17x17 gSth percentile PCT of 1447'F (reference 2)-
Thecould be approximately extrapolated to 1265'F for a high burnup 15x15 pin.

15x15 PCT calculated at 13.26 kw/ft (reference 7)'was 1543'F. The Zion hot pin-
i

L did not rupture in reference 7. The reference 7 calculation extrapolated to

5.17 kw/ft would result in a PCT-of about 1187'F. Therefore, 1265'F determined
previously appears to be a good high side estimate of blowdown PCT for a high

burnup-15x15 pin. In both reference 7 and reference 2 this blowdown peak

occurred between 5 and g seconds.

e -

-.- . ,, ..-.-.- .. .. -.-.. . .--.



~ . .
--.

'xj -

.... .'. . s
. . .,

_

: |. x
p _

'

.

_

, . ,

\ '

g.g. ,.
.- . .

.

I-.

O iceg_-
Q* -[

,

. v.
1 , ,

DG
Mo 'g.i !' D 8' w
p , ,

tN ;-

4 % I- t''

gg |-
,A . .

04 a, N WREM ! |
" * *

-
t*u x 'n.

:s s - ;

'! i'
04 A t .. %

!8- % 29 C/S ;
-

5- %
- <

e- e* e .

0 C/S 14 C/S . j
: |g

s s s a ?

O 5 10 15 20 25 i

ENGINEERING HOOP STRESS (KPSI) !
:

Fig. ag, getEM aodel and ORK correlation of rupture tagerature as a function of enoineering ;

la.ocA 4,4 ,,rits.hoop stress and ra 9 ' rate, w;4k P6 F
TRE4T 4**ga%r 4m ic34 .hak . gehh . a=( =308eenbevs, al =up =OS .t= *C [5 **

,

--

* * * +"444w>. The h Mg% b=av a

r *'*h * *'' Sb""
~

*

pi esN,te is $c= h - a c* cit -

- s

- _ - _ - _ _ - - _ - _ - - - . . - - - , . v, r e,+ -~v. c - ,- , e- . - - + . . ~~w, a-



- - - - - _ _ _ _ _ - _ _ - - _ _ - _ _ _ _ _ _---

.

'^
.

.

-. . .

6-

PAD 3.4 calculations for a 16x15 pin were not performed in reference 5, but by
extrapolating 17x17 PAD analyses and the values in Table 1, it is estimated
that the pre-accident 15x15 pin pressure at end of cycle 3 would be about 1800 i

psi. Based on the pressure decrease calculated for the 15x15 pin in the first
5 seconds in reference 7, it is estimated that the pin pressure at 5 seconds

,

for a high burnop 16x15 pin would be 1520 psi. The system pressure at, that
time was determined to be 920 psi. The pressure drop across the clad is
therefore 600 psi-and the engineering hoop stress is estimated to be 4.7 KPSI.
As shown in Figure 3, this is well below the NUREG-0630 curves and even below
the TREAT data. Therefore, it is not expected that sety high burnup pins which
have low LNGRs would experience any early blowdown ruptures. '

Itshouldbenoted,however,thatthisisbasedonextrapolations,andsurely'[
.,

direct calculations based on actual condition would be preferable. Also, if .#
.

indeed high burnups are expected in the future with higher LHSR, this issue
shouidberevisited. In' fact, when significant changes in fuel design models
and blowdown LOCA models'are proposed, this issue should also be addressed.

.

Y
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