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MEMORANDUM FOR: Thomas E. Murley, Director |

Office of Nuclear Reactor Regulation

| FRON: DPV Standing Review Panel

SUBJECT: DIFTERING PROFESSIONAL VIEW (DPV) CONCERNING ZION SY )
ROBERT LICCIARDO

|
|

The subject Dh was submitted to you on May 11,1989(Enclosure 1). The DPV
'

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.
Miraglia, C. E. Rossi and Frank J. Congel was established to review the DPV.

This memorandum summertres the activities of the Panel and provides our
recommendation regarding the subject DPV.

On June 12,1989, the Pat.el met with Ashok Thadant and J. Wermeil regarding the
subject DPV. The Panel requested that (1) copies of all references to staff
criteria in the DPV be provided. (2) the results of an Appendix K LOCA analysis
for Zion be provided, and (3) the statf opinion on the safety significance of
the DPV for Zion, and to other power plants, be provided. Str. Wermeil responded
to the Panel (Reference 1)..

On June 16,1989, the Panel met with Mr. Licciardo. Mr. Licciardo provided
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 inouced accident and that entry into DNBA 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, Isrge radiological con-
sequences are projected.

1

The Panel requested Mr. Licciardo to provide clarification of his position.
Mr. Licciardo provided a response to the Panei on July 20,1989(Reference 3). |

On July 27,1989 the Panel requested the staff to provide the following
information: (1) the temperature and pressure effects experienced by fuel
early in a LOCA event, and (2) why entry into DNBR does not result in fuel
failure. The staff responded on August 11 1989 (References 4 and 5).
Mr. Licciardo indicated that these deferenc,es did not appropriately address I
his concerns. The Panel requested the staff to re-examine their response.
On August 29,1989 the staff reaffirmed their original views (Reference 6).
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Thoews E. Murley -2 August 31, 1989 ;

!

Based upon our review of the subject DPV, and reference material, the Paral ,

concludes the following:
i

1. Test data provide reasonable assurance that fuel clad integrity will be |
maintained for more than 7-15 seconds into a LOCA event for current fuel
designs. (Advanced fuel designs may need further evaluation.) ;

2. Entry into DNBR is not equated to fuel failure. (Clarificationinthe iSRP's would be helpful.) i
.

.

3.
Thegeissuedbasedonthestaffsafetyevaluation.roposed Zion License Amendment on containment purge valve operationjcan

The Panel recommends 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
i 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 i
being maintained by Chief, Planning, Program and Management Support Branch,

|
PMAS.

j
l

i The Standing Review Panel is prepared to brief you on the subject matter if you !

desire. '

!
>

Frank J. C{pgel f

f&-1 '

,

i naries E. Rossi

I. y
Frank JC>ltrally Jr. M

Enclosures:
As stated

cc: R. Licciardo
J. Larkins

|
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to Mariagement Response to Oversight Committee !.

Regarding DPV of R. Licciardo dated May 11, 1989

1. Provide copies of the references to staff criteria included in the above
DPV. Ir>dicate DEST management view on their applicability to the issue.

|

Response:

Mr. Licciardo refers to three staff criteria documents as the basis for i

These are SRP Section 6.2.4 (specifically BTP CSB 6 4) purge valves open. |his alternative dose calculation with the containment
, SAP Section 4.2, :

and Regulatory Guide 1.77. These are attached, i

a. SRP Section 6.2.4 " Containment Isolation System." BTP CSB 6-4 |
" containment Purging During Normal Plant Djeration5" |

.

BTP C$8 6-4 provides the applicable staff guidelines for use of i
the containment vent / purge valves during power operation and :

specifically identifies the need to perform an analysis to ensure !
that radiological consequences for a loss-of-coolant accident !
occurring at the time the purge valves are open will be within !

10 CFR Part 100 limits. Itstates(page6.2.4-15,PositionB.S.a): !
,

"An analysis of the radiological corisequences of a loss-of-coolant i

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 i

the concomitant release of fission products, and the fission product i
'activity in the primary coolant. A pre-existing iodir.e 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 !
consequences should be within 10 CFR.Part 100 guideline values." j

|

In his DPV, Mr. Licciardo refers only to the third sentence in the f
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 thatl

|. transport that must take place, i.e., release from fuel into the ;

primary 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 alternative, Mr. Licciardo refers to SRP Section 4.2 and
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, lies to normal operation, maintaining coolability,and ensuring control rod insertion). It app
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 "$RP 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 per GDC 35 for a LOCA. i,

c. Regulatory Guide 1.77. " Assumptions Used for Evaluating a !
control Rod Ejection Accident for Pressurtzed Waterr Reactors"

RG 1.77 identifies acceptable analytical methods and assumptions |
that may be used in evaluating the consequences of a rod ejection i
accident in a PWR. These assumptions were not intended to be used I

for a LOCA evaluation. The DPV refers to the guidance in Appendix B ;

!

of Regulatory Guide 1.77, " Radiological Assumptions " which statesthe amount of activity accumulated in the fuel clad gap shouldthat :

be assumed to be 10% of the iodines and 105 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 8 is assumed to be !

instantaneously dumped and unifonnly 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 |tjectiontransientitselfisrapid(within2 seconds)releasesof ;

fission products through these two paths is assumed to occur over a t

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 j
products. This is not the case for the purge contribution
to the LOCA dose. The timing of the valve closure (15 seconds or :

iless) is very)important to limiting .the releases and, as stated in -

item 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 bodnd 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. j

i

Response: ;

I

a. The safety significance of this issue for Zion specifically is as |
follows: |

t

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 sume probability of failure of the !

redundant valves in series to close, the staff views it to be i
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 t

valve operation.
t

2) As indicated in the staff guidance, use of the purge valves i

is intended to be minimized, however, purging is necessary t

for relief of containment pressure due to air leakage from [

pneumatic controllers, and reducing airborne activity levels
'

to facilitate containment access. The detrimental eff9 cts
that these problems could hdve oa equipment operability !

(e.g.,abilitytodomaintenancewhileatpower)isoutweighed |
by the negligible decrease in offsite release probability ,

resulting from continuous purge valve closure, j
!

3) The DPV unreasonably assumes instantaneous (within i second)
fuel failure and transport of the resulting gap activity to !
the site boundary before the 'l second purge valve closure time. |

The LOCA analysis (Attachment 1) indicates that the purge
valves would be closed long before fuel failure would occur .

(approximately 34 seconds). Additional time is needed to I
transport the release to the purge line opening.

The staff concludes, therefore, that the concerns in the DPV 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 .

differences in purge valve closure time and time to fuel failure
*

following a LOCA, the staff believes significant margin exists and
the probability of an unacceptable release is very small, i

:
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TASLE 14.3.3 1
>

Lanet entan - isos anne.vs s - stestuct w twtats
I

? ~I~
: j(
) E LE Ca - 9.4 utts ta - 0.6 SEtts ca - 9.e * utts ta - e.t

4( -
<

5 tart e.e e.e e.e e.e!

!
'

j Rx Trip Signal S.747 0.737 S.732 0.737
'

5.1. Signal 1.99 1.52 1.34 1.52

Accumulater injectlen 20.10 15.00 12.88 15.98 1-

Pump Injectlen M.99
~ M.52 M.34 M.52 v, ,

- i

} End of 91eudeun 30.99 30.14 30.86 30.14 b'i

End of typass 30.99 30.14 30.06 30.14

. Sottom of core Recovery 53.75 43.34 45.17 43.34 9-!
h,'

i Accumulators Empty 66.67 60.37 58.85 68.33t

"

B;

i 3
Note: All times in seconds

*
With Replacement Reetter Containment Fee Caelers as installed 1985

--

! o*
3

C,

i %

h;

'
-

1, g-

t

w,
>
D

cev1S188 1
| 0411T June M,1996
1 0189A

.

_.
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{
Lanet encast acsutTS - iges mentvsts - estas nestFtte iget neect (tetten aant)I

MCLS h - S.4 KCLE Ca = S.6 K CLE h - S.9 * arena h . 9,ef

Results
1986 2916 1983 tige

,

Peek Clad Temperature (*F)

6.0 6.0 5.5 4.0,

j-
j Peek Clad Temp. Elewstion (ft.)

4.584 4.182 4.065 6.94.

i i

J
Men Local Ir/W,9 Seettien (5)

5.5 6.9
6.9 6.9 !

-
:

Men Local Ir/M,0 Run Elevatten (ft.)
: <S.3 4.3 <0.3 <S.3

|
Total Ir/N,0 Reettica (5) ,

5.5 6.0
6.9 6.0:

i Not Red 9 erst Elevatten (ft.)
1

'

35.2 34.8 34.8 ;

42.8
j Not Red 9 erst 11ee (sec.) >

.

i

j Insets :
. k,

= 3250 Inst
W555 Power - 1925 of i

.= 15.575 Eas/ft.
Peak Linear Feuer - 1925 of ;

3

Local Peaking Factor (at licensed rating) = 2.32 )
,

= 000 ft*/ tank !
i

| Accomelater tenter veiene
|

|
Stese Generator Tube Plogging level = 105 (entfens)i

-

With replacement RCFC and corrected |*
data transfer methodelegy between teREftSOS and SART %. . ;

}
)i

Values for M ctg Cg = .4 and .3 reflect original RCFC [

KCtG Cg = .6 case reanalyzed trith meet MFC because this represents the lletting cose !
Ilote:

! !

!

sevisten i
9411T June 26, 1986
0189A

,

_
.

i
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| TABLE 14.3.2-4 |
,

! SMALL BREAK ttSULTS - 1984 ANALYS15 - 6' SREAK CASE I

'

31g11) i
f

*

= 1747 'F ,4Post Clad Temperature
t- +

Peak Clad Temp. Elevation 10.75 f t.=

Ass Local tr/N,0 Reaction 1.455 |=
,

t
'; as Local tr/N,0 tan Elevation 11.00 f t. t=

fetal tr/N,0 Reaction = <0.3 i

#pt Rod Durst Elevation 11.00 f t.=

pet Red Durst Time 313.59 sec.=

;

10R111 !
!

Core Power - 10?5 of (50R 3390 left
'

=

See Figure 14.3.2-7 !- Peak Linear Power '1025 of =

gg ' Ac:umulator Water Volume 900 ft'. |=

!

;-

,

!

. .

*
,

!

,

4

!

,

. k$ ;

1
i

0411T Revision 1
| 0189A June 26, 1986 ,

| .

|
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6.2.4 CONTAINMENT ISOLATION SYSTEM
,

REVIEW RESPONS181LITIES
,

I
'

Primary - Containment Systems Branch (CS8) j

Secondary - None

I. AREAS OF REVIEW

The design objective of the containment isolation system is to allow the nomal
or emergency passage of fluids through the containment boundary while preserving
the ability of the boundary to prevent or limit the escape of fission products ;;

that may result from postulates accidents. This SRP section, therefore, is con- |;

h corned with the isolation of fluid systems which penetrate the containment bounuary,
,

including the design and testing requiremants for isolation barriers and actuators,
! solation barriers include valves, closed piping systems, and blind flanges.

-

i

j .

The CSB review of the applicant's safety analysis report (SAR) regarding contain- |
,

ment isolation provisions covers the following aspects: |,

1. The design of containment isolation pr6 visions, including:
,

:
'

The number and location of isolation valves, f.e., the isolation valvea.
arrangements and the physical location of isolation valves with respect

;

;

to the containment.

b. The actuation and control features for isolation valves.
,

:

!
The positjons of isolation valves [or normal plant operating c'onditionsc.
(including shutdown) postaccident conditions, and in the event of valve
operator power failures.

,

d. The valve actuation signals.
,

Thebasisforselectionofclosuretimesofisolationvalves,e.
:

f. The mechanical redundancy of isolation devices'.
I

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 to isolation barriers and piping.

5. The provisions for detecting a possible need to it,olate remote-manual- |
c6ntro11ed 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 carriers. x

7. The calculation of containment atmosphere released prior to isolation valve !
closure for lines that provide a direct path to the environs. -

CS8 will coordinate other branch evaluations that interface with the overall i

review of the containment isolation system, as follows: The Mechanical
Engineering Branch (ME8) will review the systes selseic design and quality ;

roup classification as part of its primary review responsibility for SRP e

fections3.2.1and3.2.2,respectively. The Structural Engineering Branch :-

(SES) and the ME8 will review the mechanical and structural design of the con- |
tainment isolation systes as part of their primary review responsibilities for

'

SRP Sections 3.8 and 3.9 respectively, to ensum adequate protection against e
a breach of integrity, missiles, pipe whip, jet ispir. )The Instrumentation and Control Systems Branch (ICS8)gement and earthquakes., as part of its primaryv 3

,

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 arid 3.11, will

:evaluate the qualification test program for electric valve operators, and sens-
Iing 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 (AES), 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 i

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 (LGB), as part of its primary
review responsibility for SRP Section 16.0.

Fur those areas of review identified,above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necestery for the review and their methods of application are contained in the
m ferenced SRP section of the corresponding primary branch.

.

6.2.4-2 Rev. 2 - July 1981
.
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II. ACCEPTANCE CRITERIA
t

The C5g 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 Desien 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 natural j
phenomena (e.g., earthquakes) without loss of capability to perfom their

-

safety functions; and systems being designed to accommodate postulated
environmental conditions and protected against dynamic effects (e.g., ,

missiles, pipe whip, and jet ispingement), 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 performance capabilities. -

and as it relates to design provision incorporated to permit periodic oper- ,

ability testing of the containment isolation system, and leak rate testing
,

i

| of isolation valves, !

4. General Design Criteria 55 eml 56 as it relater 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: j

!. a. One locked closed isolation valvet 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 *

,

c. One locked closed isolation valve inside and one automatic isolation ,

valve 8 outside containment; or !
j

8
d. One automatic isolation valve inside and one automatic isolation valve

2

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

Ivalve 8 outside containment.
l

|

3 Locked closed isoluton valves are defined as sealed closed barriers (see Item
|

'

' II.3.f).
\ 8A simple check valve is not normally an acceptable automatic isolation valve

for this application. 1
1

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 1
extent of fuel failure (source teru) used in the radiological calculations. .

The General Design Criteria identified above established requirements for the I
'

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- t

tained assuming any single active failure in the containment isolation provisions. .

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 :

difference is justified. ,

r

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 desbribes acceptable containment isolation provisionsa.
for instrument lines. In addition, instrument lines that are closed both ,

'

inside and outside containment, are designed to withstand the pressure
and temperature conditions following a loss-of-coolant accident, and are '

designed to withstand dynamic effects, are acceptable without isolation
valves. -

b. Containment isolation provisionc 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. ,

c. Containment isolation provisions for lines in systems needed for safe $b) e

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 thesei

lines outside containment.
'

d. Containment isolation provisions for lines in the systees 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. >

For this type of isolation valve arrangement, the valve nearest the con- ,

'

tainment 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 requirements
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 terminate the leakage,

f Containment isolation provisions for lines in engineered safety featuree.
or engineered safety feature-related systems normally consist of two!

|
isolation valves in series. A single isolation valve will be acceptable '

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 s

valve in the line. The closed system outside containment should be protected '

from missiles, designed to seismic Category I standards, classified Safety

6.2.4-4 Rev. 2 - July 1981
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Class 2 (Ref. 9), and should have a design temperature and pressure rating i

at least equal to that for the containment. The closed system outside :

containment should be leak tested, unless it can be shown that the system |"

s integrity is being maintained during normal plant operations. For this
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 er 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- i

ments of SRP Section 3.6.2. Design of the valve and/or the piping compartcent ;

should provide the capability to detect leakage from the valve shaft and/nr :

bonnet seals and teminate the leakage, i

f. Sealed closed barriers may be used in place of automatic isolation valves. :
Sealed closed barriers include blind flanges and sealed closed isolation i

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 setpoint .'g.
is greater than 1.5 times the containment design pressure.

t

h. Item II.E.4.2 of NUREG 0737 and NUREG-0718 requires that systems penetrat- |

ing the containment 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
icontainment isolation' signal.
'

1. Isolation valves outside containent should be located as close to the con- *

tainment as practical, as required by General Design Criteria 55, 56, and'

j 57. .

| j. In meeting the requirements of General Design Criteria 55 and 56, upon i

loss of actuating power, automatic isolation valves should take the posi-
tion that provides greater safety. The position of an isolation valve |

| 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 lines should be
automatically closed. For engineered safety features or engineered safety

.

'

feature-related systems, isolation valves in the lines may remain open or
be opened. The position of an isolation valve in the event of power !

failure to the valve operator should be the " Safe" position. Normally
this position would be the postaccident valve position. For lines
equipped with motor-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.

(-
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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

irequires that the containment setpoint pressure that initiates containment / '

isolation for nonessential penetrations be reduced to the minimum value
compatible with nomal operating conditions. j

1. There should be diversity in the parameters sensed for the initiation of t

containment isolation to satisfy the requirement of General Design Cri- - '

terion 54 for reliable isolation capability, j
v

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, j

1

n. In meeting 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 times 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 detemining the overall :

time to close a valve. System design capabilities should be considered '~~
.

in establishing valve closure times. For lines which provide an open path ) :
from the containent to the environs; e.g., the containment purge and vent -

, ,

i 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 ,

ion 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
by a reduction in the containment backpressure. Analyses of the radio- ,

logical consequences and the effect on the containment 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

d, e,
July 1, 1975, the methods described in Section B, Items B.I.a. b,ical Posi- '

,

f and g B.2 through B.4, and 8.5.b, c, and d of Branch Techn
gIon,CSB64shouldbeimplemented. For these plants, BTP Items B.1.ct
and B.5.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-4

tem 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 0714 requires that containment purge !

valves that do not satisfy the operability criteria set forth in tranch !
Technical Position CSB 6-4 or the Staff Interim Position of October 23, i

'

s. 1979 must be sealed closed as defined in SRP ! action 6.2.4, Item II.3.f |
during operational conditions 1, 2, 3 and 4. Furthemore, these valves ;

must be verified to be closed at least every 31 days. (A copy of the i

Staff Interim Position appears as Attachment.1 to Item II.E.4.2 in -

'

NUREG 0737.) t.

t
'

o. The use of a closed system inside containment as one of the isolation
barriers will be acceptable if the design of the closed system satisfies ,

the following requirements: |
'

1. The system does not communicatti with either the reactor coolant sys- i

tem or the containment atmosphere, i

2. The system is protected against missiles and pipe whip. j

3. The system is designated seismic Category I. |

4. The system is classified Safety Class 2 (Ref. 12). |
!

S. The system is designed to withstand temperatures at least equal to
the containment design temperature. |

t

6. The system is designed to withstand the external pressure from the ,

'containment structure acceptance test.
.

t 7. The system is designed to withstand the loss of-coolant accident tran-
i sient and environment. !

!
Insofar as CS8 is concerned with the structural design of containment inter- |

nal structures and piping systems, the protection of isolation barriers .'

against loss of function from missiles, pipe whip, and earthquakes will
be acceptable if~ isolation barriers 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, ;

gory I, g the piping between isolation valves, are designated seismic'Cate-
!

includin
i.e., designed to withstand the effects of the safe shutdownl

( earthquake, as recommended by Regulatory Guide 1.29,

In meeting the requirements of General Design Criteria 1, 2, 4 and $4, ;
p.

appropriate reliability and perfomance considerations should be included |

in the design of isolation barriers to reflect the importance to safety
cf assuring their integrity; i.e., containment capability, under accident '

I

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
i Regulatory Guide 1.29.

,
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q. General Design Criterion M requires reliable isolation capability. There-
fore, when considering remote manual isolation valves, the design of the
containment isolation system is acceptable if provisions are made to allow 1

the operator in the main control room to know when to isolate fluid systems )/

that are equipped with remote manual isolation valves. Such provisions <

may include instruments to measure flow rate, sump water level, tempera-
ture, pressure, and radiation level,

'

General Design Criterion H specifies the requirements for the containmentr.
isolation system. Therefore, to satisfy General Design Criterion H. pro- i

visions should be made in the design of the containment isolation system i

for operability testing of the containment isolation valves and leakage |
rate tetting of the isolation barriers. 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.

s. General Design Criterion H requires reliable isolation capability. To
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- i

tion signal will not result in the automatic reopening of containment |
L isolation valves. Reopening of containment isolation valves should requirej ;

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 pro- m
videdthatelectricalindependenceandothersingle-failrrecriterlon J

'

continue to be satisfied. -

i Administrative provisions to close all isolation valves manually before ,
t

resetting the isolation signals is not an acceptable method of meetingl
-

this design requirement. ,

,

III. REVIEW PROCEDURES

The procedures described below provide guidance on review of the containment
isolation system. The reviewer selects and emphasizes material from the review jj

[ procedures as may be appropriate for a particular case. Portions of the review ;

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 containment isolation provisions.

Upon request from the primary reviewer, other review branches will provide
input for the areas of review stated in subsection I of this SRP section. The i

primary reviewer obtains and uses such input as required to assure that this
review procedure is complete. .

>

The CS8 determines the acceptability of the containment isolation systes 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 piping
penetrating the containment, are compared to Regulatory Guides 1.26 and 1.29,
respectively.

6.2.4-8 Rev. 2 - July 1981
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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 provisionstainment.

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'
power sources to the valve operators.

The CSB reviews the information in the SAR justifying containment isolation
m isions which differ from the explicit requirements of General Design

.riteria 55 56 and 57. The CSB judges the acceptability of these contain-
mentisolatlonp,rovisionsbasedonacomparisonwiththeacceptancecriteria
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

.

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

special cases may arise and these will bepostaccident position.. However
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 parameterst

containeent isolation./SI

sensed; e.g., abnormal conditions in the reactor coolant system, the secondary,

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
isolation the CSB considers the arrangement proposed on an individual basis
in determining the overall acceptability of the containment isolation $1gnals.
The CSB will use the guidance presented in Ites !!.E.4.2 of NUREG-0737 for its

I 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 timesI

should be less than one minute, regardless of valve size. (See the acceptance
j 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-

The CSB will request the AEB or RSB to review analyses justifyingsiderations.
valve closure times for these valves as necessary.

The CSB detemines the acceptability. of the use of closed systems inside contain-
ment as isolation barriers by compering the system designs to the acceptance
criteria specified in subsection II of this SRP section.

The ME8 and SEB have review responsibility for the structural design of the
,

I ( containment internal structures and piping systems, including restraints, to
assure that the containment isolation provisions are adequately protected

6.2.4-9 Rev. 2 - July 1981
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against missiles, pipe whip, and earthquakes. The CSB determines that for all !

containment isolation provisions, missile protection and protection against !
loss of function from pipe whip and earthquakes were design considerations. [

'

'The CS3 reviews the system drawings (which should show the locations of mis- /
|

sile barriers relative to the containment isolation provisions) to determine :

that the holation provisions are protected from missiles. The CS8 also !

reviews.she design criteria applied to the containment isolaticn provisions to
,detershethatprotectionagainstdynamiceffects,suchaspipewhipandearth- ,

quaket, was considered in the design. The CSB will request the MEB to review !
the.oesign adequacy of piping and valves for which conservative design is |
asumed to preclude possible breach of system integrity in lieu of providing a !

Jeaktighthousing. |
:

Systems having a postaccident safety functfon (essential systems, as defined {
in Regulatory Guide 1.141) may have remete-manual isolation valves in the i
lines penetrating the containment. The CS8 reviews the provisions made to
detect leakage from these lines outside containment and to allow the operator i
in the main control room to isolate the system train should leakage occur. '

i Leakage detection provisions may include instrumentation for measuring system i
flow rates, or the pressure, temperature, radiation, or water level in areas ,

| outside the containment such as valve rooms or engineered safeguards areas, t

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, f
; e

| The CSB determines that the containment isolation provisions are designed to
'

|
allow the isolation barriers to be individually leak tested. This infomation

. should be tabulated in the safety analysis report to facilitate the CSB review.
| .- ) -

The CSB determines 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 .g

| operability and leak testing of containment isolation equipment is in agree- ;

ment with requirements developed by the staff. |

The CSB verifies that the design of the contro1' system for automatic conta'in- ,

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- t

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 to (state limits of review in relation to regulation)

|
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by (for eSch 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 1

positions in Regulatory Guidereviewed and found to be accepTa5Te, that the staff has
j

; j
r

c. meeting the regulatory position in BTP ; '

6

d. using calculational methods for (state what was evaluated)
that have been previously reviewed by the staff and found
acceptable; the staff has reviewed 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 (ir.dustry standard number and
title) that have been reviewed by the staff and determined i

'

to be appropriate for this application.

| 2. Repeat discussion for each regulation cited above. !
!

L
i V. IMPLEMENTATION ,

The following is intended to provide guidance to applicants and licensees f
regarding the NRC staff plans for using this SRP section. !

,

t

l .

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 i

evaluation of confomance with Comeission regulations, j
i
!Implementation schedules for conformance to parts of the method discussed

~

herein are contained in the referenced regulatory guides and NUREGs. j

VI. REFERENCES

1. 10 CFR Part 50, Appendix A. General Design Criterion 1 " Quality Standards
and Records." t

?

2. 10 CFR Part 50 Appendix A General Design Criterion 2. " Design Bases for i
ProtectionAgaInstNaturalPhenomena." |

3. 10 CFR Part 50, Appendix A, General Design Criterion 4 " Environmental ;
and Missile Design Basis."

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 $5, " Reactor Coolant6.
Pressure Boundary Penetrating Containment."a

7. 10 CFR Part 50, Appendix A, General Design Criterion 56, " Primary contain- /
ment !Mation."

.

8, 10CFRPart50,ApndixA'GeneralDesignCriterion57,"ClosedSystem
Isolation Valves

Re ulatorg Guide 1.11. " Instrument Lines Penetrating Primary Reactor Con-9.
ta naent

10. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steen , and Radioactive Weste-Containing Components of Nuclear
Power Plants."

11. Regulatory Guide 1.29, " Seismic Casign Classification.",

12. Regulatory Guide 1.141, " Containment Isolation Provisions for Fluid
Systems.".

13., tranch Technical Position CSS 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."'

!
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tranch Technical Position CSB 6-4

CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS
,

A. SACKGROUND

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 ERP Section 6.2.4. | ;

While the containment purge and vent systems provide plant operational
flexibility, their designs must consider the importance of minimizing the ;

release of containment atmosphere to the environs following a postulated j
loss of coolant accident. Therefore, plant designs, must not rely on their use
on a routine basis. !

l.

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

i from plant to plant. Some plants do not purge during reactor operation, some J

purge intemittently for short periods and some purge continuously. There is .

similar disparity tn the need for, and use of, containment vent systems at |

operating plants. ;

for example,
Containment purge systems have been used in a variety of ways; leakage into theto alleviate certain operational problems, such as excess air !'

containment from pneumatic controllers, for reducing the airborne activity within !'

g the containment to facilitate personnel access during reactor power operation, |
'

1 +

and for controlling the containment pressure, temperature and relative humidity.| *

l Containment vent systems are tysically used to relieve the initial containment .

pressure buildup caused by the seat load imposed on the containment atmosphere i

or to periodically relieve the pressure buildup ;

during retctor power ascension,ic controllers.
lines provide an open path from the contaiment to the enviror.s. ge and vent
due to the operation of pneumat However, the pur '

Should a LOCA
,

|
occur during containment purging when tise reactor is at power, the calculated ;

accident doses should be within 10 CFR Part 1,00 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). Since these lines are normally the only ones presided that will
permit some degree of control over the containment atmosp%ere to facilitate .

personnel access, some plants have used them for containment purging during
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) offectiveness is not degraded by a reduction
in the containent 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 g !

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 failures following a i
LOCA. Similar concerns apply to vent system designs. ,

I !The 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 111 BWR plants and the HTGR plants because of containment and/or f

core design features. Therefore, larger line sizes may be justified. However. |

:for any proposed line size, the applicant must demonstrate that the radiological
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
Iters for the reactor type; e.g., BWR, PWR, or HTGR.

B. BRANCH TECHNICAL POSITION
!

The systems used to purge the containment for the reactor operational modes of i

power operation, startup, hot standby and hot shutdown; i.e., the on-line purge
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: .

I

c. General Design Criterion 54 requires that the reliability and perfor- | )
mance capabilities of containment isolation valves reflect the impor- -

'

|
tance of safety of isolating the systems penetrating the containment
boundary. Therefore, the performance and reliability of the purgei ,

! system isolation valves should be consistent with the operability
! assurance program outlined in Branch Technical Position ME8 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 function as required by General Design i

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
and 10 CFR Part 100 regarding offsite radiological consequences.

c. The size of the lines should not exceed about eight inches in diameter,
unless detailed justification for larger line sizes is provided, to
improve the reliability and performance capability of the isolation
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 radiological consequences.
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the containment isolation | !As required by General Design Criterion 54d.
provisions for the purge system lines should meet the standards appro- )-

'
priate to engineered safety features i.e., quality, redundancy, test-( ability and other appropriate criterla, to reflect the importance to ;

-

safety of isolating these lines. General Design criterion 56 estab- |
lishes explicit requirements for isolation barriers in purge system j
lines, i

.

e. To improve the reliability of the isolation function, which is addressed
!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
injectionactuation,andcontaInmentradiationlevel. Furthemore,
if energy is required to close the valves, at least two diverse sources 3

of energy shall be provided, either of which can effect the isolation :
function. |

:

f. Purge system isolation valve closure times, including instrumentation '

to facilitate compliance with
delays, should not exceed five seconds, logical consequences, j10 CFR Part 100 r+garding offsite radio

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. j

| 2. The purge system should not be relied on for temperature 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.

i 4. Frovisions 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 analyses should be performeil 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
radio 1@ical calculations should be based on a calculation under the
teres of Appendix K to detemine the extent of fuel failure and the ,

iconcomitant 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 i

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 consequences 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, located beyond the purge system isolation t

valves against loss of function from the environment created by thee

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 t

for ECCS backpressure determination. .,

fThe maximum allowable lean rate of the purge isolation valves shouldd.
be specified on a case-by-case basis giving appropriate consideration

;
>

to valve site, maximum allowable leakage rate for the containment
(as defined in Appendix J to 10 CFR Part 50), and where appropriate, j

,

the maximum allowable bypass leakage fraction for dual containments;
;

e

E

:

;

!
!

,

*

|

l
|
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| ) ?
- t

|

:

f

,

.

,

!

,

!
,

f
,

i
.

|

|
|

|

6.2.4-16 Rev. 2 - July 1981

L ._. _ .]



,, _ _ _____ _ __ . . _ _ _ . _ . _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _

'|

. |. . - '
.. .

NUMEG 0000'

(Formerly NUMEG45/087)
. .

.

l 1M...*\
U.S. NUCLEAR R

ULA10RY COMMISSIONSTANDARD.ro. REVIEW PLAN'
/ Um Umv

...
,

J

4.2 FUEL SYSTEM DESIGN
i

REVIEW RESPONSIt!LITIES :
'

Primary - Core Performance tranch (CPS)
-

,

Secondary - None
1

I. AREAS oF REVIEW
-

The thermal.. mechanical. and materials design of the fuel system is evaluate (t by !
| CPS. The fuel system consists of arrays (assemblies or bundles) of fuel rods i

)including fuel pellets, insulator pellets, springs, tubular cladding, end,

| |closures, hydrogen getters, and fill gas; burnable poison rods including com-
|

|
ponents similar to those in fuel rods; spacer grids and springs; erd plates; j

channel boxes; and reactivity control rods. In the case of the cohtrol rods, i

this section covers the reactivity control elements that' extend from the coupling !

interface of the control rod drive mechanism into the core. The Mechanical |

Engineering tranch 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 system is not damaged as a result of normal operation and antic- !

ipated operational occurrences, (b) fuel system damage is never so severe as to |

(c) the number of fuel rod ?

prevent control rod insertion when it is required, dents, and (d) coolability is tfailures is not underestimated for postulated acci
i

always maintained. "Not damaged," as used in the above statement, or;ans that
fuel rods do not fail, that fuel system dimensions remain within operational ;

|
tolerances, and that functional capabilities are not reduced below those assumed }

e

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). "Fue) rod failure" means that 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 j
iI

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 core coolability appear repeatedly in the General Design
Criteria (e.g. , GDC 27 and 35). Specific coolability requirements for the' ' "

loss-of-coolant accident are given in 10 CFR Part 50, $50.46 (Ref. 3). 1'

/ I
<

Ie

All fuel damage criteria are described in SRP Section 4.2. For those criteria
that involve DN8R 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

consequences of plant releases. |
1

The' fuel system review covers the following specific areas.
,

7
A. Desian Basesp

Design bases for the safety analysis address fuel system damage mechanisms
t 4 .and provide limiting values for important parameters such that damage

will be limited to acceptable levels. The design bases should reflect
the safety review objectives as described above. ,

8. Descriotion and Desian Drawinas -

The fuel system description and design drawings are reviewed. In general,
,

the description will emphasize product specifications rather than process
specifications. ,

C. Desian Evaluation .

OThe perfomance of the fuel system during normal operation, anticipated
operational occurrences, and postulated accidents is reviewed to determine (.' ,

. if all 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

L evaluation of operating experience, direct experimental comparisons,
detailed mathematical analyses, and other information.l

'

D. Testino. Inspection, and Surveillance Plans,,, ,

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
reaches-the plant site and is loaded in the core without damage. On-line
fuel. tod failure monitoring and postirradiation surveillance should be

| performed to detect anomalies or confirm that the fuel system is performing 1

| as expected; surveillance of control rods containing B C should be performed4 e'

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.'

| 11. 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:

i,4
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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
criteria are needed for fuel system damage, fuel roo failure, and fuel ,

Jcoolability. These criteria are discussed in the following:

1. Fuel System Damage
*

,

-
.i

This subsection applies to normal operation, and the information to
be reviewed should be contained in Section 4.2 of the Safety Analysis

i

Report,
!To meet the requirements of' General Design Crite. ion 10 as it relates

to Specified Acceptable Fuel Desigt; 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-
sions remain within operational tolcrances and that functional
capabilities are not reduced below those assumed in the safety-
analysis. Such damage criteria should address the following to be
complete. .i

,

o

l (a) Stress, strain, or loading limits for spacer grids, guideu
tubes, thimbles, fuel rods, control rods, channel boxes, and
other fuel system structural members should be provided.-

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.

(b) The cumulative number of strain fatigue cycles on the structural '

; 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).

4

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)i

|' above should presume the existence of this wear.

(d) Oxidation, hydriding, and the buildup of corrosion products
(crud) should be limited. Allowable oxidation, hydriding, and

p 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
thermal-hydraulic considerations is reviewed as described in |

o

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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# setvalues(i.e.,damagelimits) 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 normal opera-
tior.unlessotherwisejustified. i

(g) Worst-cose hydraulic loads for normal operation should not !
exceed the holddown capability of the fuel assembly (either
gravity or holddown springs). 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 r:ds to remain watertight if water-soluble or
leachable materials (e.g., 8 0) are used.4

2. ' Fuel Rod Failure
,

This subsection applies to normal operation, anticip(a)ed operational
at

occurrences and postulated accidents. Paragraphs through
addressfailuremechanismsthataremorelimitingduringnormal(c) #

and the information to be reviewed should be contained in
operation,2 of the Safety Analysis Report.Paragraphs (d) throughSection 4.
(h) address f. allure mechanisms that are more limiting during

anticipatedoperationaloccurrencesand$ostulatedaccidents and

the information to be reviewed will usua 1y(1) should be addressed inbecontainedindhapter15of the Safety Analysis Report. Paragraph ;
Section 4.2 of the Safety Analysis Report because it is not addressed -

,

%<)
elsewhere. f
To meet the requirements of (a) General Design criterion 10 as it
relates to Specified Acceptable Fuel Design Limits for normal opera-

Part100asitrelatestofissionproductreleasesforpo(b) latedtion,~ including anticipated operational occurrences and 10 CFR
stu

accidents, fuel rod failure criteria should be niven for all known
fuel rod failure mechanisms. Fuel rod failure Is defined as the

L 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

L causes during normal operation and anticipated operational occurrences.
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 overheating, pellet /claddin; ;

interaction (PCI), hydridin'fu,el failure criteria should address thecladding collapse bursting, mecianical
fracturingI.obecomplete. !

and fretting. ,

following

Hydridin : Hydridin asacauseoffailure(i.e. primary | I.(a) hydridin ) is prevenfed by keeping the level of moisture and |!

| other hy rogenous impurities very low during fabrication. I

l
L Acceptable moisture levels for Zircaloy-clad uranium oxide fuel

should be no 'prester than 20 ppm. Current ASTM specifications I'
(Ref. 7) for % 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

,



, . _ . .._ . ._ _. . . _ _ . _ -

. .,,
-

i.

. .y . . .,
|

l
*

..

Zircaloy tubing, an equivalent quantity of moisture or brJrogen
8can be tolerated. A moisture level of 2 og Hs0 per cm of m

~ void volume within the Zircaloy cladding has been shown (% ', Q- |
( to be insufficient for primary hydride formation. 1

'

(b) Cladding Collapse: 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)
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 i

brief duration of an abnormal operational occurrence or a
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. |

(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 CPR for BWRs) 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 permitted. For
postulated accidents, the total number of fuel rods that exceed -

|
' the criteria has been assumed to fail for radiological dose
I calculation purposes. .

Although a thermal margin criterion is sufficient to demonstrate.-
the avoidance of overheating from a deficient cooling mechanism,
it is not a necessary condition (i.e., DN8 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, exidation, and
embrittlement.

.

l' (e) Overheating of Fuel Pellets: It has also been traditionarl
I practice to assume that failure will occur if centerline melting

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
effects of burnup and composition on the melting point. For

l' normal operation and anticipated operational occurrences,
,

centerline melting 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 centerline melting criterion was established to
assure that axial or radial relocation of molten fuel wouldI

! 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.1.

,

(f) Excessive Fuel Enthalpy: For a severe reactivity initiated
( accident (RIA) in a BWR at zero or low power, fuel failure is

L
ast.umed to occur if the radially averaged fuel rod enthalpy is

1.
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reater than 170 cal /g at any axial location. For full power
IAs in a BWR and all RIAs in a PWR, the thermal margin criteria j

(DN8R and CPR) are used as fuel failure criteria to meet the 1
'

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 cladd.ing overheating effects, but it also )' indirectly addresses pellet / cladding interactions (PCI). Other

1: criteria may be more apprFpriate for an RIA, but continued i|
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 | '
.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 uniform 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 i

' '

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 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 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
during a-LOCA, a rupture temperature correlation must be used
in the LOCA ECCS analysis. Zircalcy cladding will burst
(rupture) under certain combinations of temperature, heating
rate, and differential pressure. Although fuel suppliers may
use different rupture-temperature vs differential pressure
curves, an acceptable curve should be similar to the one - t

described in Ref. 10. |
'

(i) Mechanical Fracturing: A mechanical fracture refers to a |
Jefect 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 90% of the irradit.ted 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
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 contained
.e.

To meet the require-
in Section 4.2 of the Safety Analysis Report.
ments of General Design Criteria 27 and 35 as they relate to control
rod insertability.and core coolability for postulated accidents,j ' j

fuel coolability criteria should be given for all. severe damage
4

JT'.
mechanisms. Coolability, or coolable geometry, has traditionallyimplied that the fuel assembly retalas its rod-bundle geometry with

.

q'

j

adequate coolant channels to permit removal of residual heat, Reduction of coolability can result from cladding embrittlement,)

violent expulsion of- fuel, generalized cladding melting, grossstructural deformation, and extreme coplanar fuel rod ballooning.
!

Control rod insertability criteria are also addressed in thisSuch criteria should address the following to be
subsection. i

complete: |
'

To meet the requirements of 10 CFR
(a) Cladding Embrittlement:as it relates to cladding embrittlement for a

Part 50, 650.46,LOCA, acceptance criteria of 2200'F on peak cladding (temperatureNote: If i

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; 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.
t

In severe reactivity initiated
(b)' Violent Expulsion of Fuel:

accidents, such as rod ejection in a PWR or rod drop in a BWR,the large and rapid deposition of energy in the fuel can result'

The mechanical
in melting, fragmentation, and dispersal of fuel.[ 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 the

.

PWR, a

generation of pressure pulses in the primary system of aradially averaged enthalpy 1,imit of 280 cal /g should be observed.,

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 criteriafuel geometry.

would be; therefore, additional specific criteria are not used.
To meet the reouirements of Appendix K of

,

Fuel Rod Ballooning:
10 CFR Part 50 as it relates to degree of swelling, bur 6t(d)
strain and flow blockage resulting from cladding ballooning
(swelling) must be taken into account in the analysis of coreBurst strain and flow blockage models must

.

'

|

be besed on applicable data (such as Refs. 10, 12, and 13) inflow distribution.|

such a way that (1) the temperature and differential pressure
at which the cladding will rupture 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.

'

f.

(
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The flow blockage model evaluation is provided to the Reactor !

Systems Branch for incorporation in the comprehensive ECCS (evaluation model to show that the 2200*F cladding temperature ;
'and 17% 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.
L
l (e) Structural Deformation: Analytical procedures are discussed in

Appendix A. " Evaluation of Fuel Assembly Structural Response to
Externally Applied Forces."

5. Description and Desian Drawinos

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 insioe diameter
Cladding inside roughness -

' Pellet outside diameter
Pellet roughness
Pellet density
Pellet resintering data .

Pellet length .A
Pellet dish dimensions [ ]''Burnable poison content
Insulator pellet parameters
Fuel column length
Overall rod lengthi

Rod internal void 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 nozzle joint
Control rod assembly cross section
Control rod assembly outline
Control rod schematic
Burnable poison rod assembly cross section
Burnable poison rod assembly outline A

Burnable poison rod schematic
Orifice and source assembly outline

4.2-8 Rev. 2 - duly 1981
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C' Desian Evaluation

The methods of demonstrating that the design bases are met must be t

reviewed. Those methods include operating experience, prototype testing,U ^
and analytical _ predictions. Many of these methods will be presented'

j generically in topical reports and will be incorporated in the Safety '

|. Analysis Report by reference.L
.

1. Operatina Experience

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 exparience need not be reviewed. Design criteria for fretting
wear, oxidation, hydriding, and crud buildup might be addressed in .

this manner.

2. Prototype Testing
|

When conclusive operating experience is not available, as with the ;

introduction of a design change, prototype testing should be reviewed.
'

Out-of-reactor tests should be performed when practical to determine '

,

the characteristies 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 perfomed for this purpose and will serve as a guide to
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 hydraulic flow tests (lift forces, control

rod wear, vibration, and assembly wear and life) i

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)
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
given to the surveillance plans (see subsection II.D below), i

3. Analytical Predictions .

'

Some design bases and related parameters can only be evaluated with
!- calculational procedures. The analytical metnods that are used to
h 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 codes that model many different'
phenomena. Phenomenological models that should be reviewed
include the following:

Radial power distribution
Fuel and cladding temperature distribution
Burnup distribution in the fuel
Thermal conductivity of the fuel, cladding,

cladding crud, and oxidation layers
Densification of the fuel i

Thermal expansion of the fuel and cladding
Fission gas production and release .Q
folid 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 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 medels, 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.

(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),c ,

SRP
.(2) the fuel linear heat generation rate (LHGR, see |

Section 4.4), and (3) the potential for cladding collapse.
~

Densification magnitudes for power spike and LHGR' analyses are' b,

'To be acceptable, densification models should follow the guide-discussed in Reference 21 and in Regulatory Guide 1.126 (Ref. 22).JModels 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) is given in Reference 25.prior to compliance with this guidance are given in Reference 26.
At this writing, the causes of fuel rod bowing are not wellunderstood and mechanistic analyses of rod bowing are not being

'

1

'

approved.
Acceptance Criteria are discussed in

Structural Deformation:Appendix A, " Evaluation of Fuel Assembly Structural Response to(d)
*

Externally Applied Forces."
,

-

Zircaloy rupture and1 '

Rupture and Flow Blockage (8allooning):CS evaluation model and
flow blockage models are part of the ECThe models are empirical and should(e), 1

should be reviewed by CPB. Examples of such data.and
|

be' compared with relevant data. previous reviews are contained in References 10,12, and 13.
The thermal performance code for calculating

temperatures discussed in paragraph (a) above should be used toFuel Rod Pressure:(f)
[/ calculate fuel rod pressures in conformance with fuel damageThe reviewer

,

(~ criteria of Subsection II.A.1, paragraph (f).'
should ensure that conservatisms that were incorporated forcalculating temperatures do not introduce nonconservatisms with

.

t,

'

regard to fuel rod pressures, i
To meet the requirements of Appendix K

,

R ,

Metal / Water. Reaction Rate:cf 10 CFR Part 50 (Ref. 9) as it relates to metal / water reaction
1 l (g)

hydrogen generation, andL
' ate, the rate of energy release,/ water reaction should be;

cladding oxidation from the metal For non-LOCA ( ;

| |

calculated using lhe Baker-Just equation (Ref. 27). applications, other correlations may be used if justified.
'

1

Fission Product Inventory: To meet the guidelines of Regulatory
to fission product release, the available radioactive fission 1.3, 1.4, 1.25 and 1.77 (Refs. 6, 28-30) as they relate

|' (h)
Guides :

product inventory in fuel rods (i.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.
|

L

Testina. Inspection, and Surveillance Plans
D.

Plans must be reviewed for each plant for testing and inspection of new
fuel and for monitoring and surveillance of irradiated fuel.

L
,

I
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1. Testing 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. Details of |
g the manufacturer's testing and inspection programs should be documented {
' in quality control reports, which should be referenced and summarized i

|- in the Safety Analysis Report. The program for onsite inspection i
'

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
case, the details of the programs need not be included in the Safety :
Analysis Report, but an appropriate reference should be cited and a 1

(tabular) summary should be presented.

2. On-line Fuel System Monitoring

The applicant's on-line fuel rod failure detection methods should be r

reviewed. Both the sensitivity of the instruments and the applicant's'

l 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 BeC control rods are not
losing reactivity. Boron compounds are susceptible to leaching in :
the event of a cladding defect. Periodic reactivity worth tests
such as described in Reference 34 are acceptable. 4

3. Post-irradiation Surveillance b'
'A post-irradiation fuel surveillance program should be described for

each plant to detect anomalies or confirm expected fuel performance. s
The extent of an acceptable program will depend on the history of
the fuel design being considerea, i.e. , whether the proposed fuel
design is the same as currer.t operating fuel or incorporates new
design features. ,

,, ,

. 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 perform 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 l

qualitative and quantitative inspections to be carried out at interim |

and end-of-life refueling outages. This surveillance program should
( 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. REVIEW PROCEDURESE
,

For construction permit (CP) applications, the review should assure that the ,

design bases set forth in the Preliminary Safety Analysis Report (PSAR) meet
the acceptance criteria given in subsection II.A. The CP review should further

-

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
bases. This judgment may be based on experience with similar designs.

For operating license (0L) applications, the review should confirm that the
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 system 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

.

reports. All previous reviews on which the current review is dependent should
be referenced so that a completely documented safety evaluation is contained
in the plant safety evaluation report. In particular, the NRC safety
evaluation reports for all relevant licensing topical reports should be cited.
Certain generic reviews have also been performed by CP8 reviewers with findings
issued-es NUREG- or WASH-series reports. At the present time these reports iinclude References 9, 11, 21, 31, 32, 35, and 34, and they should all be
appropriately cited in the plant safety evaluation report. Applicable Regulatory

i Guides (Refs. 6, 22, 28-30, and 41) should also be mentioned in the plant |f

Deviation from these guides or positions should besafety evaluation reports.
After briefly discussing related prow ous reviews, the plant

explained.
safety evaluation should concentrate on areas,.where the application is not
identical tr previously reviewed and approved appliestions and areas related
to newly discovered problems.

Analytical predictions discussed in Subsection II,C.S will be reviewed in
PSARs, FSARs, or licensing topical reports. When the methods are being reviewed,

,

calculations by the staff may be performed to verify the adequacy of the
analytical methods. Thereafter, audit calculations will not usually be performed

,' 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

The reviewer should verify that sufficient information 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

I' evaluation report:

4.2-13 Rev. 2 - July 1981
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I. The staf f concludes that t'he fuel system of the plant has |
| been designed so that (a) the fuel system will not be ' damaged as a result 'of

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 after severe postulated accidents and thereby meets the related ,

requirements of 10 CFR Part 50, 650.46; 10 CFR Part 50, Appendix A, General i

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 j
'

objectiven will be met based on operating experience, prototype
testing, and analytical predictions. Those analytical predictions
oealing with structural response, control rod ejection (PWR) or drop
(BWR), and fuel densification have been performed in accordance with
(a) the guidelines of Regulatory Guides 1.60, 1.77, 6nd 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

u

L Applied Forces" in Appenoix A to SRP Section 4.2.
t

2. The applicant has provided for testing and inspection of new fuel to
ensure that jt is within design tolerances at the time of core
loading. The applicant has made a commitment to perform on-line
fuel failure monitoring and postirradiation surveillance to detect
anonialies or confirm that the fuel has performed as expected.

The staff concludes that the applicant has described methods of adeoustely f.
predicting fuel rod failures during postulated accidents so that radioactivity s 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. IMDLEMENTATION

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 whicn the applicant proposes an acceptable alternative
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 conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.
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APPENDIX A
.

EVALUATION OF FUEL ASSEMBLY STRUCTURAL RESPONSE
TO EXTERNALLY APPLIED FORCES

TO

STANDARD REVIEW PLAN SECTION 4.2
'

r ';

p A. BACKGROUND

Earthquakes and postulated pipe breaks in the reactor coolant system
would result in external forces on the fuel assembly. SRP Section 4.2
states that fuel system coolability should be maintained and that damage
should'not be so severe as to prevent control rod insertion when required -

during these low probability accidents. This Appendix describes the
review that should be performed of the fuel assembly structural response
to seismic and LOCA loads. Background material for this Appendix is

'

given in References 37-40.

B. ANALYSIS OF LOADS

r
1. Input i

Input fo' the fuel assembly structural analysis comes 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
(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 leadings in the primary

p coolant system and reactor internals analysis, and (b) transient.
f- pressure differences that apply loads"directly to the fuel assembly.

If the earthquake loads are large enough to produce a non-linear
t fuel assembly response, input for the seismic analysis should use

structure motions corresponding to the reactor primary coolantn
'' i

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 performing structural response analyses ,

l.' should be reviewed. Justification should be supplied 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
krepresentation of the fuel assembly components should be provided

L
when practical.

|

|
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A sample problem of a simplified nature should be worked by the'

applicant and compared by the reviewer with either hand calculations
or results generated by the reviewer with an independent code (Ref. 38).

L f Although the sample problem should use a structural- representation\
that is as close as possible to the design'in question-(and, therefore.u

would vary from one vendor to another), simplifying assumptions may
| be made (e.g., one might use a 3-assembly' core region with continuous .

1

sinusoidal input).

The sample problem should be designed to exercise various features
The sample problem comparisonof 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.

3. Uncertainty Allowances
.

The fuel assembly structural models and analytical methods are '

probably conservative and input parameters are also conservative.
However, to ensure that the fuel assembly analysis does not introduce(a) If itany non-convervatisms, two precautions should be taken:
is not explicitly evaluated, impact loads from the PWR LOCA analysis

c

should be increased (by about 30%) to account for a pressure pulse,
which is associated with steam flashing that affects only the PWR
fuel assembly analysis. (b) Conservative margin should be added if
any part of the analysis (PWR or BWR)' exhibits pronounced sensitivity

t- ,

;

to input variations. .

Variations in resultant loads should be determined for t10% variations
.

!

in input amplitude and frequency; variations in amplitude and frequency:

should be made separately, not simultaneously. A factor should be
developed for resultant load magnitude variations of more than 15%. <

For example, if *10% variations in input magnitude or frequency
produce a maximum resultant increase of 35%, the sensitivity factor

,

Since resonances and pronounced sensitivities may be ,

would be 1.2. '

plant-dependent, the sensitivity analysis should be performed on a
plant-by plant basis until the revtewer is confident that further
sensitivity analyses are unnecessary or it is otherwise demons 1. rated

-

that the analyses performed are bounding.

4. Audit

Independent audit calculations for a typical full-sized core should
be performed by the reviewer to verify that the overall structural

An independent audit code (Ref. 38)representation is adequate.
should be used for this audit during the generic review of the
analytical methods.

E 5. Combination of Loads

To meet the requirements of General Design Criterion 2 as it relates
to combining loads, an appropriate combination of loads from natural

Loads on fuelphenomena and accident conditions must be made.g'

assembly component.s should be 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 (SRSS)(:

o
1
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method. These combined loads should be compared with the component .

strengths described in Section C according to the acceptance criteria
'

in Section D.
.

C. DETERMINATION OF STRENGTH

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
velocities, and (b) the crushing load 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 deformation
; of grids in many PWR assemblies would be needed to interfere with

buckling of a few isolated
control rod insertion during an SSE (i.e.Ificantly from their propergrids could not displace guide tubes sign
location), and grid deformation (without channel deflection) would ,

not affect control blade insertion in a BWR. In a LOCA, gross!

deformation of the hot channel in either a PWR or a BWR would result ,

in only small increases in peak cladding temperature. Therefore, f.

L
average values are appropriate, and the allowable crushing load 1 ;

,

P(crit) should be the 95% confidence level on the true mean as taken x
| from the distribution of measurements on unirradiated 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
L

unknown defomation behavior of irradiated grids beyond P(crit).

h 2. Components Other than Grids ,
.

Strengths of fuel assembly components other than spacer grids may be
deduced from fundamental material properties or experimentation.
Supporting evidence for strength values should be supplied. Since
structu'ral 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
,

Boiler and Pressure Vessel Code values and procedures may be used

!
where appropriate for determining yield and ultimate strengths.
Specification of allowable values may follow the ASME Code require-l

ments and should include consideration of buckling ar.d fatigua
| effects.

|
|

h
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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 oxidation limits must not be
exceeded. The first criterion is satisifed if the combined loads on ,

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
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 ,

arejustified.

. Control rod insertability is a third criterion that must be satisfied.
Loads from the worst-case LOCA that requires control rod insertion
must be combined with the SSE loads, and control rod insertability
must be demonstrated for that combined load. For a PWR, if combined
loads on the grids remain below P(crit) as defined above, then
significant deformation of the fuel assembly would not occur and con-
trol rod insertion would not be interfered with by lateral displacement
of the guide tubes.' If combined loads on the grids exceed P(crit),
then additional analysis is needed to show that deformation is not
severe enough to prevent control rod insertion.

| For a BWR, several conditions must be met to demonstrate control
blade insertability: (a) combined loads on the channel box must
remain below the allowable value defined above for components other

t -
than grids; otherwise, additional shalysis is needed to show that

,

deformation is not severe enough to prevent control t' lade insertion, ,

l
and (b) vertical liftoff forces must not unseat the lower tieplate
from the fuel support piece such that the resulting loss of lateral'

fuel bundle positioning could interfere with control blade ins'ertion.
~

2. Safe Shutdown Earthquake

Two criteria apply for the SSE: (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
SSE loads alone if no analysis for combined loads is required by
Paragraph 3.

!

'

,
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ASSUMPTIONS USED FOR EVALUATING A CONTROL MOD 1

EJECTION ACCIDENT POR PRESSURIZED WATER REACTOR 8

A. INTRODUCTION reactor is nonnally limited by the design of the control
rod system to a value well below that which would result.

Secdon 50.34,'Tontents of applicadons: technical in wrious damage to the mactor system. However, a
information," of 10 CFR Part 50, '' Licensing of Pro- postulated fallum of the control rod system prwides the
duction and Utkaation Feellitise," requkes that each potential for a seletively hi$ rate of reactivity insertion
application for a construction permit or operating winch, if la enou$. could cause a prompt power

,

'
lisense provide an analysis and evaluation of the design burst. For s hat, a lary fraction of this pnereud s

and performaue of structums, systems, and components nuclear energy is stored mornentardy in the fuel and
M to facility with the objective of assessing the then released to the rest of the system,if the fuel energy
potential risk to public health and safety asulting from densities een hi$ enou$ them would exist theoperation of the facWty. General Design Criterion 28, potential for prompt supture of het pins and the.

!- " Reactivity Lenits," of Appendix A, * General Design consequent rapid heat transfer to the water from finely
| Criteria for Nuclear Power Plants," to 10 CFR Part 50, dispersed molten UOs. Prompt fuel element rupture is

.-
'

sequires the mactivity control system to be designed defined herein as a rapid inemase in hiemal hel rod
. with appropriate limits on the potential amount and rate possure due to atensive fuel molting, followed by rapid ;of mactivity heresse to asun that the effects of fragmentation and c'.ispersal of hel cladding into the

i

! . .... g postulated mactivity accidents can neither result in coolant. This b accompanied by the conversion of
!

,

damage to the seactor coolant pmssure boundary greater nuclear wrgy, deposited a cierpower heat h the het
: *

.. .,

than limited local yielding not sufficiendy disturb the and in the coolant, to mechanical energy which, h
ease its support structures, or other mactor pressure

| D mee,l internals to imps algnificandy the capability to
nifficient quantity, could conceivably disarrange the-

reactor core or beach the primary system.
cool the core. General Desip Criterion 28 also requires
that these postulated teactivity accidents include cou.
sideration of the rod ejecdon accident unless such an N Replatwy stan has miewed h avaGaW
serldent is pavented by positive sneans. experirnental infamation concerning fuel failure thresh.

olds. In pastal, failum consequences for UOs have been

This pide identifles acceptable analytical methods insipificant below M cWg fa M ins &std and
and assumptions that may be used in evaluating the unirudiawd fud 2 kmfe, a WaW W

L coassovences of a rod ejection accident in uranium muy wrgy density d 230 cays at any axial fuel
| coude.heled pesenstaed water mactors (PWRs). In some locadon in any fuel rod u a moult d a patulared rod'

cases, unusual site characteristics, plant design features, ejection accident provides a conservative maximum ilmit

or other factose may equire different assumptions to ensum that cm dernap W k minW and est'

which ws be considened on an individual basis. The both short. term and long. term core cooling capability
Advisory Connaitsee on Reactor Safepards has been wm not be impalmd.
canadted concerning this guide and has coocurred in the
segulatory position. For the postulated control rod ejection accident, a

S. Ol8CUS$10N mechanical faGure of a control rod mechanism housing is
L

assumed such that the reactor coolant system pressus
The rate at which reactivity can be inserted into the would eject the control rod and drive shaft to the fully'

'com of a uranium aside. fueled water. cooled power withdrawn position,

usasc naout.avonyevices ,c ,=, ,.p w, ,.,,.v4 gmae = gigeggi, .
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l. A sufficient number of initial mactor states to consequences of this accident for a peessurised water
*

|
i

J

completely bracket aD possible operational conditions of seactor.
fj

interest should be analysed to assure examination of '

upper bounds on ultimate damey, in areas of uncer.
C. AgGut.ATORY POSITIONl <

{
"

tainty, the appropriate minimum or maximum pare-
metas stative to nominal or expected values should be Acceptable assumptions and evaluation models for .,

und to assure e conservative evaluation. The initial analysing a rod ejection accident in PWRs are presented 1;

mactor states should include consideration of at least thein Appendices A (Physics and Thermal Hydraulles) and
'- -

3 (Radiological Assumptions) of this guide. By use of
1

8fo 10 wing: |these appendises,it should be shown that:

Zero power (hot standby) - Beginning of Life (BOL)
Reactivity excursions will not result in a radialand End of Ufo (EOL); 1.

1.aw power - BOL and EOL; everap fuel enthalpy greater than 280 cal /g at any axial

Full. power - BOL and EOL. location in any fuel rod.
,

The effects of the loss of primary system integrity 2. Maximum mector possure during any portion of >

as a result of the failed cwtrol rod housing should be the assumed transient wiD be less than the value that will
hcluded.in the analysia. It should also be shown that cause stesses to exceed the Emeryncy Condition stren

failure of one control rod housing wol not lead to failure limits a defined in Section 111 of the ASME BoGet and -
of other controlrod housinp. Pussun Vessel Cods.8

The approach that should be used in the radiological 3. Offsite does canarquences wiD be weD within the

analysis of a control rod ejection accident is to deter. guidelines of 10 CFR Part 100, ** Reactor Site Criteria."

mine the amount of each gaseous radionuclide released
Copies ney W obtabwd from uw Amer 6cea See6 sty of8

to the primary containment and, with this information
in conjunction with the procedures set forth in esechentrol Eastneers. Untied Essiawrens Conwr. H5 East e7th

suost.New York, New York 10017.
Appendix B of this guide, to determine the radiological*

. . ,. . . . . .

.
.

I
*
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- O f, ApptNDIX A

PHYSICS AND THERMAL HYDRAULICS

b The meumptions described below should be plied the magnitude of the transient. Pressure and temperature
in evaluating the physics and thermal. hydraulic be or am malaly signincant w!th papect to their effect on the
of the pactcr system for a control rod ejection accident. amount of teactivity inserted if then exists a positive

modestor ocefRcient.
1. The ejected rod worth should be calculated based

.

on the maximum worth rod resulting from the foDowing 5. The fuel thennel properties such as fuel. clad gap
etaditions: (a) all control banks at poaltions corres. heat transfer coefBelent and fuel thermal conductivity

'< ponens to values for maximum alloweble bank inser. should be senservatively chosen, depending upon the.
tions at a given power level and (b) additional fully or transient phenomenon being investigated. For conditions
partially inserted ed ligned or inoperable rod or rods if of a aero or positive moderator ocemetent (usually at
eBowed by operating proceduma. Sumclent parametric beginning of life), for example, high heat trensfer
studies should be performed to determine the worth of parameters would educe the Doppler feedback and

- the most reactive control rod in each rod group for increase any positive moderator feedback effects and
diffesent control rod con 8gurations, both expected and hence tend to increase the magnitude of the reactivity
unsapected. The worth of single rods in rod groups transient. Por a negative snoderator cosmcient, high

,

abound be evaluated during startup physics tests and heat transfer parameters could cause the magnitude of
compend w th values used in the rod ejection analysis. the transient to decsease if a given quantity of heat

';

The accident should be seanalysed if the rod worths produces more feedback in the moderator than in the
used in the initial analysis are found to be noncon. fbel. In the consideration of possure pulses which may
servative. Calculated rod worths should be incmased,if be generated, hi$ moderator heating rates could cause
necessary, to account for calculational uncertainties in signifkant pasure gradients to develop in the moder.
parameters such as' neutron cross sections and power stor channel:. In computing the everage enthalpy of the
asymmetries due to msnon oscillations. hotteet fuel pellet during the excurolon for pwer cases,

low heat transfer would be canarvative.
I 2. The reactivity insertion rate due to an ejected rod
! should be detennined from differential control rod 6. The speciac heat of UOs has been determined, , . "
1 P',

,
'

worth curves and calculated transiont rod position versus experinnentally and is a deterministic factor in the.
p. time curves. If differential rod worth curves are not calculated amount of stored energy (enthalpy)in the

(. swallable for the reactor state ofinterest, conservatism ibel. Recanunended values in the range of 25 to 902*C*

abould be included in the calculation of rescuvity are the data sported by* Moore and Kelly (Ref. 2). In
* *

lasertion through consideration of the nonlinearity in the range of 900 to 2342 C, the data obtained by Hein- d

'

seectivity addidon as the rod passes through the active and Flagella (Ref. 3), Leibowta, blishler, and Chasanov
coes. The rate of ejection should be calculated based on (Ref. 4), and Chaannov (Ref. 5) are acommended for
the maximum possure differential and the weight and the heat capacity of the fuel. These recommended values
enon sectional area of the control rod and drive shaft, are for clean con conditions. Possible variation in the
===laf no pressure barrier restriction. specific heat due to burnup should be investigated and

'

3. The calculation of effective delayed neutron frac. -

tion (#eff) and prompt neutron lifetime (t') should be 7. The moderator reactivity cosmcients due to voids,
based on the won.known definitions resulting from per. coolant pressure changes, and coolant temperature.

,

( | turbation theory, such as those described by Henry (Ref. changes should be calculated based on the various
| 1), using svausbie experimental delayed neutron data assumed conditions of the fuel and moderator using

'

and averaging liy the fraction of fission in the various standard transport and diffusion theory codes. If no
fissionable materials. In cases where the accident is quite three dimensional space. time kinetics calculadon it pet.
sensitive topeff(where the ejected rod worth >#eff), the formed, the reactivity feedback due to these coefficients
minimum calculated value for the given reactor state should be ~ conservatively weighted to account for the-

|_ '
should be used. For smaller transients, conservatism in variation in their spatial importance in the missing
the value should include consideration of not only the dimension (s). If boric acid shim is used in the moder.

L initial power rise (which increases with decreasing #), but stor, the highest boron concentration corresponding to
also the power eduction after the trip. Simuar con. the initial reactor state should be assumed.
siderations should also be applied to determine an '

appropriately conservative value of t* to be used. 8. The Doppler caemclent should be calculated based
on the effective resonance integrals and should include

4. The initial mactor coolant pressure, cose inlet corrections for pin diadowing (Dancoff correction)..,

temperature, and flow rate used in the analysis should be Calculations of the Doppler coemetent of reactsvity'

conservatively chosen with respect to their influence on should be based on and should compare conservatively
'

,
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l' with sesilable experimental data such as thcee of Hell. characteristics and chanys in flux shapes should be
*

scand (Ref. 6). Sinos the Doppler coefficient aflects the investipted, and the conservatism of the flux shapes*

change in reactivity as a function of fuel temperature, used for mactivity input and feedback, peak energy )
'

'

l' uncertainties in predicting fuel temperatures at different deposition, total energy, and gross heet transfer to the
',

! power levels should be esflected by consemtism in the coolant should be evaluated. Also, sensitivity studies on !

.
applied value of the Doppler coefficient. If no three. variations of the Doppler effect, power distribution, fuel

L dimensional space. time kinetics calculation is performed, element heat transfer parameten, and other releven

the seactivity effect of spatially wei$ ting the cor, parameten should be included.
,

sverage temperature rise in both the axial and radial 13. N possum sury should be calculated on the base
directhme should be calculated. of conventional heat transfer from the fuel, a conserve.

tive metal. water teaction threshold, and prompt heat9. Control rod reactivity insertion during trip versus
time should be obtained by combining the diffmntial pneration in the coolant to determine the vertation of

heat Gux with time and the volume surge. The volumerod worth curve with a rod velocity com based on
sury should then be used in the calculation of then:aximum desip limit values for scram insertion times.

if the rod worth curve (seactivity vs. depth ofinssrtion) Pressure transient, taking into account fluid transport in-

is not obtained from a "true" repneentation (i.e., an x, the system, heat transfer tu the steam pnerators, and
the action of the presuriser relief and safety valves.No

y, a, t or an r,3, t calculation), the conservattam of the esodit should be taken for the possible pressure mduc.
approximate calculation should be shown. The dif. tion caused by the assumed faGute of the control rod
forence in the depth of insertion at sero power and at
full power should be accounted for la calculating the piessure housing.

swallable scram mactivity. 14. The number of fuel rods experiencing clad failure
should be calculated and used to obtain the amount of10. The reactor trip delay time, or the amount of time contained assion product inventory solessed to the

which slapses between the instant the sensed pu*artwter reactor coolant system. It should be asumed that clad
(e.g., pressum or neutron Gux) reaches the level for fauvre occurs if the heat Aux equals or exceeds the value
which pectoctive action is required and the onset of corresponding to the onset of the transition from
negative reactivity insertion, should be based on maxi. nucleate to fum boGing (DNB), or for other appropriate

.

-y J mum values of the fouowing: (a) time required for u
causes.

: instrument channel to produce a signal,(b) time for the
; trip breaker to open (c) time for the cou to release the
I rods, and (d) tirne required before scram rods enter the

core if the tipslie above the com.nflector interface. The margin to DNB is expmased in terms of a ~,

; departure from nucleate boding ratio (DNBR). The
11. The computer code used for calculating the tran. DNBR at any position in the hoteest channelis the ratio

sient should be a coupled thermal, hydrodynamic, and of the DNB heat flux to the actual heat flux. The DNB
nuclear model with the following capabilities: (a) incor. heat flux should be evaluated using correlations based on

Poration of all major reactivity feedback mechanisms, secognised studies and experirnental heat transfer DNB

(b) at least six delayed neutron groups, (c) both axial data. A minimum DNBR should be determined from the ,

and radial segmentation of the fuel element,(d) coolant evpluation of the experimental data to ensure a 95% -

flow Provision, and (e) control rod scram initiation on probabuity with a 95% confidence levellhat DNB has
either coolant system pressure or neutron Bux. not occurred for the fbel element being evaluated. One

example of a corslation which has been used to date is

12. The analytical models and computer codes used given by Tong (Rcf. 7).The use of this correlation and the

should be documented and justified and the con. above probabilities and confidence level yields a ruini.

servatism of the models and codes should be evaluated mum DNBR of 1.30. Other DNB or clad fauvre
both by comparison with experiment, as svaGable, and correlations may be used if they are adequately justified

with move sophisticated spatial kinetics codes. In par. by analytical methods and napported by sufficient
ticular, the importance of two. or three. dimensional flux experimental data.

.
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I RADIOLOGICAL ASSUMPTIONS )
'

,
'

The assumptions given below should be applied in pressure dsAnod h the technical specifications for
determining a conservative source term and subsequent containment leak testing.
transport of activity and resulting doses to the public for
use in evaluating the radiological consequences of a 1. Release of fhalon products to the econdary'

control rod ejection accident. system should be computed by assuming that all fission
pmducts mieased from the fuel clad an uniformly

I, ne assumptions relased to the release of radioactive mixed in the prbnery coolant volume,
material to the primary containment are as follows: g

a. De case sosulting in the largest source term incorporated or to be incorporated as a technical
should be selected for evaluation. 8Pocification requirement should be assumed to amist

until the primary system presure falls below the-

b. The nuclide inventory in the fuel eternents secondary system pmssure,
potentially breached should be calculated, and it should
be assumed that all gaseous constituents in the fuel. clad k. The solesse of Assion products from the
gaps are released, secondary system should be evaluated with the assump.

tion of a coincident loss of offsite power.
c. The amount of activity accumulated in the

fuel. clad gap should be assumed to be 105 of the lodines
2. Acceptable amumptions for atmospheric diffusionand 10% of the noble gases accumulated at the end of

.

and dass conversion are: -

core life, assuming continuovs maximum full power
operation. -

,

s. The 0 to 8. hour ground. level please concentra.

d. No allowance should be given for activity decay dons may k mduced by a factor ranging from one to e '

l
maximum of thsee (see Figum 1) for additional die..

prior to accident knitiation, regardless of the mactor
status for the selected case *

Persion produced by the turbulent wake of the reactor

| building in calculating potential exposures. The volu.
'
'

.-

| . 4 e. He nuclide inventory of the fraction of the metric buBding wake correction, as deAned in Section.
,

t fuel which reaches or exceeds the initiation temperature 3 3.5.2 of Meteorology ad Atomic Energy 196ts(Ref.1),
'. of fuel melting (typically 2842'C) at any time during should be used only in the 0 to 8 hour period;it is used -

"| the course of the accident should be calculated, and with a shape factor of 1/2 and 'the minimum cross--
,

100% of the noble pass and 25% of the lodine acticeal ama of du mactor buiding only,
,

contained in this fraction should be assumed to be '
b. No correction should be made for depletion of

available for miesse from the contenment. the effluent plume of radioactive lodine due to deposi-

f. The effects of rediolo6tcal docay during holdup tion on the pound or for the radiological decay of.
|. todine in transit.in the containment or other buGdings should be taken,

h I"''""""'' < c. For the first 8 hours, the breathing rate of a
g, he reduction in the amount of radioactive Person offsite should be assunwd to be 3.47 x 10 *

8
material evallable for leakage to the environment by m /sec. From 8 to 24 hours following the accident, the

| containment sprays, recirculating filter systems, or other bmething rate should be assumed to be 1.75 x 10 *
8

engineered safety features may be taken into account, m /sec. From 24 hours until the end of the accident, the
I i

8
l but the snount of eduction in concentration of rate should be assumed to be 2.32 x 10' m /sec.

'

radioactive materials should be evaluated on a case by. (nese values were developed from the averop daily
8

case basis. breathing rate [2 x 10' cm / day] assumed in a sport
(Ref. 2) ofICRP.8)-

h. The primary reactor containment should be
asumed to leak at the leak rate incorporated or to be d. De lodine dose coeversion factors are also given
incorporated as a technical specification requirement at in Reference 2.
puk accident pressure for the first 24 hours, and at 50%

e. Extemal whole body doess should be calculatedof this leak rate for the remaining duretion of the
using " infinite cloud" assumptions, l.g., the dimensionsaccident. Peak accident pressure is the maximum of the cloud are assumed to be lary compend to the

| distance that the gamma rays and twta particles travet.
"Such a cloud would be considered an infinite cloud for'ne errect on asetninment asemage under aseident

conduces or featuses psovided to sudoes the leakage of
fedoacthe matostals from the containment should be evaluated

8en a case becues beeis. 1eeernational r.a==was on Ramonestaal Protecaton. ,,

1.77 6
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a receptor at the center because any additional [samma 3 De atmospheric diffusion model should be as !' '*

1
1 and| beta emitung material beyond the cloud amen. fcCows:" *

,

s6ons would not alter to flux of [ gamma rays and) beta
i particles to the mesptor."-(Ref. 3) Estorial additions

were made to the quotation so that gamma as well a beta (1) De basic equation for atmospheric dif. i-

' emitting material could be considered. Under these fusion from a ground level pairt source is: i

conditions, the rate of energy absorption per unit 3 (
volume is equal to the rate of energy released per unit x/Q = ,,,y,8 )volume. For an infinite uniform ~ cloud containing x
curies of beta radioacuvity per cubic meter, the beta whos ;

I
does in air at the cloud center is:

the short term everage centerline value of
'

=,x

p ; = 0.457Y X the ground level concentranon (Ci/m')D p '

amount of material released (Cl/sec)Q =

whdspeed(m/sec)he surface body does rate from beta emittm in the u = '

the hodsontal standard deviation of theinfinite cloud can be approximated as being one half this e =
y

amount (i.e.,3 ; = 0.23 Ypx). For gamma emitting plume (meters) [ese Figum V.1, Ref. 5) . .D--

the vertical standard deviation of thematerial, the dose rate in air at the cloud center is: o =
g

| plurrie (meters) [ese Figure V 2, Ref. $].

L p; = 0.507Yg
,

(2) For time periods greater than 3 hours, the
'

From a semiinfinite cloud, the samma does rate in air plume should be asumed to meander and spread
15: uniformly over a 22.5' sector.he resultant equation is: .

|

y ; = 0.25h
X/0 " 2.032[

D

e,ux.

whm when

p 1 = beta does rate from an infinite cloud distance from the point of release to theD x =
(rad /sec) mosptor; other variables are as given in..a." ...

y1= gamma does rate from an infinite cloud paragraph 3. (1), above.D

c .)
'

(rad /sec)
,

[ } I
.t p= average beta energy per esintegration

(Mev/ dis) (3) The r f 2 effusion model' for
_ . ]'

,

average psams energy per disintegration groundlevel releases is based on the information in theI =~-
7

(Mov/ dis) table below. >
'

concentration of beta or gamma emittingX =

! lootope in the cloud (C1/m')
Time

f. The following specific assumptions are accep- Following

table with respect to the radioactive cloud dose calcula- Accident Atmospheric Conditions

; tions:
I 08 PasquGI Type F, whd speed I m/sec, uniform

(1) The does at any estance from the mactor hours direction
should be c&lculated based on the maximum concentra-

i

tion in the plums at that distance, taldng into account g.24 PasquG1 Type F, wind speed I m/sec,
special meteorological, topographical, and other char. hours variable direction within a 22.5* sector
acteristics which sney affect the maximum plume con-
centration. These site mlated characteristics must be 14 (a) 40% PasquG1 Type D, wind speed 3
evainated on a case by. case basis. In the case of beta days m/sec-

radiation, the receptor is assumed to be exposed to an (b) 60% PasquBI Type F, wind speed 2
infinite cloud at the maximum groundlevel concentr* m/sec
tion at that estance from the reactor. In the case of (c) wind direction - variable within a 22.5*

>

gamma radiation, the aceptor is assumed to be exposed sector,
to only one half the cloud owing to the pneence of the

. ground. De maximum cloud concentration always
altould be assumed to be at groundlevel. *This modot shoukt be used until adequate site

nieteoroteelcel dste are obtained. In some cows, avaHeble
,e (2) The appropriate average beta and samma intonnesson, such en messorososy topography,and peoerophical

energies emitted per disintegration, as given in the Table i conon, sesy metow : use or a non strictive model to
ofisotopes (Ref. 4), should be used. kaum a esseervative seemste of poconnel omite exposuns.

-
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\

| e
*

I .' Time hne *

Following FoDowing |

h|
*

Accident Atmospheric Conditions Aasident Atomospl.oric Conditions'

<

6 30 (c) 33.3% PesquRI Type F, wind speed 2 J
| .' , days m/sec

;
(d) Wind dhoction - 33.3% faquency in a (

L 22.5' actor. !630 (e) 33.3% Pesquin Type C, wind speed 3-

days m/sec (d) Figune 2(A) and 2(3) gM the ground 4evel ,

J

(b) 33.3% Pasquel Type D, wind speed 3 nieses esmospheric dihalon factors bened on the
m/ese parametere pen la pangsph g.(3), above.

L
napsRENCES

1. D. H. Stede, ed., " Meteorology and Atomic Energy - 4. C. W. Laderer, J. M. Housader, and 1. Perimen,
IM8," TID 24190, Division of Technical " Table of lectopee," Sixth Edition, University of .;'

-

Information, U.S. Atomic Energy Commission, July Califerale, Berkeley, lawanee Radiation lab. t

1968. oratory,
t

2. Report of Coenraittee II, " Permissible Does for i
lawrnet Radiation,"ICRP Publication 2,1939. 5, F. A. Gibed, Jr.,"Use of RoutineMeteorological

Observations for Setimating Atmospheric Die-

3. D. H. Slade, op. cit. , Section 7 A.1.1. Penion," Nuclear Safety, Vol. 2, No. 4, June 1961.

.

* .

g.%I n % =
. .

,
' .

Q.
'

-

1
-

..

I
'

- .

?

.

.

1.774

. I



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

!

.f4. 4 .
*

1*
:..q. . . - . _ . . . . _ . _ . . _ . _ , . ... .. ..

C.. {
i

-

a e ,

..,.|.,.,..,l..,..,.,,,,,,.,.,.._.,,,_,,,,,3. .. , p y1, .
. . .

., [I y
.. ., y .. ,

.
-

,.tt I . ,., . . . . . . - . , t

r.y .- ir : :.. . . . = ...
. i :

,
,, ,s.

I i
'

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

t,j[ } F*M' *
, ;i 1 - i

; [ - | , ,', . ,'
,I| t,

' -

;. . . ... . , . . . . . . .. . .- .44 ,. ,p. . + 5..+. ._ .
g, ,J ,tg a- 1

,

. . , ' . - t .; s '. 'j. i .!i i : , ''

s1 !.
; r 6- -

-''.- -s ..-

I! .
. . . , . .u u

474 k.ih..a) afCr llM.D ' |
ao i.

-

1| |
.

|. . . ,

"
Jl3 .j. . <..

i,
. .,_. _ _

.

2
. ,_=- .... , ._, , _ .

i, !. , i. , , l.
. _

- _ . ._.-.. , .

;- ;

.. _... . . . .....
..,. ,- . ,. . . . . ,. ... ._- ,

:.r ,,,,_i
.- ,,_r . . . .

.., ..r. p.......t. .

<_ .
.

.l -. , t. .
...

V.
..., ..

.
.g, . ..- __ ..

.. .
_

,,

.I w.. : .
,,, , _, ,, ,. , .,. . .

. - . . . _ , . -... . .

. 4 , . . = n .o 1
. ,.*___w. _

.4 | ||||,;j;| ;,, ; !{+ ,q... . , ___-
__....

.

-- -
q.- g _

_-
_,-- - .

,. r ,,,,,,,,, ,,, , .

!L , o o o i o, o, , . o
!

.

4 e- - i i.. . .... s ,
t.., .....1. ., .,, .4.T . 33 i,i. m .

, ,

a. .
.

5. <,. , .

i cg
,

i.i ..

__
.,

d .]
-

. | f .I . fI E
. _._ ___9-
. t < l.' *

*

--, , ,_._

. -

4. i .l .6 - -| 6e#.mr
~_.

- ,| al - 4m-v., t.,; ma -s :pt.
- -

.ep ti- ; 4 4
.

d).1-TTTTT'TrW.WM.,F. .V.
--

,

' .
-

,4 .! i
J. v. m. .i i . . . _ - -

,

WH im o, : a w H H :i .w* UN.m H.
'

i
,

.' ji, | 1i . . { ,. i . ' . . .i . ,; J' t' ,.|. ..i.i ,

I I. :.L.. . .f;J H. . ~ ;. . .
'

2; i|-

. , ... .
., .1 . . ... ,. 4 6.i pa.,p 4 . ;

,

, , 3!. .

.

.,. . .-
, .. . . . . .

.

w.em :4 :

a._.2 . } o. . , -
- _ - - _ - _

.. , m. .

g
-

.
-

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

. +. JMi .1 '' ' ' - -
g } - .-

.
,

_

<- .
._ . . . - . . . . . - ..._

- n- e- -- *-
-1 _- . . . _i .. .a. 1.I .l..j1.. mrM. . . , - : r

!.
.

- - - .

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

rc _
. .

.
.j!- . ,. _ ! L. .i !

. ' .( MM.$4ss :-'

i . .. .

- ._ .. _ u.. ..

M f4 L [ l. . I'
.": . h*t,-+- j!

** *

.
.

\ .' i, ,
t . . ..

,
< ,

: :. 1 .
..-, 'i.: b- ,,. ,.

c.
i. ,

1 -,( , . . ... .. ... . . . . . . . . . . . . . . . . . . , , .

4 p 4. . J.a, 'I L
,/

.....
.p. ,$ .q. {,[.e

.. *g. 4 s .
|

. . . . . <.,g

| ;, |s .- -

-

j. , , , , , , , , * ' y ;.; . j,.
i, is- , . ,,.

} F , p+; r i . ,-- ,t,-i<.!yji
. ..

j - !
g ,,,,,.s==*''gi .** I

. ._I.;. ;* . ; ;- " -1,i,
i .. . . .

M . 4C. ., .$ .. . . ...u.a I '< !1

. l i n' I
-'

L ;
.F M. .. . . -

. . . .,..,

li i i .1
-

,.s.. . . .4 . . - . . . . . m. . _ . . .

_ N i e i | i n FUi 5 i ..
'7I

...

4
......I..t ._ .L. . . . . . .. . . # s.

.

..

! .1.(i |i ht4 5fli.i !,,sas**"" ' i
i . . - -

. <~u ... . . ... e..
'

!-
.,,. ="" ~l i t * | ; 8 . ' . O.i . |.t j t , f4,.i'I..;j- i

"

. 'S
*

i p_ . . .= . . ..3
. ,,,

i
, _, ,. ., .. . . . _ _..... . . ,, ,

. L

.

1,1. r_.:.
1 -'- ;

.il,.5. . 4 ,g . .<
. i . .,,, ., g

.

.4,
.. . . .

!., .. l
. _ .. ...

.. ..,
.

. ..
. . _ . _. .. ... ... .. .

.. J , , , t.s -
.t ..'!

. 1 i m.3.,.. ;, .

-
. 4_.. . .. . . .. . . . ,

| . s i j j i } ., g' - '. s .a...,.......i.
-

_
.. . - . _ . _ .y .. .. .__. . .. ..

e - 1. a, ., . .H. ; q.
. n.i .mx- ., ,,

) ,..
, .4. '-- >

. .

a }; ' [. U. i.H ! P.F.i. .S
; : -

:.-

.t .. t. .l,
.

-

,
.

, .. . . . . _ . , . p. .. .
.

.. .,- .....,...e.,.t,
-, -

.j...
.

... .. . . ,,, i ., . , . ..
.a. .

.

. .l. 4. . ,.11,i .. . . .. l. } 1. w! }.. 1
.

t .. ,

.

. I ., .- ,., .1 . t ,. .
., ,,

i .e .. . .r_ i. 3 . ,., i .,

..i .' .. .l ... .:.
4. . .I. y .

. . . . .<d t..
-

, . . . .
.. 4 , i i_, . .. . - . . . <.

.I | .l.< .-g .- f,e! ' | |t. 4 j ..I,,. I . -- . <.*

, . .. . .-
!

<

, | . . ;- . i .i j . ,
- -dij -

1 p "- -- --t i

.. . .4
,

. .. .;_ ,

|' , |'t | -|i t
w - .' -

- <

i.

3 3 3 *%
,

'

a -a
tp01.Wd 180410931000 000105550 31tVM 90$NTHn3

,

I
|

|

1.77 9 l

|
,

|

. . . .

* - +--,-+-..v-,---e,,.,y,s, - , , - . . . , , _ _ . , ,,,_,,,,.,__,_m _ _ , , , , __ _ _ _ , _ _ _ , _



_ _ . .- _ _ _. -- - -.. . __ .-. - . - -- - .

,

!

* 9'
., * . .o .a

* w - -- - _- : - ... ,, .._ .. _, ,. .. .- -- . m. . _ . - . - , . .._..... . . .
<

g ; +~ +,. .. . . . .. _. . . .. . . . . . . . ... 2... ~ .. _.__ , !
.

~ -g- .. . ... .. _ 4. s . . - . .. -,. .-. -- - ...-
. , .,

, . . , , ,-

4 4.
. _. . . . . , . . . .. . .. , , . . . . .. . _ , . . . . . . .... - .

VE T.{' T o .? [ s i ll .'i- ;!r t4 i . . "{{3 :N 1 !EEi. sis e dT- !.. ..i .,

+ -

_g:|L@.. r. . n- : :
-. . . .

i

.s. r.. 7 :;
. A. ..

t c
. .. ... ; . .

. t. .
A m-= , n:r. ::. . - - -

.

-
-,::: !

- .
-

-- . :
.

*
,.. . ,. r. 4 . . t. . , . . , ... . es .,,

. ,
- e. . - _

,i, . .
,. . _. .. .:~1 ~

. . . . .
. .. .. .. ,

.. .. . .., .. .. .. . . . . . , . .. ,.

$M|M , . -. .. . ..
$ . ir-(3,1, . . (.

,

4
.

+ -J, .-, e
. 1, ,. . F. . i 1E Ru. 11 e. .a L . e e an. . u=. tr ur.f:, e. . :4 .h. .-s

-

4 '4 .- .. .L - t .
, .

,, 7r
.a .r: p w J : .

.

s- -

:
e {-

.. ..4, . . .,- .

i;
.- ,- pug u. .~.f.,R"g ::. .:,:g:

..:: ::- .:..p:
-- - .e.

p :. ..- ;;_,,.- - E 5.. ".i:: ..r :::e - . -: .. :::. .
e .

.. .. . . . ,. .

p.
.. ..

,_ . . ... . . . . . .

4
,

+ _.. . .

... ... .

.

., ., , L
. . .

.. .
. , . . ._ . .

. . . ..c.
.

,. . ,... . , . m-.. . . . , . . ,.. .. , . ,
,

. . . .. . . - ...
.. . . . . .. .. . . . .. = ..

:
-

. . .
. .%. , , . . . ,.

. . . ., ,, , . ., ! _. _ . . _
.. , +, . .. ,.. .. .

. . . . . . . .. . .. , , , ,. .. .. , . . . ,
. ,. . s . . ., .,. .. s. . . . - , , . . , . . .p. ..i . . ..

te4 - ( . .. ,. j
, . .. .... . . . . e . .. . .. .4 9..

, s t.
e . .

L ML 1. -

g. s y s,
. . ..-.

,x. 3, 1 x x . .. . _ .
.,q. \. g 1 r e . .U m.,.

A _q \.
.... . . .....r

- 4, .(pusam1 .. t. .:.. .

m
.

.. .
... 2. . .

-.
.

.
.

,
. sd ... .

- . .
J

.. . .. ..
.

.g.. .

_ i iy g \ cr > + !
'

. .

\ 3 ; :. . TA ..q . , .n.. .

.. : .-w w .- .. w

. . . .2..

= !
,,

.1 ,, .
. . . . . -

,

. . . . ..... . ..

. .
. .

.i . .
.

. ..
.... . . . .... .

.. .

w .

_ . . . . .-,

.,. .

. . . . ., ,,
.

. , . ._. .
. . . . . . .,. . . .. . . .. . ... . ,. . .

.. . . -. . .. ... .. .i .. .

... . . . .. .,. . . . .

.3,.

, J,c.,,
.

. . . , ,.. , , ,. . . . . . .,

iod; .. s m i i 9

.. . .. . ., , ,

J" '. . . . .

*
. .. 1 w 1 s ..i. ,.

. s
_

;
6

' ..s s v .. . .

,

.. . .
*

p .1 1 1 T. . .. ... . .. . .

* -14 deve
'~. \ - ( \ |

. .
. .

4
% ) l 1

.

4'' \ ( .
'

, ..
.! - .

( l %

, . . g_t_
'

p( ._ i }
_._.. . _ . .. _. . .. . .-

s 4 ,, _ . _ , ..

. . . . . ..._ .
~r iM .,.

'

43B m.
i |p 4

.,. .. _ . . . . . . .. ... -. . . .-. .

... \ I g
. , ,( : , t4 . .10 ,

.; i , . ,. . .p .j og. ' 4 o o,

Disease trem Deusesre tenumrs) f

i
*

J

1.77 10

. __ -- . . . . . . - . _ . - . - . . - _ . - . - . . - - _ _ _ - _ - _ - - - _ . _ - - . . - . -



_ . . . . - . .- . _ - . . _ - - .. . . . . _ ~ - - . . .- _ . - - - . . - - . - .

,
.

t-

|*
,., .~.i....... . . . . . .. ... ;, .

s . ' '
4 e

*
e .A

4W - u ,, rr .i i.. 1. ._. s *. *

0
. 2 1- 1 I I .1 . |

b ,. It 'lp. .. a

s . . . . .
- - - - - - - - -- - - -

!e lt. . ' + - - km .._

--4 -

|i ;x.1 g. s, .. ... . . . . ....

g ..3 p., ..g . . . . . . . . y e..: ... move ,emepeabenesinen e !s . . . . . . .. . ..... ..

s .' [ . U on W Hire s 1 ,,,ungsesi ; i jN a , w ' -. , _ ,

U M i!M.!!: Hd,$ 1 J L fMJb civ- IEi 9 4 itM rW ib im EM E:!4
* '

.
.. . . . ...

. ..
.

. . , , .. . .. . . . . . ..

.. .

...
,

... .. . .. . ~~ . ,. . . ..r t.. J. . .
..,2

..
. . .. . .... . , . . , .

.. . ..... .

,

. . .
. . .

.. . ~L. . . . . . t,. .. .. .... . . . .. .- . 4 . y.., +
- - .. . . .....

E. 4 p. J .1
.

. .... -.. - .. . . .. .. .
, ,

3. .: i 'T . '] p .i. * ... . i .n. J, .A :. . .i. .p ' [4 1
'

' ,.f. p pp. .
*

. .L 4. 6 4..4- s
, . ..

4 .
. .. o ,

.

,

grt. t.g -m
- 2 , .

. r,
. '. _ tr i .-.m -

mj :n
-

"..: ." t i q t 16 t'
. .; i p-i-

.
.

gt. F.-F.:n.::F: ::.i.g :q:..:.- r n
1... : o. -

. .

-.t ; m. ;- e..:- .
,

. .
, . . . . . .. . . . . . . . . . . . .

.
_ . . _.. .. .

.

.. ! . s.

+ .- -

,.-.
.- .. - - . . .

.

.
. , . .

.

%
-

..t i .. -.. .- . , . . . . . . . . .. . . . . ... - . . . . . .. .. . , ..

(._ 2. .. .. . .-
. ... .

.. .. .. . .. . . . . . 7' .. .. . ,
.. .- . . ... .. . . .- .. .. ,

.. . . .g ;;; .3. .. . . .

..
;

., 1 . a. + .. . - . .
. . . . .

.. .. .
.. , , , . .,. ,.

- : a. 6. . ..

. , . .. ..
. . . . . , . . . . . . . + . . ,. . . . . - |

, ,
.. .. .. , . .. . . . ., ,

- . .. . - - . . . r . . ,.. . . . . . .,. . .- .. .,, ..+ ..-.

1 4 . .

. i. +,i. . x . . 3 . .. . ..

i

< . - ..

e
a. . . . 3 .,.w g ..%. . . . .. _ . . .

t
. .. . . . . _ .

e
.. .. .. . g g. 3 . . . . .y . .. .. - .... .

1
.. .. . . . ~ , , . . . . g 4, ..

2 g. . ... . . ;N .:, . . .. .. - . .- .,

: u n., :.2. E :-. * - . ,'r A. .. .. .

i4 W .,. A U t .o.-1 :.rW: + u.
- ..r 1 1 ..

.

. i

.Eh%., '.s. i ) ..!4 .X'.i t. T :L. r. ,.!!_n.:.. :.: td. 4.! J ,i. .r ..
~:- '.

.t . c. .
. . . 1

,. . ,...
.

h. . ..- , ,.. . . - . . . _. . . .
.. , ..

.
. . .., .- ..,.

.-
_

. .. . . .

. . ..
.

-: -

.. ... ..
.

<1.. . . -
. .. .

.. _. . , . .
. < . . . - .

. . . . . .

....
-

_.. ..

;
.. .

.. . ... . . . . . . .. 1 .

imW w N h en . 1 - \. . i ;- . - N A .h p v. dW E4 +.

0 W MEE W .! ! r 4-M/
~

J.% t i i W im N ?' M-5M:- ' -

-

. . . . . . . . -a. ._ . .

.4 ,.
,

i. r
. ... , .. ..

.. ..,
.

.,....i .. .

. . .. . . . . . . ..

_. . , .
. .i

. , . .... . .
. .. . . . .
....... .. . .. .

. . .. . (
. . .
. . . .

.

xt. : . ---.. . . . ...;... m . . . . . .
. . . . . ... . ._.

-- . . . . . . , . .

+; .,.,, . .. . , , . . - o . ,. . 3
...;, . r .. .. . - %, . . ... . . . . ,. . , ., - .. . . . . . ,. . .. , . . .. . ,. . ,. .. . ,. _.

. . . . . . . .

m ...g,. . . .4 . ....
. J ,.r# g .. . . _. 47.,,g.4

.... . , . ., . .., __ , , . . .. , . ._

w. ,. ., y . .
p ,.

_

p
9, g

.. ... .- . ... . .

#,. . . . . ,. ,. ., . . . . . . - . g . . ;.,

.- .i .. . s . s. ___.._
_

. .
,'( -. ,_ . . - . . .. . w. .. g. t. . . . . , . .. .., .. .. . .. .. ;. . . . ._ ..
e

i g gr***- =a-** * . * * 4- *'- *- *--- -, _. . , .- . . .. . . , .. ... . , . . . . . . . . . . te. ,( ,
i .. .. . .. .. .,,.. ..4 44<e. . . . . .y ,, , . . , . , . (; ., , . .. . .J -

js
i. t. j .i ' y. p..M- m. } i. . U. . . ( }, . , .

, .
,

.gia . X- " . * - % tt. Jh M. .h E. . . .s.i. n_i_ .
ta 1- a : t 4

..
a

,
|

7 .
} t,p- r:;- =e7 j *: ::: L t=

;t; y# yt :- f : = rt t- . :

*
. a c. 4. .;.. .1 a . . . . l"k:q :5 a.; m-

k-a: -
:. r. 2

-
. ..

j . t.. (. . 1 7 a;. :en-
;-:: : :.

., ,
..>, ..... .

t1 M. .. .
.. . ..

11 ..I. . . ..
.. . . . . .. .

..r.*h..
. , . ..

. , , *C ... .-
. , . . , . . . . 4 ., i

. , . . ,, . . _ _

.j . 1.. J
- . ..y.!.,. -

r . ..
, , ..,

..
1 . . . f'.

:

e
.

- .. - ..y3 . . .; .. .,. .. .. .. . . . . .. .. .. . _ - .. .

1

J .L.Pf.f:. . J* f. - i.: (. p. i.! i. .W ', g ? ' 9 1
' 9 .1 .lil "7 n" ' ' . i''p.:5"

d_i3 |.
.

. . L n a.

:. '.p~-

2:; t- ~.*. 6-. . :t- .: . :. t : : : .-"

,l* 3 Jpd d.*r t. .-= .= r :1. >

h.:
, t.3-

t .: r.71 rf t.rt *.: t- ;.;: ; t. : t: ?- : ( :
. ..I ira "- *- 'MC

' "
.

e ,

: . t+. .
-

. ,1.T ..L
.. .. .-. ,g. . f. .. . .

T .

| t I. , .t.

.

. , . .
..,

. . - .t
., 2. .

,

.
.

.

g. . . . . -.L.
. . . . . .. .

.. ...

. .. ,

.

. . a.. . . . . . .. . p. g g,
.. ( .. .. ...

.. ,. . .

; . . n. .-. . ;

. 4,.
. , , . ,.g...

'.
...; ... . . .s

3 . ..
,,,,..

. 4 ..

. . . . .

cL ~.._ >. . .. .,

g'.
. . , ., . .r, , , . . . . .... .... .,, .. . . ,,

t tyi'*H '
4 ... .i.

..

9th N'
y g. . .. .. . r*. . ** *- * '*-'* *

** . * 1 ..
_

..- +} " ih* ft \"* *t t* -
2 +-+ -

'

gg ,

198
e , u o o '

e. h ' d' l ' '10'%
* 5 * ' * 0 '

l

Otones bem Seustwo lassers).-

i

,

1.77 1I

. - - - _ - _ .
|



i ,

O I

! 'cl
i

>-

'

BACKGROUND INFORi% TION RELATED TO

I
,

|DIFFEk!NG PROFES$10NAL VIEW CONCERNING

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

b) Methodology used for calculating related off site doses. .

i
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ZION

l !'
CORE AND SAP ACT!YITJis !

I
Assumptions: Operation at 3391 W t for 500 days |

i

Curies Percent
iin the of Core Curies iCore y 3 131 tQU Activity inthgGap 1 131 tQU '

7 g!sotope IX 10 ) x 10 in the Gap iX 10 ) (X10 )
1 131 8.35 8.35 2.3 19.2 19.21 132 12.75 46 0.26 3.3 .12-

!.133 19.09 5.16 0.79 15.1 4.08 ;

1 134 23.01 .39 0.16 3.8 .06 !
'

'

1 135 17.0s qg g0.43 7.s -

.

:
,

i
-

,

I

k

i

;

!,

;

!

;

. * *

(' .
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ZION: LOCA DURING CONTA!W1ENT PURGE
U$1NG 2x42" PENETRATIONS - VALVES OPEN 50'

k
THYR 010 00$E AT SITE BOUNDARY RESULTING ONLY FROM i

4

0!$ CHARGE TO CONTAINMENT DUT$1DE DURING CL0sURE i
(LOCALEAKAGE00$E(OVER2HR$)=+123 REMS) !

|
,

site |Curies Discharged
Boundary (REM) I

LoLrg Radiological Sources 1 131 E0 Exoosure

Licensee I 131 EQ. 60 oc/gm in RCS 73.5 W505 cleanup in cont.
1

All released to I

containment on LOCA

RL 1 131 EQ 60 oc/gm in 188 48
RCS. AIIreleasedtocont.

, s ,-

:

on LOCA + 0.5 secs.5
'

[ Total =0.119x10 curies) i

AL ! 131 E0 60 ve/gm in RCs. 82 fj, !Released progressively to i
cont. with RCS discharge '

F RL 1131EQi;equivgapactigity 38.000 g
I (FSARcale.

curiesofI1[24.09x10k 31 EQ into cont. .

on LOCA + 0.5 secs.) %

RL ! 131 EQi; SRP Gap ectivity at 248,950 63.400
105TotalAgtivity(FSARcalc.)
[157.9x10intocont.onLOCA+0.5 secs.[,

curies of I 131 E

.

X = 5 x 10'4 sec/m8 for 0-2 hrs, et minisua exclusion distance of 415 seters
[NRC)I
[Licenseehasused9x10'4 sec/m for SARs)s

<

*

(- .

.

|
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ZION 1 It 2
CONTAINMENT INVENTORIES- '

DURING LOCA BLOW DOWN ;.
,,

'
RCS M.se pio.h.rs. Ret. !,.

f int. C.at.inm.m ;
r e comuistiv pi here. f

2
100 RCS Int. C ntelam.nt #0 x 19 |d & Cumuletiv. M e of Air 3 ;,

f
.w RCSoi n. ..,

k'
.

j li. ;~ r r
=0 x w n |.I y E .

'

| ( 1 !
''
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Y
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.

30 ! h,' '

!| 5%
' %, .,10 , ,

-

| %
L

I| p '% .

%. '

S 4 8 12 18 N 34 at
Tim. Aft.r Sr k - S .nds r

. ,

* g.

~

I_,



,

,
-. .- .. . ..

|
.. --

. .

'

l
i

ZION 1 Et 2 !
CONTAINMENT THERMAL HYDRAULIC CONDITIONS !

-

.

FISSION PRODUCT INVENTORIES |
!
;

'

2x4a"una j
volves open only so- )

'instead of so ruity open
At 7 Seos j

r

f
'

.

|'

!
'

i
-

. .

154,406 Lbs Alt
,

m.Seo Lbs nCS ;
.

438,830 Lbs !
Press * 23.79 pelg

,

f

f

|
-

.

Fissiep Product inventory !

= 0.384 x Q Released j
'

'

et 0.5 esos !
!

!-

Olscharge Rates
Cumulative Totals Disoharged Air + RCS inventory ;

-

! Alt + RCS Inventory 1033.08Lbs/sec :
3379 Lbs (.237% inw.) |

Y|
Plesien Product inventory Fission Product inventory i

,

1.008% of Q .237% Q/sec ;
;
'

.

6

l' k
' (0 = Fission Product inventory Released at t = 0.5 seos)

-
.

'.
.

f

.

. . .. - . . - . - - . - . . . . _ _ - . - _ _ _ . - - - _ _ _ - - _ . - _ _ - _ _ - _-_ - . - . -
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F15510N PRODUCT DISCHARGED TO OUT51DE CONTAINMENT

|- EFFECT OF A$$UMPTIONS ON
* F15510N PRODUCT RELEASE TO CONTA1MMENT I

2 x 42' lines.
Valves open 50'

.1

:

siven Q = total inventory of fission products in RCs at T=0.5 secs after LOCA !

If Q is released instantaneously to the total containment volumes i'

Fission proouct inventory discharged outside containment .

over 7 secs = 1.5685 Q
;

if Q is reieas.d over ti .ita Res inv.ntory .nd eased on a uniror. |-

distribution within the inventory:

Fission product inventory discharged outside containment ,

over 7 secs = 0.5611 Q i

,

*
i

,

,

.

O

%

|

'.

[
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|

|
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210N: LOCA DURING CONTAINMENT PURGE
.

U$1NG2x42' PENETRATIONS-VALVESFULLYOPEN(90')i

THYR 0!D D0$E AT SITE 80UNDARY RESULTING ONLY FROM
0!$ CHARGE TO CONTAINNENT OUT$10E DURING CLOSURE

1

(LOCA LEAKAGE DOSE (CVER 2 HR$) = +123 REMS) )
i
)

|

$1te
Source Radioloofcal Sources

Curies Discharged Boundary
i 131 EQ Exoosure (REM) {Licensee ! 131 EQ. 60 oc/gm in RCS 204.350% cleanup in cent. g )

All released to
containment on LOCA !

'

i RL ! 131 EQ 60 oc/gm in 522
. 1

RCS. AIIreleasedtocent. j)31i

| en LOCA + 0.5 secs.5
I

[ Total =0.119x10 curies) i

t:

RL I 131 EQ: 60 ve/gm in RCs. 227 58 i

|

Released progressively to -

cent with RCS discharge,,

RL I 131 EQL uty gap actigity 105,600
(FSAR ce c 24.09 x 10 26.878-

curiesofI1[31EQintoxont.
.

'

onLOCA+0.5 secs.]
| RL 1131 EQu SRP Gap activity at 691,520 176.010105 Total Agtivity (TSAR calc.)
'

[157.9 x 10 curies of I 131 E
into cont, on LOCA + 0.5 secs. '

'

J

!

[NRC)QX = 5 x 10'' sec/m8 for 0-2 hrs. at minimum exclusion, distance of 415 meters
]
!

[Licenseehasused9x10'4 sec/miforSARs] i
L
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-
,

I

l
i
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I3A
I
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|Il0N 1 ft 2
CONTAINMENT INVENTORIES |

!!
-

-

| DURING LOCA BLOW DOWN
I
i

|'

A - R C u ... Di..h.,3. R.t.
i

/ Into Containment

r $ Cumun.tive DI.oharge of j

J RCS into Containment 400 x 108 i
100

[ & Cumun.tive Ms.. of Air ,3 j
; en. RCS Dl.chstge , ;

'

.$. ,

'
-

N ,
,. _- #. .

,
J

i
f f 300 x 108 i

f |
'

' '

* !I"l ("' .

'

/
~

"
6

= . 1.- j j
.\ /j ..

.

ua
1

40 :kd k

; \.
30 %

!I 100 x 108
'

] %s
-

,

,
'

[ i%
i%'

f
, m

" sf
.

m
s

4, 4''. . . u a 2 = m

u.. ut., ., - . .n.. |
-

-

..

r
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< ZION 1 Et 2.

CONTAINMENT THERMAL HYDRAULIC CONDITIONS
FISSION PRODUCT INVENTORIES.

2 x 42" unos
Fully Open
At 7 Sees

,

1M,400 We Air J
!382,474 Lbs RCS

'

418,SM Lbs
Press a 23.79 psig j

l
;

;
;
i
'
,

., t

Resion Product inventory !
,

?

= 0.956 x 0 Released
' at 0.5 esos |

;

Discharge Rete i

Cumulative Totals DischarSed
Air + RCS inventory !

2000 Lbs/sec iAlt + RCS Inventory
(.082 % i.n v.)

.
-

: 18038 Lbs j
.

g

* :
-

r ~ ,

(- Fission Product inventory ;
' Plesion Product inventory

.482% O/sec
4.38% of Q .

*|
[
,

;

(O = Maslon Product inventory Released at t = 0.5 secs)
:

i

.

'

;

e

!**-R*t*.'' .
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i

FIS$10N PRODUCT 015CHARGID
70 OUTSIDE CONTAINMENT |

!
EFFECT OF ASSUMPTIONS ON i

'

FIS$10N PRODUCT RELEASE TO CONTAINMENT i

i

? x 42' lines
fullyopen(90'). |

-

Given Q = Total inventory of fission products in Rt5 at T=0.5 sec after LOCA,
+

e .

,

!
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 tism with RCS inventory, and based on a uniform
,

*
e

distribution within the inventory:
,

,
,

Fission product inventory discharged outside containment
<

,

L

over 7 secs = 1.901 Q :
j

e

s
i

.
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3.1.3.3 Thermal and Hydraulic Limits |
:-

The reactor core is designed to seet the following limiting thersal and !
'hydraulic criteria
,

i
The minimum allowable Dh8R during) normal operation, includings.
anticipatedtransients,is[1.30'.

;

6. 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). >

iDNS causes a large decrease in the heat transfer coefficient between the
fuel rods ano the reactor coolant resulting in high clad temperatures. ,

!.

;

I

| C !
( .
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|
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The integrity of fuel red claddinp so as to retain fission products or fuel j
naterial is directly related to c adding stress and strain under normal i

operating and overpower conditions. Designlimitsanddamagelimits(cladding !

perforetoon) in teres of stress and strain are as follows: [*

fDamace Limit Design Limit
!

Stress Ultimate strength Yield strength- i

57,000 psi minimum 45,000 psi minimum i
!

Strain 1.75 3.05

The damaga limits given above are minimum values. Actual damage limits depend |
upon neutron exposure and normal variation of material propertnes 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 i

limits. Thus, significant margins exist between actual operating conditions ;
!and the damage limits.
1

| The other parameters having an influence on cladding stress and strain and .

the relationship of these parameters to the damage limits are as follows: ;

{ I
3. Internal gas pressure:

:

!The internal gas pressure required to produce cladding stresses equal to
j 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 i
iultimate strength reduces to the design y'ield strength'at an average

cladding temperature of approximately 850 F. The maximum average !

cladding temperature during normal operating conditions is given in Table .

3.2.2-1[as720*F). j

~
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Previous taperience with removable roos has been attained at saaton, va-Age
and forital and and3tional esperience will be a:cuired at the San onofre eyelt

,

2 and Surry unit 2.
Over 300 fuel roes mere removed anc re-leserted intoessemolles during the $saton re-constitutJon without evloenceiof failure.

Lesk eetection tests were performed on the assemblies after all rods were
re-inserted, and no leakage was detected. An ecuelly large neccer of Santon
rods have been successfully removed, esamined and re-inserted into over 22 3m3
subassemblies at Santon. In sodition, 28 full length Yankee rods were

|removed, esamined and re-inserted into Yankee Core y special assemolies..
'

51mi21st handling of 22 removaole roos was su:essfuJ2y esmolette during the ifirst forJta refueling. All such fwl handlings have taen ec,ne restinely in:sithout elf f!:ulty,
4

The snee fuel rod de'si
ens internal cressure,gn limits indicated in se:tJon 3.2.3 fuel tsi:gra:.reare raintainee for these re;cvable ro:s ans :. tre is n:, i

recuction in rargin to DNB. Their inclusion in the initjal !!: . '.N: 1 c'. e
3:a !na int: cts:es no sceltic a2 safety ::-s!:erati:-s a .o 1 ;

t*e so!stwar: analyses and reisteo engineering infer':4t!:.n c,n r:.a: et ;ss i

resst :r: In j
; crevio.: sly, submitted material in,sup: ort of the I! cense a::11:6:!:9 ;

,

*

i.'

3.2.3.5" Evaluatlon of Core comoonents.
!

.,

ruel Evolustion !
*

. ''

i
' .

The fission gas release and the associated buildup of jnternal gas pressure in
|the fuel rocs is calculated by a code based on emperimentally 6etermineds*,

'

rates. The increase of internal pressure in the fuel rod due to this
;

';,hensmena is incluoed in the cetermination of the maulmum eleccing stresses at ;

the end of core life when the fission product gap inventory ja a man! mum.
;

Tne manimum allowable strain in the claccing, conside:Ang the comoined effe:ts'

of internal fission ges pressure, external coolant pressure, fuel pellet ;

swelling and clad creep is limited to less than 1 per cent throuprout.ccre
-

ilife. 'fne asso:Jated stresses are below the yield strength of the mate:!al
iuncer all nernal ocerating condations.

* ;

To assure that manufactured fuel roes meet a high standard of exce21ence from |
. the stanapoint of functional recuiresents, many inspections and tests are
i :performed both on the raw material and the finished product. These tests andi

ins:e:tions include chet.lcal analysis, elevated terceratae, tensile testing
of fwl tubes, dimensional * inspection, bray of both and plug welos,

.

ultrasonic testing and heli m leak tests. $ee additjensi details in Se: tion
| 3.3.3.1.
l !

In the event of cladding defects, the high resistance of uranim diculde fuel
pellets to attack by hot water protects against fuel teterioration or er:resse ;
.in fuel integrity. Thermal stress in tne pellets, while causing some fractu:e
of the bulk rate:141 suring temerature cycling, aces not res4t in i

5

pulverization or gross veld fortation in the fuel matrix. As shown by
coerating experience and estensive esper!* ental work in the industry, the
thermal cesign parameters conservatively account for any changes in tne
thermal oe f::mance of the fuel element due to tellet frs:ture.

01157 3.2- 38
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3. Burnuar
5

. i

ruej burnuo results in fuel swelling which produces elsoMne gggn. Tne |
,,

L strain camage limit is'Mi3T'e:EETee to be reached unul eine peau :stnso
i

reaches approslastely 65,003 WDA47U. The peak pellet buerup for fuel in iI envillbrium cyc11rg hs espected to be 50.0)D **C/*47U. Ttt cesign i

-

esullitrium regiset evers.ge dischstge bumup is about 3),000 WDAtu.
!i
,

4 Fuel tencersture anc kw/ftt.

At reto buro, cladding dae.agt' is caleviated to ct:Ur a t 31 h /f t - . . - '

| upon le:0!n= strair. tenthing the :s'rs;e lim!;. t.t injs :: g: :p*..
of the pellel central re;3on is em;e:te: to ce in the n:.;ta ; -!'..'',,*, I
The mariwm thermal output at rated p:<tr is 15.0 kw/ft. !

!
! .

An evaluation of the fuel densification as it affe:ts c:mt! #
I

' i + * g f c *.- ,

U 3t 11s sivsn in A:::n:1 3a. ano h:5.P 2040 16:ss:.e. 2 irs * . :a *.O. I,

* 68 6122 an: its a::encum (refattn:es 25 ar.: 16) eval.s us f dl !

censif1:stion as it a: plies to Unit 2. !
I

In Aptendir 1A, the initial fuel densities of Reglans 2 anc 3 refle:t the
|actdal region censities as seended in the FSAR Table 4.1. The fuel

-
<

censity Jtself does rtot have any slynificant affect on tre pcier trarsient !associated with the rod ejection ac:foont.
,.

1.
'

In the fuel densification report a 2700T clad surface temperature limits I i
As used ft,r accidents such as Rod Ejection and Locked Rotor as cis:vssed i

s.

in WCAP 7855 and in Atta trent 13 of hastinghtuse letter NS-5L-54) i !
i

' (lansary 12, 1773) to Dr. D. F. Knuth. !

:

In Appendia 3A, the methods described in WOA8 74224 'hestinghouse PhR !

Ccre Sahavior Follcwing a Less-of-co:lant Ac:! Dent * section 6.2.3 stre
uses to cetermine the gap coneuctares durinc LOOA es: cat for the initAal ,

;

value. The initial gao conouctance in LOOTA was adjusted such that the
!i initial svarage tss erature in LOCTA was escal to t e cesign val.;e of the
tBOL sverage tencerature at the appropriate Kw/ft plus an acclSlor.a1 ,!

temperature increase to cover an uncertainty which was atual no P.375 m I i(Kw/ft). ' '

Parameters considered lacortant to fuel densification analysis are !

!

sunnsrined in Table 3.1 and Taple 4.1 of the !!an and Point Beach Unit 2 :fuel densification reports. In additlant *
'
i

The initial, as fabricated diametral fuel pellet / clad gao for Zjon is ;s.
0.0075 inches which is 0.001 inches less than that for Point les:h -

Unit 2.

The tithe inteb.
cistribution) grated axial ;ower c!stritstic,n (or fast'"neutico f2Wsused in the analyses of $4D toncuttancI for octn Zion
anc Point les:h Unit 2 is given in Atta:.Y. tnt L Flyure 2 of '

Westinghouse letter NS-5L-521 (.'lancary 4,1773),to Dr. D. F. Anetn.
t~

'.
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clad Sveit tne and kuriture Mehl
.

' ,

3,3 ...t

During a (ACA ti.e clad is assuwd to strain uniformly sad plantically in
.

,

I*

he dif f erent ial
the radial direstion proviJcd that both the tosperators' and tIf the'etrain eseced*[10( (a,c)v

pressure across the clad are suf ficiently high. -function
er the clad tesperature eseceds the burnt temperature (determined as a

the clad 1. assumed to burnt "iW an additional
of the instantaneeva stress) ga======= ==

local strain is adJed to the burst node. l

|
,

three empirical madels are employed to evaluate the clad swelling and |

5

rupture behavior. i

Clad $ welling Prior to Rupture !
3.5.3g Y

interncil pres-

N#I perf ormed a series of tests in which rede with constant |liardy
sure were reoped to a series temperaturen at'vativua cen= tant rump rat..<.

|by the
The pressures rer.erted by Hardy were converted to hoop strarsca

r
* 1

'
,

formula 1

f+(3495

(
!

|
'

.

|correlated as
sad the strain at a given temperature and resp rate wer6 |The equation developed which best

!functions of the derived hosp stress.
I

describes the data le 7 (a.t) |r
(3-10) |.

'
,

:
;

where: -
%

h
,

I**

.

i ;.

:,
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(a.c) F, |
.

i
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,
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.

i,
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I, |
,

'
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g 3.l.3 hclad Duest '

ta.r> !
.

ca.d d. .ss ed t.
rsi af it ea. es n o u i,eer .t;at. i,ar e v i ,e .. n ing_

-

!
_

model described above y if the cled temperature 6m the burst code reactiewemmmmmmun ammmme
_

II '

Eerst temperature.[SuYtooperature is sa'evlated as a functie U '

!
,

besp stress based on correlation of the W st inghouse single red burst scet i
The best estimate cerve free figure 3-1 As seed and :.

I gata steswn in Figure .3.-1. fh

pressure is converted se heep stress by the relationship described inF |
-

'

Equat ion M9 using original test ope. neem geometry. This best estimmte
serve ta desertbed by the equation ;

.

! (a.h r) :
:

(3-7tA) j
"

* !

* i7butat ,
,

.
w

* ;

Local lle.s train Af ter Burst ',s3.53 ,

I

|

The localised dpl owe!!!as that .ectors very rapidly _ at the time of ,.

of_ :

burst' is calculated f ree a correlation of sint,te ved burst tent d.et.:
,

--
;

Figure b? st fwa the c.irrelat icia .end the range.y_ !i
.

ek..tingl.eine and othe rs.

'o7~tL~dati~u7s 4.
i;wpressed in terns of hoop st ress the correlation utvcis~

!

"
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n
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Assumptions: Operation at 3391 MWt for 500 days
,

1 of Core Fuel Volume Local Temperature. 'F ,,

Above the Given Tesserature
4100

0.0 3700
0.2 3300
1.8 2900
7.0 2500

.g- 14.5 '
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Branch Technical Position CSB 6-4 )
I'

CONTAINMENT PURGING DURING NORMAL Pl. ANT OPERATIONS\

A.- pCKGROUND

This branch technical position pertains to system ifnes which can provide an
open path from the containment to the environs during normal plant operation; i

e.g., the lines associated with the containment purge and vent systems. ft ipupplements the position taken 'in.3RP.Section 6.2.4.
|

While the containment purge and vent systems provide plant operational
flexibility, their designs must consider the importance of minimizing the
release of containment atmosphere to the environs following a postulated
loss-of-coolant accident. Therefore, plant. designs aust aoticely entheir use

4 on a mutine.Aasis. .

The need for purdng has est always been anticipated in the design of plants,
and therefore, des 10 criteria for the containment purge system have not been
fully developed. The purging experience at operating plants varies considerablyfrom 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, containment vent systems at
operating plants.

. .
t

Containment purge systems have been used in a variety of ways; for example,i
'

to alleviate certain operational problems, such as excess air leakage into the
containment from pneumatic controllers, for reducing the airborne activity withinr

g the containment to facilitate personnel access during reactor power operation,,

and'for controlling the containnnt pressure, temperature and relative humidity.
Containment vent systems are typically used to relieve tha initial containment

,

pressure buildup caused by the heat load imposed on the containment atmosphere :
l

during reactor power ascension, or to periodically relieve the pressure buildup
due to the operation of pneunitic controllers. However, the pur

4ines1 provide.an open path fram the.contafaent.4e Aha.anvirons. ge and ventShou'd'a LOCA
t gur,[ng c.ontainee.nburgiDg whe.n..the. reactor. is..At.. power the ca' culated

ac dont gloses ghould be.mithin,10 IJJt # art 240 i.,Wy Q-Q 1 WL n~tmWM*'t u0 $de16ees.ealuas.%M
The s4 ting of the purge lines in most plants have been based on the need to
control the containment atmosphere curing 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 provided that will
permit some degree of control over the containment atmosphere to facilitate
personnel access, some plants have used them femcontainment purging during
normal plant operation. Under such conditions, calculated ac.cident. doses could

.be significant. Therefore, the use of theselggt cpnginment cy.tge and vant
| lires should be restricted to cold shufdown conditfons and refueltag operations

ans LheTaliiY5VinTiTcTiieE~lK'11TWLhii'opiratl'o6sY.E66et,
|

! The design and use of the purge'and vent lines should be based on the premise
of. achieving accep),able calculated affsita . radiological consequences and alspur

E

i that emergency ** core cifoHng (ECCS)~~hffectife'ne'ss'ls_n~o.t3idraded byr reduA nn
~

, 1[1.hk ia'ng}piinThatkota~ssari~
~ ' " " ' ~

,,

1

I Purge system designs that are acceptable for use on a noncoutine basis durings
nonsal plant operation can be achieved by providing additional purge . lines. |

L
6.2.4-13 Rev. 2 - July 1981
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" The size of these lines should be limited such that in the event of a%se-of-
' 1" coolant accident. essuming the purgewolves are apen and subseouentiv rim. "

y4 ane raatelagpcaic_==ances calculatec in accomance wtth Regulatory Guides I

f ME"34 tid'T4%60TW11bt 4mceell'T.he IU WGeh. zuo guldeTne values. I'

the
maximum time for valve closure snould not exceed rive seconds to as ur

g /tnw pu , vaives woulu ne closea DeTore tne SDset DT*WUel-Talleret fall no a )
,. gn. semilar concerns appay to vent system designs.

The site of the purge lines should be about eiaht inchen in diameter for gg I
Diants. This line size a be t conservative from a radioloaical viewonint L

~

ror tne Mark III BWR ple und e UGH 0- ants because of containment and/or
core assign Testureg - nere" ore. larger 1"ne sites may be iJsti"ied. However.- -

or gewoosed lineE ze. tne applicant must. demonstrate taar. F.he radioletricai

ran ences'vellowin ta loss-of-coolant eecident e ld.be within 10 U R part ino
side I W W Waes. In sassirDie TeceDTabilits of a specific 'ine s' me ' sa
Tunction of t)e site meteorolony, contatnment ansian- and radio'oeica source
,13,rg for the reactor type; e.g. , BWR, PWR, or H"GR.

S. BRANCHiECHNICALPOSITION

The systems used to purge the conteineent for the reactor operational modas of
ipower operation startupyhot gtendybend hot shutdown; 4 a. .the .on-Hae ouvee -
tional soces of [co d shutdown and refuel'no.fid_ejendin~ICIlheMfj)e-systaa 4ased for the coactar -ra-
system a f'6UI e(| __ y

1. The en-lins nurne system should be designed in accordance with the following
; 3 rim m. y ,g. ,

a. General Design Criterion 54 requires that the reliability and perfor- | u .7
mance capabilities of containment isolation valves reflect the impor-
tance of safety of isolating the systems penetrating the containment
boundary. Therefore, the performance and reliability of the purge '

'

|
system isolation valves should be consistent with the operability .

'

| assurance rogram outlined in Branch Technical Position nts-z " Pump
~1 M Vflve perability Assurance Program." (AlsoseeSRPSectIon3.10.)

'
'

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
liinited 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 nf
Appendix K to 10 CFR Part 50 regarding the containnent pressure used
in the evaluation of the emergency core cooling system effectiveness
and 10 CFR Part 100 regarding offsite radiological consequences.

c. The size of the line nhould not exceed about eiaht inches in diameter, _
uDiess cetailed jus" f' ca", ion 'or larner line m zes is 3rovidea, to

1mprove the reliabi' < ty and performance capabi' ' ty of t1e isolation
and containment functions as required by General Design Criterion 54,

'

and to facilitate como11ance with the renuirements of Annandht K to
hmuni">H an10 CFR Part 50 reaar,,gjpg the coDtainannt 8u: assure used 4a

the emoraench core coolina system effectiveness _ and 10 CFR Part 100 ,v
regard ng the offsite radiological consecuences.

6.2.4-14 Rev. 2 - July 1981
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As required by General Design Criterion 54, the containment isolation | |d.

. Provisions for the purge system lines should meet the standards appro- i

i priate to engineered safety features * 1.e., quality, redundancy, test-
abilityandotherappropriatecriterIa,toreflecttheimportanceto ;

safety of isolating these lines. General Design criterion 56 estab-
d 11shes explicit requirements for isolation barriers in purge system '

lines.
*

|
e. To improve the reliability of'the isolation function, which is addressed

in General Design Criterion 54, instrumentation and :ontrol systems4

provided to isolate the purge system. lines should be independent and
actuated by diverse parameters; e.g., containment pressure, safetyy

injection actuation, and containment radiation level. Furthermore,
;if energy is required to close the valves at least two diverse sources '

ofenergyshallbeprovided,eitherofwhIchcaneffecttheisolation
func ion.

f.(O 4iA Purce system isolation valve closure times, intN dina instrumentatiet e

i m iays, shou 3 not onceWfGo~tieconds. to fact itate compliance wit)
JU CFR Part |,06 reGardlVI0l ffsf{i 740101ogical consequences.

,<-

g. Provisions should be made to ensure that isolat. ion valve closure will
not be prevented by debris which could potentially become entrained i
in the escaping air and steam.

'

2. The purge system should not be relied on for temperature 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. Provisions should be made for testing the availability of the isolation
,

4 function and the leakage rate of the isolation valves during reactor
I operation.

5. The following analyses shoul be perfonned to ustify the containment
pur0e system design:

a. An analysis of the.radiologi. cal consecuences of a loss-of coolant
st'ET33nt.~The analysis should be done for a spectrum of break sszes,
anc sne instrumentation and setpoints that will actuate the purge
valves closed should be identified. The source torm used in the
radiological calculations should be based on a ca culation under the

|- tenus or appendix K to_ determine __the extent or T_ues railure anc the
H i|concomitantreleaseorfissionprocucts.ancthefishionDrcouct
|~ l activity in Eno crimary coolant. A pre-existing fod ne s>1ke should
| De consicered n determining primary ccolant activity. Ise volume

of containment In whicn rission proaucts are muea should be ju_stified, '
,

| and the fission nroducts from the above sotrcos should be assumed to
be released throuch the ooen purge valves cur' na the maximum interval

, reau' red f3r valve closure. The radiolonical consecuences should De,

. with'n 10 ':FR 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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: 1

filters, and ductwork, located beyond the purge system isolation
,

valves against loss of function from the environment created by the '

escaping air and steam. [
L c. An analysis of the reduction in the containment pressure resulting ',I Trom sne partiai ions or contai.--n1. aunvapnere uuring T,ne ac61aent
l: *for tcca oncKpressure setermination. ;,

d. The maximum allowable leak rate of the purge isolation valves should
be specified on a case-by-case basis giving appropriate ennsideration !
to valve. size, maximum allowable leakage rate for the containment :

'

(as defined in Appendix J to 10 CFR Part 50), and where appropriate,
the maximum allowable bypass leakage fraction for dual containments.

,
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1
h o- 4.2 FUEL SYSTEM DESIGN '

.

L *

REVIDI RESP 0NSIBILITIES
l-

;;- Primary - Core Performance tranch (CPB)
-

. .

3
Secondary - Ilone

u

I. AREASOFREVJ,El |

L
*

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

.'
s

including fuel pellets, insulator pellets, springs, tubular cladding, end
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, 1
t

L this section covers'the reactivity control elements that extend from the coupling-

;L
interface of the control rod drive mechanism into the core. The Mechanical
Engineering Branch reviews the design of control rod drive mechanisms in SRP'' ' ,

'

Section 3.9.4 and the design of reactor internals in SRF Section 3.9.5. !

'h.'Theobjectivesof'thefuelsystemsafetyreviewaretobrovideassurancethatI'

a gY. ./ .. . -(a) the g1 eystan Ws mot.Agggdas. drevent, solltrali. red 3Esewe. .(b) fue
pf 4 gesuitJef 4ema t4 end'( Q .!

diende,.dsamquired, (c)Ja,rees endpated cpere,mn i_.pccurrences l syseen glemaga .negar.Ap.,ss.ypre .ns in_
thew ,r of.s v .ed

.

'.
. Iailmres,=:tnenderes"M-d **-2estulagp .- anc (d) coola r

'

1 ;y ,15
-

,a M ys Ja;Ata.ned..."No", damaged,"'as used 'n a ove 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.1), and the design limits that accomplish this are' called 6pecif.imd . i

ImAccepteble fuel * Design Limits-''tSAFDLs). aPPFuel Tod Wan pre * gpa_ns ahat .it- L1 g/ddK g#od leaks 'and .that 4he f4rst f ssdon ora rt narrier it a# nabw -
'

# ~ -

ore .meen breached 5'eFue' god fa13eres musjyVs , requires _ ey spS,FA Fart 20D*TACMor,,be accountad For-in tW'- -~

s M u M ed ace' dents. -

4 01aD111ty," In general, means that tie fuel assemb y retains 'ts rod-bundle
geometry with adequatewier:t thannels40 yemitwesovel1rf tesiildaYheatsven

u fter.a severe leccidentim(he general requirements to maintain control rod I tn

.
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insertability and core coolability appear repeatedly in the General Design ;,

Criteria (e.g., GDC 27 and 35). Specific coolability, requirements for the
loss-of-coolant accident are given in 10 CFR Part 50, $50.46 (Ref. 3).

.

A11 fuel damane_ criteria _are described in_SRP Section 4.P. For those critoria i

that involve DNBR or CPR limitsm apett"ic3herma' -nvdrau' ic cri".eria are c' van__

a (ep (a" 4 aa A A The available fadLoactive f: ssion mroduct enwanterv in--

mal-codi, invento,ry expges s

M M!e.3CAN.w.:-the, gap @ia=== ranch larese,sedy,ef,e'
ej, e fract< on) Ts orovided

OMdanse-nees of Manual, Q 4 n estimat< no the +adiolocMea1 ;
t <*e =

The fuel system review covers the following specific areas. [
A. Desion Basef,

Design bases for the safety analysis address fuel system damage mechanisms
ard provide limiting values for important parameters such that damage
will be limited to acceptable levels. The design bases should reflect
the safety review c,bjectives as described above.

B. Descriotion and Desion Drawinos

The fuel system description and design drawings are reviewed. In general, '

the description will emphasize product specificatiens rather than process
specifications.

.

C. Desion Evaluation
, . -

| The perfomance of the fuel system during normal operation, anticipated
operationaloccurrences,andmostulatedaccidgnkisreviewedtodetermineh
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 experimental comparisons,
detailed mathematical analyses, and other information.

D. Testino. Inspection, and Surveillance Plans
)

Testing and inspection of new fuel is perfomed by the license'e to ensure l
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 perfoming
as expected; surveillance of control rods containing B C should be perfomed4
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.
|'

II. 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 j

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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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
' I

'
criteria are needed for fuel system damage, fuel rod failure, and fuel

!coolability. These criteria are discussed in the following: -

1. Fuel Systeftsmane-
]

This subsection applies to Coraaldperation, and the information to
be reviewed should be conta'ned 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.

4

L Fuel system damage includes fuel rod failure, which is discussed
L below in subsection II. A.2. In addition to precluding fuel rod
p 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
complete.

| (a) Stress, strain, or loading limits for spacer grids, guide
L tubes, thimbles, fuel rods, control rods, channel boxes, and

other fuel system structural members should be provided.-(: 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. '

(b) The cumulative number of strain fatigue cycles on the structural
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

L and the stress and fatigue limits in paragraphs (a) and (b)
I above should presume the existence of this wear.
|

(d) 0xidation, hydriding, and the buildup of corrosion products
(crud) should be limited. 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' '

thermal-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

4.2-3 Rev. 2 - July 1981
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set values (i.e., damage limits), but they must be included in-

,

the design analysis to establish operational tolerances.

(f) Fuelandburnablepoisonrodinternalgasbressuresshould,

remain below the nominal system pressure d ring nomal opera-
tionunlessotherwisejustified.

(g) Worst-case hydraulic loads for normal operation should not ;

exceed the holddown capability of the fuel assembly (either '

'

gravity or holddown springs). Hydraulic loads for this
evaluation are reviewed as described in SRP Section 4.4. |

8 <

(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 FJttere '

This subsection applies to ndFiliH'5pe~r"ation, anticip(ated operational
*

occurrences and postulated accidents. Paragraphs a) through
addressfailuremechanisms-thataremorelimitingduringnormal(c) ,

the imfomation-to-be-fev6ewed-should he.sontainedJn-
operation, and"the Safety Anal / sis 1teport.Paragraphs (d) throughSection 4:2 vf >L (h) address fal]Ee_sechant=== that asa.aore limiting during |p

anticrpated operational occurrences and $ostulated accidentsthe information to be reviewed will usua 1y be contained in dhapter46
and tu

a,pf 44a.SafetyM44edleport.- Paragraph (i) should be addressed in
Section 4.2 of the Safety Analysis Report because it is not addressed pyelsewhere.

To meet the requirements of (a) General Design Criterion 10 as it
i

relates to Specified Acceptable Fuel Design Limits for normal opera-I

tion,100asitrelatestofissionproductreleasesforpo(b)10CFR
including anticipated operational occurrences and

Part- stulated
accidents fuel rod failure criteria should be civen for all known

I fuelrodfailuremechanisms. Fuel rod failure Is defined as the
loss of fuel rod bemet4 city. Although we recognize that it is not -

possible to avoid all fuel rod failures and that cleanup systems are '
,-

I installed to handle a small number of leaking rods, it is the objective.

I of the review to assure that fuel does not fail due to specific
L causes during normal operation and anticipated operational occurrences.
' Fuel rod failures are pe mitted during postulated accidents, but

I ./they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet / cladding
interaction (PCI), hydriding, cladding collapse, bursting, mecianical
fracturing, and fretting. Fuel failure criteria should address the,

' following to be complete.

(a) Hydridin : Hydriding as a cause of failure (i.e., primary | ,

hydridin ) is prevented by keeping the level of moisture and
other hy rogenous impurities very low during fabrication.
Acceptable moisture levels for Zircaloy-clad uranium oxide fuel

*should be no greater than 20 ppa. Current ASTM specifications
(Ref. 7) for 10 fuel pellets state an equivalent limit of 2 ppm
of hydrogen from all sources. For other materials clad in
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Zircaloy tubing, an equivalent quantity of moisture or hydrogen
c,n be tolerated. A moisture level of 2 og Ha0 per ces of hog

5- void volume within the Zircaloy c) adding has been shown (Ref. 8)
to be insufficient for primary hydride formation.,

(b) Cledding Collapse: 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)
cladding is assumed to fail. '

m

.

(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 ;
in paragraph (c) of subsection !!.A.1, Fuel Damage, is sufficient
to preclude fuel failures caused by fretting during transients.

/.(d) erheating of Cladd : It has been traditional practice to f [-,

ssume that failures 11 not occur if the thermal margin
,o

criteria (DN8R for PWRs and CPR for BWRs) are satisfied. The
g review of these criteria is detailed in SRP Section 4. flor :

| it * 4, p normal operationiend enticipated Sperational occurrence .7 *

%rietation of theathermaleargine:riteria damot9ermitted. For tm Mp
L be f M ostulate(c_ccidents A he total mumber of' fuel rods that exceede

j (tee criteria Aas eeen essumed de tail dereadielegical elose.
m

talAulaMagpu,rposgs
_

| Although a thermal margin criterion is sufficient to demonstrate' '
' ( the avoidance 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. W

. . There is at present little experience with other approaches,
y;. but mewpositionstecommending different criteria should address i

claddin temp 4rature, pressure, time duration, oxidation, andr-
embritt ement. y '

,
,

(e) Overheating of Fuel Pellets: It has also been traditionalf
| practice to assume thatTallure1w111deccW1feenter'11nemeltingh. g. takes 91 ace. This analysis should be performed for the maximum

linear hea*. generation rate anywhere in the core, including all
hot spots snd hot channel factors, and should account for the

j effects of burnup and composition on the melting point. der
| normal operation end antteipated operational securrences,

denterlineseiting1s notTermitted.^4erSostulated accidents,
| the estalaumbef.ef, fods'that experience center 1tne melting .

qhould be assumed to sfall for radiological.dlose calculation
purposes. Thecenterlinemeltingcriterionwasestablishedlo

'

D 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| ,

I accident (RIA) in a SWR at zero or low power, fuel failure is" 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 fguidelines of Regulatory Guide 1,77 (Ref. 6) as it relates to
fuel rod failure. The 170 cal /g enthalpy criterion is primarily 1

Iintended to address cladding overheating effects, but it also,

indirectly addresses pellet / cladding interactions (PCI). Other
*

criteria mey be more appropriate for an RIA, but continued q

approval of this enthalpy criterion and the thermal margin I

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

Japplied, but they are not sufficient to preclude PCI failures.
(1) The uniform strain of the cladding should not exceed 1%. ,

In this context, uniform strain (elastic and inelastic) is -

J

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 failures, it will not preclude ;

the corrosion-assisted failures that occur at low strains, nor
| will it pieclude highly localized overstrain failures. (2) Fuel'

melting should be avoided. The large volume increase associated
r

Jwith 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 cladding would not
occur.

(h) Bursting: To meet the requirements of Appendix K of 10 CFR ,

Part 50 (Ref. 9,'i as it relates to the incidence of rupture ;

l ', during a LOCA u rupture temperature correlation must be used
intheLOCAEksanalysis. Zircoloy cladding wilkegest

,w(rupture) unoer certain combinat4pns of temperature, heatingAlthough fuel suppliers mayate", and differential pressure.
I use different rupture-temperature vs differential pressure
i curves, an acceptable curve should be similar to the one

described in Ref. 10.
k

| -(i) Mechanical Fracturing: A mechanical fracture refers to a i
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 90% 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 '

occur for less severe events.

3. Fuel Coolability

This subsection applies to postulated accidents, and most of the binformation 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 mest the require- 4'c ments of General Design Criteria 27 and 35 as they relate to control

' rod insertability and cora coolability for postulated accidents,.

fuel coolability criteria should be given for all severe damage1 mechanisms. Coolability, or coolable geometry, has traditionally
implied that the fuel assembly retains its rod-bundle geometry with

, ,

'

4,. adequate coolant channels to permit removal of residut1 test. '

Reduction of coolability can result from cladding embrittlement '

violent expulsion of fuel, generalized cladding melting, gross ,
structural. deformation, and extreme coplanar fuel rod ballooning.
. Control rod insertability criteria are also addressed in this

i

subsection. Such criteria should address the following to be
*

complete:
'

(a) Cladding Embrittlement: To meet 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 cleading oxidation must be met. (Note: If( 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; consequently, the lower peak cladding! '

|
temperature limit of 1800*F previously described in Reference 11
1s no longer needed.) Similar temperature
and oxidation criteria may be justified for other accidents. ;!'

;

(b) Violent Expulsion of Fuel: In severe reactivity initiated ;'( accidents, such as rod ejection in a PWR or rod drop .in a 8WR, :'g the la e and rapid deposition of energy in the fuel can result
in melt ng fragmentation, 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 pulses in the primary system. To meet the guide-
lines of Regulatory Guide 1,77 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 280 cal /g limit should also be used for BWRs.

| (c) Generalized Cladding Melting: Generalized (i.e., non-local)
L 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

j would be; therefore, additional specific criteria are not used.
I

(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 from cladding ballooning
(swelling) must be taken into account in the analysis of core
flow distribution. Burst strMn and flow h. lockage models must
be based on applicable data (such as Refs.10,12, and 13) in

i such a way that (1) the temperature and differential pressure
'

at which the cladding will empture 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-I .

'

ciated reduction in assembly flow area is not underestimated.

1
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The flow blockage model evaluation is provided to the Reactor i

Systems Branch for incorporation in the comprehensive ECCS i
evaluation model to show that the 2200'F cladding temperature i,

and I N 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." j,

B. Descriotion and Desion Drawines
,

The reviewer should see that the fuel system description and design .

arawings are complete enough to provide an accurate representation and to
supply information needed in audit evaluations. Completeness is a matter

iof judgment, but the following fuel system information and associat.ed
tolerances are necessary for an acceptable fuel system description:

Type and metallurgical 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 fo11owing design drawing have also been found necessary for an
acceptable fuel system description:

.

Fuel assembly cross section
Fuel assembly outline .

I Fuel rod schematic
l' Spacer grid cross section

Gu Me tube and nozzle 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

L 4.2-8 Rev. 2 - July Ig81
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C. Desian Evaluation*
,

I
The methods of demonstrating that the design bases are met must be

.

'

| V' . 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. gperatinaExoerience j

L 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
L testing and design analyses that were performed prior to gaining

that experience need not be reviewed. . Design criteria for fretting J

wear, oxidation, hydriding, and crud buildup might be addressed in
.

this manner.

2. PrototVDe Testin0 l

When conclusive operating experience is not available, as with the ;

. introduction of a design change, prototype testing should be reviewed.
| Out-of-reactor tests should be performed when practical to determine
| the characteristics of the new design.' No definitive requirements

have been developed regarding those design features that must be
. i

tested prior to irradiation, but the following out-of-reactor tests
have been performed for this purpose and will serve as a guide to

'f 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 hydraulic flow tests (lift forces, control irod wear, vibration, and assembly wear and life)
i

In-reactor testing of design features and lead-assembly irradiation
| of whole assemblies of a new design should be reviewed. The following :
I phenomena that have been tested in this manner in new designs will '

' serve as a guide to tha reviewer:

H Fuel and burnable poison rod growth
| Fuel rod bowing
l Fuel assembly growth |

,

| Fuel assembly bowing |
| Channel box wear and distortion
L Fuel rod ridging (PCI)

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 I,

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 -

given to the surveill,ance plans (see subsection !!.D below). j 1

.. #
3. . Analytical Predictions

!
L 'Some design bases and related parameters can only be evaluated with l' calculational procedures. The analytical methods that are used to

i

1 make perfomance 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 perfomance 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<

.

|, Burnup distribution in the fuel
L Thermal conductivity of the fuel, cladding,
'

cladding crud, and oxidation layers
p Densification of the fuel

Thermal expansion of the fuel and cladding
L 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 '

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 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.

'

(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
in SRP Section 4.4. k

7
-

1

L
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| power distributions (power spiking, see SRP Section 4.3),
' (2) the fuel linear heat generation rate (LHGR, see SRP
p' (- ' 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-

s
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 t.no analysis of fuel rod bowing
is given in Reference 25. Intr.ria methods that may be used
prior to compliance with this guidance are given in Reference 26.
At this writing, the causes rf fuel rod bowing are not well
understood and mechanistic r.nalyses of rod bowing are not being

i approved.

(d) Structural Deformation: Acceptance Criteria are discussed in
Appendix A, " Evaluation 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. j
'

(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 II.A.1, paragraph (f). The reviewer :

| should ensure that conservatisms that were incorporated for
calculating temperatures da not introduce nonconservatisms with
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 8cker-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 Cu t ,, Guides 1.3,1.4,1.25 and 1.77 (Refs. 6, 28-30) as they relate-

J ' , /.4./3 to fission product release, the available radioactive fission '
g'*g.g' product invantory in fuel rods (i.e. , the gap inventory) is

presently specified by the sssumptions in those Regulatory .

Guides. These assumptions should be used until improved g
'cabolat.ional methods are approved by CPB (see Ref. J1)..

D. Testino. Inspection, and Surveillance Plans

Plans must be reviewed for each plant for testing and inspection of newi

. ( fuel and for monitcring and surveillance of irradiated fuel.
|
L

-

L
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!HEMORANDUM FOR: Frank J. Miraglia, Associate Director
for Inspection and Enforcement

Robert B. A. Licciardo, Reactor Engineer $'FROM:'

Plant Systems Branch
Division of Engineering and Systems Technology

-

SUBJECT:
DIFFERINGPROFESSIONALVIEW(DPV)CONCERNINGCONTAINMENT
ISOLATION VALVES AT ZION

a

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 t

Operation With Open 42" Containment Isolation Valves

b) Methodology used For Calculating Related Offsite Doses
i

*

,

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
'

t

containment. ,

The writer was also asked to provide a view as to the safety significance of
the Amendment proposed b|

| regarding LOCA analyses.y management and the safety significance of my concern
-

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 '

Use of that Amendment and required Regulatory Guide 1.4 criteriamanagement.>

t:ould result in a contribution to thyroid dose over seven (7) secs, of 158,000
rem; using DNBR failure criteria with 10% fission product gap release wouldi

'

reduce this to 64,000 rem. Use of DhBR failure and equilibrium gap activityonly. would contribute 27,000 rem.

It would take a fuel failure of only 0.2% of the existing rods releasing
10% gap activity only tr increase offsite doses to 10 CFR 100 limits.

A9
~

b Y($
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