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MEMORANDUM FOR: Thomas E, Murley, Director
Office of Nuclear Reactor Regulation
FROM; DPY Standing Review Pane)
SUBJECT: DIFFERING PROFLSSIONAL VIEW (DPV) CONCERNING ZION BY

ROBERY LICCIARDO

The subject DFyv was submitted ‘°R{°“ on Nq{ 11, 1989 (Enclosure 1). The DPYV
was handled 1n accordance with NRR Office Letter ho. 300, Revision 1, and NRC
Manual Chapter 4125, On May 26, 1589, the Standing Review Pane! of Frank J.
Miraglia, €, E. Rossi and Frank J. Conge' was established to review the DPV,

This memorandum summarizes the activities of the Pane) and provides our
recomnendation regarding the subject DPY,

On June 12, 1989, the Pare] met with Ashok Thadani and J. Wermei) regarding the
subject DPY. The Panel requested that (1) copies of all references to staff
criteria in the DPY be provided, (2) the resulus of an Ap:ondiy 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. Mr. Wermeil responded
to the Pane) (Reference 1),

On June 16, 1989, the Pana) met with Mr, Licciardo, Mr, Licciardo provided

the Pane) with background material (Reference 2;. Based nn that meeting,

Mr. Licclardo's concern regarding calculation of allowable closure times for
containment purge valves was primarily based on & belief that fue) rods would
rupture ocr:{.in 8 LOCA inouced accident end that entry into DNBR also occurred
early, and reby significant fissfon product inventory would be present in
the contsinment 1n less than one second. When these results are coupled with
conservative radiologica) dose models in the SRP's, large radiological con-
sequences are projected.

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

On July 27, 1989 the Pane) requested the staff to provide the following
information: (1) the temperature and pressure effects experienced by fuel
esrly in a LOCA event, and (2) why entry into DNBk does not result in fue!
fatlure. The staff responded mn August 11, 1989 (References 4 and 5).

Mr. Licciardo indicated that these References did not appropriately address
hs concerns. The Panel requested the staff to re-examine their response,
On August 29, 1989 the staff reaffirmed tneir original views (Reference 6).
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Thonss £, Murley «2 - August 31, 1989

Based upon our review of the subject DPV, and reference materia), the Para)

concludes the following:

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

2. Entry into DNBR is not equated to fuel fatlure. (Clarification in the
SRP's would be helpful,)

3. The proposed Zion License Amendment on containment purge valve operation
can be i1ssued based on the staf* safety evaluation,

The Pane'! recommends that:

1. Ihe staff evaluation of the proposed Zion Technical Specifications be
ssved,

2. The Reactor Systems Brench be requested to review new and advanced fue)
designs to assure that pressure and temperature effects during & LOCA
are considered,

3. Revisfon 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

enclosed 11st of memorands and references are in the official Office file

3:129 maintained by Chief, Planning, Program and Management Support Branch,

Tho‘Standing Review Panel 1s prepared to brief you on the subject matter 1f you
desire,

r .

Enclosures:
As stated

cc: R, Licciardo
J. Larkins
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Menagement Response to Oversight Committee
Regarding DPV of R, Licciardo dated May 11, 1989

1. Provide copies of the references to steff criteria included in the above

DPV.

Response:

Indicete DEST management view on their applicability to the issve,

Mr. Licciardo refers to three staff criteria documents as the basis for
his alternative dose celculetion with the containment purge velves open,
These are SRP Section €,2.4 (specifically BYP CSB 6-4), SRP Section 4.2,
end Regulatory Guide 1,77, These are attached.

SRP Section 6.2.4 "Containment Isolation System," BTP CSB 6-4
"Tontainment Pur uring T FTant !E‘Fl!'oﬁs'

ETP CSB 6-4 provides the applicable staff guidelines for use of
the containment vent/purge valves during power operation and
specifically i1dentifies the need to perform an analysis to ensure
that radiologicel consequences for @ log!-of-coglgnt ucgi**nt
occurring at the time the purge valves are open w € w n

10 CFR Part 100 limits., It states (page 6.2.4-15, Position B.5.a):

"An analysis of the radiological consequences of & loss-of-coolant
sccident, 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 1dentified. The source term used in
the rediological calculations should be based on a calculation under
the tesrms of Appendix K to determine the extent of fue( failure and
the concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing fodire spike should
be considered in determining primary coolant sctivity., 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 radiologica
consequences should be within 10 CFR Part 100 guideline values."

In his DPV, Mr, Licciardo refers only to the third sentence in the
above paragraph. He does not employ the above guidance fully which
indicates consideration of a pre-existing fodine spike., Instantaneous
release of fission products from projected failed fuel ignores that
transport that must take place, i.e., release from fuel into the
primary system, release to the cortainment, and subsequent release
from the containment, The use of the spiked coolent activity
specified by the SRP 6.4 ETP was intended to bound the maximum
ectivity 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.

SRP Section 4,2 “Fue) System Design"

SKP Section 4.2 provides the staff guidelines for analyses to ensure
acceptable fuel performance (1imited demege, maintaining coolability,
and ensuring control rod insertion)., It applies to normal operation,
anticipated operational occurrences and postuliated accidents, It
does not, however, epply to the design basis LOCA, 10 CFR 50,46



2.

R

criteria are employed when ovaluating fuel performance following @
LOCA, The indicated use n the DPV is “SRP 4.2 identifies fue!
fatlure with infringement of DNBR criteria, with related requirement
that ,ap activity be considered as part of the source term,,.." By
satisfying the requirements of 10 CFR 50,46, Z1on assures negligible
fuel damege per GDC 35 for a LOCA,

¢. Regulat Guide 1.77, "Assumptions Used for Evaluating &
t%*‘.rh %! U‘c’“o"n'*c'dd'o!'!'a!‘n Or Pressurized Weler neactors"
RG 1.77 identifies acceptable analytica) methods and assumptions
that may be used in evaluating the consequences of a rod ejection
accident in a PWR., These assumptions were not intended to be used
for a LOCA evaluation, The DPV refers to the guidance in Appendix B
of Rogulatony Guide 1.77, “"Redivlogical Assumptions," which states
that “the amount of activity accumulated in the fuo‘ clad gap should
be assumed to be 10% of the iodines and 10% of the noble gases
accumy lated,.." For the rod ejection accident, limited, localized,
DNB ceused, fuel fatlure is assumed (typicall‘ 10% of fuel pins)
end the source term as specified in Apnendix B 1s assumed to be
instantaneously dumped and uniformly mixed into the primary coolant,
The rod ejection accident resulits 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
cjection transient itself 1s rapid (within 2 seconds) releases of
fission products through these two paths 1s assumed to occur ovar @
period of several hours &nd 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 fissfon
products. This is not the case for the purge contribution
to the LOCA dose. The t1m1ng of the valve closure (15 seconds or
less) 1s very important to limiting the releases and, as stated in
ftem a (above), @ 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) wes
used to bound the expected dose consequences.

Provide the results of an Appendix K LOCA analysis which indicates when
the onset of fuel failure occurs,

Resporse:

Attachment 1 1s & 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 spectrym of breaks. Note that in no case does fuel

failure, "hot rod burst" occur before 34.8 seconds.



3.

wWhat is the staff opinion on the safety significance of this issue for
Zion and generically.

Response:

8. The safety significance of this fssue for Zion spe~ifically is as
follows:
1) By imposition of more restrictive technica) specification

2)

3)

surveillance requirements for the purge valve closure time from
60 seconds to 7 seconds, potential rediological relesses are
reduced, While there is some probability of failure of the
redundant valves in series to close, the staff views it to be
sufficiently unlikely, concurrent with & LOCA to require
continuous purge valve closure at power, In spite of this,
some restrictions are imposed on the alloweble hours of purge
valve operation,

As indicated in the staff guidance, use of the purge valves

is intended to be minimized, however, purging 1s necessary

for velief of containment pressure due to afr leakage from
preumatic controllers, and reducing airhorne activity levels
to facilitate containment access. The detrimental eff cts
that these problems could have 00 equipment operabtili.y

(€.9., ability to do maintenance while at power) is outweighed
by the negligible decrease in offsite release probability
resulting from continuous purge valve closure.

The DPV unreasonably assumes instantaneous (within § second)
fuel failure and transport of the resulting gap activity to
the site boundary before the / second purge valve closure time,
The LOCA analysis (Attachment 1) indicates that the purge
valves would be closed long before fuel failure would occur
(epproximately 34 seconds). Additional time is needed to
transport the release to the purge line opening,

The staff concludes, therefore, that the concerns in the DPV are not
safety significant and 0o not justify a change in staff position,

b.

The generic safety significance of this issue fs 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 en unacceptable release is very small,
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Rx Trip Signal

S.1. Signal

Accumslator Injection
Pump Injection

End of 8lowdown

ind of Bypass

Sottom of Core Recovery
Accumulators Empty

DECLE Cp =~ 0.4
0.0

0.747

1.88
20.70
6.9
3.9
3.9
$3.75
66.67

Note: A1l times in seconds

DECLG Cp = 0.6
0.0

0.7

1.%2
15.00
26.52
30.14
30.14
43.94
0.3

With Replacement Reactor Containment Fan Coanles< 23 installed 1985

TABLE V4. 3.2-Y
LARGE SREAK - 1994 ANALYSIS

- SEQUENCE OF EVENTS

DESLE Cp = 0.8
0.0
0.732
1.94
12.80
26.04
30.9%
30.86
"N
58 .88

* DECLE Cp = 0.6
0.9

0.1

1.%2
15.00
26.52
30.%4
30.14
a.n
60.33




TABLE 14.3.2-2

LARGE SREAR RESULTS - 1984 ARALYSIS - USING WODIFIED 1987 WOOTL (With SART)

Results DECLE Cp = 0.8 DECLE Cp = 0.8 PECLE Cp = 0.0 *PLIG (g =~ 0.6
peak Clad Temperature (°F) 1906 2006 1983 7y
peak Clad Temp. Elevation (ft.) 6.9 6.0 5.5 6.0
Rax Local Ir/M,0 Reaction (%) 4.504 4.782 4.085 ..
Mex Local Zr/M,0 Rxa Elevation (ft.) 6.0 6.0 5.5 6.0
Totai Ir/M,0 Reaction (%) 0.3 @.3 <.} @.3
Mot Rod Burst Elevation (ft.) 6.0 6.0 5.5 6.0
Mot Rod Burst Time (sec.) 2.8 35.2 .0 n.e

Inputs
WSSS Power - 102% of = 3250 Wit
Peak Linear Power - 102% of - 15.575 Rw/ft.

Local Peaking Factor (at licensed rating) -2.3
Accumulator Mater Volume - 888 ft*/tank
Steam Generator Tube Plugging Level = 10% (wniform)
*  With replacement RCFC and corrected
mtmcnmmymwmum

Note: values for DECLE Cg = .3 and .8 reflect original RCFC

DECLG Cp = .6 case reanalyzed with new RCFC because this represents the limiting case

oAy
0182A

fevision 1}
June 26, 1936
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TABLE 14.3.2-4

SMALL BREAK RESULTS ~ 1984 ANALYSIS -~ 6° BREAK CASE

Resuils

pesk Clod Temperature

Peak Clad Temp. Elevation

M incal Tr/H,0 Reaction

Max Loca! Tr/W,0 Rxn Elevation
’ Tota! 2r/W,0 Reaction
wot Rod Burst Elevation
vot Rod Burst Time

nputs
Core Power - 102% of CSOR

Peak Lincar Power - 102% of

htzumylator Water Volume

04Ny
01094

« 1740 %%

« 10.78 ft,

« ].45%

« 11,00 ft.

= «0.3

« 11,00 ft.

* 313,99 sec.

« 3390 Mt

= See Figure 14.3.24
« 900 ft*,

Revision 1
June 26, 1986
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NUREG-0800
(Formerly NUREG - 76/087)
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(%!} STANDARD REVIEW PLAN
Nl

OFFICE OF NUCLEAR REACTOR REGULATION
Saaet
6.2.4 CONTAINMENT ISOLATION SYSTEM
REVIEW R 1
Primary = Containment Systems Branch (CSB)
Secondary = None

1. AREAS OF REVIEW

The design objective of the containment isolation system is to allow the normal

or ocorvoncy passage of fluids through the containrent boundary while preserving
the ability of the boundary to prevent or limit the escape of fission products

that may result from postulateu accidents. This SRP section, therefore, is con-
cerned with the isolation of fluid systems which penetrate the containment bounuary,
including the design anc testing requirements for isolation barriers and actuators.
Isolation barriers include valves, closed piping systems, and blind flanges.

The CSB review of the applicant's safety enalysis report (SAR) regarding contain-
ment isolation provisions covers the following aspects:

1. ihe design of containment isolation provisions, including:

a. The nusber and location of isolation valves, i.e., the isclation valve
arrangesents and the physical location of isolation valves with respect
to the containment.

b. The actuation and control features for isolation valves.

c. The positions of isolation valves #or norma) plant operating conditions
(including shutdown) postaccident conditions, and in the event of valve
operator power failures.

d. The valve actuation signals.
e. The basis for selection of closure times of fsolation valves.

f.  The mechanical redundancy of isolation devices.

Rev. 2 = July 1981
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- 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 environmenta) conditions inside and outside the containment that were
considered in the design of isolation barriers.

4. The design criteria applied to isclation barriers and piping.

5. The provisions for detecting a possible need to isolate remote-manual-
céntrolled systems, such as engineered safety features systems.

6. The OQsi?n provisions for and technical specifications prertaining to
operability and leakage rate testing of the isolation carriers,

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

CSB will coordinate other branch evaluations that interface with the overal!
review of the containment isolation system, as follows: The Mezhanica)
Engineering Branch (MEB) will review the system seismic dasi?n and quality

roup classification as part of its primary review responsibility for SRP
ections 3.2.1 and 3.2.2, respectively. The Structural En?inocrinq Branch
(SEB) and the MEB wi)l review the mechanical and structural design of the con-
tainment isolation system as part of their primary review responsibilities for
SRP Sections 3.8 and 3.9, respectively, to ensure adequate protection against
a breach of integrity, missiles, pipe whip, jet fmpirgement and earthquakes.
The Instrumentation and Control S{ttons Branch (ICSB), as part of its primary
responsibility for SRP Section 7.5, will evaluate the actuation and control
features for isolation valves. The Equipment Qualification Branch (EQB), as
part of its primary review responsibility for SRP Sections 3.10 and 3.11, will
evaluate the qualification test progra- for electric valve operators, and sens-
ing and actuation instrumentation of the plant protection system located both
inside and outside of containment; and the operability assurance progras for
containment isolation valves. The Accident Evaluation Branch (AEB), as part
of its primary review responsibility for SRP Section 15.6.5, will review the
rediologica) dose consequence analysis for the release of containment atmo-
sphere prior to closure of containment isolation valves in 1ines that provide
a direct path to the anvirons. 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
Ticense 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 ticonsing 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
neces.ary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

6.2.4-2 Rev. 2 = July 1981




I1.

PT RITERIA

The CSB wil) 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.

L)

General Design Criteria 1, 2, and 4 as they relate to systems important
to safety being designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be
performed; systems being designed to withstand the effects of natural
phenomena (e.Q., earthquakes) without loss of capability to perform their
safety functions; and systems being designed to accommodate postulated
environmenta) conditions and protected against dynamic effects (e.g.,
missiles, pipe whip, and jet 1|pingonontg. respectively.

General Design Criterion 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.

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-
ubil!t{ testing of the containment isolation system, and leak rate testing
of isolation valves.

General Design Criteria 55 and 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:

a. One Yocked closed isolation valve! 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? outside containment; or

d. One autosstic isolation valve inside and one automatic isolation valve?
outside containment.

General Design Criterion 57 as it relates to 1ines 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 fsolation

valve? outside containment.

T(ocked closed isolsiion valves are defined as sealed closed barriers (see Item

11.3.1).

2A simple check valve is not normally an acceptable automatic isolation valve

for this application.

6.2.4-3 Rev. 2 = July 1981




Appendix K to 10 CFR Part 50 as 1¢ relates to the determination of the
extent of fuel failure (source tera) used in the radiological calculations.

The Genera) Design Criteria identified above established requirements for the
design, testing, and functional performance of isolation barriers in 1ines
penetrating the primary containment boundary and, in general, required that

two isolation in series be used to assure that the isolation function is main-
tained assuming any single active failure in the containment fsolation 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.

Specific criteria necessary to meet the reievant 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 describes acceptable containment isolation provisions
for instrument limnes. In addition, instrument 1ines 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
do=19nod to withstand dynamic effects, are acceptable without isolation
valves. :

Containment isolation provisionc for lines in engineered safety feature

or enginesred safety feature-related systems may include remote-manual
valves, but provisions should be made to detect possible leakage from these
lines outside containment.

Containment isolation provisions for lines in systems veeded for safe
shutdown of the plant (e.g., Yiquid poison system, reactor core isolation
cooling system, and isolation condenser system) may include remote-manual
valves, but provisions should be made to detect possible leakage from these
lines outside containment,

Containment isolation provisions for 1ines in the systems identified in
items b and ¢ normally consist of one isolation valve inside, and one
fsolation 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 housin?. If, in Yieu 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 vaive shaft and/or
bonnet seals and terminate the leakage.

Containment isolation provisions for lines in engineered safety feature

or engineered safety feature-related systems norma1ly 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 1ine, the system is closed outside containment,

and a single active failure can be accommodated with only one isolation

valve in the line. The closed system outside containment should be protected
from missiles, designed to seismic Category 1 standards, classified Safety

6.2.4-4 Rev. 2 = July 1881




Class 2 (Ref. 9), and should have a desig~ temperature and pressure rating
at least equal to that for the containment. The closed system outside
containment should be leak tested, unless it can be shown that Lhe system
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
enciosed in a leak tight or controlled leakage housing. If, in liev of a
housing, conservative design of the piping and valve ?s assumed to preclude
a breach of pipin 1ntogrity. the design should conform to the require-
ments of SRP Section 3.6.2. Design of the valve and/or the piping compartrent
should provide the capability to detect leakage from the valve shaft and/nr
bonnet seals and terminate the leakage.

Sealed closed barriers may be used in place of automatic fsolation valves.
Sealed closed barriers include blind flanges and sealed closed isolation
valves which may be closed manual valves, closed remote-manual valves,
and closed automatic valves which remain closed after a loss-of-coolant
accident. Sealed closed isolation valves should be under administrative
contro) 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
is greater than 1.5 times the containment design pressure.

Item 11.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 classificetion of
essentia) and nonessentia) systems. cssential systems, such as those des*
cribed in items » and ¢, may include remoce-menuai containment isolation
valves, but provisions should be made to detect possible leakage from the
lines outside containment. Jtem I1.E.4.2 of NUREG-0737 and NV £EG-0718
also requires tiiat nonessential systems be sutomatically isolated by the
containment isolation signal.

Isolation valves outside contaiment should be located as close to the con*
gginnont as practical, as required by General D2sign Criteria 55, 56, and

In meeting the requirements of General Design Criteria 55 and 56, upon
loss of actuating power, automatic fsolation valves should take the posi-
tion that provides greater safety. The position of an isolation valve

for norsal 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 1ines 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 1ines
equipped with motor-operated valves. @8 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 1ine is satisfied. A1l power operated isolation valves should
have position indication in the m2in control room.

6.2.4-5 Rev. 2 = July 1981



To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, Item 11.£.4.2 of NUREG-0737 and NUREG-0718
requires that the containment setpoint pressure that initiates containment
fsolation for nonessential penetrations be reduced to the minimum value
compatible with normal operating conditions.

There should be cdiversity in the parameters sensed for the initiation of
containment isclation to satisfy the requirement of General Design Cri-
terion 54 for reliable isolation capability.

To improve the reliability of the isolation function, which is addresced
in General Design Criterion 54, system lines which provide an open path
from the containment to the environs (0.8.. purge and vent lines which
are addressed in Item 11.E.4.2 of NUREG-0737 and NUREG-0718) should be
equipped «ith 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 isclation parameters.

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 1ines. Consequently, containment isolation
valve closure times should be selected to assure raptd 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-
sent dcla{ times, which should be considered in determining the overall
time to close a valve. System design capabilities shculd be considered
in establishing valve closure times. For lines which pravide an oper path
from the contaiment to the environs; e.g., the containment purge and vent
lines, isolation valve closure {imes on the order of 5 seconds or less
may be necessary. The closure times of these valves should be established
on the basis of minimizing the release of containment atwosphere to the
environs, to mitigate the offsite radiological consequences, and assure
that emergency core cooling system (ECCS) effectiveness is not degraded
by a reduciion in the containment backpressure. Analyses of the radio-
logical consequences and the effect on the containment dbackpressure 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
glunts under review for operating licenses or plants for which the Safety
valuation Repor: for construction permit application was issued prior to
July 1, 1975, the methods described in Section B, Items B.1.2, b, d, e,
g, f, and g, B.2 through B.4, and B.5.b, ¢, and d of Branch Technical Posi-
tion CSB 6-4 should be implemented. For these plants, BTP Items B.1.c
and B.5.a, regarding the size of the purge system used during norsal plant
operation and the justification by acceptable dose consequence analysis,
may be waived if Lhe applicant commits to 1imit the use of the purge sys-
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 wsed in the operation
of the plant.
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Item 11.E.4.2 of NUREG-0737 and NUREG-0718 requires that containment purge
valves that do not satisfy the operability criteria set forth in Branch
Technical Position CSB 6-4 or the Staff Interim Position of October 23,
1979 must be sealed closed as defined in SRP Snction 6.2.4, Item 1]1.3.¢
during operational conditions 1, 2, 3 and 4. Furthermore, these valves
must be verified to be closed at least every 31 days. (A copy of the
:3:;5 é;;;r;l Position appears as Attachment 1 to ¥til 11.E.&.2 in

The use of & 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 communicate with either the reactor coolant sys-
tem or the containment atmosphere.

The system is protected against missiles and pipe whip.
The system is designated seismic Category I.
The system is classified Safety Class 2 (Ref. 12).

" e W N

The system {s designed to withstand temperatures at least equal to
the containment design temperature.

6. The system is designed to withstanad the external pressure from the
containment structure acceptance test.

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

Insofar as CSB is concerned with the structural design of containment inter-
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,
including the piping between isciation valves, are designated seismic Cate-
gory 1, 1 e., designed to withstand the effects of the safe shutdown
earthquake, as recommended by Regulatory Guide 1.29.

In meeting the requirements of General Design Criteria 1, 2, 4 and 54,
appropriate reliability end performance considerations should be included

in the design of isolation barriers to reflect the importance to safety

¢f assuring their integrity; i.e., containment capability, under accident
conditions. The design criteria applied to components performing a contain-
sent isolation function, including the isolation barriers and the piping
between them, or the piping between the containment and the outermost
isolation barrier, are acceptable if:

1. Group B quality standards, as defined in Regulatory Guide 1.26 are
applied to the components, unless the service function dictates that
Group A quality standards be applied.

2. The components are designated seismic Category I, in accordance with
Regulatory Guide 1.29.
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Q. Genera) Design Criterion 54 requires relfable isolation capability. There-
fore, when considering remote manual fsolation valves the design of the
containment fsolation system is acceptable if provisions are made to allow
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, temperas-
ture, pressure, and radiation level.

r. Genera! Design Criterion 54 specifies the requirements for the containment
isolation system. Therefore, to satisfy Genera! Design Criterion 54, pro-
visions should be made in the design of the containment isolation system
for operability testing of the containment fsolation valves and leakage
rate tetting of the fsolation barriers. The isolation valve testing pro-
aram 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 54 requires reliable isolation capability. To
satisfy this requirement, provisions should be made in the dosign of the
containment isolation system to reduce the possibility of isolation valves
reopening inadvertently following isolation. In this regard, Item 11.€£.4.2
of NUREG-0737 and NUREG-0718 requires that the dosign of the contro)l systems
for automatic containment isolation valves be such that resetting the isola-
tion signal will not resu’t in the automatic reopening of containment
isolation valves. Reopening of containment isolation valves should require
de)iberate operator action. In addition, ganged reopening of containment
fsolation valves is not acceptable. Reopening of isolation valves must
be performed on & valve-by-valve basis, or on 2 line~by=1ine basis, pro-
vided that electrica) independence and other single-failire criterion
continue to be satisfied.

Administrative provisions to close all isolation valves manually before
roscttin? the isolation signals is not an acceptable method of meeting
this design requirement.

111. REVIEW PROCEDURES

The procedures described below provide guidance on review of the containment
isolation system. The reviewer selects and enphesizes material from the review
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 odoptin? 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 statec in subsection 1 of this SRP section. The
primary reviewer obtains and uses such input as required to assure that this
review procedure is complete.

The CSB determines the acceptability of the containment isolation system by
comparing the system design criteria to the design requirements for an engi-
neered safety feature. The quality standards and the seismic design
classification of the containment isolation provisions 1nc1ud1ng the p1ping
ponotrat1n? the containment, are compared to Regulatory Guides 1.26 and 1.29,
respectively.
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The CSB also ascertains that no single fault can prevent fsolation of the con*
tainment. This is accomplished by reviewing the containment isolation provisions
for each 1ine 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 fsolation
~gyvisions which differ from the explicit requirements of General Design
riteria 55, 56, and 7. The CSE judges the acceptability of these contain-
ment isolatiun provisions based on @ comparison with the acceptance criteria
given in subsection 11 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
close automatically. In the event of power failure to a valve operator, the
valve position should be the position of greater safety, which is normally the
postaccident position, . However, special cases may arise and these will be
considered on an individua) basis in determining the acceptability of the pre-
scribed valve positions. The CSB also ascertains from the SAR that all
pouor*gporatod isolation valves have position indication capability in the main
control room.

The CSB reviews the signals obtained from the plant protection system to initiate
containeent isolation. In general, there should be a diversity of parameters
sensed; .., abnormal conditions {n the reactor coolant system, the secondary
coolant system, and the containment, which generate containment fsolation sig-
nals. Since plant designs differ in this regard and many ¢ifferent combinations
of signals from the plant protection system are used to initiate containment
isolation, the CSB considers the arrangement proposed on an individual basis

in dotoru%ning the overall acceptability of the containment isotation signals.
The CSB wil) use the guidance presented in Jtem 11.E.4.% of NUREG-0737 for ‘is
review of the containment setpoint pressure that initiates containment isolation
for nonessential penetrations. This pressure-setpoint should be the minimum
value that is compatible with normal operating conditions.

The CSB reviews isolation valve closure times. In general, valve closure times
should be less than one minute, regardless of valve size. (See the acceptance
criteria for valve closure times in subsection 11 of this SRP section.) Valves
in 1ines that provide a direct path to the environs, o.?.. the containment purge
and ventilation system 1ines and main steam 1ines for direct cycle plants, may
have to close in times much shorter than one minute. Closure times for these
valves may be dictated b radiological dose analyses or ECCS performance con®
siderations. The CSB will request the AEB or RSB to review analyses justifying
valve ciosure times for these valves as necessary.

The CSB determines the acceptability of the use of closed systems inside contain-
pent as isolation barriers by comparing the s{ston designs to the acceptance
criteria specified in subsection 11 of this SRP section.

The MEB and SEB have review responsibility for the structural design of the

containment internal structures and piping systems, including rectraints, to
assure that the containment isolation provisions are adequately protected
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against missiles, pipe whip, and earthquakes. The CSB determines that for al)
coniainment 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 barri/rs relative to the containment isolation provisions) to determine
that the ‘solation provisions are protected from missiles. The CSB also
reviews “he design criteria applied to the containment isolaticn provisions to
determiae that protection against dynamic effects, such as pipe whip and earth-
quake’, was considered in the design. The CSB wil) request the MEB to review
the vesign adequacy of piping and valves for which conservative design is
arsumed to preclude possible breach of system integrity in lieu of providing a
Teak tight housing.

Systems having a postaccident safety function (essential systems, as defined
in Regulatory Guide 1.141) may have remc.e-manua)l isolation valves in the
lines penetrating the containment. Yhe CSB reviews the provisions made to
detect leakage from these lines outside containment and to allow the operator
in the main control room to isolate the system train should leakage occur.
Leakage detection provisions may include instrumentation for measuring system
flow rates, or the pressure, temperature, radiation, or water level in areas
outside the containment such as valve rooms or engineered safeguards areas.
The CSB bases its acceptance of the leakage detection provisions described in
:hoiSA? ondthc capability to detect leakage and identify the lines that should
¢ isolated.

The CSB determines that the containment isolation provisions are designed to
allow the isolation barriers to be individually leak tested. This information
should be tabulated in the safety analysis report to facilitate the CSB review.

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
fsolation system. At the cperating 1icense stage of review, the CSB determines
that the zontent and intent of proposed technical specifications pertaining te
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 control system for automatic contain-
ment isolation valves is such that resetting the isolation signal will not
result in the automacic reopening of containment isolation valves, and that
ganged reopening of isolation valves is not possible.

IV.  EVALUAT F NGS

The information provided and the CSB review should support concluding state-
ments similar to the following, to be included in the staff's safety evaluation
report:

The staff concludes that the containment functional design is accept-
able and meets the requirements of Genera)l 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
ftem 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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V.

by (for esch ftem that 1s applicable to the review state how it
:?s -0t.::l why acceptable with respect to the regulation being
scussed):

8. -0ctint the regulatory positions in NUREG ana/or
Regulatory Guide(s) ___;

b. providing and meeting an alternative method to FQ’U\Otory
positions in Regulatory Guide , that the staff has
reviewed and found to be accepTable;

€. meeting the regulatory position in BTP 3

d.  wusing calculationa) methods for (state what was evaluated)
that have been previously reviewed by the staff and found
scceptable; the staff has reviewed the impact parameters
in this case and found them to be suitably conservative or
performed independent calculetions to verify acceptability
of their analysis; and/or

e. meeting the provisions of (inrdustry standard number and
title) that have been reviewed by the staff and determined
to be apprepriate for this application,

2. Repeat discussion for each regulation cited above.

MPLEMENTATY

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

Except in those cases in which the applicant proposes as acceptable alterna-
tive method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

vl.

1.

REFERENCES

10 CFR Part S0, Appendix A, Genera)l Design Criterion 1, "Quality Standards
and Records."

10 CFR Part 50, Appendix A, Genera) Design Criterion 2, "Design Bases for
Protection Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterion 4, “Environmenta)
and Missile Design Basis."”

10 CFR :ort 50, Appendix A, Genera) Design Criterion 16, “Containment
Design.

10 CFR Part 50, Appendix A, Genera)l Design Criterion 54, “Piping Systems
Penetrating Containment. "
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10.

1.
12.

13.

14,
15,
16.
17.

10 CFR Part 50, ndix A‘ Genera) Dositn“Critcrson 55, “Reactor Coolant

Pressure Boundary Penetrat

10 CFR Part 50, Appendix A, General Design Criterion 56, "Primary Contain-
ment Iotation.”

10 CFR Part 50, Aepondin A, Genera) Design Criterion 57, "Closed System
Isolation valves.

ng Containmen

Re lotorz Guide 1.11, “Instrument Lines Penetrating Primary keactor Con-
tainment.

Regulatory Guide 1.26, “Quality Group Classificaticns and Standards for
Water-, Steam-, ard Radicactive-waste-Containing Components of Nuclear
Power ‘!onts.“

Regulatory Guide 1.29, “Sefsmic Design Classification.”

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

Branch Technical Position CSB 6-4, “Containment Purging During Normal
Plant Operation," attached to this SRP section.

10 CFR Part 100, “Reactor Site Criteria."”
10 CFR Part 50, Appendix K, “ECCS Evaluation Models."
NUREG-0737, "Classifications of TMI Action Plan Requirements."

NUREG-0718, "Licensing Requirements for Pending Application for Construce
tion Permits and Manufacturing License.”
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Branch Technica) Position CSB 6-4
CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS

A, BACKGROUND

This branch technical position pertains to system lines which can provide an
open path from the containment to the environs during normal plant operation;
.9 ., the Tines associated with the containment purge and vent systems. It
supplesents the position taken in SRP Sectien 6.2.4.

while the containment purge and vent systems provide plant operational
flexibility, their Jesigns must consider the importance of minimizing the
release of containment atmosphere to the environs following a postulated
loss~of-coolant accident. Therefore, plant designi must not rely on their use
on & routine basis.

The need for purging has not always been anticipated in the design of plants,
and therefore, do:ig: criteria for the containment purge system have not been
fully developed. The purging experience at operating plants varies considerably
from plant to plant. Some plants do not purge during reactor operation, some
py 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.

Containment purge systems have been used in & variety of ways; for example,
to alleviate certain operational problems, such as excess air leakage into the
\ containment from pneumatic controllers, for reducing the airborne activity within

<:: : the containment to facilitate personne) access during reactor power operation,
and for controlling the containment nressure, tolgoraturc and relative humidity.
Containment vent systems are typically used to relieve the initial containment
pressure buildup caused by the heat load imposed on the containment atmosphere
during rexctor power ascension, or to perfodically relfeve the pressure buildup
due to the operstion of pneumatic controllers. However, the purge and vent
lines provice an open path from the contaiment to the environs. Should & LOCA
occur during containment pvrging when tie reactor 1s &t power, the calculated
accident doses should be within 10 CFR Part 100 guidelfnes values.

The sizing of the purge 1ines {n most plants have been based on the need to
control the containment atmosphere during rofuclin? operations. This need has
resulted in very large 1ines 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
personne) access, some plants have used them for containment purging during
norma) 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 pu and vent Yines should by based on the premise

of achieving acceptable calculated offsite radiological consequences and assuring
that emergency core cooling (ECCS) effectiveness 1s not degraded by a reduction
in the contaiment backpressure.

Purge system designs that are acceptable for use on a nonroutine basis during
normal plant operation can be schieved by providing additional purge 1ines.
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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
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 pur

LOCA.
The size of the purge lines shoulc be about eight inches in diameter for PWR |

plants.

g: valves would be closed before the onset of fuel failures following a
"

flar concerns apply to vent system designs.

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
core design features. Therefore, larger line sizes may be justified. However,
for any proposed line size, the applicant must demonstrate that the radiolegica)l
consequences following a loss-of-coolant accident would be within 10 CFR Part 100
uideline values. In summary, the acceptability of a specific line size is 2
unction of the site meteorology, containment design, and radiological source
term for the reactor type; e.g., BWR, PWR, or HTGR.

BRANCH TECHNICAL POSITION

The systems used to purge the coatainment for the reactor operational modes of
power operation, startup, hot standby and hot shutdown; i.e., the on-line purge
system, should be independent of the pur?o system used for the reactor opera-
tiona) modes of cold shutdown and refueling.

1.

The on-1ine purge system should be designed in accordance with the following

criteria:

8.

General Dosi?n 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 «f the purge
system isolation valves should be consistent with the oporab11it¥
assurance program outlined in Branch Technical Position MEB-2, "Pump
and Valve Operability Assurance Program.” (Also see SRP Section 3.10.)
The design basis for the valves and actuators should include the build~
up of containment pressure for the LOCA break spectrum, and the supply
line and exhaust line flows as a function of time up to and during
valve closure.

The number of supply and exhaust lines that may be used shoulc be
limited to one supply 1ine and one erhiust line, to improve ihe
reliability of the isolation function as required by General Design
Criterion 54, and to facilitate compliance with the requirements of
Appendix K to 10 CFR Part 50 regarding the containment pressure used
in the evaluation of the emergency core coo\in? system effectiveness
and 10 CFR Part 100 regarding offsite radiological consequences.

The size of the 1ines should not exceed about eight inches in diameter,
unless detailed justification for larger line sizes is provided, to
improve the reliability and performance capobi\itg 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 rogardin? the containment pressure used in evaluating
the emergency core cool n? system effectiveness and 10 CFR Part 100
regarding the offsite radiological consequences.
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d. As required by General Design Criterion 54, the containment isolation |
provisions for the npurge system lines shoufa seet the standards appro-
priste to engineered safety features; i.e., quality, redundancy, test-
ability and other appropriate crltorla. to reflect the importance to
safety of isolating these lines. General Design Criterion 56 estab-
::shos expiicit requirements for isolation barriers in purge system

nes.

¢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 1ines should be independent and
actuated by diverse parameters; e.g., containment pressure, safety
fnjection actuation, and containment radiation level. Furthermore,

if energy is required to close the valves, at least two diverse sources
:i og:rqy shall be provided, eftler of uhich can effect the isolation
uncrion.

f. Purge system isolatron valve ciosure times, including instrumentation
delays, should not exceed five seconds, to facilitate compliance with
10 CFR Part 100 regarding offsite radiological consequences. l

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.

The purge system should not be relied on for temperature and humidity
control within the containment.

Provisions should be made to minimize the need for purging of the contain-
non: by providing containment atmosphere cleanup systems within the contain-
sent.

Frovisions should be made for testing the availability of the isolation
functi?n and the leakage rate of the isolation valves during reactor
operation.

The following analyses should be performed to justify the containment
purge system design:

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

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 fsolation
valves against loss of function from the environment created by the
escaping afr and steam.

An analysis of the reducticn in the containment pressure resulting
from the partial loss of containment atmosphere during the accident
for ECCS backpressure determination.

The maximum allowable leauk rate of the purge isolation valves should

be specified on a case-by-case basis giving appropriate consideration
to valve size, maximum aillowable 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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NUREG-0800
(Formerly NUREG 76/087)

o m“"x REGULATORY COMMISSION

(def) STANDARD REVIEW PLAN

4.2 FUEL SYSTEM DESIGN
REV RESPON 1
Primary = Core Performance Branch (CPB)

Secundary = None

I.  AREAS NF REVIEW

The therma), mechanical, and materials design of the fuel system is evaluaten by
CPB. The fue) system consists of arrays (assemblies or bundles) of fuel rods
including fuel pellets, insulator pellets, sprin?s. tubvlar 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;
channe) boxes; and reactivity control rods. In the case of the control rods,
this section covers the reactivity control elements that extend from the coupling
interface of the control rod drive mechanism into the core. The Mechanica!l
Engineering Branch reviews the design of contro) 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 fue)l 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) fue) system damage is never so severe as to
prevent control rod insertion wnen it is required, (c) the number of fuel rod
failures is not underestimsted for postulated accidents, and (d) coolability is
always maintained. “Not damaged." as used in the above stetement, means that
fuel rods do not fail, that fuel system dimensions remain within operational
tolerances, and that functional capabilities aré not reduced below those assumed
in the safety analysis. This objective implements General Design Criterion 10
(Ref. 1), and the design 1imits that accomplish this are called Specified
Acceptable Fuel Design Limits (SAFDLS). “Fuel rod failure" means that the fuel
rod leaks and that the first fission product barrier (the cladding) has,
therefore, been breached. Fuel rod failures must be accounted for in the dose
ana1{sis required by 10 CFR Part 100 (Ref. 2) for postulated accidents.
"Coolability," in general, means that the fue) 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 saintain 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).

A11 fue) danagu criteria are described in SRP Section 4.2. For those criteria
that involve DNBR or CPR limits, specific thermal-hydraulic criteria are given
in SRP Section 4.4. The available radioactive fission product inventory in
fuel rods (i.e., the gap inventory expressed as a release fraction) is provided
to the Accident Evaluation Branch for use in estimating the radiological
consequences of plant releases.

The fuel system review covers the following specific areas.

A Design Bases

Design bases for the safety analysis address fuel system damage mechanisms
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.

B. scription an sign Drawings

The fuel system description and design dravin?s are reviewed. In gereral,
the description will emphasize product specifications rather than process
specifications.

C. Design Evaluation

The performance of the fuel system during normal operation, anticipated
operational occurrences, and ;ostulated 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
evaluation of operating experience, direct experimental comparisons,
detailed mathematice) analyses, and other information.

D. Testing, Inspection, and Surveillance P1ans.

Testing and inspection of new fuel is performed by the licensee to ensure
that the fuel is fabricated in azcordance with the design and that it
reaches the plant site and is loaded in the core without damage. On=1ine
fuel rod failure nonitorin? and postirradiation surveillance should be
performed to detect anomalies or confirm that the fuel system is performing
as expected; surveillance of control rods containing BC should be performed
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, §50.46;
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:
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Design 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 roa failure, and fuel
coolability. These criteria are discussed in the following:

1. Fuel System Danage

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

To meet the requirements of General Design Crite (on 10 as it relates
to Specified Acceptable Fue)l Design Limits for normal operation,
including anticipated operational occurrences, fuel system damage
criteria should be given for all known damage mechanisms.

Fue! system damage includes fuel rod failure, wvhich is discussed
below in subsection 11.A.2. In addition to precluding fuel rod
failure, fuel damage criteria should assure that fuel system dimen-
sions remain within operational tol.rances and that functional
capabilities are not reduced below those assumed in the safety
nnal{sis. Such damage criteria should address the following to be
complete.

(a) Stress, strain, or loading 1imits for spacer grids, guide
tubes, thimbles, fuel rods, control rods, channe]l boxes, and
other fuel system structural members should be provided.
Stress 1imits that are obtained by methods similar to those
givon 1n Section 111 of the ASME Code (Ref. 4) are acceptable.

ther proposed 1imits 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 anc includes a safety factor of 2 on stress amplitude
or a safety factor of 20 on the number of cycles (Ref. 5).

Other proposed 1imits must be Justifiea.

(¢) 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 1imits in paragraphs (a) and (b)
above should presume the existence of this wear.

(d) Oxidation, hydriding, and the buildup ot corrosion products
(¢rud) 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) Dimensfons' changes such as rod bowing or irradfation growth of
fuel reds, control rods, and guide tubes need not be limited to
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set values (1.e., damage 1imits), 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 unless otherwise justified.

(g) Worst-cise 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 watertighi if water-soluble or
leachable materials (e.g., B¢C) are used.

Fuel Rod Failure

This subsection applies to normal operation, anticipated cperational
occurrences, and postulated accidents. Paragraphs (a) through (c)
address failure mechanisms that are more 1im ting during normal
operation, and the information to be reviewed should be contained in
Section 4.2 of the Safety Analysis Report. Poragrnphs (dz through
(h) address failure mechanisms that are more limiting during
anticipated operational occurrences and postulated accidents, and

the information to be reviewed will usually be contained in éhapter 15
of the Safety Analysis Report. Paragraph (1) should be addressed in
S:ctig: 4.2 of the Safety Analysis Report because it 1s not addressed
elsewhere.

To meet the requirements of (a) General Dosifn Criterion 10 as it
relates to Specified Acceptable Fuel Design Limits for normal opera-
tion, including anticipated operational occurrences, and (b) 10 CFR
Part 100 as it relates to fission product releases for postulated
accidents, fuel rod failure criteria should be given for all known
fuel rod failure mechanisms. Fuel rod failure s defined as the

loss of fuel rod hermeticity. Although we recognize that it is not
possible to avoid all fuel rod failures and that cleanup systems are
installed to handie a small number of leaking rods, it is the objective
of the review to assure that fuel does not fafl due to specific

causes durin? 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, peliet/cladding :
interaction (PCI1), hydriding, cladding collapse, bursting, mechanical
fracturing, and fretting. Fuel faflure criteria should address the
following to be complete.

(a) Hydriding: Hydriding as a cause of faflure (i.e., primary
hydriding) {s prevented by keeping the level of moisture and
other hydrogenous impurities very low during fabrication.
Acceptable moisture levels for Zircaloy-ciad uranium oxide fuel
should be no Bseater than 20 ppm. Current ASTM specifications
(Ref. 7) for U0; fuel pellets state an equivalent 1imit of 2 ppm
of hydrogen from all sources. For other materials clad in
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(¢)

(d)

(e)

(1)

Zircaloy tubing, an equivalent quantity of moisture or hydrogen
can be tolerated. A moisture leve)l of 2 mg H,0 per cm® v &gt
void volume within the Zircaloy cladding has been shown / . »)
to be insufficient for primary hydride formation.

Cladding Collapse: If axial gaps in the fuel pellet column
occur due to densification, the cladding has the potential of
collapsing into a gap (1.e., flattening). Becsuse of the large
loca) strains that accompany this process, collapsed (flattened)
cladding is assumed to fail.

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 2
postulated accident, Therefore, the fretting wear requirement

in purafruph (c) of subsection II1.A.1, Fuel Damage, is sufficient
to preclude fuel failures caused by fretting during transients.

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
norma) 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 radiclogical dose
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., DNB is not a failure
mechanism) and other mechanistic methods may be acceptable.
There is at present 1ittle experience with other approaches,

but new positions recommending different criteria should address
cladding temperature, pressure, time duration, cxidation, and
embrittiement.

Overheating of Fuel Pellets: It has also been traditions)
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
norma) 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 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.

Excessive Fuel Enthalpy: For a severe reactivity initiated

accident (RIA) in a BWR at zero or low power, fuel failure is
assumed to occur if the radially averaged fuel rod enthalpy is
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reater than 170 cal/g at any axial location. For full-power

JIAs in a BWR and al)l RIAs in a PWR, the thermal margin criteria
(DNBR and CPR) are used as fuel failure criteria to meet the
guidelines of Regulatory Guide 1.77 (Ref. 6) as it relates to
fuel rod failure. The 170 cal/g enthalpy criterion is primarily
intended to address cladding overheating effects, but it also
indirectly addresses pellet/cladding interactions (PCI). Other
criteria may be more apprupriate for an RIA, but continued
approval of this enthalpy criterion and the thermal marg:n
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 1X.
In this context, uniform strain (elastic and inelastic) is
defined as transient-induced deformation with gage lengths
corrospondin? to cladding dimensions; steady-state creepdown
and irradistion growth are excluded. Although observing this
strain Yimit may preclude some PC]I 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 incrcase 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
meiting. Note ihat 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. Zircalecy cladding will burst
(rupture) under certain combinations of temperature, heating
rate, and differential pressure. Although fuel suppliers may
use different rupturc-temperature vs differential-pressure
curves, an acceptable curve should be similar to the one
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.
Claddisg integrity may be assumed if the applied stress is less
than 90% of the irradi-ted yield stress at the appropriate
temperature. Other proposed 1imits 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.

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
in Section 4.2 of the Safety Analysis Report. To meet the require-

ments of General Design Criteria 27 and 35 2

s they relate to control

rod insertability and core coolability for postulated accidents,

fuel coolability criteria should be given fo
mechanisms. Coolability, of coolable geomet

r all severe damage
ry, has traditionally

implied that the fuel assembly retains its rod-bundle geometry with

adequate coolant channels to permit remova)

of residua heat.

Reduction of coolability can result from cladding embrittiement,

violent expulsion of fuel, generalized ¢ladd
structura) deformation, and extreme coplanar
Contro) rod insertability criteria are also

ing melting, gross
fuel rod ballooning.
addressed in this

subsection. Such criteria should address the following to be

complete:
(a) Cladding Embrittiement: To meet the re

quirements of 10 CFR

part 50, §50.46, as it relates to cladding embrittiement for a
LOCA, acceptance criteria of 2200°F on peak cladding temperature
and 17% on maximum cladding oxidation must be met. (Note: 1f

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,
temperature 1imit of 1800°F previously
is no longer needed.) Similar temperat

the lower peak c\odding
described in Reference 11
ure

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 PwWR or rod drop in a BWR,
the large and rapid deposition of energy in the fuel can result

in melting, fragmentation, and dispersa
action associated with fuel dispersal ¢

1 of fuel. The mechanical
an 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 re
spread fragmentation and dispersal of t
generation of pressure pulses in the pr
radially averaged enthalpy 1imit of 280

lates to preventing wide-
he fuel and avoiding the
imary system of a PWR, @
cal/g should be observed.

This 280 cal/g limit shoulc also be used for BwRs.

(¢c) Generalized Cladding Melting: Generali
melting of the cladding could result in

zed (1.e., non=1ocal)
the loss of rod-bundle

fue) geometry. Criteria for cladding embrittiement in
paragraph (a) above are more stringent than melting criteria
would be; therefore, additional specific criteria are not used.

(d) Fuel Rod Bl\\oonin?: To meet the reauf
10 CFR Part 50 as t relates to degree

strain and flow blockage resulting from
(swelling) must pe taken into account 1

flow distribution. Burst strain and f1

be based on spplicable data (such as Re

such a way that (1) the temperature and

rements of Appendix K of
of swelling, burst
cladding ballooning

n the analysis of core
ow blockage models must
fs. 10, 12, anc 13) in
differential pressure

at which the cladding will rupture are properly estimated (see

paragraph (h) of subsection 11.A.2), (2
of cladding swelling {s not underestima
ciated reduction in assembly flow area

4.2°7

) the resultant degree
ted, and (3) the asso”
is not underestimated.
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The flow blockage mode)! evaluation is provided to the Reactor
Systems Branch for incorporation in the comprehensive ECCS

evaluation model to show that the 2200°F cladding temperature
end 17% cladding oxidation 1imits are not exceeded. The reviewer

should also determine if fuel rod ballooning shouid 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."

Description and Design Drawings

The reviewer should see that the fuel system description and design
drawings are complete enough to provide an accurate representation and to
supply information needed in audit evaluations. Completeness is a matter
of judgment, but the following fuel system information and associated
tolerances are necessary for an acceptable fuel system description:

Type and metallurgical state of the cladding
Cladding outside diameter
Cladding insice 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 le

Rod internal void volume

Fil) 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

Fue)l 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 assembiy outline
Burnable poison rod schematic
Orifice and source assembly outline
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C.

sign Evaluation

The methods of demonstrating that the design bases are met must be
reviewed. Those methods include operating experience, prototype testing,
and analytical predictions. Many of these methods will be presented

2.nor1ca ly in topical reports and will be incorporated in the Safety
nalysis Report by reference.

s Ogorgting gxg!rionco

Operating experience with fuel systems of the same or similar design
should be described. When adherence to specific design criteria can
be conclusively demonstrated with operating experience, prototype
testing and design analyses that were performed prior to gaining
that experience need not be reviewed. Design criteria for fretting

wear, oxidation, hydriding, and crud 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 ba performed when practica! to determine
the characteristics of the new design. No definitive requirements
have been developed regarding those dosi*n features that must be
tested prior to irradiation, but the following out-of-reactor tests
have been performed for this purpose and will serve as a guide to

the reviewer:

Spacer grid structural tests

Control rod structural and performance tests

Fuel assembly structural tests (1ateral, axis)l and torsional
stiffness, frequency, and damping)

Fue) assembly hydraulic flow tests (11ft forces, control
rod wear, vibration, and assembly wear and 1ife)

In-reactor testing of design featyres 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 & guide to the reviewer:

Fuel and burnsble poison rod growth
Fuel rod bowing

Fusl assembly growth

Fue) assembly bowing

Channe) 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 scme cases, in-reactor testing of a new fue) assembly design or a

new design feature cannot be accomplished prior to operation of a
tul) core of that design. This fnability to perform in-reactor
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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 I1.D below).

3. Analytical Predictions

Some design bases and related parameters can only be evaluated with
calculational procedures. The analytical metnods that are used to
make performance predictions must be reviewed. Many such reviews
have been performed establishing numerous examples for the reviewer.
The following paragraphs discuss the more established review patterns
and provide many related references.

(a) Fuel Temperatures (Stored Energy): Fuel temperatures and
stored energy durin? norma! operation are needed as input to
ECCS performance calculations. The temperature calculations
require complex computer codes that mode! many different
phenomena. Phenomenological models that should be reviewed
include the following:

Radial power distribution

Fuel and cinddin? temperature distribution

Burnup distribution in the fue)

Thermal conductivity of the fuel, cladding,
cladding crud, and oxidation layers

Densification of the fuel

Thermai expansion of the fuel ard cladding

Fission gas production and release 4 )

f01id and gaseous fission product swelling

Fuel restructuring and relocation

Fuel and cladding dimensiona) 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 fi11 gases

Cladding oxide and crud layer thickness

Cladding-to-coolant heat transfer coefficient*

4

Because of the strong interaction between these mcdels, 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 fue)
temperatures (discussed above), densification affects (1) core

¥
Although needed in fuel performance codes, this mode! is reviewed as described
in SRP Section 4.4,
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Section 4.4),

tinns (power spiking, see SRP Section 4.3),
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(f) Fuel Rod Press
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temperatures discussed in parag
rod pressures in conformance with fuel damage
criteria of Subsection 11.A.1,
that conservatisms that were incorporated for
calculating temperatures do not

calculate fuel
should ensure

regard to fuel

(g) Metal/Water Reaction Rate:

rod pressures.

c¢f 10 CFR Part 50 (Ref. 9) as {
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applications,

(h) Fission Produc
Guides 1.3, 1.
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other correlation
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in References 10, 12, and 13.
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To meet the requirements of Appendix K
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e, hydrogen goncrltion. and
al/water reaction should be
equation (Ret. 27). For non-LOCA
s may be used if justified.

t Inventory: To meet the guidelines of Regulatory

4, 1.25 and 1.7

to fission product release, the
product inventory in fuel rods

presently specified by the assumptions in those Regulatory
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methods are appro
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available radioactive fission
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ns

Plans must be reviewed for each plant for testing and inspection of new

fuel and for monitoring

and surveillance
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Testing and Inspection of New Fue)

Testing and inspection plans for new fuel should include verification
of cladding integrity, fuel system dimensions, fuel enrichuent,
burnable poison concentration, and absorber composition. Details of
the manufacturer's testing and inspection programs should be documented
in quality control reports, which should be referenced and summarized
in the Safety Analysis Report. The program for onsite inspection

of new fuel and control assemblies after they have been delivered to
the plant should also be described. Where the overall testing and
inspection programs are essentially the same as for previously
approved plants, a statement to that effect should be made. In that
case, the details of the programs need not be included in the Safety
Analysis Report, but an appropriate reference should be cited and a
(tabular) summary should be presented.

On-line Fuel System Monitoring

The applicant's on-1ine fuel rod failure detection methods should be
reviewed. Both the sensitivity of the instruments and the applicant's
commitment to use the instruments should be evaluated. References 32
and 33 evaluate several common detection methods and should be
utilized in this review.

Surveillance s also needed to assure that B,C control rods are not
losing reactivity. Boron compounds are susceptible to leaching in
the event of a rladding defect. Periodic reactivity worth tests
such as described in Reference 34 are acceptable.

Post-irradiaiion Surveiliance

A post-irradiation fuel surveillance program should be descrited for
each plant to detect anomalies or confirm expected fuel performance.
The extent of an acceptable program will depend on the history of
the fuel design being considere., i.e., whether the proposed fuel
design is the same as currert operating fuel or incorporates new
design features. 4

For a fuel design 1ike that in other operating plants, a minimum
acceptable program should include a quulitative visual examination
of some discharged Tuel 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 1f 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 fue) design that introduces new features, & more detailed
surveillance program commensurate with the nature of the changes
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should be described. This program should include appropriate
qualitative and quantitative inspections to be carried out at interim
and end-of-1ife refueling outages. This surveillance program should
be coordinated with prototype testing discussed in subsection 11.C.2.
when prototype testing cannot be performed, a special detailed

surveillance program should be planned for the first irradiation of
a new design.

111. REVIEW PROCEDURES

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 I1.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 (OL) 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 I11.A ard that the final fuel system
design meets the design bases.

Much of the fuel system review is generic and is not repested for each similar
plant. That is, the reviewer will have reviewed the fuel design or certain
aspects of the fuel design in previous PSARs, FSARs, and licensing topical
reports. A1l 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
evaluatién reports for all relevant licensing topical reports should be cited.
Certain generic reviews have also been performed by CPB reviewers with findings
fssued~as NUREG- or WASH-series reports. At the present time these reports
include References 9, 11, 21, 31, 32, 35, and 3§, and they should all be
appropriately cited in the plant safety evaluatien report. Applicable Regulatory
Guides (Refs. 6, 22, 28-30, and 41) should also be mentioned in the plant
safety evaluation reports. Deviation from these guides or positions should be
explained. After briefly discussing related prewious reviews, the plant

safety evaluation should concentrate on areas whare the application is not
{dentical tr previously reviewed and aprroved applieations and areas related

to newly discovered problems.

Analytical predictions discussed in Subsection 11.6.8 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
Analysis Report. Calculations, benchmarking exercises, and additional reviews

of generic methods may be undertaken, however, at any time the clear need

arises to reconfirm the adequacy of the method.

IV. EVALUATION FINDINGS

The reviewer should verify that sufficient information has been provided to
satisfy the reguirements of this SRP section and that the evaluation supports
conclusions of the following type, to be included in the staff's safety
evaluation report:
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The staff concludes that the fuel system of the plant has |
been designed so that (a) the fue)l system will not be damaged as a result of
normal operation and anticipated operational occurrences, (b) fue)! 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, §50.46; 10 CFR Part 50, Appendix A, General
Design Criteria 10, 27 and 35; 10 CFR Part 50, Appendix K; and 10 CFR Part 100,
This conclusion is based on the following:

1. The applicant has provided sufficient evidence that these design
objectives will be met based on operating experience, prototype
testing, and analytical predictions. Those analytical predictions
cealing with structural response, control rod ejection (PWR) or drop
(BWR), and fue) densification have been performed in accordance with
(a) the guidelines of Regulatory Guides 1.60, 1.77, &nd 1.126, or
methods that the staff has reviswed and found to be acceptable
alternatives to those Regulatory Guides, and (b) the guidelines for
"gvaluation of Fuel Assembly Structural Response to Externally
Applied Forces" in Appenaix A to SRP Section 4.2.

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

The staff concludes that the applicant has described methods of adequately -~
predicting fuel rod failures during postulated accidents so that radiocactivity )
releases are not underestimated and thereby meets the related requirements of S

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.  IMPLEMENTATION

The following is inuended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in whicnh 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

10
STANDARD REVIEW PLAN SECTION 4.2

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 fue)! 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 1s
given in References 37-40.

ANALYSIS OF LOADS

1. Input

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 shou'd correspond to the
break that produced the peak fuel assembly loadings in the primary
coolant system and reactor internals analysis, and (b) transient.
pressure differences that apply loads directly to the fuel assembly.
1f the earthquake loads are large enough to produce a non-linear
fuel assembly response, input for the seismic analysis should use
structure motions corresponding to the reactor primary coolant
system analysis for the SSE; if a linear retponse 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
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
representation of the fuel assembly components should be provided
when practical.

4.2-18 Rev. 0



A sample problem of 2 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).
Although the sample problem should use a structura)l representation

that is as close as possible to the design in question (and, therefore,
would vary from one vendor to another), simplifying assumptions may

be made (e.g., one might use a 3-assembly core region with continuous
sinusoidal input).

The sample problem should be designed to exercise various features

of the code and reveal their behavior. The sample problem comparison
is not, however, designed to show that one code is more conservative
than another, but rather to alert the reviower to major discrepancies
s0 that an explanation can be sought.

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
any non-convervatisms, two precautions should be taken: (a) If it

is not explicitly evaluated, impact loads from the PWR LOCA analysis
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
to input variations.

Variations in resultant loads should be determined for 210% 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
would be 1.2. Since resonances and pronounced sensitivities may ve
plant-dependent, the sensitivity analysis should be performed on 2
plant-by-plant basis until the reviewer is confident that further
sensitivity analyses are unnecessary or it is otherwise demonstrated
that the analyses performed are bounding.

Audit

Independent audit calculations for a typical full-sized core should
be performed by the reviewer to verify that the overall structural
representation is adequate. An independent audit code (Ref. 38)
should be used for this audit during the generic review of the
analytical methods.

Combination of Loads

To meet the requirements of Genera)l Design Criterion 2 as it relates
to combining loads, an appropriate combination of loads from natural
phenomena and accident conditions must be made. Loads on fuel
assembly components 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 squlrc-root-of-sum-of-squnres (SRSS)
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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

A1l 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 fue)l 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
control rod insertion durin? an SSE (i.e., buckling of a few isolatec
grids could not displace guide tubes significantly from their proper
Incation), 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 clauding temperature. Therefore,
average values are appropriate, and the allowable crushing load
P(crit) should be the 95X confidence level on the true mean as taken
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
unknown deformation behavior of irradiated grids beyond P(crit).

Components Other than Grids

Strengths of fue) assembly components other than spacer grids may be
deduced from fundamental material properties or experimentation.
Supporting evidence for strength values should be supplied. Since
structural 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-
ments and should include consideration of buckling and fatigue
effects.
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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, §50.46 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. 1f
combined grid loads exceed P(crit), then grid deformation must be
assumed and the ECCS analysis must include the effects of distorted
fue) assemblies. An assumption of maximum credible deformation
(i.e., fully collapsed grids) may be made unless other assumptions
are justified.

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*
tro) rod insertion would not be interfered with by lateral displacement
of the guide tubes. If combined loads on the grids exceed P(crit),
then additiona) analysis is needed to show that deformation is not
severe enough to prevent control rod insertion.

For a BWR, severa)l 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
than grids; otherwise, additional analysis is needed to show that
deformation 1s not severe enough to prevent contrel blade insertion,
and (b) vertical 1iftoff 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 insertion.

Safe Shutdown Earthquake

Two criteria apply for the SSE: (a) fuel rod fragmentation must not
occur as a resuit 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 1.
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A. INTRODUCTION

Section 50.34, ‘Contents of applications: technical
information,” of 10 CFR Part 50, “Licensing of Pro-
duction and Utllization Facilities,” requires that esch
spplication for s construction permit or operating
hnn;vodt an analysis and evaluation of the design
and performance of structures, systems, and components
of the facility with the objective of assessing the
potential risk to public health and safety resulting from

ton of the facility. General Design Criterion 28,
‘Resctivity Limits,” of Appendix A, “General Design
Criteria for Nuclear Power Plants,” to 10 CFR Part 50,
mquires the reactivity control system to be designed
with appropriate imits on the potential amount and rate
of reactivity increase to msure that the effects of
postulated mactivity accidents can neither result in
damage to the reactor coolant pressure boundary greater
than limited local yielding nor sufficiently disturb the
core, it support structures, or other reactor pressure
vl internals to imp .. significantly the cupability to
cool the core. General Design Criterion 28 also requires
thet these postulated reactivity accidents include com-
sideration of the rod ejection accident unless such an
sccident is prevented by positive means.

This puide identifies acceptable analytical methods
and assumptions that may be used in evaluating the
conseouences of a rod ejection sccident in uranium

Advisory Committee on Reactor Safeguards has ' been
consulted concerning this guide and has cuncurred in the

regulatory position.
8. DISCUSSION

. The rate at which reactivity can be inserted into the
core of a umnium oxide-fueled watercooled power
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ASSUMPTIONS USED FOR EVALUATING A CONTROL ROD
EJECTION ACCIDENT FOR PRESSURIZED WATER REACTORS

reactor s normally limited by the design of the control
rod system to @ value well below that which would result
in serious damage to the reactor system. However, a
postulated fallure of the control rod system prewides the
potential for a relatively high rate of reactivity insertion
which, {f large ¢nough, could cause a prompt power
bunst. For UO; fuel, s large fraction of this generated
nuclear energy i stored momentarily in the fuel and
then released to the rest of the system. If the fuel energy
densities were high enough, there would exist the
potential for prompt rupture of fuel pins and the
consequent rapid hest transfer to the water from finely
dispersed molten UO;. Prompt fuel element rupture is
defined herein as o rapid increase in intemal fuel rod
pressure due 10 extensive fuel melting, followed by rapid
fragmentation and Cispersal of fuel cladding into the
coolant This & sccompanied by the conversion of
nuclear energy, deposited as overpower heat in the fuel
and in the coolant, to mechanical energy which, in
sufficient quantity, could conceivably disarrange the
reactor core or breach the primary system.

The Regulsiory staff has reviewed the available
experimental information concerning fuel fallure thregh.
olds. In general, failure consequences for UO, Lave been

" insignificant below 300 cal/g for both irradisted and

unirradiated fuel rods. Therefore, s calculated radial
sverage energy density of 280 cal/g st any axia! fuel
location in any fuei rod as & result of a postulated rod
ejection accident provides a conservative maximum Limit
to ensure that core damage will be minimal and that
both short-term and long-term core cooling capability
will not be impaired.

For the postulated control rod ejection accident, 8
mechanical failure of a control rod mechanism housing is
amumed such that the reactor coolant system presure
would eject the control rod and drive shaft to the fully
withdrawn position.
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A sufficient number of initiai reactor states to
completely bracket all possible operstional conditions of
interest should be snalyzed to mssure examination of
upper bounds on ultimste damage. In areas of uncir
tainty, the sppropriste minimum or maximum pare-
meters relative 10 nominal or expected values should be
used 1o sssure 8 conservative evalustion. The initial
reactor states should include consideration of at least the
following:

Zero power (hot standby) ~ Beginning of Life (BOL)

and End of Life (EOL);
Low power - BOL and EOL;
Full power -~ BOL snd EOL.

The effects of the loss of primary system integrity
as & result of the failed ¢ontrol rod housing should be
included in the analysis. It should also be shown that
failure of one control rod housing will not lead to failure
of other control rod housings.

The approach that should be used in the radiological
analysis of a control rod ejection accident i to deter-
mine the amount of each gaseous radionuclide released
to the primary containment and, with this information
in conjunction with the procedures set forth in
Appendix B of this guide, to determine the radiological

consequences of this accident for a pressurized water
reactor.

C. REGULATORY POSITION

Acceptable assumptions and evaluation models for
analyzing 8 rod ejection accident in PWRs are presented
in Appendices A (Physics and Thermal-Hydraulics) and
B (Radiological Assumptions) of this guide By use of
these appendices, it should be shown that:

1. Reactivity excursions will not result in 2 radial
sverage fuel enthalpy grester than 280 cal/g at any axial
Jocation in any fuel rod.

2. Maximum resctor pressure during any portion of
the assumed transient will be less than the value that will
cause stresses 10 exceed the Emergency Condition stres:
limits as defined in Section 111 of the ASME Boiler and
Pressure Vesse) Code.'

3. Offsite dose consequences will be well within the
guidelines of 10 CFR Part 100, “Reactor Site Criteria.”

1 Copies may be obtained from the American Society of
Mechanical Engineers, United Enginsering Center, 345 East 47th
Street, New York, New York 10017,
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APPENDIX A

PHYSICS AND THERMAL-HYDRAULICS

N\ The meumptions described balow should be epplied

in evaluating the physics and thermal-hydraulic or
of the reactcr system for s contro! rod sjection accident.

1. The ejected rod worth should be calculated based
on the maximum worth rod resulting from the following
conditions: (s) all control banks st positions corres-
ponding to values for maximum allowsble bank inser-
tions at » given powe: level and (b) sdditional fully or
partially inserted ™' ligned or hurubh rod or rods if
allowed by opersting procedures. Sufficient parametric
studies should be performed to determine the worth of
the most reactive control rod in each rod group for
different control rod configurations, both expected and
unexpected. The worth of single rods i~ rod groups
thould be evaluated during startup physics tests and
campared with values used in the rod ejection analysis.
The accident should be reanalyzed if the rod worths
used in the initial analysis are found to be noncon-
servative. Calculated rod worths should be increased, if
necessary, to account for calculational uncertainties in
parametens such a8 neutron cros section: and powver
asymmetries due to xsnon oscillations.

2 The reactivity insertion rate due to an eiected rod
should be determined from differential control rod
worth curves and calculated trangient rod position versus
time curves. If differential rod worth curves are not
svailable for the reactor state of interest, conservatism
should be included in the calculation of reactivity
insertion through consideration of the nonlinearity in
reactivity addition as the rod passes through the active
core. The rate of ejection should be calculated based on
the maximum pressure differential and the weight and
crom-sectional area of the control rod and drive shaft,
assuming no pressure barrier restriction.

3. The calculation of effective delayed neutron frac-
tion (Befy) and prompt neutron lifetime (2*) should be
based on the well-known definitions resulting from per-
turbation theory, such as those described by Henry (Ref.
1), using available experimental delayed neutron data
and averaging by the fraction of fission in the various
fissionable materials. In cases where the accident is quite
sensitive to foff (where the ejected rod worth 38, (7), the
minimum calculated value for the given reactor state
should be used. For smaller transients, conservatism in
the value should include consideration of not only the
initial power rise (which increases with decreasing f), but
also the power reduction after the trip. Similar con-
siderations should also be aspplied to determine an
sppropriately conservative value of £° to be used

4. The mitial reactor coolant pressure, core inlet
temperature, and flow rate used in the analysis should be
conservatively chosen with respect to their influence on

the magnitude of the transient. Pressure and temperature
are majaly sgnificant with respect to their effect on the
amount of reactivity inserted if there exists a positive
moderator coefficient.

5. The fuel thormal properties such as fuel<lad gap
heat transfer coefficient and fuel thermal conductivity
should be conservatively chosn, depending upon the
transient phenomenon being investigated. For conditions
of » zerc or positive moderator coefMicient (usually at
beginning of Mfe), for example, high heat transfer
parameters would reduce the Doppler feedback and
increase any positive moderator feedback effects and
hence tend to increase the tude of the reactivity
trangient. For » negative rator coefficient, high
heat transfer parameters could cause the magnitude of
the trangient to decrease if » given quantity of heat
produces more feedback in the moderator than in the
fuel. In the consideration of pressure pulses which may
be generated, high moderator heating rates could cause
sgnificant pressure gradients to develop in the moder-
stor channel:. In computing the sverage enthalpy of the
hottest fuel pellet during the excursion for power cases,
low heat transfer would be conservative.

6. The specific heat of UO, has been determined
experimentally and & a deterministic factor in the
calculated amount of stored energy (enthalpy) in the
fuel. Recommended values in the range of 25 to 902°C
are the data reported by Moore and Kelly (Ref. 2). In
the range of 900 to 2842°C, the data obtained by Hein
and Flagelis (Ref. 3), Leibowitz, Mishler, and Chasanov
(Ref 4), and Chasanov (Ref. $) are recommended for
the heat capacity of the fuel. These recommended values
are for clean core conditions. Possible variation in the
specific heat due to burnup should be investigated and
sppropriate values used, if necessary.

7. The moderator reactivity coefficients due to voids,
coolant pressure changes, and coolant temperature
changes should be calculated based on the varous
sssumed conditions of the fuel and moderator using
standard transport and diffusion theory codes. If no
three-dimensional space-time kinetics calculation it per-
formed, the reactivity feedback due to these coefTicients
should be conservatively weighted to account for the
varistion in their spatial importance in the missing
dimension(s). If boric acid shim is used in the moder-
ator, the highest boron concentration corresponding to
the initial reactor state should be assumed.

8. The Doppler coefficient should be calculated based
on the effective resonance integrals and should include
corrections for pin shadowing (Dancoff correction).
Calculations of the Doppler coefficient of reactivity
should be based on and should compare conservatively
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with svailable experimental data such as those of Hel:
suand (Ref. 6). Since the Doppler coefficient reflects the
change in reactivity as » function of fuel temperature,
uncertainties in predicting fuel temperatures at different
power levels should be reflected by conservatism in the
applied value of the Doppler coefficient. If no three-
dimensional space-time kinetics calculation ts performed,
the mactivity effect of spatially weighting the core
average tempersture rise in both the axial and radial
directions shou!d be calculated

9. Control rod reactivity insertion during trip versus
time should be obtained by combinin_ the differential
rod worth curve with & rod velocity curve based on
maximum design limit values for scram insertion times.
If the rod worth curve (reactivity vs. depth of insertion)
is not obtained from s “true” representation (i.¢., an x,
y, 2,1 0t an 1, 2, t calculation), the conservatism of the
spproximate calculation should be shown. The dif-
ference in the depth of insertion st zero power and at
full power should be accounted for in calculating the
available scram reactivity.

10. The reactor trip delay time, or the amount of time
which elaptes between the instant the sensed putameter
(e.g., pressure or neutron flux) reaches the level for
which protective action is required and the onset of
negative reactivity insertion, shouid be based on maxi-
mum values of the following: (a) time required for
instrument channel to produce s signal, (b) time for the
trip breaker to open, (c) time for the coil to reicase the
rods, and (d) time required before scram rods enter the
core if the tips lie above the core-reflector interface.

11. The computer code used for calculating the tran-
sent thould be a coupled thermal, hydrodynamic, and
nuclear model with the following capabilities: (a) incor-
poration of all major reactivity feedback mechanisms,
(b) ot least six delayed neutron groups, (c) both axial
and radial segmentation of the fuel element, (d) coolant
flow provision, and (¢) control rod scram Initiation on
either coolant system pressure or neutron flux.

12 The analytical models and computer codes used
should be documented and justified und the con-
srvatism of the models and codes should be evaluated
both by comparison with experiment, as svailable, and
with more sophisticated spatial kinetics codes. In par-
ticular, the importance of two- or three-dimensicnal flux

characieristics and changes in flux shapes should be
inv ted, and the conservatism of the flux shapes
used for reactivity input and feedback, peak energy
deposition, total energy, and gros hest transfer to the
coolant should be evaluated. Also, sensitivity studies on

variations of the r offect, power distribution, fuel
element heat e parameters, and other relevant
parameters should be included.

13. The pressure surge should be calculated on the basi
of conventiona) heat transfer from the fuel, a conserve:
tive metal-water reaction threshold, and prompt heat
genenstion in the coolant to determine the variation of
hest flux with time and the valume surge. The volume
surge should then be used in the calculation of the
pressure transient, taking into account fluid transport in
the system, heat transfer tu the steam generators, and
the action of the pressurizer relief and safety valves No
credit should be taken for the possible pressure reduc-
tion caused by the assumed fallure of the control rod
pressure housing.

14. The number of fuel rods experiencing clad fallure
should be calculated and used to obtain the amount of
contained fission product inventory released to the
reactor coolant system. It should be assumed that clad
failure occurs if the heat flux equals or exceeds the value
comesponding 1o the onset of the transition from
nucleste to film bolling (DNB), or for other appropriate
causes.

The margin to DNB is expressed in terms of »
departure from nucleate boiling ratio (DNBR). The
DNBR at any position in the hottest channel is the ratio
of the DNB heat flux to the actual heat flux. The DNB
heat flux should be evaluated using correlations based on
recognized studies and experimental heat transfer DNB
data. A minimum DNBR should be determined from the
evalustion of the experimental data to ensure & 95%
probability with a 95% confidence level that DNB has
not occurred for the fuel element being evaluated. One
example of a correlation which has been used to date is
gven by Tong (Ref. 7). The use of this correlation and the
sbove probabilities and confidence level yields a nuni-
mum DNBR of 1.30. Other DNB or clad failure
correlations may be used if they are sdequately justified
by snalytical methods and supported by sufficient
experimental data.
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APPENDIX B
RADIOLOGICAL ASSUMPTIONS

The mssumptions given below should be applied in
determining a conservative source term and subsequent
trensport of activity and resulting doses to the public for
use in evaluating the radiological consequences of s
control rod ejection accident.

1. The sssumptions related to the relesse of radioactive
material to the primary containment are as follows:

8. The case resulting in the largest source term
should be sciected for evaluation.

b. The nuclide inventory in the fuel elements
potentially breached should be calculated, and it should
be assumed that all gaseous constituents in the fuel<lad
$aps are relcased.

¢. The amount of activity saccumulated in the
fuel<lad gap should be assumed to be 10% of the iodines
and 10% of the noble gases sccumulated st the end of
core life, assuming continuovs maximum full power
operation. -

d.  No allowance should be given for activity decay
prior to accident initiation, regardiess of the reactor
status for the selected case.

e. The nuclide inventory of the fraction of the
fuel which reaches or exceeds the initistion temperature
of fuel melting (typically 2842°C) at any time during
the course of the accident should be calculated, and
100% of the noble gases and 25% of the iodine
contained in this fraction should be asumed to be
svailable for release from the containment.

. The effects of radiolog\cal decay during holdup
in the containment or other buildings should be taken
into account.

8 The reduction in the smount of radioactive
material svailable for leakage to the environment by
containment sprays, recirculating filter systems, or other
engineered safety features may be taken into account,
but the amount of reduction in concentration of
radioactive materials should be evaiuated on 3 case-by-
case basis.

h. The primary reactor containment gshould be
asumed to leak at the leak rate incorporated or to be
incorporated as a technical specification requirement at
peak accident pressure for the first 24 houn, and at 50%
of this leak rate for the remaining duntion of the
sccident.' Peak accident pressure is the maximum

"The effect on continment Makage wnder accident
conditions of features provided to reduce the lesakage of
redioactive materials (rom the containment should be evaluated
oD & case-by-casm bams.

pressure defined in the technical specifications for
containment Jeak testing.

L Releme of fision products to the secondary
system should be computed by assuming that all fission
products released from the fuel clad are uniformly
mixed in the primary coolant valume.

j.  The primary-towecondar’ leak rate limitatior
inc ted or to be incorporsted as s technical
specification requirement should be sssumed to exist
until the primary system pressure falls below the
secondary system pressure.

k. The release of fimion products from the
secondary system should be evalusted with the sssump-
tion of a coincident los of offsite power.

2. Acceptable assumptions for atmospheric diffusion
and dose conversion are:

8. The O-to-8-hour ground-level release concentra-
tions may be reduced by a factor ranging from one toa
maximum of three (see Figure 1) for additional dis-
persion produced by the turbulent wake of the reactor
building in calculsting potential exposures. The volu-
metric building wake correction, as defined in Section
3-3.5.2 of Meteorology «ad Atomic Energy 1965 (Ref. 1),
should be used only in the O-to-8-hour period; it is used
with a shape factor of 1/2 and the minimum cross-
sectional ares of the reactor buiding only.

b. No cormection should be made for depletion of
the effluent plume of radioactive jodine due to depnsi-
tion on the ground or for the mdiological decay of
iodine in transit.

* ¢. For the first 8 hours, the breathing rate of »
person offsiic should be assumed to be 347 x 107
m? /sec. From 8 to 24 houns following the accident, the
brea rate should be assumed to be 1.75 x 10~*
m® /sec. From 24 hours until the end of the accident, the
nte should be sssumed to be 232 x 10™ m*/sec.
(These values were developed from the average daily
breathing rate (2 x 107 em®/day) sssumed in a report
(Ref. 2) of ICRP.?)

d. Theiodine dose conversion factors are also given
in Reference 2.

¢. Extemal whole body doses should be calculated
using “infinite cloud” smumptions, i.¢., the dimensions
of the cloud are assumed to be large compared to the
distance that the gamma rays and beta particles travei.
*“Such s cloud would be considered an infinite cloud for

3 |nterna tional Commiasion on Radiological Protec-ion
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o receptor ot the center because any sdditions) (gamma
and) bets emitung material beyond the cloud dimen-
sions would not ater the flux of (gamma rays and) bets
perticles 10 the mceptor.” (Ref. 3) Editonal sdditons
were made to the quotation so that gamma as well as beta
emitting material could be considered. Under these
conditions, the rate of energy absorption per unit
volume it equal to the rate of energy released per unit
volume. For an infinite uniform cloud containing x
curies of bets radiosctivity per cubic meter, the veta
dose in air at the cloud center is:

p0. * 0457E,X

The surface body dose rate from beta emitters in the
infinite cloud can be approximated as being one-half this
amount (ie., gD, = 023 Epx). For gamma emitting
material, the dose rate in air at the cloud center is:

L. o.so1!,'fx

From a semiinfinite cloud, the gamma dose rate in air

is:
L. " o.zst,x

g0, = beta dose mie from an infinite cloud
(rad/sec)

gamma dose rate from an infinite cloud
(rad/vec)

sverage beta energy per disintegration
(Mev/dis)

(] gamma energy per disintegration
(Mev/dis)

concentration of beta or gamma emitting
isotope in the cloud (Ci/m*)

f. The following specific assumptions are accep-
table with respect to the radioactive cloud dose calcula:
tions.

(1) The dose at any distance from the reactor
should be culculated based on the maximum concentrs-
tion in the plume at that distance, taking into account
special meteorological, topographical, and other char-
acteristics which may affect the maximum plume con-
centration. These site-related characteristics must be
evaliated on s case-by<case basis. In the case of beta
radistion, the receptor is sssumed to be exposed to an
infinite cloud at the maximum ground-level concentrs-
tion at that distance from the reactor. In the case of
gamma radiation, the receptor is sssumed to be exposed
1o only one-half the cloud owing to the presence of the
gound. The meximum cloud concentration always
should be assumed 10 be at ground level.

(2) The sppropriate average beta and gamma
energies emitted per disintegration, as given in the Table
of lsotopes (Ref. 4), should be used.

1777

g8 The stmospheric diffusion model should be as
follows:

(1) The basic equation for atmospheric dif-
fusion from s ground-level poirt source is:

XQ * i

¥
where

X ®= the short-term average centerline value of
the ground-level concentration (Ci/m?)

Q = amount of material released (Ci/sec)

u = windspeed (m/sec)

o, * the horizontal standard deviation of the
plume (meters) [soe Figure V.1, Ref. 5).

o, = the vertical sandard deviation of the

plume (meters) (see Figure V.2, Ref 5],

(2) For time periods greater than 8 hours, the
plume should be msumed to meander and spread
uniformly over s 22.5° sector. The resultant equation is:

2.032
9
where
x *~ distance from the point of release to the
receptor; other variables are as given in
paragraph . (1), sbove.

(2) The diffusion model® for
ground-evel releases is based on the information in the
table below.

Time
Following
Accident Atmaspheric Conditions
08 Pasquill Type F, wind speed | m/sec, uniform
hours direction
824 Pasquill Type F, wind speed | m/sec,
hours varisble direction within & 22.5° sector
14 (s) 40% Pasquill Type D, wind speed 3
days m/sec
(b) 60% Pasquill Type F, wind spesd 2
m/sec .
(c) wind direction ~ variable within 2 22.5
sector.

*™his model should be usd untl adequate site
meteorologicel data are obtained. In some coes, available
information, such as meieorology . topography, and geographical
location, may dictate the use of 8 more restrictive model to
fnsure s comservative estimate of potential ofTsite ex posures



Time Tine
Following Following
Accident Atmospheric Conditions Accldent Atomospl.eric Conditions
430 (c) 33.3% Pasquill Type F, wind speed 2
d

m/eec
(d) Wind direction ~ 33.3% frequency in a

430  (a) 33.3% Pasquil Type C, wind speed 3 22.5° mctor.
m/sec (4) Figures 2(A) and AD) give the ground-level
(b) 33.3% Pmquil Type D, wind speed 3 relesse atmaospheric  diffusion factons based on the
m/sec parametens given in paragraph §.(3), above.
REFERENCES
1. D. H. Slade, ¢d., “Meteorology and Atomic Energy 4, C. M. Laderer, J. M. Hollander, and 1. Perlman,
- 1768, TID-24190, Division of Technical “Table of lsctopes,” Sixth Edition, University of
Information, US. Atomic Energy Commision, July California, Berkeley, Lawrence Radiation Lab-
1968. oratory.
2. Report of Committee I, “Permissible Dose for
Internal Radiation,” ICRP Publication 2, 1959. 5. F. A. Gifford, Jr.,“Use of Routine Meteorological
Observetions for Estimating Atmospheric Dis-
3. D. H. Slade, op. cit., Section 74.1.1. persion,” Nuclear Safety, Vol. 2, No. 4, June 1961.
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6)

b)

BACKGROUND INFORMATION RELATED T0
DIFFEKING PROFESSIONAL VIEW CONCERNING
Issuance of SER to 2ion 1/2 ellowing fuil power operation with

open 42" containment i1solation velves,

Methodnlogy used for calculating related offsite doses.



Assumptions:

CORE AKD GAP ACTIVITIES

210N

Operation at 3391 Mwt for 500 days

yEQU

Curtes

in the

Core 4 113

{x 10°) x 10

8.35 8.35

12.7% 46

19.09 5.16

.08 i
1 H 9

Percent
of Core

Activi

in _the igg
2.3

0.26

0.79

0.16
0.43

- 131, £QU
n p

uzg') (x10%)
19.2 19.2

3.3 12

15,1 4.08

3.8

7.8 ;?gm



ZION: LOCA DURING CONTAINMENY PURGE
USING 2x42" PENETRATIONS « VALVES OPEN 50°

( THYROID DOSE AT SITE BOUNDARY RESULTING ONLY FROM
DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE
(LOCA LEAKAGE DOSE (OVER 2 WRS) = 123 REMS)
Site
Curies Discharged Boundary
Source  Radiologice) Sources 1131 €Q X R
Licensee 1 131 EQ. 60 uc/gm 1n RCS 73.5 18,7
508 cleanup in c!zt.
A1) released to
containment on LOCA
RL 1 131 EQ, 60 ve/gm in 188
RCS. A1l released to cont. E
on LOCA ¢ 0.5 secs. .
{Total = 0,119 x 10° curies)
RL 1 131 EQ; 60 ve/gm in RCS, 82 21
Released ro!;ossivcty to
cont, with RCS discharge
RL 1 131 EQ; equiv gap actiyity 38,000 9676
C (FSAR calc.) [24:09 x 10° g

curies of 1 131 EQ into cont, ‘
on LOCA + 0.5 secs.] =

RL 1 131 EQ; SRP Gap cctivity at 248,950 63,400
10% Toto‘ Agtivlty fISAR cele.) g
157.2 x 10% curtes of | 131
nto cont, on LOCA + 0.5 secs.

[NRC) 6 .50 sec/m® for 0-2 hrs. at minfoum exclusion distance of 415 meters

[Licensee has used 9 x 10°* sec/m® for SARs)




Mees Roelosse Rote — 109 Lb/sec

100

10

ZION1 & 2
CONTAINMENT INVENTORIES
DURING LOCA BLOW DOWN

ot

ememes RCS Mass Discharge Rate
into Contsinment
@ Cumulstive Discharge of
RCS Into Contsinment
A Cumulstive Mass of Alr
end RCS Discherge

' 4

0 4 & 1 ¥ D N

Time After Break ~ Seconde

- -

g
g

Lbs (Air + RCS/Discherge)

8
E

¥
x
2
Cumuistive Discharge of RCS  Totsl Mess In Containment
into Contsinment

00 x 109



Cumulstive Totals Discharged
Alr + RCS Inventory
6379 Lbe

Fisslon Product Inventory
1.668% of Q

ZION1 &2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS
FISSION PRODUCT INVENTORIES

2 x &' Unes
Valves Open Only 80°*
Instead of 80° Fully Open
At 7 Becs

Fission Product Inventory
= 0 x Q Reloased
ot 0.6 sece

Discharge Rates
Alr + RCS Inventory
1023.88 Lbs/sec
(.237% Inv.)

i

Fission Product Inventory
237% Q/s0c

(Q = Fission Product Inventory Released at t = 0.5 sece)



FISSION PRODUCT DISCHARGED TO OUTSIDE CONTAINMENT

L EFFECT OF ASSUMPTIONS ON
FISSION PRODUCT RELEASE TO CONTATNMENT

2 x 42* Yines.
Velves open 50°

Given Q = tota) inventory of fission products in RCS at T=0.5 secs after LOCA
¢ If Q 15 released instantaneously to the total containment volume:

Fission proouct inventory discharged ourside containment
over 7 secs = 1.568% Q

v 17 Q 15 released over time with RCS fnventory and based on & uniform
distribution within the inventory:

Fission product inventory discharged outside containment
over 7 secs = 0,.561% Q



ZION: LOCA DURING CONTAINMENT PURGE
USING 2x42" PENETRATIONS - VALVES FULLY OPEN (90°)

THYROID DOSE AT SITE BOUNDARY RESULTING ONLY FROM
DISCHARGE TO CONTAINMENT OUTSIDE DURING CLOSURE
(LOCA LEAKAGE DOSE (OVER 2 HRS) « +)23 REMS)

Site
Curfes Discharged Boundary
»

Source  Rediologica) Sour

Licensee 1 131 EQ. 60 uc/gm 1n RCS 204.3 52
A cleanup 1n cont,
A1l released to
containment on LOCA

RL 1 131 EQ, 60 vc/gm 1n §22
RCS. A?' Pelossed to cont, L
on LOCA + 0.5 socs.s

[Tote) « 0,119 x 10 curies)

RL I 131 EQ; 60 uc/gm in RCS, 227 58
Released :ro!rtss!vo!y to
cont, with RCS discharge

RL I 131 EQ; equiv gap actiyity 105,600 26,878
(FSAR cale.) (26700 » 10" :

curies of 1 131 EQ Into cont.
on LOCA + 0.5 secs.)

RL 113 to’ SRP Gap activity at 691,520 176,010

10% Tota Ast!vity (FSAR cale.)
[157.9 x 10° curtes of | 13} tg
into cont, on LOCA + 0.5 secs.

[NRC) s *5x 10" sec/m? for 0-2 hrs. at minfeum exclusion distance of 415 meters

[Licensee has used 9 x 10°* sec/m? for SARs)



Mass Relesse Rate — 102 Lb/sec

100

ZION 1 & 2
CONTAINMENT INVENTORIES
DURING LOCA BELOW DOWN

Into Containment

@ Cumulstive Discherge of
RCS Into Containrment

A Cumulative Mass of Air

and RCS Discharge

asemes RCS Mass Discharge Rote

400 x 100

Totsl Mass in Cont=inment
Lbs (Air + ACS/Discherge)

300 x 109

200 x 103

Cumulstive Discherge of RCS
into Containment

00 x 109

4 1] 7 18 2 24
Time After Break — Seconds

3A



ZION 1 & 2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS
FISSION PRODUCT INVENTORIES

2 x 42" Lines

Fulty Open
At 7 Secs

154,460 Lbs Alr
262,474 Lbs RCS

416,834 Lbs
Prass © 23.79 psig

Fission Product Inventory
= 0.966 x Q Released
“at 0.5 secs
Discharge Rate
Cumulstive Totals Discharged Air + RCS Inventory

Alr + RCS Inventory 2860 Lbs/sec

15028 Lbs (.882% Inv.)

- —-
Fission Product Inventory Fission Prod\.m Inventory

582% Q/sec

4.38% of Q

(Q = Firsion Product Inventory Relsased at t = 0.5 secs)

COC-33087C

- Se B NBA R

Ly



SA

FISSION PRODUCT DISCHARGED
TO OUTSIDE CONTAINMENT

EFFECT OF ASSUMPTIONS ON
FISSION PRODUCT RELEASE YO CONTAINMENT

? x 42° Vines
fully open (80°).

Given Q = Tote1 inventory of fission products in RCS ot T=0.5 sec after LOCA,

. 1T Q s released fnstentaneously to the total containment volume
Fission preduct inventory discharged outside containment
aver 7 secs = 4,383 Q

o If Q 1s released over time with RCS {nventory, and based on 8 uniform

distribution within the inventory:

Fission product inventory discharged outside containment
over 7 secs = 1,503 Q
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3.1.3.3 Thermal and Mydraulic Limits

The reactor core 1s designed to meet the following limiting therme) and
hydraulic criteria:

8. The minfmum a)loweble DABR during morma) operation, including
anticipated transients, 1s [1.30°).

b. No fuel melting during any anticipated operating condition,

To maintatn fue) rod integrity and prevent fission product relesse, 1t

15 necessary to prevent clad overheating under 411 operating conditions,
This 15 accomplished by preventing a departure from nucleate botling (DNB),
DNB causes & large decredse in the heat transfer coefficient between the
fuel rods anv the reactor coolant resulting 1n high clad temperatures.
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The integrity of fuel rod chmn' $0 85 to retoain fission products or fue)
mterial 15 directly related to cladding stress and strain under norm)
operating and overpower conditions, Design 1imits and damage 1imits (cledeing
perforation) in terms of stress and strain are as follows:

Damage Limit Design Limit
Stress Ultimate strength Yield strength-

§7,000 pst minimum 45,000 psi minfowm
Strain 1.7% 1.0%

The damags 1imits given above are minfrum values. Actus] demage 1imits depend
upon neutron exposure and normal varistion of material properties and would
generally be greater than these minimum damage 1imits, For most of the fue)
rod 11fe the actua) stresses and strains are considerable below the design
1imits. Thus, significant mergins exist between actual operating conditions
snd the damage limits,

The other parameters having an influence on cluung stress and strain and
the relationship of these parameters to the damage iimits are as follows:

1. Interna) gas pressure:

The interna) gas pressure required to produce cladding stresses equal to
the damage 1imit under normal operating conditions 1s well tn excess of

the maximum design pressure, The maximum design interna) pressure under
nomina) conditions 1s 2250 psia which 15 equal to the coolant pressure,

The end of 1ifc internal gas pressure depends upon the initial pressure,
void volume, and fuel rod powdr history, however it does not exceed the

design 1imit of 2250 psia.

2. Cladding temperature:

The strength of the fuel cladding 1s temperature dependent. The minfmum
uitimate strength reduces to the design yield strength 'at an aversge
cladding temperature of approximately 850°F. The saximum average
cledding tn?ontun during norma) vperating conditions 1s given in Teble
)otot'l [.‘ 20.'30

I



Previous experience with semovadle 1008 hes been StLained ot Saxton, visupe
0NC Zorita; and sooitioral experience will be accuires st the San Onofre Cycle
2 000 Surry Unit 1, Over 300 fuel ro0s sere removes N0 re-ipsertes intp
sssemlies Ouring the Sexton re-constitution without evicence:of fallure

Lesk oetection tests were performed on the assemdlies after all TO0S were
re-inserted, ang no leakage was Cetectes. An ecually large nwroer of Santon
TOCs have been successfully removed, examined and re-inserted into over )2 M)
subassendllies ot Saxton., In sooition, 28 ful) length Yankee roos were
TEMoved, examined ano re-insertes into Yankee Core v special assems)ies.
Similisr Manaling of 22 removadle roos wis swcessfully comoleter ouring tre
First Zorite refieling. A)) such fue) PANCIIngs have tsen cone Toutirely yre
sithout elffisulty.

The sarme fuel roo cesipn Jimits Ingiceted in section 3.2.3 fuel teieratoce
8n3 internal cressure, aTe maintaineo for these removadie ross &n9 thete i e
Feduction In rargin to DNS.  Thelr inclusion in the §nitie) 2.:= it 1 ¢
!:s:':h; irdrecoces no scciticta) sefety coosliceritises o &l St LTi% 0
P SaTR 00T smalyses ane Telsted eNGineering infereation creseiie: In
Ereviously sutmitties neterial 4n supsort of the licerse actlicetis,

3.2.3.57 Evalustion of Core Components

F. vilustion .

The fission gas relesse ond the essociates bullow of Internsl gas press.re in
the fuel roos is celculstes by 8 cooe based on experimentally cetermines
Totes. The Increase of interms) pressure in the fue) rod cue to this
‘srencnena is Incluces in the cetermination of the maximum tleocing stresses at
<he eno of core 1ife wvhen the fission proouct Gap inventory is a meximm,

The maximum gllowable strein in the claozing, consicering the comoines effects
of internal fission ges pressure, externel coclant press.re, fuel pellet
swelling ano clac creed s limiteo to Jess than ) per cent threvphout core
dife. e associstes stresses sre below the yielo strength of the meter sl
vncer 8ll nermal ooerating consitions.

To assure that manufactured fuel rocs meet 8 high standarc of excellence from

the stanapoint of functiona) requirements, many inscections ano tests sre

performes both on the raw material and the finished proouct. These tests ano

snscestions incluce crenical sralysis, elevateo terceratute, tensile testing

of fuel tubes, cimensional inspection, X-ray of both end elug welios,

;J;rug&c testing anc helium lesk tests. e scoitiora] cetells in Section
. 0’0 k

In the event of cladding cefects, the high resistance of uranium cloxioe fuel
pellets to sttack by hot wster protests sgainst fuel Ceteriorstion or cesresse
dn Tuel Integrity, Thermal stress in the pellets, while cousing some fracture
of the bulk materis) ouring temcersture cycling, oces not resgt 4n
pulverizetion or gross voic formation in the fuel metrix. As shown by
Coerat'ng experience and extensive experimental work in the inoustry, the
trermsl Cesipn carameters conservatively sccount for sny changes in the
trerval zerfirmance of the fuel element cue to sellet frectuse.

D118 3.2- 38
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Burnup:
Fuel burnup results in fuel swelling which prosuces ¢ “Péh' T™he
strain camage Jimit Ss “WROT ex e0 10 be resches unTWuo “IND

reaches mmintcx{ 65,000 VWDMTU,  The pesk pellet burnud for fuel in
ecuilitrium cytling s expected to be 50,000 saD/MTY, THR cesipn
equilinrium region sverage cischarge burme i adout 33,000 wwD Ty,

Fuel tempersture sng ke/fi:

At zero burhwe, CI033ing Camepr is caloulates to osour at 3 be/fe “te0g
VoON TIBS2ING SLTAIN TeRthIng the SETASE damit. AL NS Tiepr itl: L%
OF the Dellel contra) rejion &8 exsecties 15 £f AR the Mi.ign . $et! o2
The raximgm thermal output 8t Tetes poeer 18 5.0 ke/ft.

An evalustion of the fue) oens!ification as it affects GSaraling tinley g3
Uit 3 38 Slven An Ropencin 26, §n0 WIAE 806D S2semeom 3 (30 s L tel,
SCAR BLZ2 3nC Its acoenoum (refererces 28 anC 26) evBiobies T80
censificetion as It axplies to Unit 2.

In A v the Indtial fuel censities of Regions 2 anc 3 reflect the
ectiel ng On censities as svences in the FSAR Tadle 4.1, Toe fuel
Censity .iself coes rot have any significant effect on the POwer transient
sssocisted with the roo election accicent,

In the fuel censification report s 2700°F clag surface temperature Jimits
is useo for accicents such as Rog Ejection ang Lockes Rotor as olssissed
in WCAP 7855 ang Sn Attachment 13 o nestinghouse Jetter NE.SL.50)
(Bnuery 12, 1973) to 1. D. F. knuth,

In Adcencix 34, the methoos cescrides in WoAF.2422.1 "sestingrouse AR
Core Seavior Follewing o Loss-of-0Doalant Accioent® Sectiom 6.2.) sere
USED to cetermine the Sep conouttsrce ourini LOCA exzedt for the initis)
value. The initisl gat conouctance 4n LOCTR wis aciusied suoh thet the
dNItia) sversge tenzersture 4n LOCTA wis goudl te the Ces g val.e of tne
80U sverage tempersture 8t the epprocriste Ke/ft plus oWl
:no:r;tun ircresse to cover an uncertainty which was 05375 x
Kw/ t B

Farsmeters consicered Smoortant to fuel censification sralysis are
sunarized in Table 3.1 ano Tasle 4.1 of the 2icn ang Point Beach Unit 2
fuel censification reports. In sooition:

8.  The initial, os febriceted cismetrs) fuel pelilet/clac geo for 2ion is
0. gm; inches which s 0.001 inches less thanm that for Point Besch

B.  The tirme Integroted sxiel sower cistridution (or fast™ restren 7)o
cistridution) wsed in the a~alyses of gac soncuctance for ooin 2ion
ano Polnt Besch Unit 2 is given In Attazsrent L, Figure 2 of
Nestinghouse letter NS-SL-52) (Jenuary &, 1973) to Or, D. F. anuth,
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FIGURE 10 /4"’/')

Isostrain and rupture curves
plotted as a function of

hoop stress and temperature
for tubes heated a% 100°C/sec.
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1978  dAmAa s &d _ CU‘\Sb
3.5 19 ng an Mod 18
: el
puring & LOCA the clad i assumd Lo strain uniforsly and plastically in
the radial dire.tion provided that poth the tempwratury and thw Jifferent hol
pressure Across the clad are sulficiently high. 1f the strain exceeds IM:I (a,¢c)
or the clad tenperatury encoeds the butst temperatury (determined a8 2 funct fon

of the instantancous stress) the clad e assuned L0 burst TRY an addiriond)
mm—en — 255 e
local strain i» added 1o the burst node., 0

Threv empirical sodels are enploved to evaluate vhe clad swvelling and
rupture behavior.

3.5 Clad Swelling Prior to Ruptute

I.t‘y‘“! perforned & series of tests in which Tode with constant futernal pross
sury were tappeéd to 8 serics tenperatures 8l various constant ramp rates.
The pressures repurtied by Nardy were converted Lo hoop strerres by the

formula

(3-69

and the strain at @ given temperature and rap rale wer correlated s
functions of the dur ived hocp SLTES. The equation developed which buesi

describes the dota o
r S

(a,0)
(3-170)

wvhetwe!

(a,)




A ——
‘ sy ok Bows o
WESTINGHOUSE

9

(e,¢)
TN
(a,c)

(0,¢)

. ’o‘o’ Clad Durst

Clad 4o sssumed to burst 40 4t veaches [102) hoop strain baz ¢ . the :::Llﬁ:ﬁ:'.')
Ce— SS— CT————
sode) desctibed above if the cled temperature on the burat node reaches
T & St - i
_ ¢ burstl temperature. [ ] caperature s €8 culated ax & function vl
‘R ) hoop rLTUES basvd on correlation of the & st inghoune single rod burst wu“"
b ‘ 'uu stiown In Fipure .)-l. The best estimate corve from figure d=1 In weed an
pressure is converted to hoop stress by the relationship duscribed In
Bquat ion )-89 wsing original test specinmen geometry. This best estimate
curve 48 described by the equation

(a .bh,¢0)
'unc o [ J (3=71A)

3.9 Local Mu:» Strain After Burst '

The o | svelling that eccurs vv rapidly ot th is¢ o

Jocalized diatLD) '} " ery w time of

purst s calculated from 2 corrclation of sinply vod burst tenl data of.

Sest i nphanse md others, ﬂ.uv«w the correlation and the ranges

of tiw u‘u-;&d. Expressvd in terns of hoop siress the correlation gives
——————

et g ) @ (ah)

(3-118)
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Fig. 2. The Hoffaan & Coplin correlation of fission gas release

as & function of temperature (from Ref. 35).
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N CORE TEMPERATURE DISTRIBUTION

Assumptions: Operation at 3391 Mt for 500 days

t of Core Fuel Yolume

Above the Given Temperature Lgul Temperature, *F
0.0 4100
0.2 3700
1.8 3300
7.0 2900
14,5 2500
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Branch Technicai Position CSB 6-4 ? {
CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS

A.  BACKGROUND

This branch technical position pertains to system 1ines which can provide an
open path from the containment to the ervirons during normal plant operation;
e.0., the lines associated with the containment purge and vent systems. n
Suppiements the position taken in SRP Section 6.2.4.

While the containment purge and vent systems provide plant operationa)

flexibility, their designs must consider the impertance of minimizing the

release of containment atmosphere to the environs following a postulated

Toss-of-coolant accident. Therefore, piant designs aust ot wely on their use
4 0n & voutine basis,

The need for pur,ing has @ot always been anticipated in the design of plants,
and therefore, des),n criteria for the containment purge system have not been
fully developed. The purging experience at operating plants varies considerably
from plant to plant. Some plants do not purge during reactor operation, some
pu intermittently for short periods and some purge continuously. There is
similar cisparity in the need for, and use of, containment vent systems at
operating plants.

Containment purge systems have been used in a variety of ways; for example,

to alleviate certain operational problems, such as excess air leakage into the
containment from pneumatic controllers, for reducing the airborne activity within
the containment to facilitate personne] access during reactor power operation,
and for controlling the containrant pressure, temperature and relative humidity.
Containment vent systems are typically used to relieve the initial containment
pressure buildup caused by the heat load imposed on the containment atmosphere
during reactor power ascension, or to periodically relieve the pressure buildup
due to the operation of pneumatic controllers. However, the purge and vent
Qines provide an open path from the contaiment .40 the environs.
Lecur during containment purging when the reactor is at powe

ngnnt <woses ehouid be within 10 LFR Part 200 ’utgclmg‘?lgg,

N QT IARTAR TN LIMTNINSTR Y
The sdzing of the purge lines in most plants have been based on the need to
control the containment atmosphere ouring rofuclin? operations. This need has
resulted in very large lines ponotutin? the containment (about 42 inches in
diameter). Since these 1ines 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 fon containment purging during
rormal plant operation. Under such conditions, cailculated accident doses could
be significant. Therefore, the use of _these large containment purge and xeat
should be restricted o cold shuldown conditions and refueling operations

aust be sealed closed 1n a1) other operat jonal wodes ™2

prp— R -

The design and use of the pur ‘and vent 1ines should be based on the premise
of achieving acceptable calculated offsite radiological conseque gsur
thathmrgongy core cooling (ECCS) effectiveness is not degred

X the Cantaisent backpressure,

Purge system designs that are acceptable for use on a nonroutine basis during
normal plant operation can be achieved by providing adgaﬂoml purge lines.

-
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"7 The size of these 1ines should be limited such that in th . nee-

coolant accident ~assuming the purge velives are Open and subsequen 0 -
Al TI010531Z81 <ol me d Yn sccordance w Xegulator ' )
¢ oo 3 And"T.3 &0U xceed Yhé TUTFR Pait “TOU GUTdeTIAE L2 the
ror Vatv OSuTe should not exceed Tive £econds to assure Lb
9 < tN FUTT v woulg b 0 g DE10 psel of-! ) e a) 1 owino
<y SOEK r concerns apply to vent system designs. ' I
The size of the purge lines should be abo in diameter for PwR

lants. This line size naiglgg gl nafmx
Mark 111 BwR ecause of containment and/or
'ng !‘1505 nex b% Eg;i!ﬁsg However,
nstra ' iol
vt rad! ou-ofig_oohnt-occidontmw be within
v In summary, t of a s a
site meteorolo WE é%é; ani% 'naﬁoﬂog cal source
m for the ru e, oj é
B. BRANCH TECHNICAL POSITION

The syuus used to purge the contzinment for the reactor operational modas of
loour ration, startup, ~hot ste
‘ .

ndby nd ho .., -the omii
vMLPendon oL L W,

eling.

1. w'y“‘” should be designed in accordance with the following
a. Genera) Dui?n Criterion 54 requires that the reliability and perfor- | \_‘
mance capabilities of containment isolation valves reflect the impore

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
nsunnco_‘grogrn outlined in Branch chhnicn Position =ll'!"2 " Pump

“afd Valve Operability Assurance Program." (Also see SRP Section 3.10.)
The design basis for the valves and actuators should include the build-
up uf containment pressure for the LOCA break spectrum, and the supply
1ine and exhaust line flows as a function of time up to and during
valve closure.

b. The number of supply and exhaust 1ines that may be used should be
limited to one supply line and one exhaust line, to improve the
reliability of the isolation function as required by General Design
Criterion 54, and to facilitate compliance with the requirements of
Appendix K to 10 CFR Part 50 regarding the containment pressure used
in the evaluation of the emergency core coolin? system eftectiveness
and 10 CFR Part 100 regarding offsite radiological consequences.

c. The ‘;}'i of the lin ’{h ] X ight inches in diameter,
upless detailed lust n for lar vided, Lo
Tmprove the reljability and performance capabiiity of {Ee Tsolation

and containment functions as required by General Design Criterion 54,

and WWww v
10 C r She so poent. pressure used.do.evaluallng

m r! £dip : and 10 CFR Part 100 |

rogard!nﬂ QR. ogf te ra ological conseguen gn,
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d. As required by General Design Criterion 54, the containment isolation
« provisions for the purge system lines should meet the standards appro-
priaste to engineered safety features; i.e., Queiity, redundancy, test-
ability and other appropriate criteria, to reflect the importance to
safety of isolating these lines. Genera) Design Criterion 56 estab-
}:shos explicit requirements for isolation barriers in purge system
nes.
£l
e. To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, instrumentation and zontro) systems
l provided to isolate the purge system 1ines should be independent and
actuated by diverse parameters; e.g., containment pressure, safety
injection actuation, and containment radiation leve). Furthermore,
if energy is required to close the valves, at least two diverse sources
of energy shall be provided, either of which can effect the isolation
function.
-‘.

.74 Purge isolation valve closure ;i%;, i
azté""'.{z.?;”v'. seconds, to
0 regarding offsite radiologica
9. Provisions should be made to ensure that isolacion valve closure will

not be prevented by debris which could potentially become entrained
in the escaping air and steam.

The purge system should not be relied on for tempersture and humidity
control within the containment.

Provisions should be made to minimize the need for purging of the contain-

ment by providing containment atmosphere cleanup systems within the contain-
sent.

Provisions should be made for testing the availability of the isolation
functl?n and the leakage rate of the isolation valves during reactor
operstion.

The following analyses should be performed to justify the containment
purge system design: H i s o e

a. An analysis of the radiological ¢ MW
_me;‘-nmm.“‘m analysis should be aono ,or a spectrum of break sizes,
nstrumentation and setpoints that will actuate the purge
valves closed should be identified. Thcamm_*g used in the
radiological calculations should be based on & calculation under the
m”diu K to determine the extent of"sm ure and the
], ¥ products, an §510N
A

| mmwza;;;;qﬂm re-existing 1od 1Ee SEOUM
_m. €red 1n determinin j ccorant v
6_Open purge va
. gﬁg rgi‘o!o cal consequences shou

within ar gy deline values.
Y

b. An analysis which demonstrates the acceptability of the provisions
sade to protect structures and safety-related equipment; e.g., fans,

6.2.4-15 Rev. 2 = July 1981




filters, and ductwork, locsted beyond the purge system isolation
valves against loss of function from the environment created by the
escaping air and steam.

An analysis of the reduction in the containment pressure resulting

The maximum allowable leak rate of the purge isolation valves should
be specified on a case-by-case basis giving appropriate consideration
to valve size, maximum allowable leakage rate fur the containment

(as defined in Appendix J to 10 CFR Part 50), and where appropriate,
the maximum allowable bypass leakage fraction for aual containments.

6.2.4-16 Rev. 2 = July 1981
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4.2 FUEL SYSTEM DESIGN
REVIEW RESPONS T1ES
Primary = Core Perforrmance Branch (CPB)

Secondary - None

1. AREAS OF REVIEW

The therma), mechanical, and materials design of the fue) system is evaluated by
CPB. The fue) system consists of arrays (assemblies or bundles) of fuel rods
including fue! pellets, insulator pellets, springs. tubular cladding, end
closures, hydroge: getters, and fi1) gas; burnable poison rods including com-
ponents similar to those in fuel rods; spacer grids and springs; end plates;
channel boxes; and reactivity control rods. In the case of the control rods,
this section c.vers the reactivity contro) elements that extend from the coupling
interface of the control rod drive mechanism into the core. The Mechanical
Engineering Branch reviews the design of control rod drive mechanisms in SRP
Section 3.9.4 and the design of reactor internals in SRF Section 3.9.5.

The objectives of the fuel system safety review are to provide asturance that
~(a) the gl syftam 43 no 45 3 Tesu 1t BT aormal<oneration nd gntic-..
ted cpe ’,ay%ggrnncn. ; fuel syspan gdamage Jsnever.so. severe As 1o,
in

‘ﬁmmm. sertionehenuteis vequired, (c) thW
iedng_ , @n coola y o
8

apays aiped. ."Not damaged,” as used in ove statement, means that
fuel rods do not fail, that fuel system dimensions remain within operationa)
tolerances, and that functiona) capabilities are not reduced below those assumed
in the safety analysis. This objective fmplements Genera) Design Criterion 10
(Ref. 1), and the design 1imits that accomplish this a;-o“cgnod fpecified

erod that

uu and

Y, 1n general, means y § rod-bundle
geometry with adequate coolart channels-to -permit-removel of Tesidual heat-even
wifter 4 severe nccident==ghe general requirements to maintain control rod

Rev. 2 = July 1981

USNRC STANDARD REVIEW PLAN

lmnmmm.r'um of the Otfice of Nuclear Reactor Regulation staM responeible for the review of
eppications to conetruct and operste nuclear power plants. These documents ere made avellable to the public e pant of the
Commission's policy to inform the nuciesr industry erd the general public of regulstory procedures end policies Standerd review

+ plane sre not substituies for reguistory guides or the Commission’s regulsvions and compliance with them is not required The

utandard review plen sections are keyed to the Btandard Format and Content of Befety Analysis Reports for Nuclesr Power Plants
Not all sections of the Standerd Format have 8 corresponding review plen.

Published sta~dard review plans will be revised pariodically. as 8pProPriate. to 8CCOMMOBEte COMMents and (o reflect new informs
ton and expe. ence.

Comments end tions for improvement will be considered and should be sent to the U.8 Nuclesr Regulstory Commission,
Offce of Nuc:m.mm Regulation. Washing on. D.C. 20686



insertabflity and core coolability appear repeatedly in the Genera)l 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).

Al ia ar rib RP . For

The fuel system review covers the following specific areas.

A. Design Base:

Design bases for the safety analysis address fuel system damage mechanisms
ard provide limiting values for important parameters such that damage

will be 1imited to acceptable levels. The design bases should reflect

the safety review tbjectives as described above.

B. Description and Design Drawings

The fuel system description and design dravin?s are reviewed. In general,
the description will emphasize product specificaticns rather than process
specifications.

C. Design Evaluation

The performance of the fuel system during normal operation, anticipated : e
operational occurrences, and gosgﬂut*g pccidents is reviewed to determine k

if a1l design bases are met. e Tuel system components, as listed

sbove, 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 experimenta) comparisons,

detailed mathematical analyses, and other information.

D. Testing, 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 1oaded in the core without damage. On-line
fuel rod failure monitoring and postirradiation surveillance should be
performed to detect anomalies or confirm that the fuel system is performing
as expected; surveillance of control rods containing B,C should be performed
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 beer addressed.

11. ACCEPTANCE CRITERIA

Specific criteria necessary to meet the requirements of 10 CFR Part 50, §50.46; l
Genera) Design Criteria 10, 27, and 35; Appendix K to 10 CFR Part 50; and
10 CFR Part 100 identified in subsection 1 of this SRP secticn are as follows: I

4.2-2 Rev. 2 = July 19881



24

The fuel system design bases must reflec. the four objectives described

in subsection I, Areas of Review. To satisfy these objectives, acceptance
criteria are needed for fue) system damage, fuel rod failure, and fue)
coolability. These criteria are discussed in the following:

1. Fus) Systefemage -

This subsection applies to germale@peration, and the information to
be reviewed should be contained in Section 4.2 of the Safety Analysis
Report.

To meet the requirements of General Design Criterion 10 as it relates
to Specified Acceptable Fue) Design Limits for normal operation,
including anticipated operational occurrences, fuel system damage
criteria should be given for all known damage mecharisms.

Fuel system dlll?t includes fuel rod failure, which is discussed
below in subsection 11.A.2. In addition to precluding fuel rod
failure, fuel damage criteria should assure that fuel system dimen-
sions remain within operationa) tolerances and that functiona)
capabilities are not reduced below those assumed in the safety
cnn\¥sis. Such damage criteria should address the following to be
complete.

(a) Stress, strain, or loading Yimits for spacer grids, guide
tubes, thimbles, fuel rods, control rods, channe)l boxes, and
other fuel system structural members should be provided.
Stress limits that are obtained by methods similar to those
xivcn in Section 111 of the ASME Code (Ref. 4) are acceptable.

ther proposed limits must be justified.

(b) The cumulative number of strain fatigue cycles on the structura)
members mentioned in paragraph (a) above should be significantly
less than the design fatigue 1ifetime, which is based on appro-
priste 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 1imits must be justified.

(c) Fretting wear at contact points on the structural members
sentioned in paragraph (a) above should be 1imited. The allowable
fretting wear should be stated in the Safety Analysis Report
and the stress and fatigue 1imits in paragraphs (a) and (b)
above should presume the existence of this wear,

(d) Oxidation, hydriding, and the buildup of corrosion products
(crud) should be Yimited. Allowable oxidation, hydriding, and
cruc Tevels 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 to
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set values (1.e., damage 1imits), but they must be included in
the design analysis to establish operatfonal tolerances.

(f) Fuel and burnable poison rod internal gas pressures should ’.
remain below the nominal system pressure during normal opera-
tion unless otherwise justified.

(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. |

(h) Control rod reactivity must be maintained. This may require
the control rods to remain watertight if water-soluble or
leachable materials (e.g., B¢C) are used.

Fuel Rod Fagtive

This subsection applies to ndFmaY“Bperation, anticipated operationa!
occurrences, and postulated accidents. Para?raphs (a) through (c)
address failure mechanisms that are more lim ting during normal
operation, and the_information-to-be reviewed-should de.contained .in-
Section 4.2 of the Safety Analysis Report. Paragraphs (dz through
(h) agdress chanisms. thataze pore 1imiting durin
antic*pated operational occurrences and postulated accidents, and
AT SR LS UL X R T

.- Paragrap should be addressed in
"g:ctign 4.2 of the Safety Analysis Report because it {s not addressed
elsewhere.

O

To meet the requirements of (a) Genera) Dosffn Criterion 10 as 1t
relates to Specified Acceptable Fuel Design Limits for normal opera-
tion, including anticipated operational occurrences, and (b) 10 CFR
Part 100 as 1t relates to fission product releases for postulated
accidents, fuel rod failure criteria should be given for all known

fuel rod failuro mechanisms. Fuel rod failure is defined as the

loss of fuel rod hermeticity. Although we recognize that it is not
possible to avoid all fuel red failures and that cleanup systems are
installed to handle a smal! number of leaking rods, it 1s the objective
of the review to assure that fue! does not fai) due to specific Il

causes during normal operation and anticipated operational occurrences.
Fuel rod failures are permitted during postulated accidents, but X
they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet/clodding )
interaction (PCI), hydridinp. cladding collapse, bursting, mechanicai
fracturing, and fretting. Fuel failure criteria should address the

following to be complete. |

(a) Hydriding: Hydriding as a cause of failure (i.e., primary |
hydriding) 1s prevented by keeping the level of moisture and
other h{drogenous 1ngur1tics very low during fabrication.
e

Acceptable moisture levels for Zircaloy-clad uranium oxide fuel
should be no ﬁaoator than 20 ppm. Current ASTM specifications .
(Ref. 7) for UD; fuel pellets state an eguivalent limit of 2 ppm v

of hydrogen from all sources. For other materials cled in
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F bul.hew positions recommending different criteria should address

,  (e)

n

-

‘wriolation -of the "thermalamargin <riteria 4s <ot peraitted. _for

|

Zircaloy tubing, ar equivalent quantity of moisture or hydrogen
€.n be tolerated. A moisture level of 2 mg K.0 per cm® of hot
void volume within the Zircaloy cudding has been shown (Ref. B)
to be insufficient for primary hydride formation.

Cledding Collapse: 1f axia) gaps in the fue) pellet column
occur due to densification, the cladding has the potential of
collapsing into a gap (4.e., flattening). Because of the large
local strains that accompany this process, collapsed (flattened)
cladding s assumed to fail.

Fretting: Fretting is a potential cause of fue) failure, but |
it 1s a gradua) process that would not be effective during the

brief duration of an abnormal operationa)l occurrence or a

postulated accident. Therefore, the fretting wear requirement

in pcra?raph (c) of subsection 11.A.1, Fue) Damage, is sufficient

to preclude fuel failures caused by fretting during transients.

erhesting of Cladding: It has been traditiona)l practice to —-‘
ssume that failures Wil not occur {f the thermal margin -
criteria (ONBR for PWRs and CPR for BWRs) are satisfied. The
review of these criteria 1s detailed in SRP Section 4.4.) for
marsa | operationand anticipated operationa) eccurrence .

ostulated -accidents,<the =tota) number -0f Tue! rods that exceed
criteria has deen assuned 40 £aii«foraediologicel aose
g 'culationpurposes.

Although a thermal margin criterion is sufficient to demonstrate
the avoidance of overheating from a deficient cooling mechanism,
it 1s not a necessary condition (1.e., DNB is not a failure
mechanism) and other mechanistic methods may be acceptable. s
There is at present 1ittle experience with other approaches,

cladding temperature, pressure, time duration, oxidation, ande
embritt mnt.ﬁg_-

Overheating of Fuel Pellets: It has also been traditional
practice to assume that Tailure Mi11soccur 4f<centeriine melting

‘-uku«ploco. This analysis should be performed for the maximum
Tinear hea* gencration rate anywhere in the core, including all
hot spots .nd hot channel factors, and should account for the
effects of burnup and composition on the melting point. &or
nerwal operation -and -antécipated operational vccurrences,
fenteriine melting 15 not permitted. ~+For postulated accidents,
4he Lotal aumber of rods that experience centeriine melting .
fhould be assumed Lo Jai) for radiological dose calculation
purposes. The centerline melting criterion was established to
assure that axfal or radial relocation of molten fuel would
neither allow molten fuel to come into cortact with the cladding
nor produce local hot spots. The assumption that centerline
melting results in fuel failure s conservative.

Excessive Fuel Enthalpy: For a severe reactivity initiated
accident (RIA) in a BWR at zero or low power, fuel failure is J
assumed to occur 1f the radially averaged fuel rod enthalpy is
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reater than 170 cal/g at any axial location. For full-power
SIAs in a BWR and a1) RIAs in a PWR, the thermal margin criteria
(DNBR and CPR) are used as fuel failure criteria to meet the

uidelines of Regulatory Guide 1.77 (Ref. €) as it relates to

vel rod failure. The 170 cal/g enthalpy criterion is primarily
intended to address cladding overheating effects, but 1t also
indirectly addresses pellet/cladding interactions (PCI). Other
criteria mey be more appropriste for an RIA, but continued
approval of this enthalpy criterion and the thermal margin
criteria may be given until generic studies yield improvements.

s (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 1X.
In this context, uniform strain (elastic and inelastic) is
defined as transient-induced deformation with gage lengths
corrospondinv to cladding dimensions; steady-state creepdown
and irradiation growth are excluded. Although observing this i
strain 1imit 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 2
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
e during a LOCA, 4 rupture temperature correlation must be used
in the LOCA Ef.S analysis. Zircaloy cladding will . &urst
, (rupture) under certain combinations of temperature, heating
wrate, and differentia) pressure. Although fuel suppliers may
use different rupture-temperature vs differential-pressure
curves, an acceptable curve should be similar to the one
described in Ref. 10.

(i) Mechanica)l Fracturing: A mechanical fracture refers to a
defect in a fue) rod caused by an externally applied force such
as a hydraulic load or a load derived from core-plate motion.
Claddiag integrity may be assumed 1f the applied stress is less
than 90% of the irradiated yield stress at the appropriate
temperature. Other proposed 1imits must be justified. Results
from the seismic and LOCA analysis (see Appendix A to this SRP
section) may show that failures by this mechanizm 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

4.2-6 Rev. 2 = July 1981




F.—_-—_—_——.-,,— A smem B S ——————— - — - —— —————— . . &
-
:

Al

of two accidents, however, and that information should be contained
in Section 4.2 of the Safety Analysis Report. To meet the require-
ments of General Design Criteria 27 and 35 as they relate to contro)
rod insertability and core coolability for postulated accidents,
fuel coolability criteria should be given for all severe damege
mechanisms. Coolability, or coolable geometry, has traditionally
implied that the fuel assembly retains its rod-bundle goonotry with

emddequate coolant channels to permit remova) of residuc) heat.
Reduction of coolability can result from cladding embrittiement,
violent expulsion of fue), generalized cladding melting, gross
structural deformation, and extreme coplanar fuel rod bal ooning.
Lontrol rod insertability criteria are also addressed in this
subsection. Such criteria should address the following to be
complete:

(a) Cladding Embrittiement: To meet the requirements of 10 CFR
Part 50, §50.46, as 1t relates to cladding embrittiement for a
LOCA, acceptance criteria of 2200°F on peak cladding temperature
and 17X on maximum claoding oxidation must be met. (Note: If
the cladding were predicted to collapse in o given cycle, it
wouid also be predicted to fai) and, therefore, should not be
irradiated in that cycle; consequently, the lower peak claddin
temperature 1imit of 1800°F previously described in Reference gl
is no longer needed.) Similar temperature
and oxidation criteria mey be justified for other accidente,

(b) Violent Expulsion of Fuel: 1In severe reactivity inftiated
accidents, such as rod ejection in a PWR or rod drop in a BWR,
the lar?c and rapid deposition of energy in the fuel can result
in melting, fragmentation, and dispersal of fuel. The mechanical
action associated with fue) 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-
Tines of Regulatory Guide 1.77 as it relates to preventing wide-
spread fragmentation and dispersal of the fue) 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 1imit should also be used for BwRs.

(c) Generalized Cladding Melting: Generalized (1.e., non=local)
melting of the cladding could result in the loss of rod=bundle
fuel geometry. Criteria for cladding embrittlement in
paragraph (a) above are more stringent than melting criteria
would be; therefore, additiona) specific criteria are not used.

(d) Fuel Rod Ballooning: To meet the requirements of Appendix K of
10 CFR Part 50 as it relates to degree of swelling, burst
strain and flow blockage resulting from cladding bellooning
(swelling) must be taken into account in the ansl,sis of core
flow distribution. Burst strédn and flow nlocngo models must
be based on applicable data (such as Refs. 10, 12, and 13) in
such a way that (1) the temperature and differentia) pressure
at which the cladding will eupture are properly estimated (see
paragraph (h) of subsection 11.A.2), (?) the resultant degree
of cladding swelling is not underestimated, and (3) the asso-
ciated reduction in assembly flow area is ot underestimated.
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The flow blockogo mode) evaluation 1s provided to the Reactor
Systems Branch for incorporation in the comprehensive ECCS
evaluation mode! to show that the 2200°F cladding temperature

and 17% cladding oxidation 1imits are not exceeded. The reviewer
should also determine if fuel rod balleoning should be included in
the analysis of other accidents involving system depressurization.

(e) Structura) Deformation: Analytical procedures are discussed in
Appendix A, "Evaluation of Fuel Assemdbly Structural Response to
Externally Applied Forces."

B. Description and Design Drawings

The reviewer should see that the fuel system description and design
grawings are complete onou?h to provide an accurate representation and to
supply information needed in audit evaluations. Completeness 1s a matter
of judgment, but the following fuel system information and associated
tolerances are necessary for an acceptable fue)l system description:

T{po 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
Overal) rod length
Rod internal void volume
Fi11 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:

Fue)l assembly cross section

Fuel assembly outline

Fuel rod schematic

Spacer grid cross section

Guiue 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
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C. ign Evaluation

The methods of demonstrating that the design bases are met must be
IR0 reviewed. Those methods include operating experience, prototype testing,
and analytical predictions. Many of these methods will be presented
xcncrica ly in topical reports and will be incorporated in the Safety
nalysis Report by reference.

1. Qggr!ting gxg!rionc!

Operating experience with fuel systems of the same or similar design
should be described. When adherence to specific design criteria can
be conclusively demonstrated with operating experience, prototype
testing and design analyses that were performed prior to gaining
that experience need not be reviewed. Design criteria for fretting
wear, oxidation, hydriding, and crud 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 characteristics of the new design. No definitive requirements
have been developed regarding those dcsign features that must be
tested prior to irradiation, but the following out-of-reactor tests
have been performed for this purpose and will serve as a guide to

‘N. the reviewer:
Spacer grid structura) tests

Control rod structural and performance tests .
tuel assembly structural tests (lateral, axial and torsional
stiffness, frequency, and damping)
Fuel assembly hydraulic flow tests (1ift forces, contro)
rod wear, vibration, and assembly wear and 1ife)

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 thiz manner in new designs wil)
serve as a guide to tha reviewer:

Fuel and burnable poison rod growih
Fuel rod bowing

Fuel assembly growth

Fuel assembly bowing

Channel box wear and distortion
Fuel rod ridging (PCI1)

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 {nability to perform 1n-roa;tor
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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 11.0 below). ‘,

-Analytical Predictions

Some design bases and related parameters can only be evaluated with
calculational procedures. The analytica) methods that are used to
make performance predictions must be reviewed. Many such reviews
have been performed establishing numerous examples for the reviewer.
The following paragraphs discuss the more established review patterns
and provide many related references.

(a) Fuel Temperatures (Stored Energy): Fuel Lemperatures and
stored energy aurin? normal operation are needed as input to
ECCS performance calculations. The temperature calculations
require complex computer codes that mode! many different
phenomena. Phenomenslogical models that should be reviewed
include the following:

Radial power distribution

Fuel and clcddin? temperature distribution

Burnup distribution in the fue)

Thermal conductivity of the fuel, cladding,
cladding crud, and oxidation layers

Densification of the fue!

Thermal expansion of the fuel and cladding

Fission gas production and release

Solid and gaseous fission product swelling

Fuel restructuring and relocation

Fuel and cladding dimensiona) changos

Fuol-to-claddin? heat transfer coefficient

Therma) 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 fi11 gases

Cladding oxide and crud layer thickness

Cladding-to-coolant heat transfer coefficient*

Because of the strong interaction between these models, overal)
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 mode) is reviewed as described

in SRP Section 4.4.
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power distributions (power spiking, see SRP Section 4.3),

(2) the fue) linear heat generation rate (LHGR, see SRP

Section 4.4), and (3) the potential for cladding collapse.
Densification magnitudes for power spike and LHGR analyses are
discussed in Reference 21 and in Regulatory Guide 1.126 (Ref. 22).
To be acceptable, densification models should follow the guide-
1ines 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 lowing: Guidance for the analysis of fuel rod bowing
is given in Reference 25. Intrrim methods that may be used
prior to compliance with this guidance are given in Reference 26.
At this writing, the ceuses rf fuel rod bowing are not wel)
undorst:od and mechanistic rnalyses of rod bowing are not being
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 CPB. The models are empirical and should
be compared with relevant data. Examples of such data and
previous reviews are contained in References 10, 12, and 13.

(f) Fuel Rod Pressure: The thermal performance code for calculating |
temperatures discussed in paragraph (a) above should be used to |
calculate fuel rod pressures in conformance with fuel damage |
criteria of Subsection I1.A.1, paragraph (f). The reviewer
should ensure that conservatisms that were incorporated for
calculating temperatures do 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 reaztion should be
calculated using the Buker-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
Guides 1.3, 1.4, 1.25 and 1.77 (Refs. 6, 28-30) as they relate

28 to fission product relesse, the available radicactive fission

product inventory in fuel rods (i.e., the gap inventory) is
preseitly specified by the assumptions in those Regulatory
-Guides. (These assumptions should be used until improved.
‘telsulational methods are approved by CPB (see Ref, 31)..
|

Testing, Inspection, and Surveillance Plans

Plans must be revieowed f.r each plant for testing and inspection of new
fuel and for monitcring and surveillance of irradiated fuel.
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UNITED STATES Reference 3

Y '
E‘\’ * ig I3 NUCLEAR REGULATORY COMMISSION
WASHINGTON, D ¢ 20668
W, N ‘A} July 20, 1989

MEMORANDUM FOR: Frank J. Mirngliu. Associate Director
for Inspection and Enforcement

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

SUBJECT: DIFFERING PROFESSIONAL VIEW (DPV) CONCERNING CONTAINMENT
ISOLATION VALVES AT ZION

On May 11, 1989, The writer submitted a memo on the subject:
Differing Professionsl View Concerning

@) Issuance Of SER To Zion 1/2 Allowing Full Power
Operation With Open 42* Containment Isolation Valves

b) Methodology Used For Celculating Related Offsite Doses

By memo of May 11, 1989, from F. J. Miraglfa 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 t?c transport of fissfon products from the primary (system) to the
containment,

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

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

Regarding the safety significance of the ex1st1n8 Zion Amendment proposed by
management. Use of that Amendment and requirec Regulatory Guide 1.4 criteria
would result in a contribution to thyroid dose over seven (7) secs. of 158,000
rem; using DNBR faflure criteria with 108 fission product gap release would
reduce this to 64,000 rem. Use of DANBR failure and equilibrium gap activity
only would contribute 27,000 rem,

It would take a fuel failure of only 0.2% of the existing rods releasing
10% gap activity only tc increase offsite doses to 10 CFR 100 1imits,



