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MEMORANDUM FOR: Frank J, Miraglia, Associate Director
for Inspection and Enforcement

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

SUBJECT: DIFFEPING PROFESSIONAL VIEW (DPV) CONCERNING CONTAINMENT
TSULATION VALVES AT ZION

On May 11, 1989, The writer submitted a memo on the subject
Liffering Professional View Concerning

a) lssuance Of SER To Zion 1/2 Allowing Full Power
Operation With Open 42" Containment Isolatfon Valves

b) Methodology Used For Calculating Related Offsite Doses

By memo of May 11, 1989, from F. J. Miraglia to R. Licciardo, the writer was
asked to clarify certain aspects of the regulatory positions used ‘v the
enalyses including the time to failure used in LOCA analyses and mechanisms
for the transport of fission products from the primary (system) to the
containment,

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

'n response to the above request, ! am pleased to submit the enclosed document
which analyzes for your specific conceras and presents the related conclusions
in Sectinn 4,

Regarcing the safety significence of the existing Zion Amendment proposed by
management. Use of that Amendment and required egulatory Guide 1.4 criteria
would result in & contribution to thyroiu dose over seven (7) secs. of 158,000
rem; vsing ONBR failure criteria with 10% fission product gap release would
reduce this to €4,000 rem., Use of DNBR failure and equilibrium gap activity
only would contribute 27,000 rem.

1t would take & fuel failure of only 0.2% of the existing rods releasing
10% gap activity only to increase offsite coses to 10 CFR 100 limits.
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Frank J. Miraglia -2

It mus*. be recognized that allowing the containment purge valves to remain
open for seven ?7} cecs. following a LOCA, multiplies by 194,000 the amount
of fission product thet would otherwise be relesse by leaksye over the same
period of seven (7) secs. from an isolated containment., It becomes a direct
gon:rao\ct1on of the regulatory need for effective containment and limited
es kage,

In summary: Proceoding with the existing Amendment proposed by management
would be in direct vivlation of regulatory reouirements.

The writer's SER of May 11 issued with his DPV of that date remeins the
writer's safety conclusions and recommendations in this matter 1.e.:

"The 42" valves &t Zion should remain closed in Modes 1, 2, 3 and 4 because
the consequences of the offsite dose to thyroid (from iodine) durine a2 LOCA

is unacceptably high; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which may be proposed within the existing
1icensing basis is 64,000 rem,

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

K Aoccarstr

Robert B, A. Licciardo

Registered Professional Engineer California
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380

Enclosure:
As stated

cc: J. Sniezek
C. Rossi
F. Congel
H, Smith
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PREPARED BY
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INTRODUCTION

On May 11, 1989, the writer submitted a memo on the subject:
DIFFERING PROFESSIONAL VIEW CONCERNING

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

b) Methodology Used For Calculating Related Offsite Doses.

By memo of May 11, 1989, from F. J. Miraglia to R. Licciardo, the writer was

asked to clarify certain aspects of the regulatory positions used in his

analysis including: a) Time to failure used in LOCA analysis and b) mechanisms
for the transport of fission products from the primary (system) to the contain-
ment. The writer was also askea to provide his view as to the safety significance
of the Amendment proposea by management, and the safety significance of his
concerns regarding LOCA analysis.

This material was prepared in response to that request and is in adjunct to
his D.P.V which is attached to this document as Attachment 1.
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4 FISSTION PRODUCT RELEASED FROM FUEL AND CONTAINMENT USED IN ACCIDENT ANALYSES

1.1 Radiological Source Terms Within The Core

Exhibit 1 shows core and gap activities for Zion for iodine.

. Calculated levels of jodine in the fuel clad gap are given to show a total
1-131 EQU of 24.09 x 10° curies

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

.2 LOCA: Reg. Guide 1.4 Criteria: Application to Zion

[

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

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

The design and use of the purge and vent lines should be based on the
premise of achieving acceptable calculated offsite radiological
consequences and assuring emergency core cooling (ECCS) effectiveness
is not degraded by a reduction in the containment backpressure.
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rurge system designs that are acceptable for use on a nonroutine basis
during normal plant operation can be achieved by providing additional
purge lines. The size of these lines should be limited such that in the
event of a loss-of-coolant accident, assuming the purge valves are open
and subsequently close, the radiological consequences calculated in accor-
gance with Regulatory Guides 1.3 and 1.4 would not exceed the 10 CFR

Part 100 guideline values. Also the maximum time for valve closure should

not exceed five seconds to assure that the purge valves would be closed before

the onset of fuel failures following a LOCA. Similar concerns apply to
vent system designs."

This 1s interpreted by the writer as specifying that the large 42" purge
and vent lines (PVLs) should be closed except in Modes 5 and 6. And if
purging is necessary in Modes 1, 2, 3 and 4, then smaller lines (8" and
10") should be considered and the source term to be used for evaluating
offsite dose is that of Reg. Guide 1.4 which uses TID 14844 source terms
as the fission product available for release to containment.

KRG 1.4.C Regulatory Position (Ref. 30) requires the following under
related subsecticn (lv.:

"la. Twenty=five percent of the equilibrium radioactive iodine inventory
developed from maximum full power operation of the core should be
assumed to be immediately available for leakage from the primary
reactor containment. Ninety-one percent of this 25 percent is to be
assumed to be in the form of elemental iodine, 5 percent of this 25
percent in the form of particulate iodine, and 4 percent of this 25
percent in the form of organic iodides."

i.e., 25 of the radioact ve iodine inventory from exhibit 1 is specified
to be immediately available inside primary containment for leakage to the
atmosphere. For Zion this would represent approximately 25 percent of
15.79 x 107 curies of I-131 EQU in the core i.e., 3.9 x 107 curies
immediately available inside containment for leakage to atmosphere.

i



“1C. The effects of radiological decay during holdup in the containment or
other buiidings should be taken into account."

with half lives for iodine (1) varying from 3.16 x 10° secs for 1-134 to
.95 x 10° secs for 1-131, released immediately on a LOCA, and a time to
valve rlosure of seven (7) seconds, there is no time for significant
radioactive decay of any iodine isotope before it is discharged to
atmosphere.

it is to be noted that the actual first stage of fission product release
during a LOCA occurs with the infringement of DNBR for the fue) rod,
leading t¢ overheating of the clad and fuel failure according to SRP 4.2
(Ref. 26) by perforation (or loss of hermeticity). For Zion, this is
specified to occur 0.1 sec's into the event in the Appendix K evaluation
of the LOCA event; the off-site calculations for this submittal have been
made for a DNBR infringement of 1/2 sec. and are therefore less
conservative,

"ld. The reduction in the amount of radioactive material available for
leakage to the environment by containment sprays, recirculating
filter systems, or other engineered safety features may be taken into
account, but the amount of reduction in concentration of radioactive
materials should be evaluated on an individual case basis."

During the first 7 seconds, there are no engineered safety features (ESF)
fission product clean up systems available for reducing fission product
content prior to discharge to the environment. Engineered safety feature
containment sprays are initiated after 45 secs. Any filtration systems on
the 42" inlet and outlel penetrations are not designed to ESF requirements,
Recirculating filter systems provided by W for fission product control of
containment atmosphere during normal operations are not ESF equipment.

Containment volume of 2 million cubic feet originally containing 144,000

1bs of air reduces fission product discharged from the RCS by prior dilu-
tion through mixing. Exhibits 3 and 4, and 3A and 4A show the circumstances
for containment and the discharging reactor coclant system.
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The containment has an initial mass of air of 144,000 bs (at atmospheric
pressure). On a LOCA, the initial rate of discharge from the RCS into
containment is 75,000 1bs/sec and over a period of seven (7) seconds prior
to containment valve closure, a total of 270,000 1bs is so discharged.
This increases total mass in contarament to 420,000 1bs, increasing total
pressure in containment to 23.7 psig; at the tame time a total mass of
15,000 1bs [valves fully open] to 2,860 1bs (velves partly open) of mixed
containment inventory is discharged to the atmosphere.

If it is assumes that all fission product released from the core is
immediately available to containment as in RG 1.4, then total mixing

of this proauct should be assumed to occur on initiation of the LOCA.

(The data presented show the results for a release % second after the
LOCA, but the differences are not significant for the intent of this
submittal.) As a result, containment inventory discharged contains a
uniform concertration of a decreasing curie content over the first

7 seconds, and the net result is a release to outside containment of 4, 38%
of the source term fission product inventory Q, released from the core on
occurrence of the LOCA. (A reduced amount of 1.57% is released for partly
closed valves). Exhibit 2A shows that for the RG 1.4 source term, this
gives a total release from containment over the first 7 seconds of 1.7 x
10 curies direct to atmosphere. Related offsite dose is 490,000 rem for
2 x fully open valves., Partially open valves reduce this to the value
shown in Exhibit 2 of 612,000 curies and 156,000 rem.

It should be reccgnized that the thermsl-hydraulic, including energy
conditions, are such that fluid is discharging from both the RCS and the
containment at very high energy levels, with associated pressure levels
giving sonic discharge velocities into containment of the order of 1000
fps. Under these conditions it takes only hundredths of a seconds for RCS
fluid to reach the containment isolation valves from the RCS system. This
is no comparison with the very low transport rates from the top of a fuel
pool to containment isolation valves for a fuel handling accident inside
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containment as discussed in Section 1.3.3.5 of this subm :ut values of
up to 15 secs. have been considered appropriate for these . ~s.umstances.

If is assumed that the core fission product source term “s ‘rsead uniformly
mixed with the RCS Fluid prior to its dicharge to containmert /less con-
servative than R.G. 1.4) curie content discharged to atmosphere s reduced
from 4.38% Q to 1.9% Q where Q is the total term source released from the
core by the LOCA and related source terms and related offs‘te doses are
reduced by the same amount.

These are not unrealistic assumptions, for conservative purposes. The
LOCA causes sudden pressure drops in the RCS, to saturation pressures for
the prevailing temperatures of the RCS inventory, causing steam release
from violent boiling throughout the system. This would cause substantial
vibration of the fuel rods and movement of the prevailing damaged U0,
pellets, facilitating the mass transfer of fission product gases to and
through the gap to the locally faulted cladding, foliowed by blowdown
through the clad defects at high rate: because of the prevailing pressure
drops, between the gap and the core.

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

at the very high rates discussed earlier in thic subsection. Since fission
product gases are released from the cladding, (and probably at the hottest
sections) the transport of fission products released from the gap would

be within the same steam and entrained liquid transport system to the

break and then containment.

Within containment, unless special provisions have been made, there is no
guarantee that a certain percentage of high concentrations of fission
product inventory being released by RCS discharge is not being bypassed
directly to the open containment isolation vaives from its main path to
principal containment volume. In this sense, assuming an immediate
release of all fission product to the containment on DNBR would help
offset the potential non-conservatism of this bypass.
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l¢. Tne primary reactor containment should be assumed to leak at the leak
rate incorporated or to be incorporated as a technical specification
requirement at peak accident pressure for the first 24 hours
[0.1 percent per day], and at 50 percent of this leak rate for the
remaining duration of the accident. Peak accident pressure is the
maximum pressure defined in the technical specifications for
containment leak testing."

Except for dilution through mixing discussed under 1d above, there is
complete bypass of containment for 7 secs through the 2 x 42" open valves.

The magnitude of disclarge to the environment with related offsite doses
has pbe-n discussed under 1ld above. In reviewing these figures, it should
be recognized that for a normal leakage of 0.1%/day from containment,

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

Over a two hour time frame, and making allowance for 38 seconds without
spray, followed by an iocdine removal coefficient of 54/hr with a maximum
reduction factor of 100, gives an approximate reduction in discharge by a
factor of 32,000 leading to a calculated dose of 15 rem.

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

[
a3

.3 LOCA: BTP CSE 6-4, BS Criteria

The Reg. 1.4 source terms of 1.2 above, are based upon the Regulatory requirement
of 10 CFR 100.11, (a) footnote 1 (Ref. 36) that:
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The fission product release assumed for these calculations should be based
upon & major accident, hypothesized for purposes of site analysis or
postulated from considerations of pocsible accidental events, that would
result in potential hazards not exceeded by those from any accident
considered credible, Such accidents have generally been assumed to result
in substantia meltdown of the core with subsequent release of appreciable
quantities of fission products."

However, Branch Technical Position CSB 6-4 (Ref. 25) provides another basis to
justify containment purge design and which is less conservative than the
Regulatory position. This is given in related section B-5, as:

The following analyses should be performed to justify the containment

purge system design:

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 of fission products,
and the fission product activity in the primary coolant. A pre-
existing iodine spike should be considered in determining primary
coolant activity. The volume of containment in which fission
products are mixed should be justified, and the fission products
rom the above sources should be assumed to be released through
the open purge valves during the maximum interval reguired for
valve closure. The radiological consequences should be within

10 CFR Part 100 guideline values."

To gain further regulatory interpretation of the meaning of fuel failure
within this context, the writer's DPV (Ref. 42) refers to SRP 4.2 FUEL SYSTEM
DESIGN, I (AREAS OF REVIEW), 2nd para. (Ref. 26) which states that, in respect
of postulated accidents:
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Tne objectives of the fuel system safety review are to provide assurance
that (a) the fuel system is not damaged as & result of normal operation
and anticipated operational occurrences, (b) fuel system oamage is never
$0 severe as to prevent control rod insertion when it is required,

(c) the number of fuel rod failures is not underestimated for postulated
accidents, and (d) coolability is always maintained. '“Not damaged," as
used in the above statement, means that fuel rcds do not fail, that fuel

system dimensions remain within operational tolerances, and that functiona)

capabilities are not reduced below those assumed in the safety analysis.
This objective implements General Design Criterion 10 (Ref. 38), and the
design limits that accomplish this are called Specified Acceptable Fuel
vesign 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 analysis

required by 10 CFR Part 100 (Ref. 2) for postulated accidents."

The underscored lines show that fue rod failure in the context of this
paragraph must be evaluated for postulated accidents and this evaluation must
be conservative. Fuel Rod Failure means that the fuel rod leaks and that the
first fission product barrier (the cladding) has therefore been breached;
these failures must be accounted for in the dose analysis required by 10 CFR
Part 100 (Ref. 36) for postulated accidents.

Coolability is addressed as a separate criterion.

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

Regulatory clarification of fuel rod failure is given in SRP 4.2.11.A.2.
(Ref 26) This is abstracted as follows for the circumstances of postulated
accidents in particular:

"2, FUEL RCD FAILURE

This subsection applies to [normai-operations-anticiputed-operationad
pceurrencess-and ] postulated-accidents. [Paragraphe-taj-through-fc)-address

1-8



fartore-mechanteme-that-are-more-timiteng-during-normat-operatsor:-ans-the
intormation-to-oe-reviewed-shonid-be-contatned-1n-Section-dr-f-né-trp-Safoty
Anetyeds-Reports] Paragraphs (d) through (h) address failure mechen sms that
are more limiting during (anticipated operational occurrences anc, postulated
accidents, [ane-the-information-to-be-reviewed-witi-usuatiy-de-contaimed-4n
Ehaptear-ib-ns-thr-Satety-Anatysis-Reportr--Paragraph-f4i-shou-t-ne-nadresses
th-Sectioncdcicot-the-Satety-Anaiyede-Report-becanse-1t-1s-not-astressen
eisewhere

To meet the reguirements of [tai-Benerai-Besiga-€riterion-16-as-~t-reintes-to
Specifiec-Aceeptabie Fuel Design Limits for normal operation, including antici
pated-operationss-occurrencess-and-€od] 10 CFR Part 100 as it relates to fission
product releases for postulated accidents, fuel rod failure criteria should be
given for all known fuel rod failure mechanisms. Fuel rod failure is defined

as _the loss of fuel rod hermeticity. [Aithough-we-recognize-that-it-4s-not
poseipie-to-avosir-aii-fuei-ron-fadinres-and-that-cieanap-syetems-are-instaiied
to-handie-a-emaii-number-of-iearing-rods;-1t-4e-the-objective-cf-the-review-to
sesure-that-tuei-does-not-fati-due-to-specific-cavses-during-normai-operation
and-anticipated-operationsi-oceurrences: | Fuel rod failures are permitted during
postu'ated accidents, but they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet/cladding interaction
(PC1), hydriding, cladding collapse, bursting, mechanical fracturing, and
fretting. Fuel failure criteria should address the following to be complete.

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

(d) Overteating of Cladding: It has been traditiona) practice to assume that

failures will not occur if the thermal margin criteria (ONBR for PWRs [and

EPk-dor-Ewked | are satisfied. [The-review-of-these-criteria-ds-detatied-4n

SRP-Section-d-d---For-normat-operation-and-anticipated-operationai-oceur-
rencess-vioiation-of-the-thermai-margin-criterie-is-not-permitted:] For
postulated accidents, the total number of fuel rods that exceed the cri

teria has been assumed to fail for radiological dose calculation purposes.




(e)

(f)

(g)

Although & therme) margin criterion is sufficient to demonstrate the avoid-

ance of overheating from a deficient cooling mechanism, it is not a necessary
condition (1.e., DNB is not a failure mechanism) and cther mechanistic methods

may be acceptable. There is at present little experience with other approaches,
but new positions recor~ending different criteria should address cladding
temperature, pressure, time duration, oxidation, and embrittlement.

Overheating of Fuel Pellets. [dit-has-siso-been-traditionat-practice-to
assume-that-fasinre  wiid-orcur-4f-centeriine-meiting-takes-piace:--Fhis
anaiyete-shonid-pe-performed-for-the-maximum-iinear-heat-generation-rate
anywhere-IA-the-cores-1nctiuaIng-aii-hot-spote-and-hot-channet-factorss-and
shonta-account-for-the-etfects-of-durnup-and-composition-on-the-meiting
point-=-Fer-normai-operation-and-anticipated-operationat-occurrencess
centeriine-metring-de-not-permitteds] For postulated accidents, the total
number of rods that experience centerline melting should be assumed to fail
for radiological doss calculation purposes. [¥he-centeritne-meiting-crs-
terton-was-estabitshec-to-asenure-that-axiai-or-radiai-reiocation-of-moiten
fnet-wonid-nesther-aiiow-moiten-fuei-to-come-into-contact-with-the-ciadding
nor-produce-iocai-hot-spotss] The assumption that centerline melting results
in fuel failure is conservative.

Excessive Fuel Enthalpy: [Fer-a-severe-reactivity-initinted-accident-¢RiA3
in-a-BWRk-at-zere-or-iow-power;-fuei-fatiure-is-assumec-to-occur-1f-the-rads-
gity-averaged-funei-rod-enthaipy-te-greater-than-376-cairg-at-any-axtai-ioca-
tdon:] For full-power RIAs in a BWR and all RIAs in a PWR, the thermal mar-
gin 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. [Tre-3176-cairg-enthaipy-criterson-4s-premeriiy-intended-to
adeirese-cinddina-overhratina-effectes-hut-4t-atso-indirectiy-address
peiietrseindding-interactions~-¢PEId-] Other criteria may be more appropriate
for an RIA, out continued approval of [this-enthaipy-eriterion-and-the ther-

mal margin Criteria may be given until generic studies yield improvements.

Pellet/Cladding Interaction: There is no current criterion for fuel failure
resulting from PCl, &nd the design basis can only be stated generally. Two
related criteria should be applied, but they are not sufficient to preclude
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(h)

(1)

PCl failures. (1) The uniform strain of the cladding should not exceed 1%.

finctmse-context -uniform-strasn-tedastic-ana-Tnetastici-1s-gefinea-as
tianstent-tnduced-cdeformation-with-gage-iengths-corresponaing-to-cindding
dimensionss-steady-state-creepdown-ana-trradiation-growth-are-excinded: )
Although observing this strain iimit may preclude some PCl failures, it

will not preclude the corrosion-assisted failures that occur at low strains,

nor will it preclude highly localized overstrain failures. (2) Fuel melting

should be avoided. The large volume increase associated with melting may
cause a pellet with a molten center to exert a stress on the cladding.
Such a PCl is avoided by avoiding fuel melting. Note that this same cri
terion was invoked in paragraph (e) to ensure that overheating of the
cladding wou'ld not occur.

Bursting: To meet the requirements of Appendix K of 10 CFR Part 50 (Ref.
9) as it relates to incidence of rupture during a LOCA, [e-ruptare-tem-
perature-correintion-must-be-used-in-the-tOEA-EEES-anadysts-] Zircaloy
cladding will burst (rupture) under certain combinations of temperature,
neating rate, and differential pressure. [Atthough-faei-suppiters-may-use
grfferent-ropture-temperature-ve-cdifferentiai-pressure-curves;-an-accept-
abie-curve-shonid-be-simiiar-to-the-one-described-in-Ref--16-]

Mechanical Fracturing: A mechanical fracture refers to a defect in a fuel
rod causeu by an externally applied force such as a hydraulic load or a
load derived from core plate motion. Cladding integrity may be assumed if
the applied stress is less than 90% of the irradiated yield stress at the

appropriate temperature. Other proposed limits must be justified. Results

from seismic and LOCA analysis (Appendix A to this SRP section) may show
that failures by this mechanism will not occur for less severe events. "

Summary:

Failure Mechanisms include:

(a)

Infringment of DONBR criteria during postulated accidents which causes

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




of the clad, and release of contained fission products from the gap as
& source term for the calculation of radiological doses.

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

1.2.2 C(Characteristics of Fission Product Released From Failed Fuel During
Postulated Accidents

1.3.2.1 General

Fission product release as source terms for pnstulated accidents relevant to
the above fuel failure criteria are specified as:

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

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

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

"Fission Preduct Inventory: To meet the guidelines of Regulatory Guides
1.3, 1.4, 1.25 and 1.77 [Refsr-6-28-36) as they relate to fission product
release, the available radiocactive fission product inventory in fuel rods
(i.e., the gap inventory) is presently specified by the assumptions in those
Regulatory Guides. These assumptions should be used until improved calcu-
lational methous are approved by CPE [see-Ref--33]."
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The oriteria from these Reg Guides are considered separately in the following
subsections of this submittal in order to examine for general guidelines which
may be appliea to BTP CSB 6-4 B5 Criteria.

1.3.2.2 Regulatory Guide (RG) 1.25: Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel
Handling and Storage Facility for Boiling and Pressurized Water
Reactors

RG 1.25 (Ref. 21) covers the Fuel Handling Accident inside containment.

RG 1.2% page 25.1 under Section B, second para. provides for an immediate
release of all activity from the fuel rod gap of the damage rods:

‘The number and exposure histories of fuel assemblies assumed to be damaged
determine the total amount of radiocactive material available for immediate
release into the water during a fuel handling accident."

The same Section B, fourth para. provides that:

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

RG 1.25 also assumes that 10% of the total radicactive iodine in the rod (with
calculated peak activity) is contained in the gap for release. (See page 2%.2,
Item C.1.d):

"A11 of the gap activity in the damaged rods is released and consists of

10% of the total noble gases other than Kr=85, 30% of the Kr=85, and 10%
of the total radioactive iodine in the rods at the time of the accident.
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Aeleased fodine rises to the surface of the related pool with a decontamination
factor of 100, provided a minimum depth of 25 ft exists, and gap pressure is no
greater than 1200 psig. Subsequent treatment of the source term is typified

by tne guidelines of SRP 15.7.4 Radiological Consequences of Fuel Handling
Accidents (Ref. 28) which requires (under Section 111.4, second and third
para's that:

“The reviewer should assess the time required to isolate the containment.
This should include the instrument 1ine sampling time (where appropriate),
detector response time and containment purge isolation valve actuation and
closure time. The containment is considered isolated only when the purge
isolation valves are fully closed. The applicant's analysis should be
reviewed regarding the travel time of any activity release starting from
its release point above the refueling cavity or transfer canal and
including travel time in ducts or ventilation systems up to the inner
containment purge isolation valve."

"The time required for the release to reach the inner isolation valve is
compared to the time required to isolate the containment. If the time
required for the release to reach the isolation valve is longer than the
time required to isolate containment, then essentially no release to the
atmosphere occurs, and the reviewer's assessment should reflect this. If
the time required for the release to reach the isolation valve is less
than that required to isolate containment, and no mixing or dilution
credit can be given, the reviewer should assume that the entire activity
release escapes from the containment in evaluating the consequences.
Claims for credit for dilution or mixing of a release due to natural or
forced convection inside containment are reviewed and assessed. References
[4] and [5] should be consulted and used by the reviewer for guidance in
estimating dilution and mixing. Where mixing and dilution can be demon-
strated within containment, the radiological consequences will be reduced
by the degree of mixing and dilucion occurring prior to containment
isolation.”
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helated references [4] and [5] are:

"4, Evaluation of Fission Product Release and Transport for a Fuel
Handling Accident by G. Burley, Radiological Safety Branch, Division
of Reactor Licensing, revised October 5, 1971.

5. Industrial Ventilation/A Manua)l of Recommended Practice - Americen
Conference of Governmental Industrial Hygienists."

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

Ful oion, the funcamental set of values for the thermal hydraulic parameters
covering the above circumstances, are completely different to those governing
the release and disbursement of fission products to the environment from a JCA.

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

Fundamentally, this Guide provides for an evaluation of the Thermal Hydraulic

and Power conditions within the core, during the accident, to determine a) the
extent of DNBR infringement and b) the amount of fuel exceeding the initiation
temperature of fuel melt (approximately 5150°F).

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

"a. The case resulting in the largest source term should be selected for
evaluation,
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v, The nuciide inventory in the fuel elements potentially breached
should be calculated, and it shou’d be assumed that all gaseous
constituents in the fuel-clad gaps are released.

¢. The amount of activity accumulated in the fuel-clad gap stould be
assumed to be 10% of the iodines and 10% of the noble gases
accumulated at the end of core life, assuming continuous maximum
full power operation.

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

#. The nuclide inventory of the fraction of the fuel which reaches or
exceeds the initiation temperature for 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 assumed to be available for
release from the containment."

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

The subsequent effects of the release path on the ultimate source terms from
containment are evaluated for each of two release paths, as if the other did
not exist. These release paths are:

(1) By effectively immediate release of all source terms to containment to be
followed by the following cieanup and decay provisions which are the same
as those normally accounted for in a LOCA in RG 1.4 (Ref. 30). RG 1.77,
App. Bl (Ref. 32) provides that:

"f., The effects of radiological decay during holdup in the containment or
other buildings should be taken into account.
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g, Tne reduction in the amount of radioactive material available for
leakage to the environment by containment sprays, recirculating
filter systems, or other engineered safety features may be taken into
account, but the amount of reduction in concentration of radioactive
materials should be evaluated on a case-by-case basis.

h. The primary reactor containment should be assumed to leak at the leak
rate incorporated or to be ‘incorporated as a technical specification
requirement at peak accident pressure for the first 24 hours, and at
50% of this leak rate for the remaining duration of the accident.
Peal accident pressure is the maximum pressure defined in the
lechnica specifications for containment leak testing."

Additionally SRP 15.4.8, Section 111.3 (Ref. 27), further specifies that:

"For releases via the containment building, 100% of the noble gases and
2% of the iodines contained in the fuel which is estimated to reach
initiation of melting are assumed to be available for release from the
containment."

Summarily: For the reiease path to containment, these are effectively the
provisions of RG 1.4 in respect of the treatment of Fission Product Source
Terms after release from the core.

(2) By release of fission products to the secondary system as per
RG 1.77, Appendix B, Items 1i, j and k (Ref. 32).

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

1.3.2.4 Summary (of General Positions on Fission Product Releases Deriving
from RG 1.25 and 1.77)

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



for fegine, 10% of the fuel rod inventory is released from the gap. For
the control rod ejection accident this release is assumed to be available
immediately inside containment for leakage.

(b) For failure by centerline melting of the fuel pellet:
25% of the iodine inventory of any fuel rod which reaches or exceeds
the initiation temperature of fuel melting is assumed to be immediately
available inside containment for release. This is the same assumption

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

LOCA: BTN CSE 6-4/BS Criteria: Application to Zion

b
o

Zion Fuel temperatures during normal operation at maximum power prior to a LOCA
vary from 2500°F to 4100° for approximately 15% of the core (Exhibit 23). There
will be a substantial increase in temperature of the whole core over a period
of up to 7 seconds following a LOCA and Exhibit 6 shows the related average
cladding temperatures. Considering the correlation of fission product release
as & function of temperature shown in Exhibit 22, there is a high probability
of a substantial increase in fission product activity in the gap over that of
the equilibrium activity level represented on Exhibit 1, during these first
seven (7) seconds cf the accident, so that an increase in gap activity level
from the equilibriu~ values shown in Exhibit 1 to the value of 10% used in the
other postulated accidents is not an unreasonably conservative regulatory
position to adopt for this event. On this basis, the iodine source term
deriving from fuel rod failure by overheating of the fuel cladding by DNB
infringement at Zion at 0.1 second into the event would be 157.9 x 10° curies
of 1-131 EQU and is the value adopted by the writer in conformance to the
related BTP. In respect of fuel rod failure by centerline melting, the Zion
FEAR (Ref. 33) does not provide detailed information on fuel pellet tempera-
tures except for the general statement that the safety injectiva system prevents
core meltdown Ref. 33, page 14.3-46, Revision 1 second para.; provision for
related fission product release from meited fuel rods is therefore not necessary
for this evaluation to the guidance of the related BTP.
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On the basis of BTP CSB 6-4, BS therefore, a total iodine fission product
release o 157.9 x 10% curie 1-131 EQU from the core, would be available to
insige containment &t 0.1 second into the LOCA. By reference to the conditions
insige containment discussed in detail in Section 1.2, items ld and le above,
it can be snown that, the release of 157.9 x 10% curies of 1-131 EQU from the
core as a source term will result in the discharge of 692,000 curies of I-131
EQU to atmosphere with an offsite dose of 176,000 rem with 2 x 42" fully open
for 7 seconds, see Exhibit 2A, item 5. With valves partly closed this is
reduced to 249,000 curies 1-131 EQU and 63,400 rem, see Exhibit 2 item 5.

It is noted that in its vecent revision to the FSAR (Ref. 34 ) page 14.3-38
Revigion 1. ¥ has calculated an offsite dose from the LOCA on a non-Reg. Guide
1.4 basis, by also using the entire inventory of fission products contained in
the pellet cladding gap, but has assumed the equilibrium values unly, as listed
in Exhibit 1. This is equal to 24.09 x 10% 1-131 EQU which is 1.52% of the

core activity as compared with the 10% exemplified in other NRC criteria and
used by the writer. Effective doses that would be obtained using equilibrium
gap activity only are also presented in Exhibits 2A and 2 under items 4 and show
offsite doses to thyroid are reauced to 27,000 rem for 2 fullopen valves and
9,700 rem for 2 partially closed valves.
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¢ UFFSITE DOSE CONSEQUENCES: SUMMARY

2.1 Basis for Calculations

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

A1l calculations are based on valves closing in 7 seconds from commencement of

a LOCA. Doses are based upon valves being in the open position for a full 7
seconds as required by the SRP. Valves will be required by technical specifica-
tions to close within seven (7) seconds of commencement of the LOCA.

For the sake of example only, source terms are restricted to iodine in terms of
1-131 EQU, and thyroid dose only has been calculated. Dose is calculated at
the site boundary (exclusion distance) of 415 meters. Each dose is calculated
independently of each other and are to be added to the LOCA leakage dose (over
2 hours) of 123 rem as appropriate.

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

For the diffusion coefficiert, a value of 5 x 10-% sec/cm® applicable to
leakage conditions over a 2 hour period has been used. In fact we have a high
energy puff release of 7 seconds giving a paotential finite cloud in travel to
the enclosure boundary instead of a low leakage release diffusing into a cloud;
as a result, the offsite dose under actual conditions is likely to be increased.
For the 0-2 hour leakage, the licensee has used a more conservative value than
the NRC of 9.2 x 10-% sec/cm® and this would increase dose by a factor o“ 1.84.



2.0 Qffsite Doses

2.2.1 RG 1.4 Source Terms Released Immediately on LOCA

Exhibit 2A, item 6, shows that for fully (90°) open 42" valves, the offsite
dose for a RG 1.4 source term is calculated at 489,000 rem. And Exhibit 2,
item 6, shows that for partially (50°) open 42" values, these doses are
reduced to 156,000 rem.

2.2.2 10% Gap Activity Released on DNBR

Exhibit 2A (iterm &) shows offsite doses reduced to 176,000 rem for fully open
valves, and Exhibit 2 (item 5) shows reduction to 63.000 rem for partially
open valves.

2.2.3 Equilibrium Gap Activity Released on DNBR

Exhibit 2A (item 4) shows offsite dose is reduced to 27,000 rem for fully open
valves and Exhibit 2 (item 2) shows reduction to 9,700 rem for valves partially
open.

2.2.4 RCS @ 60 pc/gm Activity; A1l Released To Containment Immediately On A
LOCA.

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

This activity release is equivalent to DNBR infringement of only .08% of the
fuel in the core.

2.2.5 RCS @ 60 pc/gm Activity; Released Progressively To Containment On RCS
Discharge From A LOCA

Exhibit 2A (item 3) shows offsite dose contribution is 58 rem and Exhibit 2
(item 3) shows a reduction to 21 rem for partially open valves.
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(1)

(2)

(3)

(4)

Conclusions

According to Reg. Guide 1.4 criteria the offsite doses are completely
uhacceptable.

LOCA calculations for Zion show no fuel melt; however, for DNBR infringe-
ment only, an evaluation of offsite dose based on release of 10% gap
activity from 100% fuel still shows completely unacceptable circumstances.

Although this is in conformance with SRP 6-4, BTP, CSB B5 criteria, it is
not in conformance with 10 CFR 100.12 (a) footnote 1 reguirements which
states that:

“The fission product release assumed for these calculations should be
based upon a major accident, hypothesized for purposes of site
analysis or postulated from considerations of possible accidental
events, that would result in potential hazards not exceeded by those
from any accident considered credible. Such accidents have generally
been assumed to result in substantial meltdown of the core with
subsequent release of appreciable quantities of fission products.”

Partially closing the valve to 50° from 90° is not successful in reducing
the offsite dose to acceptable values.

with valves partially open at 50°; fuel failures by DNBR infringement on

a LOCA would have to be limited to 0.2% of the core to 1imit total doses
to 10 CFR 100 limits.
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~  WPPENDIX K EVALUATIONS, FUEL FAILURE, AND F1SSION PRODUCT RELEASE

10 CFR 50.46 (Ref. 37), acceptance criteria for emergency core cooling system
for light water nuclear power -eactors, requires that during a LOCA, cladding
temperatures, cladding oxidaticy and hydrogen generation, are limited and such
that the core remains amenable to cooling in the short run from the initial
break through reflood, and also for long term post accident cooling.

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

A principal feature of the Appendix K evaluation is that it is designed to
identify that rupture which causes a maximum post rupture cladding temperature
within the fuel assembly being evaluated; and it is this time to rupture which
is reported in the FSAR. The Appendix K evaluation is not designed to report
the earliest rupture that can occur.

3.1 Preliminary

In evaluating 10 CFR 50.46 criteria through the use of the Appendix K evalua-
tion model (Ref. 39), Iicensees are required to undertake a detailed evaluation
of the items to be discussed below throughout the complete LOCA event, i.e.,
from time O through 50-60 seconds, to determine that the clad rupture meeting
the Appendix K criteria does not occur in the first 10-15 seconds of the event,
ana which is the region of special interest for this review. In the time avail-
able for this research, a search of the UFSAR and the related reference mate-
rial on the docket does not disclose many of essential the details of this
calculation (Ref's 1-24). We therefore use the limited information available

to draw conclusions.



3.¢ Review
| —— —

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

Generic work by W (Ref. 17) proposes that maximum calculated temperatures
(post rupture) occurs in the low burn up (third region) fuel assembly.

Exhibit 6 shows the average clad temperatures deriving from Appendix K calcula~
tions from the Zion FSAR, Figure 14 F. 2-19a, (Ref. 33). This shows that on
infringement of DNBR at 1/10 second, average clad temperature increases very
rapialy Trom a normal operating value of 720°F to at least 1350°F, and then to
1750°F, over a total period of seven seconds; thereafter temperature reduces
rapidly to 1000°F at about 15 secs. from which it sharply increases ultimately
to approx 2200°F.

Exhibit 10 shows that W fuels are designed to require a yield strength of
45,000 psi a minimum for normal operations, and an ultimate tensile

strength of 57,000 psi as a damage 1imit, as specified acceptable fuel design
limits (SAFDL). Exhibit 11 shows that as temperatures increase above 850°F,
L& @.ailable mechanical properties can be reduced below both these limits so
that fuel clad cannot therefore be considered reliable in terms of protection
against fission product release.

Exhibit 10 also shows that W fuels require a design 1imit of 1% on cladding
strain as a design 1imit, and 1.7% as a damage limit. The work of this Sec-
tion 3 will show how both these 1imits can be exceeded inside the seven seconds
on infringement of ONBR during the course of a LOCA, so that again, fuel clad
cannot ba consiuered reliable in terms of protection against fission product

release.

Exhibit 15, shows how & temperature range of 1350°-1750°F traverses a range of
Zircalloy metallurgical phases (transitions), o to (o + B) to § phases, during
which ys = UTS and structural stability under stress is dependent upon mechan-
ical/strength properties which are a function cf temperature and related time
and stress at temperature. Under the circumstance of the transient expected
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from Appenaix K calculations with rapid changes of both temperature and stress,
their 15 & need for empirical tests to determine swelling and burst (rupture)
characteristics under these same dynamic conditions. Exhibit 15 represents
results from such a series of tests (Ref. 13).

Such conditions are also repr_sented in Exhibit 16 for Engineering Moop Stress
and temperature at rupture, for particular heating rates, and in conjunction
with the information in Exhibit 20 on relsted rates of circumferential strain
on rupture, at the given rupture temperatures.

What are the expected operating pressure differentials across the clad under
these LOCA conditions

Reference information shows that internal clad pressure under normally operat~
ing conditions is of the order of 1400 psig for new fuel and expected to
increase to 2250 psig at Lhe end of the 3rd cycle (for the fuei). On this
basis, we evaluate a gep pressure of 1500 psig 4t approximstely 1/3 burnup into
the first cycle, at which burnup maximum calculated clad temp atures are
expected on a LOCA.

It is propos=d that, immediately on a LOCA as clad temperature increases to
13507 gap gressure will increase by 20%, to 1800 psig. Exhibit 12 shows that
at this time, core pressure has reduced to 1500 psig giving a pressure drop
across the clad of 300 psi which according to Exhibit 13 will give a hoop
stress of approximately 2460 psi.

At 7 seconds into the event, ¢lad temperature has increased further to 1750°F,
a tota) increase of 1030°F from the normal operating condition. Frem this, it
can be proposed that gap precsure for the complete rod can increase by 36% over
its normal operating value to 2100 psig. Exhibit 12 shows that at this time,
core pressure has reduced to 950 psig so that the pressure drop across the

clad is now 2100-950 i.e., 1150 psi which according to Exhibit 13 will give a
hoop stress of 9400 psi.

when the above values of pressure and temperature are plotted on a particular
Hoop Stress vs Burst Temp curve (Exhibit 14) from reference 1, at one sec the
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¢80 ooes not rupture, but al seven seconds the clad is wel) into the rupture
regime.

In 115 caleulation of clad strain during Appendix K calculations, W uses results
from tests by Mardy (Ref. 13). Exhibit 15 is a set of results from one such
test at 100°C/sec heat up rate (the heat up rate between 720°F and 1/50°F in

7 seconds = 150F°/second [or B4(®/second])). This exhibit shows that these
Appendix K values over the first 7 seconds bracket the range from zerc (0)
expansion at 1350°F to the burst regime at 1750°F. 1n respect to these values,
W has assumed that if clad strain reaches 10%, the clad will rupiure; see
Exhibit 18 from Ref. 3. Note that the SAFDLs of 1% and 1.7% on cladding strain
Can Loth be eaceeced in the Tirst seven seconds of DNBR infringement in the
course of the LOCA.

The NRC, in its clad strain and rupture models uses the data shown in Exhibit
16 to determine when rupture is likely to occur for given rates of increase in
temperature. It is proposed by the NRC that the 28°C/S (=50F°/second) test
points apply also to larger values (of rate of temperature increase).

Exnhipit 16 shows that the Appendix K values again bracket the complete set of
experimental da*a and significantly at the higher temperatures of the trarsient.

Exhibit 20 shows the circumferential strain that can occur at given rupture
temperatures, and the curve proposed by the NRC for Appendix K calculations.
Prime Facie, maximum strain gives maximum blockage leading to maximum calcu~
lated temperatures for cladding after the burst. In fact, W has established
that maximum post rupture cladding temperature does not necessarily occur with
a maximum circumferentia) strain at rupture, due apparently to direct radiation
influences from fue)l rods exposed by rupture at lesser values. Providing rup-
ture is expected by the data of Exhibit 16, the related strain is to be given
by the NRC curve on Exhibit 20 (or lesser value giving maximum temperature).
1t should be noted that with this information there would be a very high prob-
ability of rupture at 1750°F down to 1500°F, with the probability decreasing,
but still present at lower temperature.

Note that Exhibits 16 and 20 do show that fuel temperatures and pressures could
rupture the cladding over a whole range of conditions. However, the purpose of
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the Appengix K evaluation is 10 igentify that particular ruoture which would
Nave the most conservative effect with respect to meeting the reguirements of
10 CFR 50.46 ang for this end, it models, and uses factors, to conservatively
calculate va ves for the related parameters. Its purpose is not to determine
and identify when failure by bursting (rupture) first occurs as an otherwise
evaluation of when fission product fs first released. An example can be seen
from Exhibit 16. The test points can show marked deviations from what are
apparently best estimate curves for the various rates of temperature increase.
For conser,atism in estimating the first occurrence of fuel rupture, one would
have presumed the use of a beundary curve at the lower temperatures and pressures
of each heating rate and Exhibit 20 would not have been required.

Note that Exhibit 15 does show that even though rupture may not occur with a
getai'ed re~evaluation, cladding strain is most 1ikely to exceed the 1% strain
usea by W (Ref 23, P, 3.2-39) as a SAFDL to meet iLhe reguiatory requirements
of Ref. 38.

The writer would be concerned about the relevance of the huop stress, strain/
rupture data of Exhibits 16 and 20 to the power generation and heat transe

fer conditions inside a reactor. These tests were done on electrically resist=
ance heated claading tubes. They do not simulate the heat transfer from
central fuel rod pellets at high temperatures through a realistic gas gap of
varying geometry, fuel peilet-clad contact, and pellet fracture/fragmentation
to a cladding which is 12 ft long and which is 1ikely to have a much smaller
ratio of rupture length to clad length and gap volume than the test specimens.
The most revealing feature of Exhibit 16 is the data from the only test under-
taken under much more realistic conditions, on a nuclear fuel rod using
lZircalloy cladding in the TREAT reactor at ORNL; this information shows ruptures
at very much reduced stress levels than the rest of the data.

3.3 Summary

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




.4 DONBR for the whole core is infringed at 1/10 sec requiring gep
activity at 10% core inventory for the whole core to be assumed as
& source inside containment.

1.2 The temperature of the fuel clad, and the pressure drops across the
same fuel clad. infringe specified acceptable fuel design limits
(SADL) for normal operation and operational occurrences, required by
10 CFR 50 Appendix A, Criterion 10. Fue)l rod failure must therefore
be assumed for conservative calculations of offsite dose.

1.3 The temperature of the fue) clad and the related pressure drops show
conditions in which iubstantia)l deformation of the fuel clad by
strain, can exceed the oesign and damage SAFDL values for cladding
strain, Fuel rod failure must therefore be assumed for conservative
calculations of offsite dose.

P
~H

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

1.5 For Zion, fuel rods do not reach the meliting point of the fuel pellets
s0 that under minimum engineered safeguard conditions, additional
fission product release from the fuel rods would not occur,

2. The writer proposes that the purpose of Appendix K is to identify that
particular rupture which would have the most conservative effect with
respect 10 meeting the requirement of 10 CFR 50.46 and for this end it
models, and uses factors, to calculate values for the related purposes.
The purpose is not to determine and identify when failure by bursting
(rupture) first occurs as an otherwise evaluation of when fission product
is first released from the fuel summary a LOCA.




CONCLUSTONS

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

1.1 DNBR for the whole core is infringed at 1/10 sec requiring gap
activity at 10% core inventory for the whole core to be assumed as
@ source ins‘de containment.

.
ro

The temperature of the fuel ¢lad, and the pressure drops across the
sae fuel clad, infringe specified acceptable fuel design limits
(SADL) for normal operation and operational occurrences, reguired by
10 CFR 50 Appendix A, Criterion 10. Fuel rod failure must therefore
be assumed for conservative calculatiors of offsite dose.

1.3 The temperature of the fuel clad and the related pressure drops show
congitions in which substantial deformation of the fuel clad by
st-ain, can exceed the design and damage SAFDL values for cladding
strain. Fuel rod failure must therefore be assumed for conservative
ce'culations of offsite dose.

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

1.5 For Zion, fuel rods do not reach the melting point of the fuel pellets
50 that under minimum enyineered safeguard conditions, additional
fission product relcase from the fuel rods would not occur.

The writer proposes that the purpose of Appendix K is to identify that
particular rupture which would have the mest conservative effect with

respect to meeting the requirement of 10 CFR 50.46 and for this end it
models, and uses factors, to calculate vaiues for the related purposes.
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The purpose 1s not to determine and identify when failure by bursiing
Jrupture) first occurs as an otherwise evaluation of when fission product
15 first released from the fuel summary a LOCA.

As & result of the above
3.1 Fission product release from the fuel gap is a realistic considera~

tion over the first seven seconds and prudent conservatism at this
time should consider release from the whole core.

ro

Reg Cuide 1.4 deriving from Regulatory Requirement 10 CFR 100
requires consiceration of substantial molten fuel as a design for the
source term,

LR

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

Considering the energy exchanyes occurrirg in the core, and the insight of
the Appendix K evaluations, it is not difficult to 1oresee significant
fuel melt with potential additional substantive release of fission
products from the fuel pellets over this time frame. The question of the
separate consideration of the timing of this additional contribution to
the suurce term inside containment however must be moot. Uncontrollable
release through open 42 inch ClVs is out of the question so that steps
taken to correct that problem by effective isolation do resolve the
unanswered philosophical question as to when fission products released

by fuel melt should be more realictically and conservatively established.

4.1 A review of available fuel failure c-iteria, and the thermal-
hydraulics aspects of the movement of fission gases from the clad
to the environment over the first seven seconds of the event shows
that:
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(8) The assumption of an immediate release to the containment is
the only available conservative basis for use at this time,
and that

(b) The physics of the large energy releases from the core clad
through the RCS to containment, and through tie open isolation
valver, shows effective mass transfer of fission product release
from the clad to the environment within the same (7) secs.

Fully open purge valves for a period of seven (7) secs. discharge
1.7 x 10% curies of 1131 EQU to the environme1t giving an offsite dose
of 482,000 rem to thyroid.

An 1solated containment leaking at the safety analyses and TS limit of
U.1% over 24 hrs, releases 3.14 curies of 1131 EQU over the same seven
seconds with a contribution to offsite dose of 0.9 rem.

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

The offsite dose to thyroid for fully (90°) open 42" valves using RG 1.4
source terms is calculated at 489,000 rem. For partially (50°) open 42"
valves, these doses are reduced to 156,000 rem. Raduction of source terms
from Ru 7.4 to 10% gap activity released on DNBR infringement reduces
offsite dose to 176,000 rem for fully open valves with a reduction to
63,000 rem for partially open valves.

Since the allowable 1imit for thyroid under 10 CFR 100 is 300 rem for 2
hrs at the Exclusion Boundary, these circumstances are unacceptable.
Therefore the 42" valves at Zion 1 and 2 should remain closed in
Operational Modes 1, 2, 3 and 4.

The stress/temperature relationships used to calculate fuel clad rupture

to 10 CFR 50.46 are derived from test environments which are substantively
non~realistic when compared with actual fuel rod conditions in a reactor
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auring @ LOCA. The only in=reactor tests known to the writer at this

time with the closest simulation of a real fuel condition gives ruptures
at very much reduced pressures for given rupture temperatures. This
comparison needs to be revisited to more thoroughly evaluate the reasons
for the oifferences and thereby improve our detailed knowledge of the
tota)l heat transfer environment «hich can lead to improvements in the
calculational models of the fuel assemblies used in the Appendix K evalua-
tions. This can help in a improved definition of the limiting features of
the circumstances and lead to ways and means of improving fuel clad design
and performance for these circumstances.
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Methooo logy used for calculating relatec offsite ooses.
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CORE AND GAP ACTIVITIES (IODINE ONLY)

Assumptaong:  Operetion st 3381 NNt for 500 deys
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Curies Percent
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1'13: 12-7 0‘6 0026 ’o’ 012
1+433 ib.iF 5.16 0.7 15,1 4.08
1134 23.01 39 0.16 3.8 .06
1«13¢% 17.C¢ 4 0.43 7.8 !gg

0,79 .09



THYROID DOSE AT SITE BOUNDARY RESULTING ONLY FROM
DISCHARGE TO CONTAINMENT QUTSIDE DURING CLOSURE
(LOCA LEAKAGE DOSE (OVER 2 WRS) = +123 REMS)
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ZION: LOCA DURINE CONTAINMENT PURGE
USING 2x42" PENETRATIONS - VALVES OPEN 50°

Curies Discharged

Rgdio10y!s!1 Sgurc!g ] 1}} £Q

! 131 EQ. 60 we/gm in 73.5
k(S 50% cleanup in cont.

A relessec to

containment on LOCA

1 131 EQ, 60 uc/gm in 188
RCE, A1) released to

cont, on LOCA + C.Sssocs.
[Total = 0,119 x 10

curies)

1 131 EQ; 60 uwc/om in RCS, 82
beleased progrestively to
cont, with RCS discharge

1 131 EQ; eouiv gap 38,000
activity (FtAR cale,)

[24,09 x 10% curies

of ] 131 EQ into cont,

on LOCA + 0.% secs,)

1 131 EQ; SRP Gap activity 248,950
&t 10% Total Activity .

(SRF cale,) [157.9 x 107

curies of 1 131 EQ

into cont, on LOCA + 0.5

secs.

1 131 E0; Reg., Guice 1.4 611,500
at 25% Topal Activity

[390 x 10¥ curies of

] 121 EQ into cont, on

LOCA)

Site/Excl,
Boundary Dose
Thyroi

REM

8.2

(£

63,400

156,700

[NRCY ¥ = & 1('4 sec/m* for 0-2 hrs. &t nmanimum exclusion distance of 415 meters

[Lycensee has used 9 x 10" cec/m® for SARs)



Mass Release Rate — 103 Lb/sec

100

10

ZION1 & 2
CONTAINMENT INVENTORIES
DURING LOCA BLOW DOWN

wnwmee RCS Mass Discharge Rate

Into Containment

@ Cumulstive Discharge of
RCS Into Containment

A Cumulative Mass of Air

end RCS Discharge

%.k%\w-

4 8 12 16 20 24
Time After Break — Seconds

400 x 103

Lbs (Air + RCS/Discharge)

300 x 109

into Containment

200 x 103

Cumulative Discharge of RCS  Total Mass In Contsinment

100 x 109
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ZION1 & 2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS
FISSION PRODUCT INVENTORIES

2 x 42" Lines
Valves Open Only B0°
Instead of 90° Fully Open
At 7 Secs

154,460 Lbs Air
272,160 Lbs RCS

426,620 Lbs
Press © 23.70 psig

Fission Product Inventory
= 0.884 x Q Released

at 0.5 sers
Discharge Rates
Cumulative Totals Discharged Air + RCS Inventory
Air + RCS inventory 1023.88 Lbs/sec
6379 Lbs (.237% Inv.)
Fission Product Inventory Fission Product inventory
1.666% of Q 237% Q/sec

(Q = Fissicn Product Inventory Reieased at t = 0.6 secs)



F1SSION PRODUCT DISCHARGED YO OUTSIDE CONTAINMENT

EFFECT OF ASSUMPTIONS ON
F1SS10N PRODUCT RELEASE TO CONTAINMENT

2 x 42" lines.
Velves open 50°
Given O = total inventory of fission products in RCS at T=0.5 secs after LOCA
» 1f Q 15 releasec instantaneously to the tote] containment volume:

Fission proouct inventory discharged outside containment
over 7 secs * 1.568% Q

» 1€ 0 is re'easec over time with RCS fnvertory and besed on & uniform
distribution within the inventory:

Fission product inventory gischarged outside containment
over 7 secs = 0.5€1% Q
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THYROID DCSE AT SITE ROUNDARY RESULTING ONLY FKOM
DISCHARGE TO CONTAINMEAT OUTSIDE DURING CLOSURE
(LOCA LEAKAGE DOSE (OVER 2 MRS) = +123 REMS)

ource

Licensee

Rl

kL

PL

RL
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ZION: LOCA DURING CONTAINMENT PURGE
USING 2»82" PENETRATIONS « VALVES FULLY OPEN (90°)

Curies Dischargec

Rldﬂo1gg1507 §2!'S!!

1 131 EQ, 6C uc/gm in RCS 204.3
0% cleanup in cont,

A1) released to

containment on LOCA

1 131 EQ, 60 uc/gm in 622
kCS. At released to cont,

on LOCA + 0.5 secs.,

[Tota) = 0,119 x 10¥ curies)

1 131 EC; 60 wc/gm in k(S, 22’
Released progressively to
cont, with RCS oischarge

1 131 EQ; equiv gap act1!1ty 105,600
(FSAR cale,) [24.09 x 10

curies of 1 131 EO into cont.

on LOCA + 0.5 secs.)

1 131 EQ; SRP Gap activity
st 10% Total Activity (FSAR
cele.) [1567.9 x 10% curfes
of 1 13] EC into cont, on
LOCA + 0.5 secs,’

1137 F0; Reg. Guice 1.4
at 25% 10301 Activity

691,520

[390 x 10° curies of
1 131 EQ into cont., on
LOCA)

1,698,592

Site/Excl,
Boundary Lose
{Tgxrgiaz {R{gz

82

132

58

26,878

176,010

[NRC) g =5 x 10'4 sec/n® for 0-2 hrs. at minimum exclusion distance of 415 meters

[Licensee has used 9 x 1074 sec/m® for SARs)



Mass Release Rate 107 Lh/sec

ZION 1 & 2

CONTAINMENT INVENTORIES

DURING LOCA BLOW DOWN

Y ——
| e RCS Mass Discharge Rate
‘ ‘ Into Containment
‘ = @ Cumulative Discharge of
100 RCS Into Containment 400 x 10?
{ A Cumulstive Mass of Alr £
| and RCS Discharge s - 4
% | s i | [ !;
8 l "
- K00 x 108 g
7 .t %
|
60
| |
80 200 x 108 if
a0
X
\
30 Y
;f...._..‘m 100 x 108
20 h,
-4~
ﬂ‘\ g
10
:f,\
0 - 0
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Time After Break — Seconds



ZION 1 & 2
CONTAINMENT THERMAL HYDRAULIC CONDITIONS
FI5SION PRODUCT INVENTORIES

2 x 42" Lines
Fully Open
At 7 Secs

154,460 Lbs Air
262,474 Lbs RCS

416,934 Lbs
Press @ 23.7¢ psig

Fission Product Inventory
« 0,066 x Q Released
ot 0.5 secs

Discharge Rate
Cumuletive Totals Discharged Air + RCS Inventory
2860 \.bs/sec

Air + RCS Inventory
15026 Lbs (.662% Inv.)
%.. '
Fi

Fission Product Inventory ssion Product Inventory
4.38% of U 662% Q/sec

(Q = Fission Product Inventory Released att = 0.5 secs)

CGC -89 240 8 7C

e Pl NBFE



F1SSION PROLUCT N1SCHARGED
70 OUTSIDE CONTAINMENT

EFFECT OF ASSUMPTIONS ON
F1SSI0N PRODUCT RELEASE 10 CONTAINMENT

7 x 42" Yines
fully open 190’).

in RCS at T=0.° sec after LOCA,

Given Q * Tote) inventory pf fission products

tote) containment volume

v 1f 0 1s relessed fnstantaneously to the
containment

Fission product inventory gischarged outsice
over 7 secs = &, 364 ¢

’ 19 0 15 relessed over 1ime with RCS inventory, and based on & uniform

gistribution within the inventory:

Fission proouct invertory discherged outside containment
Q

over 7 iets * 1.50%

\-
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3,1.3.9 Thermal an¢ hygraylic Limits

The resctor core 1t designec to meet the following limiting thermal and
hydraulic criteris:

e,  The minimum a)lowsble DNER guring normel operation, including
anticipate trensients, 1s [1.30°),

b,  No fuel melting during any anticipeted operating condition,

To meintain fuel rod into?vity and prevent fission product relesse, it

i necessary to prevent clac overheating unger &1l opereting conditions,
This 15 accomplished by preventing & ceparture from nucleate boiling (DNE),
DNE couses & large decredse in the heat transfer coefficient between the
fue) rocs eng the reactor coolant resulting in high clad temperatures.



The integrity of fuel rod c1adc1ng $0 45 to retain fission products or fuel
@

meteriz) is girectly related to clagding stress and strain under norms |
opereting and overpower conditions, Design limits and demage limits (cladaing
perforation) in terms of stress and strein ore os follows:

Damage Limit Design Limit
Stress Ultimate strength Yield strength-

£7,000 psi1 minymum 45,000 pst minimum
Strain 1.7% 1.0%

The damege 1imits given above ere mirimum velues, Actus) demage 1imits depend
upon heutron exposure and normsl variation of meteria) properties and would
generally be greater than these minimum damage 1imits. For most of the fue)
rod 1ife the actua) stresses and strains are considerable below the design
1imits. Thus, stonificent margins exist between ectuel operating conditions
ang the damage limits,

The other parameters having en influence on ciaddinq stress and st ain and
the reletionship of these parameters to the damage 1imits are s follows:

1. Interna) gas pressure:

The internal gas pressure required to produce cladding stresses equel to
the camage 1imit under norme] operating conditions 1s well in excess of

the maximur design pressure. The maximum design interna) pressure under
nomine] conditions 1s 2250 psie which is equa) to the coolant pressure,

The end of 1ife internal gas pressure depencs upon the initial pressure,
voi¢ volume, and fuel rod power history, however it does not exceed the

gesign 1imit of 2250 psie.

2. (ledding temperature:

The strength of the fuel clacding 1s temperature dependent. The minimum
ultimete strength recduces to the cesign yield strength at an average
clegoing temperature of spproximately BS0°F, The maximum average
cladding temperature cduring norme) operating conditions is given in Teble
3,2.2-1 [as 720°F).

l



Frevious experience with removadle 1008 has been attained ot Saxton, varxee
$nC Jorita; ano socitioral experience will be sccuired st the San Onofre Cycle
2 anC Surry Unit 1, Over 300 fuel rocs were removes ang re-insertes into
sssemplies ouring the Ssxton re«constitution without evicence of fallure.

Ledx oetection tests were performed on the sssemblies after all rocs were
re-inserted, &n0 N0 leakage was Cetecteo. An ecually large nemoer of Saxton
TO0s have been successfully remcved, examined and re-inserted into over 12 M3
sudassemdlies at Saxton, In sooition, 28 full length Yankee roos were
TEMOved, examineC anc re-inserted into Yankee Core Vv specisl assemdlies.
Similliar hanaling of 22 removazle rozs was sucessfully comoletec ouring the
first Zorita refueling. ALl such fuel Panclings have Seen cone routisely yne

.;‘-‘:b: :."l:-l!y-

The same fuel roo cesipn limits inoicsteo in section 3.2.3 fuel te-:érgtuce
N3 Internsl pressure, are maintainec for these removeble IFocs #no thsre is e
TROLCtIoN In rargin to DNS, Thedr inclusion in the dnitiel 2.t~ mit ) cuve
::u::*; irirocuces no acCitionsl safety comslicersticns om0 IM vl sy Ltity 8
1R SETET TS BNRlyses NG TRIate0 engineering Infornation creses il in
Sreviously sudmitied material in supssrt of the license asnlicet iz,

3.2.3.%5 Evslustion of Core Components

Ffuel Evalustion

The fission gas release ano the sssociateo builow of internal §8s pressure in
the fuel rocs Is calculated by & cooe dased on experimentally cetermines
retes. Tre increase of internal pressure in the fuel rod cue to this
shencmeng is Intluces in the cetermiration of the maximum cleocing stresses &t
ioe end of core life when the fission proouct gep inventory is a meximum,

The rarimum gllowadle strain In the claoding, consicering the comoinec effects
cf imternal fission gas cressure, exterral coclant pressure, fuel pellet
seelling anc clao creed i5 limiteo to less than 1 per cent throughout cire
-«fe, Tre sssocistec strecses are telow the vielo strength of the meterls)
whCer 8ld nermal ocerating congitions.

To sssure trat manufactures fuel rocs meet & high standarc of excellence frum
the stanopoint of functional requirements, many inspections ang tests sre
rerformec both on the raw material ano the finished pracuct. These tests ano
-nezectiung incluce cremical aralysis, elevateo tencerature, termsile testing
of fuel tuces, cimensional inspection, X-ray of both eno plug weios.
citrasonic testing anc helium lesk tests. e socitional cetails in Section
3030’010

in the event of cladcing defects, the high resistance of uranium clsxice f.el
cellets to attack by hot water protects ageinst fuel cetericrstion or cesrease
on foel integrity, Thermal stress inm the pellets, while causing some fractur

of the oulk materisl ouring temoersture cycling, oces not resuit in
mulverization or gross velo formation in the fuel matrix. As shown by |
coerating excerience snd extensive experimental work in the inoustry, the :
irermal Teslign tarameters conservatively account for sny changes in the '
ttareal serformance of the fuel element cue to sellet frectuce. ‘

01187 3.2- 38
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™he consesoences of 8 breach of claozing are greatly reouced by the ability of
vIanium cioxioe to retain fission prooucts InCluoing those which are giseous
or Nignly volstile. T™his retentiveress cetreases with incressing temcersture
#ne fuel burnue, dut remains & significent factor even at full pover coerating
temperature in the maximum burnup element,

R survey of high burnup urenium oioxice'* fuel element “eravior irdicetes

that for an indtial uranium oioxioe void volume, which is & function of the
fuel censity, it is possidle to conservatively cefine the fuel swelling as &
fanction of durnun,  The fuel swelling mozel corsicers the effest of Surnup,
LEMTersture cistrioution, end intermal voics. It is an emciricel mose) enicw
"HE SEen TTaless wIth Cate Trom Settls, Varees, OVIR, Sarion onC L. i8.  Tt@
cellet censities for the three regions are listed in Tasle 3.2.3-l.

Tre integrity of fuel yoo clsocing so s tO retain flssion procucts or fuel

reterial Is cirectly releted to clsccing stress ane straim unsir ri: &)

SPETRIING BNC T.erIoeer tonsitions. Cesign JAmits NG sEtege Jirlis 2838
\

SerfIration) Inm tarms oF S8 N0 SLIALP 4Tt 88 Tollses:

Demepe Limit Design Limit
Stress Vitirate - ength Yielo strengthe
$7,000 psi minimum 45,000 psi minimum
Strain I.% 1.0%

The camege limits given adove are mimmium values. Actusl Carage limits cepceno
UDCA neutron exposure enc normal varistion of materisl properties ano would
stnerally be grester tran trese minimum camage limits., For most of the fuel
toc 1ife the sctual stresses ano strains are comsicersdly below the cesian

. edmits, Thyus, significant margins exist between actusl obersting congitions
nC the carage limits,

The other darametars having an Influence on cle00ing siress anc streim &no the
resationsnio of these carsmeters to the Smege Limits are as fo)ltws:

3. Intermal gas cressure:

The Internal gas pressure requirec to proouce claccing stresses eauel to
the camage 1imit uncer normal opersting congitions is well in excess of
the raximum Cesign pressure. The maximum cesign internal pressure unoer
nominal conoitions is 2250 psis which is ecual to the coolant pressure.
The enc of 1ife internel gas pressure cepencs upon the initial pressure,
voico volume, and fuel roc power history, however it coes not excees the
gesign limit of 2250 psis.

. Clascing tamcersture:
The strength of the fuel clencing s temoersture cezencents The miniaum
witimate strength recuces to tre cesign yielo strength st gn averege
clascing temzerature of sooroximately 050°F, The maximum Bverage T.#CI.NG
LeTleratire ouring normal ocessting concitions is given in Tasle 3.2.2-l.
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TABLE 1

Eng ineeri ng 0P Stress. s THuncf1or BT R wternaT ¥ae Rod
Bas Pressure and Fut) Nendor Design

Design Hoop Stress (psi) for 2 600 psi Differentia)
Across the Cladding Wall

S8y 15215 4570
b 17217 : 4540
c-£ 16x16 4280
¥ I8 490 -
v -6 -
6f 8x8 4050
N 16215 0
L EnC BxB** - 3880

¢ D.C. Cook, Unit )
** Oyster Creet

-7.



{

Moo p s¥ress af 735

LEGEND
0 NON-HYDRIDED

O HYDRIDED

;

>TRESS S
7 e
& o

ol

{ -
HOL

- Ty Tk Tenp Aty 074

45




—

HOOP STRESS, MN/mé

Vva

| SHEATH lumam—-odls A

uw!
°

Y .

HEATING RATE 100°C/SEC

1 |

8 awe

' : —1

€00 700 800 900 " 1000
TEMPERATURE, °C

1300

FIGURE 10 /a2y )

isostrain and rupture curves
plotted as a function cf

hoop stress and temperature
for tubes heated at 100°C/sec.

263



.‘l.

[ #vrvir] TEMPERATURE (DEG. C)

L

1100 1200

i
L

|-

1

ooovooaoLoeoo

Fla. 3

. 10 15 20 3
ENGINEERING HOOP STRESS (KPSI)

M vorreletion of rupture-tempersture as a function of eNATAESFTAN MEBP Ctress and
terperstyresramp rate with data- frmm internally heated Zircaloy claddina in aqueous

stmospheres,

T AW




1100 1200

(DEG. C)
800 1000

TEMPERATURE

000 700 800
|

+-_l_‘r .'* : Y
0 S 10 15 20 3
ENGINEERING HOOP STRFESS (KPSI)

Fla. 17 WREW model and ORNL correlatine nf rupture terperature s a function of enaineering
hoop stress and ramp rate.




/1 97# .;’/Aﬁw}znro : i CLA5§

3.5 ¢ Swelling and Rupture Mod: 18

puring & LOCA the clad iw assumd L0 strain uniforsly and plastically in

the radial dire.tion provided that poth the tempwrature and the different 10l
Prossurc ACross the clad are suf {iciently high. 1f the strain exceeds Im:l (a,c)
or the clad temperatury excueds the Lutst temperaturey (determined as 3 funct fon

of the instantancous siress) the clad {s assubed 10 burst BnT an additional
e G gnasmcm—

local strain is added te the burst node. 0

Threv empirical sodels are enploved Lo evaluate the clad swelling and

rupture behavior.,
3.5.1 Clad Swelling Prier to Rupture

L)

Hatdy‘ © perforned & scries of tests in vhich reds with constant internal pres-
sury wele Tamped to 8 sericy tenperatures at various constant ramp rates.

The pressurces repurted by Hardy were converted Lo hoep strerses by the

formula

(3-09"

and the strain &t 2 given temperature and ramp rate wer corrclated as
functions of the dur ived hocp stress. The equation developed which bust

describes the dula i»
r 1

(a,)
(3-70)

wherw!

- — ¢

(a,t)

o s Lo
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A 1Py kot Zows o
WESTINGHOUSE

=

(a,c)
(a,0)
(a,c)

(8,c)

. 3.5.2 Clad Burst

Clad is assumed to burst 4f ft zeaches (102 hoop strain based on the wwelling (a0

P —————— Y.

mode]l duscribed above OF if the clad tempcrature on the burst node reaches
™he & Faurdt | g i
the burst telpcrllufc. Bur temperature is €8 ‘eulated ax a function ol

|

)

—__*
E hoop #tress based on correlation of the & st inghoure swingle rod burst tust
7 data shown in Fipure 3-1. The bewst estimate curve from figure 3=1 Is wscd aml
—-—’

pressure is converted to hoop stress by the relationship described in
Equat ion 3=69 using original test specimen peonetry. This best estimate
curve is described by the equation

3.5 Local MHuoo Strailn After Burst '

(a,bh,0)

The Jocalized diaz strpl swelling that occurs very ragtdly at the tise of |
” -
burst is calceulated {rom & correlation of sinple rod burst test data of.

wWest inphinuse and others, Figure 1" ghiows the correiation and thye ranges

of the data usvd, Lxpresscd {n terms of hoop SLYCOsE the corrclation glves
————————————

Ad* . (a b )
¢
©

(3-718)
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MEMORANDUM FOR: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

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

SUBJECT: DIFFERING PROFESSIONAL VIEW CONCERNING

a) Issuance of SER to Zion 1/2 allowing full power
op:rction with open 42" containment 1solation
valves.

b) Methodology useo for calculating related offeite doses.

The writer submits a Differing Professional View (DPY) in accordance with the
provisions of NRC Manual Chapter 4125,

This iseve has arisen out of the Safety Evaluation Report (SER) undertaken for
the Zion Units 1 and 2 as prepared by the writer; see Attachment.

The principa) i1ssue is the prudent and conservative calculation of the additions
to offsite dose which may result from a LOCA at a facility during the use of
open purge supply and exhaust valves at full power,

The licensee for Zion 1/2 has proposed full power operation of the facility
with the 42" purge supply and exhaust containment isolation valves open to

2 limited position of 50°, and capable of isolation within seven (7) seconds
of the commencement of a LOCA,

The writers SER concludes that the 42" valves at Zion should remain closed

in Modes 1. 2, 3 and 4 because the consequence of the offsite dose to thyroid
(from iodine) during a LOCA is unacceptably high; whole body has not been
eveluated. The least value for the additiona’i offsite dose which may be
proposed within the licensing basis 1s 64,000 rem over the first seven (7)
seconds of the LOCA., Management staff has disagreed with the writer's
methodology and conclusion and plans issuance of a separate SER permitting
the operation requested. The writer requests non-issuance of the related SER
to the licensee. He also proposes probability of a generic action on other
faciiities which have been granted such licenses based on the staff's current

methocology.

In general, the management staff has adopted & criterfon described in SRP

BTP CSB 6-4 which is that providing the maximum time for ciosure of these
containment isolation valves does not exceed 5 seconds (and by plant-specific
exception, up to 15 seconds), then the valves would be closed before the onset
of fuel failure following a LOCA so that the only contribution to offsite dose
is from RCS operational levels of fission product directly discharged into
containment during this period, and then through the open containment isolation
valves before closure.



Thomes E. Murley 2=
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In eveluating the consequence for licn, the writer has used an alternate
Criterion in BTP CSB 6.4 which states that:

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

An analysis of the radiological consequences of & loss-of-coolant
accident. The analysis should be done for a spectrum of break
sizes, and the {nstrumentation and setpoints that will actuate the
purge valves closed should be identified. The source term used in
the rad1o1o$1cai calculations should be based on & calculation under
the terms of Appendix K t0 determine the extent of fuel failure and
the concomitant release of fission products, and the fission product
activity in the primary coolant. A pre-existing 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 siould 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.”

Using these related guidelines for Zion, the fuel performance over the 0-7 seconds
is getailed and shows that fuel failure (by infringement of DNBR criteris)
( cccurs within ¢ seconds of the commencement of the LOCA, and together with other
licensing basis responses including fission product release from the fuel gap
and the thermal hydraulic conditions in the core, containment and discharge
nozzle, result in a substantive discharge of fission products to the
environment of far greater consequence than are calculated by the staff.

The relative consequences of these differing approaches are that whereas the
staff methodology gives additions to offsite dose resulting in total doses
within 10 CFR Part 100 1imits, the alternate approach used by the writer

chows @ substantially increased offsite dose exceeding 10 CFR Part 100 1imits,
with completely unacceptable consequences to public Health and Safety.

The writer requests review of the Differing Professional View in a timely
manner in accordance with the provisions of NRC Manual Chapter 4125,

/«&éudlf'

Robert B, A. Licciardo

Registered Professional Engineer California
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380
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Docket Nos. 50-28% Attachment
and 50-304

MEMORANDUM FOR: Daniel Muller, Director
Project Directorate 111-2
Division of Reactor Projects III, IV, V
end Special Projects

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

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

Reference: Letter to H. R. Denton (NRC) From P, C. Leonard dated
February 2, 1986, Subject: Zfon Nuclear Power Station,
Units 1 and 2 Proposed Amendment to Facility Operating
License No. DPR-35 and DPR-48

Plant Name: Zion Nuclear Power Station, Units 1 and 2
Licensee: Commonwea 1th Edison Company
TAC Nos.: EE417 and 55418

Review Status: Complete

Zion Units 1 and 2 (CECo) has responded to an NRC request to propose TS to
primarily constrain operation of the large (42") containment purge supply
and exhaust valvc; on these units; see reference 1.

The former Plant Systems Branch, Section A, of the Division of PWR Licensin
A, requested Section B cf the same branch to review the offsite radiologica
consequences of this proposal.

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

The licensee's proposal is to aliow full power operation of the facility with
the 42" purge supply and exhaust containment isolation valves open %0 &
limited position of 50°, and capable of isolation within jeven (7) seconds of
the commencement of a LOCA.

The review concludes that the 42" valves at Zion should remain closed in

Modes 1, 2, 3 and 4 because the consequeice of the offsite dose to thyroid

(from 1odine) during a LOCA is unacceptable high; whole body dose has not been
evaluated: The least value for the additional offsite dose which may be proposed
within the 1icensing basis 1s 64,000 rem over the first seven (7) seconds.

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

then to the environment, cannot in general be sustained against thermal hydraulic
analyses for containment response, and licensing basis requirements (1ncluding
criteria) for the calculation for, and the occurrence of, fuel damage and the
quantification and treatment of resulting source terms.
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OQur SALP 1ﬁput is provided in Enclosure 2. We consider our efforts oe TAC
Nos. E5417 and 55418 to be complete.

Enclosures:
As stated

cc w/enc'osures:
C. Patel

CONTACT: R. Licciarao
X2C876

Jared S. Wermiel, Acting Chief
Plant Systems Branch
Divistion of Engineering and Systems Techrology
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Our SALP input 1s provided in Enclosure 2. We consider our efforts om TAC
Nos. 55417 and 5541F to be complete.

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

Enclosures:
As stated

cc w/enclosures:
C. Patel

CONTACT: R. Licciarde
x20876

DISTRIBUTION
Docket Files
Plant File
JWermiel
JKudrick
RArchitzel
AThadani

LShao

TGody (SALP only)
RLicciardo

oy -
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5520 NAME: Zion TACs 55417/8 Licciardo
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Enclosure 1

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATLON
PLANT SYSTEMS BRANCH
OFFSITE RADIOLOGICAL CONSECQUENCE OF LOCA DURING
CONTAINMENT PURGE
210N NUCLEAR POWER STATION, UNITS 1 AND 2
DOCKET NOS. 50-295 and 50-304

1.0 INTRODUCTION

Zion Units 1 and 2 (CECo) has responded to an NRC request to propose TS to
primarily constrain operation of the large (42") containment purge supply
and exhaust valves on these units,

The former Plant Systems Branch, Section A, of the Division of PNR Licensin
A, requested Section B of the same branch to review the offsite radiolog1ca?
consequences of this proposal.

2.0 EVALUATION

Backoround review shows that the facility was evaluated on the basis of
normally closed purge valves so that these consequences were never included

in the Zion SER. Further, that a letter from Westinzhouse /W) to Commonwealth
Edison Company dated Cctober 22, 1976 on the subject of *0ftSite Doses During
LOCA and Containment Purge® (Ref. 2) has never been evaluated by the NRC.
Subsequent to the TMI-2 event, ‘e operability and automatic control of these
valves was evaluated leading to the request for the required TS, but the
Radfological Assessment was left as a “long(er) term issue* (Rof. 3) which was
intended to be resolved in a subsequent probabilistic risk assessment which
definitively excluded it from consideration without any justification (Ref, 4).

The W analyses undertaken under Commonwealth Edison instruction, uses an RCS
operational inventory of 60 uc/gm equivalent I 131 at the time of the accident
with a resulting site boundary thyroid dose due to iodine (durirg closure of

the valves), of 52 rem, and which added to the containment lookage dose of 123
rem gives a total 175 rem which 1s within the 1u CFR 100 Yimit of 300 rem.

The total {fodine inventory of the RCS 1s assumed to be released into containment
on initiation of the LOCA; a 50% plate out 1s assumed leaving the residual 50%
as part of containment inventory for discharge out through both fully open
containment purge lines for a total of seven (7 seconds).

However, when reviewed against the BTP CSB 6-4, Item B.5.2 requires that:

*The source term used in the radiological calculations should be based

on « calculation under the terms of Appendix K to determine the extent of
fuel failure and the concommitment release of fission prodg;tg, and the
fission product activity in the primary coolant.*

g 1e

g



2.
at

Further: SRP 4.2 identifies fuel failure with infringement of DNBR crateries,
with the related requirement that gap actfvity be considered as part of

the source term, and Regulatory Guide ).77 recommends that under similar
circumstances, gap activity should be assumed at 10% of core activity. Fuel
damage criteria also includes the occurrence of center line melting wWith
measures of additiona] activity release also guided by Regulatory 8u1de 1.77,
but the Zion SAR shows this does not occur.

Revising the source term to Appendix K calrulations [in which a1l fuel goes

to DNEP in § second) with related release of all gap activity into containment,
with limited blowdown to offsite during the related 7 seconds closure time

and absent a 50% plate out of iodine as can be interpreted from the above
referenced item B.5.2, increases offsite dose due to containment purge above

by a factor of 3400 to 176,000 rem and would thereby be completely unacceptable,
Limiting the purge line valves to an cpening of §0° could reduce offsite dose
to 64,000 rem and represents the least value which may be proposed within the
1icensing basis.

Note: The RTP CSB 6-4 proposing that valve closure within § seconds will

ensure purge valves are closed before the onset of fuel failures has since

been extended by the s*2ff on a plant-specific basis to 15 seconds. Further,
the writer cannot fing any safety evaluation report supporting these positions.
These positions cannot be sustained for Zion since a) DNER infringement (from
Appendix K calculations) and hence fuel failure and gap activity release [Ref,
SRP ¢.2) of 10% of core inventory (Ref. Regulatory Guide 1,77) occur within 4
second of the initiation of the LOCA, b) related maximum clad temperatures of
1750°F occur immediately and never reduce below 1400°F, c¢) RCS pressure in the
regicn of the core rapidly reduces from 2250 psia to 900 psia in 7 seconds
increasing potentia] pressure drop across the cladding for release of gap
activity to the RCS inventory, d) the massive bulk boiling and blowdown
surrounding the fafled fuel uitimately discharges 270,000 1bs of RCS inventory
into the containment at 7 seconds into the event increasing containment pressure
from 0.3 psig to 23.8 psig (in these 7 seconds), and e) causes 15,000 1bs of
the resulting containment inventory to be discharged to the environment through
2x42" fully npen lines, or 5400 1bs for the same Tines with valve closed to $0°,

3.0 CONCLUSION

The 42" valves at Zion should remain closed in Modes 1, 2, 3, anc 4 because
the consequences of the offsite dose to thyroid (from 1odin¢5 during a LOCA

{s unacceptably hich; whole body dose has not been evaluated. The least value
for offsite dose to the thyroid which may be proposed within the existing

licensing basis is 64,000 rem,

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
operating inventory of fission products is released to the containment, and then
to the environment, cannot in general be sustained against thermal hydraulic
analyses for containment response, and licensing basis requirements (including
criteria) for the calculation for, ard the occurrence of, fuel damage and the
quantification and treatment of the resulting source terms,
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Enclosure 2

s
SPLE SALP INPUT o
Plant Name: Zion Nuclear Generating Stations, Units 1 and 2
SER Subject: Containment Purge and Vent Valve Operation ‘e
TAC Nos.: £5417/8

Summary of Review/Inspection Activities

The licensee provided an evaluation of offsite doses undertaken in 1976, This
was undertaken with & methodology énd source term chosen by the licensee. The
Yicensee did not present results from alternative more detailed methodologies

which could be considered enforceable under existing regulatory positions and

the related circumstances.

Marrative Discussion of Licensee Performance - Functional Area

The single only methodology used by the 1icensee 1s not an acceptable approach
for estimating doses under the proposed circumstances and especially since
¢lternate detailed evaluations required by the SRP give groltly increased
values beyond 10 CFR Part 100 1imits, A prudent approach would have
recocnized the deficiencies and risks in the single methodology adopted with
resulting substantively different recormendations to ensure public health and

safety.
Author: Robert B, A, Licciardo

Date: May 11, 1989
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MEMORANDUM FOR: Frank J. Miraglia, Associate Director
for Inspection and Enforcement

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

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

By memo dated June 30, 1989, the writer proposed to submit requested
clarifications of his DPV by July 17, 1989, He would like to re-schedule
this submittal to July 20. He 1s of course, prepared to agree to &n
extension of the required formal completion of the review of his DPV,

by the same time period.
e %«m—

Robert B. A, Licciardo

Recistered Professinnal Engineer California
Nuclear Engineering License No, NU 001056
Mechanice) Engineering License No. M 015380

cc: J. Sniezek
C. Rossi
F. Congel
H., Smith

209y 0760-XA- ‘.
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MEMORANDUM FOR: Frank J, Miraglia, Associate Director
for Inspection and Enforcement

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

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

By memo dated June 30, 1989, the writer proposed to submit requested
clarifications of his DPV by July 17, 1989. He would like to re-schedule
this submittal to . He 1is of course, prepared to agree to an
extension of the required formal completion of the review of his DPV,

by the same time perjod.

Tl 23 b “Leviara

Robert B, A, Licciardo

Registered Professional Engineer Celifornia
Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380

cc: J. Sniezek
C. Rossi

F. Congel
H. Smith

L,
~ 8909140151 xA
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MEMORANDUM FOR: Frank J. Miraglia, Associate Director
for Inspection and Enforcement

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

SUBJECT: DIFFERING PROFESSIONAL VIEW (DPV) CONCERNING CONTAINMENT
1SOLATION VALVES AT ZION

On June 16, 1989, the writer did elaborate for the Standing Review Panel upon
the principa) regulatory positions summarily presented in his DPV of May 11,
1089, he shal) be please to clarify further on the specific issues fdentified
in your memo to him of June 23, 1989, and will do so by July 17, 1888,

/%«m
Robert B. A, Licciardo
Registered Professional Engineer California

Nuclear Engineering License No. NU 001056
Mechanical Engineering License No. M 015380

cc: J. Sniezek
C. Rossi
F. Congel
H. Smith

LWV A



MEMORANDUM FOR: Robert Licciardo ”H/ /C

Reactor Engineer

Plant Systems Sranch

Division of Engineering and
Systems Technology

FROM: Frank J. Miraglia, Associate Director
for Inspection and Technical Assessment
SUBJECT: DIFFERING PROFESSIONAL VIEW (DPV) CONCERNING CONTAINMENT

ISOLATION VALVES AT ZION

The Standing Review Pane) of Frank Mireglia, Charles E. Rossi and Frank Congel
reviewec the materia) submitted to Dr. Murley on the subject matter. The Panel
met with you on Friday, June 16, 1989 to further discuss your views. At thet
meeting the Panel requested that you more clearly state your concern regarding
the time to fuel failure used in LOCA analyses. The Panel also requested that
you also clarify the mechanisms for transporting fission products from the
primary to containment used in your anélyses. In addition, the Pane)

requested that you provide your view as to the safety significance of
proceeding with the proposed Zion amendment and the safety significance of
your concern regarding LOCA analyses.

Please let me know when you will provide the requested information. As we
have indicated to you previously it is our intent to comply with the
milestones in NRC Manual Chapter 4125 and NRk Office Letter 300.

Origioml signed by
Prexia J, Biregiis

Frank J. Miraglia, Associate Director
for Inspection and Technical Assessment

cc: J. Sniezek
J. Larkins
C. E. Rossi
F. Congel
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June 2, 1989

MEMORANDUM FOR: Robert Licciaray
Reactor Enginger
Flant Systems Branch
Division of Engineering ang
Systems Technology

FROM: Frank J, Miraglie, Associate Director
for Inspectioi and Technical Assessment

DIFFERING PROFESSIONAL Vv

SUBJECT: IEW (DPV) CONCERNING CONTAINMENT
ISOLATION VALVES AT ZION

|

|
In accordance with NRC Manua) Chapter 4125 and NRR Office Letter 300, the
Standing Review Panel of Frank Miraglia, Charles . Rossi and Frank Congel
reviewed the materic) submitted to Dr. Murley on the subject matter. The

Panel has determined that I

adequate information fas been supplied to initiate
@ review of your DPV.

It is our intent Lo meet with you in the near future.

Frank J, G%Z%résocute Director

for Inspection and Technica) Assessnent
CC: J. Sniezek
J. Larkins
C. E. Rossi
F. Congel
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MEMORANDUM FOR: Frank J, Miraglia, Associate Director

for Inspection and Technica) Assessment, NRR

C. Ernie Rossi, Director
Division of Operetiona) Events Assessment, NRR

Frenk J. Congel, Director
Division of Radiation Protection and Emergency
Preparedness, NRR

FROM: Thomas E. Murley, Director
Office of Nuclear React .r Regulation
SUBJECT: DIFFERING PROFESSIONAL VIEW OF ROBERT B.A. L1CCIARDO

CONCERNING CONTAINMENT ISOLATION VALVES AT ZION

Enclosed 1s a memorandum from Mr, Licciardo to Dr. Murley, datec May 11, 198¢
cxpresstng 2 Differing Professional View. In accordance with NRC Manual
Chepter 4125 ard KRR Office Letter No. 300 dated March 24, 1989, you are
hereby designated as the Panel to review and recommend to the Director, NRR
the appropriate disposition of Mr. Liccierdo's Differing Professiona) View.

If you deem 1t necessary, you may solicit input from other NRR technical staff
or contractors.

In carrying out your review and formulating your recommendations to ™, you
should be guided by the Appendix to NRC Manua) Chapter 4125 with specia)
emphasis on Sections B.6 and B.7.

Thomas E. Murley, Uirector

Enclosire: As stated Office of Nuclear Reactor Regulation

cc: J. M. Sniezek
J. Larkins
R. Licciardo

T Q%srdorri
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MEMORANDUM FOR: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

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

SUBJECT: DIFFERENT PRCOFESSIONAL VIEW (DPV) CONCERNING ZION.
:EREENS PROPOSED AS THIRD MEMBER OF STANDING REVIEW
NEL.

On May 19 I received your request to submit a listing of persons to consider
as the third (and) alternate member of the Standing Review Panel for the

pur?oso of reviewing the writers D.P.V dated May 11, 1989. For this purpose I
nominate:

Steven A. Varga, Director, Division of Reactor Projects

Gary M. Holahan, Acting Associate Director for Regions IIl and V

Frank J. Congel, Director, Division of Radiation Protection and
Emergency Preparedness

T R o

My understanding from NRC Appendix 4125, Section B.1 is, that the current role
of the panel is to determine if enough information has been supplied to
undertake a detailed review of the issue. And that given a favorable review,
the necessary interdisciplinary expertise can be assembled to formulate a
final disposition. On this basis, the above persons are nominated.

oA Teveviotr
Robert B. A. Licciardo
Registered Professional Engineer, California

Nuclear Engineering License No. NU001056
Mechanical Engineering License No. M015380

Sniezek
Miraglia
Partiow
varga
Holahan
Rossi
Shao
Patel

ormoounc o

T 9V%eTems r
X A
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NUCLEAR REGULATORY COMMISSION
WASHINGTON D € 30666

MAY 1 & 1989

MEMORANDUM FOR: Robert Liceiardo, Pesctor
Engineer (Nuclear)
Plant Systems Rran:l
Division of Ergineering
and Systems Technology

FROM: Thomes E, Murley, Director
0ffice of Nuclear Reactor Pegulation
SURJECT: DIFFERING PROFESSIONAL VIEW CONCERNINC (B) ZION 1/¢

CONTAINMENT ISOLATION VALVES, AND (B) METHODOLOGY USED
FOR CALCULATING RELATED OFFSITE DOSES

This 18 to acknowledge that on Nay 12, 1988 | received your Differire
Professiona] View (DPV) concerning the ceptioned subject, Please submit e
1isting of persors you would 1ike me to consider as the third member of the
Standing Review Panel and as eén alternate menber for the Standing Review Parel,

The Standing Review Pane)l will determine within 7 days 1f adeoquate informatior
hat been supplied to inftiate a review of your Q;~<\\

v
LN
&Q. Murh%‘ tor
ffice of hue) Rezftor Regulation

. Sniezek
Miraglia
. Partlov
varge
Holahan
Ross
Shso

. Pate)

cc*

COoOrf-mowmr.mo
-

CONTACT: H, Smith, PMAS
X21287

b
~&Fe5ayouls P
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MEMORANDUM FOR: Thomas E. Murley, Director P
0ffice of Nuclear Reactor Regulation
FROM: Robert B, A, Licciardo, Reactor Engineer (Nuclear) »

Plant Systems Branch
Division of Engineering ang fyrtems Technology

SUBJECT: DIFFERING PROFESSIONAL VIEW CONCERNKING

a) lssuance of SER to Zion 172 eVowing full power
op:rnt1on with open 42" containment 1solat.on
veives,

p) Methodology used for caleulating related offsite doses,

The writer submits & Differing professiona) View (DPY) in accordance with the
provisions of NRC Menual Chapter 4125,

This {ssue has arisen out of the safety Evaluation Report (SER) undertaken for
the Zion Units 1 and 2 a8 prepared by the writer; §%¢ Attachment,

The principal 1ssue 15 the prudent and conservative calculation of the additions
. to offsite dose which may result from & LOCA et @ fecility during the use of
open purge supply and exhaust valves at full power,

The 1icensee for Zien 1/2 has proposed full power operation of the foarility
with the 42* purge supply ene exhaust containment 1golation valves open to

& 1imited position of 50°, and capable of 1solation within seven (7) seconfs
of the commencement of 2 LOCA,

The writers SER concludes that the 42° valves at Zion should remain closec

in Moges 1, 2, 3 and & because the consequence of the offsite dose to thyroid
(from fodine) during @ LOCA 15 unacceptably h19h$ whole body has not been
eveluated, The least value for the agditional © fsite dose which may be
proposed within the Yicensing basis 1s 64,000 rem over the first seven (7)
seconcs of the LOCA, Management staff has dise reed with the writer's
methodology and conclusion and plans fssuence o7 8 separate SER permitting
the operation requested. The writer recuests non-issuance of the related SER
to the licensee, He also proposes probability of @ generic action on other
facilities which have been granted such 1icenses based on the sta“f's current
methodology.

In general, the mansgement staff has sdopted 8 criterion described in SRP

BTP CSB 6-4 which 1s that providing the maximum time for closure of these
containment isolation valves does not exceed 5 seconds (and by plant-specific
exception, up to 15 seconds), then the velves would be closed pefore the onset
of fuel failure fo‘iouing a LOCA so that the only contribution to offsite cose
is from RCS operational evels of fisston product ¢irectly discharged into
containment during this pertod, and then through the open containment isolation
valves befcre closure.

*P( — QW
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In eveluating the consequence for Zion, the writer has used an slternate
Criterion in BTP CSB 6.4 which states that:

*The following analyses should be performed to Justify the“tontainment
purge system design: =

An anaiysis of the radiological consequences of a loss-of-coolant
sccident, The analysis should be done for a spectrum of break
$12es, and the fncrtrumentation and setpoints that will actuate the
purge valies closed should be identified. The source term used in
the rodiolosical calculations should be based on a calculation under
the terms of Appendix K to determine the extent of fue) failure and
the concomitant release of fisston products, and the fission product
ectivity 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
Justafied, and the fission products from the above sources should be
essumed to be released through the open purge valves during the
waximum interval required for valve closure, The radiologica!
consequences should be within 10 CFR Part 100 guideline values.*

Using these related guidelines for Zion, the fue! performance over the 0-7 seconds
s detatled and shows that fuel failure (by infringement of DNER criteria)

occurs within § seconds of the commencement of the LOCA, and together with other
licensing basis responses including fission product relesse from the fuel oap

and the thermal hydraulic ronditions in the core, containment and discharge
nozzle, result in a substantive discharge of fission products to the

environment of far greater consequence than are calculated by the staff,

The relative consequences of these differing approaches are that whereas the
steff methodology gives additfons te offsite dose resulting n tota) doses
within 10 CFR Part 100 1imits, the alternate approach used by the writer
shows ¢ substantially increased offsite dose exceeding 10 CFR Part 100 1imits,
with completely unacceptable consequences to Public Health and Safety.

The writer requests review of the 011!0r1n$ Professional View in a timely
manner fn accordance with the provisfons of NRC Manua) Chapter 4125,

f-—'{a»‘ulfo"

Robert B, A, Licciardo

Registered Professiona! Engineer California
Nuclear Engineering License No, NU 001056
Mechanical Engineering License No. M 015380

Sniezek
Muller
Verge
Fatel
Miraglia
Shao
Thadani
wermiel

Kudrick

cc:

-

L r-monmoc
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Docket Nos, 50-295 Attachment
and SO-!OC .

MEMORANDUM FOR: Daniel Myller, Director
Project Directorate 1]1-2
Division of Reactor Projects III, IV, ¥
end Special Projects

R )

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

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

Reference: Letter to M, R, Denton (NRC) From P, C. Leonard dated
February 2, 1986, Subject: 2Zion Nuclear Power Station,
Units 1 and 2 Proposed Amendment to Facility Operating
License No. DPR-35 and DPR-48

Plant Name: Zion Nuclear Power Station, Units 1 and 2
Licensee: Commonwes 1th Edison Company
TAC Nos.: £6417 and 55418

Review Status: Complete

Zion Lnits 1 and 2 (CECo) has responded to an NRC request to propose TS to
primarily constrain operation of the large (42") containment purge supply
and exhaust vclvc} on these units; see reference 1,

The former Plant Systems Branch, Section A, of the Division of PER Licensin
A, requested Section B of the same branch to review the offsite rediologice
consequences of this proposal.

The enclosed Safety Evaluation Report has been Brcparcd by the technice) reviewer
fnitially assigned to this task, namely Robert b. A, Licciardo.

The )icensee's proposal 1s to allow full power ogeration of the facility with
the 42* purge supply and exhaust containment isolation valves open to &
1imited position ¢f 50'6C0nd capable of fsolation within seven (7) seconds of

the commencement of & LOCA.

The review concludes that the 42° valves at Zion should remain closed in

Modes 1, 2, 3 and 4 beceuse the consequence of the offsite dose to thyroid

(from 1odine) ¢uring a LOCA 1s unacceptable high; whole body dose has not been
evaluated: The least value for the additional offsite dose which may be proposed
within the 1icensing basis 1s 64,000 rem over the first seven (7) seconds.

The conventional treatment of BTP CSB 6-4 which assumes that fuel failure does
not occur over the first 5-15 seconds after a LOCA and thereby that only RCS
operating inventory of fissfon products 1s released to the containment, and

then to the envirunment, cannot in genera) be sustained against thormci hydravlic
analyses for containment response, and licensing basis requirements (1ncluding
criteria) for the calculation for, and the occurrence of, fuel demage and the
quantification and treatment of resulting source terms.

- —8%WYo 10N EER 2/
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Our SALP 1rput 15 provided in Enclosure 2. We consider our efforts og TAC
Nos. 55417 and $5418 to be complete.

Enclosures:
As stated

¢ w/enclosures:
C. Pate)

CONTACT: R. Licciardo
20876

——

Jared £, Wermiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology
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«?
Dur SALP input is provided in Enclosure 2. We consider our efforts op TAC
Nos. 55417 and 55418 to be complete,

—

Jared 5. Wermiel, Acting Chief
Plant Systems Branch
Division of Engineering and Systems Technology

Erclosures:
As stated

cc w/enclosures:
C. Patel

CONTACT: R, Licctardo
X20876

GISTR!BgT‘ON

Plant File
Jwermie)
Jrudrick
RArchitze)
AThadanit

LShao

Teody (SALP only)
KLicciardo

(<

SPLB:DEST SPLB:DEST SPLEB:DEST
RlLicciardosef JKudrick Juermiel
5///18€9 §/ /89 5§/ /8%

§520 NAME: Zion TACs 55417/8 Licciardo
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGLLATION
PLANT SYSTEMS BRANCH .

OFFSITE RADIOLOGICAL CONSECUENCE OF LOCA DURING
CONTAINMENT PURGE
ZION NUCLEAR POWER STATION, UNITS 1 AND 2
DOCKET NOS. 50-295 and 50-304

1.0 INTRODUCTION
Zion Units 1 and 2 (CECo) hes responded to an NRC request to propose TS to

primarily constrain operation of the large (42") containment purge supply
and exhaust valves on these units,

The former Plant Systems Branch, Section A, of the Division of PwR Licensin
A, requested Section B of the same branch to review the offsits radioloyicl‘
consequences of this proposal,

2.0 EVALUATION

Background review shows that the facility was evaluated on the basis of
normalli closed purge valves so that these consequences were never included

{n the Zion SER, Further, that a Jetter from Westinghouse W) to Commonweaith
Edison Company cated October 22, 1976 on the subject of *0ffsite Doses During
LOCA and Containment Purge® (Rc&. 2) has never been evaluated by the NRC,
Subsequent to the TMI.2 event, the operability and sutomatic control of these
valves was evalusted leading to the request for the required TS, but the
Rediological Assessment was left as @ *long(er) term fssue" (Ro?. 3) which was
intended to be resolved in a subsegquent probabilistic risk assessment which
definitively excluded 1t from consideration without any Justification (Ref, 4).

The ¥ cnol{sos undertaken under Commonwesth Edison instruction, uses an RCS
operational inventory of 60 uc/gm equivalent 1 131 at the time of the accident
with & resulting site boundary thyroid dose due to fodine (during closure of

the valves), of 52 rem, and which added to the conteinment \oakayo dose of 123
rem gives a total 175 rem which {s within the 10 CFR 10N Yimit of 300 rem,

The tota) fodine inventory of the RCS 1s assumed to be released into containment
on inftiation of the LOCA; & 50% plate out s assumed leaving the residual 503
as part of containment inventory for discharge out through both fully open
containment purge lines for a tota) of seven (7 seconds).

However, when reviewed against the BTP CSE €-4, Item B.5.2 requires that:
*The source term used in the radiological calculations should be based
on & calculation under the terms of Appendix K to determine the extent of

fue) failure and the concommitment release of fission products, end the
fissfion product activity in the primary coolant.*

—Baijprer2 T~ W
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Further: SRP 4.2 foentifies fue) failyre with infringement of DNBR criterie,
with the related requirement that gep activity be considered as part of
the source term, and Regulatory Guice 1.77 recommends that under simiter
circumstances, Q8P sctivity should be assumed at 10% of core activity, Fuel
damage criteris also includes the occurrence of center 1ine meltin with
measures of additional activity relesse 2150 puided by Regulatory zuidc 1.77,
but the Zion SAR shows this does not occur.

Revising the source term to Appendix K celculations (in which 8] fuel goes

to DNER in § second] with related release of all gep activity into containment,
with 1imited blowdomn so offsite during the reloted 7 seconds closure time

and absent @ 50% plate out of fodire as can be {nterpreted from the sbove
referenced item B.5.8, increases offsite dose due to containment purge above

by & factor of 3400 to 176,000 rem and would thereby be completely ynacceptable.
Limsting the purge line vc‘vos to an opening of 60° could reduce offsite dose
te 64,000 rem and represents *he least value which may be propored within the
licensing besis,

Note: The BTP CSB 6-4 proposing that valve closure within § seconds will
ensure purge valves are closed before the onset of fuel failures has since

boen extenced by the stoff on @ p1|nt-spec1f1c pbasis to 15 seconds. Further,
the writer cannot find any sefety evaluation report sugport1n these positions,
These positions ceannot be sustained for Zion since @) DNBR {nfrirgement (from
Appendix K calculations) ard hence fuel failure and gep petivity release [Ref.
shp 4.2) of 101 of core {nventory (Ref. Regulatory Guice 1.77) occur within 4
second of the {nitietion of the LOCA, b) releted maximym clad temperatures of
1750°F occur frmediately and never redute below 1400°F, ¢) RCS pressure in the
region of the core repidiy reduces from 2250 psie to 960 psia in 7 seconds
increasing potential pressure grop ecross the cloddin? for release of gep
activity to the RCS inventory, ¢) the massive bulk boiling and blowdown
surrounding the failed fuel uitinnto\y ¢ischarges 270,000 1bs of RCS inventory
{nto the containment at 7 seconds into the event increasing containment pressure
from 0.3 psig to 23.8 psig (in these 7 seconds), and e) ceuses 15,000 1bs of
the resulting containment {nventery to be discharged to the environment through
2x42" fully open 1lines, or 5400 1bs for the seme ines with valve closed to $0°.

3.0 CONCLUSION

The 42" valves at Zion should remain closed {n Modes 1, 2, 3, anc & because
the consequences of the offsite dose to thyroid (from 1odinc5 guring a LOCA

s unecceptably high; whole body dose has not been evaluated. The least velue
for offsite dose 10 the thyrotd which may be proposed within the existing
1icensing besis s 64,000 rem,

The conventional treatment of BTP €SB 6-4 which assumes that fuel failure coes
not occur over the first §.15 seconds after @ LOCA and thereby that only RCS
operating inventory of fission products {s released to the containment, and then
to the environment, cannot in general be sustained egainst therma) hydraulic
aneiyses for containment response, and licensing basis requirements (4ncluding
criterie) for the caleculation for, and the occurrence of, fuel damage and the
quantification and treatment of the resulting source terms.
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Enclosure 2

SPLB SALP INPUT .

Plant Neme: Zion Nuclear Goncrotinp Stattons, Units 1 and R
SER Subject: Contatnment Purge and Vent Valve Operation .
TAC Nos,: $5417/8

i!!!!'! gf a!viow(lngg!gtion A;t1v111!!

The licensee provided an evaluation of offsite doses undertaken in 1976, This
wes undertaken with @ methodology end source term chosen by the licensee. The
Ticensee did rot present results from alternative more deteiled methodologies

which could be considered enforcesdle under existing regulatory positions and

the related circumstances.

R

Nerrative Discussion of Licensee Performance - Functiona) Area

The singlo only methodology used by the licensee 15 not an dcceptable approach
for estimating doses under the proposed circumstances and especially since
elternate cetailes eveluations required by the SRP give restly incressed
values beyond 10 CFR Part 100 1imits, A prudent tpproach wou'ld have
recognized the ceficiencies and risks in the single methodology adopted with
rc:u ting substantively different recommendations to ensure public health and
safety,

Author: Robert B, A, Licctargn
Date: May 11, 1889




