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1.0 INTRODUCTION

In 1975, the NRC identified concerns regarding Boiling Water Reactor (BWR) Mark
I containment system design. These concerns were based upon test results
showing increased dynamic loads from safety relief valve (SRV) discharges. The
SRVs are mounted on the main steam lines inside the dry well, with discharge
pipes routed into the suppression pool. The scenario was postulated as follows:
When an SRV is actuated to provide overpressure protection for a primary system,
steam is discharged from the primary system thr¢ ' the SRV into & discharge
line that leads to the pressure suppression pool. Air inftially exists in the
1ire and i¢ comeressed by the influx of steam. The water column at the end o+
the Yine which i+ subme=ged ‘u the oo’ s expelled first through T-Quenthers
monnted &L the submerged and of “he 1ine. This water column is foilowsd by the
cumpressed gir, whith Yorms one or more air bubbles in the poel. Each buoble
vigergees osciliatery expancion and contractions as it rises to the surface of
the pool. Following the air-clearing phase, steam is injected into the pool
through the quancher. "he steam-water interfaces formed at the quencher during
this phase is stsble as long as tne local pool temperature remains peiow the
nevial boiling vemperature of 212°F. In suumary, the discharge of buth the air,
which wes in the SRV line, and the steam into the suppression pool preduces
hydrodynamic 1oads on the containment structure, piping, and eguipment.

The key parameters affecting the loads and the pool temperature gradients have
been identified th- gh generic testing. However, concerns have been expressed
that there is enough Juncertainly about the interdependence and quantitative
effects of plant-specific variables that confirmatory testing should be conducted
in plants in which these parameters are substantially different from those
previously tested. The generic approach was accepted by the NRC in NUREG-066",
"Safety Evaluation Report for Mark I Containment Long-Term Program," dated July
1980 and in Supplement No. 1 dated August 1982. The guidelines for the in-plant
tests were provided in NUREG-0763, "Guidelines for Confirmatory In-plant Tests
of Safety Relief Valve Discharge for BWR Plants," dated May 1981. The generic
analysis was to be applied to each Mark I containment plant through the use of

a Plant Unique Analysis (PUA).
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This process wes undertaken for the Enrico Fermi Atomic Power Plant Unit 2
(Fermi-2) as part of the initia) nlant Yicensing, The NRC accepted the Fermi-2
PUA cortingent upon confirmation by in-plant test of the conservatism of the
load reduction factor used in the calculation of SRV water jet impingement and
air bubble dra? loads, The Fermi-2 Operating License included License Conditicn
2.0.(4) requiring these in-plant tests end submission of an analysis of the test
results to the NRC steff within six months of the conpletion of the testing,

2.0 BACKGROUND

In order to satisfy the 11cons1ns conditior, Detroit Edison conducted @ series
of in-plent SRV discharge tests for Fermi-2 on March 12, 1987, The test was
preceded by shakedown tests performed on Merch 11, 1987, The test matrix
consisted of two shakedown tests, four single valve actuations (SVA), and four
consecutive valve actuations (CVA), The tests followed the genera) guidelines
provided in NUREG-06€]1 and NUREG-07€3,

The test progran focused on neasurement of the following:

1. Peak suppression poo) boundary pressures during SRV discharge line
(SRVDL) air c1ear1n? end stean discharge due to @ single SRV actuation
under nornia) water leve! in the subrerged section of the discharge
Yine ard under both cold and hot conditions of the line.

¢. Pressure negnitude end freguency content of the T-Quencher air bubble
pressure transients,

3. Neter and ¢1v clecring reaction Yoads on the SRVOL and T-Quercher
suppLiis.

&, Suppression chavber structurs) response inciuvoing toius shell penurane
stresse. due to 8 siangle SRY discherge (cole cad Pot pipe).

Four types of instrumentation were used for sensing 2nd messuring (he parsncters,
The Instrurents eve precsure transducers, stain gavges, accelerometers

vesisteice tenperature detectors end ¢ 1sting plant system thernozouples,

Twer ty pressure transducers were (oste'led to measure the torus shell, SEVDL and
T-Quencher air bubble and interral pressures., Kinety-eight cta'r guuges weve
inste)led on the conteinment, submerged structures and p pihg to measure
representative strafn data, Four accelerumeters were ‘nstelled to neasure the
torus shell and terus-attached piping response to SRV discharge loads., Two
temperature sensors were used to monitor the SRVDL vent 1ine penetratior erd

wet well SRVDL temperature,

Upen completion of the test program, Detroit Edison submitted to the NRC a
report dated November 13, 1987 describing the test procedures, test
instrunentetion, and the results es discussed above, The report entitled "Fina)
Test Report: In-Flant Sefety Relief Valve Discharge Test - Enrico Fermi Atomic
Power Flant, Unit 2" was prepared by Nutech Engireers Inc,
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After a preliminery review of the above report, the KRC requested additiona)
information end clerificetion in the following areas:

. Sequence of testing

. Testing temperature

. 90-90 vs 95.95 stetistical results

. Analytice) results used for comparisun with test date

B 00 PO s

?;ggoit Edison provided the requested informatior by letter dated August 12,

EVALUATION

The KRC steff has conpleted review of the report and the sdditione) information,
The following is & summery of the evaluation,

Regarding testing sequence and tempereture, the scope of the Fermi-2 fn-plant
test wes limited to confirnation of the SRV discharge nethodelogy used in the
Fermi PUA, and this wes meinly to address the fssue that the discherge
corfiguretion at Fermi-2 is ?eometr1ca1l) different from configurations tested
previously. Suppression pool thermal mixing tests were not perforned since the
poc) tenperature response 1o SRV transients descrited in the PUR denonstrates
complience with the required pool temperature limits,

NUREC-0763 recomnends testing under norme) discharge conditions eénd that plant
specific tests generally net include leaking valve actuations (LVA), For
fradvertert testing under LVA conditions, load changes should be quantified on
# generic bacis, For Fermi-Z 217 but cne oY the SVA discharge tistc were

per forned with @ ted! nipe tenperature o* approxirete L12°F which 1s ebove
the vange of rnorse) piant operstivr temperature, This was indicative ¢f @
Teakirg valve, Conpered to the one test perforned with the wntiant cemperature,
the SRV tests wider the leeking valye condition tend to increase the dominant
buct le yrequency toward the fundamental frequency of the suppression poo)
charber ard resplts in o consevvative shift of the :1schcr§e lends, Therefore,
the eleveted tedl pipe tenperature cosditions are acceptebie.

Pegarding the test and analysis ,esults, the tesi ‘ate were statistically
tratyzed to obtain 2 90-80 probebility velue which wes then ~ompared with the
results obeeined in the PUA, 1In respunse to a request for 9£.95 probability
velues, the licensee concluded that the quality of the test date 1s such that
the megritude of the chenge (90-90 vs 95-95) would be small, Margins in the
PUA results conpared to the test 90-90 date are appreciebly high. Therefore,
95-95 values are expected to be bounded by the PUR results,

The critice) fssues be1ng eddressed are whether the tests were sequentially and
properly perforred and the proper paremeters charvacterizing the actua) SRV
hydrodyranic loading were accurately measured and conpered to the analyticelly
estimetec values used in the PUA reports, This is to be done withir the



-l

guidelines of NUREG-0661 and NUREG-0763. The key parameters selected for this
purpose end the results of the comparison are as follows:

1.

2.

Peak Pressure - The measured geak T-Quercher bubble pressure and the torus
chell pressure are less than 50% of predicted velues. The test catea were
enalyzed for 2 90-90 probability velue, 1.e., 90% confidence that ©0% of
neasured results will be less than the Eeak pressure. T-Cuencher bubble
frequencies showed good correlation with the predicted velues.

Feaction loads - The measured water and afr clearing reaction loads on
the SRV discherge Yine end T-Quencher supports were about 20% of the
enalytice)ly predicted vealues end test conditions,

Strains « The measured streins on the torus shell, torus ;ur ort
structures, interna) structures, and p1p1ng compared favorably with the
predicted values (about 10%-40% of the anelyticelly predicted velues),

Zero Perivd Acceleration (ZPA) - The peak measured zero period
ecceleration 1s well below the analyticelly predicted response at each
Tocetion, In addition, the measured coupled system ascceleration (torus
shell/piping systems) ere less then 50% of the analyzed clean shel)
resperse,

4.0 CONCLUSIONS

Detroit Edison has satisfied the 1icense condition of performing en in-plant
tes® for confirming the SRV dischearge loads i eccordsris with the guidelines
proviued 1 NURCG-0601 and NUREC-UV62,

Eased on ke Ticensec's submitieds, the NRC ssaff congtudes thet the rerpiet
plent widque ankly. ‘s loade ave courservetive érd the safety margin in the
design of the prinary cortafrmert system for SRV 4ischarge loeds 1 ecequrte,
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