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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC- SAFETY Af!D LICENSING BOARD

In the Matter of

CLEVELAND ELECTRIC ILLUMINATING Docket Nos. 50-440 OL
COMPANY, ET AL. ) 50-441 OL

(Perry Nuclear Power Plant, )
Units 1 and 2) )

NRC STAFF RESPONSES TO SUNFLOWER ALLIANCE REQUEST
TO APPLICANT AND STAFF FOR ADMISSIONS CONCERNING ISSUE 4

1. The ECCS evaluation model for the Perry Nuclear Power Plant has as a
fundamental assumption the adequacy of core spray flow and core spray
distribution for the LOCA spectrum considered.

.

Response

Neither admitted or denied. Although the model assumed a heat
,

transfer coefficient based upon minimum design spray flow power bundle,

that minimum design flow has been shown not to be essential to achieve

adequate core cooling.

Core spray heat transfer coefficients specified in Appendix K to

| 10 C.F.R. 50.46 are conservative bounds to spray heat transfer data. The
'

tests which form the basis for the heat transfer coefficients in

Appendix K were run with the minimum design spray flow per bundle. The

spray coefficients in Appendix K have been shown to be applicable (best

estimate or conservative) for bundle flows less than one gpm. In

addition, the evaluation model conservatively discards any spray water

which is held in the upper plenum due to the Counter-Current Flow
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Limiting (CCFL) phenomenon and the CCFL correlation used delays CCFL

breakdown beyond the time predicted by best estimate CCFL models.

'

2. Experimental data from both the European tests which led to the
development of unresolved safety issue A-16 and recent tests in Japan
indicate that core spray flow and core spray distribution may be
inadequate in BWRs.

Response

Denied. The staff evaluation has concluded that uncertainites

regarding the spray distribution based on the experimental data are of no

consequence and that the core spray cooling meets the requirements of

10 C.F.R. 50, Appendix K for the entire range of possible core spray

distribution.

In the staff evaluation of NED0-20566, Amendment 3, it was concluded

that little degradation in heat transfer for spray flow as low as one
>

gallon per minute (GPM) was demonstrated in BWR FLECHT data (APED-5529).

The heat transfer coefficients in the GE Evaluation Model are based on

BWR FLECHT data and a minimum bundle flow of one GPM would justify the

2heat transfer coefficient for core spray cooling of 1.5 BWR/hr-ft _op,

which is used in that model and accepted in 10 C.F.R. 50, Appendix K. As

indicated in Test Report NED0-24712, the bundle flow for a BWR/6 core is '-

larger than one GPM. This test result supports our conclusion that

compliance of the GE ECCS Evaluation Model with the 10 C.F.R. 50,

Appendix K requirement for core spray cooling has been demonstrated for a

BWR/6 core,

In addition, heat transfer coefficients for core spray coolingi

derived from the data obtained from the results in the Test Report

.
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(NUREG-2229, BWR Large Break Simulation Tests - BWR Blowdown / Emergency

Core Cooling Program, Volume 1, April 1982) show that even without

Emergency Core cooling, steam cooling results in a significantly higher
~

heat transfer coefficient than required by 10 C.F.R. 50, Appendix K. The

test results further support our conclusion that adequacy of the core

spray distribution is of no safety concern. We, therefore, conclude that

the application of the GE ECCS Evaluation Model to PNPP is acceptable.

.

3. Appendix K to 10 C.F.R. Part 50 mandates confirmation of ECCS
evaluation models with appropriate experimental data.

Response

Denied. Appendix K does not " mandate" confirmation of ECCS

evaluation models with experimental date. Rather, paragraph II.4 of

Appendix K to 10 C.F.R. 50.46 states:
#

To the extent practicable, predictions of the evaluation model, or
portions thereof, shall be compared with applicable experimental
information.

4. BWR ECCS core spray distribution is influenced by a variety of
factors, including system pressure, temperature, and steam flow rate, and
may involve core-wide phenomena such as vortex, swirling, redistribution,
and 2-phase froth buildup.

. .

Response

Admitted. It should be noted that under certain circumstances,
'

these influences can be positive as well as negative.

5. Core-side phenomena such as vortex, swirling, redistribution, and
i 2-phase froth buildup would not be discovered without actual full-scale,
| multi-no7zle experiments in steam at pressures typical of those present
| in the BWR upper plenum following a LOCA.
|
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Response

Neither admitted nor denied. Experiments can be designed to

evaluate the effects of core-wide phenomena without full scale
* ~

duplication of conditions in a BWR upper plenum following a LOCA. Such

experiments were performed in Task Action Plan A-16, which confirmed the

core spray methodology. Even in the experiments posited in this request

for admission, however, the actual phenomena listed would not be

observed. Rather, only their effects would be observed.

6. The 30 sector steam test methodology as described in NE00-24712
cannot duplicate actual conditions present in the core following a LOCA
and thus cannot provide experimental data on core-side phenomena such as
vortex, swirling, redistribution, and 2-phase froth buildup.

.

Response

Neither admitted nor denied. Although the steam test facility
<

cannot " duplicate" conditions which would be present in the Perry core

following a LOCA, the facility was designed in such a way that the tests

conducted did provide valuable experimental data on the effects of

core-wide phenomena identified in this " Request". The 30 sector

internal was designed to represent the reference BWR-6 (218) reactor

through use of prototypical hardware and geometry. The upper plenum is a' '
1

full-scale mockup of a 30 sector of the reference upper plenum with

accurate simulation of geometric shape and shroud head curvature and

height. Standpipes simulating the steam separators extend up from the

shroud head. Tha upper and lower core spray spargers are full-scale

mockups of 30 sectors of the reference high pressure core spray spargers

.

e

.

w



. -

L * * *

:.
-

-

-

.- , .. .

_5 .

with regard to size, curvature, location and nozzles. The core region

simulation includes both mock fuel bundles and the bypass region.

7. The 30 sector steam test methodology as described in NED0-24712
cannot represent realistic core conditions because spray distribution in
the center 2 feet of the core is affected by both sector size and the
influence of the sector walls.

Response
,

Neither admitted nor denied. While the 30 sector steam test does

not duplicate actual core conditions, it can provide the necessary~ data

in conjunction with other tests to construct a core spray distribution

model which can be used to confirm spray distribution methodology.

GE proposed the following methodology for determining the spray

distribution in a BWR with a steam environment:

(1) Single nozzle, full scale tests are performed in steam for each

spray nozzle type. The horizontal spray facility (HSF) is used

for these tests.

(2) Data from the HSF are used for three purposes: (a) a

" simulator" nozzle is developed which simulated, in air, the

spray pattern produced by the actual nozzle in the HSF in

steam, (b) the data are used to calibrate a single nozzle ~~

calculational model which can extend the HSF data base, and

(c) the data are-used directly as input to a trultiple-nozzle

model.

(3) Multiple nozzle, full-scale tests are conducted in air to

determine nozzle-to-nozzle interaction effects on overall spray

distribution patterns. These tests are conducted using the

i
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" simulator" nozzles developed as described in 2(a) above.

These data obtained are used with the single nozzle model

described in 2(b) above so that the model predicts spray

distrubtions form mul'tiple nozzles in steam.

(4) A full-reactor representation of core spray distribution in

steam is obtained by using the multi-nozzle model described in

(3) above oin conjunction with a full-scale, 360 spray test

conducted in air using the " simulator" nozzles previously

described.

The 30 sector steam tests are designed to verify the proposed core spray
9

design methodology stated above. As indicated in the evaluation report-
~

(letter from R. Tedesco (NRC) to G. Sherwood, dated January 31,1981),we

conclude that the 30 sector steam tests are adequate for this purpose.
'l

8. Since the center core region is farthest from the spray nozzles,
this region would be the most adversely affected by steam pressure
effects on core spray distribution.

Response

Neither admitted nor denied. The results of the 30 sector steam

tests show that increasing pressure has increased condensation effects
. .

near the nozzle face, causing more contraction of the spray cones. This

results in higher flows in the centers of the spray cones and lower flows
'

around the edge. The influence of pressure changes on the spray pattern

can be understood by examining Figure 8-3 of NED0-24712.

9. Because the test facility cannot simulate steam flow in the bypass
region, the 30 sector steam test methodology as described in NED0-24712 ,

.
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cannot produce meaningful data for steam flow rates exceeding 20,000
lb/hr.

Response

Denied. As explained in Appendix B of NED0-24712, the test facility

without simulation of bypass updraft steam flow would result in less core

spray flow to the fuel bundle regiun as compared to the condition with

bypass updraft steam flow. Therefore, the test results are conservative

for steam-flow rates exceeding 20,000 lb/hr.

10. Steam flow rates exceeding 20.000 lb/hr are encountered during
accident conditions.

Response

Admitted, with respect to some accident conditions. -

11. The 30' sector steam test methodology as described in NED0-24712 has
not adequately investigated the variation of core spray distribution with
pressure due to the limited range of pressures tested (29.5 psia, 44.1
psia, and 73.5 psia).

Response
~

Denied. The pressure range for 20 reactor steam tests is adequate
,

j since it covers the range of pressures which exist when the performance

of the core spray system is important. See response to Request for -''

Admission #12.
,

i
1 -

12. Pressures far in excess of the highest pressure tested (73.5 psia)
i are encountered during c cident conditions.

|
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Response

Although the initial pressure for an accident transient is about

1,000 psia, it has reduced to about 130 psia for the typical large break
~

accident when the rated core sp' ray flow rate is achieved and about 29

psia when early reflood occurs. Hence, the performance of the core spray

system is important for the pressure range from about 29 to 130 psia.

The.30 sector steam tests indicate that pressure effects on the core

spray distribution are small. These test results confirm that the

pressure range for the tests (73.5 psia, 44.1 psia and 29.5 psia) is

adequate.

~

13. The 30 sector steam test methodology as described in NED0-24712
cannot investigate any possible effects on core spray distribution due to
non-condensible gases or to varying gas temperatures.

Response

Admitted. The purpose of the 30 sector steam test is to confirm

core spray methodology by examining the steam condensation effect on the

core spray distribution. To maximize the steam condensation effect, the

updraft steam flow is determined by using the steam flow which is

condensed by spray flow as calculated by an energy balance. If noncon-
. .

densible gases were present, less steam available would be condensed and

the effect on spray distribution would be reduced. Therefore, simulation
'

of noncondensible gases is not necessary for the test.

14. Non-condensible gases and widely varying gas temperatures may be
present during accident conditions.

.
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Response

Neither admitted nor denied. While noncondensible gases and varying

temperatures of these gases may be presented during certain accident

conditions, they would not be expected to be present or occur in the

phase of the accidents where core spray would be called upon to function.

15 .' The results obtained from the 30 sector steam test as described in
NED0-24712 have not been applied to each different reactor size and
design for which the full-reactor-core, post-LOCA spray distribution is
to be determined (as required by the February 3, 1978 letter from-
Eisenhut and Ross, NRC, to G. Sherwood, GE).

Response

Denied. The 30 sector steam test described in NED0-24712 is a

confirmatory test to ve?ify the core spray methodology for the BWR/6

design only. The results have been applied to each of the BWR/6 plants,

including PNPP.

16. Due to a severe funding shortage for the SSTF program, the
application / evaluation described above may never be accomplished.

Response

Denied. The application / evaluation described in Request for

Admission #15 has been accomplished. - -

17. Points of concern ideotified at p. 5 of the NRC's Topical Report
Evaluation for NED0-24712, pertaining to the large uncertainty bands on
the SSTF data and variation with steam flow and pressure, have not been
resolved.

Response

Admitted. However, for the reasons set forth in our response to

Request for Admission #2, the core spray distribution is not a safety

concern.

., ..
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18. The assumption that thermodynamic and hydrodynamic effects on BWR
core spray distribution in steam are separable is based on engineering
judgment.

Response
'

Neither admitted nor denied. Single nozzle tests in steam performed

by GE indicate that most steam condensation occurs in the first six

inches of spray flow outside the nozzle. Individual nozzles on a BWR

core spray sparger are sufficiently separated so that their spray

patterns do not intersect within the first six inches outside the nozzle.

This result indicates that thermodynamic and hydrodynamic effects should

occur in sep. rated regions. This result has~also been verified in the

30 sector steam tests as shown in the NED0-24712. The Staff does not

deny, however, that engineering judgment has been applied in the -

development and analysis of these tests.

3

19. Acceptance of the 30 sector steam test methodology is based on
engineering judgement.

Response

Neither admitted nor denied. Acceptance of the 30 sector steam

test methodology is based on evaluation of the test data and on the

analytical results in NED0-24712. ' ' ' - -

20. The NRC's view that the continued operation of licensed GE plants
(and the issuance of OLs and cps) will not present undue risk to the
public health and safety while the core spray distribution issue is being
investigated is based on engineering judgement.

Response

Engineering judgment was used to arrive at this conclusion. The

judgment was based, in part, on the following:

.
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(1) CCFL will either cause flooding of the upper plenum (in which

case the spray distribution is inconsequential) or the spray

water will rapidly reflood the core.

(2) The total spray flow'is far in excess of that required to

achieve the minimum design flow per bundle.

(3) Bundle spray flow rates much less than minimum design flow will
'

still produce the heat transfer found acceptable in Appendix K.

(4) The evaluation model discards all water held in the upper

plenum.

(5) The evaluation model ignores steam ~ cooling.

(6) Analyses assuming no credit for spray heat transfer show the
~

reflood using core spray flow to be effective in avoiding

temperatures which may cause fuel failure.

;

21. The NRC never intended to make an objective determination on the
safety of the continued operation or licensing GE plants due to the ECCS
core spray distribution problem, as evidenced by the following statement
(fromTAPA-16,NUREG-0371):

If such concerns regarding safety of continued plant operation are
found, it might become necessary to grant exemption to certain of
the requirements of 10 C.F.R. 50.46 if plant operation is to
continue while the Plan is completed.

. .

Response

Denied. The quotation can be found in the revision 0 of TAP-16 as

described in NUREG-0410. In the revision 1 as provided on page A-16/10

of NUREG-0371, (revision 1 of NUREG-0371 was issued after revision 0 of

NUREG-0410), the statement was revised to read as follows:

If such concerns regarding safety of continued plant
operation are found, certain utilities might feel that they
could provide the NRC staff with an acceptable technical

- ..
,
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bases [ sic] to approve continued safe operation without full
compliance with certain 10 C.F.R. 50.46 requirements (i.e.,
they would request, and provide bases for, the NRC to grant
them an exemption). A considerable review effort would then
be necessary to decide whether or not we could find the
proposed bases for continged safe operation to be acceptable.

The above statement makes clear that there would be an objective

evaluation of each request for exemption to determine if there was an

acceptable basis for continued operation.
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08/16/82

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

CLEVELAND ELECTRIC ILLUMINATING ) Docket Nos. 50-440 OL
COMPANY, ET AL. ) 50-441 OL

(Perry. Nuclear Power Plant,
Units 1 and 2) )

AFFIDAVIT OF SUMMER B. K. SUN

I, Sunner B. K. Sun, being duly sworn, state as follows:

1. I am a Nuclear Engineer in the Thermal Hydraulics Section, Core

Performance Branch, Division of Systems Integration, Office of Nuclear
'

Reactor Regulation. My principal responsibility is for the review of core

performance in Boiling Water Reactors in connection with applications for

construction permits and operating licenses. This responsibility includes

analysis of the performance of the core spray system.

2. I prepared responses to Nos. 2, 4-19 and 21 of " Sunflower Alliance

Inc., et al. Request to Applicant and Staff for Admissions Concerning Issue

4" (dated June 21,1982).

3. The answers are correct and accurate to the best of my knowledge -

and belief.
-

.

h -.,

Summer B. K. Sun

'\IISitSubscribed and sworn to before me .-
this 16th day of August 1982 .

kN M\dh E l [D
-

ENotary PQbTtc N N (
\ ,-

My commission expires: '7/l /ff , N 7&M
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD.

In the Matter of )
)

CLEVELAND ELECTRIC ILLUMINATING ) Docket Nos. 50-440 OL
COMPANY, ET AL. ) 50-441 OL

)
(Perry. Nuclear Power Plant, )

Units 1 and 2) )

AFFIDAVIT OF MARVIN W. (WAYNE) H0DGES

I, Marvin W. Hodges, being duly sworn, state as follows:

1. I am a Section Leader in the Reactor Systems Branch, Division of

Systems Integration, Office of Nuclear Reactor Regulation. My section is

responsible for the review of primary and safety systems for Boiling Water

Reactors.

2. I prepared responses to Nos. 1, 3 and 20 of " Sunflower Alliance

Inc., et al. Request to Applicant and Staff for Admissions Concerning Issue

4" (dated June 21,1982).

3. The answers are correct and accurate to the best of my knowledge

and belief.
!

. .

"

Marvin W. Hodges O
'

,

Subscribed and sworn to before me .- -

this 16th day f August 1982 QMEfur

k 4kNh INb h k (f.I=i 4 @p0Notary P~ublic
~ '

.

My commission expires: 7 | h. .

i
i
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UNITED STATES OF. AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
) .

CLEVELAND ELECTRIC ILLUMINATING ) Docket Nos. 50-440 OL
_

COMPANY, ET AL. ) 50-441 OL
)

(Perry Nuclear Power Plant,
Units 1 and 2)

CERTIFICATE OF SERVICE

I hereby certify that copies of "NRC STAFF RESPONSES TO SUNFLOWER ALLIANCE REQUEST TO
APPLICANT AND STAFF FOR ADMISSIONS CONCERNING ISSUE 4" in the above-captioned proceeding
have been served on the following by deposit in the United States mail, first . class, or,
as indicated by an asterisk through deposit in the Nuclear Regulatory Cormission's
internal mail system, this 16th day of August 1982:

* Peter B. Bloch, Esq., Chairman Donald T. Ezzone, Esq.
Administrative Judge Assistant Prosecuting Attorney

Atomic Safety and Licensing Board 105 Main Street
U.S. Nuclear Regulatory Comission Lake County Administration Center
Washington, D.C. 20555 Painesville, Ohio 44077

*Dr. Jerry R. Kline Susan Hiatt
Administrative Judge 8275 Munson Avenue

Atomic Safety and Licensing Board Mentor, Ohio 44060
U.S. Nuclear Regulatory Comission
Washington, D.C. 20555 Daniel D. Wilt, Esq.

''P. O. Box 08159
*Mr. Frederick J. Shon Cleveland, Ohio 44108

Administrative Judge
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory ConAission
Washington, D.C. 20555

Jay Silberg, Esq.
Shaw, Pittman, Potts and Trowbridge Terry Lodge, Esq.
1800 M Street, N.W. Attorney for Intervenors
Washington, D.C. 20036 915 Spitzer Building

Toledo, Ohio 43604

. ..
,

____ _ _ . _ _ . _ _ _ _ _
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* Atomic Safety and Licensing Board Robert Alexander
U.S. Nuclear Regulatory Commission 2030 Portsmouth St., #2
Washington, D.C. 20555 Houston, Texas 77098,

* Atomic Safety and Licensing Appeal.

Board Panel
, John G. Cardinal, Esq.

U.S. Nuclear Regulatory Commission Prosecuting Attorney
Washington, D.C. 20555 Ashtabula County Courthouse

Jefferson, Ohio 44047
* Docketing and Service Section ~

Office of the Secretarf -

-

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 _~'~ ;
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9,

Nathene A. Wright /
Counsel for NRC Staff .

.
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