
SEP 3 1982

Docket No. 50-298 

Mr. J. M. Pilant, Director 
Licensing & Quality Assurance 
Nebrakka Public Power District 
P.O. Box 499 
Columbus, Nebraska 68601 

Dear Mr. Pilant: 

The Commission has issued the enclosed Exemption (Enclosure I) from certain 
requirements of Section 50.54(o) and Appendix J to 10 CFR Part 50 in response 
to your letter dated September 10, 1975 and supplemented by your letter dated 
October 30, 1978. This Exemption, which is being forwarded to the Office of 
the Federal Register for publication, extends the interval between Type B 
tests for the containment airlock doors at accident pressure (Pa).  

Your request, however, to permit testing of the feedwater check valves with 
water instead of air or nitrogen has been denied. We have evaluated your 
submittals and determined that they fail to demonstrate that these check 
v~ves will be covered with water throughout the post-accident period.  
These valves must be pneumatically tested in accordance with Appendix J 
as stated in the enclosed S.fety Evaluation unless system conditions and 
valve liquid leakage limits assure a water seal for 30 days following 
onset of the postulated accident.  

In addition, during the review of your request for exemption from the Pa 
testing interval for the containment airlock doors, your method of cor
relating reduced pressure leakage rates to full pressure leakage rates 
for testing the airlock doors whenever they are opened between testing 
intervals at Pa was evaluated. We have determined that your method of 
correlation at this reduced pressure is not sufficiently conservative.  
The position in the enclosed Safety Evaluation which states that the 
measured result of the reduced pressure test should be extrapolated to 
Pa using the formula recommended in the enclosed Franklin Research Center 
Technical Evaluation Report should be used.  

Appendix J requires Technical Specifications on airlock testing. Nebraska 
Public Power District should inform us within 60 days of receipt of this 
letter regarding plans, schedules, and proposed Technical Specification 
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Hr. J. M. Pilant

changes related to airlock testing and to the two other Items identified 
in this letter w4ich reflect our findings in the Appendix J review.

Sincerely$ ORIGINAL SIGNED BY ( 

Darrell G. Eisenhut, Director I 
Division of Licensing 
Office of Nuclear Reactor R69ulatlon

Enclosures: 
1. Exemption 
2. Safety Evaluation 
3. Franklin Research Center 

Technical Evaluation Rgpont 

cc: W/enclosures 
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Mr. -. M. P ilant 
Nebraska Publ~c Power District 

cc: 

Mr. G. D. Watson, General Co-nsel John T. Collins 
.Nebraska Public Power District Regional Administrator, Region IV 
P. 0. Box 499 U.S. Nuclear Regulatory Commission 
Cblumbus, Nebraska 68601 611 Ryan Plaza Drive, Suite 1000 

Arlington, Texas 76011 

Mr. Arthur C. Gehr, Attorney 
Srell & Wilmer 
3100 Valley Center 
Phoenix, Arizona 85073 

Cooper.Nuclear Station 
ATTN: Mr. L. Lessor 

Station Superintendent 
P. 0. Box 98° 
Brownville, Nebt-aska 68321 

Auburn Public Library 
118 -. 15th Street 
Auburn, 'Nebraska 68305 

Director 
Nebraska Dept. of Environmental Control 
P. 0. Box 94577, State House Station 
Lincoln, Nebraska. 68509 

Mr. William Siebert, Com,issioner 
N=a-aha County Board of ComMissioners 
Nemaha County Courthouse 
Auburn, Nebraska 60305 

Mr. Dennis Dubois 
USNRC 
Resident Inspector 
P. 0. Box 218 
Brownville, NE 68321 

U:. S. Environmental Protection Agency.  
.Region VI' Office 
Regional Radiation Representative 

324 East 11th Street 
Kansas City, MO. 64106
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

In the Matter of ) 
NEBRASKA PUBLIC POWER DISTRICT ) Docket No. 50-298 

(Cooper Nuclear Station) ) 

EXEMPTION 

I.  

The Nebraska Public Power District (the licensee) is the holder of Facility 

Operating License No. DPR-46 (the licensee) which authorizes operation of 

the Cooper Nuclear Station located in Nemaha -County, Nebraska, at steady state 

reactor core power levels not in excess of 2381 megawatts thermal (rated 

power). This license provides, among other things, that it is subject to all 

rules, regulations and Orders of the Commission now or hereafter in effect.  

II.  

Section 50.54(o) of 10 CFR Part 50 requires that primary reactor containments 

for water cooled power reactors be subject to the requirements of Appendix J 

to 10 CFR Part 50. Appendix J contains the leakage test requirements, schedules, 

and acceptance criteria for tests of the leak-tight integrity of the primary 

"reactor containment and systems and components which penetrate the con

tainment. Appendix J was published on February 14, 1973 and in August 1975; 

each licensee was requested to review the extent to whicheach facility met._ 

the requirements.  
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On September 10, 1975 the licensee'submitted its evaluation for the Cooper 

Nuclear Station. The submittal was supplemented by a letter on October 30, 

1978. These submittals requested an exemption from the requirements of 

Appendix J pertaining to the containment airlock door testing interval'and the 

test pressure. Since the licensee submitted its request, Section III.D.2 of 

Appendix J has been revised, effective October 22, 1980. The revised rule 

required testing of the airlocks as follows: 

1. Every six months at a pressure of not less than Pa (and after 

periods when the airlock is opened and containment i.ntegrity is 

not required).  

2. Within three days of opening (or every three days during 

periods of frequent opening) when containment integrity is 

required, at a pressure of Pa or at a reduced pressure as 

stated in the Technical Specifications.  

The evaluation performed by our contractor, Franklin Research Center, concluded 

that the licensee's exemption request was not in conformance with the regula

tion and, therefore, was unacceptable. However, subsequent discussions with 

the licensee regarding test methodology and additional eyaluation by us of 

airlock degradation causal factors and operating history have resulted in 

a reevaluation of our position. The staff agrees with the licensee that with

out this exemption from the Appendix J requirements, the plant would have 

to be shut down and the equipment hatch opened in order to install a strongback
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on the inner airlock door to perform the test, and subsequent door and hatch 

openings to remove it. This would result in an outage of several days for 

the licensee, the cost of replacement power to the public, and could subject 

operlating personnel to additional radiation exposures. In addition, the 

additional openings of the equipment hatch and airlock provide additional 

opportunities for inadvertent seal degradation.  

As a result, the staff has reevaluated the six-month test requirement and 

has developed a revised position which is believed to meet the objectives 

of Appendix 3 requirements for containment airlock door tests. This revised 

position still requires the containment airlock to be tested at six-month 

intervals at a pressure of Pa in accordance with Appendix 3, except that this 

test interval may be extended up to the next refueling outage (up to a 

maximum interval between Pa tests of 24 months) if there have been no 

airlock openings since the last successful test at Pa. The intent of the 

Appendix 3 requirement is to assure tha-t the airlock door-seal integrity is 

mraintained and no degradation has occurred as a result of opening of the airlock 

doors between testing intervals at Pa. Since there is an inadequate basis 

to conclude that no airlock seal degradation occurs if the airlock-doors 

have not been opened between extended testing intervals.at Pa, we believe 

that a reduced pressure test or testing between sealsievery six months 

should be performed to assure that the airlock door seal integrity is 

maintained between the extended testing intervals at Pa. We believe
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this position satisfies the objectives of the requirements. The licensee 

will be requested to propose appropriate modifications to the Technical 

Specifications.  

Therefore, the exemption from the airlock testing frequency requirement 

of Appendix J requested by the licensee should be granted provided the 

licensee complies with the staff's revised position on airlock testing.  

III.  

.Accordingly;-the Commission has determined that, pursuant to 10 CFR 50.12, 

an exemption is authorized by law and will not endanger life or property 

or.the common defense and security and is otherwise in the public interest.  

Therefore, the Commission hereby approves the following exemption request: 

Exemption is granted from the requirements of Section III.D.2 of 

Appendix J pertaining to the test frequency for conducting Type B 

tests at six-months intervals at a test pressure of not less than 

Pa. The test interval may be extended to the next refueling outage, 

but in no case shall exceed 24 months from the last test at Pa, 

provided that there have been no airlock openings since the last 

successful test at Pa. A reduced pressure test or testing between 

seals every six months shall be preformed to assure that airlock 

door seal integrity is maintained between extended testing intervals 

at Pa.
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The NRC staff has determined that the granting of this exemption will 

not result in any significant envirbnmental impact and that pursuant to 

10 CFR 51.5(d)(4), an environmental impact statement or negative declaration 

and environmental impact appraisal need not be prepared in connection with 

this action.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Darrell G. Eisenhut, irector 
Division of.Licensing 
Office of Nuclear Reactor Regulation 

Dated at Bethesda, Maryland 
this 3rd day of September 1982.



UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

'; SAFETY EVALUATION REPORT BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

APPENDIX J REVIEW 

COOPER NUCLEAR STATION 

DOCKET NO. 50-298 

Authors; J. Huang, B. Siegel 

1.0 Introduction 

On August 5, 1975 (Reference 1), the NRC requested Nebraska. Public Power District 

(licensee) to review its containment leakage testing program for Cooper Nuclear 

Station and the associated Technical Specifications for compliance with the 

requirements of Appendix J to 10 CFR Part 50.  

Appendix J to 10 CFR Part 50 was published on February 14, 1973. Since by this 

date there-were already m.ny operating nuclear plants and a number more in 

advanced stages of design or construction,, the NRC decided to have these 
plants reevaluated against the requirements of this new regulation. There

fore, beginning in August 1975, requests for review of the extent of compliance 

with the requirements of Appendix J were made of each licensee. Following the 

initial responses to these requests, NRC staff positions were developed which 

would assure that the objectives of the testing requirements of the above

cited regulation were satisfied. Subsequently, Section III.D.2 of Appendix 3 

was revised, effective October 22, 1980 and conformance is considered in our 

evaluation. These staff positions have since been applied in our review.of 

the submittals filed by the licensee for Cooper Nuclear Station. The results of 

our evaluation are provided below.  

2.0 Evaluation 

Our consultant, the Franklin Research Center (FRC), has reviewed the licensee's 

submittals (References 2 and 3) and prepared the enclosed Technical Evalua

tion Report (TER-C5257-13), Containment Leakage Rate Testing for Cooper Nuclear 

Station. We have reviewed FRC's evaluation and concur in its bases and findings, 
.with the exception of its assessment of the licensee's request for exemption 

pertaining to the frequency of Type B tests for the containment airlock, which 

is further evaluated below.  

Section III.D.2 of Appendix 3, effective October 22, 1980, requires testing 
of the airlock as follows: 

1. Every six months at a pressure of not less than accident pressure (Pa) 

and after periods when the airlock is opened and containment integrity 
.Js not required.  

2. Within three days of opening (or every three days during periods of 
frequent opening) when containment integrity is required, at a pressure 

of Pa or at a reduced.pressure as stated in the Technical Specifications.  

6209270090 820903 
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By letter dated September 10, 1975, the licensee requested an exemptlon 

from the frequency requirements of Section III.D.2 in order to permit 

tes.ting on a frequency consistent with the plantopetating cycle (i.e., 

each refueling outage). FRC's evaluation of the licensee's submittals 

in support of the exemption request which is contained in the enclosed 

TER concluded that the licensee's program related to the test frequency 

and pressure s.hould conform to the requirements of Section III.D.2 of 

Appendix J.  

However, subsequent discussions- with the licensee regarding test 

methodology and additional evaluation by the staff of airlock degradation 

causal factors and operating history have resulted in a reevaluation of 

our position. Test performance requires shutting down the reactor and 

opening the equipment hatch in order to install a strongback on the inner 

aIrlock door to prevent unseating the airlock door, and subsequent door 

and hatch openings to remove the strongback. This would result in an 

outage of several days for the licensee, the-cost of replacement power 

to the public, and could subject.operating personnel to additional 

radiation exposure. In addition, the additional openings of the equip

ment hatch. and airlock provide additional opportunities for inadvertent 

seal degradation.  

Based on these considerations, we have developed the following modified 

position which we believe meets, the objectives of Appendix J requirements 

for Type B tests of containment airlocks.  

We will still require containment airlocks to be tested every six months 

at a pressure of not less than Pa in accordance with Appendix 3, except 

that the test interval may be extended to the next refueling outage (up 

to a maximum interval between Pa tests of 24 months) provided that there 

have been no airlock openings since the last successful test at Pa and ' 

a Pa test is performed following the next airlock opening. The Intent of 

the Appendix J requirement is to assure that the airlock door seal 

integrity Is maintained and no degradation has occurred as a result of 

openi n of the airlock doors between testing intervals at Pa. Since there 

ls'an inadequate basis to conclude that no airlock seal degradation 

occurs if the airlock doors have not been opened between extended testing 

intervals at Pa, we believe that a reduced pressure testing or testing 

between seals every six months should be performed to assure that the 

airlock door seal integrity is maintained between the extended testing.  

intervals at Pa. We believe this position satisfies the objectives of 

the requirements. The licensee will be requested to propose appropriate 

modifications to his Technical Specifications.  

Therefore, the exemption from the airlock testing'frequency requirements 

of Appendix J requested by the licensee'should be granted prcv.ded the 

licensee complies with the staff's revised position on airlock testing.
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3.0 Summary 

Based on our review of the Technical Evaluation Report as prepared by the FRC 

and our evaluation of the containment airlock door testing requirements, the 

following conclusions are made regarding the Appendix 3 review for Cooper 

Nuclear Station: 

1. The NPPD proposal to test containment airlocks annually at a pressure 

of Pa and every 6 months at a pressure of 3 psig is not totally 

acceptable. However, we have developed a position which we believe 

meets the objectives of the Appendix J requirements for these type 

tests and grants the licensee relief from the airlock testing 

interval requirements. This position is as follows: 

Containment-airlocks must be tested at six-month intervals at a 

pressure of Pa in accordance with Appendix J, except that this 

test-ing interval may be extended to the next refueling outage 

(up to a maximum interval between Pa tests of 24 months) pro

vided that there have been no airlock openings since the last 

successful test at Pa.* 

The NPPD proposal to test the containment airlock doors every 6 months 

at a reduced pressure of 3 psig during the interval when the doors have 

not been open is acceptable.  

2. The NPPD proposed method for correlating reduced pressure leakage 

rates to full pressure leakage rates is not sufficiently conservative.  

The measured result of a reduced pressure test should be 

extrapolated to Pa using the formula recommended in the Technical 

Evaluation Report or some other equivalent method to determine the 

test's acceptability.  

3. The NPPD proposal to test feedwater check valves with water in lieu 

of air or nitrogen as a test medium is not acceptable because these 

valves may be exposed to the containment atmosphere during the post

accident period. Valves must be pneumatically tested in accordance 

with Appendix J unless system conditions and valve liquid leakage 

limits assure a water seal for 30 days following onset of the 

postulated accident.
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TER-C5257-13

1. BACKGROUND 

On August 5, 1975 (11, the NRC requested Nebraska Public Power District 

(NPPD) to review the containment leakage testing program for Cooper Nuclear 

Station and to provide a plan for achieving full compliance with 10CFR50, 

Appendix J, including appropriate design modifications, changes to technical 

specifications, and requests for exemption from the requirements pursuant to 

10CFR50.12, where necessary.  

NPPD's response dated September 10, 1975 [2], included five requests for 

exemption from-the requirements of Appendix J. On September 16, 1977 [3], the 

NRC issued Amendment No. 38 to Facility Operating License No. DPR-46, autho

rizing three of the five exemption requests. At the same time, the NRC 

requested that NPPD provide additional information regarding the two remaining 

exemption requests. This additional information was forwarded by NPPD on 

October 30, 1978 [4].  

The purpose of this report is to provide technical evaluations of all 

outstanding requests for exemption from the requirements of 10CFRM0, Appendix 

J, for Cooper Nuclear Station. Consequently, technical evaluations of the two 

remaining exemption requests of Reference 2, as amplified by Reference 4, 

are included.  

"u '--Frankin Research Center 
A Dwon of -.1w FrankIr InxUjte
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2. EVALUATION CRITERIA 

Code of Federal Regulations, Title .0, Part 50 (10CFR50), Appendix J, 

Containment Leakage Testing, contains the criteria used for the evaluation of 

the exemption requests. The criteria are either referenced or briefly stated, 

where necessary, to support the results of the evaluations. Furthermore, in 

recognition of plant-specific conditions which could lead to requests for 

exemption not explicitly covered by the regulations, the NRC directed that the 

technical review constantly emphasize the basic intent of Appendix J, that 

potential containment atmospheric leakage paths be identified, monitored, and 

maintained below established limits.

"i•Frnklin Research Center 
A DK" ovfw• The Frwudbn kSeA.M
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3. TECHNICAL EVALUATION 

3.1 EXEMPTION FROM AIRLOCK TESTING REQUIREMENTS 

In References 2 and 4, NPPD requested an exemption from the requirements 

of Appendix J to test personnel airlocks at intervals of no longer than 1 year 

at 58 psig (Pa), at least every 6 months at 3 psig, and after each opening at 

3 psig. NPPD stated that to conduct airlock tests at Pa, strongbacks must be 

used, which can only be applied in a shutdown condition. Further, NPPD stated 

that frequent airlock tests at Pa increase the risk of permanent deformation 

of the airlock doors and that yearly tests at Pa are sufficient to show 

physical integrity.  

Evaluation. Sections III.B.2 and III.D.2 of Appendix J require that 

containment airlocks be tested at peak calculated accident pressure (Pa) at 

6-month intervals and after each opening in the interim between 6-month 

tests. These requirements were imposed because airlocks represent potentially 

large leakage -paths which are more subject to human error than other contain

ment penetrations. Type B penetrations (other than airlocks) require testing 

in accordance with Appendix J at intervals not to exceed 2 years.  

Appendix J was published in 1973. A compilation of airlock events from 

Licensee Event Reports submitted since-1969 shows that air-lock testing in 

accordance with Appendix J has been effective in prompt identification of 

airlock leakage, but that rigid adherence to the after-each-opening require

ment may not be necessary.  

Since 1969, there have been approximately 70 reported airlock leakage 

tests in which measured leakage exceeded allowable limits. Of these events, 

25 percent were the result of leakage other than that resulting from improper 

seating of airlock door seals. These failures were generally caused by 

leakage past door operating mechanism handwheel packing, door operating 

cylinder shaft seals, equalizer valves, or test lines. These penetrations 

resemble other Type B or C containment penetrations except that they may be 

operated more frequently. Since airlocks are tested at a pressure of Pa every 

6 months, these penetrations are tested, at a minimum, four times more 

"UUUF~rankfin Research Center 
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frequently than typical Type B or C penetrations. The 6-month test is, there

fore, considered to be both justified and adequate for the prompt identifica

tion of this leakage.  

Improper seating of the airlock door seals, however, is not only the most 

frequent cause of airlock failures (the remaining 75 percent), but also repre

sents a potentially large leakage path. While testing at a pressure of Pa 

after each opening will identify seal leakage, it can also be identified by 

alternative methods, such as pressurizing between double-gasketed door seals 

(for airlocks designed with this type of seal) or pressurizing the airlock to 

pressures" other than Pa. Furthermore, experience gained in testing airlocks 

since the issuance of Appendix J indicates that the use of one of these alter

native methods may be preferable to the full-pressure test of the entire 

airlock.  

Reactor plants designed prior to the issuance of Appendix J often do not 

have the capability to test airlocks at Pa without the installation of strong

backs or the performance of mechanical adjustments to the operating mechanisms 

of the inner doors. The reason for this is that the inner doors are designed 

to seat with accident pressure on the containment side of the door, and there

fore, the operating mechanisms were not designed to withstand accident pres

sure in the opposite direction. When the airlock is pressurized for a local 

airlock test (i.e., pressurized between the doors), pressure is exerted on the 

airlock side of the inner door, causing the door to unseat and preventing the 

conduct of a meaningful test. The strongback or mechanical adjustments 

prevent the unseating of the inner door, allowing the test to proceed. The 

installation of strongbacks or performance of mechanical adjustments is time 

consuming (often taking several hours), may result in additional radiation 

exposure to operating personnel, and may also cause degradation of the operat

ing mechanism of the inner door, with consequential loss of reliability of the 

airlock. In addition, when conditions require frequent openings over a short 

period of time, testing at Pa after each opening becomes both impractical 

(tests often take from 8 hours to several days) and accelerates the rate of 

exposure of personnel and the degradation of mechanical equipment.  

- -4
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For these reasons, the intent of Appendix J is satisified, and the 

undesirable effects of testing after each opening are reduced if a satisfac

tory test of the airlock door seals is performed within 3 days of each opening 

or every 3 days during periods of frequent openings, whenever containment 

integrity is required. The test of the airlock door seals may be performed by 

pressurizing the space between the double-gasketed seals (if so equipped) or 

by pressurizing the entire airlock to a pressure of less than Pa that does not 

require the installation of strongbacks or performance of other mechanical 

adjustments. If the reduced pressure airlock test is to be employed, the 

results of the leakage test must be conservatively extrapolated to equivalent 

Pa test-results. An evaluation of NPPD's proposed method of extrapolation of 

these test results from 3 to 58 psig is discussed in Section.3.1.l of this 

report.  

NPPD contends that the requirement to test the airlocks at Cooper Nuclear 

Station at Pa every 6 months is excessive, since the installation of the 

strongback necessary to perform the test requires shutting down the reactor to 

gain access to the containment. NPPD proposes to perform an airlock test at 

Pa once per year, at reduced pressure (3 psig) every.6 months, and at 3 psig 

after each opening. In view of the above discussion, this proposal is unac

ceptable because it does not meet the requirements of Appendix J nor does it 

satisfy the objective of the regulation.  

Since NPPD submitted its request, the NRC has revised Section III.D.2 of 

Appendix J, effective October 22, 1980. Essentially, the revised rule 

requires testing of airlocks as follows: 

1. Every 6 months at a pressure of Pa (and after periods when the 
airlock is opened and containment integrity is not required).  

2. Within 3 days of opening (or every 3 days during periods of 
frequent opening) when containment integrity is required, at a 
pressure of Pa or at a reduced pressure as stated in the Technical 
Specifications.  

NPPD should establish an airlock testing program to conform to the 

requirements of the revised Section III.D.2. No exemption from the require

ments of Appendix J is necessary.  

"IiFrUank~in Research Center 
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3.1.1 Extrapolation of Reduced Pressure Leakage Test Results 

In Reference 4, NPPD stated that the results of reduced pressure airlock 

tests (3 psig) and also reduced pressure bellows leakage tests (5 psig) are 

extrapolated to 58 psig using the criteria of ASME Section XI, Winter 1976 

Addendum, Article IWV-3000, "Test Procedure,' paragraph IWV-3420, which states: 

When leakage tests are made in such cases using pressures 
lower than function maximum pressure differential, the 
observed leakage shall be adjusted to function maximum 
pressure differential value by calculation appropriate to 
the test media and the ratio between test and function 
pressure differential assuming leakage to be directly 
proportional to the pressure differential to the one-half 
power.  

Evaluation. This correlation, namely that the Leakage results are pro

portional to the ratio of the test pressures to the one-half power, is 

appropriate when the characteristic of the leakage is essentially orifice

like. However, when the flow characteristic of the leakage approaches 

capillary-like flow, this correlation becomes less conservative. As can be 

seen by applying equation A-3 (Appendix A to this report) for capillary-like 

flow, the correlation proposed by NPPD is less conservative by a factor of 

11.9 for the airlock test and 8.7 for the bellows test. Although the actual 

leakage path characteristic is some unknown combination of otifice and 

capillary-like flow, the correlation proposed by NPPD, particularly for the.  

situation in which the reduced pressureis a small percentage of the full 

pressure test, is unacceptably non-conservative. It is recommended that 

equation A-3 be used to correlate leakage results as follows: 

ma (Pa + Pat) 2 - (Pat) 2 

;t (Pt + Pat) 2 - (Pat) 2 

(Note: b is in terms of mass flow rate and Pat is atmospheric pressure.) 

3.2 HYDRAULIC TESTING OF FEEDWATER CHECK VALVES 

In Reference 2, NPPD requested an exemption from the requirements of 

Appendix J to test the feedwater check valves with water as a test medium in 
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lieu of air or nitrogen. In Reference 4, NPPD provided analyses to demon

strate that the feedwater check valves remained water covered following a 

postulated accident and that feedwater system check valve leakage following a 

LOCA will not exceed that established by 10CFR100.  

Evaluation. Sections II.H.4 and III.C.2 of Appendix J require that 

containment isolation valves in main steam and feedwater systems of direct

cycle boiling water reactors be tested with air or nitrogen as a medium.  

Section II.B of Appendix J defines containment isolation valves as those 

valves relied upon to perform a containment isolation function. It is clear 

that the feedwater check valves are relied upon to perform a containment 

isolation funct3ion, and therefore, Appendix J requires that they be tested 

with air or nitrogen.  

For operating reactors designed or constructed prior to the issuance of 

Appendix J, the substitution of a hydraulic test for the required pneumatic 

test may be an acceptable exemption from Appendix J where the hydraulic test 

is used to demonstrate that the valves will remain water covered throughout 

the post-accident period. By using the hydraulic test to demonstrate this 

fact, the possibility of leakage of containment atmosphere is eliminated.  

Therefore, a determination of the pneumatic leakage rate is unnecessary since 

the valves are not being relied upon to isolate air leakage.  

NPPD's submittal demonstrating that the valves will remain water covered 

[4], however, fails to demonstrate that they will be water covered throughout 

the post-accident period. In fact, this analysis demonstrates that at the 

average leakage rates of these check valves experienced at Cooper Nuclear 

Station (8.3 ft 3/hr), the initial water inventory in a feedwater line at the 

start of an accident will be depleted after 421 minutes. At this time, unless 

reactor water level has been restored above the level of the feedwater nozzles 

or the piping has been otherwise refilled, the check valves will be relied.  

upon to prevent the leakage of containment air. This situation may be miti

gated by cooling water being injected by the HPCI or RCIC systems, which are 

initiated at the start of the accident. Bowever, a single active failure in 

either of these systems could result in one of the feedwater lines being water 
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filled only by its initial water volume, which would be rapidly depleted by a 

combination of flashing to steam and the average leakage rate of the check 

valves.  

Consequently, NPPD's proposal to test these valves with water in lieu of 

air or nitrogen is not acceptable. The feedwater check valves should be 

pneumatically tested, with the leakage results added to the total pnedmatic 

leakage of the local leakage rate tests to determine acceptability in accor

dance with Section III.C.3 of Appendix J. However, if liquid leakage limits 

are established which demonstrate that the valves will remain water covered 

for 30 days following a LOCA, hydraulic testing witk acceptability based on 

these limits would be acceptable as an exemption to the pneumatic testing 

requirements of Appendix J.
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4. CONCLUSIONS 

Technical evaluations of requests for exemption from the requirements of 

Appendix J for Cooper Nuclear Station, submitted in Reference 4, were 

conducted. The conclusions are summarized below: 

"o NPPD's proposal to test containment airlocks annually at a pressure of 
Pa, every 6 months at a pressure of 3 psig, and after each opening at 
a pressure of 3 psig is not acceptable. Airlocks should be tested in 
accordance with the requirements of Section III.D.2 of Appendix J, 
revised October 1980.  

"o NPPD's proposed method for correlating reduced pressure leakage rates 
to full pressure leakage rates is not sufficiently conservative. A 
correlation assuming capillary-like flow characteristics should be 
used.  

"o NPPD's proposal to test feedwater check valves with water in lieu of 
air or nitrogen as a test medium is not acceptable because these 
valves may be exposed to containment atmosphere during the post
accident period. These valves must be tested in accordance with 
Appendix J unless they meet liquid leakage limits which demonstrate 
that they will remain water covered for 30 days following an accident.
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APPENDIX A. AIR TO AIR LEAKAGE CONVERSION

In pneumatic leakage testing in which application of Pa psig is 

called for by Appendix J, it is sometimes necessary to request an ex

emption that permits pneumatic testing at a lower pressure, Pt psig.  

The leakage rate, Lt, measured under test conditions must then be con

verted mathematically to the leakage rate, La, that would occur if the 

pressure were equal to Pa. It is essential that the conversion be con

servative. That is, the calculated value of La must not be lower than 

the actual leakage rate at Pa would be. On the other. hand, the conver

sion-should not be more conservative than necessary in the light of 

available data, because excessive conservatism could frequently result 

in the interpretation that a given leak exceeds its maximum allowable 

limit when in fact it would not exceed that limit if Pa were actually 

applied.  

The meaning of the expression "if Pa were actually applied" should 

be carefully considered. The assumption is made that the geometry and 

dimensions of the leakage path would be the same with Pa applied as 

with Pt applied, or that any changes in geometry7would not increase the 

leakage rate. In the case of airlock doors in which Pt is applied in 

the reverse direction, opposite to-the direction in which Pa would be 

applied under function conditions, the use of the reverse direction of 

application of pressure is expected to tend to open the seal and increase 

the leakage r'te. Under function conditions, in which pressure is 

applied in the forward directi6n, the seal should be improved if. it 

changes at all. The expression "if Pa were actually applied" in this 

case means "if Pa were actually applied in the forward (normal for 

function) direction." In the case of valves and other penetrations, 

it is essential that increasing the applied pressure from Pt to Pa 

not change the geometry so as to increase the leakage rate. For example, 

increasing the pressure on a closed valve should tend to improve its 

sealing at the surfaces that provide the seal, and also in any other
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potential leakage paths such as valve stem or packing that may have a 

connection to the applied pressure. Such other potential leakage paths 

are of course absent in valve designs in which the stem and packing 

have a connection only to the downstream side of the valve.  

Reference 1, which is ASHE Code, Section XI, paragraph IWV-3423 (e), 

states the following rule for tests at less than function differential 

pressure: 

"Leakage tests involving pressure differentials lower 
than function pressure differentials are permitted in 
those types of valves in which service pressure will 
tend to diminish the overall leakage channel opening, 
as by pressing the disk into or onto the seat with 
greater force. Gate valves, check valves, and globe
type valves having function pressure differential 
applied over the seat, are examples of valve applica
tions satisfying this requirement. When leakage tests 
are made in such cases using pressures lower than func
tion maximum pressure differential, the observed leak
age shall be adjusted to function maximum pressure 
differential value. This adjustment shall be made by 
calculation appropriate to the test media and the 
ratio between test and function pressure differential, 
assuming leakage to be directly proportional to the 
pressure differential to the one-half power." 

In the discussion below, it is shown that if (a) the test melium 

is air, (b) Pa is appreciable compared.to one atmosphere, and (c) the 

leakage path is such as to produce laminar viscous flow (i.e., capillary

like rather than orifice-like), the calculation appropriate to this test 

medium yields a'substantially higher calculated value of Pa than would

be obtained by assuming leakage to be directly proportional to the pres

sure differential to the one-half power.  

For air flow through an orifice, assuming uniform flow velocity 

over the orifice area, the mass flow rate per unit orifice area is pv, 

where p is the density of air in the orifice and v is velocity in the 

orifice. Assuming that the discharge pressure is Pat - 1 atmosphere and 

the source pressure is Po, where Po and Pat are both absolute pressures, 

Pv is given by 

Pat2  Po 1 (A-) 
y-l RT (Pat G 

A-2
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2 
where Y - 1.4 is the specific heat ratio for air, g - 32.2 ft/sec is 

the acceleration of gravity, T is source (upstream, at Po) temperature 

(*R), P is absolute pressure (psf), R 0 53.26 ft-lb/lb*F is the gas 

constant for air and G is given by 

(P 2 x y Y -xYIi 
G (Pat J Pa (A-2) 

X = P--1 

PaPe 

Pe - Pat for subsonic flow 

Pe 0.5283 Po for choked flow 

Choked flow occurs when 

Pat [+i 
Pt 2- -0 .5283 

/• is proportional to 0vbPo-Pat. Values of I? are listed in 

Tabie A-i. 1v', the limiting value of'/i for small (Po-Pat), is 
0 

_(_-l)/1 " 0.5345.  

In Table A-I, inspection of /_i/ shows the accuracy of the 

assumption thiat for an orifice-like leakage flow resistance, leakage 

mass flow rate is proportional to pressure difference to the one-half 

power. For example, if Po d 60 psig (Po-Pat - 60 in Table A-1), 

1/Gl/77- 1.210. Extrapolation of mass flow rate measured with Pt 0 

15 psig to mass flow rate predicted for Pa - 60 psig will underestimate 

the mass flow rate by the factor 0.968/1.210 - 0.80, or 20%.  

The foregoing argument tacitly assumes that the orifice coefficient 

is - 1.0. However, the same conclusion concerning extrapolation from 

low values of Pt to high values of Po can be drawn if the orifice coef

ficient is assumed to be constant, i.e., independent of Po. Consequently,
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Table A-i.  

Po - Pat 
(psi) 

0.01 

1 

5 

13.3 

13.4* 

15 * 

20 * 

25 * 

30 * 

35 * 

40 * 

45 * 

50 * 

55 * 

60 *

/'G for Various Values of Po - Pat 
for Orifice. (Pat taken = 15 psia.)

0.5345 
0.5332 

0.5282 
0.5185 
0.5184 

0.5176 

0.5230 

0.5346 

0. 5490 
0.5648 

0. 5811 

0.5977 

0.6143 

0.6307 

0.6470

0 

1. 000 

0.998 

0.988 

0.970 

0.970 

0.968 
0.978 

1. 000 

1. 027 

1.057 

1. 087 

1.118 

1.149 

1.180 

1.210

*Choked flow

for leakage paths that are known to be entirely orifice-like, the assump

tion that leakage mass flow rate is proportional to pressure difference 

to the one-half power gives a reasonably accurate correlation, underesti

mating the leakage mass flow rate by at most 20% for Pa < 60 psig. To 

correct the underestimate, the factor (r/l/•o)al(Y/'G-//o)t has to be applied, 

where a and t mean Po - Pa and Pt, respectively. References 2, 3, and 4 

discuss the conversion formulas to be applied for various fluids (e. g, air 

and water) for various types°of leakage path. For viscous flow of a gas, 

the mass flow rate from a source at absolute inlet pressure P1 to absolute 

outlet pressure P2 is proportional to (PI2- P2 ). proportionality 

factor is C/uT, where C is a function of geometry, T is absolute tempera

ture, and u is viscosity (which is a function only of temperature).  

Assuming that test pressure Pt psig is applied at the same tempera

ture as that at which function pressure Pa psig is applied, and assuming
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further that the downstream pressure is one atmosphere, Pat psia, then 

the ratio of the mass flow rates is

ma 

-it

(Pa + Pat)2 - (Pat) 2 

(Pt + Pat) 2 _ (Pat) 2
(A-3)

If the temperatures are not the same, the right side of Equation .(A-3) 

has to be multiplied by

u(Tt)" Tt 
u (Ta). Ta

(A-4)

Assiming that Tt - Ta, Table A-2 shows the ratio ma/mt for various 

values of Pa and Pt, along with values of (Pa psig/Pt psig) 1/2. Pat is 

taken to be 15 psia in calculating ma/mt.  

Table A-2. ma/mt for Various Values of Pa and Pt.

a/kt 
Pa=50 55 60 -- (p Td). _ 
22.86 26.71 30.86 

5.93 6.93 8.00 

2.91 3.40 3.93 

1.76 2.05 2.37 

1.19 1.39 1.60

(Pa/Pt)
1 /2 

50 55 60

- 3.16 

1.83 
.1.41 

1.20 

1.05

3.32 

1.91 

1.48 
1.25 

1.11

3.46 

2.00 
1.55 
1.31 

1.15

(Pa/Ptl17/ 
50 55 60

- 7.2 

3.2 
2.1 

1.5 
1.1

8.1 
3.6 
2.3 
1.6 

1.3

8.9 
4.0 
2.5 

1.8 

1.4

In all cases, the assumption that mass flow rate is proportional 

to pressure differential to the one-half power is unconservative for 

purely viscous flow. For Pa - 60 psig and Pt - 5 psig, it is unconserva

tive by a factor of 8.9.  

RECOMMENDED PROCEDURE 

Any one of the following procedures, A, B, or C should be adopted.

A-5

Pt 
(Psi q) 

5 
15 

25 
35 

45



A. Test Program 

An extensive test program, covering several components of each 
type for which a correlation from Pt to Pa is sought, should be per
formed, in which sufficient experimental data showing the relation 

between Pt and leakage mass flow rate are obtained to permit a con
servative empirical correlation to be established. Care must be taken 

to ensure that experimental orifice-like leaks are not used to repre

sent actual, potentially capillary-like or viscous leaks.  

B. Conservative Theoretical Correlation 

Use Equation (A-3) as the correlatiod formula, including the 

factor (A-4) if necessary.  

C. Measure Leakage Characteristic 

For a given penetration, several values of Pt may be applied, so 
that an empirical correlation can be established. A statistical analysis 
of the data would be required to ensure at a 95% confidence level, that 
the predicted value of ma is not exceeded by the actual value of ma.  
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