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VIRGINIA ELECTRIC AND POWER COMPANY 

RICHMOND, VIRGINIA 23261 

November 2, 1993 

United States Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D. C. 20555 

Serial No. 
NL&P/ETS 
Docket Nos. 

93-687 
RS' 
50-280 
50-281 

License Nos. DPR-32 

Gentlemen: 

VIRGINIA ELECTRIC AND POWER COMPANY 
SURRY POWER STATION UNITS 1 AND 2 
ASME SECTION XI RELIEF REQUEST 

DPR-37 

Evidence of minor leakage was detected on several ASME Class 3 valves in the valve 
body area while conducting routine operational system walkdowns during power 
operations. These yalves are located on each unit's charging pump service water 
subsystem. An evaluation was performed to determine system operability with the 
minor valve leakage. The evaluation, including a qualitative structural analysis, 
determined the subsystems to be fully operable and capable of performing their 
intended safety function. Based on the evaluation results, our interpretation of Code 
applicability for operational leakage, and the absence of a Technical Specification for 
pressure boundary leakage, we did not seek relief from ASME Code Section XI 
requirements. However, following several discussions with the NRC staff, we agreed 
to submit a relief request for these service water valves. Therefore, relief is requested 
from ASME Section XI pressure boundary leakage corrective action and flaw 
evaluation requirements. The basis for this request is provided in Attachments 1 
and 2. 

A preliminary schedule has been developed for the replacement of the affected valves 
subject to material availability and Technical Specification limiting conditions for 
operation. To date, four of the affected valves have been replaced. 

This request has been approved by the Surry Station Nuclear Safety and Operating 
Committee. If you have any questions or require additional information, please contact 
us. 

Very truly yours, 

·' '/ '~~ Y'J L / 
W. L. Stewart 
Senior Vice President Nuclear 

Attachments 
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cc: U.S. Nuclear Regulatory Commission 

. Region II 
101 Marietta Street, N.W. 
Atlanta, Georgia 30323 

Mr. M. W. Branch 
NRC Senior Resident Inspector 
Surry Power Station 



Attachment 1 

Surry Power Station Units 1 and 2 

ASME Relief Request 



I. · IDENTIFICATION OF COMPONENTS 

System: 
Class: 
Drawings: 

Components: 

Service Water (SW) 
ASME Class 3 
Surry Unit 1 - 11448-CBM-0718 SH1 
Surry Unit 2 - 11548-CBM-0718 SH1 
Valves identified below 
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Surry Unit 1 Surry Unit 2 

Valve# 
1-SW-110 
1-SW-115 
1-SW-116+ 
1-SW-117 
1-SW-118 
1-SW-119 
1-SW-120@ 
1-SW-121 
1-SW-122* 
1-SW-123 
1-SW-124* 
1-SW-125 
1-SW-126* 
1-SW-127* 
1-SW-128 
1-SW-131 
1-SW-132+ 
1-SW-169@ 
1-SW-171* 
1-SW-173 

NOTES 

Line# 
11/2"-WS-75-21X 
11/2"-WS-74-21X 
2"-WS-71-21X 
11/2"-WS-453-21 X 
2"-WS-73-21 X 
2"-WS-73-21 X 
11/2"-WS-82-21 X 
11/2"-WS-81-21 X 
11/2"-WS-84-21 X 
11/2"-WS-454-21 X 
11/2"-WS-454-21 X 
11/2"-WS-453-21 X 
11/2"-WS-453-21 X 
11 /2"-WS-452-21 X 
11/2"-WS-452-21 X 
2"-WS-462-21 X 
11/2"-WS-463-21 X 
11/2"-WS-452-21 X 
2"-WS-73-21 X 
11/2"-WS-454-21 X 

(+) Leakage (Droplet formation) 
(*) Seepage 

(@) Verdigris 

Valve# 
2-SW-110* 
2-SW-115 
2-SW-116* 
2-SW-117* 
2-SW-118 
2-SW-119* 
2-SW-120* 
2-SW-121@ 
2-SW-122@ 
2-SW-123@ 
2-SW-124@ 
2-SW-125 
2-SW-126 
2-SW-127@ 
2-SW-128* 
2-SW-131 
2-SW-132 
2-SW-169* 
2-SW-171 
2-SW-173@ 

Line# 
11/2"-WS-175-21 X 
11/2"-WS-174-21 X 
2"-WS-171-21 X 
11/2"-WS-458-21X 
2"-WS-173-21 X 
2"-WS-173-21 X 
11/2"-WS-182-21 X 
11/2"-WS-181-21 X 
11/2"-WS-184-21 X 
11/2"-WS-459-21 X 
11/2"-WS-459-21 X 
11/2"-WS-458-21 X 
11/2"-WS-458-21 X 
11/2"-WS-457-21 X 
11/2"-WS-457-21 X 
11/2"-WS-455-21X 
2"-WS-456-21 X 
11/2"-WS-457-21 X 
2"-WS-173-21 X 
11/2"-WS-459-21 X 

( ) No mark indicates no evidence of leakage or verdigris at this time 

II. IMPRACTICAL CODE REQUIREMENTS 

The requirements of IWA-5250, Corrective measures, and IWB-3600, Analytical 
Evaluation of Flaws as applied to through-wall leakage are considered 
impractical. The Codes of reference are the 1989 Edition of ASME Section XI 
for Surry Unit 1 and the 1980 Edition, Winter 1980 Addendum of ASME Section 
XI for Surry Unit 2. 
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Ill. BASIS FOR RELIEF 

The valves in qu~stion are aluminum - bronze Jamesbury ball valves. They 
provide maintenance isolation capability for the charging pump service water 
system. The charging pump service water subsystem is an ASME Class 3 
system, providing cooling water to the charging pump lubricating oil heat 
exchangers and charging pump intermediate seal coolers. The system is a low 
pressure system, normally operating at approximately 45 psi. The design 
pressure of the valves is 225 psi. 

Some of the valves currently exhibit very minor through-wall leakage. The 
through-wall leakage appears on the cast valve bodies. Only two valves (1-
SW-11 6 and 1-SW-132) developed actual droplet formation (the rate is a few 
drops per hour). Of the remaining valves, twelve have experienced the 
presence of moisture (seepage), eight show evidence of verdigris, and the 
remainder are not currently exhibiting any evidence of either leakage or 
verdigris. A detailed evaluation of this leakage has been performed, including 
structural and failure analysis, which has determined that the valves are 
operable and will function as designed. 

Initially, valve 1-SW-126 was removed from the system for analysis. 
Subsequently, valve 1-SW-132, a leaking valve, was removed from the system 
for additional analysis. The initial failure analysis conducted on valve 1-SW-
126, identified dealloying as the failure mechanism. The subsequent analysis 
of valve 1-SW-132 confirmed the dealloying phenomenon. This dealloying 
mechanism is apparently accelerated by a microbial presence on the interior 
surface of the valve. The observed dealloying of the valve body appears to be 
linear with respect to time. 

The dealloyed material in the valve body does not have the strength or ductility 
of the original alloy. However, a structural integrity analysis based on the 
metallurgical investigation of valve 1-SW-126 has been performed (Attachment 
2) to assess the general structural integrity of the valves in the existing 
condition. This analysis has determined that the material strength of the valves 
remains acceptable in support of continued operability. 

Since the attached evaluation has established structural integrity, the valves 
remain fully operable and capable of performing their intended safety function. 
Therefore, the Code requirement to complete immediate repair or replacement 
is unnecessary. 

The repair or replacement of the affected valves cannot be immediately 
accomplished due to an insufficient inventory of replacement valves. 
Furthermore, valve replacement will require multiple entries into various 
Technical Specifications limiting conditions for operation (LCO), some of which 
will provide inadequate time for completion of valve replacement. Either case 
could result in both units being shutdown for an extended unplanned outage. 
Considering the determination that the valves have adequate structural integrity 
and remain operable this would represent an undue burden and therefore is 
considered impractical. 
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IV. ALTERNATE REQUIREMENTS 

The affected valves will be replaced in an expeditious manner. The schedule 
for this replacement will be governed by the availability of replacement 
components, the function and location of each valve, and the need for NRC 
approval for enforcement discretion to extend the applicable Technical 
Specification LCO. In the interim, a weekly surveillance will be conducted to 
monitor those valves presently exhibiting no indication of the dealloying 
phenomena and to detect changes in the amount of leakage at each affected 
valve. The piping and components are visible and are observed on a daily 
basis during routine housekeeping and operator walkdowns. 



Attachment 2 

Surry Power Station Units 1 and 2 

Structural Integrity Assessment of 
Aluminum-Bronze Service Water Valves 



STRUCTURAL INTEGRITY ASSESSMENT OF DEGRADED 1 1h" AND 
2"ALUMINUM-BRONZE VALVES IN SURRY SERVICE WATER LINES 

INTRODUCTION 

Visual examination of several valves and a metallurgical investigation on two valves have 
revealed that dealloying of the Aluminum-Bronze has occurred from the interior surface of the 
valves. In some cases, the dealloying has extended up to a portion of the outer surface which 
is responsible for weeping and sweating at the valve surface. A destructive examination of two 
valves has provided some characterization of the extent of degradation. While it is not practical 
to characterize the precise extent of overall degradation from just two samples, certain 
conclusions can be made about worst case degradation for purposes of this evaluation. Material 
samples from a valve body, representing the parent alloy, the partially dealloyed and the fully 
dealloyed materials were subjected to tensile tests in the laboratory. The results of these tests 
were compared with test results on the same material performed elsewhere. A conservative 
estimate of the material properties based on the comparison was used in this evaluation 

EVALUATION 

The pipe is used for cold water service and delivers water in an operating condition with 
a pressure of 45 psi (design pressure 50 psi). The valve is thicker than the adjoining pipe, and 
therefore, the nominal stress in the valve body is expected to be smaller than the stress in the 
pipe. The valve, while designed to 225 psi pressure at 100 degrees F., is being used in a lower 
pressure environment which adds further confidence about its reserve strength. A hydro test 
conducted in 1992 for Unit 1 and in 1993 for Unit 2 at 55 psi has demonstrated the pressure 
integrity of the valves. Therefore, there is no concern about the structural integrity of the valve 
in the normal operating condition. 

The piping system is at a low elevation in the building and could only be subjected to a 
very small amplitude of seismic spectral acceleration. The peak spectral acceleration of the 
enveloping spectra would not exceed 0.32 g. The seismic stress in the piping is expected to be 
small and even smaller in the valve due to the differences in the wall thickness. However, the 
integrity of the valve in the seismic condition will also depend on the toughness of the valve 
material to absorb shock loading imposed by seismic accelerations. The dealloyed material is 
known to exhibit significantly lower toughness properties than the parent Aluminum-Bronze 
alloy. The precise toughness properties of the dealloyed material is not yet determined, but it 
is recognized that the toughness will be significantly lower. The examination of the degraded 
valves shows that in no case has the dealloying occurred thru-wall over the entire circumference 
of a cross section. For the worst case assumed situation, dealloying is postulated to occur for 
a percentage of the wall thickness over the entire circumference. However, dealloying through 
the entire wall thickness is not assumed to exceed 25 % of the circumference for any given cross 
section. Based on our evaluation it can be judged that the worst case degradation described 
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. above· can resist the anticipated low level seismic load without loss of full structural integrity. 
The postulated model of degradation, as noted above, is expected to resist the load without a full 
net-section plasticity or development of an unstable crack. Enough parent material exists at each 
cross section to provide the needed resistance. · 

Bounding analyses were performed to establish a quantitative estimate of the existing 
margin of safety. Pipe stress analysesrs.61 of the service water piping to the charging pump 
cooling were reviewed to determine the loads to which the valve body and flange ends might be 
subjected during a seismic condition in addition to the normal operating loading. Loads were 
collected at each end of 44 valves (88 nodes) in the pipe stress calculations. The loads were 
enveloped irrespective of the size of the valves to get an upper bound estimate of the load that 
a valve end may be subjected during a seismic event including normal operating loads. An 
analysis was performed for the smaller size (1 1/z II diameter) valve body by subjecting it to the 
enveloping load. In order to estimate the lowest margin of safety with respect to the degraded 
valves in the system, the analyses were focused at the flange location and at a postulated worst 
case cross section of the valve body. A summary of mathematical models, methods of analyses, 
and results are presented below. 

Analysis of Flange: 

ASME section JUl3l class 2 or 3 rules for flange evaluation were used in the analysis due 
to lack of guidance in the applicable USAS B31.1 £21 code. For the purpose of evaluation the 
flange was considered in a partially dealloyed state: A conservative estimate of 12,000 psi was 
used for the yield stress in the analysis. The enveloping loads for the 2" and 1 1/z" valves as 
described above were used in the analysis. The results of the analysis show that, during the 
worst case seismic loading with normal operating load, a margin of safety of 4.27 exists. That 
is, the applied loading is only 23.4% of the code allowable load. The stated margin does not 
include the additional margin inherent in the code analysis. 

Analysis of the Valve Body: 

The structural integrity of the valve body in the degraded condition was established by 
calculating the minimum margin of safety based upon a limit load analysis and a linear elastic 
fracture mechanics technique. These methods are documented in EPRI report NP-6301-DC4l 

(Ductile Fracture Handbook). 

A cross section of the valve with dealloying of about two thirds (2/3) of the thickness 
around the circumference and a thru-wall dealloying of 25 % around the circumference was used 
in the analysis. The resulting cross section was postulated to have a thickness of 0.1" of the 
parent Aluminum-Bronze material for the remaining 75 % of the circumference. The model was 
based on the results of the metallurgical investigation on two valves and the visual examination 
performed by the station on the rest of the degraded valves. No credit was taken for the 
resistance provided by fully dealloyed material in the analysis. 
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· The enveloping valve end load, in addition to a design pressure of 50 psi, was applied 
to the postulated cross section. Thus, the applied loading is very conservative. 

Limit Load Analysis: 

For the purpose of limit load analysis, a flow stress of 19,000 psi representing the mid
point of the ultimate tensile strength and the yield stress of the partially dealloyed material was 
used in the analysis. 

The results of the analysisU1 indicate that there is at least a margin of safety of 2.17 
against a net section plasticity. Therefore, a ductile rupture will not occur. 

Fracture Mechanics Evaluation: 

The dealloyed material did not show any linearization or indication of crack-like 
behavior. But recognizing the low toughness property of the dealloyed material, 100% cracking 
of the material was assumed for the fully dealloyed portion in the model. The postulated crack 
section was subjected to the enveloping valve end loads and a design pressure of 50 psi. 

For the purpose of this evaluation K1c allowable of 65 Ksiv'in was used for the parent 
material. This allowable is based on tests conducted elsewhere on the same material. The 
results of the evaluationl11 show that the applied stress intensity is only 14.96 Ksi\lm, 
representing a margin of safety of 4.35 against a brittle fracture. 
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CONCLUSION 

The results clearly indicate that the valves will maintain their structural integrity in the 
identified degraded condition. The following specific conclusions can be drawn from the 
results of the analysis. 

1. The applied loads on the degraded flanges of the valves are well within the 
allowables specified in the ASME Code. An adequate margin of safety exists 
with respect to the code allowable. 

2. Results of the bounding limit load analysis of the valve body illustrate that there 
is at least a margin of safety of 2.17 against a net-section plasticity. Therefore, 
a ductile rupture will not occur. 

3. Based on the bounding fracture mechanics evaluation, a margin of safety of at 
least 4. 35 exists against a brittle fracture. Therefore, a brittle fracture will not 
occur. 
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