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Mr. George E. Lear, Chief 
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Division of Operating Reactors 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Subject: Dresden Station Units 2 and 3 
Quad-Cities Station Units 1 and 2 
Evaluation of the consequence of a 
Multiple Subsequent Relief Valve 
Discharge on the Mark I containments 
NRC Docket Nos. 50-237/249 and 50-254/265 

References (a): v. Stello, Jr. letter to Commonwealth 
Edison dated March 20, 1978 

Dear Mr. Lear: 

(b) : R. L. Bolger letter to D. K. Davis 
dated November 1, 1978 

Enclosed is Commonwealth Edison's evaluation of the 
potential for and consequence of multiple subsequent relief 
valve discharge on the torus and torus support systems on 
Dresden Units 2 & 3 and Quad-Cities Units 1 & 2. This 
evaluation provides the assessment requested in Reference (a). 
As described in Attachments A and B to this letter, transient 
analyses results for the subject plants indicate that only 
the low setpoint relief valve (setpoint - 1115 psig) will 
undergo a subsequent actuation. The remaining four valves 
do not undergo a subsequent actuation after the initial cold 
actuation. This result was described in Reference (b) , at which 
t~~e the commitment was made to reduce the setpoint of the 
lowest setpoint valve to 1115 psig. The factors developed to 
establish the response of the Dresden and Quad-Cities contain
ments to a relief valve actuation are delineated in Attachment 
c. 

Portions of Attachntent C are marked "General Electric 
Company Proprietary Information" because it contains monticello / J_., 
ramshead test dataG This Attachment contains test data from Ao'IP 7t 
the monticello ramshead test report (NEDC-21581-P) which was ~,1gO 

. ' ~ transmitted to the NRC Staff on August 23, 1977. _Therefore.___ e,~ 
( 1'L,.-1 i 
I 
\7!=!n 7":::·cr7·:;) ·1 



Mr. George E. Lear: 

commonwealth Edison 14tc Docket Nos. 50-23 7 /249 
50-254/265 

- 2 - June 30, 1978 

the affidavit which accompanied that transmittal is applicable 
to the information in Attachment c. 

The results of this assessment satisfy the criteria 
defined in Reference (a) and indicate that the strength ratios 
for the torus shell and torus support system are, as required, 
less than 0.5. For this reason no corrective action is required. 

One (1) signed original and nine {9)copies of this 
letter and Attachments (including Attachment C) are provided 
for your use. An additional fifty (SO) copies of this transmittal 
without Attachment C are also provided. Transmittals with 
Attachment C are appropriately marked. 

Please direct any additional questions on this subject 
to this office. 

attachments 

Very truly yours, 

h'(.S~uvfJ~ 
M. s. Turbak "------
Nuclear Licensing Administrator 
Boiling Water Reactors 
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LEGAL NOTICE 

This document contains proprietary information of 

the General Electric Company and it is not to be 

reproduced or furnished to third parties nor the 

information contained therein utilized, in whole 

or in part, without the prior express written 

permission of the General Electric Company. 

Neither the General Electric Company nor any of 

the contributors to this document makes any 

warranty or representation (express or implied) 

with respect to the accuracy, completeness, or 

usefulness of the information contained in this 

document or that the use of such information may 

not infringe privately owned rights, nor do they 

assume any responsibility for liability or damage 

of any kind which may result from the use of any 

of the information contained in this document. 
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MARK I CONTAINMENT PROGRAM 

MULTIPLE CONSECUTIVE S/RV ACTUATION EVALUATION 
TASK 7.1 .3 

GENERIC STRUCTURAL MULTIPLIER DEVELOPMENT PROCEDURE 

The following pages document the data base and methodology used in develop

ing the recommended generic structural values to be used by the Utility/AE 1 s 
in calculating column and shell loadings which result from the multiple con

secutive S/RV actuation phenomenon. The generic values described were de

veloped following the guidelines outlined in the NRC letter to the Mark I 

utilities requesting that this evaluation be performed on a plant unique 

basis. 

Throughout the discussion which follows, references will be made to the 

Monticello, Hatch I, and Pilgrim S/RV tests. Data from these tests was used 

extensively in developing the structural and attenuation curves. The re

ports documenting this data base are identified in the reference section. 

The continuing discussion will emphasize the development of the factors and 

attenuation curves derived to support the Utility/AE calculations. Each 

section will address a single factor or attenuation curve. 

A. Torus Shell Structural Response Attenuation Curve 

For the purpose of the shell stress analysis, the responses from the 

torus shell pressure transducers in Bay D at Monticello were evaluated 

as a function of the distance to the centerline of the discharge rams

head. The she~) pressures were chosen as the evaluation parameter as it 

was the only test data reflecting the membrane stress in the torus shell. 

All of the strain gages in Bay D were on the outside surface of the 
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torus shell and recorded extreme fiber stresses only. As the key Short 
Term Program criteria is margin on failure, i.e., bursting of the shell, 
the attenuation response of the membrane stress was required. As the 
strain gages measured both the membrane and shell bending stresses, 
only the pressure transducers could be relied upon to truly indicate 
the membrane attenuation on the shell. Pressure transducers P7, PB, 
PlO, Pl4, Pl7 and Pl8 located along the bottom centerline of the torus 
bay were selected for the evaluation. The pressure transducers on the 
bottom of the torus were chosen as the maximum hydrodynamic pressures 
occur along the bottom of torus shell due to a ramshead S/RV discharge. 
Six pressure transducers were assessed to factor pressure distribution, 
skewness, and statistical variation into the analysis. The locations 
of the pressure transducers are shown in Figure l. 

The mean plus one standard deviation of the pressures was tabulated for 
each test and normalized with the corresponding value of Test No. l 
(Discharge in Bay D}. The responses were evaluated for the following 
tests: 

Discharge Bay Test Number 

D l (Reference Test} 

A 4, 21 

B 20, 24 

c 2, 13' 17 

E 22 

F 6, 23' 27. 

The normalized values for each of the tests were then averaged for the 
cases where the nominal distance between the discharge bays and bay D, 
the instrumented bay, were the same, i.e., values from discharges in 
bays C and E were averaged as were the values from bays Band F. The 
data and steps .E~rformed in this calculation are shown in Table 1. The 
normalized ave.rage values as a function of dis ta nee from bay D were 
then plotted. These results are shown in Figure 2. 

As a confirmation of the applicability of the torus shell attenuation 
curve, multiplier factors were determined from the curve and comp~red. 
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e· •• 
to comparative multiplier factors derived from the shell stresses 
recorded during multiple valve actuation tests. The data, method, 
and results of this comparison ~re shown in Figure 3. The conclusion 
drawn from this comparison was that there was good correlation between 
the multiple valve discharge strain gage data and the pressure based 
attenuation curve. The small differences in the results were attribu
ted to the fact that the gages measured both the membrane and shell 
bending stresses. 

B) Torus Shell Reference Stress 

The clean shell reference stress was determined using strain gage 18 
located midbay, 45° up from the bottom, on the outside surface of 
bay D at Monticello. The maximum principal, extreme fiber, stress measured 
on SG18 during test No. l was 3400 psi. In bay Cat Monticello, adjacent 
to bay D, strain gages were located at the bottom center of the bay both on 
the inside and outside surface of the shell. From these gages it was 
possible to establish a factor relating extreme fiber stress to membrane 
stress. This was done by plotting the outside fiber and membrane hoop 
stresses as a function of time and finding the outside fiber/membrane stress 
ratio at several points during the event history. See Figure 4. The mean 
of the outside fiber/membrane stress ratios was 1.17, indicating approximately 
17% of the extreme fiber stress was due to bending of the shell. The same 
evaluation was performed on the longitudinal stresses and resulted in an 
outside fiber/membrane stress ratio of 1.26. See Figure 5. From this data 
an extreme fiber stress to membrane stress multiplier of .84 (l/l.17) was 
established. 

During the Pilgrim SRV test there were strain gages located on the outside 
surface of the torus shell, midbay 45° up from bottom, SG18, and midbay on 
the bottom centerline, SG17. During the test, the maximum principal stress 
on SG18 was 3288 psi and on SG17 it was 4893 psi. By taking the ratio 
between the two principal stresses, a 1.49 shell stress factor is obtained 
when resolving stresses from 45° to the bottom centerline midbay. 

The clean shell reference stress was derived from the Monticello SG18 
stress, the outside fiber/membrane stress factor, and the 45° to bottom 
centerline factor as follows: 

a Ref. Clean Shell = 3400 psi X .84 X 1 .49 = 4360 psi 

The a Ref is the clean shell, midbay, bottom center~ine reference stress 
for the Monticello Torus. 
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C) Torus Shell Consecutive Valve Actuation, "Hot Pop", Factor 

The shell consecutive valve actuation factor, CVA, was obtained by evalu
ating the Monticello torus shell response for Tests No. 702, 703, and 1602. 
Test No. 1603 was omitted on the basis that it was not representative as a 
result of the earthquake tie clearance being taken up. The responses from 
the clean shell midspan bay D strain gages 15, 18 and 19 were used to calcu
late the CVA factor. The mean plus one standard deviation of the responses 
of each of the gages for the three tests were computed and normalized to the 
corresponding responses from Test No. 1. The normalized values were then 
av~raged to obtain the CVA. See Table 2 for data and calculations. The 
torus shell CVA factor calculated by this method is 2.37. 

D} Torus Support Column Response Attenuation Curve 

The maximum downward column loads on Monticello column 04 were averaged for 
similar tests and then normalized to the column load from Test No. 1. The 
normalized values for discharges nominally equidistant from the instrumented 
column were then averaged as described in the previous shell stress section. 
Figure 6 shows the results of plotting these normalized column loads as a 
function of distance from column 04 to the centerline of the discharge 
rams head. · 

Column 04 is an outside column located in bay D. During the tests, data 
from 3 strain gages, each separated by 90° circumferentially around the 
column, was recorded. In evaluating the column loads, only SG65 and SG67, 
located 180° apart, were used to eliminate the effect of column bending and 
to measure column axial load only. The data and the column attenuation load 
calculations are shown in Table 3. 

Column load data was also available from the Hatch I S/RV test. At Hatch l. 
the S/RV ramsheads are located midbay and on the ring girders. Tests were run 
with discharges from both locations. Column load attenuation responses for 
both discharge locations were calculated as described above and the data 
points were plotted on Figure 6. Note the attenuation curve developed from 
Monticello data bounds the Hatch I data points and supports the use of the 
Monticello derived curve for analysis purposes. 

The reference column load to which the column attenuation curve is to be 
applied for midb_ay discharges was obtained from Monticello column 04 during 
Test No. 1 and was equal to 196.7 kips compression. By comparing the column 
load responses from the two Hatch S/RV tests, a ring girder to midbay column 
load factor of .84 was determined. Applying this factor to the Monticello 
reference column load produced a ring girder column reference load equal to 
196.7 X .84 = 165.3 kips compression. 
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• 
The analysis of the Hatch S/RV test data used in this evaluation is 
enclosed in Attachment A. 

E) Torus Support Column Consecutive Valve Actuation Factor 

A procedure similar to that described above for the torus shell was 
applied to the column data. The maximum column compressive loads in 
column 04 (strain gages 65 and 67) were calculated for Tests 702, 703, 
and 1602. The mean plus one standard deviation of the maximum column 
loads for the 3 tests was then compared to the maximum compressive 
column load for Test No. 1. This procedure results in an overall CVA 
factor of 1.96 for the columns. The data and calculations for the column 
CVA factor are shown in Table 4. 
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