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ATTACHMENT A 

Response To NRC 4/24/85 Request 

For Additional Information 
Regarding NUREG-0737, Item II.D.l 

Performance Testing of Relief and Safety Valves 

Question 2 

The response to Question 8 states that the Westinghouse Owners Group performed 

an analysis to determine effects on safety valve performance of blowdowns 

exceeding 10%. The response states that results of the analysis showed no 

adverse effects on plant safety and that a discussion of the blowdown analysis 

is contained in the Westinghouse report WCAP-10105. In reviewing this 

document, however, we are unable to confirm that excessive blowdowns are 

discussed therein. Therefore, provide documentation that discusses the 

analysis on effects of increased safety valve blowdowns.  

Response 

The inpact on plant safety of pressurizer safety valve blowdowns in excess of 

5% for Indian Point Unit 2 (IP-2) was evaluated by our consultant and the 

results show no adverse effects on plant safety.  

Safety valve blowdowns in excess of that assumed in the IP-2 FSAR will have 

the following effects on the events in which safety valve actuation is 

predicted to occur: 

1) Increased pressurizer water level during and following the valve 

blowdown, 

2) Lower pressurizer pressure during and following valve blowdown, 

3) Increased RCS inventory loss through the safety valves.



The impact of increased safety valve blowdown with respect to the above ' 

effects was evaluated for the two IP-2 FSAR events in which safety valve 

actuation is predicted to occur, (i.e, Loss of Load and Locked RCP Rotor).  

For the Loss of Load event, results from sensitivity analyses investigating 

the effects of different blowdown rates performed for a 4 loop plant were used 

for the evaluation. The results of these analyses showed only marginal 

increases in pressurizer water volume and the maximum pressurizer water levels 

were well below the level at which liquid discharge would occur. Peak RCS 

pressures were shown to be unaffected by the increased blowdowns. The 

increased blowdowns did result in lower pressurizer pressure and increased RCS 

inventory loss; however, these had no adverse impact on the event and adequate 

decay heat removal was maintained.  

For the Locked Rotor event, increased safety valve blowdowns have little 

impact on the event. As analyzed and presented in the IP-2 FSAR, safety valve 

opening and closing occurs over a very short time period (,V 3 seconds). As a 

result, there is little change in either pressurizer level or RCS inventory.  

Increased safety valve blowdowns would have no impact on peak pressure, peak 

clad temperature, or DNBR as these occur prior to the closing of the safety 

valve.



Question 3 

The response to Question 9 gives the safety valve ring settingsi-which were 
evidently developed during Crosby production tests on the valves. The ring 
settings listed, though, were meas 'ured from the "locked" position while ring 
settings reported on the EPRI test results were measured from the "level" 
position. Further, the Crosby 4M6 valve of Indian Point was not tested in the 
EPRI program. Results from tests on the Crosby 3K6 and 6N8 valves were used 
in the submittal to demonstrate operability of the 4M6 valve. Thus, explain 
which ring settings-on the EPRI test valves are equivalent to those used on 
the Indian Point valves. This enables us to determine which EPRI tests are 
applicable to Indian Point and thereby evaluate valve operability based on the 
test results.  

Response 

The following lists the IP-2 safety valve ring settings referenced to the 

level position for the guide ring.  

Guide Ring 

Valve Nozzle Ring (From Level Position) 

RV-464- -5 - 70 

RV-466 -5 - 100 

RV-468 -5 - 95 

The guide ring positions are different from valve to valve since each valve 

has a different guide ring level position with respect to the locked position.  

From the available EPRI test program information, determining which valve 

settings on the test valves are equivalent to those used on the Indian Point 

valves is not possible, especially for those valves not tested. This is 

because valve ring setting numbers differ between valves. This difference is 

due to part tolerance stack up within the individual valves and different ring



movdment per notch for each valve size. However, it is believed that valve 

ring setting developed by the Crosby production tests methods would have 

performance characteristics similar to those test valves that were tested at 

"as-shipped" ring settings.  

The IP-2 ring settings for safety valves were developed by Crosby during 

production testing with resulting blowdown measured for each valve equal to or 

less than 5 percent. It is expected that the original safety valve ring 

settings would not vary significantly as a result of in-service operation 

(normal wear and test cycling). However, as indicated by our response to 

Question 2, blowdown in excess of 5 percent has no adverse impact on the FSAR 

events in which safety valve actuation is predicted to occur.



Question 4 

The response to Question 12 states that the safety valve flanges and PORV 
nozzles were analyzed for mechanical and thermal loads. It further states 
that operability of the Crosby safety valves was demonstrated during the EPRI 
test program, where test conditions bounded installed conditions. To verify 

that the bending moments applied to the safety valve and PORV flanges during 
the tests exceed those expected for the plant valves, provide a comparison 
between the test and calculated bending moments that are applied to the valve 
flanges (safety and PORV).  

Response 

The maximum bending moments expected at the IP-2 safety valves and PORVs are 

less than 149,000 in-lbs. and less than 22,000 in-lbs., respectively. This 

compares with 161,500 in-lbs. and 298,750 in-lbs. respectively for the 3K6 and 

6M6 test safety valves and with 43,000 in-lbs. for the Copes-Vulcan test PORV.  

As the expected bending moments are less than those induced in the test valve 

flanges during the EPRI testing, operability of the IP-2 safety valves and 

PORVs will not be affected.
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Question 5 

The responA7-to Question 19 indicates the use of a dynamic load factor (DLF) 
of 2 in performing the structural analysis of the piping system. The response 
states that the overall fundamental frequency of the piping system and the 
frequency content of the forcing functions were considered in calculating a 

DLF of 2. Description is not given though, as to how these frequencies were 

used to establish conservatism of the DLF. First, explain whether the DLF was 

used to amplify the peak net force on each straight pipe segment or was used 

in some other manner in the analysis. Second, provide data or mathematical 
verification showing that the application of static loads based on a DLF of 2 
can be expected to be conservative.  

Response 

During the period in which the design analyses of the IP-2 pressurizer safety 

and relief valve piping system were performed, it was common industry practice 

to statically apply a dynamic loading by utilization of an appropriate dynamic 

load factor (DLF). Typically, DLFs of 2 were used. The structural analysis 

of the IP-2 piping system was performed consistent with industrial practice at 

that time. DLFs were utilized to amplify the net force on each pipe segment.  

From Figures 6-4 thru 6-12 of Reference 1, it is seen that the forcing 

functions for solid water discharge through the PORVs are similar to 

triangular shaped loads. Reference 2 presents methods to determine DLF's as a 

function of system period or frequency for various types of input loading 

cases. Utilizing Figure 3.10 of Reference 2 for t = 0.5 (time length of the 

triangular pulse) and T = 1/6.5 (fundamental period of the piping system) a 

DLF. 1.25 is determined. For system response frequencies > 6.5 hz the DLF 

approaches 1.0.



V

-7-

The frequencies of the time-history forcing functions for safety valve 

discharges are close to 100 hz as seen in Figures 6-1 thru 6-3 of Reference 

1. For a damped system with a sinusoidal forcing function the use of a 

maximum DLF = 2.0 is conservative for, 

[0. 70 > C. A1. 231 

N 

where f.is the circular frequency of the periodic load and U.5N is the 

natural frequency of the system. This is illustrated on pages 63 and 64 of 

Reference 2.  

Treating this piping system as undamped and considering the forcing function 

as sinusoidal, a DLF = 2.0 is conservative for frequencies up to 75 hz.  

Significant responses of piping systems are generally well below 75 hz.  

Therefore, the application of a DLF = 2.0 for the safety valve discharge 

loadings is conservative.



w S 

Reference: 

1. September 15, 1982 submittal from J. D. O'Toole (Con Edison) to S. A.  
Varga (NRC), "Pressurizer Safety and Relief Line Evaluation, Summary 
Report, Indian Point Unit #2.  

2. "Structural Design for Dynamic Loads", Norris, Hansen, Holley, Jr., 
Biggs, Namyet, Minami; McGraw-Hill Book Company, Inc., 1959.



EXTRACTED FROM REFERENCE 2 

Szc. 3.6 LRSePONSE OF ON-DID REE SYSTEMS 63 
studied by .retain only the signilicant4wa of Eq. (3.20) when p is 
small, or 

•C 
DLFu. (3.24) 

Except for the multiplier r* on the free part of this expression, it is identical with Eq. (3.18). Because of this multiplier the free part 
gradually disappears with increasing time.  

In an actual structure, the free part of the response seldom persists for more than 10 or 15 times the natural period of the system.. This means 
that in actual structures the peak values of the DLF shown in Fig. 3.5 could be realized during the initial stages of the response; but after 10 
or 15 times the natural period, the peak values of the damped response 
are simply the peaks shown on the curve for the forced part.  

The first stage of the response before the free part is damped out is 
called the transjnd date; the subsequent stage after the free part has been damped out is called the deady sate. More often than not, struo
tural engineers are interested in the peak values attained early in the 
transient state which are affected very little by damping. Of course, in cases where the design is controlled by fatigue conditions, the peak 
values in the steady state are of major interest.  

Often the response of the damped one-degree system is approximated 
by retaining only the forced part of Eq. (3.16); that is, 

DLF i [ (3.25) 

The maximum and minimum values of this expression are, obviously, 

DLF.. (3.2) 
ML& I - ( /,17, (3.T 

Values of DLF. obtained from this last expression are shown by the 
solid-line curve in Fig. 3.6.  

It should be pointed out that the dashed-line curve in Fig. 3.6 is not 
completely correct. The values of DLF. plotted for rational values of 
0/ are correct. For irrational values of G/, the value of n at which DLF is a axium is laborious to find. The true DLF in such caeS is 
not appreciably different from those indicated by this curve, and -it is therefore adequate for practical purposes. Further, some of the maximum values indicated by this curve can never be attained because the 
free part of the response has already been damped out in actual struo
tures.. In such cases, however,* the forced part is making the major



EXTRACTED FROM REFERENCE 2 

84 RMPONSE OF sThRUrtjAL AYBM (CHsAP. 3 
contribution to DLF, so that the values indicated by the curve are not 
much in error.  

The solid- and dashed-line curves in Fig. 3.6 indicate the well-known 
resonance phenomena when 0/ - 1. In the discussion so far, it has been implied that the solid curve gives a good approximation of DLF..  
in the steady state of the response after the free part has been damped 
out. Actually, this is true for the usual damping found in structures, 
except in the vicinity of resonance where the proper inclusion of damping 

4 'f 
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part 

0 0.5 1.0 1.5 2.0 2.5 3.0 

Fo. 3.6. Maximum dynamic-load factor for uinuoidai loading.  
into the solution would give values of DLF,. of the order indicated by 
the dot-daah modification of the solid-line curve.  

.7. Dynamic-load Factor-Undamped One-degrel System-Various 
Typical Impuhsve Loadings. Instead of setting up the solution for the 
one-degree undamped system shown in Fig. 3.3 for a sinusoidal dynamic 
loading as was done in Sec. 3.4, the solution could be set up in terms of any given impulive load P. This general loading eould be expressed as 
follows: 

P - PIN) (3.27) 
where Pi - maximum value attained by dynamic load. For oonvenience 
in the following derivation, let 

P " -- and of" "Q (a) 

By proceeding as in Sec. 3.4, the differential equation may be written as 
follows: 

d~z Wz (b) 

If both sides of this equation are multiplied by sin W, and if w ow or dz/dt 
is added and subtracted on the left-hand side, Eq. (b) becomes



EXTRACTED FROM REFERENCE 2 

d.PONBE OF SJTUCTUR&L SYT&TMS 

d. Triangular Pulse Load

0: < :5 0.5t P 2- 1 P, 

:. f(t) - 2! 

o.5ts :<,i P-(2-2)P.  

Atf() - (2 - 21-) 

t9 < t P - :. f()-- 0 

0 < t9:5.s, DLF - 2- I si 
g1 ,t1 

0.5t 1  $1  DLF- 2 -21 + I 
tT 

. <1  DLF - w - it + r I •sin W -sin

no. 3.10. Dynamie4od factor for tiangular pulse iced.  

The solutions for these four cases contain a great deal of intersting and 
significant information and should be studied carefully. Case a con
firms the well-known conclusion from elementary mechanics that a sud
denly applied load produces twice the response of static load of the same 
magnitude. Note that the free part (that is, the term coo t) of the 
expression for DLF does not persist indefinitely in an sctual structure 
when damping is present. In other words, if damping were considered, 
the amplitude of the oscillating curve for DLF would gradually decrease 
and the curve would become a substantially straight horizontal line at a 
value of DLF - 1. It would require 10 to 15 cycles (that is, 10 to 15 
times the natural period T) for this damping process to occur, however.  
If one were interested in the maximum response, damping has no practical 
effect since the ma--ximum DLF of 2 is first obtained during the first cycle.  

Case b is also very interesting. If the rise time is is equal to or greater 
than the natural period, there is no appreciable dynamic effect (that is,

, .'
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