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U.S. Nuclear Regulatory Commission
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AECM-82/173

Mississippi Power & Light Company's (MP&L) letter of April 5, 1982,
(AECM-82/128) provided MP&L's justification for interim operation for
equipment not qualified to the SQRT criteria.

On April 13, 1982, the NRC Equipment Qualification Branch notified
MP&L of their concerns in regard to MP&L's SQRT justification for
interim operation. The Equipment Qualification Branch requested MP&L to
provide additional information to support the justification of interim
operation.

The purpose of this letter is to provide the additional information
which has been requested by the Equipment Qualification Branch.

The following additional information is provided:
A.  To Equipment Qualification Branch on April 2¢, 1982
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s Attachmeut No. 1

Main Steam Isolation Valve

D. Attachment No. 2

RHR Heat Exchanger

E. Attachment No. 3

CRD Solenoid Valve (C11-F009)

¥, Attachment No. &4

Conductivity Cell (E12-N025A, B)

G. Attachment No. 5

Air Operated Butterfly Valves (M-257.0/258.0)

H. Attachment No. 6

Safety Relief Valve (M-141.0)

I. Attachment No. 7

Refurbishment Schedule for HPCS Injection Valve (E22-F004)

If you have any questions or require further information, please
contact this office.

Yours truly,
77

L. F. Dale

Manager of Nuclear Services

RAB/SHH/JDR: 1m
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ABSTRACT

The following tests and analyses have been performed on the Grand Guir Main
Steam Isolation Valves Upper Structure, or similar Upper Structures:

® Grand Gulf 28" Main Steam Isolation Valve Upper Structure has been
compared with a dynamically tested 26" main steam isolation valve
Upper Structure and it has been concluded that Grand Gulf Upper
Structure is similar to the tested Upper Structure.

® Required Response Spectra have been developed for Grand Gulf at
the base of valve cover. These response spectra have been com-
pared with the test response spectra for the tested similar
valve upper structure. The TRS envelope the RRS with margin.

e Static Bend tests have been performed on the Grand Gulf Main Steam
Isolation Valve which assure valve operability under expected
loads.

® A special valve closure analysis demonstrates adequacy of
structure during opening/closing of the valve.

It is therefore, concluded that the Grand Gulf Main Steam Isolation Valve
Upper Structure is dynamically adequate to meet the expected loadings. Thus,
use of this equipment during startup and operation of the Grand Guif Station
is justified until such time as the requalification is complete.



GENERAL INFORMATION

Main Steam Isolation Valves

General Description

The Main Steam Isolation Valve is of a quick closing design for high pressure
steam service. It is a Wye pattern type valve complete with actuator and
accessory equipment. The valve is actuated with an air cylinder operator
(air-to-open, air-and/or spring-to-close). The valves are usually installed
in a horizontal main steam line with two valves in series per main steam line,
inboard valve located within the drywell and the outboard valve located out-
side the containment. The valve is designed for steam service. The 28" size has a
capacity of 4,120,000¢ per hour with 06.6 psig maximum calculated pressure
drop across the fully open valve. The base material is carbon steel, with a
type 17-4PH stainless steel stem and a stellite guide bushing located in the
cover. The body seating surface and guide ribs, the disc seating surfaces
and the guide surface near the main seat and the cover back-seating surface
are all faced with stellite. The body-to-bonnet joint is a bolted type con-
struction with a totally enclosed spiral wound stainless steel, asbestos
filled gasket. The bonnet joint is prepared for seal welding, but seal weld-
ing would be performed by others at the installation site if required. The
stem seal stuffing box is equipped with two sets of packing. A lantern ring
is located between the two sets of packing with a leakoff connection to the
lantern ring in the form of a socket welded pipe nipple. The body is equipped
with provision for a 2" schedule 160 drain nipple located in the inlet end of
the valve body. The valve is equipped with position switches .o indicate open,
closed and 94 percent open positions.

Operational Requirements

NOTE: A1l part nos. referred to are from dwg. 13561-01-H, Sheet 1 unless
otherwise noted.

The valve is to be capable of opening with a 200 psi differential pressure tend-
ing to hold the valve closed, utilizing a minimum of 90 psig min.air pressure in
the cyclinder actuator. To accomplish this requirement and keep the cylinder
size within reasonable limits a cylinder balancing arrangement in the form of a
cup whose upper end extends into the valve body bonnet bore is employed. The
poppet is equipped with an internal pilot valve seat, and the end of the valve
stem acts as the pilot valve poppet. When the valve stem 1ifts, the pressure

in the balancing cylinder area decays, and thereby reduces the differential pres-
sure acting over the main poppet area, thus reducing the operator force required
to open the valve.

The valve is required to have an adjustable closing speed of three to ten seconds.
This requirement is accomplished by a tandem air and hydraulic cylinder (part no.
37) and 1" flow control valve (part no. 6 sheet 4 of dwg. 13561-01-H) installed
in the external manifold mounted on the hydraulic section of the tandem cylinder
(part no. 37).

When closing the main steam isolation valve, the oil in the underside of the piston
in the hydraulic cylinder must be displaced through the external manifold to the top
side of the piston. The rate at which this oil displacement takes place is con-
trolled by the adjustment of the 1" flow control valve (part no. 6 sheet 4 of dwg.
13561-01-H) which in turn controls the rate of valve closure.



Operational Requirements (Continued)

The closing speed control is provided with a minimum flow position to prevent
full closure of the flow through the hydraulic cylinder's external piping.

The range of closing speed adjustment (3 to 10 seconds) is accomplished with
not less than two full revolutions of the adjustment spindle of the 1" flow
control valve (part no. 6 sheet 4 of dwg. 13561-01-H).

Provisions are required to accommodate an increase in fluid pressure due to
the increase of ambient temperature from that existing during filling and
sealing of the hydraulic system to that existing during emergency conditions.
This requirement is satisfied by using a small accumulator (part no. 8 sheet
4 dwg. 13561-01-H) on the hydraulic cylinder external manifold. The accumu-
lator is precharged with nitrogen at 100 psig, and has a design pressure
limit of 5000 psig.

The valve is to be capable of opening at the rate of one inch plus or minus
one-half inch per second. The opening speed adjustment is accomplished by
use of a 1/2" flow control valve (part no. 7 sheet 4 dwg. no. 13561-01-H).

The valve operator is provided with an exercising control feature for stroking
the valve from the 100% open position to the 947 open position. This require-
ment is accomplished by installing a normally open 1 1/4" three-way valve (part
no. 2 sheet 4 dwg. no. 13561-01-H) in the line between the connection to the
underside of the air cylinder operator and the main four-way air control valve.
When the exercising control is energized, the under side of the pneumatic cylin-
der is vented and the springs (part no. 15 & 16) will force the valve toward the
closed position.

NOTE: The isolation valve is equipped with a position switch to indicate when
the 94% open position has been reached. If the three-way exercising control
is left in the energized position, the main steam isolation valve will go to
the fully closed position.

The exercising speed is such that the valve shall be capable of stroking from
100% open to the fully closed position in 45 to 60 seconds. The exercising
speed adjustment is accomplished by use of a 1/2" air metering valve (part no.
9 sheet 4 of dwg. no. 13561-01-H) installed in the exhaust port of the three-
way exercising valve. The above time for full closing is not intended to imply
that the valve is to be exercised to the fully closed position when the plant
is in operation.

Operational Description of the Pneumatic System Components (Dwg. 13561-01-H Sheet 4)

The air supply to the pneumatic operating cylinder is controlled by a 1 1/4"
four-way pilot operated valve (part no. 1) which depending on its position,
applies air pressure to either the top or bottom end of the air cylinder oper-
ator while alternately exhausting the opposite end of the cylinder. This 1 1/4"
four-way pilot operated v~lve (part no. 1) in turn is controlled by a three-way
normally energized 1/4" dual solenoid operated valve (part no. 4).



Operational Description of the Pneumatic System Components (Continued)

To open the main steam isolation valve, either or both of the solenoids on
the three-way main pilot control valve (part no. 4) are energized which
feeds air pressure to the piston of the 1 1/4" four-way pilot operated valve
(part no. 1) causing it to shift its position. The four-way pilot operated
vilve (part no. 1) then feeds air pressure to the underside of the air oper-
ating cylinder and at the same time exhausts air from the top end of the
cylinder and the main steam isolation valve opens. Should either of the
solenoids of the three-way main pilot control valve (part no. 4) be de-
energized while the other is energized, the air pressure would be main-
tained in the piston of the 1 1/4" four-way pilot operated valve (part no.
1) and it would maintain its position, thus the main steam isolation valve
would remain in the open position.

In the event of loss of system air supply, the air pressure in the piston

of the 1 1/4" four-way pilot operated valve (part no. 1) wouid exhaust out
through the three-way solenoid operated valve (part no. 4) to the air supply
line. The 1 1/4" four-way pilot operated valve (part no. 1) would shift its
position and exhaust the air pressure from the underside of the operating
cylinder. The force generated by the closing spring will close the main
steam isolation valve, (any air pressure contained in the air storage tank
will assist the spring in closing the valve).

To close the main steam isolation valve, both solenoids on the three-way
main pilot control valve (part no. 4) are de-energized which exhausts the
air pressure from the piston to the 1 1/4" four-way pilot operated valve
(part no. 1) causing it to shift its position. The 1 1/4" four-way pilot
operated valve (part no. 1) then feeds air pressure to the top side of the
air operating cylinder and at the same time exhausts the air from the bottom
side of the operating cylinder and the main steam isolation valve closes.

It should be noted that in the event no air pressure is available for clos-
ing, the closing springs will supply the force to close the main steam iso-
lation valve.

A1 1/4" normally open three-way pilot operated valve (part no. 2) is installed
in the air line between the underside of the air operating cylinder and the main
1 1/4" four-way pilot operated valve (part no. 1). Its purpose is to accomplish
the exercising feature.

This 1 1/4" three-way pilot operated exercising valve (part no. 2) in turn is
controlled by a three-way normally de-energized solenoid operated valve (part
no. 5).

To exercise the main steam isolation valve, the three-way solenoid operated
valve (part no. 5) is energized which feeds air pressure to the piston of the
1 1/4" three-way pilot operated valve (part no. 2) causing it to shift its
position. The air supply being fed from the main 1 1/4" four-way pilot oper-
ated valve (part no. 1) to the underside of the air cylinder is blocked and
the air in the cylinder is exhausted to atmosphere through the 1 1/4" three-
way pilot operated exercising valve (part no. 2). When the air pressure in
the under-side of the air operating cylinder decays to a point where its
force can no longer overcome the force generated by the closing springs, the



Operational Description of the Pneumatic Systems Components (Continued)

isolation valve will start to close. A 1/2" metering valve (part no. 9) in-
stalled in the exhaust port of the 1 1/4" three-way pilot operating exercising
valve (part no. 2) is used to adjust the rate of exercising speed. The exer-
cising speed from 100 percent open to fully closed position, (14 inches of
valve stroke), is 45 to 60 seconds. When the three-way solenoid operated
valve (part no. 5) is de-energized, it exhausts the air pressure from the
piston of the three-way pilot operated exercising valve (part no. 2) causing
it to shift its position. The exhaust port is now blocked and the air from
the main 1 1/4" four-way pilot operated valve (part no. 1) is fed to the
underside of the air cylinder operator and the main steam isolation valve
returns to its full open position.

A 1 1/4" two-way pilot operated valve (part no. 3) is installed in a tee in
the air line between the underside of the air operating cylinder and the 1 1/4"
normally open three-way pilot operated exercising valve (part no. 2). This

1 1/4" two-way pilot operated valve (part no. 3) serves as an additional clos-
ing valve in the air control system. The 1 1/4" two-way pilot operated valve
(part no. 3) is controlled by the same dual solenoid operated three-way valve
(part no. 4) that controls the main 1 1/4" four-way pilot operated valve (part
no. 1). When the three-way dual solenoid operated valve (part no. 4) is ener-
gized to open the main steam isolation valve, air pressure is also fed to the
piston of the 1 1/4" two-way pilot operated valve (part no. 3) which shifts
its position. The valve closes, blocking the exhaust port and prevents the
air pressure in the line to the underside of the air operating cylinder from
exhausting to atmosphere.

When the dual solenoids of the main three-way pilot operated valve (part no.
4) are de-energized to close the main steam isolation valve, the air pressure
is exhausted from the piston of the 1 1/4" two-way pilot operated valve (part
no. 3) causing it to shift its position. The air in the underside of the air
cylinder operator is then exhausted to atmosphere through the open 1 1/4" two-
way pilot operated valve (part no. 3) as well as through the main 1 1/4" four-
way pilot operated valve (part no. 1).

Hydraulic Speed Control System

The purpose of the hydraulic speed control system is to control the opening
and closing speed of the pneumatic cylinder operator on the main steam isola-
tion valve. The sub-plate mounted hydraulic speed control system is connected
to the speed control cylinder at the top and bottom ports. By the use of ad-
justable flow control valves in the sub-plate assembly, the amount of flow
from one side of the hydraulic cylinder piston to the other can be regulated.
This requlated flow controls the operator cylinder opening and closing speed.

Operational Description of the Hydraulic System Components

Part Nos. From Dwg. 13561-01-H Sheet 4

A 1" closing flow control valve (part no. 6) (adjustable and pressure com-
pensated), is sized so that the time to fully stroke the pneumatic operator'is
less than 3 seconds when only spring force is applied in the closing direction.



itional Description of the Hydraulic System Components (Continued)

g -

It is also capable of adjusting the closing time to 10 or more seconds when
both air pressure and spring loads are applied in closing direction. The
range of closing speed adjustment, (3 to 10 seconds) is accomplished with not
less than two full revolutions of the adjustment spindle. The closing flow
control valve (part no. 6) is equipped with a minimun flow position to pre-
vent its full closure. The minimum flow position is sized so that the time
of full pneumatic operator stroke is greater than 10 seconds in order to
achieve the adjustable closure range of 3 to 10 seconds. The adjustable
spindle of the closing flow control valve (part no. 6) is provided with a
positive locking device.

A 1/2" opening flow control valve (part no. 7), (adjustable and pressure com-
pensated), is sized so that the time to fully stroke the pneumatic actuator
(retract piston rod from fully extended position), is at a rate of 1 inch,
plus or minus 1/2 inch per second. The opening flow control valve (part no.
7) is equipped with a minimum flow position to prevent its full closure. The
minimum flow position is sized so that the time of full operator stroke is
less than 1/2" per second in order to achieve the adjustable opening range

of 1/2" to 1 1/2" per second. The adjustable spindle of the opening flow
control valve (part no. 7) is provided with a positive locking device.

The accumulator is included in the hydraulic sy-tem in order to accommodate

an increase in fluid pressure due to the increa:e of ambient temperature from
that existing during filling and sealing of the hydraulic system to that exist-
ing during emergency ambient conditions.



DYNAMIC INFORMATION

The required response spectra (RRS) used in this evaluation for the Grand
Gulf MSIV Upper Structure are based on the following observations:

a) The main steam isolation valve (MSIV) is mounted on the
piping which is supported by the main steam guide and
the head fitting. The main steam guide, in turn, is
mounted on the platform near the drywell wall, and the
head fitting is mounted in the shield building wall.

b) The support system and valve body are stiff so that
the loads (response spectra) input to the MSIV upper
structure can be considered the same as obtained from
the building model.

Based on the above observations, it can be shown that in the vicinity of the
main steam isolacion valves (MSIV), the controlling dynamic loads as determined
by the piping dynamic analysis are the combination of safe shutdown earthquake
(SSE) plus the safety relief valve blowdown structural load (SRV). Grand Gulf
unique enveloped (SSE + SRV) response spectra, hereafter called the required
response spectra (RRS), have been developed to compare with the test response
spectra (TRS) used on the tests of similar valve upper structures. Based on
the comparison of RRS and TRS, the following conclusions can be made:

1. Grand Gulf Project Unique Response Spectra show 2g ZPA loading
on the MSIV, whereas the test response spectra used for testing
the 24 inch and 26 inch MSIV upper structures used ZPA of 5.5g.

2. Test response spectra used for testing the MSIV upper structures
were broad band in comparison with narrow band real input motion
to Grand Gulf MSIV. So, it can be seen that TRS provide conser-
vatively higher 1oad than the required load (RRS).

3. The natural frequency of the Grand Gulf Upper Structure is about
13 Hz. The natural frequencies of the tested MSIV Upper Struc-
tures were between 10 Hz and 14 Hz. Since the tests were per-
formed from 2 Hz to 40 Hz, excitation of the upper structure at
the natural frequency is assured.

4. Comparison of different components of Grand Gulf MSIV Upper
Structure and the tested MSIV Upper Structure have been made
(Appendix I). The comparison shows that the Grand Gulf MSIV
Upper Structure is physically similar to the tested upper
structure and generally made out of better material.

Based on the above information, it can be concluded that thc¢ TRS used for testing
the 24 inch and 26 inch MSIV upper structures envelop the Grand Gulf Unique
Required Response Spectra (RRS) (See Fig. 1) and that comparison of these spectra
is justified based on similarity of the valve upper structures.



TESTS AND ANALYSES SUPPORTING OPERABILITY
* OF GRAND GULF MAIN STEAM ISOLATION VALVES

Operability of the Grand Gulf Main Steam Isolation Valve is based on the
following information:

1.

A Static Bend Test was performed on the Grand Gulf Valve which demonstrated
that the valve would close within the required time period of 4.0 + 1 seconds.
The valve was exercised using air and springs, while the valve was being
subjected to a static equivalent seismic loada. In this test, the stem moved
freely without any scratches or binding when a load of 18,550 1bs (approxi-
mately 5.6 g) was applied at the spring top plate. On the Grand Gulf valve,
the maximum expected dynamic load is approximately 6.6 g's applied at the
center of gravity of the upper structure. Calculating moments, the static
bend test imposed a moment of approximately 280 in-1bs at the valve body/
bonnet centerline. The comparable maximum expected dynamic moment is approxi-
mately 263 in-1bs. The static bend test therefore bounds the expected dyna-
mic moment.

A special "Closure Analysis" was performed on the Grand Gulf 28" Main Steam
Isolation Valves. This analysis was done to assure that the air pressure
in the pneumatic cylinder and the springs are more than adequate to open/
close the valve under the Grand Gulf specified flow conditions.

Upper Structures of two main steam isolation valves similar to the Grand Gulf
Main Steam Isolation Valve have been previously tested. The Test Response
Spectra of the tested Upper Structures envelope the Required Response
Spectra of the Grand Gulf Upper Structure (See Figure 1). Operability of

the Upper Structure was demonstrated during and after the seismic test.



CONCLUSIONS AND JUSTIFICATIONS

Grand Gulf Main Steam Isolation Valves were supplied by Atwood and Morrill
Valve Co. using Sheffer/Hiller SA-A039 pneumatic and hydraulic components.
These valves remain in open position all the time during normal plant oper-
ation and are checked periodically for their closure capability. The Upper
Structure of a similar 26" valve was tested and operated successfully during
and after the test under simulated seismic loadings. The Test Response Spec-
tra for the similar 26" valve Upper Structure envelopes the Grand Gulf Required
Pesponse Spectra. Grand Gulf Main Steam Isolation Valve Upper Structure is
very similar to the tested Upper Structure (Refer to Appendix-I for detailed
comparison). The Required Response Spectra for Grand Gulf is enveloped by the
Test Response Spectra with substantial Margin. (See Figure 1 ). Based on
the similarity of the tested Upper Structure and the Grand Gulf Upper Struc-
ture it is anticipated that the Grand Gulf Upper Structure would respond in

a similar manner when dynamically tested. It is expected that the relative
stress level in the Yoke Rods would be lower due to the use of superior yoke
rod material and size which provides additional assurance of Upper Structure's
seismic capability. Furthermore, successful "Static Bend Test" and "Closure
Analyses" have been performed.

It is, therefore, concluded that the Grand Gulf Upper Structure is dynamically
adequate to meet the expected loadings. Thus startup and operation of Grand
Gulf Station is justified until such time as requalification is completed.
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APPENDIX I - PHYSICAL COMPARISON OF GRAND GULF

AND THE TESTED UPPER STRUCTURE
(Actuator Only)

Item Description

Grand Gulf

Upper Structure

24" - Tested Upper
Structure
Report No. NEDE-24122-2

Pneumatic/Hydraulic Component Vendor Sheffer/Hiller Sheffer/Hiller

Component Model No. SA-A039 SA-A012

Dual Solenoid Supplier/Model No. ASCO/HTX832320 ASCO/HTX832320

Single Solenoid Supplier/Model No. ASCO/HTX8320A20 ASCO/HTX8320A20

2-Way Valve Supplier/Model No. Norgren BOOO4A Norgren/B-10268-00-A1
Similar to BCOO4A

3-Way Valve Supplier/Model No. Norgren/CO007A Norgren/C-10378-00A1
Similar to COC07A

4-Way Valve Supplier/Model No. Norgren/FO13A Norgren F22278-00-Al
Similar to FO13A

0-Rings Viton Viton

Pneumatic Cylinder Height 24 1/8™ 27 1/2"

Pneumatic Cylinder Bore Dia. 20" 20"

Piston Diameter 3" 3"

Stroke iLength 15" 18"

Operating Pressure 90 - 125 PSI 90 - 125 PSI

Hydraulic Cylinder Bore Dia. 5" |

Piston Diameter 3" X

Hydraulic Fluid

GE Silicone-
SF-1147

Shell Ipys - 902

-
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APPENDIX I - PHYSICAL COMPARISON OF GRAND GULF
AND THE TESTED UPPER STRUCTURE
(Yoke Components Only)

[tem Description

Grand Gulf

Upper Structure

26" - Tested Upper
Structure
Report No. NEDE-24122-1

Valve Vendor A&M A&M
__Valve Size 28" 26"
Bonnet Cover Flate Dia. 35 5/8" 33 7/8"
Bonnet Cover Plate Thickness 5 5/8" 5 3/8"
Bonnet Cover Plate Material SA-105 SA-105
Body Bonnet Bot diameter 2% "
Number of Body Bonnet bolts 18 20
Yoke Rod Material AIST - 4140 AISI - 1018 ¢
Yoke Rod Diameter 4.5" 3"
Yoke Rod Length 37 3/4" 34 1/4"
Tested Yoke Rod Stress - 20,000 PSI
Yoke Rod Yield Stress 103,000 PSI 48000 PSI
Qutside Springs
Spring Wire Diameter 25/32" 23/32"
Spring Coil Qutside Diameter 7 3/4" 6 1/4"
Boxed load (Valve Closed) 1412 1bs 1150 1bs
Boxed load (Valve Open 2524 1bs 2346 1bs
Inside Springs
Spring Wire Diameter 9/16" 17/32"
Spring Coil Outside Diameter 6" 4 5/8"
Boxed load (Valve Closed) 712 lbs 618 1bs
Boxed Toad (Valve Open) 1220 1bs 1260 1bs
General
Overall Upper Structure Height Approx. 90" Approx. 85.50"
Overall Upper Structure C.G. 39.56" 33.81"
Overall Upper Structure Weight 5860 1bs 4597 1bs
including cover.
Stem Travel Nominal 14" 13"
Limit Switches NAMCO EA-740 NAMCO EA-740
Stem Diameter z e

=13~



VALVE ASSEMBLY DRAWINGS
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ATTACHMENT NO. 2

RHR Heat Exchangers
E12-B001/R002
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JUSTIFICATION FOF. INTERIM OPERATION

NAME : RHR Heat Exchanger
MPL: E12-B0OC1/B002
SAFETY FUNCTION:

To remove decay heat from the reactor.

FAILURE MODES:

Fail Open

Fail Closed

Loss of Power

Loss of Air

Loss of Pressure Integrity

Loss of Structural Integrity

Distortion of Mounting »

FAILURE EFFECT:

A. Effect on Primary Use

Support structure could yield, under excessive seismic loads,

causing heat exchanger nozzles to pick up additional load. If

nozzles pick up additional load, they tco might yield. However,

pressure integrity and heat removal capability would be unimpaired.
B. Secondary Effect

None

DISCUSSION AND CONCLUSION:

An analysis of the RHR heat exchanger shows that the fundamental
frequency is greater than 6 hertz. A static analysis of the heat
exchanger, using a static coefficient greater than 1.5 times the peak of
the faulted response spectra for all frequencies greater than 6 hertz,
shows that stresses imposed on the heat exchanger are all less than
allowable. Therefore, interim operation with the Grand Gulf RHR heat
exchanger does not pose a safety hazard.

RWH:1m/13U-3
4/15/82
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‘ Bechtel Power Corporation

Engineers—Constructors
15740 Shady Grove Road
Gaithersourg, Maryland 20760
30 -948-2700
July 30, 1980
Mr. A. R. Smith, Project Manager Grano Gult 1 82 """
General Electric Company (M/C=392) Da Recevet —
175 Curtner Avenue LA 17/
San Jose, California 9511é g VL
Ancweer —

Dear Mr. Smith:

Nuclear QA 1s Not Applicable
Middle South Energy, Inc.
Grand Gulf Nuclear Station
Bechtel Job No. 9645

File: 0265/6410/4-001.0
Seismic Response Spectra
CEB-80/0216

In response to the request of your Mr. C. Morris for the seismic response
spectra applicable to the RHR heat exchangers location, enclosed are the
following spectra for floor elevation 119'=0" of the auxiliary building:

N213
{ _N214
E213
E214
V213
V214

. Very truly yours,

‘_ ,l ‘ r. .""‘c‘ |
o

A. Zlaccaria
Project Engineer

RCG: jgt

Enclosures: Seismic Response Spectra (6 sheets)

[ Jo 'o &C‘ulhy. Jto. 'Il RECE —D
L. F. Dale, 2/2
C. K. McCoy, w/l AUG 7 198
. H. Cloninger, w/l a0
T. E. Reaves, w/l A K SNTH

pr. D. C. Gibbs, w/l

W. A. Sh.nk‘. "/l (GE Res . Site mro)
D. M. uk‘ ’ '/l

H. H. Weber, w/l

R. L. Scott, w/l
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Nuclear Energy Business Operations
ENGINEERING CALCULATION SHEET
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ATTACHMENT NO. 3

CRD Solenoid Valve
C11-F009

The valve name plate data identified the Grand Gulf Unit 1 CRD Solenoid
Valve as an Automatic Switch Company (ASCO) Model 8323A22 dual solenoid
valve (See attached Communication Record dated 3/31/82 between D. Bost
and C. Nakayama). The ASCO Model 8323A22 was tested as part of the
Zimmer/LaSalle seismic requalification program conducted by NUTECH. The
tests included resonance searchs from 1 to 100 Hz, biaxial random
vibration seismic simulation, and fragility. The specimen functioned
satisfactorily throughout testing. Peak loads were 8.6g horizontal and
8.1g vertical during seismic simulation and 12g during fragility testing
with a 50 Hz sine wave input.

The following information is included in Attachment No. 1:
A) Telecon between NUTECH/MP&L
B) ASCO Bulletin 8323

C) Test Report of ASCO Solenoid Valve 8323 for W. H. Zimmer &
LaSalle County Nuclear Power Plant

AE2R3



NUTECH COMMUNICATION RECORD
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For Air, Gas, Water and Light Oil e %" and %" N.P.T.

General Description

Bulletin 8323 covers a compact 3 way
valve that incorporates two independent
solenoids providing individual control for
two internal orifices. This valve offers the
flexibility of two 2 way valves in a com-
mon body, as well as 3 way valving op-
eration.

These 3 way direct acting solenoid valves
have forged brass bodies and two sole-
notds suitable for any combination of A-C
and D-C voltages.

Applications

This unique valve design is adaptable to
many flow control requirements. For ex-
ample, they may be used for inching or
positioning of cylinders and diaphragms,
diverting flow into one or two outlets,
selection of one or two pressures into a
common outlet, controlling air motors
having an open exhaust, vending appli-
cations, gas samplings, etc.

The normally closed and normally open
constructicns are equipped with two op-
erating solenoids for redundant control.
These valve designs are intended for those
applications where unauthorized valve
shift’ would be crnitical. Valve shifting

SPECIFICATIONS

SORGED BRASS BODY, SOFT SEATING FOR GENERAL PURPOSE SERVICE

without proper signal can be the result
of normal power supply failures or pos-
sible coil failure. The valves are con-
structed so that uninterrupted control is
maintained as long as either solenoid is
energized. Separate electrical control cir-
cuits can be utilized to insure control in
the event of normal electrical supply
failure.

Snecifications

Operation (Refer to Flow Diagrams on
following page):

Note: These typical flow diagrams cover
valves with normally closed solencids
(open when energized, closed when de-
energized). Normally open construction is
available for either, or both solenocids in
Y4 size — consult factory when required.

Pipe Sizes: 4" and %" N.P.T.

valve Body: Forged Brass (stainless steel
available).

Valve Seat: Buna “N."

Solenoid Construction: Internal parts in
contact with fluid are made of 300 and
400 Series Stainless Steel,

Solenoid Enclosures: Two types available:
(a) General Purpose (NEMA 1).

(b) Explosion-Proof and Watertight (NEMA
4,7 and 9).

Electrical: Standard Voltages:

24, 120, 240, 480 volts, A-C, 60 Hz (or

50 Hz in 110 volt multiples).

6, 12, 24, 120, 240 volts, DC.

Other voltages available when required.

Coil: Continuous Duty Molded Class A or

F, as listed.

Temperature: To 200°F., as listed.

Installation: Mountable in any position

without affecting operation.

Approvals: For UL listings, CSA and FM

approvals refer to page
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TEST REPORT

1.0 INTRODUCTICN

2:d Purpose of Test

This test has been conducted to determine the dynamic quali-
fication of a solenocid valve which is used to supply instrument air to
activate or deactivate the Control Rod Drive Scram Discharge Volume drain
and vent valves in the Wm. H. Zimmer and/or the LaSalle County Nuclear
Power Plants. The valve was mounted to simulate in-service conditions and
operated in typical sequences while subject to changes of state.

o8 Reference

The tests described herein are based on previous information
resulting from the following reference:

o SwRI Proposal 02-1470, "Seismic and LOCA Dynamic Tests for
Zimmer SQRT Re-evaluation/Requalification," December 7, 1979.

2.0 SPECIFICATIONS AND STANDARDS

1) Nutech Test Specification, "Vibration Test of Asco Solenoid
Valve 8323 for Wm. H. Zimmer and LaSalle County Nuclear
Power Stations," MK2-02-112, Rev. 0, File No. 135.2401.0227.

2) IEEE Standard 344-1975, "Guide for Seismic Qualification of
Class 1 Electric Equipment for Nuclear Power Generating
Stations, "

3) SwRI Nuclear Quality Assurance Program Manual, (NQAPM), Rev. 2,
November 4, 1980.

4) SwRI Division 02 Nuclear Projects Operating Procedure XII-EE-101-2,
Calibration of Mechanical Sciences Dynamics Test Equipment,
January 15, 1980.

3) SwRI Division 02 Nuclear Projects Operating Procedure XI-EE-101-1,
Seismic Test of Electrical and Mechanical Components, June 7, 1978.

3.0 DESCRIPTION OF TEST SPECIMEN

The device is an ASCO 8323A22 (60 Hz, 120 Vac) 3-way solencid air .
pilot valve. The test specimen is a representative nuclear power plant
Class lE device which is identical to those installed in various locations



that open-loop operation is necessary in this range. Table responses
are monitored by accelerometers whose outputs can be analyzed according
to several standard parameters. Acceleration or velocity response spec-
trum can be computed and plotted within seconds by a Spectral Dynamics
SD321 Shock Spectrum Analyzer, or by a DEC PDP 11/70 computer system.
Power spectral density can be computed by a Nicolet Scientific 444A

FFT Analyzer or with a Zonic multichannel FFT processcr. All time
histories can be recorded on analog or digital tape, on oscillographs, or
monitored on oscillorcopes. Large volumes of data are usually recorded
first on analog tape and then digitized for processing through a digital
system which includes a DEC PDP 11/70 computer as its central processor.

4.5 Electrodynamic Table Description

Part of the fragility tests were conducted with an electro-
dynamic shaker facility in order to achieve high acceleration levels.
This facility contains an Unholtz-Dickie 1600 lb sine vector electrody-
namic shaker which is powered by a 5 KVA amplifier. Vertical excitation
is achieved by attachment of the specimen fixture directly to the shaker
armature. Horizontal excitation is achieved by suppert of the specimen
and fixture on a slip table whose plate is attached to the shaker armature.

5.0 TEST EQUIPMENT IDENTIFICATION

The equipment used f +» simulation of the dynamic environment, acqui-
sition, and processing of 4:namic data is given in Table 5.0-1.

6.0 CALIBRATICN

. Instrumentation calibration was performed in accordance with
Engineering Sciences Divisicn Nuclear Projects Operating
Procedure XII-EE-101-2, Calibration of Mechanical Sciences
Dynamics Test Equipment.

v All accelerometers were calibrated using a reference standard
Kistler 808K/S61T which is traceable to the National Bureau
of Standards.

° The Digital X-Y Plotter (Item 30) is calibrated with extreme
set points which respond to signals from the Nicolet 444A FFT
Analyzer.

. The Nicolet 444A (Item 31) was calibrated according to manufac-

turer's specifications.

® The Hewlett-Packard Tape Recorder (.tem 32) was used solely as
a signal source and was not calibrnted on an absolute basis.



at Wm. H. Zimmer and LaSalle County Nuclear Power Stations. It is used
to supply instrument air to activate or deactivate the Control Rod Drive
Scram Discharge Volume drain and vent valves.

4.0 TEST FACILITY

4.1 Location

Southwest Research Institute
Department of Engineering Mechanics
6220 Culebra Road

San Antonio, Texas 78284

4.2 General Purposes

This facility has the capability of realistic simulation of an
esarthquake dynamic environment as well as all accepted standard approxima-
tions of such an environment. It has been designed principally for gquali-
fication testing of typical components to be used in nuclear and conven-
tional power ge“eration stations. It is also particularly suited to the
study of structural scale model responses to seismic excitation. It can
further be used as a gJeneral purpose shaker facility within its range of
operation, and therefore can simulate nuclear plant operating transients.

4.3 Seismic Table Description

A 6 by 6 foot mounting surface can be excited with simultaneous
vertical and horizontal motion that ie arbitrary and independent alonj each
axis. Extenders are utilized for mounting somewhat larjar specimens,
when necessary. Maximum table payload capacity is 6,000 pounds dead weight.
Drive mechanisms are servo-controlled electrohydraulic and have the follow-
ing capabilities:

Horizontal Vertical
Frequency Range 0 - 1000 Hz Q0 - 1000 Hz
Force Capacity 10,000 1b 20,000 1b
Maximum Stroke 8.0 in. 1.0, 4m,
Maximum Veloccity 90 in/sec 22 in/sec
Maximum Acceleration* 10 g 10 g

4.4 Associated Instrumentation

Excitation signals are provided typically by function genera-
tors or actual seismic signals recorded on analog instrumentation tape.
Table displacement is accurately controlled at low to medium frequen-
cies by automatic feedback to respond to an arbitrary voltage signal.
Deterioration in control is experienced at higher frequencies such

*
At zero payload
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SWEEP CSCILLATCOR
SWEEP QOSCILLATCOR
SERVO MCONITCR
SERVQ MCNITCR
FILTER

POLER AMPLIFIER
ACCELERCMETER
ACCELERCOMETER
ACCELEROMETER
WPUIFIER
DYNAMIC ANALYZIER
X-Y RECCRDER

OP AMP. MANIFOL
QP AMP MANIFOL
ACCELERCMETER
ACCELEROMETER
CONTRCOLLER
CONTROLLER
OSCILLOSCOPE
SCOPE PLUG~IN
SCOPE PLUG~IN
SCOPE PLUG-IN
COUNTER

TAPE RECCRDER
DISITAL MULTIMET
DIGITAL MULTIMET
DICITAL SERVO D!
ACCELEROMETER/CA

addition, the following equipment was also used.

X-Y PLOTTER
SPECTRUM ANALZ
TAPE RECORDER
DIGITAL COMPUTER
A-D SYSTEM
CCMPUTER

EM SHAKER
AMPLIFIZER
AMPLITIZER
PRESS XDUCER
PRESS XDUCER

TABLE 5.0-1

MAKE

MICRCDOT
SPECTRAL DYNaAM
SPECTRAL DYNAM
SPECTRAL DYNAM
SPECTRAL DYNaM
SKL

TEAM

ENDEVCO
ENDEVCO

ENT® AN

SWR .

SPECTRAL DYNAM
HEWLETT-PACKAAR
ANALCG DEVICES
ANALOG DIVICES
3ELL % HOWELL
3ELL % HOWELL
TEAM

SWR!

TEXTRCONIX
TEATRONIX
TEATRONIX
TEATRONIX
HEWLETT~P ACKAR
AMPEX

WESTCON
HEWLETT=PACAAR
TEAM

KISTLER

TEXTRONIX
NICOLET

4/?9

DEC POP 11/70
CAMAC
TEXRTRONIX
UNHOLTZ-DICKIZ
ENDEVCO
ENDEVCO
VIATRAN
VALIDYNE

TEST EQUIPMENT

mMCDEL

FaalA
SD104A~S
SD104A~5S
SDLCSA
SD109C~-1
J08A
1928
22210
22210

ECC-%00DS-20

SD120/122L
70088

194

194
4-3202-0Q01
4-303-0001
1932

111
SALAN
SAL4N
SB1I2N
SS12A

PR 2230
1442
3466
1964
08K/ %61T

4662
4444
3964A

4006~-1
56
2721A
721A
218-15
oP7

wC 1

x3=-7%
JOWBIR1212
2

86/299
1439

13e

12171
19742
22329

<

3118309
BOS303s
3033048
3065791
450=-01311
9170879
1294
171601910
o2
7497416

3043979
3948425
1325A0L1062

8036357
203
3J94
3J98
133170
20398

REMARKS

GENERATCR
SWEEP
SWEEP

FUNCTION
3 DECADE
3 DECADE
S=10Kk HZ
1=%K ™Z
VAR [ABLE FREQ.
PILOT VALVE DRIVER
1=-%5000 H=Z

1=%000 =Z

206

BRIDGE 10 CHANNEL
o CHANNEL

ANALDS

ANALDGC CPNS.
ANALCGC OPNS.
ORIZ. TABLE
VERT. TABLE
HORIZ. TABLE

VERT TABLE
STORAGE

4=CHANNEL
4=CHANNEL

DUAL TIME 3ASE
PERIOD/FREQ.

| 4=CHANNEL
BATTERY POWER

4 1/2 DIGIT

USE W/ TEAM 1°922
NBS TRACEAGLE

DIGITAL PLOTTER
7T CUMPUTER

4 -CIANNEL
SIGNAL SYNTHESIS
DATA PROCZSSING
CIGITAL DISPLAY
VIBRATION TABLZI
CHARGE

CHARGE

RANGE 0-5700 psi
RANGE 0-500 pgsi
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. Both pressure transducers were calibrated to 1.0V/100 psi by
means of internal calibration resistors.

- The digital synthesis system (Items 33-35) were used solely
for shaping of table input signals, and no calibration was
required for this process.

7.0 TEST METHODS

Tl Sggcinnn Mounting

The specimen vas mounted in accordance with Figure 7-1. The
valve was clamped to unistruts which were then mounted on a bookend. The
clamps were designed to hold the 1/2" copper tubing 6" on either side of
the valve. There was also a clamp holding the upper conduit 6" from the
valve. This configuration was used on the hydraulic vibration table as
shown in Figures 9-1 and 9-). The fragility tests were re-run on the EM
shaker. A smaller bookend was used during this test and the clamps were
located 3" on either side of the valve. Details of this arrangement are
shown in Figures %-5 and 9-6.

Identification of excitation axes is as follows:

Axes Orientation
X2 Front to back/Vertical
YZ Side to side/Vertical

12 Instrumentation

One accelerometer was ised to monitor motions on the specimen
only during the resonance searches. Location of this accelerometer is
shown on Fig.re 9-3. Orientation of the accelerometer axes was parallel
to the excitation.

Accelerometers for measuring table excitation were located on
+he bookend. For the X-Z excitation. the horizontal accelerometer was on
the back side of the bookend face while the vertical was mounted on the
side face of the bookend. For the Y-Z excitation, both accelerometers
were on the side face of the bookend. (See Figures 9-2 and 9-4.).

The functional test setup was as shown in Figure 7-2. A pres-
sure of 100 psi was applied to the common point of the valve during all
tests that required pressure. Presswre transducers were mounted at the
common (C) and the normally closed (N,C) points and were monitored on an
oscillograph along with the two table accelerometers and ac input power
_to the solenoid. A water pan and a 1000 mi graduated cylinder were used
(as shown in Figure 7-2) for valve sea: leakage detection.
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Ted Exploratory Testing

Exploratory testing began with a sine sweep in the Z-axis.
The frequency range was 1-100 Hz with a 0.5 octave/minute sweep rate and
0.1 g peak drive. The response accelerometer was mounted on the side of
solenoide "A" coincident with the table axis. Table control accelerometers
weie mounted on the bookend during all tests.

The table vertical axis was locked down prior to running the
horizontal exploratory tests to preclude any possible rocking mode coupling
with the table mechanism. The parameters for the two horizontal axes tests
are the same as for the vertical axis.

7.4 Proof Testing

Biaxial random vibration tests with flat excitation in 1-50 Hz,
and of 30-second duration were conducted for each of the two required
orientations. A given peak § level was required to pe met or exceeded for
each test run. The series of tests consisted of four (4) Upset runs in
the X-2Z orientation, four (4) Upset runs in the Y-2Z orientation, three (3)
Emergency runs in the Y-Z orientation, and cne (l) Emergency run in the
X-2 orientation. Excess runs were necessary rfor those runs where the in-
put RMS value was not proparly adjusted so that the test peak value was
greater than the required peak g-level. Upset condition runs in each ori-
entation included one (1) run with the specimen de-energized, one (1) run
with the specimen energized, and one (1) run where the specimen changed
state. Emergency condition runs in each orientation included a specimen
change of state in every case. (See Section 11.0 for PSD and Peak infor-
mation.)

Drive signals for each run were formed by a digital computer
synthesis process which is described by the diagram in Figure 7-3. Ini-
tially, the seismic table transfer function data with the free table were
acquired for each of the horizontal and vertical axes during the preliminary
tests. These data are used along with the prescribed level to synthesize
an initial drive signal for each axis. This synthesis process is accomp-
lished within the computer by operating cn 34 bands of narrow band random
data, each of 1/6 octave bandwidth. The amplitude of each band is modified
according to the required level and the table transfer function in that
band. The final result is summed together and a proportional analog
time history is formed for each axis independently on respective channels
of an analog tape recorder. These signals are then used to drive the seis-
mic simulator. The corresponding table accelerations are monitored and
fed back to the computer to produce a second iteration as necessary. The
response level of the table signals are computed and compared with the
required level to determine whether further adjustments in any of the
individual 34 frequency bands are required.
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Table motions were monitored by independent horizontal and
rertical accelerometers. Their output was recorded directly on an analog
tape recorder and also on an oscilloscope for immediate visual display.
During the preliminary test runs described above, it was found that high
acceleration and frequency levels tended to cause some nonlinear rattling
in the table, so that peak to RMS ratios were higher than that for normal
randex zcccleration signals. Therefore, to make the test more conserva-
tive it was decided to filter the data by low pass below 65 Hz during its
playback. Consequently, the peak value which occurred in the 1-50 Hz
range was used as the basis for the test. Later, both unfiltered data
as recorded on the tape recorder, and filtered data were compared. For
example, peak levels for each of the filtered and unfiltered runs are
shown in Tables 7-0.2 and 7-0.3, respectively. Note that the value for
run number UPSYZlA was 1.7 percent below minimum level inadvertently due
to the procedure for monitoring the tests. For a given test run the value
was monitored visually on the oscilloscope. Later, the test values were
developed from time histories recorded on the oscillograph. The slight
undertest for the one run was not noticed until the data were processed
later. Since this represented a filtered peak value, no consequence was
attributed to this result.

TeD F:ag&lxtx Testing

Since there were no resonances below 50 Hz, the only require-
ment for the fragility testing was to slowly increase the table input
level with a sine wave at 50 Hz and observe whether or not a valve leak
would develop.

Fragility testing was begun with the specimen mounted in the
X-axis. The starting level was at 2.0 g and increased to a level of 7.4 g
at which point bubbles were observed due to some air leak in the vilve.
Pressure on the valve at this time and for all tests was at 100 psi.

The fixture was rotated to the Y orientation and fragility
test at 50 Hz run, again starting from 2.0 g peak. This time the level
of input to the table was raised to a maximum of 10 g peak and no leakage
was detected.

Anchors at the four cormers of the shaker table were removed
to run the Z-axis fragility test. The table amplitude could not be raised
above * 5.0 g peak in this orientation due to a table malfunction at this
time.

The solenoid valve was then removed from the hydraulically
driven table, mounted on a smaller bookend and set on the EM shaker table.
This approach was taken in order to preclude a delay while repair of the
seismic table was effected. In this setup the clamps were set 3 inches



from the valve. This was necessary to allow mounting on the smaller book-
end. The different mounting distance was considered acceptable since neo
resonance was detected below 50 Hz with the previously used, wider separ-
ation. Fragility testing at 50 Hz sine wave in the Z-axis was raised to

a maximum of 12 g peak with no leaks detected.

The solenoid valve was then rotated 90° to the X-axis and the
g level increased to 10 g's and then to 12 g's at which point minor bubb-
ling was noted. This test was again repeated with nc bubbles noted.

The EM shaker was rotated 90° to tie the slip table for hori-
zontal motion. The solenocid valve with fixture was mounted in the X-axis.
The fragility test was then run in this manner up to 10 g's and dwelled
for 30 seconds with no bubbles noted. Oscillograph records are given in
Section 12.0.

7.6 Functional Tests and Monitoring

Prior to conduct of any dynamic tests, all functional tests
were performed. Readout from table accelerometers, inlet and outlet
pressure transducers and solenocid ac power were monitored and recorded
on an oscillograph during proof testing only. Identification of the
respective charnels for each monitoring point is given in Table 7.0-1l.
Functional tests were also performed after each series of tests and at
the end of all dynamic tests.

8.0 RESULTS AND CONCLUSIONS

Results from the resonance searches are given in the form of transfer
functions in Section 10.0. It can be seen that only one resonance occurred
near 85 Hz for excitation along the X-axis (front to rear).

For proof tests, the results appear as tape recorded unfiltered time
histories, which were further processed into oscillograph time histories
and power spectral densities (PSD's). These data are given in Section 11.0.
Power spectral densities were computed for the first run in each orienta-
tion series. PSD for filtered data is given in Figures ll-1 thru l11-8,
while corresponding PSD's for unfiltered data are given in Figures 11-9
thru 1ll-16. Peak values associated with these data are given in Tables
7.0-=2 and 7.0-3, respectively. Time histories for these data are given
in Figures 11-20 thruv 11-52. Data for each test run consists of 1) filtered
acceleration time histories, 2) unfiltered acceleration time histories,
and 3) a set of uncalibrated unfiltered time histories with output for
monitoring the instrument functions. The latter time history signals were
included on the monitoring output in order to show time c¢oherence. Cali-
brations for all oscillograph channels are given in Figures 11-17 thru
11-19.



TABLE 7.0-1 IDENTIFICATION OF MONITOR CIRCUITS ON
OSCILLOGRAPH RECORDS

OSCILLOGRAPH CHANNEL

FUNCTION MONITORED

VERTICAL

:

L s N B s e R L A e )

Q@Q@Qaaaaaaaa

VERTICAL PEAK

1 Horizontal Table Accelerometer
2 Vertical Table Accelerometer
3 Inlet Valve Pressure
“+ Qutlet Valve Pressure
S Solencid AC Power
TABLE 7.0-2 PEAK LEVELS FILTERED AT 65 HZ, LOW PASS 65 HZ
TEST NO. HORIZONTAL PEAK
UPSXZ1A 6.2 g
UPSXZ2 6.0 g
UPSXZ3 6.1 g
UPSYZ1l 5.0 g
UPSYZI1A 5.9 g
UPSYZ2 6.0 g
UPSYZ3 6.0 g
EMSYZ1 6.3 g
EMSYZ2 6.5 g
EMSYZ3 7.4 g
EMSXZ1 8.6 g
TABLE 7.0-3 PEAK LEVELS OF UNFILTERED TIME HISTORIES
TEST NO. HORIZONTAL PEAK
UPSXZ1A 8.9 g
UPSXZ2 8.3 g
UPSXZ3 8.5 g
UPSYZ1 5.0
UPSYZ1A 5.9 ¢
UPSYZ2 6.0 g
UPSYZ3 6.0 g
EMSYZ21 6.9 g
EMSYZ2 6.9 g
EMSYZ3 8.8 g
EMSXZ1 ll.4 g

—
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For the functional outputs, the solencid valve trace was included
starting with Run UPSXZ3. Ther2 was an intermittent connection on the
power switch for this run. This was corrected by the following run.
Finally, Run UPSYZl was not completely covered on the oscillograph. In-
advertently the oscillograph recorder was not started on time for this
run. However, the data on magnetic tape is complete.

A review of the fragility data shows that for repeat of the front
to rear (X-axis) excitation on the EM :haker a higher fragility level was
achieved than on the seismic simulator. A further study of the data re-
vealed the following explanation. For the initial fragility run on the
seismic simulator, the table accelercmeters (see Figure 9-4) were used
to measure the input fragility level. For the repeated test runs on the
electromagnetic shaker, the fragility level was measured on a response
accelerometer mounted directly on the valve. It appeared that the valve
mounting on the ZM shaker was stiffer than the previous mounting on the
seismic simulator. However, since the resonance search was conducted on
the seismic simulator mounting and revealed no resonance below 90 Hz, it
was concluded that the valve mounting must have become loose during the
initial fragility runs, and produced erroneous data. Fragility values
taken from the tests on the EM shaker are considered valid.

A thorough visual inspection was performed on the solenoid valve
after completion of dynamic tests. No apparent physical damage was de-
tected. The complete system was found to function normally before,
during, and after these tests. It is our conclusion that the ASCO valve
identified in Section 3.0 did pass the requirements of this test.
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“IGURE 9-1. SOLENOID VALVE MOUNTED ON SwRI BIAXIAL TABLE
FOR X-Z RANDOM TESTS

FICURE 9-2. SOLENOID VALVE MOUNTED ON SwRI BIAXIAL TABLE

s

FOR Y-Z RANDOM TESTS
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"IGURE 9-3. ACCELEROMETER LOCATION FOR X Y & Z-AXES, RESONANCE

SEARCH ON SOLENOID VALVE. ACCELEROMETER CIRCLED.

FIGURE 9-4. LOCATION C

OF
THE BOOCKEND. ACCELEROMETERS CIRCLED.

INPUT MOTION ACCELEROMETERS MOUNTED ON
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FIGURE 9-o. MOUNTING METHOD USED TO RUN SOLENOID VALVE

"RAGILITY TESTS ON EM SHAKER FOR X-AXIS
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Figure 11-14
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