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Control Valve Assemblies per F0P-11AB
l

| Alvin W. Vogtle Nuclear Power Plant, Units 1 & 2
J Georgia Power Company

Bechtel Power Corp. Purchase Order No.: PAV-206, PAV 2-34
Design Specification No.: X5AC03, Rev. 11, App. EA, Rev. 3, & App. QG, d
Rev. O
Seismic Category / Class: Seismic Category I, Nuclear Class 2 ,

Fisher Representative Order No.: 22B-X5AC03-NIT, N2T, N10, 8 N2U
Qualification Group: VII {

Environmental Designators: IB-R-111, V-R-117, V-R-125 |
Order Items: see table page 5
Serial Numbers: see table page 5
Tag Nunbers: see table page 5
Bechtel Data Sheets: CX5DL-98, 110, 148, 150

This is to certify that, to the best of my knowledge and belief, the quali-
ficatica information listed in the Table of Contents (Page 3) or referenced'

in the following qualification summary is complete and accurate. The infor-
4, mation meets the requirenents and intent of the above design specification,

i

* as interpreted by the applicable Fisher Qualification Plan, FQP-ll AB. |
1

ll,LA$J
Dave Stanze () |
Senior Engineer i

|

I certify that I accept responsibility for the adequacy of this docunent, |

which was prepared by others, to the same degree that I would if I had pre-
| pared it, and that I am a duly Registered Professional Engineer under the
| laws of the State of Iowa.

..%

md V.,ym

Johrf/)resser Reg. No: 7547 Of y
Registered Professional Engineer $ gg g g
Date: 10 ~3) ~ 85 f

" /OWA *

Certified and Approved by:

nLL
(- Floyd 0 ury, M(r$1ge

Engine ing QualiVica and Analysis

N29-24/ 2
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, LIST OF ATTACHMENTS

1. Resonant Frequency Test Report - Fisher Lab Problem 1667, Report 192

- 2. ES 117, Rev. F Seismic Analysis, dated 9-24-84 and Certification,
dated 12-4-84

3. Pressure Retaining Parts Stress Calculation: NA-140, Rev. A

4. Static Side Load Test of Vogtle Item 149, 14" 9280 Butterfly Valves with
Bettis Actuator Model No. NT316B-SR2-M3, Fisher Lab Problem 1662, Report 70

5. Certificates of Compliance and Related Documentation - Bettis Actuators j

for Group VII Valves

6. Arrhenius Rate Equation Calculation

7. Effects of Gamma Radiation Exposure to 200 Mrads on 20" Type 9220 Valve
[, With Bettis Actuator, Fisher Lab Problem 1685-3, Repo7t 8

8. Valve Closure Test of a 6" Prototypye Snupps Butterfly Valve; Wyle
Report Nunber 44503-0

9. Combined Loads Shaf t Analysis, dat.ed December 5,1984

10. ES 199, Rev. A, Verification of Rotary Valve Shaf t Stress Analysis
Program

11. ANSYS Program Q.A. Statement (Swanson Analysis System letter dated 8/27/85)

12. ES 121, Rev. D, Control and Maintenance Procedures for FCS Engineering &
Analytical Computer Programs and Data Bases

13. Operability Qualification Data
-

.

Note: Report FQP-11A, a separate related volume entitled "Vogtle Environnental
Qualification Report for Type 9200 Butterfly Control Valve Assembly" has
been previously furnished under separate cover.

N29-24/ 4
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1.0 PURPOSE AND SCOPE

1.1 This Qualification Summary is submitted to verify qualification
of the following Nuclear Code Class 2 active control valve assemblies
for Seismic Category I service. Information presented and referenced
in this report is in accordance with the specification -listed
above, as interpreted by Fisher Qualification Plan: FQP-llAB.

1.2 The valves covered by this report are designated active valves,
Nuclear Safety Class 2, Nuclear Code Class 2, and Seismic Category I
(Bechtel Project Class 212). These on-of f service containment
isolation valves are located in the sprayed vapor region of the
containment building or in the equipment building.

2.0 VALVE ASSEMBLY DESCRIPTION

The valves shown to be qualified by this report are 14" ANSI Class
150, Type 9280, butterfly valve assemblies. Actuators are Bettis
NT316B-SR2-M3 pneumatic piston actuators. Specific production valves
covered by this report are as follows:

Iten Unit 1 Unit 1 Iten Unit 2 Unit 2
No. Serial No. Tag No. No. Serial No. Tag No.

179 8669191 1-HV-2626B 147 8670354 2-HV-2626B

180 8672366 1-HV-2627B 148 8672368 2-HV-2627B

181 8672365 1-HV-2628B 149 8670355 2-HV-26288
182 8672367 1-HV-2629B 150 8672369 2-HV-2629B

3.0 RE0VIREMENTS

The requirements for Group Vil valves are as follows:

3.1 Rigid Valve Requirement - The lowest resonant frequency of these
valves must be shown to be greater than or equal to 33 Hz (see
FQP-11AB, Paragraph 2.3.2.).

3.2 Structural Integrity Requirements - It must be shown that extended
structure stress levels meet the acceptance criteria of Fisher
Engineering Standard ES 117 (Attachment 3, FQP-11AB ), when the
assemblies are loaded with a 4.5 g triaxial load (see FQP-11AB |

Paragraphs 2.2 and 3.3.1; also see Paragraph 3.5 of FQP-11AB for
pressure-retaining part stress calculation procedure, per SAG 1034).

3.3 Environmental Requirements - It must be shown that the environnental
i conditions listed in Appendices EA-1 Rev. 3 and EA-5 Rev. 3 ofc

Bechtel Specification for Environmental Designators IB-R-111,

N29-24/ 5
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V-R-117, and V-R-125 can be met by the subject valves without
affecting the pressure retaining integrity of the valve assemblies
or interfering with the safety-related function. (see FQP-11AB,
Paragraph 6.3).

3.4 Operability requirements - Capability of the subject " active"
valves to perform the designated safety-related function must be
shown in keeping with the FQP-11AB, Paragraph 5.1, requirements.
The safety-related function of these Bettis actuator valve assemblies
is to provide a "f ail-closed" disc position upon loss of air
pressure to the cylinder.

4.0 RESULTS

The ability of the subject valves to satisfy the requirements listed
in Section 3 above is demonstrated in the following manner:

4.1 The lowest resonant frequency of these valves has been determined
by impulsive excitation test and by analysis. The testing was
done in the Fisher Laboratory as reported in Lab Problem 1667,

( Report 192. The analysis was done (9-24-84) according to Fisher
Engineering Standard, ES 117, Rev. F (Attachment 3, FQP-11AB).
ES 136, Rev. D is an algorithm verification of ES 117, Rev. F and
is included as Attachment 4, FQP-11AB. The lowest resonant frequency
as determined by test is 43.5 Hz, and the calculated lowest resonant
f requency for the test unit is 37 Hz. The resonant frequency
test report and ES 117, Rev. F analysis are included as Attachments
1 and 2 to this final report. The lowest resonant frequency is
above 33 Hz as required and is within 20% of the calculated lowest
resonant f requency value.

4.2 The seismic analysis (done at 9.5 g triaxial) and certification
are included as Attachment 2 to this report. The analysis printout
provided is for a horizontal shaft orientation in a vertical pipeline.
This orientation has been determined to be the most highly stressed
orientation possible and therefore verifies that this valve assembly
is qualified for any orientation, with respect to seismic extended
structure stresses. This is provided per Paragraph 4.1.1, Part 5
of the X5AC03 Specification. Supplementary stress calculations
for pressure retaining valve parts are included as Attachment 3
to this report (see FQP-11AB, Paragraph 3.5). All stress levels
are shown to be acceptable. Actuators are being qualified by
Bettis in accordance with Section 2.6 of FQP-11AB.

N29-24/ 6
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4.3 The environmental requirements (per Attachments EA-1 Rev. 3
and EA-5 Rev. 3) for Normal / Abnormal conditions are as follows:

Temperature: 135/35'F
Pressure: 11.7 psia to 60 Psig
Radiation: SX10) Rads
Relative Humidity: 90%

These levels are within the conditions considered during valve design
and can be met without exception. Valve design is in accordance
with Section III of the ASME Boiler and Pressure Vessel Code and
body pipeline connections mate with standard ANSI Class 150 flanges.

The maximun DBA/ Post-DBA temperature / pressure conditions are listed
in Paragraphs 4.4.2 and 4.4.3 of this report, and it is explained
there how the levels can be met. The maximum DBA/ Post-DBA radiation
level is 2 X 108 rads, and Laboratory Report 1685-3, Report 8 shows
how a similar valve with a T-ring of identical EPDM material performed
at this radiation dosage. Lab Report 1685-3, Report 8 is included
as Attachment 7 to this report. Also, the maximum DBA/ Post-DBA

i relative hunidity is 100%, and the valve-assemblies are in the
i sprayed vapor region. However, there would be no detrimental effect

to the safety mode (fail-closed position) performance of the
valve-assemblies by exposure to 100% humidity, vapor, or spray.

4.3.1 Similarity between the Vogtle production valves, covered
in this report, and the environmental test valve discussed
in FQP-11A, permits applying the elastomer test rec ,lts to
the valves of this Vogtle group. Attachment A-3 of FQP-
11A discusses modifications and exceptions to the environnental
test program that adapt it to the Vogtle project.

4.3.2 The elastomer T-ring disc seal in these Vogtle valves is made
of EPDM (ethylene propylene) suitable for a design temperature
range of 0*F to +300*F. EPDM T-ring seals are satisfactory
withoutsign)ficantlossoffunctionforradiationdosages
u p to 1 x 10 rads, but should be replaced, along with any
other elastomeric parts, at intervals of four years or less,
depending upon continous service temperatures experienced,
or when cumulative radiation exposure exceeds 1 X 107 rads.

4.3.3 The shaf t packing used in these production valves consists
of Grafoil ribbon and filament rings. The packing is suitable
for the maximum design pressures and temperatures involved
(60 psig, 300*F) and for the environnental conditions spec-

f ified for Environnental Designators IR-R-111, V-R-117, .

1 and V-R-125.

N29-24/ 7
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4.4 Margin allowances are addressed as follows.

4.4.1 Normal / Abnormal Temperature -- The maximum external Normal /
Abnormal environmental temperature for this valve group is
135'F. The maximum internal temperature is 120*F. Since
the lowest valve design temperature is 300 F, the margin
provided for Normal / Abnormal conditions is 165'F, well in
excess of the 15'F margin suggested in IEEE 323-1974.

4.4.2 DBA/ Post-DBA Temperature - The maximun external DBA/ Post-DBA
environmental temperature is 400*F for slightly less than 15
minutes per Figure 9 (Attachment EA-84 Rev. 3) to Specifica-
tion Number X5AC03. The T-ring seal is the only elastomeric
component in the Group VII valve-assemblies exclusive of the
Bettis Actuator. Its capability to withstand these temper-
atures has been demonstrated by testing done by Wyle Labora-
tories using a test valve of similar T-ring seal design.
The temperature level results achieved in the Wyle test
program (per Report Number 45390-1) to show the capability
to withstand air temperatures of 400*F for 15 minutes are

g
i provided in Attachment 4 to Attachment 9 (NA-42) of Qualifi-

cation Plan FQP-11AB. Also, see Paragraphs 1.2 and 5.5 of
FQP-11A* for a description of the extension of these environ-
mental test results in meeting the Vogtle requirements. Since
the tested time duration at high temperature levels meets or
exceeds the Vogtle time duration requirements, margin has been
provided for these short-term, one-time temperature conditions.

4.4.3 Pressure - The maximum external Normal / Abnormal /DBA/ Post-DBA
environnental pressure is 60 psig, and the maximum internal
pressure is 0.18 psig. These pressures are either equal to
or below the valve design pressure rating of 60 psig.

4.4.4 Frequency - Reference is made to Paragraph 4.1, the margin
regarding resonant frequency is 4.0 Hz above the required
33 Hz.

4.4.5 Vibration - The level of seismic loading included in the
static side load test was 10.0 g uniaxial (5.8 g triaxial
equivalent), furnishing a margin of 1.3 g seismic excita-
tion over the required 4.5 g triaxial.

* FQP-11A, a separate volume titled "Vogtle Environmental Qualification

( Report for Type 9200 Butterfly Control Valve Assembly", was furnished
previously under separate cover.

N29-24/ 8
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4.5 Bettis Actuator data for the pneumatic piston actuators associated
with the Group VII valve assemblies is maintained in the Fisher
QA files, and copies will be furnished to Bechtel under separate
cover, according to the submittal schedule. However, copies of
the specific Bettis Certifications and Valve Assembly Test Reports
are included in Attachment 5 of this report, showing the results
of production test, including bi-directional seat leakage tests
and stroking time tests.

4.6 Operability Results

4.6.1 Operability tests were performed before, during, and after
each application of side load force to evaluate performance
of the valve under similated seismic conditions, in accordance
with the requirements of test procedure FTP-33, Rev. D
( Attachment 11 to FQP-11AB).

4.6.2 Functional tests consisted of packing leakage tests, bi-
directional seat leakage tests, stroking time tests, and

( verification of the " fail-closed position" safety-related
function. Complete procedures followed during all tests
are presented in Fisher Lab Problem 1662, Report 70 included
as Attachment 4 of this report.

4.6.3 Side load applied at the center-of-gravity of the extended
structure was the equivalent of a 10.0 g uniaxial load (2446
lbs) applied in the weakest direction. This load level cor-
responds to a 5.8 g triaxial load, which is more than 1.0 g
above the required 4.5 g triaxial; therefore, the operability
test qualifies the valve assenbly for any orientation.

4.6.4 No packing leakage was noted during any of the functional
testing. Packing leakage tests were run at 180 psig.

4.6.5 Seat Leakage was not detected in either flow direction
during the functional tests. A 60 psig pressure drop was
maintained during the seat leakage testing.

4.6.6 The test unit showed no structural damage af ter the tests
and maintained the required " fail-safe" position without
deviation (f ail-closed position).

(

N29-24/ 9
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5.0 SUPPLEMENTARY QUALIFICATION

The ability of these valves to meet the additional functional tests
required as set forth in Paragraphs 5.3.3.4 and 5.3.3.5 of Bechtel
Specification X5AC03 Rev.11 are addressed as follows: d
5.1 A combined loads shaft analysis considering dynamic (flow-induced)

loads, shutoff loads, and seismic loads from the disc is provided
in Attachment 9. The most critical stress concentration is at
the shaft pin location. The stress due to shear is 21703 psi
which is less than the allowable of 25725 psi and therefore demon-
strates the adequacy of the most critical component (the valve
shaf t) under the most severe conditions. (See FQP-11AB, Paragraph
5.3.1)

5.1.1 Verification of the Corapolis Shaf t Program (printout
included in Attachnent 9) is provided in ES 199 (Attachment
10), csing applicable analysis examples. The reason for
the examples used in the program is presented, followed by

( manual calculations and a comparison of the manual and
computer calculations.

5.1.2 A statement from Swanson Analysis Systems, Inc. is included
as Attachment 11, assuring that an independent Quality
Assurance (Q.A.) Department at Swanson has responsibility d
for verification of all ANSYS versions, with a Q.A. m:r.nl

issued and in force.

5.1.3 Fisher has a standard in effect defining computer program
documentation and Q.A. procedures for Fisher FCS engineering
analytical applications. This engineering standard (ES
121) is included as Attachment 12 to this report and applies
to Fisher originated programs as well as to purchased or
leased programs such as ANSYS.

5.2 A 60 psid bi-directional shut-of f test on each of the eight produc-
tion valves was con 2ucted. (See Assembly Test Reports, Attachment
5). The results (0 leakage) denonstrate the seat leakage integrity
of the closed valves. (Referance FQP-11AB, Paragraph 5.3.2)

N29-24/ 10
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5.3 No-flow valve closure data as presented in the Assembly Test
Reports (Attachment 5) does not not consider the effect of full-
flow conditions. Based upon the provisions set forth in FQP-
11AB, Paragraph 5.3.3, the no-flow closure times will be correctd
to account for full-flow effects. Table I of the Valve Closure
Test of a 6" Prototype Snupps Butterfly Valve (Wyle Report No.
44503-0) indicates that the worst test case yields a factor of
1.24 (1.25 / 1.01). (See Attachment 8). Applying this factor
(1.24) to the worst no-flow ciosure time (3.5 sec) results in a
full-flow closure time value of 4.34 sec. This is still less
than the specified 5 sec maximum closure time allowed and is
therefore adequate.

5.4 Bechtel Power Corporation has assembled a document relating to
the subject valve assemblies entitled " Operability Qualification
of Purge and Vent Valves", based on Fisher-furnished data, documen M

-

tation, and calculations. A copy is furnished in Attachment 13,
together with related correspondence. This was issued to satisfy
the requirements of NUREG-0737 for containment purge and ventr

i valves, i.e. demonstrate valve closure from an open position
during a DBA.'

6.0 MAINTENANCE AND OUALIFIED LIFE

6.1 Qualified Life of'these Vogtle project valves is limited by the
elastomeric parts. To address this, Fisher has conducted an activa-
tion energy testing program as reported in Attachment A-7 of Report
FQP-11A. That data covers comnon elastomeric materials, including
those used for 0-rings, T-ring seals, packing components, and
gaskets for the valves in this qualification group. These elasto-
meric parts, gaskets, and packing components are all identified
as recommended spare parts on the valve-assembly Bill-of-Material
Drawings for the Group VII Valves (48A9881, 48A9882, 48A9883, and
48A9884).

6.2 The lowest activation energy for any of the elastomeric materials
was found to be 0.79 eV. Based on the results of a prior environ-
mental test program, it is recommended that all elastomeric parts
be replaced on a regular four-year cycle, assuming a maximun
continous nornal service temperature of 131 F or less. (See calcu-
lation in Attachment 6 of this report). However, if the service
temperature is maintained continuously at 135'F, the qualified
life becomes 3 years,120 days and the replacement cycle should
be modified accordingly. (See calculation in Attachment 6 of
this report). Elastomers should alsg be replaced if the cumula-

( tive radiation exposure exceeds 1x10' rads.

N29-24/ 11
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6.3 The normal service qualified life for Fisher equipment can be
renewed for another service period by replacement of all elastomeric
components listed in Paragraph 6.1 above, in accordance with the
procedures provided in Fisher instruction manuals. Successive
renewals of qualified life can be attained in increments up to
the intended life of the plant or to 41 years, whichever is less.

6.3.1 Each time the valve assembly is disassembled, new packing
and gaskets should be used upon re-assembly.

6.3.2 Replacement of the elastomeric parts in the Bettis actuator
should comply with the specified Bettis procedures and
schedules furnished from Bettis.

6.4 Even though the specified orientation (pipeline vertical, shaf t
horizontal) has been primarily cons 1dered in the qualification
documentation provided in this report, there are no qualification
restrictions for any orientation as far as the Fisher supplied
comments are concerned.g

6.5 Additional calculations and further qualification rationale are'

provided in FQP-11A.

7.0 STATEMENT OF QUALIFICATION

The qualification data presented herein for the Group VII valves meet
the requirements and intent of Bechtel Power Corp., Specification No.
X5AC03, Rev.11, including Appendices EA, Rev. 3, and QG, Rev. O, as e
interpreted by Fisher Qualification Plan FQP-11AB.

M M
Dave Stanze (/Jog Dresser

Engineering Reviewer Senior Engineer

(
N29-24/ 12
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DISTRIBUllum
PRODUCTION

RESTRICTED RESONANT FREQUENCY TEST

y M- 0F V0GTLE ITEM 149

PROJECT NUMBER: 78EC07
PROJECT NAME: Vogtle
PROJECT ENGINEER: Don Winnike
TEST ENGINEER: Jon Milliken
ITEM: 149 ,

!
ORDER NUMBER: 228-X5AC03-N2T
SERIAL NUMBER: 8670355
EM/FS NUMBER:
BILL 0F MATERIALS DWG.: 39A2460
DIMENSIONED ASSEMBLY DWG.: 48A9882

ACTUATOR TYPE: Settis ACTUATOR SIZE: NT316-SR-2-M3

s BONNET STYLE: BONNET SIZE: BONNET CLASS:

( BODY DESIGN: 9280 B0DY SIZE: 14" BODY CLASS: 150

,

APPURTENANCES: 2 NAMC0 Limit Switches 180-31302/32302, ASCO Solenoid NPK8316A74E,
Type 262C Air Filter, Type 95H Regulator, Type H120 Relief Valve, Ashcroft
Pressure Gage

OTHER SPECIAL IDENTIFICATION: Actuator S/N 83-9045-4

PURPOSE: Model Verification

LOWEST CALCULATED RES0NANT FREQUENCY OF TEST ITEM: 37.1 Hz/X-Axis

TEST PROCEDURE: Production Testing Per FTP-5

RESULTS: X-Axis - 43.95 Hz
Y-Axis - 72.75 Hz
Z-Axis - 43.46 Hz

CONCLUSIONS AND RECOMMENDATIONS: The calculated lowest resonant frequency of
37.1 Hz in the X-axis is 18.5% lower than the measured resonant frequency of
43.95 Hz in the X-axis. This is acceptable.

Note: The GenRad test data results yielded a frequency of 43.5 Hz for the Z-
axis and 43.0 Hz for the X-axis. The resolution limit for both the Zonic FFT
and the GenRad is 0.5 Hz. This indicates that the X and Z axis frequencies

( could be the same and the Y-axis rotation is the appropriate mode.

f~J.B.MillikenwJa-
Evaluation & Analysis Department

REP 24/23
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INSTRUMENTATION EQUIPMENT SHEET i
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h;DATE 9-14-84 PROBLEM NO. 1667 REPORT NO. 192 TEST AREA Seismic

| TECHNICIAN Bob Roe TEST ENGINEER Jon Milliken TEST DESCRIPTION Resonant Freauency
-

hRN00 L S AL USE BLENO. INSTRUMENT MANUFACTURER ACCURACY*

I 1 Data Memory Sys Zonics 5003 465 7006-1 1-83 1-85

2 Hammer & Force Tr PCB 205M08 175 9401-1 iS000 lb 11-82 11-84 5,

.'

o,
3 Accelerometer PCB 308B 3535 9701-7 3KHz/50G < 3.5% 1-83 1-85 $

m
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! Figure 1

X-Axis - 43.95 Hz. ;

Y-Axis - 72.75 Hz. !
'

Z-Axis - 43.46 Hz.
; i

| Tape Data Location Reel No. 78EC07D
X Data Begins 1540-1600 i-

Y Data Begins 1600-1640 ,

Z Data Begins 1640-1700
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ATTACHMENT 2

I

FQP-11AB-7 -

ES 117 Analysis and Seismic Certification;

a) Seismic Certification Letter for Group VII Vogtle
Valves dated December 4,1984

i

b) Analysis Model Drawings for Group VII Valves Extended Structure

c) Assembly Drawings 48A9881, 48A9882, 48A9883, and 48A9884
.r
( d) ES .117, Rev. F Computer Printout for Group IIV Vogtle

Valves dated September 24, 1984

.

-

N29-13/2
:
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, 5"u 3 0- AXU6C 0 3- G1 S1 2 01h Fisher Controls intIrrutional, Inc.
P.O. Box 11
Marshalltown. Iowa 5o158
Phone 515/754 3011

(
FISHER Fisher Controls

.

December 4,1984

!Seismic Certification for:
Representative Order: 22B-X5AC03-N1T, N2T
Customer Order: PAV-206, Pav-2-34
Georgia Power Company

f Vogtle Nuclear Plant - Units 1 & 2
Active Butterfly Valve Assemblies per FQP-11AB

Item Number Tag Number Serial Number Description
,

17 9 1-HV-26268 8669191 14" Type 9280 Valve Body
180 1-HV-2627B 8672366 NT316B-SR2-M3
181 1-HV-2628B 8672365 Bettis Actuator i

182 1-HV-26298 8672367

i( 147 2-HV-2626B 8670354 4

1 148 2-HV-2627 B 8672368 {
149 2-HV-26288 8670355
150 2-HV-2629B 8672369

Enclosed are the stresses and resonant frequency calculations for the
above items. In accordance with Bechtel Specification X5AC03, Fisher
Qualification Plan (FQP-11AB), and Paragraph VIII of Fisher Engineering
Standard 117, the items are considered capable of maintaining their
structural integrity when submitted to a triaxial load of 9.5 g's.
Acceptable stress limits for materials are considered to be allowable
stresses found in ASME Boiler and Pressure Vessel Code, Section III,~

for Code Class 2, per the Winter 75 Addenda.

The calculated resonant frequencies are well above the acceptable limit
(33 Hz), and verified by test (see Report FQP-11AB-7).

d~ u
' LwAL

Jon Whitesell Don Winnike
Qualification Analyst Qualification Engineer

N28-4/ 1

.. ..

- ___ _ ___
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(' ** FISnER CONTROLS COMPANY **
GEORGIA POWEP COMPANY ASSEM6LY 48A9661, 48A98d2

4EA9do3, 4dA9884
CRIENTATION 39A24S9, 39A2460

39A2461, 39A2462
REP ORDEP 226-XS AC03-NI T.N2T, N1U.N2U CODE CL ASS 2
CUSTOMER ORDER PAV-20c, FAV-2-34
SERIAL so. TAG NO. ITEM NO.

Se70354 2Hv-262e8 147
86703SS 2nv-26288 149

L 6669191 1HV-26268 179
8672365 1HV-26286 181
8672368 2nv-26278 148
86723e9 2HV-26296 150
8672366 1HV-2627B 180
8e723o7 1HV- 6298 182

** VALkE DESCRIPTION **
| 14" NT31eB-5R2-M3-12-9280 CODE CLASS 2

BRACKET 47A71t= BLTTIS ACTUATOk
'

ACCESSORIES: ASCO SULENCID Nkr'.e316A74E
TYFE 95H PEGULATOR

;,

| OESIGN CONDITION 5: eo PSIG AT 300 CEb F '

ACTUATOR TOROUE: 9600 IN-LPS
RECUIREU FPECUtNCY; 3J rEnTl PAX ALLOWABLE TRI-AXIAL G-LOADING |

| |
1 % 1

04TE OF TRIS Rt40RT / SEPT. 24. 1964 |

C0N T R 0L i N *U T U A T A

MANUAL IFPL T ;ENtnATI0N FOR VALVE ANALYSIS
-

SEISulC STMESSES Ant SUPthlMPUSED PY SOUARE ROUT CF SUF OF SCUARES

STRESS ALLOwABLis AnL COPPARED TC MAXIMUM PRINCIDAL STRESS

MASS, STIFFNESS, LOAU AND STRESS MATRICES ARE NOT PRINTED
_

|

STATIC SEISMIC Analysis To eE PERFORMtD

OPERATIONAL LGAv ANALYSIS TO bE PERFORMEC

DYNAMIC FGCAL ANALYSIS TO BE PEhFORPED

CR0SS-5ECT ION DA T A

EL. CPOSS-SECTION
NO. DESCRIPTION PARAPETERS( 1 TOBE A = 16.00 , T = .2100 ,

2 SAFE AS LAST
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k 3 MANUAL DATA
4 SAME AS LAST
5 SAME AS LAST
6 SAME AS LAST
7 SOLIO ClHCLE A = .8750 ,

8 SAME'AS LAST
9 MANUAL DATA

10 SAME AS LAST
11 SAME AS LAST
12 SANE AS LAST
13 RECTANG.SOA A = ~4.250 , T= 1.312 , 6= 4 250 ,

Tl= 1.312 , R1= .2500 ,

14 CHANNEL A= 6.125 , T= .3120 , B= 1.312 ,

il= .3120 , Rl= .3120 ,

15 SAME AS LaST
16 CHANNEL A = 10.13 , T= .3120 , 8= 1 312 ,

T1= .3120 , Rl= .3120 ,

17 MANUAL DATA
18 SAME AS LAST
19 SAME AS La5T
20 SAME AS LAST
21 SAvE AS LAST
22 RECTAhG.60x A = 4.250 , T = 1.312 , 8= 4 250 ,

Rl= .2500 ,il: 1.312 ,

23 MANUAL DATA .

:( 24 SAME AS LAST
25 SOLIO CIRCLE A = .6750 ,

26 SAME AS LAST
.2500 ,27 TUBE A = 10.00 , T =

28 SAME AS LA5T
29 MANUAL DATA
30 SAME AS LAST

T = 1.12531 RtCTANGutAh A = 11.00 . ,

32 SAME AS LAST
33 CHAP.NEL A - 10.00 , T= .7940 , B = 4.375 ,

R1= .0 ,il= .5750 .

34 SAME AS LAST
.7940, T = , B= 4.375 ,35 CnANNEL A = 10.00

W1= .0 ,Tl= .5750 ,

36 SAME AS LAST
T= 1.87537 RECTANGULAk A = 11 00 ,.

38 RECTANGULAR A = 11.00 , T = 1 875 ),

1.87539 RECTANGULAR A = 11.00 , T = ,

40 SAME AS LAST ,

1.8752.e75 , T =41 RECTANGULAR A = , ,

42 SAME AS LAST {
43 SOLID ClHCLE A = 2.000 . I

l44 SOLID CIRCLE A = 2.000 ,

8= 12.00 ,45 RECTANO.60x A = 5.000 , T = 4.675 ,

, Pl= 1.125Tl= 1.375 .

, T = .2500 , 6= 3 00046 RECTANG.60x A = 5.000
('

,

Tl= .2500 , Rl= .2500 ,

47 SAME AS LAST I
!.7500 ,48 WECTANGULAR A = 5.000 , T =

, T = 4.500 ,49 RECTANGULAR A = .7500
50 SAME AS LAST

.
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J0IN T C00hDIN A TE DA TA

JOINT x Y Z

NO.

1 4.401000 2.812000 -20.906006
2 4.501000 2.612000 -7.312000
3 4.501000 2.812000 -7.312000
4 7.939000 2.e12000 -20.906006
5 1.064000 2.812000 -20.906006
6 4.501000 2.812000 -18.906006
7 1.064000 2.812000 -7.312000
8 7.939000 2.812000 -7.312000
9 3.064000 2.812000 -20.906006

10 4.501000 2.812000 -5.000000
11 7.730000 0.0 -2.250000
12 7.730000 0.0 2.250000
13 1.345000 0.0 -2.250000
14 1.345000 0.0 2.250000
15 4.501000 2.812000 5.000000
16 4.501000 2 612000 35.188004
17 4.501000 2.812000 7.250000

'

18 0.0 0.0 0.0

(- 19 4.501000 2.812000 7.250000
20 4.501000 2.el2000 22.625000
21 3.0e4000 2.812000 35.188004
22 0.0 7.265000 0.0
23 0.0 -7.265000 0.0
2* -7.000000 7.265000 0.0
25 -7.000000 -7.265000 0.0
26 -7.000000 4.750C00 0.0
27 -7.000000 -4.750000 0.0
28 -7.000000 2.625000 0.0
29 -7.000000 -2.c25000 0.0
30 -7.936000 0.0 0.0
31 -10.000000 0.0 0.0
32 -3.562500 7.265000 5.000000
33 -3.562500 -7.265000 5.000000
34 -3.562500 e.500000 20.375000
35 -3.562500 -6.500000 20.375000
36 12.396u00 2.812000 -20.906006
37 -3.39*000 2. ele 000 -20.906006
38 5.939000 2.612000 -20.906006
39 12.396000 2.612000 -7.312000
40 -3.394000 2.612000 -7.312000
41 5.939000 2.ol2000 -7.312000
u2 3.064000 d. sic 000 -7.312000
43 7.730000 0.0 -5.000000
44 1 345000 0.0 -5.000000-

I 45 1.3*S000 0.0 -3.462000
46 1.345000 0.0 3.462000
47 7.730000 0.0 5.000000
43 1 3*5000 0.0 5.000000 1

)
t

I
;
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('
50 3.064000 2.812000 7.250000
49 5.939000 2.812000 7.250000

51 9.751000 2.612000 7.250000
52 -0.749000 2.61200'0 7.250000
53 5.939000 2.812000 35.188004
54 9.751000 2.dl2000 35.186004
55 -0.749000 2.812000 35.188004
56 -3.5e2500 7.265000 0.0
57 -3.5e2500 -7.265000 0.0
58 -7.000000 2.o25000 -4.062500
59 -7.000000 2.625000 4.062500
60 -7.000000 -2.625000 -4.062500
61 -7.000000 -2.625000 4.062500
62 -7.938000 4.750000 0.0
63 -7.938000 -4.750000 0.0
64 -3.562500 e.500000 5.000000
65 -3.562500 -6.500000 -5.000000
66 -3.5e2500 6.500000 19.875000
67 -3.5e2500 -6.500000 19.875000
68 *.501000 e.500000 22.625000
69 *.501000 -6.500000 22.625000

60UNOA R 1. 5P H I ts G & 90LT J0 INT DA T A

JOINT TYPE-MAT PLANE-DIRECTION SPRING & BOLT JOINT PARAMETERS
NO. / FIXITY 0- LESCHIPTICN

31 111111 000Y
30 PAD 2 A -x -Z N.T= 2.10 ,u/A= 0.7500, Yt= 1.1250

Yo= c.7500,YSh= 0.0 , S= 9.5000
ZT= 1.2500 26= 1.2500,ZSh= 0.0

C0N CEN TR A T L0 4 A S5 0A TA

INE'TIAJOINT LUMPEC F04 SMIFT CISTaNCE OR MOFENT OF m

NO. MASS DIH. A Y Z

16 0.375259 XYZ 0.0 00 -11.600000
6 0.090580 AYZ 0.0 0.0 0.0

13 0.080226 AYZ 1.230000 1.500000 0.0
22 0.012940 AYZ 0.0 0.0 -5.500000
64 0.049172 AYZ 0.0 0.0 2.000000

C0NCEN TRA T EO L 0AU OA T A

.MOFENTS.JOINT FORCtS. . . .. . . . . . . . . .

h0. A Y Z A Y Z

( le 0.0 0.0 0.0 9600.0 0.0 0.0
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: (
'

J O'I'N T RELEA S 'E DA T ~ A

: -SPRING CONSTANTS FOR ELEMENT FORCLS 4 MOMENTS
ELM. (K= 0.,-N0 HELEASE 8=-1. FOLL RELEASE)

; . NO. END K(F1) K(F2) K(F3) K(M1)
~

K(P2) K(M3)

: 30 - 2 c. . 0. O. -1. O. O.
1. O. O.1 29 1 0.. O. O. -

24 2 0. - 0, 0. 1. O. O.-

23 1 0. O. O. -1. O. O.
6' 1 0. O. O. -1. O. O.

,' 5 2' O. O. O. 1. O. O.-

4 1 0. O. O. -1. O. O.
: 3 1 0.- 0. O. -1. O. O.
i

s

i

e

t

..

L.
1

t

i

4

e

s

4

1

.
- w p- - e , sm- r wn,- r,,,,--a.4, ,-n,,m,.,,,, ,-m,,,m_v.,,,,r~m,,,n,w...,,,_n,m,ye,,,,,-r-,y,- ,w,,,.7,,ewnmwo..,~e,.-r---, p, w, m m, .,-er --r -- - ,- m,
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(
ELEM EN T INPUT 0A T A

NO. / RADIUS
~

AREA M0MENTS OF INERTIA MATERIALEL. JOINTS LENGTH ANGLE
I-ll I-22 ~1-33 DESCRIPTION

1 1 6 2.002 10.4 324.7 649.4 324.7 STEEL
2 6 2 11.594 10.4 324.7 649.4 324.7 STEEL
3 38 4 2.000 18.8 2.5 24.7 354.9 STEEL
4 9 5 2 000 lo.8 2.5 24.7 354.9 STEEL
5 7 42 2.000 18.8 2.5 24.7 354.9 STEEL
6 41 8 2.000 18.8 2.5 24.7 354.9 STEEL
7 38 41 13.594 0.e013 0.0288 0.0575 0.0288 STEEL
8 9 42 13.594 0.6013 0.0288 0.0575 0.0288 STEEL
9 4 36 4.457 19.6 2.7 24.1 384.3 STEEL

10 37 5 4.456 19.6 2.7 24.1 384.3 STEEL
11 40 7 4.458 19.6 2.7 24.1 384.3 STEEL
12 8 39 4.457 19.6 2.7 24.1 384.3 STEEL
13 '3 10 2.312 15.4186 26.6053 35.6168 26.6053 DUCTILE IRON
14 43 11 2.750 3.1590 23.4735 0 1111 0.2880 DUCTILE IRON
15 12 47 2.750 3.1590 23.4735 0 1111 0.2880 DUCTILE IRON
16 11 12 4.500 3.7630 42.0143 0.1313 0.3019 DUCTILE IRON
17 46 48 1.536 13.0 126.4 7.5 22.1 OUCTILE IRON
18 14 46 1 212 13.0 126.4 7.5 22.1 DUCTILE IRON
19 45 13 1.212 13.0 126.4 7.5 22.1 DUCTILE IRON( 20 44 45 1.53e 13.0 126.4 7.5 22.1 DUCTILE IRON
21 13 14 4.500 13.0 126.4 7.5 22.1 DUCTILE IRON
22 15 19 2 250 15.4186 26.6053 35.6168 26.6053 DUCTILE IRON
23 49 51 3.612 10.8 u.8 16 116 1 STEEL
24 52 50 3.813 10.8 0.8 1.6 116.1 STEEL
25 50 21 27.936 0.6013 0.0288 0.0575 0.0288. STEEL
26 49 53 27.93e 0.6013 0.0288 0.0575 0.0206 STEEL
27 17 20 15.375 7.7 91.1 162.1 91.1 STEEL
28 20 16 12.563 7.7 91.1 1d2.1 91.1 STEEL
29 53 54 3.812 6.6610 0.2510 2.6500 75.0200 STEEL
30 55 21 3.813 8.6610 0.2510 2.6500 75.0200 STEEL
31 22 18 7.265 12.4 1.3 4.9 124.8 STEEL
32 18 23 7.265 12.4 1.3 4.9 124.8 STEEL
33 22 56 3.563 12.1 157.7 2.0 17.8 STEEL
34 56 24 3.438 12.1 157.7 2.0 17.8 STEEL
35 23 57 3.563 12.1 157.7 2.0 17.8 STEEL
36 57 25 3 43e 12.1 157.7 20 17.8 STLEL
37 24 26 2.515 20.6 6.0 21.e 208.0 STEEL
38 26 28 2.125 20.6 6.0 21.6 208.0 STEEL
39 29 27 2.125 20.6 6.0 21 6 208.0 STEEL
40 27 25 2.515 20.6 6.0 21.6 208.0 STEEL
41 58 60 5.250 5.3906 1.5793 3.7: 07 3.7131 STEEL
42 59 61 5.250 5.3906 1.5793 3.7607 3.7131 STEEL
43 26 62 0.938 3.1416 0.7854 1.5708 0.7854 STIFF ELEMENT
44 27 63 0.938 3.1416 0.765* 1.5708 0.7854 STIFF ELEMENT
45 30 31 2.062 54.9 122.9 281.0 717.9 STEEL
46 64 66 14.875 3.7500 12.2656 11.3873 5.3906 STEEL
47 65 67 24.875 3.7500 12.2656 11.3673 5.3906 STEEL
48 66 67 13.000 3.7500 0.1758 0.6367 7.8125 STEEL

|
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( 49 34'68 8.372 3.3750 5.6953 0.5664_, 0.1582 STEEL
50 35 69 8.372 3.3750 5.6953 0.5664 0.1582 STEEL

36 1 RIGIO LINK
37 1 RIGIO LINK
38 9 RIGIO LINK
39 2 RIGID LINK
40 2 RIGID LINK
41 3 RIGID LINi;
42 3 RIGID LINK
43'10 RIGIO LINK
44 10 RIGID LINK
45 18 RIGIO LINK
46 18 RIGID LINK
47 15 RIGID LINK

,

48 15 RIGIO LINK
49 19 RIGID LINK
50 19 RIGIO LINK
51 17 RIGID LINK
52 17 RIGIO LINK
54 16 RIGID LINK
55 16 RIGID LINK
53 21 RIGID LINK
56 32 RIGID LINK
57 33 RIGID LINK
64 32 RIGIO LINK

[ 65 33 RIGID LINK
q_ 58 28 RIGIO LINK

59 28 RIGIO LINK
00 29 RIGID LINK
61 29 RIGID LIN6
62 30 RIGIC LINK
63 30 RIGIC lit.K
66 34 RIGID LINK
67 35 RIGID LINA
68 20 RIGIO LINK
69 20 RIGID LINK

.

|

.

e y v --~e w ,,,we e-- <---,m-y--,,,--,-m -----y-r--- , ,,wr-----',en,, ,e -,-e- e. -w w--- -,--4 c. ,.m,- n--- - c.4 - , - , - c.-



~

9310-AxbAc03-S101-/ Om

QUAL GROUP VII PAGE 8
m

k

STA T 'C ANALY S IS

DEFORMATION RESPONSE TO 1G GRAVITATIONAL LOAD IN VALVE SYSTEM X DIR.

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y Z

l 0.004S3* -0.000338 -0 000223 -0.000015 -0.000318 -0.000012
2 0.000483 -0.000130 -0.000191 -0.000015 -0.000318 -0.000012
3 0.000483 -0.000130 -0.000191 -0.000015 -0.000063 -0.000012
4 0.004634 -0.000380 0.000792 -0.000015 -0.000359 -0.000012
5 0.004834 -0.000299 -0.001174 -0.000015 -0.000359 -0.000012
6 0.004196 -0.000309 -0.000191 -0.000015 -0.000318 -0.000012
7 0.000483 -0.000089 -0.001082 -0.000015 -6.000393 -0.000012
8 0.000463 -0.000171 0.000700 -0.000015 -0.000393 -0.000012
9 0.004834 -0.000322 -0.000 47 -0.000015 -6.000178 -0.000012

10 0.000336 -0.000094 -0 000191 -0.000015 -0.000056 -0.000012
11 0.000157 -0.000085 0 000025 -0.000016 -0.000053 -0.000012
12 -0.000081 -0.000009 0.000015 -0.000016 -0.000053 -0.000006
13 0.000152 -0.000039 -0.000323 -0.000015 -0.000053 -0.000002
14 -0.00008e 0.000029 -0.000323 -0.000015 -0.000053 -0.000001
15 -0.000208 0.000061 -0.000203 -0.000015 -0.000052 -0.000007
16 0.002425 0.000065 -0.000255 0.000001 0.000093 -0.000004'

n 17 -0.000317 0.000095 -0 0002*9 0.000000 0.000095 -0.000006
18 0.000033 -0.000004 -0.000394 -0.000015 -0.000053 -0.000001
19 -0.000317 0.000095 -0.000204 -0.000015 -0.000048 -0.000006
20 0.001174 0.000061 -0.000256 0.000001 0.000096 -0.000004
21 0.002425 0.000071 -0.000209 0.000001 0.000010 -0.000004
22 0.000017 -0.000004 -0 000274 0.000029 0.000030 0.000000
23 0.000009 -0.000005 -0.000155 -0.000037 0.000011 -0.000002
24 0.000010 -0.000001 -0.000005 -0.000000 0.000028 -0.000001
25 0.000004 -0.000000 -0.000003 -0.000000 0.000010 0.000000
26 0.000002 -0.000000 -0.000004 -0.000000 0.000003 -0.000001
27 0.000000 -0.000000 -0.000004 -0.000000 0.000002 0.000000
28 0.000001 -0.000000 -0.000004 -0.000000 0.000003 -0.000001
29 0.000000 -0.000000 -0.000004 -0.000000 0.000002 0.000000
30 0.000001 -0.000000 -0.000002 -0.000000 0.000002 -0.000000
31 0.0 0.0 0.0 0.0 0.0 0.0
32 0.00016e 0.000024 -0.000095 -0.000005 0.000030 -0.000000
33 0.000062 0.000033 -0.000053 -0.000007 0.000011 -0.000001
34 0.001129 0.000109 -0.000079 -0.000005 0.000068 -0.000004
35 0.001069 0.000110 -0.000047 -0.000005 0.000054 -0.000004
36 0.004834 -0.000433 0.002321 -0.000015 -0.000318 -0.000012
37 0.004834 -0.000246 -0.002704 -0.000015 -0.000318 -0.000012
38 0.004834 -0.000357 0.000065 -0.000015 -0.000178 -0.000012
39 0.000483 -0.000223 0.002320 -0.000015 -6.000316 -0.000012
40 0.000*83 -0.000036 -0.002703 -0.000015 -0.000318 -0.000012
41 0.000483 -0.000147 -0.000100 -0.000015 -0.000063 -0.000012

( 42 0.000*63 -0.000113 -0 000282 -0.000015 -0.010063 -0.000012
43 0.000305 -0.000132 0.000033 -0.000015 -0.000056 -0.000012
44 0.000305 -0.000057 -0.000325 -0.000015 -0.000056 -0.000012
45 0.000215 -0.000059 -0.000323 -0.000015 -0.000053 -0.000001
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46 -0.000150 0.000047 -0.000323 -0.000015 -0.000053 -0.000001
47 -0.000227 0.000039 0.000007 -0.000015 -0.000052 -0.000007
48 -0.000227 0.000083 -0.000323 -0.000015 -0.000052 -0.000007
49 -0.000317 0.000087 -0 000136 -0.000015 -0.000048 -0.000006
50 -0.000317 0.000103 -0.000273 -0.000015 -0.000048 -0.000006
51 -0.000317 0.000066 -0 000745 0.000000 0.000095 -0.000006
52 -0.000317 0.000124 0.000248 0.000000 0.000095 -0.000006
53 0.002425 0.000059 -0 000238 0.000001 0.000010 -0.000004
54 0.002425 0.000043 -0.000743 0.000001 0.000093 -0.000004
55 0.002425 0.000087 0.000233 0.000001 6.000093 -0.000004
56 0.0000l* -0.000003 -0.000095 -0.000005 0.000030 -0.000000
57 0.000007 -0.000000 -0.000063 -0.000007 0.000011 -0.000001
58 -0.000010 -0.000001 -0.000004 -0.000000 0.000003 -0.000001
59 0.000012 -0.000000 -0 000004 -0.000000 d.000003 -0.000001
60 -0.000010 -0.000000 -0.000004 -0.000000 0.000002 0.000000
61 0.000010 -0.000000 -0 000004 -0.000000 0.000002 0.000000
62 0.000002 -0.000000 -0 000002 -0.000000 C.000002 -0.000000
63 0.000000 -0.000000 -0.000002 -0.000000 0.000002 -0.000000
64 0.000166 0.000024 -0.000091 -0.000005 0.000030 -0.000000
65 -0.000047 -0.000034 -0.000058 -0.000007 0.000011 -0.000001
66 0.001095 0.000107 -0.000079 -0.000005 0.000068 -0.000004
67 0.001042 0.000107 -0.000047 -0 000005 0.000054 -0.000004
68 0.001190 0.000081 -0.000251 0.000001 e.000096 -0.000004
69 0.001135 0.000061 -0.000268 0.000001 e.000096 -0.000004

(
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- GUAL GROUP VII PAGE 10

DEFORMATION RESPONSE TO 1 G GRAVITATIONAL LOAD IN VALVE SYSTEM Y DIR. ;

ROTATIONJOINT . DEFLECTION. . . . . . . . . . .

NO. X Y Z X Y Z

l -0.000254 0.000815 -0.000041 0.000041 0.000011 0.000006
2 -0.000096 0.000239 -0.000042 0.000040 6.000011 0.000006
3 -0.000098 0.000236 -0.000042 0.000021 d.000011 0.000006
4 -0.000254 0.000836 -0.000082 0.000041 0.000012 0.000006
5 -0.000254 0.000794 -0 000003 0.000041 0.000012 0.000006
6 -0.000231 0.000732 -0.000042 0.000041 0.000011 0.000006
7 -0.000098 0.000215 -0.000003 0.000027 6.000012 0.000006
8 -0.000098 0.000259 -0.000082 0.000027 0.000012 0.000006
9 -0.000254 0.000807 -0 000026 0.000041 0.000011 0.000006

10 -0.000072 0.000190 -0.000042 0.000014 0.000011 0.000006
-11 -0.000024 0.000171 -0.000117 0.000014 0.000011 0.000004
12 0.000025 0.000109 -0.000117 0.000013 e.0000ll -0.000001
13 -0.000024 0.000135 -0.000046 0.000013 0.000011 0.000004
14 0.000025 0.000077 -0.000046 0.000013 0.000011 0.000004
15 0.000047 0.000062 -0.000049 0.000012 0.000011 0.000003
16 -0.000008 0.003852 -0.000066 -0.000129 -6.000003 -0.000003
17 0.000072 0.000051 -0 000064 -0.000131 -0.000003 0.000000
18 0.000000 0.000096 -0.000032 0.000013 0.000011 0.000005

g 19 0.000072 0.000048 -0.000049 0.000006 0.000011 0.000000
\ 20 0.000031 0.002148 -0 0000c7 -0.000132 -0.000003 -0.000003

21 -0.000006 0.003857 -0 000049 -0.000129 0.000005 -0.000003
22 -0.000016 0.000093 -0.000032 -0.000019 -6.000000 0.000005
23 0.000016 0.000092 0 000014 -0.000020 0.000001 0.000005
24 -0.000013 0.000008 -0.000036 -0.000015 -0.000000 0.000002
25 0.000013 0.000008 0.000031 -0.000011 d.000000 0.000002
26 -0.000004 0.000007 -0.000010 -0.000003 0.000000 0.000002
27 0.00000* 0.000007 0 000010 -0.000002 -0.000000 0.000002
28 -0.000001 0.000007 -0.000005 -0.000002 0.000000 0.000002
29 0.000001 0.000007 0 000005 -0.000002 0.000000 0.000002
30 -0.000000 0.000005 -0.000000 -0.000002 0.000000 0.000001
31 0.0 0.0 0.0 0.0 0.0 0.0
32 -0.000019 0.000402 0.000072 -0.000070 -0.000001 0.000008
33 0.000019 0.000194 -0 000000 -0.000029 0.000001 0.000008
34 -0.000132 0.001785 0.000108 -0.000087 -0.000006 0.000028
35 0.000314 0.001782 0.000018 -0.000080 0.000008 0.000030
36 -0.000254 0.000866 -0.000133 0.000041 0.000011 0.000006
37 -0.000254 0.000765 0.000048 0.000041 0.000011 0.000006
38 -0.000254 0.000825 -0.000059 0.000041 0.000011 0.000006
39 -0.000098 0.000290 -0.000133 0.000040 0.000011 0.000006
40 -0.000098 0.000189 0.000046 0.000040 0.000011 0.000006
*1 -0.000098 0.000245 -0.000058 0.000021 0.000011 0.000006
42 -0.000098 0.000227 -0.000027 0.000021 0.000011 0 000006
43 -0.0000$4 0.000210 -0.000117 0.000014 0.000011 0.000006
44 -0.000054 0.000170 -0.000046 0.000014 0.000011 0.000006

( 45 -0.000037 0.000148 -0.000046 0.000013 0.000011 0.000005
46 0.000038 0.000061 -0 000046 0.000013 0.000011 0.000005
47 0.000055 0.000070 -0 000117 0.000012 0.000011 0.000003
48 0.000055 0.000053 -0.0000*7 0.000012 0.000011 0.000003

1
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( 49 0.000072 0.000048 -0.000064 0.000006 0.000011 0.000000
50 0.000072 0.000047 -0.000034 0.000006 0.000011 0.000000
51 0.000072 0.000052 -0.000051 -0 000131 -0.000003 0.000000
52 0.000072 0.000051 -0.000077 -0.000131 -0.000003 0.000000
53 -0.000008 0.003849 -0.000062 -0.000129 0.00000S -0.000003
54 -0.000008 0.003838 -0.000050 -0.000129 -0.000003 -0.000003
55 -0.000008 0.003867 -0 0000e2 -0.000129 -0.000003 -0.000003
56 -0.000016 0.000051 0.000072 -0.000070 -0.000001 0.000008
57 0.000016 0.000050 -0.000000 -0.000029 0.000001 0.000008
58 -0.000001 -0.000003 -0.000005 -0.000002 0.000000 0.000002
59 -0.000001 0.000016 -0.000005 -0.000002 0.000000 0.000002
60 0.000001 -0.000003 0.000005 -0.000002 0.000000 0.000002
61 0.000001 0.000016 0.000005 -0.000002 0.000000 0.000002
62 -0.000004 0.000005 -0.000010 -0.000002 0.000000 0.000001
63 0.000004 0.000005 0.000010 -0.000002 0.000000 0.000001
64 -0.000013 0.000402 0.000126 -0.000070 -0.000001 0.000008
65 0.000007 -0.000095 -0.000022 -0 000029 Q.000001 0.000008

| 66 -0.000129 0.001741 0 000108 -0.000087 -0.000006 0.000028
67 0.000310 0.001742 0.000016 -0.000080 0.000008 0.000030
68 0.000041 0.002148 -0.000554 -0.000132 -0.000003 -0.000003
69 0.000006 0.002148 0.001164 -0.000132 -0.000003 -0.000003

J
h

:

e
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CUAL GROUP VII PAGE 12

OEFORMATION RESPONSE TO 1 0 GRAVITATIONAL LOAD IN VALVE SYSTEM Z DIR.

ROTATIONJOINT . DEFLECTION. . . . . . . . . . .

NO. X Y Z X Y Z

l 0.002376 0.000576 0.001932 0.000028 -0.000115 -0.000002
2 0.000814 0.000200 0 001942 0.000028 -0.000115 -0.000002
3 0.000814 0.000200 0.001880 0.000028 -6.000111 -0.000062
4 0.002376 0.000570 0.002320 0.000028 -0.000122 -0.000002
5 0.002376 0.000581 0.001534 0.000028 -C.000109 -0.000002
6 0.002146 0.000520 0.001944 0.000028 -6.000115 -0.000002
7 0.000814 0.000205 0.001517 0.000028 -0.000103 -0.000002
8 0.000814 0.000194 0.002301 0.000028 -0.000129 -0.000002
9 0.002376 0.000578 0.001750 0.000028 -0.000113 -0.000002

10 0.000557 0.000136 0.001879 0.000028 -0.000111 -0.000002
11 0.000250 0.000053 0.002158 0.000028 -0.000110 -0.000001
12 -0.000242 -0.000074 0.002156 0.000028 -0.000109 -0.000004
13 0.000250 0.000062 0.001450 0.000027 -6.000110 -0.000000
14 -0.000243 -0.000061 0 001450 0.000027 -0.000110 -0.000000
15 -0.000532 -0.000138 0.001675 0.000027 -D.000110 -0.000004
16 -0.002716 -0.000560 0.001910 0.000014 -0.000071 -0.000005
17 -0.000776 -0.000198 0 001899 0.000013 -0.000069 -0.000005
16 0.000004 0.000001 0.001302 0.000027 -0.000110 -0.000000
19 -0.000777 -0.000198 0.001676 0.000027 -6.000109 -0.000005-

( 20 -0.001824 -0.000388 0.001901 0.000014 -0.000071 -0.000005
21 -0.00271e -0.000553 0.001762 0.000014 -0.000092 -0.000005
22 0.000000 0.000000 0.000/31 -0.000121 -0.000053 0.000000
23 0.000000 0.000001 0.000592 0.000126 -0.000040 -0.000000
24 0.000000 -0.000000 0.000057 0.000020 -0.000049 -0.000000
25 0.000000 0.000000 0.000026 -0.000008 -0.000037 0.000000
26 0.000000 -0.000000 0.000021 0.000002 -0.000007 -0.000000
27 -0.000000 0.000000 0.000012 0.000001 -0.000006 0.000000
28 -0.000000 -0.000000 0.000019 0.000001 -0.000007 -0.000000
29 -0.000000 0.000000 0.000014 0.000001 -0.000007 0.000000
30 0.000000 -0.000000 0.000011 0.000001 -0.000005 -0.000000
31 0.0 0.0 0.0 0.0 0.0 0.0
32 -0.000259 0.000027 0.000300 -0.000006 -0.000052 -0.000000
33 -0.000196 -0.000248 0.000289 0.000050 -0.000039 -0.000000
34 -0.001349 -0.000289 0 000320 0.000024 -0.000082 -0.000007
35 -0.001474 -0.000287 0.000347 0.000010 -0.000083 -0.000010
36 0.002376 0.000563 0.002851 0.000028 -0.000115 -0.000002
37 0.002376 0.00058e 0.001037 0.000026 -0.000115 -0.000002
38 0.002376 0.000573 0.002074 0.000028 -0.000113 -0.000002
39 0.000814 0.000167 0.002649 0.000028 -0.000115 -0.000002
40 0.000614' O.000212 0.001035 0.000028 -0.000115 -0.000002

'41 0.000814 0.000197 0.002040 0.000028 -0.000111 -0.000002
42 0.000614 0.000202 0.001721 0.000028 -0.000111 -0.000002
43 0.000553 0.000131 0.002159 0.000026 -0.000111 -0.000002
ha 0.000553 0.000141 0.001451 0.000028 -0.000111 -0.000002

( 45 0.000383 0.000095 0 001450 0.000027 -0.000110 -0.000000
46 -0.000376 -0.000094 0.00l*50 0.000047 -0.000110 -0.000000
47 -0.000543 -0.000151 0.002154 0.000027 -0.000110 -0.000004
48 -0.000543 -0.000126 0 001451 0.000027 -0.000110 -0.000004

- _ _ _ _ _ _ _ . - _ _ - _ . -_-__ _ - _ _ _ _ _ _ _ _ -
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('
50 -0.000777 -0.000192 0.001719 O.000027 -0.000109 -0.000005
49 -0.000777 -0.000205 0.002032 0.000027 -0.000109 -0.000005

'

51 -0.000776 -0.000222 0.002263 0.000013 -6.000069 -0.000005
52 -0.000776 -0.000173 0.001536 0.000013 -0.000069 -0.000005
53 -0 002716 -0.000568 0 002027 0.000014 -0.000092 -0.000005
54 -0 002716 -0.000588 0 002283 0.000014 -0.000071 -0.000005
55 -0.002716 -0.000533 0 001537 0.000014 -0.000071 -0.000005
56 0.000000 -0.000002 0 0003 0 -0.000006 -0.000052 -0.000000
57 0.000000 0.000001 0.000289 0.000050 -0.000039 -0.000000
58 0.000027 0.000004 0 000019 0.000001 -0.000007 -0.000000
59 -0.000027 -0.000004 0.000019 0.000001 -0.000007 -0.000000
60 0.000026 0.000004 0 000014 0.000001 -0.000007 0.000000 |

61 -0.000027 -0.000004 0.000014 0.000001 -0.000007 0.000000 |
62 0.000000 -0.000000 0 000016 0.000001 -0.000005 -0.000000 |
63 -0 000000 -0.000000 0 000007 0.000001 -0.000005 -0.000000 |

64 -0.000259 0.000027 0 000304 -0 000006 -0 000052 -0.000000
65 0.000196 0.000251 0 000327 0.000050 -0.000039 -0.000000 |
66 -0.001308 -0.000277 0.000320 0.000024 -0.000082 -0.000007
67 -0.001432 -0.000282 0 000347 0.000010 -0.000083 -0.000010
68 -0.001805 -0.000388 0 001992 0.000014 -0.000071 -0.000005

|

69 -0.001873 -0.000388 0 001773 0.000014 -0.000071 -0.000005

C
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DEFORMATION RESPONSE TO OPERATIONAL LOADS (NOT INCLUDING DEADWEIGHT)

ROTATION.0EFLECTIONJOINT . . .. . . . . .. .

NO. X Y Z X Y Z

l -0.000034 0.005611 0 000572 0.000268 0.000002 -0.000001
2 -0.000010 0.001970 0 000572 0.000268 6.000002 -0.000001
3 -0.000010 0.001970 0 000572 0.000268 0.000002 -0.000001
4 -0.000034 0.005608 0 000566 0.000268 0.000002 -0.000001
5 -0.000034 0.005614 0.000578 0.000268 0.000002 -0.000001
6 -0.000031 0.005075 0 000572 0.000268 0.000002 -0.000001
7 -0.000010 0.001972 0.000578 0.000268 0.000002 -0.000001
8 -0.000010 0.001967 0 000566 0.000268 0.000002 -0.000001
9 -0.000034 0.005612 0 000575 0.0002e8 0.000002 -0.000001

10 -0.000007 0.001350- 0 000572 0.000268 0.000002 -0.000001
11 -0.000004 0.000609 -0 000187 0.000268 0.000002 -0.000000
12 0.000004 -0.000597 -0.000187 0.000267 6.000002 -0.000002
13 -0.000004 0.000613 -0.000176 0.000268 0.000002 0.000000
14 0.000004 -0.000594 -0.000176 0.000268 0.000002 0.000000
15 0.0000l* -0.001327 0 000568 0.000267 0.000002 -0.000002
16 -0.000915 -0.0030e3 0 000547 0.000042 -0.000033 -0.000006
17 0.000017 -0.001911 0.000550 0.000048 -0.000033 -0.000004
18 0.000000 0.000009 -0 000174 0.000268 0.000002 0.000000

,

J 19 0.000017 -0.001914 0.000568 0.000258 0.000001 -0.000004
( 20 -0.000*93 -0.002535 0.000547 0.000042 -D.000034 -0.000006

21 -0.000915 -0.003054 0 000539 0.000040 - .000014 -0.000006
22 -0.000000 0.000007 0.000388 -0.000018 -0.000022 0.000000
23 0.000000 0.000008 -0.000487 -0.000073 0.000022 0.000000
24 0.000000 -C.000000 0.000093 0.000035 -6.000021 0.000000
25 -0.000000 0.000000 -0.000067 0.000031 0.000021 0.000000
26 0.000000 -0.000000 0.000030 0.000007 -0.000001 0.000000
27 -0.000000 -0.000000 -0.000030 0.000007 0.000001 0.000000
28 0.000000 -0.000000 0.000015 0.000006 -d.000000 0.000000
29 -0.000000 -0.000000 -0.000016 0.000006 0.000000 0.000000
30 0.000000 -0.000000 -0.000000 0.000006 0.000000 -0.000000
31 0.0 0.0 0.0 0.0 0.0 0.0
32 -0.000109 -0.000438 0.000079 0.000088 -0.000022 0.000001
33 0.000109 -0.000181 -0.000168 0.000036 0.000022 0.000001
34 -0.000292 -0.002263 0.000026 0.000116 -0.000012 -0.000008
35 -0.000456 -0.002261 -0.000152 0.000108 -0.000029 -0.000010
36 -0.000034 0.005605 0.000558 0.000268 0.000002 -0.000001
37 -0.000034 0.005617 0.000586 0.000268 0.000002 -0.000001
38 -0.000034 0.005610 0.000570 0.000268 0.000002 -0.000001
39 -0.000010 0.001964 0.000558 0.000268 0.000002 -0.000001
40 -0.000010 0.001976 0.000566 0.000268 0.000002 -0.000001
41 -0.000010 0.001969 0 000570 0.000268 0.000002 -0.000001
42 -0.000010 0.001971 0 000575 0.000268 0.000002 -0.000001
43 -0.000009 0.001347 -0 000187 0.000268 0.000002 -0.000001
44 -0.000009 0.001352 -0 000176 0.000268 0.000002 -0.000001

( 45 -0.000006 0.000938 -0 000176 0.000268 0.000002 0.000000
a6 0.00000e -0.000919 -0 000176 0.000268 0.000002 0.000000
47 0.000009 -0.001333 -0 000187 0.000267 0.000002 -0.000002
48 0.000009 -0.001321 -0 000177 0.000267 0.000002 -0.000002

;

L
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( 49 0.000017 -0.001919 0.000567 0.000258 0.000001 -0.000004
50 0.000017 -0.001908 0.000569 0.000258 6.000001 -0.000004
51 0.000017 -0.001932 0.000721 0.000048 -0.000033 -0.000004
52 0.000017 -0.001890 0.000378 0.000048 -0.000033 -0.000004
53 -0.000915 -0.003071 0 000581 0 000040 -0 000014 -0.000006
54 -0.000915 -0.003094 0 000723 0.000042 -0.000033 -0.000006
55 -0.000915 -0.003031 0 000371 0 000042 -0 000033 -0.000006
56 0.000000 0.000000 0 000079 0 000088 -0 000022 0.000001
57 -0.000000 0.000001 -0 000168 0.000036 0.000022 0.000001
58 0.000001 0.000026 0 000015 0.000006 -0.000000 0.000000
59 -0.000001 -0.000026 0.000015 0.000006 -0.000000 0.000000
60 -0.000001 0.000026 -0.000016 0.000006 0.000000 0.000000
61 0.000001 -0.000026 -0.000016 0.000006 0.000000 0.000000
62 0.000000 -0.000000 0.000029 0.000006 6.000000 -0.000000
63 -0.000000 -0.000000 -0 000029 0.000006 0.000000 -0.000000
64 -0.000108 -0.000438 0.000012 0.000ud8 -0.000022 0.000001
65 -0.000110 0.000184 -0 000140 0.000036 0 000022 0.000001
66 -0.000285 -0.002205 0 000026 0 000116 -0.000012 -0.000008
67 -0.000441 -0.002207 -0.000152 0 000108 -0.000029 -0.000010
68 -0.000471 -0.002535 0.000701 0.000042 -0.000034 -0.000006
69 -0.000549 -0.002535 0 000156 0.000042 -0.000034 -0.000006

(
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(
0YNAM IC ANALY SI5

37.0 HERTZ (IN X-01RECTION OR Y-ROTATION)RESONANT FREQUENCY =

* * * * NORMALIZED EIGENVECTOR * * * *

JOINT .0EFLECTION ROTATION. . . . . . . . . . .

NO. X Y Z X Y Z

1- 0.999983 0.044365 0.138987 0.002238 -0.061543 -0.001100
2 0.160372 0.013709 0.145119 0.002231 -0.061509 -0.001099
3 0.160284 0.013694 0.143900 0.002113 -0.022364 -0.001099
4 1.000000 0.040475 0.339425 0.002240 -0.067931 -0.001100
5 0.999999 0.048040 -0 049743 0.002240 -6.067668 -0.001100
6 0.876630 0.039764 0 145154 0.002238 -0.061554 -0.001100
7 0.160313 0.017477 -0 035871 0.002149 -0.072700 -0.001099
6 0.160313 0.009920 0.324835 0.002149 -0.073211 -0.001099
9 0.999998 0.045840 0.086819 0.002241 -0.040156 -0.001100

10 0.109292 0.008835 0 143871 0.002068 -0.021279 -0.001090
11 0.048363 -0.000025 0 205856 0.002025 -0.020882 -0.001136
12 -0.044c29 -0.008912 0.204608 0.002025 -e.020656 -0.000741
13 0.048295 0.004157 0 070999 0.002075 -6.020719 -0.000095

'

14 -0.044942 -0.005189 0.070998 0.002075 -0.020719 -0.000091
(. 15 -0.099511 -0.011778 0 142468 0.002070 -0.020763 -0.000769

16 -0.268285 -0.095575 0 142029 0.002816 -0.004512 -0.000659
17 -0.145407 -0.016454 0.141956 0.002784 -0.004495 -0.000716
18 0.001675 -0.000401 0.043131 0.002075 -0.020718 -0.000090
19 -0.145470 -0.016459 0 142462 0.002096 -6.020333 -0.000719
20 -0.209550 -0.059487 0.l*1827 0.002837 -0.004514 -0.000659
21 -0.268291 -0.094632 0 123477 0.002812 -0.013172 -0.000659
22 0.000476 -0.000405 0.043905 -0.000644 -0.005604 0.000027
23 0.000152 -0.000420 0 028860 0.001873 -0.003688 -0.000138
24 0.000195 -0.000032 0.002480 0.000659 -0.005188 -0.000026
25 0.000020 -0.000016 0.000400 0.000162 -0.003382 -0.000007
26 0.000040 -0.000024 0.001330 0.000087 -0.000613 -0.000017
27 -0.000011 -0.000018 0 000667 0.000068 -0.000544 -0.000005
28 0.000009 -0.000023 0.001163 0.000072 -0.000587 -0.000016
29 -0.000005 -0.000019 0.000813 0.000071 -6.000570 -0.000004
30 0.000014 -0.000P'.3 0.000525 0.000066 -0.000429 -0.000005
31 0.0 0.0 0.0 0.0 0.0 0.0
32 -0.027268 -0.008138 0.019436 0.001562 -0.005508 -0.000075
33 -0.017882 -0.008739 0 015586 0.001724 -0.003587 -0.000069
34 -0.169163 -0.045374 0 018953 0.002455 -0.010583 -0 001220
35 -0.187647 -0.045282 0 017143 0.002069 -0.010197 -0.001322
36 0.999983 0.035567 0.631026 0.002236 -0.061543 -0.001100
37 0.999963 0.052942 -0.340743 0.002236 -0.061543 -0.001100
38 0.999996 0.09267c 0.202266 0.002241 -0.040156 -0.001100
39 0 160372 0.005031 0.630734 0.002231 -0.061509 -0.001099

(. 40 0.160372 0.022368 -0.340496 0.002231 -0.061509 -0.001099
41 0.16028* 0.012114 0.176059 0.002113 -0.022364 -0.001099
42 0.160284 0.015273 0.111764 0.002113 -0.022364 -0 001099
43 0.106226 0.005315 0.206765 0.002068 -0.021279 -0.001090

.

k_. _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ _ _ _ _ _ _ . . _ _ . _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ . _ _ - . _ _ _ - _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ . - _ _ _ _ _ _ _ - _ _ _ _ _ _ ___
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(' 45 0.073402 0.006660 0.070997 0.002075 -0.020718 -0.000090
44 0.106226 0.012277 0.070898 0.002068 -0.021279 -0.001090

46 -0.070053 -0.007706 0 070997 0.002075 -6.020718 -0.000090
47 -0.101674 -0.014263 0.203e92 0.002070 -0.020763 -0.000769
48 -0.101674 -0 009351 0 071118 0 002070 -0 020763 -0.000769
49 -0.145470 -0.017494 0 171701 0 002096 -0.020333 -0.000719
50 -0 145470 -0.015426 0 113243 0 002096 -6.020333 -0.000719
51 -0.145407 -0.020213 0 165554 0 002784 -6.004495 -0.000716

i 52 -0.145407 -0.012695 0 118357 0.002786 -0.004495 -0.000716
53 -0.268291 -0.096527 0 161348 0.002812 -0.013172 -0.000659

,
54 -0.268285 -0.099035 0.165719 0.002816 -0.004512 -0.000659
55 -0.268285 -0.092116 0 118336 0.002816 -0.004512 -0.000659

| 56 0.000271 -0.000331 0 019436 0 001562 -b.005508 -0.000075
| 57 0.000053 -0.000119 0 015588 0.001724 -0.003587 -0.000069
| 58 0.002394 0.000269 0 001163 0.000072 -0.000587 -0.000016
1 59 -0.002375 -0.000315 0.001163 0.000072 -0.000587 -0.000016
| 60 0.002309 0.000270 0.000813 0 000071 -0.000570 -0.000004

61 -0.002319 -0.000306 ?.000813 0.000071 -0.000570 -0.000004
62 0.000040 -0.000013 0.000839 0 000066 -0.000429 -0.000005
63 -0.000011 -0.000013 0 000211 0.000066 -0.000429 -0.000005
64 -0.027325 -0.008138 0.018241 0.001562 -0.005508 -0.000075
65 0.018041 0.0u8502 0.016907 0.001724 -0.003587 -0.000069 '

66 -0.163872 -0.044147 0 018953 0.002455 -0.010583 -0.001220
67 -0.182548 -0.0*4247 0 017143 0.002069 -0.010197 -0.001322 |

68 -0.207122 -0.039467 0 152269 ,.002837 -0.004514 -0.000659 |
69 -0.215e&3 -0.059487 0.115412 :.002837 -0.004514 -0.000659

|
1

-
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STA T IC SEISH IC ANALY SIS

THE VALVE AXIS IS POSITIONE0 Z-UP

ACCELERATION OF GRAVITY, G = 386 400

| DIRECTION OF NO. COMPONENTS OF UNIT ACCELERATION
SEISMIC OF IN VALVE COORDINATE SYSTEM

'

ACCELERATION G'S A-COMP. - Y-COMP. Z-COMP.

HORIZONTAL (1) 9.500 00 1.0000 0.0
,

HORIZONTAL (2) 9.500 1.0000 00 0.0
VERTICAL 9.500 00 0.0 -1.0000

s

(
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REACTION RESPCNSE TO STATIC SEISMIC LOAD IN HORIZ(1) DIRECTION

ELT. JNT. . ELEMENT FORCES. . ELEMENT 90MENTS. .
.

NO. NO. F1 ' F2
'

F3 M1 ~ M2 M3

1 1 -1. O. 672. 11. -67. -7.

6 1. -0. -726. -1414 67. 5.

2 e -2. -0. 1061. 1416. 2. -5.

2 2. O. -1382. -15574 -2 -14
3 38 4 1. 3. ~ 0. -6. 357.

4 -104 -1. -3. -5. 6. -249.
4 9 5. -1. 3. -0. 6. 359

5 -105. 1. -3. -5. -6. -250.

5 7 923. 1. 5. -10. -7786. -958.

42 -1023. -1. -5. ~ 0. 7786. 2903.
6 41 -1023. -1. 5. O. 7787. -2900.

8 923. 1. -5. -10. -7787. 955.

7 38 -0. 3. -5. -6. -0. -1.

41 0. -3. -17. -79. O. -1.

6 9 -5. -3. O. -1. -0. 6.

42 -17. 3. -0. -1. O. 79.
9 4 105. 1. 3. 5. -6. 251.

36 -337. -1 -3. -17. 6. 734.
/_ 10 37 -337. -1 3. -17. 6. -735.

1 5 105. 1. -3. 5. -6. -250.

11 40 091. 1 5. -31. -7786. 2640.

7 -923. -1. -5. 10. 7786. 957.

12 6 -923. -1 5, 10. 7787. -954
39 691. 1 -5. -31. -7787. -2642.

13 3 -a. -0. 2080. 15730. 3. 26.

10 2. O. -2167. -20640. -3. -31.

14 43 -0. 14 -221. -174 -104 -3.

11 0. -14 243. 812. 104. 2.

15 12 -0. 14 -285. -1999. -104 1.
47 0. -14 306. 2811. 104 -2.

16 11 -0. 14 -243. -812. -104. -2.

12 0. -14 285. 1999 104 -1.

17 46 15. -450. -2350. 19810. 4480. -204

48 -14 450. 2301. -16234 -4480. 227.
18 14 -4 -0. 121. 96. -S8. 3.

46 5. O. -160. -267 58. -8.

| 19 45 12. O. -356. 263. 304 10.
13 -11. -0. 317 125. -304 3.

20 44 -66. -14 1945. 20457 -5327. 607.
45 68. 14 -1994 -23487 5327. -711.

21 13 1. O. -23. -125. -58. -4,

'

14 4 O. -121. -97. 58. -3.

22 15 -61. -436. -1994 17803. -3700. 704
19 61. 436. 1908. -1341d. 3700. -841.

,

( 23 49 -7o7. 32. -47. O. -6433. -34
|

51 678. -32. 47. 180. 6433. -2757.

I 24 52 949. -32. -403. 1536 6431. 483.

50 -1058. 32. 403. O. -6431. 3344.

|
l

L -. - - - - - _ _ _ _ _ _ ___
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( 25 50 1. -94 -32. 274 -1. 20.
21 -1. 94. -13. -13. 1. 17,

26 49 1. 14. -32. 274 -1. 20.
53 -1. -14 -13. -13. 1. 17.

27 17 -64 -356. -1627. 12664 -3698. 647.
20 64 356. 1314. 9742. 3698. -1626.

28 20 -3. 80. -1834. 5151. 1. -154
16 3. -80. 1578. 16280. -1. 121.

29 53 13. -1. -2. O. -13. 80.

54 -100. 1. 2. 8. 13. 134
30 55 -101. 1. -82. 313. 13. -136.

21 13. -1. 82. O. -13. -81.

31 22 2357 -2578. 235. -2451. -848. 8966.
18 -2357. 2339. -235. 741. 848. 8160.

32 18 2416. 2523. -201. 2465. 757. 8549.
23 -2416. -2762. 201. -945. -757. 9005.

33 22 -2e25. -2357. -235. -848 2712. -8966.
56 2739. 2357. 235. 1687. -2712. -589.

34 56 -3537. -2838. -1514 5563. -6604. 1915.
24 3647. 2636. 1514 -360. 6604 -14262.

35 23 2762. 2416. 201. 757 945. 9006.
57 -2876. -2416. -201. -1473. -945. 1036.

36 57 3*55. 2836. -1513. 5610. -4184 -1839.
25 -3565. -2636. 1513. -410, 4184 13903.

37 2e -2636. 3647. -1514 -6604 -360. 14262.
<F 26 2636. -3785. 1514 10411. 360. -21400.

1 38 26 567. -188. 62. -334 12. 2698.
28 -567. 71. -62. 202. -12. -1494

39 29 567. 79. 62. 125. 12. -1481.
27 -567. -196. -62. -258 -12. 2685.

40 27 -2636. -3703. -1513. 7989. -410. -21036.
25 2636. 3565. 1513. -4164 410. 13903.

41 56 262. -40. 31. -62. 1. 743.
60 -262. -35. -31. -61. -1. 737.

42 59 265. -31. 31. -62. 1. 750.
61 -265. -44 -31. -81. -1. 744

43 26 3973. -3404 1575. -372. -10076. -16702.
62 -3973. 3404 -1575. -1105. 10076. 22429.

44 27 3899. 3403. -1575. *22. -7731. -18350.
63 -3899. -3403. 1575. 1055. 7731. 22008.

45 30 7672. -2. 1. 51. -32775. -76771.
31 -8173. 2. -1. -52. 32775. 93314

46 64 -617. -1278. -481. 4847 1693. -5940.

66 469. 1278. 481. 2303. -1693. -2134
47 65 -579. l~'4 420. -o236. 112J. -9331.

67 331. -1714 -420. -4203. -1123. -1976.
48 66 -539. -152. 318. -2096 -76. -3846.

67 539. 22. -316 -2043. 76 -3162.
49 34 659. -1240. J17. 2126 -389. 2737.

68 -650. 1240. -242. -4466 369. 2707.
50 35 -1086. 1299. 353. 1993. -443. -4007.

69 lobe. -1299. -278 -4631. 443. -4487.(
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TYPE JNT. . . . . . BOUND AR Y OR JUNCT ION r<E ACT ION . . . . .

NO. FA FY FZ MX MY MZ

60DY 31 2. -8173. 1. 3277S. -52. -93314
A -x-Z 30 -2. 7872. -1. -32775. 51. 76771.

;r

k

.

- . . - - .
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(
REACTION RESPONSE TO STATIC SEISMIC LOAD IN HORIZ(2) OIRECTION

ELT. JNT. . ELEMENT FORCES. . tLEMENT HOMENTS .. .

NO. NO. F1 F2 F3 M1 M2 M3

1 1 511. -26. 1. -1. -1. 4769.
6- -Se6. 29. -1. -2. 1. -3686.

2 6 901. -1. 1. -0. -1. 3669.
2 -1222, 1. -1. -6. 1. ee38.

3 3e -0. 95. -1650. G. O. 1.
4 0. 10. 1o50. 3300. -0. -1.

4 9 -0. -95. -1650. O. -0. -0.
5 0. -10. 1650. 3301. O. O.

5 7 0. -843. -3003. 6005. -3. 1.
42 -0. 9*3. 3003. O. 3. -0.

6 41 -0. 9*6. -3003. O. 3. -1.
8 u. -d*6. 3003. 6006. -3. 1.

7 38 9*. -20o2. O. -0. -0. 621.
41 -ile. 20e2. -0. -0. O. 809.

6 9 u. 2082. -9*. 621. -0. O.
42 -0. -20d2. 11o. 809 O. O.

9 4 -0. -28. -1650. -3299. O. 1.
3e U. 260. 1650. 10653. O. -0.

f 10 37 u. 291. -1651. 10e56. O. -0.

5 -0. -29. 1o51. -3299. O. 1.<
'

11 40 0. -ell. -3002. 193de. -3. 1.
7 -U. c*3. 3002. -e004 3. O.

12 6 -0. r*3. -3004 -6006. 3. -1.

39 v. -010. 3004 19392. -3. -0.

IJ 3 2ily. -0. 1. O. -2. -1623o.
10 -2c0/. O. -1. -9 2. 21238.

14 43 -1 -1971. 343. -1716 136. 122.
11 -25. 1971. -343. 772. -136. -23.

15 12 -17. -1971. 343. 773, 136. ~ 4

47 3e. 1971. -343. -171o. -136. -79.

16 11 22. -1971. 343. -772. IJo. 23.

12 17. 1971. -343. -772. -136. -4

17 46 -109*. 677. 32e. 3414 -3356. -4189.
4e Iv*5. -677 -329. -3919 3356. 2543.

le 14 114 1 *. *. 78. -79.

46 -153. -1. -5. -10 -78. 241.
19 45 -36*. -1 -12. 9 -364. -310.

13 32d. 1. 10. 5. 364 -107.

20 44 2441. 1972. 416. -1427 3674 -8584

45 -2c90. -1972. -420. 763. -3874 12066.
21 13 -31. O. -1. -4 77. 108.

14 -119 O. -*. -3. -77. 79.
22 15 -990 -1292. 20. -1523. 1634 -11250.

19 viv. Id92. -20. 1476 -le34 9106.

{ 23 49 -Sc. 418. 2957. -0. 720. -803.

51 So. -309. -2957 -11272. -720. Sol.

24 52 -76. -309. 1902. -7254 -720. 540.

50 7o. 418. -1904. -0. 720. -637.

_ _ - - _ - - _ - -___ -__ _ _. _.
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( P5 50 -37. 393. 1. -19 0. -326.
21 -e. -393. -1. -9. -0. -84

l' 26 49 -37 -e29. 1. -18 O. -326.

53 -e. e29. -1. -9 "0. -84

27 17 -617. -1055. 18. -1441. 1833. -6985.
20 304 1055. -18. 1163. -1833. -97.

28 20 -le22. 237. -2. - 7. -1. -3726.
16 1566. -237. 2. 18. 1. -17555.

29 53 1. -7. 571. -0. -9. 2.

54 -1. 94 -571. -2175. 9. 2.
30 55 -1. 95. 334 -1273. 9. -2.

21 1. -8. -334 -0. -9. -2.

31 22 -2e63. 190. 771. -547 6168. -1070.
16 2*26. -190. -771. -5051. -6168. -17420.

32 18 1477. 171. -530. 304*. -4731. 9724
23 -1716. -171. 530. 806. 4731. 1874

33 22 190. 2712. -770. 6430. 547. 1070.
56 -190. -2826. 770. -3665. -547. -393.

34 56 170. 4473. 34. -24421. -256. 1333.
24 -170. -4583. -34 24302. 258. -748.

35 23 171. 1716. 530. -4731. -806. 1874
57 -171. -1830. -530. 2842. 806. -1264

36 57 171. 2558. 44 7570. -312. 1992.
25 -171. -2eo8. -44 -7721. 312. -1403.

37 24 45e3. -170. 3*. -258. 24302. 748.
/ 26 -4721. 170. -34 172. -24302. 10952.
( 38 26 -25e. -125. -*. 20. 282. -911.

26 1*c. 125. *. -11. -282. 466
39 29 v. -125. -*. -lo. 282. -137.

27 -125. 125. 9 19. -282. 260.

40 27 -2 ode. -121. 4*. 201. -7721. -5460.

25 2eee. 171 -44 -312. 7721. -1403.
41 Se -102. -62. -2, 5. 13. -325.

60 27. 62. 2. 5. -13. -14
42 59 -3v. -62. -2. 5. 13. -161.

61 -3e. 62. 2. 5. -13. 151.
43 26 -4e. 4979. -3v. 24020. -192. 100*2.

62 9o. -*s79 39. -239e4 192. -10064
44 27 47. 2931. *e. 6003. -221. -5200.

63 -*7 -2931. -46. -8046 221. 5244
45 30 1. 7910. 9 32032. -0. 14569.

31 -1. -e211. -9. -32051. O. -14567.
46 64 -20. 805 - 1467 -19509. -320. -ed.

66 20. -e05. -131e. -1204 320. -211.
47 65 0. 486. 726. -14050. -171. 122.

67 -0. -486. -480. -907 171. -122.
48 6e -be. -26. 6. -Sc. 80. -72.

67 -e1. 20. -d. -51. -60. 26.

49 34 **?. 1423. -6. 419. 44. -1750.

68 467. -1350. e. -352. -*4 -20e0.

50 35 -3*o. 531. 26. 161. 43. -1256.

( 69 ate. -459 -2e. -3ye. -43. -1743.

- - - _ --
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TYPE JNT. b0UNDARY OR JUNCTION REACTION. . . . . . . . . .

NO. Fx FY FZ MX MY NZ

BODY 31 -8211. -1. 9. O. -32051. 1*567.
A -X-Z 30 7910. 1. -9. -0. 32032. -14569.

.

i

k

- --
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REACTION RESPON5E T0 STATIC SEISMIC LOAD IN ViaTICAL CIktCr10N {
t

fELT. JNT. .tLEMENT FORCLS. . ELEMENT MOMENTS. . .

NO. NO. F1 F2 F3 M1 M2 M3
'

8

1 1 -19. -109. 1. -1. 1. -81.
6 le. 54 -1. -1. -1. 45.

'

2 6 -15. 276. 1. -1. 1. -46.
2 id. -597. -1. -10. -1. -130.

3 38 0. -1. 412. -1. i 0. O.
4 -0. 1. -311. -722. -0. -0.

4 v -0. 2. -363. 1. \ -0. -0.
5 0. -2. 263. 625. O. -1.

5 7 1. 8. -487. 1075. -6. -1.
42 -1. -8., 566. ' O .' 6. 2.

6 41 -1. -10. 677.
'

-1. 6. -2.
#S 1. io. -577. -1253. -6. O.

7 38 -2. 417. O. -0. O. -10.
41 2. -430 -0. -0. -0. -12.

6 9 0. 356, 2. -10. O. O.
*2 -0. -377. -2. -12. -0. O.

9 4 -0. 7. 311. 719. -0. -0.
3e G. -7. -79. -1566. O. -0.

/ 10 37 -0. -8. -30. 1273. O. -0.
u 5 O. 8. 262. -622. -0. -0.

11 40 1. 7. -254 2724 -5. 1.
7 -1. -7. 466. -1074 5. 1.

12 8 -0. -7. 576. 1251. 6. O.
39 0. 7. -343. -3299. -6. -2.

13 3 -lv. 2079. 2. 11. 1. 241.
10 19. -2167. -2. -15. -1. -266.

14 43 -7 363. 138. -521. 55. -40.
11 /. -404 -136. 141. -55. 21.

15 12 -7. 447. 138, 462. 55. 10.
! 47 7. -468. -136. -662. -55. -28.
'

16 11 -7. 405. 138. -141. 55. -21.
12 7. -447. -138. -452. -55. -10.

17 46 60*. -1523. 465. 954 636. -1239.
46 -60*. 1*74 -465. -1701. -o36. 2167.

18 14 16. 123. 5. -c7 -11. 25.
46 -16. -162. %5. 61. 11. -6.

19 45 16. -354 5. 357 -11. -232.
13 -lo. 316. -5. -363. 11. 251.'

! 20 44 -30. 1782. 139 -6729 -997. 4373.
45 30. -le31. -139 6514 997. -4419.

21 13 Jo. -20. 5. -90. -11. 96.
14 -lo. -124 -5. 69 11. -26.

22 15 52e. -998. 327. -20$b. 947. 3699.
19 -e26 912. -327. 4320. -847. -2491.-

( 23 49 132. -309. -357. -0. 644 -69.
51 -132. 309. 466. 1569 -649. 570.

24 52 -194 309. -887. 35@9. -644. -50.
50 194 -309. 996. O. 644. -689.

m .
.
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Y510-AXGACO3-D1U1-2 0Un

QUAL GROUP VII PAGE 26
)

(' 25 50 4 -285. 1. -17. O. 59.
21 -4 290. -1. -9. -0. 50.

26 49 4 13. 1. -16. O. 59.
53 -4. -57. -1. -9. -0. 50.

27 17 617. -420. 325. -1288. 847. 1945.
20 -617. 107. -325. -3712. -847. 7544

28 20 -5. -1626. -2. 4 -0. -398.
16 d. 1370. 2. 18. O. 329. ,

29 53 1. -4. -23. -0. -9. 2. |
'

54 -1. 4. 111. 255. 9. 2.
30 55 -1. 3. -118. 618 9. -2.

21 1. -3. 206. -0. -9. -2.
31 22 385. 313. 2616 -1609. -4260. -37

18 -385. -313. -2377 -16527 4260. 283*.
32 18 -260. -12. -1522. 10893 5205. -lw38.

23 260. 12. 1761. 1033. -5205. -249.
33 22 313. -365. -2663. -4259 1609. 37.

56 -313. 365. 2778. 13951. -1609. 1078. i

34 56 -212. 8. -4181. -25901. -6958. -173. !
24 212. -8. 4291. 40460. 6958. -557. i

35 23 -12. -259. 1761. 5265. -1034 -249.
57 Id. 259. -1875. -11682. 1034 206.

36 57 -211. -30. 2848. 19551. 2173. -529.
25 211. 30. -2958. -29531. -2173. -196.

37 24 6. 212. -4291. -6958. 40461.. 557.

( 26 -6. -212. 4429. 17922. -40461. -536.
38 26 3. 12. 215. -715. 197. 31.

28 -J. -12. -99. 381. -197. -24
39 29 3. 12. -51. -256. 197. 7.

27 -3. -12. 168. 489 -197. O.
40 27 30. 211. 3096. -9766. -29531. 271.

25 -30. -211. -2959. 2174 29531. -196.
41 58 -20. -25. 50. -66. 9. -45.

60 20. 25. 26. 4 -9. -61.
42 59 24 37. 50. -be. 9. 70.

61 -24 -37. 20. 4 -9. 54
43 26 200. 5. 4642. 40264 -17207. -504

62 -200. -5. -4642. -44618 17207. 692.;

44 27 -199 -27. 3264 29728 9299. 271.
63 199. 27. -3264 -32790 -9299. -957.

45 30 2. -22. 7907 77408. -14462. -85.
31 -2. 22. -8208. -94023 144e2. 88.

| 46 64 -52d. -1222. 394 -997v. 604 -7012.
66 525. 1074 -394 4116 -604. -602.

47 65 198. -972. 230. -9013 *98. *994
67 -19e. 725. -230. 3297 -498. -8.

| 48 6e -102. -*31. 132. -634 -7. -1105.
67 102. 431. -3. -242. 7. -215.

49 34 995. 29. 95. 540. 73. 3965.
68 -913. -49. -95. -1333. -73. 3981.

(-
50 35 769 123. 232. -304 -37. 3138.

69 -717. -144. -232. -1639 37. 3167

|

.
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QUAL Ow00P VII PAGE 27

(
TYPE JNT. . BOUNDARY OR JUNCTIOf4 WEACTION. . . . . . . . .

NO. Fx FY FZ MA MY M2

60DY 31 22. -2. e208. 14462. -94023. -88.
A -X-Z 30 -22. 2. -7907. -14462. 77406. 85.

|
|

|

|
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QUAL GROUP VII PAGE 28

REACTION RESPONSE TO OPERATIONAL LOADS (INCLUDING DEADdEIGHT)
'

ELT. JNT. . ELEMENT FORCES. ELEMENT MONENTS .. . .

NO. NO. F1 F2 F3 Ml' M2 M3

1 1 -2. -11. -1. -1. -1. -9.
6 2. 6. 1. 3. 1. 5.

2 6 -2. 29. -1. i. -1. -5.
2 2. -63. 1. 9 1. -14

3 38 0. -0. 43. -0. -0. -0.
4 -0. O. -33. -76. O. O.

4 9 1. O. -38. O. O. 1.
5 -1. -0. 28. 66 -0. O.

5 7 -1. 1. -51. 113. 5. 1.
42 1. -1. 62. O. -5. -2.

6 41 1. -1. 71. -0. -5. 1.
8 -1. 1. -61. -132. 5. -0.

7 38 -0. 44. -0. '0. -0. -1.
41 0. -46. O. 0. O. -1.

8 9 -0. 37. O. -1. -0. -0.
42 0. -40. -0. -1. O. -0.

9 4 0. 1. 33. 76. -0. O.
36 -0. -1. -8. -167. O. -0.

g to 37 0. -1. -3. 134 O. O. ),

4 5 -0. 1. 28. -66. -0. O.
'

11 40 -0. 1. -27. 267 S. -1.
7 0. -1. 51. -113. -5. -1. |

12 8 0. -1 61. 132. -5. O.
'

39 -0. 1. -36. -346. 5. 2.
13 3 -2. 219. -2. -11. -1. 26.

10 2. -228. 2. 14 1. -30.
14 43 -1. 45. 1. -76 1. -4

11 1. -48. -1. 75. -1 2.
15 12 -1. 52. 1. -70. 1. 1.

47 1. -55. -1. 67 -1. -2.
16 11 -1. 48. 1. -75. 1. -2.

12 1. -52. -1. 70. -1. -1.
17 46 70. -222. -105. 2798. 318. -27.

48 -70. 217. 105. -2637 -318. 134
18 14 2. 13. 1. -9 -2. 3.

46 -2. -17. -1. 6. 2. -1.
19 45 2. -37. 1. 39 -1. -24

13 -2. 33. -1. -40. 1. 26.
20 44 -3. 183. -1. -749 -9. 429

45 3. -188. 1. 750. 9. -433.
21 13 2. -2. 1. -10. -1. 10.

14 -2. -13. -1. 7 1. -3.
22 15 67. -161. -106. 2240. -203. 636.

19 -67. 152. 106. -1996. 203. -486.
( 23 49 -45. -33. -75. O. -973. -10.

51 45. 33. 66. 306 973. -163.
24 52 60. 33. -176. 694 973. 38.

50 -60. -33. 188. O. -973. 192.
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GUAL GROUP VII PAGE 29

( 25 50 1. -49. -1. 25. -0. 12. I

21 -1, 44, 1. 12. O. 10.
26 49 1. 10. -1. 25. -0. 12.

53 -1. -15. 1. 12. O, 10.
27 17 65. -90. -106. 1996. -203. 377.

20 -65. 57. 106. -319 203. 625.
28 20 -1. -161. 3. -6. O. -83.

le 1. 134 -3. -25. -0. 66.
29 53 -1. -1. -8. -0. 12. -2.

54 1. 1. 17. 49. -12. -3.
30 55 1. 1. -29 126. -12. 2.

21 -1. -1. 38. -0. 12. 3.
31 22 85. -44. -119 -281. -637. 145.

18 -85. 44 144 1237 637. 470.
32 18 16. 63. -611. 4624 386. 2.

23 -le. -63. 636. -93. -386. 113.
33 22 -44 -65. 114 -637. 260. -145.

56 44 85. -102. 252. -280. -11.
34 56 -16. 13. 65. -2446. 646. 69.

24 16. -13. -53. 2244 -646. -123.
35 23 63. 16. 636. 366. 93. 113.

57 -63. -16. -648. -2674 -93. 112.
36 57 -17 -15. 805. 2344 1293. -130.

I 25 17. 15. -817. -5131. -1293. 71.
! 37 24 13. 16. 53. 646. 2245. 123.
| f 26 -13. -16. -39 -702. -2245. -90.
'

4 38 26 2. 1. 7. 3. -56. 8.
28 -2. -1. 5. -5. 56. -5.

39 29 2. 1. -21. -62. -56. -3.
27 -2. -1. 33. 119. 56. 6.

40 27 15. 17. 831. -3365. -5131. -32.
25 -15. -17. -817 1293. 5131. 71.

41 56 7. -2. -2. 13. -3. 19.
60 -7. 2. 10. 21. 3. 18.

42 59 -6. 3. -2. 13. -3. -14.
61 6. -3. 10. 21. 3. -15.

43 26 15. 12. -31. 2301. 759. -82.
62 -15. -12. 31. -2272. -759. 95.

44 27 -16. -14, 864 5015. 3246. -26.
63 16. 14 -864 -5865. -3246. 11.

*

45 30 -2. -2. 833. 8157 8260. 14
31 2. 2. -864 -9906 -8260. -16.

46 64 26. -18.- 96. -1706. -16. 195.
66 -26. 2. -96. 254 16. 224

47 65 60. -157 -31. 486 -6. 1721.
67 -80. 131. 31. 286. 6. 275.

48 66 20. -29. -23. 174 9. 117
67 -20. 29. 36. 206 -9. 143.

49 34 5e. 107. -57. -118. -49. 204
68 -46. -109. 57 595 49. 230.

50 35 77. -75. -52. -157 -53. 303.
( 69 -70. 72. 52. 589. 53. 312.
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QUAL GROUP VII PAGE 30

-

TYPE JNT. . BOUNDARY OR JUNCTION REACTION. . . . . . . . .

NO. FA FY F2 MX MY MZ

BODY 31 2. 2. 864 -6260. -9906. 18.
A -x-Z 30 -2. -2. -833. 8266. 8157. -14

'
.

'L

|
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GUAL GROUP VII PAGE 31

,

k

DEFORMATION RESPONSE T0 ST ATIC SEISMIC LOAD IN HORIZ(1) DIRECTION

ROTATION.0EFLECTIONJOINT . . . . . . . . .. .

NO. X 'Y Z X Y Z

l -0.002411 0.007741 -0 000392 0.000387 0.000109 0.000061
2 -0.000930 0.002274 -0.000403 0.000377 0.000109 0.000061
3 -0.000930 0.002243 -0.000403 0.000200 0.000105 0.000061
* -0.002411 0.007962 -0.000776 0.000387 0.000110 0.000061
5 -0.002411 0.007543 -0.000030 0.000387 0.000110 0.000061
6 -0.002193 0.006950 -0.000403 0.000387 0.000109 0,000061
7 -0.000930 0.002045 -0.000032 0.000254 0.000110 0.000061
8 -0.000930 0.002463 -0.000774 0.000254 0.000110 0.000061
9 -0.002411 0.007e66 -0.000250 0.000387 0.000107 0.000061

10 -0.0006b7 0.001803 -0 000403 0 000131 0.000105 0.000061
11 -0.000229 0.001627 -0 001111 0.000129 0.000104 0.000033
12 0.000237 0.001037 -0.001110 0.000122 0.000104 -0.000010
13 -0.000229 0.001285 -0.000441 0.000120 0.000103 0.000038
14 0.000235 0.000734 -0 000441 0.000120 0.000103 0.000042
15 0.000450 0.000585 -0 000463 0.000110 0.000104 0.000026
16 -0.000078 0.03659d -0.000628 -0.001229 -0.000030 -0.000026
17 0.000653 0.0004e6 -0.000608 -0.001249 -0.000024 0.000001
18 0.000003 0.000926 -0.000302 0.000120 0.000103 0.000046
19 C.000683 0.000453 -0.000466 0.000053 0.000101 0.000002

~( 20 0.000297 0.020*09 -0.000e32 -0.001256 -0.000030 -0.000026
21 -0.000078 0.036e37 -0.000465 -0.001227 0.000044 -0.000026
22 -0.000175 0.000880 -0.000303 -0.000176 -6.000005 0.000047
23 0.000175 0.000876 0.000134 -0.000191 e.000007 0.000047
24 -0.000125 0.000077 -0.000339 -0.000143 -0.000003 0.000024
25 0.000125 0.000077 0.00029* -0.000108 0.000004 0.000023
2e -0.000039 0.000062 -0.000096 -0.000025 0.000000 0.000016
27 0.000039 0.000062 0 000096 -0.000024 -0.000000 0.000016
28 -0.000011 0.000063 -0.000050 -0.000021 0.000000 0.000016
29 0.000011 0.000063 0 000051 -0.000021 0.000000 0.000015
30 -0.000000 0.000050 -0.000000 -0.000021 0.000000 0.000008
31 0.0 0.0 0.0 0.0 0.0 0.0
32 -0.000190 0.003817 0.000684 -0.000667 -0.000006 0.000075
33 0.000182 0.001840 -0.000003 -0.000274 0.000006 0.000074
34 -0.001257 0.016954 0.001026 -0.000826 -0.000057 0.000265
35 0.002985 0.016931 0.000167 -0.000761 0.000075 0.000284 ;

36 -0.002411 0.008228 -0.001263 0.000387 0.000109 0.000061 ;

37 -0.002411 0.007267 0 000457 0.000387 0.000109 0.000061 |

38 -0.002411 0.007841 -0.00055. 0.000387 0.000107 0.000061 l

39 -0.000930 0.002755 -0.001263 0.000377 0.000109 0.000061
'

40 -0.000930 0.001794 0 000457 0.000377 0.000109 0.000061
41 -0.000930 0.002331 -0 000554 0.000200 0.000105 0.000061
42 -0.000930 0.002156 -0 000252 0.000200 0.000105 0.000061
43 -0.000516 0.002000 -0.001111 0.000131 0.000105 0.000061
44 -0.000516 0.001611 -0.000441 0.000131 0.000105 0.000061

( 45 -0.000355 0.001405 -0.000441 0.000120 0.000103 0.000046 I
46 0.000360 0.000576 -0.000441 0.000120 0.000103 0.000046 1

47 0.000523 0.000669 -0.001169 0.000110 0.000104 0.000026 )
48 0.000523 0.000503 -0.000444 0.000110 6.000104 0.000026 !

|

|
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GUAL GROUP VII PAGE 32

( 49 0.000683 0.000456 -0.000612 0.000053 0.000101 0.000002
50 0 000683 0.0004*9 -0 000320 0.000053 0.000101 0.000002
51 0 000683 0.000490 -0.000483 -0.001249 -0.000024 0.000001
52 0.000683 0.000481 -0 000733 -0.001249 -0.000024 0.000001
53 -0.00007d 0.036563 -0 000590 -0.001227 0.000044 -0.000026
54 -0.000078 0.036462 -0.000472 -0 001229 -0.000030 -0.000026
55 -0.000078 0.036733 -0.000783 -0.001229 -0.000030 -0.000026
56 -0.000152 0.000480 0.000e84 -0.000667 -0.000006 0.000075
57 0.000152 0.000471 -0 000003 -0.000274 0.000006 0.000074
58 -0.000011 -0.000024 -0 000050 -0.000021 0.000000 0.000016
59 -0.000011 0.000150 -0.000050 -0.000021 0.000000 0.000016
60 0.000011 -0.000024 0 000051 -0.000021 0.000000 0.000015
61 0.000011 0.000150 0.000051 -0.000021 0.000000 0.000015
62 -0.000039 0.000050 -0 000098 -0.000021 0.000000 0.000008
63 0.000039 0.000050 0.000098 -0.000021 0.000000 0.000006
64 -0.000122 0.003817 0.001195 -0.000667 -0.000006 0.000075
65 0.000064 -0.000898 -0 000212 -0.000274 0.000006 0.000074
66 -0.001223 0.016541 0 001026 -0.000826 -0.000057 0.000265
67 0.002947 0.016551 0 000167 -0.000761 0.000075 0.000284
68 0.000392 0.020409 -0.005263 -0.001256 -0.000030 -0.000026
69 0.000057 0.020409 0 011061 -0.001256 -0.000030 -0.000026

I
'L

._ --
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QUAL 6HOUP VII PAGE 33

DEFORMATION RESPONSE TO STATIC SEISMI.C LOAD IN HokIZ(2) DIRECTION

ROTATION.0EFLECTIONJOINT . . . . . . . . .. .

NO. X Y Z A Y Z

1 0.045925 -0.003214 -0.002120 -0.000147 -0.003024 -0.000113
2 0.004593 -0.001233 -0 001617 -0.000147 -0.003022 -0.000113
3 0.004564 -0.001233 -0.001815 -0.000147 -0.000603 -0.000113
4 0.045927 -0.003612 0.007522 -0.000147 -0.003412 -0.000113
5 0.045927 -0.002838 -0.011153 -0.000147 -0.003412 -0.000113
6 0.039860 -0.002932 -0.001617 -0.000147 -0.003024 -0.000113
7 0.004587 -0.000846 -0.010280 -0.000147 -0.003729 -0.000113
8 0.004587 -0.001620 0 006650 -0.000147 -0.003729 -0.000113
9 0.n45926 -0.003063 -0.004251 -0.000147 -0.001694 -0.000113

10 0.003213 -0.000894 -0 001e15 -0.000147 -0.000532 -0.000113
11 0.001493 -0.000805 0 000241 -0.000153 -0.000504 -0.000117
12 -0.000773 -0.000085 0 000139 -0.000153 -0.000506 -0.000061
13 0.001443 -0.000368 -0 003073 -0.000145 -0.000501 -0.000018
14 -0.000815 0.000273 -0.003073 -0.000145 -0.000501 -0.000013
15 -0.001976 0.000580 -0.001933 -0.000147 -0.000491 -0.000066
16 0.023034 0.000615 -0.002419 0.000012 0.000883 -0.000040
17 -0.003009 0.00090d -0.002361 0.000005 0.000899 -0.000053
18 0.000309 -0.000041 -0.003747 -0.000145 -0.000501 -0.000012
19 -0.0030l* 0.000903 -0.001941 -0.000141 -0.000453 -0.000054
20 0.011154 0.000766 -0.002432 0.000012 0.000916 -0.000040
21 0.023034 0.000673 -0.001984 0.000013 0.000097 -0.000040
22 0.000163 -0.000037 -0 002607 0.000273 0.000284 0.000004
23 0.000084 -0.000044 -0.001474 -0.000353 0.000101 -0.000020
24 0.000093 -0.00000S -0.000043 -0.000003 0.000270 -0.000007
25 0.000041 -0.000001 -0.000033 -0.000004 0.000098 0.000001
26 0.000017 -0.000005 -0.000040 -0.000000 0.000027 -0.000005
27 0.000004 -0.000002 -0.000037 -0.000000 0.000021 0.000001
28 0.000008 -0.000004 -0.000039 -0.000000 0.000025 -0.000005
29 0.000003 -0.000002 -0.000037 -0.000000 0.000023 0.000001
30 0.000010 -0.000001 -0.000019 -0.000000 0.000018 -0.000001
31 0.0 0.0 0.0 0.0 0.0 0.0
32 0.001573 0.000228 '0.000901 -0.000052 0.000287 -0.000001
33 0.000584 0.000313 -0.000502 -0.000063 0.000104 -0.000009
34 0.010726 0.001039 -0.000755 -0.000046 0.000650 -0.000036
35 0.010154 0.001042 -0.000443 -0.000044 0.000511 -0.000041
36 0.045925 -0.004114 0.022054 -0.000147 -0.003024 -0.000113
37 0.045925 -0.002336 -0.025689 -0.000147 -0.0030/4 -0.000113
38 0 045926 -0.003387 0.000620 -0.000147 -0.001694 -0.000113
39 0.004593 -0.002122 0.022041 -0.000147 -0.003022 -0.000113
40 0.004593 -0.000344 -0.025675 -0.000147 -0.003022 -0.000113
41 0.004584 -0.001395 -0 000948 -0.000147 -0.000603 -0.000113
42 0.004584 -0.001071 -0.002682 -0.000147 -0.000603 -0.000113
43 0 002897 -0.001258 0 000316 -0.000147 -0.000532 -0.000113
44 0.002897 -0.000539 -0.003083 -0.000147 -0.000532 -0.000113

( 45 0.002044 -0.000559 -0 003073 -0.000145 -0.000501 -0 000012
46 -0.001425 0.000445 -0 003073 -0.000145 -0.000501 -0.000012
47 -0.002160 0.000368 0 000064 -0.000147 -0.000491 -0.000066
48 -0.002160 0.000786 -0 003069 -0.000147 -0.000491 -0.000066
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QUAL GROUP VII PAGE 34

( 49 -0.003014 0.000825 -0 001289 -0.000141 -0.000453 -0.000054
50 -0 003014 0 000980 -0 002592 -0.000141 -0.000453 -0 000054
51 -0 003009 0.000624 -0 007081 0.000005 0.000899 -0.000053
52 -0.0030d9 0.001181 0.002358 0.000005 d.000899 -0.000053
53 0.023034 0.000558 -0.002264 0.000013 0.000097 -0.000040
54 0.023034 0.000406 -0.007055 0.000012 0.000883 -0.000040
55 0.023034 0.000825 0.002217 0.000012 0.000883 -0.000040
56 0.000136 -0.000030 -0 000901 -0.000052 6.000287 -0.000001
57 0.000066 -0.000004 -0.000502 -0.000063 0.000104 -0.000009
58 -0.000094 -0.000005 -0.000039 -0.000000 0.000025 -0.000005
59 0.000110 -0.000003 -0.000039 -0.000000 6.000025 -0.000005
60 -0.000092 -0.000003 -0.000037 -0.000000 0.000023 0.000001
61 0.000099 -0.000001 -0.000037 -0.000000 6.000023 0.000001
62 0.000017 -0.000001 -0.000019 -0.000000 0.000018 -0.000001
63 0.000003 -0.000001 -0.000019 -0.000000 0.000018 -0.000001
64 0.001572 0.000228 -0.000861 -0.000052 0 000287 -0.000001
65 -0.000445 -0.000320 -0.000551 -0.000003 0.000104 -0.000009
66 0.010401 0.001016 -0 000755 -0.000046 0.000650 -0.000036
67 0.009899 0.001020 -0.000443 -0.000044 0.000511 -0.000041
68 0.011301 0.000766 -0 002388 0.000012 0.000916 -0 000040
69 0.010783 0.000766 -0 002544 0.000012 0.000916 -0.000040

.
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DEFORMATION RESPONSE TO STATIC SEISPIC LOAD IN VERTICAL DIRECTION'

.0EFLECTION . ROTATIONJOINT . . . . . . . .. .

NO. X Y Z x Y Z

l -0.022572 -0.005468 -0 018356 -0.000263 0.001091 0.000015
2 -0.007733 -0.001898 -0.018450 -0.000263 0.001091 0.000015
3 -0.007733 -0.001898 -0.017863 -0.000263 0.001056 0.000015
4 -0.022572 -0.005415 -0.022041 -0.000263 0.001160 0.000015
5 -0.022572 -0.005517 -0.014569 -0.000263 0.001034 0.000015
6 -0.020389 -0.004941 -0.01846e -0.000263 0.001091 0.000015
7 -0.007733 -0.001949 -0.014410 -0.000263 0.000981 0.000015
8 -0 007733 -0.001846 -0.021856 -0.000263 0.001223 0.000015
9 -0.022572 -0.005486 -0.016622 -0.000263 0.001072 0.000015

10 -0.005293 -0.001290 -0 017849 -0 000263 0.001055 0.000015
11 -0 002373 -0.000502 -0 020500 -0.000264 0.001042 0.000014
12 0.002297 0.000e99 -0 020478 -0.000264 0.001038 0.000039
13 -0.002376 -0.000592 -0 013774 -0.000260 0.001042 0.000001
14 0.002309 0.000577 -0.013773 -0.000260 0.001041 0.000001
15 0.005053 0.001313 -0.017814 -0.000260 0.001046 0.000038
16 0.025806 0.005322 -0 018142 -0.000130 0.000675 0.000050
17 0.00737* 0.001877 -0 018043 -0.000124 0.000658 0.000044
18 -0.000034 -0.000009 -0.012372 -0.000260 0.001041 0.000001

/ 19 0.007378 0.001883 -0.017820 -0.000254 0.001035 0.000043
\ 20 0.017330 0.003663 -0.018060 -0.000130 0.000674 0.000050

21 0.025806 0.005251 -0.016740 -0.000129 0.000674 0.000050
22 -0.000005 -0.000003 -0.006946 0.001151 0.000499 -0.000002
23 -0.000004 -0.000009 -0.005627 -0.001201 0.000379 0.000002
24 -0.000001 0.000001 -0.000546 -0.000168 0.000466 0.000000 |
25 -0.000001 -0.000001 -0.000265 0.000077 0.000355 -0.000000
26 -0.000060 0.000000 -0.000203 -0.000016 d.000065 0.000000
27 0.000000 -0.000000 -0.000114 -0.000005 0.000060 -0.000000
28 0.000000 0.000000 -0.000178 -0.000010 0.000063 0.000000
29 0.000000 -0.000000 -0.000132 -0.000010 0.000062 -0.000000
30 -0.000000 0.000000 -0.000106 -0.000009 0.000048 0.000000
31 0.0 0.0 0.0

~

0.0 0.0 0.0 !

32 0.002461 -0.000253 -0.002849 0.000054 0.000492 0.000002 )
33 0.001862 0.002359 -0 002743 -0.000475 0.000373 0.000001
34 0.012819 0.002745 -0.003042 -0.000231 0.000777 0.000069
35 0.014000 0.002726 -0 003294 -0.000094 0.000769 0.000094 i

36 -0.022572 -0.005349 -0.02J082 -0.0002b3 0.001091 0.000015 1

37 -0.022572 -0.005584 -0.009849 -0.000263 0.001091 0.000015
38 -0.022572 -0.005445 -0.019703 -0.000263 0.001072 0.000015 |
39 -0.007733 -0.001780 -0.027066 -0.000263 0.001091 0.000015 !

40 -0.007733 -0.002015 -0.009634 -0.000263 0.001091 0.000015 j
41 -0.007733 -0.001876 -0.019380 -0.000263 0.001056 0.000015 1

42 -0.007733 -0.001919 -0.01634e -0.0002e3 0.001056 0.000015
43 -0.005251 -0.001242 -0.020515 -0.000263 0.001055 0.000015
44 -0.00S251 -0.001337 -0.013782 -0.000263 0.001055 0.000015 |

( 45 -0.003638 -0.000906 -0 013773 -0.000260 0.001041 0.000001 |
46 0.003571 0.000891 -0.013773 -0.000260 0.001041 0.000001 1

47 0.005159 0.001435 -0.020461 -0.000260 0.001046 0.000036
48 0.005159 0.001193 -0.013780 -0.000260 0.001046 0.000038

1
1
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QUAL GROUP VII PAGE 36

( 49 0.007378 0.001945 -0.019308 -0.000254 0 001035 0.000043
50 0.007378 0.001821 -0 016333 -0.000254 0.001035 0.000043
51 0.007374 0.002105 -0.021497 -0.000124 0.000658 0.000044
52 0.007374 0.001648 -0 014589 -0.000124 0.000658 0.000044
53 0.025806 0.005394 -0 019253 -0.000129 0.000874 0.000050
54 0.025866 0.005583 -0 021688 -0.000130 0.000675 0.000050
55 0.025806 0.005062 -0.014597 -0.000130 0.000675 0.000050
56 -0.000001 0.000019 -0 002849 0.000054 0.000492 0.000002
57 -0.000001 -0.000014 -0.002743 -0.000475 0.000373 0.000001
58 -0.000256 -0.000039 -0.000178 -0.000010 0 000063 0.000000
59 0.000257 0.000040 -0.000178 -0.000010 0.000063 0.000000
60 -0.000252 -0.000039 -0.000132 -0.000010 0.000062 -0.000000
61 0.000252 0.000039 -0.000132 -0.000010 0.000062 -0.000000
62 -0.000000 0.000000 -0.000149 -0.000009 0.000048 0.000000
63 0.000000 0.000000 -0.000063 -0.000009 0.000048 0.000000
64 0.002462 -0.000253 -0.002890 0.000054 0.000492 0.000002
65 -0.001865 -0.002386 -0.003106 -0.000475 0.000373 0.000001
66 0.012*30 0.002630 -0 003042 -0.000231 0.000777 0.000069
67 0.013606 0.002679 -0.003294 -0.000094 0.000789 0.000094
68 0.017147 0.003683 -0.018542 -0.000130 6.000674 0.000050
69 0.017793 0.003683 -0 016845 -0.000130 0.000674 0.000050

(

.
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QUAL GROUP VII PAGE 37

(
DEFORMATION RESPONSE TO OPERATIONAL LOADS (INCLUDING DEADWEIGHT)

.0EFLECTION . ROTATIONJOINT . . . . . . . .. .

NO. x Y Z x Y Z
~

l -0.002410 0.005036 -0.001360 0.000240 0.000117 0.000001
2 -0.000825 0.001770 -0 001370 0.000240 0.000117 0.000001
3 -0.000824 0.001770 -0.001308 0.000240 0.000113 0.000001
4 -0.002410 0.005038 -0.001754 0.000240 0.000124 0.000001
5 -0.002410 0.005033 -0.000956 0.000240 0.000111 0.000001
6 -0.002177 0.004555 -0.001372 0.000240 0.000117 0.000001
7 -0.000824 0.001767 -0 000939 0.000240 6.000105 0.000001
8 -0.000824 0.001773 -0.001734 0.000240 0.000130 0.000001
9 -0.002410 0.005035 -0 001175 0.000240 0.000115 0.000001

10 -0.00056* 0.001214 -0.001307 0.000240 0.000113 0.000001
11 -0.00025* 0.000556 -0 002345 0.000240 0.000112 0.000001
12 0.000246 -0.000523 -0.002342 0.000240 6.000111 0.000002
13 -0.00025* 0.000550 -0.001626 0.000241 0.000111 0.000001'

14 0.000247 -0.000533 -0.001626 0.000241 6.000111 0.000001
15 0.000546 -0.001189 -0.001307 0.000239 0.000112 0.000002
16 0.001802 -0.002502 -0.001362 0.000028 0.000038 -0.000001
17 0.000793 -0.001714 -0.001350 0.000035 0.000037 0.000001
18 -0.000004 0.000008 -0 001476 0.000241 0.000111 0.000001
19 0.000793 -0.001716 -0.001308 0.000232 0.000110 0.000001'

L 20 0.001331 -0.002148 -0.001354 0.000028 0.000037 -0.000001
21 0.001802 -0.002501 -0.001223 0.000027 0.000078 -0.000001
22 -0.000001 0.000007 -0.000344 0.000103 0.000030 0.000000
23 -0.000000 0.000007 -0.001079 -0.000200 0.000062 0.000001
24 0.000000 0.000000 0.000035 0.000015 0.000028 0.000000
25 -0.000000 -0.000000 -0.000115 0.000039 0.000058 0.000000
26 0.000000 0.000000 0.000006 0.000005 0.000006 0.000000
27 -0.000000 -0.000000 -0.000042 0.000006 0.000007 0.000000
28 0.0000 0 0.000000 -0.000003 0.000005 0.000006 0.000000
P9 -0.000060 -0.000000 -0.000029 0.000005 0.000007 0.000000
30 -0.000000 -0.000000 -0.000011 0.000005 0.000005 -0.000000
31 0.0 0.0 0.0 0.0 0.0 0.0
32 0.000150 -0.000465 -0.000221 0.000093 0.000030 0.000001
33 0.000305 0.000067 -0.000457 -0.000013 0.000061 0.000001
34 0.001058 -0.001974 -0.000294 0.000092 0.000070 -0.000001
35 0.001018 -0.001974 -0.000499 0.000098 0.000054 -0.000000
36 -0.002410 0.005042 -0.002292 0.000240 0.000117 0.000001
37 -0.002410 0.005029 -0.000451 0.000240 0.000117 0.000001
38 -0.002410 0.005037 -0.001504 0.000240 0.000115 0.000001
39 -0.000825 0.001776 -0.002291 0.000240 0.000117 0.000001
40 -0.000825 0.001764 -0.000449 0.000240 0.000117 0.000001
41 -0.000824 0.001771 -0.001470 0.000240 0.000113 0.000001
42 -0.000824 0.001769 -0.00114e 0.000240 0.000113 0.000001 1

'

43 -0.000562 0.001217 -0 002347 0.000240 0.000113 0.000001

(,
44 -0.000562 0.001212 -0 001627 0.000240 0.000113 0.000001
45 -0.000369 0.000842 -0.001626 0.000241 0.000111 0.000001 1

46 0.000382 -0.000825 -0.001626 0.000241 0.000111 0.000001
1

47 0.000552 -0.001182 -0.002340 0.000239 e.000112 0.000002 i

48 0.000552 -0.001195 -0.001627 0.000239 0.000112 0.000002 j

1

l
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49 0.000793 -0.001714 -0.001465 0.000232 0.000110 0.000001(- 50 0.000793 -0.001717 -0 001150 0.000232 0.000110 0.000001
51 0.000793 -0.001710 -0.001541 0.000035 0.000037 0.000001
52 0.000793 -0.001717 -0.001158 0.000035 0.000037 0.000001
53 0.001802 -0.002504 -0.001446 0.000027 0.000078 -0.000001
54 0.0018 2 -0.002507 -0.001560 0.000028 0.000038 -0.000001
55 0.001802 -0.002498 -0 001165 0.000028 0.000038 -0.000001
56 0.000060 0.000002 -0.000221 0.000093 6.000030 0.000001
57 -0.000000 0.000000 -0 000457 -0.000013 6.000061 0.000001
58 -0.000026 0.000022 -0.000003 0.000005 0.000006 0.000000
59 0.000026 -0.000022 -0.000003 0.000005 Q.000006 0.000000
60 -0.000027 0.000022 -0.000029 C.000005 d.000007 0.000000
61 0.000027 -0.000022 -0 000029 0.000005 0.000007 0.000000
62 0.000000 -0.000000 0.000013 0.000005 e 000005 -0.000000
63 -0.000000 -0.000000 -0 000036 0.000005 0.000005 -0.000000
64 0.000151 -0.000465 -0.000293 0.000093 0.000030 0.000001
65 -0.000306 -0.000067 -0.000467 -0.000013 0.000061 0.000001
66 0.001023 -0.001928 -0 000294 0.000092 0.000070 -0.000001
67 0.000991 -0.001925 -0 000499 0 000098 0.000054 -0.000000
68 0.001334 -0.002148 -0.001250 0.000028 0.000037 -0.000001
69 0.001324 -0.002148 -0.001617 0.000028 0.000037 -0.0000 1

V
L
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k

EVALUAT ION OF V ALvE

DEFORMATION RESPONSE OF COMBINED STATIC SEISMIC AND OPERATIONAL LOADS

ROTATIONJFINT .DEttECTION. . . . . . . . . . .

NO. A Y Z X Y Z

l -0.053640 0.015043 -0 019843 0.000730 0.003333 0.000130
2 -0.009667 0.004978 -0.019914 0.000722 0.003331 0.000130
3 -0.009862 0.004956 -0 019267 0.000602 0.001333 0.000130
4 -0.053641 0.015322 -0 025056 0.000730 0.003729 0.000130
5 -0.053641 0.014800 -0 019304 0.000730 0.003678 0.000130
6 -0.047002 0.013573 -0 019931 0 000730 0.003334 0.000130
7 -0.00986* 0.004716 -0.018640 0.000634 0.003962 0.000129
8 -0.009664 0.005252 -0 024543 0.000634 0.004056 0.000130
9 -0.053641 0.014947 -0 018334 0.000730 0.002122 0.000130

10 -0.006794 0.003o05 -0.019252 0.000569 0.001299 0.000130
11 -0.003066 0.002439 -0.022877 0.000572 0.001274 0.000124
12 0.002681 -0.001776 -0.022851 0.000568 0.001271 0.000074
13 -0.003044 0.002012 -0 015746 0.000561 0.001272 0.000043
14 0.002707 -0.001506 -0.015745 0.000561 0.001272 0.000045

f 15 0.005940 -0.002738 -0.019231 0.000558 0.001272 0.000082
( 16 0.036392 -0.039490 -0 019676 0.001264 0.001150 -0.000069

17 0.008787 -0.003652 -0.019556 0.001290 0.001151 0.000069
18 -0.000315 0.000937 -0.014407 0.000561 0.001271 0.000049
19 0.008792 -0.003852 -0.019239 0.000527 0.001244 0.000070
20 0.021942 -0.02290'l -0 019589 0.001291 0.001175 -0.000069
21 0.036393 -0.039519 -0 018087 0.001261 0.000958 -0.000069
22 -0.000240 0.000888 -0.007769 0.001299 0.000605 0.000048
23 -0.000194 0.000884 -0.006896 -0.001466 0.000454 0.000052
24 0.000ld6 0.000078 0.000679 0.000251 0.000569 0.000025
25 -0.000131 -0.000077 -0.000512 0.000172 0.000427 0.000023
26 0.000043 0.000062 0.000237 0.000035 0.000076 0.000017
27 -0.000039 -0.000062 -0.000197 0.000031 0.000071 0.000016
28 0.000014 0.000063 -0.000192 0.000029 0.000074 0.000016
29 -0.000012 -0.000063 -0.000176 0.000029 0.000073 0.000015
30 -0.000010 -0.000050 -0.000116 0.000028 0.000056 -0.000008
31 0.0 0.0 00 0.0 0.0 0.0
32 0.003077 -0.004297 -0.003286 0.000765 0.000600 0.000076
33 0.002265 0.003075 -0 003246 -0.000565 0.000448 0.000075
34 0.017819 -0.019180 -0 003592 0.000951 0.001085 -0.000277
35 0.018568 -0.019155 -0 003827 0.000865 0.000997 -0.000302
36 -0.053640 0.015c83 -0 037241 0.000730 0.003333 0.000130

l 37 -0.053640 0.014*87 -0.027967 0.000730 0.003333 0.000130
38 -0.053641 0.0151e6 -0.021225 0.000730 0.002122 0.000130
39 -0.009867 0.005683 -0.037219 0.000722 0.003331 0.000130
40 -0.0098e7 0.004483 -0 027947 0.000722 0.003331 0.000130

(- 41 -0.0098t2 0.005072 -0.020862 0.000602 0.001333 0.000130<

42 -0.009862 0.004e47 -0.017712 0.000e02 0.001333 0.000130
43 -0.006581 0.003866 -0.022894 0.000569 0.001299 0.000130
44 -0.006581 0.003374 -0.015756 0.000569 0.001299 0 000130

_ .
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! 45 -0.004577 0.002605 -0 015744 0.000561 0.001271 0 000049
46 0.004243 -0.001976 -0 015744 0.000561 0.001271 0.000049
47 0.006170 -0.002808 -0 022831 0.000558 0.001272 0.000082
48 0.006170 -0.002710 -0 015752 0.000558 0 001272 0 000082
49 0.008792 -0.003876 -0.020626 0.000527 0.001244 0.000070
53 0.008792 -0.003833 -0 017691 0.000527 0.001244 0.000070
51 0.008787 -0.003960 -0.024180 0.001290 0.001151 0.000069
52 0.008787 -0.003801 -0.015954 0.001290 0.001151 0.000069
53 0.036393 -0.039467 -0.020841 0.001261 0.000958 -0.000069
54 0.036392 -0.039396 -0.024371 0.001264 0.001150 -0.000069
55 0.036392 -0.039587 -0 015950 0 001264 0.001150 -0 000069
56 0.000204 0.000484 -0.003286 0.000765 0.000600 0.000076
57 -0.000166 0.000471 -0.003246 -0.000565 0 000448 0.000075
58 -0.000299 0.000069 -0 000192 0.000029 0.000074 0 000016
59 0.000306 -0.000177 -0.000192 0.000029 0.000074 0 000016
60 -0.000296 0.000068 -0 000176 0.000029 0.000073 0.000015
61 0.000299 -0.000177 -0.000176 0.000029 0.000073 0 000015
62 0.000042 -0.000050 0.000193 0.000028 0 000056 -0 000006
63 -0.000039 -0.000050 -0 000153 0 000028 6.000056 -0.000008
64 0.003075 -0.004297 -0.003536 0.000765 0.000600 0.000076
65 -0.002225 -0.002637 -0.003629 -0.000565 0.000448 0.000075
66 0.017277 -0.018708 -0.003592 0 0009S1 0.001085 -0.000277
67 0.018072 -0.018722 -0 003827 0.000865 0.000997 -0.000302
68 0.021874 -0.022901 -0.020e72 0.001291 0.001175 -0.000069
69 0 022129 -0.022901 -0.021929 0.001291 0.001175 -0.000069

|

1
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k

BEAM STRESS FOR COMBINED STATIC AND OPERATIONAL LOADS

ELM JNT SPT C1 C2 C3 STRESS /10(3) MATERIAL SMAX NOTE
NO. NO. NO. K FACI FAC3/2 SMAX SAL DESCRIPTION / SAL

31 18 6 0.0 0.0 -0.56 8.6 27.0 STEEL 0.32
1.12 1.50 1.00

32 18 6 00 0.0 -0.56 7.6 27.0 STEEL 0.28
1 12 1 50 1.00

33 56 11 -0.73 0.0 -5.00 2.6 27.0 STEEL 0.10
0.63 3.50 1.00

34 24 9 -0.73 0.0 5.00 6.4 27.0 STEEL 0.24
0.83 3.50 1.00

35 23 1 3 23 0.0 5.00 2.0 27.0 STEEL 0.07
0.0 1.00 1.00

36 25 11 -0 73 0.0 -5.00 4.4 27.0 STEEL 0.16
0 83 3.50 1 00

37 26 5 0.0 0.0 0.94 6.6 27.0 STEEL 0.25
1 84 1.50 1.00

38 26 3 -5.50 0.0 -0.94 0.2 27.0 STEEL 0.01
0.0 1.00 1 00

39 27 3 -5 50 0.0 -0.94 0.2 27.0 STEEL 0.01
0.0 1 00 1.00 .

'

40 27 5 0.0 0.0 0.94 4.9 27.0 STEEL 0.18
(. 1 64 1.50 1.00

41 56 3 -1.44 0.0 -0.94 0.4 27.0 STEEL 0.01
00 1 00 1 00

42 59 3 -1 44 0.0 -0.94 0.4 27.0 STEEL 0.01
0.0 1 00 1 00

45 31 5 3 52 0.0 -2.38 3.3 27.0 STEEL 0.12
8.99 2.42 1.37

46 64 2 1.50 0.0 -2.50 6.2 27.0 STEEL 0.23
00 1 00 1.00

47 65 4 -1 50 0.0 2.50 5.9 27.0 STEEL 0.22
00 1 00 1.00

48 66 4 2 50 0.0 -0.3d 6.4 27.0 STEEL 0.24
0.0 1 00 1 00

49 68 1 0 38 0.0 2 25 14.4 27.0 STEEL 0.53
0.0 1.00 1.00

50 69 4 0.38 0.0 -2.25 16.2 27.0 STEEL 0.60
00 1 00 1 00 '

.

80LTED JOINT STRESS FOR COMEINED STATIC AND OPERATIONAL LOADS
(N=f. UMBER OF EOLTS, AREA = AREA PER SOLT)

BOLT JOINT DESCRIPTION,60LT STRESS /10(3) MATERIAL SMAA NOTE
JNT LOC. TYPE N AREA NO. SMAX SAL DESCRIPTICN / SAL

( 30 A PAD 4 0.31 4 45.9 46.0 SAE GR5 1 00

.
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THIS EQUIPMENT IS ACCEPTABLE FOR THE SPECIFIED SEISMIC DISTURBANCE
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NO.BUITERFLY VALVE TYPE 9280 SAG 1034

Calculation Procedure eYg g g 79-5-6
k- for (g g p _;

ressurs Retaining Parts pggE ' l' 0F 15
-

MARSHALLTOWN. lOWA

REV

Following are stress calculations to determine:

,E3 M1. Valve body hoop and bending stress }$./40,[$}) /
_

2. Retaining ring hoop stress

3. Shaft torsional, bending, and shear stress

4. Disc bending stress

These calculations are for a Type 9280 Butterfly Valve constructed of the
following materials:

1

1. Body S A-t 02_

2. Disc 5A 651 -GBW) i

3. Retaining ring 5 A-351 -c F OM

4. Shaft bb-3d NIbl5'

L

Reference:

rLR- XEAGR- N ) T, N 2-TOrder No.

P.O. hbV-D O[r) fbY 1-U
l

'

Item No. ID -I$O, M 9-Ih)

Category b 8. 't C, m . C Me]orq 1
Type !N 92 bb

%:il TdA
Valve M No's. M No's.

O(on%5. W G 7. lo R;O [ 14V-E 68, I HV-197 6; I "V-4)S 6 |

O HV-> tor 78) HV- Ato29 f;
__

60/3 191 IHV-203bB
,

W47o $5 4,55 / 1HV - 2ew &
( [ t HN - 2 to2 B F_,

s
s

I
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M0.
BUITERFLY VALVE TYPE 9280 SAG 1034 (

h Calculation Procedure 6YBLGI9-5-0
k N fr %)A 9-27-6Pressure Retaining Parts

MAR $HALLTOWN. IOWA PAdE Z OF 15

REV

Design Conditions: M- /40 , f$ 8 , h. A-

Pressure [DO PSIG' Cd5'9 M 1.

hb PSI(f,h') 2. Pressure Drop

[bc5 f 9 A) 3. Temperature 30 *F

9 ,4,.g g h . Actuator Torque NOO In-Lb

Allowable Design Stresses for bbterials of Construction:

1. Body 15,050, PSI

2. Disc N ,[S$d, PSI

3. Retaining Ring 15, OEO, PSIr

4. Shaft 54600. PSI (Torsion)

M[3O,_ _ PSI (Shear)

Order of Calculations:

1. Body hoop and bending stress

2. Retaining ring hoop stress

3. Shaft torsional, bending, and shear stress

4. Disc bending stress

Following the calculations is a summary of allowable stresses vs.
calculated stresses.

5. Code case 1635-1

(
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BUTTERFLY VALVE TYPE 9280 SAG 1034 <

Calculation Procedure 87 E4 ' 9-5-04
k f# %% 9-27-8Pressure Retaining Parts

MARSHALLTOWN. ICWA PAG'E' 0F
3 15

itEV

1. Body Hoop & Bending Stress
M- Ma , Page 3' , Rev. 4

[' I

/
/ /

ID= s.75 (Max) / t l.O (Min)m m _

fff/(

_ O D = 15.75' (Min) _
)P(2a)

f r thin cylinderh" 2e

for thick cylinder=

(b -a)

GOh. 675* + G. 07 5* )
Where

_
~

1 2'7,675 - 6,975 P = Internal pressure (PSIG)

2a = Inside diameter (In)
2b = Outside diameter (In)
t = Wall thickness (In)

4 4 5 e s 'i e ,= Hoog stress in Body (PS1)=

Sr = -P

= * bO PSI

NOTE: The body is considered to be a N c.h walled cylinder since b/t < 10.
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BUTTERFLY VALVE TYPE 9280 SAG 1034 i

Calculations Procedure 2Y SQ i -5-O'S
~ ~b lPressure Re ning Parts ,

MAR 5HALLTOWN. IOWA PAhE 4 0F 15 |
REY

Hoop Stress at Shaft Hole jg 4 g

2 25 -g Nn s o

k^
N N Q, ct = 9. 7 5I

"

U/ dy

U

d = 6.75
==

= +

_ .31% _
;

~

AIBB
{ L= 5,0008

_z

D - 2.5.P% : i

, ,

d'(1-2A) + D'(1 + A) *
,p

D -d

Where

l'h.75'l - 2.63) & 15.a5 6 +.3) P = Internal Pressure (PSIG)-

7: GO z z15,n5 - 13.7 5 a = Inside Diameter (In)
D = Outside Diameter (In)
A = Poissons Ratio (0.3 for

C }1190i Steel)
'

o = Maximum Unit Stress (PSI)
-

t
* Clavarinos formula for thick walled cylinder d/(2t) < 10), King, R. C.

and Crocker, " Piping Handbook", Pages 3-13. Fif th Edition, McGraw-Hill,
New York, 1967.
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BUTTERFLY VALVE TYPE 9280 SAG 1034 T

Calculation Procedure f6LG!S-S-
f' h 7-271

Pressure Retaining Parts
MARSHALLT0WN.10WA PAhE

s ,
0F 155

REV |
,

M /62., M Y , b _ b
To conservatively allow for shaft hole, unit stress for solid block (L by 2a)
should be multipled by the ratio of the face to face dimension (2a) over
that value minus the packing hole diameter.

4.W
( 2a 2b) 4.75- 1.15c *#

s

2+b2 (This expression includes a ratio of the cross-sectional areas
= P *2

available to carry the hoop stress load.)c
3 a -b Where:

a = Outside Radius of Shaft Hole (In)2 2
Ig b = Inside Radius of Shaf t Hole (In)(Largest)*

- I*I b c = Hoop Stress of Shaft Hole (PSI)
*

h: 95esi
Body bending stress at weakest supporting section:

C /////// + n

h \ 3 , |x a
7'N l

U /\ (77
"

,

x fx

\ \ // / l

/ /////// 1 I

n >
|
|

Bending Moment Section X-X
,

1

Bending Moment

( Load + 1) D Where"

C = Seismic Acceleration in g's
d

W = Weight of Extended Structure (Lb)
D = Distance to Extended Structure C.G. (I

,%h . Y Y VJdbD

=505\9 In-Lb
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BUTTERFLY VALVE TYPE 9280 No. SAG 1034

Calculation Procedure f' B LC-2 3-Co-6
'

Pressure Ret ning Parts ,

MARSHALLTOWN, IOWA

REV

s N N NiN Nxx 4
a

4 a = 4.75 Ewo; Paged ,IW.A
!

-

T
\ \\'f b=3,7 M '

,

c = 2.,1 6 0'

b d ec -

c,
, g

d = 5,37 ]

\ \ 12,0 0e=r
--

d+e 5.9T7 + 11.0 0 I 4' be
' " *

4sh\\\\\N p 4-

_

Y c _f

e-d 3,

2
= -

) + (e-d)+2I
~

~4.75(u.00- 5 977)I g -ms sn )g.,3)g ,f
~

r -n(2.2r,[+2-475 6.727

~

j; i2 e,=

= blh.(0 $ 'n

"(*!2}Bending Stress (c )=
XX

(Based upon9.5 c toaa)

sossC2fo),

b l 6.(05

490 PS1o =

xx

Assume weight of extended structure acts 90* from previous calculation:

(e-d) (a) 3'
-

(b)(a) , n (c)'' 2
7 ,

yy 12 64 12
-

_ n (2 r8 (' 1)(O5f-
-

_,3.717@.'i5)3
Y211 G9 q(

- _.

95. 02_ iw*:

MC1017

_
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N0.
BUTTERFLY VALVE TYPE 9280 SAG 1034 C

*
Calculation Procedure 826Lis 9-le-C^4

( NM for %g g .17 -g ,
Pressure Retaining Parts PA k f 0F 15

REV

Bending Stress (based on a 4.6 G load)
k NO ; fgN ,hb-

, M(a/2)g
YY I

g

50519 (/4.$ \2 )
93.62,

|908 PSI=

Consider an accident condition with bending about the xx and yy axes
simultaneously:

a = a +c

= 430 + 19oS
!

= 1633 PSI

This value is conservative because it includes the 1G
load (weight) of the actuator and bracket in the yy axis.
However, the stress is significantly below the allowable
stress of 2 5(o5 0 PSI.

Torsional Shear Stress ;

Conservatively omitting the load carrying capacity of
material on outside of bolt holes and modeling shaft
hole as a rectangle.

4T
T1" 2 2(a - c ) (b + c)

46908) )

(d 5*- uS*Dmt DS)
: 37s s,e

( 4(300)
,

47 ;

(3.9f- uS*)(O5+ us)(b - c )(a + c)

b PSI
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BUTTERFLY VALVE TYPE 9280 No. SAG 1034

,gg g |6YCalculation Procedure
fr %% 19-2 5 !

( Pressure Retaining Parts
MARSHALLTOWW. IOWA PAYE D- OF 15

s

REV

Retainirl ,ing Hoop Stress h*YNI h8% I , Egy, M2. R

s \ \. f .__ g 'N
'

N N -

'

.__- N .

.

13.15 2a : :

|,15$ 0 C * e

'

15 5(57 : 2d :

Hoop Stress (S ) = P 2a) for thin ring

- , ,

b
* (1 + ) for thick ring=

b-a o
S at o=a

7 2e.'o15 6S I * ,,799 \
"' 76 4"- 6.n s; 6625* /-

= M (g7 PSI

P = Internal Pressure

Inside Diameter2a =

t = Min. Wall Thickness

2b = Outside Diameter

Note: The ring is considered to be a h d walled cylinder since G/t < 10.

.

MC7621
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"U'
BUTTERFLY VALVE TYPE 9280 SAC 1034 c

h h8 Calculation Procedure ,5 % Q 3 _ g_ y

l\ -27-9Pressure Re ning Parts
MARSHALLTOWN. IOWA PA Y c) 0F 15

| REV

3. Shr#*. Torsional, Bending, F Shear Str=.'ses
S uo , Page 'I ,Rev.A

Maximum Torsic tal Shear Stress (Ss) =

4
{ y . 1td'

Where32

1Td.75)4 T " T '9"*
"

3 2-
d = Shaft Diameter

J =,3 M In
J = Polar moment of inertia

, T(d/2)3
s J

MOOh-lS =

s ,91gg,

L s, = 3313 PSI

Eending Stress (C "
B

Force (F) = AP. A Where A is area of disc

Where d is dia. of shaft

f-] |.:.-
2 I= Where L is the distance

. from outer edge of bushing
t edge of Msc

Moment (M) = (F/2)L
4

I- :,%O9
F M=

r = GO (36) = 6280
F/z J~''

I I 3 {Dj0 ) ,975 : % 13

( s e s c . , s )
& N & >.g " (0x) * *G fe

,%o9
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BUTTERFLY VALVE TYPE 9280 no. SAG 1034 (,

Calculation Procedt.;e f 6LG 3- Co-B'
( for %h 9-27-9,

Pressure Retaining Parts
PAdE\ f0 0F 15

,

REV

Max. Shear Stress at neutral axis due to shear load:

NA- * , Page.ze_. , Rev.L
2F1.38 fr m experimental resultsT =

2ud

'2.h90)1,38=

1T(l.7r#
I

23 % PSI=

| k
Combine max. torsional shear and nax. shear stresses: |

T =S +T
Comb s max

= ?;lhi M7b

i

=li(o33 PSI

Combine max. torsional shear and bending stress using maximum shear
stress theory of failure:

1
1

= b O N PSIo =c
x B

o =0 PSI
Y

)
T =S = 3*d3 PSIxy s

-

| Principal stresses

v + [( x - y)2 + T 2# +# #x
c =

1 2 2 xy

" ,093o + o
((o6s(o-o[43313

( 2
t 11

(
I M 7 2., PSIc =

y

| '

- 1_-
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_.B_UTTERFLY VALVE _ TYPE 9280 SAG 1034 j

Calculation Procedure f 8k( > IS-6-6*
fr $h g,]7-gJ( Pressure Retaining Parta

PAht l'1 0F 15

REV

o +o o -o 2

2" 2 - ( ) + (* M # A0
2 xy 3 ,

(GOO (o t o )2 t 3313
6 OBlo + o 2

= -
21

-(pi $(O PSI=
2

o - c,
'Then T =

l'5 3~/'2.- - M Nrmax =

I
3 3-),,3 PSImax =

|

| The f actor of safety by the maximum shear stress theory is:

N= Where N = Factor of safety,

i
"#*

S = Maximum code allowable stress j59300,

'>- (3919)
i N = y, , 7 gQ

1

|

|

(
.

i

I

MC72785
|
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M0.
BUTTERFLY VALVE TYPE 9280 SAG 1034

Calculation Procedure 3_ 5 BL(., - 34-9-( - for gg g ,,774,
Pressure Retaining Parts

MARSHALLTOWN. IOWA PkGb.. 0F12 15

|
REV

4. Disc Bending Stress - ea,Rw.A
M(h /2)y

(A) Bending stress (c ) @ Sect AA=

*'-
| Bending Moment (M) = 0.083(AP)(D )

A A
hlh n D, Dh 2

,"
12 12

Where h = Total width._ y

h = Diameter of hole i2

D = Diameter of disc7,

/ / AP = Pressure drop

M = .06 (00) l'3.15 = 11565
I = I 5.25 [5.f015 - i.7 5 ) _{ , - .4 \7. ~

'

uses Q.ps) m 4nSedion o=

A-A (3) sena1ng sDess 9 ) . M(hf2)e Sect as3

Bending moment (M) = 0.3927 D AP [LO+ D[.

nhfDhy

" 12 - 64
Where

h = Total widthy

h = Diamete. of hole
2

D = Diameter of disc
"

L = Distance from center of theO
bushing to the edge of disc

M = .M2'7(13.35f (oO h 6l3 & .7 B7 ds.15)_I

= 2D'7 9-

p p

13.W h N IT (l .'l 5% I=
'

1':L g

= 5^2. .\ %

*
See Appendix 1 for derivation.

|

|
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BUTTERFLY VALVE TYPE 9280 No. SAC 1034

Calculation Procedure argtg jg_(p,gem

fr %Wh 9-27-fi.{ Puseum Retaining Parts
PAY \E 13 0F 15MARSHALLTOWN. WWA

REV

23n+ /3-@F 's7j L 1. )o -g Slag

BIO Ps; N' '## , FBQe L , Rey. A=

| Section
BB

|

.

'L

I

(

MC72781
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L
C

3

E -

!* 2

i !

E
-

SUMMARY OF STRESSES O I

i a
I5MATERIAL STRESS ALLOWABLE (DESIGN) CALCULATED (ACTUAL) :g: #

COMPONENT SPECIFICATION CALCULATION STRESS (PSI) STRESS (PSI) >

llOOP 1slos o 445
BODY 6M-| Q IIOOP O SilAFT 15650 95

BENDING 1% $ C }Q y g
m n s_RETAINING RING eA ?f3|-(pgy 1100P 15(oSC '3'/(o $k A

&
_

n c
TORSIONAL SilEAR 27150 9313 _

,

*
,C '<.

m - <SilAFT BENDING 59EO GO9(o - 0EE ECA- %9 HIO75
- E"; NSilEAR 17 | cs0 ll003
- a 4

m m
MAX SilEAR BY 2 $ M

FAILURE TilEORY 27150 332.3 - " ; ;S
_

= g
BENDING @ SHAFT 15(oSO 447 --

SA-33I-C F9 D1DISC BENDING PERPEN - 5SilAFT 7-565O OlO -

-

.,

E '>-
,E

ov=- .

f r p (,
7 e o ,

5? h~ e ,

M |

| b9-
_ _ _ - _ _ _ _ _ - _ ____ _ _ - _ _ _ - - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ . _ - _ _ - _ _ - _ _ - -
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No.

BUTTERFLY VALVE TYPE 9280 SAG 1036 g

BY gt(3 [3,go, geCalculation Procedure
fr 9_) 7_ g ,

( Pressure Retaining Parts PA%E l'5 0F 15
MAftSHALL70WN. MWA

REV

e ,Page r ,g y, g-

5. ASME CODE CASE 1635-1

Section Modulus of Piping:

Pipe Size I Schedule STD

\ $*000.D. =

(3,15
1.D. =

r(d -d)

p 32 d

, TTh% --13.2 5 )
320sa)

3
53.3(.o In-

J
', Sectional Modulus of Valve Body:

0.D. = l 3,D
I '

I.D. =
n(d -d)

~'v 32 d

TT65.$5 - 13.15D
4

s2 03.,s)
-

= :L2.O

2.2 o
Ratio = z

55,10
4,4v= ,

Z
p

Allowable Stress for5430-TP_C9 Piping = 3OOCO PSI
|

|

Allowable Stress for 6 8 -l 6 Body = 15(OTO PSI
;

l

!

Based upon this information, this valve meets the conditions set I

.
forth in Code Case 1635-1.

;

1

|
'

.

i

MC6289
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BUTTERFLY VALVE TYPE 9280 No SAG 1034

0TCalculation Procedure BLlo 3-(o- 64.

| Mk 9-27-8#

Pressure Retaining Parts
PNib Al 0F 15t. MARSHALLTOWN. IOWA

REV

Derivation of disc bending moment equations A
C *. -

-->
.

'1.

L___-_________
-4-,----------_4

vAA y

L_a

_>. 8*
,

k Section "AA"

EM P=
g

Where: P = Load on Disc = (aPA)

4 e = Distance to Centroid

P+@ = .2122D = 2D
''

-4--- /' 2 P

IM = b AP (.2122D)g

= .083 6PD
,

(

MC3228
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91.'310 - ( ;
No.BUTTERFLY VALVE TYPE 9280 SAG 1034 ,

"_ @se 3-(o-9dCalculation Procedure
for %W 9-27-bv

Pressure Retaining Parts pgg A2 0F 15( g g

REV

h /49 , hy& d , h4SECTION "BB"

ebb
~ "~

o

> WHERE: P = Load on disc = (oPA)

D = Disc Diameter- --

I

I/2 P e = Distance to Centroid
1'

L = Hub to Bushing Lengthg _ _ g
'

&'e '2P-/

=hfD aP(D+L)-bf D aP (.2122D)M
BB g

2Lo ' =1 D aP (L + .2878 D)
'

J+{ ]'
8

bP r 2= .3927 D AP (L + .2878 D)

1 !

l

|
|
|

Calculations prepared by !!'..

Title b f.,MioP hPMinbeta,y)
,

Calculations checked by b
\ \

' '

Title ENG/NEEA 1PB6fAl STl

l
.

!
.

MC1020 i
1
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ATTACHMENT 4

FQP-11AB-7

Static Sideload Test of Vogtle Item 149

14" Type 9280 Butterfly Valve with
Bettis NT316B-SR2-M3 Actuator.r

Fisher Lab Problem 1662, Report 70

.

".
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* 10-5-84

CFisher Controls lgg4

)lSTR!BUTION STATIC SIDEL0AD TEST OF V0GTLE ITEM 149
4" TYPE 9280 BFV WITH BETTIS ACTUATOR MODEL N0. NT3168-SR2-M3

~IESTRICTED

7,y ABSTRACT

A static sideload test was performed on a 14" Type 9280
BFV with Bettis actuator Model No. NT316B-SR2-M3. This
valve was a production valve intended for service in the
Vogtle Nuclear Power Plant (Rep. Order No. 228-X5AC03-N2T;
Item No. 149; S/N 8670355; Project No. 78EC07). A sideload
force equivalent to 10g acceleration was applied near the
center-of-gravity of the extended structure of the valve
assembly. This load was applied along the axis of least
rigidity as determined by an earlier resonant frequency test
(Problem 1667, Report 192). The static sideload was intended
to conservatively simulate dynamic loads encountered in a

( seismic event as specified by Bechtel (A&E for the Vogtle
- 4 Project). Operability tests were performed before, during

and after application of the sideload as a means of evaluating
performance of the valve assembly during a simulated seismic
event. Testing was performed according to FTP-33, Rev. O
and the results of the tests successfully satisfied all
criteria required by tnis procedure and the associated
requirements in the Test Valve Data Sheet.

REP 25/15
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INTRODUCTION

The test of Item 149, Vogtle Project, was requested by the Nuclear Qualification

Group via the test request letter included in this report. The purpose of this

report is to evaluate the operability of the valve assembly when subjected to a

sideload of the magnitude specified in the Test Valve Data Sheet included in

this report. The test valve was in a fully operational mode with the valve body

in a pressurized test fixture. A baseline series of functional tests were

' performed prior to the application of the sideload. The sideload was then

applied in increments of 50%, 75% and 100%. At 100% sideload functional tests

f were then again conducted and recorded. The sideload was then incrementally
L

removed in reverse sequence. At zero sideload a final series of functional

tests was performed. Every functional test consisted of a packing leakage

test, a bidirectional seat leakage test, limit switch trip point test, and a

series of stroking time tests which included verification of the "f ail-safe"

mode. Deflection measurements of the extended structure were made during the

incremental application and incremental release of the sideload. This series of

before, during and after tests provided a method of comparing normal operation

under no sideload to operation during sideload. This test also allowed a

comparison of before and after performance to see the detrimental effects, if

any, caused by the sideload. Structural yield, binding of internal components,

and loss of pressure retaining ability would be revealed, if present, by this

test. A full evaluation of the valve assembly is presented in the Conclusion to

( this report.
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TEST PROCEDURE

The detailed test procedure is presented in FTP-33, Rev. D. A brief sum-

mary of the test procedure, aided by Sketch 1, is presented in this section.

The pre-functional and post-functional tests consisted of the same procedure.

The packing leakage test was performed first at a pressure of 180 psi with tap

water as the test fluid. The valve disc was at mid-travel during this test.

The test pressure was held for 5 minutes and all gasketing and packing was

checked for leaks.

Next a bidirectional seat leakage was performed with tap water. First the
r inlet was pressurized to 60 psig with the valve disc closed and the outlet at

atmospheric pressure. The test fixture was previously filled with water to

evacuate all air pockets. The vertical fittings shown in Sketch I were used to

observe any leakage to atmosphere. After a period of 10 minutes at these

conditions a 2 minute period followed for measurement of seat leakage. This

test was then repeated with the outlet at 60 psig and the inlet at atmospheric

pressure.

Finally, a stroking time test was conducted. The actuation signal (solenoid:

0-125 VDC) and direct stem movement were recorded on adjacent channels of a

strip chart recorder. An RVDT was used to record the true stem position. A

REP 25/15
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pressure transducer was used to record the piston pressure in the actuator. The

limit switch points were recorded using a SV power supply to each limit switch.

The following sequence of operational cycles were recorded on the strip

chart recorder:

Cycle 1; CLOSE TO OPEN

OPEN TO CLOSE

Cycle 2; CLOSE TO OPEN

OPEN TO CLOSE

Cycle 3; CLOSE TO OPEN

OPEN TO CLOSE

Cycle 4; CLOSE TO OPEN

OPEN TO CLOSE

Each half cycle stroking time was recorded to make sure that the required

stroking time (Test Valve Data Sheet) was never exceeded. Average stroking

times were computed for each half cycle (CL+0P and OP+CL).

Stroking time constants (time required to travel from the closed or open

position to 63.2% of full travel in the direction opposite of the starting

position) were also determined so that changes in stroking speed could be
i

evaluated throughout the testing, j
,

1
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The overall testing sequence was as follows: Pre-Functional +Sideload+ Post-

Functional. In the previously described functional tests, packing leakage,

bidirectional seat leakage and operational cycles were done for each of the

three portions of the test, however, the sideload portion had the following

additional test steps for measurement of deflection due to the sideload application:

1) Measurement of deflections with disc closed at
50%, 75% and 100% of the sideload.

2) Functionals as previously described.

3) Measurement of deflection with the disc at Fail-Safe position
for 100%, 75%, 50% and 0% of the sideload.

" During application and release of the sideload the valve body was not pressurized.
4

The magnitude of the sideload force equivalent to 109 at the center-of-

gravity of the extended structure was determined as 2446 lb. (100% sideload). .

The distance from the center of the shaft to the center-of-gravity was 4.75

inches in the Z axis as given in the Test Valve Data Sheet. The actual point of

application of the sideload was 19.125 inches from the center-of-gravity represent-

ing a moment arm of 19.125 inches. Since the Z axis of the actuator was in

the horizontal direction and the sideload was applied in the vertical direction,

the sideload magnitude was determined by S=RW+W from FTP-33 where S was the

sideload force at the c.g., R was the resultant g load, and W was the weight of

the extended structure. Since the force, F, at the point of application

( REP 25/15
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had to create the same moment at the shaft axis as the force S at the c.g.

produced at the shaft axis, then,

F = S(S moment arm)/(F moment arm)

F = [(10g)(895) + 895) (4.75)/(19.125) = 2446 lb.

The values for R and W are given in the Test Valve Data Sheet.

RESULTS

The results of all tests described in the previous section are presented in

Tables 1, 2 and 3. Table 1 gives the results of the Pre-Functional Tests.

Table 2 gives the results of the Sideload Tests. Table 3 gives the results of

{ the Post-Functional Tests.

At no time during any of the tests did any packing or seat leakage occur.

All valve closure times were less than the required 5 seconds. The average

close-to-open stroking time was 10.0 seconds. The average open-to-close stroking

time was 2.92 seconds. All stroking time constants deviations were well within

the +20% criteria. No yielding or any other structural damage was observed.

All limit switch trip points were well within the allowable deviation of !2*

degrees of valve travel. When fail-safe operation was required, it was maintained

without deviation during the incremental release of the sideload.

REP 25/15
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TABLE 1
SIDELOAD TEST RESULTS

PRE-FUNCTIONAL TEST RESULTS

1) PACKING LEAKAGE @ 180 psi: CRITERIA No Leakage TEST No leakage

2) BIDIRECTIONAL SEAT LEAKAGE @ 60 APSI: CRITERIA No Leakage

DIRECTION OF FLOW TEST No Leakage
REVERSE FLOW TEST No Leakage

3) STROKING TIMES & STR0 KING TIME CONSTANTS: CRITERIA Closing Time < 5 Sec.

ACTUATOR
SUPPLY STR0 KING TIME
PRESSURE STR0 KING TIME CONSTANT

r

k A) CYCLE 1, AP= 60 , CL+0P 80 psi 10.05 6.75 *-

P= 60 , OP+CL 0 2.95 2.15 *~

B) CYCLE 2, AP= 60 , CL+0P 80 psi 10.0 6.7
P= 60 , OP+CL 0 2.9 2.15

C) CYCLE 3, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.9 2.2

D) CYCLE 4, AP= 60 , CL+0P 80 psi 10.05 6.75
P= 60 , OP+CL 0 2.95 2.2

E) AVG TIME AP= 60 , CL+0P 80 psi 10.03 6.74
P= 60 , OP+CL 0 2.93 2.18

F) MAXIMUM STR0 KING TIME CONSTANT CHANGE 2.3 %0F INITIAL VALUE

.

* TEST FLUID Water
** INITIAL VALUE

REPl!
(
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TABLE 2
SIDELOAD TEST RESULTS

SIDELOAD TEST RESULTS (1-3 0 100% SIDELOAD ONLY)

1) PACKING LEAKAGE @ 180 psi: CRITERIA No Leakage TEST No Leakage

2) BIDIRECTIONAL SEAT LEAKAGE @ 60 APSI: CRITERIA No Leakage

DIRECTION OF FLOW TEST No Leakage
REVERSE FLOW TEST No Leakage

3) STR0 KING TIMES & STROKING TIME CONSTANTS: CRITERIA Closing Time < 5 Sec.

ACTUATOR
SUPPLY STR0 KING TIME
PRESSURE STR0 KING TIME CONSTANT

'

j

A) CYCLE 1, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.9 2.2

B) CYCLE 2, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.95 2.2

C) CYCLE 3, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.9 2.15

D) CYCLE 4, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.9 2.2

E) AVG. TIME AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.91 2.19

F) MAXIMUM STROKING TIME CONSTANT CHANGE 2.3 % 0F INITIAL VALUE**

REP 15
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TABLE 2 (CONTINUED)

4) DEFLECTION MEASUREMENTS: CRITERIA No Structural Damage
TEST No Damage

% Side
Load Force Gage 1 Gage 2 Gage 3 Gage 4 Gage 5 Disc

0 223 0 0 0 0 0 CLOSED
50 TffI .012 .003 .00lb .005 0 CLOSED
75 T8Y .0196 .004 .002b .0015 0 CLOSED

100 N T6 .029 .007 .004 .011 .0005 CLOSED
75 T87 .020 .0045 .002b .0075 0 CLOSED

50 TFEI .013 .003 .00lb .0075 0 CLOSED

0 223 .0005 0 0 0 0 CLOSED

DIAL INDICATOR LOCATIONS #1(+35-3/4); #2(+8-7/8"); #3(+4-3/4"); #4(-21-1/8"); #5(On Limit
Switch Plate) [Ref. Shaft Axis, Upstream: +]

5) FAIL-SAFE OPERATION DURING DECREASING SIDELOAD Maintained Safety-related Position
without Measureable Deviation

* Test Fluid Water
**See Table 1 for Initial Stroking Time Constants

REP 15
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TABLE 3
SIDEL0AD TEST RESULTS

POST-FUNCTIONAL TEST RESULTS*

1) PACKING LEAKAGE 0 180 psi: CRITERIA No Leakage TEST No Leakage

2) BIDIRECTIONAL SEAT LEAKAGE 0 60 APSI: CRITERIA No Leakage

DIRECTION OF FLOW TEST No Leakage
REVERSE FLOW TEST No Leakage

3) STR0 KING TIMES & STR0 KING TIME CONSTANTS: CRITERIA Closing Time < 5 Sec.

ACTUATOR
# SUPPLY STROKING TIME( PRESSURE STROKING TIME CONSTANT

A) CYCLE 1, AP= 60 , CL+0P 80 psi 9.95 6.8
P= 60 , OP+CL 0 2.9 2.2

B) CYCLE 2, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.95 2.2

C) CYCLE 3, AP= 60 , CL+0P 80 psi 9.95 6.7
P= 60 , OP+CL 0 2.9 2.2

D) CYCLE 4, AP= 60 , CL+0P 80 psi 10.0 6.75
P= 60 , OP+CL 0 2.9 2.2

E) AVG. TIME 6P= 60 , CL+0P 80 psi 9.98 6.75
P= 60 , OP+CL 0 2.91 2.2

F) MAXIMUM STR0 KING TIME CONSTANT CHANGE 2.3 % OF INITIAL VALUE**

* TEST FLUID Water
**SEE TABLE 1 FOR INITIAL STR0 KING TIME CONSTANTS

REP 15
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CONCLUSION

All applicable criteria given in FTP-33 and in the Test Valve Data Sheet

have been successfully met without exception by Vogtle Item 149.

J.B. Milliken
Evaluation & Analysis Department

I
T
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DATE. 9-24-84 PROBLEM NO. 1662 REPORT NO. 70 TEST AREA Seismic $

jTECHNICIAN Bob Roe TEST ENGINEER Jon Milliken TEST DESCR IPT I ON_. Static sido1nad h
a

MODEL SERIAL USEABLENA INSTRUMENT MANUFACTURER o ACCURACY

1 Power Supply Instant Instru. LDS.2 None None +5V.

2 LD15.2 15V.
" " " " " " "

f
3 RVDT 600-000 C-7 #"

m
4 Oscillograph Gould 2007-6690 747 7514-2 7-84 1-85

Ih4615- 9214' 7526-4 9-84 3-855 DC Preamp "
.

If64615-6 " " "
9217 7521-8 " "

I!64615-7 " " "
1568 7521-6 7-84 1-85 C

I!n4615-8 Bridge Amp. "
827 7522-4 9-84 3-85

9 Power Supply Hewlett Packard 6443B None 2049-1 0-125V. -- bI3bI"(hNNW
m *v

10 Force Gage Dillon X-CT 9412 9405-1 +5000 lb. 9-84 9-85 o" ,'

A

o m11 3/4" Turnbuckle None None None None m r
a m

12 I-Beam " " " " *
z

13 Bell Flanges Ladish Oo" " "
.

14 Bookend Pair Fabricated " " "

15 Pressure Tank " " "

g g
16 Pressure Gage Marsh 2358 9609-2 0-300 psi 1% F.S. 5-84 5-85 0"

17 Pressure Gage 9608-2 0-160 psi 1% F.S. 5-84 5-85
" " "

18 Dial Indicator Starrett 25-3041 None 9902-6 0-2.25 0.001 1-84 1-85

b --CALIBRATION GUIDELINES PER FTP-26 CHECKED BY %- '
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INSTRUMENTATION EQUIPMENT SHEET |
- x

* a
DATE 9-24-84 PROBLEM NO. 1662 REPORT NO. 70 TEST AREA Seismic $

hBob RoeTECHNICIAN TEST ENGINEER J n Milliken TEST DESCRIPTION Static Sideload
e

N00N3. INSTRUNENT MANUFACTURER O T L ACCURACY0 AN E.

a
19 Dial Indicator Starrett 25-3041 None 9902-4 0-3" 0.001 1-84 1-85

20 9902-5 0-3"
" " " " " " " " "

i
21 9902-2 0-3"

" " " " " " " " >'

m
.| 22 25-441 9901-2 0-1"

" " " " " " "

ZCALIBF ATED TO PRESS . GAGE23 Pressure Transducer C.E.C. 1-326-00 10932 -- 0-100 psi #9806- 2. E0 VIP. ITE M#L&f+1F.S.) O
.

24 Box Beam Fabricated lone None None

25 Pressure Ceuge Marsh 9608-1 0-160 1% F.S. 5-84 5-85
"

i 26 DC Preamp Gould 13-4615-0( 4861 7521-3 9-84 3-85
1

| ~U *O
> m o

U O
O CD
0 F
-i M

2
Z

.; O Z
J - * O
,

a E
W

CALIBRATION GUIDELINES PER FTP-26 CHECKED BY - N' - u
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TEST VALVE DATA SHEET

ltem No. 149 S/N 8670355 Assembly Drwg. 48A9882

Orcer No. 228-15AC03-N2T Installation Drwg. 39A2460

Valve Body: Actuator: Appurtenances:

14" Type 9280 Bettis NT316B-SR2-M3 Namc o E A 180-31302/32302
(RF x BaE) (per 17A6601) ASCO NDK8316A74E

Type 262C Air Filter*

Type 95H Regulator
Type H120 Relief Valve
Ashcrof t Pressure Gauge

ANSI B16.34 Body Class Class 150

Rated Pressure at 100*F 275 Psig
r

\ hominal Valve Stroke 90*

Valve Closure Time 5 Seconds

hominal Actuator Supply 80 Psig

Allowable Seat Leakage 0

Seat Leak Test 60 Psid/5 Min.

Bi-Directional Seat Leak Test 60 Psid

Service Condition Pressure -4.75 Inches W.C.

Service Pressure Drop 0.86 Inches W.C.

Valve Safety Related Function Spring to Close

Measured Extended Structure Weight 895 Pounds

Measured Extended Structure C.G. (From Shaf t Axis) 4.75 inches

Extended Structure Uniaxial G-load 10.0 g

Calculated Lowest Natural Frequency / Axis 37.1 HZ/X _
Pg (Shaf t Packing) 180 Psig

Pt (Seat Leak) 60 Psid

PS (Body Pressure for Stroking Tests) 60 Psig

Test Fluid Water

N11-32/ 1
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M To: Tom Buresh Front Cynthia Alexander

f''9 c Floyd Jurycate: July 23, 1982
u

h%gNaturalFrequencyandStaticSideloadTesting*M.subject 00

Reference: Vogtle 78EC07 /CC / [/WJ 7-2-te,/.tsr)

RO-(
'

Tom,
|

Since the time I submitted cy request for lab work for the Vogtle project, I

several valves have been released from customer hold. A current list of . !

required testing is attached. Please forward this list to the test engineer.

Thank you. |

+ dd h |.ts -

:.

Cynthia Alexander

CA/ew'

.
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ROUGH STOCK / PURCHASE PARTS "ca Nos innuto , oATE
INSPECTION REPORT 4 g* %PURCH A&E ORDE N O. PURCH Ast REQ. NO. Alp ORDER NO ''*
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ROU R AWING NO Rev plNisMID DR awing go ,7
wr7e 21e its ns7 g_/.F AP Nuc class STAMP

,A/A OYES._ MNO19 E DITION. 19 ADDENDA

"U' " '" OPE R ATIONINSPECTION OPERATION[ cusT.iNsp AuTM iNsp. PERFORMED BY DATEs

INSPECT PER Q.A. MANUAL SECTION 11
,

j G NUCLEAR RSTANDARD O MSS SP 55

( RECORD &. I , N,i3
HEAT NUMBER _

_E2$1d 3b3|
v

'LOT NUMBER A _ _
VENDOR h

STAMP PIECE SERIAL NO. ON PART p
[ STORE MATERIAL f
| Q A. OOCUMENTATION VERIFICATION k!h ~

Q A. APPRQV AL DATE A1 RivitW Daft
inso.ct,oe a:vv t en reas.r.o .. c ece o m t ,n is *o,- to ce.ory occum.menoa Cm.eew s e, com es sto..oa e a

ts .wsa
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9510-nwarom' ant-c i l t,

W MU T/W f697/7fan Acne-Cleveland Company
1300 Burris Ibad (P. O. Box 730)
Newton, NC 28658

CCALIW COWL PICCEDURE
'

Certification of Corpliance

.

Fisher Controls Company
i

205 South Center Street,

Marsha11to n. Iowa 50158

Attn: Q. A. Occumentation Cepartment

PUICFASE ORDER hl.EBER 5 181294 I'IDi huTIR 000
.

m pAgr g m 15A4157x022

NAC PART HUGER EAl8G-31302 B/M RE/. K CTY. 2

W huSER 33611 PA 2 CCCE 5282

NME LIMIT ShTIOf

tWCD SHIPPER hu?ER E-41769 CATE SHIPPED 1/14/83

MC C37?POM CERI'IFIES 'n!AT SW'IICHES It?NISHED FAVE BEEN MANLTAC'IURED, nGPETED,
umw, Mc FOU!D 'IO MTT APPLICABII BAi MC DPAWUG SPEIFICAT!OG.

RC CCAI.ITY ASSUPA?CE MA? CAL, Rrl. "F'', DCCRPOPATES lO.TR50(B) NO NGI 45. 2, AS
APPLICABII.

hALG FURnfER CERTIFIES THAT ':1ESE Sh'I~CHES WERE F/6LT/CIURED TO 'n!E SAME SPKIFICATICt;S
AS STIDI POCEL EA180 SWITCH SERIES, hilIOf hM CUALIFIED TO IEE STAtCAPES 323(1974),
344(1975), Mc 382(1972), PER REPORr to. OrR-105.

.,

.
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/ NB &x -

( cpE-
-

CcAun vamxER
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?G1g*hg.1 U1 - P 117 ggp7gj
an Aane-Cleveland Ccapany

1300 Burris Road (P. O. Box 730)
Newton, NC 28658

'

QUALITY C NIE L P W EE

Certification of Ccrpliance

Fisher Controls Company

205 South Center. Street

Marshalltown, Iowa 50158

Attn: Q. A. Docu:nentation Depart:nent

.

PLME ORDER NLNBER S 181286 ITDt NUiBER 000

CUSitNES PART RPEG

NAKD PART SUiBER EA180-32302 B/h REV. K GIY, 2

IDT Ntt!B G 32101 CATE CCCE 0283
j
' NAPE LIMIT SWI'ICH

NMCO SHIPPER N' iBER E-41768 CATE SHIPPED 1/14/83J

NAKD COTUCIS u.nnnES THAT SWITCHES EL*PNISHED HAVE BEIN MANUFAC'It' RED, INSPIETED,
TTSIYD, MO FCl2O 'IO MEET APPLICABII B/M NO CPAWDG SPECIFICATICrG.

NAKD QUALITY ASSLTANCE MNCAL, FIV. "F", DCCRPCPATES 10CFR50(B) NC NEI 45. 2, AS
APPLICABIE.

NMCD EUiCHIR CDCIFIES THAT THESE SWITCHES WERE MNTJF/CIURED TO 'IHE SAME SPErIFICATICt;S
AS SWITCH IODEL EA180 SWITOi SERIES, WHICH WAS CUALIFIED TO IEEE STNCARDS 323(1974),
344(1975), AND 382(1972), PER REPORT NO. OTR-105.

N /3 0- -

/ CA/E ~ QUALITY MWCG)NCER
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Auiomatic Swirch Co. = = ETM
Smco1868

FLC AHAu PA AK.NEW JERSEY 07932 . N 1 tot see 20cc / % v 212* 3*Fe5

CERTIFICATE OF COMPLIANCE

Customer Name FISHER CONTROI.S INTERNATIONAL. INC.

Customer P.O. No. S181979

Consignee

Consignee P.O. No. _

43243MASCO Shop Order No.

5ASCO Part No. NPK 8316A-74-E Quandty

Voltage 125LDC Eng. Job No.

This is to certify that the subject valve (s) meet the performance requirments of IEEE-323-1974. lEEE-344-
1975, IE EE-382- 1980 ( Revision of lE E E-382 1972 ) and lE E E-627- 1980, as substantiated by testin g v ah es
of generically equal design in accordance with ASCO Qualification Specification AQS-21680/Rev. C, dated
July 13,1981. The following test levels were included in this qualification test program:

*

I. Aging Simulation Phases:
i f A. Thermal Aging Simulation - 250'F for 18% days. These aging parameters were determined by

1 Arrhenius calculations to simulate a minimum of 8 years in a 140'F contmuous arrbient. Refer to
Figure I for additionalinformation regarding service periods for elastomeric components and Figure 2
for additional information regarding service periods for solenoid coils.

B. Wear Aging Simulation - 20.000 operations at maximum operating pressure differential and nommal.

voltage. Ten percent of the wear apng simulation (2.000 cycles) was conducted concurrently with the
thermal aging simulation.

C. Pressurization Aging Simulation - 15 ambient pressure excursions from atmosphene pressure to 80 psig
to simulate the expected periodic pressurization of the containment for leak testing during the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding 1 me;arad per
hour to simulate expected non accident radiation exposure.

E. Vibration Aging Simulation- Continuous sinusoidal sweeps from 5 to 200 to 5 Hz at a rate of 2 octas es
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration level w as reduced such that the displace me nt did not e xceed 0.025" double amplitude ). fori
a minimum of 90 minutes in each of three orthogonal axes. The test valves w ere alternately de-energ: zed
or enerpzed every 15 minutes dunng this exposure. The valves were attached to the shaker table by ngid'

test fixtures using the standard valve mounting provisions with the solenoids ( Solenoid * A' for N P8323
yalves) vertical and upnght. Flexible hoses were used on all ports; therefore. the set up did not affeet the
rigidity or mass of the valves being tested.

F. Seismic Aging (OBE) Simulation and Resonance Testmg The valves w ere mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from 1 to 35'

to 1 Hz, with a peak acceleration les el(withm machine limits)of 3g,in each of three orthogonal axes at a
rate of not more than 1 octave per minute. One sweep in each axis was conducted with the vahes
energized and the other with t; e valves de-energized. These sinusoidal sweeps are considered to provide

', the equivalent dynamic effect of 5 OBE's. Dunng this testing, accelerometers were attached to the
solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is detined as a
response with a magnitude of acce'eration at least twice as great as the input acceleration. No vahe
resonances were detected.
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II. Design Basis Event (DBE) Phases: ~

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to a senes of single-frequency. single axis sine-beat tests at
37 test frequencies between 1 and 35 Hz.The excitation was in the form of a continuous senes of sine
beats, with 12 15 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.
The successive beats were phased such that any superposition of response motion was additive. At
each test frequency, the peak input acceleration was increased (up to l$g maximum) and the g tevels
were recorded at which the cylinder port pressure (zero when de-energized and fullinlet pressure when
energized for a normally closed valve, opposite for a normally open valve) difTered from the nominal by
0%,5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure. This level was selected as being sutTiciently low to prevent spurious shifting of
the customer's main valve or other equipment. Motion was applied at the same frequency and
acceleration limits in each of the three orthogonal axes separately. Based on this testing and/or
additional testing conducted by ASCO using single-frequency continuous sinusoidal inputs (after con-
sideration of margin as suggested in IEEE-323-1974). the following acceptable maximum acceleration
levels have been determined:

11.2g

i r

L

B. Radiation DBE Simulation 180 megarads of gamma radiation at a rate not exceeding I megarad per
hour to simulate (after consideration of margin as suggested m lEEE 323-1974) at least 163 megarads
of accident radiation exposure.

C. Environ nental DBE Simulation - The vals es w ere installed in a pressure s essel and subjected to a 30-
day exposure to steam, chemical spray and clear water spray simulating a combined loss-of coolant
accident /high-energy-line break event and post event cool-down.The peak ambient temperature of the
simulation was 420'F and the peak ambient pressure was 70 psig. The vals es were pressurized to maxi-
mum operating pressure and continuously energized for 4 hours prior to the first transient (to produce
thermal saturation of the solenoid coils). They were de-energized when the temperature of the first
transient reached 420'F (to demonstrate the ability to perform a typical safety function) and wcre
normally de-energized but were cycled periodically during the 30-day exposure to demonstrate the
ability to operate on demand. The qualified temperature profile demonstrated by this simulation ( after
consideration of margin as suggested in IEEE 3231974)is shown in Figure 3.

Test Report AQR 67368 is on file at Automatic Switch Company in Florham Park, N.J., and is available for
customer perusal.

. I
i

J' f.-
Dated AUGUST 15, 1983 Authonzed Signature 'Y__A_b.bv - -
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Fisher Control Co.
P. O. Box 190
Marshalltown, Iowa 50158'

Attention: Mr. Larry Rathje

Subject: Certification of Cor.pliance for the Fisher Control
Purchase Order 181282; G.H. Bettis Sales Order
82-9056-00

Dear Mr. Rath]e:,

This letter is to certify that the equipment furnished
en line number 01 cur sales order, item 1 your purchase order,
were manufactured, assembled, and tested in acccrdance with'

written G.H. Bettis Engineering Specifications and Standards,
and the G.H. Bettis cualification Test Report 37274.

,

Units Shipped:*
c

4
;ty. Model G.H. Bettis P/N Serial Number

2 NT-316-SR2-M3 49470 1 E. 2

e

Ccrdially,
GH BETTIS CCMPANY

0 &'P ,.'

Anthony T. Lccascio
Cuality Assurance Manager

i
ATL:jw

I cc: File
>
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vG 2NNCO C0tf!10Ui .1i 1 - ? 12t: S/// Pt72Jtsan Aame<1eveland Ccapany
1300 Burris Road (P. O. Box 730)
Newton, NC 28658

( -

QUALITY CCNITOL Pper m;RE

Certification of Conpliance
.

Fisher Controls Companh

205 South Center Street
..

Marshalltown, Iowa 50158

Attne O. A. Documentation Dept.

PUICHASE OREER htNBER S 181676 Im tre 001

CUS'IINER PART NIMER 15A4157X022

IWCO PART NLNBER EA180-31302 B/M REV. K QPIY. 1

ICT tANBER 31648 CAE COCE 1283

NAPE LIMIT SWITH

NA>CO SHIPPER huSER E-43331 CAE SHIPPm 3/30/03

il

NAMCO COFIPOIS CERITFIES EAT S'aTIQH5 FUPNISIED HAVE BEEN MAhtTACIURID, REPDC"JD,
usiu>, APO PIDO M MEET APPLICABII B/M AND CPAWDC SPIEIFICATIOG.

NMOO QUALITY ASSURNCE MAhtAL, REV. "I", DCORPORA'IES 10CER50(B) NO AtGI 45.2, AS
APPLICABLE.

M FURIHER CDCIFIES WAT U{ESE SWITHES WERE MMET/CIURID M ZIE SAME SPECIFICATIOtG
AS S(I23! POCEL EA180 SWIT! SIRII:3, M!ICI *,As CCALIFIED 3) ICE STN:::ARI:G 323(1974),
344(1975), AND 382(1972), PER REPORr !O. OTR-105.

I

I

dALt 3 u f3 --

|
co- gene- -

>
-

,



_ . _ _ _ _ _ _ _

. .5/A/ 74'7J2N4~
<" ,1 o n v .w a ., ,, ,-

"c2 ac2 ' ** u 8 0 * ' '^'
IlOUGH STOCK / PURCHASE PARTS 6 / / )3/A.INSPECTION REPORT Jgg PUACP6AstORDERNO PURCHAst RtQ. NO. AgP. ORDE A NO. ITEM NO. QUANTITY

J S M// M - M L 28 /S 9 9 ,ud-xsea-mu otro i

l' LasCmiPTION size TY PG MATERIAL TYPs P AOJECT NO. PIECE st ALAL NO

1 Aus a,k /Y O$O fri20/4 A Sh AhYb *

PARTNO- ROuGR dmAWINO NO n ty . FINisMED OR AWINO NO. sty

/ CA S6 S o K 2 9.3 ? /s7?f6CD WA'

COct. /dl' /JA/ d #/ Nuc. class STAMP

/148/ OYES E NO'
sect is somON. is AooaNoA

HOLD POINTS OPE R ATION
INSPECTION OPERATION DATEP RFORMED SY, cusT. iNsP. v- Aurn NsP.

- O NUCLEAR E( STAND AR D 0 MSS.SP-55 '
g ,jj gINSPECT PER Q.A. M ANU AL.S ECTION 11 /

g

($tn*/hAv) /thf/e% -

*'' "*
~

HEAT NUMBER , ,.

LOT NUMBER
-

'

UO -

. VENDOR
,

STAMP PIECE SERIAL NO. ON PART

STORE MATERIAL ,

Q.A. DOCUMENTATION VERIFICATION

CA APPROVAL D ATE A.: agview oAtt

ireo.ctea ser+r es r.e,-oo are en cm.o meewm in. e to omry cocmatem coore ame emer een is sto<.e.

se %.e.wa&

.

.

:

I
.

. . _ . . . - - - - _ _ _ - - - . _ . . - -- - - - - . . - -.



W G P2fsg
YL 10- ont.c o:-:- niu 1. ? jan

Namco Controls
An Acme-Cleveland Company

1300 Burris Road (P.O. Box 730)
( Newton, NC 28658 -

l

QUALITY CONTROL PROCEDURE
3

CERTIFICATION OF COMPLIANCE
.

l

,8

i

Pisher Controls Company

205 South Center Streeti

i Marshalltown, Iowa 50158

, Attn: Q. A. Documentation Dept.,

I
PURCHASE ORDER NUMBER 181172 ITEM NUMBER 000
CUSTOMER PART NUMBER 15A5650x392 -P REV

4AMCO PART NUMBER EA190-32302 B/M REV. K QTY. 6

LOT NUMBER
'

29c01
i DATE CODE 4682

NAME LIMIT SWITCH

NAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17/92

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 4 5. 2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE N UFACTURED TO THE SAMESPECIFICATIONS AS SWITCH MODEL EA180-11302, REV. H, WHICH WAS QUALIFIED

I TO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORTNO. OTR-105.
I

i

,

I

|( || n [ 2 l a c :

'

'/ /
DATE ''

QUALITY ONTROIj/iANAGER

,
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ERW4';Automatic Swiich Co. ===
Smco 1888

FLC AH AM P AAK.NEW JERSEY 07932 . m use see acoo N t- at2' 3u res

CERTIFICATE OF COMPLIANCE

71 SHER CONTROLS INTERNATIONAL. INC.Customer Name

S181979Customer P.O. No.

Consignee

Consignee P.O. No. _

43243MASCO Shop Order No.

5
ASCO Part No. NPK 8316A-74-E Quantity

Voltage 125 /DC Eng. Job No.

This is to certify that the subject valve (s) meet the performance requirments ofIEEE-323-1974 IEEE-344-
1975,IEEE 382-1980(RevisionofIEEE-3S2-1972)andIEEE-627-1980,at substantiate:Ibytestingvalves
of generically equal design in accordance with ASCO Qualification Specification AQS-21680/Rev. C, dated
July 13,1981. The following test levt!s were included in this quahfication test program:

I. Aging Simulation Phases:
A. Thermal Aging Simulation - 250*F for 184 days. These apng parameters were determined by

, g
( Arrhenius calculations to simulate a minimum of 8 years in a 140'F continuous ambient. Refer to

Figure I for additionalinformation regarding service penods for elastomeric components and Figure 2
for adOional information regarding service penods for solenoid co Is.

B. Wear Aging Omulation - 20,000 operations at maximum operating pressure difTerential and nominal
voltage. Ten percent of the wear aging simulation (2,000 cycles) was conducted concurrently with the
thermal aging simulation.

C. Pressunzation Aging Simulation- 15 ambientpressure excursions from atmospheric pressure to 80 psig
to simulate the expected periodic pressurization of the contamment for leak testing dunng the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding 1 me;arad per
hour to simulate expected non-accident radiation exposure.

E. Vibration Aging Simulation-Continuous sinusoidalsweeps from 5 to 200 to 5 Hz at a rate of 2 octases
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration levelwas reduced such that the displacement did not exceed 0.025" double amplitude), for
a minimum of 90 minutes in each of threc orthogonal axes. The test valves were altemately de energized
or energized every 15 minutes during this exposure. The valves w ere attached to the shaker table by rigid
test fixtures using the standard valve mounting provisions with the solenoids ( Solenoid 'A' for N P8323
valves) vertical and upnght. Flexible hoses were used on all ports, therefore, the set-up did not affect the
rigidity or mass of the valves being tested.

F. Seismic Aging (OBE) Simulation and Resonance Testing -The valves were mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from I to 35
to I Hz, with a peak accelerationlevel(within machine limits)of 3g,in each of three orthogonal axes at a
rate of not more than 1 octave per minute. One sweep in each axis was conducted with the valves

( energized and the other with the valves de energized. These sinusoidal sweeps are considered to pros ide
the equivalent dynamic effect of 5 OBE's. During this testing, accelerometers were attached to the
solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is defined as a
response with a magnitude of acceleration at least twice as great at the input acceleration. No vahe
resonances were detected.

Form Vf 3239At.

- -



WU101 Ax5nc o x;171_ 7 3% //A/ 847n44;
ASCO SHOP ORDER NO." 43243x

.

II. Design Basis Event (DBE) Phases: ~

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as desenbed for the
vibration aging simulation and were exposed to a series of single-frequency, single-axis sine-beat tests at
37 test frequencies between 1 and 35 Hz. The excitation was in the form of a continuous series of sine
beats, with 12-15 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.

- The successive beats were phased such that any superposition of response motion was additive. At
each test frequency, the peak input acceleration was increased (up to 15g maximum) and the g-levels
were recorded at which the cylinder port pressure (zero w hen de-energized and fullinlet pressure w hen
energized for a normally closed valve, opposite for a normally open valve) differed from the nominal by
0%,5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure. This level was selected as being sufficiently low to prevent spurious shifting of
the customer's main valve or other equipment. Motion was applied ai the vme frequency and
acceleration limits in each of the three orthogonal axes separately. Based on this testing and/or
additional testing conducted by ASCO using single-frequency continuous sinusoidal inputs (after con-
sideration of margin as suggested in IEEE-323-1974), the following acceptable maximum acceleration
levels have been determined:

11.2g
.

} -

B. Radiation DBE Simulation - 180 megarads of gamma radiation at a rate not exceeding i megarad per
hour to simulate (after consideration of margin as suggested in IEEE 323-1974) at least 163 megarads
of accident radiation exposure.

C. Environmental DBE Simulation - The valves were installed in a pressure vessel and subjected to a 30-
day exposure to steam, chemical spray and clear water spray simulating a combined loss-of-coolant
accident /high-energy-line-break event and post event cool down. The peak ambient temperature of the
simulation was 420*F and the peak ambient pressure was 70 psig. The valves were pressurized to maxi-
mum operating pressure and continuously energized for 4 hours pnor to the first transient (to produce
thermal saturation of the solenoid coils). They were de-energized when the temperature of the first
transient reached 420*F (to demonstrate the ability to perform a typical safety function) and were
normally de energized but were cycled periodically during the 30-day exposure to demonstrate the
ability to operate on demand. The qualified temperature profile demonstrated by this simulation ( after
consideration of margin as suggested in IEEE 323-1974)is shown in Figure 3.

Test Report AQR 67368 is on file at Automatic Switch Company in Florham Park, N.J., and is available for
customer perusal.

a (-
Dated AUGUST 15, 1983 Authonzed Signature d Lb l_ d -

QUALITY CONTROL MA'1AGER
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APPROPRIATE SPARE PARTS WHENEVER JATED r60
CY THE PERIODIC INSPECTION CF VALVE COMPONENTS

--

OR WHENEVER ANY OF THE FOLLOWING LEVELS 3-
SIMULATED DURING OUAllFICATION TESTING, ' 3

40 ARE REACHED: 2-

4 1. WEAR AGING - 20,000 CYCLES S,g \ 2. RADI ATION AGING - 2 x 10' RAD "

$ 30 \ 3 THERMAL AGING - THE MAXIMUM SERVICE L'ua

D PERIOD INDICATED FOR THE APPLICABLE25 .-
SERVICE AMBIENT TEMPERATURE. "o h!' O n2 20 q

E
b , . .

155
5 h

m m
I E 10o a
o E 9 X +

ui X 8 --4
2 7

6

5

4
20"C 30*C 40*C 50'C 60*C 70* C*

(68* F) 186* F) (104*F) (122* F) (140" F) (158*F)

SERVICE AMBIENT TEMPER ATURE

FIGURE 1 g
MAXIMUM SERVICE PERIODS FOR ELASTOMERIC
COMPONENTS IN ASCO CATALOG NP-1 VALVES g

Fovm VE 32394I
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AUTOM TIC SWITCH CQ Florham Park, NJ. 332
,,.

\
ORDER DATA - TEST DATA *

(To be completed by Valw 560s) (To be completed by Test Dept. Supervasor)

M M E7k CHG.LTR.CUSTOME R (5 N Ek- kOA/T"CCLT
~

ASCO DWG. NO.

P.O.NO.|8f99 S.O.NO. D W N ASCO TEST PROCEDURE A/AI5//- CHG. LTR. N

CATALOG NO.N pK kDM 7 4hTY.
,

P I 5 E *D - hDISCONSIGNEE
' TEST *CM AMPS /V9WWIEEE (Cross Out Onel

CONSIGNEE P.O.

I SALES ENGINEER

I (17 DATE[*/b" TEST DEPT. (Siped) DATE 8 JL 87(5gned)

CONFORMANCE TO TEST REQUIREMENT. (To be comoteted by Test Dept.) - a check ( V) indicates conformance to test j

recuirements as listed in above test procedure. |

COIL SEAT LE AKAGE OPE R ATICN AL E s tE *4N AL MYPOT |
'

SE RI AL TEST TEST LEAKAGE TEsi

wort. DE.ENE RG12ED |ENERGlZED gg
TEST -

NUMBER ,(voets/T.n.
n ~- ,ws

, , , ,

1" V Ps!G / o Psic MPsiG../.D._Psic if2LPsiGI M # 44 uip gy
/

|g W| W v' t/ \

,

'f ~

g / g/ L/ i f \
_

l
1 / / J|J V d V d V ~

!

\/ < |" / / / J / / \-
,

_

a |-l- g Iv s - v - - I-I
.

vi Ivi-r / d\/\/ v' / /

1 I

-.

I

I HEREBY CERTIFY THE.>40VE RESULTS ARE A TRUE RECORD OF EACH ITEM INDICATED
3

' O TESTE R (Signed) 1 M' DATE

DATE
O ASCO QUALITY CONTROL (Signed)

O CUSTOMER REPRESENTATIVE ISigned) -DATE

DATEO GOV'T. QUALITY ASSURANCE REPRESENTATIVE (Siped)

. _ - _

Form Mfg. 3273r
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an Aane-Cleveland rempany
1300 Burris Ibad (P. O. Box 730)
Newton, NC 28658

QUALITY CONL PRXIDURE

I Certification of Corpliance

I

i
Fisher Centrols Cc:.pany

| 205 South Center street

Marshalltown, Iowa 50158

Attn: Q. A. Documentation Depart..ent

I

i PUR3fASE ORDER NUMBER S 151294 ITDi hU2ER 000

i CSIO'IR PAgr me g 15A4157xC22

i
NAKD PART ??M EA18 0- 31302 BM RE/. K OrY. 2

IUr b'ESER 33611 CA2 COCE 5282y
1

NAME LIMIT ShTICH

E-41769 CATE SHIPP5D 1/14/83
p NAKO SHIPPER ?? M

NAKD C3CPOLS CERTIFIS " EAT ShTICHES It'P.NISHED HAVE BEDJ MA!.LTAC"A' RID, I?EPECTED,
itsww, AND ICUto 'IO MEET APPLICABIE BM NO DP/MI?G SPTIFICATIOG.

NAKD CU7d.I'IY ASSUPRCE MANUAL, RD/. "F'', I!CORPORAn:S 10CFR50 (B) NC NEI 45. 2, AS
APPLICABII.

NAED FURIEER CERTIFIES THAT U!ESE S*dI'lCHES WERE PR;UFAC'i' IRED 'IO '!HE SAVI SPTIFICATIO3
AS SWI'ICH MJCEL EA180 ShTICH SERIES, hBICI WAS QUALIFIED 'ID IEEE STNCARDS 323(1974),
344(1975), MO 382(1972), PER REPORr 10. Ura-105.
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INSPECTION REPORT T/seet. '7J//4.
PURCHASE OROgn NO- PURCHASEREO NO. REP. ORotR NO ITEM NO. QU AN TITY

S///.2 fit 4D/ ?esW9' a.s4.arme s-m1~ se g i

LT OtSCRIPTION stZe TY Pt MATERIAL TYPE PROJECT NO PitCE SERIAL NO
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W A [$ Sb t 34.1/* /SA$b TO Alk
ciet: peJ /JM/ , /.7 p/ Nuc CtAss STAMP

'
jt/A OYES K.N Osect is tomo = is AnotNoA

HOLD POINTS OPE R ATION
INSPECTION OPERATION D ATE

v cusT. NsP y AUTM INsP PERFORMED BY

INSPECT PER Q. A. M ANU AL SECTION 11 ,

C NUCLE AR X STAN D AR D D MSS SP 55

6 ) t - 2 Y it _1
HEAT NUMBER
LOT NUMBER e 1 Y3 M 31 /c I
VENDOR W

STAMP PIECE SERIAL NO. ON PART gg
_

[%~STORE M ATERI AL

Q A. DOCUMENTATION VERIFIC ATION \ (, ,

QA. APPROVAL DATE AI RevitW Daft
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/79L1(NASCO CCN!10[31 b1- 2 190 .

an Aane-Cleveland Campany
1300 Burris kaad (P. O. Box 730)
Newton, NC 28658 .

~

QUALITY CON' DOL PROCEDURE

I Certification of Conpliance

s

'
Fisher Controls Company

6

205 South Center. Street
|

Marshalltown. Iowa 50158

: Attn Q. A. Documentation Departe.ent
,

8 .

PUJCFASE ORDER NLNBER S 181286 I'IIM h6 200
,

. CUSit:NER PARr NLNBER

'
NAKD PART h1NBG EA180- 32 302 B A REV. K QW. 2

IDr NLNBER 32131 DATE CCCE 0283
r

|t7 NAME LIMIT SWTICH

NMCO SHIPPER h*EBER E-41768 CATE SHIPPED 1/14/83
i

NAKD COGOLS CERr!PIIS 'IHAT ShTICHES EURNISHED HAVE BEEN .%NLTAC'!URED, DISPECIED,
TESTE, MO FCGC TO MEET APPLICABII BA MO CRAWING SPECIFICATICNS.

NMCO CCALI'N ASSURMCE .%' CAL, REV. "F", DCORPORATES 10CFR50(B) AND ASSI 45 2, AS
APPLICABII.

NAMCD FURINER CERTIFIES THAT 'IEESE ShTICHES WERE MAhtTACIURED 'IO 'IHE SAME SPECIFICATIONS
AS SWI'IG MJDEL EA180 SWITjH SERIES, WHICH WAS OCALIFIED 'IO IEEE STN.IARDS 323(1974),
344(1975), Me 382(1972), sER REPORP 10. OTR-105.
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' ROUGH STOCK /PURCMA- ,. PARTS [d e d N"4''f/6INSPECTION REPdi:T
PuRCM 4 ORotR NO, PU RCH ASS RtQ. NO. R EP. ORDER NO. ITEM 40. QUANTITY
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CERTIFICATE OF COMPLIANCE

Customer Name FISMFR CON 1'ROLS INTERNATIONAL _lNC,_

Customer P.O. No. s1Rion

Consignee

Consignee P.O. No. __

41826MASCO Shop Order No.

ASCO Pan No. NP K 8316A-74-E Quantity 1

Voltage 1251DC Eng. Job No.

This is to certify that the subject valve (s) meet the performance requirments ofIEEE-323-1974. IEEE-344- -
1975, IEEE-382-1980 ( Revision of lEEE-382-1972) and IEEE-627- 1980, as substanth*% testing valves
of generically equal design in accordance with ASCO Qualification Specification AQS-216bO/Rev. C, dated
July 13,1981. The following test lesels were included in this qualification test program:

I. Aging Simulation Phases:
A. Thermal Aging Simulation - 250*F for 18'. days. These aging parameters were determined byj Arrhenius calculations to simulate a minimum of 8 years in a 140'F continuous ambient. Refer tog

Figure I for additional information regarding service periods for elastomerie components and Figure 2
for additional information regarding service periods for solenoid coils.

B. Wear Aging Simulation - 20,000 operations at maximum operating pressure difTerential and nominal
voltage. Ten percent of the wear aging simulation (2,000 cycles) was conducted concurrently with the
thermal aging simulation.

C. Pressurization Aging Simulation - 15 ambient pressure excursions from atmospheric pressure to 80 psig
to simulate the expected periodic pressurization of the containment forleak testing dunng the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding 1 mecarad per
hour to simulate expected non-accident radiation exposure.

E. Vibration Aging Simulation-Continuous sinusoidal sweeps from 5 to 200 to 5 Hz at a rate of 2 octaves
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration level was reduced such that the displacement did not ex ceed 0.025" double amplitude). for

|
a minimum of 90 minutes in each of threc orthogonal axes. The testvalves were alternately de-energized
or energized every 15 minutes during this exposure. The valves were attached to the shaker table by rigid
test fixtures using the standard valve mounting provisions with the solenoids ( Solenoid *A' for N PS323

,

valves) vertical and upright. Flexible hoses were used on all ports; therefore, the set-up did not affect the
rigidity or mass of the valves being tested.

F. Seismic Aging (OBE) Simulation and Resonance Testing- The valves were mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from I to 35
to I Hz, with a peak acceleration level (within machine limits) of 3 g,in e ach of three orthogonal axes at a
rate of not more than 1 octave per minute. One sweep in each axis was conducted with the valve <
energized and the other with the valves de-energized. These sinusoidal sweeps are considered to provide

( the equivalent dynamic effect of 5 OBE's. Dunng this testing, accelerometers were attached to the
solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is defined as a
response with a ma;:nitude of acceleration at least twice as great as the input acceleration. No valve
resonances were detected.

Form VE 3239 A1
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II. Design Basis Event (DBE) Phases:

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as described for the
vibration agmg simulation and were exposed to a series of single-frequency, single-axis sine-beat tests at
37 test frequencies between 1 and 35 Hz. The excitation was in the form of a continuous series of sine
beats, with 12-15 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.
The successive beats were phased such that any superposition of response motion was additive. At
each test frequency. the peak input acceleration was increased (up to 15g maximum) and the g levels
were recorded at which the cylinder port pressure (zero when de-energized and fullinlet pressure w hen
energized for a normally closed valve, opposite for a normally open valve) differed from the nominal by
0%,5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure. This level was selected as being sutriciently low to prevent spurious shifting of
the customer's main valve or other equipment. Motion was applied at the same frequency and
acceleration limits in each of the three orthogonal axes separately. Based 'on this testing and/or
additional testing conducted by ASCO using single-frequency continuous sinusoidal mputs (after con-
sideration ofmargin as suggested in IEEE-323-1974).the following acceptable maximum acceleration
levels have been determined:

11.2g
.

.

B. Radiation DBE Simulation - 180 megarads of gamma radiation at a rate not exceeding i megarad per
hour to simulate (after consideration of margin as suggested in IEEE-323-1974) at least 163 megarads
of accident radiation exposure.

C. Environmental DBE Simulation -The valves were installed in a pressure vessel and subjected to a 30-
day exposure to steam, chemical spray and clear water spray simulating a combined loss-of-coolant
accident /high-energy-line-break event and post event cool-down. The peak ambient temperature of the
simulation was 420'F and the peak ambient pressure was 70 psig. The valves were pressurized to maxi-
mum operating pressure and continuously energized for 4 hours prior to the first transient (to produce
thermal saturation of the solenoid coils). They were de-energized when the temperature of the first .

transient reached 420*F (to demonstrat(the ability to perform a typical safety function) and were
normally de-energized but were cycled periodically during the 30-day exposure to demonstrate the
ability to operate en demand.The qualified temperature profile demonstrated by this simulation (after
consideration of margin as suggested in IEEE-323-1974) is shown in Figure 3.

i

Test Report AQR-67368 is on file at Automatic Switch Company in Florham Park, N.J., and is available for
customer perusal.

(
,

j ,,

Dated AUGUST 12 1983 Authorized Signature A / O'
QU,ALITY C0!frROL MANAGER*

-
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.JOTE: IN ORDER TO MAINTAIN OUALIFICATION, C,.. OG $ '*
NP 1 VALVES SHOULD CE RECUILT USING THE r

APPROPRI ATE SPARE PARTS WHENEVER INDICATED h
60 ~

BY THE PERIODIC INSPECTION OF VALVE COMPONENTS @],

OR WHENEVER ANY OF THE FOLLOWING LEVELS r
SIMULATED DURING OUALIFICATION TESTING, S
ARE REACHED: '.

40 f 1. WEAR AGING - 20,000 CYCLES
~

g 2. RADI ATION AGING - 2 x 10' RAD '5
3 THERMAL AGING - THE MAXIMUM SERVICEk 30 '

PERIOD INDICATED FOR THE APPLICABLEw
25 SERVICE AMBIENT TEMPERATURE.h-

O -

20 $
a.

$ 15
-

.

E
E,

5 3 10
h 9
E 8<
E 7

6
.

5

4
20'C 30"C 40*C 50"C 60"C 70*C

(68* F) (86* F) (104*F) (122"F) (140" F) (158* F)

SERVICE AMBIENT TEMPER ATURE

FIGURE 1 N
u

MAXIMUM SERVICE PERIODS FOR ELASTOMERIC b

COMPONENTS.IN ASCO CATALOG NP-1 VALVES U
%
\
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QUALIFIED AMBIENT TEMPERATURE PROFILE DEMONSTRATED BY THE %

COMBINED LOSS-OF-COOLANT ACCIDENT (LOCA)/HIGH-ENERGY-LINE
BREAK (HELB) SIMULATION (AFTER APPLICATION OF ALL MARGIN
SUGGESTED IN IEEE 323-1974) Fw- VE 3239R1
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May 31, 1983

Fisher Control Co.
P. O. Box 190
Marshalltown, Iowa 50158

{ Attention: Mr. Larry Rathje

Subject: Certification of Compliance for the Fisher Control
Purchase Order 181282; G.H. Bettis Sales Order
82-9056-00

Dear Mr. Rathje:

This letter is to certify that the equipment furnished'

en line nur.ber 01 our sales order, item 1 your purchase order,
.,

were manufactured, assembled, and tested in accordance with-

B written G.H. Bettis Engineering Specifications and Standards,
and the G.H. Bettis Qualification Test Report 37274.

Units Sh:pped:c

h Cty. Mcdel G.H. Bettis P/N Serial Number
2 NT-316-SR2-M3 49470 1& 2

a

Cordially,
GH BETTIS CCMPANY

b &N i.
'

Anthony T. Locascio
Quality Assurance Manager

.
.

ATL:jw
cc: File

0 *

0

'O

0

0

AOCRESS REpt,Y TO:

P O BOX SC4 . WALLER. TEXAS 77484 * (713) 46 1 5100
. .-
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Namco Controls
An Acme-Cleveland Companyo

,.

( 1300 Burris Road (P.O. Box 730)
Newton, NC 28658

> QUALITY CONTROL PROCEDURE
.

CERTIFICATION OF COMPLIANIE

Fisher Controls Company

205 South center Street

warshalltown, Iowa 50158
,

Attn: Q. C. Documentation Dept.

PURCHASE ORDER WUMBER s 181170 ITEM NUMBER 000

f CUSTOMER PART NUMBER 15A4157X022

NAMCO PART NUMBER EA18 0-31302 B/M REV. K QTY. 6

~

I4T NUMBER 31119 DATE CODE 4682

NAME LIMIT SWITCH

MAMCO SHIPPER NUMBER E-40380 DATE SHIPPED 11/19/82

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICAT ONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45.2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME

p SPECIFICATIONS AS SWITCH MODEL EA180-11302, REV. H, WHICH WAS QUALIFIED
i TO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORT
p WO. QTR-105.
|

|

) %r|( ll/1 Fv ':
,

\#j / / DATE QUALITY NTR6L hd4AGER
o

I

L
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INSPECTION REPDRT JJ
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L S////72-6M 1a /9aY Nud-xstca-Atu ass 2. tE ASCRIPTION Sill 3 7N NEATERIAL TYPt PROJECT NO. PitCE SERIAL NO.

"'*?,2,k W Wasa. n m L'a$4A/ W//>& 78 /92 V- /
PARTNQ. RQuGR 6M AWING NO. R ev. PsNisNgo ORAwsNg No. R ey.

/C)9 C6so x.29.3 f KAS4CD
c r e: #dI /J A / a #/ Nuc.ctA$s STAMP

* #
/84 4 OYES E NOsecr to somoN. is AoosNoA

' ^ "
INSPECTION OPER ATION DATEv cusT. Ns AuTw. iNsP. ERFOR EO BY

INSPECT PER Q.A. M ANU AL.SECTION 11 / g' gggg
O NUCLE AR RSTANDARD C MSS SP-55 .,. j c , , , . .

"'**** $?1)ub. ///a9/FL- i
HEAT NUMBER ...;. 6 ',.. ld.Dpi .b-

~ .

,t

. . . -.' C23;/h ' '- LOT NUMBER OM E liO/
. ''.| ~ . 5y' .'' #' ' VEND 0R 3SO

, ;. . '.hf$i$.. !!*~bS. '-
_ is. u ! e4 6_ . , TX't -

.

*
\

- STAMP PIECE SERIAL NO. ON PART '

STORE MATERIAL
.,

Q.A. DOCUMENTATION VERIFICATION

Q.A. APPROVAL oATE A 3, Agyn gW oAft
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Namco Controls
An Acme-Cleveland Company

1300 Burris Road (P.O. Box 730)Newton, NC 28658 .

)

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE
.

i

Fisher Controls Company

205 South Center Street
Marshalltown, Iowa 50158

-

Attn: O. A. Documentation Dept.
PURCHASE ORDER NUMBER 191172 ITEM NUMBER 000

, CUSTOMER PART NUMBER 15A5650X392 .P REV
i

MAMCO PART NUMBER'
EA190-32302 B/M REV. K QTY. 6

LOT NUMBER '

29501
) DATE CODE 4682

MAME LIMIT SWITCH

MAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17/92

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWINGSPECIFICATIONS.

NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 4 5. 2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAMESPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H,3

WHICH WAS QUALIFIEDTO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORTNO. QTR-105.

( ||n [2 | c' '

'/ [ DATE
,''

QUALITY ONTROIp/ NAGER

,

. . . . . _ . . . . . . . .
. . . . . . - . . -

- - .
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Automaiic Switch Co. ce,== EM-

( Since 1888

FLCRH AM . ARK.NEW JERSEY C7932 N 120e see 2 coo r wv 2'2' 344 37es

CERTIFICATE OF COMPLIANCE
)

Customer Name
FISHER CONTROLS INTERNATIONAL, INC.

) Customer P.O. No. S181979

Consignee

Consignee P.O. No.

43243MASCO Shop Order No.

5ASCO Part No. NPK 8316A-74-E Quantity

Voltage 125 /DC Eng. Job No.

This is to certify that the subject valve (s) meet the performance requirments ofIEEE-323-1974. IEEE-344-
1975,IEEE-382-1980 (Revision ofIEE E-382-1972) and IEEE 627-1980. as substantiated by testing valves

3

j of generically equal design in accordance with ASCO Qualification Specification AQS-21680/Rev. C, dated
July 13,1981. The following test levels were included in this qualification test program:

I. Aging Simulation Phases:
j, A. Thermal Aging Simulation - 250 F for 18'. days. These aging parameters were determined by

Arrhenius calculations to simulate a minimum of 8 years in a 140*F continuous ambient. Refer toL

Figure I for additionalinformation regarding service periods for elastomeric components and Figure 2
for additional information regarding service periods for solenoid coils.

B. Wear Aging Simulation - 20.000 cperations at maximum operating pressure differential and nominal
voltage. Ten percent of the wear aging simulation (2,000 cycles) was conducted concurrently with the
thermal aging simulation.

C. Pressurization Aging Simulation - 15 ambient pressure excursions from atrrespheric pressure to 80psig
to simulate the expected periodic pressurization of the containment for leak testing during the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding I me;arad per
hour to simulate expected non-accident radiation exposure.

E. Vibration Aging Simulation- Continuous sinusoidal sweeps from 5 to 200 to 5 Hz at a rate of 2 octas es
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration level was reduced such that the displacement did not exceed 0.025" double amplitude ). for
a minimum of 90 minutes in each of three orthogonal axes. The test valves were attemately de-energized
or energized every 15 minutes during this exposure. The valves were attached to the shaker table by ng:d
test fixtures using the standard valve mounting provisions with the solenoids ( Solenoid *A' for N PS 323
valves) vertical and upright. Flexible hose s were used on all ports; therefore, the set-up did not affect the
rigidity or mass of the valves being tested.

F. Seismic Aging (OBE) Simulation and Resonance Testing-The valves were mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from 1 to 35
to l Hz, with a peak acceleration level (within machine limits) of 3g,in each o hrec orthogonal axes at ar

rtte of not more than 1 octave per minute. One sweep in each axis was sonducted with the valves

( energized and the other with the valves de-energiz ed. These sinusoidal swe eps are considered to provide
the equivalent dynamic efTect of 5 OBE's. During this testing, accelerometers were attached to the
solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is defined as a
response with a magnitude of acceleration at least twice as great as the input acceleration. No vah e
resonances were detected.

Fon, VE 3239R1.

. . . . . ,
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ASCO SHOP ORDER NO. 43243x
_

.

'

II. Design Basis Event (DBE) Phases: '

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to a series of single-frequency, single-axis sine-beat tests at
37 test frequencies between I and 35 Hz. The excitation was in the form of a continuous series of sine

) beats, with 12-15 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.
The successive beats were phased such that any superposition of response motion was additive. At
each test frequency, the peak input acceleration was increased (up to 15g maximum) and the g-levels
were recorded at which the cylinder port pressure (zero when de-energized and full inlet pressure when
energized for a normally closed valve opposite for a normally open valve) difTered from the nominal by
0%,5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure.This level was selected as being sufficiently low to prevent spurious shifting of
the customer's main valve or other equipment. Motion was applied at the same frequency and
acceleration limits in each of the three orthogonal axes separately. Based on this testing and/or
additional testing conducted by ASCO using single-frequency continuous sinusoidalinputs (after con-
sideration of margin as suggested in IEEE-323-1974),the following acceptaole maximum acceleration
levels have been determined:

.

11.2g

{
h

B. Radiation DBE Simulation - 180 megarads of gamma radiation at a rate not exceeding 1 megarad per
hour to simulate (after consideration of margin as suggested in IE EE-323-1974) at least 163 megarads
of accident radiation exposure.

C. Environmental DBE Simulation -The valves were installed in a pressure vessel and subjected to a 30-
day exposure to steam, chemical spray and clear water spray simulating a combined loss-of-coolant
accident /high-energy-line-break event and post event cool-down. The peak ambient temperature of the
simulation was 420'F and the peak ambient pressure was 70 psig. The valves were pressurized to maxi-
mum operating pressure and continuously energized for 4 hours prior to the first transient (to produce
thermal saturation of the solenoid coils). They were de-energized when the temperature of the first
transient reached 420'F (to demonstrate the ability to perform a typical safety function) and were
normally de-energized but were cycled periodically during the 30-day exposure to demonstrate the
ability to operate on demand.The qualified temperature profile demonstrated by this simulation (after
consideration of margin as suggested in IEEE-323-1974)is shown in Figure 3.

Test Report AQR-67368 is on file at Automatic Switch Company in Florham Park, N.J.. and is avadable for
customer perusal.

, ,.
Dated AUGUST 15, 1983 Authorized Signature M (__ Am

QUALITY CONTROL MANAGER

Page 2 of 5 * Form SE 323:
_ _ _ ._



_ -- m-
.O .u .. v ru.v ca anuus.u Et HtHUIL i USIN"f <j

60 -
APPROPRIATE SPARE PARTS WHENEVEh ,;ATED "~

!

BY THE PERIODIC INSPECTION OF VALVE COMPONENTS,

| OR WHENEVER ANY OF THE FOLLOWING LEVELS 3
SIMULATED DURING OUALIFICATION TESTING, 5)

g- ARE REACHED:
40 5,

1. WEAR AGING - 20,000 CYCLES
fg

E 2. RADIATION AGING - 2 x 10' RAD 4! 3 THERMAL AGING - THE MAXIMUM SERVICE L
PERIOD INDICATED FOR THE APPLICABLE JL25-

- SERVICE AMBIENT TEMPERATURE.o
\' i
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E 20
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0 ~
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m m
E E 10 -
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y 8m

2 7
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5

4
20*C 30*C 40*C 50* C 60*C 70* C*

(68* F) (8S* F) (104*F) (122* F) (140* F) (158' F)

SERVICE AMBIENT TEMPER ATURE

FIGURE 1

MAXIMUM SERVICE PERIODS FOR ELASTOMERIC
COMPONENTS IN ASCO CATALOG NP-1 VALVES k
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. AUTOMATIC SWITCH CQ Flotham Park. NJ. C 132

( ORDER DATA - TEST DATA '

(To be compbered by Vahe Sales) (To be completed by Test Dept. Supervisor)

CUSTOME R \5N N O @ 4I ASCO DWG, NO. MM 17k CHG.LTR.
~

>

P.O. NO. $ f 9 9 S.O. NO. OYN ASCO TEST PROCEDURE 1/8 F6/0 CHG.LTR. N

b /lo M d lb,TY.CATALOG NO. /bTEST MEDIUM

[i s [e bb2clSCONSIGNEE
TEST 090 AMPS /\Aeg5 WET. (Cross Out One)

CONSIGNEE P.O.

SALES ENGINEE R

I (R' DATE b /L' TEST DEPT. (Signed) h _DATE 8 /Z,LiR
(5gned)

CONFORMANCE TO TEST REQUIREMENT. (To be comoteted by Test Dept.)- a check (if ) indicates conformance to test j

recuirements as listed in above test procedure. I,

COIL SEAT LEAKAGE OPE RATION AL EXTERNAL HYPOT
,'

SE RI AL TEST TEST LEAKAGE TEST
TEST

westi DE ENERGlZED | ENERGlZED g,NUMBER avoit c.m.
-rm- sMDV, , , , ,

/N# 4/O sic MPsic.J.D_PssGl~ # PsiG P a uN d rsicy2 g ,
/

f W W | L/ W ~~

g / J L/ i

f1/I/ j |/\/ / / J \/ -

z

|/ / v|/Iv!/\J / / !-
,

_
a 1-1- vIv s - v - is l i-

;

s-!/\d|/ / J / u -- V -

'

I I

I

|

| HEREBY CERTIFY TH OVE RESULTS ARE A TRUE RECORD OF EACH ITEM INDICATED
3

O TESTE R (Signed) 1 M DATE -

DATEO ASCO QUALITY CONTROL (Signed)

DATE
O CUSTOMER REPRESENTATIVE (S@ed)

DATEO gov'T. QUALITY ASSURANCE REPRESENTATIVE (Sved)
,

..

_
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Namco controls
An Acan-Cleveland Company

('1300BurrisRoad (P.O. Box 730)
|

, Newton, NC 28658

QUALITY CONTROL PROCEDURE.

.

CERTIFICATION OF COMPLIANCE

Fisher Controls Company

205 South center Street

w2rshalltown. Towa 50158

Attn Q. C. Documentation Dept.

PURCHASE ORDER NUMBER s 181170 ITEM NUMBER 000

CUSTOMER PART NUMBER 15A4157x022

NAMCO PART NUMBER EA18 0-31302 B/M REV. K QTY. 6

~

14T NUMBER 31119 DATE CODE 4682

NAME LIMIT SWITCH

NAMCO SHIPPER NUMBER E-40380 DATE SHIPPED 11/19/82

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45.2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME
SPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIED
TO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORT
NO. QTR-10.5.
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/ & $$ 50 K E =3 Y /rAf6CD~ '

cc:;t: #df /J AP / D #1 Nuc. CLASS STAMP
# /VA OYES 12NOsect is tomON. in AootNOA

g ,',"o,$,"o g y
" #INSPECTION OPERATION DATEv cusr. ins Aurw. msP.

'

INSPECT PER Q.A. M ANU AL. S ECTION 11 / fj g_
O NUCLE AR E( STAN DARD D MSS-SP-55 y

RECORD g fjQ y,gfjfL
HEAT NUMBER
LOT NUMBER

, - [/. c,,, , ..

'. s -

.

. VENDOR E4G f.
*

~},* '

, _

- STAMP PIECE SERIAL NO. ON PART

STORE MATERI AL
O

Q.A. DOCUMENTATION VERIFICATION
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Namco Controls

An Acme-cleveland Company
1300 Burris Road (P.O. Box 730)Newton, NC 28658 -

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE
.

Fisher Controls Company

205 South Center Street
Marshalltown, Iowa 50158

Attn: Q. A. Documentation Dept.
PURCHASE ORDER NUMBER 181172 ITEM NUMBER 000
CUSTOMER PART NUMBER 15A5650X392 P REV

AAMCO PART NUMBER EA190-32302 B/M REV. K QTY. 6

LOT NUMBER 20501
~

DATE CODE 4682
NAME LIMIT SWITCH

MAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17/82

NAMCO CONTROLS CERTIFIES THAT SWITCEES FURNISHED HAVE BEEN MANUFACTURED,!

INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45.2 AS APPLICABLE.!

NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME| SPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIEDl

TO IEEE STANDARDS 3.'3 (1974), 344 (1975) , AND 382 (1972), PER REPORTNO. QTR-105.
!
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.
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Automatic Swiich Co. ==ETM
( . Smco 1888
s

FLC AH AM PARK.NEW JERSEY 07932 N t too see rooci(v-iv2' 3+37es

CERTIFICATE OF COMPLIANCE

Customer Name
FISHER CONTROLS INTERNATIONAL, INC.

Customer P.O. No. s181979

Consignee

Consignee P.O. No.

43243MASCO Shop Order No.

5ASCO Part No. NPK 8316A-74-E Quantity

Voltage 125/DC Eng. Job No.

This is to certify that the subject valve (s) meet the performance requirments ofIEEE-323-1974 IEEE-344-
1975, IEE E-382- 1980 (Revision oflE E E-382- 1972) and !E E E 627-1980 as substantiated by testing valves
of generically equal design in accordance with ASCO Qualificatic. Specification AQS-21680/Rev. C, dated
July 13,1981. The following test levels were included in this quahfication test program:

| I. Aging Simulation Phases:
| f A. Thermal Aging Simulation - 250'F for 18 4 days. These aging parameters were determined by

1 Arrhenius calculations to simulate a minimum of 8 years in a 140~F continuous ambient. Refer to
Figure I for additionalinformation regarding service periods for elastomeric components and Figure 2
for additional information regarding service periods for solenoid coils.

B. Wear Aging Simulation - 20,000 operations at maximum operating pressure differential and nommal
voltage. Ten percent of the wear aging simulation (2,000 cycles) was conducted concurrently with the
thermal agmg simulation.

C. Pressurization Aging Simulation- 15 ambientpressure excursions from atmospheric pressure to 80 psig
to simulate the expected periodic pressurization of the containment for leak testmg during the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding 1 mecarad per
hour to simulate expected non-accident radiation exposure.

E. Vibration Aging Simulation-Continuous sinusoidal sweeps from 5 to 200 to 5 Hz at a rate of 2 octaves
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration level was reduced such that the displacement did not exceed 0.025" double amplitude ). for
a minimum of 90 minutes in each of three orthogonal axes. The test valves were alternately de-energized
or energized every 15 minutes during this esposure. The valves were attached to the shaker table by rigid
test fixtures using the standard valve mounting provisions with the solenoids (Solenoid ' A' for NP8323
valves) vertical and upright. Flexible hoses were used on all ports;therefore,the set up did not afTect the
rigidity or mass of the valves being tested.

F. Seismic Aging (OBE) Simulation and Resonance Testing-The valves were mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from 1 to 35
to 1 Hz,with a peak acceleration level (within machinc limits)of 3 g in each of threc orthogonal axes at a
rate of not more than 1 octave per minute. One sweep in each axis was conducted with the valves
energized and the other with the valves de-energized. These sinusoidal sweeps are considered to provide

(
'

.

the equivalent dynamic effect of 5 OBE's. During this testing, accelerometers were attached to the
solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is detined as a
response with a magnitude of acceleration at least twice as great as the input acceleration. No vak e
resonances were detected. ,

|
, ,- v 323so,.

'" - - * **
. - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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.

II. Design Basis Event (DBE) Phases: '

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to a series of single-frequency, single-axis sine beat tests at
37 test frequencies between 1 and 35 Hz. The excitation was in the form of a continuous series of sine
beats, with 12-15 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.
The successive beats were phased such that any superposition of response motion was additive. At
each test frequency, the peak input acceleration was increased (up to 15g maximum) and the g levels
were recorded at which the cylinder port pressure (zero when de-energized and fullinlet pressure when
energized for a normally closed valve, opposite for a normally open valve) differed from the nominal by
0%. 5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure. This level was selected as being sufficiently low to prevent spurious shifting of
the customer's main valve or other equipment. Motion was applied at the same frequency and
acceleration limits in each of the three orthogonal axes separately. Based on this testing and/or
additional testing conducted by ASCO using single-frequency continuous sinusoidal inputs (after con-
sideration of margin as suggested in IEE E-323-1974).the following acceptable maximum acceleration
levels have been determined:

11.2g

.

B. Radiation DBE Simulation - 180 megarads of gamma radiation at a rate not exceeding 1 megarad per
~ hour to simulate (after consideration of margin as suggested in IEE E-323-1974) at least 163 megarads

of accident radiation exposure.

C. Environmental DBE Simulation - The valves were installed in a pressure vessel and subjected to a 30-
day exposure to steam, chemical spray and clear water spray simulating a combined loss-of-coolant
accident /high-energy-line break event and post event cool-down. The peak ambient temperature of the
simulation was 420*F and the peak ambient pressure was 70 psig. The valves were pressurized to maxi-
mum operating pressure and continuously energized for 4 hours prior to the first transient (to produce
thermal saturation of the solenoid coils). They were de-energized when the temperature of the first
transient reached 420'F (to demonstrate the ability to perform a typical safety function) and were
normally de-energized but were cycled periodically during the 30-day exposure to demonstrate the
ability to operate on demand. The qualified temperature profile demonstrated by this simulation (after
consideration of margin as suggested in IEEE 323-1974)is shown in Figure 3.

Test Report AQR-67368 is on file at Automatic Switch Company in Florham Park. N.J. and is available for
customer perusal.

J f*
Dated AUGUST 15, 1983 Authorized Signature M (I / L- _

QUALITY CONTROL MANAGER

Page 2 of 5*
*

Form vE 323
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APPROPRIATE SPARE PARTS WHENEVEFi . CATED E60
BY THE PERIODIC INSPECTION OF VALVE COMPONENTS

- - -

OR WHENEVER ANY OF THE FOLLOWING LEVELS $
SIMULATED DURING QUALIFICATION TESTING, X

\- ARE REACHED: 540
1. WEAR AGING - 20,000 CYCLES

Qg
2. RADI ATION AGING - 2 x 10' RAD$ 30 3 THERMAL AGING - THE MAXIiAUM SERVICE $

a
w
D PERIOD INDICATED FOR THE APPLICABLE "

25

h(SERVICE AMBIENT TEMPERATURE,{o
E 20 N
E
m
o 15 "

5 6
\ '25

m en

E E 10
h

" -

9o
m x 84

E 7

6

5

4
20*C 30*C 40*C 50'C 60* C 70*C*

(68* F) (86* F) (104*F) (122* F) (140* F) (158* F)

SERVICE AMBIENT TEMPER ATURE

FIGURE 1

MAXIMUM SERVICE PERIODS FOR ELASTOMERIC
COMPONENTS IN ASCO CATALOG NP-1 VALVES g

3
Form VE 323961
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. AUTOMATli:SwlTCH C(1 Flotham Peek. 132
'

'

i..y.3
L ORDER DATA TEST DATA '

(To be completed by Valve Sales)
.

(To be completed by Test Dept. Supervisor)

44 M A 7i CHG.LTR. ~

CUSTOMER (5 neb A MC 4 f ASCO OWG. NO.

P.O.NO.[8f99 S.O. NO. MTdM ASCO TEST PROCEDURE 1/MI5//- CHG.LTR. h

CATALOG NO.N O[ k3 Mo /M 4hTY. bTEST MEDIUM

$1 s En. helSCONStGNEE

TEST *MO AMPS /VousuEEE (Oross Out One)

CONSIGNEE P.O.

SALES ENGINEER

T fl5" DATE [~ b ~ TEST DEPT. (5gned) DATE 8- J L 8)(5gned)

CONFORMANCE TO TEST REQUIREMENT. (To be mmoleted by Test Dept.) - a check ( / ) indkates conformance to test

requirements as listed in above test procedure.

COIL SE AT LE AKAGE OPE RATION AL EXTERNAL HYPOT
'

SERIAL TEST TEST LEAKAGE Test |
evolts DE.ENERGlZED | ENERGIZED g,

TESTNUMBER ,tvongT.mel

~- ,wo ,

, , , .

'( ran% #
rsic desic. /.c_esic 47 M D_esic *' 4>~ # esic /o 'u ,

/
E

g / g/ t/ V W W W L./ W ~

|/ / \ u/' |s/ |V e/ V d V ~~

2 _

\ |/ / v / \/ / J /\/ \ \-
,

t

_

y / / L/ Y L| W W W W ~""" '

vi-r / /\/|/ v' / v /
|

| i

i

l

i HEREBY CERTIFY THFAOVE RESULTS ARE A TRUE RECORD OF EACH ITEM INDICATED
DO TESTE R (5gned) 1 C~ DATE

,

_DATEC ASCO QUALITY CONTROL (5gned)

DATEO CUSTOMER REPRESENTATIVE (Siped)

O GOV'T. QUALITY ASSURANCE REPRESENTATIVE (5gned) .DATE
..

Form Mfe. 3273N
- . ,. - - . .- .
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Manco Controls
An Acme-Cleveland Companyo

1300 Burris Road (P.O. Box 730)
'k Newton, NC 28658

.

QUALITY CONTROL PROCEDURE
.

CERTIFICATION OF COMPLIANCE

Fisher Controls Company

205 South Center Street

Marshalltown. Towa 50158

) Attn Q. C. Documentation Dept.

PURCHASE ORDER MUMBER s 181170 ITEM NUMBER 000

f CUSTOMER PART NUMBER 15A4157x022 ,

4
MAMCO PART WUMBER EA180-31302 B/M REV. K QTY. 6

14T NUMBER 31119
'

DATE CODE 4682

MAME LIMIT SWITCH *

MAMCO SHIPPER NUMBER E-40380 DATE SHIPPED 11/19/82

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 4 5. 2 AS APPLICABLE.
WAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME
SPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIED
TO IEEE STANDARDS 323 (1974), 344'(1975), AND 382 (1972), PER REPORT
WO. (TTR-10S .

k%&->( ///1 fv ,'
/ I DATE \# QUALITY tlTR6L AGER

.
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INSPECTION REPORT N M '7/3/A '

PURCMAss ORDsR NO. PURCH AsE REQ. No. REP. QROtR NO. sitM NO. Qu AN TITY

( S/.f/M 3 '60| 26 MV9 J.26 M a M .3R WV4 /
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INSPECT PER Q.A. M ANU AL.SECTION 11 g 77
/

O NUCLEAR R STANDARD 0 MSS-SP 55 fj,

d w //h d ///sh"'C "*
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, g,..s ,.

~

LOT NUMBER s.. -- -

3IN E
" ~

. .. VENDOR

:$
,

.ve- .~

- STAMP PIECE SERIAL NO. ON PART
,i

STORE MATERIAL j

I ! Q.A. DOCUMENTATION VERIFICATION

Q.A. APPROVAL DATE A 4. REV;EW QAtt
insoecten actmties reqwred are checked. Return thrs %rm to Quanry Documatstion Cooreastor ette, port is stored.
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Namco Controls

An Acme-cleveland Company
1300 Burris Road (P.O. Box 730)Newton, NC 28658 -

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE
.

.

Fisher Controls Company

205 South Center Street
)

Marshalltown, Iowa 50158
)

Attn: O. A. Documentation Dept.)
PURCHASE ORDER NUMBER 181172 ITEM NUMBER 000

} CUSTOMER PART NUMBER 15A5650X392 P REV

NAMCO PART NUME2R EA180-32302 B/M REV. K QTY. 6
LOT NUMBER 20:01

'

DATE CODE 4682
NAME LIMIT SWITCH

NAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17/92

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
ENSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWINGSPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50 (B) AND ANSI 45.2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAMESPECIFICATIONS AS SWITCH MODEL EA180-11302, REV. H, WHICH WAS QUALIFIEDTO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORTNO. QTR-105.

( Y |] ! l ~

'/ UATE /''
QUALITY ONTROIj/4ANAGER

s

_ _ _ _ . . . . _ _ - . - .~
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Auiomatic Switch Co. = = ETM
Since 1888

FLORHAM PARK,NEW JERSEY 07932 . N virou pe6-2OOQ / NJ-f tt2P 3*3765

CERTIFICATE OF COMPLIANCE

Customer Name FISHER CONTROLS INTERNATIONAL. INC.

Customer P.O. No. s182014

Consignee

Consignee P.O. No.

ASCO Shop Order No. 57589M

ASCO Part No_ NP K 8316A-74-E Quantity

Voltage 125/DC Eng. Job No.

g This is to certify that the subject valve (s) meet the performance requirements oflEEE-323-1974,IEEE-3 44-
1 1975, and IEEE-382-1972, as substantiated by testing valves of generically equal design in accordance with

ASCO QualiScation SpeciScation AQS-21678. Revision "B", dated February 15,1978. The following test
levels were included in this qualiScation test program: .

I. Aging Simulation Phases:

A. Thermal Aging Simulation - 268"F for 12 days.These aging parameters were determined by Arrhenius
calculations to simulate a minimum of 10 years in a 140*F continuous ambient. Refer to Figure i for
additional information regarding service periods for elastomeric components and solenoid coils.

B. Radiation Aging Simulation - 50 megarads of gamma radiation at a rate not exceeding 1 megarad per
hour to simulate expected non-accident radiation exposure.

C. Wear Aging Simulation - 40,000 operations at maximum operating pressure difTerential and nominal
voltage.

D. Vibration Aging Simulation - I million cycles, distributed equally among the three orthogonal axes,
between 50 and 100 Hz, at an input acceleration level of 0.75g. The valves were cycled once every 15
minutes during the test. The valves were attached to the shaker table by rigid test Sxtures using the stan-
dard valve mounting provisions with the solenoids vertical and upright. Flexible hoses were used on all
ports; therefore, the set-up did not affect the rigidity or mass of the valves being tested.

E. Seismic Aging (OBE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to two sinusoidal sweeps from I to 33 to I Hz, with a peak
acceleration level of 3g within machine limits,in each of three orthogonal axes at a rate of I octave per
minute. One sweep in each axis was conducted with the valves energized and the other with the valves

{
de-energized. These sinusoidal sweeps are considered to provide the equivalent dynamic efTect of 5 OBE's.

Page 1 of 3
.
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ASCO SHOP ORDER NO. 57589M

II. Design Basis Event (DBE) Phases:

A. Seismic DBE (SSE) Simulation -The valves were mounted to the shaker table as described for the vibra-
tion aging simulation and were exposed to single frequency sinusoidal tests at b octave frevency inter-
val dwell points from 1-40 Hz. At each test frequency, the peak input acceleration was increased and the
g-levels were recorded at which the cylinder port pressure (zero when de-energized and full inlet pressure
when energized for a normally closed valve, opposite for a normally open vahe) differed from the
nominal by 0%,5% and 10% ofinlet pressure (up to 10g maximum).The valves are considered to func-
tion properly up to a 10% change in cylinder port pressure.This level was selected as being sufficiently
low to prevent spurious shifting of the customer's main valve or other equipment. Motion was applied at
the same frequency and acceleration limits in each of the three orthogonal axes separately. Based on this
testing and/or additional testing conducted by ASCO (after consideration of margin as suggested in
IEEE-323-1974). the following acceptable maximum acceleration levels have been determined:

11.2g

r

I .
4

B. Radiation DBE Simulation - 150 megarads ofgamma radiation at a rate not exceeding i megarad per hour
to simulate (after consideration of margin as suggested in IEEE-323-1974) at least 136 megarads of
accident radiation exposure.

C. Environmental DBE (LOCA/HELB) Simulation - The valves were installed in a pressure vessel and
subjected to a 30-day exposure of steam and chemical spray following the suggestions oflE EE-382 1972
(chemical spray per Table 1(b) and test chamber temperature profile per Figure I and Table 2). The
valves had been pressurized to maximum operating pressure and continuously energized for 4 hours
prior to the first transient (to produce coil saturation). They were de-energizea when the temperature of
the first transient reached 280'F, to show satisfactory shifting for demonstration of safety function. The
valves were kept pressurized and were cycled during the 304 fay exposure, as suggested in IEEE-382 1972,
to demonstrate their ability to operate on demand during the LOCA or HELB.

Test report AQS-21678/TR. Rev. A,is on file at Automatic Switch Company in Florham Park, New Jersey,
and is available for customer perusal.

.

'(.
\

Dated _._Il0VRiBEIL10._1983 Authorized Signature t.m' - g!,

c. u . i .; ...

ASST. QUALITY CONTROL MANAGER

Form VfUMO R4
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NOTE: IN ORDER TO MAINTAIN OUALIFICATION, CATALOG $

NP 1 VALVES SHOULD BE REBUILT USING THE $,
APPROPRI ATE SPARE PARTS WHENEVER INDICATED y

60 BY THE PERIODIC INSPECTION OF VALVE COMPONENTS
OR WHENEVER ANY OF THE FOLLOWING LEVELS, ,c].
SIMULATED DURING OUALIFICATION TESTING, '

40 ARE REACHED: 5
1. WEAR AGING - 40,000 CYCLES [

G 2. RADI ATION AGING - 5 X 10' RAD '

g 30 '#g 3. THERMAL AGING - THE MAXIMUM-

W \ SERVICE PERIOD INDICATED FOR THE25 \ APPLICABLE SERVICE AMB62NT -

@ \ TEMPER ATUR E. E

b
,g
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8 15
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? E
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4
20'C 30'C 40*C 50*C 60*C 70*C

(68* F) (86* F) (104* F) (122* F) (140* F) (158* F)
SERVICE AMBIENT TEMPERATURE,

FIGURE 1

MAXIMUM SERVICE PERIODS FOR ELASTOMERIC COMPONENTS AND SOLENOID COILS
IN ASCO CATALOG NP-1 VALVES g
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ROUGH STOCK / PURCHASE PARTS "C'"** ' " * * * * ' **

6,*M'p/J/AINSPECTION REPORT -1:
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Manco Controls
An Acme-Cleveland companyo

( 1300 Burris Road (P.O. Box 730)
Newton, NC 28658

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE

,

Fisher Centrols Company

I 205 South Center Street

I
w.arshalltown. Towa 50158

Attn: Q. C. Documentation Dept.

PURCHASE ORDER NUMBER s 181170 ITEM NUMBER 000

f CUSTOMER PAJtT NUMBEI 15A4157x022

NAMCO PART NUMBER EA18 0- 31'302 il/M REV K QTY. 6
.

'

LOT NUMBER 31119 OATE CODE 4682

NAME LIMIT SWITCH

NAMCO SHIPPER NUK3ER E-40380 DATE SHIPPED 11/19/82

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, "'ESTED , AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES

,

10CFR50 (B) AND ANSI 45.2 AS APPLICABLE.
- NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME
| SPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIED

TO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORT
Wo. CrfR-lG5. -

I

| LL-,( /t' M f v :
\# TR6Lp1AGER| / / DATE QUALITY N

,
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..
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VENDOR 39N ~

i
STAMP PIECE SERIAL NO. ON PART

I
STORE MATERIAL j

| Q. A. DOCUMENTATION VERIFICATION
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Namco Controls
An Acme-Cleveland Company

1300 Burris Road (P.O. Box -730)Newton, NC 28658 .

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE
.

Fisher Controls Company

205 South Center Street
Marshalltown, Iowa 50158

Attn: Q. A. Documentation Dept.
PURCHASE ORDER NUMBER 101172 ITEM NUMBER 000
CUSTOMER PART NUMBER 15A5650X392 -P REV

MAMCO PART NUMBER EA190-32302 B/M REV. K QTY. 6

LOT NUMBER 29501
'

DATE CODE 4682
NAME LIMIT SWITCH

NAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17/92

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWINGSPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45.2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAMESPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIED
TO IEEE STANDARDS 323 (1974), 344 (1975) , AND 382 (1972), PER REPORTNO. QTR-105.

( // n E2 / / c*/ UATE ''
QUALITY ONTRO1j/dAGER

,
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All OllKIiC Switch Co. a= = EREW'

Since 1888

FLORH AM PARK.NEW JERSEY 07932 N erci. see.roco m&2t2' 344 res

CERTIFICATE OF COMPLIANCE
FISHER CONTROLS IhTERNATIONAL, INC.

Customer Name

Customer P.O. No. S181979

Consignee

Consignee P.O. No.

43243MASCO Shop Order No.

3
ASCO Part No. NPK 8316A-74-E Quanuty

Voltage 125/DC Eng. Job No.

This is to certify that the subject valve ( s) meet the performance requirments of IEEE-323 1974. IEEE 344-
1975,IEEE-382-1980 ( Revision of IEEE-382-1972) and IEEE-627- 1980, as substantiated by testing valves
of generically equal design in accordance with ASCO Qualification Specification AQS 21680/Rev. C, dated
July 13,1981. The following test levels were included in this qualification test program:

I. Aging Simulation Phases:
|, A. Thermal Aging Simulation - 250'F for 18t. days. These aging parameters were determined by

Arrhenius calculations to simulate a minimum of 8 years in a 140'F continuous ambient. Refer to4

Figure 1 for additionalinformation regarding service periods for clastomeric components and Figure 2
for additional information regarding service periods for solenoid coils.

B. Wear Aging Simulation - 20.000 operations at maximum operating pressure difTerential and nominal
voltage. Ten percent of the wear aging simulation (2,000 cycles) was conducted concurrently witn the
thermal aging simulation.

C. Pressurization Aging Simulation- 15 ambient pressure excursions from atmospheric pressure to 80 psig
to simulate the expected periodic pressunzation of the containment for leak testing during the life of the
plant.

D. Radiation Aging Simulation - 20 megarads of gamma radiation at a rate not exceeding I me;arad per
hour to simulate expected non-accident radiation exposure.

E. Vibration Aging Simulation -Continuous sinusoidal sweeps from 5 to 200 to 5 Hz at a rate of 2 octas es
per minute, with a minimum peak acceleration level of 0.75g (except at low frequencies where the
acceleration level was reduced such that the displacement did not exceed 0.025" double amplitude ). for
a minimum of 90 minutes in each of threc onhogonal axes.The test valves were altemately de energized
or energized every 15 minutes during this exposure. The valves w ere attached to the shaker table by ngid
test fixtures using the standard valve mounting provisions with the solenoids (Solenoid ' A' for N P8323
valves) vertical and upright. Flexible hoses w ere used on all ports; therefore, the set-ur did not affect the

p

rigidity or mass of the valves being tested.i

F. Seismic Aging (OBE) Simulation and Resonance Testing The valves were mounted to the shaker table
as described for the vibration aging simulation and were exposed to two sinusoidal sweeps from I to 35
to I Hz, with a peak acceleration level (within machine limits)of 3 g,in each of three orthogonal axes at a
rate of not more than 1 octave per minute. One sweep in each axis was conducted with the vahes
energized and the other with the valves de-energized.These sinusoidal sweeps are considered to provide( the equivalent dynamic effect of 5 OBE's. Dunng this testing, accelerometers were attached to the

g solenoids of the test valves to determine if the valves exhibited any resonance. Resonance is defined as a
response with a magnitude of acceleration at least twice as great as the input acceleration. No s ah e
resonances were detected

Form VE 3239R1.
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k II. Design Basis Event (DBE) Phases:

A. Seismic DBE (SSE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to a series of single-frequency, single-axis sine-beat tests at
37 test frequencies between 1 and 35 Hz. The excitation was in the form of a continuous series of sine
beats, with 1215 oscillations per beat, for a minimum duration of 15 seconds at each test frequency.
The successive beats were phased such that any superposition of response motion was additive. At
each test frequency, the peak input acceleration was increased (up to 15g maximum) and the g-les els
were recorded at which the cyliader port pressure (zero when de-energized and fullinlet pressure w hen
energized for a normally closed valve, opposite for a normally open valve) differed from the nominal by
0%. 5% and 10% ofinlet pressure. The valves are considered to function properly up to a 10% change
in cylinder port pressure. This level was selected as being sufUciently low to prevent spurious shifting of,

the customer's main valve or other equipment. Motion was applied at the same frequency and
acceleration limits in each of the three orthogonal axes separately. Based on this testmg and'or
additional testing conducted by ASCO using single frequency contmuous sinusoidalinputs (after con-
sideration of margin as suggested in IEEE-323-1974), the following acceptable maximum acceleration

levels have been determined:

11.:s
o ,

P

4

B Radiation DBE Simulation - I80 megarads of gamma radiation at a rate not exceeding 1 megarad per
hour to simulate (after consideration of margin as suggested m IEEE 323-1974) at least 163 megarads
of accident radiation exposure.

C. Environmental DBE Simulatwn - The vals es were installed in a pressure s essel and subjected to a 30-
day exposure to steam, chemical spray and clear wster spray siinulating a combined loss-of coolant
accidents high-energy line-break event and post event cool down. The peak ambient temperature of the
simulation was 420'F and the peak ambient pressure was 70 psig. The valves w ere pressurized to maxi-
mum operatmg pressure and continuously energized for 4 hours prior to the Grst transient (to produce
thermal saturation of the solenoid coils). They were de energized when the temperature of the Grst
transient reached 420'F (to demonstrate the ability to perform a typical safety function) and were
normally de energized but were cycled periodically dunng the 30-day exposure to demonstrate the
ability to operate on demand. The qualiGed temperature proGle demonstrated by this simulation (after
consideration of margin as suggetted in IEEE 323-1974)is shown in Figure 3.

,

Test Report AQR-67368 is on file at Automatic Switch Company in Florham Park, N.J., and is available fori

customer penasal.

,

4

I .

J ,-3-

Dated AUGUST 15, 1983 __ Authorized Signature._ _. d_d_C l. h : --

QUALITY CONTROL MANAGER

1Fom vt 32Page 2 of 5 *
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Namco Controls
An Acme-Cleveland company

1300 Burris Road (P.O. Box 730)( Newton, NC 28658

QUALITY CONTROL PROCEDURE
.

CERTIFICATION OF COMPLIANCE

Fisher Centrols Company

205 South center street

warshalltown, Iowa 50158

Attn: Q. C. Documentation Dept.'

/ PURCHASE ORDER NUMBER s 181170 ITEM NUMBER 000
\ .

f CUSTOMER PART NUMBER 15A4157x022
l

NAMCO PART NUMBER EA18 0-31302 B/M REV. K QTY. 6
,

I4T NUMBER 31119
~

DATE CODE 4682

NAME LIMIT SWITCH

MAMCO SHIPPER NUMBER E-40380 DATE SHIPPED 11/19/82

NAMCO CONTROLS CFRTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, T5aTFM, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45. 2 AS APPLICABLE.

p NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAME
3 SPECIFICATIONS AS SWITCH MODEL EA180-ll302, REV. H, WHICH WAS QUALIFIED

TO IEEE STANDARDS 323 (1974), 344 (1975), AND 382 (1972), PER REPORT
NO. QTR-105.-
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D |TR6Lp4AGER/ / DATE QUALITY t

,



_

. //A/ #72 7C7vtci a imnc o H 1:u - iva _ . _

"c: No.: issusoev t- 1ROUGH STOCK / PURCHASE PARTO 6 ,i//jrINSPECTION REPORT 7/3/A,
pg ' Punch AsE ORQt R NO. PURCH AsE REQ. NO. R EP. OR DER NO. ITEM NO. Qu AN TITY

5/f// 72-n 3 9627ds ,ud-xMca-Auu otro i

! ossenier ON saa net uAT RIAL rype PROsact NO. risca ses:AL No.

"'*A2Ls iy 9.28a r,,ss/s.< J7Edu/ WA'24 76 276 S-I
P ART NQ. RoyG A GR AWINO NO R tv. FINISHED DR AWING NO R E v.

/N $bs$O Xbe3 ? /5k $h A
coes: #6.f fJA/ d #/ Nuc. class STAMP

//A CYES E NO'
ster is comoN. it AcceNoA

HOLD POINTS OPERATION
INSPECTION OPERATION DATE

v cust. iNse. v Auru iNse. PERFORMED BY

INSPECT PER Q.A. M ANU AL.SECTION 11 g'

*

O NUCLEAR RSTANDARD D MSS SP 55 , fj

g j jf,/
| |

RECORO

HEAT NUMBER - ., . . .,,

LOT NUMBER
-

*7 4.- '' ; ~-

,, ., ,
'

VENDOR MD --P ' , , , ',-

. .c -.,

STAMP PIECE SERIAL NO. ON PART

|
STORE MATERIAL

,,

| Q.A. OOCUMENTATION VERIFICATION

Q.A. APPROVAL DATE A.I. R EVitW DATE

ir.scoction act>vit es reew. red are coecneo Return n.s form to cues.tv occwmentsoon coero.cator snee part is stored.
,

1 ns .wsA

9

t

e

a

.

- - - , - . - -



f/A/ yp.ifgp
%t 0- Axcocc a.. s nu _ <, 193

Namc3 Controls
An Acme-Cleveland Company

1300 Burris Road (P.O. Box'730)Newton, NC 28658,

k
-

QUALITY CONTROL PROCEDURE

CERTIFICATION OF COMPLIANCE
.

! ~

Fisher Controls CompIny

205 South Center Street
0

0
Marshalltown, Iowa 50158 '

Attn: Q. A. Documentation Dept.
8

PURCHASE ORDER NUMBER 191172 ITEM NUMBER 0000
g CUSTOMER PART NUMBER 15 A % 50 X 3 9 2 P REV

f MAMCO PART NUMBER FA190-32302 B/M REV. K QTY. 6

LOT HUMBER 39501
'

DATE CODE 4682
MAME LIMIT SWITCH

NAMCO SHIPPER NUMBER E-40379 DATE SHIPPED 11/17'82

NAMCO CONTROLS CERTIFIES THAT SWITCHES FURNISHED HAVE BEEN MANUFACTURED,
INSPECTED, TESTED, AND FOUND TO MEET APPLICABLE B/M AND DRAWING
SPECIFICATIONS. NAMCO QUALITY ASSURANCE MANUAL, REV. " F" , INCORPORATES
10CFR50(B) AND ANSI 45.2 AS APPLICABLE.
NAMCO FURTHER CERTIFIES THAT THESE SWITCHES WERE MANUFACTURED TO THE SAMESPECIFICATIONS AS SWITCH MODEL EA180-11302, REV.g

H, WHICH WAS QUALIFIED
I TO IEEE STANDARDS 323 (1974), 344 (1975) , AND 382 (1972), PER REPORTNO. QTR-105.
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CERTIFICATE OF COMPLIANCE
FISHER CONTROLS INTERNATIONAL, INC.

Customer Name

S182014Customer P.O. No.

Consignee

Consignee P.O. No-

45945MASCO Shop Order No.
I

ASCO Part No. NP K 8316A-74-E Quantity

Voltage 125/DC Eng. Job No-

J

This is to cenify that the subject valve (s) meet the performance requirements ofIEEE-323-1974. IEEE 344-
b

1975. and IEEE-382-1972. as substantiated by testing valves of generically equal design in accordance with
ASCO Qualineation SpeciScation AQS-21678. Revision "B", dated February 15,1978. The fo!!owing test
levels were included in this qualiEcation test program:

I. Aging Simulation Phases:

A. Thermal Aging Simulation- 268*F for 12 days. These aging parameters were determined by Arrhenius
calculations to simulate a minimum of 10 years in a 140*F continuous ambient. Refer to Figure I for
additional information regarding service periods for elastomeric components and solenoid coils.

B. Radiation Aging Simulation - 50 megarads of gamma radiation at a rate not exceeding I megarad per
hour to simulate expected non-accident radiation exposure.

C. Wear Aging Simulation 40.000 operations at maximum operating pressure differential and nominal
voltage.

D. Vibration Aging Simulation - 1 million cycles. distributed equally among the three orthogonal axes,
between 50 and 100 Hz. at an input acceleration level of 0.75g. The valves were cycled once every 15
minutes during the test. The valves were attached to the shaker table by rigid test fixtures using the stan-
dard valve mounting provisions with the solenoids vertical and upright. Flexible hoses were used on all
ports: therefore, the set-up did not arTect the rigidity or mass of the valves being tested.

E. Seismic Aging (OBE) Simulation - The valves were mounted to the shaker table as described for the
vibration aging simulation and were exposed to two sinusoidal sweeps from I to 33 to I Hz.with a peak
acceleretion level of 3g within machine limits,in each of three orthogonal axes at a rate of I octave per

{ minute. One sweep in each axis was conducted with the valves energized and the other with the valves
de-energized. These sinusoidal sweeps are considered to provide the equivalent dynamic efTect of 5 OBE's.

Page 1 of 3
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II. Design Basis Event (DBE) Phases:

A. Seismic DBE (SSE) Simulation -The valves were mounted to the shaker table as described for the vibra-
tion aging simulation and were exposed to single frequency sinusoidal tests at h octave frequency inter-
valdwell points from 1 40 Hz. At each test frequency the peak input acceleration was increased and the
g-!evels were recorded at which the cylinder port pressure (zero when de-energized and fullinlet pressure
when energized for a normally closed valve, opposite for a normally open valve) differed from the
nominal by 0%,5% and 10% ofinlet pressure (up to 10g maximum).The valves are considered to fune-
tion properly up to a 10% change in cylinder port f ressure. This les el was selected as being sufficiently
low to prevent spurious shifting of the customer's main valve or other equipment. hiotion was applied at
the same frequen ey and acceleration !imits 'n each of the three orthogonal axes sepat ately. Based on this
testing and/or additional testing conducted by ASCO (after consideration of margin as suggested in

'IEEE-323-1974). the following acceptable maximum acceleration levels have been determined:

11.2g -

.

B. Radiation DBE Simulation - 150 megarads of gamma radiation at a rate not exceeding 1 megarad per hour
to simulate (after consideration of margin as suggested in IEEE-323-1974) at least 136 megarads of
accident radiation exposure.

C. Environmental DBE (LOCA/HELB) Simulation - The valves were installed in a pressure vessel and
subjected to a 30-day exposure of steam and chemical spray following the suggestions ofIEEE 332-1972
(chemical spray per Table 1(b) and test chamber temperature profile per Figure I and Table 2). The
valves had been pressurized to maximum operating pressure and continuously energized for 4 hours
prior to the first transient (to produce coil saturation). They were de-energized when the temperature of
the first transient reached 280*F. to show s atisfactory shifting for demonstration of safety function. The i

valves were kept pressurized and were cycled during the 30-day exposure, as suggested in IEEE-382-1972,
to demonstrate their ability to operate on depiand during the LOCA or HELB.

Test report AQS-21678/TR. Rev. A. is on file at Automatic Switch Company in Florham Park. New Jersey,
and is available for customer perusal.

.

d/d_17cer.- Dated._EZIDGER_28. 1983 . Authorized Signature ,

/ /

|

.

anan._hLS l
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Arrhenius Rate Equation Calculation
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Arrhenius Rate Equation Calculations

6
.The Arrhenius rate equation as referenced in IEEE 382 can be expressed as

follows:

$(T11)
K 1 T2t!,e

t2

where: t1 = service life

t2 = test duration

T1 = service temperature
!

T2 = test temperature,

I $ = activation energy
,

'
K = Boltzman's constant = 0.8617 x 10-4 eV/K

.i

Values determined by the aging segment of the Wyle Test Report No. 45088-1,

Fisher Lab Problem 1685-3, Report 11, and Bechtel Specification X5AC03,

_

Appendix EA, result in the following numbers for a service temperature of 135*F.

t2 = 28.5 days

T1 = 135 *F = 330.2 K

T2 = 227.8 *F = 381.8 K

. /=0.79eV

{f1 , 1 )hence: g

KT1 T2t1 = (t )e2
,

(0.79)eV 1 1

(0.8617x10-4)eV/K {330.2381.8 )
g, g

ti = (28.5) days e

t1 = 1215 days = 3 years 120 days N29-23-1

4
- - . _ . . _ . - - _ . _ , _ _ . . . . _ . . . , . _ _ . . _ . . . _ _ _ . _ _ _ _ , , - - _ . . _ _ _ _ . - _ , ~ . . . _ ~ . - - _ _ - . . . . _ _ . .- -

-
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,
ARRHENIUS ACCELERATED-AGING RULE TEWERATURE CALCULATION

'

ofi
MAXIMUM-ALLOWABLE NORMAL-SERVICE TEWERATURE- ,-

to

ASSURE FOUR-YEAR LIFE OF NUCLEAR-SERVICE EQUIPMENT ELASTOMERIC MATERIALS
|

(Limited to ethylene propylene T-rings and graphoil packing)

.

This calculation is based on an accelerated-aging high-temperature test
con &cted by Fisher Controls Company. The test temperature was held constant,

at 227.8'F for the complete 20.5-day tes% The four-year life calculation,
below, utilizes the activation energy constant for ethylene propylene (0.79 eV)

, which is the most limiting of the regular nuclear-service butterfly-valve
i materials.

The unknwn-time form of Arrhenius accelersted-aging equation is given

| below:

) ~ ~

+ 1 1
| - ---g

K Ik t1 = (t2 t - l T2_I

where:i $ (activation energy constant) = 0.79 eV
K (Boltman's cor,stant) = 0.8617 x 10-4
i (normal service-temperature life) = 4 years = 1461 dayst

t2 (test & ration) = 28.5 days*

T (maximum allowable service temperature) = unknown
i T (test temperature) = 227.8'F

Rearranging the equation to the inverse-temperature fom:

1.1 + x-in 21
T1 T2 + t2p

l Substituting above values into equation:

, 0.8617 x 10-4 1461I 1 1 in,

T1 382 0.79 28.5
:p

Solving for the four-year life temperature:

T1 = 328.17*K = 131.3*F

(
.

'

N20-3/ 2

. . - .. - . _ _ _ - . - - . . _ . - _ - _ . _ . _ . - - _ _ _ . . - _ - . _ - _ _ . _ . ..
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ATTACHMENT 7

FQP-11AB-7

Effects of Gamma Radiation Exposure to 200 Mrads
on 20" Type 9220 Valve With Bettis ActJatOr

i

Fisher Lab Problem 1685-3, Report 8*

}

|

i
I

'

,

N29-13/ 7
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LABORATORY REPORT
EFFECIS OF CAMMA RADIATION EXPOSURE TO 200 Mrads

ON 20" TYPE 9220 VALVE WITH BETTIS ACIUATOR

ABSTRACT ,

The SNUPPS environmental test valve (20" Type 9220
with Bettis T420B-SR2) was exposed to a total of 200 Mrads
of Cobalt-60 (gamma) radiation. Testing was perfcrmed
af ter completion of the qualification testing per FQP-19 .

without changing or seadjusting the T-ring. A dra=atic
increase in air leak rate occurred between 10 Mrads and
100 Mrads exposure over the entire test range (2.5 psid
to 75 psid). With the addition of another 100 Mrads,
the leak rate at the. low AP again increased sharply.
However, at the high end of the AP range there was es-
sentially no further change in leak race.

.

INTRODUCTION

1.0 - This report covers work performed at Isomedix inc. . Parsippany, New

Jersey on the SNUPPS Environmental Test Valve. The test valve was a 20" Type

9220 with a Bettis T-420B-SR2 actuator and associated appurtenances. Prior to

this test sequence, the valve assembly had undergone the entire test sequence
/

described in Fisher Controls Environmental Qualification Plan FQP-19 (reference 1)

up to, but not including, the. post-DBE (Design Basis Event) Radiation Exposure

Test (see Section 9. 3, p. 28, of above mentioned document) . In addition, the

valve assembly was subjected to-an extra thermal exposure of 400*F for 15 minutes

in an air oven, in accordance with FGS 14A2 (reference 1). The testing reported

her_e essentially completes the intent of EQP-19 and extends the radiation testing
,

by an additional 100 Mrads. The procedures were modified somewhat due to factors
( described below._
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During the post-DBE functional testing (Section 9.2, R)P-19), the Versa

valve remained in the exhaust mode (the f all-safe position) thus preventing the

opening of the test valve. Since the remaining tests were for information only,

it was decided to eliminate the stroking time tests and to monitor leak rates

only in determicing radiation effects. Also, since no test chamber was available

'

at Isomedix, the leak rates were determined at ambient conditions instead of at

120*F as called for in FQP-19. This ne.cessitated. running an additional baseline

leak test prior to irradiation. There was no readjustment of the EPD.M T-ring nor

had there been since the post-thermal aging adjustment early .in the testing
4.

sequence. In other words, the elastomeric seal ring had baen adjusted for zero

leakage at 75 psid and ambient te=perature after a 50 day thermal and humidity

aging sequence and then the valve e.ssembly had undergone (1) 10 Mrads of gamma

radiation, (2) seismic vibration testing, and (3) a design basis event (DBE) which

consisted of a 30 day loss-of-coolant-accident (LOCA) simulation, and now, with

! this study, two additional doses of ga=na radiation (90 Mrads and 100 Mrads) with-

out touching the T-ring adjustment.

TEST PROCEDURE

2.0 - A co=plete descripti6h of the SNUPPS environmental test valve can be

found in FQP-19, Rev. F (reference 1). The condition of the valve assembly at the

start of this test sequence and details of prior testing can be found in Wyle Labs

( Test Reports No. 45088-1 and No. 45390-1 (references 2 and 3). The test valve was
.
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shipped directly from Wyle Labs, Huntsville, Alaba=a to I'somedix Inc. , Parsippany,

New Jersey. The two spool flanges had been removed prior to shipment.

PREPARATION FOR TESTING

2.1 - The two spool flanges with blind flanges already attached were rebolted

across the test valve. The bolting was torqued to 540 f t-lbs, which was the same

torque used previously at Wyle Labs.
.

BASELINE LEAK TEST

f 2.2 - Throughout this test sequence the valve asse=bly was oriented in the
A -

.

same manner as in the LOCA chamber (i.e. , the disc was horizontal with the inlet,

side up). (See Figure 3.) The inlet air line was connected from a portable air

compressor through a regulator to the top blind flange. The outlet air line was

connected to the bottom blind flange with the other end submerged in water. Air

leak rates were measured by noting the time required to displace a known quantity

/of water with air when an inverted water-filled container was held over the end of

the outlet air line. This technique worked well for all the baseline leak tests.

One problem was encountered with the test setup regulator in that its maximum output

was about 35 psig. To obtain . leak rates above 30 psig, the regulator was removed from

the inlet air line and the inlet pressure was " controlled" using a needle valve

located at the compressor volume tank.
.

(
.
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PREPARATION FOR RADIATION EXPOSURE (90 Mrad Dose)

2.3 - The two blind flanges were removed from the inlet and outlet spool flanges

to prepare the valve assembly for irradiation. The two spool flanges were lef t

on the valve. At this point the valve assembly was turned over to 1sonedix for

radiation exposure.

..

RADIATION EXPOSURE

2.4 - The radiation exposure of 90 Mrads equivalent air dose was carried

out as described in FCS14C1 (reference 5) and as reported in Isomedix letter
- dated February 3, 1981 (see Appendix C).

s

POST-RADIATION LEAK TESTS

2.5 - On completion of the radiation exposure the valve assembly was removed

from the radiation chamber and the two blind flanges were reinstalled. Air

leak tests were run using the same technique described in Paragraph 2.2. However,

at high flow rates the technique was modified to a dry-fill measurement. (i.e.,

The outlet air flow was collected in a collapsed plastic bag. The time to inflate

the bag to a known volume was measured.) Also, at the high leak rates it became

obvious that the pressure drop in the outlet air line was significant. Hence, the

(P ) at the outlet blind flange was measured for several tests and thesepressure 2

values were plotted to obtain correction factors for.the other leak tests. (See
.

. plot in Appendix A.)

PREPARATION FOR SECOND RADI ATION EXPOSURE (100 Mrad Dose)-

2.6 - The procedure was identical to that described in Paragraph 2.3.
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RADIATION EXPOSURE

'

2.7 - The radiation exposure of 100 Mrads equivalent air dose was carried

out as described in FCS14C2 (reference 5) and as reported in Isomedix letter

dated February 3,1981 (See Appendix C) . #

POST-RADIATION LEAK TESTS
~

2.8 - On the co=pletion of the radiation exposure, the valve assembly was

removed from the radiation chamber and the two ' blind flanges were reinstalled.

| Air leakage was measured by two techniques: (1) the water displacement technique

f described in paragraph 2.2 and (2) using an orifice well- flowmeter. The calibratio

'

curves for the orifice sizes used are included in Appendix B.
i

~ .

INSPEC ION

2.9 - At the completion of the leak testing, the two spool flanges were '

re=oved and the valve assembly inspected for visual damage. The valve disc

/ was rotated to the open position by applying air pressure directly to the actuator

cylinder. (i.e., Bypassing the solenoid and the Versa valve.)
1

8 3.0 - DISCUSSION OF RESULTS
:

-AIR LEAK RATE TESTS

I
3.1 - The air leak rate test results for the baseline test and the two,

, post-radiation tests are summarized in Table I. The individual data sheets

for each test are included in Appendix A. In Figure 1, the leak rates are

'
-

_ _ - _ - _ . _ _ - -
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plotted versus the differential pressure for all three runs. (The use of log-log

plot is for convenience only and is not otherwise significant.) The four different

curves for the 200 Mrads data represent four different " fresh starts" (i.e., start-

ing at zero pressure and increasing P1 incrementally). Both post-radiation tests

(100 Mrad & 200 Mrad total dosage) showed a pronouced leakage increase over the

' entire pressure range as compared with the baseline test (10 Mrad level). Addition
.

ally, for the 200 Mrad test there was a certain amount of instability in the 10 to
.

20 psig inlet pressure range with the leak rate starting high and then dropping

( "down to a lower level in a matter of minutes. This was probably due to a slight

movement of the disc into a core favorable position in the seal ring. For 30 psid-

i
and above the leak rates af ter 100 Mrads and 200 Mrads were practically identical.

In Figure 2, the leakage at 2.5 psid is plotted versus total radiation dose.

Here again, there is the obvious radiation effect, but compared with the SNUPPS

post-DBE leakage criteria (reference 1) only the 200 Mrad test exceeds the allowabl

/ leakage level. If this test had been perf ormed at 100*F instead of less than 70*F

it might well have been within the allowable level.
I

VISUAL INS?ECTION
.I

3.2 - The entire valve assembly was visually inspected for obvious damage.

I
There was much rust and scale on almost every surface. Very little of the

_ original paint was intact. A photograph of the general condition of the valve

( assembly is shown in Figure 3. Actually most, if not all, of the degradation

- reported here was due to the thermal / humidity aging and the LOCA simulation.

. .___._- _ . _ _ -- __
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Removing :the spool flanges revealed much evidence of corrosion on the valve

internals. Figure 4 is a photo of the inlet side of the disc showing much rust

and scale. Also, Figure 5 is a close-up of the scale and debris that was in the

sealing area, first noticed when the valve was stroked open. The only damage

to the T-ring was a small cut it. naa of the " rub" areas near the shaft (see Figure
~

6). There was some wear, but it was not really excessive for the 1000 plus open/

close cycles the valve had been subjected to. .There was a very pronounced

..

" permanent set" to the T-ring due to the disc pressing into the rubber T-ring
.

throughout most of the test sequence. (See Figurer 7 and .8). Again, this
-

phenomenon was not due to radistf on exposure alone, but to the sum total of thes

ther=al/hu=idity aging, the LOCA simulation and the radiatien.

CONC 1.USION

4.0 - While the test sequence was perfor=ed for information only, it is

important to note that af ter 100 Mrads total radiation dose, the leak rate at
,

2.5 psid was still within the SNUPPS acceptance criteria for the post-DBE

leakage as specified on Page 39.1 in FQP-19 (reference 1). Also, after 200

'

Mrads, the 2.5 psid leak rate was only moderately larger than this same acceptance

level, which was specified for 100*F. Had the post-200 Mrad test been performed

100*F instead of less than 70*F, the actual leakage would have been less andat

. probably would have been close to the allowable 2944 cc/ minute.

(
_
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It is also important to note that there was a dramatic radiation effect,

with the greatest change occu'tring in the 10 to 20 psid range between the

baseline (10 Mrads) and the 100 Mrads' dose.

RECOMMENDATION

5.0 - In the past, 10 Mrads of radiation dosage was considered a safe

I maximu:: level for valve or apptfrtenances containing elastomeric materials
I

(including Ethylene-propylene rubber [EPDM]) . The results of this test sequence
I

would tend to substantiate this 10 Mrad limit. In any application where a

valve might receive greater than 10 Mrads total radiation, the customer should

be cautioned that a certain loss of pressure retaining properties vould be-

'l

expected.
,

h..,
k'.H. Haslett
Evaluation & Analysis Department

/

e

6

-

~

t

| .

,
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_ _ _ _ __
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/

i

i
.

.~

$

\ -
..

. . _ _ . _ . . . ._ _ _ . _ . _ _ . _ . _ . _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ -



. . __.

a M e
;i%

% u
YnBLE I. . $ voso sne Y of MS .- b8EE l'RA b/A T/oA/ Effec'rS) LgAk Tc CTSs~

.

resrs ruxpaemza N W.ar msmbix. rm. , pseriram ,,v.7.
@

-

TR$7 PLU/b t A//t 7257 'r E nt/l | Roon1 AMB/P A'~r f~ & C *F ) y
.>

ap, DAsnu uu. (so Meces. PRa<. Desa ) A v=Ter e A ot>'T L . 9 o rvi rt es. ( o o v.g 4, w,e Abr>'ti. soo nnow (aon r. re c)h t-E T " = -
Peu s:.3. uar at ouimr np i,. e n n g 4 Te_ Pk AP LGAK RATE P'-4

{AP _ san a n r e.$5 ooTtan- AT oirner

psig aig rsM cc/>stis. SCFH ps Ps M c c/m t.g. Sc FH Pt.l g P S I4. c c/bl %. T.cFt4h

2.C O 2. C A/S 0. Yts 0. 2. 2.3 97T l. Rs' O 2.C 'f31S 9. / N
o.1. 2.3 t'a so 9. o ,12.g - -

0. 3 2. S~ /270 2,7 - -

- -
^

- -

.

/0 0.1 f9 gto j, og ,g, (, ,_ y ,b y,o go ,, 2. s* 7. 7 /ca, ms oo sv e
t. 2 ft p g yoo 2,,

1 | 77 4./ 2.,s.o y3

,20 0. 2. 19.8 Prf /.E7 2.6 17. Y / Y,3o o 30.3 s. a r o s. r s~ is, son av
0. Y ff 4 3'&' la o o 12e
S. o 15.0 && Von /130.1f I f 3 $~ , 3 j, too 41i

.30 0.5" 29.5" 2/40 Y$7 3. 7 z 4. 2 23, to o </r.1 o.9 29.1 rra, poo ,e
,

I
!1/0 6.o 3Yo 3f,, Yoo 77.2. /. T 3 f.S* +'4, Joe 9?

- - - -

S0 7.2- t/2. 9 $9, Ysa /o r 2^. Y Y7. /s se,3co n */
- - - -

SC 2. 3 52 7 /2, 2so 24.0 J- -,
- - - -

60 -

lo. o so. o 74,9ac /4 3 11 S& ./ 74, 5 oo Ic.1. E
- - -

.a ?.'
I

.

|| 7f 3.& 7/.y 2/, con YY.T / Y. o &/0 /B7,200 229 "'
*

,

,

0 /nAX. PRESDIRE PosSIBLE WAS & L Pfts- but 7n L/MITA T/oA*C of TMe Alt ~r CoMPRE35eR,
1

; ; .

5
t 8

; ! !-

: t .. |
i. .

.



5"M.0- nX W ua - S3 m . 2 c3q
,

, a . n n. - >= n m m .. m . wc. n.-w w - n . ~n ~ - . , _

, ;ww - - v .y -w q- m m g y.-y -a . psysp armg,

s.--- - _ - - =2= -- 7 7 - w-=t -_ __ _ , m_.u _. =e- a
^

- _ r.c
E L : =- =_.-b - 1_. _;- - _ r c= a - - - f r- - -

7
-~ ~~

' . . .r_.;y3 _ y :_._ p g g _._ _._ _. =; . - z q _ . - - . .: - . g~-- ~: ~ -3 .. ,m. - _y _ __ u . -- ..

..
-

u'- - __ - _ _ .
. , ' _ ' _~'

~_,__2____m'___.;-. - . -- - v'-
~

__,q'-
~ ~ ~ ~ - ~ - - ^

'_ - ~ - ~6 - - _ . -
--

_ -. _ _- y .--

s; rs =-r---.-

--- .

~w w w we-r._#.-w-en , am wx 4 -- . e a u x -_~ m i +wy
___ # _ --

.a ar":* ti'[ T- F 'E.: 'e= --- =~a-''q-es -a_qjgd A J - yd% # MW M- -- '- T { 7Ky .m- y tir } { ain,; - i - mm., , -.- J ;
_ , p5.C _ .mme-<

-

- f i
- '

,m -

1 -m-: %-T : A G . = +== L m m ==n L : = =- =_-t- . h-m=. - y =~ == + - " a--

', -C^-_T_--Y _ ^ i T. 2 ~ - 4 ~ ~-= e== - = : - : = =T ~ M- , = V _ " ==M==m =T--- +p

__ ___ _--- - - -- . 24_-_n gyp y _g. _yyyqggfy-- _
. :-

-- -.-_-_y-. - _ - _ _ .- - _ - _

__ ;_._. - - _ - - _ - _. -

-

-

)
_

_

-4
,

--

:.X IW;'DMe!""Tr-EP( -- , - - - -. ._ .%-

I

1i .

' I I '

g .mn- - Qui |T.Hu_N _- crW _ _ E.) ~ m:--- - m kw w.e - - m
. a

' % wm . x-e -* % =w-

s, c_. - e- 7-w- aw . . . .
w.w.mm m m mmmm-2

=- ;- ; =s- s=- -w sww.m
7 o =c -m-===:= ==v' m. m == -w == = = w - c _ ,==_ =_-m, =

-- _
__

.

_
, __ __ _

g
_____--

. - . _ _ - _. _ _ _ . . _ _ _ _ . _ . _ - _ . _ _ . _ . _ _ m, _________._.____._.__.-__._t,____..___._ . . . . . . _ _ .,-
- _ _ _ _ - -

. _ _ _ _. __,._1 .

. _ . - , _ _..- __ _ .__._._g _ _ . . , - .___ _ _ - - _ . _ . _ _ - . _

- 2-_---- ._ - _ _ - - _ - . _ . _ m. __

g _

er -w =2 ;._ .h mAm 4M w 2 2-- ,&:m--.1- _-wi +- M _~T--ee em em Mw-a4-

m c:-n=E
'' [ Q.1. -i' 'r'=M Eleys.Q~~._.T-- -'-Q'%-rn -J'7 r -a y -" - '- L :mm' 's M4= b 'yg ;.PG34 p-digs E.M- F u ,''' -gi::6":Eph '.I.y ' ^ 'qd b.9-

----~# '- - .

g
TE t =:i,.'.=_ ; =*, $_~~2 r=_D 2 '.1,-N~ _r FN._[2_W-i :5 ----M_2.i$=. - _ i.;4=..~ =-D.N ~. - .h_ .- : =. ~ =.=. -N -$ . --l ; F 7.' * ~ -f N p_-_,_=._ _ _-_. . . . - - _.

'=_.f_9 '-'. 5--.3-$. = _8__
.

. ._ ..

- . -

2 ,. _ g- . _ - . y_ y- 7_- -- ~ -

.

- s - _ g_
- . _..

. __
- __ -_

. - . - - . _ - . - .
.

--
_ . . . = . . -

. _ . - - . _ = - - - _ - ~ ~ . - - --,
_

- ..

-.--^ ^*~r T
p _+--- - __--r-3 p=M RMn,_ _

.
-

: : "~ _r a.--
-.

-

_ _ = - - - ,--- -- -

/,_- -- s . , - ,.. -, --y- /-- qq-- _
-

2., / { -? r
'

\ ^JPf6/ 2 ,,E
-

. . x 1 , . .

J T I . _ L/ }

n| iMQ'1'
~ ^

x, s
.,,._,/

.

-_v, v , . A ri .. m . mI-
, .. - -. a .m / n .> ,- x. w-..- -a , . - - ~ ~ ,

,

, o - .=; - -n = -u _-- + = --n. .w - = u n s s-, c-. ., - m w 1- ,- O m w ~ m .

---_ =- 1- == -id=__:_;=. ,=#. m m --w r:- =-i. - _- '=c=ww _-w-wm. - .. :.1 u,-_ :m. .m ,
-

m r-1a;--a a - T
7 a- _; _; . ._p 7__. - =-= e.__..-=_-- _n--,n===m-=,_=.,.=--==~

__ . _ = ~ - - - --~v = .=. ,/. -- .;_r,p , -
- _ ; _.

- -

__ x-- ._ __--
- -

-

_
- -- . .

- _. - . . ~ _. .

a - -
- - _-

~

- =w--
-- -

. , - - - - '- - ~
-

-5
-

_ _ . _ .
-

--~~#~~~% -----" m==-d + p*---M-
3 - - 9 L s- hoc %-^-

- - m--=a:== = a w =. - w"w w m's d %----~--. m -=- % W ? m: % M =+emaawamG
---='~-=h ~ .' &_'h - . c^ ?-- L G.r- ~ / = 2 f. / :. L- L

--%
''- _ - - - - -

J 4 e_ .=
,

-_ ' _ = = ~ . = - ~ - - - ~~ |_ - -~ -2 ._= - ^ .2TE - -- /; e-/ ~ W == +=P+=k E'+' = -X ;=:-3Q=E- '. 'n: '''. ==*-% : ' , : /4
~

-

k :-' __ : : _2-- - "=Y= M= W = +--_-_=~==^V= -T_-~==.W- ^.e,X ' .== =%==%
s .N-

-. _ _ -- ,- - - n_ _- - _ =- - --1
, _. -_ _ _

-- M,-__ -

__ .-

!
. _y-- _.__.-7f

. .f &.
I

m,.

) -

_ Z-h
.

- -,
-

,--
V

w. ,
,I

No : ,r
**

.
, 1, . ,r 1,,

n.
A . II iOg

// .
i 1-

, sn,. ., m.~ aux- -+ = w w "i--w ww -- n---~m.- -1-n n = m *t
-- E' 2'EW -E_=A~~$ ^ _~M E'D-- -b- ' ~ ~~~ N T* * ~*~N N=5N - "I I N-N5 NT M N N-~.'- NIEM-'-'N l
''' f

~

g p g t --- ' ' ' - --

7 i_(2 - .- ~ ~ . -'3 sn '- 1-E-E J sf'.i d--- ~ - '- ' ~ =P f 1- ' . h~ ' ~: '. =--A
~

Z-OW= Mf " '=WM= L=f 2=*N

u_ !, f
e

n" 6 E _~-- - -- --- ".-'~_-- _.;m~~~~~-
~ -

--~~ '

gQ
. __ _ _ _ . - _ _ - -- - - _ :

- - - _ - , ,_ -m
/ ~ -' . L

* ^

.-- ~~ ~** ,.-,.,-s
_

Z j5 g . ; m- . -m- - - w- se - d =_- Y wr w A m: -d e % eit__4-g t=r .~=e_ep Uw- . '- -w _ _

t- _ _ - :=- -1:g= p E =E=E /-7=r.=.- --{E-'_ -T '" ----7 5Whr.+.T =.Mf'- ' ?J . -~' F i!L'kp4- ' ' ' _ ''.-r % st.AgggE W-.D

~___t"____._-'l_' in_ri--%r@;<
gI,

_.
-- f --- - m y,M_^ -1 - - c=_~ - ES E - :---=-~~ N = = "W I '5 Md 1 -e- tW" " ' -

. s / _

- -- - - . _. ~_= m j - --- - : .- - _ _ ,= g.-
ge 3 -R .- _ _ , p-_- - - - _ - - - - -

.------------~-y._nag _ _ a wg_--
_ -----r - - - - - - - a- - - - -

a *: 2 _gr - - n:V ~ L ~fdd-pf 4% & C___
. _--~-- --- - __ ~ l' -_/_ Z -- -- - ~ ~ ' - -

~~
'

'

-- /q-- ~~'%ssattsus_- i n:U= n;
-

&

- -

__
-

=u
u. 9 c

-
~ (3CChiWAW.

- ,

u
eoe

- s
'

H "W" ,ns ._ y

%f .v f .
~~

'#' f i .Q aWM

r .

I .A# t 1 i

>d i 5

1
- ^'"'-WW''*~ 5" ^ ~~ ?2W-',**-''%"W**^'* , , _ ~E.W ~^ - * t. ts +- '_' ] - f ?A-C et. - _ -% * k 2- V - - k -

-

' * ENNNWM~'"$ $ E"V~_'-&S@~" '-'=Iis-$El-SD~' Y'55?~b1 Y b MY bW ~'i -' N!

%e Tf -- . Wi===- =r=- = =- ="-i=:== -V = ~ - - , z''C ME& '5m
'

,.c ^

-+ -2 ._r. _ __ =-_v=w .L .J.,-==- L-- -. . _ _ _ - - --- e -

==+ ..

,

(
_ . . _ _ _ _ - _ - . . - - -y _ .- - . .y- .-___ - - , - . .___-.;._

_, _ , , _____.. . - _ _ , - - - - _ . . . - . - -- u
- -----t _ . , , _ . . . _ _ _ -

.-
- _ _

,
- .- - _- _ _ _ - _- - - .

-- - - -- g-. .

__ -_ _ _ . - - -s_ - -- - r---p--
__

__, w wm i a = = t e m *-C., -w.-: -m e eu-- -m6...w-

4- -- + w m _ a u _c = c r
7M*-'- ' ~-1 ~~

g_-%
;EE-r.-r-WW/G2-4 :'-'' T' 5**- +=9 '4-U '' # "-b 'b' : P W- WE- META ?-'' 3 ' '"'" R ' ~ '

4 'N'M
. 5".'^~?~~-'~2 " '5 .=_=M__- ---: 5. .|. . ~ ' _~.^'_ . 5. ~.;'. YY.

~~-

5-~~~~~~-~ E-''-[~~~Y*~~-~~'~-.'|.bWT
^

'-2- " ' ^ * - ~ , - - -
~

:
. . . - :-- --

. -
-- c -- - .

h_'" -- b;b-'. *-''~~ ,_ -
--

--b' ' ~ - -
--

,~
.,,,,_

U [ ,., _ d . ... - - ~ ~ ~ . - - - .-~;*=^"L'- --

'~~ -

' _ ~ " _ -__
___-.------ - ..~4 -

-.- . - - - - -_- _ - - - - - --- -- - . __.w._ u r
- . - ,

- 7 - --_p-
- J"'**~-'_. - - - - -

~
.. nq-

, - . _ . . - - +

~-._..--.;~ -_ __ g,_. u,,,_ ~ . g _ _,, g A .,, q _ _ g[ .
-_;

_g
~- - t' ~_ g _ _44 V- g - AOw; --) 9.-4 & "r

- - - - - - - -
-:--

& --
--

-+

4

.
. e.e- ,.

- , , ,m --, ,
.-

1



v510-cXT _ .
.

~~~1G3 M -
. -

JRROB.... -

=. . .-

=. - - - .-EI5H ER=aC ON__TR.. O L:ssau ? ; ,< s,..- . a . _ . _
. _1 - - - -- . _ __ _ _.__

. . ~~ w. .w a
~** -

-..---1.. .I
.

-
-

-W -- "
*

g. ja = rypE: -9anc-- - -
.

_ _ _:_ .

, _.- . _ - . __ . -- . - _ . _ -_ ..,g_ _ _
.

_. - _ _ _
__,. - - - . . _ . ,

M M
_

kb 19 & O
I - 5f5$hY"_$

"

smp=n:n- r

~

C2,sym

t - - - - -. . ~ _ .
m...---+-.--me9

2
C -g
> -

.e
,-

Ys
ft . 1-N.eg --xge 4

%3 _~
O ,, , , _ , ,

U*
)

._

--f.*.-_.=
-

w;
. .

-
Ze

-

I =
- ^H

.- wp
A.ef

k
.y
O m

1i-

. m -
O #ff

_ _

.(

-#"
I

k MV
1

k
'

] **/- I

. . /--

L ._ ,. s

fI
' /
RI 1

u . , '
&
4

. _ _ _

MS M ~~~ '~~~~ 'm) '"M~g *

" E &^'3"~=.~===6~ ' ~ ~
. _,

-.

I 1 -f' b ___5 5S&&w

2y -T-sme*= r - w% a em
cg

' , ,
-

*
y w

w w ,

- . . ._

HL f-
H
>C
w re
_

1

- , ..

Q | 1- -?
-f *

n. u
C - ,f'.
s '

~-
I b.
~ ,.

' ___...4--.,'
+

| 6
2 1.' .

g /'- _i. -

7
,

<
_ _ _ _ _ _ . - p - _ - -Y 4 ww.psy -

m,.^ ._~1W-

| ,m T _g1 M
i .

N" * / 00 $ " -

. *~ - _ _ _b w

( *r
__ . [J. E = _Q q P* .= I'y '

-

.
^

h '.

-

. -

[ -

-

+O ,

NA
" I

.,_
**

. ===.4..
- *'"***

f*'*'~***"*[.**O*.*C"
_

,

mggg _ 6 - M
NM-

.

t ... . .~ -

.
,-

.
.

- - . . + . . - .

~
1.v -

,._-.-g-..-.. -

TbY 5 hA nrA *T* RWA.t-*--btv.1$ 1 *ko n .

~ " * =*5 --
-

,1 -

- -
_ . _ _

_ _:_. i- r ._ . _ _ _ _--

. . . . , _ . . _ _ _ . _

--

% _- . e -

, _--, . . .

... - -.. . _
. _._9 . .

,.

~ .. .-.
. . _ _ . - --- - - . _ .

; -
w

.:
- , . _ _ .

.

~..- - p - 4. ;..-.....-m._.,4 ..- --- , ..4.
.

. ,_ ,. %.-r-...
..

. .. - . . . .
:

._
- -

4 -- _
- - - __ .

.-



- ma> Wal- -* - - em-----,,---aam----s-- - - 4--- - - A o-- - W ^--m a- a-ms. mm a,e r.sm -asa.,--a-_ m__ . -- - - - - - - - , - _ , _ _ ,-

! "510 - nNU Al' 0 :3~ !151 ? 21v F'ewsa conv=ou coue. y
'# *

I

.

: ,
4

I

N
.

; -

. -

|
*

| .

! -

i

_T ..

!
=

i

N-

! - mA
.1:

4

'
g I.

I.P

1
't

'
i
l

1

| |

. /
'

!
I

.

''
I
i

I#

5

| |
'

overall view of valve assembly with spool flanges attached.
1

:

!(
-

|

-.. - ... - - - - -. -...--,- - , . . . - - - - - , - - - . ._ -..._



- _ _ - . _ - . . . - - . . . . _ - - . . . . - . . . _ . - . - . - _ _ _ _ . - _ - - _ - . - - - - - . _ _ _ _ _ _ - _ . -

S."31 0 - A X' fin C:0 3- G15 3 . 21i Rep. d
r . cn cournou co=*aav Fig. 4 |

I.

<

|

k
f
A

i % eums

L ,_ N .'

'

|
.;

|

# !, ' .
$

, , ,
s i

| ..J |*
|

|
' '

p-

i .
,

- -

e. - |
: .x. .

~; -. - . _ ' , .e
; ... . ,

, ~

|
-

,

\

, .
--

; ,
-

.

.
'.' .

' *=

1
'

1. ..-,. -
.

.
.

~ .-

' '
. ~

*

'~, .4 - w
'

. . .

1 m -

f
' '

{'
.

i b W. ,,i
(; .

. . .qeg.-p r+: -
#-

-

- --
,

;

i-~.

.

. ,;g .-

su .-
,

. , . -
I

'
, ,

} Photograph of inlet side of disc after radiation. Corrosive
| da= age due pri=arily to previous test conditions. (Ther=al/
i

ht=1dity aging and less-o f-coolant-accident , ID CA. )
i
1

-

1

I

l
i
'
- - . - - _ . . _ - . - - _ _ . - - . _ . . _ _ _ _ _ __..



. - . _ _ . .. . - . . ... - - . -. . . - . - . _ . _ _ _ __ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ . _ _ _

.s

i nowanco. u o u co ,y,,, gep, 3

j. 9tJ 10 - AXt3 AC 0 3 ';.1 : ; 1.- 7 o 3 ;; Fig. 5

i

%
a

-

- ~n . . . . ,
. . w

-
~

64- , . .
.

.

.

0'

N.- ~~p , -
*

' f,

, , s- ~ - , , > - - n

u , .

_, .-f g 3. , - . . , <.
- .a

-

,.z . n. ,.
,

c
*

-% .

"^ c.
. a ,

., ,

g ,yt,, j, : .
-,
s,

(4-
. '

:| - ' ' - .. . v .
. , ,

.y x% . - - % .
i ,- ,

d.
*

* gg '

m_ er kvb. Y ' '' 'p, , '" , fp

- .... . . ..., , ,z . ., ,. _ , .,. _ ,_6 ,
, P,gj

.. . .

,

%,-
-

,
., 1

.w -
_ , ~ a- . f < s.

.
., - w.

)

-~ ' ~ .g. % -

', "
, *e

.

,

, s s . .
_* w

' " ..
' **

.
._,N,,. y - p , . - * *

4 g

*

1

-~
.

8 _
'

. , . , , , ' . * . . ,1 't
",

<

-
- .. , _ ., _. .s

- :. ~~
. . >,.

i . .--. - i,n_- .

=r-

4 .....
| .. ..-
|

'

r

i ,b

!
;

h
o

;
,
,

f
,

!

Close-up of sealing area with disc open.
;

,

1

(
L

.

|

i

| . . _ _ . . _ . _ _ ,
. _ . . _. . _ . ,. __ _

_ ._ _ _ _ _ _ . ._



._ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ . -- _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ __ ___ ___

|

.< e p . o
9510 - AXU AU 0 > '"il G 1 2 21Y **"8"""*''""""'

Fig. 6 i

s

|

|

.

I

+

s %. ,. ..:.'.7,
-

.o
. . F . .?: 3 ,

. . % ew ' P='"*"TN"* *=* *
- *-,- .

W , ?. h n_. .

' hN|, . . 2.Yk
- : '-:-

).
u.

d* j- - '

i ::i :s .; .:y. .,. g. 9.. %st a ,.:.u . : . xc

.
>

. .. . . . - ... - ,s...s.. , . . - .y - ..
h|L.h ' ';'i~ ' k ':(

.. .

,.y . ; : -. K. |$,-'? .? O-| , ' , - ' ' .': b,[ 5 h, : J . , q ,> . ,'
. . , . . v n ,u;- ~ w. ,.

. . 9.: . - %a . ' e . .'c..' . .: .

%,
' ; ,. .

s
-

*. : . -. ^ Lyj ;' ": .,. t ; .y4er M, .

p. P, , .. . .i :. . . #*.. $ t
4 g. - . . < -:.2.. .- <

' '

&. . ,
, ,

M :'h, . ' j ' , ' ' '#. .f [ " : U|U-. . .[ .cjN ..",/,M h.C.i;d M f:%-[,

'h.,.,NN, . .Ez . ~ y' . . ' ' . . f . . f . .5 f.) . . .'.[' , * 0. .k+u . a ~..f . ./ . . . ' . . < . 'kNN.*M. :.- ' ": ^

.

-. ., ',,-

4*'';_|;_n _... . ;,
c.,c.g ; {..(,-; y*.' y.,. &, n|-

. u.: . .
..

:8.(. ; e -V:.|,;_,- _ ' ,y 9:
p

, h ~. j f.':. W. y : ".f''. .; b.
. - f .y . - , ,; ". . -

; _

h.,'''.,_.,..i d[_ . t .''
>. , 5, --

-

9 .

*

../....'..h
;-

|r ., ,

pW.r.,
. _ ...s = :., s ' f, * * aj-

s s, %. y\v, .b; f - .. , , ; - . . .'

g ,

h *f ' , $ k ? ..$'' -|- " . ' , k ' - |v - ' '.*'^*..'f.*g*'*.y
-"

:

,. , . .' ** 6.p '
o

|.'. h- ''

.
. e . , . W. -

.

* . ,. : . > . , g | y..
' ry

%* : .l..; .' .* - * i.,,5- . .,..,,,..+.sy,,.,..
'4. L

.

'

F.
A4-$ ,.,1,f | .

-

3) I,
' ,A ,s ; ,'' :'.- ;, . f , r . y ;* - - ,5 n Y

' '

'
'

.

,
, ,

vilaid .I . 5.f. m . .*@d,% ',U .. ',H.. * 1.~~'' . ; ": ' '*4
'

,N S ' ." # *.'

t * D' '- )1- 3% :\| %y.; ; n.-
i

-
r

-

d.: 9 :. - -: .. . . . ' .? J. i,-

8' ' ,,,T|' .. ' '; s '.i ' .% i
s-'.

- -- ,:h |
'

yi
,

..,..'..'.4~~ . . . - et.|

. . -',': +..<; 5.'sQ ,.' i '- } a,;,, . '. v.: . ,F|_ .|.-
,.'

*
,

-

Q:
- ..

k; ":: (
,',

|| ' Tf ''.I .y # r.*. . '-;. : ;. .2 .p&. ,,. , , " ' ' .

| 4: ; s .
g'- 0 ' ' ?%, y . , ty Q, . .

., ,
' 'a '

...-

f.;. b, - : _f t.p. s,.a . |_ _ cf"jj-@n&,-j h.u4 @fj@%y:&.)$$$r.o$.!

*, y'' <

3;$4@ *.. ~- | .
r

,.Y

" ,.t d . - - 4;W; ,3 cix;.,.h ; D q ]A ,% . ,'s,,f A "6q ,h>5
,

#*" $ q- h
.

.ry.
5--

- .. .
;*

9, . t. y,,;e
,. ..km WQ. . '' s. ,

e . .- i

.ya \*- 4 * L..- -e g..

RQ R . ,

.g- ::.

[' $,,-v. . ,

. . -&. .g .,& .' - &, g ...

h
,

. $ w), - ., P
)|. gu - -#d-

W.t.$% ' .|@Y: ' I.h .

.*|< @

. -

1
p

.f f 'f. h.'' . '

.f,./. s,%} :M i. :,%. ' . - u-M, >.' 'tL . b :. * :\y.uS; ,v,

.g,, s

a : _ . p, * k j.a . ,, .-
..-g.. . , - -j ,

.

7,. -..A,
I

;,- s;

. : I.' ' ::',t , y y. , .' *'yy;,ff.
a ., '

m
< . - -

f;
4

.

,- .,

e ,'- : - * = - *
_ _ .

| N. ' ; . .h f. * ; *Y N ~ f. L. '
_ _

:

} h. , 6 P e,-
.

^ ? - '. . }e . ., ,' . 4. , '. r . , T . $ 'J . %.
-

" ; l',',. %,. t -i .

-

y - . . .

. ; 4. . . ,%; v..u ' Q.,
g u

'

; . , .*

.m.. ...n..,
*n - q. m ~ :: . , . . $ ! y .'- g,. . n * '

. ,.

(,V{. ' :%iih ,. ' , f.
.

.L - e ,
6-

, 'h. O -D: -f
* .t' ' 4: . , % J L '' "' |p -

,

y %. >gQ.c % . .t 4.. . v .-n.. . ,x .: :L: %e yti. @;e . .
cs,g. ' ' ' ' ' ,-

t ,

..w
. #.

'

.1
, - m ;-

< . U) | .|,.'.
,

k.' 'l ; p.
y

f., gj Q ~ ~' ! .
1 QW.Guyn. .[: f : '., ''" -a . '.y

%, '%f.4'o, *W' .c
, . M ' ,' s ' [ . . - |

-k. v. . |
-

. , -
9 . ? -p ; 3 . ;{ $

e

*; *j ' *-u

. O :ss*.'.m.:, 3 o .
i

hj -
g&y .--Sw.., . %'

y

5, '.c

.' ~ y h(h....cW.-

.+-

f, , g., 3- -g-
;
,

.
p

|

f
i

View showing small cut in T-ring.
>
>

I

_

D

I

II

| t

I I

|

\
'

~
\

l

|

i

!
li

I
,

i

|

- - , ~ -

L



- _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . __ __ _ _ _ _ _ _-

I
|

|
V53 0 AXG A!:0 3 G H,1 - P /0 newsa cournou comwr ^*P- j

Fig. s
,

.

9

w : -~.. .: ce e . . . . _

-Y . :., k$ Kg.- ~
,,

b.f.f.;..,
.

.;.
..

...

f., ' * ?e ,Y'# _?E. =% 'N*

? : '. . . '' - tijkTi G ..' T y L

Q(W.~ -% s>.-= s.'

,

- ,
'^

~._
-

.

.- -

e ..: ..
-.,- . . .

' **f.e *

|Q_ .,
_g.

. ,,'- ~-
o . * .,

.-
.

. j
+ ..

m .'

!
-

*
I

ma *
./ %r -

i ,e
. I,'

1.,4
'

| 4 -

.su u ,- ;

f.
.

l

. e
.a

o

,

Th. ,

.

-

. . ,

.kr

I

F

'

Sa=e view as Figure 6, but with dif ferent lighting to show ,

per=anent set" o f T-ring.

.

(
-

- - . - - . - - . . . _ _ _ - . . _ _ _ _ _ _ _ _ .__
. . - - . . . , . _ - _,-



. _ . . _ . ._ .-. . ._..__._ _- _-._- -_. ._..____._.-__. . _ - . . . . . _ . - . . _ _ . . - . . _

l

Rep. 6(?'i1 0 - n y'..(n ' 0 ? ' ; 1 ".1 - T ", 21 no an cournou couramv
rig, 8

,

1

k !

-

i

0* |
.t t

I !

t

, "esty _ _.
- - - - -w

.e ..c .-a s_ . - - - -
-

. .: -

-.
;

," W .
'

-

3. . ;
6

', .

m.s .-

;
,

.: , - '
.w.

' ,. ,
"

* **
.. -_L' (~~-- - -

. . - . -. ,. * .; - , W - I

, ' ''f. ;~: ,,, u . ~.|.
D

'p * * -* '. .

_. ,
. i,

* '

N . k .'-I"f? -

,y e .-
!

,,
,

" $5.Y; ; . I'-'

. ..< -.!.T.V.. '
"

f
- t

i f.}*F ' r ,,,A,
|< . . ., n . ...

W
. - . .Q . *
y- |s

<
7

! i t C/ |
| '.' . 1&*f -r

. , -
'

5
.

. f.. : !

|

' -

..
i

9

, .

Another close-up of T-ring showing indentation or "per:nanent set". |

|
i

|
|

|

|

|

(
_

_ . .- - _ - - - - - - - - _ - _ _ - _ - - . . _



1

"T1 P ,^':''.Af':;'. :.] S I . . ,

-

(,

1

ATTACHMENT 8

F0P-11AB-7

)

)
i

1

Valve Closure Test
I 6" Prototype Snupps Butterfly Valve

(
Wyle Report Number 44503-0

>

>

I -

>

f

i (
)

N29-13/ 8



v510- AxUncon' ni t;; 2 : .3'

.

k

Valve Closure Test
Six-Inch Prototype

Snuops Butterfly Valve

k

For

Fisher Controls Company
Marshalltown, Iowa

(



r

?L10- AX5ACb 3- 5151 - ? 274

:

PAGE NO.

REPORT NO. 44503-0

TABLE OF CONTENTS
.

Page No.

1.0 P U RP O S E . . . . . . . . . . . . . . . . . . . . . . . 1

2.0 REFERENCES 1. . . . . . ...............

3.0 MANUFACTURER 1. . . . . ...............

,14.0 ' TEST SPECIMEN . . . . ...............

I5.0 SUMMARY ......................

26.0 REQUIREMENTS . . . . . ...............

7.0 PROCEDURES AND RESULTS 2...............

(
TABLE I TEST RESULTS 5. . . . . ...............

Figure 1 Test System Schema ti c . . . . . . . . . . . . . . . . 6

PHOTOGRAPH 1 TEST SPECIMEN . . . . . . ,. . . . . . . . . . 7..

PHOTOGRAPH 2 TEST SPECIMEN IN FLOW SYSTEM 8..........

PHOTOGRAPH 3 TEST SPECIMEN IN FLOW SYSTEM 9..........

PHOTOGRAPH 4 REMOTE POSITION INDICATOR . . . . . . . . . . . . 10

APPENDIX I INSTRUMENTATION EQUIPMENT SHEET . . . . . . . . . 11

APPENDIX II FLOW DATA 13. . . . ...............

EXHIBI' I FQP-24, REVISION B, PROTOTYPE CLOSURE TEST
PROCEDURE 19. . . . ...............

(

FC#W 10198 Aev XI *1
. - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _



''C10 - AXS AC u a ;; j r; f. .. p gm
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.tENTIFIC SERVICES AND SYSTEMS group Change Order elyCUR P. O. No
suNTsVILLE. ALABAMA

l CCNTRACT N/S~
! Fisher Controls Ccmpany

P. O. Box 190 39 PAGE REPCRTPAGE 1 oft'arshalltewn, Icwa 50158

|- _A DATE
November 29, 1979

1.0 PURPOSE

The purpose of this report is to present the requirements, precedures,
and results of a test program conducted to determine the closure time,
flew capability, and subsecuent leakage of a six-inch Drototype butter-
fly v~." m.

2.0 REFERENCES

2.1 Wyle Laboratories Quotation 546/1048/CP dated October 9,1978.

2.2 Fisher Controls Ccmpany Purchase Order Number 213517 dated
August 14, 1979 and Change Order Number 1.

Fisher Controls Company, " Prototype Closure Test Procedure,"2.3
FQP-24, Revision S.

3.0 MANUFACTURER

Fisher Controls Company
P. O. Sox 190
Marshalltown, Icwa 50158

J.0 TEST SPECIMEN

The test specimen was a Fisher Controls Company, normally clcsed,
Six-inch Type 6221, Butterfly Control Valve equicoed with an air
operated, solenoid controlled actuator. (Prototype).

5.0 SUMMARY

Curing system checkout and testing,. the test specimen was closed a
total of 10 times without steam flow and four times with steam ficw.

* 5N' * " * *** ** 1*"*p5 0' e% = ao m mn c~rea. w eag w e e,

STATE OF ALABAMA [ "*""' * "~ *" * **''T'* * <* * O'Ma9 * **h w e. *s m a
"

COUNTY OF MAOtSON { Steam ServicesTEST By
William W. Holbrook g. , , , , , , , , , , ,, Avh/g,,y, 4 n1rae cro,maron coniaireo .. , ,, con , ... ,,, , y ee,e ,.,iccses are ia,s g

cargy concer.o i.m ano . to m. . , e, ,.. .no...eg. .,s. ano co,,,c, , ~ & W f_ _ , 'T
,

'

Q-o,\u sA-:z2 W A;f _

,, '

r 39 7y WYLE Q. A. / _ _ fj, \j

ano s. ora is cercre ,, en.,]4' a c ca, o,
W. W.i M mc re i .St e .

] g y
[ cAS DCAs WYLE /

Notary Noi.e en an/:r me state 6/ A seama at 'arg,

& -2/ ., f/w.m ,e,w
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7.0 PROCEDURES AND RESULTS (Continued)

7.2 (Continued)

the open marker. This condition was reported to the Fisher Controls
Company (FCC) representatives. The condition did not affect the
operation of the test specimen disc since the disc rotated away
from the disc stop which was installed on the upstream side of the disc.

7.3 The test specimen was then cycled five additional times to verify
recording equipment, air pressura recovery time, and closure time.

7.4 The. system was pressurized to 40 psig with saturated steam and the
control valve coened with the test specimen in the open position.
Reccrded data showed that the upstream pressure was 10 psig rather
than the required 20 psig. Since the test specimen was exhausting
to atmosphere, it was decided to install a tailpipe and gate valve
so that sufficient backpressure could be obtained to increase the

upstream pressure to 20 psig. A pressure transducer was also in-
stalled on the tailpipe.

7.5 Four closure tests were conducted and the data for each test is shown
in Table I. It was necessary to increase the test specimen upstream
pressure above 20 psig, however, in order to obtain the desired steam
flow rate.

7.6 Data recordings for each test run are included in the apoendix.-

7.7 Flow rates were obtained by measuring the upstream pressur e and
differential pressure across a sharp edged orifice installed in an
8-inch diameter pipe and calculating the flow as follows:

W * 10 h*IV
h

Where:

W = Steam flow rate (poh)
h

I = ASME meter constant
D = Inside diameter of pipe

hw = Differential pressure (in. of water)
y = Specific volume of saturated steam at

orifice inlet.

(
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k

TABLE I

TEST DATA
AT CLOSURE SIGriAL

UPSTREAM DOWNSTREAM STEAM STEAV CLOSING TIMEISEC) ACTUATOR

TEST- PRESSURE PRESSURE 4P FLOW TgMP WITH WITHOUT PRESSURE

il0. (PSIG) (PSIG) (PSI) oph ( F) FLOW FLOW (PSIG)

1 18 8 10 25,360 265 1.25 1 .01 70

2 21 8 13 272 1.16 1.06 70
g j 32,557j

3 25 11 la ! 31,130 ! 279 1.21 1.10 70

4 24 10 la 30,764 272 1.25 1.12 77
1

4

4
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( Report No. 44503-0

1.0 SCOPE:

This procedure deliner.tes the nethod to be used by 'J-le Laberatories cf

to perfore a prctotype closure test on a 6" Tvoe 9221Huntsville. Alabama,

Fisher Centrols Company Butterfly Contrcl Valve per Eechtel Feuer Cernora-

tien Specifiestion No. 10 ' 66-?t-2 3 7.

The intent of this procedure is to demonstrate the capability of an 18"

Type 9221 to close within 3 seconds, should a Design Basis Event occur

when the valve is in the full open position, by extrapolation of the test

results for the 6" Tvpe 9221 prototype valve.

.

..

1
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Paae No. 25,( Recor: No. 44503-0
0 _ . , s. c . . ,.

3. s...._ _...

The resu::s of the closure tes: for the prototype 6" T me C221 vill be

extrapciated to detertine the closing tine for the IS" Tree 9221 by

utili:ction of :he following equation:

(Closingtimefor6"W/0flowj\[Closinetimefor6"WiflevClosing time for (Closing time for
-

IS" W/flev 18" W/0 flow)"

3.1 Verifica:ica of Structural Integrity:

Structural integrity will be verified by way of the stress calculation

forma: which has been sub'nitted for Bechtel information only. These

calculations vill be included as Appendix A.

3.2 The analysis vill include a description of the geometric siciliari:y
.

between the pro:ctype 6" Tvre C221 and the 18" Type 9221.

..

3
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( Report fio. 44503-0

fer ed per Fisher Cor.trols, Centinental Tes: Specification, CTS 1.':.

F.ev. O, with Appendi:. CC:; 67133-21, Unidirec:icnal Sca: 1.eak Tes: Procedure
(all

for Elastecer an:1 Teflon Seated, Adjustable Type 9200 T-F.ing Valves

valves 20" or less and larger valves for use in vertical pipelines, or in

horizon:a1 pipelines with shaf ts vertical) . This specification is included

as Appendix S.

,

.e
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( 5.5 Tes: Equirnan: Used. Calibra:icn, and Ec.u;;nen: A::uracy ( _c be s .:pr 'id

by W: le Le c r. te-ies) .

seconds5.6 Closure time for IS" Type 9 21 with no flow =

-kt

.
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Report No. 44503-0

APPE'iDIX 3

(7QP-24)

C;IDIRECTIONAL SEAT LEAK TEST PROCEDUPI FOR

ELASICl2R AND TEFLON, ADJUSTA3LE TYPE 9200

T-RING VALVES, CTS 1.21 R;7. O, E TH

APPEDLX CCi 6F133-21.

'
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'510-AXL.1CO.641D1 2 - ' "7 ' -- Page NC. 35
* Reher* No. l.4503-0 .

i.- . y. %-

~ .

t ". .f'' " 3[
[ q 0, . . ,,'7 1'. , N CON !NEN~AL TEST SPECIFICATION ,J0. l . ., . .. .:. e C, _ , .-

i

( * s b .a w = ~ ./ | ' UNID FIC*IONAL SEAT IIAK TIST PROCEDURE :q'Cm.2 .~O - ,.

** Z , , n # ' ',,,
**FOR ELASTOMER AND TITLON SEATED, ADJUSTAE*.E I

O ::ClM'CA". OII. ' ~YDE G200 T-R*NG VALVES (all valves 20" or less , E.1 .n.. .a . . g3, * ,.
I

i.

- larger valves for use in vertical pipelines, er ir -

| g g.3, CD73-16E |
'- horizontal pipelines, with_,shaf ts vertical)~ jpgg- cy f ,

__

t

5. POLICY: - Order entry doc ments shal?., reference this tes: specificationandsh.11[
describe position of valve and actuator when in service. i

J
e

'

- Type 9200 T-ring valves cevered by this specification are :es:ed vi:h
the valve body and shaft horizontal. J

t

- Thrust collars are provided on the valve shaft to pre;e..t dic: a nd s'.n f k
movement along the shaft axis. [,

t

- Sea: leak testing fellows any body or dise hydrostatic testing tha: ta -

be required, b

- Provision for liquid leak testing of Teflon seated valves is incluced.
Liquid leak testing is performed however only as previded by appendice:[
:o this specification and as a substitute to the air leak test. .

i
e !

- Sea: leak testing is unidirectional with pressure applied M :he shaft
side cf the seal. ,

.
- I: is not necessary to verify disc caterial and taper pin leak tigh:- :(.. ness on valves which have previously passed a disc hydrostatic test.

'

l
'

- - Neolube lubricant is placed en adjusting se: screv threads and the
threaded heles f r these set screws prior to initial adjustment.

i.

..

e

!
,

i
;'
l

I
.
s

i

}6. TEST CONDITIONS:
e

6.1 Valve Asse=bly - Ths -alve shall be fully assembled, c.xcept :hnt the j

.::ua:or need not be mountet,. j

I
S.ECIAL PROVISIONS TO ENSUTI ?IF. SONNE!,SATETT MAY BE EK?l.0YED TO 4

*:Lt?IN ACCIDO." AI. DISC OFD;!NO WEII.E UNDER PRESSUPI. i

,

i

l

I +

| APP?.07ID E!: %_r nJ ET:..
- - -

i
, !)cagep, Q2ality Assurance renager, Scer & Parketing

(p. . . ' / / O!: sb wg~

.. . , ,,. ,

ranagsr, r4:er: cs y nacer, .u.anurae. ring ,' Fe.arer Inc' sering
-

'

b [ h'wp._iNOT REQUMED A,_

Tc: s #C;isS-3/72 For use cf this for- 3:e OES 0.C and C5 LL2.2



Page 'ic. 3'
9".~ 10 - A X 5 Ar 0 9- !11 ?;1 '' "' s ) Report No. 44503-0 -

g r.s s# I CS-'' m
{ COCINEN E ~EST SPECITICA!!ON' - gg, y , ., , 73

)CcisiVv. -a ,

( | C'' : RIOT:CNA* SEC 1.EAK TE!! PROCDTREj D'' * * 9dC 'N~
FOR E.ASTOMER ANT TET.ON SEA ID, AOJTSTA51E --a .

+ ... s. g s .. g ;PE 9200 T-RINO VA'.VES (all valves 20" or less, ;. ;;S*. g. ,7,*
:.v .. t

l larrer valves for use in vertical t ipelines, or id ,

| s,, .., CD73-166 | horizontal, pf-pelines with shaf ts vertical) | PAgy,, 4 C7 5 .
. . ..a.

Packing Seal - No visible leakage in the for= of bubbles or spray |

1s per=1::ed upon application of the leak dete::ing fluid. Two |
''applications of leak detecting fluid are required with the secon'
Ifollowing the first by a period no less than 5 minutes.

Ta- er Pins and Dis Materiel - No visible leakage in the form of
bubbles or spray is per=1tted for a period no: less than 2 minu:es.

Sea: - No visible leakage in the form of bubbles or spray is
per=1::ed for a period not less than'10 minutes.

,

b. Teflon T-Ring [I
?a: kine Seal - Sa=e as elastomer T-ring air tes:

4-

Tarer Pins and Dise M.. erial - Tes: not required
[',
3

Sea: - 1.cakage past the dis: =ay not exceed the anounts shown !
'>

in Table !. Interpolation for inter =ediate pressures is per-

=1 :ed. ;
,

.. 1

I VA:.YE TEST PRESSt*RE (PSI) t |
,

| SI I 10 20 40 60 BC 100 : o

l',
,

|2-6 5.00 7.00 11.00 15.00 19.00 23.00 ', !

I '

|S-12 12.50 17.50 27.50 37.50 47.50 57.50 l
i Ei

, $'

I 14-18 20.00 28.00 44.00 60.00 76.00 92.00 I '.s

1 i

2:-:!. 27.50 38.50 60.50 8:.50 104.50 126.50 i
i !

l 3

3D-36 '2.50 59.50 93.50 127.50. 161.50 195.50 , :
*

I

!. -l. E ! 57.50 80.50 126.50 172.50 218.50 264.50| I

[,

!
TAB' E I - MAH.T!M ACCEPTABI.E ,J

AIR :EAK RA ES FOR TIT ON T-RINO, SCTE i

I

i

,

|ATFRED E!: ygg. gy gy, ,,

Ursager ty Assurance Y.anager, Sales & Mirket1DI; ~~

' /n /w% |- ..! tu.ss / \

(
' ~

./ . . . . .-

yx,nge 'eg{r,(st ingYazager, Ya'erials Y- ger, Yanu.ts.:tyt.nc .

) k Mg W |
*

NOT REGUIRED
-

v
Tc:s #0016B-3/72 Ter ::se cf this for:. See C2|| 0.0 and CIS U.2.2

. _ . _ . _ . . . _ _ . .._ ..
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.O %.f S?EL,ir'10 Ail 0N/ PROCEDURE APPENDIA N0idBER ::s +7n3-r!!
, ; g( e n .u

.,
sme d adam . g /

i g',
'' \ *'N 0 F20*IONA:. SEAT *.EAK TEST FRO ~EDUFI

- ,,8', ___M.M , . ,

# r. t, s .r.m. . .w. ._e r. m,~ +. rr ,x. e r . . ". D , u. n.m. . s- .m. -. r p. ..
_ . - .a _. __.. * * * ' ' ' '

O N TI N E N TC. TiFI 923C T-F.!N" VA*.VES (All valves 2C" or less. l ,,

|'O!V8 5 ' ON ' larger valves f er use in ver*ical pipelines. 0; in' ['''''
* . ,( ,,s

j.h:: : ental pipelines with shafts vertica') j em" - -. .

- - '. '
.

.i .

Pace No. 39-

f Rebor: No. 4 503-0
i '

'

l>l. SCOPE:
)i.

This a::pendix rnodifies aad shall only be used with CN 1 21- Rev- 0 i. ||

order to confor n t0 ne a: li:ab e Ee-hie? ?~wer Cen cratien 1

; specifications. !
i

>
' ;

f 11. REFERENCE DOCUMENTS: |
! A. Sech:el Spec. No.10466-M-237(Q) .!

.c. . !

C. '
l

' lit. MODIFICt TIONS TO CTS 1.21 -

e

!
A, The tes pressure differential is :c be 70 PSIG. !!

o|4

|

l. E. Dura:1:n cf sea: leak test is :o be 15 cinutes, p
d

C. Alle a':le sea: leakage - (subble Tight) fi
(;
o,

D. Ac:uater vill be counted ce valves during test. J(- J.
l*

a'.
. -

b
u. .
I .t

I. '

h
f

$'

t
=

.. i

k 6

i

:| li
9 t'

.,

J l!
o ,

|I.i

11

|J
il

h::- !'
ii

d. l-y

,j b*.A:"*EN d l .

[ Ij j'/

| i.,

'/

[ b !

gvg;, gy , ,{
,

,

. M i

.
.

j[s ;p c? NGi> f a r.t A r. As t E s .Es N3 | r. s AG E R , *.' u :Turtss * e, ,<.sec ~a. .,:,:'*AN:ti,
/
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ABSTRACT OF STRESS DETERMINATION

1

Loads due to pressure and seismic disturbance were used in an ANSYS finite
element model of the 14 inch butterfly, Bettis actuated, control valve. The
torsional shear stress and bearing stresses were generated with the "shaf t"
si::ing program. Data were generated for both open and closed positions.
Stresses from the two computer programs were manually combined according to
the maximum shear theory. Stresses were found to peak at the butterfly disc j

hub and the pin connection to the shaf t. In.all cases the maximum nonnal,
shear, and bearing stresses were below the allowables.

!
'

|

?
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|
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k.

PROBLEM STATEMENT

The object of this analysis is to detennine that the B.F.V. shaf ts have
sufficient strength to withstand a simultaneous combination of pressure
drop and seismic loads. Fully closed and fully open positions of the
valve are to be investigated.

|
1

i
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>

l
l
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k

ANALYSIS PROCEDURE

A worst case scenario was chosen for this analysis: a 4.5 triaxial "g"
load acts in the direction of gravity and the valve is installed in such j

f ashion that the pressure load on the disc is both coincident and colinear
with the "g" load. The pressure load was determined for the closed
position (0') as the product of the disc area and stagnation pressure
(60 psig). When the valve is open (90') the pressure drop already includes
the frontal area and drag coef ficient product so that the pressure drop
times disc area yields the dynamic direct shear force on the disc. These
resultant loads are assumed transferred to the shaf t equally, at both hub
locations of the disc. The force due to seismic activity and gravity
is simmply summed with the pressure load. The weight of the disc is
estimated with the aid of the casting drawing. ANSYS, a finite element
program is used to obtain the bending stresses and shear forces which
result from the application of these loads. For this analysis the shaf t
was modeled as 22 segments with tenth point moment printed out in order

g to scan for the areas which will result in highest bending and shear stress.
1 Multiple runs were made with model, changing the various shaf t clearances

through their tolerance range and observing which combination resulted in the
severest stresses. These nomally occur near the bearing edge, disc hub

,

and disc pin connections. The bending stress must be combined with the
shear stress according to the maximum shear principle in order to determine
the maximum stress. ANSYS gives the transverse shear force from which the
shear stress as a result of bending is calculated; however it does not
provide the torsional stress in the shaf t. For this the Coraopolis shaf t
sizing program is employed. This program gives the concentrated shear stress
at the pin location from which the torsional stress between the pin and
bearing can be found by simply dividing by the concentration factor.

STRS4 = T
T

KT

Where "STRS4" is the concentrated shear Stress near the pin and KT is the
f actor of stress concentration. KT and the similar Kg are both taken from

,

the ASME code for the design of transmission shaf ting, B17C-1927. The'

.
bearing compressive stress was also output by the program when the material
(Graphite-Bronze) and 320*F temperature was given. This stress can be
di rectly compared to allowables which is internally generated by the
program. When the bending, direct shear, and torsional shear stresses are
combined in the appropriate manner, the maximum nomal and shear stresses
are found. These are compared to the allowables generated internal to the
program and was based on the 17-4PH shaf t material at 320'F.

,

.

- - _ - _ _ _ _ - - - - _ _ _ _ _ _ _ _ . _ _
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k

RESULTS

Shaft stresses were greatest at the disc hub location and, because of the
concentration factor, at the pin connection. Normal stress and maximum
shear stress was ccrnputed on the neutral axis and the extreme fiber position |
for each location along the shaft. The calculations were performed for both '

a full open and closed valve. The load carrying limitation of the shaft
results from the maximum shear stress at the pin hole location when the
valve is in a fully open position. In all cases the normal, shear and bearing
stresses in this shaf t were below the allowable stresses.

!
'

t

J rry M an el
Stress Analyst
December 5,1984

Reviewed by: *

Barry Caarder
Qualification Analyst
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( CAL cul ArtoA/ sF THAfr LOADS
f/t FA. 1

M ""P' '== a
acVw

passw: 4=g(pisc)f sp
010SfD: 5,= ff(13.244)'x 4 0 : 8,246 1h-

offf: fp2 = f(n,244)*x 50 =4,58% lb

' SEi SM / C 6 : Ex& = 13_x 4 5Y : V'? lb$
7 7

,-

'

Ass uM' E A s 4 wogst east rygrsu Labs AM

C0iNeibfNT IN THE binfcrioW OF GMV/77

VALVf CLD5fb ; F = 8,24& f 54 9 + 73 : 806 8 L h
:

vgivt offN : f= 6,898 +.r6 9 + 7 3 : 7,rs o is
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t

' M +#TENTu PolhT MCMENTS , ?.
' ' . |t u OM"sg U*' $$$ %?' N N V-

'
b .

'' '
3 f. -0.151E+0+ -0.133E+04 -0.136E+04 -0.135E*04

-0.14 0E +0 4 -0.14 2 E + 04 -0.14 4 E + 04 -0.146 E+ 04 -0.14 8E +0 4 -0.150 E * 04 -0.152E *04 k
S'

MAXIMUM MOMENT IS AT IND J
f STATIC 70dCd5 ON NCDf 6 11.8693 113.900 -1313.94 L7'

STATIC FOACES ON NO3E 7 -11.8893 -118.900 1521.57 3g.

b'
r

EL= 7 h0Ci$= 7 8 MAT * 1 TTOP,7807= 0.0 0.0 LOAD = 0.0D000E*00 2-D SEAM 3 3;i Eho FORCE 331R MOM $8END SDP8 SDMS -;
f,

1 17.dC8 7.4199 -1521.6 -2910.0 -2902.5 2917.4 ,e'

J 17.303 7.4199 2547.0 4871.1']) 4878.6 -4863.7 4
TENTH 701NT MQMENTS ~ ~ ' " ~gs ;3
-0.152E+04 -C.111E+04 -708. -301. 106. 513. 920. 0.133E+04 0.173E+04 0.214E+04 0.253E*04 !

u

| MAXIM 69 MOMtNT IS AT END J
g3 STATIC f0ACis ON No:E 7 11.8893 -4525.71 -1521.57 N

STATIC FVACES 01 NODF d -11.8593 4525.71 -2547.03
Ela 6 NODE $a 9 9 MAT = 1 TT0P,T80T= 0.0 0.0 LOAD = 0.00000E*00

'

2-0 SEAM 3 b$EhD FORCE SDIR MGM $9END $DP8 SDMS
-

1 11.do3 4.9428 2547.0 4871.1 4876.1 -4866.2 $
J 11.363 4.7428 2495.4 4772.4 4777.4 -4767.5

gs
TENTH POINT MCMENTS

0.235t+04 C.254C+34 0.254E+04 0.253E+04 0.253E+04 0.252E+04 0.252E+04 0.251E+04 0.251E+04 0.250E*04 0.250E+04MAX 1 mum MCMENT 13 AT END 1'

STATIC FORCES ON NCDE 3 11.8893 25.0979 2547.03STATIC FOACES CN NODE 9 -11.8393 -25.0979 -2495.43
'

r
ELa 9 NODES 9 10 MAT = 1 TTOP,T80T= 00 0.0 LOAD = 0.00000E 00(AD FOACs J Dd t PsM 5 PEND SDP8 SDM8

2-D SEAM 3
-

1 11.479 4.44 74 2495.4 4772.4 4777.4 -4767.5I'
J 11.d79 4.9494 2388.7 4558.4 4573.4 -4563.5TiNTH PQlhi MLAENTS

0.250E+04 0.448E+04 0.247E*04 0.24tE*04
0.245E+04 C.244E+04 0.243E+04 0.242E+04 0.241E+04 0.240E+04 0.259E+04

#'
MA41 mum MOMENT IS AT END 1
STATIC 70dCis ON NO3E 9 11.8393 25.0979 2495.43

e

STATIC FORCi$ ON NO3E 10 -11.8393 -25.0979 -2388.74
g,

!
e - ;EL= 10 NODths 10 11 MAT = 1 TTOP,T80T= 0.0 0.0 LOAD = 0.00000E*00EhD F01Cd SDIR MOM $8END SDPs SDMB 2-0 SEAM 3| #'

1 -3.29153E-01 -0.121472-01 2386.7 4568.4 4568.4 -4568.4J -0. 2915 3E-01 -0.121474-01 2o93.5 (5151.3) 5151.3 -5151.3
"

TiNTM POINT MC4ENTS * ~ ' ',

i I'
O.237E*04 0.242E+34 0.245E+04 0.248E+04 0.251E+04 0.254E+04 0.257E*04 0.260E*04 0.263E+04 0.266E+04 0.269E+04MAAIMUM MOMENT 15 AT END J *

. STATIC FOAcis CN N0JE 10 0.382749E-13 -71.7135 2388.74]I' STATIC FodCES CN NO3E 11 -0. 3 8 2 74 9E-13 71.7135 -2693 53 ..

| *

ELs 11 N00ks4 11 12 MAT = 1 TTCP,T80T= 0.0 0.0 LOAD = 0.00000E+0DI
Eh3 FuAti SDIA MOM $ SEND SDP8 SDMS .

2-D OEAM 3
I -3.odo23E-01 -0.23593c-01 2693.5 5151.3 5151.3 -5151.3

*

:c J -U.6d623i-01 -C.29593E-01 2765.2 (3288.4 5288.4, -5288.5i TiNTH P01hi MCMENTS
'

O.2o 9s +04 0.270Z+04 0.271E+04 0.2 72E + 04 0.272E+04 0.273E+04 0.274E+04 0.274E+04 0.275E+04 0.276E+04 0.277E*04
*

MAAIMuM MOMENT 15 AT EAD J,I!

STATIC FORCES ON NO3E 11 0.426326E-13 -71.7135 2693.53 -

STATIC F0ACis CN NCDE 12 -0.426326E-13 71.7135 -2765.24
*

! r~

its 12 N0 des = 12 13 MAT = 1 TTOP,T50T= 0.0 0.0 LOAD = 0.00000E+00 ,f Pa 2-0 eEAM 3
.

,

|- EhD FOACE 191R POM $8END SDPS 3DMS . 1

*
i '' I -0.34do2E-01 -0.35401E-01 2765.2 5138.4 5288.4 -5288.5

,

! I ,

J -0.$49c2E-01 -0.35401E-01 2340.9 ({54 3 3.T'p) 5433.1 -5633.2
,

'
,

TENTM POINT MCMENTS *

.



m g e -0
__. . ....-- _ ......._ . _. ...._ __ __ .__._.. .. __. _ ri

"P%

. O Li
0.277t*04 0.277E+04 0.27dE+04 0.279Eo04 0.280E404 0.280E+04 0.281E+04 0.282E*04 0.283E*04 0.283E*04 0.284E+04 (max! MUM 90 MENT 15 AT END J ."#'

STATIC FOACth CN N00E 12 0.337508E-13 -71.7135 2765.24 d df
STATIC FC4Cth C4 NCJE 13 -0.33750EE-13 71.7135 -2840.90 h

- .>
'

EL= 13 h00i3= 13 14 MATS 1 TTOP,TBOT= 0.0 0.0 LOAD = 0.00000E*00 2-D 8EAM 3 9'
thJ F0dCE :DIR P0M SBEND SDP8 $DM8 O

1 S.viS 3 2.4316 2540.9 5433.1 5435.6 -5430.7
J S.WiS3 2.4E14 -1164.5 -2227.1 -2224.6 2229.6 L' "'

TENin POINT MGdlNTS "

G.2s*t+G* C.244E+C4 0.204E+04 0.164E+04 0.124E+04 838. 438. 37.1 -363. -764. -0.116E*04 C5

MAXIMUM A04 TNT li AT END 1 fT r '/ /t. YO
STAllt (CRCES CN NO)E 13 C.319744E-13 4332.29 2840'.90

'
r

STATIC F0dCES CN NO3E 14 -0.319 744 E-13 -4352.27 1164.51g,

EL= 14 hwDess 14 15 MAT 1 TTOP,780T= 0.0 0.0 LOAD = 0.00000E+00 2-D BEAM 3
tND FCACs SDIR MOM $8END SDP8 SDMS N

'

1 -0.91573E-C1 -0. 3 519 7 E- 31 -1164.5 -2227.1 -2227.1 2227.1 3 I'
J -0.v1673E-01 -0.33197E-01 -1039.7 -1988.5 -1988.5 1988.4 ?J

TENTH P0thi MCMENTS
#' v.110t+;* -G.115s+04 -0.114E+04 -0.113E+04 -0.111E+04 -0.110E+04 -0.109E+04 -0.108E+04 -0.106E+04 -0.105E+04 -0.104E+04 fi

MAAIMLA M01ENT 13 AT END 1
STATIC FCMCt5 CN ACJE 14 C.33750dE-13 -71.2631 -1164.51''
STATIC FORCc5 ON NODE 15 -0.33750dt-13 71.2631 1039.73 fi

tLa 15 NODES * 15 to MAT * 1 iTCP,TBOT= 0.0 0.0 LOAD = 0.00000E+00 2-D BEAM 3
Eh3 FJRCE iDIR POM 59END SDP8 SDM8 Pi

1 -u.oC4365-01 -0.33515E-01 -1037.7 -1998.5 -1988.5 1988.4
J a.30435E-C1 -C.33515E-01 -392.93 -1707.7 -1707.7 1707.7

TENTH 901AT MOMENTS #5
-u.1G*s+J4 -C.103E+34 -0.1CIE+04 -996. -931. -966. -952. -937. -922. -908. -893.

MAxiduM MCAs4T IS AT END 1''
STATIC FCRCts CN %CDE 15 C.328626E-13 -71.2631 -1039.73 'i
STATIC FCACES Oh NCDE 16 -0. 3 23 62 6E-13 71.2631 892.926

Eta 16 NO3ES= 16 17 MAT = 1 TTOP,TPOT 0.0 0.0 LOAD = 0.00000E+00 2-D BEAM 3
#

END FCACE 3DIR POM SBEND SDPB SDM8
1 -0.71staE-C1 -C.27922E-01 -892.93 -1707.7 -1707.7 1707.7''
J -J.7101ht-01 -0.29922E-01 -833.85 -1537.3 -1537.4 1537.3 #

TakTn PCINT McktNTS
-843. -u54 -875. -866. -857. -848. -839. -831. -822. -813. -804.

max 1MJM M09ENT IS AT END 1 #4
STATIC F04CES C:4 N00E 16 0.355271E-13 -71.2631 -892.926
STATIC F04CES CN N0JE 17 -0.2 34 217E-13 71.2631 803.848,

'l
(La 17 h0 DES = 17 18 MAT * 1 TTCP,T83Ts 0.0 0.0 LOAD = 0.00000E*00 2-D 8EAM 3
sh3 FedCt JDIR POM $8END SDP8 $DM8,

1 -0.oS567E-C1 -0.27311E-31 -803.85 -1537.3 -1537.4 1537.3 'I
J -0. o S )4 7 E -C 1 -U.2/3111-01 -696.95 -1332.9 -1332.9 1332.9

TENTH PC1hT MCMLNTS.

-n04. -743. -742. -772. -761. -750. -740. -729. -718. -708. -697. "%
max 1Mu9 MOME NT IS AT END 1

STATIC F0 Acts 01 kO3E 17 0.328626E-13 -71.2631 -803.848,

STATIC FCaCis ON NCDE 13 -0.328626E-13 71.2631 696.953 "i

&La 1c NODES = 13 19 MAT * 1 TTOP,Te0T= 0.0 0.0 LOAD = 0.00000E+00 2-D 8EAM 3.

shJ (04Ce SDIR F3M 58END SDP8 SDMS 'I
1 -u.37939t-01 -0.241415-01 -676.95 -1332.9 -1332.9 1332.9
J -0.57937i-01 -0.24141E-01 -522.36 -999.00 -999.02 998.97,

T E :. T M Polhi * C M E :. T S '%
-697. a79. -662. -645. -627. -610. -592. -575. -557 -540. -522.



4
D f*% O Q

. . . . . . . . . .. e. coat g.

* "
a He$% e L).,

..

MAXIMUM MOMENT !$ AT END I * . ?
'

STATIC 70 ACES ON NODC 18 0.77715eE-15 -71.2631 -696.953 >
.#' STATIC FOACES ON NODZ 19 -0.77715eE-15 71.2631 522.358 >jeb

EL= 19 NODES = 19 20 MAT = 1 TTOP,TBOT= 0.0 0.0 LOAD = 0.00000E+00 i 2-D GEAM 3-. ,fg
i} 1b

,

Eh3 FORCE SDIR MOM S9END SDPS SDMS ' +

I -0. 500 4 0E -01 -C.211001-01 -522.36 -999.00 -999.02 998.98 7%,

J -0.50640E-C1 -C.21100E-01 -348.45 -666.45 -666.47 666.43
~

# ibTENTH Polhi MC3ENTS ,

-383. ' -366.
,

-348._ 9
e

-522. -5C5. -4Sd. -470. -453. -435. -418. -401.
. MAXIMUM MGME NT 1$ AT EhD I S

hTATIC FOACES ON N0DE 19 0.7327471-14 -71.2631 -522.358 * iD'

aTATIC FORCES ON NO3E 20 -0.732747E-14 71.2631 348.476

#
EL= 20 NODES = 20 21 MAT = 1 TTOP,T80T= 0.0 0.0 E0Ap= 0.00000E*00 ' 2-D SEAM 3 i*

ihD FORCE SDIR MOM SdEND SDPS SDMS
1 -0.45/9CE-01 -C.19079E-01 -346.48 -666.45 -666.47 666.43 '

pa 'I. f3 ,

J -0.45790E-01 -C.19079E-01 -175.31 -335.27 -335.29 335.25 :)
TENTH POIhT MCMENTS W

-348. -331. -314. -297. -279. -262. -245. -227. -210. *193. -175.: gs ,,
M A R I M's A MOMENT IS AT END I

STATIC FCMCES ON NODE 20 0.158767E-13 -71.2631 -348.476
STATIC F0 asis 04 N0DE 21 -0.15 8 76 2C-13 71.2631 175.307. gg ,,

EL= 21 NUDE $s 21 22 MAT = 1 TY08,T80T= 0.0 0.0 LOAD = 0.00000E*00 2-D BEAM 3
shD FOACE SDIR MOM SBEND SDPS SDMS#' #'

1 -0.43352E-01 -0.15063E-01 -175.31 -335.27 -335.29 335.25
J -0.+3352E-01 -0.13003E-01 0.54570E-11 0.10436E-10 -0.18063E-01 -0.18063E-01

| r, TENTH P0lNT MOMENTS
, -17.5 0.546E-11

'

fg
-17). -158. -140. -123. -105. -87.7 -70.1 -52.6 -35.1

Max 1F.uM MOMENT !$ AT END 1
STATIC FORCES CN N0DE 21 0.455191E-14 -71.2631 -175.307# #'STATIC FOACES CN N00E 22 -0.455191E-14 71.2631 -0.545697E-11

E= 23 NODES * 1 101 USEP=-3.000001 USLIDE=-0.000003 FN= -118.90 FS= -11.890 STAT = -2 OLDST= -2 2-D GAP 12
' #' "'STATIC FORCES ON N0DE 1 -11.8693 -118.900

STATIC FC4CES ON NODE 101 11.8593 118.900

j #' EL= 24 h03ES= 6 106 USEP= 0.007905 USLIDE=-0.000002 FN= 0.00000E+00 FS= 0.00000E*00 STAT =. 3 '0LDST= 3 2-D GAP 12
#

'

STATIC FORCES ON NODE 6 0.000000E+C0 0.000000E+00 |.
: g, STATIC FonCES ON NO3E 1C6 0.000000t+C0 0.000000E+00 *

,,

EL= e5 NO3ES= 15 115 USEP= 0.007748 USLISE= 0.000004 FNs 0.00000E+00 FS= 0.00000E+00 STAT = J OLDST= 3 2-0 GAP 12
STATIC F0 ACES 04 403E 15 0.0000C0E+C0 C.000000E+00

"'STATIC F0dCES ON NO3E 115 0.000000E+00 C.000000E+00

EL= 26 NODES = 3 103 USEP= 0.034632 USLIDE=-0.000003 FNs 0.00000E*00 FS= 0.00000E+00 STAf= 3 OLDST= 3 2-D GAP 12
"'~ - STATIC 70 ACES ON host 3 0.0000COE+C0 C.000000E+00

STATIC FORCES 04 NODE 103 0.00000CE+C0 0.000000E+00

''EL= 27 NODES = IS 118 USEPs 0.033783 USLIDEs 0.000006 FN= 0.00000E+00 FS='0.00000E*00 STAT = 3 OLDST= 3 2-D GAP 12
STATIC FCACES ON NODE 18 0.0000COE+C0 0.00000CE+00

;g STATIC FORCES ON NO3E 118 0.000000E+00 C.000000E+00 ,g

EL= 28 NODES = 3 135 USEP= 0.039832 U"$LIDE=-0.000003 FNs 0.00000E*00 ' FS= 0.00000E+00 STAT = 3 OLDST= 3 2-0 GAP 12
STATIC FORCES ON NODE 5 0.000000E+C0 0.000000E*00 . * ''STATIC 70 ACES 04 NODE 105 0.000000E*C0 0.0000COE*00 , '". . ' . .'

. , . v. ?.

.

EL= 29 h0 DES = 16 116 USEPs 0.039422 USLIDE= 0.000005 FN= 0.00000E+00 ' FS= 0.00000E+00 ' ST AT= J OLDST= 3 2-D GAP 12,. ,5
STATIC 704CES ON NO3F 16 0.000000t+C0 C.000000E+00
STATIC FORCES ON NODE 116 0.000300E+00 0.000000E*00 .

*

- < ' ,
j f . 1 c, . - ,*

,
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ANSYS - CNGINEERING ANALYSIS SYSTEM REV!510N 4.1 8 FIS%ER CONTROLS"JAN 1,1C83 i

SWANS 3h ANALYS!: SY3fEMS, INC. HOUST0h, PENNSYLVANIA 15342 PHONE (412)T46-3304 TWE 510-690-8655 D) X d%
voET) 11.1291 11/28/84 CP= 32.800 Li

~>

) E#%eneae ELEMEh? iTRESSES ***** TIME = 0.000000E+00 LOAD STEPS 1 ITERATION = 10 CUM. ITER.= 5

cLa 1 N00E5s 1 2 MAT = 1 TTCP,T80T= 0.0 0.0 LOAD = 0.00000E*00 ' 2-D BEAM 3-

d #%END FORC: SCIR POP $8END SDP8 $DMS
, ; st

g
I 9.4572 5.9405 -0.22737E-12 -0.43485E-12 3.9405 3.9405

2 . J 9.4572 3.9405 -166.49 -318.40 -314.46 322.34 L1- ,

TkN1H POINT M0MENTS " #%
-0.227E-12 -16.6 -33.3 -49.9 -66.6 -33.2 -99.9 -117. -133. -150. -166.

MAXIMUM M01ENT IS AT E ND J N
STATIC F0dCES 0% NGDE 1 9.51215 95.1294 -0.227374E-12 #%

STATIC 704Ca5 CN N0?E 2 -9.51215 -95.1296 166.486
, ,

.

'

' * ' 2-0 BEAM 3 dlEL= 2 NODES = 2 3 MAT = 1 TTCP,T80T= 0.0 0.0 LOAD = 0.00000E*00
tND F0dCE SDIR . MOM ssEND SDP8 SDMS Q

I 9.6512 3.9330 -166.49 -318.40 -314.46 322.34b J 9.*>12 3.93dC -592.69 -1133.5 -1129.6 1137.4 d%

TENTH Polhi PcMENTS
-166. -209. -252. -294 -337. -380. -422. -465. -507. -550. -593.-

2) MAaIMus M0athi 13 AT END,J #9

STATIC FQdtc5 UN N00E 2 9.51215 95.1296 -166.486
STATIC FCACE3 G1 N00E 3 -9.51215 -95.1296 592.694 ,

tLa 3 N00Ei= 3 4 MAT = 1 TTOP.780T= 0.0 0.0 LOAD = 0.00000E+00 2-D 8EAM 3
EhD 70Att 3D14 MOM $9END SDP8 SDM8 ,

D I 9.4399 3.9333 -592.e9 -1133.5 -1129.6 1137.4 #9

J 9.4399 3.9333 -735.40 -1406.4 -1402.5 1410.4
T E .4 T H POINT MOMENTSd -$93. sG7. -e21. -636. -650. -664. -678. -693. -707. -721. -735. #%

MARIMLM M01ENT IS AT EhD J
STATIC FCACEs ON N3DE 3 9.51215 95.1296 -592.694

2 STATIC 704CES ON NJDC 4 -9.51215 -95.1296 735.400 #%

EL= 4 NODE S= 4 5 MAT = 1 TTOP,T80T= 0.0 0.0 LDAD= 0.00000E+00 2-D BEAM 3 #
END FORCc SDIR MOM - $9END SDP8 $DM8 ,,

1 9.4322 3.9301 -735.*0 -1406.4 -1402.5 1410.4
J 9.4322 3.9301 -854.32 -1633.9 -1629.9 1637.8b '

TEhTH POIAT MOMENTS
-735. -147. -759. -771. -733. -795. -807. -81 9. -831. - 842. -854.

M4xIMUM MOMEh1 15 AT END J
ST4 TIC F0ACis ON N0DE 4 9.51215 95.1296 -735.400 #%

STATIC FORCES ON N00E 5 -9.51215 -95.1296 854.322

) EL= 5 NCDE S= 5 6 MAT = 1 TTCP,780T= 0.0 0.0 LOAD = 0.00000E+00 2-0 SEAR 3 #%

ch3 FORCi SDIR PCM $9END $DP8 $DM8 ,

I 9.4211 3.9255 -854.32 -1633.9 -1629.9 1637.8
) J 9.4211 3.9255 -1051.3 -2010.5 -2006.6 2014.4 #%

*TENin POIhi MCMENT3
-854 -d74. -894. -913. -933. -953. -972. -992. -0.101E+04 -0.103E*04 -0.105E+04

h #%MAXIM 6M M0HEhi 15 AT END J
STATIC 604Cs5 ON NC3E 5 9.51215 95.1296 -854.322 . ~
STATIC F04Ct5 04 NODE o -9.51215 -95.1296 1051.26 e- ,. 1, , , ,g

. . .. .
.,

. . 2-0 BEAM 3iL= 6 NODES = 6 7 MAT = 1 TTCP,TBOT= 0.0 0.0 LO AD= 0.00000E*00 - '

cND FORCt $DIR MOM SOEND SDP8 - 5 8 M8 '
'

,
''

I 9.4059 3. 91 91 -1051.3 -2010.5 -2006.6 2014.4.,

J 9.4039 3.9191 -1217.4 -2328.2 -2? )3 '2332 1 .-

- -____ _ _ -__ _ _ _ _ - - _ _ _ _ _
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TECTH P012T MOMERTS A' e i' '' :6'

-0.10$t+04 -C.107E+04 -3.108E+04 -0 110E + 04 -0.112E +0 4 -0.113 E+04 -0.115E *04 -0.117E*04 -0.118E+04 -0.120 E+ 04 -0.122E *04 d() MAAIMUA MudENT 13 AT END J D 8%
STATIC FORCES GN NODE 6 9.51215 95.1296 -1051.26

${|fSTATIC FORCES ON NODE 7 -9.51215 -95.1296 1217 37y
,

ELa 7 NODES = 7 8 4AT= 1 TTOP,T80T= 0.0 0.0 LOAD = 0.00000E+00 2-D BEAM 3 hEND F04Ct SDIR POM $8END SDPS SDM8 S:''
1 14.062 5.3591 -1217.4

('23282])
- -2322.3 2334.1 ' 1 #4.<

J 14.062 5.3591 2189.0 4186.5 4192.3 -4180.6 L'-.

TENTM POINT MOMENTS
'' , .

*
-0.122E+04 -877. -536. -195. 145. 486. 826. 0.117E+04- 0.151E+04 0.185E+04 0.219E*04 E7 d%.

MAXIMUM Mo4ENT 13 AT END J "

[-5TATIC FodCES ON NODE 7 9.51215 -3789.13 -1217.37 '

I' STATIC FodCc3 DN N0DE 8 -9.31215 3789.13 -2189.05 " #%
..its a NOJES= 8 9 MAT = 1 TTCP,T80Ts 0.0 0.0 LOAD = 0.00000E+00 2-D BEA9 3# shD FORCE $DIR POM $5END $DP8 SDM8 PJ #Ii

1 9.33)8 3.7733 2189.0 4186.5 4190.5 -4182.5 'C
J 9.5334 3.7733 2238.6 4281.3 4285.3 -4277.3 0#' TENTM rothf MOMENTS #%

0.21vE.C4 C.119E+04 0.220E+04 0.220E+04 0.221E+04 0.221E+04 0.222E+04 0.222E+04 0.223E+04 0.223E+04 0.224E*04MAXIMUM MOMENT 1$ AT ihD J() STATIC FORCd5 04 N0Dt 8 9.51215 -24.1344 2189.05 d%
STATIC FORCc5 Die NODE 9 -9.51215 24.1344 -2238.62

- () EL= 9 N0DE5= 9 10 MAT = 1 TTOP,T80T= 0.0 0.0 LOAD = 0.00000E*00 2-D 5;am 3 #%
END FORCE SDIR MON 59END SDP8 SDMS a

1 9.2221 3.9675 2238.6 4281.3 4285.3 -4277.31

() ,
J 9.5221 3.9c75 2341.2 4477.4 4481.4 -4473.5 d%'

TENTH POIhi MOMENTS *

0.224E+04 0.225E+04 0.226E+04 0.227E+04 0.228E+04 0.229t+04 0.230E+04 0.231E*04 0.232E+04 0.233E+04 0.234E*04' I' M4x1MLM MOME NT 15 AT Eko J #%
STATIC FudCis ON NODE 9 9.51215 -24.1344 2238.62
STATIC F0kCi5 ON NO3E 10 -9.51215 24.1344 -2341.18,

,

EL= 10 403E;= 10 11 MAT = 1 TTOP,T80T= 0.0 0.0 LOAD = C.00000E*00 2-0 SEAM 3END FORCs SDIR MDM $8END SDP8 $DMS#'
1 -0. v 3 28 96-0 2 -0.3 33 70 E-02 2341.2 6477.4 4477.4 -4477.4 #%

('~4673.6}J -J.73239E-02 -0.33570E-02 2443.7 4673.6 -4673.6
TENTH POIhT MCMENTS '--

#' J.234E+04 0.2 35 E + 04 3.236E+04 0.237E+04 0.238E+C4 0.239E+04 0.240E+04 0.241E+04 0.242E+04 0.243E*04 0.244E+04 d%
MAAIMuM MOMENT !$ AT END J

STATIC FORCi$ 04 N0DE 13 0.115130E-13 -24.1344 2341.18' #' STATIC FORCES CM NODE 11 -0.11518 6E-13 24.1344 -2443.75
^

#%

EL= 11 NODES = 11 12 MAT = 1 TTOP,TDOT* 0.0 0.0 LOAD = 0.00000E+00 2-D GEAM 3() sND FORCL LDIR MOM $8END SDPS $DMS #

1 -J.21 scie-01 -C.9J022E-02 2443.7 73. 4673.6 -4673.6
J -0.21o05E-01 -0.90022E-02 2467.9 c 4719.8 4719.7 -4719.8O 'TEnTM e0thi McMcNis :- 9

0.244E*G4 0.263E+04 0.245E+04 0.245E+04 0.245E+04 0.246E+04 0.246E+04 0.246E+04 0.246E+04 0.247E*04 0.247E+04
MAAIMU1 MOMENT 15 AT END J

C) STATIC F0dCES CN NODE 11 0.710543f-14 -24.1344 2443.75 #9
STATIC 709Cc5 04 NODE 12 -0.17763 6E-13 24.1344- -2467.88 .

#' EL= 12 N0DE5= 12 13 MAT = 1 TTOP,780T= 0.0 0.0 LOAD = 0.00000E+00
SDMS

. 2. g4 2-D SEAM 3 #%
END FORCE 501R POR $8END SDPS

' -4719.8 i '
[.,% ' $) -M$i4719.7;, ,,

T '-
.

4768.4'-]h*'1-4768.5f(; -'MdPI?t R.:t ' *r 3 . *

1 -0.26511E-01 -0.11046E-01 2467.9 .8 t , b g*#' " # - ~rJ -0.26511E-01 -0.11046E-01 2493.3 ', 4768. #%it; ' , - ?

[r(e/[
,

. . .w .TEhTH =0 hi MOMENTS ' N t ' '' . h3. - 44 6

|$$,h, hj Yh -

s'

s. ', , : ?|=%
*

f, ,

_ - . __ _ _ _ _ _ _
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0.24FE+04 0.247E+04 0.247E+C4 0.248t+04 0.248E+C4 0.248E+04 0.248E+04 0.249E+04 0.249E+04 'O.249E*04 0.249E+04 !-

MAXIMUM MOMENT IS AT END J >
. () 3$ d%STATIC FORCES ON N0DE 14 0.106581E-13 -24.1344 2467.88 - ,-

*j/; , 3y 'STATIC 70dCES ON NODE 13 -0.355271E-14 24.1344 -2493.34
?: -, (2 iLa 13 NODES = 13 14 MAT = 1 TTOP,780T= 0.0 0.0 Lo40= 0.00000E*00 2-D BEAM 3 3 #*'

EhD F0nCE SDIA MOM $8END SDP8 $DM8 es

I 4.6d76 1.9533 2493.3 .4768.5 4770.4 -4766.5 >

I' *

TENTH POINT MOMENTS
'

-1768.6 1772.5 fi #9' 1770.6J 4.6d78 1.9533 -925.80 -

*

0.249E+04 0.215!*04 0.181E+04 0.147E+04 0.113E +0 4 784. 442. 99.9 -242. -584. -926. r_*
. #' $' #5| MAAIMuM MCMENT IS AT IND I l ''

; STATIC 70ACis CN NODE 13 0.142109E-13 3740.87 2493.34 >. J,

STATIC F0dCES CN NCJE 14 -0.142109E-13 -3740.87 925.804 ' "

gg ,

'EL= 14 NODES = 14 15 MAT = 1 TTCP,TBOT= 0.0 C.0 LOAD = 0.00000E*00 2-p SEAM 3
'END FJRCE SDIA M0M 58END SDPS SDMS

/ 'N ra #9
4 . .-' #' I -0.o7892E-C1 -0.282SSE-01 -925.80 -1770.6 -1770.6 1770.5 'O'

J -0.67892E-01 -C.23288E-01 -826.o0 -1580.9 -1580.9 1580.8 P
'

TENTH Polhi MOMENTS
' I' -926. -916. -906. -896. -836. -876. -866. -856. -846. -837. -827. #9

dA4IMUM MOMENT IS AT END I
. STATIC 704CES ON NODE 14 0.150 99 0 E-13 -56.6553 -925.804 .

#9:() STATIC F0dCES GN NCDE 15 -0.150990E-13 56.6553 826.601
i

LL= 15 h0DEsa 15 16 MAT = 1 TTCP,T80T= 0.0 0.0 LOAD = 0.00000E*00 2-0 SEAM 3, ()j EhD FOACs JDIR M0M $$END SDP8 SDMS #%
.

I -J.6079aE-01 -0.23329E-01 -820.60 -1580.9 -1580.9 1580.8
J -0. 60 79 0t -01 -0.2 3 3 2 9 f-01 -709.89 -1357.6 -1357.7 1s57.6

1 (? TsNTH POIhr MOMENTS #%
' -d27. -315. -803. -792. -780. -768. -757. -745. -753. -722. -710.
1 MAXIMJM MOMENT IS AT END I

.

#%#' STATIC FORCis CN NCDE 15 C.102141E-13 -56.6553 -826.601
STATIC 70 ACES CN NODE 16 -0.102141E-13 56.6553 709.891*

! f' EL 16 NODES = to 17 MAT = 1 TTCP,T30T= 0.0 0.0 LOAD * 0.00000E+00 2-D SEAM 3 #5
Eh3 F04CE SDIR POM $8END SDP8 SDM8

I -0.3533+E-01 -C.23C58E-01 -709.89 -1357.6 -1357.7 1357.6 /

I' J -0.5533+E-01 -C.23058E-01 -639.07 -1222.2 -1222.2 1222.2 #9
TENTH POIhi MCMENTS

: -110. -703. -696. -689. -682. -674. -667. -660. -653. -646. -639.
#

. MAAIMuM MOMENT IS AT EhD I
j STATIC 70 ACES Ch NODE 16 0.799361E-14 -56.6553 -709.891

STATIC FDACiS 01 NCDE 17 0.o21725E-14 56.6553 639.072,
,g

|

EL= 17 h0 DES 6 17 18 MAT = 1 TTOP,T80T=. 0.0 0.0 LOAD = 0.00000E400 2-D SEAM 3.

cND 50 ACE 3DIR MOM $8END $DP8 SOMS
I() 1 -0.51379E-C1 -0.21438E-01 -639.07 -1222.2 -1222.2 1222.2 #%
| J -0.51379E-C1 -C.21408E-01 -554.09 -1059.7 -1059.7 1059.7

TENTH POINT M0MENTS
l() -639. -oll. -622. -614. -605. -597. -588. -580. -571. -563. -554. #4

MAXIMUM MOMENT IS AT END I
STATIC fodCES C4 NCCE 17 0.868178E-14 -56.6553 -639.072

j #* STATIC FGNCLS Ord NODE 14 -0.888178E-14 56.6553 554.089 #%

ELa 18 N0)ESa 18 19 MAT = 1 TTOP,780T= 0.0 0.0 LOAS= 0.00000E*00 2-D SEAM 3
. I' . "thJ 70ACL 3DIR M0M $8END SDP8 5 OMS .

*
,

I -0.46570E-01 -0.19 4 04 L- 01 -554.09. -1059.7 -1059.74. ,.1059.7 .

J -0.46 5 7 3E-01 -C.19404E-01 -415.28 -794.22 -794.24 ? > 794.20
#' *

TENTM POIhT MGMENT4 ''
. ,

4
-55 -540. -526. -51 2. -499. -485. N -471.

, -457. -443. -429 -415.
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MARIMuM MO4ENT !$ AT END I S f
'

,

STATIC FCRCES CN NC3E 13 -C.1199C4E-13 -56.6553 -554.089 >() '. *

STATIC FCACES CN NODE 19 0.843769E-14 $6.6553 415.284 >< 8D
a

'2-D REAM 3 ' $dEL= 19 N03ES= 19 20 9AF= 1 TTCP,T80T= 0.0 0.0 LOAD = 0.00000E+00 . ''() END FORCE $DIR MCM $8END SDPB SDMS d #%*

,

I -0.419576-01 -0.17482E-01 -415.28 -794.22 -796.24 194.20 y
J -0.41957E-C1 -0.174d2E-01 -277.c4 -529.34 -529.86 529.82 i#' TENTN 70thT MCMENTS r_1 #%

-415. -401. -388. -374. -360. - 346. -332. -319. -305. -291. -277. P
MAAIMLH MOMENT l$ AT END 1

I C'
STATIC FCRCES ON NODE 19 0.333067E-14 -56.6553 -415.284 #%* "

STATIC F0 ACES ON NO3E 20 -0.333067E-14 56.6553 277.045 ,i..,

I EL= 20 N0DEsa 20 21 MAT = 1 TTCP,TBOY= 0.0 0.0 LOADS 0.00000E*00 2-0 SEAM 3 #%
shD F ORC E $3AR MOM 58END SDP8 SDM8

.h. .*'I -0.38892E-01 -C.13205E-01 -277.04 -529.84 -529.86 529.82I' 3

J -0.34892E-C1 -0.1$205E-01 -139.37 -266.55 -266.56 266.53 !6 #%
~

L'

TEhTN Polhi M3MENTS N+,

-277. -263. -250. -236. -222. -208. -194. -181. -167. -153. -139.#' mas 1 mum MJMENT 15 AT END I #%
STATIC FCACES ON 400t 20 -0.277556E-14 -56.6553 -277.04'
>TATIC F0ACis CN NO3E 21 0.277556E-14 56.6553 139.372) ,

EL= 21 NODE 5s 21 22 MAT = 1 TTOP,780T= 0.0 0.0 LOAD = 0.00000E*00 2-D 8EAM 3
EkD F0dCi iDIR POP $9 ENC $DP8 SDM8() 1 -0.37350E-01 -C.15563E-01 -139.37 -263.55 -266.56 266.53 #%

J -0. 3 7 35 0E -01 -C .15 5 8 3 E-01 -0. 27 28 5 E -11 -0. 5 2132 E-11 -0.15 5 6 3E-01 -0.15 5 63 E-01
TEN 1H POINT McMtNTS() -139. -125. -111. -97.6 -83.6 -69.7 -55.7 -41.8 -27.9 -13.9 -0.273E-11 #%

'5

MAXIMLM MOMENT IS AT END I
STATIC FJACES CN N0DE 21 0.144329E-14 -56.6553 -139.372. #' STATIC FORCES ON NO3E 22 -0.499600E-14 56.6553 0.272848E-11 #%

EL= 23 NO3Ess 1 101 USEP=-0.00CC01 USEIDE=-0.000003 FN= -95.130 FS= -9.5130 STAT = -2 CLDsT= -2 2-0 GAP 12:#' STATIC F01CES ON NODE 1 -9.51215 -95.1296 #%
STATIC F04CES CN N0at 101 9.51215 95.1296

#' EL4 24 NODES = 6 106 U$lP= 0.008C51 USLIDE=-0.000002 FN= 0.00000E+00 FS= 0.00000E+00 STAT = 3 otosT= 3 2-0 GAP 12 #%
STATIC F0dCES ON NO3E 6 0.000000E+C0 C.000000E+00
STATIC F02CES ON NOJE 106 0.0000COE+C0 C.000000E+00 / '

,

,

EL= 25 NUDES = 15 115 USEP= 0.007902 U$LIDEs 0.000003 FN= 0.00000E*00 FS= 0.00000E*00 STAT = 3 OLDST= 3 2-D GAP 12STATIC F01Ct$ CN NCDE 15 0.000000t+00 C.0000COE+00
I' STATIC FORCES CN NCDE 115 0.000000E+C0 C.0000COE+00 #%i

E r. = 26 N0DEss 3 103 0527= 0.034879 USLIDE=-0.000003 FNs 0.00000E*00 F5= 0.00000E+00 STAT = 3 OLDST= 3 2-0 GAP 12'() STATIC FCaCES ON NO3E 3 0.000000E+C0 C.000000E+00 "%
STATIC F0nCES ON NODE 103 0.00C00CE+C0 C.000000E+00

() EL= 27 N00s S= id 118 US2P= 0.034110 USLIDE= 0.000006 FNs 0.00000E+00 '75= 0.00000E*00 STAT = 3 OLDST= 3 2-D GAP 12 . '%
STATIC F04C25 CN N0DE Id 0.000000E+C0 0.000000E+00
STATIC 704Ct$ 04 NODE 118 0.0000CDE+00 C.00C000E+00

. .

g) ,

EL= 28 N0DE ss 5 105 U$EP= 0.040069 USLIDE=-0.000002 FN= 0.00000E*00 FS= 0.00000E+00 STAT = 3 OLDST= 3 2-0 GAP 12 >

STATIC FCNCES ON NODE 5 0.000000E+C0 0.000000E*00#' STATIC FORCES ON N0DE 105 0.000000E+00 0.000000E+00 ~ . - #%,
"''

Et. . . .

EL= 29 NODE 5a 16 116 U$EP= 0.039691 USLIDEs 0.000004 FNs 0.00000E+00 FS= 0.00000E+00 STAT =. 3 OLosT= - 3 2-D GAP 12#' STATIC FC4CE5 CN NCDE 16 0.0000C0E+C0 0.000000E+00 #%
STAT *- FORCES ON NODE 116 0.000000t+C0 C.000000E*00 )

,
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1. SCOPE

Verify the programing accuracy of the Rotary Valve Shaf t Stress Analysis
P rogram.

2. INTRODUCTION

The purpose of ES 199 is to provide assurance that the shaft analysis procedures
are properly executed by the Rotary Valve Shaft Stress Analysis Program.

3. VERIFICATION PROCEDURE

Verification of the prograning accuracy of Rotary Valve Shaf t Stress Analysis
Program is accomplished by a comparison of the computer generated values
and manual calculations. The following two examples are chosen to exercise
the two options that are present in the program. Verification Example 1 is
chosen for conditions present when the valve disc is seated (ANG is zero).

y For a seated valve disc, the seating torque (TQS) is represented in the
4 torque equations and the dynamic torque (TQD) is not. Verification Example

2 is chosen for conditions present when the valve disc is not seated (ANG
is greater than zero). For an unseated valve disc, the dynamic torque is
present in the torque equations and the seating torque is not.

3.1 Verification Example 1. Verification Example 1 is used for verification
of the program for conditions present when the valve disc is seated (seating
torque is present in the equations and the dynanic torque is not). This
example also shows application of cam forces due to an offset disc (DM) and
inertial forces due to fast stroking times (TQI). The conditions of disc
offset and f ast stroking time may or may not be present in particular ap-
plications. Because of a difference in seal arrangements and service conditions
for different valves with specified service factors, TQS and TQI are data
inputs and are calculated prior to runnning the program. Verification
Example 1 is a special 14" Type 9280 with Adjustable T-Ring. The seat
material is EPDM. The 17-4PH Class 4 shaf t is pinned (C1 = 0.5) at the cast
disc and keyed (C2 = 0.75) to the drive lever. The bushing material is
bronze / graphite (Bushing Type 2). Gas flow direction is toward the hub.
Process temperature is 320 F. The stroking time is 0.25 seconds.

3.1.1 Data Input. The following table presents the input variables and the
values used for Verification Example 1.

N43-12/ 1
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Variable Value Description

ANG 0.0 Angle opening, deg.
DDISC 13.244 Valve disc diameter, in.

DELTP 60.0 Pressure drop, psi
DLO 0.906 Disc hub to bushing distance, in.
TQS 1805.89 Seating torque (0* only), in-lbf
TQI 60.67 Inertial torque, in-lbf
DM 0.020 Amount of disc offset, in.

DTF 0.0 Dynanic torque factor, dimensionless
DPIN 60.0 Inlet pressure, psi
DELTPF 60.0 Effective pressure drop factor, dimensionless
C1 0.5 Disc / shaft connection factor, dimensionless
C2 0.75 Drive /shaf t connection factor, dimensionless
BSHTYP 2 Bushing type identification code (sets DMU=0.2)
DSHFT 1.748 Shaft diameter, in.

y 3.1.2 Torque Calculations

1
(a) TQF: Valve Bushing Friction Torque (in-lbf)

,

TQF = (DMU)(0.393)(DDISC) (DELTP)(DSHFT) (1)

TQF = (0.2)(0.393)(13.244) (60.0)(1.748)

TQF = 1445.95

(b) TQP: Packing Torque (in-lbf)

TQP = 100(DSHFT) * (2)

TQP = 100(1.748) *

TQP = 231.11

(c) TQC: Cam Torque (in-1bf)

TQC = (0.785)(DDISC) (DELTP)(DM) (3)

TQC = (0.785)(13.244) (60.0)(0.020)
.

TQC = 165.23

[ N43-12/ 2
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(d) TQD: Dynamic Torque (in-lbf)

DELTPE = DELTP (for ANG = 0.0)

DELTP = 60.00

DELTPE = 60.00

TQD = DTF{ smaller value of DELTP and DELTPE} (4)

TQD=0.0{60.0}

TQD = 0.0

(e) TQV: Valve Torque at Drive End of Shaf t (in-lbf)

TQV = TQF + TQP + TQS + TQI + TQC + T00 (5)
s
S TQV = 1445.95 + 231.11 + 1805.89 + 60.67 + 165.23 + 0.0

TQV = 3708.85

(f) TA: Shaft Torque at Point A (in-lbf)

TA = TQV (6)

TA = 3708.85

(g) TB: Shaft Torque at Point B (in-lbf)

TB = TQV - TQP/2 - TQF/2 (7)

TB = 3708.85 - 231.11/2 - 1445.95/2

TB = 2870.32

(h) TC: Shaf t Torque at Point C (in-lbf)

TC = TQV - TQP/2 - TQF/2 (8)

TC = 3708.85 - 231.11/2 - 1445.95/2

TC = 2870.32

N43-12/ 3.
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3.1.3 Stress Calculations

(a) STRS1: Point B Normal Bending and Torsion Stress (psi)
3

M = (0.393)(DDISC) (DELTP)(DLO) (9)

M = (0.393)(13.244) (60.0)(0.906)

M = 3747.23

STRS1 = {(5.1)/(DSHFT)'} {M + { (M)+(TB)}*} (10)

STRS1 = {(5.1)/(1.748) }{3747.23 + { (3747.23) +(2870.32)}*}
STRS1 = 8085.34

(b) STRS2: Point B Bending and Torsion Shear Stress (psi)
i

STRS2={(5.1)/(DSHFT)}{(M)*+(TB)}'' (11)

STRS2={(5.1)/(1.748)}{(3747.23)*+(2870.32)*}.s .

STRS2 = 4507.21

(c) STRS3: Point B Torsion and Direct Shear Stress (psi)2

STRS3 = (5.1)(TB/(DSHFT)') + (2/3)((DDISC) (DELTP)/(DSHFT) ) (12)

STRS3 = (5.1)(2870.32/(1.74S) ) + (2/ )((13.244) (60.0)/(1.748) )3

STRS3 = 5037.02

(d) STRS4: Point C Torsion Load Shear Stress (psi)

STRS4=(5.1){(TC)/((C1)(DSHFT))} (13)

STRS4 = (5.1){(2870.32)/((0.5)(1.748)')} j

l

STRS4 = 5481.59 1
1

(e) STRS5: Point A Torsion Load Shear Stress (psi) |

STRSS=(5.1){(TA)/((C2)(DSHFT))} (14)

[ STRSS=(5.1){(3708.85)/((0.75)(1.748)}}

| STRSS = 4721.98

N43-12/ 4-
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(f) STRS6: Bushing Load Stress (psi)

STRS6 = (0.393)(DDISC) (DELTP)/(DSHFT) (15)

STRS6 = (0.393)(13.244) (60.0)/(1.748)

STRS6 = 1353.63

3.1.4 Calculation Comparison. A sample run of the Rotary Valve Shaft Stress
Analysis Program was run 10/23/85 using the same input conditions that were
used in this analysis. See Exhibit 1 for a copy of the Verification Example
1 program output. The following table shows the difference between the
manually calculated values and the computer generated values, for the case
of ANG = 0.0*.

(a) Valve Torque

Variable Manual Computer % Difference

TOV 3,708.85 3708.85 0.0

(b) Stress Calculations

Variable Manual Computer % Difference

STRS1 8,085.34 8,084.23 0.0
STRS2 4,507.21 4,506.11 0.0
STRS3 5,037.02 5,039.85 0.0
STRS4 5,481.59 5,480.26 0.0
STRSS 4,721.98 4,723.86 0.0
STRS6 1,353.63 1,353.63 0.0

N43-12/ 5
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3.2 Verification Example 2. Verification Example 2 is used for verification
of the program for conditions present when the valve disc is not seated
(dynamic torque is present in the torque equations and the seating torque
is not). This example also shows applications when the cam forces due to
an offset disc (DM) and inertial forces due to fast stroking times (TQI)
are not present. The conditions of disc offset and fast stroking times may
or ray not be present in particular applications. Because of a difference
in seal arrangements and service conditions for different valves with specified
service f actors, TQS and TQI are data inputs and are calculated prior to
running the program. Verification Example 2 is a special 14" Type 9280
with Adjustable T-Ring. The seat material is EPDM. The 17-4PH Class 4
shaf t is pinned (C1 = 0.5) at the cast disc and keyed (C2 = 0.75) to the
drive lever. The bushing material is bronze / graphite (Bushing Type 2).
Gas flow direction is toward the hub. Process temperature is 320 F. The

stroking time is greater than 0.5 seconds.

3.2.1 Data Input. The following table presents the input variables and the
values used for Verification Example 2.yj
Variable Value Description

ANG 30.0 Angle opening, deg.
DDISC 13.244 Valve disc diameter, in.

DELTP 50.0 Pressure drop, psi
OLO 0.906 Disc hub to bushing distance, in.
TQS 0.0 Seating torque (0* only), in-lbf
TQI 0.0 Inertial torque, in-lbf

DM 0.0 Amount of disc offset, in.
'

DTF 49.5 Dynamic torque f actor, dimensionless
DPIN 50.0 Inlet pressure, psi
DELTPF 0.25 Ef fective pressure drop factor, dimensionless
C1 0.5 Disc / shaft connection factor, dimensionless >

C2 0.75 Drive /shaf t connection factor, dimensionless
BSHTYP 2 Bushing type identification code
DSHFT 1.748 Shaft diameter, in.

N43-12/ 6
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3.2.2 Torque Calculations

(a) TQF: Valve Bushing Friction Torque (in-lbf)

TQF = (DMU)(0.393)(DDISC) (DELTP)(DSHFT) (16)

TQF = (0.2)(0.393)(13.244) (50.0)(1.748)

TQF = 1204.96

(b) TQP: Packing Torque (in-lbf)

TQP = 100(DSHFT) * (17)

TQP = 100(1.748) *

TQP = 231.11
r

(c) TQC: Cam Torque (in-lbf)'

*

TQC = (0.785)(DDISC) (DELTP)(DM) (18)

TQC = (0.785)(13.244) (60.0)(0.0)

TQC = 0.0

(d) TQD: Dynamic Torque (in-lbf)

DELTPE = (DELTPF)(DPIN + 14.7)

DELTPE = (0.25)(50.0 + 14.7)

DELTPE = 16.18

TQD = OTF{ smaller value of DELTP and DELTPE} (19)

TQD=49.5{smallervalueof50.0and16.18}

TQD = 800.66

(e) TQV: Valve Torque at Drive End of Shaf t (in-lbf)

TQV = TQF + TQP + TQS + TQI + TQC + TQD (26)

TQV = 1204.96 + 231.11 + 0.0 + 0.0 + 0.0 + 800.66.

$ TQV = 2236.73
'

N43-12/ 7.
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(f) TA: Shaft Torque at Point A (in-lbf)

TA = TQV (21)

TA = 2236.73

(g) TB: Shaft Torque at Point B (in-lbf)

TB = TQV - TQP/2 - TQF/2 (22)

TB = 2236.73 - 231.11/2 - 1204.96/2

TB = 1518.70

(h) TC: Shaft Torque at Point C (in-lbf)

TC = TQV - TQP/2 - T0F/2 (23)
.r

TC = 2236.73 - 231.11/2 - 1204.96/2'

'

TC = 1518.70

3.2.3 Stress Calculations

(a) STRS1: Point B Normal and Torsion Stress (psi)
3

M = (0.393)(DDISC) (DELTP)(DLO) (24)

M = (0.393)(13.244)*(50.0)(0.906)

M = 3122.70

STRS1={(5.1)/(DSHFT)}{M+{(M) +(TB)}*} (25)

STRS1={(5.1)/(1.748)'}{3122.70+{(3122.70)+(1518.70)}''}
STRS1 = 6297.51

(b) STRS2: Point B Bending and Torsion Shear Stress (psi)
3

STRS2={(5.1)/(DSHFT)}{(M) +(TB)}* (26)

STRS2={(5.1)/(1.748)}{(3122.70) +(1518.70)}*
STRS2 = 3315.72

,

*
i
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(c) STRS3: Point B Torsion and Direct Shear Stress (psi)2

STRS3 = (5.1)(TB/(DSHFT)') + (2/3)((DDISC) (DELTP)/(DSHFT) ) (27)

STRS3 = (5.1)(1518.70/(1.748) ) + (2/3)((13.244) (50.0)/(1.748) )

STRS3 = 3363.69

(d) STRS4: Point C Torsion Load Shear Stress (psi)

STRS4 = (5.1){(TC)/((C1)(DSHFT) )} (28)

STRS4=(5.1){(1518.70)/((0.5)(1.748))}
STRS4 = 2900.33

(e) STRSS: Point A Torsion Load Shear Stress (psi)

( STRSS = (5.1){(TA)/((C2)(DSHFT)')} (29)

STRSS=(5.1){(2236.73)/((0.75)(1.748))}

STRSS = 2847.73

(f) STRS6: Bearing Load Stress (psi)

STRS6 = (0.393)(DDISC) (DELTP)/(DSHFT) (30)

STRS6 = (0.393)(13.244) (50.0)/(1.748)

STRS6 = 1128.02

3.2.4 Calculation Comparison. A sample run of the Rotary Valve Shaf t Stress
Analysis was run 10/23/85 using the sarie input conditions that were used in
this analysis. See Exhibit 2 for a copy of the Example 2 pregram output.
The following table shows the difference between the manually calculated
values and the computer generated values, for the case of ANG = 30.0 .

N43-12/ 9
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(a) Valve Torque

Variable Manual Computer % Difference

TQV 2,236.73 2,236.73 0.0

(b) Stress Calculations

Variable Manual Computer % Difference

STRS1 6,297.51 6,296.82 0.0
STRS2 3,315.72 3,315.05 0.0
STRS3 3,363.69 3,366.05 0.0
STRS4 2,900.33' 2,898.55 0.0
STRSS 2,847.73 2,848.86 0.0
STRS6 1,128.02 1,128.02 0.0

f 3.3 Verification. The Calculation Comparison in Sections 3.1.4 and 3.2.4
1 indicates that there is no difference between the computer generated values

and the manually calculated values. These examples verifiy the accuracy of
the Rotary Valve Shaft Stress Analysis.

{ N43-12/ 10
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EXHIBIT 1
Verification Example 1

aCfwaf 0s TOW 0vt CMCULafl0=$ ett. O

stF. me. taasePLg g ttaa. 329 Dt6 F
wasvt tvet vitt v Met Slit le imCm
SmeFT mat. $4 544 8'ltFS eC31 39 SwSm. mat. 380=l1F6888m114
015E*SmaFt CDes. pgamut0 04Ist.5meFt C0es. a(ft0
FL0s Ole. fuese0 M
Catt OCf 00te 23 1945 av Cast Stasilt

leegt Data

ass 0 9.000 0.000 0.990 0 000 0.000 0.000 0.999 0.009 0.000 9.000

DollC 13.ies 9.000 0.000 4.ete 0.000 9.tet e.490 0.000 0.000 0.048
OtLfD 60.094 0 980 9.000 4 094 0.000 9.999 9.900 6.000 9.900 0.000
DLO 0.tet 9.600 0 000 0 000 9.896 6 999 e. Set 8.tet e.90s 0.900
TS 404S.049 Sette 0.490 0.004 0 699 4.000 9.999 6.096 0.600 4.000

18 69.470 0.006 9.900 0.999 0.990 9.996 0.000 0.000 0.049 9.990
De 9.029 0.000 9.999 9.999 0.000 0.000 0.000 0.000 8.999 4.906

01F t.900 0.809 0.004 4.000 0.900 0.000 0.090 9.000 0.000 9.000
D8I4 60.068 0.699 6.999 0.000 9.000 0.908 0.090 Sette 0.800 0.000
Ott f 9F 60.000 0.000 9.409 0.000 0.000 0.000 0.000 0.099 9.get 0.000
1954 49.000 0.000 0.000 4.000 0.000 6.000 4.004 0.000 9.999 8.000

50U5se eg.ett 9.993 0.000 e.999 9.g90 0.99g 6.000 9.909 0.000 e.400

Cl 4.500 0.494 0 999 0.980 0 000 9.006 4 499 9.900 Sette 0.000

CI 0.7%9 6 499 0.004 0.999 0.000 0.000 9.000 Sette 4.000 9.089

1..
2

0..
0

9..
0

9 9.0 ..t.0 0.6.0 ... 4 4.9.4
45pffP 4 0

0.999 . 00. . 9 0 4

(
05 , 7

6testeatt0 wastaattl

St $1498.00 0.00 0.44 0.00 0.00 0.99 0.00 0.00 9.00 0.00

51 2S?ti.06 0.90 0.00 0.00 4.09 9.00 0.00 0.00 9.00 0.06
$3 0199.40 9.00 0.99 0.00 0.09 0.00 0.99 0 00 0.09 4.99

OyfpWT

ACf. foot 3?st.4*GI 0.6909 0. Stet 9.0099 9.9996 0.0000 0.0000 0.0000 0.8400 0.0940

Stoll 6804.73** 8.9000 0.0000 9.9999 4.0400 0.0000 0.0000 9.0000 4.0000 0.0000

St#52 4500.1959 0.0006 4.0000 0. Stet 9.9994 0.0990 0.9990 0.0000 0.0009 0.0000

Stel3 %839.0514 4.0000 4.8089 0.0000 9.9900 9.9440 0.0000 0.0980 0.0000 0.6660
Sf914 Se80.2576 0.0000 4.9006 0.0480 0.0000 0.0000 9.4099 9.0000 0.0000 0.9946

0. Stet

9.9.0000.0 ..
4.09990.49409.9006 4.0000 0.8089 0.0000 0.0000*F23.954*St#SS

..G.9.0.9 99 9.0990i m .., , .. 49. 4.0000 0.0000 9.6 9. 4.9900stes.

(
.
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EXHIBIT 2
Verification Example 2

aCfwafon f 0.a4 Ca6casticas saw. e

. r . . n.a.,= e , .n
3,0 en ,

.=,ve, .f vn =s.vi .m.f. 0 i c.0. nu a if t
.. = ai

O BSC.SmaF f Co.s. pih.it t, xii.3, Delvt.$naf f C0se. a(vtg
af. sa. . .

dD
FLos Ola. fenaa0 .%e

~

Oaft CCfoots a3 390s 0, cavt $f ants

topwt Oafa

a.sG 30.000 0 000 Sette 4 000 0 064 0 464 0.000 9.440 0.004 0.006

DOISC 33.244 0.000 0.000 0.004 4.400 9 400 0.000 0.044 0.000 0.000
OtLip St.000 0.000 4.eSt 0.006 0.000 0.000 9.000 0.006 0.600 8.900
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Swanson Analysis Systems,Inc.
Johnson Road. P O. Box 65 Houston. PA 153424M55

( h.[-
8 TWX $1M4(Hl655

-[ PHONE (412) 746-3304

h

August 27, 1985

Mr. Dave Stanze
Senior Engineer
Fischer Controls
P. O. Box 190
Marshaltown, IA 50158

Dear Mr. Stanze:

Swanson Analysis has had an independent Quality Assurance
department since 1983. The primary responsibility of this department -

has been to define and implement an independent verification process
r for all ANSYS versions. A Quality Assurance Manual and Technical

Procedures Manual have been issued to clearly define everyone's,
'

responsibilities. All applicable employees have been trained in
quality related areas.

Sincerely yours,
SWANSON ANALYSIS SYSTEMS, INC.

Michael J. Wheeler, Manager

Quality Assurance

kte
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1. SCOPE

1.1 This engineering standard provides a procedure for documenting, revising,
and maintaining FCS Engineering analytical computer programs and databases.
Outlined in this standard are the procedures to follow in establishing a
program or database with the necessary documentation file. In addition,
applicable guidelines recommended by the following standards are incorporated:

ANSI /ASME NOA-1-1983. "Ouality Assurance Program Requirements
for Nuclear Facilities".

ANSI N413-1974 " Guidelines for the Documentation of Digital
Computer Programs"

ANSI /ANS 10.2-1982. " Recommended Programming Practices to
Facilitate the Portability of Scientific Computer Programs"

ANSI /ANS 10.5-1979. " Guidelines for Considering User Needs in Computer
Program Development"

f 1.2 A secondary objective of this engineering standard is to present the
format to be used for the Fisher Computer / database documentation file so that
all of the necessary information will be provided in a logical and consistent
manner.

1.3 Finally, an Installation Report form is described for documenting installatio
of programs and databases in either the Fisher Controls (Marshalltown) computer
system or in the Monsanto Management Information System (MIS) using the St.
Louis Monsanto Terminal Station (MTS). This report provides a check between
what is documented and what resides in the computers.

2. RE0VIREMENTS AND RESPONSIBILITIES FOR DOCUMENTATION OF COMPUTER PROGRAMS
AND DATABASES

2.1 Any FCS Engineering analytical computer program (with associated database)
used in the design of Fisher products in general applications will require
documentation under a project file number (XXJAXX series). Any FCS Engineering
computer program used to qualify equipment to Fisher customer specificatinns
will also require similar documentation and project file number assignment.

2.2 It will be the responsibility of the Program Author to determine when the
program / database qualifies for project file number assignment and documen-
tation control and maintenance per this Engineering Standard. In general , i f
the computer program or database is to be released for use by anyone other
than the Program Author, then the requirements of this standard must be met.

*
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2.3 If this standard is to be followed, it is the Program Author's respon-
sibility to contact the Engineering Qualification and Analysis Group for
assignment of a Program Controller who will initiate program / database instal-
lation and documentation procedures. At that time, a general description of
the program / database content and its intended or expected application should
be provided to the Program Controller by the Program Author. (See Section 6
of this standard for a summary of the responsibilities of the Program Author
and Program Controller, respectively.)

3. INSTALLING AND REVISING COMPUTER PROGRAMS AND DATABASES

3.1 Program Controller. Installation of programs and databases will be the
responsibility of an individual (henceforth referred to as the " Program
Controller") designated by the Manager, Engineering Qualification and Analysis.
A draf t of the program / database should bc submitted to the Program Controller
for program / database installation on the selected computer system. The
Program Controller will fill out the installation report form (See Exhibit 1),
keeping a copy for insertion in the program / database file,

r 3.2 Program Documentation File. In all cases, the Program Controller must
( provide and/or assemole the XXJAXX Documentation File for the program or

database. The use of the program or database may be denied the author or any
other user until the documentation file is assembled and the project file
number assignment is completed. The XXJAXX Documentation File will then be
transferred to the Fisher Information Center for custody. In addition, the
Manager, Engineering Qualification and Analysis Group (or designee) will
maintain a current index file of the approved programs and databases with
their associated project file numbers; this index will be circulated periodically
in the FCS Engineering Depart nent.

3.3 Fisher Controls Comouter System

3.3.1 Installation procedures for Fisher-documented FCS Engineering programs
will be dependent upon the host system being used. Examples of FCS Engineering
programs subject to these documentation procedures are: ANSYS (VAX-based) or
TK! SOLVER (PC-based). Note that purchased or leased programs are included, as
well as Fisher-originated programs.

3.3.2 Purchased or leased programs will be installed following the installation
procedures recommended by the program vendor. System ownership will be
assigned to the installed program with " read-only" privileges for users, to
avoid inadvertant erasure. A backup copy of the program will be maintained on
separate medi a.

( ES6-2/3
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3.3.3 The following will be used when installing Fisher-originated programs.
As above, system ownership will be assigned to the installed program with
" read-only" priviledges, and a backup copy will be maintained on separate
medi a. In addition to the executable image of the installed program, an ASCII
text file of the program will be maintained in the Installation User ID (UID)
file. Also included in the Installation UID file will be any data sets used
in execution of the program and any user-written sub-routines external to the
program. An on-line " help" file will also be provided, outlining the purpose
of the program and the steps necessary to use the program.

3.4 St. Louis Monsanto/ MIS Computer System

3.4.1 The Program Controller will place the source code on the "USERID"1
called "FSHLIB", unless special restrictions or other arrangen1ents are made as
noted on the Installation Report. The source code will then be copied to
microfiche (or paper if the listing is less than about 50 pages) and will be
included in the project file. This source code will be compiled and link-
edited and placed on the same database ("FSHLIB") under the same name. In all.

cases, one hard copy backup will be maintained by the Program Controller.
("FSHLIB" is a restricted access data set that is password-protected, permitting,

read-only availability to users.) A copy of the program or database will also
' be made for the tape librarian, and this library copy is automatically backed

up by St. Louis Monsanto MIS.

3.4.2 Examples of St. Louis Monsanto MIS programs subject to these documen-
tation procedures are: SEISMIC 3, SEISMIC 4

4 FORMAT REQUIREMENTS FOR COMPUTER PROGRAM FILES

This section describes the fomat for the FCS Engineering XXJAXX Computer
Program Documentation File. A consistent format is necessary both for proper
control and. maintenance and also for ease in referencing and accessing the
infomation by the user. The format for the documentation file is comprised
of the following sections:

(a) Section 1: Standards and Speci fications Cover Sheet.
(b) Section 2: Table of Contents.
(c) Section 3: Abstract.
(d) Section 4: Job Control Language (JCL), if applicable.
(e) Section 5: Source Code Listing (on paper, microfiche or magnetic

tape, diskette) or Source Code Location.
(f) Section 6: Description of Program Logic / Content or Program

Documentation Reference.
(g) Section 7: Verification Documentation.
(h) Section 8: Input Data

( (i) Section 9: Output Data / Example
! (j) Section 10: Installation Report

(k) Appendix A: Current Benchmark Problem / Installation Log Record
(1) Appendix B: Documentation File Change Records,

(m) Ar :endix C: Project Records.

"USERID" refers to a data set available through St. Louis MIS.-
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If a program is written for Fisher through a subcontracted vendor or if an
established, commercially-available program is used by Fisher Controls, vendor
documentation is needed; in these cases, the above format can be altered to
incorporate a program user's manual. Sections 1,2,3,4,5,7,10 along with the
program user's manual may be used to satisfy requirements as long as the
Program Controller finds the complete package acceptable. Section 10 of the
program documentation should be filled out by the Program Controller using the
special form in Exhibit 1; it is the Program Controller's responsibility to
incorporate this report in the program documentation file.

4.1 Section 1: Standards and Specifications Cover Sheet

The purpose of the cover sheet (s) is to indicate the revision level of the
project documentation file, and the corresponding revision level of
the constituent pages or documents. Each sheet or document in the bound file
should be listed, except for the Appendices. (In the case of Appendices, only
the Appendix title page need be listed.) If an already page-numbered document
is included (such as ES 117, ES 136, etc.), only the document and its overall
revision level need be listed. Whenever a revision or change is made in the

f project documentation file, the appropriate changes in page or document
i revision levels should be entered on the cover sheet, and the revision level

of the project file should be advanced and designated on the cover sheet;
change record sheets must be completed (including checking and signatures) and
should be filed in Appendix B of the program documentation file (see Section
4.12).

4.2 Section 2: Table of Contents

The Table of Contents should immediately follow the cover sheet, identifying
the major constituents of the file and the corresponding page or section
number.

4.3 Section 3: Abstract

4.3.1 The function of the computer program abstract is to give a summary of
the program regarding its capabilities, purpose, and intended application or
use. The following topics should be included in the abstract:

.

(a) Program identification. Give the program name and current.

revi s ion.

(b) Describe the program function or purpose and define the type
of problems to be solved.

(c) Restrictions. Mention any limitations due to the program algorithms
or computing f acilities.

( (d) Programming language. Indicate the language or languages used.
'

(e) Author. Give the name and address of the Program Author.,

'

The abstract should be as brief as possible and to the point. A sentence or,

two addressing each topic should be adequate.,

.
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4.4 Section 4: Job Control Language (JCL)

The Program Controller shall provide listing of all the JCL requirements for
the program, if applicable. Ary data sets used should be referenced (with
project file numbers if applicable). Explanations should be included to
clarify the JCL usage for the user. (It is recognized that JCL is not used
with many computer systems such as VAX.)

4.5 Sectic,n 5: Source Code Listing

The Source Code Listing means the list of program instructions in the selected
program language (such as FORTRAN). The source listing is normally maintained
on the program user ID disc. A source code backup must be maintained. The
preferred method is magnetic tape with the tape location identified on the
ccmputer Program / Database Installation Report (Appendix A of ES121). Alternate
methods are hard copy paper or microfiche. The Program Author will advise the
Program Controller of the Source Code Listing backup mode and its location.
Paper or microfiche copies will be included in the XXJAXX Program Documentation
File by the Program Controller, and the magnetic tape location will be noted

.r as applicable.

(
4.6 Section 6: Description of Program logic

,

4.6.1 The Program Author shall provide a description of program logic demon-
strating how the general problem solution method is carried out within the
program. This section may contain a detailed flowchart or detailed prose
specification or a self-contained Engineering Standard such as ES 117, which
should reference the appropriate Program Documentation File Number (XXJAXX).

4.6.2 The Program Logic Section documentation should include the detailed
mathematical method of solution. All of the mathematical techniques, equations,
and algorithms used for solutions should be listed in sequence, with all
equations numbered. Any auxiliary programs or external data files required
for program utilization should also be listed. Related reference material
should also be listed as appropriate. The Program Controller will include the
Program Logic Description in the XXJAXX Program Documentation File.

4.7 Section 7: Verification Documentation

4.7.1 The Program Author is responsible for providing program verification
documentation to the Program Controller for inclusion in the XXJAXX Program
Documentation File. This should consist of validation information and examples
to give credibility to'the computer program. All sources for the mathematical
models and derivations used in the program should be referenced, with assump-
tions and limitations clearly noted. Justification for the validity of All

( equations, algorithms, models, etc. used should be clearly presented. Equations
should be numbered and tied to the contents of the source code and the output,

.

'
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format. For all computer programs (except leased programs), benchmark problems
should be provided for program verification, cmparing results from the new
program to accepted ..and calculations, test results, or previously-verified
c m puter programs. Benchmark problem sets should be run initially as well as
before and after any program revisions. If the verification data is lergthy
and complex, this should be presented in an Engineering Standard (for example:
ES 136) for ready reference, in lieu of unassembled separate pages or sections;
this Engineemng Standard should reference the appropriate Program Documentation
File Nunter (XXJAXX). The Engineering Qualification and analysis Group will
assist in the verification process upon request, and will provide the independent
review and check which i s necessary to satisfy the requirements of Section 4,
Supplement 35-1 of ANSI /ASME NQA-1-1983.

4.7.2 The Program Controller is responsible for maintaining a continuing
quality assurance (QA) check on program integrity. To accomplish this, the
same benchmark problems sets used in the verification documentation noted
above should be re-run at intervals of not more than one year following the.
last revi sion. In the case of leased programs, a new program input tape copy
may be obtained and installed yearly in lieu of re-doing benchmark problems.

y The current benchmark problem output or installation log (for leased programs)
y should be dated and filed in Appendix A of the XXJAXX Program Documentation

File; any previous problem output or installation log may be discarded af ter
, veri fying that there has been no change (see Section 4.11 below).

4.8 Section 8: Input Data

A list of the input data necessary for the user to supply to the program
should be furnished by the Program Author. Normally, program inputs are made
in response to program prompts. However, i f speci al input procedures or pre-
input calculations are required, these should be identified. The Program
Controller will incorporate the input data information provided into the
XXJAXX Program Documentation File.

4.9 Section 9: Output Data / Example

4.9.1 In this section, the Program Author should include a discussion of the
program output, relating input variables to the output format options and to
appropriate equations in the logic and verification sections; a sample problem
output should be provided. A benchmark problem or a well-defined example
should be chosen as an illustration. The sample output should be re-run af ter
each program change.

4.9.2 The output section should also include information about typical or
expected computer running time and costs, 50 that a user can estimate job
costs and execution time for particular problems.

(
ES6-2/7

.

0

$

0

S

_ . _ , _ _ . , , a e ee a a



r1 "m 0-egggg r Engineering Standard ES 121 3
CONTROL AND MAINTENANCE PROCEDURES 8'J 8/f / /- 2 7- 2

FOR FCS ENGINEERING ANALYTICAL Aovagb ~E
'

('
FISHER, COMPUTER PROGRAMS AND DATA BASES

Page 9 of
'

CFisher Controls M / o -30 ,

4.10 Section 10: Installation Report

The installation report fonn is illustrated in Exhibit 1 of this Engineering
St anda rd. All necessary information regarding the accessing and usage of the
program is documented in this report. It is the responsibility of the Program
Controller to fill out this report, submit it to the Program Author for review
and include it in the XXJAXX Program Documentation File.

4.11 Appendi x A: Current Benchmark Problem / Installation log Record

This is the repository for the current program quality documentation (Benchmark
Problems or Installation Log) as described in Paragraph 4.7.2 of this
Engineering Standard. Superseded problems and installation logs should be
di sca rded. This appendix may be filed as a separate book, to facilitate
documentation changes.

4.12 Aopendix B: Documentation File Change Records

This is the repository for the change record sheets associated with the XXJAXX
y Program Documentation File. When a controlled page is revised (as shown on
i the Standards and Specifications Cover Sheet), the old version should be

marked showing the changes, and the Major Revision stamp should be applied.
The reason for the change should be noted, and then the marked page should be
routed for review by the checker and approver. The Program Controller or
designee should check all documentation revisions, and the Manager, Engineering
Qualification and Analysis should approve documentation changes, initialing
the appropriate blocks on the Major Revision stamp.

These approvals constitute authority for making the documentation change and
for insuring that the changes have been made as marked. All these change
record sheets should be retained and filed in Appendix B, in order, so that
they may be readily found. The only exception is for controlled documents
such as Engineering Standards, which may be included as an integral part of
the documentation files. Revision documentation provisions for these are
already established, and revision records are maintained in tne Fisner change
record files. If an ES document included in the XXJAXX Program Documentation
File has been revised, this should be noted in the Program Controller's annual
revied of the documentation file, and the appropriate ES revision should be
noted on the documentation file Standards and Specifications Cover Sheet, as a
file revi sion. All Program Documentation File change records should be
retained in this Appendix pemanently. This appendix may be filed as a separate
book to f acili tate documentation addi tions.

4.13 Appendix C: Project Records

( This is the repository for the Project XXJAXX records such as the Initial
Information sheet, Final Summary, Supplementary Information sheets, and project
time charge and cost records, as applicable, together with any project notes,

or correspondence. This Appendix may be filed as a separate book to facilitate.

additions and changes.
.
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5. FORMAT REQUIREMENTS FOR DATABASE DOCUMENTATION FILE

The content of the database documentation file will consist of the following
sections :

(a) Section 1: Standards and Specifications Cover Sheet
(b) Section 2: Abstract
(c) Section 3: Li sti ng
(d) Section 4: Fomat
(e) Section 5: Installation Report
(f) Appendix A: Documentation File Change Records
(g) Appendix B: Project Records

Most databases are for specific purposes and not for general applications, so
most users will actually be the authors. It will still be necessary to
prepare an abstract and provide a listing of the database (microfiche, or
magnetic tape) if not already included in a documented program. A XXJAXX
series file number will be assigned to the Database Documentation File also.

5.1 Section 1: Abstract-

The abstract should, first of all, give the purpose for creating the database. .

The names and project file numbers of computer programs accessing the database
should be listed. Intended use or application of the database should be
discussed, and the fomat of the data should be briefly mentioned.

5.2 Section 2: Listing

If the database is of small to moderate size (less than 500 records of 80
character length), then a hard copy (paper) listing should be included in the
documentation file. Hard copy (paper) listing is not needed for large databases,
but the name and location of the magnetic tape backup should be noted in the
documentation file.

5.3 Section 3: Format

In all cases, the input fomat for the database computer file will be identified.
This may be on an individual record basis or for a group of records having
varyi ng fomat requi rements. All of this should be clearly outlined. Whenever
dimensional units are required, they should be defined.

5.4 Section 4: Installation Report

The installation report is illustrated in Exhibit 1 of this Engineering
St and a rd. The same requirements apply to the database as to the computer

( program (See Paragraph 4.10: Installation Report).

'
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5.5 Appendix A: Documentation File Change Records

This is the repository for Change Record Sheets associated with the XXJAXX
Database Documentation File. The provisions of Paragraph 4.12 apply to the
Database Documentation File also.

5.6 Appendix B: Project Records

This is the repository for the Project XXJAXX records as listed under Paragraph
4.13 above.

6. RESPONSIBILITY SUMMARY

6.1 General

As an aid in implementing the requirements of this standard, the following
itemized summary of responsibilities is provided. In general the Program
Author is responsible for program / database origination and verification, and
the Program Controller is responsible for entering the program into the

F computer system with apropriate backup and for assembly and maintenance of the
i conputer program file.

6.2 Program Author

(a) Program / database origination and description.
(b) Decide if ES 121 Control is to apply. (if not, no further action

per ES 121). (Para. 2.2)
(c) Contact Engineering Qualification and Analysis Group for Program

Controller assignment. (Para. 2.3)
(d) Provide program / database description and application summary.(Para. 2.3)
(e) Provide Source Code listing information to the Program Controller,

for the program file. (Para. 4.5)
(f) Provide the Program Logic Description to the Program Controller, for

the program file. (Para. 4.6)
(g) Provide verification documentation to the Program Controller for

inclusion in the program file. This should include benchmark problems
which the Program Controller can periodically repeat for verifying
program integrity. (Para. 4.7.1)

(h) Provide the input data list and any special input data procedures or
calculations for the input map documentation for inclusion in the
file. (Para. 4.8)

(1) Provide the output data / example to the Program Controller for inclusions
in the file. Expected computer running time should also be provided
so the Program Controller can provide an estimate of computer run
cost. (Para. 4.9)

( (j) Review the Installation Report (Exhibit 1 to ES 121) for accuracy and
completeness. (Para. 4.10)

*
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6.3 Program Controller

(a) Obtain program / database description and application information
from the Program Author. (Para. 2.3)

(b) Take out XXJAXX Series Project / File number by issuing an initial
infomation sheet. This project number will be used to charge
time spent (by the Program Author, Program Controller, and others) in
program / database documentation activities per ES 121 (initial file,
revisions, reviews) as long as the program / database is in active use.
(Para. 2.1)

(c) Add program / database to the Engineering Qualification and Analysis
Group index file. (Para. 3.2)

(d) Prepare and/or assemble data for the XXJAXX Program Documentation
File (Cover sheet, Table of Contents, Abstract, JCL requi rements,
Source Code listing Location, Logic and Verification data, Input
list, Output data and examples, expected program / database computer
run cost). (Section 4) .

(e) Install program / database and run initial benchmark proolems or
printout to conf f rm correct installation. (Para. 3.1, 4.7.2)

(f) Fill out Installation Report (Fom 34758) illustrated in Exhibit 1 of>

( ES 121. Submit to the Program Author for review and include it in
the XXJAXX documentation file. (Para. 4.10) .

(g) Establish an annual program / database review schedule and furnish a
copy to the Program Author and to the Manager, Engineering Quali fication
and Analysis Group. [The annual reviews will include re-runs of the

. benchmark problem sets to demonstrate program integrity (or installation
of new program input tapes for leased programs). Also any changes in
the documentation file (such as ES document revisions) will be
incorporated as a XXJAXX documentation file revision] (Para. 4.7.2)

(h) Transfer the assembled XXJAXX Documentation File to the Fisher
Information Center for Custody. (Para. 3.2)

(i) When a program / database becomes inactive or obsolete, fill out a
final summary, and close the XXJAXX project.

7. REFERENCES

7.1 ANSI /ASME NQA-1-1983. Quality Assurance Program Requirements for Nuclear
F aci li ties.

7.2 ANSI /ANS 10.2-1982. Reconmended Programming Practices to Facilitate the
Portability of Scientific Computer Programs.

7.3 ANSI /ANS 10.5-1979. Guidelines for considering User Needs in Computer
Program Development.

( 7.4 ANSI N413-1974 Guidelines for the Documentation of Digital Computer
Programs.
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EXHIBIT 1
Installation Report Form

COMPUTER PROGRAM / DATA BASE
INSTALLATION REPORT

Subject of Report: computer program Project File No.

data base

Name .

Author (s) : Origin : Fisher

Monsanto

Modele Name : other

.

Source Code Location bgram Location 40 moiled version);

microfiche FSHLIB (ST. Louis system)

paper VAX (Fisher Controls system)

mag tape P. C. (Fisher Controls system)

diskette other

Comments .

Program Author Review : Date :

Program Controller Approval . Date :
-

.

Form 34758.

*
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ATTACHMENT 13

FQP-11AB-7

OPERABILITY OUALIFICATION DATA

a. BPC letter (Log BV 10286) to Fisher Controls dated 3-5-85
with RPC " Operability Oualification of Purge and Vent Valves".

i b. BPC letter (Log BV 10318) to Fisher Controls dated 3-25-85
concerning operability documentation,

c. Fisher Controls memo dated 4-15-85 Whitsell to Pothast, with
review of Bettis' torque values presented in the BPC " Operability
Qualification of Purge and Vent Valves".

1
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Bechtel Power Corporation
-( Engineers - Constructors

12440 East impenal Highway
Norwalk, Cahfornia 90650
MAIL ADDRESS
P O 80x 60860 TEstu*.AL ANNEX LOS ANGELES CALFORNiA exmo

# idLEPHONE 1213:807 2000

March 5, 1985

Mr. Doug Potnast
Fisher Controls, Inc.
Marshalltown, IOWA 50158

Subject: Georgia Power Company
Plant Vogtle - Units 1 and 2
Bechtel Job 9510-001
P.O. Nos. PAV-206 and PAV-34
Butterfly Valves
File: X5AC03
Log: BV 10286

References: A. Meeting between Fisher Controls, Inc. and Bechtel
- Corporation on February 15, 1985 at Marshalltown,

-(~ Iowa (MN-1623)
B. Bechtel Power Corporation letter to Fisher

Controls, Inc., BV-10211, dated February 7, 1985

Dear Mr. Potnast:

Attached for your records is the final draft of the " Operability
Qualification of Purge and Vent Valves" incorporating the infor-
mation agreed upon in reference A. This satisfies the require-
ment for information previously requested in reference B.

If you have any questions, please contact us.

Very truly yours,

BECHTEL POWER CORPORATION

')
H. G. Gronrooi
Project Engineer
Western Power Division

( FWK/NCB/WHJ/mel

Attachment: A. " Operability Qualification of Purge and Vent
Valves"

xc: O. Batum w/att.
V-RMS w/att.
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( Operability Qualification of
Purge and Vent Valves

Demonstration of operability of the containment purge and vent
valves and the ability of these valves to close during a design
basis accident is necessary to assure containment isolation.
This demonstration of operability is required by NUREG-0737,
" Clarification of TMI Action Plan Requirements," II.E.4.2 for
containment purge and vent valves which are not sealed closed
during operational conditions 1, 2, 3 and 4.

1. For each purge and vent valve covered in the scope of this
review, the following documentation demonstrating compliance
with the " Guidelines for Demonstration of Operability of
Purge and Vent Valves" (Attachment 2) is to be submitted
for staff review:

A. Dynamic Torque Coefficient Test Reports

(Butterfly valves only) - including a description of
the test setup.

Response

Testing has been performed by the butterfly valve supplier.r

( to obtain dynamic torque coefficients. See attachment 2.

B. Operability Demonstration or In-situ Test Reports
(when used)

Response

Not Applicable

C. Stress Reports

Response

The stress analysis for these valves are provided as part
of the attachments.

D. Seismic Reports for Valve Assembly (valve and operator)
and associated parts.

Response

The seismic reports for the valve assemblies are provided
as part of the attachments.

.
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E. Sketch or description of each valve installation

showing the following (Butterfly valves only):

1. direction of flow
2. disc closure direction
3. curved side of disc, upstream or downstream

(asymmetric discs)
4. orientation and distance of elbows, tees, bends,

etc. within 20 pipe diameters of valve
5. shaft orientation
6. distance between valves

Response

See Table 1.

F. Demonstration that the maximum combined torque developed
by the valve is below the actuator rating.

Response

REQUIRED BETTIS ACTUATOR
YOKE ARM (DEGREES) ACTUATOR SPRING

TORQUE (in-lb.) TORQUE (in-lb.)

0 3714.05 18828

f- 10 1834.61 16628
20 2057.18 15602
30 2244.81 14268
40 3182.96 14345
50 3946.42 14952
60 6197.98 16088
70 8157.09 18845
80 11807.46 23362
90 11807.46 29640

See Table 2 and 3

2. The applicant should respond to the " Specific Valve Type
Questions" (Attachment 1) which relate to his valve.
Response

'

See attachment 1.

(

-2-
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~

; 3. Analysis, if used, should be supported by tests which

( <- establish torque coefficients of the valve at various
angles. As torque coefficients in butterfly valves are
dependent on disc shape, aspect ratio, angle of closure

; flow direction and approach flow, these things should be
accurately represented during tests. Specifically, piping
. installations (upstream and downstream of the valve) during

! the test should be representative of actual field installa-
tions. For example, non-symmetric approach flow from an
elbow upstream of a valve can result in fluid dynamic
torques of double the magnitude of those found for a valve
with straight piping upstream and downstream.;

Response

Although testing was not performed to establish torque
coefficients at various valve angles, analytical techniques

: used by the valve supplier are based on model testing
experience and scaling developed over many years. More
information is presented in attachment 2.

;
4. In-situ tests, when performed on a representative valve,

should be performed on a valve of each size / type which is
determined to represent the worst case load. Worst case"

flow direction, for example, should be considered.
4

fr . Response

n
Not applicable. In-situ tests are not performed.

4

5. For two valves in series where the second valve is a butterfly
valve, the effect of non-symmetric flow from the first

,

'

valve.should be considered if the valves are within 15 pipe
diameters of each other.

Response
3
'

.

The valves are located 22'-5" and 22'-9 9/16" from each'

other (HV-2626B to HV-2627B and HV-2628B to HV-2629B respec-
tively) or approximately a distance of 19 pipe diameters,

~ which is not within the 15 pipe diameters limitation. ,

|

4 6. If the applicant takes credit for closure time vs. the
i- buildup of containment pressure, he must demonstrate that '

'the method is conservative with respect _to the actual valve'

closure rate. Actual valve closure rate is to be determined
under both loade.ct and unloaded conditions (if valves close i

faster at all angles of opening under loaded conditions, noi

load closure time may be used as conservative) and periodic.i

inspection under tech. spec. requirements should be performedt

4 to assure closure rate does not increase with time or use.

.

-3 -'
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Response

No credit was taken for closure time vs. the buildup of
containment pressure. See attachment 2.

I
(

|

(
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TABLE 1 @
=

HV2627B HV2628B HV2629B ?Valva Tag Number HV-2626B -

a
a

a
1. Direction Inlet-butt weld end Inlet-raised face Inlet-raised face Inlet-butt weld end "

of Flow outlet-raised face outlet-butt weld end outlet-butt weld end outlet-raised face E

, 2. Disc closure Clockwise Clockwise Clockwise Clockwise
! Direction L:

3. Curved side Upstream Downstream Downstream Upstream fj.

of disc

4. Orientation and Tee-19'5" upstream, Tee-3'-0" down- Tee-18'-9-9/16 up- Tee-4'-0" downstream,

distance of elbows, horizontal line stream horizontal stream, horizontal line. horizontal line.
tee, bend within 90* elbow-11'-6-1/4" line. 90* elbow-11'-9-3/4" 90' elbow-10'11-13/16
20 pipe diameter upstream horizontal 90' elbow-10'-10-3/4" upsream, horizontal line. downstream horizontal
of valve. line. downstream, horizontal Tee-3'-9-3/4" upstream, line.

Tee-6'-9-11/16" upstream, line. vertical line. Tee-16'-11'-3/16 down-
vertical line. Tee-15'-7-5/16" down- 90' elbow-l'-8-3/4" stream vertical line.

90* elbow-2'8-11/16 stream, vertical line. upstream, vertical line. 90' elbow-21-0-3/16"
upstream, vertical line. 90* elbow-19'-8-5/16" Flow orifice-25'-4-9/16" downstream, vertical
Flow orifice-23'-6-5/8 downstream vertical upstream, horizontal line.

upstream, vertical line. line. line. Flow orifice-2'-7"
Flow orifice-l'-10-1/4" Flow orifice-l'-1-5/8" Flow orifice-l'10-1/C" upstream, horizontal
downstream, horizontal upstream, vertical downstream, horizontal line.,

line. line. line. Flow orifice-
Flow orifice- Flow orifice- 24'-7-10/16" down-
24'-3-1/4" downstream, l'-10-1/8" downstream, stream, horizontal
horizontal line. horizontal line, line.

90
5. Shaft orientation. Vertical Vertical Vertical Vertical

6. Distance between 22'-5" (between - V-2626B & 2627B) 22'-9-9/16" (between NV-2628B & 2629B)
valves. .

..

d
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,

ACTUATOR TORQUE CALCULATIONS REV. B =
i

?(;, s

REF. NO. CASE 4 TEMP. 320 DEG F ,

VALVE TYPE 9280 VALVE SIZE l* INCH r
SHAFT FAT. 54-564 H1075 31-39 BUSH. MAT. BRONZE / GRAPHITE ;d

DISC-SHAFT CON. PINNED drive-SHAFT CON. ktvED f
;rFLOW DIR. TOWARD HUB

D ATE 02-11-85 BY JON C. WHITESELL
C~

INPUI DATA }
"

ANG 0.0 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000 90.000

' DDISC 13.244 13 244 13 244 13.244 13 244 13 244 13.244 13.244 13.246 13.244-

- DELTP 60.000 50.000 50 000 50.000 50 000 50.000 50.000 50.000 50.000 50.000
DLO 0.906 0 906 0.906 0.906 0.906 0.906 0.906 0.906 0.906 0.906

. ,15 2n37.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 e
il 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 cc

Du 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 LJ

DTF 0.0 15.400 32.000 50.000 108.000 194 000 368.000 742.000 1145.000 1145.000
DPIN 60.000 50.000 50.000 50.000 50 000 50.000 50.000 50.000 50.000 50.000
DELTPF 60.000 0.400 0.300 0.250 0.250 0.200 0.200 0.140 0.140 0.140

STSH 98.000 98 000 98 000 98.000 98 000 98 000 98.000 98.000 98.000 98.000

SbuSH 85.000 85 000 e5 000 85 000 85.000 85.000 85.000 85.000 85.000 85.000

Cl 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
C2 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
BSHTYP 2 2 2 2 2 2 2 2 2 2
DSHFT :.746 1 748 1 748 1 748 1 748 1 746 1.748 1 748 1.748 1.748

GENERATED VARIABLES

ST 51450.00 51450.00 51450.00 51450.00 51450.00 51450.00 51450.00 51450.00 51450.00 51450.00
SS 25725.00 25725.00 25725.00 25725 00 25725.00 25725.00 25725.00 25725.00 25725.00 25725.00
SH H500.00 8500.00 8500.00 8500 00 8500.00 8500.00 8500.00 8500.00 8500.00 8500.00

OUTPUT

ACT.TORu 3714.0564 1834.6165 2057.1843 2244.8140 3182.9634 3966.4241 6197.9805 8157.0937 11807.4687 11807.4687

e

STRSI 8087.2656 6147.9375 6225.5703 6300.2168 6779.6562 7269.5391 9003.0859 10684.2070 13981 1289 13981 1289
STRS2 4509.1367 3166.1660 3243.7979 3318.4426 3797.8850 4287.7695 6021.3125 7702.4336 10999.3555 10999 3555
STRS3 5044.8281 2982.0837 3194.6082 3373.7705 4209.5820 4998.5898 7148.5391 9619.2461 12504.8906 12504.8906
STRS4 $490.2148 2130.3176 2555.5364 2914.0049 4706.3477 6164.9492 10466.5742 14209.4844 21183 5664 21183.5664
STRSS 4730.4961 2336.7039 2620 1831 2659.1621~ 4054.0593 5026.4570 7894.2109 10389.4844 15038.8750 15038.8750
STES6 1353.6267 1128.0229 1128.0229 1128.0229 1128.0229 1128.0229 1128.0229 1128.0229 1128.0229 1128.0229

(1)
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TABLE 2

VARIABLE
NAME VARIABLE DESCRIPTION

INPUT DATA

ANG ANGLE IN DEGPIE

DDISC DISC DIAMETER (UNITS: IN)

DELTP PFISSURE DROP IF ITYP = 1 (UNITS: PSI)
DSHTT SHAFT DIA"ETER IF ITYP = 2 (UNITS: IN)
DSHFT SHATT DIAMETER IF ITYP = 3 (UNITS: IN) p

DLO HUB TO BUSH DISTANCE (UNITS: IN) FROM DRAWING -

TS SEATING TORQUE (UNITS: IN-LBS)(FOR 0 DEGREE ANGLE ONLY)
REFER TO TEST REPORT #92.3-44 SIZING EQUATION
FOR 9200 (NEW EQUATION)

f TI INERTIAL TORQUE (UNITS: IN-LES)(FOR FAST STROKING
1 SPEED ONLY LL Ls TH AN {St3

hDM AMOUNT OF CAM (UNITS: IN) . t CENTERLINE OF DI;-

FROM DRAWING i DM
SHAFT.

DTF DYNA'11C TOROUE FACTOR
FROM SALES EAhT> BOOK: CFC 40B-10 C VALUES FOR
9200 SERIES, FLOW AGAINST hub USE 1.5 C

DPIN INLET PRESSURE (UNITS: PSIC)
TROM PIQUISITION
IF ITYP = 3 LEAVE IT BLANK

DELTPF EFFECTIVE PRESSURE DROP FACTOR
FROM SALES HANDBOOK: CFC'40B-10. TABLE 1
(D0 NOT INCLUDE P , ONLY COEFFICIENT)

3,

STSH SHAPI STRENGTH FACTOR I
FROM SALES BANDBOOK: CPC 20D-10

SBUSH BUSH. STRENGTH FACTOR I
FROM SALES HANDBOOK: CFG 20D-10

C1 DISC TO SHAFT CONCENTRATION FACTOR

{ FOR PIN = 0.5, KEY = 0.75

C2 DRIVE TO SP. API CONCENTRATION FACTOR
FOR PIN = 0.5, KEY = 0.75

(2)
.__
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TABLE 2

,

VARIABLE i

NAME VARIABLE DESCRIPTION

BSHTYP BUSH. TYPE.NO.
FROM SALES HANDBOOR: CFG 20D-10

NOTE: 1. ALL ARE REAL NLHBERS EXCEPT BSHTYP
(BSHITP-INTEGER)

2. REPEAT CARDS 2 THROUGH 3 FOR NUMBER OF
SHAFT CALCULATIONS

3. RIPEAT CARDS 3A AND 3B FOR NUMBER OF
ANGLES FOR EACH SHATT CALCULATION .

J
1
4 .(

.

O

W |

1

(3)

. _ _ . . - _ _ _ _ - . - - . . . ..-. _ .. - - _ . - . .. . ._
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(
YDKE ARPt SPRING PRESSURE PRESSURE PRESSURE PRESSURE

ANGl.E TOROUE TOROUE 10RGUE TOROUE TORQUE

(degrees) Can Ib) C 50)pst ( 60) psi ( 70) psi ( SD)pst
...................................................................

0 18828 19187 26587 33986 41386

15 15602 12435 17949 23463 28977
._.

30 14268 9444 14147 18851 23554

45 14394 8053 12542 17831 21521

60 16088 7532 12300 17869 21837 -

75 20224 7572 13256 19941 24625

90 29640 7778 15600 23422 31245

.
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SPECIFIC VALVE TYPE QUESTIONS

AND RESPONSES FOR VEGP PURGE VALVES
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operability Qualification

{ of Purge and Vent Valves

Specific valve Type Questions

The following questions apply.to specific valve types only and
need to be answered only where applicable. If not applicable,
state so.

!

A. Torque Due to Containment Backpressure Effect (TCB)

| For those air operated valves located inside containment,
is the operator design of a. type that can be affected by
the containment pressure rise (backpressure effect) 1.e.,
where the containment pressure acts to reduce the operatori

4 torque capability due to TCB. Discuss the operator design
with respect to the air vent and bleeds. Show how TCB was
calculated (if applicable).

:
Response

a. The valves are equipped with BETTIS NT316B-SR2-M3
spring-return actuators. The spring side of the
cylinder actuator is vented to the local ambient
conditions, if the pressure side is vented (through

n the solenoid) to the same local ambient conditions, no
1 pressure differential will exist across the cylinder

as a result of surrounding local pressure rise. The'
,

spring will still drive the actuator to the safety-
mode (closed) position and maintain that position as'

long as the solenoid remains de-energized and as long
as no subsequent re-opening signal is received.

In the event of a delay in solenoid de-energization, a
local ambient pressure rise will reduce the AP across
the cylinder, which will initially partially close the
valve. When the solenoid subsequently de-energizes
and vents, the spring would complete the closure

: stroke.-

b. In the event the external ambient pressure is maintained

|
at an elevated level for a prolonged period with the
solenoid still energized, and providing the regulator>

is vented to the same ambient level with a sufficiently
,

high supply, the regulator would eventually adjust the
air supply to the cylinder actuator to re-establish

i the initial full-open position.

Adequate spring-driven torque output is available fromc.
the actuator to control the valve from any open or
closed position (regardless of external ambient pressure),

( providing the cylinder casing is vented (locally).
The torque available is well within the capabilities
of the NT316B-SR2-M3.

-, - . . . - . - -.-.._-.-__.-,-.._ _ __- - - -...- _. _ - . - - - _ . - - -
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B. Where air operated valve assemblies use accumulators as the(- fail safe feature, describe the accumulator air system
configuration and its operation. Discuss active electrical
components in the accumulator system, and the basis used to
determine their qualification for the environmental conditions
experienced. Is this system seismically designed? How is
the allowable leakage from the accumulators determined and
monitored?

Response - Not Applicable.

C. For valve assemblies requiring a seal pressurization system
(inflatable main seal), describe the air pressurization
system configuration and operation including means used to
determine their qualification for the environmental condition
experienced. Is this system seismically designed?

Response - Not Applicable.

D. Where electric motor operators are used to close the valve
has the minimum available voltage to the electric operator
under both normal or emergency modes been determined and
specified to the operator manufacturer to assure the adequacy
of the operator to stroke the valve at accident conditions
with these lower limit voltages available? Does this
reduce voltage operation result in any significant changer

( in stroke timing? Describe the emergency mode power source
used.

Response - Not Applicable.

E. Where electric motor and air operator units are equipped
with handwheels, does their design provide for automatic
re-engagement of the motor operator following the handwheel
mode of operation? If not, what steps are taken to preclude
the possibility of the valve being left in the handwheel
mode following some maintenance, test, etc. type operation?

Response - Not Applicable.

F. For electric motor operated valves have the torques developed
during operation been found to be less than the torque
limiting settings?

Response - Not Applicable.

2
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ATTACHMENT 2

VEGP DEMONSTRATION OF OPERABILITY

OF PURGE AND VENT VALVES
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( Guidelines for Demonstration
of Operability of Purge and

Vent Valves

Operability

In order to establish operability, it must be shown that the
valve actuator's torque capability has sufficient margin to
overcome or resist the torques and/or forces (i.e., fluid dynamic,
bearing, seating, friction) that resist closure when stroking
from the initial open position to full seated (bubble tight) in
the time limit specified. This should be predicted on the
pressure (s) established in the containment following a design
basis LOCA. Considerations which should be addressed in assuring
valve design adequacy include:

1. Valve closure rate versus time - i.e., constant rate or
other.

Response

In the case of a cylinder, spring-return actuator (such as the
BETTIS NT316B-SR2-M3, Push Down to Open), full travel is achieved
at a cylinder pressure of approximately 60 psig. Cylinder

/ pressurization up to 60 psig is done to provide the maximum
s torque capability (hold-open torque) at 90 travel. Therefore

the spring will not start to move the valve shaft linkage until
some cylinder pressure bleed-down through the solenoid occurs
(when the solenoid is de-energized).

When calculations were done to determine the allowable P at
open angles, the assumption was made that the peak containment
pressure (50 psig) was present immediately at the onset of the
LOCA accident condition. This is a conservative approach since
the buildup from ambient to 50 psig has been specified to occur
in 5 seconds. No time-history study was made, since maximum
conditions were assumed at the onset.

The Type NT316B-SR2-M3 actuator cylinder pressurized volume has
to be expelled through a 3/4" NPT connection (Cv=7.5) connected
to a NP831674E solenoid, in order for closure action to occur.
There is minimal restriction i4 the solenoid (Cv=5.5), so that
the pressure line to the actuator is immediately vented when the
normally closed solenoid is de-energized upon receipt of the
closure (safety-mode) signal .

Production valve stroking times were demonstrated as required
(for each valve assembly) prior to shipment. At this point, the
best stroking time data could be obtained by timing the installed
valve assemblies during a field stroking test, conducted at the

( plant site.

When stroking time calculations or testing is done, lag times
due to cylinder overpressure venting are considered and included
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(, when supplying stroking data, i.e. the closure / opening times are
noted from the time the solenoid signal is received, not from
the time the actuator starts to move.

2. Flow direction through valve; P across valve.

Response

Peak containment (LOCA) pressure (50 psig, @ 320*F)
was used in determining the fluid conditions across the valve
at all open angles of rotation (10* to 90*). P across the
valve was considered equal to peak containment pressure (PSIG).
Material properties were evaluated at peak containment temperatures.
The effect of compressible flow in sizing Fisher butterfly
valves is best explained by the following:

AIR VS WATER SERVICE

Whenever a Fisher butterfly valve is in a gas flow application,
the effects due to compressible flow are taken into considera-
tion while determining the dynamic torque effects for each
individual valve selection. This consideration is built
into our valve selection procedures and requires a conscious
liquid or gas decision in calculating the effective pressure
drop of wich the dynamic torque is a function.

Fisher's philosophy concerning the effects of compressible
flow on butterfly valves is presented in ISA Transactions,
Vol. 8, No. 4 entitled, "Effect of Fluid Compressibility on
Torque in Butterfly Valves", written by Floyd P. Harthun
(Manager, Product Evaluation, Fisher Controls Co. (Attachment 4).

3. Single valve closure (inside containment or outside contain-
ment valve) or simultaneous closure. Establish worst case.

Response

No credit is taken for reduced pressure due to valves in series.
Vogtle valves are designed for the maximum in-containment pressure.

4. Containment back pressure effect on closing torque margins of
air operated valve which vent pilot air inside containment.

Response

See response to Item A in attachment 1.

5. Adequacy of accumulator (when used) sizing and initial charge
for valve closure requirements.

. Response - Not Applicable.

-2-
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(- 6. For valve operators using torque limiting devices - are the
settings of the devices compatible with the torques required
to operate the valve during the design basis condition.

Response - Not Applicable.

7. The effect of the piping system (turns, branches) upstream
and downstream of all valve installations.

Response

All Fisher sizing data is based on dynamic torque determination
tests which were performed with uniform flow profiles and on
valve discs with representative geometries. The effects of a
non-uniform flow profile, due to piping elbows, "T"-connections,
etc., upstream, are discussed below.

The concern over geometrical piping system effects is relevant,
since Fisher typically sizes butterfly valves assuming a unifonn t -t .)ycould produce a non-uniform flow as illustrated by Figure A of *"

Attachment 3.

a. Valve / Flow Orientation, Figure A

The plant layout is such that the valve is oriented to the
flow as depicted in Fig. A (Attachment 3), the non-uniform{ fluid profile will not produce an additional torque on the
valve disc since both " wings" of the disc (as split by the
shaft) will be subjected to the same flow with respect to
time.

8. The effect of butterfly valve disc and shaft orientation to
the fluid mixture egressing from the containment.

Response

See Item No. 7 response above.

(

-3-
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Demonstration |

'

Demonstration of the various aspects of operability of purge and
vent valves may be by analysis, bench testing, in-situ testing+

or a combination of these means.

Purge and vent valve structural elements (valve / actuator assembly)
must be evaluated to have sufficient stress margins to withstand
loads imposed while valve closes during a design basis accident.;

i Torsional shear, shear, bending, tension and compression loads /
stresses should be considered. Seismic loading should be addressed.

Once valve closure and structural integrity are assured by
analysis, testing or a suitable combination, a determination of
the sealing integrity after closure and long term exposure to'

the containment environment should be evaluated. Emphasis
,

should be directed.at the effect of radiation and of the containment*

; spray chemical solutions on seal material. Other aspects.such
; as the effect on sealing from outside ambient temperatures and

. debris should be considered.;
,

i

The following considerations apply when testing is chosen as a
'

means for demonstrating valve operability:
.

Bench Testing

A. Bench testing can be used to demonstrate suitability of the
in-service valve by reason of its traceability in design to
a test valve. The following factors should be considered
when qualifying valves through bench testing.

1. Whether a valve was qualified by testing of an identical
valve assembly or by extrapolation of data from a
similarly designed valve.

Response

In determining allowable preseure drops across a particular
butterfly valve at various angles of the disc, Fisher
Controls uses classical " mechanics of materials" type
equations to calculate stress levels at various worst-case
locations in the valve assembly (specifically, various
locations along the valve shaft). The approach to the
analysis, the equations used, and the combination of the
calculated stresses all make up a portion of Fisher's
design philosophy for butterfly valves. This analysis
approach addresses all of the different states of shear-and
stress which are applicable to the loading conditions
defined.

Establishing the loads that actually exist makes up the

(~ remaining portion of our design philosophy for butterfly
valves. These loads range from easily calculated loads,
such as bending due to pressure differential across the
disc, to loads such as packing and dynamic torques which

._- .
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!

l

k, require a certain amount of testing combined with scaling
in order to analyze all valve sizes. It is the factor of
dynamic torque that produces different stresses at different |

disc rotations and disc geometries. Through testing and
scaling, Fisher has produced dynamic torque factors for
incremental disc rotations.

The model tests used to establish the dynamic torque values
used in sizing were conducted using 4" and 6" test valves
with various aspect ratios ranging from 2:1 to 14:1 (such
as 3:1, 4:1, 5:1, 8:1, 11:1, and 14:1). The dimensionless
aspect ratio (defined as the ratio of the disc diameter to
the hub diameter) was judged to be a significant parameter
for evaluation of dynamic torques at various opening angles.
The tests were conducted using the Fluid Controls Institute
(FCI) specifications for test arrangement and conduct, per
FCI paper 58-2.

No published data is available describing the precise
scaling procedure used in establishing the sizing tables.
However, the general approach is described in some detail
in ISA Transactions, Vol. 8, No. 4, " Effects of Fluid
Compressibility on Torque in Butterfly Valves" (Attachment 4).
All of the testing, scaling and analytical results referenced
above have been compiled and tabulated for all available

f valve sizes, classes, and materials, making it relatively
1 easy to determine the allowable pressure drops, torque

requirements, and capacities for specific constructions.

2. Whether measures were taken to assure that piping
upstream and downstream and valve orientation are
simulated.

Response

No credit was taken for downstream back pressure on the
design of these valves. All design constraints for upstream
piping provided by the valve supplier are factored into the
system design.

3. Whether the following load and environmental factors
were considered

a. Simulation of LOCA
b. Seismic loading
c. Temperature soak
d. Radiation exposure
e. Chemical exposure
f. Debris

2
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Response

Simulation of LOCA, seismic loading, temperature soak,
radiation exposure, and chemical exposure are delineated
in Fisher Qualification Report FQP-llA. Debris was not
considered because debris screens have been provided
upstream of the valves to prevent debris from interfering

,

with valve closure. Seismic loading is supplemented by
seismic analysis, resonant frequency search testing, and
seismic static loading of a Vogtle production valve.

B. Bench testing of installed valves to demonstrate the suita-
bility of the specific valve to perform its required
function during the postulated design basis accident is
acceptable.

1. The factors listed in Items A.2 and A.3 should be
considered when taking this approach.

Response - Not Applicable.

In-Situ Testing

In'-situ testing of purge and vent valves may be performed to
confirm the suitability of the valve under actual conditions.
When performing such tests, the conditions (loading, environment)

{. to which the valve (s) will be subjected during the test should
simulate the design basis accident.

NOTE: Post test valve examination should be performed to
establish structural integrity of the key valve /
actuator components.

Response - Not Applicable.

-

3
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Piping System Sketches, Figures A and BAttachment 3:
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Attachment 4: ISA TRANSACTIONS, Vol. 8, No. 4,
"Ef fects of Iluid Compressibility

on Torque in Butterfly Valves"
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> A technique is presented by which the shaft torque resulting from fluid flow through
butterfly vahres can be determined with reasonable accuracy for both compressibb and

[ incompressible flow. First, the general torque relationship for incompressib!e flow is( estabbshed. Then, an effective pressure differentialis defined to estend this relation <Np,

to includp the effect of fluid compressibility. The application of this technique showed*
very good agreement with experimental test results.

INTRO DUCTIO N DEVELOPMENT OF GENERAL TORQUE
THE APPt.tCATioN of butterfir valves in various automatic RE LATIONSHIP
control systems requires proper actuator sizing for The total shaft torque required to operate butterflyefficient control. Thus, a thorough knowledge of the valves can be separated into two major componcuts:
fluid reaction forecs acting on the valve disc is required.
Extensive experimental work'" has been performed in 1. Dynamic torque-that portion of the total
the past to establish a relationship to determine these operating torque attributable to the fluid reaction
forces and thus determine the resultant shaft torque. The force of the flowing medium acting on the valve
general form of this relationship has been established and disc.
confirmed. However, by using the classical fluid momen- 2. Friction torque-that portion of the total
tum rpproach, a similar relationship can be obtained in operating torque attributable to friction in the
whicli the Iorque is showiito be directly proportional to packing and bushings.
the measured valve pressure differential for a given disc
position. This relationship along with most of the Since each of these components is independent of the
previously published torque information is adequate for other, a separate evaluation of each component alTords
incompressible flow. Although the effcet of fluid com. the best approach to this problem. This investigation is
pressibility on torque has been recognized, no useful Imn,ted to an evaluation of the dynamic torque com-
relationship has been developed. The primary ob- ponent. If the friction on the valve shaft is assumed to be
jective of this insestigation is to extend the established !ndependent of direction of rotation, it can be readily
torque relationship to include the effect of fluid com- is lated. The torque required to' rotate the valve disc is

measured in a clockwise and a counterclocLwise direc-( * pressibility. tion through full trasci. Since friction always opposes
-

'Proented at she 1%S ISA Annual Conferenec;remed August.1%9. motioil the difference betwecn these values will be twiec
- tRocarcii Enginecr. the actual shaft friction.
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The dynamic torque for butterfi) valves is a function Combining Equations (7),(8), und (9)
of the fluid reaction forces actine on the valve disc. It 2 3 4::D'AP1

( .* anal)ticalieehniques.Esperimenialdetermination ofIhe

' 2would be difficult to determine these forces by purely To = 4
~

pressures and selocity profiles in the immediate area of or
thediscwouldal obequitediflicult.Ilowever ifa control
volume is selected so the boundaries are points of known T, = K D'AP 00.A)
pressure and sciocity, an analpis of these forces can be where
made from the change in fluid momentum through this
control volume: g,2B 8, Ben To2 SB)A,i = = gg3p4

INCOMPRESSIBLE FLOW
An espression for dynamic torque is developed Equation (10-B) is defined as the dimensionless torque

assuming incompr essible flow. This torque is a function coeflicient which can be determined experimentally from

of the fluid reaction force. F,and a moment arm, D,which tests conducted with incompressible flow.

is a characteristic dimension of the valve disc.
COMPRESSIBLE FLOWTo = f(f, D) (1)

Using the fluid momentum approach, the force, F, is The dynamic torque for butterfly valves is proportional
gisen by: to the mass flow rate' and velocity change through a

selected control volume for both compicssible and
F = Afal' (2) i.ncompressible flow (it. To x Afal'). Therefore, the

approach used to obtain an expression for this torquewhere assuming incompressible flow can be extended to
F = sum of external forces acting on fluid compressible flow by re-defining these two sariab!cs.

Af = mass flow rate First, assume that the velocity at the valve dise. IL,
Al' = fluid selocity change through the control is proportional to the velocity change through the cont rol

volume volume. Then, the dynamic torque can be expressed as

The mass flow rate,31,i> gisen by To x AfIL O1).

Af = e41' (3) The velocity at the valve disc is given by<

By using a proportionality constant, B ,'the mass flow Af'
i

rate can also be dermed as IS " p U2I

Af = B A(PAP)'2 (4)
.

By combining Equations (11) and (12) the dynamic
Equations (3) and Ni are combm.ed to obtam the follow- torque is shown to vary directly as the square of the mass
ing expression for fluid selocity: flow rate and insersely with the fluid density at the valve

V = B (AP/p)n: (5) disc.
i

Af*The velocity change through the control volume, Al', To x 03)
in Equation (21can be expressed in terms of the velocity
at the valve disc by use of a pioportionality constant, B 2 Determining the flow rate of a compressible fluid

F = B Afl' (6) through a control vah e by anal)tical techniques is quite2

difficult because of valve geometry. The major problemBy substituting the expressions for mass flow rate
Equation (4) and fluid velocity Equation (5)into Equa- !s to establish the pressure differential between the vahe

lion (6) the force on the-salvc' disc is
mlet and the vena contracta. liowever, by derming the
physical system in which the valve is installed to conbrm

2B AAP (7) with specifications gisen by the Fluid Controls InstituteF=B 2i

For a given valve size, the flow area A, for any angle of (FCI).'2' empirical relationships descloped specifically
for determimng flow rate for control valves can bedisc rotation,0.can be written as
considered. Several such empirical relationships have
been developed: however. only one, the Universal Gas2

A = B,irD (8) Si7ing Equation''' has been shown to accurately defme7 the flow rate for any valve configuration. This equation
The force. F. acts upon a moment arm which is a function is pisen by

C <
of the dise diameter, D. Now, the dynamic turque can be

~ 9.64 [A7written as [520 5

/- i 2
- 04)Q = \ C,P:C C C,. sin f. C \j l . aTo = B FD (9) i2 i*

3
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Equation f14) can be rewritten to obtain an equivalent incompressible flow.
expression for mass flow rate.

~ To = K D P
gg' 2

(s* ~59.M [IAP'

3 2sin 0 . (24)
*

i

P C C C, sin - (15)
-59.64,

Af=1.06/pi For convenience the form of Equation (24)is simplified,i 2

To - K D'AP, (25)
The sine function in Equations (14) and (15) is used to where
define the transition betueen incompressible flow occur- -CC 2

i 2ring at low pressure ratios (AP/P,) and critical flow. AP,= P 20 @i

Let ,59.64,

AP Equation (26) is defined as the pressure differential

7.'
-59.M

(16) contributing to the dynamic torque on butterfly valves0=
CCi2 8 "' with conditions of compressible flow.-

Rewriting Equation (15)in the following manner:
EXPERIMENTAL RESULTS

Af = 1.06/pi C C C,F (17)P i 2
The first step in the experimental evahiation was to

The factor, P,is bounded by the following: establish the dimensionless torque coefficient, K , as ai

F = sin 0 for 0 < n/2 function of valve disc rotation as defined by Equation
(18) (10-B). A test was conducted on a 4-in. vahe under the

F = 1.0 for 0 2 n/2 following controlled conditions:
By substituting Equation (17) for the mass flow rate in 1. The valve was installed in a 4-in. test line with a
Equation (13), the dynamic torque for a gisen valve is minimum of 12 pipe diameters of straight pipe
given by upstream.

,

pi i(C C, sin 6): 2. The pressure taps were located according to FCIP i ~
(19) specifications and attached to the test lineTo cc

#' according to specifications in the ASME Power
The only parameter in Equation (10) that cannot be and Tc.st Code.'"

( , readily obtained is the density at the valve disc, p,. 3. Water at ambient temperature was used as the
Assuming that the change in the rano of fluid density at .

flowing medium.
the vahe inlet to fluid density at the vafve disc with 4. The inlet pressure and outlet pressure were heldA

increasing pressure ratio is small relative to the total constant.
change in mass flow rate, the torque expression can be 5. The test was conducted at a low pressure ratio
simplified in the following manner: (AP/P = 0.088) to ensure incompressible flow.i

To cc P (C C sin 0)2 (20)i i 2 36
Therefore, for compressible flow:

32
- To = K P,(C C sin 0): (21)2 i 2

For small values of pressure ratio (AP/P,) Equation (21) 28
reduces to the incompressible torque relationship given
by Equation (10-A). 24

As AP/P -+ 0 20 *
i

sin 0 = 0(radians) ) [\
[

' *
To = K (59.64)2AP (22)2

J h12The expression in Equation (22) is equivalent to the 3
expression in Equation (10-A): a 8

K (59.64)2AP = K D'AP i
2 i

K2 = (23), 0"
0 10 20 30 40 50 60 70 80 90

By substituting the expression in Equation (23) for th
ANGLE OF ROTATION. DEGREEScocilicient K m Equation (21). a general expression for

( '

dynamic torque for compressible flow is obtained using Figur.1. nimensient... torau. coefficient,4.in. butterfly
2

- the dimensionless torque coeflicient established for vetva incompre..ibi. fiow: e, = too p io, P = Ato psi.

283 ISA Transactions . Vol. 8, No. 4
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Figure 2. Dynamic torque vs. angle of dine rotation,4-in. Figure 4. Dynamic torque vs. angle of disc rotation,8.in.
butterfly valve, comparison of experimental results with butterfly valve, comparison of esperimental results with
calculated torque, incompressible flow; P = 100 psig, calculated torque, incompressible flow: P, = 100 psig,
AP = 5 psi. AP = 5 psi.

Torque measurements were mad: at selected incre. ment betw een measured torque and the torque calculated
ments of disc rotation (0-909. A transducer, consisting using this coeflicient.
of a steel bar with strain pages attached. w:s fixed to the The next step was to verify that the torque coefficientr

f' ' valve shaft and used in conjunction with an oscillograph is indeed apphcable to other valse sizes provided geo.
to m:asure and record the shaft torque. The data from metric similarity is reasonably well maintained. The
this test w ere used to determiu: the dimens;5ntess toique results on Figures 3 and 4 again show very good agree.-

co:flicient plotted as a function ofdise rotation on Figuie ment between measured torque and calculated torque
1. The curves plotted on Figure 2 show escellent agree. for two 8.in. valves.

720 360
c-ko:KD'AFi

640 320
REST DATA!a-

560 280 INCOMPRE55|BLE'g
- r KgoP g g _pgog

480 1 i g g 240
Z a-1 EST DATA /

--

,r

W<

w 200 V
s'400 / 8 / 7
0''0 / \ E '' //-

24y 120
-

|'"' ../ /
'

'A /00 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
ANGLE OF ROTATION. DEGREES VALVE PRESSURE DROP AP PSI

( ' butterfly valve, comparison of emperimental results with

'

Figure 3. Dynamic torque vs. nngle of disc rotation, 8.in. Figure 5. Dynamic torque vs. valve pressuro drop. 4.in.
lautterfly walve, GO' disc rotation, comparison of espers.

( ,, calculated torque, incompressiole flow; P, = 100 psig, montal results with calculated torque, compressible flow:
AP = 5 psi. P, = 214.4 psia, flowing medium = mir.
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o
Fipwre 6. Dynamic toregue vs. engte of disc rotation. 4-in. 0 30 m 50 60 70 80 90
butterfly velve, comperinen cf coperieviental resurts with

ANGLE OF ROTATION. DEGREESsolculated torc,ve, sempressible flow: P, a 114 4 pois.
AP = 5 poi ( AP/P m 0.0444), flowing enedium a sir. y;,,,, g , gy,,,,,, ,,,,t,, ,,, ,,,,, ,, gg,, ,,,,,;e, ,, yn ,

butterfly valvo. compersoon of test results watin calculatert
It should be noted that discs in the two 8 in. valves **"'u* ****"** *ible flow: P, a 64.4 psia. AP = M psi

were of substantially diserent geometric shape. Using ( * ###' " 8 "' I- ( *''''**' "* * I "*"i"' **d'"" * * "-

the ratio ofdise diameser to hub diameter as an indicator,
these ratios weie 4.56:1 and 3.55;l for the valves used to similar to the discin the 4-in. test sahe used to estabhsh

/ obtain th: data for Figures 3 and 4. respectively. The the torque coetricient. K .
i

c differenec in torque magnitude for these valves with a The extemien of the dynamic torque relationship to! (
5 psi pressure differential shown in Figures 3 and 4 is include the effect of fluid compreaibility is acecmplished2

'
I th: result of this differen:e in geometry. The dire in the by defming an etTectis e pressure differential as shown in
'

S-in. vahe used for the test in Figure 3 was geometricalh Equation (25) Thecurves on Figure 5 show the transnion
i from incompressible flow to critical flow with increasing

'

pressure ratio for a 4-in. vahe set at 60' dise rotation.t

.j 18 0
Here again there is very good agreement between the

16 0 torque calculated using Equation (24) and the experi.

K,Db mental results. The incompressible torque curse is also

14 0
shown on Figure 5 to emphasize the effect of fluid

3DAP A compressibility.
a- T = K'l i #\ The curves on Figures 6 through 8 are presented to

o1

i d120
TEST'DATj i[ compare experin1 ental results with torque calculatedi g o.

using Equation (24) for full 90* disc rotation. At low

/m }l
pressure ratios, the torque using air as the Dowing

80 medium is essentially equal to the torque for incom-e_
/) pressible flow (Figu re 6). As the pressure ra tio is increased.

'

/Yg the efTect of fluid compressibihty becomes more pro.- t;

J{ \ nounced as shown in Figure 7. Once critical flow has"
*

\ been attained, no further increase in torque is reahredL40

[ by increasing the valve pressure difrerential as shown on>

- 20 Figure 8.J
' # 1

8
0 10 20 30 40 50 60 70 80 90

ANGLE OF ROTATION. DEGREES A technique is presented w hich ea n he used io det ermine.

Figure 7. Dynamic terraue vs. engle of dies estation. 4.in. g udy shes wM N.MnMun I

[ butterfey vesve. eomparison of esperimentes resusts with acewacy. He be twque rel.nionslu,p devebped h,

4

esseuested terrue, e mpressibae feow: P. = 64.4 pose. incompressible flou s,t entended to include the C0ces of'

\- * . AP a 10 poi ( AP/P m 0.115). flowing wiediesm a air. fluid compressibilit).The method prewnted is des eloped
,
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using the Univerul Gas Sizin;: Equation to define an AP, = Prasure d naemiat anusins onian..c ierque

j effective pressure difkrenti.il fot the transition froin 0. * f la* rate iaco .prewwe nei.i. s.ni
C, = no. ranc e.wnp mwe stuid, wth

(g incompressible flow to critical flow. Application of this ,

method shows cwellent agreement with experimental [ " f3%'",'' ','"',',[,'i,,''s'"
''"

s ,

.
test results. s' = nuid wloesis. n i,.

p = l'luid densii) at upstream pressurc tap. lb in *
8

NOTATION #8 * F38W d'a$i') at salve disc lb/in

A = Flow area,m.8:.
E, . Es.
Sa.8. = Constant <ef proportionah:3 REFERENCES

C, = C)C,
C, = Correcteon factor for varianon in specific heat ratio 1. Keller. I. C, and Salonann.1. F. January 194 Aerod nanvc3

C, = Gas sinns co6 ninent M.*1 Tests on Mutterny Vales " rwAir.H *iss Ar . 9
.

C, = new cornici.ni 2. Reewoman e.l.4 Valenuerr Soamlardefur brea.or.~rno Pen:c.t a . f..*r

C = Nominal sahe daanw:cr.in f)crerseeisesic Centrol Vandir f&se Capsesty.19%. Muid Contrcls
F = Force.lb lastituac. lac, paper FCI Sit.2.
G = 5preific granty 3. Beresh.J.F.end Schuder.C. B.OctoNr 1964 **The Deselorment

K = Dim:nsionless orque coeSiewnt of a Uniwesel Gas Seng Equation for Conteel Vah es * 154 7 c.m..
Af = Mass faom raic.Itvs 3:322-328
F, = Enlet pressure. rua 4. I Anr .tfenosurement: Instruerents and App.sraurus. Supplern.vu sa rle

AP = Vahe pressure d.J:renrist. psi ASAJE haier Tc.it Castra. AS4tE report PTC 19.5. 4-19 Av
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Bechtel Power Corporation
k Engineers - Constructors

12440 East imperial Highway
Norwalk, California 90650
UAll ADDRESS
P O Box 60e60 TERMINAL ape Em LOS ANGELES CALF 0RNIA 90060
TELEPHONE (2131807 2000

March 25, 1985

Mr. Doug Pothast (Vendor)
Fisher controls, Inc.
Marshalltown, Iowa 50158

Subject: Georgia Power Company
Plant Vogtle Units 1 and 2
Bechtel Job 9510
Butterfly Valves
P.O. Nos. PAV206 and PAV234
File: X5ACO3
Log: BV 10318

Reference: Meeting between Fisher Controls,.Inc. and
Bechtel Corp. on Feb. 15, 1985 at Marshalltown,
Iowa (MN-1623)

Dear Mr. Pothast:
'

Attached is a better quality copy of Bettis Actuator Torque
Data.

Please remove table 3, from the " Operability Qualification
of Purge and Vent Valves", and replace with the attached
better copy of Torque Data.

We are requesting Fisher to submit an original signed
document to support the figures interpolated by Bechtel.
Your prompt attention to this matter will be appreciated.

If you have any questions, please contact us.

Very truly yours,

BECHTEL POWER CORPORATION

H. G. Gronroos
Project Engineer
Western Power Division

NCB/WHJ/cb
Attachments: Bettis Actuator Torque Data, Table 3.

xc: O. Batum, w/att.
VRMS, w/att.

.
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VDKE ARM SPRING PRESSURE PRESSURE PRESSURE PRESSURE

ANGLE TOEQUE TDRQUE TDRGUE TOROUE TORQUE

(degrees) (in Ib) ( 50) psi ( 60) psi ( 70)pst ( so)ps

...................................................................
9 18828 19187 26587 33986 41386

..
15 15602 12435 1794S 23463 29977

.

30 14268 9444 14147 19951 23554

45 14394 8053 12542 17831 21521

.0 i.0 7532 us.. 17... 21 37

75 20224 7572 13255 19941 24625

90 29640 7778 15600 23422 31245
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NUCLEAR QUALIFICATICN TEST REPORT
NUMBER 37274

GH-BETTIS CORPORATION
HOUSTON, TEXAS

This qualification test program was started in mid-year 1977 and
completed January 1980. A number of revisions and additions were

typically to reflect the continuouslymade to the test program; Thesechanging requirements demanded by the Nuclear industry.
included additional wear aging and thermal aging as qualification
requirements were upgraded.

All qualification testing was conducted at Southwest Research '

Institute, San Antonio, Texas and Wyle Laboratories, Huntsville,
~ Alabama.

The final results of this nuclear qualification test program show
that all "N-Series" actuators manufactured by GH-Bettis are quali-
fied for use in Nuclear Power Plants and will equal or exceed the
requirements of the following standards:

IEEE 323-1974, Standard for Qualifying Class lE Equip-
ment for Nuclear Power Generating Stations.

IEEE 344-1975, Guide for Seismic Qualification of Class I
Electrical Equipment for Nuclear Power Generating Stations.,

IEEE 382 (ANSI N278.2.1, Draft 3, Rev. O, February, 1977)
American National Standard for Qualification of Safety
Related Valve Actuators.

Four (4) actuator models were chosen for type of testing.
T

-

(1) N732C-SR80-12 to qualify all NHD series actuators.~
"

," p . " '(2)
NT420B-SRl-12 to qualify all NT series actuatorsM seismically)-

-

(except NT-5 and NT-8 series actuators,/ '

(3) NT520B-SRl-12 to qualify NTS and NT8 series act-
uators, seismically

(4) NCB-520-SR80-12 to qualify all NCB series actuators.

These four (4) models chosen to be the type tested units since
they best represent all of the variable affecting environmental
qualification as well as exhibiting the lowest natural frequencies
within their series based on their respective mass, centers-of-
gravity and size and also, to exhibit the highest stress icycls
during ope

()pm| cTAP.\Yc
-
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It should be noted that the elastomer seal materials and lubri-cants used in all actuators in this report are generically identi-
cal. Justification showing relationship between type tested and '

c,

- generic model actuators is shown in Appendix A.

This qualification test report is presently made up of six (6)I

i principle sections or volumes. It is anticipated that additional
sections may be added when further testing is done to meet future
qualification requirements yet to be established. A short summary

of each volume is as follows:
VOLUME I, THERMAL AGING, DYNAMIC FUNCTIONAL DATA

.

The purpose of Thermal Aging was to show that the ethylene propy-
lene seals used in all "N-Series" nuclear actuators were suitablen

for a qualified service life of fige (5) years. The original test
; ,

.

parameters were established as 200 F for 200 hours at 100 percent
! humidity. Subsequeng thermal aging (Volume V) of a Model NCB520-SR80-12
| was performed at 250 F for 294 hours at 100 percent hgmidity. By

Arrhenius Equation with continuous temperature of 120 F and an acti-
; vation energy of 0.8eV, this shows that the ethylene propylene seals

have qualified life expectancy of 6.5 years. Since the seals of
lubricants used in NHD and NT Series actuators are generically the
same as used in the NCB models, they to are considered to be covered
by.this subsequent thermal aging" test. Based on this, elastomer,

; seals in all GH-Bettis "N-Series actuator must be changed every 5
years to maintain qualified.

! Dynamic Functional Data was also obtained, in the beginning as base-
line-date, and after each phase of testing to dbtemdne what effects,

i if any, that the various tests had on the operating capabilities
of the actuators. It should be noted that throughout the test pro-
gram a number of test equipment and control failures occurred in-
cluding torque transducers, solenoid valves and limit switches.

; None of these items are part of the actuators being qualified, but
are pieces of equipment used to test and operate the actuators them-

: selves during qualification testing. (ASCO solenoid valves and,

NAMCO lbmit switches supplied by GH-Bettis are nuclear pre-qualified:

by their respective manufacturers.) NHD and NT Series actuators'

continued to perform throughout the test program at acceptable levels
of torque output nad speeds of operationc-

VOLUME II, WEAR AGING, RADIATION AGING

The NCB520-SR80-12 actuator was originally operated 5000 cycles with- .

; '

out maintr. nance while the N732C-SR80-12 and NT420-SRl-12 actuators
were operated 2005 cycles. An additional 3000 cycles were added to
these same N732C-SR80-12 and NT420B-SR1-12 units (Volume VI). Based,

'

on this, all "N-Series" actuators (less seals and lubricants) are>

suitable for a design service life of 5000 cycles'or 40 years, which- ,

,

ever occurs first.
,

I ( ,

;

,
'

"-- *
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All actuators were irradiated for a minimum total dosage of 1.4x10
rads (air equivalent) after thermal aging and wear aging with no
noticable affects on operability. .

~

VOLUNE III, SEISMIC TESTING .

Each of the type tested units were subjected to a resonant search,
plant induced vibration simulation and ramdom biaxial excitation.
There were no signs of cracking or yielding in the actuators and
they performed normally during and after the tests. The Model
NT520B-SRl-12 was added to the program to varify that the larger
NT series actuators were suitably qualified.

.

VOLUME IV, LOCA TESTING

The Models N732C-SR80-12, NT-420B-SRl-12 and NCB520-SR80-12 act-
uators were shipped from Southwest Research Institute to Wyle
Laboratories for Design Basis Event (LOCA) Testing. The Model
NT520-SR1-12 was not tested since the seals and lubricants are
generically identical to those used in the Model NT420B-SRl-12
unit. The Model N732C-SR80-12 and NT420B-SR1-12 actuators succes-

sfully p(assed LOCA simulation with only a minor decrease in torqueThis is judged t'o be expected and acceptable.output approx. 10%).
The Model NCB520-SR80-12 actuator was removed from testing after
9 hours because of excessive piston seal leakage. Post-test exami-
nation showed the piston seal to be damaged. A subsequent test ofi

a re-designed NCB520-SR80-12 was successfully performed at a later
date (Volume V).
It should again be noted that there were several failures of torque
transducers, solenoid valves and limit switches. None of these items
are part of the actuator and their performance failure and replace-
ment should not be construed as a failure of the actuators. ASCO
solenoid valves and NAMCO lbnit switches are separately qualified
for nuclear service by their respective manufacturers.
VOLUME V, THERMAL AGING, WEAR AGING, RADIATION AND LOCA SIMULATION
MODEL NCB520-SR80-12

A redesigned Model NCB520-SR80-12 actuator was submitted to Wyle
Laboratories for Thermal Aging', Wear Aging, Radiation and LOCA
Simulation. A comparison of post-test torque outputs with initial
base line data shows no decrease in performance. Seismic testing

was n2t re-done since the design changes in the piston seal and
piston seal groove would not materially affect the seismic response
of 5he actuator. With new thermal aging parameters of 294 hours at
250 F and 100% humidity the seals in the NCB520-SR80-12 actuator
are suitable for 5 year service life without maintenance (Appendix
E, Arrhenius Law). Likewise, the seals in Model N732C-SR80-12 and
NT420B-SRl-12 actuators are also suitable for 5 years service life
since they are gener,1cally identical.

( .

!
l

. ,
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VOLUME VI, 3000 ADDITIONAL WEAR AGE CYCLES - N732C-SR80-12 AND
RT420B-SRl-12

The original Model N732C-SR80-12 and NT420B-SRl-80 actuators pre-
viously wear aged, thermal aged, irradiated and seismically tested
at Southwest Research Institute (Volumes I, II, III) and subj ected
to LOCA simulation at Wyle Laboratories (Volume IV) were returned
to Wyle Laboratories for additional wear aging of 3000 cylces. No
appreciable differences in torque output was noted at the end of
testing. Based on this, GH-Bettis believes all NCB, NHD and NT-
Series actuators are suitable for 40 years desigr. life (except
seals and lubricants) and/or 5000 cycles, whichever occurs first.

.
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GENERIC QUALIFICATION
.

Generic qualification of GH-Bettis nuclear ~ rated valve actuators
-is accomplished in the following manner.

'
. -NCB520-SR80-12, N732C-SR80-12Three generic parent test actuators;

and NT-420B-SR1-12; were submitted to all facets of nuclear qualifi-
cation testing in accordance with the requirements of IEEE 382 (ANSI
N278.2.1, Draft 3, Rev. O, February 1977). Testing was conducted at
Southwest Research Institute and Wyle Laboratories. An additional
actuator, NT-520B-SR1-12, was tested to the seismic requirements of
that document.

,

Actuator Model NCB520-SR80-12 serves as the generic parent of all
NCB model actuators for all nuclear environments. They share the
.following design similarities.

,

1. Housings are of gray iron and are of a single
design with only tluee basic sizes availabic;
1h", 2" and 2h". The generic parent contains the
2" housing.

2. The housing is 2n integral part of the pressurized
section of this model.

3. A ductile iron piston of a single design is
incorporated in NCB series actuators and is guided

..

by the center bar.

4. Lateral loading imposed by the scotch yoke mechanism
is supported by the center bar.

5. Ductile iron yokes are of one design and are avail-
able in three sizes; 1h", 2" and 2h".

6. Yoke pins are of a single design; guided by a roll
pin.

7. NCB series actuators share the same unit assembly*

configuration (e.g. the entire unit is held together
and supported by a single center bar).I

8. NCB seals are of one design and are provided in
compounds successfully qualified by testing.

9. Coatings and lubricants are the same for all NCB
models and are identical with those of the tested

( unit.
,

(

| Actuator model N-732C-SR80-12 is the generic parent test actuator of
| all nuclear rated Heavy Duty (HD) model actuators. They share the

j following design similarities.

I ( Cast ductile iron h'ousings and housing covers are of a single! 1.
design and are available in two sizes; 2" and 3".

The generic parent utilized the 3" housing.
Document No. 38400 Revision 0
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2. Pressure and spring cylinders cre threadsd into
cast adapters which are in turn bolted into the
housing with ferry head cap screws.-

3. A single piston rod is utilized which traverses the
housing and is supported at both ends of the housing
by a bronze. bushing. .

.

4. The piston rod absorbs all lateral loading imposed
by the scotch yoke mechanism.

5. Cast ductile iron yokes are of one design and are
available in two sizes; 2" and 3". The parent test
actuator contained the 3" yoke.

6. Yoke pins are of one design and are guided by cast
ridges in the housing and cover.

.

'7. HD series actuators share a common unit assembly con-
figuration.

8. U-cup piston seals and polypak rod seals of qualified
ethylene propylene compounds are unique to the heavy
duty design.

9. Coatings and lubricants are ihe same for all nuclear
rated HD models and are the same as those used in the

e tested unit.
1

Actuator Model NT-420B-SR1-12 serves as the generic parent test act-
uator of all NT series models for all nuclear environments excepting
the seismic environment. It serves as the seismic generic parent of
all NT3-SR and NT4-SR models. Following are design similarities shared
by these models.

1. Ductile iron housings and housing covers are of a
single design.and are available in four sizes; 3",
4", 5" and 8". The generic parent utilized the 4"
housing.

2. pressure cylinders are of three piece construction;
two end caps and a cylinder. These parts are attached
together and to the' actuator housing by two tie bars.

3. NT3-SR and NT4-SR spring cylinders are attached to a
brace plate utilizing two tie bars and four symmetric-
ally located external brace rods. The brace plate is.

attached to the actuator housing by four cap screws.
4. Piston rods and spring push rods are separate pieces,

attached by threaded connections at the yoke' pin nut.
5. Lateral loading imposed by the scotch yoke mechanism

is absorbed by the yoke pin and rollers which arec

guided and supported by tracks located in the housing,
'

and housing cover.
.

~ . . . ...-. . . _ . . . .
. ..m.-~. *~ .-
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6. Ductile iron yokes are of one design and are
available in four sizes; 3", 4", 5" and 8".
The parent test actuator utilized the 4" size.

7. NT3-SR and NT4-SR model actuators share a c'ommon
. unit assembly configuration.

8. All seals (piston T-seal, pressure c,linder end
cap seals, rod seals, etc.) are 'f the same design,

and are molded of qualified ethy2ene propylene com-
pounds. ,

9. Coatings and lubricants are the same for all nuclear
rated T-series actuators; the same as those used in
the generic parent. -

Actuator Model NT-520B-SR1-12 serves as the seismic generic parent
of all NTS-SR and NT8-SR series actuators. These models share the same
spring cylinder support design, as follows. The spring cylinder is at-
tached to the brace plate by two tie bars and two external brace rods
located above the spring cylinder. The brace plate is attached to the
housing by six cap screws and two shear pins. -

Seismic analyses are provided for nuclear rated actuators at the request
of the customer. All generic parent test ' actuators are believed to be
the models which are the 1 cast rigid.
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