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QJAI IFICATION OF PURGE AND VENT VALVES AT WNP-2

1.0 Introduction

The Nuclear Regulatory Commission is concerned about operability of the
WNP-2 purge and vent valves when subjected to a postulated LOCA in
combination with seismic plus hydrodynamic conditions. Specifically,
their concern is the ability of these valves to close in the time re-
quired to prevent discharge of radioactive gases to the outside environ-
ment. The valves identified as the containment isolation valves in the
purge and vent system are as follows:

Valve Number Valve Size (in) Use Location

2.0

CSP-V-1
CSP-V-2
CSP-V-3
CSP-V-4

CEP-V-1A
CEP-V-2A
CEP-V-3A
CEP-V-4A

~Sno sis

30
30
24
24

30
30
24
24

Supply
Supply
Supply
Supply

Exhaust
Exhaust
Exhaust
Exhaust

Outside Containment
Outside Containment
Outside Containment
Outside Containment

Outside Containment
Outside Containment
Outside Containment
Outside Containment

3.0

Qualification of WNP-2 purge and vent valves for a postulated LOCA

condition superimposed with a seismic/hydrodynamic event is exhibited by
analysis utilizing dynamic flow calculations, detailed structural
integrity studies, dynamic flow tests and investigation of actual on site
configurations.

Operability was addressed by in-situ testing (equivalent static load) of
the operator, dynamic flow testing of a similar valve (12") and
subsequent calculations to account for dynamic air/steam flow conditions.

Final As-built qualification has been demonstrated on the WNP-2 purge and
vent valves by the use of appropriate dynamic torque coefficients for
associated installation configurations coupled with a restricted valve
opening angle to 70 degress.

Functional Descri tion and A lication

The containment purge and vent valves are butterfly valves manufactured
by BIF, a unit of General Signal Corporation and are identified as model
numbers A-206765 (24") and model number A-206763 (30"). Both sizes use
Miller Air Products air cylinder operators (air to open and spring to
close in the fail-safe mode).



CSP-V-l CSP-V-2 are 30" butterfly valves which are normally closed, and

are open only for drywell purge, and drywell inerting. During drywell
purge air is supplied by the reactor building ventilation system through
these valves into containment. During drywell inerting, nitrogen from
the containment inerting system is introduced to the drywell through
these valves. Valves fail closed on loss of air or power and close on
F,A,Z signal regardless of operating switch position. Figure l provides
a schematic flow diagram for all eight valves. Also, Attachment L Sec-
tion 3 provides Flow Diagram M543 with the valve locations identified.

CEP-V-lA CEP-V-2A are 30" butterfly valves which are normally closed,
and are operated only for drywell purge and drywell inerting. During
drywell purge or inerting operations, the exhaust gas exits containment
through these valves and is routed to either the elevated exhaust stack
or to the Standby Gas Treatment System. Used in conjunction with CSP-V-l
and CSP-V-2 these valves fail closed on loss of air or power and close on
F,A,Z signal regardless of operating position.

CSP-V-3 CSP-V-4 are 24" butterfly valves which are normally closed, and
are opened only for wetwell purge, or wetwell inerting. During wetwell
purge, air is supplied by the reactor ventilation system through these
valves to the wetwell volume. During wetwell inerting, nitrogen from the
containment inerting system is introduced through these valves. Valves
used in conjunction with CEP-V-3A and CEP-V-4A fail closed on loss of air
or power and close on F,A,Z signal regardless of the operating switch
position.

CEP-V-3A CEP-V-4A are 24" butterfly valves which are normally closed,
and are opened only for wetwell purge and wetwell inerting. During wet-
well purge or inerting operations, the exhaust gas exits containment
through these valves and is routed to either the elevated exhaust stack
or to the Standby Gas Treatment System. Used in conjunction with CSP-V-3
and CSP-V-4, these valves fail closed on loss of air or power and close
on F,A,Z signal regardless of the operating position.

The purge system is desicped to purge either the drywell or the wetwell.
Only one entrance and one exhaust line will be open at any given time.
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4.0 Limitin Condition for 0 eration

The Purge and Vent System at WNP-2 for normal operation, is controlled
with 2" bypass lines (two pairs) for inerting, de-inerting and pressure
control. The large 24" and 30" purge and vent valves will be used only
during off-power operation in accordance with the limiting conditions for
operation (LCO) as shown below.

Each 24" and 30" purge and exhaust isolation valve shall be normally
closed during the time period:

1. Within 24 hours after Thermal Power is greater than 15% of
Rated Thermal Power, following start-up to within 24 hours
prior to reducing Thermal Power to less than 15K of Rated
Thermal Power, preliminary to a scheduled reactor shutdown.

2. The valve opening angle will be limited to 70 degrees and will
be implemented prior to 5X Rated Thermal Power.

Each 2" purge valve may be open for purge system operation for in-
erting, de-inerting and pressure control.

A complete copy of this LCO is provided in Attachment C.
I
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5.0 Res onse to NRC Concerns (Summar )

5.1 NRC Concern No. 1 — Valve Installations

Detailed valve installation information was not provided for each
valve such as:

Item 1.
Item 2.
Item 3.

Item 4.

Item 5.
Item 6.

Direction of flow.
Disc closure direction.
Curved side of disc, upstream or downstream (asymmetric
discs).
Orientation and distance of elbows, tees, bends, etc.
within 20 pipe diameters of valve.
Shaft orientation.
Distance between valves.

Su 1 S stem Res onse - Valve Installations

Complete details of the valve installations are provided.

Figure 3
Figure 4
Figure 5
Figure 6

CEP-V-1A and CEP-V-2A
CEP-V-3A and CEP-V-4A
CSP-V-1 and CSP-V-2
CSP-V-3 and CSP-V-4

Item 1 — Direction of Flow

For normal flow considerations at WNP-2, the valves are installed in
the manufacturer's preferred orientation. Therefore, the exhaust
valves (CEP) are installed in the preferred direction of flow for
both venting containment and flow which is a result of LOCA.
However, the supply valves (CSP) are installed for preferred flow
toward containment and will be subjected to non-preferred flow
direction during postulated LOCA condition (see figure 2).

These CSP valves are potentially subject to reversed torque due to
flow out of containment. To assure that only positive closure
torque occurs, all valve openings will be limited to 70'nd
therefore precluding the negative flow induced torque.

Item 2 — Disc Closure Direction

Disc closure directions are provided in Figures 1 through 4. For
installations downstream from an elbow, LOCA induced flow tends to
help close the valve.

Item 3 — Curved Side of Disc Installation

The BIF valves used at WNP-2 do not have a curved side and the air
foil lifting characteristics associated with this type of configura-
tion will not exist on WNP-2 valves. The location of the seal ring
is shown in figures 3 thru 6.



Item 4 — Orientation and Distance of Elbows Tees Bends Etc.

Detailed valve installation information for piping configuration is
provided in Figures 3 through 6.

Item 5 — Shaft Orientation

Detailed valve installation information for shaft orientations is
provided in Figures 3 through 6.

Item 6 — Distance Between Valves

5.2

Detailed valve installation information for the distance between
valves is provided in Figures 3 through 6.

NRC Concern No. 2 - Flow Torque vs Seating Torque

The worst case geometry at large angles of valve openings can pro-
duce very high torques that would be considerably larger than seat-
ing torque. These dynamic torques should be used in the structural
analysis instead of seating torques.

Su 1 S stem Res onse No. 2

5.3

The qualification analysis used the larger of either seating torque
or flow induced dynamic torques.

NRC Concern No. 3 — Valve Pressure Ratings

Valve pressure ratings and a static pressure analysis are not ad-
dressed in the submittals. The applicant is to provide this infor-
mation for each of the valves.

Su 1 S stem Res onse No. 3

5.4

Valve pressure rating of 150 lbs is provided by the Vendor Data
Sheets (Attachment L Section 6). Analysis for pressure loading is
provided by BIF vendor calculations:

24" Valves — Attachment G, Section 7.0 Sheet B-61

30" Valves — Attachment F, Section 7.4 Sheet 7.4.61

NRC Concern No. 4 - LOCA Curves

Included were plots of flow rate versus time from LOCA initiation
for the 24 inch and 30 inch valves maintained in a full open closure
from 90'o 0'hich should be deleted. However, the analysis is
not affected.

Su 1 S stem Res onse No. 4

The LOCA curves present have two abscissa labels. Supply System
agrees that the valve angle information should be deleted and that
the analysis is not affected.

-10-
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6.0 Discussion of 0 erabilit

Operator operability was demonstrated by a stress integrity calculation
and a static deflection test. The static deflection test consisted of
applying a load at the outboard end of the air/spring cylinder equivalent
to the SRSS actuator assembly CG acceleration loads. Determined from the
piping analysis, in the two axes of the cylinder this load would cause
the most adverse operability effect. This acceleration level times the
cylinder weight, acting at the cylinder CG, was equated by an equal mo-
ments approach to an equivalent force acting at the outboard end of the
cylinder assembly. Flith the load applied, the air supply was removed and
the spring loaded cylinder was allowed to move to its fail-safe (de-ener-
gized) position. Acceptable operation of the air cylinder was its abil-
ity to move from its energized position to the fail-safe position with
the load applied at the outboard end.

This static load method of demonstrating operability is deemed very
conservative because of the following reasons:

1) Time duration of a peak seismic/hydrodynamic acceleration is very
small compared to a steady (static) load.

2) Static friction is greater than dynamic friction.

3) Square root sum of squares of two orthogonal directional accelera-
tions is conservatively applied to the worst case direction.

Conditions and results for the valve stroke tests with and without
statically applied loads is provided in Attachment 3.

An enveloping test was successfully performed on both the 10" bore
cylinder (part of the 30" butterfly valve assembly) and the 8" bore
cylinder (part of the 24" butterfly valve assembly).

Summar of Structural Anal sis

Detailed structural analysis was performed on the valve and air/spring
actuator. The following is a summary of the analysis performed.

Com anent Descri tion QID No. Attachment

NPPSS Supplemental Calculations
(Review of As-built conditions)

30" BIF Butterfly Valves

24" BIF Butterfly Valves

361104

361106

30" Valve Vendor (BIF) Calcuations 361104

24" Valve Vendor (BIF) Calcuations 361106

F Section 7.4

G Section 7.0

-21-
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A summary of critical valve components is provided in Table ZIfor 24"
size and Table I for 30" size.

To assure a very high confidence level, normal condition allowables
(including 0.4 Sy for shear) were used as criterion for the combined
postulated LOCA and seismic/hydrodynamic conditions. Since the valve
opening angle will be limited, the operational torques (LOCA) were used
in-lue-of the design seating torques, thereby, providing a higher margin
of safety on loading deemed less predictable while still maintaining
standard margins of safety on design seating loads.

-22-
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Summar of D namic Tor ues and Available S rin Closure Tor ues

The purge system valves (CSP-V-1 thru CSP-V-4) are installed with the
flat side of the disc upstream. When these valves are in the full open
position (90 degrees), the dynamic torque coefficient becomes negative
(tends to open the valve). Based on the test results provided in the BIF
report (Attachment J Report No. 2) the worst case negative torque
coefficient (CT = —.34) is less than the bounding torque coefficient
(Cy = + .56) used in the BIF calculations. For comparison purposes
both the full open valve dynamic torques and the 70'pen dynamic torques
are compared to the available air operator spring closure torque.

Butterf1 Valve with Disc U stream

Flow at 1 sec. and disc angle 90' Full Open

Valve Size

24"

30 II

Dynamic (1)
Tor ue (0 enin )

6,830 In. Lb.

13,640 In. Lb.

Actuator Spring
Tor ue Available (Closure)

11,900 In. Lb.

23,470 In. Lb.

Margin of
Safet

1.7

1.7

Flow at 1 sec. and disc angle 70'pen

Valve Size
Dynamic
Tor ue (Closure)

Actuator Spring I Margin of
Tor ue Available (Closure) I Safet

24"

30 ll

1,200 In. Lb.

2,400 In. Lb.

18,600 In. Lb.

33,700 In. Lb.

Not
1 Applicable
IBoth Loads
IProvide
I Closure
I

Figures 7 and -8 show torques for both valve sizes at all angular
positions.

(1) Torques conservatively include 1.3 factor for an elbow located
directly upstream.

-25-
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8.0 Summar of Flow Calculations

The shortest purge line with the lowest flow resistance was analyzed to
determine the Mach number of the fluid flowing through the butterfly iso-
lation valve as a function of valve opening angle. Based on this analy-
sis, it was determined that valve angle positions of 70'r less will
assure that the Mach number through both the inner and outer isolation
valve remains below Mach number 0.3 following a postulated LOCA.

The containment pressure and temperature used as a forcing function for
this analysis were obtained from the WNP-2 FSAR (figures 6.2.2 and 6.2.3)
for a postulated DBA. Containment pressure obtained from these figures
was based on the assumption that there was no fluid leaving containment.
If the purge valves were open the containment pressure would be slightly
less than that used in this analysis.

Flow calculations are provided in Attachment K.

9. 0 Qualification Summar

9.1 The 30" and 24" diameter purge and supply valves are closed for
normal plant operation since the small 2" lines will be used for
inerting, de-inerting and pressure make-up.

9.2 NRC has recommended the disc opening be limited. Prior to 5X power,
WNP-2 will install a mechanical device which limits the opening to
70 degrees. This restriction on valve opening coupled with
appropriate dynamic torque coefficients resolves safety and
qualification concerns for LOCA conditions.

9.3 Due to the pipe length and associated line loss coefficients; the
maximum flow velocity for full open valves was calculated to be 0.33
Mach number, thereby assuring that correlation methods used with
compressible fluid calculations as previously presented is valid.
With a restriction on valve opening, the Mach number will be less
than 0.3 for all conditions.

Additional conservation is introduced because the LOCA pressure and
temperature curves did not take credit for flow through these valves
during closure time. Also, the pressure excursion assumes a very
conservative double ended pipe break.

9.4 As-built configuration of the valves (especially with the 70 degree
angle restriction) precludes the possibility of flow induced opening
torque. Therefore, the air operator spring and flow will combine to
assure valve closure in less than the required 5.0 seconds.

9.5 Structural integrity of these purge and vent valves has been at-
tained by combining two faulted conditions (SSE/Hydrodynamic plus
LOCA) using normal allowables. This includes shear allowables of
0.6 Sm for pressure boundary ASME components and 0.4 Sy for AISC
components. A table which summarizes the calculated stresses and
allowables is provided in Attachment I.

-28-



NOTE Field modifications to strengthen the support brackets and
replacement of bolts have been performed. Documentation
is provided in Attachment K.

9.6 Since the valves are normally closed, there is a low probability
that LOCA conditions will occur with the valves open. Furthermore,
a very low probability of all three conditions (valves open, LOCA

and seismic/hydrodynamic) will occur simultaneously. Therefore,
this very conservative approach of combining all three unlikely con-
ditions and comparing to Normal/Upset condition allowables exhibit
large confidence levels.

9.7 Operability was demonstrated by analysis and in-situ (static load)
testing.

9.8 In conclusion the purge and vent valves satisfy all the Equipment
Qualification criteria implemented at WNP-2 for'even 90'full open)
valves. Limiting the disc angle to 70'rovides additional margin
to address the following NRC concerns. Therefore, our WNP-2 design:

1) Assures dynamic torque due LOCA conditions will always be a
positive closure torque.

2) Assures Mach Number will be less than 0.3, and

3) Limits magnitude of dynamic flow induced torque.

10.0 References

10.1 NUREG-0892, WNP-2 SER Outstanding Issue No. 26, "Operability of
Purge Valves"

10.2 NRC Standard Review Plan 6.2.4, "Containment Isolation System"
Containment Systems Branch (CSB)

10.3 Branch Technical Position CSB 6-4, "Containment Purging During
Normal Plant Operations" Supplement to SRP Section 6.2.4

10.4 Letter, A. Schwencer (hRC) to R.L. Ferguson (SS), "Request for Addi-
tional Information", dated September 16, 1982, Docket No. 50-39

10.5 WPPSS Letter, February 24, 1983, G.D. Bouchey to A. Schwencer (hRC)
with Attachments

10.6 WPPSS Letter, June 22, 1983, G.D. Bouchey to A. Schwencer (hRC) with
Attachments
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g~HIi"„;Os 'NUCLEC.R PROJECT 2
DOCXET NO. 50-397

tiOP P„, ',

0~NSTRATION OF CONTAINMENT PURGE ANO VENT VALVE OPERABILITY/

1.0 Requirement

D~nstratfon of operability of the contafanent purge and vent valves, par-
ticularly the ability of these valves to close during a design basis accident,
is necessary to assure contairnent isolatfon. This d~nstration of operabfl-
fty is required by BTP CSB 6-4 and SRP,3.IO for containrant purge and vent
yalves ~fch are not sealed closed during ooeratfCCWcondftfons I, 2. 3, and

2.0 Descrf tion of Purge and Vent Valves

The valves fdentfffed as the contafnrent isolation valves in the purge and
vent system are, as follms:

Yal ve Nunber inches Use Location

CSP-VA
CSP-Y-2
CSP-Y-3
CSP-Y-4
CEP-Y-IA
CEP-Y-2A
CEP-Y 3A
CEP-Y-4A

30
30
24
24
30
30
24
24

Vent.
Vent.
Yent.
Vent.
Vent.
Vent
Vent
Vent. ~

Supply
Supply
Supply
Supply
Exhaust
Exhaust
Exhaust
Exhaust

Outside Contafrgqent
Outside Contafnrznt
Outside Contafrnent
Outside Containrent
Outside Contafrwent
Outs ide Conta fnnant
Outside Contairaent
Outside Conta'fnrent

1

.The conta$ rnent purge and vent valves are butterfly valves manufactured by
8IF, a mft of General Signal Corporation and are listed as BIF Model Hurdler
A 2M765 (24" valves} and 8IF Hodel Nunber A-206763 (30 valves}. %lier Air
Products Corporation Model A-83 cylinders (afr open - spring closed) are used
for valve actuation The 24-inch valves use 8" cylinders and the 30'alves
use 10'ylinders.

p )gal3.'0 Geaanstratf on of erabil it .

3.I Vhshfnqton Pub'lic Pomr Supply System (MPPSS) has provided operability
d~nstratfon fnformatfon for the containment purge and vent system isolation
valves used at their Mashington Nuclear Prospect 2 (MHP 2) in the following.
sutmf ttal s:

Reference A

MppSS letter, F'ebruary 24, 1983, G. G. Bouchey to A. Sch~encer (NRC).
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FA Reference 8 p>1 jt[t
c

t'-'ihhC Ee.

VPPSS letter, June 22, )983, G. D. Bouchey to A. Schxencer (%C).

3,2 ~termination of dynamic torques durfno valve closure against the bufldup
of containment pressure during a LKA is based on dynamic torque coefffcfents
CT obtained fry BlF tests performed using different types of disc geometry
and disc and shaft orientation xith respect to direction of flow. The test~i~ fs mter and no air. testing xas performed. One of the test conffgura-

included a directly connected short radius elbox upstream to study the
qffect of flox non-uniformity on dynamic torque. Several tests xere a so per-
t ons inc

r 1fo~

fifth

the valve shaft vertical and horfzontal, counter clockxise opening
and clockxfse opening, xith flatside upstream and flatsfde doxnstream. Frcn
these tests, the most severe case xas determined.to be a vertical shaft orfen-
tatfon ($ .e. perpendicular to the plane of the elbow) with the flatsfde of the
disc d~stream and xfth a clockxise rotation of the disc. Thfs orfentatfon
results in an approximately 30K increase in maximum dynamic torque coefffcfent
over the straight pipe inlet configuration. Torque coefficients used to de-
temfne dynanfc loads for VÃP-2 purge and vent valves are based on this.xorst
case configuration.

The dfffereetial pressure 5 p across the valve is calculated fron the data on

vol~trfc flox rate under LOCA conditions, and using the equat io

P)2 - PZ2

g 963 Cv

xhere g ~ 6as f1ox in $CFH
P

P) Valve upstrean pressure (psfa)

P2 Valve downstream pressure (psfa)

6 ~ Specffic gravfty

T ~ Upstream temperature in oRankine)
2

C Ye1ve coefficient 29.9 D
Y

Xv.

D Valve Port diameter ()n.)

Kz -"Coefficfent of floor

go load closure tfme for the valves ranged from ) 1/2 to 4 seconds based on
tests performed at BIF The maximum no load closure tine af 4 seconds fs used
for the analysis xith a one second instrumentation tive delay for a total of 5
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econds frcxn LOCA fnftfation-to-valve closure.. As an addi tional conservatisn,
the d~ll pressure and temperature rise during a LOCA is used for a11

vol ves.

Dynmfc torques are calculated for both saturated stean and air as the flow
~fa. The calculations are summarized and shorn belo~ in Tables I, 2, 3, and
4 (Reference 8) for both the 24-inch and 30-inch vaIves and for steam and air
flec.

The peak dynadnfc torqaes during closure and the seating and bearing friction
torques at oo are ccapared to the design torques usedD~he~ei~eic analy-
sis rcport and indicate posftive margins;

SUHHARY OF RESULTS

Table 1. 30-inch Valve, Airflow, (TNET 2217i in-lb)

-
1.0
1.5
2.0
2.5
3.0
3,5
4.0
4.5
5.0

Angl e s
deg,

90 {Full Open)
78. 75

, 67.50
56. 25
45. 00
33 75
22. 50
11 25
9.0 (Full c1osed)

Dynam) c
Torque
in-lb.

II020
2309S
X813S
14747
12428
10780

8014
3972
0.0«

Qg JEST

«At full closed position, the dynamic torque is zero and the
net torque is due to seating and bearing friction.

v~g

Note: The design torque used in the seismic analysis report No.
Ill-74-B byM~A '~ t 1 t 27m
in-lb..
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SueSRT 0-. RESULTS

gable 2. 30-Inch Valve, Stean fl~, (TgET 22l74 in-lb}

Tithe Angle „
deg~

Dynamic
Torque
in-lb.

E.o
1.5
2.0
2.5
3.0
3 5
4 0
4 5
5.0

90 {Full Open)
78. 75
67. 50
56. 25
45-00
33. 75
22. 50
11. 25
9.0 (Full closed)

11032
23175
18142
14668
l2424 ~"~"-c g;~

i'0580

7809
3867

0'.0+

"At full closed position, the dynariic torque is zero and the
net torque is due to seating and bearing friction.

SUNDRY OF RESULTS

Table 3. 24-ln'ch Valve, Airflx, (TgET 13808 $ n-lb)

Angle a
deg.

Dynamic
Torque
in

lb'.0

1.5
2.0
2.5'.0
3.5
4.0
4.5
5.0

90 (Full Open)
78; 75
67.50
56. 25
45 OD

33 75
22. 50
11 25
9.0 (Full closed)

5525
11692

5430
4043
2020
0 pe

At full closed position, the dynamic torque ts zero and the
net torque is due to seating and bearing friction.

ate: The design torque used in the seismic analysis report No.
TR-74-8 by HcPherson-Assoc!atesDo~this valve is }7000



SU~RY OF RESULTS

f"ran(f"i. j(/i/ /

Table 4- 24-Inch Valve, Steamflo~, (TgET. 1380B in-lb)

Ti)2)e

(s)
Angle o

dege

Dynamic
Torque
in-lb.

l.0
1 5
R.Q
Z.5
3.0
3.5
4.0
4.5
5.0

90 (Ful> Open)
78.75
6?. 50
56.25
45,00
33.75
22. SD

Il.25
9.0 (Full closed)

5425
11394 p.

B92l

6109
5202
3S42

'902
0.0 +

+At full c1osed position, the dynamic torque is zero and-the..
net torque is due to seating and bearing friction.

3.3 D~nstration of actuator torque margin is based on the mini(((~ spring
force developed which 5s equal to the spring pre-load.

24-inch valve 8 c linder)

>6,890 fn-lhs (preload) > 13,80S '.n-lbs (seating torque).

30-fnch Valve 10-inch c finder)

32,422 in-1bs (preIoad) > 22.174 in-1bs (seating torque) g///.d4

3.4 gppSS provides a structural analysis for the puraewnd vent valves and
their operators in Reference B. This consists of ((3) Seismic/Hydrodynamic
Requalification Reports for the 30-inch valves, 24-inch valves, and the
operators. The requalification certificates far both the 24 and 30 valves
are contingent upon ear bolt modifications and the addition of shear plates.

*

Acceptance criteria for the structural analysis are taken fro()) Section III of
the ASHE Boiler and Pressure Vessel Code or the AISC Constructin Hanual,
whict)ever $ s applicable. Load used in the analysis are the valve operating
load crab-;ned eth the dynamic loads vhich would result frcm seismic and
h+rodyna=ic events as det.eminc=- by the piping analys',s for the plant.
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Ao SR$ S onalysfs ms set uj tn a caepUter prop ea for each valve assembly fn
fts specfffc orfenAt'fed@ The SOS fs ~en'at the maxfain stress lese) ~
to sefsirfc, 9-)oadfng. Qperatfag. loads de to seatfng torque force and de-d
~fight are cceMaed H& the sefsefc stress by absolute sm.

. Ba~ on tte results of the structural analysfs. the valves 41) reefs fac-
't)oaal through f'orth'ears af postulated hydrodyn~c events, ffve operating
basf s earthquakes„and one safe shuteye .earthcpake.

4.D -Kva1oatfon

4.l The detemfnatfoa of dynaafc torques Kr. MPPSS pe'ge'and vent valves
ader I.XA condftfons fs tesed on the testfng by the valve supp)e'er (SIF) of I
aodel valve using mter as the test medfum. Tests conducted Hth a short el-

dfrectly upstream, valve shatt at %P to the p)aine of the e)bee, and
flatsfde of dfsc deestre~ fndfcitid i 3'. fncrease fe maxfmw, dyneafc tor-
que coefffcfeC for tMs erst case geaaetry. Vsfng data froo Node) tests
performed by other valve aanufacturers wftb afr as the test aedfea, tMs erst
case geometry prodtmes 0 3'ncrease fn aaxfmm dynarnfc torque coefffrfent
The -large'.dffference (3'. }ater versus 300j'. afr) fn aaxfeen dynaefc torque

. coefffcfent fs due to the hfgher (above %ch-.3j velocftfes at large angles of
openfng %ere the cbmwfc torque coefffcfents peak; Oyaanfc torque

coefff-'festsfrit Nocfel tests usfng fnc~xmsfhle flufds correlate reasonably cell
Hth data free tests usfsg afr ff the vHocftfes are helm a Kacb nveber of
0.3).

Ccesfderfng the.ana1ysf's results tabulated fn Table 1 of Reference A, the peak
4ynaafc torq~ for the K-fnch valve occurred at ?8.75'M was 23,098

'fa-)bs. The desfw torque fs 2'7,800 fn-)bs ns noted fn the same table.
Qp'lying a 30gf. increase to the 23098 fn-Ebs peak dynesfc torque &feb al reefy
has a'3% erst case conffguratfon factor; the peak dynaxfc torque usfag the
factor froa afr tests mrks mt to 48,505 fn-lbs, wll @bere the 27,NO fn-lhs
des fgo torque

Aa acceptable approach to the staff fnstead of. the coeservatfm erst case
conffguratfoa used Q the lfcensee seal@ be the use at'pproprfate ~enfc
torque coefffcfeats for each valves fnsta3)atfoa cosffguratfen coupled Qth a
restrfctfoa oa valve openfeg

Deaf laf valve fnstallatfen fnfoeratfon ms not provfdeci for each valve shah
i!$'.

Nrectfoa of flm.
2. Nsc

closure

dfrectfon.
3. Curved sfde of 4fsc, upstr'earn or 4oenstrean (asya~etrfc dfscs).
4. Orfentatfoo and df stance ot elboee, tees, beefs, etc Hthfe RO pfpe

dfaNIRters of viilve.
S. Shaft orfentatfon.
6. Nstance bet~ val ver.

~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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'"..-". '.4.2 As deaestrated $ n 4,1 of this report, the terst case geanetry at lative
a~'les of va'l~ opes1ags can price wry h0gh torques that ~)d be con-
sidf rab>y larger than the seating to~..5~se dynamic torques shogld be

. used fn.the structvral analysis (Ref'erence 8) insteH K the seat'5ng torques.

4.3 Y'alve'presses e rat$ rgs ed a static press'-e analysis are'et addressed
. $ n the suberttta'ls. — -

provide this $ nfonat$ aa for each of
the va1ves«

4.4 Reference R fncludus plots of floe rata versus tine fran LX.A initiation
for the 24-fnch and 3n-inch valves veintainod fn a full open po'sition .The

I-*- — abscissa incorrect)y includes vail c1asure f'rm ~ to Oo, Rich Auld
be deleted Hecever, the analysis fs tet affected-

5.0 Suwarg

Nh trave caarpleted our rerum of the infnmat$ ie submttid'ta date, concerning
the operabfli of the H-$ nch ed 30-inch valves used fa the carrbtiemnt
ptn'ge and vent cyst~ for Qhshiagtan nuclear PH)act 2'. lk find ttet the
informatics'sube)t~ for tha 24-inch and 30-inch valves cHd not deaenstrata
that these valves have the ab$ 7fty to clos4. against the M1dup crf press~ <n
the eh'erat of a 9BQLXh fron the ful1 apeh position. Paragraphs 4.2, 4.2, and
are the bases for these findings. For this reasce, the 24-inch and 30-inch
va1ves sold�'be sea1ed c$ asaf in accordance Htb SRP Sectfce 6.2.4 and—

2
~TlI 5.f. FMrthe~re, these valves should be verified to be closet at 'teist

ofhce cvog' da)$ +

v



CONTAINMENT SYSTEMS

DRYWELL AND SUPPRESSION CHAMBER PURGE SYSTEM

LIMITING CONDITION FOR OPERATION

3.6.1.8 The drywell and suppression chamber 2-inch exhaust isolation valves
shall be OPERABLE and:

'.

Each 24- and 30-inch purge supply and-exhauae-iaaiaaien-vabre-
shall be closed during the time period:

1. Within 24 hours after THERMAL POWER is grehter than 15~
of RATED THERMAL POWER, following startup, to

2. Within 24 hours prior to r educing THERMAL POWER to less
than 15'f RATED THERMAL POWER, preliminary to a scheduled
reactor shutdown.

b. Each 2-inch purge valve may be open for purge system operation for
inerting, deinerting and pressure control.

c. Each 24- and 30-inch purge supply and exhaust isolation valve shall
be limited to open no more than 70 degrees.

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.

ACTION:

a. With a 24- and/or 30-inch drywell and suppression chamber purge
supply and/or exhaust islation valve(s) not closed, close and/or
seal the 24- and 30-inch valve(s) or otherwise isolate the pene-

. tration within 4 hours or be in at least HOT SHUTDOWN within the
next 12 hours and in COLD SHUTDOWN within the following 24 hours
except as provided for in 3.6.1.8.a.

b. With a 2-inch drywell and suppression chamber exhaust isolation
ralve inoperable or open for other than inerting, deinerting,
or pressure control, close the, open 2-inch valve(s) or otherwise
isolate the penetration(s) within 4 hours or be in at least HOT
SHUTDOWN within the next 12 hours and in COLD SHUTDOWN within
the following 24 hours.

c'ith a drywell and suppression chamber purge supply and/or exhaust
isolation valve(s) with resilient material seals having a measured
leakage rate exceeding the limit of Surveillance Requirements
4.5. 1.8.2, restore the inoperable valve(s) to OPERABLE status
within 24 hours or be in at least HOT SHUTDOWN within the next
12 hours and in COLD SHUTDOWN within the following 24 hours.

WASHINGTON NUCLEAR - UNIT 2 3/4 6-11



CONTAINMENT SYSTEMS

4.6. 1.8. 1 Each 24 and 30-inch drywell and suppresion chamber purge
supply, and exhaust isolation valve shall be verified to be closed at
least once per 31 days.**

4.6. 1.8.2 At least once per 92 days each group shown below of drywell and

suppression chamber purge supply and exhaust isolation valve with resilient
material seals shall be demonstrated OPERABLE by verifying that the measured
leakage rate is less than or equal to .05 L when pressurized to P ..a a

Valve Grou

a. CEP-V-1A and 1B
CEP-V-2A and 2B

Maximum Leaka e Rate

.05 L *

b. CEP-V-3A and 3B
CEP-V-4A and 4B

;05 L *
a

c. CSP-V-1
CSP-V-2

..05 L*

d. CSP-V-3
CSP-V-4

4.6.1.8.3 Each 24- and 30-inch purge supply and exhaust isolation valve 70

degree open limiting device shall be functionally tested at least once every
18 months.

* These valves are tested in parallel with the maximum leakage allowed
for a single valve applied to the group.

** Valve operation as provided for in 3.6.1.8.a shall be under administrative
con rol only.
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Docket No. 50-397

Director of Nuclear Reactor Regulation
Attention: Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

December 8, 1983
G02-83-1129

Dear Mr. Schwencer:

Subject:

References:

NUCLEAR PROJECT NO. — 2
QUALIFICATION AND OPERATION OF
WNP-2 CONTAINMENT VENT & PURGE VALVES

a) Letter, A. Schwencer (NRC) to R. L'. Ferguson (SS),
"Request for Additional Information", dated
September 16, 1982

b) NUREG-0892, WNP-2 Safety Evaluation Report, Out-
standing Issue No. 26, "Operability of Purge Valves"

c) Letter, G02-83-170, G. D. Bouch'ey (SS) to A. Schwencer
(NRC), "Vent 8 Purge Valves", dated February 24, 1983

d) Letter,'02-83-550, G. D. Bouchey (SS) to A. Schwencer ~

(NRC), "gualification of WNP-2 Containment Vent and
Purge Valves", dated June 22, 1983

References a and b contain NRC .requests .for information regarding the WNP-2
containment vent and purge valves and References c and d are the Supply
System's responses.'to the requests. ",:These concerns have resulted in a
proposed Technical Specification Limiting Condition for Operation (LCO),for WNP-2 (Attachment A)., This LCO would seriously impact the WNP-2 plant'sability to properly carry out initial power ascension testing and operation.

The purpose of this letter is to bring to the NRC's attention, additional infor-
mation concerning the Supply Systems action to resolve this issue and to propose
an alternate Technical Specification LCO (Attachment B). This LCO'is consistent
with the LCO that provides for the drywell and suppression chamber atmosphereinerting (Reference Technical Specification 3.6.6.2) and will allow compliancecapability.
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A. Schwencer
Page Two
December 8, 1983
QUALIFICATION AND OPERATION OF WNP-2 CONTAINMENT VENT 8 PURGE VALVES

The Supply System is aware of NRC concerns which resulted from the staff's
review of references c and d. These concerns have been discussed with the
Equipment gualification Branch and their consultant. The result of these
discussions is the Supply Systems commitment to limit the valve opening
angle to a point that provides a maximum air velocity equal to or below
a Mach number of .3. This corresponds to a maximum valve opening of
no more than 70 degrees (with full open equal to 90 degrees).

Appropriate valve limiting devices will be installed prior to exceeding 5'A

power. A revised package detailing the field modification to limit valve
opening and demonstrate that the information provided in references c and
d is appropriate with this valve opening limit will be provided by
December 16, 1983.

Based on the Supply System commitment to limit valve opening, it is understood
that the LCO which now requires that they be 1'ocked sealed closed may be
relaxed. Provided in Attachm nt B is the Supply System recomnendation to a
revised LCO that would allow Safe Operation of WNP-2 with the subject valves
appropriately modified.

The Supply System's planned December 16 submittal will provide the appropriate
data to address the concerns now in place. Should you have any further
questions, please contact Mr. P. L. Powell, Manager, WNP-2 Licensing.

Very truly yours,

G. C. Sorensen, Manager
-Regulatory Programs

JER/tmh
,. Attachments-

4

cc: R Auluck - -NRC

WS Chin - BPA
AD Toth - NRC Site
R Wright - NRC

D Hoffman - NRC

F Eltawila - NRC



ATTACHMENT A

CC

Cu.rri.OV

CGNTA<.'i.'.<chT SYST=MS

DRYWELL ">O SU'7PRE":: ./ CHi4~/BE& 7"RGE

"hh ~y.
s"fiU~Jf'r PPg'ir.'f!j ~a~.I

LIHITIHQ CONDITION FOR OPERATION

3.6.1.8 The drywell and suppression chamber 2-inch purge supply and"exnaus:"----—
isolaticn valves shai'. be OPERABLE and:

a. Each 24- and 30-inch purge supply and exhaust isola icn valve snail
be sealed closed.

Each 2-inch purge valve may be open for ourge sys em coerat.on
for inerting, deirer ing zna pressure con rol.

APPLICABILITY: OPERATIONAL CCNOITICHS 1, 2, and 3.

ACTION:

a. With a 24- and/or 30-inch dr~e11 and suppression chamber purge
supply and/or exhaust isolation valve(s) open or not seaIed closed,
close and/or seal the 24- and 30-inch valve(s) or otherwise isolate
tPe penetration within 4 hcurs or be in at leas HOT SHIJTOQ'i'd% within
the next 12 hours and in COLO SHUTOBr'H within the fol cw ng 24 ho rs.

With a 2-inch drywell and suppression chamber purge suppTy and/or
exhaust isolation valve(s) inoperable or open or other than inerting,
aeinerting, or pressure control, close the open 2-inch valve(s) or
otherwise '.solz-e the penetration(s) within 4 hours or be in a least
HOT SHUTDOWN 'wi Din the nex. ~D hours and in COLD SHUTDO'~H wi nin
the following 24 hours.

c. Nth a drywe11 and suppr ss',on chamber purge supply and/or exhaus
isolation valve(s) wi h resilient material seals having a measured
leakage rate exceedir g the iimit of Surveillance Requirements 4.6.1.8.3
and/or 4.6.1.&.4, restore +he inoperable valve(s) to OP&ABLE status
within 24. hours or be in at least HOT SHROOM within. Ne next 12 hours
and in COLO SHUTDOlA wi Din the .ollcwing 24 hours.

t
SURVEILLANCE RE UIR~EHTS

4.6.1.8.1 „Each 24- and 30-inch drywell and suppression chamber purge supply
and exhaust isolation valve shall be veri ied m be sealed closed at least
once per 31 days.

4.6.1.8.2 At leas. "nce per 6
closea 2~- and 30-incn dwell
isolation valve with r silient
by veri ying .hat the measured
when pressurized to P .

months on z STAGGEREO TEST BASIS each sealed
and suppression chamber purge supply anc exhaust
mater '.al seals shall be demonstrated OPERABI ~

leakaoe ram is less than or equal w 0.05 L

'rlASH !ia<i"N NUC~+R - IJNIT 2 ~/4 6" '



C NTAINMEHT SYSTBtS

JRVEIL&NCE REQUIRED".EHTS Continued)

4.6.1.8.3 At least once per 92 days each 2"inch ~r..~el'--ana s'-ppv ssion
chanber purge su"ply and -exhaust iso'a ion valve witn resilien- m .er al s al„
shall be demonstrated GPERABI c by ver.'fying tha- -he "easured leax ge rate is
less han or eaual to 0.01 L linen pressuri ed to P .

a

'7=,. Vyl+ ~-

. ~

~ 8 "k ~

~'ASHINGTON NUCLEAR " UNIT 2 3/4 6-32
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ATTACHMENT B

"DRAFT LCO"

CONTAINMENT SYSTEMS

DRYWELL AND SUPPRESSION CHAMBER PURGE SYSTEM

LIMITING CONDITION FOR OPERATION

~ ~

3.6.1.8 The drywell and suppression chamber 2-inch exhaust isolation valves
shall be OPERABLE and:

a. Each 24- and 30-inch purge supply and exhaust isolation valve
shall be closed dyring the time period:

~ > g ~ ~

l. Within 24 hours after THERMAL POWER is greater than 15>
of RATED THERMAL POWER, following startup, to.

2. Within 24 hours. prior to reducing THERMAL POWER to less
than 15% of RATED THERMAL POWER, preliminary to a scheduled
reactor shutdown.

b. Each 2-inch purge valve may be open for purge system operation for
inerting, deinerting and pressure, control;

c. Each 24- and 30-inch purge supply and exhaust isolation valve shall
be limited.to open no more. than 70 degrees.

APPLICABILITY:,OPERATIONAL;CONDITIONS,l,2, and 3.

ACTION:

a. With a 24- and/or 30-inch drywell and suppression chamber purge
supply and/or exhaust islation valve(s) not closed, close and/or '.
seal the 24- and 30-inch valve(s) or otherwise isolate the pene-
tration within 4 hours or be in at least HOT SHUTDOWN within the
next 12 hours and in COLD SHUTDOWN within the following 24 hours-

. except as provided for in '3.6.1.8.a;
C ~

b. With a'2-inch -drywell and suppression chamber exhaust isolation
,. valve inoperable or. open. for .other than inerting, deinerting, „or'pressure control,"'close the open 2-inch valve(s) or otherwise

isolate the penetrati'on(s) within 4 hours or be in at least HOT-
, .SHUTDOWN within the next 12.hours and in COLD SHUTDOWN within

the fo11owing 24 hours.

4
~
o ~

FO

C ~ With a drywell and suppression chamber purge supply and/or exhaust'solation valve(s) with resilient material seals having a measured
leakage rate exceeding the limit of Surveillance Requirements
4.5.1.8.2, restore the inoperable valve(s) to OPERABLE status
within 24 hours or be in at least HOT SHUTDOWN within the next
l2 hours and in COLD SHUTDOWN within the following.24 hours.

WASHINGTON NUCLEAR - UNIT 2 3/4 6-11





CONTAINMENT SYSTEMS

SURYEIl LANCE RE UIREMENTS

4.6.1.8.1 Each 24- and 30-inch drywell and suppresion chamber purge
supply and exhaust isolation valve shall be verified to be closed at
least once per 3l days.~

4.6.1.8.2 At least once per 92 days each group shown below of drywell and
suppression chamber purge supply and exhaust isolation valve with resilient
material seals shall be demonstrated OPERABLE by verifying that the measured
leakage rate is less than or equal to .05 L when pressurized to P .

Valve Grou Maximum Leaka e Rate

a. CEP-V-1A and 1B
CEP-Y-2A and 2B

.05 L *

b. CEP-Y-3A and 3B
CEP-Y-4A and 4B

.05 L *
a

c. CSP-V-I
CSP-Y-2

.05 L "

d. CSP-V-3
CSP-V-4

.05 L +

4.6.1.8.3 Each 24- and 30-inch purge supply and exhaust isolation valve 70
degree ope'n limiting device shall be functionally tested at least once every-
18 months.

t.

* These valves are tested in parallel with the maximum leakage allowed
for a single valve applied to the group.

Valve operation as provided for in 3.6.l.8.a shall be under administrative
control only.
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CEP3A
CEP-V/AO-3A WITH TORQUE MODIFICATIONt REVI SED 12-10-83 MASJ'TBGMr'CYGNA

INPUT GLOBAL ACCELERATIONS
'? 4 '7, 1 ~ 26, 0.90

INPUT DATA

INPUT OPERATOR FORCE (TORQUE) ~LoA ~i&OE
'? 995.

GLOBAL G-LEVELS 4.57
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 180
WEIGHT VECTOR ANGLES = 90

1 ~ 26
90

0
90
180

.9
0

90
90
90

LOCAL G-LEVELS

-1.74332E-5 -4.80652E-6 —.9
-1.74332E-5 1.26 -3 '3323E-6

4 '7 -4.80652E-6 -3.43323E-6

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSUREt OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

412.882
710.744

-3 '5613E-4
1240.79
63.5285
768 '9
353.72

sif=-3.4591E-3
,„s2f= 319

t3f=-2.5?873E-3
mi f=-2193. 04
m2f=-5.29623E-3
tt3f= 3611.67



9)g

DYNAMIC CONPONENTSlDRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si d= 816. 102
s2d= 851 . 76
t 3d= 3085'. 31
mid= 9745'8 ''2d= 22844 '
tt3d= 20809.2

AT A 4543 '1
AT B 65'45' 04

88 '181
7118 '3
25'6.639
3588 '7
23002.1

FIXED PLUS DYNANIC CONPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si t= 816. 106
s2t= 1170.76
t3t= 3085'.32
mit= 5'965'1.6
m2t= 22844 '
tt3t= 24420 '

AT A 4956.39
AT B 7655'.78

88 '185
8359 F 01
360.167
4356.86
23355.8



CEP3A
CEP-V/AO-3A WITH TORQUE MODIFICATION
REVI SED 12-10-83 MAS/TBGM/'CYGNA

INPUT GLOBAL ACCELERATIONS
'? 4 ~ 57) 1 ~ 26, 0. 90

INPUT DATA

INPUT OPERATOR FORCE (TORQUE) D~ M~~WC ~(~QC
? 1447.

GLOBAL G-LEVELS 4.57
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 180
WEIGHT VECTOR ANGLES = 90

1.26
90

0
90
180

.9
0

90
90
90

LOCAL G-LEVELS

-1.74332E-5 -4 '0652E-6 —
~ 9

-1.74332E-5 1.26 -3 '3323E-6
4.57 -4.80652E-6 -3.43323E-6

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSUPE
OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

600.434
1033.6

-3 '5613E-4
2670.32
138.312
1673.13
854 '29

si f=-3. 4591E-3
., ''s2f= 771
':;„ t3f=-2 ~ 57873E-3

mi f=-5300. 54
m2f=-5.29623E-3
t t3f= 7453.67



DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si d= 816. 102
s2d= 851.76
t3d= 3089.31
mid= 97498.6
m2d= 22844.9
tt3d= 20809.2

AT A 4543.51
AT B 6949.04

88.6181
7118 '3
296.639
3588.37
23002.1

F irYED PLUS DYNAMI C COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt si t= 816. 106
s2t= 1622. 76
t3 t= 3089 ~ 32
mit= 1.02799E+5
m2t= 22844 '
tt3t= 28262.9

AT A 5143.94
AT B 7982.64

88.6185
9788.55
434.951
5261.5
23857.1



CEP4A
CEP-VPAO-4A WITH TORQUE MODIFICATION
REVISED 12-1 0-83 MASj'TBGM/CYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
3 ~ 71 s 1 ~ 34, 0 ~ 89

INPUT OPERATOR FORCE (TORQUE) ~M ~NGLVC
'P 995.

INPUT DATA

c'' P CpO

GLOBAL G-LEVELS 3 '1
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 180
WEIGHT VECTOR ANGLES = 90

1.34
-38

52
90

-1 28

.
89'2

.1 42
90

-38

LOCAL G-LEVELS

—1.41525E-5 -5.11169E-6 —
~ 89

2.92352 .824984 -3.39508E-6
2.2841 -1 ~ 05594 -3.39508E-6

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

412.882
710 '44

-3.75613E-4
2300.51
102 '84
1238.52
4599.3

si f=-3 ~ 4591E-3
s2f = 578. 81

'"" t3f= 532 ~ 695
mif=-20760 '
m2f=-3818.52
tt3f= 5474.06



DYNAMIC COMPONENTSt DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si d= 807. 034
s2d= 2053.47
t3d= 1701 '6
mid= 64964 '
m2d= 13396.7
tt3d= 24569.7

4493.02
6871.83
87 '336
9303.24
405.714
4907.83
14492.5

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt si t= 807 ~ 038
s2t= 2632.28
t3t= 2233.76
mit= 85725.4
m2t= 17215.2
tt3t= 30043.7

AT A 4905 ~
9'T

B 7582.57
87 '339
11603.7
508. 099
6146. 36
19091 . 8



CEP4A
CEP-Vf'AO-4A WITH TORQUE MODIFICATION

c REV I SED 12-10-83 MAS/'TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS
? 3.71, 1.34, 0.89

INPUT OPERATOR FORCE (TORQUE) O~ wC'A~>44 ~~~~
? 1447.

INPUT DATA

GLOBAL G-LEVELS 3.71
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 180
WEIGHT VECTOR ANGLES = 90

1.34
-38

52
90

-1 28

~ 89
52
142
90

-38

LOCAL G-LEVELS

-1 .41525E-5 -5.11169E-6 —.89
2.92352 ~ 824984 -3.39508E-6
2.2841 -1 . 05594 -3.39508E-6

OPERATING DRIVE ROD STRESS AT A 600.434
OPERATING DRIVE ROD STRESS AT B 1033.6
OPERATING CYLINDER BRG PRESSURE -3.75613E-4
OPERATING VALVE EAR TENSILE STR 3730.04
OPERATING VALVE EAR SHEAR STRES 177 '8
OPERATING EAR BOLT SHEAR STRESS 2143 '1
OPERATING EAR BOLT TENSILE STR 5100 '1

sif=-3.4591E-3
",, s2f= 1030 ~ 81

t3f= 532 '95
mif=-23868.3
m2f=-3818. 52
tt3f= 9316.05





cEP4P. >44a

DYNAMI C COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si d= 807. 034
s2d= 2053 ~ 47
t3d= 1701 . 06
mid= 64964.6
m2d= 13396.7
tt3d= 24569.7

AT A 4493.02
AT B 6871.83

87.6336
9303,24
405.714
4907.83
14492 '

GCa~

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT
DRIVE ROD TENSILE STRESS AT
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

~

~

s 1 t= 807. 038
s2t= 3084.29
t3t= 2233.76
mit= 88833
m2t= 17215.2
tt3t= 33885.7

A 5093.46
B 7905 '3

87.6339
13033.3
582.894
7051 '4
19593



CSP14
CSP-V/AO-1/4P WITH TORQUE MOD I F I GATIONt REV I SED 12-10-83 MASr'TBGMj'CYGNA

INPUT GLOBAL ACCELERATIONS
? 1 .46, 3 67, 2 '3

INPUT OPERATOR FORCE (TORQUE) P~Q ~PPJC"
? 1966.

INPUT DATA

GLOBAL G-LEVELS 1.46
NORTH VECTOR ANGLES = 135
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 45
WEIGHT VECTOR ANGLES = 90

3 '7
90
180
90

0

2.13
135
90
135
90

LOCAL G-LEVELS

-1.03238 -1.39999E-5
-5.56945E-6 -3.67
-1.03238 —1.39999E-5

1 ~ 50613
-8.1253E-6
-1.50614

OPERATING
OPERATING
OPERATINGt

�OP

ERAT ING
OPERATING
OPERATING
OPERATING

DRIVE ROD STRESS AT A 815.81
DRIVE ROD STRESS AT B 1404.35
CYLINDER BRG PRESSURE -7.15824E-4
VALVE EAR TENSILE STR 4206.68
VALVE EAR SHEAR STRES 306.895
EAR BOLT SHEAR STRESS 2569.7
EAR BOLT TENSILE STR 1695 '4

s 1 f=-5. 43205E-3
,
's2f= 2880

," t3f=-3.48663E-3
mi f=-22319. 9
m2f=-1 ~ 64417E-2
tt3f= 23436.6



DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

AT A 20370.4
AT B 31155.3

342 '45
11484 '
648.873
5433 '4
7823.03

s 1 d= 2600 . 18
s2d= 3354.38
t3d= 1668.96
mid= 68091.2
m2d= 27118.9
tt3d= 70644.8

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si t= 2600.18
s2t= 6234.38
t3t= 1668.97
Ri t= 90411 ~ 1

m2t= 27119
tt3t= 94081.4

21186. 2
32559.7
342.646
15691
955.768
8002.83
9518.17



CSP14
CSP-V/AO-1t'4 WITH TORQUE MODIFI CATI ON

REVISED 12-10-83 MASr'TBGM/CYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
? 1 ~ 46t 3 '7< 2.13

INPUT OPERATOR FORCE (TORQUE)
? 2366

'NPUT DATA

GLOBAL G-LEVELS 1.46
NORTH VECTOR ANGLES = 135
VERTICAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 45
WEIGHT VECTOR ANGLES = 90

3.67
90
180
90

0

2.13
135
90
135
90

LOCAL G-LEVELS

-1.03238 —1.39999E-5
-5.56945E-6 -3 '7
—1 .03238 —1.39999E-5

1 .50613
-8.1253E-6
-1 . 50614

OPERATING DRIVE ROD STRESS AT A 981.785
OPERATING DRIVE ROD STRESS AT B 1690.06
OPERATING CYLINDER BRG PRESSURE -7.15824E-4tOPERATING VALVE EAR TENSILE STR 4807 '8
OPERATING VALVE EAR SHEAR STRES 350 '89
OPERATING EAR BOLT SHEAR STRESS 2935.55
OPERATING EAR BOLT TENSILE STR 1930.58

, si f=-5.43205E-3
„,„"s2f= 3280

"t3f=-3.48663E-3
mi f=-25419. 9
m2f=-1 ~ 6441 7E-2
t t3f= 26836.6



CgV 1 z~
DYNAMIC COMPONENTS

Q DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

s1 d= 2600 . 18
s2d= 3354.38
t3d= 1668.96
mid= 68091 '
m2d= 27118.9
tt3d= 70644 '

AT A 20370 '
AT B 31155.3

342.645
11484.3
648.873
5433.14
7823 '3

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si t= 2600 '8
s2t= 6634.38
t3t= 1668.97
mi t= 93511 . 1

m2 t= 27119
tt3t= 97481.4

AT A 21352. 2
AT B 32845.4

342.646
16291.8
999.462
8368.69
9753.61



~ '

0



CSR52
CSP-V/AOW/2 WITH TORQUE tRODIFI CATION
REVISED 12-10-83 HAS/TBGl"I/CYGNAt INPUT GLOBAL ACCELERATIONS

? 1.44, 3.57, 1 ~ 90

INPUT OPERATOR FORCE (TORQUE)
'? 1966

'NPUT DATA

GLOBAL G-LEVELS 1.44
NORTH VECTOR ANGLES = 135
VERTI CAL VECTOR ANGLES= 90
EAST VECTOR ANGLES = 45
WEIGHT VECTOR ANGLES = 90

3 '7
90
180
90

1 ~ 9
135
90
f35
90

LOCAL G-LEVELS

-1.01824 -1.36185E-5
-5.49316E-6 -3.57
-1 ~ 01824 -1.36185E-5

1.3435
-7.24792E-6
-1.34351

OPERATING DRIVE ROD STRESS AT A 815.81
OPERATING DRIVE ROD STRESS AT B 1404.35
OPERATING CYLINDER BRG PRESSURE -7.15824E-4t OPERATING VALVE EAR TENSILE STR 4206.68
OPERATING VALVE EAR SHEAR STRES 306 ''95
OPERATING EAR BOLT SHEAR STRESS 2569.7
OPERATING EAR BOLT TENSILE STR 1695.14

'if=-5.43205E-3
s2f= 2880

:, ',;," t3f=-3. 48663E-3
mi f=-22319. 9
m2f=-1. 64417E-2
tt3f= 23436.6



est'z

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

s1 d= 2400 . 49
s2d= 3262.98
t3d= 1540 '9
mid= 63365
m2d= 24262.9
tt3d= 65656.8

AT A 18806
AT B 28762.8

316 '32
10686.5
607.944
5090.43
7168.94

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt si t= 2400,5
s2t= 6142.98
t3t= 1540.8
m1t= 85684.9
m2t= 24263
tt3t= 89093.4

AT A 19621.9
AT B 30167.1

316 '33
14893 F 1

914.838
7660.13
8864 '8



CSP4 2
CSP-V/'AO+l'2 WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/'TBGM/'CYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
1 44r 3 '7r 1 90

INPUT OPERATOR FORCE (TORQUE>
'? 2366

'NPUT DATA

GLOBAL G-LEVELS 1.44
NORTH VECTOR ANGLES = 135
VERT I CAL VECTOR ANGLES= 90

'AST VECTOR ANGLES = 45
WEIGHT VECTOR ANGLES = 90

3.57
90
180
90

0

1.9
135
90
135
90

LOCAL G-LEVELS

-1 ~ 01824 -1.36185E-5
-5.49316E-6 -3 '7
-1.01824 —1.36185E-5

1.3435
-7.24792E-6
-1.34351

OPERATING DRIVE ROD STRESS AT A 981.785
OPERATING DRIVE ROD STRESS AT B 1690 '6
OPERATING CYLINDER BRG PRESSURE -7.15824E-4tOPEPATING VALVE EAR TENSILE STR 4807 '8
OPERATING VALVE EAR SHEAR STRES 350 '89
OPERATING EAR BOLT SHEAR STRESS 2935.55
OPERATING EAR BOLT TENSILE STR 1930 '8
sif=-5.43205E-3

~ l, s2f= 3280
t3f=-3.48663E-3
mi f=-25419. 9
m2f=-1 ~ 64417E-2
t t3f= 26836. 6



DYNANIC CONPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 2400.49
s2d= 3262.98
t3d= 1540.79
mid= 63365
m2d= 24262.9
tt3d= 65656.8

1 8806
28762.8
316 '32
10686.5
607.944
5090.43
7168.94

FIXED PLUS DYNANIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 19787 '
DRIVE ROD TENSILE STRESS AT B 30452.8
PUSHING PRESSURE 316.333
VALVE EAR TENSILE STRESS 15493.9
VALVE EAR SHEAR STRESS 958.532
EAR BOLT SHEAR STRESS 8025.98
EAR BOLT TENSILE STRESS 9099.52

si t= 2400.5
s2t= 6542.98
t3t= 1540.8
mit= 88784 '
m2t= 24263
tt3t= 92493.4



CSP39
CSP-Vr AO-3/N WITH TORQUE t"IODIFICATI ON

REV I SED 1 2-1 0-83 HAS/'TBGNr'CYGNA
/

~ ~ ~

INPUT GLOBAL ACCELERATIONS
2.66, 3.17, 3.76

INPUT OPERATOR FORCE < TORQUE) FLO< > oR6)UE
'? 5'9'S ~

INPUT DATA

GLOBAL G-LEVELS 2 '6
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 5'0

EAST VECTOR ANGLES = 90
WEIGHT VECTOR ANGLES = 180

3. 17
90
5'0
180
5'0

LOCAL G-LEVELS

~ -1 .01471E-5 3. 17
—1.01471E-5 -1.205'26E-5
-2.66 -1.20926E-5

-1.43433E-5
-3.76
-1.43433E-5

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5461.21
8431.86

-5'8.4646
5930.22
251 .91
3047.3
2443 ''8

si f=-906.782
«'„s2f= 5'5'4 ~ 997

t3f=-2.S7873E-3
mi f=-6840 ~ 52
m2f=-6234. 1

t t3f=-13646.3



CSV'3

DYNAMIC COMPONENTSt DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

s 1 d= 2874.
45'2d=2541.76

t3d= 175'8.16
mid= 59281.6
m2d= 2355'4.3
tt3d=

72395'T

A 16003 ~ 2
AT B 24476

312 '33
23765'.1
1017.24
12305.3
14299.1

r + 7 3

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt 51 t= 3781 . 28
s2t= 3536.76
t3t= 1798.16
mi t= 66122. 1

m2 t= 25'828. 4
tt3t= 86045.3

AT A 21464.4
AT B

325'07.5'10.597

25'699.3
1265'.15
15352 '
16743 '





CSP34
CSP-ViAO-3i4 WITH TORQUE t"tODI FI CATION
REV I SED 12-10-83 I"tASiTBGNiCYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
'P 2.66'.17< 3 '6

INPUT OPERATOR FORCE (TORQUE) O>~
? 1447.

INP UT DATA

GLOBAL G-LEVELS 2.66
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90
MEIGHT VECTOR ANGLES = 180

3 ~ 17
90
90
180
90

3.76
180

90
90

LOCAL G-LEVELS

-1.01471E-5 3.1? -1.43433E-5
-1.01471E-5 -1 '0926E-5 -3.76
-2.66 -1.20926E-5 -1.43433E-5

OPERATING DRIVE ROD STRESS AT A
OPERATI tilG DRIVE ROD STRESS AT B
OPERATItilG CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSI I E STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5648.76
8754.72

-98 '646
5380 '5
231.813
2804.19
2945 '9

&if=-906.782
s2f= 1447
43f=-2.57873E-3
mi f=-9948. 02
m2f=-6234. 1

t t3f=-9804.29



DYNAMIC COMPO JENTS

DRIVE ROD TENSILE STRESS AT
DRIVE ROD TENSILE STRESS AT
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

A 16003. 2
B 24476

312.133
23765'.1
1017.24
12305.3
1425'5'. 1

si d= 2874 ~
45'2d=2541.76

t3d= 1798 '6
mid= 59281.6
m2d= 23594.3
tt3d= 72399

FIXED PLUS DYt lAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT
DRIVE ROD TENSILE STRESS AT
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt 'ai t= 3781 ~ 28
s2t= 3988.76
t3t= 1798 '6
m1t= 69229 '
m2t= 25'828.4
tt3t= 82203 '

A 21652
B 33230.7

410.597
25'149.4
1249.05
15109.5
17244 '



CSP54
CSP-VPAO~t'4 WITH TORQUE MODIFICATION

,REV I SED 12-1 0-83 I"iAS/TBGNr'CYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
3 '5r 2 '4r 4 '9

INPUT OPERATOR FORCE <TORQUE) Whorl ~WAQc=
? 995.

INPUT DATA

GLOBAL G-LEVELS 3 ~ 25
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90
WEIGHT VECTOR ANGLES = 180

2.94
90
90
180
90

4 '9
180

00
90

LOCAL G-LEVELS

-1.23978E-5 2.94
-1.23978E-5 -1.12152E-5

3 ~ 25 -1.12152E-5

-1.59836E-5
-4. 19
-1.59836E-5

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5461.21
8431 '6

-98.4646
5930 '2
251.91
3047 '
2443.98

si f=-906 ~ 782
;s2f= 994.997
t3f=-2.57873E-3
ml f=-6840 . 52

, m2f=-6234.1
t t3f=-13646 ~ 3





c.sue

DYNAMIC COMPONENTSt DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si d= 2665.94
s2d= 2832.44
t3d= 2197
mid= 71899.2
m2d= 24165
tt3d= 68083

14842.1
22700.2
289.486
22501.9
972 '61
11761.2
17082.2

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt s 1 t= 3572 ~ 72
s2t= 3827 '4
t3 t= 21 97
mit= 78739.7
02 t= 30399. 1

tt3t= 81729.3
A Ig ~

20303. 3
311 32
387.951
28432.1
1224 '7
14808.5
19526.2



CSP84
CSP-V/AOM/4 WITH TORQUE HODI FI CATION
REVI SED 12-10-83 HAS/'TBGN/CYGNA

~ ~ ~

INPUT GLOBAL ACCELERATIONS
? 3 '5, 2.94, 4.19

INPUT OPERATOR FORCE (TORQUE) DL~ ~~Tlwl4
YnNQQE'P

1 447,

I NP UT DATA

GLOBAL G-LEVELS 3.25
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90
WEIGHT VECTOR ANGLES = 180

2.94
90
90
180
90

4.19
180

90
90

LOCAL G-LEVELS

—1 ~ 23978E-5 2.94 -1.59836E-5
-1.23978E-5 -1.12152E-5 -4.19
-3 '5 —1.12152E-5 —1 ~ 59836E-5

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STR
OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5648.76
8754.72

-98.4646
5380.35
231 .813
2804.19
2945.19

si f=-906. 782
, . s2f= 1447
,'t3f=-2.57873E-3
mi f=-9948. 02
m2f=-6234. 1

t t3f=-9804.29



DYNAt"II C COMPONENTS

1 DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

s 1 d= 2665. 94
s2d= 2832.44
t3d= 21 97
mid= 71899.2
m2d= 24165
tt3d= 68083

AT A 1 4842. 1

AT B 22700.2
289.486
22501.9
972.261
11761 '
17082 '

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT
DRIVE ROD TENSILE STRESS AT
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si t= 3572.72
s2t= 4279.44
t3t= 2197
mit= 81847.2
m2t= 30399.1
tt3t= 77887.2

A 20490.9
B 31454 '

387.951
27882.2
1204.07
14565.4
20027.4



CSP5
CSP-W'AO-5 MITM TORQUE NODIFICATION
REVISED 12-10-83 HASr'TBGMi'CYGNA

~ ~

INPUT GLOBAL ACCELERATIONS
'? 2 '6, 3 '2) 5.42

INPUT OPERATOR FORCE (TORQUE) Gj-W ~~~~tQ< m~adR'P

1 447.

INP UT DATA

GLOBAL G-LEVELS
NORTH VECTOR ANGLES
VERTICAL VECTOR ANGLES=
EAST VECTOR ANGLES
WEIGHT VECTOR ANGLES

2.96
42 '
90
47.5
180

3. 52
47.5
90
137. 5
90

5.42
90

0
90
90

LOCAL G-LEVELS

2 '8234 -1 ~ 34277E-5 3.66169
1.99974 -1 ~ 34277E-5 -3.99606

-1 ~ 1291 5E-5 3 ~ 52 -2 '6756E-5

OPERATING DRIVE ROD STRESS AT A 5648.76
OPERATING DRIVE ROD STRESS AT B 8754.72
OPERATING CYLINDER BRG PRESSUPE -98 '646tOPERATING VALVE EAR TENSILE STR 5380.35
OPERATING VALVE EAR SHEAR STRES 231.813
OPERATING EAR BOLT SHEAR STRESS 2804 '9
OPERATING EAR BOLT TENSILE STR 2945. 19

sif=-906.782
-, s2f= 1447

t3f=-2.57873E-3
mi f=-9948. 02
m2f=-6234 ~ 1

t t3f=-9804.29



<SV'6' 44 1

DYNAMIC COMPONENTSt DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 3865 '4
s2d= 3020.7
t3d= 2379.52
mid= 77785.5
m2d= 31577.4
tt3d= 84539.5

AT A 21519.6
AT B 32912.8

419.724
30726.9
1312.91
15882
19863.7

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt sit= 4772.12
s2t= 4467.7
t3t= 2379.52
mit= 87733.5
m2t= 37811 '
tt3t= 94343.8

27168.3
41667.5
518 '89
36107.2
1544.73
18686.2
22808 '



CSP6
CSP-Vr'AO-6 WITH TORQUE MODIFICATIONt REVISED 12-10-83 MAS/'TBGM/'CYGNA

INPUT GLOBAL ACCELERATIONS
P 2 '5r 3 '3r 5 '5

INPUT OPERATOR FORCE (TORQUE) ot w ~~~the, ~wa~E
'? 1447

'8~
INPUT DATA

GLOBAL G-LEVELS 2 ~ 55
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90

3 ~ 33
90
90

0

5.85
0

90

LOCAL G-LEVELS

-9.72747E-6 3 '3
-9.72747E-6 -1.27029E-5
2.55 -1.27029E-5

-2.2316E-5
5.85

-2.2316E-5

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STRt OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5648.76
8754.72

-98.4646
5380.35
231.813
2804.19
2945.19

sif=-906 '82
s2f= 1447

',,t 3f=-2. 57873E-3
mif=-9948.02
m2f=-6234. 1

t t3f=-9804.29



~sv4- t&l

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B

BUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

Bid= 3019.58
s2d= 3954.6
t3d= 1723.8
IAid= 60730.3
m2d= 24158.8
tt3d= 78875.3

16811
25711.4
327.887
26284.3
1154.32
13963.6
14253 '

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESStsit= 3926 '6
s2t= 5401 '
t3t= 1723 '
IAit= 70678.3
m2t= 30393
tt3t= 88679.5

AT A 22459.8
AT B 34466 F 1

426.352
31664.6
1386.13
16767.8
17198.7



cS7 co

CSP-V/AO-6 WITH TORQUE MODIFICATIONt REV I SED 12-10-83 MAS/TBGMj'CYGNA

INPUT GLOBAL ACCELERATIONS
'? 11.39, 3 '3, 5.85

INPUT OPERATOR FORCE (TORQUE) ~ ~~P~H4
>oeaQZ'?

1447.

I NP UT DATA

GLOBAL G-LEVELS 11.39
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90

3.33
90
90

5 '5
0

90

LOCAL G-LEVELS

-4.34494E-5 3.33 -2.2316E-5
-4.34494E-5 -1.27029E-5 5 '5

11.39 -1 ~ 27029E-5 -2.2316E-S

OPERATING DRIVE ROD STRESS AT A
OPERATING DRIVE ROD STRESS AT B
OPERATING CYLINDER BRG PRESSURE
OPERATING VALVE EAR TENSILE STRt OPERATING VALVE EAR SHEAR STRES
OPERATING EAR BOLT SHEAR STRESS
OPERATING EAR BOLT TENSILE STR

5648.76
8754 '2

-98.4646
5380.35
231. 813
2804.19
2945.19'

1 f=-906. 782
s2f= 1447

,. t3f=-2 ~ 57873E-3
mi f=-9948. 02
m2f=-6234. 1

t t3f=-9804.29



DYNAMI C COMPONENTS

DRIVE ROD TENSILE STRESS AT A
DRIVE ROD TENSILE STRESS AT B
BUSHING PRESSUPE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sld= 3019.58
s2d= 3954.6
t3d= 7699.63
mid= 2.44083E+5
m2d= 58968 '
tt3d= 78875.3

16811
25711.4
327.887
26685 '
1154.32
13963 '
57543

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSI LE STRESS
DRIVE ROD TENSILE STRESS
PUSHING PRESSURE
VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESSt sit= 3926 '6
s2t= 5401 '
t3t= 7699.64
mit= 2.54031E+5
m2t= 65202.4
tt3t= 88679.5

AT A 22459.8
AT B 34466.1

426.352
32065.7
1386.13
16767.8
60488.2



REM+++++ BIF VALVE AND AIR OPERATOR SEISMIC STRESS
REM+++++ CEP-V/AO-3A WITH TORQUE MODIFICATI ON

REM+++++ REVISED 12-10-83 MA SCOTT 1 TBG MARVIN 1 CYGNA

REM
var i, j sk = integer
var lr od, 1 cg,x,phi, lave,abl t,11,12,ei,e2,e3,e4,e5 = r eal
var fst2, ca, i a,cb, ib,aa,ab,dl,d2,ci, i i,c2, i 2=real
var 1 rodo, 1 cgo, I dr sd, abush, pbush=real
var fcof, fco, ma,mb, siga, sigb, fcdr, fcdrf,maf, mbf=real
var dear, fcear, fr, f11, f22, 1 a, c i 12, c i 21, st t3, semi=real
var sem2,set3,sesl,ses2,sr, taui 1, tau22, tauear,aear=real
var btens, taubl t, set3f,semif,sem2f,fcearf, frf,fiif=real
var f22f, st t3f, sesi f,ses2f, sr f, taui f, tau2f, taur f=real
var taubf,btf, dsr,dtaur,dtaub,dbten,dsa,dsb,dpb=real
var sdr af,sdrbf,pbushf, taul if, tau22f=real
var wao,wbr, f tri,watr i,si,sl f,s2,s2f,mi,mi f,m2=real
var m2f, t3, t3f, t t3, t t3f, 1 br,wtot=r eal
var bsi,bs2,bt3,bmi,bm2,bt t3=r eal

var fsl s fs2s f t3s fml s fm2s f t t3s sids s2ds t3d =real
var mid,m2d,tt3d,sit,s2t,t3t,ml't',m2t,tt3t =real
dim r ea,l av(3)
dim r eal wa(3)
dim real wb(3)
REM
REM ~++ BURNS 7 ROE EAR FORCES ARE bsi etc TURN ON WITH K=1+++
REM
REM
dim real a(3,3)
dim r eal b(3)
dim real glc(3,3)
1 data 7 's 10s ~ 75, 1.5'5, 1.25, ~ 7
2 data 25si4.46s ~ 53is53 s5 5s ~ 3isi ~ 5s2.5
3 data 1150 , 875,.46, ~ 648,.138,2.41,1.4
4 data 399s277,5.25,8 ',28.5,15.,6.875
5 data 40.,10.9'6,26.5,30.5,2.075
6 data 5'0 '90 ~ st s5'0 't s5'0 ~

7 data 180 '90 ~ s90 ~ s5'0 '180 ~ ,5'0 ~

REM DATA 6h7 FOR VALVMGLOBAL-GORIENTATIONS AND WEIGHT VECTOR
restor e
read di,d2,ci,ii,c2,i2
restore 2
read lrod,lcg,x,phi,lave,ablt,11,12
r estor e 3
read fst2,ca,ia,cb,ib,aa,ab
restore
read wao,wbr,ei,e2,e3,e4,e5
restor e 5
read lrodo, 1 ego, 1 dr,d,abush
r estore 6
read a(l s 1) sa(2s 1) sa(3s 1) sa(i s2) sa(2s2) sa(3s2)
restore 7



read a(1,3), a(2,3), a(3,3), av(1), av(2), av(3)"*
text 0,8c REVISED 12-10-83 MAS/TBGM/CYGNA 8c

print
text 0,8c INPUT GLOBAL ACCELERATIONS 8c

input b(l),b(2),b(3)
print
text 0,h INPUT DATA h
pr int
text 0 h INPUT OPERATOR FORCE (TORQUE) 8c

print
print "GLOBAL G-LEVELS "Ib(i)sb(2)sb(3)
pr I nt NORTH VECTOR ANGLES ya( 1 g 1 ) pa(2g 1 ) pa(3) 1 )
print "VERTICAL VECTOR ANGLES= I a(i s 2> ~ a(2~2> s a(3~2)
pr int "EAST VECTOR ANGLES = ";a(1,3>,a(2,3),a(3,3>
pr int "WEIGHT VECTOR ANGLES = ";av(i),av(2),av(3)
print
for i=i to 3
for j=i to 3

a( j, i ) =a( J, i ) +2. +3. 1416/360.
gl c( j, i )=b( i ) icos(a( J, i ) )

next
next i
for j=i to 3
av ( j ) =av ( j ) +2. +3. 1416/360 .
next J
print
text 0,h LOCAL G-LEVELS h
print
print glc( 1, i),glc( 1,2),glc(1,3)
print glc(2,1),glc(2,2),glc(2,3)
print glc(3,1),glc(3,2),glc(3,3)
REM WEIGHT COMPONENTS
for J=i to 3
wa(j)=wao+cos(av(j>)
wb(j)=wbr+cos(av(j))
next
ph i =ph i +2. +3. 1 416/360 .
1 a=i ave
c i 12=c i/i2
c i 21=cd i 1

ae ar= 1 1 +1 2
REM CALCULATE EAR FORCES USE B8cR LOADS AS OPT I ON LATER
REM FIXED COMPONENTS ARE ALWAYS THERE
I br= 1 r od+ 1 c g
watr i=1 br+wa(1)J'1 r od
si f=wb(1)+watr 1

w to t=wao+wbr
s2f=wb(2)+wa(2)+ fs t2
t3f=wa(3)+wb(3)
mi f=-(wa(2)+wb(2)+fs t2) +e5-wa(3) +(e3+1 cg) -wb(3) +e4



wb(2) +e 1

$ 5dl af
; sdr bf
;pbushf
;srf
;taurf
; taubf
)btf

print
print "si f=";si f
print "s2f=";s2f
pr i n t "t3f=";t3f
pr int "ml f=";mif
pr i n t "m2f=";m2f
print "tt3f=";tt3f
print
REM
REM CALCULATE VARIABLE COMPONENTS
REM
dsr=0.
dtaur=0

'2f=(watr1+wb(1)

) ~e5-wa(3) we2-wb(3> +e 1

tt3f=watri+e3+(wa(2)+fst2>+e2+wb(i)+e4+
fcdr f=lcg+wa(1)/i rod
maf=f cdr f+(1 rod-13.5)
mbf=fcdr f+7. 125
sdr af=fst2/aa+abs(maf +ca/i a)
sdr bf=fst2/ab+abs(mbf +cb/i b)
fcof=lcgo+wa(i)/lrodo
pbushf=f cof +( 1 dr+d>/(d+abush)
REM STRESSES FROM FIXED COMPONENTS
dear=(d1+di+d2+d2) ++. 5
set3f=abs(t3f/(4+aear))
semi f=abs(m1f/(2+d2+aear »
sem2f=abs(m2f/(2+di+aear))
fcear f=tt3f/(2wdear)
fr f=x+fcearf
f 11 f=-(fcear f+s i n(ph i ) -fr ficos(ph i ) )
f22f=fcear f+cos(phi )+frf+sin(phi )
st t3f=abs( f 1 1 f+1 a+c i 12)+abs( f22f +1 a+c i 2
sesi f=abs(si fwc i 12+1 a/4. )
ses2f=abs(s2f +c i 21+1 a/4. )
sr f=se t3f+semi f+sem2f+sesi f+ses2f+st t3f
REM EAR SHEAR
taui 1 f=abs(si f/(4+aear ) )+abs( f 11 f/aear )
tau22f=abs(s2f/(4+aear) )+abs( f22f/aear)
taur f=( taui 1 f+ taui 1 f+ tau22f ~ tau22f ) ++ ~ 5
taubf=taurf+aear/abl t
REM EARBOLT TENSION
btf=(se t3f+semi f+sem2f ) +aear/abl t
pr int
pr int"OPERATING DRIVE ROD STRESS AT A
print " OPERATING DRIVE ROD STRESS AT B

print"OPERATING CYLINDER BRG PRESSURE
pr int"OPERATING VALVE EAR TENSILE STR
pr int "OPERATING VALVE EAR SHEAR STRES
pr i n t"OPERATING EAR BOLT SHEAR STRESS
print"OPERATING EAR BOLT TENSILE STR
print



dtaub=0
'bten=0

'sa=O.

dsb=O.
dp ID=0 ~

+leg)-wbr+glc(3,J)+e4
+el)+glc(3,J>
(wao+e2+wbr+ei)

fsi=0.
fs2=0.
f t3=0.
f ml=0 .
fm2=0.
ftt3=0.
for j=i to 3
fco=i cgowwao+ol c (1, j ) 11 r odo
pbush=fco+(idr+d)/(d+abush)
ftr i=lbr+wao+glc(i,j)t'lrod
si=f tri+wbr+glc(i,j)
s2=wtot+glc(2)j)
t3=wtot+glc(3,j)
mi=-wtot+glc(2,j)+e5-wao+glc(3,j)+(e3
m2=( f tri+wbr +gl c(1, j) ) +e5-(wao+e2+wbr
t t3=f tr 1+e3+wbr +gi c(1, j ) +e4+gl c(2,J ) +
fcdr =1 cg+wao+g1 c ( 1, j >11 r od
ma=fcdr +(l rod-i3.5)
mb=f cdr +7. 125
s I ga=ma+c al I a
s I gb=mb+c bl I b
REM CALCULATE EAR TENS1 QN
se t 3=abs ( t 3/'( 4 +ac ar ) )
semi=abs(mi/(2+d2+aear ) )
sem2=abs(m2/'(2+di+aear))
fc ear= t t 3/(2+de ar )
fr=x+fcear
f11=-(fcear+sin(phi )-fracas(phi ) )
f22=fcear+cos(phi )+fr +sin(phi )
st t3=abs( f 11+1 a+c i 12)+abs( f22+1 a+c i 21>
sesi=abs( si +c i 12+1 af'4. )
ses2=abs(s2+ci21+la/4.)
sr=set3+semi+sem2+sesi+ses2+stt3
REiR EAR SHEAR
taui l=abs(si/'(4 ~ +aear) )+abs(f 11/'aear )
tau22=abs( s2/(4. +aear ) ) +abs( f22/aear )
tauear=(tauii+tauii+tau22+tau22)++ ~ 5
taublt=tauear+aearr'ablt
REN EARBOLT TENSION
btens=(set3+semi+sem2)+aear/ablt
dsa=dsa+siga+siga
dsb=dsb+sigb+sigb
dpb=dpb+pbush+pbush
dsr=dsr +sr+sr
dtaur=dtaur+ tauear+tauear
dtaub=dtaub+taubitwtaublt



e



dbten=dbten+btens+btens

fsi=fsi+si +si
fs2=f s2+s2+s2
f t3=f t3+ t3~t3
fmi =fmi+ml +mi
fm2=fm2+m2+m2
f t t3=f t t3+ t t3+t t3
next j
REM COMBINE STRESSES
dsa=dsa++e5
dsb=dsb++.5
dpb=dpb~+.5
dsr =dsr++. 5
dtaur=dtaur++.5
dtaub=dtaub++.5
dbten=dbten++.5

fsi=fsi ++ ~ 5
fs2=f s2++. 5
f t3=f t3++.5
fml=fml++.5
fm2= fm2++ ~ 5
f t t3=f t t3++.5
print
t e x t 0, 8c DYNAMI C COMPONENTS 5
print
print "DRIVE ROD TENSILE STRESS
print "DRIVE ROD TENSILE STRESS
print "BUSHING PRESSURE
print "VALUE EAR TENSILE STRESS
print "VALUE EAR SHEAR STRESS
print "EAR BOLT SHEAR STRESS
print "EAR BOLT TENSILE STRESS

print
print "sid=";fsi
pr i n t "s2d="; fs2
pr int "t3d=";f t3
pr in t "mid=";fml
print "m2d=";fm2
print "tt3d=";ftt3
pr int
dsa=dsa+abs( sdr af )
dsb=dsb+abs(sdrbf ) ~

dpb=dpb+abs( pbush f )
dsr=dsr+abs(sr f )
dtaur=dtaur+abs( taurf)
dt*ub=dtaub+abs( taubf )
dbten=dbten+abs(btf)

fsi=fsi+abs(si f )

AT A"sdsa
AT B")dsb

" 'dpb'sr
";dtaur
";dtaub
";dbten



fs2=f s2+abs( s2f )
f t3=f t3+abs( t3f )
fml=fmi+abs(mi f )
fm2=fm2+abs(m2f )
f t t3=f t t3+abs( t t3f )
print
text 0,8c FiiYED PLUS DYNAMIC COMPONENTS 8c

print
print "DRIVE ROD TENSILE STRESS AT A";dsa
print "DRIVE ROD TENSILE STRESS AT B";dsb
print "PUSHING PRESSURE ";dpb
print "VALVE EAR TENSILE STRESS ";dsr
print "VALVE EAR SHEAR STRESS ";dtaur
print "EAR BOLT SHEAR STRESS ";dtaub
print "EAR BOLT TENSILE STRESS ";dbten

E'rint

pr int
print
print
print
print
print
pr int
end

"si t=" fsi
"s2t=" ' s2t"t3t-" 'f t3
"mi t=" 'fml

7

"m2t=" fm2"t t3t=" ) f tt3
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