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I. PURPOSF.JOBJECTIVE 

Valve MOV 1-2301-8, which is installed in the HPCI System at Quad Cities, has been 
determined to be susceptible to the pressure locking phenomena. The purpose of this calculation 
is to determine that the valve will open when called upon by design during a pressure locking 
event by calculating the force necessary to overcome pressure locking and the available 
Motor/Gearing Capability (MGC) of the MOV. 

II. METHODOLOGY AND ACCEPTANCE CRITERIA 

The methodology for calculating the thrust required to open the MOVs under the pressure 
locking scenario is based on the Reference 1 (Roark's) engineering handbook. This 
methooology has been previously applied by ComF.d in the References 2 and 10 calculations. 
The methodology determines the total force required to open the valve under a pressure locking 
scenario by solving for the four components to this required force. The four components of the 
force are the Pressure Locking Component, the static unseating component, the piston effect 
component, and the "reverse piston effect" component. These components are determined using 
the following steps. 

· Pressure Lockin& Component of Force Reguire<i to ()_pen the Valve 

The valve disk is modeled as two plates attached at. the center by a hub which is concentric 
with the valve disk. A plane of symmetry is assumed between the valve disks. This plane 
of symmetry is considered fixed in the analysis. 

Modeled As:· 

REVISION NO. 0 

or 
Symmatry 

Axis of 
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The pressure force is assumed to act uniformly upon the inner surface of the disk between 
the hub diameter and the outer disk diameter. The outer edge of the disk is assumed to be 
unimpeded and allowed to deflect away from the pressure force. In addition, the disk hub 
is allowed to stretch. The total displacement at the outer edge of the valve disk due to 
shear and bending and due to hub stretch are calculated using the reference 1 equations. 

~ 
bending 

An evenly distributed force is assumed to act between the valve seat and the outer edge of · 
the valve disk. This force acts to deflect the outer diameter of the valve disk inward and to 
compress the disk hub. The pressure force. is reacted to by an increase in this contact force 
between the valve disk and seats.· The valve body seats are conservatively assumed to be 
fixed. Therefore, the deflection due to the known pressure load must be balanced by the 
deflection due to the unknown seat load. The deflection due to the pressure force is first 
calculated. Then, the reference 1 equations are used to determine the contact force between 
the seat and disk which results in a deflection which is equal and opposite to the deflection 
due to the pressure force. Because the disk varies in thickness, the average thickness will be 
used for purposes of this calculation. 

REVISION NO. 0 
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The coefficient of friction between the seat and disk is determined based on the operl valve 
factor from a DP test. The stem force required to overcome the contact load between the · 
seat and disk which opposes the pressure force is equal to: 

(seat load) x [ (seat mu) cos(seat angle) - sin(seat angle)] x 2 (for two disk faces). 

Static Unseatin& Force 

The static unseating force repreSent the open packing load and pullout force due to wedging 
of the valve disk during closure. These loads are superimpo~ on the loads due to the 
pressure forces which occur during pressure locking. The value for this load is based on 
static test data for the MOVs. 

Piston Effect 

The piston effect due to valve internal pressure exceeding outside pressure is calculated 
using the standard industry equation. This force assists movement of the valve stem in the 
open direction. · · 

•Reverse Piston Effect•CFvenl. 

The reverse piston effect is the term 
used in this calculation to refer to the 
pressure force acting downward against 
the valve disk. This force is equal to 
the differential pressure across the valve · 
disk times the area of the valve disk 
times the sine of the seat angle times 2 
(for two disk faces). . 

REVISION NO. 0 
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Total Force Reguireci to Overcome Pressure Lockin& 

As mentioned previously, the total stem force (tension) required to overcome pressure locking is 
the sum of the four components discussed above. All of the terms are positive with the 
exception of the piston effect component. 

Next the motor gearing capability available to overcome static unseating forces is determined 
using the statically measured stem factor, the pullout efficiency, the temperature factor, and the 
Com&I motor test data (for breakdown torque and voltage factor), Reference 5. 

(
Voltage .a~) Z.-. 

.MR,,~ x Temp Fa:tor x O.AR x EfJ pWIN x ----.......... ---. 
· Voltage R11tJ11 

.MGC.,.=----------~--Fi-i:rt_or __________ _... ___ 

Determination of D.pen Valve Factor 

The open valve factor (VF) for the purpose of this calculation is obtained from Com&I MOV 
White Paper MOV-WP-160, Rev. 0, 1015195. This value is consistent with calculated VFs that 
utiliu differential pressure pull out and running thrusts. 

REVISION NO. 0 
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ACCCJ)tanCC Criteria 

The margin between one time structural limit and required thrust is calculated. A margin of 15 % or 
greater is required. This margin accounts for equipment inaccuracy and degradation. 

The margin between MGC and required thrust is calculated. A margin of 20% or greater is required. 
This margin accounts for equipment inaccuracy and degradation. 

If the enhanced capability evaluation is applied, a margin of 40% or greater is required. This margin 
accounts for voltage, current, and thrust measurement inaccuracies from the static test and a possible 
reduction in overall MOV efficiency from the static condition to the estimated pullout condition. 

ill. ASSUMPTIONS 

1. The valve disk is assumed to act as two ideal disks connected by a hub. The equations in 
reference 1 are assumed to conservatively model the actual load due to pressure forces. 
This assumption is considered conservative since inspection of the disk drawings show large 
fillets between the disk hub and seats which should make the valve disk stiffer than assumed 
in the reference 1 equations. 

2. The coefficient of friction between the valve seat and disk is assumed to be the same under 
pressure locking conditions as it is under DP conditions. This assumption (in combination 
with assumption 1) is considered to be justified based on bench marking of the calculation 
against ComEd and EPRI pressure locking test data for similar flex-wedge gate valves. 

3. The bonnet pressure value is based on a scenario in which the MOV 1-2301-8 valve bonnet 
is pressurized to reactor feedwater pressure (1085 psig) by leakage past upstream check 
valve 1-2301-7. This value is conservative because it does not consider any feedwater 
piping line losses. The upstream and downstream pressure (both considered to be 0 psig) are 
based on a scenario in which a LOCA occurs, the feedwater header is depressurized and 
check valve 1-l--0220-58B does not allow any back leakage from the Reactor into the 
feedwater line. Again, the upstream and downstream assumed values are conservative as it is 
very unlikely that the feedwater line would decay to 0 psig before HPCI injection occurs. 
The bonnet pressure value is obtained from the Quad Cities UFSAR. See Reference 6. 

4. A valve temperature of 250 ·F is assumed for the purpose of this calculation. This 
.temperature is based on conduction from feedwater at its normal operating temperature of 
340 • F and MSIV room temperature of 150 • F. This assumed temperature will require 
verification. Feedwater and MSIV room temperatures are based on UFSAR Thi 1.2-3 and 
Zone 10 during a LOCA per Bechtel Spec. 13524--069-N201, Rev. 1, respectively. 

IV. DESIGN INPUTS 

1. Valve Disk Geometry information is based on the Reference 4, Faxes from the Crane
.Aloyco Valve Company. (Attachment A) 

REVISION NO. 0 
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2. Motor Data is taken from the Reference 5 report and RSMDS, Reference 7 .. 

V. REFERENCF.S 

1. Sixth Edition of Roark's Formulas for Stress and Strain 

2. MPR Calculations 101-013-1, "Effect of Bonnet Pressure on Disc to Seat Contact 
Load", dated 3/23/95; and 101-013-4, "Estimate of Valve Unseating Force as 
Function of Bonnet Pressure", dated 3/23/95 

3. NMAC Report NP-6660-D, " Application Guide For Motor Operated Valves" 

4. Crane-Aloyco Telecopy from Bruce Harry to Ken Higgins (Bechtel) dated 
10/25/95, Attachment A. 

5. ComEd White Papers MOV-WP-125, Rev. 2, lOf.4/95 and MOV-WP-l60, Rev. 0, 
10105195. 

6. 

7. 

8. 

9 

UFSAR Table 4.1-3. 

ComE.d Rising Stem MOV Data Sheet, 1-2301-8, 04106195, 22:34. 

Thrust values are taken from static VOTF.S test 10 performed 02/23/91. 

EMS Calculation CE-DR-030~ "Pressure Locking Analysis of Dresden Motor 
Operated Valves", dated 6/13/95. 

10. ComEd Calculation NED-M-MSD-182, "Verification of Operability for Dresden and 
Quad Cities Injection Valves Susceptible to Pressure Locking", dated June 22, 1995. 

11. Thrust and Torque Calculation OTC-336, Rev. 2. 

VI. CALCULATIONS 

The following is provided for MOV 1-2301-8. 

MathCad calculation of: 

1) the pressure locking unseating force, 
2) the available motor gearing capability to unseat while pressure locked 

I REVISION NO. 0 
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• VI QCNPS Valve 1-2301-8 
INPUTS: 

Bonnet Pressure 
Upstream Pressure 
Downstream Pressure 

Disk Thickness, Avg 
Seat Radius. 
Hub Radius 
Hub Length 
Seat Angle 
Poisson's Ratio (disk) 

·Mod. of Elast. (disk) 

Static Pullout Force 
(Test 10) 

Stem Diameter 

Valve Factor: 

MU CALCULATION 

p bonnet : = 1085· psi 

Pup :=O·psi 

P down :=O·psi 

t : = 2.085· in 
a := 5.625·in 
b := l.625·in 
L :=2.0·in 
theta:= 5·deg 
v :=0.3 

E := 27.6· 106·psi 

F po := 5268J.lbf 

D stem :=2.375·in 

VF :=0.55 

Coefficient of friction between disk and seat: 

mu :r VF-~(theta) 
I - VF·sin(theta) 

PRESSURE FORCE CALCULATIONS 

Average OP across disks: 

PROJECT NO. NIA 

Reference 6 
Assumption 3 
Assumption 3 

Reference 4 
Reference 4 
Reference 4 
Reference 4 
Reference 7 
Ref.1 & 4, Carb. Steel 

. Ref. 1 & 4, Carb. Steel 

Reference 8 

Reference 7 

Reference 5 

(Reference 3) 

mu =0.575 

PAGE N0.10 

Pup+ p down 
DPavg : = P bonnet - DPavg = 1.085• l cf -psi 

2 

REVISION NO. 0 
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• 

'"°'\. 

I 
) 

Disk Stiffness Constants (Reference 1, Table 24) 

D := E·(t)3 

12-(1 - v2) 
E 

G:=---
2·(1 + v) 

Geometry Factors: (Reference 1, Table 24) 

c 2 :=~-[I - (~t(• + 2-m(~)) J 

c 3 :=i.~{[ (~f + • }m(~) + (~f- •] 

b l+v a 1-v b [ ( ) [ ( )2]] c 9 :=~· -2-·m h +-4-· I - ~ 

L3 =:h[[ (;)' + 1 }1n(;) + (;)'- 1] 

a [ 1 + v (a) 1 - v [ (a) 2
]] L9 :=~· -2-·m ~ +-4-· 1- ~ 

L 11 = ~ [I+ 4-(;)'- s (;)'- 4-(;)'[ 2 + (;)'H~l l 
L 17 =HI~ I;·[!-(;)']-(;)'[ I +(I +•)In(~)]] 

Moment (Reference 1, Table 24, Case 2L) 

-DPavg·a2 
[ C 9 ( 2 2) ] M rb :- · - - -· a - b - L 17 

C 8 2·a·b 

, REVISION NO. 0 

D = 2.291·107 •lbf.in 

G = 1.062· 107 -psi 

c 2 =0.177 

c 3 =0.031 

c 8 =0.679 

L ll = 0.007 

L 17 =0.152 

Mrb =-1.473•104 •lbf 

,.3 lbf 
Q b = 9.682· lu- ·~ 

1D 
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Deflection due to pressure and bending: (Reference 1, Table 24; Case 2L) 

82 83 DP8vg·8
4 

Ybq:=Mrb·D·C2+Qb·D·C3- D ·L11 Ybq=--0.002•in 

Deflection due to pressure and shear stress: (Reference 1, Table 25, Case 2L) 

K sa :=-0.3·[ 2·ln(~)- 1 + (;rJ K sa =--0.47 

2 K 58·DP8vg·8 _
4 y ·- y sq =-7.291· 10 ·in sq .---t·G 

Deflection due to hub stretch (from center of hub to disk): 

P force:= 3.1416· (8
2 

- b
2
)·DP8vg 

p force L 
y stretch : = ---

3.1416·b2 (2·E) 

Total Deflection due to pressure forces: 

y q : = y bq + y sq - y stretch 

P force = 9.885• 10
4 

·lbf 

-4 
y stretch =4.317·10 ·in 

y q = --0.003 ·in 

Deflection due to seat contact force and shear stress (per lbf/in.): (Reference 1, Table 25, 
~1 Case 1L) 

y :=-f l.2·(~)·1n(~)·8] 
sw t·G 

(per lbf/in) 

Deflection due to seat contact force and bending (per lbf/in.): 

~,jf )[ (~ ~)[ ("~ 9)-L 9]-[ (~)c 3] .L3 l . 

...., in 
y =-3.787•10 ·--

SW (1:) 
(Reference 1, Table 24, 
Case 1L) 

y bw =-1.13· 10.s 
ID ·--

(1:) 
Deflection due to hub compression (per lbf/in), (from center of hub to disk): 

._ 2·8·11 L 
y - ·--

compr. 3.1416·b2 (2·E) 
(per lbf/in) 

Total deflection due to seat contact force (per lbf//in.): 

Y w :=y bw+ Y sw- Y compr 

(per lbf/in) 

VISION NO. 0 

...., in 
y compr = 1.544· IO • ('~ 

-6 in 
y =-1.663·10 ·--

w (1~~ 
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Seat Contact Force for which deflection· is equal previously calculated deflection 
from pressure forces: 

PAGE NO. 13 

in 

·- Yq F 5 .-2·1t·a·- F 5 = 5.869· l 04 ·lbf 
Y w 

UNSEATING FORCES (Reference 2) 

F peddng is included in measured static pullout Force . 

ll 2 
F piston : = 4 · D stem · p bonnet F piston = 4.807• Iif ·lbf 

F vert := 1t·a
2
·sin(tbeta)-(2·P bonnet-Pup - P down) F Vert = 1.88• l 04 ·lbf 

. 
F preslock := 2·F 5·(mu·cos(tbeta)- sin( theta)) 

4 
F preslock =S.706•10 ·lbf 

F total : = - F-piston + F vert + F preslock + F po F po = 5.268• l 04 ·lbf 

F total = 1.237· 10' ·lbf 

MOTOR I GEARING CAPABILITY INPUTS: 

Motor Torque: MR :=447·ft·lbf Reference 5 

Temperature Factor: Tf := 1.0 Reference 5 

Degraded Voltage: DY:= 177-volt Reference 7 

Under Voltage Factor: n := 1.0 Reference 5 

Stem Factor: SF :=0.0322·ft Reference 7 

Overall Ratio: OAR :=92.12 Reference 7 

Pullout Efficiency: Effpo :=0.4 Reference 7 

MOTOR I GEARING CAPABILITY CALCULATIONS: 

( 
DY )n 

MGC :=MR·Tf.OAR·Eff · 460-volt 
po SF 

MGC = 1.968• lO' •lbf 

I REVISION NO. 0 
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For purposes of this calculation, the Open Structural Limit will be set to the Open Weak Link 
thrust value based on an assumed temp. of 250 •F (based on conduction from FW at 340 °F and 
room temperature of 150 °F). Actual operating temp. will require verification.The thrust value at 250 
°F will be approximated by the following: 

OWL IOOdeg := 158862·1bf 

OWL 350deg := 136620·1bf 

ATemp := 250·deg 

Reference 11 
Reference 7 

OWL I OOde - OWL I OOdeg - OWL 350deg ·I 50·deg = 1.455• I fi ·lbf Assumption 4 
g ATemp 

OPEN STRUCTURAL LIMIT: StructlD"alLimit := 145500.lbf 

OPEN LIMIT: Limit : = (min( ( Structw"alLimit · MOC ) ) ) 

. Limit - F total 
Margm :=----

F total 
Margin =0.176 MARGIN: 

0 
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•• vn. COMPARISON OF MODEL OF OTHER SOURCES OF INFORMATION 
/ 

Fmite Element Calculation to Determine Seat Contact Force due to Bonnet Pressure 

Results from the Reference 9 calculation demonstrate that the contact force between the seat 
and disk which is calculated using the MathCad model above is conservative and reasonably 
accurate (within 5%) for the 16" valve size modeled in this calculation. Once this Finite 
Element Analysis calculation is finalized, this calculation will be updated_ to provide the 
actual values. 

Comparison to Actual Test Data. 

The reference 10 calculation demonstrates that the MathCad model calculates the pressure 
locking unseating thrust for the 6" flex-wedge Velan gate valve with good accuracy. In 
addition, pressure locking testing performed on a IO" Crane 900# Class flex-wedge gate 
valve at Quad Cities on July 21, 1995 indicates that the model accurately and conservatively 
predicts that pressure locking unseating force. A graph showing the initial results of this 
testing is provided below. Further testing is scheduled for later this year. The results of 
the entire test sequence will be formally documented in a ComEd report after all testing is 
completed. 

-
" ) 

', 
~ 

Pressure Locking Model Comilation 
(Measured StatJc lklseatlng Thrustt - • -1; - -· 

2 • 
.I: - • ~ • 

i - •• •• - .. . .. • c -::> 
1 -li ·-1 .. ·-A. -• • - - ·- - - - - - - - -MeHurecl Unsealing Thruat 

~ 
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vm. SUMMARY AND CONCLUSIONS 

This Calculation has determined that the force required to unseat MOV 1-2301-8 (Fuui) is 
123, 700 lbf and the Motor/Gearing Capability (MGC) is 196,800 lbf. The Open Structural 
Limit for MOV 1-2301-8, calculated at an assumed temperature of 250 ·p, is the weak link 
value of 145 ,500 lbf . The margin was determined by finding the difference between the 
limiting open force, in this case the weak link value, and the unseating force, then dividing 
the resultant value by the unseating force to produced a margin of 17.6%. · 

The calculated margin of 17. 6 % is greater than the 15 % minimum required margin, 
therefore, a pressure locking event will not prevent the valve from performing its design 
function. 

IX. ATIACHMENTS 

Telecopy from Bruce Harry (Crane-Aloyco Valves) to Ken Higgins (Bechtel) dated 
10125195, Page A-1. 
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To· .' J!.. f ~ H t Cr fJ.I A.IS/)\ ') "2 '3 (. 

i 

. I 10/25/95 
I 

Could you please provide the s~at radius, hub diameter, hub length, 
disk matelial and pJate thicknes~ for the follwing valves: 

I 

1•1301-41 1-~301-1. 
4 .. 783·U· 14~.783·U 

ol•a:& RacHtt• I 

! .S-'9 ¢ J~,?.~rj 
Hub Dl1m. 1.·-zscp -;!;>>z.s rP tDl 
Hub Length (), 875°9 

I 

2. t:>o 
I 

Diak ! 

Material AZI' G-/t.. :r.vc.6 141)1 4'1-. w c. c, 
Plate I 

o. B'+-lf. z.~ss-Thlcknea 11) 

Thanks for your assistance Bruce. 
! . 
I 

c """"7>'f c.r s fnl'rr t>' '4 • 

/- · ken Higgins,. Quad Cities, Ext 32le 
Wtien FAXlng (309) S54-2241X3026 you need to insert 5-e pauses 
before the ext. number, or FAX to ~rad Gebhardt@ QC. 

I 
lcoJ-?A/r(h) tr:.~ 5&i~w 

I 

i 

I 
Polt·lt"' brand fax 1ran1mittal memo 7871 "°' PIV9t " 

• Att. t.O. f..i Sht .J- of 
Cale. No/' ·; ~z~-M Rev. 

.. 
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I 

,. i 
0 

.i 


