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.

MEMORANDUM FOR: James A. Norberg, Chief ;

Mechanical Engineering Branch ;
Division of Engineering i

:

THRU: George Jo'h'nson, Section Chief !r

Pumps and Valves Section :
' Mechanical Engineering Branch #

Division of Engineering .!
:

FROM: Thomas G. Scarbrough |
Pumps and Valves Section -

Mechanical Engineering Branch |
Division of Engineering '

L SUBJECT: MINUTES OF PUBLIC MEETING TO DISCUSS ;

EPRI M0V PERFORMANCE PREDICTION PROGRAM !

On October 6 and 7,1993, the NRC staff held a public meeting with the Nuclear
Management and Resources Council (NUMARC) and the Electric Power Research i

Institute to discuss the EPRI Motor-Operated Valve (MOV) Performance
Prediction Program. Enclosure I is a list of the meeting participants.

Nuclear power plant licensees initiated the EPRI program in an effort to allow <

! static tests of MOVs to be used to predict their performance under dynamic !
conditions. EPRI has obtained a significant amount of data from its MOV tests ;

| and is analyzing the data to develop its MOV Performance Prediction .!
Methodology. The test data reveal that valve vendors underpredicted the :

thrust requtred to operate many types and sizes of gate valves. The valve
vendors also underpredicted the thrust required to operate some globe valves.

E Butterfly valve torque requirements are still being-evaluated. Enclosure 2 ;

| contains the slides preser.ted by EPRI during the meeting. !

Many licensees will be relying on the EPRI MOV test data through either.the !
r EPRI methodology or as prototype data to demonstrate that MOVs are' capable of '

performing their design-basis capability function. Also, licensees might ;

identify immediate problems with particular MOVs based on the EPRI test data.
,

The staff emphasized that EPRI will need to ensure that the application of the |
L test data and methodology is clearly understood. For example:

;
, -!

Licensees typically use a " valve factt,r" while the EPRI data is based on
the EPRI " valve coefficient of friction" equation.L

;

EPRI uses a mean seat diameter in its gate valve calculations toe
' determine valve friction coefficient and some licensees m'qht use other .

,

diameters.

The preliminary EPRI test data tables do not include diagnostic j'
| quipment error. EPRI stated that its methodology will include its own '

diagnostic equipment error. Licensees will need to include' margin for i :
their own diagnostic equipment. gp y g' I;
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EPRI will not recomend assumptions for actuator torque capability
different from manufacturer guidelines. However, one licensee has
referenced an EPRI report for a low stem friction coefficient that might
not be appropriate for its MOVs and plant conditions.

If a licensee uses disk area for globe valves, EPRI test data indicate
that a 1.1 valve factor might not always be adequate to predict the
thrust requirement.

EPRI has found that the flow isolation point is difficult to determine
based on thrust traces. EPRI found that pressures can converge in tests
before flow isolation.

Dynamic thrust traces that look like static traces might indicate low-

differential pressure across the valve.

EPRI plans to complete its MOV Performance Prediction Program in April 1994.
The staff has indicated to EPRI that it will review EPRI's test reports in
advance of EPRI's submittal of its topical report on the program. However,
the release of EPRI's test reports has been delayed. As a result, the staff
will require time following April 1994 to complete its review. During the
October 6-7 meeting, EPRI stated that the test data will be available on
November 1. The staff will develop a list of the highest priority data and
Gerry Weidenhamer of RES will contact EPRI on that date.

EPRI and Borg-Warner (BW) are continuing to evaluate high valve friction
revealed by a BW valve during EPRI testing. The issue was first identified a
year ago and the 10 CFR Part 21 notice has not been finalized. BW stated that
it is currently recommending a 0.45 valve factor to its customers. BW plans
to complete the Part 21 notice and to issue a customer bulletin by the end of
1993. During the meeting, the staff expressed concern about other damaged
valves and high valve friction with little action taken by valve manufacturers
to address these issues in response to Part 21.

During the October 6-7 meeting, the staff requested that John Holser of EPRI
confirm that a draft information notice on the EPRI M0V testing did not
contain proprietary information. Upon his review, John Hosler stated that the
draft information notice did not contain any proprietary information. He then
requested that EPRI be allow;d an opportunity to provide coments on the draft
information notice to ensure its technical accuracy and completeness. Because
of time constraints, the coments of the meeting participants could not be
provided during the meeting. Therefore, the staff stated that any coments
promptly forwarded following the meeting would be considered. Enclosure 3 is ;

the draft information notice discussed during the meeting.

The staff and EPRI discussed MOV issues raised by the staff in previous !

correspondence. Enclosure 4 is a letter dated September 16, 1993, that i
provides the EPRI response to staff questions and coments. Based on the |
discussions at the meeting, the staff categorized the items listed in the i

ISeptember 16 letter as (a) no further response necessary - items 5, 6, 9, 10,
14, 15, 22, 23, and 25-28; (b) continuing issue - items 1-4, 7, 12, 13, and
19; and (c) further response necessary - items 8, 11, 16-18, 20, 21 and 24.

|
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Among the significant remaining issues are:

(a) ensuring that licensees understand the EPRI data and methodology; i

(b) the EPRI methodology may allow damage and predict thrust;

(c) EPRI might allow stroke count to be considered in reducing thrust :

requirements below the pre-conditioning plateau; ;

'

(d) some EPRI-test valves did not receive complete preconditioning;
!

(e) ensuring EPRI's stem orientation data is consistent with industry
experience;

,

(f) EPRI does not have any vertical pipe test data;

(g) the potential for open direction load sensitive behavior;

(h) peer review considerations (valve vendor involvement);
,
.

!(i) applicability of methodology to particular valves installed in plants;
i

(j) reliability of handwheel method to estimate rate-of-loading (ROL) effect i

and ability to address potentially higher stem friction coefficient at
initial wedging;

;

(k) location of pressure measurement for stem rejection load, and

(1) consideration of limit-seat valves

The staff will continue to meet with NUMARC and EPRI to discuss the EPRI MOV
Performance Prediction Program. !

At the request of NUMARC and EPRI representatives, the staff agreed that the ;'
results from the latest MOV research, sponsored by the NRC Office of Nuclear
Regulatory Research (RES), would be presented by the Idaho National ,

Engineering Laboratory (INEL) immediately following the completion of the ;
meeting agenda. Two areas of MOV research currently being studied by-INEL and
presented at the meeting are (a) the effects of temperature and reduced
voltage on motor operator performance, and (b) the effects of loadings on stem !

friction magnitude. Enclosure 5 contains the viewgraphs presented by INEL.
However, it is important to state that the results of the temperature and
reduced voltage effects on operator performance are preliminary and should not -
be used either for NRC regulatory applications or by licensees.

,
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If you have any questions on the EPRI M0V Performance Prediction Program, I f

will be glad to discuss them with you. !

} |
Thomas G. Scarbrough |
Pumps and Valves Section |
Mechanical Engineering Branch
Division of Engineering {

;

!

Enclosures: As stated
;

!

cc (with enclosures): C. Callaway, NUMARC |
|
!

!
;

;
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ENCLOSURE I

:

IPARTICIPANTS AT PUBLIC MEETING TO DISCUSS
THE EPRI MOV PERFORMANCE PREDICTION PROGRAM

(October 6-7,'1993)

NAME ORGANIZATION |

!
J. Norberg NRC/NRR t

T. Scarbrough NRC/NRR
*

A. Hanson- NRC/NRR !

G. Weidenhamer NRC/RES i

C. Hsu NRC/AE0D ;
P. K. Eapen NRC/RI
J. O. Schiffgens NRC/NRR/SPSB |

!

C. Callaway NUMARC
* i

J. Hosler EPRI
K. Wolfe EPRI !

P. Damerell MPR
M. Albers MPR >

T. Walker MPR
M. Kalsi Kalsi Engineering [

M. Eidson Southern Nuclear
F. Martsen NYPA
N. Estep Duke Power Company ,

J. Lomm Commonwealth Edison i

R. Woehl PG&E !

D. Wright Anchor / Darling
D. Koo BW/IP 5

T. Matty Westinghouse i

B. Harry Crane

R. Steele INEL i

B. Gallogly General Physics (also representing SCE)
i
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EPRl/NPD -

-

EPRI MOV
Performance Prediction Program

t ,

OVERVIEW & STATUS
1

EPRl/ TAG /NUMARC/NRC Meeting

Rockville, Maryland

October 6-7,1993

JOHN F. HOSLER

s, o, Engineering & Operationsieiv m

. . - . . . . .. . . _ . _. .. _ . - _ _ . . -. - _ .. _ ._ . . _ - _ _'~
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EPRl/NPD

MOV PROGRAM STATUS SUMMARY
__
.

Program Products delivered to date-

- In-Situ MOV Testing Guide
,

- Evaluation of NRC/INEL Gate Valve Flow
isolation Test Results

- MOV GeneralInformation Database
- MOV Design Margin fmprovement. Guide

'

- Butterfly Valve Application Guide '
.

- Stem / Stem Nut Lubrication Report

Engineering & operations,,, ve m , ,,,,

_ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -- ---2



- - - _

EPRl/NPD

MOV PROGRAM STATUS SUMMARY

Engineering level models developed for Predictive-

methods -- Validation in progress -

CFD Analysis complete -- report under EPRI review-

Separate Effects Testing-

- Friction Testing Com'plete--Report in Publication I
- Operator Dynamics Testing 90% complete
- Valve Design Effects Testing 90% complete

!

i

|

Engineering & Operations161VG'JFH'jp 10/93.

E - -
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EPRl/NPD -

-

'

MOV PROGRAM STATUS SUMMARY
;

Flow Loop Testing-

- All Wyle/Siemens testing complete (current scope)
except for 1 test sequence.

1

- Cold Water Pumped Flow Loop Test Report in.

Publication
- Draft reports to EPRI by October 31,1993 for:

- Huntsville Interm. Pressure Flow Loop Testing
- Norco Flow Loop Testing
- Karlstein Flow Loop Testing '

; Butterfly Valve Flow Loop Test Program complete ---

! Draft report October 31.
I

161VG'JFH'jp 10!93

_ . . _ _ -- .- - - - - . . - - - - . - . - - - - - - - . - - - - -- - - - - - - -- -----
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EPRl/NPD

Summary of All MOV Test Data to be used
for Methodology Validation / Assessment

No. Valves No. Test Seq.

EPRI Wyle/SiemenS Flow Loop Testing 34 64

Duke F/L Testing at Utah State 2 8

EPRI Kalsi Butterfly Vaive F/L Testing 10 37 1

EPRI In Situ Testing (Fully Enhanced) 35 35 1

81 144-
1

EPRI in Situ Tests w/o full enhancement ~9 9

90 153
'

.INEL/NRC Blowdown Test Program 9 12

99 165

161VG'JFH1p 10.93

. _ - _ _ _ _ _ _ _ _ - . _ . - _ . - - - . _ - - - - - _ . . _ _ . - . . . - - . .
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TABLE 3
l LOW LOOP TEST MATRIX

34 VALVES /M TEST SEQUENCES
No. Velve Manufacturer See ANSI Lunitorque Ambient Amt>ient 450*F 500-F Set. Sat. AltwnsteType (inch) Class / Actuator Water Water Water Water Stea m Steam Cont.Manettsi 15 FPS 50 FPS 15 FPS Blowdown 200 FPS Blowdown guration

SMB- (Note 6) (Note 5) (Note 1) (Note 2) (Note 2) TestingType (Note 4) MAX DP MAX DP MAX DP MAX DP M AX DP MAX DP Notes1 FWG Anchor Darhng 3 300 cs 00 740 (HI)
2 FWG Anchor Darkng 6 150 ss 000 250 (HP)
3 FWG Anchor Darkna 6 900 cs 0 1800 (N) (N)1800 (N) 1200 (N) 1200
4_ FWG Andor Darting 10 300 cs 0 740 (HI) B,C, F5 FWG Andior Darling 10 900 ca 2.t50 1800 (S)
6 FWG Anchor Darhng 18 300 es 2 500 (S)

_

7 FWG Borg-Warner 3 1500 cs 00 2500 (N) (N) 2500
8 FVG Borg Warner 6 150cs Rotork 250 (HP)
9 fVG Borg Warner 6 1500 cs 1 1800 (N) (N) 120010 FWG Borg-Warner 12 300 cs 1-25 500 (HI)
t ~l FVG New Volan 2-1/2 1500 as 000 2500 (N) (N) 2500 (N) 250044 FWG Crane 6 900 cs 0 1800 (N) (N) 1800 (N) 120015 FWG Walworth/Aloyco 4 150 ss Rotork 250 (HP)
16 FVG Anchor Dathog 3 900 cs 00 1800 (N)
17 FWG Pacific 10 150 cs 000 250 (HP) '

18 fvG Pacihe 4 150 cs Rotork 250 (HP) *

21 FVG Rockadi 2 1/2 900 cs 000 5 1800 (N)
23 FWG Vdan 6 150 cs 000 250 (HP) (HP) 25024 FWG Vdan 6 900 cs 0 1800 (N) (N) 1800 (N) 1200 (N) 1200 (S) 1200 (S) 120025 iWG Vdan 10 300 cs 0 500 (HI)
26 FVG Velan 10 900 es 2 1800 (HI) (S) 120029 FW3 Walwosth 6 150 cs Rotoek 250 (HP)
30 FWG Walworth 6 900 cs 0 1800 (N) (N) 120031 FWG Walworth 12 150 cs Rotork 250 (HI)34 FVG Westinghouse 3 1500 as 00 2500/750 (N) G41 FOG Anchor /Darhng 6 900 cs 0 1800 (N) (N) 1200 (S) 120043 EMG Edwards 10 900 cs 2 1800 (HI) (S) 120044 Glut >e Borg - Warnsw 6 900 cs 2 1800 (N) (N) 180048 Gkte Rochwell/ Edwards 2 1500 ss 00 2500 (N) (N) 2500 (N) 250049 Globe Velan 2-1/2 1500 ss 00 2500 (N)
50 Globe Anchor Dartsng 10 300cs 2 500 (ill) ' D54 DFly Pratt 1400 Sym 6 150 cs 000 -HOUC 150 (HP)
55 BFly Pratt 1200 Sangle O/S 6 150 cs 000 -HOBC 150 (HP) OXX FWG Powe8 t4 600 cs 500 (HI) 6

IIP = Wyle fluntmile Pusnped Fh:w Lamp Test Facahty
lil W,le llunt,uue h*rnwshate Prewuse les Fauhty
N- Wy h. N..em I hgh Pensume Tea Louhty
% %muw/ kWU ller.h hnsuse int F.iuhty

1 ?t>Gr 16 twas
_ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ . ___ _ . _ _

--- -- ~ - - - - ~ _ .
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EPRI BUlTERFLY VALVE FLOW LOOP TESTS

Kalsi Engineering Test Program (10 Valves,37 Sequences)
(Each Test Sequence includes Flow and DP Parametrich)

NO. Der:K SMAPE ANDORIENTATION ASPECT NO ELBOW { | ELBOW CONFIGUR AIlON ILSISRATIO liiDRODYN. TOR QUE INCR HYDRODYN.lORQUE DECR ll)DRODiN. TORQUE NEGL200 OD 3D 7D OD 3D 7D UD 3D 7D
s syneneETFeC

0.15 X
2 SYtebETisc 0J5 X X X X X X X X X X
3 es0M5YM SMAFTUPSTR. 0.15 X
4 800Navtt,sn4FT UPSTR.

015 X X X X X X X X X X
8 peOM5Vtt SHAFTUPSTRe

SJS Xs NONayne, sMAFT DOWessia.
Sell Xr Monsyn,sunrroownsin.
e25 x x x x X x x X x x

s monsru, sawT oounssta.
Das X

9 NONsYtt,42" SCALE as0 DEL, SefT UPSTM
S.17 X

s e MonsVw.arscAte moost.swT owNorn 0.17 X

,

ADDITIONAL LARGE BU'ITERFLY DATA
UTAH STATE

MFG. SIZE TYPE TEST DP FLOW FLOW DIRECTION ELBOW CONFIGURATION
FORWARI PEVERSE O 90 180 270POSI-SEAL 10 BF-SO 48 4,500 X NA NA NA NAPOSI-SEAL 10 BF-SO 48 4,500 X NA NA NA NA

>

: POSI-SEAL 10 BF-SO 48 4,500 X XPOSI-SEAL 10 BF-SO 48 4,500 X
| POSI-SEAL 10 BF-SO 48 4,500 X

X

POSI-SEAL 10 BF-SO 48 4,500 X
X

POSI-SEAL 42 BF-SO 14 55,000 X NA NA NA NA.
X

POSI-SEAL 42 BF-SO 14 55,000. X NA NA NA NA
NOTE: ADDITIONAL SEATING / UNSEATING SEQUENCES FOR BOTil VALVES AT 75 PSI (42") AND 97 PSI 00")

,

.

,y.,.si ..gw- , , ,.n g -yypy.v.,- +- w .s- -m-- r, e , y e.. w+er up,er,w- sq ,i.,,n-% .eigg,* q,p, ,, :q am,,,ina tww.,g ., a'n mm.g .,vmg, y y-g.em -*et-Pww w e' fee-p v- e- --e*i mm-Ma iaaus
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i i i ENHANCED IN-SITU TEST MATRIX |i wmoi t
'

35MOVS,

(GMES: 17, BF: 10, GLOBES: 8)
,

NUMBER IFAMILY TAG | MFG! TYPE SIZE , ANSI |TIST DPTEST FLOW MEDIUM ilNSPECT-

! ITU ELECTRIC (COMANCHE PEAK)
, i

ii 4Ge iMV2494 ISW |FWG 4 900 15926 700. WATER .PM! 2 |G12 IHV4709 |BW IFWG 4 t 1500: 2 5; 1951 WATER iPH
'

,

3 !G53 !HV4776 iB'N IFWG 16 300 246! 8.8961 WATER iPH/H AND
'

4 iG53 IHV4777 IBW IFWG 16 300' 2461 7,600! WATER !PH/ HAND5 IG32 18000A iWESTIN'FWG 3 1525 2485! 210.000: STEAM iPHi 6 !G32 iB0008 IWESTIN FWG 3 1525; 2485! 210.000| STEAM PH
i

: 7 iG16 68804A IWESTINiFWG 8 316! 2441 1,800: WATER IPH I
!

8 IBF16 lHV4286 [RSHER IBF SO 24 i 851 15.000: WATER INA9 IBF9 IHV4572 FISHER iBF-S 18 i 831 7.600' WATER iNA10 IGL50 IFV4772 FISHER IGLOBE 4 i i 281) 750 WATER INA! t i !

INORTHERN STATES POWER (MONT CELLO)
'

I i11 IG36 iMO-2014 |A/D IFWG < 16 600j 3355 16.000; WATER IHAND. 12 IG36 IMO-2015 lA/D IFWG I 16 6001 3351 16.000| WATER iHANDI 13 !GL13 IMO-2012 iA/D iGLOBE 16 600 3351 16.000 WATER <NA'

* 1 1

IPACIFIC GAS & ELECTRIC (DIABLO CANYON)la !Gil IFCV-37 IVELAN IFWG i 4 600: 910, 40.000, STEAM iHAND
,

,

! 15 IBF16 IFCV 495 FISHER |BF-5I 1 24 i 90: 8 fpsi WATER |NA'

16 IBFlo iFCv-430 FISHER iBF-S ! 30 i 301 9fosi WATER !NA'

! I

l ARIZONA PUBUC SERVICE (PALO VERDE)Ite .br4 iNC-401 iPRAri (BF-50 10 150 120; 3.815- WAIER 'NA
r

,

.
' i i

IWASHINGTON PUBLIC POWER S S (WNP 2)! 18 tG40 ; 5W-V-125 (VELAN iFWG 18 300 150i 10000: WATER : MAND

i

t i t
ilLUNOl$ POWER CO (CUNTON) f '

19 4 G 15 15xl/3B ,A/D I FWG 10 150
i

140] fos.V{ WATER . HAND
20 IG37 !Q2E l lMOV.C-V FWG SS) 200: 3.000- WATER ; HAND21 IG37 IQ2E11MOVIC-V IFWG (SS) 10 300: 200: 3.000' WATER IHAND22 |G8

IQ2E21MOVIVELANiFWG (SS) 3 ! 2700; 200 WATER > HAND23 !G8
IQ2E21MOV1VELAN iFWG (SS) 3 2700= 200- WATER iHAND

i_ 24 iBF iO2P16V545f PRATT IBF-SO 30 30 10000 WATER INA25 BF
IQ2P16V508|PRATT |BF-SO 42 100- 18000- WATER INA

,
2e iBF

iO2P16V507|PRATT :BF-SO
,

,

i 60 60 18000 WATER 'N A
'

' '

lYANKEE ATOMIC (VERMONT YANKEE) ;27 GLil !V14-26A iWALWCGLOBE 8 300 312; 28 'GL11 IVid-268 IWALWCGLOBE t 8 300 312i I WATER 1 HAND
WATER ' HANDr

'

IPHluDELPHIA ELECTRIC CO. (UMMERICK & PEACH BOTTOM)29 GuS , M03- 10-348 :WALWCGLOBE 18 300 360 12.500 WATER NA30
iGL38 110310-348 WALWCGLOBE 18 300 360 12.500 WATER 'NA31 !BF14 !HV-12 32-A iBIF I BF-SO 30 150 100 16 -21K WATER NA

.

.

! 32 !BF14 rHV-12-32-B 'BiF 185-5 0 30 150 100 16 -21K - WATER !NA
,

(
ITVA (WATTS SAR)

! do 4 41 3 33A
4 W ALWC FWG _ le 600 500 1.500 WATER ! MAND; i

ICONSOUDATED EDISON CO (INDIAN POINT 2)
<

j 34 iGLI IB56A IVELAN t GLOBE 2 i i 1500- 440 WATER INA
'

35 !GL1 1856B (VELANIGLOBE i 2 i 1500 440 WATER INA
'

I

,-.,+ - , . . _ _ . - - - - , ,. -e
.
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; I | OTHER IN-SITU TEST MATRIX | | lomm e
! \ (

9 MOVs i ItaArts:1.se:2.atOntsa | !
6 .

t i >j NUMSER iFAMity * TAG MFG i TYPE i SIZE - ANSI
TEST OP (TEST FLOW MEDIUM UNSPECT T5T DATE)' )

ITV ELECTtlC (COMANCHE PEA 10j i tG24 8801A WESTING FWG t 4 1525, 26901 7(D. WATER INONE # COMPLETE

t i i +
,

, 2 IG21 88128 -WESTING FWG | 14 I 316' 436! 4.9@ WATER INONE ICOMPLETE
t 3 iG18 8840 WESTING FWG i 10 1525' 124 h 27@ WATEQ INONE ICOMD ETE

,
i r t L

IPAC1FIC, GAS & ELECTtlC (DMSLO CANVON); 4 #G4 i N v-95 A/D :PDG
1 I -i

i 4 i 6Q 9 iO 4D@ 5 TEAM iMANQ(NGCGMPLeT-
I

I

t?F-9.A PUSUC SERVICE (PALO VERDO 1
i

8 6 I5 iBF2 !$P49A PRATT 18F-5 24 i 150- $1s 17.dD WATER INA (COMPLETE
i

6 iBF3 15D490 PRATT 18F-5 i 18 i ISO Sii 17.600- WATEQ INA ICOMPLETE{ i t

ISOUTHERN CAllFORNIA EDISON (SAN ONOFRO! 7 t 12HV9306 WKM iPDG
i t i

i 8 i 12HV6366 WKM IPDG i 10 150: i i WATEQ |NA i Jun-89

' 4 i Sm t i WATER iNA i Jm-89'

9 1

.

I2HV9337 WKM iPOG 16 t

,

. ,1src. i + WATEQ INA i J m-89

;

I'

i

i
!

4

I
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- _._ DITIONAL MOV TEST DATAAD. _ _ .
_

_

___ _ _ . .

INEL GATE VALVE
. _ _ _ . . _ _ _.

_ _ No. _ ._ Type _ h*-Mer she ANSI Mot 1
_ Actuator Asii h 4 Ar % t 450 degF 500 degF

_ Sol. __ _ _ Sol. _ _
_ ___

Woler Waler
.-- W_olor Wger _

58eom _ Stoom
-_.

__

_15 fps. _ 50 fps _ }5 fps 54owdn 200 fps Blowdn
_

_ _ _ _ _ _ _

Max DP Max DP Max DP Max DP Max DP Max DP
1 FWG A/D 6 900 SMa&252 iWG VELAN

4 IWG A/D 10
_ .600

_
_ SMBO-25 1300/9003 FWG WALWORIH_

_
6 _ 900

_900
._ SMQO-25

_ 1500/1000 12106

$ iWG fOWELL 10 900
_, , _ . SMB-160 1200

. .

SMB- I-60 7206 iWG VELAN 10 600 SMB- 1-60 1020

1300

INEL BUTTERFLY PURGE
No. _ _ Type _ Mor=Aacturer $he AN58 Mall Actuator Ambient Aricha 450_degF AMBIENT Sol. _ _ Sat.._ _ _ _ _ _ _ _ _ _ _

. _ _ . WATER Wafer Wolor _ ._ GAS _ 5 team Steam
__

,_

158e* _508 8 .l! 8 s2 P
Mox DP Max DP Max DP .

slowdn 2M fps slowdn__ .I Bf/SO ALUS-CHMRS _ 8 Max DP Max DP Max DP1_ 502BF/SO IMATT 8 150
,. __

._
_ _ _ _ __ _ 60

._ .___

.___

3BF/SO FWATT 24 150 60

_A___|i60, '

_.
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Table 1

EPRI MOV PERFORMANCE PREDICTION PROGRAM PRODUCTS
Pmduct

Estimated Publication Date
Application Guide for MOV's in Nuclear

Power Plants (NMAC Product)*
Complete

Review of INEL Gate Valve Test Program Complete
in Situ Test Guide * Complete
MOV Margin improvement Guide * Complete
MOV General Information Database * Complete
Butterfly Application Guide (NMAC Productf Complete
Stem Nut Lubricant Test Report Complete
Huntsville Low Pressure Flow Loop Test' October 1993

I Methodology input Specification Draft
October 1993

) Friction Test Report
Oc'ober 1993'

Preliminary Static Test Method for Disc p October 1993'

Preliminary Static Test Method for ROL
October 1993

Computanonal Fluid Dynamics Analysis Report October 1993
Butterfly Valve Subscale Test Report November 1993
Globe Valve Model Report *

November 1993
Operator Test Report

November 1993
System Model Report

November 190?
| Gate Valve Design Effects Report November 1993

MOV PPP Topical Report November 1993
(Draft Sections to be issued as completed.) to

March 1994
i in Situ Test Report (Phase 1)*

December 1993
Siemens/KWU Flow Loop Test Report * December 1993

'

Norco Flow Loop Test Report *
December 1993

Huntsville Int. Pressure Flow Loop Test * December 1993
Butterfly Valve Model Report * January 1994
Operator Effects Methodology Report * January 1994
Cate Valve Model Report

February 1994
in Situ Test Report (Phase 2)*

April 1994
Empirically Based Methods Reports * Apnl 1994
Integrated Methodology Assessment Report April 1994'

Integrated Methodology PC Code * April 1994
PC Code Users Manual * April 1994
Model Implementation Guide *

April 1994

Products which can be directly applied by Utilities in assessing MOV performance
capability.

is4c/Jm/jp

_ - _ - -
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EPRl/NPD :

.

'

SCOPE

TEST PROGRAM,
,

i Testing is complete on 34 valves in 64 sequences-

at 4 Wyle/Siemens flow loop facilities to support ;
the EPRI Performance Prediction Methodology :

Program. Two sequences remain to be performed.
28 flex.or solid wedge or parallel disc gate
valves ranging in size from 2-1/2 to 18 inch and

.

150 to 1500 lb. class

4 globe valves ranging in size from 2-1/2 to 10 :

inch and 300 to 1500 lb class
'2 butterfly valves; 6",150 lb. class 1

I
'

,e,vos,,,, Engineering & Operations

. - . - - - - - _ _ - - - . .. .- . - . - . . . .
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EPRl/NPD

'
'SCOPE

--

FLOW LOOP FACILITIES i,Wyle & Siemens)'

1. Low pressure, cold water pumped flow at Wyle Laboratories,
Huntsville, Alabama. 6" valves @ 250 psi.

2. Intermediate pressure, cold water blowdown (simulating pumped
flow) at Wyle Laboratories, Huntsville, Alabama.12" valves @ 500
psi,10" @ 740 psi.

3. High pressure, cold water and hot water blowdown (simulating
pumped flow) and hot water and steam blowdown at Wyle
Laboratories, Norco, California. 6" valves @ 1800 psi,3" @ 2500 psi.

4. High pressure, cold water blowdown (simulating pumped flow) and
steam blowdown at Siemens/KWU, Karlstein, Germany. 10" @ 1800
psi,18" @ 500 psi.

4

161VG'JFH jp 10/93

-- .. - _. . _ _ _ _ _ _ - _ _ _ _ .
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EPRl/NPD -
.

SCOPE

TEST CONFIGURATIONS
>

Pump flow - simulates opening or closing against the head of an-

upstream centrifugal pump with some specified downstream
resistance

Accomplished in each facility by holding test valve upstrearn
pressure near!y constant and providing a throttle in series to

"

,

limit flow
,

Blowdown - valve is opened or closed against a storage vessel of.

hot-water or stream whose pressure remain essentially constant and
whose piping has low flow resistance

:
'

,

mvwnim3 Engineering & Operations

- . . - - . . _ _ - _ . - - - - - . - . . - . - . - . . _ . - . _ . . = . _ . . _ . - _ _ - - . - _ . = . - . . =. --



EPRl/NPD

'

DATA CHANNELS.

Stem thrust Spring pack displacement

Stem torque Spring pack force

Stem position Switch timing (5)

Valve upstream pressure Motor speed'

Valve downstream pressure Motor voltage (3 phases)

Valve differential pressure Motor current (3 phases)

Valve bonnet pressure Motor power
.

:

Valve under disc pressure Motor power factor

Valve downstream total Valve temperature
pressure,

Fluid temperature
-Flow rate

161VG'JFH')p 10/93

. . - . . - _ _ - . - . - - _ _ _ - - . - _ - - - - . . - . - . - - _ . . . _



. .

'

:

EPRl/NPD
| *

| GATE VALVE-

,

PRECONDITIONING APPROACH / PHILOSOPHY

.

Preconditioning of Flow Loop Gate Valves-

,

Objective '

Precondition (age) test valves prior'to test to eliminate-

stroke effect (reach " plateau" level)
Flow loop parametrics would be unaffected by stroke
effect
Determine relationship between contact stress and
number of strokes required to reach plateau

Approach
.

Short stroke (~ 10%) open/close MOV in test loop with DP --

and very low cold water flow until apparent . reaches
" plateau" level--

DP to be based on max test DP or DP resulting in a contact -

stress of 20 ksi on' seats, whichever is less
,

mvansm3 Engineering & Operations

-...__,.._-_.-_._,.-..----,----~...__---.--..-.--m..-..-.-.-___.....-.-___-...-_,_._.-..-_._....__._._.-._,-~--_~.L.,_-.-___-_____..-. - - , , . _ _ . - ~ , , , ,- -
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EPRl/NPD

PRINCIPAL FINDINGS '

.

:

Butterfly Valves

Butterfly valve torques bounded by vendor- '

predictions
Globe Valves '

Under incompressible flow 15 fps conditions, globe-

valve factors ranged from 1.0 to 2.1 (standard
~ '

i
-

industry equations. recommend valve factors in,

1.0 - 1.1 range),

Under incompressible flow 50 fps conditions, a globe '-

valve factor of 1.37 was observed.
~Under hot water blowdown (2 phase) conditions, a-

globe valve factor of 1.87 was observed
Engineering & Operations-, , , m m, , ,,,,

_ - _ _ _ . - - - - . -. . - _... - - .. - - - - - . .-. - - -. _ -
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EPRl/NPD

'

PRINCIPAL FINDINGS

I GLOBE VALVESl' Con't)
Increased thrust requirements for globe valves-

under incompressible flow conditions can be
reconciled by the appropriate choice of disc vs '

guide area.

Increased thrust requirements under 2 phase-
-

conditions attributed to side loading on globe valve
plug due to circumferential pressure variations

,

- Methods to account for this affect are in
development

.

.

- -- --- - Engineering & operations: . . , ve,,, , o, .

=-

_. - _ - _--__- - -- - - . - - -- - -- - -- - --



.-

:
,

EPRl/NPD -

.

PRINCIPAL FINDINGS :.

t

Gate Valves
'

Number of strokes to achieve a plateau in '
-

apparent disc coefficient of friction.during
L preconditioning varied from 100 to 900 (Initial ;

values in 0.1 - 0.3 range)

Maximum apparent disc 's during cold water-

pumped flow testing (after preconditioning) were
generally between 0.3 and 0.6, with the exception
of four valves tested ( 's. ranged from 0.66 to 1.93)
(Industry practice had been to assume a of 0.3) !

- Engineering & Operations-,e,ym. ,,,2
.

. - - . - . . . - . - - . . . . - _ - _ - _ - . _ - _ -
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EPRl/NPD

PRINCIPAL FINDINGS

Hot water (530 F) blowdown apparent disc 's-

ranged between 0.35 and 0.80 -- some valves
sustained significant guide and/or seat damage:

Steam blowdown disc 's ranged between 0.25 to-

0.64 -- some valves sustained significant guide
i and/or seat damage

No measurable effect on apparent disc (gate-

valves) due to upstream elbow orientation or stem
i orientation

.
'

|

|

| Engineering & operations
|, , nn, ,w,,

i
.

-- . -_ _ _-.- _ _ _ _-- - _-- - - -- - - - - - - - - - - - - - - - - - ---
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Key Results from
~

in Situ Test Program
,

.

EPRI MO'I Performance Prediction Program
Meeting at NRC.

October 6,1993

1

__ ___ _ _ _ _ _ _ _ __.___ _ ..__ _ _ . _ _ _ _ . . _ . _ _ _ _ . . _ . . . _ . , _ . _ _ . _ . . . _ _ _ _ . _ _ . . . _ _ _ . _ _ _ _ _ . _ . . . _ . _ _ _ . . _



Status
,

in Situ Test Matrix Expanded as Shown Earlier During Meetingo

18 Test Data Packages Receivedo

8 Test Data Reports issued to EPRIo.

. - - _ - . . - = - - . :. _ . _ .. . . . . . - - - - . . - - - - . _ . - .
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| ENHANCED IN-SITU TEST MATRIX www t
? o. . .

%g8'c|! 35 MOVS ' cams: 17. st: ro. GLOets: s> 3?;,

i t i oc m, ,

f! ! i

M
! s e !

'

NUMBER : FAMILY TAG _ MFG I TYPE SIZE i ANSt ! TEST DPTEST FLON MEDIUM :lNSPECT E-*
' '

iTU ELECTRIC (COMANCHE PEA 10 t I |
' i

; tGo Mv2494 B~W FWG ! 4 YUUI 15V2a IUU: WATER PM v v |
2 G12 IHV47C9 BW IFWG 4 i 15001 22051 195i WATER iPH V |

'

~

3 G53 HV4776 |BW !FWG 16 i 300; 246i 8,893i WATER PW/ HAND / V |
>

4 jG53 HV4777 iBW FWG 16 300; 2461 7,600' WATER :PH/ HAND V v |5 :G32 8000A 'WESTIN;FWG 3 1525: 2485.: 210,000; STEAM IPH 7 :
'

6 G32 BUUO5 .WESTIN4 FWG 3 1525l 24S5i 210,000! STEAM PH 7
7 G16 8804A !WESTINd FWG B 316- 244I 1,800j WATER ;PH V j
8 * Eil6 .HV4286 FISHER ;BF SO i 24 ! BS! 15.000: WATER iNA 7 7

'

.

9 iF9 ;HV4572 IRSHER !BS-S 18 | * B3; 7,6001 WATER INA V V {,

10 iGL50 FV4772 FISHER -GLOBE 4 281i 750i WATER NA t- v |
! NORTHERN STATESbWER (MONTICEt10)J ! i i

, :

11 iG36 ' MO-2014 'A/D tFWG__ _ 16 600; 335! 16,CKX) WATER ! HAND v
12 :G36 MO-2015 fA/D FWG I 16 600! 335! 16.000! WATER HAND V |13 'GL 13 ;MO-2012 A/D GLOBE 16 600: 3355 16 E Di WATER .NA V !

t ' PACIFIC, GAS & ELSCTRC (DIABLO CANYON) 1
'

la Gil FCV-37 VELAN FWG i 4 6003 910 40,000 STEAM .FAND V I 7
15 BF16 !FCV-495 'ASHER BF-S i 24 ! l 901 8fpst WATER !NA )
16 ' Eil6 FCV 430 1 FISHER Bc-S 30 1 30: 9 fps! WATER 'NA 1 !

+

. AR(ZONA PUBLC SERVICE (PALO VERDE) i I !i7 ska . NC-40 i ,PRATT !Bi--50 10 i 150 120 3,615 WATER NA i !
i

,

1 iWASHINGTON PUBLC POWER S S (WNP-2) ! t I
! '6 iG4a SW-V-12B t v' ELAN . FWG 15 3CKh 150 10.UUU' WAihR .NAND *

IILUNOIS POWER CO (CUNTON) i f I !
'

'

sv G15 _15xl/35 ; A/ D .FWG 10 150' 140p fps.vE RT. WAltR *AND i

SOUTHERN NUCLEAR (FARLEY)
. . '

4 * i**
j 20 :G37 iO2E 11MOV.C-V ;FWG (55) 10 3001 200' 3,000! WATER ' HAND

,

,

21 |G37 02E11MOVIC-V 'FWG (SS) 10 i 300! 200' 3.0003 WATER | HAND
22 GB :Q2E21MOVIVELAN .FWG (SS) : 3 2700i 200! WATER -HAND i j

'

; 23 'G8 Q2E21MOVIVELAN IFWG (SS) ! 3 2700' 200' WATER iHAND | |' 24 BF O2P16V545!PRATT 'BF-SO 30 30- inmnt WATER tNA I
-

i
25 BF iO2P16V50BiPRATT 2BLSO ! 42 1CD! 18000' WATER iNA t i

i

26 Br 'Q2P16V507 PRATT iBF SO 60 60! 18000 WATER INA i i
'

.

'

' YANKEE ATOMIC (VERMONT YANKEE) i 1
'

4

27 'GLli : V14-26A WALWCGLOBE 8 300! 312' WATER -HAND'

'
28 Gill ;V14-26B IWALWC GLCAE 6 300: 3121 i WATER iHAND

.* '
_

'PHILIDELPHIA ELECTRIC CO. (UMMERCK & PEACH DOTTOM) f
'

i
_

29 Gus -M03-10 34B WALWLGLOBE t le 300: 360; 12,500 WATER NA ',

'
30 .GL38 ;hC3-10-349 WALWCGLOBE 18 300t 360: 12,5001 WATER :NA

|
i

31 BF14 ' HV-12-32- A 'BIF |BF-SO 30 150 100 16 -21 K! WATER 'NA '

32 B;14 HV-12-32-B :BIF BF-SO 30 150- 100i 16 21r WATER NA
TVA (WAITS BAR) ; i i*

i33 G41 3-33A W AL_WC FWG lo e00 500 1,500 WAreR MAND !_

I
ICONSOLIDATED EDtSON CO UNDIAN POINT 2).

'

34 GL1 _856A iVELAN iGLOSE 2 I ISCO, 4402 WATER iNA i

2

35 'Gli 856B VELAN GLOBE 2 1500; 440- WATER NA'
' i

*,

!
'

>
r

_ _ _ _ __ ________r _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _- - , - . - - -
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4

I

v
4e oG m

M> *Gvm "nOTHER IN-SITU TEST MATRIX game u n
_

U H
9 MOV$ (GATES.- 7, BF. 2 GLOBE $.9) " E

Ed

WUMBER FAMILY TAG MFG TYPE SIZE ANSI TEST DP TE.51 FLOW MEDIUM INSPECT T3T. DATE

_ TU ELECTRIC (COMANCHE PEA 10
1 G14 W)l A :WESTIN(s FWG J 1525 26W

_

/OJ WAIER NONE COMPLhib #
2 G21 S612B WESTING. FWG 14 316 436 4.9CO WATER NONE COMPLETE /
3 G18 884] .WESilNG. FWG 10 1575 1241 2.7W WAIER NONI- COMPLtil #

PACiriC, GAS & ELECTRIC (DIABLO CANYON)
d C-2 FCv45 ivD FDG | 4 | ti>>l _910 40 000 STEAM HAND (NG COMPLETE v v

ARIZONA PUBUC SERVICE (PALO VERDO
6 GF2 SP-49A PRAIT BF-S 24 llO St i1,5)O WATER NA COMPLE1E
6 BF3 SP-470 PRAli BF-S IS If0 51 1710] WAIER NA COMPLETE

SOUTHERN CALIFORNIA EDtSON (SAN _O_ NOff 0
i

__ _
2HVV306 WKM PDG a vt.1) WATER NA Jun-Uf

! 8 2HV6366 WKM PDG 10 'EC WATER NA Jun-89
7

. 7Hvv337 WKM PDG 16 ISCO WATER _ NA Jts > SV

_ ___ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ - - . . _ _.. - - - , _ _ . . . _ . _ _ - . - _ _ . _ - - . . _ . . . . _ . _ , . _ . . _ . . . . _ _ _ _ . - . , . _ . _ . - - , . . . . _ . , . _ _ , . .-



Data Procurement Process .

Define Acceptable Approach and Product
,

a

L
Meet With Utility -- review test program, approach foro

specific valves, procedures, QA, etc.
against in Situ Test Guide

QA Plan For Data Procuremento

Data Procurement Specificationo
;

,

.

Interaction with Utility
' o-

-

.

!

,.

.

1

1

. . ~ . - _ _ - . _ _ . , _ , . - . . - _ . . . - - . . . . - . . _ _ _ . . . , . - , _ - _ . . _ . , . . _ . _ . , _ . - ~ _ _ . _ . . . . _ _ - _ . . . . - - . . _ . - - _ _ _ . _ . . . , , . _ . . . . . . . _ . _ . . . _ . _ _ . _ . . _ . - _ . -



. - .

.
i Data Procurement Process (continued),

,

I

k

Valve Test Data Package (Prepared by Utility)-

Verification of Package Contentso

; Technical Reviewo '

.

Resolution and Docu^ mentation of Discrepancies- o

:

i Evaluation and Documentation
.

.

'

Limited Data Evaluationo

Data Reporto

.

e .ss_m-__.__.mm-w - ~ - .. + + - - e ave,w - n - pr-w --*-m--=+*..v.- - + , e.,- - - - -wem4 w-.+- ,-+-sgr---r,r-s+ +-w v te sen . u- 3.,-c y y .w,-w,.s3,-w w-, ..wr w w - r w e-, iw-+ w wr *w,< w.wwe,-,e ~ , - +e w'y . . .+_. rw.,+.-- -

_



Key in Situ Test Results pQ;1m/H ER'i
clio s n e she excm n e,+ inc L/4

Maximum Apparent Maximum Apparent Stem Thrust at
Disk Friction Coef. Stem Friction Coef. Torque Switch Trip

Valve Manufacturer, Differential Flow Fluid
Number Size and Type Pressure Velocity Temperature Open Close Open Close Static Dynamic

f' 1 c 01
4 inch 1620 psid Ambient 0.305 0.135 0.105 24,%5 ms 20,376 ms

(0.5 5)

sec3 300 psid 86 *F 0.332 0.373 0.161 0.113 36,622 lbs 34,114 lbs6- F g

f6]l
24 300 psid 86 *F 0.371 0.355 0.166 0.134 35,039 lbs 35,281 lbsRV ae

J
Fisher 12 ft/sec * *4 8 2 p Id 56*Ft 24-inch BFLY-SO (water) Seated Seated

--- --- --- ---

9

k Fisher 10 ft/sec Umit Umit9 140 psid Ambient --- --- --- ---o 18-inch BFLY-SYM a'ed Seated Scated

40 cto 275 psid Ambient 0.116 0.127 4,919 lbs 4,802 lbs--- ---

4-inch Globe w,

--

0900 psid 535*F 0.394 0.167 0.122 9,810 lbs 10,020 lbs4-inch G team) 0.52g
.**

Anchor / Darling 60 Wsec **
18 *965 psid 540*F 0.196 O.353 13,410 lbsou 4-inch PDG (steam)

--- ---

Seated

*
These valves showed brief thrust increases just before wedging. The first value of apparent disk friction coefficient is just prior to the iricrease. The
second value in parenthesis is at initial wedging.

** Data indicate a possible zero shift during opening stroke which would increase apparent disk friction coefficient to about 0.30.
.

_ _ . . - - _ _ - _ . _ _ . . . ._. aa-. --- - - - . _._- . . - _ - - _ _ _ _ . . _ _ _ - _ _ _ _ _ - - _ _ _ _ _ - - - - _ - _ - - _ _ _ _ _ _ _ - - _ _ _ . - _ - - - _ - _ _ _ _ _ _ _ - _ _ _- - -
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| Background
|

| First Borg-Warner Gate Valve tested by EPRI had-

high apparent disk-to-seat friction coefficient (max
0.9). .

Detailed post-test inspection identified potential-

root cause

- Eccentric stem
- T-slot perpendicular to flow
- Torque transmittal into disk

.

.

.

MPR Associates

_ _ . _ _ _ _ _ _ - . - _ - - - - . _ _ _ _ _ _ _ _ _ _-
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Borg-Warner Valve #8 Friction Data
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Borg-Warner Valve Tests

Four Borg-Warner Gate Valves tested in EPRI flow-

loops

Carbon steel valves-

Apparent friction coefficients generally about 0.6-

Maximum value of 0.9 (valve 8 at 85 psi)-

.

Unusual features observed in th' rust traces --

.
,

.

,

,

MPR Associates,
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Borg-Warner Valve Thrust Comparison - Static Closures
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| Borg-Warner Valve Tcsts (Cont'd)

One Borg-Warner Gate Valve tested in BW/IP flow-

loop
.

- Nominally identical to EPRI Valve #8 |
-

. .- Apparent friction coefficient of 0.42-(at 400' psi)
.

'

Three Borg-Wa'rner Gate Valves tested at*

Comanche Peak '

- Stainless steel. disks
- Apparent friction coefficients 0.3 to 0.4 for 2-

valves
- Third valve had a thrust increase just before

wedging--maximum value of 0.55 at initial
wedging

MPR Associates
,

.
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Additional Valve #8 Testing
.

Testing at KEl with 90 psi at 15 fps (water)-

Results ; apparent friction coefficient-

.

. Without torque . arm ~ 0.8-

I
- With torque arm ~ 0.7

'
- Thrust change occurs during transition from

guide to seat '

.

Conclusion-

,

- Effect of torque increases apparent friction

MPR Associates
. -

-,-,4. -. .', . - -- . ~. ... , . .. -r--+w.- ...,'.,.e+,- . ,.w,-..v.r. .--*-%-,,#,,*--er, :-e= = m . v', -. 2 r-rw -ew -,-ee, =.-rw-ww-r.-,,--err-,e+-.-r-.wm.-,+e. er.-,,-,r.--wrrer+1.--eeew-,..,* e % . s,w w 4. ..ow...--



.

,

.
,

.

.

.

,

._.
.

_.

,

.
.
_

.

~.

m

.

.

.

.

N .

\
,
.

.

M
.

_
.

R
-N 5
?

.
._

'8 _
l

_

E .

.

.

R
-P -

Og
.

- 8-

e
.

_1

k .-'e -

r .

-t
.S

- 5 ,

9
.

W*
s 7

1

OT
X 3
E 4
l; t d

One)
) e .c6 l

% im

7c .

2 S o1 V 1 s .
3
+ e,7

W .

( 5T .+ .

) . ~-)

1 * ,

6 _.0
8 1

/ .9 A ,

5
1

4 O ,.
1 , A 9

3 . .

h 6+
S 1

g
(

<n
is

-

+
U

SW

Ne
.( o( 5/

) 1

O .

w- .

y +S -
.
.

1

/ .

-

^9
5

- O
.

7 .
1

4 - - - - 51

3 4 2 0 8 6 4 2 1
*

. , . .S 0 O O O1 1 1(
s

.o
, c

+ .

0
1

W .

1 a1

W
._
,

,

.

$ ,,

,

.

._

,



i
,

9

$

i

i
r

h

a

4

?

!

M
M b
GB& .gg

%*-
'o

c==, -

=== ;
w3
LG O
M d% o - .

f.
I

b
-

- ,
.

-

- ,

x e
U v
7-q OT

~

e > g
$ @ N

Ny --

. -
1

.= c~
r

,

-

c)
C
x O.

d. -

O
-

c) -

'a
.

*
t

h hw
. .

-

s ,

} O

f. . .

y v N O O O *t N -
.

O O d O- - - -

o
W

. .

R
3; 'M- ~ _ ,

I

f

,

. . _ _ _ _ _ _ _ - _ - _ _



.

.

.

sg e
t

pd n ic
a

on g oi

tl s
oa n as s

Anei
l s R

ng s ott Pl

MEin e e it

r ist
Koi r

pd du dct

de .ta dpi
fl

afn s am e8ot .er o#ia o dnt
cise f uge ns i

v a- hM c s
l

_

co aP n el

rat t di

V ek oP-

o ers th gi pe vk t nd ph slr i

t t ao wa y a c e _vhf g e t
i

W sci n n f
_

i

t f v n .t _

e s n ai e aio s t
r et e cheu e atu t d t
t di as u rl

u aey de q iei

F nnl v r ahi

ois al o t
.

l
l

paa tihu
t v v rico r

ndau dt o ogdmg nn in
f

a aa t ti

n citb tl

clom p pm u ast

eusa o n- a o et
ir cl

d kn e sieg c
eWr A vvn su v ooi el adoCt DBp Rv-

- - *



, ;' , ,

_ . ..
.

,

2

t

_

C :

.

L
.

X.
.
.-

00
0 1_R _ -

-

-
| 0 P .

- - 8 I
-

" - W
1

M
-,

.B
-

M
s

- e s .,

k e 0- mko | 0
0

E _ o - t r
t 6 aS

- - - S 1g

N m n g
.ni

_
- n i

se o _p l

_ O C 0 .-

-
| 0

.

-

0 .

_
-

" 0 4
.

- .
1

- _._ - - -

-

n a -
-

-
_

_ -

.os
= o_

0
= 0id) _t

a" = 1 0c a0 -

2
o1i 1

FrLd -

-

_. .gn - -
..

v n a S. -e '

-
_

i 0ak 9l

- -
|

0 )
i_ 0 s _

Vc - -
, ,0 pa8 _ 1 ( .

eP - s

_
, st 7 -

-
- e _-ad - - r .

tGes _ g- -

" 0.
S-

-t e = -

_ - - |

0 S

tr cv a.

0 eele r a -
-
- - 8n rV o o,

r o -

aCI ,_ 81
-

-

R _
-

W -

-hP
t 0giE

_
| 0-rW( 0o 6

B - _
2-

a o c=" 0.. a -

-

o =
| 0

0o ,e
- -

o 4
_ -

~_
.

-
-

0 2o . _ -

, 0o " |

0
2 .

-

- _

_

-

-

_.

- - M _- - - - -

0- A.-

__0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 2 ._
7 6 5 4 3 2 1 0

' 8 _

:

0 0 0 0 0 0 0 0 _

_38j tEUE8 g < 9
_

_- /
2 ._
2

.

=_/
9 .

_

_

_



, I

_.
-

,

.

-:

s
.e

t

a
ic

. os .

s
A ..

.

R
.

P
M _-

t

s m -

.

u a .

t r .a g .

-
-

t

S o .

r
n P
o _ni

ta oe
iu t c .

cfi
l

a if 3
v dO9E e 9

.

'r C 1Pe Rc ,

eN 6n ca nt
r

m a a ebmgo .

r
o .

f r ntoicr _

te f eO _rP ee .

e PMv Vl

a OV M.

e
b i

R .
.

o Pl

G E

_

_

_



. ' ' . ! . - ,

.

.

-

=
_

s
e
t

a

_ico
=sso . Ar
-

. Rt s u P
Men c _

ol

ui c -
di ot

od t
.

o =mn -o n
_e c s ) :

aP e s .r
e -o v -wD d l

t
f r a
oe s v
sd e -
n h 5 :

-
(d cun a d'

w at o des r ee du p pmi

_v o p o o .

r r
hr

e ht a l

-eft rv em a vel

O me n nep
d.. t

gs o .ao .
i i

n e. t etat -
.

r ai

r v ,d adr
i

a _el a w op
=e a r

t tv f tn ed o sr .

ige n s np
;.

_

nb o do
-

o nel y nisig n e
ae o b ars .n at

lepr -e i

n t r ov pi p o dmp -i

t- om h v s ooe -
l i

c l

e er u a u MCR ;e .

vt s h tj a =b ee s e .

t =
: 1

O- Dd A B S_ **-
-

.

-'

: , | !;



, il .: ' ; ! |'

_
.

-

-
.

-
..
.

-
s

3 tea

)a e ic .
.o .

b
.s .-

s .e A
.

_r t R
Pan o M

.e n -e e
d b y:

ay -
i

.

e yu e
c igv mb .

f -e .

r t

o nr a n v -
f e oh ol .

.

io .

dan -tm eo a s ri

e oe ori
l

t t at eR .
,

s a r
r nyt r _

f r au o i

-
g.

o aeg cs r

s (s i dn a .s sr g -fn o n ai m .o t e .

eo o s .c ci -

cc e t -s i l n -u d er
e noe ed a .

l .
.c f v dl clr .
.n p a il i .

iefo spa s
C e e Dv o np

.

-

t v st. gy .
.a r n it .l

r a oo e e s e -u v f'- v l
-

b gv .l .d a a naw c k "a e v c
.

l

co s i

-es t va i il aF d r a k l

n ab s p rf
t oe a d p si

e gs d a nt -

.

l

b s c ned d y o es.
-

i i
i

s d a oie c e mt _s n n e .

l
l

l

r .l

ea n s ePe o l r .

r h a t
p t b ndp a c DDi -

e -i

m e n ou e lar r
o M U_ "c G p B p -- -

c .
,'

-n * * * -I
.

-

.-

.

.

.

-
.

_
-

; ,1 (



_

M

. Conclusions
(Continued)

;

Flashing Water Blowdown

Method does not predict.high stem force observed in-

the single flashing water blowdown test (Valve 48).
.

Valve. inspection indicates . disk side loading.-

'

Adjustments to the method to cover this condition are*

being studied.
' '

|

- i

4

.

- MPR Associates
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L

Summary of Method Features
.

;

Stem Thrust Contributors .

Weight Negligible when-
.

DP (psi) > 70* Size (inches?.

Stem Rejection Based on pressure over disk.-

Packing User input, negligible for rotating-

stems.
~

,

Torque Reaction Only for nonrotating stems.*

.

.i

t

MPR Associates

'

-__- _ _ _ _ - - _ _ _ _ - - _ - - _ _ _ _ _ --_._-_-.-_.._.~...-.:-...-..-........... . - , - . . - - . - . . - - . - , . . . . . . . - - -- .
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.

Summary of Method Features
.

(Continued) j
'

-

5

L

Stem Thrust Contributors (Cont'd)

DP Force:-
.

Unbalanced disk Based on user identification ofi -

seat area or guide area:-

Balanced disk Based on side load correlation
'

-

and friction coefficient of 0.5
,

.

Guideline for Determining Area of Unbalanced Disks
!

t

i ..

,,

MPR Associates,

i
. . . . .- .-.. - - - - . . . . . - .._ --.. _. -.-- - . _ _ _-
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b

'

ROCKWELL - EDWARDS
2" - 1500 LB.

GLOBE VALVE '

( l ) i

\, I I '

1 Bod.v

2 Stem Assembly,_.
,

3 Disc<

'
4 Stem.

5 Junk Ring-

6 Packing Rings,

J 7 . Bonnet

~

/// /|| G and Finnge
O 10 Split RingdN

8 | | 1 11 Yoke Bushing___g) | 12 Limitorque Actuator5 '
.

b Q @ 1.7 Motor Flange
b 14 Eyebolt Nuts

.b ggi Eg' 15 Eyebolts '

@ A .M 16 Eyebolt Pins
@ . s 17 Capscrew

@ 18 Grease Fitting^g

i

;
. .

--

___
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Method / Data Comparisons

DP Flow
Valve No. Manufacturer Size Stem Disk (psi) (fps) Direction

Ambient

44 B-W 6 NR Unbal. 1800 15,50 Under
48 Edward 2 R Unbal. 2500 15,50 Under
49 Velan 2-1/2 NR Unbal. 2500 15 Under
50 A/D 10 NR Unbal. 500 15 Under, Over

2-FV-4772-2 Fisher 4 NR Bal. 275 ~40 Under

635 F Water

48 Edward 2 R Unbal. 2500 B/D Under'

Note: For stem, NR = nonrotating, R = rotating. -

MPR Associates

. _ . . .
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Summary of Comparisons Incompressible Flow
1

Valves 49 and 50 - Seat Area Controlled

Good, bounding agreement if seat area used.-

Excellent agreement if measured sealing diameter used.*

Valves 44 and 48 - Guide Area Controlled

I Bounding prediction if guide area used. Percent-
'

bounding depends on flow rate.
,

Nonconservative prediction if seat area used.*

L

.

:

MPR Associates

,
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' L

Summary of Comparisons -Incompressible Flow ,

(Continued)
i

Valve 2-FV-4772-2 - Balanced Disk

. Slightly nonconservative prediction-

DP thrust small and margin large for this valve.*
.

.

'I.

2

MPR Associates-

< .
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VALVE 49, STROKE 172.

'

{'{|{go\SMOOTHED DATA

0
'

-2000
TEST DATA
I-4000 ~~< -

-6000

[[ h'[
d 4 STROKE DIRECTION

H -8G00
W - l'f SEAT BASED

5 -10000 '

| /x
H -12000- / vELAN,2.s-
E / CLOSING STROKE

'
,

p -14000- j / FLOW UNDERSEAT

(f) / /\ 2565 PSID
-16000 15 FPS, WATERg- x .

GUIDE BASED
' -18000-

]-20000 , , , , , , ,

0 5 10 15 20 25 30 35 40

| % STEM POSITION-

i
.

. . . _ . _ , . . - . _ . - . .. __--...._ ..-. . . _ _ . , _ - . - . - . . , . . . - - . . , - . . - . . - . - , . . . _ _ . . . -_ . _ _ , . _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ = _ _ _ _ - _ .
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VALVE 49, STROKE 172
SMOOTHED DATA DJL f Nff R yh

_l , _= j
_ 'G U L_ _ _ .

0

-2000-
TEST DATA

1-4000 -
- -

-6000

[' Q[
/d 4 STROKE DIRECTION

g -8000 -

[ SEAT BASED3
cc -10000

f [I vel.AN, 2.5"
F- -120001

/
CLOSING STROKE

E / FLOW UNDERSEAT
tu -14000- 2585 PSiD

'

$ J-[Nl 15 FPS, WATER

-16000 EXACT SEAT DIA.x .

I GUIDE BASED

-18000-
)-20000- , , , , , , ,

0 5 10 15- 20 25 30 35 40'

% STEM POSITION'

_ - _ -.-._ - - - - - . - . - - . - - . - . . - - - - . . . - . - - _ . - . - . - . .



VALVE 49, STRC'KE 1'70

SMOOTHED DATA 13{}il]~D)h
0

TEST DATA

-5000

%
f - SEAT BASEDjv
' '~F- -10000-

l ION
GUIDE BASED

|1
F- -15000-
2 .

p VELAN, 2.5" ,

CLOSING STROKE(f)
-20000- FLOW UNDERSEAT

1910 PSID
15 FPS, WATER

-25000 . . . . . . .

0 5 10 15 20 25 30 35 40
% STEM POSITION-

.

- - - -, - .--. .. , .+r - ~ ~ . e w --,,-.,-..-v m - - - , - ---w, ---, -- .-- .e,~ v v.,,-n,.-- - - - - , - , - - - - ---,-.---r- -,=-e---,- r-r- ,,, m.-,



VALVE 49, STROKE 164 ;

SMOOTHED DATA {y }}T).
.

~ '

5000

SEAT BASED

!0_
m

~

.

. _-

y -5000
,

GUIDE BASED VELAN, 2.5"

\ CLOSING STROKEy
l\ FLOW UNDERSEATl-- -10000 \ 650 PSIDy TEST DATA 15 FPS, WATER

f--
*

15000-- .

C STROKE DIRECTION

-20000
"~

. . . . . . .

0 5 10 15 20 25 30 35 401
% STEM POSITION

.

.. ., ,.%.-. ..-...~,-~.....a,.#. .,w , ,, *. . ,,+-m - - --- *-,~,i-,,-,,v ,..--a c. . -.e,--, ....v.%.., , - -.



.

; VALVE 50, STROKE 262
FLOW UNDERSEATh. 1P p gg --

" ~~

0 .- >

TEST DATA
I-10000-
/
I

.-

. , '6 -20000-
co - 4 STROKE DIRECTION'/._J
~

-30000-
^*"

-40000- ,

h A/D,10",e
CLOSING STROKE--50000 /' x7 V GUIDE BASED FLOW UNDERSEAT >

g 540 PSIDp -60000~ 15 FPS, WATERco
.

-70000:

-80000 , , , , , , ,

0- 5- 10 15- 20 25 30 35 40 ,
% STEM POSITION

.
.

. . . - , . - - - - - - - . , . . - -~,.-._,.--.,.+.--..-~.n,-...-----...,....--...-.w-.-..e :, , - - - ..+,w---..-s,- ------ r..- +-.-~,.-.,,,--,-.n---nant,,,.-~--.-,2-s,...,<~w..n-~,~~ ..-
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VALVE 50, STROKE 262;

FLOW UNDERSEAT b I))k. . .
.

_lbd=bi.OUL .. ..
_

O

TEST DATA [77/

SEAT BASEDm
20000-co -

,-

8 /
[ -30000: '-

in / 4 STROKE DIRECTION
,

O -40000- j uD, io-
-'

]~ CLOSING STROKE

2 50000! j'/' FLOW UNDERSEAT _
- \ 540 PSIDGUIDE BASED :

UJ 15 FPS, WATER

$ -60000- EXACT SEAT DIA. -

.

70000--

80000 . . . . . . .-

0 5 10 15 20 25 - 30- 35 40
% STEM POSITION-

.
.

_--.a-_-_-_ - e -_m.m__m . - ..w me = - --<rva, *w>* **'%me -ea ---,w s-,=*r- s,v,tw m---- w -v 3---si-e-- wwi- -- w == .m -,'ww- - - >w-r -wi -- w s m <w . * -.5-m-=-m -_4 w.-m.



- .

VALVE 50, STROKE 230
FLOW OVERSEAT '~ Ng

. L6L6butiu0LY a a _'
'

60000
EAT BASED

40000 F' N
GUIDE BASED

ca 20000 -
'

s

m^a o _

f\D
E TEST DATA

'

% -20000 A/D,10"
CLOSING STROKE

'

FLOW OVERSEAT
'

# -40000 sio eSiD -

O C STROKE DIRECTION 15 FPS, WATER
,

-60000-/

-80000 , , , , , , ,

0 5 10 15 20 25 30 35 40.

% STEM POSITION-

|

' .

---.---v.. a



. ~

VALVE 50, STROKE 230
FLOW OVERSEAT 'Tr g.

-
' ~ ~ ""60000 - ~~

SEAT BASED

40000- \
GUIDE BASEDm

$ 20000 '''

8
- x

N
_ _ _ -

CC TEST DATA

% -20000 A/D,10"
CLOSING STROKEE '

FLOW OVERSEAT

$ -40000- slo PSiD -

C/) C STROKE DIRECTION 15 FPS, WATER
EXACT SEAT DIA.-

80000
~

- i i .. i > > '

0. 5 10 15 20 25 30 3S 40
% STEM POSITION

- -
- - .

y _.yem_m w w e e' www +u'a -C -ar 4'''** * " * * - ^ * ' '''



. .

, . -. ..

-

.

VALVE 50, STROKE 231<

FLOW OVERSEAT1)Ti){ ?g{f }{h
; 60000

SEAT BASED,
_

_

''40000= -

g [ GUIDE BASED

ca 20000
.

H Lt

m 0- n
"(r TEST DATA

-

Ph G STROKE
~

y FLOW OVERSEAT
515 PSID 'LU -40000-g 15 FPS, WATER

@ STROKE DIRECTION >
, ,

-60000:-

'

<

-80000 . . - i i i i

0 5 10 15 20 -25. 30 35 40 -

'

% STEM POSITION'

- _ _ - _ - . .____--.:._.-__..-_.--_ -.-.- -._. -_= _.:...- - - __.-..- - _.



; VALVE 44, STROKE 209
~

SMOOTHED DATA JJD{ { )g
' ' -

0
SEAT BASED j/ )-10000--

-20000^

[[TEST DATA

'8 -30000 -

-40000 -

#
@ 7-

" 4 STROKE DIRECTION

I -50000

] -60000
_

BORG WARNER,6'x
GUIDE BASED CLOSING STROKEg

O -70000 f
FLOW UNDERSEAT
1760 PSID.

'""*'***"
-80000-

-90000 , , , , , , ,

0 5 10 15 20 25 30 35 40 :

% STEM POSITION

i
-

.

- - - . - - _ _ - . = _ . . - - - = - - . - - -. . .- _---_------__------ - --_ - - - - . - .- - _



VALVE 44, STROKE 209:
-

'

SMOOTHED DATA - TRF MINIMlZED
itTWC Wi Y M T%.g

SEAT BASED m__ __t/ _ __ _ _

-10000
TEST DATAj

- 000 r -

I-

-400bO-
-

' lW -

D / : STROKE DIRECTIONg
I -50000g -

2 -60000 BORbi WARNER,6':

W \ GUIDE BASED CLOSING STROKE
l FLOW UNDERSEATW -70000'

I 1760 PSID,

15 FPS, WATER
-80000-

|
-90000 . . . . . . .

0 5 10 15 20 25 30- 35 40
% STEM POSITION-

|

' *
.
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VALVE 44, STROKE 231
~

SMOOTHED DATA DJL |;

,s AT BASED j
10000'

-

20000-^ -

TEST DATA /ji

4 -30000 -

[-H
W 40000- -

,

@ [
-

: STROKE DIRECTION

50000-I - -
H i

@ -60000- u eoRe WARNER,6"x
GUIDE BASED CLOSING STROKEp

FLOW UNDERSEATO 70000--

1870 PSID,

" " " * ' * ^ " "
80000-

90000 , , , , , , ' ' '-

-- 0 10 - 20 30 40 50 60 7O 8O 9O 100
% STEM POSITION

.

h + - - ,-%=..-.eg. .e -ww4.- w *aww wy e- o w -mer. .- =-e- -t+.m-..-w.mv~,.-+,.r, w.w. .--- ...w .+o e e. * ur &c m:.- --- - e e - e $.~*.e e: ee-.e m.re...-e%-.--se, -,w--m.4-e.- - - , - .~-rsa m+.-e. . . ._. m_---
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$

; VALVE 48, STROKE 084
" "^PWL Y1APS"

.

: 0
.,

-2000
TEST DATA SEAT BASED

,

-4000 7 y 7

-6 00-- -

sj~

f \~ EDWARD,2"--') -

cc -8000- N CLOSING STROKE
3~ GUIDE BASED FLOW UNDERSEAT
H-

_10000 asoo PSiD

b ': STROKE DIRECTION

$ -12000
.

'

-14000--
,

.

-16000 . . , , , , ,,

"

0 5 10 15 20 -25 30 35 40

|
% STEM POSITION

-
- -

$.
.
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VALVE 48, STROKE 107
SMOOTHED DATA ] )\\,

0 -

-2000
TEST DATA SEAT BASEDj j

/ / X'
,

-*
; y p
oc -8000:
. I
. |-- EDWARD, 2"

10000 dLOSING STROKE
.

7 \ 'UIDE BASED
-

w G FLOW UNDERSEAT
H 53 PSID
CO' -12000 50 FPS, WATER>

STROKE DIRECTION

14000--
<

16000~ . . . . . . .-

0 5 10. 15 20 25 30- 35 40 -
% STEM POSITION-

.

_U. -g:y. ,,,sa *,ersse' s 'r- s- ew' ""e- puoe * * ' **'t=vw' v W v s 4-tweV " " -mws- me-' *- 'm - -w'='s 1 W d''www9"h i 4 v re-' ~ M'w'-t=- '==d'p** ue T 4 s n W w e'-v-' * == m *eue w -e-. -- ew3-+ --
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Summary of Comparison - Flashing Water Blowdown.-

P

Stem thrust exceeds prediction at 50% to 80% stroke-

Valve bore damage indicates high disk side load --

Vendor: tests indicated low disk side load-

Possible influence of foreign material-
,

Stem torque increased during last half of stroke !i -

Torque switch tripped at ~65% stroke.and did not :t -

untrip.when thrust reduced
,

Stem damage indicates contact at gland follower-

.

I

i

MPR Associates

3-.

___________________________________.-.__..:.,'____
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Figure 1. Valve 48 Stem Thrust Time History for Closure
i Against 2500 psi Blowdown'
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Determination of Disk-to-Seat
Sliding Friction Coefficient

from in Situ Testing

:
'

.

-

.

EPRI MOV Performance Prediction Program
Meeting with NRC
October 6,1993

.

.

*

MPR Associates
,

.
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Background
(Continued)

Gate valve tests (flow loop, in situ, etc.) indicate a wide-

.

range of. disk-to-seat can occur at low temperature.
Possible ways to account for specific valve conditions
(e.g., stroke history) are being investigated.

.

*
:

|

|

.

|: .

MPH Associates

||
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Disk-to-Seat Friction Coefficient--Prediction by Method

Friction Coefficient = f i, temperature, contact stress).'-

In some cases, method will. provide significantly-

conservative value.

Largest potential conservatism is at low temperature,-

particularly at low contact stress. This is where user.

input methods are likely to be most beneficial.
.

I

,

i

.

!
MPR Associates

.
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Disk-to-Seat Friction Coefficient--User Input

r

Based on test of specific gate valve-

.

- - DP test with flow (open or close)

: Hydropump DP (open only)-

Wedging /unwedging static test-

1

'

.

'

,.

4

.

MPR Associates:

_..._ _ _ _ _ __ __ _ _ _ ._____.__________1__________.______________________ _ .. _ _ _ .. _.- . - _ - __ .._:._. . . . _ . .
_ . . . . . . . - . - . . . - . - , . . . _ .... ._ N

_



General Guidance for Tests to
Develop User Specified Friction Coefficient-

Perform test with design basis fluid in pipes (prob.-

water).
.

Basis--Fluid variation difficult to account for.

Perform test at T < design basis T-

DP < design basis DP,

Basis--Friction coefficient decreases with increasing
temperature and contact stress. -

:

: .i

i

MPR Associates -
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.

General Guidance for Tests to
~

-

'

Develop User Specified Friction Coefficient *

(Continued)
'

P-

L

'

; For DP tests, measurement of stem thrust and DP [
*

: required.
,

.

.

-Basis--Stem thrust and DP are needed to calculate
| friction coefficient.

Measurement or knowledge of upstream pressure-

required.

Basis--Data evaluation requires upstream pressure.

. .

.

'
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DP Test with Flow
!

:

I

Time history measurement of DP required for closure-

stroke.
,

Basis--DP under flow conditions changes ' rapidly at:
2 closure and can undershoot or overshoot " steady"

-

'

DP.

'

.

:

MPR Associates

.
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DP Test with Flow
(Continued)

Time history measurement of DP probably not required-

for opening stroke, but might be in some cases.

Basis--DP is typically steady prior to flow initiation.

Exceptions: 1. Systems with multiple valve
actuation can show DP changes
around flow initiation.

2. High flow systems may show thrust
'

increases after flow initiation.
i

.
.

| .

MPR Associates

!
'
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M

. i Test with Hydropump DP Conditions

Open stroke only. i
-

Upstream: pressure and DP need to be held steady until-- :

flow initiation.
.

"5 ingle-point" measurement of upstream pressure and-

DP required.
:

.

t

f

a

1

9

' MPR Associates
.
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- - Evaluation of DP Tests l'Hydropump and Flow)

4

Identify portion of test with disk-to-seat sliding*

1

Initial part of open stroke after cracking-

.

; Final part of closure stroke before wedging- -

Determine DP thrust component (properly correct for-

running and stem rejection load). -

,

,-

'k

1

N

.
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Evaluation. of DP Tests (Hydropump and Flow)
(Continued)

.

Determine from EPRl/NMAC Application Guide--
'

equation
,

Inputs: DP.

Area based on mean seating diameter (A)o

Disk wedge half-angle (0) :

Measured DP thrust-(FDP)

=FDP cos O/(DP * A + FDP; sin O)
S

'
" " for opening-

~

-
:

i "+" for clo' sing

- Evaluate; uncertainty in based on measurement--

'

accuracies. '

,

= ==w !

!
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.

Implementation of User-Input Disk-to-Seat'

Friction Coefficient.

Determine user-input based on test results and*

uncertainty (bounding)..

.

Perform methodology analysis of valve under " tested"-

condition with user-input
,

Confirm predicted thrust shows favorable, bounding-

agreement with measured result
,

Confirm predicted thrust shows behavior limited by-
-

disk-to-seat sliding in region where test data used<

. >

h

)

MPR Associates
,
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. Implementation of User-Input Disk-to-Seat
Friction Coefficient

.

(Continued)
'

.

Perform methodology analysis of valve under design-

basis conditions with same user-input

Effects of flow loading, disk contact modes, and-

potential material damage covered by calculations.
,

s

I

.

:

.

I

i

MPR Associates ;
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EPRI Butterfly Valvo
ModeVresting

i
t

BUTTERFLY VALVE MODEL STATUS
i

! . EPRI Project RP3433-31

!

.

:
r

; Contractor
i

KALSI ENGINEERING,INC.
!

:

!

,

:
1

EPRI MOV Performance Prediction Program Review
.

.
NRC Offices,

'

Rockville, Maryland
'

October 6-7,1993

i

,

~

Kalsi Engineering, Inc.
_

i
e
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I
'

!

lEPRI Butterfly Valve
iModelfl'esting

J
l
1

l
.

.

1

%ective j,

.

Provide validated butterfly valve methodology to cover the
following range of applicability:

* AWWA apd, ANSI high performance designs
4, 7IQ.) ... .| . '.

"''

, -

. .#;
.

... * Sizes-up|50 711mphop ; O
;T p4 . ' -

- 5
'

* e ' a.- w .. a n t

, --A. j 4 % .af. . , g. + e ,. h<.
. .

j

* Symingc[ag;g} offset and dopble offset disks
t -

.. .

-

A, e.* su.- ,e . .,p<
-

,. ,

:94+~rmytva+%du?a"cac-~-
e *

* Solid bronzed [ykngs, or stainless steel bearings with
"

Teflon lining 'ia"
a

* Upstream elbod
f .

'

Kalsi Engineering, Inc.
~

-
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EPRI Butterny Valve T

Model/ resting

Model Validation

Various features of the EPRI butterfly model are being
validated by test data from

a Wyle Laboratories

. Kalsi Engineering, Inc. -

.

* Duke Power /USU Water Research Lab

+ NRC/INEL containment purge valve test program
i

* Utilities: Enhanced in situ testing
;

I (See validation matrix for details)
:

| t
''

1

.

h

_ . - _ . . . . - - - - .



Table 1
Validation Matrix for Hutterfly Valve Performance Ihliction Methodology WJm13)

under EPRI RP3433-16/MPR ItP 140-91
,

Tent Isencriptionhem Yalve Deecription . Disk Media Sourre No.of sp, p,i Afax Q, afas V Senting/ FlowDesign Valves gym filere UneratinK w/o Elbow wlElbow
1 6* model,4/d = 0.15 S Water KE! 1 88 2,700 30 - No Yes No

'

2 6" ire al, t/d = 0.25
3 , j 8. Water KEl 1 88 2,700 30 No Yes Yes3 6' model, t/d = 0.15 d p n. 54 pgyter4. 105I * e]* a g.g 2,700 30 No Yes No4 8" m aast,'t/d = 0 S I 3 1 f,pu;i 6' MEl' I ri "J ' 2,700 30 No Yes Yes5 8" @ t/d = 0 2 J b g 'a ! ' eel ,-1 88 2,700 ,30 No Yes Noj* . ,

6 8"modeld47 @ sj-
_

'16d 1 ' 4 '88 2,700 " 30 No Yes No
.

7 6* ftpory7,4(EPRE#84) 3V F_ Wyle 1 50,100,150 3,500 15 Yes Yes No
.

8 6*Snry Pratt(EPRI e56) . 803 _ $d Wyle 1 50,100,150 1,500 15 Yes Yes No
'

9 42" Ibsi&al 80 r f Wated"' Duke /USU 1 8 46,000 11 Yes Yes No10 10"Ibsi&ol(blind) 80 Water Duke /USU 1 100 4,700 19 Yes Yes Yes11 18' Fisher (blind) SO, Water TU 1 130 8,000 11 Yes Yes Ne
,

12 24" Fisher SO Water TU 1 7 0 0 Yes No No13 24"Fi?+r N 80< Water - TU 1 85 15,000 12 No No Yes
,

'

14 10" Henry Pratt ~ SO WatFr APS 1 * * 120 3,815 16 Yes No Yes(1) 15 18' Henry Pratt S Water APS @ 51 16,300 23 Yes No Yes(1) 16 24"I' y Pratt S Water APS I 51 16,300 13 Yes Yes No
-

(2) 17 24* Posi&al SO Water CECe 1 7 7 7 Yes 7 1
(2) 18 8"Ib n & al 80 Water TVA 7 1 7 7 7 Yes ? ?(2) 19 12' Pbei Seal SO Water TVA 1 7 ? ? Yes ? ?(3) 20 8" Allie Chalmers 80 Nitrogen INEL 1 5-- 60 N/A Yes* Yes Yes_
(3) 21 8" Henry Pratt 80 Nitrogen INEL 1 5 -+ 60 N/A Yes* Yes Yes
(3) 23 24" Henry Pratt 80 Nitrogen INEL 1 5 -+ 60 N/A Yes* Yes Yes

Total Number of Valves 22

Notes: 1
%esepee are operated in tandem and have no APor Q data at intermediate disk positions. Data may be acceptable for assessment of 11Fil
and St'M. Substitute valves with AP data are being sought.

.

2 Subetitute valves are being sought because data availability may not meet the program schedule.
3 Unpublished data to be obtained from INEL.

z
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.

EPitI 13utterfly Valve ~

Moticl/ Testing
*

4

1

Key Technical Areas
%. > g' _ > g,

'* * 1 , 8, (?
*

' ,
*

'

Effect of disk shape and disk aspect ratio on hydrodynamic*

torque n"-

,1 g
Validation data for scaling-

"41. '. ~. ..,
i a}'( ,, ,

4 ..;

Effect of upstream elbow orientation, proximity, and disk .i.

Airection.ofrotadon 'onjyua$nic! torque
,

e' t i
. . . -. q;. :; -. ,-

,',ygh,.ggQQiMikk seat an(1 bearing degradation
,.

'

.

' 'j,! . '' If h !f(
'

/ ''.
.

- j g, d, p;W.h, ; .l-; . ;; y, . . ,)
'

r .u : c ;M.

.

. -4 y c A 7< 5: = - > -,-

- v. w ,p- p. _ a dig ?-
,'

- ;giMsAjpg * , e c A v.'- min ;r , .
'

(
'

h[p. Iy(?'e*;'v.9:h
. ; , t- 4

.,
,

jp E '' w'

. nt.
,

i ,

,

i:

; e

t

Kalsi Engineering, Inc.
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _________________ _ ___ - __________ _ _ _-____ _ ____

EPRI ButterGrValve
~~

Model/ resting
.. .

.

Approach
.

Performed industry survey to identify disk shapes and aspect*

ratios to be tested '

Designed and fabricated butterfly valve test specimens*

i
,

Performed matrix of 37 tests to cover disk shape variations*;
.

and upstream elbow effects
1

Recommended an approach to identify seat and bearing*

degradation by in situ testing

1

i

:

W ___ . _ - - _ - _ . . _ - - - - _ _ - _ _ . _ _ . - .~
--

_ - - . - - -
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MM
oT

Maximum Disc Maximum Disc Maximum Disc hb
Thickness + 4- Thickness + 4- Thickness-> 4- %(If

GAMS Q

4M64%M M7/gw/w w gM2% g

!\c;;;;"< < < < < <.,

Flat \ m
Face \ \ \ Stems

g Offset

_I_^\/ n

' Alternate
/ /

,

/ / / Seat < Curved # Seat / Alternate7 jOffset- * * Face Offset" Curved> / . 4-
Config. Face

v v Config.
V////5|||||// V///h|////// ||||// |||////

h (a) (b) (c)

m"* Symmetric Dise Design Single Offset Design Double Offset Design
a
D.

.E
3. Key Features of Symmetric, Single Offset, and Double Offset Butterfly Disk Designsa
?
5
9

|

_-__ _-___ _ ___-__ --___-__- _ _ -_ - . . -- - -- - -- - - - '.



;

I

.

EPRI Butterfly Valve Testing
'

RP3433 31
.

:
,

_ _ _ _
,

MOVs in Sample 1235
' '

,

Wenur4Clwreft Wit a F ewe,r Then to Velves: American jWetmang & Vent, Hella McCanna, and Shan Rod

I

NUMBER OF BUTTERFLY MOVs
MANUFACTURER o 100 200 300 400 soo 600 |

. , , i , '

Henry Pratt w w % f 3x3,.ug '* % N 6 + v ,
' ' --

t I -

,

iAllis-Chalmers
i 1

-

Fisher

MJamesbury pagem -|
1

BtF .M-

g
}

.

M.
.

'

Contromatics >

9%,q

'g > 9 5 */s P0;PU L ATION
Posi-Seal |f |., ;, ,

I i

E '
McNally/Pitt ci

!
. i

Clow, E
~

:
"

| i

g ,,, ,,,,,,,,,y,,,,, j ;
1 *

J E Percent of Total |
IACE Controls :

t i !
!.i . .

,

o 10 20 30 do 50 60

PERCENT OF TOTAL
,

Motor Operated Butterfly Valves
Breakdown By Manufacturer

i

i
i

,
__ _ __ .

:

Kalsi Engineering,Inc. ]
j
|
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EPRI Butterfly VcIvo
|Model/ Testing
.

:

!

,

!

!

PRISMAT'C
/

PRiswATIC

+T T

L 2

\ / DISC SF4P7 18 - PRISMATIC BACKFACE j
DISC SHAPE 1A - PRisuATIC BACurACE

I

k

PRISwafic
9 7 ,

CDNICAL

I I I
i

i______________-______________.,
4

DISC SMAPC 1C - BDLTED PRisuATIC BACxFACE
DISC SHAPC 2 - CDNICAL BACMFACC

!

SawERICAL REVERSE RADILtSED
.- '

,,,, 4 >-~~ ..,_~~. +
i / t

. I \ l /,

DISC SMAPE 3 - SPMERICAL BACKFACE DISC SHAPE 4 - REVERSE RADauSED BACNFACEDEEPLY RECESSCO FRONT FACE

- 2 t '~.
, r

.
1 ,. , , , s

r 1

a r -

7 x x , 1~-

DISC SMAPE S - SYWCTERIC DISC DISC SMAPE e - SYuwEttRic (LENS SMAPC)
i
i

:
!

Disk Shape Variations |
.

;

;

!

l
.

Kalsi Engineering,Inc.
i
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EPIII Butterfly Valve
Moticl/I'esting

.
. ..

.

Aspect Number ofDisk Shape Ratio Valves

Nonsymmetric, prismatic back face 0.15, 0.25, 0.35* 3

Symmetric 0.15, 0.25* 2

.

Nonsymmetric, conical back face 0.17 1 ,'
(scaled model of 42" Posi-Seal)

Total number of disk geometries tested 6

* KEI data supplemented by A7 aspect ratio data for nonsymmetric and .31 aspect ratio data
for symmetric disk valves tested at Wyle Laboratories

| Matrix of Butterfly Valve Geometries Tested at KEI
.
,

i

Kalsi Engineering, Inc.
_

. _ _ _ _ _ _ _ _ _ _ . -- -- - - - - - - ' ~ -- - - ~ ~ - - ~ -'
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EPRI Butterfly Valve
iModeVresting
.

--

,

cA4ci
;

k\\\\ a b \
7

Curved-

Y = ace ?
Flat
Face \ )

| Flow - -|- Flo ]j

. Shaft Downstream . Shaft Ups ream

. Flat Face Forward . Curved Face Forward

. Seat Upstream 8 8 ;

. Seat Downstream
.

i

L

' \%%%\%\%Nh

Commonly Used Terminology to Identify Flow Direction
.

;

5

,

3

:
.

t

I

Kalsi Engineering, Inc.
_.

_ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ . _ . . . _ _ . _ _ _ _ _ _ . _ _ _



EPRIIlutterfly Valve
~

Moticl/ resting
.. .

.

Test Disk Shape and Aspect Elbow Elbow Flow Range
Group Orientation Ratio Config Proximity

0.15 30,60,90 psi AP/15 fps
1 Symmetric 0.25 N/A > 20D 90 psi AP/30 fps

* 0.15 ' "

2 """ O.25 N/A >20D'

sludt upstremn 0.35

Nonsymmetric: 0.15 "

3 shaftdownstream 0.25 N/A > 20D
0.35

42' scale model "

4 0.17 N/A , > 20Dshaft upsh

42' scale model "

5 shaft downstream 0.17 N/A > 20D

.

.

Disk Shape Variations and Scale Model Verification Test Matrix

Kalsi Engineering, Inc.

__ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ - - - _ _ _ _ - _
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EPRI Butterfly Velva
Model/ Testing

'
Velocity Skew

'0"' Stem Axis Out
4

of Elbow Picne !
.

. .

.. g g % |

k O .c" G f {g

%
-

N
+

_ w \
1(A) Symmetric 1(B) Nones,emetric 1(C) Non-eymmetric

Smoft Upstream Smoft Downstroom
Configuration 1

(Velocity Skew Assists Closing Action)

\ Velocity Skew
Flow

Stem Axis Out
'

of Elbow Pione

.
. . ,. .- -

*

% O E h
% W+ y t

2(A) Symmetric 2(B) Non-sy* metric 2(C) Non-symmetric
Shaft Upstroom Shoft Downstreon

Configuration 2
(Velocity Skew Opposes Closing Action)- ,

;

Velocity Skew
Flow Stem Axis,

'

in Elbow Plone' ',

_

- ;

1 .c* '

O i*
|u' j

Configurotton 3
(Velocity Skew Symmetric About Stem Axis)

|

Upstream Elbow Configurations to Identify

Stem Orientc. tion and Disk OpeningDirection

Kalsi Engineering,Inc.

I



EPRI Butterfly Valvo
Model/ Testing

Test Disk Shapeand Aspect Elbow FlowRange
Group Orientation Ratio EWow Confg p,o,

6 Synunetric 05 Con 6guration 1 0D 30,60,90 psi /15 fps
90 psi /30 fps

7 0.25 Configuration 2 0D
"

,,

3D
7D

8 0.25 Configuration 3 OD
"

,,

3D
7D

,

,

9 Nonsymmetric 0.25 Configuration 1 OD
shaft upstream 3D

,,

7D

10 0.25 Configuration 2 0D
"

,,

3D
7D

11 0.25 Configuration 3 0D
"

,,

3D
7D

12 Nonsymmetric 0.25 Configuration 1 OD
shaft downstmam 3D

,
,,

7D

13 0.25 Configumtion 2 OD
"

,,

3D 1

7D
:

14 0.25 Configuration 3 0D
"

,,

3D
7D

Upstream Elbow Test Matrix i

i

Kalsi Engineering, Inc. )
,
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.

EPRIllutterfly, Valve
Model/ Testing

.
.

,

KEI Flow Loop Testing Status'

* Testing completed

* Data reduction completed :

Highlights of Typical Results
.

* Valve size : 6" '.
.

* Disk shape : Nonsymmetric w/ conical backface

* AP/ flow velocity : 30, 60, 90 psi /15 fps
90 psi /30 fps

* Test configuration : Baseline (no elbows)

* Flow direction: : Shaft upstream
-Shaft downstream :

,

Kalsi Engineering, Inc.
-

. . . . - . . . . . . . . .
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EPiti Butterfly Valve ~

Model/I'esting
.

-

Conclusion 1:

.

.

From AP and flow velocity variations used in the test matrix,

torque coefficients and flow coefficients have been validated

to be nondimensional..
,' # v.;..

,

Kalsi Engineering, Inc.
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EPRI Butterfly,Vcive ~

Model/ Testing
: .

i
.

i

|

Conclusion 2::

.

.

!

EPRI butterfly PPM model and nondimensional coefficients have

been validated for predicting performance oflarge valves from

small scale model tests.

.
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EPRI Butterfly, Valve
~

Model/ Testing

Conclusion 3:
.

EPRI butterfly valve model bounds test results.
.

O

l

I
s

i

Kalsi Engineering, Inc.
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EPIRI Butterfly Valve
Model/ resting

|

|

Butterfly PPM Status

* Butterfly model documentation complete
'

, . . ' ~ g. /
n -

.

_

* V&V plan compleg , ,
"

,

* BFM software,8oxgpiete
i : 7}<, .c 1

.
..,

.
-.

,

1 ;, i..

* V&V against incompressible media flow loop test data in -

*progress -

= V&V against available in situ test data planned in October 1993
*l

* V&V against NRC/INEL compressible flow data planned in
No$ ember 1993

* Final design review package scheduled for December 1993

,
s

-- . - - . . - - --
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DRAFT

NRC INFORMATION NOTICE 93-XX: STATUS OF MOTOR-0PERATED VALVE PERFORMANCE
PREDICTION PROGRAM BY THE ELECTRIC POWER RESEARCH
INSTITUTE

'

Addressees
4

All holders of operating licenses or construction permits for nuclear power
reactors.

Puroose

This information notice is intended to alert addressees to preliminary results
of motor-operated valve (MOV) tests conducted by the Electric Power Research
Institute (EPRI). It is expected that recipients will review the information for
applicability to their facilities and consider actions, as appropriate, related
to thrust requirements for MOV operation. However, suggestions contained in this
information notice do not constitute NRC requirements; therefore, no specific
action or written. response is required.

Backaround

On June 28, 1989, the NRC issued Generic Letter (GL) 89-10, " Safety-Rel ated
Motor-0perated Valve Testing and Surveillance," to request that nuclear power
plant licensees and construction permit holders verify the design-basis
capability of their safety-related MOVs. In GL 89-10, the NRC staff requested
that licensees and permit holders test each MOV within the scope of the generic
letter under design-basis differential pressure and flow conditions, where
practicable. The recommended schedule in GL 89-10 would have licensees and
permit holders verify MOV design-basis capability by June 28, 1994, or three
refueling outages after December 28,1989 (whichever is later).

In response to GL 89-10, NUMARC coordinated an effort by the nuclear industry for
a research program at EPRI to develop a methodology to predict the performance
of M0Vs under design-basis conditions. The EPRI program includes detailed
analyses and testing of MOVs at test facilities and nuclear power plants. If

successful, the EPRI MOV Performance Prediction Methodology will allow licensees
to demonstrate the design-basis capability of MOVs from tests conducted under
less severe conditions. In August 1993, EPRI provided a status of its M0V
Performance Prediction Program to the NRC staff.

Descriotion of Circumstances

In performing its MOV Performance Prediction Program, EPRI has tested 35 gate,
globe and butterfly valves in 63 sequences at its test loop facilities as of
August 1993. EPRI planned to perform a small number of additional tests at
its test loop facility in Huntsville, Alabama. EPRI plans to obtain test data
for an additional 30 valves to be tested in nuclear power plants. EPRI has
contracted Kalsi Engineering to test a butterfly valve with multiple disc
designs.

.



.

EPRI indicated that its tests demonstrated " valve friction coefficients"
(based on mean seat diameter) for gate valves as follows: 0.3 to 0.6 for cold
water pumped flow, with values of 0.75 and 0.9 for two valves; 0.34 to 0.41
for hot water pumped flow; 0.35 to 0.80 for hot water blowdown; and 0.25 to
0.64 for steam blowdown. Most valve vendors used a " valve factor" of 0.3 for ,

flexible wedge gate valves and 0.2 for parallel disc gate valves in sizing
motor operators. Therefore, the EPRI test results indicate that the thrust
required to operate gate valves could oe significantly greater than the thrust
predicted by the valve vendors. The EPRI testing confirms the limited testing
program conducted by the Idaho National Engineering Laboratory (INEL) for the
NRC Office of Nuclear Regulatory Research in 1989. EPRI reported that valve
friction tends to decrease for particular valves with increasing differential
pressure, which lends support for linear extrapolation of differential
pressure test results.

'

EPRI reported that several gate valves were damaged during testing. The
damaged valves included a six-inch Anchor Darling gate valve; two six-inch
Borg-Warner gate valves; a twelve-inch Borg-Warner gate valve; a six-inch
Crane gate valve; a two and one-half inch Edward gate valve; a six-inch Velan
gate valve; a ten-inch Velan' gate valve; a six-inch Walworth gate valve; and a

'ten-inch Edward gate valve. One large Anchor Darling gate valve was damaged
when the valve disc was forced through the seating area such that leakage
occurred above the disc.

EPRI stated that its testing showed the thrust required to operate globe
valves was generally consistent with the valve factor used by valve
manufacturers. However, some of the test results revealed valve factors
greater than the 1.1 typically used by globe valve vendors. Also, a two-inch
Edward globe valve tested under blowdown conditions demonstrated a valve
factor of 1.87 with damage on the valve internals.

EPRI stated that its testing revealed torque requirements to operate butterfly
valves from one manufacturer (Pratt) to be bounded by the torque predictions.
However, butterfly valves at several nuclear power plants (for example, >

Catawba, Palo Verde, and Salem) have demonstrated torque requirements that
exceed vendor predictions.

.

EPRI stated that it determines the point of flow isolation based.on a
hydrostatic test to establish the stem position when flow begins to occur
during an opening stroke. EPRI adjusts the stem position for closing to ,

account for the stem-to-disc connection gap. EPRI uses the greatest thrust
'requirement to overcome differential pressure up to this stem position to

determine the valve friction coefficient. EPRI assumes the highest I

differential pressure observed during the test regardless of the stem position
where the greatest thrust requirement occurs. This results in a lower valve
friction coefficient than would be determined if the actual differential
pressure at the point of greatest thrust was used in determining the valve
friction coefficient. Also, the EPRI test results revealed that it is not
possible to determine accurately a point of flow isolation prior to disk
wedging based on the thrust diagnostic trace.

EPRI stated that it had not observed differences in thrust requirements for
valve operation between valves installed in horizontal pipes with the stem
either vertical or horizontal. This finding differs from operating experience



,

James A. Norberg 3

in nuclear power plants.

EPRI plans to submit a topical report for NRC review in April 1994. EPRI
intends to submit test reports in advance of the topical report to allow the
staff to raise questions with EPRI early in the review process. This early
review is essential for the, NRC staff to complete the review of the EPRI
topical report during the Spring of 1994. However, EPRI has been delayed in
completing its test reports.

Related Generic Communicati.onig

The NRC has issued other generic communications on MOV testing, such as NRC
Information Notice 90-40.

This information notice requires no specific action or written response. If

you have any questions about the information in this notice, please contact
the technical contact listed below.

Brian K. Grimes, Director
Division of Operating Reactor Support
Office of Nuclear Reactor Regulation

Technical Contact: Thomas G. Scarbrough, NRR
(301) 504-2794

..

e <

4
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NUCLEAR MANAGEMENT AND RESOURCES COUNCIL

1776 E,e St eet. N W . Svte 300 . wasnington. CC 2000$-3706

(202)S72-1280

September 16,1993

Mr. Thomas G. Scarbrough
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, MD 20852

Dear Mr. Scarbrough:

This letter transmits the EPRI TAG responses to the staff questions concerning the
EPRI MOV Performance Prediction Program We expect to further discuss our
responses during the October 6 and 7,1993 meeting.

If you have any questions, please give me a call.

Sincerely,

.

R. Clive Callaway
Senior Project Manager
Operations, Management and Support
Services Division

e

RCC:sp
Enclosure !

- .;

c: Dr. G. Weidenhamer, NRC/RES
'

Mr. Bob Steel, INEL

;

i

_ ___ _______._ _ ___________ _ _._____ ___ __



Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

Following are EPRI updated responses to NRC's October,1992 comments on the EPRI
MOV Performance Prediction Program, as well as responses to six additional NRC
comments received in December,1992. For NRC comments 1-22 the following
information.is given: the October 1992 NRC Comment; the November 1992 EPRI
Response; the NRC Status as presented by NRC in a December,1992 Memorandum
from Sullivan to Norberg; and an updated EPRI Response to the NRC's Status
evaluation. NRC Comments 23-28 are new comments originally made in the December !
memorandum and, consequently, do not have an associated interim response.

.

As a result of the testing and analytical work completed to date, the EPRI methodology
has evolved from a purely analytical tool to a more performance-based approach. The
revised methodology will allow use of data from the installed MOV as input to
analytical predictions resulting in a significant increase in prediction accuracy and a
mininuzation of excess conservatism. This change in philosophy is reflected throughout
the following updated responses.

1. NRC Oct. 92 COMMENT:

EPRI should release the results of its motor-operated valve (MOV) tests on a
regular basis for use by licensees in their Generic Letter (GL) 89-10 programs in
sizing and setting MOVs for which design basis testing is not practicable. EPRI
will need to provide the basis for valve or stem friction coefficients determined
from the test results. This information should indude valve disk position used to
select the thrust required to close the valve such that the design requirements of .

the MOV are satisfied. At the October 1992 meeting, EPRI and NUMARC stated
that guidance would be developed for use of preliminary EPRI test data by
licensees.

EPRI Nov. 92 RESPONSE:
,

Table 1 provides a listing of all Program products along with their estimated
publication dates. Note that test data from MOV testing will be provided as
testing is completed in each specific test loop. The MOV test data will be
summarized on forms (see Figures 1 and 2). The time, thrust, torque, DP, apparent
disc and stem coefficients of friction will be provided for selected points during the
valve stroke. These include (for a closure) the point when maximum thrust
occurred prior to initial wedging, at initial wedging and at flow isolation. Data at i

similar points will be provided for opening strokes. j

!

i

|
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Table 1
i

EPRI MOV PERFORMANCE PREDICTION PROGRAM PRODUCTS |

|Product Estimated Publication Date "''

Application Guide for MOV's in Nuclear
Power Plants (NMAC Product)* - Complete

,

i

Review of INEL Gate Valve Test Program Complete

in Situ Test Guide * Complete

MOV Margin Improvement Guide * Complete

MOV GeneralInformation Database * Complete

Butterfly Application Guide (NMAC Productr Complete

Stem Nut Lubricant Test Report Under TAG Review - Aug. '93

Gate Valve Dimensional Specification * August 1993

Huntsville Low Pressure Flow Loop Test * Under TAG Review - Sept. 93

Methodology input Specification Draft . October 1993.

Preliminary Static Test Method for Disc October 1993

Preliminary Static Test Method for ROL October 1993

Operator Test Report October 1993

Butterfly Valve Subscale Test Report October 1993 '

Globe Valve Model Report * October 1993

Computational Fluid Dynamics Analysis Report November 1993

Friction Test Report November 1993

System Model Report November 1993

Cate Valve Design Effects Report November 1993

MOV PPP Topical Report November 1993

(Draft Sections to be issued as completed.) to
March 1994

In Situ Test Report * December 1993

Siemens/IGVU Flow Loop Test Report * December 1993

Norco Flow Loop Test Report * December 1993

Huntsville Int. Pressure Flow Loop Test * December 1993

Butterfly Valve Model Report * January 1994

Operator Effects Methodology Report * January 1994

Gate Valve Model Report February 1994

Empirically Based Methods Reports * April 1994

Integrated .tethodology Assessment Report April 1994 |

Integrated Methodology PC Code' April 1994 I

PC Code Users Manual * April 1994

Model Implementation Guide * April 1994

Products which can be directly applied by Utilities in assessing MOV performance ;
*

, capability,
,

1
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FIGURE 1
-

EPRI Gota Vcivo Tcat Analysis Data Sheet.

Valve # Test Date Test Time
.Test # Stroke Direction _

Test Description
'

Valve Mean Seat Diameter in. '

Data File Data Set __

Motor Current Start Time' '

!Motor Current Stop Time'
,

Contactor Dropout Time' '

Packing Load at Running Ib.

Ciceed to Open
.

Time Thrust Torque SPDISP tasen Mean App App
(sec) (ib.) (ft4b) (In.)

Upsenem DP Disk Stem
Prese Dale PSID i n

A. At cracking" ---- ---- ----

B. Just after cracking

C. Max after cracking

D. Running (No DP)
----

E. Limit SW Trip ---- ---- ---- ---- ---- ---- ----

F. At Flow initiation"

!
'

Cpen to Clooed

Time Thrust Torque SPDISP namen Mean App App
'

(see) (IRL) (ft-lb) (in.) DP mek Stem
prese Dele PSID n n

A. Running (No DP)
----

B. Max prettointialmodpg

C. At initial wedging

D. TS Trip'
!---- ---- ----

E. Max after wedging ---- ---- ---- .

iF. FinW
t

---- ---- ----

G. At flowisolation"

* Values to nearest.001 secontt, at other va6ves to nearest.01 seconct.
** DetemsnettbyIkware meeswoment.

' t
. i

.

.

.____-- -_- _ ._____ - _ _ _ _ _ _ . _ . _ . -
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FIGURE 2 '

Flow Loop Data Analysis Definitions
:
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T = Sunn Thrust,Ib. .;
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993) _ , , . .

,_

... .

It is important to note that the " apparent disk coefficient of friction" calculated by
Wyle and reported on the summary forms is not to be confused with the actual
coefficient of friction and is not a parameter which will be used in development or
assessment of the Methodology. The apparent coefficient of friction calculation is
based on solving the NMAC equation for disc coefficient of friction (See Figure 2).

The apparent disc coefficients of friction calculated from the flow loop data are notg

intended to represent true friction coefficients. The purpose of calculating an
" apparent" disc p in presenting the results of the flow loop gate valve tests is 2nly
to provide a straight forward basis for comparing measured thrusts at various
points in the valve stroke to the single thrust prediction from the NMAC equation.
In order for this comparison to be meaningful, the NMAC equation must be
applied as it would for design basis purposes,i.e., the DP used is the full (valve
closed) DP, the area of the disc is calculated using the mean seat diameter and the
stem rejection load is calculated by multiplying the design basis upstream pressure
( P,) by the stem cross-sectional area ( A,).

All necessary information will be provided to the Program participants for their
use in assessing performance of in plant MOVs of the same designs as those tested.

Obviously, when evaluations of flow loop test data are made which will be used to
validate the MOV Methodology, they will properly account for the actual
conditions (DP, area, etc.) occurring at intermediate stroke positions.

NRC Dec. 92 STATUS:

At the December 3,1992, meeting, EPRI stated that it would produce the reports
for Huntsville low pressure loop tests, Huntsville high pressure loop tests, Norco
loop tests, and Siemens/KWU loop tests as promptly as resources would allow.
EPRI does not plan to release data sheets for individual tests before completion of
the test report for those series of tests. For example, EPRI will not release any data ,

'sh'dets for low pressure tests at Huntsville until the Huntsville low pressure loop
test report is completed. Because EPRI does not plan to finalize each test report
until many months after completion of all the tests at the specific test loop, the staff
believes that licensees could obtain useful information on a more timely basis from .

individual test data sheets that are considered by EPRI to be complete. EPRI stated
that it would release specific test data in advance of the finalized test report upon
request of an individuallicensee. This response is not completely acceptable since
other licensees may also benefit from this information. The staff will continue to
discuss with EPRI the schedule for the release of important test information.-

1
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

EPRI Sept. 93 UPDATED RESPONSE:
'

.

The reason for delaying the release of final test data until the test loop reports are
complete is that full quality assurance is not applied until that time. However,
prehmmary data is being made available to all licensees participating in the
program. Data on apparent disk coefficient of friction and measured stem factor
are published in quarterly progress reports and are presented at the EPRI Update
Meetings which are held in conjunction with MUG Meetings. Note that Table 1
has been updated to reflect the current estimated completion dates for Program '

products. Note that some slippage in dates has occurred and that the dates showm
incorporate all review and publication activities (prior completion dates did not
include publication time). Actions have been taken to minimize review cycle
times.

2. NRC Oct. 92 COMMENT:

EPRI should notify licensees, as quickly as feasible,if it finds that certain types or
sizes of MOVs do not behave predictably and must be excluded from the EPRI i

program.

EPRI Nov. 92 RESPONSE:
I

If, during the course of the Program,it is determined that conservative prediction
of the performance of a specific valve design,in combination with specific
operating conditions, will not be possible, EPRI will notify participating utilities
that the methodology will not be applicable in such cases.

'

NRC Dec. 92 STATUS:

In the letter dated November 30,1992, EPRI commits to notify participating
utilities if it finds that the methodology will not be applicable to any particular
valves. NUMARC had agreed in an earlier meeting to distribute certain -

information to non-participating utilities. The staff will discuss this in more detail -

at subsequent meetings.

EPRI Sept. 93 UPDATED RESPONSE:

In April,1993 Status Report sent to all program participants, EPRI provided a
prelimmary listing of the valve-types for which the methodology would be -
applicable. That list is reproduced here as Table 2. The applicability has not
changed since that time. If,in the future, changes do occur, participating utilities
will be notified in a similar manner.

Page 6
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Table 2

PRELIMINARY ASSESSMENT OF
EPRI MOV PROGRAM COVERAGE OF i

INDUSTRY VALVE DESIGNS
:

Covered by Computer Methodolcev:

A/D Flex and solid wedge gates
Crane Flex and solid wedge gates
Pacific Flex and solid wedge gates
Powell Flex and solid wedge gates
Velan Flex and solid wedge gates (with torque arm)
Walworth Flex and solid wedge gates

.

Other flex and solid wedge designs with similar internal configurations as those listed
above.

;

All Butterfly Valve designs, except Clow and C&S (Triple offset discs') and flow
through discs (Triton by Pratt).

All Globe valve designs, except valves with stem guided or large balanced discs.

Covered by Prototvoe Testing / Application Guidance:

Westinghouse flexwedge gates
Edward Equiwedge gates ;

'

A/D Double Disk gates
Aloyco split wedge gates
WKM Parallelslide gates
Velan flexwedge gates without torque arms.
Borg-Warner flex wedge gates.

t

:-

.

|

|
q

|.

1
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Updated EPRI/ RAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

3. NRC Oct. 92 COMMENT-

EPRI has stated that it does not plan to develop criteria by which a licensee can
verify that the performance prediction modelis applicable to each specific MOV
installed in the licensee's nuclear plant. EPRI stated that it assumes that the model
is applicable to any MOV if the model predicts that the MOV will exhibit
predictable behavior. The staff considers the absence of such criteria to be a
potential weakness in the implementation of the EPRI model.

EPRI Nov. 92 RESPONSE:

As discussed in the October,1992 meeting, an evaluation of the applicability of the
methodology to each specific MOV will be performed by the user as part of the
implementation of the methodology. The applicability will be evaluated in several
areas including system features, valve design features, and operator features. The
range of applicability of the methodology (i.e., the criteria for evaluating whether
the methodology is applicable to a particular MOV) will be determined based on
the assumptions used in the models and the range of data used to support the
models. EPRI _will develop specific criteria in each area for use in applicability
evaluations.

Once the method is shown to be applicable,it can be used to conservatively predict
thrust / torque requirements for globe and butterfly valves.

For gate valves, after applicability is established, the method can be used to
determine whether or not damage which exceeds the threshold for
unpredictability would be expected to occur at design basis conditions. If such
damage is predicted, the model cannot be used to accurately predict required
thrust and other approaches (i.e., reanalysis using measured internal dimensions,
in situ testing or valve replacement) will need to be considered. If the method
predicts that the damage threshold will not be exceeded,it can be used to
conservatively predict required thrust at design basis conditions.

NRC Dec. 92 STATUS:

At the December 3 meeting, EPRI asserted that its testing program will identify all ;

required parameters without the need for performance-based criteria. EPRI stated
that, because many MOVs can be tested only under static conditions, the licensee
may have only physical parameters to determine the applicability of the
methodology to a particular MOV. The staff noted that there have been cases

Page 8
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP :

(September,1993) !

where valves that appear to be physically identical demonstrated significantly
different thrust requirements to operate. The staff stated that,if the EPRI
methodology predicts a low thrust requirement for a particular valve, then
licensees might find instances where the methodology underpredicts thrust

. t

requirements. In such instances, the staff and licensees will question the validity of
the EPRI methodology. EPRI stated that it would provide its acceptability criteria
at the next meeting.

.

EPRI Sept 93 UPDATED RESPONSE:
'

Recent results from modeling and test efforts have indicated that model
conservatism may be reduced if the methodology indudes some performance
based inputs. For example, the Friction Separate Effects Program has shown that ,

coefficients of sliding friction in cold water can, under some conditions, approach
numbers as high as 0.7. However,it is well known that much lower values are
commonly measured in-situ. In order that users of the EPRI methodology not be

'

burdened with unrealistically high coefficients for all cold water valves,
performance based methods are being developed for determmmg the disc sliding

'

friction coefficient in-situ. Such methods indude reduced DP testing, hydropump
opening against DP and potentially, static testing to determme the ratio of
wedging to unwedging thrust.

'

Similarly, a performance based method is being developed to account for rate-of-
loading effects.

4. NRC Oct. 92 COMMENT: .

The EPRI friction test program indudes the development of a model to replicate
the surface-to-surface contact conditions wear patterns that have been observed on
valve internal parts resulting from MOV tests. EPRI will need to ensure that the
model can account for orientation and lubrication. EPRI will also need to consider
whether surface conditions of the valve internal parts (such as corrosion) can affect ,

friction; particularly when MOVs will be installed in nuclear plant system
environments detrimental to spedC : valve materials.

EPRI Nov. 92 RESPONSE:
:

The friction tests at Battelle indude studies of several different contact orientations
which could be expected to occur in a gate valve. For example, the investigations
indude flat-to-flat configurations such as occur in guides and seats, edge-to-flat
configurations such as occur in guides (when the disk is tipped), and edge-to-edge
configurations such as occur in guides and seats (when the disk is tipped). The

.

Page 9
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Updated EPRUTAG Responses to the NRC Staff Status Comments ;

on the EPRI MOV PPP
(September,1993)

friction tests are carried out in demineralized water or steam which are expected to
be free of oil / greases or other potential contammants, which could potentially act ;

as lubricants.
,

In general, gate valves installed in safety related systems have stellited disc and
body seats. Stellite is not significantly susceptible to corrosion (oxidation rates are
extremely low) and its performance would not be expected to degrade due to :

corrosion phenomena. In fact, the possible build up of .m oxide layer on the t

surface of the stellite would be expected to reduce friction by providing a ,

lubrication layer.

All EPRI flow loop testing is performed on valves which have been thoroughly
cleaned (to remove c.ny potential grease / oil / dirt) and then " preconditioned" to :

'

remove any oxide layer on the stellite surface. As a result, the apparent friction
'

coefficients which are obtained during stellite to stellite sliding are expected to be
conservative relative to in plant MOVs.

.

The effect of corrosion on carbon steel components is more complicated. Mild
corrosion (i.e., the development of a thin surface oxide) typically reduces the
coefficient of friction's by elinunating base metal contact. In isolated cases, severe i

corrosion could potentially alter internal clearances in a gate valve so as to affect
the amount of disk tipping which can occur. This could conceivably be handled by

'artificially increasing the manufacttuers tolerance on certain dimensions.
However, this is not within the current scope of the program.

See "NRC ec. 92 STATUS" after no. 6.

5. NRC Oct. 92 COMMENT:

The focus of the EPRI program is on the initial qualification of the MOVs installed j
'

in nuclear power plants. EPRI will also need to address.the effects of aging or
degradation over the interval between preventive mamtenance (such as
cumulative corrosion of parts and reduction of actuator / stem lubrication).

.

EPRI Nov. 92 RESPONSE:

Development and implementation of MOV preventative maintenance and periodic
testing programs are the responsibility of each utility and are not within the scope
of the EPRI Program.

See "NRC Dec. 92 STATUS" after no. 6.
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments v

on the EPRI MOV PPP
(September,1993) .

I
6. NRC Oct. 92 COMM. INT:

Long term aging can affect MOV performance. Ten explicit examples of these
aging mechanisms are identified as common MOV degradation conditions and are
contained in the list of 33 items included as Attachment A to GL 89-10. These
examples are numbered 9,10,11,12,13,14,16,20,22 and 23. The
recommendations in GL 89-10 for the periodic verification of MOV capability are
intended to address these types of aging concerns. EPRI will need to develop
appropriate methodologies to model and/or monitor (detect and trend) these
effects such that licensees can satisfy their commitments to GL 89-10. The staff
does not have adequate information to determme whether EPRI's plan to study
aging through the testing of a few older MOVs installed in nuclear plants will
provide sufficient information to address all of the staff's concerns.

EPRI Nov. 92 RESPONSE:

All of the examples of " aging" mechanisms cited in comment 6 refer to items
external to the valve itself and can be addressed through utility 9reventative and
predictive maintenance programs. Assessment of the aging nwchanisms is outside
of the scope of the EPRI methodology development program.

NRC Dec. 92 STATUS OF NRC STAFF COMMENTS 4,5 AND 6

In the November 30 letter, EPRI states than an evaluation of aging mechanisms is
outside the scope ofits MOV performance methodology development nrogram.
EPRI also states that the development and implementation of MOV pn 4entative
maintenance and periodic testing pmgrams are the responsibility of ead licensee ,

and are not within the scope of the EPRI program. At the December 3 meeting, the
staff noted that the EPRI program will provide information on the thrust
requirement to operate valves only for an initial test and not include aging effects.
Consequently, the EPRI program might not assist licensees in meeting their
commitments to periodically verify the design-basis capability of safety-related
MOVs in response to Generic Letter 89-10. At the December 3 meeting, EPRI
stated that its use of in-situ test data as part of the validation of its methodology .

'

may help indicate whether aging effects are significant. EPRI stated that it was
cleaning and degreasing internal valve parts before reassembly and that it was
stroking valves many times in an effort to remove the oxide layer from the disk
and guides before obtaming thrust requirements. EPRI has indicated that the
increase in thrust requirements can be significant from this pre-conditioning. The -

staff considers the increase in thrust requirements with stroking to emphasize the
'

need to periodically verify tl s design-basis capability of MOVs. Although the staff

,

'
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Updated EPRI/ FAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP -

(September,1993) ..

acknowledged the problem with incluing aging effects specifically in the current
EPRI MOV Performance Prediction Program, the staff encouraged EPRI to begin
now to consider and identify important aging parameters. This encouragement
was offered because of the planned in-situ MOV tests to be performed at selected ,

plants.~ These in-situ tests present an opportunity to m t developing a database
upon which agmg effects can be detected and quantified. EPRI stated that its in-
situ test guide provides information on the collection of data for evaluation o'.
aging effects. The staff will review the guide and provide comments to EPRI. The
staff also has aging programs in progress and will be discussing this issue with
NUMARC and EPRIin the future.

In Question 4, the staff states that the EPRI friction test program includes the
development of a model to replicate the surface-to-surface contact conditions wear
patterns that have been observed on valve internal parts resulting from MOV tests.
EPRI will need to ensure that the model can account for orientation and
lubrication. EPRI's answer to Questions 4,5 and 6 pertams to the evaluation of
aging mechanisms. This portion of Question 4 remains open and will be discussed
with EPRI at the next meeting.

,

EPRI Sept. 93 UPDATFD RESPONSE to NRC STAFF COMMENTS 4,5 AND 6: ,

Aging: Resolved - the EPRI program will not address aging effects directly. :

Friction (effects of orientation and lubrication):

The Friction Separate Effects Test program will establish coefficients of friction and ;

damage criteria for different contact orientations which can occur in a valve.
Examples of these orientations are the flat-on-flat contact which occurs during
normal sliding and the edge-on-edge contact which can occur when a tipped disk
initially contacts the valve body seat.

Potential degradation in stem lubricants can be evaluated by static testing
conducted as part of each utility's periodic test program.

7. NRC Oct. 92 COMMENT:

EPRI has stated that its actuator tests will use the Torque Thrust Cell (TTC)
developed by ITI-MOVATS for diagnostic data. EPRI also has stated that thrust
and torque measurements will be obtained during the MOV differential pressure
and flow tests using Smart Stems developed by Teledyne. EPRI will need to

'

ensure that the accuracy's of the TTC and Smart Stems are validated for the actual
thrust and torque ranges required to open and close the valve. This effort will

,

Page 12
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Updated EPRITTAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)
,,,

need to include resolution of any acct:acy issues raised by the testing of the TTC
and Smart Stems by the MOV Users Group.

>

EPRI Nov. 92 RESPONSE:

The Torque Thrust cells and Smart Stems used in the EPRI Program are all fully
calibrated over the full range of expected opening / closing thrust and torque both
prior to and following test completion. The Final Reports for the Actuator and
MOV tests will provide analyses of ITC and Smart Stem accuracies in sufficient i

detail to establish data error bands.

NRC Dec. 92 STATUS: ,

In the November 30 letter, EPRI states that the Torque Thrust Cells and Smart
-

Stems used in its program are calibrated over the full range of thrust and torque -

requirements. EPRI states that its reports will provide analyses of the TTC and ,

Smart Stem accuracies. The staff considers EPRI's response acceptable. The staff
has recently learned of a concern about the accuracy of the 1TC at the Tuckey Point
nuclear plant. EPRI should ensure that the concern is resolved before relying on ,

the TTC data in its reports.

iEPRI Sept. 93 UPDATED RESPONSE:

EPRIis awars of the FP&L issues. These issues are not relevant to the EPRI testing
because all Operator Separate Effects testing is conducted with a single 'ITC
installation configuration i.e., we do not conduct tests with and without the TTC
installed and all tests are conducted with full stem nut engagement.

8. NRC Oct. 92 COMMENT:

In studying load sensitive behavior (i.e., rate of loading affects), EPRI should
determine if the reduction in actuator output resulting from this phenomenon is ;

important for both opening and closing the valve.

EPRI Nov. 92 RESPONSE:

Load sensitive behavior (i.e., rate of loading) may occur in the opening as well as
closing directions. TRI concurs that the final methodology and the procedure for
its implementation will have to address the issue of possible rate of loading effects
on valve opening and that the operator margin is adequate to accommodate such
effects should they exist.

.

!
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993) --

. .

NRC Dec. 92 STATUS:

In the November 30 letter, EPRI states that it would evaluate load sensitive
behavior in both the valve opening and closing directions. The staff considers
EPRI's response acceptable.

EPRI Sept. 93 UPDATED RESPONSE:

The detailed approach for addressing potential rate-of-loading effects in the
opening direction is currently being finalized. This approach will be presented at
the October 6-7,1993 meeting with NRC.

9. NRC Oct. 92 COMMENT:

EPRI has stated 1.at prelimmary testing indicates a small reduction in torque
delivered by the actuator under loaded conditions as compared to unloaded
conditions. EPRI should continue to evaluate this phenomenon to determme its'
potential effect on the capability of MOVs to perform their safety functions under
design-basis conditions.

EPRI Nov. 92 RESPONSE:

To date, torque variations observed at Battelle and Wyle have been small and may
be statistically insignificant. However, the Program will fully assess any potendal
torque output losses snder loaded conditions and willincorporate the results of
this assessment into the final methodology.

'

NRC Dec. 92 STATUS:

In the November 30 letter, EPRI states that its test results to date have indicated ,

minimal torque variations. EPRI states that it would assess torque variations in its ,

program. The staff considers EPRI's response acceptable.

EPRI Sept. 93 UPDATED RESPONSE: ,

|

EPRI response accepted, no update..
i

i

!

I

i
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IUpdated EPRI/ TAG Responses to the NRC Staff Status Comments'
on the EPRI MOV PPP

(September,1993) I
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i

,

... , ,

10. NRC Oct. 92 COMMENT:

iEPRI should provide a detailed description of its method for simulating pump
flow to the staff as soon as possible. The staff will review this method of 1

simulating pump flow and will provide EPRI with any concerns regarding this
method. j

:

EPRI Nov. 92 RESPONSE:

Most safety-related MOV's are installed in pumped flow systems. The flow
velocity, through these systems generally are less than 15 feet per second. Closure ,

'
,

of an MOV under such conditions will. result in a build-up in significant DP across -
the valve only near the very end of the stroke. Accurate simulation of this DP -

;
.

build-up in the EPRI test program is important to ensure that the loading time - ;,

history on the valve disc is representative of the loading which would occur on t

such a valve in a plant pumped flow system. -

;

For purposes of the EPRI Program, " pumped flow" is' defined as a system where
flow through the MOV is limited when the MOV is fully open by a pump or other j
system components to a nominal flow velocity in the range 10 to 15 feet per

.

I

second. This range of flow velocities is typical of pumped flow systems in nuclear -
plants. It is to be distinguished from " blowdown flow" where the pressure
upstream of the MOV is essentially constant and flow is limited 'only by the closing
of the MOV and by the piping resistance which may be low.

:
!

Pump flow characteristic curves for a large number of plant systems were
.

;

reviewed. In general, the head vs. flow curves were found to be quadratic. Based
on the assumption of a quadratic pump curve, the relationship between flow rate 1

and valve DP during a stroke is quadratic and is given by (Ref. Attachment 1): :

:
' 2 3 1

A P, Qg
2

A P,_ Q_, ,
,

t

t

where:
A P, = valve pressure drop at stroke position ''x" i

A P,_ = valve DP closed (= pump shut-off head) .

Q = flow rate at stroke position "x" !
Q_, = flow rate with valve fully open

1
:
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"

This is the basis of the specification used in establishing conditions for flow loop
,

testing. This condition can be obtained or approximated in a number of ways in a r

flow loop. For example, the pressure upstream of the valve could be maintained ;

constant during the MOV stroke with a control valve while the full-open flow rate
is restricted by an orifice in the system. This would produce the desired pumped-
flow DP behavior across the MOV.

At the Wyle Norco facility, the fluid source is a very large pressure vessel whose
pressure remains very nearly constant by regulating the tank ullage pressure using
high capacity nitrogen regulators during a MOV stroke. Downstream of the MOV
is a restricting orifice which restricts the flow when the MOV is open to the desired .

How rate (e.g.,15 fps). This test method produces the desired DP behavior across
- the MOV.

At the Huntsville' pumped flow loop, a slightly different approach was taken.
There, a number of pumps are operated in parallel at a cumulative flow rate much
higher than required to flow through the MOV at the nommal full-open flow rate
(e.g.,15 fps). A significant fraction of the flow is bypassed around the MOV. By
manually adjusting valves upstream and downstream of the MOV and in the
bypass line,it is possible to establish a conditions such that the nominal full-open
flow rate is achieved with the MOV fully open and the desired shut-off head is
achieved with the MOV closed. The pressure at the inlet to the valve remains very
nearly constant throughout the stroke and the pumped flow DP behavior is very
nearly approxunated.

In practice, a tolerance of approximately 5 percent is added to the theoretical curve
and the result is used to evaluate the loop performance on each test. Figure 3 is a
plot from the Huntsville Loop which shows that the test data approximates a
quadratic and falls within the tolerance band.

It should be noted that achieving an accurate reproduction of the ideal pumped
flow DP vs Flow curve is not critical to validating the Methodology. The
Methodology will calculate required thrust for any arbitrary variation of DP with
stroke position (including constant or varying upstream pressure). What is more
important is that tests conducted provide a range of fluid loads on the valve disc to
allow a comprehensive model validation. For example,in low velocity pumped
flow the disk is loaded only near the fully closed position. Higher velocity
pumped flow loads the disk earlier in the stroke and blowdown loads the disk
even earlier. The techniques used at Wyle to simulate pumped flow systems
provide this variation and, as a bonus, quite accurately reproduce pumped flow
system characteristics.

,
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NRC Dec. 92 STATUS:

In the November 30 letter, EPRI provides a description of its method for
simulating pump flow. The staff considers EPRI's response acceptable, but noted
at the December 3 meeting that EPRI should ensure that the flow rates are
appropriate for MOVs installed in nudear plants.

EPRI Sept. 93 UPDATED RESPONSE:

'
The EPRI justification for the approach taken to simulate pumped flow was
accepted.

,

As to the actual velocities which were simulated,15 fps appears to bound the |
majority of the applications (design velocities for most piping systems are on the !

order of 10 to K ips). 50 fps bounds all pumped flow applications. i

!11. NRC Oct. 92 COMMENT:
!

At a May 1992 meeting, EPRI presented its matrix and schedule for testing 60 '

MOVs in test facilities or at nudear plants, under various differential pressure, -

temperature, and flow conditions to validate its model. At the October 1992
meeting, EPRI stated that those tests may be used to refine the methodology. The i

staff does not consider tests used to refine the methodology appropriate for use in |
validating the methodology. EPRI will need to select additional MOVs to be tested ,

to validate the methodology.

EPRI Nov. 92 RESPONSE: .

The valve and operator models will be based on first principles. The separate
effects test data will be used to refine the models and to obtain required empirical ;

data. Durmg model development, the flow loop and in situ test data (induding ;

NRC/INEL data) will be studied and reviewed to ensure that all significant ' i

physical phenomena which appear to be occurrmg are addressed by the models
e.g., guide bending was observed during testing and the calculation of guide
bending will be induded in the methodology. ;

t

The flow loop and in situ test data will not be used to define empirical constants
within the model, and the models will not be empirical correlations of MOV test .
data. ,

Page 17
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Once it is determmed that all significant phenomena are addressed by first
principles modeling and all empiricai constants have been derived from the
separate effects testing, the methodology will be used to make predictions of the
flow loop and in situ test results. In addition to these comprehensive model-to-
data comparisons, the methodology will be used to make " blind" predictions for
selected tests. The tests selected for " blind" prediction will fully exercise the
model over a wide range of valve design and test condition variations.

If there is inadequate agreement between model predictions and data,
considerations of model refinement may need to be evaluated at that stage.
Quantitative use of data,if needed, would need to be thoroughly evaluated and
justified; the intent would be to utilize the best available information.

.

NRC Dec. 92 STATUS:

At the December 3 meeting, EPRI stated that the valve and operator models in its
program would be based on first principles of engineering. EPRI stated that it was
using separate effects testing to refine the models and would use the loop and in-
situ test data to validate the models. EPRI stated that,in certain instances,it might
need to use loop or in-situ data to refme the models, but would notify the NRC

'

staff in those instances. The staff believes that EPRI should attempt to use test data
.

to validate the realistic model to ensure its first principles analysis is appropriate.
The staff does not have a philosophical problem with EPRI using limited aspects of
its loop and in-situ data for model refinement. However, the staff considers the j

acceptability of the use of loop and in-situ test data for model refinement will
depend on the specific circumstances.

EPRI Sept. 93 UPDATED RESPONSE:

EPRI response accepted, no update. .

12. NRC Oct. 92 COMMENT: i

At the October 1992 meeting, EPRI indicated that it is planning to test fewer MOVs
at test facilities than stated in May 1992. EPRI plans to test more MOVs at nuclear ,

iplants to maintain the total of 60 MOVs tested. The staff is concerned that testing
MOVs at nuclear plants willlimit the range of test conditions and reduce the
amount of test data obtained. The staff also is concerned about the small amount
of testing under steam and high pressure / temperature conditions. In this regard,
EPRI identified some of these tests as " Option 3" which might not be conducted.
The reduction in the test database appears to result in the EPRI program covering

I
|
3
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on the EPRI MOV PPP
(September,1993)

smaller population of MOVs. The staff is concerned that some licensees will have
many MOVs outside the scope of the EPRI program and that completion of their
GL 89-10 programs might be delayed.

EPRI Nov. 92 RESPONSE:
,

No reduction has been made to the range of MOV designs to be covered by the -
MOV Flow Loop or in situ test Programs. Specifically,4 butterfly valves have been
deleted from the flow loop test program, but 6 butterfly valves have been added to
the in situ test program. In addition, a new butterfly valve test project has been
added to the Program. This project will test scale model (6 inch) butterfly valves in
a separate test loop. These tests will focus on confirmation of scaling laws and
assessment of upstream piping configuration effects on butterfly valve ,

performance.

Although in situ testing generally results in data only at a single DP,it does
provide real world MOV performance information. The current split of 34 MOV's
in flow loops and 26 MOV's in situ is believed to represent a good balance between
parametric and real world data for methodology validation.

No change has been made to the number of steam flow tests planned. However,
tests which exactly replicate tests already performed by INEL have been moved to
the end of the test sequence. Since data already exist for such valves under such
conditions, these tests are considered lower priority. These tests or other tests
which may be desired based on review of earlier test results will be completed
contingent on funding availability.

NRC Dec. 92 STATUS: -

In the November 30 letter, EPRI states that no reduction has been made to the
range of MOV designs to be covered by the testing program. EPRI acknowledges
that in-situ testing generally limits the testing to only a single differential pressure ;

condition as opposed to the range of differential pressure conditions possible
during loop testing. EPRI also states in the letter that it was not planning to

ichange the number of steam flow tests. However, EPRI also states that these tests
will be completed contingent on funding availability. At the December 3 meeting,
EPRI stated that those tests will be performed. The staffis concerned about the
limitations in the scope of applicability of the EPRI methodology with the nduc-

|tion in the range of differential pressure test conditions from in-situ testing and the
potential omission of the steam flow tests. In response to these concerns, EPRI
committed to provide the staff with a companson of the scope of its testing
program with the population of valves installed in safety-related applications in j

i
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nudear plants. The staff will review that comparison and will discuss this concern
with EPRI at future meetings.

EPRI will not be testing each type and size of MOV currently installed in nuclear
plants. Even though EPRI might not test a particular type and size of MOV, EPRI
stated at the December 3 meeting that licensees would be allowed to apply the
EPRI methodology to that MOV unless specific information disqualifies that MOV
from application of the methodology. EPRIis relying on licensees to identify
valves that do not perform as predicted by the EPRI methodology. Therefore,
licensees will need to record test data and dimensionalinformation in a manner
that can be compared to the EPRI methodology. At the December 3 meeting,
NUMARC stated that it is working with the industry in an effort to develop a test
database for sharing information between licensees. The staff will continue to >

discuss with NUMARC the need for an industry-wide test database.

See "EPRI Sept. 93 UPDATED RESPONSE" after no.13.
.

13. NRC Oct. 92 COMMENT:

The staff noted in the matrix of valves to be tested by EPRI that only one parallel
disk gate valve would be tested at a test facility and that the valve is a new design.
EPRI stated that it would test one parallel disk gate valve at a nudear plant. The
staff noted that the test matrixinduded only a small number of butterfly valves
and one over-the-plug globe valve. Further, the test matrix induded one new
design of split-wedge gate valve. EPRI may need to test additional valves to
complete the validation for valve types that are muumally tested.

EPRI Nov. 92 RESPONSE:

The philosophy for determmmg the MOV designs to be tested is to test the full
range of design features which will need to be addressed by the models.
Specifically, for gate valves, the model will predict the performance of
solid / flexible wedge valves. These are by far the most predominant gate valve
designs and the designs considered most susceptible to performance variation due
to vendor specific design differences. The test matrix indudes substantial
flexible / solid wedge gate valve design and test condition variations.

A second category of gate valves,i.e., unique designs with small representation in
the overall MOV population, are being covered by testing to provide data under
design basis conditions which can be used directly by utilities to assess expected
performance for the same valve designs. Current plans call for addressing the
parallel disc gate valve design in this manner. Because these are specific unique

.
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designs each manufactured by only a single vendor, the limited number of such
tests planned are believed to be adequate to assess their performance.

Our testing coverage for butterfly valves is discussed in the response to Comment
12.

Current methods for the prediction of globe valve performance are expected to be
adequate based on industry experience. The current limited set of globe valve tests
planned is considered adequate to confirm the adequacy of current prediction
methods. If, based on test data obtained in the Program, or new industry
experience this is shown not to be the case, additional globe valve testing will be
considered.

NRC Dec. 92 STATUS:
'

In the November 30 letter, EPRI states that its model will predict the performance
of solid / flexible wedge gate valves. EPRI states in the letter that its data from
testing other gate valves (such as parallel disk gate valves) will be used by
licensees directly. At the December 3 meeting, EPRI stated that the two parallel
disk gate valves to be tasted are designs currently used in nuclear plants. In the
November 30 letter, EPRI states that globe valve testing is being conducted to
verify current performance prediction methods. At the December 3 meeting, EPRI
stated that it will conduct sufficient testing on butterfly valves to include those
valves in its methodology. The staff remains concerned about the scope of
applicability of the EPRI methodology. Many licensees have installed or are
considering installation of parallel disk gate valves. Testing performed in Europe
has revealed that the performance of parallel disk gate valves is similar to flexible
wedge gate valves. This information casts doubt on assertions by valve vendors
for many years that parallel disk gate valves have significantly lower thrust
requirements than flexible wedge gate valves.

.

At the May 1992 meeting, EPRI requested data from NRC-supported butterfly
valve tects completed in the mid-1980s. The NRC Office of Nuclear Regulatory
Research subsequently agreed to provide the data to EPRI and instructed the Idaho
National Engineering Laboratory (INEL) to coordinate the effort. At the December
3 meeting,INEL provided a status of this effort. INEL stated that progress has
been made and that the data are being assembled in the agreed format.

EPRI Sept. 93 UPDATED RESPONSE TO NRC COMMENTS 12 AND 13:

As mentioned in the initial comment and response, there has been a reduction in
the amount of test data at parametric DP conditions. However,it is important to
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recognize that there is a substantial amo'uhi of parametric DP data from the flow f
loop tests. Specifically, each of the 34 flow loop valves was tested at multiple DPs
under one or more types of flow conditions. Particularly when coupled with the
friction and valve design effects test results (which were done at parametric load
levels) these data represent by far the most thorough and exhaustive study of the
effect of DP loading level ever conducted. It is concluded that the existing mix of
flow loop and in situ data will provide adequate information in this regard.

The potential reduction in steam testing has been re-evaluated based on the results
of INEL testing, friction separate effects testing and initial EPRI flow loop
blowdown testing. Specifically,it has been found in separate effects and valve
testing that there is no significant difference in sliding friction behavior between

i

steam and water environments at the same temperature. Accordingly, a reduction i

in EPRI flow loop steam testing to the point where this condusion is simply being i

confirmed was deemed to be in order. The final flow loop test matrix (Table 3)
indudes 1200 psi steam blowdown testing of two 6"" and two 10" valves as well as
nominal flow (200 fps) steam testing of one 6" valve. In addition, the in situ test
matrix (Table 4) indudes the testing of two 3" valves under steam blowdown I
conditions and two 4" valves under nominal flow (40,000 lbs/hr) steam conditions.

!
Beyond these data whicn are being obtained during the EPRI test Program, the
methodology will be assessed via comparing model predictions of thrust
requirements and damage level to steam blowdown data obtained for one 6" and
three 10" valves during the NRC/INEL test Program (Table 5). This approadt is
considered sufficient to validate the performance methodology for steam
conditions.

,

The scope of the EPRI testing program in relationship to the overall population of
valves has been evaluated in two ways: ;

First, the applicability criteria of the methodologies has been worked out in*

detail, and the features of the valves known to be in service at the plants has
been compared to these criteria. The result is that the methodologies are ;

expected to cover: '

- about 90% of gate valves (about 1/2 with the computer code and 1/2 with
empincally based methods)

- essentially all globe valves
- about 95% of butterfly valves.

The key area where coverage is lacking for gate valves is non-stellite valves.
For butterfly valves, certain low population design types are not covered.

Page 22
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,,

Second, the flow loop and in situtest matrices were compared to the more.

than 3,000 89-10 gate valves currently documented in the EPRI General
Information Database. This valve population as been evaluated in terms of
NSSS and A/E design types and is considered to be reasonably representative
of the industry gate valve population as a whole. The gate valves in the
database were " grouped" according to manufacturer, size and pressure class.
The resultant groups were arranged according to their strength of
representation in the population, and a check was made to determme which

'

groups were covered by a test valve. The results are shown on the attached
Table 6. This comparison indicates that the most prevalent valve groups are
well-represented in the test Program.

With regard to parallel disk gate valves, the principal one in use in U.S. nuclear
power plants is the Anchor / Darling double disk gate valve. We estimate that
slightly over 5% of all safety related gate valves are Anchor / Darling double disk
valves, and that all other parallel disk valves (such as Target Rock, Atwood &
Morrill, etc.) are a very small percentage (much less than 1%). In the EPRI -

program, test data are being obtained from two Anchor / Darling double disk gate
valves. This representation in the test group (2 of 47 gate valves or 4.3%) is similar
to the overall representation of this valve type in the gate valve population. ,

Further, one of the two valves is being tested at a wide range of flow conditions
including pumped water, water blowdown and steam blowdown conditions.
These valves are fabricated of similar materials as solid and flexible wedge gate
valves, so that the friction information generated from other parts of the program
is expected to be applicable to double disk gate valves.

14. NRC Oct. 92 COMMENT: .

Licensees will be using the EPRI methodology as part of their GL 89-10 programs
to demonstrate that MOVs for which design-basis testing is not practicable are
capable of performmg their design-basis functions. EPRI will need to ensure that
all design-basis parameters (such as fluid temperature and flow, ambient
temperature effects on the motor output and cable voltage losses, seismic / dynamic
effects, and degraded voltage) consistent with the recommendations of GL 89-10
and its supplements are incorporated into the EPRI methodology.

,
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NOTES FOR TABLE 3
_,_

Alternate Configuration Testine In addition to test sequences shown on the matnx.
selected valves will be tested wri ambient water 15 FPS for the followmgconditions: .

These MOV's will be tested to confirm preconditioning methods up to 5 test
A.

sequences per valve).

B. These MOV's will be tested with an upstream elbow parallel to stem (flow from
above) at zero diameter (i.e., unmediately upstream of the matmg flange).

C.
These MOV's will be tested with the stem in a horizontal orientation with the
pipe run horizontal (with straight inlet configuration).

D.
These MOV's will be tested with the flow direction reversed (from that used inthe nominal test).

~ '

-

E. Thoe MOV's will be tested with the an elbow perpendicular to stem and
,

parallel to stem at zero diameters upstream, and with in elbow perpendicular
to stem a t 3 diameters and 5 diameters upstream.

F. These MOV's will be tested with an elbow perpendicular to the stem at zero
diameter upstream.

G. Test to 750 psid (closures) and to 2500 psid (openings).

Notes:
1. Upstream and downstream pressures for the 450'F water (non-blowdown tests)

shall be high enough to prevent flashing downstream of the test MOV. '

Refer to Tasli2 description for a discussion of required blowdown capacity.2.

3. The maxunum DP speedied for each MOV in this table is the DP across the test
MOV when itis fully closed. The maximum flow (corresponding to the
specified velocity) occurs when the test MOV is fully open.

The actuator sizes shown are prelimmary and will vary based on undervoltage4

spedfied at time of purchase. It is expected that a limited number
(approximately 5) SB and SBD type actuators will be substituted for SMB
actuators. It is expected that a limited number (approxunately 5) of Rotorque
actuators will be substituted for SMB actuators.

5. 30-35 FPS for butterfly valves.

6. 12-13 FPS for 18" butterfly valve.'

_ _ . _ . _ _ _ _ _ _ _ _ _
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TABLE 6 . |
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

EPRI Nov. 92 RESPONSE: ,

.

The EPRI methodology will predict MOV performance considering fluid
temperature, flow and system characteristics as well as valve design variations.

In addition, the methodology will have the capability of predicting MOV
performance under reduced voltage conditions. Assessment of specific cable
losses, seismic / dynamic effects as well as ambient temperature effects on operator
performance are the responsibility of the utilities and outside the scope of the EPRI
methodology.

NRC Dec. 92 STATUS:

In the November 30 letter, EPRI states that its methodology will predict MOV
performance considering fluid temperature, flow, system characteristics, and ,

degraded voltage. EPRI states that an assessment of cable losses, seismic / dynamic
and ambient temperature effects are the responsibility of licensees and are outside
the scope of the EPRI methodology. The staff would like information on whether
the EPRI methodology will accept plant input for those items considered to be
outside the scope of the methodology to assist in evaluating MOV capability.

EPRI Sept. 93 UPDATED RESPONSE:

Evaluation of cable loss effects is part of an overall evaluation to be performed by
each utility to determme the design degraded voltage at the MOV. The design
degraded voltage at the MOV is used as input to the EPRI/NMAC MOV
Application guide methodology for determinmg operator output torque capability.

Definition of seismic effects on valve and actuator structural capability and/or
performance is beyond the scope of the EPRI MOV Performance Prediction
Program. Consideration of such affects is the responsibility of each utility.

Definition of possible temperature effects on motor-actuator performance is the
responsibility of the actuator manufacturer. The EPRI Program is not conducting
research in this area. Utilities will rely on the actuator manufacturer to provide

'

guidance in accounting for temperature effects on operator performance. Once
these effects are appropriately accounted for, the resulting operator output
capability can be used in combination with the EPRI methodology to assess MOV
performance.

;

I
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Updated EPRIfrAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP :

(September,1993) .

15. NRC Oct. 92 COMMENT:

EPRI will need to demonstrate that the methodology provides for sufficient thrust i

to ensure that valve closure is adequate to maintain leakage control in accordance
with applicable regulatory or safety analyses requirements.

EPRI Nov. 92 RESPONSE:

The EPRI methodology will predict the thrust required to reach initial wedging for
*

i

gate valves, hard. seat contact for globe valves and the fully closed position for
butterfly valves. Use of the EPRI methodology is not intended to replace leak
testing currently being conducted by utilities to meet regulatory requirements.

NRC Dec. 92 STATUS:
t

In the November 30 letter, EPRI states that its methodology will predict thrust
requirements for achieving initial wedging for gate valves, hard seat contact for
globe valves, and fully closed positions for butterfly valves. EPRI states that its
methodology is not intended to replace leak testing to meet regulatory
requirements. The staff considers EPRI's response on the objective of its program
and the limitation regarding leakage to be acceptable.

EPRI Sept 93 UPDATED RESPONSE:

EPRI response accepted, no update.

16. NRC Oct. 92 COMMENT:

As discussed in the cover letter to these comments, EPRI has stated that the intent
of its program is to allow the licensee to extrapolate the performance of its MOVs
from static conditions to design-basis differential pressure and flow conditions.
The staff believes that the wide range of MOV performance seen to date will
mandate a large bounding margin being incorporated into the methodology to

,

allow licensees to use the methodology to demonstrate that an MOV is capable of '

operating under design-basis conditions. Therefore, EPRI should consider
!developing means to allow a reduction of this mandatory margin through the use

of pressurized static test data or intermediate differential pressure / flow test data
for specific MOVs.

,
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Updated EPRITTAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

EPRI Nov. 92 RESPONSE:

The EPRI Methodology does nnt extrapolate results from static testing to design
basis conditions. The methodology will calculate the thrust which must be
achieved in a static test in order to ensure that the proper thrust is available under
design basis conditions (including consideration of effects such as rate of loading).
The static test is performed to confirm that the required static thrust is actually -

achieved.

It is difficult to predict the magnitude of the conservatism which will result from i

use of the EPRI Methodology at this particular point in the Program. That will
only be done with confidence once the Models have been fully validated and
assessed against test data.

It is expected that the results from a reduced differential pressure test could be
used in conjunction with the EPRI methodology to obtain a more accurate
prediction of MOV performance at design basis conditions. Procedures for
utilizing such data are under development.

NRC Dec. 92 STATUS:

In the November 30 letter, EPRI asserts that its methodology does not extrapolate
but rather will calculate the thrust that must be achieved during a static test to
have confidence that the MOV will operate under design-basis conditions. EPRI
states that, at this time,it cannot predict the amount of conservatism that will be
needed. However, EPRI states that a reduced differential pressure test could be
used in conjunction with its methodology to obtain a more accurate prediction of
MOV performance at design-basis conditions. EPRI states that procedures for ,

utilizing partial differential pressure test data are under development. The staff is
concerned that the mandatory margin in using the EPRI methodology when
testing only under static conditions may be severe. In regard to this staff concern,
EPRI stated at the December 3 meeting that it would respond to staff questions on
EPRI's plans for providing the required margin. The staff questions are as follows: !

(a) How will EPRI assess degraded voltage capability if the methodology
provides only a required thrust?

(b) How will the EPRI testing demonstrate the predictability of the stem friction
'

coefficient from static to dynamic conditions?

<

|

1

l
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Updated EPRI6AG Responses to the NRC Staff Status Comments ;

on the EPRI MOV PPP '

(September,1993)
{

--

!
;

(c) For each MOV for which the EPRbnethodology is to be applied, will the EPRI .i
methodology include the comparison of stem friction coefficient determined i
from the static test of the MOV in question to the assumption for stem friction i

coefficient in the MOV sizing and setting calculations?
:

(d) How will EPRI demonstrate that its measurement of stem friction coefficient
after the disk has seated under static conditions (with reduced stem velocity)
is representative of the stem friction coefficient at the point of initial wedging -|
(or higher thrust-required positions caused by flow) under dynamic :
conditions (with normal stem velocity)? Initial INEL testing has indicated j
that the stem friction coefficient may be much lower at the point selected by i

EPRI for measurement compared to the stem friction coefficient when the 'i
disk is closing against flow. If En'MOV failed to close during a dynamic test i

'

because of load sensitive behavior, the stem would be traveling at normal l>

velocity (immediately before failure) with a higher stem friction coefficient j
'

than at EPRI's measurement point for stem friction coefficient with the
reduced stem velocity. ;

:

(e) Has EPRI determined the cause of high stem friction coefficients that have
!been seen in some MOVs tested under static conditions in plants and how

such instances will be addressed in developing the EPRI methodology? i

(f) How does EPRI plan to address the large differences in stem friction ;

coefficient observed in various stem and stem nut combinations?
,

i

(g) How will the EPRI methodology address the determination of stem friction i

coefficients for MOVs that are not designed to hard seat and what criteria will
be used to assess the capability of the MOV7

,

1

(h) Will the conversion of static test results to dynamic conditions also account
for the type of stem grease being used, the stem ndt speed, the overall !

actuator ratio, the column stiffness of the operator, and other characteristics of ;

the unit? j

EPRI Sept. 93 UPDATED RESPONSE: ]
1

(a) The EPRI method for determination of operator output torque capability !
'

under degraded voltage conditions is to apply standard methods as
'

documented in the EPRI/NMAC MOV Application Guide. The actual
determmation of the design degraded voltage at the actuator is the |
responsibility of each utility.

i
!
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Updated EPRUTAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993) ,-

(b) Data from initial testing at Batteus iridicates that if a " static test"is performed
very slowly, for example by closing the valve with the handwheel, the thrust
at torque switch trip will be representative of that obtained under DP
conditions. That is, the . stem coefficient of friction in a slow static dosure
approximates that in a DP dosure. Additional testing to validate this
hypothesis is underway. If the method is proved to be valid, a similar in-situ
test willlikely be incorporated into the implementation of the EPRI
Methodology.

(c) The methodology as currently conceived does not rely on determmation of
coefficient of friction from a static test. Consequently, no analysis of such
data is planned. Variations in stem due to potential ROL effects will be
accounted for as described in (bl above.

.

(d) EPRI agrees that the coefficient of friction which exists under transient
conditions of a static test may be different than that which exists during a DP
test. Recent test data have indicated that a slow dosure of the valve (e.g. by
using the handwheel) results in a loading history sufficiently like a DP history
that rate-of-loading effects are accurately assessed. Additional test data is
being generated to validate this assumption.

(e) It is recognized that a variation in stem p has been observed in field testing.
The current methodology approach will determme the effect of the actual
stem coefficient of friction on tluust output by test as opposed to using an
analytical method. As a result, in situ MOV to MOV variations in stem will
be accounted for properly.

(f) The EPRI Lubrication testing will provide the basis for selection of lubricants
that exhibit mmimal change in friction characteristics over a large number of
strokes. Further,in situ " handwheel" dosure testing to set the torque switch
will account for any stem / stem-nut mismatch. .

1

(g) The approach for determining operator output capability for valves which
cannot be hard seated is currently being finalized and will be discussed
during the October 6-7,1993 meeting with NRC.

(h) The handwheel test, which is used to account for the difference between static
and dynamic conditions will be done using the actual MOV under evaluation.
As such, overall ratio, stiffness and grease type will be MOV specific. The
handwheel test will produce a stem / stem nut load profile (and resulting stem

history) to simulate design basis-DP conditions (i.e. no extrapolation from i
'

static to dynamic conditions is reqmred).
.
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments !
: on the EPRI MOV PPP '

(September,1993) -"

:
'

,J'

!

17. NRC Oct. 92 COMMENT: i

I
EPRI has stated that it defines predictability of an MOV in terms of actual - '

performance during its testing program, rather than internal damage to valve -
surfaces.- EPRI will need to ensure that cumulative damage will not cause an MOV
to become unpredictable and that leakage limits are not exceeded under ;

differential pressure conditions with such cumulative damage. |
1

EPRI Nov. 92 RESPONSE:
i

At this time, EPRI has not clearly defined the exact circumstances under which the .}
methodology would be incapable of predicting required thrust for a specific gate j.

valve / flow condition combination. The Friction Separate Effects Program and the - |
Gate Valve Design Effects Program will provide the data to make such a definition !

possible. Both programs investigate to some degree the cumulative effects of high !
contact stresses on surface damage and effective friction coefficient, j

NRC Dec. 92 STATUS: )
i

In the November 30 letter, EPRI states that, at this time, it has not clearly defined .j
the exact circumstances under which its methodology would be incapable of 1

predicting thrust requirements for a specific valve and flow condition. The staff j
will review the EPRI criteria when developed. j

i
EPRI Sept. 93 UPDATED RESPONSE:

,

:

Testing conducted in oth friction and valve design effects test rigs indicates that- |
for certain . material combinations, contact orientations and stress levels, moderate' |
levels of damage can be' sustained while maintaining stable and predictable i

tractional performance. The final methodology _will probably allow valid thrust - |
predictions for some valve / loading condition combinations even when some :
(cuirently undefined) level of valve damage is predicted to occur. !

.18. NRC Oct. 92 COMMENT:
i

EPRI has stated that its methodology will predict thrust requirements throughout
the valve stroke for each MOV. In verifying the design-basis capability of a safety- j
related MOV, each licensee must demonstrate that the motor actuator can deliver i

sufficient torque'without motor stall when opening or closing the valve. The .

conversion of torque to thrust in an MOV is dependent on the stem friction
coefficient which does not remain constaitt'throughout the valve stroke. EPRI

i
1

!

Page 34 |.

!
. .. __ .. - - . - .



. . . . .

!

.

Updated EPRI/ TAG Responses to the NRC Staff Status Comments i
on the EPRI MOV PPP '

(September,1993) '

_ , , -

should develop its methodology to pro 0ide both thrust and torque requirements -

throughout the valve stroke to assist licensees in demonstrating the design-basis ,

capability of safety-related MOVs. !

EPRI Nov. 92 RESPONSE: |
t

The EPRI Methodology will calculate the torque and the thrust required to operate :

a valve over its entire stroke. In order to do so,it must properly account for
variations in stem factor which may occur during the stroke. Such variations have
been seen to various degrees in flow loop test data and in the Operator Separate ;

Effects Test Program being conducted by Battelle.

, The source of these variations is not obvious at the present time. However, the test |
program which Battelle is executing has the objective of understanding and !

quantifying the phenomena. Once understood, the results will be incorporated
into the MOV Methodology in such a way as to ensure that the effect of such
variations on the torque and thrust predictions made by the Methodology are j
appropriately addressed. !

i
'NRC Dec. 92 STATUS:
!

In the November 30 letter, EPRI states that its methodology will calculate torque
and thrust required to operate a valve over its entire stroke. EPRI stated that its

,

testing program has the objective of understanding and quantifying the variations ;

in stem friction coefficient over the entire stroke to ensure that its methodology ;

adequately predicts torque and thrust. The staff will review EPRI's consideration ;

of stem friction coefficient variations when completed.

EPRI Sept. 93 UPDATED RESPONSE:

Recent testing at Battelle has led to an improved understanding of what may cause :

changes in the stem factor. Such changes have been referred to as " rate ofloading" :

- effects or as " load sensitive behavior."

Rate of loading effects appear to result from transient reduction in the COF which !
can occur when the stem is loaded rapidly (e.g., during a static electric valve i

closure); as such,it can result in an increase in the thrust achieved at torque switch j
trip on static tests relative to that which may occur in a dynamic tests. It is ;

hypothesized that the transient reduction in stem coefficient of friction is due to j
the fact that as the valve disc wedges, there is insufficient time (generally less than !

100 ms) to squeeze the stemlubricant from between the threads. Durmg this short ]
time span, sufficient grease remains between the threads and does not allow full j

:

I
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)

.

metal to metal contact. The lubrication mode is mixed,i.e., a combination of
hydrodynamic and boundary lubrication and the resulting stem COF can be quite
low ( .05). During a stroke with a sufficiently long " time at load" (i.e., >> 100 ms)
all the grease that is going to be squeezed out has been squeezed out resulting in a
thin film of lubricant and more complete metal to metal contact (boundary
lubrication). This lubrication mode generally results in more nominal stem COFs
(~0.1 - 0.15).

Separate effects testing indicates that the thicker the grease, the more difficult it is
to squeeze it out during a static electric closure (i.e., <100 ms) and therefore more '

likely that significant ROL effects will be present. This is consistent with our
observation from flow loop tesdng that degraded (thickened) stem lubricant can
result in more severe ROL effects.

Battelle is developing a procedure for adjusting the torque switch by means of a
manual handwheel closure stroke (or strokes: the exact procedure is still being
tested). During this slow manual closure,it has been shown that the COF which
occurs at torque switch trip is representative of that which would exist in a DP
stroke. Consequently, if this procedure is used, the relation between torque and
thrust during valve set-up will be representative of that in the design basis
condition. The load sensitive behavior of the COF is appropriately considered ,

because the actual design basis load is achieved on the manual closure. Using such
an approach, rate of loading effects will not need to be addressed separately
because they are only a factor if the torque switch is set up using a static stroke in
which the load increases very rapidly. This manual closure stroke will likely be a
part of the EPRI methodology.

f

19. NRC Oct. 92 COMMENT:

Some licensees might not be able to obtain precise values for the parameters to be ,

input into the EPRI methodology. Therefore, licensees may want to estimate
certain parameters with best available information. EPRI should perform a
sensitivity study of the model and identify the input parameters which have the -

greatest impact on the model's results. EPRI should then provide guidance to
licensees on parameters that can be estimated and those that must be known
precisely.

EPRI Nov. 92 RESPONSE: ;

The Gate Valve Performance Prediction Methodology will require that the user
provide basic valve dimensionalinformation as input. Typical dimensions
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Updated EPRI/ TAG Responses to the NRC Staff Statur Comments ,

on the EPRI MOV PPP ,

(September,1993)

required include such things as guide length, mean seat diameter and clearance
between the disk guides and the body rails.

While the list of requireci dimensions is, at present, quite extensive, EPRI has held
discussions with the valve vendors and they have agreed that they are able to
provide both nominal values and tolerances for all dimensions. Further, EPRI has
developed a specification which will be used by the utilities to procure from the
valve vendors, all required information.

The Methodology will be implemented in such a way that the dimensions and
range of tolerances from the vendor will be combined in development of needed
input values to produce a conservative prediction. A sensitivity analysis is being
performed in order to determme what combination of dimensions results in a.

conservative result. In addition, the results of this sensitivity study will show
which parameten most strong'y affect valve performance.

If a user wishes to reduce the amount of conservatism in the Methodology for an
analysis conducted using nommal dimensions, he has several options, one of
which is to obtain actual dimensions for a specific valve and use that data as input
to the model. The results of the sensitivity analysis will provide guidance to the

'

utility in determmmg how accurately such measurements should be made and
which dimensions are most critical.

NRC Dec. 92 STATUS:
.

In the November 30 letter, EPRI states that its methodology will include
conservatism to account for the manufacturmg tolerances of valve dimensions. .

EPRI states that licensees will have the option of obtammg actual dimensions to
reduce the amount of conservatism. The staff will review EPRI's determination of :

the amount of required conservatism when completed.
'

.

EPRI Sept. 93 UPDATED RESPONSE:

Agreed- still under evaluation. ,

20. NRC Oct. 92 COMMENT:
.

'

EPRI has agreed to allow the staff to observe its MOV tests on a periodic basis and
to review test data. The staff may request EPRI to provide test setup and
performance information as well as raw data from selected tests.

,

e
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Updated EPRI/ TAG Responses to the NRC Staff Status Comments
,

on the EPRI MOV PPP |
'

(September,1993)

|

EPRI Nov. 92 RESPONSE:

The NRC staff is welcome to observe MOV testing.
'l

i
'

EPRI has agreed to provide test setup and performance information as well as raw
data (i.e. plots of test results as well as engineering unit data in digital format)
from selected tests. This data will be available when the test report for each test
loop is complete. At that time, as-tested facility configuration information will |

have been assembled into a presentable form and test data will have been certified.

The first report which covers tests conducted in the Huntsville pumped flow loop
is scheduled for distribution to Program participants in March,1993. |

|

NRC Dec. 92 STATUS: )
In the November 30 letter, EPRI states that detailed test data will be available when
the test reports are finalized. At the December 3 meeting, EPRI provided 1

information on the planned testing for the spring of 1993 which the staff might
decide to observe. The staff will discuss with EPRI the need for specific test data
and its plans for observing tests.

EPRI Sept. 93 UPDATED RESPONSE:

An NRC contractor visited the Siemens/KWU flow loop test facility in July. Data
will be made available to NRC as soon as test reports are complete. The Wyle
Huntsville Low Pressure Pumped Flow Loop Test Report is scheduled for
publication in September,1993.

21. NRC Oct. 92 COMMENT:
.

The staff noted a concern with EPRI's selection of a pressure measurement location
in determining stem rejection load. The staff referred EPRI to Figure 33 of
NUREG/CR-5720 for a comparison of pressure measured at three different
locations. EPRI agreed to review the issue and resolve the concern.

EPRI Nov. 92 RESPONSE:

The staff concern is assumed to relate to c r use of valve upstream pressure for
calculating stem rejection loads when determining apparent disc coefficients of
friction.

.

Page 38

-.



Updated EPRI/ TAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993)
,.

The apparent disc coefficient of friction calculated from the flow loop data are not ;

intended to represent true friction coefficients. The purpose of calculating an
'

" apparent" disc in presenting the results of the flow loop gate valve tests is only
to provide a straight forward basis for comparing measured thrusts at various
points in the valve stroke to the single thrust prediction from the NMAC equation.
In order for this comparison to be meaningful, the NMAC equation must be
applied as it would be for design purposes, i.e., the stem rejection load is

!computed by multiplying the design basis upstream pressure ( P,) by the stem
cross-sectional area ( A,).

~

It is recognized that under various flow conditions and stroke positions the
product of P,,, x A, may not accurately predict the true stem rejection force. In the
implementation of the methodology, an appropriate pressure will be used to
ensure a conservative result.

NRC Dec. 92 STATUS:

At the December 3 meeting, EPRI stated that it would use upstream pressure for
determmmg stem rejection load if the error resulting from the use of pressure
measurements at this location is not sigmficant. The staff will evaluate EPRI's
determination of stem rejection load during its review of the EPRI methodology.

EPRI Sept. 93 UPDATED RESPONSE:

EPRI will provide the basis for its determmation of stem rejection load when data
evaluation is complete and is ready for NRC review.

22. NRC Oct. 92 COMMENT:

The staff is aware of three areas of significant disagreement that remain between :
'

EPRI and INEL with respect to the NRC-sponsored MOV tests (including results)
performed by INEL. In summary, these areas are (1) the difference in the
predictions of required thrust by the Limitorque, EPRI and INEL equations, (2) the
selection of the point of flow isolation during valve closure, and (3) the behavior of
INEL Valve 2 during flow tests. With respect to the EPRI MOV Performance !

Prediction Program; the staff believes that these areas of disagreement need to be
resolved only to the extent that the disagreement might affect the staff's
determmation of the reliability of the EPRI MOV Performance Prediction
Methodology. For example, the selection of the point of flow isolation might be .

used to predict the amount of thrust necessary to close a valve. Although this i

point might be adequate for the particular valve tested,it might not predict the
thrust required to isolate flow for another valve because of concerns such as the

4

Page 39 |

!

,



Updated EPRIfrAG Responses to the NRC Staff Status Comments ,

on the EPRI MOV PPP
(September,1993)

,

difficulty in precisely determining this point from test data and the difference in
internal clearances between similar valves.

EPRI Nov. 92 RESPONSE:
'

EPRI agrees that these areas of disagreement need to be resolved only to the extent
that such disagreement might affect the staff's determination of the reliability of
the EPRI MOV Performance Prediction Program.

,

The first area of disagreement, potential differences in Limitorque, NMAC and
INEL thrust equations,is not relevant to the EPRI methodology and no further
discussion should be necessary.

IThe second area of disagreement, selection of the point of flow isolation,is not
relevant to the EPRI methodology since the point of flow isolation will not be
predicted by the model.

'

The third area of disagreement, potential causes for behavior of INEL valve 2, may
become relevant based on the results of our separate effects and modeling
activities. Further discu<sion of this issue should be deferred pending completion
of these activities.

NRC Dec. 92 STATUS: i

in the November 30 letter, EPRI agrees that these areas of disagreement need only
be resolved with respect to the reliability of the EPRI h 70V Performance Prediction
Program. EPRI states that the area of disagreement on the differences in the '

various thrust equations is not relevant to the EPRI methodology. EPRI states that
the area of disagreement on the point of flow isolation is not relevant to the EPRI
methodology because the methodology will not predict the point of flow isolation.
EPRI states that the area of disagreement on the behavior of INEL valve 2 might
become relevant based on separate effects tests and modeling. If this area of
disagreement does become relevant, EPRI states it will discuss this issue with the '

staff. The staff considers EPRI's response acceptable unless future information >

causes these areas of disagreement to become relevant.

EPRI Sept. 93 UPDATED RESPONSE:

Response accepted by NRC, no update.

:
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on the EPRI MOV PPP

(September,1993)

.

NEW COMMENTS ,

23. NRC Dec. 92 COMMENT:

At the December 3 meeting, EPRI stated that it would perform a small amount of
actuator testing in determining output capability. However, EPRI statea that it
would be using the Limitorque standard equation with Jome adjustments. The
staff would like to know the extent to which the EPRI program will provide -

- reliable information on the output capability of Limitorque actuators in
comparison to the standard Limitorque equation.

EPRI Sept. 93 RESPONSE:

The EPRI program does not have as an objective the evaluation of ultimate
operator torque capability and there are no plans to produce a modification to the

-

manufacturer's specifications. In order for the flow loop testing to provide useful
data on ultimate output capability, the operators would have to be significantly
challenged. This is not likely since, in general, the operators were sized very
conservatively for use in the flow loop.

24. NRC Dec. 92 COMMENT:

The staff does not understand the extent to which MOVs controlled by the use of
limit switches (for example, most butterfly valves, many parallel disk gate valves,
and rotating rising stem valves) will be addressed by the EPRI program. This is
important because of the significant number of MOVs that are presently controlled
by limit switches or might be controlled by limit switches in the future.

EPRI Sept. 93 RESPONSE:

The approach for addressing limit seated valves is currently being finalized and
will be presented at the October 6-7,1993 meeting with NRC.

25. NRC Dec. 92 COMMENT:

EPRI should develop a program to provide for continuing updating of its
~

methodology to incorporate new information or to correct deficiencies in the
>

methodology found through future MOV tests.
i

!

I
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on the EPRI MOV PPP

(September,1993) .

. . . - . .
,

EPRI Sept. 93 RESPONSE:

The EPRI Methodology will be formally distributed to participating utilities by
Power Computing Corporation (PCC). Under the terms of the PCC distribution
contract, Part 21 requirements hre provided from the developing ~ contractor to the
receiving utility. In addition, . CC will receive reports of any field problems which
may develop and will promptly notify all users of required corrective action, if

L_' .

"

any. .

EPRI will mamtain cognizance of industry MOV issueg/results and will take
appropriate action if industry test results indicate an inadequacy in the
methodology. .

-*<
.

26. NRC Dec. 92 COMMENT:
.

. .
, .

In the November 30 letter, EPRI includes Figure 1, " Gate Valve Test Analysis Data
Sheet," identifying specificinformation 16 be recorded from each MOV test. The
staff indicated that some of theabbreviations are not clear. Because these data
sheets may be used bysalve engineers in setting up similar MOVs, it is important
that the data be clearly defined. NUMARC agreed to follow-up on this staff
concern. .

,3._ -

* , _
, . , - -

7
"EPRI Sept. 93 RESPONSE:: *

..:.. ;w &th,Trjh ~2&
The definition of the data recorded iriFigure 1 of the November 30 letter is defined
in Figure 2 of.that letterf B6th' Mjuniil and 2 areteproduced earlier in this

transmittal. If the staffhas|firther(Mseptions, EPRPwill pr, ovide furtherclarification. f ~ V: J9 W T

f _g ~ . g. ; - O*
27. NRC Dec.92 COMMENT:: - -

.
'

~

:,[ b u n,../ c
. ,,_ .

Will EPRI evaluate any; load sensitive" behavior iri the performance of motor-
Operated butterflyvalves1] ,y

~

EPRI Sept. 93 RESPONSE: u
. - 4 < ;: .

' ~
.

Rate-of-loading does riot affect the'perfohce of blitterfly valves because the
torque transfer does not involvie a stem to stem nut interface which lias been i

identified as the sourc:. of' rate-of-losding effects. |
'

.

9
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!. Updated EPRI/ FAG Responses to the NRC Staff Status Comments
on the EPRI MOV PPP

(September,1993) i
,,

-
+

...

28. NRC Dec. 92 COMMENT: ;

The EPRI methodology will be applicable to any MOV that can pass the design
similarify analysis. Design features not currently being addressed could present- !

iproblems, such as encountered with the Borg-Warner test valve. How will EPRI -
account for future design similarity analysis problems? .;

:

EPRI Sept. 93 RESPONSE:

See response to no. 25.
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INEL MOV Research Update
October 1993

.

The Idaho National Engineering Laboratory (INEL) is-

performing research related-to motor-operated valves
(MOVs) to assist the NRC in its implementation of
Generic Letter 89-10 " Safety-Related Motor-Operated
Valve Testing and Surveillance."

Research focuses on motor-operated valve margins i-

i and how they are affected by valve loadings

2012 WHi 993 002d
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.

I Research results have suggested
questions on the following topics:

:

,

MOV electric motor testing |

Consistently inconsistent stem factor

,

| ~~a--
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s. .,

Electric Motor Testing

Note:
All data contained in this section.are preliminary
and are presented for information only. 'We are

'

;

still working on our test methods to ensure we :

[ have correctly separated the loads.
..

.
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DRAFT

'

Correct MOV sizing depends on several
calculations, including the electric motor

capability with consideration given to
degraded voltage and elevated temperature.

P

t

t

,
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\ .

Most Limitorque ac motors (built for
i nuclear applications by the Reliance

Electric Company) are furnished
with performance curves.

.

. Curves indicate estimates of loaded
.

performance from the normal running load
..through stall,

* Curves do not include degraded voltage or
elevated-temperature performance, which
must-also be estimated
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Manufacturer's 25 ft-Ib Motor Torque
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Manufacturer's 5 ft-Ib Motor Torque
Speed Curve at 460 Vac
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Actual 5 ft-Ib Motor Torque:

Speed Curve at 460 Vac,,gg, g,,
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Research questions reveal some
answers and the need for more data.

How much of the motor's capability can you count on?
Limitorque SEL (sizing guide) recommends using a stall efficiengy
of 0.55 to determine the stall torque. This value appears to be
conservative and appropriate for overload purposes.

But how much of the stall torque can be used to overcome design basis?
Pull-out efficiency is 0.4.

.

Is that the best number for calculating how much the motor can actually
deliver before it stalls?
The industry is unsure about which value should be used. Further,
the motor manufacturer states that the motor may vary as much as
20% from its rated output value.

- How can a motor be evaluated for its variance from the rated
perf6rmance and how are these numbers influenced by degraded
voltages and ambient temperature?

_,

:
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Comparing Voltage Effects on Motor Speed and
Torque from Running Through Stall Loads
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Comparing Voltage Effects on Motor Current and
Torque from Running Through Stall L' adso

28
Ambient Temperature

24 - Beliminary. Plots 100% -

25 ft-lb rated
Reliance motor Model M1480

90%

80%

h 16 -

70%
2 PLOT VOIDED -,

5 60% STALL INCLUDEDo 12 - INERTIAL EFFECTS
8
15
2- 8 -

-

4 -
-

.

0 ' '' ' ' ' ' '

0 5 10 15 20 25 30 35 40
Motor Torque (ft Ib)

2013 rs 099319

L



.

DRAFT

Comparing Voltage Effects on Locked
Rgtor Starting Currents (100% = 460 Vac)
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M'aximum deceleration . appears
to be voltage related..
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Comparing Temperature Effects on Motor
Speed and Torque at 100% Voltage (460 Vac)
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Comparing Temperature Effects on Motor
Current and Torque at 100% Voltage (460 Vac?
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Comparing Voltage Effects on Motor Speed and Torque from
Running Through Stall Loads including Locked Rotor Start Tests
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Comparing Voltage Effects on Motor Current and Torque from
Running Through Stall Loads including Locked Rotor Start Tests
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Comparing Elevated Temperature Effects on Motor Torque and
Speed from Running Loads Through Stall at 460 Vac
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Comparing Elevated Temperature Effects on Motor Torque and
Speed from Running Loads Through Stall at 368 Vac
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Conclusions for Electric Motor Testing
.

A locked rotor starting test may be valuable to determine
the stall torque value.
- Motor capability must be based on the knee of the motor
torque speed curve

- Performance reductions for ambient temperature and
reduced voltage must be made from the knee of the motor
torque speed curve

.

- A motor performance test will reduce the conservatism that
must be added to account for manufacturing tolerances'
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;

| Stem factor is operator torque divided by stem
thrust, which can be analyzed with industry's .

power screw equations for ACME threads.
.

For a given stem / stem-nut combination, the only*

variable is the coefficient of friction
,

The coefficient of friction is load dependent and
'

-

causes load-sensitive-behavior (rate of loading)

The unique performance of each stem / stem-nut-

combination can also be influenced by the lubricant

,,q , ..-,,

,

f
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'

Key Components of Motor Operator
and input-Output Paths

Sleeve bearingsN Stem nut
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s
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Flow Loop Results

6-inch RWCU valve tests: the stem thrust produced at torque
switch trip was lower in tests with higher flow and pressure loads.
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We have also observed load-sensitive behavior in
testing on a valve load simulator, the MOVLS.
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Although choice of lubricant influenc.es the
absolute values, stem load response is similar.
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Stem 3 Coefficient of Friction vs
Stem Force (Moly 101)
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Stem 1 Coefficient of Friction vs
Stem Force (EP-1320.16 , . , , , ,

All tests,0.025-in. stem position
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Stem 2 Coefficient of Friction vs
.

Stem Force { Moly 101)
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Stem 7 Coefficient of Friction vs
Stem Force i'EP-1;2'
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. Flow Loop Results.
A Closer Look at Valve 2 Performance

during a. Pressurized Closure
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Conclusions for Stem Factor issues

Can load sensitive behavior be predicted without a test? No.

Can load sensitive behavior be predicted from a static test
or a hand wheel test? No.

Can the extent of load-sensitive behavior i]e predicted at
.

less than 100% running load? Maybe! -

Is load sensitive behavior always present? Yes.

Is load sensitive behavior always a problem? No, it depends
on the available margins. If an MOV's capability is close to
what is required, then knowing the stem factor and extrapolating
it to design basis conditions is important.
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Conclusions for Stem Factor Issues

Can load sensitive behavior be predicted without a test? No.
,

Can load sensitive behavior be predicted from a static test
or a hand wheel test? No.

Can the extent of load-sensitive behavior be predicted at
'

less.than 100% running load? Maybe!'

Is load sensitive behavior always present? Yes.

Is load sensitive behavior. always a-problem? No, it depends
on the available margins. If an MOV's capability is close to
what is required, then knowing the stem factor and extrapolating
it to design basis conditions is'important.
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