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UNION  April 8, 1994

LECTRIC
(2
U.S Nuclear Regulatory Commission
Mr Thomas Scarbrough
Mail Stop 7TE23 OWFN
Washington, DC 20555-0001
Enclosed are the following documents requested during the April 7, 1994 conference
cali regarding Callaway's GL 89-10 closure document.
1) RFR-8746I - Verify the Thrust Requirements for MOV's Using Grouping.
Reference Question No. 8
2)  Graph titled "Measured Coefficients of Friction for Rising Steam Valves".
Keference Ouestion No. 5.3
We are also gathering further infrrmation to support discussions regarding questions
numbers 3, 7 and 12.
Please contact me if you need additiona! information.
/ (/28 (Le el
Mark Reidmeyer
QA Engineer
314-676-430€
MAR/tmw
Enclosures
cc: NRCI 94002
S H Reed, UENE MOV Engineer
314-676-8540
D E Shafer, UE Licensing
JAUCES
9406160059 940408 4\( U\
PDR ADOC
13 K 05000483 T




REPORT: NERPE171. UNION ELECTRIC COMPANY DATE: 01/21/94
PAGE : 1 REQUESTS FOR RESOLUTION SYSTEM TIME: 15:47
RFR TRAVELER SHEET

RFR NUMBER: 8746 1
RFR SUMMARY: VERIFY THE THRUST REQ'T FOR MOV'S USING GROUPING

DRAWING CHANGES REQUIRED: N LIR: ¥

TEXT  CHANGES REQUIRED: N DIR: N

NSE: N
ATTACHMENT PAGES ATTACHMENT PAGES
DETERMINATION OF THRUST VALUES 14  ATTACHMENT 1 2
ATTACHMENT 2 2 ATTACHMENT 3 2
ATTACHMENT 4 4  ATTACHMENT 5 11
ATTACHMENT 6 3 ATTACHMENT 7 13
ATTACHMENT 8 74  ATTACHMENT 9 4

TO: _sSpl. DATE: /- /-9% FROM __f"db"
DEH |-22-7¢ SHR

aeliiv |- 2d-G4 ARG

NOTES: _ . [ A 4 3__




REPORT: NERPB16Y UNION ELECTRIC COMPANY DATE: 04/706/94

PAGE : 1 REQUESTS FOR RESOLUTION SYSTEM TIME: 10:05
RFR PRINT RFR#:  B746 REV: | FILE CODE: E170.0102
STATUS PRIORITY

RFR NUMBER REV  STATUS DATE PRI DATE CATEGORY SYSTEMS

8746 1 90 19940124 10 19931213 L AL BB BG EN LF EJ BN EG EM EP

KA KC

ALARA : . NPDES: W PERSONNEL SAFETY CONCERN: W
BUILDINGS:

PLAN PGMS: L

COMPONENTS @ ALHVOO34 ALHVOO35 ALHVOD36 BBHVO013 BBHVOO014
BBHVOD1S BBRVO016 BBHVBOODA BBHVBO00B BBHVBO37A
BBHVBOITR BBHVEBIS1A BBHVE3S 1B BBHVE351C BBHVE3ZS1D
BBPVB702A BBPVETO2B EJRVET01A EJHVBTO01B BGHVB100
BeHVBI12 BGHVB109 BGLCVO1128 BGLCVOY12C BNHV0003
BNHVO004 BNHVEB12A BNHVBE 128 EGHVOCTY EGHV0012
EGHVO013 EGHVOD14 EGHV0062 EGHVO132 EJHVBETIA
EJHVBR11B EMHVBBOTA EMHVBBOTB ENHVO00Y ENHVOD06
ENHV0007 ENKVO012 ENKHVOD1S ENKVO016 EPHVBBOBA

KEYWORDS @  SETPOINTS

REFERENCES : RFR 010324A RFR 0053531 CORR ULNRC 1755 RFR  008746C
RFR  DOB7460 CALC 22-117

SUPPLEMENTS: 0 0 0

SUPPLEMENTED BY:
SUPERSEDES : 9878 A 9878 B 0

SUPERSEDED BY:
RFR SUMMARY:  VERIFY THE THRUST REQ'T FOR MOV'S USING GROUPING

FULL DESC: THE MOV’S REFERENCED ARE MOV'S THAT WAVE HAD THRUST REQUIREMENTS TO
ENSURE OPERARILITY UNDER DESIGN BASIS CONDITIONS DETERMINED USING
INFORMATJON FROM SIMILAR VALVES, THAT WAVE BEEN DP TESTED. THE THRUST
REQUIREMENTS FOR THE MOV’S THAT WAVE NOT BEEN DP TESTED MAY MEED TO BE
REVISED AS THE THRUST REQUIREMENTS FOR THE VALVES THAT WAVE BEEN DP
TESTED MAVE RECENTLY BEEN RECALCULATED USING CLOS® CALTBRATION
TECHNIQUES .

*R3I3T0087461*
*008746 1*



REPORT: NERPB16)
PAGE : 2

PROPOSED RES:

UNION ELECTRIC COMPANY
REQUESTS FOR RESOLUTION SYSTEM

RFR PRINY

RFR#:

ALSO,

8746 REV:

DETERMINE REVISED THRUST REQUIREMENTS FOR THOSE MOV'S THAT MAVE BEEN SET
UP USING INFORMATION FROM OTHER MOV'S THAT WAVE BEEN DP TESTED.

DETERMINE IF THERE ARE OTHER MOV’'S THAT SHOULD HAVE THRUST REQUIRMENTS
DETERMINED USING THIS METHOD VERSUS THE MOVATS DP DATA BASE.

CLOSURE DESC:

in this rfr.

The scope of this rfr has been expanded from whet was first requested
Instead of only evaluating these mov’'s whose thrust

requirements were previously determined from the grouping of other mov's
dp tested at callaway the thrust requirements for all mov's not dp

tested to the criteria of edp-22-01114 were re-evalauted.
mov's previously had thrust requirements based on the movats dp data

base, calculstions or grouping of mov's dp tested st callaway.
It is intended that this rfr will supercede all of these other
evalustions and provide the finel thrust requirements that will be used

for generic letter 89-10,

the movats dp data base (calc 22-117) will be voided (CATS

41507 will track this action).
RFR sre summarized on Attachment &.
reguirements are commercial values.

The revised thrust values from this
Note that some of these thrust
In agdition, the present minimum

available thrust from the most recent MOVATS test was compared

with the new thrust requirements being developed in this RFR and also

RFR 8746G. This wes also done for rev G but was not documented.

For traceability this review is being included with this RFR. No
operability concerns heve been identified with the present setup of
any safety related MOV with an active safety function.

COMMENTS :
emhvB924

ephvB808b,c,d

kahv0030
kchv0253
L££v0095

and (fhv01058106

efpavi019 and 20

ORTGINATOR:

ORIG SUPERVISOR:
ORIG DEPT MEAD:

DES. SUPV. ENG:

RESP SUPV. ENG:

RESP INDIVIDUAL DISP:
QUALIFISD REVIEWER:
SUPV ENG REVIEW:
PLANT MGR MINOR MOD:
ORC MEETING NBR:

also covered in this rfr are the following mov's

wRRR® APPROVALS/SIGNATURES SECTION www#®

WINK ROGER C
HEINLEIN DAVID E
MCGRAW JOHN A
MAXWELL DANIEL J
HEIMLEIN DAVID E
WIKK ROGER C
REED STEVEN M
HEINLEIN DAVID E

ORC ACCEPTABLE:

ORIG DATE:
APPROV DATE:
APPROV DATE:

19931213
19931213

DEPT: WNESM

FORECAST DATE: 19940107
QR DATE: 19960122
REVIEW DATE: 19940124
APPROVAL DATE: 4

Some of these

The dp thrust values previously provided by

19931210 ORIG. DEPT: NESM

DATE: 04/06/94
TIME: 10:05
FILE CODE: E170.0102



REPORT: NERPB1ST UNION ELECTRIC COMPANY
PAGE : 3 REQUESTS FOR RESOLUTION SYSTEM
RFR PRINT RERW:
wrees ATTACHMENTS SECTION ®wewe
NUCLEAR SAFETY EVALUATION: N
LICENSING IMPACT REVIEW: Y
DESIGN IMPACT REPORT: .

ATTACHMEWT PAGES ATTACHMENT PAGES
DETERMINATION OF THRUST VALUES 14 ATTACHMENT 1 2
ATTACHMENT 3 2 ATTACHMENT & -
ATTACHMENT 6 3 ATTACHMENT 7 13
ATTACHMENT © & 0

CLA"S VALID UPDATE NOT ./
DRAW/DOC NUMBER 1 DOCONTL RESP RECEIPT UPDATED
e

eses END OF REPORY

DATE: 04/06/94

TIME: 10:05

8746 REV: 1 FILE CODE: E170.0102
ATTACHMENT PAGES
ATTACHMERT 2 2
ATTACHMENT 5 "
ATTACHMENT B 74
0

RESPONSIBLE INDIVIDUAL



LICENSING IMPACT REVIEW

(1) This review is applicable 10 &é 8 R .das s P
IN ANSWERING THE FOLLOWING QUESTIONS, REFER TO ATTACHMENT 4 OF
APA-22-00140
(2) F APPLICABIL!
2.1 (] No Formal Safety Evaluation Required.
(Refer 10 Attachment 4 of APA-22-00140, justify your findings in Section 7. and proceed
to Section 3)
(22 o Outside Safety Evaluation
(Attach CA-#1340 and proceed 10 Section 3)
(2.3) SAFETY EVALUATION SCREENING
231 Ves ... No Awmmmmmumm.nmfsmv
(232) Yes .. No - AmlommuwwmmFSAm
(233) Yes . WNo A 5 1es! o experiment nol described in the FSART
(234) Yes ___. No v Amwm‘lm!w.a\m"

If any question in this section 18 answered “Yes’, complete 2 Formal Safety Evaluation per APA-Z2-00140 Ifthe
answers are all “No", use Section 7 0 1o provide a written evaluation why an Unreviewed Safety Question does

not exist

NOTE Changes to the FSAR or Technical Specifications require additional processing in accordance with
APA-22-00108
) P ALIFICATI PACT i
Does this modification/change involve

31 e o W s Mmmmwmmnwm sysiem equipment, of

If no, then mark questions 3.2 through 3.8 "N/A” and proceed 10 question 3.8.

(3.2) Yes . Ne _L NA wuam-wmhmmw.mm
w:mmnmd.mmﬂwnmm
mnwmuwumv

if yes, then mark question 3.3 *N/A® and proceed 10 question 3 4.

33 Yes __No_._/__WA i An sctivity which will modify o change system_equipment o componen!
MMWI‘CW”‘MM (LOC‘.MSL’U
WELB Category A o B in FSAR Tebie 3 11(8)3)

if no, then mark questions 3 4 through 3 6 *N/A" and proceed 10 question 3 :

Page 1018 CA#1338

08-26-83
APA-2Z-00140



This review is applicable 10

2833

0822

0872

(34) VYes Ne N&
(35) vYes No . NA
(36) vYes Ne . N&
(37) Yes Ne / NA
(3B) VYes N N&
(38) VYes Ne _~
(3.10) Yes No o
(3.11) Yes No £
(3.12) Yes No <
(3.13) Yes No 7
(314) Yes No

lmumma.zwnzmm-n'v-

Such vertl

coordinsies with Desigr

Requests for Resolut_n (RFRs) the! dea!

inciusion o the EQ fles K the fies ore

Im!unm"u‘
Eveluation DIR eic ) will be
Ansiveis Foview” Thw onginal CAS1077 & 1o be

Burms

lm:unww..mum-—

.nﬁshmﬂdnmﬁt Pura 313 wmcw-rmw

£FrE pPryieT

IN

I~

I\

For equipment of componen! changes 1o lems wentifing a5 being required 10
function in 8 harsh pos! Bcosdent environment (le  LOCA MSLE o HELE
Category & o Bin FSAR Tabe 3 11(6)-3) 8 change in o7gank (sof) parts
mm-ucmmuuu-mw-mmun O-angs
":‘ M.mummeme nsulation
#ic )

lmdeudemnme
ww.ﬁumwnmm(wmwwmmw
FSAR Tase 3 66)7

Fummumw,omnmm
mamwwummug wnmwm
sccuracy )’

For aguipment or component chanpes » significant change In sze Mass
onentation mounting o center of gravty from tha! of the existing configuration
(eg 8 veive mass change of more than 20% o 20 lbs pet the guicance of
EPRI-NP.S638)7

For equipment of component changes 8 change to interna! pants tnal may
mpact Sesmic Cualfication?

A change such that the containment 8pray system could cause the pH of the
delvered spray 10 be outside the range o'401t0 1107

Anmmmwuuumnw«htodcm_wwfﬁu
mmmwum'muwwmnmwmwmmmﬁ

Tmmdmm'wwwmmummw
saiety-related siructures sysiems equipment of components (1 changet in
radiation level of source terms  temperature profies pressure profies
hurmidny profies Mﬂm;vmmdowhmtgym)’

An.aummchMIlMuMwsmm equipment or component
usted s LOCA MSLE or HELB Category C or D in FSAR Table 3 11(B)-3
such that Seismic Qualification may be impacted?

Does the modification change of review invoive 8 possible Seismic 11/
Wmammcmwlwmwwnﬂ

The possibity of adding 8n unquaiified costing (paint) to the Reactor Buillding
ummwummm-mtmv

.mnwmmwmwumn»Aumm
‘nn!mwm-u. 1 810 documenied i S B Thes verification shal be

mmmnmemuumowwmn)m-mm
imnpacted nzommwuwﬂwvmm

nn!mtwvwmhm i s6dmon compiete CAS1077 “Senmic I Mazards |

WHn\l'uouthnwtw-Wn

-muhuwdum.m.-m

lm:u-mﬂr.ueurnmh-wwmmumnmnm

Page 2018 CA#1338

08-26-83
APA-ZZ-00140



This review is applicable 10 £FE Dre T

4457

42816

42427

(4) ENVIRONMENTAL EVALUATION

This modification/change involves

(4.1) Yes Ne va An ncrease in thermal powe' above the currently kcensed level”

(42) Yes _____ No __ Anincresse nnose level?

(4.3) Yes No Z AmleﬁoMunth?

(4 4) Yes ne V" An sdverse impact on sres wikiiife and/or vegetation?

(4.5) Yes No Ammum,m.m,um,ummdw
effiuents of any NPDES pormitied outfall”

(4 6) Ves N 2 A change In the rate_guantity conoentralion o composition of gaseous effiuents?

47) Yes No v A change In particulate emissions rate concentration, of composition?

(4 8) Yes . No v Any excavation on UE property outside of the Owner Controlied Area fence o 8ny
excavation disturbing five acres of more on JE property”

(49 Yes N v Ammmmbcwsmmmmmwmomuom upon the
ravigable waters of the U S 7

(4.10) Yes ko __"_"___, A significant Increase in any adverse environmental Impact previogsly evaluated in
NUREG 0813 (FES-OL)?

4 11) veo N L A matier which has ngt been previousty evalusted in NUREG 0813 (FES-OL) which

may have 8 significan! saverse environmental impact”
If the answer 1o any of the above questions i “Yes™ 8 Fina! Environmenta! Evalustion must be performed by Radological Engneenng
Depaniment If all of the questions in this section are marked “No", MMWWmmwmtmnle
Environmental Evaluation 1 not required

0] F PPLICABILITY DETERMINATION

This modification/change involves

(51) Yes No o A change 1o the Radiologica' Emergency Response Plan (RERP?)
(52) If yes forward to the Suumoviwncymmwmhvmqwﬂm
s RERP effectveness reduced” 0 Yes O Nhe

(Pvmbw!u»umnioﬁmldﬂnl«mﬁwm')

Supervisor, Emergency Preparedness : il
(5.3) You Mo 7 Achange ko the Prysicel Securty or Contingency Puan?
(54) tp.WunW,mumumq—m
Is Securtty effectiveness reduced”? O Yes O No
(Provde bass for this response 1 Section § of th form and sign beiow )

| /
Supenntenc: ™t Tacurity

Page 30of 8 CA#1338

08-26-83
APA-ZZ-00140



This review 1S apphcable 10 fff e d A 4

621

(55 ves ____ ho ___‘_/__ A change 1o the Operating Qualty Assurance Manual {OGAM) Inciuding the
Supplemental QA Programs”

(56) il yes forward 1o the Supervising Enginee! Qualty Assurance for compretion of 8 Qualty Assurance evalustion

Is Guaity Assurance reduced” OYes Do

(prmuummmnmaunmmmm)

Sunervising Engineer, Quality Assurance

€ CERTIFICATIONS
€1 FIRE PROTECTION REVIEW
®11) Yes no L Tvs modification/change/eview may invoive & change te one of more aspects of

the approved Frre Protection Program as defined in the checkists of
EDP.22-04044 Fire Prolection Reviews

if yes Oocumer! sreas of concem and resolution in Section 8 of the LIR or on a Design Input Repont (DIR) and have 8 Fire Protection
Engmeer perform a crosu-isciplinary review of the LIR or DIk per EDP.2Z 04044

612) Yes Ne X This modification/change/review involves an addition of combustible of flammabie
maleria

I yes evaluate the nees for a ~C ombustivie/F lammabie Matenal Addtion” form (AW EDP-Z7 04044 Proceed to question § 1.3

(6.1.3) Yes _NR cumssmmtov-zzowumcmwunmmumwwmm
Engineer - CvilFire ProtectionDesign Bases

2 ALARA REVIEW (compiete gns sector. EITHER Sect €21DR622)
©21) Modification - Specific(appiicable for CMPs, RMPs. EMPs and Minor Modifications )
Yes _____ No e wmmwwmwcmmmwtwvuuAm(nuﬁ
Yes __ .. No LR, wmmwutmwomw.mmm«mmwm
radicactive maienal”
Yes ____ No | R wmmm«mmmmummmm»uwm

.OMGMM transferming ummmn

Yes No wwmw««mwummmww_
removal, o Instaliation of sheeiding?

Yes No mummmmwv

¥ the answer to any of the questions above 1 “yes” mAulumwumdnmzmwm
ZZ 00300 numwm-m.mmnwmumwwzm

) WMNMG'NM'MMWOGINLM

o nm»nmmnw‘wnumnnpwmmwwmm
mwummmu

(t .2) GENERIC

4 tmwmmmwpwmmmmmmmmwwmwum
tha! already exss!
Page 4 of 8 CA-#1338
08-26-83

APA-ZZ-00140



This review is applicable 10

2814

2815

fre £ 74T

D This change required further evaluslion by & qualified ALARA reviewe’ pe! Nuciear Engineenng Design Guioe 22~
003-00 Documentation of this review s Included in Secton B of the LIR

63 ODCMPCP REVIEW

6.31) Yes . No _____-C Thes modification/change/review may impact the Process Contro! Program
(PCP) as detailed in APAZZ01011

(631.1) It yes forward to the Supenntendent CMCRMbmnmmmmnm
with Agmirustrative Technical Specification €13

maummnmummmmuwdmm

O Yes O No

is the overall conforma

Does this modification/change/review require 8 change 1o the PCP?
0 Yes O No

(Provioe basis for this response in Section B of this form and sign belaw)

Superintendent, Chemistry and Radwasle

€32 Yes No mnmwmwmmmmmonmowuw
Manual (ODCM) as oetaiied in APA-ZZ 01003

6321 it yes_forward to the Superintendent mmmwmmmmmmmmmﬂn
Administrative Techrical Specification 6 14
18 the accuracy of effiuent reiease calculations wmummw

0 Yes DO Ne

Does this modification/change review require & change to the ODCM?

O Yes D No
(PmmmlumvmnWOdmmeW)
B | /
Supenntendent, Health Physics
Page 5of 8 CA-#1239
08-26-83

APA-ZZ-00140



This review 15 applicable 10 /FZ f 7“/4 . 53

©4) HUMAN FACTOR EVALUATION

This Modification/Change invoives
/7

(641) Yes No y A change 10 the Main Control Board (RLOD1 through RLO28) or Auiiaty Shutdowr: Pane!
(RP118)?

©42) Yes No ___'_/___ A change 10 the Plant Annunciator Window iocstion. engraving e 7

(643) ves ___ Mo 2 A change 1o the Control Room temperature, & veloclty kghting smibvent sound leve! eic 7

(644 Yes N 7 A change to the Auxikary Shutdown Pane! Room kghting?

Hmcmv!onyofhtm-’YES"mnuw'cucnumdmMme-wmvamemFmtannﬂm
Enginee’ 1t 81 of the above are “NO”. 8 Human Factor Revew 18 N0t required  However if contzols, instrumentation. etc change to other locations.
& Human Factor Review shouid be requested

P/ / /

Human Factors Design Review Engineer

6 5) STATION BLACKOUT (SBO) EVALUATION
This Modification/Change invoives
©51) Yes No _ Piacing agditwnal electnical kad on the Station Bafteries
€52 Yes _ No v Adding soutces ! heat in the Control Room (3601) or Equipment Cabinet Area (3605)
(€-53) Yes _______ No v Amnpenunwuc'wwndmﬂouf\ycmmmmmmv.munmm
NSO
(6.5 4) Yes Noe Ammnmmdummm-nyulm«wnvsmm!mw!
instrumentation of Controls
(€55 Ves ___ No __» A change that will increase the rate of Reactor Coolant Inventory loss. §
6.56) Yes __.. No o A raduction in the required Condensate Storage Tank volume
657 Yes No v AmmmmhmdmwumhhAwm!mrComrdovsnom
Generator Almosphenc Rele! vaives
658 Yes No _ The addiion of hea! generating sources that will be present sfier a loss of AC power to any of
the Tollowing rooms
1202 Access Area B & Chiller Surge Tank Ared 1508 Main Faedwaier/Sieam Tunne!
1304 Auxiiiary Fesowater Pipe Chase 1506 Mair Fesdwater/'Sieam Tunnel
1305 Auxihary Fesdwater Pipe Chase 1512  Conirol Room A'C & Firation Units Room A
13722 Piping Penetration Room B 3307 Enginesred Saiety Features Swichpear Room No 2
1323 MMvﬂmlmA 3404 Swiichboard Room No 4
1327 Mum?mﬂmvmww-? 3405  Battery Room No 4
1330 Ausihary Fesdwaler Pump Yalve Companment No 4 3407 Battery Room No 1
1331 Turtune Deven Auxilary Fesdwaier Pump Room 3408  Swachboard Room No 1
1408 Comdor No M10  Swaichboard Room No 7
1608 Eiwcinca “eneiration Room B 3411 Batery Room No 2
1411 Man Fesovaie Siesm Tunne! 3413 Bedery Room No 3
1412 Main FesdwaterSisam Tunne! 3414 Swichboard Room No 3
1501 Control Room A/C & Fifiration Units Room B 4201 Condense’ Pil

- Congencate Storage Tank Vaive House

numwmuumnwzr,m-wwuuwmwm»mm
Blackout Review Engineer lddn&mm'ﬂO’.MNMWlmbM

/ " |

Station Blackout Review Engineer

Page6 o' B CA#1338
08-26-63
APA-ZZ-00140



This review is applicable 10 Ll BT

(66) PROBABILISTIC RISK ASSESSMENT (PRA) REVIEW

This modification/change invoives

©61) ves No o & potentially FRA significant change to & pant system
662 Yes . No A change 10 plant Technca Specifications
663) Yes N _ Y A change 1o emergency OpeBiing proCeOUTeE

if the answer 1o any of the above 1S “Yes" prepare a PRA Evaluation Request (PRAER Form (CA-#2237. re! FOP-
22-04004 Performance of PRA Evalustions) and forward to the Supervising Engineer Safety Analysis 8 Reactor
Design If all of the above afe “No*, 8 probabilistic risk assessment s ot required

- / /
PRA Engineer

m STIFICATION FOR REV! AFETY TION

Breflly state why this modification does not require 8 Formal Safety Evaluation use guideines in Atischmen! 4of APAZZO0140 sttach
evirg sheels If NecessaTy)

p: g 7 rW/.f’ /
T tffe 2 ot A A e 2O o
e )17

4 L~ b - . P
/ .
d » ~ G Y &40 Ak v %

Page 7ol 8 CA#1238
08-26-83
APA-22-00140



At §7+0¢ T

This review is applicable 10

(8) COMNENTS

Lis! any special condrtions of commenis peraning 16 these evalugtions and cenifications

®) APPROVALS
Responsible Engine Date _LA[LL_- >

Quaglified Reviewer

Page 8of 8 CA#133¢
08-26-83
APA-2Z-00140



RFR 87461

RER 87461

INTRODUCTION

Generic Letter 89-10 requires that utihities differential pressure (DP) test safety related MOV's
when practical in order to venfy that thesc components will be capable of performung their intended safety
function RFR 10324A has been dispositioned and provides the reasoning why it is impractical to DP test
sclected safety relaied MOV's at Callaway' It has been the Callaway Plants philosophy to DP test all
safety related MOV's when practical . however. because of situations where an MOV cannot be
adoquatcly DP tested alternate methods are needed to determine how the thrust requirements for these
MOV's can be established in order to satisfy GL 89-10 requirements. The purpose of this RFR 15 to
describe for cach safety related nising stem valve MOV that has not becn DP tested to the cnitenia
doscribed in EDP-ZZ-01114, Motor Operated Valve Predictive Performance Program. how the thrust
requircments are being established in order to satisfv Generic Letter 89-10 requirements. Note that RFR
103244 addressed both safety related nising stem and butterfly valve MOV's This RFR is only addressing
safety related rising stem MOV's as all safcty related butterfly MOV's have already been evaluated’

Several attachments arc provided with this RFR as summarized below

Attachment 1 Provides a companson of actual DP test results vs. calculated thrust valucs
When DP test results are referred to they onginate from this attachment.

Attachment 2 Determines the calculated thrust values for valves discussed in this RFR that
have not been DP tested

Attachment 3 Provides information regarding the Rate of Loading Factors used in this RFR

Attachment 4 Provides a summary of the final thrust values for values being evaluated in this
RFR.

Attachment & Provides scat ring dimeusions for Westinghouse supplied MOV's.
Attachment 6  Provides DP test tnformation for ENHV0006 and 12 from Wolf Creek.
Attachmetnt 7 Provides PRA information for MOV's discussed in this RFR

Attachment 8 Provides the latest information from the EPRI MOV Predictive Performance
Program

Attachment 9 Opcrability verification for the revised thrust requircments provided by RFR
87461 and G.

Forthosc\ﬂvnnnlunnotthPwedthcptdmedmcthodfordctcnniuingthmst
muimentsmmmmdmnaMO\"smmmnDPmedmCalhwnyandcmmusingthat
mmmalyordemmmningmmmemmmmmmumbcmmhdymmwng
calculations.

INote that RFR 10324 A stated that EFHV23,39,40.41 .42 could not be DP tested to the criteria of EDP-
2201114 Mvﬂmhnchwnb?mdmmlnm%dmduimmwmsum In
addition. RFR 10324A did not refer to LFFV0095 and LFHV00105,106. These valves were DP tested but
not to the criteria of EDP-ZZ-01114. EFPDV0019 and 20 thrust values are also determined in this RFR
even through they are routinely DP tested near the design DP of 134 psid.

IRFR 8746H

RFR87461 DOC

01721794



used for companson purposcs ™
ascd for companson must meet 1
the test DP for valves
the thrust valucs arc

ust be of

Test DP must be 80% of design
Test DP must be §()% of design

RFR 87461

tions should b¢ met  First the valves being
r and type Secondly . the valhves being

the same manufacture
results can be directly apphied i

¢s should also be considered when using similar

DP for valve not DP tested if design DP is > 260 psid
DP{mvﬂwanPwﬂwdwlgnDPls< 260 psid

INING DP  REQUIREMENTS FOR VALVES NOTDF TESTED

SECONDARY ME ETHOD OF - DETERMINEED

The secondar method used 10
modificd standard industry equauon"

and globe \ alves

OPEN THRUST REQUIREMENT

CLOSED THRUST REQUIREMENT = ROL X ((DAXDPX VF) 4+ SAXLP)

where. ROL= Rate of L

Listed below 18

oading - st dependent on actuator size® (conye

determing thrust requirements for MOV's not DP tested 15 usc ofa

the modified industry equation being used for paic

§ = ROL x (DAxDP.\\"F)

s Yeom |5 % 4o 217.\

DA = Mcan Seat Arca 54 inches

DP - Differential Pressure psid

vF = Vaht Factor

= 410 )0 for flex wedge gatc valves, 1.1102 2 for globe vahes
.

and 4 for paratiel disc/shde gaic vaives’
gA = Stem Arca sq nches
Lp =Ll Pressure

For example. refer to the information

ROL = 115
DA = 44 92 5q I8

pP = 135 psid

VF=35
gA = 12271854 n

Using the information

CLOSED THRUST = (1.15)* (44

e
IRefer 1o EPRI WP6660-D. Application

eqn 5-13
4Refer 10

AI\BQ\I\\CBV}
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sOther valve factors may be used if supported by

other valve factors arc used they will be discussed

provided of Attachment 2 for ALHV0034

in closed direction

above the closing thrgfh requirements become:

92135 5)* (1.22M8* 138)) = 3677 hs

Guideline for Motot Operated Valves in Nuclear Power Plants

mtcsu\tsofEPRl Predtcuvcrctfmncehognm i
in the individual section of this RFR

peing used fof companson arc above the design DP of the valve(s) being evaluated 7,
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Notc thal the open thrust equation is the same as the closing thrust equation with the exception of
the SAXLP term  This term, commonly referred 10 as the piston effect would actually be negative in the
open direction thus reducing the calculated thrust requirements further This term 1s set equal to zero for
conservatism  Also note that neither term includes a valuc for stem packing loads This term 1s included
dunng ficld testing where the packing loads arc measured rather than being provided here based on
genenc gwdehines

In symmary, the discussion above was intended to demonstrate the methodology being used at
Callaway to sausfy GL 89-10 requiremen's with regards to establishing thrust requirements. Each of the
54 rising siem MOV's at Callaway that have not been DP tested to the criteria of EDP-ZZ-01114 and the
basis for the thrust requirements 1o allow closc-out of GL 89-10 is provided in this RFR. Note that some
thrust requirements are being changed from that previously established in the Callaway Equipment List
(CEL) to provide added conservatism while some MOV's have had thrust requirements relaxed because of
unrealistic thrust requircments that were overly conservative. Finally, it will be noted that the weighting
cach MOV has on the Callaway Plant PRA is included on Attachment 7. No MOV's that are of hugh
priority with respect to the Independent Plant Evaluation (IPE) have had there thrust reguirements
determined using the methods described in this RFR. Thus, any nising stem MOV that 1s considered to
have high prionty with respect to the IPE has been DP tested to the cnteria of EDP-ZZ-01114

ALHV0034,35,.36: CST TO AFP SUCTION ISOLATION VALVES

These MOV's were partially DP tested during the IE Bulletin 8503 progiam.  However, the test
DP (14 psid) was inadequate 10 satisfy the critena of EDP-ZZ-01114 for extrapolation purposes. The
present closing thrust requirements for ALHV0034.35,36 oniginated from RFR 8746D based on
companson of the thrust reauirements from EGHV0058,59,60.71,126,127,130 and 131. However, in
reviewing the valve design for these valves it became apparent that some of these valves should not be
considercd suitable for companson as similar valves. ALHV0034,35,36 are Anchor Darling flex wedge
gate (FWG) valves EGHVO0058,59.60,127,130 and 131 are also Anchor Darling valves but arc of the
paralic! disc gate (PDG) design The difference in the two designs are that the FWG valve discs arc
wedged downward into the sloped scating surface of the valve body whereas the PDG valves are thrust
outward by a wedge assembly  The flex wedge design will have a higher valve factor assuming an equal
disc friction coefMicicnt because of the sloped scating surface. This still leaves EGHV0071 and 126 which
arc of the same design as ALHV0034,35,36 but of different sizes as descnibed below

VALVE ID MAMUFACTURER  TYPE SIZE

ALHV0034 ANCHOR DARLING FWG &
ALHV0034 ANCHOR DARLING FWG 8
ALHV0036 ANCHOR DARLING FWG 107
EGHV0071 ANCHOR DARLING FWG 127
EGHV0126 ANCHOR DARLING FWG 127

ForALHV0034.35.36insdesimd.sinccﬂ\cvﬂmsimmdiﬁeerlodemolmmcmmmc
thrust requirements for EGHV0071 and 126 can be approximated using calculations and a valve factor of
5 when compared with the actual DP test results. Once this has been shown the thrust requirements for
ALHV0034.35,36 will be determined using calculations and a § valve factor  Attachment 1 provides the
tcamsofuucDPtcnmmmisforEGHVOO‘nandl%amllhccdmhumsuingmcmﬁom
described in the Introduction section. The information from Attachment 1 is repeated herc for reference

RFR&7461 DOC
01721794



RFR 87461

EGHV007I 5054 LBS 5267 LBS
EGHVO0126 4951 LBS 4220 LBS

As can be scen the calculational method would have provided a good approximation of the
closing thrust requirements for EGHV0071 and 126, Notc that the thrust values histed above inherently
include conservatism with respect 1o measured thrust due 1o the methods in which DP testing 1s performed
at Callaway. 1 ¢ include spring pack apparent Spring pack preload.

ALHV0034.35 and 36 are installed in a system with basically the same fiuid medium as
EGHV0071 and 126, i.c. sub cooled liquid with a norma! temperature less than 100 degrees Fahrenheit.
The fluid velocity through EGHV0071 and 126 during the DP testing (~3300 GPM or 11.13 fusec®) is
much greater than the worst case velocity for ALHV0034,35,36 (575 GPM or 3.7 f/sec for ALHV0034.35
and 1145 GPM or 4 7 fUsec through ALHV00367)

Based on the discussion above the closing thrust requirements for ALHV0034,35 36 can be
established using calculational methods The revised closing thrust requirements for ALHV0034 3536
arc provided below  Note that the opening thrust requirements for ALHV0034,35.36 as provided in RFR
87460 remain unchanged

ALHV0034.35 CLOSING THRUST REQUIREMENTS = 3677 LBS
ALHV0036 CLOSING THRUST REQUIREMENT = 4993 LBS

BEHV0013,14,15,16___RCP THERMAL BARRIER RETURN FLOW ISOLATION VALVES

These MOV's have been DP tested but did not satisfy the critena for extrapolation provided in
EDP-ZZ-01114 in the closed direction. Thesc are MOV's that have no similar valves tested 10 a hugh
cnough pressure to corapare DP test data with at Callaway. In referring to the EPRI Performance
Prediction Program a 2.5 Velan FWG has been tested under blowdown conditions at 530 degrees F and
2660 psid  Under these conditions the disc friction cocfficient is recorded as 328 Assuming a § degree
wedge angle this corresponds to a valve factor of 340, The disc friction coefficient is converted to valve
factor using the following equation®.

"
VALVE FACTOR =
COS® - psSING®
WHERE n = APPARENT FRICTION COEFFICIENT
@ = WEDGE ANGEL (ASSUMED 5 DEGREES)

The design basis conditions for BBHV0013.14,15.16, i ¢ isolate under a thermal barnier break,
are simi'ar to the test conditions for the 2. 5" Velan FWG valve. BBHV0013,14,15 and 16 are 3 inch
Velan FWG valves Smcclhedesignofmese\ﬂmmmemmdomymcm:udigmlydiﬂm
(2.5" vs 3") the disc friction coefficient information provided above 1s considered vahid for determining
the thrust requirements for BBHV0013.14,15 and 16 For added conservatism a valve factor of 4 will be
usedinplaceoflhc.uvalvcfmordacrminedahove,

6Refer to Special Test Report for ETP-EG-ST002

"Refer to FSAR Chapter 10 4

#Refer to EPRI MOV Program Review Meeting Minutes 12/1/93 included in Attachment &
RFRE7461 DOC
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Using the calculational method described previously with a 4 vaive factor a closing thrust
requirement of 8482 Ibs closing thrusi is obtaincd® The opening thrust requirements provided by RFR
14359A should continuc to be used as they are based on in situ DP testing within the criteria of EDP-ZZ-
01114

CLOSING THRUST REQUIREMENT FOR BBHV0013,14,15,16: B482 LBS

BBHVSOMAB PORV BLOCK VALVES

The present opening and closing thrust requirements for BBHVS000A/B onginatc from RFR
53511 and are based on a companison with other Westinghouse flex wedge pate valves that have been DP
tested at Callaway. The design DP for these valves is 2485 psid open and 2335 psid closed  The test DP's
for the valves used for comparison in RFR 53531 and their revised thrust measurements'? to overcome the
test DP is repeated below

VALVE ID SIZE TEST DP MEASURED MEASURED
OPEN THRUST CLOSED
THRUST
BGHVS8108 3" 2572 PSID 2490 LBS 10373 LBS
BGHVE106 . 2572 PSID 4530 LBS 12127 LBS
EMHVSB01A 4" 2677 PSID 4458 LBS 4221 LBS
EMHVER0IB 4" 2677 PSID 6062 LBS 2815 LBS
EMHVBB03A 4" 2727 PSID 10586 LBS 4632 LBS
EMHVER03B 4" 2702 PSID 3760 1.BS 1567 LBS
EMHVEE21A 4" 1595 PSID 4299 LBS 3934 LBS
EMHVE821B 4" 1540 PSID 4249 LBS 2709 LBS

EMHV883S a" 1595 PSID 3650 LBS N/A

BGHV8105 and BGHVE 106 arc the same size and type valve, have the largest measured closing
thrust requirements and were DP tested at a pressure in excess of the design DP for BBHVB000A/B
Using the .alculational method a closing thrust of 11630 Ibs is obtained for companison with the test DP
thrust requirements on BGHV8105/8106  The calculations are comparable with the test results

However, before using the DP test results from BGHV8105/8106 to predict bounding thrust
requirements for BBHVBOOOA/B the differences between the DP test of BGHVS110&8111 and design
conditions for BBHVB000A&B should be addressed BGHVB105 & 8106 were tested under pumped flow
cold water conditions under relatively low flowrates (<120 GPM or less than 7.2 fi/sec) compared with
what BBHVS000A/B would be expected to see  Under a design basis accident BBHVS000A/B would be
expected 10 isolate under 2 phase blowdown conditions.

In referring to the EPRI MOV Predictive Performance Program a Westinghouse 3" FWG valve is
being tested under high DP conditions at a nominal velocity of 15 fusec  Under these conditions an
openung apparent friction coefficient of 313 is recorded For the 7 degrec wedge angle for this model
valve this corresponds 10 a valve factor of 328 (refer to the discussion for BBHV0013,14,15 & 16 on how
to calculate valve factor) In reviewing the EPRI study it is found that the opening apparent fiction
cocfficients tend 1o bound or closely woﬂmﬁcclodngappumlmcueﬁa’mmmchigh
pressure cold/hot water test loop data Thus. for non blowdown conditions it appears that a valve factor
of below .5 could be justified However. since these valves have not been DP tested under blowdown
conditions the use of a .6 valve factor is recommended for BBHVBOOOA/B  Using the a valve factor of 6
the revised closing thrust becomes 11355 Ibs

SRefer 10 Attachment 2
10Refer 1o RFR's 8746F &G
RFR&746]1 DOC
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In the open direction psing @ 6 valve factor the thrust requirements for BBHVB000A/B become
9244 1bs

1t should also be noted that these arc fimit closed MOV's that will develop the torque/thrust
necessary 10 overcome [P conditions up 10 jocked rotor conditions The capabilitics of these MOV's 10
develop this amount of 1orque/thrust 18 provided by calculaton 2Z2-224

BBHVEOOOAB CLOSED THRUST REQUIREMENT = 11355 LBS
OPEN THRUST REQUIREMENT = 9244 LBS
BHVS037 ] L N v

Thesc vahves have had their thrust requircments determined using calculations as described in
RFR 98788 The thrust requIrcmEnts using this method were determined 10 be 1 100 Ibs both open and
closed for a design DP of 104 psid The method used in RFR 98788 is shghtly different than that used in
this RFR disposition

BBHVS031TA/B arc 4 inch Westinghouse FWG valves There have been several 47 valves of this
design DP tested under more severe conditions that BBHVS03TA/B would be subjected 10 and well in
excess of the design DP for BBHVS037A/B (refer 10 BBHVE000A/B section above) 1f one takes the
largest measured closing thrust from the 4" valves that have been DP tested (EMHVERO3A) and comparcs
it to what would be determined using calculations and a 1.0 valve factor 1118 evident that the calculational
method provides conservative results

Based on this discussion {he thrust requirements for BBHVR03TA/B can be determined ven
conservatively using calculations. For consistency the {hrust requirements arc being recalculated via the
method described in this RFR_ For additional conservauism the thrust requirements have been calculated
using a valve factor of 10

BRHVS0ITAB C LOSING THRUST REQUIREMENTS 1337 LBS
OPENING THRUST REQUIREMENTS 1190 LBS
VE3S t ‘ N N

MOV's BGHVE110 and 8111 are identical MOV's that have been DP tested at 2582 and 2824
psid respectively BGHVS110 and 8111 are the same $ize globcvah'emdwerewmdundefmghu
flowrates (~ 60 GPM) than what BBHVS3151AB.C and D provide BGHVS1110 and 8111 arc the CCP
munflow line 1solation valves that have flowrates limited to 60 GPM by usc of an upstrcam ortfice
BHV83S1ABC and D normaily have a combined flow rate of ~32 GPM (or ~ % GPM each) 10 supph the
RCP scals These valves are 2" Velan globcnlvesvmhﬂowmdetmcml These valves have been
determined 10 not have an active safety function but for commercial considerations it 1s desired 1o have
their thrust requirements established to overcome 2 DP of 2633 psid'' In reviewing the DP data for
BGHVSIIOMBGHVSIH itummmmmdmwmmmmmmm
manuwapparcmprcloadomxmngpcks m.mmdmwmmmmw;m
1o have been lcssﬂnmheappue!nptdmddthc spring packs Since BGHVS111 was tested a1 a DP
above the commercial DP for BBHW3SILB.C.DMMWHWMBGHWHI will be
used for the open and closed thrust requirements for BBHVE3SIABCD

BBHVSISIABCD OPEN AND CLOSING THRUST REQUIREMENT = 7039 LBS

i
11 Based on the disposition of RFR 5353G and SOS 90-1584 itmduumiuedthnmese valves have no
acuve safety function 1o open or close. RFR §353X provides @ commercial DP.

RFR§7461 DOC
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BBPVE702A.B EJHVET01A.B RHR PLMP SUC TION ISOLATION VALVES FROM RCS
1&4

There are no other valves of the same size at Callaway that have been adequatcly DP tested for
comparison BBPVS701A/B & EJHVRT02A/B arc 12* Westinghouse FWG valves Additionally, there
1s limited information availablc in the EPR] Performance Prediction Program for this siz¢ and type of
valve What 1s provided in the EPRI program 1s an apparent friction coefficiem for the 3" Westinghouse
FWG valve discussed earhier in the section for BBHVSO00A/B. The valve factor for this 2" valve 15 328
Because of the limuted information with regard to this siz¢ of valve it is recommended that the 5 valve
factor continue 1o be used  Using calculations and a S valve factor the thrust requirements for these
valves become

BBPVE702A/B EJHVET01A/B OPENING THRUST REQUIREMENTS 19761 LBS
CLOSING THRUST REQUIREMENTS 28065 LBS

8100 & 81 A i N NV

A review of valves DP tested at Callaway indicates that BGHVS110 & 8111 arc identical valves
that have been DP tested  These valves are 2" Velan globe valves with flow under the scat. The DP
testing for BGHV8110/8111 was at significantly higher DP's and flowrates (~60 GPM and ~2600 psid)
than the design DP and nominal flowrate for BGHVS100/8112 (155 psid and <32 GPM) Refer to the
previous discussion for BBHVS351A.B.C.D. BGHVE100/8] 12 will experience lower flowrates than the
BBHVS351's since a portion of RCP scal injection goes 1nto the RCS

Both BGHVR110 and 8111 had thrust requirements 10 overcome the test DP less than spring
pack preload so a detcrmination of the actual thrust requirements for these valves 1s unknown.
Calculations indicate that the thrust required to open/close against 155 psid is 541 Ibs and 736 Ibs
respectively

It 1s known that SGHVE111 was tested at a DP significantly higher than the design DP for
BGHVE100/8112 and 1t 1s known that the thrust requircment for BGHVE111 was less than the measured
apparent spning pack preload from BGHVE111 Therefore, the thrust requirements for BGHVS100/8112
must be less than the apparent spring pack preload for BGHVS111. For extreme conservatism the thrust
requirements for BGHVE] 10/8111 will be set equal to the apparent spring pack preload from BGHVS111
(7039 1bs)

BGHVE100 & 8112 OPEN & CLOSING THRUST REQUIREMENT = 7039 LBS

V8109 N L : Vv

Thisvah-cisidcﬂnalwnmcmmswdnbwcfmwmlloasnz. Based on the closing
dcsngnDPfotBﬁmlw(zslawd)beingnwtbcmmfmb(mwnl(2842psid)theclodngm
dauforBGHVBllluillbcuwdnﬂuchﬁngmnmmnmnfmwmlm

Asmwdpm-imlythcclosmgthms!reqnimncmstommu\emDPfotBGHVlnlwen
M(MnmngMWwQWMMMWWMan. The
qmngpuckptcloadforBGHVﬂllis?O]‘)lbs llishwnmtlhcmmﬂmuimdwmncbﬁ’!m
BGHVS111 is below thus valuc

lnthcopcndnecﬁonilisknownmnthis\thtmnimmusimweﬁomn\emmmorw
open'?. Tlusvnivemhecnkmwnwopenbymlfmthhneprummnmeopummisdcdmched For
mmmlmmmngmmmmmmuwﬁlmwmm,

BGHVE109 CLOSING THRUST REQUIREMENTS 7039 LBS

12pefer to RFR 7263A
RFRR&7461.DOC
01721794
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OPENING THRUST REQUIREMENTS 328 LBS

These MOV's were included in the response to NRC LE. Bulletin 8503 Because these valves
Mwh“uuhb?mwumwmmm!uAmml”Sﬂchmmnu
for these valves were detcrmuned using valves of the same design but different sizes In prepanng for and
mmgMOV‘nmWmmGLw-lo.Mwwwwﬁwmdtkmwm
mmmmwnnmﬁanuym;wommwmunmoponoopmfw
BGLCVO112B/C. Refer to the tble below.

VALVE D LIVAY TEST DP MEASURED MEASURED

OPEN THRUST CLOSED

THRUST

EMHVEE01A 4" 2677 PSID 4458 LBS 4221 LBS
EMHVES01B & 2677 PSID 6062 LBS 2815 LBS
EMHVER&21A 4 1595 PSID 4299 LBS 3934 LBS
EMHVE821B 4 1540 PSID 4249 LBS 2709 LBS

EMHVEE1S ¢ 1595 PSID 3650 LBS N/A

1f one calculaied the thrust requirements for BGLCVO112B/C a thrust roquirement of 1286 Ibs
closod and 1145 Tos open would be obtained using valve factor of 1.0. Thesc valves were proviously sct up
for 1110 Ibs open and 1965 ion closed. Since these MOV's are capable of providiog signuficantly higher
thrust and for added conservatism it is recommended that the thust values for BGLCVOTIZH/C be set up
mmurﬂmnm:mmmmmmmwm.

BGLCV01128/C CLOSING TERUST REQUIREMENT: 4121 LBS
OPENING THRUST REQUIREMENT 6062 LBS

ENHY0034  BWST TQ CIMT SPRAY PUMP ISOLATION YALYES

mmmmmwwmmmm
with RFR 9878A. The method used in RFR 9878A is slightly different than thet used in this RFR. For
mmmmmmmmunmm As shown on Atachment 2 the re-
ulmwnmmmsmmmsmmmmammdl,oumm
design DP of 32 psid.

mmmmmmmummmmmwmmmon
and 126, mmwdmmmmmmmmmmnm
while EGHVO071/126 are carbon steel valves. Listed below are the measured thrust requirements from
EGHVDOTI/126. The DP test for EGHVO0071 was at 9¢ psid and the test for EGHVD126 at 92 peid.

YALYEIR MEASURED QPEN THRUST  MEASURED CLOSED THRUSY
EGHVDO71 4885 LBS 5267 LBS

EGHVO126 1982 LBS 4220 LBS

As can be seen with the data above, if the thrust valucs for EGHVO071 s derated to the design
DP for BNHVD003&4 lower values than that calculated above would be ootained For sdded
mmmwmwummwhmu-mmm.o

BNEHV0003&4 OPENING THRUST REQUIREMENT 3301 LBS
CLOSING THRUST REQUIREMENT 3356 LBS

RFRE7461.DOC
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BANHVES12A.B RWST TO RHR PUMP SUCTION ISOLATION VALVES

There are no other valves of the same size at Callaway that have been adequately DP tested for
comparison  These are 14" Westinghouse FWG valves Additionally, there is hmited information
available 1n the EPRI Performance Prediction Program for this size and type of valve What 1s provided 1n
the EPRI program is an apparent friction cocfficient for the 3" Westinghouse FWG valve discussed in the
section for BBHVSO0OA/B. The valve factor for this 3" valve 1s 328 Becausc of the imited information
with regard to this size of valve and the thrust margin available it is recommended that a 1.0 valve factor
be used Using calculations the thrust requircments for these valves become

BNHVRR12A&B OPENING THRUST REQUIREMENTS 4482 LBS
CLOSING THRUST REQUIREMENTS 4607 LBS

EFPDVO019, 20 ESW SELF CLEAN S ] \ DP CON !

These valves are routinely operated under DP conditions dunng ESW pump runs. However. the
MOVATS test equipment has not been installed on these valves so measured thrust requirements 10
overcome DP conditions 1s unknown EFHV0097 and 98 are identical valves which are also routincly DP
tested duning ESW pump operation and have been diagnostically tested under DP conditions The DP
data for EFHV0097 and 98 however, is not being used for companson purposes because the thrust
requirements can be more conservatively determined using calculations The DP data for EFHV0097 was
less than spring pack preload and the required thrust analysis for EFHV0098 1s based on a very
consenvative spring pack displacement value not attributable to DP effect!  In addition, EFPDV0019 and
20 have been determined 10 not have an active safety function to close per RFR 53538 so closing thrust
requirements are not critical and can be determined conservatively using analyucal methods Refermnng to
Attachment 2 the thrust requirements for EFPDV0019 and 20 arc calculated using a valve factor of 1.0 as
follows

EFPDV0019 & 20 OPENING THRUST REQUIREMENTS 834 LBS
CLOSING THRUST REQUIREMENTS 1023 LBS

GHY0011 14 W W ALV

These valves arc Yarway 1.5 inch globe valves with flow under the seat. The only safety function
for these valves is to open'®. The purpose of these valves 1s 10 Open as an CMCTEency makeup water
supply for the CCW system Since the safety function for these valves is to open and flow is under the
seauhcopcmnglhnmmquiremcm:fonheuvﬂveswmbcmnimllandunbcoowvuwdy
calculated RefemngwAmchmcmzanopetﬁngthmﬂof%zlbundaclosmgduunofswmns
obtained using a valve factor of 2.2 mmmfmﬂwu\dmmmwodﬁmhuvyspdngpacks
are capable of providing well in excess of these thrust values For additional conservatism an open and
closed thrust requirement of 1500 Ibs will be specified

EGHV00011,12,13,14; OPEN & CLOSED THRUST REQUIREMENT = 1500 LBS:

DRefer 10 RFR 8746G
l4peference RFR §3538
RFR87461 DOC
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This MOV has an active safety function 1o closc against 2335 psid and a commercial function to
open against 112 psid  The thrust requirements 10 open are determined below in the discussion for
FGHV0132 The thrust requirements to closc against 2335 psid were previously calculated in RFR 9878A
using shightly different methods For consisiency the thrust requirements for EGHV0062 have been re-
calculated 1o be 12984 Ibs using a valve factor of 6. This valve factor is considered conservative for this
stvie of valve This is a Velan paralicl slide gate valve that is position closed Thus type of valve is
designed to operate with lower thrust requirements than their FWG counterpants. In reviewing the EPRI
Performance Program no valves were available for comparison  There have been similar valves DP tested
at Callaway, i.c. EGHV0061 and 133. However, they were tested at 100 low a DP 10 be considered for
determuning the thrust requirements for EGHV0062

EGHV0062 OPENING THRUST REQUIREMENT 1220 LBS
CLOSING THRUST REQUIREMENT 12984 LBS

The DP that these valves may be expected 1o operate against 1s 112 psid for commercial
considerations'®  Previously these valves had their thrust requirements determined using caiculational
methods from RFR 9878A  For consistency these thrust requirements are being re-calculated in this RFR.
Valves EGHV0061 and 133 are identical MOV's that have been DP tested to 94 and 90 5 psid
respectively  Referring to Attachment | the thrust requirements 1o overcome these test conditions are as
follows

VALVE ID TEST DP CLOSING THRUST  OPENING THRUST
EGHV0061 94 PSID 812 LBS 829 LBS
EGHV0133 90.5 PSID 1609 LBS 983 LBS

Using calculations the thrust requirements for EGHV0133 are 379 Ibs closed and 247 Ibs open
using a DP of 112 psid. Thus, 1t is apparent that it would be most conservative 1o use the thrust
requirements for EGHV0133 extrapolated to 112 psid to determine the thrust requircments for
EGHV0132 (and EGHV0062 in the open direction) Using this method the following thrust values are
obtained.

OPEN THRUST VALUE = (983 LBS)112/905) = 1216 5LBS SAY 1220 LBS
CLOSED THRUST VALUE = (1609 LBS)}112/90.5) = 1991 LBS SAY 2000 LBS

EGHV0132 OPEN THRUST REQUIREMENT = 1220 LBS
CLOSED THRUST REQUIREMENT = 2000 LBS

15Reference RFR §353X
RFR87461 DOC
01/21/94
10
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EJHVSS11AB RHR PUMP SUCTION 1SOL. ON VALVES FROM EMERGENCY SUMPS

There are no other valves of the same size at Callaway that have been adequately DP tested for
companson  Thesc are 14" Westinghouse FWG valves. Additionally, there is limited information
available in the EPRI Performance Prediction Program for this size and type of valve  What 1s provided n
the EPRI program is an apparent fiction coefficient for the 3* Westinghouse FWG valve discussed carhier
in the section for BBHVS000A/B. The valve factor for this 3" valve is 328. Because of the himited
information with regard 1o this size of valve and the thrust margin available it is reccommended that a 1 0
valve factor be used  Using calculations the thrust requirements for these valves become:

EJHVSE11A/B OPEN THRUST REQUIREMENT 7199 LBS
CLOSING THRUST REQUIREMENT 7399 LBS

EMHVER07A,B

Because of how the svstem is aligned when these valve are manipulated there 1s no DP across
these valves when they are required to be operated'®. These valves presenthy have their thrust
requircments established to overcome the stem reyection load (930 Ibs per RFR 9878A) However. for
commercial considerations these valves should be set up to overcome & DP of 252 psid per RFR 353X

Valves EMHV&923A/B arc identical valves which have been DP tested against 178 and 180 psad
respectivels  From RFR 8746G the thrust required to overcome these DP's are as follows.

VALVE ID THRUST TO OPEN THRUST TO CLOSE
EMHV8923A 1573 LBS 1929 LBS
EMHVE923B 2148 LBS 3186 LBS

Since these are identical valves that have been DP tested it is recommended that for commercial
reasons the thrust requirements for EMHVEB07A/B be determuned by extrapolating the thrust
requirements from EMHVE923E to the commercial DP of 252 psid  Using this method the thrust
requirements for EMHVS807A/B are as follows

(2148 Tbs) * (252/180) = 30072 Ibs SAY 3110 Ibs open
(3186 Tbs) * (252/180) = 4660 4 Ibs SAY 4665 Ibs closed

Based on the above the commercial thrust requirements for EMHVR807A/B should be
established as follows These commercial requirements bound all safety related thrust requirements

EMHVS807A/B CLOSED THRUST REQUIREMENT 4665 LBS
OPEN THRUST REQUIREMENT 3110 LBS

EMHVE924

TIusMOVhasnoactiveufctyfnncﬁonMisuwﬂlolehnamaimenmisobﬁonvﬂw,
Duringnormllmmﬁmthsvﬂvcismﬂmnwm“mammmmnﬂldmdwim
electrical power 1solated at the breaker. Awnonmy.mmovmmpmmmmﬁsrmml
which would alert operators should it become mispositioned Based on the above discussion this MOV
has been removed from the GL 89-10 program and no thrust requirements are being provided via this
RFR

16Reference RFR $353X
RFR87461 DOC
01/21/94
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ENHVO0001,7

Thesc valves presently have thrust requirements established using calculations in accordance
with RFR 9878A For consistency the thrust requirements have been recalculated on Attachment 2. This
resulted in predicted thrust requirements of 2878 Ibs closed and 2786 Ibs open

In referring to the DP tests performed at Callaway the only valves comparable are EGHV0071
and 126 The only significant diffcrence between these modcls are that ENHVO0001/7 arc stainless while
EGHV0071/126 are carbon steel valves. These are all 12" Anchor Darling FWG models. Listed below
are the measured thrust requirements from EGHV0071/126. The DP test for EGHV0071 was at 94 psid
and the test for EGHV0126 at 92 psid. The design DP for ENHV0001/7 15 54 psid.

VALY MEASURED OPEN THRUST ]
EGHV0071 4885 LBS 5267 LBS
EGHV0126 1982 LBS 4220 LBS

If the DP test thrust measurements for EGHV0071 are de-rated to the design DP of ENHV0001/7
slighthy more conservative numbers vs calculated numbers are obtained for ENHV0001/7. Since
ENHV0001/7 are stainless valves it is believed that the valve factor for these valves is lower and requires
less thrust than EGHV0071  Based on the discussion above the thrust requirement; for ENIVO001&7 are
being conservatively established as follows

OPEN THRUST REQUIREMENT = (4885 LBS)(54/94) = 2806 say 3000 Ibs
CLOSE THRUST REQUIREMENT (5267 LBS)(54/94) = 3026 say 3100 lbs

ENHV0001 & 7 OPEN THRUST REQUIREMENT = 3000 LBS
CLOSED THRUST REQUIREMENT = 2100 LBS

ENHV0006,12 CONTAINMENT SPRAY PUMP DISCHARGE 1SOLATION VALVES

These valves are 10" Anchor Darling stainless steel FWG valves There have been no other
valves at Callaway that have been adequately DP tested that can be considered similar. However, these
valves have been DP tested at Wolf Creek. The data sheets trom the DP test at Wolf Creck have been
provided as Attachment 6

The DP test at Wolf Creck was under maximum system flow and DP conditions obtainable (232
psid) Under these conditions the thrust required to open against these test conditions (including VOTES
equipment accuracy ) are documented as 3027 Ibs for ENHV0006 and 4848 lbs for ENHV0012. No
closmgthmﬂmmnmenummiddﬁm:misvdvehumnfayﬁmcﬁoninmccbnd&mﬁon.
NucmmmmthnmnmnbusmdimmmruﬂmmtmenBMng!heDPuA

Wotrcmmwmumawrmmmmwmmmmmmmu.nmd.zs
for ENHV0006 and 12 respectively. Using the method described in the discussion for BBHV0013,14,15
&lozhisoonewndslovﬂvemof.n}md.288fouSdegmcdiscwdgcungle These
oodﬁacmsofﬁicﬁonvnmun.3SvﬂuethatmmmndltWolfCreekpmnoperfomingmisD?
test. num'mmvmmmm.ssmmmmem
vaives at Wolf Creek.

Beauxofﬂtdiﬂemcesmthcm\'ptommsnwwcmmwhwnitism
recommended that DP test thrust measurements be apphied directly at Callaway. Instead 1t 1s
fwonmmldcduntaconmuvcnlvcﬁaorbuedonthcWdfCreelncs&ngandmeoﬂoadmgfm
be assumad 1o determine the thrust requirements . Since the Wolf Creek testing vahdated a cocfficient of

RFRE7461 DOC
0121794
12



RFR 87461

friction of 35 it 1s recommended that a 4 valve factor be used with a rate of loading factor of 1.20. Using
these numbers the thrust requircments arc as follows

ENHVO006 & 12 OPEN THRUST REQUIREMENT = %970 LBS
CLOSED THRUST REQUIREMENT = 9487 LBS

NHVO015,16 N ! N
PUMP SUCTION
The present thrust requircments for ENHVO001S and 16 onginate from RFR 8746C and 1s based

on the thrust requirements of similar valves. The design DP for thesc valves 1s 18 psid RFR 8746C
conservatively determunes the thrust requircments for these valves te be as follows,

VALVE ID CLOSING THRUST OPENING THRUST
REQUIREMENT REQUIREMENT

ENHVO0015 4234 LBS 2801 LBS

ENHVOO16 1938 LBS 1557 LBS

Thesc valves arc being removed from the plant with the implementation of modification MP 92-
1053 This modification is elimunating the containment spray additive tank and thus the need for these
valves This modification is scheduled for implementation spring. 1995,

Bascd on the conservatism of the present thrust requirements, the low design DP. and the fact
that these valves are scheduled for removal from the plant no further action is required for these valves
The thrust requirements presently imposed should continuc 10 be used until these MOV's are eliminated

EPHVE808A.B.C.D

Thesc valves are listed as having no active safety function to open with an active safety function
1o close but at zero differential pressure’” Based on the above it is apparent that the thrust requirements
for these valves can be adequately determuned using conservative enginecring analysis  Using
calculational methods and a S valve factor the thrust requirements become 26223 Ibs open and 30500 lbs
closed for a DP of 726 psid Note that these thrust requirements arc for commercial considerations only
As the thrust rating of the operators on these valves is 140,000 Ibs it is evadent that these thrust
requirements can be easily sausfied For safety considerations these valves must be able to overcome
piston effect associated with a line pressure of 726 psid  This value is calculated below:

PISTON EFFECT CALCULATION FOR EPHVS808A.B.C.D

Piston effect B (line pressure)(stem arca)(rate of loading factor)
= (726 psid)(4 9087 Ibs)(1.20)
= 1277 lbs SAY 4300 ibs

BasedonﬁmabmrdmcussionEPHVSSOSA.B,CDhawmnmciﬂmdufmmmﬂ
requirements as provided below.

EPHVSS08A.B.C & D COMMERCIAL OPENING THRUST REQUIREMENT 26223 LBS
COMMERCIAL CLOSING THRUST REQUIREMENT 30500 LBS
SAFETY OPEN & CLOSED THRUST REQUIREMENT 4300 LBS

1"Reference RFR 5353X
RFR®7461 DOC
01/21/94
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KAHVO030

The purposc of this MOV is to provide additional redundancy to the hvdrogen recombiners in the
cvent makeup air is needed 1o purge hydrogen from containment following an accident.  This valve was
installed in accordance with Reg Guide 1 7. Thus valve is not considered 10 have an active safety
function '*

No other valves of this type have been DP tested at Callaway. Since this valve has no active
safety function its thrust requirements can be conservatively determined using calculations Using this
methodology a closing thrust of 276 Ibs and an opening thrust of 173 Ibs is provided for a design DP of
149 psid assuming a valve factor of 1.0

KAHV0030 OPENING THRUST REQUIREMENT = 347 LBS
CLOSING THRUST REQUIREMENT = 450 LBS

KCHV0253

The vahve is a 4 inch VELAN paralici slide gate valve with a design DP of 189 psid open and
closed  Two other valves of this size and model (EGHV0061/133) were DP tested 94 and 90.5 psid
respectively. However, these test DP's are not within 50% of the design DP of KCHV0253 and thus arc
not being considered KCHV0253 is a 4" Velan parallel slide gate valve that typically requires less thrust
than the FWG counterparts  No valve of this type is being tested in the EPRI Performance Prediction
Program For conservatism the thrust requirements {or this valve will be calculated using a valve factor of
10

KCHV0253 CLOSED THRUST REQUIREMENT = 1507 LBS
OPEN THRUST REQUIREMENT = 1291 LBS

FFV009S VO105& 106 N NT N
BUILDING SUMP DISCHARGE ISOLATION VALVES

Al three of these MOV's were DP tested  However, for LFFV0095 in the closed direction and
LFHVO0105& 106 in both directions they were not tested at a high enough DP to satisfy the criteria of
EDP-ZZ-01114 Becausc of the thrust margin available with these valves the thrust requirements arc
most casily determined by assuming a valve factor of 1.0 and calculating the thrust requirements. Using
this method the thrust requircments become.

LFFV0095 CLOSING THRUST REQUIKEMENT = 1766 LBS
OPENING THRUST REQUIREMENT = 295 LBS
LFHV0105/166 CLOSING THRUST REQUIREMENT = 548 LBS
OPENING THRUST REQUIREMENT = 532 LBS

Reference RFR 10320A
RFR&7461 DOC
01/21/94
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ATTACHMENT 1 TO RFR 8746| 1721794
COMPARISON OF CALCULATED VS MEASURED THRUST VALUES FOR MOV'S DP TESTED AT CALLAWAY
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ATTACHMENT 1 TO RFR 87461 121794
COMPARISON OF CALCULATED VS MEASURED THRUST VALUES FOR MOV'S DP TESTED AT CALLAWAY
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ATTACHMENT 2 TO RFR 87461

CALCLLATED THRUST VALUES FOR VALVES EVALUATED IN RFR 87461
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ATTACHMENT 2 TO RFR 8746l
CALCULATED THRUST VALUES FOR VALVES EVALUATED IN RFR 87461
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5 Refer to RFR text.



ATTACHMENT 3
RATE OF LOADING FACTORS USED IN RFR 87461
The following rate of loading factors are used in RFR 87461 These rate of loading factors arc
based on information contained in MOVATS Engineering Report 5.0 Rev 6 page 20 of 20 atached .

ACTUATOR SIZE ROL FACTOR

SMB-000 1.15

SMB-00 1.15
SBD-00
SB-00

SMB-0 1.22

SMB-1 1.20
SBD-1

SB-i

SMB-2

SB-2

SMB-3

SBD-3

1of2
ATT3.DOC
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TABLE 3
Load Rate Testing Summary
Belleville Spring Testing

PFe €74,
AT 3
P4 tg&
ER-5.0, Rev. 6
Page 20 of 20

LOAD RATE
Actuator Overall Force (#/Sec) Disp (in/Sec) % Difference’
AL UA T T
Ratio Max Min :
SMB- 1 27.2:1 250,000 22,000 1.3 0.13 gy 14 14
SMB-1 85.4:1 82,000 9,000 0.5 0.04 12 il 11
SMB- ] 72.42:1 89 000 10,000 0.52 0.09% 17 14 14
SB-0 39.314) 500,000 75,000 2.3 0.8 18 15 10
§8-0 95.2:1 220,000 26,000 2.7 0.4 25 26 18
SMB- 0 69.59:1 110,000 15,000 1.1 0.2 22 21 21
SMB-00 72.0:1 48,000 4,500 0.83 0.07 14 12 12
SMB-00 23.0:1 130,000 12,000 2.30 0.21 13 13 10
SMB- 00 72.0:1 45,000 5,000 0.8 0.1 g ] S 5
SME-00 41.0:1 88,000 $,000 1.6 0.17 -$ -6 7
SMB-00 23.0:1 108,000 15,000 - 0.7 8 5 -11
SMB-00 72.0:1 35,000 5.000 1.8 0.3 “ 2 5
§MB- 000 33.5:1 13,500 4,000 1.6 0.5 10 ; 5
SMR-000 36.0:1 15,000 4,000 1.7 0.5 9 11 11
SMB-000 75.0:1 6,700 1,700 0.75 0.2 13 10 e

*Percent difference between force at fast-load-rate and force at slov-load-rate

at a given spring pack displacement.

i.e., At

.0B" of spring pack displacement:

Thrust at maximum load rate = 15,000 lbs
Thrust at minimum load rate = 12,300 lbs

% difference = 15.000-12.300
15,000

x 100 = 18
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ATTACHMENT 4
SMWMWTV&EESMDNRFR"W

| | \ i
| CLOSED THRUST | OPEN THRUST PRA METHOD USED FOR DETERMINING THRUST :
! |
| |SIMILAR VALVES DP TESTED VALIDATED CALULATIONS VS [OPEN THRUST REQUIREMENT BASED
ALHVO0Y \l‘ _wT | UNCHANGED | LOW |DP TEST RESULTS THEN USED CALCUALTIONS FOR ALHVGO4ON DP TESTING
| | - :
‘I 2 |SIMILAR VAL VES DP TESTED. VALIDATED CALULATIONS VS lon.w THRUST REQUIREMENT BASED
ALHVOSYS | 36T | UNCHANGED | LOW |DP TEST RESULTS THEN USED CALCUALTIONS FOR ALHVO0IS ON DP TESTING
i
| ‘ |
| ‘; ISIMILAR VALVES DP TESTED VALIDATED CALULATIONS VS JOPEN THRUST REQUIREMENT BASED
ALMVOOIs | 4990 | UNCHANGED | 1OW |DP TEST RESULTS THEN USED CALCUALTIONS FOR ALRVO036 ON DP TESTING
1 f. 1
‘ ‘ i‘ SEDCALCULATION WITH A 4 VALVE FACTOR BASED ON ‘cm THRUST REQUIREMENT BASED
BRHV001Y __masz | UNCHANGED | NONE [EPRI PERFORMANCE PREDICTION PROGRAM RESULTS ON DP TESTING
| |
! )
| , USED CALCULATION WITH A 4 VALVE FACTOR BASED ON ‘on.v THRUST REQUIRFMENT BASED
HRHVO014 sz | UNCHANGED | NONE |FPRI PERFORMANCE PREDICTION FROGRAM RESULTS ION DP TESTING
| | |
| | 'USFDCALCULATION WITH A 4 VALVE FACT R BASEDON  |OPEN THRUST REQUIREMENT BASED
PRHVOOIS | $483 - | UNCHANGED |  NONE _ [EPRI PERFORMANCE PREDICTION PROGRAM RESULTS l«m DP TESTING
L | |
1 [USED CALCULATION WITH A 4 VALVE FACTOR BASEDON  |OPEN THRUST REQUIREMENT DASED
BEHVOOIS | wam2 | UNCHANGED % NONE {EPRI PERFORMANCE PREDICTION PROGRAM RESULTS _ON DP TESTING
| | [COMPARED DP DATA WITH SIMILAR VALVES. USED J
{ | CALCULATIONS WITH A6 VALVE FACTOR TO DETERMINE |
mvme__L__”m_s_g I A" _lrmm_mn.{n NUMBFRS PR TR
| | LCOMPARED DP DATA WITH SIMILAR VALVES USED T
‘, t CALCULATIONS WITH A6 VALVE FACTOR TODETERMINE |
PRHVR00OB | 11398 i_ oz8a | LOW _ [FINAL THRUST NUMBERS T
| | l
| '. COMPARED SIMILAR VAL VES THAT WERE DF TESTED USED |
! '. icmuummvmuuowu VE FACTOR TO DETERMINE
BANVROYIA | 1T [ e | A NONE (FINAL THRUST NUMBERS BECAUSE OF MARGIN AVAILABLE |
i i |
i ! COMPARED SIMILAR VAl VES THAT WERF DP TESTED USED
| {CALCULATIONS WITH A 1 0 VALVE FACTOR TO DETERMINE
BEHVROYTR | 1V 1 mee | A NONE IFINAL THRUST NUMBERS BECAUSE OF MARGIN AVAILABLE. |
; | OPEN AND €1 OSED THRUST
. - |USED THRUST REQUIREMENTS FROM AN IDENTICAL VALVE |[REQUIREMENTS PROVIDED ARF FOR
BBHVEISIA 7039 i 7039 L NONE ITESTED I'NDER LARGER DP AND FLOWRATE {COMMERCIAL CONCFRNS
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ATTACHMENT 4

SUMMARY OF THE THRUST VALUES DETERMINED iN RFR 87461
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VALVE iD

BENVEINS

BBRVEISIC

RGHVE109

ANHV000Y

CLOSED THRUST | OPEN THRUST |

e it e

s ;i é

e |

S S— S

RGHVEIZ |
BOLCVOID |

BOLCVONIC |

||

BNHV0004
B'iﬂ\'“l IA

R p———

ANHVER] P j’:

e et e oA s

METHOD USED FOR DETERMINING THRUST
NI

_NOTES

i
\
|
i
i
I

!.TFSTFD UNDER LARGFR DP AND F1 OWRATE

{OPEN AND CLOSED THRUST

‘l SED THRUST REQUIREMENTS FROM AN IDENTICAL ¥V ALVE [ REQUIREMENTS PROVIDED ARE FOR

(‘OMM?I( 1AL CONCERNS
(PL\ AND CLOSFD THRUST

|$ED THRUST REQUIREMENTS FROM AN IDENTICAL VALVE |REQUIREMENTS PROVIDED ARE FOR

| NONE {TESTED UNDER LARGER DP AND FLOWRATE

|
(USED THRUST REQUIREMENTS FROM AN IDFNTICAL V
NONE _|TESTEDUNDER LARGER DP AND FLOWRATE

1ow USED CALCULATIONS WITH A $ VALVE FACTOR _
LOW  [USEDCALCULATIONS WITH A S VALVE FACTOR

| TESTED AT HIGHER DP AND FLOWRATE

THR!‘TBAS!DWCAIL“

TESTED AT HIGHER DP AND FLOWRATE

LOW TESTED AT HIGHER DP AND FLOWRATE

LOW | TESTED AT HIGHER DP AND FLOWRATE

](‘!MA!FD THRUST REQUIREMENT OF SIMILAR VAL VES
h‘HF’i DETERMINED RFQUIREMENTS BASED ON CALCS AND

|A VALVE FACTOR OF 1 0 FOR CONSERVATISM
'\

(‘()MPAI!" D THRUST REQUIRFMENT OF SIMILAR V ALVES

RASED ON THRUST REQUIREMENTS OF IDENTICAL VALVE

4 ,
[CLOSED THRUST BASED ON REQUIREMENTS OF mrvmcu
|V AL VE TESTED AT HIGHER DP AND FLOWRATE. OPEN

BASED ON THRUST mll}'\ﬂ\lﬂ oF IDP\TK‘A! VM_\’F
BASED ON THRUST REQUIREVENTS OF !DF?H‘ICAI \r’ALVF

BASED ON THRUST REQUIREMENTS OF HE\TICAI VAL\’F

{COMMERCIAL CONCERNS
OPEN AND CLOSED THRUST

ALVE  REQUIREMENTS PROVIDED ARE FOR

71(“0\NF‘ICIM, CONCERNS

NI S T——— "

'THF'Q DETERMINED REGUIREMENTS BASED ON CALCS AND |

LOW. l-‘\\”\L\T FACTOIUFIOFORCU!\%I\ATN\!

LOW l(Al(‘l'l.A"O\'SWITHAVM NEFACTOROF 1.0 i

LOW  |CALCULATIONS WITH A VALVE FACTOR OF 1.0

lCAl CULATIONS WITH A VALVE FACTOR OF 1 ©

-y
|

1
—+-

|

|

l

— 4
|

|

|

|

3
——

T OSE THR! UST RFO‘ 'IPF\II"\TQ ARF

FFPDVOOI9 | i | [FOR COMMERCIAL CONCERNS
T iumr THRUST REQUIREMEN TS ARF
£FPDV0020 __|CALCULATIONS WITH A VALVE FACTOROF 10 FOR COMMERCIAL CONCERNS
; ; THRUST REQUIREMENTS BOUND CALCULATIONS USING A ia OSF THRUST REQUIRFMENTS ARE
EGHVO0! | NONE VAL VE FACTOROF 22 | FOR COMMERCIAL CONCERNS
2 ATT4A XLS




SUMMARY OF THE THRUST VALUES DETERMINED IN RFR 87461
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1721794

1 1
. .
cu:uumn | OPEN ﬂm _T METHOD USED POR DETFRMINING THIUST |
REMENT NOTES _
| | mnr REQUIREMENTS BOUND CALCULAT ONS USING A | CLOSE THRUS . REQUIREMENTS ARE
FOHVOO12 %00 L 130 | NONE VAL VE FACTOR OF 22 gmummcn CONCERNS
; : THRUST REQUIREMENTS BOUND C AT CULATIONS USING A CLOSE THRUST REQUIREMENTS ARF
BGHVOOY | 1%es | 1500 ! NONE  VALVEFACTORO¥22 |FOR COMMERCIAL CONCERNS
{ | THRUST REQUIREMENTS BOUND CALCT LATIONS USING A !cmsr MRUST REQUIREN. TS ARE
FGHVOO14 100 j oo { NONE VALVE FACTOR OF 22 ) [FOR COMMERCIAL CONCERNS
T | cucaun(wswmu\uvu\cnm»— & CLOSED AND |
i SIMILAR VAL VES THAT WERE DP TESTED IN THE OPEN JOPEN THRUST REQUIREMENTS ARY
FGMVOOS2 | 129% | 120 i NONE  |DIRECTION |FOR COMMERCIAL CONCERNS
| : |
| | 3
'I | THRUS; ReOQUIREMENTS ARE FOR
, | COMMERCIAL CONCERNS VAL VE A
poMvolya | 2000 | 1220 [ NONE SIMILAR VAL VES THAT WERE DP TESTED INO ACTIVE SAFETY FUNCTION
ummy\i_ 77777 22065 _i’_, L | LOW _vsmcunumwswrm;x € VAL VE FACTOR PR RN
Emverors | amoes | 19761 | ow USED CALCULATIONS WITH A 5 VALVE FACTOR L .
EMVERIIA | 7w | T | MEDIUM___{CALCULATIONS WITH AVALVE FACTOROF 10 | _
EmvesiiB | 7ee [ T MEOIR™M  [CALCULATIONS WITH A VALVE FACTOR OF 10 R .
[ THRUST REQUIREMENTS FOR
| COMMERCIAL CONCERNS SAFETY
RELATED DP IS 0 PSID. NUMBERS
EMHVEROTA | ases | W0 i LOW SIMILAR VALVES THAT WERE DP TESTED _ |[BASED ON 252 PSID
| [ THRUST REQUIREMENTS FOR
{ COMMERCIAL CONCEENS  SAFETY
! RELATED DPIS 0 PSID NUMBERS
EMHVESOTB | aees | W0 | LOW  |SIMILAR VALVES THAT WERE DP TESTED  |BASEDON 252 PSID
ENHVOOOL | 3100 1 0 i 1OW |SIMILAR VALVES THAT WERE DP TESTED I . 7
] USED CALCULATION WITH A § VALVE FACTOR VALVE CLOSED THRUST REQUIRFMENTS ARE
FACTOR CONSISTENT WITH EPRI PREDICTIVE PROGRAM FOR COMMERCIAL CONCERNS. NO
ENHVOOOS | 947 | o™ | LoW RESULTS ~|ACTIVE CLOSE FUNCTION
ENHVO0OT | oo | 3000 LOW  [SIMILAR VALVES THAT WERE DP TESTED PR TR
USED CALCULATION WITH A § VALVE FACTOR VAL VE CLOSED THRUST mwnmwn ARE
FACTOR CONSISTENT WITH EPRI PREDICTIVE PROGRAM FOR COMMERCIAL CONCERNS NO
ENHV0012 o4 ®9%0 | 1OW  |RESULTS e AT ACTIVE CLOSE FUNCTION. _
]
]
Fcr_mvogtg | NOCHANGE  NOCHANGE | NONE 4smw VALVES DP TESTED UNDER BOUNDING CONDITIONS VALVES BEING FLIMINATED IN 1995
ENHVO016 NO CHANGE NO CHANGE | NONE 1smm VALVES DP TESTED UNDER BOUNDING CONDITIONS, VALVES BEING ELIMINATED IN 1996

ATT4AXLS
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1721194

i ‘ |
l |
| E (COMMERCIAL THRUST VALUES
1 , [PROVIDED FIRST WITH SAFETY
10800 ! 26223 | THRUST VALUES (4300 1 BS) PROVIDED
rtmymgg__‘ a0 | e L NONE CALCULATIONS WITH A S VALVE FACTOR _NEXT.
| | : J
| E | COMMERCIAL THRUST VALUES BASET
10800 | 26221 | |0N DP OF 726 PSID  VALVE HAS
FPHVERORB | w0 0 1 NONE |CALCULATIONS WITH A § VALVE FACTOR |SAFETY RELATED DP OF 0 PSID
| | |
| ! 1
i | (COMMERCIAL THRUST VAL UES BASED
10500 { 26213 | (ON DP OF 726 PSID. VAl 1% 11AS
ﬁ;wﬂ_ a0 | 400 | NONE CALCULATIONS WITH A § VALVE FACTOR 7 [SAFETY RELATED DP OF 0 PSID.
} ' | |
|
| | | | COMMERCIAL THRUST VALUES BASFD)
0500 ! 6 |ON DF OF 726 PSID  VALVE HAS
EPHVSRORD awo | e | NONE |CALCULATIONS WITH A S VALVE FACTOR _[SAFETY RELATEL DP OF 0 PSiD
{kamvooro | a0 ‘ e J NONE CALCULATIONS WITH A VALVF FACTOR OF 10 - ivm.vg INSTALLED IN AN AIR SYSTEM
KCHVO2SY | 1507 | ;| NONE. CALCULATIONS WITH A VALVE FACTOR OF 1 ¢ 7 e 7
| i
LFFV0093 1766 i 29% 4 [CALCULATIONS WITH A VALVE FACTOR OF 1§ ___|VALVES DP TESTED UNDER LOW DPS
- IR R R - ' |
pFMvOtos | se | sm % Jcm.ct LATIONS WITH A VALVE FACTOR OF 12 | VALVES DP TESTED UNDER LOW DPS
. i
LFHV0106 148 512 | CALCULATIONS WITH A VALVE FACTOR OF 1 3 VAL VES DP TESTED UNDER LOW DFFS

ATT4 XLS



ATTACHMENT 5 TO RFR 87461

THE ATTACHED DRAWINGS WERE OBTAINED FROM THE WESTINGHOUSE
STRESS REPORTS IN THE QA VAULT OF THE CALLAWAY NUCLEAR PLANT.
THESE DRAWINGS SHOW THE MEAN SEAT AREA OF WESTINGHOUSE

FLEX WEDGFE GATE VALVES.

lofll
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ATTACEMENT 6
WOLF CREEK DP TEST RESULTS
FOR CONTAINMENT SPRAY PUMP
DISCHARGE ISOLATION VALVES

ENHV0006 AND 12
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= / December 22, 1993 \/_/
\ -\/M ‘
\///
Mr. J. A. McGraw!

- Vv
Ref.: UOTE 93-221
This letter responds to the referenced letter, which requested that a review be
performed to assess the impact on the IPE due to the inability to AP test selected
MOVs.

In order to perform a meaningful review, a draft NUMARC document,
"Guidelines for Optimizing Safety Benefits in Assuring the Performance of Motor
Operated Valves," was used as guidance. This document is provided as Attachment 1.

The procedure described in Attachment 1 involves categorization of MOV into
one of three importance groups (high, medium or low). Testing recommendations are
then made for each importance category. MOVs are placed into an importance
category based on their PRA numerical importance. MOV:s that were not included in
the PRA must be placed into an importance category using deterministic methods
and/or engineering judgment. Attachment 2 is a flow chart that delineates the
NUMARC guidance for application to Callaway MOVs.

Using the process represented by the flow chart, MOVs that were included in the
Callaway at-power PRA were assigned to an importance category. The
review/categorization process is documented in the table provided as Attachment 3.

Note on Attachment 3 that only those valves that were modeled in the PRA were
assigned to an importance category. Those valves that are not in the PRA viill have to
be assessed by Engineering/Operations for assignment to an importance category.

If there are any questions, please contact Keith Connelly t 42868.

. A

A. C. Passwater

KGC/kea
Attachments
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ATTACHMENT 8
EPRI MOV PREDICTIVE PERFORMANCE PROGRAM
DATA USED IN THE DISPOSITION OF

RFR 87461
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EPRI MOV Performance Prediction Program
REVIEW MEETING

Dallas Airport Huatt Regency Hotel

AGENDA

December 1, 1993

OPEN SESSION
(Open to all domestic utilities and to all participating international utilities)

1:00 pm Introduction/Meeting Objectives. . .. ... ... P [. Hosler (EPRI)
1:15  Technical Advisory Group Perspective ... ... M. Edson(SNC)
1.30 NUMARC Perspective _C. Callaway (NUMARC)
1:35 EPRI Program Overview/Status ... ... .| Hosler (EPRD

200  Review of Flow Loop Test Program
Results ] Hosler/W. Kennedy (EPRI)

200 Break

315 Assessment of Potential Implications for Installed
MOV'S ... N Estep (Duke Power Co.)
400  Question/Answer Period B L

445  EPRI MOV Program Follow-on Activities |. Allen (TVA)

500  Adjourn




EPRI MOV Performance Prediction Program
REVIEW MEETING

Dallas Awrport Hyatt Regency Hotel

AGENDA

December 2, 1993
CLOSED SESSION (Open only to utilities participating in the EPRI MOV Program)

£:00 am Introduction

815 Review of Key Program Findings/Issues . .. .I. Hosler (EPRI}
8:45 Methodology Overview .. ... .. ......P Damerell(MPR)
9:15 Globe Valve Modeling Approach/Status ... P. Damerell (MPR)

1000 BREAK

10:15  Gate Valve Modeling Approach/Status P. Damerell (MPR)

12200 LUNCH

1:00 Butterfly Valve Modeling Approach/Status_ ... M. S Kalsi (KED
2:00 Method for Assessment of Rate-of-Loading Effects P. Damerell (MPR)
3:00 BREAK

315 Question/ Answer Period. All

300  Adjourn

53{74
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UNITED STATES 72
NUCLEAR REGULATORY COMMISSION { s L.
OFFICE OF MUCLEAR REACTOR REGULATION 7 [ &< L&y

WASHIMGTON, D.C. 20885 )

November 30, 199}

NRC TNFORMATION MOTICE 93-88: STATUS OF MOTOR-OPERATED VALVE PERFORMANCE
PREDICTION PROGRAM BY THE ELECTRIC POMER
RESEARCH INSTITUTE

ACCTRIIRR)

AT holders of operating licenses or construction perwits for nuciear power
reactors.

Burpse

The U.S. Nuclear Regulatory Coemtssion (NRC) s fssuing this inforwation
notice (1K) to alert addressees to preliminiry results of motor-operated vilve
(MOY) tests conducted by the Electric Power Research Institute (tml. It 1s
expected that reciplents will review the Inforsation for applicability to
their facilities and consider actions, as appropriste, to aveid similar
problems. HWowever, suggestions contained A this faformation aetice do not
constitute MRC requiresents; therafore, ro specific sction or written response
s required.

Bacxaround

On Jure 28, 1989, the KRC 1ssued Generic Letter (GL) 88«10, “Safety-Related
Motor-Operated Yalve Testing and Surveillance,® to request that nuclear power
plant licensees and construction permit holders verify the cesign-basis
capability of their safety-related WOvs. In GL 89-10, the NRC staff requested
that Ticensees and perwit holders test sach MOV within the scope of the
generic letter under dasign-basis differential pressurs and flow conditions,
where practicable. The recommended schedule in GL 0810 would have icensees
and persmit ho'lders verify MOY design-basis capability by June 28, 1954, or
three refueling outages after December 28, 1889 (whichever iz later).

In response to concerns regarding MOY performance, EPRI and ity utility
advisors astab)ished & resedrch program to develop & methodology to predict
the performance of MOVs under ms'n-mu conditions. MUMARC coordinates the
interection between EPRI, 1ts wtil w Technical Advisory Group (TM*. and NRC
staff related to the EPRI program. The EPRI program includes dets!ed
analyses and testing of MOVE at tast facilities and nuclear power plints. The
EPR] MOV Performance Prediction lﬂhodolo’y is intended to allow licensens to
demonstrate the design-basis capabiiity of MOVs based on amalytica)
predictiors combined with diagnostic tests conducted under static conditions.
In August and October 1993, EPRI presented the status and preliminary results
from 113 Flow Loop Testing Program to the NRC staff. The flow Toop results in
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the EPR! presentation have not received full guality assurance verification,
but the preliminary ‘nfermation may be helpful to licensees a5 they 18piement
thetr MOV prograng.

Tr 4 letter on September 16, 1983, NUMARC provided responses from EPRI to MRC
staff questions or the EPR] MOV Performance Prediction Program. Amcng the
information proviced in the enclosure to the Tettar, EPRI stated that its
grogram 13 expected to cover about $0 percent of gate valves (abovt half with
Tts computer code and half with espirically-based data), essentially g17 glode
valves, and about 95 percent of butterfly valves. The globe and gate vilves
are covered primarily by the computer code. EPRI alse stated its method feor
determination of cperator output torque capability uncer degradad voltige
corcitions s to apply standard methods as documented n EPRI NP-6660-D
(March 1950), “"Application Guide for Motor-Operated Valves in Nuclear Power
Plants.”®

44 ¢ Cir

In conducting 1ts MCY Performance Prediction Program, EPRI tested 28 gite,

¢ glcbe, and 2 butterfly valves under a tota) of 62 test conditions. Thase
tests were performec st Wyle Leboratories end Siemens test facilities. EPRI
plans to cbtain test data for an additional 35 valves be! tested 1n nuclear
power plants. In addition, EPR] completed testing at Kals Engineering o

10 butterfly valve cesigns to assess flow and upstraen piping configuration
effects. The results summarized Dalew dre based on the Wyle/Siemans MOV
tests.

1. Gate Yalyes

EPR] stated that 211 gate valves tested were inftially preconditioned by
conducting a large number (50-1000) of short (no Flow) strokes (n cold water
snder cifferentia) prassurs loading. Inttfal “sliding friction coafficients,®
prior to preconditioning, generally run,td from 0.1 to 0.4, EPR] iIndicated
that, after preconditicning, “apparent friction cosffictents® ranged from 0.3
to 0.6 for all but four vaives tasted under cold witer pumped-flow conditions.
The *appirent friction coafficients® for the reseining four valves r fron
0.66 to 1.93. CPRI results demonstrated "apparent friction coefficients’
ranging from 0.34 to C.41 for hot water pumped-Flow conditions, 0.35 to C.8
far hot water blowdown conditions, and 0.25 te 0.64 for steam blowdown
congitions. EPRI's “apparent friction ceefficients® reflect 811 valve
{nternal phencmena and are not necessarily ‘ndicative of ¢ "siiding friction
coafficient.” The or difference batween the “apparent friction
coafficiant® veed by EPRI and the *valve fector® used historically by valve
vandors 1n s1Z1ng motor eparators fs the consideration of the valve disc angle
in getermining the EPR] "apparent friction coefficient.”

Magt valve vendors have used 4 “valve factor® of 0.3 for flexible wedge gate

valves and 0.2 for paralle) disc gate valves in sizing motor operators.
Therefore, the EPR] test results indfcate that the thrust required to operate
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gate valves coulg be significantly greater than the thrust predicted by the
vilve venders. The EPR] blowdown test results are generally consistent with
those obtained in the Timited testing :;ggran conducted by the [daho Natioma)
Enginesring Laboratory (INEL) for the 0ffice of Nuclear Regulatery
Resparch in (989,

EPR] reported that the valve sl ding friction coefficient tends to decreass
with increas'ng differentia) pressure which lends suppert for 1inear
extrapolation of =educed giffarential pressure recu'ts when there 15 2 low
potential for valve damage (for example, under rominal flow velocity
puped-flow conditions).

EPRI reported that severa) gate valves were damaged during hot watar and steas .
blowdown tasting. These included & é-inch Anchor-bar\ing valve (disk and seat
damage); & 6-inch Crane valve (guide damage); a 10-inch Velan '.".ré‘“‘d'
dapage); a E-inch Walworth valve (guide damage): and & 10-inch Edward valve
Sdisu and seat damage). Two of the damaged valves exhibited “apparent

riction coefficionts® exceedirg C.6.

Tws gate valves were dameged under cold water pumped-flow conditions. These
included 4 velan 8-inch valve (plastic dending of body guides at high Mow
velocity graater thes 30 feat per sacond) and an 18-inch Aacher-Dar 1.1 valve
(valve ¢isk ferced through seating ares resuiting in leakage above disk).

EPR! test results revealed thet it 15 generally not possible to determine
tccurataly the point of fow fsclation prior to disk wedging based on the
thrust diagnostic trace alone.

EPRI stated that t had not cbserved differencas in thrust requirssents for
va've operation between valves installed in horizonts) pipas with the stes
either vertical or horizontal., This finding differs from soms operating
experiences in nyclear power plants.

2. flabe Yalves

EPR] stated that, for 1ncn|qr1|nib1c fMlow conditions, globe valve thrusts are
consistent with industry ca'cslationa’-method predictions enly 1f the
appropriste area 5 chosen for differential pressure application. The
appropriste arsa (disk megn seat aved versus disk guide area) Gppeirs to be
unigue to valve design. It was determingd that use of disk mean seat ares
rather than disk guide area can result 10 significant underestisation of
required thrust for some glode valve designi. Specifically, ona glebe valve
tested unZer cold water pumped-Tlow conditions required epproximately twice &s
much thrust to close using disk mean seat arsa and & valve facter of 1.0,

A twoeinch Rockwel)/Edward globe valve, tested under hot water Biowdown
conditions, exhidited thryet requiresents excoeding predictions Dased on disk
guide area by approximately 38 percent. This valve sustained damage o the
portion of the body bore that guides the disk.
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Current industry prectice for determining the required thryst for globe valves
viries by manufectyurer. Many manufacturers dssume cdisk mean seat aresd
auitiplied by & valve factor in the 1.0 to 1.1 range. Others use disk guide
ares in making thryst predictions. Therefore, the EPRI results indicate that
gctual thrust recuirements may excesd those predicted using current industry
praciice for some globe valve desigrs.

3. AT 1a

EPE! stated that the ¥Wyle flow Toop testing revealed torque requirements to
optrate Pratt butterfly vilves which ware bounded by the meost cyrrent teorque
predictions of the manyfacturer. However, buttorf1{ vilves at some nuclesr
power plant: for example, Catawbd and Palo Yerde) have demonstrited torgque
recuirements that exceed vendor predictiens. EPRI 15 currently evaluating
data from testing conducted at Kalst Enq1ncor1n? to assess butterfly valve
toreve requirements for a wide range of butterfly valve designs.

. ‘e ne

In July 1993, EPRI sent a Quarterly Status Report to all wutilities
participating 1n the EPR] MOV Performance Prediction Program. This r!scrt
summarized preliminary flow Toop test resuits. After the completion ¢
Wyle/Sfemens quality assurance chacks, EPR] plans to update this information
1n 1ts next Quarterly Status repert scheduled for Tate 1963. Detailed test
reports documenting these results are scheculed for delivery to ‘aerciaating
Jtilities between Octobar and Decemdar 1583, EPRI statel that, in
interpreting the EPRI flow Teop tett mesyults, utilitins need to understanc the
sssumptions and eguations that were Used by {rax in presenting the data. For
example, the IPR] calculated ‘apparent friction coefficient® for gate valves
{s based on the squation provided in EPRI Report WP-G860-0, "Application Guide
for Motor-Operated valves 1n Nuclear Power Plants.® This equation 15 solved
for "apparent friction coeffictent’ using (1) the saximum setsured stem thrust
wnich occurs prior to the initiatien of wedging (for valve closing) or the
naximum thrust which occurs after cracking (for valve opening): (2} full
(valve c1osnd‘ tested giffarentiel pressure; (3) mean seat ared; (4) valve
disk angle; (§) full (valve clesed) ugstrca- tested pressure for stem
rejection thrust; ang (6) seasured values ¢f packing Toud.

EPRT statec that valve design and test conditions, maintenance history, and
operating €xparience may be fmpertant 1n assessing the spplicability of EPRI
test results to plant 5.

EPRI uses the grestest thrust requiresent to overcome differential pressure
and flow to determine 1%5 "apparent friction coefficient.® EPRI assumss the
nighest differential pressure observed during the test regardiess of the stem
position whare the greatest ¢ifferentin) pressure/flow required thrust occurs.
This results fn o lower calevlated friction coefficient than would be
determined {f the actual differentin] pressure 4t the point of greatest thrust
wis used in determining the friction coafficient.
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EPRY plans to submit sectioms of a topical report for NRC review a5 they are
completed betwsen November 1993 and April 1984, EPRI intands to submit
supporting reports in advance of the final topical report teo allow the staff
to raise questions with EPR] aarly in the review process.

EPR] stated that 1ts fina) methodology 15 scheduled for delfvery to utilities
in April 1994 as @ too) that say be uted to confire many espects of MOY
caleulations and setup. Further, the EPRI flow Too6p test results previde
Ticensees with information which might e helpful n supplenanting other “best
available” cata in estadlishing MOV switch sattings.

Riscussion

Since EPRI inftiated its MOV Performance Prediction Program, the KRC staff has
conducted public meetings with NUMARC and EPRI to discuss the goals of the
EPRI program, the development of the program activities to accomplish those
geals, the tests conducted (m support of the program and the results of those
tesis, and the completion schecule for the program. The staff has previded
questions and commants to MUMARC and EPRI on the EPR] MOY progrem as & result
of these meetings. For example, 1n 3 pudlic meating on October 6-7, 1993, the
staff emohasized the need for EPRI te ensure that Ticensees elur!{ undarstand
the application of the EPRI test cata and mathodology. Also st this seeting,
contents of this notice were disCusted end the coments from EPRI have been
considered. The staff expressad concern about the valves demaged during the
EPR! tasting and the apparent 1ack of action by some valve sanufacturers in
response to the valve damage. The staff also discussed the need for EPR] to
ensure that adeguits peer review of the EPR] methodology i3 conducted.

Although some 1ssues remain to be resolved, the EPRI testing program should
provide @ significant amount of MOV test data that can assist nuclear power
plant Vicensess in demonstrating the design-basis capability of MOVs that
cannot be tested under dynasie coenditions as installed. The preliminary test
information provided 1n thig netice 15 provided for 1icenses consideration in
ieplementing programs n response to Gl 89-10 . The staff plans to conduct
additiona) public .“""!' with MUMARC and EPRI to discuss the status of the
EFR] WOY program. The staff will consider the need for additional generic
communications to auclear power plant icensess and construction permit
heloers as additional information 15 obtained from the EPRI MOY progras.

Belited Senaric Communicationy

«  NRC Imformation Motice 90-40, *Results of NRC-Sponsored Testing of
Motor-Operated Yalves.*

» ~
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This information notice requires no specific action or written response. If
you have any questions about the Informatior in thig notice, please contact
the person 1isted below or the appropriste Office of Nuclear Reacter

Regulation (NRR) project manager.

Brian K. Grimas, Director
Diviston of Operating Reactor Suppert
Office of Nuciear Reacior Regulatien

Technica) contact: Thomas &. Scarbrough, NRR
(301) 504-2784

Attachment .
L1st of Recently Issued NRC Information Notices

REST AVAILKELE COPY

{fgﬁ 319
E 9774



_ EPRINPD —_— . \\

EPRI MOV Program
Review Meeting

Flow Loop Test Results

Data Tables

DFW Airport Hyatt
December 1-2, 1993

Engineering & Operations /




/'éé?/,ofﬂ

HUN'I'SVILI.E COLY wWATER PUMPED FLOW TEST LOOY

SUMMARY OF GATE VALVE TEST RESULTS

LOW DP PERFORMANCE HIGH DP PERFORMANCE

v TEMP Apparent Disc p o /ggeé'fm Disc |
vaive NoO. MFGISize FUSec F S : isol. ! P se isot. Comments
2 A D6 15 AMB 2 0 —
8 B W6 15 AMB
15 Aloyco/4 15 AMB
18 pacihc/4 15 AMB
: Velav 15 B
23 velanb 30 AMB
e P —
p4) velavé S0 AMB
wal6 15 T AMB__
COMMENTS
Note A ent i no
Note B CamnVuedgmdeswiatzst)pstOMsec

6A 18l IWSKS
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HUNTSVILLE INTERMEDIATE PRESSURE PUMPED FLOW SIMULATION TEST LOOP

SUMMARY OF GATE VALVE TEST RESULTS

LOW DP PERFORMANCE HIGH DP PERFORMANCE
\Y TEMP pP Apparent Disc p DpP Apparent Disc p -

Valve No. MFG/Size Fi'Sec " Psid Open Close Isol. Psid Open  Close isol. Comments
k] A-D10 15 AMH 250 0 451 0 385 0371 630 0 389 0 361
4 A-D/1O 15 AMB 250 0 460 0 401 0397 650 0379 0370 A
4 A-Dr10 15 AMB 250 0 455 0417 0.392 640 0413 0 407 e B
4 A-D/10 15 AMB 250 0 448 0 406 0 384 630 0411 0 403 e C
10 B-Wn2 15 AMB 250 0 685 0 663 0 560 630 0 627 0570 0
17 Pacihc/10 15 AMB 100 0 594 0 546 0 483 270 0513 0 489
25 Velarv10 15 AMB 260 0. 540 0 594 0499 750 0 493 0529 e F
31 Wav12 15 AMB 100 0.752 0 497 0 426 265 0.701 0478 e G
43 Edward/10 15 AMB 650 0 486 0 700 0 584 1800 0 a;8 0 495 te H

. 3 |
Ca—'ﬂ—:v it OIA P -1

COMMENTS

Note A Stem Honzontal

Note 8 £ bow from sxie

Note C Etbow from top

Note D Wear on iltenor surface of one body guwde - no seal damage

Note £ Heawvily scratched at 4 30 and 7 30 positions on disc and seat - leaked 1 mimin

Note F No torque arm

Note G High opeming p's associated with disc/body interlerence on openng

Note H Valve low isolated bul lailed 1o wedge on max dp closure due 10 motor stall

H63TBL/WSK/ip
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NORCO HIGH PRESSURE COLD/HOT WATER TEST LOOP
SUMMARY OF GATE VALVE TEST RESULTS

LOW DP PERFORMANCE HOGH DP PERFORMANCE
v Temp Dp Apparent Disc Apparent Disc
Valve No. MFG/Size Ft/Sec F Psid Open Close Isol. Psod Open  Close isol. Comments
i A-Di3 15 AMB 200 0 464 0 504 0 320 780 0 440 0432 0 361
3 A D6 15 AMB 660 0 526 0615 0 535 0475 0515 0 4€3
3 A D6 15 450 630 0418 0423 0410 0 382 0416 0 399
3 A D/6 50 AMB 660 0 585 0 569 0 489 0 539 0 561 0435
3 A-D/6 B8/D 530° 1210 0 453 0430 te A
3 A-D/6 B/D 530° 0 420 0402 B
7 B w3 15 AMB 630 0 458 0637 0 537 2600 0 521 0 564 0 480
7 B-W/3 50 AMB 670 0514 0715 0514 0513 0 553 0 430
9 IB-Wi6 15 AMB 650 0 665 0710 0480 0610 0642 0423 e C
9 iB-W/6 B/O 530" 1250 0 393 0 366
13 Velary2 5 15 AMB 1300 0 646 0 484 0260 2650 0593 0 460 0 282
13 Velan/2 5 50 AMB 1360 0 635 0 496 0 284 2660 0 580 0 452 0 287
13 Velanv2 5 B/D 530° 2660 0328 0279
COMMENTS
Note A Some body and disc seat damage. tlow himited by loop piping
Note B Some disc seat damage
Note C Wear on downstream side of body gudes

65TBL WSK 1



NORCO HIGH PRESSURE COLD/HOT WATER TEST LOOY
SUMMARY OF GATE VALVE TEST RESULTS

LOW DP PERFORMANCE HIGH DP PERFORMANCE
v Temp opP Apparent Disc p op Apparent Disc u
Valve No. MFG/Size Fi/Sec F  Psd Open Close Isol. Psid Open Close Isol. Comments
14 |Crane6 15 AMB | 650 | 0442 | 0419 | 0295 § 1930 | 0379 | 0415 |
14 Crane/6 50 AMB i 650 0 507 0378 0 337 1900 0 436 0429 N
14 Crane/é B/D i 1280 0 788
16 |ADA 15 500 | 0672 | 0620 | 0526 | 1870 | 0487 | 0451
21 RocWEd/2- 172 15 470 0 320 1 930 0928 1810 0375
Q L M 24 |Velane 15 480 | 0530 | 0567 | 0324 || 1910 | 0531 | 0501
N :1 24 Velarv6 15 460 0 585 0 596 0 451 1930 0 539 0 486
5:\ K 24 Velarvé 15 670 0 527 0343 0300 1180 0487 | 0324
1 24 Velan/6 50 640 0 602 0 567 0 353 1800 0 536 0 498
24 Velarvé 15 940 0 640 0 592 0383 1720 0 621 0 552
24 Velan/é 8/D 1270 0 468
30 Walworthv/é 15 650 0 359 0287 0207 1890 0 422 0399
30 Walworthvé B/D 1320 0 531
34 West/3 15 750 0475 0319 0315 2650 0313
41 A D/6/PD 15 480 0762 0 950 0 469 1900 0 545 0 548
41 A-D/6/PD B/D 1270 0 348
COMMENTS Note F  Torque arm disconnected ¢ Downstream seat Temperature lower
Note D Damage to guide rals Note G Gouging damage to guide rails than 450 (probably 200 300 F range)
Note £ Stem honzontal 65TBL/WSK/p



ri st +T"

SIEMENS/KWU HIGH PRESSURE COLD WATER AND STEAM TEST LOOP

SUMMARY OF GATE VALVE TEST RESULTS

LOW DP PERFORMANCE HIGH DP PERFORMANCE
V DP Apparent Disc DpP Apparent Disc
Valve No.  MFG/Size Ft/Sec Temp Psid Open  Close isol. Psid Open  Close 1sol.  Comments
- A/Di10 15 AMB 460 0576 | 0465 | 0.408 1350 0442 | 0394 | 0376
6 A/D/18 15 AMB 167 0226 | 0327 | 0.194 333 0.295 018 Note A
24 Velan/é 200 Sat. Steamfi ——— ——- e | e § 1200
24 Velan/é B8/D Sat. Steamjl 600 1200 - °
26 Velan/10 B/D Sat. Steamj ——— | ——— — —— 1200 — 0718 0.56 Note B
41 A/D/I6/PD B/D Sat. Steamjf —— | ——— | —— — f 1200 | 0.333 | 0.591 | 0. 347
43 Edwards/10 B/D Sat. Steamf —— — S —_— 1200 0 344 041 0.33 Note C
COMMENTS
Note A Disc driven below normal wedge location, flow leakage above disc, disc permanently “pinched”
Note B No damage to disc and seat, severe damage to body guide rails
Note C Some stellite edge damage to disc and seat

* Sull under evaluation
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SUMMARY OF GLOBE VALVE FLOW LOOP TEST RESULTS

Valve Valve
Max \P v Factor Factor
Vaive No. MFG/Size Psid Ft/'Sec Temp {Seat Based) (Guide Based) Commenls
a4 B W6 18G0 15 AMB 1925 0978
44 B-W6 1800 50 AMB 1 998 0976
48 Edward/2 2500 15 AMB 1 246 0 9065
48 Edward/2 2500 50 AMB 1417 0 922
48 Edward/2 2500 B8/0 530 HW 2 146 1 480 Note A
h\ 49 Velav2 172 2500 15 AMB 1039 0514
_
\
%‘3 ep 50 A D/10 740 15 AMB 1062 0719 Note B
~
~
y S A 50 A-D/10 740 15 AMB 1 065 0738 Note C
XN =
COMMENTS
Note A Valve did not close, valve factor abnormally high
Note B Flow over disc
Note C Flow under disc
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Key In Situ Test Results, Gate Valves

Maximum Apparent
Disk Friction Coet.

Maximum Apparent
Stem Friction Coef.

Stem Thrust at
Torque Swiich Trip

Maximum
Valve Manufacturer, | Differantiai Flow Fluld
Number | Size and Type Presawe Velocity | Temperature Open Close Open Close Static Dynamic
Borg Warmer 17 Wsec 0304
1 4.inch FWG 1620 psid (water) Ambilent 0305 (0.555) 0135 0105 24 605 ibs 20,376 lbs
Borg Wamer 13 Wsec
3 16-inch FWG 300 psid (water) 86 °F 0332 0373 0.161 0113 36,622 lbs 34,114 1bs
Borg Wamer 12 W/sec .
E 16.inch FWG 300 psid (water) 86 °F 037 0.355 0.166 0134 35,039 Ibs 35,281 ibs
-
Anchor/Darling 6.2 fi/sec e
1" 16-inch FWG 340 psid (water) 110 °F 0210 {0.328) 65,827 ibs 52,948 Ibs
Anchor/Darling 6.4 Wsec
12 16 inch FWG 350 psid (water) 105 °F 0.208 0238 39,990 lbs 34,994 Ibs
-
Velan 30 f/sec 0.338
17 4-inch FWG 900 psid (stoam) 535 °F 0.394 (0512) 0.167 0.122 9810 Ibs 10,020 Ibs
Anchor/Darling 60 ft/sec .o Limit
18 4-inch PDG 965 psid (steam) 540 °F 0.196 0.353 13,410 Ibs Seated

*  These valves showed brief thrust increases just before wedging. The fus: value of apparent disk fuction coeticient is just pnor 1o the increase  The

second value in parenthesis is at initial wedging.

Data indicate a possible zero shift during opening stroke wihich would increase apparent disk nction coeticient to about 0 30
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1993 EPRI MOV PPP TAG Members

EPRI MOV PPP TAG Subcommittees

E
| -
NAME COMPARY
* John Allen Tennessees Vsiley Authorily
Derver Atwood Southern Nuclesr
BN Bleck TU Electric
Clive Callsway NUMARC
Brian Curry Phitadelphis Eieciric
Miches! Eldson, Cheirmen Southern Nuclesr
Meal Estep, Vice Chairman Duke Power
Chris Hensen Yankee Alomic
Sam Henry Tennesseoe Valley Authority
Nick Konstentinou Commonwesith Edison
Frod Martsen Mew York Power Authority
Bob McPheerson Southern California Edison
Ron Schermen Cleveiand Electric
* Robert Woehi PGAE \
* Lisson io Operstions & Meintenance Subcommitiee. J &

FLOW LOOP
Leery Doctmen (3]
e Eidean Southe = MNutiew
Mool Entep Chabman Duke Power
BN Hannedy e
MODELING 8 SEPARATE EFFECTS
Burr Befa ™va
Lorrmine Rereshy PPSL
Bik Bmch TU Elwetrie
Brian Curry Phitnde iphie § et
Horm Dingmen Mebrashs Pubic Pows: Dimtrit
Chuck Lymeh Boutherm Compeny Sarvices
Frod Martmen Co Chabmen NYPA
Srave Reed Unlon Electre
Ran Scherman Cs Chalrmen Clavemnd Emctric
Wan Wolle Ere
TOMCAL REPORT
CThvs Colrmoy NUMARC
Chele Menee s, Chalrmen Yonkee Atemic
John Mosier Ere
John Suton Yonkee Atamic
Brien Suliver RNeoston Fdison {"\
Jus Price pal \&
&

Recent TAG Activities 1993

Recent TAG Activities 1993 (Cont'd)

-
|
Jun ¥ NRC memes closes § of 27 conceme snd sads § new coreane
Jon 12 TAG Subcommitias meslings
Jon 13 14 TAG srpressed concems aver g Progrees ren: sction
piune 1o resohve 3 MOV pgheremene
Jan 18 EPFRT AG repon 1o OBM Tech Subcammities

Fob 8 TAG tefter 1o porticiparte raquests MOV in sity oot dets

fob 22 PP MOV PPP update westing whh pragram perticipants.
SO% poputation te be inclused In progrem

LFRE ] TAG formed of new llow 0op Wt sequence deletions and in site
tent date wenes. spproved I sction plune

Apr 72 TAGE PRENUMARC /V aive Misnuisctucs: mesting with MRC
ey 5 ETT mems provides smeesvment of lest date (oemes on
e thedn ke gy vl detine
ey 1920 EPRUTAG repert o 80 Tash Force ard DAC
June 8 TAC tetten i e . e WOV e wity test dein

Juone 13 EPRLTAG sgreement on sdélions flow ieop teeting
bune 18 Tapicel Repert Subcommitine meeting

/
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-

&

June 30 Modeling B Separste Effects Subtemmities masting

Juty 1% £ OR MOV PPP update mesting with progrsm partic ipants

Juty 30 EPTE E80 letter te ity > - continsed
TAG snd Sube ommitios memberahip suppot

Aug ¥ flow Loop Jubcommitims mesting

Sugt s TAG mesting

Aug 1920 TAGEPRNUMARC mesting with NRC st Wyls Labs to review
liow loop resufts end Inapect veiven

Bept ® £PRE isttar 1o NUMARC formaily reaponds to NRC

Sept 27 78 EPPRTAG report 1o OSM Tech Bubcemmittes and £80 Tesh Force
Oct TAGEPRIMUMARG masting with ACRS

Octs 7 TAGEPRMUMARC Y atve Marfactrs: meeting whh MRC

Oct 2827 TAG meeting
Moy 18 Modeling erd Seper st EVecin Subcomminies masting
Dec 12 !mmmwmquwpwn&m

o
/ B\

,),.f‘!/

ﬂij'/
M7 2l



December 1993 Positive Noies December 1993 TAG Concerns

™

[

< Preliminary scope applicability of code methods identifled.

> Gate vaive analytical modei deveiopment.

) Giobe & butterfly valve model development/validation.
OScopoupuﬂedbydemmn-codemM‘
3 Butterfly vaive paramelric tesi program.

3 Valve design effect test facility.

<2 Quarterly progress report for program participants.

2 Veive menufacturers support! improving.

< Recent program reports’ quality improving.

O EPRI MOV PPP Project Staff performence.

Flow Loop Subcommittee
C» Additional flow loop testing
O» Plant In situ tesiing
C» Data anslysis
Modeling & Separate Effects Subcommitiee
@ MOV “rete-of-loading”
D Gate valve friction-factor changes with siroke/temperature
< Gate valve designs with T-head perpendicutar to flow
3 Globe valve performance under blowndown conditions
> Gate velve carbon steel guide friction changes with tempereiure

Topicsl Report Subcommiitee
> Project schedule and budge!
O TAG snd Subcommities work losd
> Review/approval of topicsl report by NRC

EPRITAG Agreement For Additional
Flow Loop Testing
(June 15, 1993; Amended September 27, 1993)

Q Priority #1: 2500 pel coid waier and hot water

paramelric snd 2500 psi BO testing
of one or two globe vaives.

Q) Priority m2: wmmunn*mm
nmmmwm
mmdm‘m-uuws
{cold weler test is complete).

€ Priority #3.  Coléd water, 15 FPS, testing (pertial stioke)
of & 18" gate vaive at DPs up fo 500 psid.

Q) Priority #4: Coid water, 15 FPS_ testing (partial stroke)
of & 12" gate vaive st DPs up to 1800 psid

(Q Priority #5°  Cold water, 15 FPS testing of vaive #19

Program Objectives

1"
fosaprd

C

I Develop snd vaidsla » methodology for predicling astety relsied
novnm-uam--mmww-m.
e common gate, globs and butterfly velve designs with Limitorque
metor operators in wide rengs of eystem conditions

Dynamic in sity lesting ls not required

MOV specitic information/dets may be ueed 1o reduce
conserveiism

Gate snd globe velve rete-ol loading stecis are sssessed
_Potentisl lor gats velve Internal damsge la predic led
User endly

Falsblish velve opersior intemasis detabese

Develop MOV genersi information dsisbess

Develop improved velve design specification

Determine scens ltor future resesrch

L




Program Objectives - The Report Card
m_—p—— . o

Papur o 8% g5l FRi §TRALIDN PN WRIR! 00E

Cor mime by MEAC Comimm 'o pemarna™y vhdats

Wigh erpmimene .

~ 15% B5%

Computer

Model / .‘If,i VS Model

- 75% i
Computer %

Model Computer
Model

Distribution Of ~16,000 Safety-Related MOVs

i
|
|
|
|
I
I
|
l
|
{

20% Globe

50% Gate Valves

Valves

20% Butterfly
Valves

- 10‘-’0 Other
Valve Types

PRR—

EPAI MOV Program Results/Impact - Good News &
Bad News

1 Modelers heve devsloped detalied gate valve prediction methadology
Seone may be fimited due 1o Ineufficlent flow loop tee! dete
and certein gate velve design lestures
Classic valve vandor squetions sre not sufficisnt and give
non conservative resulte
Some velve manufscturer designe andior manufacturing
processes result in vaives thet will have non pradicishle
performance
Utiiiees withowt aggressive MOV Programe moy heve many
MOVe with low torque switch settinge or undersired
motor operstors
Sonwe velves may heve to be rewnrked, repieced sndior
have myror operstors reelred
ANl gute valve designe, sires manulscturers and non stelitle
are Nt covered

R —
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EPRI MOV Program Results/impact - Good News &
Bad News (Cont'd)

~—

2 Modelers heve refined giobe vaive pradiciion methadology
- Scope does not Include blowdown
. Velve manutacturers snd uillity snginesre using classic
vendor squations snd valve nominsl dimensions may
underpradic! thrus! requirements
-Mommm-uyuhnmbmum
meotor opersiors mey be undersired

EPRI MOV Program Results/impact - Good News &
Bad News (Cont'd)

T

1 Modsiers have developad detslied butterfly veive prediction
methodology
 vatve menutacturers ueing older genersiion squsfons
and uitiity engineere using classical squations maey
under predic! lorgque
. Some existing awlich settings may be insufficient or
the motor opersiors mey be undersired

- AH globe velve designs. sires, tecturers sre not Al butterfly vaive designe. sires. snd manuiscfuiers
in scope are not in scope
& NAC hae sgreed 1o review EPRI MOV PPP loplcel report
and lasue SER
P ;\. {/‘:‘3
Summary Summary (Cont'd)

74§ 74

[

—

| =

< Must compiele Investigetion/resoiution of key
MOV phenomens

- Rate-of-loading

. Gate vaive T-head infivences

- Steliite behavior in cold water

- Globe vaive blowdown performance

- Carbon stsel behavior in warm waler
<> Munt complete additional testing

- Flow loop
- in slity

@ Continued utilty support for TAG and Subcommitiees
s imperative.

D Must adhere to very light schedule lo ensure
April 1994 completicn.

QD Program lunding is marginei.

(Y Modet validation process and/or NRC review mey
neceasitate additional tealing

3 NRC tentatively sgrees to use generic lunding for
EPH: MOV PPP topicel report review.

Q9 Ommyohmmyroovmnnﬂshmhlmwm

€ Excellent progress with butterfly and globe valve
model deveiopment and validation

2 Good progress with gate valve model davelopment
and validation

<> Scope of applicabliity exceeds objective
3 Plants without sggreasive MOV Programs may be in trouble
9 Long term EPRI MOV PPP support for utilitias Is necessary
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Assessment of Potential Implications
for Installed MOV's

EPRI MOV Program Review Meeting
DFW Airport Hyatt
December 1, 1993

N. Estep

P R . Engineering & Operations —
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~__ EPRI - Dallas Update Meeting

/

Ao,

introduction

» Information Available for Evaluation
— EPR| Weekly Status Reports
— EPRI Special Update Reports
— EPRI industry Meeting Presentations
— NRC Information Notices

e |ssues:

— Gate valve apparent disk-seat friction coefficient and
anomalous behavior

— Globe valve apparent valve factors and anomalous
behavior

— Butterfly valve hydrodynamic torque coefficients

— Stem-stem nut friction coefficient - generic issue and
not considered in this evaluation

— Rate-of-Loading - generic issue and not considered in
this evaluation

Duke Power Company

o

1



EPRI - Dallas Update Meeting \\

Approacili

Step 1:
~ EPRI weekly status reports, special update notices, and

industry presentation results were reviewed to identify
valves with performance that:

a. Would not have been bounded by Duke
thrust/torque predictions, and/or
b. Sustained damage during testing

#bSt M

Duke Power Company —
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EPRI - Dallas Update Meeting

Approach

Considerations for Step 1:

1. In presenting the apparent disk to seat sliding friction
coefficient (1) results for gate valves, EPRI used the
NMAC Guide [1] equations for differential pressure

load, FDP:
» Closing (Equation 5-3a)

i
|

Foe(lbs) = (MW{AP ) A mean_ ses
{cosO —1sinY)

» Opening (Equation 5-3b)

|

For(lbs) = (AP ) Amean_ sea
{cosO+ psint)

= Duke Power Company



//= EPRI - Dallas Update Meeting \\\

Approach

r Duke uses the following equation to predict the open and
close FDP term [2]:

Fortibs) = (VE HAP Y Awecan scat )

j{%\ Therefore, to convert the EPRI apparent seat friction
AN coefficient values to the valve factor (VF) term used in the
™ Duke equations, the following relationships are used:
\\S’ » Closing:
N VF o = —
{(cosO —psin)
» Opening:
VF g = H

B (cosO+ psin®)

Duke Power Company
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EPRI - Dallas Update Meeting \\
Approach

VF and i are identical when the disk half-wedge angle (0) is
0-degrees (for example, Anchor-Darling double disk gate
valves).

For a 5-degree half wedge angle and a i of 0.5:
» VFc = 0.525
» VFo = 0.481

For a 5-degree half wedge angle and a VF of 0.5:

» Close n =0.477
Duke Power Company v/

» Open p = 0.520
5




EPRI - Dallas Update Meeting

Valve Factor vs Friction Coefficient
(for 5-degree half wedge angie)

Y. 1T s “T -
S
1 .JlL SN (ES—— T F - T , % »._#_.L_,i[ k__i
L 0.9 +——F+—+—+ — ISR S N & k]
g 08| ||+ ]
O 0.7 +— — ._..é]ﬂ__._.-L- -
©
| BnEEE e
\A D D e ‘f"'"'—‘“‘—‘_I?- ------ t——+— W VFgec
Ny, g Q.4 ==t —~-—4-—--k 2. eriee
N
X, 0.3 . = O VFo
h- ¥
& 0.2 S
0.1 & F |
g 0 | l—— 4+
O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Friction Coefficient

Duke Power Company
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~—__ EPRI - Dallas Update Meeting

Approach

Consideration 2:

— The EPRI values for seat friction coefficient under cold
water test conditions represent "preconditioned” values.
Therefore, the EPRI friction coefficient resuits may
represent worst case conditions for cold water test
conditions. For elevated temperature water (above 200
degrees F) and steam testing, it was observed that seat

preconditioning had little effect on the apparent seat
friction coefficient resuits.

Consideration 3:

—~ For globe valves, the valve factor (VF) is essentially a
correction term to account for the difference between the
assumed and actual area upon which the DP is acting.
Duke typically uses a VF for globe valves of 1.1.
Therefore, EPRI globe valve test results with a VF greater

than 1.1 were noted. J/
Duke Power Company

\\
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EPRI - Dallas Update Meeting

Table 1 - EPRI Test Valves Exceeding Duke Criteria

EPRI Valve

Mfq

ANSI Class /
Material

Anchor Darling

900 cs

Anchor Darling

300 cs

Borg-W arner

1500 cs

Borg-Warner

150 cs

Borg-Warner

1500 cs

Borg-W arner

300 cs

New Velan

1500 ss

Crane

900 cs

Powell

150 cs

Rockwell

900 cs

Valan

150 cs

Velan

900 cs

Velan

0,300 cs

Velan

0{900 cs

W alworth

6{900 cs

Anchor Darling

900 cs

Edwards

900 cs

Borg Warner

900 cs

Rockwelil / Edwards

1500 ss

Duke Power Company
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Approach

Step 2:

This list was further reviewed to determine if MOVs of similar
design were in service at Oconee, McGuire or Catawba:

a. MOV data bases were searched for a match of
manufacturer and valve type.

b. MOVs with matching manufacturer and type were

further grouped based on size and ANSI pressure class
similarity.

» An EPRI test valve 6-inches in size may include a
review of 4, 6, 8 and 10-inch vaives of similar
pressure class

» Pressure classes of 150/300, and 600/900/1500 were
grouped together

Duke Power Company -==/

\\
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Approach

Step 2, continued:

c. Next, MOV design similarity was determined from a
review of the EPRI and Duke valve outline drawings.

» Disk shape

» Stem-disk connection

» Guide configuration

» Valve disk materials (for some valve designs)

Duke Power Company 10



EPRI - Dallas Update Meeting

Table 2 - EPRI Test Valves Exceeding Duke Criteria and Having
Potential Applicability to MOVs in Duke Plants

EPRI Valve ANSI Class /
No. Type Mfg Size *Naterial

i‘& L 7 FWG [Borg-Warner 3{1500 cs
8 FWG [Borg-Warner 6{150 cs

9 FWG [Borg-Warner 611500 cs
Ly B 10 FWG |[Borg-Warner 121300 cs
\}\ r 14 FWG |[Crane 6{900 cs
\V 21 FWG |Rockwell 2 51900 cs
_‘;\ 26 FWG [|Velan 10900 cs
30 FWG [Walworth 6900 cs
41 PDG |Anchor Darling 61900 cs
43 SWG |Edwards 101900 cs
44 Globe {Borg Warner 6{900 cs

48 Globe |Rockwell / Edwards 211500 ss

Duke Power Company

i1
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Approach

Step 3:

Each valve is individually examined to assess
applicability to the EPRI test results:

a. MOVs that are not safety-related or inciuded in the
Generic Letter 89-10 scope were eliminated from
consideration.

b. MOVs that do not have design-basis requirements
similar to the EFRI test conditions that produced the
unexpected behavior were eliminated from
consideration.

» Pumped vs Blowdown
» Design-basis stroke direction

Duke Power Company —

N

/
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= EPRI - Dallas Update Meeting \\
Approach

Step 3, continued:

c. Next, Duke in-plant DP and flow test resuits for MOVs
similar to EPRI test valves were reviewed to determine
if more favorable results were obtained. For purposes

¥

\6)\ % of this evaluation the Duke in-plant test resuits and not
%Q 3 the EPRI test results are considered to be the "best

W available data" for evaluation purposes.
N
K

d. Finally, if an MOV of concern remains the Duke
Problem Investigation Process (PIP) is entered for
further action.

\\ Duke Power Company ==//

13




//"’: EPRI - Dallas Update Meeting
Final Results

EPRI
Valve
No. Disposition
7 No corrective actions
8 Some corrective actions necessary - PIP generated
9 No corrective actions
10 Some corrective actions necessary - PIP generated
14 No corrective actions
21 No corrective actions per letter from manufacturer
26 No corrective actions
30 No corrective actions
41 No corrective acticns
43 No corrective actions
44 Some corrective actions necessary - PIP generated
48 No corrective actions

Duke Power Company

\

=
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EPRI MOV

Performance Prediction Program

OVERVIEW & STATUS

EPRI MOV PROGRAM REVIEW MEETING
DFW Airport Hyatt
December 1, 1993
JOHN F. HOSLER

/

e Engineering & Operations .
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BACKGROUND

.  NRC Generic Letter 89-10
. In Situ Design Basis Testing of MOV's

v &Z

v ok

Initiation of EPRI MOV Performance Prediction
Programn
_ Formation of Utility Technical Advisory Group
(TAG)
_ Establishment of NUMARC/T AG/NRC interface

2
L]

Vad
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Pl

o

Engineering & Operations
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PROGRAM OBJECTIVES

B

. Provide Uiilities with a validated methodology
to analytically predict MOV performance

QY . Provide a technically defensible alternative to
< 1} In Situ design basis testing
N
y
d
N >
D Engineering & Operations =

185VG/IFH ek 1193 3
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APPROACH

e

e ————— e

. Utilize NMAC MOV Application Guide as starting
point

. Develop improved methodology for MOV
Performance Prediction to include:

— fluid system modeling

— valve computer modeling (gate, globe, and
butterfly)

_ methods to apply flow loop/in situ MOV test
results to plant specific applications (some gate
valve designs)

— motor-operator dynamic response assessment

I
\
N
. &

Pite — — Engineering&Operations =

185VGJIFHcik 11793 4



EPRI/NPD

APPROACH

. Perform separate effects evaluations to address
areas of known uncertainty

— rate of loading
— valve design effects
— friction

— stem lubrication

~ - — Engineering & Operations —

185VG/IFHck 1193 5
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APPROACH

. Develop engineering models and software modules
to predict MOV performance

— DP vs stroke position
— required thrust/torque vs stroke position

_ assessment of potential for gate valve internai
damage

— prediction of motor-operator dynamic response

— Rate-of-loading effects to be addressed by
in situ static test -- validation of test method

in progress

/

Engineering & Operations i

185VGIIFHck 1193 6
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APPROACH

. Refine engineering models based on results of
Separate Effects Testing

. Validate prediciive methodology by comparison to
flow loop and in situ test results

ShP"
4

/;4

bt €l L

Z

/
i

N
\ — Engineering & Operations —
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Summary of All MOV Test Data to be used
for Methodology Valldatlon/Assessment

No. Valves No. Test Seq.

| EPRI Wyle/Siemens Flow Loop Testing 34 62
Duke F/L Testing at Utah State 2 8
' EPRI Kalsi Butterfly Valve F/L Testing 10 37
S ‘{ EPRI In-Situ Testing (Fully Enhanced) 28 -5
N 74 135
N EPRI In-Situ Tests w/o full enhancement 8 8
82 143

INEL/NRC Blowdown Test Program 9 12

e

91 155
/

”’_"\_,_q.____ﬂ_.___-__-” . Engineering & Operations —
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EPRI MOV PERFORMANCE PREDICTION PROGRAM PRODUCTS

Product

Application Guide for MOV's in Nuclear
Powes Plants (NMAC Product)®

Compiete

FINAL

PUBLISH

Complete

Complete

Review ot INEL Gate Valve Test Program

Complete

Complete

Complete

In Site Test Guide*

Complete

Complete

Complete

VMOV Margin improvement Guide®

Complete

Complete

Complete

MOV General Intormation Database”

Complete

Complete

Complete

%L Buttertiv Apphication Guide (NMAC I'roduar” Complete Complete Complete

| Stem Nut Lubricant Test Report Complete Complete Complete

i Methodology Input Specification Draft Complete Complete Complete

l Huntsville Low Pressure Flow Loop Test” Complete Complete Dec. 3, 1993

| Fricunon Test Report Complete Complete Dec. 3, 1993

u mputatonal Flind Dyvnamics Analvsis Report Complete Complete Dec, 15,1943
Globe Valve Model Report” Compiete Dec. 3, 1993 Jan. 31, 1994

L Huntsville Int. Pressure Flow Loop Test” Dec. 3, 1993 Jan. 7, 1994 Feb. 7, 1994

. Norco Flow Loop Test Report® Dec. 13,1993 | Jan. 20, 1994 Feb. 20, 1994

‘ Butterfly Valve Model Report” Dec. 31,1993 | Jan, 31, 1994 m# . 20, 1994
Siemens’ KWU Flow Loop Test Report® Dec. 17,1993 | Jan. 31, 1994 Feb. 28, 1994
Butterfly Valve Subscale Test Report Dec. 3, 1993 Jan. 15, 1994 Mar. 7, 1994

| System Model Report Dec. 31,1993 | Jan. 31, 1994 Mar. 20, 1994 T

' In Situ Test Report (Phase 1)° Dec. 31,1993 | Jan. 31, 1994 Mar. 20, 1994

 Integrated Methodology PC Code® Mar, 20,1994 | Mar. 20, 1994 | Mar. 20, 1994

[ Cate \ alve Design Eftects Report Dec. 10, 19693 JA 415 19044 7, 1whg

|  Operator Test Report Feb. 1. 1994 Mar. 1, 1944 Apr. 23, 1964

| Gate Valve Model Report Feb. 15,1994 | Mar. 15,1994 |Mav7, 1994

| PC Code Users Manual* Feb. 14,1994 | Mar 15,1994 | May7, 1994

Operator Effects Methodology Report”

Feb. 28, 1994

Mar. 31, 1994

May 20, 1994

In Situ Test Report (Phase 2)°

Mar. 15, 1994

Apr. 15, 1999

June 7, 1994

integrated Methodology Assessment Report

Mar. 20, 1994

Apr. 20, 1994

June 10, 1994

Model Implementation Guide®

Mar. 20, 1994

Apr. 20, 1994

June 10, 1994

Empincally Based Methods Reports®

Mar. 31, 1994

Apr. 30, 1994

June 20, 1994

MOV PPP Topical Repornt

{Draft Sections to be 1ssued as completed.)

“ote. Bolded products are developed under 10CFR30 Appen8oitBn®

Oct. 1993 to
Apr. 1994

May 15, 1994

July 7, 1994

* Products which can be directly apphied by Utilities in assessing MOV performance capability

of A g

and are the Dbes' COD

wore externally generated

05 avarlabe.

ansidere ! -1
This Document 15 considered acceplable as

for processing as 3/

performed by __ﬁ_’:/?.l

QA Recoid per revew it
« f ')
(s __aane/24/2f



EPRI/NPD
EPRI MOV Program Product Distribution \\

e e

« Two catagories of products
Non-Q/A
Q/A

- All non-Q/A products will be distributed to MOV Program
technical contacts automatically as published

. All Q/A products must be procured directly from Power
Computing Corporation in Dallas, Texas via a P.0O. which
imposes Appendix B and Part 21 requirements

A single blanket P.O. will be sufficient to procure all
Q/A products

Q/A products will be issued as they are published and
once P.O. has been received

i Gg po

Engineering & Operations -

185VG JFH cik 1193 8
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Power Computing

Batcock & Wihcox 2 McDermon comparty 1930+ Line Drive
Davas Texas TE207
1214) €55 8822

Novemper 2, 1993

TO: EPRI MOV Program Participants - Technical Contacts

FROM: John Hosler, Electrnic Power Research Institute
Sarah Scort, Power Computing Company

The EPRI MOV Performance Prediction Program will produce a computer program ang
a number of reports which have been developed under 10CFRS0 Appengix B. In
addition. some of the work will be reported in non-QA reports. As 3 parucipating
membper of the MOV program, you are entitled to receive all reports and the software.

The non-QA reports will be sent to you automatically as they are published by EPRI.
Additional copies of 2! nan-QA reports can be ordered from EPRI's Report Distribution
Center at (5810) 934427 ..

The QA reports and software will be distributed for EPRI by the Electnic Power
Software Center (EPSC), operated by Power Computing Company (PCC) in Dallas,
Texas. |n order to receive the QA material, each utility should place a purchase orger
with PCC (nominal cost $100). The P.O. should request all MOV QA Program
Products (shown here as At .«chment A) and should specify that the terms of the
agreement be in accordance with the applicable provisions of 10CFR50 Appenaix B
and 10CFR21. In addition. the P.O. should specify the name of the utility contact 1o
~nom the product should be shipped.

It is recommended that a blanket P.0O. be placed with PCC for all products shown in
Attachment A. In that case, PCC wiil distribute the products as soon as they are
available. It is suggested that sufficient copies of each report be ordered to support
Jtility engineering and each nuclear site. Utilities should minimize the number of Flow
Loop Test Reports ordered. since each of these is comprised of approximately 10
volumes with a total of as many as 600 pages per volume.

Purchase Orders should be sent to the attention of Sarah L. Scott at PCC at the
agdress above. If vou have any questions or need further information, please feel free
to contact Ms. Scott at (214) 655-8828.
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Attachment A

EPRI MOV PERFORMANCE PREDICTION PROGRAM
QA PRODUCTS

MOV Performance Prediction Methodology Computer Code and Supporting
Hardcopy Documentation (SW-103242)

The PC-based code will predict the force or torque required to open or close a
valve at each position in i1ts stroke. The computer code shall consist of five
modules.

' The System Module will calculate the differential pressure across the
valves at each stroke position. Input to this module will inclurie pipe
lengths, fluid properties, pump curves, etc.

» Three Valve Modules will be required. The Gate Vaive Module and the
Globe Valve Moguyle shall calculate the required stem thrust at eech
stroke position. The Butterfly Valve Module shall calculate the required
torque. Input to these modules includes a differential pressure calculatea
by the System Module as well as vaive dimensional parameters, material
types, etc. In addition to calculatung thrust, the gate valve module
shall determine if the valve s likely to exhibit anomalous performance
during 1ts stroke.

. These four modules shall be integrated under the User Interface Module
which will handle I/0 routines and manage module execution and file

maintenance fucntons.

" The code will be delivered with a User's Manual(TR-103243) and a
Model Implementation Guide(TR-103244).

Page 1 of 2
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Atiachment A (continued)

EPRI MOV PERFORMANCE PREDICTION PROGRAM

QA PRODUCTS

Additional reports which are being made available as QA controlled documents

include:

TR - 103220
TR - 103224
TR - 103225
TR - 103226
TR - 103227
TR - 103229
TR - 10323
TR - 103237
TR- 103232
TR - 103233
TR - 103234
TR - 103235
TR - 103236
TR - 103190
TR - 103239
TR - 103240
TR - 103241
TR - 103238

In-Situ Test Report (Phase 1)

Butterfly Valve Model Report

System Model Report

Operator Methodology Report

Giobe Valve Model Report

Gate Valve Model Report

Integrated Methodology Assessment Report

EPRI MOV Pertormance Prediction Program Topical Report
Engineering Analysis Report: Anchor/Darling Double Disk Valve
Engineering Analysis Report: Westinghouse Gate Valves
Engineering Analysis Report: Edward Equivedge Valves
Engineering Analysis Report: Aloyco Sphit-Wedge Valves
Engineering Analysis Report: WKM Gate Valves

Cold Water Pumped Flow Loop Test Report

Cold Water Intermediate Pressure Flow Loop Test Report
Norco Flow Loop Test Report

Karistein Flow Loop Test Report

In-Situ Test Report (Phase 2)

Page 2 of 2
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Review of Flow Loop Test
Program Results

EPRI MOV PROGRAM REVIEW MEETING
DFW Airport Hyatt
December 1, 1993
John F. Hosler/W. Kennedy

- Engineering & Operations -
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- Objectives

Scope

Data analysis Techniques

Key results

h KEY RESULTS FROM FLOW LOOP TESTING\\

Gate Valve Preconditioning Approach/Philesophy

Engineering & Operations —
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" OBJECTIVES \\

. Obtain test and inspection data (both valve and
operator) for most populous valve designs over a
range of size, pressure, AP, and flow conditions to:

1. Provide data for validation of the MOV
Performance Prediction Methodology; and

2. Quantify the performance of valves typical of
those installed in nuclear power plants under a
wide range of media, flow, differential pressure
and temperature conditions.
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FLOW LOOP FACILITIES (Wyie & Siemens)

g 1. Low pressure, cold water pumped flow at Wyle Laboratories, Huntsville,
Alabama. 6" valves tested at DPs up to 250 psi.

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

ﬁ 3. High pressure, cold water and hot water pumped flow simulation and
hot water and steam blowdown at Wyle Laboratories, Norco, California.
6" vaives tested up to 1800 psi, 3" valves tested up 10 2500 psi.

4. High pressure, cold water pumped flow simulation and steam
biowdown at Siemens/KWU, Karlstein, Germany. 10" valves tested up
to 1800 psi, 18" valves tested up to 500 psi.
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_ 4 globe valves ranging in size from 2-1/2t0 10

— 2 butterfly valves; 6", 150 Ib. tlass i
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Wyle/Siemens Flow Loop Test Program

. Testing completed on 34 valves (62 test
sequences) at 4 Wyle/Siemens flow loop facilities.

__ 28 flex or solid wedge or parallel disc gate
valves ranging in size from 2-1/2to 18 inch and
150 to 1500 Ib. class

inch and 300 to 1500 lIb class
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TLOW LOOP TEST MATRIN

No | Valve Manufacturer Size ANSH L imitorque Ambient Ambient] 450 F 500 F Sat Sat. Alternate
Type {Inch) Class Actuator Water Water Water Water Steam Steam Conhi-
Material 15 FPS 50 FPS 15 FPS | Blowdown| 200 FPS | Blowdowry guration
SMB- (Note 6) {Mote 5){ (Note 1)} (Note 2} (Note 2) Testing
Type (Note 41 [MAX DP MAX DP  [MAX DP  IMAX DP AX DP AX DP Notes
t_ WG lAnchorDaring 3 300 cs 00 180§, I o — e
> |PwG  [AnchorDamng 16 150 ss  jooo __Jeso ey NI SIS TUEANERN SRS TR e
1 PWG [Anchor Daring 6 900 ¢s {0 1800 (N} (Nj1800  |(N) 1200 |(N) 1200
4 |PWG [AnchorDang  J10  J300ss Jo JTAOHY 1. TN STREEES SR e BEE
5 [FWG jAnchor Darhing 10 900 cs 2 150 1800 (S)
i |PWG  JAnchorDadng |18 [doocs [ JS00 (S) e ] R
X |7 |PwWG _ [Borg Warner 5 Jseoes Joo Jeseoy  fmpoeseof  } %} ———
- B |FWG  |Borg Warner 6 150 ¢s ___ |Rotork 250 (HP)
S [ | [BogWamer J6  J1s00cs [ I (LT N I IS (C7FI TN DN SN —
' 10 [FWG  [Borg Warner 12 300 cs 1-25 500 (HH
5 [0 WG [New velan 2 12 |1500 55000 2500 (N)  Jpesoo | fmp2seo b} 4
NR e fwe [ 6 feooes o |woogmy  fmywsoc | T feyoeeo } b}
N 16 [FWG  [WalworthAloyco 4 150 ss _ |Rotork 250 (HP)
N 16 [FWG |Anchor Darng |3 900 cs__[00__ eoo vy [T T g
17 |FWG Pacihc 10 150 cs 000 250 (HP)
18 {FWG  [Pacitic 4 150 cs  |[Rotork _jeso Py 1 N ke - P
21 |PWG  [Rockwel 2172 |900cs  [0005 IO N R N — | LT ETSA -
23 (PWG [Velan 6 150 cs 000 250 (HP) {HP) 250
24 [FWG  [Velan T foocs fo |weoo (v |(N) 1800 |(N) 1200 fiN) 1200 KS) 120¢ KS) 1200 R
25 PG {velan 10 300 ¢s |0 500 (H1)
26 (FWG  [Velan 10 900 ¢s 2 1800 (HI) | sy eee
29 |FWG  [Walworth i 150 cs Rotark 250 (HP) LR S
30 [FWG  [walworth 6 200 cs |0 1800 (N) (N} 1200
11 {FWG  [Walworth 12 150 cs_ |Rotork | esomny |1 | A T -
34 [FWG  [Westinghouse 3 1500 ss |00 2500/750 (N) G
41 [FOG  |Anchor/Darling 15 900 cs 10 1800 (N) (N) 1200 | |(S) 1206 | e
43 [oWG_ [Eowass  fro  feooes 2 11800 (HY RN . (5) 1200 |
44 |Globe [Borg Wartner 6 900 cs 2 1800 (N) (N) 1800
48 |Globe Rockwell Edwards 2 {1500 ss 00 2500 (N) _jIN) 2500 )} (N) 2500 o L
49 |Globe [Velan 2-1/2 1500 ss 100 2500 (N}
50 |Globe |Anchor Darkng 10 300 cs |2 500 (H1) | PO TR T 1o
54 |BFly {Pran 1400 Sym 6  |150 cs {000 HOBC 150 (WP} 1 I S S SR S—
55 1BFly Pratt 1200 Single Q'S |6 150 cs 000 HOBC 150 (HP) D
XX_[PWG  [Powel __qva_ e%0es | 500 (H1) IR AR
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TEST CONFIGURATIONS

Pump flow - simulates opening or closing against the head of an
upstream centrifugal pump with som e specified downstream

resistance

— Accomplished in each facility by holding test valve upstream
pressure nearly constant and providing a throttle in series 10

limit flow
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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
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Stem thrust

Stem torque

Stem position

Valve upstream pressure
Valve downstream pressure
Valve differential pressure
Valve bonnet pressure
Valve under disc pressure

Valve downstream total
pressure

Flow rate

/ EPRI/NPD
DATA CHANNELS

Spring pack displacement
Spring pack force

Switch timing (5)

Motor speed

Motor voltage (3 phases)
Motor current (3 phases)
Motor power

Motor power factor

Valve temperature

Fluid temperature
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( GATE VALVE \\

‘ PRECONDITIONING APPROACH/PHILOSOPHY
\ B . Preconditioning of Flow Loop Gate Valves

/ —
P

— 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 //
Engineering & Operations -
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DATA ANALYSIS TECHNIQUES

e

. Data sheets are completed on each test stroke to
document the values of key parameters at specific

"events" in the stroke.

\
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EPRI Gate Valve Test Knalys:s Data Sheet
Vaive # ¢ TestDate _/0-2-92 TestTime /2 22 /7
Test§ O/ 1 =008 2731/ Stroke Direction _C =7 <
vaive Mean Seat Diamster 3 25 in.
Data Flile _£72¥% Data Set 7
Motor Current Start Time* 2649 Anatyzed by Kl 77y
Motor Current Stop Time®  L7. %97 Vertfied by: gtz;u, {
Contactor Dropout Time® i SO BYPasS . 1§ o8 we
Packing Load at Running it & . MCL T HSL Mens merve oAy m
Ventur/Supply Temp. R LB AN PGk ve VNN i i
Test Valive Inigt Temp. g3 6 ‘F
| Closed to Open
’r ' Thrust |Torque| SPDISP App | App
| ‘ 1) | (fdb) | (n) Disk | Stem
t l (oee ) o Pv-- PSID W M
| A At cracking’ | | come|oncs|oons
'B. Just ater cracking | ? l
|C Max atter cracking | ? 1 |
|D. Running (No DP) | 1 ‘ come|emn-
'E. Limn SW Trip ‘ |s=oe|eece]enen]| scee |eom" cmme | mm———
F At Flow Inttiation i i | ‘
Open to Closed

| Mean | App | App
Time | Thrust (Torque| SPDISP | Mean

i (snc) | (1) | (M) | () |Upstreesm | DF | Disk | Stam

|A. Running (No DP) ¢.320r9837 |7.¢5 l|locers| 781.5 |0.75 |====|=="~~

'8 Max poor 1o mibal weoging | 14,156 |-3877.4 | 32 92 laeefs 795.9 |772.1|.4%6 |.1280

c Al ntial weaging | (9.2¥3 138ME8 |32 ¢p loeess | 7958 (772 ¢ |.vEZeE| (171

|D. TS Trip* 19978180236 | 6800 01738 | ==== |====|====],130]
E. Max atter wedging |/9.526 |-87Y6.8|70.0y |0.1884 | === |====|====]. 071
F._Finsl 20472 |-873¢3 ce. 20 10185 | <o== |o-==|-==-1. 0064
G. Al flow isolation 7.543 3371312830 |0as1 | 190.0 [Teé.2 ,15€3 |, 1251

M SO60

* Values 1o nesrest 001 second, &l other vaiues 10 nearest .07 second.
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Opening Stroke
T = Stem Thrust. 1b. AP = Different pressure, psi
P = Upstream pressure, psi u = Disk coefficient of fncaon
A, = Stem area. in.? 8 = Half disk angle

A, = Disk mean seat area. in.?

Stem = (24FScos 0 - d cos a tan 2)/(24FS tan a + d)

FS = Torque/thrust. ft a = Half thread angie
d =5wen0D-PR2. a = Thread lead angle
p =Pich.in Stem u = Stem coefficient of fricnon
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Method Used to Determine \\
Point of Flow Isolation
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Determine change in stem position from cracking
peak to flow initiation from hydropump opening
stroke

Determine stem position at initial wedging from a
flow/DP stroke

Subtract change in stem position from (1) above to
determine stem position and time of flow isolation

Engineering & Operations /

185VG JFH jp 10293



EPRI/NPD .

Evaluation of
Globe Valve Apparent Valve Factor

M

[:" {Ihs) = l—:"\' " 4= F'_ } /(A““““ } Al?

F. = Maximum stem thrust measured at anytime during stroke
F,., = Packing friction load (Ibs) - determined from avg of pre/post test
static strokes
[=, — Piston Effect load (lbs) - above disk pressure X A stem (valve closed)
f = Valve factor {dimensionless)
(A....) = Mean seat or guide area (evaluated for both assumptions)

AP = Pressure difference across the valve (psi) (valve closed)

Engineering & Operations
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PRINCIPAL FINDINGS

T

+ Butterfly Valves

‘ \ . Comparison of measured torque to vendor torque
N predictions not generally possible due to

N unavailability of vendor methods

— No conclusion relative to adequacy of current
methods possible at this time

& Engineering & Operations j
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PRINCIPAL FINDINGS

-fr b

3| Globe Valves
¢l « Incompressible flow (non-flashing)
o
O U~ ~-\
N — Use of mean seat area and a value factor of

1.0-1.1 found to match data for some valves but
found to be significantly non-conservative for

others

K\ Engineering & Operations —
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PRINCIPAL FINDINGS

:" PP VT —— S—— ————————r—"
;

;f_ Globe Valves (Con't)

— Accurate prediction of globe valve thrust
requires use of appropriate area for DP
application (disc mean seat or guide area).
Determination of appropriate area for a specific
valve design requires evaluation of valve
physical design characteristics

oy —— Engineering & Operations //
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PRINCIPAL FINDINGS

Globe Valves (con't)

- Flashing or compressible flow

— Data for single valve tested found to exceed
even guide area based predictions

— High thrust requirements attributed to plug
side loading due to circumferential pressure
variations within valve body

K Engineering & Operations — :
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N apparent disc coefficiei .l of friction during cold

Gate Valves

.  Number of strokes to hieve a plateau in

water preconditioning varied from 100 to 900
(Initial 1 values in C.1 - 0.4 range)

. Maximum apparent disc 1's during cold water
pumped flow testing (after preconditioning) were
generally between 0.2 and 0.9, with the exception
of one valve

(Industry practice had been to assume a [i of 0.3)

K Engineering & Operations /
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PRINCIPAL FINDINGS

)

Disc sliding 1 tends to decrease with higher AP
(higher seat bearing stress) -- supports use of linear
extrapolation of reduced DP data -- particularly for
non-blowdown applications

Hot water (450°F, 15 FPS) testing after cold water
preconditioning and testing, decreased apparent
disc u to the range of 0.32 to 0.49

No damage or anomolous performance observed
under 15 fps flow conditions except:

— The disc was pushed through seats allowing
leakage above disc on an 18", 3° angle gate valve

Engineering & Operations //
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PRINCIPAL FINDINGS

. Hot water (530°F) blowdown apparent disc |'s

ranged between 0.30 and 0.79 -- some valves
sustained significant guide and/or seat damage

. Steam blowdown disc ji's ranged between 0.33 to
0.72 -- some valves sustained significant guide

and/or seat damage

. No measurable effect on apparent disc 1 (gate
valves) due to upstream elbow orientation or stem
orientation
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