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FOREWORD

*Ihe infonnation contained in Volume 11 is the actual measuird data from the gate valve test program described in i

!

Volume I. 'Ihey are provided here for those scaders who wish to look tt the data and fomi their own opinion on the ;

performance of the test valves. For those readers wbo wish to do their own analysis,the electronic datais available from

our DOE Of6cc of Technology Transfer. Requests for the data can be rnade by calling (208) $26-8318.
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BWR REACTOR WATER CLEANUP SYSTEM
.

FLEX 1BLE WEDGE GATE ISOLATION VALVE QUALIFICATION AND
HIGH ENERGY FLOW INTERRUPTION TEST

.

'
VOLUME 11

DATA REPORT >

t,

Volume Il presents the measured test data from the gate valve test program descriled in Volume I. Figure I shows the ,

test loop in schematic form and identifies tlx instnanent location and numbers. Figure 2 converts the differentia 1 pressure

measurement to gallons per minute. Table 1 outlines the test sequence performed on eacle valve and correlates the data

as it is presented here. The healer on each plot defines the valve A or B, the test series numtu, and tie test pep number. -

'Ihble 2 lists the test parameters measured during blowdown tests. Thble 3 lists tre test step matrix for quaJ' fication and

blowdown tests, and Tab'e 4 lists the test steps and system pressure and temperature for each of the tests performed.
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L Figure 1. Simplified GI-87 test loop showing configuration lengths, arxl pipe sizes.
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Figure 2. Venturi flow meter calibration ctrve lot converting the AP differential pressure measurement to gallons per ,
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minute.
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Tatde 1. Valw diagnostic equipment used for sitcooled blowdown tests

Valve Test Series Description Diagnostic Equipment *
;

A 1- Qualification test MCSA
,

A 3 Blowdown,1000 psig,480'F MCSA '

A 2 Blowdown,1000psig 530'F None

'A 4 Blowdown,1000 psig,400'F V-MODS [

A 6 Blowdown,1400psig 530*F V-MODS |
A 5 Blowdown,1400 psig.580'F MOVATS

( A 7 Blowdown,1400 psig,450'F MOVATS
'

A 9 Blowdown,600 psig,430'F None

A 8 Blowdown,600 psig,400'F None
- A 10 Blowdown,600 psig,350*F MAC, VOTES

'

A 11 Blowdown,1000 psig,530*F MCSA

B 1 Qualification test MCSA

B 2 Blowdown,1000 psig,530'F MCSA, MOVATS
,

B 3 Blowdown,1400 psig,580'F V-MODS
'

B 4 Blowdown,600 psig,480'F MAC

D 5 Blowdown,1000 psig. 530'F V-MODS

'

a. MAC Limitorque Motor Actuator Characterizer
'

MCSA ORNL Motor Current Signature Analysis -
MOVATS MOVATS,Inc. 0dOV Analysis andlest Symem)
V-MODS WYLE Laboratories yalve Motcr Operator Diagnostic System
VOTES Liberty Technology Yalve Qperator Iest & Evaluation S3sem '

1
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Tetne 2. Test parameters measured during blowdown tests
,

J

Data X-Y
Transducer Measurement FM Tape Oscillograph Logger Plotter

i

Tl System water temperature X

T2 Test valveirdet water temperature X .

T3 Test valve body temperature X

T4 Heating acetion water temperature X

T3 lead cell temperature X

P1 System water pressure X X X X
*

P2 Test valve inlet water pressure X X X

P3 Test valve outlet water pressure X X X

P4 Discharge section water pressure X X X

API Test valve differential pressure X X X

AP2 VenturidifferentirJ pressure X X X

AP3 Pump differential pressure X X

11 Actuator current X X
,

12 Actuator current X

I3 Actuator cunent X

El Actuator voltage X X
,

E2 Actuator voltage X
,

,

f ST Valve stroke-LVDT X X X

! LSI Open timi: switch X X

! LS2 Close limit switcha

| 'IS . Close torque switch X X

l' F Valve stem force X X X

Al Acutator acceleration Y X X ,

A2 Actuator acceleration X X

| A3 Actuator acceleration Z X -

| A4 Valve body acceleration Y X X

!- AS- Valve body acceleration X X
L A6 Valve body acceleration Z X

_

a. Control room light indicator only.

$ |

l

|
l
i

,a - ~ . . . N
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Tetdo 3. Test step matria for qualification and blowdown tests .

'
>

3

Seep Number Valve Cycle Description
,

Qualificanon tests (Test 1, Valves A and B)

1 0 -+ C Close valve at 2220 psig, cold

2 Seatleakage test

3 C -+ pt O AP opening at 1700 psig, cold
.

4 Packingleakage test

5 pt O -+ C -+ 0 Cycle valve at 0 psig, cold
,

6 0 -+ C Cose valve at 2220 psig, cold

7 C -+ O AP opening at 1700 psig, cold

8 0 -+ C -+ 0 Cycle valve at 0 psig, cold i

9 0 -+ C -4 O Cycle valve at 0 psig, cold !
10 0 -4 C -+ 0 Cycle valve at 0 psig, cold

,

11 0 -+ C Close valve at 2220 psig, cold

12 C -+ 0 AP opening at 1700 psig, cold

13 0 -+ C Close valve at 2220 psig, cold

14 C -+ 0 AP opening at 1700 psig, cold

15 0 -4 C Close valve a 2220 psig, cold

16 C -+ 0 AP opening at 1700 psig, cold

'17 O -+ C 4 O Cycle valve at 0 psig, cold

18' O -+ C Close valve at 1650 psig,600*F

19 C -+ 0 AP opening at 1650 psig,600'F

20 0 -+ C Close valve at 1650 psig,600'F_
'

21 C -+ O AP epening at 1650 psig,600*F

22 0 -+ C Close valve at 1650 psig,600*F

23 C -+ 0 AP opening at 1650 psig,600'F

24 O -+ C Close valve at 1650 psig,600'F

25 C -+ 0 AP opening at 1650 psig,600'F
..

26 0 -+ C close valve at 1650 psig,600 F

|

j:

. . .
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Thtdo 3. (coutmued) I

|
Step Number Valve Cycle Description |

Blowdown tests (Valve A, Tests 2-11, and Valve B, Tests 2-!;

** -0 0 -+ C -+ 0 Cycle valve at test pressure and temperature

1 0 -+ C Close valve at test pressure ami temperature !
2 C -+ 0 AP opening at test pnssure and temperature -

i

3 0 -+ C Close valve at 100 gpm, test pressure and ,j
temperatere

!

4 C -+ 0 Open valve at 190 spm, test pressure and I

tsupcrature

5 O -+ C Blowdown at test pressure and temperature

6 C -+ pt O Blowdown at test pressure and temperature

7 pt 0 -+ C Blowdown at test pressure and temperature

8 C -+ 0 Open valve at 0 psig and test temperature

9 O -4 C -+ 0 Cyc'e s alve at 0 psig and test temperature

.

'

Final cold testing (Valve A,'Ibst 11, and V.0 ve S. Test 5)
.

,e

10 C -+ 0 AP opening at 1000 psig, cold

11 O -+ C Close valve at 1000 pig, cold i

12 Seatleakage test

13 _ C -+ pt O AP opening at 1000paig. cold
.

.14 Packingleakage test

15 pt 0 -+ 0 Open valve at 1000 psig, cold '

16 0 4C Close valve a41000 psig, cold

17 C -+ 0 AP opening et 1000 psig, cold

18 O -+ C Close valve at 0 psig, cold '

19 C -+ 0 Open valve at 0 psis, cold

20 0 -+ C Close valye at 0 psig, cold
,

21 C -+ 0 Open valve at 0 psig, cold

22 O -4 C Close valve at 0 psig, cold

' 23 C -+ 0 Open valve at 0 psig, cold
,

O open
C close
pt partialvalve stroke

7
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Thtdo 4. Test steps and system pressure and ternperature for each test performed

Tbst Test
Step Valve Pressure Temperature

' Number Cycle (paig) (*F)- Remarks

Valve A, Test 1, Qualifeation test,4/20 & 25/88

1 0 -+ C 2246 58

2 2246 58 Seatleakage test,

3 C a pt O 1706 59 ~ APopening

4 1706 59 Packingleakage test

5 pt O -+ C -+ 0 20 59

6 O -+ C 2248 60

| 7 - C -+ O 1699 60 AP open' ngu

8 O -+ C -+ 0 25 60

!~ 9 0 -+ C -+ 0 25 60

| 10 0 -4 C -+ 0 24 61

11 04C 2258 61 ,

l 12 C -+ 0 1726 61 AP opemngj

L 13 On C 2258 61

14 Ce 0 - 1701 61 APopemng

15 O -+ C 2254 61 i

16 C-+O- 1723 61 AP opening

17 0-+C-+0 17 62

18 O-4C 1655 590

19 C -+ 0 1615 574 AP opening

20 0 -+ C 1664 591

21 C -+ 0 1558 569 AP opening

22- O -+ C 1679_ 586
'

23 C -+ 0 1573 560 AP opening

24 O-+ C 1653 583

25 C -+ 0 1510 563 AP opening

26 & 27 O -4 C -+ O 1623 583

O open
C- close
pt partialvalve stroke

8
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? Thtdo 4. (enneW)

'

Test Test
Step Valve Pressure Temperature |

Number Cycle _ psig) (T) RemaAs(

Valve A, Tbst 3. Blowdown test,4/25/88 '

1 OeC 1121 476

2 C -+ 0 1112 469 AP openmg

3&4 0 -+ C -+ O 1110 483 Normal flow,100 gpm
'

5 0 -+ C 1000 480 Blowdown, end with N2 flow

8&9 C -+ 0 -+ C -+ 0 0 480 t

Valve A,%st 2 Blowdown test,4/30/88

1 O -+ C 1170 540

2 C -+ 0 1121 514 AP opening
'

'3&4 0 * C -+ 0 1095 510 Normal flow,100 gpm

5 O -+ C 1009 524 Blowdown

6&7 C -+ pt 0 -+ C 1041 505 Blowdown 50% open, end with N2 |
8&9 C -+ 0 -+ C -+ 0 15 404 |

,

Valve A, test 4, Blowdown test,5/3/88
,

1 0 -+ C 1029 403 -

'2 C -+ 0 1020 400 AP operdng
,

3&4 O -+ C -+ 0 974 400 Normal flow,100 gpm

5 O4C 1071 418 Blowdown 50% open

7 pt O -+ C 1122 414 Blowdown 75% open

8&9 C 4 0 -+ C -+ 0 23 370

Valve A. Test 6, Blowdown test,5/6/88

1 0%C 1430 515

2 C -+ 0 1402 516 AP opening

3&4 0 -+ C -+ 0 1408 518 Normal flow,100 gpm

5 O -+ C 1408 518 Blowdown, erxi mith N2

8&0 C -+ 0 -+ C -+ O 7 428 I

1

1

|

|
|
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Tatdo 4. (continued)

'

Test Test

Step Valve "ressure Temperature .

Number Cycle (psig) ('F) Remarks

i.' Valve A, Tbst 5, Blowdown test,5/11/88 |

1 0 -+ C 1558 581

2 C -+ 0 1540 580 AP opening
,

3&4 0 -+ C -+ 0 1600 586 Normal flow,100 gpm

5 0 -+ C 1624 -583 Blowdown 83% open

- 6&7 C -+ pt O -+ C 1535 560 Blowdown 50% open

8&9 C -+ 0 -+ C a O 7 450

Valve A,7bst 7 Blowdowntest,5/13/88

1 0 -+ C 1330 4%

2 C -+ 0 1356 493 AP opening

3&4 0 -+ C -+ 0 1331 4% Normal flow,100 gpra

5 0 -> C 1431 509 Blowdown

6&7 C -+ pt O -+ C 1372 494 Blowdown 60% open, end on N2

1 8&9 CeO*CHO 2 40
1

,

Valve A, Tbst 9, Blowdown test,5/17/88

1 0 -+ C 684 443

! 2 C -+ 0 612 438 AP opening

3&4 O --> C -+ 0 618 452 Normal flow,100 gpm

5 0 -+ C 645 451 Blowdown

8&9 C -+ 0 -+ C -+ 0 6 435

|' Valve A,7bst 8, Blowdown test, $/19/88

1 O -+ C 694 486

| 2 C -+ O 674 483 AP opening

I' 3&4 O -+ C -+ 0 655 482 Nonnat flow,100 gpm

5 0 -+ C 590 488 Blowdown 75% open

6&7 C -+ pt O -+ C 655 460 Blowdown 75% open

8&9 CHO4C%O 5 M6

10
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, ' ' , |.T. Ale 4. (continued)
.m .

6 Test Test
Step Valve Pressure Temperature

Number Cycle (psig) (*F) Remarks
t

Valve A, Test 10, Blowdown test,5/24/88 >

1- O -+ C 660 354-,

2 C4O 656 352 AP opening i

3&4 O -+ C -+ O 617 357 Nonnal flow,100 gpm L

5 0 -+ C 641 367- Blowdown 75% open

6&7' C -+ pt 0 4 C 650 355 Blvown 50% open

8&9- C -+ O -+ C -+ O 5- 351

Valve A,7bsts 11 Blowdown test,5/27 & 28/88

1 0 -+ C . 980 507

2 -- C -+ O 975 502 APopdng
3&4 0 -+ C -+ O 1000 524 Normal flow,100 gpm

5 0 -+ C 1080 524 Blowdown

6&7 C -+ pt 0 -+ C 1080 497 Blowdown 36% open

8 C -+ O - 1020 486 AP opening 4
9 O -+ C ' 7 393

FinalCold Testing

10 C -+ 0 1080 79 AP opening

11 0 -+ C 1080 98

12 1080 98 leakage test

,13 C -+ pt O 1091 85 AP op.ning |

|-- 14 pt O -+ C 1081 98

15 C -+ 0 1081 99 AP opening

16 0 -+ C 1078 105

17 C -+ O 1079 99 AP opening -)
i

18 & 19 O -+ C -4 0 22 104 |
|

20 & 21 0 -+ C -+ O 24 104

'22 & 23 O -+ C -+ 0 25 1044-

;

1

+

11
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i Tr% 4. (continued)g
'

Tbst Test
Step - Valve Pussure Temperature

Number Cycle (psig) ('F) ,
Remarks '

Valve B Test 1, Quali6 cation test,6/7,8, & 13/88 -

,

'

1= 0 -> C 2161 77

2' 2161 77 Scatleakage test
j

'3. C-,ptO 1738 77 Al opening

4 1738 77 Packingleakage test +

5 pt O -+ C -+ 0 I 75

6 O -+ C 2233 75

7 C -+ 0 1708 75 AP opening .

8 O -+ C -+ 0 7 '75 |

9 O -+ C -+ O 8 75 j

-10L O -+ C -+ O 8 75
,

11 0 -+ C 2355 75 ,

12 C -+ 0 1685 75 AP opening

13 O -+ C 2210 75

14 C -+ 0 1713 75 AP opening

15 O -+ C 2170 75

'16 C -+ 0 1700 75 AP opemng
'

17 O -> C -> O . 22 75

18 O -+ C 1641 586
i,

19 - C -+ 0 1630 582 AP opening ,

20 0 -4 C 1616 579

21 C -+ 0 1513 575 AP opening *

: 22 . O -+ C 1694 570

23 C -+ 0 1593 570 AP opening

24 0 -> C 1659 567

25 C -> O 1657 565 AP opening

'26. O -+ C -+ 0 1739 573
.

I

12
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Tatdo 4. (contmoed).
P

'

7bst Test
Step Valve Pressure Temperature

Number Cycle (psig) ('F) Remarts .

Valve B. Test 2, Blowdown test,6/14/88
t

1. O -+ C 1109 518

2 C -+ O 1084.. 516 AP opening

3&4 0 -+ C -+ O 1125 524 Normal flow,100 gpm

5 0 -+ C 987 524 Blowdown

6&7 C a pt 0 -+ C - 1006 503 Blowdown 50% open, end with N2 *

8&9 C -+ 0 -+ C -+ O 22 428

Valve B Test 3, Blowdown test,6/17/88

1 O -+ C 16703 583

2 C -+ O 1544 579 AP opening

3&4 0 -+ C -+ 0 1529 575 Normal flow,100 gpm

5 0 -+ C 1406 563 Blowdown

6&7 C a pt 0 -+ C 1497 557 Blowdown 40% open, end with N2

8&9 C -+ 0 -+ C -+ O 23 495

Valve B, Test 4, Blowdown test,6/21/88

1 O ~+ C 734 497

2 C -+ O 749 493 AP opening

3&4 0 -+ C -+ 0 733 491 Normal flow,100 gpm

5 O -+ C 631 493 Blowdown

6&7 C -+ pt 0 -4 C 634 488 Blowdown 50% open ;

8&9 C -+ O -+ C * O 30 276

>

13 |
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Tatne 4. (continted)'
---,

L

_ ,
lbst lbst ,

,

'

' Step Valve Pressme 7bmperature
;.. _.

Number - Cycle - (psig) ('F) Remarks
- .

Valve B, Test 5, Blowdown test,6/24 & 27/88
,

-1| 956 524-

2 944 521 AP opening
'

3&4- 933 -520 Normal flow,100 gpm

5 970 517 -Blowdown, end on N2

8 52 433
'

9 2 431

Pinal Cold Testing
,

10 1033 81 AP openmg

11 1030 86

12 1030 86 12akage test

13 '982 83 AP opmmg

14 984 87

15 997' 85 AP opemng

16. 1016 88

17 1036 85 AP openmg +

18 & 19' 17 84

20 & 21 18 86 ,

22 & 23 18 86

y '

,

'

e..
|-1 i

.

!
l
.
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$
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- USNRC' and condacted by resea:diers from the Idaho National Engineering Laboratory. We tested two 6 in. 900-fo
- class valve assemblies, which represeni a significant percentage of the reactor watercleenup isoladon valves installed in

plant applications. These valves were modified before testing by adding a high temperature load cell in the valve stems,
which allowed the direct measu. ine::t of valve stem thrust during both opening and closing valve cycles. '

Instrumentation installed in the flow loop and on the vrJve assemblies measured the important valve and system test
responses. Additionally,cluringthetestprogram alloftfacurrentlypopularmotoroperatedvalvediagnostietestsystems
suonitorc<l tne performance of the valves. Initially tie vsives were subjected ts tie hydraulic and leak age qualification
tests defined in ANSI B16A1 and then to flow interruption and reopening valve tests at boiling water rertor piimary
system water temperat ne and pressure conditions with dow stream line break flows. For the two valves tested, results
show that (a) the disc factor used in current industry mwor operator sizing equations underpredicts actual valve thrust

- requisements rt all high temperature loadings, arxl for ore valve design the equations rnay require an additional term to

account for nonlinear perionnance,(b) the thrusts required Io clase the yalves were sensitive to the fluid temper ature, and
(c) the results of testing at lower pressures, temperatures, and itors cannot te extrapolated to design basis pressures,
temperatures, and tiows for valve designs that have not exiQited linear perfonnance behavior during design basis

Ti" UMNnh. Ens to.. , .,,a a -m-e---o-i =.a-e ~ > "^"''''''""E"""'

valve testing Unlimited
' Ta'R reactor water clea'nup " ' " " ' " " ^ " ' " ' ' " ' ^

Generic issue 87 (01-87) " ~ ' * '
Unelassified !

--
n , an.,

Unclassified
tb NUMBt R of FAGis

16. PH itr

testC f Onu 33s cegt

_



pg , 7- _ 7.yy7 gg ~g ..
#,

.

.
m, s n x. . . . ,m -,

#.. '. t . t
I o;

,--g-
. u. q,R'k.4;

. , fob, -

.- - .- -j h,Y'k'?:.'7r
w' i'3[1 '',;gR w(h.7 7,.[]-).tMateo s'TATES A -

'"IN!/MOETOLS'"@Ny (muctaAm naeus.Arony couwssioN :' .

nfe .m ; WASHINGTON; D.C. 20liG6 , "'
. n.

, m.,e. s... :
.

, __ .nm e w
, ~ =

.
-

.,
- er y

v 1op, , : orrectAL auslNESS ~

&,yuntpp PtNALTY FOM PMfVATE USE. $300
,s

Ka.. ;W
6 , 4 '[Eg -v- <n
1 1 .- + , , .;', y 1-

'

-d I > y+. 'n . ,_,,''r , ' . c-:' >?.s._s3 t > ,
+ 1

s t
-

4
.r4 g

,',_-3..'.-. f6Y .&i_
' l,*.

,., m* +;- , .. >

k
-g .

, - > , ~ w .o r

W T =W 4 ,' ) y ;

> .,. . ., .

- ,.

n - i , b

I- + , 4
,. u

(O rq
4

's,e. ..
h

.|' f "f;.h ~ ''
''f

t .sw.u c z ..

;;-

m
- g|I.k

-

k,-ts 4 ''4
t

%' r

T;aX..s., , .-

f, i 'p?$b'T ~

r
a.. . . . ,

i3 - < <s
e

hg f , ' , V\

d4j d ge-v
3

_
||' ' 'u, _ s

'| Q-, f x.;- _d,

,
' . [

#

,.. ; - .,

.f,-

& <p ir 3
e

k *

n'n - y
en + - :

r
*

t4
--_

.,'.;
+;

,

,-.t
,_

\
,

%' " e'.. ' j.

< _ f: hf
v+

.

.

,.'+)'g
,,Y- ,

? ; _r

n' *"(; p

% '

-> c' \' { \'|:|f;
.,

? 'N f )fr,

.r ; {*
- 4 ,s'y|f * .,e.v--

i 4 -
_.

;1

.
- , ~ - .?4..

s
f,
e

+ i

,'p ~ n. . -

'

3 _ # A

e ,

-.;| ) .:
m-

..;y . m * 'W
.

'.,_

j

. 'Q :.:
.;' i ry

[ .. sA[
.:1

r >
,

,e

5*
yqfy, ,*

1 s , tsr

h- ; ,::

.i fn_,

b 'a i * A
i .

*

5g..-- 1

!g ,'

p(
I.

*
+k..
| .S

,

.h. ., I'
1

s , ,
-~P

v>- 6

5-6

' WjG
*

, ,
a

P
r

m.
u.b

. $3'fv*W $.- > CE

' }(Q1
L

- . :. $:w, '

'.r
''.4 ?.. m_-a.3. 6
ra ;#.g ,g <c.; y 7 c

' . -r
+

# e
1 .-'p

' * ' ;; j g I'd '. 's+ -_,

'

v..~ ,

"h Q ' I . fF

,is " '

o' f., .-) -

s, 3
- + s

.; .

, ; 1 e

|4 s I;
1 5t\.

s
,

>a

i;4, nr .\

\

. ' , p
' ' '..j' :.

,i. ~p
''

x '- ' A

;; 3 . .

fM
v #. a ,. :.

8
i

7 v4 %,[ .I 5 .4 ' . , ' .
E

3 ,

1

k'.-'m",'. ',a-''.(,d
%,

<-

, ''

'V%ae . s: ~ s & .g

--

f;. '
_

.,;# ._f c
- E

i. 4 5 - . .. .- l,~._ . .m .-
_A.. -


