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Availabiltty of Reference Materials Cated in NRC Pubhcations

- Most documents cited in NRC pub!! cations will be available from one of the following sources:
|

1 The NRr; Public Document Room 2120 L Street, NW, Lower Level, Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, P.O. Box 37082, Washington,
DC 20013 7082 ;

3. The Natior,al Technical information Service, Springfield, VA 22161 |

Although the listing that follows represents the majority of documents cited in NRC publications, it is not 'h
intended to be exhaustive.

Referenced documents evallable for inspection and copying for a fee from the NRC Public Document Room
include NRC correspondence and internal NRC memoranda; llRC Office of Inspection and Enforcement

'

bulletins, cliculars, infwmation notices, inspection and investigation notices; Licensee Event Reports; ven-
dor reports and correspondence; Commission papers; and app!! cant and licensee documents and corre.
spondence.

The following documents in the NUREG series are available for purchase from the GPO Sales Program,
formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and NRC booklets and i
brochures. Also available arn Regulatory Guides, NRC regulations in the Code of Tsderal Regulations, and
Nucicar Regulatory Commission Issuances.

I

Documents available from the National Technical information Service include NUREG series reports and j
technical reports prepared by other federal agencies and reports prepared by the Atomic Energy Cornmie. -

slon, forerunner agency to the Nuclear Regulatory Commission.

Documents available from pubhc and special technical librar;es include all open literature items, such as
books, journal and periodical articles, and transactions, federal Register notices, federal and state legista-
tion, and congressional reports can usually be obtained from these libraries, j

l
Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference pro-
ceedings are availabic for purchase from the organuation sponsoring the publication cited,

l
Single copies of NRC draft reports are available free, to the extent of supply, upon written request to the
Office of Information Resources Management, Distribution Section, U.S. Nuclear Regulatory Commission, ;

Washington, DC 20555. I

Coples of Industry codes and standards esed in a substantive manner the NRC regulatory process are [
maintained at the NRC Library,7920 Norfolk Avenue, Bethest.L Maryland, and are avaltable there for refer- |

ence use by the public. Codes and standards are usually copyrighted and may be purchased from the [
originating organization or, if they are American National Stan<tards, from the American National Standards (
Institute,1430 Broadway, New York, NY 10018.
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This report was prepared as an account of work sponsored by an agency of the United Stass Government.
Neither the United States Government nor any agency thereof, or any of their employees, makes any warranty,
expresed or implied, or assumes any legal liabihty of responsibility for any third party's use, or the resutts of
such use, of any information, apparatus, product or process disclosed in this report, or represents that its use
t>y such third party would not infringe privatoiy owned rights.
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ABSTRACT

This report presents the results of research performed to develop technical insights for the NRC effort regarding
Generic Issue 87," Failure of HPCI Steam Line Without Isolation." Volume 111 of this report contains the data and
findings from the original research performed to assess the qualification of the valves and reported in EGG-SSRE-7387,

j- " Qualification of Valve Assemblies in High Energy BWR Systems Penetrating Containment." We present the original

work here to complete the documentation trail. The recommendations contained in Volune III of this report resulted in
the test program described in Volume l andil. The research began with a survey to characteri-e the population ofnormally

open containment isolation valves in those process lines that connect to the primary system arx! peretrate containment.

| The qualification methodology used by the various manu facturers identified in the survey is reviewed and de 6ciencies in j

L that methodology'are identiSed. Recommendations for expanding the quali6 cation of valve assemblies for high energy . |
pipe break conditions are p esented. !
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A6322-Environmental Qualification of Mechanical and Dynamic Qualification of Mechanical and Electrical
Equipment Program
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EXECUTIVE SUMMARY

Volume III of this report discusses research performed Most of the valve and operator manufacturers use the

to develop technical insights for the NRC e ffort regarding same equation to size operators with minor variations in

Generic Issue 87," Failure of HPCI Steam Line Without coe fficients, in this equation, the required thrust to close

Isolatio i." 'the work was performed under FIN A6322. tie valve is equal to the sum of tie disc drag load due to

'Ihe Office of Nuclear Regulatory Research sponsors the differential pressure, tie stem end pressure load, and the

Mechanical Equipment Qualification Research Program packing drag load. The service conditions used in the
(FIN A6322) and is assisting in tie resolution of this thrust equation are supplied by each individual plant,
issue. Four areas have been identified as having the most

influence on stem tivust requirements. Observations
Four BWR systems, the Emergency Cooling System, conceming these four areas are noted below.

the High Pressure Coolant injection System, the Reactor

Core Isolation Cod.ng System, arxl the Reactor Water 1. Repeated cycling can have a significant
Cleanup System, were included in the valve assembly effect on valve tivust requirements,
characterization. 'Ihe " typical" containment isolation
valve is a 3 to 10 in.,600 to 900 lb, gate valve. Tie most 2.The typicalindustry 0.3 disc friction
common design is a cast steel, flexible wedge, coefficient is not conservative for all cases.

pressure-scal valve with a Limitorque operator (AC
inside anxi DC outside of containment). The 3. Mass flow / momentum influence on valve
Anchor / Darling Valve Company manufactures thrust requiremente may be significant.

approximately 40% of the valves identified.
4. Increased temperature causes a significant

The mitigation of a high energy pipe break is within the increase in valve closure loads
' design basis for the above valve assemblies, with typical

system design conditions of 1250 psi and 575'F. No flow 'Ihe limited number of tests performed to assess gate

testing has been performed under these conditions to valve flow interruption capability with high pressure

verify the presumptions used by manufacturers in the steam have resulted in a relatively frequent inability to

qualification analysis calculations. Operator torque isolate. 'the data now available suggest that itxlustry may

switch settings are determined using calculations be using nonconservative friction factors and possibly

supplied by tie valve vendor, which could lead to under-estimating valve stem thrust requirements,

inadequate torque settings to close the valve if the Additional work is needed to determine whether presect

original calculations are not conservative, qualification practices are adequate,

y
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REVIEW OF ISSUES ASSOCIATED WITH BWR CONTAINMENT
ISOLATION _ VALVE CLOSURE j

1. INTRODUCTION $

De United States Nuclear Regulatory Commission normally open. The RWCU valves must remain open if -

(USNRC) has assigned a "HIGH" priority to Generic the system is to operate.

Issue No. 87, " Failure of HPCI Steam Line Without
Isolation."1 Die issue concerns a postulated break in the 'Ibe gate valve is designed for use in a system where a

High Pressure Coolant injection (HPC) steam supply positive shut-offis required with minimal pressure drop,

line ' in Boiling Water Reactors (BWRs) and the It is ideally suited to those situations where isolation of

uncertainty regarding the capability of the HPCI steam one part of a system from another is required and control <

supply line isolation valves to close under those of the dynamic properties of the fluid (throttling) is

conditions. A similar situation can occur in the Reactor unnecessary, Withthe disc (orgate)inthe raised position,

Core Isolation Cooling (ROC) System and the Reactor the run of the valve is fne of any obstruction with

Water Geanup (RWCU) System, along with other high approximately the same head loss as in tie adjacent ,

energy steam lines coming off of the Main Steam Line piping. When the disc is lowered into the seat, the
(MSL). Without isolation, such breaks have high upstream pressure forces it against the seat creating a seal

potential consequences because other emergency and isolating the downstre.m system from the fluid. The

. equipment located in the vicinity of the break would be thru:t required to close and open the valve is not

exposed to an environment which could result in dependent on flow direction; however, the thrust

common-cause failure. To resolve this issue one must requirement may be affected by the mass flow through

answer two questions: (a) have the subject valves been the valve.

- qualified for the conditions expected to result from a high

erwrgy pipe break and (b) weie the methods used to Failure to close, delwC as the inability of the valve

qualify the valve assemblics adequate to assure operatorto_ move the gate 6m the full open to full closed

operability under pipe break conditions, position in the specified time duration, can result from
many causes.2 Under G1-87 concerns, the two most

'" # ** * ' * 8 **
'Ihe' Office of Nuclear Reactor Regulation (NRR),

Division of Safety Review and Oversight is coordinating
1. Excess stem sealloads

the actions necessary to resolve this licensing issue and

has requested assistance from the Office of Nuclear 2. Large pressure or flow induced forces.
Regulatory Research (RES), within ongoing work on the

Mechanical Equipment Qualification Research Program .Ihe first of these, excess stem seal loads, most often
(FINA6322). The Idaho National Engineering result from pressing the stem packing too tigtaly against
Laboratory (INEL) is the centractor for this program. the stem by overtigigening the packing compression

bolts. This cond' tion may develop during packing

1.1 Background maintenance either inadvertenily or in an attempt to
overcome leaks due to stem scoring. Functional testing

after maintenance is typically performed to guard against

The HPCI steam supply line typically has two over tightening of the packing.
containment isolation valves in series, usually one inside

containment and one on the outside of containment. Large pressure or flowirxtuced forces can occur when a

These valves are normally open in most plants. The HPCI valve must close to shut off flow from a downstream pipe

supply valve, located adjacent to the turbine, and the break, precisely the concem of GI-87. Under these
turbine stop valve are normally closed. The RCIC and conditions, the flow through the valve can reach critical

RWCU cach have two isolation valves which are velocity as the valve closes. The result is large

i
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| differential pressure and inertial /momenturn load on thei : typicallytestedunderoperatingconditions. Aspartoftie
: disc forcing the disc against the seat and increasing utilities' In-Service Testing Program,' the operation of. ,

. friction. ~ he valves is tested periodically but without steam flow.t

,
.

The capabdity of the valves to close when exposed to the *

Due to flow limitations at the valve manufacturers' forces resulting from a break downstream has typically
facilities,only the opening characteristics ofthe valve are not been fully tested.
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2. OBJECTIVES

'Ihe everall purpose of the INEL research is to provide 2. ' Determine the conditions for which those
a technical basis for the resolution of GI-87. The valve assemblics have been qualified and
following research objectives were developed to guide identify valve assemblies that have adequate

the research toward this end. qualification to assure isolation of a high
energy line break. ,

3. Review the qualification meuods used by
1. Identify (by manufacturer and model) the vendors and identify deficiencies in that

specific valve assemblies used in the BWR methodology.
systems which fall under the concems of
GI-87, (Documented in " Summary of Valve 4. Recommend appropriate follow-up efforts
Assemblies in High Energy BWR Systems required to assure adequate qualification of

Outside of Containment-Imetim Report.") questionable valve assemblies.
|

|

|
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3. Gl-87 VALVE ASSEMBLIES

A review of available information sources to identify Preliminary and Final Safety Analysis Reports
the systems applicable to GI-87 was performed and a (PSAR/FSAR) and data from the Institute of Nuclear
determination was made as to the valve and operator Power Operations (INPO) Nuclear Plant Reliability Data
manufacturers, types, and sizes used in those systems. System (NPRDS) were used to determine specific valve
'Ihe following is a summary of the results presented in assembly infonnation. With only a few exceptions, the
Appendix A. The BWR systems containing isolation valves that must be qualified in order to resolve GI-87 are

. valves of concem under GI-87 are the following. pressure-seal. cast steel, flexible wedge gate valves in the |

3 to 10 in. range and 600 and 900 lb. class.
1. Emergency O>oling System (steam leaving

the reactor-BWR-2 only) "Ihe most predominant valve manufacturer is the
Anchor / Darling Valve Co. with 41% of the containment I

2. High Pressure Injection System (HPCI) isolation valves. 'Ihe other manufacturers are
(turbine steam supply-BWR-3 and 4 only) Borg-Wamer (2%), Crane Co. (18%), William Powell

Co. (11%), Velan Inc. (16%), aM Walworth Co. (12%). ,

3. Reactor Core Isolation Cooling (RCIC) Limitorque Corporation manufactures 94% of the valve
(turbine steam supply) operators. 'Ihe remaining 6% are identified as

Philadelphia Gear Corporation operators (predecessor of i
4. Reactor Water Cleanup (RWCU). Limitorque Corporation).

!

i
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4. PRESENT VALVE ASSEMBLY QUALIFICATION

ne fdlowing paragraphs discuss tic results of actuation up to the maximum differential pressures
research performed to detennine the conditions for which expected to be seen across the valve in either the open or

tie valve assemblies identified in the previous section close direction during a design basis accident condition.

have been qualified and to dete rmine the methods used by his envelopes single equipment failure or inadvertent
utilities and vendors to provide this qualification. An equipment operation,

essential part of this discussion will be a review of
operator sizing and torque switch setting practices, since ne utility submittals in response to IE Bulletin 85-03
these iteres directly control valve disc movement. indicated that tie upstream (and thus maximum

differential) pressure ranged imm 1100 to 1375 psig and

4.1 Valve Operating Design tie conesponding temperatures ranged from 540 to

Basis 585'P. The submittals verify the FSAR information
found in the first part of tie GI-87 study and lead to the
conclusion that high energy pipe bicak isolation is within

De second objective listed in Section 2 of this report is de valve's design basis.W -

. to determine the conditions for which the valve
assemblies have been qualified and identify the valve 4.2 Utility Qualification
assemblies that have adequate qualification to assure
isolation of a high energy line break. In orderto complete Programs
this objective, a number of utility submittals in response '

to IE Bulletin 85-03 (Rcference 3) were reviewed to Specific information on the valves identified in the
identify maximum valve design differential pressure and GI-87 valve survey were obtained from a representative

temperature. Although the bulletin addressed valve nuclear power plant. The system design pressures and
torque switch settings exclusively, the valve design temperatures, valve sizes, and valve and operator
infonnation requested covers the containment isolation manufacturers at the plant are typical of the majority of
valves ofinterest to GI -87 in the steam lines for the HPCI operational BWRs.

,

and RCIC systems.
De valves used in the HPCI, RCIC, and RWCU

%e design basis for each valve consists of (a) the systems are manufactured by Anchor / Darling Co. and
maximum differential pressure expected during opening utilize Limitorque operators. They are of the same sizes,
and/or closing of the valve for both normal and abnormal type, and class as those listed in Section 3. These flexible

events, and (b) the temperature corresponding to these wedge gate valves consist essentially of a one piece
cotulitions. At most plants, the maximum expected wedge with the areas behind the seating surfaces
differential pressure is conservatively considered to be hollowed out to allow more flexibility to conform to the
the maximum upstream pressure. No credit is taken for seat alignment. De bodies of these valves have cast-in

tir downstream pressure. Rus, the maximum expected disc guides.

differential pressure will be the most conservative
enveloping differential pressure that cou'd be De purchase specifications and requirements include

experienced by the MOVs during various plant environmental conditions, thermal transients, arul

operatioru: modes. pressure, temperature, flow arxl differential pressure
requirements.

Of the plants responding to IE Bulletin 85-03, most
identified the pipe break condition as a design basis event The program forselecting conect valve switch settings

for the containment isolation valves in the HPCI and consists of the following elements:

RCIC steamlines and the RWCU suction line. At the
Perry Nuclear Power Plant for example, the control 1. Calculation of design differential pressures

switch settings for these valves take into account line during the preparation of equipment
breaks, and are designed to provide positive valve specifications.

7

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



. .

?
e

i

2. Development ofinitial torque switch rettings c. Valve is intemally pressurized to the
by the valve or motor-operated vendors.~ maximum design pressure,

d. The valve assernbly is actuated using the !3. %ndor testing of representative valves at
mirumum actuation supply voltage

"

design flows.and differential pressures to
verify adequate performance at the c. The valve must open and close within the {

conditions specified in (1), and the switch specified time,
,

settings selected in(2).
3. Seatleakage

4. Stroke testing (with no differential pressure n. Leakage shall not exceed two cc/hr perinch
present) of all valves, using the Motor of nominal valve size.
Operated Valve Analysis and %st System
(MOVATS) to verify proper torque and limit b. h duration of the test shall be at least
switch settings. four minutes, j

l

| De torque switch, limit switch, and stem packing The documentation from the representative BWR
lP ant included a copy of a data sheet from a valve closure -- adjustments are specified by the manufacturer in the

Anchor / Darling Instructious for the Installation, test corxiucted by Wyle Laboratories and a cunparison of |
L Operation, and Maintenance Manual. the design versus " realistic" valve movement torque |

'

requirements. The data sheet contained information
88 ned 88 Part of a Flow Intenuption CapabilityTest and . |he following list details the testing that was
s reproduced m this report as Table 1. . The only

'

"
conclusions one can make are the following: (a) the test

began with the system at the design pressure of 1370 psig i1. Hydrostatic'Ibsting -
and a differential pressure across the valve of zero,(b) the ]

Ii valve closed in 2.09 seconds with a final upstream |
a. Tbst is performed in accordance with the pressure of 1205 psig and downstream pressure of

Code. 390 psig, and (c) the largest differential across the valve

b. %e valve must be stroked six times disc during closure was 815 psi. This is much less than

following the hydrostatic test. the full system pressure one would expect given a G1-87
type pipe break immediately dowtutream of the valve.

'
2. FunctionalTesting The information given did not indicate the presence of

high fluid flow during the test. In all, tie test provided

a. Valve is oriented for the most adverse insufficient information to assure valve operabiliy under

conditions. high energy pipe break conditions.

b. The SSE deflection is imposed on tie No tests or analysis under blowdown conditions were

operator, performed for these valves by the valve manufacturer.

i

'

l
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Tatdo 1.' Plow intenuption capability test

Upstream Steam Downstream Steam Test Valve
Valve Closing Time . Pressure Pressure Differential Pressure .

(sec) - (psig) - (psig) (psid)

~0 1370 1370 0g

0.1- 1365- 1365 0

0.2 1345 1345 0

0.3 1325 1325 0

i

0.4 1320 1320 0

0.5 1305 1305 0

0.6 -1280 1280 0

0.7 ' 1270 1270- 0

0.8 1260 1260 0'

0.9-- 1250 1250 0
,

1.0 1240 1240 0

1.1 1225 1225 0 |

|

1.2 1215 1215 0 ,

1.3 ~ 1205 1195 10

1.4 1195 1175 20

1.5 - 1190 1140 50
'

l.6- 1195 1095 100

I' l.7 1200 1025 175
it

1.8 1215 910 305 j

1.9 1230 770 460 l
|

|
|i 2.0* 1220 560 660

J 2.1 1205 390 815 .j
2.2 1220 270 950- |

,

!

a. NOTE: Wlve closed at 2.09 seconds. ;
L

i.

|

9
3
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< . 4.3 Vendor Qualification- , siem end load plus tie packins dras load, as detailed in

Methodology Equation (1).

T = pFe + F, + F (1)p

i' The vendors of the most commonly used components wlere ,

were contacted and the utility submittalsin response to IE

Bulletin 85-03 were reviewed to better understand T = required stem thrust
vendor qualification methodology, and to identify g = Seat coefficient of friction
possible Dow interruption test data sources. The results

E = Disc differential pressure loadof this review are described below. d

F, = Stem pressure end load

F = Packingdragload;A gate valve operator must overcome a force equal to p

tie differential pressure times a coeflicient of friction
(generally 0.3 for a wedge type gate and 0.2 for a parallel The exact equation used by each vendor is proprietary
acat gate). Figure I shows a cutaway of a typical motor as is the seat coe fficient of friction. One vendor, however,
operated gate valve.7s The equation used throughout uses the following equation instead of Equation (1).
most of the valve and operator sizing literature equates
the closing stem thrust to the disc friction load plus the T= [ F , + F,,,, + F,,,,,,l AP + F (2)p

/ V
/ \ _

%.
,

W

-

hQ gJ Limitorqueus
operator

g

4r 'vi w
I .| |
I

| Yoke

[ l i

L dh 1

@i--! !- -:r

4]l'_ 4
ht"" l

t

EI I i,.

l til U I;l |l U lj
| || | 1 * ' il

~
# Seat ring

M/ s _ Wedge.s

N Y /=
"'u / h=i y/ ug

ff
-

|
(Closed pos! tion)

e c34s

Figure 1. 'lypical motor-operated gate valve.
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- where . conditions and valve design over a wide range in contrast !
with a single value used by most other vendors.

_* . Required stem thrustT=
ndMmadng the valve a stated h wm

- p = . Seat coefficient of friction
most often result m an unders.ized a or operatororlow

Fog = Area factor torque switch settings on the motor operator. De

Fndr = Seat factor GeneralElectric Company standard design (for the newer
.

. BWR plants) for the motor-opernied valves used in the J
-F=- Stem factor systems of interest under GI-87 employs the following

,

AP = Differentialpressure control switch scheme. In the opening direction a -

F= Packing drag load . Position limit switch contact is used to control valve
F stroke. The use of only a limit switch contact climinates _y

the possibility of the valve notopening on demand due to 4

ne seat coefficient of friction used for wedge-type an incorrectly set torque bypass switch. In the closing
gate valves in Equation (2) is 0.2. Equation (2) is based direction both torque and limit switches, connected in a

c on seating and unseating loads- parallel arrangement are used to control valve stroke,
nis arrangement allows for positive valve closure by

L Valve vendors place varying emphasis on the using the limit switch to control valve disc movement
importance of other phenomena in their methods of until the point just prior to disc seating. At this point the

: determining valve thrust. He nudority of the vendors do limit switch drops out of the circuit and the torque switch
|' not take into account the effects of valve cycling, mass controls disc seating thereby preventing valve disc
| flow, and temperature. The only testing performed are ' damage due to overtorquing the disc into the valve's seat.
y the standard tests outlined in the ASME B&PV Code For the older BWR plants, the torque switch controls
|- (pressure and shell tests). They believe that mass flow valve movement throughout the entire closure stroke.
| through the valve does not produce a significant disc load

L and consideronly differentialpressure effects on the gate. As part of the valve procurement process, the vendors
! Allof thevalveoperatorsizingequationsareproprietary were required to prove valve operability at maximum

including the disc friction factor. Most believe that valve system pressures. Flow interruption tests of valves in the
opening loads exceed and will therefore bound closing size range of interest to GI-87 are very expensive, time
loads. consumingandrequirealargeflowfacility. Asindicated

above, only one vendor uses equations backed by actual
A minority of the valve vendors take a dHferent stand. flow interruption testing. In this case a 14 inch gate valve

Two vendors have observed instances where the valve was tested with steam flow. All details about the test are
thrust increased with cycling, attributed to temperature considered proprietary by the vendor.
elTects on the valyc and operator, fluid type, valve design,

and packing design. Their equations include additional ne remainder of the vendors use a substitute test to
force terms to account for mass flow through the valve prove valve operability. In this testthe valveis closed and

g. and closing load versus opening load. De only vendor full pressure is applied across the gate. The valve is then

- with high energy flow test experience has observed that, opened, the inference being made that the thrust required"

as the valve closes the mass flow through it adds a to open the valve is greater than that required to close it.

significant force resisting valve closure. For this reason He argument for this is that the pressure drop across the

closing thrust requirements are greater than opening gate while closing off flow to a broken pipe cannot exceed

thrust requirements for the same differential pressure the full pressure and therefore the valve's capability to

across the gate. The gate friction factor used varies with closeis demonstrated.

11
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5. WEAKNESSES IN VENDOR METHODOLOGY

5.1' EPRI Marshall Test Program was then rep aced with an operator of the same size asl
originallysupplied. Afterverificationofcorrectoperatorg
to stem alignment arxl setting of the closing torque switch

settings to approximately maximum, the valve closed
Recent test progratas suggest that the simplified completely under fidl flow test conditions.

approach described in the previous section may not be
justified. h 1980 the Electric Power Research lestitute A second manufacturer's valve (Westinghouse) also
(EPRI), on behalf of the paaticipating PWR owners,

**P'#** m ure ums on two Memnt mWs
conducted full flow steam testing on seven typical PWR tesd Tesu.ng Mated Wat h M 3N88 valw
PORV Block Valves at Duke Power's Marshall Steam

wi w wnd E mc nunen e perator and tonlw jStation. The results of this testing are described in the
switch sening wahncient to mHaMy clow dnalw. .

"EPRI/ Marshall Electnc Motor Operated Valve (Block xma ng e el s ng tonle switch ung aHowed tM |
Valve) Interim Test Data Report.",

valve to completely close reliably witin little or no seat 1

leakage for the full flow steam test conditions. The f'lhe project objectives were to obtain preliminary
m del 3GM99 valve with the recommended operatorand |information on electric motor operated valves by

performing full flow steam testing. All seven PORV torque switch settings would not completely close the !

valve under full flow conditions. Based on valve stemBlock Wives tested were 3 inch 1500 lb class gate valves
strain measurements, a larger operator was installed and

of similar design to those identified for GI-87. 'Ihe
valves were instrumented to measure motor current and

the valve passed the EPRI/ Marshall testing sequence (the j

Model 3N99's ogerator was also rewind to close using
valve stem position. Fluid pressures and temperatures

the close limit switch instead of the close torque switch).
were determined from instruments in the test piping;

Additionaltesting was perfomied with the larger operator
valve inlet temperature and body temperature were not

rewired in its normal mode,i.e., to deenergize the motor
monitored. Valve stem strain gau ges were installed on the

on the close torque switch. Again,the valve did not closeWestinghouse valves at cpecial request from
completely under full flow conditions.

. Westinghouse,

'lhree manufacturers' valves (Velan, Borg-Wamer, Table 2 presents a matrix of the valves tested versus the

and Rockwell International), as supplied, met the desired operators used and indicates whether they completely

acceptance criteria during the test program. The valve opened or closed. Valve functionability was successfully

assemblies fully closed and opened with little seat demonstrated for three of the five valve manufacturers,

leakage for full flow and differential pressure conditions, even though the valves with closure problems used
One manufacturer's valve (Anchor / Darling) failed to equivalent operators. Stem load is then a function of not

close during preevaluation testing with the supplied only the fluid conditions but also the valve design (i.e.,

operator. Excessive seat leakage was also observed. The wedge seat, materials, surface finishes, guilding, etc.). It

valve was retumed to the manufacturer where the seats is evident that , for some valve manufacturers, the actual

were modified to increase the seat ama, the valve stem stem load required to close the valve is quite different

and bonnet replaced, and a modifled operator of the same from the calculated stem load used for sizing the
model was installed. Retesting with the modified valve operators. All failures occurred during the closing cycle,

and operator still indicated closure trouble, so a larger casting serious doubt on the appropriateness of using

operator capable of greater torque was installed. The valve opening tests at full differential pressure to prove
i valve assembly was successfully tested. This operator closing cycle operability in a pipe beak environment.

|
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Table 2. Valve /operatormatrix10 ,

,

Operator

Limitorque . Rotork

SB-00-15 SMB-000-10 14-NA1 16-NA1 16-NAX1 30-NAI -

Valve Open Oose Open Oose Open Oose _ Open Oose Open Gose Open O ose

Velan B10-3054B-13MS ves Yes. - - - -- - - __ _._ .__ _

Westinghouse 3GM88 Yes Yes - - Yes No* - - Yes Nob ._ _

Westinghouse 3GM99 Yes Noc Yes No'8 - - - - - - -- -.

Anchor / Darling Double- - - - - - - Y, Nv - .- 'Yes Yes
Disc 5J-1512

a

Borg Warner 79294 - - - - - _ _ - yes - Yes - .-

RockwellInter.1309460 - - Yes Yes - - - _ - _ _ _

Velan B10-3054B-13MS - - Yes Yes - - - - - - - -

.

a. The valve did not completely close on demand with the ~ otork 14-NAI operator. The Rotork 14-NA1 was substituted for the Limitorque SB-00-15
since the SB-00-15 was not electrically compatible #~.s the Marshall Facility.

b. The Rotork 14-NAl was replaced by a Rot 616-NAXI. ~1he valve completely closed on demand only when the torque switch was b W
_

3

c. "Ihe Limitorque SB-00-15 replaced 6 SMB-000-10. 'Ibe valve completely closed ce demand only when the SB-00-15 was rewined to cloee using the
limit switch instead of the torque swi'.n.

d. The Limitorque SMB-000 -10 did not completely close the valve on demand.

e. The Rotork 16-NM1 even when modified could not completely close the valve on demand.

, __ ._ .. _ , . , . ,~,
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5.2 Westinghouse Test Program 0.6 tange and drops quickly to

g approximately 0.35.

5. Pause time under load (closed position) -

At the completion of the EPRl/ Marshall test program, increases the friction factor, while pause time
Westinghouse conducted additional testing on the under no load (open position) decreases the

Westinghouse electric motor operated valves. The "EPRI friction factor.
Summary Report: Westinghouse Gate Valve Closure
Testing Program," contains the results of this test As a result of the EPRl/ Marshall, Almarez, and

program. II Although Westinghouse valves were not Westinghouse test programs, Westinghouse concluded

identified in the valve survey are are probably not used in that the valve closure problems were the result of
BWR plants, they are similar enough in design to those under-predicting the friction load and therefore
valves utilized in BWR systems to make tie following under-estimating the stem tivust required to close the -

information of generic importance to GI-87. valve against high differential pressures. Although tests
showed friction factors ranging trom 0.1 to - 1.0,

To determine the causes of the higher than expected Westinghouse recommended that a friction factor of 0.55

stem thrust measured during previous tests, the be used in Equation (1).

Westinghouse Electro-Mechanical Division undertook
It should be noted that several of the other valves in thetluce testing programs.

EPRI program closed successfully even though their

1. A series of 50 separate water flow tests were perat rs were most likely sized using the 03 disc
friction factor. Westinghouse explained this as mostconducted against 60 to 600 gpm flow and

1500 to 2600 psi differential pressure, likaly resulting from the difference in operator sizing
philosophy between Westinghouse and most other valve

c mpanies. Most other companies allow Limitorque
2. A mechanical fixture test was -nducted

Corporation to perfonn their operator sizing.
using a hydraulic cylinder to apply simulated

Westinghouse suggests that the standard Limitorque
flow loads to the valve disc.

technique may have sufficient margin built into it at odier

points of the sizing calculation that the final operator size
3. Friction factor tests were performed,

is adequate and most valves would close at the higher
utilizing sm .tli samples cut from the faces of actualloads. These added margins can result in operator
actua discs and seat nngs.

stall output loads that can damage a valve not designed to

accept them. Westinghouse attempted to minimize the
The test results indicate that: potential for damage by reducing operator margins,

making the Westinghouse design less tolerant of
1. The friction factor at room temperature will under-estimation of closing thrusts.

increase from as low as 0.12 until a level of
0.4 to 0.75 is reached at 100 to 200 cycles. 5.3 Ontario Hydro Flow Test

2. The magnitude of the friction factor at 180*F An additional valve flow interruption test program has
is higher than at room temperature with peak been performed. The bulk of the test results are
values of 0.64 to 1.00. proprietary, however, a few general results are available.

3. Dry data indicates little change in friction Ontario Hydro performed a flow interruption test of an
factor occurs with cycling, and that the 8 inch,900 lb, wedge type gate valve with an electrical
friction level is approximately 0.3. motor operator. The test was perfomted for New

Brunswick Power, at the Ontario Hydro Nuclear Process

4. With 550 F steam, at a %0.1-inch stroke Components Testing Facility in Toronto, Ontario,
length, the friction factor starts in the 0.5 to Canada.

15
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' %e valve test 'was a blow-down type test, with only the following "bottons'me" result is public. The' i
'

*

( saturated water at approximately $25'F flashing to steam valve failed to operate with Fae secommended opemtor !

' through the valve. The water source was limited and- torque settings supplied by de valve and operator' ,

could not maintain maximum flow throughout valve manufacturers.

b : closure.- Actual test measurements are proprietary and
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6. CONCLUSIONS

& valves that must te qualified to resolve GI-g7 are 4. The effects of valve cycling on stem loads.
pressure-scal, cast steel, g .te valves in the 3 to 10 inch
range and 600 and 900 lb. class. The most common

Very few tests under actual high energy pipe break
manufactureris Anchor / Darling Valve Compairf. Valve coMitiodave h performd h uWities or vMvc ard
operators in tre on tiese valves are electric motor driven

operator manufactivers. Only ore vendor has blowdown
(AC and DC) operators, manufactured by Limitorque

isolation test experience,thc otters quote past experience
Corporation. 'Iypical system design conditions average in the commercial power industry to justify ticir
1250 nsi and 575'F. methods. Operability of the valve assemblies is

demonstrated using a substitute test wlere the valve is
De mitigation of high energy pipe breaks are within opened against full differential pressure. No data wa-

tte design basis for the above valves. Utilities typically fourd supporting tie presumption that opening load with
purchase motor-operated valves which are ceniGed full differential pressure will bourd tic clo.ing load at
urder tte manufacturer's Quality Assurance program t full system pressure and inass flow,
meet tio design requirements established by the plant
designer. Meir method for establishing the qualification
of the valve assen.blics is to confirm that the cenified The few flow intermption tests that have been

perfonnenm of the motor-operated valve meets the conducted, although not specifically desigred to mcasure

design requiremeots of tte system. ttese phenomena, have identified the following general
trends.

'the ss:nc equation f or sizing operators is used by most

of the value and operator manufacturers. This equation is 1. Repeated cycling t mds to increase the valve
emply the sum of three terms, the disc drag due to thrust required to operate tic valve,
differential pressure load, the stem end pressure load, ard

the packing drag load. Flow through the valve is typically gg g
not factored into these equations.1he equations depem!

c= cient s not conservatn m.r au cases
. .

heavily on the value used for the disc friction factor, andmaparydg6Myimm%nondnal
wnich varies with vendor. Typical valuca are 0.2 and 0.3. ,

. . , . value. Coef!icients have been measured'Ihis is mconsistent with recent test data, where disc
rom 0.1 to 1.0.

friction factors ranged from 0.1 ta 1.0.

The study of vendor methodology has identified 3. Mass flow /raomentum cou'd have a
several important parameters to te considerad in the significant effect on valve stem thrust loads.

'

pradictiore of valve stem tivust loads. The specific
relationship between these parameterr and the stex thrust 4. Increased temperature causes a significant
are not well u derstood. Differences of opinion ex.tst in irereas in tie required valve operating
the following areas: thrust.

1. Tte effects of high mass flow on valve
closure loads. The qualification of the isolation va!Yes in the HPCI

and RCIC steamlines and the RWCU suctionline to close

2. The ability to bound closing loads with under high energy pipe break conditions is questionable.

substitute tests where the valve is opened Evidence exists that, for some manufacturers, the actual

starting at full differentia' pressure. stem load required to close the valve is quite different
imm the calculated stem load. Valves have failed to fully

3. Tie correct disc friction factor for gate valves close in test programs wNre tie valve assemblies were

as a function of the other valve and operator specifically designed for the test conditions using present

parameters. quahScatien methods.

!7
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7. RECOMMENDATIONS

The review of test data and qualification techniques has load is proportional to pressure drop and independent of i

provided information suggesting deficiencies in current flow rate should be confirmed. Test data should be
closure load prediction and qualification practices. obtaired through two methods:
Purther work is recommended as descrited telow.

1. Evaluate existing data from test laboratories,

vendors, and tie openliterature. Test reports
Additionalirulependent test data should te obtained to have been identified that, ahhough

clearly quantify the influence of the various parameters proprietary, are available for review on-site,
on valve closure loads. Based on the testing reviewed in

this report, more information is required to provide 2. Gercrating data from new independent tests.
confidence h our ability to defire a conservative value
for the friction load on the disc. Specifically the effects of 'Ile rew testing would be designed to confinn selected |

cycling, seat and disc material specification, and important results from utility-or vendor-sponsored tests
temperature on the friction load should be evaluated. In and to address anticipated deficiencies (gals) in tie ;

addition, tie previous results indicating that the friction existing erperimental results,
i

,
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APPENDIX A

IDENTIFICATION OF GI-87 VALVE ASSEMBLIES

*lko general tasks were undertaken to assess the Tab!c A-4 lists BWR plants and the plant-specific
'

population of the containment isolation valves used in tle systems covered in this study.

BWR systems ofinterest under GI-87, First was a review
of available information sources to identify the systems Figures A-1 through A-4 are typical sclematic

appt' cable to GI-87 and to determine the valve and drawings of ttese systems showing connections to the

actuator manufacturers, types, and sizes used in those primary system ard valve location and status. Hollow ,

systems. 'Ihe second task was a survey of vendors to valve symbols indicate that tie valve is open during

determine industry methods ofqualification. These tasks nonnal plant operation.

are discussed in the following paragraphs.
A,2 Valve Sizes and Design

A.1 Identification of Systems Conditions
Covered by GI-87

The PSAR/FSAR system data contained limited
information about the containment isolation valves and

Infonnation obtained from Preliminary / Final Safety operators. Restricting the search to tie four systems
Analysis Reports (PSARs/FSARs) permitted the previously identified, 84 process lires were studied.
identification of those systems that penetrate Each line has two containment isolation valves. With the
containment and directly communicate with the teactor exception of two plants where both isolation valves are
vesselorrecirculationlires. Tables A-1, A-2,ard A-3 located outside of contairunent, one valve is inside
list the systems that meet these criteria. Table A-1 shows containment and tie otter is outside containment. All
the systems for the BWR-2s, Table A-2 covers tl* PSARs/FSARs containing operator information
BWR-3s and BWR-4s, and 'Pable A-3 covers BWR-5s identified the inside containment isolation valve as
and BWR-6s. The fillh column in each table lists the having an AC power source, while the outside
operational status of the valves in each of the systems. containment isolation valve had a DC source. Gate
Since GI-87 is concerned with the capability of isolatim valves were ider*ified as tie type of valve used in all but
following a line break, only those systems with valves two plants where globe valves were used. Complete
normally open were chosen for further study. The lines system descriptions were not provided in all FSARs;
with cleck valves to prevent Dow out of the reactor vessel however, the information available was very consistent

|
were not investigated. The Main Steam Lines are also not from plant to plant and variation in those plants without a
included under GI-87. detailed FSAR are expected to be minor. The following'

paragraphs discuss the results of this literature search for

The systems chosen for further study are listed below tie four chosen BWR systems.

with a brief description of the specific lire under
consideratiot The Emergency Cooling system is used only on

,

( BWR-2s. The system consists of twolines penetrating

|. 1. Emergency Cooling System-steam leavin8 containment, each with two isolation valves located

j reactor (BWR-2 only) outside of containn ent. Tre system design pressure and

! temperature are 1250 psi and 575'F respectively. The
2. IIPCI-turbine steam supply (BWR-3&4 ;gg

only)

The HPCI is a 10-inch system with design pressures'

3. RCIC/ Isolation Condenser-turbite steam
and temperatures ranging from i120 to 1250 psi and $58

supply
to 575'F respectively. All valves identined are gate

4. RWCU/ Cleanup-water leaving reactor. valves.

!

|
i
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= Tatdo A-1. Systems for BWW2

__

Number Valves Status
. Line or System ofLines Connection per Line (Normal Position)

Main Stream 2 RPV 2 Open

Main Stream

Warm-up 2 RPV 1 Cosed
Emergency Cooling Vents 2 RPV 2 Open

Feedwater 2 RPV 2 OperVCheck
r

Emergency Cooling

Steam 1. caving Reactor 2 RPV 2 Open

CorxL Rerum to Reactor 2 REORC 2 Cosed/ Check

Reactor Ocanup

Water Leaving Reactor 1 REORC 2 Open
Water Retum to Reactor 1 RECIRC 2 Open/ Check

Shutdown Cooling

Waterleaving Reactor 1 RECIRC 2 Cosed-
Water Retum to Reactor 1 REORC 2 Cosed

ReactorHead Spray 1 RPV 2 Cosed/Cleck

Liquid Poison 1 RPV 2 Check

Control Rod Drive Hyd. I RPV 2 Check

Core Spray 2 RPV 3 2-Operv00 sed

1
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Tatde A-2. Systems for BWRs-3 and-4

Number Valves Status

Line or System of Lines Connection per Lire (Normal Position)

i- Main Steam 4 RPV 2 Open !!

Main Steam Drain 1 RPV 2 Cosed

'

' Feedwater 1- RPV 2 Open/Cleck

Reactor Water Sample i RPV 2 Cosed

Control Rod Drive Retum 4 RPV 2 Q eck
,

RWCU/Ocarnip ;

Water Leaving Reactor i RECIRC 2 Open

Water Retum to Reactor 1 RECIRC 2 Open/Cleck

RHR

Shutdown Cooling

Supply 1 RECIRC 2 Closed

Retum 2 RECIRC 2 Closed

LPCI Retum to Reactor - 2 RECIRC 2 Clowd/Cleck

Reactorlicad Spray 1 RPV 2- Closed /0eck

,

Standby Liquid Control I RECIRC 2 D eck

IC/RCIC :

Steam Supply 1 RVP 2 Open
,

Cord Retum i RECIRC 2 Closed /Open

Core Spray 2 RPV 2 Closed / Check

HPCISteam Supply i RPV 2 Open

.

1
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Table A-3, Systems for BWRs-$ and ~6

Number Valves StatusLine or System ofLines Connection per Lire (Normal Position)

Main Steun 4 RPV 2 Open

Main Steam Drain - 1 RPV 2 Comed

Feedwater 1- RPV 2 OpetCeck

Reactor WaterSample 1 RPV 2 Comed

ControlRod Drive Retrun 4 RPV 2 Deck

RWCU/Ocanup

Waterleaving Reactor i RECfRC 2 Open
Water Retum to Reactor 1 REORC 2 Opes @ck

RHR

Shutdown Cooling

Supply 1 REORC 2 Cosed
Return 2 REORC 2 Cosed/ Check

LPCI Retum to Reactor 2 RPV 2 Cosed/Cleck
HPCS Retum to Reactor 1 RPV 2 Closed / Check

Standby Lk uid Control 1 RECIRC 2 Checkl

ROC Steam Supply 1 RPV 2 Open

ROCRPV Head Spray 1 RPV 2 Check

Core Spray 2 RPV 2 Cosed/ Deck

|

!
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TatWe A-4. BWR plant listing
-

FWG, HPCI, or "a. ,.aj

Plant Name BWR Gass Type Contanment IC or ROC HPCS Cleanup or RWCU Cochng

Oyster Creek 2 MarkI IC FWG Ocamp ECCS

Nine Mile Point 1 2 MarkI IC FWG Gennep ECCS

Dresden 2 and 3 3 MarkI IC HPQ Oeannp -

Millsone 1 3 Mark I IC FWG Geanup ECCS

4
Monticello 3 Mark I ROC HPCI Oeanup -

Quad Oties I and 2 3 MarkI ROC HPCI RWCU -

Pilgrim 3 MarkI ROC HPO RWCU -

Brown's Ferry I,2, and 3 4 Mark I ROC HPCI RWCU -

Vennent Yankee 4 MarkI ROC HPCI RWCU -

>
Duane Amold 4 MarkI ROC HPCI RWCU -

i Peach Bottom 2 and 3 4 Mark I ROC HPCI RWCU -

Cooper 4 MarkI ROC HPG RWCU -

,

'

Hatch I and 2 4 MarkI ROC HPCI RWCU -

Brunswick I and 2 4 MarkI ROC HPCI RWCU -

Fitzpatrick 4 MarkI ROC HPO RWCU -

Enrico Fermi 2 4 MarkI ROC HPCI RWCU -

Hope Creek 4 MarkI ROC HPCI RWCU -

Susquahanna 1 and 2 4 Mark II ROC HPCI RWCU -

-

4
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_

Tatdo A-4. (corummed)

FWG, HPO, or
.

"ApayPlant Name BWR Gass Type Contamment IC or ROC HPCS Cleanup or RWCU Coolmg

Shoreham 4 Madt H ROC HPCI RWCU- -

~

Lamenck I and 2 4 Mask H ROC HPCI- RWCU -

La Salle County 1 and 2 5 Madt H ROC HPCS RWCU -

WNP2 5 Mark H ROC HPCS RWCU -

Nine Mile Point 2 5 M ark H ROC HPCS RWCU -

Grand Gulf I and 2 6 MarkIE ROC HPCS RWCU -

Peny 1 and 2 6 Mark IH ROC HPCS RWCU -

River Bend i 6 Mark IH ROC HPCS RWCU -

> Ointon 1 6 Mark IH ROC HPCS RWCU -

- _ _ _ _ _ _ .__ _-__.-_.-._ _ _- __-_ - . _ . - =. - ._. . . _ _ _ . _ , . - . . .-. __
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Figure A-1. Typical Emergency Cooling System.
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Figure A-3. Typical Reactor Core Isolation Cooling system. *
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I
h RCIC and Isolation Condenner systems range in containmera isolation valves. The other manufacturers

aim frorn three to 14 inches with the majority being three are Borg-Wamer (2%), Crane Co. (18%), William
and four inch lines and gate valves. Valves greater than Powell Co. (11%), Velan Inc. (16%), and Walworth Co.

four indies were identined in only three plants, ore of (12%).
which gave the valve configuration as two 10-inch gate
valves with a 1-inch by-pass globe valve. The isolation Limitorque Corporation manufactured 94% of the
Condenser system identified in the BWR-2s and early valve operators. De remaining 4 valve operators are
BWR-3s contained Ge majority of tie large (g: cater than identified as Philadelphia Gear Corporation operators.

4 indies) valves. System design piessures and ;

temperatuses covered the same noge as those for the Figures A-5 and A-6 show the distribution of HPQ
'

HPCI system. and RCC valve sires among the various manufacturers.

The HPCI systems (Figure A-5), with the exception of
;

The majority of the RWCU systems include six-inch one plant, contain 10-inch gate valves exclusively while
gate valves; three- and four-inch gate valves were the ROCsystems contain 3 ,4 ,8 ,and 10-inch valves.
identified in two plants each. The four oldest plants in the The containment isolation valves in the BWR-3s and
study use the Ocanup System whichincludes four , six- BWR-4s are 3- and 44nch gate valves, with the 3-inch

'and eight-inch valves. The design pressures and valve being slightly mo e predominate. The RCC lines
temperatures range from 1250 to 1450 psi and 564 to were combined with the Residual Heat Removal (RHR) >

575'F respectively. System in the BWR-5s and BWR-6s resulting in an ;

increase in the pipe sin to 8 and 10 inches. One plant has -

Plant-specific system details a re provided, as available S- neh valves while 3 plaras have 10-inch valves.
from the PSARs,in Appendix E.

'

* """" " """ "
The Institute of Nuclear Pow:r Operations (INPO) " I"'# *"" # " *"# "" * I*

Nuclear Plant Reliability Data System (NPRDS) was
# * **"*"*""#" "

used to determine specific valve assembly information. It
''E* ' " '' "

provided the valve manufacturer, model number, type, '*''. " '"*
'

** ' " " " * *
sim, maximum pressure and maximum temperature for
the High Pressure Coolant injection system (HPG) and

Wpe: Gate Valve
the Reactor Core Isolation Cooling system (RCIC). The

*
NPRDS also provided valve operator manufacturer,

Six: 3t 10 inches ,

model number, type, power source, maximum force, and

maximum torque fer these same two systems. The data
Cass:600 and 900lbbase contained HPCI valve and operator data for 22

plants or 81% of the BWRs having that system; it
contained ROC valve and operator data for 24 plants or Body: Cast Steel

67% of the plants having the RCIC system.
Bonnet: Pressure-Seal

h most predominate valve manufacturer for both
systems is the Anchor / Darling Valve Co. with 41 % of the Disc: Flexible Wedge.
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Manufacturer Codes
18 A/D Anchor /Dading Valve Co.;

'

B-W I.org-Warner
16 CC Crane Co.

_ WPC William Powell Co.'

34 VI Velan Inc.
WC Walworth Co.
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Manufacturers by code

Mgure A-6. HPCI isolation valve manufacturers by sim.
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20 CC Crane Co.
- .- . ..j#10"!e WPC Wil'imm Powell Co.

.

VI VelanInc.
*

WC Walworth Co.

15

,

r

10

I i'0'Ilt!
'

t

3" '

R j'76:qj .

5

kilirib:j!f
O

A/D B-W CC WPC VI WC

Manufacturers by code
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APPENDIX B
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PSAR/FSAR DATA
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PSAR/FSAR DATA
-

Design
Inside Outsede

BWR Pipe Valve Valve
Plant Cass Service Siae . Type Status PSIG v ID ID Notes

Nine Mile FP.-l 2 Oeanup Surply - - Open 1300 575 - - --

Oyster Creelt 2 OeanupSupply 6 - - 1250 575 - - -,

Dresden-2 3 Geanup Supply 8 Gate Open 1250 -- 1201-1 1201-1 -

Dresden-3 3 Ocamp Supply 8 Gate Open 1250 - 1201-1 1201-1 -

Mernicello 3 Oeanup Supply 9 - Open - - M O-2397 MO2398 -

Nine Mile Fr.-l 2 ECCS Steam - - Open 1250 575 - - a,b
Supply

'

Dresden-2 3 HPO Steam 10 . Gate Open 1125 558 2201-9' 2301-5 -

Supply

e Dresden-3 3 HPO Steam 10 Gate Open 1125 558 2301-9 2301-5 -

6 Supply

Morwicello 3 HPO Steam 10 - Open 1125 558 M O-15 MO-16 -

Supply
Pilgrim-1 3 HPO Steam - Gate Open - - -- - -

'

Supply

Quad Oties-1 3 HPO Steam - Gate Open - - 2301-4 2301-5 -

Supply

Quad Otses-2 3 HPQ Steam - Gate Open - - 2301-4 2301-5 -

Supply

Browns Ibrry-1 4 HPO Steam 10 - Open 1120 - - - -

Supply

Browns firry-2 4 HPO Steam 10 - Open 1120 - - - -

Supply

a. Two lines penetrate contamment.

b. Both valves located outside contammera.

,

't

, '!

., . . . .
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PSAR/FSAR DATA (Contmoed)

Dange
innde Ontade

BWR Pipe Va8ve Valve
Plant Class Service Size Typ Status PSIG v ID ID Noses

Browin Rrry-3 4 HPCISteam 10 - Open 1120 - - - -

SupP yl

Brunswick-1 4 HPCI Steam - - Open - - - - -

Supply

B.. . . u -2 4 HPO Steam - - Open - -- - - -

; Supply

Co(pr 4 HPO Steam - Gate Open - - - - -

Supp!y

Amoki 4 HPO Steam - - - - - - - -

Supply

Enrico Rrmi-2 4 HPO Seeam 10 Gate Open 1250 575 E# ff902 E41F003 -

Supply

Y Hatcist 4 HPO Steam - Gase Open 1250 575 - - -

Supply

Hatete2 4 HPO Steam - Gaee Open 1250 575 - - -

Supply

Fitzpatrick 4 HPO Steam 10 - Open - - - - -

Supply

Umerick-1 4 HPCI Steam - - Open - - - - -

Supply

Umerick-2 4 HPQ Steam - - Open - - - - -

Supply

Peach Bottom-2 4 HPO Steam 10 Gaee open - - .- - -

IS*PP Y

Pesch Bottom-3 4 HPO Steam 10 Gaee Open - - - - -

Supply

- .. ._ ._. --. . . - _ _ _ _ _ _ _ . _ _ - _ . ._ ..
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PSAfWSAR DATA (Comanned)

Design

Innde OutadeBWR Pipe Valve ValvePlant Cass Serme Sim Type Staus PSIG T ID ID Notes

Vennont Yankee 4 HPCISeeam 10 Open - - - - -
-

Supply

Oyster Creek 2 IC Retum 10 - Open 1250 575 - - -

MiHstone-1 3 ICRerum - - Open 1250 575 - - -

Oyster Creek 2 IC Seemn 10 - Open 1250 575 - - -

SUPP yl
Dresden-2 3 IC Stemn Sup- 14 Gate Open - - 1301-1- 1301-1 -lPy
Dresden-3 3 IC Steam Sup- 14 Gase Open - - 1301-1 1301-2 -

tp Py
u Millstone-I 3 IC Steam Sup- - - Open 1250 575 - - -

ply
Montiallo 3 ROCSteam 3 - Open 1135 582 M O-2075 MO-2075 -

Supply
Pilgrim-1 3 R O C Seemn 3 Gase Open 1340 562 1301-16 1301-17 -

Supply

Quad Cates-1 3 ROCSteam - Gase Open 1135 - 1301-16 1301-17 -

Supply
Qual Cities-2 3 R O C Stee n - Gate Open 1135 - 1301-16 1301-17 -

Supply
Browrn Feny-1 4 ROCSeemn 3 Open 1146 562-

-

Supply
- -

Browrs Ferry-2 4 ROCSeeam 3 Open 1146 562-
-

Sappiy
- -

Browns Rrry-3 4 ROCSeeam 3 Open 1146 562- '
-

Sappiy
- -

. . . . - . _ _ _ _ . - _ - _ - _ _ _ - _ _ = _ = ___ _ - - _ - _ _ _ - _ _ _ . _ _ _ _ .-. - - . . . - .- - .......
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PSAR/FSAR DATA (Continued)

Design
Innde Outade

BWR Pipe Valve Valve -

Plant Cass Semce Size Type Status PSIG 'F ID ID Notes

Brunswick-1 4 ROC Steam 3 - Open 1500 560 P007 R)D6 -

Supply

Brunswick-2 4 ROCSteam 3 - Open 1500 560 R)07 R)D8 -

Supply

Cooper 4 ROC Steam 3 Gate Open - - MO-15 MO-16 -

SUPP YI

Amold 4 ROCSteam 4 - Open - - M O ')' MD-24 -

ISUPP Y

Enrico Fenni-2 4 ROC Steam 4 Gate Open 1250 575 E51FOO7 E51F008 -

Supply

lla.ch-1 4 ROCSteam 3 Gate Open 1250 575 R)o7 R)08 -

Supply

? IIatch-2 4 ROC Steam 3 Gate Open 1250 575 R)07 R)08 -

* Supply

Fitzpatrick 4 ROCSteam 3 - Open 1250 575 MOV-15 MOV-16 -

SUPP Yl

Umerick-1 4 ROC Steam 3 - Open - - MO-15 MO-16 -

SW7
1.imerick-2 4 ROC Steam 3 - Open - - M O-15 M O-16 -

Supply ..,

Peach Bottoo-2 4 ROCSteam 3 Gate Open 1120 MO-15 MO-16 --

Supply

Pe-a Bottom-3 4 ROC Steam 3 Gate Open 1120 - MO-15 MO-16 -

Supply

Vermont Yankee 4 ROCSteam 3 - Open 1250 575 - - a

Supply

a. Inside valve opervoutside valve closei

.., , . , -~ _ - . ._, .. _ . _ . . . = - _ . . ,, _ ,.. ~,.._. ,
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PSARIFSAR DATA (Contmoed)

Design

Innde OomdeBWR Pipe Valve WJvePlant Cass Service - Size Type Status PSIG. 'F ID ID Notes

La Salle Co.-l 5 ROC Steam 10 Gate Open 1250 575 E51IV63 D51F064 aSupply
La Salle Co.-l 5 ROCSteam 1 Globe O ose 1250 575 E5 tI976 b-

Supply
La Salle Co.-2 5 ROC Steam 10 Ga2 Open 1250 575 E5II963 E5IF064 aSupply
I2 Salle Co.-2 5 ROCSteam 1 Globe Cose 1250 575 E51IV76 - bSupply
WNP-2 5 ROCSteam 3 Gase Open - - 1907-1 1908 -

Supply
Ginton-1 6 ROCSteam - - Open 1250 575 1963 1964 -

Supply
L Peny-1 6 ROC Steam - Gate Oose 1250 575 1963 1964 -

Supply
Millstone-I 3 RWCU Suppry - - Open 1135 575 - - -

Pilgrim-1 3 RWCU Supply 6 Gate Open 1340 575 1201-2 1201-5 -

Quad Cities-1 3 RWCU Supply Ga:e Open 1135 - 1201-2 1201-5 -

-

Qual Oties-2 3 RWCU Supply Gate Open i135 - 1201-2 1201-5 -

-

Browns Ferry-1 4 RWCUSupply 6 - Open 1146 575 - - -

Browns Feny-2 4 RWCUSupply 6 - Open 1146 575 - - -

Browns Feny-3 4 RWCU Supply 6 - Open 1146 - - - -

Brunswick-1 4 RWCU Supply 6 Open 1500 564 F001 1904 -
-

Brunswick-2 4 RWCUSupply 6 - Open 1500 564 1901 1908 -

a. Inside valve opervoutsxle valve closed.

b. Bypassline.

._. . _ _ - -_ _-.-. _
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PSAR/FSAR DATA (Continued)

Design
Innde Outade

BWR Pipe Valve Valve

Plant Class Service Size Type Status PSIG 'F ID ID Notes

Cooper 4 RWCU Supply 6 Gate Open - 575 MO-15 MO-16 -

Arnoki 4 RWCU Supply 6 - Open - 564 MO-2700 MD-2701 -

Enrico Fenni-2 4 RWCU Supply 6 Gate Open 1250 575 G33R)01 G33R)04 -

Hatch-1 4 RWCU Supply 6 Gate Open 1250 575 R)01 RCt -

Hatch-2 4 RWCU Supply 6 Gate Open 1250 575 R)01 R)04 -

Fitzpatrick 4 RWCU Supply 6 - Open 1250 575 MOV-15 MOV-18 -

Umerick-1 4 RWCU Supply 3 - Open - 564 M O-15 MO-18 -

Limerick-2 4 RWCUSupply 3 - Open - 564 MO-15 M O-18 -

Peach Bottom-2 4 RWCU Supply 6 Gate Open 1120 575 MO-15 M O-16 -

m PeachBottom-3 4 RWCU Supply 6 Gate Open 1120 575 MO-15 MO-16 -

M Vennont Yaakee 4 RWCU Supply 4 - Open 1250 - - - -

La Salle Co.-l 5 RWCU Supply 6 Gate Open 1250 - G33R)01 G33R)04 - *

La Salle Co.-2 5 RWCU Supply 6 Gate Open 1250 - G33R)ll G33R)04 - ,

W NP-2 5 RWCU Supply 6 Gate Open - - R)01 R)04 -

Clinton-1 6 RWCUSupply - - Open 1250 575 R)01 R)04 -

Peny-1 6 RWCU Supply - Gate - 1250 575 R)01 RW)4 -

.
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This report presents the measured data and the analyses performed to date on the full-scale high-coergy
q alification and flow interruption gate valve testing to develop technical insights for the United States Nuclear
Regulatory Commission (USNRC) effort regarding Generic Issue 87 (GI-87). 'Ihe research was sponsored by the
USNRC' and conducted by researchers from the Idaho National Engmeering laboratory. We tested two 6-in.,900-Ib
class valve assemblies, which represent a significant percentage of the reactor water cleanup isolation valves installed in
plant applications. 'Ibese valves were modified before testing by adding a high temperantre load cellin the valve stems,
which allowed the direct measurement of valve stem thrust during both opening and closing valve cycles.
Instrumentation installed in the flow loop and on tie valve a :semblies measured the innportant valve and system test

_ responses. Additionally,duringthetestprogram,allof thecurrentlypopularmotoroperatedvalvediagnostictestsystems
monitored the performance of the valves. Initially the valves were subjected to the hydraulic and leakage qualification
tests defined in ANSI B16.41 and then to flow interruption and reopening valve tests at boiling water reactor primary
system water temperature and pressure conditions with downstream line break flows. For the two valves tested, results
show that (a) the disc factor used in cunent industry motor operator sizing equations underpredicts actual valve thrust
requirements at all high temperature loadings, and for one valve design the equations may require an additional term to
account fornonlinearperformance (b) the thrusts required to close the valves were sensitive to the fluid temperature, and
(c) the results of testing at lower pressures, temperatures, and flows cannot be extrapolated to design basis pressures,
temperatures, and flows for valve designs that have not exhibited linear performance behavior during design basis
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