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ABSTRACT
.

This report presents the results of the containment purge and vent salve test pro-
gram, conducted under the sponsorship of the United States Nuclear Regulatory
Commission, Office of Nuclear Regulatory Research. The test program imestigated
salve functionality and leak integrity.

Three nuclear designed butterfly valves typical of those used in domestic nuclear
power plant containment purge and sent applications were tested. For a comparison
of response, two valves of the same size with differing internal designs were tested. For
extrapolation insights, a larger sized salve was also tested.

The vahe experiments were performed w ith various piping configurations and vahe
disc orientations to the flow to simulate various installation options in field applica-
tions. As a standard for comparing the effects of the installation options, testing was
also performed in a standard ANSI test section. Dynamic flow tests were performed
oser the range of a design basis accident. Leak integrity testing was also performed
and extended into severe accident conditions.

Analysis of the test results produced a technical basis to assess industry purge and
sent vahe closing torque extrapolation methodology and quantified the influence of
worst case piping geometry on salve torque response. It was also determined that
some valve designs will leak in single isolation w hen exposed to design basis and severe
accident emironments.

.

.

.

FIN No. A6322-Environmental Qualification of Niechanical and Dynamic
(including seismic) Qualification of Niechanical and

Electrical Equipment Program

ii
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EXECUTIVE SUMMARY

This report describes the methods a* d presents summary addresses the two sections of the pro-
the test results, conclusions and recom nendations gram, flow testing and leak testing.
from the containment purge and sent .ahe testing
uhich was conducted for the United ! mes Nuclear
Regulatory Commission, Office of Nuclear Regu- Summary of Results for the
latory Reseaich. This research aethity is one por- Dynamic Flow Tests
tion of the oserall Emironmental Qualification of.

N!echanical and Dynamie (including seismie) Qual-
ification of Niechanical and Electrical Equipment 1. Vahe experiments were performed with
Program (EDQP) FIN No. A6322. The results of sarious pipiig configurations and valve,

this research include a proposed conservative, real- disc orientations to the now to simulate
istic vahe torque extrapolation technique and the sarious field installations.
bounding of nonuniform salve inlet now geometrie
effects. 2. The eight inch vahe response did not

extrapolate in a consersatise manner using
The primary purpose of this research study was the typical industry torque coefficient

to determine the response characteristics of a method based on a vahe diameter cubed /
nuclear containment purge or sent sabe while it differential pressure equation,
was clos'ng against the rising pressure emironmentr

of a design basis loss-of. coolant accident and to 3. Geometrically similar sabes of differing
gain insights into the leak integrity ot an elastomer size have been considered by industry to
sealed valve exposed to such an emironment. hase the same differential pressure when

all other test conditions were the same.
The test hardware included three nuclear This was found not to be true for choked

designed butterfly sabes typical of those used in flow conditions.
domestic nuclear power plant containment purge
and sent applications For a comparison of 4. Supersonic flow existed dow nstream of the
ree;anse, two eight inch nominal pipe size sahes valve during most of the sahe cycle. This
w ith differing internal designs were tested. To assist could affect the linearity of calculations
in the development of extrapolation guidelines for using dif ferential pressure.
qual!fying laiger sahes based on small sahe rest
results, a 24 Meh nominal pipe size vahe was also 5. Response plots depicting major vahe
tested. response characteristics show similarity in

positise torque response configurations
The three valves initially selected to proside but- and dissimilarity in negative torque

terfly response understanding were 150 lb ANSI response configurations.
design. This design was selected to proside the
highest magnitude torque response. The worst case 6. Vahe peak torque angle varied with pres-
response would provide a bounding technologior sure. Iloweser, when plotted against inlet
means for a conservative amwcnt of the mosuy pressure, the response uas linear.
completed utility vahe submittals. The response of

*

the three salves was found to be the same in the 7. The positive torque response configura-
positise torque orientation, including worst w tion upper bounds sahe torque response.
geometric effects. Consequently, three valves pro-
vide a sufficient sample size from which to draw 8. The use of' valve inlet pressure in torque*

conclusions relative to response and relative to extrapolation calculations provides a more
extrapolability of the performance of a scale model reliable base than using differential
test vahe to a larger valve. pressure.

_

The following summaries present the program 9. Extrapolation predictions of the torque of
results, conclusions, and recommendations. Each a larger valve, which were based on the test

iii
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|results of Iwo valves with known 2. The torque measurements used for extrap- !

responses, show considerable variation. otating to larger valves were obtained with
the scale model vahe installed with the

10. The nonuniform inlet flow configuration shaft upstream or shaft side of the vahe
(elbow immediately upstream of vahe) disc closing toward the now orien*ation.
deseloped the worst case torque response.

3. The inlet pressure of the scale model vahe
11. The nonuniform inlet flow torque is equal to or greater than the maximum

response could be bounded by multiplying inlet pressure of the larger valve. -

the nominal case by 1.5.
4. One of the following expressions is used

12. Vahe respense characteristics and peak for extrapolating the scale model valve ,

torque linearity in the nonuniform inlet results.
flow configuration exhibit characteristics 3

LVD
similar to the nominal configuration with INT *

T 3 d ~ b
only a magnitude change. SVD

I.V D
Summary of Results From the T 3(svT7 + svT ) - "bWT *

b
svD

Leak Integrity Tests
5. Nonuniform inlet flow to the larger valve

is accounted for by multiplying the nomi.
,

I. Leak integrity testing was performed m. a
nat or straight inlet prediction by 1.5.

| pressure and temperature environment

| representative of accident conditions from
6. The extrapolation range is limited to thedes,gn basis through sesere accidenti

guidelines of ANSI B16.41, "The candi-
' " * " ' '

| date vahe shall be limited in basic inside
meter between M and 2M M k kst2. Accident environments [350'F (177*C), v he diameter.,

120 psig] and prolonged closures did cause
some purge valve leakage.

Summary of Conclusions
3. One eight inch purge vahe did not leak for the Leak integr.ty Testsiduring any accident environment test or in

the posttest cooldown.
1. Elastomers used for sealing purge and vent

4. Leakage increased in some vahe designs in valves are near material property limits
cooldown periods after exposure to pres. under accident environments.

sure and temperature.
2. Elastomer performance characteristics can

Summary of Conclusions for the
Dynamic Flow Test 3. Purge and vent valves using elastomer seals

of ethylene propylene terpolymer (EPT) in i

|s me design configurations will leak in *

Based on the testing and analy sis performed dur-
pue ent c w n en nments.ing this study, torque measurements derived from a

scale model valve at a gisen inlet pressure can be
,

extrapolated to bound the torque requirements of a Summary of Recommendations
larger valve when: for Adhnal Dynamic Flow

!. The scale model vahe is reasonably scaled TP7-Ni .]
to the larger vahc with respect to disc
shape, disc aspect ratio and disc size to 1. Comikte an accu. ate survey of contain-
nominal bore size. ment purge and vent sabe used in each

iv
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nuclear power plant, including such items Summary of Recommendations
blocked),!"I5' for Additional Leak Integrity

* P" ' '"'( P'" 'I ''d'

installation orientation, size,
manufacturer, model, disc style, and seal Test.ing
design.

1. Perform scoping leak tests on all purge and
. sent valve seal designs identified in2. Review the sursey for safety questions not

answered by this program. I above w hich were not cosered in this pro-
gram or in other work.,

3. Perform the subsequent work w hich would 2. Determine the impact on safety of any
help resolve the outstanding issues identi- valve leakage identified during this,

fied by I and 2 above, program.

.

b

Y
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CONTAINMENT PURGE AND
VENT VALVE TEST PROGRAM FINAL REPORT

INTRODUCTION AND OBJECTIVES

The containment purge and sent systems are an Clarification of TA// Action Plans Requirements.
,

important part of the containment ventilating sys- Containment isolation vahe leak integrity is also a
tem in a commercial nuclear power plant. These subject of this safety issue. These issues formed the
systems, unlike many other systems in the plant, are basis for the Purge and Vent Vahe Test Program

'

not closed-loop piping systems. These systems nor- performed as part of the Environmental Qualifica-
mally contain butterfly valves in series, which are tion of Nicchanical and Dynamic (including scis-
part of the Containment isolation System (CIS). mic) Qualification of Slechanical and Electrical
These vahes are the primary boundary w hich pro- Equipment Program (EDQP), FIN A6322.
tects the outside-containment environment from an
accidental release. Current regulatory guidelines

The objective of the dynamic dow test portion of
restrict the use of these systems to varying degrees,

the program was to develop an experimental data
on a plant specific bas,s. The degree of restriction isi

base to assess industry valve closing torque and
based on an analytical assessment of each valve in

extrapolation methodology. This assessment could
the system and its predicted response to a Design h provide a conservative methodology with
Basis Accident (DBA). which to predict purge and sent valve closing

t rque mqu ementtThe abihty of the containment purge and sent
,alves to close in the rising pressure en ironment of
a Design Basis (DB) Ioss-of-Coolant Accident The objecthe of the leak integrity portion of the
(LOCA) has been identified as a safety issue. The program was to evaluate nuclear designed elasto-
issue was originally identified in NUREG 0660, merically scaled purge and sent vahes ability to
NRCAction Plan as a Result ofthe Tall-2 Accident, remain bubble tight during and after both design
item II.E.4.2, and subsequently in NUREG 0737, basis and severe accident scenarios.

BACKGROUND

The " butterfly" valve is a generic term for a to close the valve, did the components have suffi-
rotating disc in-line vahe. Figures I and 2 present cient stress margins to withstand the loads imposed
two typical butterfly valve internal designs. In Fig- during the closure? The stress margins are totally
ure 1, the elastomer sealis part of the body and in dependent on the analysis of the predicted loads
Figure 2, the elastomer seal is part of the disc and are not part of this study.
assembly. These types of valves have been manufac-
tured and supplied for a number of years. Operabil- An analytical assessment of the valve loads
ity assumptions have been based to a large degree resulting from the increasing pressure environment
on empiricalinformation obtained from work with of a DB-LOCA was difficult. Empirical informa-, ,

incompressible fluids. Previous experimental work tion is lacking for the dynamic response of a butter-
with compressible fluids (for the most part) has fly valve in a compressible fluid flow. It was also
been done at very low pressure, at very low pressure expected that nonuniform inlet flow configurations

*
drops, or with very small valves. The operability would impact the dynamic response of a vahe.
issue concerning containment purge and sent
sahes was raised after the TN11-2 incident. The first Prior to this program, the most comprehensive
question dealt with vahe actuator sizing. Would an published work on the subject was performed for
actuator stall and fail to close a valve because of the Allis-Chalmers by the National Aeronautics and
dynamic loads that might result from a high differ- Space Administration (NASA) Langley. The
ential pressure across the containment boundary Langley program tested three disc configurations in
resulting from a DB-LOCA? The second question a six inch valve body. The disc configurations were
dealt with stress margins. If the actuator was able identified by aspect ratia which is defined as the

I I
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dise thickness disided by the dise diameter. The response similarity by comparing two eight inch
NASA-Langley work was scry good as far as it nominal pipe size sahes with differing internal
went. Howeser, it did not address maximum flow designs. For estrapolation imights, a 24 inch nomi-
rates in the first 20 degrees of vahe closure, or nal pipe size sahe was also tested.
address a larger sahe size to serify the estrapola-
tion theory. Additionally, the work was accom-

The sahe leak integrity evaluation imestigatedplished for a specific sendor and did not address
purge sabe clastomer seal integrity w hen esposed to

comparisons to other sendor designs.
the temperature and pressure emironments pre- -

The purge vahe dynamic flow test program per- dicted for a DIMOCA and for sesere accident
formed for EDQP was designed to address emironment s.

_

TEST HARDWARE SELECTION

The selection of purge and vent valves for testing ence, other than materials, occurs in vahes
which were representathe of the types used in under 24 inches in size. AWWA sahes are
nuclear power plants was accomplished using the limited to 75 psi cold working pressure,
following selection criteria: while ANSI salves under 24 inches in size

are part of the 150 pound class limited to
1. Brookhasen National Laboratory (BNL) 280 psi cold working pressure. ANSI

made a partial survey of commercial purge sahes greater than 24 inches are
nuclear containment purge and sent limited to 75 psicold working pressure but
vahes. This sursey was used to establish designed and analyzed for plant design
predominant manufacturers, types of pressure and temperature conditions. The
valves used, and the size of the sahes used principal difference between containment
in the field, howeser it did not include purge vahes, with respect to this pro-
valve operational status. gram's objectives, is internal. Dise shapes

and seal configurations are the major
2. A literature search was made to determine internal differences. Disc shapes run from

what presious work had been done by symmetrical to the high aspect ratio offset
others with respect to the program issues. disc ANSI 150 pound class vahes. The
The most significant published work was higher pressure rating of the ANSI vahes
accomplished by NASA Langley for Allis normally requires larger shafts which die.
Chalmers. This work imolved a sis inch tate thicker dises. The major difference in
salve with three different disc seal designs is that some valves have the
configurations. elastomer seal in the body, while others

have the seal in the disc.
3. From the resiew in item I above, it was

concluded that the dominant purge and 5. The final vahe selection was determined
sent vahe manufacturers were: Fisher by the following:
Controls, Henry Pratt Company and Allis
Chalmers. a. The test facility flow capability limited

Ihe largest site valve to 24 inches. -

4. From the resiew in item I abose, it was
estimated that the generic butterfly valve is b. Inf rmation from previous tests using
the most predominant purge and sent five and six inch vahes could be used

valve installed in the field. Two vahe man- t supplement this program.
, ,

ufacturing standards, AWWA (American
c. The NASA-Langley work had deter-

Water Works Association) and ANSI mined that higher aspect ratio valves
(American National Standards Institute) hase the highest dynamic torque.are the predominant valve standards.
AWWA valves were phased out with d. ASNIE Section 111, eight inch butter-
Class 2 and 3 piping being incorporated fly valves with the seal in the body
into the ASNf E Code. The primary differ- were available from WPPSS-4.

4
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e. Nuclear designed valves with the seal h. Offset disc ANSI 150 pound class i

in the disc could be obtained from a sahes probably would result in the |
sahe manufacturer in time to meet worse case closing torque responses.
test schedules.

i. The earlier I angley work with the six
inch sahe could be directly compared

f. The sahes would be representatise of
t ne of the eight meh vahes. The

two of the three largest manufacturers
see nd eight mch salve could be com-in the field'*

pared to the first eight inch vahe for a
comparison of response, and then to

g. The two valve seat designs represent the 24 inch sahe for extrapolation
- most of the vahe types in the field. insights.

TEST FACILITY DESCRIPTION

Energy Technology Engineering Center (ETEC) protection during high pressure test programs,
was selected to perform the purge salve dynamic Electric power is available for heating elements
flow tests. The test facility required scry few modi- when required to proside controlled temperature
fications to perform the testing required. Nitrogen distribution across a test article. The heating ele-
gas was asailable to test up to 24 inch valves oser ments can be zoned and each zone maintained at
the full DB-LOCA test pressure range. the proper lesel by temperature controllers.

lloth bays in the facility have patch panels w hich
ETEC Test Fac lity Descript,oni i are connected to the Digital Data Acquisition Sys-

tem (DDAS). Instrumentation for a test program is
The Thermal Transient Facility (TTF)is designed connected to the patch panel for monitoring and

to enable accelerated life tests, thermal transient recording in the control room. Control signals are
tests, and thermal creep tests under mechanical also connected through the patch panel to enable
loading using gaseous nitrogen as the heat transfer remote control of all high pressure tests,
medium.

One season TTF was selected for this valve pro-
Structural steel members embedded in the floor gram was on the basis of their ability to provide the

are designed to react loads through interaction with necessary gas flow at the requ; red pressures. The
test article support members bolted to these floor flexible feature of the support beams enabled suit-
beams. This technique provides flexibility in the able tie-dow n for restraint of the piping configura-
test article configurations that can be accommo- tion during high pressure blowdow ns.
dmed. The mechanical loads are normally prosided
by load struts powered by hydraulic load cylinders The piping system for the eight inch butterfly
with load cells for load measurement. The facility vahe tests was installed in the high bay and was
maintains an in entory of different sized load cylin- connected to the facility four inch nitrogen supply
ders. The hydraulic system is dedicated and line through a flow meter and a four inch ball-type
includes a load maintainer which enables precise regulating valve. From the control valve, the line
pressure control to 20 different supply lines, thus expanded into an eight inch sertical U-bend-

accommodating requirements to apply bending arrangement with a rupture disc connection at the
moments, torsional loads and tensile or compres- top of the U-bend. The horizontal test section of
sive loads to the desired level. Gaseous nitrogen is pipe was connected to the return leg of the U-bend.

supplied from a 1080 ft3 (16,000 lb) bottle bank at through a 90 degree elbow. The outlet end of the
3200 psig. test section was flared and exhausted to atmosphere

through a horizontal 24 inch pipe duct. The test
The basic piping, with control valves and safety piping system was supported and restrained using

features in both bays of the facility, is ready for the existing facility structural steel support mem-
connection to any test article. The exhaust stacks bers. The piping system was fully instrumented
and associated piping are also in place and blast with thermocouples and pressure transducers. All
shields are available for equipment and personnel parameters required for each test were recorded by

5
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the data acquisition system and quick-look print- manently recorded on magnetie tape. A DDAS
outs and plots were asailable from the line printer recording rate of 155 samples per second was asail- I
in the control room. The ball-ty pe pressure regulat- abic for these highly transient tests. Data could be '

ing vahe was hydraulically actuated under com- rettiesed from dise storage shortly after the actual
puter control. The valve was ramped open in the tests or from magnetic tape at any time in the
prescribed time by the computer until the desired fut ure.
upstream pressure was achieved and then con-
trolled by the computer while the test vahe was Data Acquisition System. The TT F DDAS is
being cycled. based on a llewlett Packard N1odel 21 NIX E series *

computer. This system interfaces the f acility data
Vertical support stands were used to support the channels with a llewlett Packard Nfodel lip 231311

vahe outside of the test loop for vahe cycling and multiplexer. .

leak testing. The leak tests were performed using a
portable rig w hich includes prosisions for accurate While this system has inherent capacity for hun-
control of the applied gas pressure, for reading low dreds of measurement channels, the requirements
leak rates by means of positive water displacement, of this test program were satisfied with 48 chan-
and for reading larger leak rates by means of cali- nels. These channels were input to either a high-
brated How meters of various capacities. lesel card or a programmable low-level card,

depending on t heir signal requirements. Data could
For the 24 inch butterfly vahe test, the test loop be monitored at two facility CRTs, and plots or tab-

was located adjacent to the nitrogen bottle bank ulations could be made on an IIP 2608A printer /
area in order to minimize line losses. The test loop plotter.

3was connected to a 600 ft ,3200 psig nitrogen stor-
age bottimbrough a six inch block sahe. From this Pressure Transducers. The program utilized sev-
sahe, the line was reduced to match the four inch eral static, total and differential pressure trans-
ball-type control valve. From the outlet of this con- ducers. The transducers utilized strain gage trans-
trol salve, the line expanded to the 24 inch pipe ducing techniques and were of both amplified and
which was welded to a 90 degree elbow. The nonamplified configurations, and are summarized
straight section of pipe was fitted with a 16 inch, in Table 1.
150 psi rupture disk. The 24 inch test section was
then bolted to the outlet of the 90 degree elbow. Temperature Measurements. All temperature
Instrumentation and controls were similar to those measurements were made with Type K (Chromel-;

used for the eight inch vahe tests and the signal Alumel) thermocouples used with 130'F (54*C)
cables were routed to the control room to provide heated reference junctions. The thermocouples
the necessary control and data recording. Cycling were premium grade 1/4 inch OD stainless steel
and leak testing were performed in a settical sup- sheathed units manufactured to RDT Standard
port stand in the facility high bay. All tests were C7-6T.
controlled remotely from the control room wit h viv
ual observation of the control valve, the test salve, Valve Position Measurement. Iloth the facility
and the valve exhaust provided by TV cameras with control valve and the test valve shaft position mea-
TV monitors located in the control room. surements were made with Schaerritz Stodel R30D

rotary variable differential transformer (RVDT)
transducers.Instrumentat. ion -

Torque Measurement. The test valve shaft torque
The Thermal Transient Facility (TTF) Contain- measurement was made with a Lellow Stodel 2112-

ment Purge Vahe Test instrumentation System 100K, a 100,000 in.-lb torque sensor, for the -

consisted of pressure transducers, thermocouples, 24 inch vahe and a Lellow Stadel 2110-5K, a
RVDTs for vahe angular position, and a torque 5,000 in.-lb torque sensor, for t he eight inch valves,
sensor. Each of these measurements employs stand-
ard electronics and signal condition:ng compo- Accuracy. The accuracies of all measurements were
nents. All parameters are ultimately recorded on equal to or better than the INEl. requirements
the TTF computer-based Digital Data Acquisition except for the torque measurement, where the reso-
System (DDAS). Test data are temporarily recorded lution was 108 in.-lb and the accuracy was
in computer memory, transferred to disk, and per- t 300 in.-Ib, and the nitrogen flow rate, where the

6
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1
'

; accuracy was 221b/s when the flow rate was The ETEC Quality Assurance Department partic-
| 20 lb/s or larger. Table 2 lists the instrument ipated in the program through document resiews, {

accuracies. shop and facility surveillance, and inspections. All
[

documents related to Ihe program, such as drawings,
|1

specifications, purchase orders and procedures were '

; Quality Control reviewed for compliance with RDT Standard F2-2,
the Test Request, and all Industry codes. Suncil- ;

The ETEC Quality Assurance Department lance of suppliers, shop facilities, contractor actisi- '

I * ensured that the requirements of RDT Standard ties, and the facility operations and maintenance
F2-2, including Amendments 1 through 7,are met. ensured that quality requirements were met. All veri- !

Quanity Assurance Program Index QADD No. 9, fications required by inspection plans, construction
relates ETEC procedures and directives to RDT inspection records, and procedures were verified by-

Standard F2-2. Quality Assuranceinspection.

! Table 1. Pressure transducer surnmary
?

l
i Tag Number Nfodel Tiansducer Range
1

~

j PT-TA-A CEC-1000-02 100 psig
. PT-TA-B CEC-1(XX)-02 100 psig .j
I PT-TA-C STAril Ah! PA497100-3 100 psia
} PT-TA D STATil AN1 PA418-100-7 100 psia

,

i
1
i PT-TA-E STATil AN1 PA497-100-6 100 psia

PT-TA F STAril Ah! PA497-100-6 100 psia
'-

I PT-TA-G STATIIANI PA418-100-6 100 psia
'

] PT-TA li STATilANI PA418100-6 100 psia

'
PT-TA-J STATil ANI PA418-100-7 100 psia

] PT-TA K STATilAh! PA418-100-7 100 psia
1

PDTTA STATilAN1 PN18142100 100 psid
FE-102A STATil ANI PNf 8142-300 300 psid,

2
,

l

] Table 2. Instrumentation accuracy '

4

I !
l; Parameter Range Required Accuracy ;

i

i*
,*

j Pressure 0100 psig 12 psi
;

j Differential pressure 0-100 psid 14 psi

i Flow rate - 120 cfm

| Temperature 01000'F 15'F
!
i 8 inch vahe torque 0-50(X) in. lb 224 in. lb
|
i 24 inch vahe torque 0 100,(XX) in.-lb 2 24 in.-lb
J

!

!

| 7
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! DYNAMIC FLOW TEST PROCEDURE AND RESULTS
1

.

| The purpose of the nuclear containment purge were tested. lor estrapolation insights, a 24 inch
and sent valve flow testing was to determine if the nominal pipe site vahe from the same manufac-
containment isolation sabes will close in the rising turer as one of the eight inch vahes was aho tested.

; pressure emironment of a Design llasis (Dil) Loss. Figures I and 2 proside crow sectional siew s ofIhe
! of-Coolant Accident (LOCA). The size of many valves which were American National Standards
; purge and sent sabes present full scale testing due Institute ( ANSI) 150 pound clan, offset disc, elaw
} to the pressure and gas flow rates required to dupli- tomer sealed, high aspect ratio units typical of

,

) cate internal containment accident predictions, designs up to 24 inch nominal diameter. i~igure 3 h
j Consequently, the industry predicts the respon e of a composite crow-sectional siew of all tbrec dhes '

larger salves from small scale model test vahes. with the 24 inch dhe reduced by a factor of 3. -

;3

; The methodology used by the industry was desel-
|

! oped from incompressible flow scaling techniques ;
1

and applied to a compressible flow media. ~l.he .T.he vahe esperiments were perf.ormed with sar.i-. ,

ous piping configurations and sabe dise orienta- IINEl's mission was to deselop an experimental,

tions to the flow to simulate sarious installation
.

. base to auist the NRCin the evaluation of the cur- . . >

!
. options m field applications. As a standard fori rent analytical methods and to determine the mflu-

. comparing the effects of the m.stallation options,a

ence of inlet preuure, mlet duct geometry, andi

testing was also performed in a standard ANSI Testvahe orientation to the flow media on valve torque
u

. Sect. ion . 1..igure 4 shows th.is nommal inlet flow
.-

requirements, along w. h any resultmg limitations
ANSI Test Section and 11gure 5 identif.ies sahc test

. ..

to the extrapolation methods Vahe dise position+

positions for th.is configuration. Position I is the; (angle), sahe shaft torque, mass flow rate, prewure
. shaft downstream orientation and position 2 is the

'

and temperature were identified as the .important
shal.t upstream orientat. ion.11gure 6 identifies the

..'

i parameters.
j nonuniform . let now test configuration and 11g-m

..

! ute 7 identifies valve shaft orientations for thati

Scope now conriguration. The odd numbered positions"

j identify shaft downstream orientations and the
,

| even numbered positions identify shaft upstream '
- Three nuclear des.igned butterfly valves typical of t

"'i#"I#'i""''those used in domestic nuclear power plant con-
j tainment purge and vent applications were tested.
i For a comparison of response, two eight inch nom- Each test was performed with the vahe inlet pres-
! inal pipe site valves with differing internal d ies gns sure controlled at a relathely constant prenure
i

,

! Valve #1 (full scale)
| ....... Valve #2 (full scale)
| Valve #3 (1/3 scale) |

_--

i

,_____..__....j_........._,,,,
e,

,

- , x ~~.-

/ N .' ,-
,/' 's- ~,

,

/ |

i ,/ ' _ _ _ _ _ . I __ .+| _ _\
%, ~

f } u_ \ N ., i

/a

!. I \ I / ~I |

c

.
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|
Sealing surface i,

j $2979

i

j ligure 3. Containment vahe disc overlay.
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i
i

TE-102 N.. PT 102

PT = pressure
. .

- PDT = differential pressure transducer
"

y.102D TE = temperature-

TV = test valve,__

_

PT 106 TE 120...

O nupture disc

PT-C =. TE M

TE K, PT K PT Aa*

E MPT D m -

PT-J, TE-J ( TV )
; $

' TE H TE G TE C " TE D TE E TE F'
I PDT I s2989

l igure 4. hpicalinstallation-nominalinlet flow test section.

- - - -
,

,

* *
.. .

- -
.

w

Position 1 Position 2 52980

Iigure 5. Nominalinlet flow sahe positions.

throughout the sabe closure cycle. Each cycle con- Immediately following the initial testing, the
sisted of stabilizing the saheinlet pressure with the recorded data receised a limited evaluation to
vahe in the fully open (9(P) position. The sahe was insure that information for a complete analysis was
then closed at i8* per second to the fully closed (O') being obtained,
position. The sahe was reopened at 45 per second

*

after a 250 millisecond delay. Test cycles were per- Experimental Results
formed at inlet pressures of 5 to 60 psig while mon-
itoring numerous test parameters, such as the sahe The test results were reduced and entered into a
dise position, sahe shaft torque, mass flow rate, computer data base (see Appendix A). This data

-

and the pressure and temperature at multiple loca- base was used to establish a common base for pre-
tions throughout the test system. Test measure- sentation, comparison, analysis and plotting. The
ments were monitored and recorded through initial analy tical effort consisted of preparing t> pi-
48 separate instrument channeh by a llewlett cal industry torque coefficient (C r) sersus sabe
Packard model 21MX E computer (see Iigures 4 position plots from the test results of the two
and 6). The computer was used to control the test eight inch vahes. C g plots derhed from scale
as well as record the instrument outputs at a sam- model sabes are t> pically the method industr> uses
pling rate of 155 data points per second. to predict larger sahe torque requirements.

9
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N

| TE-102 PT-102eo

PT = pressure
PDT = differential pressure transducer

- c- TE = temperature
V 102D TV = test valve

'

. _

PT-106 TE-120 -
oa

O aupture disc

PT-C TE M=o

TE K, PT K TE-Co.

* PT A PT M PT E PT G PT.H PT F .PT D ,

PT-J, TE-J TV ) 0 I $ E

PT B TE D TE E TE G TE H TE F'
[-- PDT s 4000

l igure 6. I)picat installation-nonuniform inlet flow configuration.
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w LL. .
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k
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Iigure 7 Nonuniform inlet flow sahe positions.
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1

Valve torque coefficients were calculated as the shaft downstream orientation were nonconser-
i

vative. Note that the valves used for containment
SVT purge and sent applications are not sized for thed

} C
T * SVD AP

D w rate muMng Imm inlet pwnum greatu3

than 15 psig. Consequently, for pressures above
15 psig, choked Dow is generally established for
these high aspect ratio sahes.The ratio of valve A P

j to upstream pressure sersus valve disc angle was.

torque coefficient p tied at pressures of 15,30,45, and 60 psig for
; CT =

one of the valve orientations tested.
-

SVTd small val e dynamic torque=

The results, l'igure 8, indicate an initially differ-

small valve diameter ent response for the 15 psig test relative to theSVD =

higher pressure tests. lleyond the 40 position,,

1 howeser, the slopes look very similar. This initial- aP pressure drop across the valve.=

difference is indicatise of choked flow at the higher

Plots of C sersus valve position were developed IcM FeMures an f r va e pen angin of & or
T leu t an upure m Fenum 8. R eseusing the test results for inlet pressures of 15,30,45

and 60 psig for larger valve predictions. The larger choked flow conditions result in a supersonic flow

vahe torque was then calculated as region downstream of the vahe. This supersonic
flow region changes length as the valve closes,

3 resulting in a AP variation during each closureINTd-CT LVD aP (2); cycle, (Figure 9) which is sery different than that
_

he experienced in incompressible flow. Specifically,
the downstream preuure, as measured 15 diame-

LVTd large valve dynamie torque ters downstream of the test vahes, had not always=
i recovered from the flow perturbation during cer-
|

large valve diameter. tain p rtions of the vahe trasci and that the mea-LVD =

surement location was in a supersonic region which

{ These industrial torque calculations are based on extends beyond the downstream instrument loca-

the theoretical assumption that in geometrically ti n. Note also that the AP variation between the

their geometric % q c nsiqered to be greater than
va es, gumscaled systems, when all other conditions are the

dissimilarities.same,Ihe flow characteristics and Ihe pressure drop
across valves which have been scaled to each other . .

! will be the same. Note Ihat if the AP ofIhe smaller The variations presented ultimately raise the con-

| and larger vahe is the same, the formula for calcu- can that the torque extrapolation theory developed

lating the larger vahe torque reduces to f r me mpressible flow should contam a nonlinear4

extrapolation component for the higher Afach,

!
3 Numbers experienced during a design basis com-

! IND F#" N * "EP C"U
I LVT SVT (3)

d = SVD3 d.
, Consequently, the generic AP torque relation-
! ship developed from modified water technology

*

t To evaluate the validity of predicting the larger does not appear to be adequate to model ihe dow n-
sabe torque, only the nominal or straight inlet test stream supersonic conditions, and the resulting

i results for each eight inch valve were used, preclud- effect on valve differential pressure, resulting from.

j ing any effects of nonuniform flow at this time. comprenible flows.
i Small salve CT pl ts were then used to predict the
! larger vahe torque, w hich was in turn compared to liased on the preceding results, a study was con.
'

actual larger valve test results. (A conservative ducted into the physics of a butterfly valve disc in a
comparison being a prediction which exceeds the compreuible flow application. The results of the
actual larger vahe test resuks.) An approximate study are presented in the following hypothesis:
comparison was found with the vahe in the shaft The butterfly disc will respond as an airfoil from
upstream or shaft side of the vahe disc closing the full open position to the position where maxi-
toward the flow orientation, floweser, the results in mum lift occurs (peak torque). The disc orientation

11

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



10 i i i i i i r i
-

_ _

* -

N :sigx:: =|;
~

30 p_,

0.6 = -

- -

o
=
5 _ -

15 psiga g ,*
0.4 - -

_ _

0.2 - -

- -

0 I i i i i I ' '
90 80 70 60 50 40 30 20 10 0

Valve position s 2ss2

Iigure 8. Vahe differential preuure/ upstream preuure ratio u sahe pwition.

40 e i i i i i i i

30 - -

Valve 3

.3 Valve 1
_a
O

$ 20 - -

E
ct Valve 2 .

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

10 -
Atmosphere

~pressure
,

0 1 i t i l i l I

90 80 70 60 50 40 30 20 10 0
Valve position sasas
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Figure 10. Vahe differential pressure at 60 psig inlet prenure u sahe position.

to the flow stream determines w hether a positise or nominal piping configuration. Position I is Ihe
negative torque occurs. The shaft upstream orien- shaf t downstream orientation and position 2 is the
tation provides a positive response and assists in shaft upstream orientation.
valve closure. The shaft downstream orientation
prosides a negatise response and resists vahe clo. Upon analyzing the results of the response plots,
sure. !mmediately after peak torque occers, the air- it was determined that the absolute magnitude of
foil stalls and torque decreases. The disc then the positise response characteristics upper bounded
becomes an increasingly larger flow obstruction as the absolute magnitude of the negathe response
the sahe completes its closing cycle. Ilased on this characteristics of the valves, when only dynamic
hypothesis and the inability of the CT methodol- torque was considered in the extrapolation tech-
ogy to model the supersonic flow downstream of nique. The similarity in the positise response char-
the tes' vahe, the work with the CT technique was acteristics of the three valves as reflected in
discontinued. The CT method could hase been Figures 14 through 16and allowing for small shifts
improsed by the substitution of inlet pressure in in the angle of peak torque and the magnitude of
place of.1P, which is the key to the method desel- the response expected for each vahe sire, prosidrs
oped during the program. Iloweser, the additional the auurance that limited extrapolation is powible.
calculations required with the CT method were felt,

! to be unnecessary and added the pouibility of The peak torque for each of the three valves was
error. To reduce the sariables to the maximum also plotted against upstream pressure in the nomi-
extent possible in the desclopment of a generic nal piping configuration, Figures 17 through 19.
sabe torque extrapolation equation which would The results indicate a linear relationship between-

( not be dependent on the choked flow effects of the the two parameters. The peak torque angle saries
i sahe, it was decided to use the containment pres- with prenure, howeser, the torque response

sure in the deselopment of a substitute method. remains linear. T he higher the inlet pressure the
Thus, vake response plots were deseloped relating higher the torque relationship is not unexpected;
vahe upstream preuure, torque and disc angle in a the fact Ihat the response is linear reinforces the
single graphie presentation. Figures !! through 16 confidence of extrapolating the response of a sabe
are the response plots for sahes I,2, and 3 in the between test preuures.

13
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f

To assist in deseloping a calculational technique, w here
3the validity of a D ratio as used in Equations (1),

(2) or (3) was evaluated. The dynamic torque of Ihe SVD small sahe diameter=

24 inch sabe, sahe 3, was divided by the dynamic
torque of the similar eight inch sabe, vahe 2. The LVD large sabe diameter=

resulting ratio was plotted against valve position
for inlet pressures of 15, 30, 45, and 60 psig. SVT small sabe torque=

Figure 20. The actual diameter cubed relationship
for the sahes used in deseloping this figure was INT large vahe torque=

(24/8)3 = 27. Twenty scsen upper bounds all but
one point at 60 psig where the excursion was con. b bearing:

sidered to be less than the scaling differences
between the compared sahes and is thus considered d dynamic=

to proside a bounded extrapolation coefficient for
predicting the larger salve torque, Consequently, a T total (bearing + dynamic).=

D3 formulation appears justified. The following *

equations are presented to envelop the response of
larger sahes based on smaller scale model test it should be noted that the small sake dynamic

valves. " Shaft upstream' torques must be used to torque was established using the predicted prenure
*

provide conservathe results. of the containment at the sabe inlet while the
downstream was eshausted to atmospherie condi-
""' " " " '# # "" #"'#' # " " '3IVD stream test configuration was modeled to be typicalINT 5VT ~ ,.

T"g 3 d b
'

of field installations where the stiff piping termi-
nates and the flexible ducting starts. Since accident

IND E '# " " '' '"" '"""#' # "#I "8 *"Y #""'# '' '"*
LVT I~ (5) tural damage, modeling the Containment isolationT 3 r# h b

*

SVD System (CIS) portion of the downstream piping

18
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i igure 20. Diameter cubed ratio as a function of upstream pressure ss valve position.

only provides the worst case effects on valve torque with a moving disc,(without attempting to separate
response. Test measurements indicate that the pres- the dynamic torque of the disc from other sources
sure had not always recovered within the 15 pipe of torque) the large valve torque prediction include
diameter region downstream of the vahe. This a bearing torque value as defined in the American
downstream influence on .1P, as discussed earlier, Water Works Association Standard (AWWA).
is the reason for considering only the upstream
pressure in establishing the small valve torque e pr p sed tednique as reHectM .in
response. Additienally, the experimental torque I.qu ti n (5) was then used to predict the response
measurements recorded for each valve disc orienta- f a 48 inch valve using both the eight inch and the
tion includes sabe internal torques (bcaring, seat-

"' * Ives as tk scale model test valves. Theing and packing). In the shaft downstream results, I..igure 21, indicate a large variation.

orientation, the recorded torque is the result of the
between the two 48 inch valve predictions. Tlu,s

dynamic torque plus the valve internal torques. In vari tion questions whether a limit exists to the
the shaft upstream orientation, the recorded forque

scal ty I a test vahe; AW M41 Annex J,is the result of the dynamic torque less the salve
Guidance for Qualification of Candidate Valveinternal torques. Assembhes, establishes a limit for valve scalability.

of 50% to 200% of the test valve. Based on theLaboratory torque measuremer.ts woulu nor-
I rge variations noted, this limit cannot be disrated

mally be the result of well lubricated bearings, t date. It should be noted, however, that the
properly adjusted packing, and resilient seats. Pre--

smaller eight inch valve yielded higher torque pre-
dictions made from dynamic torque obtained etions than the larga 24 inch valse.under these conditions will be consersative, or
overpredict the actual dynamic torque of the larger
salve. Iloweser,if for any reason the resistne forces Upstream Elbow Effects. The effects of system
were greater, the conservatism would be reduced. It upstream geometry were aho studied. The test
is suggested that to reduce the impact of error,if the results for sahe orientations downstream of an
torque of the larger vake is being predicted directly elbow (see Figure 7) were compared to the nominal
from the torque of a scale model sabe recorded configuration results. Comparisons were made for

19
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Figure 21. Predictions for a 48 inch vahe based on extrapola ng the torques of an 8 inch and a 24 inch vabe ati

upstream preuures of 15 and 60 psig.

worst case vahe orientation torque response varia- upstream orientation and the shaft of the vahe
tion, response similarity and peak torque sersus being in the same plane as the elbow. This position
pressure linearity. Pea A torque at an adjusted prew is comparable to the nominal configuration posi-
sure of 60 psig was tabulated for all three vahes in tion 2. The similarity of the shape of this response
each of the six positions tested. Table 3a.The efrect plot (see Figure 22) to 5alve 3 in the nominal con-
of vahe orientation and nonuniform inlet now figuration bec Figure 16)is clear. This comparison
were evaluated, results of which are contained in adds confidence that the torques produced in some
Tables 3 band 3c. Table 3b ranks theabsolute salue nonuniform inlet flow configurations may be
of torque from highest to lowest for each salve, and higher, but extrapolation of results can be made
also presents an oserall ranking w hich is the aserage due to the similarity of response.
of the ranking of all three valves. The shaft
upstream orientations result in the highest absolute
torques, which supports the conclusion that the liigure 23 compares the peak torque responsc im.-

shaft upstream orientation upper bou is the valve carity sersus inlet pressure of the nonuniform mlet

response. Next, the effect of nonunifor m inlet How Ogw c se as desenbed abose, valve 3 position 4
relatise to uniform inlet flow was esaluated. The with sabe 3 position 2. Oserall, the torque is
peak torque for each orientation was disided by the higher but the response is linear. This comparison

torque at the cor es ading nominal inlet orienta- prosides added confidence in estrapolation withm

tion, ra uits of er are contained in Table 3e. Hmhs for the nonuniform into now configuration.

Vahe positions 3 and 4 cor htently produced the
highest results. The worst case elbow effect was Density Effects. The internal containment atmo- *

noted for sabe 3 position 3,1.42 times the nomi- sphere during a Dil-IOCA will be a misture of
nclinlet torque. Ilased on these tests, the maximum gases and steam. The density of this misture was
torque sariation produced by nonuniform inlet studied for effect on salve torque, lhe results of
flow configurations can be bounded by multiplying this study determined that the densities are very
the nominal configuration (position 2, shaft similar and that density w;ll not be a factor if the
upstream) torque by 1.5. scale model vahe is tested at the expected contain-

ment pressure of the large vahe. Testing with either
.i vahe response plot was deseloped for sahe 3 nitrogen or air will proside consersatise results

position 4, the vahe dise being in the shaft (Reference Figure 24).

20
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! Table 3. Purge valve peak torque analysis
| (See Figures 5 and 7 for valve position identification)

{ TABLE 3a. VALVE TORQUES AT A NONilNAL 60 PSIG
2

.
t

! Valve Position Valvei Vahe 2 Valve 3

I

1 -| 37.3 86.8 -2064.I.

+ 7 129.9 107.6 2189.1
3 -117.4 -89.5 -2920.6

|
4 4 166.9 107.7 2280.7

| 5 -132.8 -90.1 -l 8%.1
j 6 148.4 102.1 2003.9
:
, . .... ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

i
TABLE 3b. VALVE POSITION RANKING BY VALVE TORQUE

1
*

Ranking Valvei Valve 2 Valve 3 Overall
i
f

I 4 4 3 4a
5 2 6 2 4 2a

3 1 6 2 6a

4 5 5 1 3b,

i 5 2 3 6 lb
6 3 1 5 $b ;

I
a

l a. Shaft upstream orientation.

b. Shaft downstream orientation.
,

j ............ . ..... .. ...... .......... .... ... .................. ................. ........... ......... ........... .. ........
i
i

TABLE 3c. VALVE INLET GEONIETRY INFLUENCE FACIOR
i
. Valve Position Yahei Valve 2 Vahe 3
I
I

i 1 1.00 1.00 1.00
.-
'

{ 2 1.00 1.00 1.00
j 3 0.86 1.03 1.42

.

4 1.29 1.00 1.04
5 0.97 1.04 0.92
6 1.I4 0.95 0.92

|
|

!

,

21 '
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figure 24. Gas density vs preuure and temperature.

PURGE VALVE SEAL INTEGRITY

The object of this part of the test program was to also being performed as part of the Environmental
evaluate the ability of the containment purge and Qualification of Slechanical and Dynamic (includ-
vent valve elastomer seals to remain bubble tight ing seismic) Qualification of hicchanical and Elec-
w hen exposed to accident environments. trical Equipment Program (EDQP), FIN A6322,

performed an indepth study of loads resulting from
DB-LOCA and severe accident scenarios which

Test Parameters Determ.inat. ion challenge the containment pressure boundary. The,

results of that study were used to characterize the
The following questions were considered appli- containment environments which are applicable to

cable in determining test parameters: purge vahe leak integrity. Imads considered poten-
. tially the most damaging to clastomer seals were

1. %. hat are the typical containment environ-
temperature, pressure, and radiation. [ Radiationmental loads with respect to DH IDCA
loads are the subject of other work and were not

and severe accident scenarios which chal-, .

ine rp r t nt s program. It shouM also k
i lenge the ultimate containment capacity?

recognited that the allowables for radiation expo-
2. What are the upper limits of a typical man- sure levels for the elastorners used in purge valves is

8ufacturers valve specification with respect very high (I x 10 rad). This is not considered as-

to anticipated accident environment potentially damaging in most containment designs
loads? as temperature and pressure.] Table 4, obtained

from the CIS salve integrity study, indicates the
j The results of the investigations to determme the

.

typical containment upper des.ign pressure would
answers to these questions are as follows.

be 60 psig. Due to the scatter in design tempera-
A companion project, the Containment isola- tures, a typical design temperature of [280'F

tion System (CIS) Valve integrity Test Program, (138'C)| was selected as being most applicable.

23
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Table 4. Composite, accident, design, and capacity predictions

Predicted
Design Ultimate Capacity

Pressure Temperature Pressure Temperature
Plant (psig) [* F (*C)] (psig) [* F ('C)) .

BWR-N! ark I
Dresden 2 62 281 (138) .

Oyster Creek 62 281 (138)
Niiilstone 62 281 (138)
Arnold $6 281 (138)
E. Fermi 2 56 231 (138)
Browns Ferry 56 28I (138) I17 375 (191)

B W R-Niark 11 Dr> well
Sup. Cham.

Zimmer 45 340 (171)
LaSalle 45 340 (171)
WPPSS 2 - - - 133

BWR-Niark 111
Perry 1 100
Grand Gulf 52
NIK !JI Standard 15 56

PWR Ice Condenser
Sequoyah 10.8 220 (104) 60 250 (121)
NicGuire 15 190 (88) 84 250 (121)
Watts Bar 13.5 220 (104) 120 350 (177)

PWR-Subatmosphere .

North Anna 45 280 (138)

PWR Large Dry
R.E. Ginna
Palisades 55 283 (139)
Diablo Canyon 47 246 (119)
St. Lucie 39.6 274 (134) 95
Niidland 70 120 (49)

*

Rancho Seco 59 286 (141)
Zion 47 271 (133) 125 325 (163)
J. N1. Farley $4 220 fl04)
Songs 2&3 60 300 (149) -

ANO 2 54 300 (l49)
Summer 57 283 (139)
Comanche Peak $0 280 (118)
Cherokee i16
Indian Point 118 350 (177)
13cilefonte 130 350 (177)
N!aine Yankee 96
Ilyron/llraidwood 99

| 24
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i Review of Sesere Accident Sequence Analysis threshold where thermal expansion was great
} (SASA) predictions show there are accident sce- enough to cause a permanent compression set (that

narios which challenge the ultimate capacity of all ~ temperature where the elastomer seat is perma-
4

'
the containments studied. Uitng Table 4, the ulti- nently reshaped, thus reducing the interference fit
mate pressure capacity of a typical containment between the metal and elastomer seal when

! was selected to be 120 psig. Due to the limited tem- cooldown starts to take place). Following this first'
perature predictions available, the approximate sat- test, the test scenario was divided into two separate '

,

uration temperature for 120 psig [350'F (177'C)] tests (see Appendix B, B-4 and B-5). A new seal
*

was used to bound the soere accident, was installed in the first salve and subjected to the;i
design basis ele ated temperature leak test condi.

Vahe manufacturers' published specifications tions only. The remaining Iw o vah es in Ihe program t

i were reviewed for elastomers used for sealing their were exposed to the two separate test scenarios..

nuclear application vahet and for material prop-
erty limits with respect to temperature and pressure Valve leak integrity was monitored throughout
for those elastomers. The review determined ethyl. the test program. The valves were leak tested as aJ

1 ene propylene terpolymer (EPT) to be the most part of the receising inspection procedure at the
J commen elastomer used in nuclear purge vahes. test laboratory, and after each sigmficant part of
l EPT is a generic material designation. Exact ecm. the dynamic testing. These tests were performed at
i pounding for final properties is determined by the ambient temperature with three test pressure leveh
j seal manufacturer. Typically, valve manufacturers (3 5,50, and 125 psig) applied to each side of the L
'

specified a normal maximum temperature of 300*F dise face. The alternate side of the disc was moni-
'

(149'C) and one manufacturer specified a faulted t red for leakage. To ensure the dise was centered,

j temperature of 350'F(177'C). Maximum pressure (fully closed), a physical measurement was taken
i varied from 100 to 200 psig. from the valve flange to the dise face from both

sides of the disc. The valve shaft was locked to pre-
From these investigations, it appears that DBA vent rotation of the disc w hen pressure was applied.

parameters of 60 psig at 280*F (138'C) are well The following is the leak integrity history of the
within the manufacturer's specified limits, and three test valves.

! severe accident parameters of 120 psig at 350*F
4 (177'C) are at or slightly above manufacturers'
- specified limits. A further review of the EPT seal Leak Inte0rity History,

literature determined that the material is not mois. Test Valve No.1
j ture sensitive; however, it is sensitive to compres-

sion set. A dry heated gas was then chosen over Vaive Description1

4

steam for the test media as it would provide the
|

i most sensitive leakage measurement. Eight inch nominal pipe size, ANSI 150 pound
| class, in.line flanged, offset disc butterfly valve.
i A combined test was theinitial test specified,(see EPT elastomer seals with the elastomer seat

Append:x B, B-3). The design basis and severe acci- located in the body. Originally purchased by the
dent leak tests were combined into a single test, Washington Public Power Supply System for,

*

Temperatures and pressures were increased from CIS application in WPPSS-4. ASME Code
ambient to design basis lavels with a hold period, Class 11 "N" stamped.

) and then increased to severe accident levels with a,

second hold period. Valve No. I was exposed to History
this test. The valve leaked a small amount during
the test (see leak integrity history for Valve No.1 in Valve was designed in 1977, manufactured in

*

this section for results). After cooldown, an ambi- 1979, and delivered to WPPSS in late 1979 or
eat temperature leak test was performed and the early 1980. The valve was purchased from
valve exhibited gross leakage. Posttest discussion WPPSS-4 in 1983 for the purge valve test

i with valve manufacturers revealed this leakage after program.
| cooldown was not a surprise. The probable cause

was compression set of the EPT seal material due Receiving Inspection
to thermal expansion during the test. The com-,

bined design basis-severe accident elevated temper- The valve was visually in<pected for damage. No
*

ature leak test did not establish the temperature damage was noted. The valve was received from

i
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WPPSS in the fully closed position. The sabe With Vahe No. I only, the design basis and the
operator was remosed and the sahe operated severe accident elesated temperature leak tests were
manually to check for smoothness of operation. combined without a cooldown in between. The
The vahe functioned normally. original resiew of the seat material specifications

indicated the temperatures and pressures were
The valve disc was closed, the shaft locked to within the allowable limits for the seal material.
present rotation, and the vahe subjected to a After the first test, w here leakage values increased
standard ambient temperature leak test the after cooldown, the tests were separated. The
results of this test are presented in Table 5. results of the combined elevated temperature leak

,

test and the postelesated temperature ambient tem-
Due to the excessive leakage, the test was sus- perature leak test are presented in Tables 6 and 7

pended at 100 psig. The downstream flange was respectively. *

removed,5 psig reapplied to the nonshaft side of
the disc and a leak test solution applied to the shaft At the completion of the postelevated tempera-
side of the disc. A visual inspection revealed that ture ambient temperature leak test, the elastomer
the valve was leaking around the disc-seat seal in an seal was measured for roundness while still
area from about 9 to 12 o' clock (as viewed from installed in the valve. Figure 25 shows the resulting

the shaft side of the dise with the actuator vertical) out-of-round condition, which is assumed to be

around the circumference. The upstream Hange due to permanent set of the clastomer.

was removed and a strong light shone on the leak-
The seal was replaced with a new seal manufac-age area. Light could be seen on the other side of

the disc. The valve seal was replaced with a new tured in 1983. The vahe was set up for a standard

seal, manufactured in 1983. The vahe was releak ambient temperature leak test. The Dange was

tested using the standard ambient temperature leak installed on the nonshaft side of the disc and pres-
suiized. A leak-test solution was used to check thetest procedure. The valve had zero leakage at all

pressures and disc sides, except the shaft side leaked new seal prior to performing the complete leak test.
Leakage was found to be coming from around the

two small bubbles sfter fise minutes when pressur.
ized to 125 psig. metal seat next to the disc and through the pins

which attach the disc to the shafts. Both the metal

Functional Leak Test Results. The valve was then
seat to the disc and the pin to the shaft joints have

mosed to the dynamic test area for initial cycling EPT O-rings and all were leaking. The three

and now testing. Sescral times during dynamic test' 0-rings were replaced after which the valve passed

ing, the valve was leak tested with no leakage noted
the standard ambient temperature leak test with
zero leakage noted.

at any pressure or disc face. At the completion of
dynamic How testing, the salve was moved to the The valve was then subjected to a design basis
elevated temperature leak test area. elevated temperature leak test and a postdesign

Table 5. Standard ambient temperature leak test, test valve No.1

Pressure Applied Side of Vahe *

(psig) Disk Pressurized Leak Rate

3-5 Nonshaft side 41.5 SCFHa .

50 Nonshaft side 210 SCFil

100 Nonshaft side 505 SCFil

i

a. SCFH (standard cubic feet per hour) |
i
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! Table 6. Combined elevated temperature leak test, test valve No.1 |
'

j

.

Pressure Vahe
Applied Side of Valve Temperature
(psig) Disk Pressurized [* F ('C)] Leak Rate

, ,

60 Shaft side 285 (141) 0
360 Nonshaft side 285 (141) 58 cm / min

360 Nonshaft side 310 (154) 84 cm / min
3a 90 Nonshaft side 310 (154) 32 cm / min-

90 Shaft side 310 (154) 0
90 Shaft side 350 (177) 0

120 Shaft side 350 (177) 0
120 Shaft side - - a

a. This step omitted in error.

i

Table 7. Postelevated temperature ambient temperature leak test, test valve No.1,

1

!

Pressure Applied Side of Valve
(psig) Disk Pressurized Leak Rate

3-5 Nonshaft side 0
3-5 Shaft side 0

*

50 Nonshaft side 52 SCFil
350 Shaft side 90 cm /5 min ,

125 Nonshaft side 36 SCFH.

3125 Shaft side 100 cm /5 min

.
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Valve shaf t basis ambient temperature leak test following
cooldow n. The results of Ihese test s are presented in

| | Tables 8 and 9 respectisely.

i |
'

| Leak Integrity History,
Test Valve No. 2

l' 7.855 Valve Description *

|
I

i | Eight inch nominal pipe site, ANSI 150 pound
# clan , n ne Gange , o fset dhe buttony satse. -

<

c 7.848 -I
,

J EPT elastomer seats with the clastomer seat
i located in the dise. The vahe is of nuclear

| | design, originally purchased for this test series.
i

| ! 7.850

|
IIistory'

The valve was manufactured in 1983 for testing

[ without a valve operator.

7.877 Qj Rece ving inspection
p 7.870

| The vahe was sisually inspected for damage. No
j 0.25 0.25 damage was noted. The vahe was found to have
i been shipped with the dise 3 to 5 degrees open
! which is per manufacturer's recommendations.

Note: Dimensions are m. inches and are
taken across inside of elastomer seat.

No operator was ordered with the valve. The !

dynamic flow tests required a special operator
! INEL 4 0484 for measuring closing torques. The valve was

manually operated to check for smoothness of
; Figure 25. Out-of-roundness of vahe seat. operation. The vahe functioned normally. The
'

valve was set up for a standard ambient tempera-
ture !eak test. No leakage was noted.

Functional Leak Test Results. The valve was leak
tested sescral times during dynamic testing with no
leakage noted.

.

b

Table 8. Design basis elevated temperature leak test, test valve No.1

r .

Pressure Vahe
Applied Side of Valve Temperature

(psig) Disk Pressurized [* F (*C)] Leak Rate ,

60 Shaft side 280 (138) 3I em /mina
i

360 Nonshaft side 280 (138) I cm /mina

a. Leakage was detected in the last 30 minutes.
4
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Table 9. Postdesign basis ambient temperature leak test. test valve No.1

Pressure Applied Side of Vahe
(psig) Disk Pressurized Leak Rate

3-5 Nonshaft side 0

3-5 Shaft side 0
.

50 Nonshaft side 0

50 Shaft side 70 SCFH
.

125 Nonshaft side 0
125 Shaft side 470 SCFil

NOTE: The valve was refurbished after this test for additional flow testing.

The vahe was given a standard ambient tempera- Recehing Inspection
ture leak test prior to design basis elesated tempera-
ture leak testing. No leakage was noted. The sahe The valve was visually inspected for damage. No
was then subjected to the design basis elevated tem- damage was noted. The vahe was shipped with
perature leak test, w hich resulted in zero leakage at the disc 3 to 5 degrees open which is per manu-
all test temperatures and pressures. The postdesign facturer's recommendations. The sabe was lib-
basis ambient temperature leak test was performed erally coated with what appeared to be a zine
w hich resulted in zero leakage at all test pressures or primer. Seseral areas of the sealing surface
salve orientations. Without changing the elastomer required that the primer be cleaned off. No oper-
seal, the sahe was subjected to the sesere accident ator was purchased with the vahe. The dynamic
elesated temperature leak test. The vahe completed flow tests required a special operator for mea-
the severe accident eleva:ed temperature leak test as suring closing torques. The valve was operated
well as the post sesere accident ambient tempera- manually to check for smoothness of operation.
ture leak test with zero leakage noted at all test tem- The valve functioned normally.
peratures, pressures and valve orientations.

The valve was set up for a standard ambient tem-
p r ture Ic k test. The results are shown inLeak integrity History,
Table 10.

Test Valve No. 3
This type of vahe has a ring which retains the

Valve Description seal on the disc (see Figure 2). The proper seal load-

is attained by tightening the screws holding the
24 inch nominal pipe size, ANSI 150 pound retaining ring. The seal was adjusted per manufac-
class, in-line flanged, offset disc butterfly vahc. turer's recommendations witFout improvement in.

EPT clastomer seals with the elastomer seat leakage. A representative from the manufacturer
located in t he disc. The valve is of nuclear design inspected the valve and determined the disc was
originally purchased for this test series. shimmed incorrectly. The dise was reshimmed,

after which it passed the leak test with zero leakage
History at all pressures and disc sides. The valve had a certi-

fied leak test from the vendor prior to shipment. |
The salve was manufactured in 1983 for testing The leak and disc shimming were discussed with the |
without a valve operator. sendor. From these discussions, it appears that the

29
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Table 10. Standard ambient temperature leak test, test valve No. 3

Pressure Applied Side of Valve
7

Ipsig) Disk Pressurized Leak Rate

,

3-5 Nonshaft side 0
3-5 Shaft side 0 .

50 Nonshaft side 0>

50 Shaft side 0
-

I
125 Nonshaft side 0
125 Shaft side 25.5 SCFH

e

i

' disc was very close to having been in the proper perature leak test was performed with no leakage
position as leakage occurred only at the highest noted.;

pressure The vendor leak test was performed with .

the valve shaft horizontal and the leak tests in this The design basii elevated temperature leak test

program were performed with the valve shaft wrti. and the postelevated temperature ambient tempera-
3

cal. The weight of the 24 inch disc on the lower ture leak test were performed with no leakage
shims was sufficient to relax the seal tension on the noted.

top of the disc and there was not enough adjust- The severe accident elevated temperature leak
ment in the seal to make up for it. Leak tests per-

test was performed without changing the elastomer
formed during the dynamic flow test resulted in n

seal. The results are shown in Table 11.
leakage at all pressures and valve orientations.

The ambient temperature leak test was per-
Functional Leak Test Results. At the conclusion formed after cooldown. The results are shown in
of the dynamic flow tests, a standard ambient tem- Table 12.
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Table 11. Severe accident elevated temperature leak test, test valve No. 3

Pressure Valve
-

Applied Side of Valve Temperature
(psig) Disk Pressurized [* F ('C)] Leak Rag

*

i

60 Nonshaft side 285 (141) 0
'60 Nonshaft side 310 (154) 0

90 Nonshaft side 310 (154) 0
90 Shaft side 310 (154) 0

i

j 90 Shaft side 350 (177) 0
'

120-90a Shaft side 350 (177) 32 cm / min

j 120 Nonshaft side 350 (177) Sporadic

Pressurization of the nonshaft side of the dise did not result in continuous leakage, the leakage was on an
intermittent basis,

When the 350'F(177'C) temperature was reached and the pressure increased from 90 to 120 psig on thea. *

shaft side of the disc, the valve stem packing leakage was excessise. The pressure was reduced to 90 psig to
finish the 350'F (177*C) hold period on the shaft disc face. At 90 psig and 350 F(177*C) the packing leak
was minimal.

|

Table 12. Postelevated temperature ambient temperature leak test, test valve No. 3

Pressure Applied Side of Valve
_ (psig) Disk Pressurized Leak Rate

3-5 Nonshaft side 0
3-5 Shaft side 0

.

50 Nonshaft side 0
50 Shaft side 38 SCFH

.

125 Nonshaft side 0
125 Shaft side 320 SCFH

31
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CONCLUSIONS

The conclusions from the containment purge irrespective of the gas which will esist in the actual
and sent sahe testing are presented as follows: installation. The effect of density sariations

between the various gases has been esaluated and
the resultant sariation in torque has been show n to

Conclusions for the Dynam.ic be insignificant prosided each gas is at the same
Flow Tests pressure and temperature. Consequently, to insure .

that the effect of density does not affect the test

Two eight inch and one 24 inch ANSI l50 pound results, sabe testing should be performed at or

class, offset disc, clastomer seated, high aspect above the maximum anticipated large sahe inlet

ratio butterfly sabes were tested. Three sahes were pressure and at or below the maximum anticipated

initially selected to proside insights into how the large valve inlet temperature,

valves respond. f he three vahes initially selected to
proside butterfly response understanding were Subsequent to scale model sabe testing in
150 lb ANSI design. This design was selected to accordance with the abose guidelines, the total

provide the highest magnitude torque response, torque requirements of the larger sahe can be esti.

The worst case response would proside a bounding mated by multiplying the scale model vahe
technology or a means for a consersative assess. dynamic torque at the pressure, temperature and

ment of the mostly completed utility vahe submit- valve position in question, by the cube of the larger

tals. The response of the three sabes was found to vahe diameter to smaller valve diameter ratio.
be the same in the posithe torque orientation, From this salue, an approximation of the larger
including worst case geometric effects. Conse. valve bearing torque at the same pressure, tempera-

quently, three vah es were felt to provide a su fficient ture and position is subtracted. The result will oser-
sample size from w hich to draw conclusions relatise estimate the larger valve torque requirements and

to their response and relathe to extrapolability of can be used to insure that the valve actuator is ade-
the performance of a scale model test vahe to a quately sized. An acceptable alternathe to the
larger valve. above method is to use the scale model salve total

torque plus the scale model valve bearing torque
in order to reasonably extrapolate the response instead of the scale model sabe dynamic torque.

of a larger valve from a scale model test salve, a
geometric similarity must exist between the two Either of the abose methods has been shown to
valves with respect to disc shapes, aspect ratios and overestimate the total torque for a larger valve pro-
disc size to normal bore size ratios. The failure to vided the system geometry upstream of either valve
insure this basic level of similarity could effectively does not contain any b(nds. If the actual system
render any extrapolation meaningless, contains an upstream c! bow, either of the above

methods can be used to oserestimate the total
When a valve is in service, it could be installed in torque for a larger vahe prosided the estimate is

either orientation, i.e., shaft upstream or shaft multiplied by 1.5. This accounts for the potential
downstream. The response of the valve is depen- increase in total valve torque resulting from non-
dent on the orientation, however the absolute uniform flow entering the calve.
torque requirements are always large .vhen the

,

valve is iistalled in the shaft upstream orientation. Finally, the resu'ts of both the eight inch and the
Consequently, torque measurements from a scale 24 inch valves were used to estimate the maximum
model test valve should be obtin:d with the valve torque requiranents of a 48 inch vahe using the
in the shaft upstream orientation. This data, when above methods. Us og the eight inch valve results as *

extrapolated by the methods contained within this tne scale model test valve imrlies a 600% cxtrapola-
report, will overpredict the torque requirements of tion whereas using the 24 inch vahe results as the
the larger vahe, irrespecthe of its orienration in the scale model tcs: ulve implies a 200% extrapola-
system. tiori. The results of both extrapolations were com-

pared and found to be mtremely different, not so
Scale model valve testing for use in a gaseous much in shape but in magnitude.The results of this

service will usually be performed with the most extrapolation comparison implies that a limit to
readily available gas, such as air, nitrogen or steam, extrapolability may exist. ANSI 1116.41-1983

l
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addresses the issue of an extrapolation limit when applications and is very close to its material proper-
qualifying a vahe from a scale model test vahe, ties limits w hen subjected to elesated temperatures
This standard limits qualification of a vahe unless as experienced in these tests at sesere accident con-
it is within 50 to 200re of the test salve, ditions [350 F(177'C),120 psig].

,

The other standards applicable to vahe qualifi' A review of the properties for EPT reveals the
cation which were reviewed do not address this material is susceptible to compression set. The
issue. Consequently, since a limit to extrapolability material specification allows up to 20ro compres-*

appears to be necessary and since the limits of sion set. Thermal expansion experienced at cle-
B16.41-1983 cannot be refuted, the above method vated temperature can increase the compression the
for estimating the response of a larger butterfly seal is experiencing in the closed position for seal-
valve from the response of a scale model test valve ing purposes. This additional compression can

.

should be limited to valves w hich do not exceed 50 exceed material limits. The seal design can also be
to 200re of the scale model test vahe size. an influence in the amount of compression experi-

enced. The smaller the cross section, the less the

Conclusions for the Leak 5' I "ill be compressed during thermal expansion.
Any compression set will reduce the interference fit

1 Integrity Test.ing between metal and EPT seal, lowering the leak
.

threshold. Leakage after cooldown from design
The sample of valve sealing material in this pro- basis accident exposure was experienced by one

gram was small: two manufacturers, two designs, salve type and by two valves after severe accident
and four seals. Seal material of ethylene propylene exposure. lxnger exposure to the temperature load-
terpolymer (EPT) is used by most butterfly valve ing than experienced in these tests may cause all
manufacturers in elastomer sealed purge valve EPT seals to leak.

RECOMMENDATIONS

The following recommendations are offered as a include t he following information for all valves and
result of the containment purge and vent valve test operators:
program.

manufacturer
model numberDynam.ic Flow Test
size

Recommendations disc style
valve orientation to flow

The results of testing efforts to date partially seal design and material

answer the question of: Will all nuclear plant con. operational status (open, closed, blocked, etc.)
tainment purge and vent valves clase as required
during a design basis loss-of-coolant accident? The This tabulation is essential in determining if further
testing program was designed, with limitations, to testing of dif ferent salve sites and kinds is war-
bound the question into the area of greatest interest ranted. Efforts resulting from all other recommen-
and most usefulness. The program succeeded in dations described in this section are dependent.

generating test data useful in answering concerns upon the completion of this survey.
regarding plant safety but restricted in application
in accordance with testing limitations. It uncovered If further effort is needed, the following recom-,

a number of technical questions which have not mendations will provide answeis to technical and
1

been answered but which may not require answers safety questions identified by testing to date. These
based on the standpoint of plant safety. The best recommendations are influenced by the following
way to determine if these technical questions significant considerations,
should be answered and if there are other unan-
swered safety questions is to complete an accurate The valves tested in this program were modern
survey of existing operational nuclear plant con- nuclear designed,150 pound class ANSI valves.
tainment vent and purge valves. This survey should The valves are representative by manufacturer and

|
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sealing configuration of most of the elastomer seal test sahes would provide additional
valves installed in nuclear containments. They are insight into the above extrapolation limit
not representative of all of the valve internal issue.
designs with respect to aspect ratio and disc offset.
They do however represent the worst case aspect ? The conclusions concerning extrapolation
ratio with respect to dynamic torque response and arrhed at in this report are the result of,in
they do represent the style of elastomer seal replace- part, estimating ihe effect of bearings,
ment vahes. packings, and seats on the torque require-

ments of a valve in accordance with indus-
'

The ratio of the inside diameters of the vahes trial standards. A more accurate
tested in this program (eight to 24 inch) are outside accounting of these effects could extend or
of the extrapolation proportionality limits sug- reduce the extrapolation limits recom- -

gested by ANSI B16.41 Annex J which are 50 to mended in this report, as contained in
200We of nominal piping diameter plus other simi. ANSI B16.41-1983, "l unctional Qualifi-
larity of construction requirements. These require- cation Requirements for Power Operated
ments, however, are waived for flow interruption Active Vahe Assemblies for Nuclear Power
testing by Annex G. This Annex allows infinite Plant s."
extrapolation if the known valve response is
8 inches or greater. The results of this program 3. The results of this program have presented
indicate that for butterfly valve response this excep- an extrapolation technique for predicting
tion may be marginal. the response of a large vahe from a scale

model test valve. The results also indicate
In summary, the following recommendations that extrapolation of torque requirements

will expand the application of data and close any of may not be possible if the actual valve is
the gaps identified by the testing performed in this more than twice the size of the test valve.
program to date. However, a valve survey must first The extrapolation theory should be
be completed to determine the extent of further improved to coser a larger extrapolation
research and to assure that additional testing will range provided a survey of the salves in
answer any remaining safety issues. service indicates the need for a larger

extrapolation range.
1. The results obtained in this report are

based in part on the assumption that two 4. While evaluating the techniques various
of the valves tested, one of the eight inch manufacturers use to obtain scale model
valves and the 24 inch valve (valves 2 test data, it was observed that some manu-
and 3, respectively), which were manufac- facturers obtained data with a stationary
tured by the same company and are of the disc whereas others obtained data with a
same class type, are scale models of each moving disc. Since the effect of disc move-
other. The internals of these valves are sim- ment or movement at different rates could
ilar but not identical to each other. Conse- influence the resultant flow field and
quently, the differences in response hence the resultant data the effect of a sta-
observed between these valves may be due tionary disc versus a disc moving at vari-
in part to the internal d;fferences in geome- ous rates should be evaluated.
try. This is believed to be a secon't order

,

effect but these types of differences would 5. During our review of published data on
be most important in projecting the valve performance extrapolation tech-
response of a larger valve from a small n; ques prior to initiating the testing dis-
model test valve. One of the results of this cussed in this report, the work done by *

work was that the performance of a scale Allis Chalmers at NASA-langley was eval-
model test valve can only be used to extrap- uated and the results factored into our test
ofate the performance of larger valves pro- program. The results of this work are also
vided the size of the larger valve does not used by the industry in general, when
exceed the size of the scale model test valve applicable. One result which influenced
by more than 200Wo. Additional testing our testing of ANSI high aspect ratio
with specially manufactured scale model valves was the conclusion that the higher
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the aspect ratio, the higher the torque. Our of utilities are taking credit for early CIS
testing program included two eight inch sahe closure which will occur at low con-
valves, admittedly manufactured by differ- tainment pressures with unchoked flow
ent vendors. However, the vahe w hich pro- conditions through the vahe. The general
duced the higher torque was not the vahe response characteristies of an unchoked
with the highest aspect ratio. Since the vahe hase not been obtained. Since the
conclusion arrised at by the Allis actual performance of a valve could be
Chalmers work cannot be verified to date, underpredicted or oserpredicted when

,

and may impact bounding torque calcula- using choked How test results, the phe-
tions, the inDuence of aspect ratio on the nomena of unchoked vahe performance
torque for sarious salve sizes and types of and torque requirements should be investi-

~ designs should be imestigated. gated further.

6. The valves flow tested to date hase been 9. In the esent of a severe accident after the
ANSI 150 pound class, offset disc, elasto- isolation valves hase successfully closed, it
mer sealed, high aspect ratio butterfly could become necessary to open a valve
vahes. A substantial number of valves are under high containment temperature and
in service in containment vent and purge pressure conditions in order to perform a
s3 stems which fall outside this category, controlled depressurization of the contain.
These include symmetric disc valves, low ment. Opening the salves under these con-
aspect ratio sabes and the tricentric valves ditions would necessitate cycling the valves
manufactured by the Clow Corporation. under high stress conditions which could
The response characteristies of these valves cause the valve to bind. The ability of a
are not well know n and the torque extrapo. vahe to operate under these conditions
lation techniques for these lower aspect should be investigated.
ratio or offset disc valves have not been
evaluated.

Leak Integrity Test
7. Commercial nuclear power plants are Recommendations

required to establish double isolation in
the event of a potential accident. Conse-
quently, there are typically two butterfly 1. The survey of industrial valve status as
valves in series for every containment vent proposed in this report, will provide
and purge penetration. During a suspected insights to valve designs and seal material
accident, both valves would be activated options which were not tested in this pro-
simultaneously. The effect of valves in gram or in other research work. Testing of
series on the torque requirements of either these other designs should be performed to
butterfly valve are not known. Since the determine leakage susceptibility in acci-
influence of a valve in series could act dent environments,
much like an upstream elbow and increase
the torque requirements of the valve to 2. EPT as compounded for the various valve
close, additional testing should be per- manufacturers should be studied for quali-
formed to better understand and evaluate fied life. From a very limi:ed sample, a-

this phenomena. valve which had remained closed for sev-
eral years caused permanent set of the seal

8 The results of the test program to date have and resulted in valve leakage.
,

been obtained when the butterfly valve
was, for the most part, choked. The results 3. I.eakage models should be developed from
do indicate that unchoked Dow through the test results and extrapolated for all
the vahe results in different flow charac- valves to determine the impact of purge
teristics although the peak torque appears and vent valve leakage in accident and
to remain linear. An undeterrnined number postaccident emironments.
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| DA TI FOR VALVE +1MRFe 1 POSfff04 H14BER 1 FLAT FACE OF DIM INTO FLO4 F. A S Typr 91 T o or, f N

409tNAL DIA. IIM) 9.30J c.s ai 014. (193 7.s75 pter DIA. (IN) 7.981 AtP5tf Raff0 2550

STATIC
TJRQUF STATTC TOTAL STATIC TOTAL nnWN
OYNAMIC 09 OP $TATIC DOWN 00W4 UP DOWN STRF4H

D I S< + STREAM STRFAm DELT4 C T R F. A M tTHFAM MAS % STpEAM SYoF49 RECOVERY
AN GL E BEARING PRESS. PRESS. P0 F S S. PRESS. PoFSS. FLOW TFMP. TEMo. 80ESS.
(DEG) (FT*LB) (PSTA) (PSIAI (DSIA) (P$I4) (PSIA) (L5/S) (F) (F) (P$14)

63 PSIG TFST NUM450 1-1-14

10. -95.06 63.58 71.46 3a. 3 4 24.21 44.22 53.57 49.73 11.17 .00
50. -109.43 66.d8 74.36 37.79 29.09 45.76 53.ee 4e.81 32.09 00
70. -125.27 77.+2 31.63 50.?9 26.63 44.13 52.56 48.29 31.71 .03'
60. -125.27 76 00 79.17 49. 91 16.29 13.76 41.14 49.11 31.17 .00
50. -123.45 75.68 78.13 69.41 6.45 31.90 31.28 48.29 3C.23 .03
40. -122.23 74.*5 75.46 64.a6 9.49 17.99 21.85 48.65 2a.13 .00
3C. -110.65 71.03 75.53 61.?4 11.79 14.78 14.53 49.01 27.57 .00

i 20. -139.43 73.24 73.44 60.47 I?.78 13.93 9.97 49.59 28.67 .00
10. -103.34 72.37 72.39 59.65 12.72 12.76 1.76 49.91 31.19 .00

t bl.3 -129.54 76.19 5S. 56

10 PSIG TE ST 40*RER 1-1-5
90. -45.}9 23 16 25 57 14.17 8.79 19.69 17.77 61.C73

. 5" S
10.89.

80. -50.m 22. d 25.00 11.33 11.25 15.61 17.59 60.e4 5 lo.95
70. -51.58 25.10 27.21 13.01 12.10 14.38 16.95 60.71 .00 11.19'

i 60. -44.02 26.62 29.19 15.71 11.14 13.7E 14.22 6C.53 .00 12.07$ 50. -4J.62 28.31 21.35 16.69 11.03 13.68 10.A7 60.51 .00 12.R6
40. -4J.62 29.47 24.71 16.92 12.65 13.68 7.23 6C.35 .C3 11.17
30. -42.13 30.25 3].3% 16.69 13.5P 13.63 4.00 60.53 .03 13.65
20. -45.49 31.54 31.69 19.5? 13.37 13.69 .00 60.53 .no 13.79
10. -37.19 29.92 30.02 17.19 12.F3 13.6e .C0 t 0. 71 .C0 13.89
87.4 -54.80 22.RG 14.00

15 *SIG TFST NU999R 1-1-4

90. -39.93 27.31 3J.30 19.04 9.27 23.76 ?1.72 45.50 .00 .00
50. -53.47 26.88 2J.44 14.79 12.10 12.51 21.61 45.41 .00 .03
70. -65.42 31.75 34 54 16.30 14.95 17.40 21 54 45.05 .00 .0389

31. 19.16 10.62 13.72 16.73 45.05 .03 .0360. -54.20 21.49
50. -43.26 29.75 13.50 19.91 10.83 13 63 11.99 44.37 .00 .00
40. -39.83 29.53 29.94 17.59 11.95 13.63 7.3C 44.A7 .30 .00
3 u. -41.97 29.98 30.06 16.66 11.31 13.76 3.81 44.87 .03 .00
20. -43.69 30.2C 30.28 17.94 12.66 13.76 .00 44.97 .00 .00 ',

10. - 3 3.1 A 2M.60 29.68 15.?9 13.31 13.68 .00 44.87 .00 .00
68.1 -61.77 33. 52 18 16

o) PSI". TrST NU49ER 1-1-1J

90. -111.61 66.6C 74.12 46.72 19.88 57.44 53.4C 52.97 .3C 27.95
B C. -103.7S 64.57 72.25 36.40 28.17 44.76 S3.15 52.61 .30 77.67
70. -117.10 75.81 P?.29 19.91 15.90 41 67 %?.89 52.2i .00 26.a1
00. -126.23 85.02 93.03 %2.62 12.4C 36.51 49.27 52.07 .03 21.93
50. -120.29 R4.63 07.35 65.89 18.9% 26.79 19.21 5?.07 .00 16.48
40. -113.44 92.44 81.9) 70.30 14 14 16.09 26.63 52.07 .33 11.02
30. -111.61 79.67 P3.37 fl.03 4.64 14.11 17.8R 52.07 .00 11.63
20. -107.49 78.57 79.69 67.14 11.23 14.40 11.97 52.07 .00 12.914

1 C. -98.91 80.05 00.17 67.91 12.14 14 11 7.47 52.25 .00 13.42
88.2 -132.14 66.24 46.35

i

_ _m __ _ , .__



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

!

l

.

:

1

-i

|
'

j STATIC
TOR 0tf E STATIC TOTAL S T A TIC TOTat ncWN
DYNA 11C tl# IIP ST ATIC 00W4 00WM 08 00W4 STREAM

DI S4 + 'TRFAM STaE4N n;tT4 S TR f a1 tieFAM 44S5 STREAM STeFAM ocenvEey
AN GL F BEARING RFSS. PkFSS. P2fSS. a4E55. PDESS. FLOW TFMe. TEM 7 ecFSS.
( D EG ) (FT*L9l (*$!A) (PSta) (P$lal (PS[4) ( PSI A) (L4/S) (c) (F) (pstag

0 pStG TEST N tl4 4 E 9 1-1 0

c c. ~ 11. 814 13.71 13.74 .03 .00 13.79 00 43.73 40.73 .10
8 J. -11.94 13.71 13.79 .03 .00 13.19 .0C 4C.73 4C.73 .00 i

10. -11.86 13.74 14.71 .00 .00 .3.79 .00 40.73 4C.73 .00 1*

60. -12.30 13.79 13.79 .01 .00 .3.71 .0c 40.73 40.73 .00
50. -13.30 13.79 13.79 10 .00 .3.79 .CC 40.73 4C.73 .00
40. -11.44 13.70 13.79 .00 .00 13.79 .03 40.73 4C.73 .00
30. -12.30 13.79 13.71 .0J .30

'

, 3. 71 .03 40.73 40.73 .30'
'

20. - 12. 75 13. 79 13.T9 .00 .00 .3.79 .00 40.73 4C.73 .33
|10. -26.42 11.79 13.79 .30 .00 ,3.79 .00 4).73 4C.73 .003
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OAT 4 FOR V AL VF. 1099Ee 1 2"I s t i t 0N WJMBER 2 CupVE0 FACc 1r OTSM INT 1 FLOW ct$ Yv'F: M I TD M E N

40111&L DIA. (INI d.30J SF AT DI A. (!N) 7.H75 P!PE DIA. (11) 7.181 AS8FCT RATTO .?550
i

5TATICTORQUE ST4I1C TOTAL $T4 TIC TOTAL DOWN
OfNAMIC UP UP STATir ') 0 WN DOWN 08 00WN STpFAu

D I S4 + STRE AM STREAM DFtT4 tT0EAM gRFSS.TWF 4M MASS STREr% ST8F4M DCCOVE*f
. A N GL E BEARI1G #9455. *pFSS. P@rSS. PRFSS. FLOW TEMP. TFMP. o p' SS.
(DEGI (FT*LBI (PSTal (PSIA) (PSIAI (PSIA) (*SIAI (LB/S) (F) (F) (PSIAI

6) PSIG TE ST NUM4Ee 1-2-1 '

40. M1.46 63.96 71.9C 67.70 16.26 46.82 54.43 40.55 29.13 26.96
80. 115.05 e s . t> 3 75.74 51.07 17.56 44.74 53.40 40.01 29.03 24.3470. 101.35 70.44 75.75 54.97 15.49 39.95 44.72 40.01 $$.31 20.45
60. 71.71 72.71 76.43 55.49 17.43 31.71 19.74 40.01 24.53 16 17:

1 50. 37.16 73.P2 75.95 60.67 13.15 24.66 3J.25 40.37 23.09 11.44; 40. 35.83 73.17 74.?8 a6.63 6.54 18.46 21.74 40.91 21.81 11.33 '

j 30. 16.33 71.75 72.34 65.14 6.41 12.73 15.70 41.45 20.57 12.57
20. -?.56 71 36 71.6R 62.35 9.01 11.45 11.57 41.81 19.67 13.18I 10. -37.90 71.36 71.49 60.02 11.34 12 12 7.34 42.17 19.49 13 13

| 78.9 124 19 68.79 52.50
)

] 63 #$1G TCST NU19E9 1-2-14
90. 101.69 72.36 RI.16 54.07 18.29 52.17 61.00 40.19 26.51 29.99

-

80. 14g.9 7 81.62 87.40 60.74 ?1.07 44.00 53.95 39.81 25.07 29.15 ii
70. 123.07 83.74 87.64 65.04 18.71 35.57 43.67 39.65 21.27 21.89 -

60. 35.62 84.04 86.12 64.60 19.44 28.18 33.53 39.e3 22.19 18.12 !

50. 60.43 93.74 86.89 70.66 13.08 20.11 23.63 40.01 2C.91 12.40.

A 40. 35.69 82.41 83.03 76 21 6.12 14.09 17.22 40.37 2C.39 10.76- 30. 11.47 RC.19 80.52 74.41 5.38 10.02 12.12 40.71 19.67 12.?7
20. -9.18 80.05 80.18 72.00 8.05 9.34 7.96 41 27 1 9.31 13.26
10. -44.11 79.02 79.03 6 R. 44 10.57 10.70 2.R2 41.91 19 31 13.74
75.2 155.96 83.74 65.63'

!

6; PSIG TEST NU1RFR 1-2-19
i

90. 105.51 73. 39 R2.50 54.81 18.5R 5?.94 62.64 17.11 14.91 3C.53 I

80. 135.32 80. 34 87.63 60.99 19.45 46.20 SP.71 16.59 1 3.11 27.85 1

70. 115.44 80.50 e5.69 63.11 17.39 40.33 49.60 36.23 13.71 21.57 '

t 60. 81.80 AO.93 e4.11 61.34 19.59 32.12 1P.89 36.23 14.?7 17.67 5

50. 59.11 90.64 R2.57 66.a2 13.e2 24.59 30.25 36.77 14.61 12.11
40. 30.58 80.05 60.96 72.45 7.60 16.77 20.7C 37.13 15.17 11.39

,

30. 7.65 79.45 79.95 73.19 6.27 12.31 15.26 37.49 14.99 12.75
20. -0.18 79.02 ?8.31 70.66 e.35 10.97 11.6C 18.03 14.61 13.26 -

10. -43.58 79.02 79.08 07.41 11.60 12.J4 5.5e 38.57 14.91 13.59 1

77.9 131.9L 80.20 63.11 i

63 PSIG TEST NUM4tR 1-2-1C
90. 108.26 74.54 83.73 59. 71 18.83 53.69 63.67 34.07 11.01 10.998C. 116.32 74.24 el.58 55.71 18.54 46.62 56.77 33.53 11.91 26.C5
70. 107.65 74.69 79.92 96.45 1R.25 38.69 49.00 33.17 11.?1 21 55
60. 67.e9 76.G3 71.43 5 7. 74 18.25 31.67 39.96 33.35 11.57 16.49
50. 47.09 76.46 78.29 62.51 13.74 23.54 28.77 33.53 12 11 11.73
4 '. 26.91 75.72 76.58 67.95 7.93 15.78 19.62 14.07 12.47 11.52
30. 9.18 74.64 75.09 48.30 6.?4 12.53 15.59 34.43 12.11 12.49
20. -11.62 74.54 74.73 66.22 8.31 9.14 9 15 34.97 12.11 13.24
10. -42.20 75.87 75.91 63.4i 12.02 12.26 4.19 35.51 12 11 13.53
70. 7 127.21 74.27 56.03

|

. - - .
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STATICTJROJC STATIC TOTAL STATIC INTAL OnwN
DYNAMIC up UP STATIC DOWN 00WN up nCWN STRFAN

DIS < * S TRE AM ST4EAM DFLTA STP AM STREAM MASS StaEAM STpFA9 DEt0VE8Y
A N GL E d E A R ! *'. PRESS. '85.55. P9 F S t. PRE 5. ppFi$. FtPW TF9P. TEMP. PDF%!.

^

} EDEG) (F T*L R) (PSIA) (#$!Al (PS[49 (P$ Al (P$fAl (LR/58 (Fl (5) (P$tal

; 5 PSIG TE ST N U"B5 G 1-2-6
90. 10.92 18.35 20.45 6.19 12.15 16.69 14.99 41.45 .00 11.78'

80. 11.33 18.99 21.32 6.77 12.21 17.97 14.99 41.27 .03 11.59
7C. 14.24 *0.00 21.51 9.54

'

46 13.92 13.27 41.09 O L7.21
}0 2,2

.
21.13 9.64 , .51 13.9560. 2.64

20.:8 21.05 7.99 :. .60 14.10 1^Y 63
41*39 J L2 79; .

50. -6.48 54 40 91 3 L3.24.
40. -l'.57 20.75 20.94 7. 73 13.02 14.01 4.67 40.91 .10 13.52
30. -13.93 20.97 21.J2 7. P S 13 11 13.94 2.34 40.91 .33 13.62
20. -17.57 0.09 20.39 7.44 12.65 13.95 .66 40.91 .00 13.ee10. -?2.56 9. 39 19.43 5.43 13.50 13.92 .00 41.09 .33 13.71 i

75.5 14.71 0.23 9.J5

1C *SIG TEST NU"9ER 1-2-5
90. 26.67 21.00 25.61 13.67 12.33 16.17 19.09 SR.19 .33 10.41
R G. 23.95 5.12 27.64 13.62 11.5C 19.15 19.09 57.e5 .00 10.52I'P . 513 J. 29.13 30.50 18. 39 10.12 14.21 17.8h 57.47 .00 10.75
60. 10.37 25.90 27.03 14.67 11.28 14.53 12.83 57.29 .03 12.20
50. .99 25.12 25.72 12.86 12.24 14.16 9.22 57.11 60 13 15
40. -R.89 25.63 25.96 12 79 12 84 13.91 5.82 57.11 .00 13.4930. -14.42 24.15 2,.91 12.80 12.24 13.95 2 95 57.11 .03 13.62 i
20. -17.53 24.3s 24.39 11.55 12.R4 13.85 92 57.11 .33 13.7210. -25.43 24.34 24.34 10.51 13.61 13.95 .00 57.11 .03 13.74

i 71.7 31 54 28.89 17.413 .

15 PSIG TEST Nu1RER 1-2-4
'

l'
9 C. 32.32 27.21 30.3d 13.02 14.18 19.12 22.13 54.59 .00 11.86
8 C. 33.35 2H.31 31.36 15.7? 12.59 20.49 22.13 54.23 .00 11.60

1 70. 31.58 32.42 34.90 22.93 9.49 15.74 20.97 53.87 .00 10.76 :

1 60. 23.83 33.56 35 24 23.00 10.57 15.30 17.75 53.69 .03 10.85
'

i 50. 17.49 35.19 36.14 71.51 11.68 14.90 13.7A 53.69 .03 12.21
+ 40. 2.35 36.03 36.46 24. 54 11 49 14.34 9.59 53.69 .00 13.11
| 30. -6.86 35.95 36.13 2 4. $7 11.28 14.05 5.97 53.69 .00 13.40'

20. -14.53 38.28 38.31 25.76 12 52 13.79 2.42 53.69 .09 13.e1
10. -24.55 33.97 33.97 P 2. 74 11.23 13.75 .71 33.87 .01 13.71
68.6 42.47 32.46 23.05

3 PSIG TFST NU44f8 1-2-0,

'

90. -11 94 13.79 13.73 .00 .00 13.79 .0c 40.73 4C.73 .03' 8C. -11 84 13. 79 13.79 .33 .00 13.79 .3C 40.73 40.'1 .C0 '

t 70. -11 84 13.79 13.79 .00 .00 13 79 .00 40.73 40.73 .00 |l 60. -12.10 13.79 13.79 .00 .00 13.79 .0C 40.73 40.73 .00 '

l
'

50. -12.30 13.79 13.79 .90 .00 13.79 .00 40.73 4C.73 .00
'g o. -11.R4 13.79 13.71 .00 .30 13.73 .00 40.73 4C.73 .30

i Jo. -12.30 13.79 13.79 .00 .00 13.79 .00 40.73 40.73 .00
20. -12 75 13. T4 13.79 .00 .C3 13.79 .00 40.73 4C.73 .g*.d| 10. -26.92 13.79 13.74 .00 .c3 13.79 .00 4C.73 40.73

i
1

J

'

|

!
.
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!
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DAT4 FOR dALVE MUNRrR 1 oq$1 T104 N'JM RE 8 3 FLAT FACE 3r otSW [NTO FLOW GAS TYPFs NITROGtN

10MI44L 014. (INI e.003 SE AT Dia. (TN) 7.P75 prpE OTA. (INI 7.981 4SPFCT QATIO 7550

I STATIC
T O R 0'J E STATIC TOTAL STATIC TOTAL DOWN
OYNAMIC up up STATIC Di3 d N DowN UP 00W1 ST*FA4

D I SK + STRFAM STRF4M DFLTA STPF4M STRE4N MASS STRFAP ST8FA4 RECOVERY
AN GL E BE ARING PDFSS. ORF$$. PDFSt. 80FSS. PRFSS. FLOW TEMP. TFMP. apr$s.
EDEG) (FT*LBI tPSIal (PSInt (PStal (OSIA) *PSlat (LRtSt (FI (F) (PSlal

60 *SIG TEST N UM * 8 9 1-3-1
90. -101.0% 71. C 3 85.77 40.29 32.74 60 53 74.21 33.51 2?.73 15.71
80. -96.22 75.52 a7.17 43.55 31.97 30.97 72.2C 32.99 22.01 32.46
70. -101.67 77.51 65.oo 51.40 26.11 49.56 60.9e 32.81 21.47 26.11
60. -107.11 78.35 65.46 59.07 20.28 39.61 49.91 32.63 ?0.75 19.30
50. -113.16 78.51 81.31 62.R? 15.69 29.11 36.09 32.R1 19.13 14 13
40. -116.79 77.02 71.51 A5.la 11.84 21.27 26.15 32.99 16.1' 10.12
30. -112.55 75.68 76.34 55. 34 10.34 14.95 17.13 33.15 14.99 12.20
20. -106.50 74.52 74.84 63.41 11.11 13 15 11.79 33.'53 15.17 13.17
10. -90.17 75.66 75.78 62.82 12.86 13.42 6.64 33.89 16.97 13.60,

38.6 -122.83 76.86 65.63

0 PSIG TEST 9U9939 1-3-0

90. -11.84 13.79 13.79 .00 .00 13.79 .00 6C.73 4C.71 .C0
80. -11.94 13.79 13.79 .00 .30 13.73 .0C 40.73 4C.73 .00
70. -11.86 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00
60. -12.30 13.79 13.79 .03 .00 13.79 .00 40.73 40.73 .00** 50. -l' . 3 0 13.79 13.79 00 .00 13.79 .00 40.73 4C.73 .00" 40. -11.84 13.79 11.79 .00 .00 13.79 .00 40.73 4C.73 .00
30. -12.30 13.79 13.79 .00 .00 13.79 .C0 40.73 40.73 .00
20. - 12. 75 13. 79 13.79 .03 .00 13.79 .00 40.73 4C.73 .00
10. -26.92 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00

i

f

|

1

t

, - - . . - -.
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DATA FOR VALV2 NUM85e 1 POSITION NUM8FD 4 CUR VFD F ACE OF DIST TNTO FL3W GAS TYPE: NITRCGEM
90MINAL DIA. (TN) P.000 SF AT 014. (IMI 7.R75 PIPE DIA. (149 7.981 ASPECT SATIO .2550

STATICT0eJOE STATIC TOTAL tTATIC TOTAL 00hNDYN A' llc UP tlP STATIC 00WM DOW4 tiP DOWN $7PFAMDISK + SierAM STREAM DE L T 4 STREAM STEE AM MASS STREAM STREA1 #FCOVF#V
AN GL E BEARING PRESS. PPits. '#FSS. DRESS. PRESS. F(OW TFPP. TFM*. PpESS.! (DEG) (FT*LSI (PSIA) (PSIA) (p%I A) (PSIAS (PSI 43 (1R/SI (Fl (F) (PSIAl

60 PSIG TFST 19959 1-4-1
; 90. 111.17 73.46 65.52 3 1. * * 34.94 59.77 T1.89 40.73 30.?4 14.8880. 170.27 77.P0 eb.OR 52.14 25.66 St.16 68.37 40.01 29.57 29.9670. 143.25 78.31 85.04 57.79 20.52 45.64 55.53 39.65 29.31 22.7669. 87.71 78.31 B?.46 59.55 19.75 35.67 43.61 39.47 27.23 17.3950. 59.57 7R.13 80.41 61.56 14.58 26.45 32 28 39.47 21.43 L1.8840. 35.18 76.64 77.33 $9.44 8.19 18.19 ?3 13 ?9.65 72.73 Lt.4330. 1%.42 75.13 7 5. 7 '> 61.63 5.5J 13.50 16.36 19.63 20.21 | 7. 3 420. -3.24 74.80 75.05 63.11 11.69 13.27 13.60 40.37 15.95 13.7610. -30.49 77.46 77.54 63. 70 13. 76 14.16 5.75 41.C9 19.23 13.5?d2 7 177.77 77.46 44.95
I 1 *i!G TF ST Ntt19FD 1-4-0

90. -11.m4 13.79 13.77 .00 .00 13.79 .00 40.73 4C.73 .C080 -11.84 13.79 13.77 .00 .00 13.79 .00 40.73 40.73 .0370. -11.84 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .0060. -12.30 13.79 13.79 .00 .00 13.79 .00 40.73 40.73 .004 50. -12.30 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00*
40. -11.44 13.79 13.79 .00 .00 1 3.79 .00 43.73 40.73 .003 G. -1?.30 13.79 13.79 .00 .00 13.79 .00 4G.73 40.73 .C020. -12.75 13.74 13.79 .03 .30 13.79 .C0 40.73 40.73 .0010. -26.92 13 79 13.71 .00 .00 13.79 .00 40.73 4C.73 .00

|

i

l

i

)
,

&

'

i

4
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DATA FOR VALVF NUMnFR 1 POSITION Nu18ER 5 FLA T F ACF 0F DISd TNTO EL1d GAS TYPF NIT 90 GEN

NOMINAL OIA. ( T al l 8.000 SEAT OTA. (INI 7.875 PIPE DTA. (INI 7.981 aS8ECT RATIO .2550

STATIC
TORQUF STATIC TOTAL STATIC TnTAL DOWN
DTNAMIC UP UP STATIC DOWN DOWN Up 00WN STREAM

DISt + STREAN STREAM DE L T A STREAM STEFAM MASS STREAM STQFAM RECnvFPY
AN GL F BE ARING PRESS. PRESS. PRESS. DRFSS. PRESS. FL0d TFMP. TFMS. PDF55.*

i (DEG) (FT*L91 (PSIAI (PStal (PStal (PSIAI (PSI A) ((RTS) (F) (F) (P$1A1

60 **IG TFSY NOM 9FP 1-5-1
90. -115.74 72.91 85.73 42.00 30.94 58.67 71.47 53.51 3C.91 34.81,~

80. -104.63 74.24 R 6.13 17.19 37.06 59.81 70.88 53.15 10.29 33.62
70. -107.71 77.20 85.55 43.13 34.07 52 15 60.58 52.61 30.29 26.14
00. -110.80 78.2t P3.40 51.40 26.95 41.23 47.95 52.25 30.65 10.30
50. -183.21 7 A. 39 d1.15 59.55 18.84 29.36 35.14 5 71 31.19 '3.53
40. -120 68 77.80 79.2C 61.41 14.39 21.70 25.00 5 99 31.91 .0.11
30. -112.66 74.67 7 6. '> 3 64.30 11.57 15.74 16.91 5 .27 31.17 2.21
20. -104.01 74. 39 74.77 63.41 10.98 13.50 12.79 49.91 33.81 13.00
1C. -102.78 73.95 74.03 61.63 12.33 12.76 5.50 49.19 34.71 13.59
e 9. 6 -131.29 73.06 41. a 4 I

) PS[G TFST NUM9FR 1 5-0
90. -11.84 13.79 13.79 .00 .00 13.79 .00 40.73 40.73 .00

4- 80. -11.94 13 79 13. 79 .00 .00 13.79 .00 40.73 4C.73 .00j " 70. -11.84 13.74 13.79 .00 .00 13.79 .00 40.73 4C.73 .00
60. -12.30 13.79 13.79 .00 .00 13.79 .00 4C.73 40.73 .00

. 30. -12.30 13.79 13.79 .00 .00 13.79 .00 40.73 40.73 .00
40. -11.84 13.79 13.79 .00 .00 13.79 .0C 40.73 4C.73 .00
30. -12.30 13.79 13.79 .00 .00 13.79 .0c 40.73 4C.73 .00
20. -12. 75 13.79 13.79 . 00 .00 13.79 .00 40.73 4C.73 .00
10. -20.92 13.79 13.79 .00 .00 13.79 .00 40.71 4C.73 .00

I

:

'

!
1

_ _ _ _ _ _ _ _ _ _ .
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DATA FOR VALV5 NUNRFR 1 MSITION NUM8f p 6 CURVF D F ACE OF DISK INTO FLOW GAS TYPFt NI TR CG EN

10MINAL DIA. (IN) 8.000 SEAT D I A. (IN) 7.875 PIPF DIA. (INI 7.991 ASPECT RATIO .?"50

STATIC
TOR ollE STATIC total *TATIC TaTAL 00wM
DYNAMIC UP UP STATIC 00WN DOWN UP 00WN Sieram

015< + STREAM STDTAM DELT4 STREAM SieE4M MASS STRFAM STeraq REC 0VF"Y
ANGL E SCARING PRFSS. PRESS. PRFSS. P9ESS. * Peti. FLOW TFMP. TFMP. PDF$*.
(DEGI (FT*L98 (PSIAI (PSI 4) (PSIA) (PSlal (PSIS) (L8tSI (F) (FI ( F S I A .'

63 PSIG TFST NUM9CP 1-6-1
90. 112.41 73.65 H4.83 44.24 22.30 56.82 68.09 45.50 34.97 33.76
PC. 147.09 78.10 87.76 50.66 27.44 54.34 e6.05 44.87 34.25 ?9 1'

70. 120.02 78.10 64.42 59.41 1s.70 44.53 53.44 44.33 14.07 23. 8
60. 75.74 18 39 82.27 61.63 16.77 34.56 41.98 43.97 34.61 17. 3

| 50. 41.65 7R. 9 80.37 69.19 10 24 26.55 31.42 44.15 34.41 17.01
40. 21.19 77. 0 74.23 71.11 6.09 18.61 21.43 44.69 32.81 11 36'

' 30. 1.42 75.72 70.34 71.1L 4.61 14.49 16.45 44.87 31.91 12.21
20. -13.60 74.48 75.23 63.41 11.57 13.11 10.27 45.21 32.09 13.23
1C. -47.54 76. 77 76.43 43.69 12.92 13.29 5.29 45.95 33.35 13.52
$7.0 160.35 78.28 62.41

0 PSIG TEST NU"9FR 1-6-0
90. -11.94 11.79 13.79 .00 .00 o3.79 0 40.73 4C.73 .00.

40. -11 34 13 79 13.79 .00 .30 ,3. 79
5'

40.73 4c.73 .00
70. -11.94 13.70 13.79 .Os .00 .,3.79 4c.73 4e.v3 .03.

.0$ H:M :88 18:H 4$.d7 :88
13.79 .00 40.73 .00.00

!3.79!:M :88
00. -: .2. 30 13.79

8 5: ::f:!! 11:4 :8 :
30. -12.33 13 19 13.79 .00 .00 13.79 .00 40.73 40.73 .00
20. -12.75 13.79 13.79 .00 .00 13.79 .00 40.73 4C.71 .00
10. -26.92 13 79 13.79 .00 .00 13 79 .00 40.73 4C.73 .00

,

e . e .
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i D&Ta FJR VALV5 1UMRfR 2 POSITION NUM8ER 1 FLAT FACE OF DISW INTO FLOW GAS TYPFt MIT20GFN

I NOMINAL DIA. (IN) 6.000 SF 4T O T4 (TN) 7.250 P I P E 014 (INI 7.981 aSPFCT RATIO .3200
!

STATIC
TORQUF STATIC TOTat STATIC TOTAL 00bN
DYNAMIC UP UP STATIC DOWN DOWN UP 00WN 979EAM

DI S4 + STREa* STREAM OFLTA STpFAN STRE41 MASS SieEa4 STpEa1 R E COVER Y '
AN GL E BEARING PRESS. PRFSS. PRESS. PRESS. POESS. FLOW TEMP. TEMP. *DFSS. t(DEGI (FT*LB) (PSTA) (PSIA) (PStal (PSIAI (PSt&B (L9/S) (F) (F) (PSIA)

60 PSIG TFST NUMBFP 2-1-1
90. -56.00 79.79 83.46 71.18 R.60 45.04 43.19 56.39 27.33 14*14 *

80. -79.43 77.19 81.03 67.53 0.66 3P.44 40.98 *5.13 23.49 18.16
! 70. -85.00 76.41 79.39 67.37 0.04 32.68 36.02 53.e7 20.93 11.17
; 60. -87.43 76.03 77.92 68.23 7.75 25.03 28.59 53.15 18.23 7.7550. -84.00 76.03 77.19 70.27 5.76 20.00 22.42 52.61 16.61 5.53

40. -77.72 76.54 77.10 70.89 5.66 12.76 15.72 52.43 15.3$ 11.63 ,' 30. -60.57 7a.22 7e.47 69.16 8.86 10.91 10.5e 52.61 16.07 12.75 t
2 C. -51.43 79.65 79.70 67.53 12.13 12.39 4.41 52.79 la.77 13.33
10. -22.29 69.15 69.19 61.44 7.72 7.68 .00 53.15 22.19 10.31
60.4 -92.J2 76. 03 69.28

63 PSIG TEST NUM9ER 2- 1- 14, ,

i
90. -53.18 81.08 05.15 72.17 8.70 44.35 43.4a 50.09 14.49 14.65
80. -77.40 76.41 80.01 66.29 10.12 35.60 39.75 48.65 16.79 1*.4a
70. -83.74 76.41 79.25 67.05 9.35 31.06 35.36 47.57 14.27 10.57
60. -77.65 76.28 78.19 69.41 7.86 25.06 28.92 46.67 12.11 7.63

h 50. -79.18 76.14 77.21 7 C.10 6.05 18.52 21.68 46.49 10.31 e.61
40. -71.81 76.03 76.56 70.55 5.49 12.34 15.30 46.49 9.41 11.89
30. -53.78 79.60 79.25 59.63 9.37 11 24 10.54 46.49 9.77 12.R2
20. -48.19 79.65 79.71 69.79 9.86 1C.30 5.14 46.67 12.65 13.39

i 10. -19.24 70.44 70.45 60.50 9.95 9.98 1.30 46.65 16.37 13.69
72 6 -88.32 76 29 67.96,

5 PSIG TFST NU9BER 2-1-6

i 90. -8.09 18.,7 19.10 6.67 11.60 15.13 9.22 61.43 .C3 12.97
' 80. -4.98 10.11 19.52 6.27 12.44 14.32 9.22 61.75 .03 12.95
} 70. -5.62 19.56 20.20 6.67 12 91 14.04 8.22 61.75 .00 13.10
* 60. -6.15 19.97 20.34 6.89 13.38 14.00 6.39 61.25 .co 13.39
'

50. -5.83 FC.25 20.42 6.99 13.36 14.00 4.43 61.25 .03 13.59
40. -3.52 20.41 20.87 7.09 13.72 14.30 2.62 61.25 .03 13.69
30. -6.49 21.22 21.23 7.60 13.62 14.00 1.06 61.25 .00 13.75
20. -6.37 19.15 19.15 5.96 13.19 14.30 .le 61.25 .00 13.78
10. -6.69 19.30 19.33 5.66 13.65 14.00 .00 61.25 .C3 13.78
b 8. 0 -11.32 20.61 4.53j

1 13 PSIG TEST NU49E0 2-1-5
i

! 90. -12.04 22.45 23.59 12.27 10 18 15.45 11.99 56.93 .00 12.39
80. -13.26 23.51 24.58 11.79 11.72 14.08 11.95 56.75 .00 12.42 L

'

70. -23.08 27.4% 29.36 14.30 13.14 14.26 11.93 56.57 .03 12.46 '

60. -15.33 24.95 25.55 14.26 10.69 13.79 9.26 56.57 .00 13.06
50. -11 68 24. 76 25.07 12.79 11.97 13.94 6.57 56.39 .33 13.37
40. -9 01 25.16 25.26 I?.01 13.15 13.84 3.75 56.39 .01 13.59
30. -9.74 ?S.98 26.01 17.56 13.42 13.79 2.07 56.57 .00 13.69
20. -9.95 74.21 24.21 11.62 12.59 13.79 .26 56.57 .03 13.79
10. -6.93 f3.09 23.39 10.2R 13.60 13.79 .00 56.57 .00 13.79
67.4 -21 41 28.3A 15.62

!

<

_ _ _ . _ . - . - , ..
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$TATIC
TOR 00F STATIC TOTAL STATIC TOTAL DOWN
DYNAMIC UP UP STATIC DOWN OWN UP DOWN Sierag

0154 + STREAM ST* AM OFLTA SierAM t e am NASS SteFan SrpEAg oFC0VERY
AN GL E BEARING DRESS. *pE S. P4FSS. *Rf35. 9 f S. FLOW TE9P. TFMs. Pat $5.
(DEG) (FT*LRI (Pstas (PS Al (PSIA) (PSIA) (PS Al (L8/53 (F) (F) (P$fAl

'
15 85tG TF5T PJM9ED 2-1-4

90. -14.41 27.51 28.47 14.34 3.69 16.58 14.31 6n.45 .00 11 70
80. -25.62 29.68 29.40 17.84 10.24 14.36 14.31 68.27 .00 11.60
70. - 31.84 32.u8 33.24 19.93 12.26 14.18 14.31 68.09 .00 11 70
60. -23.64 29.67 30.43 1R.72 10.95 13.98 11.13 67.91 .00 12.76
50. -19.53 29.26 29.67 17.90 11 39 13.35 7.96 67.91 .0J 13.23,

40. - 14.66 29.h3 30.32 17.07 12.76 13. A S 5.58 67.91 .00 13.46
30. -14.0. 30. 76 30.82 16.59 14.18 L3.85 3.02 67.9: .00 13.to

-14.29 13.05 30.36 15.81 13.20 .3.35 1.10 67.9', .03 13.66
f 0. -9.92 27.35 2F.16 14.0J 13.36 ,3.95 .00 6 7. 9; . .03 13.710.
69.7 -31.93 32.23 20.01

0 PSIG TFST NUM4F P 2-1-0

90. .13 13.79 13.79 .00 .00 13.79 .00 40 73 4C.71 .03
60. .55 13.79 11.79 .00 .00 13.79 .00 40.73 40.73 .00
70. -1.19 13.79 13.79 .00 .00 13.79 .0C 40.73 4C.73 .00
6 C. -1 19 13.79 13.79 .00 .03 13.79 .00 40.73 4 C. 73 .00
50. -1. 9 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .03
40. -1. 9 13.79 13.79 .00 .3C 13.79 .00 40.73 40.73 .C0
30. -1. 2 13.79 13.79 .00 .30 13.79 .00 40.73 40.73 .00

'" 20. -3.11 3.79 13.79 .00 .00 13.74 .0c 40.73 4C.73 .00* 10. -6.95 3 79 13.79 .00 .00 13.79 .CC 40.73 4C.73 .G0

)

.

W

e . e .
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DA7A FOR VALVE 1UNRER 2 POSITION NUMBE R 2 COO VFD F ACC 1F DISK INTO ELOW GAS TYPE N I T e t'G E N
,

NOMINAL DIA. (INI M.000 SEAT DIA. (TN) 7 250 PIPF nIA. (INI 7.981 ASSECT RATIO .3280
'

)
' STATIC

T3RQuS STATIC TDT AL STATIC TOTAL DOWN
CYNAMIC Ho UP STATIC DOWN 00W1 UP 00W1 STREAM

DI S< + iTREAM STWTA9 OctTA TTREAM STDEAM MASS STRFAM SfesAM RECOVEDY
AN GL E REARING PRESS. 8Rf%S. P9fSS. PWFSS. P9ESS. FLOW TEMP. TEMP. **F%S.'

( D EG I (FT*L89 (PSIAI (PStal (PSIAI (PSIA) (PSIAI (L8/S) (F) (Fl (PStal

b3 PSIG TSST NUM4ie 2-2-1
j 90. 14.63 79.39 83.94 65.67 13.7? 18.65 45.30 54.05 76.97 14.40

80. 84.73 76.94 80.84 65.67 11 27 16.43 41.10 52.61 ?4.35 14.37
70. 104.37 76.29 79.3R 66.2A 10.01 32 18 36.66 51.53 22.11 14.24

| 60. 6P.39 76.04 78.12 66.e9 9.15 25.41 30.05 50.63 71.27 13.76
'

50. 61.11 76.C4 77.17 67.66 8.38 18.31 22.16 30.27 2C.21 18.67
i 40. 37.30 76.42 77.30 A 4.19 7.24 13.94 15.98 50.27 19.85 1C.59
- 30. 23.41 77.46 77.71 70.10 7.37 9.77 10.39 50.27 19.13 8.43

77 71.00 69.79 e.18 8.47 3.77 50.45 19.65 5.9720. 7.54
10. -20.24 72 97.61 72.94 60.96 11 85 12.26 .00 50.81 21.29 R.96
7 3. d 112.33 76.42 65.89

15 PSIG TE!T NU44c0 2-2-4

90. 19.99 27.04 28.48 16.30 10.73 15.30 14.73 66.29 .03 17.92;

80. 21.59 27.31 29.73 15.95 11.46 15.23 14.66 66.11 .00 12.84'

! 7G. 42.4A 31.71 32.92 ?0.44 11.27 14.44 14.62 65.93 .30 13.10
60. 34.22 21.47 30.30 21 29 4.18 13 75 11.66 65. 75 .03 13.36
S C. 23.21 29.37 29.86 18.79 10.59 13.12 9.93 65.57 .30 13.52S

. e 40. 14.04 29.75 30.01 17.7? 12.02 13.97 6.59 65 57 .01 11.62
! 30. 7.40 10.34 33.43 17.55 12.79 13.13 3.77 65.57 .00 13.71
1 2C. 2.11 31.57 31.53 1H.27 13.30 13.9s 1.50 65.57 .00 13.76
| 10. -$.41 27.63 27.63 11.84 13.79 13.98 .26 65.57 .00 13.78
i 67.8 44.8) 33.23 22.31

10 PSIG TEST NH4RER 2-2-5
l

90. 12.63 22.6C 23.90 11.R9 10.72 15.41 I?.28 66.47 .0? 12.30
j 80. 18.13 27.R4 24.07 11.52 11.37 14.10 12.24 66.29 .03 12.34

70. 35.90 25.98 27.01 14.04 11.94 15.94 12.21 66.29 .03 12.37i

60. 27.84 24.73 25.42 14.97 9.76 13.71 9.74 66.11 .QO 12.17
SC. 19.05 24.73 25.11 13.39 11.34 13.15 7.23 66.11 .00 13.39

7 12.6? 12.47 13.71 4.9e 66.11 .00 13.56
25 3'6 12.a6 13.14 13.95 2.76 66.11 .03 13.66 ;

40. 10.62 25.09
30. 5.96 76.01 26.
20. .37 26.12 26.12 13.34 12.7R 13.9F .60 66.11 .03 13.74 i
10. -5.11 77.41 /2 62 10.12 12.61 13.97 .00 66 11 .00 13.76 -

66.1 37.18 27.18 15.49
'5 PSIG TFtf NU"9ep 2-2-6

90. 7.18 14.25 19.15 5.64 12.60 15.49 9.54 66.P3 .39 11.72
80. 12.21 18.38 19.73 6.51 11.79 15.40 9.59 66.65 .00 11 99
70. 24.42 20.28 ?_1.J9 3.06 12.21 16.58 9.57 66.65 .01 11.62
60. 17.55 19.R3 23.66 9.02 11 91 13.69 9.57 66.65 .00 12.71
50. 12.21 20.13 20.70 7.67 I?.46 14.J4 9.00 66.65 .00 13.17
40. 7.02 20.73 21.33 7.51 13.21 13.98 5.8e 66.65 .03 13.43 i

30. 3.51 22.10 22.21 8.30 13.81 13.98 3.59 66.65 .01 13.62
20. .91 19.41 19.42 6.8' 12.59 13.99 13g 66.65 .00 13.69
10. -4.88 19.39 19.58 5.77 13.60 13.99 .1 e6.65 .00 13.74
7.. o 25.06 20.28 9.0$

1

1

1
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STATIC
T04102 S T A TIC TOTAL STATIC TOTAL DOWN
OTNAMIC l'P OP STATIC 90VN GOWN UP 00WN STeFA9

DI SK + STREAN STRs4M OELT4 TTREAM STREAM MASS SieFAM SieFa9 REC VFeV
AN GL E BE ARINr. *RFSS. anESS. PacSS. 84FSs. *e855. FLOW TEMP. TF98 PR SS.
(DESI (FT*L93 (PSI 4) (PS[4) (Ps!4) (PS[A) (*{I4) (LRIS) (F) (F) (P tal

3 *SIG TEST NUMBER ?-2-3
3 13.79 13.79 .30 .00 13.79 .03 40.73 4C.73 .00

.)590.

.3 13. 79 13.73 . 33 .00 13.79 .00 40.73 40.73 .00a 0.
', .13 13.79 13.79 .00 .00 't.70 .00 40 73 40.73 .0070.

60. -:. 19 13.79 .).79 .03 .00 .;l.79 .00 40.73 40 7) .03,

' S0. - 19 13.79 .3.74 .03 .00 ...l.79 .00 40.73 40.71 .00
4 C. -1.19 13.74 13.79 .03 .30 13.79 .00 40.73 4 C.7 3 .03
30. -1.42 13.74 13.73 .33 .33 13.79 .00 40.73 40.73 .00
20. -3.11 13.79 13 79 .0) .00 13.79 .33 40.73 4f.73 .03
10. -6.95 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00 e

I

!
1

s

.

.

4

4

.|

.

b

e G 9 .



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

' . . , .

!

,

OATA FOR VALVE NUMRER 2 POSI TIO4 9'11BE R 3 FLAT FACE OF OISW INTO FLOW Ga5 TYPES NIT 90GFN

NOMINAL DIA. (INI 9.303 SFAT 014. (INI 7.250 Pf*E OIA. IfMI 7.981 ASPECT RATTO .3290

STATIC
TORQUE STATIC TOTAL STATIC TOTAL DOWN

.

OYNAMIC UP UP STATIC 09WN 00WN IIS 00W1 STRFAM
DIS < + 5TeFAN 314FAM DELTA 9T4 FAN STRFAM 9A%% STRCAM SYDCA1 QECOVE9V'

- AN GL E 8E APING PRESS. PRESS. P9fSS. PRESS. PRESS. FLOW TF98 TEMP. SoE SS.
! (DESI (F T*L B ) (PSIA) (PSIAI (PSIA) (PSIA) (PSIA) (L9/S) (Fl (F) (PS[Al

60 PSIG TFST NUMBE0 2-3-1

90. -59.51 79.00 83.59 64.79 14.21 19.*3 45.77 45.77 39.83 23.34
80. -85.17 7R.87 ei.16 62.05 16.82 37.58 45.30 44.15 36.15 2?.29
10. -92.59 77.04 Pl.23 61.15 16.69 12.21 39.15 42.99 33.71 17.90
60. -93.44 77.32 79.52 64.03 13.24 25.81 11.44 42.17 31.71 14.76
50. -88.02 76.67 77.95 07.07 9.60 19.59 23.90 41.63 3C.47 10.53
40. -77.47 76.54 77.16 69.23 7.34 13.74 16.73 41.63 1C.29 11.75
30. -60.65 78.35 71.38 69.20 9 15 11.10 10.3C 41.81 3C.47 12.96

i
20. -49.10 78.10 78.17 67.67 10.41 10.99 5.34 42.53 31.19 13.34

(

! 10. -20.15 78.el 78.67 S4.95 13 66 14.26 .00 43 07 32.09 13.55
u 00.8 -94.47 77.45 63.73

,

0 PSIG TEST NU11ER 2-3-0
90. .33 13.79 13.79 .00 .00 13.79 .00 40.73 4C.7) .00
80. .55 13.79 13.79 .03 .00 13.79 .00 40.73 4C.73 .00
70. -1.19 13.79 13.79 .00 .00 13.74 .00 40.71 40.7) .00
60. -1.19 13.77 11.79 .00 .00 13.79 .00 4C.73 40.71 .00
50. -1.10 13. 79 11.79 .07 .00 13.79 .00 40.73 40.73 .00
40. -1.19 13.T9 13.79 .0J .30 13.79 .00 40.73 40.73 .00;

30. -1.62 13.79 13.79 .0J .00 13.79 .00 40.73 4C.71 .01'

20. -3.11 13. 79 13.T9 .00 .00 13.79 .00 40.73 40.71 .00
i 10. -6.95 13.79 13.79 .03 .00 13.?9 .00 40.73 40.73 .C3

1

s
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DATA F34 VALVE NUMRER 2 80SITIq1 NUMER 4 CU9VED FACE OF OfSK [N TO FL rlW G45 TVPFt NYT*CCCM

NOMINAL DIA. (TN) p.003 SEAT n!4 (INI 7.250 ST*F OTA. (191 7.981 SS*ECT P4719 .3280

STATTC
| TORQUE S TAT IC TOTAL ST4 TIC TOTAL CowN

DYN411C UP UP STATIC Dawn OnWN ffP 00y9 SteF44
0154 + 3TDEAM STPc4M DeLT4 ifar41 STREAM MAS $ ST9E44 ST9t41 9 8. C O V e # V
AN G( E 4E481NG **ESS.

**kSS14I P * F 'l 4 )
***Ss. FLOW TEM *. TFM*. **FSS.S. parts} (L6/S) (F) (F) (85141(PS (*$IA) (PSIA(DEwl (FT*LB) (PSIA) (P

'
63 PStG TEST NtJM9FR ?-4-1

90. 78.34 79.92 R4.59 56.65 ?5.27 39.06 46.78 39.11 15.51 24.32
80. 99.29 79.13 83.3d 53.9) 25.24 38.41 44.40 37.67 13.53 21.31
70. 105.87 77.84 80.94 41.53 16.32 10.50 37.06 36.41 32.27 16.97
60. 83.31 76.67 74.5C 35 19 11 47 23.65 2P.81 15 51 11.59 13.1)
50. 37.25 76.2S 77.39 67.94 8.34 18.42 22 3P 35.33 3C.65 1C*01
40. 38.17 76.93 77.54 69.4% 7.47 13.65 15.60 35.51 29.75 11 40
30. 20.99 77.04 78.05 70.51 7.31 9.47 9.72 35.64 28.49 12 19
20. 4.77 74.85 74.91 $8.95 6.00 6.74 5.14 36.05 27.23 13 39
10. -2?.42 69.55 64.55 59.17 11.37 11.39 1 19 37.13 27.05 13.60
75.0 115.95 79.36 57.?9

$ 3 p%IG TEST NU1Bc4 2-4-0

90. .33 13.79 13.73 .00 .00 13.79 .00 40.73 4C.73 .00
60. .55 13.79 13.79 .00 .03 13.79 .00 40.71 4C.73 .00
73. -1.19 13.79 13.79 .03 .03 13.79 .00 40.73 40.73 .00
60. -1 19 13.79 13.79 .03 .00 13.79 .01 40.73 4C.73 .00
20. -1.19 11.79 13.79 .00 .00 13.79 .0c 40.73 40.73 .00
40. -1.19 13.79 13.79 .0) .00 13.79 .J0 40.73 4C.73 .00
30. -1.o2 13.79 13.79 .03 .00 13.71 .00 40.73 4C.73 .03
20. -3.11 13.79 11.79 .03 .00 13.79 .00 4C.73 4C.73 90
10. -$.95 13.79 1 3. 79 .00 .00 13.79 .00 40.73 40.73 .00

i

i

1

. . 3 .
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01TA F3R V ALVE WIN 9ER 2 $017 T 101 4'J M 9 6 R 5 FL AT F ACE OF DISM INTO FLOW GAS TYPEt NITROGEN
,

101144L DIA. (INI H.J03 SEAT DIA. (INI 7.250 *IPF OIA. (IN) 7.981 ASPCCT eAY!1 .3280

STATIC
TORQttE STATIC TOTAL S T A TIC TOTAL P%N
DYNAMIC tl# OP ST4 TIC 90W4 DOWN UP nnWN SieFAM

D I S( + STREAM STREAM D:Lfa STRFA9 STREAM " ASS StocAM STpFAM RECOVFRY
AN GL E BEARING PPFiS. >RFSS. Pecst. #RFSS. PRESS. FLOW TEMP. TEMP. 6pFSS.
(OEGI (FT*L8l (PSIAI (PSIAI (*SIAI (PSIAI (#$1A1 (LR/S) (F) (F) (PSIAI L

63 *SIG TEST NHM9ER 2-5-1

90. -45.43 80.05 94.39 65.34 14.7} 38.19 44.97 41.63 1M.75 21.51
11.H, 37.29 42.11 19.41 36.77 21.34S 0. -79.96 77.19 81.12 65. 14

70. -R8.26 76.54 79.34 65.04 11.50 31.39 36.71 33.57 35.87 17.93
60. -92.27 76.41 78.26 67.49 d.92 24.F3 ?9.81 37.85 3t.05 14.01
50. -89.99 76.14 77 15 73.23 5.92 18.4C

21.$1
19 17.49 3e.23 10.57

40. -92.25 76.28 76.75 71.14 5.13 12.09 14 37.49 35.69 11.44
30. -65.36 70.61 71.82 73.39 8.22 10.26 9.94 17.49 25.33 12.61
20. -$1.91 78.07 74.93 69.15 9.72 10 19 5.20 38.21 34.97 13.34
10. -24.43 73.43 73.44 o3.82 9.62 9.64 1.12 38.75 34.79 13.60

$ 56.7 -94.00 76.41 69.72

0 PSIG TEST 1093ED 2-5-0
i 90. .33 13.79 13.79 .00 .00 13.79 .00 40.73 40.73 .00

~

80. .55 13. 79 13.79 .00 .00 13.79 .00 40.73 4C.71 .00
70. -1.19 13.79 13.79 .00 .C0 13.79 .00 40.73 4C.71 .00
00. -1 19 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00
50. -1.19 13.79 13.79 .09 .33 13.79 .00 40.73 4C.71 .00
40. -1.19 13.79 13.79 .03 .00 13.79 .00 40.73 40.73 .00
30. -1.62 13.79 13.79 .03 .33 13.79 .0C 40.73 4C.73 .00
20. -3.11 13. 79 13.79 .00 .03 13.79 .00 40.73 40.73 .00
10. -6.95 13.79 13.79 .30 .00 13.79 .00 40.71 40.71 .00

,

l

!

,
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D4'4 FOR vat.VE 10MB5R 2 89% f f!M 19M9F e 6 Cl|RvF D F ACE OF DISK INTO FLOW GAS TYPEt MIT*C4FN

NOMINAL 014. (INI e.000 SEAT SIA. (til 7 250 D1PF DIA. (?NI 7.991 ASPECT PATIO .328C '
,

>

t
s J STATfC

TOROUE STATIC itTAL STATIC 'a f4 L , 00WN
DYNAMIC UP UP ST4 TIC 03WN DOW1' Up 00W1 STEEAM -

DISK + S TRE AM STRF4M OFLf4 ST9FAM STRf49 MASS STREAM S T 4 E 41 ' 4FCOVFRY '

ANQ.E 8 EARING P'ESS. 'RESS. P8ESt. PerSS. PPFSS. FLOW TFM*. TE"P. 8P555.
(DEG) (FT*LBt (PSTA) (PSI 49 (P5tal (PSIA) (PSIAI (LBtS) (F) (F) (PSlal

60 PSIG TE Sr NtimmED 2-6-1

90. 78.48 79 26 el.82 54. 78 20.48 38.01 45.86 41 45 38.75 21.95
80. 107.51 80.55 R4.93 59.70 20.86 37 67 45.39 39.65 37.13 22 57
70. 104.10 79.13 82.01 64.43 16.71 3C.12 36.5? 38.57 15.51 17.72
e 0. 94.44 77.58 79.41 67.63 9.95 24.11 28.86 37.95 34.07 13.99
50. 59.00 77.06 7A.39 68.43 8.66 17.78 71.63 37.69 33.35 0 30
40. 37.93 77.32 77.79 69.62 7.70 12.35 14.57 17.49 32.99 1.84
30. 20.94 79.65 79.85 $9. 92 9.73 11.30 9.50 37.67 33.35 2.94
20. 5.72 70.65 79.71 66.98 12.78 13.12 5.07 38.39 33.59 13.40
10. -16.54 74.93 76.93 61.93 15.10 15 11 1.21 18.93 34.43 13.60

t 78.1 113.+E 80.42 60.34 i

3 * SIC TEST Nil 13ER t-6-0
90. .33 13.79 13.74 .03 .00 13.79 .00 40.73 4c.73 .00
80. .55 13.79 13.79 .00 .30 13 74 .0C i 40.73 40 73 .00
70. -1.19 13.79 13.79 .03 .00 13.79 . 0 0. ' 40.73 4c.73 .00
60. -1.19 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00
50. -1 19 13.79 13.79 .00 .00 13 79 .00 40.73 Sc.73 .00
40. -1.19 13.79 13.79 .03 .00 13.79 .00 40.73 40 73 .03
30. -1.62 13.79 13.79 .00 .00 13.79 .00 40.73 4C.73 .00
20. -3.11 13.79 13.79 .03 .00 13 79 .00 40.73 4C.73 .00
10. -6.95 13. 79 11.79 . 03 .00 13.79 .0C 40.73 40.73 .00

. . . .
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STAffC
TdRQUE STATIC total STATIC TOTAL 00WN
DfMAMIC UP UP STATIC DOWN DOWN UP DOWN STRF49

DIS 4 + STREAM STREAM 0FLT4 STREaN STREAM MASS SteEAM STREAM 95c0VFev
AN GL E REneING PoESS. *RESS. PettS. PaF55, enESS. Flnw TEMP. fFPP. PDF5$.
(DEGI (FT*L9) (PSIA) (P5143 (PSI t) (PSIA) (P5fal (LR/SD (F l (F) (91141

3 * SIG TE ST tiuMSe p ' 3-1-0

9 3. . -31.17 13.79 .00 .00 .00 .00 .0C 40.73 40.73 .00
80. -31 17 13.79 .00 .00 .00 .00 .00 40.73 4C.79 .00
70. -3J.09 13.79 .00 .00 .00 .JO .0C 40*73 40.73 .00
60. -22.53 13.70 .00 .00 .00 .00 .00 40 73 40.73 .00
50. -2. 45 13. 79 .00 .30 .00 .00 .0C 4C. 73 4C.73 .C3
40. -21.45 13.79 .00 .00 .00 .00 .00 40.73 40.73 .00
30. -26.85 13.79 .00 .00 .00 .3C .00 40.73 40.73 .00
20. -32.25 13.79 .00 .00 .cc .00 .00 40.73 40.73 .00
1 J. -49.46 13.79 .00 .00 .00 .00 .00 40.73 40.73 .00

|

|

. . . .

_ . _ - _ _ . - . . _ - _ - . _ _ _ _ - _ . _ _
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NATA FOP VALVE MLI"9EP 3 POSITION NUM9[P 2 C UR VF D F A C T OF OISM INT 1 CLOW GAS TYPEt NtierGEN
10MINAL DIA. (INI 24.003 SF AT O!A. (!NI 21 781 PIPE DIA. (IN) 22.624 A18ECT nait0 .25PO

i IT4 TIC
T0RQUE STATIC TOTAL STATIC TOTAL 00WN
DYNA 9IC UP UP tTATIC 00WN DOWN tip DOWN STRFan

DISK + STPEAM STRFAM OFLTA STOEAM STREAM MASS STREA* STBFAP #ECOVEDY.

AN GL E B6ARING PRFSS. *RFSS. PRESS. PDESS. PRESS. FLOW TFMP. TEMP. *0ESS.
(DEG) (FT*L9) (PSIAI (PSIAI (PSTA) (PSIAI (PS!4) (LRfSI (F) (F) (PSIA)

60 PSIG TF ST N'fMBER 3-2-1
'

90. 1570.69 67 63 .00 37.54 30.10 .30 .00 83.57 72.?3 39.31
80. 2271.48 74.19 .00 45. 17 28.82 .00 .0C 73.31 64.31 38.03
70. 2385.74 77.46 .JO 53.44 23.53 .30 .00 63.41 55.13 14.71
60. 1929.70 72.C0 .00 57.22 14.78 .30 .00 54.95 4e.95 26.66
$0. 900.16 65.44 .00 54.48 10.96 .30 .CC 48.11 4C.73 20.41
40. 534.73 65.66 .00 56.30 %.35 .0C .00 43.97 34.71 15.35
30. 397.62 74.40 .00 63.95 10.46 .00 .00 42.71 29.03 14.00
20. 222.43 80.96 .00 73.50 10.46 .30 .CC 43.07 2?.99 13.62
10. 16 76 85.11 .00 72.88 12.23 .00 .00 43.97 21.83 13.62
73.3 2416.21 79.94 53.75

0 PSIG TEST 1U98ER 3-2-0

40. -31.17 13.79 .00 .00 .00 .30 .00 40.73 40.73 .00
60. -31.17 13.79 .00 .03 .00 00 .00 40.73 40.71 .00
70. - 3J . 39 13.79 .00 .00 .00 00 .00 40.73 4C.73 .00
60. -22.53 13.79 .00 .00 .00 .J0 .0C 40.71 4C.73 .00
5 C. -21.45 13.79 .00 .03 .00 .JO .00 40.73 40.73 .00u

-4 40. -21.45 13.79 .00 .00 .00 .30 .0C 40.73 4C.73 .00
30. -26.R9 13.79 .00 .00 .C0 .03 .0C 40.73 40.73 .00
20. -32.25 13.79 .00 .00 .00 .00 .00 40.73 40.'3 .00
10. -4R.46 13.79 .00 .00 .00 .00 .00 4C.73 40.73 .00

- - _ _ _ _ _ _ _ _ . _ _ _ _
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DATA Fue VALVE NHMBER 3 PO SI TIG4 1J1PER 3 FLAT FACE OF D!tv INTO FLOW GAS TYPFs NITRCGEN

40MINAL DIA. (INI 24.000 SEAT n!A. (TNI 21.7a1 PIPf DIA. (TN) 22.624 ASPECT RATIO .2580

STATIC
T0200E STATIC TOTAL STATIC TOTAL 00WN
DYNAMIC tsp is* STATIC DOWN 00WN UP DCWN STeFA9

DI S4 + STREAM STDFAM OcLTA STREAM STREAM MA$t STREAM STSFA1 RFCOVFRY
ANblF bcARING PDESS. PRESS. PeFSS. *#F SS. PRFSS. FLnW TFMP. TFM*. *RFSS.
IDEGI (FT*LR) (PSIAI (PS14) (PSIAI (PSIA) (PStal (LR/S) (F) IFl (PSIA)

4

60 PSIG TEtf NU99ER 3-1-1

90. -1257.60 41.25 .0C 30.67 10.63 .00 .0C .C0 67.91 25.25
80. -2121.53 60.51 .00 45.37 15.14 .00 .00 .00 63.59 14.20
70. -2679.44 74.09 00 57.75 16.33 .00 .00 .00 59.81 15.45
60. -2055.96 73.43 .00 59.94 13.49 .00 .00 .00 55.31 27.69
50. -1774.63 70.81 .00 60.10 10.31 .00 .0C .00 51.71 20.84
40. -1$60.34 69.84 .00 57.19 11.25 .00 .00 .00 47.75 16.43
30. -1516.12 76.51 .00 63.41 13.10 .00 .00 .0C 43.43 14.65
20. -1151.16 81.32 .00 69.67 11.91 .00 .00 .00 4C.19 13.79
10. -573.30 89.63 00 73.A0 15.94 .00 .00 .00 3P.03 13.60
70.3 -1946.27 73.80 56.72

60 PStG TEST NUMBER 3-3-19
90. -1945.45 77.46 .C0 55.40 22.06 .30 .00 .00 69.09 37.97

14 .00 60.07 16.07 .00 .00 .00 61.97 38.73
76 0780. -2304.54
73. .00 99.90 15.07 .00 .00 .00 55.67 34.0770. -2637.88

28: :l*!hU H:n :88 M:M 12:19 :38 :88 :88 M:t! H:18m
en 40. -1522.73 71.34 .0' 57.15 14.18 .JO .00 .00 42.53 16.39

30. -1274.24 72.65 .05 5 7. e 8 14.76 .00 .00 .00 3a.57 14.52
20. -793.34 72.97 .00 98.90 13.17 .30 .00 .00 34.97 11.69
10. -419.69 67.e3 .00 53.65 13.98 .00 .00 .00 32.09 13.62
75.5 -2892.38 73.75 58.20

3 PStG TSST 10M3ER 3- 3-0;

90. -31.17 13.79 .00 .00 .00 .00 .00 40.73 40.73 .00
80. -31.17 13.79 .00 .03 .J0 .00 .00 40.73 4C.73 .C0
70. -30.34 13.79 .00 .00 .00 .00 .0C 40.73 4C.73 .00
60. -22.53 ,3.79 .JO .00 .00 .00 .00 40.73 40.73 .00
50. -21.45 J3.79 .00 .30 .00 .00 .00 40.73 4C.71 .00
40. -21.45 13.79 .00 .00 .00 .00 .00 40.71 40.73 .00
30. -26 85 13.79 .00 .00 .0C .00 .00 40.73 4C.73 .00

-32.25 13 79 .00 .00 .00 90 .00 40.71 4C.73 .00
10.C. -48.46 13 79 .00 .00 .00 .00 .00 40.73 4C.73 .00

1
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DATA FOR val"E NUP9ER 3 POSITION MUMR[R 4 (UDVED FACF OF DI%4 INTO F10W GAS TYPE: NITROGFN

NOMIdat DIA. (INI 24.00J SE AT D I A. ((H) 21.781 P!Pi DIA. (INI 22 624 ASPECT #ATIO .2580

STATIC
TOR Qtf E STATIC TOTAL STATIC TOTAL OnWN
DYNAMIC IIP UP %TATIC 30WN DOWN HP 00wN S T p f' A M

0I54 + %TRFAM STRFAM De t T 4 STREAM STaE AM MASS STREAM STSE4M RECOVERY
] ANGL E HEARING PDFSS. OPESS. PDfSS. PRESS. PRESS. FLOW TEMP. TFMP. **FSS.

(DEG) (FT*L8) (PSIA) (PSI 4) (PSIA) (*$IA) (PSIA) (L8/S) (F) (F) (P$IA)

15 PSIG TEST NtMRED 3-4-4
4

90. 274.76 21.22 .00 9.15 12.07 .00 .GC .00 74.75 15.21
P O. 641.73 25.47 .00 15.91 9.56 .J0 .00 .00 71.47 15.37
70. 942.83 28.34 .00 19.14 8.50 .00 .00 .00 67.91 15.16
6 G. 736.01 27.25 .00 ?0.39 6.86 .00 .00 .00 61.15 14.55
$ 0. 422.75 26.75 .JO 18.61 8.14 .30 .00 .00 60.17 14.17
40. 189.57 26.24 .00 17.33 R.91 .JC .0C .00 57.65 13.75
30. 76.04 26.79 .00 16.65 10.14 .JO .00 .00 56.33 13.64
20. 9.12 25.70 .00 15.04 10.66 .33 .00 .00 54.23 11.69
10. -45.62 25.43 .00 12.40 13.02 .00 .00 .00 5'.33 11.69

; 70.0 942.83 28.34 19.R4
3J PS!G TFST NtMBER 3-4-3

'

90. 555.96 41.31 .00 24.66 16.65 .00 .00 .C0 69.17 23.R4
8Q. 733.88 40.10 .00 10.69 9.41 .00 .00 .C0 64.49 74.64
7o. 1304.14 46.47 .00 35.10 11.17 .00 .00 .00 59.27 22.23
60. 1263.07 45.15 .0C 36.94 d.31 .00 .00 .00 54.23 17.44

j 50. 743.01 45.48 .0C 36.?9 9.20 .00 .00 .CC SC.45 15.71
$ 40. 501.22 50.53 .00 40.45 10.08 .30 .00 .00 47.57 14.47

30. 259.43 53.71 .0C 44.19 9.51 .0C .00 .00 45.77 13.98
20. 108.88 52.17 .00 42.54 9.63 .00 .0c 0c 44.69 13.79
10. -23.42 48.33 .00 37.61 10.72 .00 .00 .00 43.43 13.79
68.5 1495.74 47.57 15.8$

30 PSIG TEST NU49ER 3-4- 34

9C. 614.05 40.67 .C0 24.00 16.H7 .00 .00 .00 54.81 21.94
i 80. 860.40 42.53 .00 10.91 11.72 .00 .00 .00 55.13 23.58
' 70. 1499.09 48.78 .00 36.94 11.R4 .00 .00 .00 50.63 22.23

6 C. 1252.73 46.14 .LC 47.61 P.53 .00 .00 .C0 47.75 17.68
4 50. 700.73 46.25 .00 17.61 8.64 .00 .00 .00 45.59 15.32

40. 440.69 40.44 .00 39.46 0.98 .00 .00 .00 44.33 14.59'

30. 217.15 51.52 .00 41.77 9.7% 00 .00 .C0 43.07 14.01
20. 48.54 51.52 .00 40.90 10.62 40 .00 .00 41.99 13.172 .

! 10. -24.03 50 42 .00 3a.4a 11.94 .0C .00 .00 41.45 13.87
| 72.0 1590.62 49.98 36.17

i 45 PSIG TEST NUMRER 3-4-2
90. 523.68 36.49 .0C 22.32 14.17 .0C .00 .CC 6e.4? 21.34
80. 1420.93 57.33 .00 36.94 20.39 .0C .C0 .CO 62.33 32.08
70. 2193.43 72.24 .30 53.49 18.77 .00 .00 .00 57.65 30.91
60. 1871.05 67.20 .00 54.49 12.71 .00 .0C .0c 52.43 23.53
50. 946.47 63.69 .00 51.77 9.92 .00 .0C .00 47.39 17.39

i
40. 618.00 64.36 .00 57.42 10.86 .00 .00 .00 44.15 14.90
30. 374.70 74.8P .00 65.4' 9.41 .00 .0C .00 41.81 14.16
2L. 192.22 76 64 .0C 6 7. C 8 9.56 .00 .00 .00 40.37 11.76
10. -2.43 75.75 .00 64.59 11.17 .30 .0C .C0 39 11 13.65
72 1 2278.59 72 39 50.84
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STATIC' TORouE STATIC total STATIC TOTAL DOWN
OYN491C UP UP 9TATIC DOWN DOW1 UP OrWN STeraM

D I S4 * STpEAM STREAM OFLTa SrpEAM %TRF 4M Ma}$ $7EFAM ST9FA9 DECOV8RY
AN GL E REARING PRF55. 7pESS. Pafts. *dESS. #RESS. FLcw TEMP. TEMP. PGESS.
(DE04 (FT*L99 (PSlal (P$1A) (PS!4) (PS!4) (PS14) (IS/S) (F) (F) (P!!al2

6) PSIG TE ST NUM9F R 3-4-1
90. 778.59 40.01 .00 23.82 17.00 .00 .00 .00 64.e7 23.67
b C. 1709.25 62.70 .00 40.29 22.42 .00 .CC .00 6C.89 34.95
70. 2658.15 05.25 .00 60.02 25 24 .00 .0c .C0 56.21 36.69

; h 0. 2229.32 79. 13 .00 63.pb 15.27 .00 .00 .00 SC.45 2P.P6' 50. 1207.42 77.6C .00 64.22 13.37 .30 .00 .00 48.21 22.42
40. 779.59 82 41 .00 70.26 12.15 .00 .00 .00 41.27 16.64
30. 495.74 89.42 .0c 77. 19 12.02 .30 .0C .00 1e.57 14.72
20. 231.14 92.71 .00 42.50 10 21 .00 .00 .00 35.77 13.8710. -6.09 87.4' .30 78.12 0.33 .00 .00 .C0 3*.51 13.66
7 0. C 2658.15 85 25 60.02

63 *SIG TEST NU99ED 3-4-14
90. 983.76 64. 93 .0C 42.51 22.42 .00 .00 .CC 65.71 14.59
H O. 1244.84 59.9h .00 42.21 17.7%
70. 1864 14 66.40 .00 49.36 IM.04 . )s 0

0 .00 .C0 58.19 31.95.
.C0 .0C *1.99 29.99

oJ. 1815.58 66.11 .00 49.61 16.41 .90 .00 .00 46.11 23.29
30. 102o.26 66.9e .00 51.29 15.69 .00 .00 .C0 41.91 19.99
40. 668.03 73.13 .00 59.74 14.39 .00 .00 .00 30.57 16.43

| 30. 449.46 76.93 .00 64.15 12.79 .00 .00 .00 36.59 14.13
20. 206.59 77.94 .00 66.05 11.89 .00 .0c .00 15.51 13.94
1C. 19.37 70.34 .00 56.55 13.79 .00 .00 .00 34.43 13.66
73.9 2100.94 67.44 45.32

g 63 PSIG TFST NI M ID 3-4-1R

90. 895.13 58.64 .00 11.53 25.11 .00 .00 .00 68.27 32.55
80. 1640.77 65.77 .00 43.00 ?2.77 .00 .CC .00 63.23 33.87
70. 2042.96 70.89 .00 50.66 20.21 .30 .00 .C0 Se.75 30.57
60. 1902.80 69.62 .00 93.39 16.21 .00 .0C .C0 51.17 24.79
S C. 1165.45 70.34 .00 54.66 15.68 .0c .CC .00 46.31 20.25
40. 70$.41 7s. 74 .00 62.31 14.43 .30 .00 .00 42.89 15.e4
30. 464.60 83.14 .00 $0.24 13.89 .30 .CC .C3 40.55 14.39

] 20. 220.90 32.0a .00 70.14 11.91 .00 .CC .CC 39.?9 16.07
.30 60.67 10.95 .30 .00 .00 37.85 13.661C. 32.00

71. o)' 51.0269.1 2194.22 71 9

; PSIG TEST N ilMB E R 3-4-0

90. -31.17 13.79 .00 .00 .00 .00 .C 40.71 4C.71 .00
80. -31.17 13.70 .00 .00 .00 .30 .C 40.73 4C.73 .03' 70. -30.09 11.79 .00 .00 .00 .00 .C 40. 73 40.71 .00
6c. -22.53 13.79 .00 .00 .00 .00 .00 40.73 4C.73 .00.

- SC. -21.45 13.79 .00 .01 .00 .00 .00 40.73 4C.73 .00
! 40. -71.45 13.79 .CC .00 .03 .00 .00 40.73 40.73 .00

30. -20.85 13.79 .0C .00 .00 .00 .C0 40.73 4C.73 .00
c. -32.25 13.79 .00 .00 .00 .00 .00 40.73 4C.71 .00
C. -48.46 13.79 .00 .00 .00 .30 .CC 40.73 40.73 .03

*
. . . .
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DAT4 FCR V AL VE illMBE d 3 POS I T ION NU9RER 5 FLAT FACF OF DISM I .a T O F L 'l W GAS TYPFs NI T9 0G FN

NOMINAL DIA. (IN) 24.300 SEAT 0[A. (TN) 21.78i PIPF 014. (INI 22.624 AS*ECT PATIO .2*P0

SYATIC
TOR 30E STATIC TOTAL STATIC TOTAL DOWN
OYNA91C UP UP STATIC DOWN 00WN I!P 00WN tipFAM

Olst + STREAM staEAN OrtTA STREAM STRE A" MASS STREAM ST*E49 99CovreY
ANGL E BEARING PRESS. PPESS. P9FSS. 84FSS. PPFSS. FLOW TFMP. TFMP. 8RFSS.
(DEGI (FT*LB) (PSIA) ( PSI A) (PSIA) (PSIA) (PSIAI (LRfSi (F) (F) (F$ial

63 PSIG TEST NUM9ER 3-5-1
90. -756.24 58.31 .00 40.42 17.84 .00 .30 .00 74.03 31.95.

90. -1541.21 73.45 .00 47.91 25.45 .00 .00 .00 69.51 3R.58
70. -1937.90 78.12 .00 54.69 23.42 .00 .00 .0C 63.77 36.46
6C. -1842.00 74.33 .03 61.7) 12.o3 .00 .00 .00 56.93 27.89
50. -1791.79- 73.01 .00 63.15 9.86 .30 .00 .00 52.07 21.13

! 40. -1607.9? 72.00 .00 62.86 9.14 .30 .03 .00 48.47 17.07
30. -1405.s$ 74.33 .00 64.61 0.72 .00 .0) .03 45.51 14.81
20. -820.10 71.56 .00 61.10 10.46 .00 .00 .00 42.35 13.98
1G. -426.24 65.59 .0C 53.10 12.49 .00 .00 .00 19.21 13.a4
69.1 -2145.18 80.02 56.74

6) #SIG TFST NUM9ED 3-$-14
90. -731.75 56.26 .00 40.11 16.13 .00 .00 .C0 65.75 31.36
80. -1315.69 72.21 .00 47.56 ?4.66 .00 .00 .00 61.43 3a.35 ,

70. -1762.77 78.34 .CC 54.69 23.64 .30 .0c .03 56.03 35.64
60. -1817.52 73.49 .30 61.70 13.79 .00 .0c .00 49.37 28.27

os 50. -1730.84 72.00 .00 62.42 9.57 .03 .0C .C0 43.73 21.54
-- 40. -1562.05 70.91 .00 61.26 9.65 .00 .00 .00 40.19 16.77

! 30. -1343.06 73.75 .00 63.44 10.31 .00 .3C .00 36.15 14.59
1 2 C. -781.91 6 0. tf 1 .00 $9.07 10.73 .00 .0c .00 34.25 13.91
i 10. -398.73 62.go .00 50.47 11.91 .00 .00 .00 31.37 13.62' e 4. 4 -1949.91 77..5 59.51

3 *SIG TEST NUMBED 3-5-0

90. -31.17 13.79 .00 .00 00 .00 .03 40.71 40.73 .00.

31.17 13.79 .00 .03 00 .00 .0C 40.73 4C.73 .0080. - .

30.09 13.79 .00 .03 00 .00 .00 4 0. 13 40.71 .0070. - .

22.53 13.79 .00 .03 00 .30 .00 4C.73 4C.73 .0060. - .

50. -!1.45 13.79 .00 .00 00 .00 .00 40.73 40.71 .00.
| * 0. -21 45 13.79 .0C .0) 00 .3C .0c 40.73 40.73 .03.

30. -20.85 13.79 .00 .00 00 .00 .00 40.73 4C.73 .00.

20. -32.25 13.79 .00 .00 QO .30 .00 40.73 40.73 .00.

10. -49.46 13.79 .00 .00 wo .30 .30 4C.73 40.73 .00< .
t
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APPENDIX B

LEAK TEST PROCEDURES

B-1. General Leak Test Guidelines 8. After testing one side of the vahe, test con-
nections are resersed and the other side
tested.*

Definition of Valve Orientation. Most butterfly

Typ;e designs do not have a defined inlet or outlet.
sah

NOTE: Both sides of the valve are testedically, field mstallations base one face or the .

* E"'' F#""""E I" * ' " * * *
. ..

other as the inlet, depending on the load response disc from one s.de w.'ll mose the disc away
-

i i
characteristic desired (see Section 5 for additional fr m the seat, w hile pressurizing the otherinformation). For complete understanding of the

will m ve it into the seat. Valves are typi-response characteristics of the test valves in this
cally installed in containment CIS systems

study, both sides of the valve discs were subjected to
both ways.the load alternately. (Dynamic load response sabe

orientation is detailed in Section 5 of the main B-2. Elevated Temperature Leakreport). For leak test purposes, the disc face for
which the action (pressure applied or leakage mea- Test General Requ,irements
sured) was to apply was identified by its physical
characteristics. The shaft side of the disc is curved The following procedure shall be used in elevated
in physical appearance and was identified by " shaft temperature leak tests.
side." The opposite side of the disc is flat and was
identified as the "nonshaft side." 1. At any time during the test, should valve

leakage reach the point where internal
Standard Ambient Temperature Leak Test. The valve temperature cannot be maintained,
following test procedure was used wheneser an the test shall be stopped.
ambient temperature leak test was required:

2. The difference between the valve external
1. Vahe disc centered closed. temperature and internal temperature shall

not be greater than 30'F during heatup.
2. Shaft locked to present rotation. The difference shall not exceed 15 F dur-

ing the hold periods. The difference
3. Leak test flanges and gaskets installed on between the external temperature readings

valve flanges. shall not exceed 15"F at any time.

4. Nitrogen gas (0-125 psig source) installed 3. The vahe shall have a minimum of two
on one side of valve. externally mounted thermocouples and

one internally mounted thermocouple.
5. Leak detection system installed on oppo- The external thermocouple shall be

site side of valve. The system starts with mounted 180 degrees apart and on the
positive water displacement sensitise to largest body masses..

Icm3 and progresses through eight suc-
ceedingly larger flow meters manifolded 4. The valve shall be heat traced and insulated
and individually isolable. as required to meet the test conditions.

,

6. Leak testing is performed by pressurizing 5. Pressure tolerances shall be t 5 psig. Tem-
one side of the valve disc and measuring perature tolerances shall be 15"F. Leak-
leakage on the other. age measurements shall be made within

5% of fell scale accuracy.
7. Test pressures are 3-5, 50, and 120 psig.

Ifold periods at each pressure are five min- 6. The vahe shall be mounted with the but-
utes minimum or until leakage stabilizes. terfly disc parallel to the body flanges and
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the shaft locked to keep the vahe closed 6. Alonitor leakage on the shaft side of the
throughout the test. valve for 30 minutes.

7. Test flange, gaskets, and pressurizing and 7. N1aintain 60 psig on the nonshaft side of
leak detection systems shad be installed salve w hile continuing to monitor leakage,

and checked for leaks. on the shaft side of vahe, and increase the
valve temperature to 310*F (154*C) at

8. The pressurizing media shall be gaseous 30 F per hour. .

nitrogen.
8. When 310*F (154 C) is reached, increase

9. Once the test has started, it shall not be the pressure on the nonshaft side of the
stopped unless equipment failure occurs. vahe to 90 psig. Iloid for 30 minutes,

monitoring leakage on d.e shaft side of
10. Leak rates should be recorded esery vahe.

30 minutes and w henever there is a signifi-
cant change. Leakage measurements shall 9. Vent the nonshaft side of the vahe. Apply
include vahe test conditions, times, tem- 90 psig to the shaft side of sahe. Iloid for
peratures, and pressures. 30 minutes, monitoring leakage on the

nonshaft side of salve.

B-3. Combined Design Basis- 10. N1aintain 90 rsig on the shaft side of valve,

Severe Accident Elevated monitoring leakage on the nonshaft side of

Temperature Leak Test v he. Incre se the vahe temperature to
350 F (177'C) at 30*F per hom.

Procedure
11. Increase the pressure on the shaft side of

valve to 120 + 10 O psig, monitoring
(This test was performed only on one vahe. The leakage on the nonshaft side of the vahe.

separate tests were performed on all other vahes lloid for three hours.
including a retest for design basis temperatures on
Valve No.1.) 12. Vent the shaft side of the vahe. Apply

120 + 10 - O psig to the nonshaft side of
1. Perform a standard ambient temperature the valve. N1onitor leakage on the shaft

leak test (in both directions) on the vahe, side of the valve. Iloiding 350*F (177*C),
prior to test. monitor leakage for three hours.

NOTE: Temperature increase durations 13. Vent pressure from valve. Terminate valve
are minimumns: longer durations are heat source.'

acceptable.

14. This ends the nonstop portion of the test.
2. Apply 60 psig to the shaft side of the valve.

Increase temperature of the vahe at 50 F 15. When the vahe returns to room tempera-
(28 C) per hour to 250'F (121'C). (Ntoni- ture, without mosing the vahe disc, per- '

tor pressure closely while increasing tem- form a standard ambient temperature base
perature. Pressure will increase through line leak test in both directions. Record
gas expansion.) Continue to increase the results. -

valve temperature to 280'F (138'C) at
30'F per hour. B-4, Design Base Elevated

3. Hold vahe at 280*F (138 C) nd 60 psig Temperature Leak Test
for two hours monitoring leakage. Procedure

4. Vent shaft side of valve. 1. Perform a standard embient temperature
leak test (in both directions) on the salves,

5. Apply 60 psig to nonshaft side of vahe. prior to test.
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NOTE: Temperature increase durations 2. Apply 60 psig to the nonshaft side of the
are minimums: longer durations are sahe. Increase temperature of the vahe at
acceptable. 50'F per hour to 280*F (138 C). (Watch

monitor pressure closely while increasing
2. Apply 60 psig to the shaft side of the vahe. temperature. Pressure will inercase

Increase temperature of the sabe at 50 F through gas expansion.) Continue to
per hour to 250 F(121 C). (N!onitor pres- increase temperature of salve to 310*F
sure closely while increasing temperature. (154 C) at 30*F per hour.

,

Pressure will increase through gas expan-
sion.) Continue to increase teniperature of 3. When 310*F (154 C) is reached, increase
salve to 280 F (138 C) at 30*F per hour. the pressure on the nonshaft side of the*

valve to 90 psig. Iloid for 30 minutes,
3. Hold sahe at 280'F (138 C) and 60 psig monitoring leakage on the shaft side of

for two hours monitoring !cakage. vahe.

4. Vent shaft side of valve.
4. \.ent the nonshaft side of the vahe. Apply

.

90 psig to the shaft side of the valve. Ilold
5. Apply 60 psig to the nonshaft side of f r 30 minutes, monitoring leakage on the

vah e~
nonshaft side of the vahe.

6. N!onitor leakage on the shaft side of the
N1aintain 90 psi on the shaft side of vahe,salve for one hour. 5. F

w hite continuing to monitor leakage on the

7. Vent pressure from salve. Terminate salve nonshaft side of vahe. Increase the tem-
heat source. perature of the vahe to 350 F (154 C) at

30 F per hour.

8. This ends the nonstop portion of the test.

6. Increase the pressure on the shaft side of
9. When the salve returns to room tempera- valve to 120 + 10 - O psig, w hile monitor-

ture, without moving the valve disc, per- ing leakage on the nonshaft side of the
form a standard ambient temperature leak salve. Iloid for three hours.
test in both salve flow directions. Record
results.

7. Vent the shaft side of the valve. Apply
120 + 10 - O psig to the nonshaft side of

B-5. Severe Accident Elevated the vahe. N1onitor leakage on the shaft
side f the vahe. Iloiding 350 F (154*C),Temperature Leak Test
monitor neakage for three hours.

Procedure

8. Vent pressure from salve. Terminate valve
1. Perform a standard ambient temperature heat source.

leak test on the valve in both directions
prior to test. This test may be omitted pro-

o
viding the salve disc has not been moved 9. This ends the nonstop portion of the test.

after Step 9 of the DilA test.
10. When the valve returns to room tempera-

NOTE: Temperature increase durations ture, without moving the valve disc, per-*

are minimums: longer durations are form a standard ambient temperature leak
acceptable. test in both ,alve flow directions.
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