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”1 .0 INTRODUCTION

American Electric Power Service Corporation (AEPSC), purchase order number
02676-82b-1N,wauthorized Teledyne Engineering Services (TES) to analyze the
Pressurizer Safety/Relief Valve Discharge Piping per NRC NUREG-0737, Item II. D.1
for the Donald C. Cook Nuclear Power Plant, Unit #1..

This activity was pérformed in accordance with the TES Qua]ity Assurance
program which meets the requirements of 10CFR50, Appendix B, and ANSI N45.2.11
as interpreted by Regulatory Guide 1.64, Revision 2.

The scope of work for this effort is described in detail in Teledyne
Engineering Services Technical Proposal PR-5653 (Reference 9), dated May 14, 1981
and modified as stated in AEPSC letter dated November 29, 1982, from Mr. Sam Ulan
(AEPSC) to Mr. L. B. Semprucci (TES); in AEPSC letter from Mr. Sam Ulan (AEPSC)
to Mr. P. D. Harrison (TES) dated March 15, 1983 (References 1 and 11) and in TES

"'Ietter 5364-44 from Mr. P. D.Harrison (TES) to Mr. S. "Ulan (AEPSC) dated
May 28, 1983 (Reference 10). :

The majority of the analysis was performed after the receipt of AEPSC letters
dated November 29, 1982 and March 15, 1983 (References 1 and 11), which were
issued after more complete information was available from the EPRI data.

This analysis was performed using large digital computer programs
supplemented with any necessary hand calculations. The RELAP5 MOD1 Cycle 14
computer program was used to do the thermal fluid transient analysis. The
structural analysis, for all loading conditions, was done utilizing the TMRSAP
computer program. ‘

The size of the pressurizer safety/relief valve discharge piping system was
S0 large that the computer models, for both.RELAP and TMRSAP, strained the Timits
of the programs. This condition necessitated multiple RELAP runs in order to
. execute the thermal fluid transient analysis for the appropriate length of time.
“ For the structural analysis it was necessary to expand the core of the TMRSAP
program in order to avoid an overconservative overlap analysis.
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2.0  CONCLUSIONS

~ The analysis performed by TES on the Pressurizer Safety/Relief Valve
Discharge Piping System with the Safety Valve loop seal drained, indicates that
all criteria of NRC NUREG-0737, Item II.D.1 are met, with the following
qualifications: ‘ '

1) Valve accelerations due to the SV transient shock condition for valves
SV-45A, SV-45B and SV-45C exceed the vertical allowable of 2g's
(Reference 14). The accelerations exceed the allowable by less than
1g and, therefore, it is TES's opinion that these valve accelerations
are acceptable. However, setting the criteria of acceptance of these
accelerations is out of the TES work scope and is, therefore, the
responsibility of others. :

2) The supports listed below exceed the loads given on the As-Built
support drawings’(see Section 6.2). These support loads, while
exceeding. the previous loads, do so in most cases by a small

. percentage. However, acceptance of these loads is out of the TES
work scope and is the responsibility of others.

1-GRC-R-585
1-GRC-R-589
1-GRC-R-591
'il-GRC-R-601
1-GRC-S-608
1-GRC~R-613
1-GRC-S-614
1-GRC-R-616
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This report documents that the safety/relief valve discharge 6iping for

_Unit 1 is acceptable for emergency conditions assuming drained loop seals. TES

" Technical Rébort TR-5364-1, Revision O (Reference 2), which is based on the as-
built condition, documents the acceptability of the system for normal and upset

conditions. Draining the loop seals will not affect the normal and upset
conditions.

_ " The purpose of the loop seals was to protect the safety valves from leaking
by keeping free hydrogen and high temperatures away from the valve seats. It
should be noted that while draining the loop seals relieves the overwhelming
stress on the discharge system, see TES Technical Report TR-5364-1, Revision O
(Reference 2), it also leaves the valve seats unprotected and, therefore, -
susceptible to leaking. While it is beyond the responsibility of TES, this
condition can result in serious consequences and should be investigated.

Support load summary sheets have been included in this report for all
supports and supercede the loads reported in TR-5364-1.
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3.0 SYSTEM DESCRIPTION/DISCUSSION

The Pressurizer Safety/Relief Valve Discharge Piping System consists of all
of the piping from the pressurizer nozzles, down to the sparger in the qyench
tank. This information is depicted on-TES drawing E-5763, Revision 3, generated
from AEP drawings 1-GRC-6, sheets 1, 2, 3, and 4; 1-GRC-7; 1-GRC-8; 1-GRC-9; 1-
5435-8; 1-RC-6, sheets 1, 2, 3 and 4; 1-RC-7; 1-RC-8; and 1-RC-9.

The "Discharge" piping constitutes a very large system resulting in a large

computer model. The size and geometrical complexity, which is due mainly to the

sweeping curves around the pressurizer, complicates the modification effort in
addition to causing longer run times..

0 Modification of this complex system, to attempt to secure satisfactory
"Safety Valve Discharge" results, is limited to draining the SV loop seals.
Heaﬁing»the Toop seals is not a viable "fix" because of the size of the Toops.
These Tong loops contain sufficient quantity of water such that on SV Discharge,
the water seal does not "flash" completely enough to reduce the very high loads
caused by the water slug. Modification to the support system is also a poor
option because of the very limited space in the annulus around the pressurizer,
which makes construction very difficult. '

(R
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4,0 THERMAL FLUIDS ANALYSIS

4,1 Introduction

The following thermodynamic fluid analysis determines the fluid forces
which act on the pressurizer safety valve discharge pifoing of the American Electric
Power Service Corporation (AEPSC) Donald C. Cook Nuclear Power Plant, Unit 1.
These forces are generated by the suddE; opening of the pressurizer safety valves
during one of the pressurizer transients described in the AEP letter of November 29,
1982 to TES (Reference 1).

These fluid forces and the resulting loads and stresses on the piping
system became of increased concern as a result of the incident at Three Mile
Island. "Following this incident, the NRC jssued NUREG 0578 and NUREG 0737, which

 ypequired that each utility determine the effect of safety/ relief valve operation :

upon the valve and the discharge piping. An elaborate program involving both
testing and ana]&sis was established under the general management of the Electric
Power Research Institute (EPRI). The EPBI program included intensive testing of
safety and relief valves as well as a full scale safety valve test facility, built
at Combustion Engineering in Connecticut. )

- Simultaneously, an analytical program was initiated to choose and
test a computer program which would predict the fluid forces; RELAP5 MOD1 was
chosen. RELAPS MOD1 is the latest in the family of RELAP programs developed at
the Idaho National Engineering Laboratory.

) The D.C. Cook Units 1 and 2 pressurizer safety valves have "Cold Loop
Seals®. A "Cold Loop Seal" is a subcooled slug of water trapped between the
safety valve seat and the pressurizer nozzle by a loop of piping. The function

of this slug of water is to prevent the safety valve from leaking, this is -
accomplished by keeping free hydrogen away from, and maintaining reduced .
temperatures at the valve seat. While the loop seal provides a benefit, it also

has a serious dﬁawban. When the safety valve opens, the loop seal is shot through
the discharge piping with tremendous force. In TES Technical Report TR-5364-1,
TES performed a fluid analysis to determine the magnitude of the loads applied
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’to the discharge piping by the propulsion of the cold loop seal. These loads

were calculated to be greater than 100,000 1bf for a single safety valve discharge.
The simultaneous discharge of the pressurizer's three safety valves with loop
seals could result in loads of over 300,000 1bs.

As explained in TR-5364-1, TES also peFformed’a sensitivity study to
determine if raising the loop seal temperature (by electrical trace heating) would
reduce the loads. Increasing the loop seal temperature did lower the loads.
somewhat, however, a significant reduction was not obtained. It was then suggested

* that the loop seals should be drained so that when the safety valves operated,
they would discharge.steam only. :

This report presents the analysis for the steam discharge that was

performed for the Unit 1 pressurizer safety valves. - The maximum fluid force

- calculated in this analysis is 24,000 1bf for simultaneous discharge of all three '
safety valves. It can be seen that draining the loop seals provides a significant

‘ force reduction.

In this analysis, as before, TES has used RELAPS MODi version 2.11 as
it is made available through Control '‘Data Corp with a.post-processor, REPIPE
version 3.10, which calculates the fluid forces. This version of RELAP5 MOD1 is
jdentified by the following computer job control language at Control Data
Corporation: '

BEGIN, RELAP5, R5M2, INPUT=INPUTFILE, SCM=3770008

The computer analysis procedure for the thermal analysis portion is
included in Appendix A.

RELAP5 calculates hydrodynamic data for control volumes in each
segment of pipe. REPIPE then takes this data and defines two force time histories
for each segment, one set for inlet junction forces and the other for outlet
junction forces. A TES generated program, SAP2SAP, adds these force time

histories. Finally, one force-time history for each segment of axial, unbalanced
G loads is analyzed structurally.
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4.2 . RELAP Model .

4.2.1 The D.C. Cook preséurizer was modeled as a single time
dependent volume with the following transient condition as specified by the AEPSC,
November 29, 1982 letter to Mr. L.B. Semprucci, pages 1-7 (Reference 1):

Safety Valves
Pressure Time History (in the pressurizer)

2750 1 2745 2748 0—aR750
—7787 2750
5740
“ 2667
2650
Pressure
(PSI)
2550 . /ozsss
© 2514
1.0
2500 0.5 j 1.9 2.0
Time (Sec)

These are the same safety valve pressure boundary conditions that'
were used in analyzing the quarter model cold loop seal case of TR-5364-1

0 (Reference 2).
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4.2.2 Safety valves were modeled as RELAP junctions emulating Crosby
HB-BP-86 valves (Reference 3) with orifice areas of 0.01897 Ft2 and a valve opening
time of 0.010 seconds.

Valve orifice areas were calculated using the Crosby Valve and Gage:
Company Drawing No. H-51688, Revision A (Reference 3) provided by AEP, and RELAP
(Run ID BAICDRO) implementing rated flows. Calculated values are included in
Section 4.6 and Figure 4.6.1.

4.2.3 Discharge piping was modeled from a1l safety and power operated
relief valves to the quench tank. This discharge piping :included the following
pipe sizes:

' 3 4inch, 12 inch SCH 40
0 4 inch, 6 1inch SCH 40S
= 4 1inch " SCH 120

3 inch, 6 inch SCH 160

Friction factors for long and short radius elbows and reducers
were taken from technical paper #410 by Crane (Reference 4). Calculations of
these frictional losses are included in Appendix A. The discharge piping is
defined in segments of stra{ght sections from; elbow to elbow, valve to elbow, etc.

4.2.4 The Quench Tank was modeled in two parts, the sparger and the
tank itself, using cylindrical volumes containing water and air. The quench tank
volumes were taken from Westinghouse Dwg. No. 1105272 (Reference 5).

The sparger for D.C. Cook is a perforated pipe submerged in water
within the quench tank as indicated in Figure 4.2.1. It is represented in RELAP as
a pipe similarly submerged and of equal volume.
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v_BAT  oared-1¥-83 DOUJALD C. CCOR sneeTno. L or &

~ cHkp. By (A& oaTe3// 83 |WUCLEAR GEM. <TATION UMNITS 1§ PROJ. NO. 2.3 4Y

KELAPS  QUEMNCH TANK MODEIING

st Any sr e
> '
. .

FIGURE 4.2.1-2

KELAPS MODEL OF THE QUENCH TAMNK

HEMARKE s

7. QUENCH TAWVK WAS MODELED AS A SERJES OF "Plee COMPOUE/JTS"
WITH APPROPRIATE FLow AKREAS AMD L0ss COEFF/CIEUTS.

2. WATER LEVEL INTHE QUENCH TAMK. IS AT THE SAME HEIGHT |
AS THE WATER LEVEL INTHE SPARGER

3. THE SECTION OF TVIE SPARGER WITH DISCHARGE HOLES .WAS MODELED

‘ AS A PIPE LOITH ITS LENGTH EQUAL TOTHE LENGTH OF THE SPARGER
‘ " WITH THE TOTAL NUMBER OF HOLE AREAS EQUALTO FLOW AREA- OF
THE SPARGER (REF. DETAIL DRW'A")

-t

4o PUPTURE Discs WERE MODELED AS A TRIP VALVE WHICH OPENS
AT THE 3uﬂsr PRESSURE OF 100 puig.

S. VACUUM BREAKER HOLE wIrd DA, = 0.45 - po/ 12 Aup J_DCATE.D g

/4 INCHES TROM THE TOP OF THE Qdm/a/ TANK LWAS 1GRORED M) THE
MODLL/ING.

-

V= NOMNAL  INTERKAL VOLUME: OF THE TANK = 1800 HZ (w.H. pr=l10 £2¥2)

TAMY /S E2% Full oF WATER., . (REF. TELECOU LBS WITH SAl ulAu
. ” DATED 1-14-83) .
Vi < |

= WATER VOLUME INTHE QUENCH TANK= 19456 47
Q Vo= AIR  VOLUME IN THE GQUENCH TANK = 324 443
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BY -{_75/] T ’DATE {-17-83 DONALD C. Co0K SHEET NO. 3 __oF 'G
cHko. By CA/HoaTe 32183 | YUCLEAR GEN. STATION UNITS 142 | .rros. No. 5364 _
' : KELAPS  WEACH TANK MODELING

a rem an

FIGURE 4.2.1-3

/E QUENCH TANK 1S A CYLINDER 'WITH D= 441/ W JNSIDE DH.
THEN: LENETH L= ~V_ :

bl

K
. AW —/~z—74‘2‘;~l
AN ~ : +_Y
- \ l
RN, \ \ \\ L= —%—6—50%- .
: 22 )97
DG, 5! \_wm , (Z) K
SURFACE . L= 25.3943 4+

H- HEIGHT OF THE WATER LEVEL FROM BOTTOM OF THE TANK
AREA(1)

A/?E/(’/) (0< —Sin a) EQU_@

WHERE: & 5 1N RADIANS
X ; IN DEGREES

A1l VOLUME Vo 324
A“ EA() = HEIGHT OF 37 [ 5.3 %3

AREA(L) = 11.7588 >

-~

SUBSTITUTING INT0 EQIL)
1L Y568= L5625 &-Lin)

13.1310 = X - Jindl
_EY TRIAL AND ERROR =

X 114.5°.
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AELAPS QUENCH TANK MODLLING

L}

av. w4,

FIGURE 4.2.1-4

- g A
h= KC’OJZ_
h= 4.95Cn 1165 o

h= 2.4995

He hid = 4.25+42 4995

H & BY Y = £25 J+  HE16HT OF WATER SURFACE FROM THE BOTTOM.
' OF THE QUENCH TANMK.

. ' D-H = 29%= .?..?5,# FROM THE TOP OF THE QUENCH TANK TO THE
: WATER SURFACE. )

S

THoM WATER SURFACE To THE CENTER ©OF THE HORIZTANTAL sfcrlo/u
OF THE SPARGER v 68N = 5. 666 &

HEIGHT OF WATER LEVEL IN QUENCH TANK MODEL Musr&_f ALSo 5 T4
VOLUME OF WATER (1) QUENCH TANK = 1476 43
SURFACE AKEA BETWEEL) WATER AMD Am‘ Sﬁf:’.’% = P00.4%06 H*

VOLUME OF AR 1N QUENCH TANK = 324 413 ' e
HEIGHT OF AR VOLUME N RELAP MOOEL = e 2439 4%

!
.
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C OOK . SHEETNO._ S ofF_6

PROJ., NO. 5364

KELAPS  QUENCH TANK MO LING

sar wme

FIGURE 4.2.1-5

SPARGER MODELIN G T

vt

ToP OF GQUENCH TAVK

WATER LEVEL, ‘-2l
>
- %
- ! N
N ] B
\\\\\ NSRS
N | 13174 o >
\\ ! 12 % SCH 40 ~ \'
L. ORI AN NN ANNNY
NIRRT TR

N
_Borrom_oF
GUENCH TAUDK 1

AREA OF EACH HOLE OW SPARGER SIDE =0.1963 tn* = 0,00/ {1*
TOTAL FLOW AREA OF ALL THE SIDE HOLES = 1054x 0.001y = 14368 >
Yy Ow AREA OF 11U Scipo PIPE = 077¥3 Vs

ALL TUE HOLES ARE DISTRIBUTED EVEMLY @ /85 W AEA)éﬂ/ Rom
TUE Tio OF THE SPARGER .

AREA RATIOS = 70%?_;%3_ = O.540  REPRESENTS THE SECTION OF

THE SPARGER WHICH INCLUDES ALL
THE HOLES W ITH THE TOTAL AREAS
EGUAL TO THE FLow ARER OF THE X *%Scako

PIPE,
1—0.541 = 459

183 x 0. 459 = 83.997F & 84.0" = T {t THE LENGTH WHICH MUST BE

EXCLUDED FROMTHE TIP
TCTAL LENGTY G= HONIZANTAL SECTICN = 25, FF Y (Ker I9Ws O Page 1)

THIS LENGTH /A) KELAP MRDEL = FIS.TE~E4 = (3111 x 11 4 -
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4.3 RELAP Model Control Volumes

The "Evaluation of RELAP5/MOD1 for Calculation of Safety/Relief Valve
Discharge Piping Hydrodynamic Loads" report prepared by Intermountain Technologies
Inc. (Reference 6) recommends using ten or more control volumes per bounded segment
when modeling valve discharge piping for RELAPS, while avoiding significant
control volume length differences to preserve pressure wave shaﬁés. The ten
control volume criteria recommended by ITI was adhered to by TES in all cases,
except in piping arcs and in segmeﬁts less than three feet in length. The D.C.
Cook discharge piping is modeled using as few as one control volume per segment
(pipe*segmepts with lengths less than 0.5 feet) and up to thirty-two control
volumes per segment. :

Arc modeling for Unit 1 is represented in Figure 4.3.1. A1l arcs for

Unit 1 were modeled in RELAP as having no fluid losses. Essentially, RELAP
alculates these as straight sections of pipe. REPIPE, however, distributes the

calculated forces to pre-assigned node points matching the TES structural models.

Average control volume lengths used for the D.C. Cook RELAP Unit 1
model were:

V4
Pipe Size Average C.V. Length
3 inch SCH 160 0.4644 feet
6 inch SCH 160 0.5264 fget
4 inch SCH 40S 0.4471 feet
6 inch SCH 40S 0.8614 feet
12 inch SCH 40 0.8064 feet

w

The schematic of the discharge system modeled in RELAP for the SV
Olnit 1 model is represented in Figure 4.7.1.

inch SCH 40
inch SCH 120

0.4744 feet
0.5056 feet
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Quench Tank modeling was achieved using twenty control volumes and
twenty junctions. Eighteen volumes comprise the sparger model while the remaining
two are single volumes modeling the water and air spaces of the quench tank. The
water and air volumes as determined  from Westinghouse Dwg. No. 1108272
(Reference 5) were input to RELAP to insure proper quenching capacity. Eighteen
control volumes forming the sparger are initially 88% full of water representing .
a submerged pipe. The discharge holes were modeled as a single hole with an area
of 7773 ft.2 at a point on the sparger where the sum of the small hole areas
equal the 12 inch schedule go discharge area.

Finally, the tank rupture disk is modeled as a pressure actuated valve

placed on the air volume and set to blow out at 100 psig discharging to atmosphere.

igure 4.2.1 represents the D.C. Cook Unit 1 and 2 Quench Tanks. Pressure in the

mir volume of the quench tank never exceeded 30 psia during the Unit 1 SV transient
case of steam and drained loop seals RELAP5 run for 0.5 seconds.
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4.4 Valve Flow Rate Calculation

‘The following values were used in valve modeling considerations:

TES Flowl Max Rating!l  Actual
Rate Calculated For Steam Bore Area Opening
Valve Type _LBM/HR @ 3% Accum. ' (IN?) Time (Sec)
Crosby 452,393 435,000 3.6 in2 0.010
Safety Relief ' (Ref. 15)

Valve

0 The maximum rating for steam at 3% accumulation value is from the Crosby Valve
and Gage Safety Valve Drawing No. H-51688, Revision A (Reference 3).

2 Flow rate at 2500 psig plus 3% accumulation.
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The valve flow rates normally used by TES in the RELAP analysis of
the SVs would be a 15% increase in the ASME rated flow: 10% to consider the ASME
underating of the theoretical flow and 5% to cover tolerances. However, in this
particular case, Westinghouse has provided AEPSC with a summary of the EPRI flow
rate tests of the Crosby 6M6 safety valve- (Reference 7). Also, see Figure 4.4.1-
4. A comparison was made in an effort to achieve a more realistic flow rate.
The flow rate chosen which most closely bounds the test data is the following
ASME flow rate. A1l calculations are included as Figure 4.4.1.

Wt = 51.5 AP ' Napier's Eq.
ASME rated flow:
Wp = 51.5A (1.03P + 14.7)(.9)(.966)C (Ref. 8)

o where:

‘WT = theoretical flow
Wp = rated flow

coefficients:
1.03 - applies 3% accumulation
0.966 - valve flow coefficient

0.9 - represents theoretical flow rate reduced 10% to equal ASME rating

C = 1.0771 calculated on Figure 4.4.1-2 following.



g "t 4R TELEDYNE ENGINEERING SERVICES

Revision O
4-21

BA/ __oaveL-4-83 cROSBY 66M6 VALVE sueerno. L _oF 3
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FIGURE 4.4,1-1

HEF: 1. ASME Sfezr M.B~Y731.1 ¢ MB-Y¥34 72 (980)
2.CROSBY 6MG MODEL: HB-BP. 86 VALVE IRAWING Lb: H-51668 Rev.d

3. WESTINGHOUSE REPORT WCAP-40 405
ﬁfwﬂv OF PRESSURIZER SAFETY VALVE PERFOR MA MNCE AS
OBSERVED IN THE EPK’I SAFETY ANMD RELIEF VALVE TEsT

PROGKAM "
b TES TELECOM WITH MA. DAVE TIEBAULT FROM CROSBY DATED 2-4-85

CRQSBY 6M6E VALVE PROPERTIES

MANUFACTURER  : CROSBY VALVE £ GAGE CO.
TYPE :SPRING LOADED SAFETY VALVE
MODEL Ao : HB-BP- 86 oMé

DRAWING M. P H-51688 REV. A

BokE AREA (4g) : S.644 in*

DEsiGH) SET FRESS. (Psgp) : 24 85 ,0543
DISCHARGE coeF. (ky) = O. 6¢

CALCULATION OF MAXx. FLOW KATE (MJA’

THE FOLLOWING ASSUMPTIONS AND CONMSDERATIONS ARE MADE
IN DETERMINING g TOR RELAPS MODEL.

1. W THE FOLLOWING CALCULATIONS A COMSTANT SET PRESSURE 1S
USED TD CALCULATE A FLOW AREA 70X THE FELAPS MODEL AND
DOLS NOT NECESSARILY REPKESEAT PRESSURIZER INPUT COMOITIONS

L. TIEKRE "ARE  VARIOUS EQUATIONS AMD ExPERIMENTAL
RESULTS Y/IELDING DIFFERENT FLOW RATES. ALL OF THESE ARE
PRESEMNTED IN THE PROCEDING PAGE. A FLOW KATE WAS SELECTED
SUCH THAT 17 WoULD BE CONMSER VATIVE F COMPAKED WITH T£s7‘

0 DATA BUT 1T WoULD STILL BE WNEAL/STIC.
(N,

T e
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RELAPS MODEL FLOwW ARER CALCULATIONS PROJ. NO.. 2364

FIGURE 4.4.1-2

VARIOUS FLOW RATES FOR GME CRQSBY VALVE +ROM DIFFERENT SOURCES

1. FLOW RATE BY USING EGM...0Wp)= $1.5x Az (1.03 Rer+14.%) Kp
4

WHERE — Ag= 3644 int
PS'ET:' '?455 Pdvl‘g
Kp = O 966
), = 46 4 W

Z. FLOw RATE BY USING E8A) Wy ), = E4-5x Ag (1. 03 Pogy- +44. %)k, (09)
FACTOR: ©.9 TAKES INTO ACcOUNT MAMUFACTURING TOLERANCES

o (Asme. ELow vATE From OLd FQN) Tty | = X0 006 lby,

3. FLow RATE BY USING EQMN. w,,)3=54.5er(4.o3gw+14_¢)(o. 9)

(THIS 15 THE VALUE PRESENTED OA) 6M5 DRWé. (Hes2) iy, )=434788 - I/
. AS  wp, ~ 435000 /b/in:) =7

4. FLOW RATE BY USING EQN. wy), =515 x Ag (1.03 Pigrt 14-¥ ) C x Kp

(THIS 1S THE MEW ASME FQM.  WITHOUI MANVFACTUR /NG 7'(2/-£:/,4A/CES)

¢ = 0./906 Rry — {000 )
O-2492 Poppr—- 1064 C=17 07?’/{

) =302 659 bty

5. FLOW RATE BY USING EQN ) =54.5Ag(1.038,p+14.2)C »Kp 2 0. 7
C= 1.0

( FACTOR OF 0.9 /NCLUDES MANUFACTURING TOLERANGS ) w
_H

Je = 452393 Jby

\/'D 6. MAXIMUM TESTED FLOW KATE (KEF.3)

g L2 444000 Kl
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FIGURE 4.4.1=3

W) _RELAPS MODEL Fof THE 6Mé CROSBY VALVE wp ) = 4545951,

WHS (JSED  BASED oa) ASSUMPTION 2 AT PAGE 1.

Smred

W = 452 393 Jb/he = 175.66 |b/fscc

USING THE COMPUTER RN BATCDRD

VALVE FULL OPEN AREA IN THE RUN BALCDA$ = 0. 0234 Lf*
FLow) RATE @ B0 % OPENING = 122.99 16 feee

FLOW RATE @ 90 % OPENING = 138.01 lb/fcec

KELAPS Frow AREA WHICH DELIVERS wy=175.66 b/,
/1S CALCULATED BY /INTERPOLATION

A Ao  J_115.6¢6 — 422. 99
FLow [.0 6+ OALL5LeT2E 32 ](0.0232)

A-FLOW:' o v189% -41‘1 )

o CROSBY GME RELAPS MODEL FLOW AREA = QO/B9Y 42
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4.5 RELAP Plots

The following plots represent RELAP mass flows, pressures and
qualities at various points along the discharge piping. The ordinate axis may
not always be correct; many times multipliers will be off (CDC is aware of this
problem in RELAP). However, the plots do depict trends accurately and are
calculated and reported in RELAP every 0.001 seconds. Correct peaks and times

- at which they occur are listed with each trace. A RELAP volume schematic precedes
the plot set for the transient steam case.
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4.6 Force Time History Plots

The following are force versus time plots for each pipe segment at a
node point described by the structural model. A drawing indicating force placement
precedes the set. Since the force time E‘i‘stories were plotted after balancing
and merging(i.e. SAP2SAP and MERGE), each plot is unbalanced force versus time
from 0.0 to 0.5 seconds. Unit 1 has 67 pipe segments and correspondingly 67 force’
time histories.
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4.7 RELAP Input

IncTluded here is the RELAP5 MOD1 input 1isting for the transient steam
case,

bmeof

The SV model has:

- 375 volumes
- 374 junctions

Heat structures were not included in the RELAP model because of the

program capacity. Including heat structures would have further reduced the number

‘ w of available control volumes. This is a conservative assumption, ITI (Reference 6)
showed higher loads were computed without heat structures.
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4.8 REPIPE Input

These are input listings of Control Data Corporation's RELAP post-
processor, REPIPE. Each set represents direction cosines of the RELAP model as
well as structural node assignments. QOn the Unit 1 SV model, it was necessary

to break up the model in two sections, of approximately equal size, because of
REPIPE's size limitations.

“ Input Set Mode1 Section

4.8.1 A
4.8.2 B
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@_ 4.8.1 REPIPE Input - Section A
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52 “ -81 1650000 - 259 0 0 gy 983./ = ’ weremuus w VT R AT e @ h he sw e erenb wr ¢ Be assmsseteymansen sem At & & Revessen - _<
m

'ai 5
(-1 9 °

74 520000 0.0 -1.0 0.0/
74 11530000 0.0 -1.0_ 0.0/
74 811540000 0.0 -1.0" 0.0/
74 811550000 0.0 -1.0_ 0.0/
62 2811270000 ~ 0.0 -1,07"0.0/" #ra semmemmesenas v I
62 -811280000 0.0 -1.0 7 0.0/
62 -811290000 0.0 7-1.0"""0.0/ e e rer cemsenenera e e SRR
62 _-811300000 0.0 _-1.0__0.0/
62 ""T-811310000 0.077=1,077" 0.0/ eresseansemmemiaterens s s e
.62 -811320000 0.0 _-=1.0 0.0/ !
627 "T:§{1330000 © 0.0 TF1.077T6l0/ “- - s
62  -811340000 0.0 -1.0 0.0/ <10
“62 " -811350000 0.0""21707""0.0/ . - - e o35
.62 ___-811360000 0.0_-1.0 0.0/ = O 2
62 ""2811370000 0.0""=1.07" 0.0/ - 3 859
. 82 __ -811380000 0.0 _-1.0 0.0/ . w —~
62 "-811390000 " D TR T, RN’ T 7/ L= H—
.62 -811400000 0.0 _-1.0 0.0/ ©
62 TT-811410000 0 N 1 - T -/ $4
_ B2 -811420000 0.0_'~1.0__ 0.0/ S
62 -811430000 0.077=1.077"0.0/ ..t
62 -811440000 0.0 -1.0 0.0/
62 ~811450000 " T S R 0 S A - /A8t .
.. 82 -811460000 0.0 -1.0 0.9/ .
62 772811470000 0.0 =176 6.0/ raere e
.62 -811480000 9.0 -1.0 0.9/
627 7TI8 11490000 0.0 =10770.0/
62 =811500000 0.0 _-1.0 0.9/
Y 6277811510000 0.07={.07""6.0/ ¥ -
_ 62 ___ -811520000 0.0 -1.0 0.0/ i AN
62 -811530000 0.07"5i.07"" 0.0/ -
62 _ -811540000 0.0 -1.0 0.9/ &
" 62 -811550000 0.07=10 6.0/ e oo
62 ___-811560000 0.0 _-1.0 0.9/
"60 T 7811560000 0.0770.07-1.0/
60 _ .. 811570000 9.0 0.0 -1.0/
‘so" ‘8‘1580000' o'o 0.0 -1.0/ NG UBSSENANE ABATELEE VEGEEFEANANNARSSUTIRINNAAERATLsNIERVIOTNURSRRstus SARRITY B o~ n
60 ., 811590000 0.0 0.0 -1.0/
0 " 811600000 " 0.0 6.0 Tiio S ererss emn e <s
60 __ 811610000 0.0 0.0 -1.0/ A
~ g0 "7 811620000 < 0.0770.0°7=1.0/ s - SR
60 811630000 0.0 0.0 “4
- 88 - 811270000 D B g g R 1 - S e -
58 _ -811580000 0.0 0.0 . =
494 S B e 11 ]
‘58 ~811600000 9.0 0.0 —
58 "81 1610000 0' o 0 N AETAE R IEERE ASK AURGEF ESSLARSSITANYIEFONE SSNRRTS BOSS CABOVEASNcEIBALATORIOANINS SANGRTE ANRIRRIA WS § - 035 AT 4 AN-TEEANIAN N #i8 4 SEs Eed FhamswswixSE W SNUN BSVEBARSERRSET KNGIS @5 we tm T
58 ~-811620000 0. 0.0,
0.0 <
0.0
P %
.9:9 .
0.0

. 52 -811660000 -;259 0.0 -.966/ . s
- B2 R1RS0000° - i3857TGT6 T 8RE/ O . O
.52 -811680000 5-259 0.0 -.966/

g2 " -811690000 2.286776.07 Tl 866/
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e e . . .







52 00000 -.259 0.0
52 17 10000 -.259 0.0
52 -811720000 -.258 0.0
50 _ 811720000  ~-1.0 0.0
50 811730000 =1.07770.0
so 811740000  -1.0 0.0
50 “811750000 =307 0.0
50 811760000 _ -1.0 0.0
50 "81177000077" 1.0 0.0
.50 ...811780000 1.0 ..9.0
“ 50 811780000 1.07770.0°
46 _ , -811730000 2lo 0.0
46 "°7° -811740000 1.0 0.0
46 __  -811750000  -1.0 0.0
46 7 811760000 " -1.0 0.0
46 __ -811770000 _ 1.0 _.9.0
46 ~ " -8i1780000 . -1.0 0.0
46 -811790000 1.0 0.0
46 -8 11800000 21.07770.0
43 811800000 0.0 ~-1.0,
44 811810000 0.0 .0
44 811820000 0.0 =1.
44777 " 8118300007 0.0
44 811840000 0.0 |
44 ~ 811850000 6.0
44 811860000 0.0 -
" 44 11870000 0.0
40 _-811810000 0.0
40 -8118206000 6.0
.40 -811830000 .W"WQ;QH.
40 "Z8118400007 0.0
40 _-B811850000 0.0
40 "7 -811860000 0.0
40  -811870000 = 0.0
40 2811880000 0.0
38 . 811880000 0 0.0
38 U7 811880000 -1,.0770.0
..38 . 811800000 _ =1.0 0.0
as 811910000 0.0
.38 . 811920000 ..0:0
38 811930000 0.0
38 :n“,§1194°9°°"” 1.0, 0.0
38 811950000 <1.0770.0
38 . 811960000  -1.0 0.0
32 " "-811890000° ~1.07" 0.0
32 _-811%00000 -1.0 0.0
32 -811910000 ~3.07 " 0.0
32 -811920000 _ -1.0 0.0
32 -811930000 -{.0 0.0
32 __ -811940000 - -1.0 0.0
32 811950000 =1.0770.0
32 -811960000 ia=1.0. 0.0
32 ~812000000 ~1.0°7°0.0
_30 .. .812000000 . 0.0 0.0
30 813610000 "6.07 0.0
.30 .. 5‘3°2°OOOHWHMM9:9""“9-°
30 " 813030000 0.0 70.0
30 | 813040000 0.0 0.0
- 30 813050000 6.070.0
30 813080000 0.0 0.0
30 " 813070000 0.0 0.0
.30, 813080000 9.0 0.0
C 3678130800007 0.0°7 0.0
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30 100000 0.0 0.0 1.0/ e -

30 13110000 0.0 0.0 1.0/

30 813120000 0.0 0.0 1.0/

30 __ 813130000 _ 0.0 0.0 _ 1.0/
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12 -813020000 0.0 0.0 = 1.0/

12 2813030000 '~ 0.0 0.077"1.0/7”7 -

12 -813040000 0.0 0.0 _1.0/

12 2813050000 O i r e v e e et s . . i o,

12 _ _ -813060000 0.0 0.0 1.0/ -0 —1 —

12 <813070000 0.Q° 0.0 Ty QT T s m—— s frnmn—n—ws mm o - - oo
12 . -813080000 _©.* 0.0 1.0/ SHS

12 "-813090000 ~ D T T THE - Z 0.3
.12 -813100000 0.0 0.0 1.0/ . o s

{2 """ -Bi31i0000 o.¢ 00770/ N Sl
.12 -s13120000 0.0 0.0 1.0/ N o

12 77 TC813130000° 0.0 T0.07 1.9/ o
.12 -813140000 , 0.0 0.0 1.0/ g

10 ‘813140000 ° DA A0 SN - 1 - /ANt cttd o

10 _ 813150000 _ 1.@ 0.0 0.0/ &

10 " 813160000 1.0 0.0770.0/ - o eminine - pre o
.10 813170000 1.© 0.0 0.0/

10 77 T813180000° 1.0 0707770.0/

10 813190000 1. 0.0 0.0/ .

! {0 ! 813200000 1.0 0.0 0.0/ . nenson Be nas ¥ easime sasen mrEeaw A% ver o e, s

.10 813210000 1.0 9.0 0.0/

10 813220000 1.0 TO.QTTIIOUg e s, i —" -
. fo 813230000 1.0 0.0 0.0/

€ -813150000 1.0 ~'0.0770.0/ s n
..8 .. .-813160000 _ 1.0 9.0 0.9/ i £

g 813170000 P SR - - 1 . g
e ....:§!§!8°°,°9.m 1.0, 0.0 0.0/ o

6 -813190000 1.0 770707 70.0/ .

.8 . -813200000 1.0 0.0 0.0/

8 -813210000 1.0 ~0.07776.90/ N
8 -813220000 1.0 _0.0 0.0/ —

6 -813230000 1.0 "0.07770.0/ e B — P -
.8 _ -813240000 __ 1.0 0.0 0.0/

4 813240000 0.0 -i1.0770.0/ « core sersevees svesessua meeses
.4 .. 813250000 _ 0.0 =1.0_ 0.0/ N
4 877000000 0.0 ~-1.0 0.0/ sed van whs sesnarmsmmneee kR e T ~ad
4 978010000, 0.0 -1.0 °0.0/ “3
4 * §78020000 0.0 -1.0 0.0/ - . e |
4 978030000 0.0 ~1.0 0.0/ . m
4 - 978040000° 0.0 ~1.0 0.0/ e - S . I
4 978050000 0.0 -1.0 0.0/ G)r-
4 978060000 0.0 ~-1.0 0. 0 oA SR S St 00 22 T8 Attt e -—g

1 _ -813250000 0.0 =-1.0 0.0/ <

i ™ 877000000 0.0 2ii6™"6767 PR 1 § b-s, S
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" 809010000, 701010000$

cort

625 6 10000000
625 611010000
625 _ 611020000
625 611030000
615 -611010000
615 -611020000
815  -611030000
615 -611040000
_ 610 611040000
610 611050000
610 _ 611060000
610 611070000
335 ___ -611050000
335 7" -611060000
. 335 __ -611070000
335 77 -612000000
525 _ 410000000
525 411010000
.525 411020000
525 411030000
_530 _ -411010000
530 ~ "-411020000
. 530  -411030000
530 © ~411040000
533 . 411040000
"533 " 411050000
533 411060000
"53377° 411070000
540 -411050000
" 840 "7 ~411060000
..540 _ -411070000
540 ~411080000
..045 411080000
545 411090000
. 545 411100000
55001 -411090000
55001 -411100000
55001 -411110000
55002 411110000
55002 - 411120000
55002 411130000
55501 -411120000
__ 55501 -411130000
55501 -411140000
55502 411140000
55502 411150000
_ 55502 411160000
58001 * -411150000
. 56001 -411160000
" 66001 -411170000
_ 56002 411170000
56002 411180000
295 -411180000
7295 -412000000
385 5 10000000
© 385 511010000
385 511020000
‘380 -511010000

a(BLOCIGBOO. KPIFE=13.KPLOT(1)=0,KWAVE=1,

KPRINT=-1,KPNV=1 KSTEP=3,
_'NDROPV= 100010000 200010000, 300010000, 801010000, 805010000,

-0.5272 0.0 . 0.375/
-0.89272 0.0 0.375/
-0.9272 0.0 0.375/
-0.9272 0.0 0.375/
-0.92"2 0.0 0.375/
-0.8272 0.0 0.375/
-0.9272 0.0 0.375/
-0.9272 0.0 "70.375/
0.0 -1.0 0.0/

0.0 -1 0 0.0/

0.0 -1.0 0.0/,

0.0 -1.0 0.0/

0.0 =1.20 0.0/

0.0 <1.0 0.0/

0.0 -31.90 0.0/

0.0 -i.0 0.0/
0.9252 0.0 __-0.3746/
0.9272 0.0 -0.3746/
0.8272 0.0 =-0.3748/
0.9272 0.0 -0.3748/
0.9272 -0.0 __ -0.3746/
0.9272 0.0 <0.3746/
0.8272 0.0 -0.3748/
0.9272 0.6 -0.3748/
0.0 -1.0 0.0/

0.2 -i.c 0.0/

0.0 -1.0 0.0/

0.0 -1.0 0.0/

0.0 -1.2, 0.0/

0.0 -1.0 0.0/

0.0 -1.0 0.0/

0.0 -1 9 0.0/

.285 _0.0 -.9585/

.255 " 0.0 -.9585/

.285 _0.0 ~.9585/

.22s "'0.o0 -.9585/

.25 2.0 -.9585/

.255 0.0 -.9585/

-.107 ©<.0 -.9943/

-.107 ©.0 -.9943/

.1C7 . 0.0 -.9943/
-.107 ©.0 -.9943/

-.107 ©.0 -.9943/

-.197 2.0 =.9943/
-.423 0.0 -.876/
-.4z22 ©.0 -.876/
-.42= D D -.876/
-.223 T.9 -.876/
-.432 5.0 -.876/_:
-.23F o 0 -.876/"
-.702¢ 0 0 -.7078/
-.705¢ .0 -.7078/
-.705¢ 3.0 -.7078/ _
-.705¢ 2.0 -.70787
0.3735 0.0 _  0.8272/
0.3705 0.0 0.9272/
0.373S 0.0  0.89272/
0.3773E 0.0 0.9272/
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380
380
375
375

" 5qE e

375
370
370

"~ 390"

370

365

385,

38001"
36001

36002

36002

" 36002
35501

"'35501"

35501
35502
35502
35502
35001

“"350071

35001

T 35002

.35002

35002

34001
"34001°
34001

34002
33501

"43502°

33502

™ 33502

32501

""32501°

.32502

""32502°

32502

32001

32001

33607

. 32002
" 32002
..32002
31001’
31001
"'31001"
31002
""31002™"
31002

" 30001”

30001

" 30001

30002

30002

2952

~ 5885 "™

138

""{387=103010000 " -0.

corl

1020000
11030000
511030000
511040000

110500007

0.3708 0.0  0.9272/
0.3706 0.0  0.9272/
0.0 -1.0 0.0/ ° ‘
0.0 1.0 0.0/

6.07°1.079.0/

511060000 0.0 =1.0 0.0/ _ e e e st ememte 25t e e e st et e emroans e oo st s 4 s e - IR
-511040000 " 0.0 =1.0 ~0.0/” e : ) ’
1511059009_"m.9.° 100 000, e ————————————————————". 110311111 e SR S _
<511060000 """ 6.0 1.0 0.0/
~511070000 0.0 =1.0_ 0.0/, et s . DoD
511070000 " "~.8268"° 0.0 -.563/ i i 3
511080000 _ -.826 0.0 -,583/ - - . ] TRAR
2511080000 "-.826 " 0.0 =.563/ = Qa
_-511090000__ -.828_ 0.0 -.563/ ee erae o e . =T
511090000 ""~.833™ 0.0~ 7745/ ' e
511100000 -.633__ 0.0 -.7745/ S
"§11110000™""=.633 7070 "= 7745/ . o
1511100000 -.633 0.0 -.7745/ =]
“8111100007 =633 70,07 .7745/ - 3
..-511120000  -.633 0.0 -.7745/ T
§11120000 ""~.254 "0.07~"967/
511130000 _ -.254 0.0 =.967/ . .-
§1114000077=,2547 0.0 ~.§67/
_-511130000__=.254_ 0.0 -.967/
*511140000 =.25470.0 "=, 967/
..=511150000 -.254 °0.0 -.867/
§11150000 .19 0.0 -.9856/ I’
511160000 .169 0.0 -.9858/ '
"§11150000 - 18670.0 . 9856/ : oy
2511160000 169 0.0 -.9856/ ¢ @
2511170000 1687 6.0 . 9856/
_=511180000___.169 0.0 -.9 e
§11180000""7415770.0
-512000000  .415 0.0 -.90: N
512000000™"".525"70.0
812000000 0,525 0.0 =0.851/ o am——————————— ——— P
514000000 ", 538 " 0. .
__-514000000 __.525 0.
2515016000525 0.
515010000 .773 0O <
"§150206000 . 773770 -
515030000 oTT3 0.0 7835/ s st s s osese s e s s
5150200007730 ¥ m—
-515030000 __ .773_0 2 m
2§18040000 o798 70 O
. 515040000  .981 0, =M
5150500009817 0 =\
... 315060000  .981 0. -M=X
2515050000 981770 mee
LEBIB0BO000 | 0881 0.0 = 185/ oo s ————————_—— o7 2525735524585 1313215126 AR £ X.m
-515070000""" 9810 A
515070000 957 0 . =
815080000 . 957 0. ()
515090000 .957 0. - . )
Z515080000™ 7,957 "0 :

: 7515090000 .957 0O - m.
515166000 .957 "0 A2
515100000 __.812 O . .
"515110000 ~ ..8i2 0 i N '?)
-515110000_ ~ .812_ 0.0  .583/. ,
~516000000™" ".812770.0""". 583/ .

102000000 _-0.694__0.707 -0, 135/ : Q.

694770.7077-0.135/

»




134 10000 -0.9816 0.0 -0%.1808/
134 020000 -0.9816 0.0 -09.1908/
134 103030000 -0.8816 0.0 *  -¢cJ.1908/

132 . -103020000 -0.9816 0.0 . -¢2.1908/
132103030000 "=0.8816 0.0 " -o2. 1808/

132 __-104000000 -0.9816 0.0 - -c2.1908/ .

330 ""7"104000000 0.0 =1.07TT F0cY/ resspeses o
130 105010000 0.0 _ -1.0 0.c¥/ .

130 "™ 105020000 " 0.0 =10 T o ggﬁ

130 _ 105030000 0.0 -1.0 0.09/ ... '
“130 " “105040000 0.0 I R T J e %’-:—0‘5!

130 105050000 0.0 _-1.0 . 0.09/ Sa%
130 7771050600007 0.6 =167 0.07° -3
128 -105010000 0.0 _-1.0 0.00/ . >
"§28 105020000 0.0 =10 0.00/ * T

. 128 -105030000_ 0.0 _ -1.0 0.0/ o
128 ""=105040000 0.0 -1.0 0.0/ 0

.. 128  -105050000 0.0  ~-1.0 e 0: 0 3
128 "<'105060000° 0.0 -1.0 0. R/ O

. 128 -105070000 0.0 _ -1.0 0.9/ >
126 "“165070000 -0.0652 0.0 O. g83797

_126___ 105080000 -0.0652 ' 0.0  O. 8£379/

~§28""""105090000 ~-0.065270.07 0. 51878/

124 _-105080000 -0.0652 0.0 0. 55379/

124" "168090000 -0.0652 0.0 0.91379/

124 -105100000 -0.0652 0.0 O 9t278/
122 71051000007 6.7 120770,/

122 105110000 O. 1.0 0./,

1227105120000 0. .00/ , s "o

122 105130000 O. . 1.0 0./ : T
122 """{05140000 O. 1.0 0./ —

..122 105150000 0. . 1.0 0./ 2
§22"7"" 105160000 7 0. 17077706,/

. 122 105170000 ©O. 1.0 0./

122 7105180000 0. 176770,/ e

122 105180000 O. 1.0 0./ i
§18° " 1081100007 0.” 1077 0./ e

118 =105120000 O. . ..1.9 . 0./

19877 =10513000070. 1.077 0./

. 118 _-105140000 O. .,“.mf:..o,,.,_n!)-/. y
118 “-~105150000 0. 5 0 2 «!

118 __-105160000 ©O. 1.0 0./ “3
118 ""105170000 0. 1.07 0./ v ]

. 118 _-105180000 O. . 1.0 0./ . i m
118 "= 105180000 0. 17077 0./ Zm

_118 _-108000000, 0. 1.0 0./ o
115 “106000000 0.3488 . 0. 0.935&8/ g
115 107010000 0.3498_ 0.  0.9368/ =
£15 " 107020000 ©.3498™ 0. "™ 0.§568/ m=<

_115__ 107030000 ©0.3498_ 0. 0.9358/ gz

“{14° "> 107010000 ""0.34987 0, 0.9368/ m

114 __~107020000 0.3498 0. 0.9368/ =

{14 “C107030000°70.3488 0.7 0.9968/

_114___-107040000 _0.3498 0.  0.9368/ G-
12 107040000 ~ 0O~ “1.0 G/ v TTTmmm—————n——w— i sy prpmmeny gy, wm"
112 107050000 Q. . . =1.0 _ 0./ : m
“§12 T77T{07060000 0. Z{.0 0./ - N -
142 ._1o7o7oooo 0 1.0 _ 0:/.. A
§12 ™" 7167080000 0.”""7F1l0 T 1G-/ R
112107090000 O. . ~-1.0 g./ . )
"112 1071000007 0. SiveTT 6./ =
o112 107110000 O. ~1.0 g/ “ m
" 112777"107120000770. 1.6 7 6./ D).

cof)




112 7130000 O. -1.0 0./
112 07140000 0. . -1.0 0./
106  -107050000 O. -1.0 0./
106 _ -107080000 O. _  =1,0. 0./
*"106 ° =107070000 0.7 T-1.07 e, T mm  — —— . oe==s e .
...106 __ -107080000 _O. -1.0 - 0./
“§06 7 TC'§07090000 0. =1.077 0l -
106 = -107100000 O. =10 ..0.7
~ 308" " T 109130990 o A © e e e Seneee e e s - -
..108 -107120000 ©O.  ~-1.0 0./
{06 " =107130000°° 0. =107y s Do
106 -107140000 0. . -1.0 0./ SaS
" 106 5107150000 O. 24700/ S
. 104 107150000 0.7723 O. . 0.8353/ o3a
104 107160000 0.7723™ 0."¥"""0.6353/ " e s S
_.104 107170000 o 7723 0. - o_,eas_s,/ o
10301 ~"=107160000 0.772370. 0.63537 o
__10301_ -107170000 _0.7723 0. 0.6353/ )
10301 "=1067180000 ~0.7723770.7""" 6. 6353/ i °
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