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INDIANA & MICHIGAN ELECTRIC COMPANY

P.0. BOX 16631
COLUMBUS, OHIO 43216

December 15, 1983
AEP:NRC: 0585D

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos. 50-315 and 50-316

License Nos. DPR-58 and DPR-74

NUREG-0737, Item II.D.1l

PWR RELIEF AND SAFETY VALVE TEST PROGRAM

Mr. Harold R. Denton, Dlrector
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

References: (1) Letter No. AEP:NRC:0585C dated July 9, 1982
(2) Letter from Mr, .8.A. Varga, NRC, dated
March 14, 1983
(3) Letter No. AEP:NRC: 0585G dated October 14, 1983
-

Dear ‘Mr. Dehton:

This letter and its Attachment concerns the plant specific
evaluation of the Relief (PORV) and Safety Valves (SV) and the related
discharge piping analysis for the Donald C. Cook Nuclear Plant as
detailed in Reference (l). It is submitted in compliance with the
requirements of item IX.D.l of NUREG-0737. In Reference-(3) we
requested an extension to the submittal date of July 1, 1983 noted in

Reference (2) for the plant specific evaluation up to'December 15, 1983.
The following are the Indiana & Michigan-'Electric Company S responses as

applicable to the Donald c. Cook Nuclear Plant, Unit Nos-. 1l and 2.

This document has been prepared follow;ng Corporate procedures
which incorporate a reasonable set of controls to insure its accuracy
and completeness prior to signature by the undersigned.

»

Very truly yours,
: t
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MPB/cam ' .

Attachments ) o T Agéb

cc: John E. Dolan ° E ,"' M |
. W. G. Smith, Jr. - Bridgman B

R. C. Callen

G. Charnoff Nt ‘ N
E. R. Swanson, NRC Resident Inspector - Bridgman ’
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Item 1 Plant Specific Reports for'Safety & Relief Valve (éV/PORV)
Qualification. -

The Pressurizer Power Operated Relief Valves (PORV) at Cook Plant
are Masoneilan relief valves, Model #38-20721. These valves are the
same as those tested in the EPRI valve test program. " The Masoneilan -
valve's performance was acceptable under various transient conditions
performed during the test. .

We have reviewed the EPRI test results, and the D. C. Cook Nuclear
Plant specific piping system analysis performed by Teledyne Engineering
Services (TES) and conclude that the valves tested represent the relief
valves design installed at D. C. Cook Plant, and that the conditions

" tested by EPRI envelope the range of expected operating and accident

conditions including the use of PORV's to mitigate cold
overpressurization for the D. C. Cook Plant; and therefore, it is”
concluded that the PORV's at the D. C. Cook Nuclear Plant are
qualified as required by Item II D.l1 of NUREG-0737 for ‘plant Spe01fic
appllcatlons.

The Pressurizer Safety Valves (sV) .at Cook Plant are Crosby Model
#HB-BP-86-6M6 equipped with loop seals upstream of the valves. This
model type valve was tested at the Combustioen Engineering test facility
in Windsor, Connecticut. The tests were conducted both with a water and
without a water loop seal. The tests confirmed the ability of the ) ,
safety valves to open and close under their expected operating fluid
conditions., It is concluded from these tests that the SV's are
qualified as required by Item II.D.l of NUREG-0737 for plant specific
appllcatlons. . .

Westinghouse Electric Corporation has completed the study to
evaluate the overall operability of the safety valves and the effect of
safety‘ valve performance on the system overpressurization and has issued
WCAP-10105. The above WCAP Report was submitted ‘to the NRC by
Westinghouse Owner's Group letter No. WOG~77 dated 7/27/82.

The as-built piping analysis performed by Teledyne Engineering

Services for the D. C. Cook Plant, with the loop seal configuration,

indicated that the inlet and discharge piping and supports ‘'would be -
overstressed for the accident condition loads (SV thermal transients and -
SV shock) and that the loading was beyond that envelope tested under the
EPRI program. To mitigate this overstress concern, Indiana & Michigan
Electric Company has decided to drain the water in the safety valve loop
seals as noted in Reference (3) of the cover letter. A design
modification was initiated to drain each of the (3) pressurizer.safety
valve loop seals to the pressurizer and to install drain lines to each
of the loop seals. This modification has been completed in bdth Units.

] . r
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Based on .the EPRI SV test program report, Westinghouse evaluation
report WCAP 10105, TES piping evaluation report, and our review of the
above reports, we conclude that the safety valves and the associated
discharge piping system are qualified for the plant specific
applications in the drained loop seal configuration,

Item 2: Plant Specific Submittal for Piping and Supports Evaluation.

Teledyne Engineering Services (TES) has completed the plant
specific PORV/SV discharge piping analyses for the Donald C. Cook
Nuclear Plant. The mathematical model consists of the discharge piping
from the pressurizer up to the Pressurizer Relief Tank, including the
relief and safety valves. The analyses consisted of thermal hydraulic .
analyses using RELAP-5/MOD 1 computer code to generate hydrodynamic data
for control volumes of each segment of the pipe. -This is then input
into REPIPE Computer code to derive the force time histories on the
piping system, one for the inlet junction and the other for the outlet
junction. SAP2SAP then combines the two force time histories into one.
The stress analyses of the Piping system were performed using TMRSAP
computer code. The stress analyses of the as~built piping system
indicated that the discharge piping system was overloaded for the
safety valve transient followed by the seal water discharge through the
discharge piping. The calculated stresses in the piping and its
supports exceeded the allowable limits. To eliminate this concern, an
analysis was performed without water in the loop seals. *.This analysis
with the dry loop seal showed that the loads and stresses are within the
allowable limits for the piping system and supports with a few
exceptions. For Unit No. 1, TES results indicate that the loads on’
eight pipe supports exceed the design loads as shown on the original
as-built support drawings and for Unit No. 2, twenty-four supports
exceed the design loads. A reanalysis of these supports for the
increased loads was performed by AEPSC and it was determined that: 1)
for Unit No. 1, six supports were found to be adequate to resist the
revised loads and only two supports needed modifications; and 2) for
Unit No. 2, seventeen supports were found to be adequate to resist the
revised loads while seven supports needed modifications. 2 design
modification was initiated to modify these supports. All supports
requiring modification have ‘been reworked. and are now capable of
- carrying the revised loading. The followxng TES reports of the piping -
analysis using the drained loop seal are.attached.

Unit No. l; Technical Report TR—5364—3y VolumesEI and 2 -
Unit No. 2; Technical Report TR-5364~4, Volumes l.and 2.

The TES evaluation also showed that the safety valve accelerations
due to the SV transient shock condition exceeded the vertical ‘allowable
of 2g's by less than lg. However, we were informed by Westinghouse, who
is the safety valve supplier, that the valves have been successfully
seismically tested for 4g-vertical and 6g-horlzonta1 accelerations.
Based on the above 1nformatzon, we conclude that the acceleration on the
SVs during an sV transient are within the test acceleration values and
are acceptable. . '



References:

1) EPRI PORV/SV Test Program Reports as identified in our letter
No. REP:NRC:0585B dated April 7, 1982,

2) Westinghouse WCAP-10105, "Review of Pressurizer Safety Valve
Performance as observed in the EPRI Safety and Relief Valve
Test Program," dated June, 1982. (Non-pgoprietary)

3) Teledyne Reports TR-5364-1, Rev, 0, Books 1,2,3, of 15
TR=5364-2, Rev. 0, Books 1,2 of 10
TR-5364-3, Rev. 0, Books 1,2 of 3
TR-5364-4, Rev, O, Books 1,2 of 3
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5.0 STRUCTURAL ANALYSIS

Ther@a1 and force/time history analyses were performed for the drained loop
seal condition of the pressurizer safety and relief valve discharge piping using
the TMRSAP computer program; a modified version of SAPIV. The computer model
used was based on TES isometric drawing E-5763, Revision 3, which is shown in
Section 7.0. In general, the stryctura] analysis was done in accordance with AEP
letter dated November 29, 1982 from Mr. Sam Ulan of AEP to Mr. L.B. Semprucci. of
TES (Reference 1) and AEP letter dated March 15, 1983 from Mr. Sam Ulan of AEP to
Mr. Pat Harrison of TES (Reference 11).

For the drained loop seal analysis, it was not necessary to reanalyze the
“deadweight, normal thermal, PORV transient thermal, OBE seismic and DBE seismic
conditions. The as-built analysis of the pressurizer safety and relief valve
discharge piping, contained in TES Technical Report TR-5364-1, Revision O
{Reference 2), should be referenced for all analytical results for the above
conditions. This report contains the results for the SV transient thermal
condition and the SV transient shock force time/history analysis. The emergency
* condition is shown to be acceptable, per this report, except as noted in Sections
6.2 and 6.3.2, for. a drained loop seal condition. The normal and upset conditions
were shown to be acceptable per the as-built amalysis and report (Reference 2).
The draining of the loop seals will not adversely affect the analysis of the
normal and upset conditions.
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5.1 SV Transient Thermal Analysis

Thermal analysis was performed for the SV transient condition. The
temperature distribution was obtained from the RELAPS output, as shown in Section
4.9. Throughout this report, thermal -case 1 refers to normal operation, thermal
case 2 to PORV operation, and thermal case 3 to SV operation.

Boundhry displacements were ca]cu1atgd for the quench tank nozzle,
pressurizer nozzles, and support 1-GRC-R-616, which connects to the pressurizer.

5.2 Transient Shock Analysis

Based on the results obtained from the RELAPS aha]ysis, presented in

“Section 4, the SV transient shock analysis was performed. The analysis was
calculated at one millisecond intervals for a length of .65 seconds. A1l loads
peaked previoﬁs to .65 seconds, indicating that the analysis was performed for a

- sufficient length of time.
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6.0 ANALYTICAL RESULTS : v

Section 6.0 contains all analytical results relative to emergency

- conditions. That is, stress equations C1, C2 and C3 (as defined in Reference 1),

support loads for all restraints, valve accelerations for DBE seismic and §V

transient shock conditions, nozzle loads and valve end moments. For easier

reference, the results presented in Section 6.0 include loadings for all conditions

with deadweight, normal thermal, PORV transient thermal, OBE seismic, and DBE
seismic results being tqken from TES Technical Report TR-5364-1, Revision O.

6.1 Stress Summary

Stress calculations were based on the 1967 Edition of the ANSI B3l.1
Code (Reference 13), the AEP letter dated November 29, 1982 (Reference 1), and
the AEP Tletter dated March 15, 1983 (Reference 11). For this report, stress
combinations Cl, C2 and C3 are presented, TES Technical Report TR-5364-1 should
be referenced for Al, A2, Bl, B2 and B3 stresses. Stress combinations Cl, €2 and
C3 are as follows: 1

C1 normal pressure stress + deadweight stress + DBE stress <1.8 Sy

c2 SV transient pressure stress + SV transient weight stress +
SV transient shock stress < 1.8 Sp

C3 SV transient thermal stress range' <1.25 S¢ + .25 Sp

The stresées presented conservatively consider all moments to be
intensified, although B31.1 allows for intensification factors to be omitted in
the torsional direction.

Allowable stresses for stress combinations Cl, C2 and C3, were °
obtained by using the maximum temperature the piping experienced during the SV
‘p transient event to determine Sp. The value of S¢ was based on 700F per Reference 10.
A summary of allowable stresses for the emergency condition is given in Table 6.1-1. .
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conditions considered, were analyzed and found to be satisfactory.
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Section 119.6.1 of the B3l.1 Code indicates that the thermal range
stress calculations shall be based on the range between the minimum and maximum
temperature. Stresses for the maximum range of thermal moments, due to all thermal

Stresses were calculated as follows:

‘Pressure

Pd2
D2-d2

Deadweight

751 Mp
JA

Thermal

' iMe
JA

Seismic

.751 Mg
Z

Force/Time History

.751 Mp
JA

where: .

=
(<] .
nououwoun ouwonnn

inside diameter of pipe

outside diameter of pipe ’
intensification factor ’

resultant moment due to deadweight Toadings

resultant moment due to seismic loadings

range of resultant moments due to thermal loadings
resultant moment due to force/time history analysis
section modulus ‘
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TABLE 6.1-1

SUMMARY OF ALLOWAELES

I NODES : MATERIAL :TEMPERATURE (°F):

|1 THRu a4 isA-3se-3te cL 11 394 T lesze |

T T The T rezaa |
VR 1as 1T T " retes |

| 200 THRU 208 1 T Tasz T Teian |

i_565'?nﬁﬁ'5;s"i" 52'515"504"'E"“" 52 i 14742 E

LOOFS

! l I | | I I

| NODES LOOP C | HODES LOOP B 1 HODES LOOP A 1  HATERIAL I TEHPERATURE C°F)I Sh (PSI) I

: 98 THRU 109 : 144 THRU 156 : 208 THRU 216 : SA-312-304 : 445 : 14770 : |

: 110 THRU 1140 : 157 THRU 163 : 220 THRU 2230 : ’ : 450 : 14710 ;

: 115 : 165 :-- 225 : ' : 460 : 11740 % I

: 120 : 170 : 229 : §4-376-316 : 670 : 11480 ¢ - :

i 122 THRU -138 i 172 THRU 185 : 233 THRU 244 : ) : 670 : 14000 ;

* NOTE} LOOP C REFERS TO THE SRV LOOP CONTAINING VALVE SU-45C THIS NOTATION IS TYPICAL OF LOOPS B AND A ALSO.
% ALLOWABLE AS PER NOTE (6)sTABLE A-1 OF B 314140+ 1967 CODE,

FORV LOOF 151

- - S B = G0 S W PO G et | e e e 0 Om e T G e Gm B P wa

| NODES : HATERIAL :TEMPERATURE (°F): sh (FSI) |
TTTae T Teacsizses 1 seo 1 iasse
e1s TR s25 1+ e T iases |
A S AN N N
| 635 THRU 66;-_:_—-;;:;;;:;;;_—-E—---—_;;; '''''' T Hases

| ——————— e — e ——————————
NOTE: FORV LOOF 151 REFERS TO THE FORV LOOF CONTAINING VALVES
NMO~151 AND NRV-151. THIS IS TYFICAL OF LOOPS 152 AND 153, -
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TABLE 6.1-1 (Cont)

------------ 4=__|______________-_|_______________;| .
MATERIAL ITEMPERATURE (°F)1 Sh (PSI) |
SA-312-304 : 500 : 14550 :

T T 567 T aate i

T T 933 | imass i

e T 453 Ao i.

eassre-zea 1 ess | Tiazes :

"—"QS‘§§Z"§IZ'""E"'"’"Zéé """"" i'-'""IZSEE """" E

———————————————— | mmmm e | e |
MATERIAL I TEMPERATURE (°F) | Sh (FSI) |

Y 3;2—33;-—-: ------ 500 -: 14550 ":

R T e T lasse :

VT E """"" 700 i'""'-IZESS '''''' E

. | 816 | 13952 |

T T 960 T ise2e |

D e T ieseo
SA-376-304 E 653 E 14300 :
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STRESS SUMMARY - EQUATION Cl

7/
PRESSURE | DEADWEIGHT DBE EQUATION ALLOWABLE
STRESS STRESS |* * STRESS C1 STRESS STRESS
NODE # | (KSI) (KSI) (KST) (KST) (KSI)
/ | o ./ 2 .3 yz| 294

74 .9 /3 2.2 VZ
2 .3 ¥4 L/ Y
7 R . 3 .5 Yz
£ ./ , 2 /3 yZ
“'ﬂl@ /0 2 .3 .5 YZ
/X .5 .7 72 YZ
/8 Y z b YZ
Jo0 Y .3 V7 YE
G 7 Y L) Y2
33 v 4 S YE
J?fy Y Z A YZ
36 5 2 7 yz
39 2 .5 /7 YZ
Yo z A 6 VE
‘ 42 ./ 2 /3> Y2

o Gt 2 .3 5 Yz $

A 2 i .5 yz | 29.2
G 48 _ . 2 3 YZ |
%o v 2 e b YZ !
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STRESS SUMMARY - EQUATICH C1

PRESSURE | DEADWEIGHT DBE ' EQUATION ALLOWABLE -
STRESS STRESS  |** STRESS C1 STRESS STRESS

. NODE # | (KSI). (KSI) (KSI) (KSI) (KSI)
5Z 0 .3 .5 8 yz| 292
56 x4 ¥ .8 Xy

58 Y A 8 xy

6o .3 Y 7 YE

G2 S .3 .7 XY

GG . R x4 b YE

&8 R Y 6 YE

70 2 - .3 5 Yz

7R ./ A 7 Y2

74 3 .3 6 xY

76 Z .3 .5 . xy

f0 .3 3 6 XY |

£ 5 4 .9 xy

§3 .2 /3 - 4

L4 .S A .9 xy

A 3 . b XY

1% .3 c: o XY

90 .5 Y L9 xY

93 A .3 V7 XY

47 R Y .8 A L4 xY r
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PRESSURE | DEADWEIGHT-|,.. DBE EQUATION ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KSI) (KSI)
TR | © /7 .7 L4 xy| 29.z
195 . 5 4 9 xY
142 R ' 7 ‘b /.2 X)
14z R G ‘7 L3 x)y g
.| 2oo LY Y & xr| 29./
a 2ok R .3 A .9 xy ~ [
20 R ) 3 ,H /7 XY L
ZGo /.0 /.3 2.3 XY| Z26.5
Ze0 /.5 3.z 47 xY
285 4.5 2.2 6.7 XY
Z90 5.3 3.0 8.3 xy
295 B 3.7 2.5 6.z xy| 4
97 B .7 1.8 z,5 xY| 26.¢6 .
98 & . b /4 xy
99 .7 .7 /,‘7} xy
/00 4 /! 1.5 XY
Z JOR ¢ 3 /.4 /.7 xY
‘ /03 .3 /.7 Z.0 XY
‘ 704 & 3,/ 39 xyY
/06 v /7.0 3.3 43 xy 1)
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STRESS SUMMARY - EQUATION C1

T e | U | M
NODE # (KST) (KSI) (KS1) . (KS1) (XSI)
/08 8] O 2.0 2:6 xy| Z26.6
109 9 z.0 2.9 xy| 26.6
/10 /.2 z.3 2.8 xy| 2.5
)z 5 4.3 48  xy
JrH Lz | 45 57 %y
0 /140 /7 Z.6 3.2 Xy ¢
/s ! .7 2.7 34 xy| 2/./
/20 3.5 9 7 5/ YA Zo.7
/22 /! 43 £.9 xy| z88
| /124 .9 5./ 925 xY
/26 7 5,/ 9.8 xY
/28 7 4,5 27 xv|
/30 b z.8 6.9 xy
/32 .9 2,/ | 6.5 yZ-
/34 /0 | z.3> 6.8 vz
' /36 /.z z.9 7.5 Yz
- /38 v /.3 2.7 7.5 Yz v
G /6‘23‘ O b /.2 18 YE| 26.4
|l | 4 7 /] vzl 2¢.¢
/% ! 2 /. Z LY vz | 26.6

)



6-10
‘T TELEDYNE

TRogasac o | ENGINEERING SERVICES
Re no
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PROJECT 5364 , CHECKED BY: _C/M A DATE:_7-/3-8B3
" STRESS SUMFMARY - EQUATION C1
PRESSURE | DEAOWEIGHT |, , DBE EQUATION | -ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KST) (KST)
/48 | © .3 /.8 2./ yzl  26.¢
/50 /.0 3.6 $¢ Y2l 266
/5Z yx 3.9 53 YE 266
/56 | & 2.2 2./ yz| 266
/57 /! z.0 3./ vz| 265
‘ 158 /.3 2.0 3.3 yz
/o0 /7 3.5 4,z YA
/62 /.2 37 4,9 Yz
/o3 | 7 z.z 27 yz \
/65 v 7 2.z 29 v 2./ 1
/70 | 325 9 b so xy| 20.7 o
177 /.0 4.0 g5 yz| 28.8
/7% g 4,7 0 vaZ
/76 g 4.7 o0 Yz :
/78 5 4.2 8.z YZ
| /50 -1 Z.6 b.G Y2z
< /9/ % zZ.0 6.2 YE
‘ )8R | .9 z.0 ¥ xy
184 /-/ Cz.H 7.0 xY
/85 \ 1.2 z.4 7./ xY v

o ‘ | 3
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BY:KDM&D DATE: 7//7./83
CHECKED BY: C/77/4  DATE:__7-/2 3

o ——————————————

STRESS SUMMARY - EQUATION C1

PRESSURE DEADWEIGHT | = DBE EQUAfION' ‘ ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # (KSI) (KSI1) (KSI) (KST) (KST) -
Zog B| O /./ z.z 3.3 xy| 266
zo8 | .3 /.6 79 xv
Z 14 /.0 3.5 45 xY
276 /.5 3.5 5.3 XY v
, ‘. 2zo /-3 /.4 2.7 xY| 2¢.5
G 22z 6 | 2.3 2,9 xy |
zZz3 /.0 2.4 FH XY
2230 A /4 zZ.o XY v
zzs Y A /.4 2o xy| 2/l./
zz9 3.5 .7 .7 49 xy| Zo.7
z33 4 3.4 77 xy| 28.8
234 5 5,7 7.7 xy|
226 /5 3.7 7.7 XY
236 '3 3./ 6.9 XY
237 2 2.z 59 xy
238 .7 .8 . 6.0 xY
2 Z4o x4 /9 6.z XY
z4z /. 2.z 6.8 YZE
@ 244 v J./ L Z.2 ’.8 VE Y
, 295R| o© 3.2 Z.0 5z Yz | 2¢.2
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BY: hm& DATE : 7//02/@

CHECKED BY: _C/72/8 DATE:__7-/2783

PRESSURE DEADWEIGHT .m.. DBE.. EQUATION . _')ALLONABLE
'l STRESS STRESS STRESS C1 STRESS STRESS
NODE # (KSI) (KSI) (KSI) (KSI) (KST)
5460 e, 9.9 5.5 /5 vz 26.z
555 5.6 2.7 .3 yz| Ze¢.z
550 3.5 6.6 /0./ yz| 25.9
545 2.7 }3.5 /7Z Yz
| 540 3.8 /5,5 /9.2 Y2
o 536 3.7 a’ /5.3 Yz
535 4./ /0,8 /49 YZ
534 4.7 7.6 /4.5 YE
533 5.6 /3,0 /L yz v
530 R4 /.2 /7.4 Y| 242
529 4z .4 /2.6 YZ| 24,2
525 | | 4.4 8.5 /3./ yE| 25.7
s | 24 | Se 5.6 /4.5 XY
505 2.5 é.o0 J)b XY
490 /.7 6. ¢ /.2 XY
485 2.8 5.8 /.5 YZ
450 2.7 5. S YE
475 2.5 5.8 /.2 YE
« Y65 4.2 5.6 /2.7 YZ
440 v z.7 &Y /2.0 vzl W
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BY: ':L’QB DATE:_7 //62/0”3

CHECKED BY; _C/2/)  DATE:_7-/3 -83
STRESS SUMMARY - EQUATION C1
PRESSURE | DEADWEIGHT |..~. DBE EQUAT'ION ALLOWABLE
‘ STRESS STRESS STRESS C1 STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KSI) (KST)
450 | 2.9 5,0 £z 6./ yz| 25.7
990 | 4./ 5.4 £/ /7.6 yz| 288
435 K 3.4 4.8 /2.3 xY
435 R /.1 §.3 /3.5 vz
575 3.5 5.4 /3.0 Yz
0 585 5.5 6.8 /6.4 YZ
590 63 5.7 /6.] YE
595 ¥ 7.0 6.3 /7.4 YE
LooR| 3.5 2./ 2.0 7.6 YZ
Loo R 2.5 2.4 g4 Yz
668 2.6 z2.4 55 yz
670 2.6 2.4 8.5 vz
b /o 2.9 2.3 8.7 YE
&80 2.9 2,3 8.7 Yz
&9o 2.6 /-8 7.9 xy
oo z./ /.7 7.3 xy
< 7/0 /./ 2.0 L. xy
75 g 2.3 6.6 XY
‘Ili‘ 717 5 X7 6. T oy
720 ] , 4 2.9 63:2? xY Y
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CHECKED BY: (/P& DATE:_7-/2-83
STRESS SUMMARY - EQUATION C1
PRESSURE | DEADWEIGHT |-+ DBE EQUATION |- ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KST) (KSI)
JR5 | 8.9 Y Zo ¢.9 xy| 288
750 | 3.5 .3 2.4 7.. xY| 288
2% K| O 2.7 - 2.9 5.6 YZE| 206.zZ
Foo 5.2 5.6 /0.8 yZ
3/0 4/ 5.0 9./ vz
320 2.8 . 5.3 8./ YZ
325 /.6 5.9 75 Yz v
395K /.2 b3 75  yz| 258
3% R 2.9 7.3 so,z YZ| 258
Yo 4.7 /4 64 Y2 25.8
350 2.8 9./ /.9 ¥2 25.4
355 /.0 6.6 76 2| 25.)
3o /.9 5./ T0 YZ
365 3./ &,/ %2 Yz
37 3.7 4.2 7.9 vz
575 6 z./ 6.7 YE i
350 3.4 4.9 pa yz| 238
382 Z.4 40 c4 yz| 23.8
355 ¥ 2.5 A4 6.9 yz| 257
S0 | 2.9 /.7 7.7 /2.3 yz| 25.7
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PROJECT 5364 CHECKED BY: C/2/% DATE:_7~/3 -3
STRESS SUMMARY - EQUATION C1
(e |oumeen [ S| BV |
NODE # (KSI) (KSI) (KS1) ) (KST) (KSI)
405 2.9 2./ 8.0 /3.0 yz 25.7
4720 2.6 /0.Z /5.7 YZ
479 4./ /1.8 /8.8 Yz
430 4.6 /2.5 Zo,0 yZ
43) 4.7 /2,6 20,Z YZ
‘. 426B| v 5.0 15,/ 3.0 YA Y
325 By O Z.0 9.0 /2.0 yz| 25.8
|2 3.6 8.5 2./ Yz A58
bL15 3.5 g.z /.7 “yz| 4.3
&Zo 2.6 b.Z 8.8 yz| 24 =
Lz5 r 2.8 6.5 23 yz| K57
635 | 2,9 2.9 55 N3 yz| '
A5 3.7 5./ NT YZ
4657 3.8 5.9 /2.4 Y2
24, 3.z 6.7 Jja2.8 vz
OG5 3z 6.8 /2.9 yZ
2 LooB| 3.0 8.8 /7 YZ|, ¥
@
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STRESS SUMMARY - EQUATION C2

PRESSURE DEADHEIGHT.. SV TRANSIENT | EQUATION | ALLOWABLE
STRESS STRESS SHOCK STRESS | €2 STRESS |  STRESS
NODE #|  (KSI) (KSI) (KSI) (KSI) (KSI)
/ .4 i 2./ 2 6 29 ‘4
< L& -7 /6. 4 /8. 9
6 .3 8.9 2.8
-7 .2 A 4 6-2
» 8 ./ 2.¢ 43
‘D 20 .2 5.3 7/
/2 5 8. 7 - /0.8
/8 A 3.7 5.7
30 Re's .3 73
32 -7 43 é. 6
33 A z / <. [
34 A zZ.0O 4.0
3¢ 5 z.4 4.5~
38 w2 Z3 9/
A0 2 5.9 7.7
42 i 3.2 4.7
44 X L 2 6.5 8.3 vV
46 22 L2 6./ 8.5~ 29.2
| 48 22 ./ 2.9 52 29,2
G 50 2.2 2 6. / 85 29 2
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CHECKED BY: S5 OATE:' 7~ /Z-BB

PRESSURE DEADWEIGHT.., SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KS1) (KSI) (KSI) (KSI) (KSI)
s2 | 22 .3 7.9 10, 4 222
56 s 7.5~ 0./
S8 . 2 3 79
60 .3 6.3 8.8
62 A 5.5 8./
Q 66 L2 /0.0 2.4
. 68 2 8.6 A,
70 A 6.7 2./
72 | v L/ 8.0 /6.3
74 2 b .3 Z/ 0.0
76 2 3.9 6.7
8o - 3 .5~ 7.4
82 .5 7./ 10,2
83 L2 3. 6 &.
84 LI i /0.0
86 .3 S.3 8.2
o Leg .3 27 A
' 90 : .S 6 7 728
93 i 7 . 9 vV
" 97R | M .8 3.5~ 6,9 v
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STRESS SUMMARY - EQUATION C2

CHECKED BY: ~FX5 DATE: 7 /4 -B3

PRESSURE DEADWEIGH] ., SV TRANSIENT | EQUATION | ALLOWABLE
STRESS STRESS SHOCK STRESS | €2 STRESS |  STRESS
NODE #|  (KSI) (KST) (KSI) (KSI) (KST)
972 | ze .7 3.9 zz | zo2
(95~ . S .8 59 )
/42R 7 4.3 Z6
/42 o 6 4.5 . 7 7 Y.
200 3./ A 29 2.4 29/
" | zoer 3 3,4 ¢.8
206R .3 28 6.2 X
260 e /-© 8.6 /2.7 26-5"
Z00 22 l.5 4./ 28
285 4.5 /.G 8.6
290 5.3 /. 7 9 .2
2958 | N 3, 7 Xs 7.4 Y
278 | 2. ( 7 9.2 120 | 266 -
98 .8 3.9 ¢.8 "
79 7/ 4.9 727
L00 4 5.3 Z8
[02 3 5.3 y 4
/03 .3 24 4.8
. /04 .8 3.2 6./
’ G /06 ¥ LO 4.4 75~ v
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CHECKED BY: })mg DATE: 7///403

 STRESS SUMMARY - EQUATION Cé

e | oomon. | g | g e

NODE # (KST) (KS1) (KST1) (KSI) (KSI)
/08 2./ A 2.6 5.5 266
09 | 2.0 .9 4.3 7.3 24.6
/70 2.4 /.2 2.5 b/ 26.5
/)2 5 4.8 7.7
Yk 1.2 63 9.9

‘ /140 7 2.7 - 6.8

1 \ .7 37 © 0.8 2/./
/2o | 4.0 .9 2.5 7.4 20,7
/22 /. / 2.4 7.5 28.8
124 .9 4 b.6 |
/Z5 9 /.7 bl
/126 9 /.7 b b -
/28 7 /.8 n/x
/30 b 2./ L7
/3Z .9 2.2 7. /
/34 /. O 2.2 7.2
/36 /. z 3.4 8.b
/38 . /.3 35 8.6 ]
Bl 27 A 6.6 9.3 26.6
0 /| 2. s 4.0 6.5 26.4
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CHECKED BY: ﬁ/g DATE: 7[///(23

STRESS SUMMARY - EQUATIOR Cé

PRESSURE DEADWEIGHT., SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KST1) (KS1) (KSI) (KST)
/%% 2./ 2 2.2 5.5 26. 6
| 148 /3 /.7 4.1
/50 /.0 2.6 5.7
/52 /4 3./ 66
|56 24 2.0 49 J
w 57 | 24 , 26 |- 0.3 24,5
/58 /3 /.7 - 5.4
/60 s 7 2.9 6.0
/63 L2 4.6 8.2 ,
/63 .7 2.7 5.8 v
/65 | .7 2.7 2.8 21/ .
/70 4.0 .9 2.8 7.7 20,7
172 /.0 2.4 7.4 28,8
/7% ¥4 1.6 6.6
/75 ¥ /.6 .o
/76 & /.8 6.6
175 -1 ].2 5.7
/50 .5 /.8 6.3
N2 8 2.7 75
'D /82 | ¥ 2.7 7.6
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CHECKED BY;

STRESS SUMMARY - EQUATIOR Cé

ALLOWABLE

PRESSURE DEADWEIGHT... SV TﬁANSIENT EQUATION
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KSI) (KS1) (KSI) (KSI)
/$4 | 4.0 /! 3/ 82 28,8
185 4.0 /.2 2] 8.2 288
KpB| 2.1 Nz 8.6 1.6 | 26.6
20§ 3 /.9 4.3
R4 /.0 3.7 6.8
‘ 2 /6 y /.5 &/ 8.7 N
: 220 | 2.4 /.3 2.6 b.5 26.5
AR b 6O q. 0
= 1.0 ¢-3 9.7
Zezo | 6 3.7 6.7 \’
Z25 | b 2.7 b.7 /. [
239 4.0 /7 3.0 7.7 20.7
233 8 2.3 7./ 28,8
234 ,5. /.8 6.3
232 5 /.7 4.R
225 : 5 /.7 4.7
236 .3 /./ 5.4
<57 .2 2.0 (0.2
y | 23 7 2.3 7,0
1""' Reo \ & 2.4 7.2
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CHECKED BY: Amé DATE ; 7////003

. STRESS SUMMARY - EQUATION C2

PRESSURE DEADWE&GHTw SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KS1) (KST) (KSI) (KSI)
242 | 4.0 /. / 2.0 8./ 28,8
44 4.0 )./ 2.0 8./ z78.8
295g| 2.1 3.2 /7 7.0 26.2
500 | 25 9.9 4.9 /8.3 | 26.2-
555 2,% 5.6 5,2 /5.1 26,2
0 550 | 4.0 3.5 2.4 /0.7 25,9
/ 545 3.7 2.7 /6.4
S4o 3.5 4.4 /2.2
530 .37 25 /1.2
535 4.1 3.4 /.5
534 4.7 3.5 /2.2
533 J 5.6 .7 /4.3 d
530 ].5 6. ¥ 4.0 /. 9 24.2.
59 4.z 6.5 2.0 | 24.2
535 46 8.7 (4.8 25,7
5/0 2.7 3.0 g,/ /5.0 NEE
505 2.5 8.6 /4.2
490 /7 5.0 9.4
‘D 495 2.9 4.5 /0.0
450 | 2.7 4.5 . )0,/
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CHECKED BY: Smé DATE: 7////,?3

STRESS SUMMARY - EQUATION Cé

e | oemen | g mar | g | o
NODE # (KSI) (KSI) (KSI) (KSI) (KSI)
475 | 2.9 2.5 4.1 9.5 257
445 YA 4.9 /2.0
460 2.7 /.7 74
450 J 5,0 20 1.5 d
790 | 4.0 5.4 35 | /2.8 28,3
0 4BR| 4.7 3.4 Z.b /0.7
4358 4.7 /. / 2.% 51 .
575 | 4.1 3.5 2.4 /0,0
585 5.5 2.9 /2.(
5% 6.3 /.7 /2.]
595 7.0 2.l /4.7
ook | 4.0 -/ /.4 7.5
&oo R 4.0 2.5 B 73
o | 2.9 2.6 8 L. 9
|\ &7 2.6 8 (T
| 675 2.9 /.0 . 7 4
4650 2.9 /.0 7.4
¢ 90 2.4 /.7 7.6
- | 700 2./ /.4 7.0
G 7/0 )./ /.8 6.4 )
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STRESS SUMMARY - EQUATION C2

TS |t | SLIASET| U | Mo
NODE # (KST1) (KST1) (KSTI) (KST) (kSI)
115 25 . $ 2.0 %, 28.5
717 5 7 4.7 '
720 Y /.l 5.0
JAS 4 /.5 5.4
750 .3 3.2 7.0 d
‘ 495K .7 L5 27 | 2.2
Zoo 5.2 2.6 /l.3
300 | 27 4,/ 25 /0.3
Fao0 2.8 45 9.8
FR5 /.6 4.2 .85
4%5R /.2 5.5 9 4 25,8
335K R 2.9 3.4 7.0
3o ¢ 2 47 4.5 /54 | .
135 | /03 2.8 3.2 /0.3 25.6
355 -3 /.0 5.8 8.5 29/
G0 /9 .¢ 8.0
365 3./ 5.7 /0.3
370 3.7 39 9./
375 3.6 6.5 /.6 \
m 350 d 3.4 /0.5~ /5. 4 238
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STRESS SUMMARY - EQUATIOH Cé

DEADWEIGHT..

e | oM. | LMD | ST | Mo
NODE # (KST) (KSI) (KSI) (KSI) (KSI)
382 /.5 2.4 7.9 /1.6 23.8
355 1.5 2.5 7.9 YA 25,7
Yoo | - 2.9 1.7 L. G /-
. Y5 2./ 6.5 /.5
420 2.6 4.2 7.7
429 4/ 2.6 7L
43p 4.4 2.7 . /0.2
43/ 4.7 2.8 /0.4
Y4358 | 5.0 3,7 //.¢ \
3358 5./ 3.0 9.0 /7. / 25.8
&lo 5.1 2.6 7.0 5.7 | 228
6/5 /.5 3,5 6-3 0.3 | 24,5
420 2.6 ./ (o2 | 243
625 =24 /2.9 /7.2 25,7
635 | 29 2.9 B0 /5.0 '
645 3.7 5. 4 /2.0
657 28 4.8 /.5
660 2.8 5.5 /.4
665 Z 2 5./ /1.2
GooB \ 3,0 5.5 /.4 .
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STRESS SUMMARY - EQUATION C3

NODE # THE?%YVIA[RQNT?Z}E%I( KSI) S#lﬁléggA%kgl)
/ 7] 27,5

4 2.4
7 /. b
7 , b
g 5
‘ /0 .9
"D /2 4
/8 '3
30 /.3
3z .9
33 ‘3
34 3
36 2
38 2.3
4o 2.5
42 .9
44 2.5

%3 3.2 *

- 48 /.3 | g 1
@ 50 3.7 | ! {
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STRESS SUMMARY - EQUATION C3 )
woe s | TR SIRESS.sD) | sTRESS (kS
52 3.6 z27.5
56 /2 -
58 /.Z
2% /.9
oZ Z,3
bob /.3
‘ 24 /.Z
70 /2
7Z ,9
74 2,/
Y 2./
So 2.0
£2 /.9
£3 7
24 /9.
b 20 | -
1% 2.0
Jo 2./
73 X4

‘lﬂl} 97 R /7 o
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" STRESS SUMMARY - EQUATION C3

NODE # THE%%MIB@%iE?gT(KSI) s¢ktg§A%k§1)
7K 2./ . 27.5
/95 /.0
/92 R /.9
/42 R 2./
Zoo .9
zot R /.6
‘b Zoo R /.é’ ) v-
260 z.9 27/
280 /8.9
285 5.z
290 - 5 Y
2958 Y5
97 B z.2
2 /3
99 //
/00 .9
/OZ 5
/03 ./
/04 . 7

‘Iﬂii | /06 & v
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STRESS SUMMARY - EQUATION C3

NODE ; # THE?I‘I(/IA]I..RQUI'?QIEE%.E( KSI) S#llilég‘gA% l!igl )
/08 4 27,/
/709 /3
//0 5
//2 /.5
/1Y /.5 L
VoLkde X% v
@ | s G 26,4
| /20 2 26.3
/22 .2 27.4
/Z4 .3
/Z6 .3
/28 .3
/30 L Z.
/3Z. 2
/34 .2
/30 ./
/36 A v
/42 B 2.8 27./
/4 /.6
@ /¥ o |




Technical Report
TR-5364- 3

O/ision 0

DONALD C. COOK
PROJECT 5364

6-32

4T TELEDYNE
ENGINEERING SERVICES

BY: \D m&b DATE: 7//2/93

 cveckeo ove G onre: 742-83 :

STRESS SUMMARY - EQUATION C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
/48 /.0 27./
/50 /.6 '
- /82 /.0
/56 X
157 5
/55 /7
/60 2.6
/OZ 3.1
/o3 /.Y v
/65 /.4 264
/70 5 26.3
/7Z Z 27.4 -
/74 2
/76 iy
/78 Y
/8o’ 5
18/ .5
182 .5
184 5
/85 4 ¥
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cecken av: KNDowies T-/2:85 o

4T TELEDYNE
-~ ENGINEERING SERVlCES o

BY; E}ﬂ?k DATE: 7//2/93

STRESS SUMMARY - EQUATION C3

NODE # THE%%XIA{B?%}E%:( KSI) * s%‘égg,\%llig:)
/08 4 27,/
/709 c
//0 .5
//2 /.5
/14 /.5
w /40 A v
“ //5 A 26.4
/20 2 26.3
/22 .2 27.4
/Z24 .3
/26 .3
/28 .3
/30 2
/32 .2
/34 .2
/3L ./
/36 ;! \
/42 B 2.8 27./
/44 /.6
‘ /b /4 |
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BY: §>ﬂ7§> DATE: 7//2/53 '

cveckep sy TN onte:_7-/2- 43 :

-

STRESS SUMMARY - EQUATIOR C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS +(KSI) STRESS (KSI)

200 & 7.3 27./
Zo8 3./

214 5.2

2/0 3.7

2Zo /. /

Z2zZZ .6

G 223 5.5

2230 2.4 ,
zz5 z.4 26,4
229 /./ 26.%
233 5 27,4
z34 ,5

235 5

236 .8

237 N4

238 L3

Z4o /3

242 ) Z

244 /./ v

“ z95 R 7.4 z7./
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BY: \bm\> DATE:l//Z/ﬁz
CHECKED BY: ﬂﬁ/ﬁ DATE:_/-/2-82

STRESS SUMMARY - EQUATION C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS.,(KSI) STRESS (KSI)
560 /5.9 27,/
555 5.3 27./
550 2./ 27.0
545 5.8
‘ 540 4.5
. | 520 2.4
‘D 535 2.2
434 38
533 6.8 '
530 £3 26.9
529 4,5 26.8
525 4.4 27.0
5/0 2.3
505 2./
490 /.9
485 /7
490 /.7
475 /Y
: 465 2.3
0 , 460 /.7 v
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BY: bm&b DATE: ‘7//2/53

-
e

STRESS. SUMMARY - EQUATIOH C3

NODE # THE%AIR?%ES%T.( KSI) s‘T\kEg‘;Afzkgl)
750 2.Z zZ7.0
440 2.% 27.0
735 R . /-4 z7.4
435 R 2.8
575 3.0
585 Z.b

‘ 590 3.7
595 45
book /.4
GooR 7.7
L6d /.7
670 /-9
675 Z.0
12225, ].g
& o 2,/
700 2.0
7/0 /5
7/5 /.6
717 2.0
z.5 q

e =



Technical Report
TR-5364- 3

wision 0

DONALD C. COOK
UNIT #1
PROJECT 5364

6-36

CHECKED BY: @725 DATE: 7-/2-83

4 TELEDYNE :
ENGINEERING SERVICES -

BY: &bmS> . DATE: 7//2/33

STRESS SUMMARY - EQUATIOH C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS..{KSI) STRESS (KSI)
725 2.7 z7.4
750 2.8 z27.4
295 R 3./ 27,1

300 3.5
3/0 /4
320 2.8
'D 325 3.2 v
735 R 42 27.0
335 R 5.6
340 7.0
. 350 5.3 :
355 z,% 2.9
Bbo 2.0 '
365 - J.0
370 Z.,/
375 z./ v o
380 z.8 26.7
352 /.7 24.7
385 Z.o 27.0
/.6 Z7.0

G - Hop

L AR
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~

STRESS SUMMARY - EQUATIOK C3

SV TRANSIENT - ALLOWABLE ‘ . \
NODE # THERMAL STRESS. (KSI) STRESS (KSI) )
Y05 2.3 27.0
420 2.8 |
\ 429 3.5
430 3.7
#3/ 2.7
435 B A
0 335 B 3.5
G 70 5./ ,
bH15 5,6 2¢.8
&zo 3.z _ 268
6Z5 3z z27.0
¢35 /.9
LS 2.0
657 z,/
b bo 2.2
L65 2.2
Hoo 2 R.3 . .
®
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6.2 Support Loads

Support loads are given for each support on the pressurizer relief
1ine piping. Support load combinations were calculated in accordance with Table 11

of Reference 1.

Thermal-1 refers to the normal thermal operating case, thermal-

2 refers to the PORV transient thermal condition, and thermal-3 refers to the SV
transient thermal loading. et

The support Tload combinations considered are as follows:

D1

D2

@ )

E2

deadweight + normal thermal +/- OBE

deadweight + PORV transient thermal +/- [:?OBE)Z + (PORV
transient shock)?] 172

deadweight + normal thermal +/- DBE

deadweight + SV transient thermal +/- SV transient shock

The results of the support load combinations indicate that the
following supports exceed the load given on the support drawing.

1-GRC-R-585
1-GRC-R-589
1-GRC-R-591
1-GRC-R-601
1-GRC-S-608
1-GRC-R-613
1-GRC-S-614
1-GRC-R-616

Review of these supports to ensure acceptability falls outside of the

TES work sbope and is, therefore, the responsibility of others.

.G
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The support loads given are taken from the TMRSAP computer analysis.
The support loads given act on the support. The following explanation details
the procedure followed in extracting these support loads. |

Four different methods of modeling supports were used in the analysis .
presented in this report. Constant force supports were modeled using a FORCE
card. Supports in a global coordinate direction were modeled using a RESTRAINT
card for deadweight, thermal and seism?E'ana1yses and were modeled with a SPRING
card for force/time history analysis. For any supports not oriented in a global
coordinate direction a FLEX card was used to represent the support, regardless
of the type of analysis being executed. Because of the various methods used,
slightly different procedures are used to extract the support loads. In general,
there are two tables.in the TMRSAP output which are used to obtain support loads:
the "Boundary Element Forces/Moments" table and the "Pipe Forces/Moments/
Displacements/Member Global Directions" table. The former table is used for
supports modeled using FLEX or SPRING cards and the latter for supports modeled

0 using a FORCE or RESTRAINT card.

In the "Boundary Element ?orcés/Moments" table (see Figure 6.2-1),
support Toads can be extracted directly and are given in pounds in the direction
indicated by the SPRING or FLEX card. The supports in this table are referenced
only by the "element number" and, therefore, the "Boundary Elements" table (see
Figure 6.2-2) must be used to determine which element number corresponds to which
support. "

The "Pipe Forces/Moments/Displacements/Member Global Direction"
table (see Figure 6.2-3) gives the global forces on the x, y, and z directions
“for each TMR node number. Note that the SAP node number is internally generated
by the program and does not correspond to the node number input. To .show
equilibrium between the "j" and "i" ends of a node, the force at the "i" end of
the node is subtracted from the force at the "j" end of the node. The only
exception to this procedure is when a RESTRAINT card is used. the RESTRAINT card
instructs the program to change the sign at the "i" end of the node and to generate
a reaction on the pipe at that node. Therefore, the support load is obtained by

adding the "i“ and "i" forces together and then flipping the sign in order to
generate the reaction on the support, instead of the reaction on the pipe.
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The following 1ist gives all of the possible combinations of analysis type,
support type and support orientation encountered on TES Project 5364 and refers
to the appropriate detailed explanation which follows.

ENGINEERING SERVICES

Support
Analysis Type Support Type Orientatjon Modeling Explanation
deadwejght constant force global FORCE A
deadweight rigid global RESTRAIRT B
deadweight rigid skewed FLEX C
thermal rigid ~ global RESTRAINT B
thermal rigid . skewed_ FLEX (W
seismic rigid _global ~ RESTRAINT D
seismic rigid skewed FLEX E
seismic snubber global RESTRAINT D
seismic snubber skewed FLEX E
£/t history © rigid global SPRING F
f/t history rigid skewed FLEX F
f/t history snubber global SPRING F
f/t history . snubber ’ skewed FLEX _?

I>

The load for a constant force supporf mode1ed with a FORCE card is
obtained by subtracting the force at the "i" end of the appropriate
node from ‘the force at the "j"* end in the "Pipe Forces/
Moments/Displacements/Member Global Directions" table. The resulting
sign and magnitude indicates the force on the pipe and should agree
with.the value entered on the FORCE card. To determine the load on the
support, the sign obtained from the TMRSAP output should be flipped.



Technical
TR-5364-3

“Revision 0

B

c

(=]

Report o4 5 TELEDYNE

ENGINEERING SERVICES

In deadweight and thermal analyses, rigid supports orientated in a
global coordinate direction were modeled using a RESTRAINT card. The
support load for this case is obtained by adding the x, y, or z forces
at the "i" and "j" ends of the appropriate node. The resulting sign
must then be flipped to obtain the reaction on the support, as opposed
to the reaction on the pipe.

Skewed supports modeled with FLEX cards in deadweight and thermal
analyses require a two step process in determining the support load.
The FLEX card generates a boundary element and the first step is to
determine which boundary element number corresponds to which support.
This can be done by Tooking in the "Boundary Elements" table which 1ists
the boundary element number and the node at which that element is
modeled. Once the boundary element number has been determined, then
the "Boundary Element Forces/Moments" table is used to extract the
support load. The load from this table acts along the direction of the
support as input by the analyst. This axial (relative to the support)
force can then be broken down into the appropriate global components.

An alternative method would be to follow the procedure outlined in_gn
above to determine the force in each appropriate component direction.

The procedure for global rigid and snubber supports in seismic analysis
is similar to procedure B. One difference is that seismic output has.
no signs since it is assumed that a1l forces can act + or -. Therefore,
rather than flipping the sign of the support load obtained a +/- is
applied.

Procedure D is followed for the x, y, and z shock directions and then
the x and y loads are combined by the SRSS method as are the loads for
the y and z shock directions. The greater value is then listed on the
support load summary sheet.
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Skewed supports in seismic are the same as skewed supports in deadweight
and thermal except that again the boundary element force extracted must
be considered +/-.- Since no signs are carried in the TMRSAP output of
a seismic analysis, it is not recommended to use the alternative method
given under C when extracting.support loads from a seismic run.

f2]

In a force/time history analysis, no RESTRAINT cards are used;‘ FLEX

cards are used to represent skewed supports and SPRING cards are used o

to represent global supports. Both of these techtfiques generate

boundary elements and therefore, the procedure is essentially the same

as that described in C above. The only difference is that the "Boundary

Element Forces/Moments" table does not list a single value but rather

a table of times and forces (see Figure 6.2-4). At the end of this
table, the maximum absolute positive and negative values are given.

0 The maximum absolute value is conservatively used with a +/- applied.
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BOUNDARY E'LEMINT FORCE S/ M CMENTS

ELEMENT  LOAD | FORCE MOMENT
NUMBER  CASE .
1 1 ~0e265115 405 M THTESLS
2 1 Ce225245404 T eCCLOOE LY
3 1 e 383345 +04 S G T S
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BOUNDA

ELENENT TYPE
NUMBER OF ELEMENTS

0
ELE

"0

0
BENTS

ELEMENT LUAD CASE MULTIPLIEKS

CASE(A)
1,0000
ELEH, NODE
NU, (nN)
ShP TAR
1 31 250
2 32 260
3 20 300
4 20 300
5 16 360
6 4 390
7 4 1390

HODES DEFINING CUNSTKAINT DIRECTIULMN

CASE(S)
0,0000

(1)
SAP THMR
47 41t
48 412
49 413
50 414
51 415
52 416
53 417

0

(NJ)

T LAP  THR
0 -0
0 0
0 0
0 0
0 0
0 0
0 0

CASE(C)
0,0000

(NK)

SAP

CO0OO0Q0OO0O

TVR

(==~ N- NN~

(
SAP

[~NoN-N-N-R-Nal

CASE(D)
0,000

HL)
THR

OCO0OO0ODO00O0

«D

b b Bed Pt Pt b pus

CuDE CODE GERERATION

KR COCE (KN)

OO0 O00ODO

OO0COO0O0OO

SPECTFTED

DISPLACEMENT

0.0000E+00
0.0000E+00
0,0000E+00
0,0000E£+00
0.0000E+00
0,0000E+00
0,0000E+00

SPECIFIED
ROTATION

0.0000E+00
0,0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0,0000E+00
0,0000E+00

i ne

SPRING
RATE

0,1000E+08
0,1000E+08
0,1000E+08
0.1000E+08
0.1000E+D8
0.1000F.+08
0,1000E+08

®

LSLA

0 uo

2-2°9 dunbLy

€-¥9€G6-dL

J40day [eoLuyoay

-

vv-9
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- . L Y

» -0 = =
>~
P1PE 15!’}(:& S/HKHOFKENTS/DISFLACEAENTS /“EE;)B ER GLUBAL DIRECTIONS “!iiﬁ%tkg;
) (SAXIKUK ABSOLULE VALUES) 0 W3
- f wde ) ode
ELEN, ELEM, LODE y ST8
NU, TYPE STATIUN - SAP THR rx FY F2 uX nY MZ DX DY 02 oW
L 5
18 TANGENT EnD-I 34 256 22, 1, 100, 2s, 435, 45, 0,4501 0,0165 0,0013 3
E3D=d 32 250 22, t. - 100, a4, 680, 45, 0.6616 0,0000 0,0014 3
19 TANGENT EHD-1 32 260 - 16, a4, Ju0, 44, * 680, 45, 0,6616 0,0000 0,0014
EdD=d 30 265 16, 4. 100, 33, 956, 45, 0,6765 0,0261 0,0016
20  BEND  END=1 30 265 16, ©oa, 190, 33, 956, as, 0,6765 0,0261 0,0016
Eih=d 26 270 190, 3, 16. 34, 699, 44, 0.6475 0,0380 0,0599
—~21 TANGENT EdD-1 28 270 16, 3, 99, 14, 699, 44, 0,6475 0,030 0,0599
) END=J 26 275 16, 3. 99, a4, 552, 43, 0,6475 0,0596 0,2268
22 BEND  END-I 26 275 13, 2. a1, 4a,  s52, a3, 0,6475 0,0596  0,2268
END=J 24 250 97, 2. 13, a6, 668, 47, 0,6318 0,0630 0,2477
23 TANUGENT END=T 24 280 13, 2, 95, 47, 668, 46, 0,631 0,0630 0,2477 "=
END=Jd .23 282 13, 2, 9s, 54, 542, 46, 00,4360 00,0626 0,2479 =
. =
24 TANGENT  END-I 23 282 12, 1, 91, © 54, 542, 46, 10,4360 10,0626 0,2479 3
FND=J 22 284 12, 1, 91, 54, 473, 46, 0.2867 0,0466 0.2480 o
7 o
25 TANGENT . -EnDel 22 284 14, 2. H8, 54, 473, 46, 0,2667 0,0466  0,2480 o
EuD=d 21 286 14, 2. 48, 39, 264, 46, 0,1775 0,0271 0,248} &
26 TANGENT END-1 21 286 .28, 3. B4, 39, . 264, 46, 0,1775 0,0271 0,248}
FND=J 20 300 .21, 3, B4, %0, 450, 46, 0,0000 0,0000 0,2482
27 TANGENT FND=I 20 300 20, 4, b2, 90, 450, 46, 0,0000 0,0000 ©0,2482
_END=J 19 302 20, 4, 62, 43, 23s, 46, 0,193y 0,0211 0,2483
" 28 TANGERT  END-I 19 302 14, 3, a1, 43, 238, 46, 0,1939 * 0,0211  0,2483
END-J 18 304 14, 3, 81, 63, 489, 46,  0,3502  0,0327 0,2484
29 TANGENT FNDe] 18 304 6, 2, 52, 63, 489, 46, 10,3502 0,0327 0,2484
EHD=d 17 306 6, 2, 82, 92, 538, 46, 0,4v62 0,0298  0,248%5
30 TANGENT END=X 17 306 8, 3, 85, -7 92, 538, 46, 0,4062 0,0298  0,2485
END=J 16 * 360 8, 3,. 85, 103, 376, 46, 0,3323 0,0000 0,248S
31 TANGENT EAb=1 1o 360 14, 19, 89, 103, 376, 46, 0,33?23 0,0000 0,2485
END=J 15 352 14, 19, §9, 211,. 104, 46, 0,2988  0,041S  0,2486
32 TANGENT END=1 15 362 11, 18, 92, 211, . 104, 46, 10,2988 0,0415 0,2486
, END=d 14 365 11, 18, 92, 564, 82, 46, 0.5053 0,0152 0,2486
e, - )
33 BEND END=I 14 365 6, 17, 28, 568, 82, 46, 0.5053 0,0152 0,24R86
END-d 13 370 6, 26, 17, 53s, 62, 100, 0,5114 ©0,0083  0,2459
34 TANGENT  END-I 13 370 6, 17, 217, 538, . 100, .62, 0,5114 0,0083  0,2459

('.",""‘! 12 372 6, 17, 27, 140, - 100, 106, 0,3314 0,0083 . 0,2778

Gv-9
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Figure 6.2-4

RESPON

ELEMENT TYPE (R D UKD AR Y

TINE
0,00400
0,00800
0,01200
0,01600
0, 02000
0,02400
0,02800
0,03200
0.03600
0,04009
0,04400
0,04800
0,05200
0,05600
0.06000
0.06400
0,96800
0,07290
07500

0,506400
0,50800
0,51200
0.51600
0.52000
0,52400
0,52000
0.53200
0,53600
0,54009
0,54400
0,54500
0,55200
0.55660
0,56000
0,56400
0,56E00
0,57200
0,57609
0.56000
0,58400
0,56800
©.59200
0,59600
0.40000

SELEAENT NUMEER* -

1=bhRY-F
1,811E-04
1,110E-03
-1,072E~01
-3,488€-03
1,800€=01
«7,1322-02
1,728£-01
1,8685~02
R.3035-02
«1,794S=01
2.759:~01
2,452:=02
7.131E-03
1,5152-01
-1,835:-01
-1,50Pc~02
1,658c-02,
«7,581E-02
1.0332-01
~4,0645-02
£-01

-1,168¢
-2.,50524+00
«3,55%4t+00
«3,907£400
«3,900E400
=3,543c+00
=3,090E+00
«?2,656E+00
-2,2272+00
-3 ,692£+400
'°.205h’01
1,4308~01
1.,52462+400
2,740£400
3.R4EE«00
4,528%+00
4,hp09F+00
4.2062400
3,517€+900
2.500GE+00
1.595E+00
7v756£'°l
~d ,Nnl=-02
~7,607-01

RAXIMUM ABSOLUTE VALUES

VAXIMUK
TIVE

VAX1VUM
TI1ME

MINIVye
TIVE

MAX/MIN VALUES

4,037,400
4,400L-01

4,6098400
5,720L~01

S =A,E47400

4,1005<01

1~3DRY~H
n,NOOE+0DD
¢, 000E+00
0,000E400
0,000£400
D,N0002+00
0,000L+00
0,000=2400
0.,000E+00
0,00CE+00
N, CoNs+00
0,030E+00
0,000£400
N, 0002400
0,000£+00
0,0005400
0.000E+400
©,900E400
0,000E+00
0n,000E+400
0,00N02+400
Q,0002+00

*

0,.700E400
0,000E400
0,000L+00
0,000£+00
0,000E+00
0,000E+00
0.000E+00
0,0002+00
0.0002400
0,000E+00

_0.002E440
D,n00E+00
0,030E400
0,000E+00
0,.200£+00
0,000E+90
0.,000F+00
0,000£+00
0,0002+00
0.,700£+00
0,000E+00

0,000nL+00
0.000L+00

0.000H+00
0,000L«00

L0,%00: +00
.Q0PE 00

S E

)

/ t/

(sS1RLSS COMPuUNENTS)

2-8DrY~F
~9,004E-06
-1,193E-04
~4,511E-04

*"3,053E-02

1.596E~018
1.823t-01
6,121E-02
=4 ,704L=02
-5,699e=02
=-3,9108-02
6,6063L-03
«5,933L-02
-1,880L~01
-1,719L~01
=6,527F=02
4,2u4E=02
1,1652~01
1,042E~01
4,83KE~02
-] ,728L-02
wh,95%9t=02
-5,292¢-02
7.767t=02
65:,~02

.

/ 2,337E+00
?2,862E400
2,806£400
2,284E+00
1,166E+00

=1.,756E~01

=1,390E+00
~2,213F+00
=2,556E+00
=2,511E400
~?,296E+00

-2,159L400

=2,265:400

~2.609L+00

-3,00CL+00

=3,149E4+00

~2,807L400
=~3,692E+00
=5,237L-01
1.011L900

4,913L¢00
J,480L-08

4,913E+400
3. 460E~0}Y

-3,809L+00
4,00Ce=01)

OUTFUT SET =’

2=8DRY=NM
0,000E+00
0,000E+00
0,000E+00
0,000L400
0,000E+00
0,000r+00
5,000£+400
0.,000L400
0, 0008+00
Q,000:400
0,000L400
0,0004v0
0,000E400
0,000L+00
0,000E400
0,C008+400
0,000F+00
0,000£+400
C,0UCE-00
C.,CO0E+00
0, 0V0E+U0
0.,600L400
0.QC0L+0C0
¢,0002200
C,000E+400

0,0
0,0005+00
0,000E+00
0,000E+00
©,000E+00
0,.000E+00
0,000E+90
0,000£+00
0.,000E+60
0.060E+00
0,000E+00
0,000E400
0,000L+00
0,000E+00
0,000E4y0
0,000E4+00
£.0UCL+00
€.000E+00
0.,000c+00

0,0008+00
0,000r+00

0,000F«00
0,0uCE+00

0, 00CLev0
0,0LGL00

1

3=KDRY-F
B,244E-04
1.069E~02
4,126E~02
3,861€-02
-B,165L~C2
~2.535€£-01
~3,761E-014
«4,345L~01
-4,062E-01
=2.,884E-03
-1.039E-01%
9.,523e-02
2.276L-0%
?.,817t-01
3,237e-01
4,100-01
$.146E-01
$.,542e-01
$.,423E~01
S.671E-01
£,079E-0)
$,3292-04
2.7658-0}
=4,502e-02
=2.,737£~01
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6.3 Valve Accelerations :

Va]ve accelerations are presented in this section for the DBE seismic
cond1tion and the SV transient shock condition. The DBE se1sm1c accelerations
are taken directly from TR-5364-1, Revision 0 and are presented in this report
since the DBE event constitutes an emergency condition. The horizontal allowable
was tgkén as 3g and the vertical allowable as 2g based on the attachments to AEP
letter dated September 16, 1982 fromMr. J. L. Williams of AEP to Mr. L. B. Semprucci
of TES (Reference 14). For the seismic condition, the resultant horizontal
acceleration was compared against the 3g allowable. '

The vertical acceleration values of valves SV-45A, SV-4SB; Sv-45C,
NMO-}SI, NRV-151 and NRV-153, exceed the 2g criteria. The horizontal acceleration
alues of valves NMO-152 and NMO-153, exceed the 3g criteria. However, TES was
informed per Reference 12 that the NMO and NRV series valves can accept valve
accelerations up to 6g in any direction. Since it is not in the work scope of
this project to qualify the SV valves for vertical accelerations over 2g, this
task is assumed to be the responsibi]ity,of American Electrice Power Service
Corporation and will not be further addressed other than to report the acceleration
values in Section 6.3.2.
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NODE NO. L5] ;/// ' A 1
ACCELERATION ACCELERATION ACCELERATION
AL I Al Ay LA TN LA
= | X | 76| Al 4] | 75 36 |.50|.67| .93 .6/
§§ Y \uz| /B 15 27 .25 .24 |24 | .23| .24
Bz |zel.z7 | et| w52 67|.51.04|.78
‘D " At 863 -/, D54 /884
gg AT ;57 g , 08 g /. /84
7T | g 779 | 927 [ 054
ACCEL. | ALLOWABLE| ACCEL. |ALLOWABLE| ACCEL. |ALLOWABLE| ‘
veg;zcm. /5| 2 48| % A
ROREZONTAL " T ) 40| 25 ETA

* HORIZONTAL ACCELERATION = \/ (AxT§ + (Azﬁ
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evision
| DONALD C. COOK bm;g DATE: k5> _
- PROVERT 5364 CHECKED BY: DATE: 7’/5'55
VALVE NO. SVv-454 SV-458 | Sv-45C
NODE NO. RReo | /66 /170
ACCELERATION ACCELERATION ACCELERATION
Al A Al Ay LA
= | X [ 971./5|-88 |9 (/¢ |.%6 |/4 |.70 | .24
g% Y L 05} .0z2 .05 .05 .0z o4 |of | 0/ |.04
SNz |.e#|,15 .82 \.50 |11 |135|.29 | 17 VVop
" A /-30q /.0 9Vq /47 q
2% A )aoj ‘20 g ‘Zo g
T | 2oy /. #3g s
| AccEL. | ALLOWABLE| ACCEL. |ALLOWABLE| ACCEL. |ALLOWABLE
VERTICAL
Hoggonm_ 29 L2 (209 | 2 | Zeg | &
; /779 | 39 | 49 | B9, | /867 39

* HORIZONTAL ACCELERATION = \/ (AxT§ + (A2T§
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Revision 0 .
DONALD C. COOK BY: §>ﬂ713 DATE : df/fsé
PROJELT 5364 CHECKED BY:___ /{2 DATE: /583
VALVE NO. VRV -/57 VRV -y52 )VEV—/Ez
NODE NO. 63/ 4 59/ 57
ACCELERATION ACCELERATION ACCELERATION
A LA I fa Ay A AL A LA
=z | X |.93|.32[34 /16| co |.84|.97 |.42]|.67
D -
S8 |\ Y /7| |l | %6 |5/ |, 35|26 | 14| ,5/
ST |.5¥#|.30 (024 | 12/ |fo0 |)0B |,57 |36 | loz
@ Ad /'09\7 /'7%7 /[ /39
23 | My , 469 1274 53 g
At /304 /ﬁ’/g /-32 ¢
' ACCEL. | ALLOWABLE| ACCEL. [ALLOWABLE| ACCEL. | ALLOWABLE
VERTICAL .
At %44 ’525 /279 | 29 539 | 2
FORIZONTAL | AENEEAE, AR

* HORIZONTAL ACCELERATION = J (AxT§ + (A2T§
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‘ f 6.3.2 SV Transient Shock Valve Accelerations
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DONALD €. COOK “ BY: ng DATE: 7/3/&?3
U
PROJECT 5364 - CHECkep BY: C/%/7  patE: 7-/3-63
VALVE ACCELERATIONS -

VALVE 5‘]/__ ‘7(5",4 <y - ‘/52

NODE NUMBER 2260 - Jblo

VALVE WEIGHT é?ﬁ. /55 éf.; /é.S

DIRECTION X Ty y A X Y Z

FORCE (LBS) | £20-7 /b o5 958 s088 | 1760 769
ACCELERATION | / 7a60| 2 347\ £.399 | /. 557 |2.569 | 1.723
ALLOWABLE 24 | 29 3gq 35 | Z9 3q

VALVE Sv-u5 e

NODE NUMBER /170

VALVE WEIGHT of5  Jbs

DIRECTION X Y z B :

FORCE (L85) | 2,4 | 1372 | /865

ACCELERATION |~ /4/96

2,00312,723
ALLOWABLE Zq A » 39
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Revision O :
ggrlagy.g L COOK szb ;,h> DATE: 7 //ajfz

PROJECT 5364 CHECKED BY:_CAZ/0 _DATE: _7-/382

VALVE ACCELERATIONS

VALVE Nmo-15/ 1Y 770 - 52

NODE NUMBER 65/ /)

VALVE WEIGHT | oo  Jhs o9 [bs

DIRECTION X Y Z X v z

FORCE (WBS) \ 9ng | 279 (1130 | 1122 | 55/ | )428

ACCELERATI,0N 2.270 |7, 199 Z &5 7. J05 | 1.378 3,570-.

ALLOWABLE 34 29 | 3 3q Zg | g

VALVE N 7770-153

NODE NUMBER #9¢

VALVE WEIGHT Yop /bs

DIRECTION x v A X Y Z

o ws) | 08/ foit | 1008

ACCELERATION ¢ 953 2.0/0 215‘/5

ALLOWABLE Zg 2 By
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Revision 0
DONALD 1c. COOK BY: &mé DATE: 71/3/33
UNIT #1 -
PROJECT 5364 CHECKED BY: C/2/F DATE:_7-/3783
VALVE ACCELERATIONS

VALVE RV~ /5 VR V- /52

NODE NUMBER éj/ 39/

VALVE WEIGHT | “9p  Jhs S50 lhs

DIRECTION X Y Z X Y z

'FORCE (LBS) /;7139 2/05 ’7(59 GO0 G /o 500f

ACCELERTION | » 000 | o 305 | 9sef | 1 25p | 1283 (/225
ALLOWABLE 3 29 39 39 Zj 39

VALVE NRV~- /53

NODE NUMBER 574

VALVE WEIGHT Sy Jbs

DIRECTION X y | z X Y :

RE (W8S | I5z | o7/ | 997
ACCELERATION | / 00 | o 5 51 2 577
ALLOMABLE % |29 39
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6.4 Nozzle Loads

Forces and moments for thgmfour pressurizer nozzles and the quench
tank nozzles are given in this section for all loading conditions. The directions
indicated represent the load on the appropriate nozzle.

.
3
“ ‘
.
.
"
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NOZZLE LOAD SUMMARY SHEET

DONALD C. COOK gy: C/9_ pate: 7-2-83
UNIT #1
PROJECT 5364 CHECKED BY: D ontE s /273
" GLOBAL COORDINATE SYSTEM

NORTH o

A NODE NUMBER____/
"X +Z '
DESIGN LOADINGS
: DISPLACEMENTS . —__ FORCES HOMENTS
0 AKX | AY AL FX | FY | FZ MX | MY W

DEADKEIGHT-1 | — | — — O |=1000 |-20 |-1200 | ~870 20090
THERMAL-1 - - — | -<450 | 340 /479 |3/549D|63080| /21640
THERMAL~2 — — - -0 | 80 /0 ~8/201 - 2000 | 33650
THERMAL-3 — | = | = |#ve |-76 ‘eoco [z=369[38588 <4376
SEISMIC-0BE _ —_ — | 2850 |2/47 | £570 |2 7676\t 19535 £ 6030
SEISMIC-DBE | — | — | — |#94 #2859 |£840|%/248/|t 30581+ log2y
BLOWDOWN--SV o — /5734216673 |110799)|2)6139 )\t3798 B3| t272/63
BLOWDOWN-PORV | — — — 2495 |t0369 |t222 | £3854 | £/ 14 |28/40
UNITS: DISPLACEMENTS : INCHES

FORCES POUNDS

MOMENTS INCH-POUNDS
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DONALD C. COOK
UNIT #1
PROJECT 5364

GLOBAL COORDINATE SYSTEM

NORTH

6-90

S TELEDYNE
ENGINEERING SERVICES

NOZZLE LOAD SUMMARY SHEET

BY:

MR

DATE:_Z~/> 4.3

CHECKED BY: 23/77& DATE:.Zé;’. &5

+y NODE NUMBER___ 78 O
+X +Z
. DESIGN LOADINGS ‘,
) DISPLACEMENTS FORCES FOMENTS
” X | AY |AZ FX | FY | FZ MX | MY [MZ
DEADWEIGHT-1 | — | — | — |=/p0 | 470 | 280 |9220 |-/1790 |-38/0
THERMAL -1 ~ — — | 820 |-579 | 170 |/72s50|<4720 |-8383¢
THERMAL-2 - | — — 1390 |-50 | 400 |33530| 9870 |-25740
THERMAL -3 —_ — — |+32] |+103 |+434 H359A[+11143 3942
SEISMIC-0BE | — | — | — (2375 | +s20 |4309 |2 /93|t 20¢96|2 34854
SEISMIC-DBE — — — 4537 2806 4537 |:26283|£38635 |tSQHO
BLOWDOWN-SY | — | — | — |£/5¢4 |£/922 |£/090 |£357180|t26501 |t 46482
BLOWDOWN-PORV | — | — | — [£20g3 [#2803 |£886 |#36/34|137970128 18/
UNITS: DISPLACEMENTS : INCHES
’ FORCES s POUNDS
MOMENTS s INCH-POUNDS
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DONALD C. COOK
UNIT #1 -
PROJECT 5364

GLOBAL COORDINATE SYSTEM

NORTH

6-91

S TELEDYNE
ENGINEERING SERVICES

NOZZLE LOAD SUMMARY SHEET

BY:

I/

DATE: 7/2E3

CHECKED BY: imﬁs DATE:_ZZ/o’Z/f.Z

-y NODE NUMBER _ <-4
+X +Z
. DESIGN LOADINGS
T : DISPLACEMENTS FORCES MOMENTS .
Q N | AY |[AL FX FY FZ MX| MY [MZ
EADHEIGHT-1 | — — — 20 | ~104D| 60 | /8230|~250 |-/1750
THERMAL-1 — | = | = | -/490 |-20691 690 |-28980\26920|-64200
THERMAL-2 — | = — | -260 [-1180 | =120 |-19920} |025D |-3%9240
THERMAL-3 -~ -~ — 293 448 |*241 1881 | *194 H7805
SEISMIC-OBE - | — — |61 [292) [2sD1 |t o tiloaet |
SEISMIC-DBE | — | — | — |ti031 |+1523 |285> |L18491| 418177 (33944
BLOWDOWN-SV - —_ —  |42230 43985 |t /60 |1 44943|4312. 6 / |4 489 3¢
BLOWDOWN-PORV | — — | 1394 |08 {1130 |137257| 21966 |L3188
¢ -
" UNITS: DISPLACEMENTS : INCHES
FORCES : POUNDS
MOMENTS :  INCH-POUNDS
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DONALD C. COOK
UNIT #1
PROJECT 5364 °

GLOBAL COORDINATE SYSTEM

NORTH  °

6-92

“TELEDYNE
ENGINEERING SERVICES

NOZZLE LOAD SUMMARY SHEET

BY:

C /A~

CHECKED BY: §>ﬂ7

DATE: #4283

| DATE :. 7_1__/97/” |

MOMENTS

o NODE NUMBER___ /&5~
+X +Z
i DESIGN LOADINGS
_ DISPLACENENTS FORCES OMENTS
‘D X | AY |AL FX FY | FZ MX| MY Mz
DEADHEIGHT-1 -so |-vo |l 0o 3930|440 |i1t830
THERMAL -1 360 |-820 |-440 |20890|22/060 |~17600
THERMAL -2 80 | -436 | 400 | 7080|5680 |/2980
THERMAL -3 -94 _|=/14 |+/08 |-2499 343 |-7/45
SEISMIC-OBE 2681 |£//97 | 2870 24648212523 | £ 7004
SEISMIC-DBE £)/32 |£/982 | 2/40/ |2 46909| £22465| £/20 79
BLOWDOMN-SV L1676 L4578 |42023 |257700 |234387|243219
BLOWDOWN-PORV t77 |£//3 |£278 22245 |£205 | £207/
" UNITS: DISPLACEMENTS : INCHES
* FORCES : POUNDS
INCH-POUNDS
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DONALD C. COOK

UNIT #1

PROJECT 5364

6-93

< TELEDYNE
- ENGINEERING SERVICES

NOZZLE LOAD SUMMARY SHEET

GLOBAL COORDINATE SYSTEM

NORTH

BY:

C IR

DATE: 77/2 “83

CHECKED BY: >7D , oaTe 22/

sy NODE NUMBER___/3&
+X +Z
B DESIGN LOADINGS 3
. DISPLACEMENTS ~ FORCES MOMENTS
AKX | AV AL FX FY FZ M| MY |MZ
EADWEIGHT-1 | — | — — | -20 | -g80 | ~60 |-10330| 850 |2/360
THERMAL-1 — —_ — | 200 | -480 | -30 |/35060| /15000 |/253-0
THERMAL -2 —_—| = — | /50 |-280 | 30 l|4850 |4250 | 3970
THERMAL-3 — | — | = |=5 =2 |9 |+£3¢ 279 |-/943
SEISMIC-0BE | __ — | — |#920 |t/350 |£820 | £7605D| 2 15524| :23448
SEISMIC-DBE | — — — | tie00 (22241 £/367 | L2660/ 226287143577/
BLOWDOWN-SV | — | — | — W/779|£48/0|1/756 |##0295|:3/889 [!5968/
BLOWDOWN-PORV [ — — | = |27 |£/87 | £50 |2995 1£/598 L2876
" UNITS: OISPLACEMENTS : INCHES
FORCES :  POUNDS
MOMENTS s INCH-POUNDS
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- 6.5 Valve Loads
Section 6.5 gives the moments on each end of all valves in the piping

system for all loading conditions. The moments reported are those acting on the
< pipe at the point where the valve and pipe meet.

“
“ | | A




- Technical Report

VALVE NUMBER __ SV-45¢
NODE 1 - 120
WX MY Mz WX MY Wz
DEADWEIGHT S%pd | —23069 | =525 | 1095 | — 2363 -5556
THERMAL-1 =193 |- 3627 |-20154|| -8605| — 9828\ —101 2l
THERMAL-2 2473 23 |—4907| -2185 —215| _-%/4 .
THERMAL-3 4463 932 | 3437\ 1853 | /332 | 3928
SEISMIC 0BE | # 24/8 |7 2067 |Z/2977 \|Z L42/ |7 1098 | * 5/87
- BEISMIC DBE | # 4pB7 |7 5324 |Z72508||7 /0645 L /82/ | L B6/10
BLOWDONN PORV |+ /858 |+ Bop |2 #460\|Z /4600|7793 | 2./574
BLOWDOWN SV | # 27994, | T 9547 |2 2296402 40416\ 15 645\ 1 Fp 346
VALVE NUMBER _SV— 4558
NODE Z |70
WX MY WZ WX MY Wz
DEADWEIGHT 2426 —/6006 | 5606\ 2252 | -/550 | -/0Z287
THERMAL-1 —/6B18 | =339 |43/66 || —78/7| /1254 ¢584
THERMAL-2 24l | —/404) 5906\ /062\-3257| Fo45
THERMAL-3 Y07/ -/2)5 | 7982 || 6945 | (47 §09/
SEISMIC OBE |7 /044 T |T 2248 |Z 2078\ Z 2403 | Z /044 | Z 6276
SEISMIC DBE |7 /8079 |Tot,/6 |£2598)| Za037| #/7750| Z/0552 |
BLOWDOWN PORV |7 ///7 | % zgq |2 B9\ /0907 706 | + @4/
. BLOWDOWN SV | #/73/5 |2 50/2 \T408AL3948\2 11172253865

TR-5364-3
Revision 0

Donald C. Cook
Unit #1
Project 5364

6-95.

T TELEDYNE -
- ENGINEERING SERVICES

'VALVE END MOMENTS

CHECKED BY:_C/27/4 DATE:_7-/3-82

BY: })m) DATE: z[/aﬁé’

UNITS: INCH-POUNDS
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Unit #1
Project 5364

6-96

%?TEJENNE

VALVE END MOMENTS

- ENGINEERING SERVICES

BY: bmb DATE: 7[/5/53

CHECKED BY:_C/2/F DATE: 77/3 8.3

' VALVE NUMBER ___ SV~ 45 /4
' NODE I 229
X Y WZ WX MY WZ
DEADWEIGHT — 9595 | — 909 |-4L75||-/o204| -269 | -779/8
THERMAL-1 | _ /7423 | —4471 | 4022 || 24503|-//620|/BBZ7 | |
© [THERMAL-2 2/23 | =375 | )25/0\| 22174 | 8404 /65 /4|
THERMAL-3 /556/ \— 4420 | /442 || 17577 |— 68/5| /12405
SEISMIC 0BE |7 4449 |7 2775 | 4870 Z wo46\ 7 /853] T 45097
SEISMIC DBE | # 794/ | L4726 | 28259\ 2/0/129\ 23 /52| L 7669
BLOWDOWN PRV |+ Jpf4 | £ o4 L2528 £ 672 |2 511 | /856
BLOWDOWN SV |7 99/ | £ 10927 1230894149933 £4,/92 |2 30279
VALVE NUMBER
NODE ﬁ
X WY WZ WX~ MY WZ
DEADWEIGHT
THERMAL-1
THERMAL-2
THERMAL-3

SEISMIC OBE

SEISMIC DBE

BLOWDOWN PORV

BLOWDOWN SV

UNITS: INCH-POUNDS
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Unit #1
Project 5364

VALVE NUMBER

6-97

"W‘TELEDYNE
- ENGINEERING S‘-'RVICES

VALVE END MOMENTS

MRV — (55

CHECKED BY: O/ /7

BY: bﬂ?é DATE: 7[/3/0@ "

DATE: 77/3 83

- NODE

525 -

' 5/0

COMX

MY

MZ

MX

v MY

MZ

DEADWEIGHT

~ 5757

3595

—470/

-07/0

2225

650G/

THERMAL-1

2852

4052

/979

296/

-372%

227(

THERMAL -2

3952

- 2806

4566

2673

3767

2725

THERMAL-3

3833

— 4667

536/

3470

- 4747

446/

SEISMIC OBE

+ P95/

75544

Z/702

T 4646

72478/

29759

SEISMIC DBE

1/ 3438

Z 755/

72527

17165

T LB06

/5205

BLOWDOWN PORV

z 2998

7 2//3

L

27057

2492/

Y54

BLOWDOWN SV

1 7455

13995

X /398¢

L6173

VALVE NUMBER

WMO—153

22/087

Tze/192

NODE

505

A4F0

MX

MY

MZ

MX

MY

WZ

DEADWEIGHT

— (204

B2

5209

4740

754

~262%

THERMAL-1

2074

5766

2620

2202

656

2866

THERMAL-2

3358

~372%

2946

2/05

~3682

Z5/7 .

THERMAL-3

3028

—4852

32368

2472

- 4929

2485 .

SEISMIC OBE

= 475%

7 5/264

Z/0477

2526/

z77/2

/07

SEISMIC DBE

z 7/ %6

7 7003

Z/6578

2522/

26785

Z/7ARGS

BLOWDOWN PORV

7 8254 16186

*/228¢

z IBO7

1&/32

7/3/95.

BLOWDOWN SV

712/

113584

227482

15018

Z,1/57

2/2487

UNITS: INCH-POUNDS
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Revision 0
VALVE END MOMENTS
Bonang C. Cook BY: Emé DATE: 7//3/f3
it #1
Pmect 5364 CHECKED BY:_C/7/%  DATE:_7+/3-83
VALVE NUMBER _ A/ KV - /52
NODE 2B5 - 400
WX MY WZ WX Y WZ

DEADWEIGHT =347 | 595 |—4480| /429 |-/8739 |-5/98

THERMAL -1 —400 | /634 B2 =724 -37 2/2

THERMAL -2 — /418 | =/&/8 76 || —/ D/ | -2524F 73%

THERMAL-3 — 1065.. | —33¢0¢ | =585 || — P06 |-5/64| —650

SEISMIC 0BE |7 A, 44 |7 2854 | £ /1240 \| £ 9280 Z4/25 | 1/25/ 4

SEISMIC 0BE |+ 4,450 T 445677 /972\|7 /4825 20020 | 2 /852/

BLOWDOWN PORY | #4733 |+ /84 7\72994 |1 //1543|7 /64 |2 /23/0

BLOWDOWN SV +/3r2) |t 3453 (25578 IH/5870 L #4992 |Z/Lab0

VALVE NUMBER _ UMD — /52 |

NODE . dos 420
X WY WZ WX MY MZ

DEADWEIGHT 76 |—4888 | 4050\ -2486 | -72/2 | -2 /7

THERMAL-1 - /073 |=2072 | B6/\|~327/|-3709| <48/
" [THERMAL-2 — 13/9 |-5455| BB \|\-/275|-7/52 20

THERMAL-3 —7/3 | -7349 | -728 || -857 | -9//2| =79/

SEISMIC 0BE | 7 /06544 |7 4509 Z/3030\T /4271 1T Lo/3 |2 /6/70

SEISMIC DBE (% /6/22 |T £/8212/2373\ 2//26\E 85¢4\7 22806

BLOWDOWN PORV |7 /0442 T 529/ I //858\ /00371E 4745\% 9527

LOWDOWN SV |F/4504 | Z/1200 P03/ 128965 |2/246/| 27035

Technical Report

. 6-98
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UNITS: INCH-POUNDS
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VALVE END MOMENTS

“W‘TELEDYNE
- ENGINEERING SERVICES

BY: é)ﬂ?& DATE: 7[/3/?3

‘523,;2 5364 CHECKED BY: C/A/® _ DATE: 7-/3-&S
VALVE NUMBER NAY- /51

NODE 425 035

WX MY Wz X MY Wi

DEADWEIGHT - 209 | =575 | (70 |72/ g2 | 539
THERVAL-1 7775 | [loloO| 4472|5228 |-2428| /588
THERMAL -2 5287 | —2/96| 27)7 || 4952|-5/46| /[46¢
THERMAL-3 398/ | -4/7/ | 1420 || 40z4 |- 447\ /528
SEISMIC OBE |2 5743 | 48438|F 2179 |7 9677 |24297 | 4585
REISHIC 0BE |~ 8,59 |T 7223 |7 228/ |2/4592\|2 4803 | 7323
BLOWDOWN PORY _|#* 2207 |2 243/ | Bab2||2 B007\7 4£980\= /7493
BLONDOWN SV |+ /38 |+ 24,99 E23z25|2 /3956 | 25788 24454
VALVE NUMBER __ MO — /5/

NODE o35 657

M MY Wi WX MY 17

DEADHWE IGHT B289 770 | E822Z| 8022 | /Z2F9C | 9243
THERMAL-1 2247 |-F6/8 |\-8755|| —47 |-)44606|-/4500
THERMAL-2 4267 7517 | -55 | 3772 |-942/| —/282 |
THERMAL-3 4074 —436‘5 /6o || /20 |<S/40 | 1706 | .
SEISMIC OBE |2 9728 |t 2727 |Z 2576\t1287 |t 3689 |> 2669 |
SEISMIC DBE |7 /704 "‘jﬁﬂ& 1883627293 54/ & 5967
BLOWDOWN PORV | ** 232/ | g307 |7/5478|| t 7523 |2 77792t 8935
BLOWDOWN SV | £ /4 P2/ |2 9889 /53442 s0734 |+ 9903\ 2 70734/

UNITS: INCH-POUNDS
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5.0  STRUCTURAL ANALYSIS

Thermal and force/time history analyses were performed for the drained loop
seal condition of the pressurizer safety and relief valve discharge piping using
the TMRSAP computer program; a modif%éa version of SAPIV. The computer model
used was based on TES isometric drawing E-5761, Revision 2, which is shown in
Section 7.0. In genera1,tthe structural analysis was done in accordance with AEP
letter dated November 29, 1982 from Mr. Sam Ulan of AEP to Mr. L.B. Semprucci of
TES (Reference 1) and AEP letter dated March 15, 1983 from Mr. Sam Ulan-of AEP to
Mr. Pat Harrison of TES (Reference 11).

For the drained loop seal analysis, it was not necessary to reanalyze the )

deadweight, normal thermal, PORV transient thermal, OBE seismic and DBE seismic

@ conditions. The as-built analysis of the pressurizer safety and relief valve
discharge piping, contained in TES Technical Report TR-5364-2, Revision O
(Reference 2), should be referenced -for all analytical results for the above
conditions. This report contains the results for the SV transient thermal
condition and the SV transient shock force time/history analysis. The emergency
condition is shown to be acceptable, per this report, except as noted in Sections
6.2 and 6.3.2, for a drained loop seal condition. The normal and upset conditions
were shown to be acceptable per the as-built analysis and report (Reference 2).
The draining of the loop seals will not adversely affect the analysis of the
normal and upset conditions.

- e ——c
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5.1 SV Transient Thermal Analysis

Thermal analysis was performed for the SV transient condition. The
temperature distribution was obtained from the RELAP5 output,- as shown in Section
4.9. Throughout this report, thermal case 1 refers to normal operation, thermal
case 2 to PORV operation, and thermal case 3 to SV operation.

Boundary displacements were calculated for the quench tank nozzle,
pressurizer nozzles, and support 2-GRC-R-616, which connects to the pressurizer.

5.2 Transient Shock Analysis

Based on the results obtained from the RELAP5 analysis, presented in
Section 4, the SV transient shock analysis was performed. The analysis was
calculated at one millisecond intervals for a length of .65 seconds. A1l loads
peaked previous to .65 seconds, indicating that the analysis was performed for a
sufficient length of time.
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6.0 ANALYTICAL RESULTS

Section 6.0 contains all analytical results relative to emergency

“conditions. That is, stress equations Cl, C2 and C3 (as defined in Reference 1),

support loads for all restraints, valve accelerations for DBE seismic and SV
transient shock conditions, nozzle loads and valve end moments. For easier
reference, the results presented in Section 6.0 include loadings for all conditions
withideadweight; normal thermal, PORV transient thermal, OBE seismic, and DBE

- seismic results being taken from TES Technical Report TR-5364-2, Revision O.

6.1 i Stress Summary

Stress calculations were based on the 1967 Edition of the ANSI B3l.1
Code (Reference 13), the AEP letter dated November 29, 1982 (Reference 1), and
the AEP Tletter dated March 15, 1983 (Reference 11). For this report, stress
combinations Cl, C2 and C3 are presented, TES Technical Report TR-5364-2 should
be referenced for Al, A2, Bl, B2 and B3 stresses. Stress combinations Cl, C2 and
C3 are as follows:

Cl normal pressure stress + deadweight stress + DBE stress < 1.8 Sp,

C2 SV transient pressure stress + SV transient weight stress +
SV transient shock stress’ < 1.8 S

C3 SV transient thermal stress range’ <1.25 S¢ + .25 S

The stresses presented conservatively consider all moments to be
intensified, a1thoughAB31.1 allows for intensification factors to be omitted in
the torsional direction. '

Allowable stresses for stress combinations Cl, C2 and C3, were
obtained by using the maximum temperature the piping experienced during the SV
transient event to determine Si. The value of S¢ was based on 709F per Reference 10.
A summary of allowable stresses for the emergency'condition is given in Table 6.1-1,
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®‘ ) Section 119.6.1 of the Bbl 1 Code indicates that the thermal range
stress calculations shall be based on the range between the minimum and maximum
temperature. Stresses for the maximum range of thermal moments, due to all thermal
conditions considered, were analyzed and found to be satisfactory.

Stresses were calculated as follows:
Pressure

pd2 ' ‘
p2-d2

" Deadweight

2751 My
YA

Thermal
O iMe
yA

Seismic
751 Mg
yA

Force/Time History

range of resultant moments due to thermal loadings
resultant moment due to force/time history analysis
section modulus

.751 Mp
JA
where:
d = 1inside diameter of pipe
D = outside diameter of pipe
i = intensification factor
" Mp = resultant moment due to deadweight Toadings
MB = resultant moment due to seismic loadings
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m ‘ 6.1.1 Equation C-1 Stresses
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BY:  C/P2/ DATE:__7-/3-83
CHECKED BY: 53073 oaTe: 5 F%

'STRESS SUMMARY - EQUATION C1

PRESSURE | DEADWEIGHT |- DBE EQUATION ALLOWABLE q
STRESS STRESS STRESS C1 STRESS STRESS

NODE # | (KSI) (KSI) (KSI) (KSI) (KSI)
2 O o %, O 29.5
- 3 .3 L6 XY
6 4 . J L& XY
7 . 2 .l .3 XY
g 3 o .3 XY

G. /10 7 ./ 8 XY
/2 /0 ./ L) XY
14 s v L6 XY
L . 6 ./ L Z__XY
18 L] Lz L3 XY
20 xs 3 ). 8B Y2
z] 8 A .9 - y=z
24 . 8 ) .9 re
26 8 5 1.3 vy2 29.5
28 .9 A .3 Y2
32 s , 6 XY

T = -9 .3 L2 XY

‘. 34 /O .3 L3 XY

| 36 L0 .3 L3 xy |

38 .9 3 L2 XY 29.2
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STRESS SUMMARY - EQUATION Cl

PRESSURE | DEADWEIGHT'|.  DBE EQUATION ALLOWABLE '
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KSI) (KSI)
40 @) .4 s 8 XY 29.2
43 3 S B XY |
44 .9 4 L3 YR
4b .3 .3 16 XY
48 6 5~ 4/ YR
‘g <9 A LO Y2
50 . 6 . 3 L9 xy
S/ . S 9 Xy
Sz s .3 L7 XY -
S5 L2 . 3 S R
- 56 .4 - -4
58 . 6 = LO XY
60 3 L2 %
62 6 A LO XY
6% 4 4 .8 x¥
66 .3 3 L6 xY
68 .3 4 L7 XY
’ 0 70 2 5 7R
o Z/ 3 .7 L0 Y2 N
S i A .2 L6 Y2 26,6
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PhOTEes 5364 CHECKED BY: §>mz DATE: Z//5" /93
STRESS SUMMARY - EQUATION C1
PRESSURE | DEADWEIGHT DBE EQUATION ALLOWABLE -
STRESS STRESS STRESS Cl STRESS |-  STRESS.:
NODE # | (KSI) | (KSI) (KSI) (KS1) (KST)
72R| © A L3 L9 Y2 | 26.b
73 4 .7 /.3 Y2
5/26/< . 6 /2 LB Ye
(26 R .6 l. 4 2.0 Y2
127 s .S L2 Y2
ﬁ 176 R 3 .8 Ll ya |
176 R A .6 L8 v2
219 4 L8 2.2 Y2 \
222 .S 4.4 5.9 Y2 27.1
Z224 z. 9 3.2 6./ Y2
226 2.6 3.9 6.5 Y2 X\
228 1.3 3.0 4.3 y2 | . 26.8
230R | 3.8 4.7 vz
Z30R .6 1.8 3.4 /2
232 3.0 3.6 b4 Y2
_ 234 | 2.9 3. 6 6.5 X2
236 _“ 3 2,06 3 < 54 I J
m 238 1.3 6.3 76 XY | 260
2495 2. /o / 6.9 o xy| 252
240R | Y- /3 4.4 s 7 Y2 25.2
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STRESS SUMMARY - EQUATION C1

PRESSURE | DEADWEIGHT DBE . EQUATION " | ALLOWABLE '
STRESS STRESS STRESS C1 STRESS STRESS
NODE # | (KSI) (KSI) (KS1) (KSI) (KST)
242 | o 2.0 5,4 74 Y2 | 252
244 /& 4,0 5.6 Y2| 262
246 .2 <4 S.3 Y| 424-.8
248 [/ ¢.o’ 7/ Y2 |
' 250 /5 A 9.4 y2
‘B 252 L8 /). 4 /3.2 ¥2
258 /.7 /2.7 /4.4 Y& /
259 /5 /.3 /28 Y2 | 259
257 26 /5. / /7.7 Y2
260 L3 /), & 2.9 Y2
262 - 2.9 8.2 /.l Y2 \
266 | 29| 30 3./ 9.0 Y2 257 |,
268 3.6 3.7 /0.2 Y&
272 35 | 4.6 1,0 Y3
c 74 a7 42 28 /2
‘ 276 3./ <. / 10. )/ YP
“ 278 3 A 4.3 0.6 YR
‘D 1279 3.4 43 0.6 Y&
280 22 . 5.9 /0.0 YR
282 | & 46 YA 12,0 Y2 y
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STRESS SUMMARY - EQUATION Cl

CHECKED BY: %/77-2

« C/WA  DATE:

7-/3-83

DATE:_ /5. /53

PRESSURE DEADWEIGHT DBE EQUATION ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # (KSI) (KSI) (KSI) (KST) (KSI) -
2848 2.9 9 /0.0 /3.8 y2 | 257
73 8 O 2.0 /.9 3.9 XY 26.(
74 /O /2 2.2 XY
76 6 .8 [4 XY
78 3 . 7 LO XY
@ 80O . 3 4 T Xy
g2 < . 6 LO Y2
84 . /.0 L4 Y2
86 3 e/ [ 4 Y2
88 /.2 2.2. 3.4 YR
Q0 1.5 2 4 3.9 y2
22 7 /.5 2.4 Y2
?7 /. O /7 2.7 Y2
24 .2 2.2 3.4 Y2
/00 3 23 2.6 Y2
726 2= ./ L6 Y2 \
< 98 .8 42 s.0 Y | 264
0 /03 | ¥ 5 2.5 3.0 y2 | 2./
/07 3.5 ° i .7 4.9 wy 20,6
/08 | 3.5 .8 28 g/ ya | 288
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STRESS SUMMARY - EQUATION Cl

PRESSURE | DEADWEIGHT "DBE EQUATION ALLOWABLE'
- | sTRess STRESS STRESS - Cl STRESS | . STRESS
NODE # | (KSI) (KSI) (KSI) . (KSI) . (KSI) ;
1o | 25 | e 4.4 6.5 yo| 288
/1/ . 6 4.4 8.5 vz
/12 6 4.4 8.5 ¥2
114 .3 2.9 77 ¥
| e 3 | 24 ¢-2 72
@ ' /8 6 2.0 6./ Y2
/20 .7 2.0 6.2 Y2
/122 [.O 42 1 67 Xy
(24 | %+ /.0 22 6.7 K \
/2648 | © .7 L7 | 2.4 xy| 2606
/28 | .4 .7 [l XY
/30 . A >~ .9 ¥ v
)32 . 7 Ll %Y
'34 2 /2 LA sy
/136 . Z L8 20 xY
/38 4O 3.4 4 X
/40 L4 3.4 5.0 XY
G /42 .8 Z.2 3.0 x¥
W S <9 2.2 3./ XY
s | X w, 2,3 3,4 XY y
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CHECKED BY: ém}) . DATE: 7/5 /fj

STRESS SUMMARY - EQUATION C1

PRESSURE | DEADWEIGHT DBE EQUATION _ALLOWABLE “
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KST) (KST) (KSI)
/43~ @) .3 24 z7 xy| 266
/46 | 6 5.6 6.2 xyl| 266 ‘
/48 40 .7 6.7 xy | 264
/52 A s Z ¢ 3.7 xy| 201
156 3.5 8 L8 s Y2 20,6 3
@ /58 9 4.2 8.¢ xy| 288
/60 7 5.0 92 xy | -
/6 / 7 5.0 9.2 x
l62 A S0 .2 XY
/6 5 4.4 84 XY
l66 S 2. 7 G6-7 XY
/48 8 Z0 -3 xy
/70 7 2./ 6.5 Y2
(72 /2 2.5 L Z2 V2
/74 | =~ L2 2.5 72 v2 .
/76 8| O .7 /2 /D Y2 Zé.(a
< /78 6 7 L3 Y2
‘ w /80 3 [- 4 L7 X2
/82 .3 2.2 25 v
84 | —— .7 42 | £/ vz |
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BY: C/OK

DATE:_7-/3-83

CHECKED BY: 2075 DATE: ‘7/5//3'

PRESSURE | DEADWEIGHT |  DBE EQUATION ~ |. ALLOWABLE..-
STRESS STRESS STRESS Cl1 STRESS STRESS
NODE # (KSI) (KSI1) (KSI1) (KSI) (KSI) F
/86 | © 13 4,3 5.6 vz | 2.6 -
/87 A 2./ 50 yal|
<88 40 /7 2.9 »2
/92 3 L8 Z/ Y2
/90 5 3.2 37 r2 Y
@ /95 /O 3./ 40 va| Zo4
/96 & /.9 2s ¥z | 241
200 | 3.5~ .8 8 s/ xy| 206
202 9 3.8 8.2 Y2 2585
204 L6 4.4 8.5 Y@
205" A 4.4 85 Y2
206 « 6 . 4 8.5 Y2
208 .3 3.9 77 Y2
z/0 3 2.4 £.2 Y2
2/2 7 /.9 C.f w2
</ 8 2.0 -3 XY
. 2/6 e/ 2.3 6.9 Xy
m z/8 | L/ 2.3 6.9 XY | N
2308 o 3.2 /5.0 6.2 y2 | 266 |
286 | o 6.4 /0. /. le.s y2 | 258
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CHECKED BY: 55/775 DATE: 7//5//3

'STRESS SUMMARY - EQUATION C1

PRESSURE | DEADWEIGHT DBE EQUATION ALLOWABLE
STRESS STRESS STRESS Cl STRESS STRESS
NODE # | (KSI) (KSI) (KSI) (KST) (KSI)
288 o é. 7 9.2 /5.9 val|. 22.6
290 | © 3.6 75 /.] y2| 2632
292 | o© 3.9 8.3 /22 y2| 257
296 2.9 2./ 6.3 /.3 Y2
298 ‘ /4 S. 6 29 Y2
‘D 302 8 6-3 /O YR
304 25 6./ /5 S
306 2.0 6./ '//,o J 2
308 L7 6.4 /.0 Y2
3/0 /3 6.2 /0.4 Y2
3/2 3.2 .3 /.4 Y2
34 , 9 4.2 8.0 ¥z
3/6 — /o / 4./ 8/ ¥z
3/8 4.1 5.6 3.3 /3.0 XY \
320R. 43 2.4 /0.8 xy | 288
. 320 R 3./ 2.4 2.6 2 |
< 320 3.3 2.6 /0.0 2
G 3 24 3./ 25 2.7 Y2
35 3./ 25 7.7 Y2
26 X | 27 2.9 2.7 2 ,
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UNIT #2

~ PROJECT 5364 . CHECKED BY: \5/772 DATE:7//7//Z__5

STRESS SUMMARY ~ EQUATION Cl

PRESSURE | DEADWEIGHT " DBE EQUATION ALLOWABLE

STRESS STRESS STRESS C1- STRESS STRESS
NODE # (KSI) ) (KS1) (KST) (KST) (KSI)
z28 | 41 | z.5 2.7 2.3 y2| 28%
330 l 24 z5 9./ Y2
332 -!!L | 2.6 3.3 /0.0 Y2
334 | 3.5 8 LO 5.3 Ye
‘ 336 Wi [/ £.3 2
e 284 R 7 9 5./ Y2
2842 YA L3 S, A r2
338 .4 /.3 5.2 Y2
1339 6 WA 58 Y2
340 « .7 18 6.0 72
342 | ¥ 8 i co y2 J
24081 O /3 /2 /3.7 X | 2562
24/ /3 2./ .4 XY
02 3.5 20 /0.5 XY \”
404 4.7 7.2 /3,9 xy| 24.8
ﬂ 34 | - 3.5 8./ No xy| 248
2 346 ) 7 6.9 728 Ry | 257
‘D 350 | 29 | .7 5.4 9.0 w¥ '
352 .9 4.7 8.5 XY
354 — A4 53 | g6 xV¥ J
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UNIT #2
PROJECT 5364 - CHECKED BY:_%227) _DATE: ’7/5/573 A
STRESS SUMMARY - EQUATION C1
PRESSURE | DEADWEIGHT DBE EQUATION ALLOWABLE
STRESS STRESS STRESS C1 STRESS STRESS
NODE # | (KSI) (KSI) (KST) (KSI) (KSI)
3208 | 2.9 3./ 70 /3,0 xy| 286







Technical Report ‘ ) j ‘??‘TELEDYNE ’
L3 s 6-17 ENGINEERING SERVICES

6.1.2 Equation C-2 Stresses
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STRESS SUMMARY - EQUATION C2

PRESSURE DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI1) (KSI) (KSI) (KSI) (KSI)
J 4 o |5 |-7 29,5
4 | |z 3 7.6 9.4
6 A 34 53
7 2 1.7 3.4
8 3 1.3 3.
@ jo 7 22 54
j2 /.0 26 b.1
/4 5 3.0 2.0
/b b 2.9 6.0
/6 /./ 7.8 )04
20 15 K /0.0
21 O 4.2 4.5
24 | 5 4.2 05
26 1.9 B 7.2 2.9 29.%
28 .9 5.6 84
22. .5 3.0 5.4
| 33 7 6.0 86
24 LO 5,0 7.9
@ = \ /.0 50 7.9 J
2B | 2.2 7 6.0 9.1 | z9.2
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STRESS SUMMARY - EQUATION C2

TR | Eer | e g |
NODE # (KSI) (KSI) (KSfB (KSI) (KSI1)
4o 2.2 4 : 7.0 9.l 29.2
47 . % 6.8 9.5
44 9 | ¢o AR
6 1.% 4.8 8.%
48 b 5.2 8.0
e ~ G 4.6 7.4
20 | . b 4.0 7.4
5/ 4 6.l 8.7
z2 | 2% 4 48 7.7
54 2 2.7 4.9
56 A4 34 0.3
8 , & 6.0 9./
¥ ,% 30 5.6
VA v/ 4.0 g,/
b4 A . 4,0 0q9
Ol ,3 34 4.2
48 .3 Z 8 8.0
70 ,2 3.6 4.3
¢ - B 3 3./ 59 |
72R| 2.7 4 5.5 E4 2. &
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STRESS SUMMARY - EQUATION C2

PRESSURE DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KST1) (KSI) (KST) (KS1) (KSI)
| 2.7 b .4 8,7 26, &
73 4 4.0 7./
/207 N 5, 7 q,0
/2R b L5 2.8
/27 A4 b.4 95
® z5 5 39 4.9
/767 2 36 2
2/7 / A /1.2 /4% | -
222 | Zo /.5 7.5 /0.8 27.1
224 2.9 8.0 /2.9 "
22¢ 2.6 50 G.6 R
228 /.3 5.4 87 | 268
220 9 0.5 4
220R /. & 3/ 6.7
222 |° 4 2.0 56 /0.6
224 | /.5 2.9 5.5 g9 |
2%¢ | )5 2.0 4.0 75 \
238 45 /.3 5,4 /.2 26,0
0 2408 /.8 Y, 4.0 89 | 252
240/ /.8 /.3 4./ 7.2 25,2
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STRESS SUMMARY - EQUATION C2

PRESSURE * ' DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE ‘
STRESS STRESS SHOCK STRESS C2 STRESS STRESS ’

NODE # (KST1) ‘ (KSI) (KSI) (KST) (KSI)
242 |- /.8 2.0 5.9 9.7 25. 2
244 /5 [G 35 .6 252 .
24 12 2.0 4.7 24.8
248 [/ 2% . 4.9
250 /.5 3.0 6.0

® /.8 .4 4.7
258 | ‘ /7 40 .2 /
259 )5 2.5 5.5 22,9
257 2.6 2% 7.4
260 x; N | 5.9
262 J 2.9 4.3 8.7 4
2066 2.9 3.0 2.0 8.9 25,7
268 X, 2.9 7.
272 329 /7 8,/
274 | 2.7 /.2 6.8
27 31 /.0 7.0
278 , 24 .8 7/
279 3.4 B 7/

@ 20 2.2 /) 4 6.5
282 J /.l . /.3 5,8 \
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STRESS SUMMARY - EQUATION C2

. CHECKED BY; M% DATE; 7/ e

PRESSURE DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KSI) (KSI) (KS1) (KSI)
2848 2.9 /7 3.3 7./ 25,7
7B\ 20 2,0 7% /0.% 26,6
74 /.0 5.0 Bb
7b N 3.4 4.0
78 .3 8.5 /0.8
‘b B0 % 38 Gl
82 .4 4.7 7./
B4 | 2.1 4 %2 5.7
86 3 2.5 5.9
a8 /.2 3./ L4
- G0 /.5 2.6 72
g2 .7 2,2 5,2
77 /.0 <./ 7.2
g4 /.2 272 5.5
/0O .3 2Z 46
76 5 4.4 7.2 ,
98 | 25 .8 A. 1 7.4 26,4
/03 25 5 2.5 5.5 2/.1
@ /07 | 4.1 7 2.9 7.7 20. ¢
/08 | 4.1/ w5 2.0 6.7 288
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STRESS SUMMARY - EQUATION C2

DEADWEIGHT

PRESSURE SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KST1) (KSI) (KSI) (KS1) (KSI).
/10 4,/ /. 2./ 6.8 1288 .
/// N 2./ 0.8
//2 | Y. 2. 6.8
/14 ' ¥, /.8 6.2
//b .3 2,/ 6.5
© ~1 | ( 25 72
/20 7 26 7.4
/2z /.0 3./ B.2
/24 J /.0 2/ 8,2 5
/2B 2./ - 7 /0,0 )28 | 266
/28 | 2.0 4 4.7 7/
/‘5%9 : /‘? 92122 f5:6; .
/32 | . 2.6 50
/24 2 30 5,2
/26 ) L2 /-8 4.0
| /328 2,/ Y7 4.8 7.9
/40 | /.4 4.8 /0,3
/A2 : .8 £,/ 7.0
@ | K 2.4 54
/94 ’ /! /. 4.4
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3&‘3&}? 5364 CHECKED BY 2 DATE:7/5’/003 '
STRESS SUMMARY - EQUATION C2
PRESSURE DEADWEIGHT SV TRANSIENT EQﬁATION ALLOWABLE -
STRESS STRESS "SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KSI) (KSI) (KST) (KSI)
145 | 2./ .5 2.2 4.6 26,6
146 2,1 10 33 4.0 0. .
48 | 25 /.0 3./ b.b 26,4
|52 25 5 /.5 4,5 2/./
126 | 4.1 8 2.3 7.2 20,6
128 7 2.0 70 2588
/60 7 /.6 &4 |
i o/ /- & oA
/02 7 /.6 oA
/o4 5 /.2 5.8
/b 5 /.7 6.3
/65 Y, 2.8 7.7
/70 X% 30 8.0
/72 /.2 35 88
/74 | /.2 3,5 8.8
/7B 2./ 7 6.2 F.0 26.6
/78 | =20 & 3.0 =4
/50 .3 4.¢ 6.9
/52 3 ) 37
/54 2,0 /7 /.7 4.0 N
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STRESS SUMMARY - EQUATION C2
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PRESSURE DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS | - C2 STRESS STRESS
NODE # (KSI) (KSI) (KS1) (KS1) (KSI)
/86 | 2.0 .5 26 5.9 26, b
/87 7 2.3 2.2
/858 /.0 /.8 4.8
/72 .5 324 5.7
. /90 d 5 4.6 7./ .

| WA [0 2.7 7.2 24
/% | 25 & 2% 5.4 20/
200 | 4.1 .8 2.8 7.7 20,4
202 .9 2.3 7.5 28,8
204 N/ /.8 6.5
205 7 ).8 7z
206 1 /.8 6.5
208 3 ].5 Z.7
20 5 2! 65
2/2 7 2.8 A2
2/4 B 3./ 8.0
2/t /./ 329 9./
2/8 /. / 2,7 G. 1 AR

‘D 23208 /.4 2.2 /2.7 /7.3 26,6
286 | 5./ L4 88 20,3 | 258
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STRESS SUMMARY - EQUATION C2

PRESSURE DEADWEIGHT, SV TRANSIENT EQUATION.A ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS
NODE # (KSI) (KSI) (KSI) (KST) (KSI)
288 5,/ 4 7.5 /9.6 258
290 /5 - 2.6 G A /.5 25,5
292 74 29 7.3 /8. & 25,7
29\ 2.9 2,1 l.9. /1.9 ‘
298 | - /4 7.0 /1.3
6 202 /.8 6.5 /1.2
: 304 2,5 X% /1.3
206 |, 2.0 4.8 97
B08 /.7 4,0 8.6
3/0 /.3 37 | - &l
312 22 4./ /0.2
3/4 .9 2.7 6.5
B/6 | /. 2.5 0.5
218 4.1 2,4 2,6 /2.3 A
B20R . 4.3 2.5 /0.7 28,8
B20R 2./ A G/
222 33 /.8 9.2
224 3./ /.7 B89
@ 2= 2,1 /.7 8.7
224 2.7 2./ 8.9 \




Technical Report
TR-5364-4 “

él;i;ion 0

DONALD C. COOK
UNIT #2
PROJECT 5364

6-27

P TELEDYNE
ENGINEERING: SERVICES

BY: ,mg DATE: 7~/ 3-53

CHECKED BY:>>/7’>5 DATE:7//5/<Z3 .

STRESS SUMMARY - EQUATION C2

PRESSURE *  DEADMEIGHT SV TRANSIENT EQUATION ALLOWABLE
NODE #|  (KST) Kst) kD | R | e
228 | 4./ 2.5 2./ E7 Z8,8
230 24 2,0 8.5
222 J 2.6 2.5 9.7
234 | 35 8 8 5,/
250 7 /.0 5.2
@ 2844 .7 N 5.1
284K b /.0 5./
228 4 /8 A.7
229 L& /2 .
B40 7 /.4 5¢
342 8 /4 5,7
Z408|  ].5 /.3 0.7 g5 25,2
24/ .3 2./ 59
402 3,5 29 7.9
4o4 4.7 28 | /oo 24,8
544 \ 3.5 4.7 97 24 .8
246 | 74 .9 3.4 /1.7 257
250 | 2,9 7 b7 /0,3
6 552 .7 &2 /0.0
22¢ / 4 4.8 5./
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STRESS SUMMARY - EQUATION C2

PRESSURE DEADWEIGHT SV TRANSIENT EQUATION ALLOWABLE
STRESS STRESS SHOCK STRESS C2 STRESS STRESS

NODE # (KST) (KSI) (KSI) (KST1) (KSI)
32208 2.9 3./ 4,5 /0. 3 8.8
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" STRESS SUMMARY - EQUATION C3

NODE # THES:XALTR Q?gggg T(st) S%Iégg’\%kgl)
Z .5 275
4 2.9
6 2.7
7 .8
g , &
/o — /.3
® - 5
/4 A
/& -9
/8 . " 2.4
20 /.0
2( ,F
24 ,4
26 2,4
. 28 2. G
32 9
3 2.5
24 33
| @ 26 3.7
25 3.6 - .
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STRESS SUMMARY - EQUATION C3

'SV TRANSIENT. ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
Ao ‘ /. 4 27.5
42 /.2
44 /.5
b /.5
48 1.2
‘B 49 /.2
S0 A
: 5 .7
52 /.9
54 f /.8 |
S0 /7 >
28 /b
&0 N/
A /&
o4 /8
i 2./
L8 - 2.2
70 /.5
O 7/ 253
72K 5. | 271
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STRESS SUMMARY - EQUATIOR C3

NODE £ THERMAL, STRESS (KSI) STRESS. (KS1)
TR 47 27.(
73 . 2./
/26K 33
/265 2.8
/27 /.3
O /76R /-l
/76K 2.4
2)9 2.9 .
222 22,0 27.2
224 8.3
22¢ /2.6
228 5.7
250K A4
230K - 7.7
232 /0.8
224 /0.6
25¢ 0.5 .
s 238 /4. / 27,0
0 240K /4.8 24.7
240K~ /4.7 26.9
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STRESS SUMMARY - EQUATION C3

SV TRANSIENT . ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
242 /2.6 269
244 2.8
246 /l.5
248 g9.9
250 /7.7
252 88
258 6.8 N
259 0.0 26,8
257 J1.8
260 /0.8
262 5.7
266 3,3 27.0
268 4./
272 5.0
274 5.9
276 6.5
278 O 4
279 4.
280 ./
282 2.4 J
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STRESS SUMMARY - EQUATION C3

SV TRANSIENT ALLONABLE.
NODE # THERMAL STRESS (KSI) STRESS (KSI)
284 & 2.8 27.0
72 5 0.8 27./
74 2.7
76 . J0
| 78 . 8
@ 30 7.9
‘ 82 325
- 84 3286
86 2.8
88 - s./
90 4.3
72 /9"
7 /7
74 2,0
/OO 2./
96 7./
78 7.7
] O3 2.4 26.4
m /Q7 .4 26.3
" /08 .9 27.4
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STRESS SUMMARY - EQUATION C3

SV TRANSIENT. ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
/0 7 77.4
VA )
/12 .9
/14 /.0
/ /& /.5
//8 /.5
g /20 /5
/22 /.5
/24 /<t
/208 7, 27
)28 /7
/30 1.6
/32 /.4
/34 /.0
/26 /5
/38 .7
/ 40 O
/42 .2
@ [ 45 4
/44 8
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STRESS SUMMARY - EQUATION C3

‘ SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
|45 /.0 27. |
1 46 2.9
| 4& 3./
|2 /! 26.4
|56 A 26.4
|28 .3 274
© . 3
| ! .3
/ &2 .3
| 04 A
| bb A
[ 68 4
] 70 , 3
/72 .2
| 74 2
/705 .4 27.{
/78 2.3
/80 /.7
"IE’ /B2 /. G
/84 2.3
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STRESS SUMMARY - EQUAfION c3

SV TRANSIENT. ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
/86 2.% 27, |
/87 7
/85 /.8
/792 /.9
| )90 4.%
/95 5.2 .
: ‘“Ii’ /96 23 24.4
200 /8 26.%
202 e 27,4
204 5
205 2
206 3
208 P
210 b
2/2 7
Z/94 7
2/ 7
28 6 |
G 220 /5 X 27. 1
z5¢ 23 27,0




Q 4 TELEDYNE
Technica), Report : 6-38 ENGINEERING: SERVICES
@1’ sion 0 : C : :
DO?AL% C. COOK “ , BY: 233323?55 DATE:_/~/5-83
UNIT #2 "
PROJECT 5364 CHECKED Bv:.>5/27§> DATE: 704%57é253

STRESS SUMMARY - EQUATION C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
© 288 3.0 2 7.0
270 /b
292 /. b
296 7
298 .9
302 8
‘b o4 .8
306 8
S08 8
3/0 8
B2 /./
S/ 4 /.2
3/ /.4
3/8 /& \
20K /.0 27.4
320K 2.6 |
222, - 2,0
324 3.6
225 3.0
O 226 5,0 .
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' STRESS SUMMARY - EQUATION C3
SV TRANSIENT. . ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
326 5,0 274"
B30 4.5
. B322 5.7
334 /.7
B56 2.2
G 284 A 2./
284 K 2.1
338 4,0
B29 5.4
540 5.8
242 .3
2405 [ 7.0 26.7
24 / /.7
402 . 50
JO4 7.0
244 /6. 2 .
S4¢ b5 27.0
S50 - 39
‘D | 552 - 30
’ 256 . 2.7 R
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STRESS SUMMARY - EQUATION C3

SV TRANSIENT ALLOWABLE
NODE # THERMAL STRESS (KSI) STRESS (KSI)
P20 3.7 274
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Support loads are given for each support .on the pressurizer relief
Tine piping. Support load combinations were calculated in accordance with Table II

Thermal-1 refers to the normal thermal operating case, thermal-

2 refers to the PORV transient thermal condition, and thermal-3 refers to the SV

transient thermal loading.

following suppdrts exceed the load given on the support drawing.

The support load combinations considered are as follows:

v e

D1 deadweight + normal thermal +/- OBE

D2 deadweight + PORV transient therma] +/-

transient shock)?] 172

El deadweight + normal thermal +/- DBE

[(OBE)Z + (PORV

E2 dead@eight + SV transient thermal +/- SV transient shock

The results of the support 1load combinations

indicate that the
Review of these

supports to ensure acceptability falls outside of the TES work scope and 1s,
therefore, the responsibility of others.

2-GRC-R-585
2-GRC-S-609
2-GRC-S-587
2-GRC-R-589
2-GRC-R-591
2-GRC-S-594
2-GRC-S-596
2-GRC-S-598
2-GRC-S-599
2-GRC-R-600
2-GRC-R-601
2-GRC-R-605

2-GRC-R-586
2-GRC-R-607

2-GRC-S-611 -

2-GRC-R-612
2-GRC-R-614
2-GRC-S-624
2-GRC-S-626
2-GRC-S-629
2-GRC-S-630
2-GRC-S-631
2-GRC-S-632
2-GRC-R-633
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The support loads given are taken from the TMRSAP computer analysis.
The support loads given act on the support. The following explanation details
the procedure followed in extracting these support loads.

Four different methods of.mode1ing supports were used in the analysis
presented in this report. Constant force supports were modeled using a FORCE
card. Supports in a global coordinate direction were modeled using a RESTRAINT
card for deadweight, thermal and seismic analyses and were modeled with a SPRING
card for force/time history analysis. For any supports not oriented in a global
coordinate direction a FLEX card was used to represent the support, regardless
of the type of analysis being executed. Because of the varighs methods used,
sTightly different procedures are used to extract the support loads. In general,
there are two tables in the TMRSAP output which are used to obtain support loads:
the "Boundary Element Forces/Moments" table and the ‘"Pipe Forces/Moments/
Displacements/Member Global Directions" table. The former table is used for
supports modeled using FLEX or SPRING cards and the latter for supports modeled

‘Dusing a FORCE or RESTRAINT card.

In the "Boundary Element Forces/Moments" table (see Figure 6.2-1),
support loads can be extracted directly and, are given in pounds in the direction
indicated by the SPRING or FLEX card. The supports in this table are referenced
only by the "element number" and, therefore, the "Boundary Elements" table (see

Figure 6.2-2) must be used to determine which element number corresponds to which
support.

The "Pipe Forces/Moments/Displacements/Member Global Direction® -
table (see Figure 6.2-3) gives the global forces on .the x, Yy, and z directions
for each TMR node number. Note that the SAP node number is internally generated
by the program and does not correspond to the node number input. To show
equilibrium between the "j" and "i" ends of a node, the force at the "i" end® of
the node is subtracted from the force at the "j" end of the node. The only
exception to this procedure is when a RESTRAINT card is used. the RESTRAINT card
instructs the program to change the sign at the "i" end of the node and -to generate

G& reaction on the pipe at that node. Therefore, the support load is obtained by
adding the "j" and "i" forces together and then flipping the sign in order to
generate the reaction on the support, instead of the reaction on the pipe.
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The following 1list gives all of the possible combinations of analysis type,
support type and support orientation encountered on TES Project 5364 and refers
to the appropriate detailed explanation which follows.

Support
Analysis Type Support Type Orientation  Modeling Explanation

1. deadweight constant force global FORCE A
2. deadweight rigid global RESTRAINT B
3. deadweight ~ rigid skewed FLEX c
4. thermal rigid | global RESTRAINT B

5. thermal rigid skewed FLEX c -
6. seismic rigid global RESTRAINT D
@ 7. seismic rigid skewgd FLEX E
8. seismic snubber global . RESTRAINT D
9. seismic snubber skewed FLEX E
10. f/t history rigid | global SPRING F
11. f/t history rigid skewed FLEX F
| 12. f/t history snubber global SPRING: F
F

13. £/t history snubber skewed FLEX

I3

The load for a constant force support modeled with a FORCE card is
obtained by subtracting the'force at the "i" end of the appropriaté
node from the force at the "j" end in the "Pipe Forces/
Moments/Displacements/Member Global Directions" table. The resulting
sign and magnitude indicates the force on the pipe and should agree °
with the value entered on the FORCE card: To determine the Toad on the
‘p support, the sign obtained from the TMRSAP output should be flipped.
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In deadweighf and thermal analyses, rigid supports orientated in a
global coordinate direction were modeled using a RESTRAINT card. The
support load for this case is obtained by adding the x, y, or z forces
at the "i" and "j" ends of the appropriate node. The resulting sign
must then be flipped to obtain the reaction on the support, as opposed
to the reaction on the pipe.

Skewed supports médeled with FLEX cards in deadweight and thermal
analyses require a two step process in determining the support load.
The FLEX card generates a boundary element and the first step is.to
determine which boundary element number corresponds to which support.
This can be done by Tooking in the "Boundary Elements" table which lists
the boundary element number and the node at which that element is
modeled. Once the boundary element number has been determined, then
the "Boundary Element Forces/Moments" table is used to extract the
support load. The load from this table acts along the direction of the .
support as input by the analyst. This axial (relative to the support)
force can then be broken down into the appropriate global components.

An alternative method would be to follow the procedure outlined in B
above to determine the force in each appropriate component direction.

The procedure for global rigid and snubber supports in seismic analysis
is similar to procedure B. One difference is that seismic output has
no signs since it is assumed that a1l forces can act + or -. Therefore,
rather than flipping the sign of the support load obtained a +/- is
applied.

. Procedure D is followed for the X, y, and z shock directions and then

the x and y Toads are combined by the SRSS method as are the loads for
the y and z shock directions. The greater value is then Tlisted on the
support load summary sheet.
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Skewed supports in seismic are the same as skewed supports in deadweight
and thermal except that again the boundary element force extracted must
‘be considered +/-. Since no signs are carried in the TMRSAP output of
a seismic analysis, it is not recommended to use the alternative method
given under C when extracting support loads from a seismic run.

In a force/time history analysis, no RESTRAINT cards are used; FLEX
cards are used to represent skewed supports and SPRING cards are used
to represent global supports. 'Both of these techniques generate
boundary elements and therefore, the procedure is essentially the same
as that described in C above. The only difference is that the "Boundary
Element Forces/Moments" table does not 1ist a single value but rather
a table of times and forces (see Figure 6.2-4). At the end of this
' @ table, the maximum absolute positive and negative values are given.

‘ The maximum absolute value is conservatively used with a +/- applied.

|
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Figure 6.2-1
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Figure 6.2-4
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6.3 Valve Accelerations

Valve accelerations are presented in this section for the DBE seismic
condition and the SV transient shock condition. The DBE seismic accelerations
are taken directly from TR-5364-2, Rgvision 0 and are presented in this report
since the DBE event constitutes an eme;aency condition. The horizontal allowable
was taken as 3g and the vertical allowable as 2g based on the attachments to AEP
letter dated September 16, 1982 fromMr. J. L. Williams of AEP to Mr. L. B. Semprucci
of TES (Reference 14). For the seismic condition, the resultant horizontal
acceleration was compared against the 3g allowable.

The vertical acceleration values of valves SV-45A, SV-45C, NRV-151,
and NRV- 153 exceed the 2g criteria. The horizontal acceleration values of valves
NMO-151. and NMO-153, exceed the 3g criteria. However, TES was informed per

GReference 12 ‘that the NMO and NRV series valves can accept valve accelerations up
to 6g in any direction. Since it is not in the work scope of this project to
qualify the SV valves for vertical accelerations over 2g, this task is assumed to
be the responsibility of American Electric Power Service Corporation and wiTi not
be further addressed other than to report the acceleration values in Section 6.3.2.
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* HORIZONTAL ACCELERATION = J (AxT§ * (A2T§
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DONALD C. 00K BY: éﬂme:“ﬁ/ 8%
PROJECT 5364 CHECKED BY: . m& DATE: 7[/5/573'

w{LVE MACCELER;‘\TIONS
VALVE Sv-45A SV-455
NODE NUMBER ) G80 /540
" VALVE WEIGHT 485 LS L85 LB5
DIRECTION X Y z X Y z
FOREWBS) | ypeg | 906 | 621 Gi0 | 1517 | 950
ACCELERATION / &09 2'729 g /g ' 57g /. 729 / 6&g
ALLOWABLE 2 g | Zg 3 g 3 2 | 2 s 3 »
. VALVE 61/’ 466/
NODE NUMBER Jo5
VALVE WEIGHT (85 LBS
~ DIRECTION X Y Z X Y Z
FORCE (LBS) | g5 40 "'/574 /)42
~ | ACCELERATION 2994 ' 2 0/? /47
e L : ' L%
ALLOWABLE 3 2 2 g 53 }
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: %ws: L [5-83
7é543 |

" BY
CHECKED BY:

VALVE ACCELERATIONS

mn DATE:

VALVE

NMO-15]

MNMO - ;62

NODE NUMBER 20/ 255
VALVE WEIGHT o0 183 Jo0 LBS
DIRECTION X Y Z X Y Z

| FoRE 6es) | sz | 4688 | J177] 1894 549 | 20
ACCELERATION | 2 03| 1.72,| 295 2 549 ). 37| 1.7,
ALLOHABLE ez - 29 | Z | 39 | 25 | 34
VALVE NMO- 183
NODE NUMBER 27/
VALVE WEIGHT 400 Lps
DIRECTION X Y z X Y
FORCE (L8S) | 472 | 55 | 5/0
ACCELERATION |/ ;8| ) 2%,| /.28,
ALLOWABLE * | B 249 | 37 '
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BY: @96 DATE: 7-/5" 32
~ CHECKED BY: gm% DATE: 7&5/

VALVE ACCELERATIONS

VALVE MNEY - /5/ NRV- )52.

NODE NUMBER 295 249

VALVE WEIGHT 480 LBS 80 LBS

DIRECTION x | z X Y :

FORCE (18S) | Gp0 | o9z | 439 422|259 | 987 |

MCELERTION | 2 p2gl 207, /-38) [ B24| 754| 204

ALLOWABLE 37 | 2 | 351 35| 29| 34

VALVE - NAY-/53

NODE NUMBER 245

VALVE WEIGHT 480 LBS

DIRECTION X v Z X ! L
| ForcE (LBS) 45 / | 9E8 | 65

ACCELERATION ,943 2, 0_/,3 , 74\7

ALLOWABLE 39 | 25| 39
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6.4 Nozzle Loads

Forces and moments for thé four pressurizer nozzles and the quench
tank nozzles are given in this section for all loading conditions. The directions
indicated represent the load on the appropriate nozzle.
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NOZZLE LOAD SUMMARY SHEET

GLOBAL COORDINATE SYSTEM

ratd

r% DATE: 7~/ 5-83

CHECKED BY: Emﬁ DATE : 7/5«/97

& NODE NUMBER____ <
+X +7
DESIGN LOADINGS
T DISPLACEFENTS. ~ FORCES ORERTS
AT AY AL X FY | FZ W] MY [HZ
| IGHT-1: | — — | — 70 |-F50 | zo |-2580|-%220 |-G4 70
THERMAL -1 — — — | Heo| BF0| /150|539 701417701170
THERMAL-2 — | — | — | =/20] /80| —//0)| -3Z/0|2399|-27750
THERMAL-3 — | —| || 33 |-c20 |19556| 49646\ G035
SEISMIC-0BE | — | — | . — |* 3¢ |7 94 |# 50| 795 * /545|416
| Sesmic-0ee | — | — | — 758 | 0|t 85|t )829| 2599t 7123
BLOWOOWN-SV | ~— | — | — |7/2857|7/0225\|7 449479705371 7347/t 2 5444
BLOWDOWN-PORV | — | — | — | Z35/|% 117 |1 jo2|7 1569 7 2272|7 5446|
UG DISPLACEMENTS  : INCHES j
FORCES POUNDS ’
 MOMENTS INCH-POUNDS

hea 1
-
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NOZZLE LOAD SUMMARY SHEET
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onte 245153 -
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PROJECT- 5364 . CHECKED BY: D77
GLOBAL COORDINATE SYSTEM
o NODE NUMBER_____ /24
+X +Z
DESIGN LOADINGS B
. DISPLACEMENTS FORCES MOMENTS
i AKX | AY [AZ FX | FY | FZ MX ] MY [MZ
mEIGHT-l — | — | —|=00|-%Bo| © |-12%0d-/0/0 \-2569
THERMAL -1 — | — | — | =/80| <320| /o0 | — /0| -5/50|-/3550
" THERMAL-2 — | — | =™ | =220 | -200| 40| 7220|//740 |-/64/0|
THERMAL -3 — | — | — |=2%4| -85 |-/97 | /0694| /8825|-/co04|’
SEISMIC-0BE | —_ | — | — |7 59/t 8562\ 70/ f/¢245-?75075f/7¢”7é
SEISMIC-DBE | . | — — |Z/003|7 jq06\7)2/3 | 728)5/ % 2/905 728749
slowon-sv | .| — | — [L/992|7 41071968\ 7529907 20819\ 728/25
BLOWDOWN-PORV | — | — | — | Z 29| # 55| 45 (¥ )7/617 823 |7 766
U DISPLACEMENTS : INCHES ?
@ FORCES :  POUNDS
MOMENTS :  INCH-POUNDS
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NOZZLE LOAD SUMMARY SHEET
| BY:_@ DATE: 7=/5-83
CHECKED BY: 25/7748 DATE : 7/§/<73

GLOBAL COORDINATE SYSTEM

NORTH |

|

O .FORCES

i NODE NuMBER___/ 7
| +X \\\\\\\I/////;,+Z
DESIGN LOADINGS
T DISPLACEVENTS FORCES VOMENTS
AT AY [AZ FX | FY | FZ o T A
wsmm-l — | — | — O |-9/10 | — 40 |-75%0| - BOO|-20950
THERMAL-1 | — — | — | =380|—-4%0|-//0 | J6750-/07 ¢\ 7250
THERMAL-2 — | — | — | -|-270| Zo| 960 -F50| 790 .
THRAL-3 | — | — | — | 75| 2| 75| 817 355 | 2pdz|
sersmic-0se | — | — | — |7 89/\%/2/0|7 790\t 15209 Db095\7 22064
SEISMIC-DBE '. 7)542\21991\7 13007 252/8|72454 97 39/63
sLowboun-sv | __ | | — |7/855|% 9872\ 1588\ 39558\ 7214247 48/57
BLOWOWN-PRY | __ | __ | — | T 57|7 78 |2 s6 |Tyzi2 | 21081 (72519

DISPLACEMENTS : INCHES

MOMENTS

: POUNDS
¢ INCH-POUNDS
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NOZZLE LOAD SUMMARY SHEET

BY: ‘m oATE:L-/5-83
CHECKED BY:. D72 ote: 285 -

DONALD C. COOK
UNIT- #2
PROJECT 5364

GLOBAL COORDINATE SYSTEM

W . R
W NODE NuMBER___2/8
X +Z
DESIGN LOADINGS
DISPLACEMENTS FORCES VORERTS
AX | AY [AZ X FY | FZ M| M M
| _@EIG_HT-I — | — = | 40|-989| /0 |/5/60| -250|-/3760
THERMAL-1 | — — | — | =2720| -860|-579 | 2/9901-2lt77 | 24070
THERMAL -2 - | — | — 0 | —qoo| —6O| 4940 - 970|/5200
THERMAL-3 — | — | = | Zeo|-/106| 185 |-2757) &410| g655
SEISMIC-OBE | _ — T #o|* 100 |* 780 (tzzs102 14199 7906
SEISMIC-DBE | — — £ /22/2/821 \7122/ [ 221247 23445 12447
BLOWDOWN-SV | — _ L1967 2991\7 1946\ 71402|7 287 AT 40245
BLOWDOWN-PORYV | — | 5717 86 1 56 |T1725 Jogo 1 1202
LG DISPLACEMENTS  : INCHES
FORCES : POUNDS o
. MOMENTS INCH-POUNDS
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GLOBAL COORDINATE SYSTEM

| NORTH

NOZZLE LOAD SUMMARY SHEET

BY: % DATE:. 7/ 5-83
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6-100

CHECKED BY: EB/CWHS

DATE:?//é'/oa >

a NODE NUMBER___< 242
+X \\\\\\\I/////z,+z
: : " DESIGN LOADINGS'
: DISPLACEMENTS FORCES FOMENTS
AN | AY AL FX | FY | FZ MX| MY [MZ
EIGHT-1 | — |— — 30| /70| /0 | [220|H4320\|-/Z070
THERMAL -1 — — | — 70| —60\-//50\-8/270| 25800, 29370
THERMAL -2 —_ — | — 46| 420\ -/157-97290 2/4640| 26650
THERMAL -3 — | — | — | =E7| 450 |\-1027 -%885 25777 | 25429
seiswic-08e | — | — | — |7 /892|728 [ 29/ |7 15557\71292)\ 10298
SEISMIC-DBE | — | — | — | 2949|2477 7295|2239 71922715585
BLOWDOKN- SV — | — |~ [[s ’fé’ézf WA " 0856 T 20805
BLOWDOWN-PORY | __— | — | — | 45972482 ‘5o |1198)5|1 550/ 717464
&: DISPLACEMENTS : INCHES ;
) FORCES : POUNDS
MOMENTS INCH-POUNDS
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Valve Loads

Section 6.5 gives the moments on each end of all valves in the piping

system for all loading conditions. The moments reported are those acting on the
pipe at the point where the valve and pipe meet.
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VALVE END MOMENTS

CHECKED BY

“SSTELEDYNE -
ENGINEERING SERVICES

o,

BY

DATE: 7-/5 —83.
DATE: 7//5’/’9”

VALVE NUMBER 51}— 45 /2
NODE /9. . 200
_ X MY Mz X WY VA
DEADWEIGHT 2532 988 | 4553|2242 | /044 | 402/
THERMAL -1 22224 | 2773 | 4017 |-/127242| /2244 |-/4250
THERMAL-2 2172 | /696 |- 9635\ 2826 2570 |-/4207
 [HERMAL=3 [270Z | /852 |4/5648|| 9227 |-/368 |-/2535
SEISMIC OBE | 85722 £ 3475 X /7772077 |2 129/ 1t 85T .
SEISMIC DBE 1|7 /9575 | (280 |t 2978\ X2497|7 2/48|* /4684
- BLOWDOWN PORV ||+ 859 |# 285 | 5977 /7 |7 720 |7 854
BLOWONN SV W7 /5441 [ T5475 [T 144]7/8%22|7 8701 |T52593
VALVE NUMBER _ Sy~ 455 |
NODE T /152 /5%
WX MY Wz M MY M
DEAGHETGHT 2963 | 1243 | 59 || /2948| /588 | 5/
THERMAL-1 — 0572 | 1225 | /46463\|-//551 | 7505.| 457
THERMAL-2 2055 |- 423 |-/573|-2/99 | ~544|-94628 |
THERMAL-3 5055 | —/920 |-765)| Zogg|-24% |- 7054
SEISMIC 0BE  ||Z B7pz X 2713 [T/203/| 492717 J06 |T 0495
SEISMIC DBE  ||Z ©504 [t (422 (1208/4\|L 11960 | T 1807 £ 10755
BLOWDOWN PRV || £ 375 | % /9¢ |+ /9 | S72 | 2857 460
BLOWDONN SV |7 /2929 |T 4024 |7 9469NT 432/61F Bloy21E2//43

" UNITS: INCH-POUNDS
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VALVE END MOMENTS

Donald C. Cook
Unit #2
Project 5364

“5™TELEDYNE o
ENGINEERING SERVICES

BY: M DATE:7-/5-83

CHECKED BY:_ D72 DATE:7/5/003_

VALVE NUMBER Sy-45C
.NODE /03, /07 .
WX MY MZ MX MY Wz
DEADWEIGHT /798 819 |-2676|| 7708 1492 |-/1083¢
THERMAL -1 5555 299 | 9505\ —620| 2946 9948
THERMAL-2 —8372 |-/072] | /8035|| —F908|-86/2 | /6/82
THERMAL-3 — /(6776 |-14223 | 2/464\||—/4056|-/3227| /BIZ0
SEISMIC OBE |17 G842 |7 29/9 |2 772047 704/ | 746 |2 4/54
PEISNIC DBE (|7 /7/2/ |Z 5077 |2/2274|Z 1/1679|Z /1244|F 588/
BLOWDOKN PORV || 7 70 | )30 |Z 564 || 750 |7 557 |2 704
BLOWOWN SV |7 /4,794 [£ 5657 779111 [T 370907 2/224|F 45449
. VALVE NUMBER
NODE
MX MY WZ X MY MZ
DEADWEIGHT _
"[THERMAL-1
THERMAL -2
THERMAL-3

~ PEISMIC OBE .

SEISMIC DBE

BLOWDOWN PORY

BLOWDOWN SV

. UNITS: INCH-POUNDS
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VALVE END MOMENTS
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gonalg C. Cook BY: % DATE: 7-/5-83
it
Prr]':)jectg. 5364 CHECKED BY: /72 DATE:'/'(/{@_
VALVE NUMBER VAV - /57
NODE 292 29 ¢
M MY Wz WX Y Wz
DEADWEIGHT /205 | /328 | 6922\ /460 | /690 | 694
_[THERMAL-1 w579\ 174/ |-¢ /63| 6275|-2570 |-565 &
THERMAL-2 4729 2/3 |-2379 | 4594 |-/05¢6 | —-2044
THERMAL-3 9754 | - 792 |- 795|| Ze88 | —7¢04 |— 630
SEISMIC OB || 7008 |% L/142(|T /19832 794|278/ L 615/
SEISMIC DBE (|7 ///44 | £ @772 |t 2029\ /26447 /24337 9824
BLOWDOWN PORY |\ 7 2574, |7 //29 L 767( | T7647 |t 266 /|2 /2478
LowooN SV {2 /2527 |Z 5119 1 )1963||T j47/21Z 10942]% 194 70
VALVE NUMBER ___ /UM O- /)
NODE 298 20z
TR MY Wz WX Y Wz
DEADWE IGHT 2267 | _Zo84 | ZB8/[/7 || 4660|2425 |- Z677
"+ [THERMAL-1 o144l | 7964 \-5077 \| 54/ \-//682|- 758/
THERMAL-2 429 | 258/ | - 62| 4307|-2862|- /1224
THERMAL-3 26/2 — 732|\—A441|| 2546~ 704 | —Z50
SEISMIC 0BE || 82/F |2 ¢294 | 2424747 11259\ 2878|+ 2495/
SEISMIC DBE 7 /3090 | /002 [T 7504 \|Z/8076\7 £6/7/ |1 7087
BLOWDOWN PORV || * BB 7 . 1T 502/ [T /109207 4703|5603 Z £7/3
. BLOWDOWN SV T /2997 |L17228|% 18654112560\ /6037 F24¢

UNITS: INCH-POUNDS

- .
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@ VALVE END MOMENTS :
" Donald C. Cook | . BY: DATE: 7~ /5-53
Unit #2 /
~ Project 5364 CHECKED BY: /77D _ DATE: _Z/5/#3

VALVE NUMBER NFEV - /52

. NODE - B46. 350
M MY Wz WX Y Wz
[PEADWETGHT BO7 | —z75 | /382||-2482| -287 | 54
THERMAL-1 /080 | 8888 | 4243\ /0447 /662 | 2988 |
THERMAL-2 (56252 | /200 | Foo7 || /Z20oF — 037 7897
THERMAL-3 /2206 | 2944 B247| F28/(|-4Z256| 7/2¢6

SEISMIC 0BE || % 3/00 |+ #/96 £ 516 |t 42297 52407 7278
SEISMIC OBE || 575 | £ 73/2 |7 8715\ 7 7257 | % F/e0\t/255/
BLOWDOWN PORV #7740 |1 /0T |+ 4492\ 2 5822 12329 | 17246
“ BLOWOUN 'SV~ {I* 54 /0 |7 5958 T 3866 \L2/64615 4/7012 /0607 |

VALVE NUMBER /U0 - /52

NODE \ B52 =T -

WX MY Wz WX MY MZ -

DEADWEIGHT —-2004 | 54906\ -/57 | =05/ -0 /09
THERMAL -1 GE7TS | =4/ 66 | 035\ BID4|-8222 2285
THERMAL -2 BB829 \-4264 | 4637/ || &£/33|-6574| 52846
THERMAL-3 5/08 | -CO06S | 544/ Z/40 | —73267| 4245

SEISMIC 0BE || z7/2 T 3372 |T7224\| 187282 £ 1528 £ 9/70
SEISMIC DBE || 7 4252 |1 5827 |2/249A 7 65/5 | 22524 | 2 /5906
BLOWDOWN PORV || Z /0J 8P |1 55504 |Z 5900\ Z /F9980F 0371 | E /7S
BLovooun sV 1|7 Jg 254 /4015 |2 /447AE 6680L/2024E 5 22¢

UNITS: INCH-POUNDS

N
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BY:4£§§Z%Qf§__
md

CHECKED BY:

DATE: 7=/5-83
DATE: /5173

' VALVE ;\lUMBER SUAV- (5D

NODE 22 Zb6

MX . MY Wz WX MY Wz |
DEADWEIGHT 2490 | =224 |-2952| 5265| -4/ | -8320|
THERMAL-1 = G400 | -7895 | -B/4o\\-/0/5/ | -0Z228 | -6280
THERMAL-2 /198 | —28/8 | - 996 \| Za0Z\-Z637 | -2788
THERMAL-3 Qo7 | — /424 | 4997 \| L0675 | 528 | /034
SEISMIC 0BE || 7 §/49 | 770 |t 4255\ 4528 |2 2963|Z 4957 .
SEISMIC DBE || # /2540 |7 /22/ \Z6Z8||t 7296 | L 4429 L 8/Z0
BLONDOWN PORV |\ # 2572 |* /29, | T 7/2( (| 24528 * 1744\|2/2676
BLOWDOWN SV ||7" 357/ |7 /978 |7 7883 It 94052 2/48 |2 62/
VALVE NUMBER __ /MO~ /525

NUDE 268 . 272

WX MY Wz WX Y WZ
DEADWEIGHT /007 /80 | S84 /70 | Ze0 | —Z340
THERMAL-1 /1065 | —4200 | 4020\ -//800| ~-Z546| -2/76
THERMAL -2 298/ |—/202 |-5407|| S8 —42 |- 7363 |
THERMAL-3 /2624 | 588 |-2786)\| J9/7( | /438| ~7475"
SEISMIC 0BE || 2722 |7 L4702 2/87 % 75/5|26/647|229/0 |
SEISMIC DBE 1 5692 T 94605 £ 2625|21//152 |7 9/50| T d402
BLOWDOWN -PORY ||Z 595 7 | £ 2541 |2 //29 A * 478/ 72/73| T /2/04
LOWDOWN SV T 7894 144986 |1 L526\T2400 \Tg274 \7228//

UNITS: INCH-POUNDS
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@i.o INTRODUCTION

American Electric Power Service Corporation (AEPSC), purchase order number
02676-820-1N, authorized Teledyne Engineering Services (TES) to amalyze the
Pressurizer Safety/Relief Valve Discharge Piping per NRC NUREG-0737, Item II. D.1
for the Donald C. Cook Nuclear Power Plant, Unit #2.

This activity was performed in~§6cordance with the TES Quality 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 Ulap (AEPSC)
to Mr. P. D. Harrison (TES) dated March 15, 1983 (References 1 and 11) and in TES
letter 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 MOD1l 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
so large that the computer models, for both RELAP and TMRSAP, strained the limits
of the programs. This condition necessitated multiple RELAP runs in order to
execute the thermal fluid transient analysis for the appropriate length of time.

w 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
Discharée 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: . A
1) Valve accelerations due to the SV transient shock condition for valves

SV-45A and SV-45C exceed the vertical allowable of 2g's (Reference

14). The accelerations exceed the allowable by less than lg 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.

‘a 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.

2-GRC-R-585 2-GRC-R-605
2-GRC-R-586 2-GRC-S-609
2-GRC-S-587 2-GRC-S-611
2-GRC-R~589 2-GRC-S-624
2-GRC-R-591 2-GRC-S-626
2-GRC-S-596 : 2-GRC-S5-629
2-GRC-S~598 2-GRC-S-630
2-GRC-S-599 2-GRC-S-631
2-GRC-R-600 2-GRC-S-632
2-GRC-R-601 2-GRC-R-633
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This report documents that the safety/relief valve discharge piping for
Unit 2 is acceptable for emergency conditions assuming drained loop seals. TES
Technical Report TR-5364-2, 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 Technical Report TR-5364-2, Revision 0
(Reference 2), it also leaves the valve seats unprotected and, therefore,
suséeptib]e 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-5364-2.
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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 quench
tank. This information is depicted on TES drawing E-5761, Revision 2, generated

- from AEP drawings 2-GRC-22, sheets 1 and 2; 2-GRC-23, sheets 1, 2 and 3; 2-GRC-24;
2-GRC-25; 2-5435426; 2-GRC-27; 2-5435-8; 2-RC-22, sheets 1 and 2; 2-RC-23, sheets
1, 2, and 3; 2-RC-24; 2-RC-25; 2-RC-26; .and 2-RC-27.

The "Discharge“ piping constitutes a very large system resulting in a large
computer m&de]. 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.

Modification of this complex system, to attempt to secure satisfactory

"Safety Va]vejDischérge" results, is limited to draining the SV :loop seals.

Heating the loop seals is not a viable "fix" because of the size of the loops.

These long 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.
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04.0 THERMAL FLUIDS ANALYSIS

4.1 Introduction

The following thermodynamic fluid analysis determines the fluid forces
which act on the pressurizer safety valve discharge piping of the American Electric
Power Service Corporation (AEPSC) Donald C. Cook Nuclear Power Plant, Unit 2.
These forces are generated by the sudden opening of the pressurizer safety valves
duriné 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 issued NUREG 0578 and NUREG 0737, which
required that each utility determine the effect of safety/ relief valve operation
upon the valve and the discharge piping. An elaborate program involving both

'B testing and analysis was established under the general management of the Electric
Power Research Institute (EPRI). The EPRI 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; RELAPS5 MOD1 was
chosen. RELAP5 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 1is to prevent the safety valve from leaking, this fis
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 drawback. When the safety valve opens, the loop seal is shot through

0 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 Tloop
seals could result in loads of over 300,000 1bs.

As explained in TR-5364-1, TES also performed 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
sdmewhat, however, a significant reduction was not obtained. It was then suggested
that the loop seal should be drained so that when the safety valves operated,
they would discharge steam only.

This report presents thé analysis for the steam discharge that was
performed for the Unit 2 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 seal$ provides a significant

G force reduction. |,

] In this analysis, as before, TES has used RELAP5 MOD1 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 RELAPS MOD1 is
identified by the following computer job control Tlanguage at Control 'Data
Corporation:

BEGIN, RELAPS5, RS5M2, 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

‘D histories. Finally, one force-time history for each segment of axial, unbalanced ’

loads is analyzed structurally.
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4.2 RELAP Model

4.2.1 The D.C. Cook pressurizer 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):

gafegy Valves
Pressure Time History (in the pressurizer)

2750 ; ‘ 2745 2748 ——0~—c2750
— 7787 2750
740
2700 ////)3 2700
‘D 2667
2650
Pressure
(PSI)
2600 | /////@ 2600
2550 J /////02555
© 2514

1.0

2500 0.5 ' T35 PRY

Time (Sec)

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

Q (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 all safety and power operated
relief valves to the quench tank. This discharge piping included the following
pipe sizes:

3 inch, 12 inch SCH 40
@ 4 inch, 6 inch SCH 40S

4 inch SCH 120

3 inch, 6 inch SCH 160

Friction factors for long and short radius elbows and reducers
were taken from technical paper #4310 by Crane (Reference 4). Calculations of
these frictional losses are included in Appendix A. The discharge piping is
defined in segments of straight 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. 110E272 (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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¥ RAT  oavel-1¥-83 DOMJALD C. COCK sueerno._Z____or G
Qo. BY_CIWIDATE 3-//-83 |\WUCLEAKR GEN. sTATICN UNITS 4&2- PROJ. NO. A3 54
e |#ELAPS  QUENCH TAMNK MODELING | — -~

RELAPS MODEL OF THE QUENCH TAMK

EMARKS < o
1. QUENCH TANK. WS MODELED AS “A SERIES OF 'PIPE COMPOMNENTS®
WITH APPROPRIATE FLOW AFREAS AND LOss COEFFICIENTS

L]

A. WATER LEVEL INTHE QUENCH TANK. IS AT THE SAME HEIGHT
AS THE wWATER LEVEL INTHE SPARGER

2. THE SECTICN 6F THE SPARGER WITH DISCHARGE HOLES LJIrs MPLIELED:
AS A PIPE VITH ITS LENGTH EQUAL TOTHE LEN&GT?H OF THE SPAKGEK
‘B W ITH THE TOTAL MNUNBER OF HOLE AREAS ZGUAL TO FLOW AREA OF

THE SPARGER (KeF. DETAIL DRW'A")

i RUPTURE DiscsS WERE MODELED AS A TRIP VALVE WHICH OPENS
AT THE BURST PRESSURE CF 400 ,w‘g.

L VACUUM BREAKER HOLE WwITH DIA. = 0.25- D.3/°% AND LOZATED
/4 INCHES FROM THE TCP CF THE QUENCH TAMNK WAS IGRORED IV THE

MODELING. .

V= NOMINAL INTERWAL VOLUME OF THE TAUK = 1800 17 (w.H. Dr 110 £272)
ZATED 1-1-873.)

TAMY /S E2% Full. oF WATER., . . (FEF. TELECO LBS WITH SAy ulAL

V, = WATER VOLUME INTHE GUENCH TANK= 14%6 M3

0 Vo = AIR VOLUME IN THE QUENCH TANK = 324 A3

FIGURE 4,2.1-2
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) SAT _ oarel-1%-83 [ DoNALD C. COOR ' 'SHEET No._3_oF_&
o. 8y CA/HoaTe 3183 | YUCLEAK GEN. STATION UNITS 142 PROJ. NO. 5364
+ cvmeree i m e LHELAPS  QUENCH TANK MPDEZING] . '

IF QUENCH TANK 1S A CYLINDER WITH D=114 X INSIDE 2.
7/-/EA/ LENGTH L= VY

v —

¥ =, @

- oy

N \ \ l/ o
195)"
| \D=9.5" WArn’ (-2—)1

w"”"*' L= 25.3943 4

* Q H- HEIGHT OF THE WATER LEVEL FRCM 3OTTCA OF THE TANK

. : mmﬂn
TS

AﬁE/{’/)-_. (& _\g{(;”a) - &M—(d)

\WHERE: & L IN RADIANS

L

H X ; IN DEGREES
_ _AWVOLUME _ _ . _ z2y
AREA (1) = HEIGHT OF CYL... "= ‘95.3%43
AREA({) = 12.9588 H*
SUBSTITUTING INTO EQAM(L)
12,9588 = £2:3625_ (K~ Lin )
)-G _ 13. 1310 = a—&'mx
BY TRIAL AND ERKOR :

o 2 44_é.5°
FIGURE 4.2.1-3
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AL oaved-/2-83 LOMNALD C. COCK sHeerNno._ 4 ___oF_&

cHKo. BY CAM 4 paTE3-2/-83 |MUCLEAR GEMN. STATICA UVMITSH $2 PROJ. NO. 5364

RELAPS  UENCH TANK MODELING

4

3 M VEArtm BN Bt Mo s B ¢ 1% wives g8

care - e

h= R Coy &
2

h= 4.95Cu 1165
h= 2.4995

Tt msmems e

‘H= h+# = 4.75+2. 4945

H & @Y™ = L25 M+ HyewHr OF WATER SURFACE FROM THE SCTTOM
OF THE QUENCH TANK.

@ D-H = 2%~ 225t FROM THE TOP OF THE GUENCH TANE To THE
| WATER SURFACE:

TriM WA'{'&‘R SURFACE To THE czs'mzw OF THE. HORIZANTAL w.f:c:7'/o,u

UE THE SPARGER & 688 = S 666F ¢+
HEIGHT OF WATER LEVEL [N QUENCH TANK  HODEL MUSTBE ALSO =5, éoé?ui
VOLUME OF WATER 1) GUENCH TANK= 14%6 {3
SUKFACE AREA BETWEEA) WATER AMD AIR - % = F60.4%Ch (/z

VOLUME' OF AIR 1N QUENCH TANK= 324 413 e amemn e
. HEIGHT OF AR VOLUME W) RELAP MODEL = 24—« /.zl/sq Jf

-

FIGURE 4.2.1-4

Co m ——r——

—————
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PROJ. NO. 3:3b4

KELAPS® QRUENCH TAMNK MOLELING

FIGURE 4.2.1-5 | ' AR,

SPARGER AMODELIN G

[ 3

" Tor OF Y VENCH TAVK

WATER LEVEL 2]
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|
N
. 3
P
N sy
N i
* \\ gl x §
~ Wi
NN N %
N
NN KA
\\\\‘\\ 1 I3f.77"u -~} ol
NN 127 SCH 40 '
T NS N T SO DN MR N SO N R R
M - », 0 C) Wl - . -
\:\.\x\ \\\\‘J NN \‘\_:\ N, S \_:\ \‘\ \' Y l‘\\\\ 5
HOr7rAMl CF

YULRCH TAVK

AREA OF EACH HOLE ON SPARGER SIOE =0.1965 in*= 0.00l4 {7
TOTAL FLOW AREE CF ALL THE SIDE HOLES = 1054x 0.0014 = 1.4368 H*
FLOw AREA OF 178 Sci4o PIPE= D.XFYS

¢ e mme 3 ave

ALL THE HOLES ARE DISTRIBUTED EVENLY: @ 183 W 1£0)6TH FROM
THE TIP OF THE SHARGER

AREA RATIOS = 2 F%73  _ 054t REPRESENTS THE SECTION OF
l.4368 THE SPARGER WHICH INCLUDES ALL
THE HOLES W ITH THE TCTAL AKEAS

EEUAL TO THE FLOW AREA OF THE X *Scrto
PIPE,

41— 0.544 = 459

183 x 0. 459 = 83.99TF & 84.0™ = F ft THE LEMNGTH WHICH MUST BE
. EXCLUDED FWOMTHE TIP
TCTAL u:-,u.nw oF HOMIZAWTAL SECTION = 215. T (KeF DWW W Page4)
THIS LEMGTH /W) RELAP MODEL = Z/5. F¥~Gl = (31 1F x 11 s
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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 vo]umesmper bounded segment

" when modeling valve discharge piping for RELAP5, while avoiding significant

control volume length differences to preserve pressure wave shapes. The ten

control volume criteria recommended by ITI was adhered to by TES in all cases,

except in piping arcs and in segments less than three feet in length. The D.C.

Cook discharge piping is modeled using as few as one control volume per segment

(pipe segments with lengths less than 0.5 feet) and up to thirty-two control
volumes per segment.

Arc modeling for Unit 2 is represented in Figure 4.3.1. A1l arcs for

‘Unit 2 were modeled in RELAP as having no fluid losses. Essentially, RELAP
calculates 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 2
model were: ‘

Pipe Size Average C.V. Length

S PO W

12

inch SCH 160
inch SCH 160
inch SCH 40S
inch SCH 40S
inch SCH 40

3 inch SCH 40

inch SCH 120

0.5264 feet
0.5019 feet
0.5056 feet
0.8871 feet
0.8526 feet
0.4744 feet
0.4471 feet

The schematic of the discharge system modeled in RELAP for the SV
‘Um‘t 2 model 1is represented in Figure 4.7.1.
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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. 110E272
(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 40 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.
Figure 4.2.1 represent§ the D.C. Cook Unit 1 and 2 Quench Tanks. Pressure in the
air volume of the quench tank never exceeded 30 psia during the Unit 2 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 Flow2 " Max Ratingl  Actual
Rate Calculated For Steam Bore Area Opening
Valve Type LBM/HR @ 3% Accum. (IN2) ‘ Time (Sec)
Crosb 452,393 435,000 3.6 in2 0.010
Safety Relief (Ref. 15)

Valve

.@1 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 proviged 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. A11 calculations are included as Figure 4.4.1.

Wr = 51.5 AP Napier's Eq.
ASME rated f'Iow |
W = 51.5A (1.03P + 14.7)(.9)(.966)C  (Ref. 8)
@ where:

Wy = theoretical flow
WR = 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

¢ = 1.0771 calculated on Figure 4.4.1-2 following.
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FIGURE 4.4.1-1

AEF: 1 ASME S M.B-Y731.1 ¢ MB-%9342  (1980)
2.CHOSBY 6ME MODEL: HB-BR 66 VALVE DRAWING Mp: H-51683 KA

3. WESTINGHOUSE REPORT WCAP-40105
‘REVIEW OF PRESSUKIZER SAFETY VALVE PERFOR MANCE AS
OBSEKVEYD IN THE EPRI SAFETY AND RELIEF VALVE TEST
PROGRAM "

4 7Es TELECOA) WITH MR DAVE TIEBAULT FROM cfossy DATED 2-4-83 '~

CROSBY GME VALVE PROPERTIES

MANUFACTURER  : CROSBY VALVE £ GAGe CO.
TYPE . :SPRING LOADED SAFETY VALVE
IDOEL A : HB-~BP- 86 emé

AAWING No. P H-51688 REV. A

BORE AREA (4) : B.644 ©n*

DESIG) SET AHESS. (Pygy) 2 24 85 /054'3
DISCHARGE cork: (1) = O, 964

v

CALCULATION OF MAX. FLOW FATE (wy)_

THE FOLL OW//JG ASSUMPTIONS AND COMSIDERATIONS ARE MADE
IN DETERHINING CJp TOL RELAPS MODEL .

1. W THE FOLLOWING CALCULATIONS A COMSTANT SET PRESSURE 1S
USED TO CALCULATE A FLOW ARFA FOX THE KELAPS MODEL ANMD
DO:S NOT NECESSARILY REPKESEAT PRESSURIZER IWPUT CONOITIONS

L TIERE ARE  VARIOUS EQUATIONS AND ExPrRIMENTAL
KESULTS Y/IELDING DIFFERENT FiOw RATES. ALL OF THESE AFE
PRESENTED IN-THE PROCEDING FAGE. A FLOW KATE WAS SELECTED
SUCH THAT 17 LJOULD BE COLISER VATIVE. |F COMPANKED WITH TEST
e DATA BUT 1T WOULD STILL BE AEALISTIC.
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FIGURE 4.4.1-2

VARIOUS FLOW RATES TOR M6 CROSBY VALVE FROM DIFFERENT SOURCE

1. FLOW FATE BY USING EGQMN. W= 51.5x Az (1.03R~+14.7) Kp
) A4 .

WHERE — Ag= 3 64k in
Ber= 485 pig
Kp= 0966 '
_ W), =46t Yk S

2. FLOW RATE BY USING EQU, w,), = 54-5x Ag (1.03 By +44. 2D Ky (29)
6‘Ac7ox’: O.9 TAKES INTO ACCOUNT MAMUFRACTURING TOLE RANCES

(Asme. . ELow vaTE From owb FQu) _tvg )= 420006 Ny,

3. FLow RATE BY USING EQN. vy ) = 51.5xA¢(1.03 8 +14.7) (0. 9) o .

HERE Ky =10

(THIS 1S THE VALUE PRESENTED OV 6M6 DRWE. (Rer2) _%)=4/34¢88 1%/
AS  wy, ~ 435000 lithe) =3

4. FLOW PATE S8Y USING EQN. )= 51.5 x Ag (1.03 Pogrt 143 ) C x K
(THIS 1s THE WNEW ASME £QM.  WITHOUT MANVUFACTURING TOLERANCES ) |

e~ 071906 Rrr — {000 . )
O-2292 Pspr—-1064 C= LO¥H

_cg,_)l, =302 659 lb/hy

5. FLOW FATE BY USING EQN ) =54.5A4(1.038e,+14.2)C 42 0.9 .
C= {.0%911 :

( FACTON OF 0.9 MWCLUDES MANUFACTURING TOLERAMEE.) w
: : %

) _ MAXIMUM TESTED FLOW KATE (REF.3) ’

wy L8 444 000 b
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;'-014

CHKD. BY CMU OATE2200-Bd |51 405 MPDEL FLOW AREA CALCOLATICHS | FRO% NO-=22

FIGURE 4.4.1-3

W) _RELAPS MODEL Fok _THE 6M6  CROSBY VAIVE wy ) = 4573951y,

WAS (JSED  BASED 0K ASSUMPTION 2 AT PAGE 1.

USING THE COMPUIER RN _BATCDADL

VALVE FULL OPEN AREA IN THE KUK BALCDA® =0 0237 f*
FLow) RATE @ B0% OPENING = 122.99 b feec
@ FLOW RATE @ 90 % OPENING = 138.01 lb/cec

FELAPS FLOowW AREA WHICH DELIVERS wy=175.66 Ib/sec
/1S CALCULATED BY /MNTERPOLATION '

A  _125.64 — 422. 99
FLow [0.61— O e e (0 0z32)

Aryow = 0O1BYE ™

‘D . CHOSBY 6Mé RELAPS MPDEL FLOW AREA = RO/I897 H?
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FIGURE 3-5
STEAM DISCHARGE CYCLE (STABLE)
500+ CROSBY 6M6
4-22

500+ '
400 /

1‘

|
300-
2004 it .

—&xcecrr !
L REVIEN 0F PEESSURIZER
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4.5 RELAP Plots

The following plots represent RELAP mass flows, pressures and
qualities at various poinis 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 RELAﬁ). 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 t{mé histories 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 2 has 67 pipe segments and correspondingly 67 force
time histories.
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4.7 RELAP Input

Included here is the RELAPS MOD1 1npu% Tisting for the transient steam
case.

I L ]

Tﬁe SV model has:

- 387 volumes
- 386 junctions

Heat structures were not included in the RELAP model because of the
program capacity. Including heat structures would have further reduced the number
of available control volumes. This is a conservative assumption, ITI (Reference 6)
showed higher loads were computed without heat structures.



RELAﬁJi/OV& . REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a

«

LISTING OF' INPUT DATA FOR CASE 1

PAGEe 1

»

1T SAEP UNETZ ™1 LINE™ 'RELAPS
w.2...% AEP D,C. COOK UNIT2 20 it
37 " DISCHRAGE PIPING ePo
e Yo £ THIS IS THE NUMBERING SYSTEM FOR UNIT2S/ RELAP MODEL e eresm———— o
5 *"WHERE COMPONENTS NUMBERED "IN FHE: hws
I * 100’S_ARE _VALVE SV-45C AND_ARC 1 LEVEL 669/-2" oo
TR TS 2007S”ARE"VALVE SV-458"AND ARC 2 "LEVEL " 6707-10% ] S LB
e B e 3007S ARE VALVE SV-45A ARN ARC 3 LEVEL 672'-67 ¥ o
9 * 40078 ARE"PORV NRV-181 AND "ARC VAW =
10 b 500’S ARE_PORV NRV-153 AND ARC "B® O
11 ¥ 6007S" ARE"PORV "NRV-152 AND ARC "%C¥ °
12 * 700’S_ARE 6" DISCHARGE PIPING : &
i3 ¥ 80075 ARE "12% DISCH.
L ..900’S QUENCH TANK PORTION -
i5 * 998" ATMOSPHERE
16 . 100 NEW TRANSNT -
i7 101 RUN" )
.18 102 BRITISH BRITISH F—
19 104 "NOACTION
20 * R «rn s 8
2{ A EEERR R R AR s s RSN RETERANE
22 * TIME STEP CONTROL
23 tt:ttttttt:tttt8ttttttttttttt8ttttttt T 'S
24 i £ 1
T8 TG U800 0T 21644 250 =
26 * Brereane vannn
27 EXEERE R TR EEERAEL AT IR AR RER RS SRR EXER
SR 2 N, v v JINOR EDITS
29 (2223323232232 233323333 EIEEITEEITIEL
e 30,2
31 *
33 3091 MELOWU 105000000 )
.34 302 MFLOWJ 205000000 =
3577503 MFLOWJ 305600000 : ()
e « 38,304 MFLOWJ 700010000 . . I
37 305" MFLOWJ ™ "871140000 . =
e 38.........., 308 MFLOWJ 811790000 - o
357" 507 MELOWY 307060600 Om.
.. 80308 MFLOWJ 207000000 Zg
41 309" HFLoWu 107000000 - m<
e G2 310 MELOWU  BO0000000 | . eoooseosreomomsesssssssesssmseesss eeesesssessssesssssosesssess s s e 8534118888 8L AR AR AR08 SRR SRS 10 808 glz
43 *
44311 QUALS 102020000 - M
45 3127QUALS 7202020000 -
..48 313 QUALS.____:!O%OZOOOO o e )"
47 3147 QUALS "™ 104260000 -22-
.48 315 QUALS 204200000 BY . KIG. . DAL: L2t e n-
497316 QUALS ""304200000 CHKD. BY (A4 DATE b-27-83 I
oo 99,317 QUALS 811140000 , . T — T
59§ 318" QUALS 811790000
e D2 ......319  QUALS 106010000 e S
637777320 "al)als 106390009 0
.54 321 _QUALS_ 208010000 -
S -] 322" QUALS""208330000 . tn
.38,....323 QUALS 306010000 =

Cort

:
F




-

RCL 1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a PAGE@ 3
115 2020 811680000, 811630000, 811700000,811710000, 811720000 ‘
w116 2121 811730000,811740000,811750000,811760000,811770000 .
14777720227 811780000 811796000, 811660000, 811810000, 8 11820000
118 2023 811830000,811840000,8 11850000, 811860000, 811870000 N s sererers st v .
149™° 2024 811880000, 811890000, 811900000,811910000, 811920000
120 2025 811930000,811940000,811950000,811960000, 811970000 e e——————————————————————. s ———————- - S
T1217772026™ 811980000, 8 11996600, 8130 10000, 8 13020000, § 13630000 <70
122 2027 813040000, 813050000, 813060000, 813070000, 8 13080000 a3
123 2028 813090000, 813100000, 813110000, 813120000, 813130000 - - OV 2
, 124 . 2029 _  813140000,813150000,813160000,813170000,813180000 - S50
" 125 77 2030 813190000, 813200600, 8 13210000, 813226000, 8 13230000 . . g g
w128 2031 813240000,813250000, 813260000, 813270000, 8 13280000 . Poe o
" 1277 " 2032 813290000, 8 13300000, 961010000, 801020000, §63010000 - -y
L. 128 2033 903020000, 903030000, 803040000, 903050000, 803080000 g
"'128 2034 903070000, 963080000 3
e 130 # ot
1317 %
e 132 . -, . o
133 * *
134 * e < k% n x ses sees seee Tt SovsERERS SRARASOS RS SRERSERST £ SRR FAARLRS neses st 8 SuasEAE e s o - - —_— -
i35 : s .
.18 b daodivdohdedui dabibihddaiiisidoriodidisinbvidsied e eraearmrmsemeene warvaeaonren ~yesens saneens . P,
137 TRIPS *
_"138 xtttttstttttt:t*txt**ttttt**tt:ttt
138 *
e 140 S01 P 907010000 GT NULL O 114.7 L *QUENCH TANK BLOW OUT PATCH Y £
. 141 03 T TIME "0 GE NULL™6 0.0 L # T VALVE OPEN H —
142 504 TIME O GE NULL O 5.0 L * VALVE CLOSED =
143 600 504
S | L. S
145 EELEXLILLEAEELEELL AL L LR XXX EXENEREEEX XL XL LR EERESE
e . 186 * bbb bbb irbibiibirbidiid *
T 147 * " HYORODYNAMI G COMPONENTS ™ # . *
148 * EREETLLLLITLLLEEALALSKEAELE sres ot ee T tauer i semreres serese oa atar SESY I ApHERERE StheY SeE S RSE neT ¥ G ts010s « nresaeness sesees eeoree soas w s e -
A9 T AT AR RN S R R SRR A AT AR RS RRF AP S E TR SRR R FRRNEN " .
. . 150 . * -
1517 7% ; Q@
........... 152 * -
153 FEXEEE XL I FEEALXLX LR L RELERE R LR LR EE XK R
154 * SAFETY VALVES DISCHARGE SECTION x . m—
155 EXRERRRRRRRARE LSRR R AR FRAEAREX KRR R ERTFERRE R . zm
158 b . N
S 17 A iJ
... 198  ereeireeares eroemares eersseniesees sereres wEiSe Seesbemsmse e <seerrestarmssmaeg e sersaeiee SERREISE S2020SE Rt
7™ 189 23 ::3:::::::::::::txz:tttt:::::t:t::::::zt::tt:t::t:::xszs:x:::* - . m-<
. ...160 =  SAFETY VALVE-45C_ DISCHARGING AT ELEV., €69/-2" ARC 1  * m=2
1681 ttttttttttttttttttt!xt*3:!3t:tt#:ttttttt:#tltttt#ttttttttttt*tt* . mm
162 x o
TTi83 TR T - -
w184 xerrrzssssrxssssses ')
"1657"E PRESSURIZER™H17¢
N <) EXREXEIXEEIEREERE L ¢ )}
167 P> m
..168_ ..1000000: "PRESS1" TMDPVOL . T -era ka1 Rt R4 4R BR84SR AR T Al -
p[:1:) 1000101~ 0.0 20.6 soo'o """ 0.070.0770.0 0.00005 0.0 11 S .
e w170 01000200 2° e eoeeeeomeeeeseet s s 1 4 PSR R R EESRRRRRRSES 433 P51 T S . -
171000204 70.0772860.0 1 070 1 28147071.0 7 0.8772556.0 1.0 0.5 2800.0 1.0 . O
172 © 1000202 0.7 2687.0 1.0 0.8 2700.0 1.0 1.1 _2740.0 1.0 1.3 2745.0 1.0 . m-
: . ) . Ui







RELI@H/OM REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a .

57 324 QUALS 306250000 -
.58 ....325 QUALS 903030000
69 3267 "QUALS 903180000
60 *
B17TER T 53626000 ) AL
.. 62 328_P 202020000 « Z-g
63 32977 302020000 nwws
64 330 _P_ . 104200000 o e e . e e G
6577331 P 204200000 ST+8
68 332 _P__ 304200000 . . I — D
87 T3337p 811140000 . © 5
SO BB D B TO0000 e m—AERESSRSRRR SRR S ST AR5 3851 1RSSBS SAEVETERE SRS - - )
€5 " V338 7P 166010000 : 3
70, .33 P ...106330000 - -
71 3377p 206010000 . . o
.72 338 P . ....206330000 VSO —
73 338 P 306010000
74 340 P . 306250000 . eeveen —esrsseseracs see s asssresses ssassenns
75 31 p 803020000
78 342 P 903030000 s s s . - rervees v e e
77 343" 'p 803180000
78 % e ———————————s———e L esesre st es smee e se 3RS A543 ERRR R RRRY S SRERTARS ek 218 1 A, restane 24 neesen e s
79 * :
.89 hd -
81 ¥ _
.82 * : .'>
83 x z
84 tttttttt#tttttttt!txttttttttttttttttttt****ttt##t N . yiact o
DR 1) %
.88 . FP.BPE.....9&5!!§.....E.9.8....“R§EIPE b R rnene s
87 % x%
. 88 1232213233323 F33 3332323323323 232333224
89 ¥
.90 * e soas o s soverarases
91 ¥
...92 * e e s )
93 ¥ . <4
94 AN DISHCHARGE PIPING e ————— estiisiarenes vets sotacr e — ver v e oo oot w s v e e w s
« G o g e s S TR R WL S m ;;,1
8d 2001 5,160 . % , . e =)
Y/ 2002 7ooozoooo 766036000, 760040000, 700050000 g)l'_
98 2003__ 700060000,700070000,700080000, 700090000, 700100000 W __,g
" 8872004 7001160000, 700120000, 762010000, 702020600, 702030000 -t
100 2005 306250000, 801010000, 803010000, 206330000,805010000 . . . o e eaaen emeemnres aoe - eae vr o xe reme mun evesseerege Su s s N L1 e
101 °~ 2008 ™ 807010000, 106380000, 808010000, 811010000,811020000™ mzZ
102 2007 811030000,811040000, 811050000, 811080000, 811070000 e 11
{037 2008 811080000, 811090000, 811100000, 811116000, 811120000 ot
J104 2009 811130000,811140000,811150000,811160000,811170000 s -
1087 20107 811180000, 813150600, 811200000, 811210000, ' 811220000 G)
106 2011 811230000,811240000,811250000,811260000, 811270000 -
107 72012 811280000, 811290000 811300000, *811310000. 811320000 7))
108 2013  811330000,811340000,811350000,811360000,811370000 ... .mmrmemmssens smrrncs on NS & § W
1097772014 811380000, 811386000, 611400006, 811416000, 811420000 Py
110 2015, . 811430000,813440000,811450000,811460000,811470000 . S
1197772016 811480000, 811490000 811500000, §11510000,811520000 .
J112, 2017 . 811530000,811540000,811550000, 811560000, 811570000 — N — e )
" 493772018 T T"811580000, 811586000, 811600000, 811610000, 8116200007 m
114 2019 811630000, 811640000, 811650000, 811860000, 8116870000 -

........




5 ans it ok als S5



173 1000203 1.5 2747.0 1.0 1.7 2748.0 1.0 1.9 2750.0 1.0 2.0 2750.0, 1.0
174 by I TP PP e ST TTemeprere T ORI ERPAR R EREE A TR R IR DU IRR Z S L SE R TREL S S LI LR A Gl b s
175 77 # 7'LooP "SEAL ‘GEOMETRY ™"
178 i eirn e ke T — R - ue
177 1010000 ™ %LpSL{i" " SNGLUUN
. 178 1010101 100000000 102000000 0.0 0.0 0.0 1000 x THIS IS A SHORT RADIUS ELBOW LEAVING Bt
179 """1010201"71770.07 0.0 0.0 SHS
B0 e s s « s T WS-
" 181 1020000 LPSL1~ " PIPE o2
182 1020001 | 3 o - M N
" 183 777 1020101777 0. 1465 3 ot~
.. 184 1020301 0.299 1 =
185 1020302™ "0.623777""'3 5
.. 188 1020401 0.0 3 : —
187 7710206017 431 1 3
reer 188 1020602 0.0 .. .3 _
7189 1020801 0.0001577 0.0 "3
. 180 1020901 0.0877  0.0877 1
1917710208027 0.0 0.0 2
392 1021004 0. . 3
‘193 10211019 1000~ 2
194 1021201 2 2500. 1.0 0.0 0.0 -
185 1021300 1 . .
LT U7 R Lk N P U0 T3 T 15 A SR S——————————————EEE S S S
1877 Tk st
..... 198 .1030000 “LPSL1" = SNGLUUN _— 2 ’
188 103010177102010000 104000000 6.0 0. 1838 0.1838 1000 H 2
... 200 1030201 1 0.0 0.0 0.0 T o= = e
201 *
202 1040000 "LPSL1" PIPE
203 1640001720
.204 1040101 0.1465 20
205 1040301770.50 10 .
208 1040302 0.6214 20 e mrvesovs————r—esst 108 oo eees et st nss e tn sert et e s iR S .
207 1040401~ 0.0 20 -
..208 1040601 _-90. o 7 ore et e vt e Sesass N
209 1040602 6.0 =
,..210 1040603 90.0 20__ ()
211 1040801 0.000151 o 0720 m
212 . 1040901 0.0 0.0 — e o o v & S ———— Ssr20 220, . -1 E"
213" 1040902 0. 1836 ~ 0. 1836 & . Zr_.
214 1040303 0.0 0.0 9 ()
218 10405904 70,1838 76.183810 . ——g
2168 1040905__0.0 0.0 19 -A—Z~_<
217 10410047700 20 - m
218 1041101 1000 19  scommeces 1 e s e O . R  § P~
219 7771041201 72" 2560.0 716776707916 20 . am
220 1041300 1 "z
221 1041301770.076.6770.6 19
222 % et vttt Aot et A 101 1. 23 11 O £ T @
223° * m
. 224 bbbl bl itk e e e m e s e e
228 TUTUE U “§VS4sCT CROSBY &M T ¥ m
228 | SARRABARRBAXRITXARELERTXIRRITLXEL Sesas mrasasearssesase Sasmseeia Srsnve s 2 .
227 :
22 Y e . 0
229 1050000 ""5RVi¥® “VALVE . 4
230 1050101 104010000 108000000 0.01897 0.0 0.0 0100 m
- \ 4
.......... et e 11 58 808 s 28 i

RELQUOM REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a




.

1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a

REL
231 1050201 1 0.0 0.0 0.0
. n232 1050300 MIRVLV
T 233771050301 503 804160767600 T CROSBY " 6ME T DPENTNG "IN 16 HSEE
234 te e ar ervseren s
"7 235 TTTU¥TTDISCHARGE PIPING ‘
I T 2= =~
" 2377771060600 *OISCHATY " PIPE ePa
...238 1060001 39 n
" 239° 1060101 0.2006897"38 “.83,
.240 1060301  0.528 .J. rrvs e th ot ssE SO ASmLA AR 8RR AR AR P AR ARAPRE 1 S SRR RAIRERS A8 78 BB eoaee v erssmenees s raseaES RS iR eten O 0
‘2417771060302 1.084 . S Ly
....282 _ * ARC STARTS HERE LBV L BBO 2™ e ——— . o
T 2437771060363 1,000 20 »
e B8 A0B0804 008094 20 e ———— e e e o
245 777 1060305 T 0.7436735 S
...248__  * ARC ENDS L4
" 24777771060310° 0.5580739
... 248 1060401 0.0 39
249 1080601770.07 4
w.. 250 1080602 -90.0 14
2517771060603 770,034
..252 1060801 0.000152 0.0 39
253 71060801770.0 T 0.0"3 .
258 1060902 0.1800 0.1800 4 -
<2857 1060903 770.0 6.0 13
..258 1080904 0.1800 O0.1800 14 T e e b
257 1080905770.0 0.6 38 ‘ i N
258 1081001 00 39 T
"28§77 106110171000 48 «
e 280 1081201 4 17.7 120.0 0.93424 0.0 39 .
281 10693007 1
262 1081301 0.0 0.0 0.0 38
263 *
264 1070000 -orscmw _SNGLUUN . - -
TTTU 285771070101 106010000 809000000 0.0 0. 16600, 15861000 FL0S8ES FORTATI2IN ELE0H
266 1070201 1 0.0 0.0 0.0
267 ¥ -
268 * z }B
2697 % : ()
270 ttst:tt:tff:ux“t“f_tm*"x'fftif::f:_f_f_f5”3'?:ttt*tttxt:tt#tsttt*tt s iTi
271 * MAIN- DISCHARGE 12" HEADER ™ T0 QUENCH TANK * X . =z
272 EXXEFERXEELLXXRREXEEXLEEEXELERLXXREEERSTEEXXERLSRELRXRS - .
e SR » : Q@
274 o - . wrsss see mreneen 4 o aeene L
278 8090000 "DISCHA1" BRANCH m2
297 805000170
278 8090101 0.77708 0.5 0.0 0.0 -90.0 =-0.5_ 0.000188 0.0 00 S— 0 8 1§ |
‘279 8080200 47 17.977120.0 T 0.9342470.070.0 Z
wier e 280 * o - ()
281 8106000 *DI SCHATY " SNGLIUN
282 8100101 803010000 811000000 0.0 0.0 0.0 1000 “Cf)~
283 8100201 170,07 0.0 0.0 m
.288 X ]
" 285 8110000 -oxscmA' PIPE S .
288 8110001 99 2y
2877811010170 797198 - O
..288 8110301 1.033 14 . X S 118
Ul

«

cor







D1/014 REACTOR LOSS OF COOLANT ANI:XLYSIS PROGRAM s

REL
289 8110302 0.52995 18
.290 8110303 0.5 22
T291778110304 T0.523895 26
.. 292 8110305 0.95729 S6
2837781103067 0.475 66 0 — —
298 8110307 0.49358 TG | eoserrsose st 1517357 3555428 5188155 18 R 312 R LA S0 808 -8
295" "8110308"" 0.46875 87 . S.ono
286 | BII0309  0.50 95 e s, so———————————S 3138 1o 85535555 RRER 8 AR o186 SRR 88 SRR SRR SRR AR AR SRR REE 28 T 22 ]
297™"" 8110310~ 0.95" 98" o &0
....298 8110401 0.0 89 St 0,
“28978 {10601 -80.0 14 : o
e 300 BIH0B02 oS0 A ettt ——— g2 ar731 o5t 151358 8 181 1RE8 A RR L 8881154584 LSRR AR AR AR AR AR S - e
301 811060377290.0 "22 * 1)
... 302 8110604 -45.0 26 °
3038110605 80,056 o
. ..304 8110608 0.0 87
730577 8110607780665 :
B T L L SR
307 8110801 0.000169" 6.0 99
.. .308 8110901 0.0 0.0 13
73097 811080270.078 0,078 14
.310 8110903 0.0 0.0 17
"311°78110904 6,078 0.678" 18
) 312 8110905 0.0 0.0 21
3137778110906 0.078 T 0.078722
..,..314 8110307 0.0 0.0 25 >
“3187Tg1109087 0,078 0,078 26 AN
3168 8110903 0.0 ‘0.0 55 >
3177811091070, 156 0. 156 58 ©
.. 318 8110911 0.0 0.0 65
319778110942770.626 T 0.026 66
c o320 BII08TE 0.0 0.0 B e eemes—————————————————oes 1ot er 3t 1108 SRR SRR SRR SERRRRRER SRS PESSEE
"3217TT8110914770157 015 9
0322 B110995 0.0 0.0 86 s cn————— - e e ian nn e o s v ORI
323" 8110918 " 0.158 . 0.i58 " 87 -
324 8110917__0.0 0.0- 94 _ - 1)
32577 811091877 0.156 0.1567"§5 p=
. 328 8110913 0.0 0.0 98 - 4
327 U E111001 700 99"
e I
3297781112018 T 177777 120.077 0. 83424 70.0799
B30 | BITIF00 1t eee—————————————————— A D1 1218 SO T SR R S )
331 8111301°70.0 "6.67"6.0" 98 =
333 " §136000 " DISEHAT TSNGLUUN . m
.. 334 8120101 811010000 813000000 0.0 0.0 0.0 1000 - [T}
T 335777 8120201771770.0 0.6 T 0.0 am
s 3.38...........,? s o e s e 8 & e S Z
337 8130000 "DISCHAT% "BIPE
B8  BUBO00T B0 e ————————————————————— et A et e PR e G
339 8130101 70.7771 730 v
340 8130301_0.95 6 m
3417 8130302771707 20 O
342 8130303 0.5 30
343 §130401770.07730 . S
e BAa  BAB0BOT L 0.0 B0 e ———————se—— oo re e 281 R S0 T 0N
"345 81308010 600168 60" 36; . ~ b
343 8130801 0.0 0.0 S ‘N

¢
®

cort




RSk T




RELaDUOM

"

REACTOR LOSS OF COOLANT ANALYSIS PROGRAM

) uo;siAag
b-v9€5-yL

Joday |eotuyda}

3

0S1-v

H
«
<

b

INAQTN3L XS

347 8130902 0.156 0.158 6
. 348 . 8130903 0.0 0.0 19
T 3497 8130904 7015670956 " 20
. 350 8130905 0.0 0.0 29
351777 "8131001 " 00 30 T
352 8131101 1000 29 . “ o
353 T "8131201 T 4" 17.77 120.0770.93424 0.0730 -
.354 .B131300 1
355 "'8131301770.0770.07 0.0 29
.. 358 *
357 Y .
358 = _—
359 ttttttttttttttttttt!tt’!tttttttttttttttttttt:ltttttttt
....360 * SAFETY VALVE 45B AT ELEV. 870/-10" ARC 2 *
381 2232331223233 P I I TR IR I T III I ITIEIEIIEIEI I3 Y e 222822 2
.. 362
383 N
364 L x ..
365 TEEEILELSSRELEELES
366 ____* PRESSURIZER #2 =
36’] tttttttttttxtttttt
- B U
369 *
370 2cooooo "PRESS2" TMDPVOL o
371 200010177 0.0 20.0 50070 6.0706.070.00.06060050.0 11
372 2000200 2 e st s g e
373 2000201 0.0772500.0 1.0 125147077 1.970.872555.0 070.526
.. 374 2000202 0.7 2667.0 1.0 0.9 2700.0 1.0 1.1 2740.0 9..1:3.27
- ¥ ] 2000203771.872747.071.0 1.7 2748071 071 972750.0 072,027
376 *
377 * LO0OP T SEAL T GEOMETRY ™H2 SRV
378 *
379 7201006007 LPSL2% " SNGLIUN " T
. 380 2010101 200000000 202000000 0.0 0.0 0.0 1000 *THIS IS A SHORT RADIUS ELBOW
381 7720102017771 7000 0.0 0.0
B2 E e i e s
383 2020000 “LPSL2" " PIPE
384 . 2020001 3. ...
385" 7" 2020107 0.1465 3
386 2020301 0.317 1 -
387 77 2020302 777 0.6289 77773
.. 388 2020401 0.0 3 .
389 2020601 46. i
390 2020602 0.0 . -
391 777 2020801 0.000151 70,0 3
.. .. 392 __ 2020901 0.09388_ 0.09388 1
39377 2020902 0.0 0. M)
. ...394 2021001 Q0 3
"398 202710147 1000 2
. 396 2021201 2 _2500. 1.0 0.0 0.0 3
397 2021300 1
398 2021301 0.0 0.0 0.0 2 .. .. - S
398 * .
. 400 2030000  “LPSL2%  SNGLUUN i s smove o s5ome s 52
' 401 2030101 202016600~ 2040600000 ¢.0 ©0.1838 0.1838 1000
...402 2030201 1 0.0 0.00.0 ;
403 *
..404 2040000  "LpSL2"

PIPE

cort

.

SIOINZS ONHIINIONS






RELaDUOM

REACTOR LOSS OF COOLANT ANALYSIS PROGRAM

.

405" 2040001 20 )
..408 2040101 0.1465 20 " :
"407 T 204030177 0.5 10
.. 408 2040302 0.6188 __ 20
409 """ 2040401 ""'0.6 "20
. 410 . 2040601 & -50.0 i rerreen e S . e R
T 41177 20406027 0.0 10 S50
. 412 2040603 90.0 20 #eramtes eovbremares e PR AR Siam e AL & 18 52 4 3 e Y
413 " 2040801 0.600151 0. o 26 T o3
414 | 2040901 0,0 0.0 B e e m—————— N S s o an e e < oo g.+9
415 2040902 0.1838 0. 1838 "7 o . o=
. 418 2040903 0.0 0.0 9 . P g
" 4177777 2040904770, 1836 ' 0.1838 10 o
w18 12040805 | 0.0 0:0 1 | eeoeesesssoesmsn s s e 1855155885111 5 AP SR R B S ~Q
"419 7772041001700 "20° . 3
.......... 420 2041101 1000 19 -
421 20412017727772500.0 ""1.0770.0770.07"20
8222041300 %o Sl
423 77 20413017770.0°0.0°0.0718
” 424 * ............... [ITTEes Mt aepenes me - T
T 4257 " .
426 tttt#2tt.f:t”t:.t.t'fttf}:iftttttt . . [
427 TTTTRTTTEVEABRT TCROSBY 6MB *
428 EXXEEEEEEXRXXRELEEXXSEERXKES
428 *
830 X : P
434 2050060 " SRV2S " VALVE . ¢ —
432 2050101 204010000 208000000 0.01897 9:9.90:9 0100 = -
433 208020171 0.0 6.0°0.0
.434 2050300  MTRVLV _
7435720503017 503 BG4 1000700 "CROSBY EME GPENENG "IN 10 NSEE:
438 £ ] e
o 437""""“"v’"“""'di§éiiARGE "PIPING
38 K e i & & St S 4RPeR e eRAReRERR R8RSR 1882050588854 488 15555 £ AR SRR 121 . .
439 2060000 ""DISCHA2#™ "PIPE
440 2060001 33
4417306016170 2608893 =)
... 42 20680301 O.4635 4 ]
443 2060362""0.92% 14 - —
.. 444  +ARC STARTS LEVEL 670’-10" ms
" 4457306030370, 955 23 " : Z2m
446 2060304  0.727 29 O
" 4477772060308 T 0.7980 "33 ....g
448 2080401 0.0 33 ot
4487 206060177770.0 4 m-=<
,.450_ 2080602 _ -90. 14 . e e o 114
451772080603 " 0.0 33 om
..452 2080801  0.000152 0.0 33 —
7453 " 2080901776.0 7 0.0"°3 )
. 454 2060902 0.1800 0O.1800 4 . OF
455 """72060903 770,07 0.0 13 N
w398 2060904 O.1800 0O.1800 14 . N
4872066805 70.0° 0.0 32 m
..458 2061001 00 33, A
459 720811011000 733 S
o 4§q_'_ ..2081201 4 17.7 120.0 0.93424 0.0 33 ol
461 2063130071 T ) .
4682 2081301 0.0 0.0 0.0 32 m-
. oL w




cavie w

-

......

RELaui/om REACTOR LOSS OF COOLANT ANALYS1S PROGRAM a PAG@ 9
463 * . .
464 bobiriobateubrierheit il dodpe ot bbb drdorl st - -
T465 T T FTT T SAFETY VALVE T4BA ATTELEVT6727C8%ARC S *
..568 bttt thiivbrbiaidiidsde s e vererereores TaresravesE BessemSLES SvevELFMETROSRISASOFREASH NIheRSERACFRAYS | FRRS ePRRREREYROR SIS < SRFCVRACAATA-SER mRASER o a
467 ¥ -
468 3 ' e s roeresoarase s s b e v e < o o R
469 - © 0o
... 470 D Rt Arbdbbddiddd rves e e ;'8::;
TU4T1 7Ty PRESSURIZER W3 . . -t OV e
v 472 srzazssszssssaseses . ..g-?g
w355 TN " T
e 474 3000000 "PRESS3” TP O o er s : P g
478" 300010177 0.07720.07"5006.0 0.0 0.0 0.0 0.00005"0.6.1i s
,...478 8000200 2 s -8
TUUT477 300020477 0.072500.671.0 0. 12514707 10076328850 107 0.5772800.0 1.6 . S
. 478 3000202_ 0.7 2667.0 1.0 0.9 2700.0 1.0 1.1 2740.0 1.0 1.3 _2745.0 1.0 . o
479777730002037 10872747070 T 2748.07 710719 2756.0771.0 2.0 72750.0 1.0
L4480 ¢
U481 T ULOOP SEAL T GEOMETRY T3 SRV
482 *
483 73010000 T "LPSL3H" " SNGLUUN -
484 3010101 __ 300000000 302000000 0.0 0.0 0.0 1000 * THIS IS A SHORT RADIUS ELBOW WE WILL _ . . . . ... . e e e
485 3010201 "'1° 0.0 0.6 0.0
L. 1< S, S - R e
" 4873020600 LPSL2" ™ PIPE
m 020001 B o ———————————————————————— x 0
489 3020101 0.1468 3 H —
.. 480 3020301 0.317 1 &
491 3020302 0.6188 3
392 3020401 0.0 3 et st ersee a8 5844808108428k 1R3443 8819 A 1444440 4 . SR e, 158
"'483 3020601 46! B B
., 494 3020602 0.0 3. - e
4957 """3020801 """ 0.000151 0.6
498 3020901 = 0.09388 m.°-99388' - e aree erte o e san o rrotove recen v v+ o ® eeseses sosistsare e 8 e 2 e en
. 497 3020902 " 0.0 0. 2
. 498 3021001 Q0 3 .
" '499 T 3021101 1000 2 - - -
500, 3021201 2 2500. 1.0 0.0 0.0 3 4
501 """ "3021300 1
.502____ 3021301 0.0 0.0 0.0 2 . mm
503 * . : P
e 308 3030000 MLPSL3" SNGLUUN e s stz st N G
"'5057773030101 " 302010000 304000000 6.0 0. 1838 0. 18381600 u/
508 3030201 1 0.0 0.0 0.0 oo gl
T 8077 m=<
. soa ....3040000 __"LPSL3" PIPE . e oo veeemeeeeeees e e N R SN 11 P
509 3040007 " 20 N AT
wew D10 3040101 0. 1465 20, - -
5117 73040301 0.8 10
-... 512 3040302 0.8188 20 ———————eeeemeseetseees e et 4 srvetr . + e e o @)
513 "7 30404017 0.6 20 .
e e DV8 L B0A0BOT, | =800 T e e —————— + S i—_—_——s_ S0 N - -0 .
"6 3040802760010 m -
... 516 3040603 90,0 20 U - § )
517°"" 3040801 """ 0.000781 ~0.0 20 S .
e 518 8040901 0.0 0.0 B e—— s &
5197773040802 01838 70,1838 G X - . Q)
520 3040803 0.0 0.0 9 : e 11
: )

corm




“

REL@DUOM REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a i -

521 3040904 0.1838 0. 1336 10
L. 822 8080905 0.0 0.0 48
T 8237304160100 30 .
. 524 8041101 1000 49
5257304120172 2506.0° 107 70,0 6.67"90 o9 —f —f
526 3041300 1 & o
627 30413617770.0770.076.07 19 < S0
528 * . N T
. nws
5329 ¥ pi -
. 530 z:tt:tt:tztttttttt:tt::tttt - gnfg
‘531" "'sV=45R" CROSBY' 6ME * . I
532 tttt:tt:t:t:t_tfttjt::::tt:: N e .. esser s e NN = S o
SRR AA SRR A x
B34 " ' $=4
T B35 3080600 W SRV3R T VALVE =
538 3050101 304010000 306000000 0.01897 0.0 O, 00100 o
537 3050201 71 70.0 7 0.0770.0
wm v 538 vors: 3050300 _MTRVLV neew se siev @ rrere vemimex e
539 7T 30503017663 504”1006 0.0 % "CROSBY” M8 OPENING "IN 10" MSES )
540 !
B e S CHARGE” BB IRG -
RS SO ;. . -
543 3060000 PDISCHAZ ™ PIPE
..544 3060001 25
848773080101 0.20069 98 .
—...548 3060301  0.526 4 z £
"547 73060302 70,969 i2 1 —
... 548 + ARC STARTS LEVEL 672/-8" tn
549 3060303770.6387 1B
.. .550 3060304 _0.991 18 ; -
" B51T""30680305 0. 99 1 21
e D92 8060306 0.799 25
553 YT ARCTENDS
:m.. 554 3080401 0.0 _ 25 : :
555" """"3060601 0.0 4 .
., 558 3060602 -90.0 12 —
" 557773060603 76.0 25 X
w558 3060801  0.000152_ 0.0 25 . A
558 """3060801 0.0 0.07 3
w580 3060302 0.1800 O. 1800 4 : \ees R4 .S st £ e mﬁ"
" 5813066803700 0.0 d
562 _ 3080304 0.1800_ 0. 1800 2 et sistoes iSRS ARS S oA AR AR ARRRR SRR SR8 <RS2SR R S mRRRSRSRRS 11 SetSRERS 0 e+ v 3o g = bee s serers weam e o e “9@
5683 4080505~ 0.0 0.0 24 . ==
....564 3081001 00 25 =z
565 "TU3081101 1006 34 m=
e D88 B0B120 8 7. T 120,00 0.03428 0.0 2 e ————— B ————————re et Strrene mzZ
587 308130071 um
...568 3081301 0.0 0.0 0.0 24
‘869 TR e
570 % . e cttpmmrnss et ss0n sva apsasareree sessmee o e 2t < - -0)
571 M
. 572 b 2 o o 2o moemeepaeene e e84 828 SR8 4R BSR4 8B4 B8 S54RSS AR R RSB B e a1 ..
T 8573 FFRRERRR RS AT RN RIS RS AT EE RS RS ECE RS RAR SRR m
..574 PORV__ PIPING . * wol
3 1 EEEXEERRREERREA L LR ERE AR R RERE SRR RASCAE S S
. 9578 ® - . o e
577 ¥ 0.
578. B o eeetvoeememetesseem——s oSSRt e ettt et e eeessstersemssens seseeson mrermen] m .
warrrs " or cave me »
s

-x sz

cor




R T




RELGD!/ON‘ REACTOR LOSS OF COOLANT ANALYSIS PROGRAM

"

579 5000000 “PORVB" PIPE
SB0 500000 B - ot -
581775000101 0. 05133 g E T INT §0HA0S
. 582 5000301 0.497 3 ° et eemeereet s sasesee A e SRR SE SRS S8 ARt SeERRRSFSS R0 e mnrn & Seent g e 2
" 583" 50003027 0.556 6 —_—
..584 =  ARC STARTS LEVEL 684/ 9" oo
585775000303 0. 968 7% <70
, 588 5000304 06448 13 w3
" 587777 5000305 70.532177 18 e )
588 _ 5000401 0.0 8 \mer S anfan 9 amr o asaES ARRR AeRtRERR- SRS Ee et s snEen ave st e reeamantresness e an sneisnwsnen = semnsenins S.£.9
589 5000601 "6.0""""% F e
. 590 S000802  -80.0 8 Oy
531 " 5000603776.0 1§ . @
.592 5000801 0.000153 0.0 18 =
“593° """5000901" 6.0 0.6 2 3
... 594 5000902 0.2088 0.2088 3 et
56575000903 " 6.6 0.0 5
596 5000304 0.2088 0.2088 6 .
58777 5000805 0.0 0.6 i5
..598 5001001 00 16
7599 U 80011017 1600 5
600 ‘509_1_.201"%__@ 17.7..120.0 0.93424 0.0 18
‘801" 50013007
_________ 602 5001301 0.0° 0.0 0.0 15
603 ¥
..604 5010000  "PORVB"™ SNGLJUN * THIS JUNCTION IS ON '
805 750101017 500010000 502000000 0.0 0.0 0.0 1000 RN
..608 5010201 1..0.0 0.0 0.0 <
807" . " =
. 608 sozoooo "PORVB" PIPE + REDUCER ON ARC B 3IN X4IN .
T 60975020001 2
. 810 _..5020101  0.05132 1 * 3IN SCH40S e e et et e e e
611 5020102 7°0.08840 "2 T 4IN"SCH40S
..812  ..5020301  0.3385 1 ;
613775020302 "0.511 2
814 ..5020401 0.0 2
“615™ 50206017 0.0 "2 [
..818 _ .5020801 _ 0.000153 0.0 1 Y
8177775020802 0.000134 0.073
818 5020801' 0.0544 0.0389 1 -
819 "7""5021001"""00 2 2Mm
oo 820 5021101 1000 1 g‘)@
621 5021201 4" 13 .712076767934240T6S =14
o 8225021300 1 . =
623 5021301™7"0.6779.0 6.0 m-<
.82 .. e s mZ
625 * xm
..628, . 5030000 _ “PORVB" SNGLJUN = ON ARC B
627775030101 802010600 504000000 0.0 0.0 0.0 1600 <
... 528 5030201 1 0.0 0.0 0.0 (S
" 629 * .
....530 5040000 "PORVB® BRANCH * ON ARC B @ 242 w--
831 804060016 n
... 832 5040101  0.0884 0.361 0.0 0.0 0.0 0.0 0.000134 0.0 00 by o 1
633 5040200 4779712006770, 93424770.6 0.0 . : S :
634 ! y aeenere #e EFruses - 436 BesEIEARESSSESUARMNAEE VRNVEAU Niwasrs § FSew wmmrvs Sreat bias swses Ams T
635 " 5050000 *PORVE™" " ENGLIUN"""""s" 0N ARC"B : O
... 8386 5050101 504010000 506000000 0.0 0.0 0.0 1000 - ?1“-
- ~
* s

corm - : . ’ L’







REACTOR LOSS OF COOLANT ANALYSIS PROGRAM a

RE oD1/014
637 5050201 1 0.0 0.0 0.0
o 838 . x
63977 5060000 "*PORVBF PIBETE " ON ARE S -
e 890, 5060001 S -
641775060101 0.0884 "9
enn 842, 5060301 0.6211 8 e T
"64377 "50603027770.6398 g : LS
844 ...5060401 0.0 9 » v S
" 64575080601 0.0" 9 v >
e 948 ..5060801 0.000134 0.0 9 S
8475060901 0.0 0.6 8 . o=
8485061001 00 9 : o
649750611017 1660 8 : , o
...850 5081201 4 17.7 120.0 0.93424 0.0 9 b1
TB51756813007 a
- 8925081301 0.0 0.0 0.0 8 o
653773 i
W B8 5070000 PORVB™  SNGLUUN e ————————— oot e R R 0 .
" 655 50701017 506010000 508000060 6.0 6.0 0.0 1600
o 858 . ..5070201 1. 0.0, 0.0 0.0
T 8877
858 5080009 . .7PORVB" PIPE * REDUCER ON ARC B 4IN X 6IN wom 6 eame s s —— mesaen s s e s
859 7 5080001~ ‘2 : ’ S -
.....B60 5080101 0.0884 1
'BB17'50801027770.20069 2 - -
... 5662 5080301 0.5792 2 z 1
683 7750804017 0.0 2 =
.. 564 5080601 0.0 2 Gy e e
665 7 5080801 '0.0001347"6.0""1
... BBB 5080802 _ 0.000152 0.0 2
667 7 "50809017 0. 1483770 0818 i -
.. .568  .508f001 00 2 PR
T 869 T 5081101777 1600 T
670 5081201 4 17.7. 120.0 0.93424 0.0 2 : e e s s oo
8717 5081300
872 5081301 0.0 0.0 0.0 % . S—— v remn % A8 wmwinia e et oo e v be s M emans e Cawess 2 -t \
873" » al
....874 5090000 ' "PORVB" ‘SNGLUUN  * ON ARC B : e g
87575080101 5080 16000 " & 16060006 6.0 0.0 6.9 1660 . -
6765090201 1 0.0 0.0 0.0 . "’lm
" 677 ¥ . . 2
678 5100000 _ "PORVB"™ BRANCH * ON ARC B @ 232 9@
6797778100001 0 =<
. 680 5100101  0.20089 0.75 0.0 0.0 0.0 0.0 0.000152 0.0 00 ————— e eee e everes vt € seser s i n 4 4 vant e me 2 2 on wne weee g
TTT 881 77 51002007747 17,77 120.0°70.63424°76.0" 0.0 . . m=
B S, S " A
68375116000V PORVEY "SNGLUUN"" Y "GN TARE TS o m
684 5110101 510010000 700000000 . 0.0 0.0 0.0 1000 e x v e e e S S - SR L
685 ~"511020i" 1 0.0 6.0 0.0
L R G-
1y 4000000 "PORVAT " PIPE™ "¢ "3IN"SCH40S v
LBB8 | G000001 | B o ee——————————————————— e e - “m
" 6897774000101 " 0.05132 ™8
e 890 4000301 < 0.4141 4 A
"89177"" 4000302 70,4375 8 " < .
692 4000401 0.0 -8 : O
893774000601770.074 "
...-894 4000802 -90.0 8 T 37)1

=







nsua:uom REACTOR LOSS OF COOLANT ANALYSIS PROGRAM @ ‘ : P"GEQ 13

895 4000801 0.000153 0.0 8

. 896 ...4000901 0.0 0.0 3 : : e
" 8977740009026, 2088 0.2088 "4 )
e B8 000003 0.0 0.0 T .

" 699774001001 00 T8

-

~299.....4001101 1000 7 g e
T7017TTT 400120178 17077126070 93424 670 E ePe
wne d 02 . ...‘.‘.99139%.....".!... N ; e O I
770374001301 0T6 O 0TTE 0T . .93,
704 roun ? N 2 AR T TR LI T e sl o % 4w i Bl s ve T2 SilusaaraTE BerEIBSEESIsed AESENARiNEE GEARUSSSDSNIRARGEEIES 45 NFUANL R tNGRYCUIAANSSETOIENLAHINNRRRRE HARE FNEVOOSNL (HIBAQD wreun rex 2eree Ty eoifoy O
“705 7 4610000 T " “PORVAB* " §NGLJUN S LY
.. 708  .4010101 400010000 510000000 0.0 0.1800 0.1800 1000 Srasersrees sasssmasas. e o
70777""401620177"10.0 '0.67 0.0 . . D
.708 = s
“709TTEG00060 T SPORVEY ™ PIPE H A S
w710 8000001 7 ‘ " : -

4T 6060101 0. 65 1327 Y 3N §6HE6
..712 6000301 __ 0.4722 3
713 7T 60003027770.4398

w..d34 ...6000401 0.0 7 S
71577 6000601 "0.07' 3 *
g .,.6000602  -90.0 7 e A 4411858 B R RO S
7177776000801 "7 0.000153 6.6 .
....... 718 ..6000%01 0.0 0.0 2
7167776000902 70,2688 6. 2088 S
...J20,..6000803 0.0 0.0 6 o
72177 660100100 "% i L
wed22,.6001101 1000 6 . o
7237760012014 19077T1360076763434770707 . o
.......... 724 6001300 1 .
7287"60013017770.6776.67 0708
e L ss———————— 7733 7S 11Tt S0
72777 6016000 ™ ¥ PORVEC " §NGLUUN
__________ 728 6010101 600010000 504000000 0.0 0.1832 0.1832 1000
72877"6010201771TT6.0707677 9.0
730 ¢ .
T 34T 7066000 T R PORVEDN " BIBE " E T HOWNS TREAN OF TAKES N
. 192,...700000 12 . >
73377 700010177 0. 20669 12 ‘'R
.734 7000301 _0.50 2 N — m
7357 760030216335 2 : ZH
. 738 7000401 0.0 12 : - —~
" 7377 " 6006017770.072 : . )
.38 7000602 -90. 12 : =
T238777000801 " 6.0601527670 12 i<
....740 7000801 0.0 0.0 1 - : =
7417770009020, 1806 0180078 m
742 7000903 0.0 0.0 11 : .M
"74377" 7760100177700 12 : . 2
744 7001101 1000 1% 0y
T745 700120174 TN 1070065424070 E
748_ 7001300 1 w
74777 7700130177066 60 T - m
748 * - e reremeteror st e s eee e epe A es o voserre on . — SIS .
"985 " 56106060 VPORVEY ™ SNGLUUN A
750....7010101 700010000 702000000 0.0 0.0 0.0 1000. . et et e e £t e 0 a4 5 e e A S he w815 % e v e S e
75177 " 7010201771 T 0.0 0.6 0.0 e : . - O
752 s ‘ ‘ o
. D

ccrl B







RGODi/Oid REACTOR LOSS OF COOLANT ANALYSIS PROGRAM

753 * .
154 e e+ veeeseeet e evea eesesnome et e eeen et . v yen

35 : wente o s ;

758 v e o e 50 2 s e e s worvaee oo e v e enee earem \ o men e
757 EEEEEEEES SR TR SRR IR F R R AAR ARSI TR SRS R RN SRR CRREFE = —f —t

.. 158 = B eeosinnsseeees e Sresas e st en merene Sgat st a3 SEFETS serbees . v < @20
7789 T A MU MAINTARG ‘CONNEGTIGNS % =
cTBO LR : N 4. v =

281 R R R AR AR R A R AR RS SRR AR ECEC R AR TR AR TSRS o 2a
762 ‘ . — o w - S O P
B L L S S - 1S
T 7637 . N o
v 184 mf_ . o v oraner o r:;:
"85 k-]
788 * --------------------------------------- W sssean e "o

787 7020000 “PORVO* " PIBE T "REDUCER 6 X 121N~ ABOVE "SRV ARCS "TNTERSECTION W/ "DISCH’ 3

oie. 188 7020009 3
* 769 70201017 0. 26069 T
770 , . 7020102 -77708 3 " . won seeeesseers e oo~ ve vermn vt messeresseees snens o von tn wesvimernone mevonn v v
771 7020301 " 0.75
.772 7020302 0. 5833 S R - o e
773777 70204017 0.0 3"

7747020801 -90.0 3 wenee et e
7787026801 0. 0001527670
778 7020802  0.000169 0.0 3
771 7020901 7"0.4930 0. 2045 § .. s
..778 7020802 0.0 0.0 S : i
9787502100400 3 &

780 T021 0 A000 2 e ———— R T

781 70212677774 1T 77TI90.0770.63424776067S : X
782 . 7021300 1
783 70213017770.6770.076.02

By A sz £z . -
785 80606000 """ PORVE™ " SNGLUUN

v ...786 8000101 702010000 801000000 0.0 0.0 0.0 1000 _ . . . e
"287777 8060201177 0.0 7000 0.0

......... 788* e ot £ £ ¢ enneem e ot )
789 3070000 VBORVOI Y SNGLIUN ) >

..790 3070101 306010000 801000000 0.0  0.156 0.156 1000 * 12 IN ELBOW LOSSES /]

791773070204 71TT0.077076 0.0 m

e o 792 e erem oszermaeee S35 e S ot eenEeEROERSESES S ettt Sectctcreen. tencesererg e Sese ¥ 4
763 8016000 *PORVDY " BRANCH ™~ ¥ "CONNECTS ARG W/ DI SCH .

88T 8010104 6L Y7708 776,860 007TSE0 T T0.8 T 0. 600186 070 T 60 =

.. 198 8010200 4..17.7..120.0 0.93424 0.0 0.0 e reaeesesn 212t saet e eSS RERER SRR AR SRERSA 28 s 3 254 2 R
797" :
79_8_ aozoooo_m-Ponn- SNGLJUN N e . ——— . . M

" 799 777 802010177"801010000 803000666 6.0"" 6.6 6.6 1660 Aam
.. .800 3020201 1.0.0 0.0 0.0 - . =z

T 801" 6)

.. 802 aosoooo . "PORVD"™  SNGLVOL N = ()
T 8037803010170, 7770811667 77007 T0L0 T80 T i667 7 0.600618976.6 66 . wn
808 aosozoo B 3T T 020,00 0.83828 0,0 0.0 e ——— e ———— vt ssvEAT eSS S1p eSS BRA B s Se S0 Snses RS m-

" 808" ;
| 805 8040000 "PORVD" SNOLUUN o eeeesare st e e e st v o —— -2
807 """ 80401017 8063010600 * 808000600 6.6 "0.6 “"0.0 1660 S
. 808 8040201 .1 0.0 0.0 .0.0 . e Y
809 % R
........ 8102070000 "PORVD" _SNGLJUN < : [}}
corl M




REL D1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM P“?ﬁ 15
811 2070101 206010000 805000000 0.0 O0.1568 0.158 1000 * 12 IN ELBOW LOSSES
.812  .2070201 1 0.0 0.0 0.0
813 F: ?

. 814 8050000 -ponvo' BRANCH = CONNECTS ARC2 W/ DISCH -
815 ""80E6007 ’

. ..B818 8050101 ”9__.77708 0.5 0.0 0.0 -80. -0.5 0.0001689 0.0 00 o S
817 780502007774 17.7 120.6.70.93424770.076.0 . <70
818 : e vuroree- -an e I

- Ty G T T T A TR TR Rt TR A x eiS L w sie il ss s sivraseseseivvsshaissessessaseurattand A EERAVASESRNIASASEEIAETIAAS NS PN SINRETN S RTARE AR YOV s 8P 01 480 FEERS L AmA s B R £ £5 8 urA 1AV ARALOE SR R OTO YRR Ry MrnaTARRSAS KUF HBEFOS . [ E=]
819 8060000 "“PORVD" " SNGLJUN 2R3

.. 820 8060101 805010000 807000000 0.0 0.0 0.0 1000 ; Q> O
821 80602011 0.0° 0.6 0.0 . S
‘823 80706000 “PoRVD""SNGLVOL ®

. 824 8070101 0.77708 1.1667 0.0 0.0 -90. -1.1667 0.000169 0.0 00 g-
825 8070200 4 TTIT.777120.0770.93424779.070.0 =
826.--- ’ BESENSYE sveiYLe ve 3e  Suamia re paw @ .o wy "'ﬁ
8277 80BOO00 ™ WBGRVE Y §NGLJIUN
828 8080101 807010000 809000000 0.0 0.0 0.0 1000
829 "7 80802011 T0.0 T 0.0 0.0

W BBO -
831 9000000 " *QTANKD™ ™" SNGLJUN
832 9000101 8_13010000 901000000 0.0 0.1560 0. 1560 1000 . . - s vn v n
833 T 900020§ " 0.07 0.0 0.0

e 834 L e e
835 8010000 " “QTANKD* " BipPE

.......... 836 ...9010001 2 N x Bt e
837 90101017 76.97768 2 i AR
838 9010301 1.02083 2 . Qe o
838 80103017 0.0™ 2
840 8010601 -80.0 2
847 9010801 70.06001697 76,02 :

B2 0000000 0.0 0.0 b — i,
8437901100100 2

844  ..9011101 1000 1 o e
84s 90192041774 " "170977"12670° 70, 93424 668

. 848 9011300 1 - ‘

8477 ""90113017707670.0770. 6 o)

,.848 = ve esvrars = s 2o asasssussms.sdaseonsApasmat oo A AR AASe L ARRARSRP AL SESSRRS 8134 4x8eRe ke R e Ko bR mERSSRES AR RS et eermerEm: s £ s ’a
849 EEXFRAERRRECERES FRFERERNE

o 850 2% ss : fnr-ﬁl
881 % QUENGH™ " TANK P . 2

. 852 zx e - .)

13 FEEEFRERSE AR RS TR AR PSR R g:_l__

.....554 : ke s s 5o 20t v e g @
855 9020000 " ¥QTANK-IN"""SNGLUUN m=<

...558 9020101 901010000 903000000 0. O, 0. 1000 -~ e 11 =
857779020201 0.6 0. : o
858 vt ftn 52 b 5 3 & = £eriEiee o Sereereise < eeemeeeesesromeeeee S AEeEe eSOt SAPL L £ttt £ 141+ttt BB e e oo sos mave [Pt~ 4%. 4

© 7 gs9 ¥ USPARGER T2 IN'SCHEAO T BiPE . P

......... BBO L LEE e s D)
861 9036000 EPARGER" " PIBE -

e 882 *  NO_OF VOLUMES ; . --LN-
883 9030001~ 18 . ‘ m

. 864 *+  FLOW AREA . e bt e sneee st s
865 " "'§036161 0. 7174 i8 S

w868 ®  VOL. LENGTHS
867" T g030301 i 135 TR . Q .
...888 9030302 1.1333 7 T}~
2]

corl







D1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM g

~

REL
869 9030303 1.0 18
- 870 % VOL. VOLS. -
871 8030401 7"0.0 is .
872 x OO —
873 + VERTICAL ANGLES
874 . 9030601 -90. _ U b b
7 875 8030602 0.0~ 18 X S LS
876, %  PIPE ROUGHNESS S
8777779030861 T Ti.69:4 6.0" i8 : >
. .878 = JUNCTION LOSS COEFF. . e e v3 axinseemerese “ S
879~ ""8030901 " 0.0 ° ‘0.0 5 Pt
....880 9030902 _0.156 0.158 7 -
"881""" " 90369637760 0.0 i7 o
...882 * VOL. CONTROL FLAG S
883 9031601 00 18 . 3
... 884  x  JUN, CONTROL FLAG.
885 79031101 1000 17°
886 = INITIAL COND. = . ... o . e eeeret enen e mrran wnioe e
887 ' gdo03i201” 4 17.7 77 1207 0.93424 0.7 2
.. ..888 98031202 3  17.7 _120. __ 0.0 Q.....18.;
“889 T e T OUN, T INKTIAL COND .
890 9031300 - 1 ~ RISt v = ¢ FRGISTIO BISEM mEACemmacESsmise ReeRtELE B cm s s - « L e "
891 9031301 ° 0.0 0.0 0.0 i7
... 892 s .
893 * SPARGER™ " EXIT
894 3 N 7 o
1] ] §040600 "VEXIT " "SNGLUUN . s L
896 9040101 903010000 905000000 0.0 1.0 1.0 1000 o
897 0402011 0. 0. 0. y
..898 xx T
899 i WATER VoL
L0 S S - e
© 801779050600 AT " WATERY " SNGLVOL :
. 802 9050101 2so 47068 5.6667 : 0.0 0.0 80. S.8B87 0.003 0.0 O o o e i s ——————— e S s o S .
903 " 8050200 17,7 120.
G0 R s e st o s aaee - R e e
805 " ¥ INTERFACE KX
B . .2 U PP 4
T 79077 9080600 T INTERFAGE S NGLUUN
.. 808 9060101 9oso1oooo 907000000 0.0 0.0 0.0 1000 R m‘rﬂ
90988060201 0.07°0.0 0.0 R <
.. 910 2= » e e e - oSS oL oL CER M SOAS S4B LR AR AR FEFE e LS AR ORRSST 8 SERREFRSS oRTLEE S888 R AL SASAER ATARAEES(88 A4S4FALPEAFA O1FLLR SRR LEALE SR04 LSRR S11 40 L R RS SRR RRRS SRR TS T m
9141 * AIR™VOLUME =
913 9070000 FQT  ATRY " SNGLVOL m=<
. .. 914 . 9070101 _ 260.4708 1,2439 0.0 0.0 90. 1.2439 0.003 0.0 Of mz
" 9157 """ 90702007 § 1709777120, 0. 93424 oM
SO |- S, A
97 "TE RUBTURE BigE <
T T 949™ §0BO000 T HRUP TDISEH T VALVE
920 . 8080101 _ 907010000 993000000 1.77_ 0. 0. 1100 ¢ ) W
9217778080201 1 0.7 76l m
922 8080300 TRPVLV A
T 923 T 808030177801 * VALVE OPENING TRIP .
e 924 B e oo oo £ g e e e s :
925 ¥ PIPE "OUTSIDE ENVIRONMENT .
928 2% m-
Ul

......

.







pma 17

CoPI

RE 0D1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM
927 8990000  "ATMOSPHERE" _ TMDPVOL
928 9990101 10000, 10000, 0.0 0.0 0.0 0.0 .00001 0.0 11 -
828" " S9toran " 30000:... . 10000,
93? .-3990201 0.0, 14.7 120. 0.91907 N - .y -
93 370 .. 120, 0.91907
L. 932 e , : o K
*-833" "% . _ <70
e . # 35
93§ * EEELEEES AL LR EERAEEERRREEEE - . —te OV ~de
936_ ¢ * ) ) B ——————e——————s_—_ereto8 spomE SRS oA sieRLS - Y
937 * ¥ PLGT " CARDS *. > —
938 x * x . B~/ -
~ T e39 * EEEFFFEEEER TSI AR A SR E AR 3
e 330 * e messmmresoosesssomesesssitatetseres sesresee et ges £t eoE s RRR A SR SRR AL TR RS .8
841 F X 3
....... 942 % o
“943 20360160 MELOWI ™ 165666000
944 20300200 MFLOWJ 205000000
“94577"20300300 " HFLOWJ " 305000000
.. 946 20300400 MFLOWJ 700010000
847 20300500 " MELOWJ ™ 811140600
. ..948 20300600 MFLOWJ 811790000 —_— -
949 20360700 " MFLOWJ 307000000
.. 950 - 20300800 _MFLOWJ 207000000
951 20300900 HMFLOWJ ™~ 107600000
952 20301000 MFLOWJ 900000000 : &>
953 x 4 -t
.._954 20301100 QUALS _ 102020000 2
955720361200 QUALS 202020000
....956 20301300 QUALS 302020000
"§87"""20301400 " QUALS 104200000
..858 20301500 _QUALS__ 204200000 : n mesnssns e
85977 203016007 T QUALS ™ 304200000
.. . 980 20301700 _QUALS_ 811140000 v s £30ree e srrsotne o - wrtre st v v e e
981 " 20301800 ~QUALE ™ ".811790000
962 20301900 _QUALS 106010000
Z963 20302000 "QUALS 106390000 R/
. 964 20302100 QUALS 206010000 “¥
968 20302200 " QUALS 206330000
...5968 20302300 AQUALS 308010000 . ; mi—ﬂ
967 30302400 QUALS 306250000 . pd
SO 41 O o110 110 [ I L ST 421 LA L0 o p—— e MOn
969777720302600 T QUALS 903180000 . ] =2
""g71 463027067 P 162026660 . m=<
... 97220302800 P 202020000 Mz
973 203029007 P 302026000 oim
974 20303000 P _ 104200000 - . o S5
975 7" " 20303100 ~P 204206600 .

...978 20303200 P 304200000 oo g -+
875 20303300 P "811140000 N
978 20303400 P 811790000 o
"§79 """20303500 " P 1060160060 m
... 980 __ 20303600 P 1068330000 e ——————— S A, L0

98177 2630370077P 206016600 < -
e 982 20303800 P - 206330000 - O
983 20303900 P " 3060106000
v - 988, 20304000 P 308250000 . ",}
. u

-







R oD1/014 REACTOR LOSS OF COOLANT ANALYSIS PROGRAM e

‘ 20304100 P
.288 _..20304200 P
20304300 P

9

1

. ..988
989

ase

*

N —

o v e e

803020000
903030000

pAG

18

8031800060

e -
390 el ese £ e R R R 3R RAREP SES AR R € B 20~
2o | B8
892 * = e . wn e e - « meana - I e corende ()3
-+ R 523
994 .END OF CASE S, o-aa
cenPB L ENE OF GRS S 1o
. Do =
» Ou e
R . )
@
©
- - - 3
) =
Tr.
i bl - “w G owe % .um dmasarace ¥ w oAb w SR A -E M o £ FLAMTSTE 3N C RN RRes R " - o o Ll » L A =
r £
i R A
\*2 )
[
D
S - >
. ...m.m
................. ol
e et s RJ‘.-<
<
Am
<
9)
N e
my- avws
vrue wenm " - m e







. 4®TELEDYNE '
Technical Report ENGINEERING SERVICES

TR-5364-4
‘b Revision 0 4-162

«

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., On the Unit 2 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 Model Section
4.8.1 A

4.8.2 ) B
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m 4.8.1 REPIPE Input - Section A



SPI i . ﬁ
INLﬁKBLOCK =300,KPIPE=13, KPLOT(1)=0 KHAVE'i
KPRINT=-1,KPNV=1 KSTEP=3, ‘

NDROPV-700020000 306250000 ,206330000, 106380000, 903080000$

7224 777 700020000 0.0°°1.6 0.0/
224 700030000 0.0 -1.0 0.0/
2247 7 700040000 6.0 21.0"0.0/
224 700050000 0.0 -1.0_ 0.0/ "SR
224 7000600007 '0.0"=1.070. 6/ - <7To
224 700070000 0.0 ~1.0 0.0/ et )
22477 7000800000.0 =1.0 0.0/ .o
.. 224 700090000 0.0 -1.0 0.0/ S-+9
224 77 50010000077 0.67=1.0"" 0.0/ . o
, 224 700110000  .0.0  =1.0 0.0/ O
224 7. 701000000 0.0 =1.0""0.06/ - 3
. 228 | 702010000 0.0 -1.0 0.0/ 38
224 77" "702020000 0.0 "=1.0" 0.0/ 3
224 800000000 0.0 -1.0 0.0/ ot
224 30670006000 6.6 <1. 0.0/
224 802000000 | 0.0 =1.0 0.0/ | ———————— e ——— Yo serins s
224 © ' 804000000 0.0 1.0 6.0/
224 207000000 0.0  -1.0 0.9/
224 "7 '806000000 "~ "9.0" =170 0.0/
224 808000000 0.0 1.0 0.0/ . . e————————————————— o st teemese e ot -
224 "T'i070000007"" 0.0 1. 6.0/
224 810000000 0.0 -1.0 0.0/
224 7778110166007276.07-1.0 0.0/ o
224, 811020000 0.0 -1.0 0.0/ '
22477 8110300007776.07~1.0"70.0/ P
.. 224 -..",,!3.!?990000 0.9 -1.0 0.0/ =
224 811050000 0.0 -1.0770.9/ .
224 811060000 0.0 -1.0 0.0/
224 8110760007 "0.0"=1.07"0.0/
..224 811080000 0.0 -1.0 0.0/
"22477781109000076.67=1.0""0. 6/
] 224_ e BII100000 0.0 =100 0.0/ e —— o
224 77811110000 T0.0724.07 0.0/ . .
. 224 811120000 _ 0.0 -1.0 0.0/
224 ""8111300007776.6°°1.070.0/ A
. 88 -7ooosoooo 0.0 -1.0_0.0/ . -
6872700040000 0.0 =1.0 " 0.0/
.. 88 ..2700050000 0.0 -1.0 0.0/ 5 L
68 7-700060000770.0"=1.0770.60/ ’ 21
. 68 -700070000 0.0 ~1.0 0.0/ )]
68 =700080000 " 0.07=1.0""6.0/ M/
. 88.....2700090000 0.0 -1.0 0.0/ v =z
68 =700100000™""0.0"=1.0"" 6.0/ m=<
. 68 ..7700110000 0.0 ~ -1, 0.0/ m<
68 -701000000" 0.0 3.6 0.0/ Hm
, 88 =702010000 0.0 -1.0 0.0/ =
68 -7020260007"0.0"~1.0""6.0/ 23,
(88......;200000000 010 -1.0 910/ JBY. K& DATE Z‘-’f;”-;? &
68 =802000000 " 0.0 "~1.0""6.0 -22-
.68 -804000000 0.0 =1.0 0.0/ . CHKD. BY CAA7DATE & W
‘68 T-8060000000.07=1.0770.0/"""7 m
..588.....808000000 0.0 -1.0 0.0/ i X
68 -8100000600, " 0.0"=1.07" 0.0/ < -
. 68 -811010000 0.0 =1.0 0.0/ :
68 """2811020000 ""0.0"%1.0770.0/ @)
.88 -811030000 . 0.0 ~1.0 0.0/ Y
6878110400007 0.0 7=1.070.0/ w
.68 _  -811050000 0.0 -1.0 0.0/
T 68 -811066000 0.0 ~1.0770.9/

corl







68 ﬁ1070000
88 1080000

corl

0.0 -1.0 0.0/
0.0 -1.0 0.0/
68  -811090000 0.0 ~1.0 0.0/
. 68 ..-811100000 0.0 -1.0 0.0/
68 " -811110000" 0.07=1.0 0.0/
68"  -811120000 0.0 -1,0 0.0/ ’ . - . - e e
68  -811130000 '0.0°2i.0" 0.0/
68 . -811140000 0.0 -1.0 0.0/ ol
66 '~ 811140000 ~ <7236 =707 667/ <7 o,
66 811150000  -.236 -.707 .667/ a3
66 ' " 811160000 "-.236°=.707" 687/ e O
B8 L BI1170000 = 238 ~. 707 (BB e . —— - Sr e Qe e O
64 -811150000 ">.236 -.707 ".667/ f o’
64 -811160000 : -.236 -.707 687/ o
84 " -811170000 "":.236 "~ 707 667/ o
.84 -811180000 ~-,236 -,707 .667/ 3
627" 8111800007770.0 ~1.0 6.0/ 3
62 811130000 0.0 ~1.0 0.0/ ot
6277""8112000007770.0 <1.0""0.0/
.82 _ 811210000 0.0 ~1.0_ 0.0/ -
S8 811180000 0.0 "<1.07"0.0/
.58 2811200000 0.0 -1.0. 0.0/
58 "=811210000"0.07-1.0""0.0/
.58 __.-811220000 0.0 ~1.0_ 0.0/
56 " 811220000 77236 "= 707 - . 6677
.56 . 811230000  .236 -.707 -.667/
58 7811240000 "TI236 5707 NI 667/
..56 . 811250000 .236 -.707 -.667/ ; e
54 TU:811230000 ".236 707 667/ t AN
.54 .-811240000  .238 -.707 -.667/ o
54 7-811250000 . 236 "=, 707 2667/
. 54 -811260000  .236 -.707 -.667/
527 "7"811260000 0.0 ~1.0 " 0.0/
52 811270000 0.0 -1,0_ 0.0/
§2 ""8112800007 "7 6.07=1.07"0.06/
§2 811290000 0.0 =1.0 0.0/
52 7811300000 0.0 ~{.0 " 0.0/
..52 811310000 0.0 -1.0 0.0/ X
52 ""8113200007776.072 1.0 0.6/ ' <«
.52 ..B11330000 0.0 -1.0 0.0/ o4
T B27T8113400007776.0771.0 Q1 0/
.52 811350000 0.0 =1.0_ 0.0/ ” mH
82" 811366000™070721.0""6.0/ . 2
.52 . 811370000 0.0 -1.0 0.0/ )
52 811380000 ~ 0.0 -1.0770.0/ ’ L4
52 811390000 0.0 -1.0 0.0/ P
52 ° "8114000007" 0.0°=1.0 "0.0/ m-=<
§2 811410000 ©0.0-1.0 00/ 0 et 420 o s e . S e =
52 811420000 0.0 =1.0 “0.0/ 0
52 ...811430000 0.0 -1.0 0.0/ =
7837 8114400007 0.07 170 0.0/ 2
52 811450000 0.0 -1.0 0.0/ - - O
52 " 811460000 ""0.0"21.0 " 0.0/ :
..52 811470000 0.0 -1.0 0.0/ -
8277811480000 0.0 7-1.07 0.0/ m
.. 52 811490000 0.0 -1.0 0.0/ - e A -
52 """8115000000.0"-1.0 6.0/ <
. 52 811510000 0.0 -1.0 0.0/ * .
. 83 "T'8115200007770 675176 676/ x 0O
.52 811530000 0.0 -1.0 0.0/ n-
527" 8115400000.0721.07"6.0/ w
w3 e BIISE0000 000 2000, 000/ st e RO A R 8 et s -
48 "T-g{12700007 607710 070/







b e

48 280000 0.0 ~1.0 0.0/
48 1230000 0.0 -1.0 0.0/
48 -811300000 0.0 -1.0 0.0/
.48 | -811310000 0.0 -1.0 0.0/
46 " "=811320000 70,0 {167 6.0/

88 TBUIB0000 0.0 1.0 0.0/ s ——————————————————] 35 3333335353 3333333358553 8 31533558118 B 211 R RLTERRTS081
46 ""-8113400007 7 0.07~1.0"0.0/ —_

e A8 BAIE0000 0.0 =100 0,0/ e eesso—o——————————t oot eeero ettt 85R RS 830888 88 ARESARE 85 RE A 4485818 <8483 AR SR AR SRR R
46 -811360000 0.0 =i.077 0.0/ S.;5S

. 48 -811370000 0.0 -1.0_ 0.0/ s ]
46 " 2811380000770.0 =1.070.0/ o.2a

. 48 -811390000_ 0.0 -1.0 0.0/ 8T8
46 ""-811400000™70.07=1.0""0:0/ o

.48, -811410000 0.0 -1.0 0.0/ g
467 "“8114200000.0°<1.0 0.0/ @©

.36  -811430000 0.0 -1.0 0.0/ 3

""46 TT-811440000770.0 -1.07"0.0/ =
46  -811450000 _0.0 -1.0 0.0/ -
48 T'811460000 70.07=1.0770.0/

..46  -811470000 0.0 -1.0 0.0/ -
48 " "-811480000°7"0.0 =1.0 " 6.0/

_ 46 -811480000 0.0 =1.0 0.0/ -
48 T -811500000° ""0.0 ~{.0" 0.0/

L4B  mB115 10000 _ 0.0 =1.0 0.0/ L ————————meese eeoest - N
"48 “-811520000 T 0.0°-1.0" 0.0/

.46 _-811530000 0.0 -1.0 0.0/

" 467811540000 70.07-1.0" 0.0/ -

.48 . -811550000 0.0 -1.0 0.0/ : i
45 "I811560000 0.0 =1.00.0/ ‘ =

.44 ...811560000 0.0 0.0 -1.0/ o2

~" 487"811870000770.677 0.6 "=1.0/

.44 811580000 0.0 0.0 -1.0/

"34 8115900000.07"0.0"-1.0/
. 44 811600000 0.0 0.0 -1.0/ - by
" &8 811610000 ™" 0.07"0.0""1.0/
44 | 811620000 0.0 0.0 -1.0/ - gl
43 811630000 " 0.0 0.0 21,0/ |
44 811640000 _ 0.0 0.0 -1.0/
437" ""811650000 0.0 0.0 =1.0/ Q

. 42 -811570000 0.0 0.0 -1.0/ oy
42 7" 811580000 "7 6.0" 0.0 1.0/

.42 -811590000 0.0 0.0 -1.0/ mm
4378116006007 0.6770.0 <1.0/ pd

.32 -811610000 0.0 0.0 -1.0/ o
42 " -811620000 77" 0.070.0 "=1.0/ T4

L 82 =B11630000 0.0 0.0 =1.0/ e e—————————— ~

™ 82 "".811640000 0.0 0.0 =1.0/ m=
.42 -811650000 0.0 0.0 -1.0/ ~{T} e
42°7772811660000 77 0.0770.0 =1.0/- - m
40 811680000 _ .259 0.0 =-.966/ AU 4
40 " " 811670000 ~".259 " 0.0 <. 966/ P

L 40 811680000 _ .259 0.0 = 98B/ e 6)-
40 811690000 ~.259 "0.0<. 966/ -

.. 40 811700000  .259 0.0 -.966/ LN
40777 8117100007 2597 70.0 ~. 966/ n
-40 811720000  .259 0.0 -.966/ ; v i
40 ° "' 811730000 ".259770.0 <966/ <
.40 811740000  .259 0.0 -.966/ =
“H06UB 1750000 T 25677010 9867 @)

B0 BHITB0000 258 0.0 = 888  — eSS 201 ek 1283888088871 188 8RR SRR SRR M-
40 81177060077, 289776 .6 "='9566/ w
.40 ..811780000  .259 0.0 -.968/ .

T'387TTI8 { 1870000 T 259770, 0 . 866/ -

corl






as 80000 .258 0.0 -.9G8/ 6 6
38 690000 .259 0.0 -.9GB8/
38 -811700000 .259 0.0 -.966/
38  -811710000  .259 0.0 -.966/ -
38 -811720000 77 259" 0.0 "=, 966/ -
38  -811730000 .258 0.0 -.966/ T T e
38 -811740000 " .259°70.0 =.966/
238 L TBLITS0000 | 1259 000 =986/ . e —-———— i ——_—..1 251 1115151117533 5351585151555 1185511515052 AR TS 55 Y
38 TT-811760000 U259 0.0 966/ < 10
38  -811770000  .259 0.0 -.866/ rAi]
38 " -811780000 " .25970.0". 866/ - : e O T
.38 :-811790000  .259 0.0 -.966/ 8T8
38 81179000077"1.0 "0.076.0/ > . £ —
. 36 _..811800000 1.0 0.0 0.0/ - ° 5
36 811810000 """1.0770.0 0.0/ . ©
36 811820000 1.0 0.0 0.0/ 3
36 8118300007771.0770.0 " 0.0/ =i

.36 811840000 1.0 0.0 0.0/ cr

3d 811850000 1.670.0770.0/

.36 ..811860000 1.0 0.0 0.0/

34777-811800000771.0770.0° 0.0/
..34, _-811810000 1.0 0.0 0.0/
34" 7811820000 7"1.0770.0770.0/

,34 _-811830000 1.0 0.0 0.0/ "

34 T-8118400007771.070.6770.0/
~.34 _ -811850000 1.0 0.0 0.0/ -

34 " -811860000771.070.0770.0/ . .
.34, .-811870000 1.0 0.0 0.0/ = ; >
"33 811870066"6.071.07" 0.0/ . -
. 33_...811880000 0.0 -1.0 0.0/ K[
33 8118900007 0.07<1.0 0.0/
..33_ 811900000 0.0 -1.0 0.0/ - e
33 811910000°776.0=1.0""0.0/
33 811920000 0.0 -1.0 0.0/
33 811930000 ""0.0'-i.07"0.0/ -
33 811940000 0.0 -1,0 0.0/ __ . - . #veeres = em oure e eeereremees et o e as D
28 -811880000  "0.0 -1.0" 0.0/
28 L ZBIIB90000 | 0.0 =100 0.0/ | s ——————————————— 11 018131353155750 315385755 5755585555858 1185218115145 841 R 8
287 -811900000™" 9.0 "=1.070.0/ <X\
..,28  _ -811910000 0.0 -1.0 0.0/ ~4
28" ""-811920000-"0.0"~1.07 0.0/
.28 7811930000 0.0 =1.0. 0.0/ o ——— ; ] e |
7728 " "28119400007770.0 ~1.07 0.0/ . 2 m
28 -811950000- 0.0 -1.0 0.0/ - Q
28 811950000 " 1.0 0.0 0.0/ P4
286 = 811960000 1.0 0.0_ 0.0/  _ . e mreeere o e Ty 2 ver % mae hune are o Semmaesases srenenen everere s sesensnns o srpeseeessesess 1u sesies B
286 ° 811970000 ~ 'i.0 0.07 0.0/ - ) m=<
. 28 811980000 1.0 0.0 0.0/ M2
26 812000000 1.0770.0 0.0/ oim
,.26 813010000 1.0 0.0 0.0/ =
26 """ 813020000 ""1.0770.0"0.0/ ) =
.. 28 813030000 1.0 0.0 0.0/ ﬁ)"
26 813040000 1.0 0.0 0.6/

..28  .813050000 1.0 0.0 0.0/ ~€-
~'30° "I811960000 1.0 0.0 0.0/ n
w20 . .-811870000 1.0 0.0 0.0/ - A

2077 "8 11980000 1.0 0.0770.0/ S
.. 20 .-812000000 1.0 0.0 O.c/ X "
26'""2§13616000 1.0 0.6 0.0/" R O
.20 .-813020000 1.0 0.0 0.0/ . . o
20 " -813030000 " 1.6 0.0""0.0/"" « . w
. 20 _ -813040000 1.0 0.0 0.0/ e
" 2077 78130500007 1.070.0 " 0.0/

cort . .

b







20 060000
18 060000
18 813070000
- . ‘8 svaen 8‘3080000 TTELR ey
18 ™ 813080000 0"
.18 813100000 _ 0.0
18 " 813110000 ™" 0.
.18 .....91.31299.99‘....“...
18 " 813130000
.18 813140000 0.0
"18 " "813150000" 0.
.18 813160000
"8 " 813170000
.18 . 813180000
18 "™ 813180000
. .12 -813070000
12 " ™-813080000
.12 -813090000
12 """2813100000
..12..7813110000 0.0
12""~813120000
.. 12 -813130000
12 """-8 13140000
12 =813150000 _
.12 "Z813160000 ™
mlgul.-aia17oooo
1277813186000
12 -B13190000
127813200000
.10 813200000 -1.0
Y1077 813216000
10 813220000 _
10 " "8 13230000
10 813240000 _-
10, ° 813250000
10 813260000 -1.0
10 ™ 813270000
.10 813280000 -1.0_
"10""""813280000
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v
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0

.....903040000

3

LS1AD

qooodocowoooo

© 0i0 00 00 0,0 00 0:0000

Q000

.

) uo

p-poes-yil

JJ40day eotuydsal-

a- -813210000 maiE e w e
-813220000 -1

. .-813230000_ -1.C

~813240000

-813250000 _=1.0

813280000~
-813270000

"-813280000 150"

813280000

™" 2800000000 -

... 900000000

- 3070 0000 0" 0

..202000000 (¢
803610000

....903020000

891~}

O 0i0 0i0 00 0.0 00 0i0 0:0 O

. ‘ :
...._.ppocoooooomoqoqo
©0:0 0:0 0 O O}

{0 00000000

1 i t i .
:0 0'0 0:0 0'0 0!0 00 0,000

.
4
(H)

N

9 0.0 0:0 0:0 0.0 0 0 0.0 0.0 0:0 OO «!

‘O:

.

00000000000 0000

Rooo

o
:\\\g\\\\-\\n\\\\\\\\\\

[

a

-A-A-'s - ot
a {w
0 0:0 00

9030306000

[
-h b
o<

"803050000

803060000
~901010000
o maw -sozoooooo asenee
=§03016000°

=903020000

- —903030000“”“

(o1 4}

[}
ey
QO

{0
=1.0

0000000

S

oo 0i0.0i0c ©

0i0 0/0 0/0 0.0 0i0 00 0:0
22ARYL AL AL







Technical Report x “TELEDYNE

TR-5364-4 Lol : szm ING SE ‘
A m . 5 SE m<_0 w
xmﬁﬂoa 0 ;oo . mz .m .
| o i b | _
m “ . . m : . _
4-169 | . m
i :
* o
: i
» (23] §
3 H
. .
]
i
. .
\
; .
i
segs; |,
0000 i
- ; I T B :
) H H H H "
- X-X-X- D - o
. " O . : i " i
LR (=] H H H 4 s
il PR o
% | P
i . :
©cooi g . ;
coool s i i ;
" b H H H H
-~ H H H H £
- H : . M
QOO wi ! i ’
0000, O » H
§88Q. i i :
QOO0 =i ¢ : . u # :
woes, v H ' : § a
00O’ : H i H i
© M R H ' H H N N
00;: W f : : 2 H .
aooNQ H ¥ 3 : " . H 1
1 row, : 1 : H H H H
ak I B : i i i
0 N s : N : i : ‘ :
. R P, : i . P
NONNND i : : : : ] ;




i



- “™TELEDYNE
Technical Report ENGINEERING SERVICES

4-170
@ Revision 0

@ 4.,8.2 REPIPE Input - Section B







-

R

218 301000000  .4044 7193 5648/ B
216 ' "-302010000 "' ". 4044 7193 " 6648/ ShHS
. 214 302010000  .582 0.0 .813/ TR A=
" 214 7777362020000 . 582770107 813/ >
212 2302020000 | .BB2 0.0 813/ o eeee———— ———— S T
212 772303000000 T .582 ""0.0" 813/ o=

2 210803000000 | 0.0 2.0 0.0/ o e————————————————————_———————————— ettt s ettt e o ey
210 30401006007 °0.0"-1.6"70.0/ 0o
210 304020000 0.0 -1.0 0.0/ o
210 7304030000700 =1.0"0.0/ =

. 210 304040000 0.0 -1.0 0.0/ Mt
2107 304050000 "0.6"=1.0"" 0.0/

210 304060000 0.0 -1.0 0.0/

208" " "-304010000 0.07=1.0 ™" 0.0/

208 =304020000 0.0 1.0 0.0/ o e————————— 1t sommessne s e s <8 s - .
208 "-304030000 " 0.0 =1.6"' 0.0/

208 7304040000, 0.0 =£:0 0.0/ o ——————— R s v e

208  -304050000 " 0.0 -1.0" 0.0/

208 . -304060000 0.0 -1.0 0.0/ - - . -
208 '-304070000° 0.0 <1.0 0.0/

. 203“ 304070000 ~.896 0.0 _444/ ................ avos emar
2087304080000 ~.896 0.0 ", 444/ +

.. 208 .304090000 -.896 0.0 .444/ =
204 -303080000~.8960.0 """ 444/ ~

.. 204 -304090000 ~.896 0.0 ,444/

204 304100000896 70,0 1448/

.202 304100000 0.0 1.0 0.0/ ;
3027 ""304110000 "70.61.0""0. 0/

. 202 804120000 0.0 1.0 0.0/ Ty
202777 '3041300007" 0.0° "1.07"0.0/ .
.202, 304140000 0.0 1.0 0.0/ TR
202 " 3041800007 0.0 7"1.07"0.0/ -

..202 304160000 0.0 1.0 0.0/ e ersm s -
202 7"""30417000070.0"1.070.0/ m
202 304180000 0.0 1,0 0.0/ e eee———— e s om e 4s i;1
202 773063190000 0.0 “{.0"" 6.0/ " Zr_
200 .-304110000 0.0 1.0 0.0/ - @) ¥
200 """<3041200007"0.6°71.077 6.0/ 28

.200 _ -304130000 0.0 1.0 0.0/ =Y
200 2304140000 "6.0""1.07"0.0/ . m
.200  -304150000 0.0 1.0 0.0/ ~— [ &
"200 ""-30416000070,0"1.0" 0.0/ am
200 ~304170000 0.0 1.0 0.0/, T2
200 “T-304180000° 0.0 1.0 6.0/

.200_ -304180000 0.0 1.0 0.0/ e g
200 -30500000070.0 1.07"6.6/ w
..196 305000000 ~-.997 0.0 .071/ a7
198 7" 306010000 77,697 0.0 .07 1/ bl

198 ..306020000 ~-.987 0.0 .071/ _ - TSt T
198 ""306030000 <1897 6.0""T071/ . <
495 . ..2306010000 ..-997.....9-,9... 071/ Q.
7’195 ""2306020000 “.99770.07. 071/

.395  -306030000  ~.997_ 0.0 .071/ ...
195 772306040000 - J99770.0" 0717 ) . w
..190 . 308040000 0.0 ~1.0 0.0/ * m
190 ™ 306050000 0.0<1.0""5.0/ .

.190_ 306060000 _ 0.0.-1.0 0.0/ -
180" ' "306070000 " 0.07<1.0 0.0/

P

INL
KPRINT=~1 +KPNV=1 KSTEP=3,
NDROPV= 700030000 100010000

809010000, 200010000 805010000 360010000, 801610000%

~nos

=3,KBLOCK=300,KPIPE=13,KPLOT( 1)=0,KWAVE=1,







-

180 90080000
190 06090000

150 308100000
..190 308110000

188 "T"C3080800600"

, 186 -306060000

" 188" 23066070000

186  -306080000

“ 186 =306090000""

1868  .-306100000
188 "7 >306110000 "
188 -308120000

" 1847 " " 306120000

.

184 306130000
184 ™ 308140000
...18201 -306130000

"'182017-306140000
18201 -306150000

18202 306150000 "

..J8202 306160000
""18202 7306170000
.. 18001 -306160000
180017-308176600
18001 -306180000

18002° 306180000 ~-

.,.18002 306190000

"'18002"7"306206000
17801 -306190000

178017-366200000

... 17801 ,-306210000

"*"178 2306240006 " -

“17802 3062 16000
..17802 306220000
1780277 308230000
17802 ° 306240000

178 75306220000

176 _ -306230000

176 ~-307000000

o

woim

1747201000000

172 -202010000

170 77202010000

170 202020000 .

© 16877""2202020000
168 _ -203000000

"188 203000000,

1,182 72040700007 7. ¢

166 204010000

"§68 T 204020000

168 204030000

168 2040640000
..166 204050000
"1668 """ 204080000
184 -204010000
164"7""2204020000
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