|Z5{L) Pennsylvania Power & Light Company

Two North Ninth Street » Allentown, PA 18101 215/ 770-5151

Harold W. Keiser
Vice President-Nuclear Operations
215/770-7502

NOV 14 1986

Director of Nuclear Reactor Regulation
Attention: Ms. E. Adensam, Project Director
BWR Project Directorate No. 3

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION |
POSTULATED PIPE RUPTURE 1
PLA-2756 FILE R-26,R41-2

Dear Ms. Adensam:

Attached you will find calculations M-MSS-010 and M-MSS-006 as requested by
P Mr. M. Thadani during a telecom on November 12, 1986.

If you have any additional question, please contact us.
Very truly yours,
HUJK)QM[

b~

H. W. Keiser
Vice President-Nuclear Operations

Attachment

cec: L. R. Plisco - NRC
M. C. Thadani - NRC
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ESIGN ACTIVITY/PMR NUMBER 1&ETR \OWS535 PAGE 1 OF T8 ____
TITLE/DESCRIPTION _JET_1mPiNGEMENT SN M1V

STATEMENT OF PROBLEM

DETERMINE IF THT \nBoARD MSW'S mLL FAW Dyve ™ THE TET | MPANGEMENT FRM A PIEWIED
BREAK OF TVE 23" RECIRC. SUCTWN Lng AT HoZzZLE NIA AT TME PivE -m- SATE - ¥ND WELD,

\F FAINLMRE DOES QCCuRk PeTERPUNE THE JET PRESSURE Fore WHIMM TWE YALVET Do Nov

AL,

DESIGN BASIS (DC020.0 OR DCO020.1)
THIS CAL. \S PERTOAMEYD ASSYMING THAT Tye TET EXNT ANNULLS (ANFIGURATYN CAN

9E REPRESENTEP RS AN OvelV ENDED TIPE OF Mg SAME AR:A,

1. DESIN mand H# MDE |45 ~00 DS \DNMPLEMINT T ATALIED R *E& TR, G-KR-4-073 M (Th

RENCES/FORMULAE 2 00" rsocyres Ly RYT. DRTED b-24-35 (RAQIMENT & T CALL M-mS~ O Rw-l) |

a; TV, FENS0 1,90 L1y, REVW |, N) REQRE OUmLptT NOZILE SAFE END.
4. AN 56,2 ~\a%o, TESIGN BR51$ FOR PROTWETION OF 6Ny WATER REATTIR POWER. PLANTT ACAINST Efrerts

OF PSWTWLATED PIFE RUPTVNRE.
5 ASNE PUB. O - KT 31, F. T MOYDY , PREPICTION OF BLOWIOWA THRWST AND TET TorLES

be TOAR. TRABLES LA\ () t{W).
7. ATUHOD € MIRKILL (R, DUMG. 2\140-H | SHEETS X 3 A N WLE. MAN STERM 1SQLATON YALYE .

8. RTWmp 4 MerRILL Q. MmSIV I NSTRUCTION NANW\L y FILE 204-9%, T0M 17,

9. GE M9V DYNAMIC QOYAL. REPORT, KR1- pU1-FotL, FOZ3, XV. T , MPL ReF. 236X)N 3AE  ReV.215
19, ATV § MORRILL Q). DMG. SIZB3-W, FF 114510 Sn. BM\

SUMMARY/CONCLUSIONS N UTRFM, ATNOOD AMIRRNL TY & D, P?m.er: 4-3 -;2 (AmRGImEnT 3),

12, BAVMEITER. 4 MARKS ) STANDARD NANDHOIY. TR MECHANICAL ENGIN EXT ) SEVENTH EDITION

5. METRLS PROGRESS tho%n - 2% EpITioN

(4, M§IV ACTURTOA DYNAMIC OOAL, TIT™ REVORY , VEDC- zzﬂ‘\f\ ﬂ\)WsT. V23,

15, GE PLANT TIPING TES\GN FTEMA -3 MDE 31~ By TRANSMITTED BY 6-KR-b=)35 4F APRIL n, 198y
MSIV QPERATORS DN TME A LD INBOARD VALYES Wil FAIL DVE 10 TWE JET IMPINGEMENT LIAD.

THE MAMYM TET PRESSVRE THEY CAN ‘Wdiths AN 157178 pas.
TS CALCOLATION SIPERSEDES . CALC W T M-mSs - oA,

REV-NQ.| DATE PREPARED 8Y REYTEWED/CHECKED BY DATE APPROYED BY DATE
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PP&L Form 2454 (10/83)
Cat. #973401

.Dept. PENNSYLVANIA POWER & LIGHT COMPANY  ER No.
: Date 5-25 _ 19% CALCULATION SHEET
Designedby SRR PROJECT__M-1$S-01o Sht. No. _4 of 24

Approved by

FIGURE | TEXRILES THE PAYSICAL SITUATWN THAT WOOLD EXIST AT TWE TINE
THE RECIRG PUMP SIPE OF TRE BREAK. COMES TO REST AT A STEADY
STATE. CONDITION . SATVRATED WATER ESCAPING FRYM THE Twd OPEN
ENDS WOLY MEET AND TURN RADIALLY OUTWARD WHERE IT WOULD
ENCOWNTER- THE T.9. OF Ta® SACRIFICIAL. SWELD TIORS , THESE WouLp
TVRN THE FLOW AXIALLY ALONG THE BUTSIDE OF THE PITE IN EATH
DIRECTIONS . THE INSULATION IS ASSUMED W) BWOW AWAY. THE Flow TOWARD
TRE RPY WOWLD VRESSVRIZE THE ANNULUS BETWEEN TME RPV AND
TME SACAIFINIAL SHIELD « THE OVTWARD FLOW WouBLD EXIT INTO THE
ARER OF THE INBOARD MSIV!S PER WIQIRE 2 . RSUME EQUAL FLOW
IN BOTW DIRECTIONS . :

FROM REF A THE AT-REST SECERATON OF THE PIPE BNDS 15 )2 o

%,544 1b/sex , FROM THE PWMP SIPE 5,4%) \b Jset. . TOTRL FLQW 1S
23,339, FIOW DVTWARD 1§ HALF TOTAL OR 11,41S |b /fsEe,

‘tmom REF. 2 THE FLOW FROM TME (rSSEL SIDE OF TME BREAR IS

CIRCOMFERENTIAL ARER OF TUE GRP BETWEEN THE BREAK EWDS 1S |
Rene = (INS)DE C)P\C\)MFEQD‘KE\(GRP) = 77’(17.1).\)(6/4?) =T)"(25.°r‘o°\ )ﬂ)(lllu)
Aapy = G0N w2 = 6.608 Fr® FROM REF. 3

EXIT ANNVLUS AREA BETWEEN PIPE (,D. AND SHIELD DWoR T.D. .

Ao = z[20¥-00%] = g [h0") (47)']
“ 72

Agur = 1044.15 W= T.205 FT®

FROM REF, & | PRGE 10, EQUATION (-2 , THE STERDY STATE THRYST RRCE 1S
T=peu;a;+me | _

b MRERE 1 O, = EXIT MAss vENSITY = 810 1b /rr? (Rer 2)

Ue = EXT  VEWKITY
Ae = Hegyv = BMT ARER

P = EXiT PRESSURE = 232.3 1b/iwt (Rem 2 )







FASM REF. 5, EWATION 29, THE TET PRESSURE AT THE RSYMPTYTIC PLANE
P = Fx = 9 ()"
As & o
WHERE : Fyp =T= Fo&cé.,.nT ASYMPTOT\C PLANE
Reo = AREA OF ASYMPTOTIC PLANE
% = 3Z. FT /sEL”
Ae = BX )T ARER
Ge = MASS FLIK AT EXIT PLANE = m QIS IbAr. _ o, 1lby
. Re .25 FT® &S
‘ . N = AYMPIOTIC JET SPEQRC VOL. |

SR

PP&L Form 2454 (10/83)
Cat, #973401

Dept.. ‘ PENNSYLVANIA POWER & LIGHT COMPANY  ER No.
Date 325  19%v "CALCULATION SHEET

Designedby K2 PROJECT__M-1sS= 09
Approved by

Sht. No. __S_ of _A

VOWMETRIC FLOW RATE = MASS FLOW RATE _ 11,915 1) /sec.
DENSITY 3,182 \v /FT”

= 37445 F e

Ue = YOLUMETRIC FLow RRTE .. 3,1445 FU/Se _ 515.4 FT /5eC
P\e 7- st FTL

SNBSTITUTING YNTD TWE THRUST EQVATION ©
T = Pg Ueer +?ene

T (330 /) (515.4 pie Y 225 77Y) + (232.5 b fiw ) zus e Nisanr)
3L Fr/sc®

T= 190708 \b + 295,33) b

.—_-Y:XV%+(\~><\ V] (s %)

WHERE § Xy = STERRM SP. voL. AT AMBIENT = 6.3 F1%/ 16
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Ng = WATER STEQOTIC vOL AT AMBIENT = «01u1 ¥1°/\b

K= U.b /U.{: = VESUTY RATI0 (REF- g, 50"5)

We = %G X
YT X
Vg = = GO
\~o<
= = \[IAYQK VAL. FRACTION _ - (APRSN - .499

V{.‘\' ‘J% 2%+ . 0\

X = STEAM JET QUALITY = ENTHALY Chnee (STRe, To Amsivr)
ENTMALPY CHANGE (TOTALCHAKE OF STRTE)

ASSNME ANSTRIT ENTHALPY  PROCESS -

h, = 527,95 en/ W
P. = 1031.2 MIA

FROM REF, b VESEL STRGNATAIN COnpITIons

RT AMBIENT FroMm AT STeRM TROLES @

he = 180.2 B8W /)b,

}\“3 = Y70, 3 5TV /b
X= hy -hy - 5229 wn/h —1%0.2 3W/1p - 358
, "c“ 5710.3 BN/1v

Wy = X &V - ( 3:530»40 A Vo fsee w2 2080 617/0) = 15,1505 i
0

\(

Up = 1% GV = (l-.ass y\\%.l\bﬁsc . 0vIEr ) = 17,5841 b1 At
-k =949

K. Us - 159515 Frifim o - 3L
Ue 1,58k Frisec

ot TF >
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PP&L Form 2454 (10/83)
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Date 325 199 CALCULATION SHEET i |
Designed by SR  pROJECT__M-MS-01D Sht. No. _1__of 24
- Approved byr - .
] 1258
Voo = |- 358 (2u300”/10) £ (1= 88) 000} oy FT’/)L)] I8+ e )
V.. = 10.220 Fi*/ 1 ‘

Poo = (3?. 2 Fr/see )(4‘8&.;03‘\ )1 \)
1248 FT= = 5,1%) \b/FTT’ = 36,09 b/ "

. k“’%\\ \}épﬂ.) ‘ |Q-3,ZQ FTS/)L) ; —_—
Aw = Fr_ o 43 0%4)b _ 493\, FT"
Foo S, v/

FRom R4, BR G-Z, THE DISTRNCE FROM THE EXIT M THE MYMPRTIC ManE

'S :
- (B )
De 2 “ Ae 7
WHERE! Lo = DISTRACE 1O RSYMPRTIC RLANE

Ve £AT DR .
THE EOWNMVYALENT MNAMETER FOR THE ANNVLAR BEXIT 15
De = 2 ,r Re. .2 z.zwgL — 3041 FT
1O .

'D\SYF\N(.E FROM EXIT O ASYMPTOMC ?LHNE \ b
Low -5 (s0erver )/ [ABL A _ 1» _ 394 Fr
T.0:6 FT

FRer KE:-4- PAGE E-V y CASE a REGION 2 OF T™iE JET BLAST IS u‘.FmED BY !

L ELZE \[‘H\ - ]m 0"
L= L[\IM 304\1-‘1’] o110’
7

L& 2e.
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Date 325 19%% CALCULATION SHEET

Designedby _\XR  proJecT_m- m85-0%0 sht. No. _ 5 of 18
Approved by 4

SINCE THE VRALVE AND OPERATR ARE AT APPROMIARTELY R FT RANGE
TREY ARE )N REGIIN Z ANp SVBIECTED 70 TWE SAME ET TRESVRE AS TUE
ASYMPTOTIC PLRNE.

THE ARZA OF TWE ASYMPTOTC PLANE 1S REPRESENTED BY

e
—~°
K
s’ -

ﬂﬂ'n\\_ = RQO ¥ R?D?E

DY - UB%FTEy o (29, ams
“- “ 4- 1440~

D < ILLFr

nNe. 3

FROM REF. 4 | EQ. D-5 , THE 1MPINGEMENT FORLE 1S °

-l

~
F\mp = kd) ?3&'7 "\Tnzéa'r

where ¢ Ko = SHAPE FACTOR FoOR. THE TRRGET
. Pinmeer = TRRGET ACER )
Pgr = J€T PRES. AT THE TRRGET.

YOKE R(D
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’ Date _3-25 198, CALCULATION SHEET

Designed'by- _S® . PROJECT__IM-rs5-01Q -  sht.No. _94° of %4
Approved by

BY INSTECTYON OF REF. 7 T \S LVREWY THAT TWE MAXIMUM STRESSES 1N THE -
VALVE DVE TO \QOADS ON Tt OPERATOR WOOLYD BE 1IN TUE THRERDED

WHERE TREY ARE %'OLTE‘D T THE TOP SPRING SERT,
Fay = FORLE OF JET ON VYERTOR 1N Y-DIRECT oM -
Fax = Fo?;(jE on:sET N OPERATHA N A~ DIRECTON
Fu = WEIGWT FORCE QOF OPERATOK = 2440 |b ( REE Q. ,PAGE 26, YTEM |4-)
FROM REF, 4 | PAGE £, A DYNAMIC WAD FAC‘NK MYST BE APPLIED. THIS

FACWR 1S THC )N\/:’JE FUONCTION OF THE SNHIFFNESS OF THE TRRGET.
ASOUME 1.0 IN THE Y- DIRECTION SINCE ™ME RODS ARE VERY STIFF

am COMPREZE\ON AND 20 IN THE A~ DIRECTION SINCE THEY ARE

RELARTIVELY FLEXI1BLE 1N Tnm- mm::c.m)n)
FINp THE FoRCE DQNN ON Twe m? PLRTE 0\- THE Q?E&m'm@ CYLINDER |

By = K@ JeT Arrreer DLE

From REF. | , F16¢.D=l )?E, FOR. FLAT FLATE = SN 1RO DENCE ANGLE
FRom REF, T, Hmu = 22w A22w = t4-%4-m" |
Fy, = (s 45°) (3605 1, /v e){ 434 w™) = )2 338 L.

FIND THAE FORCE ON TME SIDE OF THE. OPERATING CYLINDER . SINCE THE AIR

CoNTROL MANIFOLD 1S LOCATED ' THE SIDE OF THE OPERATNIG CVLWDER, )
URE TRERTED RS A FLAT PLRTE. ’

BY memoRaREnT | A= &2 ;A 213/ 490,37 w *

Ky, = (s 45 °)(3\o.‘05’ nin) (430,109 (2.0) = 25,017 lb.

’&n»mg FORCE ON THE SIDE OF THE SPRINGS IN THE OPEN PHBITION. BACKR
PRINGS WOULD BE ESIENTIALLY SWADOWED., ASSUME TORL EFFECT OF ALL THESE

BY MOTELING Twe FRONT SPRINGS OQnLY . SINCE THE FLOW THROUGM THE OPRINGS

1S VERY QRUVITWG , ASSUME ALL OF THE INCOIDENT ENERGY OF MIE
JET \S RAPBSIRTED. ’Ntﬂi?o&\? THEY WoulD RCT AS FLAT PLATES WiTH AN

PORYION  OF THE MNOKE RODS WWERE THEY SCREW:-INTO THE BONNET AND:

«
P
._‘,,1-2“.,.
", et
.
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AREA EWAL O TWE PROTELTED ARERA .
2161 nl} SCALED FRom REF. 7

SPRING LERGTH | VAWE OPEN
.23 w

SPRING  ©9.D.
PROTETED ARER = (8wl m)(‘o.53m)(t)(sm 4-5"‘)\" = 194.0 Y

oo = Fat = Pt Ry S 450 2

——

s |
Fre = Fog = (3995 1% ) (194 w2 )W) = 9831 1 /it
[A

FIND FORCE ON LIMIT SWITCH MOWNTING PLATES !

il

ARGR oF PLATES =(2. rmmg)(zfr )«l)(:iiim) BY ACNAL MERSIREMINT

. = 24 N"
| 3,459 )b

Fus= (3\030‘5 W/ %) (e ) (s 45°)(1) =

FIND FRRCE ON TUNCTI0M BOX <
(5:) (t?.nl) = LO ™ BY MERGUREMENT

—

ARER OF BOR S\DE =
Frg = (305 1% Jt*) (Lo u'!}) (siw 4’5“\(1) = 3,059 1

AREA OF Do TP > (:L.:)(‘hr\) = 45 )™
Fys = (3008 /) (450t (s 492) (1) = ) 147 1L

FIND THE MOMENT AT THE ToP 0F THE BONNET poE 0 THE JET LORDS .
(R 0L (RO (R ) Ya) +(Fre )Y

mnm:eo =
3T ¥
\ .ovmere Y, Y, Yy 9 Y, ARE THE RESPECTWE LEVER ARMS FrOM
‘ RPPROA . CENDRS OF RRER . THE BONNET JOT. TMEY RRE
TOUND Y RACTURL /MERSOREMENT AND INSPECTION OF PHOTDS.

25,0rY67w) +(4.39 1 1) 37)-+03 459121 1) (5,053 ) 20 )

m APPLIED = (
JET

L]
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Designedby _NF _ PROJECT_M-M$>-019 sht. No. _\\__of 14
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rmm;p = 2,285925 i)
TJET

FIYWND T™TIAL JET APPLIED FORTER *

[

Foern = Tt Fre TP T7x = (25,000 ) 3 301 D+{4590) + (3,059 1)
Fyn = 51,4201k

Faery = Ty TPy 1 Fyz = 12,20 + 4845 bt 1,147 1
Fary = V8,439 \b

‘IND THE MomeNTS AND FORCES PVE TO VIBRATORY MOToNS. ASSUME
THE JET WAD 1S COUINQIDENT W7 SSE . rrom REF. 4, ATAGAMENT 3,
FOR THE FAWLTED Conmimoed | SSE, W e A~ DIRTioN CATTACHMEAT |

TME RRS PEAR \S .44 @'S . AR SSE j~v ME Y- DiIgechond (AGiment 2 )
THE RRS PEAK 15 B0 ©'s . (HERE X 4Y DEHeTE DIREWWE FOR TST REART oity.)
AR TWE A= WUMPQpeNT THE ACCELERATMN PERPENDIONWAR T ANp PRRALLEL Y0
TVWE ACTWATOR NAS ARe :

1OV G's

(]

Gyy= o 45°00,44 &'s)
Fok TWE Y- Q‘vMF()NE;\)T_ \
| Gy = (51 457) (5.0 ¢s)= Lo <,‘§
T‘QT}Q\_ “(7"\.0?\'9&;,: 1.OY & L.U8 = Ty G's
FROM REF. b, PAGE 26,17 )4 | veieuwT OF OPERATOZ 1S 2¢40 “’:
HR(E;(N DUE 0 SSE ACCELTRATIONS :
‘ Faesy = (009@s) (1,840 1) = 17,200 b

~\20
FROM REF 10. CHTER. OF GRAVITY OF OPERATOL 15 4570 RABME BONNET ~rop.
FROM REF T ) SCALING ,YORE RODS JOv mowweT 2.1 INUS REQrE BONRET W .

.
"

Cwaa s .






r 1 épsi Form 2454 (10/83)
Cat, #973401

-
v

Dept. ' PENNSYLVANIA POWER & LIGHT COMPANY  ER No.
Date 325 19 B CALCULATION SHEET 7
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LevEl. ARM OF C.6.710 POIAT QF YOKE RAD RITREHMENT -
L= 458125 17 = Zoh Tin = 4301 N,
MOMENT AT ATTRLAMENT DOE O SSE

[P = Crooon) o] = 9550

DINCE 1T 15 EATREMELY LRLIKELY THAT THE PEAR TET FORLE Arlp THE PERK
SSE ACCELERATRN WiLL 0cOR S1ZULTARENSYY | THE TWO FoRCES AND
RESWTANT MOMENTS ARE QMBINED AY THE S&QNRE ROOT™ OF THE SvM OF
THE SQUARES (Ssrs) ,

m-mm. (mh”mw t /’.L.ss )K_

APPLIED
oy = (23’35 9257+ 45,430 ™) *
Arnaw
m%g 2,499,720 w )b
- L - = % y,
F:’MR\. - (F'SE"{ ¥ T%E;(\) b F'.("m\. = (ny + Fs%;}'\
L L VI-
From, = ( 18,430 W + 17T, 30 Y4 Fneg, = (51,420 5 £ 17,307 )
Frvame = 29278 1 / ' \F,‘,‘,mL = 54,253 1}

FIND (NAPING OF YOXE RIS AT CovneeTIioNn 10 ROANET .

l. ALL OF TWE APPUED MOMENT AND FORCE mWST ULTVMATEY BE Asstrsed/

RESISTED BY THE VAWE BOYY , TURQUGH THE VALVE BOANET, THROUGH
THE JOXE RAY% . :

Masany ﬁm ;m

UEYD YRWE

BoMNET mRObS

Z. THERE ARE Two POSSIDLE MECHANIS/AS FOR THE APPLIED MOMENT Tv ©E TRANS~
MITRD TO THE DONNET - &) THRNGH /MIMENTS TRANSMITED 8Y THE INDIVIOVAL
ROPS |, AND B THROWM § COIPLE WUTWEEN TWE UPPER BND Lowek Roi

s

”
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3

FREE BqpY PIAGRAM oF RAD SYAWING POINT A" \q M
0 LATERRL. FREES ANP RESVMNG AMWMENTS, . '

o Fig. 6 y
Mnf'mg . -

ér‘;: O = Fn‘"an
£m, =

3. TAE Ra0S ARE FIXED AT THE BANNET END
4. THE ROPS ARE FIXED RT THE TOP SPRIN(G SERT END

THE SPRING RATES OF THE BonNNET AND TOP SPRING Sent IN Be? NG
AMD THE YAKE RNDE I TENSION D COMPRESINN ARE VIRTYALLY INFINITE
COMPAREP N THE SPRIN G RATE OQF THE ROPS IN EENDING. TWERERIRE
WREN AGED OF 5Y A LATTERAL FORCE , BENDING TRKES FPLACE W ‘nns

RYDS ANP TUE TOF STRING SERT 1S v:S?mcs‘D LRTERALLY  PARALLEL
TO THE BONNET. TWE ROV TBEND IN AN S-SHAFPED CLORYE. THIS

1S CONFIRMED &Y OBERVATWN 0F THE &E. SEXSM\C mh\_\F\mT\w
TEST MWIE .

6. 5

G. THE RIDS HAVE ESSENTIALLY R DNIFORM  X-SEMON ,T0P T BAT7vA,
WHEN DISPLACED THE CORVATURE O¢ THE RADS 1S THE SAME AT THE
TN? RS AT TRE BATOM . IF THE X-S&TN AND THE QURVATYRE ARE THE ‘
SAME, TWEM THE MOMENT AT THE TOP AND &M BNDS MVUST 2E THE SAME,

. | N ¥
Mn‘\:mt."'ﬁzx\l=0 m " \(

0
3
Y594 - PR
‘
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T AHSIME ALL FWR RODS RERCT THE SAME .

R. ASSUME LATERRL DSPLACEMENT 1S SMALL QLOMPARREY MO RQP LENGTH.

THEREFORE | MOMENTS INOUCED BY AXIEL FORCES TIMES DISPLAEMENT ARE
NAT CONGIDERED .

© 9. DETERM)NE THE EFFEUTYVE LEVER ARRM OF "™Wg JET TORCE.:

Yaer =

M agrucs TR 2 vl _ 4b 4 .

—

= 54y, b

F 3‘51'*

0. DETEUMNE TUE TOTAL EFFEXYWE LEVER ARM OF THE JET § SSE FORCE :

A 24997120 wlb . 4o}
By oy 4,258 1b

. SCALING FROM REF. 7, WSTRNCE Fom BNNET TVP TO op SPXING SERT™

PN 1S A€ 1A, THEREFORE TOTRL EFFEGTIVE FoRLE 1S L9 Incned
RELOW  THE TO¥ SPRING SERT.

12, DRAW FRe£ BODY DIRGIAM OF TOP SPRING SERT

K
o~

Fie. 1

‘ 2RO = AFu- Farvm

€M=0 = =4/, 416X lfsy £F =0 = 25, - 2y ~Fam.

+(“‘FXML\(IHM).— F’mt_(%) F;Y-a F*y“ Fv-:nu
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12, PRAWw A FREE BIWY DIRLAM OF TAE BonNNET !

11, M MIMENTS AdD FORCES oN THRE BOUNE T

£F =0 = 2Fy~2Fy Fonp, 4

= FK=0 = Fb“""i‘t‘x - 4‘F,x

Bres

. densr= <+, "'z'Eq.yX

EMG=0 =N m_—4-m,-—Z_F47x

1. FRom STEP /; mﬂrm.n:b = mmer-

e mﬂr?&m‘ = 4m\ + ZF"Y)(
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BVT FSZ‘)/'\ ST 12

LEA= 4N -Fx (l"inl) + vat_( ‘L)
So MR, = 47, 4m,~5mL(;.9;x)+E,WL(€)

‘M,

mﬁﬂ)"mg"' FXTc;m\ ()S "‘)‘ Fﬁm&(ﬁ\

(Vi sVBSTTVTING &

M, = 1,499770mlb + 54258 b (18m) —25,78 )LE’%:QM)
8 7

‘ [ 1, = 247,425 b ]

PNt ¢
SERTMING
FACL.

DRAW FREE BODY DIAGRAM OF FRWT
RAD END., WHEN A MIMENT

1S RPPLIED 40 THE ROD \T
WILL TEND O PI1vaT ABWNT
POT " TS MOTWON WL

PHE REBBTED BY THE DAINHARD.
COMPONENTS OF THE JET § SSC

PO TAE PRELOAD TNOWN W

THE THRERDS.

<M, "‘K_\"wmo - F57 \)%:—'3 ~M=0

5\)35”7\)1“’@ ForR Fb? FRom 5'!? Y A
(F‘Thkmv -y ¢ F‘IWLBE’"" =0

Fm:mo = ,“, — M 4+ Fay - ._'1 WL
‘zom Ster 1% Regve
(A Fq»/ A= 4 m\'—F;\.ML ()(} ’")+ FY*mm. (%:)

F*, = 4, - f'-;(mo.‘\m) +F~h'mu (;i'.)
y X
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ﬁnun.v = %"m' T afl —isz("q"‘)'*‘F" x;: - L >

FROM REF. T | SRy A= TT0\,T A

SNPET\TOUTAG. &

Fomeenp = 48047 4257w hb) = (o, zsxna)(m.,«)% o) 157l
Z (o) .

@1 435 1 )z)(W\

e = 222,14 1V

THRERD

‘ STRESS = FOKQGTHK.M‘D

RRER mysxpnp

FRIM REF . || THREAVED PORTION OF YSKE RO2 S ?_w -3uN -3A THREDS
(ATACHMDT 3 | SKETet WITh LETER ). ZATERIAL 1S 1918 SOLD DRaVN STEEL .

FRom REFIZ | PRGE 81T, TAGLE 4 , mnor Dip. 1S 1,84bL in.
stams 222 b
(1,34 \0 1) ™
.
oTRess = B\ b/ ™ \

FRaM REF. 1) VIELY STRADIG™ OF THE MATEVAL 1§ 45,990 PSl VMMATE STREICTH
15 55,00 751 (SEE RVAGIABIT 4, WOy OF APPLICABLE FAGE.)

FROM TSTING <REF da ) SEGWON 3t ) YIELDING WAS 0BSERVED IN THE RQVS

FOR THE T,R.5, YET TNE VALVES OPERATEY RS DESIENERD . THERERIRE | ANY

SRESS VP 70 YIELDY Wil BE SATISFACTORY .

RIND JET PREBSVKE AT wWHICH YIEWDING OCCuls
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RATIO PRESSURE. POWN BY FORCE 'V TRERD TO y)ELD!

P o 12000 |, 3005 b/t L 19.43 b/ m”
¢ZT N b |

TRY THIS PRESSUALE . WSE EONATWHS od PACES N\ gy 1 |

Foy = 6500

"

13,4341,
Fre = 9,321
7,bbS 1
Fes = 7,294 1

L}

Fxﬂ, = \J\,q-‘\ “’

F13 - CI? |)7

IVInPruTan - (13,) 484—\\.-)(\:7 )-() %—(5)'333' i);y’ﬂ o ) +(7,Z5¢H\,)(2\ m) f(l,(,q-q )1,)(2\; ,,;)
JE ' |

Mprpum = 1,285 0 ot
JET ,

Fiers = (3,48 b £553) 0 s 72540 + L0 L) = 21,718 )

Frery = (BH50 142 LLS ot (,l‘i\L) =1,933% 1»

Mo =(),1,%S)<\%‘§‘ Wt 146,1,3\5)93“)'/“

APPLIED

Moy = ), 480 517 wlb

APPLIEY
Frome = G915 a0 < g

e,
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P a— - (’Z.‘l,'l\% W 4 17, 30015" O 3640

Yaer = 1,299 988 e o 4,4 o

EFFELny

n, =

a") 719 b
Voormy = LANSURD o 45,5 1«
. 3Z,L74 b
e v AjeeE 12} h 2.5 . PRQW TOV SYRIWGE SEAT

LA, 51T wlb 5 32,614 1b (25 ) - a2 )

9

0 Y cALCTD

= 41394 wh)=(s21780) (2.5 w) Hd mu, 12 "’A)

-

' F-Tlmm
e 2 (D w)

12‘6,5‘)1 3 w0 wieH

Prirenp =
RATI) YRESWLE ARRIN =

P 120,007 1k \M})L/w

13.16 }b/mw ©
3 b )

sz“/ 13

LI
w
b
i
\

ﬁ?/;ll
L6 b
17,49 1

g 71,527 1)
Frs = 573 )b

ok
il

>
i

Feo = 493 11
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Fas = 6,720 1b
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' ﬂlRPPunD = ),]q );’t\)s w b ‘
m .

FJ’E‘T'I\ = 2‘5\(’7\‘.’ b

Fery = LWL N
Q,4ﬂ‘5)377,. inlb
APPLIED -

F\"‘N’TR\. = \(\)g\‘; )b

Frgmee = 29,360 b

\/IET": \\ﬂ\ 7.\0-5 17 }b = 4\,.4/ IH
© 15 lnL Ik
\}WL - l;%s’\jzjl l”’b - 4‘5»4’ 1A
308%0 1b

EFFLeTVE TO4CE 1S 2.4, w0 BOUOW Tor SPRING  SEAT

mn, = ,1‘405)372):1)51—(303\0\53(2.‘.&) M, 595 Iy (2)
‘ %

M, = 093 wlb

Fragemo = 4(10,03211) =30 910 1) (o) 110550 (‘“"“) NSl /\(\wom.n)
GAID) T2\

Frureny = 120,791 b
RN PRESSULE  AGAIN !

P= 120, 1700 L8 Bt 1B W/t
120,79 1%
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Fx
F‘f \

12,55 1b

(031 ¥
Fay = 4,984 N
T"n.; 2,44 %
Fas = 6,040 b
Faa = 1,510 1

i ‘ Fos = 5L 1Y

/’l,;,,uw - \,\1%,0’5‘8‘ w b

JeT

Faey = 9,100 )b

75,297 W,
Yooy = L3487

Ty VL8 W )e®

Figx = 25,392 \b

m-rmm_ - ’,574)\q7 "y )b.,‘

Q{rruigy
Fimom, = 19,5471
Froarpr = 99,775 b

Vser = l,)7$,0‘58-,_;u = .4 N
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T AU PEOW CONTROL EQUIPMENT SPECIALISTS
POWER PLANT, OIL & GAS INDUSTRY & INDUSTRIAL SERVICE

MTHCHFI?NTB SHEET 26 o¢ 19

ATWOOD & MORRILL CO.INC.

DESIGNERS AND MANUFACTURERS SINCE 1900

285 CANAL STREET - SALEM, MASSACHUSETTS 01970 - 617 744-5690 « TELEX 94-0299 X YA RICK 24740220X
_ April 3, 1985

Pennsylvania Power & Light Company
Two North Ninth Street
Allentown, PA 18101

Attention: Mr. G.D. Miller
Subject: Susquehanna MSIV's

Gentlemen:

The following is the information you requested on your letter dated -
March 29, 1985 to Mr. Webber:

1 - See enclosed drawing detail for yoke rod threaded portion.
» TERR 5A RS

2 - The material of the yoke rod is steel 1018. COLB ?"f‘;‘.“’éz’:{',:'-,-

3 - The inside diameter of the hole in the poppet for the pilot valve
is *3.50Q.

4 - The maximum diameter of the valve stem at the end which forms the
pilot poppet is *4.000.

-5 - The diameter of the valve stem at the point where it passes through

the bonnet is 2.000 +.000 -.002.

6 - The dimension of the opening formed between the pilot poppet and its
seat in the valve poppet whenever the valve is in the open position

is one inch.

7 - The outside diameter of the poppet at its upper end stellite facing
is *21.475 +.000 -.005.

8 - The inside diameter of the valve body against which the stellite
facing of the poppet slides is *21.500 +.010 -.000. .

NOTE: Al1 dimensions marked * are to be concentric W1thin .003 total
indicated reading (TIR).






. [ ] .
WrinlWiewT 3, SHERT 71 om 9%

Pennsylvania Power & Light Company
Allentown, PA. 18101

April 3, 1985

Page Two

Tﬁe dfmensions given are proprietary information of Atwood & Morrill Co.
and are to be kept confidential. Reproduction of any part thereof or use

* for purposes other than those expressly designated by Atwood & Morrill Co.

is not permitted. |
Should you have any questions, please feel free to contact us.
' Very truly yours,
ATWOOD & MORRILL CO., INC.
NE gf&?
Virgil L. Bright '
Supervisor, Product Service

VLB/dab

Enclosure
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The tensile and yisld
strengths of carbon-sieel bars
are improved by cold draw-
ing. By comparison, the fen-
sile strongth of hot-rolled
bars is about 10% less, and
their yisld strength is some
'40% lass. For example, a low-
carbon steel with a yisld-to-
tensile-strength ratio of about
0.55 in 1he form of hot-rolled
bars will have a ratio of
about 0.85 after cold draw-
ing. While there is some sacri-
fics in elongation, reduction
In area, and impact sirength,
thess changes are relatively
insignificant In most struc-
tural applications or enginesr-
ing components.

This improvement is of in-
teses) o the design enginesr
seeking a belter strangth-to-
weight ratio or a reduction in
costs by the elimination of
alloy conteats and heat treal-
aunt. The enhanced proper-
ties may also be usaful in
applications involving threads,
nolches, cut-outs, and in other
designrequirementsthat might
effsct sirength adversely.

Turned and polished and
turned, ground, and polished
bars have the mechanical
properties of hot-rolled barss.

}\Am R Y \)t\Q\Quu}. %3&&\;& —Q‘;& e "':X'«.\r-

Mechanical Properties of Cold-Drawn, Carbon-Steel Bars

Cold Draws Followed by Cold Drawn Followed
As Cold Diawa LowTecperaturs Stress Raliet High-Temperature Slress ‘b’lat
Sueagth : ‘ Streagth Stieagth :
MS) Ko, Teasile, | Yiald, | Eloagation | Reduclion }Hardoess, | Teasile, | Yiald, | Eloapatica § Reduction [Hardaess, | Teasile, | Yield, | Elongation | Reductios |Hardae
Size, la. 1,000 Psl 1,000 Psi fin21ls, X |inAces, X | Boa 1,000 Psi [1,000 Psifin2In, % [inAea, X | Bha 1,000 Psi |2,000 Psi iu2|‘m,x ahms, X uuwss.
1018, 1828
% 1o 5 il 10 60 18 40 143 65 45 2 45 11
Over 35 10 1% iacl, & 55 16 0 131 60 45 . ] 45 121
Over 1% to 2 iacl. & 50 15 3 121 55 45 16 L} 1l
Over 2 10 3 acl. 55 45 15 k3 11l . L] L] 15 @ 101
u, s
% 0 3 e 5 65 15 40 149 80 0 15 4 163 10 50 18 45 143
Over 35 to 134 incl. 10 & 15 0 14 15 65 15 ] 3 €5 50 16 45 131
Over 1% to 2 iacl. 65 55 13 k] 13l 0 60 n k-] 143 60 5 15 0 121
Over 2 1o 3 incl. 60 9 1 K 1} 1 65 85 12 B nl 55 45 15 0. 11}
1033 .
1# to 75 iscl 8 5 13 k-] 110 90 8 k| 35 m & - 60 16 5 163
Over 35 to 134 incl. 80 10 n k] 163 85 15 12 k] 170 5. 60 15 45 149
Oves 1% to 2 iacl. % 65 12 "3 149 8 10 12 3 163 20 60 15 L] 143
Over 2 to 3 iocl. 20 60 10 0 3 75 & 10 k (] 19 65 5 12 3 1l
160, 110 -
% 1o 35 dncl 0 & n k] 179 95 85 12 3 18) 85 65 15 45 170
Over 35 1o 1% incl, 8 15 12 k] 10 9 8 12 3 179 80 65 15 45 163
Over 1% 10 2 incl. 8 70 10 X 163 5 15 10 k1] 170 15 60 15 40 143
Over 2 19 3 iadl. 15 65 10 X 149 80 10 10 X 163 10 85 12 k-] 149
1HS, 1148, 1148 .
%% to 16 acl. %5 85 1 35 187 100 ] 12 3 197 1] 20 15 45 173
Over 35 to 1% inct 0 -] 1l X 19 % 85 1 X 111 85 10 15 45 120
Over 1% to 2 incl. & 75 10 k] 10 90 8 10 K || 178 &% 65 15 ] 163
Over 2 10 3 focl. 8 0 10 K1} 1683 5 ;] 10 % 170 I 60 ” 3 149
1158, 113, st
% 1o 75 iacl. 100 0 1l 3 197 105 % 1l k-] 202 95 %5 15 45 187
Over % to 1% iacl. 9% 85 1l k i} 1 100 % 1 K1} 197 ] 5 15 40 179
Over 1% to 2 iacl. 90 & 10 X 18 %5 5 10 X i & 10 15 0 10
Over 2 1o 3 incl. 8 5 10 X 170 9 80 10 -] 1% 0 (] 12 k-1 163
L . :
% 0 % iac 105 9% 1l X 212 110 100 1| K] y74) 100 & 15 40 197
Over 35 10 1% incl.-| 100 €0 10 k 1} 197 105 % 10 X a2 % 80 15 4] 18
Oves 1% 1o 2 iacl. %5 ] 10 k 1} 1)) 100 0 10 ] 197 0 15 15 40 179
Oves 2 10 3 ad. 20 8 10 2 ) ] %5 85 10 2 1 * 8 10 n K 170
uu
1o 3 inck 110 100 10 X pei) 115 165 10 X 7] 105 85 15 40 a2
Over 35 to 1% jack. | 103 % 10 K 1 22 110 100 10 X m 100 8 15 40 197
Over 1% to 2 iacl. 100 20 10 -] ) 105 s 10 -] a2 % ) 15 35 1%
Oves 2 to 3 incl. L 95 [ 10 2 17 100 ] 10 . a 197 %0 15 12 k ¢ m
Misinum valuss founds, ds, squares, asd henagoas. Searce;  AlIS! Comaitlee of Hol Rolle:i and Cold Finished Bar Producers.
m— .
2., e

.. 82 20 2 1335, A, Laguric

C ap, - grawap

.

e
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S ‘ HC 0.y s OV, | SAFETT-RELATED &
15 (rra : - ASHE 1190R X1 - O
: > CALCULATION COVER SHEET FILE Mo, Q2L-\ed OTHER QUALITY 0
SUPERSEDED  BY NON GUALITY D

0JECT SusoEWpNdA _ STERM BELECTRIC STRTWN | ER/CTN NO. 14105% ~Q0>

PAGE 1 OF 21X

DESIGN ACTIVITY/PMR NUMBER IRELR. \ QS5
TITLE/DESCRIPTION__SET 1mPincemeNT onN_MI%C. MSIV NRARMNARE

EMATON VAWES WITH RESPERCST 1O T™E PERTORMANCE ©F \T¢ SRTETY FOrCTwonS |

STATEMENT OF PROBLEM TST&RMINE THE JET IMPINGEMENT EFFECTS OF A 28" REQIRCYLATION
LINE BREAK AT WELD S4 ON THE HARDMARE ASLIATED WITH TME INEOARD mAIN STERM

‘FERENCES/FURMULAE - GECATCL DRAWING C-9\/, SHEeT |, REV. & RERCTOR SMIELD DOMRS

« RRYMAAD J. ,
‘\?. ANST D180 3-\a7y) DANNNE SCREHS AND MACAINE ' SCRDW 11775 l

DESIGN BASIS (DC020.0 OR DC020.1) lg\n Al
IT 'S ASSYIMED THAT AFTER TAE SRERX. TWE PI\YE ENDS SEYERRTE BY T I|NCHES.

TIE CALOOLATIAN IS PERFOAMEDN ASSIAIME TURT THE JET EXIT ANNUWS CovFIGURRTIONA
CAN RE REPRESEXNED As AN OFEN ENDED PIPE OF TWE SRME AREA.AND THAT THE
RESULTS YIELDED ARE, REARSOIVABLE APPRYA)MATIONS 0F TUE ACTUAL LADS,
SINCE THE PASIC FORMULAE VIELD CONSIRYATNE REZULTC, TAIS SUBSTITUTION
WOULD  PRANBRBLY .BE SIMmiLapLy CANSERVYARTYWE . .

W

2. &.6. PG, FF 1130/),%H, 6101 REV |, NL RECIZL, OUTLET NOZZLE SRFE EAD
5. GE. DuC, WOV -MI-HN -)49-2, REQIRC OVUTLET MOZZLE NJ.
4, TELEQON BETWEEWN MR.HANS GIESECKE OF /MPA RSIVATIS 4 mg, DG, PREVA FE (pmACHMENT 1),
S. ANS 58.2-19% | ... EFFERTS OF POSTULATEY Pire RYPTURE . " :
(. FSAR. TngLe GA-4 (u). I5: LEVER, REFPORT FA1.
U RCXS STRADARD HAADEIK OF ENGINEBRING CALCYLATIANS 1972 /1% GRA< HILL ;‘R%D"ng,ﬁjg‘f}_ﬁgs‘é
g&. RTWDY 2 MORRILL V. Ve 21130-1 , VW WEL gy STERM YISOLAT N YALVE[RMthmnT 5) ’ ’

. MEISTER. § M ARKS , STRADRRL HANPHOK Fd R MELHANWAL EYCINETRe | )3T
& Bem B ARKS . STarORRD i STRESS AND' STRAM Jq\.f ! 2

»

4. THE MOWNTING PLRTE

L. LM SwTCHRS WILL YT FAYL

L. HYDAANLIC SPEED CONTXOL HRRDWARE MILL NOT FRIL . ] :
T. IF BRRIDED FLEA CONDUIT 1S SUBSTITUTED TR REGULAR FLEX CUWNDWLIT , ITEM | FAILURE WILL NOT OCLVA. é
€.1F 1" XX5 PI7E 1S SVBSTIINTEP FOR 1” CoNRIT ON SPRLL TUALTVIM EQnr, 1 TEN 3 FRIWRE WILL NOT O0CCuVR..

‘"& DATE PREPARED BY REVTEWED/CHECKED BY | 0ATE [, APPROVED BY DATE

SUMMARY /CONCLUS I ONS |>- fge SFEC PR TESISN, FAB, aclp aragnevt OF m\w(w}» STEEL PR SLDGS.,
*y
; < 3 15y = RAUI]

13 KmE COPE p?E'LT'_[}I :\BSEC.T HC Qg‘)z‘ .kmi(—g- _.’3"6:13 (5
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FIGWRE L TESCRIBESD THE THYSILARL SDITOVATWH TWART EXISTS AT TMWE Time
THE REQIRe. Puym? S1pg OF TME BRERK COMES 7O REST AT AR STERDY
STRTE CONDYTION « STERM ESCRPING FroMm THE TWQ QPenN ENDS

VIQuLp MEET AND TURN RADIALLY OUTWARD . WHERE )T WOULD ENCIWWTER
TWE \WWSIDE DIRMETER GF TRE BWN6ICAL SWIELD DRSS MW WuLY
TEND 7O PEFLELT THE FLOW AARIALLY RLONG TME PIPE OWMARD 1N 8NTH
D) RETTIONS. 1T 1S ASSUMED TUE INSULATIAN WOULD BE BLIWN
AMAY. THE Flow TOWRRD THE REACTIOR. YESSEL WOULD "PRESSVRIZE
THE ANMNWWS BETWEEN THE VESSEL. AND THE BIo SMIELD . TYE
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VESSEL SIDE WOWD BE THE PREDUMINANT SQURCE  AND PART OF
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}S TRAMSAMITIEDY TO THE BOA - THE‘N For«E IN JET DIRECTIOV ON 29X IS
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"How Allied IMC compares ‘ A Strength Companson
\ rmension comparison (nominal) of 3/4" trade sizes The results of the various beam strength and deflection
; e ¢ ) tests, which follow later in this brochure, may creste
questions as to how this relative strength of IMC is
» achieved.
. Allied’s method of manufacture increases the average
tensile strength of IMC to such an extent that its wall
strength is over 50% greater per unit of thickness than
thla'tegf rapresentative samples of GRC measured by
P + Allied.
0.D. 1.050" .D. 1.029" .D. 0,822 .
_ 0D, 1029° o _ The wall strength characteristics are functions of both
1.D. 0.824 D. 0.863 1.D. 0.824 the yield strength of the material and the section mod-
wall 0.113" Wall 0.083" Wwall 0.049" ulus. The accompanying table givesacomparison of IMC
- and GRC for various trade sizes.
Weight comparison of trade sizes Comparison of Maximum Moments IMC Vs. GRC
. Approximate Lbs. per 100 Pt, Calculated from Section Modull &' Yieid Strengths
. Trade GRC IMC .
Slze WiCoupling WiCoupling® E.M.T. Trade Size tMC GRC
2 75 60 . 28 ;,/f' 1905 1424 '
3/4° 105 82 43 B3 ’
1 153 116 64 ¥ 6130 4405 v
. 1-1/4° 10423 8915 ;
1-1/4 201 150 95 1112 14574 12070
1-1/2 249 182 110 A ‘
z . 24660 19622 !
o 332 242 140
X7 -4 527 401 205 2z 47044 37241
) 3 63085 60343
y 2 653 . 438 250 32 83641 83785
831 573 325 4 103000 112507
972 638 370 ‘
*Weight specilications are for comparative putposes only. They are not & Average Yield Strengths
requirement of U.L, 1242,
8 GRC 35,000— 40,000 psi: All sizes:
i g .q! 1 IMC 55,000— 60,000 psi: 3" and under sizes .
A."'ed ".VIC 8? ﬁ IMC 50,000~ 52,000 psi: over 3° sizes
Dimensions Hin i
A [
Trade " Length of Flnlthod Condult .
Size *Nominaf Outside Diameter Without Coupling *Wall Thickness
N, (in) (In) (mm) (tt and in) (maeters) (In) (mm)
i 1" 0.815 20.7 9' 11-1/4" ., 3.03 ) 0.070 1.8
a/4° 1.029 26.1 9’ 11-1/4" 3.03 0.075 1.9
g 1.290 32,8 9 11 3.02 0.085 22
1-1/4° 1.638 416 9’ 11" 3.02 0.085 22
112 1.883 47.8 91" 3.02 0.090 23
o 2.360 59.9 9 11" 3.02 0.095 . 24
2.1z 2.857 72.6 9’ 10-1/2° 3.01 0.130 33
3 3.476 88.3 9' 10-1/2" 3.01 0.130 33
31/ 3.9M 100.9 9’ 10-1/4° 3.00 . 0.130 33
4 4.466 113.4 9' 10-1/4" 3.00 0.130 a3
.o ide diameter tolerances: " -**Wall thickness tolerance is +.015 in (.38 mm) and —.000 for y
) 05 in (.13 mm) {or trade sizes 1/2" and 3/4°. IMC 1/2° through 2° and +.020 in (.51 mm) and -.000 for IMC .
d %.0075 In (.19 mm) for rade sizes 1-1/4" through 2°. 2-1/2” through 4”. There is no specific wall thickness or tolerance ,
=.010 in (.25 mm) for trade sizes 2-1/2° through 4°, for rigid conduit.
3 w
® i







Series EA7OO o
Snap-Lock Limit Switches

SNEET 27 oF 27¢ NTAWMENT 4
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-Specifications

1. Enclosure is water, oil and dust tight.

2. Enclosure maets NEMA Type 1, 4 and 13 requirements.

<ontacts made of siiver alloy. Contact shifting mechanism

is locked In position by the latches until switch lever is actuated.
4, Standard Temperature Range: —20°C TO +30°C
5. Operating laver is adjustable to any required position.

6. Operating Levar Angles (travel either clockwisa or counter-
clockwise) maximum degrees of trip travel, reset .travel, as
well as total lever travel, are determined by the cam selected.

7. Operating Torquas — Trip Torque varies from 15 to 33 in.

For Marine or Otf-Shore Requirements, See EA780, EA7S0 Serles.
For Hazardous Location Requirements, See EAS00 Seriss.

Ibs. depending on switch size and cam selected.

8. Underwriters’ Laboratories, Inc. Listed. File No. E12967.
(Except neutral position module)

9. Current ratings:

Voltage ‘ For Neutral Position Only -
125V-A.C. 20.0Amps* 10.0 Amps*
25QV-A.C. 150Amps* . 7.5 Amps*
480V-A.C. 10.0 Amps* 5.0 Amps*
60QV-A.C.” S50Amps* 2.5 Amps*
125V-D.C. 5.0 Amps ‘ 2.5 Amps
250V-D.C. 1.5 Amps .75 Amps

*75-100% Power Factor.
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MPR ASSOCIATES. [NC.

June 24, 1985

Mr. Frank Czysz

Pennsylvania Power and Light Company
Two North Ninth Street

Allentown,..PA 18101

Subject: Susquehanna Nuclear Station -- Recirculation
Piping Blowdown Thrust Loads

Dear Mr, Czysz:,

This letter forwards the results of our analyses of
thrust loads that would be expected for the Susquehanna BWR _
recirculation piping in the unlikely event that a complete
pipe rupture occurred at the point where the recirculation
piping passes through the biological shield surrounding the
reactor vessel. Preliminary results of these analyses have
been discussed with you, Mr. Herb Clarke, Mr. Don Prevatte,
and Ms. Patty Mikus at our meeting at General Electric on
May 9, 1985, and were sent to Mr. Prevatte shortly after our
return from the meeting.

The purpose in establishing the thrust loads which
would act on the pump end of the recirculation piping as a
result of a postulated break within the biological shield
was to ensure that the pipe whip restraint designed by
General ‘Electric was - adequate to limit the final separation
between the two broken pipe ends at the break such that the
pump end of the broken pipe would remain in a position to
shield the MSIV's from direct jet impingement from the
reactor vessel side of the break. The original analysis for
the pipe restraints’ done by General Electric was based on a
generic approach covering several plants and pipe break
locations which did not include the special case of a break
within the biological shield.

The General Electric analysis modeled the thrust load
as a dynamic part associated with the break dynamics and
wave propagation effects followed by a steady state part
which would occur after full flow has been established at
the break.. Pipe reaction to this loading sequence was
obtained by a time history stress analysis which included
the plastic deformation of the pipe and pipe restraint. Due
to the active participation of the shield to the flow field
around the break and the large resistance to flow in the

’
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pump side of the recirculation piping, the steady state
thrust load on the pump end of the broken pipe would be -
significantly larger in the presence of the shield than the
steady state load which was used in the General Electric
generic analysis and which assumed no shield. The higher
thrust load occurs because the higher pressure which ‘exists
at the break in the presence of the shield will reduce the
amount of flow which is expelled from the pump side of the
break. For lines with a large amount of resistance (such as
the pump and other substantial resistances present in this
line) reduced flow . at the break tends to increase thrust.
Consequently, the generic analysis done by General Electric
was considered not to envelope the condition where the break
was postulated to occur within the biological shield. 1In
this regard, we understand that General Electric has revised
their analysis to include a conservative steady state thrust,
load and has determined that no significant increase in pipe
separation will result as a consequence of the higher steady
state load because almost all the pipe and restraint defor-
mation occurs during the period when the dynamic thrust load
is -acting on the pipe and before the thrust load reaches a
steady state value. ’

o Our analyses, which are documented in the enclosure to
this letter, include the determination of a realistic steady
state thrust load which would act on the pump end of the
recirculation line as a result of a break within the bio-
logical shield. Several cases were analyzed assuming
several different values for the final separation distance
between the broken ends of the pipe. These analyses include
- revisions to remove simplifying assumptions regarding the
differences between static and stagnation pressure in deter-
mining critical flow rates as discussed with you at our May
9, 1985 meeting at General Electric. A review of the
results from these more refined analyses indicates that the
v thrust loads are similar to those discussed in our meeting
of May 9, 1985 and are still well within the values used in
the revised General Electric analysis. ) ‘

» Also included in the attachment is a short description
of a compressible flow field analysis of the blowdown of an
ideal gas from a vessel through an open ended pipe. Results
from this analysis are instructive in providing some insight
as to why the maximum thrust load that can be established

4
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during a blowdown from a vessel will exceed the product of
the original stagnation pressure times the flow area of the--
broken pipe.

If you should have any questions regarding our results,
please call.

Sincerely,
Hom D Corehe

Hans D. Giesecke

Enclosure
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THRUST LOADS FOR POSTULATED BREAK OF BWR
RECIRCULATION LINE WITHIN BIOLOGICAL SHIELD

Introduction

In the event of an unlikely pipe rupture inside
containment for a Nuclear Power Plant, adequate pipe
restraints must be designed to accept thrust loads
acting on the free ends of the broken pipe‘-and.prevent
damage to other equipment in the containment. -As a
secondary consideration, the effects of 'jet impingement
loads on equipment must also be considered to ensure
that the plant can be reliably secured in the event
that any such postulated pipe break accident occurs. °

In the design of the piping restraints for the boiler
recirculation piping for the Susquehanna Nuclear Power
Plant, General Electric used a generic analysis which _
covered several plants and analyzed a series of worst
cases regarding the location of the postulated

breaks. An apparently conservative chrust load history

was applied by GE to the broken ends of the pipe at the -

postulated break by using the maximum attainable
theoretical value for the thrust load during that
period of time when dynamic pressure wave propagation
affects the pipe flow, and then reducing this value to
the steady state thrust load after a steady state
blowdown of the reactor vessel through the two broken
pipe ends has been established. ”

At Susquehanna the recirculation line passes through a

" biological shield which surrounds the reactor vessel

and the pipe to safe-end weld is located near the
center of the biological shield. If the' postulated
break were to occur at this weld the effect of the
biological shield,, which was not considered in the
generic analysis done by General Electric, would tend
to increase. the steady state value of the thrust load
applied to the pump end of the recirculation piping.
The thrust load, from the pump end of  the break is
strongly affected by the considerable resistance to

‘£low generated by the recirculation pump and the' jet

pump which exist in that line. Interference of the
shield with the break flow at the break would cause the
Steady state thrust load on this pipe leg to be higher
‘than it would be if the shield were not there.
Consequently, the steady state thrust'load used by
General Electric would not be consegvative for the
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special case where the postulated break in the
recirculation line occurs within the biological shield.

The Main Steam Isolation Valves at Susquehanna, which
are necessary to isolate the containment in the
unlikely event of a pipe break accident, are located
close to the reactor recirculation lines and would be
susceptible to impingement loads from a jet originating
from the reactor end of the break if a break were to
occur at the point where the piping passes through the
biological shield. Shielding from the impingement jet
provided by the pump end of the broken line was
utilized in the analysis of jet impingement loads on
the isolation valves. This was considered acceptable
because the General Electric analysis of the pipe
restraint showed that the pipe separation between the
broken ends of the recirculation lines in the worst
case would be less than 11 inches.

The dynamic response of the pipe was determined by
General Electric using a detailed time history analysis
of the pipe motion with the aforementioned thrust load
as input. Plastic deformation of the pipe and pipe
restraint were included. 1Initial restraint to pipe

motion is very low because the pipe must be designed to.

accommodate the effects of thermal expansion. As a
result the pipe deflects a considerable amount before
the pipe restraint becomes active and the built up
kinetic energy obtained-.early in the transient must be
absorbed by plastic deformation of the restraint as the
restraint begins to react to the motion of the pipe.
Consequently, it is feasible that the steady state
thrust load used in the analysis has only a small
effect on the final separation that would occur between
the broken ends of the pipe in the event of a break.
Nevertheless, the actual steady state thrust load which
would occur if the postulated break is located within
the biological shield should be used to determine the
final separation between the pipe ends so that the
assumption of shielding for the MSIVs can be properly
justified. .

Calculated results for the steady state thrust load on
the pump end of the recirculation line which were
obtained for various amounts of pipe separation at the
break when the postulated break is located within the
biological shield are discussed in the remainder of
this report. - These values should be used for the
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steady state thrust load as applied to the pump end of
the broken recirculation pump in a revised analysis of

the pipe motion. '

Results of Analysis

A schematic of the model used to determine the flow
rates and pressures near the break for a postulated
break in the recirculation line where it passes through
the biological shield is shown in Figure 1. 1In this
figure the right side of the pipe is attached directly
to the reactor vessel with the postulated break
occurring at the weld between the pipe and the reactor
vessel nozzle safe-end. The left end of the pipe leads
to an elbow where the pipe turns down vertically and a
pipe restraint is located several feet from the .
elbow. The pipe continues back to the reactor vessel
after passing through the recirculation pump and
several other points of high flow resistances. A
one-dimensional solution techriique which solves the
mass, energy, and momentum conservation equations was
used to obtain the steady state thrust load for several
different values of pipe separation. The model divides
the region near the break into six control volumes and -
six flow paths as shown in Figures 1 and 2. The
reactor vessel and the containment are modeled as
boundary control volumes at 1000 psi saturated water
and 15 psi ambient conditions respectively. Due to the
one dimensional nature of the model the exit flow from
the annulus around the pipe, although it splits in two
different directions, is modeled as a single flow path
of twice the area of each individual path. The
resistance in the pump end of the line (flow
coefficient 56) was obtained from the steady state flow
which exists in the loop at' full power. This is
conservative since the resistance in reverse flow
through the pipe would be considerably larger than the
resistance for flow in the normal direction and the
resistance of the pump is neglected. The flow in each
path is determined from the integrated momentum
equation and is limited in magnitude by a homogeneous
equilibrium thermodynamic critical flow model. The
thrust is calculated .from the static pressure, static
density, and mass flow rate at the pipe exit plane as -
discussed in Reference 1. Input data and computer
results for each case run are provided in Appendix A.

Calculated mass flow rates and static pressures for the
model as determined for different values of pipe
separation at the break are tabulated in Table 1.

.4
i

My
"




A
ey

PP
!Vi &1

o




III.

ATTARCHMENT &

SWEET 271 OF 27X

These results are used to obtain the thrust factors,
defined as the thrust load divided by the product of
reactor vessel stagnation pressure times pipe flow
area, given in Table 2 for each pipe end. The results
indicate that the thrust force for the pump end of the
broken pipe is largest when the separation at the break
is smallest and diminishes as a function of the

. separation distance until choking occurs at the pipe

exit plane. In the presence of the biological shield,
choking at the exit plane of the pump end of the broken
pipe will not occur until the separation distance -
between the broken ends is well in excess of the eleven
inches calculated by General Electric. Consequently, a
steady state value of about 0.7 to 0.8 times the
product of vessel stagnation pressure times pipe area
should be used for the steady state thrust load in the
General Electric time history analysis. Although this
considerably exceeds the factor of 0.33 that General
Electric used in their original generic analysis, the
higher steady state thrust load may have only a small
effect on the final pipe separation since it is
expected that most of that separation is caused. by the,
initial response of the pipe to the dynamic thrust load
which occurs before the restraint begins to act to
limit the pipe separation.

Flow FPield Analysis for Blowdown of an Ideal Gas

An axisymmetric flow field analysxs for a compressible
ideal gas flowing from a short pipe attached to a large
vessel was used to obtain some insight as to why the
thrust load from a vessel can be larger than the
product of the vessel stagnation pressure times the
pipe area. Thermodynamic models of the flow predict
that the thrust load for an ideal gas would be 1.26
times the product of vessel stagnation pressure and
pipe area, and for incompressible flow the factor can
become as high as 2.0. A contour plot of the stream
function for an axisymmetric model of the region 'near a
pipe attached to a large vessel is shown in Figure 3.
An iterative finite difference technique was used to
solve the two-dimensional partial differential equation
which describes the ‘compressible flow of an ideal gas
in terms of a stream function. Boundary conditions
imposed on the model included defining the stream
function along the axis of the pipe and the wall of the
vessel for a particular mass flow rate and requiring
that the flow be normal to the spherical surface chosen
as a boundary far enough away from the pipe inlet so
that the flow field at the inlet was not signxflcantly

'affected.
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The difference in the stream function values as imposed
at the pipe axis and the vessel wall was used to adjust
the mass flow rate flowing through the pipe leaving the
vessel. The method of solution used to solve the flow
field equations is limited to calculating subsonic flow
fields So that the solution at which the exit plane of
the pipe begins to choke could only be approached. The
thrust load for each case was determined by integrating
the pressure over the projected surface normal to the
pipe axis along the..vessel and pipe boundary and
subtracting this value from the integration of the .
stagnation pressure over the same area which is assumed
to be acting over the -back wall .of the vessel opposite
the pipe inlet. The results' for the thrust load
obtained in this manner for several different values'of
mass flow are graphed in Pigure 4. As can be seen from
the figure, as the mass flow is increased such that the
exit plane of the pipe approaches a choked value, the
thrust load approaches the theoretical value of 1.26
times the product of the vessel stagnation pressure
times the pipe flow area. Figure 5 shows the pressure
contours which exist at a mass flow near the choked
condition value. Thrust loads greater than the product .
of stagnation pressure times pipe area occur because
there is a substantial area in the region of the nozzle
at radii larger than the pipe inside radius where a :
reduction in pressure takes place due to the velocity

of the flow as it enters the pipe. This lowered .
pressure region is offset by ‘an equivalent area on the no
back side of the vessel which is essentially acted upon B
by the vessel stagnation pressure. Consequently,

thrust loads greater than stagnation pressure times

pipe area require that the flow originate in a vessel

which has a cross-sectional area much larger than the

pipe and where the flow is forced to turn into the

pipe. Momentum and energy conservation requires that

the momentum imparted to the £luid by pressure

variations which accelerate the flow into the nozzle

and along the pipe is egquivalent to that which crosses

Syt . 3
-e
.:ﬂ"'t?’““".. rereurs
»" T

—

- the exit plane of .the pipe.

References

1. F. J. Moody, "Prediction of Blowdown Thrust and
Jet Forces," General Electric Company, ASME, 1969.
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TABLE OF VALUES FOR THRUST CALCULATION

(Definitions given in Figuré 1)

-

inches 1lb/sec - 1lbs/sg in
ZAWIEETE UUTEADIINEE SAXXAXAIANMAXRXXAXZININ IXIVXIADWITXN -«
GAP Wi W2 P1 P2 PX
XA JIJIUIXRX AXJ(IW ”
2 5980 804 990 993 993
4 11523 1606 957 972 973
6 16178 2426 890 937 938
8 18349 3590 759 861 863
10 18348 4733 760 755 760
12 18349 5481 759 666" 676
TABLE 1

Mass Flow Rates, Pressures, and Densities’
Obtained ‘in Analysis

lbs/cu ft
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TABLE OF VALUES FOR THRUST COEFFICIENTS

inches vessel end pump end

GAP K1 . K2

IaXIEW VAW B{ RN ANABRIINBR
2 1.0038 - 0.9933
4 1.0166 0.973s.
6 1.0417 " 0.9398
8 1.0661 0.8692
10 1.0661 . 0.7758 .
12 1.0661 0.7041

TABLE 2

Thrust Coefficients from Calculated Results
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