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L) Pennsylvania Power & Light Company
Two North Ninth Street » Allentown, PA 18101 ¢ 215/ 770-5151
Harold W. Kelser
Vice President-Nuclear Operations
215/770~7502
JUN 2 4 1986
Director of Nuclear Reactor Regulation
Attention: Ms, E, Adensam, Project Director
BWR Project Directorate No. 3
Division of BWR Licensing
U.S. Nuclear Regulatory Commission
Washington DC 20555
SUSQUEHANNA STEAM ELECTRIC STATION
REQUEST FOR ADDITIONAL INFORMATION
FOR PROPOSED AMENDMENT NO. 80 TO
NPF-14 AND PROPOSED AMENDMENT NO. 30
TO NPF-22 )
PLA-2668 FILE R41-2/A17-2
Dear Ms. Adensam:
The purpose of this letter is to transmit additional information requested by
your Staff related to the subject proposed amendments which are the technical
specification changes reflecting incorporation of a fifth diesel generator
into the Susquehanna design.
Specifically, PP&L was requested to:

o Provide a typical calculation for the diesel generator E facility
cable tray supports.

This calculation 1s provided as Attachment 1 to this PLA.

o Provide the tornado barrier design calculation for the diesel
generator E facility removable wall section.

This calculation is provided as Attachment 2 to this PLA.

o Provide clearer copies of the FSAR revisions previously submitted
under PLA-2645 dated May 19, 1986.

These copies are provided as Attachment 3 to this PLA.

o Clarify that the Standard Review Plan acceptance criteria responses
(provided under PLA-2645 dated May 19, 1986) take precedence over any
deviations between those responses and the reference material also
provided under PLA-2645.
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: 2 SSES PLA-2668
JUN 2 4 1986 Ms. E. Adensam FILE R41-2/A17-2’

The SRP responses reflect the latest information available and do
take precedence over the reference material.

If you have any further questions please contact D. J. Walters at (215)
770-7861.

Very truly yours,

H. W. Kéiser
Vice President - Nuclear Operations

ce: M. J. Campagnone USNRC
L. R, Plisco USNRC
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OVERVIEW
of
CABLE TRAY SUPPORT DESIGN

for the
"E" DIESEL GENERATOR FACILITY

The attached drawings C5025, C5030 and C5033 sheet 1; and Calculation SC-DB-08
Set B provide a sample of cable tray support design pertaining to the "E"
Diesel Generator Facility. .

Cable tray routing is shown on drawing C5025. Support numbers are identified
on this routing (i.e. (:)). The Cable Tray Support Schedule provides a
correlation between the support number (i.e. ng) and the support detail (i.e. .
detail 1 ). The support detail is shown on drawing C5030. The dimensions
and reference elevations on the support schedule correlate to this detail.
The support type (i.e. T) on the schedule is described on drawing C5033
sheet 1. The connection details (i.e. A, F, K, H) indicated on the support
detail, are shown on drawing C5033 sheet 1.

Calculation SC-DB-08 Set B provides a design basis to detail 1. Sheets 2
through 6 provide an overview and inputs to the calculation. Sheet 11 .
provides the correlation between generic support types (i.e. Type Ia) and the
support details (i.e. Details 1, 12, 13). Sheets 13 through 21 provide the
design basis to Detail 1. : .
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CORRESPONDING TORNADO PQ&.SSUQES | ,uup 0771-/‘-::\.

0 ASSOCIATED EFRECTS.

THE SECTION SHALL BE MADE UP OF S0llp STEEL BATE
FANELS AF THE SIEE. MOST CONVENIENT 0 HANILE.
VERTICALLY, A SIRUCTURAL MENBER Witl BE PROVIZES

" TO  CUr DOWN pANEL HEIGHT 70 oNE HALF THZ Tor4l
SECTION HEIGHT. HORIFONTALLY WHOLE SECmoN
WitL B8E DIVIOED INTO 3 EQUAL paNEl 1JIOTHS.
THUS, EACH  SOLID /@ paNEL Wil BE DESIGNED T 3&

70 s EACH oTHER B8y 6/’[/85 BATE SEE SH- No. 3.
[PATE THICKNESS WILL BE ADEGUATE 70
‘ _ PREVENT PERFORATION — USING 3R FORM U LA
FOR THE MISSILES UNPER CONS/IDERATION.

CheckingMethod #  12iseter e | ‘ F-166, 7-82

Calkuiabon Resuts wod

ivte apmmanmandanian s and san s al sl v AAAAA

SUPPORTED AT -Top c# BOJTr AND WHL BE CONNECTED






Gibbs € Hill,Inc. JobNo. 3544 Clent PPEL

e Subject D) 'E' BUILDING- REMOVABLE WALL SECT'ON

alculationNumber s¢c-pB-07b SheetNo. 3
Revision | s Date Rev. Date Rev. Date Rev. Date Rev. Date
Vorosd | L4

Preparen vy o | 5/23/44

Checker | £/ |8-15-81

OVERALL STrRUCTURAL RESPONSE OF IHE REMOVABLE

SECTION TO THE MISSILE JMPACT LOAD WiLL 3&

EVALUATED (USING ENERGY BAalLANCE METHOD CIVEAN

IN REFERENCE /.

2. REFERENCES:

}v TORPICAL REPORT - DES/IGN 0OF STRUCTIURES FOR

M/ss,u.. IMPACT, 8C-TOP-GA4 REV.Z2 S&P~ /274,
BECI/I‘EL PowER CoRrp. h

2. SraNOARD REUIEWN PLAN - 3:5:3- Ray. | Jury 1981
W BARRIER DES/IGN PROCEDURES'

J. STRUCT. ANALYSIS & PDESIGN OF NUCLEAR PLANT

FACILITIES"” ASCE /980 CHAPrER G- DESIGN AGAINST

IMPULSE AND /MPACT LoAD.

4. G & H STRUCT DWGS.! cC-50/3, [f$VE O

‘ C-20/6, ISVE G

5. DESIGN CRITERI& DOCUMENT 5’544'506-00/, /ISsvE o,.vam.lqe

6 FORMULAS FOoR SrR€ss & Sreain - BY RoaRrk, 27 eciivon

Checking Method # gmw&;ag“ﬁ& compared F-166, 7-82

eonnomcormuoc -



Gibbs & Hill, Inc. Job No. 3544 Client PP £

e

“

’Subject D/G E BUILDING - REMOVABLE WALL SECTION

JalculationNumber sc¢-08-07b SheetNo. 4
Revision | S Date Rev. Date Rev. Date , Rev. Date Rev. Date
Verosd |, /. ‘

Preparer |/ 25— 3/23)18

Checker | 'A/8 8- 15

-2+

= " IMPACT EFFECT OF FRAGMENTS STRIKING STRUCTURA!(
ELEMENTS "~ by RA WILLIAMS & R:R-ALVY, Nov. 73,

HoLMes & NARVER,INC.

8. " INTRODUCTION TQ  STRYCTURAL ' dyMAmics ' BY 315663
9 " ACT 34980 " cooe REGU[REMENTS FOR NUCLEAR. SAFET
“ RELATED CONCRETE Lrrucrures’.
/0. AISC " MANUAL OF STEEL CoMSTRUCTION , § “ Ehirow, (9B
/1 TRW NECON DI+, BESIGN Daza 10 ' EHBEp ~ENT

PROPEATIES oF  HEADED Sroos” 7975

2. As7r1 s/c-c_s .

Checking Method #

; Uine-ty-ine checking F-166, 7-82
-—_- -‘wﬂm 1 ot AMTEASRAR SRS maa e hed nas dia af sendas Andas



‘Gibbs & Hill,Inc. - JobNo. 3544 Clent P.P. &L .
Subject D)@ 'E' BUILDING - REMOVABLE WALL SecrioN

G Jalculation Number s¢-DB-07b SheetNo. 5
| Revision | e Daie Rev. Date Rev. Date Rav. Date Rev. Date
m N -’ P :

Preparer | <55  |3/23/ 8¢
Checker | /-7 |5 -I<-B4

J. DESIGN CRITERIA:

Jl MATERIALS:

Q.. STEEL PANEL PLATE 4AND CENTER GIRDER,

ASTM A 514-82 WITH MIN. YIELD SIRENGTH

GRADE F: Fy= 100 kst For R o 24" miick.  Zu+ 0 2o )30 kst

GrADE E: Fr:i 90 kSl. For B oVER 23 to GINE; Fyz 120 t0 30ksC.

. . !
B. PLATES  FOR CONNECT/IONS ,  EMBEODMENTS & CONN. ANGISS:

Q ASTM A 572- WITH MIN- YIELD STRENGTH [~y = S0 Ksc :
G SO ForR g wupro 2" rHick-

C. B8oLTS! ASTM A325N. UNLESS NOTED OTHERWISE .
0. WEIDING ElLECTRODES:

ENQIB-M FOR ASTM AS!4 MATERIAL (OUALIEY WEIDS PER zr/s)
E 70XX FOR ASTM A572 ANO 433G MATERIAL
" FOR ENO|8 WELD PRICEDURES ANO PREHEAS ﬁeomsweurn

REECA T0 " HowW ro WELD LSS T CoNSIRUCTIONAL Alioy SrEee”
3:2. {OADS: TR OTHER MEGR+ RECOMMENLATIONT,

TORNADO LOADING _AND MISSILE  PARSMETERS PER

3. ksercal Calcouiaton Resuks compared
4, w.mmw:omdwnmwmwmmmawm

PEF. HO‘ 5'

. Pg-4-7

233 ALLOWABLE ducTiLiTYy RATIO M = 70 CREF. 1.

' HawEVE&/ CONSERVATIVELY. Ufe M= 78 FOR HiGH STRENGTH STEE! ! 45/4 .
F U100 For i OrHER STEEL
34 DYNAMIC INCREASE FACTOR CREF. 1. P9 4d). FOR REWF. I7&2L
/2 FoR Fy = 40 Kt FLEXURE, TENSION
, oc{ SHE AR
Checking Method # 3 St Beng. nesas comparsd F-166, 7-82







I PO MV Pt S0 AR SIS Y

DR SIS [ g I

# PouaiN BupoayD

28-L ‘'99l-d

JH0UD

uotsivey

A TAETTE

PRSE[E| | erdaig

eleg

‘MY

ejeg

‘ABH

aeqg

35 APPLICABLE M!SS!ES  FeoM REF Mo S
MISSiILE D/MENSIONS | WEIGHT VELoc!TY
HorlZ- | VERT
TORNADO GENERATED MISSILES
A.| WooD PLANK 2% 127 12:0" | 108 Ibs | 240 fps| 352 gs
B.|3'e scH. 40 srecr pre| 36 x 100" 722 bs.| 147 | 118 »
cled » » G'$x |5:0" 285lbs| 170 » | 136 »
olicg w . o w | I12¢xis5t0 750 Ibs| 155 » | j24 »
g |I"é sreet  RroD I'§ x 3-0° 8 Ibs.| 317 » | 254
£ | AuromosiLe 20 SQ:Ft- dooolbs-} 195 » | 158G
G | gLty polE 15‘5"¢x 350 {4?0/55 211 » IG‘] »
S/reE PRONI M]TY MIS S ILES.
H | RIFLe BuULlET 0:3"pla. I8 Jb. | zGer fps| 2134 fps.
D | FRAGRENTS~TRUCK EXPLOSIY 38 I5fps| 12 |

‘AH

85eg

A8y

oleg

‘g0 -G0-25 JequINN UOKE|noR”

T NO/ID35 17VN. 31gvA0H37 -OMIGTINE | F, Pl pelans

"ON198US
12dd  WelD

ouj JItH 3 8999

D56 ‘ONQOP







Gibbs &€ Hill,Inc. JobNo. 3544 Clot PP ZL
Subject %5 £ BuiLDING - REMIVABLE WALL SEC]ION .

G alculationNumber sc- o8- o7b SheetNo. =
Revision | < Data Rev. | Date Rev. Date Rev. Date Rev. Date
Niseord I,

Preparer |\ =0 |£/R6/3¢
Chocker || 73/ | 4-1c.0t

40 PLAT

P\’HERé 7 ¢ THICKNESS oF STEEL R THAT WLl JUS®T 38 DPERFIQA;ZD

PERFORA "/0/\/
2 %

BRL Formuid [eou¥ Z-T, F0.-F Ref I

I3
-

-.3 'OI K r\)
(}.<

M= NAass of MiSsiLe IN /é';fﬁ‘ . N
, ¢
Vs:  STRIkING vyatocity of Missie N ftjec

-
D+ DewETER OF /L1ss & ,-@uv 6 for NoN CRRCUAL

‘ IN INCHES ., ’ JMPACT  ARs4 :
MISSILE 4 * . WoodD PLANK
M= /08// A 3 3% #5“,./,6'@-
Ve: ddo fps ‘

Dz |1]28]4x12 : =8)5 N

T4t O INCH

MISSILz B : B3 pipE

9

- ?-’-"/3:.’_‘ s ?.fs@#SCC'.'fb
Vs= |27 Fps:
D: (/728 (223 = [68 /»/.

‘ "B 075 N

. 4 mﬂmwmammmmwmdmm
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Gibbs & Hill, Inc. JobNo. 5544 Client . PP& L

Subject D/G ‘€' BUJLOING.- REMOVABLE WELL SECT/ON

JalculatonNumber s¢-b08- 976. SheetNo. 8
Revision | o~ Date Rev. Date Rev. Date Rev. Date Rev. Date
| Varess |, 1,
Preparer [\:2=t> |4 L26/34
Checker |! /- |5-15-2¢
MISSILE C o $ pIPE
, * 2
M 0735/-3:.,,_, : &8s H.sec
' ¢
VS' 70 ;’-’bs. f
o: [1128]558 -~ 266N
Tc : /‘42 "/».':
MISSILE D 1z b PIPE _
. 750 . oa.- c1
. M e 2300 HSCC g
Vs 155 #ps
D: /128146 « 431N
7o ¢ [+ 48 N. ‘
MISsiLE E- ¢  I'é RoD
M: 8352 0228 #sec /g
Vs: 317 fbs |
D : ! w
"'E = or 8 IN.
Missie F ¢ AUroMoBILE MISSILE  BEING CRUSHABLS,
PERFORATION I8 UNLIKELY
MNissne 6 Uity Polf
) pre 1€99 e 2
Checking Method #  yieaieseans | roues F-166, 7-82

3. Idencal Caicutabon Resuns
4, Compane Npuls 3nd resuis of COMPuUter with COMespoNdng INDULS and results of $amilar codes. -



Gibbs & Hill, Inc.

JobNo. 3544

Client Pp£L

Subject D/G '‘E’ BUIDING - REMOVABLE NALL SECTION

O ~alculationNumber sc¢-08- 0754 SheetNo. <.
Revision Cronsl Date Rev. Date Rev. Date Rev. Date Rev. Date
friveey T
Preparer : 2]05144
Checker | 1/5/4  [8-15 Bt
' Vs: 21l #ps- g
| N
P+ 1g:5 1" SRR
SN 2%
- ! g Xy s
G 12 N §&’5§§\‘¢,§
IS UL YT
MISSILE H RIFle BULLET guis\g:‘;g\;
- - Xy x
. 0425 : - %25 %
- W < K
Vs * BCET P TN E
~\
. <
b o3 §§<Sg§%g
N
T - 286W% E33%an.
T$ogyn Yok
0 Missice I TRUCK FRAGMENTS 3:; "~§'§'{, S 9 2
- b Q ‘J\* “‘D‘S ‘\V\3 ~
0:375 01 0l]G # seczy, QAH WX R
322 , ‘ g")z}\u% g
. ) oW R rC
Vs + 15 fbs. FYSySPad -
N2 XIV Y
P: 025N 222353 ¢
LIXRISI Q™
. _ *-mqa\‘.zwg\
iz s 01007 Iy *
Maximum PERFORATION = 148N FoR MIssite p.
MINIMUumM R THICKNESS REQUIRED 7o PREVENT
PERFORATION = |i25T [E60Y 2:8 Py -4 Ref. /J7
= 1 25x] 48
0 MIN- B THICKNESS REQD = [ 85N
Checking Method # 3 Sosiotoome. cenus comoued F-166, 7-82

SN

Idendcal Calcutadon Resuls compared
[~ 0 NOUtS and resus of with cormesoonding Nouts and resutts of smiar coces.




4, Compare nouts

Gibbs &€ Hill,Inc. JobNo. 3544 Clent PP &
Subject D/G. &' BUILDING - REMOVAELE WAL SECTION
0 . Jalculation Number SheetNo. 10
Revision | o Date Rav. Date Rev. Date Rev. Date Rev. Date
fr-=y I A
Preparer NAXY— |4/26/4¢
Checker | "/ 18-1S-34
S, SIRUCTURAL RESPINSE OF PLATE TO MISSILE |IMFACT
I~
< .
N , TYPICAL RANE!
- Q - —_—
b Y o A
e —_ G BNXD-3 oN3E.
PANEL WLl BZ SUPPORTED
l @ TOp AND SoTroM
u 3 THUS  SpAN LEMNGT
N 2 ~0g 1t _a
) Ul & N 7-5
3R -
NE: o
. ‘Z TGO ADJOINING P:iNELS
< W/l BE coNNECrss To
S EACH OTHER .
3 V) iy — X - 1= F W N K it e ".i - . ’ . .
S: ;.‘ —r =} el S T ) I-"—-'——_:—-=- — o LD SR eIt ] et = == PA”EL
2o Z' _ WNILL BE ASSUNED SIMPLY
N o~ CENTER ‘| . ' SUeroRTES @ rop ¢ Borm
T~ Box sécrlioN’ © AND, FREE AlLANG ITHER
SUPPIRT . . TWO FACES,
(REMOVAVAB||LE)
0 - STRUCTUGAL {SSToMIE
:. : o} Wite 3E sv/aya~=s> =oi
ot . L MISSILE  STUKING AT THE
. . CEMNTEQ 0F QANEL ENO0N
: : : ANO AgRMAL TO TEE FANE
_.___"_ S N | R £l g5y
B 28" [ 2t || 28l
Ly S s
‘ /4 3 ,VA OPEMNG
Checking Method # £ 38t e compuns F-166, 7-82

wmammmmmmumm.



Gibbs & Hill, Inc. JobNo. 3544 Client PP &L
Subject - D/G E BUNDING -~ REMOVABLE NALL SECTION

salculationNumber $c-053-075 SheetNo. //
Revision | Date Rev. Date Rev. Date Rev. Date Rev. Date
Gorors |, 1. ‘

Preparer %\ 4/2/8]
Checker s 3-1<-84

7

S TARGEI PRoPERTIES:

~ ASSUME o rHicknéss ¢z 28"
- SRPAN (ENGTH L= ?:‘5 . :'/Caw
= STEEL AS?)/: A 5.’4 Fr 2100 KSt -

- DYNAMIC INCREASE FACTOR — DIF = 1-0 [?F 4 p9. 4-4]
FOR Srrucy. Sresl

>

-

511 UITIMATE  RESISTANCE oF

i-/‘—-/lg- Mys ULTIMATE MOMENT Caz4CITY

; By =
M= T
: . H Jff X
dayn

de,’m‘ 10 xJoo :/ookse

Sat

o 7 .3
- : /I'§8 = )5x56-25 . 895 N

S My J00x 8765 8750 kin -

RM’: 4;36750 - 502 KPS
" i

PER REF No- 5, FOLLOWING 1040 Corl3INATISLT
) 2 AMAMIC WIND LOAD
A"Pi)’ N . W: 2 W ¢ Wf".' Ww DYNak /

Wm: Missiteé LOAD [roaNacy GENEMR

Weg= Ww+ 0" 5Ny + W, Wp: DIFF. Tgrnavo préssuie Load
Q SINCE  Wp opposeS Wm, governiNG comgnlaried

:

Checking Method # MM&?‘;.:"&MW F-166, 7-82
6 puts and resuks of Computer with COMesPONANG INPUtS and results of similar codes.

rop

%



Gibbs & Hill,Inc. JobNo. 3544 Cient PPEL
Subject /G E' BUILDING REMOVABLE WALL SEc7/oN

salculationNumber s¢-08-076 SheetNo. /2
Revision | <o~ Date Rev. Date Rev. Date Rev. Date Rev. Date
] !

Preparer |t | 5/1/ ‘44
Checker | ‘A7~ |4 -15-8+

W = 266 psf AcHNG INWRDS [SEE [AGE S
wmax. Psf OF $C-08-07C

Max. ADDITIONAL L0AD - 266 1bs] g6

\

e 512 MAXIMUM _STRAIN ENERGY OF TARGET FOR ELASTIC RESPONSE

a. No LoAD ACTING CONCURRENT WITH MISSILE - 10401;55;-5.5_3

Ru: ULTIMATE RESISTANCE

R
Xe: YIELD DISPLACEMENT. ™m

Rm: Xe

STRAIN ENergy Es- x

b. OTHER LOADS ACTING CONCURRENT WITH MISSILE Lo4D
!

Xo = ELASTIC DISPLACEMENT PUE To X Rm
OTHER lOADS ~ ! [
0 E.- R X !
s 7 !
WHERE X". Xe-Xo : :
. , 1
Checking Method # : Ko S Resuts cmouos X, Xe F-166, 7-82



#




Gibbs & Hill,Inc. JobNo. 3544 Client PP &L

Subject D/G- & BUILDING - REMOVABLE WALL SECTION

alculation Number Sc¢-p8- 07b SheetNo. /3
Revision | O Date Rev. Date Rev. Date Rev. Date Rev. Date
Mhogwrd »

Preparer |70 | 5/)/'84
Checker | 3775 |3 -'s -5t

Rz Rm+ Xe-Xo
Xe

JTRAIN ENERGY = 2 X
. e

2
P (Xe -Xo) ]

Rm 3o2 X

R+ L2 "
Xeg = Rm [ REF- 1. TABLE 4-2.
48E T
3 , 3 4
: 302x 116 I 56%25 | 9292 4y
7"
4829000 x 72-92 !

1)

= 464 W

3
S8 )
FAIET We 0-266v4:677567 * |2 kips:
G89ET 677 P
3
5x12x]lG

33443700002-72
= O0'//5 IN

X
Q

Xe=Xo = 4527 IN:

.{T,QA/N( ENERG)’ OF JARGET ‘me Elasric  IMpAcT

2
E,« _302x4-527
22464 1
= 667 KN
CheckingMethod #  §iostrinesecion - cves ' F-166, 7-82

F st

$dendcal Caloulaton .
Compare nputs and fesults of COMpUter with COTeSpONGINg inputs and resurts of simlas codes.



Gibbs & Hill,Inc. JobNo. 3544 Clent PP &L
Subjet D/G & BUILDING - REMOVABLE WALL SECTION.

aleulationNumber sSe¢-08-0754 SheetNo. /4
Revision | <7 Date Rev. Date Rev. Date Rev. Date Rev. Date
=) /

Preparer Le==_| 5///3a

Checker | /2!7 3-15.34

DUCTILITY RATIO AL FOR PLASIIC RESPONSE
Xo
= v — Egu¥ 3-%4
A : ,T_ml:xe-xoj (A

REQD

WHERE  Es: REOUIRED S7ediN ENERGY.

5 1:3 REGUIRED STRAIN ENERGY :

2
Mo Vse REF: ! Mm Mass of Misale
Es : gov?3-8 s‘ ~  STRIKING VElocITY
ZIMM+Mej : EFFecrive Mdass of 7;,16?7

DURING IMpacY

(Dx + ?d) My [E505'3-17
Ox: Missile comtact dimenston, IN INCHES
d: feglte thickness |8 jucHES = 2.5
My = Mass of pate /et lensh

W = 3:4v56x25 = <476 #/;é

Mg: 426 [0t5] =  39:67(Ox+5]
g 7z S

. Es REGQUIRED FoR N/IsSsite A [Noap PLANA‘—) Dy ¢ 4"
Wm: 108 lbs; Vs+ 440 #bs , Me: 3@75[4+51-357/5

£ j08%ad0°
T Y- I 2vg3-?[/05+357,7‘
| 75400 Ib.Ft = 9024'8 kN
CheckingMethod # £ 3Smeeeietits neuss cooses F-166, 7-82

4, Compars routs and resuts of COMDUtEr with COMESooNaNG INCUtS and results of simvar codes.






Gibbs & Hill,Inc. JobNo. 3544 Clent 7. PEL

Subject D/G - £ - BUILDING - SEMOVABLE WALL SECTION

G salculationNumber Sc.08-07 6 SheetNo. /3
Revision 405..3“,." Date Rev. Date Rev. Date Rev. Date Rev. Date
ovard L

Preparer | () _15/3/'84
Chacker | ' Hrife 18- 'S-G+

> 667 Kk-IN v RESPONSE /S ELASTO- PLASTIC
25
Q048 " 264
/u o ° 302[¢64-0 //57 G
& ‘
REQD ~—C 356 NPT
T2 << 7.5 on.

@‘ STRAIN ENERGY Ec REOGUIRED F[FoR MissieE & ( 5}’ p19€]
Wm = 72[lbs  Vs: 147 fps. Dx - 35 1 Mg 9216(35t5] .

@ 2 2 ’ ’ J 3
72x147 x1?2 '

Ee = = 8! F'IN < cG7 KN
64-4(72+338J1000

RESPONSE /IS ELASTIC.

@ STRAIN ENERGY Es REGUIRED FoR MIssite ¢ G$ »0e]

W+ &85 ’b"' Vs: /7a fhs. D,u 6" 545 Mg = 39 70566‘5"5] 46;2'-

B
?85::/70:!/?

Es: a4 4 [285+4d62]1000.

= 585.5 K™ g g7 K"

[ RESPONSE |5 ELASTIC. |

‘&- SrrAIN ENERGY Es REGUIRED mor MISSe D (128 pire]

n . . '
N« 750bs ; Vsz 155 4ps; Dxr 1275 ; Me %2 755275*57.. 7_56

1. Line-by-ine checking _ .
4, Comoare nouts and resuits of COMOUter with COMESOONENA INoUts And results of simtar codes.

Checking Method #







Gibbs & Hill, Inc. JobNo. 3544 - Clent P.P&L

Subject D/G '€’ BUILDING - REMOVABLE WALl SECTION:

‘ alculation Number SC-08-0754 SheetNo. /6
Revision ol Date Rev. Date Rev. Date Rev. Date Rev. Date
vy !

Preparer H = $/3/482
Checker |l /22 | 8-15-3¢

2 2
é _ 750 % )55 %12
ST T64'4[750+ 70671000
1730 KIN > 667 ke, RESPINSE IS ELASTO - pLASTS
/1730 -
2 +0'5/
/af?eo'o 1366

[\

/‘ 78 <715 ok

QE)- STRAIN E/*/ERGYE Es REQUIRED FOR TARGET 5-[/'5':5 R02]

Wam: 8 lbs, Yoz 817 fps; Dx+1" Me: .3%_7_5[#5] - 238/
2 2

8 x317 xI2
64:4[ 8+ 238] 1000

Es

"

4.9 kKN < cg7 ™| responre s g1 asric

(G) - Srraml ENerReY Es Recured FoR TARGET 'G' [unuTy zolz]

W= 1690 lbs, Vet 201 for.  Dx:i35". N 3776 (#13°5] . 5sg

Ki : g ‘e 9 T
~ 2 2

1490 x 211'%12

644 [1490+736.1000

B

= 3?74k'/"’ "y 667 KN gEsPoNsE 18 ElAsTo -prasric

‘ B 2272

ouCTILITY Eare Agab * ee to:5l = 7.0 K75 o

Checking Method # 142t s |  F-66,7-82




Gibbs & HillInc. JobNo. 3544 Client PR &L

Subject D/G E BUILDING - REMOVABLE WALL SECTION.

.alculation Number sC-DB8-0756 SheetNo. /7

Revision | o= Date Rev. Date Rev. Date Rev. Date Rev. Date
Sotesd L

Preparer | {5y~ 15/9/44

Checker | '/» ~ — |3-'S R+

OVERAIL EFFECT OF MISSILES H & I ON THE TARGET

ARE IN.S'IGNIFIcAN/}’ a2y /N.s‘fgc;'/aﬂ.

(F) STRAIN ENERGY REQUIRED FOR TeRGET F [AUTomosiie].

NOTES! . SINCE THE AREA OF IMPACT OF THE AUTOMIBILE
IS RELATIVELY LARGE, PARTICIPATION OF THE
AR UJOININ G PANELS SHAaIL BF INCLUDER IN
DETERMININ G TWE TARGET RESPoNSE. PARTICIFATIN
TARGET] WIDTHS LRE ASSUMEP To0 B8E AS SHONN
BELOW . ’

2. AUTOMOBILE DIMENSIONS PER IS NRC SRP seEc! 3514
ARE  BmxPmxlBm [16:¢'x 656 a2 o mpsct

2

AREA OF HEAD-oN  ColllsioN IS 6'50x4-27: 28Ft.

2
SINCE  [MIRPACT AREA PER REF. & IS 20Ft: CoRRES™).

b ® | NOING  DIMENSIONS OF [MPACT ARE 31GFtv 5-G st
¥ ®
! L@ © L @
: i } | { ' i r:
‘(o Q\\ I < \‘\ _l I < \\ . W
- | ; | | l —~
[ , ‘ b
0 12b .l | Sibb | | 13b | b
’ | 1 ™ > . >
: | l |
ASSUMED PARTICIPATING WIOTHS
Checking Method # 3 42ttt oy sscrcuos | F-166, 7-82

ks compared
4, Conworwuwmmdwwmmmngmmmnmdmm



Gibbs & Hill,Inc. JobNo. 3544 . Client p.P& L

Subject D/G E BUILDING - REMOVABLE WALL SECTION .

alculation Number S¢-08-07b SheetNo. /8
Revision | So Date Rev. Date Rev. Date Rev. Date Rev. Date
| eredd L

Preparer | &~ |5/8/'8¢

Checker | '2-# |8-15-3¢

FROM ABOVE CASES @) 4ND (© 4re CRITICAL

CASE (@

Rmz= 1’52302 + 453 KJps.

STRAIN ENERGY OF TARGET FOR ELASTIC RESPONSE

Eg+ 1:52667 = 1000 k-IN-
QUCTILITY RATIO REQD FOR ELASTO- PLASIIC  RESPONSE

= _Es o5
/+5%1566

= _Es + 05/,
2049 .

STRAIN ENERGY REGUIRED OF TARGET FOR CASE a
Wye 4000 Ibs. Vst 195 fbs; Dx: 56% e7r2™

- 39, x /e ' [y d 0

My = 7136_/5[57 2+5] 896

2 2 5,
E . 4000%|55%]%
Ky
REQ'D 64-d(4000+ 4306) 1000
= 13,650 k' IN.> 000 KN
13.650 ' o RESPONSE |S ElASTO-
/L( : ———— 05/
REGD 2049
= 77 <75 ok
Checking Method # ég@gmww

NOULS and results of COMUIEr with COrTespoNding inputs and results of smiar codes.

plasric:

F-166, 7-82




‘”

Gibbs € Hill,Inc. _JobNo, 9544 Cliert A P.2 L

Subject D/G & BUILDING - REMOVABLE WALL SECTION.

salculationNumber &¢- 08-075 SheetNo. /<

Revision | e Date Rev. Date Rev. Date Rev. Date Rev. Date
Vorss ¥ L

Preparer < S/8/8¢

Checker |’ /~7/ 2-15-3%

case  (© Rm= 175x302 - = 528k
E : /o - @7 KN
s/,MGE/, 117526867, :
E »
M, o2 SRED Lol
REGD 1751366
2390

W= 4000 lbs; Vs =195 phe; Dx+ 36x12~ a3.2™

Me - 57%‘”'7.5[“'? +57 : 3354/9

.. 2 2
4000~ 195 x12 |
9E_¢ P00~ 644 (40004 3354)1000

= 15,416 k- >16T 5N
~'-*/?E.ffaﬂf5 /s ElLASTo- pLASTIC

15,41G

/LC = + 05/
REQD n390
: 6:96 <785 ok
SUMMARY : 2L tHICK RATE OF ASTM-ABI4 15 ADEGUArE
JO PREVENT LOCAL PERFORATION AS WELL AS
FOR OVERALIL RESPONSE TO THE MISSIES
CONSIDERE D-
Checking Method #  J Setioe 269, pesuas comowss .F-166, 7-82
3Im%mmmmmmmmamm.







Gibbs & Hill,Inc. ' JobNo. 3544 Clent PP &L
Subject D6 £ PUILDING - REMOVABLE WALL SECTION

0 _alculation Number g¢-08 -07b SheetNo. 20

Revison | 0@ | Dals | Fev. | Dale | Wev | Dao | Fev. | Dawe | Fov | Dals
BTN : ' :
Preparer | 3=~ 15/8/24

Checker | " 2/4 lalic-a¥

6.0 STRUCTURAL RESPONSE OF CENTER GIROER 10 MISSILE INPACT

6:/ SECTION & PROPERTIES: U
WID:’H/THICKNESS RATIO OF

BY |INSPECTION, To SATISEY

Y ) i .
: Y ’ " lOCAL BUCKLING REGUIREMENTS
OF AISC ~ND HENCE ASSURE
. PLASTIC DEFORMATIQNT.
: S Y Ares
~ _ o
b/ ' : . W B8x3+ 164 = B8 INT
‘ : WEIGH] : :
0 ‘ o »
Q . | L 88*34 + | Zo0 #/;t-
. 2o [N /Aﬂ ' SPAN ! 1820 [simPLE 5PN]
=C‘l
b |17 ! 13" 1% T 2
. ’ - ' 4__‘_1.G+ ?4 %X 7'?5
12 :
d~nt Y .
‘ : = 26127 IN.
] /\/0/7:' ¢ ForR PReVISED (GIRDER Jizs .
| St SH- No- 24 Syy | =
| 2627/y - 3231
PLASTIC MODUIUS oF SECTION
T : Supord + 247225
Q = 256+ 174 |
= ’ 5 L —Z 13 .
= 430 f: L

F‘1661 7‘ 82

%’

ARernatve Caicutaton Resuls compared
Identcal Calcutabon compared
COmpare rputs and resuls of COMOUter with COMesPOnang INDULS and resuits of samvlar codes.

Checking Method #

,op






Gibbs & Hill,Inc. JobNo. 3544

Clent 2 P£L

| Subject 0/G E£. BUILDING - REMOVABLE WALL SECTION
& JalculationNumber sc. 0B-075 “SheetNo, 2/
Revision | Soane Date Rev. Date Rev. Date Rev. Date Rev. Dale

Preparer |/ = _|16/2 /44

Checker |V 7~ | 8-15.9%

«

62 ULTIMATE RESISTANCE AND STRAIN ENERGY oF ELASTIC RESPONSE

~ OF JTARGET :
My -]{t’yn.' d
100< 430 = 43000 K:IN-

4Muy  4:43000

Rm= T 7 a2

Ry = 1024 Kips

S E g - Ce-xo) -
rraiN Eneray & - 2 Xe
3 ¢ g
L Rwml®  1024xU4x12) T
Xe: Jger ° asrzjoorzezy - L1328

5
Wl  5x.266+9:67x/4 x (1anz)’ »
X0 * 33281 384«99000v 2627 9:029

Xe-Xo=> 1'299 /N

g, a
} [1024x '299 . 650 Kk IN
} 2x11328

s P
TARGET
[

F-166, 7-82

Checking Method #







Gibbs & Hill.Inc. JobNo. 3544 Clent 2P L

Subject 0/G £ BUILOING - REMOVABLE WALL SECSION -
alculation Number s¢-08- 075 SheetNo. <=

Revision Ooonad Date Rev. Date Rev. Date Rev. Date Rev. Date
B I

Preparer | o2~ 15/9/84

Checker | /~14 [8-1v-¢4

6'3 REQUIRED STRAIN ENERGY
p M%f°%2
Gﬁsa'o T 2 (Mt Me)
Me’ (Dx"‘ ?d) Myx
d: 16" Mx= 300165/ re.

g
Me: (Dx+32)300 . 25(Dx+3%)
129 g

FROM STRAIN ENERGY REOUIREMENTS oF PLATE  FOR  VARIOYS

MIS:ILES‘J ON‘LY FOULOWING MISSiles ARE CRITICAL:
F ¢ G
. !
@ E"R.an FOR Missig G ( dnury Paz.&.)
Wy = 1490 lbs ; Vs= 21] fbs, Dx:/3'6 Mg : 252455 ,
2 e g
£ _ 1490 x=l] »I2
ﬁm.b 2+322(1490+1131)1000

- 7010 KIN > 6505 MN
01029
. ES eeon . I+ 1378
/U‘Reo‘o T 1024 %1299 7

= _Eseeon . 0:5]
1330

L= 7919 o051 : 578<15 ok
REob 1330

Checking Method # 3 Bl a0 Rosuts compares

Ianheal Caln kahnn Rag e crvnnaren

1137
g

o~ Response 1s Elasto- Fas*'s.

F-166, 7-82



‘ Gibbs & Hill,Inc.  JobNo. 3544 Clent PR EL
O Subject O/G E BUILOING - REMOVABLE WALl SECTION .
Calculation Number s¢-pg- 076 SheetNo. 23
Fieviéion Crgna Date Rev. Date Rev. Date Rev. Date Rev. Date

v /-
Preparer NC=5— 1 5°10-42
Checker |'a7 $-15-54

(F) 714RGET RESPONSE FOR MISSILE F (AUToMosILE) .
" "IN AS MUCH A4S Box. GIRDER TARGE] , SPANNING /e-0”
IS RELATIVELY A RIGID 'TARGET, /T WitlL NOT UNDERGO
* SIGNIFICANT DEFORMATIONS UNRER THE  AUTOMOBILE |MPACT,
ASTA RESULT T MISSILE  WILL OEFORM [PRIOR TO DELIVERING
FULL IMPACTIVE — LOAD. THERGFORE THE ENERGY BALANCE..

" . METHOD USED FOR PIATE [ARGET IS NOT APPLICABLE . .

0 ) USING ~REF- No- 7, CASE OF NO' PENETRATION) THE MISSILE
IMPACTIVE loa> per €au¥ 14 pg. 3-8 of KEF 7 s
GIVEN  BY
2xMmY
Q= =
Y Tz -1

- ) = 4000 /:Ss"-'Secz/ft = 1242 Ib-fec7f¢.

Ve Tes g sec

Mso7s o

""'l....l-_\ . T: PERIOO OF VIBRATION oF [ARGET, PR

- N .. [ EFF 1aRGEr Miass: [300;‘-[0;-7-'67]‘,4 #18000 lbs. ..
-~ . . W:300 #A‘t

- i ) c | : e e
N S : ' g:58 . age-

) 2 @S ]izeaueucr : REF: &, ”_,’1_ __fé? ,
D = , .. \/HVT -

oz’ oo N o T

. e L treceine - 5./3:(/4!/?)5 .- . .-.

COMOM
4 COmpare 1outs and 1833 Of COMPUter weh cory







Gibbs & Hill.Inc. JobNo. 3544 Client .PPEL
Subject D/G & BUILDING - REMOVASLE WALL SECTION
Calculation Number s¢-p8- 075 SheetNo. 24
Revision | S Date Rev. Date Rev. Date Rev. Date Rav. Date
R I
Preparer | == | 5[/]/84
Checker | #/A $-1$-3¢
i f= 294 eps -
) T- 0.034 sec I
R 2K+ 1242 » 195 )
. o Q}/ ° 00034 ,/4 )
_— 1196 000 [bs: T
— /1196 Kips. o e
_ My ofF Jareer = fdyn‘ - Mdue o addl lads -
. ¥’ ) ' l ~
- _ | 0-266x 9-67x/4LRIQ kN
- Maddt loads ® = F. 780 ~/ e
) My = @3000-756 = 4R.2€4 Kk IH: .
. " 4xaa add x* -
. 00 G
Rut Tigaa
.. T 2R 1PL127]95 ) e
i e— \/?ﬂ / = - 093 4 x /oaélaao = 4'45 —eemm
- Arep - 107d>75 ] [ 4E T
. [rRY_FoLiowinG secriod:] . ... o . e
s ’ﬁ’;( — PLASTIC MODULYS . Fpp* am»m?f_m 2x7x7-_572
- --| ; T Muys 572 xloo 756 - 58,444 KoIN -
l.-‘j' ::_ ::'rz s - oL KM : 4/:'—"%4 S 5 7/ 5K
9 —— / SN YT e -
X i T
F-166 7-82

2 Ammmcaun od
3. idenaca Rasuks comoared

Checking Method # .

icentcal Caioiaton
4 muomlswmwsawummmmmmdmm
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Gibbs & Hill,Inc. JobNo. 3544 Client PF=L '
Subject 2/& £ BUILDING - FEMOVASLE pIALL SECTIoON :
Q alculationNumber = ¢-238- 075 SheetNo. 25
Revision | S Date Rev. Date Rev. Date Rev. Date Rev. Date
Preparer ICe=0] /2 /20
Checker | &2 1’ /‘,’e ez
: /
Ixy = 4_:_/.6..:. Gx12x7 = 37/7 /N, 1
_ /2
| = [)enslt 48]<3°4 + #
W, pee = L1674 48]<3:4 + 38/ */rr

P

EFF. TARGE] NMASSe [agp 10209.67 /%12 « 19,140 ¥

- 3 .
][ / 519 /40(/4;‘/9)5 37
384+79000%37/7

7': 00295 sec.

‘ | 27 < 12420195 g,
- ZU-l = 0.0295%/39/500 )

M ian. 738 < 75 ok

|’ v [lre GlrpER JecrioN AL SHOWN oN  SH-No 4.

Checking Method # § Bt o3 Recuts comoed : F-166, 7-82
4, m%‘mmmmmmmmdmm




Gibbs & Hill,Inc. JobNo. 354 4 Client 2P &L
0 Subject D/G £ pUILDING -~ REMOVASLE WALL SECTION-

Jalculation Numbeér sc-08 -07b SheetNo. 26

Revision | Sron Date Rev. Date Rev. Date Rev. Date Rev, Date
ey M

Preparer — 1 5/11/34

Checker |' 572 | 2-1¢.94

70 MAXIMUM DELIVERABLE IMPACT FORCE ON RIGIO TARGET :

MaxiMUM  FoRCE DELIVERED 8Y OEFORMABLE MISSILE oN A

RIGIbO TARGET IS GIVEN B8Y:

2 14
Fz= B+ ™MV —— Rep 3, SECT 6:4-2:1'2 ,S0U" 653

R : CRUSHING STRENGTH OF MISSILE | [6S: = foox A

' 2
'z MASS OF MISSILE PER FT. LENGTH 1b:5e¢ [ 2.
V= S7RIRING VeELociTy IN fe]sec

‘MissiLe | MAss,m Vc—zacﬁr v? fm% A AL F
.9 \4 Kt INZ kips | Kies
A 028 | ¢4o0 s4k. | 8 £8 | 384 | 438
B 0224 | 147 srK 66 2-775‘ 147 1572
C 059 | ir0 | 17K 66 |s558| 368 | 385
D 1§53 | 155 37 66 1458 962 | 299
E . 'Nor criricAl - .
F 10.35 195 394 OEFORMABLE  #f1s5ILE -
G 10322 2l 594 8 14314 1145 | 1z0¢

¥ FOR woon panNk sND UTIITY Pole Use L, = 8d00fa

‘ FoR PIPES  USE  Jog = 60,000 pat’ (astvME )X /',’/ FOR FAITER !
Sreadd 2472 7
| INCREASED 19,
Nore: SITE PROXIMITY MISSILES [BULLET & TRUCK FRAGMSVTS)
. ARE NoN:'CRITICAL FOR MAXY INPACTIVE FORCE:

Checking Method # Rt i st comparcd F-166, 7-82

1 COmOMA NOLUE M1 1A I O COMOUIA Wl (YYTeennncna noute and rsuits of samidar codes,

~%

!






Gibbs & Hill, Inc. JobNo. 3544 Clent # P£ L
Subject 0/G & BUILOING REMOVABLE WALL sECT/ON -

‘ Jalculation Number sc-25-076 SheetNo. 27
Revision °{_§_;"’,‘.‘ Date Rev. Date Rev. Date Rev. Dafe Rev. Date
am I LY
Preparer | { S/ 2
Checker Ak 18- 158y

80. DESIGN OF CONNECTIQNS:
THE CONNECIIONS BETWEEN 2 AND THE  CONCX:
EMHBEDMHENTS — AMD  Ber B ANO CEVTER GIRDER 43z Y
BE DESIGNED  FOR THE FOlLlow/NG  FOUR  [o40NG

\

L))
(41

CASES |
. HORIZ. MISSILE IMPACTIVE FORCE PLUS rpRNADO

OYMardic wiINd  PRELIVEE.

‘ 2. 2 REBOUNP DUE [0 MISSILE INPACT PLUS  ToRNABO
DYNAHIC wwiND *+ lp TORNADY  DIFF. PRESIULE

3. FORCE  PARAILEL TO THE fRArE BARRIER Dys 70

oB8LIQUE STRIEE O©OF 7HE MISSILES.

4- FORCE BUE To QDIRGCT /Mpacr oM GIRIER,
8l. TYP. CONN. DETAILS® |
_—
ez AN N NN N N N DE™ A
=~ / ) TYP- @' Toda. :
4n kl ", ’a,lzn
25" .
Checking Method # St es resoes comoared JECTION F-166, 7-82
2Zm%mmwwmmwmwmamm.






Gibbs & Hill,Inc.. JobNo. 3544 Clent PPEL

Subject D/G. € BUILOING - REMOUABLE _wALL SECTION.

Calculation Number sc-08-075b. - SheetNo. 28
Revision | S Date Rev. Date Rev. Date Rev. Date Rev. Date
Sores3 L,

Preparer ql/zA- &/20! Y-
Checker ik |3-15-94

/ |
/ NAVANR|
Y/ v
ZINNSISX ——
é AN A\¢ CONN. BENZEN
ENG— - . RS E GIRDER
W,
T NS \ N \\ ‘
_ \ NNV VAN
E SECTION
G2 -:;"ls'c" sb' | 3% |og A R &S —@- -G—O 1+~
. 162 x2-5£5 Y - . fnl
/w4 )4 : | SNV SRS S QRN §
1 T '(.H' L_‘_g _‘_____T_‘\:\______.;—A‘-.—\-l‘.\_—
£ Y (676 x147LoNG | ‘
' ; i oP& 20 _A. - A\
/ Y XTI RLESsE 'l?lhi /-, \ g}
| [ Ly | ¢ 40 HrEroed \
’ | T I T T rotes v a"g, A - <
o~ AT N
1 1 ] :
: NS O D
PLAN O T ?_J
@ =

DETAIL C -~ (ECTION

CONN- OF @BIRDER
TO CONC- Wil

Checking Method # 1 ¥stmemrs s croues " F-66,7-82




Gibbs &€ Hill,Inc. JobNo. 3544 Clent PP &2
Subject D/G £ BUILDING- BEMHOVABLE WALl SECTION-

CalculationNumber .sc-p8-07b. SheetNo. Z 3
Revision | G Date Rev. Date Rev. Date Rev. Date Rev. Date
frie i) .

Preparer VA~ & /254
Checker |’ A 2-1<.24

87 CONNECTION loADs:

CASE |. NMISSILE  IMPACTIVE LoAD + ToRNAaPO Loads.

FOR  coNN. OF PATE TO GIRDER & [0 CoNCes™

NEAR ~FloOR  S14B [Po/NT a 4 b, tHE /MpacT

Wite g& HaxIMUM . GNCE  THE TaRGET IS  RIGID

A
At mm————a. =

Ar  mese Svpporr porINrs .ﬁ

1
8" —

’

V4
So MAXIMUM  IMPACT  loap s+ (204 [sh.No. 23

o
e g
27

OTE: SINCE THE 8 Srop B AND 24 EMBEDDED £ ARE VERY STIFF ANEG
T THAT THE HIGH PLASTIC DEFORMATIONS AT POINI OF [MpPAT
ge4-8 ARE POSSIBLE ,JHE LoAD CAu8EG DISTRIBUTED oM Full |d'a

v IMpacr loab /et = 129414 ¢ ‘3,,6#/”
TORNADO wiND Josp = 7266 #/,ct' ._;'.r/» Na-/(.’]

. Max. CENGN LoD [pr: 86t 0'266x9:C7/
= 87 Tt

CASE 2. RATE REBOUND loAD:
UPON INITIAL IMPACT oF A HMISSILE oN 2A4TE,
PPATE Wi EXPERIENCE A  REBOUND  EFFECT,.
‘ | Co,«/er/aVAT/UELV, THE  REBOUNO LO4D oM AN
INbIVIBUAL  PLATE WitL \BE  AssuHED o & EAUAL

Checking Method #  } ieeimes o, ey corsues " F-166, 7-82







Gibbs € Hill, Inc. _JobNo. 3542 Clent PPl
Subject /6 & BUNDING - REMOUABLE WALL Secrof/

Calculation Number $C-08-07b SheetNo. 30

Revision | S Date Rev. Date Rev. Date Rev. Date Rev. Date
=y ‘ ‘
Preparer N> |g/28/2d

Checker | £4 |8-15-3%

" YIELD RESIS7ANCE = aoek[:/vuo-//].

0. s
ACTING  oUTwARD [oprosie

SINCE  REBOUND LoAD S

70 THE MISSILE INPACT ZaAo]‘, |7 WNiLL  BE COMEMED

Wivq  7HE DYNAMIc  WIND SycTioN ANO IOA/E HALF

THE  7ToRNADO DIFF prRESSURE  loaD [sh No: //_7

" ToTAL . EXTERNAL loap | RATE SECTION:
= soz +[232 +{3*/44] 9677 867,00
o)

SUCTION DUE To dYNAH E.s'.:u,eé z 3l
e WiND 40'4:0'; J/'SE Sc-08-07 "FE R’Zﬁ s, P37 s/
. 0. s

= 3272 K'/bs' AT Mr1colE GE ﬁ”JEcr'aN

SINCE B /S SUPPORTED oM TWo SIDES, REACTION: G

. LOAD ACTING OUTWARD = ./.9'2_; =| 3455 e
46,

[OAD PARALLEL 70 BATE DUE TO OBLIGUE MISSILE STRICS

CASE 3.
AN  oBLIQUE STRIKE oF

IN AN  EVENT OF

MISSILE | THE COMPONENT OF

o A DIRECTIORN RARAULLEL TO
0 ‘ To BE RESISTED f;v THE  BOLTS CONNECT/NG

TO THE EMBEEHMENT,

JHpACT  LOAD W

RLATE WLl HAYVG

PLATES

- F-166, 7-82

Checking Method # z me“







Gibbs & Hill,Inc. JobNo. 3544 Client ~2prs&:
O Subject D/ £ BUILOING - REMOVABLE WALL JECTION

Calculation Number s¢- 08-075 - ) SheetNo. 21
Revision | O® | Date Rev. | Date Rev. Date Rev. Date Rev. Date
iy} !

Preparer | K| 5/29/84

Checker Gl |8-'S-g+

FOR A NISSNE STRIKE NESR THE SUPPORT MAX:
IMPACTIVE LOAD * 1204 % [sh-Ho 25], SiNce THE
IMpACTIVE /-'o/czcé ,wsbdces AS THE ANGLE OF STRIRE
70 THE ,ourc-' .CURFACE‘ DECRE—)‘S@J‘I Ir Wite 5z_=,
AssuHed THAT THE  Max  IHPACTIVE  FORCE  occoR
AT AN sneie of Sraike  Noo Smawes mead
| 4s° ”‘
‘ Max. Force PARALLELC ToO PLATE = 02707 x 1294+ 35/ *

CASE 4. FORCE OUE TO DIRECT IMPACT ON GIRDER

~ ‘ . ) Jreel Gmo=£.
| El:= 77,/0::2627

l._.___._._.

7 | v J'HA// Ld
< , z 7-6/3v}0 .:;J/,'d.“
I STh: GlRsER | | terr wior's
A . . R [ OF WALL A
o . ;o PARTICIPATING ASSUME CONCRZTE
75" | 14.¢" 24'-3" | TARGET wirh WALL PARTICIPATING
T cteAr opnG STeEl GIROER “ WITH GIRDER AS
‘ : A SINGLE SYsrEM
J’Z:‘C’/’/ok) Hav/iNG .9.2';/,5“\'7.%
‘ | FROM SC-08-07a ShNo-id
T e ' , 5.
Ege 8790 ke
@ a ”
Piar) : 23,6510 Milw”

Checking Method # Pr o —— - F-166, 7-82

Beeswunt ats letaa Mon oo pemmasced







Gibbs & Hill,Inc. JobNo. 3544 Client PP 2L
Subject D/6 £ BulioNG- REMOVABLIE WALL SECTON

c Calculation Number sc¢-08-0756 " SheetNo. 372
Revision | S Date Rev. Date Rev. Date Rev. Date Rev. Date
Heosd & .
Preparer =2/ &/ fi
Checker | 7274 0, 15-34
: ,Ft‘;'
AND FRoM Jam: pef.  Ig oz 03977 . FE
. 4
= 8?3’5‘ ,ﬂ /:t
7] STe) ’
v, B2372x3'6%10xb ]| 527.¢l810
ﬁf.w/mf
6 = 3 858 Fé |
SAY 4 rt’

Y ASSUME A 4 FE WIDE x 2Ft THICK CoNCRETE

BEAM  TARGET - SPANMING dG-0 T . EVALUATE
0 o TARGEY REifoﬁ’fE' ARND  CAICULATE  STATC  fM6HILE
/P//DA cr loAaob For, Comb’ecf.w/ of GlRrze o

CONCRETE  (valL:

L]

FROM . REF. No-7 PAGE 3-8 EQU¥ No- 4,

" : a7
S7Aric /Mpacr doap g.: mv /
r 7 fyl-l

CAICULATE  T: NATURAL PERIOD oF ViERATION

N
[ = JKJ_—k"Z'M* —REF. No 8 EOU” §°/2 a"g"ai?

. Ky 037 REF 8 TaBLE 52 ElAsric cono.
’ ’ . /92€Z ’
- e 03 o , s
Checking Method #  } 4 Rmieens e corpuns F-166, 7-82

3. lsendcal Caicuiabon Resuls ccmoared
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Gibbs & Hill, Inc. JobNo. 3544 Client p2& L

Subject D/c & zuisas - REMQUABIE WAL [ECToN

SheetNo. 23

0 Calculation Number $e-238- 075

Date

Revision | Sz Dats Rev. Date Rev. Date Rev. Date Rev.
M\oog [ ‘Z-L
Preparer WL r—| 7 /6! §U/

L4

Checker

s | B-15-g4

—n

“

Mt = UNIFoRM NAss:
Wz 4xax/50 + [200 #/=t

FOR 4 %2 TARGET

Lz4¢-0 .C/DAAJ .
: BE2M- = /800%4G* 55,200 %55
: §§,200 _ g e S z/
Mg el 143 1é m
” 4
I = 8232x4 = 33,000 IN.
e 2
E s Sex)0 ,/6://,«/ \
7': nx | _90:37*]43x 5525
(7?’3‘6*)0%33000
= 0'124 SEcoNDs.
LARGEST MaV /S

FROM TASLE oOF Sh-No- 6, THE
FOR  MISSILE F AUTOMOBIE

. . RARxL000%195
L FOR MISSILE o - /
4 o9y 3zzeariez J,y;-/

COA/SL;QUAT/UEU’ vie /LL = S
g = 408,7:39 s,

7

Say 410 kiP5

TORNADO WD Joap = 266 /" .
AREA FOR cConn: lo4p = 7-5‘x7’= G6'S Ft
v OWW S.R266x 665 177" $ay /8

v MAX. GIRDER CONN- IOAD = 4R8%

1. Uine-by-ine checiund!

Checking Method # § Bt G ks o

< .
F-166, 7-82







Gibbs & Hill,.Inc. JobNo. 3544 Clent pP£LL
Subject D)6 £ BUILDING - BEMHOVABLE NALL SECTION
CalculatonNumber Sc-058- 075 SheetNo, 24
Revision | S Date Rev. Date ‘Rev. Date Rev. Date Rav. Date
orosd | i
Prepar 7/9/84
Checker |' i/ . |8-15-8¢
B'3. DpESIGN co/wv sert Bars ANO WAL EMBEDNIENT [oznd w5725]
3 _
T c |
gq; % L ff” = 87 Xrt. loacing
2 K
2 @ DESIGN WEID A:
8} -_I?-e J u Shear Sivess
-~ ) D) n
.—frl . :Q" 2 , J{, o 87 . 3.65/:(//\/
PIN | R - ' Qx/? i IN
= I &
) %uf. s A T A P
6'?" 18" . TENSION FORCE
" 72 87x1'75 | 3.6 Klee.
" 8
JOP SEcrioN, Bo77or sIMILAR f/ . /3'6_ /13 /‘,’,N'.
' ‘ e /7
-7{?. : ,,/3'6'374-/-13? : 38 k]
PER AlSC AllowAaBLE WELID JSTRESS FOR E70Xy WELD .
: 0370 a) kL
ho'
’, CA/bAC/fY o,c\/,/-'/uez WELD = 0 70T x 2] *["@ . (.4,3k,
‘ 16
o 0 2104/
OR 4x 5f %/ @/6 /.
‘ fy oF BrSE METAL A572
| OE 148N
/'/Lu.f
' 3-8 / -
WELD A reoD - 7 = 6 1 lice nlf/ [N:’D l
/,/ SixTEENTHS /48 SIX TEENTH S
F‘166) 7‘82

CheCk|ng MethOd # 2. Awmwcmmmwod







Gibbs &€ Hill,Inc. JobNo. 3544 ‘Client =2£,
Subject o/ &' BunoinG - ReMovasls WAL SECTION

CalculatonNumber s¢-68-0 25 SheetNo. 35
Revision 05.2,."‘ | Date Rev. Date Rev. Date Rev. Date Rev. Date
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1:2.2.4,16__Standby_ac_Power_Supply

The Standby ac Pover Supply Systenm consists of four diesel-
qgenerator sets. The diesel-generators are sized so that three
.diesels can supply all the necessary power requirements for one
unit in the desiqgn basis accident condition, plus the necessary
required loads to effect the safe shutdown of the second unit.
The diesel generators are specified to start up and attain rated
voltage and frequency within 10 seconds. Pour independent 4 kV
engineered safety feature switchgear assemblies are provided for
each reactor unit. Each diesel-generator feeds an independent 4
kV bus for each reactor unit.

‘ Fach diesel-generator starts automatically upon loss of off-site
power or detection of a nuclear accident. The necessary
engineered safety feature system loads are applied in a preset
time sequence. Each generator operates independently and without
paralleling during a loss of off-site power or LOCA signal.

Fach reactor unit is provided with four independent 125 V and two
independent 250 V dc systems. Each dc system is supplied from a
separate battery bank and battery charger. The 125 V dc systenms
are provided to supply station dc control power and dc power to
four diesel generators and their associated switchgears. The 250
V dc systems are provided to supply powvwer required for the larger
loads such as dc motor driven pumps and valves.

The 125/250-V dc System is desiqred to supply povwer adequate to
satisfy the engineered safety feature load requirements of the
unit with the postulated loss of off-site pover and any
concurrent single failure in the dc systen.

1.2.2.4,18_ _Residyal_ Heat Pemoval Service Water Systen

A Residual Heat Removal Service Water System is provided to
remove the heat rejected by the Residual Heat Removal Systen
during shutdown operation and accident conditionms.

The Emergency Service Hater System supplies water to cool the
standby diesel-generators and the BCCS and Engineered Safety Features
aquipment rooms, and other essential heat 1lcads.

Rev. 35, 07/84 1.2-21
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Power from the generators is stepped up from 24 kV to 230 kV on
Unit No. 1 and from 24 kV to S00 kV on Unit No. 2 by the unit
main transformers and supplied by overhead 11nes to the 230 kv '

‘and 500 kV switchyards, respectively.

1:2.2.6,2__Flectric_Power Distribution_ Systen

The electric power distribution system includes Class IE and non-
Class IE ac and dc power systems. The class IFE power systenm
supplies all safety related equipment and some non-class IE loads
vhile the non-Class IE system supplies the balance of plant
equipment.

The Class IE ac system for each unit consists of four independent
load gqroups. Two independent off-site power systems provide the
normal electric power to these qroups. FEach load group includes
4.16 kv svitchgear, 480 V load centers, motor control centers and
120 V control and instrument power panel. The vital ac
instrumentation and control power supply systems include battery
systems, static inverters. Voltages listed are nominal values,
and all electrical equipment essential to safety is designed to
accept a range of #£10 percent in voltage.

Four independent diesel generators are shared between the two
units. Fach'diesel generator is provided as a standby source of
emaerqgency power for one of the four Class IE ac load groups in
each unit. Assuming the total loss of off-site power and failure
of one diesel generator, the remalnlnq diesel generators have
sufficient capacity to operate all the equipment necessary to
prevent undue risk to public health and safety in the event of a
desiqn basis accident on one unit and a forced shutdown of the
second unit.

.—+ . - i &

The non-Class IE ac system includes 13.8 kV switchgear, 4.16 kV
switchgqear, 480 V load centers and motor control centers.

Four independent Class IE 125 vdc bhatteries and two independent
Class IE 250 Vvdc batteries and associated battery chargers
provide direct current power for the Class IE dc loads of each
unit. Power for non-Class IE dc loads is supplied from the Class
IE 125 and 250 V batteries througqh an additional circuit breakex
for redundant fault protection.

——

These systems are discussed in Chapter 8.
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. the nocth and west branches of the Susquehanna River. Post-Olean
advances did not reach the site vicinity (Ref. 2.5-5 and 2.5-6).

peltier (Ref. 2.5-5) mapped discontinuous kame terraces along the
susquehanna River in the site vicinity. The highest such terrace
formed by ice marginal streams occurs at about 650 feet above sea
jevel at the site. Ref.er to Subsections 2.5.1.2.2 and .
2.5.1.2.3.3 for further discussion of Pleistocene erosion and

daposition at the site. .

Since the retreat of the Wisconsinan ice sheets from the region,
broad reqional uplift appears to have occurred, probably at least
in part as a result of crustal rebound subsequent to the removal
of ice load. Frosion has continued and scil profiles have
formed.

~ 2.5.1.2.5__Engineering_Geolody Evaluation

o

Site subsurface exploration is described and discussed in
Subsection 2.5.8.3. Laboratory tests of foundation materials,.
and in situ geophysical tests of the foundation materials are
Aiscussed in Subsections 2.5.4.2 and 2.5.5. Geologic mapping of
the final foundations is described in Subsections 2.5.1.2.2,

2.5.1.2.3 and 2.5.4.1.3. It vas concluded from these studies and

avaluations that the site geologic and foundation conditions are
entirely suitable for the construction .and operation of the
plant.

All Séismic cateqory 1 plant facilities, except the spray pondf
and the Engineered Safequard Service Water (ESSW) pumphouse and
pipelines4 are founded on bedrock. The ESSW pipeline trench is
axcavated vartly in soil and partly in rock. The location of
chese facilities is shown on Figure 2.5-24.

The foundation rock is a hard, indurated siltstone, a member of
the Devonian Mahantanqo Pormation. In the foundations area it is
quite massive and lithologically homogeneous, with bedding
generally not well defined, and lacking the bedding plane
fissility usually associated with ‘less well indurated shaly
silts*ones and silty shales. In places the rock exhibits a slaty
cleavaqe, further evidence of its indurated nature. All Category
1 rock foundations were excavated to unveathered hedrock.
Geologic maps and sections of the Category 1 excavations in rock
‘are shown in Pigures 2.5-18 and 2.5-19. More detailed discussion
of the foundation qgeologic conditions is contained in Subsections

Rev. 35, 07/84 2.5-56
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2.5.1.2.2 and 2.5.1.2.3. Engineering properties of the
foundation rock are described in Subsection 2.5.4. ‘ m

The spray pond is situated over a glacial or preglacial, east-
vest trending bedrock valley as outlined by contours on top of
bedrock (Piqure 2.5-17). The valley is filled with dense
gravelly and sandy glacial outwash and till deposits which attain
a maximum_ thickness of about 110 feet adijacent toc the spray pond
area. They were deposited no later than the 0lean substage
(early Wisconsinan) of the Wisconsinan qlaciation which occurred
over 50,000 yvears ago. In general, the deposits are peraeable
and consist of a sequence of sand, qravel, and boulders overlain
by sand and gravel, overlain in turn by silty sand. The entire
sequence is highly variable in grain size distribution and
sorting, and contains discontinuous pockets of similar materials.
As a rule, grain size decreases and sorting increases toward the
top of the sequence.

The southwestern +ip of the spray pond is cut into bedrock while.
the remainder was excavated in these permeable glacial materials.
The thickness of the glacial deposits beneath the bottom of the
spray pond ranges from zero at the rock contact to 93 feet at the
eastern end of the pond. The spray pond is lined to minimize
seepaqge losses to the underlving permeable glacial deposits. The
foundation of the pumphouse structure located at the southeastern
. corner nf *he pond is underlain by 35 to 60 feet of glacial
material. The ESSW circulation pipelines between the pumphouse
ard the plant intersect bedrock at an elevation of 668 feet,
approximately 260 feet southeast of the pumthouse (refer to
Fiqure 2.5-17A). A qeologic map of the spray pond area is
presented on Fiqure 2.5-15. Purther discussion of conditions at
the BESSW pumphouse and spray pond are contained in Subsections
0 2.5.1.2.2, 2.5.3 and 2.5.5.

2:..5;l;.2._-..‘-'2.-.2.._Léhﬂ.sliég_gg.tgntiél .

4

Vatural slopes adijacent or close to the principal plant
structures are rela+tively flat. Most of these slopes are
composed of soil; few rock slopes occur (Fiqure 2.5-17 shows
areas of rock outcrops). ’

North of. the spray pond the Trimmers Rock Formation forams a
relatively steep ridge rising approximately 380 ft. above the

pond. The south~-facing slope of this ridgqge is essentially a rock
slope underlain by flaqggy, resistant sandstone thinly mantled

with soil and rock fragments. The closest approach of this slope

*o the spray pond is along the northern perimeter of the pond;

the toe of the slope, at elevation 710-720 feet, is 250 feet or

more fror the edge of the pond (at elevation 679 feet). The

maxinmum slope along the ridge is about 2 horizontal to 1 ) MI

Fev. 35, 07/84 ‘ 2.5-57
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1,000 f+. This rock contains no unstable minerals and provides
hiqhly stable foundation conditions.

Soils at the site are-gqlacial in origin, deposited mostly by
flowing glacial meltwater, much under torrential conditionms.

The soil is noncalcareous, Most of the rock fragments consist of
indurated sandstones. The origin and mineralogy of these soils
is such that they present no hazardous conditions (refer to
Subsection 2.5.1.2.5.7.

2.5.4.2__Proper sie _of _Subsurface Materials

2 few of the safety-related principal plant structures are
founded onr soil. These structures consist of the Engineered
Safequard Sarvice Water (BESSW) pumphouse, the spray pond, and

'amfdeeiﬁd

portions of the Seismic Cateqory I pipeline linking the reactor

| building to *he soray pond.4 Most other plant structures are
nded on rock. The location of these structures is shown on

FPiqure 2.5-24; soil and rock foundations are identified on Figure
2. 5-17A o

The static and dynamic engineerinqg properties of the site bedrock
and overhurden ‘soils were determined by field investigation and
lahoratory testing. The results of laboratory testing of the
materials sanmpled from the project site are covered in two
reports (Ref. 2.5-97 and 2.5-98).

A detailed study of the soil properties at the site of' the spray
pond and ESSW pumphouse is given in Subsection 2.5.5.

The Cateqory I reactor buildings and diesel generator building,
as well as the non-Category I turbine and radvaste buildings (see
Figure 2.5-24) are founded on unvweathered siltstone bedrock. The
sil+ston>, a member of the Mahantanqo Formation of Devonian age,
is hard and indurated, and in the foundations area is
lithologically homogeneous with bedding generally no*t well
defined, and lacking the bedding plane fissility usually
associated with less vell indurated shaly siltstones and silty
shala2s. 1In places *he rock exhibits cleavage, further evidence
of its indurated nature.

Tn +he area of the principal plant structures, bedrock bedding
where observed generally dips gently (less than 10°) south;
locally, such as north of the circulating water pumphouse, beds
Aip slightly north. At the north end of the radvaste building
and the north side of the Unit 1 cooling tower, bedding dips more

poy. 35, 07,84 ‘ 2.5-89
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Minor slickensided bedding plane shears and joint planes occur in ’
+he foundations as described in Subsections 2.5.4.1 and
2.5.1.2.3. All such shears heneath the principal plant
fourdations are fully healed with unveathered calcite and quartz
mineraliza+ion and do not adversely affect the strength and
competence of the foundation rock. PFurther evidence of the
healed nature of these shears is furnished by the RQD values and
core recovery rates in borings that penetrated bedding plane
shear A (refer to Fiqure 2.5-18 and discussion in Subsection
2.5.4.1) at elevations below the bottom of the foundation of the
principal plant structures, such as in borings 302, 309, and 314.
In all cases ROD values are above 35 percent through the shear
plane: in most cases, ROD values exceed 80 or 90 percent and core
recovary was close to 100 percenf (Purther information on
fecundation geoloqic conditlons is presented in Subsection
2.5.4,1). ,

usteeolv north.‘ The cleavage is steeply inclined to the south. ”“

Tynical values of unconfined compressive strength of unveathered
siltstonre underlving the principal plant foundations range from:
3,650 to 16,000 psi (sea Table 2.5-3). The modulus of
Jeformation determined from these laboratory tests on core
samples ranges from 3.1x10¢ to 9. ux106 psi. These values
indicate strong, competent rock. " .

P-wvave measurements were made by Dames and Moore in the
laboratory on individual core specimens. The cores were fron
horings 303, 314, and 315 which are located, respectively, nrear
+he Unit 1 turbine building condensate pump pit at the center of
+h2 Urit 1 reactor, and at the center of the Unit 2 reactor. The
averaqe seismic P-wave velocity determined for 10 samples at or
below foundation grade beneath power block structures is

13,236 fps. For three samples from boring 3023 in the Unit 1
+uyrhine buildinqg, the average Vp wvalue is 14,272 fps, or
approximately 14,000 fps. These determinations are listed in
Tahlas 2.5-4 and 2.5-5.

Pock qualit+y designation (RQD) measurements made by Dames an
Moora on rock cores from helow the foundation elevations in tﬁe
wzactor, turhine, radwaste, diesel generator, and circulating
water pumolouse foundations exceed 80 percent (refer to boring
loqs, Ref. 2.5-97).

Tn the reactor area, cross-hole and down-hole measurements of in

situ seismic velocities show high values. The measurements were

made by VWeston Geophysical Fngineers, Inc., June 8 - Auqust 6,

A971 using horeholes 105, 303, 307, 314, 315, and 316 (refer to

Fiqure 2.5-29). Values obtained from the cross-hole array for

the eleva*ion interval 550-640 ft MSL are 16,000 fps for the P-

vave velocity and 7500 fps for the S-wvave velocity in the  reactor

area (desiqgn elevation of bottom of reactor foundations, 639 ft

MSL). The results of the down-hole measurements yield values W
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t+ha* are sliqhtly lower, by a factor of about 15 percent; that
is, a Vv value of about 14,000 fps and V of about 6,200 fps.
These in site results are in qood agreement with the laboratory
deterninations. Additional cross-hole and up-hole in situ
seismic velocity measurements were made in the srray pond area
(Ref. 2.5-99), Results of the cross-hole explorations at the
site are further discussed in Subsections 2.5.4.2.2 and 2.5.4.4.

Plate load tests vere carried out on sound rock near the center
of the Units 1 and 2 reactor building excavation in the vicinity
of borina 105 (refer to Piqure 2.5-18). Plates 24, 13.5, and

8 in. in diameter were subhjected to successively increasing total
loadings of 7, 22, and 60 tons per square foot (tsf),
resvactively, A total deflection of .062 in. occurred when the
24 in. plate was loaded to a maximum of 7 tsf. An additional
deflection of 0.036 in. was recorded on subsequent loading to

22 tsf, and another 0.036 in., of deflection on application of the
A tsf maximum 'load, producing a total settlement of 0. 134 in.
for the three-stage loading to 60 ts€f. Recovery of the rock by
slastic rebound upon release of these loads was substantial: 68,
75, and 80 percent repeatable elastic recovery of the total
daflections were recorded after release of the 7, 22, and 60 ts¢f
loadings, respectively. Additiodal deflections due to cyclic
loading vere small. Application of 14 cycles of load at 7, 15,
and 30 %«sf resulted in additional settlements of only 0.012,
0.003, ard 0.002 in., respectively, over the corresponding single
loadings. These results are consistent with the high modulus
values ard seismic velocities of the foundation rock, and
indicate s*ructurally strong, competent material for foundations
in unveathered rock.

I+ is concluded from the engineering properties of the
unweatheraed hedrock of the Mahantango Pcrmation that the rock
provides adequate support for the major plant structures under
both sta+ic and dynamic conditions. Set+lement of structures
nnder sta%ic loading is insignificant. It consists of pseudo-
alastic cnmoression of the underlyving rocks and occurs
assentially npon load application. MNoreover, the hedrock will
urdergo rno loss of strength and will experience neqligible
additional settlement under earthquake loading.

A summary of the properties of the foundation rock is compiled in
mable 2.5-5, )

e I e h e i A A S . S T e

The rasults of detailed exploration of the soils in the spray
pond area are glven in Subsection 2.5.5. Only information on the
properties of the punmphouse, foundation soils is given in this

suhsac*ion. and diesel fuel Tonk for diesel geneahar '€ building
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“he natural soils at the pumphouse siteVare normally consolidated

and consist predominantly of sand, qravel, cobbles, and boulders.

~he soils are pnorly stratified, starting as sand or sandy
aravel at the surface and qrading to mostly cobbles and boulders
near hedrock. The depth of the soil deposit belov foundation
arade ranag>s from about 35 £t at the south end cf the pumphouse
*o ahout AN ft a* the north end.. A subsurface cross-section
“hrouqh “he pumphouse site is shown on Fiqure 2.5-30, cross-
goaction D-D, The soils helow the foundation level are
nredominartlv sandy qravels with larqe amounts of cobbles and
honlders. The properties of these sandy and gravelly soils are
as follovws:

T 7)  Grain_Size pistribution
A pproxi molely egnd (8 c e N )
fect and +wenky (zo) fact Grain size distribution tests were made on most of the

of sand, gravel ,and beuMers split spoon sanples for classification purposes. Sieve

are below the foondatien and hydrometer aralyses were performed according to ASTH

gtade of didsel fel Procedure D-422. The range of grain size curves is

43HK fordiesel aenerator 2hoWwn on F1qure_2.5-31. The mean qrain size {D50) gf

6’ busids ahéi h the gravelly soils, which are the predominant material
wlcig hor “helow the pumphouse; vas found to be in the range of 4.5

end ond <ooth end to 25.0 nm. Wherever\the sand is present below the
Yespectively. pumphouse, the DSC size\is in the range of 0.184 to
3.0 om. ’

and dicsel fuel 20K fr diesel gensrotor '€” building

b)  Relative Density (ﬂw
Falative density data were derived from standard

pane+tration test results using the Gibbs and Holtz
procedure (Pef. 2.5-100). This prccedure is valid for
normally cornsolidated sands. P

valnes of relative density obhtained in this way are
summarized on Fiqure 2.5-32, A direct comparison of
relative donsity. from *N' values given in Fiqure 2.5-32
and from undisturhed samples and/or in site demnsity
tas+ts cannot be made because no relative density tests
were made. The soil deposits ave glacial in nature.
The deposits are guite variable in particle size and
sorting and contain discontinuous sand pockets.and
aravel pockets. Grain size in general increases with
Aapth. &t *he foundation level of the pumphouse;,the
maximum sizes of the particles are in the range of\3 to
12 inches. fHndisturbed tube =sanmples could not be
obtained in the gravelly soils. The gqravel also will
influence the resul4s of in site density tests so that
they nay not represent the in site condition as a whole.
The Standard Penetration resistance versus elevation is
given on Figure 2.5-33. The *N' values will be

mddé&ﬂﬁm\Wf
. ‘ fordizsel genenator
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hlowcounts were not considered representatlive of site

conditions. A value of N = 40 wvas selectefl for design.

of the 49 standard penetration tests made peneath the

foundation level at the ESSH Pumrhouse, wW3¥exceeded 40
/f

‘ irfluenced by qravel. Because of this the| higher

blows per foot. Of the 6 values that fere less than 40
blows per foot only one was less than /30 blows per foot.

. . and foor (4) standapd penetratiog Yeste .
c) Static_apd _Dynamic_Shear sStrendgth | beneath thedidsel fuel tamk for the diesel
genestoyr ‘6 building, )

Undisturhed sampling of gravelly soils was not possible.
Therefore, shear strenqth testing was conducted only on
the sands. The shear strenqgth of the gravelly soils wvas
then conservatively assumed to be equal to that of the
sands.

The details of the testing procedures and selection of
desiqn strenqgths are given in Subsection 2,.,5.5. The
effective angle of internal friction was selected from
tha *est data to bhe 359 (Piqure 2.5-34). The cyclic
shear stress ratios at the two effective consolidation
pressures 1.0 ksf and 6.0 ksf were determined to be
0.320 and 0.260, resvectively, for 5 loading cycles
(Fiqure 2.5-35, Subsection 2.5.5). A linear
relationship was assumed in computing cyclic shear
stress ratios at other effective consolidation

T

f

_—

0 prgssures,
d4)  shear Have Velocity and _Shear_ Moduli

Cross-hole shear wave velocity measurements wvere
performed by Weston Geophysical Engineers, Inc. (ref.
2.5-99y., cCompressional and shear wave velocities
ohtained from the measurements are given on Fiqure 2.5~

36,
’ Shear moduli were computed from the values of shear wava
velocitys
- Y 2
G = g VS
Where:
G = shear modulus, psf
Y = unit weight, pcf
' ‘ q = gravitational acceleration, ft/sec?
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v = shear wvave velocitv, fps
A discussion on how the shear moduluq is influenced by
+ tha confxn'nq pressure the strain amplitude, and the

relativé density.is axven in Subsection 2.5.5.2.

:

2“5_243__Bxp

he location of all field explorations is shown on the plot plan,
Fiqure 2.5-22. . .

A total of approximately 250 exploratory borings was made in soil
and rock a+ the site. Borings were logged in detail; bhoring logs
are contained in Ref.s. 2.5-97, 2.5-98 and 2.5-99 and Appendix
2.5C. ™he soils were classified in accordance with the Unified
S0il Classification System. Rock logs include RQD (rock guality
desiqnation) values. Coring in rock was performed using NX

"doutle-tubed coring equipment.

and to determine general soil and rock conditions at the site.

Drilling was conducted in late 1970 (100 and 200 series borings)
to establish general geologic relationships over the site area

A
more intensive program (300 series borings) was conducted in the
Spring of 1971 to define foundation conditions in the principal
plant structures area. Four 45-degree angle holes were drilled
in ¢he reactor area. Additional exploration drilling was
necessary %o locate the site for the Susquehanna River intake and
1ischarge structures (700-800 series borings), to define soil and
rock conditions at the spray pond and ESSH pumrhouse site (1100
series and some 400 series borings), and to investigate
foundation conditions for the cooling towers (borings B1 to B10)
and the railroad spur and bridge over State Highway' 11 (borings
417 to 455 and 929 to 940) ., Because of the safety-related

{Ca*egory ) function of the spray pond,amd FSSHW pumphouse,,the

axploration proqram for these facilities was comprehensive and
included split spoon and undisturbed samples, lahoratory testing,

hvydroloaic survevs, permeability tests, and seismic cross-hole
and up-hole surveys. After completion of geologic borings,
static water levels wvere measured in some of the borings drilled
on *he site. Perforated plastic pipes were installed in a number
of the borings *o allow collection of future water level data.
"hegse borings are denoted on the plot plan, Fiqure 2.5-22.

Fortv-seven test pits were excavated by backhoe at selected
lccations to ohserve soil and rock conditions. Tvwo north-south
tronches totalling over 700 ft in length vwere excavated to obtain
information on physical properties, structure, and variability of
the near-surface materials at the site, Logs of the test pits
ard trenches are compiled in Appendix 2.5C. (

rev. 35, 07/84 2.5-94
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All Seismic Ca*teqory I rock foundations were carried to or vell
‘Rock foundations for the turbhine and
radwaste huildings, although they are not Seismic Cateqory I
structures, vere prepared according to the same general
orocedures and criteria used in preparing the Seismic Cateqory I

helow unweathered hedrock.

rock foundations.

oxcavation of rock proceeded by initial ripping of any weathered
surficial rock material followed where necessary by line blasting
and presplitting in holes drilled to provide slopes of 1
Essentially vertical slopes in
unweathered rock proved stable throughout the duration of
construction and no special protective measures were required.
Weathered rock was cut on slopes of 1 horizontal to 2 vertical.
Tn a few places, wire mesh was used for protection of higher
weathered rock slopes that wvere exposed for extended periods.“

horizontal to 4 vert+ical.

mhe surface of the excavated foundation rock was scaled to remove
loose debris and jetted with water or air to remove loose

fragments and to prepare the surface for concrete.

Before

placement of structural concrete or concrete backfill to design
olevation, all Seismic Category I foundations were inspected by
an engineering qeologist to verify the suitability of the rock
and i*s oroper surface preparation to receive concrete. All
foundation rock hearing a Seismic Cateqory I structure was

qeologically mapped (see Pigqure 2.5-18).

Foundations for each of the codling towers (nonseismic-Cateqory I
s+tructures) consist of 40 individual pedestals supporting the

Excavation proceeded by cutting
a ring trench and prevparing for each pedestal a suitable surface
in unwea*hered or partly weathered bedrock by ripping or blasting

columns and extended to bedrock.

as necescary, followed by scaling and jetting.

puring cons‘ruction of prircipal plant structures founded orn
rock, excavations extended below the water table and some

Due to the low permeability of the
Devatering was accomplished

dowatering was required.
rock, qroundwater inflow was small.
by surface drains and sumps.

ions_in_Soil

The excavaticn for +the spray pond,am& BESSW Pumphouse ™ w

anddiesel fue) tanK for desel
F—;Q—I generstor &' building

Excavation proceeded initially by using

oredominantly in soils.
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larqe earth moving equipment, then finished by using uore refined
procedures. On completion of excavation, the surface layer of
*+he natural soil formation was recompacted as follows:

a) Por soils having not more than 12'percent passing the
No. 200 sieve size, 80 percent relative density as
determined by ASTM D2049 ,

b) For all other soils, 95 percent of maximum dry density
as. determnined by ASTM D15577

Test Results are included in Appendix 2.5C. The location of test
specimens with respect to t he spray pond is shown on Fiqure 2.5-
59, A statistical analysis of the test results was nade and is
summarized on Fiqure 2.5-60. The required compaction was met or
exceeded. ) ) .

A protective concrete mat was immediately placed over the
compacted soil under the ESSW Pumphouse and a minimum of 5 in.
thick reinforced concrete liner placed over the entire spray pond
area. .

All temporarv slopes in soil were formed at a maximum slope of

1 1/2 horizontal to 1 vertical. The temporary slopes in the
vicinity ‘'of the ©SSW Pumphouse were protected with a 3 in. layer
of concrete to maintain the natural soil formation intact. All
'pormannn* slopes in soil vere formed at a slope of 3 horizontal
+to 1 vertical.

carried out similarly. All slopes were cut at a maximum of 1 1/2
horizontal to 1 vertical. The ninimum clearances were 1 ft
beneath *he pipe and 2 ft to the sides.

se6 ‘

. mha excavation for the Seismic Cateqgory 1 pipelines in soil was
\
i INSERT A

_...-......-.-..—--_..-———-—_ ——— e wa e b nE e S A

Ganerallv, the excavated area, for a minimum distance of 10 ft
| surrounding the major structures, was backfilled with a non-
| corrosive lean mix concrete known as sand-cement-flyash backfill.
| A minimal) amount of backfilling has taken place using granular
back€fill, with the exception of the spray pond and v1c1n1ty
See ‘addressed later in this'section.
INSERT pf—>
- ~he Seismic Cateqory T pipelines vere generally backfilled with
the sand-coment-f]vaeh' otherwise granular material was used.

Buried Seismic Catnqory I electrical ductbanks are composed of
reinforced concrete encasements around plastic cr metal ducting;
+he concrete encasement beinqg cast directly aqainst the excavated |“

v
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Granular or sand-cement-flyash backfill was used the éame

The properties of these respective backfills vere as follows:

a)

b)

Sand-Cement-Flyash

Height -. " 110 1lb/cu £t mininmum
Slump - 3 in. minimum

- 6 in. maximunm
40 psi minimum at 28 days

Strenqgth
Granular

Granular backfill was well- qraded, sound, dpnse, and
durable ma*erial. Tt consisted of sand, gravel or
crushed rock and did not contain any topsoil, hunus,
brush, roots, peat, sod, cinders, shale, rubbish or
other perishable materials, or portions of clay, waste
concrete, trash, or frozen material. No more than five

percent by weight passed the No. 200 sieve. The maximum

size of the material was 4 in. in confined areas where
“hand tamping was required and 6 in. in other areas.

The placement specification of these respective backfills Las as
follows:

Small

a)

b)

Sand-Cement-Flyash

sand~cement~flyash backfill was either mixed at the
batch plant or obtained from an offsite source, conveyed
to the point of placement by truck, and placed in lifts
not exceeding 30 in. in height, The maximum rate of
pour did not exceed 4 fts/hr. It was vibrated in place

with approved equipment. It was protected from freezing

+emperatures for a minimum of 3 days.

Granular

Granular backfill was placed in maximum 8 in. loose
horizontal layers, moisture conditioned, and compacted

to at least 80 percent relative density as determined by

ASTM D2049, : .

Backfill material within 2 ft of structures andbin areas

vhere larqe construction equipment could not be used or

where there was a danger of damage to structures was
compacted to the spec1f1ed density by hand operated
pqulpmen?.

areas resulting from dental excavaticn beneath the spray

pond concrete liner received a shallow leveling course.-: The

Rav.,

35,
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material and placement specification for this type of fill
tarbitrarily designated Pill Type A) was as follows:

Pill Type A, Material

The maximum size of this material was 4 inches and no more
+han 5 percent by dAry weight passed the ¥No. 200 sieve,

Fill Type A, Placenment

Fill Type A was placed in maximum 6 inch uncompacted layers,
moisture conditioned, and compacted to at least 80 percent
relative density as determined by ASTM D2049.

The area to the south and south-east of the spray pond was filled
in a controlled manner. The material and placement specification
for this type of fill (arbitrarily desiqgnated Fill Type *B') was
as followus:

Fill Type B, Material

The paximum size of this material was 12 inches and no more
than 35 percen* by dry weight passed the No. 200 sieve.

Fill Type B, Placement
Fill Type B was placed in a 15 inch maximum uncompacted layer

thickness, moisture conditioned, and conpacted to satisfy
both of the following requirements:

a) A+ least 80% relative density as determined by ASTHM
N2049 for material having not more than 12% passing the
No. 200 sieve or 90% of maximum dry density as
determined by ASTM D1557 for all cther material.

h) Irrespective of the compacting effort required to
satisfy part a) ahove, the fill was compacted in one of
the following manners as a minimum effort:

i) Using a crawler tractor having a weight at least
squal to that of a D8 Caterpillar tractor with
bulldozer blade. Each track overlapped the
pracading track by not less than four inches. #hen
the tractor has made one entire coverage of an area °
in this manner, it was considered to have made one
pass. FEach fill 1lift was compacted with four
passes.

1i) Using a vibratory roller of minimum weight 20,000
pounds having a roller width of approximately 78
inches and a dAiameter of approximately 60 inches.
The roller had a vibrator frequency range of GD

rev, 35, 07/84 2.5-100
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hetween 1100 and 1600 vibraticns per minute and had
a minimum vibratory dyramic force of 40,000 pounds.
The roller speed did not exceed 3 wph and each
track overlaoped the preceding one by at least 4
inches. When *+he roller had made one entire
coverager of an area in this manner, it vas
considered to have made one vass. FEach fill 1ift
was compacted with four comrplete passes.

iii) Using a hand controlled vibratory compactor in
locations inaccessible by tractor or vibratory
compactors was on the basis of the demonstrated
ability of the compactor to compact the material to
the same density as the contiquous backfill.

mest results are included in Appendix 2.5.C. The location of
tast spacimens with respect to the spray rond is shown on Fiqure
2.5-59. A statistical analysis of the test results vas made and
is summarizaed on Figqure 2.5-60. The required compaction was net
or exceeded. :

Tc compute the lateral pressures acting on subte*ranean walls,
all backfill was conservatively assumed to be qranular. The
static and dynanic engineerinq properties of +this granular
backfill was assumed as followss

8ulk unit weiqght, Yy = 135 pcf
Saturated unit weighkt, Yg = .140 pef

Coefficient active earth
pressure,. Kp = 0.30

oof‘xcxant earth pressure
ltai--.rpq+" KO = 0.70

The compu*ation of s+atic and dynamic lateral soil pressures
acting on suhterranean walls is addressed in qubqpctlon
2.95.4.10.2.

2.5.4.5.4 Redding Material for Seismic Cateqory I Pipes and
o emmre m—— Flackrical_Duct Banks

ST ol S e e ol e e D s i S e i s iy et s Gy S P G S S S S . e S D G S S Gt S e S S

Th2 beddinag material was sand-cepent- flyash as defined 1n Section
2.5.4.5.3 of the FSAR.,

The =2xcavation was made to, original qround or in sand-cement-
flvash backfill to required bedding subgrade. The b2dding
suhaqrade was insvected and verified to be sound and dense meeting

viszual rrquirements for backfill adequate for support of bedding

%
»
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material, thus maeting specification intent. The subgqrade was
also insrected for unsuitable material such as water, frozen,
araanic or deletericus material, Such material, when fonnd, was
tonoved.

The sand-cement-flyash bedding material was either mixed at the
bpatch plant or obhtained from an approved offsite source. The
sand~cemen+-flyash was then placed ir lifts not exceeding 30
inches ir ba2ight nor 4 feet per hour, Por pipes the pour was
hrounght +o the pipe spring line and was allowed ~0 set. For duct
banks the hedding was no% placed until the duct bank concrete
reached +he recuired cérenqth. Sand-cement-~flyash was then
poured to the top of the duct bank and allowed to set. ‘

Anralysis of the relsvant field +tests for bedding material is
included in +he sumpary qiven in Table 2.5-61.

¥

2.5.4.6__Groundwater Conditions

B R ]

Spvecial measures for control of qroundwater levels Leneath
Saismic Category T plant structures founded on reck are not
required. However, control of qroundwater levels and seepaqge is
nreded at +he sorav oond; discussion of design criteria for
sz*+ahility of the spray pond is presented in Subsection 2.5.5.

L3

Porindic water level readings were obtained in the vicinity of
*ka principal plant (povwer block) structures between Dacember
1970 and Auagust 1972. Groundwater fluctuations ranged from 1.5
£+ ip drill holes 209, 311, to 6.2 f* in drill hole 213,

™o maximum qroundwater level measured in the plant structures
aroa durinag this preconstruction period ranged from approximately
690 f+ a* *he west odge of the site of the *urbine buildinqg, to
abou*+ 655 ft a* the eas* edge of the site of the reactor
buildings (re€er to Fiqure 2.5-55). These levels were ohviously
influenced by +the *topoqraphic high of 749 ft -ust west of the
si*te of th2 power block structures. Hovwever, subsequant
sxcavation and qrading in these areas preclude water levels fron
rising to this heigqht in the future,

purinqg construction, the area just west of *he pecwer hlock
structuras was qraded to elevation 710 ft or less. Excavations
for the foundations of the principal plant structures extended
helow the water +table and some minor dewatering was required.

Pue to the low nermeability of the rock, qroundwater inflow was
zmall and was confined to seepage from fractures. Dewatering wvas
accomplished by pumping from low areas and sumps. Where seeps
were noted issuing from fractures in the rock, holes were drilled
into the fractures and pipes caulked in the holes to control
water while the mudmat was placed., In the foundation for the

v
¥
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reactor building (elevation 639 ft) and in the turbine condensate
punp pit (at elevation 635 ft), hydrostatic pressure caused
1lifting of small areas of the 3 inch thick concrete mudmat that
had been placed over the impervious membrane. Approximately 20
relief wells drilled through the pudmat released the pressure and
allowed +he mat to settle back to its original position. The
veight of the structural concrete slab subsequently placed on
+his mudmat was more than sufficient to resist any uplift
pressures.

The highest seeps noted in the foundation rock during
construction were at elevation 642 ft inr the radvaste building
mxcavation and at about the same elevation in the pipe trench in
~he gsouthern part of the Unit 2 turbine building. Some seeps
were also noted in the foundation rock for the reactor buildings
a+t elevation 639 £t and in sumps below this. To the west of the
«urbine building in *he circulating water pumphouse excavation,
vater was noted to en+ter the excavation to an elevation of
approximataly 660 £+, Hydrostatic lifting (described above) of
the impervious membrane did not occur at fourndation elevations

JFNSERT (¢

ahove 640 ft.
———

Mdditional information with regard to groundwater monitoring and
vater tahle fluctuations in the principal plant structures area
is provided in Subsection 2.4.13 and Tables 2.4-31 and 2.4-32.

A+ the spray pond, water level information %“aken between July 29,
1974 and Auqust 4, 1975, ard from January throuqh March 1977,
indicate a minimum water level fluctuaticon of 4.0 £t recorded at
nhbsorva*tion wells 1111 and 1113, and a nmaximum fluctuation of 7.0
€t in 1115. Additional discussion of grcundvater fluctuations ir
“he spray pond area can be found in Subsection 2.5.5. Because
qroundvater levels 3t the pond will be higher than the maximum
projected flood elsvation (refer to Pigure 2.5-38 and Subsection
?2.4,.3, respoactively), flooding ccnditions will net significantly
affect tha groundwater levels,

Local w»lls within two mil@s of the plant site were inventoried
and +he informa*ion is given in Table 2,U-22,

Grourdwater flows away from the principal plant structures area
*o +he north, east, and south. However, the pradominant
direction of flow is to the east and southeast a* gradients of
0.05 and'0.06, respectively. The flow rate in bedrock is
actimated to be less than 1 ft per day as discussed in Snubsection
2.4.13. Groundwater contours at the site are shcwn on Fiqure
?2.5-138.

parmeability of the intact bedrock at the site is less than 1
f+/vear. The averaqe permeability of the glacial materials at
ko sprav ovond is 2,000 ft/year; however, this value has been
considerably exceeded in some tests. For a complate descrip*ion

Pev. 35, 07/84 , 2.5=-103
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consult Subsections 2.5.5 and 2.4.13, respectively. Measured

of permeability at the spray nond and plant structures areas,
nermeabili*y values may be found in Table 2.4-33 and 2.4-34. qn'

Rock at “he site would be unaffected by dynamic loading from
earthquakes. . During historical time, no Pennsylvania earthquakes
have beoan falt at the site. Approximately 14 earthquakes
originatirg outside Pennsylvania could have been felt at the
site?, bu%t with a probable maximum intensity of only IV on the
“odified Mercalli Scala. Ground motion at this intensity would
kave had no effect on the site. )

Th2 compressional and shear wave velocities of sound, unwveathered
foundation rock in the reactor area (Vp = 14,000 to 16,000 fps; V
= 6,200 *o 7,500 fps) indicate that the rock possesses a high .
ciqidity and provides effective resistance against dynamic loads
for all structures founded upon it (refer to Table 2.5-5). Such
‘rock will not be subiject to any loss of strength under earthquake
loadinas. )

<

_0f_Soil_to _Dynamic_Loading

2:5.8.,7.2__Respons

T+a analysis of earthauake-induced soil strain and settlement of
“*he spray pond and ESSW pumphouse are given in Suhsection 2.5.5.
Tf the sands at the site behave like dry sand during an
sarthquake, the settlement will be less than 0.05 in. If the
sard deposits are saturated and excess pcre pressures develop,
*hey will raconsolidate following *he earthquake and settlements
o to 1.2 inr. at the east end of the pond and up to 1.0 in. at
+hp ESSYW pumphonse may he expected.

The bearinaq capacit+y of the pumphouse mat footing was evaluated
hy the following equation (Ref. 2.5-115):

+ Df (Nq-1) N ’

qé’ = 1/2 BY "NY
Wwhere: '
qé = ul+timate bearing capacity
R = width of the footinq

Y = unit weight of thc.; ‘soil qm

Pav, 35, 07/84 2.5=-104
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)] depth of surcharge

N, N bearing capacity factors

i

This equation was derived for the static condition: however, a
conservative evaluation of the bearing capacity for the dynanmic
condition can be made by assuming that, during dynamic loading,
the footing has an effective width equal to 1/3 of the actual

‘footing (Ref. 2.5-115). Substituting all values given in

Subsection 2.5.4,10.2 into the equation bhut using B=21.3 ft
instead of 64 ft, the ultima%e bearing capacity was calculated to
he 52 kips/sa ft. The corresponding factor of safety against
bearing failure is 17.

Soil structure interaction has been addressed in Suksection
3.7.2.4, The analysis and desiqn of huried pipelines has been
addressed in Subsection 3.7.3.12.

For the soil supported spray prond, ESSW pumphouse and Seismic
Cataegory I pipelines, the liquefaction potential was evaluated.
The soil underneath these structures is predominantly sand,’
qravel, cohhles, and houlders. .

The liguefaction potential of the soils beneath the spray pond
and the ESSW pumphouse is discussed in detail in Subsection
2.5.5. Thke minimum factor of safety against liquefaction for
“hese structures was found to be 1,26, which is larqger than the
minimum acceptable factor of safety of 1.20. )

The =0i) supported Seismic Cateqory I pipelines are underlain hy
the same qlacial deposits as the spray pond area and the maximunm
predicted water lavel below the pipelines is lower than that
nnder the pond. Hence, liguifaction potential of the soils
heneath the seismic Cateqory I pipelines is no greater than that
cf soils beneath the spray pond.

2:2:4,9__Earthguake _Design_Bases

SR e R il -— -

“

The desiqn hases for t+he SSE and OBE are addressed in Subsections
2.5.2.6 and 2.5.2.7.
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2.5.4,10__Static_sStability ‘IW'

2.5.4,10.1 &tatic Stability of Safety-Related Structures

The reactor huildings, control structure, and the diesel
generator building, all of which are Seismic Cateqory I
structures, are founded on sound, unweathered siltstone bedrock.
The Seismic Cateqory I pipelines linking the reactor buildings
with the spray pond are trenched partly in soil and partly in
bedrock. )

The strength of the unweathered bedrock- amply accommodates the
loads of the plant providing hiqghly stable foundation conditions.
As measured in the Seismic Cateqory I reactor area, compressiornal
velocities are in +he range of 14,000 to 16,000 fps; shear wave
velocity ranges between 6,200 and 7,500 fps. Static
deformational moduli as measured on rock cores vary between 3.1
*0o 9.4x10% psi (refer to Table 2.5-3). Measurements of
unconfined compressive strenqth of unwveathered fcundation rock-
from the vicinity of the principal plant structures vwere between
3,650 and 16,000 psi (Table 2.5-3). Static properties of the
foundation rock are summarized in Table 2.5-5. Loads induced by
the, plant structures are less than the allowable bearing pressure
of the rock and far below the ultimate bearing capacity. The
structural loads will produce no siqnificant total or
Adifferential settlement of the foundations.

safety-related structures founded on rock were designed for a
hydrostatic aroundwater loading caused by a maximum groundwater
level of 665 f+. This is higher than the expected maximum water
level, as discussed in Subsection 2.4.13. ‘

2.5.4.10.2 Static sStability of Safet&:aelated Structures

eemeeem——_Supported_on_Soil S S

The mat footing of the ESSW pumphouse is 112 ft long, 64 ft wide,
apd 3 £t thick. The total dead and live loads are 20,000 kips
and 2,100 kips, resvectively. The corresponding unit pressures
are 2.80 ksf and 0.30 ksf, respectively. The bottom of the mnat
is at elevation 657 f+t.

The ultimate bearinqg capacity of the rat can be estimated by the
following equation (Ref. 2.5-115):

M = 1/2 B N +D N -1
qd : / Y Y £ ( )

q «
Wheres : M
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qa = ultimate bearing capacity
B = width of the mat = 64 ft
Y = unit weight of the soil = 130 pcf
De = depth of surcharge, conservatively assuned to -be
Zero ‘ .
NY'Nq = ‘bearing capacity factors

= 38, and 33, respectively (Ref. 2.5-115)
corresponding to g = 35° (Subsection 2.5.4.2.2)

The ul+timate bearing cavacity of the mat foundation was found to
be 158 kips/sa ft. The factor of safety vas computed to bhe 51,
vhich indicates no danger in-overstressing the supporting
aranular soil. Therefore, the allowable bearing pressure and
settlement of the mat footing were evaluated by the method of
limiting settlements sugqested by Peck, Hanson, and Thornburn
(Ref., 2.5-116). The allowable bearing pressure for a maximum
settlement not to exceed 2 in. was computed by the formula:

q, = 0.22 Ch Cy N
Fhere:
a, = allowable bearing pressureg. tsf
N = number of blows per foot in the standard
penetration test
cn Cy = correction factors for “N*, for the effects of
overhurden pressure and location of groundwater
surface

A conserva*ive N value of 40, vas selected to rnpresonf the soils
telow +he ma* foundation (Elovatlon 657 £t, Piqure 2.5-38)., The
Standard Penetration Tests below the foundation level were made
at an averaqe overburden pressure of about 6,000 psf (Figure 2.5-
39) ; the corresponding correction factor C, was obtaired from
Fiqure 19.6 of Ref. 2.5-115 to be 0.63. Assuming that the
aroundwater surface is at 7 f+ below the mat and no surcharqe,
the correction factor C, was computed to be 0.55 by equation 19.4
of Paf. 2.5-115, .

The allowable bearing pressure vas computed to he 6.0 kipS/sq ft
based on the values of N, C, , and C, given above. At this
bearing pressure, the settlement of the mat foundation should be
lass +*han 2 in. and the differential settlement should be less
+han 3/4 in. Therefore, by proportion, for a desigqn total
pressure of 3.1 kips/sq ft, the corresponding maximum and

pev. 35, 07,84 2.5-107



SSES-FSAR

respactively., Settlement in sand and qravel deposits .occurs
almost simultaneously with the application of lcad. 'Since more
+han 80 percent of the total load is dead load, then less than
.2 in. of settlement is expected after the completlon of the

Aifforential settlements would be less than 1 in. and 1/2 in., (l“'

. SEE construction.

INSERT D> .
The structural stability of the ESSW pumphouse is discussed in

Subection 3.8.4 and 3.8.5.

The sustaired load from the spray pond is less than the weight of
overburden removed; therefore, there is an adequate factor of
safaty against oversfreqsinq the underlying soil. Soil rebound
durinag excavation in granular soils of the type found at the
spray pond is insiqgnificant.

"he maximum predicted elevation of the water table is below the
hase of the sprav pond and ESSW pumphouse; therefore, hydrostatic
vater loadinags vere nct considered in the design of these
structures. A full discussion of the water table in this
vicinity is in Subsection 2.5.5.

The lateral erarth pressure acting on suhterranean walls of
Seismic Ca+eqory I structures was computed assuming granular
backfill having the properties stated in Subsection 2.%5.4.5.3.
The coafficient of earth pressure *at-rest" was used.
Additionallv, the walls vere desiqned for surcharge loadings and
dvynamic soil pressures as appropriate. ' The typical pressure
diaqrams and combinations are shown on Fiqure 2.5-39.

fater levels in *he spray pond area are discussed in Subsection
2.5.5.1.2. Contours of *bhe groundwater table in the spray pond
area are shown on Fiqure 2.5-38. Profiles of measured and
nrojected profiles of the qroundvwater table heneath the spray
pond are shown on Figqure 2.5-40.

2.5.8.11__Dpesiagn_Criteria

2.5.4.11.1 Dpesiqn Criteria of Safety-Related Structures

- ES m 8S Y® S D G W A G e e Sy Ty - - e Sy w— T 07 G W D = — — - -

~he plant. structures founded on rock are designed for a maximunm
1cceleration of 0.109 from an occurrence of the SSE event. Fronm
consideration of its engineering properties, it is evident that
the foundation rock will not be measurably affected by seismic
loadings, and neqligible additional foundation settlement will
accompany these maximum potential dynamic loads. The maximunm
contemplated total static and dynamic loads of 40 tsf are only a
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Emergency_Service Water Systen J(ESKS) .
The ESWS is designed to

a) Supply cooling water to the RHR rumps and their
associated room coolers during the several non-emergency
nodes of RHR pump operation such as fuel pool cooling,
normal shutdown, and hot standby

b) Supply cooling water to the various diesel generator
heat exchanqers, RHR pumps, room coolers, RBCCW and
TBCCW heat exchangers during emergency shutdown
conditions such 'as a LOCA.

The ESWS pumps are located in the ESV¥S pumthouse with the RHRSH
pumps. The ESWS pumphouse is designed as Seismic Category I and
the PFSHS consists of twe redundant loops (denoted A and B) each
canable of providing 100 percent of the cooling water required by
all the ESP eaquipment of both Units 1 and 2 simultaneously. The
system is designed so that no single active or passive component
failure will preven i%* from achieving its safety related
objective. ‘

The system star+s automatically on a diesel start signal.

For additional discussion, see Subsection 9.2.5.

TH 1Pt diesel generster s provided mewmtﬁfMW
Diesel Generators b tionlly o BE bl qnretor i pronded a5 0 K00t (oheqoin T

Buildms

The four diesel generators are housed in a Seismic Cateqory I
structure, They are separated from each other by concrete walls
wvhich provide missile protection. Loss of one diesel gensrator
will no* impair the capability to safely shutdown hoth units,
since .this can be done vwith three diesel generators. For
additional Aiscussion, see Subsection 8.3.1.4, <

For descriptions of the Diesel Generator Fuel 0il System, Cooling
Water Svstem, Air Starting System, Lube 0il System, and the
Intake and Exhaust Systems see Subsections 9.5.4, 9.5.5, 9.5.6,
9.5.7, and 9.5.8 respectively,

For nissile protection see Subsection 3.5. Separation is
discussed in Sections 3.12 and 8.3.

Ultimate Heat _ Sink (Spray Pond)

The spray pond provides the water for both the BSWS system and
the RHRSHW systems. It is the ultimate heat sink for both Units 1
and 2. The raturn lines from the ESWS and the RHRSW are combined
and the total quantity of water from hoth these systems is
discharqed through spray networks, which dissipate the heat Ltack

Rev. 35, 07/84 3.1-7
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following a loss-of-coolant accident to assure that core cooling,
containment inteqrity, and other vital safety functions are

maintained.

provisions shall be included to minimize the probability of
losing electric power from any of the remaining supplies as a
result of, or coincident with, the loss c¢f rover generated by the
nuclear power unit, the loss of power from the transmission

‘ network, or the loss of powver from the onsite electric power
supplies.

Design._.Conforman QY‘ A,e,,c.wl

Two offsite power\transmission systems and four onsite standby
diesel generators¥with their associated battery systems are
provided., Either of the two offsite transmissicn pover systems
or any three of the four onsite standby diesel generator systenms
have sufficient capability to operate safety related equipment
for cooling *he reactor core and maintaining primary containment
inteagrity and other vital functions in the event of a postulated

SEE
zvsehT K

‘accident in one unit with a safe shutdown of the other unit.

—
The +wo independent offsite pover systems supply electric power

+to the orsite pover distribution system via the 230 k¥
transmission grid. Each of the offsite pover sources is supplied
from a transmission line which terminates in switchyards (or
Substations) not common to the other transmission line. The two
transmission lines are on separate rights—of-wvay. These two
transmissicn circuits are physically independent and are designed
to minimize the possibility of their simultaneous failure under
operatina and postulated accident and environment conditions.

Fach offsite power source can supply all Engineered Safety
Feature (ESF) buses: through the associated transformers. Povwer
is available to the ESF buses from their rreferred offsite power
source during normal operation and from the alternate offsite -
power source if the preferred power is unavailable. EBach diesel

generatortsupplies q*andhv power to one of the four ESF buses in
aach unit. Loss of both offsite power sources to an ESF¥ bus
results -in automatic starting and connection of the associated
diesel generatorswithin 10 seconds. Loads are progressively and

[rocss]

sequentially added to avoid generator instabilities.

ABCerd

There are four independent ac load groups provided to assure

independence and redundancy of equipment function. These meet
the safety requirements assuming a single failure since any three
of the four load groups have sufficient capacity to supply the
minimum loads required to safely shut dovwn the unit. Independent
routing of the preferred and alternate offsite powvwer source
circuits to the ESF buses are provided to meet the single failure

safety requirements.

Rev, 135, 07/84 3.1-18



© TNSeRT K

‘ Addidinally, 5 £ diesc! generstor & with 175 sssocetad batlery s yisfom
15 provided as a replacement , dnd fes Ve gdpy&/{(/ oF. Sygprry
*he entergency /oading 74;'»7/ e o e otber foor ;‘/ﬂ;é/ yaﬂerd/m’
(AB,Lor D ). Diese/ generstor E s ot a/m///é% # c;uémﬁf/kd/y
1ol Ny oNe of e gHer tbor dese! genersiors (71 M evwent
of atailore.



Principal Conponents (343%)

' sm’n

Pump motors, fuel oil system

piesel qenerators
Rlectrical asodules with safety
functions

Cal'le, with safety functions

piesel fuel storaqge tanks -
picscl lubte oil system piping
and valves

Heat exchangers: jacket water
and lube oil

Pilter housinqgs
Lube 0il hecater
Lube oil circulating punp
Diesel starting air systea

charqe to enqine skid
riping and valves, others
Air receivers
CoRpressocs
Jacket cooling water piping
Cooling jacket water heater

Air Intake € exhaust piping
texcept mufflers and
aexpansion Joints)

pirty lube oil drain tank

lleating, _Ventilating_and_Airc
Condjtjoning_systens

Hotors

-

e e e e e e e e e e e —————— TABLE_3.2-1_(Cont inuci) ——_——— o Page 12
orcincipal .
Quality Construc-
Source Group tion Ouality
of 1nca~ Classi- Safety Codes and Seisalc Assurance .
Supply tion ficatfon Class Stapdards Category Requirement Comaents
(1) (2)* ) {u)+ (5)¢ (6)* (= *
v/Pfed  0,G,45 NA 3 IFER=-323/ I Y
344
P/t 6,65 NM 3 IBEE-387 T Y
pl. - G,65 HA 3 IEEF-279/ 1 Y
) 323 -
pjaH G.65 A 3 IEBE-279/ HA Y 15
3237383
P (4] (o4 3 I1I-3 I Y ’
P G c 3 B31.1 T Y
P G c 3 I11-3/ I Y '
TFHA C )
P G C 3 VIII/NA I Y
P G NA Other NONE NA N
P G D other HA NA N 24
piping and valves from downstreaa -
of tee following coapressor dis- P -G c k} 111-3 I Y
P G ) Other B31.1.0 HA N )
P G Cc 3 III-3 1 Y
P G n’ Other NA NA N
p G n Oother B3l.1l NA N
o G HA Other HA HA ]
Cooling {acket water heater pump P G D Other NA NA N 24
P G [od k} ITI-3 1 Y
P G na Other HON® HA N
>
Control fFoom £ Computer Room IIVAC *
p Ccs HA 3 NEMNA MG 1 Y
‘ IBRR=-344/
323

Rev. 36, 07/85 : -
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TABLE 3.2~1 (Continued) Page 22
Principal
Quality Construc-
Source’ Group tion Quality
FSAR , of Loca- Classi- Safety Codes and Seismic  Assurance
Section Supply tion fication Class tandards Category Requirement Comments
‘Principal Components (34%) e (2)* . (3)* (4)* (5)*° (6)* (7= *
Instrumentation Associated with
Other Svstems Required for Safety 7.6
Spent fuel pooling cooling system P R Na 2 IEEE-279 I Y
Fuel handling area ventilation
isolation system P R " NA 2 IEEE-279 I Y
Corntrol room panels P Cs NA -2 . IEEE-279 I Y
Local instrument racks associated -
with safety related eguipment p ALL NA 2 IEEE~279 I Y
Instrumentation Associated with .
Systems Not Reguired for Safety 7.7
Seismic instrumentation P ALL NA Other Na 1 Y
Area radiation monitoring p ALL NA Other NA NA N
Leak Detection Instrumentaticn . )
Temperature elements GE C,R,T NA 2 IEEE-323 1 Y 39
Differential temperature switch GE C,R ' .NA 2 IEEE-323 1 Y 39
Differential flow indicator GE cs NA 2 IEEE-323 I Y 39
Pressure switch GE . C,R NA 2 IEEE-323 1 Y 39
Differential pressure indicator
switch GE (o NA 2 IEEE-323 I Y 39
. Differential flow summer GE cs NA 2 1EEE-323 I Y 39
Process Radiation Monitors ’
Electrical modules, main steam
line and reactor building . :
ventilation monitor GE , R NA 2 IEEE-323 I Y
Cable, main steam line and reactor . -
building ventilation monitors P R NA -2 IEEE-279/. NA Y 15
3237383 °
Electric Systems 8 -
Engineered Safety Features AC
Equipment 8.3 .
4.16 kv switchgear Pl 0,65 Na 2 IEEE-308/ I Y
323/344

Rev. 35, 07/84 * Refer to the General Notes at the end of this table.
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TABLE 3.2~1 (Continued) L Page 23
Principal i
Quality Construc-
Source Group tion Quality
FSAR of Loca~- Classi- Safety Codes and Seismic  Assurance ;
Section Supply tion fication Class Standards Category Requirement Comments
Principal Components-(34*} (1)* (2)* (3)* (4)* (5)* (6)* (7)* *
180 V load centers ’ P 0,45 NA z IEEE-308/ I- Y
- ) 323/344
480 V motor control centers . plam 0,65 NA 2 IEEE/308/ I Y : .
.t 4
Y.l KV -HBOV Teansdormer - DG’ 323/3 ;/
Engineered Safety Features DC 6 VA Z 13:25;.33‘34 = Y )
Equipment 8.3
125 Vv and 250 V station batteries
and racks, battery chargers P CS,4S NA 2 IEEE-308/ I Y
’ ) 323/344 .
125 V switchgear and distribution
panels ‘ . : P/GH cs NA 2 IEEE-308/ I Y
125V Muloe control center DI 'e" el 65 323/344
i . NA . 2 e 308/ —~ Y
120 V Vital AC System Equipment 8.3 aza/394
Static inverters p cs NA 2 IEEE-308/ NA Y
323/344 “ |
120 V distribution panels P CS,R NA ~ 2 IEEE-308/ I Y -
- 323/344

Electric Cables for ESF Equipment 8.3

5 kV power cables PGH  ALL  NA 2 IEEE-323/ NA Y 15 |
i - 383
600 V power cables PGH ALL NA 2 IEEE-323/ NA Y 15 ) |
383
Control and instrumentation cables p,GH ALL NA 2 IEEE-323/ NA Y 15 |
- ' 383 -
Miscellaneous Electrical 8 .
Primary containment building .
electrical penetration assemblies p c NA® 2 IEEE-317/ I Y
344/383 .
Conduit supports, safety related " BGH ALL Na 2 IEEE-344 I Y 15
Tray ¢ Tray supports, safety related PoM ALL NA 2 IEEE-344 1 Y 15
Emergency lighting systens PoH ALL NA 2 IEEE-344 I Y
Emergency communications systems Pod ALL NA Other  NONE NA N
Diesel generator Plpu G NA 2 IEEE-387 I ¢
Tranafor Ponels - DI’ &M s NA 2 xeeE 383y = Y
Terminaton Cabiwets ~DfG € GH 65 NA 2 TEege N3t4d ~

Rev. 35, 07/84 * Refer to the General Notes at the end of this table. '
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TABLE 3.2~1 (Continued) - Page 26
Principal
Qualiey Construc~
Source Group tion Quality
- FSAK of Loca~ Classi- Safety Codes and Seisnic Assurance

Section Supply tion fication Class Standards Cateqgory Requirement Comments

Principal Components (34*) (n* (2)* (3" (4)+* (5)* - (6 (n+ *

Demineralized Water Makeup System 9.2.9

Tanks P CW D Other VIII-l NA N )
Pumps - P CwW D Other - B31.1.0/ NA N 24
Hyd.IX
Motors P CwW NA Other NEMA MG MA B
Piping and valves P ALL D Other B31.1.0 NA N
Buildings
Reactor Buildirg P R B 2 ACI1/Al1SC 1 Y
Pressure resistant doors P R ~ B 2 ASTM/AWS NA Y
AISC
Watertight door P R B 2 ASTM/AWS NA Y
R. B. Equipment door P R B 2 ASTM/AWS NA Y
Primary Containment P (o4 B 2 ACI/AISC/ I Y 27,30
11X
Access hatches/locks/doors | 4 c B 2 IX1-MC 1 Y
Liner plate P c B 2 I1I-MC ° 1 Y
Penetration assemblies P Cc B 2 IXII-MC I Y 29
Vacuum relief valves 4 (o B 2 I11-2 1 b 4
Downconers P C B 2 I1I-2 I Y 44
Downcomer Bracing 4 (o B 2 AISC I Y
Diesel generator building 4 G NA 2 ACI/AISC I Y
Control structure P Cs NA 2 ACI/AISC I Y
Radwaste and offgas building P RW N2 other ACI/AISC NA N 22 .
Turbine building P T NA other  ACI/AISC NA N 21
Administration building P 0 NA Other  ACI/AISC NA N
Circulating water pump house P o NA Other ACI/AISC NA N
ESSW pumphouse P 0 NA 3 ACI/AISC 1 Y-
Low Level Radwaste Holding Facility P o] . NA other ACI/AISC/ NA N
DIESEL GENERAToR ‘&’ BunpWg GEH Dd6'e’ Na 2 XBCCI/ T e
Structures ALsc
Roof Scuppers ancé Parapet Openings P R,CS,G NA 2 ACL/AISC NA Y
Spray pond & Emergency Spillway P o NA 3 ACI I Y
Condensate storage tank P o D Other D100 NA N
Spent fuel pocl p R NA 2 ACI/AISC I Y
Spent fuel pool liner P R NA 2 ACI/AISC b Y
Refueling water storage tank P o D Other D100 NA N
Pipe Whip Restraints P R,C NA 3 AISC I Y

=

ﬁev. 35, 07/84 * Refer to the General Notes at the end of this table.
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TABLE 3.2-1 (Continued) Page 27
. Principal
Quality Construc~- -
Source - Group tion Quality
FSH& ot Loca~- qlassii Satfuety Codes and Seismic  Assurance
Secrion Supply tion fication Class Standards Category Requirement Comments
Principal Components (34%) e (2r (3 (4)* (5)* ey (- .
Missile Barriers for safety
related equipment p C,R, NA Other  ACI/AISC 1 Y .
CS,SHW,
G -
Biological shielding within
Primary containment, reactor )
Building and control kuilding P C,R, NA Other  ACI/AISC 1 Y 42
Ccs .-
Safety rclaced masonry walils 4 R,G, NA Ocher  ACI/UBC I Y
CSs -

Rev. 35, 07/84 . * Refer to the General Notes at the end of this table.
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TABLE 3.2-1

SSES DESIGN CRITERIA SUMMARY (Continued)
Page 29

»

General Notes and Comments

1) GE = ééneral Electric
PL = Pennsylvania Power & Light
P = Bechtel as agents for Pennsylvania Power ‘& Light

NA = Not Applicabl see comme
6H = meamff foCZI ASENTS /’MLVMA Awere f LIGHT

2) Location
c Part of or within primary containment
R Reactor Bﬁilding
T Turbine Building
CS Control Structure

RW Radwaste and Offgas Building
AbC 4D -
G Diesel GeneratorjBuilding

3

b Intake Structure.
A Aéministration Building

Cﬁ’ Circulating Water Pumphouse _

SW éngineering Safeguards Service ‘Water (ESSW) Pumphouse
CA Chlorine and Acid Storage Building

25 %?E% orséﬂ? S8 e Bonomé

3) A,B,C,D - Quality group classification as defined in
Regulatory Guide 1.26. ' The equipment shall be constructed in
accordance with codes listed in Tables 3.2-2, 3.2-3, and 3.2-

4.
NA - Not dpplicable to quality group classification

4) 1,2,3,4, other = safety classes defined in ANSI-N212 and
Section 3.2.3. . .

NA - Not applicable to safety classification

| /&
Rev. 3503764~
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‘ ' . TABLE 3.2-1

SSES DESIGN CRITERIA SUMMARY (Continued)
. Page 29

General Notes and Comments

l) GE General Electric

PL = Pennsylvania Power & Light

= Bechtel as agents for Pennsylvania Power & Light
G&H'—‘l GIeBS& HILL , TNe. u ” ”

NA = Not Appllcable, see comments
2) Location
C Part of or within primary containment .

R Reactor Building

T Turbine Building ‘_ .

Cs Control Structure

L RW Radwaste and Offgas Building
Q G,, Diesel Generator Building , ‘
DGt DIESEL GENERATOR ‘g’ RBuiLdING |
I Intake Structure
A Administration Buil&ing

cwW Circulating Water Pumphouse
SW Engineering Safeguards Service Water (ESSW) Pumphouse
CA Chlorine and Acid Storage Building
o] Outdoors, Onsite

3) A,B,C,D - Quality group classification as defined in
Regulatory Guide 1.26. The equipment shall be constructed in
accordance with codes listed in Tables 3.2-2, 3.2-3, and 3.2~
4 > v

NA - Not applicable to quality group classification

4) 1,2,3,4, other = safety classes defined in ANSI-N212 and
Section 3.2.3.

‘ NA - Not applicable to safety classification

Rev, 35, 07/84
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All exposqd structures are desiqned for wind loading.

1.3.1.1__Degign_Rind_Yaloecity

The desiqn vind velocity for all structures is 80 aph a= 30 ft
above qroand for a 100-vear racurrenca intezval, The design winid
velocity i=s baged on FPiqure S5 o€ Refarenca 3.3-1., (References
ara listead in Subsaction 3.3.3).

The vartical valocity distrihution is based on Tabla 1{a) of
refaerance 3.3-2. The velocity distribation is tabtulatad in
Table 303-10 ‘

A qus® fackor of 1.1, ae qivan ir Paference 3.3-2, is usad.

3232122 _DRexormination of Apolied Pocces

‘ ™h2 procedure usad *o «“ransfora the wind valocity into an
affactive pressure anovlied o axposed surfacas of strucsures isg
as degscribed in Pafarence 3.3-2 and is summazized as fallowss

The Avnamic prassure is givan by:

q = 0.,002558 V2 wvhere,

aq = Dynami¢c pressuce in psf
v = Wind velocity in aph (desiqn wind valocity x gqust
factan) .

Tha lozal pressura a% any poiect on the sarface of a building is
2qual to:

¢

qa X Cp whera

Co = Pressure coefficiaent

I=2v. 35, 07/88 3.3-1
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™he ¢otal praessura on a huilding is aqual *o:

q x Cp where,

Cp- = Shape coefficient.
The Susquehanna SES sStructures have sloping roofs-with a pitch
less than 20 deqrees. The folloving ars values for Cp and Cp s
(See Reference 3.3-2, p. 1151 and Piqure 7) ‘

. Cp for windward wall = 0.8 (pressure)

Cp for leevard vall = -0.5 (snct;on)

Cp for wvwindward slope = 0

Cp for leeward slope = =0.6 (suction)

cD = 1.3 (pressure).

Wind loadp on structures are tabulated in Table 3.3-1.

Bxposed tanks are designed to resist a ainiaua wind load of 30
psf on the vertical proiection, based on Referenca 3.3-3. Por
cyvlindrical tanks, vind is considaered acting on six-tenths of the
vartical projection. Wo increases in allovable vorking straessas
are pernitted for these structures for loading conditxons
involving wind.

32322_ TORNADO_LOADINGS

Table 3.3-2 lists the systeas that are protected against
tornadoes and the enclosures which provide this protection. This

table is based on NRBRC Requlatory Guide 1.117 (Reference 3.3-U).

323:2." -A221igaéis-ng:ién.nstanssgxg

The following desiqn parameters are used for the design of
tornado-resistant structures ‘and are based on Reference 3.3-5:

a)  Dynamic Hind_Loading (FoR STRUCTURES OTHER THAN Diesel
GENERATOR ‘£’ BurtdiNg )

Tangential speed: 300 mph

Translational speed: 60 aph

Rev. 35, 07/84 J.3=2
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b) . Pressure Differential Betveen thelInside and

FoR_STRUCTURES OTHER THAN DisstL
Qutsida of a.Building. L Fof_TTRuCTOR B R T ror " ' Auiom

A pressure drop of 3 psi at the rate of 1 psi per
"second. ‘

c)  Torpado-Generated Missiles-
These are discussed in Subsection 3.5.1.4.
~—> [NserT ‘A '
d2322:2__Dateraination of Porcas_on_Structugag

Ty

The following procedures are usad to transfora the tornado
loadings into effective loads on structures:

a) Dynazic_9ind_Loading

A procedurae the same as the one utilizad to transfora
the wind velocity into an effective pressure, as
-described in Subsection 3.3.1.2, is used vith *the
following excaptionss.

1) Velocity and velocity pressura are assumad not to
vary with height. '

2) The qust factor is takan as unity. -

As shown in Piqure 5 of Reference 3.3-5, and as
explained therein, the equivalent uniform tornado wind
velocity on the building due to a tangential coamponent
of 300 aph and a translational coamponent of 60 aph is
220 mph, On Susquehanna SES the pressure loads are
calculated on the basis of a uniform 300 aph wind
velocity and are as follovsy LpR “:‘?TRUC TURES OTHER THAN
© DIESEL GENERATOR'S’ BULDING: For DG '€’ By s

Windward pressure on walls: 185 pst 26¢ psy
Leevard snctio'n on valls: 115 psf 6¢ psf-
Total desiqn pressure: 300 psf Y22 psf
Suction (uplift) on roof: 140 psf. 197 psf

"The turbine building is designed to resist the tornado
loading assuming 2/3 of the metal siding and tha roof
deck beinqg blown avay., Hovever, all the frames are
desiqned for the full tornado loading.

The matal siding and the roof deck of all structures are
‘not desiqned %o resist full tornado loading."
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b)  Dpifferential_Sressuge_loading

Differential pressure loading is calculated using the
following pressure-tine function-

The differential pressure is assumed to vary from zero
to 3 psi at the rate of 1 psi/sec, remain at 3 psi for 2
_ seconds and then return to zero at 1 psi/sec.

t s /[ Biovout panels are used as necesgssary on safety related

,NSERJ' [ structures to miniaize differential pressure.

c) Tornade-Generated Missiles

Tornado-generated njissiles are classified as gqiven in
Tables 3. S-QAuﬁfhe barrier design procedures are '\
described in Subsection 3.5.3 3 5=4q

Loadings a), b), and c) are combined in the followinq manner to
obtain the total totnado loading:

(1) R = Wy
(ii) . W' = Wp
(1ii) N'.2 ¥Wa

C(iv) W' = Hw+0.5%p
{(v) W' = fyefm
(vi) we ; Hu+0.SWp+¥Wn
where,

W' = Total tornado load
Ww = Tornado wind load
HWp = Tornado differen%ial pressure load, and

¥a = Tornado missile load

3.3.2.3 Effect of Failure of Structures or Conpouonts Not
----_----99319894 for_Torpnade_Leads.

Structures not designed fo: tornade loads ac-e checked to ensure
that during a tornado they will not generat= missiles that have

' more severe effects than those listed in Table 3.5=4.

Rev. 35, 07/84 ' 3.3-4
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The modes of failure of these structures are analyzed to verify
that they will not collapse on safety related structures.
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.

Dynamic wind loading (for Diesel Generator 'E"Buildxng).

d)
Tangential Speed: 360 mph
Translational Speed: 70 aph
@) Prossure JiSScoontr el b v v inside and outside of Jdiosel

enerator 'E’' huilding.
g :

A pressure drop of 3 psi at the rate of 2 psi per second.

INSERT 'B’

The differential pressure is assumed to vary from zero to 3 psi
at the rate of 2 psi/sec, remain at 3 psi for 2 seconds and then
return to zero at 2 psi/second. (pea DPressL GENERATOR ‘E’ BUILDING)
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TABLE 3.3-2

TORNADO WIND PROTECTED SYSTEMS AND TORNADO

RESISTANT ENCLOSURES

(Pg. 1 of 2)

Protected System

Tornado Resistant Enclosure

Reactor coolant pressure
boundary

Reactor core and reactor
vessel internals

Systems or portions of
systems required for

a) Reactor shutdown

b) Residual Heat -
Removal

c) Cooling the spent
fuel storage pool

d) Makeup water for
primary system

e) Systems necessary to
support service
water, cooling water
source, and component
cooling

Reactivity control
systems

, Control room

Monitoring, actuating,
and operating systems
important to safety

Electric and mechanical
devices and circuitry
between the process
sensors and the input
terminals of the

actuator systems involved
in generating signals
that initiate protective
action

07/84

Reactor Building

Reactor Building

Reactor Building

Reactor Building
Reactor Building
Reactor Building

ESSW Pumphouse and Reactor
Building

Reactor Building and Control
Building

Control Building
Reactor.Building and

Control Building

Reactor Building, Diesel
Generator Building, and ESSW
Pumphouse

DIE
BUIL D ING

’
STl GENFRATOR &
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TABLE 3.3-2 (Continued)

- . (Pg. 2 of 2)
Proéécted System Tornado Resistant Emclosure
8. Long-term emergency ‘ Reactor Building, Diesel
core cooling system Generator Building, and
ESSW Pumphouse DIESEL GENERAT 2
e’  BunoiNGg
9. Class 1E electric All Seismic Category I
systems structures .

Rev. 35, 07/84
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3,4__WATER_LEVEL_ (FLOOD) DESIGH

As disecussed in Section 2.4, all Seismic Cateqory I structures
ar» grainre ‘aqainst flooding due to prohable maximua-flood (PNP)
of the Susauehanna R[iver or probable maximum precipitation (pPNP)
or the area surrounding the plant. Therefore, special flood
protection measnres are unnecessary. The Seismic Category I
structures have, hovwever, reen designed for hydrostatic loads
resulting from groundvater, as discussed in Section 3.8. The
groundwatnr table is at elevation 665 MSL in the mair plant area.

A postulated break in the cooling tower basins cr of the vater
delivery pipnes %o the basin could result in a build-up of vater
against the wvalls of either or both of the ESSW puaphouse and the
*urbine bknilding. In the event of such water build-up bhreaching
the turhine building wall, vater that would not he intarcepted bhy
the floor drains or qrilles and thus vould flow through the
tarbine tuilding to +he reactor building would be prevented from
endangering equipment in the latter by seans of vatertigqht doors.
Flood wvater building up against the ESSW pumphouse would also be
prevented €frcm entering the bhuilding by means of watertight
doors. Impact forcas and vater pressure due to flood water will
not endanger the intaqrity of the ESSW pumphouse.

All safe*v-“alatpd systems are located in the Reactor Building,

Diesel Generator Building.,mControl Structure and the Engineere
Safequard Service Water (BESSW) Puaphouse. DIESEL CENERATOR ‘&'
81D

Sufficient physical separation between these buildings is
provided to prevent Lntornal spreading of any floods from one
building *o another.

ledundant Frnainemered Safety Features, pusps and drives, heat
exchanaers and associated pipes, valves and instrumentation in
the reactor btuilding subject to potential flcecding, are housed in
separate vatertight rooms, with the exception of HPCI and RCIC
rooms in tUnit 2, Seismic Catagory I level detectors trip alaras
in the -zin con*rul room vhen #oe vater level ia any room exceeds
the set point. Isolation of tha floor drainage lines froa these
rooms is provided by outside manual valves,

All other rooms in the reactor building and control structure
containing safety related equipment which are subiject to
potential flecoding by process fluid leakage or fire protection
vater are provided with at least one open flcor drain.

Floods in o~xcess of the approximately B0 gpa flcor drain capacity
increase *ha wvater level in the affected area and are released
through the door-to-floor clearance of these rocwos.

Rav., 35, 07,84 3.4-1



@

SSES-FSAR

refer to Subsection 9.3.3 for a detailed description of the
reactor building.and control structure drainage systen.

The four diesel generator sets are housed in individual vater
tight compartments within the diesel generator tuilding., Ploor
drain line branches from each of these compartaents are equirped

wi*h check valves to prevent backflooding from the common suap.

The BESSW pumrhouse is divided into two redundant coepartments.
Flooding from internal leakage would, therefore, only affect one
of the redundant pump sets. The control and electrical panels
are mounted on ninimum 4 inch hiqh concrete pads or structural
supports. nNperating floor openings allow drainage of any leakage
to the ESSW pump suction space below or to a reserve sump space
that could be eaptied with a portable punp. ,

The HPCT and RCIC rooms in Unit 2 are interconnected through a
vant plenus which leads to the common blowout panel. Plooding in
either room could potentially spill over to the other via the
vent path. The vent path is 10'-8" above the floor. A moderate
enerqy pipe break in each room has been postulated and amalyzed
in consistenre with BTP APCSB3-1. It is conservatively
astimated, without taking credit for floor drain capacity, that
it will take approximately 13 hours for the maxiamum moderate
anerqy plpe crack leakage in the RCIC rooa to overflow into the
HPCI room, and 5 hours from HPCI rooa to RCIC room. The maximunm
nmoderate, enerqy pipe crack leakage that cannot be isolated froa
ogtside thesce pumo rooms will take approximately 23 hours to
overflow from RCIC room +o the HPCI room and 6 hours to overflow
from HPCLl room *to RCIC room. There is sufficient time to
identify the pipe failure and take appropriate action to mitigate
the consequence of pipe failure prior to overflcw occurred
betveen theso two interconnected rooas.

[

IN Tue GSE oF Diesti GENERAToR €’ BunbING,
FlooR DRAINS AT EL. éscﬁg” ARE EQUIPPED NWITH Chlck VALVES
T PRevENT  Back Flood/Ng FRoM TwE Burntowng Sump, 444 FlookRS OF
Tage Dr6SEL G'IN‘BAToQ €' BurpING WHIcH ALy SveJTEcy To
POTCNWAL Flood 1N /9); CFreE FPeoTecTIon h}A7€4@ ARE Feovipso
WITH Flook DRAINS,
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commercial_Aircraft

In v-232 18,000 novenents x 0.12 x 10-t1/8i2 x ,0U4 mi2
’ = ,09 x 10—% per year.

In V=106 . 3,000 moveaents x 1.9 x 10-tt/pi2 x .04 mi2
= .23 x 10-% per yvear.

The sum of these even*. probabilities at the Susquehanna SBES site
is about 9.3 x 10—-8,

J2212._SYSIEXS_T0_BE_PROTECIED

32222.1__Nissile Protection Desian_Philosophy

Systems that are reviewed for aissile protection are listed in
"Stbsection 1.12.2.

For internally generated missiles, protection is provided through
basic staticn coaponent arrangement so that, if equipment failure -
occurs, *he missile does not cause the failure of a Seisnmic
Cateqory I structure or any safety related system. Wwhere it is
impossible +to provide protection through station layout, suitable
physical barriers are provided whose function is'either to

isolate the missile or to shield the critical system or °
component, In addition, redundant Seismic Cateqory I coaponents
are suitably protected so that a sinqgle missile cannot
simultaneounsly damaage a critical component and its backup system.

3254222 5:rgssu;g§_ggﬁisnéﬂ_59-!ish§sang-§4§§i;s_§£§gss§

Saismic Caragory 1 structures are desiqned to withstand

postulatcd external or internal missiles which may iapact then,

Table ° J-2 is a 1list of the structures desiqned to withestand

exr.ernal tornado generated missiles, and the safety related

aquipment which they protect. The nmissiles are listed in Tab%es
3.5-4AND 3-5-40 fov SFudures oThar than  Dicsel Gewanndor 'E’ BuitdNg

ond dhe Diesel Geunator ‘e Buiping 7%"*‘3
3.523. _BARPIER_DESIGN_ PROCEDURES_ ‘ ‘

The structures and barriers a:é‘desiqned in accordance with the
procedures detailed in Reference 3.5-5. The procedures include:
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b)

c)
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prediction of local damage (penetration, perforation,
and spalling) in the impact area including estimation
of the depth of penetration

Fstimation of barrier thickness requiraed to preven+

. parforation

predic*ion of the overall structural response of tha
barrier and portions thereof to msissile impact,

The use of a ductility ratio higher than 10 but less than the
allowvables given in Reference 3.5.5 will be qoverned by the
follecwing conditions:

(1

Reinforced concrete barriers

The allowable displacement of reinforced concrete
€laxure menhers can be based on an upper limit for
plastic hinge rotation rfas follows:

rg = 0.0065 % < 0.07
where

d = _distance from coapression face to centroid of tensile
steel reinforcement (inch)

¢ = distance from coapression face to the neutral axis at

ultimate strenqth (inch)

This condition is qiven in section ;@é‘s of Appendix C and

coumentary to Appendix C of ACI 349

Rev.

(2)

35,

8o
5+e@l barviers

Te insnre the ability of a steel heam to sustain fully
plastic hehavior and thus to possess the assuned
ductility ar plastic hinge formation, it is necessary
that the vlements of the heam section ameet minimum
thickness reaquirements sufficient to prevent local
buckling failurae,

The condAitions to preclude local buckling as giver in
AYTSC Yanual are satisfied.

07,84 3.5-34
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TABLE 3.5-4a

Tornado-Generated Missile Parameters for Diesel Generator 'E'
Building.

Foovans®
Welang Velocioy

Missile (L) (£os)
A) Wood plank, 4 in. x 12 in.

% 12 ft., traveling end-on 108 440
B) Steel pipe, 3 in. dia.,

Schedule 40, 10 ft.

long, traveling end-on 72 - 147
C) Steel pipe, 6 in. dia.. w

Schedule 40, 15 ft. long 285% 170
D) Steel pipe, 12 in. dia., '

. . * S

ScHEDULE 4o, lcrf.lous 750 15
E) Steel rod l-inch dia.

x 3 ft. long 8 317
F) Automobile flying through

the air at no:z more than 25 ft.

above the ground and havinc

contact area 07 20 sg. k. 40906 195
G) Utility pole 13.5 in. dia,

35 ft. long 1490 -~ 211
Note:
Tha varsicnl —oloriiias will e considered caurl to 89 - reent 7

the horizonzal wnlocities menu.oned above.
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TABLE.343:28_
.TORNADO-GENERATED MISSILE PARANMETERS

o o (FaR_ _STRUCTUR.ES _OTHER _THAN DIeSEL _GeneERAToL ‘£’ BuiLping)

. Weight Velocity

Missile ~{ib)_ ~—d{mph) ___
wood plank, 4 in. x 12 in. X -

12 £t, traveling end-on 108 ’ 300
Steel pipe, 3 in. Qia.,

Schedule 40, 10 £t long,
traveling end-on 76 100 |
Automobile flying through
the air at not more than

29 £+ above the qround and

having contact area of .

20 sag f¢t. 4000 ‘ 50
Steel rod l-inch diameter

x 3 feet long 8 216

Urility pole 13-1/2 inch

diameter, 35 feet long acting

not more than 30 feet

above the qround 1490 144

1

NOTE

The vertical velocities will be considered equal to 80% of the
horizontal velocities mentioned above.

Rev. 35, 07/84 . .
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e . 3.7b__SEISNIC_DESIGY o

w

This sec*ion describes the seismic design requirements and
methods used for Susquehanna SES and the seismic desiqn and
analysis of non-NSSS equipment., Seismic design of NSSS equipment
is described in Section 3.7a.

3,7b,1__SEISMIC INPUT : '

' Lo ‘ The dhesel gentrator &° faeilily stée hor3ontal
design spectra Pas been sealed down from Hiose
iven i /&yU/a/ogéwb’e 460, Rer. /. (Refer £
Toures 3.7b-[02 +hrv 3,76 -/05),
The site desiqn response spectra fox rock founded structures ,are
illustrated on Fiqures 3.7b-1 and 3.%b-2 for the horizontal [exwept diesel
components of the Operating Basis Earthquake (0BE) and Safe | Senevaior'c”
Shutdown Farthquake (SSE) respectively.® The design earthquake is r“‘mLZ
assumed to be the free field motion at the base mat of the
structure without the effect of the structure. For all Seisnic
Cateqory I structures founded on rock the horizontal ground
acceleration values are 5 and 10 percent of gravity for OBE and
SSE respectively (refer to Subsections 2.5.2.6 and 2.5.2.7).
However, Seismic Catagory I structures founded on so0il, and the
0 spray pord have been desiqned for qround accelerations of 8

percent (OBE) and 15 percent (SSE) of gqravity. The maximum
ground displacement is taken proportional to the maximum grcund
acceleration and is set at 40 in.Tfor a qround acceleration of

1.0 qravity. L:_a,(o in. For Phe diesel genecator ‘& Facilidy |

The base diagram of all desiqn spectra consists of three parts:
the raximum gqround acceleration line on the left part, the
maximum grcund displacement line on the right part, and the
niddle part depends on the maximum pseudo-velocitye.

For various damping values, the numerical values of design
displacements and accelerations for the horizontal coaponent
desiqn response spectra are obtained by multiplying the values of
the maximum ground displacement and accelération by_the —
corresponding factors given in Table 3.7b=1. [Rr +he diesel oencrater E vacilily
[Fhenumeric Values for corresponding horl gontal compenemt follow Regulatary Guide t160] Rav. | .
Ziksacceleration lines of the design response spectra are drawn

: | parallel to the maximum qround acceleration line between the

Eraﬂfeﬁmi frequency lines of 6.67 cps (control point B of Piqures 3.7b-1

Cal gL and 3.7b-2) and 2 cps_(control poin§ C). -The acceleratign lipes

Strvttures except converge at the -junction of the maximum gqrcund acceleration line

Hudke\amﬂxa?d the 33 cps frequency 1lpe (control point A). Por frequencies

€ facili, he higher than 33 cps, the maximum ground acceleration line

iUy represents the desiqn response spectra. The displaceamaent lines

’ Rev. 35, 07/84 3.7b-1
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For the desel genenshr € faclily, Reqlafoy Goide 7,40, 20, 7 5 7Tl ]

are drawn parallel to the maximum ground displacement line. The ”MF y
maxisum pseudo-velocity is assumed to be constant. Lines were ‘
dravn parallel to the constant velocity lines ccnnecting the
acceleration lines at control point C and the displacement lines.

—‘—-"igesiqn response spectra values for the vertical component of the

carthquake are taken as 2/3 of the corresponding values of the

Forall Sevamat horizontal component of the earthquake.[For +hedissel genetor & focility, Requlsfory
Cat | (Guide 4o, Ravi 1 /s fallowed. 77 vertical grovadaccajerats/on valves are +ht sama.gm_qugﬁ /Ior[;anb’ mw‘i/
3hwhﬂseuww§he site desiqn spectra deviate from those suggested fiﬂi_ﬁL_ﬂuﬁﬁfjgggfiw
Fhe dieselgeneoio] ReGulatory Guide 1.60. Fiqures 3.7b-102 through 3.7b-105 provide :
&’ faeib¥y, comparison of the two. The damping values for the NRC spectra

are those specified by Requlatory Guide 1.61 for reinforced

)

con;;r/ete StrUCtUTes. | Fer +hedesel gnarstor £ facil'ty, Repolstory Guides 1,60, Rov./ 2md 161, Ko O
are /0(0(-‘(/« ‘

321b.1.2__Design_Tipe_History . L
for o/l Sersmii Cateqory T~ structores, Oxeept-the diesel genestor & focilily

A synthetic time history motion}is generated by modifying the
actual records of the 1952 Taft earthquake according to the .
techniques. proposed in Reference 3.7b-1. Fiqure 3.7b-3 shovs the
normnalized synthetic time history motion. The duration of the
time histcry is 20 sec. The time interval of the time history is
0.005 sec. , .

Fiqures 3.7b-4 and 3.7b-5 show a comparison of the time history lm
response spectra and the desiqgn response sgpectra for 2, 3, 5, and

7 percent damping values. The spectra are computed at the

following frequency values (in cps):

0.2 to 1.0 (increment of 0.05)
1.0 to 10.0 (increment of 0.1)
10.0 o0 30.0 -(increment of 1.0)

Piqure 3.7b-6 shows a comparison of the time history response
Spectra and the design response spectra for 2 and 5 percent
danping values for a frequency range betwveen 0.2 and 1.0 cps,
with intervals of 0.0125 cps. All the above figures show that
the time history response spectra envelop the design. respoase
spectra.

For Hhe diese! genenstoe & facilihy , the horgontal and verkicsl synihedic Jime shovy mobions are Ao
In Figores 3,7b-107 and 3.18-10 8 respectively, TAAudfion of +hese Hme histocres /s 25 seconds. 7R +ime

Infervol of+these Sime pustoaes /s 0.0 1 seconds . Fr y
: : - Frguees 3.7b-109 Hhrv 3,74~ 114 showa compansonof H
'; Ze h:a*lar*y 1e2pense s pectra and Hadesiyn responce spectes for 2,6 and 7 peccent damping values - The specit
Computed a4 “the 'Frft()ueqc\c.s_s\)sge:ded M S4anxdxd Review Plavi 3,7.1 |T°|‘) 1921, Al of e sbove

figuves show Hat ~Hie ~Hime Wstor ons 3 meet vod |
nga Srandaed Revidws Plars ) wsponse: spestr et He saeplonce crderia deseribed in
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3.7b ;3--9:&&1..1-2§!Ei2§-!§1295_1“0 =N§SSs)

b.1 itica
‘ fr Hhe diesel generatoc & facilily

Table ‘3.7b-2 summarizes the damping values used on Susquehanna
SESA They are expressed as a percentage of critical damping and

and the desel
Fuel 30K for
Hie diesel
Jenerator' €°
facilihy

are based on Reference 3.7b-2.["Ar He dese/ganemstor & facili?y, He ‘@'”,0/"7 values gre
Viohen frovm Repobtsry Govoe /6 4.Zor: 0. oﬁdom:sammon_:,dm Jabre 376-7.

The ESSW pumphouse, piping to the reactor ftuilding and the spray
~oondgare the only Seismic Category I structures and systens

founded on soil. The equivalent spring constants and the soil

danping coefficients used in the analysis of the ESSH pumphouse

are shovn in Table 3.7b-3. These values are based on formulae
contained in mable 3-2 of Reference 3.7b-3. A lumped

representation of soil structure interaction was used.

Soil structure interaction is also considered in the generation
of the response spectra for the containment. As in the ESSW
punphouse, a.lumped representation of the soil structure
interaction is considered. Table 3.7b-~3 shows the equivalent
spring and damping coefficients used in the containmpent model.

3.7bs1.4__sSupporting_ neﬂag_£9£_§g;§m;§_§§ssso:x_l_§££!g£2£g§

All Seismic Cateqory I structures, with the exception of ESSW
pumphouse and the spray pond, and its pipe supports are founded
on rock., Por the structural analysis of the rock based
structures, soil structure interaction is considered to be
negligible due to the high stiffness of the rock which has a
modulus of elasticity of approximately 3.0x106 psi. However, the
response spectra of the containment are derived from a model that
considers the flexibility of the rock. .
The properties of the rock and soil supporting the ESSW pumphouse -
are shown in Table 3.7b-4. Discussion of the enktédment of
structures in soil will be limited to the ESSW pumrhouse, since
all the other structures -are founded on rock.

The ESSW pumphouse is 59 ft high and rests on a 64 £t x 112 ft
reinforced concrete mat foundation. The embedment depth of the
fonndation is 29 ft, The depth of soil below the mat foundation
varies from 35 'to 60 ft. The soil is predominantly sand, gravel,
cobbles, and boulders. Near the surface, the soil is primarily
sand and sandy gravel. With increasing depth, the soil changes
to more cobbles and boulders. Near bedrock, the soil is mostly
cobhles and boulders.

mhe site geoloqy is discussed in detail in Section 2.5.

Rev. 35, 07/84 3.7b-3
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Section 3.2 identifies Seismic Cateqory I structures, systens,
and components. Seismic Categqgory I structures are considered
seismic systems and are discussed here, Seismic Category I
.systems and components are considered seismic subsystems and are
discussed in Subsection 3.7b.3. Seismic systeams are analyzed for
both the OBE and SSE.

‘327bs2.1__Seismic_Analysis_Methods

The response spectrum method, as described 1n Section 4.2.1 of
Reference 3.7b-3, is used for seismic analysis of Seismic
Cateqory I structures. Separate lateral and vertical analyses of
structures are performed. The responses are then combined to
predict the total response of the structure.

A time history analysis of the Seismic Cateqgory I structures is
done to generate the response spectra at the various mass points
of the model.

The mathematical models used for these analyses are lumped nmass,
stick models. The same models vere used for both the response '
spectrum and time history analyses with the exception of
containment.,. In this case, the time hlStOtY analysis used the
flexible base models shown in FPiqures 3.7b-7 and 3.7b-8, whereas
the structural analysis used a fixed base model. The fixed base
model differs from the flexible base only in that the soil

. springs and dampers are assumed to be infinitely rigqid,. which
results in a fixed base. The equivalency of the twvo models
determined by comparing their dynamic characteristics is '
discussed in answer to NRC Question 130.20 in Yolume 16 of FSAR.

The mathematical models of the reactor and control buildznq are
shown on FPigqures 3.7b-9 throuqh 3.7b-11,

For all models, the masses are located at elevations of mass
concentrations, such as floors and roofs. However, in the case
of the containment which is a structure of continuous mass
distribution, masses are lumped at approximately 15 ft intervals
along the containment shell and reactor pedestal. These methods
of mass distribution are in accordance with the procedures of
Section 3.2 of Reference 3.7h-3 to provide an adequate number of
masses.

The reactor and control buildings act as a single structure due
to the monolithic construction. The entire reactor and control

Rev. 35, 07/84 3.7b-4
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building structure is shown as a single unit in FPiqure 3.7b-12.
Both the control® building and the line 29 wall of the reactor
building are connected to the P-line wall, vhich is common to
hoth the reactor' and control buildings. In the east-vest
direction, the control building and the line 29 wall are
considered to respond as a single un}t.

The horizontal mathematical models are shown on Figures 3.7b-9
and 3.7b-10. The. sticks represent shear walls located at the
base mat elevation in the reactor building in the direction of
the earthquake motion. In the east-west pmodel (Piqure 3.7b-9),
the control building is lumped entirely on the line 29 stick.
The entire control building is considered to contribute to the
stiffness of the line 29 stick. 1In the northrsouth direction,
the control building has its own stick connected to the P-line
vall by snrings. ’ .

The sprinqs between the sticks represent the flexibility of the
floor slab connecting each stick. Since these springs act in the
direction of the earthquake motion, the model allows relative
displacemert hetween sticks.

Piqure 3.7b=-11 shows the vertical earthquake model of the reactor
"and control buildings. The left stick represents the steel
columns. The riqght stick represents the shear walls of both the
reactor and control buildings. The floors are represented by
lumped masses and beam elements with the appropriate stiffness to
capture the out of plane flexural vibration. Vertical
translational coupling springs are provided to represent the
coupling stiffness of the floor slab between the wall and coluan
sticks., Mass numbers 8, 55, and 57 represent the fuel pool
girder masses. Mass numbers 34, 35, 41, 43, 44, 46, S3 and 54
represent the floors between the fuel pool girders and
columns/valls. Fiqure 3.7b-13 shows the correlation between the
nodel mass points and the actual structure. .

To more accurately determine the dynamic characteristics of the
mathematical models the modulus of elasticity for concrete used
ir the analysis, is determined based on test results of concrete
samples obtained from the plant site. The modulus value uged is

SEE
[ TVSERT A

720,000 ksf.
Eamm—

The seismic analysis of the Seisnic Category I structures

considers all modes whose frequencies are less than 33 cps.

However, if a structure has only one or two nmodes vith a natural
frequency below 33 cps, then the three lowvest modes are used. It
a structure has three or less deqrees of freedom, then all modes

are considered in the analvsis.l For 'Me.d/c:selyeﬂerd/or 'E';éc,'[,',ly ond i#s pedestal, all
medes were considered, ’
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The Seismic Cateqory T structures are supported by continuous ’ w
base mats; therefore, relative displacement of supports is not a
consideration.

Nonlinear responses are not considered since the Seismic Cateqory
I structures are designed to remain elastic.

3:7b.2.2__Natuzal Preguencies_and_Response Loads

The natural frequencies of the containment and the reactor and
control building below 33 cps are shown .in Tables 3.7b=-5 and
3.7b-6 respectively. The first seven frequencies of the reactor
and control huilding in the east-west direction are dependent
upon the location of the reactor building cranes.

The significant mode shapes of the containment and the reactor
and control building are shown on Fiqures 3.7b=-14 throuqh 3.7b-
43, The mode shapes for containment are for the horizontal and
vertical directions. The reactor and control building mode
shapes are for each of the three principal directions: east-
west, north-south, and vertical. As vith the frequencies, the
. first seven mode shapes of the reactor and control building in
the east-vwest direction depend on the location of the cranes.
Fiqures 3.7b-20 through 3.7b-26 show that it is the

superstructure of the reactor building.that is excited at these |W
low freaquencies. The location of the cranes is noted on the
fiqures. : -

Fiqures 3.7b-44 through 3.7b-57 show the response (i.e.,
displacements, accelerations, shear forces, bending moments, and
ax1a1 forces) of the containment for both OBE and SSE. The
response of the reactor and control building is shown on Figures
3.7b-58 +hrouah 3.7h-79.

Response spectra at critical locations are shown on Figures 3.7b-
80 through 3.7b-701. The curves are shown for each of the three
principal directions at the damping values used for each design
earthquake (see Subsection 3.7b.2.15 for further discussion of
damping values). A brief description of the location of each
series of curves is provided belowv with the corresponding fiqure
numbers.

Figqures 3.7b-80 through 3.7b-83 RPV Pedestal
FPiqures 3.7b-84 througqh 3.7b-89 Refueling Area
Piqures 3.7b-90 through 3.7b-95 Diesel Generaton Pedestal

Rev., 35, 07/8u 3.7b-6 “
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Piqures 3.7b-96 throuqh 3.7b-101 Operating Ploor of ESSW
| Pumphouse
—~——>
3.1bs2.3__Procedure Used for MHodeling

Seismic systems and subsystems were defined in Subsection 3.7h.2.

All equipment, components, and piping systems are lumped into the
supportinrg structure mass except for the reactor vessel, vhich is
analyzed using a coupled model of the containment structure and
the reactor vessel (refer to Fiqures 3.7b-7 and 3.7b-8) . See
Section 3.2 of reference 3.7b-3 for the criteria of lumping the
equipnment, components and piping systems into the supporting
structure mass. ‘

Adequacy of the nuaber of masses and deqrees of freedonm is
discussed in Subsection 3.7b.2.1.

Bach Seismic Cateqory I structure is considered to be independent
because of a qap between adjacent structures. For example,
there is a 2 in. horizontal qap between the reactor and control
building and the containment above the foundation mat.

To form these gaps rodofoam material (Ref. 3.7b-12) was used.
Rodofoam was left in place in the following areas:

(1) Joints where the provided actual qap is 0-5 inch greater than
that originally specified on the civil drawings.

(2) Joints where the interaction forces between structures due to
presence of rodofoam cause insiqnificant effect on shear and
noment. -

3.1b.2.4__Soil_sStructure_ Interaction

All Seismic Category I structures, except the ESSW pumphouse and
spray pond, are founded on rock. The seismic analysis of these
structures is done assuming a fixed base. .As stated in
Subsection 3.7b.2.1, the containment response spectrum curves are
generated from a flexible base model. The rock is assuwmed to be

* a homogeneous material comprising an entire elastic half-space.
The soil springs and dampers used to represent the effect of the
soil are discussed in Subsection 3.7bh.1.3.
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The FSSW pumphouse is supported by natural soil foramation;
consequertly, soil structure interaction has been considered in m
the analysis of the pumphouse. Information regarding soil
characteristics, foundation embedment, etc., is contained in

Suhsection 3.7b.1.8. The soil structure interaction analysis is
performed using the lumped sprinqg approach. The soil is

considered a homogeneous material. ' The equivalent spring

constants and the soil damping coefficients are discussed in

Subsection 3.7b.1.3. .

|
|
|
The seismic analysis of the spray pond is discussed in Subsection
2.5.5.

-

A time history arnalvsis is used to develop the floor fesponse
spectra. The mathematical models used for this analysis are
discussed in Subsections 3.7b.2.1, 3.7b.2.3, and’3.7b.2.u.

The floor response spectra are calculated at the frequencies
listed in Table 5-1 of Referemnce 3.7b-3., Structural frequencies

d LY : .
up to 33 cps are use For the diese! generator £ ’/;ci/:;éy, vhe £loor regaonse spectra were
generdied 3+ 7he Freguoncles per cyu/a/au/dw'/e /1122, Rev./

3.7b,2.6.. _Three ngngnsn£§_9£_§grthgggke Motion

Independent analyses are done for the vertical and two- hcrizcntal
{east-west ‘'and north-south) directions. Por design purposes, the
response value used is the maximum value obtained by adding the
response due to vertical earthquake vith the larger value of the
response dua to one of the horizontal earthquakes by the absolute .
sun method. |3, the diesel/ gencrofor £ facilily, the cesponses doe Jo Fpree slm;/#afeous orthogonal compeaonts
[oFan comhquake ore combined by #he sguare root of #e sum of Yhe squares method per Keguls oy Goide

497, Rev./

3.7h.2.7__Combination_of Modal_ Responses

The modal responses, i.e., shears, moments, deflections,
accelerations, and inertia forces, are combined by either the sum
of the absolute values method or by the square root of the sum of
rhe squares method. When the latter method is used, the absolute
values of closely spaced modes for each group are added first and
then combined with the other modes or groups of closely spaced
nodes by the square root of the sum of the squares method. Two
consecutive modes are defined as closely spaced vhen their
frequences differ from each other by 0.5 cps or less.

sekE
e ¢ >
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3.7b.2.8 Interaction of Non-Category I Structures with

v e e - e S ed ol b e STy - - S

Non~Cateqory I structures that are close to Seiswmic Category I
structures, viz., the turbine and radwaste buildings, have been
designed to withstand an SSE. Dynamic analyses of these
structures were done by the response spectrum method.

The remaining non-Cateqory I structures were designed for seismic
loads according to the UBC (Ref. 3.7b-4). The collapse of any of
these remaining non-Category I structures will not cause the .
failure of a Seismic Category I structure.

Structural separations have bheen provided to ensure that
interaction between Cateqgory I and non-Category I structures does
not occur. -The minimum separation at any point is maintained at
one and a half times the absolute sum of the predicted maximun
displacements of the two structures. )

The rodofoam material which was used to form the separation gaps
was left in place in some areas as mentioned in Section 3.7b.2.3.

e Gy e — . —— T = o

To account for variations in the structural frequencies owing to
uncertainties in the material properties of the structure and to
approximations in the modeling techniques used in the seisnmic
analysis, the computed floor response spectra are smoothed and
peaks associated with each of the structural frequencies are -
broadened. The parameters, which are considered variable, are
the masses, the modulus of elasticity of the material, and the
cross-sectional properties of the members. - In addition, -
variation in the structural frequency is also taken into account
bhecause the base of the structures may not be fully fixed as
assumed in the analysis.

%
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Let - o d“ﬂ"

nf = Natural frequency of the building at a peak
‘  wyalue of the floor response spectra
An€ o= Total variation in nf
Anfp = variation in nf due to variation in the mass
Anfe = variation in nf due to variation in the
modulus of elasticity of the material
Anfs =  variation in nf due to variation in thé

cross-sectional properties of the menmbers

A factor of 0.05 is used to account for the decrease in nf due to
the possibility that the base of the structures umay not be fully
fixed. : )

Since it is highly improbable that the maximum variations in the
.individual parameters would occur siamultaneously, Anf is

determined by the square root of the sum of the squares of the’
individual variations as follows:

The maximum increase in nf is given by:
2 2 2} %
[&mﬁ@ + (mﬁ%) + (mu%{]

2 2 2. 2] %
[(ang)? + wne)? + (ane)® + (0.05)7] |

+AnfE

-Anf

forall Sersmié Cotegwry / shuetuees ) excloding He diesel generstor & focils .*}’]‘

el —eﬁ—Saseaehaﬂﬁ&—SE5$ the followving values of i+ Anf ?te used:
+ &mf = 0.12 nf .
- Mf = "001“ nf

nstant_Vertical Static_Factors

Constant vertical static factors are not used in the seismic
desiqn of Seismic Cateqory I structures. The methodology used
for the vertical seismic analysis is similar to the horizontal
analysis.

For +hie a’/ég/ genentor £ '/'ae.'/:'#y, -H)ecompu}d//aar response specha were smoothied ond pesk
Width dssocibed with each strvctural fequency was mercssed by 15 percent .

N
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3.7bs2:11__HMethods_Used_To_Acgount_ for_Torsional Bffects

Torsional effects for the diesel generator building and ESSW
punphouse are accounted as follows:

A static analysis vas done to account for torsion on these two
structures. FPor the ESSW pumphouse the eccentricity was |
determined by the distance between the center of mass and the
center of riqidity of the structure. The inertia force from the
response spectrum analysis was applied at the center of mass.
The resulting torsional moment is equal to the inertial force
times the eccentricity. The shear forces due t¢ the torsional
poment were then distributed to the walls. The torsional shear
forces are distributed according to the method described in
Section 3.4 of Reference 3.7b-5.

[

In the diesel generator building, torsion is considered due to
the eccentricity caused by the difference in rigidities of the
east and west shear walls. The torsional shear forces are
agssumed to be taken entirely by east and west walls only.

Torsional effects are negligible for the containment because of
the symmetry of the structure.

The reactor/control building is modeled for horizontal dynamic
analysis as multiple sticks coupled by springs .representing the .
shear stiffness of the floor slabs. Each stick represents a
major structural shear wall. The mass and stiffness distribution

.0f the structural walls is such that torsional effects are

’

properly represented in the dynamic analysis. g

Torsional effects for the diesel generator building, ESSW
pumphouse, and reactor/control building are also discussed in
response to NRC questions 130.21 and 130.22. ‘ :

e

3.7b.2,12 . _Comparison _of_ Regponses

Figqures 3.7b-4 througqh 3,7b-6 shov that the resronse, spectra of
the time history envelopy the design response spectra at all
frequencies. The time history has been used to gqenerate response
spectra, in the structures but has not been used to calculate
forces in the structures. Response in containment, a typical
Category I Structure, obtained from the response spectrus .
analysis compare closely with those obtained from tiee history
analysis based on studies comparing displa

enents and
accelerations obtained by the two nethods.Tﬁr +he diese/ generstoc ' foeilily, +he
above +fwo Comparisons Kre shown /n ﬁgures 3.7b-109 -}f};m 3.7b-1/8

Rev. 35, 07/84 3.7b-11
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3.7h.2,13__¥ethods for Scismic_Analysis_of._Dams

&bﬁ@aﬁ&y@@meé%é’a 14/,

the fotal aecelemtion atesch Floor

Clevation,dvé 1o an asrthgyske

cemponent, rsu/.t//z rom Yhe modal Gembinaten

destribed 1n Svbséetron 3.25.2.7 are vsad fo

3.7h.2.14 Determination of Seismic Category I Structure compute #re overtyrning
momeort ,

e O¥erturning_Moments.:
' " | exeloding +ie diesel generstor E Focility

The overturning moments for Selsmic Categcry I structures¥is the
sum of ,the noments at the base of each stick of the mathematical
model, For each stick, the moment at the base is determined by
combining the model overturning moments. The moments are
cpmbined by the methods described in Subsection 3.7b.2.7.$L

)
The components of the earthquake motion used are the same as
those discussed ip Subsection 3.7b.2.6.

Dams are not. provided on Susquehanna SES.

Subsection 3.8.5 discusses the factor of safety against
overturning for several loadings which include seiswmic loads.

"3.7be2.15__Apalysis_Procedure_for Damping

The structures consist of reinforced concrete and welded/bolted ‘Iw
structural steel, Danping values for these materials are shown

in Table 3.7b~2. However, in the seismic analysis of the

structurese damping values of 2 and 5 percent are used for OBE

e

and SSE respectively for reinforced concrete, as well as
welded/bolted structural steel, Therefore, analysis of composite
model damping is not necessary. .

All Selismic Cateqory T structures except the ESS¥ pumphouse and
spray pond and its pipe supports are founded on rock.
Consequently, soil damping values are calculated for the BSSW
pumphouse as described in Appendix D of Reference 3.7b-3.

The interaction damping values for the time history analysis of
t+he containment are also calculated by the method described in
Appendix D of Peference 3.7b-3. :

Er the diese/ gensrator & r@e/'/,‘:ly.-}/zeéé/;r/w}j valves 4r variovs wakeriels are shown 1w Table 3.76°T.
ror astructual gyslem ccnsis—kv\9 of Veriovs compoments lovigdiffesen's p{a&eyzals‘cmnps;b modal

damp\'ns 'S abmpuded in Atcoedance with Standavd Review Plom Rev. | Sheet 3.0 2,11, egoation(d.

pev. 35, 07,84 - 3.7b~12 m
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*3,7b.3__SEISNIC SUBSYSIEN ANALYSIS

As explained in Subsection 3.7bh.2, this section discusses the
seigmic analysis of subsystems, i.e., equipment, piping, Class IE
cable .trave and supports for Seismic Cateqory I HVAC ducts and

_ cable trays. : .

3.1b,3.1__Seismic_Analysis _Methods

Seismic qualification of equipment is performed by using one of
the following methods:

a) Analysis
b) Dynamic testing

c) Combination of analysis and dynanic testing

3.7be3.1.1.3_ _Analysis

Seismic qualification of equipment is performed by analysis when
the equipment can be adequately represented ty a model and the
,analysis can determine its structural and functional adegquacy.
mhe analvsis can either be an equivalent static analysis or a
dynamic analysis, ‘

Fquivalent static analysis is described in Sﬁbsection 3.7b.3.5.

Dynamic analysis can be classified into three cases according to
_ the relative rigidity of the equipment based on the magnitude of
the fundamental natural frequency. Dynamic Analysis refer to
Seismic Loads only, a discussion of the‘Hydrodynanic Load can be

found in the DAR Suhsection 7.1.7.

For structurally simple equipment, which can be represented by a
one deqree of freedom system, the dynamic load consists of a
static load obtained as the eaquipment weight time the
acceleration correspondinag to the equipment's natural frequency.
It the fundamental frequency is not know, the peak acceleration
from the response spectra is taken. ’
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[
‘Por riqid equipment having a fundamental frequency qreater tbhan “w
33 Hz, the dynamic load consists of a static load obtained as the
equipment's weigqht times the acceleration corresponding to 33H4z.

For structurally complex equipment, which cannot be classified as
structurally simple or rigid, the equipment is idealized by a
mathematical model and dynamic analysis is performed using
standard analytical procedures. An alternative method used for
verifying structural inteqrity of members physically similar to
beams and colunns-is the static coefficient method. 1In this
method no determination of natural frequency is made. Dynanmic
forces are calculated as product of the weight and peak
acceleration of response spectra multiplied by a static
coefficient of 1.5.

‘pamping values used are aiven in Table 3.7b-2Lﬁd'&7b‘q

3.7bs3:,1.1.2__Dynan

S Dynamic *esting is performed when analysis is insufficient to
determine either the structural or ‘functional adequacy of the
aquipment or hoth. Typical test methods used are as follows:

a) sinqle frequency sine beat test ql'

b) ﬁinqle frequency dvwell test

|
c) Multifregquency test
- All seismic qualification tests subject the equipment to
axcitation for at least 30 seconds. .

3;1942;1,1;3--§9m9igg:ien-ei-&aélxgis and_lDypamic_Testing

Certain equipment is qualified by a combination of analysis and
dynamic testing.

3021.’.1..3:.1 «2__Piping_Systens and AEG -502 Rev.0 QZGF- 3,7b .m,) [

BRP-TOP-1, Rev. 3 (Ref. 3.7b-6) describes the methods used for
seismic analysis of piping systems,, Reference 3.7b-6 is followed
on Susqushanna SS5S with the followin xceptions:

 |Found inall Seisme Cﬂ?:y | shnctotes, excloding
e diesel aeneratoc B Facility,

Rev. 35, 07/84 3.7b~-14
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In seismic analysis the modal responses are comblned by SRSS and
lower damping values than specified in Reference 3.7b-6 are used.

See Subsection 3.7h.3.7.

AEG-502, Revs O (Raf. 316 ~19) describes the metheds voad Jor earsmi analysis 24 ¢ ?‘“3 “syptems fvond 1h the

dresel qeneraior‘E‘ facility. 7

3.7k.3.1.3__Class_IE_Cable Trays
The cable trays are seismically qualified by the capacity
evalnation method which consists of the following:
a) Calculation of the fundamental frequency of the cable
tray based on the tray properties obtained from static

tests

b) Seismic load computation based upon the tray frequency,
+he possible support frequencies and the design spectra

c) Calculation of the tray allowable capacity

d) Evaluation of the tray capacity by interaction férmulae

For the dissel genentor € fxilily eguivalent steht smysis fs vsed in hev 0F steps B)aud b),

3:.7b.3.1.4__supports_for_Seismic Category I HVAC Ducis

The supports of HVAC ducts are analyzed by the response spectrum
method.

3:7be3.1.5.. Concrete Block Wasonry_ §&ructures {Blockwalls)

The dynamic analysis of safety related concrete masonry
blockwalls in Class I structures. is performed by the response
spectrum method., Response spectrum for the lower f£loor has been
used for vertical motion-and for walls, cantilevered from the
floor. For horizontal motion, the acceleration of the lower
floor ot averaqe of the lower and upper floor, wvhichever is
qreater, is used in determining inertia loads. Prequency
calculations for blockwalls supporting class I attachaents or
located in areas of class I equipment are based on either cracked
section, partially cracked section, or uncracked section
properties: whichever represents the condition based upon the
calculated loads. ‘

partially cracked section analysis is based on the following AC1l
318 (Ref. 10A of Table 3.8-1) formula

Rev. 35, 07/84 3.7b-15
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= - 3
Te (/M0 Iq ta (M 7807 Ty
where,
Ie = effective moment of inertia of cracked Section

Icr = moment of inertia of cracked Section

M5 = bending moment applied to the blockwall

Ig = Gross section moment of inertia (uncracked)
ﬁcr = cracking. bending moment = jg_Lg

fr = modiulus of rupture fof masonry = 50 psi

hodulus of rupture for concrete = 6 f' ¢ pSi

Yy = distance from centroid axis of qross section to the
. extreme fiber in tension. . .

For assessing the effects of frequency variations on the
responses, the variable items such as boundary conditions, rass,
modulus of elasticity, cracking moment ‘are considered. Damping
values used are in accordance with Table 3.7b-2. The response of
attachments to blockwalls is determired as described in
Subsection 3.7b.3.1l.1l.1.

The three conpnponents of earthquake motion are ccmbined in
accordance with Subsection 3.7b.2.6.

3.7b.3.1.6 Supports of Seismic Cateqgory I Electrical Racevay
____________ Systenms_ -

This section defines the procedures used fcr the desiqgn of the
suprorts of electrical raceway systems, i.e., cable travy,
conduit, and wireway qutter systems, subject to the seismic and
other applicable loads. The raceway support system usually
consists of raceways, horizontal and vertical support members and
lateral and longitudinral bracing members.

Rev. 35, 07/84 3.7h-16
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327be3.1.6.1__Loading Combinatiops
| Znall Sessmie Cotegory | shructvees, except +he diesel generstor & facil’ly, +he

nYadequacy of racewvay systems to withstand seismic and other
applicable static loads is deteramined according to the loading
comnbinations and allovable responses given below:

Equation condition Load Combination Allowable_Response
1 Normal D+ 1L F - See note 4§
2 Normal/Severe D+L + E See Notes 2 & 4

(Equation 2 applies only to
connections for fatique
considerations.)

3 Abnormal/Extreme D + E* See Notes 2, 3, € 4
Notes: l, . For notations, see Table 3.8-2.

2. The following equation is applicable for bending in
overhead connections:

>PEQ + o < Lo
NosE Noge : “

A

where:

g

Total number of load/stress cycles per earthquake.

NbBE = Allowable number of load/stress cycles per OBE event.
N%SE = Allovable number of load/stress cycles per SSE event.

3. The following criteria are used for checking the
nembers. In no case shall the allowable stress
exceed 0.90F in bending, 0.85FP in axial tension
or compression, and 0.50F in shear. Where the
desiqn is qoverned by requirements of stability
{local or lateral buckling), the actual stress
shall not exceed 1.SF . '

4. Allowable shear and normal loads in connections are

determined from the manufacturers*' data or from
code allowvable stressas whichever is applicable.
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T"he allovable values are increased 50% for load

sEc combination equation 3..
Losery >
G 327be3.1.6.2__Analytical_Technigues ‘

Zn all Sersmii. Coleyory ) strvchures, excopt- Fre diesel, 9e/lefa/vq.:§ “foo'lly erther

=irbkre-Yof two methods of analysis is used, Method 1 is 'a
simplified method of analysis which determines the fundamental
frequency of braced supports using two dimensional analysis.
Frequencies are determined in each of.three principal directions.
Then loads are determined by taking the spectral accelerations

. times the weiqht; and stresses are determined from static
analysis. All members and connections are checked using stress

criteria.

Method 2 uses a three dimensional computer analysis and includes
springs to represent joint stiffnesses. Response spectrunm
analyses are done to determine stresses and deformations. The
number of stress cycles is determined by multiplying the time of
maximum earthquake motion by the natural frequency of the systen.
The allowable numbher of cycles is taken from Reference 3.7b-8 for
the joint rotations calculated. Only overhead connections are
checked for fatique since the test results (ref. 3.7b-8, pg. 7~
19) demonstrate that failures occur only in overhead connections.

The basis for the design criteria and analysis method 2 is the
“"Cable Tray and Conduit Raceway Test Proqran" (references 3.7b-7
through 3.7-10). X .

freraeeS.

Q&ZDaixlaész__QQEQiBg

SEE
| ZANSERT &t

\[! Thall Sersmié aw/ryay lechevihres  exwept the d"”-C/fﬂ’e""hr & l-/aa'/f,ly da"’p’”ﬂ

wamelay "of 7% of the critical is used for the design of all
racevway systems. The test progranm demonstrates that for cable
tray systems dawping is, in general, much higher than 7%.
peference 3.7b-7 recommends using 20% but values up to 50% are
reported. The recommended dampinqg values, developed from the
-tast proqram_ and based on lower bound values, are shown in Fiqure
3.7b=-106. Damping is amplitude dependent, i.e., it increases
vith increasing amplitude of input motion, Por conduit systeas
the damping increases with increasing amplitude, but is much
lower than for cable tray systems., This 7% is a realistic value
for input motion exceeding 0.1lg for conduit systems. Wireway
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constructed ~ with more bolted connections and more cables than
conduit - provides more damping mechanisms that are present in
conduit systems so that 7% is a conservatively low damping value.
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3:7b.3.1.6.4__operating Basis Earthguake (QBE)

The OBE is considered in the load combinations only for the
overhead connections which are checked for fatique. The 0BE
stresses are not checked during design for two reasons: first,
raceway systems do not fail in a brittle or catastrophic mode as
demonstrated by the test program in which such failures did not
occur and the electrical systems were able to continue to .
" function in all cases. Thus, there is no need to limit the OBE
stresses to the low levels usually used to preclude such
failures. Second, the OBE stresses will always ke less than the
SSE stresses as demonstrated -below, ‘

In all cases the ZPA values are high enough to use 7% dampirg
based on FPiqure 3.7B-106 since they all exceed 0.lg. A )
comparison of response spectra for corresponding daaping values
denmonstrates that for all response spectra the OBE acceleration
values are less than the corresponding SSE acceleration values.
{See References 3.7b-8 and 3.7b-10) Thus, the OBE acceleration
response and stresses are below the SSE acceleration response and
stresses. : o ’

1b;3;2_mQetg:gingzign_gﬁlznahss_gﬁ_zg:2h99359_919;9§ .

In general, the desiqn of the equipment'is not fatique controlled
because the equipment is elastic and the number of cycles in an
earthauake is low.

Equipment .that is qualified by analysis is designed to remain
slastic dAuring the earthquake. Any fatique effects in tested
equipment are accounted for by performing extended duration test
on selected specimens. Consequently, the number of cycles of the
earthauake has been accounted for.

In crder to conduct a fatigue evaluation for nuclear Class I
pipina, the number of cycles for a given load set is obtained.
This is done by considering ten maximum stress cycles per
earthquake and five OBE's and one SSE to occur within the life of
the plant.

The models are developed to represent the equipment. Two or
three dirensional models are used depending on the complexity of
the equipment. The boundary conditions are modeled to reflect

Rev. 35, 07/84 , 3.7b-19
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+he in-plant mounting conditions. The equipment is represented
by lumped mass models. Massless elastic members are used to
connect the masses.

supports for HVAC ducts are modeled as two dimensional, lumped
mass, plane frame models. The masses are lumped at the center of
the ducts. The cable tray support analytical techniques are
discussed in Subsection 3.7b.3.1.6.2.- The cable tray properties
are determined from the load deflection tests {(see Reference
3.7b-11}).

Sections 2.0 and 3.0 of Reference 3.7b-6 discuss the techniques
and procedures used to model piping other than the turied type.

The natural.frequencies of components are calculated. If the
- natural frequency of the component falls within the broadened
peak of the Tesponse spectrum curve, then-it is designed to
withstand the peak acceleration.

3,7b.3.5__0Uge_of Equiyvalent sStatic Load Method of Analysis

The equivalent static load method of analysis is used when the
natural frequency of the equipment is not determined. If the
equipment can be adequately represented by a single degree of
freedom system, then the applied inertia locad is equal to the
weight of the equipment times the peak value of the response
spectrum curve. If the equipment requires more than one deqree
of freedom for an adequate representation, then a factor of 1.5
is applied to the peak of the response spectrum curve.

Section 2.3.2 and Appendix D of Reference 3.7b-6 discuss the use
of 'equivalent static load method of analysis as applicable to

'3, 7hs3s6__Three- Components_of Earthguake_ Motion

For equipment, cable trays, and supports, for cable trays and HVAC
ducts, the three spatial components of the earthquake are
considered in the same manner as for structures (described in
Subsection 3.7h.2.6).

Rev. 35, 07/84 3.7b-20
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The criteria usad for coabining the results of horizontal and
vertical seisaic responses for piping systeas are described in
: " gection S.1 of Referance 3.7b-6.

3;1&;141__cnnninasLgn-gz.nednl.nanngn:sn
T (amlediie te eaveprmet i e Duaid Gomrdden F izl

The rodal responsaeas of equipmentiare combined by the square root
of the sus of the squares aqthod. - The absclute values of tvo
clogely spaced amodes are addaed first before cosbining vwith the
other modss by the sguare root of the sum of the squares aethod.
Tvo consecuti;e nod:s are dofined as closely spaced when their
d o ch o .
irzujoncies fof;:r roa ei h tho:ﬁ 10 pc:cnnt or less W-u-.:z Fw’u
Procaduzes qiven in aequlatorv Guide 1,92 for colbinlnq modal
responses, when clossly-spaced modes are prasent, arce not
qaagh Soe complied vith in the seissic response spectra analysis for
;‘gmc L nIpInu,i All modal responses are cosbined by square root of sum
Bw ‘of squaras ({SRSS) in, the rasponse spectra method of modal
vi s fa “*3 analysis for seisamic loading (oB2 and SSP). Seisaic response .
spectra usad in the piping analysis corresconds to conservative
- sKZ:INJ:I.!'LQ vahuﬂs of 1/2% tgt OBB and 1% for_SSE. The dam r va.\oes esdd
wiliby acrespend & presen in Zw,u\dwq Guid /oGl .
. The procedures used in evaluatinq the piping systea for
\ hydrodynasic loads (SPV and LOCA) by responss spectra smethod is
in compliance vith Requlatory Guide 1.92. The modal responses in
+his case are coabinad in accordance with section 5.2 of BP-TOP-
1, Rev. 3, vhich has been accepted by the NRC staff, per the
letter dated September 29, 1976, froa Karl Xniel, Chief Light
Rater Reactors Branch No. 2, Division of Project Management to
Burton L. Lex, Nechtal Pover Corporation.

The criteria used for piping systeas are described in Sections
5.1 and 5.2 of Raference 3.7b=6

3:7h.3:8. _Analysical. 2:959§"'sa.£_:.212;n9

The design ccviteria and the analytical procedures applicable to
piping systeas arna as duscribed in Section 2.0 of Heference 3I.7b-
6. The mathods used to consider differential piping support
sovegents at different support points are as doscribcd in Section
4,0 of Referance 3.7b-6.’

iy

-

Rev. 35, 07/84 ‘ 3.Tb=31
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3.7b.3.9 HBuleiply Supportad Equipment and Coarponents with
vemee ww--=Digtinge_Inpys3 ..

For cable *rays and ducts vhose supports have tvo distince
inpyts, a cespons2 spectruz curve is used that envalopaes the
cucves at the two locastions. - Section 8,0 cf Raeferencae 3.7b-6
discussces *he maerthods used for the analysis of aultiple supporzad
piping svstens. :

327ba3210=_Oz2_of Coastans_Yersical 3tatic Pacters

-t

Constant vartical static factors are not used in the seisasic
dasiqn of subsystaenms,

3.The 3.1 _Zonsional_Bffacts _of Becentric Nassas

The torsional effacts of valves and other accentric sassas ace
considared in the seisaic analysis of piping by the techniques
dizcussed in Section 3.2 of Reference 3.7b-6. ‘

'J‘Zb‘J.JZ--znxisd-seiazis-sassséxz.l-Bieins-§x:s=s§.and-xsnnsl:

Puried’ Seizmic Cateqory I pining has been analyzed and desiqred
for saeismic effacts in accordance vith Section 6.0 of Rcfa;ence

J.Th=3g und Rifeceice I.7b-13 fe- the DG "€” Fc.m\iki.

The majosity of the anticinated settlement due to' static loadirg
of the ESSW Pumphounse will have cccucrad pricr to ccennecting the
pining o the building.” During a SSE event, the differential
se%tlapant hetworn the puaphouse and *the surrounding soil which
supports *he pining, will be less than one inch (sea Subsection
2.5 4.7 for fusrvher discussicn of settlements). This aovament
vil: he accomaodated by the piping vithout exceeding cods
allcvable seressos,

Tunnels on the Susaquehanna SES are ron-Seisaic Category I.

Re'o 35' 07/RQ 3o7b‘22
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_3.76-12 FRedofoia IT manufactused by ¥. R. Grace & Co. or
ecuivalens equal.

9
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TABLE~ 3-7b-7
DAmMping VALues for NON-NSss MATERIALS PR DG 'é'" FA&:L:Ty

{Percent of Critical Daﬁping)

Cperating Basis Safe Shutcdown
Structure ar Component3 Earthquake (OBE)?! Earthquake (SSZ)

Equipment and large-diameter
piping systems2, pipe diameter
greater than 12 in. . . . . . 2 - 3

Small-diameter‘pipinq systems,
diameter equal to or less than
12 in - . * Ll L] * . » . L] - »

7

Welded steel st%pctures .« . .
4

Bolted steal structures . . .

woad N
N N s N

Reinforced concrete structures

tIn the dynamic analysis of active components as defined in U.S. NRC
Regulatory Guide 1.48, these values should be used for the SSE.

2Include both material and structural damping. If the piping
system consists of only one or two spans with little structural
dampi :v, use val:zs for small-ciameter piping.

3If the maximum combined stresses due to static, seismic, and
other dynamic loading are significantly lower than the yield
stress and 1/2 yield stress for SSE and OBE, respectively, in
any structure or component, damping values lower than those
specified above should be used for that structure or component
to avoid underestimating the amplituide of variations or
dynamic stresses.:
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