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1.0 INTRODUCLTION

The aestion of thermal (cading on cable +4ray

supports has been raised by CYGNAR n Issue
No. 19 of +he Independent Assesoment Program:
e, "For supports installed in *he Reactor
Building, t+he loads associated wi4h a LOCA may
be applicable, including pipe whip, jet impingment,
and +herma! [oqds. s This statement s based
ypon +he load combinations speci §ied g

Sec.tion 3.8.4.3 of +he CPSES FSAR C‘]"ﬂr“ O+her
Seismic Ca*csor\' 1 S+rqc_‘\ures.“ Several of +hese
load combinations inclyde +ne +thermal |oads associated

wi +h pos+u|q+c.d 4hermal accident conditiong

¥
The parposce of this calculation (s +o evalyate +hevrmal
load effects on cable tray Supports and their

anchorages and dc+crm.ue whether or net such |eads

need +o0 be ncluded n the decian veri€lcation
ckfort s€¢ cable tray, Systems ad CPSES.

Accord: te lead combinatieons wpecifqred n the
CPSES SAZ ['J which are consistent with Hose
quven n the Nzc Standand thw Plan (s:r)
rhermal loacl must be addressed "whea Presu\.#
and when +he +Hhermeal loadi tovld affect
strvectural ”wam.‘.hce' Bo He STPFP and

FsaRk ccritero smif-.u»( erelwde Hhernal lead %

in cases whare Vese loads 4re secondary and
$eif - Limih tn azbure and where Hae materials
ore dnchile. Ouen these condiMong , Hermal
(de cannet lead +e struetnral oF  Systenr

!

lure and +hus de net need +o be considered.
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zal E;pcc‘\’ed Thermal Grawth

Therpmal 3r°w+\q o€ three cond it ong Needs +s b e
considered | a) theemal growth during nsrmal operation
and Shutdown cond.diens b) max, mum +hermal arowﬂ‘
dur;-\g @ postulated brealk inside containment |4
C.M\:)unc_¥;°n with a SC—I'V\Q(, evenkt and c) Magx Mmum
theemal growdh +hat could occue at¥ any time,

a) Opcra+;“3 Therma) Loads

Du.-.‘“s naermal onga*\Jﬂ and S)\q*’dtwn LOndﬁ.‘LiOhS
the max. mum temperadure <hange | fc,lad.‘.n.\n/
sma\l(lccs than %50° FA«‘\M«&\&._‘PCWJ) and since
the temperadure change osceurs gradually , +he -
ba.ld.‘ng Stractures w,!l heat up at ¥he same
rate as the canle +ray systems. There ford¢, an
cbbective cockbicient o€ expansion e%uﬂ\
te 1he d €ference in the cockl cients o4
Crpansion foy sSteel [5] and concrete Cn]

(+he difberence s qppron mately |.o“o"\ can
be qse.d.

S—
¥
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b) Acc,aalud Thermal and Secismic

The pfobabiii‘r‘ that o Loss 0§ Coolant Accident (LOCA)
OCCUrsS n C_on\')uv\c.‘ﬂon With a scismigc eyend 15 not
a credible event , unlegs the S€ismic cuenr initiates

+he LOCA, GCiyen Sueh cifcavm stances , the maximum
temperature rise Juf{n’ an taffk%uqke. must+ be
determined, Once JeJcrm.nc.Jl the mag.mum +epmperqtuce

“hange would be ased +o determine +he +hermal ng\U‘H\
and +hus the possible Su\sse uent thermal load~‘n3.
A werst case situation can be postulated based
upon the Fellswing conservative assumprions:

%

I. The LOCA is initiated simul tancously with
the enset of the Sa€e Shutdown Eqw*\}ualﬂc(sif)
so that the max. mum +ime possible g
allswed €sr temperature changes to occur,

2. The maximum secismic loading occurs at+he
end o4 the SSE (V.e. a+ ¢t = |0 seconds )
concarrent widh the maximum theymal € fect,

3. The LOCA which occurs is the Do“blt-EnJeJ
Pump Suction Gu:llofin&LDEPSG]l . &, *he one
procrugu'ng +he most vap.d c.hamaes )

temptrg tur & o (Fisure 1)

4, The cable trays are cxposed 4o the LOCA
i eadironment over (007 ¢€é tneiv surface
area (inside and ous).

Thermal Load Eyalua*ion
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Glean tHese wovrst-case conditions, temperature
‘ in the cable +rays can be evaluated
through the +ollowing e%ua+€on £8):

-2ht
pcL
th(Toqu)C + Tq (1
where . T(’. =z +ra\1 +em’era+ur¢ at + . me ) < ‘F)
To % insdial +rq~, temperature gew]
Tq = ambieat temperature at 4ime ¢ (°F)
h heat +rams fer cockficieat at +ime € (BTU/RRFIEF
f = tray materia) deagity (LB/FT3)
¢ = tray specific heak (BTU/LB:- °F)
L = tray *uhickness (FT) 5
L 3
E%uqhon | has been cualuated numerically at .|
one -second ntreryals wiYh the results given ' A
Section 3.0 of +his calculation. Knawiuj fhe

+ro\’ tempergture at+ ten secconds afrer he carthguake
(6§ ‘widlated , the egpected +hermal g rewth €or +Wis
condhid+ien can be calculated (See Section30of +4nig c,a‘c,).

<) Accident Therma\l Loads

As for the condid+ion where maximum Thermal growth
could oceuyr qaytime, the mos+ cr dical case [1] 15
the 0,908 FT™ - spiit Steam Line Break (SLB)

at+r 707 Ppower, The SLB temperatare profile
('i’ut 3) shows the max mam temperature <hange
inside Condainment, Since therce is no heat
trans€er data €or Yhe SLB 0 '+ will be qssumed
conservatively that the cable +ray temperatures

Thermal Load Eygluat oh
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change at +the same rate as the vaper inside
8 ‘nment, Mso, the temperature ckange o+
lmi internal concrete gstoqctyres (Fiaure 4 )
will be taken inde Qccount, The resalts

appesy in Section 3.0 of +his caleylagijen

2.3 Restrained Grow+h

Since thermal loqda‘ns can only occur when

+her mal grcw'fh is restrained, only the net sf.u‘“’l"
1.6, the Jdotql growth minus the slack /n the
sys*em, will determine (€ theymal locadia

Cxyis+s and ¥0 what extent (§ 1+ does e¥is+,

Therma) Logd Eyalyation
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30 RESULTS

3.! 575 tem Slack

The slack /a the system s dedermined as fellows:

+twe support - Yo - sdructure 3
connectrigns 2y ya"x- 0.8

theee fre;\‘ Splices . 3 X l//b": 0.18728 "
two tray - Yo- ticy connections.: Zy Un"e D138 "
total slash® D.Se25"L

Hal€ o€ t+his +otal will be ysed assaming that 1he
ba l+s aQre¢e Centered n The bO‘* k°‘°s~

The ameunt of slock available (.r f‘roc brow"‘\ s 028"

%1 Expected Growmth_
4) Operohing Thermel Loads

Durin nermad gperabon e tempecatnre cha e
relah d»\ emeadl /lu.s Han S0°F) and the o ok

of thermal erpansion can be taken ax

ﬁarau‘ between ctoncrete and steel (1iovwie“infia®f)

m«hhans the HKermal ekpans.en csan

L shown +o be cm.dl even for the wetst case
‘ 40{-0 sh-maJM’ traw rtun !

A= 4 AT L

= (|.Ol|o""ofb“h‘F)(70")(405)("}“/‘*)
E .01 ia

t
i
!

Th's evpansian e M\s;q Fvu»/v" N‘\M umpané to
the total slack availalle,

Thermal Lud Eyaluatieh

JOBNO O210-04|

8y DATE |CHECKED| DATE

z 1 A iz
e e L0 IMPELLSGE [~ m-27 g




| b) Acaidtn-\ Thermal and Seismic

T he +r-m' +Cnpcm+uf€ | S dc*»cv-mmu,d for the
Critical 4ime intevrval o4& 0 30 10 seconds
The DEPSG contrels widnh +he ambient
temperature profile ghown in Filgqure |,

The +ray +hickness , L, will be for ¥he |ightest
trays (b gage mauterial) used ad CPSES, thege
that are +he fastest o change tempera taure.

T he (ollow-‘ng data 15 uged widh Es_uq*;on \

40 £ind the tray temperatare ak one s ecand
indevvalsg !

-2h& ¢
[ ! g
L.l inlIaeT % |

ta 120° F Cinidial tray /am®ient ?cnftm‘hxre'

h = Sa% ¢*0 aqand 1§ at €210 with | /neqr

variation (BTO/RR FT *F) (81
¢ = 490 LB/ FT La]
C® 0.1 BTO/u8-"F (5]

L= 0.005292 FT (lbg Galv, Tray) (12)

ok 5 R
!

B ——— .
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E %uq+lon

| cvalyuated at

qs fo llowrs .

|-

5¢c intervels

t To Ta h Te
[sec) (°F)  (REF. Fiq.|) 18T0/LB . °F) (oF )
(°F)
| 126.0 \53 12 (20,7
2 126,7 \ 79 19 122.8
3 122.8 |94 26 [26.3
4 126. 3 204 33 |31
5 131, | rAY 40 137.2
¢ 1372 219 47 | 44 .4
7 144 .4 22§ 54 152.4
8 I62. & 230 el [G1. |
9 e .| 234 68 17041
10 170 238 18 179.3
[ Thermal Load Eualeation
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NcCcy v“‘)l L’"d"‘l +"
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Veccommopolad e Fhe e, theyrwmal
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sstem, The vibratons CdMSéd
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"Y the seremiC exc.tatian Will easurt Nf
s\ 794(,&,1. dees occur gad HWat o aystenmnn
slack will be mobilized as mes;aM/J.

ven these worgt ~cage cand . ong therma) "xl,nzj
A not l(uelop O N «v‘rz‘n*\\’ MiTh SCiSmic ‘ﬂad.r\g,
Therefore , the lead combing +ion o€ SSE plas

OCA need pot bde ar jered fo6r 4nhe Siecel
LONCretr s Lx-ua,kmraqus ny 0ther part of

cable 4"‘0»4 Systrems.,
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c,).ﬂcc.idtui' Theemal| Loads

The woagximum +(m'¢ru-§ wre i;kf.nsa oteurs feov q
0.908FT* - 5p\i* Sieam Line Break (Figure 3).

From F:Sqfé 3 (*can be seen that Hhe mayimum
tempevarure Choange 16 212°P QLcuring approximately
90 Secondg ntse the SLB. A+ The same *Yme,
Fhe temperuture of 4he internal concrete

S truc Fureg (Figure 4) hag ‘acreased q,pro;:mqh\y
3qQ°F |+ wil. be assumed gon.swuah‘uu., fhat e
caple Hq\, temperatures chamge At the Samte rate

as the vager neide contanment siace neo heut +vancfen
data 's available fevr Yhe SLB . The relative
+(a\'¢rc*urt c_han9Q weuld 82 2Z212°F - 39°F = /730.
Givean ¥his datbta +he YThermal Sfenli'k would he! -

A= (£.840° Vinte)(173°F) (doFa)(12'"/Es)

Ex E"

At least hal€ of the 4hermal e4 pansion would he
taken «p by the systeém slachk CO.28 "ar more).
Consider ng the inhereat Cleyibilidty sfFthne *vaygl
“lipgs and Swupperts iv appears walilaely tha ¢+
u_.an:(~un\? thermal loadin Jould ogh\all\' develop,
Fevr tThe purpose o twis ecvaluation , (¢ will b e
conservatively assumed 4dhgt +herae is no Flegibi )by
ia the ‘*pf‘ﬂ and ¥he eadra +hermal lood\ne must
b Qccommadated by the Steel -to-concrete
archorages. |+ w,ll also be assumed that the

disploce mend (s transfecred to He %45
pure shear (e, #he \east duchle fulure fer

Thermal L‘°.¢ EugLuQQH'eA
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The net restrained +thermeal :jrouﬂ\. 1s obtaired
bubfro.cﬁnz the system slack -Ffom the tetal ﬁrau#..t

Bret = 056 -0.280 = 0.2 nches

The anchorage devicas used for cPsEs cabie Tays
are &', W and 1Ya" WIE Kwik and Swper kwilk

bets at various Embedment depths , and " and A"
Bichmeond (nserts . The wit mate shear d':sp\aceme/\j“s
for Wik kW bols are taken from +ests conducted
for Hil¥ by Abbot A. Hanks , e [14], These tests
were amthorzed by e masufacturer and uwied +o
Aeterm & Ae‘:‘la{n allowables: Test results from

Hree spec.mens in 4ooo pe concrete were
averased te determine s angde f-‘u* dns?‘NeM&fvﬁ?

Embe edmne it U redte
ATH P pleconmet
Cin)

%4 %0
o4 0. %%
.19

0.%%
0.%2
o 4%

0%9
0.%2
g 4z

The range of embedmvents dested covers sl
Ombedrandts wied ok cPSES [or cobile
Nnﬁu‘f.. la aM coses , He recteatnnd rew’ V.
> sedf limited o vawes which preclude bolt shear
in e Glrle code yhere m wltrmade
+ caued do W restrainced 300«\)1"\-,.
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(e, Ya" diam. € 92" eovbedment) Hhe ay ed
whmate aisplacement calewlated s affected Io?
ene g-asu.lm-l\/ lews tTest specimen.

Super kwik balts were not included a the

,-;fe enead Hest prac.)ram These +ype$ have an
add Baenaal """.’dél"’ mechanienn ) neFeAs i N H#e bholt
capacitv): Wtimate shear dtﬁpluawf\«h“ AN
3;Pe¢"ed e be cemparable i Aot go."ru.(,ar\dif\-s(»)
areotes for these balts

UitTmatre shear displacements (o( 1" Bichamand
(neemis are dervied ade Y twe
‘peciments of test dode  in :;%on‘gs?

tencrete [18]. The colemdlated wibrameate

d\l,(llpce M ek (i 0-45 '.. Aﬁa‘/\ y I\&*’ %‘-PM
displacements are sGhown te he self limited o
values helow Ha v“"imo.\’& heor A‘SP(M

ot Ha anchora We" Eichmend |nserts

ware not *»ana? l\.c. teats. Heweier , Auel +v e
nereased beolt dmmdu o lareger (oncrete  spall
and V‘ckc’ topoc "V\ will he W‘-o‘m‘t“&‘ at {“lv"‘"
Therefere wibmate shear displacements again ace
éxpected Yo he comparable, F nat wmsper\c‘?'\ﬁt?
6/‘5’..#&( ) Fpi ?“\t&& \gp‘*‘ﬁ

The chc‘f of Hermeal Expanson on A Mere realistHe
ystem (u € inciading Ha effects of suppert
flew bili 1S Jmcndm#cd 1n Peure S, The
%una,( oad A rerd  restra A tomplet et
restro nine e nd’ Merrv‘,( ﬁrowm s J¢+er.‘n./\¢5:
AAE
F= = where | Pe Harmal load

¢ +""‘1 eross seetanal arco

net kzrow'ﬂ

dsir\&m quiﬂf HM eross tectenal area o
nouimize HWermeal lead -
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.o

Conde L VS i ONMNS

The precedi sechions have presested an
evalwation ot thermal lcad effects an cable
I systeMms, The reswlits sheowi that cable ‘FN?
t::’em: sakishy the sRP|FsAe criteria. fer 1
tHhe excinsion of accident thermal loael from Josigw,
rw,v‘.raM/\*S - e leads are secondart and
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