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July 21, 1977

Mr. Cerald B. Zwetzig

Project Manager

Three Mile Irland Unirc |

U.S5. Nuclear Regulatvry Cosmission
Waghington, DC 20555

Dear Mr. Zwetrig:

Enclosed please find faformatica concernlas the speut [uel pool
geructural analyain which was informally requested by Lhe Eafineering
Brauch, Operatiug Reactors Divialoa, U.S. Nuclear Regulatory Cormission.
Thie informatica serves Lo clarifly the information in our response to
question No. | of our May 24, 1977 subalccal.
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THREE MTILE TSTAND NUCLFAR STATTON UNIT 1
SPENT FUFL POOL MODIFTCATTION
RFQUEST FOR ADDITIONAI TNFORMATTON

Preface

The letter of May 24, 1977 (GQL 0703) to R. W. Reid of the USNRC from

J. G. Herbein of Metropolitan Edison Co. (Met Ed) provided & response to a USNRC
roquest for additional information relared to the T™Ii~1 spent fuel poolw. The
response to Questiox 1" {dentified four (4) local regions of the spenr fuel
gool complex (pools A and B, see Figures | and 2) which were demignated as
Critical Sections 1, 2, 3 and 4." The overall «valuation of the spent fuel pool
complex was based on a general Linear elastic uncracked unalysis a=s copocted in
the May 24, 1977 submitzal. Subsequent o rhat submittal, discus=iong with USKRC
personnel resultad in en inlurmal request [of additional iniormation. As
svidenced by the responses contained herein, this additional information focuses
on "Critical Sections 1, 2, 3 and &."

Queccicn 13

For Critical fection I, ver ., that the pool siab ran vithsetand load combionsations
a, b, e & [, asxuming vee wvay glab action in the East-¥est direction.

EBEHSC\

The Lasic loade and load combluacions applied to the slsb of PoOl A sre tabulated
below:

vertical Pressure

Load va Pool Slab Comment

4] 5.21 pet 5' thick concrete

F 22.29 pei hydrostatic

L 0 aegligible

l(” 1.61 pwi hydrodynamic seismic
inercial pressure

'(2) 0.79 pet econerere and fuel rack

seismic imertisl load

mnio) 1M '1
P@\Qb (_ WL linE
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. ad Co-ination n ¥ a £ Loading (pel)

- 1.4 L.& L7 38.5
b 1.4 1.4 L7 1.2 3.1

@ 5.2 1.3 1.9 37.6
f 0.9 1.4 35.9

As illusctrated by the above tabulztion, load « abination (b) is Lhe controlling
combination (43.1 psi).

Considering a unit ecrip in the Fame-Weszt direction, ennservative upper bounds
can be cstimated for both the nepative and positive bending moments. Conridering
first the negative moment and referring to Figure 3, the maxio= negative moment
is =563 ft-k based om a center to center fixed span of 33 feet. With relerence
u.: ;:‘:tc 4 the maxiwum positive momeat is +608 [t~k baszcd on a clear simple span
° eet.

In addition to the bonding moments, The maximun in~plane uxial loccus
conservatively based on the linear elastic uncracked analyses are ss follows:

. Combised Lvad Maximum Foree k/ft
@ ) 56
b 66
e 57
f 56

These axial force estimates are cunsefvative =ince the local eracking in seetion |
wmld have negligible affect ou the axial forces (based on clastic analynis) in
the Eaet-West directiun.

The combi~ation of maximum negative moment (=563 ft-kips) und maxisum axfal
teneion (66 kips) 18 plotted on Figure 5 (imtefaction curve f22). The
combination of maximum posirive moment (G088 fe-kipe) Aund daximul axial tension
(66 kips) e plotted on Figure & (interaction curve #21). In both cazes the
required capacities are “ithia the available capacities as cepresented by Lhe
interaction curves. Therefore, even disreparding the substancial benefit of two=
way action, the slad of Pool A is satisfactery for load combinations a, b, ¢ and
L.

The region fdentified {n the May 24, 1577 eubmitral as "Cricical Sectisn 1" 18
she 4 In Flgure 7. The internal forces and moments predicred by the elantic
analyxis indicate that nominal crsckine and redistribution wi.l take place
Jocally in the vicinity of Critical Section 1. Such localized effects will hase

POOR OICT|
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a negliglible affect on rne overall rexpunce of the speat fuel pool complex ase
predicted by the clastic analyses. The integrity of the liner in this regron as
affected by cracking is dlscussed in respoanse to (Question Ib.

Question 1b

Verify thet the crack width at Critical Section 1 will not result in damage to
the poal liner.

Response

The maximm tensile strain in the liner of Pool A has beun eatimated to be 0.CL16
in/in. with no credit given Lu compressive etrains cveared hy the thermal
conditions 1o the pool. Although not applicable, chis value can be compared with
liner atrain allowvables defined in the ASME, Sectiva III, Divisi~a 2 copcrrre
containment code. For example, the lowest allowable tensile strain specilicd by
the ASME Code is 0.002 in./in. for membrane conditions due to service load
catcgorics.

Since the maximum pool liner strain is within the wost striipent containment
liner allowable strain, the integrity of the Pool A liner i not a concerda. This
comparison is not futended to lmply that the stringent allowable straina for
coatainment. liners are appropriate for spent [uel pool liners.

Questica 28

With regard to Critical Sections 2, 3 and &, verify tha. the required scction
capacity does not cxceed existing suction capacity for load combinations ¢, d, §
and h, neglecting cthermal loads.

Responsc

The regions identif{ied in the May 24, 1977 submittal as “Critical =»ctions 2, 3
and 4" are zhuwn in Figuree 8, 9 and 10. Tables 1, 2 and } provide required
capacities for load combinations ¢, d, g and h (neglecting therzal loads) for
Critical Sections 2, ) and 4, respectively. Comparison of the required
capacities to the available capacitles given in Fipures 11, 12 and 13 indicates
that all avaflable capacities exceed required capacities.
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REANING, PA. I Three Hile Teland Nucleas station Uni¢

PR

e FRELA L - Cwvrvemt SEzrvon 2

OMCINATOR }
iy . CVoIn, !

Combination ¢, d, g and h with no thermal load.
¢. U= 0.75 (1.4D + 1.4¢ + 1,7L)

l/l;.
K-fr/fe .

. Py = -1.7
e - Mg ™ $5.)

d. U® 0.75 (1.4D + 1 47 + 1.7L ¢ 1.9%)
i A .
: P, = +3.9, 7.3 x/fe
H - +4.1, _4".3 ) ‘.“/‘t

;< - s ' ' A3 ] | el ] .
g+ U=D+LsE +7°

v, = +6.3, 9.3
& - 01.1. 505

K/fe
K-ft/ft

AY e
3 - nave 1+ /4. ‘
e e LI ED CRIACITIES o -
(A bt e
' mare ’/'0/97
: H _ nESUL TE
Losd D r L B' 1
TRLIPx [ W (¥ M 1P '™ e 1% [T |
: ¢ , Ty &
486 1+1.1 1+1.4 1+3.0 [+2.1 | O To' |+2.4 |-1.5 1.3 4 l+1.0_ e
489 |=7.4 |+1.1 1+3.4 ;3.6 | 0.4 1+7,8 |=1.6 |-7.8 #0.7
‘ |
492 |-3.5 !+0.5 1+3.9 +3.3 0.4 1O __ +2.2 |=1.8 |- 40,2
498 |=9.3 |-0.9 l+a.9 lva.s bo.8 [0 b13.7]-1.9 |.au9 l-0.7
Sum [-19.1({42.1 [415.2 #13.5 1.8 [-0.4 1+31.11-6.8 |-22.8|+1,)
4.8 [+0.5 [¢3.8 [+3.4 5 |-0.1 H7.8 |~1.7 |.5,7 |40,3 |

QAL 190 MRV, YO-T2

DRAT
\\\-/‘ L ,,
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REAOING, PA. | ™ree Mile Island Suclear Stacion Onic (2.
— T ARAELE 2 (Conrrricsd) AR
pare 7 S

.Q‘W!-tﬁ

LA enrds,

Section 2 oare 272/
' BELUL Ty

he UsD4LeI +7

'
Ty = =72 g/t
W, = +4.1 K-fe/fc

|

: oy A H
P‘Q‘v I uJ ‘..-L—’
1

QA 3% PRV, 1674
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REAQING, Pa. ' I Three Mile lsland Nuclear Station Ualt i\*... 4

uEmGinATOR

N TAELE P= Crrrrcke Seeron S| 0 #. Cin

’ .
vate 7/ '#/‘

B e - -
cctd pare Ziv />
) [T 1 ]
Load D (ll.l)_. & 4_' (BL3) L (8L2) E' __l_.. (=1, 19)
TRV, My s My x My s " P M
_l-_l_f_‘_ =1.7 | ~7.1 [+9.7 °0.£ ~0.4 |~0.8 |14+32.9 |-29.8] ~-3.0 [-37.8 -

1343 | ~0.4 | -11.9 }+10.2/~3,8 |-0.8 |-1.9 [+47.7 |+38.0| ~4.7 [-50.5|

M39 |+0.9 | -11.6+6.8 |-8.6 [-0.3 |-2.1 |+39.1 [-20.9] -4.3 |-12.

1278 1+4.7 | ~25.7146.0 |-8.4 [-0.6 |-3.4 |+56.3 |+37.5] .76 |-57.1

1189 [+8.7 1-13.1140.4 |-9.1 |+0.3 [-3.0 |+63.3 |-14.3| -21,8|47.3

1199 |414.0 -28.5/+2.0 | -10.9/40.4 |=3.8 |+72.8 [+36.3| -20.0l-29.4

Sum 031'.J =34,343.9 | -66.9|~2.3 1 -20.5[{+409.5/+64.2 —=13,61-261.%

lavg [+4.1]-16.8]+5.5 |-8.4 |- .3 |-2.6 |+#51.2 48,0 | -9.2 |-32.7

Combination ¢, d, g and h with no thermal loed.
c. v - 0075 (10‘0 ’ 1.‘f + lon)

Px = #9.7 g/fc

2 b My = ~29.7 K-ft/fe

. 1491 087




READING, PA,

Three Mile Island Nuclear Statiom Unfx §

 w— amciyaTINn
wpn TRBLE 2 ( Corvrmvoed) P
pare 705 7
BAn Lo A S an —
arviewes -
/x e &y
|oare Y./
Section 3 nesn s
d. U = 0.75 (L.4D + 1.4F + 1.7L & 1.9%)
g = 38.3, 38.9 E/ft o
M, = =22.1, =37.3 R-ft/fe
g 'UeD+L 2E'F
P, = 60.5, =41.9 K/fe
M, =~ -19.8, -27.8 K=-ft/ft
he UsD+L+1,+7F
'. = 40,1 K/te
e -60.5 K-L[t/ft

ogOR ORIGINAL

GAI 390 REV. '0e

-
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READING, FA. 1 Three Mile Taland Nuclear Station Imie J | Zoe
Bl L d - ANIGINe 9"4
;”ﬁéé-d Cﬁ/ﬁf/fyu..:llfo‘(/¢ ra ,/' 2y
oare TS/ 8 /2
NP el ST
La@uPED Coencrr?E&s  [rrg o
oare WPs/ 7D
Section & wESUL TS
Load b 1 4 L B' I,
s o p—
e I S B T 0 S 20 V2
+36.8 | ~7 Lo T
P_al‘ "2‘-’ "1.6 ‘,-.. "é., '1.7 ° . _’.-;‘ ,.'.o .L
235 (-28.8 |-4.1] ~1.7 |4+6.5 |-1.7| O +38.1 |-4.9 (+8.4 |-0.1
| 236 | -28.7 | =1.2! -3.7 |+0.4 ~1.7] 9 | 437.2 |-8.8 [+8.0 [+0.1
217 |=27.5 |+1.1} -3.9 |=0.5 |=1.7] +0.2| +34.6 !~9.7 |+7.6 |{+0.1
218 |-24.7 |-0.5] +0.6_[+6.9 |-1.4] +0.1] +35.1 |-9.7 |+7.8 |~-1.0
237 |-27.8 |+0.4] -3.8 {~1.8 |-1.7| 40.1| +34.9 |-9.1 (+7.7 |-0.8
' Sum |-166 [(-5.9] -16.3/+16.2/-9.9] +0.4| +216.7|-48,3 [ +47.11-1.6
Avg |-27.7 |-1.0} -2.7 |+2.7 |-1.7| +0.1] +36.1 |-8.2 +6.9 -0.3
Combination ¢, d, g aad h with no thermsl load.
Ce U= 007, (1-‘” + l." + lan)
Ii_- =34.1 R/fe
ll,-fl.Q E-fr/fe
d. U=0,75 (1.4D + 1.4F + 1.7L #+ 1.98)
l, - fo.z, -68 .4 K/ ft
My « ~5.9, 49,7 K-ftr/ft _ o
GAl 130 REV., el
‘ « 1\ ll\ s
- ’ wiiiA)
{ ) :
Y)J\‘f\”
\Y} :
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nave T/785/77
PO nevieweR
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Section 5 aEsUATY
8 U= D+ L: " + 7
7y = 44.0, -68.2  K/ft |
; My = ~6.4, #10.0 g-ft/fc ' - s R
h. UsD+L4+T 47
L -24.2 | 9444
Ny - +1.5 K-ft/ft
i
|
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DO i
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W

GAr 350 AEV. 18.T72
-
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Question 2b

When considering thermsl loads due to T » verify that load combinations ¢ and ¢
are satislied. When considering the etfecca of T, demonstrate that at the
critical gectione the concrete atresses do pot exceed 0,85 fiy and the rebar
steel straine do not exceed twice the yield strain. Demonstrate that the crack
width at these critical sectioas will not damage the liner. Discuss the effects
of redixtribution of the {orces and woments in the siructure at these critical
sections vhere the cracks occur.

Ren ©

When coasidering the internsl effects due to the Ty thermal "load™ based on
linear elastic uncracked analyses, load combinations ¢ and d are not satisfied at
the localived sectivas 2, 3 and 4. The internal forces in those repions which
would try to develop in response to ‘he thermal "load" (either T, or T5) wili
result {n cracking of the concrete, A description of the eracking for the Lhree
(3) local regione is as followam:

A. Section 2 - Vertical cracking of the wall below Poul B iw produced by
bending and axial temsiom. Since the region in which cracking occurs is
remote from the pool, the cracking does not affect the integrity of the Poul
B liner.

B. Scction 3 -~ Vertical ctneking of the wall (8 produced by bending and axial
tension. The liner {s in compression as @ result of the combined effert of
thernal and mechaulcal loads and, thue, there is no danper of aver-straining
the liner in cension.

C. Section 4 - Horizontal cracking of the concrere nf Pool A is produced by
combined bending and axial tensioa, Arain, both pool liners are in
compression and thara i{s ro danger to the lisers.

An estimare of the average atrains in the walls due to T, foc sections 7, 3 and 4
can be obtained using the sxial temsions predicted by the slartic analyses.

Section Axial Force €
2 +284 0.0000%0
3 + 77 - 6.000025
b +150 0.000048
Whera £ = F/AK
€ = Axial Stroin -

F = Force ia Kipe
A = Axial area = 5" x 1'
6.2 x 105 kaf or 4.1 x IO‘ pei

: 1491 091




Although the concrete in regions 2, 3 end 4 cenno® sustain the sbove strains and
cracking will acecur, the resulting strains in the reinforcement subsequent to
conc.ete cracking are the sase orvder of magnitude due to the physical conatraint
of the local resions by surrounding structure,

Purthersore, as cen be seen in Pigures 8, 9 end 10, the redistribution of
faternal f[ortes as a result of cracking will be confined to the localized arcas
shovn. flence, the thermal loads are dissipated ar very small strain values and
the structural integrity of the povl complex is adequate.

Specifically considering T) cowbinations for sections 2, 3 and &, the axial force
response is tension in combination with bending. Conerete cracking is through
the thickness with the liner in compression due to the direct thermal "load".
Hence, concrete compressis e stresses (of straine) are not a concern in the local
sections 2, ) and 4.

——— - —— —— - - g T e

Although the reinforcing steel strains would be difficulr to calculate
sccurately, an upper bound thermal axial strain ralculation indicates that:

et xae= (199°67%) x 6 x 107% = 0.0008 in/1a
vhich 19 small l:l comparison vith the rebar steel yleld scrain.
With regard to a digcussion <« the redistribution of internal ‘orces and moments i

dope to thermal “loads”, & schewmatic representation of gsection 2 ip illvetrated
below:

"ot COMPRESSTON T
A Portion

(Svuth wall of
rool B)

* "ooup" TENSTON
B Portion

(south wall below
Pool B)
FORCES

In this case, beceuse of the temperatuce distridution, the B Portion reerrains
the A Portion. When vertical cracking occurs in the B Portion. the tensile
forces of the B Portion are reduced and also relieve the compr..siva forces of
the A Parrion. Bocaussr of pquilibrium requiraments batween the Lwo portions,
Portion A will never gu into tenmion, and the teasile strains in the B Portion
reinforcement vill not exceed the previously calculared upper bound thermal axial
strain. ol

- \ \\
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The abuve dlscueaion of gection 2 1e directly applicsble to section 4, 1In
section 4 the common wall between the two pools 1s "hotter”™ thon the west wall of
the two pools. The widdle wall {s analogous to the A Portion above and the west
wall analogous to the B8 Portioan.

Section ) 1s similar but more complex. Adiscent structurus abutting the north
end of Pool A below sectlon ) creates a compressive axfal condition below
section ) (analogous to A Portion described above) with seciion 3 in tensios
(analogous to B FPorticn described abowe).

“w
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