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F.1.0 INTRODUCTION

This report presents an assessment of the containment structure for
the LOCA jet and pool swell loads on the pool boundary defined in the
"Lead Plant Program Load Evaluation Report," NUREG-0487 dated

October 1978.

The adequacy of the containment structure at key design sections is
demonstrated with the aid of interaction diagrams.
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F.2.0 LOADS

A conservative definition of the LOCA jet load and pool swell load is
given in NUREG-0487 dated October 1978.

F.2.1 LOCA Jet Load

Figure F.2-1 shows the spatial distribution of the LOCA jet irad on the
wetted surface of the suppression pool. The magnitude of the load is

33 psig belc v vent exit and attenuates linearly to zero at the pool
surface.

F.2.2 Pool Swell Load

The containment structure is analyzed for two load cases for the LOCA
pool swell phenomenon; the symmetric and the asymmetric loads.

F.2.2.1 Symmetric Pool Swell Load

For the symmetric load, the loading is applied over the entire 360°

of the containment wall. The pressure history of the drywell and wet-
well air space is given in Figure F.2-2. Curve A of this figure applies
to the drywell and curve B applies to that portion of the wetwell wall
which is above the pool water surface. The LOCA-pool swell portion

of these curves ends at time 2.97 seconds.

The peak wetwell air space pressure during this event is 23 psig, while
the peak drywell pressure is 21 psig.

For the portion of the wetwell walls which are below the water surface,
the load definition is given in Figure F.2-3. This load is 22 psig at

the basemat level which decreases .inearly to 16 psig at the elevation

of the vent exit, and then increases linearly to 23 psig at the maximum
pool swell elevation.

F.2.2.2 Asymmetric Pool Swell Load

The peak drywell pressure during this event is applied uniformly over
the entire drywell.

Figure F.2-4 shows the pressure distribution of the pool swell asymmetric
load for the wetwell.

The asymmetric pool swell load of 23 psig is applied over a sector of
180°, in addition to the hydrostatic load.

488 27
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F.3.0 STRUCTURAL ANALYSIS MODEL

The containment is modeled as an axisymmetric structure by finite shell
elements as shown in Figure F.3-1. The structural model includes the
basemat, primary containment, reactor pedestal, drywell floor, and
reactor pressure vessel (RPV). The scil is modeled by axisymmetric

solid finite elements in nine horizontal layers down to the bedrock
level.

F.3~1
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F.4.0 METHOD OF ANALYSIS AND KESULTS

The containment structure, described in Section F.3.0, is analyzed by
the Sargent & Lundy version ot the finite elenent program CYNAX which
is capable of analyzing axisymmetric structures subjected to symmetric
and asymmetric static or dynamic loads. The LOCA jet impingement and
pool-swell loads are applied as Fourier sine and/or cosine harmonics
for each case in this analysis.
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F.5.0 DESIGN ASSESSMENT

The following key design sections in the containment structure, shown
in Figure F.5-1, are selected for this assessment:

a. basemat Section 2 near the junction between the basemat
and reactor support,

b. basemat Section 3 near the junction between the basemat
and the containment wall,

¢. containment Section 1 in the wetwell near the junction
between the basemat and the cylindrical wall,

d. containment Section 4 in the drywell wall near the junction
between the drywell floor slab and the cylindrical wall,
and

e. containment Section 11 in the conical drywell wall.

A breakdown of the effects of the LOCA jet impingement and pool swell
and other individual loads on thesz critical design sections is given
in Tables F.5-1 through F.5-5.

The design forces and moments on the key sections are obtained by com-
bining the various individual loads in accordance with the load com-
binations specified ir Table F.5-6.

The adequacy of the containment structure is verified by plotting the
design force-moment combinations on the interact’on diagrams for the
various design sections. As can be seen from Fig '.2s F.5-3 through
F.5-12, all points plot within the boundary of the respective inter-
action diagrams. This demonstrates that the contain. 2nt structure

can safely accommodate the effects of the conservative LOCA jet impinge-

mert and pool-swell loads defined in NUREG-0487 dated October 1978.

12
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TABLE F.5-1

FORCES ON CONTAINMENT SECTION 1 FOR INDIVIDUAL LOADS

UVd I1I XAVHA-1-SdZ

91¢ 88y

M M N _

LOAD DESCRIPTION (kip—?t/ft) (kip—gt/ft) (kiglftl (k:g/ft) (:[1{;/&) gk(:g“[ftz gzzg[fq
PERMANENT LOADS ~226.95 -45.20 -430.74 -113.00 €6.65 0 0
OPERATING TEMPERATURE -73.99 -32.83 6.91 3.64 3.34 0 0
OPERATINC BASIS FARTHQUAKF 0 0 118.28 0 0 0 60.95
SAFE SHUTDOWM EARTHQUAKE 0 0 162.40 0 0 0 88.46
+SRV ALL 121.34 3.14 16.17 4,69 13.96 2.82 19.44
-SRV ALL -47.74 -1.10 -14.96 -4,63 -26.2¢4 -2.82 -19.44
+SRV ASYMMETRICAL 66.52 4.42 11,06 4,64 S5.44 L7 6.00
-SRV ASYMMETRICAL -19.58 -1.35 -8.19 -2.95 -17.85 ~1.77 -6.01
+SRV ADS 95.98 2.38 11.34 2.80 9.44 3.68 12.54

< =SRV ArS -3€.46 -0.66 -7.70 -2.73 -21.27 ~-3.29 -13.33
ASYMMETRICAL CHUGGING 152.59 4.49 9.60 .21 27.13 0 0
+SRV SINGLE 64 .56 1.45 7.03 2.07 4.76 0,65 3.23
~-SRV SINGLE -16.59 -0.38 -2.43 -0.79 -14.82 -1.31 -3.15
SBA & TIBA PRESSURE LOADS 169.50 28.80 98.95 8.97 -30.95 0 0
DBA PRESSURE LOADS 199.42 33.90 116.20 10.57 ~36.43 0 0
SYMMETRIC POOL SWELL 144 .55 4.54 47.07 5.00 -26.22 0 0
ASYMMETRIC POOL SWELL 306.69 10.72 47.43 -5.74 -52.07 +17.81 +62.87
JET IMPINGEMENT 307.3 9.21 18.30 -1.97 -57.19 0 0

6.61 AIN[
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TABLE F.5-2

FORCFS ON CONTATNMENT SECTION 4 FOR INDIVIDUAL LOADS

M

"

Akip-fr/ft) (kip/ft)

N
v

N

\

<)

LOAD DESCRIPTION (kip-iqut)
PERMANENT LOSS 42.74
OPERATING TEMPERATURE -198.71
OPERATING BASTS EARTHQUAKE 0
SAFE SHUTDOWN EARTHQUAKE 0
+SRV ALL 10.43
-SRV ALL -6.17
+SRV ASYMMETRICAL 5.56
-SRV ASYMMETRICAL -2.64
+SRV ADS 6.28
-SRV ADS -4.00
ASYMMETRICAL CHUGGING 11.37
+SRV SINGLE 3.48
-SRV SINGLE -1.68
SBA & IBA PRESSURE LOADS 58.04
DBA PRESSURE LOADS 68.28
SYMMETRIC POOL SWELL 47.90
ASYMMETRIC POOL SWELL 62.03
JET IMPINGEMENT 21.0:

7.34
-33.95

0

0
1.92
-1.16
0.74
-0.67
1.43
-1.17
5.12

0.43

9.87

11.61
8.14
10.52
3.36

-401.05
9.45
76.56
98.20
13.83
10.73
7.41
-9.08
10.50
-7.71
10.85
4.89
~2,66
76.63

92.51
47.67
63.83
21.16

-514.53
289.91

0

0
5.11
-5.75

2.3

-3.69
4.07
-4.07
10.12
1.53
-2.58
66.84

78.63
60.05
54.36
+39

e g
(kip/ft) (kip/ft) (kip/ft)
-6.21 0
-49.29 0
0 0
0 0
1.14 0
-2.03 0
1.45 0.07
-1.46 -0.07
1.91 0
-1.60 0
4.03 0
1.0 0
0 0
19.7¢€ 0
23.25 0
-2.45 0
-9.87 0
-1.15 0

[ ]

Q
T
(kip/ft)

-1.19
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TABLE F.5-3

FORCES ON CONTAINMENT SECTION 11 FOR INDIVIDUAL '.0OADS

LOAD DESCRIPTION

PERMANENT LOADS
OPERATING TEMPERATURE
OFPERATING BASIS EAFTHQUAKE
SAFE SHUTDOWN EARTHQUAKE
+SRV ALL

-SRV ALL

+SRV ASYMMETRICAL

-SRV ASYMMETRICAL

+SRV ADS

-SRV ADS

ASTYMMETRICAL CHUGGING
+SRV SINGLE

-SRV SINGLE

SBA & IBA PRESSURE LCADS

DBA PRESSURE LOADS
SYMMETRIC POOL SWELL
ASYMMETRIC POOL SWELL
JET IMPINGEMENT

M

M
o

N

N

Q

b G
(kip-ft/ft)  (kip-ft/rt) gkii/ft) (kip/ft) (ki:ifg)
152.81 23.93 -295.76 -280.19 -7.22
~484.37 ~206.28 41.12 -26.00 -20.43
0 0 182.08 0 0
0 0 255.85 0 0
12.69 2.13 10.93 5.87 1.92
-11.59 ~2.23 -6.06 -5.63 -2.08
0.89 0.77 10.80 1.57 0.20
-1.28 -0.78 -10.06 -1.76 -0.24
1.15 1.20 10.26 2.18 0
-1.63 -1.25 -9.10 -1.91 0
1.97 7.44 10.26 2.60 0.48
0.48 0.74 4.03 0.72 0
-0.77 -0.62 -3.99 -1.14 0
3.09 2.65 42.45 71.90 9.86
3.62 3.11 49.89 84.35 11.59
6.79 4.03 7.38 43.93 2.66
~3.16 1.49 17.64 48.99 0.32
-24.51 ~4.63 l6.13 15.83 ~5.45

s Q,
(kip/ft) (kip/ft)
0 0
0 0
0 59.93
0 87.23
0 9.20
0 -9.20
0.06 7.38
-0.06 -7.36
0 7.85
0 -8.00
0 0
0 .77
0 -1.46
0 0
0 0
0 0
0 +6. 44
0 0

12
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FORCES

TABLE F.5-4

ON BASEMAT SECTION 2 FOR INDIVIDUAL LOADS

Load Description

PERMANENT LOADS
OPERATING TEMPERATURE
OPERATING BASIS EARTHQUAKE
SAFE SHUTDOWN EARTHQUAKE
+SRV ALL

-SRV ALL

+SRV ASYMMETRICAL

-SRV ASYMMETRICAL

+SRV ADS

-SRV ADS

ASYMMETRICAL CHUGGING
+SRV SINGLE

-SRV SINGLE

SBA AND IBA PRESSURE LOADS

DBA PRESSURE LOADS
SYMMETRIC POOL SWELL
ASYMMETRIC POOL SWELL

JET IMPINGEMENY

Me Mg Ry Ng Qg QRre Qr
(kip-ft/ft) (kip-ft/ft) (kip/ft) (kip/ft) (kip/fr) (kip/ft) (kip/ft)
105. 24 3.60 0 0 26.67 0 0
-426.00 ~460.00 0 0 -10.40 0 0
~134.00 -116.00 0 0 32.00  32.00 0
~195.00 -167.00 0 0 45.00  45.00 0
125.20 45.40 31.90 8.90 22.00 7.00 9.50
-148.10 ~56.80 -16.40 -2.30 -27.00  -7.00 -9.50
59.38 27.15 22.43 4.32 11.75 2.13 3.60
-42.93 -22.13 -9.74 -2.73 -27.58  -2.17 -3.72
112.50 39.30 22.40 5.90 12.90 5.60 5.90
-79.50 -31.80 -9.90 -3.10 -25.00  -4.80 -5.10
117.90 30.80 23.90 9.20 22.00 0 0
72.80 24.70 14.70 1.80 5.50 1.00 1.10
-29.60 -11.50 ~4.50 -1.40 -16.90  -2.00 ~2.90
-222.00 -257.00 0 0 -11.65 0 0
~261,12 -301.90 0 0 -13.70 0 0
~66.75 -26.75 26.86 14.77 -3.25 0 0
~212.40 -92.82 122.60 44.78 7.60 0 +67.09
-69.19 -1.77
-192.46 -90. 84 51.5 45.8 2.50 0 0

12
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TABLE F.5-5

FORCES ON BASEMAT SFCTION 3 FOR INDIVIDUAL LOADS

Load Description

PERMANENT LOADS
OPERATING TEMPERATURE
OPERATING BASIS EARTHQUAKE
SAFE SHUTDOWN EARTHQUAKE
+SRV ALL

-SRV AIL

+SRV ASYMMETRICAL

-SRV ASYMMETRICAL

+SRV ADS

-SRV ADS

ASYMMETRICAL CHUGGING
+SRV SINGLE

-SRV SINCLE

SBA AND IBA PRESSURE LOADS

DBA PRESSURE LOADS
SYMMETRIC POOL SWELL
ASYMMETRIC POOL SWELL

JET IMPINGEMENT

(kip—r:/ft) gkip-f:?ft) (klg?fg) (ki:?ft) (kig?:t) (kigy?t) (k;:;ft)
-575.84 -150.65 0 0 -75.92 0 0
-318.80 -385.50 0 0 5.00 0 0
-327,00 ~113.00 0 0 -29.00 -29.00 0
-470.00 -164.00 0 0 -42.00 -42.00 0
119.10 14.10 18.30 13.90 14.60 1.60 1.80
-73.70 -15.00 -6.90 ~-7.20 -10.10 -1.60 -1.80
45.04 5.24 £5.25 6.52 16.70 0.72 2.19
-19.66 -6.06 -4,20 -2.87 -5.21 -0.64 -2.03
.9.30 7.00 13.30 10.30 10.70 1.40 3.50
-33.40 ~-8.50 -6.50 -4.20 -4.40 -1.20 -3.80
89.30 10.90 20.70 7.00 0 0 0
55,00 6.90 8.30 4.40 7.80 0 0
-17.80 -2,70 -2.80 -2.60 -2.60 -1.00 ~-1.00
-452.00 -15.16 0 0 -60.00 0 0
-515.44 -17.82 0 0 -70.58 0 0
222.30 18.41 22.84 20 82 25.05 0 0
297.50 13.15 86.32 44.36 34.59 0 +26.89
-6.46 -24.84
236.9 -11.7 50.9 48.3 29.5 0 0

12

N T R WER————.

¥Va 11 XMVR-1-8d7

6461 ALar

T INGERANIRY

»
-



JULY 1979

AMENDMENT 12

488 221

ZPS-1-MARK 11 DAR

=
- o

-

UFPTIOY WRAIC IJRIPAANUL =  VEI JUGPLIIY Weaag |[wewg “ys
Weaag odry ayenbyavy syseg Yujieaady Og
< i - > e - w
el ey By Ay . SPEO'] BATEA 9 1A§ /AT IRG ANS
(sBuypro] oy poapdy food Ea | o
(iv Fuppniouy) sprol Aanssaid vaa = V4 i i R ’
- suotIoway adlg Fupiwaadp Oy
SUOjloRay sanyviadun] wvaag adry - Vy speo] aanjesadua)] ¥uyjwaadp cb
proT sanjeiadws)] weaig 2d1i = V1 speo] RurssaaIsaiyg 4
pro] sanesaly vgl pue vis - 8y sproq aat 1
anenbyjiey umopInys ajes « 553 SpeU] peag = a
NOILATHOS 30 avo'
01 01 o1 01 0*1 - 01 - - = _ 01 o1 01 ®
ot 01 01 01 - o't 01 - . - - 01 01 0°1 tauy " IXy
rraIouqgy L
01l - - - - -~ 0°1 - 0°1 01 01 01 01 0°1 “Aug Cax3
Trulon 9
01 - e o't "1 - - 1 - - . 01 (L0 | 0°1 LY
1 - 01 1 - [ | » - - - 0°1 01 01 TAUg Caes
[veI00qY 5
01 . o't LU0 | Tl - ™ - - w - 01 o1 a1 ey
§T°1 - 01 01 - P ¢ - - - e * 01 01 01 maouqy L]
€1 » 5 _ - * . 271 01 01 LIl | e LA § 01 "AUF “ads
[PwION £
| o | - . - - e p e L0 | 01 01 o1 €1 01 dway/m
[rmIoy Z
$*3 - - - - - - = - = 01 01 L1 1 dway ofm 1
TemaoN
s W O w% OV Ya L 5 0y Oy 0. U Pl 1 a anoo wa
o

SNOTIVNTEROD (VOT NO1S3d

9-5"4 WVl

F.5=7



AMENDMENT 12

JULY 1979
|
L atemm—— :‘Q'WEL‘«.
' _ONICAL WALL
|
NETWE
ﬂ’/‘-— LI NR AA L
BASEMAT
4/‘1 —.*L—@
4838 222

WM. H ZIMMER NUCLEAS PCWER STATION. UNIT 1

MARK || DESIGN LASSESSMENT REPORT

FIGURE F.5-1

KEY CONTAINMENT DFESIGN sECTIONS




AMENDMENT 12
JULY 1979

N

N

N \9“\

N

M¢

BASEMA1

WM. H. ZIMMER NUCLEAR POWER STATION, UNIT 1

MARK || DESIGN ASSESSMENT REPORT

FIGURE F.5-2

NOTATIONS AND SIGN CONVENTIONS FOR
FORCES AND MOME.TS




Qo

hed

$37404 TYNCIuI-3W - | NOILI3S
INIWNIVINOD ¥)4 WYHOVIO NOILIOWY3ILNI

£-5°4 34914

LHOdIY ININSSISSY NOISIA | MEVYN

I LINN 'NOILVLS H3MOd HYITONN H3NNIZ H WM

XOTATION

B syMMETRIC POOL SWELL
O asyMMETRIC POOL SWELL

—®X

O 1w mnGEMENT &
FY = 60.0 KSI - = 8
F'C = 6.30 KSI - r
B = 12.00 IN < 1
T = 48.00 IN :: = — I 4
X (IN) AS (IN2) < o
9.00 1.56 =% . FC = 0.765F°C
43, 1.56 FC = 0.8SOF°C
o \\L/— FS = 0.300FY
Cs
o
-
(oY)
o
o
== |
@4
o
o
L=
o
)
MOMENT IN FT-KIPS *10l
Y — B
-160.00 -120.00 -80.00 -40.00—~Q0k80~  40.00 80.00 120.00 160.00 200.00
o
S =
- ~m
o - =2
o =
; ° =
-~
O —
~o



AMENDMENT 12

@ SYMMETRIC POOL SWELL

NOTATION

o JULY 1979
o
o
(=]
‘N
(=)
o
~le
g R
- —
W
o
—
w 5
i i
[Ty £
(=l [
no
N =
. . -
h—JE———* oo
T §
T -
e (8175 =
=
—
> 4
.
I B
———— @
o, |
: (=
1]
U |
w |
o T j 1
00°00v  00°02€ ) o00°08-
17Ts Sd4IN J 8
NI GVYOT1 TIVIXY .
(o]
<
i
= o
= o
W .
. (=)
- e
= ]
S
—
[
S ©
- - o
s = ~N .
£+ B » z o
U nxxz2 —~ o~
- - x el — @w L
I © 0 i
- & oOomMmMooe 0 .
v = r P00 @ 9~
< Ow +
73] ND ~ o
EJCD oo @ 2 o~ o
L] - -+ .
O - (=]
> * (=] w
W W @ - > "t |."_‘
1

WM. H. ZIMMER NUCLEAR POWER STATION, UNIT

MARK |I DESIGN ASSES GMENT REPORT

FIGURE F.5-4

INTERACTION DIAGRAM FOR COWTAINMENT
SECTION 1 - HOOP FORCES

o
oo
Qo

f’\)
M~
(& 5




SWELL

POOL

S YMMETRIC

NOTATION

— X

[0 ASYMMETRIC POOL SWELL

o
¢ >
e W
o0
no
o?
. .
oo
i
(807
x - /’
\ Iy
- -
-
L /
‘D
£ °!

FC

!

AMENDMENT 12
JULY 1979

160.00 200.00

120.00

MOMENT IN PT-KIPS *10l
00

00°00%

1
00°0ZE | 00'0¥2

IUI' SdIX

NI UvO1

>
g —
ol - N
v N X
- x o
- o
[ oMo
= L R == |
-t ow -
o o~
1 e
O
QO ou
> *
W W @©

TVIXVY

N
=
e
- - W Wwuw
nuww
o w o+
O @@ e~
e -~
- Z - M
- O © W
i - 0 e+
t O M
- > O - -

00° 091 00°08 00* 00'08-

&

T

-§0.00

T

7
-120.00

-
~-160.00

WM. H ZIMMER NUCLEAR POWER STATION. UNIT 1

MARK || DESIGN ASSESSMENT REPORT

FIGURE F.5-5

INTERACTION DIAGRAM FOR CONTAINMENT
SECTION 4 - MERIDIONAL FORCES




S$30¥04 dOOH - ¥ NOILI3S
INIWNIVINOD ¥04 WvY¥9YIQ NOILIVHILNI

9-¢"4 ¥N914

LHOd3Y INIWSSIASSY NDISIA 11 MavYw

| LINN'NOILVYLS H3MOd 8VITONN H3NNIZ H WM

NOTATION

i SYMMETRIC POOI, SWELL
O ASYMMETRIC POOI SWELL

O IMPINGEMENT - 8

FY = 60.0 SI : o

F'C = 6.30 KSI e -
8 = 12.00 IN -
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e e

X (IN) RS (IN2) xH O

LM N
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NOTATION

B SYMMETRIC POOL SWELL
O AsyMMETRIC POOL SWELL
O 1MPINGEMENT

FY = 60.0 KSI
F'C = 6.30 KSI
B = 12.00 IN
T = 72.00 IN

X [IN) RS (IN2)
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NOTATION
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