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"INTRODUCTION

On‘Apr11 30, 1982, the results of the seismic reevaluation of the turbine
building and turbine generator pedestal were submitted to the NRC
(Reference 1). The submittal identified conceptual mod1f1cat10ns
consisting of addition of structural steel bracing, foundation changes,
and miscellaneous modifications to the north extension, south extension,
west heater platform, and east heater platform of the turbine building.

The “summary of these modifications are given‘1n Section 5 of Reference 1.

By mid-1983 all of the modifications to the north, east, and west
extensions,'as well as the majority of the modifications to the ﬁouth
extension were completed. On December 23, 1983 the "Return To Service"
(RTS) plan was submitted to the NRC (Reference 2). The basis of the plan
was to assure’'that structures, systems, and components necessary to
achieve and maintain a hot standby condition have sufficiént design
margins to resist the postulated 0.67g modified Housner earthquake.

Since the failure of the south extension would not prevent the plant from
reacﬁﬁng a safe shutdown condition, the conceptual modifications

remaining in the south extension were not implemented during the RTS.
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"Since seismic withstand capacity of the south extension has been

substantially increased by the modifications constructed to date, an
an$1ysis of the adequacy of this condition to sustain required seismic
loads was performed. This report describes of the as-built condition of
the south extension, including the modifications constructed to date
except one brace (No. 43) and one foundation (No. D). The analysis
methodology for evaluating the as-built withstand capability and the
results of thisAénalys1s are also presented. It is shown that the as-is
‘condition of the south turbine extension satisfies the seismic

reevaluation criteria (Reference 3).

SUMMARY OF MODIFICATIONS IMPLEMENTED

The following describe all of the proposed modifications to the south
extension identified in Section 5.4 of Reference 1 and describe the
current status of completion of each modification. Figure 1 shows the
conceptual modifications identified in Reference 1. The as-built

condition is depicted in Fiqure 2.

2.1 Structural Steel Bracing

a. A wide flange W12X120 diagonal brace was designed for

installation between the top of column N-6 and the bottom

of column M-6.




STATUS: Complete

A wide flange W12x120 diagonal brace was designed for
jnstallation between the top of column N-6 and the bottom of

column P-6.

STATUS: Complete

A wide flange W12x120 "K" brace was designed for installation

in the east-west direction between column M-6, M-7 and M-8.
STATUS: Complete

A wide flange W12x120 diagonal brace was designed for
jnstallation between the top of column N-8 and the bottom of
column M-8.

STATUS: Complete

A wide flange W12x120 diagonal brace was designed for
installation between the top of column P-8 and the bottom of

column N-8.

STATUS: Complete



2.2

f. A wide flange W12x120 diagonal brace was desfigned for
installation between the top of column P-7 and the bottom of

column P-6.
STATUS: Complete

g. A wide flange W12x120 diagonal brace was designed for
installation between the top of column P-6 to the concrete pier

located east of column P-6.

STATUS: The as-built analysis of the south extension showed

that this mod1f1cation is not required to satisfy the

design margins.

Foundations

a. Along column line 6 a combined footing approximately 20 feet x

12 feet x 6 feet deep was designed for installation. The
existing footings for columns M-6 and N-6 were structurally

connected to the modified footing using rock bolts.

STATUS: Complete




b.
C.
' d.

Along column line 8, a combined footing approximately 20 feet x

12 feet x 6 feet deep was designed for installation. The
existing footings for the.columns M-8 and N-8 were structurally

connected to the modified footing using rock bolts.

- STATUS: Complete

Along column lines P-6 to P-8 a combined footing was designed
for installation. ~The existing footings for the columns P-6,
P-7, and P-8 were structurally connected to the modified

footing using rock bolts.

STATUS: The as-built analysis of the south extension showed
that this modification is not required to satisfy the

design margin.

A spread foundation was designed for installation east of

column P-6.

STATUS: The as-built analysis of the south extension showed
that this modification is not required to satisfy the

design margins. (See item g in Section 2.1)




of the deck slab. These shear plates were welded to the top |

flanges of the supporting beams and girders. Some of these
welds were ground out and rewelded in order to assure

transmitting of seismic forces to the structural frame.

STATUS: Complete

REEVALUATION CRITERIA AND METHODOLOGY

The criteria followed for the reevaluation of the south extension are
given in References 1 and 3. The analysis considered the occurrence of a
0.67g modified Housner earthquake in combination with normal plant

operating loads, including the presence of the turbine gantry crane.

The basis of the mathematicé] model used is the three-dimensional finite
element mode] developed in Reference 1. The turbine building complex is
basically a frame structure supported by individual footings. There are
no structural elements connecting the north, south, east, and west

extensions, therefore, there is no interaction between the extensions.

For this reason, for the reevaluation presented herein, the north, east,
anq west extensions are removed from the mathematical model. The models

of-the turbine generator and pedestal are included since some of the



"south extension footings rest on the pedestal basement. The gantry crane

s assumed to be parked at its normal plant operating location, that is

on the south end of the south extension. The finite element idealization

is given in Figure 3.

Linear elastic analysis methods are used for the computaf1on of the
static and dynamic responses. For the dynamic analysis response spectrum
method is utilized.

The procedure followed to account for the effects of soil-structure
1nteract1on js consistent with Reference 1. Soil-structure interaction
effects were taken into account by lumped pérameter representation of the
soil medium stiffness and damping. In computing the soil parameters, the
footing geometry, structure jnertia, total structural embedment, strain
dependent properties of the foundation medium and forcing frequencies
were considered as discussed in Reference 3. Because the supporting
medium.is a San Mateo sand deposit which is uniform and extends to a
depth of approximately 1000 feet below the site, a frequency independent
representation of soil stiffness and damping values was used. In
addition, the effects of soil backfill conditions are included in the
computations of lumped parameter soil structure interaction values as

described in Reference 4.



- The soil medium is represented in the three-dimensional finite element

model by including three translational and two rotational linear spring
stfffness values and their corresponding damping values. Although the

composite modal damping values computed were as high as 51 percent, the
maximum composite modal damping was conservativeiy 1imited to 20 percent

for the response spectrum analysis.

The resulting structural seismic responses obtained from the response
spectrum ana]ys%s consist of moments, shears, and displacements for the
various elements that comprise the finite element model. These responses
are then combined with the static analysis results for the evaluation of
the structural members, the connections and the column anchorages. - The
results of the calculations indicate that all structural elements in the
as-built condition of the south extension satisfies the criteria set
forth in References 1 and 3. Possible uplift in the footings are also

evaluated.

DISCUSSION OF RESULTS

In the present reevaluation, the member forces are computed both for the
lower bound and upper bound soil conditions. In the majority of the
cases, the lower bound soil parameters, reflecting the interpreted

extreme soil backfill conditions (Reference 5), govern the evaluation.

The forces are then compared with the element forces presented in




Reference 1. When the computed forces are less than or equal to those in
Reference 1, the structural element (beam, column, or a connection)
satisfies the seismic evaluation criteria. The majority of the
evaluations fall into this category. Additional computations are
performed to demonstrate that the element with the as-built forces
satisfies the evaluation criteria, when the calculated forces dre hfgher —

than those given in Reférence 1.

Tabdes 1 through 6 show the summary of the evaluations performed. For
ease of reference the tables also contain the results of the member
evaluations presented in Reference 1. The "remarks" column of each table
describe the evaluation results of the as-built analysis described

herein.

As is described in section 2.2, item ¢, the foundation modification
combining footings P6, ﬁ7-and P8 is not constructed. Therefore the
existing foundations were reviewed for the uplift loads from the newly
installed bracing members. The dynamic analysis performed using the
upperbound values of the soil parameters yielded forces on the footing;
which were less than the net downward forces in the columns. Therefore,
the results of the upper bound analysis were acceptable for uplift
considerations of the footings. The selected footing evaluation

indicated they met the acceptance criteria.
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The bracing member forces calculated from the dynamic analysis performed
using lower bound values of the soil parameters were evaluated in the
similar manner for uplift considerations. A1l the structural column
locations reviewed met the acceptance criteria except column location
P6. At column P6, the lower bound analysis yielded a total uplift load
which was 4 percent greater than the total downward force on the
footing. The effect of this unbalanced force on the rest of the
strécture was evaluated by performing a three dimensional static
ana]ysis.l In this analysis the net unbalanced load of 7.8 kips at the
column base was applied as an upward load to be redistributed and the
resulting forces in the structural members were calculated. These
members forces were superposed on the forces calculated from the dead
load analysis and dynamic analyses. All the members evaluated using
these forces were found to be acceptable. Therefore, all the structural

column footings were considered acceptable.

It should be noted that a large portion of the uplift load on the bracing
members during DBE is generated because of the conservative method of
modeling of the gantry crane on the parking structure outside of the
south extension on the southside. The gantry crane is free to roll on
the crane girders. The wheels of the gantry crane are not structurally
connected to the crane rail girder. However, for the finite element
model the legs of the crane were modeled as pin connected to the crane

rail girders. Because of this conservative way of modeling, the-
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east-west rocking mode of the crane about the north-south axis generates

a large portion of the tensile load in the bracing members. 1In reality,
thé gantry crane may 1ift up during an east-west excitation. An
independent stability analysis of the gantry crane performed pfeviously
had indicated that large margins of safety exist against the crane
overturning even if the crane legs 1ift up. Therefore, the column
footing P6 is acceptable. The columns and footings of the parking
structure, R6 and R8, were evaluated for the compressive loads only,
sinte it was concluded that due to 1ifting of the legs of the c¢rane,

these columns can not be subjected to a tensile load.

The maximum 1ateré1 displacements of the south extension structure and
the turbine/generator pedestal, as shown in Table 7, were calculated
using the response spectrum analysis method. Two independent analyses
were performed corresponding to the lowerbound and the upperbound values
of the soil parameters. The lowerbound analysis yielded larger lateral
displacements. As shown in Table 7 the maximum combined SRSS
displacement of the Turbine/Generator Pedestal and the South Extension
deck is 1;11 inches. This is smaller than the 1.50 inches of the seismic

gap available between the two structures, therefore is acceptable.
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CONCLUSIONS

— Based on the reﬁults of the reevaluation of the south turbine building
extension with the modifications installed, it is concluded that the
existing south extension, satisfies the sefismic reevaluation criteria
without further modification. Therefore, the additional conceptual
modifications i&entified in Reference 1 need not be implemented to

satisfy the design margins.
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Figure 1. Conceptual and Foundation Modifications in
South Extension of Turbine Building (Reference 1)
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Figure 2. As-Built Bracing and Foundation Modifications
in South Extension of Turbine Building



Mathematical Model used in the Analyses of

Figure 3.

the South Extension of Turbine Building




’ TABLE 1 SOUTH EXTENSIO. BRACING STRESS EVALUATION ‘

' PRESENT
SEP EVALUATION FROM REFERENCE 1 TABLE 32 (1982) EVALUATION (1985)
' ner | - SF. MEETS CRITERIA ‘
NO. OLSCRIPTION AIGURE | S12 &
No. fa Fa | Ff/ffa [ YEs | wo REMARKS
8”1 | M6 - N6 <! WA 120 | B 2032 2.69 x - NOTE AL
8”2 Mo - PG 4 | wexre | as=3 19.78 | 2.08 x Note A )
883 P8 - N8 4/ |weexrs| 0% | sam 187 x . NOTE A
8R4 NB - M3 41 W2 x 182 8.739 2032 2.48 X - NOTe A )
g3s | pe - r£r 7 wiexeo | gso /993 2.35 X - NOTe oA - Sl
855 M8 - M7 1 ¢ |w2xro | 044 | 006 z.02 X b-—ndve— A oo -
8RT M7 M6 i 4/ W2 X739 953 C/9.06 C o0 X NOTe - A.:.‘....__.__‘:_'.' ©
8RS Po_ | o wi2 5120 | 538 2230 | g x NOT-cONETRUCTED
!
- - l - -
! - e —
!
! . N N
[]
NOTES : ~ |

fa e CALCULATED AX/IAL STRESS,KS/
FQe ALLOWABLE AXI/AL STRESS, KS/

SF e SAFETY FACTOR FOR AXIAL COMPRESSION

s NN

NOTE A: SEP LOADS HIGHER, MEMBER 0K.




TABLE 4 SOUTH EXTENSION - BOLTED CONNECTION EVALUATION

—&

'RE SENT

SEP EVALUATION FROM REFERENCE 1, TABLE 35 (1982) EVALUATION (1985) ,
REFERENCE SFy | MEETS CRITERIA
IDENTIFICATION /
Fi6ure no| %€ | ¥ “ \vaisve [vEs | wo REMARKS
8C1 44 T ROWS | 2¢2.3 414.4 |57 X Nive A
8C2 44 G ROWS 56.3 212.8 379 X NaTe A
8C3 g4 SROWS 3¢.1 lo6.0 214 X N3t A
8c4 44 4 Rows 171 94.8 496 X NOTe A
8Cs Py 3ROWS 64 36.7 513 x NIt
|
|
|
| NO7A7/ION
} /. Ve - CALCULATED SHEAR, K/PS
| 2. VA~ ALLONABLE SHEAR, A/PS
’ 3. SFy-SAFETY FACTOR FOR SHEAR
| _ ' -
NOTE A: SEP LOADS HIGHER, CONNECTION OK
NOTE B: AS-BUILT LOADS MARGINALLY HIGHER, CONNECTION OK BY INSPECTION




TABLE 5 SOUTH WPION COLUMN EVALUATION ' :
‘ : PRESENT

SEP EVALUATION FROM REFERENCE 1, TABLE 36 (1982) EVALUATION (1985
)y Rep P PV Mx [Mpx | My |Mp . AMESTS
oary ifee | ane |osonpron |52 | B\ BE VBV o |ara | EEEA ] mescanes
M-G | 45 [W24x130 .67 [16.14]15.40(22.0 | 5.7 {210 [1.O1 [Leo 158 | % NTe A
M-8 45 |W24x130 .67 [16.14]15.40122.0 |5.17 |21.0|1.O0! [1.60 | 1,568 | x Nare A
N-6 45 |N7Ax 10 637 |14.60| 859 [21.3 1422 |27.0 |0.98 | .60 | .63 | X NaTE A
IN-T | s o=z 4.69(1599(9.06(72.0 |4.74 (210 |0.84|1.60[1.90 | X NOTe &
N-& | #5 [v2xllo 9.13 [14.65| 879 [2097]4.85 [21.0 | 17 [1.60 [1.76 | X NoTE A
A 45 |W2ux100 Z7] |106Z | 3655 |/0080] 193 |zo059 062" 1.0 (1,611 x NITe ¢, CF. =\. 4
-7 45  |IN74x130 ©.94(15.981918 [11.0 |5.85|17.0 |1.06 |1.60 |1.5] | X NIxe ¢,SE. = 1. af
P-8 g5 {N24N100] - - B8 |145116.99(19.09|5.92 |10 |1.27 [1.e0 (126 | X NOT= €, 5k < 1. 05
R-G g5 |AUx30| ... . _._. . |943}16.10(12:89(22.0 | O) |27O0 | 1.1 [1.60[1.39 | X NOTE A
RS | 5 |NM0|  |9.43[16.10[1285[22.0 [0V |770 | 1115 |1.60[1.39 | X MTEC, St~ 123
R ZR R 238| 785 | Toz |453¢| 203 | 1462|052 10 |192 | x NITE C, SF.= |l
NOTAT/ON

7. Kc- COMBINED STRESS FACTOR
5 KRAe ALLOWABLE COMBAINAD STRESS FACTOR
Sr- OVvERPALL LETY FaCJOR
4. ﬁo,Fc, Fow, ETC.= SEE AISC 87 'L CONBIRUCTION AJANUAL 1980, K8/
yoMpr EJC. v KIPS OR KIP - INCNES
Foor N&rfs (DESIGNATED LY SUPERSCRIPTS)

(7) ivTamacrion £0s FOR STRUCTURAL STEEL:

» R
Fo" (FFofféx)Fox’ (-FafFer)foy’ *" ocofy  Fox" Foy 'O Fa ' Fox " Fby )

Re Yo, _ Cmax Fibx Cmy fby ) R fo_ , Fbx, fbv ’00 JEor, foy, b= P, I Mx |, | My

NOTE A: SEP LOADS HIGHER, MEMBER OK BY INSPECTION
NOTE B: AS-BUILT LOADS MARGINALLY HIGHER, MEMBER OK BY INSPECTION
NOTE C: AS-BUILT LOADS HIGHER, MEMBER OK




_ l ' TABLE 6 SOUTH EXTENSIi’ - COLUMN ANCHORAGE EVALUATION

PRESENT .
SEP EVALUATION FROM REFERENCE 1, TABLE 37 (1982) EVALUATION (1985) °
. | _PEF 5F MEETS CAITERM -
DENT |FIGYRE |DESCRIPTION | S/2 € ¢ Ce M
\ ! F Fo | Fe |RFfelfo | Fo |RD (R |5k [ves[wo | TEMARKS Ae
W aveoe Boursl 8¢ | 16> | o0 10 go ) ¥
i /5 as=s p 2%’ 25.2 | 270 |o o2 1.6 |/.72 ” SEE SECTION § |NOTE
M-8 Averoe 82.73] (1B P 170 01 __|0.co "
15 MEE 24" o4 | 270 oot | 76 | 770 . SEE SECTION 5§ |NATE .
: Ao Eaornr=]l 1o | 34.6 | /0/ 2.92 x
NG } 45 EL=€ B c4’ 273 | 270 | 70T | 7.6 | 728 | x Nlxe
- Anenal Brurs / ‘".‘97'(;’ 2.0 lot ".22 e
: N-8 15 PAE /= 24" 2724 2r0 | 102 1.6 | 1.57 | x NOTE
Moy Pors| /1 aYD| 48 101 _| o068 - X ,
PG i 5 Ea= 0 £4° oq.4 27.0 202 I G 0.7 x SEE SECTION § NoTe ¢
p.a i Akwe bl 14| 38 1ot |z2¢¢ X
nd Fre 24" 24.1 210 | 982 ]| /.6 | /.80 X o=
. awrnyourd 14Dl 323 10/ 2.7 x.
EP'.’ r 15 EASE K2 Zi’ /184 zzo| ceB] 16 | 235 x - Nite.
N AsoZziar] 1P| — | — — < ADEQRATE BV —
lN 1 45 JF-‘Q{ g: 3% — — — — — ~ cﬁm?ﬂersou k-] NQ e
] g e Erersl - 1"ep T80 32 0.18
tt.(coo /5 V2 ,;_7' x5 N B B 7o s B e E T - X SEE secTIoN S _| NOtE
' ] Zu.un“ ~nr) 1 /197 32 0-/6 X
| RcoL) 7 [ /2" anA | 270 146 ] 16 | vio ] « SEE s€ctiow 5 | NiTe
.
|
|
NOTATION
/. SFt=~SAFETY MACJOR fom TENS/LE LOAD G.SFb* M PLASF/IC /A1C
2. SFb- SAFETY [FazroR RO BeNDING : §c= £b/ Fb
3 Ft,Fe,fb,Fb-sc8 Arsc Srset - Ka=ls
CONSIRUCTION ArANUAL 1980, f:s/ 3 SFb=RA/Rc
4. COMPUTED CANDING MOAMENT K-IN 10. SNEAR CONE CAPACITY OF a,a é /o
5. AUOWABLE PLAST. 1OM = Fyx2 ANC BOLTS (COL WELOED [O 3asE R )
NOTE A: SEP LOADS HIGHER, ANCHORAGE OK T
NOTE B: AS-BUILT LOADS MARGINALLY HIGHER. ,~XKCHORAGE ¢K BY INSPECTION

NOTE C: AS-BUILT LOADS HIGHER, ANCHORAG!: OK




LOCATION

Northwest Corner of the
South Ext. Deck

Northwest Corner of the
South Ext. Deck

‘Southeast Corner of the

Turbine Pedestal Deck

Southeast Corner of the
Turbine Pedestal Deck

SRSS Combined Displacement
Turbine Pedestal Deck
With South Ext. Deck

TABLE 7 SOUTH EXTENSION - DISPLACEMENTS

' MAXIMUM
DISPLACEMENT DISPLACEMENTS
DIRECTION (INCHES)
North-South 0.582
East-West 0.328
North-South 0.543
East-West 0.328
North-South 0.946
East-West 0.608
North-South 0.946
East-West 0.608
North-South 1.1

REMARKS
Displacements 0.K.
Displacements 0.K.
Displacements 0.K.

Displacements 0.K.

Displacements 0.K.




