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MIDLAND PLANT UNITS 1 AND 2
TECHNICAL REPORT ON UNDERPINNING

THE SERVICE WATER PUMP STRUCTURE

1.0 INTRODUCTION

This report describes the design and construction require-
ments of the remedial action for the service water pump
structure (SWPS) necessitated by the settlement potential of
the plant fill underlying the structure,

2.0 PRESENT CONDITION

The SWPS is a two level, rectanqular, reinforced concrete
structure, Below el 617', it measures 86 feet by 71 feet
11 inches; above el 617' it measures 106 feet by 86 feet.
The maximum overall height is 69 feet [See Fiqures 1 and 2
(FSAR Fiqures 3.8-56 and 3.8-57)].

The structure was designed to be supported by the two foun=-
dation slabs, one at el 587'-0" and the other at el 617'-0".
The lower slab rests on undisturbed natural material and the
upper slab rests on fill material placed during construction
in 1977,

After discovering settlement of the fill under the diesel
generator building, an investigation of the plant fill
revealed some questionable areas under the upper base slab,
el 617'-0", of the SWPS.

3.0 REMEDIAL ACTION

For the part of the structure resting on plant fill, a con-
t inunus underpinning wall, resting on undisturbed natural
material, is provided to support the structure adequately
under all design load conditions. The underpinning wall
provides the necessary vertical and horizontal support to
the affected part of the structure. To ensure adequate load
transfer, the underpinned structure is jacked from the
underpinning walls (Refer to Figure 3),.

4.0 DESIGN FEATURES

The proposed underpinning is a 4-foot thick, reinforced
concrete wall that is 30 feet high and is constructed to

act as a continuous member under the perimeter of the structure
overhang. The entire wall is founded on undisturbed natural
material. The base of the north underpinning wall is belled
out to a 6-foot thickness to limit bearing pressures to the
al'owable values, whereas the bases of the east and west

side wallz are 4 feet wide. The allowable bearing prcesures
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for the undisturbed natural material are based on safety
factors of 2 for dynamic loading and 3 for static loading.,

A predetermined jacking force is applied to the overhang
perimeter to provide adequate load transfer from the struc-
ture to the underpinning.

TlLe connection between the underpinning wall and the exis-
ting structure is made by 2-inch diameter rock bolts at the
vertical interfaces and 2~3/4-inch diameter anchor bolt
assemblies at the horizontal interfaces (Refer to Figures 4
and 5). The connectors are designed to transfer shear and
tension forces to the underpinned wall. The connectors are
not subject to stresses during the jacking procedures be-
cause the rock bolts have not yet been installed and the
anchor bolts have not been tightened (Refer to Subsec-

tion 5.3.2). After the underpinning wall is connected to
the existing structure, the connectors are stressed by loads
applied to the underpinned structure.

5.0 CONSTRUCTION

The construction procedures discussed in this report are
recommended for underpinning the SWPS, If subcontractor
recommendations result in improved procedures, they will be
incorporated. For details of construction and the construc-
tion procedures, refer to Figures 4 and 5.

5.1 DEWATERING

To construct the underpinning, the SWPS site is dewatered:
The aroundwater level is lowered to el 587 (approximately)
by using temporary dewatering wells. These wells will be
sealed after the underpinning wall i3 completed. The accep-
tance criteria for the dewatering system recguire that the
system produces an effluent that has less than 10 parts per
millien of soil particles larger than 0.05 millimeters.

5.2 BUILDING POST-TENSIONING

Construction site dewatering removes the buoyancy force on
the overhang portion of the structure, resulting in addi-
tional loading on the overhang. Teo compensate for this
additional loading of the overhang, temporary post-ten-
sioning system applies a compressive force to the upper part
of the building along each north-south wall. This post-
tensioning allows the additional force to be transferred
from the overhang by beam action to the adjoining walls
which rest on undisturbed natural material (Refer to Fig-
ure 6). The post-tensioning system is removed after the
initial jacking loads are applied.
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5.3 CONSTRUCTION PROCEDURES

The underpinning is constructed as individual piers tied
together by threaded reinforcing bar couplers and shear keys
to ferm a continuous wall. Refer to details and procedures
in Figures 4 and 5,

53.1 1Initial Construction Activities

To preserve the structural inteqrity of the building, the
underpinning wall is constructed in small sections (piers)
from tunnels which are advanced simultaneously from access
shafts located at the northeast and northwest corners of the
building. The tunnels initially extend only far enough to
construct an approximately 30-foot deep, 5 foot by 4 foot,
sheeted pit at each corner of the overhanag, The pit is hand
dug. The shear strength of the subgrade soil is assessed
with a Corps of Engineers cone penetrometer, model CN-973,
Under a maximum force of 150 pou- is, the cone should not
penetrate the surface more than 1/2 incn. After the sub-
grade is inspected and approved by a geotechnical engineer,
reinforcement, subgrade settlement monitoring instrumenta-
tion, and anchor bolt assemblies to tie the pier to the
underside of the slab, are installed. The pier is then cast
with concrete pumped from the access shaft. After at least
48 hours of curing, an initial jacking load is applied to
the overhang from jacks placed on the pier top. To ensure
adequate support to the building, the tunnel is not advanced
to the next stage until the pier is jacked.

Simultaneously with applying the jacking force, the tunnels
are advanced to the location of the next pier, which is
constructed in a similar manner to the first pier. The
piers are tied together with threaded reinforcing bar
couplers and shear keys to form a continuous underpinning
wall. The threaded reinforcing bar couplers (see Detail 1,
Figure 5) conform to the requirements of Section III, Divi-
sion 2 of the American Society of Mechanical Engineers
Boiler and Pressure Vessel Code, 1980 Edition, 1980 and 1981
Summer Addenda. The tensile strength of the splice system
1s not less than 125% of the specified minimum yield strength
of the spliced bar.

A settlement monitoring program for the tap and base of each
pier begins immediately after pier construction. Instruments
accurate to 0.001 inch are installed before the initial
jacking is applied. The information from the monitoring
program is used to evaluate the time required to dissipate
shrinkage and creep of the concrete and creep of the undis-
turbed natural material. The rate of settlement decreases
with time. At the proper point on the settlement-time

curve (as determined by the geotechnical engineer), the

final jacking opera-ions (as described below) begins.






sequencing of construction procedures, it is not anticipated
that existing cracks will significantly widen or new cracks
will appear. However, any new structural cracks or changes
in existing structural crack widths exceeding 0,010 inch will
be evaluated and reported to the NRC,

7.0 ANALYSIS AND DESIGN

The SWPS was originally designed in accordance with FSAR
requirements for Seismic Cateqory I structures. A prelim-
inary analysis of the underpinned structure was made which
complied with these FSAR requirements, and added a jackirg
load to the load combinations. The seismic loads used in this
analysis were extrapolated from the seismic loading from a
previous underpinning design based on piles, When the final
seismic loads become available, they will be incorporated in
the final design.

In the final design, seismically induced forces and instructure
response spectra of the structure are generated in accor-
dance with FSAR Section 3.7. The revised model portrays the
structural behavior including the effects of the underpinning
and associated foundation modification.

The mathematical seismic model and a description of the
soil=structure interaction coefficients to be used in the
seismic analysis will be submitted to the NRC in Septem-
ber 1981,

The static structural analysis uses an analytical model
capable of representing the structure behavior. The interface
between the existing structure and the underpinning wall is
modeled to transfer direct loads without providing rota-
tional restraint. The soil media are represented by springs
of appropriate stiffness at the base of the structure., The
detailed analysis will be performed by conventional methods
such as beam theory and/or plate theory or by using the
computer program Bechtel Structural Analysis Program (BSAP).
For details of the BSAP computer program see FSAR Subsec-
tion 3.8.3.4.

7.1 STRUCTURE BEHAVIOR

The vertical loads of the structure are transmitted to the
foundat ion medium through the existing base slab at

el 587'-0" and the underpinning wall bearing area. The
lateral forces due to seismic and tornado loads are resisted
by the shear walls in the structure. These lateral loads
are transferred to the foundation medium by the combined
action of the base slab at el 587'-0" and the underpinning
wall bearing area. To ensure this action, the underpinning
walls are connected to the existing structure by rock anchors
and anchor bolts capable of transferring all direct loads.
This connection is a pinned connection that is consistent
with the analysis method.



7.2 DESIGN CRITERIA AND APPLICABLE CODES

The underpinned structure is designed as a Seismic Category 1
structure. The design complies with the reguirements of
ACT 318=71 and the 1969 edition of the AISC,

7.3 LOADS AND LOAD COMBINATIONS

The underpinning structur® rests entirely on undisturbed
natural material. The preliminary analysis of the underpinned
structure utilizes the same load combinations used in the
original design. However, each load combination is modified

by adding the jacking load (P,). For each loading combination,
the jacking load was evaluated with two load factors: a

value of 1,0, and the load factor associated with the dead

load for that load combination.

For the design of the underpinning and the connections to
the existing structure, the safe shutdown earthquake (SSE)
forces were increased oy 50% to provide for a possible
future increase in this loading. The 50% increase was
applied tn the seismic response of the structure correspond=-
ing to the analytical model with the mean soil properties.
The existinag structure was checked for a 0.12qg SSE,.

The long-term settlement of the underpinning wall after it
is connected to the existing structure will be calculated.
The calculation is based on properties of the supporting
enoil. The long-term settlement effects will be considered
in the final analysis of the structure. To provide for
these effects, the final ana’ysis is grverned by four addi-
tional load combinations. These load combinations are
discussed in the response to Question 15 of the NRC Requests
Regarding Plant Fill (September 1979) and were used in the
diesel generator building reanalysis. The load combinations
are modified by the addition of the jacking load.

Table 1 lists 26 load combinations, medified for jacking
loads. For the preliminary analysis of the underpinned
SWPS, the following load combination was most critical:

U =1.0D + 1.0L + 1.0E" + l.OTO ¥ l.ZSHO + 1.0R + P

L
where
D = dead loads
. = live loads
E' = safe shutdown earthquake



T = thermal effects during normal operating conditions

H = force on structure due to thermal expansion of pipes
under operating conditions

R = local force or pressure on structure or penetration
caused by rupture of any ore pipe

pL
In addition to this load combhination, the underpinned struc-
ture was checked for stability using the load combinations
specified in FSAR Subsection 3.8,6.3.4.

"

load on structure due to jacking preload

A complete analysis of the underpinned structure, using all
applicable load combinations, will be made when the final
seismic loads become available.

7.4 STRUCTURAL ACCEPTANCE CRITERIA

The acceptance criterion for analyzing the underpinned
structure 1is in accordance with FSAR Subsection 3.8.6.5,

8.0 OQUALITY ASSURANCE REQUIREMENT

This project work is a combination of Q- and non-0-listed work.
The construction of the permanent structures such as the under-
pinning wall and the connectors are QO-listed, as well as any
other activity or structure necessary to protect the SWPS5, Con-
struction of temporary structures such as the access shafts and
tunnels is non-Q-listed. A detailed quality plan shall be pre-
pared by the subcontractor to identify those specific activities
which are required to have a safety "O" quality program applied
along with the major quality program elements for these activi-
ties. This quality plan shall be approved by Bechtel and Con-
sumers Power Company prior to the start of any Q-listed work.

9.0 ADDITIONAL HNRC REQUIREMENTS

For information purposes, an analysis of the critical sections
of the underpinned structure will be made conforming to the
provisions of ACI 349-76 as supplemented by NRC Requlatory
Guide 1,142,



TABLE !

LOAD EQUATIONS FOR THE SERVICE WATER PUMP STRUCTURE
MODIFIED TO INCLUDE PRELOAD

Responses to NRC Requests Regarding Plant Fill, Question 15

a. Normal Operating Condition
U= 1,05D + 1,28L + 1,057 + P, (1)
U = 1.4D + 1.4T + PL (2)
be Severe Environmental Condition
U =1,0D +# 1,0L +# 1.,0Ww + 1,07 + PL (3)
g =1,0D +# 1,0L. + 1,0E + 1,0T + PL (4)
Loading Under Normal Conditions
a. Concrete
U =1.4D + 1.7L + Pr (5)
U=1.25(D+L+H +E) +#1.07r + P (6)
(@) 0 L
U=1.25 (D + L +H+W) + I.OTO + PI (7)
U= 09D + 1,25 (H + E) + l.O'I‘O + P[ (8)
U = 0.9D + 1.25 (H + W) + 1.0T0 *+ PL (9)
For ductile moment resisting concrete frames and
for shear walls
U=1«4 (P +L+E) +1.,00" + 1.25H + P (10)
(¢] (s) L
U= 0,9D + 1.25E + 1,07 + 1.25H + P (11)
s (6] L
Structural Elements Carrying Mainly Earthquake
Forces, Such as Equipment Supports
U=1.0D # 1,0L + 1.8E + 1.0TO + 1.25HO + P[ (12)
b Structural Steel
D+ L + P (stress limit = fs) (13)
D+ L+T +H +E + P (stress limit = 1,25f ) {14)
[6) o L s



Table 1 (Continued)

D+ L +T +H + W4+ P, (stress limit = 1,.33f )
o o) L s

In addition, for structural elements carrying mainly
earthquake forces, such as struts and bracing:

D+L+T +H +E+ P, (stress limit = f_)
(o] [ g u s

Loading Under Accident Conditions
as Concrete

U = 1,05D + 1.05L + 1.25E + l.O'I‘A - I.OHA
+ 1.0R + P,

0.95D +# 1,25E + 1.07T + 1.0H + 1.0R + P,
A A L

1.0D + L + 1.,0E* ¢ 1,0T + 1,25H
+ 1.0R S 9

i |
1.0D + ’ 1.0E* + 1.0TA + 1.0HA + 1.0R

+ Py

y . .
L 1.0D + 1.0B + l.OTO + l.zsuo + pL

! = '
U 1.0D + l.OTO + I.ZSHO + 1.0W' + PL
Structural

D+L+R+T})+H+F'fpl
(stress limit" = l.gfq) :

-

D+ L+R+T, +H + E'" + P (stress limit = (24)
B A A L
1.5 )
s
D+ L +B+T +H + P (stress limit = 1.5f ) (25)
e} [s) L S
D+L+T +H + W' + P (stress limit = 1,5f ) (26
O o L s
where
U = required strength to resist design loads or their

related internal moments and forces

For the ultimate load capacity of a concrete section,
U is calculated in accordance with ACI 318-71,

F = gspecified minimum yield strength for structural steel

f = allowable stress for structural steel; f 1is calcula-
ted in accordance with the AISC Code, 1963 Edition for
design calculations initiated prior to February 1,
1973.

' f 1is calculated in accordance with the AISC Code,
{ 1969 Edition, with Supplements, 1, 2, and 3 for desian
calculations initiated after February 1, 1973,



Table 1 (Cont ed)

D

IJ =

PL =

W =

"v ' -

F:

dead loads
live loads
load on structure due to jacking preload

local force or pressure on structure or pene.ration
caused by rupture of any one pipe

thermal effects during normal operating conditons

force on structure due to thermal expansion of pipes
under operating conditions

total thermal effects which may occur during a design
accident other than HA

force on structure due to thermal expansion of pipes
under accident condition

operating basis earthquake (OBE)
safe shutdown earthquake load (SSE)

hydrostatic forces due to the postulated maximum flood
(PMF) elevation of 635.5 feet

desian wind load

tornado wind loads, includirg missile effects and
diiferential pressure

capacity reduction factor

The capacity reduction factor (@) provides for the
possibility that small adverse variations in material
strengths, workmanship, dimensions, control, and degree
of supervision, although individually within required
tolerances and the limits of good practice, occasionally
may combine to result in undercapacity.

NOTES @

1a 3}

T e = 3

the load equations, the following factors are used:

1

0.90 for reinforced concrete in flexure

0.75 for spirally reinforced concrete compression members

0,70 for tied compression members
0.90 for fabricated structural steel

"

10



Table 1 (Continued)

g = 0.90 for reinforced steel in direct tension
g = 0.90 for welded or mechanical splices of
reinforcing steel
2 Unity load factor is shown for P,. An alternative load

factor to be considered in all load combinations is the
load factor ascociated with dead load (D) in that
loading combination.

For load combinations 23-26:

Max .mum allowabtle stress in bending and tension is 0.9 F_.
Maximum allowable stress in shear is 0.5 Fy' Y

For these load combinations, the maximum allowable stress
except for local areas that do not affect overall stability
is limited to 0.9 F_ for bending, bearing, and tension and
0.5 F_ for shear. he time phasing between loadings is used
where”applicable to satisfy the above ecuations.

Structural components subjected to postulated impulse loads
and/or impact effects are desiagned in accordance with BC-
TOP-9-A, Rev 2, using ductility ratios not exceeding 10,

Structur+1 members subjected to missile and pipe break loads
are de-i juned in accordance with Bechtel's BC-TOP-9-A,
Rev 2, and Rechtel's BN-TOP-2, Rev 2,




c.u--owq_.)’.
R Y W S
i‘ (ol 4 Q:n ”
g | [
s 4 J mgxma 7
1 [ 1
iy » - L .
r ’ = i ble
cl.::; 4 > 1 ,'k
AR W 4 - & . . 4
. ‘ | e | !
i TAN { ») l * -
| %S L
L
T *

ar

.

‘ APS EL %888

e
e MLE e

FI

* ¢t " 1
or &5

-

»
3

‘ %P-:T’r‘f t

S
|

4
-
.

L
@yt
P

:.".", 'lfr~—>'

.::M 5

T
5D
= J awer

P ey
s !

- d

A

Ll tate e Paoe

\
i
\
i ( - .("‘..?
i

-

f
i
we [
“"- L |

|

QETAI | ste v [ mo

Tl 8O

ODwa ©

e
L pRa e

ATTARAD T TR

!
[

STTON
LR

StR Pes



- 8 o .
a3 o & -~
- e v
- 4 &
- s 1 818 )
b (oW o L .
B G 2aa < o ‘ 1"( 4 3k [ S e L - .
LA - L = LA D - 4 4
G . 3 jinire o wBL O we g A o afu
0 ‘x - LA SO Lo o .o | - - | g \
2 . i . - - < SRR LR
-l T et S I - | e wm - L
5 o —1 i g 5L i e ) goaney v | omes eee 5 4 ‘.
s ?‘w- . PL&’-“' Y S -1;_-‘; [ o Ay ! ¢ ed = | ——
2 = 4 T - & - GRS, . & . = -'t""':..‘“ . L X ¢ a &
R T S A e ‘?. ..-! e - e ¥
v LA e s e '™ o33 1
| Aareoe W8 ama N | — * , o 4 | - -
' .. AT ieYS Crr | eeses we -’
& &1 - e 334 »
= o b ™ 1 KEY PLAN
‘f"‘ — TR ST y £ 7 4 | '::‘-‘-0.- ——
2 i 1 & il
» Y ’
I* JRICS SC L .o % t
’ ° . e ﬂ-uk + 1
b | § o — AT } {"i ot o TP, F
. Ly - - : A8 S0 sep- '/-‘-‘q
R O @ 113 [*'*_ : GENERAL NOTES
3l = — -t o4 ¢ ° \
ize :3 [ SR ‘7 =4 T I I .‘( \ ‘4! 11 5 ' | SEE ORAMING € & POR ADDIT.OMAL ROTES
L S ] B | R o 152, L= 7 SER AN WS C O AD G (o (e o
S | . > ~ 4 L8 — 4 2PN (.h L/ Nt LT MO ETRORD TR NOTRE S O
W ‘.’ "?"‘ 2 pepe 4 g a..‘. ' z,.. } sed o -4 4 ! e NCTED On DR
{8 J %
o T4 - ' o | e B B SRR R RLLEES ST AN AL DA
y & v
SeraniA Trme ™ i o ) < S e 82 o Al COMCRETE e Al A O
B e teet e W 1’ - | p it T T FTRENG T F 4000 5 LA (]
3 | -, ‘ v i i : b PN 5 S8 A0 SN <o £ ENVInORM] Lol s
g . i i .':: '-‘.h‘- & ez T , '4 . v-.!” o"-ﬁ-vm o
a i e A Gy el O3 ° y 1 ¢ A ERETED i META. IS S @
-~ o £ h,". bl hallls @ SAL AN TED LN On Dl
. . ¥ “ 1 T NG STERGRS AN R RED FOR Ol xERED
. £ it 100 ~ yar) 3 - o BTN € Ok i R
: 1 et AME DR 3 ST < R e 2 J“ BAL LR CATRY FNAL B IR
- p— ~ + ver l ALCORDRES w/ MANUFSC !y
¥; v 1t e i N »—H Mermiy _yupge P20 3120 ugu‘“‘.
35 | Sy ved U L ‘a'g 9, - ATAN T oir mtas souts
L W VT e g W S RLACE At ES ERCEP Teg Two OUTER
«3 1Y, eegts LT g8 Sewiih GATES SmaL. 86 FULD TELTED foR
1 - 3 { » ' PARALE wnEn THE W ATER LEAL N e
1 J - {’ ." ’ - LOOLMGe BOont 3 AT o170 T Two aTER
" @ = e $ - L Sl GATES AL BE TELTED FOR
3 € i ~ 14 J . e LT ey WY  §. ST
| 3 [l il i @ ’ . .0 Dial™s ol Ak
o | - T bl i’*‘l“ ¥ TS A MWD 1T X READ SOLT
i ;-..,v. T ol S BN e THREAD ENRAGEENT
- I @ et < —
= . r ".“. .5
* & P, TR = REFERENCE CRAWINGS
o +H —— __; -~ .'? - > B0 HEwrOliua WAD L. 6% &
o 1bl s, | by —b T I Tt G S STEEL § COMC DETAL S S d )
ol UL { L TEENC L et €94 COMCRETE PLAN AT £ 997 O (GLadd @
gl . =L - . - A . A E ] C 95 CONCRETE PLAN AT Fu G%6 < SECTONS
LI A,‘ B : SRS, O o - W C B CONCAETE SECTONS
- ad e mﬁ. i . o o CO97 CoNCRETE SECTONS L DETALS
-0 el If‘—""y_ﬂq4, TR g - ) C o4 =S STEEL 4 CONC DETANGLS- S |
e § TYP UM - e 0 1 i * { "r B L e e e
L5 @ e an i - —— \J "41 J A AT ] MRS BEOw e
- 0 Y TS . — - — CHO"!'N e ST BTN
u‘nw AT ELEV 6346 2 e T ) MCTONS
‘l-l i w v s FLOOR § RLOE DRANS

Ye *''6 .
(V8 00 & 400 #3 ¥y

Con.may SvWiu] TS kA

Piode N 30k o0y 7 w
PYCOPT Cam?r 2 Twn &

CONSUMERS POWER COMPANY
MIDLAND PLANT UNITS 1 & 2
FINAL SAFETY ANALYSIS REPORT

Pump Structure
ans at El. 592'
634'-6"

_O'I

i & ~oa lh.-r,vs e ol
) B "'g‘ ‘ s-.s-‘:‘l =T
4 e e > S —— L
% | e 1 B e el BN F g B
=—3 ‘ S = e SRt T -t :f.rm"\
- L 1 ey .9 ) SR 1
i ael 07 .l : et -
1] | ) |
- .L\ ; i'- WA= | t s __T
Y e | — | |
- T — . jp SE———
- - -
¥ i ¢ e ¢ o ¢ s e 1 i o AR
i 0 ; ) §
— 4 ‘4 —dgr ‘ - %I—» 4 =
“ by e “ ‘e ‘1 + 1‘. . b4
5  — o ? a5 Vi
‘ ‘ , .
lyd b : FIGURE
.
b L N X J
CL N B
S sk .
' S
\n..‘. -
l...:- LRy -_'_
"staun . Z .
iy o £ - Service Water
. | i * S
R -4 | o 1 i iVl F Concrete Floor P1
i e *T‘T"* "5 R and El.
e, P [y} —t C-94, Rev 8)
.o ETAL /¢ ) 1 ‘r\ A
L P s tere

FSAR Figure 3.8-56

10/78

Revision 14



o - - L0 T y— ﬁ
[ e N
“ [ 1 i 2 » T~
9] | o (O A ) 1' "!:“g Sﬁ‘&”’
"———Jw?——“ TYPICAL AT iy L
' | = Y
SLAR ¢ { t ROOF 1 - - e - a 1
BARS | ] -
p L e _ EBL . Ghas o ,,1 ’ | J
T T ovenne @ aes T .
| ! wALL ONLY | } / ‘
L 9 4 ‘@.9 (EF) 1 .‘:._M_’“l
‘ | .—L’---_il - 1 L A B
} » | | Vil |
4 | { / |
| . ‘Qeﬁ Er " ] o |
1 ' ® el i . - DOOR EEAST 9
‘ !I 1\'\ . ~ % , wALL ONLY '*I
f “BLEQEF, | ‘ v . r
0 | E. &37-0 ] ; | .
il ! o N ‘ | g ma ! ’nl
=X = e { -'l' <
, L K o . Nl e3s-8” — 1
- - —
&7 E 1 7 i | i [ [ ] Py
B .e e
11 an . ! l b 1 i
. | g2~ b
l 669 OF Q\
6 p— r .!.3——-1—~-~-—.J' ‘\ l !
; — — - #0* + - 4 ——— — - biv ———— - — —
| 8 FPPE B oD , Al
) EAST WALL ONLY I: ['f_ff’}&bd-b ,
! “ 9 ; :: “ T T | r
s 1 s 4 I alle 1 e
] = £ 610 N 4 b { ] ! r} Lot | ‘easT waL
— ——tle 7 LS
4 , 4 | ;‘ .'.".’..'. ’; ,‘«r ¥gsa
K < ' } *'
: ] | 9 .
1 o H 2k
o - | i . i——-i'—‘l
: y | | Wa
o : : L o9
i |3 | o
4 b ‘
| | ol
: b 1 t’n(- u_'—_ 1 j l - st )ﬁbb_:" ‘
) |
| 7 ‘ ""‘*}A et ] o
| 9.°s | | {
S 1 { | ¢o s s
H] e
agig (v r) 13idl soe (i
o

" Dowe for )

E .OL P ]

¢ L il
” Bt

; ‘ -
i E CowEl®

SECTION /AN
=/ ELEVATION - WEST WALL
FLEVATION EAST WALL (o




== Jn— B = ' N eLe% 0
. T3 4 & R
—= +— -
| | 1 i = 3 - ‘
% | | | i ’ 1 seen
i1 L I~ Be -lJL~aa
" 4 + — - 4
” ) i | : 4
{5 r *‘ : o ~ ‘ol
5 . - 6 i
| 4 o 287 .] TH ; (1=
| ;B M1 | ol b2 g F) e | « |-
« '—'3=f T -
o " 5 . OPENING & | |
. ﬁ | EAST wall | |
i ol | e . - 4 111 L ee'sn
; I B o6 2EF | Rrsis ¥
<1 The | [ i ]
1 -
i,r =762  am— g‘ 4 . b 4
l P fes onio ! | | <
© ‘s |} erezes | | .o
» - A
h .‘{' Neme izt | - 2 ead | L - La"
P —— B B e — e "" EL G34.0°
—— - L + o ( | | - { all
‘ l ~ e " oal
. t K"‘N i 3 o
’ = . men~ dew (;| ol | -
LE* ok f “.‘ . l .Q« fraee
L=l #
| Tl o L ; o
| | B "*F ‘
. 32 + T l: - .“.11
4
! .': 1. - WA TER STOFS |
T 9 1° ALmRE Suown
| A Bars & eren | caAe Y
\ v Sa— = = - ———
EvE o] - | ouxVJ( e
NLY " L @Yo
1 s gt et WS T e e PP I
™ 4 9 10e® "
w = “ah
o : ‘L; a\ Jee Lul__..’
. - *oenn* /j .‘I
e —= |
| '
&* |
-\..‘_‘/ov)"

]
" 3 '
B “ .
- () o
S > T (<)
Lo '
=al Sl o |
gg" - r; | < ‘
o e |\ = | | | | )
Tinid RN = i $_ 0 __fzisvo
_erery | A )
r ‘ 7 4L . Q,(\@.:‘:’o"h | 1 l )
7 sl 13 *i @ & DowllL 1 — - { COe T (vvP)
il . PR et e | e 1T

) FIGURE 2

Lo CONSUMERS POWER COMPANY
MIDLAND PLANT UNITS 1 & 2
FINAL SAFETY ANALYSIS REPORT

P HAND) Service Water Pump
Structure Section

\||:n-

C-97, Rev 2)

FSAR Figure 3.8-57




v -

PN

wATIR (VL w

wATER (o0

Lowe

®

MIC  LOAD - PRELIM
L - jocl & ' B C D |
» — —. A . A A e - Ay a o8k D MLF KL r
' e ——= ~4 L] -
— L3 PO L - ‘\+ S5F 30 KLFROKLF! s
. R — i i
- N\ P
“ \ °
1 2 Y a5
A500" 94
P o L . 1% vveevepavy A
|
S . = * . \ | i h|
T T D %o e i POV
& DR B WAL it ot S ps r a4
} | PEakd T . ‘\
{ an!
| ’ .
) AN s ’ 1
! | (3K wOTE B ’ ‘
! L S ||
4 TEabcs AR Y V
i O wAT R NG | NE n 72
arITEM .t L () TA L :__)
s oo J
LA sttt iticn e ELIPTING STRUCTUSE rem—— ] | -
+ 4 -t e,
= = ' 1 '
: -y /
} )
| { wWwal 4 9 _.-oqw-}
| s 3.9 508
i ; 1 s
/im0 * on
| Ast e A% . -
I | (2% Pwosn ' © vy
.
| [
| /
‘ / L H 2“
} ¢ 0 € 9
! ! »
.
| | / | - e gy L
i | i 0l s
S - - - —— - LN . -':4
————— - _— PO TIL LT
| At
1 ”
|
| A 1M e3e0-2 5
| ART™ AN \.
2'%e ® woLt I
e = Sy -0 -
S ——— —— = - Y — NOTE © ANCHOA BO.1S S«AL. BE ~STALLED P00
‘_J NG OF Tl LmDERPm s A WALl AT A
GPAL M@ F 3.0 ancwdOR BO.7S SHmALL
PO% TOMED O CLOEAR Twaw B O Ax
— —— S — A UNDERP LU e P ER
AninOR BOLIS Sual, HEET TuE PO DwiN
AN AT W HARDMESY REL L REMENTS
AN Al Bl big - Ay
. BRvE L 2%% E Y1
L ROCuwloL C 27 33
DE TAIL A
T TVae 3—/___"*?, y
et L % ¢ . o
) ®aE
L PRTE SRS
a2 o
2% ? amcuwoe oS
FODATO. S Al
L. 820

1P accx ALTS

(LT

L

SRR

~ 1

e ‘

CIFPARE S vFa 1




LU

LAD A5 Rt
L -2

9 rax

-
J{i..
FTA
Tyt

swaLL B

ADILSTRD

Ch OB e T

HAGE TROLGw
NORTE A

‘oou ALS4 @W BC

SPAC G 9

B g urowm D

B9 SPAL NS OF AmCnOR AnD

Qoce BSOS
oy EvT 0

L

- - 1
NCHOR T INSTALLATION PROCEDURE | s Mg it A gz
1

K BOLT WSTALLATION PROCEOURE |
DL S0l N0 mALL OF ST AN Sebew "

O SAC A awd OQY. | SETER 1D Gy 8w g.;1 “N“'
Lol B - FOR "nlRAncE OF w04 A0
AND SPACaG AN AL LEBE A FEROW RO 7,

WRART Locw BOLT AssEvBLv LY
WASHAAS wEYHDLE PLatl GROLT Amp B A |

TSRS, S0 wOLE = Tw TwE BRe.RRD B ~

E BEO™ENT A8 D LatTeD o Q

TOR@UE 0tk BOLTE 10 0%O F1 By 118 Y
£1. 08 4

US 8 A wAuD oFgaat ALw APER ¢ a o
PROCFE (OAD OF A9 Py =00 toR § L

MU e TwEn BE.AY THE LOAD THE WENGTH I -
OF THE BOLT FRO» TeE LOwCcBRTE SmaLL

B8 HEAL. LD ARD QECORDED PEoR o AN

APP . CANDN OF PRODF OAD AT MAN e -

DAL AmD ARTER 0AD S e ¢ ‘et

. B CRAGLRL = LT DFFERY fRO» Tl g

PAL oL EASAEENT B¢ O L 08 mouE P

T MOTEY PROECT s

Lo Ong. KEY PLAN

HYDRAY. € JALE 1O TAwS O P

10 98 =Py anTEs ¥OLm ! ,____NQYED —

TRANSPLN THE DAD FROm Tel Lack 0 Tm4 - WL AND BB MR Sea. . cOnEMM "w TNE

So0ce BOLY BEG W TS OF AT B0 CiASS L Cowe Swais el
48 DEY COMP BTR OF 4000 PS. AND

APBLY GROLT | miLAMS il LEMENT GELT SEaF STER. Swai. B8 O8ADd @O,

(A8 27 % OR LOuAL A PER NANUTACTLREMN § “wa. (ONNECT O OF SO NE Al sncwoald

Lol T sl A COWTiNUOUS fLOm oF BTN THE GAST STRE TG AND Tee wDER

GROUT 1% SEEN LOM =G TLT OF Tue DE AR Panin® waLL SNOLL NOT B MADE LN &..

TUBE ALLOW GEROUT YO cull FOR 4D samy ACK NG NEA TS ARG CDwam g g

Tl G0Ck BOATS SeALL B HOL.Ow comg
T- Aty KON 2 P B0cx BOVT Pamy

NE LB & =D LCRLF- 380 O guual
SETSOR P a8y NUTS LA RS (uPLeAY
AvD EETENSON HODS SHALL BE WAy |

A STRUCTURAL LGADS BNALL B8 TRans
T Tl NOBR T e N8 AL B _ACE NG
JACxE i B SPACAD NEORNLY ON

N SOBBNT OF Tl waii AT B D DC

P L
Tl NUMERICAL vA UBS OF JACK NG LOADY
Mlm ~OLES DR LLBD w0 CONCRRTE SmALL Bswss ARE AFTRR AL, LCISES

ol A DRPTH TOLERANCE OF * % Lmu
HOTED THE ROCHK BOLYS SwALL wOT

A NI FACTOR OF SaBiTY P 3 AGAINET

SPACED CLOSEE “wAN %O CLT MATE BEAR NG APACITY SmALL M
AL ES OF 3 FOR COFMBATIONDS OF DEAD
WOLES w fOnCaAATE TR 1 @ Foxs BOAYS AND vl (GADS
SeA L BL VM @ L ALLOMDANCIE u'w |
“h maAnuFACT.AEZRY RS RENENTS | (B) 73 o 7 FOR coMBmation ©F DEAD,

LIVl AND SLISMK LOADS

6 SvaL 8RR BUNDLAD BARS (5 EQuaL
| Q055 SEC T . OmA. ARGA ~war 88
RS TUTED FOR LOR TONTAL RE MR

AL B CONETRUCTED TDACT AS A

SR 4 ® won

PARYT OF Tud STRUCT
PREPARE LE(B. SEAT FOR BASE PLATE wiTe sl JACK NG LOAD CF 7300 « P3 Sua.. 88
SuE s~ GROVT (LR L0 1S O® BaUaL APE, QD T Tk BASE SR R e Ry
NETALL ANCLHOR BOLT AMME=BLY PERS SOER Tl N AL Tl (DA amAL L
BE APP_BD EQUALLY MOwT Tt sTiwilvie ¢
THE WORKE MUST B DONE BEFORE anY
AXCAVAT On PO Tl ROMANDER OF
Tl UNORAP NNING wALL Can BE
STARTED

AFTRW COMET Om OF Tl uNDER P inmng

AL AND APPL CATONM OF Yl fwa, PRL . .0aD

GROUT ARDUND ANCHOR BOLY AnD TEuSOw
T LR ARTER aauG ¢ T

PANY PLATES WUl AND BOLTS it A’
Ial Btw PanT AR L ~C TR ARePN T CONMCROTE Wi BE FURNSWED B BECTEL
PP
B STPE5385 LNOER ACES FROM T AL BE L CAD
SmaL, wMOT BrCELD iS50 Py

CONSUMERS POWER COMPANY
MIDLAND PLANT UNITS 1 & 2

SERVICE WATER PUMP STRUCTURE
UNDERPINNING REQUIREMENTS

Figure 3




DOCUMENT/
PAGE
PULLED

l\v O lA e J A 1 € -
-t - ' a
1 L.\‘ l.\

[J =aRD coPY FILED AT POR: c
OT=ER
[ BETTER COPY REQUESTED ON __ J /

PAGE TOO LARGE 10 FILM
[ HARD COPY FILED AT R [/ CF
OYH:'(

[5G FILMED ON APERTURE CARD NO R0 9030308 (2 / — &'




CONSUMERS POWER COMPANY
MIDLAND PLANT UNITS 1 & 2

——

SFRVICE WATER PUMP STRUCTURE
TENSION TIES

Figure 6




