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Midland Plant Units 1 and 2
Public Hearing Testimony

o.-
SERVICE WATER PUMP STRUCTURE

1.0 BACKGROUND

1.1 SCOPE OF TESTIMONY

This testimony presents evidence regarding the

remedial measures to be undertaken at the north end of the

service water pump structure (SWPS) as a result of the

detection of certain areas where the fill material which was

placed for foundation support under the overhang section at

the north end of the building was insufficiently compacted.

1.2 STATUS OF DESIGN EFFORT FOR REMEDIAL MEASURE

The design and analysis procedures and details for

the remedial measure for the SWPS are described in detail in

Sections 5.0 through 7.0 below. The status of the under-

pinning design and structural reanalysis is discu.ssed in

Section 7.3. The information herein provides an adequate

and reasonable basis for assurance that upon complation of
,

the proposed remedial action the SWPS will be fully capable

of performing its intended safety function under all postulated

conditions.

1.3 FUNCTION AND DESCRIPTION OF BUILDING ,

The SWPS is a reinforced concrete structure located

approximately 500 feet east of the diesel generator building.

(See Fig. SWP-1.) The structure contains three water-filled

reservoirs and five pumps which together provide cooling

water for various components during normal plant operation

_. - - .- . ._. ___
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and which supply several safety-related cooling systems

which are required to function during a design basis con-

dition, such as a postulated safe shutdown earthquake

(SSE). Because of its safety-related function, the SWPS

must maintain its structural integrity during and after a

design basis condition. Contaquently, the building is

required to be designed as a Seismic Category I structure.

The SWPS is rectangular in plan, with upper and

lower sections of different plan dimensions. The upper

section is 106 feet long and 86 feet wide. The lower

section is approximately 72 feet long and 86 feet wide. The

upper section thus has an overhang section at the north end

which is supported by a separate base slab. The lower

section base slab is situated apprcximately 47 feet belo'w

grade level. The upper section base slab is situated

approximately 17 feet below grade level. The structure

me.asures about 69 feet in to*al height from the lower base

slab to the roof, with approximately 22 feet of the building

extending above grade. (Figs. SWP-2 and SWP-3). The water-

filled reservoirs are located in the deeper section of the

structure. The south wall of the deeper section abuts the

cooling pond.

The two reinforced concrete base slabs supporting

the structure are located at elevations 587' and 617'. The

lower slab is 5 feet thick and is constructed on undisturbed

glacial till. The upper slab is 3 feet thick and is con-

structed on a triangular wedge of backfill soil with a

.- _ _ -
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maximum depth of 30 feet. Both slabs are locally thickened

near sumps.

All walls and slabs are of reinforced concrete.

Exterior walls are 2 to 4 feet thick and the interior walls

vary from 1 foot, 6 inches to 2 feet in thickness. The roof

slab is 1 foot, 9 inches thick.

1.4 IDENTIFICATION OF POSSIBLE UNSATISFACTORY FOUNDATION
CONDITIONS

As a result of settlement measurements on another

building in August 1978 (see G. S. Keeley, prepared testimony

following Tr. 1163), the Applicant undertook a subsurface

soil investigation in the vicinity of the SWPS utilizing

soil borings. On November 7, 1978, the Applicant submitted

a 10 C.F.R. S 50.55(e) interim report that disclosed that

soil borings had been made in plant fill areas in the vicin-

ity of the SWPS.

1.4.1 Te_st Borings

Eleven soil borings were taken in the area of the

SWPS. Two borings were taken inside the building and nine in

the surrounding area. (See Fig. SWP-4.) These borings

indicated that some localized areas of the heterogeneous

backfill material underneath and adjacent to the overhang

section of the structure had not been sufficiently compacted.

1.4.2 Measurement of Building Settlement

The Applicant established a Foundation Data Survey

Program (FDSP) to monitor settlement of Seismic Category I "

buildings at the site in May 1977 in anticipation of a com-
.

mitment to do so in the Midland Project Final Safety Analysis

Report (FSAR) .

. ... -_ . --
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Pursuant to the FDSP, settlement markers were

attached to the four corners of the SWPS by the summer of

1978. (See Fig. SWP-5.) Field personnel have surveyed the

elevations of three of these markers bimonthly from about

July 1978 to December 1980 and biweekly from January 1981 to

the present. The initial reading for the fourth marker

occurred in September 1978 but bimonthly resurvey did not

commence until November 1979. The accuracy of these measure-

ments is approximately +0.005 foot (1/16 inch).

Fig. SWP-6 shows plots of observed settlement
,

against time for the four SWPS settlement markers. Figure

SWP-7 shows dewatering activities in the vicinity of the

SWPS during this period. As this figure indicates, the

maximum movement since initiation of the FDSP occurred at
marker SW-1 attached to the northwest corner of the building.

This movement is about 1/2 inch.
-

In order to relate the net 1/4-inch settlement

since program initiation to the total settlement experienced

since essential building completion, additional measurements

of markers other than those in the FDSP have been under-

taken. Six construction survey control points were installed

at elevation 639.5' a short time after concrete placement.

(A complete history of the placing of concrete in the SWPS

is shown in Fig. SWP-8.) These construction control points

have been resurveyed in an effort to determine total changes

in elevation.

_ _ . _ _ _ .
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The six control points were originally installed

using bench mark PBM-1, which is a stable bench mark located '

outside the dike area, as a reference. The locations of

these points are depicted in Fig. SWP-9. Four of these'

points, numbers 1, 3, 4 and 6, lie on the inside faces of

the concrete walls in the same general regions as the four

permanent settlement markers which are located on the out-

side of the building walls. '2he six construction control

points were resurveyed in October 1982, using PBM-1 as a

reference control bench mark. The net changes in elevation

as of October 1982 for the six construction control points

are shown in Fig. SWP-10. The accuracy of these measurements

is +0.01 foot (1/8 inch).

Several important observations can be made from

examination of these data. First, the values from the six

control points are, as expected, generally larger than the

values from the four permanent markers, which were placed 2

to 6 months later than the control points. Second, within

the tolerances associated with the readings, the two sets of

data correlate well. Third,'the north-south differential

building settlement is minimal; as determined by the six

control points, the maximum differential is 0.02 foot (1/4
.

inch); the maximum value from the four FDSP settlement

markers is .03 foot (approximately 3/8 inch). These measure-

ments indicate that the building is very stable by conventional

standards.

1.4.3 Significance of Cracks

For a discussion and evaluation of the significance

of cracks in the SWPS, see the testimony of W. Gene Corley.

- - .
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2.0 CORRECTIVE ACTION

The Applicant chose to undertake a remedial struc-+

tural measure which would compensate for unsatisfactory

compaction of backfill material rather than to attempt to

demonstrate satisfactory fill material under the overhang

portion of the building. The Applicant selected a remedial

measure involving supporting the overhang section with a

continuous perimeter underpinning wall founded on undisturbed
*/~

glacial till soil as the preferred measure for assuring

proper foundation support for the SWPS.4

3.0 CONCEPTUAL DESCRIPTION OF CONTINUOUS PERIMETER
UNDERPINNIhG

In this concept, a continuous perimeter under-

pinning wall will be constructed under the north end of the

existing structure. The underpinning will consist of three

reinforced concrete walls which will be connected to one

-*/ As is more fully described in Sections 8.1 and 8.2, the
underlying glacial till is typically located at and
below elevation 590'. The underpinning piers will be
founded at or below elevation 587' and, therefore, it
is anticipated that the foundation material for these
piers will be the glacial till. However, it is possible
that small pockets of sandy very dense alluvium (see
Section 8.1.2) may be encountered at that elevation.
As described in Section 4.3, if sandy alluvium material
is encountered in shallow layers, Applicant will remove
the sand and replace it with concrete. If the layers
are determined to be deep, Applicant will remove any
disturbed sand, but will otherwise construct the pier
footing on undisturbed alluvium. The sandy alluvium,
as described in Section 8.1.2, is an acceptable founda-
tion material and, in fact, has strength characteristics
equal to or greater than those of the undisturbed
glacial till. All references in this testimony which
refer to the bearing material as undisturbed glacial
till should be read to include the possibility of sandy
alluvium.

.

._. , .-_- . - - _ _ . , . . __- ,, , -
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another and to the main building to form a box structure.

The reinforced concrete underpinning wall will exte . from

the underside of the upper foundation slab to undisturbed

glacial till (approximately elevation 587'). The under-

pinning walls will be 4 feet thick. Because the largest

fraction of the applied load is on the north wall, the base

of the underpinning wall under the north wall will be en-

larged to 6 feet to maintain bearing pressures within allow-

able limits.

When the underpinning structure is complete, pre-

determined jacking forces will be applied at :he interfaces

between the overhang perimeter and the underpinning wall to

provide for load transfer from the structure to the under-

pinning and thence to the undisturbed glacial till. As soon

as predetermined settlement criteria are met, the spaces

between the tops of the walls and the bottom of the base

slab will be firmly wedged and groute'd, and the walls tied

to the overhang structure and to the deeper section of the

existing building. (See Section 4.4 below.) The completed

underpinning wall structure will provide a structural foundation

resting on. undisturbed glacial till. (See Figs. SWP-ll,

12, and 13).

4.0 CONSTRUCTION OF THE UNDERPINNING WALL

4.1 HISTORY AND APPLICATION OF UNDERPINNING CONCEPT

The general rationale for and procedures used in

the technique of underpinning are set forth in Section 4.1

of the prepared testimony of Burke, Corley, Gould, Johnson,
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and Sozen on the Auxiliary Building (following Tr. 5509) and

will not be repeated here.

4.2 CONSTRUCTION SUPPORT ACTIVITIES

4.2.1 Post-Tensioning Ties

As a preventive measure against possible building<

distress due to loss of buoyancy during construction, post-

tensioning ties were installed along the tops of the east

and west exterior walls of the SWPS in November 1981 (Fig.

SWP-14). These ties, which consist of two tendon groups on

each side of the building, apply a compressive force of

about 500 kips to th'e upper portion of each east and west

exterior wall. This force is intended to compensate for

additional loading on the overhang section resulting from

the loss of buoyancy which will be caused by the temporary,

(

dewatering required to construct the underpinning.

4.2.2 Dewatering

An important consideration in constructing the

underpinning wall is the necessity for dewatering the

underpinning construction area. To lower the water table

temporarily within the construction area, construction

dewatering wells will be installed in the immediate area of

the SWPS. The plan for water level control and monitoring

fines will be as described on p. 2-51 of Supplement No. 2 to

the Midland Safety Evaluation Report (NUREG 0793, September

1982).

4.2.3. Access cofferdam

An access cofferdam will be constructed adjacent

to the northwest corner, the north wall and the northerly 34

_ _ _ _ _ _ _ _ , __. ., .-._
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feet of the east side of the SWPS. The access cofferdam

will be constructed to provide access for workers and equip-

mont for the underpinning work.

The cofferdam will be excavated in two stages for

underpinning access purposes. Initially, it will be excavated

adjacent to the building, to elevation 618' to permit installa-

tion through approach pits of the initial underpinning piers

Numbers la and 2a on the west side and Numbers 1 and 2 on

the east side beneath the SWPS base mat. When this initial

underpinning is completed, the access cofferdam will be
"

lowered locally at the northwest corner to elevation 609' to

provide access for excavation of a tunnel beneath the west

wall of the SWPS.~*/The unde 1 pinning piers along the remainder

of the structure will be constructed from Elevation 618'

by means of approach pits.

The cofferdams typically will be constructed using

standard methods. First, auger holes ab'out 2 feet in dia-

meter will be excavated down to elevation 600'. The top 6 t,o

8 feet of each hole will be lined with a steel casing. The

holes will then be filled with a slurry mixture, and steel

beams, called soldier piles, will be inserted into the hole.

Concrete will tnen be tremied into the hole to displace the

slurry mixture. In some locations on the north side, where

congested areas of underground utilities are encountered,

hand-excavated and lagged piers will be constructed, a steel

-*/ A tunnel must be used along the west wall because of
the location of the circulating water intake structure.,
The details of the tunnel construction are shown in
Fig. SWP-12.



__ _ _ _

,

-10- -

soldier beam inserted, and the pier filled vith concrete.

The distance between soldier piles will be about 5 to 7 feet

around the access cofferdam perimeter. As excavation pro-

gresses downward, flat tubular steel lagging will be in-

stalled. The trimming of soil, trimming of the lean concrete

in the auger holes, placement of lagging, and backpacking

behind them with soil will be done by manual labor. At
t

i predetermined intervals, horizontal beams, called wales,

will be installed to support the soldier piles. Support for

the adjacent earth around the perimeter is provided in'this

manner at the same pace as the excavation in the cofferdam

; progresses downward. The excavation progress will be coor-

dinated with the groundwater removal so that the measured
,

j groundwater levels will always be at least 2 feet below the
i

! permitted exc.avation level, including that encountered in

the hand-dug pits.

4.3 INITIAL UNDERPINNING

Wall construction will begin from the access
7

| cofferdam at the northeast and northwest corners of the

st~ructure. Working from the cofferdam, construction of
'

three piers at each corner and five piers at the center of

the wall will be performed. The piers will be constructed

in the sequence indicated in Plan Section A of Fig. SWP-ll.

A typical pier is 5 feet long, 4 feet wide, and 30

feet deep. The piers along the north wall will be belled to

six feet at the bottom. The pier areas will be excavated

j to undisturbed hearing material. The full depth of the pit

. . - - - . - . - .-. - - - _. . - - . . .-- - - - - .- - - - - . , , - . - - - - . _
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|
| excavation will be supported by steel tubular lagging which
| -

forms the sides of the pier (see detail in Fig. SWP-12).!

It is anticipated that glacial till will be

,

encountered at final subgrade. However, pockets of alluvial

l

L sand may be encountered. In such cases, it is anticipated

that the' sand will be removed down to undisturbed glacial

till, provided that the excavation of the sand will be

relatively shallow. The shallow pockets will be filled with

concrete. If deep alluvial sand is encountered (deeper than

18' inches), it will be accepted for the foundation footing,

provided it is undisturbed and of the quality described ir.

Section 8.2 below. The onsite geotechnical engineer will

determine when suitable foundation material has been reached

using a combination of visual inspection, probing and penetro-

meter readings. (See Section 8.1.3.). After the foundation

material for the pier has been approved, a lean concrete mat

will be placed. Then reinforcing steel bar with couplers

will be placed, pier instrumentation (see Section 4.6) will

be installed, and concrete for the pier will be poured. The

concrete will be cured to 2000 psi minimum strength before

the initial jacking load is applied.

- The principal consideration in the first stage of

the construction is to provide initial support to the north

end of the building. To compensate for the possible loss of

support under the base slab caused by the underpinning

operations and to further counteract loss of buoyancy, the

underpinning construction procedure requires jacking an

initial load into each pier.
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The initial jacking load will be maintaine'd as4

follows:

i) The pier will be loaded to 125% of the speci-
fied initial jacking load and continued at
that load.until the relative movement between
the top of the pier and the underpinned
structure is less than 0.01 inc'h for a con-
tinuous one hour period. When this condition
is satisfied;

ii) The pier load will be reduced to 110% of the
specified initial jacking load and continued

'

at that load until the relative movement
between the top of the pier and the under-
pinned structure is less than 0.01 inch in a
continuous 24 hour period. When this condition
is satisfied, the jacking load will be reduced
to 100% of the specified jacking load.

For pier 1, however, a load test to 130% of the load corres-

! ponding to the maximum allowable bearing pressure will be
,

conducted prior to reducing to the specified jacking load
a

for this pier. In addition, if any piers are to be founded
J

on alluvial sand, then the first pier to be so constructed
i

j will also be load tested. After jacking a pier, the underpinning
i

work will be advanced to the next pier to be constructed.

Each group of three corner piers (Piers 1, 2 and

| 3, on the east and 1A, 2A and 3A on the west) has been

assigned a total of 465 kips of load. However, the piers.
:

and underlying glacial till have the capacity to support at

least 2,000 kips at each corner, with a factor of safety of

2.0, should additional unplanned load be transferred to

these piers. Based on calculations, it has been determined

that the north structural wall above the underpinning ir

sufficient to transfer these loads safely to the end groups

of piers.
:

After the corner piers are completed, the remaining

!

- .-. , _ - ~ -- .. _ -_,.- ._ -- - ,--- --- - -,---m . , - - - - , _ - -
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piers which receive an initial jacking load are constructed

in the sequence shown or. Fig. SWP-ll.

The initial jacking load for each pier has been

calculated so that most of the initial load will be distri-
buted evenly along the north wall. The remaining load will

be distributed to piers 3 and 9 on the east and piers 3A, 8

and 9A on the west wall. The loads will be monitored and

adjusted for any shift of load caused by pier settlement.

During the period that the initial jacking load is maintained

on the piers, frequent checking of jacking load will be

performed, and the wedges will be periodically retightened.

In effect, the tight wedging will be a safeguard for the

structure's support should a jack or its hydraulic line fail

while loaded. In addition, screw collars which can be

tightened on each jack after stressing will be installed as

an added safety factor against sudden downward jack movement

should the jack pressure lower inadvertently.

4.4 FINAL UNDERPINNING

After Piers 1 through 9A (refer to Plan Section A

of Fig. SWP-ll) have been initially jacked, the final

jacking forces as specified in the jacking load table (Fig.

SWP-ll) are applied. The final jacking loads will be applied

by simultaneously jacking all piers and sustaining this load

long enough to assure that pier deflections are occurring at

a satirfactory rate. (See Section 8.3 for a description of

the criteria for acceptance of final jacking.)

__. -
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After the above acceptance criteria have been met,

the wedges will be driven tight and welded in place (See

Detail 2 of Fig. SWP-12) . The jacks will then.be removed

and the space between the top of the piers and the underside

of the SWPS base slab will be closed with concrete and

grout.

While the final load is being maintained in the

jacks, the two pier areas at the interface with the main

portion of the SWPS (Piers 10 and 10A), as well as Piers 11

and llA, can be excavated. Reinforcing bar dowels will be

drilled and grouted into the vertical face of the lower

portion of the existing structure. (See Detail 5 of Fig.

SWP-12.) After the final jacking is completed, the casting

of Piers 10 and 10A will encase the dowels, thereby tying

the vertical face of the underpinning wall to the existing

structure. At the same time, Pier 11 and the portion of
'

Pier llA up to the bottom of the tunnel can be placed.

To tie the top of the underpinning wall to the

existing structure, anchor bolts embedded in the concrete of

I the piers will extend through holes drilled through the

upper foundation slab of the SWPS.

When pier interfaces are completed, the access

tunnel at the west side will be filled with lean concrete.

(Because the north end of the structure will be entirely

supported by the underpinning, a nonstructural c.oncrete can

be used.) The tunnel will be filled and an exit made at

Pier llA. The remainder of Pier llA is then cast, and its
.

jacking load applied.

, . _ - - - - _- _ _ . - _ _
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The top of the underpinning wall will then be

fastened to the existing structure by tightening and grout-

ing the previously placed anchor bolts (See Fig. SWP-13).

Because concreting of Piers 10 and 10A and tensioning of the

anchor bolts do not occur until after the final jacking load ~

is locked off, these connectors do not transfer dead loads
i

or jacking loads at the interfaces at the time of lockoff.

At this stage, the underpinning of the SWPS is complete.

4.5 WALL CONTINUITY

The underpinning wall is constructed in pier

segments and the piers are jacked at different times. To

obtain wall continuity, the piers must be tied together withi

continuous reinforcing steel and. shear keys. Splicing the

reinforcing steel with reinforcing bar couplers placed at

the interface of adjoining piers will provide continuity in

the reinforcing steel. (See Detail 1 of Fig. SWP-12.)

Shear keys lock the concrete of adjoining piers

together to enable the piers to act as a structural unit.

The keys are created by forming a void area at the face of

the first of the two piers constructed. This void is filled

by the concrete cast in the second pier. As a result of the

use of shear keys and coupled reinforcement, the piers
?

together form a continuous wall which will resist lateral

and vertical forces in the same way that a continuously

constructed wall resists those forces.

4.6 INSTRUMENTATION OF UNDERPINNING PIERS

During underpinning installation, each pier will

be instrumented to monitor deflection of the pier tops and

-_ ___ _ _ _ _ . . . _ . - . _ _ - _ _ _ . - _ _ . . - - . . .
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bottoms. Pier top movcment is monitored by an extensometer
'

dial gage with. readings taken between the underside of the

foundation slab and the pier top. Monitoring will begin the

day after pier concrete is placed and will include measure-

ments during and after initial jacking.

Pier bottom movement is monitored by devices

called telltales to help differentiate between the deflection

in the underlying soil and deflection of the top of the pier

due to shrinkage and creep. The te11 tales consist of the

following instrumentation. A steel plate with an attached

rod will be placed at the base of the pier (see Section D

of Fig. SWP-12). The rod will be enclosed in a small diameter
pipe sleeve to allow free .novement. The rod and sleeve,

which extend to the top of the pier, will be put in place

before the pier concrete is poured. The top of the rod is

connected to an extensometer dial gage which.also indicates

movement relative to the Lase slab. Rod movements will be

recordca simultaneously wita monitoring of the pier top.

These instruments produce measurements relative to

the position of the base slab. Absolute pier top and bottom

movement values'can be obtained by adding the measurements-

of movement, if any, of the base slab obtained from the deep

bench mark monitoring.
'

Carlson-type stress gages will be embedded 11: the

concrete of the three piers in each corner. These gages

will be monitored during installation or the corner piers

and the remaining north wall piers. This information, in

_ _ _ , - . _ _ _ _ . ,
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addition to other monitoring instrumentation, will be used

to adjust the jacking loads.

4.7 BUILDING MONITORING DURING CONSTRUCTION

4.7.1 Existing Building Vertical Movement Monitoring

For the past several years, level readings have

been used to monitor settlement of the SWPS at four loca-

tions. (See Section 1.4.2). In addition, the Applicant has

established additional settlement reading points at the mid-

span of the north side of the building and on the east and

west. side at the mid-point of'the deeper portion of the

structure and at the location of the vertical interface with

the main part of the structure. These points will be observed

by means of optical level runs before and after significant
!

,
events which may affect the settlement of the structure and,

'
-

during the underpinning operation, on at least a weekly

basis. Readings are made with an accuracy of approximately

+0.005 foot.

In addition, a minimum of four deep bench marks

will be installed to monitor SWPS movement during under-

pinning. Two will be installed at the north corners, one

along the east wall near the depth change and one at the

southeast corner. These deep bench marks will extend to a

depth of at least 150 feet below grade level (elevation 634')

and will be grouted into the undisturbed glacial till. A

steel bracket arrangement will be attached to the SWPS to

position a dial gauge or linear variable differential trans-

ducer (LVDT) above the two deep bench marks.
,

_ . . . - . _ _ _ . __. _ _ _ _ _ . _ _ __ . _ _ _ _ _ __
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For a. period prior to underpinning work, the

instruments will be read daily or more frequently to provide-

a base.for subsequent readings. After the underp 'nning

contractor begins his work, the instruments will be read

daily or-more frequently to monitor. effects of construction
;

on the building displacement. By plotting the measurements

made along a north-south line of bench marks, the structural

deflection of the building will be monitored, as well as the

rotation of the SWPS during underpinning.

4.7.2 Strain Monitoring s

Extensometers will be placed at two locations on

the exterior east and west walls straddling the junction of

the overhang and the main portion of the structure to monitor

strain during the underpinning operati$n. Four 5' long

extensometers, which will span a minimum of 20 feet, will be
,

; installed near the roof line of each wall and four 5' long

extensometers will be located-on each wall at Elev. 628'-0".

Each 5' long extensometer will measure the strain primarily

with a,LVDT and secondarily with dial gages. Reading fre-

quency with be as described in Section 4.7.1.

4.7.3 Building Crack Monitoring
i

During various stages of the underpinning work,4

accessible areas in the critical locations in the over-
.

hanging portions of the SWPS resting on fill will be monitored

for cracks. The critical locations are the exterior east

j and west walls of the overhang and the roof slabs at the

!

junction of the overhand portion of the building with the

'

deeper portion of the building.

:

. . . ~ , . . - .. - . - . - _ , . . . - - . , - . - - . - - _ , - - . , . , . - ---. . , , , . ~ , . . . _ , ,-
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4.7.4 Acceptance Criteria

The acceptance criteria for relative displacement,

strain monitoring and crack monitoring, as discussed earlier,

are as follows:

Alert Level Action Level

(1) Relative displacement [ex- 50 mils 70 mils
cluding rigid body motion]
in the north-south direction.

(2) Strain monitoring. .001 in/in .002 in/in

(3) Crack mapping. New cracks Any crack
exceeding reaching 60
10 mils or mils.,
any crack
exceeding
30 mils

The terms " alert level" and " action level" are

defined as follows:

Alert Level:

All values up to the alert level are considered to

be within normal working ranges.

Settlement, strain and cracking information will -

be reviewed by the resident structural engineer daily. In

general, for readings below the alert level, attention

should be focused on the value of the readings versus the

construction progress and any indication of trends that

would indicate the alert level will be exceeded.

Once the alert level is exceeded, the site resident

structural engineer must inform engineering in Ann Arbor of

the situation. All available data should be evaluated in

total. Where trends exist that indicate the action level is
.

. - - - - - - - . , . ,_
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likely to be reached, plans will be evaluated to remedy the
situation. (Note: it is recognized that the evaluation may

conclude that no changes are warranted.)

Action Level:

~

Values in excess of the action 1evel must be

reviewed by the resident structural engineer and by en-
gineering in Ann Arbor.

Plans would be initiated to modify the condition

that caused the reading to exceed the action level. Con-

sumers Power Company must be informed of the revised plan so

that the NRC can be advised of the situation. (Note: it is

recognized that the evaluation may conclude that no changes

are warranted.)

5.0 ACCEPTANCE CRITERIA

5.1 UNDERPINNED STRUCTURE

As discussed in Section 1.3, the SWPS is designated

as a Seismic Category I structure. As such, the underpinned

structure is analyzed in accordance with the design criteria
and applicable loads and load combinations described in FSAR

Section 3.8.6.3, Rev. 44. This includes checking for stability

against overturning, sliding, and flotation. The operating

basis earthquake (OBE) and safe shutdown earthquake (SSE)

loads for the existing structure are specified in Section

3.7 of the FSAR.

The existing structure is also analyzed for various
:
'

conditions corresponding to the construction of the under-

pinning wall.

_- . _ . -- . _ .- . _ _ .__
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The underpinned structure is required to satisfy
the stability criteria as'specified in the FSAR. The

existing portion of the underpinned structure must satisfy
the allowable stresses specified in the ACI 318 Code and

.

AISC codes, as specified in the FSAR.

5.2 UNDERPINNING WALLS AND CONNECTORS

The design of the underpinning walls and connectors

complies with the design criteria, loads, and load combina-

tions specified in the ACI 349 Code as amended by NRC

Regulatory Guide 1.142. The underpinning and connectors are

designed to withstand the effects of the site-specific

response spectra (SSRS) ground motion. The structural

forces resul. ting from the FSAR SSE ground motion were

multiplied by a factor of 1.5 for the design of the under-

pinning and connectors. The response from 1.5 times the

FSAR SSE envelops the final SSRS response.

5.3 MATERIAL PROPERTIES

The underpinning wall will be constructed of

reinforced concrete. The wall is constructed in segments

and assembled into a continuous wall by utilizing standard

Fox-Howlett couplers to splice the reinforcement where

necessary. The walls are attached to the existing structure

with grouted-in reinforcing bars and anchor bolts. The

specified minimum strength of the materials used in the

underpinned structure is as follows:

Concrete (existing structure) f'c = 4,000 psi

Concrete (underpinning walls) f'c = 6,000 psi

Reinforcing bars (ASTM A 615) fy = 60,000 psi

Anchor bolts (ASTM 540) fy = 120,000 psi

_ . _ - - . _ - . . _ -
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f'c is the compressive strength of concrete. fy is the

minimum yield strength of steel.

Fox-Howlett couplers comply with requirements of

ASTM 576.

6.0 DESIGN OF THE UNDERPINNING WALL

The underpinning wall is designed for the loads

and load combinations discussed in Section 5.2. Included in

these loads is the jacking load -- a load which is not

unusual in underpinning work.

6.1 JACKING LOAD

The jacking load fulfills two objectives:

1. The initial jacking load supports the overhang

portion of the existing structure during construc-

tion of the underpinning.

2. In combination with the anchor bolts, the fina)

jacking load provides a means of adequately

transferring loads from the existing structure

through the underpinning to a suitable bearing
stratum following completion of construction.

6.1.1 Initial Jacking Load

The construction of the underpinning wall requires

a limited amount of excavation under the structure. To

compensate for the possible loss of support, an initial

level of jacking force is inserted between the top of each
underpinning pier and the SWPS. A total initial stage

jacking load of 3,130 kips is applied with 2,500 kips dis-
tributed to the north underpinning wall and the remainder to

,

- _____ _ _ _ __ _ _ _ _ - _
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the side walls. The value of 3,130 kips compensates for the

possible loss of support during pier and tunnel construction.

6.1.2 Final Jacking Load

In addition to providing the load transfer capa-

bility of the underpinning system, the final jacking load of
4,600 kips reduces the loading on the lower base mat. The

final jacking load, ccmbined with the building dead and live

loads, produces a more uniform distribution of soil pressure,

thereby improving the overall capability of the existing
structure.

.

6.2 BEARING PRESSURES
.

The thickness of the underpinning wall is set at

4 feet, with the base of the north wall enlarged to 6 feet.

Using the results of the finite-element analysis (explained

in Section 7.2), bearing pressures at the underpinning walls

and at the lower base slab are calculated and are shown in
FSAR Table 2.5-14.

6.3 INTERFACE CONNECTORS

After the final jacking load is locked off, the

underpinning wall is attached to the existing structure. At

the vertical interface, #9 reinforcing bars are grouted into

the existing structure and embedded in the underpinning
wall. The attachment at the horizontal interface is made
with 2 3/4-inch diameter anchor bolt assemblies, which

connect the foundation slab of the existing structure to the

underpinning.

ACI 349 load combinations, including the increased

seismic forces referred to in Section 5.2, are used to

- __ - . , . - . . -.. . - . ._ - , -
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obtain the shear and axial forces that the connectors must

transmit. To more adequately transmit these forces, the

contact surfaces of the existing structure are to be rough-

ened in compliance with the ACI 349 code. For details of

the described connections see Figures SWP-12 and 13.

7.O STRUCTURAL EVALUATION

An evaluation is made to verify that the existing

structure, underpinning walls and connectors, and the t5tal

underpinned structure meet the acceptance criteria explained

in Section 5.0. .

7.1 ANALYTICAL PROCEDURE

There are three steps in a structural evaluation.

The first.is to determine external loads that represent

actual loads to which the structure may be subjected during

its service life. The second stage involves calculating the

magnitude and distribution of internal forces and displace-

ments within the structure caused by application of the

external loads. In the third stage, forces are converted to

stresses and compared to allowables or directly compared to

section capacities.

7.1.1 Determination of External Loads

The external loads are briefly addressed in this

section. .They consist of many common types of loads, such

as dead, live, wind, seismic, and some special loads from

the effects of jacking forces and differential settlement.
,

7.1.1.1 Dead Loads

Dead loads are determined from the self-weight of

- _- - _. .- _ - _ - - -.
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L the structure, the weight of permanent equipment, and hydro-

static pressures.-

7.1.1.2 Live Loads

Design live loads consider probable load varia-

tions during the normal function of the building and are

applied to the floor and roof slabs. Lateral soil pressures

on the walls are also included in the live load category.

7.1.1.3 Wind and Tornado Loads

Wind and tornado loads are determined from the

external velocity pressure which varies as a function of the

wind velocity and the shape of the building. The effects of

tornado missiles are also included.

7.1.1.4 Buoyant Load

The buoyant load is determined from~the volume of

a submerged portion of the building during various condi-

tions including the probable maximum flood.

7.1.1.5 Seismic Loads

The seismic accelerations are determined using a

lumped-mass model with the response spectrum modal super-

position technique. The computed reismic response accel-
~

erations are multiplied by the structural element masses to

provide the seismic forces for the structural analysis. -

Further information on the seismic analysis ~cri-

teria, such as ground response spectra, damping values,
etc., is contained in FSAR Section 3.7. The details of the

dynamic model for the seismic analysis and associated soil-

structure interaction formulation were addressed by Dr. R.

P. Kennedy in previous testimony.
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The resistance of the underpir;ned SWPS to earth-

quake loads associated with the SSRS will be evaluated in

the seismic margin evaluation program. As stated in Section

5.2, the underpinning walls and connectors are designed to

withstand the effects of the SSRS.

7.1.1.6 Thermal Effects

Thermal effects result from the existence of

thermal gradients within the walls and slabs.

7.1.1.7 Jacking Preload

Before attaching underpinning to the existing

structure, jacking loads are treated as external loads.

After the underpinning is attached to the building, jacking

preload effects consist o'f internal forces, moments, and

deformations retained in the structure.

7.1.1.8 Settlement Effect

The long-term differential settlement effect is

included in the analysis for sustained loads, using ap-

propriate soil springs to reflect settlements predicted in

Section 8.4 of this testimony.

7.1.1.9 Construction Loads

Construction loads are temporary and are applied

to the existing structure during construction of the under-

pinning walls. They include post-tensioning loads, dewater-

ing effects, reactions from struts placed against the struc-

ture during excavation, and jacking loads during various

stages of underpinning wall construction.
,

I
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7.1.2 Internal Force Distribution

Internal force magnitude and distribution and

structural displacements are determined by solving a series

of force-displacement equations. The three-dimensional,

finite-element model representing the elastic behavior of

the SWPS under load serves as the basis for the equations.

The finite-element model is explained in Section 7.2. Fur-

ther details of the analytical procedure are set forth in

Appendix B of the previously submitted testimony of Burke,

Corley, Gould, Johnson, and Sozen for the Midland plant

auxiliary building.

7.1.3 Comparison to Allowable Stresses

Calculated stresses are compared to allowable

stresses by selecting locations subjected to the highest

internal forces and moments. Two options are generally used

to verify adequacy:

1. Forces and moments are converted to stresses and

compared to allowable stresses.

2. Forces and moments are compared to section capac-

ities.

7.2 METHOD OF ANALYSIS

The underpinned structure is analyzed by the

finite-element method using the Bechtel Structural Analysis

Program (BSAP). The existing structure and underpinning

wall are modeled by a set of finite elements. The model

consists of approximately 1,200 elements. Plate elements

representing the floors and walls of the structure form the
.
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largest group of elements. Plate elements are also used at

the interfaces of the underpinning walls and existing struc-

ture to simulate the connection detail. Beam elements are

used to represent beams and columns. Soil support to the

structure is represented by boundary elements that act as

springs. Different spring values are used to simulate

different settlement and loading conditions.

Two mcdel configurations are used. The first

model is the disconnected model in which the underpinning

wall is not connected to the structure. This model is used

to analyze the construction conditions. The second model is

the connected model in which the underpinning wall is con-

nect'd to the structure. The second model is used to analyzee

all other conditions.

7.3 RESULTS

Approximately 95% of the principal ctructural
-

elements of the SWPS are slabs and walls. The remaining 5%

are beams and columns.

The evaluation of all slabs and walls of the SWPS

has been completed. The existing structure, underpinning

walls, and connectors meet the design criteria contained in

the FSAR and described in Section 5 of this testimony.

Typical results are given in Table SWP-1.

The beams and columns of the SWPS are being

evaluated, and the results will be available for NRC Staff

review by. December, 1982.

.

- -
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In the Applicant's response to NRC Question No. 26

regarding plant fill, the Applicant committed to check the

existing structure for the load :ombinations contained in

ACI 349, as modified by Regulatory Guide 1.142. This check

indicates that the existing structure generally meets ACI

349 with the exceptions of some localized areas where minor

over-stresses occur. In our judgment, this condition does

not affect the structural intdgrity of the building.
8.0 GEOTECHNICAL CONSIDERATIONS

8.1 CHARACTERISTICS OF THE UNDERLYING SOILS

The original site investigation and subsequent

borings near the SWPS disclosed the presence of hard glacial

till throughout the immediate vicinity. Table SWP-2 lists

the successive boring programs pertinent to the SWPS, the

dates the borings were made and the type of technical infor-

mation developed from the boring and sampling.
. . en

In 1981 an investigation by Woodward-Clyde Consul-

tants (WCC) added information on subsoil conditions (See

Reference 1). These WCC borings included numbers COE-14,

COE-15A, COE-16, and COE-16A. Borings Nos. COE-16 and 16A,

made at the northeast corner of the SWPS, provided detailed

properties of the glacial till.

A plan of the immediate area of the SWPS under-

pinning with locations of borings relevant to'the under-

pinning design is shown in the upper panel of Fig. SWP-15.

In the lower panel of Fig. SWP-15 is a geological section

developed through the U-shaped underpinning wall with the
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wall unfolded.as if it were being viewed in a single ver-

.tical plane. The borings are plotted at positions projected

at right angles to the line of the underpinning wall.,

f Standard sampler penetration resistance.is shown at.the
e

j borings where these values were obtained.
+

The borings near the planned underpinning wall re-

i vealed three general subsoil strata which are described in

i the following paragraphs in order of depth from the ground

surface. The properties of these three strata are sum-

marized-in Table SWP-3.

i 8.1.1 Stratum F, Fill i

i

This stratum consists of clay with lesser amounts

! of sand, extending from present ground surface typically to
,

a depth of 34 feet, or from elevation 634' to 600'. The
.

tests on WCC boring samples demonstrate that the fill is
,

chiefly a clay soil of moderate plasticity with 65 percent
,

passing the 200 sieve size. Median shear strength of the,

clay from nine undrained shear tests on clay in the WCC,

borings is 1.5 ksf. Beneath the overhang structure, sampler
:

penetration resistance has a median value of 17 blows per

foot in the clay and 16 blows per foot in sand fill at the
4

| southwest of the overhang. There are a number of thin

layers of concrete.
t

8.1.2 Stratum A, Alluvium
i

i This stratum consists of very dense sand mixed and
i
i interlensed with lesser amounts of silt and clay, extending

typically to elevation 590'. In some locations it is in
|
1

i

i

t

, ,..---.-y., 9... y w , ,-e,.-,.-, -,,w-,..,-e,---,.,._,-,---.---e-- , . . , - - . - . ,.,- ,,-..%- %.,,n,.-e,.n,w ,e,,,..--,%w- ww ,.w. .,.



''A ' 1

-31-

pockets within the upper portion of the glacial till. It is

chitfly classified as "SM, silty sand" with some amount of

smali gravel, with 28 percent passing the 200 sieve size.

Standard sampler penetration resistance is medium to very

high, generally between 40 and 120 blows per foot with a

median of 90 blows. Test values of undrained shear strength

from three CIU triaxial tests average 25 ksf under chamber

pressures of about 2 ksf. Drained friction angles average

I 41 degrees. These exceptionally high strength and sampler

i penetration resistance values indicate that, after deposition

by water action, the alluvium was overridden by the waning

continental ice sheet and is therefore preconsolidated.

8.1.3 Stratum T, Undisturbed Glacial Till

This stratum, which con'sists of extremely compact

sandy clay till, was encountered typically below elevation

590' down to the maximum depth explored in the borings.. The

presence of undisturbed glacial till will'be determined in

the field by the resident geotechnical engineer, utilizing

the Waterways Experiment Station CN-973 penetrometer device.

Continuous sampling at the WCC borings indicates

that the till is remarkably consistent for the full depth of

those borings. Detailed testing at Boring Nos. COE-16 and

COE-16A yielded the following average properties: 57 per-

cent passing the 200 sieve size; liquid limit of 17; plastic

limit of 11; natural water content of 9 percent. Standard

sampler penetration resistance ranges typically from 50 to

120 blows per foot with a median value of 75 blows. Ten

.- .. - - . . - - - _ ._. . -



.. ._ . - . ._ _ _

o>

i
"

,

| -32-

: undrained triaxial tests performed on the WCC boring samples.
!

; yielded a median undrained shear strength of 18 ksf. The

preconsolidation stress evidenced in several WCC consoli-
!

I dation tests is at least 48 tons per-square foot. For the-

purpose of settlement analysis, modulus of elasticity (E) of'

:
' this extremely compact _ sandy clay till was. assessed based on

h
'

the following conventional correlation: E equals 500 times
,

! the undrained shear strength. Thus E must be at least 6,000

to 9,000 ksf. '

I
j The glacial till found at the SWPS location would

have been deposited in the original advance of the contin-

ental ice by being pressed directly on an underlying re-

sistant surface by the thrust of the ice sheet. It is one

f of the hardest and most stable glacial soils encountered in .

the northern and eastern United States. For example, its

| test properties are superior to the glacial till " hardpan"
4

| of New York City which serves as a supporting stratum for

many of the largest buildings in the country and which is
,

i
assigned a nominal allowable bearing capacity of 12 tons per

}
square foot.

8.2 BEARING CAPACITY OF UNDERPINNING PIERS

j The SWPS underpinning piers will be founded at or

i below elevation 587' on und'isturbed glacial till. Ultimate
'

!

| bearing capacity is that value of unit loading on a found-
|

i ation which will cause shear failure in the supporting soil,
!

leading to continuous downward movement. The safety factor
,

| against such a failure equals the ultimate bearing capacity
,

:
s

i
!
1
i

:
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divided by the prescribed combinations of applied loading.

The bearing capacity commitment in FSAR Subsection 2.5.4.10.1

for the foundation design requires a safety factor of at

least 3 against dead load plus sustained live load and a

safety factor of at least 2 for these loads plus the seismic

load. In engineering practice these values represent a

conservative selection.

For purposes of computing the ultimate bearing

capacity for the SWPS underpinning it is appropriate to

multiply the till's undrained shear strength by a " bearing

capacity factor." Bas 9d on the testing conducted at the

SWPS location as well as a review of other relevant soil

boring information contained in Fig. SWP-15 and Table SWP-3,

'an undrained shear strength value of 8 ksf has been con-

servatively selected for the glacial till. The shear strength

properties of the alluvial material are even more favorable
'

than those determined for glacial till. '

The bearing capacity factor is a parameter which
.

relates cohesive shear strength and ultimate bearing pres-

sure. As demonstrated by A. W. Skempton in Referenca 2, it

is a function of the shape of the footing and its depth of

embedmont in the supporting soil. A distinctly conservative

bearing capacity factor of 6.5 was selected for this anal-

ysis on the basis of a depth of embedment which is at least

equal to the 6-foot width of the base of the north under-

pinning wall. With this bearing capacity factor and an

undrained shear strength of 8 ksf, the ultimate bearing
.

capacity is 52 ksf.

. __ _ , _ _ _ _ _ __ __- . _ - _ _
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: Jul evaluation was also performed using the drained

strength parameters from WCC testing' set forth in Table SWP-

3. (C'=0.73 ksf and # = 36*) . The ultimate bearing capacity

with drained shear strength is approximately 160 ksf.

Since the undrained shear strength is smaller than
,

the drained shear strength, the ultimate bearing capacity
.

of 52 ksf, based on undrained shear strength, is used. Safety
4

factors are determined by dividing the ultimate bearing

capacity by the various applied loads and are summarized in

FSAR Table 2.5-14. These factors of safety exceed the re-
,

quired values.
i
'

8.3 ESTIMATE OF SETTLEMENT OF THE UNDERPINNING PIERS

The anticipated total settlement of the underpinning
,

i wall was computed utilizing elastic theory and a conservative

'

selection of undrained modulus of elasticity of 4,000 ksf.

The partictlar equation employed is that given on Figure 11-;

9 of Reference 3, which contains factors to allow for the
.

shape and embedment of the permanent underpinning. The.

total settlement thus computed is estimated to be between
,

i

! 0.4 to 0.5 inch over the 40-year life of the SWPS. This

includes the immediate settlement, settleinent due to volume

change from primary consolidation and long-term, delayed

' secondary compression settlement.
,

The underpinning scheme with its load applied by

jacks will prestress the till into " secondary compression,"

; which is that long-term gradual settlement which takes place

under load in fine-grained strata after the hydrostatic
!
!

|
.

I
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excess pore water pressures have been dissipated. It is

manifested as a straight line relationship between settlement

and log of time in a semi-log plot. Secondary compression

has also been referred to as " secondary consolidation."

It is a fundamental provision of the underpinning
scheme that the immediate settlements and consolidation, if

any, will occur during the jacking phase and only the

secondary compression will remain to take place in the 40-

year life of the structure. It is intended that the final

jacking operation be continued until the following criteria
are satisfied:

1. The jacking load for the permanent underpinning
will be maintained at the specified value for at
least.30 days and;

2. On a semi-log time plot, the progression of
settlement in the later stage of jacking will
approximate a straight line,

3. No more than 0.05 inch of settlement will occur in
the last 30 days of jacking, and

4. No more than 0.01-inch settlement will occur in
the last 10 days as measured by extensometer dial
gages.

After these criteria are satisfied, it is assured

that secondary compression alone remains to occur. Once
,

this condition has been reached, sufficient data will be
i .

available to make a prediction of future settlements by an

extrapolation of the straight line trend of secondary com-

pression.

The secondary compression portion of the total

settlement value has been estimated by weighing the following
items of information:

._, ._- - _ _ _ - - - - .
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1. The WCC testing report (Reference 1) yields a
coefficient of secondary compression in the stress
range associated with the underpinning piers equal
to 0.0005 units of strain per log cycle of time.
The underpinning piers will cause significant
stress increase within a depth equal to one foun-
dation width or 6 feet. Therefore, the settlement
from secondary compression in each log cycle of
time would equal 0.0005 times 6 feet times 12 to
convert to inches, a value of 0.04 inch per log
cycle. In the two log cycles of time from the
completion of jacking to the 40-year life of the
structure, secondary compression would total 0.1
inch by this computation.

2. Actual observations of settlement extending over
several years at the SWPS indicate that the portion
of this large structure founded on the sandy clay
till settled in the range of 0.2 to 0.3 inch per
log cycle of time. From this it would be reasonable
to conclude that the smaller SWPS underpinning
units would settle typically 0.1 to 0.2 inch per
log cycle.

3. General experience of settlement of large structures
on heavily preconsolidated clay, as illustrated by
data presented by A. W. Skempton (Reference 2),
indicates that long-term delayed settlement is
typically one-fifth to one-third of the total
settlement of the structure.

Based.on the above considerations and on experience

with similar controlled loading of spread footings on glacial

till, it is estimated that two-thirds to three-quarters of

the total computed settlement of 0.4 to 0.5 inch will be

completed in the jacking period, leaving 0.1 to 0.2 inch of

long-term settlement of the underpinning piers to take place

in the 40-year life of the structure.

8.4 DIFFERENTIAL SETTLEMENT BETWEEN UNDERPINNING AND MAIN
SWPS

Settlement measurements at the corners of the main

SWPS structure founded on undisturbed glacial till commenced

in the summer of 1978. These measurements defined semi-los

i

- - _ _ . _ - _ . . ,- , , _ _ _ . _ _ . - . _ . . . _ - _ _
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straight lines which yield estimated projected settlement be-

tween the present date and the 40-year life of the structure

equal to about 0.2 to 0.3 inch if loading conditions remained

unaltered. The present loading is essentially the buoyant

dead load of the structure with no water contained in the

building's reservoirs and is equal to 1.6 kst. The predicted

long-term settlement for the bottom of the underpinning

piers after jacking was estimated (see Section 8.3) to be
.

about 0.1 to 0.2 inch. Hence, the potential for differential

settlement between the portion of the building to be under-

pinned and the main portion of the building presently founded

on undisturbed glacial till is on the order of 0.1 to 0.2

inch, if the loading conditions on the latter portion of the

building remain as they are now. .

The long-term loading of the main portion of the
'

SWPS and the sequence of operating conditions which could

influence this future settlement trend are as follows:

8.4.1 Filling SWPS Reservoirs

The average distributed static design unit load of

the main SWPS building, including dead and sustained live

load, over the entire slab founded on undisturbed glacial

till equals 3.2 ksf. This includes an allowance for the

buoyancy from hydrostatic uplift with the groundwater level

maintained at elevation 627' and it also includes the weight

of the water contained in the reservoir of the SWPS.

Of that 3.2 ksf, a total of 1.6 ksf, or one-half

of the sustained loading is contributed by the weight of

-- - - - _ . . _ .
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water _in the' building's water reservoirs. It is intended

that the SWPS water reservoirs be totally filled before

underpinning is completed. During regular operations of the |

SWPS, maintenance and cleaning will be accomplished by

unloading reservoirs individually. Therefore, the water

reservoirs' load will never be removed or reapplied all at

one. time. It is estimated that changes in loading after

filling will amount to only one-quarter of the total of 1.6

ksf, or 0.4 ksf.

In April 1980 the SWPS reservoirs were filled to

the extent of adding a unit load of 1.2 ksf. This loading

was maintained until October 1980. The observed settlement

in that period was no more than 0.2 inch. Full filling of

the tanks would therefore be expected to cause a settlement

of approximately 0.3 inch and partial emptying and refilling

would cause up or down movement of about 0.1 inch. All of

these movements refer to the main portion of the SWPS building

and would be expected to have insignificant effects at the

north wall underpinning.

8.4.2 Dewatering and Drawdown

Piezometer observations in September 1982 indicate

that a groundwater level at about elevation 612' now exists

beneath the SWPS structure. It is expected that there will

be a drawdown during underpinning to approximately elevation "

585' along the north underpinning wall of the SWPS that could

create lowering of piezometric levels in the glacial till

beneath the structure. On the basis of the assumed flow
.
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field and drawdown within the underlying glacial till, it is

estimated that the drawdown for underpinning could cause a

settlement of about 0.2 inch beneath the north underpinning

wall and less than about 0.1 inch beneath the south wall of

the main SWPS. This drawdown settlement will occur with the

underpinning construction and will be recovered to some

extent at the end of thet operation.

8.4.3 Summary of Differential Settlement

In summary, fluctuations of the water loading in

the reservoir will be the principal influence on movements

of the southern main body of the SWPS whereas changes in

drawdown of the plant area will chiefly affect settlements

of the piers. An exact prediction of the settlements due to

these effects acting concurrently cannot and need not be

made. A distinctly conservative evaluation of these possible
,

effects can be achieved by assuming a differential movement

of 0.3 inch between the center of the main block of the SWPS
and the north wall underpinning elements and that differential

settlement could occur with maximum settlement either at the

underpinning or at the main SWPS block.
,

9.0 CONCLUSION

As a result of these investigations and analyses

as presented herein, it is concluded that the underpinning
can be constructed without damaging the existing structure.

With the underpinning resting on sound foundation material,

the structural analysis of the modified structure proves

that the SWPS will safely perform its intended function for

the 40-year life of the plant.
'

_ - _ _
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As previously discusped in tiiis proceeding, certain

details of Applicant',s testimony may be modified as con-

struction proceeds. Any major changes would be brought

to the attention of the NRC Staff pursuant to the Work
\

Authorization Procedure established in August 1982.

4

.

O

i

1

. - . . . ~ - , , - , - - - - - . . , --- , _ . - , - - , - , _ , . . - - . . - - - - , - . , , - - - - . ,



REFERENCES

1. Woodward-Clyde Consultants, Test Results, Auxiliary
Building Soil Boring and Test Program, Midland Units 1
and 2, Midland, Michigan,. October 26, 1981

2. A. W. Skempton, "The Bearing Capacity of Clays " Building,

Research Conference Congress Proceedings, 1951

3. NAVFAC Design Manual DM-7, Soil Mechanics, Foundations,
and Earth Structures, Department of the Navy, Naval
Facilities Engineering Command, March 1971

.

9

6

0

e



7

TABLE SWP-1 *

TABLE OF REINFORCING BAR MAXIMUM STRESSES
FSAR LOAD COMBINATIONS

Maximum Stress in gy)
Reintorcement

Location (ksi) Load Combination

South Wall 49.007 1.0(D + L + P +T + E')-
L o

North wall, 20.378 1.0(D + L + P +T + E')
el 620'-0" L o
to el 656'-0"

East wall 48.410 1.0(D + L + P +T + E')
L o.

West wall 44.618 1.4(D + L + E) + 1/0(P +T)
L o

Interior wall 52.638 1.4(D + L + E) + 1. 0 (P +T)
L o

Roof slab 50.549 1.J(D + L + E) + 1. 0 (P +T)
L o

Floor slab at 50.939 1.4(D ' L + E) + 1.0(P + T }-
el 634'-0" L o

Underpinning 42.752
~

0.9(D) + 1.7(L) + 1.0(P ) + 1.9(E)walls (2) L

Base slab at 15.779 l'.0(D + L + P +T + E')
L o

D = Dead Load
L = Live load
p = Final jacking load
L

T = Operating thermal load
o

E = Operating basis earthquake
E' = Safe shutdown earthquake

(1) Allowable reinforcement stress = 54 ksi

(2) Designed for ACI-349 load combinations

.
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TABLE SWP- 2 SUMMARY OF TEST BORING SERIES IN VICINITY OF THE
SERVICE WATER PUMP STRUCTURE UNDERPINNING

Boring Date
Series Performed Purpose of the Borings Technical Data

C Oct. 1969 In original preconstruction Standard sampler penetration re-
investigation sistance (N values) , no laboratory

testing

D June 1970 In original preconstruction Standard sampler penetration re-
investigation sistance '(N values) , no laboratory

.

testing

SWP Oct. 1974 Preconstruction investigation N valuer, no laboratory testing

SW Oct. 1978 to Investigate character of fill N values, grain size analyses
March 1979 beneath and around overhang -

Test Pit June 1979 To investigate fill condition Material identification test in-
at NE corner of SWPS cluding, moisture content, density,

limits, sieve analysis, specific
gravity, and compaction testing

CH July 1979 Determir e seismic velocities N values, no laboratory testing
in fill and till

.

PD Dec. 1979 to Groundwater investigation N values, grain size analyses
Feb. 1980 .

.

!

l,

4
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TABLE SWP- 2

--2-
. ,

<.

Boring Date '
'

Series Performed Purpose of the Borings Technical Data

COE April 1981 COE-16 and 16A: to obtain Continuous. undisturbed sampling for
to May 1981 samples for test to support identification and engineering

underpinning design properties tests - See WCC Report
10/1/81

WF May 1981 Groundwater investigation for Continuous undisturbed sampling for
Permanent wells identification and grain size

analysis

.

N

-f
'



TABLE SWP- 3 SERVICE WATER BUILDING UNDERPINNING -
PROPERTIES OF FILL AND SANDY CLAY TILL

_

Stratum F: Fill

. Median values of standard sampler penetration
resistance, "N" values, in blows per foot; taken in
underpinning zone below overhang foundation:-

For Clay Fill, N = 17 blows per foot
For Sand Fill, N = 16 blows per foot
(Sandy material concentrated at the southwest corner
and west wall.of underpinning)

Stratum A: Sandy Alluvium

Median Standard Penetration Resistance:

N = 90 blows per foot;
28% passing the No. 200 sieve size;
Average undrained shear strength from three
CIU traxial tests by WCC in 1981 equals 25 ksf.

Stratum T: Hard. Clay Till

Median Standard Penetration Resistance:

N = 75 blows per foot
57% passing the No. 200 sieve size;
liquid limit = 17
plastic limit = 11
Natural water content = 9%

Median Shear Strength from undrained triaxial tests

Median value
of Shear Strength

Testing Grouping (ksf)

Three UU triaxial tests 16

Seven CIU triaxial tests 22

All 10 undrained triaxial tests 18

Average drained strength parameters:

From 2 series of CIU triaxial tests by WCC, 1981:
o

C' = 0.73 ksf J' = 36

_, .. - - ,



TABLE SWP- 3

-2-

| Typical Consolidation Properties:

From 2 consolidation tests by WCC, 1981:

Recompression-Ratio: C /(1 + e ) = 0.004 (strain per log
cycle of pressure) r 0

Coefficient of Secondary Compression: 0.0005 (strain
per log cycle of time)

Coefficient of Consolidaton: C = 0.01 cm per second.
v

,

e
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SS: STATE OF MICHIGAN
COUNTY OF WASHTENAW

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

In the Matter of ) Docket Nos. 50-329-OM
) 50-330-OM

CONSUMERS POWER COMPANY ) 50-329-OL
) 50-330-OL

(Midland Plant, Units 1 and 2))

AFFIDAVIT OF ALAN J. BOOS

My name is Alan J. Boos. I am Assistant Project

Manager for the Midland Project for Bechtel Power Corporation.

In this capacity I am responsible for providing overall

management direction for soils work for Bechtel.as well as

for project services (procurement, administrative services,

cost and schedule). I have a B.S. and M.S. in Civil En-

gineering from the University of Michigan. I am a registered

professional engineer in the states of Michigan and Cali-

fornia. My resume is attached.

In connection with my role as Assistant Project

Manager, I have been assigned the responsibility for the

Service Water Pump Structure Testimony. I am personally

familiar with the events leading up to the decision to

implement remedial work on the building, and I participated

in the decision process related thereto. I have reviewed in

detail the proposed design of the remedial work and I am

jointly responsible with Edmund M. Burke, James P. Gould and

Palanichamy Shunmugavel for the testimony.
.
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I swear that the statements contained in this
,

affidavit, the attached resume, and the Service Water Pump

Structure Testimony are true and correct to the best of my
v

knowledge and belief.

* 1,x6
AN J. BOOS

SIGNED ANDgWORN TO BEFOFEme this 'J - day of<

6.34 1982.,

.
< .

i,,
* Q, /{-(W ~ O

NOTARY PUBLIC
Y.1Cenmission Expires hnaary 14,1933

|

.
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ALAN J. BOOS

POSITION Assistant Project Manager
__

EDUCATION BS, Civil Engineering, University "[1
of Michigan _J

MS, Civil Engineering, University -

of Michigan .

>

| PROFESSIONAL Registered Professional Civil Engineer
DATA in Michigan p

Registered Professional Engineer in California _-

_ _ .

SUMMARY l-1/2 years: Assistant project manager -w
4 years: Project field engineer 1-~

2-1/2 years: Area engineer ?-
1-1/2 years: Senior civil design engineer ,

2-1/2 years: Civil design engineer ,

2 years: Civil field engineer

EXPERIENCE Mr. Boos is currently serving as an assistant ,,

project manager on the Consumers Power Company
Midland project. In this position he
is responsible for providing overall manage- -

ment guidance for remedial soils work and
general project services (procurement, ,

'administrative services and cost / schedule).

Prior to this assignment Mr. Boos served as hh
project field engineer for the Midland project. 9
He was responsible for all field engineering t"

activities at the jobsite in this position. -

Prior to his assignment as project field |
"mengineer, Mr. Boos was an area engineer at the

Midland jobsite where he coordinated and =
directed all field engineering activities

,

for the construction of the auxiliary building.
d-

Mr. Boos came to the Ann Arbor Power Division
'

in December 1972 as.a senior civil design
engineer. He responsibilities included &

. reviewing project civil designs and acting "r
as the civil department's licensing engineer t
reviewing civil safety analysis report sections 7
prior to submittal to the NRC. =

,

Mr. Boos joined Bechtel in July 1968 as a =_

civil design engineer for the Power and -

Industrial Division in San Francisco. His T
assignments as a civil design engineer and _

a civil field engineer sent him to Russellville,
Arkansas, and to Homestead, Florida, where,

--

among other activities, he supervised the
-

repair of a post-tensioned concrete containment
dome.

February 1982
~

n
1 _
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SS: STATE OF MICHIGAN
COUNTY OF WASHTENAW

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

In the Matter of ) Docket Nos. 50-329-OM
) 50-330-OM

CONSUMERS POWER COMPANY ) 50-329-OL
) 50-330-OL

(Midland Plant, Units 1 and 2))

AFFIDAVIT OF PALANICHAMY SHUNMUGAVEL

My name is Palanichamy Shunmugavel. I am a

Engineering Specialist in the civil / structural department of

Bechtel Power Corporation in Ann Arbor. In this capacity I

am responsible for providing consultation to civil / ctructural

engineers working for Bechtel and for reviewing their work.

I have a B.E. in Civil Engineering, M. Tech. in Structural

Engineering and a Ph.D. in Civil Engineering. I am a

registered professional engineer in the state of California.

My resume is attached.

In connection with my role as Engineering Specialist,

I have been assigned the responsibility for the Service

Water Pump Structure Testimony. I have reviewed in detail

the proposed design of the remedial work, and the related

structural evaluations and I am jointly responsib.le with

Edmund Burke, James P. Gould and Alan J. Boos for the

testimony.
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I swear that the statements contained in this

affidavit, the attached resume, and the Service Water Pump

Structure Testimony are true and correct to the best of my

knowledge and belief.

l '''
. . gw',

O 3/;- ,s,,--

'
co , ~

,

PALANICHAMY SHU'IMUGAVEL

SIGNED ANDf WORN TO BEFOREme this AT - day of
954,. 1982.,

6Esa<w A(| Ot.m
('
NOTARY PUBLIC

M7 Canisslan Expires knuary T4.1933

s
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Octobsr, 1982

PALANICHAMY SHUNMUGAVEL

POSITION Engineering Specialist, Civil / Structural Staff

EDUCATION BE, Civil Engineering, Madras University, India

M. Tech, Structural Engineering, Indian Institute
of Technology, Bombay

Ph.D., Civil Engineering, University of Illinois,
Urbana

PROFESSIONAL Registered Civil Engineer in California
DATA

*

Member, American Concrete Institute

Member, American Society of Civil Engineering

SUMMARY 4 years: Engineering Specialist, Civil /
Structural Staff'

1 year: Senior Engineer, Civil / Structural
Staff

1 year: Senior Engineer, Pilgrim 2 Nuclear
Project

3 years: Senior Analyst, Sargent & Lundy,'
power projects

1 year: Analyst, Sargent & Lundy,
power projects

EXPERIENCE: Dr. Shunmugavel is currently a member of the civil /
structural staff in the Bechtel Ann Arbor Power
Division. His primary responsibilities, in connection
with fossil and nuclear power plant structures, include
providing consultation to civil / structural engineers

. engaged in the performance of design and analysis and
in the preparation of specifications, reports and draw--

ings; reviewing typical project work; develeping
methods and procedures for the solution of special
structural prob 1 cms; solving special structural prob-
lems; and supervising three staff engineers. He is
the chairman of the e;ruc tural committee, the main
purpose of which is to establish and maintain a good
technical quality with ut.iformity among various offices
of the Bechtel Power Corporation. He has participated
in an extensive concrete masonry shear vall test program.

.

_ _ _ _ _ _ _ _ . _ _ _ - - - -__



His areas of responsibility include containment,
seismic analysis, computer analysis, computer
applications and other general structural
analysis and design.

Previously, Dr. Shunmugavel was assigned to the
Pilgrim 2 Nuclear Power Plant project in Bechtel's
San Francisco office. His responsibilities
included the performance of containment analysis
and design, the preparation of related specifications
and drawings, the evaluation of contract packages,
and the supervision cf about ten engineers and
drafters.

Prior to joining Bechtel, Dr. Shunmugavel had
about 4 years experience in fossil and nuclear
power projects. His assignments included the
development of computer programs for seismic
analysis of power plant structures, components and
piping systems; the application of statistical and
probabilistic methods to structural problems; the
analysis and design of special structures such as
nuclear steam supply system supports, machine
foundations, pipe whip restraints, and buried
pipes; and the analysis of structures for extreme
loads such as tornado, explosion, aircraft impact
and hydrodynamic effects in boiling water reactor
containments.

p o.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

in the Matter of )
) Docket Nos. 50-329-OM

| CONSUMERS POWER COMPANY ) 50-330-OM
) 50-329-OL

(Midland Plant, Units 1 ) 50-330-OL
,

| and 2)

|

TESTIMONY OF'

ALLEN J. BOOS, EDMUND M. BURKE,
JAMES P. GOULD, and

PALANICHAMY SHUNMUGAVEL

CONCERNING

MIDLAND PLANT SERVICE WATER PUMP STRUCTURE
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