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INTRODUCTION

- ~

On August 22, 1978, Consumers Power Company notified the NRC Resident

Inspector that there was larger than expected settlement of the diesel

-

n September 7, 1978 the NRC was notified

generator building foundation. O
that it was considered reportable. The first 50.55(e) Interim Report was
on Septerber 29, 1978 with the latest Interim Report submitted on June 25,
1979. On March 21, 1979 a 50.54(f) request was issued by H R Denton.
Consumers Power Company replied on April 24, 1979 and revisions were sub-
mitted on May 31, 1979 and July 9, 1979. Meetings with the Staff and

S

Inspection and Enforcement have taken place at Glen Ellyn and at the site.

In addition we have received several questions on this subject from the

Initially, in September 1978 there were several options considered to
correct the problems and these included modified mat, prelcading, a combina-
tion of these, underpinning and removal and replacement of the structure and
soil. From that time to the present, there have been many meetings between
Consumers Power Company, Bechtel and the Consultants. Based upon these

meetings, a decision has been made to delete the chemical grout opticn and

to g0 to a site dewatering concept. This is discussed in more detail later.




PRESENT STATUS OF SITE INVESTIGATIONS

2.1 Meetings with Consultants and Options Discussed

The investigative program conducted to date has included: meetings with
consultants to discuss the options for remedial action as noted in the
introduction, discussions 2oncerning the NRC findings, investigation of

the various remedial actions and preparations of 50.55(e) Reports. As

part of the investigative program, approximately 31 meetings have been

held on this subject since September 1978. Various consultants partici-
pated in 11 of these meetings while the NRC attended approximately 8 of
these meetings. Consumers Power Company attended a majority of the meetings
also. During this time the causes of the problem were alsc investigated.

Responses were also prepared to the 50.54(f) questions.

2.2 Investigative Program

The major portion of the investigative prograrm was the investigation of the
entire site soil conditions, which included approximately 161 scil borings,
14 dutch cone tests and 5 test pits. (Figures 1 and 2 show locations for
soil borings and typical soil boring cross sections. Nocte: Secquential
figure numbers have been added to show sequecte in which they were rresented
at the July 18, 1979 meeting.) During this period of time, an investigative
program was also launched toc monitor all cracks in major Class I structures
associated with plant area fill. Strain gauges were also utilized. (See

:

Figure 3 on typical section through Service “ater Building.)

It should also be noted that an independent firm Goldberg-Zoino-Dunncliff %
Associates (GZD) was utilized for profiling pipes to determine settlement.
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this pericd of time the frequency of settlement monitoring of the Diesel

Generator Structure was also increased.
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2.3 Settlement

It is very important to note that the Diesel Generator Building is the
only Class I structure that was cbserved to have excessive settlement;
however, as a result of the boring program we did find some areas with
questicnable soils beneath the structures. These areas were: Diesel
Generator Building, Service Water Building overharg portion only,
Auxiliary Building electrical penetration rooms and Feedwater Isclation Valve
Pits. To correct the problems with the Diesel Generator Building it was
decided to preload to consolidate the soils and accelerate the total
settlement. (See Figure 6 on overall site layout of the power block.)
Figure 7 shows the settlement of the four Diesel Generaitor pedestals vs

the application of the surcharge. It can be seen that at the completion

of the surcharge application the settlement appeared to be leveling out.

~

vyt

igures 8 and 9 show the settlement for the Diesel Generator Building.
These figures are profiles looking north and looking in the east-west
direction. Figure 10 shows settlement vs log time. Figure 11 highlights
the elevation contours and differential settlement between the northwest
and southeast parts of the structure. Figure 12 represents the various
utilities beneath the building. It should be noted that the Diesel
Generator Building was initially partially hung up on these utilities

and that after they were freed the building settled in a more or less uni-
form fashion over the last few months. Figure 13 shows the location and
types of instrumecntation utilized to monitor the settlement of the building
and instruments that were utilized during the preload program tc determine

when the pore pressure had decreased tc normal.
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2.4 Recent Revisions

For the areas of questionable scil discussed previcusly it has been
decided to provide vertical support for the Service Water Building Over=-
hang and to improve the suppert of the Electrical Penetration areas and

Feedwater Isolation Valve Pits.

The investigative program pointed out that certain sand areas were not
adequately compacted. This presented a potential for liguefaction under
the action of SSE. The initial remediel action plan was to chemically
grout the loose sands. After further review of this remedial action,

it appeared that while the grcuting would sufficiently remedy the situa-
tion, it would be difficult to prove that all areas had been uniformly
grouted. It was noted that there were discontinuous sand lens and fine
grain sands and, furthermore, there were access problems for grouting.
Underpinning of the Diesel Ceneratcor Building as another remedial action
presented problems with shoring, support of utilities and schedule. It
was decided recently that better remedial action would be to dewater the
entire site on a permanent basis. This will provide a conservative solu-
tion since any liquefaction questions would be eliminated in any site area
in the power block whether or not it was determined that there was a po-
tential for liquefaction. More details of the basic plan discussed above

are described in subsequent sections.
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3 Diesel Generator Structures

[

The diesel generator building is a box-shaped structure. (See Figure 14.)
Its main purpose is to provide a housing for the four emergency diesel
generators. Structural walls are very rigid and are supported

on strip footings. The building and the generator pedestal are founded
on approximately 30 feet of fill. During the summer of 1978, settlements
more than anticipated values were observed and a detailed soil investiga-
tion was conducted. The backfill was found to consist of soft to very
gtiff clay with pockets and layers of very loose to dense sand backfill.
The conclusion of the investigation was that the fill was not adecuately
compacted. Based upon the recommendation cof our soil consultants,
Professors Peck and Hendron, the remedial measure chosen was to preload

the existing backfill by layers of sand surcharge.

Fizure 15 shows in plan the extent of sand surcharge. The surcharge was
gradually applied in steps. To date, the backfill under the diesel building
is subjected to 20 feet of sand surcharge. Figure 16 shows a cross-section
of the building and the surcharge. The surcharge produces stresses in the
fill greater than the amount the fill would experience when the structure

is operaticnal. This surcharge will remain until excess pore pressures

are essentially dissipated and the rate of residual settlement becomes

small and can be predicted conservatively by extrapolation.

The preload consclidates soft areas of clay f£ill; hcwever, will not signifi-
cantly improve the guality of loose sands. The potential of ligquefaction
5f these sands and aerial dewatering of the plant site as a remedial measure

for this problem will be presented later in detail.
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Figure 1T shows plan and cross-sectional elevations of a typical diesel
generator pedestal. This is a reinforced concrete structure having a
minimum compressive strength of 4000 psi. The fill beneath the pedestals
have also ccnsolidated resulting in differential settlement. Differential
settlement of the pedestals will have no effect on alignment of the engine
and the generator because they are toth mounted on the same foundation.
Furthermore, because of the enormcus stiffness of the pedestal, no signifi-
cant warping is expected and the top of the pedestal will generally lie
within one plane. The diesel generator will be set in a level position ir-
respective of the amount of differential settlement between the corners of
the pedestal. It will be achieved either by a suitable layer of grout on

the pedestal or by chipping a few inches of the top ccncrete and refinishing

it to the required level.

The machine itself has considerable tolerance limits for tilt and roll.
Delaval Turbines, the manufacturer of the diesel generator, stated that

a S3 combined backward tilt and roll of the pedestal or a forwerd tilt of
1.43 and roll of Sc combined will not affect the performance of the engine
and the generator., Furthermore, during the operation of the plant, if
further differential settlement causes this tolerance to be exceeded, the
manufacturer states that the generators can be shimmed back to level posi-
tion. In summarizing, for the diesel generator building the remedial

work of preload is in progress and dewatering of site is being planned for
implementation soon., No further remedial work on the pedestal than that

-

mentioned above is anticipated.
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3.2 Service Water Pump Structure

The service water pump structure is located in the southeast end of the

23]

power block area adjacent to the cooling pond. (See Figure 6.) Figure 18
shows a plan view of the structure, The cooling pond is on the southern
side. The major portion of the structure is founded on natural soil mate-
rial except for the northern portion which is founded on fill. Figure 19
shows a cross-sectional view of the structure. As mentioned earlier, the
northern secticn, which is cantilevered off the main building, is founded
on backfill material. As a follow=-up to the investigation of all Class I
structures on fill, several borings were taken in this area. The borings
indicated that the backfill consists of soft to very stiff clay and loose
to very dense sand. The conclusion was that some areas of the fill material
under the northern part of the structure were not sufficiently compacted.
However, no significant settlement of the structure has been noted. The
reason for this is that the existing dead loads from this portion are being
partially supported by the rest of the structures through cantilever action.
The remedial measure chosen is to support the north wall on piles driven to

hard glacial till. The choice of piles is an economical and expedient

solution with minimal impact on the schedule.

Figure 20 shows in plan the layout of piles. A total of 16 piles is planned
at this time. The piles will have a capacity of 100 tons and are designed
as bearing piles to carry only vertical load. The piles will be pipe piles
filled with concrete. They will be predrilled through the fill and driven
intc the glacial till. The length of piles is expected to be approximately

50 feet,




Fisure 21 shows the method of transferring vertical load from the wall

to the piles by a system of reinforced concrete corbels.

As shown in Figure 22 the concrete corbels will be anchored to the wall
by a system of anchor bolts. The pipe piles in turn will be Jacked against

the corbels to effect the transfer of load.

A tect pile will be load tested to determine its capacity.

3.3 Tank Farm

Figure 23 shows the tank farm in plan. There are two berated water storage
tanks (BWST), a utility tank and a primary storage tank. Of these, only the
BWSTs are safety-related. Each BWST has a capacity of 500,000 gallons and

is 52 feet in diameter and 32 feet in height.

As shown in Figure 24, a short concrete ring girder foundation with a strip
footing is provided for each EWST. The tank is supported on the ring girder

and the scil within the foundation. The tank by itself is quite flexible.

Adjoining the ring girder for each tank is a small box-shaped structure
called valve pit. This houses valves and other controls. At present, con-
struction of ring girder and valve pits are complete and installation of
piping is in progress. As a follow=-up to the investigation of all Class I
structures founded on fill, several borings and test pit examinations were
completed in the tank farm area. The results of the investigatiocn indicated
that the tanks are supported on medium to very stiff clay backfill with occ-
casional medium to very dense sand layers. The condition of the fill is
suitable for the support of the tanks. To confirm this, the tanks will be

constructed and filled with water in order to make a fullescale test of the

foundation soil.
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Figure 25 shows the layout of borated water lines entering the tank through
the valve pit. The piping connections are being made to allow startup,
flushing, filling and testing of the tank. Selected points on the piping
between the BWSTs and the auxiliary building will be monitored for settle-
ment during construction phase. Any differential settlement measured

will be analyzed in accordance with established procedures.

In summary, the backfill material on which the BWSTs are founded is
satisfactory and will be confirmed by a load test. Borated water lines
will be monitored and evaluated for any differential settlements. Therefore,

no remedial action is anticipated for these structures.

3.4 Diesel 0il Storage Tanks

The diesel oil storage tanks are located in the southeast end of the

power block area and near the condensate storage tanks. There are L diesel
0il storage tanks, each 12 feet in diameter and L4 feet in length. (See

Figure 6.)

Figure 26 shows a cross-sectional view of a tank. There is six feet of earth
covering each tank. The tanks are supported at three points anchored to con-
crete pedestals. The tanks are founded on backfill and results of the boring
program indicated that the tanks are supported on medium to stiff sandy clay
backfill. This soil condition is adequate to suppert the tanks. lMcrecver,
the weight of the tanks is approximately equal to the fill that it replaced.
In order to verify that the fill is satisfactory, these tanks have been filled
with water and settlements are being monitored. It has been three months since
the tanks have been filled with water and no appreciable settlements have

S22

been noted yet. Therefore, the backfill is considered adequate and no re-

medial measures are anticipated.
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3.5 Underground Facilities

The underground facilities that will be discussed are Seismic Category I
piping and electrical duct banks. Figure 6 shows safety-related piping,
namely Service Water Lines, from the auxiliary building to the service
water structure and from the diesel generator building to the service
water structure, borated water.lines from the auxiliary building to BWST,

and diesel o0il lines from the diesel o0il storage tanks to the diesel

generator building. Also shown are electrical duct banks.

To evaluate the present condition of piping, a representative group of
priping was selected and profiled by a Nold Aquaducer Profile Settlement
Gauge. Figure 27 shows for illustrative purposes a plot of one of the lines
profiled. All the pipes profiled were reanalyzed taking into account the
measured differential settlement in accordance with the provisions of cur-

rent codes. The analyses showed that the calculated stresses due to differ-

ential settlement are within allowable limits.

In summary, the pipes are very ductile and calculations show that there are
no adverse effects of differential settlement. Therefore, no remedial work

is anticipated with regards tc buried piping.

Electrical Duct Banks
The duct banks are reinforced concrete elements enclecsing PVC and rigid
steel conduits, thus, providing voids for the cables. Continuity checks
that are being performed by passing a rabbit through all the voids was dis-
cussed previously. This program establishes the fact that, to date, the
duct banks are intact. Furthermore, the duct banks are reinforced with
nominal amount of steel, therefore, possesses a considerable amount of

ductility in bending.




As shown in FPigure 28, a preliminary calculation indicated that a typical
duct bank of 100 feet in length can undergc & maximum of 12" of central

deflection in pure bending at ultimate load.

In summary, the integrity of the duct bank is established by passing a
rabbit through during the construction phase and the duct bank by itself

is ductile and can absorb a considerable amount of differential settlement

without significant stresses. Therefore, no remedial measures are anti-

cipated rfor duct banks.

3.0 Auxiliary Building and FW Valve Pits

The following describes the proposed remedial measures for the electrical
penetration areas of the auxiliary building and the adjacent feedwater
isolation valve pits. The objective of the remedial measures is to re-
place gquestionable bearing capacity as evidenced by soil sampling data.

The design of the remedial measure has the objective of replacing the
suspect soil bearing capacity with structural elements which extend from
the existing concrete foundations to underlying undisturbed glacial till
while minimizing disturbances toc existing structures and construction
operations. In order to accomplish this it is planned to utilize the structural
capacity of the electrical penetration rooms to bridge cver some of the
questionable underlying materials by providing caissons at the extremities
of the electrical penetration rooms. These caissons shall have sufficient
capacity to support approximately one-half of the dead and live loads of the
electrical penetration rooms with the remaining one-half being supported by

the control tower. The proposed method for supporting the isolaticn valve



(S8

.
o

pits is to temporarily support them in place, totally undermine them by
removing all materials to a depth at which undisturbed glacial till is

encountered and filling the excavation with lean concrete.

The plan of attack for performing the work is as follows: (See Figures 29 thru 33)

1. Locally dewater the soill above the giacial till in the affected areas.
It is essential that the loose granular soils be dewatered to permit
excavation under the structures without significant loss of ground.

The dewatering system shall be installed and the water drawn down in

advance of any excavation. The dewatering system is a curtain cut-off
type. A majority of the eductors will be installed from the lower base-
ment of the turbine building. The discharge will be monitored for

piped fines.

2. Temporarily support the isolation valve pit by the use of needle beams
spanning between the buttress access shaft and turbine building founda-

tion wall at the ground surface.

3. [Excavate an access shaft adjacent to the isolation valve pits to a
depth of approximately 7 feet below the bottom of these pits. The
excavation would then proceed laterally as a drift until the excavation

reaches the extreme edge of the electrical penetration area.

&

Tnstall Jjacked caissons at this location utilizing the electrical
venetration rooms foundation as the reaction. The jacked caisson

method has been selected for the following reasons:



It will be possible to jack through loose sands and soft clays

without excavating material from within the caisson thus preventing

loss of ground from under the electrical penetration rooms, turbine

building and buttress access shaft.

It is known that there are sizable concrete obstructions in the
backfill area which will be encountered by the caissons. A caisson

provides man-size working room for demolition of the concrete

obstructions.

Likewise, the man-size working room of the caisson will permit
direct excavation of highly compacted sands and/or clay as well as

the glacial till (caissons penetrate the glacial till 3 minimum of

5 feet).

The caisson provides access for direct visual inspection of the
glacial till for the initial determination of bearing capacity

(final bearing capacity is by load test).

Concrete the caisson and load test same.

Load test one caisson under each electrical penetration room at

2.0 tines design capacity.
Load test each caisson individually at 1.5 times design capacity.

Load test all caissons as a group at 1.0 times design capacity or

1/4" of vertical structure movement, whichever occurs first.

Upon completion of any tests the caissons are to be left in a

prestressed state to prevent any settlement.
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Install support of excavation system alcng the turbine building foundation
wall and connect it to the access shaft and the jacked caissons., The
Jacked caissons which were previously installed under the electrical
penetration rooms will temporarily act as support of excavation for the
excavation under the isolation valve pit. The containment structure

and the buttress access shaft form the remainder of the excavation

enclosure under the isolation valve pit.

The support of excavation system along the turbine wall foundation will

also act to:

a, Support the temporary additional lcad imposed on the foundation
wall by the needle beams which support the isolation valve pit

at the surface.

b. Support the turbine building vertical loads within the zone of

influence of the excavation under the isolation valve pit.

Excavate all material from underneath the isolation valve pits to a

depth at which undisturbed glacial till is encountered.

Fill the excavation under the isclation valve pits with lean concrete

backfill tc within 7 feet of the existing foundation.

Place structural concrete in the drift under the isolation valve pits
and the zccess area used for installation of caissons underneath the

electrical penetration rooms.

Dry pack and transfer isolation valve pit load to the lean concrete

backfill.



The design of the caisson is based upon a very conservative caisson tip

pressure of 25 kips per square foot (KSF) for straight sided caissons.

This provides a tip load intensity of approximately one-tenth that normally
agssociated with jacked piling, and will bring the long term settlement into
line with expected settlements of the balance of the auxiliary building.

The bearing strata pressure is limited to 20 KSF for straight sided caisson.
If the bottom of the jacked caissons are belled in the glacial till, the
design tip pressure is reduced to 17.7 KSF. The bearing strata pressure

associated with belled caissons is not relevant. The steel shells for the
jacked caissons are neglected in calculating the structural capacity of the

caisson.

The bearing pressure on the glacial till below the isclation valve pit
is only nominally increased by the substitution of concrete for earther

£ill.

-

3.7 Liquefaction Potential

Figure 34 presents a summary of the predominant £ill condition (material
type and density) below various category I structures supported on plant
area fill., The figure shows the £ill under all category I structures
supported cn plant fill consists of both sand and clay except for the
borated water and diesel fuel tanks where the rill is predominantly clay.
Ligquefaction evaluaticns were made Jor the auxiliary building-control
tower area, auxiliary building-railroad vay and the diesel generator

building. No ligquefaction analyses were made for other areas, The



liguefaction evaluation was based on experience at sites where ligue-
faction ¢id or did not occur and access to pertinent information regarding
earthquake magnitude, distance from the source, grmund surface acceleration

were 2ither known or possible to estimate.

Figure 35 is a plot of the cyclic shear stress ratio causing ligquefaction
versus the standard penetration blowcount corrected to an equivalent over-
burden pressure of 2,000 pounds per square foot, The figure correlates the
shear stress causing liquefaction in the field and the penetration resistance
of the sand., Utilizing this figure, if the standard penetration resistance
is known a4 a certain site along with other pertinent information regarding
the soil cclumn, the structure and ground surface acceleration, a point can
be plotted on this graph. The horizontal coordinate of this point will be
the standard penetration resistance after correction %o an equivalent
overburden pressure of 2,000 psf and the vertical coordinate will be the

shear stress ratio induced during the 2arthquake. If the point falls below

the line, this will indicate liquefaction would not occur. On the other
hand, if the point plots above the line, this would indicate that ligue-
faction is possible. This can be illustrated in terms of factor safety as

follows.

gyclic shear stress causing liguefacticn

Factor of safet =
or of safety = induced cyclic shear stress

The liquefaction evaluation was based on ground water table at elevation 627
and ground surface acceleration of 0,12g and did account for surcharge from
the structure, It is noted that figure 25 is based on data for magnitude
T+5 sarthqguake which constitutes a very conzervative vasis for svaluation

of ligquefaction at Midland.
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Utilizing this information the line representing a safety factor of 1.5

has been calculated and superimposed upcn the standard penetration blow-
count versus depth for the northwest and northeast areas of the diesel
generator building as shown in Figure 36 and 37. The figure alsc shows

the line representing a factor of safety of 1.1. It is seen from Figure

36 that a good number of the standard penetretion blowcounts are less

than those required for the acceptable factor safety of 1.5. Zvaluation

of the sands in the northwest area of the building indicates that some of
these loose sands may be connected. Figure 37 shows that the great majority
of the penetration tests indicate a safety factor well in excess of 1.5

with the exception of three cases below 1,5.

Figure 38 is a similar plot for the auxiliary building railroad bay showing

that all except a few of the standard penetrations values are well in excess

of the required safety factor of 1.5. Some blowcounts in borings AX-1

and AX-1C between elevations (613-623) show a factor of safety slightly
below 1.5, but these occur within a limited thickness and the neighboring
boring AX-2 indicate much higher factors of safety within the same depth
range.

Figure 39A illustrates that the standard penetration blowcocunts from boring
AX=9, AX-6 and AX-18 under the control tower indicate a factor of safety

in excess of the required 1.5 in all cases. Figures 39B, C and D show the
relationship between standard penetration resistance, relative density, and
effective overburden pressure for the three areas indicated.

.

In conclusion, ligquefaction analyses show that there could be a liguefaction

-

problem at the diesel generator building. Borings also indicate liquefaction

is very unlikely in the railrcad bay and that there is no liquefaction prob-

lem in the control tower area.
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In order to eliminate liguefaction questions anywnere at the site in Midland,
a general dewatering scl.me nas been adopted. In %this scheme the ground

water table will be lowered to the approximate elevation of 500.

Settlement Due To Earthquake Shaking

With elimination of liguefaction potential the remaining factor to be
considered in settlement of sané due to ground shaking. Analysis was cune-
ducted cn the basis of studies by Seed and Silver (1372) and Finn and Byrme
(1975) waich considered relative density, number of earthquake cycles,
zround surface acceleration level, thickness of the sand, =ffects of multi-
directional zhaking, and the presence of the structures. Relative density
was evaluated on the basis of Gibbs and Holtz relationships. The number

of earthquake cycles were taken as 10 in the Seed and Silver analysis., Finn
and Byrne analysis was based on the recorded El-Centro earthquake, Acceler-
ation level was taken as 0,12g for the SSE and 0.06g for the OBE. Thickness
of the sands were based on the soil borings. Multi-directional shaking
sfPacts were counted for the multiplying the calculated uni-directicnal
gsettlements by a factor of 2.5. The structure was accounted for as if

it was a uniform surcharge.

reliminary analysis based on these parameters indicated a settlement
renge of % inch to 1 inch for the diesel generator building area. It is
noted that these estimates are conservative since they are based on the
agsumption that the sand is dry. 3ecause the sand will be moist, the

sresence of 2apillary force will reduce actual settlements delow those

predicted.
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ANALYTICAL INVESTICATION

The following is a brief overview of:
4.1 Structural Investigation
4.2 Seismic Analysis

ra

4,3 Structural Adequacy With Respect
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Structural analysis is defined as static analysis when the various lcadings
are applied to the structure as static loads and then the design forces are
determined for sizing reinforcing steel. Whereas, seismic analysis is de-

fined as the dynamic analysis that is used to determine structural response.

Figure 45 shovws the various items that were reviewed in the structursl
investigation. For the diesel generator building, the original design
was governed by tornado missile impact and a 3 psi vacuum loading. The
geismic response for this structure was relatively small. As an indica-

tion, the calculated shear stress in the east-west direction was 40 psi

and 25 psi in the north-socuth direction.

The new analyses that are being performed will involve using a finite
element model to investigate the variable foundation properties. Up to
now, the maximum cracking observed in this structure has been approximately
30 mils and this occurred in the short walls from the vertical duct bank

loadings during constructicn.

The structural investigation of the service water pump structure revealed
the following: The original design for this structure was governed by

tornado missile impact and the 2 psi vacuum loading. Seismic response was
relatively low with a calculated shear stress in the major walls of about

1 .

3 ™ 1% } wi1l1 ) 1 p, i @ N 111 dinval
20 psi. The new analyses that will be used for this structure will involve



conventional techniques considering the walls and slabs with the piling
that will be used to support the portion of the structure on top of fill.
Cracking in this structure to date has not exceeded 20 mils. This cracking
oceurred in the walls and the roof. Up to now there has been no detectable

settlement for this structure.

The structural investigation of the auxiliary building penetration areas
revealed the following: The original design was governed by the safe shut-
down earthquake and the pipe break. The original, analysis was conservative
since it was based on a system of beams and columns to simulate the large
walls and floors. As far as the seismic response, the structure was near
capacity using this original model. A new analysis is being performed which
will involve a finite element analysis of the étructure, this will include
the caissons which will be used for end support. In this structure the
cracking as measured to date has not exceeded 15 mils. This has occurred

in the walls and there has been no detectable settlement.

For a review of the seismic analyses, refer to Figure 46. A general review
is as follows: The ground response spectra is presented in the FSAR and
this is based on an OBE of .06 g's and an SSE of .12 g's. Stick mass models
with foundation sorings were used. Material damping values are presented

in the FSAT; mcdal damping was limited to 10% except for rigid body modes.

The analysis technique used both the response spectrum and the time history

methods.

For the diesel generator building the original analysis used a shear wave
velocity of 1,360 fps. One analysis was performed and equipment response

spectra was widened by + 15 percent. A new analysis has been completed using
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. a lower limit shear wave velocity of 500 fps. The new spectra will

-

envelop both the 500 and the 1,360 fps analyses values.

Referring to Figure 4T, the seismic analysis for the service water building
involved an original analysis which used 1,360 fps as a base case. Then the
foundation shear modulus was varied by * 50 percent. These three analyses
were used to generate equipment response spectra and the spectra used was
the envelop of all three. A new seismic analysis is being done which will
use a shear wave velocity of 1,360 fps. The piling will be modeled in this
analyses, but only to resist loads in the vertical direction. Torsion will

also be considered in this model. The equipment will tnen be reexamined for

the response spectra from both the original and the new analyses.

-

For the auxiliary building, including the control tower and electrical
penetration areas, the original analysis used composite foundation springs
with the equipment response spectra widened by #+ 15 percent. The composite
gprings were used to represent different foundation materials for various
parts of the structure. A new analyses will be performed including the
caissons under the electrical penetration areas. The equipment response
spectra will be widened by 15 percent and equipment will be checked, if

this response spectra is greater than the original in any frequency range.

The different types of loads are shown in Figure 48, The first types
of loads are primary loads. This type of load results in stress. As an
example, the most critical type of loads would be what are considered mech-

anical loads. These would be dead load, pressure, wind. All these types

of loads have a constantly applied force.
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The next type of load, but of lesser severity, would be seismic inertia

load, however, these are of a short duration.

The third type of load of lesser severity would be missile impact or

pipe rupture loads. These types of lcads have a limited energy input.

The next classification of lcad would involve what is known as secondary
loads. This term is quite common in ASME codes. This type of load merely
results in strain. They can result from internal self-constraint. As

an example, if a pressure vessel has the bottom restrained, bending moments
would develop which would be secondary in nature because they are due to

internal self-constraint.

Seismic displacements in piping systems would be of a secondary nature since
different support points would only move a set amount relative to each other

and induce strain. However, these types of locads can be cyclic in nature.

Another type of secondary load would be a thermal load, such as a thermal

gradient through a wall. This type of load is also cyclic.

Settlement is the least effective type of secondary loading because it
primarily has only cne/half cycle of lcad with a limited input. CSettlement
is similar to forming materials which are also half cycle. Forming is used
for manufacturing pressure vessels and steel piping. Pipes are rolled tc a
particular shape. They exceed yield in this process, however, due to the
low strain rates relative to ultimate, there is an undetectable reducticn
in the ultimate strength. It is alsc common to form reinforcing steel.

As an example, in reinforced containments the major hcop bars are bent %o
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shape and this involves a yielding of the steel. This alsc does not lead
to any detectable reduction in strength and, of course, hocks are commonly

used in reinforcing steel.

Figure 49 shows a summary of the Midland design criteria. The first
category is what is in the FSAR. The first is primarily deed and live
load, the second combines the small earthquake with live and dead, the
third combines live and dead load plus wind, and the fourth combination
involves dead load, live locad plus the safe shutdown earthquake. The final

load combination is dead load and live load and the tornado loading.

After discovering the settlement problems on the diesel generator dbuilding
at the Midland jobsite, it was decided to add some additional criteria. As
a reference, ACI 318-1977 was used and it should be noted that in this code
they recognized the fact that settlement only affects serviceability. This
means it would induce some additional cracking, which if then exposed to a
corrosive environment, could result in corrosion of reinforcing steel.
Therefore, in ACI, settlement loads are only combined with normal operating
ype of loads such as live load and dead load. Using this as a base, the
additional criteria shown in Figure 49 were created. The first combination
involves dead load, live load and settlement. The second combination con-
siders 1.4 x dead load plus 1.4 x settlement. These av e based on service-

ability.

Since the design wind and the small earthquake are postulated to occur more

than once at the site, two load combinations have alsoc been added as shown which

include live load, dead load, settlement and either design wind or the op=-

erating basis earthquake.
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In summary, either the source of load has been removed, or additicnal
supports have been added for the various structures that are founded
fully or partially on fill at the jobsite. For the diesel generator
building, the duct banks have been cut ioose, removing the source that
caused the cracking. The service wnterzgump structure will be supported
by adding piling. In the auxiliary building electrical penetration areas,
caissons will be added. So again, either the source of load has been re-

moved or additional support has been supplied.

With respect to the significance of what has happened to Jate, the cracking
only affects serviceability, cracks over 15 mils will be sealed in

the future. As far as present and future actions are concerned, new
seismic analyses are being performed and new static analyses checking the
structural design will also be performed. For the diesel generator
building, the building will be analyzed for variable foundation conditions.
This will be the only building that will involve applying the additional

criteria since variable foundation properties will be investigated.

In conclusion, the structures are box type, reinforced concrete, with high
strength and good ductility. If it were not for the diesel generator
building settlement the concrete cracking of the structures would probably
not be of any concern, since all reinforced concrete structures do crack
under service, and that is the reason why reinforcing steel is used. With
the original FSAR criteria, and the additional criteria, together with the
modifications, the structures will be able to safely resist all normal type

of loads and postulated events.



5,4 Zoils Summary

The diesel generator building settlement noted in August of 1378 was

larger than expected. An exploration program was initiated to investigzate
thie ceat of the settlement and Drs. Peck and Hendron were consulted to
discuss the evaluations and corrective acticns reguired., Based on the
exploration and the consultants recommendations it was decided to surcharge
the buildinz and surrounding area with a load exceeding the operating load.
Instrumentation was installed to evaluate rate of soil consolidation and

settlements of the structure and supporting soils. The preload was com-

pleted to a heignt of 20 feet in April 1379.

Fiures 50 through 53 illustrate locations of the various instruments
associated with the preload program. Figure 50 shows the locations of
building survey settlement markers and pedestal settlement rods. Figure

51 shows the location of surface settlement plates and borros anchors
installed in the £il1 primarily at three different elevations to monitor
the movement of the soil as a result of the surcharge. The figure also
shows locations of 4 deep (elev 535) borros anchors installed for use as
reference points for the precise measurements during secondary compression
where the movement has subsided to a very small rate, Figure 52 illustrates
locations of piezometers installed primarily at three different elevations
velow the building to monitor the dissipation of pore water pressure during
consolidation, Figure 53 illustrates the locations of Sondex instruments
intended for measuring soil rebound in order to estimate the modulus of

elasticity below the building to check the range used in dynsmic analysis.
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Figure 54 illustrates typical results of the settlement and nore water

measurements for the building. It L within a zhort time after
the completion of the surcharge the settlements of both the soil and the
building has subsided to a very low rate and the pilezometer water levels
nave declined significantly. At present the pieszometers indicate approxe
imately the same water level as the general zround water level (elev 627).

This indicates essentially total dissipation of pore water pressure.

A preliminary plot of the building settlement during secondary compression
based on survey measurements indicates that the residual settlement of the

building should be less than 1.5 inches during its service life.

The exploration program velow the diesel generator building has indicated
that the fill is gquite variable both in the material type and quality.
Therefore, additional explorations were made in the remaining plant site fill
%o 2valuate its condition. The expanded exploration program indicated that
although there was no settilement elsewhere, there were certain areas that

the £ill was of a quality requiring corrective action of the structure
invelved. These areas are the auxiliary building, electrical penetration
rooms, valve pits, and the fill supported portion of the service water

structure.

Figures 55 and 56 summarize the £ill type (sand clay) below the structures
and the planned remedial measures Ifor the various structures supported on

plant area,

Liguefaction svaluations based on published experience at sites where ligue-

faction did or did not occur showed that in certain areas of the sand £ill,
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evel of elevation 527 and the 38E of 0,123,

' ’

ander the maximum zround water
the factor of safety was legs than the acceptabvle value of 1.5. These

areas are primarily in the dissel _enerator vuildinz.

As a result of these 2valuations consideration was given to zrouting of the
gsands and also to permanent area dewatering. The latter approach of de-

watering was proven most beneficial in that it could be monitored simply.

Settlements of the sands following an 3SE event would be on the order of %

[0}

%0 1 inch in the area of the diesel cenerator building.

Regarding the subject of estimated settlements for plant structures supported

on £il11, these settlements will be re-evaluated utilizing the fcllowing

information:

1. B3Settlement of the own weizht of the fill based on borros anchors
installed in areas where no structures are involved

2. Measurements on existin; structures and foundations

3. Soil boring information

4, Laboratory test information

5« Diesel Generator Building surcharge experience

These analyses will account for additional induced settlements due to
dewatering, These evaluations will be made and reported in the FSAR as

part of the current committment.




CONSULTANT'S3 STATEMENT (Dr R B Peck)

I have been a consultant to Bechtel on the Midland Project, together
with Professor A J Hendron, beginning shortly after the settlements
were noted in the Diesel Generator Building. I speak for myself and,
I hope, for Professor Hendron, who is unable to be here because he is
out of the country. I will not discuss anything that you have not
already heard this morning. It is my intention, however, to review
the proposed remedial measures and to emphasize those aspects that,

in my judgment, are of greatest importance.,

The investigations at the Diesel Generator Building rather quickly
showed that the seat of settlement was in the clay fill underlying
the structure, They alsc showed that the clay fill was extremely
variable with respect to its density, its water content, and even its
composition. Furthermore, the investigations showed that it would be
feasible to surchar~s the area in such a way as to stress the subsoil
of the structure to levels exceeding the final stresses that would

exist under operating conditions.

After consideration of a number of alternatives, it was decided to

prestress the subsoil by means of a surcharge. In my view, this

procedure had several important advantages. One of these is the oppor-

tunity to provide instrumentation, principally piezometers and subsur-
face settlement gages, that could furnish data permitting a reliable
upper-bound settlement forecast., Furthermore, the procedure auto-
matically nrooftested the subsoil with respect to its future settle~

ment behavior. Therefore there would be no need, in determining the
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acceotability of the foundation, to depend on the results of additional
borings, samples, compaction tests, or other similar activities. 3Such
tests would be likely to prove ineonclusive ~n account of the hetero-
zeneity of the £111 material, but they would also be irrevelant in view

of the knowledge of the actual behavior.

The results of the preload procedure have been ccnvincing. The observed
nore oressures were small, smaller than actually anticipated, and they
dissinated ranidly. Hence, primary consolidation was accomplished
quickly and the curve of settlement as a function of the logarithm of
time became linear shortly after the completion of placement of the fill.
Therefore, it is possible to forecast the settlement that would occur at
any future time by simple extrapolation, on the assumption that the sur-
charge will remain in place. Even this amount of settlement would be
acceptable, However, the projected settlement determined on this basis
is an upper bound, because the surcharge will be removed and the real
settlements will certainly be smaller. In my judgment, the foregoing
circumstances eliminate any uncertainties concerning the settlement
behavior of the Diesel Generator Building resulting from the underlying

clay fill.

The investigation at the Diesel Generator Building also showed, however,
the presence of zones of sand, including some portions that were loose.
This finding indicated a votential for liquefaction under severe earth-
quakes, and the possibility of settlement originating in the sands due

to shakedown under seismic conditions. The surcharge would, of course,

be ineffective to remedy this condition.



5.0

Of the various possible remedial measures, grouting, probably using
chemicals, would, in my Jjudgment, be feasible., Nevertheless, it

would be difficult to be assured that all injected materials had been
successfully treated, or that all loose zones had actually been injected.
Thus, chemical grouting would at best be a piecemeal solution. It would
be difficult to give a positive answer to the question whether all

significant zones that might liquefy had been identified and treated.

The chosen alternative to grouting is general permanent dewatering of
a large portion of the plant site. This solution has the advantage of
being a positive solution to the liquefaction problem. Therefore, it
provides nositive answers to such questions as those just mentioned.
The solution has the further advantage that it can be monitored effec-
tively by simple procedures, primarily by the use of piezometers. In
my view, one of the greatest advantages of general dewatering is the
margin of safety inherent in the time lag that would be required for
recharge of the dewatered zone if the pumps should cease to operate.
That is, the beneficial effects of the dewatering would persist for a
period on the order of weeks after numping might be interrupted. Failure
of the pumping system because of an earthquake would, therefore, not

destroy the protection achieved by the dewatering.

In addition to being a positive solution to the liquefaction problem,
wherever any such problem might exist in the dewatered area of the
plant site, the drainage will reduce substantially any settlements

that might be induced by compaction of the sands during an earthquake.

The present methods of estimating settlements due to seismic shakedown
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are averconservative, because they are based on the results of laboratory
tests on dry sands., Zven the settlements estimated on this basis would
be acceptable, However the nresence of capillary moisture in the soil
would greatly reduce the freedom of the sand grains to assume a denser
position during vibration. Therefore, I consider that dewatering will

essentially eliminate any potential problems of seismic shakedown.

The continuing investigations of the plant area indicated other poten=~
tial trouble areas. In my view, these potential trouble zones have now
been adequately defined by the boring program and other investigations.
One such area is the location of the Borated Water Tanks. Beneath

these tanks the investigations have ind.~ated better and more consistent
subsurface conditions than beneath the Diesel Generator Building. It

is proposed to fill the tank with water as a test load, The filling will
constitute full-scale proof tests with respect to the bearing capacity
5f the subsoil., It is anticipated that the tanks will settle under the
test load, and this settlement will increase the bearing capacity.
Murthermore, by making settlement observations at various denths in the
subsoil during and after the test loading and by combining this informa-
tion with stress calculations and theory, it will be possible to make
reagsonable settlement predictions that take into account the actual

subsurface conditions under realistic loadings.

The Zlectrical Penetration Structures extending from the Auxiliary
Building, and the adjacent Valve Pits, are to be underpinned. This

is a positive solution that will lead to satisfactory and predictable



results irrespective of the nature of the fill materials that may

presently underlie these structures, The operations are exvedient, in
the sense that they are compatible with the general construction sched-
ule, The nine caissons under each of the Zlectrical Penetration wings
will be tested individually to 150 percent of the anticipated loading,
and collectively to 100 percent of the anticipated working load. The
latter procedure, in which all nine caissons are loaded simultaneously,
econstitutes a proof loading that will eliminate any doubts concerning
the ability of the underpinning to support the structure without sig-

nificant settlement.

The Diesel Fuel Tanks are buried structures that have already been sub- ‘
jected to a full-scale loading by filling them with water. The settle-

ments under these test conditions were minimal. Whatever settlement

of the tanks may occur will be associated primarily with settlement

of the underlying and surrounding fill under its own weight. Since

the tanks will be settling with fill, the differential movements between

the tanks and the surrounding soil and piping will be minimal, and the

connections can be expected to settle approximately equally with the

tanks. Therefore, I do not consider that any unusual conditions exist

with respect to the Diesel Fuel Tanks, and that attention to details

providing reasonable flexibility will satisfy all requirements.

The 3ervice Water Structure lies outside the area of planned permanent

dewatering. Therefore the wing presently supported by fill will bde

picked up by a system of piles. The proposed procedure orovides
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positive support. The piles are to be designed to carry the structural
loads at their buckling strength and will therefore be effective even

in the event of liquefaction of the surrounding soil., 3Since these

piles are not clustered in such a way as to stress highly a large

mass of the bearing material, as in the case of the caissons proposed

for the Electrical Penetrations of the Auxiliary Building, they are not
to be proof loaded as a group, but will be loaded individually to 150 per-

cent of the anticipated working load. This procedure is conservative.

In summary, my overall impressions and conclusions concerning the
proposed remedial measures are as follows: The investigation has
proceeded in a progressive fashion., Like most investigations of this
kind, it has not always proceeded in a straightforward way, but has
appropriately pursued various approaches. Although it is still con-
tinuing in some respects, I consider that it has now disclosed the
significant conditions and potential problems associated with the
foundation conditions of the site, As a result of the studies, a variety
of solutions has evolved. Each solution is suited to the specific
conditions and problems of a particular part of the facility., However,
the potential for ligquefaction has been eliminated once and for all,
and many potential uncertainties have been eliminated by full-scale
loading or proof testing where such procedures have been found advan-
tageous. In my judgment, this is a strong advantage of the procedures

adopted.
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SCHEDULE
Pigures 57 through 50 show the schedules of the four major rumedial

activities. The work on bearing piles for the Service Water Pump
structure (Figure 57) will commence as scon as the administrative
activities were completed, probably this fall, and should be completed
sometime in early 1980, 3Since this is an independent activity it is
expected to have no impact on the overall project schedule.

Figure 58 covering the Unit 1 and 2 Auxiliary Building Electrical
Penetration areas and the Unit 1 and 2 Feedwater Isolation Valve Pits
indicates that this work should complete about mid 1980; however, the
actual schedule would probably extend 2-3 months beyond the dates
shown. Again this is a separate activity and would not have an impact
an the overall project schedule; however, it should be noted that this
work would probably cause some additiocnal work for construction due to
congestion in the areas where other activities were taking place. It
is not expected to be a major problem.

7{gure 59 shows the borated water storage tanks activities however,
this is a method »f completing this activity and may not Dbe the final
method. This particular method includes a temporary cross tie between
the two borated water storage tanks (Unit 1 and Unit 2) and would

take until mid 1981 for final completion. This may be the most
eritical schedule activity as far as the overall project schedule is
concerned, in that flushing activities and testing activities are
taking place in the same time frame as the preload. After further
evaluation, this schedule may be modified somewhat.

Figure 60 shows the permanent plant dewatering system. We had previously
informed the NRC that because of the preloading activities there could be
an overall impact of two months on the project schedule. At this time,
because »>f a revised testing philosphy, the Unit 1 and 2 Diesel Generator
turnovers need not take place until Jovember of 1280 and August of 1980

respectively. This actually allows some float time in the schedule.



Approximately six months had been allocated in the schedule for
dewatering the power block area to the design depth and about three
months had been allowed after that time Ior recharge rate testing.

This would allow all activities to complete prior to Unit 2 fuel load,

and again, would not impact the overall project schedule. The major
problem being that of site congesticn and interference with other

site activities. This is a construction problem and one that dces

not seem %o be a major obstacle at this time.

n



. 7.0 CAUSE INVESTIGATIOHN

The investigation into the cause of insufficient compaction of plant
area fill was made by Bechtel using a problem analysis technique
known as the Kepler-Tregoe (K-T) method. This approach invclved the
following steps and (s shown on Figures 61 through T1.

(1) Identify deviation, in this case insufficiently
compacted plant area fill.

(2) Develop criteria for determining in which plant
area fill the deviation exists.

(3) Identify distinctions and changes which might
have caused the deviation considering the

subject of the deviation, where it occurred,
time factors, and the extent.

(4) Develop list of possible causes using all
distinctions and changes.

(5) Test possible causes for most probable causes.

. It should be noted that although all areas were included in the
investigation where deviations were identified oy the soils in-
vestigation, some deviations were thought to be insufficient to
require corrective acticns. Two examples of such areas are the
borated water tank area and the auxiliary building railroad bay.
In these areas the compacted fill is adequate despite some
indications of localized insufficiently compacted material.

Seventeen distinctions or changes were found to have occurred which
could have been possible causes and these have all been evaluated.
Specifications, first identified as a possible cause, were not included
in the most probable cause list because it was felt upon evauluation
that variances from the PSAR and FSAR and the various relatively

minor inconsistencies could not have been a cause of the problem

under investigation. The investigation is still under way into

soils testing methods, equipment, results, retests, reviews, and




evaluations, since these were found to have contributed to the cause.

The five most probable causes remaining after evaluating the possible

causes are,not necessarily in order of impertance:

(1) Lift thickness/compactive effort. Recent tests
nave shown that lift thicknesses in some cases
exceeded the capability of equipment being used,
verifying that equipment was not adequately
qualified in all cases.

(2) Compaction equipment/qualification. Same comments
as for (1) apply.

(3) Test procedures and results. This included repre-
sentativeness of tests, procedures for comparison with
standard proctor specimens, procedures for taking soil
tests within a 1ift, calculation c¢f relative density,
and use of nuclear densimeter.

(4) Inspection procedures. This included the use of a
surveillance type program in the power block area
for at least part of the time.

(5) Reliance on test results. This included construction's
reliance on test results for gualification of equipment
during the work and for acceptance of the work by Con-
struction and Quality Control personnel.

Personnel were not included as a most probable cause because a review
of qualifications and experience of both Bechtel and U, S. Testing
personnel had shown presence of sufficient education, exaperience,

and training to carry out the tasks assigned.



. 8.0 QA/QC ASPECTS

8.1 Corrective Actions
This section discusses the QA/QC aspects including the probable
causes identified and the corrective action taken and/or to be
taken. The possible and most probable causes were discussed in
Section 7.0. The matrix found on page 2 (Most Probable Causes per

K-T Analysis) indicates the corrective action taken or to be taken.

The deficiencies and items of concern from the 50.54(f) Report and
the IE Inspection Repoerts 78-12, 78-20 and 79-10 and corrective

action taken or to be taken are provided in two matrices and a

table, jwbeficiency Description (Items of Concern),” "Corrective
Action Statu: for Deficiency Descripticn (Items of Concern)"” and
"Corrective Actions on a Generic Pasis."/ These are found on Pages

L, 6 and 11, respectively. The first of these matrices is a cross-
reference showing the specific item of concern in IE Inspection Reports
and in 50,54(f). The second matrix shows the status of action based
upon 50.54(f) answers to date for Items 1 through 13. The second
matrix also shows status of action on Items 14 through 18. A plan view
5>f the Tank Farm (Tank Farm Boring Plan) is provided on Page 12 to aid

in locating test and inspection pits, air bubbles mapped, borings com-

pleted and borings proposed.
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. Most Probable‘s Per K-T Analysis ‘15/’/9 o

[tem
_No Possible Causes Per K-T Analysis Corrective Action

Lifr Thickness/Compactive Effort and Onsite geotechnical s301ls engineer at the site. Also,
Compact ion Equipment/Qualification geotechnical soils engineer from the Ceo-Tech Dept in home
office to give technical direction.

1
2.
Specification C-211 has been revised such that the uncompacted
1ift thickness of the backfill material shall be determined by
the onsite geotechnical soils engineer after evaluation of the
proposed compaction equipment. However, in no case shall the
uncompacted 1ift thickness exceed 8" for heavy sel f-propel l ed
equipment and 4" for hand operated eouipment. This specifica-
tion has also been revised to read, "The onsite geotechnical
soils engineer shall verify that the equipment used for com-
pacting the backfill materiels be capable of obtaining the
desired results and obtaining the same acceptable compaction
effort achieved in the test pad area." This verification shall
include, but not be limited to, the following: number of passes,
speed, revolutions per minute (frcquwncy), overiap per pass, lift
thickness requirements and uniformity.

Specification C-211 states, "Selection and approval of all the
proposed compaction equipment shall be on the basis of demon-
strated ability to accomplish adequate compaction without

damage to, or overstressing of, the adjacent structural
members".

: = Testing Procedures & Results

a. Methods Specification C-211 {is revised such that Proctors are made with
every field density test.

b. Equipment The nuclear densometer will not be used.

¢. Results/Reports The onsite geotechnical soils engineer will review and upprove
each soil test report. This will include, but not be limited
to, gradation, moisture and density tests. US Testing will be
checking all field density tests for cohesive material against
a zero-air-voids curve. Any field test result which plots on
or to the right of the zero-air-voids curve shall be regarded
as suspect and cause for retest. The onsite geotechnical
soils engineer shall determine all density test locations.

ny




Item
~No Possible Causes Pcr K-T Analysis
3. d. Retests
e. Reviews/Evaluations
f. Personnel
4. Inspection Procedures and
5. Reliance on Test Results

a. Different Inspection Me_hods

b. Placement Methods

. ‘w/'m

Corrective Action

All material represented by failing tests is to be re-worked
until the specified density and/or moisture is obtained. No
material will be placed on any known failing material until
satisfactory tests are obtained.

See ltem ¢ above.

An onsite geotechnical soils engineer and a part-time Geo-Tech
soils engineer have been added at the site. The onsite geo-
technical soils engineer coordinates with craft superinten-
dents and notifies QC of selected areas to be backfilled,
moniturs subgraae quality and preparation, calling for testing
as required. He evaluates size of fill area to determine
testing frequency, monitors material and 1ift thickness
placement. Calls for tests in borrow areas for cohesive rill.
Monitors compaction process including moisture control for
clay. Calls for tests at proper frequency and designates
location. Works with craft superintendents and QC to cbtain
effective remedial action on failing tests. The geotechnical
solls engineer provides overview and inputs technical assis-
tance as required.

The Project Quality Control Instruction has been revised to
include a daily soil placement report which is used for each
area where soils work is being performed. This report includes

c'g

sketch showing areas of soil placement, identification of equip-
ment being used, identification of supporting personnel, record-

ing 1lift thickness measurements which are representative of the
fill being placed, compactive effort used, location by grid
coordinates and elevation of all tests takern and testing
frequencies, types of material placed (cohesive/cohesionless).
A Quality Control Engineer will be assigned 100% of his time to
soil placement. Consumers Power Company will perform over-
inspection on a sampling basis of the soil placements.

Alsco see Item 2.f, above,.

See Item 1 above.

(o



Defici Description
(Ite‘ Concern)

Locatioa in

50.54(f)

Deficiency Description Page No
(items of Concern) _(ltem)

iuconsistency between specifications and b= 1,3
the D&M Report. A B (1)

Lack of formal revisions of Specs to re- 1-
flect clarification of Spec requirements. B

3
(2)
Inconsistency of information within the

FSAR relating to Diesel Generator Bldg
fill material and settlement.

Inconsistency between basis for settlement
calcuations for Diesel Generator Bldg &
design basis.

Inadequate design coordination in the
design of the duct bank.

lasufficient compactive effort used in
backfill operation.

Insufficient technical direction in the 10 & 11
field. s (2)

Inadequate Quality Control inspection of 13, 14
placement of fill. B (1)

Inadequate soil moisture i(esting. 13, 15
B (2)

Incorrect soil tes . results. 13, 1S
s B (3)

Inadequate subcontractor test procedures. 13, 14 & 16
B (4)

Inadequate corrective action for repeti- 21 & 22
tive conditions. B (1)

The Bechtel Quality Assurance Audit and 21 & 22
Monitor Program failed to identify the B (2)
problems relating to the settlement.




item
No
14.
15.
16.

17.

18.

Deficiency Description
{(Items of Concern)

Effect of ground water on DGB settlement -
unresolved.

Inadequate subgrade preparation after
winter freeze -

(NRC Question No 362.2 on FSAR Section
1.5.:4.5.1)

(Cracks in concrete structural wall &
footing in the DG Bldg)

(Air bubbles in Tank Farm Area and lack
of action)

Location
in 78-20

Page No

9

16-17

Location
in 78-12
Page No
(Item)

7 10
(3d) (8)

(3)

(6)

' 7/18/19

Location
in 79-10
Page No
(Para)

0'g
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Item
No

12.

13.

14.

15.

16.

¥

18

Corre Action
50. )
Discussion Items
Located on
Page No
(Item)

Deficiency Description
(Items of Concern)

(Contd)

The Bechtel (Quality Assurance I - 22
Audit and Monitor Program failed cC&D (2)
to identify i(he problems relating

to the settlement.

Effect of ground water on DGB -
settlement - unresolved.

Inadequate subgrade preparation -
after winter freeze -

(NRC Question No 362.2 on FSAR -
Section 2.5.4.5.1)

(Cracks in concrete structural -
wall & footing in the DG Bldg)

(Air bubbles in Tank Farm Area -
and lack of action)

0'g

7/ 18/76

Action Status

b. Training sessions have been held in Aonn Arbor,
Jackson, and Midland site to all Consumers and
Bechiel QA Engineers and auditors to increase
their awareness of the settlement problem and
discuss auditing and monitoring techniques to
increase audit effectiveness.

Same as 12 above.

As discussed in the K-T Analysis, the effect of
ground water on the Diesel Generator Building
settlement would be insignifican( had the compac-
tion of the material been to the proper density.

This also has been discussed in the K-T Analysis
and has been eliminated as a caus~ to the Diesel
Generator Building Settlement.

This has been addressed.

This has been addressed in a previous presentation.

Air bubbles have been mapped as indicated in the
sketch of the Tank Farm ARea.

An inspection pit has been dug from 628' + to 616" +
in the Tank Farm Area indicated with 3 in the sketch.
The pit was approximately 20'x20' @ 628" and approxi-
mately 10'x10" @ 616'. The material from 628' to 624'
was soft wet and disturbed material. The material
from 624' to 622' was a transition area. The material
from 622' to 616' was very good hard stiff clay with
some sand pockets. There was no evidence of under-
mining from the air bubbles. The air pipe is approxi-
mately @ elevation 611'. The excavation was dis-

continued due to the adequate material between 622'
£ A1A*



‘ Correc Action

50. £)
Discussion ltems
lLocated in

Item Deficiency Description Page No
No (Items of Concern) (Item)
18. (Contd)

7/ 18/76

Action Status

Four borings are proposed in the areas of bubbles
indicated on the sketch. Two of the borings are
located where previous borings were taken during
the soils investigation, to correlate the effect
of the air bubbles. Two are in progress at this
time.

A new air line has been placed in the steam tunnel
and the air line in the Tank Farm is no longer in
use.

o



o

The final review and update of the PSAR commitment list continues and will be com-
pleted by January 1, 1980.

Review of Engineering Departmental Procedure 4.22 "Preparation and Control of Safety
Analysis Reports" has been completed and no changes were required.
A review of sections of the FSAR is being performed.

A Quality Assurance audit will be made of these three activities.
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CPCo PREREQUISITES PRIOR TO
- RESUMPTION GF Q-LIST BACKFILL
Item
No, _Prerequisites 78-10
1. IDENTIFY CONFLICTS WITHIN FSAR =
2. IDENYIFY INCONSISTENCIES GETWEEN PEAR/ &

AND SPECIFICATIONS CR DRAWINGS

3. IDENTIFY INCONSISTENCIES OR OMISSIONS
WITHIN SPECIFICATIONS

4. RE-EVALUATE CONTINUED USE OF ‘‘RANDOM ®
FILL" IN ZONE 2 AREAS

® = Located in Indicated Document G UoYs 24




/

RESUMPTION OF

No,

CPCo PREREQUISITES PRIOR TO
Q-LIST BACKFILL (Cont.)

_Prerequisites

PROVIOR;

Flew Diagram ef Necessary Steps for Quality
Contrel and Assurance of Soll Work

Specitic Organization Responsible
Specilic Procedure Used
Specitic Acceptance Criteria

ASSURE THAT ALL "CLARIFICATIONS' AND

“INTERPRETATIONS'® ARE RESOLVED VIA
OFFICIAL SPECIFICATION CHANGE NOCTICES

® = Located In Indicated Document

G oows o8




f CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

item
No. _Prerequisites 79-10

7. APPOINT SINGLE INDIVIDUAL RESPONSIBLE FOR *
EACH OF THE FOLLOWING:

Directing Construction Aspects of Solls Werk
Directing Design Aspects
Bireating Quality Control Aspects
8. INBTITUTE 100% INSPECTION OF SOILS
PLACEMENT WITH CORRESPONDING INSPECTION

RECORD DOCUMENTATION OF SPECIFIC
CHARACTERISTICS INSPECTED IN EACH CASE

® — Incatad In Indicatad Narsiiman )




CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

Item
Ne. Preiequisites 79-10

9. RME-EVALUATE CAPABILITY OF EQUIPMENT BEING #
USED IN RELATION TO MAXIMUM ALLOWABLE
LIFT THICKNESS AND COMPACTION
REQUIREMENTS

10. RE-EVALUATE APPROPRIATENESS OF CONTINUED
USE OF NUCLEAR DENSOMETER, WiTH ITS
MEASUREMENT ACCURACY BEING
QUESTIONABLE RELATIVE TO MOISTURE
CONTENT SPECIFICATION LIMITS OF ‘‘PLUS OR
MINUS TWO PERCENT OF CPTIMUM'’

® = Locpted In Indicated Document G 00w 2/

B,




CPCo PREREQUISITES PRIOR TO

RESUMPTION OF Q-LIST BACKFILL (Cont.)

Item
No.

11,

12.

Prerequisites

RME-EVALUATE SARs, SPECIFICATIONS AND
FROCEDURES RELATIVE TO THEIR ADEQUACY IN
SPECIFYING:

Points In Process at which Measurements or
Test are to be made

Frequencies of these Measurements or Tests

Conditions under which New Laboratory
Standards Must Be Acquired

ASSURE THAT METHOD EXISTS THREE
DIMENSIONAL AND VOLUMETRIC FOR
IDENTIFYING SPECIFIC LIFTS WHICH ARE
INSPECTED AND TESTED

® = Located In Indicated Document

G 0ees 28




i

CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

Hem

Na. _Prerequisites 79-10

13. ABRSURE NONCONFORMANCE REPORTS ARE %
RISPOSITIONED

14; ASSURE THAT FIELD DENSITY/MOISTURE TEST
THAT PLOT TO RIGHT OF ZERO AIR VOID CURVE
ARE UNDERSTOOD

® = Located In Indicated Document G 06vs 29
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STATUS ATTACHMENT

20
7/18/79

OF 14 ~REREQUISITES

Consumers Power Company

Action(s) and Status

* Item Number*

1.

Identify all conflicts within PSAR,
within the FSAR, or between the
PSAR and the FSAR, and correct
these inconeistencies via official
changes to the appropriate docu-
ments.

Project Engineering and Geo-Tech performed a
review of subsections FSAR section 2.5 pertain-
ing to backfill operations to eliminate incon-
sistencies, etc.

Project Engineering and Geo-Tech performed a
review of the Dames & Moore Soil Report.

Resolved CPCo-PMO comments on FSAR Section 2.5.
Completed via Rev 7 to Spec C-211.

Identify any inconsistencies between
the PSAR/FSAR and the detailed speci-
fications or drawings, and correct
these inconsistencies via official
changes to the appropriate documents.

Resolved CPCo-QA comments on Specifications
C-210 and C-211., Completed via Rev 7 to Spec
C-211.

Identify any inconsistencies or
omissions within the specifications
and correct these inconsistencies
via official Specification Change
Notices.

Same as Item #2 above.

Re-evaluate the appropriateness of
the continued use of "random fill"
in Zone 2 areas.

Specification C-211 revised to redefine random
fill with special emphasis on soils supporting
structure. Completed via REv 7 to Spec C-211.
This will be accomplished through overview by

the onsite gectechnical soils engineer.

Provide a flow diagram of the steps
which are needed for the quality
contrul and assurance of soils work
and assure that for each step there
is a designation as to the specific
organization primarily responsible
for the action; a designation of the
specific procedre to be used; and

a designati~ of the specific accept-
ance criteria for the step.

A combined flow chart has been prepared illus-
trating the backfill process and the respons-
ibilities of the cnsite geotechnical soils
engineer, Geo-Tech soils engineer, Soils Quality
Control Engineer and US Testing.
has been placed in Field Instruction FIC-1.100
"Q-Listed Soils Placement Job Responsibilities
Matrix".

*Per:

(1) Meeting minutes from the April
Q-listed backfill.

(2)

(3)

24, 1979 Bechtel/CPCo meeting on resumption of

Added action items at the April 26, 1979 Diesel Generator Task Group Meeting.
JFNewgen letter to TCCooke BCCC-3995 dated May 4, 1979.

This flow chart



8.0

Consumers Power Company

Item Number*

21
<

7/18/79

Action(s) and Status

"If.

Assure that all "clarifications"
and "interpretations' are resolved
via official Specification Change
Notices.

Engineering Departmental Procedure Instruction
4.49.1 has been revised to incorporate clarifi-
cations and instructions for use of Specifica-
tion Change Notices.

7. Establish a single individual at The following positions have been established:
the site to be responsible for A fant andd P
esch of the following: a) -n51:e gect??hn;yif soils engineer.

b) Geo=Tech soils engineer.
directing the construction aspects ¢) Soils QC Engineer
of the soil work; directing the acan
design aspects; and directing the Their responsibilities are defined in the flow
quality control aspects. chart described in '5' above.

8. Institute 100 percent inspection of Bechtel QC has revised the Project Quality
each lift placement with a correspond- | Control Instruction PQCI/QCIR for backfill
ing Inspection Record documentation placement. Revised PQCI/QCIR calls for
of the specific characteristics inspection of backfill work by a full time
inspected in each case. Soils QC Engineer with generation of a daily

report for each area of backfill worked.

9. Re-evaluate the capability of the Hand held equipment has been qualified for the
equipment being used in relation two sands to be used. Qualification of equip-
to the maximum allowable lift ment to be used on cohesive materials are still
thickness and the compaction re- in progress. All equipment will be qualified
quirements. in specific soils prior to its use.

10. Re-evaluate the appropriateness of The use of the nuclear densometer has been dis-
the continued use of the nuclear continued for record inspection use.
densometer, with its measurement
accuracy being questionable relative
to the moisture content specifica-
tion limits of "plus or minus tv
percent of optimum".

11. Re-evaluate the SAR's specifications Geo~-Tech has performed this review.

Wi precedures relacive to thelr An audit has been performed on US Testing by
adequacy in specifying the points
Bechtel to determine the adequacy of their soils
in the process at which the measure-
testing procedures. The Audit was performed on
ments of tests are to be made, the 2 7 find d i "
frequencies of these measurements 4/25 - 26/79. Two findings on administrative
policies were found. One against Subcontracts
or tests, and the conditions under 5 i c i {
Whiéh suw ishoratory standsrds Sust and one against US Testing. orrective action
; will be taken prior to starting backfill.
be acquired.
*Per: (1) Meeting minutes from the April 24, 1979 Bechtel/CPCo meeting on resumption of

Q-listed backfill.

(2) Added action items at the April 26, 1979 Diesel Generator Task Group Meeting.
(3) JFNewgen letter to TCCooke BCCC-3995 dated May 4, 1979.
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Consumers Power Company

Item Number*

~n
cz

7/18/79

Action(s) and Status

Assure that there is a method, on

a three dimensional and volumetric
basis, for identifying the specific
lifts which are inspected and tested.

1

|

Bechtel QC has revised the Project Quality
Control Instruction PQCI/QCIR C-1.02 to cover

this.

13.

Assure that each nonconformance
report (regardless of the type of
report) is dispositioned.

For each Q-listed area all Discrepancy Reports
and NCR's (Bechtel and CPCo) will be fully
dispositioned and closed out prior to placement

of backfill.

This will be covered on case-by-

case basis prior to backfill starting in a
particular area.

Additionally, P.E. will release areas for back-
£i11 which are listed in MCAR 24 as questionable
areas on a case-by-case basis by memo or TWX.

14.

Understanding the field density/
moisture test in the 0ily Waste
Area that plotted to the right of
the zero-air-void curve.

NE———

Bechtel has directed US Testing to check all
field density tests for cchesive material against

a zero-air-void curve.

Any field test result

which plots on, or to the right of the zero-air-
voids curve, shall be regarded as suspect and

cause for re .est.

Bechtel Geo-Tech has re-

emphasized to US Testing thke importance of
taking accurate tests.

*Per:

(1)

O-listed backfill.
(2)
(3)

Meeting minutes from the April 24, 1979 Bechtel/CPCo meeting on resumption of

Added action items at the April 26, 1979 Diesel Generator Task Group Meeting.
JFNewgen letter to TCCooke BCCC-3995 dated May 4, 1979.
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LICENSING ACTIVITIES AND CHANGES TO FSAR

With respect to the Site Fill problems at Midland, Consumers Power
Company has received several documents {rom the JRC requesting
information. This includes questicns via 50.54 and the FSAR. There
are still some questions yet to be answered and it 1is our intent to
answer these by amendments to these documents. We will be

keeping the NRC informed by means of further 50.55e reports. Upon
completion of the corrective actions and answering all questions, the
FSAR will be changed to update it to the as built condition of the
plant.

As indicated in reply to 30.54, the FSAR is being re-reviewed for
technical consistency with respect to project design documents,
consistency between FSAR subsections, and documenting the PSAR
commitments have been dispositicned. The re-review is scheduled

to be completed by January 1, 1980.
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INSIDE DIAMETER OF CONDUIT = 474"
‘ OUTSIDE DIAMETER OF MANDREL= 3%

: H

1

DIAGRKAM OF MANDREL (RABBIT)USED
TO CHECK CONDUITS

MIDLAND PLANT UNITS 1 8 2
CONSUMERS POWER COMPANY

RABRRIT
FOR LLECTRICAL DUCT

FIGURE : DATE 4 24 79
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IN INCHES

TOTAL SETTLEMENT OF WALLS FROM 7-14-78 TO 6-29-719

(20 FEET OF SURCHARGE)
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DUCT BANK DEFLECTION

L=100-0"

CONSTANT RADIUS OF
CURVATURE 1S ASSUMED

FOR A DUCT BANK 43"x /8" DEEP
[\ WHEN STEEL YIELDS = 43

FOR A DUCT BANK 54" x 35" DEEP
[\ WHEN STEEL YIELDS = I5

FIG.2

QO

£'ce = 3000 PSI

Ec = 1,734 KkS/

(MODIFIED FOR LONG TERM
DEFLECTION PER ACI 3/8-77
SECTION 9.5.2.5)
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STRUCTURES
. AUXILIARY BUILDING

1. CONTROLTOWER  Medium dense to very

2). UNIT1ELECTRICAL Dense to very dense sand
PENETRATION AREA  With layers of loose sand

3). UNIT 2 ELECTRICAL Medium dense to dense
PENETRATION AREA  sand with medium stiff

4), RAILROAD BAY
FEEDWATER ISOLATION

VALVE PITS
1. UNIT1
2. UNIT 2

SERVICE WATER PUMP Soft to very stiff ¢clav and

STRUCTURES

BORATED WATER TANKS 1

. DIESEL FUEL TANKS

DIESEL GENERATOR
SUILDING

SUPPORTING SOIL TYPE

dense sand.

and soft clay

clay layers.
Medium to very dense sand.

Loose to dense sand and
medium stiff to very stiff clay.

As UNIT L

loose to very dense sand.
Medium to stiff sandy ¢lay
clay.

Medium to stiff sandy clay
to clav.

Soft to stiff ¢clay and loose
to dense sand.

SUMMARY OF PREDOMINANT FILL TYPEAND
CCNDITION BELOW VARIQUS CATEGORY |
STRUCTURES SUPPORTED ON PLANT AREA FILL

AT e 9
< 1IN% P9



® Liquefaction, stress .nc based on estimated acceleration

© Liguefaction, stress ictio bosed on good acce
QC

leration data

© No liquefaction, s'ress rctio based on estima'ed acceergtion
QO No liquefaction; siress ratio based on good occeleration datg

os | | T | | | |
/
/
s /
Lower bound for sites ,’
where liquefaction occurred N
/
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e 2 0 // ]
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N, -blows per foot

CORRELATION BETWEEN STRESS RATIO CAUSING

LIQUEFACTION IN THE FIELD AND PENETR
CF SAND. (cfter Seed etal)
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(634)

DEPTH (FT.)

0

10

“N"' VALUE - BLOWS PER FOOT

30 40 50 60 0

80

| |
DIESEL GENERATOR BUILDING
Boltom of spread footing

M=T}

MIDIAND UNITS 1&2

71220 - 101

NOII{THWEST AI}EA

STANDARD PENETRATION RESISTANCE VERSUS

DEPTH FOR THE f'ORTHWEST AREA OF THE
DIESEL GENERATOR BUILDING
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DEPTH (FT.)

0

"N VALUE - BLOWS PER FOOT
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80

T T
DIESEL GENERATOR BUILD ING
Bottom of spread footing

628 ft.

M= /3

MIDIAND UNITS

NOIRTHEAST All?EA

7220 - 101

1&2

STANDARD PENETRATION RESISTANCE VERSUS
DEPTH FOR THE NORTHEAST AREA OF THE
DIESEL GENERATOR BUILDING
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