COMMFNTS BY PALPH B. PECK

(®econstructed from notes prapared 17 & 18 July 1979)

I have besn a consultant to Bechtel on the “idland Pro-
ject, together with Profassor A, J. Hendron, becinning shore-
ly after the settleaments were noted in the Diesel Asnerator
3uildire. I speak for nyself and, T hope, for ®rofessor lien=-
dron, whe is unabla to he hers because he is out of the coune
£ry. 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 theose aspects
that, in my judgment, are of greatsst impertance,

The investigations at the Diesel Canerator Building
rather gquickly showed that tha sesat of settlement was in the
clay €ill underlying the structure. They also showed that the
clay f£ill was extremely variable with respect to its density,
its water content, and even its composition., Furthermore, the
investigations shcwed that it would be feasible to surcharge
the area in such a way as to stress the subscil of the struc-
ture to levels exceeding the final stresses that would exist

under oparating conditions,
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After consideration of a nurber of alternatives, it was
cdecided to prastrass ths subsoil by means of a surcharga, In
my view, this oreccedurz had several irportant advantages, “ne
of thess is tha opportunity to provide instrumsntation, prin-
cipally piezomsters and subsurface sattlement gages, that
could furnish data permitting a reliable upper<bound settlement
forecast. Furtharrors, the procedure automatically proof-
Lested the subsoil with respsct to its futurs settlament he-
havieor. Therefore there would bs no need, in determining the
accaptability of the foundation, to depsnd on the results of
additicnal borings, samples, compacticn tasts, or other simi=-
lar activitias. GSuch tasts wculd be likaly to grove inconclu=-

ive on account of the haterogeneity of the f£ill matarial, but
they would also he irrslevant in viaw of the knowledge of the
actual behavior.

The rasults of the preload procedures have been convinec-
ing., The obsarved pore pressurss were small, smaller shan
actually anticipated, and they dissipated rapidly, !lence, pri-
mary consolidation was accomplighed quickly and the curve of
settlement as a function of the logarithm of time became
linear shortly after the completion of placerent of the f£ill,

Therefore, it is possibles to forscast the settlement that
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After consicderation of a nurber of alternatives, it was
decided to prastrass ths subsoil by means of a surcharga., In
my view, this prccedurz had several irportant advantages, “rne
of thess is th2 opportunity to provide instrumesntation, prine
cipally piezomaters and subsurface sattlement gages, that
could furnish data permitting a reliable upper<bound settlemen*
forecast, Furtharrors, the procedure automatically proof-
tested the subsoil with respsct to its future settlamenst he-
havior. Therefore there would s no need, in determining the
accaptability of the foundation, to depznd on the results of
additional borings, samples, comracticn tasts, or other simi-
lar activitias. Such tasts weculd be likesly to prove inconclu-
sive on account of the haterogeneity of the fill material, but
they would also be irrelevant in viaw of the knowledge of the
actual behavior.

The rasults of the preload procedure have been convince
ina, The obsarved pore pressur2:s were small, smaller “han
actually anticipated, and they dissipated rapidly, !lence, pri-
mary consolidation was accomplished quickly and the curve of
settlement as a function of the logarithm of time became
linear shortly after the completion of placerent of the £ill,

Therefore, it is possibles to forscast the sesttlement that
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would occur at any future tim2 bv simple extrapolation, on

the assumption that th2 surcharge will r2main in place. Fven
this arcunt of sstilemont would be accaptable, Howsver, the,
projected settlament determined cn this hasis is an upper
bound, because the surcharge will ke rermoved and the rzal set-
tlements will certainly he smaller. In my judgment, the
foregoing circumstances sliminate any uncertaintiss concarn-
ing the settlament hzhavior of th2 Dies2l Ganerator Ruilding
resulting from the underlying clay £ill,

The investigation at the Nissel “anerator Suilding also
showad, housver, the presence of zonas cf sand, including
scme portions that were loose. This finding indicated a po-
tential for ligqusfaction under severs earthcuakes, and the
possibility cf settlement originating in tha sands duz %o
shakadewn under seismic conditions, Thes surcharge would, of
course, be ineffective to remedy this condition.

Of the varicus poseible remedial measures, grouting,
probably using chemicals, would, in my judgment, be feasibhle,
evertheless, it would b2 difficult to be assurad that all
injected materials had been successfully trsated, or that all
loose zones had actually been injectad. Thus, chemical grout-

ing would at best bz a piescameal solution. It would be



a positive answer to the cuestion whather

zenas that might ligquefy had haen identified

The chozan alternative to grouting is asznecsa4. permanent
dewvatering of a large portion of the plant site, This solu-
tion has tha advantacge of bsing a positive solution to the li-
nmue faction problem, Thereforz, it provides positive answers

such qusstions as those just mentionad. The solution has
urther advantace that it can menitored effectively
imple procecdurss, orimarily by the use of piszemetars. In
viaw, one of tha greatest advantages of ganeral dewaterinc
the margin of safaty inherent in the time lag that would
reguirad for rscharge of the dewatersed zone if the pumps
should ceasa to operate, That is, the heneficial effects of
he dswataring would persist for a period orn the order of weels

pumping might be interrupted. Failure of ths pumping

system fecause of an earthquake would, therefors, not destrov

protection achieved by tha dewataring.
en to beinc a positive solution to the licuefac-
tion problem, wharever any such prohiem might exist in the
dewateracd area of the plant sits, the drainage will reduce sub-

stantially any sesttlements that might be induced by comvaction
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of the sands during an earthquake, The present methods of
estimating settlaments due to seisrmic shaliedewn are cvercen-
servativa, bacause they ar2 based on the results of lahora-
tory tasts on dry sands, Even th: settlamants estimated on
this bSasis would be acceptabla, Kowever th2 oressnce of
capillary meisture in the soil would cr2atly reduce the frea-
dom of tha sand grains to assume a dznser positicn during
vibration. Thersfors, I consider that dewaterinc will essen-
tially elirinats any potantial problems of seismic shakadown.
The continuing invastigations of the plant area indi-
catacd other potential trouhle areas. In my visw, these po-
tential troubla zonss have now been adequately defined by the
boring program and other investigations. OCne such area is the
location of the Borated !fater Tanks., Paneath thes2 tanks the
investigations have indicated better and more consistent sub-
gsurfacs conditions than beneath the Dies2l ~enerator Building,
It is propcsed to €ill the tanks with water as a test load.
The filling will constitute fullescals proof tessts with re-
spact to the bearing capacity of th2 subscil, It is antici~
pated that the tanks will settle under the test load, and this
settlement will increas: the hearing.capacity. Furthermore,

by making ssttlement ohservations at various depths in the



subsoil during and after the test loadine and by combining
this informaticn with stress calculations and thecry, it will
be possibls to maka rsascnable settlement predictions that
take into account the actual subsurface conditions undsr raa-
listic loadings.

The Electrical Penetration Structures axtending from the
Auxiliary Building, and the adjacent Yalve Pits, ars to he
underpinned, This is a positive solution that will lcad to
satisfactory and pre'lictable results irrespective of the na-
turs of the €ill matarials that mav oreeently underlie these
structurss, The operations are expgadient, in the sense that
they ars compatible with the gesneral construction scheduls,
Th2 nine caissons under each of the Electrical Penstration
wings will he testad individually to 150 percent of the anti=-
cizated loading, and collactively to 100 percent of the antici=-
patad working load. The lattar procsdure, in which all nine
caissons are lcaded simultaneously, constitutes a proocf load-
ing that will eliminates any doubts concerning the ability cf
the underpinning to support the structure without significant
settlament,

The Diesel Fuel‘Tanks ar: buried structures that have al-

ready been subjacted to a full-scale loading by filling them



with water, The settlemants under thes2 test conditions wera
minimal., 'hatever sattlerent of ths tanks may occur will he
associatad primarily with sattlement of the underlying and
surrounding fill under its own waight. Since the tanks will
bz settling with the £ill, the diffarential movaments hetween
the tanks and the surrcunding soil and pviping will b2 mini-
mal, and the connactions can be sxpected to settle acproxi-
mately equally with the tanks, Therefore, I do not consider
that any unusual conditicns exist with raspsct to the Dissel
Fuel Tanks, and that attention to datails providing reason-
ables flexibility will satisfy all racuirements,

The Service Vater Structure lies cutside the area of
plannad permanent dawatering, Thera2fore the wing presently
supported by £ill will be picked up by a system of piles, The
proposad procedure provides positive suppert. The piles ars
to b2 designed to carry the structural lozds at thesir buckl=
ing strength and will therefores be sffectivz even in the event
ef ligquefaction of the surrounding soil. Since these pilas
ars not clusterad in such a way as to stress highly a large
mass of the bearing material, as in the case of the caissens
proposad for the Elactrical Penetrations of the Auxiliary

Building, they are not to he proof loadad as a group, but will



be lcadsd individually to 150 parcant of the anticipated worke
ing load. This procsdure is conservative,

In summary, my ovarall impressions and conclusions con=-
cerning the propcsed ramsdial measures are as follows: Ths
investigution has proceeded in a progressive fashion. Like
most investications of this kind, it has nct always procaeded
in a straightforward way, but has acpropriately pursusd var-
ious apporoaches, Althouch it is still continuing in some
rasrects, I consider that it has now disclosed the significant
conditions and potential problems asscciated with tha founda-
tion conditions of tha site, As a2 result of the studies, 2
variety of solutions has esvolved, Fach solution is suited to
the specific conditions and problems of a particular par: of
the facility. However, the potsntial for liguefaction has
been eliminated once and for all, and many potential uncer-
tainties have been eliminated by fulle-scale locading or sroof
testing where such procedures havs beaen found advantageous,
In my judament, this is a strong advantage of the nrocsdures
adoptad,

Finally, the propcsed solutions do not requirs unreason-
able maintenance or monitoring during the lifetime of the

plant, and can there‘ore be adopted with confidence.
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7.0 CAUSE INVESTIGATION

The investigation into the cause of insufficient ccmpaction of plant area £1ill
“C’lﬂ" - &.’Mo‘i
was made by Bechtel using a problem analysis . This sechaigue.

involved the following steps:

(1) Identify deviation, ia this case insufficiently compacted plant aresa
£111.

(2) Develop criteria for determin ng 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, tims
factors, and the extent.

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

(5) Test possible causes for most probable causes.

It was noted that although all xeas were included in the investigaticn where
deviations were identified by the soils investigation, some deviations were
thought to be insufficient to require corrective actions. Two examples of

such areas are the borated water lank area and the auxiliary building railrcad
bay. 1In these areas the compacted fill is adequate despite scme indications of

localized insufficiently compacted material.

Seventeen distinctions or changes vere 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 evaluation that variances from the PSAR

and FSAR and the various relatively minor inconsistencies could mot have

been a cause of the problem under investigatiom.



It was stated that investigation is still under way iato soils testing methods,
equipment, results, retests, reviews, and evaluations, but that these were

found to have contributed to the cause.

Five most probable causes remained after evaluating the possible causes. They
are, not necessarily in order of importance:

(1) Lift thickness/compactive effort. Receant tests have shown that
1ift thicknesses in scme cases exceeded the capability of equipment
being used, verifying that equipment was cever adequately qualified.

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

(3) Test proecdun%uulu. This included representativeness of
tests, procedures for comparison with standard proctor spacimens,
procedures for taking soil tests within a 1lift, calculaticn of
relative density, use of nuclear danﬁ.ur.

(4) Inspection procedures. This included the use of a surveillance type
program for at least part of the time, and the almost total reliance
of inspection procedures on test results.

(5) Reliance on test results. This included comstruction's total
reliance on test results for qualification of equipmeat during the
work and for acceptance of the work by Conmstruction and Quality

Control persomnel.

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, experience, and training to carry

out the tasks assigned.

PAM/pp
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DESibbald JHook
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JOWanzeck
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I. General Review

A review was held covering the 50.55(e) report, 50.54(f) report, miscel-
laneous questions from the July 18, 1979 presentation to the NRC in
Washington, D.C., the consultants meeting date and the draft schedule.

The following was noted:

A.

Cut off date for interim report 9 to MCAR 24 will be mid-January.

This report is due in mid-February.

Since the Geotech report indicates the soil to be satisfactory in the
tank farm we will uote that we are deleting the load test of the borated
water storage tank. If ever nceded, six feet of sand could be added
around the tank filled with water for the load test.

Dewatering should be discussed in the February report, however, the
computer modeling which may be required could delay this discussion.

The guard pipe on the borated water storage tank line has been closed
in an earlier report.

Responses to questions 4 and 14 will not be out until January 15, 1980.
CSKeele" is to notify D. Hood. Draft responses will be submitted to
Consumers Power Company on January 2, 1980,

Rixford will have a matrix out by December 21, 1979 which should provide

locations of answers to D. Hood's memc on the July 18 meeting and informal
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questions noted by TCCooke. All open items on the MCAR should be
closed by February 1980.

C. John Rutgers took an action item to respond as to whether or not a
full time man will be employed to collect or locate all documentation

for the $979%¢f) report closure items.
. 3

H. Bechtel is to advise the date of the consultants meeting this afterncon.
It was noted that it would be December 10 or 1l in Ann Arbor. (Note:
cancelled after NRC order of December 6) At that time the formal final
report will be discussed. The total picture should be completed by dis-
cusrion of individual subjects. All signatures of consultants should .
be obtained. Calculations or review should also be discussed at this ~
meeting.

I. Al Boos noted that the resolutions of underground pipe and utilities
question was significant to the construction schedule.

J. Draft Schedule - During the review of the draft schedules provided by
RMWheeler, it was noted that the more detailed schedules should be com=
pleted by Bechtel in the near future. Discussions with Mergentine will
have to be held to determine which unit will be done first on the under—
pinning contract. It was also noted that the dewatering spec should be
completed by the middle of March. Jim Wanzeck or Bechtel Ann Arbor will
advise TCCooke on the 138 kV poles and bore holes in the dike. This
should be added as a line activity to the dewatering schedule. The
Diesel Generator pedestal vibration tests will not take place until 1981.
However, the consultants will be questioned as to whether some other
means can be used to vibrate the pedestals. Bechtel is to comment on
the draft schedule. and check Mergentine on vibratory application.

New 50.54(f) Questions (24 - 34)

Discussion was held on individual questions and methods of response. A
Bechtel meeting on November 30, 1979 initiated responsibilities for answers
to questions and the schedule for same, I® was noted that an outline should
be prepared by December 7, 1979 and that a draft response should be prepared
by December 21, 1979. This should be coordinated with Consumers Power Company
by January 4, '980. Allowing two wecks for review and two weeks for contin-
gency, the final response should be ready by February 1, 1980. This schedule
is tight and realistically it should be noted that probably mid-February
would be the carliest date that it could be submitted to the NRC. GSKeeley
will advise D. Hood that we should be:able to submit our responses by March 1
and that ve will know more about it in January of 1980. It was also noted

in passing, that (he dewatering will be made to elevation 600' with 0.2C
acceleration utilized as the new criteria.

Since 0.12g appears to be a realistic acceleration value for the seismic event
it was noted that a separate meceting would protably have to be held on questions
25 and 26. Additional checks will be made wit:. Karl Weidner on these subjeccts.
Thesc questions and other new 50.54(f) questions will be handled in the same
manner as they were handled on the old Diesel Gencrator task force.
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1V. Underpinning Contract

It was noted by both Consumers Power Company and Bechtel that after having
reviewed the award procedures, the complaint {rom the second low bidder had
no basis in fact. It was alsc noted that Bechtel and Consumers Power Company
attorneys “ave differing opinioms on the Michigan PE licensing question. This
question wili be raised during the pre-award in Ann Arbor on December 6, 1979
and the low bidder will he requested to respond.

Attachment
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