DEPARTMENT OF THE ARMY
DETROIT DISTRICT. CORPS OF ENGINEERS
20X 1027
DETROIT. MICHIGAN 42!

27 MAR 1980
NCEED-T

SUBJECT: NRC Midland Project, Request for Additional Borings and Existing
Soil Data

U.S. Nuclear Regulatory Commission
Dr. Robert E. Jackson

Division of Systems Safety

Mail Stop P-314

Washington, D.C. 20555

Dear Dr. Jackson:

l. The Detroit District Corps of Engineers ia providing geotechmnical
assistance to the Nuclear Regulatory Commission concerning the Midland Nuclear
Plant requires additional soil borings and related soil test data as described
in Inclosure 1.

2, The requested borings and related soil test data should be provided as
soon as possible. Delays in receipt of this information would delay
completion of the interagency agreement subtasks.

FOR THE DISTRICT ENGINEER

PNCRa

As otated P. MeCALLISTER
e Chief, Engineering D*vision
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INCLOSURE 1

l. It is requested that the applicant furnish the boring logs listed below
indicating when and how these were taken, the type of sampling, and samples
taken:

Pull down holes PD-1 thru PD-27* (35 holes)
LOW~1 thru LOW=-13 & W=l thru W=4 (18 Holes)
TW-1 thru TW=5 & PZ~1 thru PZ-48 (53 holes)
OW=1 thru OW=3 & OL-l thru OL-6 (9 holes)
TEW-1 thru TEW-7 & Q=1 thru Q=12 (19 holes)
. *Includes 8A, 20A, 20B, 20C, 15A, 15B,15C, & 27A.

2. Locations, boring logs and test data from any other drill holes taken in
1979 and 1980 are also requested.

3. Dutch cone penetrometer data from holes P-l thru P-13 must also be
provided.

4, Information is requested on all piezometers that were installed to monitor
problems related to plant fill. The information should include the number and
location, the time of installation, the type of filter around the piezometer,
the installed depth, and the type of piezometer.

5. All piezometer readings for each installation with dates and times are
required.

6., The data and information requested in paragraphs 1 thru 5 above is needed
to verify the applicant's computations and conclusions and to make any needed
computations for the dewatering analysis, the seismic analysis and the
settlement analysis.

7. A need exists for additional borings, since random exploratory borings
throughout the plant site have revealed pockets of soft clay subject to
gettlement and or ~uasolidation and loose sands subject to liquefaction. A
need also exists to check the results of the proposed remedial measures of
surcharge loading at the Diesel Generator Building and the dewatering plaa.

a. In the case of the Diesel Generator Building, check borings must be
made in the vicinity of borings which identified low "N" values in the clay
and sand fill. The proposed borings shall be carried into the glacial till
and all samples including those in the glacial till tested as indicated below.



The boring locations are as indicated on the attached map. All soil for the
full depthe of the borings shall be classified according to the Unified Soil
Classification System. Any tests necessary to classify the soil shall be
accomplished. Unit weight and moisture conteat of all samples should also be
determined. The samples obtained from any cohesive strata shall be tested.
The tests for cohesive material shall be an ueou*auoa triaxial shear test
and a consolidation test with restraining load equal to the load in place at
the strata depth the sasple represents emd. The sands shall be tested in
direct shear for a loose and dense condition and the relative density of the
sand in situ determined.

b. Where piling or caissons are proposed to underpin the Service Water
Building and Auxiliary Building - feed water valve pits which are located on
£111, the load bearing capacity of the bearing strata must be determined. The
capability to resist lateral shearing etresses that could be induced in low
“N" value soil subjected to seismic action must also be determined. The same
tests required for soil samples obtained from the new borings at the Diesel
Generator Building shall also be made on soil samples from new borings for
these buildings.

¢. The questionable site area fill may have a counterpart in the cooling
pond embankmen which was constructed contemporaneously with the site fill.
It is requested that exploratory continuous drive borings be taken at a number
of points along the north and east embankments, omitting the slurry trench
cutoff areas which are positively sealed. The approximate boring locations
are as indicated on the attached map of the cooling pond. The tests on the
soil samples obtained from the borings in the embankments shall include the
following tests, unconsolidated, undrained triaxial shear tests, Atterberg
limits and all soils classified according to the Unified Soil Classification
System. The borings shall be sampled every 2-1/2 feet using a standard split
spoon sampler. The hole shall be held open using a hollow stem auger or
casing. Particular attention shall be paid to ground water conditions during
and after completion of drilling. In the case of Hole 5, the boring should be
drilled to the depth of the cooling pond bottom while the remaining borings
need penetrate only 5 feet into underlying residual soils unless soft ground
indicates a need for further hole penatratilon.

8. Summary of Requested Drilling
a. Diesel Generator Building = 4~6 holes around the perimeter of the

building. Samples of all stratas from ground surface into the glacial till
(Holll 8“13)0



b. Auxiliary Building - Take two borings around the proposed support

piling or caisson for remedial grouting of loose sands and soft clays adjacent
* to psle or caisson to stiffen piles and ad joining ground against lateral
loading. Borings need to penetrate to glacial till. (see attached map for
boring locations - Holes 4 & 5.)

¢. Service Water Building - A boring (Hole 16) shall be made as indicated
on the attached map to and into the glacial till. All samples obtained shall
be classified according to the Unified Soil Classification System also
unconfined, undrained triaxial compression tests made on cohesive soil samples
and direct shears for a loose and dense condition shall be made on all
granular scil samples.

d. Plant Area Borings - Some borings must be taken under the Radwaste and
Turbine Buildings to determine L{f unwatered pockets exist or persist.
Suggested boring locations would be as indicated on the attached map. Further
{nvestigation could be needed after the results of these borings are obtained.
No borings presently exist in these areas. The borings should be cased or
hollow stem auger borings with drive samples every 2-1/2 feet through the fill
should be taken and converted to dewatering holes or used for piezometers
(Holes 1, 2, 3, 6 & 7).

e, The site visit of 27 or 28 February 1980 turned up two differential
settlement poiants on the retaining wall ad jacent to the Service Water Pump
Structure. Two borings, Holes 14 and 15 as indicated on the attached map
shall be taken to investigate this problem. Tests required are é»
consolidation tests, triaxial compression tests, Atterberg limits and
gradation tests made on cohesive soils, and direct shear for loose and dense
conditions and gradation tests made on granular soils.

f. In all new borings made, the water table shall be determined.
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NCEED-T Ceotechnical Engincering Assistance to NRC
Or{entation Meeting at the Bethesda, Maryland
7-8 Yovember 1979

RC File PO o binski BATE | Feb 80
KUBINSKI /vw/6786

l. The purpose of this trip was orientation {n nature. It was made to acquaint
R. Erickson and J. Kubinski with the NRC Organization, staff, project
requirements, and faci{lities available at their main office in Bethesda, Maryland.

2. The meetings took place on the 7-8 November 1979. I will refer to the meeting
that took place on the 7th as Meeting I, and the meeting that took place on the
8th as Meeting II. i

3. The follcwing are significant items discussed at the respective meet ings:

a. Meeting I: This meeting was primarily orientation in nature. NCE
personnel were introduced to the NRC staff, their organizational elements and in
general their function as a review agency. Dave Lynch of NRC gave a concise
presentation on the general aission, and referencing specifically Bailly Nuclear
Generating Station near Cary, Indiana. He also covered elements i{n the normal
review process giving an {ndication as to general requirements. Later, he covered
the more technical aspects and problems in existence at the site.

b, lMeeting Il: This meeting was also of orientation nature, with the
emphasis placed on the Midland Nuclear Facilities. This meeting was very similar
in nature to the one on Bailly, but was conducted with emphasis on the Midland
site.

4. The following people were involved in these zeetings:

a. Mcetln‘ | ¢

Bob Jackson (NRC)
Lyman Hefler (NRC)
Dave Lynch (NRC)

J« Kubinski (NCE)
R. Erickson (NCE)

be Meet'ng II:

Lyman Heller (NRC)
Darl Hood (NRC)
Dan Gillen (NRC)
J. Kubinski (NCE)
R. Erickson (NCE)
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\CLED=T
SUBJECT: Geotechnical Eagineering Assistance to NRC Orientation Meeting at the
Bethesda, Maryland 7-8 November 1979

5. The items discussed are listed below:

a. Meeting I:

I. This meeting was of orientation nature and a good introduction to the
entire program was given by Dave Lynch, Project Manager, NRC, Bailly Nuclear
Cenerating Station.

II. The purpose of NRC's mission with respect to review is to insure
radiological safety and containment of all possible danger. It {s not NRC's
concern to see that OASHA standards or safety in ;cnanlg observed.

III. The issue at Bailly is concerned with piles supporting & primary
containment facilities. It is a rigid structure and, therefore, no displacement
can be tolerated. Dynamic operations result in displacement and this displacement
must be monitored so that the entire structure is ad justed nccordtn.ly.,dsg is a

very.ﬁcfined load/deflection analysis for the entire facility.
wet

IV. The containment facility cannot fail. It may have to be politically
safe which implies a greater than necessary safety factor to be technically safe.

V. The Safety Evaluation Report (SER) has not yet been written for the
Bailly plant.

VI. It is necessary to defend any technical judgments before the Advisory
Committee for Reactor Safety (ACRS). At the Bailly site it will be necessary to
defend as built conditions.

VII. The term "Intervener” i{s defined as follows: An intervener must
live within 50 miles of the proposed facility (the State in which the facility
exist can act as an intervener); the interveners may hire firms or {ndividuals to
represent them {n obtaining {nformation concerning the construction or operation
of nuclear facilities.

VIII. The normal review process consists of the following items:
- Applicant submits PSAR (Preliminary Safety Analysis Report)

= NRC urttcs'San:y Evaluation Report (SER). This SER {s a concise
plcture of NRC staff's review.

= NRC submits SER to Advisory Committee on Reactor Saftey (ACRS). The
AFRS can form subcomittees in which their members and/or their consultants c.n
evaluate the specific issues.

=~ ACRS evaluates SER/PSAR and letter on the safety of the plant is
written,

- - -



NCEED-T
SUBJECT: Ceotechnical Engineering Assistance to NRC Orientation Meeting at the
; Bethesda, Maryland 7-8 November 1979

= Public hearings are generated only {f the license {s thought to be able
to be granted. This is a construction license.

= The Construction Permit, {ssued by NRC, but license is granted by the
Chairman of the Commission.

= The review of deviations from the PSAK, SER and CP must be reported by
the applicant to the Nuclear Regulatory Commission Office of Inspection and
Enforcement (I&E). The I&E Office sends this information to the review office for
review, and c!. new license or amended license i{s usually {ssued.

NOTE: The following is a list of {tems concerning the Bailly plant.

IX. The construction permit for Bailly Plant consist of n;u-dtlplnconnnt
high capacity piles which go to bedrock or glacial till and support & concrete
mat foundation. They are c-bcddcﬁ;concrotc approximately three feet.

X. A brief dviving history for the piles is as follows. In driving the
plles stiffening occurred at 55 feet. Blow counts from 200 to 300 blows per inch
were experienced. The till material i{s at about 110 feet and bedrock is ac 120
feet, Above a very stiff clay deposit which 13 wuih shaped (n profile, intermittent
sands and clays are the over_durdena® material. This stiffening occurs in a very
dense sand above this larger clay deposit.

XI. 1In May 1974 the construction perait called for a test pile program
#hich indicated significant problems in driving. Shortly after that, NIPSCo came
{n with a short pile proposal. 1In September 1977 an alternate proposal to jet
long piles was submitted. A test program was initiated and in February 1978, the
NRC {ssued an order to jetting the piles. In jetting the piles, the soil reacted
similar to a glant wash boring (1,000 gallons per minutes at 300 PSL). The area
of disturvance was much too large and the pile was actually ldbe near the surface.
The nature of the structure which was to be supported by these piles demanded that
the piles have uplift capacity. Because of the disturbance and lack of uplife
capacity, the short pile concept is once against an issue as of March 1978, These
piles would develope end bearing and friction. The applicant was allowed to drive
100 piles as (ndicators to determine capacities and applicability of using the
short pile concept. A cluster was driven to observe heave within the piles. This
brings us to the current state of the (ssue.

XIT. It {s now the task of the NRC review to look at all of the above
submittals and reconsider the entire {ssue. They must also determine {f
construct fon restrictions are required or further foad test are required. The
Jetting procedures have made soft spots which encompress almost five percent of
the area of the foundation. These lo’uo areas oust be densified and a technique
developed to insure that they develop all lateral capactfities as well as uplife
capacities.

i



NCEED-T
SUBJECT: Geotechnical Engineering Assistance to NRC Orientation l!leeting at the
Bethesda, Maryland 7-8 November 1979

XI1l. The Advisory Committee on Reactor Safety (ACRS) has already
indicated that nothing was substantially wrong with use of short plles to provide
substantial foundation. That is, that there is no deflection in the piles and
that all the dllturﬁf\rnln due to the jetting procedures are densified.

XIV. It is apparent that now it i{s necessary to look at the PSAR and
become fully familiar with it as well as considering the groundwater affect on the
foundation.

XV. NCE will have to prepare the entire Safety Evaluation Report (SER)
and not just assist in its preparation. A sample Saftey Evaluation Report 1s
available from NRC and will be transmitted.

NOTE: The last item is of general nature.
a Hewring Bowret

XVI. The hearing/Process can be described as follows. Administrative law
judge act as the Chairman. Engineer Scientists ard some technical people drawn
from university staff act as part of the committee. The commission delegates
authority to the Soard, the Soard inturn can dictate policy. The Soard can
question any {tem and the interveners' attorney can question around items brought
up by the Soard. It is, therefore, necessary to minimize any questions the 8oard
may have by clear concise presentations.

XVII., NCE will meet with Newmark, Hall and Davison at Champagne
(University of lilinois) concerning the piling {ssue sometime in January or
February.

b. Meeting II:

This meeting was of a briefer nature than Meeting I. At this meeting Joe®
Kane (NRC) and Darl Hood (NRC Project Manager) presented an introduction
concerning issues at the Midland Nuclear Facility.

I. As a preliminary to the meeting, the following items ware discussed.
A brief discussion on what safe shutdown earthquake (SSE) or an operating base
earthquake (OBE) were head. Appropriate volumes of the Preliminary Safety
Analysis Report (PSAR) vere to be sent to NCE as soon as possible. The applicant,
Conssmees Pouer Comsany (CPC) , nust still respond to original
ISE questions on the interim report and on 10CFR 50.54(f). There is apparently a
report or a paper on the dewatering system.

I1. The I&4E Office (Inspection and Enforcement) is Investigative i{n nature
and generally goes to the NRR (Nuclear Regulatory Review) for support. The [4E
Office considered the overall performance of the applicant as well as the
technical adequacy of any fleld changes. The viability of the Quality Assurance
Program (s also investigated by this group.




NCEED-T
SUBJECT: Ceotechnical Engineering Assistance to NRC-Oriencation Meeting at the
Bethesda, Maryland 7-8 Novenber 1979

II1. The current state of the review is one in which the construction
permit should be suspended modified or revoked by the Commission. One of these
actions s necessary to tc‘n concerning the quality assurance breakdown at the
Midland site as well as the inadequate fill in support of Category [ structures.

IV. Questions of a non-policy nature can go directly to the applicant. No
commitment is considered to be binding between NCE and the applicant. Once these
quest {ons are established and they are addressed to the applicant, they should be
documented especially when they are relatively significanc.

V. Construction inspections or visits to the site are necessary in
performing the mission. NCE must be able to reply (we saw) in reference to a
specific issue if possible.

VI. More than one visit {s in most cases necessary, since sequential
events will be occurring in the fixing of unstable ccnditions at the site.

VII. The NRC Office of Inspection and Enforcement has a fulltima man at
the site, and he can be contacted concerning observing any action at the site.

VIII. Meeting concluded with two inmediate items of major concern:
a. Should the existing license be modified, suspended or revoked.
b A list of visits and times sequentially established {n the future.

6. These meetings vere of orientation {n nature and it {s difficult to establish
any conclusions. The actions to be taken in the future are ones concerning
scheduling field trips and site visits, carrying out orientation procedures with
all documents transmitted, assuring that all documents have been transnitted and
then beginning the review process and making either recommendations, comments, or
conclusions regarding the situations at both facilities.

J. KUBINSKI
Technical Branch

CONCURRENCE:

R, !rlcklou

L. Heller (NRC)
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Comsemers Edmbd £ T Kane )
| 3

o7 ation of a Safety Evaluation Report (SER) input which dascribes
the cvaluation of the design of Lhe applicants' safety related (and

cc..e nen-safety related) systems.

-~
‘

.- Attend meetings with the Advisory Comnittee on Reactor Safeguards (ACRS)
and public hearings to assist the staff in explaining bases for con-
clusions and positions reached in the SER. .

. FPreparation of input to SER Supplements which further clarify ind docir :nt
systzins evaluations in the SER tased upon revicw by the ACRS.

“he geotechnical zngincering aspects of proposed nuclear plant facilitirs to

be svaluated conerally ioclude the stability and seitlainent of sacfety r2laled
structures, cwergency cooling water rescrvoirs, appurtinent, safoty-ralated
structures cuch as carth embankments and rock fill dams, canals, weirs, zn?gke
zud disckarge structures, and pipelines, under both static and dyramic cenditions,
including the subjection of dams, etc., to the Safe Shutdeun and Cperating Basis

Farthquaies. The cvaluation typically consists of:

1. A raevi-w of Lhe site investigation program, Loth field and laboratory,
to ocsure that an adequate determination of all subsurface conditions
3¢ "..n achioved incluiing consideration of borrow sources. This
-y . equire cecoianzndations for sdditional investigaticns to oblain

the rrquired data;

ryaluations and recorserdations pertaining to the proposad design criteria;

n

3. A rovicw of Lhe stability and seitleuent analysis perforied by the applirant
and, in .y ceses, the perforiance of filependent stability analysis.
A datcraimation that the applicant has presented adequate bases to suppurt
the lrsign raraneters used in his analysis;

4. An coaliation of stabilization techniques pronosed by z2pplicants to
solva site 7-.ndation problems. In rany cases, the contractor will be
asked to provide reccmmendations for stabilization;

§. Inroyard to ost coses, field trips by contractor perscnnel will be
neces sary to inspect the site, to observe sampling and testing of soil
:nd rock, ~nd to avaluatle the adequacy of techniques and equipment.

¢-ocific York Requirzaents .

- -

T.ck 1 - Midland Plant Units 1 and 2
*o tnical Menitor: J. Kane
fotd owd Mangower: 3 Man-ycars

~a . _.*~ctor shall review the FSAR (with anzndinents and documenty relatsd to
.0 CiR 50.54 (f) request regarding plant fill which have been stbnittd to
n ihe zuuiect plant for Lhe purpose of cbtaining an OL.

t’:if) “
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te .. .t%y ehall include on ~valuation of all the infurc:tion included in
tinn 2.5, 3.7 and 3.8 of the FSAR and 10 CFR 50.54 (f) dociéiznts which
"4, -5 the adequacy of suil .nd rock wochanics, carthquake engineering
{7 undation engliews fng dosi_n and construction aspects in order to,

" ,ura the safe siting and ¢, cration of all sefemic category safety-rclated
tructures and conduits. The ieview should be cunducted in accordance with
" «C S*ancard Roviow Plans Secticns 2.5.1, 2.5.2 and 2.5.4. Specific quidance
an ' -sign mothads which are acceptable to the NRC staff that have been made

rvail:ble to », plicants in their designs include Regqulatory Guides 1.132,

1.138 ©id 1.70 (%.ction 2.5).

.

Fstimaled
Conpletion Cate

12/79

1 iRy i

1. Seyicw and cvaluate the information contained in the above
'wC 10 R 50.54 (f) documents regarding plant fill in
SCcordince with acceptance criteria outlined in the re-
1ited Stendard Review Plans. Meet with the NRC staff and
3, plicant as required. Make site visits to obscrve
osedial «=thods and procedures. Prepare a letter re-
port identilying any unresolved issues with recor sendations
nac~ue of action to be taken during construction to

ccolve 'hose fssues,

2. Revisw and cvaluaile the information contained in the above 1/80

[€AR Sectiuns in accordance with acceptance criteria out-

=3 Th "o related Standard Review Plans. lMeet with the
WAC staif us icquirved, prepare a draft SER identifying any
.wosolved 1.:uns. Participate in approximately ten weet-
i.gs with the applicant and the NRC staff to resolve the
jesuas 12:ntiriad in the atove 2raft SER.

3. Moepare a [Tual SFR. This SER ray contain open issues or 3/e0

doseriba 3i.as ia uhich tha cuntractor ind staff conlinue

to differ with an 2pplicant,

4. Tarticipate at a .:x!mm of six ACRS meotings, prepare §/30

.estimony for and appear at Licensing Foard Hearings as
reqired.

*8/80

§. “cview and evaluate any unresolved or open issues identified
in the SER, or issues raised at ACRS meetings and in hearinegs.
?.rlicipate in a vaximum of five meetings with the applicant
-4 the uRC staff to resolve any ouistanding issues. Pre-

{uputs to SER supplements and Technical Specifications

w31 0
‘

L0 v2-plele the resolution of all outstanding issues, 2s

e .”;l‘:d.
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¢, wific ik Mrguis caents
T.sk 2 - Bailly Genarating Station - Huclear 1

Trghnical Monitor: L. Heller

Fuli.ated Required Manpower: 1 Man-year

andments and documents rclated

The contractor shall review the FSAR with am clat
RC on the subject

to Lhepile foundatidns which have Leen submitied to the N
pl.nt for the purpose of obtaining an OL.

r

Mis razview shall include an cvaluation of all tle inforrmation included in
Section 2.5, 2.7 and 3.8 'of the FSAR which address the adequacy of soil end
rock machanics, earthquake engineering and foundation engincering design and
construction aspects in order to assure lhe safe siting and opcration of all
seismic Categary I safety-related structures and conduits. The revicw should
be conducted in accordance with NRC Standard Review Plans Secticns 2.5.1,
2.5.2 and 2.5.4. Specific guidance on desiyn nethods which are acceptable
to the "&C staff trat have Lozn made available to applicants in their designs
fnelnuda Nasulatsey Cuides 1,132, 1,138 and 1.70 (Section 2.5).
Fstimaled
€:htasks Cowpletiun Tate
1. 2avisw and cvaluate the information contained in the docurmcnts 12/79
re-arding plint pile foundation in accordance with acceptance
criteria -utlined in the related Standard Reviow Plans. i‘cet
with the 4RC staff, NRC consultants and applirant as required.
Picpare a letter report identivying any unresolved issues with
recoimendations un a course of action to be taken during cen-
struction to resolve these issues.

2. = siew and cvaluate the information contained in the abcve 3/80
}<IR Sections in accordance with acceptance criteria outlinad
in the related Standard Roview Plans. Icet with the NRC staff
.5 roquired, profare a draft SCR identifying any unresolved
{+curs, Participate in appioxivately six weelings with the
arnlirint and the NRC staff to rosolve the issues identified

e

in the 2%ove drait SER.

3. rrepare a final SER. This SER may contain cpen icsucs or 5/80
doseribe areas in which the contracter and staff continue
to diiler with an applicant.
4. rFurticipate at a maximum of five ACRS meetings, prepare 6/80
tnctinony for and appear at Licensing Coard Hearings as
voquived,
"r 5720

§. Sovicw and wvaluate any unreselved or open issued icentivied
in ihe SFR, up {islos raiscd at ACRS moetings and in hoar-
io08. Carticirate fn a mavi ua of five ruelings with the



alicunt end ihe v2C staff to resolve any outstanding
ticu0s. PMicrare inputs to SiR supplements and technical
ificaticns to complete the resolution of all outstand-

ing issues, as required.

‘ng Requirement

-un a completion of rach s
ta wegnizant LRC branch chief with a letter report hich includes, as

oriate, safety cvaluation report input testinuny an ]

ubtask of each task the contractor will provide

ey T e

=Ly 20 d 3 o _:3‘3]

wafety report input.

{ by ihe ZCih of
the Dirzctor,

se rororts will

3

A Ui-.onthly business letter report shall be subi “tted
+ho nonth to the cognizant branch chief with a copy t
Division of Systems Safely (Attn: B. L. Grenier). Th

contain:

0
e

A listing of any efforts completed during Lhe period; milestones
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DISCUSSION OF THE APPLICANT'S POSITION ON THE
NEED FOR ADDITIONAL BORINGS

After the discovery in August 1978 of urexpected settlement

of the diesel generator building, borings were made throughout
the site to investigate the condition of the plant £ill and

to provide information for remedial acticns. This program
resulted in a total of 265 borings.'"

After the initial discovery of the settlement, 32 borings
made in and around the diesel gene—ator building indicated
that the building could experience significant settlements
that could not be estimated reliably based on laboratory
test results. The applicant retained the services of

Dr. R.B. Peck and Dr. A.J. Hendron Jr., two of the most
knowledgeable and respected authorities in the field of
soils engineering. The resumes of Doctors Peck and Hendron,

/;:;7 who have consulted in numerous nuclear plant soils issues,

are attached in Appendix A. It was recommended by the
consultants, and agreed to by the applicant and its architect-
engineer, to surcharge the building. This would consolidate
the £ill, accelerate the settlement, reduce the settlement
that will occur after pipe connections are made, and permit

szl a reliab'e upper limit estimate of settlement to be expected

during the life of the plant.%3* After removal of the surcharge,

N , six additional borings were made to conduct in-situ shear
N

/ ~wave velocity measurements. These borings also included

are included in Revision 9 to the Responses to NRC Requests
Regarding Plant Fill.

?¢¢7 making standard penetration tests. Logs of these boriags

qu Although the service water pump structure and the electrical

\ penetration areas rave exhibited negligible settlement,

N borings have indicated that remedial action should be taken
“fOr these structures. The remedial action propcsed is to
underpin the cantilevered portion of the service water
structure and the electrical penetration areas.”™ In connection
with the design aspects of the underpinning, the services of

;jil,nz‘Nn*glbavisson were utilized. His resume is attached in

/ Appendix A.

The NRC staff has requested that additional borings be made
in 18 areas as outlined in the NRC letter of June 30, 1980

on this subject.® Discussions with the staff followed on
July 31, 1980, The applicant believes that additional
borings to justify the adequacy of the remedial action
program are unnecessary in that borings, laboratory tests,



data collected in connection with the surcharge program,

and load testing provide sufficient information. Further-
more, it is estimated that two borings per area (which would
be regquired in accordance with the staff's request) would
cost a minimum of $400,000 not including applicant's overhead,
project engineering cost, and possible damage to installed
components and structures. Accordingly, the applicant's
position is:

b 9 That the additional borings are not necessary, and

y That the postulated benefits do not justify the
cost.

Because of the disagreement with the NRC staff, a formal
appeal for relief from the staff's request was made to NRC
technical management. This discussion documents the appli~
cant's presentation at the appeals meeting of August 29,
1980, and includes additional information pertinent to the
NRC staff concerns. This document also is a partial summary
of several discussions with the NRC staff and many formal
submittals made during the last 2 years. Applicable
references to more detailed information are provided.



A. DIESEL GENERATOR BUILDING

: & Settlement

As a result of the detailed studies of the settlement
problems, it was decided to surcharge the diesel
generator building with sand in order to consolidate
the fill under the structure.

The surcharge was applied in three increments to a

maximum height of 20 feet (approximately 2.2 ksf). The

stresses prevailing during surcharging at all depths in

the fill beneath the building exceeded those that will /___.———“-'
prevail while the structure is operatxonal including L
those applied by future site dewaterlng.'JFxgure 1
shows the surcharge history and Figure 2 shows the
stress distribution below the building during and

after the surcharge. The coocling pond water level was
raised to the maximum design level before surcharge
reached its maximum level.”® The groundwater table below
the diesel building rose %o approximately elevation
625, which is 3 feet below the base of the foundations
as shown on Figures 27-5 through 27-49 in the response
to NRC Question 27, Revision 6. The primary reason for
requiring the pond level to be raised while the surcharge
was being applied was to reduce capillary action and
increase saturation levels closer to the planned ground-
water elevation of 627. Pond water level was maintained
at the maximum level throughcut the period of surcharging.
As can be seen from Figure 1, settlement occurred

rapidly as the load wa" applied. When the surcharge
reached its maximum lerel, the rate of settlement
decreased rapidly. As onticipated, excess pore water
pressures developed when the load was applied and
dissipated rapidly, indicating rapid consolidation of

the £ill.¥

Measurements made to date indicate that a small amount
of rebound occurred during surcharge removal, and only
small settlement took place since removal of the
surcharge in August 1979. In addition, as expected
during rebound, piezometers showed a slight drop in
water level, indicating a negative pcre water pressure
which later stabilized with groundwater level.”

Pr imary settlement occurred rapidly and settlement
measurements indicated secondary consolidation was
cccurring as verified by the s.raxgr' line on the semi-
log plot shown on Figure 3. This figure is typical of
all the settlement curves shown in Figures 27-6 and 27-51
through 27-78 which exhibit a straight line settlement




during secondary consclidation. This bebavior has been
recorded on many projects including the Chicago Auditorium
where this straight line secondary behavior has been
observed for 60 years. Settlement trends based on

ratas experienced while the surcharge was in place were
extrapolated to predict maximum settlements expected to
occur over the life of the plant. This prediction is
based on the conservative assumption that surcharge
loading conditions remain for the life of the structure.
Settlement measurements made during the period between
September 14, 1979, and June 12, 1980, show that, on

the average, the building experienced less than 0.. inch
of settlement as shown on Figure 4.4’® -

Secondary consolidation was also assessed using data
obtained from four deep Borros anchors to provide

greater accuracy than tf!ﬁEESEEQntional survey technigues.®
The deep Borros anchors allowed movements to be measured

by gages to an accuracy of 0.001 inch.)™ A typical set

of measurements is shown on Figure 5. These secondary
consolidation measurements, when extrapolated, indicate
that settlements less than 1/2 inch would occur during

the life of the plant under the design loading.

The technique of extrapolating from full scale test
results is the most reliable method for predicting
settlement. Normally at the start of a job, sampling
and testing are utilized to predict settlements. In
this particular situation, the surcharge program
provided the opportunity for direct measurements and
thereby eliminates the need for sampling and testing.
It eliminates shortcomings of theories, sampling, and
testing. Measurements in the laboratory are made.to

an accuracy of 0.001 iach; however, the laboratory
sample is only 3/4 of an inch thick. The probable
error in estimating the field settlement of a 28-foot
layer over the 40-year plant life based on a single
3/4-inch labcratory test sample would be of the order
of 1/2 inch due to measurement sensitivity alone, not
including the effects of sampling disturbance and
representativeness of the samples. Measurements in the
field are also made to a 0.00l-inch accuracy but the
field test sample being measured is about 28 feet thick
whereas the laboratory sample is only 3/4 of an inch
thick. Thus, the full scale load test results involved
far less error and will result in a more reliable
prediction."®

It should also be noted that the approach which utilizes
evidence other than the results of laboratory tests for
the prediction of settlements has been used on previocus



nuclear power plant applications. At the Kewanee
plant, initial settlement estimates based on

laboratory test results predicted that settlement
should be of the order of 15 inches. However, when the
evidence of preconsolidation by glaciation was incorpo=-
rated into the evaluation, predicted settlement was
reduced to l-1/2 inches. Measured settlement at the
end of construction of the foundation was 1l-1/2 inches.
Another example was at Quanicassee where laboratory
tests indicated high settlements. A preload program in
conjunction with geological evidence resulted in a
lower but more reliable prediction of settlement. The
preloading in that case was accomplished by pumping
down the groundwater and measuring the d:gF in piezo=-
metric pressure as well as deformations.'™

The limitations inherent in sampling and testing have
been recognized for many years. If sampling and testing
are done, the predictions could, because of these
limitations, be unrealistically large for certain soil
conditions. Sampling and testing are not necessary
because of the ability to make a more reliable and
conservative estimate of settlement with a full scale
surcharge program,'®

Although the surcharge resolves the uncertainties
regarding settlement predictions, it does not eliminate
the potential for ligquefaction. Various methods including
chemical grouting to resolve this Question were considered.*
It was determined that the most reliable solution would
be to permanently dewater the site fill. The dewatering
design details are being determined based on data
obtained from the temporary dewatering required for
future underpinning activities. This will provide a
direct measurement of the groundwater behavior in the
fill. Furthermore, the temporary dewatering has the
additional advantage of providing information on settle=-
ment due to dewatering which is much more accurate than
predictions obtained from sampling and testing. Recharge
data will be obtained when the temporary dewatering
system is shut down.®

The approach used to estimate settlement at the diesel
generator building relies on full -scale measurements of
settlement from surcharging and settlement measurements
as a result of fill dewatering. These procedures

provide a direct, reliable, and conservative means of
predicting settlement; therefore, sampling and laboratory
testing would not provide better data to refine predic-
tions.M

Y



The ability to directly measure over the plant lifetime
the actual rate of settlement of any structure (a slow
process) and compare the total differential settlement
against the design basis for the building connections
provides a positive and verifiable resolution of the
safety question involved.

Bearing Capacity("

In aadition to NRC concerns on settlement of the
structure, there have been concerns raised on the
bearing capacity safety factor.

The net ultimate bcaiing capacity is the soil pressure
tnhat can be supported at the base of the foundation in
excess of that created at the same level by the weight
of material above the base of the foundation. The net
ultimate bearing capacity is defined below.

Net Ultimate Bearing Capacity = 94
net
= CN, +YD.(N.=1) + 1/27 BN,

where
C = cohesion intercept
N, N, N = bearing capacity factors
= effective soil unit weight
Dt = foundation embedment depth
B = foundation width

The factor of safety is equal to the net ultimate
bearing capacity divided by the net applied pressure
below the foundation. The minimum bearing capacity
safety factor for the diesel generator building is well
above the factor of safety of 3 given in FSAR Sub-
section 2.5.4.10.1.

Soil parameters selected for use in determining the nat
ultimate bearing capacity depend on the rate of load
application and the rate of pore water pressure dissipa=-
tion of the foundation soils. For a load being applied
instantaneously, it must be assumed that no dissipation
of pore water pressure would have occurred. Under the
instantaneous loading condition, soil parameters should
be selected based on undrained laboratory tests.



Where loads are applied gradually and/or maintained
for a period of time to allow pore water pressures to
dissipate, soil parameters should be selected based on
drained laboratory strength tests or consolidated
undrained laboratory strength tests with pore water
pressure measurements.

The building loads for the diesel generator building
structure were applied gradually and maintained over a
period of more than 18 months; therefore, it is appropriate
to evaluate bearing capacity based on drained conditions.

Consolidated undrained laboratory strength tests with
pore water pressure measurements were conducted on
samples of plant area fill having characteristics
similar to tho under the diesel generator building.
provide a conservative analysis, five samples with
low dry unit weights in the range of 114 to 119 pounds/
cubic foot were selected. Based on the results obtained
from these samples, the effective angle of shearing
resistance (J) was found to be 29 degrees and the
cohasion intercept (T) was found to be 114 pounds/square
foot. The drained angle of shearing resistance is

known to be primarily a function of the plasticity
characteristics of the socil and as the plasticity of

the samples tested is within the range found beneath

the diesel generator building, these tests are repre-
sentative and testing of samples from below the diesel
building would not result in significantly different
design values. This laboratory test data is summarized
on Table 1. The strength data is presented on a modified
effective stress Mohr-Coulomb diagram in Figures 6 and
7. Total and effective strength data at failure shown
on Figure 7 are comparable and indicate the pore water
pressures existing in the samples tested were close to
zero at failure. As shown on Figure 8, the net ultimate
beari capacity factor of safety is approximately 7
usingn% = 29 degrees and T = 114 psf and approximately
6 if the T term is assumed to be zero, assuming the
water table will be lowered to below the foundation
influence depth.

Under earthquake conditions, an additiocnal loading
equal to about 30 percent of the static loading will
he applied. This load will be instantaneous and would
occur under undrained soil conditions. Factors of
safety for seismic conditions will be above acceptable
limits.

-7-
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SERVICE WATER STRUCTURE

After the discovery of the unexpected settlement at

the diesel generator building, 13 borings were made

within and around the portion of the service water
structure supported on fill. These borings included
standard penetration tests through the fill and terminated
in the natural soils. Although there has been no
unexpected settlement of the service water structure,

the information obtained from the bori
ERAt it would be underpin the cantilever

portion of the service water structure. This will be
achieved by using piles driven intc the natural soil.
At a later date, nine borings were made to conduct
shear wave velocity measurements. These borings also
included standard penetration tests in the £fill and
were extended into the natural soils.®'

During the initial site investigation by Dames and Moore

and construction phases of the plant, there were borings

made into the natural soils in the vicinity ct the ser- .}
vice water pump structure. ased ing ained Al ] <
in the initial site investigation, borings made during  —
construction, and borings and laboratory tests made after

the discovery of the unexpected settlements in the diesel

generator building, minary estimates of pile capac-
ity for support of tﬁﬁsiiﬁfTT!v!T'pafftun‘ot the service
water structure were made. _Based upon an estimated ac- "
xaxnn_m%géé_oo toan

piles would be re

ify the initia
nwlll be

onducted which will anlude loadan a pile to yield in
order to determine the pile working capacity. The pile
will be top driven in a predrilled hole and will penetrate
into natural soil. The load test will be conducted as
close as possible to the location of the production
piles. In production, the piles will be installed in

the same manner as the test pile and will be tested by
Jacking against the building to 1.5 times the design

load .21

Results of the various subsurface investigations conducted
at the site also enabled an estimate to be made of the
downdrag on the piles. Downdrag has been estimated on the
basis of standard penetration tests and results of labora=-
tory tests conducted on plant area fill soils throughout
the site., Downdrag values will be verified by pullout
testing during the preproduction stages. In this case, a
pile will be driven in a predrilled hole in the same
manner as the production piles, The pile will only pene-
trate through the fill and will not penetrate through the
natural soil. The pile will be locad tested in tension and
the downdrag will be estimated cn the basis of this test,

Based on the above, downdrag will be factored into the
final design.!

-




There is no need for additional borings as bcrings to
date, preproduction testing, and testing to be performed
during production will provide sufficient information.



AUXILIARY BUILDING

After the discovery of the unexpected settlement of the
diesel generator building, 18 borings were made along the
southern portion of the auxiliary building, both inside
and outside of the electrical penetration and control
tower areas. These borings penetrated the fill and were
terminated in the natural soil. The borings included
making standard penetration tests.'®

During the initial site investigation by Dames and
Moore, borings were made in this general area. Although
there has been no unexpected settlement of the auxiliary

building and electrical penetration areas, jnformation
o at it wo

appropriate to underpi
ucture. This will be achiev using
caissons bearing on the natural soils. This has been
addressed in the response to NRC Question 12,44

The bearing capacity of the caissons to be installed in
the electrical penetration areas was determined on the
basis of laboratory test results conducted during the
initial site investigation by Dames and Moore and has
been factored into the preliminary specification for
caisson construction. capacity calculations will
ring
load tested.
A minimum of two caissons will be load tested to twice the
working load and the remaining caisscns will be load

tested to 1.5 times the working load.'™

Downdrag may also occur on the caissons. Estimates of
downdrag were made on the basis of results of soils
borings made beneath ‘he electrical penetration area
foundations. These estimates will be irncorporated in
the design. It should be noted, however, that downdrag
around the caissons should be minimal because these
caissons will be installed with friction breakers and
bentonite slurry which are necessary to facilitate
penetration of the caissons through the soil. There-
fore, the friction around the caissons during service
life will be minimal due to the presence of bentonite
slurry. At least the last 4 feet of penetration into
the natural soils will be hand dug without the use of
friction breakers or casing.'®

There is ro need for additional borings because borings
to date and testing to be performed during construction
will provide sufficient information.



COQOLING POND DIKE

The staff has requested that borings be taken in certain
areas of the cooling pond dike.

The acequacy of the design and construction of the cooling
pond dike is not a proper subject for consideration in the
hearing on the NRC's December 6, 1979, Order Modifying the
Midlend Construction Permit. The scope of the hearing and
the jurisdiction of the hearing board are limited and
determined by the December 6. 1979, order. (See Public
Service Company of Indiana, Incorggtated, Marble HIILI
Nuclear Generating ation, Cnits and II, ALAB-31l6,

3 NRC 167, 170, 1967.) :

The December 6, 1979 Order clearly sets forth the subject
matter for a hearing in the event one was requested. At
Page 6, the Order provides:

In the event a hearing is requested, the issue to be
considered will be:

(1) Whether the facts set forth in part two of this
Order are correct; and.

(2) Whether this order should be sustained.

The first issue identified clearly provides no basis for
an open-ended review of the design or construction of the
cooling pond dike. No reference to the dike, a nonsafety-
related and non-Q-listed structure, is made in Part Two of
the Order.

Nor would the second issue provide such a basis. The basis

upon which the order could be sustained is set forth in

Part Four of the Order. The text of Part Four clearly

indicates that the order was rendered pursuant to the (

Atomic Energy Act, not NEPA. Further, the Order is
limited in scope to "remedial actions associated with the
soil activities for safety related structures and systems
founded in and on plant fill." Hence, the purview of the
hearing is, by the direct terms of the Order, limited to a
Safety Review of safety-related structures and systems.

As pointed out above, the dike is not Q-listed, is not
safety-related, and hence is outside of the scope of the
soils hearings.

eration in this hearing, the following information indi-

|
Although this is an inappropriate subject for NRC consid- ‘
cates why the dikes were adequately constructed. |

\



Heavy equipment was used to construct the dike, whereas in
the confined areas of the plant small hand-held equipment
was utilized in many excavated areas. Prior to dike
construction, the area was stripped of all soil which
contained organics and deleterious materials. The area
was excavated to an acceptable firm foundation for an
inspection trench and an impervious cutoff. The exca=-
vation extended to a minimum of 8 feet below original
ground level and a minimum of 2 feet into undisturbed
materials of the impervious cutoff.®

After completion of the excavation, the subcontractor was
required to request an inspection by the contractor's
field engineers.

The clay embankment £fill material was then placed in lift
thicknesses not to exceed 12 inches and compacted with
four passes of a 50-ton rubber-tired roller or equivalent
coempactive effort. Other equipment used was gqualified on
test pads using the proper materials and roller passes to
the above specification. Other material sections of the
dike were also placed utilizing methods described above.
Care was employed %o ensure material separation between
zones of the embankment to prevent material contamina-
tion. If, for example, the sand zone was to be crossed by
equipment, the area would be marked and the contaminated
material would be removed and replaced with approved sand.®'

Inspections were performed by the fulltime subcontractor's
inspector for lift thickness, proper material, roller
passes, and moisture conditioning.® The inspector would
call for field density tests after approximately every

S00 cubic yards were placed to verify that proper place-
ment was accomplished.™ Random over~inspections were
conducted by a representative of the applicant during
normal placement. "
After completion of the dikes, several methods of monitoring
the dikes were implemented. Twenty-four settlement monuments
vere placed around the dike. All readings show little or

no settlement except for three monuments, which are located
at the southeast corner of the dikes. These monuments

show approximately 1-7/8 inches of initial settlement,

which took place before pond fill. Since June 6, 1978,

only 0.010 inch of settlement has been recorded.'M

Four holes were driiled in the dike to install power

poles. These holes extended approximately from elevat.on 632
to elevation 623 which was the approxirite water elevation

at that time. Visual inspection of these holes revealed
firm, well compacted material, which is documented in
inspection reports by the contractor's geotechnical



personnel and describes the material in these holes as
firm clay free of any standing water. In addition,
penetrometer readings ranged from 1.8 to 2.7 tons/
square foot. In a boring taken for this activity, blow
counts were taken and show that the clay is stiff.
(Blow counts ranged from 1l to 41.)

Prior to cooling pond £fill, piezometers were installed
in two locations. These were at the northeast dike and
the east dike at depths to 67 feet. At each location
there are ten piezometers starting at the pond side of
the dike and extending to the river flood plain on the
outside of the dike. Piezometers in the dike show the
sand drain is performing as expected. Standard pene-
tration tests in the fill at these locations show blow
counts between 10 and 60, with two exceptions at approxi-
matély 70, and two exceptions near the surface at 3 and
7. Logs of these borings will be provided in the
response to Question 46,

There are 19 groundwater meonitoring wells around the
dikes, extending to various depths from 32 feet to

234 feet. These are used to monitor the elevation and
quality of the groundwater. As expected, water level
in the monitoring wells is fluctuating with groundwater
level changes.

Since completion of the pond fill there have been two
inspection walkdowns around the dike by the contractor's
geotechnical personnel accompanied by the applicant. No
significant areas of concern have been identified.

This supports the conclusion that the dike is performing
as intended.

The soils consultants have advised against making addi-
tional borings in the dike now that the pond has been
filled, because of possible damage to the embankment
due to the drilling operation.?¥



RETAINING WALL

The retaining walls adjacent to the service water pump
structure (Seismic Category I) and circulating water

pump structure (non-Seismic Category I) are both founded
on natural soil and on backfill material. A construction
joint separates sections of the walls that are on

natural soil (except for a short distance which was
excavated and backfilled during the construction of the
service water pump structure) from the sections on

backfill.

After discovery of the unexpected settlement of the
diesel generator building, four borings were made near
The borings penetrated the fill

the retaining walls.

and were terminated in the natural soil.

During con=-

struction phases of the plant, there were borings made
into the natural soil in the vicinity of the walls.'"

Borinys made adjacent to the retaining walls show that:
(1) granular fill was placed and compacted béhind the
walls; (2) the outer walls are founded on stiff to very
stiff clay fill; (3) the inner walls are founded on
natural dense sands, and hard clays and silts that also
underlie the fill supporting the cuter walls.

The soil parameters used in the original design are
compared in the following table with the values derived
from the boring records and laboratory tests of the
soil samples taken to date throughout the site.

Natural soil
Cohesion

Bearing for
static condition

Bearing for
seismic condition

Backfill Soil

Angle of internal
friction

Bearing for
static condition

Bearing for
seismic condition

Design Values
2.0 kst
7.29 kat

9.63 ksf

20°
3.34 kst

4.25 kst

Allowable
Values from Boring

and Laboratorx Tests
4.0 kst
12.9 kst

19.35 kst

35°
3.3 kst

5.0 ksf



The design values are within the parameters derived
from the borings and laboratory tests and, therefore,
the design is conservative.

The factors of safety of the retaining wall against
sliding and overturning, using the design parameters,
are within the raquirements given in FSAR Subsection
3.8.6.3.4. Slope stability evaluation based on borings
to date show an adequate factor of safety.

The measured total settlement and differential settle=-

ment are each less than 1/4 inch from September 1978 to
July 1980,® .

Therefore, additional borings are not required in this
area because available borings and settlement data
provide information sufficient for evaluation of the
adequacy of the walls.

«lS=
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TABLE 1
LABORATORY TEST DATA
SUMMARY OF SOIL PROPERTIES

TO DETERMINE p' - q' RELATIONSHIP

Boring - Sample
- Test Series

T9 - 8 - 213
TS - 3 - 222
Tl6 - 5 - 225
TR2 - U2 - 140
TRS = 2 - 147

F1 + 33 71 - 33

w ' = p' = !
'd (pef) (3) (psf) (psf)
117.9 14.4 2,000 1,100
118.6 14.2 7,200 3,850
114.4 16.9 2,100 1,225
114.6 14.6 3,600 1,800
117.9 14.1 6,000 3,100

NOTES:

Yd = dry unit weight

w = yater content

31 = effective major principal stress

33 = effective minor principal stress
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ELEVATION (FEET)

Figure 2
(See Reference 1)
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COMPARISON OF EFFECTIVE STRESS AT
1) END OF SURCHARGE AND 2) DURING
LIFE OF PLANT OPERATION

SOUTHWEST CORNER OF DIESEL GENERATOR BUILDING
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O — BUILDING / PEDESTAL SETTLEMENT MARKER

—— MEASURED SETTLEMENY BETWEEN 8-16-78 and 6-12-80 IN INCHES
421 — PREDICTED SETTLEMENT BETWEEN 8-16-79 and 6-12-80 IN INCHES
ASSUMING SURCHARGE

REMAINS DURING PLANT LIFE
NOTE:

The measured settlements do not Include the hesve otiserved
spproximately between 8-16-70 & 0-14-79,
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(See Reference 1)
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Figure 8 (Sh 1 of 2)
(See Reference 1)

BEARING CAPACITY (D/G BLDG)

A.  BASED ON ALL CIU TESTS
¥ - 29°

T = 260 psf
a). Use T &P

lc-27 l(q'lﬁ N =18

Q" (260) (27) + (12%5) (6) (16) + 1/2 (128) (10) (15)
7,020 + 12,000 + 9,378

28395 pst

(qd)m: - 27,645

27,6458
*
PS. = 3,200 e 8.13

B). Use Vesic

Ne = 27.9 Rq - 16.4 HT. 19

L P (260) (27.9) + (125) (6) (16.4) + 1/2 (128) (19) (19)
= 7,254 + 12,300 + 11,87% = 231,425 psf
(qd)mt = 30,679 psf
F.S. = -30'_.572 = 9,02

3,400



Pigure € (Sh 2 of 2)

5. BASED ON FIVE SAMPLES WITH LOWER DENSITIES
= 2°
T = 114 psf
N =27 N =16 N e1$
g, = (114) (27) + (125) (6) (16) + 1/2 (125) (10) (%)
L 3007. - 12.000 - ’o”’

(qﬁ)n.t = 23,703 psf

23,703
*
r.S. = 3,400 = 6,97

IF WE NEGLECT ¢ , ASSUME = 0

qQ (125) (8) (16) + 1/2 (12%) (1C) (19)

= 12,000 + 9,378

(qd)n.t = 20,625 pst

20,628 _

r.s. = 3,400

6.07 .



APPENDIX A
RESUMES FOR CONSULTANTS M.T. DAVISSON,
A.J. HENDRON, AND R.B, PECK



Personal Data Suzmary of M. T. Davisson

7ull Name: Melvin Thomas Davisson Birth Date: 23 Deceaber 1911

Present Positions:

Professor of Civil Engineering, University of Illinois, Urbana, Illinois
Consulting Foundation Ingiaeer

Background:

Native of Ohio. BCE froa University of Akroa, M ~. and Ph.D. from
University of Illineis. Zarlier vork exper ace vas ia coa-
struction and structural engipeering.

Consulting:

Difficult foundations in waterfroat coastruction imcluding bulkheads,
cofferdams and piers; draced cuts, underpizning, grsin storage
structures; protective comstructica to resist ouclear blast;
deep ocean 30il mechanics; foundatioa vidbrations; deep foundationas;
dynamics of pile driving. Examples are: Hudsen River Pler a0 for
the Holland-Americs Lines; Bulkhead supporting MeCormick Plece in
Chicago; Graia Terminal at Sorel, P. Q.; Pile foundations for
locks and Dams ia the Arkansas River Project; Minuteman-type
construction for U.S. Air Force; Shelter comstruection for U. S.
Army and Navy; Research problems at devada Test Site and
Suffield Experizental Station; Recommendations for R and D sro-
grams in deep-ocean engineeriang for U. S. Navy; Pile supported
runvay extensions at LaCuardia Field for Port of lev York
Authority; R and D on vibratary pile driviag for Shell 0il Co.;
Fanndation vibdratics.prohlams lovalying sleciris pover vlants
and structures such as the No. li Newsprint Machine for Price
Bros. at Alma P, Q. Foreign projects in Turope, Asia, Scuth
Americs, Central America, Canada and Puerto Rice.

Research:

Behavior of deep foundaticns (piles, drilled piers, etc.) Settlement
of foundations. Soil dynamics. Foundation vibrations. Dynamics
of pile driving. Vave equation asalysis of impact and vidbratory pile driving

Several courses in soil mechanics and foundation engineering for senicrs
and graduate students. Special cowse in deep foundations for ad-
vanced graduate students. .

Techn Profes et

Azerican Society of Civil Ingineers
American Concrete Institute

American Railvay Zngineering Association
American Saciety for Testing and laterials
National Society of Professional Engineers



2
Personal Data Summary of M. T. Davisson, continued

Comaittes Memberahive:

Aserican Railvay Engineering Association, Committee 8, Concrete Structures
and Foundations.
American Concrets Institute, Committee 543, Concrete Piles.
American Society of Civil Engineers, Committee on Deep Foundations.
American Society for Testing and Materials, Committee D-18, Sub. 11,
Tests on Deep Foundations and Committee D=7, Sub. 7, Timber Piles
Sighway Research Board, Committee om Soils, Ceoclogy and Foundations,
Chairman, Subcommittee on Aridges and Other Structures.

Professional Registration:

Professicnal Engineer - Ohio and Illinois
Structursal Engineer - Illincis

Aonors and Avards:

Rocipieat of the Second Annual Alfred A. Raymond Avard, 1959, for the
psper "Lateral Stability of a Flexidle Pler.” First place avard
in international competition for original papers on foundation
engineering.

Recipient of the Collingwood Prize, 1564, presented by the American

Society of Civil Engineers for the paper, "Laterally Loaded
Piles in a Layered Soil System."

Publications:

See attached list.



M. 7. Davisson

Publications:

1. R, B, Peck, M. T. Davisson and V. Hansen, discussion of: “Soil
Modulus for Laterally Loaded Piles,” by 8. McClelland and J. A,
Facht, Jr., Transactions, ASCE, Vol. 123, 1958, pp. 1065-1069.

2. M, T. Davisson, discussion of: “Experimentsl Study of Beams on
Elastic Foundations,” by R. L. Thoms, Proceedings, ASCE, Vgcl. 87,
No. EM1, February 1961, pp. 171-172.

3. D. U, Deere and M. T, Davisson, “Behavior of Grain Elevator Founda-
tions Subjected to Cyclic Loading,* Proceedings, Fifth International
Conference on Soil Mechanics and Foundation Engineering, Paris, .
Vol. 1, 1961, pp. 629-633,

4. R, B, Peck and M. T. Davisson, discussion of: "Design and Stability
Considerations for Unique Pier,” by J. Michales and D. P. Billington,
Transactions, ASCE, Vol. 127, Part 1V, 1962, pp. 4714-424,

5. R. B. Peck and M. T, Davisson, discussion of: “Friction Pile Groups
in Cohesive Soi1," by R. L. Kondner, Proceedings, ASCE, Vol. 89,
No, SM], February 1963, pp. 279-285.

6. M. T. Davisson and H. L. Gi1l, “Laterally Loaded Piles in a Layered
Sofl System, “Proceedings, ASCE, Vol. 89, No. SM3, May 1963, pp. 63-94,

7. A. J. Hendron and M. T, Davisson, “Static and Dynamic Behavior of a
Playa Silt in One-Dimensfonal Comoression,” Technical Documentary
‘chort No. RTD TOR-63-3078, AFWL, Kirtland Air Force Base, September

963- Y.

8. H. Kane, M. T. Davisson, R. E. Olson and G. C. Sinnamon, "A Study of
the Dynamic Soil-Structure Interaction Characteristics of Soil,"
Technical Documentary‘Report No. RTD TDR-63-3116, AFWL, Kirtland
Air Force Base, December 1363.

9. M. T, Davisson and S. Prakash, “A Review of Sotl-Sole Behavior,"
Highway Research Record No. 39, NAS-NRC Publication 1159, Washingten,
1963, pp. 25-48.

10. M. T. Davisson, “Estimating Buckling Loads for Piles,” Proceedings,
Second Pan American Conference on Scil Mechanics and Foundation
Engineering, 8razil, Vol. 1, 1963, pp. 351-371,

11. A, J. Hendron, Jr. and M. T. Davisson, "Static and Dynamic Constrained
Moduli of Frenchman Flat Soils," Proceedings, Symoosium on Soil-
Structure Interaction, Tucson, June 1964, pp. 73-97.

12. M. 7. Davisson and T. R. Maynard, “Static and Oynamic Compressibility
of Suffield Experimental Station Soils,” Technical Report No.
WL TR-64-118, AFWL, Kirtland Air Force Base, April 1965.



13.. Davisson, discussion of: “Buckling of Long, Unsuppertey Timber
$:" by E. J. Xlohn and 6. T. Hughes, Proceedings, ASCE, Yol. 91,
M4, July 1965, p. 224.

4., Davisson, T. R. nayrard and V. G. Koile, "Statie and Dynamic
vior of Sands in One~-Dimensional Compression,* Technical Report
AFWL-TR-65-29, AFWL, Kirtland Air Force Base, December 1965.

15.. Davisson and K. E. Robinson, “Bending and Buckling of Partially
ided Piles,* Proceedings, Sixth International Conference on Soi]
infcs and Foundation Engineering, Montreal, Vol. 1, 1965,

143-46.

Davisson, “Design of Deep Foundations for Tall 8uildings Under
2l Load,* Proceedings structural Eng1neor1nq In Modern Building
m, I11inois Structursl Engineoring Conferenca, Chicago, 1866,
57-174,

Hunter and M, T, Davisson, "Measurements of Pile Load Transfer,”
Special Technica) Publication, No. 444, Symposium on Deep
ations, San Francisco, 1968, pp. 106-117,

Davisson and J; R. Salley, “Latera) «0ad Tests on Orilled
»" ASTM Special Technical Publications No. 44a, Symposium on
foundations, San Francisco, 1968, pp. 68-83.

Davissun and V. J. McOonald, * ! for a Diesel
*»" ASTM Special Technical Publication, No. 444, Symposium on
‘oundations, San Francisco, 1968, pp, 295-337.

Davisson, discussion of: "Skin Friction for Steel Piles in

by Harry M. Coyle and I. H. Sulaiman, Proceedings, ASCE,
'S, No. sM1, Janwary 1969, PP. 373-374,

\
Hendron, Jr., M. T. Davisson and J. F. Parola, "Effect of
' of Saturation on Conoressib111ty of Soils from the Defense
kth Establishment Suffield," Report 5-69-3, Waterways Experiment
n, Vicksburg, Mississippt, Apri] 1969.

havisson. "Static Measurements of Pile Behavior," Proceedings,
nce on Design and Installation of Pile Foundations and

Gr Structures, Lehigh University, Bethlehem, Apri) 1970,
R-164,

Mavisson, "Design Pile Capacity,” Proceedings, Conference on
and Installation of Pile Foundations ang Cellular Structures,
Luniversity, Bethlenem, Apri} 1870, pp. 75-85.

Mavisson and J. R, Salley, “Model Study of Laterally Loaded
Proceedinas, ASCE, vol. os, No. SM5, September 1970,
PIS-1627,




25,

28.

29.
30.

3.

3.

M. Alizadeh and M. T. Davisson, "Latera) Load Tests on Piles -
Arkansas River Project,” Prdceedings, ASCE, Yol, 96, No. SMS,
September 1970, pp. 1583-1604,

M. T. Davisson, "Lateral Load Capacity of Piles," Highway Research
R‘Cﬂl’d ho 333' u‘ihiﬂ’m. ‘970' ppa 10‘“2.

M. T. Davisson, "BRD Vibratory Oriving Formula,® Foundation Facts,
VOI. VI. m. " ‘970' ”- 9"10

M. T. Davisson and J. R. Salley, "Settlement Histories of Four
Large Tanks on Sand," Proceedings, Performance of Earth and Earth-
Suppor}nd Structures, Purdue University, Lafayette, June 1972,

”o ” ‘9960

M. T. Davisson, "Settlement Histories of Two Pile Supported Grain
Silos," Proceedings, Performance of Earth and Earth-Supported
Structures, Purdue University, Lafayette, June 1972, pp. 1155-67.

M. T. Pavisson, “"Inspection of Pile Oriving Operations,* Technical
Report M-22, Department of the AM{. Construction Engineering
Researc!: Laboratory, Champaign, July 1972.

M. T. Davisson, "High Capacity Piles,* Proc«dinys. Lecture Series,
é:?outio?;ﬁn Foundation Construction, SM&FD, ITlinois Section ASCE,
cago, .

M. T. Davisson and D. M. Rempe, "Wave Theory Simpliffed,” Piletalk
Sesiinar, New Jersey, 1974,

M. 7. Davisson, "Pile Foundations and the Computer,” Use of Cumputers

in Foundation Dui;n and Construction, Metropolitan Section ASCE,
New York, April 1974,
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Professional Background and Experience

Name: Alfred J. Hendron, Jr.

Address: 2230c Civil Engineering Building

University of [111nois at Urbana-Champaign

Urbana, IL 61801
Date of Birth: October 4, 1937
Marital Status: Married with 2 children
Citizenship: Natural Born - U.S.

Education

Ph.D. 1963 University of I11inois
Urbana, I1linois

M.S. 1960 University of I1linois
Urbana, I1linois

B.S. 1959 University of I1linois
Urbana, [1linois

Positions Held

Major: Soil Mechanics
Foundations

Minors: Geology
Theoretical and
Applied Hechanics

Civil Engineering

Civil Engineering

September 1970 - Present Professor of Civil Engineering
University of [1linois

September 19638 - September 1970 Associate Professor of Civil Engineering
University of I1linois

September 1965 - September 1968 Assistant Professor of Civil Engineering
' University of [1linois

September 1963 - September 1965 1/Lt. U. S. Army Corps of Engineers
Research Engineer U. S. Army Engineer
Waterways Experiment Station

June 1561 - September 1563 Research Associate
University of I1linois

June 1960 - September 1960 Engineer, Shannon & W¢lseon

Soil Mechanics and Foundation Engineers
Seattle, Washington

e — .- .. -



Alfred J. Hendron, Jr.

Qffices held and other services to professional sccieties

(1)
(2)

(3)

(4)

(5)

(8)

(7)

(8)

(9)

(10)

(1)

(12)

Member of the Research Committee of the Soil Mechanics and Foundations
Division of the American Society cf Civil Engineers (1967-69).

Member of Subcommittee 12 of Committee D-18, ASTM, Properties of
Soil and Rock, 1965-1970.

Co-chairman of Panel on "Stress Wave Propagation in Soils,"

International Symposium on Soil Oynamics, Albuquerque, New Mexico,
sponsored Dy ASCE & NSF, August 1967.

Panel member for "Dynamic Loading," Session of a national Specialty
Conference on Placement and Improvement of Soil to Support Structures,"
sponsored by the Soil Mechanics and Foundations Division of the
American Society of Civil Engineers, M.I.T., August 1968.

April 1968 - Gave lectures on rock mechanics to Metropolitan Section
ASCE, New York City.

April 1963 - Gave lectures on rock mechanics to Metropolitan Section
ASCE, Washingten, D.C.

Selected to give a lecture on "Field Instrumentation in the Design
of Underground Structures in Rock," Metropolitan Section, ASCF,
New York City, May 1970. )

Panel member on “"OUynamic Loadings and Deformations,” Session for
ASCE, Soil Mechanics and Foundations Divisiaon Specialty Conference
on "Lateral Stresses in the Ground and the Cesign of Earth Re-
taining Structures," Cornell University, June 1970.

Member of Panel on "Deformation Modulus of Rock Foundations," ASTM
Symposium on Deformation Properties of Rock, Denver, February 1969.

Selected by NSF as one of the U. S. Members to exchange meeting with
Japanese Engineers on the Topic of Ground Motions produced by
earthquakes, U. of California at Berkeley, August 1969,

Member of Committee on Sofl Dynamics, Soil Mechanics Division,
ASCE, 1970 - present.

Member of Publicatfons Committee for Journal of the Soil Mechanics
and Foundations Division, ASCE, 1970 - present. .



Alfred J. Mendron, Jr.

Examples of Fgoundation Engineering and Earthquake Engineering Experience

1.

Consultant to Williams 8rothers Construction Company on slope
stability problems encountered in construction of the Transandean
Pipeline in soutrern Colombia, S.A.

Consultant to Woodward-Clyde and Asscciates on the Foundation Design
of Davis-Besse Nuclear Reactor for earthquake loadings.

Consultant, as an associate of Or. N. M. Newmark, on the foundations

for a 40 story building in Vancouver, B8.C., designed for earthquake
loading.

Consultant to Waterways Experiment Station on the Earthquake
Stability of Dam Slopes.

Consultant to H. G. Acres Ltd.' on Seismic considerations for

Nuclear Reactor Foundations as a part of a study for 6 New England
States on Projected Power Needs.

Consultant, as an associate of Or. N. M. Newmark, to the Divisions
of Reactor Licensing and Reactor Safety of the Atomic Energy Comis-
sfon, on the adequacy of nuclear reactor foundations to resist
earthquake loading, September 1367 - present. The following is a

115t of the Nuclear Power Station Foundations. reviewed during this
time:

Ft. Calhoun Arnold

Cooper Pilgrim

Surry Crystal River
Shoreham Prairie Island
Salem Farley

Rancho Seco Calvert Cliffs
Diablo Canyon Oconee
Sequoyah Indian Point
Hatch Bailey
Brunswick 0. C. Cook
Kewaunee Zimmer
Fitzpatrick 3 Mile Island
Fermi. Russellville
Turkey Point Easton

8ell

Dynamic stability assessment of 3 TVA dams subjected to design
earthquakes.
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Al

fred J. Hendron, Jr.

Experience on Design of Protective Structures and Nuclear Effects

1. Consultant to TRW Systems, Redondo Beach, Californfa on Dynamic
Soil Properties pertinent to the hardness of the Minuteman System,

2. Presenily member of a panel in Cep
of all Safeguard Structures for Yu

1

t. of Defense to review design
Inerability and hardness.
Consultant to Omaha District Corps of Engineers on the con-
struction of underground protective structures in rock.

Consultant to Air Force Space and Missile Systems Organization

on Hardness of Minuteman Structures as an associate of Or. N.
M. Newmark.

Consultant on problems in soil dynamics and rock mechanics to the
U. S. Army Engineer Waterways Experiment Station, Vicksburg, MI,

A member of the "Decoupling Advisory Group" formed by the Defense
Atomic Support Agency. Responsibility is to comment on stability
problems which might De encountered in butliding underground cavities
100-360 ft in diameter and to give the shear strength properties of

rock masses which are important in determining the decoupling charac-
teristics of cavities over-driven by the detonation of a nuclear device.

Received Army Commendation Medal in
¢f the Coprs of Engineers as a consy
and NATO 2n the engineering of large u

for representing the Chief
Lo the Norwegian Government
rground facilities.

Recent Pyblications

“The Behavior of Sand in One-Dimensional Compression," Ph.D. Thesis, U
of I, Dept. of Civi} Engr., July '963; “The Oynamic Stress-Strain Relations
for a Sand as Deduced Oy Studying its Shock Wave Propagation Characteristics
in a Laboratory Device," w/T. E. Kennedy, Proceedings of the 1964 Army Science
ymposium, Vol. II, West Point, N.Y., June 1964; "Static and Oynamic Con-
strained Moduli of Frenchman Flat Soils," with M. T, Davisson, Proceedings
of the Symposium on Soil-Structura Interaction, Univ. of Arizona, Tucson, Arizona,
Sept. 1964; "Damage to Model Tunnels Resulting from an Explosively-Produced
Impulse," with G. 3. Clark and J. N. Strange, U. S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi, Research Report No. 1-6, Report
“The Design of Surface Construction in Rock," w/D. U. Qeere, F,
n, and E, J. Cording, Ch. Il in Failure and Greakage of Rock, American

oCk,
' B A\
111 ot

tallurgical and Petroleum Engineer, 1967. .
on the Attenuvation of Afr 8last-Induced Ground M
¢9-47, Proceedings of the International

and Dynamic Properties of Earth Materials, Universt
1968. Mechanical Properties of Rock," Chapter 2,
"Rock Mechanics in Engineering Practice,” edited by K.
C. lienkiewicz, published Oy John Wiley & Sons, London, |

WVHIGNTT




Alfred J. Hendron, Jr.

"Dynamic Behavior of Rock Masses.* with N. N. Ambraseys, Chapter 7. pp. 203~
236 of the baok "Rock Mechanics in Engineering Practice” edited by K. G.

Stagg and 0. C. Zienkiewicz, published by John Wiley and Sons, London, 1968,

442 pages. “Foundation Exploration for Interstate 230 8ridge over Mississippi
River near Rock Island [11linois,” with J. C. Gamble and G. Way, Proceedings

of the Twentieth Annual Highway Geology Symposium, University of [11inois,
Engineering Experiment Station, Urbana, 126 pp. “Compressibility Characteristics
of Shales Measured by Laboratory and [n Situ Tests,” with G. Mesri, J. C.

Gamble and G. Way, pp. 137-153, ASTM Special Technical Publication 477,
"Determination of the In Situ Modulus of Deformation of Rock," June 1970. “Rock
Engineering for Underground Caverns,* with E. J. Cording and 0. U. Deere

(In Publication, ASCE Proceedings of a Symposium on the Design of Large
Underground Openings, Phoenix, Arizena, February, 1971). “Dynamic Stability

of Rock Slopes," with €, J. Cording, (In Publication, Proceedings of the 13th
Symposium on Rock Mechanics, Univ. of I114nois, 1971). "State of the Art of
Soft-Ground Tunneling,* with R. B, Peck and 8. Mohraz, Proceedings of the Ist
North American Rapid Excavation and Tunneling Conference, Chicage, [1linois,
June 5-7, 1972, AIME, 1972, pp. 259-286. “$pecifications for Contrciled
Blasting in Civil Engineering Projects,” with L. L. Oriard, Proceedings of the
1st North American Rapid Excavation and Tunneling Conference, Chicago, [1linois,
June 5-7, 1972, AIME, pp. 1585-1610.

Consulting Experience Directly A 1icable for th ian of Lar rnderar
amcers for Storage

1. 1971-present: Consultant to Gulf Qil on 4 large undergrcund chambers
for storage of gas, Fannett Dome, Texas. '

2. 1972-present: Consultant to Dome Petroleum on the use of salt caverns

in Windsor Canada for gas storage. Caverns in service now, status reviewed
3 or 4 times a year. '

3. Consultant to Morton Salt on control of solution mining in the following
brinefields

Port Huron, Michigan
Rittman, Ohio
Hutchinson, Kansas

4. Consultant to the Solution Mining Research Institute on subsidence and
cavity stability
Report cn a study of sinkhole development above cavities in two
brinefields and discussion of means for detecting this behavior
sufficiently in advance to prevent such benhavior.

§. Consultant to BASF-Wyandotte, Wyandotte, Michigan on control of subsidence
and prevention of sinkhole formation above cavities in becdded salt.

6. Consultant to Duke Power Co. on current design of Sad Creek underground
powerhouse.



Alfred J. Hendron, Jr.

7.

10.

11,

Past consultant to British Columbia Hydro-Authority on stability of the
Portage)bhuntain Underground Powerhouse. (96 ft span, 1000 ft long, 180
ft high).

Consultant to Morton Salt on the possible use of the Silver Springs brine
field for gas storage.

Consultant to U. S. Department of Defense on many tunnels and underground
chambers at Nevada Test Site.

Past consultant to U. S. Corps of Engineers on the use of large underground
structures in rock for protective construction.

Consultant to NATO and Norwegian Governmant in 1965, as a Corps of Engineer
officer, on large underground chamber construction. Received Army
commendation medal for this assignment.
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EXPERIENCE

Ralph B. Peck

8. S., ClvihEngimﬂn?
Rensselaer Polytechnic Institute

D.C.E.
Rensselaer Polytechnic Institute

Post-doctoral studies, Engineering
Harvard University

I11inois: Structural and Professional Engineer (1942)
Member, I11inofs Structural Engineer Examining Board
since 1959

Hawa1 1 1956 A
California 1963

Ralph B. Peck - Civil Engineer: Geotechnics (1375-Present)
(Bechtel Consultant)

and QUALIFICATIONS:

Summary

45 Years:

1930-Present:

Internationally known consultant on foundation and
stabilfity conditions for tunne's, heavy loaded
structures, and subways. Former professor of
foundation engineering at University of I1linois.
Or. Peck is the author of more than 70 technical
publications dealing with foundations, earth
pressures, tunnels, slopes, earthdams, etc. He
colTaborated on Soi1 Mechanics in Engineering
Practi Found and Fro

ed rman Mec
Society of Civil Engineers.

Or. Peck 1s an intermationally known consultant
specializing in soil mechanics and foundation
engiaeering. He has investigated bracing systems
foi open cuts for subways and deep excavations and
has served as consultant on la dams in the United
States, Colombia, Puerto Rico, afi, Costa Rica,
British Columbia, New Brunswick, The Philippine
Islands, Canal Zone, and Greece.

Professcr Peck has been a member of the boards of
consultants for flexible paving desi n, pipe cover
studies, the Garrison Dam Test tunnel,foundations
for the Savannah River project, dynamic suil testing,
Lincoln AFB missile sites for the Corps of Engineers,




1950-1975:

He has alsu worked on defense projects for the Rand
Corporation, the Ramo-Wooldridge Corporation, and
the Aerospace Corporation.

For twenty-five years, Dr. Peck ta t on the college
level. He was a lecturer at [11ino S Institute of
Technology, then assistant professor, assoclate pro-
fessor, and professor of foundation engineering at
University of I1linois.




