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Board Board

U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory
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washington, D.C. 20555
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Administrative Judge
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In the Matter of
KERR=McGEE CHEMICAL CORPORATION
(West Chicago Rare Earths Facility)
Docket NO, 40-2061 ML, ASLBP No. 83-495-01-ML

Dear Administrative Judges:

This forwards Illinois' testimony for the hearlng ‘.0 be held
in Chicago on December 4 15, 1989%. The testimony has been pre-
v*ous‘) sent by facsimi to the Board and has been hand deliv-
ered tv the parties. Wul e I realize the Board has struck Dr.
Thiers' testimony I am filing it for the purposes of the record.
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that on the 8th day of December,
foregoing Illincis' Testimony for the December 14 and 15,

CERTIFICATE OF SERVICE

I DOUGLAS J. RATHE, an attorney in this case do certify

1989,

I caused to be served the

1989

Hearing upon the parties listed below by Express Mail:

*

* Peter J. Nickles, Esq.

Richard A. Meserve
Covington & Burling

1201 Pennsylvania AV, N.W.
wWashington, D.C. 20044

Chief, Docketing and Service
Section (3)

Office of the Secretary

U.8. Nuclear Regulatory Commission
Docketing

11555 Rockville Pike

Rockville, MD 20852

Anne Hodgdon

Office of the Executive

Legal Director

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockille, MD 20852

*

and by first class mail,

Robert D. Greenwalt
City Attorney for
West Chicago

100 Main Street

West Chicago, IL 60185

* Jehn H. Frye, III, Esq.

Chairman

Atomic Safety and
Licensing Board

U.S. Nuclear Regulatory
Commission

4350 East West Highway

Bethesda, MD 20814

Dr. James H. Carpenter

Atomic Safety and
Licensing Board

U.S. Nuclear
Regulatory Commission

4350 East West Highway

Bethesda, MD 20814

Dr. Jerry R. Kline

Atomic Safety and
Licensing Board

U.S. Nuclear Regulatory
Commission

4350 East West Highway

Bethesda, MD 20814

in envelopes bearing sufficient postage

to the remaining parties listed on said Notice, by depositing

same with the United £tates Postal Service located at 100 West

Randolph Street, Chicage, Illinois,
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Comments of Don L. Varner
vith respect to Contention «(a)

1. 1 share the ABLD's concern with respect to the differing rates of
cell infiltration used by Kerr-MeCos and the NRC staff As I under.
stand it, Kerr.MeGes obtained a value of 0.001 inches Per year through
use of the KELP model (Kerr-McGes, Vol. II. P 2:76). A sscond valus
of 0.07 inches per year vas also calculeted with the KEL? model. The
sinioun rate of cell infiltration used by Kerr-McGes vas, apparently,
0.01 inches per year (Vol. 1,9 2-80). The reason for selection of
that value was not explained. Values of cell infiltration up to §
inches per year were used (Kerr-NeGee, Vol 11, p. 2.80). The NRC
staff used only one value, 3 em or 1.2 inches per year (SFEs,

p. B-10). Thus, the values that have been speculated as being within
the range of possibility are from 0.001.% inches per year, & 5,000
fold difference. I believe that the natural rate of infiltration for
the ares of 3.6 inches per year (572§, P. &+«91) should be assumed as &
conservative or woret-case value. This {# decauss the longsterm
integrity of covers such as that proposed for the West Chicago site
have not been demonstrated and it is possible that such & cover will
deteriorate from natural effects so that it will, eventually, allow
infiltration ac the same rate as other land in the vieiniey.

2. 1 share the ASLD's concern with respec” to the variability of the
£ stratun and would extend that concern to other geclogic units und.
erlying the West Chicage site. The £ ETratum ranges in thickness from
about 1.3 feet to 25.5 feet over the #ite (Kerr+McGee, K Vol 11, p.
2442), According to Schubert (Docket No «0-2061-ML; ASLE No.
B3-495.01-ML) the E sand s apparently absent i{r drill hole 3.9 and
reaches 43 feet or possibly more on the north end of the disponal
#ite. Hydraulic conductivity values for the E send range from 22.3 o
568 fest per day (Kerr-McGee K Vol II. Tedbles 2-15 & 2.16). The NRC
used & single hydraulic conductivity walue of about 152 fee: per day
in its modeling, about one-third of the maximum value. This points
out the reason for concern about the range of geclogic variability g+
the Kerr-McGee site. It is the principel reasen why the type of
modeling done by the NRC is inappropriate for meaningful characters.

gation of that aite.

As 1 have (n my earlier affidavics, I will quote from the origi.
nators of vertical.-flow cell infiltration model with respect to the
limitations of their model when linked to the Ti23D model for such o
site. According to Cilber: et al (1983) "The aquifer structure at an
actual site will, of course, be much more complicated than the sinple
SEructure sssumed for the generic model described above There will be
different hydrological strate with three-dimensional inhomogeneous
Structures, and there will be dispersion (even within homogeneous
regions) of the ion-exchange rates, which leads to dispersicn of the
distribution coefficients. Mechanisms other than ion exchange between
vater and adecrbing surfaces may be important for both release and
transport of redionuclides. The migrating regions of redicactive
contamination in the unssturated zone will, therefore. aAssume various
shapes and will not have sharp boundaries. and the migration through



Ehe aquifer to the well will be more complicated than described. A
Bere sophisticatod model that took these complications inte sccount
vould sequire site-specific date on the hydrolegical strusture and

properties. . . . The simple model descrided sbove provides generie
Sotimates of the contamination of drinking water that canm be oxpocted
o o06uUr . . . .* 1 interpret these comments as supporting my posti-

tien with respect to the NRC modeling verk.

5. 1 agree with the sstimate of the NAC steff that probably about 384
of ’S.Mll'lt‘! recharge presently reaches the 8ilurtan dolomite
aquifer at the Vest Chicage site (8728, P. 6:91). It disagrees with
the Kerr-MoGes statement that ‘only & very small percentage of water
entering the glaclal aquifer from the surface finde ite vay to the
dolomite aquifer.® The rate of roohcx:. to the dolomite aquifer eeuld
be :v'n greater, in the fucure, as vill ba discuseed under ®Yy Tesponse
“ .

6. The ABLD s prudent in ite concern for the Stiurian dolomite
equifer, & major §roundvater supply unit for northern Illinets. The
permansnt siting of a veste disposal facility over such an aqui.er 1o
questionable practice vhen other locations exist in the Stete that are
more geologically suitable. large scale vithdraval of veter from the
Silurien dolomite aquifer and conseguent lovering of the picsemetric
surface in that aquifer has, undoubtedly, stimulated greater vertical
recharge through the overlying glacial deposits at the West Chicage
site and in the vieinity. Additional withdravals that resulted (n an
oven lower plesometric surface in the Silurian delemite aquifor would
Do expected to cause an increased rate of verticsl recharge to the
flurian delemite aquifer.



Comments of Den L. WVarner
vith respect te Centention 3(g)(2)

Before further snalysing the issus of velidation of the computer
model used in the NRC staff's evalustion of the probable future
impacts of onsite dispossl ot Wess Chicage on groundwater, {t would be
weeful te discuss the resson for my concern vith the mede).

1f one examines the (mput to the sodel and the resulting output,
it immediately raises the question of vhat {s happening in the model-
ing process that leads to the results that are Presented in the SFES
and of how realistic are those results. For example, the WRC staff
has predicted an verage concentration of lead in solution in the
aisposal cell leachate of 7.) Bg/L  (Table E L., SFPES, ». £:9). 1in
comparison with that valus, which Ls about 150 times the IEPA drinking
vater standard, the peak concentration precicted at the midpoint of
the downgradient waste pile edge s 0.011 mg/L (Table E.7., SFES, p
E-16), o dllution of 664:1. That same éilution ratio ie predicted for
all other chemical species ané for peak concentrations at the site
doundary 73m downgradient from the vaste pila edge (Tadle L.V ).
Raving personally performed or directed considerable such modeling, 1
have great aifficuley in sccepting those modeling results, since they
seen to be so physically implausible

The fact that the modeling results presented in the SFES seenm to
be phioieally ¢ifficult to understand and to accept SUggests & need
for the comparisen of such modeling results with those of other,
Previowsly validated, models or with the field ca:e from a site such
48 Voot Chicage, where complex hydrogeclogical circuwintances exist

I do not dlspute the fact that the vertical inflltration mods)
and the lateral transport wodel used by the NRC can each be derived
from first principals. That does not. inherently, make them legiti.
sate for use in predicting the lemg-term performance of a proposed
disposal site. For example, the vertical inf{ltration model raguires
that vaste {n the entire disposal cell be incorporated in & unifornm
rectangular block in which the leachate wil} have & uniform composi-
tion that will be maintained as the block of contaminated vater moves
uniformly toward the groundwater table. Such & model bears little
resemblance to the real physical situstion that ! understand will
exist vhere vastes vith highly variable composition (Table 2.5, SFES,
P 2:15), are dlstridbuted nonunifermly, both vertically and herigen-
tally, in the vaste disposal cell and where vertical fiow rater would
be expected to be quite variable from pisce to place vithin the cell.

Perhaps the averaging processes used in the NRC model are satis-
factory for comparison of alternate sites I will not dispute that
Possiblility, since that is not the issue that 1 am acdressing. In
fact, that s the sort of epplication that originators of doth the
verticel (nfiltration model (Gilbert, et al. 1963) and the lateral
flow medel (Yeh, 1981) state that their models are suitable for. What
both suthors also indicate that their models are unsuitable for and
for which no evidence of sultablility has deen documented (s the



detaliod modeling of o specific and hydregeciogically complex site,
‘uch 44 Vest Chieape.

It 4o srgued by Kerr-McOee (ASLD Docket No. 40-2061.ML. ASLIP No
§3.6P5.01-ML) that, because Kerr-McCee carried out sophisticated nunm
erical medeling for the West Chicage Site. it wes not necessary for
the NRC to 4o that. The SFES contains no discussion or analysis of
Kerr-NcGee's modeling results but, rether, relies upon the modeling
done by the NRC estaff for ite conclusions.

Vith respect the Kerr-McCee modeling, 1 will agree that the two
dimensional numerical flov and conteminant transport model used s an
improvement over the ATI23ID model used by the NRC for analysis of
lateral flov at the Vest Chicago site. However, the model used by
Kerr-MeCeos does not consicer vertical flow through the dieposal cell
6t all and Ls not capable of incorporating the verticel components of
flovw into the saturated-zone modeling. 1In commenting on this latter
model limitation, Kerr-McCee states that "Another limitation (s the
tvo-dimensional nature of the model. DBecause {t {s two-dimensiona)
complete mixing in the vertical dimension is ifmplicitly assumed to
occur. The I Stratum at the disposal site {o relatively thin, and se
this assumption {s not eritical” (Kerr-MecGee, Vol II, p. 2:7%). 1In
fact, the I Stratun varies in thickness from near zero = &) feet er
possibly more (Schubert, ASLE Docket No. 40-2061+ML, ASLAP No
63.495.01-ML). I do not know what the result weuld b ¢f using &
thres dimensional model that would incorporste the vertical site prop.
ertios; but 1 do not understand why that was not done, tince three-
dimensional nodels are readily svailedle Such three-dimensional
nodeling would have also allowed specific consicderation of potential
{mpacts upon the Silurien dolomite aguifer

The results of the Kerr-McGee modeling shou'd sleo be exanined
from the overall view of what they reveal or do not reveal The
dilution ratios predicted by the Kerr-McGee modeling to occur during
flow through the saturated zone range from 21 1 to & 882 1 (Kerr.
NeGaeo, Table &, ASLE Docket No. «0-2061-ML, ASLBP No 83.495.01.ML), &
difference of about 300 times. Since & difference of 500 times would
result from the range of assumed infiltration rates alone, (0 01.8%
inches,/year) (t would seem that parameter was the most influential one
in escablishing the dilucion ratios. Low infiltration rates resulted
in relatively large dilutions, while high infiltration rates resulted
in relatively smaller dilutions. The dilutions are for concentrations
at the aite boundary. Values are not given for concentrations (or
dilutiens) at the waste plle edge. In all cases, the predicted con.
contrations at the site boundary relate directly te the original
concentrations assumec for the various chemicals in the disposal cel!l
leachate. It i{» probable that dilution ratios woulc also relate
directly to the rate of groundwater velumet:iic flow beneath the site
40 used in the model In calidrating the Kerr-McGee model. & volumet-
ric flow rate vas established that would require (ufiltration of % .8
inches/ysar (Kerr-McGee, Vol. 11, p. 2:76) as compared with the most
gonerally agreed up infileration rate of about 3.6 {nches /vear (SFES,
p. 6+91). This would, probably, result in & proportionally greater
dilution ratio than would de predicted using a volumetric flow rate
based upen (nfiltration of 3.6 inches/year
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. If ome were to tehe the ‘oweat dilution recie reported by Kegr-
MeGeo (21:1) to reduce thet by the retie of infiltretion rater éin-
cusesd asbove (). ¢ In/yr ve 9.0 dn/yr) ehen teo sultiply thet dilution
retio by the conecntration of lead in coll leachate proposce by the
NRC otaff (7.3 mg/ () the following result vould be obtained:

(L720)0(%.5 tn/8.6 tm)(7 3 Me/i) = 0.92 mg/ t (of lead in grounevater
et the site boundary)

This caleulation (o intended only to show the result of analysing
and combining selected facts relating to medeling obtained from the
Kerr.MeGos repert (Vol. 11) and the SFES, and extrapolating them to o
soeningly legieal econclusion quite ¢ifferent than any contained in
either of those documents. Thiy enalysls vould suggest the need to
carefully examine the methedelogy and results of the twe modeling
effores to determine the extent teo which they sach may be satiafactory
er unsatisfactory and to then provide such sdditional documentation,
inciuding further modeling, as maY be necessary to recencile the
aifferences and deficiencies that seem to exist.
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b NAME: Don L. warner, Desn. School of Mines ang !o;cttcj?;_
WEE C

and Professor of veological Engineering, Un TS

Missouri-asiia R

¢, DATE AND PLACE of BIRTH: anuary «, 1934, Norfolk, Vedrasca
3. EDUCATION: Major

‘niversity Tegree Jate Fleld s
Colorado School of Mines Je0logical 1956 veology-Engineesr:-g
Golden, Colorado Engineer
Colorado School of Mines M.S¢.» 1961 Ceology~Engineer -,
Golden, Colorade seological

Engtnoortng

University of California Ph.D, 14 Ceological Engineering
Berkeley, California s Engineering wvith minors i(» exlogy

Science and Civil En ireering
¢. EMPLOYMENT HISTORY:

A, Staff Positions:
Dean, School of Mines and Metallurgy, University June (98] .
of Missouri-kolla, Rolla, Missourt

Acting Chairman, Oepartment of Ceological Sept. 1380 .
Engineering, University of Missouri-Rolla, June [98)
Rolla, Missourt

Professor, Department of Geological Engineering, Sept. .54 .
University of Missouri-Rolla, Rolla, Missoury

Federal Water Pollution Control Administration, May 1967 .

V.S, Dept. of Interior, Cincinnaty, Ohio; Chief Sept. .3%9%

of Earth Sciences - Ohio Basin Region

Basic and Applied Sciences Branch, Diviston of February (964 -
Water Supply ang Pollution Control, U.S. Public May 1967

Health Service, Cincinnati, Ohio; Research Ceologist
and Engineer

Engineering Research Institute, University of 1962 «
California, Berkeley, California; Research Assistant 1964
Departaent of ¥ireral Technology, University of 1962

California, Berkeley, California; Special Instruceor




Shell 04} Company, Casper, wWyoming; Geological Engr. Summer 196)

Department of Basic lnctnonring. Colorade School of 1989 .
Mines, Colden, Colorado; Teaching Assistant 961
V.S, Departpen: of Agriculture, Sunnigoen, Colorado; L3538 .
Civil Engineer ‘959
Californy, Ixploration Co,, Juatezala, F55 .
Central America; Ceological Engineer L858
Gulf 01l Corporation, casper, syoming; A

Geclogical Ergineer
B. Consultant :o.

Covernmenta. ‘rganizations:

Federal water Qualiety Administration, 1969197

V.S, Atomic Energy Commission Division of
Materials Licensing, 1969-1974

U.S. Nuclear Regulatory Commission, 1974-1986

Ohio River Valley Water Sanitation Commission, 1969-197+«

Illinots Institute of Environmental Quality, 19711972

Argonne Univerbities Association and Argonne National
Laboratoryes, 1971-197s8

Instituto 4o Desenvolvimento Economico Soctal do Para,
and Universidade Federal do Para, Brazy), 1970-197)

U.S. Aray Corps of Engineers, 1977«1:8p

Ozark Catevay Regional Planning Comm.ssion, 19761977

Ozark Regional Council of Governments, Joplin, Missoury,
1976-1977

Nev Castle County, Delavare, Areavide “aste Treatment
Management Prograa, 1977

Ontario Ministry of the Environment, 1977

Attorney Ceneral, State of Illinods, 197 7epresant

County Commissioners, Wilkinson County, ceorgia, 1978-1980

Forest Preserve Districe, DuPage Co., [ilinots, 1978-1380

West Virginia Vniversity, 1984

United Nations Department of Technical Cooperation and
Development, 1988

Kera Co., California, 1985

Madison Co., Illinots, 1987-1988

Americen Petroleus Institute, 1988«present

Loussiana Chemical Association, 1988-)98%

Other Organizations:

Dames and Moore, 1968, 1986 - 1988

Raphael-Katzen and Associates, 1969

Lav Engineering Testing Company., 1970, 1979

ARMCO Steel Corporation, 1971

General Electric Company, 1971

Sizuger Information Services Corporation, 1971

Black and veatch, 1972, 1978

E. 1. DuPont, Inc., 1972-1973

WAPORA, Inc., 1972-1975, 1978

Ceneral Fle.tric-TEMPO, 1973-1981

Weston Ce --vsical Research, 1974
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wWoodwarg
Ceraghty
National
Staufter
Freemar

France s
Keplinger
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Chemical Company, 1976, (986

“nited Coeal Commany, 13§77

one Company, 1976-1979
4nd Associates, Inc., 197%
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Keck Cons
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0'Connor,
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onal Coal Refining Company, 198
onal Exploration Company, 198)
Fly Ash Company, 19811982, 198
Karaganis ang Sall, 198182, |

Engineering Erterpriges, Inc., 1982«pres
Ncscllo Land and Management Corporation,
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M=Hill
AMAX Lead
American
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Shell 011

v 4985 - |986
Company, 1985 . 1986
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Co., 198788
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.

Special Avard Schclarnhip. Colorado School o My

Blue Key Honorary

Service Fraterniey, 1958

Theta Tau Honorary Engineering Fraterniey, 1:5cq
Scabbard and Blade Honorary Military Fraternicy,

Colorade School °
University of Cal

f Mines, Graduate Fellowship, |
ifornia, Research rollovohtp. 1

American Men of Science, 1967
Dictionary of Internacional Blography, 1969
ths Association - Best Paper Award, 1971
International Scholars Directory, 1972

Amsrican Water Wo
Community Leaders

and Noteworthy Americans, 197%

Who's Who in the Midwest, 1978, 1978, 1981, 1984

Tau Beta Py, 1982

National water Well Association Science Award, |

Distinguished Lecturer,

PROFESSIOMAL SOCIL'IES:

American Associat

ion of Petroleuns Geologists

Amsrican Institute of Mining, Petroleus, and Met

American Institut

¢ of Professional Ceologists

Association of Engineering Geologists
Geologicel Society of America

National Water we
Naticaal Society
Missoury Society

il Association
of Profeseional Ergineers
of Professional Engineers

77, 1986

0
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-

6
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ent
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§62-1564

, 1988
$84

National Water Well Assoc, 198s
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PROFESS IONAL RECISTRATION AND CERTIFICATION:

Regiotered Professional Engineer, Misgoury E«21232
Certified Professional Geological Scientise vo. J682

COMMITTEES AND BOARDS

Meader, Interior “epartment Ad Hoe Committee

on Subsurface waste Disposal, 1966

Interior Department fepresentative tO State~Federal “00riination
Committee, Applachia Mine Pollution Study, 1968-1%69

Chairman, Ohio River ‘alley wWater Sanitation Commission -oBRBittee -
Subsurface waste Jisposal, 1970-197%4

Technical Chairman, Aderican water Resources Assoclation [3§°; AnNfNUa L
Meeting

Chairman, Americarn Society of Cyvyl Engineers Committee on
Underground waste Pisposal, 1972.197¢

Member, Argonne Ladoratories Regional Studies Advisory Board, |3°.
Editor, Ground water and Cround water Monitoring Review, 1980. 44

Member, Ground Water Policy Committee, American Institute of
Professional Ceologists, 1982

Member, Miperal Resources Committes, National Association of Universities
and Land~Grant Collo.‘o. 1982«present; Cheirman, 1989~

Meaber, U.s. Department of interior Advisory Committee on Mining aind
Mineral Resources Research, 1985«present

Member, Science Advisory Committee, Underground Injection Practices
Council, 1985-)986

Member, ASCE Task Committee on Guidelines fo: Artificial Recharge

of Ground Water, 1985-present

Member, National Science Foundation, Land Treatzent Panel, Hazardous
Wastes Treatment and Disposal Workshop « 198+

Member, Research Committee, Underground Injection Practices Counciyl,

8

Member, Board of Directors, Underground Injection Practices
Council, 1986-present

INTEREST AND ACTIVITIRS

A.  General Interests:
Water resources, $round vater hydrology, water pellution and
saviroonmental studies, subsurface exploration and exploitation,
engineering properties of soil and rocks.

B. Punded Resear:ch and Training Grants:

U.S. Atomic Energy Commission Crant for Study of the Feasibdiliey
of Underground waste Disposal in Nev York, 1970-197;

U.S. Geological Survey Grant for Study of Industrial wWaste
Injection Wells {n the United Stacaes, 1970-1972

V.S, Eavironmental Protection Agency Srant for Training of
Mioeral Engineers in Eavironmental Protection, 1971«197%

U.S. Office of water Resources Research Study of Ground water
Levels in New Lead Belt Area of Missours, 1972-1974

Ohio River Vallev water Sanitation Commission Grantg for Study of
Industrial ~istevater Injection {n the Ohio River Valley Regton,

1974-197%
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C.

V.5, Nuclear Regulatory Commiseton Granme for Study of tne Ceology
of the New Magrig Seismic Ares, 1976-197

V.S, Eavironmental Protection Agency Grant for Study of ¢ne
Radive of Influence of Injection welly, 1977-1980

Environmenty) Protection Agency Crant for Computer Simulation
to Assens Environsental lmpact of Residential Ground water Heat
Pump Vttlizatyon, 1979-1981

< 5. Environmenta) Protection Agency Crant for Transfer of {n‘ectior
well Technology Program, 1980-198)

Missouri Departzent of Natyral Resources Grane for Evaluation >f
the Cabool, Missoury, vastevater Spreacing site. A, jathevavy
and Ju=Chang quang Cosinvestigators, ]983

williams Pipelire “ompany Contract for Study of the Impace -
Pipeline Leakage in Missouri, Charles Morris and P.R. Munger,
coinvestigatory, 1985

American Cyanamid Contract for study of Pressure Bulldup ang
Travel of Injected Liquide 1n the 2,400 Foot Sand and
Chemical Reactions of Injected Liquide with Confining
Strats; Leonard Koederitz, Ernge Bolter and Samir Hanna,
coinvestigatory, 1986-87

Underground Injection Practices Counetl, vu.s. EPA Contrace,
for study of Hydrogeological and Hydrochemical Assessment
of the Basal Sanlstone and Overlying Paleozoic Age Units for
Wastevater Infection and Confinement {n the North Central
Region; Cary McConnell, colnvestigator, 1986-88

American Petroleun Institute, Contract for Modeling of the
Environments) Effects of Abandoned 04) ingd Cas Wells;

Cary McConnell, coinvestigator, 988

Curricula Developed

Training Program for environmental Protection (n mineral engineering

Technology transfer progras in injection wel] technology

Short course in "Ground Water Analysis and Design of Devatering
Systems" offered anoually 1975-1984

Geological Engineering 33] - Subsurface Hydrology

Geological Engineering 43] - Advanced Subsurface Fluids Engineering

Geological Eogineering 343 - Subsurface Exploration

Ceological Engineering 338 - Environmental Ceological Engineering

PUBLICATIONS:

1.

Southeast Piceance F2ein, Colorado, and Ceology of a Portion of the
Grand Hogback, Carfield County, Colorado: M. sc. Thesis, Colorade

v 1981, Stratigraphy of the Lowver Portion of the Mesaverde
Fornntion. Southeast Piceance Basin, Colorado abstrace):

y 1964, Mancos-Mesaverde (Upper Cretaceous) Intcr:onguzng
i:llttono Southeast Piceance Basin, Colorado: Aperican Assoc.
Petroleus ceclogists Bulletin, v, 49, No. 7, P. 1091-1107.

v L . An Analysis of the Influence of Physical Chemical
N—.




10,

11,

12.

14,

1’.

16,

17.

Factors Upon the Consolidation of Fine~Cratned Clastye Sedimenty
Ph.D. b‘...rg.gtpn, Un(v.r.tty of Caleornxc. litliiov. 136 5.

v 1966, Theoretical and Experimentasl Analvely .+ the
fn?!uonco of Physical-Chemical Factors on the CORPACLLsn ¢ cidvey

4

Sedimenty dtstract): Ceological Soclety of America.

r o985, ;ocpowell Disposal of Indultfill wastey -hemiza.
En.xn..rx:;. vo 73y No. |, January &, p, 73.78.
<355, Deepewell inlection of Liquid Waste: 3. Pudis

“. = » 3 .4
Health Service *udilication No. ISSeWpell, 5% P,

v 4786, Deepe-well Zn;cc:ion-lntcroctlon of In‘ected ang
fntcrltxtxa. “ater: American Society of Civil Engineers pro.
V. 92, No. SAe, P. wiebn,

x v 4986, Subsurface Injection of Liquid wastes: (n »r :
1966 western Resources Conference, p. 1071258,

Warner, D, L. and Doty, L.F., 1966, Chemical Reaction Betwveer
Recharge water and Aquifer Wataer: in Proc, International Assoc,
Scientific Hydrolbgists "Symposium on Artificial Recharge an:
M::ag::ont of Aquifers" Mareh 1926, 1967, Haifa, Isreal, ;.
278-288,

Warner, D. Loy 1966, Ground Water Qualis: Studies, in wWater Oualiry
Studiee, a Trcinin; Course Manual: U.S. epartment of the Interior,
Federal water Pollution Control Adntnxatratton. Pe 15«1 to 18511,

+ 1967, Discussion of the article "!atilcttn; Distance to
Hydrologic Boundaries from Discharging well Data." vy 5, 1,
Strausberyg: Ground Water, v, 3. Neo. &, p. &7,

U. S. Department of the Interior, Federal water Pollution Control
Administration, 1967, Strean Pollution by Coal Mine Drainage in
Appalachie: 271 Py 62 fige., compiled and edited % D. L. Warner.

wWarner, 0. L., 1967, Deep Wells for Industrial waste Injection (n
the United Statoo-lullcry of Data: U.s, Department of the
Interior, Federal Water Pollution Control Administracion, wWP=00-10,
4S p.

v 1968, Deep well Disposal, in Industrial waste Disposal,
i.E. iooa ed.: New York, Reinhold Book Corporation, P. 2485«260.

» 1968, Subsurface Disposal of Liquid Industrial waste by
Deep-well Injection, in Subsurface Disposal in Ceological Basgins -
A Study of Reservoir Strata: Aa. Association of Petroleun
Geologists Memoir 10, p. 1119,

. v 1968, Discussion of the article "Tvo Dimensional

Dispersion,” ». . ¢, Bruch and R.L. Street: AB. Soc. of Cyvi)
Engineers 7:- V. 94, No. SA4, p. 739=740,




19.

0.

22.

26,

25,

26,

27,

28.

+ 4988, Preliminary Fleld Studies Using Earth loctutxvx:y
Measurements for Delineating Zones of Contaminated Croyng sater:
Cround Water, V. 7, yo. l.

v 4969, Extent Sources and Control of Pollution frop Mizing
Activities: (- Proceedings Mining Environsental “onference
aiversit. of Missourt, Rolla, Misoouri, April, 1969,

v 4985, ummar. Repore Monongahela River ¥ine Sralnage “eze-
dlal Project: . 5. lepartsent of the Interior Feleral sater Pallye
tion Control emifistration, Cincinnatt, Ohio, compileq and eaites
by D. L. warser.

Ohio River Vallev water fanitation Commission, 1969, Perspective :»
the Regulation o ~hderground Injection of Wastewvaters,

Part I - Public Policy, Legislative and Legal Aspects by
Edvard J. Clearv,

Part II - Administrative Juidelines and Evaluation Criteria -.
Don L. Warner.

Cleary, E. )., and warner, D. L., 1970, Some Considerations -
Underground wastevater Ulspoeal: Jour. Aper. Water Works Assoc., V,
62. NO. .. AU.U.‘. p- “."‘9.-

Warver, D, L., 1970, Regulatory Aspects -f Liquid Waste Injection
into Saline Aquifers: water Resources Research, V., 6, No. .
October, p, 1e58+1463,

v 1972, Survey of Industrial Waste injection wWells, Vols.
[<3: University of Missouri, Rolla, Missouri, June, final teporet to
the U.§, Geological Survey under Contract No. 1«=08-001~12280.

Warner, D, L. and Orcute, D. H., 1973, Industrial
Wastevater-Injfection Wells in The United States - Status of Use and
Regulation, in Preprinte of PApPers presented at the Second
International Symposium on Underground wasts Management angd
Artificial Recharge, Vol. 2, p. 687-697 Am. Assoc. Petr.
Geclogists, Tulsa, Oklahoma.

Warner, D.'L., 1973, Disposal Wells, in Croundwater Pollution:
Water Rasouices Engineering Educational Series, Program X.
University of California, Berkeley, January [3.s, and New York
City, Nev York, November 6-8,

» 4973, Injection Wells, in Polluted Croundwater: Some
Causes, Effects, Conirols, and Monitoring: U.s§, Environmental
Protection Agency Environmental Monitoring Series EPA-s00 é=73-001»
P =1 Lo -4l

v 1974, Factional and Methodology for Monitoring Groundwater
Polluted by “.~ing Activities: U.§. Environmental Protection Agency
Environment: onitoring Series EPA 600/4+74-003, 76 p.




9.

30.

.

2.

3.

3,

38,

360

3,

8.

39,

warner, 0. L., Fletcher, C. §., nd Cessare, J. 4., 197, Effects
of Mining Operations on Ground Water levels (n the New Lqa¢ Bele,
Missourd: Office of Water Resources Research, Unxvoruxty of
Nissourt, fing. report on Project Numder A=260<Mo . ,
vsnx-ouua-xu-3;-0001-3025 §& <0258,

warner, 0. ... -376, Missoury, A0 Surface “ined Lang N the wis,
VeSt: A Regioral Perspective for Reclamation Planning, 2, :
Carter, ot a3y, ATgonne National Laboratory, Energy ang Eavissnsene

tal Svstens Jivision Repore ANy £5«43,

warner, 0 478 dthers, (978, -nderground Ligquid “88te Disscsal
Task Commit:ies ‘eport, Committee on Underground “iquid waste
Olsposal: 2. 30¢. Civil Engineers, Hydraulics Division Jour

Vol. 101, No. sve), P edled]ls,

warner, 0. L., and Spokes, E. ., 4975, Training in Environments:
Protection f:r the Mineral Industries at the University of
Missouri-Rolla: Preprint, Event No. 2585, Am. Soc. for Engireerin;
Education Annual “onference, June 16-19, 1978, Colorado State
University, r:. Collins, Colorade.

Warner, D, L., 918, Monitoring Disposal-wel] Systems: U.§,
Environmenta) Protection Agency Publication EPA-680/4=75-008 4> P

VonDemfangs, . C.. and Warner. D: Les 1975, Vertical Distridbueion
of Sulfur Forms in Surface Coal Mine Speils; in Procoodtn;s of
Second Coal ang Environment Conference .- - Exposition: National
Coal Aooocxntion-lituntnouo Coal Resear: -, Ine., Monroeville,
Pennsylvania.

Trevorrow, L, w., warner, D. L., and Steindler, M, J., 1978,
Considerations for the Application of Deep well Disposal to
Tritium Bearing Low Level Waste from Nuclear Fuel Roprocounin;
Plants, Argonne National Laboratory, Argonne, Illinois, 261 .

Warner, D. L., 1976, Hydrogeological Aspects of Land Application
of Wastevater, in Land Treatment ang Disposal of Municipal ang
Industrial Wastevater: Ann Ardor Science Publishers, Inc., Ann
Arbor, Michigan, P 133-148,

Warner, D. L., and Lehr, J. H., 1977, An Introduction to the
Technology of Subsurface Wastewater Injection, U.s, Environmenta)
Protection Agency EPA-600/2-77-240, December, 1.5 p,

Thompson, R, f., warner, D. L., and others, 1978, Cround-vater
Elements of In sity Leach Mining of Urantum, U.s. Nuclear
Regulatory Commission, NUREG/CR-0311, 173 P.

Warner, D. L., and others, 1979, Radius of Pressure Influence ef
Injection wWells, U.s, Environmental Protection Agency
EPA=600/2+79-)"0, 204 Py August,



&0.

‘1-

“l.

«],

4,

&5,

46,

47,

‘.l

50.

31,

verner, D. 1., end Yov, M. Gens, 1979, Progremmabdle Hang
Caleulator Programs for Pusping ang Injection wells. [=Constant
or Variable Pumping (Injection) Rate, Single or Multiple 5,11

-ea

Poaotrctxa. Welle, Ground water, Nov, « Der.

Warver, p, | and Yow, M, Gene, 1980, Programmabdle Nand Cal:iulae
tor Prograzs fop Puspiag and Injection Wells: {l=Congtane PLioping

{njeceysn fate, Single Fully Pcnotratxn; well, 50:1:::5;-.;
Aquifer, Srounmg water, varche April,

warner, . .. .nd Yow, M. Gene, 1980, Programmable ;s cdilyiae
tor Programs f.p Pusping angd Injection Wells: IZI-‘:ﬁs:ar: PaBpe
ing (Injection fate, Single Partially Penetrating wel. T
Confined Agquifer, Jround water, September-October.

warner, D, .., ‘981, Computer Slavlation te Assess the
Environmenta) lapace of Ground Water Heat Pump Vetlization - are
II: Prediction of the Thermal Impact on Model Aquifers {» --,
United States, final repore to the National Water well
Association, from the Dept. of Ceological Engineering, .n..

Mo. - Rolla, Rolla, Mo., Dec., 182 p.

v 1981, Thermal Effects of Residential Ground Water e
5unpo n Ceol. Soc. America, Abstraces vith Programs 94<:t» Arndal
Meeting, v. 13, No. 7, September, p. 576,

Davis, G, W, warner, D. L., and others. 1983, Ground water Issues
and Answers, Anerican Institute of Professional Ceologistes,
Arvada, Colorado, 24 P.

Hatheway, A, w., Roca~Ramisa, L., and Warner, D, L., 1983,
Integration of the Geologic Model into contaminant Transpore
Assessments of Uncontrolled Hazardous Waste Disposal Sites
(abetracet), Ground Water, Vv, 21, Ne. 4, p. 514,

Warner, D. L., and Ugur, Algan, 1984, Thermal Izpace of
Residential Cround-Water Heat Pumps: Cround water, V. edy No. 1,
P‘ 6.12-

Warner, D, L., Syed, Talid, and Tinlda, R, ¥, , 1984, Evaluation of
Confining Layers for Containment of Injected Wastevater: in
Proceedings Seventh National Ground Water Quality Syaposium,

Las Vegas, Nevaca, September 26-28, National Water well Assoc.,
Columbus, OH, p. lél-168,

Warner, D. L., 1985, Recharge wells, 10 Seminar on Areificia)
Recharge of Groundvater, Central Cround Water Board~Ministry o
Irri‘.tion~GOVCrnl0nt of India and United Nations Oepartment

of Technical Cooperatisn for Development, Ahmedabad, India,
January 14-24, P. 7=l to 7=24,

Warner, 0. L., <985, Recharge for Seavater Intrusion Control,
Central Crours aacer Board-Ministry of Irrigation-Government

of India an- “-ted Nations Department of Technical Cooperation
for Develo:- -, Ahmedabad, India, January 1é=24, 5. l4=l to
lé=]2,




53,

54,

55.

56,

37,

58,

v 1985, Waste Disposal Welle, Central Ground water
Board-Mintetry of irrigation~Goverament of India and Unggeq
Natioos Deparcgen: of Technical Cooparation for Development,
Ahmedabad, Indg,, January 1424, p. 214 to 21-22.

+ Davig, $.N., and Syed, Taltd, 98¢, Evaluation of “onfiniag
EZyorl for Contuirment of Injected “astevater, in Pr:ccodin..
In:ornattonc: Svaposiua on Subsurface Injection of ‘iquid “astes.
Netional water “ell Association « “nderground Infection Praceices
Council, New Orleans, March I=5, %86, p, “lTeues,

Prickett, Sl sarner, D.L.. 4nd Runnells, 0.D., (986,
Application of Flov, vass Transpore and Chemical Reaction
Modeling to Subsurface cdquid {njection, {n Proceedings
International Symposius °n Subsurface Injection of Liquid
Wastey, National water well Association ~Underground
Injection Practices Councyl, Nev Orieans, March J=5, 1986, »,
7461,

Warner, D.L., 1988, Adandoned 01l and Gas Industry Wells and
Their Environmenta) Z-plxcatxono. in Ptocoodtn;o of the
Underground Injection Practices Council Summer Meeting,

July 3] « August 3, 1988, Portland Oregon,

Warner, D.L., l9gs, Recent Advances and Future Needs in
Injeceion Wal) Tecanology, abs., i Program of the Interna~
tional Conference on Advances {n Groundewater “vdrology, Am.
lost. of Hydrology,

Warner, D.L., and McConnell, Cary, 1989, Pressure Effect of
Transmiseive Faults and Fractures (n the Vicinity of Injection
Wells, gf Procoodin.o 1988 Canodian/A-oricun Conference on
Hydrogeo °8Y: National Water well Assoc., Dublin, Ohio,

Warner, D.L., and McConnell, Cary, 1989, Assessment of the
Ground Water Coctamination Potential of Abandoned 0{] and Cas
lnduotry Wells, abs. in Abstracts of the International Sympo-
Sium on Class I § II Tijoccton Well Technology, nderground
Injection Practices Couneil, Oklahoms City, OK, p. 21,



1064-1967

1967-1969
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1976-1977

1977

1977-Present

Professional Activities of Don L. Warner

Related to lLand Disposal of Wastes

staff scientist and engineer for Basic and Applied
Sciences Branch of U. §. Departwent of H. E. W, Public
Health Service - performed research and provided
consultation concerning waste disposal *o the land and
groundwater contamination investigation and snalysis.

Chief of Earth Sciences Ohio Basin Region U. §, Federal
Vater Pollution Control Administration - Coordinated
regional activities concerning water pollution from mining
sctivities, including mining vaste disposal, and acted as
national resource person in land vaste disposal and
groundwater contamination analysis.

Consultant to U. §. AEC and NRC concerning land waste
disposal and groundwater contamination analysis.

Specific Recent (1976-present) Activities Concerning

Hazardous and Special Waste Disposal

Studied occurrence of water poliution and recommended
remedial measures concerning pollution from mining
activities in Tri-State lead-zinc mining district in
Southwest Missouri for Ozark Gateway Regiomal Planning
Commission and Ozark Regional Council of Governments.

Retained as an expert by New Castle County, Delawvare, for
study of Army Creek landfill groundwater contamination
problem.

Consultant to Illinois Attorney General for evaluation of:

"
-

Lon ]

L

Vilsonville, Illinois, waste disposal site
Paxton landfill, Chicago, Illinois

Sheffield, Illincis, low level nuclear waste disposal
site

sheffield, Illinois, Chemical waste disposal site

Princeville, 11linois, waste disposal site

C1D, Cricago, lllnois, waste disposal site




19768-1980

1078-1980

1980

1681

1980-1981

1981.1982

1981-1982

1962-1983

1985-1986

1986-1988

1987-1988

1987-1988

7. ESL, Joliet, 11linois, waste dispossl site

8. Brighton landfill, Brighton, Illireils

§. Brockman landfill, Ottawa, lllinois

Retained as an expert by the Forest Preserve District
DuPage, County, 1llinois, for evaluation of Mallard lLake
landfill site

Consultant to County Commissioners, Wilkingon, Co.,
Georgia concerning Gordon Service Co. hazardous waste
facility

Consultant to Chem-Nuclear Services, Inc. concerning
suitability of sites in 1llinois and Indiana for
scquisition for hazardous wvaste disposal

Consultant to Northside Sanitary landfill, Inc.,
concerning evaluation and expansion of site at Zionsville,
Indiana

Consultant to Cloverleaf Properties, Inc., concerning
proposed Rickano hazardous wvaste disposal site, Warren
Co., Missouri

Consultant to American Flyash Company for design of

1986 exploration program and evaluation of site for
disposal of flyash and slag from Powerton Station, Pekin,
Illinois

Consultant to O'Connor, Karaganis and Gail for evalution
of Pioneer Development proposed hazardous waste landfill,
LaSalle Co., Illinois.

Consultant to Karaganis, Gail and White, Ltd. concerning
mitigation of pollution from Lemon lane landfill site,
Bloomington, Indiana

Consultant to AMAX lLead Company concerning effects on
groundwater of swmelter wastes and effluents

Consultant to Gulf & Western concerning groundwater and
surface water contamination from abandoned mines in Cilman
District, Colorade

Consultant to Madison Co., Illinois concerning landfill
expansion

Consultant to citizens group concerning proposed landfill
Champaign Ce., Illinois.




STATEMENT REGARDING INFILTRATION RATE ISSUE RAISED
BY CONTENTION 4(a) AS SET FORTH IN THE NOVEMBER 14, 1989
MEMORANDUM AND ORDER OF THE ATOMIC SAFETY AND
LICENSING BOARD OF THE US NRC

by

Gerald R. Thiers

The Memorandum and Order cited above states the need to resolve the
difference between two infiltration rates published for the cell: The
Kerr-McGee Engineering Report estimate of 0.025 cm/year (Vol. II, p. 2-80)
and the SFES value of 3 cm/year (SFES, p. £10).

Subsequent testimony by expert witnesses results in the following estimates:

1. Charley Yu, in answer to the question on Page 2 of his testimony,
"What is the most probable value of infiltration rate and what is its
uncertainty?", states:

“The actual value of infiltration rate depends on the construction of the
disposal cell and the integrity of the cell in the long-term (Emphasis
added) . For the analysis of the long-term impacts, a reasonably
conservative infiltration rate was estimated by the staff. This
conservatism is consistent for all alternatives. Cell infiltration rate
may vary from time to time. The value of 3 _cm per year (Emphasis added)
represents the “time-averaged" annual infiltrate rate; it was estimated
based on site-specific annual precipitation, evaportranspiration and
runoff."

2. On page 7 of testimony submitted by a panel composed of Charles W.
Fetter, Jr., James L. Grant and John C. Stauter, the testimony reads:

"Kerr-McGee 211owed for increased infiltration through the root zone into
the cell by increasing the assumed hydraulic conductivity of the surface
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s01] layer by a factor of 10 - a very conservative adjustment that serves

to over-estimate predicted infiltration. Under these conditions, cell
infiltration was calculated to be about 0.1 inches (0.254 cm) per year
(Emphasis added)."

These two testimony statements reduce the range of infiltration rates
presented bv Kerr-McGee to approximately 0.3 to 3.0 cm/year.

Limiting the infiltration rate to the range cited above depends on the
¢lay layvr remaining intact and unaffected by weather, including erosive
forces due to storm water runoff. The acceptable design storm for
urarnfum taiiings disposal cells is given by the U.S. Nuclear Regulatory
Comission *n their document, “"Standard Review Plan of UMTRCA Title |
Mi1l Txilinos Remedial Action Plans," October, 1985, as the probable
maximum precipitation (PMP), Kerr-McGee has agreed (IX-Eng. Rep. 9-13)
that the PMP storm event is "generally accepted by the NRC." This is in
fact the state-of-the-art for design of covers for uranium tailings
disposal cells, as indicated by the US NCR staff in "Uranium Mil)
Tailings Management Position," 1989.

Unfortunately the cell cover proposed by Kerr-McGee is designed using
only “storm-specific forms of the USLE [Universal Soil Loss Equation) and
the MUSLE [Modified USLE]" (VI Eng. Rep 6-9 to 6-18). These equations,
which do not include snow-melt or storms as large as the PMP, and do not
consider gully erosion*, are not the equations approved by NRC fur the
design of covers for uranium tailings repositories (See US NRC staff
Technical Position, "Design of Erosion Protection Covers for Stablization
of Uranium Mi11 Tailings Sites," August, 1989, p. A-2). The approved
method is the Horton method described on pages A-2 through A-6 in this
reference. This method should be used for design of the cover. NRC
specifically states that the cover should be designed for gully erosion
(above ref., p. 6)

*Ref. "Erosion Control During Highway Construction," National Cooperative

Highway Research Program Report 221, April 1980, pp. 5 and 6.

2 WNOVKMC 1




using the PMP storm (same ref., p. 4-6). (See also US NRC, Qverland
Erosion of Uranium Mill Tailings Impoundments: Physical Processes and
Compututional Method, NUREG/CR-3027, March 1982, and US NRC, Design

Considerations for Long-Term Stebilization of Uranium Mill Tailings
Impoundments, NUREG/CR-3397, October 1983).

Because the cover is not designed to resist large storms and is not
designed to prevent the formation of gullies, which concentrate runoff,
deep and extensive erosion will develop. This will constitute major
damage, and could lead to total removal of the cover. Unless the cover
is designed to resist these phenomena it cannot be relied on to protect
the clay layer. This means the clay layer can be eroded or subjected to
other forms of deterioration, causing the infiltration rate to increase
beyond the range estimated for an intact, undisturbed clay layer. As a
minimum the infiltration rate would then revert to the natural value for
the West Chicago area, of approximately 3 to 4 inches/year.

Even if portions of the clay remained intact, gullies which extend
through the clay to the tailings would allow direct inflow of runoff.
In this case the infiltration rate would be greater than the natural
value and would be bounded only by the annual precipitation of 30 +
inches per year. Unless the cover is designed using state-of-the-art
criteria for uranium tailings cells, as required by the NRC, an
infiltration rate that is significantly higher than that used in the SFES
should be used in computing potential impacts on groundwater quality.
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GEBRALD R, THIERS
Principal Engineer

BIPERIENCE sIOARY

Jerry Thiers has more than 33 years of eXperience in geotechnical
engineering, specializing in environmentally Sensitive design of
foundations, danms and hazardous vaste containment, He has taught,
pPerformed, ard Ranaged the varioug &8pects of field 1nvootiqatxonl,
feasibility studies, seepage and geochenical analyses and design
of earth related construction,

Thiers has Supervised research and design in slope stability,
seismic loading, consolidation, and behavior of Piles ang
subsurface and above grade vaste repositories. He was responsible
for design, testing, and Performance monitoring of a 400~foot high
earth dam; foundation design and construction analysis for a major
foseil-fue) PoOvwer plant; and Preparation of eriteria, drawings and
Specifications for uranium tailings isoclation systens.

His work has included pile testing for a 1,000-pile foundation for
a turbino-qoncrator manufacturing plant, geotechnical investi-
gations and design for the Trans-Panama Pipeline, Seepage cut offs
structures for mine waste leach facilities, shallow and deep
foundations for a coal gasification plant, and seismic analyses of
dams for tailings disposal, hydrepower, and wvater supply., as
consultant on the uranium tailings reclamation System for Unjon
Carbide at Uravan, Colorado, Thiers worked on seismic, seepage and
conseolidation analyses for the uranjum tailings pPile. g Site
Design Engineer for the Uranium Mill Tailings Remedial Action
Progoct, Thiers is responsible for design pProcedure and fina)

contaminant migration analyses for Permanent repositories for the
tailings. Thiers' work has led to Publication of more than a dozen
articles.

EDUCATION: BS (19%¢6), Ms (1959), PhD (1965), civi) Enginocrinq;
University of California, Berkeley
80CIBRTY: Anerican Society of civil Engineers

REGISTRATIONS: Civil Engineer - California, Pennlylvania,
Washington

1 7001

e —

_om - aa

o ' -



DEC D4 89 13:49 MK-ENVIRONMENTAL SFON FRANCISCO

University of washington
Ssattle, Washington
1959 - 1962

As a faculty member, Thiers conducted applied hydraulic experiments
and was a consultant on a major landslide at the Portland Z2oo.

U.8. Army Corps of Engineers
Seattle, Washington
1957 ~ 1959

Thiers participated in foundation investigations, the analysis of
the stability of a major earth and rockfill embankment, and
stability analyses for numerous dikes and levees.

PUBLICATIONS!

- " with G. Lindsey
and R. Rager, DOE Annual Contractors Meeting, Gaithersburg, MD,
October, 1988.

" with T.R. Wathen, Proceedings,

Waste Management '87, Tucson, Arizona, March, 1987.

"Burying the Nuclear Past," with J.R. D'Antonioc and J.A. Caldwell,
Civil Engineering, February, 1987.

- = Regulation, Design _and
" with T.R. Wathen, Proceedings, Waste Management '86,
Tucson, Arizona, March, 1986,

. "
with T.R. Wathen and L.L. Farnes, Broceedings, Geotechnical and
Geohydrological Aspects of Waste Management, Fort Collins,
Colorado, February, 1986,

» " with E.S. Snith,
» XI International Conference on Scoil Mechanics and
Foundation Engineering," San Francisco, California, August, 1985

» 7th Symposium on Management of Uranium Mill Tailings,
Low-lLevel Waste, and Hazardous Waste, Fort Collins, Colorado,
February, 1985

" - ," with F. B. Guros,
T. R. Wathen, and C. E. Buckles, Proceedings, Eighth World
Conference on Earthquake Engineering San Francisco, California,
July, 1984.
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PUBLICATIONS: (continued)

" +" with F. B, Guros and E.
$. Smith, , Sixth Symposium on Management of Uranium
Mill Teilings, Low-level Waste, and Hazardous Waste, Fort Collins,
Colorado, February, 1984.

" with R. W,
Heneks, , ASCE Specialty Conference on'Pi;olinon in
Adverse Conditions - II, San Diego, California, April, 1983.

Qifshore Geotechnical Studies for Trans-Panama Pipeline Systen,
with H. Al-Ausi, Proceedings, ASCE Specialty Conference on
Pipelines in Adverse Conditions - II, San Diego, California, April,
1983

"Some Engineering Properties of Chirigue Grande §iit," with H.R.
Al-Alusi, Proceedings, ASCE Speciality Conference on Engineering
and Construction in Tropical and Residual Scils, Honolulu, Hawaii,
January, 1982.

"Rynsnic Analveis of Two Tailings Dams," with C. E, Buckles and R.
G. Edwards, Proceedings, ASCE National Convention, New Orleans,
louisiara, October, 1982,

"Rynanis .Behavior of Tailings Materiale," with A. Phukunhaphan and
C. F. Tiai, Proceedings, ASCE National Convention, New Orleans,
Louisian:, October, 1982.

"Fleld Density. GCradation and Triaxial Tewting of large-Size
Reckfill for Little Blue Run Dam, with T. D. Donovan, ASIM STP 740,
pp. 315-32%, 1981,

“roundation Treatment for Little Blue Run Dam," with L. W. Lobdell
and B. M. Milhalcin, Proceedings, ASCE Speciality Cenference on
Rock Engineering for Foundations and Slopes, Vel. I, pp. 283-308,
Boulder, Colorado, August 1976,

*Resign of Large Slabs on Granular Materjal." with H. A. Salver and
R.E. Gray, ‘
, Moscow, U.S.8.R., 1973,

tlcad-Deformation Mechanism for Bored piles." with R, D. Ellison

and E. D'Appolonia, Proceedings of the American Society of Civil
Engineers, Vel. 97, SM4, April 1971.

Argas, with L. Hoel and J. Dettore,

ration Systems, Highway
Research Board, National Acadenmy of Sciences, Washington, D.C.,
1971.
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ﬁﬂ!: ﬁﬁﬁ ﬁ:‘;ﬁ'ﬁ%i with H. B. Seed, ASTM STP 450, 1969.

“guidevay Substructure." Iransportation Research Institute Report
e, 1, Chap. 3, Urban Rapid Transit Concepts and Evaluation,
Carnegie Mellon University, Pittsburgh, Pennsylvania, 1968,

~Cyclic Stress-Strain Characteristics of Clay." with H. B, Seed,
Ereceedings of the American Society of Civil Engineers

SM2, March 1968,

y Vol. 94,

+ With R. A, Parmelee, J. Panzien, C. F,
Scheffey, and H. B. Seed, Report to California State Division of

Highways, August 1964.
ence De - s famdar & shangs:
: m'[’iﬁ”fmdu{gad -

Site Design Engineer; As
Criteria and reviewed design documents and
developed major portions of design manual for design of uranium
tailings rapositories at 24 locations in 10 states, repository
volumes ranging from 40,000 to million cubic yards, over 8 to
90 acres. Supervised preparation of preliminary and final design
construction drawings and specifications for Canonsburg Site, and
conceptual, preliminary and final design for Burrell site,
preliminary design for Slickrock site, and final design for
Shiprock site. Managed engineering during construction for
Canonsburgh, Shiprock, and Lakeview.

, Panama, Task
Leader: Determination of foundation design parameters and
construction quality for 130-km long, 36-\and 40-inch diameter
pipeline, with pumping sta- tions, oil storage tanks, and offshore
tanker loading and unloading facilities. Directed geotechnical
investigations, foundation studies, and construction monitoring.
Prepared reports presenting results of studies and field
monitoring.

, Project Manager: Managed
geotechnical investigation, including drilling and laboratory
testing, and seismic stability analysis of a seismic stability
evaluation of 60-foot high, 70-year old earthfill dam. Directed
preparation of reports on results of evaluation and conceptual
designs for remedial action for the California-American Water
Company.
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