A-2

DOUKLIED
USNRC

UNITED STATES OF AMERICA 9% FEB 28 PB 03
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING TG R
BRANCH

IK THE MATTER OF
Docket No. 40-2061-ML

KERR-McGEE CHEMICAL CORPORATION ASLBP No. 83-495-01-ML

(West Chicago Rare Earths Facility)

TESTIMONY OF CHARLES W. FETTER, JR.,
JAMES L. GRANT, AND JOHN C. STAUTER IN
RESPONSE TO THE BOARD'S ORDERS
OF NOVEMBER 14, 1989, AND NOVEMBER 20, 1989

NUCLEAR REGULATORY ¢
Docket Np ‘fa "’0(0/ 'IL

It the matte &i'v ?IQ:Q“ K‘,\ Aflda.[h.& -

SION

e \&"7 Clis/g¢

Viestn,
-3%¢“, 412 4é%dbn‘L wik ok

November 28, 1989

02552 84




TABLE OF CONTENTS

PAGE
Iu cmACTnIZATION AND "ODELING L B T I N D N I O O O N O B

~

" qite Ch‘t‘ct.ri'.tion LR I I O I N B N B B B B
B- MCG.. uod.ling L L O B N B B I O B N I B N B B B B B

lc [nfiltr‘tion LR B N N A B R O B N A B B B I

o v & w

2. LeaChat® . .ivvvesvvnssvossnsvsvsensosvsnnnne
3. Groundwater Model ...cveevsvsvavscssssssnns 11
C. NRC MOBRLlING scvvcovossosscsnsssssssssssnsssesnss 17
1. INFIltration coveeveconvossesesnsssssnnonee 17
2. LOBChBLt® civevsvssncscsnsssssssvsscsnssnssns 18
3. Groundwater Model ....ivevsvvsvsvnssnsnnnns 18

D. Differences Between The NRC And
Kerr-McGee Approaches To Modeling ...vivvenvovns 16

I1. SPECIFIC ISSUES WITH REGARD TO CONTENTION 4(A) «veve 20
A. Intiltr.t‘on L I I I I R R R R R N I B B R I B 20
B. Hydrogeologic Properties ....cvevsvsvsvsssscnsns 22

- CLINBLIC VOrIALiONE cvosssstssanvresssnssnss 23

‘ 2. Hydraulic Parameters ....coevevsvvsvonsanss 25
‘ c. Fluoride Concentrations ....cevesevesssnsssnnnns 28
I D. Groundwater FlOW ccecevsevcsvsvsosssnsscsssnsons 31
E. Recharge Of The Silurian Aguifer ....ivovevennns 32

l | Groundwater UBSAQ® .ccccsevosescssssssvssscssnsens 35
II1, CONTENTION 3(@)(2) csvsncsnvscsssssssvssssrsosssnssncs 39
IV. NOVEMBER 20, 1989 ORDER .:cvovesvsvnsssssossossvsssnos 41
A, LOBCROLS sossssronvnnssvissstorssensssssssenssnss 42

B. cy.nid‘ FEEE LR EREE LSS R E R ARE R R R R ERE RS RSN ERE R EER E | ‘3

CONCLUSION LN BN B B B B B N A R B N I B B N R R B N N B O R I D B B B I B B O I A L I ‘5




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

IN THE MATTER OF

Docket No. 40-2061~ML
KERR~MCGEE CHEMICAL CORPORATION ASLBP No, B83-495-01~-ML

(West Chicago Rare Earths Facility)

TESTIMONY OF CHARLES W. FETTER, JR.,
JAMES L. GRANT, AND JOHN C. STAUTER IN
RESPONSE TO THE BOARD'S ORDERS
OF NOVEMBER 14, 1989, AND ROVEMBER 20, 1989

On November 14, 1985, and on November 20, 1989, the

Board issued orders directing the parties to submit testimony

regarding certain groundwater-related issues. This testimony
is submitted on behalf of Kerr-McGee Chemical Corporation
("Kerr-McGee") in response to the Board's orders.

This testimony ‘s submitted by a panel corposed of
Charles W. Fetter, Jr., James L. Grant, and John C. Stauter,
Professor Fetter is Chairman of the Department of Geclogy and
Professor of Hydrogeology at the University of Wisconsin,
Oshkosh, He is the author of a widely used textbook on
hydrogeology and has had extensive experience in assessing
environmental impacts on groundwater systems. Dr. Jame" L,

Grant is the President and Chief Executive Officer of James L.

Grant & Associates. He has a Ph.D. in civil engineering from
the Georgia Institute of Technology and has been extensively
involved in preparing geohydrological assessments.

Dr. John C. Stauter is Director, Environmental Affairs, for
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Kerr-McGee Corporation, He is a Ph.D. in Chemical/Extractive
Metallurgy from the University of Utah, Resumes for each of
the witnees?s are attached as Appendices 1 through 3.

The Board's hovember 14 order suggests that the
Board perceives differences in the groundwater modeling that
was performed by Kerr-McGee and by the NRC staff and the
Board's questions seem designed to explore these differences.
In order to put the answers in context, it is appropriate
first to examine how Kerr-McGee and the NRC approached ground~
water modeling. Thus, in Part 1 of this testimony, we address
the Kerr~McGee and the NRC modeling, the results that were
obtained, and the nature of and the reasons for the differ~
ences in approach. As will be seen, although the NRC and
Kerr-NcGee have approached the modeling in different ways, the
results in fact complement each other.

In Part 11, we explore the specific gquestions that
the Board has raised with regard to Contention 4(a). 1In i
Part 111, we turn to Contention 2(g)(2). Finally, in Part 1V, |
we turn to the matters raised ir the Board's order of
November 20. It will be seen that the analyses submitted by i
Kerr~McGee and the NRC are reliable (indeed, conservative), ‘
and confirm that the proposed disposal cell will have a negli-
gible impact on groundwater guality.

1. CHARACTERIZATION AND MODELING

A, Site Characterization,

The starting point in any modeling effort is the

characterizaticn of the hydrogeology of the site. Kerr-McGee




has engaged in an extensive effort to collect the necessary
hydrological information, The data are described in detail in
Volume 11 of the Kerr-McGee Engineering Report (April 1986).}/

Borings and wells were installed throughout the area
to obtain data concerning a variety of different parameters.
These parameters were measured at the location of the wells or
borings, and then, using standard interpclation and extrapola-
tion technigues, were projected to estimate the values
throughout the site. For example, the stratigraphy at a point
was determined by drilling a borehole and collecting samples
at several depths as the drilling progressed. These samples
were analyzed by a geologist and certain physical tests, such
as analyses of grain size, were performed. Principles of
stratigraphy and glacial geology were then used to project the
probable position of the various strata in the areas between
boreholes. Similarly, the elevation of the hydraulic head
was determined in & number of wells screened in the same
agquifer. Contouring technigques were used to create potentio-
metric surfaces for the various strata at the site,

The data that were collected at the site provide the

basic information used in constructing a groundwater model to

predict future impacts of the proposed cell. The stratigraphy

of the site forms the physical framework for the development

of the model. At the West Chicago site, the topmost

1/ Citations to the Engineering Report are set out in the
form "(volume) Eng. Rep. (page, figure, etc.)".




aquifer -~ the aquifer within the Z-stratum -~ is the aquifer
that would be first and most directly affected by the cell.
Hence the groundwater model is designed to assess potential
impacts on that aguifer,

The driving force behind groundwater flow is the
hydraulic head. The potentiometric surface thus provides an
important input to the modeling. Similarly, various physical
parameters were estimated based on site measurements. Certain
parameters that vary over a narrow range, such as effective
porosity, were assumed to be constant acioss the site., Other
parameters that vary widely in glacial sediments, such as
hydraulic conductivity, were estimated in the regions between
wells by means of standard geostatistical techniques.

The basic data describing the gite hydrogeology are
shown in figures that appear in the Engineering Report, such
as those showing the site and regional stratigraphy, poten-
tiometric surface maps for the different aquifer units, maps
showing the distribution of trensmissivity for the various

units, and isopach maps showing the thickness of the various

strata.
B. Kerr-McGee Modeling.
The Kerr-McGee modeling of the possible impact of
‘ the disposal cell consists of three distinct elements., First,

Kerr-McGee estimated the infiltration of water through the
cover of the cell. The cell's cover is designed to minimize
the intrusion of water into the wastes, which has the obvious

beneficial impact of reducing the volume of contaminants that

A i



can escape to the groundwater. The infiltration of water into
the cell was analyzed using a computer model.

Second, in order to assess the impacts of the cell
on groundwater guality, it was necessary to estimate the
concentration of contaminants that the infiltrating water will
dissolve. This analysis serves to characterize the leachate
that could be introduced into the groundwater system. Kerr~-
McGee determined the leachate qQuality on the basis of standard
chemical analyses of the leachate actually generated from the
various types of wastes,.

Third, it is necessary to predict the impact of any
leachate released by the cell on groundwater quality. This
latter step was accomplished through the use of a detailed
numerical computer model of the groundwater flow at “he site.
The model permits the estimation of the concentration of con-
taminants in groundwater at the site boundary.

1. Infiltration.

The U.S. Army Corps of Engineers' Waterways
Experiment Station has developed a computer model, the
Hydrologic Evaluation of Landfill Performance model ("HELP"),
for the U.S. Environmental Protection Agency to evaluate the
performance of landfill designs. The model uses climato~
logical and soil data to calculate a moisture balance for the
cover. It enables the estimation of the amount of runoff,
evapotranspiration, lateral drainage (through any drainage

layers which might be present), and infiltration through the



cover. The HELP model is well documented:z” it is a standard
and reliable model that is often used to design landfill
covers.

Although the mcdel was developed for purposes of
cover design, it also enables the calculation of the amount of
recharge percolating past the scoil moisture zone in natural
soils. The HELP model shows that under natural conditions in
the West Chicago region, the amount of rainfall recharging the
E~stratum is on the order of 3.7 inches (9.4 cm) per year., Il
Eng. Rep. 2-73. This is consistent with estimates of natural

infiitration made by others.é/

Because of .the design of the cover of the Kerr-McGee

cell, infiltration will be considerably less than that through

natural soils in the area. The HELP model was applied to
determine the amount of rainfall that could be expected to
infiltrate through the cell cover. The relevant specifica~
tions for the cover design are set out in the Engineering
Report. 11 Eng. Rep. Table 2-29. The infiltration was
estimated based on the actual observed precipitation for a
recent five-year period, as well as from a simulation of
precipitation generated by the model for the area over a

100-year period. The HELP model shows that a cover built

2/ Schroeder, P.R., J.M. Morgan, T.M, Walski, and A.C.
Gibson, "The Hydrologic Evaluation of Landfil) Performance
(HEELP) Model," (1984) (EPA/530-SW-84~009).

3/ Law Engineering Testing Co., Hydrologic Studies -- West
Chicago Thorium Plant (1981).




according to the Kerr-McCee design would allow infiltration of
less than 0.00)1 inches (0.0025 cm) per year. 11 Eng. Rep.
2-74, App. D. The predicted results are set out as Table 1.
As explained in the Engineering Report, it is often
observed that soil under field conditions may be more
permeable than the laboratory measurements of soil progerties
would suggest. II Eng. Rep._?»?d. This is believed to result
from weathering of the soils and from the effects of vegeta~-
tive roote. 1In any event, adjustments are customarily made to

account for this effect by increasing the assumed hydraulic

conductivity in the principal root zone by a factor of 3. See

Schroeder, et al., supra note 2. Kerr~McGee allowed for
increased infiltration through the root zone into the cell by
increasing the assumed hydraulic conductivity of the surface
scil layer by a factor of 10 ~- a very conservative adjustment
that serves to overestimate predicted infiltration. Under
these conditions, cell infiltration was calculated to be about
0.1 inches (0.254 cm) per year. 11 Eng. Rep. 2-74, App. D;
see Table 1. Kerr-McGee used this estimate as a reasonably

conservative best estimate of the infiltration into the

cell.ﬁ'

4/ A more recent version of HELP was applied in order to
examine certain issues raised by the Board's guestions. See
pp. 23-25 infra. This subseguent analysis confirms the
estimate set out in the Engineering Report.




Any water that infiltrates through the cover can
pass through the waste and dissolve constituents that are then
carried downward to the groundwater. Kerr-McGee conducted
chemical analyses to estimate the guality of the leachate.

The procedure used by “err-McGee ig set out in the
Engineering Report. 11 Eng. Rep. 2-77 to 2-~79. 1In summary,
Kerr~McGee used the procedures specified by U.8, EPA (the
so~called "EP toxicity specification") to estimate the
leachate that could be generated for each type of waste that
will be placed in the dispusal cell (e.g., tailings, sludges,
pond 1 wastes). In conducting the tests, Kerr-McGee also
examined the effects of neutralization of the wastes and the
effects of the relative volumes of liquid and waste.
Kerr-McGee made adjustments to compensate for these effects in
estimating the leachate guality.

Kerr-McGee also examineé the impact of waste place-~
ment on the expected leachate. The layering and areal segre-

gation of the various types of waste created the possibility

of heterogeneity that could yield differing leachate quality

in various parts of the cell. Guided by estimates of where
the types of wastes will be placed, Kerr-McGee developed an
estimate of the leachate that would be produced in various
portions of the cell. Because the variation in leachate
gquality across the cell proved not to be large, Kerr-McGee
assumed that a uniform guality leachate would be released from

the cell in its subseguent modeling. But Kerr-McGCee used the
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“composite" leachate -- the largest concentration calculated
for any portion of the cell -- in the modeling. The composite
leachate is a reasonably conservative best estimate of the
leachate quality.

In order to bound its analysis, Kerr-McGee also
estimated the "maximum" leachate -- the highest concentration
of a constituent that was observed from the analysis of the
various waste types. Thus, for example, because the analysis
of the leachate from the unneutralized sludge yields a higher
leachate concentration for iren than observed in the leachate
from the other waste types, the "maximum" leachate is based on
the assumgption that all the wastes yield concentrations of
iron found in leachate frcm unneutralized sludge. For some
constituents, the concentration of a constituent in the
"maximum" leachate is many times greater than in the composite
leachate., This "maximum" leachate is therefore a highly
overstated and artificial estimate of the leachate actually
likely to be generated in the cell.

The data from which the estimates of leachate
quality were derived are presented in Tables 2-30 through 2-38
of Volume Il of the Engineering Report. Some typographic
errors have been discovered in some of these tables. The

corrections are described as follows:

In Table 2-31 the concentration of copper in the

neutralized tailings leachate is reported as 0.565.
The correct value is 00,0565,




In Table 2-35, the concentration of Th232 in the
neutralized sludge leachate is reported as 0.91
pCi/l., The correct value is 0.091 pCi/l.

In Table 2-36, “"less-than" signs (<) should be placed
before the neutralized tailings and sludge
concentrations of Ag, Cd, and Hg.

In Table 2-37, a "less~than" sign should be placed before
the un-neutrelized tailings chloride value. The
title of the last row in the table should be changed
from "Neutralized Tailings used in Analyses:" to
"Values Used in Analyses." The entry in this row
for calcium should be changed to 291, the cntrz for
magnesium to 33, and the entry for nitrate to 0.23,
The values in this row were determined by the
analyst based upon a review of groundwater and
leachate data, and were not in all cases derived
directly from the information in the earlier part of
the table.

In Table 2-40, the entries for maximum leachate in Case 2

is a repeat.of the maximum leachate for Case 2.

These rows of the table should be changed as indi-

cated on the markup.

Revised copies of these tables are attached as Appendix 4.

In the period since the Engineering Report was
prepared, Herr-McGee has conducted further analyses to
evaluate the leachate that might be generated from the wastes,.
A large number of samples were collected from the various
waste materials on the site. A master composite of (he
samples was prepared in rough proportion to the amount of
wastes of each type on the site, as well as a composite of
samples from just the tailings pile. Three batches of

leachate were then prepared from both the master composite

sample and from the tailings composite and were subjected to
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chemical analyooo.§/ The large and random sample of materials
enabled a more accurate determination of leachate gQuality than
was possible at the time of the preparation of the Engineering
Report. This leachate thus provides the most representative
characterization of the leachate from the Kerr-McGee wastes
that currently exists.

The concentrations of the various radicactive and
potentially toxic species in the leachate generated in the
recent tests are presented in Table 2, As shown by Table 3,
the recent analyses confirm that the estimates of the
character of the leachate in the Engineering Report were
generally reasonable and conservative,

3. Groundwater Model.

Kerr-McGee conducted its groundwater modeling using
2 mode! developed by John Bredehoeft and Leonard Konikow of
the United States Geclogical Survey. This model enables the
prediction of the flow of groundwater and the rate of mass
transport of dissolved solutes in the flowing water. The
transport algorithm used in this model is the Method of

Characteristics., The model has been well verified in the

5/ The leachate was generated by stirring a mixture
consisting of 20 percent solids and 80 percent water in
covered polyethylene vessels, while maintaining the slurry pH
between 8 and 9 with reagent grade calcium hydroxide. The
stirring wa® continued for two to three weeks until the pH
stabilized. Nitrogen was continuously sparged into the slurry
to exclude air and prevent oxidation, The solids were allowed
to settle, and the clear solution (leachate) was subjected to
chemical analyses.
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published literaturc.g/ It has been successfully employed in
the evaluation of contaminant transport and is known to be
accurate in actual application..l/

Because the subsurface conditions vary across the
site, the values of various parameters projected from measured
points will not be totally accurate. An adjiustment process is
used to obtain the best estimate of the distribution of these
properties. This process starts with a calibration of the
groundwater flow portion of the model. The Kerr-McGee model
was calibrated using a known condition, the patentiometric
surface in the E-stratum,

Preliminary values for the variougs parameters wvere
entered into the model. The model was run to determine a map
of the potentiometric surface across the site. Adjustments
were then made in the initially assigned values of the aquifer
transmissivity and the model was run again to predict the
potentiometric surface. Through a trial-and-error process the
transmissivities were varied until an acceptable match of the

predicted and actual potentiometric surface was achieved.

6/ Konikow, L.F. and J.D. Bredehoeft, "Computer Model of
Two-Dimensional Solute Transport and Dispersion in Ground
Water", Book 7, Chapter C2, in Technégues of Water Resources
Investigatione of the United States Geological Survey (1978).

7/ Konikow, L. F., and D. W. Thompson, "Groundwater
ontamination and Reclamation at the Rocky Mountain Arsenal,
Colorado," Groundwater Contamination 93-103 (National Academy

Press, Washington, D.C., 1984).
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Once the model was calibrated as a flow model, it
was then ready to be applied as a mass-transport model. A new
hydraulic paraweter, the dispersivity, is needed to calculate
mass transport. (Dispersivity is a parameter that character~-

izing the mixing of the infiltrating water with the water

flowing in the groundwater system.,) Various values of disper~

sivity were tested until the model predicted a distribution of
total dissolved solids and sulfate in the aquifer that is
similar to that actually observed.

The calibrated mass~transport model was then used to
project the post-closure impact of the disposal cell on
groundwater guality in the E-stratum, The source term -~ the
concentration of the chemical constituents and the vOolume of
leachate entering the groundwater system -- was based on the
calculated infiltration and the leaching tests discussed
above. Although the movement of most of the chemical
constituents will be retarded to some degree by absorption
into or adsorption onto the soil and agquifer materials and
radioisotopes will decay, Kerr~McGee did not consider these
effects. It was conservatively assumed in the calculation
that the only process that will act to reduce the concentra-
tion of a chemical parameter is dilution.

As with any modeling effort, there is some uncer~-
tainty in the results. An estimate of the groundwater impacts
was first performed using reasonably conservative best
estimates for the various parameters. Additional simulations

were then performed with values that serve to bound the
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results. For example, as discussed above, the conservative
best estimate for infiltration through the cell cover is 0.1
inches (0.25 em)., This value was bracketed by infiltration
values of 0.01 inches (0.025 cm) per year and 5 inches (12.7
em) per year in various other simulations. The latter value
basically gives no credil whatsoever for the effectiveness of
the cell cover in limiting infiltration,

The degree of dilution of chemical constituents in
the leachate is dependent upon the volume of water flowing
through the E-stratum beneath the cell. If there is more
water flowing, then the concentration at the site boundary
will be less, whereas, if there is less water flowing, the
concentration at the boundary will be greater. With this in
mind, the mass transport model was first run with the
transmissivity values that resulted in the best calibration of
the flow model. The model was then run on the assumption that
the transmissivity values are reduced by a factor of ten,

This in effect reduces the water available for dilution by a
factor of ten. It was not necessary to run the model with
transmissivity values grpater than the best estimates because
we know that the results would be much better (i.e., would
show an even smaller impact on groundwater guality) than those
obtain2d by any of the other model simulations.

The quality of the leachate that is released from
the cell to the groundwater system vill affect the
concentrations thet are observed at the cell boundary. As

noted above, a conservative best estimate of cell performance
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is attained using the composite leachate. A conservative
bound is determined by using the maximum concentration
produced by any of the waste types for a particular con-

stituent.,

Table 2-40 of Volume 11 of the Engineering Report

presents the resuits of the modelxng.g/ (The corrected

J

results are reproduced here in Table 4.)2' As the table
shows, if the best estimate of the cel. and aquifer parameters
are considered (Case 2), the cell will have nearly negligible
impacts on groundwater quality at the site boundary. Indeed,
even if significant adjustments are made to the model's
parameters, the 1EPA general use groundwater parameters are
generally satisfied by very wide margins., 1In fact, the only
chemical parameters that exceed the 1EPA general use standards
are silver and fluoride and then only under the extreme and
improbable assumption that the wastes yield the maximum
leachate concentration and that infiltration is 50 times
greater than the conservative best estimate.

The methodology also enables the determination of

the concentrations of radiological constituents at the site

8§/ Cases 1 through 3 set out simulations with infiltration of
0.01, 0.1, and 5 inches per year, respectively, for both the
composite and the maximum leachate. Case 1l represents the
effects of infiltration of 0.1 inches per year, but with
transmissivity reduced by a factor of ten and with all the
leachate released at a single point,

9/ The average of the three measurements of leachate both to

master composite and the tailings pile were used in the
analysis.




boundary. These results are set out in Table 5 for the
various modeling assumptions., (The estimates do not include
the effects of radiocactive decay or sorption.) As is shown,
any release of radiclogical materfals from the waste poses no
threat to the groundwater as there is an ample margin between
the calculated concentrations and the relevant standards.

The calculated conconQrutionc of chemical parameters
are maximum values over time¢, but no information is provided
as to when that maximum will occur. In order to estimate the
time dependence of concentrations, it is nocessary to include
the effects of retardation, (Retardation serves to slow the

rate qt movement of the solute front, but does not affect the

maximum concentrations unless the mass of absorbant muterial

is large encugh to absorb the total mass of solutes.) As
shown by Appendix 5, however, retardation will serve to delay
even the minimal impacts predicted by the model. For example,
at the best estimate of infiltration (0.1 inches/yea:), radium
will not enter the the groundwater system from the wastes for

' over 6,000 years and uranium will not enter the aroundwater
for 3,000 years.

l In sum, the sophisticated and conservative ground~
water modeling performed by Kerr-McGee demonstrates that the

} disposal cell will have negligible impact on the water guality

in the E~stratum., Consideration of groundwater impacts cannot

conceivably justify the movement of the wastes to an alterna-

tive site.
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C. NRC Modeling.

The NRC staff also used a mass-transport model to
estimate the concentrations of chemical species that might be
observed at the site boundaries of the West Chicago site and
the various alternatives. The model is not adaptable to
site-specific conditions like that used by Kerr-McGee, but
this is largely explained by the different purpose of the NRC
modeling effort. The NRC sought in the SFES to compare the
impacts on c¢roundwater of the various alternative sites and
thus the NRC sought to apply the same basic model for the
different alternatives., Application of the same model
provided assurance that the comparigon of the results of the
modeling for alternative sites reflects actual differences in
the sites, rather than differences in modeling techniques.
Because detailed hydrological data were available only for the
Kerr-McGee site, a more simplified approach was necessary and
appropriate for the NRC's study.

1. Infiltration.

The NRC assumed an infiltration into the cell of
roughly 1 inch per year (3 cm per year). Unlike the
Kerr-McGee estimate, the NRC estimate does not appear to be
based on any analysis of the infiltration through the cover.
Rather, it is a very conservative assumption: infiltration
through the cover is assumed to be close to the infiltration
through normal soil in the area. The NRC staff approach

should be seen as an exceptionally conservative assumption,
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2. Leachate.

As explained in Appendix E of the SFES, the NRC
calculated the concentrations of various constituents ir the
leachate from the measurements of the concentrations in the
waste. The NRC approach is very conservative, yielding
estimates of concentrations in leachate that .r some cases are
an order of magnitude or more greater than those actually
observed in chemical analyses of the leachate. The NRC
approach is discussed further at pp. 42-43,

3. Groundwater Model.

The NRC staff applied a standard model -~ the AT.I23D
model ~- developed at Oak Ridge National Laboratory.lg/ The
model can not be tailored to site~specific conditions like the
one applied by Kerr-McGee. It represents the application of
an analytical solution to the gronundwater flow eguations. 1In
order to allow the calculation of a closed-form solution, the
model embodies certain simplifying assumptions. For example,
the model assumes that aguifer permeability is constant in
space, when, in reality, the parameter is variable., The NRC
chose values for aguifer parameters that would provide a
reasonable estimate of cell performance. (A comparison of the
hydraulic parameters applied by Kerr-McGee and the staff is

set out as Table 2.) 1In order to account for retardation by

10/ G.T. Yeh, "AT123D: Analytical Transient One-, Two-, and
Three-Dimensional Simulation of Waste Transport in the Aguifer
System" (Oak Ridge Nat'l Laboratory, Environmental Science
Division, Pub. No. 1439, 1981) (ORNL-5602).
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the passage of leachate through the unsaturated zone, the NRC
made a minor modification of the source term that is used in
the model. This modification is discussed further herein,

D. Differences Between The NRC And
Kerr-McGee Approaches To Modeling.

There are several salient differences in the
approach used by the NRC. First, and perhaps most signifi-
cant, the NRC model is an analytic model that assumes that the
hydrological parameters are homogeneous across the aquifer.
The Kerr-McGee model, by contrast, is a numerical model that
allows spatial variation in the parameters. Moreover, unlike
the NRC model, the parameters of the Kerr-McGee model were
calibrated to site-specific conditions so as to replicate the
potentiometric surface and the distribution of constituents
that are actually observed in the aguifer., The Kerr-McGee
model thus allowed much more realistic modeling of the actual
hydrological conditions at the site.

Second, the Kerr-McGee model was run as a steady-

gstate model s0 as to calculate the maximum concentration of

each chemical species at the site boundary. The NRC model, by

contrast, included time cependence. The NRC model was run
as to simulate flow for several thousand years and thus
provided an estimate of the change in concentration of a
chemical species with time. 1In order to provide a picture
the time dependence, the NRC model was required to account
the retardation of constituents by the unsaturated and

saturated zones. Because the Kerr~McCee model was run as a
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steady-state model, the Kerr-McGee model effectively ignored
such retardation effects.

Third, as discussed further herein, the NRC model
incorporates assumptions that serve to exaggerate the
predicted adverse impacts of the Kerr-McGee cell., For
example, the NRC assumed an infiltration rate that is much
greater than that predicted by Kerr-McCee and leachate that is
of much lower qQuality than is indicated by the actual chemica)
analyses.

Nonetheless, despite these significant differences
in approach, the NRC model generally confirms the Kerr-McGee
analyses. A comparison of the Kerr-McGee best-estimate values
(Cose 2; composite leachate) and the NRC results is set Out in
Table 7. Both models show that the IEPA general use standards
are satisfied by wide marqlnl.ll/ The models complement each
other in demonstrating the negligible effects of the
Kerr-McGee proposed disposal plan on groundwater.

11, SPECIFIC ISSUES WITH REGARD TO CONTENTION 4(A).

The Board has raised several specific issues with

regard to Contention 4(a). We address each in turn.

A. Infiltration.

The Board inguiry states:

According to the Kerr-McGee Engineering
Report, the estimate of cell infiltration
is 0.025 cm per year. (Vol. II, p. 2-80).
However, the solute transport analysis in
the SFES assumes an infiltration rate of

11/ Cyanide is discussed herein at pp. 43-45.
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3 cm per year. (SFES, p. El0). We need

to resolve this 100 fold difference in the

estimated source strength in terms of a

most probable value and its uncertainty.

Memorandum and Order, 3.

As explained above, Kerr-McGee used a detailed and
standard computer model to estimate the infiltration through
the cell cover. Although the specifications for the cover
yielded estimates of infiltration of iess than 0.001 inches
per year, Kerr-McGee made adjustments of the hydraulic
conductivity of the topsoil layer to account for weathering
and the effects of vegetative roots. This analysis yielded an
infiltration rate of roughly 0.1 inches per year (0.25 cm per
yaar). Thus, Kerr-McGee used an infiltratior of 0.1 inches as
its conservative best estimate of infiltratiun.

The NRC assumed an infiltration rate of 3.0
centimeters per year in its modeling, which is roughly a
factor of ten greater than Kerr-McGee's conservative best
estimate. The source of the NRC estimate is unclear, but it
does not appear to result from any analysis of the cell cover.
Rather, the NRC estimate is of the same order of magnitude as
infiltration through natural scils in the area. It can be
justified only as an estimate of the rate of infiltration
after total failure of the cell cover.

As discussed above, Kerr-McGee assessed the
sensitivity of its results by performing the groundwater
modeling with various assumed infiltration rates. The range
of infiltration rates span from 0.01 inches per year to 5

inches per year. The maximum limit in effect gives no credit



whatsoever for the effectivenese of the cell cover in isclat~
ing the wastes; it represents a highly implausible worst-case
analysis. Nonetheless, even with the assumption of infiltra-
tion at a rate of 5 inches per year, the cell has only a

slight impact on groundwater quality at the site boundary.
See Table 4.

B. Hydrogeclogic Propertius.

The Board's order cbserves:

Both the SFES and the Engineering Report
analyses are predicated on similar values
for the hydraulic gradient and hydraulic
conductivity of the E-stratum groundwater
zone. However, neither report clearly
describes the uncertainty of these values.
Moreever, neithes report provides any
insight as to the probable variationg in
the groundwater flow during the next
several centuries, in response to period
of either wet or dry climatic episodes.

Memorandum and Crder, 3-4.

In point of fact, the Kerr~McGee rode.ing included
analyses that serve to encompass the potential effects of
climatic fluctuations over a period of centuries, ¢#8 well as
the potential effects of residual uncertainties or variations
in the hydraulic properties of the site. The results illus~
trate that moderate changes in climate, such as have been
experienced during the past reveral hundred years, will not
change significantly the projections of contaminant concen-
trations in groundwater. Moreover, the results show that the
cell poses no threat to groundwater even if there were

significant alteration of the observed or predicted aquifer

properties.
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ds Climatic Variations

Climatic conditions can influence the potential for
groundwater contamination because climate is an important
factor in determining the amount of groundwater flow beneath
the site, as well as the amount of leachate that might be
generated within the cell by the infiltration of rainwater.

Rainwater that falls on the surface of the earth has
several possible fates. The water ca: become surface wvater,
flowing immediately over the ground's surface. Rainwater that
does not become surface water infiltrates into the soil. Most
of the infiltrating water eventuall is returned to the

: _ _ /
atmosphere as water -vapor evaporation or Lranspxrat;on.lz' A

fraction of the infiltrating water may move too deeply through

the soil tec be removed by evapotranspiration, This water
becomes groundwater recharge.

Although most rainwater in heavy rains becomes
surface runoff, rainwater from moderate to gentle rainfall
typically infiltrates into the ground and then is returned to
the atmosphere by evapotranspiration. Recharge typically
represents a small fraction of the total annual rainfall, and
usually is limited to the spring, when rainfall is plentiful,

accumulated snow is melting, and evapotranspiration is low,

13/ Because the end effect of these two processes is iden-
tical, they usually are lumped together in hydrologic studies.

The two processes together are described as evapotran-
spiration,




- 24 -

In the West Chicago area, total annual rainfall is about 31

inches, and groundwater recharge is about 3 to 5 inches.

As discussed above, the cover of the Kerr-McGee
disposal cell is designed to minimize the amount of rainwater
that infiltra.es below the zone of evapotranspiration.

Although the cell cover is designed to encourage surface run-

off and prevent the ponding of water, the primary means by
which infiltration is minimized is by maximizing evapotran-

spiration losses. The cell cover includes a thick soil-

moisture storage zone within which water is available for
evapotranspiration., Underlying low-permeability and
capillary-barrier layers help keep moisture within the soil

layer, and thus increase »vapotranspiration losses.

. o

In additior shown by the schematic cross-section

? (Figure 1), the cel: r also includes a drainage layer that
will allow excess re to move through the interior of the

”*% cell cover to be discharged into the groundwater 2 .7 from the

disposal cell. This feature will further reduce the amount of
water that percolates into the disposal cell.

Figure 2 is a plot of the probability of a given
annual amount of infiltration into the disposal cell, based

upon simulated weather conditions representative of the site

area over a 100-year period. The data were generated using a

recently revised version of the HELP model. The average

annual percolation through the disposal cell is about 0.l

inches, the value which was used in the groundwater modeling

analyses reported in tne Engineering Report, and the maximum
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calculated annual infiltration over the 100-year period 1is
about 0.14 inches.

The calculated cell infiltration set out in Figure 2
shows two distinct patterns of infiltration. During dryer
years, the amount of percolation is contrclled by evapotran=

spiration demands. Climatic changes cause noticeable changes

in the amount of cell infiltration, but only until infiltra-

tion of about 0.1 inches per year is achieved. During wetter
years, the amount of percolation is controlled by the low-
permeability barriers in the cell's cover. Climatic changes
in this regime cause little change in the amount of cell
percolation, since thewcapacity of the low-permeability
barriers and the drainage layer will nct be exceeded by even
extreme climatic fluctuations.

In short, the assumption that the cell will yield an
infiltration of about 0.1 inches per year is robust; major
increases in rainfall do not increase the infiltration through
the cover significantly. Nonetheless, as discussed above, the
Kerr-McGee analyses were not limited to this value. Perfor-
mance evaluations using an infiltration rate of 5 inches per
year -- i.e., assuming the total failure of the disposal
cell's cover -- were alsc conducted and groundwater was still

not adversely affected.

2. Hydraulic Parameters

The groundwater transport model was calibrated so

that the behavior of the model adeguately represented the
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behavior of groundwater at the site. As discussed above, the
calibration process proceeded by selecting appropriate values
of hydraulic parameters, and then adjusting those parameters
within realistic ranges to improve the match between the
model's output and the groundwater observation. Trancmis-
sivity was adjusted to reproduce the observed potentiometric
surface. And then, after a satisfactory match was obtained,
dispersivity was adjusted until observed and calculated con-
taminant plumes in the E-stratum were similar.

After model calibration was completed, the model was
applied in a series of simulations of post-closure site behav-
ior. These simulations provided information about the behav-
ior of the closed facility under extreme climatic and cell
conditions, and identified the parameters to which groundwater
quality is most sensitive. For example, the simulations indi-
cated that the predicted concentrations in the groundwater
were sensitive to transmissivity. Smaller transmissivity
resulted in larger concentrations of contaminants in the
aquifer. Accordingly, simulations assuming an order-of-
magnitude decrease in transmissivity were performed. 1In light
of the extensive site evaluation and model-calibration
efforts, however, it is highly improbable that the actual
conductivity is so low. Nonetheless, even with this change,
the cell does not seriously threaten groundwater guality.

One model parameter that was not varied during the

simulations was the hydraulic gradient. At the West Chicago

site, the hydraulic gradient is determined primarily by the
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geometry of the E-stratum, and not by variations in climatic
conditions or reasonable variations in groundwater recharge.
Ground water in the E-stratum flows from high elevations in
West Chicago up-gradient from the site to Kress Creek. The
depth of water ir the E-stratum is determined by the position
of the D-stratum, a low-permeability layer that underlies the
E-stratum. Gradients in the E-stratum are thus controlled by
the relative positions and elevations of the up-gradient
recharge area and Kress Creek. Only minor changes in ground-
water gradients will result from possible climatic fluctua-
tions. In this sense, the groundwater flow in the E-stratum
is similar to flow in a river: the amount of flow may fluc-
~tuate in response to variations in the amount of rainfall, but
the slope of the water surface will change very little. Thus,
the hydraulic gradient will not vary significantly because the
physical circumstances do not permit significant variations.
In sum, Kerr-McGee used ranges of parameters in the
simulations that encompass likely climatic variations over the
next several centuries, and even inconceivable variations in
the hydraulic parameters. Cell percolation, which is the
parameter most directly related both to climatic conditions
and cell condition, was varied over a range of 500. The range
between the most probable and the most concentrated leachate
was evaluated. Finally, flow in the agquifer was varied by a
factor of 10 to account for seasonal or longer-term changes

resulting from climatic fluctuations. The array of different
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analyses provide ample reason for confidence that the
will not have an adverse impact on groundwater.

Cs Fluoride Concentrations.

The Board observes:

The staff view that there has been no
decrease in fluoride concentrations with
time (SFES, p. 4-99 and Figure 4.34) needs
tn be resolved with the Kerr-McGee
Engineering Report, Volume Il statement
that fluoride concentrations are decreas-
ing (p. 2.61).

Memorandum and Order, 4. The cited statements relate to

concentrations observed in the glacial aquifer in samples

taken from the so~called B-series wells.

Chemical analyses of groundwater samples taken from
the network of monitoring wells permit a detailed characteri-
zation of the major ion chemistry of groundwater at the site
and its change over time. In general, the wells in the
glacial aguifer under the site continue to show lingering
(albeit declining) effects from past operations at the site.
These effects are the result of waste material that was
introduced to the aguifer through the onsite disposal ponds.
However, a time-dependent decline is observed in the concen-
tration of the major chemical species. The decline arises
from the continuous removal of constituents by natural

b leaching processes. 1In effect, the site is being cleansed of
contaminants by natural processes involving infiltration and
groundwater flow.

The average fluoride concentration in the B-series

wells is about 13 mg/L and presumably is an artifact of the
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hydrofluoric acid that was used in the ore-refining process at
the facility. The hydrofluoric acid in the discharged waste
waters underwent a chemical reaction in the soil to produce
substances such as calcium fluoride and magnesium fluoride.
Compared with other mobile contaminants, the fluoride
compounds are relatively insoluble and thus are expected to
leach from the soil more slowly. The consideration of the
chemical properties thus shows that fluoride should be flushed
from the site more slowly than cther constituents, and its
decline in concentration in groundwater should proceed more
slowly than the other more mobile constituents.

In general, the analyses of the B-well data set out
in the Engineering keport and the SFES are consistent. The
SFES correctly reports that:

Taken as a whole, the concentration data

are consistent with a scenario of removal

by leaching and groundwater flow of the

materials discarded at the site during the

years of operation. The decrease with

time of concentrations of the more mobile

contaminante indicate that the site is

slowly being cleaned by percolation of

precipitation and groundwater movement,

The less mobile contaminants are removed

at a slower rate because they tend to be

more tightly bound to the soil particles.

SFES, 4-104 (parenthetical information deleted).

As the Board has observed, however, the SFES reports

that no "decrease with time occurs for the fluoride data."

SFES, 4-99. Kerr-McGee, on the other hand, believes that the

data do show a decline in at least some wells. Both the SFES

and the Engineering Report rely on the same fluoride

=
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concentration data, and thus the discrepancy is due to
differences in the way the data were analyzed.

The staff's observation as to the absence of a
decline is based on the averaging of certain of the B-well
data (wells B-~1l through B-5) and the plotting of the averages.
SFES, 4-99, Fig. 4.34. The staff's statement appears to be
based on the observation that the data appear to be generally
constant (with the exception of the first two data points).
Because the data were plotted on a logarithmic concentration
scale (SFES, Fig. 4.34), the plot tended to obscure small
trends; the logarithmic presentation serves to flatten subtle
deviations. If a linear regression analysis is performed on
the average (including the first two points), the concen-
tration of fluoride in fact does decline and the trend is
statistically significant.

Kerr-McGee's observations as to the decline in
fluoride concentration were not based, however, on an
assessment of the B-well average. Fluoride wastes were not
disposed of uniformly over the site and thus significant
differences in fluoride concentration are expected and
observed in wells in different locations. Kerr-McCee thus
conducted a well-by-well analysis of fluoride concentrations.
b» The data were analyzed using two widely accepted statistical

methods (linear and exponential regression) to ascertain
whether trends over time are statistically significant. The
results of the statistical analysis are summarized in Table 8

for both linear and exponential regression. 1In both cases,
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fluoride concentrations were noted to decrease for all
B-series wells, with the exception of well B-1l., The downward
trend is statistically significant in wells B-2, B-4, B-5, and
B-~7. The trend is indeterminate in wells B-3 and B-6. All
of these results were reported in exactly this fashion in the

Engineering Report. II Eng. Rep. 2-57; Tables 2-21, 2-22;

Figs. 2-120, 2-121, 2-122, 2-123. Indeed, despite the pascage

noted by the Board, these observations were generally

confirmed by the NRC.lé/

D GCroundwater Flow.

The Board's ingquiry states:

The reports -do not describe what
groundwater flow is indicated by the
observed decrease with time in the
sulfate, chloride and fluoride
concentrations in the glacial drift
strata.

Memorandum and Order, 4.

In order to use the observed data on solute concen-
tration to estimate groundwater flow, two things must be

known: the mass of the solute in the source and its rate of

13/ The SFES states:

———

In general, fluoride concentrations appear
to have increased with time over the range
of sampling dates for Well B-l, whereas no
increases with time occurred for Well B-6
and decreases with time occurred for the
other B wells. The rate of decrease with
time appears to have been largest for
Wells B-2 and B-5.

SFES, 4-100.
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release. The concentrations that are observed today in the
glacial aguifer are believed largely to be the lingering
consequences of site operations. See supra p. 29. During
past operations, when up to 500,000 gallons of waste water per
day was released to the glacial aguifer (FES, 4-3), minerals
precipitated in the aguifer as the highly mineralized acidic
liguid waste water underwent a pH change. This material is
now being redissclved as groundwater flows through the
aquifer. Without knowledge of the strength and release rate
of these materials, however, it is not possible to use the
observed decline in concentrations as a tool to estimate
groundwater flow.

E. Recharge Of The Silurjan Aquifer.

The Board's inguiry states:

The SFES states that "about 38% of
recharge water enters the Silurian"
dolomite aquifer (p. 4-91). In contrast,
the Engineering Report states that "only a
very small percentage of the water
entering the glacial aguifer from the
surface finds its way to the dolomite
aquifer.* (Vol. I, p. 5). The Board
needs to understand the reasons for these
discrepant statements.

Memorandum and Order, 4.

There is no discrepancy between the SFES and the
Engineering Report with regard to the estimate of the amount
of water that recharges the dolomite agquifer from the glacial
drift aquifer. The SFES states:

Using an average head difference between

upper sand units (C and E strata) and the

Silurian dolomite of 9.45 m (31 ft), an

average B stratum thickness of 7.9 m
(26 ft), and an approximate B stratum
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vertical conductivity value of 9 x

10 m/e, the vertical leakage of

water from the glacial drift to the
Silurian dolomite has been calculated to
be about 3.4 em/yr (1.33 in./yr)
(Kerr-McGee 1986--Vol. 11). This is
almost identical to the rough estimate
made for western DuPFage County by Zeizel
et al., (1962). If 9 cm of water recharges
the glacial drift per year and 3.4 cm of
that amount leaks downward to the Silurian
dolomite, then about 38% of recharge water
enters the Silurian and 62% is flowing
Jaterally through the Pleistocene sand
units to discharge areas outside the
Kerr-McGee property. Likely discharge
areas would be along Kress Creek and the
West Branch DuPage River.

SFES, 4-91.
A nearly identical estimate is found in the
Kerr~McGee Engineering Report. The Engineering Rgport states

that "vertical leakage from the glacial drift aquifer to the

Silurian dolomite agquifer would be about 1.33 inches per

year." 1II Eng. Rep. 2-46. Moreover, the estimate of the rate
of recharge to the glacial aquifer that is set out in the
Engineering Report is 3.7 inches per year (9.4 cm per year).
11 Eng. Rep. 2-73. The Engineering Report thus reveals that
the general recharge to the Silurian aguifer is about 36
percent of the recharge to the glacial drift aquifer. This is
nearly identical to the estimate in the SFES. The statement
in the Engineering Report that "a small percentage of the
water entering the glacial aquifer finds its way to the
dolomite aquifer" (I Eng. Rep. 5) is a gualitative character-
ization of this data.

1t should be noted, however, that the estimate of

recharge from the glacial aguifer to the dolomite aquifer in
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the general West Chicago area does not reflect the likely
recharge to the dolomite from the surface of the West Chicago
gsite. Under conditions of normal recharge, the groundwater in

the E-stratum under the site is flowing predominantly in a

horizontal direction for discharge into Kress Creek. This is
the consequence of the fact that the site is near to Kress

Creek and thus the horizontal corponent of groundwater flow is
enhanced, as it is in the vicinity of any discharge point. 11

Eng. Rep. 2-46; C.W. Fetter, Applied Hydrogeology, Ch. 7

(1988). The tendency to horizontal flow is accentuated at the
West Chicago site by the clay strata (B and D strata), which

serve as a barrier to vertical flow. See generally SFES,

H-540. Thus, although the average recharge to the dolomite
from the glacial aguifer in the West Chicago area is estimated
at 1.33 inches/year, much less water entering the glacial
aquifer from the site itself enters the dolomite. Most of
that recharge flows horizonte.ly under the site and then is
discharged into Kress Creek.

The fact that only a small portion of the water
leaving the surface of the site moves downward to the dolomite
aquifer provides additional reassurance of the negligible
threat to groundwater that is presented by the cell. As
discussed further herein, it is cnly the deeper aguifers that
are used and will be used as a major source of water supply.
Even if adverse impacts from the cell were to be found in the

E-stratum agquifer, the pattern of groundwater flow at the site
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provides reassurance that the deeper aguifers would not

adversely affected.

F, Groundwater Usage.

The Board's inQuiry states:

The SFES states that 60 wel.s were iden-
tified within a 2 mile radius of the
Kerr-McGee site (P. 4-91) buil wdes not
tell the reader how much water is being
withdrawn nor is there any indication of
the extent to which such wit>drawal con-
tributes to the movement of i1echarge
surface waters down into the dolomite
aquifer., Further, there is no discussion
of possible and/or probable increases in
the withdrawal and resulting effects on
the groundwater kinematics. As a matter
of first impression, we take this issue to
be quite conseguential for both the staff
- and Kerr-McGee analyses (modelling).

Memorandum and Order, 4-5.
The SFES in fact states that there are 64 wells
within » 3-kilometer radius of the Kerr-McGee site. SFES,

4-91. Some 52 of these wells withdraw water from the Silurian

dolomite aquifer, 7 withdraw water from the cdeeper Cambrian-

Ordovician aquifer, and 4 withdraw water from Pleistocene
sand-and-gravel aquifer, which is represented by the C- and
E-strata at the site. Id. All wells in the Pleistocene
sand-and-gravel aguifer were observed to be for private use
and, as indicated by the FES (at 4-64), all of these wells are
at least 4000 feet (1200 m) from the Kerr-McGee site

Any effects of these wells have been included in
Kerr-McGee's groundwater modeling by the matching of the
predicted potentiometric surface to the observed potentio-

metric surface in the process of model calibration. Moreover,
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contrary to the Board's impression, reasonable changes in
pumping will not alter the modeling results significantly.

The E-stratum, the topmost sand-and-gravel layer, is
the layer for which groundwater impacts were assessed by both
Kerr-McGee and the NRC., It is separated from the Silurian
aquifer by two confining layers in the Pleistocene, the B
stratum and the D stratum (SFES, Fig. 4.14). The E~stratum is
thus hydrologically separated from the Silurian aquifer.
Moreover, the Cambrian-Ordovician aguifer in the West Chicago
area is confined by the overlying Maguoketa shale. SFES, 4-37
and Fig. 4.10.53/ This aquifer is thus hydrologically
separated both from the Silurian dolomite aquifer and from the
glacial aquifer. Because of this hydrological isclation,
changes in the pumping of the Silurian or the Cambrian-
Ordovician aquifers will not have any meaningful impact on the
flows in the glacial aguifer nor upon the modeling results.

The isolation of the E-stratum is demonstrated by
the fact that the potentiometric surface of the E-stratum
beneath the disposal site (SFES, Fig. 4.28) is 25 to 37 feet
higher than the potentiometric surface of the Silurian
dolomite aguifer (SFES, Fig. 4.29). 1In fact, the average head
difference between the C-stratum and the Silurian dolomite

agquifer is about 28 feet, while the B-~stratum aquitard

14/ See also Zeisel, A.J., Groundwater Resources of DuPage

County, Iilinois, Ill. State Water Serv, Coop. Ground-water
Rep § (1962).




- 37 -

averages 26 feet thick, The downward hydraulic gradient
across the B stratum is thus shown to be greater than unity.
Any additional lowering of the potentiometric surface of the
Silurian aquifer that might result from further pumping of
that aquifer would have no further impact upon downward
leakage from the either the C~- or the E-stratum, because unity
ig the greatest vertical downward hydraulic gradient that can
affect saturated groundwater flow.lé/ Thus, the maximum rate
of leakage from the E-stratum to the bedrock aquifers is
already occurring. Moreover, if pumping were to be reduced in
the future, the impacts of the shallow agquifer on the deeper
aquifers could only be diminished.lﬁ/ Thus, the hydrodynamic
circumstances at the site preclude the need Lo take into
account any impacts of current or future rates of pumpage from
either the Silurian dolomite or Cambrian-Ordovician aguifers.
As noted above, there are only four private wells

in the glacial drift aquifer within 3 km of the Kerr-McGee

15/ Groundwater flowing unimpeded in a vertical direction
will have a gradient egual to unity, representing the pull of
gravity on the water. Gradients greater than unity indicate a
restriction to the free flow of water, that is, that the
aquifers are separate. Gradients less than unity do not
necessary mean that the aquifers are connected, since the
smaller gradients may be controlled by conditions within the
agquifers, and not by the interchange of water between the
aquifers.

16/ Decreased pumping in the deeper aquifers will result in
higher potentiometric surfaces in those aquifers. If the
levels rise enough to decrease the gradient between the
E-stratum and the deeper aquifers, leakage will decrease.
Thus, decreased pumping from the deeper aquifers either will
not affect leakage from the E-stratum, or will decrease it.
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site, and all those wells are more than 1200 meters away. As
shown by Appendix 6, none of these wells -- presuming for the
moment that they are completed in the E-stratum -- will have
any effect on the Kerr-McGee site. Moreover, because of the
limited yield of the glacial aquifer, the widespread (and
expected) contamination of that aguifer from a multitude of
sources in an urban area.ll/ and the available alternative
sources of supply, it is highly improbable that use of the
glacial aquifer will grow. It is thus not reasonable to
expect significant changes in the pumping of the glacial-drift
aguifer in the West Chicago area that would affect the
modeling results.

Indeed, reliance on groundwater supply in general
will decline in the area. DuPage County is now constructing a
pipeline to carry water from Lake Michigan to many communities
in the county. It is expected that this pipeline will be
completed in 1992.15/ When the pipeline is finished, many
communities now using groundwater will switch to the surface
water source. This change should serve to alleviate reliance
on groundwater supply and, if anything, reduce any possible

impacts of the West Chicago disposal cell.

17/ See, €.g., Sasman, R.T., et al., Verification of the
Potential Yield and Chemical Quality of the Shallow Dolomite
Illinols, I

Aquifer in DuPage County, State water Surv.
Circ. 149 (1981).

18/ 1Illinois Department of Transportation, Dan Injerd,
personal communication, 1989.
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111, CONTENTION 3(g)(2).
Contention 3(g)(2) submitted by the State provides

as follows:

The modified solute transport analysis of

the Proposed Action and Alternative D was

not benchmarked.

As the Board has noted, this contention as originally
submitted was aimed at challenging certain modifications of
the NRC's groundwater model to account for flow across the
vnsaturated zone bencath the disposal cell. Memorandum and
Order, 5. The results in the SFES reflect an adjustment of
the AT123D model to include the travel time across the
unsaturated zone. SFES, E-3 to E-5. 1In determining that the
contention should be subject to a hearing, the Board cobserved
that "neither the staff nor Kerr-McGee affiants validate the
challenged equation from first principles or cite
observational data that empirically confirm the eguation."
Memorandum and Order, 7.

Because dissolved materials can react physically or
chemically with the soil matrix, they often do not move as
rapidly as the water in which they are dissolved. The equa-
tion used by the staff allows the calculation of the resulting
travel time for a particular constituent to pass through a
multilayer system. It is readily derived from first prin-
ciples, as shown by Appendix 7.

The staff's modification of the computer code to
deal with flow through the unsaturated zone did not require

any change whatsoever of the basic model reflected in the
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AT123D code. 1In effect, the modification introduces time
dependence into the source term to reflect the fact that
dissolved constituents in the waste will have a delayed impact
on groundwater., Moreover, the modification does not in any
wvay affect the conclusions that should be drawn from the NRC
modeling effort, The effect of the unsaturated zone is merely
to delay the time at which the maximum concentrations of a
constituent will be observed, not the maximum concentration
level that will be predicted. Thus, if the model had been run
for the proposed action without the modification, the same
peak concentrations would have been calculated, only at
earlier times. The modification is hardly profound, and field
testing to "benchmark" the change was unnecessary. Indeed, as
shown by Appendix ___, the retardation calculated by the
staff's model can be shown to be reasonable by a simple
calculation,

In his Affidavit of September 20, 1989, Dr. Warner
states that "the modeling that was done [in the SFES] could be
characterized as that which would be carried out for the
preliminary site screening but not for purposes of judging the
long-term behavior of a site such as the West Chicago one once
it was under serious consideration for development." He also
states, quoting Yeh, that a proper modeling effort should be
one that is based on "'extensive investigation, including

boring and pumping tests, physical models and sophisticated

numerical models . . . .'" (emphasis in original).
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The Warner affidavit thus raises issues relating not
to the modification of the code, but rather on the propriety
of the NRC's reliance on the model regardless of the rodifica-
tion. Although the affidavit thus does not relate to the
admitted contention, Dr., Warner's claim is nonetheless mis~-
guided. Dr. Warner has lost sight of the fact that the AT123D
computer model was used by the NRC staff so as to allow the
comparison of the various alternative sites, As noted above,
it was not appropriate to use a sophisticated numerical model
for this comparison because the necessary hydrologic data were
unavailable for all but the Kerr-McGee site., But, the use of
a common code,at all the sites was necessary so as to allow
the comparison of sites on a common basis. Moreover, the NRC
assumptions in the modeling were conservative, thus yielding
results that overestimate the impacts of the site.

In any event, however, there was no need for the NRC
to use a sophisticated numerical model fcr the West Chicago
site, because such modeling had already been performed by
Kerr-McGee. As discussed above, Kerr-McGee has applied one of
the standard mass-transport models, the USGS MOC model, and
calibrated it for the conditions of the West Chicago site.

The modeling performed by Kerr-McGee provides exactly the
information that Dr. Warner finds lacking in the NRC approach.
IV, NOVEMBER 20, 1989 ORDER.
The Board's order of November 20, 1989, raises two

additional issues.
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A. Leachate.

The Board observed that Kerr-McGee determined the
concentrations of constituents in leachate through laboratory
measurement. The NKC staff on the other hand calculated the
concentrations of selected heavy metals and radionuclides in
the leachate using only data as to the concentrations in the
wastes, As the Board has noted, the approaches yield somewhat
dissimilar results.

The concentration of a constituent in leachate can
be defined as the mass rate at which the constituent is being
leached (Ci/yr or kg/yr) divided by the vclume rate of
leaching fl=id (1/yr). T7The mass rate may be calculated by
multiplying the solute leach rate from Equation E.4 of the
SI'ES by the mass of the constituent to be leached. The volume
rate of leaching fluid is the product of the infiltration rate
through the waste and the horizontal area of the waste pile.
Thus, upon substituting Equations E.4 and E.13, the
concentration of a particular chemical species or radionuclide
can be written as

C1 = pr ”
nR [T +p Ka/n R) ]

C 1is the concentration of the constituent in
the leachate leaving the waste;

p is the bulk density of the waste;

Cv is the concentration of the constituent in
the waste;

n is the effective porosity of the waste;

R is the saturation ratio in the waste; and




Kc is the distribution coefficient.

Parameter values for the right side of the above equation are
set out in Appendix E of the SFES for the selected chemical
species and radionuclides. The resulting leachate conlentra-
tions can be compared to the Kerr-McGee values estimated in
the Engineering Report and resulting from the more recent
leachate tests. These comparisons are presented in Table 3.
In general, the NRC concentrations are about 10 to
100 times larger than the composite leachate and as much as 10
times larger than the "maximum" leachate. (The exceptions are
silver, arsenic, and nickel.) All but two of the NRC concen-
trations (those of mercury and nickel) are larger than the
leachate concentrations determined in the recent leachate

tests. The differences presumably result from the conserva-

tive nature of the NRC estimates. Because of the complicated

chemistry associated with the dissolution process and the
consequent difficulty in calculating leachate concentrations
from simple equations, Kerr-McGee believes that its actual

measured values are likely to be more reliable than the values

calculated by the NRC.

B. Cyanide.

As part of its waste characterization program,
Kerr-McGee determined the concentrations of priority-pollutant
metals in the waste materials at the West Chicago site. Seven
borings were drilled at the site and a total of fourteen

samnles were selected from the borings for priority pollutant

metal analyses. The results of these analyses were presented
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and summarized in Volume VIII of the Kerr-McGee Engineering
Report.

The concentrations of cyanide in the wastes were
generally found to be below the detection limits. However, a

gsingle sample from Pond 2 had a reported cyanide concentration

of 2.2 parts per million (ppm). (The only other sample from
pond 2 had a concentration of cyanide that was less than the
detection limit of 1 ppm.) The staff's comments about cyanide
in the waste is evidently based on this one reported detection
of cyanide,

The NRC staff presented a summary of the Kerr-McGee
data in Table 2.5 of the SFES. The staff included cyanide in
the table, indicating a range of values for the pond 2 sedi-
ments from 1.1 to 1.6 parts per million (ppm).lg/ Then, in
its transport modeling, the NRC used the upper concentration
value of 1.6 ppm as the source term for cyanide concentration.
The staff assumed that the upper limit value represented the
cyanide concentration for all the waste, nct just the pond 2
sediments.

The sample with a reported concentration of cyanide
above the detection limit probably represents a laboratory

reporting error. Cyanide was not used to process ore

19/ The staff's lower concentration limit was calculated by
assuming that the sample with cyanide below the detection
limit had no cyanide. The upper limit was calculated by
assuming that the sample had cyanide present at the detection
limit of 1 ppm.
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materials at the West Chicago facility, and none of the
processes would be expected to produce cyanide as a
by-product. Moreover, if cyanide were present in the wastes
or had been used in site processing, it presumably would be
seen in groundwatsr samples collected in the glacial aquifer.
Groundwater samples collected in August 1986 were analyzed for
cyanide and the resuits are presented in Table 8. The data
show that cyanide concentrations in ground water were either
not detected (as indicated by "<0.04 mg/l") or were only
slightly above the detection limit. (Measurements slightly
above the detection limit may not represent real values.)
These results are generally consistent with data collected'by
the State of Illincis which showed "nondetection of cyanide at
the 0.001 mg/l level [groundwater) in samples taken earlier in
February 1986." SFES, 4-97. The lack of any significant
cyanide concentration in the groundwater at West Chicago
demonstrates that cyanide is also not present in the waste
materials at the site.
CONCLUSION

Kerr-McGee and the NRC have performed careful and
thorough assessments of the possible impacts of the proposed
disposal cell on groundwater quality. These assessments show
convincingly that the cell poses a negligible threat to
groundwater.

Indeed, the modeling assessments are confirmed by
the consideration of the site history. For years, hundreds of

tnousands of gallons of contaminated water were discharged



directly into the glacial aquifer on a daily basis. At that
time, there could be no debate about infiltration rates or
elemental solubilities -- the dissolved materials were
discharged directly into the aquifer at rates far exceeding
even the most extreme estimate of infiltration from the
proposed disposed cell. Impacts on the glacial aquifer were
limited to the general vicinity of the site and have
diminished over time. Radionuclides rave not been founé in
the shallow groundwater even as a result of the direct
discharge. And any lingering effects upon the Silurian
aquifer as a result of disposal pracitices are minor. 1In
ghort, the-past disposal practices did not have a significant
adverse impact. This history provides a compelling demonstra-
tion that the presence of the disposal cell, which must have a
far lesser impact than the past disposal practices, will not

damage water resources in the site area.

Respectfully submitted,

Charles W. Fetter, Jr. James L. Grant

University of Wisconsin James L. Grant & Associates, Inc.
845 Elmwood Avenue Denver Technological Center #30
Harrington Hall 8301 East Prentice Avenue, Suite 40:
Oshkosh, WI 54901 Englewood, CO 80111

John C. Stauter
Kerr-McGee Corporation
123 Robert S. Kerr Avenue
Oklahoma City, OK 73125

November 28, 1989
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TABLE 1

1
INFILTRATION RATE FOR CELL COVER AND MODIFIED CELL COVER

2 3 AVERAGE MEAN CELL COVER MODIFIED CELL COVERI
SIMULATION PERIOD ’ PRECIPITATION INFILTRATION RATE INFILTRATION RATE
RUN (YRS) (IN/YR) (IN/YR) (IN/YR)

1 74-78 34.08 0.0005 0.0701

2 1-20 35.77 0.0001 0.0662

3 21-40 33.49 0.0001 e

Kl 41-60 34.56 0.0002 =

5 61-80 35:.52 0.0001 oeshs

6 81-100 34.14 0.0001 -
1) The hydraulic conductivity of the cover's surface scil layer was increased by a

factor of ten.

2) Climatic data for a five-year period (1974-1978).
3) Mean average data for 20-year periods as derived from climatic simulation

calculations.

80752 q:\dwd\kermcgee\table2.doc



Table 2
Kerz-McCee Analvees of Lenchates
et ling Pile Leachate —Mi0r Composite Lanchate
Eatch Number L i H L i 3
80, N 7.23 116 .56 234 3.48 1.20
Na g/l 3.7 158 0.48 0.4 0.50
Ca s/ 0.43 0.48 0.54 0.58 0.56
Mg g/ 0.16 0.13 0.18 0.18 034
a o/ 0.20 0.6 0.8 0.8 0.8 0.18
K mg/! 448 T 28 30 29
r mg/! 10 u <03 35 19 K
Ba mg/) 0.043 0.021 0.083 0.016 0.03¢ 0.028
Ag mg/! <0.018 <0.009 <0.008 <0.018 <0.009 <0.008
A mg/! <0.11 <0.00 <0.11 <0.11 <0.0% <0.11
cd mg/! <0.018 <0.009 <0.008 <0.018 <0.00% <0.008
Cr mg/) <0.026 <0.007 <0.008 <C.036 <0.007 <0.008
Cu mg/! <0.018 <0.008 0.019 <0.018 <0.008 0.018
Fe mg/! <0.083 <0.008 0.031 <0.083 <0.008 0.081\
Hg mg/] <0.040 <0.040 <0.04 " <0.040 <0.040 <0.04
Ni mg/) <0.07 <0.08 0.033 <0.07 <0.08 <0.014
Pb mg/) <0.08 <013 <0.0863 <0.08 <0.13 <0.063
Se mg/! <0.1 <0.08% <0.081 <0.1 <0.085 <0.081
2o mg/! 0.13 0.016 0.024 0.044 0.028 0.017
Ra22¢ poi/id/ 13,78 48,32 5.8, 4.6 14,9 0.37,0.7 12,18
Ra22s  poi/d/ 0,8.0 7.5, 46 41,40 0, 10 0.03, 0.6 0.28, 1.4
Thae  poid/ 75,18 0.88, 0.11 88,12 0.08, 0.08 0.23, 0.07
Th230 poid/ 14, 2.0 0.04, 0.03 84,13 0.08, 0.08 0.12, 4.08
T332 pand/ 74,18 0.03, 0.03 15,09 0.19, 0.1 0.06, 0.04
Ui g <0.008 0.58 <0.008 0.34 038 0.58

L/ First number is asssy value, second number is +/- confidesce value.



Element Units Tailings

Ag mg/1 <0.012 <0
Rs mg/1 <0.103 <0
ca mg/1 <0.010 <0.
Cr mg/1 <0.014 <0.
Cu mg/1 <0.014 <0
Hg mg/1 <0.040 <0.
wi mg/1 <0.057 <0.
Pb wg/1 <0.081 <0.
Se mg/1 <0.082 <D.
Zn mg/1 0.057 o
sH mg/1

CN mg/1

Ra226 pCi/l 7.800

u23e mg /1 <0.198

1) calculated by averaging the three analyees of ta

Recent
Leachate Test

o

.012

.103

010

014

.013

040
055
o8l

082

-030

1

Engineeri.g Report

Composite Composite

0.025
0.782
0.021
0.019
0.029

©.001

8.800

May imum

0.080
2.695
0.077
0.082
0.057

0.004

ilings leachate and the three analyses of composite leachate.

Table 3

Staff

0.042

0.66

1.14
0.011

G.0014

21

21

570

Recent
Leachate Comp./Staff

<27.8%
<15.7%
<3.9%
<2.2%
<i.i%
<363, 6%
«3,908.8%
«<1.1%
«0.4t
<0.8%

L2

NA
0.2%

12.3%

Ratics

ER Comp./Staff

59.5%
118.5%
8.2%

3. 2%
2.5%
12.0%
9.,321.4%
2.8%
3.8
S.8%

1%0

108

30.

13.

S

ER Max/Staff

.5%

.3e

LA

&

0%

L3

.6%

TR

.2%

i

NA

L)
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Table 5

Kedionuclide Concentiations Using Bnginesring Report Composite Leachate

Best Intiltretion Transmissivity Infiltration
Estimate .01 inches/yr. 0.1 Celibreted b inoches/year
(Cone 2) (Case 1) (Case 11) (Cose 3)
Dilutional
~LAGLRL L.C0A68 0000068 L.04008 L.00408
1sotope  Leachate
Btrength
Thadz 20.68 peLl 0.0349 0.0038 0.9943 1.6787
T™h250 .48 pei/i 0.0088 0.0006 0.1689 0.2796
Th22e 112,00 pci/i 0.1006 o.oam 5. 6234 $.1402
Roi2e b.60 | LTt 0.0140 0.0018 0.423 0.3
Ralid .0 pEi/l 0.00u3 0.0008 0.2861 0.3978

Radionucl ide Concentrations Using Recent Leachate Analyses

Dilutional
~tacser 000169 L.000468 La0e08  _ 0.00003
isotope  Leachate

Btrength
Th2i2 0.7 pei/l 0.0012 0.000: 0.03837 0.5067
™iv 1.80 pei/si 0.0030 0.000% 0.0B6S 0.1a88
Th228 i.40 pei/l 0.002¢ 0.0002 0.0673 0.1134
Raz2e 1.00 pei/i 0 0017 0.0002 0,048 0.0810
Ra224 Not Avallsble
u2se 138.2 pei/i 0,233 0.0333 6. 3042 10,78

NEC Limite == Th232: 2,000 pCi/i; Th230: 2,000 pCi/ly TH228: 7,000 pCi/lt Re 2261 30 pCi/ly
Ra2241 2,000 pCi/ly U236+ 40,000 pei/i,

IEBA Limit == Ra226: 1 pCi/l.

Gt \DWE\KMWC \ TABLES \TABLEY . DOC



Table 6

Hydraulic Parameters

Kerr-McGee
MOC Model
Hydraulic Gradient 0.01
Dispersivity 24 m
Hydraulic Conductivity 4.5 x 10, to
5.4 x 10" m/year
Effective porosity 0.20
Infiltration 0.025% eow,
Rate 0.25 om, and
12,7 em

G \DWE \ KMWC\TABLED \TABLEG . DOC

NRC

AT123D Model
0.01

0 m

2.1 x 10¢
m/year

0.25

3.0 em



Table 7

Maximum Concentrations at Site Boundary (ug/lL)

Kerr-McGee
Model

Chemical Species 1EPA Standard (Case 2) NRC Model
Antimony 8.0
Arsenic 1000 1,32 1,0
Cadmium 50 0.03 0.38
Chromium 50 0.03 0.92
Copper 20 0.0% 1.7
Lead 100 0.35% 11
Mercury 0.5 0.002 0.017
Selenium 1000 1.36 <32
Silver 5 0.04 0.063
Zine 1000 0.36 5.5

Gt \DWA \KMWC \TABLES \ TABLE? . DOC



Table 8

SUMMARY OF LINEAR REGRESSION OF FLUORIDE CONCENTRATION IN B-WELLS*

11 No. Beta 0 Beta ) T Critical Correlation Interpretation
(y~intercept) (slope) Statistic T Coefficient

i -33 0.0017 1,93 1.72% 0.3985 increasing

2 169 ~0.008% ~3.56 «1.725 -0.6232 decreasing

3 91 =0.002% -~1.56 «1.72% -0.3287 indeterminate
¢ 72 -0.0018 «2.67 «1.72% -0.5130 decreasing

5 179 -0.0083 ~4.63 -1,729 «0.7280 decreasing

6 0.66 =, 0001 0.15 1.761 0.0402 indeterminate
7 139 =0.0042 -4.02 =1.761 -0.7317 decreasing

*Taken from Volume 11 Engineering Report, Table 2-21

SUMMARY OF EXPONENTIAL REGRESSION OF FLUORIDE CONCENTRATION IN B-WELLS**

C = BO®EXP(BI*T) (T = TIME IN DAYS SINCE 1900)

Well No. Beta 0 Beta 1 ) Critical Interpretation
(y=intercept) (slope) Statistic T

B-l -0.25 1.034E~04 2.02 1.72% increasing

B-2 31.56 -1.028E~03 ~4.15 1,728 decreasing

B-3 3,95 -4.,107E-05 -0.30 -1.72% indeterminate
B-4 $.37 -8.0B1E~05 ~2.45 =1.72% decreasing

B-5 12.90 ~3.349E-04 -2.93 ~1,729% decreasing

B~6 2.56 -3.605E-05 -0.14 =-1,761 indeterminate
B~7 13,82 «3.744E~04 -3.81 =1.761 decreasing

** Taken from Volume 1l Engineering Report, Taeble 2-22

20382 g:\Owd \herb\TABLE.2 [p. 1) 11/1%/8% 19:20




Table 9

DATE CYANIDE CONCENTRATION
(in mg/h

8-20-86 0.04
6-16-86 0.04
8-20-86 0.04
8-21-86 < 0.04
8-22-86 0.04
8-15-86 0.06
8-18-86 < 0.04
8-19-86 < 0.04
8-26-86 <004
8-16-86 0.04
8-20-86 0.04
8.21-88 0.08
8-19-86 0.05
8-20-86 0.04
8-22-86 < 0.04
8-21.88 < 0.04

8-23-86 0.04
8-23-86 < 0.04
8.25-86 0.04
8.23-88 < 0.04
6-23-86 < 0.04
8.22-86 < 0.04
8.23-86 < 0.04
6-25-86 0.04
8-21-88 < 0.04

6-26-86 0.04

8-20-86 0.04
8-19-88
8-20-86
8.21-86
8-22-86
6-19-86
8-18-86
8-28-86

8-26-86
8-20-86
8-29-86
8-29-86
8-28-86
8-29-86
8-28-86




SENT By U-0srkosr
s \

i984-presant

1970-present

1971-present

1983

1982-present

I B=1T=0§ 11:304M ; Sledzadlio- e0Z6E2E2%1

Charles ¥W. Fetter, Jr.
Departsant of Geol
University of wWisconsin
Oshkosh, Wisconsin 54901
(414) 424-4460

Chairsan, Department of Geol
University of Wisconsin Oshk

Consulting Rydrogeclogist. Clients include
attornays, industries, municipalities, towns,

engineering firms, state and federal Government.

Responsibilities: Services to these clients
include cxtnrt vitness, groundwater exploration,
vater quality problems, well field layout, pumping
tests, environmental studies, environmental impact
analysis, computer models of vater systems,
general surface and geclogical and enginearing
geol site studies,especially of landfilles and
hasardous waste sites.

Professor, Departaent of Geology
University of Wisconain Oshkosh

Inatonoibilitioos Courses taught include
Environmental Geol , Hydrogeol , Ground wWater
:z::olovv. lallnoo:!;' Geology Glacial

ogY.

Court-appointed expert vitness by J

udge Robert
Pekowsky, Dane coun:x. Wisconsin, Circuit Court in

ﬂ.l{:::::llltioll Appointed by Judge Pekxowsky as
an ial expert to aid hia in interpreting
very technical testimeny and rte in case
invelving sespage of sevage effluent through an
sarthen dike. Reviewed case file, intarviewed
exXparts from both sides, evaluated rav dats and
reports and testified in court.

EXpert consultant, United States Environmental
Protection Agency.

Responsibilities: Designed and supervised
groundvater nonitort:: progran and hydrogeclogy
study for Seymour, Indiana bhazardous wvaste site.
Assisting in negotiating a settlement. Overseeing
implementation of remedy.



SENT

By Uw=lsri onr
.

2026626291 ;

1881-1983

1678-1280

1890=-1871

1968=1970

Karch 1986

July 1982

Junpe 1980

Wey 1980

Groundvater Rescuroas Pregras
%&Mﬁrlw Testing Company Hariatta, Geergila

aanpaa&Lhiaaeaea: Business developpant and

6 byércgesl egy~-releted projests in
mw wmly, Maa dows and redicsetive vesta
dicpesal and mining Bydrology.

genjeor esgswt vitnesa, 8tate @2 wxmsomsaa
D) ant ohM&@O in Risacpein Yo

neibilities: Urben runoff hy@mlasy am

uter Bedeling 6f regienal ground:
Preparsd testimeny for pmeamu@m te mel
Nastar of U.0. Buprana Court. Lseisted atierneys
in prepagation of Wissensin's cese-in-ehief and in
cresd-exanination of withesasas,

\

Teaching hssimtant Indiana Oniversity

8taf? deelogist. DNeolsmechay, Nolawdon &

Ruzrell ,Consulting Bnginesrs, Melville, L.I.,
Hew York

sponsibilities: Water rescuress: etudies.
awmsm of test wall muuw

wm&of sunieipal wveter wells mg eu@erviuoa ef
mam. Ganerel weter reICUFrS

sani%rx tand2ill Design
of ¥isconsin
Madisen, Mumm

Petrolawn Resszvolr Bagi-=icsing Pundanantals

imarican Assesistion of Potrelsun Gaologiste
Jaaksen, Wyeming

Hasardous Haste Hanagement Practioces
University of Wissenain
Badiesn, Wiecenain

Groundveter Computesr Modeling
University of Wisccnain
Xadisen, ¥Wizeenain




SENT BY: Ul ri oeb

I Be1T-8% 11:404M ; CQlAL7A I 0= SOREEEZ9L ' é‘ :

o
’ {

’”m - mtl“ . P.ttlr, J!’.

July 1978

1970-1971

1964~-1966

1960-1964

ERICATION (Cont'd)

Statistical Nethods in Rydrology
Colorade State University
Port Collins, Colorade

RESAER FROERAMA

Indiana Universit

PR.D. in eology, Miner in Geochamistry
Thesis: logy of the South Pork of

Long Island, New York

Indiana University
N.A. in Geology

DePauv University (Phi BDeta Ka )
B.A. in Chemistry, Minor in Geoclogy

PROYRSAIONAL RARGISTRATION

Certified Professional Geclogist, AIFG
Professional Engineer, Wisconuin

Amarican Geophysical Union

American Water Resources Association

Amarican Water Works Association

National Water Well Association

::nric;? Institute of Professional Geologists
gna

Phi Beta Kappa
Phy Bta Sigma
Sigma Xi, Past President,
University of Wisconsin-Oshkosh Chapter
Past President, Ninresota-Wisconsin Section of
Anarican Institute of Professicnal Geologists
John NcN Rosadush University Professor,
Iniversity of wisconsin Oshkosh
Listed in:
Amarican Men & Vomen of Science
Who's Who in the Nidwest
Who's Whe in Techneclogy Today
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JAMES LUCIUS GRANT

EDUCATION: Ph.D., Civil Engineering, (Hydraulics, Hydrology)

Georgia Institute of Technology

M.S., Appliea Methematics
Georgie Institute of Technology

B.E., Civil Engineering
Georgie Institute of Technology

B.S., Applied Methematics
Georgia Institute of Technology

PROFESSIONAL MEMBERSHIP:
American Geophysical Union
American Water Works Association

Netional Water Well Associetion
Sigma XI, Scientific Research Society

PROFESSIONAL REGISTRATION:

Professional Engineer in Georgia, Kentucky,
Colorado, Wyoming, Nevada
Land Surveyor in Georgiea

PROFESSIONAL EXPERIENCE:

198B3-Present President and Chief Executive Officer

Jemes L. Grant & Associates, Inc., Englewoocd, Colorado

Dr. Grant is currently president of a consulting engineering firm

offering services in geology, geotechnical engineering, and waste
disposal.

1979 _-_1883 Corporate Consultant and Chief Hydrologist
for Western Operations

Law Engineering Testing Company, Denver, Colorado

Responsibilities included technical and management direction for
projects in areas of waste manegement, mining, power plant sites,
and development of other related siting investigatinns.
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1978 _-_1878 Chief Engineer
Nuclear Engineering Inc., Louisville, Kentucky

Responsibilities included engineering and construction activities
at four low-level radicactive waste disposal sites and three
industrial waste disposal sites; licensing and environmental
monitoring at existing sites; and selection design, and licensing
nf new sites.

1973 _-_1877 Senior Hydrolougist and Geotechnical Engineer
Law Engineering Testing Company, Marietta, Georgie

Investigations included geotechnical, hydrologic, and water-
resources engineering projects. Levels of responsibility in-
cluded senior engineer, project management, consultation, and
client development.

1967 _-_1972 Design Engineer
Urban Engineers, Inc., Atlanta, Georgia

Served as project engineer on projects involving hydraulics,
hydrology and storm dreinage design; street end highway design;
airport plenning, design, and construction; residentisl and
commercial design and construction; foundation design; lend and
construction surveys.

1964 _-_1967 Mathematician
Lockheed-Georgia Company, Merietta, Georgia

Analyst on studies in strength snalysis, advanced serodynamic
design, aircraft performance simulation, and command/control
applications.
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REPCRTS:

"Closure Studies for Thorium Plant, West Chicego, Illinois," with

S.L. Wampler, et al, James L. Grant & Associetes, Inc., Project
No. B04015, 1986.

"Longview (WA) Treated Wood Products Facility Ground-Weter As-
sessment Prograw,” with S.L. Wampler, et al, James L. Grant &
Associsates, Inc., Project No. B0O5046 and BO6066, 1986.

"Joplin (MO) Treated Wood Products Facility Ground-Water Assess-
psent Program,” with S.1L. Wempler, et al, Jeames L. Grent & As-

sociates, Inc., Project Nos. B04022, B04032, B05043 and 806070,
1886.

"Preperation of Responses to the U.S. EPA’'s Ibquiries Regarding
the Closure Plan end Part B Application for the Joplin (MO)
Trexted Wood Products Fecility," with S.1L. Wampler, et al, James
L. Grant & Associates, Inc., Project Nos. 803011, 804025, B04029,
B0O5041, B0505]1 and BO6075, 1986.

"Closure Studies for the DeRidder (LA) Treated Wood Products
Facility," with S§.1. Wampler, et al, James L. Grent & Associetes,
Inc., Project Nos. B05039, B05045 and BOG0E5.2343, 1986.

"Preparation of Closure Plen and Post-Closure Plan (Part B Ap-
plication) for the Wigginse (MS) Treated Wood Products Fecility,"
with S.1L. Wampler, et al, James L. Grant & Associates, Inc.,
Project Nos. B04023, B04024, B05042 and B05044, 1985.

"Monitoring and Liner Waiver Design for the Beatty (NV) Chemical
Facility," James [. Grant & Associates, Inc., Project Nos.
803001, BO300B and BOS05B, 1985.

"Preparation of & Model Debris Landfill Ordinance for Loudoun

County, Virginie," Jemes L. Grant & Associates, Inc., Project No.
B0OS050, 1985,

"West Valley Closure Studies, James L. Grent & Associates, Inc.,
Project No. B0O5038B, 198§,

"Development of & Ground-Water Monitoring Progrem for a Paper
Mill LlLandfill in Bastrop, Louisiana,”" with S.L. Wampler, et al,
James L. Grant & Associates, Inc., Project No. B050567, 1985,

"Landfarw Ground-Water Monitoring Design for the Southwestern
Refining Compeny land Treatment Facility, Corpus Christi, Texes,"
James L. Grant & Associates, Inc., Project No. B04028B, 1984.

"Low~level Nuclear Waste Site Study, Sheffield, Illinois," James
L. Grant & Associates, Inc., Project Nos. 803010 and 804026,
1984 .
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"Ground Water Tracer Test Study, Seep Ridge Site, Utah,” with W,
E. Humphries, et al, Jeames L. Grant & Associates, Inc., Project
No. B04018, 198B4.

"Preparation of Responses to the U.S. EPA's Inquiries Regerdirg
the Closure Plan and Part B Application for the Longview (WA)
Treated Wood Products Facility,” with S.1 Wampler, et al, James

v

L. Grant & Associates, Inc., Project No. B04027, 1984.

"Surface Water Bydrologic Permit Section Preparation, Campbell
County, Wyoming," with W.E. Humphries, et al, James L. Grent &
Associates, Inc., Project No. B04020, 19B4.

"Ground-Water Modeling Report for the Hezardous Weste Disposal
Facility, Robstown, Texas," James L. Grant & Assccietes, Inc.,
Project No. B04035, 1984.

"Site Charecterization Studies, Wiggins Treated Wood Products
Fecility," with S.L. Wampler, et al, James L. Grant & Associates,
Inc., Project No. B04013, 1984.

"Site Characterization Studies, Joplin Treated Wood Froducts
Facility," with S.1L. Wampler, et el, James L. Grant & Associates,
Inc., Project No. BO3011, 1983.

"Mexey Flets Low-level Nuclear Waste Disposal Site Closure
Studies,” with J.E. Rezor, et al, 1983.

"Geological, Hydrological, eand Geotechnical Engineering in Sup-
port of Operation of @a Low-level Rediocective/Chemical Waste
Disposal Site et Beatty, Nevade," law Engineering Testing Com-
pany, Project No. JLGA-B03001, 1983.

"Geologic end Hydrologic Characterizetion for 0il Shale Project,
Uintah County, Utah," with W.E. Humphries, et al, lLaw Engineering
Testing Compeny, 1983.

"Hydrologic and Geochemicel Investigation for Closure of Aban-
doned Modified In-Situ Retort, Rio Blanco County, Coloresdo," with
Kyle D. Smith, et al, law Engineering Testing Company, 1982.

"So0il and Ground-Weter Investigation of the GCEP Landfill Path-
ways Anslysis, Portsmouth, Ohio," with W.W. Bath, et al, Llaw
Engineering Testing Company, 1982.

"Preparation of Hydrologic Sections of a Permit Application for a
Proposed 0il Shale Operation Project in Uintah County, Utah,”
with §.1L. Wempler, law Engineering Testing Company, 1982.

"Tar Sand Development Water Supply Eveluastion in Uintah County,

Utah," with W.E. Humphries, Law Engineering Testing Company,
1982.
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"Dam Feesibility Study in Douglas County, Colorado,"” Lew En-
gineering Testing Compeny, 1882,

"Chennel Modification Studies for Site Development, Arapahoe
County, Coloredo,"” with D.S. Bowles, Law Engiveering Testing
Company, 1982.

"Design of Operation, Construction end Closure Plans for Five
Waste Disposel Sites," with W.E. Humphries, et al, lLaw Engineer-
ing Testing Company, 1882.

"Coal Mine Diversion and Impact Mitigation Design in Campbell
County, Wyoming," with D.S. Bowles, et al, lLaw Engineering Test-
ing Company, 1982.

"Geohydrologic Investigation of Surface Coal Mine, Colorado,”" law
Engineering Testing Company, 1881.

"Monitoring Progrem Design for an Aluminum Potlining Disposal

Site in Wenatchee, Washington,” Law Engineering Testing Compeany,
19B1.

"Preparation of & Water Management Plan to Permit the Rio Blanco
Tract C-~e 0il Shale Project," with W.E. Humphries, et al, Law
Engineering Testing Company, 1980.

"Cherokee Nuclear Station Aquxfor Test Apalyeis,"” lLew Engineering
Testing Cowpany, July 1877.

"Study of Stetion ORT Seismogrems, CRBRP," with J. G. LaBastie,

Law Engineering Testing Company, Job No. SA-679, Communiceiion
No. 200, April 1976.

"Maxey Flats Geohydrologic Investigation," Law Engineering Test-
ing Company, Job No. SA-1321, March 1976.

"Cetawba Nuclear Station, Groundwater Recovery Analysis and Flow
Rate Analysis,"” with C. E. Sems and R. E. Smith, Law Engineering
Testing Company, Job Nos. SA-1261 and CH-2450, Januery 1976.

"Feasibility and Conceptual Design FParameters for
Evaporation/Percolation Ponds, lLaw Engineering Testing Company,
Job No, SA-1280, January 1878.

"Report of Water Well Study, Proposed Graphitizing Plant,
Montgomery County, Tennessee,” with R. E. Mursch and J. J. Bel-
geri, Law Engineering Testing Company, January 1876,

"Investigation of Radionuclide Movement at the Maxey Flats Low~-
Level Nuclear Weste Disposal Site in Morehead, Kentucky," Law
Engineering Testing Company, 1975.
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"Probability Analyses by Agbabian Associates, Conference, Decem-
ber 4. 1875," with G. H. Fogle and J. G. laBastie, law Engineer-
ing Testing Cosmpany, Job No. SA-679, Communication No. 194,
December 1875.

"Construction Dewetering Design, New Javen East Shore WPAP," with
O. E. Aliff, Lew Engineering Testing Company, Job No. SA-1286,
October 19875.

"Hydrologic Assessment and Design of Percolation Ponds, Winter
Gerden, Floride," with J. H. Gould and L. H. Motz, lew Bngineer-
ing Testing Company, Job No. 0-73), 108 pp., October 1875,

"IBM-GSD Headquarters Site, Low Flow Study," with J. R. Walleace,
Law Engineering Testing Compeny, Job No. SA-8B28, October 1875.

"Review of Agiebian Associates Reports Including Assessment of
Earthquake Mutions at Clinch River Breeder Plant Site,” with J.
G. LaBastie, Law Engineering Testing Compeany, Job No. SA-678,
Communication No. 188, October 1875.

"Study to Determine Relationship of Earthquake Intensity, Return
Period end Probebility at NFRRC Site," with G. H. Fogle and C. E.
Sams, Law Engineering Testing Company, Job No. SA-BO8, October
1975.

"Groundwater,” Chapter 2.4.13 in St. Rosalie Generating Station
PSAR, lLew Engineering Testing Company, Job No. SA-770., August
1975,

Hydrologic Investigation and Seepage Analyses, Storm Water Deten-
tion Pond, Osks Mell Development, Gainesville, Florida,"” with R.
W. Frett, Lew Engineering Testing Company, Job No. SA-1276,
August 1975,

"Underdrain Failure Analysis, Ceteawbe Nuclear Station," with C.
E. Sems, law Engineering Testing Company, Job No. SA-~1261, August
1978.

"Report of Phese I Dem Safety Inspection, Hogback Dem, Llittle
Hogback Creek, Jackson County, North Carolina,” with €. H.
Gardner and C. E. Sams, law Engineering Testing Company, Job Ulo.
RA-982-B, August 1975.

"Report of Phese I Dam Safety Inspection, leke Junaleska Dam,
Richland Creek, Haywood County, North Careclina," with ¢. H.
Gerdner and C. E. Sams, law Engineering Testing Company, Job No.
RE-982~C, August 1975.



JAMES L. GRANT RESUME

Page 7

"Report of Phase 1 Dam Safety Inspection, Lake Toxaway Dam,
Toxaway River, Trensylvanie County, North Cerolina," with C. H.

Gardner and C. E. Sams, law Engineering Testing Company, Job No.
RA-9B2-E, August 1875,

"Aquifer Test No. 2, Catawbe Nuclear Station," with C. E. Sams,
Law Engineering Testing Company, Job No. SA-1261, July 1875.
"Aquifer Test No. 1, Catewba Nuclear Station," with ¢. E. Sams,
Law Engineering Testing Company, Job No. SA-1261, July 1975,
"Report of Phese 1 Dam Safety Inspection, City of Marshall Weter
Supply Dam, Madison County, North Caroline,"” with C. ®., Geardner

and C. E. Sams, law Engineering Testing Company, Job No. RA-8B2-
D, July 1975,

"Report of Phese I Dam Safety Inspection, Ravenel Dem, Highland
Falls Country Club, Cullasaja River, Macon County, North
Caroline,” with C. H. Gerdner eand C. E. Seams, law Engineering
Testing Company, Job No. RA-9B2-A, July 1975,
"Atlante Historical Society, Hydrologic Study Report,” with L. R.

Coronel, law Engineering Testing Company, Job No. SA-813, May
1975,

"Sur{«ce and Subsurface Hydrology," Chapters 3.4 and 3.5 in NFRRC
PEAR, Lew Engineering Testing Compeny, Job No. SA-BOB, May 1975.

"Preliminery Environmental Studies of the Proposed School Site,
North Carolina, Highway 226 Between Spruce Pine and Bakersville,
Mitchell County, North Carclina,"” with D. E. Henley, Llaw En-
gineering Testing Company, Job No. CH-3381, March 1975.

"Surfece Water and Groundwater Hydrology Feasibility Study,
Confidential Nuclear Fuel Reprocessing Plant Site," with W. G.

Smith, et al, Law Engineering Testing Company, Job No. SA-826,
March 197§.

"Analysis of Staged Dewatering System, Rich's Depertment Store
Area, Five Points Station - DW-10, Metropolitan Atlanta Rapid
Transit Project,"” with E. A. Cox et al, Law Engineering Testing
Company, Job No. SA-786, January 1975.

"Bear Creek Valley Site Study, Phase I1," with W, G. Smith et al,
Law Engineering Testing Company, Job No. CH-3270, December 1974.

"1974 Assessment of Georgia’'s Needs for Treetment and/or Control
of Storm Water,” with staff of Jordan, Jones and Goulding, Inc.,

Consulting Engineers, law Engineering Testing Compaay, Job No.
SA-796, July 1974,
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"Low Water Considerations end Groundwater," Chapters 2.4.1]1 and

2.4.13 ip CRBRP PSAR, Law Epngineering Testing Compeny, Job No.
SA-679, May 1874,

"Groundweter Hydrology," Appendix 2~B in Perkins Nuclear Station

PSAR, Law Engineering Testing Company, Job No. SA-703, December
1873.

"Groundwater Hydrology," Appendix 2-B
PSAR, law
18973.

in Cherokee Nuclear Station
Engineering Te'txng'COlpluy, Job No. SA-699, December

"Design of Streamflow end Sediment Monitoring Stetions for Two

Coal Mines in Arizona," lew Engineering Testing Company, 1872,

"Menual for Design of Storm Drainage Facilities,” with N. F.
Goetz end M. L. Mason, Urban Engineers, Inc., 1972.
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PUBLICATIONS:

"Design and Impact Anelysis for Diversion at Coal Creek Mine,’
with D. $§. Bowles, ¥W. E. Humphries, and A. P. O'Hayre, American

Water Resources Association, Water Resources Bulletin, February
1986.

"Geotechnical Measurement at the Maxey Flats, Kentucky Llow-level
Radioactive Waste Disposal Site~-lessons Learned,"” Proceedings of

the Symposium on Low-level Waste Disposel, Arlington, Virzinie,
June 16-17, 1982.

"Sensitivity Analysis of Seismic Hazard Studies in the Southeas-
tern United States,” with Mertin C. Chapman and Joe C. Drumhel-
ler, Proceedings for Earthquakes and Eerthquake Engineering,
Eastern United States by James E. Beavers, 188l, Ann Arbor

Science Publishers, presented at Knoxville Tennessee, September
1981.

"Chemical Migration of Radioective Materiel in Soil," with F.L.
Parker, Tutorial Session on Alternatz Fuel Cycle, 25 Annual

Meeting of the Americean Nuclear Society, Jume 5, 1878, Atleantes,
Georgia.

"A least Squeres Method for Computing Statistical Tolerance

Limits," with J. R. Wallace, Weter Resources Research, 13(5) pp.
819-823, 1977.

"Statistical Frequency Analysis by Optiwmization of Density Func~
tions to Histograms,”" Ph.D., Thesis, School of Civil Engineering,
Georgie Institute of Technology, Atleanta, Georgia, 1973.

"A Hypercircle Method for Determining the Influence Coefficients
of Thin Cylindrical Shells," M.8. Thesis, School of Mathematics,
Georgia Institute of Technology, Atlanta, Georgias, 1967.
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PRESENTATIONS:

"Sewminar on the Development of Alternate Concentration lLevels and
Accepteble Exposure Limits - RCRA Permitting," with Carlos Stern,
Dellas, Texas, September 10, 1985.

"Geologic Aspects of Hazardous Waste Management," Colorado Ground
Water Society, 1982,

"Chemical Migration of Radiosctive Material im Soil," with F.L.
Parker, Tutorial Sassion on Alternate Fuel Cycle, 25 Annual

Meeting of the American Nuclear Society, June 5, 1879, Atlenta,
Georgisa.

"Stetistical Interpretation of Waeter Quelity Data," Corps of
Engineers Seminar on Weter Quality Monitoring, May, 197B.

"Dewstering in the Piedmont,"” Raleigh Chapter, Americen Society
of Civil Engineers, Raleigh, North Carolina, 1877.
"Hydrology of the Biscayne Aquifer,"” Florida Secti/n, American
Society of Civil Engineers Annual Meeting, Miami, Florida, . 9876.

"A Least Squares Method for Cowmputing Statistical To’'erance

Limits,” Fall Annual Meeting of the American Geophysical Union,
Sen Francisco, Califormnia, 1974.

"lUydrologic Models," Georgia Section, American Society of Civil
Engineers Annual Meeting, Atlanta, Georgia, 1974,
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John Clarke Stauter
909 South Dover Drive
Edmond, OKlahoma 73034

EDUCATION: B.S. Degree - Metallurgical Engineering,
Michigan Technological University, 1966

M.S. Degree - Metallurgical Engineering,
Michigan Technological University, 1967

Ph,D, = Metallurgy (Chemical/Extractive),
University of Utah, 1970

WORK EXPERIENCE:

August, 1978 to Present: KERR-MCGEE CORPORATION / OKLAHOMA CITY, OK

10/84 « Present: Director, Environmental Affairs

5/84 - Present: Director, Nuclear Licensing and Regulation

CURRENT RESPONSIBILITIES: Direct a staff of seven protessionals
and two secretaries in assisting Corporate Staff and Operations

Division personnel in solving environmental problems and assuring
compliance,

Duties range full spectrum from hazardous and solid wastes, nuclear,
ground and surface water quality and air quality issuas,

Inform operations of new rules, comment on proposed rules, assist
operations in writing permits, negotiations with regulatory agencies
(federal, state, local), represent and support operations concerning
response to Notices of Violation, Compliance Plans and litigation.
Frovide engineering evaluation, assist in selection of consultants,
Visit all facilities and respond on-site when called upon during
emergencies or site inspections. Provide expert support to

operations to assure achievement of corporate and regulatory
objectives.

5/81 - 3/84; Senior Eknvironmental Scientist Nuclear Licensing and
Regulation and Environmental Affairs Sections in Environment and
Health Management Division Sections; Provide technical and
administrative support related to nuclear and environmental RCRA §
Superfund related issues,
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8/78 - 5/81: Senior Project Metallurgist, Technology Division;
Direct process chemistry research for mineral and environmental
control systems.

74 -~ 8/78: UOP INC, DES PLAINES, IL

Group Leader (Research): Direct fundamental and applied
development research into new mineral processing
technology areas, precious metal recovery from catalysts,

process
systems and

-

¢/70 = 7/74: CONOCO / PONCA CITY, OK

Research Scientist: Vevelop and prove processing flow
Conoco Minerals (uranium, copper, precious metals)
Coal (Fine Coal Cleaning Operations).

sheets for
and Consolidation

PERSONAL ACHIEVEMENTS:

Member, AIME - Society of Mining Engineers

Member, Alpha Sigma Mu Metallurgical Honors Fraternity, Chapter
President - Michigan Technological University.

Member Curriculum Advisory Lommittee, Department of

and Nuclear Engineering, University of New Mexico,
New Mexico.

Chemical
Albuquerque,

Guest Lecturer: Process Chemical Metallurgy Seminar,
Northwestern University, Evanston, Illinois, February, 1978,

Three published technical papers. seven presented papers

at
technical and trade society meetings.

(0) several U.S5, patents in Metallurgical and Chemical Processing
area. oome corresponding foreign patents,

PUBLICATIONS:

| Direct Electrowinning of Copper from Synthetic Leach Solutions
Utilizing SO; and Graphite Anodes - Pilot Plant Results:; G.F,.

Pace and J.(C. Stauter; The Canadian Mining and Metallurgical
Bulletin, January, 1974,
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PUBLICATIONS (CONTINUED):

Leaching of Oxide Copper Ore With Ammonium Hydrogen Sulfate:
Bench Scale Testing; J.C. Stauter and A.G. Fonseca; The
Canadian Mining and Metallurgical Bulletin; February, 1974,

The Recovery of Lead from Sulfide Concentrates Using =@
Chlorination/Brine Leach/Electrolysis Process: R.T. Um, W.K,
Tolley, and Ja+%s Stauter; Process and Fundamental
Considerations of Selected Hydrometallurgical Systems, Chapter
10, p. 109, Edited by Martin C. Kuhn, AIME Publication.

PAPERS :

i, The Electrowinning of Copper Utilizing 502 and Graphite
bElectrodes; G.F, Pace and J.C, Stauter; Presented at 75th
General Meeting of the Canadian Institute of Mining and
Metallurgy, Vancouver, B.C., Canada; April 15«18, 1973,
Direct Electrowinning of Copper From Synthetic Pregnant Leach
Solutions Utilizing SU; and Graphite Anodes =+ Pilot Plant
Results; G.F, Pace and J.C, Stauter; Presented at 3rd Meeting
of the Hydrometallurgy Group of CIM, Edmonton, Alberta, Canad
October 1-2, 1973,

Leaching of Oxide Copper Ore with Ammonium Hydrogen Sulfate -
Bench Scale Testing; J.C. Stauter and A.G. Fonseca; Presented

at the lith Annual Conference of Metallurgists - CIM; Quebec,
Canada; August 20-29, 1973,

Vat Leaching of Oxide Copper Ore; J.C. Stauter and G.F. Pace;
Presented at 76th Annual Meeting of the Canadian Institute of
Mining; Montreal, Quebec, Canada; April 21-25, 1974,

The Recovery of Lead From Sulfide Concentrates Using A
Chlorination/Brine Leach/Electrolysis Process: J.C. Stauter,
N.K. Tolley and R.T. Um; Presented at American Chemical Society
Meeting; Anaheim, California; March 16, 1978,

Radon Daughters Research and Litigation lssues; E.T. Still and
J.C., Stauter; Presented at Annual American Mining Congress
Meeting; Phoenix, Arizona; September 23-26, 1984,
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PAPERS (CONTINUED):

Ts Mining Waste Charaterization - The PEDCo Study; J.C. Stauter
and E.T. Still; Presented at the Atomic Industrial Forum
Uranium Seminar; Keystone, Colorado; October 3, 1984,

PATENTS :

Patent #3,834,533; Concentration Of Oxide Copper Ores By
Flotation Separation; September 10, 1974,

Patent #3,845,862; Concentration Of Oxide Copper Ores By
Flotation Separation; November 5, 1974,

Patent #3,919,080; Pyrite Depression In Coal Flotation By The
Addition Of Sodium Sulfite; November 11, 1975,

Patent #3,960,507; Electrolysis Process And Apparatus; June 29,
1976,

Patent #3,972,,790; Production Of Metallic Lead; August 3, 1970,

Patent ¥3,981,784; Electrolysis Process And Apparatus;
970,

, 981
September 21, 1¢

Patent #4,013,754; Static Leaching Copper Ore; March 22, 1977,

L

Patent #4,028,463; Recovery Of Manganese Values; June 1977,

Patent #4,029,734; Recovery Of Chromium Values; June 14, 1977,

Patent #4,087,340; Production Of Metallic Lead; May 2, 1978,

L |

Patent #4,124,457; Production Of Metallic Lead; November
1978,

Patent Production Of Metallic Lead; November 7
1978.

’

Patent 973 Electrolytic Production O0f Metallic Lead;
January

Patent #4,149,947; Production Of Metallic Lead; April 17, 1979,
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PATENTS (CONTINUED):

15,

16.

Patent #4,187,281; Hydrometallurgical Recovery Of Cobalt &
Nickel; February 5, 1980,

Patent #4,197,276; Recovery Of Titanium Metal Values; April 8,
1980, .

Patent #4,200,455; Hydrometallurgical Recovery Of Metal Values;
Arril 29, 1980,

Patent #4,237,104; Flue Gas Treatment For Sulfur Dioxide
Removal; December 2, 1980,

Patent #4,405,464; Process For The Removal Of Selenium

From
Aqueous Solutions; September 20, 1983,

Patent #4,519,913; Process For The Removal And Recovery Of
Selenium From Aqueous Solutions; May 28, 1985,
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John Clarke Stauter (405) 341-9374
909 South Dover Drive
Edmond, Oklahoma 73034

EDUCATION: B.S. Degree - Metallurgical Engineering,
Michigan Technological University, 1966

M.S. Degree - Metallurgical Engineering,
Michigan Technological University, 1967

Ph.D., - Metallurgy (Chemical/Extractive),
University of Utah, 1970

WORK EXPERIENCE:

August, 1978 to Present: KERR-MCGEE CORPORATION / OKLAHOMA CITY, OK

10/84 - Present: Director, Environmental Affairs

3/84 - Present: Director, Nuclear Licensing and Regulation

CURRENT xESPONSIBILITIES: Direct a staff of seven professionals
and two secretaries 1in assisting Corporate Staff and Operations

Division personnel in solving environmental problems and assuring
compliance,

Duties range full spectrum from hazardous and solid wastes, nuclear,
ground and surface water quality and air quality issues,

Inform operations of new rules, comment on proposed rules, assist
operations in writing permits, negotiations with regulatory agencies
(federal, state, local), represent and support operations concerning
response to Notices of Violation, Compliance Plans and litigation.
Provide engineering evaluation, assist in selection of consultants,.
Visit all facilities and respond on-site when called wupon during
emergencies or site inspections. Provide expert support to

operations to assure achievement of corporate and regulatory
objectives,

5/81 =~ 3/84: Senior Environmental Scientist Nuclear Licensing and
Regulation and Environmental Affairs Sections in Environment and
Health Management Division Sections; Provide technical and
administrative support related to nuclear and environmental RCRA &
Superfund related issues.
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R/78 - 5/81: Senior Prnject Metallurgist, Technology Division;
Direct process chemistry research for mineral and environmental
control systems,

7/74 - 8/78: UQP INC. / DES PLAINES, IL

Group Leader (Research): Direct tundamental and applied process
development researcn into new mineral processing systems and
technology areas, precious metal recovery from catalysts,

¢/70 = 7/74: CONOCO / PONCA CITY, OK

Research Scientist: Develop and prove processing flow sheets for
Conoco Minerals (uranium, copper, grecious metals) and Consolidation
Coal (Fine Coal Cleaning Operations).

PERSONAL ACHIEVEMENTS:

(1) Member, AIME - Society of Mining Engineers

(2) Member, Alpha Sigma Mu Metallurgical Honors Fraternity, Chapter
President - Michigan Technological University,

(3) Member Curriculum Advisory Cc:.ittee, Department of Cnemical
and Nuclear Engineering, University of New Mexico, Albuquerque,
New Mexico.

(4) Guest Lecturer: Process Chemical Metal lurgy Seminar,
Northwestern University, Evanston, Illinois, February, 1978,

(5) Three published technical papers. Seven presented papers at
technical and trade society meetings.

(6) Several U.S., patents in Metallurgical and Chemical Processing
area. Some corresponding foreign patents.

PUBLICATIONS:

1, Direct Electrowinning of Copper from Synthetic Leach Solutions
Utilizing SO, and Graphite Anodes - Pilot Plant Results; G.F,
Pace and J.C., Stauter; The Canadian Mining and Metalluryical
Bulletin, January, 1974,
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PUBLICATIONS (CONTINUED):
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PAPERS

1.

Leaching of Oxide Copper Ore With Ammonium Hydrogen Sulfate:
Bench Scale Testing; J.C. Stauter and A.G. Fonseca; The
Canadian Mining and Metallurgical Bulletin; February, 1974,

The Recovery of Lead from Sulfide Concentrates Jsing a
Chlorination/Brine Leach/Electrolysis Process; K.T. Jm, W.K,
Tolley, and Jd.+6 Stauter,; Process and Fundamental
Considerations of Selected Hydrometallurgical Systems, Chapter
10, p. 109, Edited by Martin C. Kuhn, AIME Publication.

.
.

The Electrowinning of Copper Utilizing 302 and Graphite
Electrodes; G.F. Pace and J.C. Stauter; Presented at 75th
General Meeting of the Canadian Institute of Mining and
Metallurgy, Vancouver, B.C., Canada; April 15-18, 1973,

Direct Electrowinning of Copper From Synthetic Pregnant Leach
Solutions Utilizing SO; and Graphite Anodes - Pilot Pioat
Results; G.F, Pace and J.C., Stauter; Presented at 3rd Meeving

of the Hydrometallurgy Group of CIM, Edmonton, Alberta, Canada;
October 1-2, 1973,

Leaching of Oxide Copper Ore with Ammonium Hydrogen Sulfate -
Bench Scale Testing; J.C. Stauter and A.G. Fonseca; Presented

at the 12th Annual Conference of Metallurgists = CIM; Quebec,
Canada; August 26-29, 1973,

Vat Leaching of Oxide Copper Ore; J.C. Stauter and G.F. Pace;
Presented at 76th Annual Meeting of the Canadian Institute of
Mining; Montreal, Quebec, Canada; April 21-25, 1974,

The Recovery of Lead From Sulfide Concentrates Using A
Chlorination/Brine Leach/Electrolysis Process; J.C. Stauter,
W.K. Tolley and R.T. Um; Presented at American Chemical Society
Meeting; Anaheim, California; March 16, 1978,

Radorn Daughters Research and Litigation Issues; E.T. Still and
J.C. Stauter; Presented at Annual American Mining Congress
Meeting; Phoenix, Arizona; September 23-26, 1984,
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PAPERS (CONTINUED):

8 t‘ining Waste Charaterization - The PEDCo Study; J.C. Stauter
and E.T. Still; Presented at the Atomic Industrial Forum
Uranium Seminar; Keystone, Colorado; October 3, 1984,

PATENTS:

: Patent #3,834,533; Concentration Of Oxide Copper Ores By
Flotation Separation; September 10, 1974,

P Patent #3,845,862; Concentration Of Oxide Copper Ores By
Flotation Separation; November 5, 1974,

3. Patent #3,919,080; Pyrite Depression In Coal Flotation By The
Addition Of Sodium Sulfite; November 11, 1975,

4, Patent #3,960,5607; Electrolysic Process And Apparatus; June 29,
1976,
5., Patent #3,972,,79C; Production Of Metallic Lead; August 3, 1970,

6. Patent 43,981,784, Electrolysis Prccess And Apparatus;
September 21, 1976,

N Patent #4,013,754; Static Leaching Copper Ore; March 22, 1977,
8. Patent #4,028,463; Recovery Of Manganese Values; June 7, 1977,
9 Patent #4,029,734; Recovery Of Chromium Values; June 14, 1977,
10, Patent #4,087,340; Production Of Metallic Lead; May 2, 1978,

13 Patent #4,124,457; Production Of Metallic Lead; November 7,
1978,

18 Patent #4,124,461; Production Of Metallic Lead; November 7,
1978,

13, Patent #4,135,997; Electrolytic Production Of Metallic Lead:
January 23, 1979,

14, Patent #4,149,947; Production Of Metallic Lead; April 17, 1979,
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16.

%

18,

19,

20,

Patent #4,187,281; Hydrometallurgical Recovery Of Cobalt &
Nickel; February 5, 1980,

Patent #4,197,276; Recovery Of Titanium Metal Values; April 8,
1980,

Patent #4,200,455; Hydrometallurgical Recovery Of Metal Values;
April 29, 1980,

Patent #4,237,104; Flue Gas Treatment For Sulfur Dioxide
Removal; Decembe. 2, 1980.

Patent #4,405,464; Process For The Removal Of Selenium Fronm
Aqueous Solutions; Septumber 20, 1983,

Patent #4,519,913; Process For The Removal And Recovery Of
Selenium From Aqueous Solutions; May 28, 1985,
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TABLE 2-31

SUMMARY OF

HEAVY-METALS LEACHATE CONCENTRATIONS

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

Tailings : : . - 0.3924

Un-neutralized:

0.00044

0.00057

0.1543

0.1779

Missing velues estimated from metal/lead retic in un-neutralized teiling and sludge
snalyses from Stabilization Plan




TABLE 2-35

SLUDGE AND TAILINGS LEACHATE TEST RESULTS

Material Th232  Th230  Th228  Ra226 Ra224 U
(pCi/1) (pCi/1) (pCi/l) (pCi/l)  (pCi/l)  (mg/l1)

Un~neutraliized:

Tailings 71 12 284 6.7 263 27

Sludge 435 71 2996 7«3 40.6 46
Neutralized:

Tailings 0.045 0.06 1.37

Sludge 0.091 0.06 0.65 1 1.74

LEACHATE FACTORS

Material Th232 Th230 Th228 Ra226 Ra224 U

(conver.) (ratio) (ratio) (conver.) (ratio) (conver.)

-~ -~~~

Un=-neutralized:
Tailings 0.052329 0.169014 4.000000 0.008175 39.253731 0.435483
Sludge 0.101360 0.163218 6.887356 0.003646 5.561644 0.060288
Average 0.07684% 0.166116 5.443678 0,005911 22.407688 0.247886
Neutralized:
Tailings 0.000630 0.005000 0.004800
Sludge 0.002090 0.000850 0.000220
Average 0.001360 0.002925 0.002510
Leachate = Un-neutralized leachate concentration (pCi/1l)
Factor = sescccscccscc s s ssr e n s e —————

Total Concentration (pCi/g)



TABLE 2-36

SUMMARY OF

HEAVY-METALS LEACHATE CONCENTRATIONS

(mg/l) (mg/l) (mg/l) (mg/1) (mg/l) (mg/ 1) (mg/l) (mg/l) (mg/Ll) (mg/L) (mg/L) (mg/\,

Teilings < 0.001 ). ‘ 0.0020 0.0130 0.0030 0.0070

S ludge < 0.001 ‘ : 0.006 0.006 0.006 0.002

Un-neutral ized:

Tailings

§ludge

0.0006 0.1973

0.0005 0.127¢

* Misgsing values estimated from metal/lead ratio in unneutralized tailing end sludge

analyses from Stabilization Plan

Note: Neutrglized tests taken from the Site Stabilizetion Plan
Un-neutralized data taken from Volume VIill of the Engineering Report




img/L) (mg/\)

Average

Neutralized:

Tailings

S luage

Average

Values Used in Analyses:

TABLE 2-37

SUMMARY OF

LIGHT METAL AND ANION LEACHATE ANALYSES

(mg/1)

(mg/ L)

(mg/ L)

(mg/L)

(mg/ )

(mg/L)
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Appendix S
The effect of retardation can be estimated by
congidering the movement of various chemical constituents
through th2? two-foot thick clay liner that will form the
bottom of the waste disposal cell. Retardation of anions and
cations due to adsorption is a well-known phenomenon. The
retardation factor is defined by the following expression:

Ra SRR SR pKd

n
Where Rd is the retardation factor, p is the bulk density
of the clay, K, is the distribution coefficient, and n is
the porosity.l/ When the retardation factor is multiplied by
the travel time for ground water flow through the clay liner,
the result is the travel time for the solute front.

The bulk density of the compacted clay to be used in
the clay liner is about 1.64 gm/cm’, and the porosity 1is

0.38. The retardation factor for the clay liner is thus:

or
R = 1 + 4.,32K
8 é

The rate of movement of water through the clay liner

is controlled by the rate of leakage of water through the

1/ R. Freez:, J.A. Cherry, Groundwater 404 (1979).

R




cover. With a probable infiltration rate of 0.1 inch (0.25
cm) per year and an effective porosity of 0.06, the rate of
movement of water through the liner is 4.17 cm/year. At this

rate it would take 14.6 years for a drop of water to pass

through the 60.9 cm thick clay liner.

The SFES includes estimates of Kd for a number

of compounds. These range from 3 for some mobile metals, to
100 for radium. With a distribution coefficient of 3, the
retardation factor is 13.96. These mobile compounds would
thus require 204 years to pass through the clay liner. The
retardation factor for radium is 433 and it would thus take
6,321 years for the radium to pass through the clay liner.
Similarly, the retardation factor for uranium is 217 and it
would thus take 3,168 years for uranium to pass through the
liner.

The same approach may be used to assess the NRC's
results. With a recharge rate of 3 em/yr -~ the NRC's
conservative assumption of infiltration -- the rate of
movement of ground water through the clay liner is 50 cm/year.
It would thus require roughly 1.2 years for water to pass
through the liner. If the retardation factor is applied, it
would require about 520 years for radium to pass through the
liner, and about 260 years for uranium to pass through the
liner. This simple calculation is consistent with the NRC's
estimate that the peak concentration of radium will be seen at

the site boundary in 860 years and of uranium in 430 years.




Appendix 6

There are only four wells in the Pleistocene sand
and gravel aquifer within a three kilometer radius of the site
and they are all at least 1200 meters away. They are used for
private, presumably domestic purposes. The effects of
withdrawals from these wells on groundwater flow at the site
can be shown to be neglible.

Water use for domestic purposes is typically about
50 gallons per day per capita. To be conservative, a domestic
well can be conservatively assumed to pump roughly 500 gallons
per day (100 gallons per capita per day for a 5-person house-
hold) for domestic use. If the well is also used to water a
lawn for three hours a day at a rate of 5 gallons per minute,
which is about the maximum output of a domestic well, the
additional usage is about %00 gallons per day. The maximum
water usage from the well is thus roughly 1,400 gallons per
day, or about 1 gallon per minute.

The radius of influence of a well in a water table
aquifer can be estimated by the determining the surface area
that is needed to supply sufficient recharge from precipita-
tion to replenish the water capturedé by the cone of depression

of the well. If all four wells in the Pleistocene sand-and-

gravel aquifer use water at a rate of 1400 gallons per day

during a five-month growing season and at a rate of 500
gallons per day for the remaining seven months of the year,

the total water withdrawal from the Pleistocene sand-and-




gravel aquifer would be 1.288 x 10° gallons per year

(1.722 x 10° cubic feet per year). With a recharge rate

of 3.7 inches per year (0.308 feet per year), a total surface
area of 5.59 x 10° square feet of land area would be

needed for recharge. 1If all four wells were lccated at the
same spot, the area of influence would only extend a radial
distance of 422 feet away from the wells. Because the
closest well is at least 4,000 feet from the site, these wells
can have no influence on the hydrodynamics of ground water
flow at the site. Moreover, it is very unlikely that the
number of domestic wells in the glacial aguifer will increase
in the future because this unit is not used for municipal or

industrial wells.



Appendix 7

Equation E.2 in the SFES can be derived in a
straightforward manner from first principles. Assume that
water is moving vertically downward through a multilayer

system. The velocity with which the water moves through the
s th

57 layer is given by:l/

v, - B g (1)
nA nj

Where Q is the discharge rate or volumetric flux, A is

cross-sectional area of flow, g is the specific discharge or

Darcian velocity, and n, is the effective or connected

porosity.

Dissolved materials which react chemically or
physically with the scil matrix may not move as rapidly as the
water., The difference between the rate of movement of a
solute and rate of movement of the water in which it is
dissolved is called the retardation factor. The retardation

factor for the ji'" layer is defined (Freeze and Cherry,

page 404) as:

or, equivalently,

5 4 R.A. Freeze, J.A. Cherry, Groundwater 71 (1979).
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where Vs is the average velocity with which a dissolved
substance travels through the layer j. The time for the
contaminant to travel through the j‘h layer is therefore
readily given:

de = Lj/vdj = L)Rdj/vj = LR

n./qQ

- e (3)

When 'rdj is the time for the contaminant to move through

the j*" layer and L, is the thickness of the g

layer. Under steady-state infiltration conditions, q, is

equal to the infiltration rate (I).

For the sites evaluated by the NRC, the water table
is close to the ground and the climate is relatively humid.
In such cases, the moisture content of the material in the
unsaturated zone below a disposal cell will be nearly equal to
or greater than the field capacity of the soil. Thus, in the
unsaturated zone, the effective porosity in eqguation (3) can
be approximated by the effective moisture content of the soil
(eﬁ), which is the percentage of the moisture that can

readily move in the unsaturated zone.z/ This is a

2/ Corey, A. T., "Mechanices of Hetrogeneous Fluids in Porous

Media", wWater Resources Publication, Fort Collins, Colorado,
(1977).
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conservative renlacement because O"j is always smaller

than the effective porosity n,e

Substituting for q, and N eqguation (3) may be

written as

To; = LjR“Oz.j/I

The total travel time through a series of scil layers is

therefore
n n
Te = jz.;rdi = 2;:.20”!!“/1

This is Equation E.2 in the SFES.
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