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SOIL ATTENUATION STUDY
EXXON-CRANDON PROJECT

EXECUTIVE SUMMARY

Exxon Minerals Company (Exxon) is planning to mine zinc, copper, and
lead bearing sulfide minerals near Crandon in northeast Wiscomsin. Por-
tions of the mine waste materials will be disposed in a mine waste dis-
posal facility (MWDF). Exxon has selectec the area designated as Area
41, located east and southeast of the mine/mill site, as the primary
candidate area for the MWDF site. Extensive studies (Golder, 1980) have
identified Area 41 as possessing the best combination of characteristics
to prevent and mitigate potentially adverse effects to the existing

environment while meeting waste disposal design requirements.

The proposed mine/mill facility will generate three general solid waste
types including ore tzilings, backfill sands, and wastewater treatment

sludge. The coarse size fraction of the tailings (backfill sands) will
be used to £ill in underground mined-out areas. The ore tailings.will
have & high sulfide content and, considered in conjunction with their

fine particle size, will have z potential for acid leachate generation.
The process wastewater sludge is expected to contain free lime and have

a high acid-neutralization capacity.

Current plans indicate that the MWDF will be comstructed in stages and
will eventually cover severzl hundred hectares. Xey components of the
proposed MWDF design relative to the soil attenuation study are depicted
in Figure EX-1 and include:
e Pond embankments will be constructed using MWDF
site glaciazl till soils and lined with modified

glacial till which may have bentonite clay
additions to further reduce seepage.

¢ An underdrain system will be installed to reduce
pond seepage.
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EX-3

e Pond bottoms will be located about 12 to 15
meters above the ground water surface to enhance
soil ettenuation of potential seepage chemical
species in the unsaturated zone.

¢ Once & pond is filled to capacity with tailings,
a cap will be placed on its surface to reduce
precipitation infiltration into the pond.

The objective of this study was to determine the chemical attenuation

jo]

characteristics of & potentizl liner material and underlying soils of
MWDF site Area &41. Varying seepage pE conditions were considered for
those chemical pearameters with the highest potentiel to be present at
the Crandon MWDF site. This study azlso meets the requirements of the

Wisconsin Administrative Code, NR 182.075.

The results of the attenuation study were evaluated relative to the
present or anticipated concditions of the Crandon site to predict the
behavior and potentizl migration of chemiczl parameters from the MWDF.
The study scope did not include precicting the hydrological impacts of
the MWDF. However, the results of the study provide the necessary
chemicel attentuation data to perform a hvdrological/geochemical impact

studyv.

The study scope included:

e Generation of soil composites and soil liner
admixture representative of MWDF site soil
conditionms.

e Characterization of the composite and liner test
samples.

s Generation of synthetic (spiked) tailings leach-
ates to encompass the widest range of possible
leachate quality that could be related to MWDF
operations.

e Determination of attenuation characteristics for
the test samples to chemical parameters of the
leachates.



To evalueate the chemicel attenuation characteristics of the MWDF site
soils and MWDF liner for the chemical parameters of interest, both batch
and column test retardetion factors (Rd) were determined., Retardation
factors are used in mass tfansport models to determine the velocity of
chemiczl solutes (speci2s) of interest relative to the advancing ground

water front. The retardation factor for a particular solute is defined

average lineer grounc water velocity
solute migretion velocity

[a N

where Rd is a dimensionless ratio and the sorption isotherm is assumed
to be linear.

When Rd = 1, the solute of interest migrates at the same velocity as

b

that of the advancing seepage front. As the solute is more strongly in-

h
}—

uenced bv sorption phenomena, its velocity diminishes and Ry becomes
greater than 1. Therefore, if a solute has an R; = 100, its migration

velocity is 100 times less than the seepzage front.

Two major stratigraphic units have been identified as potential leachate
migration routes from the MWDF site Area &41: z poorly sorted glacial
till and a coarse-grained stratified drift (Figure EX-1). The glacial
till has &z typical saturated permeability of 10_7 meters per second and
directly underlies the MWDF. Most vertical migration of leachate from
the MWDF is expected to occur in this unit, as it is largely above the
ground water table. The stratified drift has a saturated permeability
of 1074 to 107 meters per second and typically underlies the glacial
till. ZLaterzl migration of potentizl leachates from the MWDF will occur
in this saturated zonme. Typically, a less permeable fine-grain strat-
ified drift also underlies the coarse-grain stratified drift but is not

expected to be an important leachate migration route.

Because of the heterogenity of each stratigraphic unit, composite sampl-

es were created to better represent their overall physical and chemical




cheracteristics. 1In addition to these two composite samples, & repre-
sentative liner materizl as might be considered for the MWDF (z four
percent bentonite/glacial till admixture) was also tested in this

attenuation study.

The grain-size distribution of the test samples reflects the geologic

origin of the mate

la}

iezls and their relative ebility to transmit seepage.
The glaciel till composite and the bentonite/till admixture exhidbit a

icle sizes. The well-graded
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nature of the materizl indicates the permeebility should be moderate to
low. 1In contrast, the stratified drift composite reflects the glacio-
fluvial origin of the material. Over 80 percent of the drift is fine

and medium sand eas & result of water sorting of materials.

The gleciel till composite, stratified drift composite, and bentonite/

dmixture &ll contain predominantly quartz znd feldspar, with clay
ninerels comprising less than 15 percent of the samples. The dominant
cerbonete mineral present in the samples is dolomite. The dominant clay
minerals in the samplés include kaolinite, mica/illite, chlorite, mixed
layer clays, and smectites. The mixed layer clays are an irregularly,
interstratified two-component mixture of chlorite and vermiculite.
Quertz and feldspar also constitute more than 50 percent of the clay-
size fraction of these samples. The reaction pE for 211 semples is
strongly alkezline ranging from 8.75 to 9.80. Neutralization cépacities
of the samples are moderate to high and range from 0.7 to 2.3 percent

calcium carbonate equivalent.

The MWDF leachates will likely be alkaline with a pH ranging between
10.5 and 7.0. The zir oxidation of thicsalts generated during flotation
in the mill could cause the tailings pond waters to decrease to a pH of
7.0, even with the planned excess lime addition. Therefore, 9 and 6
were chosen as representative leachate pH conditions to study soil chem-~

ical attenuation characteristics for the anticipated MWDF site scil

environment. However, if excessive sulfide-minerzl oxidation should



occur, the pH of the teailings leachate may decrease. To study an ex-— L

v

treme case, a pH 3 leacheate was also chosen to examine soil attenuation

characteristics. Therefore, both the anticipated and possible "worst-
case” leachate pH and chemistry range in the MWDF were included in the

attenuation study.

Synthetic leachates were prepared by spiking leachates generated from a
constant pH 2 modified ASTM (1981) 1:4 leachate of the Crandon Pilot
Mill teilings. The leachates were also spiked to simulate mill reagents
or increase solute levels to significantly zbove analyticel detection
limits to aid in their analytical determination for this attenuation

study.

Generalized results of the attenuation testing are presented in Table
EX.1. This table of relative mobility for leachate chemical consti-
tuents represents the combined results of the bulk and column

attenuation testing, which were in agreement.

-3

he attenuation test results can be used to estimate field hydraulic
seepage rates and concentration of various chemical parameters with time
for the anticipated field soil conditions. The accuracy of the estimate
is influenced by the test limitations and assumptions. However, the

£

test results provide sufficient information to estimate the time

variability of seepage quality.

Based upon.the anticipated field soil conditions discussed in Chapter
4.0, Table EX.2 shows the approximate time for chemical parameters with
known retardation factors to migrate through the various individual and
combined socil units to half their source concentration. As can be seen
from this table, any chemical parameter with a retardation factor of
five or zbove will require about 950 years or more for its concentration
zt the 366 meter (1,200 foot) compliance boundary to equal half of its
source concentration. Even if 2 chemicel parameter has a retardation

factor of 1.0, no chemical attenuation, it still will require 188 years



PARAMETER

TABLE EX.1

CENERAL MOBILITY OF

LEACHATE pH

LEACHATE CONSTITUENTS (D)

pH 3

pH 6

pH ¢

(2)

Filterable Residue
Chloride
Fluoride

Nitrate-Nitrogen

Sulfate

Total Sulfur

Very Mobile
Very Mobile
Solubility Contrelled
Mobile
Very Mobile

Very Mobile

Very Mobile
Very Mobile
Solubility Controlled
Mobile
Verv Mobile

Very Mobile

Verv Mobile
Very Mobile
Solubility Controlled
Mobile
Very Mobile

Very Mobile

Cvanide Slightly Mobile Solubility Controlled Slightly Mobile
Arsenic Slightly Mobile Slighély Mobile Immobile
Barium Solubility Controlled Solubility Controlled Solubility Controlled
Cadmium Mobile Immobile Immobile
Chromium Siightly Mobile Solubility Centrolled Irmmobile
Copper Mobile Slightly Mobile Immobile

Iron Mobile Mobile te Slightly Mobile Solubility Controlled
Lead Slightly Mobile Solubility Controlled Solubility Controlled
Mzanganese Very Mobile Very Mobile Imnobile.
Mercury Slightly Mobile Sclubility Controlled’ Immobile
Selenium Solubility Controlled Slightly Mobile Slightly Mobile
Silver Solubility Controlled Slightly Mobile Slightly Mobile to Immobile
Zinc Mobile Slightly Mobile Immobile
(I)Very mobile - moves at same velocity as water seepage front (Ry; = 1)

Mobile - Rd<10

Slightly mobile - R4>10, <100

Immobile - Rd>100

Soiubility controlled - chemiczl parameters in
detection; thus is not

(2)z

Filterable residue

total dissolved solids.

svnthetic-spiked leachate at or below analvtical
z measure of soll attenuation characteristics.



TABLE EX.2 \ PR

PPROXIMATE MIGRATION TIME FOR CHEMICAL PARAMETERS c
AS RELATED TO SOIL ATTENUATION LT

v E ST A = (1
CEMICAL PARAMETER YEARS TO REACH C/CO 0.5

T TI

RE ;%D%)R ON anrL TO: \IDE GLE?ISA'EL OTFILL COMPI II\.I LAE;Z Bogg’g ARY lTOODCOOpr ffg;r

a ER DRIFT BOUNDARY

1 4 134 50 188

5 20 669 250 940

10 39 1,338 500 1,880

25 98 3,345 1,250 4,700

50 185 6,690 2,500 9,400

100 390 13,380 5,000 18,800

---‘ﬁ--

l(l>Approximate vears to reach helf concentration of source for probable MWDF site
so0il conditions, as presented in Chapter 4.0. Calculation assumes fully saturat-
ed conditions and & constant source concentration above each soil unit; i.e.

csoil units are not connected. Calculation ignores dilution, dispersion, and
variation in source concentration. Therefore, values shown are considered to be
more conservative than expected for the design conditions of the probable MWDF
site operations.

(2)366 meters (1,200 feet).



or its concentration to increase to one half of its source value. For
2lkaline leachates nearly all of the heavy metals have retardation fac-
tors greater than 10, manyv either greater than 100 or are so insoluble

as to be analvtically undetected. These czlculzations conservatively

}—

n
assumed fully saturated conditions in all units. Additionally, the

.

on and dispersion and

-

calculetion zlso ignored the effects of dilu

ot

possible variation in the source concentration or seepage flow rates

during operationel and postoperational conditionms.

Estimates of how pH will change with time in various soil units were
based on the column attenuation test results. For instance, for a pH 3
MWDF leachate, the number of vears for the soil unit's seepage pH to de-
crease from normal background (approximately pH 8 to pE 7) to pH 5 for

the anticipated field conditions is summarized as follows:

FIELD TIME
SOIL UNIT (years)
Four percent bentonite/ 30
till admixture liner
Glacial till 223 to 910
Stratified drift 255

The above analysis of the attenuation data, along with potential dilu-
tion and dispersion calculations, can be used to identify the parameters
where further analyvses are not required to perform a hydrological impact
study. The selection of the final parameters for use in any impact
study must, however, also consider their potentizl source concentration
variation over time, i.e., will the concentration diminish, remain

constant, or increase over time.

The significance of this leachate-soil attenuation program for the MWDF
siting, construction, and operations can be briefly summarized as

follows:



EX-10

Most of the chemicel attenuation of any MWDF
seepage occurs in the glacial till as a result of
the permeability and thickness of this strati-
raphic unit (Teble EX.2). 4lso, the glacizl
till tvpicelly has higher retardation factors
than the stratified drift (Chapter 3). A MWDF
with the greatest thickness of till beneath the
tailing pond heas the greatest attenuative
potential.

The mobilitv of chemical parameters decreases
with increasing pH of MWDF leachate. Thus, the
pE of the tailing pond should be meintained in
the zlkaline range.

U.S. EPA primary drinking water standard elements
in zlkaline MWDF leachate are tvpically very
effectively chemically attenuated by glacial

till. Chemical parameters such as sulfate or
filt rable residue (total dissolved solids) on
the U.S. EPA secondary drinking water standards
list exnibit little chemicel attenuation, Ry
<2.0, thus these parameters depend upon mechan-

ical attenuation, dilution, and dispersion for
control. A MWDF design that reduces seepage rate
during operation (underdrzin) and during postre-
clamation (tailing cover) will zlso minimize, by
chemical and mechanical attenuation, potential
impacts at the 366 meters (1,200 feet) compliance
boundary.

Selection of chemical parameters for any monitor-
ing progrem for pre, post, and operational phase
of the MWDF would benefit by designating which
chemical species zre likely to be mobile or
immobile.




1-1
1.0 INTRODUCTION

-
=~

Exxon Minerals Company (Exxon) reteined D'Appolonia Consulting Engi-

neers, Inc. (D'Appolonia), to perform az soil attenuation studv for the

~

preferred MWDF zrea. The objectives of this study were to:

e Determine the chemical attenuation character—
istics of & potential MWDF liner material and
underlving soils for varying seepage pH condi-
tions and those chemicezl parameters with the
highest potentizl to effect the existing ground
water quality.

e Evaluate the chemical attenuetion data relative
to the present or anticipated conditions of the
Crandon Project MWDF.

e Supply the necessary attenuation datza for the
evzluation of any hydrological/geochemical impact
study of the MWDF.

ot

The study scope did not include evaluating the potential hydrological

(&N
t

¢

mpacts of the MWDF. However, the results of the study do aid the.
selection of cseepage chemical parameters for possible future computer

simulation studies.

This study was limited to & laboratory investigation. To accomplish the

project objectives, the following tasks were performed:

e Review of previous Crandon Project reports for
their relevancy to the design of the study and
evaluation of the study results.

e Selection of samples from four borings penetrat-
ing the major stratigraphic units potentizlly
affected by MWDF seepage for physical and
chemical index testing. Results of the index
testing were used to generate soil composites
which represent MWDF site conditions for further
analyses and subsequent laboratory attenuation
studies.

e Generation of z bentonite/till admixture,
approximating a potentiel liner material for the
MWDF.



e Generation of svnthetic tailing leachates at
three test pH's (3, 6, and 9) to encompass the
range of possible leachate quality within the

MWDF.

e Determination of constant pH bztch retardation
factors (Ry's) for selected wmetals at pH 3, 6,
and 9.

¢ Determination of soil column attenuation char-
acteristics for the tailing leachates and their
effect on the permeadbility of the compacted soil
columns.

¢ Determination of the acid neutralizetion capacity
and distribution of carbonate minerazls in the
soils beneath and surrounding the MWDF site Area
41,

¢ Eveluation of the laboratory results relative to
the phvsical and geochemical environment of the
Crendon MWDF site Area 4&1.

In addition to the above techniczl tasks, & Quality Control Program was
established for this project to insure the correctness of the work con-
ducted. The Quality Control Program used in this study is discussed in

Appendix A.

The remaining chapters and appendices of this report describe the study
MWDF site soil characteristics and laboratory and analytical methods,
results, and conclusions specific to the study objectives discussed

above.
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provides the background iznformation on the Crandon Project

site areez used in formuleting the assumptions and conditions used in the

design of the laboratory attenuation studies and the evaluation of the

study results. The Craandon Project site arez is located in the Northern

Highlends region of northeastern Wisconsin iz Forest County. This area
i

ized bv gleciel landforms of moderate relief consisting of

)

T
rolling hills and intervening valleys. Generally, Precambrian bedrock

r

containing the ore deposit is overlain by as mch as 90 meters of gla-
ciel deposits. The resulti:g surface water drainage system consists of
lowland &nd upland wetland areas, and several lakes and streams. The
region is sparsely populated and contains extensive deciduous forest
stands. As shown in Figure 2-1, the ore deposit occupies portions of
incoln townships

both Nashville azd while the mine support and mill

Hh

facilities are expected to be located in Lincola Township. The pre-
ferred MWDF Aree 41 is loceted east eand southeast of the ore body and

occupies portions of Lincoln and Nashville townships.

Section 2.1 of this chapter provides a description of the existing site
area environment; specifically, site geology and ground water hyvdrology
Section 2.2 provides & spatial and conceptual layout of a MWDF operation

and description of the waste characteristics.
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SITE ENVIRONMENT

2.1.1 Site Geology

The Crandon Project site arez consists of Precambrian metavolcanic tuff
bedrock overlain by as much as 90 meters of glacial depcsits. The bed-
rock is a southern extension of the Canadian Shield and within the proj-
ect area has an irregular surface. Regionally, the bedrock surface
trends downward to the southeast and east at approximately 1.3 to 2

meters per kilometer (Golder, 1981b).
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Glacial deposits at the site arez consist principally of soil or sedi-

ment materizls deposited during the Wisconsin stage of the Pleistocene
Epoch. The Wisconsin stage represents the most recent of <he major ice
edvances during the Pleistocene and began about 75,000 vears ago. The

bulk of surficizl materiel in

t

he site area is most likelv the result of
the Woodfordian substage lasting from abovt 22,000 to 12,500 vears ago.
During this period, ice from the Green Bav Lobe advanced from the south-
east and ice from the Langlade Lobe flowed from the northesst. These
lce advences met in northeastern Wisconsin, resulting in complex inter-

fingering and overlapping of materizls (Dames and Moore, 198la).

The glacial stratigraphy of the MWDF site is complex but can be
characterized by three general units as shown in Figures 2-2 and 2-3.

Glaciel till/fine-grained stratified drift tyvpically overlies the bed-
rock surface and is in turn overlazin by coarse-grained stratified drift
and 2 finer-grained unit of glacial till. As discussed later, most

lateral ground water flow from beneath the MWDF site zrea occurs in the

coarse-grained stratified drift. Additioneally, the glacial till/fine-

th
[N
o

t
rezined strati ¢ drift underlving the coarse-grained stratified drift
has a permeability of two to three orders of magnitude lower than the
coarse-grained stratified drift (Golder, 1982b). Therefore, the lower
glaciel till/fine-grained stratified drift is essentially a hvdrological
barrier and this unit and the lower bedrock will not be discussed

further.

Thicknesses of the upper glacial till and coarse-grained stratified
drift (hereafter termed stratified drift) units vary considerably across
the site arez, ranging from only 2 few meters to tens of meters but are
typicall§ on the order of 20 to 40 meters for each unit (Figure 2-4).
Discontinuous lenses of lacustrine znd glaciofluvial deposits occur
principally within and below the stratified drift unit and at the gla-
cial till/stratified drift interface. Surface lacustrine deposits are

also present predominantly surrounding and beneath present-dav lakes and
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wetlands. More detailed characterization of site arez glacial strati-
graphy has been discussed in reports prepared by Dames and Moore (198lz)
and Golder (1882b).

N

The glaciel till materiels generally consist of a poorly sorted hetero-
geneous mix cof silt, sand, gravel, cobbles and boulders, and traces of
clay. They are clessified as sand-silt mixtures, are predominantly

nenplastic, and possess variable permezbilities due to variation in the

Stratified drift materials in the MWDF site area consist predominantlv
P )

(e}
Hh
k)
12
[

l-sorted sand, with some gravel and a low percentzge of fine
particles. These materials are present to depths of 30 to 65 meters
41

e and represent the principal aguifer through

>
)]

under MWDF site

wnich most lateral ground water flow occurs.

2.1.2 Ground

3

‘ater Hvdrology

On a2 regional and site-specific basis, the glacizl deposits overlvine
o & b by (=]

rt

he Precambrian bedrock contain the principal agquifers. The glacial
deposits tvpiceally consist of permeable sands, gravels, cobbles, and
boulders with variable but small amounts of clay, while the bedrock is

generally of low or very low permeability.

In the Crandon Project site zrea, ground water occurs under both uncon-
fined and confined or semiconfined conditions. Confined or semiconfined
conditions exist due to the contrasting permeability between the glacial

till and stratified drift deposits. Locally, perched aquifers of

}—

imited areal extent occur zbove the main ground water tzble.

Configuration of the potentiometric surface or ground water table is, in

general, a subdued reflection of the surface topography. The potentio-
1

metric surface tends to be higher beneath the upland areas, including

MWDF site Area 41, and is present at or close to ground surface in the
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lowland areas. Upland lak

()
1]
n

-

generally above the potentiometric sur- o T

face, suggesting that these lzkes function as ground water recharge L

2rees. In contrast, many low-lving lekes receive ground water discharge

from the surrounding area.

Ground water flow is outward from MWDF site Area 41. CGround water flow

within the stratified drift tends to be meinly horizontel. The hvdrau-
lic gradient in the stratified drift is in the range of 0.002 to 0.006

(Golder, 1982Db).

The permeability of the glacial till and stratified drift units has been
estimated by severzl field znd leboratory investigations (Golder,

v is on the order of 10—6 to

1682b). Generally, saturated permeability
1077 meters per second in the glacial till and 107% to 1072 meters per

second in the stratified drift.
Domestic water well vields in the site area were compiled in & well sur-
vev (Dames and Moore, 1982). VYields range from 0.032 to 0.063 cubic

meter per secon¢ in the stratified drift.

Appendix B of this report lists sources of additional information on

5

WDF site conditions.

2.2 CONCEPTUAL MINE WASTE DISPOSAL FACILITY OPERATIONS

Exxon has selected the site area designated as Areaz 41 (Figure 2-1),
located east and southeast of the mine/mill 'site, as the primary can-
didate site for the MWDF. Extensive siting studies (Golder, 1980) have
identified Arez 41 as possessing the best combination of characteristics
to mitigate potential impacts to the existing environment while meeting
MWDF design requirements.

2.2.1 Mine Waste Material Properties

The general waste types to be disposed at the MWDF include ore tzilings,

backfill sands, and wastewater treatment sludge. The fine fraction of
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the ore tailine materielis will be less than ebout 30 microns in effec-

g
tive diameter (i.e., silt and clay size), while the coarse size fraction
that will be backfilled consists of sand-size materizls. Coarse waste
rock from the wmine mayv also be placed in the disposal erea. The ore

tailing will heave 2 high sulfide content and, considered in conjuncticn
with their fine particle size, will have & potential for acid leachate
£

eneration. The process wastewater sludge is expected to contain free

lime and czlcium carbonzte and have a high acid-neutralization capacity.

acility Operations

Current plans indicate that the MWDF will be constructed in stages with

wastes slurried and pumped to the dispcsal ponds through a pipeline

svstem (Golder, 1982a). These tailing disposal ponds will eventually
cover severzl hundred hectzres. Components of the proposed tailing pond
design relative to the soil attenuation study are depicted in Figure 2-4

and include:

3

e Pond embankments will be constructed using site
compacted till which may have bentonite clay
additions to further reduce seepage.

e An underdrain (leachate collection) system will
be installed to reduce pond seepage.

e Pond bottoms will be located approximately 12 to
15 meters zbove ground water to maximize soil
zttenuation of seepage species in the unsaturated
zone.

e Once a pond is completed, a cap will be placed on
its surface to reduce infiltration into the pond.

Additionally, the leachate of the mine waste material (hereafter termed
tailings) are expected to have a pH of about 10.5. Considering seasonzl
variations, a minimal pH of 7.0 may occur in the summer months, espe-
cially at the tziling pond surface, due to the oxidation of thiosalts.
Exxon currently plans to add excess lime, in addition to the process
wastewater sludge to maintain the alkalinity of the tailing's pore

volume water.
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3.0 LABORATORY STUDIES \

3.1 GSAMPLE COMPOSITING AND COMPOSITE SAMPLE CHARACTERISTICS N o

3.1.1 Introduction

.

As discussed in Chapter 2.0, two majoc

la}
)

tratigraphic units have been
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Aree 41: (a) a poorly sorted glaci
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(Figure 2-4). The glacial till has a typical saturated permeability o

-7 22 . . - .
10 ' meters per second and directly underlies the MWDF. Seepage leavi
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the bottom of the MWDF will migrate vertically through this unit toward

und water table. The stratified drift has 2 szturated
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ermezbility of 10 to 10-5 meters per second and typicallv underlies
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Golder, 1982b).
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Soil samples for use in this attenuation study were obtained from four

borings in the MWDF site Area 41 (Figure 2-1). The borings were
¢rilled by Golder Associates (Golder) in May and June 1981. One-hundred

twenty-one samples were collected from these borings (Golder, 1981d).
Samples were selected by Golder to represent the stratigraphic units
encountered during the drilling program. Golder's sampling procedures

are discussed in Appendix C.

To prepare samples for laboratory testing, compositing was done. The
compositing attempted to provide samples with geochemical and hvdrogeo-
logic characteristics similar to the major stratigraphic units in the
area. Due to the complex glacial stratigraphy of the region, and heter-
ogeneous nature of each stratigraphic unit, testing of individuai sam-

ples for each minor steatigraphic variation was not feasible.

3.1.2 Semple Compositing

Since composite samples were to represent the stratigraphic unit charac-
teristics, index testing was initiated to assess tvpical ranges of site
sample characteristics. Thirty (30) samples of the 121 samples avail-

able for use in this study were chosen for index testing. Samples for

i3
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index testing were chosen based upon & representative physical appear-

ance for the two major stratigraphic units of concern, the spatia

distribution across the MWDF site, and a wide range of carbonate effer-
vescence results. Carbonate effervescence was used as & method of chem-
icel cheracterization differentiation for initial sample selection.

Carbonate content can affect pH of MWDF seepage and chemical species

Index tests on the selected samples included grain-size anelvses, reac—
tion pH, and neutralization capacity determinations. The grain-size
distribution is an indication of permeebility (a geohyérologic param-—
eter) and can indicate chemical species migration mitigation potential.
Reaction pH and neutralization capacity are both indices of many heavy
metzl species migration mitigation potentizl. A detailed discussion of
the criteriz used for selecting the samples for index testing and the

results of the index tests are presented in Appendix C.

The index testing showed that the following three composite samples
would adequately represent the site geochemical and geological charac-
teristics for the purpose of this study:

e
I

e Composite Sample No. 1. ine-greined" glacial
till with low neutralization capacity.

e Composite Sample No. 2. '"Coarse-grained' strati-
fied drift with low neutrelization capacity.

e Composite Sample No. 3. Glacial till with high
neutralization caDac1t

Figures 2-2 and 2-3 show the location of samples used for compositing on

geologic profiles of the MWDF site Area 41. The grouping of the samples

for compositing was accomplished by visual inspection, grain-size feel

o]

f the samples, and estimated neutralization capacities. Regarding

"fine-grained" samples for Composite No. 1

grain-size compositing, the
were defined as having the feel of clavs present in the sample. This

grouping into fine-grained samples did not consider the amount of
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coarse-grained materizls present in the sample, only that clavs were
present. Conversely, the '"coarse-grained" samples for Compecsite Sample

No. 2 were defined as having the feel of an ebsence of clavs in the

sample. This grouping did not consider the amount silts and fine
h

of
sand materizl in the sample, only thet clavs were zgbsent in large

quantities.

Hh
)

The neutreslization capacity of the samples was estimated om a cor-

ffervescence

Al

.
“

e

on of the 30 neutralizetion capacity and carboneate

y—t
o
®

e
results presented in Appendix C. Basically, six categories of carbonate
effervescence were established representing estimated neutralization
capacities (in percent calcium carbonate equivalent) from less than 1.5

to greater than 2. For Composite Samples No. 1 and No. 2, &ll samples

a2

selected had calcium carbonzste eguivalents estimated at less than three
percent. TFor Composite Sample No. 3, all samples selected had calcium
carbonate equivalents greater than three percent. Grain size was not a

criteria used in the generzation of Composite Sample No. 3.

a

1

In addition to physical and geochemical characterization (grain size an
neutralization czpacity), semples for compositing were selected with the

following considerations:

e Verticel distribution within each borehole and
spatiel distribution over the MWDF site.

e Position of the sample above and below the water
table. Vertical migration of the MWDF seepage
will occur through the unsaturated zone in the
glaciel till and this migration will continue
downward through the glacial till below the water
table until the MWDF seepage encounters the re-
gional stratified drift aquifer, where lateral
migration will occur (Figure 2-4). However, it
is expected that most chemical attenuation will
occur above the water table. Glacial till
samples frofn above the water table and stratified
drift samples from beneath the water table were
preferred.
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Detailed ciscussions of the criteriz used for selecting the 66 samples
for compositing and the samples and procedures used in generating the

composites are presented in Appendix C.

Composite Samples No. 1 znd No. 2 were used in 21l ph
tory attenuaticn testing. Composite Sample No. 3, the glacial till with

high neutralizetion potentizl, was selec

cr

[a

O

»

e

=
h

h

e 0
calcium carbonete equivzlent and long-term zcid buffering capacity. To
naintein & conservative (worst case) testing program, low neutralization
capacity samples (Composite Samples No. 1 and No. 2) were chosen for
testing both the glacial till and stratified drift for chemical species
attenuation. A high neutralization capacity sample (Composite Sample
No. 3) would neutralize acidic leachate better and show more chemical

1
I

paremeters attenuation potential. ine-grained" stratified drift would

be expected to have & higher asttenuation capacity than the '"coarse-

LB A

grainec" stratified drift. However, most lateral g

h

H

ound water flow

t

[
m

should be through the coarse-grzined materials. The '"fine-crained"

()Q

glaciel till composite allowed determination of the probable range of

MWDF site soil attenuetion characteristics.

3.1.3 Liner Sezmple Generation

4 representative liner soll material for the proposed MWDF tailing ponds.
was also generated for use in the attenuation study. This liner sample
was composed of a glacial till sample collected by Exxon from Golder's
(1982¢) Test Pit No. 22 (Figure 2-1) and sodium bentonite available from
American Colloid (product name Volclay). Both of these materials are
identical to those used in Golder's (198la) liner engineering studies.

4 four percent (dry weight bentonite to dry weight till) bentonite/till
admlxture was prepared. The four percent bentonite/till admixture was
chosen so as to represent the middle of the range, 0-8 percent, used in
Golder's (198la) liner engineering studies. For the sample character-
ization and batch attenuation studies, the bentonite and till were mixed
dry. For the column attenuation and long-term permeability study, the
bentonite and till were mixed wet, as described in Appendix F, to

simulate probable field mixing conditions.
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3.1.4 Composite and Liner Sample Cheracteristics

Since larger grain-size particles could not be present in the column

test samples (would not allow proper compaction of the columns), the
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fine gravel fractions (plus No. &4 sieve ma
composite were separated, removed, and weighed for grein-size distribu-

tion. Except for being separately chearacterized for its cerbonate

effervescence (Table 3.4), the gravel fraction of each sample was not

used in any other characterization or attenuation test. This provided
identical composite samples for all tests.

Composited samples (minus No. 4 sieve materiel) were phvsically and

chemically analyzed for grain-size distribution, mineralogy, reaction
pE, neutralization capacity, exchangesble cations and cation exchange
capacity (CEC), znion exchange capacity (AEC), and organic matter

content. Results of these analyses are discussed below.

3.1.4.1 Grein-Size Distribution

rein-size distribution

(]

of the composite samples (Table 3.1) reflects
the geologic origin of the materials, its probsble permezbility and, to
some extent, chemical parameter attenuation. The glaciel till (Compo-
site No. 1) exhibits e relatively well-graded distribution of particle
sizes with 35 percent gravel, 51 percent sand, and 14 percent undiffer-
entiated silt and clay (minus No. 200 mesh fines). The well-graded
nature of the material with 14 percent fines indicates the permezbility
should be moderate to low. ,Once the gravel fraction is removed, the

till is essentially & medium and fine sand with approximately 20 percent

undifferentiated silt and clay (fines). This increase in fines will
reduce its permeasbilitv. With compaction, this material can have a very

low permeability.

When four percent bentonite is added to the glacial till (Test Pit No.
22) sample to generate a liner soil material, the material is still well
graded with 23 percent gravel, 57 percent sand, and 20 percent fines.

Removal of the gravel increases the fines content to 26 percent. ' This
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bentonite/till admixture, when compacted, exhibits very low permeabili-

ties; as evicdenced by the permeability testing discussed later herein.

The stratified drift (Composite No. 2) reflects its glaciofluviel

origin. Over 80 percent of the drift is fine and medium sand as 2

result of water sorting of materials Onlv eight percent of its mass
£

or the attenuation tests.

leachates. Tebles 3.2 and 3.3 present the results of semiquantitative
¥-ray diffraction analyses of bulk (minus No. & sieve materizl) and clay
frzctions of the precolumn test composite and liner samples. All three
samples, the glacizl till (Composite No. 1), stratified drift (Composite
Ne. 2), end bentonite/till admixture, contain predominanly quartz and
feldspar, with clayv minerals accounting for 15 percent or less. The

dominant cerbonate mineral present in the samples is dolomite. Calcite

was alsc detected in each sample, but only at trace levels. As shown in
Tzble 3.3, the dominant cley minerals in the samples include kaolinite,
mica/illite, chlorite, mixed laver clavs, and smectites. The mixed

layer clavs are an irregulerly interstratified twc—ﬁomponent mixture of
chlorite and vermiculite. As would be expected for these three samples,
the bentonite/till admixture sample contzined the most smectite (5 to 10
percent). Quartz and feldspar zlso constitute more than 50 percent of

the clay-size fraction of these samples.

Dames and Moore (1981b) analyzed 18 semples from 14 borings in the
Crandon Project environmental study area for minerzlogy by X-ray dif-
fraction analysis. Most of the samples were glacial till materiels.
Their results generally confirm the findings of this investigationm,
except thev found smectite to be the dominant clay mineral present and
kaolinite to be present in only minor amounts compared to the other clay

minerals.
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even low pH seepage. The clay minerals, especizlly the smectites and

mixed lever clavs, could enter into exchange or adsorption reactions R Sl
with certzin chemical species in the leachate (see Section 3.2 for

leachate mekeup). The carbonate minerals will react with low pH
h

ates, 1f such seepage i1s present and occurs beneath the MWDF.

3.1.4.3 Chemicel Characteristics

[N

Chemicel chareacterization data zre presented in Teble 3.4 for the com-
posite and liner samples. The reaction pH for all samples is strongly
alkaline ranging from 8.75 to 9.80. ©Neutralization capacities of the
ples are moderate to high and range from 0.7 to 7.2 percent calcium
carbonate equivelent. The "low neutralization capacity" glacial till
and stratified drift composite samples had substantial neutralization

capacities of 2.3 and 1.£ percent calcium carbonate equivalent, respec-—

tively. The 'high neutralization cazpacitv' glacial till had a neutral-
ization capacity of 7.2 percent calcium cerbonate equivalent. These

velues represent 23, 16, and 72 tons of calcium carbonate equivalent per
1,000 tons of soil, respectively. As presented in Footnote 4 of Table

0
3.4, the gravel fractions of the samples had neutralizaticn capacities
similar to the composite samples, zs estimated from carbonate

effervescence results.

The cation exchange capacity (CEC) for all samples ranges from 4.2 to
7.4 milligram equivalents per 100 grams of soil. These CEC values re-
flect, in part, the low clav content of the soils, since CEC resides
principally in clayv minerals and collodial materials. TField condition
CEC vealues may be greater than indicated in Table 3.4. The analytical
procedufe for CEC determination utilizes & pH 7.0 buffered solution,
while soil reaction pH is 8.75 or higher. CEC tends to increase at
higher pH and in soils with substantial amounts of variable charge
clay minerals present (e.g., kaolinite). Thus, an increase in field

condition CEC mav result, especially for alkaline seepage.
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Calcium is the most prevalent exchangeable cation followed by magnesium

and sodium in the three samples test Levels of potassium and ex-
changeable acidity (hydrogen) are 0.1 miiligrem equivelent per 100 grams
of soil or less. The reletive proportions of exchangeable cations, con-

sidered in conjunction with adsorption affiniti solution concen-

—
()
[
3
[a}

trations, can be used to evaluate the potential for exchange reactions

to occur between the MWDF seepage and cation exchange sites of the soil.

A small but important zmount of exchangezble sodium occurs and is high-
est in the bentonite/till admixture sample. Since sodium is generally

more wezkly adsorbed on cation exchange sites than potassium, calcium,
magnesium, and other divalent and trivalent cations, the potential
exists for MWDF seepage cations with greater adsorption affinities to
enter into exchange reactions with sodium and be retained on soil

particles.

Anion exchange cazpacity (AEC) values range frem 1.5 to 1.7 milligram

equivalents per 100 grams of soil. The principal source of AEC in soils

tvpically resides in sesquioxides (e.g., goethite and amorphous com-

. PSR}

ist at low phE's where there 1is
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pounds). Anion exchange capacities e
t

adsorption of H ions resulting in & po ve charge on the soil

.

surface. As a result of these positively charged sites, anions can be

attenuated.

Organic matter affects ion attenuation by exchénge reactions and the
formetion of chelates and organometallic complexes. Organic matter meay
sttenuate cationic species but typically has z low capacity for anion
retention. Organic matter content in the three samples is low, ranging
from 0.22 to 0.96 percent. The highest organic matter content occurred
in the four percent bentonite/till zdmixture, which was composed of a
glacial till sample collected near ground surface. Due to the low
levels of organic materizl in the site soils, ion retentiom by organic

matter is not anticipated to be a major reaction in the site soils.



3.2 LEACHATE SYNTHESIS, TESTING, AND STABILITY

]

3.2.1 Introduction

The overall philosophy of the leachate svnthesis was to create a solu-

tion which was (&) representztive of any MWDF tailing liquors vetr (b)

comservative in the estimated concentration of chemical species avail-
able for migration. The pHs of the leachates were selected from con-
ditions of possible worst case (pH 3) to values which bracketed the

-

probable MWD ting and reclametion conditions {pH 6 and pE 9). An

Fr
o]
)

ope
attempt was made to maintain the leachates under similar environmental
conditions (i.e., reduced state) that are anticipated in and eventually

below the MWDF.

=

he svnthetic leachates were prepared by spiking leachates generated

Hh

rom the Crandon Project pilot mill tailings. The leachates were spiked
to simulate mill reagents or to increase solute concentrations signifi-

cantly zbove analvtical detection limits to aid in solute detection

)
%

during the attenuation studv. The tailings were lezched at pH 2 to
generate a 'worst-case' chemical matrix of the major metals (e.g., Cea,
Mg, Na, X, Al, Si) for the svnthetic leachates. A '"worst-case' chemical
matrix was desired because soil zttenuation of heavy metals generally

decreases with increasing ionic strength (Griffin, et al., 1876z, 1976b,

and 1977).

The pHs for the synthetic leachates were selected to approximate tvpical
and worst-case conditions. For typical conditions, the MWDF leachates
will likely be zlkaline with & pH ranging between 10.5 and 7.0. The
tailings will conteln a high sulfide content and the tailings water is
expected‘to contain reduced sulfur species, especially thiosulfate. The
oxidation of thiosalts in the tailing ponds may cause the tailings leach-
ate to decrease to a pH of approximately 7. Oxvgen for this chemical
reaction will come from unsaturated pore spaces within the tailings, the
subsoil, and from the pond surface. As the oxvgen is consumed, anoxic

conditions are expected to eventually occur beneath the MWDF. To
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alues, synthetic leachates were prepared at

Although long-term cxvgen presence
syvnthetic leachate with

"worst-case' acid

Svnthetic Leachates Generation

The synthetic leachates

mill as a base.

The pH

utilized tailings from the Crandon Project pilot

was adjusted to the three target values (3, 6,

©), the matrix was stabilized, filtered, oxvgen removed, spiked to tar-

get chemical concentrations, and aged under a

szlient aspects of the leachate generation

nitrogen atmosphere. The

procedure were as follows:

Generate chemicel matrix - The Crandon pilot mill
tailings were leached at pH 2 (E,S0,) using the
AST™ (1981) sheke extraction of solid waste with

water method.

Adjust pH - The leachates were filtered and the
pHs of three separate azliquots were adjusted to
3, 6, and 9 with lime. Lime was used to0 neu-
tralize the leachates as it will be present in
the process wastewater and sludge (Chapter 2.0).

Leachate oxidation-matrix stabilization - The
three different pH leachates were periodically
stirred for 24 hours to oxidize the leachates and
induce precipitation. This procedure was em—
ployed to promote the long-term stability of the
leachates by removing solutes in the leachate
chemical metrix which were at a state of satura-
tion with reacdily formed mineral phases as a
result of leaching the teilings in an oxidizing
environment.

[

Precipitate removal - The leachates were filtered
through 0.45 um filters.

Oxygen control - The leachates were purged of
oxvgen by bubbling nitrogen through the leachates
for 60 hours in an attempt to obtain semi-znoxic
conditions.



e Leachate svnthesization - Each leachate weas
spiked to target concentrations (Table 3.5).

e Llezchete stzbiliza -~ To obtain a more stable
chemical composition, the leachates were aged for
one week under & ni en etmosphere before the

stert c¢f leachate analvses and attenuation
testing.

Detzils of the leachate svathesization and maintenance are presented in

ppendix D. Throughout the studyv, & nitrogen atmosphere was mzintained
over each leachate. Also, pH was periodically monitored znd maintained
in each leachate, and any precipitates which formed after the leachates

were spiked were allowed to remain in contact with the leachates.

.3 Results and Discussion

2
Teble 3.5 presents & summery of the svnthetic tzilings leachate chem-

istry after the various steps of generation. The chemical compositions
of the pH 2 and spiked leacha are in good agreement, considering the

N

spike concentrations added to the pH 3, 6, and 9 leachzates.

Two leachates were generated for each pE and have been termed Phase I
and Phase 11 leachates. The Phase II leachztes were generated after the
supplies of Phase I leachates were exhausted so that the column attenua-
tion tests could be conducted for a2 longer time period. The same proce-
dures were used to generate both the Phase I and Phase II leachates.

The concentrations shown 1in Table 3.5 for the pH 3, 6, and ¢ leachates
are the highest representative values for duplicate Phase I and Phase II
leachate analyses. Tables 3.6 through 3.8 present the results of the

initial and finel enalvsis for each of the Phase I and Phase II

leachates.

As shown in Tables 3.5 through 3.8, the general chemical quality of the
leachates improves with increasing pH even though the three different pH
leachates were identically spiked (Appendix D). Tor the pH 3 leachates,

cvanide, mercury, selenium, and silver, were lower in the leachate than
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concentrations added from spiking. As pHE increased to 6, arsenic, cad-
mium, chromium, copper, and lead, in addition to the zbove four species,
were zlso below target levels in the leachates. 4t pH 9, iron, manga-

nese, and zinc were also below target concentrations, in addition to the
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2.2.3.1 Cation/Anion Ba

The cation/znion balance, numerical summation of the milliequivalents
for & given sample, indicates the completeness of zanalytical determina-
tions (thev should be equal). The following results were obtained for
. - .

the pE 2 and October 26, 1981 analvses of the different pH synthetic-

d
spiked leachates:

pH 2 pE 3 pH 6 pH ©
cations (meg/%) 107 .4 1442 106.5 69.0
anions (meg/%) 62.0 130.9 84.5 65.8

From these results, it appears the leachate analyses were numerically

oL

eficient in anions. Sulfur species account for approximately 90 per-

@]

cent of the anions present. Leachates were analvzed only for sulfate,

£

otal sulfur. Thiosalts are known to disproportionate

T

thiosulfate, zand
or interconvert among themselves. Because thiosulfate is unstable at

low pHs, tetrathionate was substituted for thiosulfate as the spike for
the pH 3 leachate (Appendix D). However, no analyses of tetrathionate

~

were made for the leachzates, which may account for some of the numerical

s

deficiencv in anions, especially for the pH 3 leachate. When thiosul-
fate (in equivalent SO,) and sulfate analvses are totaled, excess total

sulfur is present in &ll the leachates. Other unmeasured sulfur species
are, therefore, present in the leachates. When total sulfur as sulfate
is substituted for sulfate and thiocsulfete in the milliequivalents per
liter celculation for anions, the values for the pH 2, 3, 6, and 9

leachates change to 97.5, 175.9, 135.5, and 90.2, respectively. These



velues, however, by not ccnsidering the mix of sulfur species present,

may be higher than the actuzl enion millieguivalent per liter in the
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The results c¢f the other leachate analvses, Tebles 3.6 through 3.8, are
similer to analvses for which the cation/anion bzlances were calculated.

J

re, the other leachate analyses should alsc have reasonable

o
cation/anion balances.

3.2.3.2 Leachate Stebilityv Evaluation
The leachate stability was assessed in two ways: (a) by leachszste equil-

TYA M

ibrium modeling using & chemical equilibrium wodel (WATEQ), and (b)

monitoring the leachates during the attenuation testing program.
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hemicazl equilibrium model, WATEQ. The modified WATEQ mod-

(o]
N

¥

enables predictions as to the chemical species distribution in solu-

®
bt

tion and what minerzls are soluble or stable within the given environ-
ments of eazch leachate. WATEQ czlculates the equilibrium distribution
of aqueous chemical species (complexes) of mazjor and minor elements

using chemical analysis and measurements of temperature, pH, and redox
potential. From this model, the states of reaction of the water with

solid (minerzl) and gaseous phases are calculated.

Table 3.9 presents the results of the WATEQ analyses for the equilibrium
distribution of the aqueols chemical species in the pH 2 and synthetic
leachates as of October 26, 1981; approximately seven davs after spiked
leachates were generated. Salient results of this analysis are as

follows:
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e Little evidence of anionic metzl complex forma-
tion. Neutral ion palrs were more prevalent thean
enionic complexes.
¢ TFerrous iron 1s the dominent form c¢f soluble iron
in the pH 2, 3, end 6 leachates while, in the pH
© leachate, ferric is the dominant form of irom
present.
¢ Sulfzte forms complexes, at important levels with
zluminum, cadmium, calcium, chromium, copper,
iron, lead, magnesium, menganese, and zinc in
almost every leachate pH, especizlly in the lower
pH leacheates.
e Oxides or hvdroxides of chromium, copper, iron,
lead, and zinc replace the sulfate complex in the
pH 9 leachate.
does not include a thiosalt dates dose. However, ‘as suggested by

c
and Leckie (1978), Benjamin and Leckie (1982), and The Chemical
(1971), thiosulfate forms strong complexes with cadmium, copper,
, and mercury.
3.10 presents the results of the WATEQ enalyvses for the state of
te solution equilibrium with possible solution chemistry controll-

neral phases. Salient results of the above equilibrium modeling

follow:

(a)

¢ Czlcium znd sulfate levels in the leachates will
be controlled by gypsum p*ec1p itation reactions
since gypsum (CaS0, 2E,0) is predicted to be at
saturation in all four leachaLes (pH 2, 3, 6, and
@). (Although not modeled by WATEQ, thermo-
dynamic data also suggest that sulfate, by the
precipitation of barite [BaSO,], is probably also
controlling barium solution levels.)

e TFluorite (CaF,) is at a state of saturation in
the pH 9 leachate and unsaturated in the pH 2, 3,
eand 6 leachates. Fluorite levels in the pH
leachate will be controlled by fluorite
precipitation.

0 N

¢ Amorphous iron hvdroxide [Fe(OH)3] is at or above
saturation in the pH 3, 6, and 9 leachates.
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levels of cadmium, czlcium, ch
manganese, and zinc in the pH

The zbove results indicate that some of the heavy metals in the leach-
ates mey continually be removed from solution. This is because sesqui-
oxides of iron, which were shown to be stzble in the leachates, tend to
adsorb substantial amounts of other metals. Additionally, concentra-
tions of other metals may increase in solution with time as amorphous
precipitates begin to age z

3

n
onto the minerazl (Tables 3.6 through 3.8).

Stability Monitoring: Tables 3.6 through 3.8 show the results of the

leachate analyses at generation and at completion of testing. Appendi
D (Tables D.2 through D.4) presents the results of periodic monitoring
of the leachate quality during the course of the attenuation testing
program for specific indicator parameters. Regarding stability, the

tables show, as predicted by the WATEQ eanalysis, that increases and

-

decreases occur in several elements with leachate aging. But, in
general, the concentrations remained fairly stable. However, fluc-
tuations in the Eh and sulfur species were observed in all three

svnthetic leachates.

Since the leachate influert to the bentonite/till admixture columns
(Columns K-1 and K-2) could not be mechanically sampled during testing,
the leachates were analyzed at the beginning and completion of testing.

4ppendix D (Table D.5) presents the results of these anazlvses. In.

o
ation. Therefore, -2 =




general, the leachate chemistry of both the pH 3 and 9 leachates remain-

2

ed feirly stable. The me

=

or exception was that the pH of the pH 9

7

leachate decreased to epproximately 7.0 and 6.5 during the course of the

3.3 DISTRIBUTION RATIOS AND RETARDATION FACTORS
3.3.1 Introducticn

The mein purpose of this study was to assess the ability of the soils at

the MWDF site to atte

=)

ueate chemicel species which may be present in the

t

eachate. The data would be used for further evaluation and
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sions are often u in mass transport mocdels to determine the velocity

p—

of solutes (chemical species) of interest relative to the advancing

grounc water front.

a specific chemical species mayv be

rh

The distribution ratio (K_) fo

la}

defined as the reatio of (&) the mass sorbed onto a solid phase to (b)

>

the mass remaining in solution.

1979:

"

s expressed bv Freeze and Cherry,

mass of solute on the solid phase per unit mass of solid phase

r concentration of solute in solution

The dimensions of this expression reduce to cubic length per mass
A
(L°/M). It is conventional to express K_ in units of milliliters {cubic

centimeters) of solution per gram of sample.

Distribution ratios are dependent upon solute concentration, competing

[

on effects, pH, oxidation-reduction potentizl (Eh), temperature, time

of contact between the solute and 'sorbing" soils, and the geomediz



characteristics, such as mineralogical composition and texture. The
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) for a particular sclute is defined as the

eaverage ground water velocity to the solute

migration velocity in the absence of dispersion e

where

¥ = distributi rati ( 3/ )

. distribution ratio (cm™/g),

s 3 - .

¢ = bulk density (g/cm”) of the geomedia, and

n, = effective porosity.
When R, = 1 (i.e., K_ = 0), the solute of interest migrates at the same

o -~

velocity as thet of the advencing waterfront. The K_ value increases as

o
the solute migration is more strongly influenced by sorption phenomena

el

and, hence, causes R. to become greater then one. The retardation

é
factor, when celculated from K_ values, assumes that at a

S

[%]
[N

pecific pH,
the adsorption isotherm is linear and does not involve attentuation by

chemical precipitation.

The laboratory methods used to assess these parameters, Rd and K_, are

() batch tests and (b) column tests. The batch tests were used to de-

fine the distribution ratios, K_, and consecuently the retardation

s

factors for those chemical species which exhibit adsorption potential
for soils. Appendix E presents the details of batch test procedures

used in this study. .

For more mobile chemiczl parameters, the retardation factors were deter-

mined directly by column tests. The column tests also provided & means
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of comparing the retardation factors obteined by the batch tests for the

-

chemical perameters exhibiting slight mobility. Appendix F presents the

details of column testing for determinetion of reterdation factors.
3.3.2 Betch Attenuation Tests

(%)

.3.2.1 Experimental

sed to determine distribu-

>

. short-term constant pH beatch method was

[=

"

tion ratios of the glacial t stratified drift, end bentonite/till
admixture. The process of batch testing involves (a) disaggregating
representative soil samples; (b) placing a specified amount of soil and
leachate (of known chemical characteristics) in a reacticon bottle; (c)
letting the contents react for 48 hours; (d) centrifuging the bottle to

iments and liquid; and (e) removing the clear supernatent

~r
Q.

separate se

and analvzing the chemical characteristics.
ation characterizations of the following chemical species were

u
analvzed by batch testing in accordance with the proposed ASTM (1981)

method:
e Arsenic e Manganese
s Cadmium ¢ Mercury
e Chromium ¢ Selenium
e Copper e Silver
. ron e Zinc
e Lead ¢ Cyanide

The zbove distribution ratios were determined for pH 3, 6, and 9 leach-

Ty

ates to assess and enable modeling of the pH dependence upon the migra-

3

tion rates of the zbove solutes. Duri

.

1g testing, pH was adjusted to
remain & constant. In addition, distribution ratio determinations were
conducted under a nitrogen atmosphere to simulate the expected semi-
anoxic state of percolating leachates. Appendix E contains full details
on the batch test method and presents the results of the distribution

raetio, including duplicate, determinations.



3.3.2.2 Results and Discussion

Teble 3.11 presents the resulting comstant pH retardation fectors from
the distribution ratios calculated from duplicate batch tests as set
forth in Appendix E (Tables E.6 through E.8). Table 3.12 presents the
reterdation factors which teke intc account the effects of leachate
neutralization, i.e., assumes the pH 3 leachate concentration at the
start of testing. The effects of leachate neutrazlization on solute
removal can be evaluated because the pH 3, 6, and 9 leachates were
prepared identically, except for the amount of lime zdded to adjust pH

(Appendix D).

General findings of the batch attenuation testing include:

e Retardation factors (Rd) for the metals, chromium
(pH 6), iron (pE 9), lead (pH 6, 9), mercury (pH
H 3, 6, 9), and silver (pH 3,

3, 6), selenium (p
6, 9), are lower than what would be anticipated
to occur under field conditions. This is because
their concentrations in solution were limited by
their solubilities.

e Attenuation of the metels, arsenic, cadmium,
chromium, copper, manganese, and zinc, increzsed
with increasing pH.

e No metal retardation factors increased with
decreasing pH. ZExcept for the pH ¢ leachate
mixtures, manganese was leached from the soils.

¢ Retardation factors for both the bentonite/till
admixture and glacial till materials generally
were higher than the coarse-grzined stratified
drift materials. '

e Duplicate attenuation batch tests were in
agreement.

Special findings of the batch attenuation testing include:

e Tor the pH 3 leachate, the metals arsenic,
chromium, lead, and mercury were noticeably
attenuated with R,'s in the zpproximate range of
20 to 150. Selenium &nd silver were limited in
solution by their very low solubility in the
leachate solutions.
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s arsenic, cad-
ably attenuated with
e of 30 to 160.
enium, and silver
their solubility in

e TFor the pE 6 1
mium, and co
Ré's in the 2
Cnremium, leed, mercurv, s
were limited in solution b
the leacheates.

s TFor the pH ¢ leacheate, the metzls arsenic, cad-
mium, chromium, copper, manganese, mercury, sele-
nium, silver, &nd zinc were noticezbly attenuated
with R,'s in the approximete range of 100 to
1,600. Lezad was limited in solution by its
solubility in the leachate.

¢ Results for cyanide attenuation were analytically
inconsistent (leachate solutions near detection
limit), but it appears cyanide is attenuated
(Ry's less than 20} by the bentonite/till
zdmixture and glaciel till sediments.

%

As shown in Table 3.12, the effect of leachate neutrzlizetion has very

pronounced effects on the attenuation of the following metals: arsenic;
by (=3 bl

t
caedmium; chromium; copper; iron; lead; manganese; and zinc. Mercury,

H

selenium, ané silver largely remained limited in solution by their very

low initial solubility in the leachates. These results indicate major
¥ ]

attenuation when percolating acidic leachates can be neutralized by the

MWDT soils.

As z check on the results of the batch tests, a review of the general
soil asttenuation mechanisms and trends for heavy metals, as extracted
from the literature, was made. Table 3.13 summarizes this information.

.~

The results of this study, Tables 3.11 and 3.12, generally conform to
the findings of past investigations. The soil attenuation of anionic
complexes, such as cyenide and selenium oxides, did not increase as pH
decreased. This may have been due to the very low concentrations of

these species in sclution, which made accurate Ry determinations

difficult.
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3.3.3 Column Attenuation Tests = S
3.3.3.1 Introduction =
Retardeation factors for mobile, R; = 1 to 5, chemicel parameters such as
sulfates, or total dissolved solids and aciditv, all of which may exist
in tailings ligquid, cannot be as eccurately determined by batch tests
and the conversion of distribution ratios. Direct measurement from
column tests are preferred. Column tests can also be used to measure

mobile chemical parameters.

3J

rt

b
e

the retardation of sligl

The column test consists of permeating the leachate (containing the
solutes or chemical parameters of interest) through the soil sample and
measuring the resultant retardation directly. The retardation factor 1is
determined by comparing the rate of movement of the chemical species

being studied to & completely mobile tracer species such as chloride.

When the concentration of the chemicel parameters of interest was

observed as half the value in the leachate reservoir, the retardation

factor was calculated eas:

pore volumes accumulated et helf concentration
_ foer the chemical parameter of interest
d pore volumes accumulated &t half concentration

of tracer

The selection of the half concentration for determining chemical species
column breakthrough and calculation of "sorption' retardation factors 1is

based on the assumption theat dispersion influences the movement of chem-

icel parameters through the soil columns (idezlized plug flow chemical
bree ktnrougn) When the test svstem is more dynamic (chemical reactions

such as mineral/chemical precipitation or dissolution are occurring),

then the determined retar

rh

ation factors are specific only to the half

o,

concentration of the chemical species being investigated. This is
because the chemical breakthrough plots (concentration versus time) show

uations in the curve shapes, as & result of the

(m)

variations and fluc
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chemical reactions occurring in the columns. When the test system is
dynamic, ''nomscrpticn,' then the results can be appropriately evaluated

umn testing includes (&) compacting the composite

-

¢ densities and permeabilities; (b) covering the

semple with an impervious membrane; acing the samples in a tri-

axlal pressure cell and applying comsolideting pressure; (d) saturating

the samples with MWDF site ground water; (e) zpplying 2 resevoir of

et

eachate to the sample; and (f) collecting and znalvzing the.effluent

Fh

rrom the sample.

The column tests were conducted using split fractions of the same three

complisted soil ples and leachate sources used in the batch attenua-

‘\J

tion tests. A total of

10 column tests were conducted. Tzble 3.14
presents the experimental design for the program. Duplicate column
tests of the glaciel till and stratified drift were conducted using the
achate as a permeant to examine the reproducibility of the

e
hydraulic and chemical attenuation tests and becazuse the tailings leach-

ate will likely be alkaline in the MWDF.

Ln attempt was made during the studv to have no more than one pore

volume (void space in 2 dry soil column) of flow from each column per

week to allow sufficient time r chemicel rezctions to occur. The

‘o
glacial till and stratified drift soil samples were, however, too per-

meable to achieve this flow rate with a2 static leachate-reservoir head.

t

4 peristaltic pump was, therefore, used as the leachate permeant driving

force. The bentonite/till admixture samples were tested under a con-
stant hydraulic gradient so that changes in their permeability could be

continuallv monitored.

-

11
H

fluents from the columns were monitored for the following primary

parameters:
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Chloride (As the water tracer assuming R, = 1.)

Specific conductance/totel dissolved solids
Sulfate

Totel sulfur

Availeble acidity

Arsenic

Iron

Zinc

rH

Eh

fa ¥

.

e & 0 & & & @ @ o &

r

Other parameters {(specificelly those potentielly in the MWDF teiling

e column effluents and retard-

rt

seepage) were periodically analvzed in th
ation factors cealculated. Tables 3.15 through 3.19 list the other

parameters and determined retardation factors.

The chemiczl data were normalized (measured permeant concentration
divided by source concentration) and related to pore volumes of
from each soil column. Plots of the normelized concentration versus the
number of pore volumes (chemical breakthrough curves) were constructed
for each column so that solute front advancement Rd values could be

calculated.

Source concentrations were determined from representative monitored

eachate concentrations (4ppendix D) during the column test period. As

—

reviouslv discussed, the source concentration for most of the monitored
P 3 :

parameters remained fairly constant.

An anomalous situation occurred in the pH 3 leachate column tests.

hl

(@}
i

ride concentrations in seepage effluent were two to four times high-

[}

han in the influent leachate permeant. The reason for this increase

rr

er
is unknown, but is speculated to be an analytical problem. To keep the
test results conservative, the maeximum effluent chloride concentration
was used as the tracer source concentration for calculeting the solute

retardation factors.
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Other parameters (total sulfur, sulfate, and specific conductance)

measured in the column effluents were sometimes observed to also exceed

the leachate source concentration. These differences were likely due to

M

nalvticel interferences and are discussed in Appendix D.
£ lized concentration versus pore volumes for each
column effluent were maintezined throughout the test. TFigures 3-1
through 3-10 present these results. The plots zllow the half concen-
tration pore volume displacement to be quickly determined and the R,

velue to be calculated.

Detziled discussions of the testing methodology and results of the

chemiczl mcnitoring are presented in Appendices F and H, respectively.

w

.3.3 Results and Discussion

W

Table 3.15 presents half concentration Ry values for the continuously
S

menitored parameters. alient findings of the solute front advancement

attenuation study zre as follows:
¢ The retarcation factor for sulfate, total sulfur,
and specific conductance/total dissolved solids
are essentially 1 for the three leachate pHs and
soil szmples tested, including duplicate pH and
-leachate columns (glacial till and stratified
drift). This implies, as was assumed for chlor-
ide, that these parameters will have minimal
chemical attenuation by the MWDF site soils.
Some minor retardation of sulfur species was
evident in the columns permeated with pH 3 leach-
ate, which was probably due to the formation of
gypsum in these columns (Section 3.4.2).

e Retarcdation factors for iron and zinc with pH 3
and 6 leachate were higher for the glacial tills
then for either the stratified drift or benton-
ite/till admixture.

e Retardation factors for arsenic are in excess of
the values shown in Teble 3.15, since half
concentration breakthrough did not occur in any
of the columns permeated with pH 3 and 6
leachzate.



The behavior of pH through the cclumn provides an assessment of the
leachate neutralizetion reactions with the soil. For the column tests,

the following observetions from Figures 3-1 through 3-10 were made:

¢ The effluent pH of the pH 3 lezchate columns
decrezsed to approximetely pH 5 and remained
there until the conclusion of the test.

¢ The effluent pH of the pH 6 leachate columns de-
creased to pH 6 in the glacial till and strati-
fied drift column after epproximatelv seven and
five pore volumes, respectively.

achate columns

out the test. (As
e pH 9 leachate

to approxi-

r pH for the
mained near pH

s The effluent pH of the pH 9
remained at about pH 7 t
discussed in Section 3.2.
reservoir for Column K-2
mately pH 7. However, th
four other pH 9 leachate co
9 throughout the test.)

o -

- B «
x

urther discussion of pH movement throu

H

¢h the columns and assessment ©

acid retardation are presented in Section 3.5.

Tables 3.16 through 3.19 present the half concentraticn column retar-

actors for the other chemical species studied in this investiga-

[a B
[
T
W
O
o}
H

tion. These retardation factors were czlculeted from:

e Two effluent analvses from each soil column
(Tebles 3.16 through 3.19); the

e Ratio of (a) pore volumes required for the source
half concentration cf chleride tc breakthrough
i

he
(Figures 3-1 through 3-10); to (%) pore volumes
required for the helf concentration for the chem-

ical parameters of interest to breakthrough each
column; and

ent leachate permeant analyses (Tables 3.16
gh 3.19). An attempt was made Lo measure
luent characteristics &t zbout the time
zed effluent would have first entered



the sample; i.e., leachate reservoirs were sam- e o
pled and analvzed about one week before the S
column seepeage was collected and analyzed.

3.2.4 Comparison of Batch end Column Attenuaztion Results
Teble 3.20 summarizes the results of the batch and column retardation

Genere the two methods are in

However, in the results

were observed:

column attenua-
édmium, copper, and zinc
he MWDF site soils than
m the batch test results for the pH
However, the batch tests were con-
while the coclumn tests
3 column leachate permeant

cto
that

.
3

[}

]

(1)

o2

<

rt

jog D‘

effluent
about pHE 5

was I (retardation of pH).

e The pH 9 column tests indicate that manganese
is attenuated less than what would be predicted
by the pH 9 batch test However, the column
effluent pH was not pH §, but approximately
pH 7. Manganese results for the pH 6 batch test
and leachate influent pH 2 column tests are 1in
agreement.

3.4 ETFECTS OF LEACHATE-SOIL INTERACTIONS WITH SOIL CHARACTERISTICS

The column tests were also used to determine variations in permeabili-

and chemical characteristics during water and leachate

[md

ies, mineralogy,
permeation. A discussion of pertinent observa tions and results 1is

presented below.

Permeability

w
I~

L4l

Table 3.21 presents permeazbilities measured in the ten soll columms.

Permezbilities are shown (a) as initizllv measured by passing MWDF site

area ground water through the samples and (b) as finally measured by

passing leachate permeants through the samples Permeabilities were

determined under steady-state flow conditions and calculated from final

nd sample confining pressures were identical

1

sample dimensions. Head

(2]
(9]
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for the initial and final permeability determinations. Appendix F
presents the detzils of the permeability measurements.
Glaciel Till: The initisl permeabilities (with ground water as per-
meant) for three of the four glaciel till samples were near 5 x 1078

ebilities near 4 = 10 meters per second. All of the glacial till

. ; -7 -7
szmples showed permeabilities on the order of 1 x 10 to 5 x 10
meters per second zfter leachate permeaztion.

The increase in permeability of three of the four glacial till samples
is attributed to initial measurements &t partial saturation. The fine-
crzined texture of the samples could have prevented complete initial
saturaticn. All of the glacial till columns were similarly compacted

ix H). Steadv-state flow was achieved in zll

~
e
jo]
.
.

during preparation (Appen

uration mav not have occurred in Columns I-1

n
cr

columns. Complete s

through I-3. This explanation of low initial permeabilities is further

U

supported by no observed phvsical changes in the samples at the conclu-

o

i
csion of the tests (Appendix F). If partiel seturation was the cause of
the initizl low permeabilities, then initial saturated permeabilities of

Columns I-1, I-2, zné I-3 would be on the order of 10_7 meter per

csecond, i.e., very similar to Column I-4. The initial and final column
permeability data would then be in agreement with field permezbilities
(Teble 3.21) measured by Golder (1982b).

Stratified Drift: Table 3.21 shows permeabilities for stratified drif

near 1 to 2 x 1077 meters per second for init

N
m

1 and finzl perme-

-grained samples was more readily
1

Fh
[N
®

Q.

e
i. The column permeability values are in agreement with

d
measured data (Golder, 1982b).

Y

onite/till zdmixture tests showed

10 meters per second) with only a



partizlly saturated conditions. The fine-grained, clavey texture of the

sample prevented complete saturation during the test. Tne saturation &t

-

o)
final condition was approximately 82 percent. The percent saturation

[y

was determined by measuring the specific gravity and water content at
several longitudinal points along each cclumn. The average moisture

content in ezch sample was 12.1 percent, which was fazirly constant zlong

P

the length of the samples. It is anticipated that complete saturation
would not increase the permezbility substantially above these values.

The bentonite/till admixture, if incorporated in the MWDF design, 1is
anticipated in the long term to be near the percent saturation achieved
in the column tests; and consequently to have a permeability near those
measured. The test method simulated the liner overlving the unsaturated
was present on the seep-—

glacial till, in theat only atmospheric pressur

e
uent of the sample. The underlyving till has a higher perme-

-

m
[42]
®
®
rh
[N
b=

permesting water. Thus, the measured values are considered represen-
tetive of anticipated MWDF site conditions. Therefore, no significant
change in the permesbility should be expected in the soil liner material

achate interactions.

- U
()

w

.4.2 Mineralogy
les 3.2 and 3.3 present the results of bulk and clay pre and post-

Teb
column test mineralogy from representative column samples of the glacial

£311 and bentonite/till admixture. Semiquantitative X-ray diffraction
analyses were used for these determinations. The analyses were conduct-—

ed to assess whether the leachate reactions would change the mineralogy
znd consequently the chemical retardation or permeebility character-
istics of the scil. No postcolumn mineralogical anzlyses of the strati-
fied drift or columns permeated with pH 6 leachate were performed

because no major interaction was expected.




ts of these znelvses follow:

pH 3 Leachate Columns

e The glacial till and bentonite/till admixture
column samples showed & significant decrease in
the carbonzte mineral content (dolomite). Con-
comitentlv, gvpsum (calcium sulfate) formed in
these columns. (Similar results would be expect-
ed for the stratified drift).

e A reduction of smectite and mixed laver cleys 1in
the glaciel till and bentonite/till admixture
samples was noted. Concomitantly, ere was an

o
= B
(RIS
]

(0]

(W)

»

samples. his was most likely caus by cations
(especially potassium) in the higher ionic
strength leachates causing the collapse of the

1 a
S th
e in the mica/illite clav fractions in the
T ed
T

expanded clay laver minerals (i.e., smectites and
mixed laver clcys) into a mica/illite tvpe clay
ctructure. (Similer results would be expected

for 211 leachate pHs and soil at the MWDF site.)

¢ The chloride content of the glacial till and
bentonite/till admixture increased in the columns
permeated with the pH 3 leachate. This was

probablv the result of zluminum hvdroxide pre-
cipitation in clay wnte'lave‘ regions, forming
chlorite type clay minerel structures. This

reaction is common in the pH range of 3 to 6. As
shown in Figures 3-1 through 3-3, the seepage pH
from these columns was approximately 5. Addi-
tionally, from Table 3.10, 2luminum hydroxide 1is
at an ecuilibrium state of saturation with the pH
6 leachate. Also, the seepage chemistry results
shown in Tables 3.16 and 3.17, which show that
zluminum is removed from the pE 3 solution,
suppert the above conclusion.

pH 9 Leachate Columns

e The glaciel till and bentonite/till admixture
columns permeated with the pH ¢ leachate showed
no change in carbonate minerals and no gypsum
prec1thatlon occurred. (The same results would
be expected for the stratified drift column.)

¢ A reduction of smectite and mixed layer clays was
noted in the glacial till and bentonite/till
sdmixture as would be anticipated from the above
discussion.

3-28
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The above-noted changes ar

e
permeability and column &né¢ batch attenuation test results. The gypsum

n

b
pre ite t low pH leachate velues will increase the retardation
fzctor for sulfate zbove 1. The changes in the expanded clay lavers
(which constitute only & trace amount of the bulk soil) are on & small

not cause preceptible variations in permesbility or

)

il

Q.
£,

ale an

-
-

(md

enuation characteristics.

a

4 black precipitete observed forming in many of the columns (especially

those permeazted with the pH @ leachate - Appendix H) was analyzed for
its chemical composition. No new minerzl phases were detected in the

ostcolumn test mineralogical analyses; however, it was anticipated that
5 P

this was an amorphous precipitate. X-ray diffraction will not detect

amorphous precipitates. To identify the material, an analysis was
performed using an energy dispersive X-ray analyzer attached to a

electron microscope. The results of this analysis indicated

®

that the black amorphous precipitate was predominately an iron-sulfur
ferrous sulfide) compound. Similar precipitates can be expected within

the teilings, liner, and soils at the MWDF site for similar environ-

mentzl conditions (i.e., anoxic environment) and could act to retard

iron and sulfur movements.

3.4.3 Chemical Characteristics

Table 3.22 presents the pre and postcolumn test reaction pH and neu-
tralization capacity results for the 10 test columns. For all 10 column
samples, the reaction pH decreases from strongly alkaline (8.75 to 9,80)
to the neutral range (6.53 to 7.62). The lower reaction pHs were pre-
sent in the samples permeated with the pH 3 and & leachates. The reac-—

ks

tion pHs of the samples pe ated with the pH 9 leachate were similar to
(
AN

"1

the column effluent pHs gures 3-6 and 3-10). The observed decrease
in reaction pH mav have resulted from the loss by dissolution of the

Getected trace amounts of calcite, which is more basic than dolomite.

coensistent with the previously discussed . =
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es, except the bentonite/till admixture permeated with
reciable decrezse in neutra-
lization capacitv. The K-2 column showed & 0.l percent increase in
neutralization cepecity. This result and the discussion of lost neutra-
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presente

carbonete minerals 1n the column and bulk composite samples.

The permeant effluent of the column tests was zlso chemically analyzed

during two periods of the column testing. The presence of principal

soil elements in the effluent could indicate loss of soil structure and

“

associated increases in permeability or changes in attenuation charac-
teristics. Tables 3.16 through 3.1% present the results of these

analvses.

i

r

or the columns permeated with pH 3 and pH 6 leachates, no preceptible

pal scil elements (zluminum, calcium, end silicon) were observed

0
e

19}
la}
)

n
in the effluent. In fact, &luminum, celcium, and silicon were usually

removed from the permeant influent &nd remained in the sample.

For columns permeated with pE @ leachates, silicon levels increased
ly in the effluents. The increase did not, however, indicate

able internal changes in the sample.

[
o
o

-

(0]

0

P‘J

The above column effluent analvyses would suggest that the principal soil

P

minerals were stable in the presence of the permeating leachates.

3.5.1.1 Introduction

The migration of an acid fromt (e.g., low pH seepage from the MWDF) is

governed by the ground water flow and neutralization capabilities of the
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geomediz (soils and water) in which the acid is advancing. In geomedia . &~
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usually migrate

at the same rate as that of ground water flow (assuming no dilution or

dispersion). However, if the geomedie has z neutrzlization capability

e
(e.g., calcium carbonzte soils and/or alkaline ground water), neutrali-

zation of the acidity will occur causing the acid front to lag behind

the acdvancing ground water front. In this study, the neutrazlization
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fering capacity of the MWDF site soils. These .

[
H

neutralizing - pH b

ncluded determination of:

e Mass balance acidity retardation factor for MWDF
site soil neutralization capacity (calcium car-
bonate equivalence) and tailing leachate acidity
data;

e Acidity retardation factor from column tests;

¢ Mass balance calculeations based upon the char-
ecteristics of the leachate permeate and
postcolumn test results; and

A discussion of the methods and results of the zbove evzluations

fiollows.

3.5.1.2 Mass Balance Aciditv Retardation Factor

ardation factor (R

W)
"
0
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g) to calculate the lag
0f & chemicezl parameter front behind the assoc

e

ated ground water front

[ad
ial

f—

originating zt the chemical source. Mass an t models consider not

7}
o)

ot
only geochemical controls, but dispersion and dilution of the chemical

[}

parameter front as well. Therefore, if a retardation factor can be

I
<

determined for an acid in geomedia, a m model will be an
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or
"
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appropriate tool to calculate the time-distance of an acid-front migra-
tion within a geomedia (soil). By correlating acidity and pH measure-
a

ments, predictions of the pH front movement can zlso be made.
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to estimate & retardation factoer for acid similar to that discussed in
Secticn 3.3 for other chemical species. TFor a particular geomedia and

on factor is defined as the ratio of
inear ground weater velocity to the chemicezl migretion velo-
actor can be determined

the weight of neutrelization capacity in a unit weight of

cecmedia by the weight of acidity in the seepage which can be present in
that unit weight of geomedia. The reterdation factor, Ry, for acidity

tons CaCO3 neutrelization in geomediz (or ground water)

4 mg /L CaCO3 acidity in seepage
e
where
Rd = Retardation factoer for acidity,

e

t

¢}

wWhen Rd = 1, no neutraliz on capaclty is present; hence, the &acid and
ground water fromt migrate at the same velocity within the aquifer.
When Ry 2> 1, neutralization capacity 1is present in the aquifer and the

acid front lags behind the associated ground water fromnt.

The zbove zpproach to the calculation of the reterdation factor for
water acidity does not consider the efficiency or rate of neutrealization
reactions. Wwhen the acid neutralization reaction is slow, the acid
front will prcbably migrate bevond the modeled acid-frcnt location with-
in the aquifer. However, the slow movement of ground water allows more
water—sediment contact time. Additionally, complete removal of the acid
L

ization capacity present within an aquifer (100 percent reaction

=]
1]
[+
t
a
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—
.

ndefinite source. The

[ N

n

N

efficiency) will occur with time assuming

cid front is equal to 1.

23}

retardation factor for acidity behind the
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Table 3.24 presents the results of the above mass balance acidity retar-

dation facter calculations. Compared to the other methods of site soil
neutralization capabilities discussed below, these retardation factors

[\
H
(]
oy
}_l .

aQ
jog

Acidity is the quantitative capacity of a water to neutralize bases. It
is 2 measure of the hvdrogen ions present as a result of dissociation or
hvdrolvsis of solutes in & water sample. There are three sources of

... o+ . . . . - N .
water acidity, B, including (&) strong mineral acids such as sulfuric

(H2504>3 (b) weak acids such as carbonic (H2CO3); and (c) hydrolvzing

salts such as iron or aluminum sulfates.

.. . \ . + A .. .
The contribution of hydrogen ion, H , to the available acidity (solution

titrated to pH 8.3) of pH 3 leachate onlyv represents a small fraction,

two percent, of the total available acidity. The hvdrolvsis of metal
ions, i.e., aluminum, iron, and zinc are responsible for nearly all of
the available acidity (Table 3-17). The pH of the effluent from the

columns permeated with pH 3 leachate was approximately five after ten
pore volumes. This increase in pH from three (influent) to five (8% =
10—5 m) as leachate permeates through columns represents nearly com-
plete, 99 percent, neutralizztion of hvdrogen ion, H'. However, an

appreciable availeble acidity remains in the column effluent because of

the iron and zinc remeining. The aveileble acidity for pH 3 influent
permeant 1is 2,850 milligreams per liter calcium carbonate and the
effluent from the acial ti1ll column is 1,100 milligrams per liter

calcium carbonate (Table 3-17).

Acidity mass balance calculations to determine acidity retardation for
correlation to pH front movement was found not to be an appropriate
method when reduced vzlence states of chemical species are present and
mav lead to inaccurate chémical species movement predictions. The error
lies in the definition and use of the acidity term. The acidity value
used in the mass velue calculation is termed available acidity. The

P

method of determining available acidity (4ppendix D) is by titrating the
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seample to pH §.3 with no xidation, i.e., this is not a total

v
3]
O
o
(@]

the reduced state of the leachetes

o
o]
th

acidity value. However, becaus

2

used in this stud this value alsc does not represent the acidity pre-

¥

sent in the leachates available for neutrelization by the scils, il.e.,
{t is not an accurate indicator of pHE front movement. This 1s because,

2s the pH of the leachates 1s increased cduring the acidity titration,

zcid. Hvdrolvzeble icns such as iron and man

m

zcidity in their fully ozidized valance states than their reduced
valance states. This is i1llustrated by the hyvdrelysis of ferrous

(reduced valance state) iron:

+ . - +
Fe 2 4 om0 => Fe(OE),° + 2H
2 2
end ferric (oxidized valance state) iromn:
+3 ~s - P
re™® + 35,0 => Fe(OH).° + 3H
2 3
Therefore, until 2 solution is fully oxidized, not zll measurable acid~-

ity may be present for neutralization. Potential acidity can exist even
after the water has passed through & neutrzlizing geomedia. Slow rates
of oxidation, hvdrolvsis, or dissociaticn reactioms can prevent some
sources of potential water acidity from being neutrazlized as fast as may

be indicated by the mass balance neutrelization calculation method.

3.5.1.3 Column Test Aciditv Retardation Factors
4cidity retardation factors or acidity breakthrough can often be deter-
mined from column tests. However, as with the mass balance acidity

retardation factors discussed above, this method was not an accurate
indicator of pH front movement (by correlation to acidity) within the

columns due to the source of acidity present in the potential MWDF

leachates. The available acidity retardation factors presented in
Taebles 3.15 and 3.24 were determined in & manner similar to the other
solutes (4ppendix F). However, the availeble acidity breakthrough



ves simply resul

3-5 show no correlation to .

lted from the bre

ekthrough of

hvdrolvzable metals such as irenm, zinc, and others. There 1s an approx-
imete correlation between zinc &and iron attenuetion with that of aveil-
zble acidity. As the normalized (C/CO) iren ené zinc concentrations
increase with increasing pore volumes, the acidity also increzses. If
the source cf the acidity was principellv due to strong mineral acids,
then this method would have been a more eppropriate predictor of pH
front movement.

3.5.1.4 Acidity Retardation by Post-Column Test Characterizations

Table 3.25 presents 2 summary of the postcolumn test acid neutralization
capacity determinations &nd totel acidity eavaileble during the column
tests to react with the soils In each column, the neutralization
capacity decreased after acidic leachates were permeated through them.

However, the neutralization capacities

decressed to much

lower levels

than predicted by the toteal weight of acidity permeated through the

columns. This reduction results in anomelous neutrezlization capacities.
4 possible explanastion of the anomalous values may be found in the

samples selected for testing. The pre

lon capacity determi
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fractions of the bulk composite samples
to characterize the postcclumn test mat

entire column sample. A possible heter

and postcolumn te
nations were rTiff
erial was riffle

ogeneous distribu

st samples used
le split

the sample used
split from the

tion of carbon-

ate minerals in the bulk composite (as discussed in Section 3.4) and/or

column samples may have caused the obse
This mass balance technigde was not abl
capscity of the postcolumn test samples
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w0
-
Q.
()
H
[
[e W
-t
¢]
1)
o]

ep

opT
e soils.

}r
-t

through MWDF si

rved results.

e to predict the

o]

neutralization

. It is, therefore, not con-

opriate method to predict the pH front movement
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appropriate predictor of pH front movement through the MWDF geomedia.
Figures 3-11 and 3-12 present the results of soil titrations using the
pE 3 and pE 6 leachates, respectively. The column effluent pH results

P N N

plotted on the column test chemical brezkthrough curves (Figures 3-1

through 3-3) elso essentially represent titration results for lower

For the pi 3 leachate permeant column tests (Figures 3-1 through 3-3),

a pH of 5 was reached in the seepage

=
09

]

rt

ebout 5 to 7.7 pore volume dis-

plecements through the columns and remained constant throughout the

durztion of the test. A brezk in slope on the titration curves (Figure
3-11) For the pH 6 leachate permeant column

, & seepage pH cf 6 also occurred at
about 5 and 5 pore volume displacements for the glacial till and
stratified drift columns, respectively. ZIxamining the ratios of volume

cf leachate added per weight of soil for the titration curves and column

a e
ble 3.26), there is reasonable agreement between the
3

test results (T

e8]

'

results of the two tests, except for the stratified drift titrated with

pH 6 leachete. As discussed earlier, the differences which occur are
probebly the result of a heterogeneous distribution of carbonate

tes for the stratified

n

minerals between the samples, slower reaction r
drift in the titration test, or dilution effects from the different soil

vater volumes present at the start of each test.

results are expected to rezsonably predict the pH front movement for the
acidic (pE 3 and 6) leachates. Chapter 4.0 addresses the field time

simulated by the column tests so that the pH results shown in Figures

3-1 through 23-5 can be directly related to field conditions.
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distribution in MWDF site Arez 41 subsurface soils. The program con-

sisted of relating carbonate effervescence data (semiquantitative) to

£
L

[

the results of czlcium carbonate equivalent anelyses (quantitative).

[md

These relationships were evaluated to assess the acid neutralizing

potentizl fer subsoil materizls beneath and adjacent to MWDF site Area
41, The zccuracy of the results was to the level of data available.

initizllv examined for the carbonate minerals distributio
samples from the borings (locations shown in Figure 3-12) represent the
1

rephic sequence of soil materiels to the underlying bedrock.

Soil samples were tested for carbonate effervescence with dilute hydro-

foun)

chloric acid and assigned a numerical rating based on the observed
rezction as follows:

ffervescence Value O - No observable reaction.

°
o]

vescence Value 1 - Very slight reaction.

L ]
1
Hh
Hh
1]
o

scence Value 2 - Slight to moderate
he!

e Effervescencé Value 3 - Strong reaction.

¥

Results of the carbonate effervescence testing for 23 of the tested

borings are presented in Appendix H.
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One hundred and five samples were selected for czlcium carbonate equiva-

ate effervescence data,
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boring logs and sample descriptions, cross secticns, and hydrogeologic
data. Sample selection criteria include
e Representation (approximately equel number of
samples) of the stratified drift or upper glacial
till stratigraphic units.

¢« Verticzl end horizontal distribution within and
between borings.

e Sample descriptions representative of the two
stratigraphic units.

e Representation (zpproximately equal number of
samples and the full range cof effervescence
velues) for each carbcnate effervescence rating
group.

Semples were znalvzed for percent calcium carbonate eguivalent (Sobek,

8) bv reaction with an excess quantity of standardized aci

~J

et &l., 19
When the reaction was completed, the remaining acid was titrated with
standardized base; the quantity of acid consumed in reaction was cal-
ressed on the basis of celcium carbonate equivalent
Results of the calcium carbonate equivalent analyvses are presented in

Appendix G.

The calcium carbonate equivalent data were reviewed and compared to the

carbonate effervescence results and representative carbonate equivalent

ranges developed for each carbonate effervescence rating in the glacial
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t1ll and stratified drift units. These ranges were established on the.
basis of "tvpiczal" vealues; extraneous data were not included in the

0.
(0]

velopment of the representative ranges. Simple statistical calcu-
lations including median, mean, frecuency, and standard deviation were
also employed in establishing representative calcium carbonate

eguivelent ranges.

The established cearbonate equivalent ranges were extrapolated to the

Ft

complete set of samples for which carbonzte effervescence data were
eileble end ranges of carbonate values were zssigned by stratigraphic
unit to the borings in plan view and by sample in geologic cross

sections.

3.5.2.3 Results and Discussion

Results of the carbonate minerals distribution study = resented 1in

]
[t
J o

g from 0.2 to
more then 36 percent celcium carbonate eguivalent. However, most values

zre between 0.5 znd 8 percent.

Representative ranges of calcium carbonate eguivalent were developed for
the till and drift units using the carbonate effervescence rating scale
of 0 to 3. The established ranges follow:

e Effervescence Rating 0. Celcium carbonate equiva-
lent ranges from 0.2 to 0.8 percent in the glacizl
till and 0.2 to 0.6 percent in the stratified

drift.

¢ Effervescence Rating 1. Calcium carbonate equiva-
lent ranges from 0.4 to 3.8 percent in the glacial
t1ll and 0.3 to &£.3 percent in the stratified
drift.

¢ Effervescence Rating 2. Celcium carbonate equiva-
lent ranges Iirom 2.8 to 8.6 percent in the glacial
till and 3.4 to 6.2 percent in the stratified
drife.
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e Effervescence Rating 3. Celcium carbonate equiva-
lent ranges from 5.5 to 10.3 percent in the gla-
cial t£ill and 6 to 13.1 percent in the stratified
érift.
Semples from Beorings G&1-H9, G41-CGl3, GL1-HIGE, end G41-K21A, zs dis-
cussed previously, were tested using & carbonate effervescence rating
scale of 0 to 5. The representative celciuvm cerbonate equivalent vealues

e Effervescence Value 0. Celcium cerbonate equiva-
lent is less than 1.5 percent.

e Cffervescence Value 1. Calcium cerbonate equiva-
lent ranges from 1.5 to 3 percent.

e Cffervescence Value 2. Calcium carbonate equiva-
lent ranges from 3 to 3 percent.

¢ Effervescence Vealue 3. Calcium carbonate equiva-
lent ranges Irom 5 to © percent.

e Effervescence Vzlues &4 and 5. Celcium carbonate
ecuivalent is grester than ¢ percent.

The apparent variable relationship which exists between the carbonate

effervescence results and carbonate mineral content may be due to the
mineralogical characteristics of the soils. Results of X-ray diffrac-
lvses, Teble 3.2 presented in Section 3.1, of the composite
semples and the two samples with a carbonate effervescence rating of 2
clacizl till (Sample No. 10, Boring G41-E194) and
stratified drift (Sample No. 22, Boring G41-Cl5) indicate that dolomite,
2 calcium-magnesium carbonate, is the principal carbonate mineral pre-
cent. Dolomite typically does not effervesce when treated with cold,
dilute hydrochloric acid. Thus, samples containing zppreciable amounts

of dolomite may effervesce less vigorously when tested, resulting in an

underectimation of the calcium carbonate equivalent present.

Plan views of representative stratigraphic carbonate minerals distribu-
tion are presented in Figures 3-13 and 3-14 for the glacial ti1ll and
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ate mineral content zappears to be slightly
in the saturated zone in comparison to the
ally saturated zcne. However, concentra-

0f severzl percent or more carbonates are
frequent above the water table.
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ION TEST RESULTS

The lzboratory test results set forth in Chepter 3.0 provide the basis
for evaluating (2) potentizl secepage rates from the MWDF and (b) chem-

icel parameter movement in the underlying soil. The process for mak-

¥

ing such determinations can be very complex involving many variables.

Computer simulation is required to define or predict vertical and hori-
seepage and chemical parameters. Initial analy-
tical calculations can be made, however, to bracket the seepage amounts

and chemical parameter distribution.

evaluate (a) the anticipated time rate of tailing leachate vertical

movement through a 0.15 meter thick liner composed of & four percent

verticel movement through the underlying glaci
movement through the st

rat
compliance boundary, and (c) the estimation of migration of various

i
chemiceal parameters through the liner and underlying stratigraphic

units.

To conduct this analysis, the following assumptions were made:

¢ A single laver for each unit. The liner, glaciel
till, and stratified drift were assumed to have
unrestrained inflow at the top of the layer and
outflow at the bottom of the laver. This is =z
relatively velid assumption for the liner since
water seeping through the liner will enter the
more permeable glecial till. TField conditions
will place different constraints on the glacial
till and stratified drift and will, in general,
decrease the velocity of seepage compared to that
assumed herein.

¢ Complete saturation in each unit. The laboratory
work was done with saturated samples. TFor this
assessment, consistency between laboratory and
anzlytical assessments is required. However,



field conditions will show & partially saturated .
£i1l beneath the MWDF site. Partielly saturated
permesbility is anticipated to be less than the
zssumed saturated permeabilityv. Thus the znaly-
sig discussed ig conservative (i.e., has larger
seepage cguentities end faster chemical species
movement than will zctuallyv occur).

« Constant Head On Liner. A constant head of ap-
proximately 0.2 meters of water on top of the
liner is assumed. The water level on the liner
juring operations should be near zero due to the
underdrein svstem. After operations and reclam-
ation, when pumping in the underdrain ceases,
free water will accumulate on the liner. The
underdrain is 0.46 meters thick (Golder, 1982z)
An assumption of 0.2 meters of water above the
liner appears reasonable.

¢ Similar Soil Yaterial in Laboratorv and Field.
The compositing of MWDF site scil samples and
resulting effort to make these samples represen-
tative indicate that this assumption should be
reasonably velid. TField soil (limer, till, and
drift) permeabl e assumed to be equal to
that determined in this study.

4.2 FLOW RATE DETERMINATIONS

Since the bentonite/till zdmixture liner material was tested at constant

ow rates were cetermined using a constant

Pt

water head (4ppendix F), £

head method of assessment. Likewise, water flow rates through the

rift used & constant water flow rate
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A method for evaluation of constant weter head flow rate is discussed in

e
detail by Heji-Djaferi and Wright (1982). 1In this eveluatiom, a field

(oa 0

time scale is calculated based on laboratory datz and field conditions.
This scale is used to cenvert leboratory pore volume displacement to

field equivalent time, which relates field time reguired for the concen-

tration of & monitored chemical parameter to reach measured concentra-

3-1 and 3-6. The
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method is used to estimate flow rates through the liner in this section

and chemicel parameter migration in Section 4.3,

The equation for czlculating the field time simulated by a constant

water head flow rate test is derived eas follows:

Qs = Q¢ x (1e/1y)
t£ = <1/Pvt)
tf = tS X t£
therefore
where

Q2 = pe§meant effluent flow rate from the laboratory sample
(L7/2),

A, = laboratory sample surface zrea (LZ),

i, = lzboratory hydraulic gradient (L/L),

ip = field hydraulic gradient (L/L),

Q¢ = field seepage rate per unit area (L3/L2t),

Qg = leboratory effluent (flow) rate per unit zares (L3/L2t),

PV, = Average pore volume flow ratio per unit time (L3/L3t),
ty, = laboratory time (t),

t. = corresponding field time (t),

tg = time sceale for converting lzboratory time to correspond-
ing field time (dimensionless),

Le = thickness or length of field stratum (L), and

L, = length of leboratory sample (L.

The parameters specific to this assessment of water flow through the

liner and approprizte laboratory tests are:



Using the above data and Equation (1), field time is c

follows:

bentonite/till admixture liner with & hyvdraulic gradie
- o

permeability identical to the leboratory sample. Ther

volume on Figures 3-1 and 3-6 represent 20! week 3.9

s (
Thus, approximately 50 wvears (13 po
vears) of field time was simulated for the four percen
Simila

be made for other various liner thicknesses and field

ow Tests

o

Constant F

PARAMETER VALUE
L. 0.15 meters
Lo 0.116 meters
30 meters -
i, S = 258
2 ).116 meters
i, 0.20 (head on liner) + 0.15 (liner thickness)
0.13 (liner thickness)
= 2.33
PV, 0.71

201 weeks

to pass one pore

nt of 2.33 and
efore, each pore
vears) of antici-

re volumes x 3.9
t bentonite/till
r calculations can

3

hydraulic

Similar methods can be used to calculate the field time simulated by

tests of the glacial ¢

o]

constant water flow rate colum

[Ge]

o

drift. The equation for ca

flow rates are Xnown is derived zas fcllows:

culating the field time six

111 znd stratified
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x PV)/TV

therefore

where

.

= TV/Q, = 1/PV

TV = total volume of lzboratory sample (LB),

PV = pore volume of lzboratory sample (L3

~

Other terms defined in derivation of

), and

Equation (1).

When the field hvdraulic gradient can be determined, the equation for

calculating the field time simulated by a constant

is derived as follows:

ty = Lf/(K x i) x (PV_. x PV)/TV

therefore

te = Lf/(K X if) » (PV/TV)

water flow rate test

(3)

where terms are defined in the derivation of Equations (1) and (2).
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he appropriate parameters for field soil conditions beneath the MWDF



¢ Totzl bottom &rez o
hectare (Golder, 169
¢ Representative dept
of MWDF to top of &
mately 33 meters (F
¢ Total steadv-state
MWDF et post-reclam
range of:
- 647 cublc meters
- 2,637 cubic meter
e Herizontel distance
ary from outside
(1,200 feet).
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per week, to
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=]

f tziling ponds - 53.45 = :
82a). = 7 :
h of glacial till from bottom )
tratified drift ~ epproxi-

: \

igure 2-4).

water flow rete from bottem of

ation i1s expected to be in the

per week (Golder, 1%82c).

length) to compliance bound-

ce (
edge of MWDF - 365.8 meters

ient in the streatified

lacial till Column

e is calculated for two potential

steady-state MWDF seepage conditions as follows:

e Low seepage rate -

te = (33 x 5.345 x
= 6,957 weeks
¢ High seepage rate -

T
1
I_\
U
>

v
O

10° % 1.£12 % 1074)/(5.533 x 107% x 647)

/2,637 = 1,707 weeks

(post-reclamation) seepage rates. Time
of precipitation infiltration rates (2.0

teiling ponds. Each pore volume on



Figure 3-2 represents between 32.8 and 133.8 vears of anticipated field
time for saturated till perccleticn to the drift. Thus, for glacial

till permeated with pH

dimensions of the

claciel till column

wr

w ;i : 600 to 2,400 vears of

-

field time was simulat

The zbove czlculations assume saturated conditions. 4s shown in Figure

1v 12 to 15 meters of partiallyv saturated glacial till

2-L, zpproximate

oy

(v

wi e present beneath the MWDF. Thereiore, these time estimates aTe

£

considered conservative. Similar calculations can be made for other

MWDFT seepage rates and glacial till thicknesses.

]
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d time simulated by each pore volume pessed through the strati-

—

fied drift Column J-1 is calculated using Ecuation (3) and the zbove

data. The calculation is:
ty = (365.8 % 2.062 x lO—A)/(7.86 (m/wk) % 0.006 x 6.111 x 10’4>
= 2,617 weeks

This implies theat it will teke 2,617 weeks (50.3 veears) in the field

to hvdraulically move one pore volume of water through & unit area of

the saturated stratified drift from the outside edge of the MWDF to the
366 meter (1,200 foot) compliance boundary. The time scale would be
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4-8
FIELD TIME SCALE
SOIL UNIT (Years/Unit Pore Volume)
Four percent bentonite/ 4
£ill admixture liner

Glacial Till 33 - 134
Stratified drift 50
TOTALS 87 to 188

To displace ome pore volume of water through the MWDF liner, down
through 33 meters of glacial till and horizontally outward 366 meters
(1,200 feet) in the stratified drift to the compliance boundary will

require approximately 87 to 188 years.

Table 4.1 has been prepared to show the approximate time for chemical
parameters with known retardation factors to migrate through the various
individual and combined stratigraphic units to a level of half their
source concentration. Chemical species with retardation factors of five
or above will require about 950 years or more for their concentration at
the 366 meter (1,200 foot) complience boundary to equal half of their
source concentration. This calculation assumed fully saturated condi-
tions in all units and the design conditions noted in Section 4.2.
Additionally, the calculation ignored the effects of dilution, disper-
sion, and possible variation in the source concentration or seepage flow

rates.

A review of the retardation factors for the chemical paremeters on
Tables 3.15 through 3.20 indicate that all but the following chemical

parameters have values of about five or above:

¢ Chloride .

e Sulfate

¢ Total Sulfur

¢ Specific Conductance/TDS

¢ Manganese (lower pH leachates)
¢ Zinc (pB 3 leachate)
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Based on the work performed for this studv, the following

5.0 CONCLUSIONS

e, KR 182.075. Preceding chapters have discussed in detail the
sign, leboretory eand enelvtical methods, study results, and

Nt interpretive discussions relative to the Crandon Project MwDF

conclu-

¢ The soil samples used in the attenuation test ar
considered representative of the soil tvpes which
will exist beneath the MWDF site and zlsc used in
its construction. Therefore, the results of this
studv can be used to evealuate the fate of solutes
from MWDF seepage.

¢ Both the designed (alkel

c
"worst-case'" (acidic) tailing leachates pH and
chemistry range in the MWDF teiling ponds were
used to determine MWDF site soil and liner
chemical ettenuatiocn characteristics.

¢ Most of the chemical species determined for the
alkaline leachate will only require minor dilu-
tion ratios to have concentrations equal to U.S.
EP4 Drinking Water Standardés at the 366 meter
(1,200 feet) ccmpliance boundary.

e Chloride, sulfzte, total sulfur, and filterable
residue (TDS) could migrate at the same velocity
zs the MWDF water seepage front. Dilution and

dis pe*Qlod will be the mejor factors limitin
their concentration in the ¥WDF seepage.

¢ The MWDF site soils have & substantial attenua-
tion capacity for the other chemical species
tested. Thig attenuation capacity generally
increases with increasing seepage pH.

¢ There was agreement between the batch and column
attenuation test results of this study. In addi-
tion, there was an agreement between duplicate
batch or column tests.




Thie MWDF site soils have & very large acid
nevtralization capacity. The distribution of
carbonzate minerals {principally dolomite) in the
MWDT site Arez &1 soil is somewhat varizble both
verticallv and horizontally (laterally). How-
ever, considering the overzll level of ecid-
neutralizing winerels present, there is a2 high
capacity for acid neutralizetion for all direc-
tions of possible seepage flow from the MWDF.
Therefore, acid-front movement through the soils
underlving the MWDF will be very slow, on the
oréer of hundreds of vears for even the ''worst
cese'' scenarioc MwDF seepage conditions (i.e., pH
3 leachate) evaluated in this study.

Due to the high acid neutraslization capacity of
the MWDF site soils, those heavy metals in the
MWDF seepage controlled by acid neutralization
attenuation increased with increasing pH)

I
be substantielly attenuated by the site

In relation to anticipated MWDF site conditions,
the field time simulated in the laboratory column
s for water migration was epproximately 50
four percent bentonite/till liner

00 to 2,400 vears for the underlying

1, end 630 vears for the stratified

[
w0
th

m

Based upon the anticipated field conditions,
those chemical species with even limited attenua-
tion by the MWDF site soils will require hundreds
of years to reach the 366 meter (1,200 foot) com-
pliance boundary at half their source concentra-
tion, assuming their source concentration does
not diminish and no dilution or dispersion occurs
in the ground water. Therefore, attenuation of
heavy metals in MWDF seepage by the MWDF site
sc>i'l will offer substantiel protection to the
ite ground water resources

No changes to the permeability of the proposed

MWDF bentonite/till admixture liner or soils

underlying the MWDF are expected due to potential
reactions with MWDF seepage.
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In addition to the above conclusions, the results of this study supply.
y PPLiYy

H
o

the necessary attenuetion date for use in any further evaluation of

potentiel hvdrological and geochemiczl effects of the MWDF, and for

selecting those parameters which may be of interest,.

AN L
Michael J. Té&vylor
Vice President/Project Manager

John C. Wright, Jr.

Project Scientist

MIT:JCW:rmv

Project Nos. RM81-444
RM82-1095

November 30, 1882
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TABLE 3.1
‘ GRAIN-SIZE DISTRIBUTION OF COMPOSITE SAHPLES
crATN-§17E nisTRIBUTION(?)
(%)
_( l) S SESIPII S PSPUEISEISESESE I S S S s S B —
SO SAMPLE R
COARSFE. GRAVFEIL, FINF, GRAVEL, COARSE SAND MEDTUM SAND FINE SAND l”l';nl[llg';\';‘;i:”(}]AATYLn SILT CLAY
» (76.2-19.05 mm) (19.05-4.75 mm) (4.75-2.0 mn) (2.0-0.429% mm) (0.6425-0.075 mm) '(<'0 075 mn) (0.075-0.002 mm) (<0.002 wm)
. 075 m

Glactal Till (Componite No. 1)

Bulk et 21.8 3.7 15.0 32.3 14 .1 10.2 3.9

Minus No. 4 Sieve Materfal - - 5.7 23.0 9.6 21.7 15.7 6.0
Stratified Deift (Componite No. 2)

Bulk 0.9 6.7 2.5 29.1 51.5 9.3 7.5 1.8

Minua No. 4 Sleve Matertal - - 2.7 3.5 55.7 10.1 .1 2.0
AT Bentonfte/TLTL Admixtuare

Bulk 1.3 2104 8.7 23.5 24.8 20.) 14.9 5.4

Minus No. A Sleve Material - - 11.2 30.4 32.1 26.3 19.3 7.0

(I)Sec Appendix C for composftion of composite samplen.

(Z)ASTM D 422-63(72). Sece Appendix C for grain-elze distributfon curves. Many ol the samplen, eapeclally tills, had gravel Inside the samples, which were not vislble during
the t{nltial Innpectlon of the agpregated samples. Thle renulted In compositen with sfgnllicantly more gravel than the index testns (Appendix C) would have predicted.



TABLE 3.2
BULK MINERALOGY OF PRE AND POSTCOLUMN TEST COMPOSITE_AND _OTHER STTE_SAMPLES (D)

MTINERALS PRESENT (%)
SOIL(Z)
SAMPLE

QUARTZ FELDSPAR  AMPUIBOLE DOLOMITE  CALCITE GYPSUM MIXED LAYER CI./\YS(j) SHECTITE CHLORTTE, MICA  KAOLINITE

3Glactal TiIL

Composite No. |

Precolumn Test 55--60 15 5 5 (M) -(5) R - 5 5 5-10
Poatcolumn Test--pli 55-60 10-15 5 <5 TR 5 TR - 5 5 9
3 Permecant
Postcolumn Test--pll 55-60 15 5 5 TR - TR - TR 5 5
9 Permeant
Boring GAl-E19A
Sample No. 10 55-60 15 TR 10 TR - - - 5 TR 5
Stratified Drift
Composite No. 2 55--60 15 10 5 TR - TR - 5 5 5
(Precolumn Test)
Boting GAL-CIS 5560 15 10 5-10 TR - TR - 5 5 5
Sample No. 22
4% Bentonfte/TILL Admixture
Precolumn Teat 45-50 15 5 ) TR ~ 5 5 5 5 5
Postcolumn Test 45-50 15 5-10 <5 TR <5 TR < 10 S 5
pit 3 Pecmecant
Postcolumn Teat 45-50 IN-15 5 5 TR - TR <5 10 5 5

pit 9 Permecant

(n
Semiquantitative X-ray dlffraction analyses were performed on randomly orlented powder mounts of the soil pamples In accordance with the procedures

of Hutchison (1974) and Wong (1977). A Rigaku Gelgerflex X-ray dlffractometer cquipped with a graphite crystal monochromator using Cu Ka radlation
was used to obtaln X-ray diffraction patterns. X-ray dfffraction peak intensfitles were used to determine relative percentages of mineral phases
present, Bulk mineralogy implies no sample pretreatment.
(2)
)
Irregularly {nterstratifled chlorite and vermiculite.
("),
T

(5)..

See Appendix € for composition of composite samples.

R” {ndicates trace.

-" {ndlcates phnses not detected,



TABLE 3.3
CLAY MINERALOGY OF PRE_AND POSTCOLUMN TEST sAnpLes (1)

MINERALS PRESENT IN THE <0.002 mm FRACTLON (%)

. SO1L
samrLe(2)

QUARTZ FELDSPAR  AMPUITBOLFE MIXED LAYER CLAYS(J) SMECTITE CHLORITE MICA KAOLINTTE

Glaclal Ti1l

Composlte No. 1

Precolumn Test 40-45 10-15 5 5 <5 5 10 15

Postcolumn Test--pl ’ 40-45 15 5 TR(A) -5 10 15 15
3 Permweant

Postcolumn Test——pll 40-45 15 5 TR - 5 10 15

9 Permeant

Stratified brift
Compoaite No. 2 50-55 15 5 S TR 5 10 10
(Precolumn Test) :

4% Bentonfte/TI1l Admlxture

Precolumn Test 45-50 I5 5 5 5-10 5 5 10

Postcolumn Test 45-50 15 5 TR 5 10 10 10
pil 3 Permeant

Pontcolumn Test 45-50 15 5 TR <5 5 10 10

pll 9 Permeant

(1)

Semiquant{tatlve X-ray diffraction analyses were performed In accordance with the procedures of Wong (1977), using
oriented mounts of deferrated (fron removed) and carbonate phases removed clay fractlons of the soll sample.
Pretreatments of the clays for [ron and carbonate removal were in accordance with the procedures of Jackson (1969),
while preparation of the orlented clay mounts was In accordance with the procedures of Drever (1973). A Rigaku
Gelgevrflex X-ray dlffractometer equipped with a graphite crystal monochromator uslng Cu Ka radiation was used to obtain
-X-ray diffraction patterns. X-ray diffractlion peak Intensities were used to determine relative percentages of the clay
mineral phases present in the <0.002 mm soll fractlon.

(2) \

See Appendix C for composfition of composite samples.

3)
( Irregularly interstratiffed chlorite and vermicullte.
(4 .

)“TR" {ndicates trace. i
). . : - E
-" indlcates phase not detected. o
LA

i ,#,
/ S



TABLE 3.4

CHARACTERIZATION ANALYSES

RESULTS OF
SAMPLES

OF COMPOSITE

1 NEUTRALIZATION EXGHANGEADLE CATIONS(S) CATION ANTON ORGANTC
SO11, - Rl capaciTY(4) EXCHANGE FEXCIANGE srrrant )
: samprE(2) W0 (% CaCoy HY DROGEN CALCTUM MAGNESTUM  POTASS LUM SODTUM caracity(®) caraciTy(6) P
P Fquivalent) (meq/100g) (meq/100g) (meq/100g) (meq/100g) (meq/100g) (meq/100g) (meq/100g) "
Glacial Till 9.15 2.3 <0.1 h.2 3.0 <0.1 0.2 7.4 1.7 0.31
(Composite No. 1) ,
Stratified Drift :
(Composite No. 2) 9,80 1.6 <0.1 . 2.6 1.4 <0.1 0.2 h.2 1.6 0.22
4% Bentonite/Till 8.75 0.7 .1 3.4 0.9 0.1 0.4 .7 1.5 s 0.96
Admixture
Nigh Carbonate -(8) 1.2 = = e = = - ~ -
Effervescence
Glacial Till
(Composite No. 1)
(I)Chnrncterizatinn analyses performed only on sawmple [raction lesa than 4.75 millimeters (minua No. A sieve material - coarse sand and below).

(2)g0c Appendix C for composition of composite samples.

(])nH of a l:1

(h)uﬁl Treatment - NaOH titration in accordance with Sabek, et al. (1978).

(plun Mo. &
~ Composite
- Composite
- Till

L5

nsed
to 3%
(5)

Ammoninm acetate extraction at pil 7.0 in accordance with Black, ed. (1965).

soil to distilled water wmixture at 25°C (Sebek, et al., 1978).

Averapge of duplicate determinations. In addition, the pravel fraction
B ; P

These results follow:

sieve) of each composite sample was tested for carbonate effervescence (Sohek, et al., 1978).
Na. 1 had a typical carbonate effervescence numeric rating of 2 (estimated newtralization capacity of 3 to 5% €aCOj ecquivalent).
No. 2 hal a typical carbonate effervescence numeric rating of 0 (estimated neutralization capacity of <1.5% CaCOjy equivalent).

in the 4% bentonite/till admixture had a typical carbonate effervescence numeric rating oC 1 (estimated neutralization capacity of

CaC04q equivalent).

Analytical determinations in accordance with the U.5. EPA (1979).

Mo exchangeable acidity is preseant by definition for L:1 reaction pli's above 7.0 (Sobek, et al., 1978).
i y y 4

(6)

Extractable
(19a1).

and adsorbed phosphorus (Mehlich Method) in accordance with Hesse (1971). Analytical determinationa in accordance with the APHA

(7)pﬂtnﬂnium dichromate oxidation (Modified Walkley Method) in accordance with Richards, ed. (1954).

(B _w

indicates not determined.




AND PREDICTED
END

eacraTe(?)
g e SFIKED LZACHATE PREDICTED MwDF U.5, EPA PRIMARY AND
PARAMETER UNITS taztve Valve) TARGET . SEZPAGE STCONDARY DRINKING
P coscziTRaTION2)  cosposiTioN(®)  waTER STasDaRDS'C/
- pE uzits 2.6 3.0 .75 .0 & 9. 48 65w £%
Eh =V 75 =586 +246 +276 = - -
Specific Conduciance umhos/ex & 25°C 5,280 £.700 7,240 5,690 - - -
Filzersble Residue ng/t 3,120 5,716 5,140 3,430 & 2,660 500
Avellsble Acidity wg /L CaCo, 5.550 &, 260 980 0 - - -
Rot Aciéity mg/t CaCOs 6,150 4,920 i,890 o - - =
Alkelinity =g/L CaCOy [ ¢ 3 L0 - 3.2 -
Chloride ng/k s 7 310 340 50 12.1 250
FTluoride mg/t 6.09 023 2.2 7.6 z 4,05 T.d = 2.¢
Nitrate mg/L N 17 1 E.6 253 ! 1Y% 10.C
Sulfere’ me /L 2.800 €,000 3,400 2,300 1,500 1,540 250
Thiosulizte mg /L 15 En 530 510 seel®) al -
Total Suvlfur =g/l SC, L 500 9,100 €.,600 £,200 - - -
Cvenide mg/L 0.1 <C.i C.1 €.2 0.25 0.0474 -
Dissclved He:als:”>
Alueinur xg /L Lt 70 0.5 c.5 - 2.0% -
ATEenic =g /L L7 6.8 C.8L 0.083 2 .0l c.05
Barius mg /L <0.01 C.2 0.03 C.é = €.0102 1.0
Cadziun mg/L 1.4 2.3 0.83 .41 1 0.0127 C.G)
Celicium xg/E 50 555 570 660 - 75 ) -
Chromius mg/k Tl 2.k G.0¢ G.2 0:5 0.040¢ 0.0%
Copper ng/t 120 130 4.5 7.3 16 0.0162 1.0
iren:
Ferrous ng/t - - = = = 13.5 -
Totel me/t 1,200 1,458 730 1. sl€r 13,66 0.2
leac ng/E 1.6 4.0 .22 C.0E 2 0.0650 €.05
Magnesium mg /£ 160 20 228 165 5C g.13 -
Msnganese =g /E 26 9 L3 c.s 5 0.024L 0.05
Hercury mg /t C.05% 0.007 0.019 0.150 0.1 ¢.o00i23 0.0C2
Potassium me/L 6.0 62 71 66 30 17.5% -
Seleniuz ng/E 0,006 .07 0.10 0.21 1 C.25¢ .0}
Silicon ng/E 180 290 45 4 - L -
Silver wg/k <0.003% 0.001 €.033 0.1¢ 6.2 ©.00922 €.G5
Sodium mg/t 17 55¢ 650 770 270 551 &
Zine ng/t 490 550 200 .64 2c 0.0408 5.0

(”J-.i: dried teilings leached 2t l:4 tzilings to p¥ 2.0 sulfuric ecid sclution, See Appencix D for leaching cetails and leschate anslvtical
methodeology.

{:)Cn-n:ent'.‘aiions shown are the highest for the moe: representsative renge of leachete anelvses. Concentrations significantly above the range of
anziyticsl results fcr the various leachstes &re not shown. Cowposition rangee for the leschates sre presented in Tables 2.6 chrough 2.E.

(J‘Contenzrstinn cf epecies added to the tailings leschates (sppendix DJ.

G CE.M/¥11) Analyeis No. 9¢; Computer Run 103.

(5)“:.5. TP4 (1975), &0 CFR, Pert 14} ané U.S. EPa (1979), &40 CFR, Part 143.

e pE 3 leschate wis spiked with 500 milligrame per liter tetrsthionste (5406_2} in place of thiosulfate (Appencix D).

{7)?“?15; e 0.45 uu membrane filter,

()

“No iron added tc pi 9 leschate,



RESULTS OF pH 3 LEACHATE aNaLvSIS(1)
PHASE I LEACHATE PHASE II LEACHATE —_ el
PARAMETER UNITS T
10/26/81 2/16/82 2/16/82 L/12/82
Temperature °C 23.4 22.2 21.4 24,2
pH pH units 3.00 2.98 3.07 2.88
Eh mV +586 +387 +609 +587
Specific Conduc:s;nce Ymhes/cm & 23°C §,790 &,160 7,550 320
Filterable Residue mg /& 5,710 5,280 4,820 5,140
Available Acidity mg/4 CaCly L£,260 3,210 2,950 2,850
Hot Acidity mg /% CaClyq 4,810 4,920 4,750 4,650
Llkalinity mg /£ CaCly 0 0 0 0
Chloride mg/% 62 71 67 120
Fluoride ng /L 0.18 0.23 2.4 0.09
Nitrate mg/& N 18 14 14 10
Sulfate ng /2 6,000 5,100 5,700 5,400
Thiosulfate mg /% ¢s 50 42 76
Total Sulfur mg/?-.SO& €,200 8,100 ¢,100 8,900
Cvanide g/t <0.1 <0.1 <0.1 0.1
Dissolved Metals:(z)
Aluminum ng/& 69 65 70 33
Arsenic mg /% 6.8 5.1 2.9 3.8
Barium mg /L 0.2 <0.01 <0.01 <0.01
Cadmium mg /% 2.3 1.2 2.0 2.2
Celcium mg /& 425 455 555 500
Chromium mg /4 2.6 2.6 2.1 1.8
Copper mg /% 110 130 10 120
Iron mg /% 1,360 1,456 91 940
Lead mg /% 2.0 <0.01 4.0 0.04
Magnesium mg/4 235 240 210 215
Manganese mg /& 49 30 30 23
Mercury mg /% 0.002 <0.005 <0.005 6.007
Potassium mg /% 15 50 60 62
Selenium mg /% 0.07 <0.001 0.020 0.005
Silicon T mg/t 170 290 285 130
Silver mg /4 <0.001 0.001 <0.001 <0.001
Sodium mg /% 550 550 L9s 52
Zinc mg /L 520 550 450 430
(I)Referenced anzlyticel methods presented in Appendix D.
(Z)Analy‘sis of samples filtered through an 0.45 Mm membrane filter.




RESULTS OF pH 6 LEACEATE ANaLySIS(D)

PHASE I LEACEHATE PHASE II LEACHATE

PARAMETER UNITS
10/26/81 2/16/82 2/16/82 4/12/82
Temperature °C 23.4 22.4 21.6 24,2
pH - 5.75 5.22 5.82 5.61
Eh ' =V +2L6 +336 +475 +487
Specific Conductance Lmhos/cm € 253°C 7,240 6,750 6,440 5,790
Filterable Residue g/t 5,140 4,360 4,140 4,260
ivailadble Acicity mg/L CaCl, $30 g0 840 750
Kot Acidity mg /& CaCO3 1,890 1,860 1,740 1,340
Alkzalinity mg /% CaCO4 5 5 5 -(2)
Chloride mg/L 310 280 280 240
Fluoride mg /& 2.3 2.3 1.3 1.3
Nitrate ng/f N 6.6 . 4.9 4.0 4.1
Sulfate mg /5 3,200 3,000 3,400 3,100
Thiosulfate mg /& 450 490 490 530
Total Sulfur mg /& sO, 6,000 6,400 6,600 6,100
Cvenide mg /& 0.1 <0.1 <0.1 <0.1
Dissclved Mecals:(3)
Aluminum mg /L 0.2 0.2 0.5 <0.1
Arsenic mg/L 0.3 0.02 0.52 0.84
arium mg /L <0.1 0.03 <0.01 <0.01
Cadmium ng /2 0.10 <0.01 0.83 0.50
Calcium mg /L 570 505 555 500
Chromium mg/% 0.002 0.00¢ 0.004 0.06
Copper mg/L 0.14 <0.01 4.3 0.10
Iron ng/L 730 610 410 410
Lead mg /& <0.01 <0.01 0.22 0.04
Magnesium ng/L 220 225 195 205
Manganese mg /& 43 28 27 20
Mercury ng/L <0.0005 <0.005 0.01¢9 0.00¢
Potassium mg /& 21 62 60 71
Selenium ng/& 0.01 0.004 0.10 0.033
Silicon mg /% 9.8 32 45 18
Silver mg/£ <0.001 0.003 0.033 0.005
Sodium mg /% 615 600 595 650
Zinc mg/& 140 140 200 180"

(l)Referenced analytical methods presented in Appendix D.

(Z)n_n

indicetes no analysis performed.

£

(B)Analysis of samples filtered through an 0.45 um membrane filter.



RESULTS OF pE ¢ LEACHATE &NaLysis(l)

PHASE I LEACHATE PHASE II LEACEATE .
PARAMETER UNITS -
10/26/81 2/16/82 2/16/82 L/12/82 __?i
Tempereature °C 23.4 22.4 21.6 24,2
pH -= ¢.05 §.83 8.62 8.79
Eh Y +276 +308 +487 +506
Specific Conductance umhos/cm € 25°C 5,690 4,960 5,360 4,470
Filterable Residue mg /% 3,190 2,990 3,430 3,210
tveilasble Acidity mg/4 CaClsy 0 0 0 0
Eot Acidity mg/& CaCl, O 0 0 0
4tlkalinity mg/& CaCOqy 30 20 40 35
Cnloride ng/L 340 320 340 310
Fluoride mg /% 7.6 6.8 2.3 1.9
Nitrate mg/¢ N 0.6 1s(2) 2.2 2.3
Sulfate mg /% 2,200 2,300 2,000 2,100
Thiosulfate mg /% 510 500 490 440
Total Sulfur mg /& SO, 2,800 3,900 4,200 3,800
Cyanide mg /L c.2 0.1 <0.1 <0.1
Dissolved Metals:(s)
Aluminum mg /& <0.1 0.5 0.4 <0.1
Arsenic mg /% 0.061 0.275 0.015 0.009
Barium mg /& 0.4 0.07 <0.01 <0.01
Cadmium , ng /L 0.27 0.17 0.31 0.41
Calcium mg /L 660 645 575 575
Chromium mg /% ) 0.04& 0.2 0.12 0.02
Copper mg /2 5.4 7.7 6.8 4.4
Iron mg /4L 0.4 1.2 0.4 1.6
Lead mg /L 0.01 0.08 <0.01 <0.01
Megnesium mg /% 66 86 140 145
Manganese mg /& 0.70 0.%0 3.4 0.73
Mercury mg /% 0.150 0.078 0.076 0.066
Potassium mg /& 20 120 65 66
Selenium mg /% 0.05 0.21 0.15 0.054
Silicon mg/& 0.1 16 4 <1
Silver mg /% 0.12 0.19 0.12 0.001
Sodium mg /% 680 770 615 675
Zinc mg/t 0.64 0.27 0.28 0.0&

(l)Referenced analytical methods presented in Appendix D.
2 . o .
(‘)Insuff1c1ent semple for analysis.

(’)Analysis of. samples filtered through an 0.45 um membrane filter.



TABLE 3.9
RESULTS OF WATEQ ANALYSES FOR PREDOMINATE LEAGHATG SPECIES

PREDOMINATE CHEMLCAL SPECLES AT EQUILLHRIUH(I)

SOLUTE - - L N LT ST DU
pll 2 LEAGHATE pll 3 LEACHATE pll 6 LEACHATE pil 9 LEACHATE
Chlorclide Cl_l CI,"1 Clul L171
Fluoride Ak atet? ol r
Nitrate o, ! NO, ! No, L MO, !
= 3 3 3 3
Sulfate 50,77 8 50,72 50,2
+ + - + - +: + o 2
AlumLnum mso, a3 arcso, ! anse Y s, bt arry M aeg wn(2)
Gadmium ca?, cdso, cd*?, cdaso, ca*?, cdso,, cdcrt! cd*?, cact*!, cdso,
Calelum ca*?, caso, ca*?, caso, ca'?, caso, ca*?, caso,
Chromlium crso,t! crso,t! cron'?, crso,t! cro, 2
Copper Cu+2, CuS0, Cn+2, Cuso, Cn+2, Cusoy, cuon),
Tron re'?, Feso, re*?, Feso, Fe2, Feso, Fe(omy,™!
Lead et phso Ph(s0,),"2, P2, Pbso BD phon™t . rheom),”
h Ph(504), 4 ' 2
Magneslum ng'?, ugso, Mgt Mgso, ngt?, mgso, g2, Mgso,
Manganeae Mnrz, HnSOZ H"FZ, Mn50, Mn+2, Mns0, Hn+2, Mns50,
Potasalum K+1 K+] K+l K+1
$ilicon 1,510, 510, 1,510, i)
Sllver BD BD ) Act” Agcl,”!
SodLum Natt Nat! Natl Na'l
Zinc zt?, znso, zn*?, znso, za'?, znso, Zn(on),
(n

Thermodynamic equllibrium distributlon of the solutea as caleulated by WATEQ using the chemlcal analyses ol the leachates and
meagurements of pil and Eh. Other than the solutes noted above, no other solutes were conagldeved In this calculation. The
lenchate analyses used in these calculatlons were the pit 2 leachate analyala shown in Table 3.5 and the October 26, 1981 analyses
of the pll 3, 6, and 9 leachates shown on Tables 3.6 through 3.8. When wmore than one specles s depleted for a glven solute, they
are present at near equal molalltles; the flrst specles noted 18 predominate.

(2)

“/-up" Indlcates that solute was below analytlical detectlon limlta In the leachate,



TABLE 3.10

RESULTS OF WATEQ ANALYSES FOR STATE OF LEACHATE
SOLUTION EQUILIBRIUM WITH POSSIELE SOLUTION CHEMISTRY

CONTROLLING MINERAL PHASES
EQUILIBRIUM STATE OF SATURATION(Z) g
LEACEATE LEACHATE LEACHATE LEACHATE E i
tmozphous A1(0E), -32.37 - = = 5p(3)
Gibbsite, A1(0E), -34.06 - - 0 2D
Dizspore, AlO(ORH) ~-35.20 = = 0 ED
ALOESO, =723 0 0 = ED
imorphous Cd(OH), =13.12 = - - -
Amorphous CdCO4 =1l ED 8D - c
€éso, -0,15¢ - - - -
Fluorite, CaFy -9.05 - - - 0
Gvpsum, CaSO¢'2HEO -4.59 0 c o] 0]
Calcite, CaCO4 -8.4L8 BD BD - +
Portlandite, Ca(OH)2 -5.23 - - - -
cr(og), -30.10 - = - -
Cr,04 +7.68 - - + *
Cu0 +7.70 - - - +
Cu(0E), =19.35 = - - +
Amorphoue Fe(OH)q -38.50 = 0 + +
Geothite, TFeO(OH) -4 .32 0 + + +
Siderite, FeCDS =10.55 BD 3D 0 -
4morphous Pb(0B), 12,91 = = BD -
Cerussite, Pb003 =12.83 ED BD 3D -
Anglesite, PbSO, -1.75 0 0 BD -
Mzgnesite, MgCO, -4.90 BD BD - -
Dolomite, Ca¥g(C0g)4 -16.96 5D ED - +
Brucire, Hg(OH)z -10.88 - - - -
Mangancsite, MnO +18.06 - = = -
Pyrochroite, Mn(OH), +15.31 = = - -
Rhodocroesite, HnCO, =10.85 BD BD - 0
Cersrgvrite, AgCl =3.27 BD BD 2D 0
Amorphous Zn(OH), +10.93 - - = 0
Smithsonite, ZnCOq -10.78 ED BD - 0
2080, +3.14 = e - -

Y s 5 aan @ . ; ’ gy =
(l’Solunxlzty constent used in calculation of state of mineral equilibria.

(Z)Thermoéynamic equilibrium state of the leachates with the mineral phases depicted
2s calculated by WATEQ using messurements of leachate pH and Eh and the calcu-
leted equilibrium distribution of chemical species in the leachates. '"-" indi-
cates z state of underisturation with respect to the mineral phese; "0" indicates
a state of saturation (within the accuracy of the celeculation—-range of log ion
activity product divided by log solubility comstant from -1 to +1) with respect
to the mineral phase; and "+"
te the wineral phase. The leachate snelvses used in these czlculations were the
pE 2 leachate anelysis shown in Tsble 3.5 and the October 26, 1981 anzlvses of
the pE 3, 6, &nd 9 leschstes shown om Tsbles 3.6 through 3.8,

indicates & state of supersaturation with respect

(3)ngn" indicates one or more of the elements in the mineral phese was below
anelytical detection limits in the leachate.



4% BENTONITE/TILL GLACIAL TILL STRATIFIED DRIFT
DARAMETER ADMIXTURE (COMPOSITE NO. 1) (COMPOSITE NO. 2)
pE 3 pH S pE 3 E 6 pH @ pE 3 PE 6 pH 9
Arsenic 62 1640 23 111 1310 24.0 161 1010
Cadmium 5 681 3.4 113 737 2.2 143 421
Chromium 74 113 129 sp(2) 257 31 BD 168
Copper 7 376 12 32 . 353 3.5 58 84
Iron 8 1 £.2 11 1 3.5 b4 1
Lead 129 BD 120 BD BD 41 3D BD
Menganese 1 246 1 1 525 1 1 133
Mercury 48 2.5 5145030 ®p 177 »l12 B> 189
Selenium BD >81 BD 1 >65 BD BD >50
Silver ED 2.5 BD 1 65 3D BD 218
Zinc 4 526 2.2 11 273 i 3.5 325
Cyanide 9 21 14 1 23 7.2 1 1
(I)Rd (p/ﬂ ) ¥.; where bulk density (p) in g/cm3 and effective
por051 (n ) are c*ven for each soil sample in Teble 3.24 and dis-
tribution ratios (K are zverages of the duplicate determinations

presented in nppenle E.

sent soluble metal levels which

(Z)Rd values reported as "BD" repr
t before the leachate was zllowed to

were below the detection limit
react with the soil.

o o

(3)">" indicates the concentration in the soil-reacted leachate was
below the anzlytical detection limit. The lower the R, values with
“>" gigns, the lower the initial concentration of that metal in the

leachate; i.e., its concentration was near the detection limit before

contact with the soil sazmple. Therefore, the values reported as

greater than are the lower limit, and the detectable concentration of

these metals were sorbed or removed from sclution. See Appendix E
for the initisl and final leachate analyses. )



TABLE 3.12 T i
SUMMARY OF RETARDATIORN FACTORS (Rd) DETERMINED ) 3
Y L EACHATE NEUTRALIZATION/SORPTION BaTCH TEsTS(D) T
.% BENTONITE/TILL GLACILL TILL STRATIFIED DRIFT
> LR AMETER LDMIY.TURE (COMPOSITE NO. 1) (COMPOSITE 2)
PE 3 to 9 pE 3 to 6 PE 3 to S pH 3 to 6 E 3 to ¢
Arsenic 264,000 9,250 211,200 12,060 162,890
Cadmium ,070 3,760 7,550 4,360 4,360
Chromiun 14,050 >61,840¢2) 27,040 71,550 870
Copper 7,910 69,110 7,320 0,470 2,250
Iron 240,000 43 123,400 2 148,100
Lead >8,360 >6,690 >6,680 >5,160 5,160
Manganese 26,100 1.4 50,370 1.3 14,230
Mercury 1 >145 1 >112 1
Selenium 5p(3) 1 5D 3D BD
Silver 1 1 1 BD 1
Zinc 850,000 145 456,000 87 524,500
Cyanide 1 1 1 1 1
(I)Rd = (y/ﬂ ) K,, where bulk.density (p) in g/cm3 and effective
pOfOS‘tV (n ) are given for each so il sample in Teble 3.24 and dis-
ribution raflos (X_) are averages of the duplicate determinations
prEbEﬁHEd in “PPEHGLX E. To include the effect of leachate neutra-
1ization in the R, calculation, the pH 3.0 control sample analysis
(Table E.2) was used as the initiel leachate concentration before

contact with the soil.

(2>">" ndi
below t
”>" sig

cates
he analytical
the
i.e.,
the soil sample.

ns,
ate;

contact with

greater

these metals were sorbed or
the initizl

for

(3)g,

val

than are the lower limit,

ues

were belcw
react with

Tepo
the detection limit

lower

1
ana

orted as
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the concentr

final

ation
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before
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The lower the R
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was

leachate was
values with
that metal in the
the detection limit before
the values reported as

and the detectable concentration of
See Appendix E

which
allowed

to




~ (@]
o ~ 00 “
o fol - -
- Fale) o) -
O O 7 Ja) I~
O — . -
e _nﬂ P iy A wm o r‘hDu -~ 0 r~ _C//
\ o ~
or |~ ~ a2 o T ~ A
i) . o o © o P r~
E - . o =E (AR
Wm o W W a.. - PR 3\ oot
ru 2 e O Nel w W foo P~ ~ v> “
(&) [y ~ ~ No} O - -~
- I n o o ~ — ~ . ~ o U o £
< 4 — 2 o o w0 o Mu/, m o S D oA
<( v - 1.. o p — — O\ U
] - . R M_.. — — BN R
% 2 : : . N - ST e
> i o -0 : : e I I
= W . — “n ¥
n ) Ry xmm o — © ﬁu. m\w — P
r— o v w o & o v —i W~ o
sl o] ® i 59 % y SaE o 898
<L W‘ en o W FTRR — > ®
3 A PAEN "~ . . . “
I <t ) o~ - e~ . o) R
O e w) o o ML mu/w m ~ oo~ ~ o “H P S oMo @
[SRER U~ TR @ oo b4 cel o0 g~ @ uow I~ 0
P u. - halien Ut © -~ O o D 0 o
I “ Uy i ud i Ut Ut et eeem it J Hr
g o . as iR
™, VS ' xm M o] g ob N w0 o G
— W. (O [CERD) w o Moo ~ [ ﬂ g ™~ g [*ER USR]
. O>= © w m B & & £ o & ARt
o <t : ~ m O o o
[SaAn
) Jld. $4
ja ;
a2 w“ 2 -
e v don " 3 N
< O A W U4 Q pe 0 — -
R ) o w© o o oo £ oo g o o
e ~ ) = O 4+ b0 . b4 %)
— N = - . 20y 0 o )4 @
‘. L Ol * = = olid .
<, N « lc w.w «Am P w B oW o m m W O_ — O
&) .C o W w4 S o w o w = @ 4 O = G © D
o Rt [S I & VR A oW [SEE-E oo o 5 J‘“ g 0o 0
o a2 @ o © d — m b el O @ 8.0 = © - B U
O m = | B30 G - W oo ! o9 v 9 L Reew
O E M‘M o A W N oo .G (VRIS 8 A~ o oo & )
(SR A W 7t oo oo RO oo Py Py o0 O el
£t o W o~ @ 2 o -~ v @ O Ao oo o -l P U~ 0
1 /, O o oan © W A ©- - S v mteA w‘ w N
<C b 1 o oG 5 © % ) 34 —~ ed @8O = Mb Vo wwu o
o ” R ) 2 v £ PO b END R R TI oy O OoE oW T
n o Do W g2 5o owa o s woe 9 « oy o “ W g
ol = -0 W w o) Py N @ Yoo 3w O W - < b
M ! ot P B S o u Y 4l G oo a Y Dow 0.8
1] o 0o - 5w 8 W £ow oW G O o S = o o ¢ o —t
w &) M) .- o couoo. — D b & & O - o O O H -~ O
g W U “ o w o w n“ v [N AN o RO A w wi o ot »
A @ v W © - AU s [s3rS) © @ © @ 5 e W4 g0 0o
By b D ®» 3 0 oy oon o0 = PO A oMLY C
w0 (SR o " voooo © 3 O W St W oy el el
o o A w 20w o Sy [ M M - [oRRCe BN SN
RO} no© oo [>ERCO I Y] I S © L oua A 2 o o .
A O © et bt WU Wow Ao o P o bl e W e
H o w o S o I A e o o ww 4 v D ow
o0 b4 — & o boE 30w b @ o e v W w ow oY
Yo © L O O o [T R B A 0 H & cow 300 ¢ A
QoW coa oW o O vt U oNCw .rw o O @ S O W W o
ST oW AW = % JEI o] o oo g o U WA ot L SR U —
s o = oo R <t - £ 9 o0 S U RS P s O —~
Lo oo A < el O 1.0 0 0 o e R = ]
< < O 0O O




TABLE 3.14

EXPERIMENTAL DESIGN OF COLUMN ATTENUATION STUDY, COLUMN DIMENSION AND
PORE VOLUME, AND AVERAGE LEACHATE FLOW RATE DATA

SOTI COLUMN LEACHATE FINATL TOTAIL POR%Z AVERAGE PORE TOTAT, PORE

SAﬁPlé(l) DFS&C&ATION PERMEANT LENGTH VOLUPE VOLUMI ) VOLUME F%gy VOLUMES PASSED

) B pll (cm) (cm™) (em™) PER WEFK THROUGH COLUMN
-1 3 13.0 553.3 141.2 T 1.04 18.2
Glacial TL11 1-2 6 12.9 554 .6 143.8 0.85 17.3
(Composite No. 1) -3 9 12.9 557 .4 143.5 1.09 17.1
I-4 9 12.7 540.6 145.3 0.93 8.5
J-1 3 14.1 611.1 206.2 0.74 12.6
Stratifled Drift J-2 6 13.6 592.1 187.2 0.70 13.9
(Composite No. 2) J-3 9 13.9 601.7 195.6 0.73 13.3
J-4b 9 14.0 605.8 200.6 0.64 7.7
4% Bentonite/ K-1 3 11.6 485.5 138.5 0.71 13.3
T111l Admixture K-2 9 11.6 £85.5 138.9 0.71 13.0

"See Appendix C for composition of composite samples.

Sample free pore space. Calculatlon based upon f[inal sample dimensions and measured speciflc gravity
for the 4% bentonite/till admixture of 2.74 g/cm”. Specific gravitigs used for the till and drift
columns were estimated from existing site data at 2.70 and 2.67 g/cm”, respectively, as discussed in
Appendix F. '

(3)

Calculation based upon first nine weeks of test, as chemical breakthrough for most of the mobile
solutes occurred during this time period. R



TABLE 3.15

SUMMARY OF RETARDATION FACTORS (Rgq) BY THE SOLUTE FRANT
ADVANCEMENT COLUMN TEST FOR MONITORED PARAMETERS

CHFEMICAL PARAMETER

LEAGHATE '

AN SOTI (3) SPEGIFIC e TOTAL N AVATLABLE

'LZ:LANF samere?) CHLORIDE CoNDUCTANCE/TDs  SUVFATE oy pyr  ARSENIC TRON ZINC ACIDITY
4% Bentonite/Ti11 1 1 1.4 1 51100 5.3 5.3 10.4

A Admixture

pi 3(‘)
Glacial Till 1 1 | 1.1 >18.2 12.4 4.4 >18.2
Stratifled Drift 1 | 1.5 1.6 >15.7 4.5 1.6 14.2
Glacial Till 1 l 1 \ >14.4 144 Y1A.4 7.5

pll 6
Stratified Drift 1 1.1 1.3 1.7 >13.9 4.9 9 5.7
4% Bentonite/Ti11 1 1 L 1 -(6) - - -

Admixture

pll 9 Glaclal Ti1l 1 1 1 | - - - -
Stratified Drift 1 i 1 1 - - - -

n

R, values calculated as discussed in text using chloride as the tracer solute. Data used for the R, calculations is
presented In Figuves 3.1 through 3.10. )

(2)

Glacial till refers to Composite Sample No. 1 and stratified drift refers to Composite Sample No. 2. See Appendix C
for compositlon of composite samples.

(3)

“Tracer solute; Ry set equal to 1.

(4
)pH 3 Rd's calculated using the maximum chloride initial concentration (Co) depicted in Figures 3.1 through 3.3.

“’The "greater than” symbol (>) indicates that the normalized half concentration of this solute did not "breakthrough”
durlng the duration of the column test.

-(6)
"——" {ndicates R,; not calculated as initial leachate permeant concentratlons (Co) wete too close to analytical
detection limlits. See text.



EFFLUENT

L8

LEACHATE (COLUMK K-1)

REUOTTER CDNCE:E.E‘;:IDK PEP_VEA:;MIS:;“;E‘SE!O EFRLEENT {COMROSIZION ?shvzuz?‘éiéés:nox EILEDERT (OO 0STia0N ApPROYIUATE
&)
2016482 4/19/82 2/24/82  L/19/B2 2016082 4/19/82 2/24787  &/1%/82 e
Fore Volumes of Flov -(3) - - 7.6 13.3 - - = 3.3 13,0 -
Terperature e 21,4 23.C = - - 2L.6 23.0 - - -
PE PE units 3.07 5.2¢ 5.04 5.0 - .62 6.1 7,03 7.10 =
En =¥ 608 i§2 +36€ ~37¢ - E7 +37¢ +260 4267 -
Specific Concuctance wshos/cn € 25°C 7,550 £,140 8,360 7,720 142 5,360 5,740 4,940 £,810 1 (4)
Filrerable Residue eg/ L 4,820 - 5,260 £,990 104 3,430 - 2,200 3,620 144
Avsilable Aciéity g/ L CaCly 2,950 520 - 910 10,409 0 - - - -
Hot Aciéity g/ & CaC0, £,750 1,950 810 2,430 - o - - g -
Alkelinity ng/ % CaCly C - - - - &0 90 - - =
Culoride mg/ L 67 £3 140 170 144 340 260 210 660 2 (&)
Flvoride g/t 2.4 0.17 & 0.17 <al 2.3 0.05 0.41 0.08 5.6
Bitrate mg/t K 1t - 2 & 511 2.2 - Q a 30
Sulfste eg/ £,70C 6,200 €,400 €,300 1,608 2,000 7,700 &,000 €,900 140
Tniosulfste mg/ L Lz - 130 140 €6.3 “eo - 360 Lep <5.6
Totsl Sulfur zg/t S0, v,100 6,900 6,800 7,000 1440 &, 200 2,400 €, 600 £.300 ple}
Crvanide =g/ <C.1 - - - - <D.1] - - - -
Dissolved Metels:
Mhamioe mESL it 34 1.0 i.0 211 C.4 = <0.1 <01 D
hreenic mg/1 ] 1.1 0.014 6,012 11 0.015 - ©.0e3 0.003 P
Bariw mg/L <G.01 - 0.13 0.08 sp(®} <0.01 - .35 .06 BD
me /1 2.0 - .03 ©.04 11 0.31 - - 0.0z e
wgit £ss 525 500 500 <6.3 s7¢ - 28 €50 5.6
Chroziuz ng/s 34 - 0.08 .06 11 6.120 - .06 0.01 510
Copper ng/t 10 100 0,04 .02 51 6.8 1.8 0.0 c.Cl 510
lron ng/t °10 s90 1,400 200 5.3(8) 0.t 0.: 1.8 0.9 5D
Lead ng/t &0 - <c.01 €. 31 0.0l - <0.01 0.0 D
Magnesiun wg /1 210 235 2758 250 <€.3 140 - 110 e 5.6
Menganese mg/L 3 = L0 H <6.3 3.44 - 17 z1 <. 6
Mercurs ER/L <.008 = 6.004 o.005 ED 0.076 - €0.00% 0.010 310
Porassium T opgfL 60 - # & = 65 - s - -
Selentiz g/t 0.020 <0.001 <0.001 - BD £.150 - €0.001 <c.001 >10
Silicon v/t 288 130 Lg 63 11 4 ¢ 13 £ .6
Silver ng/t <0.001 - <0.001 <0.001 133 ¢.120 = <6.001 <6.0C1 >0
Soéiwm =g/t 498 550 575 525 6.3 615 - 675 206 5.6
Zinc wg /L 450 490 20 450 5,2(4) 0.28 0.1 = .10 510

(1

2) . P P
{2)Recerdation factors approxinsted vsing chleride as the tracer solute (Figures 3.. &nd 3.6)

1y

/Referenced analytical

nethods presented i Appendix D.

“7/"=" ipdicates not spplicable cr not derermined.

“)Rzr.:rd-skinr- factor ss calculated from Figures 3.1 and 3.6 (Table 3.15).

and coiumr effluent concentrerions &I poTe volume sampled.

(5);\‘5 velues reported as “ED” represent solute concentrations which were below the detectior limit before the leachate had permested the columne or which were
too low to sllow the deternination of significant differences in influent leachstes and seepege effluent concentretion once the leschzte had permested the

coluzns.

Cacmiz
Celciun

a

See text.



TABLE 3.17
TICS AND APPROXIMA

\IFT COMPOSITE S&MPL

\DATIOK FACTORS (Ry)

ATED WITH pH 3 LEsicHaATE(Y)

GLACIAL TILL (COLUMK I-1) STRATIFED DEIFT (COLUMK J-1)
ok i EFFLUERT COMPOSITION ..o EFPLURNT COMPOSITION | ornsowiny
2/26/82  4/19/62 Z/ze/€2 4[19/82 B
Fere Velumes of Flow -3 - - €.2 18,2 - 6.6 12.6 -
Temperalure S 1.4 26,2 - - - - - -
pu PE tnits 1,07 2,98 511 5.27 - .1t £.36 -
£ ¥ +0¢ +587 +331 4376 - +296 +357 =
Specific Comductance uzhos/cm € 28°C 7,550 7,320 7,520 7,266 142 7,530 7,430 16
Filterable Residue mg/t L,820 5,140 L 620 L 590 1(4) 4,870 4,760 (&)
Availsble Aciéity wg/t CaCOs 2,950 2,850 - 1,100 »e.2(8) - 1.6k 14,24
Hot Aeidity mg/ i CaCOy 4,750 4,650 20 1,400 >1E.2 860 1,710 315.7
tlkalinicy we/L Callg 0 0 - - - - - -
Cnlorice mg/ L 67 120 120 176 108 210 250 1 (4D
Fluoride oelt Bk 0.08 1.0t 0.86 8.3 0. 14 1.42 8.2
Nitrste cg/t ¥ 14 10 o 3.0 318.2 2.8 13 LA
Sulfate mg/t 5,700 5,400 €, 800 7.700 y (4) &, 900 7,400 1,5¢8?
Triosulfate mg/ s 42 76 G2 10¢ <§.3 67 110 5.2
Toral Sulfur . mg/L SO, ¢,100 €,900 £,£00 £.,600 1) £.,000 £,500 1.6(4)
Cvenide wg/L <0.1 <C.1 - * = * * =
Dissolved Yetzls:
Aruminem wg/i 70 33 €0.1 1.6 18,2 0.1 <0.1 515.7
Arsenic ng/ i 1.0 3.8 6.064 0.250 18,208 0.007 £.00€ >15.7(4)
Bariun me/t _ <0.01 <0.01 .07 .06 5(5? C.06 .08 D
Cadmdum wg/L 2.0 3.4 .03 0.4 >i6.2 6.03 8.07 515.7
Calcim me/t 555 500 500 475 6.3 &75 500 6.2
Chrond uz wg/t 2.1 1.8 0.03 0.06 518.2 0.0t 0.04 315.7
Copper we/t 110 120 ¢. 04 .03 518.2 0.03 0.0z >15.7
iren mg/ g 910 3.0 700 €30 12,4(%) 50 860 4,506
Lesd wglt L0 0.04 .0} <0.01 >18.2 .01 <0.01 315.7
Magnesiuz mg/ ¢ 210 218 L0 - 325 “<E.3 400 328 <E.2
Mangapese zgls 30 23 30 25 <8.3 22 22 <B.2
Yercury wg/t €0.005 0.007 0.00% 0.013 ED 0,016 0.010 5D
Fetessium ng/t 60 62 = - = = = =
Seleniun mg/t £.620 0.005 0,001 0.004 5D <0.001 0.011 BD
Silicon we/t 285 130 us 53 >18.2 30 4 >15.7
Silver mg/ 1 <0.001 <0.00) <0.00) <0.001 ED <0.001 €0.00) ED
Sodiu mglt 495 525 575 550 <g.3 550 550 8.2
2ine mg/ L is0 az0 240 400 - o0 (&) 370 20 3,604)

45
""'Referenced snalvticel methods presented in Appendix D. See Appendix C for composizicn cf composite samples.

ay
2 8 2 5
Retarcation factors spproximated using chloride 2& the trecer solute {Figures 3.2 ané 3.3) and column effluent conceniretions at pore

voluxe sampled. See text.

b
Wit gud

&)
: Retsrdstion factor as calculated from Figures 3.2 znd 3.3 (Taeble 3.15).

(5

Ry velves reported &8 "BD" represent solute concentrations vhich were below the detecrien linit before the leachate had permeated
the coluzns or which were too low to ellow the determinetion of significant differences in influent leachates end seepsge effluent
concentration once the leschzte hsé permested the columns.

icstes not zpplicable or not determined.



COLUMR TEST EFFLUENT CHARACTE! XD APPROYIMATE RETARDATION FACTORS (Rg)
FOR THE GLACIAL TILL AN R4TIFLED DRIFT T MPLES PERMEATED WITH oR 6 LEACHATE(D)

ppanins GLACIAL TILL (COLIMK 1-2) STRATIFED DRIFT (COLIMK J-23~7
.. Cm-.m‘_‘zg.mh PERMEART COMPOSITION  prpypyr coMPOSITION eniingy  ERELUENT COROSYIION e s
2/16/82  &/12/82  3/24/82  L[)8/E2 Re 2/24062  4/18/82 Rgt?
Pore Volumes of Flow -3 - - £.9 17.3 = . B 13.9 -
Temperature ! 21.6 24,2 - - - - - -
PE pE umnite 5.82 5.61 6,02 5597 - 6.13 6,17 =
& ¥ 475 87 +276 +214 = +220 +221 -
Specific Conductance umhos/en € 25°C 6,440 5,790 6,450 €,710 (@) 6,620 6,610 1.0
Filterstle Kesidue mg/t 4,140 £,260 4,200 4,280 AEH 210 4,230 1.4
Aveliable Aciéiry mg/t CaCOs 540 750 - €10 7,58 - 770 5.7(4)
Fot Acdédry mg/t CaCOy 1,740 1,340 680 €7 37.4 730 1,310 SE.L
fikalinity wg/E CaCOz 5 - = - - - - -
Crloride mg/t 280 240 240 380 1(4) 260 400 1(4)
Fluoride 2/t 1.3 1.3 0.32 0.26 S 0.58 0.05 313,09
Ritrate wg/L N 4.0 LR 3.5 4.8 7.4 4.5 4. E <E.4
Sulfate wg/t 3,400 3,100 6,200 6,600 ki 6,800 7,100 3.2
Thiosulfate =g/t &80 530 270 Q0 ) w60 480 <E.&
Totsl Sulfur wg/t SO, 6,600 6,100 7,200 7,900 (&) 7,100 7,500 350
Cvenice wg/i <0.1 <0, & - = - =
Dissolved Metals: ‘
AMwmime 2g/L 0.5 <0.1 0.1 <0.1 gots) 0.1 <6.1 D
hrsenic mg/t 0.52 c.84 0.002 0.002 PSP 0.004 0.002 >13.9(4)
Betiw wg/t <e.0! <. 01 0.0 c.07 ED 0.07 0.06 BD
Cadmim =g/t 0.63 0.50 <0.01 0.02 S14.4 0.02 0.02 513.9
Celeium zg/t 555 500 550 525 7.4 500 525 <.t
Chromt ux mg/t 0.00% 0.06 0.04 0.0L D 0.03 0.02 ED
Copper wg/t &8 0.1¢C 0.0l 0.01 S14.4 0.0z 0.02 >13.9
Iron g/l 0o e 180 190 s16.404) 570 360 ALY
Lead . wg/k 0.22 0.0t .01 <0.01 >1é,4 .01 .01 >12.9
Magnesiux wg /L 195 205 275 250 <7 .4 250 225 <E.4
Manganese wg/L 27 20 27 25 <7k 23 i CB.d
Mercury ng/L 0.01¢ 0.009 0.00¢9 0.010 BD 0.01& €.001 D
Fotzssiuc wg/t 60 73 - - - - - -
Seleniws zg/t 0.10 6.033 <6.0C1 0.061 >14.4 <0.001 <0.001 >13.8
Stlicon mg/k 45 18 21 20 37,4 20 18 <E. 4
Silver mg/t 0.033 £.005 <6.001 <0.001 >1é.4 <0.003 <0.001 3.8
Sodium mglt 595 650 £50 £25 < 650 675 <E.&
Zine mg/t 200 180 0.25 50 314,4(4) L6 110 §(4)
(1 "

Referenced snzivrical methode presented im Appendix D. See Appendix C for composition of composite samples.

(2) 3 i . B o 3 B
‘Ketardation factore spproximated using chloricde ae the tracer solute (Figures 3.4 and 2,5) and colurn effluent contentrsrtions &t pore

volume sempled. See text.

(3.
-" indicstes not zpplicable or not determined.
(&), 3
Retsrdetion factor as celculasted from Figures 3.4 and 3.5 (Table B 5%
(& y - o g
Ry values rTeportec as ED" represent solute cencentrations which were below the detection limit befere the leechate had permested
the columns or which were too low to &llow the determinerics of significant differencees in influent leachates and seepage effluent
concentratiop once the leachate ha¢ permeated the columns.



TABLE 3.1%§

COLUMN CS AKD APPRONIMATE RETARDATION FACTORS (Rg) ‘
FOR THE GLACIA COMPOSITE SAMPLES PERMEATED WITH ph & LEACHATE(D) ;
1
GLACIAL TILL (COLDMK I-3) STRATIFED DRIFT (COLIMK J-3) :
= EFFLUENT COMPOSTTION oopinrnsre EFFLUERT COMPOSITIOR  ,oocoeow,oe !
2/24/62  &/19/82 Ry 2/24/82  &f18/E2 Rém
Fore Volumes cf Flow -2 - = 8.3 17.1 - 7.0 13.3 =
Temperature J e 21.6 26,2 - - - - - -
pE PR unize 2.62 §.7¢ 6.67 £.E3 7.3 2433 -
o v 87 <506 +201 +23) - +155 +161 - !
Specific Conductance vzhos/em & 25°C 5,360 4,L70 5,140 5,540 1 (&2 £,260 £,240 (&) :
Filtersble Residue mg/t 3,430 1,210 3,310 3,780 19 3,870 3,890 1 (8
Aveilable Acidity mg/E CaCls ¢ 0 - - = - - -
Hot hcidicy g/t CalOy ¢l 0 = - - - - -
Alkelinity mg/L CaCOy L0 35 - - - - - -
Cnloride zg/t 340 210 48 210 148 180 210 14
Fluoride ng/i 2.3 1.9 0.36 .72 34,3 .34 1,80 >7.0
Ritrste ng/t N 2.2 2.3 1 0.9 6.9 - - -
Sulfste wg/t 2,000 2,100 4,800 6,200 1 (43 €,L00 6,200 (&0
Thiosulfate mg/k 450 40 480 570 <6.¢ 520 290 .0
Total Sulfur we/t SO, 4,200 3,800 6,100 6,800 14 7,000 7,300 (&
Cyaride mg/ i <0.} <0.1 = - - - - -
Diggclved Metels:
Aluminux g/t 0.4 <01 <0 <e.1 pt®) <0.1 <0.1 5D
Arsenic mg/t 0.015 .o0¢ 0.004 £,007 BD 0.008 0.005 D
Barium ’ mg/t <0.01 0,01 0.0 0.02 BD B © 0,08 ED
Cadmim og/k 0.31 0.41 <0.01 <0.01 $14,3 <0.01 <0.01 >13.2
Calciwm zg/t 575 575 575 62 6.9 578 - 600 .0
Chromd um ag/d c.12 0.02 ¢.03 0.0z BD 0.02 0.07 3]
Copper mg/t 6.8 .4 G.0z 0.01 14,3 c.c2 0.01 >33
Iron mg/ £ 0.4 1.6 . 1.9 At ED 4.8 Gl 3D
Lead we/t <C.01 <0.01 <0.01 <0.01 BD <0.01 <0.01 BD
Mzgnesiux mg/k 14C 145 125 155 <6.9 77 150 <7.0
Manganese ng/é 3.4 0.73 145 6.5 6,9 7.8 4.7 .0
Mercury ng/t €.076 0.066 0.008 c.012 >i4.3 0.006 0.005 313.3
Potassium mg/t 65 66 - - - - - -
Selenium mg/t 0.15 0.054 0.002 ©.007 2143 €.001 0.001 313.2
Siiicon wg/t 4 < 26 22 6.9 24 23 .0
Silver ne/k 0.12 £.001 €0.001 <0.001 5143 <0.001 - >7.0
Sodium ng/t 615 675 700 625 6.9 700 650 .0
Zine mg/i 0.28 0.0¢ 0.10 0.17 ED 0,12 0.58 ED
(])Refe:enceé anaivtical methode presented in Appencix D. See Appencdix C for composition of composite samples.
(2)

Retardetion fsctors approximetec using chleride as the tracer sclute (Figures 3.7 and 3.9) and coluzn effivent concentrations 2t pore
volume sampled, See text.

). _. indicates mot appliceble or not derermined.

(&) R =k

Reterdstion factor &6 caiculered from Figures 3.7 and 3.9 Tatle 3.15).

(5} & " S—_—
R velues reported as ~BD” represent sclute concentraricms which were below the detection limit before the leachere had permeated
the colwumne cr vhich were too low to allow the derermination of eipntficant differences In influent leschates and seepage effluent

concencration once the leschate had permeated the columns.



' TABLE 3.20

COMPARISON OF RETARDATION FACTORS (R4) DETERMINED BY (JONSTAI\ST
pll_SORPTION BATCII AND pll CONTROLLED \’ERI‘H'}ATE COLUMN TESTS

4% BENTONTTE/ cractan T (2 staaTiviep prrer(2)

TTLL, ADMIXTURE, (COMPOSITE NO. 1) (COUPOSITE NO. 2)
PARAMETER pit 3 pit 9 pit 3 plt 6 pli 9 pit 3 pli 6 pit 9

BATCH COLUMN BATCH COLUMN BATCUI COLUMN BATCH COLUMN RATCH COLUMN BATCH COLIMN BATCH COLUMN BATCH COLUMN

Acsentc 62 > 1,660 >10 23 >18.2 11 Sih.4 1310 o) 24.0 515.7 161 513.9 1,010 B0
Cadmtum 5 >t 681 >10 3.4 >18.2 113 1.4 737 >i4.) 2.2 >15.7 1h3 >13.9 471 >13.3
Chrom/fum 74 >11 13 >10 129 >18.2 BD nn 257 Bn 31 >15.7 BD Bh 168 Bh
Copper 7 >l 376 >10 12 ¢+ >18.2 32 dlh.h 353 >14.3 3.5 >15.7 58 >13.9 94 >13.3
Tron 9 5.3 1 BD 4.2 12.4 11 >lha.h 1 Bh 3.5 h.5 hh 4.9 1 BD
lLead 129 >l i19] nn 120 >18.2 an >1h.4 B BD 41 >15.7 Bh >13.9 nn BD
Mangancse 1 <6.)] 246 <5.6 1 <B.3 1 <7.4 525 <6.9 1 8.2 1 <B.4 33 <7.0
Mercury 48 BD 2.5 >10 >145 non nn nn 177 >14.3 >112 BD BD B 189 >13.3
Selenium nn nn >81 >10 BD ib] 1 >Ih 4 >65 >14.3 BD B BD >13.9 >50 >13.3
Stlver nn BD 2.5 >10 BD Bn 1 44 65 >14.3 BD RD 1Y >13.9 218 >7.0
Zinc 4 57) 526 >10 2.2 4.4 11 dla 4 273 BD 1 3.6 3.5 9 325 BD
Cyanide 9 - 21 - 14 - 1 - 23 - 7.2 - I - 1 -

(’)Sve Table 3.11 and Tables 3.16 through 3.19 for source of Ry data.
(Z)Snn Appendix C for composition of comporite samples.

(J)R values reported as "BD” represent solute concentrations which were below the detection limit or which were too low to allow the determination of significant
differences In the initial and final leachate concentrations once the leachate had reacted with the sediment sample.

(4o

indfcates not determlned.




TABLE 3.21

COMPARISON OF INITIAIL AND FINAL LABORATORY COLUMN TEST
PERMEABILITIES WITH FIELD MEASURED PERMEABILITIES

- A ol ] ' 0(2) F [ ol q ?‘) ‘F n ‘] (})
COLIMN LEACHATE LABORATORY Plﬁr?;yi[LgIY @ 20 FIELD HLA.UR?m/LéiyﬂAB]LTTY LABORATORY LINHR’
5011 sanprLE()) IH";}[(‘II*MTH)N PERMEANT Fec i PERMEABILITY TESTS(H)
T A pli INTTIAL WITH FINAL WITH VERTTCAI HORTZONTAL (m/scc)
SITE GROUND WATER WASTFE 1EACHATES ’ e ! )
-1 3 5.5 x 1078 1.4 x 1077
Glacial Till 1-2 6 3.8 x 1078 3.4 x 1077 5 6 "
8 4 9.4 x 10 2.8 x 10 3.0 x 10
(Composite No. 1) 1-3 9 5.7 x 10 5.6 x 10
I-4 9 3.6 x 1077 5.7 x 1077
J-1 3 1.8 x 1079 1.3 x 1072
Stratifled Drift J-2 6 1.5 x 1072 1.2 x 1072 ~
s s 1.3 x 107° 1.3 x 107" -(5)
(Composite No. 2) J-3 9 1.3 x 107+ [.3 x 10
J=h 9 2.1 x 1072 2.1 % 1072
4% Tentonite/Ti11 K-1 3 1.0 x 10710 1.5 x 10710(6)
1o 10¢7) - - 6.9 x 10710
Admixture K-2 9 1.0 x 107 1.5 x 10

(l)Sne Appendix C for composition of composite samples.
(Z)Pormnnhillty calculations based upon final column sample dimensions (Table 3.14). See Appendix F for method of determination,
(])Cnldhr recommended values from pumping tests (Golder, 1982b).

(')chmolhlllly determined in a triaxial apparatus for a TP-22 plnciﬂl till sample and a four percent bentonfte/till admixture; samples
assumed fully saturated (Golder, 1981a).

(5)_~ {ndfcates not determined.
(6)Dcterm[ncd at 83.1 percent saturatlion based upon final molsture content measurcments.

(7)Dotnrmlned at 83.4 percent saturation based upon final molsture content measurements.
I p
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SOIL | COLUMK i1y NEUTRALIZATION CAPAC 1y(3)
v = (1 - Cy T A AT 3T ) TR T e
SAMPLEN-/ DESIGRATION REACTION pEY ) % CaC0n EOUIVALENT)
Glacizl Till (Composite No. 1)
Precolumn Test - g.15 2.3

PE 2 Termeant I-1 6.86 0.6
pt 6 Fermeant I-2 6.79 0.

pE 9 Permeant ) I-3 7.57 1.2
pE ¢ Permeant I-4 7.62 0.8

Precclumn Test - 9,80 1.6

Postcolumnn Test:

pE 3 Fermeant J-1 6.60 0.5
pE & Permeant J-2 6.8¢4 0.6
pE % Permeant J-3 7.51 0.8
pH 9 Permeant J=4 7.57 1.0
L% Bentonire/Till Admixture
Precolunn Test - &.75 0.7

Postcolumn Test:
E 3 Permeant K-1 6.53 0.4

0.8

he)

~J

o
[

E 9 Permeant(&) K-2

e}

<l)See Arpendix C for composition of composite samples.

(:)DH 0f 2 1:1 soil to distrilled water mixture at 25°C (Sebek, et &l., 1978).
(J)HCl treatment - NazOH titration in accordance with Sobek, et el. (1978).
(:)pH iecreased to 6.5 to 7.0 during column test (Table D.5 of Appendix D).



TABLE 3.23

DERIVATION OF THE RETARDATION FACTOR (Rl)
FOR ACIDITY MIGRATION IN SATURATED CEOHEf[A

The retardation factor (Ry) for acidity migration in a geomedia can be written as:

tons CaC0j neutralization Caj
Ry 5§ b o e :
d tons CaC0q acidity
when Ry = 1, the geomedia processes no neutralization capacity, hence the acid front migrates at the

same velocity as groundwater.

Because acidity present in groundwater is usually expressed as a weight per volume of water and the neur-
tralization capacity of the geomedia is expressed as a weight per weight of geomedia, a conversion mast
be made so that acidity is converted to the same units as the neutralization capacity. Thevefore, when
the neutralization capacity of the geomedia is expressed as tons of calcium carbonate equivaleal per ’
1,000 tons of geomedia, the acidity present must also be provided as tons per 1,000 tons of geomedia,
When water acidity is given as milligrams per literv as calcium carbonate equivalent requived to
neutralize, the tons of acid in groundwater present within 1,000 tons of geomedia is found by:

1,000 tous geowedia 1,000 kg 1,000 2 109 tons
e X > X ng X 5 — &
P (kg/mj) 1 ton I m 1 mg

tons CaCOj equivalent
required to neutralize (b)(l)
acidity present

mg CaCOy acidity

1 L water

i

where: p bulk density (exprvessed as kg /md)
n, = effective porosity (expressed as ratio)

L1}

Incorperating this conversion and separating the bulk density and elfective porosity terws yields:

. n - tons CaC0q neutralization (c)
R| = + — % -
: e 1,000 tons x 1,000 kg/ton x 1,000 t/md x 1079 tons/mg x mg/i CaCOy acidity
simplifying:
p tons CaC0j neutralization
Ry = 1 + — — (d)
e mg /L CaCOy acidity

()

If it is desived to add groundwater alkalinity to the neutralization capacity of the geomedia, the
tons of calcium carbonate equivalent neutrvalization in the groundwater present in 1,000 tons of peo-
media is found using Equation (b), where the groundwater alkalinity expressed in milligrams per liter
as calcium carbonate equivalent is substituted for the acidity value. The tons of groundwater calcium
carbonate equivalent neutralization is then added to the tons of geomedia calcium carbonate equivalent
neutralization and this value is used in Equation (d).



, TABLE 3.24
j SUMMARY OF AGIDITY RETARDATION FACTORS

wBTRALTZAT N plt 3 LEAGHATE pit_6 LEACIATE
BULK S ) CAPACLTY MASS DBALANGE COLUMN TEST  MASS BALANGE GOLUMN TEST
sort samere(H) pEnsTTL ) “l):;:)lg?;‘l(‘(wz) (tons CaCoy A-\FVAIL{\“ R ACIDLTY ACIDTTY A;""\“_‘f‘“ ¥ ACIDTTY ACTDITY
(kg/m”) : equivalent per ';:”Y_ RETARDAT QN RETARDA[ON A ':L’“Y‘ RETARDATJ QN RETARDAT ] ON
1,000 tons) (mg /L GaCoy)  pperort? FAGTOR™" (m /% CaCO4) FACTOR FAGTOR'"
Glacial TULL
0.25 ) ) 5 . ;
toinrmutes e 13 2,000 25 23 3,210 58 >18.2 980 189 7.5
Stratlfled Drifr
Svearlfled Drif 1,850 0.30 16 3,210 kY 14.2 980 102 5.7

(Componite No. 2)

High Carbanate
Fffervescence T111 2,000 0.25 72 3,210 180 B, 980 589 s
(Componite No. 1)

4% Bentonfte/

4 1 -
TLI1 Admixture 2,000 0.20 7 3,210 23 10.4 980 . 12

(])Sne Appendix € for composltlion of composite samples.

(Z)AUQCRHE value as estimated from exlstlng site data (Golder, 1981h).

(J)Hci treatment - NaDll titratlon in accordance with Sobek, et al. (1978). Average of dupllecate determinations.
(" pvatlabie Impltes no oxidatlon of leachate durlng acldity titratfon to pll 8.3 (see Appendlx n).

(5)509 Tahle 3.23 for method of acidity retardatlon factor calculatlon.

(B)Lnn of actdity half concentration in comparison to chlorlde half concentration breakthrough {n column test.

(1)_+ {ndicatea pample not tested.




TABRLE 1,295

SUBHARY OF POSTCOLUMN TEST ACID NEUTRALIZATION CAPACITY
!\I‘!I)__‘:.(li,llf!f{ !\u{““,‘,"\“l,'!l A Irlj_[_r)'

COLENN WETGHT OF CALGC UM CARRONATE TOVAL WEIGRT OF AVATLANLE TOTAL METCHT OF HYDROGEN (
0 LOST ACTHITY PASSED THRouCH i cotmn®) PASSED Turonc TiE cotimnt?
04}

IRECOLIMN TEST POSTCOLIMN TEST APTROX IHA
HENTRALIZATION cAPAciTY(?)  menTRaLizATION caracrrv(?)
(I Cafoy EOUTVALENT) (X CaCOy EQUIVALENT)

COLTMN
DESICNATION

so11 samref )

:::‘;:;:J‘i:(I(‘“I’:‘r‘"l'"‘:'”1‘”” 1-2 5. 0.4 1,100 .1 244 0.0001)
B s ol By B 11 16 e L 1. £ 34 0,110
O gt ettt B o s
A1 Rentonite/TIT Adnlaxture e i i _— .55 i o

Per

cated with pit 1 leacl

(Fgne Appemdin € for compnaitinn nf romposite samplen,

2MC1 trentment = BaOR Cfteatfon n aceordance with Sahek, ot al. (1970).

(M Racad upon colimn dry dennlty (Appeadix F) and column voluar (Tabhle 1,14).

() pynnd upon total seepage volume Erom column (Table 3.16) nnd represcntative avellahle acldity source concentrations (Fignres 3=1 theowgh 3-5).

) haped wpiin tatnl seepage volwme from colwmn (Tahle 1.14) and leachate permeant pil.



TABLE 3.26

SUMMARY OF LEACHATE ADDED TO SOIL RATIOS
FOR THE COLUMN AND TITRATION TESTS

ADDED LEACHATE/SOTL RATIO ADDED LEACHATE/SOTL RATTO

(D LEACHATE 'O REACH pll 5 IO REACH pll 6
SOIL SAMPLE TTTRANT bl -
B F COLU 1]‘5 T[TRA}'IS)N ) coLu “\S '['['I,‘]U\'ET?N
TEST 2 TEST TEST z TEST 3
Glacial Till
(Composite No. 1) ) Yt 0.70 e 1 dig
Stratified Drift

. 0.91 .60 .40 0.12
(Composite No. 2) 4 : Q ’ 0
4% Bentonite/Til
33 clasandill 3 1.24 0.84 0.66 0.16
Admixture
Glacial Till (4)

: 6 - = 0. .70
(Composite No. 1) ' o7 .
Stratified Drift

iR Sl 6 - - 0.86 Bl

(Composite No. 2)

(1)

See Appendix C [or composition of composite samples.

(Z)Calculated using data from Figures 3-1 through 3-5 and Table 3.14 (milliliters of
leachate per gram of soil).

(B)Cnlcn]ated using data from Figure 3-=11 or 3-12 (milliliters of leachate per gram of
soil).

‘ o .
(4)n_n indicates cannot be determined.



CHEMICAL PARAMETERS °
RETARDATION o

A CTOR SASE OF MWDE A5t OF COMPLIANCE BOUNDARY  TOP OF L

ey LT o IN STRATIEIED TO COMPLI

(R4 LIXER GLACIAL TILL LN STRAIERIE it

d DRIFT BOUNDARY

134 50 188

ot

w
N
o~
o

69 250 940
10 38 1,338 500 1,880
25 98 3,345 1,250 4,700
50 185 6,690 ' 2,500 9,400
100 390 13,380 5,000 18,800
(1 - . , ; . .
N )APDTCleate vears to reach half concentration of source for probable MWDr site
c0il conditions, as presented in Sections 4.2 and &.3. Calculation assumes Ifully
t né a constant source concentraticn sbove each seoil unit;
i o1l units are not connected. Calculation ignores dilution, dispersion,
zné variation in source concentrations. alculetion ignores dilution, disper-
sion, and variation in source concentratlon Therefore, time values shown are
censidered to be rvative than expected for the design conditioms of the
F osi

probable MWD

(2)366 merers (1,200 feet).
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" TARBLE 4,2

LEACHATE CHEMISTRY, REQUIRED DILUTION BEFORE THE 366 METER COMPLIANCE BOUNDARY, AND

ATTENTUATION CHARACTERISTICS OF THE GLACIAL TILL

pll 3.0 SPIKED TAILINGS LEACHATE

Pl 6.0 SPIKED TATLINGS LEACHATE

pll 9.0 SPIKED TAILINGS LEACHATE

.5, BIA PRIMARY AND nnctm??ﬁv
R o . Ry () e ny o) .| ST DRINKING WATER STANDARDS
(mefy O/ marent®  coLmm(s) (/) e marcu(3) copmen(h)  Cme/E) s anren@) conmn ) TR
3 201 3 o1, 2 SOLUMN

Filterable Restdue 5,710 1.4 -(6) I 5, 140 10.3 = | 3,430 6.9 = I 500
Chiloride 71 0.28 = 1 3o 1. 24 = I 340 1.4 - 1 250
Fluoride 0.23 0.16 - 8.3 2.3 1.6 - 1A h 7.6 5.4 = )Iﬁ..] 1.4=-2.4
Nitrate-Nitrogen 18 1.8 - >1R8,2 6.0 0.7 = <T.4 2.5 0.2 - 6.9 1n.n
Sullate 6,000 24 - 1 3,400 13.6 = 1 2.300 9.2 & 1 250
Arsenlc 6.8 136 5 >18.2 0. 84 16.8 11 Y1h.h 0.0%1 1.8 1,710 nh 0.0%
Rarum 0.2 0.2 - nnd?) 0.03 0.0 = Bh 0.4 0.4 - no 1.0
Cadmlum 2+3 230 3.4 >18.2 0.83 A3 113 >1h,4 0.41 ] 137 >14.2 0.0l
Chroml um 2.6 52 129 >18.2 0.06 1.2 nn BN 0.2 h.0 257 nn .05
Copper 130 130 12 >i8.2 foaLs 4.5 32 1A 4 Ta7 7. 353 2143 1.0
lron 1,456 4,853 h.2 12.4 730 2,413 I >4 4 1.6 5.3 I nn 0.3
Lo nd h.0 80 120 518.2 0.22 hoh nn Sthoh 0. 08 1.6 no BN 0.05
Haupanese 49 980 1 <8.) A3 BHO 1 <T.4 3.4 6GR 525 <6.9 0.05%
Hercury 0.007 35 >145 BD 0.019 9.5 nn Bh 0.150 75 117 >14.) 0.002
Selentum a.07 7 nn nn 0.10 in I A, 4 0,21 21 >65 >14.3 0.01
Stlver 0.001 0.02 mn niy 0.033 0. 66 i AR 0.19 3.8 65 >14.3 0.05
Zlnc 550 1o 2.2 h.4 200 40 il b4 0.64 0.13 2713 nn 5.0

(I)nghesl

repreaentative leachate concentratlon (Table 3,9).

(I)Nlﬂhnﬂt representative leachate concentration (C) divided by the U.5. EPA Drinking Water Standard (DW); dilutien ratle required to reach drinking water standard.

(J)Rc[nrdntlnn factore determined by constant pH sorptlon batch test ualng the glacial till composite Sample No. | (Table 3.11),

(h)RanrdnLinn factors determined from column attenuation teat reasults (Tables 3,15 and 3. 17 through 3.19).

(5)y.s. EPA (1975), 40 GFR, Part 141 and U.S. EPA (1979), 40 GFR, Part 143,

(6)w_u

fndteates Ry not determined.

{T)Rd values reported as "BD7 represent roluble metal concentrations which were helow the detection limit before the leachate was allowed to react with the glacial
tiil.

till or which were to low to allow the determination of signiflcant changes In concentration as a reault of the Interaction of

the leachate with the glacial
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QUALITY CONTROL PROGRAM ;,w

D'Appolonia's Quality Assurance/Quality Control (QA/QC) program was
formally established in 1973 to comply with the regulations of the U.S.
Nuclear Regulatory Commission and covers all areas of work within the
organization. The purpose of the program is to establish policies
facilitating the implementation of regulatory requirements, satisfy
client needs, and provide internal control and review which assures that

work performed by D'Appolonia is of the highest professional standards.

The QA/QC program is implemented by project staff and by a full-time
independent Quality Assurance Group of scientists and engineers.
Project staff and the Quality Assurance Group, by virtue of their
education and experience, are qualified to control, review, and

independently verify all phases of project work.

The Quality Control (QC) program for this project is based on the
D'Appolonia Quality Assurance Manual and meets or exceeds the QC
standards set by Exxon. Specific requirements, standards, and control
measures are provided by various chapters of the D'Appolonia Quality
Assurance Manual and detailed procedures prepared for the project and
applicable contract documents. Where appropriate, QC procedures are in
accordance with A§TM, EPA, or other recognized reference standards. The
Quality Control Program provides for a systematic means for checking,
documentation, testing, and data reduction resulting in a consistent
high level of quality. Specific QC procedures for sample handling,
laboratory testing, calculations, and computer modeling are described in

the following paragraphs.

Samples from Exxon were cataloged and inspected immediately upon receipt
as a routine portion of D'Appolonia's QC program. Samples were inspect-
ed by laboratory technicians and a professional staff member for signs

of container damage, leakage, contamination, sample identification, and
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material quantities. Samples were stored in their original air-tight
containers and shipping cartons to prevent excess exposure to light and

hezt, on loss of moisture.

Leboratory testing procedures, outlined in various chepters of
D‘Apﬁolonia's Quality Assurance Manuzl conform to standardized ASTM,
EPA, or other reference techniques, where applicable. Testing proce-
dures routinely include duplicate and/or standard samples for quality
control. A detailed description of referenced testing procedures is

contained in Appendix D.

D'Appolonia laboratories mainteain standard data collection forms for
each test performed. In addition to recording raw test data, documenta-
tion including testing date, responsible individuals, and equipment used
is maintained. On completion of data collection, the data 1s indepen-
dently checked for completeness and reviewed by the leboratory director.
411 laboratory data sheets are permanently stored in the central project

files.

Laboratory testing equipment 1s periodically calibrated at intervals
specified by the Quality Assurance staff using standard calibration
techniques. Equipment not meeting the necessary tolerance is either
repaired or replaced prior to use. An equipment calibration file is

maintained on all laboratory and field equipment requiring calibration.

D'Appolonia routinely employes an independent checking procedure on all
calculations, drawings, data reductions, tables, and specifications with
checking performed by a technically competent individual. Checkprints
are generated on which the checker indicates approval or disapproval
with methodology and numerical accuracy. Discrepancies between orig-
inals and checkprints are resolved following a review by the originator
and agreement between the checker and origimator. Original calculations
are revised, reviewed by the checker, and originals and checkprints

signed and dated by both the originator and checker. Drawings, tables,
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laboratory data, and field data are also verified using this procedure.
o’ b
Originals and checkprints are permanently retained in central project

files.

Analyvtical computer programs are verified prior to use by comparing com-—
putation results of known conditions with the same computation run on
the computer program. In addition, programs are checked for conceptual
accuracy by a competent individual end each revision is verified and

documented. Input data to the program are also independently checked.

D'Appolonia's QA/QC program is designed to comply with pertinent regula-
tory requirements, satisfy client's needs, and assure that work produced
is of the highest professional standards. The QA/QC procedures conform
to standard reference practices where applicable, or are developed
state-of-the-art techniques which have been carefully verified and

documented.
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APPENDIX B . -
LITERATURE REVIEWED

D'Appolonia performed a literature review of documents and drawings
supplied by Exxon. The purpose of the literature review was to assess
the aveilability of existing date and theilr relevancy to the ground
water/soil attenuation study. This appendix references the documents
and drawings reviewed in this study. Relevant information to this study

are incorporeted in the text.
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APPENDIX C
INDEX TESTING AND SAMPLE COMPOSITING

C.1 INTRODUCTION

=S

s discussed in Chapter 3.0, 121 so0il samples from four borings within
the area of the proposed MWDF were collected by Golder Associates

(Golder) in May and June 1981 from use in this attenuation study. The

Hh

our borings were sampled bv split spoon technique, every ten feet
(three meters), or at anv major stratigraphic change, whichever was more
frequent. The borings were advanced using a bentonite drilling fluid.
Samples were scrapped clean of the bentonite at time of collection and
visual inspection and comparision to control samples (no contact with
the gray clay-based drilling fluid) showed no contamination of the
collected samples. The soil samples were collected in air-tight quart
jars, placed in air-tight plastic bags, and stored in cardboard boxes to
prevent exposure to light and kept from excessive heat and cold. Sample
collection procedures and boring logs are presented in Golder's (198la

and 1981b) Geotechnical Review of the Waste Disposal System.

This study was designed to assess the potential leachate solute attenua-
tion characteristics of the two major stratigraphic units; the upper
glacial till and underlying stratified drift. Therefore, composite
samples for laboratory attenuation studies were created from some of the
121 soil samples in accordance with the criteries set forth in this

zppendix.

C.2 INDEX TESTING AND RESULTS

Index tests (pE, neutralization potential, and grain size distribution)
were performed on the soil samples from the two major stratigraphic
units of interest to examine the typical range of variability of major
characteristics in representive samples. In addition, this testing
aided in the development of the compositing plan. Table C.l presents
the sampling location and lithologic description of the 121 soil

samples. The samples were examined for color, rock content, degree of
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possible drilling mud contamination, degree of aggregation, and carbon-
ate effervescence. Samples were selected for index testing after the
zbove examinations and review of the boring logs and geologic cross-
sections of the MWDF site area. Thirty samples were selected for index
testing according to the following criteria:

¢ Minimal or no contamination by drilling mud had

occurred (no visible contamination was evident in
any sample).

e Phvsical appearance (e.g., color, rock content,
grein size distribution) was representative of
the stratigraphic unit.

e Verticzl distribution within each borehole and
horizontal distribution between boreholes was
attained.

e A near equel distribution of samples was obtained
from the two major stratigraphic units.

¢ The samples chosen for index testing had a wide
range of carbonate effervescence results for
later correlation to neutrelization capacity
determinations.

e Samples representing stratigraphic units other
than those of interest to the project were ex-
cluded (e.g., glacial till beneath the major
stratified drift unit).

Samples chosen for index testing and their results are presented in
Table C.2. Reaction pHE's were relatively uniform and strongly alkaline
(9.55 to 10.70). The neutralization capacity of the samples was high
and variable (0.2 to 12.0 percent calcium carbonate equivalent), with no
correlation to stratigraphic unit, or sample depth. Results of the
grain size distribution determinations indicate the glacial till has a
larger variability of grain size than the stratified drift. The glacial
till generally has both more gravel and silt and clay than the strati-
fied drift. The typical sand content for the glacial till and strati-

fied drift was 65 to 75 percent and 85 to 95 percent, respectively.
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In addition to the zbove index tests, the three most aggregated glacial
till samples were used to determine bulk density and moisture content
for later use in the compacting effort of sample columns as discussed in
Appendix F. No stratified drift sample was sufficiently aggregated to
allow a bulk density determination. Results of these determinations are

also presented in Table C.2.

C.3 SAMPLE COMPOSITING

As discussed in Cheapter 3.0, the gozl of sample compositing was to
generate samples with which the range of site attenuation character—
istics could be determined, vet the basis of the compositing plan was to
be formulated from a conservative approach. Therefore, the following

sample composite tvpes were selected for attenuation studies:

"o

) Fine-greined” glacial till with low neutraliza-
tion capacity.

e "Coarse—-grained” stratified drift with low neu-
tralization capacity.

e Glaciel till with high neutralization capacity.

In order to allow the zbove three composite samples to be generated,
each of the 121 soil samples were grouped into one of the following four
categories:

e (Category l1--"Fine-grained” glacial till with low
neutralization capacity.

e Category 2——"Coarse-grained” streatified drift
with low neutralization capacity.

e Category 3—-—Glacial till with high neutralization
czpacity.

e Category 4——None of the above.

This grouping of the samples was accomplished by visual inspection,
grain-size feel of the samples, and carbonate effervescence test. The

"we

fine-grained"” samples were defined as having the feel of clays present



C-4

in the sample. This grouping into fine-grained samples did not consider
the amount of other coarse-grzined materials present in the sample, only
that clays were present. Conversely, the "coarse-grained” samples were
efined as having the feel of an zbsence 0f clays in the sample. This
grouping did not consider the amount of silts and fine sand material in
the szmple, only that clays were absent in large quantities. The neu-
trelization capacity of the samples were estimated from 2 correlation of
the thirty neutralization capacity and carbonate effervescence results
presented in Tables C.1 and C.2, respectivelv., This correlation re-
sulted in the following neutralization capacity estimates:

ESTIMATED NEUTRALIZATION

CAPACITY IN PERCENT
CALCIUM CARBONATE EQUIVALENT

CARBONATE EFFERVESCENCE
NUMERICAL RATING

wme~wNo = O

Categery grouping results for each sample are presented in Table C.1.

Priorities developed for generating the composite samples are listed

below in descending order of importance:
e Proper neutralization capacity category.
e Proper grain-size category.

e Good vertical distribution within each borehole
and spacial distribution over the MWDF site,

e Position of sample above and below the water
table (Table C.1l). Glacial till samples from
above the water table were preferred, as most
vertical migration of MWDF leachate will occur in
this zone. Stratified drift samples from beneath
the water table were preferred as most lateral
migration of MWDF leachate will occur in this
zone.
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e OSample mass zveileble to generate the required
mass for attenuation testing of each composite
sample.

Based upon the zbove criterie, the selected individual samples and their
contributing mass indicated in Teble C.3 were used to generate the
composite szmples. As can be observed from Tables C.1 and C.3, in some
instances, samples not having the proper grain size were used and/or
needed to generate sufficient composite sample mass or add balance to
the composite by meeting one of the other estzblished compositing cri-
teria. However, in no instance was the neutralization capacity criteria

violated.

Each individual sample selected for a composite sample was disaggregated
using a Nasco-Asplin soil disaggregator (does not grind samples below
their inherent grain size), riffle split (ASTM D 421-58[72)) and an
equal air-dry weight fraction (if aveilable) from all samples was used
to generate the composite samples. Each composite sample was'thenb
thoroughly mixed by sheking and several sequences of passing it through

the riffle splitter and recompositing it.

Once the composite samples were generated, the coarse and fine gravel
fractions (plus No. &4 sieve material) of each composite were separated
out and weighted for grain-size distribution. Except for being separ-
ately characterized for its carbonate effervescence (Table 3.4), the
gravel fraction of each sample was not used in any other characteriza-
tion or attenuation test. The gravel fraction was removed from each
bulk composite sample as it could not be present in the colwumn attenua-
tion test (would not allow proper compaction of the columns), and it was
desired to perform characterization tests upon identical (riffle split

fractions) samples as those used in the batch attenuation studies.

C.4 COMPOSITE SAMPLE CHARACTERIZATIONS

Composite sample characterizations and results are presented in Chapter
3.0. However, the laboratory grain-size distribution curves are pre-

sented in this appendix as Attachment I.
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TABLE C.1

SAMPLE SUMMARY, LITHOLOGIC CHARACTERIZATION,
USCS CLASSIFICATION, AND COMPOSITING CATEGORY

! pe(2)
B R ol i sapLE LITHOLOGIC | ! o ?13 Soil | EF :-":::?3? Sezrcz(s) COMPOS ITING
e Ers Lavey] | 0L DESCRIPTION(2) | c1as:1f1canon (Fizz 'l'e1st - CATEGORY (42
I Svstem) 10% HC1)
|
1692.0-1690.0 2 Glacial Till Y 1 &
1681 .0-1679.5 3 Glacial Till | s 1 4
1672.0-1670. 5 4 Glacial Till | SP-S¥ 2 3
1662, 0-1661.0 5 Glacial Till | SP-SM 2 3
1652,0-1651.3 3 Glacial Till | SP-5Y 3 3
1642.0-1640.7 7 Glacial Till | M i 3
1632.0-1630.2 § Glacial Till | s 2 3
1622.0-1621.0 g Glacial Till | ™ 2 3
1612.0-1611.0 10 Stratified Drift | GP 2 4
T 1602.0-1600.0 11 Strarified Drif:g 5P-5¥ 0 2
= 1591 .0-158%.0 12 Stratified Drift | SP-5H 1 2
1582.0-1580.0 13 Glacial Till | ™ 2 3
1572.0-1571.7 14 Glacial Till | s 3 3
1562.0-1560.5 15 Glaciel Til) | s~ 2 3
GL1-H9 1552.0-1550.7 16 Gleciel Till | s 2 3
1541.0-1540.3 17 Glacial Till | M 3 3
1531.0-1530.4 18 Glacial Till s 0 )
1522.0-1521.0 1% Glacial Till | M 2 3
1511.0-1510.0 20 Glacisl Till s 1 4
1502.0-1501.2 21 Clacial Till SP-SM 2 3
1491, 5-1490.6 22 Glacisl Till oY 0 1
1682, 0-RA(6) 23 Stratified Drift sp 1 2
1472.0-1470.5 24 Stratified Drift sp 0 2
1662.0-1460.5 25 Stratified Drift sP 1 2
1452.0-1450.5 26 Stratified Drift SP-SX ] 2
1642,0-14640.5 27 Stratified Drift SP-S¥M i .
1432.0-1430.5 28 Stratified Drifc SM=ML 0 &4
1422.0-1420.5 29 Stratified Drifr SM=ML ] &
1412.0-1410.5 30 Stratified Drift SM-ML 0 3
1402.0-1400. 5 31 Glacial Till o ] 4

See foornotes at end of table.




TABLE C.1
(Continued)

vpe(2) .
N L swpL LiTHOLOGIE | (on f.lzwie g i1 wrgﬁéggigz (3)]  composITING
Hean ted Teveld NO. DESCRIPTION'< Classificarion (Fizz Test = cATEGORY (4)
Svstem) 10% HCl)

1704.6-1702.6 32 Glacial Till s 1 1
1699.6-1698.5 33 Glacial Till s 1 4
1689.6-1688.2 3% Glacial Till s 3 3
1679.6-1677.6 35 Glacial Till s 3 3
" 1666.6-1664.6 36 Glacial Till s 3 3
1658.6-1658.1 37 Glacial Till s 3 3
1649.6-1647.7 38 | Stracified Drifc cp 0 2
1635.6-1633.3 39 | stratified Drifc cp 1 2
1629.6-1628.8 40 Glacial Till sp 1 4
1619.6-1617.6 41 Glacial Till sp 2 3
1609.6-1608.3 42 Clacial Till sp 1 4
X 1502, 6-1597.8 43 Glacisl Till sp 1 4
® 1589 . 6-N4 L Clacial Till s 1 1
1579.6-1577.6 45 Glacial Till 84 0 1
1569.6-1568.1 u Glacisl Till s¥ 1 1
GLI=G13 | 1559.6-1558.1 47 Glacial Till s 1 1
1549.6-1548.6 X Glacial Till sp 1 ¢
1539.6-1538.7 69 Glacisl Till s¥. 3 3
1528.6-1527.8 50 Clacial Till = 0 4
1519.6-1518.8 51 Glaciel Till s 2 3
1499.6-1498.9 53 Glacisl Till s 3 3
1489.6-1488.9 54 Glacisl Till s 1 1
1477.6-1476.8 55 | stracified Drift ™ 2 4
1669 6-1468. 6 56 | Stratified Drifc sp 1 2
1459.6-1457.9 57 tretified Drife sp 1 2
1649, 6=1647.6 56 | stratified Drif s 1 2
1439.6-1437.9 59 | stracified Drift sp 3 4
1429.6-1428.6 60 | Stratified Drift sP-ML 1 2
1619.6-1418.8 61 stratified Drifr sP-ML 5 4
1409. 6-1408. 6 62 | Stratified Drift w 5 4
1399.6-1398.3 63 | Stratified Drife sp 4 ¢

See footnotes at end of table.




TABLE C.1
(Continued)

T (2)
. s"“??;it IR SweLE LITHOLOGIC o= Ef'i:;:l’io i e é?ﬁ?gg?ﬁsm ConposITING
sean Sex Leveld | 1O DESCRIPTION Clas;lfxcanon (Fizz Test - caTEGORY (%)
vstem) 10% HCl)

1678.6-1676.8 64 Glacial Till M 2 3
1673.8-1671.8 65 Glacizl Till ™ 1 4
1663.8-1661.8 66 Glacial Till s 0 1
NA 67 Glacial Till M 1 4
1643,8-1641.8 68 Stratified Drifc SP 1 4
1633,.8-1631.8 6% Stratified Drift SP 2 &
1623.8-1621.8 70 Glaciel Till s ) 4
1613.6-1611.8 71 Glacial Till M 0 !
1605.8-1603.8 72 Glacial Till s 0 1
1605.8-1603. 8 73 Glacial Till ™ 1 1
5, 2 1523.8-1561.8 74 Glacial Till s ] 4
= 1583 .8-1581.8 75 Glacial Till M 1 1
1573.8-1571.8 76 Stratified Drift sP 1 2
1563.8-1561 .8 77 Glacial Till N 0 4
G41-R18B| 1553.8-1551.8 78 Glacial Till M 0 1
1543.8-1541.8 76 Glacial Till M 1 1
1533.8-1531.8 80 Stratified Drift sp 0 2
1523.8-1521.8 81 Stratified Drift sp 1 2
1512.8-1511.8 82 Stracified Drift sp ) 2
1503, 8-1501.8 83 tratified Drift sp 1 2
1493 ,8-149] .8 84 Glecial Till SM 1 4
1483.8-148].8 85 Stracified Drift SP 0 4
1473.8-1672.3 86 Glacial Till s 1 4
1463.8-1462.3 87 Glacial Till ™ 1 1
1453.8-1452.8 88 Glacial Till s ! 1
1441 . B-1440.8 89 Glacial Till s 1 1
1433.8-1432.8 90 Glaciel Till M 1 1
1623.8-1422.8 9 Stratified Drift M 0 .
1413.8-1412.8 92 Stratified Drifc ML 1 L

See footnotes at end of table.

~b




TABLE C.1
(Continued)

SAMPLE INTERVAL

soIL Type(2)

CARBONATE

—— et hans igx?%§ DE;E;?€¥?3§%2) é?nifgeq S0il E?FsthsEsncz(3) CORPOSITING
WMegn Sed Level) RO. Ly lassification (Flz? Test - CATEGORY!
Svstem) 10% HC1)
1675.4-1673.9 93 Glaciel Till M 1 1
21670.4-1668.9 84 Glaciel Till M 1 [
1660.4-1658.9 25 Glaciel Till M 1 &
1650.4-1648.¢9 26 Glacial Tiil o 1 4
1640.4-1639.2 97 Glacial Till M 2 3
1630.4-~1629.3 98 Glacial Till M b 4
1620.4-1618.9 29 Stratified Drifc SP 0 2
1608.4-1607.3 100 Stratified Drift SP [t} 2
1606.4-1604.1 101 Stratified Drift SP 0 2
1602.4-1600.% 102 Stretified Drifc SP 0 2
-&— 1600.9-1600.4 103 Stratified Drift SP ¢] 2
e 1588.9-1587.2 104 Stratified Drift SP 0 2
1580.4-1578.9 105 Stratified Drife SP 1 2
1570.4-1568.9 106 Stratified Drift sP 0 2
1560,.4-1558.9 107 Glacial Till M 0 i
G41-K21A 1550.4-1548.9 108 Glacisl Till SM 1 gl
1540.4-153%.4 109 Glscial Till M 4 3
1530.4~-152¢9.4 110 Glacial Till M 2 3
1520.4=1518.9 111 Stratified Drift SP 0 4
1510.4-1508.9 112 Stratified Drift sp 1 “2
1500.4-1498.9 113 Stratified Drift SP 1 4
1490 .4-) 488, 9 114 Stratified Drift Sp 1 2
1480.4~14670 & 115 Stratified Drifr sP 1 2
1470.4~1469.4 116 Stratified Drift SP 1 2
1460.4=~1459. 4 117 Stratified Drift SP 1 2
1450.4-16449 .4 118 Stratified Drift Sp=-ML 1 4
1440,4-14329 .4 11% Stratified Drift SP-ML 3 4
1430.4-1429.1 120 tratified Drift SP-ML 1 ‘
1420.4-1418.9 121 Stratified Drift SP=ML 3 4
1410.4-1408.9 122 Stracified Drite SP 3 4
1400.4-1398.9 123 Stratified Drifc SP 2 &
(1)

(2)

Samples 1 and 52 were not aveilable for testing.

bering logs and sample descriptions.

(3)

Litholeogic descriptions and soil classifications (ASTM D 2487-69[75])) from Golder Associates (1981b)

Visuzl numeric estimation showing the presence of carbonates (higher numeric rating correlates to

higher carbonate content) after the addition of & few drops of 10% RCl (Sobek, et zl., 1978)

0 = No reaction
1 = Very slight reaction
2 = Slight reactien

(4)

3 = Moderste reaction
4 = Strong reaction
5 = Vervy strong reaction

1 = Fine grein glacial till with low neutrzlization capacity.

2 = Coarse grsin stratified drift with low neutralization capacity.
3 = Glacial till with high neutralization capacity.
4 = None of the above.

(5)

groundwater table.

(6)

Not Available (RA).

Sample grouping bv visual inspection, grazin-size feel of samples, and carbonate effervescence test:

Approximste groundwater table location; contact between samples collected above and beclow the
PP 4 ;




L i TARLE ©,7
LTS OF INDEX TESTING

" e
L PO samrry awreavaril) . S M::::;.‘l::thlm __GRAIN SIZE st > " e wann,
neserierpont 1) ool mi-‘--::..:‘:::n wo. curm-v!n (1 caro, COARSE CRAVEL FINE CRAVEL COARSE, SANR MEDTUM SAND FINE SAND '""""‘;f:::"::::r" s cLay ":"'f':}l i
. Fanivalent) (T6.7-19.05 mm) (19.05-4_75 ma) (&, 75%-7.0 mwe) (2.0-0.475 mm) (0.4675-0.015 mm} (<n.n1% _‘"" {D.075-0.007 wm) (<. 00T mm) REg
Glacial Titl chl-ne 1862.0-1640. 1 ’ y 0.8y a0 0 rr " .y BLY . - -
Glacial Tinl cat-ne 1572.0-1501.0 0 ) .20 1.2 n s n 1R.A ey n.s - -
Clacial Till ohY -0 1561.0-1540.) 1] ¥ 9.0 n.o L] N .0 7.2 (LW} S - -
Clacial 1ill AR 1691 .%-149%0 & 7 ' 1005 0.8 a Wt .4 7.4 - - - -
Tl nl-cIY 16796 1600 0 b1 ) 9.5 s 17.0 2.2 12 15.9 - - - -
flacial Till w€hl-r1) 1h19. 618170 L] 1 10 Lo 1.0 0 L l 1.2 = - = -
Ciacial TilA Chl-e1y 1579.6-0570 .6 &% 1 7.A% 1.0 n R.A 7.0 - = 2 &
Eimcial il CARAE] 1S19.6-15R. T 1] 1 10,15 9.0 n 2.0 4.9 150 - - - -
Clacial Till ARAR] 1499 6-1498.9 3] 1 o0 .5 n 5.6 [ .2 L] .o - -
Glacial Til) Cal-HIAK 1R1).8-1811.R n ) 7.0 0.2 n ] 5.6 - - -
Clacial Till ol -NIAR 15AY.A-1581 .0 ” f 1010 0.5 0 17.9 6.5 1.8 1.6 9.7 - -
lacial Till AL 1$51.8-1551.8 1] 1 9.80 0.1 n 0.7 R .1 - - - -
Clacial Titl oy -R21A 1850 A-1RGB .9 " “ n.1s 1R w0 0.4 L) 1. - - - -
Vacial Tild CL1-RTIA 1550, 4-154R.9 1 9.m0 0. ] [N . - - - -
st fied neify GAl -ty 1607.0-1600 .0 1 .33 0.9 n (R 1. AL 5.7 1.7 1.0 o -
Steatificd Prift chl-ne 1%12.0-1470.5% % 7 a.m ra n AR ",y w.A 9.3 = =) = =
stearified neite | cetom 1652.0-1650.5 % ? w.m K n 5 4.2 .6 1.8 - - - -
Stratified neift aR-nY 1632.0-1610.5 m . .08 0.1 - - - .6 .7 6.7 - -
Steatifiod Prife ChY-nT 1ep2.0-1610.5 wn L) 1n.os o n n n.i 0.1 k). 5.9 B0 = -
Cremtifind prite | ea1-gd 1659 K-1AST. 8 57 ? w1 1.7 0 6.0 5.1 3.5 5.8 - - - -
Steatifiod moite | cab-c1) 1639 61477, 7 39 4 10,30 1.1 ] 7.8 .5 5.1 - ’ - - -
Stratified Drife CA-111 (AN S TILN L) A 1n.on 1.0 L n n 1. .7 6.0 .0 12.0 - =
Stearified chl-HIRR IRYT.A-1811.8 &1 . .3 1.6 " 5.9 1.6 17.6 1.2 1.1 - - - -
Stearifeed peate | ear-ninn PSVIB-1ST1LA n H 1070 0.4 n 0.8 1.1 0.0 n.e R ] - - - -
Stemtitiod Deife [ €6t winn 1STL.R-15HL.R L] 1 955 (8] a 7.1 1S 192 n.s 7.6 - - - -
atitied ife | Gr1-20A 13RO L-15IR. Y 5 1 a.15 0.n n (R 1.0 8.0 456 1.9 - - - -
Stamtifind Moife ChL-R2IA 1500 4169 9 " L) 0 ko . 1.7 n n 0 LR} w.n L - - = -
Stratified Prale | €A1-FFIA TARD . &-1459 4 ns 7 .10 1.2 o 0. L) L) R3.9 L] = = # =
Stratified CHL-EDIA LD &-16YT. & e o 0.0 L) n n o 1.? w60 . M”.n " g . *
Steatifivd LRSIV 1610 616089 1?7 B 1050 1.6 o n 0.y ”.? m.r a0 - - - -
Foras— e e e e - — i bt - - - - . - - - b S o e o
Glacial 301 al-ng 15V.0-130.4 L] 1 - - - - - - - - - 1.9% .
Chacval Till LARIE I5IR.6-1527.8 sn 4 . - - - - - - - - - 1.0t 8.3
Clacinl ¥il) AR 13R0.6-1550.9 17 Vi - - - - - - - - - - 1.99 .7
) ehntogle dencrlptionn and srsple Interval from Golder Ansaciates (1981R) boring Tngs and mawple descetotfona.
(Mere tahte €.1 for anople grouping classifications,
(N af a 131 anll to Alatilled vater misture at 25°C (Sabek, et ab., 1978).
' Cihonen, ot al. (19780, i
Iasm m e22-072) .
(Fday weight and wnlime messuremcnts.
Magwm n 2216-70(AM .
(V' fndlcaton nat determined. In the cane of grain ales determinationn of atft and clay (ractinne, tasalfichent Finen 1elative to wample alze precivded the uar of hydrometer analynis.
L A e
" B
T L,



TABLE C.3
COMPOSITION OF COMPOSITE SAMPLES

COMPOSITE SAMPLE NO. 1 COMPOSITE SAMPLE NO. 2 COMPOSITE SAMPLE NO. 3
(Glacial Till) (Stratified Drift) (Bigh Carbonate Effervescence)
SOURCE
WEIGHT WE IGHT WEIGHT
ARl SARYS | conTriBUTED(2) Y5 | contrIBUTED(?) STYS | conTrIBUTED(2)
’ (grams) o (grams) Eih (grams)
2 420 11 460 5 50
3 420 12 440 7 50
18 420 23 &40 9 50
Cal=Ed 20 420 25 440 14 50
22 420 26 375 17 50
27 440 19 50
33 420 56 356 : 34 50
Lk 420 57 178 35 50
45 420 58 440 36 50
46 420 60 328 37 50
G41-G13 47 420 41 50
50 420 49 50
54 420 51 50
53 50
55 50
56 420 55(4) 450 64 50
68 420 80 440 69 50
71 420 81 440
G41-H18B 72 420 82 440
73 420 g4 (4) 440
78 420
79 420
o5 420 103 440 97 50
96 420 104 440 109 50
98 420 112 391 110 50
G41-K21A 107 420 114 400
108 420 115 440
116 440
117 437

(l)Refer to Table C.]1 for sample interval and lithologic description.
(2)obrained using a sample splitter (ASTM D 421-58(72]).

(3)obtained using a sample splitter (ASTM D 421-58[72]) unless indicated weight is below
400 grams. Weights below 440 grams indicate the entire sample (which was less than 440
grams) was contributed to the composite.

(&)Due to a later discovery of interpretation problems between the boring logs and sample
identifications, Samples 75 and B4 (glacial till materials) were misappropriately added
to Composite Sample No. 2. "




APPENDIX C

ATTACHMENT 1
GRAIN SIZE DISTRIBUTION CURVES

Grain size distribution curves for composite Samples Numbers 1 (glacial
ti11) and 2 (stratified drift) and the four percent bentonite/till
admixture. Grain size distribution curves and other composite charac-—
terizations were determined only on the sample fraction passing a Number
4 U.S. standard sieve (4.75 mm). The portions of each sample greater

than 4.75 millimeters are shown in Table 3.1.
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APPENDIX D

LEACEATE SYNTHESIZATION, STABILITY MONITORING RESULTS, AND
ANALYTICAL METHODOLOGY

D.1 INTRODUCTION

This apbendix presents the procedures used to create the tailing leach-
ates used in the lzboratorv testing program. The leachate storage
procedures and results of the stability monitoring analyses are also
presented. In addition, the analytical methodologies used in the
leachate analyses and analytical problems encountered in this study are

presented.

D.2 TAILING LEACHATE SYNTHESIZATION

Synthetic leachates were prepared by spiking leachates generated from a
constant pH 2 modified ASTM (1981) 1:4 leachate of the Crandon Project
Pilot Mill tailings. The leachates were spiked to éimulate mill
reagents or increase solute levels to significantly above analytical
detection limits to 2id in solute detection during the attenuation
study. The tailings were leached at pH 2 to generate a "worst-case’
chemical matrix of the major metals (Ca, Mg, Na, K, Al, Si, etc.) for
the synthetic leachates. The MWDF tailing leachates.are anticipated to
be alkazline with an approximate pH of 10 due to the mill amendments.
Eowever, due to the presence of sulfide minerals in the mill tailing,
lower pH's are possible. Thus pH 2 was chosen to generate a "worst-—
case” chemical matrix and three pH's, pH 3, 6, and 9, were selected to
study the attenuation characteristics of site sediments over the

potential pH range of possible MWDF leachates.

Two leachates were generated for each pH, which have been termed Phase I
and Phase II leachates. The Phase II leachates were generated after the
supply of Phase I leachates were exhausted so that the column tests -
could be conducted for a longer time period than was first considered.
The same procedures were used to generate both the Phase 1 and Phase II

leachates.



D.2.1 Tailing Leaching i =

The following procedures were used to generate a tailings chemical el

matrix for both the Phase I and Phase II leachates:

e Dry tailings - The Pilot Mill tailings were air
dried.

e Mix tailings with distilled water - The dried
tailings were mixed at a 1:4 ratio with distilled
water in a large 30-gallon plastic container.

e Acidify mixture - The pH of the tailings-
distilled water mixture was adjusted to and main-
tained at pH 2 using H,S50,.

e Leach tailings - The tailings were leachated for
48 hours at pH 2 with constant stirring during
the first 24 hours.

¢ Separation of tailings and leachate - The leach-
ate was filtered through glass fiber filters to
separate the tailings and leachate after the 48-
hour leach period. )

e pH adjustment - Three equal aliquots of leachate
were placed in five-gallon plastic containers and
the pH adjusted with lime to pH 3, 6, and 9.

e Leachate oxidation—-matrix stazbilization - The
three different pH leachates were periodically
stirred for 24 hours to oxidize the leachates
and induce precipitation. This procedure was em-
ploved to remove solutes in the leachate chemical
matrix which were at a state of saturation with
readily formed mineral phases to help promote the
long-term stability of the leachates.

e Precipitate removal - Each of the three leachates
were filtered through 0.45 m membrane filters
and placed in closed five-gallon containers. For
the Phase I leachates, the containers were plas-
tic; while glass containers were used for the
Phase II leachates to help prevent oxygen diffu-
sion through the container. Additionally, a 12-
gallon closed glass container was used for the pH
9, Phase II leachate, as a larger volume of this
leachate was required.

e Oxygen removal - The three leachates were purged
of oxvgen by bubbling nitrogen through the leach-
ates for 60 hours.
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D.2.2 Leachate Synthesization

The pH adjusted leachates (Section D.2.1) were spiked with several
target chemical species, specified by Exxon, to simulate mill reagents
or increase solute levels to significantly zbove analytical detection
limits to aid the attenuation studv. The spiking occurred after the
oxvgen was purged from the leachates. The spiking concentrations of
each chemical species and the parent compounds used for spiking are

shown in Table D.1.

The spiking was carried out under a nitrogen atmosphere to maintain the

semi-anoxic state of the three leachates. In addition, because reduced

valence state salts were used in some of the spiking solutions, the time
between spike preparation and addition to the-leachate was kept to a

minimum.

The following solutions were prepared for spiking 17 liter aliquots of
three leachate solutions. 4s three solutions of leachate at pH 3, 6,
and 9 are to be used, the spiking solutions needed to be prepared which
differed in certain details to promote the leachate stability as

follows:

e TFor pH 3 leachate, sodium tetrathionate (NaZSAOG)
and 2ll the metal salts were used in the spike.

e For pH 6 leachate, sodium thiosulfate (N828203)
and all the metal selts were used in the spike.

e TFor pH 9 leachate, ferrous sulfate was omitted
from the spike and sodium thiosulfate was used.

The reagents' weights indicated in Table D.liwere weighed on an analyt-
ical balance and were transferred to different volumetric flasks, as
explained below, to prepare stock spiking solutioms. There were a total
of eight spiking solutions for each leachate pH. The methods of their

preparation follow:
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Solution A - KCN was dissolved in 50 ml of distilled . ;?l
water in volumetric flask. e

Solution B - The nitrate salts of cadmium, mercury
(II), and silver were dissolved in 100 ml of dis-
tilled water in a volumetric flask.

Solution C.l - Sodium thiosulfate was dissolved in
250 ml of distilled water in a volumetric flask for
the pH 6 and 9 leachates.

Solution C.2 - Sodium tetrathionate was dissolved in
250 ml of distilled water in a volumetric flask for
the pH 3 leachate.

Solution D - The indicated amount of lead nitrate
was dissolved in 50 ml of distilled water in a volu-
metric flask.

Solution E - The indicated amounts of the sulfates
of copper (II), manganese (II), and zinc, along with
potassium chloride and potassium fluoride, were dis-
solved in 500 ml of distilled water in a volumetric
flask.

Solution F.l - For pH 3 and pH 6 leachates, a
solution of FeSO, 7H20, MgS0, 7H20, and Na,S0, IOHZO
was prepared in one liter of distilled water in a
volumetric flask.

Solution F.2 - for pH 9 leachate, a solution of
MgSO, 7H20 and Na,S0, 7H,0 was prepared in one liter
of distilled water in a volumetric flask.

Solution G - The indicated amounts of selenous acid
and arsenic trioxide were dissolved in 100 ml of
distilled water in a volumetric flask.

Solution B - The indicated quantity of potassium
chromate was dissolved in 200 ml of distilled water
in a volumetric flask.

Each of the eight spiking solutions discussed above were prepared sepa-
rately and the total volume of stock spiking solutions amounted to two

liters. These solutions were added individully to 17 liters of respec-
tive leachates in the alphabetical order, noted above. For the Phase II

pH 9 leachate, the spike amounted to four liters, which was added to 41
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liters of the bulk pH 9 leachate, totaling 45 liters. To generate the
two additional liters of the Phase II, pH @ leachate spike, the volumes
of the eight spiking solutions noted above (Solutions A through H) were

doubled. After each addition, the leachates were stirred.

The rationale behind preparing separate stock spike solutions was to
avoid any possible precipitation of minerzl salts in the stock spiking
solution itself. Bv adding separate spiking solutions, interferences or
reactions likely to occur would take place in the batch leachate. Addi-
tionally, the order of addition noted above helped to achieve maximum

solute levels due to the formation of complexes in the leachate.

The spiked leachates were aged seven days under a positive nitrogen
atmosphere at zmbient lazboratory conditions to help stabilize the leach-
ates before use in any laboratory testing program. In addition, a
nitrogen atmosphere was maintained and leachate pH periodically moni-
tored and adjusted (Ca0 or stob) if more than 0.75 pH units off the
target pH throughout the leachate storage period. All precipitates
which formed in the spiked leachates were allowed to remain in contact

with the leachate throughout its storage period.

D.3 LEACHING STABILITY MONITORING

The stability of the leachates was monitored throughout the course of
the leboratory studies by analyzing select parameters. Results of the
stability analyses are presented in Tables D.2 through D.4 for each of
the three different pH leachates. For the analyses dated December 10,
1981 and forward on Tables D.2 through D.4, the analyses were of the
leachate permeant reservoirs to the column attenuation tests (Appendix
F). In addition, at the conclusion of both the Phase I and Phase II
laboratory column testing, the constant head reservoirs to the four
percent bentonite/till liner admixture columns (Columns K-1 and X-2),
which could not be mechanically sampled during the course of the column
testing, were also analyzed for major parameters of importance. These

results are presented in Table D.5
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D.4 LEACHATE ANALYTICAL METHODOLOGY : L L

The leachate analytical methodologies and detection limits of this

study are summarized in Teble D.6. 1In addition, as noted in Tables D.2
through D.4, other anelytical methods for total sulfur and ferrous iron
determinations were initially used for comparison to the methods listed
in Teble D.6. The methods shown in Table D.6 for total sulfur and
ferrous iron were selected for use throughout the study as they were
simpler procedures, which lowered the potential for analytical errors,

and/or considered more accurate methods.

As discussed in the text, cation/anion balance calculations for the
leachate analyses were in reasonable agreement. However, analytical
problems did occur during the study. The most significant analytical

problems encountered follow:

e Chloride levels in the effluents from the sedi-
ment columns permeated with the pH 3 leachate
(Figures 3-1 through 3-3) were two to four times
higher than the chloride concentration of the
influent pH 3 leachate. Chemical matrix inter-
ferences, specifically by ferric iron, did not
appear to be causing this problem. Several dilu-
tion ratios of the solutions were used in an
attempt to resolve the problem, but with no
success. Additionallyv, soil leaching of the
chloride did not seem probable; site ground water
permeant effluents had only slight chloride con-
centrations (approximately 5 milligrams per
liter). No geochemical or analytical reason for
the increased chloride levels in the pH 3
leachate column effluents were found.

e Total sulfur determinations were higher than
expected and often variable throughout the leach-
ate storage period. The difference between com-
bined sulfate and thiosulfate concentrations and
the total sulfur concentrations would indicate
the presence of other sulfur species in the
leachates. * Total sulfur concentrations, espe-
cially in the pH 3 leachate (Table D.2) were also
very variable throughout the study. The cause
for this variation is not known, but analytical
difficulties are a possible cause.



Total sulfur, sulfate, and specific conductance
levels in some of the column test (Appendix F)
effluents (Figures 3.1 through 3.10), were some-
times, like chloride, higher than influent con-
centrations. Higher sulfate levels may have been
due to the oxidation of thiosulfate or other re-
duced sulfur species in the columns, especially
for the earlier column effluent samples (through
January 6, 1982, Appendix H) which were inadvert-
ently not stabilized with iodine. However, this
would not zffect the total sulfur and specific
conductance results. These may have been due to
anelvticel problems or slugs of sulfur species
moving through the columns after their initial
retardation by the sediments.,

Ferrous iron was determined by two standard wet
chemical methods (potassium dichromate titration
and the phenanthroline-spectrophotometric method)
and chemical matrix interferences caused positive
errors zbove the total iron value for every
sample analvzed by both methods. Because of the
chemical matrix interferences, these results are
not quantitative and can only be interpretated as
indicating most of the iron present in probably
in the ferrous state. The solution equilibrium
mocdeling performed in this study (Table 3.9)
confirmed ferrous iron as the dominate iron
oxidation state for the pH 2, 3, and 6 leachates.

Due to solution matrix interferences, some
sensitivity in the leachzte metzl determinations,
especially for barium and selenium, was lost

in order to compensate for the necessary back=-
ground corrections. Therefore, low level deter-
minations of these and other metals had poor
reproducability.
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TABLE D.1
LEACHATE SPIKING COMPOUNDS AND AMOUNTS

L e
CHEMICAL ngggging??giT SPIKING H%;iﬁg;?R RSl e COMPSfN? = 7 -
SPECIES COMPOUND (o) me/1 GRAMS GRAMS _ -

mg/l  MOLES/LITER PER 19 LITERS PER 45 LITERS

Cations:

As 2 2.67 x 1070 As,0, 197.8 2.64 0.0502 0.1188

cd 1 £.90 x 107%  C4(NO4),.4HO 308.5 2.74 0.0521 0.1235

cr (V1) 0.5 9.62 x 107° K,Cr0,, 194.2 1.86 0.0355 0.0841

Cu 10 1.57 x 1074 CuSO, . SH,0 249.7 39.3 0.747 1.765

Fe 50 8.96 x 107 FeS0, . 7H,0 278.0 249 4.731 -

b 2 9.65 x 107° Pb (804, 331.2 3.20 0.0608 0.1438

Mn 5 9.10 x 1077 MnSO,, . H,0 169.0 15.4 0.293 0.6930

Hg 0.1 £.98 x 1077 Hg(NO4),.H,0 342.6 0.171 0.0032 0.0077

Se 1 1.27 x 107° H,Se0, 129.0 1.64 0.0311 0.0737

Ag 0.2 1.85 x 107° AgNOy 169.9 0.315 0.0060 0.0141

Zn 20 3.06 x 1074 2050, . TH,0 287.5 87.9 1.670 3.958

Mg 50 2.06 x 1073 MgSO, . THLO 2665 507.2 9.637 22.84

Na 270 - Na,S0, . 10H,0 322.2 3,899 74.07 -

xe (1) 270 - Ke, S0, . 10H,0 322.2 4,189 - 188.5

K 30 - KCK, KF, KC1 - - - -

Anions: '

c1” 50 1.41 x 1073 KC1 74.56 105.2 1.999 4.735

ZnSOA, MgSOA, '
s0,” 1,500 1.56 x 1072 Mnso,, FesO,, - - - -
Nazsoa
$,0,7(2) 500 4.46 x 1072 NayS,0,.5H,0 248.1 1,105.6 21.01 49.78
5,05~) 500 2.23 x 1070 Na,5,0.2H,0 306.2 682.8 12.97 -
€ (NO3),,

NO5~ 1 (as N) - Pb(N03)2, - - - -

Hg(NO3),, AgNOy ’

F 2 1.05 x 107¢ KF . 2H,0 94.1 9.91 0.1880 0.4450

N~ 0.25 s.61 x 1078 KCN 65.1 0.63 0.0119 0.0282

(l)For pi 9 leachate with no FeSO,.

(Z)For pH 6 and 9 leachates.
3

(3)For pH leachate.



TARLE D.2

RESIILTS OF pil 3 LEACHATE/COLUMN PERMEANT TABILITY MﬂNlTORlNG(l)

PHASE T LEACHATE PHASE 1[I LEACHATE

PARAMETER UNITTS
10/26/81  L1/2/B1 10/9/81  11/23/81  12/10/81  12/16/8Y  1/11/82  2/2/82 2/16/82  12/16/82  3/10/8B2  3/24/82  4[12/82

pit plt unite 1.00 3.01 3.00 2.98 j.01 1.00 2.90 3.06 2.98 3.07 3.00 3.01 2.98
Eh v +586 +578 +545 +556 +752 ‘641 +600 +521 +387 +609 4516 511 +587
Specific Gonductance  wmhosfem @ 25°C 8,790 8,080 7,980 7,980 9,220 8,660 8,620 8,640  B,160 7,550 7,370 7,340 7,320
Sul fate mg /L 6,000 5,000 6,700 = 6,500 = 6,200 5,600 5,100 5,700 5,100 - 5,400
Total Sulfurf?) mg /L 50, 8,900 - = = s = e 2 : - 2 -
Total Sulfue®®) mg/t S0, 8,200 = 8,900 9,100 13,200 s 6,600 = 8,100 9,100 8,600 = 8,900
Dissolved Hutnlu:(s) '

Fervous Leont®) me/t 2,100 2,000 2,100 - - . - - - N . 3 B

Ferrous Leon'l? mg /1 - — 1,500 - - - - ~ 1,350 940 - - -

Total Teon mg /2 1,360 1,510 1,610 1,720 1,600 " - . 1,460 910 1,030 940 940

Arsenic mg /L 6.8 - 5.8 6.1 6.1 - = - 5.1 2.9 3.2 - 3.8

Capper mg [t 1o 120 115 120 10 - - - 130 110 110 120 120

Zine mg, /T 520 550 500 325 500 = B = 550 450 450 430 430
(1)

(z)ﬂrnmine oxidation in accordance with Furman, ed.

(Na_n
(4)

indicates not determined.

(5)nnnlysis of samples filtered through an 0.45 ym membrane filter,

(6)potassium dichromate titeation (U.S. Steel, 1929).

(1)

Phenanthroline, spectrophotometric method (APHA, 1981)

Referenced analytical methods presented in Table D.6 unless otherwise noted.

Oxidation with hydrogen peroxide; analyais in accordance with APHA (19B1).

(1962); analysis in accordance with APHA (1981).



TABLE
RESULTS OF pil 6 LEACHATE/COLUMN PERMEANT STABILITY NUNETORING“)

n.3

1 LEACHATE

PHASE 11 LEACHATE

" PARAMETER UNITS
10/26/81 1/2/81 11/9/81 11/23/81 12/10/81 12/16/81 1/11/82 2/2/82 1/16/82 2/16/82 3/10/82 3/26/82 4/12/82

plt pil units 5.75 5.63 5.69 5.62 5.93 .94 4.50 5.82 5.22 5.82 5.76 5.46 5.61

Eh mV +246 +308 +320 +326 +552 +558 +498 +498 +336 +h15% +h483 +472 +482

Specific Conductance pmhosfcm @ 25°C 1,240 6,640 6,700 5,960 7,020 6,570 6,580 6,500 6,750 6,640 6,230 6,120 5,790

Sulfate i 3,200 2,600 3,600 - 4,050 = 4,200 3,100 3,000 4,160 3,000 2 3,100

Total Sulfur®?) g 50, 6,300 = . . — " - " - - E = =

Total Sulfur(®? me/t S0, 6,000 = 5,200 - 6,700 - 7,800 - 6,400 6,600 6,300 3 6,100

Disaolved Mqtnln:(” )

Ferrous Ir()u(é) mg /2 1,600 1,200 1,200 - - - - - - - - - -
e T we /2 " = 700 - = = = - 550 295 = -

_Tatal Iron mg /L 730 790 660 660 610 - 705 & 610 410 4710 410 410
Arsenic mg /2 0.3 0.3) n.14 0.13 0.21 = - - 0.023 0.52 0.38 - 0.84
Copper mp/ 0.4 0.44 0.11 0.10 0.11 = - E <0.01 0.12 0.8 0.61 0.10
Zinc mg /L 140 145 135 140 140 = = = 140 200 180 180 180

“)Rc[".n-u(_ed analytical methods presented in Table D.6 unless otherwise noted.

(2)on indicates not determined.

U)Hruminc oxidation in accordance with Furman, ed. (1962); analysis in accordance with APHA (1981).

{ ‘Uxiriﬂrinn with hydrogen peroxide; analysis in accordance with APHA (1981).

(5)Ana1ynis of mamples filtered through an 0.45 um membrane filter.

‘6)P:’tn55illm dichromate titration (U.S. Steel, 1929).

(M phenanthroline, apectcophotometric method (APHA, 1981).

s S
g 3 ;
Wi,

¥




RESULTS OF pit 9 LEACHATE/COLUMN PERMEANT STABIL

TARLE D.4

1ty MontTORING (1)

PHASE T LEACHATE

PHASE [0 LEACHATE

PARAMETER UNITS 12/10/81 12/16/81 fre/ne 2/2/82
10/26/31  11/2/81  11/9/81  11/23/8) 2/16/82  2/16/B2 3/ 10/R2 3/24/82  4/12/82
912 9,(N 91 9 91 o a1 9.4

pii pil unlts 9.05 9.09 9.06 9.0} 9.07  9.07 8.3 B.10  B.A0  B.GD  B.37 8.29 8.7) 8.62 8.A3 8.79 8.79
Fh wV +276 418 +115 146 W12 A2 #1350 IG5 4438 4459 4332 121 +308 +487 Fh96 A6 4506
Spectflc Conductance wnhos/cm @ 25°C 5,690 5,090 5,210 5,790 5,460 5,660 4,690 4,900 5,280 5,280 4 ,BS0 4,750 4,960 5,360 L, BRO 4,460 4,470
Sulfate me/ L 2,200 1,000 3,100 -(&) 2,100 2,100 = 2 2,900 2,800 2,400 2,500 2,300 2,000 2,100 - 2,100
Total Sulfur(®) ap/t S0, 4,350 - - . - - = - - « - - - - -
Total Sulfur(®) mg/ L S0, 3,800 s 4,350 3,800 3,900 3,400 - = 5,900 5,700 - " 3,900 4,200 3,900 - 3,800
Fluorldo me/ 1 7.6 = - = - — = " - 5 4.7 5.3 6.8 2.3 = - 1.9
Dissolved Melaia:(])

Ferrous Trom ml 1 0.2 0.2 0.25 - = = £ - - = - - 0.5% 0.5 - = =

Total [ron mp/ 1 0.4 0.1 n.1 0.1 0.1 = < - .1 < = 1.2 n.4 0.2 0.1 1.6

Arsenic ma/ L 0.1 0.009 0.008 0.007  0.non = - - - - - . 0.275 0.015 0.075 = 0.009

Copper mp /1 5.4 5.1 5.3 5.1 4.9 - = = - - - - 1.7 6.0 4.0 5.1 ok

Zinc m/t 0.64 0.15 0.07 0.07 0.12 - - - - - = - 0.27 0.20 0.3 0.04 0.04

(l)Rcreroncod analytical methoda presented In Table D.6 unlems othervise noted.

(2191 tefers to the Phane I pll 9 lenchate permeant reservolr for the glacial tfll (Co lumn Dealgnation 1) columna (Appendix F).

the Phane 1T column teating of the glncfal till and stratifled drift nediment samples.

‘1)91 refern ta the Phaae 1 pll 9 leachate permeant reacrvolr for the atratified drift (Column Denlpuntion J) columna (Appendix F).

during the Phare [l colimn testing of the glaclal till nnd stratifled drift acdiment aamples.

(h)e_

indlcates not determined.

($)Hrom1nr axldation In accordance with Furman, ed. (1962); analyals In accordance with AFHA?(IOEI).

(O axtdation with hydrogen peroxide; analysfs In accordance with APHA (1981).

(’)Annlyslﬂ of sanples filtered through an 0.45 m membrane fllter.

A larger alagle pll 9 leachate permeant reservolr was vaed durlng

A larger alngle pll 9 leachate permeant reservolr was uaed
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TABLE D.5

RESULTS OF ANALYSES FOR
PERMEANT RESERVOIRS OF THE FOUR PERCENT B%?gONITE/TILL
ADMIXTURE COLUMNS (X-1 AND K-2)

RESERVOIR K-1 RESERVOIR K-2
PARAMETER UNITS
PHASE I PHASE II PHASE I PHASE II
2/16/82 L/19/82 2/16/82 4/19/82 ‘
i

Temperature °C 22.4 23.0 22.4 23.0
pH pH units 3.16 3.29 6.98 6.49
Eh mV +579 +492 +485 +376
Specific Conductance umhos/cm € 25°C 8,230 8,140 5,800 5,740
Aveilable Acidity mg /% CaCO, 460 520 -(2) -
Hot Acidity mg/% CaCOjy 760 1,950 - -
Alkalinity mg /£ CaCl4 0 0 115 90
Chloride mg /% 110 83 390 260
Fluroide mg /2 0.16 0.17 6.6 0.05
Sulfate mg /2 6,800 6,200 2,900 2,700
Total Sulfur mg /% S0, 7,600 6,900 3,600 3,400
Dissolved Metals:(3)'

Aluminum mg/L 75 34 0.3 -

Arsenic mg /% 5.0 1.1 0.167 -

Calcium mg /£ 455 525 555 -

Copper mg /& 96 100 2.5 1.8

Iron mg /2 1,410 990 2.2 0.1

Magnesium mg /% - 235 - -

Silicon mg /& 190 130 2.4 4

Sodium mg /% - 550 - -

Zinc ' mg /% 570 490 0.1 0.1

(l)Referenced analytical methods presented in Table D.6
(2)n_s indicates not determined.
(B)Analysis of samples filtered through an 0.45 um membrane filter.



TABLE D.6
REFERENCED ANALYTICAL METHODOLOGIES AND DETECTION LIMITS

ETECTION ()
DETECTION LIMIT

PARAMETER ANALYTICAL METHOD REFERENCE
Temperature £0.1°¢C Thermometric U.S. EPA, 1979
pR +0.01 pH units Potentiometric U.S. EP4, 1979
Eh =5 mV Potentiometric wood, 1976
Specific Conductance 1 umhos/em € 25°C Potentiometric U.S. EP4, 1979
Filtersble Residue 1 mg/k Gravimetric U.S. EPA, 1979
Hot Acidity ' 2 mg/t CaCOy Titrimetric . U.S. EP4, 197¢
Available Acidity 2 mg/k CaCOy Titrimetric without Oxidation U.S. EPA, 1979
Alkalinicy 2 mg/t CaCO4y Titrimetric U.S. EPA, 1979
Chloride 0.5 mg/t Titrimetric U.S. EPA, 1979
Fluoride 6.0l mg/% Distillation; Titrimetric U.S. EP4, 1979
Nitrate 0.1 mg/¢ N Brucine; Spectrophotometric U.S. EPA, 1979
Sulfate 1 mg/k Thiosulfate Stabilization with lodine; Stabilization Guo and Jank

Turbidimetric; Spectrophotometric (1980); Analysis APHA (1981)
Thiosulfate 1 mg/t lodimetric Titration Guo and Jank (1980)
Total Sulfur 1 mg/% SO, Peroxide Oxidatiom; Turbidimetric; Anzlysis APHA (1981)
Spectrophotometric
Cyanide 0.01 mg/2 Colorimetric; Spectrophotometric U.S. EP4, 1979
Metals:
Aluminum 0.1 mg/t AAS,(z) Direct Aspiration U.S. EPA, 1979
arsenic 0.002 mg/ aas, weal?) U.s. TPA, 1979
Barium 0.0} mg/2 AAS, Direct Aspiration - HGA U.S. EPA, 197¢
Cadmium 0.01 mg/k AAS, Direct Aspiration U.S. EPa, 1979
Calcium 0.005 mg/% AAS, Direct Aspiration U.S. EPA, 1979
Chromium 0.01 mg/% AAS, Direct Aspiration U.S. EP4, 197¢
Copper 0.01 mg/f 4AS, Direct Aspiration U.S. EPA, 1979
Iron:
Ferrous 0.1 mg/k Fhenanthroline, Spectrophotowetric APHA, 1981
Total 0.1 mg/k AAS, Direct Aspiration U.S. EPA, 1979
Lead 0.01 mg/t AAS, HGA U.S. EPA, 1979
Magnesium 0.005 mg/% AAS, Direct Aspirationm U.S. EPA, 1979
Manganese 0.1 mg/% AAS, Direct Aspiration U.S. EP4, 1979
Mercury 0.0005 mg/% ASS, Cold Vapor U.S. EPA, 1979
Potassium 0.005 mg/% AAS, Direct Aspiration U.S. EPA, 1979
Selenium 0.001 mg/t AAS, HGA U.S. EPA, 1979
Silicon 0.1 mg/t AAS, Direct Aspiration U.S. EPA, 1979
Silver 0.00] mg/f AAS, HGA U.S. EP* 1979
Sodium 0.005 mg/% AAS, Direct Aspiration U.S. EF., 197¢
Zinc 0.01 mg/f AAS, Direct Aspiration U.S. EPA, 1979
(1

Detection limits for recommended sample volume of analytical method. Due to the limited volume of some samples,

especially column effluent samples, detection limits for some analyses were slightly higher due to the dilution

requirements to obtain proper sample size for analysis.

(2)
AA

(3

S is an abbreviation for Atomic Absorption Spectroscopy.

HGA is an abbreviation for Hested Graphite Atomizer.
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PROCEDURE FOR THE MEASUREMENT AND CALCULATION
OF BATCH DISTRIBUTION RATIOS
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APPENDIX E

PROCEDURE FOR THE MEASUREMENT AND CALCULATION
OF BATCH DISTRIBUTION RATIOS

E.l INTRODUCTION

This.appendix covers the procedures used for the determination and
calculation of batch distribution ratios for mine waste disposal
facility (MWDF) foundation soils and the four percent bentonite/till
admixture liner materizl. Results of the distribution ratio deter-

minations are also presented.

A short-term batch method was used to determine constant pH distribution
ratios (Kr> for the following chemical species in accordance with the

proposed ASTM (1981) method:

e Arsenic & Manganese
e Cadmium e Mercury

e Chromium e Selenium
e Copper e Silver

e Iron ¢ Zinc

e Lead e Cvanide

To enhance the reliability and site-specific characteristics of the K_
determinations, duplicate samples of the four percent bentonite/till
liner admixture and two composite foundation soil samples (fine-grained
glacial till and coarse-grained stratified drift) from the Site 41 MWDF
(Appendix C), and synthetic tailings leachate generated at three pH's
(Appendix D) were used in the testing program. Additionally, calcium
oxide and sulfuric acid were used to adjust and maintain the leachate
pH, aé calcium carbonate and sulfuric acid are the probable sources of
neutralization potential and acidity, respectively, in the disposal
area. Also, the attenuation studies, as far as possible, were carried
out under a nitrogen atmosphere to maintain semi-anoxic conditions in

the leachates.
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E.2 DEFINITIONS AND ASSUMPTIONS

The Kr for a specific chemical species may be defined as the ratio of
the mass sorbed onto a solid phase to the mass remzining in solution and

can be expressed as (Freeze and Cherry, 1979):

g = mess of solute on the solid phase per unit mass of solid phase
T concentration of solute in solution

The dimensions of this expression reduce to cubic length per mass
(L3/M). It is conventional to express Kr in units of milliliters (or

cubic centimeters) of solution per gram of sediment.

Assumptions of this study included:

e Temperature differences between in situ (approxi-
mately 6 degrees to 12 degrees Centigrade) and
laboratory experimental (20 degrees to 23 degrees
Centigrade) conditions did not significantly
affect the experimental results.

o Semi-anoxic conditions were assumed to be the
dominant environment during sediment-solute
interaction; that is, several interacting species
in the leachate were assumed to be in their re-
duced valence state due to leachate generation
techniques and maintenance of a nitrogen atmos-
phere above the samples during testing.

E.3 SOIL AND LEACHATE PREPARATION

The following three soil samples were used in the batch distribution
ratio determinations:
e Glacial Till (Composite Sample No. 1)

e Stratified Drift (Composite Sample No. 2)
e Four Percent Bentonite/Till Liner Admixture

Duplicate samples of each ©f these three samples were air-dried and dis-
aggregated to their inherent grain size. Detailed procedures employed
in the preparation of soils are discussed in Appendix C. The disag-

gregated soil samples were passed through a "nonbias™ riffle splitter
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and 225.0-gram portions (exact weight recorded) of the split samples
were placed in one-liter plastic centrifuge bottles. All plastic and
glasswares used in the distribution ratio study were acid cleaned and

thoroughly rinsed with distilled water.

Synthetic leachates generated at either two or three pH values, de-
pending on the soil being tested, were used in the distribution ratio
determinations. The methods of leachate generation and analysis are

presented in Appendix D.

E.4 EXPERIMENTAL

All distribution ratio determinations discussed below were performed at
room temperature (20 to 23 degrees Centigrade) and under a nitrogen
atmosphere. The nitrogen atmosphere was maintained by placing a posi-
tive nitrogen pressure on all reaction bottles before sealing or per-
forming all pH monitoring, filtering, and sample preservations in a
glove box maintained under a positive nitrogen atmosphere. The experi-
mentzl design used for the laboratory measurement of distribution ratios

is presented in Table E.l.

Nine hundred milliliter aliquots of respective leachates were added to
the bottles containing sediment samples as shown in Table E.l. Out of
the six bottles containing fine-grained till, two were filled with pH
3.0 leachates (900 milliliters each), two with pH 6.0 leachates, and the
last two with pE 9.0 leachates. Similarly, of the six bottles contain-
ing stratified drift, two were filled with pH 3.0 leachates, two with pH
6.0 leachates, and two with pH 8.0 leachates. Out cf four bottles con-
taining the four percent bentonite/till liner admixture, two were filled
with pH 3.0 leachate and the other two with pH 9.0 leachate. Addition-
ally, one control sample (no soil present) was prepared for each of the
three pH leachates (Table E.l) by adding one liter aliquots of each
leachate to plastic centrifuge bottles. The exact amounts of leachate
and soil sample in each bottle were recorded on data sheets presented in

Appendix H (laboratory data).
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The bottles (22) with their contents were placed in a tumble agitator-
and periodically shaken (slow tumbling) for a total of six hours during
the first 24-hour period. After shaking, the contents were allowed to

stand for the remaining 24-hour reaction period.

During the course of the 48-hour reaction period, each soil-leachate
éuspension was pH monitored and adjusted at periodic intervals. The pH
adjustments were carried out using calcium oxide or sulfuric acid in a
glove box maintained under a nitrogen atmosphere. The pH of the suspen-
sion at each monitoring period and the amount of acid or base added to
bring the suspension to the required pH are presented in the data sheets

of Appendix H, along with monitoring time.

After the 48-hour reaction period, the soil-leachate mixtures were
centrifuged for 15 to 20 minutes (or until clear in appearance) at 2,500
rpm and the clear supernatants carefully decanted into clean one-liter
plastic sample bottles under a nitrogen atmosphere in the glove box.

The three control samples were centrifuged, but not transferred to other
bottles. After centrifugation, the supernatants and control samples
were filtered through a 0.45 micron membrane filter to remove all
suspended solids from the supernatant leachates. A 250-milliliter
aliquot of all filtered leachates was immediately preserved with nitric
acid for metal analyses. Similarly, & 500-milliliter aliquot of each
leachate sample was preserved with sodium hydroxide for cyanide analy-
sis. The remaining leachate sample was used for wet chemical analyses.
Results of the leachate analytical determinations are presented in

Tables E.2 and E.4.

E.5 DISTRIBUTION RATIO CALCULATION AND SUMMARY OF RESULTS

The distribution ratio, K., is calculated by dividing the amount of
species-of-interest adsorbed per unit weight of adsorbent by the amount
of species—of-interest remaining in a unit volume of reacting solution,
as outlined in Table E-5 (ASTM, 1981). The control sample analyses were

used to evaluate possible sources of error in the testing procedure,
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determine losses due to adsorption of trace metals onto container walls,
and to calculate the effect of leachate neutralization upon the R,
values determined at higher pH's. A summary of determined K, values is

presented in Tables E.6 through E.8.
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TABLE E. 1

EXPERIMENTAL DESIGN FOR THE MEASUREMENT
OF DISTRIBUTION RATIOS

NUMBER OF BOTTLES/SOIL SAMPLE(I)

LEACHATE  GLAGIAL TILL STRATIFIED DRIFT 4% BENTONITE/TILL  CONTROL  O1PL
pH (Composite No. 1) ‘(Composite No. 2)' ADMIXTURE SAMPLE
3.0 2 2 2 1 7
6.0 2 2 -(2) ! >
9.0 2 2 2 1 7
Total 6 6 4 3 19

(I)Except for control samples, each bottle contains 225.0 grams of soil sample and
900 milliliters of leachate. The control samples contained only 1,000 milli-
liters of leachate. See Appendix C for composition of composite samples.

(2)_n indicates no batch test at this pH.



TABLE E.2

BATCH DISTRIBUTION RATIO ANALYTICAL RESULTS FOR pH 3 LEACHATE(I)

GLACIAL TILLL STRATIFLED DRIFT 4% BENTONITE/TILL
BULK control.  (Composite Sample No. 1) (Composite Sample No. 2) ADMIXTURE
PARAMBTER Ll LEACHATE f::phi) SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE  SAMPLE
: wo. |\ NO. 2 NO. 3 NO. 4 NO. 5 NO. 6
Initial Measurements:
Temperature °C 23.4 -(2) - = - = = =
nll(3} pll units 3.00 - - = = - = =
En(3) m +576 % = = - » = -
Specific Conductance  wmhosfcm @ 25°C 8,790 - - - - - = -
Hot Acidity me/ L Cat0y 4,810 - = =Y = o - _
Alkalinity me/ L CaCoy 0 - = = - 2 s =
Final Measurements:
Temperature *C - 24.) 26,3 743 24.3 243 24.3 24.3
pn€3) pll units - 3.00 1.30 3.40 3.10 1.00 3.00 3.10
Fn(3) mv - 546 +526 +496 536 5406 1546 +556
Specific Conductance pmhos/cm @ 25°C = 7,100 7,350 71,350 7,600 8,370 8,110 7,600
ot Acidity mr/ L CaC0y - 5,110 £,540 4,480 4,950 4,900 4,680 4,670
Alkalinity me/ L CaCny = 0 0 0 0 0 0 0
Cyanide mg/ L 0.07 0.09 0.2) 0.05 i 0.06 0.18 0.07 0.08
Dissolved Metals:(#)
Arsenic mg /L 6.8 6.6 6.5 3.5 h.l 2.9 3.8 2.0
Cadmiumnm me /L 2.31 7.37 2:21 2.19 2.:27 2.28 2.17 2.17
Chromium mp [ L 2.60 2.90 0.61 0.55 1.30 1.30 0.96 1.10
Copper me /1 110 110 92 73 100 100 94 97
Iron m L 1,100 1,200 1,100 1,100 1,100 1,100 1,000 1,000
Lead mp /L 2.0 2.1 0.5 0.4 0.8 0.8 0.5 0.5
Manpane se mp /L 49 49 64 62 60 58 67 66
Mercury myr/ L 0.0022 0.0028 <0.0005 €0.0005 <0.0005 <0.0005 0.0023 0.0009
Seleninm me /L 0.07 <0.01 " <0.01 <n.ol <0.01 <0.01 <0.01 <0.01
Silver me /L <0.001 <0.001 <« .00l <0.001 <0.001 <0.001 <0.001 <0.001
Zine me/ b 520 510 500 490 520 510 480 480

(1 i i
)ﬂvferunccd analytical methods presented in Appendix D.

(D
(1)
(6)

indicates nat determined.
Determined under a nitrogen atmosphere.

Analysis of sample [iltered through an 0.45 pm membrane filter. Filtering and prescrvation conducted under a nitrogen atmosphere.



TABLE E.3
BATCH DISTRIBUTION RATIO ANALYTICAL RESULTS FOR pH 6 LEACHATE(D)

GLACIAL TILL STRATIFIED DRIFT

— CONTROL  (Composite Sample No. 1) (Composite Sample No. 2)
PRRAMELER MRS LEACHATE (oo 15y SAMPLE  SAMPLE SAMPLE  SAMPLE
) NO. 8 NO. 9 NO. 10 NO. 11
Initial Measurements:
Temperature g P8k -(2) - - - -
pr(3) pH units 5.75 - - - - -
£n(3) m <236 - - - - -
Specific Conductance  wmhos/em € 25°C 7,240 N - = - -
Hot Acidity mg/2 CaCOj 1,990 - - - - -
Alkalinity mg/ L CaCOj 5 - = - = -
Final Measurements:
Temperature *c - 24.3 24.3 243 264.3 24.3
pu(3) pH units - 5.50 5.40 5.40 5.40 5.40
n(3) oV - +316 +296 +316 +296 +296
Specific Conductance wmhos/cm € 25°C - 7,100 7,100 7,100 6,600 7,100
Hot Acidity mg/ ¢ CaCOjy - 1,860 1,620 1,560 1,670 1,730
Alkalinity me/ & CaCOs s 2 10 10 5 7
Cvanide me/ b 4 A 3.44 2,23 0.19 373 5.51
Dissolved Metals:(4)
Arsenic me/ L 0.3 0.1 0.091 0.013 0.013 0.014&4
Cadmium mg/ 0.10 0.09 0.02 0.02 0.01 0.02
Chromium mg/ 0.002 <0.00!1 0.003 <0.001 <0.001 <0.001
Copper mg/ L 0.14 0.10 0.07 <0.001 0.03 0.03
Iron mg/ & 730 690 530 510 630 590
Lead mg/t <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Manganese mg/t 43 42 48 49 50 48
Mercury mg/t <0.0005 <0.0005 <0.0005 <G .0005 <0.0005 <0.0005
Selenium mg/t 0.01 0.01 0.01 0.01 <0.01 <0.01
Silver mg/t <0.001 <0.001 0.069 0.029 <0.001 <0.001
Zine mg/ & 140 120 93 93 110 110

(2 )H_N
(31
(&)

indicates not determined.

Determined under & nitrogen atmosphere.

(I)Referenced analytical methods presented in Appendix D.

Analvsis of samples filtered through an 0.45 wm membrane filter.
under a nitrogen atmosphere.

Filtering and preservation conducted



TABLE E.4
BATCH DISTRIBUTION RATIO ANALYTICAL RESULTS FOR pH 9 LEACHATE (D)

GLACIAL TILL, STRAT(FLED DRIFT 4% BENTONITE/TILI
SR CONTROI, (Composite Sample No. 1) (Composite Sample No. 2) ADMIXTURF,
PARAMETER EEES LEACHATE (S:HP?E) SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE  SAMPLE
) NO. 13 NO. 14 NO. 15 NO. 16 NO. 17 NO. 1B
Initial Measurements:
Temperature g 23.4 -(2) - - - - - -
pll(:‘) pll units 9.05 - - - = - - -
En(3) nv +266 . - - - - - -
Specific Conductance  wmhos/cm @ 25°C 5,690 - - - - - - -
lfot Acidity my/ L CaCoy 0 - - - - - - -
Alkalinity mg/ L Cacoy 30 - - - - - - -
Final Measurecments:
Temperature °c o= 24.3 24.3) 4.3 4.3 26.3 4.3 243
pnd) pl units - 9.00 .90 B.90 8.90 9.00 8.85 8.80
gh(3) myv - +326 +356 +356 +346 1366 +356 +366
Specific Conductance  wnhos/em @ 25°C = 4,560 4,560 4,460 4,560 4,560 b, 660 b, 660
Mot Acidity mg/ L CaCny - 0 0 0 0 0 0 0
Alkalinity mr/ L CaCoy - 17 19 19 19 18 55 41
Cyanide mp/ ¢ 0.16 0.28 0.15 0.19 1.24 0.52 0.14 1.04
Dissolved Metals:(4)
Arsenic mg/ 8 0.091 0.042 <0.001 <0.001 <0.00) <0.001 <0.001  <0.001
Cadmim me /8 0.27 0.24 0.01 0.01 0.01 0.02 0.02 0.01°
Chromium me/t 0.039 0.031 0.004 0.003 0.004 0.004 0.007 0.010
Copper me /L 5.4 5.7 0.46 0.50 1.33 1.08 0.72 0.45
fron me, /L 0.4 0.2 0.7 0.2 0.2 0.2 0.2 0.2
Lead mp /L 0.0l <n.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mang ane se nyp /L 0.70 0.54 0.07 0.02 0.05 0.28 0.15 0.05
Mercury mg /L 0.121 0.121 0.019 0.018 0.019 0.011 0.114 0.97
Selenium me /L 0.09 0.03 <0 .0l <N .0l <0.01 9.0l .01 <0.0l
Silver me/ L 0.12 n.13 0,049 0.039 0.039 1,003 0.13 0.12
Zinc wp /1L 0.64 0.34 017 0.02 0.03 0.02 0.03 0.02

(I)Rﬂfcrenced analytical methods presented in Appendix D.
(2 4

(1)
(4)

indicates not determined,
NDetermined under a nitrogen atmosphere.

Analysis of sample filtered through an 0.45 ym membrane filter. Filtering and preservation conducted under a nicrogen atmosphere.



TABLE E.5
CALCULATION METHOD

RATCH DISTRIBUTION RATIO DETERMINATIONS (D)

The distribution ratio is given by:

where

(f ) (v)

R N 0

r (f ) (W)
S m

the distribution ratio in ml/g,

the fraction of total activity in solution which equals
the total concentration in solution assuming the activity
coefficients of a given solute were the same before and
after reaction of the solution with the soil. In other
words, ionic strength remzins constant. Making this
assumption, fs is found from the concentrations of the
solute after the solution has reacted with the soil
divided by the concentration (of the same units) of the
solute before the solution was allowed to react with the
soil,

The fraction of activity adsorbed on the mineral (soil),
or making the same assumption as to activity
coefficients; fm =1 - fs’

The volume of leachate in milliliters equilibrated with
W (4ppendix H), and

The weight of mineral (soil material) in grams
equilibrated with the leachate (Appendix H).

(D afeer asT™, 1981.




TABLE E.6

SUMMARY OF DISTRIBUTION RATIO (K,) DETERMINATIONS
FOR pH 3 LEACHATE BATCH TESTS

DISTRIBUTION RATIO(1)

(m&/g)
SOLﬁTE GLACIAL TILL STRATIFIED DRIFT 4% BENTONITE/TILL
(Composite Sample No. 1) (Composite Sample No. 2) ADMIXTURE

SAMPLE SAMPLE SAMPLE  SAMPLE SAMPLE  SAMPLE

NO. 1 NO. 2 NO. 3 NO. & NO. 5 NO. 6
Arsenic 1.9 3.5 2.4 5.1 2.9 9.2
Cadmium 0.3 0.3 0.2 0.2 0.4 0.4
Chromium 15 17 4.9 4.9 8.1 6.5
Copper 0.8 2.0 0.4 0.4 0.7 0.5
Iron 0.4 0.4 0.4 0.4 0.8 0.8
Lead 12.8 17 6.5 6.5 12.8 12.8
Manganese 0(2) 0 0 0 0 0
Mercury >18(3) >18 >18 >18 0.9 8.4
Selenium Bp (4) RD BD BD BD BD
Silver BD BD BD BD BD BD
Zinc 0.1 0.2 0 0 0.3 0.3
Cyanide 0 3.2 2.0 0 1.1 0.5
(1)

Distribution ratios calculated using the pH 3 control sample analysis
(Sample No. 7, Table E.2) as the initial leachate concentration before
contact with the sediment samples.

(2)K values reported as "O'" represent either no removal of the solute from
solution or the solute was leached from the sediment sample; "0'" repre-
sents no attenuation for this leachate pH.

(3)

">" indicates the concentration in the sediment-reacted leachate was
below the analytical detection limit. The lower the K values with
">" signs, the lower the initial concentration of that metal in the
leachate; i.e., its concentration was near the detection limit before
contact with the sediment sample. Therefore, the values reported as
greater than are the lower limit, and the detectable concentration of
these metals were sorbed or removed from solution.

(4)Kr Values reported as "BD" represent soluble metal levels which were
below the detection limit in either the control sample or before the
leachate was allowed to react with the sediment.



TABLE F.7

SUMMARY OF DISTRIBUTION RATIO (Kr} DETERMINATIONS
FOR pH 6 LEACHATE BATCH TESTS

DISTRIBUTION RATIO

: (mt/g)

SOLUTE GLACIAL TILL STRATIFIED DRIFT

SOLUTE (Composite Sample No. 1) B (Composite Sample No. 2) CONTROL SAMPLE
' SAMPLE NO. 8 SAMPLE NO. 9 SAMPLE NO. 10 SAMPLE NO. 11 (No. 12)

pt 661 pi 3 to 62)  pne®) o3 o 6(2) () i3 ko 6€2) i 6(1) pit 3 to 6(2) pit 3 to 6(2)

Arsenic 0.4 286 27 2,027 27 2,027 25 1,882 260
Codminm 14 470 14 470 3 94 14 470 101
clreauion pp¢ 3,863 D >i1,596(%) o~ >11,596 BD 511,596 511,596
ColpaE 1.7 6,282 6.0 10,996 9.3 14,663 9.3 14,663 4,396
teain 1.2 5.1 L% 5.4 0.4 3.6 0.7 4. 3.0
Lead BD >836 BD >836 BD >836 BD 5816 >836
Manganese 0(5) 0.1 0 0 0 0 0 0.1 0.7
Mercury BD >18 BD >18 BD >18 BD >18 >18
Selenium 0 0 0 1] BD nn BD BD 0
Silver 0 0 0 0 BD D BD BD BD
Zine 1.2 8 1.2 18 0.4 14 0.4 14 13
Gyanideltd 0 0 0 0 0 0 0 0 0

(I)Dlstrihutlon ratios calculated using the pll 6 control sample analysis (Sample No. 12
concentration before contact with the sediment samples.

, Table E.}) as the initial leachate

(Z)Distrihution ratios calculated using the pll 3 control sample analysls (Sample No. 7, Table E.2) as the initial leachate
concentration before contact with the sediment samples.

(J)Kr values reported as "BD" represent soluble metal levels which were below the detection Iimit in either the control
sample or before the leachate wag allowed to react with the sediment.

() ey indicates the concentration in the sediment-reacted leachate was below the analytlical detection limit. The lower
the ‘K. values with ">" signs, the lower the initial concentration of that metal in the leachate; 1.e., its concentration
was near the detection limit before contact with the sediment sample. Therefore, the values reported as greater than are
the lower limit, and the detectable concentration of these metals were sorbed or removed from solution.

(S)Kr values reported as "07 represent either no removal of the solute from solution or the solute was leached From the
sediment sample; "0” represents no attenuation for this loachnte pH.

(6)control sample and several batch leachates had cyanide rnnrentrnlions significantly greater than bulk leachate . B

(Table E.3) but near the limits of analytical detection; thus, have conservatlively assumed no chemlcal attenuation of 3
cyanide for pll 6 leachate batch tests,



TARLE E.8

SUMMARY OF DISTRIBUTTION RATIO (KE) DETERMINATIONS
FOR pH 9 LEACHATE BATCH TESTS

pISTRIRUTION RATTOCH)

(mt/g)
R GLAGIAL TILE STRATIFIED DRIFT AL BENTONTTE/TILL .
’ (Composite Sample Ho. 1) (Composite Sample Mo. 2) ADMIKTURE CONTRO1, SAMPLE
SAMPLE NO. 13 SAMPLE NO. 16 SAMPLE NO. 15 SAMPLE NO. 16 SAMPLE NO. 17 SAMPLE NO. 18 (No. 19)
ot 9C0) a3 to 902 9@ a3 e 92 pu 90 i3 ko 9(2) o0 i3 ko 92 pu o) pn 3 k0 902) 9t i3 ko 9(2)  pit 3 o 9(2)
Arsenic >166€3) 226,400 >164 326,400 >164 326,400 >1664 >26,600 >164 >76,400 >16h 326,600 625
Cadminm 92 Y44 92 9Nl 92 904 hal 410 W4 h1n 92 944 36
- Chromium 27 2,896 37 3,863 27 2,B96 27 2,896 14 1,653 B.4 1,156 370
Copper 46 953 Y] 876 13 327 17 403 78 607 a1 974 7
Iron ol®) 6,85) 0 24,000 0 26,000 0 24,000 0 24,000 0 74,000 24,000
fread an(®) 2836 nn 3836 D 386 mn >816 i) 816 B >836 836
Manganese 27 2,796 104 9,796 39 3,916 3.7 696 10 1,301 39 3,916 359
Mercury 71 0 71 0 21 0 40 0 0.3 0 0 0 0
Selenium >R an >R nn >R nn >8 nn o8 nn >8 mn 0
Silver 6.6 o 9.3 0 9.3 0 61 0 0 0 0.1 0 0
Zinc 6.0 12,000 64 102,000 h 68,000 64 102,000 ] 68,000 64 102,000 5,996
Cyanide 3.5 Q 1.9 0 0 0 0 0 4.0 0 0 0 0
(1

Distribution ratios calenlated using the pll 9 control sample analysis (Sample No. 19, Table E.4) as the initial leachate concentration before contact
with the ardiment samples.

(2)

Distribution rating caleulated using the plt J control sample analysis (Sample No. 7, Table F.2) as the initial leachate concentration before contact
with the sediment sample. :

(1) ; . . ; g " — . .
Y1 imdicates the concentration in the sediment-reacted leachate was below the analytical detection limit. The lower the K, valuea with ">" gigns,
(he lower the initial concentration of that metal in the leachate; i.c., its concentration was neac the detection limit before contact with the
cediment sample. Therefore, the values reported as greatec than are the lower limit, and the detectable concentration of these metals were sorhed
ar removed From solution,

()

K. values veported asg "0" represent elther no removal of the solute from solution or the solute was leached from the sediment sample; "0" repre-

sents no attenuation for this leachate pil.

(5) v
Ky values reported as "MD" represent soluble metal levels which were below the detection limit in elther the control sample or hefore the leachate

was allowed to react with the sediment.
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APPENDIX F

PROCEDURE FOR THE MEASUREMENT OF SOLUTE FRONT
ADVANCEMENT AND CALCULATION OF RETARDATION FACTORS

F.1 INTRODUCTION

This Appendix covers the procedures used for the measurement of solute
front advancement and calculation of column retardation factors for the
composite samples and bentonite/till admixture liner columns permeated
with the pE 3, 6, and 9 tzilings leachates. It also describes the tests
used to assess relative changes in the permeabilities of the column

samples after prolonged contract with the leachates.

Distribution ratios are not easily determined for mobile chemical spe-
cies, total dissélved.solids, or acidity. Therefore, it is preferable
to directly measure retardation factors for such parameters. To direct-
ly measure the retardation factor of chemical parameters, the porous
media is permeated with a test solution and the rate of movement of the
chemical parameter of interest within the porous media is compared with
a selected tracer. (A tracer, such as chloride, is a chemical species
which does not significantly react with the geclogic media or change its
chemical characteristics during the test period.) To calculate the
degree of retardation, first the advancement of the half concentration
of the tracer is measured and recorded. In addition, effluent samples
from the porous media are concurrently monitored for the chemical param-
eters of interest. The test is continued until the concentration of
chemical parameters of interest in the permeant effluent exceeds the
half concentration of the source or until sufficient field time has been
simulated to show the chemical parameter of interest is essentially
immobile. The accumulated flow required for the concentration of the
chemical parameters and tracer to reach the half concentration of their
original source is noteds The ratio of the flow for the chemical param-—
eters of interest to the flow for the tracer to reach their half
concentrations will yvield the retardation factor for the chemical

parameters of interest.




F.2 STUDY ASSUMPTIONS

Assumptions of this test included:

Field permezbilities are related to the density
of the sediments, such that if disaggregated
sediment samples are recompacted to their in situ
density, the permeability of the samples should
approximate the field permeebility. This assump-
tion should be vzlid unless preferred flow paths
(i.e., fractures) control field measured
permezbilities.

The retardation factor for chloride advancement
in the permeating leachates is one. This assump-
tion, while not totally true, will be valid with-
in the expected experimental error of testing as
chloride does not participate in sorption-
precipitation reactions to the extent that other
solutes do. ‘

Specific conductance can be used to estimate the
filterable residue/dissolved solids-content of
the permeant effluents. Because specific conduc-
tance is a measure of the electrically charged
solutes in a solution and dissolved solids is a
measure of the total solute concentration, a cor-
relation between these two measurements is possi-
ble. This correlation was determined for the
leachates, so that the assumption is considered
valid. (A dissolved solids determination re-
quires about 500 milliliters of fluid, which is
about three times the pore volume of each column
sample. Thus, there is the need for an analysis
to approximate the dissolved solids content of
each permeant effluent aliquot sampled.)

Temperature differences between in situ (approxi-
mately 6 degrees to 12 degrees C) and laboratory
experimental (20 degrees to 23 degrees C) condi-
tions will not significantly affect the
experiment result.

F.3 SOIL AND LEACHATE PREPARATION

Column attenuation or solute front advancement tests were conducted

using split fractions of the same two composite soil samples and

leachates used in the batch attenuation tests (Appendix E). In addi-

tion, the four percent bentonite/till admixture was also used in this
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test, but unlike the liner sample used in the batch test, it was mixed-"
wet (about nine percent water content) to better simulate field place-
ment. A total of 10 column tests were conducted using the experimental
design shown in Table F.l. Duplicate column tests of the glacial till
and stratified drift were conducted using the pH 9 leachate as a perme-
ant to examine the reproducibility of the tests and because the tailings

leachate will likely be alkaline in the MWDF.

The composite samples were recompacted to their field density and water
contents (Table F.l) to approximate field permeability. A Proctor test
(Figure F-1) was performed on the four percent bentonite/till admixture,
and these samples were recompacted to approximately 95 percent of the
Standard Proctor (probable field placement). As noted in Chapter 3.0
and Appendix D, the leachate permeants used in this test were maintained
under a2 nitrogen atmosphere and periodically monitored for the

perameters of interest.

To determine the correlation between specific conductance and filterable
residue/dissolved solids, the leachates were diluted by 20, 30, 40, 45,
50, and 60 percent with distilled water and the specific conductance of
each leachate dilution determined. Because distilled water was used as
the dilutant, the total dissolved solids of each leachate dilution could
be czlculated from the nondiluted leachate total dissolved solids con-
centration. A linear regression between specific conductance (SpC) and
totzal dissolved solids (TDS) of the diluted leachates yielded the

following relationships:
e pH 3 leachate:

TDS = 0.662 (SpC) - 21.69
0.998

la}
n

e pH 6 leachaté:

TDS = 0.782 (SpC) + 40.57
0.998

a]
[}
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¢ pHE 9 leachate:

TDS = 0.561 (SpC) + 278.0
| r = 0.993

vhere
TDS is expressed as mg/&; and

SpC is expressed as umhos/cm @ 25°C.

F.4 PROCEDURE

Each remolded soil sample was placed inside a latex membrane and con-
solidated in & triaxial cell as illustrated in Figure F-2. All samples
were saturated with Crandon Project ground water and their permeabili-
ties determined prior to introducing leachate as a permeant. An initial
Crandon Project ground water permeability of each sample was determined
as a reference for comparison to later long-term permeabilities of the
samples when leachate was used as the permeant. The Crandon Project
ground water permeant effluent was chemically monitored after steady-
state flow was achieved to establish baseline soil leachate concen=

trations for select parameters from each soil sample.

Once the permeability of these soil samples to Crandon Project ground
water was established, the permeant to the samples was switched to the
leachates. As shown in Table F.l, due to the permeability (Chapter 3.0)
of the glacial till and stratified drift samples and the physical con-
straints of the column test system, & constant head could not be placed
upon these samples which would maintain a reasonable flow rate. In this
study, an attempt was made to have no more than one pore volume (sample-
free space in the column) of flow from each column per week to allow
sufficient time for chemical reactions to occur. Therefore, both the
glacial till and stratified drift columns were tested under constant
flow conditions using a peristaltic pump as the leachate permeant
driving force. The bentonite/till liner admixture samples were tested
under a constant hvdraulic gradient so that changes in the permeability

could be continually monitored.
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The differential hydraulic pressures applied across the column samples.
for permeability determinations are presented in Table F.l. Constant
head permezbility measurements, modified after ASTM [D 2434-68(74)] were
used to determine both initial ground water reference and final leachate
permezbilities of the glacial till composite and bentonite/till admix-
ture sazmples. A variable head test (Lambe, 1951) was used to determine
the permeability of the more permeable stratified drift composite

samples.

Once the leachates started permeating the columns, the column effluents
were monitored for time, flow, and chemistry. The primary parameters
selected for measurement of solute front advancement retardation factors

included the following:

Specific conductance/total dissolved solids
Sulfate

Total sulfur

Acidity

Arsenic

Iron

Zinc

s & & & 0 ¢ o

Chloride was monitored as the water tracer (assumed Rg = 1), Column ef-
fluent pH and Eh were also continually monitored. 1In addition, as dis-
cussed in Chapter 3.0, other parameters were also periodically analvzed
in the column effluents so as to approximate column determined retarda—
tion factors. Results of the flow and chemical monitoring and post-

column test sample descriptions are presented in Appendix H.

The chemical data were normalized (concentration divided by source con-
centration) and related to pore volumes of flow from each column. Plots
of the normalized concentration versus pore volume of flow (chemical
breakthrough curves) were constructed for each column so that solute

front advancement Rd values could be calculated.
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F.5 CALCULATION OF COLUMN RETARDATION FACTORS

The chemiceal brezkthrough curves constructed from the results of the
column tests were prepared on a column pore volume displacement basis.
Therefore, the retardetion factor (Rd>’ determined from the chemical

breakthrough curves, is calculated by:

PVSI

d PVTR

where

td
i

vsI cumulated pore volumes when the healf concentration of
the solute or parameter of interest has arrived.

Pyrr = cumulated pere volumes when the half concentration of
the tracer (chloride) has arrived.
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TABLE T.1

COLUMN SAMPLE REMOLDING AND TESTING CONDITIONS,
AND COLUMN DIMENSIONS

; (2) CERF
. LEACHATE HEYOLOTNG CONE LETONS "I“F;DF‘R A‘:ﬂT{r"L srrv:cn-}p) FINAL TOTAL PORE |

SOTI. COLUMN PERMEANT s = : 3) GRAVITY ' LENGTH VOLUME VOLUME
(1) DRY DENSITY WATER CONTENT PRESSURE 3 5
SAMPLE DESIGNATION pH (g/em’) (cm) (cm™) (em”)

(g/em™) (%) (cm nzo)
-1 3 2.01 9.0 200 2.70 13.0 553.3 141.2
Glacial Till -2 6 2.00 9.0 200 2.70 12.9 554.6 143.8
(Composite No. 1) 3 9 2.01 9.0 200 2.70 12.9 6574 143.5
1-4 9 1.97 9.0 200 2.70 12.7 540.6 145.3
J-1 3 1.85 5.7 Vil 2.67 14.1 611.1 206.2
Stratified Drift J-2 6 1.85 5.7 VH 2.67 13.6 592.1 187.2
(Composite No. 2) 33 9 1.85 5.7 Vil 2.67 13.9 601.7 195.6
J-4 9 1.85 5.7 Vil 2.67 14.0 605.8 200.6
Four Percent Bentonite/ K~-1 3 1.96 9.0 3,000 2.74 11.6 485.5 138.5
Till Admixture k-2 9 1.96 9.0 3,000 2.74 1.6 485.5 138.9

(I)Sen Appendix C for compositlon of composlte samples.
Z)Bascd upon index testing (Appendix ), previous site Investigations (Golder, 1981), and Proctor Curve constructed for the four percent

bentonite/till admixture (Figure F-1).

(J)Differentlal hydraulic pressure across column samples to determine inltial and final permeabilities (Table 3.21) of the glacial till. A
variable head (VH) test in accordance with Lambe (1951) was used to determlne the initial and final permeability of the stratifled drift.
The differential hydraulic pressure was conatant throughout the duration of the column test for the four percent bentonite/till admixture
columns. '

(a)Specific gravities used for the glaclal till and stratified drift columns were estimated from Golder (1981). The speciflc gravity of the
four percent bentonite/till admixture was determined in accordance with ASTM D 854-58(79).

(S)Sample free pore space. Calculation based upon final sample dimenslons and specific gravity.
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APPENDIX G
RESULTS OF CALCIUM CARBONATE EQUIVALENT DETZRMINATIONS

This appendix presents the results of the czlcium carbonate equivalent
and carbonate effervescence determinations (Table G.1) used to establish
the correlation between carbonate effervescence rating and calcium
carbonate equivalent. As discussed in Chapter 3.0, this correlation was
then used to evaluate the carbonate minerals distribution in the glaciel

ti1l and stratified drift in and surrounding the MWDF Site 41 area.
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TABLE G.1

RESULTS OF CALCIUM CARBONATE
EQUIVALENT DETERMINATIONS

SAMPLE INTERVAL CARBONATE PERCENT
ng NG ELEVAT ION D SAI::gLE EFFERVES%E NCE CaCO3 (3)
: (meters) : RAT ING EQU IVALENT
GL1-HO 500.5-500.1 7 5(4) 9.0
G41-H9 488 .3-487.7 11 0(4) 0.9
GL1-H9 479.1-479.0 14 3(4) 7.2
G4 1-HO 469 .7-469.5 17 3(4) 11.0
G4 1-H9 L5 . 6454 .3 22 0(4) 0.8
G41-HO 448 . T-L48 .2 24 0(4) 1.1
G41-HO LL2.6-442.1 26 1(4) 1.0
GL1-H9 436 .5-436.0 28 o4) 0.3
GL1-H9 430.4-429.9 30 0 1.0
Gh1-Cl1 495.1-494 .6 4 1 3.8
c41-cl1 £92.1-491.7 6 1 1.1
Gh1-Cll 490.5-490.1 7 1 0.6
G4l-Cll 487.5-487.0 9 1 0.8
GL1-M11 479.45-478.7 2 0 0.2
G41-M11 461.5-461.1 8 1 4.3
CL1-M11 452 .8-452 .4 11 3 9.9
G41-312 487.8-487.3 2 1 2.4
GL1-B12 475.7-475.4 6 2 5.8
C41-B12 460 .4-459 .9 11 & 1.6
GL1-G13 511.9-511.3 4 3 7.5
c41-G13 493 .7-493.0 10 2(4) 3.0
G41-G13 481.5-480.9 14 04 1.0
G41-G13 469.3-469.0 18 3(3) 9.0
G41-G13 £57.1-456.9 22 3gj§ 7.5
G41-G13 Gih 9-bbb 4 26 (4 1.2
G41-C13 438 .8-438.3 28 3(4) 7.2
G41-G13 432.7-432.5 30 5(4) 12.0
G41-D1k 487.5-487.0 4 2 5.3
G41-Dl4 484 . T-48L .2 6 2 2.8
CL1-Dl4 481.6-481.1 10 1 3.0
GL1-Cl15 490.2-489.7 3 0 0.2
GL1-C15 483.9-483 .4 8 1 0.4
G41-C15 472.6-472.1 15 3 10.3
G41-C15 462.0-461.7 22 2 6.2
G41-C15 452.8-457".5 25 1 0.9
G41-G15 494 .1-493.8 6 1 0.6
G41-G15 4£90.9-490.6 8 0 0.8
G41-G15 487 .8-487.5 10 0 0.6
G41-G15 L8L . 6-L8L .S 12 1 0.9
G41-G15 4-475.2 15 2 5.5

475.



TABLE G.1
(Continued)

SAMPLE INTERVAL CARBONATE PERCENT
nglNG ELEVATION(L§ SﬁifLE EFFERVESCENCE CaC0y
) (meters) ’ RAT ING EQU IVALENT

G41-G15 456 .8-456.6 21 1 0.4
CL1-M15 488 .6-488.5 6 3 36.7
CL1-M15 482.5-482.0 8 1 0.3
CL1-M15 L6k .0-463.6 14 1 0.4
GL1-M15 455 .0-456 .6 17 0 0.2
CL1-P16 478.1-477.6 3 2 6.3
G41-P16 462.9-462.4 8 2 7.0
c41-P16 4477647 .2 13 3 10.7
CL1-P16 441 .6-451 .1 15 2 4.8
C41-E17 493 .6-493 .1 8 1 0.5
C41-E17 486 . 4-486.0 13 0 0.6
GL1-E17 £L82.0-481.5 16 1 0.5
GL1-E17 470.7-470.4 21 0 0.9
CL1-E17 461.1-460.7 24 s 0.8
GL1-HI8B 497.9-497.3 6 2 7.6
GL1-H18B 491.8-491.2 8 04 0.2
GL1-H18B 482.6-482.0 11 1 (&) 0.5
C41-H18B 473.5-472.9 14 04 0.7
G41-H18B 467 .4-L66.8 16 ol4) 0.4
GL1-H18B 461.3-460.7 18 0(4) 1.3
C41-P18 473.6-473.1 8 2 4.2
CL1-E19A 492.5-492.0 4 1 2.2
C41-E194 483.3-482.9 7 0 0.6
GL1-E194 474 .2-473.7 10 2 8.6
GL1-E1%4 471.0-470.6 11 3 9.1
GL1-T109A 455.9-455.6 16 1 0.9
GL1-E194 453.0-452.7 17 1 1.0
G41-E19A 446 .7-446 .1 19 2 12.6
C41-K21A 503.1-502.6 4 1 1.8
CL1-K21A 481.7-481.3 11 1 (&) 0.8
GL1-K21A £72.6-472.1 14 1(4) 0.4
C41-K21A 457 .3-456.9 19 1(4) 3.2
GL1-K21A 445 . 1-Lh4 .8 23 1 (#) 1.2
G41-K21A 439.0-438.7 25 3(4) 8.0
G41-K21A 4£29.9-429.4 28 3(4) 3.6
G41-N21 520.4-519.9 5 0 0.4
c41-N21 517.4-517.2 7 2 2.2
G41-N21 509.7-500.4 12 2 2.4
GL1-N21 Na (> 16 3 6.3
CL1-E22 484 64842 5 1 1.4
GL1-E22 463.2-462.8 12 3 13.0
G41-E22 451.0-450.6 16 0 0.2



TABLE G.1 ;
(Continued)
SAMPLE INTERVAL CARBONATE PERCENT
ngING ELEVATION(1§ SﬁifLE EFFERVESCENCE CaC0y
: (meters) : RAT ING EQU IVALENT

C40-Y22 468 .8~468.2 8 1 1.2
G40-Y22 459 .4-459.0 11 2 3.9
GL1-423 487.1-486.5 3 0 0.3
GL1-423 482 .5-481.9 6 1 0.4
G41-A23 477.9-477.3 9 1 0.4
Gh1-A24 NA 3 0 0.2
Gh1-A24 NA 7 0 0.4
G41-A24 NA 9 1 1.4
GL1-A24 . NA 12 3 13.1
Gk1-F24 491 .8-491 .4 8 1 0.4
GL1-P24 506.3-506.0 5 1 0.8
G41-P24 491.3-491.2 15 1 0.4
GL1-P24 471.5-471.2 25 1 1.2
GL1-F24 484 .2-483 .9 13 2 6.0
G41-F24 481.1-480.7 15 2 3.4
C41-K26 495 .6-495 .2 7 1 0.5
GL1-R26 462.1-461.6 18 0 0.6
GLO-Y26 479.1-478 .6 3 2 3.4
G40-Y26 466 .3-465 .8 7 2 3.8
G40-T30 478.7-478 .1 3 1 1.0
G40-T30 - £72.6-472.0 5 0 0.4
G40~T30 469.5-469 .2 6 0 0.2
G40-T30 466.3-465.7 7 3 12.0
@)

Sample interval and numbers from Golder (1981) boring logs and sample
descriptions.

(2)

Visual numeric rating showing the presence of carbonates after the
addition of a few drops of ten percent HCI.

0 - No reaction 1 - Very slight reaction
2 - Slight to moderate reaction 3 - Strong reaction

(B)Sobek, et al. (1978).
(&)

Effervescence values for samples from borings G41-H9, G41-G13,
G41-H18B and G41-K21A assigned on & numeric rating scale of 0 to 5

0 - No reaction 1 - Very slight reaction
2 - Slight reaction 3 - Moderate reaction
4 - Strong reaction 5 - Very strong reaction

(5)

"NA" indicates data not available.
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