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E | | 

i SOIL ATTENUATION STUDY 

EXXON-CRANDON PROJECT | 

i EXECUTIVE SUMMARY | 

f Exxon’ Minerals Company (Exxon) is planning to mine zinc, copper, and 

lead bearing sulfide minerals near Crandon in northeast Wisconsin. Por- 

i tions of the mine waste materials will be disposed in a mine waste dis- 

posal facility (MWDF). Exxon has selectec the area designated es Area 

41, located east and southeast of the mine/mill site, as the primary | 

i | candidate area for the MWDF site. Extensive studies (Golder, 1980) have | 

. identified Area 41 as possessing the best combination of characteristics | 

f 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 

i types including ore tailings, backfill sands, and wastewater treatment , 

| sludge. The coarse size fraction of the tailings (backfill sands) will 

i be used to fill in underground mined-out areas. The ore tailings will 

have 2 high sulfide content and, considered in conjunction with their | 

fine particle size, will have a potential for acid leachate generation. | 

; The process wastewater sludge is expected to contain free lime and have 

a high acid-neutralization capacity. : | 

i | 

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

i will eventually cover several hundred hectares. Key components of the 

proposed MWDF design relative to the soil attenuation study are depicted 

i in Figure EX-1 and include: | 

e Pond embankments will be constructed using MWDF 

site glacial till soils and lined with modified 

i glacial till which may have bentonite clay 

} additions to further reduce seepage. 

i « An underdrain system will be installed to reduce | 

pond seepage. 

i | 

i 

i
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i EX-3 

i e Pond bottoms will be located about 12 to 15 
meters ebove the ground water surface to enhance 

soil attenuation of potential seepage chemical 

i species in the unsaturated zone. | | 

e Once 2 pond is filled to capacity with tailings, 

a cap will be pleced on its surface to reduce 

f precipitation inftiitration into the pond. | 

i The objective of this study was to determine the chemical attenuation 

characteristics of 2 potential liner materiai and underlying soils of 

i MWDF site Area 41. Varving seepage pH conditions were considered for 

those chemical parameters with the highest potential to be present at 

the Crandon MwWDF site. This study also meets the requirements of the 

i | Wisconsin Administrative Code, NR 182.075. 

i The results of the attenuation study were evaluated relative to the 

present or anticipated conditions of the Crandon site to predict the 

E behavior and potential migration of chemicel parameters from the MWDF. 

The study scope did not include predicting the hydrological impacts of 

i che MWDF. However, the results of the study provide the necessary 

chemical attentuation data to perform a hydrological/geochemical impact 

Study. | 

The study scope included: 

i e Generation of soil composites and soil liner 

admixture representative of MWDF site soil 

i conditions. 

e Characterization of the composite and liner test 

; | Samples. 

| e Generation of synthetic (spiked) tailings leach- 
ates to encompass the widest range of possible 

i leachate quality that could be related to MWDF 

operations. 

e Determination of attenuation characteristics for 

the test samples to chemical parameters of the 

leacnates. ee
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a a 

i To evaluate the chemicel attenuation characteristics of the MWDF site . &. | oo 

soils and MWDF liner for the chemical parameters of interest, both batch - ee bs 

. and column test reterdetion factors (2a) were determined. Retardation vO oF 

Sactors are used in mess transport models to determine the velocity of | 

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

f water front. The retardation factor for é@ particular solute is defined 

as follows: 

i 
> _ average linear grounc water velocity 

“ed solute migration velocity 

where Ra is a dimensionless ratio and the sorption isotherm is assumed 

i to be lineer. 

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

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

fluenced bv sorption phenomena, its velocity diminishes and Ra becomes 

i greater than 1. Therefore, if a solute has an Ra = 100, its migration 

velocity is 100 times less than the seepege front. 

i 
Two mejor stratigraphic units have been identified as potential leachate 

i migration routes from the MWDF site Area 41: a poorly sorted glacial 

till and e coarse-grained stratified drift (Figure EX-1). The glacial 

f till hes a typical saturated permeability of 107? 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 | 

i ground water table. The stratified drift has a saturated permeability 

of 1074 to 10°? meters per second and typically underlies the glacial | 

i till. Lateral migration of potential leachates from the MWDF will occur 

in this saturated zone. Typically, a less permeable fine-grain strat- 

i ified drift also underlies the coarse-grain stratified drift but is not 

expected to be an important leachate migration route. 

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

i es were created to better represent their overall physical and chemical 

i 

:
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i characteristics. In addition to these two composite samples, a repre- 

Sentative liner material as might be considered for the MWDF (a4 four 

percent bentonite/glacial till edmixture) was elso tested in this | 

i attenuation study. 

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

origin of the materials and their relative ability to transmit seepage. 

f The giacial till composite and the bentonite/till admixture exhibit a 

relatively weli-graded distribution of particle sizes. The well-graded 

f mature of the material indicates the permeability should be moderate to 

low. In contrast, the stratified drift composite reflects the glacio- 

fluvial origin of the material. Over 80 percent of the drift is fine 

i and medium sand es a result of water sorting of materials. 

i The glecial till composite, stratified crift composite, and bentonite/ 

till admixture all contain predominantly quartz and feldspar, with clay 

i | mineréels comprising less than 15 percent of the samples. The dominant 

| carbonate mineral present in the samples is dolomite. The dominant clay 

i minerals in the samples include kaolinite, mice/illite, chlorite, mixed 

| laver clays, and smectites. The mixed lever clays are an irregularly, 

i interstratified two-component mixture of chlorite and vermiculite. 

Quartz and feldspar also constitute more then 50 percent of the clay- | 

size fraction of these samples. The reaction pH for ell semples is 

i strongly alkaline ranging from 8./5 to 9.80. Neutralization capacities 

of the samples ere moderate to high and range from 0.7 to 2.3 percent 

i calcium carbonate equivalent. | 

; | The MwDF leachates will likely be alkaline with a pH ranging between 

10.5 and 7.0. The air oxidation of thiosalts generated during flotation 

i 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- 

i . ical attenuation characteristics for the anticipated MWDF site soil 

environment. However, if excessive sulfide-mineral oxidation should 
i | 

i 
i : .



i | EX-6 

f occur, the pH of the tailings leachate mav decrease. To study an ex- . a | Of 

treme case, a pH 3 leachate was also chosen to examine soil attenuation 7 a $s 

i characteristics. Therefore, both the anticipeted and possible “worst- a 2 

case leachate pH end chemistry range in tne MWDF were included in the 

attenuation study. | | 

Synthetic leachates were prepared bv spiking leachates generated from a 

i constant pH 2 modified ASTM (1981) 1:4 leachate of the Crandon Pilot 

Mill tailings. The leachates were also spiked to simulate mill reagents 

f : or increase solute levels to significantly above analytical detection 

limits to aid in their analytical determination for this attenuation 

i study. 

Generalized results of the attenuation testing are presented in Table 

i EX.1. This teble of relative mobility for leachate chemical consti- 

tuents represents the combined results of the bulk and column 

f attenuation testing, which were in agreement. 

i The attenuation test results can be used to estimate field hydraulic 

seepage rates and concentration of various chemical parameters with time 

i for the anticipated field soil conditions. The accuracy of the estimate 

is influenced by the test limitations and assumptions. However, the 

i test results provide sufficient information to estimate the time 

' variability of seepage quality. | 

i 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 soil units to half their source concentration. As can be seen 

i from this table, any chemical parameter with a retardation factor of 

five or above will require about 950 years or more for its concentration 

i at the 366 meter (1,200 foot) compliance boundary to equal half of its 

source concentration. Even if a chemical parameter has a retardation 

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

f | 

: -



| | EX-7 

i TABLE EX.1 

f CENERAL MOBILITY OF LEACHATE constituents (1) | 

LEACHATE pH 
f PARAMETER $e 

. pK 3 pH 6 pH 9 

i 
Filterable Residue?) Verv Mobile Very Mobile Verv Mobile 

Chloride Very Mobile Very Mobile Very Mobile 

i Fluoride Solubility Controlled Solubility Controlled Solubility Controlled 

Nitrete-Nitrogen Mobile | Mobile Mobile 

Sulfate | Very Mobile Very Mobile Very Mobile 

i Totel Sulfur Very Mobile Very Mobile Very Mobile 

| Cvanide Slightly Mobile Solubility Controlled Slightly Mobile 

Arsenic Slightly Mobile Slightly Mobile Immobile 

f Barium Solubility Controlled Solubility Controlled Solubility Controlled 

Cadmium Mobile immobile. Immobile 

i Chromium Slightly Mobile Solubility Controlled Immobile 

_ Copper Mobile Slightly Mobile Immobile 

Iron Mobile Mobile to Slightly Mobile Solubility Controlled 

i Lead Slightly Mobile Solubility Controlled Solubility Controlled 

| Menganese Very Mobile . Very Mobile | immobile. 

Mercury Slightly Mobile Solubility Controlled immobile 

f Selenium Solubility Controlled Slightly Mobile Slightly Mobile 

Silver Solubility Controlled Slightiv Mobile Slightly Mobile to Immobile 

f Zinc Mobile Slightly Mobile Immobile 

Overy mobile - moves at same velocity as water seepage front (Ra = )) 

i Mobile - R4<10 
Slightly mobile - R,210, <100 
Immobile - R,>100 | 

Sciubility controlled - chemical parameters in synthetic-spiked leachate at or below analivticel 

i | detection; thus 1s not @ measure of soil attenuation characteristics. 

(2) es iterable residue = total dissolved solids.



5 : EX-8 

i TABLE EX.2 . weo!!Uf 

APPROXIMATE MIGRATION TIME FOR CHEMICAL PARAMETERS FS 
AS RELATED TO SOIL ATTENUATION Ok ee 

VFAR IT A = (1) 

THEMICAL PARAMETERS FEARS TO REACH C/C, = 0.> 

RETARDATION TTT mam pe pean 
(LIANCE TINDARY P OF vE 

i FACTOR BASE OF MWDF BASE OF Cok in Ne _BOUNDAR ie 0 LINER 
(R.) LINER CLACIAL TILL LN STRAT RIED TO COMPLIES CE 

j d DRIFT BOUNDARY 

} 4 134 50 188 

i 5 20 669 250 940 

10 39 1,338 500 1,880 

f 25 98 3,345 1,250 4,700 

50 195 6,690 2,500 9,400 

E 100 390 13,380 5 000 18 800 

we 

(1) | : . : oa moe 
Approximate years to reach half concentration of source for probable MWDF site 

soil conditions, as presented in Chapter 4.0. Calculation assumes fully saturat- 

ed conditions and a constant source concentration above each soil unit; i.e., 

f soil 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 

f Site operations. 

? (2)366 meters (1,200 feet). |
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f tor its concentration to increase to one halif of its source value. For 

alkaline leachates neariv all of the heavy metals have retardation fac- 

tors greater than 10, many either greater than 100 or are so insoluble | 

i as to be analytically undetected. These calculations conservatively 

assumed fully saturated conditions in all units. Additionallv, the 

fi calculetion elso ignored the effects of dilution and dispersion and 

possible variation in the source concentration or seepage flow rates 

f during operational and postoperational conditions. 

f 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 

i MWDF leachate, the number of vears for the soil unit's seepage pH to de- 

crease from normal background (approximately pH 8 to pH 7) to pH 5 for 

5 the anticipated field conditions is summarized as follows: 

| FIELD TIME 

£ SOIL UNIT (years) 

Four percent bentonite/ 30 , 
f 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 

i where further analvses 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 potential source concentration 

i 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 briefiy summarized as 

tollows:
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f e Most of the chemical attenuation of any MWDF : *. Oe 

seepage occurs in the glacial till as a result of OF 4 

the permeability and thickness of this strati- BS is 

graphic unit (Table EX.2). Also, the glacial . ie 

E till tvpically has higher retardation factors 

then the stratified drift (Chapter 3). A MWDF 

with the greatest thickness of till beneath the 

[ tailing pond hes the greatest attenuative 

potential. 

f e The mobility of chemical parameters decreases 

with increasing pH of MWDF leachate. Thus, the © 

pH of the tailing pond should be maintained in 

a the alkaline range. 

e U.S. EPA primary drinking water standard elements 

in alkaline MWDF leachate ere typically very | 

f effectively chemically attenuated by glacial 

till. Chemical parameters such as sulfate or | 

| filterable residue (total dissolved solids) on 

f the U.S. EPA secondary drinking water standards 

list exhibit little chemical ettenuation, Ra 

<2.0, thus these parameters depend upon mecnan- 

ical attenuation, dilution, ana dispersion for 

; control. A MWDF design that reduces seepage rate 

during operation (underdrain) and during postre- 
clamation (tailing cover) will also minimize, by 

E chemicel and mechanical attenuation, potential 

impacts at the 366 meters (1,200 feet) compliance . 

- boundary. 

E e Selection of chemical parameters for any monitor- 

ing program for pre, post, and operational phase , 

of the MWDF would benefit by designating which 

E chemical species are likely to be mobile or 

immobile.



f 1.Q INTRODUCTION 

Exxon Minerals Company (Exxon) retained D'Appolonia Consulting Engi- : 

f neers, Inc. (D'Appolonia), to perform a soil attenuation study for the 

preferred MwDF area. The objectives of this study were to: 

5 -e Determine the chemical attenuation cheracter- 

istics of é@ potential MWDF liner material and 

underlying soiis for varying seepage pH condi- 

tions and those chemicel parameters with the 

highest potentiai to effect the existing ground | 
water quality. 

a @ Evaluate the chemical attenuation data relative 

to the present or anticipated conditions of the 

p - Crandon Project MWDF. 

e Supply the necessarv attenuation date for the 

eveluation of anv hydrological/geochemical impact 

p Study of the MWDF. 

, The study scope did not include evaluating the potential hydrological 

impacts of the MWDF. However, the results of the study do aid the. 

f selection of seepege chemical parameters for possible future computer 

Simulation studies. 

i This study was limited to e laboratory investigation. To accomplish the | 

project objectives, the foilowing tasks were performed: 

e Review of previous Crandon Project reports for 

their relevancy to the design of the study and 

E evaluation of the study results. | 

e Selection of samples from four borings penetrat- 

ing the major stratigraphic units potentially 

aifected by MWDF seepage for physical and 

chemical index testing. Results of the index 

testing were used to generate soil composites 

p which represent MWDF site conditions for further 

analyses and subsequent laboratory attenuation 

studies. 

i e Generation of a bentonite/till admixture, 
approximating a potential liner material for the 

f MWDF. .
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e Generation of synthetic tailing leachates at cE, 7 

three test pH's (3, 6, and 9) to encompass the a 
range of possible leachate quality within the es as 

i 
SS 

e Determination of constant pH batch retardation 

factors (Ra's) for selected metals at pH 3, 6, 

i - and 9, 

e Determination of soil column attenuation char- 

acteristics for the tailing leachates and their 

effect on the permeability of the compacted soil | 

columns. 

; e Determination of the acid neutralization capacity 

and distribution of carbonate minerals in the 

soils beneath and surrounding the MWDF site Area 

f 41, 

e Evaluation of the laboratory results relative to 
the phvsical and geochemical environment of the 

Crandon MWDF site Area 41. , | 

, In addition to the above technical tasks, a Quality Control Program was 

established for this project to insure the correctness of the work con- 

i ducted. The Quality Control Program used in this study is discussed in 

Appendix A. 

i The remaining chapters and appendices of this report describe the study 

MWDF site soil characteristics and laboratory and analytical methods, 

i results, and conclusions specific to the study objectives discussed 

5 above.
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i | 2.0 SITE AREA DESCRIPTION | 

i This chapter provides the background information on the Crandon Project 

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

design of the laboratory attenuation stucies and the evaluation of the 

i study results. The Crandon Project site area is located in the Northern 

Highlands region of northeastern Wisconsin in Forest County. This area 

i is characterized bv glacial landforms of moderate relief consisting of 

rolling hills and intervening valleys. Generally, Precambrian bedrock 

i containing the ore deposit is overlain by es much as 90 meters of gla- 

cial deposits. The resulting surface water drainage system consists of 

i lowland and 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 

i both Nashville and Lincoln townships, while the mine support and mill 

facilities are expected to be located in Lincoln Township. The pre- 

J ferred MWDF Area 4] is located east and southeast of the ore body end 

occupies portions of Lincoln and Nashvilie townships. | 

i 
| Section 2.1 of this chapter provides a description of the existing site 

i area environment; specifically, site geology and ground water hydrology. | 

Section 2.2 provides a spatial and conceptual leyout of a MWDF operation | | 

i and description of the waste characteristics. 

2.1 EXISTING MWDF SITE ENVIRONMENT 

a TO | 

2.1.1 Site Geology 

p | The Crandon Project site area consists of Precambrian metavolcanic tuff 

bedrock overlain by as much as 90 meters of glacial depesits. The bed- 

i rock is a southern extension of the Canadian Shield and within the proj- 

ect area has an irreguler surface. Regionally, the bedrock surface 

a trends downward to the southeast and east at approximately 1.3 to 2 

meters per kilometer (Golder, 1981b). 

i | 

i | 

a
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f Glacial deposits at the site area consist principally of soil or sedi- So oo 

ment materials deposited during the Wisconsin stage of the Pleistocene en | ei 

Epoch. The Wisconsin stage represents the most recent of the major ice vO Se. 

i ecvances during the Pleistocene and began about 75,000 vears ago. The 

bulk of surficial materiel in the site erea is most likely the result of 

i the Woodcfordian substage lasting from about 22,000 to 12,500 vears ago. 

During this period, ice from the Green Bay Lobe edvanced from the south- 

i east and ice from the Langlade Lobe flowed from the northeest. These 

1ce advences met in northeastern Wisconsin, resulting in complex inter- 

; . fingering and overlapping of materials (Dames and Moore, 198ia). | 

The glacial stratigraphy of the MWDF site is complex but can be | 

i characterized by three general units es shown in Figures 2-2 and 2-3. | 

Glacial till/fine-grained stratified drift typically overlies the bed- | 

i rock surface and is in turn overlain by coarse-grained stratified drift 

. and @ Ziner-grained unit of glacial till. As discussed later, most | 

i lateral ground water flow from beneath the MWDF site erea occurs in the | 

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

f grained stratified drift underlying the coarse-grained stratified drift | 

has a permeability of two to three orders of magnitude lower than the | 

f coarse-grained stratified drift (Golder, 1982b). Therefore, the lower 

glacial till/fine-grained stratified drift is essentially a hydrological 

barrier and this unit end the lower bedrock will not be discussed . 

i further. | 

i Thicknesses of the upper glacial till and coarse-grained stratified 

drift (hereafter termed stratified drift) units vary considerably across 

i the site aree, ranging from only e few meters to tens of meters but are 

typically on the order of 20 to 40 meters for each unit (Figure 2-4). | 

: Discontinuous lenses of lacustrine and glaciofluvial deposits occur 

principally within and below the stratified drift unit and at the gla- 

cial till/stratified drift interface. Surface lacustrine deposits are | 

i also present predominantly surrounding and beneath present-day lakes and 

i 
i a 
i | 7 7 . |
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i wetlands. More detailed characterization of site area glacial strati- 

graphy has been discussed in reports prepared by Dames and Moore (198la) 

: and Golder (1982d). | | 

The giacial till materials generally consist of a poorly sorted hetero- 

i geneous mix of silt, sand, gravel, cobbles end boulders, and traces of 

| clay. They ere classified as sand-silt mixtures, are predominantly 

i nonplastic, end possess variable permeabilities due to variation in the 

content of fine particles (Golder, 1981b). | 

i 
Stratified crift materials in the MWDF site area consist predominantly 

i of weli-sorted sand, with some gravel and a low percentage of fine 

| particles. These materials are present to depths of 30 to 65 meters 

under MWDF site Area 41 end represent the principal acguifer through 

i which most lateral ground water flow occurs. 

; 2.1.2 Ground Water Hydrology 

On a regional and site-specific basis, the glacial deposits overlying 

i the Precambrian bedrock contain the principal aquifers. The glacial 

| deposits typically consist of permeable sands, gravels, cobbles, and 

i boulders with variable but small amounts of clay, while the bedrock is 

generally of low or very low permeability. | 

i In the Crandon Project site area, ground water occurs under both uncon- 

tined 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 equifers of 

i limited areal extent occur ebove the main ground water table. 

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

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

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

MWDF site Area 41, and is present et or close to ground surface in the 

i | 

i 
i .
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t 4 ‘ 5 ° ° , . fo 

f lowland areas. Upland lakes are generally above the potentiometric sur- so oF 

| face, suggesting that these lakes function as ground water recharge Ot 

areas. In contrast, many low-lving lekes receive ground water discharge aN UE 

i from the surrounding erea. 

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

within the stratified drift tends to be mainiv horizontel. The hydrau- 

i lic gradient in the stratified drift is in the range of 0.002 to 0.006 | 

(Golder, 1982b). 

i The permeability of the glacial till and stratified drift units has been 

estimated by severel field end laboratory investigations (Golder, 

q 1982b). Generally, satureted permeability is on the order of 10 6 to 

1 -7 3 ‘ ° . . -4 - 
10 meters per second in the glacial till and 10 to 10 ° meters per 

i second in the stratified drift. | 

i Domestic water well yields in the site area were compiled in a well sur- 

vey (Dames and Moore, 1982). Yields range from 0.032 to 0.063 cubic 

i meter per second in the stratified drift. 

f Appendix B of this report lists sources of additional information on 

MWDF site conditions. 

i 2.2 CONCEPTUAL MINE WASTE DISPOSAL FACILITY OPERATIONS | 

Exxon has selected the site area designated as Area 41 (Figure 2-1), 

i located east and southeast of the mine/mill site, as the primary can- 

didate site for the MWDF. Extensive siting studies (Golder, 1980) have 

i identified Area 41 es possessing the best combination of characteristics © 

ro mitigate potential impacts to the existing environment while meeting 

i MWDF design requirements. 

2.2.1 Mine Waste Material Properties 

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

, backfill sands, and wastewater treatment sludge. The fine fraction of
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i the ore tailing materiels will be less then about 30 microns in effec- 

tive diameter (i.e., silt and clay size), while the coarse size fraction 

that will be backfilled consists of sand-size materials. Coarse waste 

i rock from the mine méy also be placed in the disposal area. The ore 

talling will heve a high sulfide content and, considered in conjunction 

i with their fine particle size, will have e potential for acid leachate 

generation. The process wastewater sludge is expected to contain free 

i lime and celcium carbonate and have a high acid-neutrelization capacity. 

i 2.2.2 Mine Weste Disposal Facility Operations 

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

| wastes slurried end pumped to the disposel ponds through a pipeline 

i : system (Golder, 19822). These tailing disposal ponds will eventually 

cover several hundred hecteres. Components of the proposed tailing pond 

i design relative to the soll ettenuation study are depicted in Ficure 2-4 

and include: 

i | e Pond embankments will be constructed using site 
compected till which mey heve bentonite clay | 

i additions to further reduce seepage. 

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

i e Pond bottoms will be located approximately 12 to 

15 meters ebove ground water to maximize soil | 

i attenuetion of seepage species in the unsaturated 

zone. 

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

i | Additionally, the leachate of the mine waste material (hereafter termed 

tailings) are expected to have a pH of about 10.5. Considering seasonal 

; variations, a minimal pH of 7.0 may occur in the summer months, espe- 

cially at the tailing pond surface, due to the oxidation of thiosalts. 

Exxon currently plens to add excess lime, in addition to the process 

i wastewater sludge to maintain the elkalinity of the tailing's pore 

7 volume water. : | 
; | 

d 
i |
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f 3.0 LABORATORY STUDIES ee ee 

3.1 SAMPLE COMPOSITING AND COMPOSITE SAMPLE CHARACTERISTICS a oF f SANDEE COMPOSITING AND COMPOSITE SAMPLE CHARACTERISTICS 

3.1.1 Introduction | | | 

i As discussed in Chapter 2.0, two major stratigraphic units have been 

identified as potential leachate migration routes from the MWDF site 

i Area 41: (a) a poorly sorted glacial till end (b) a2 stretified drift 

(Figure 2-4). The giacial till has @ typical saturated permeability of 

i 10°’ meters per second and directly underlies the MWDF. Seepege leaving 

the bottom of the MWDF will migrate vertically through this unit toward 

the underiving ground water table. The stratified drift has 2 seturated 

i permeability of 10°* to 107° meters per second and typically underlies 

the glacial till (Golder, 1982b). | 

i 
Soll samples for use in this ettenuation study were obtained trom four 

; borings in the MWDF site Area 41 (Figure 2-1). The borings were 

drilled by Golder Associetes (Golder) in May and June 1981. One-hundred 

i twenty-one samples were collected from these borings (Golder, 198ld). 

Samples were selected by Golder to represent the stratigraphic units 

i encountered during the drilling progrem. Golder's sampling procedures 

are discussed in Appendix C. | 

i To prepare samples for laboratory testing, compositing was done. The 

compositing attempted to provide samples with geochemical and hydrogeo- 

a 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 individual sam- 

ples for each minor statigraphic variation was not feasible. 

i 
3.1.2 Sample Compositing 

Since composite samples were to represent the stratigraphic unit charac- 

i teristics, index testing was initiated to assess typical ranges of site 

sample characteristics. Thirty (30) samples of the 121 samples avail- 

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

a
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i index testing were chosen based upon é representative physical eppear- 

ance for the two major stratigraphic units of concern, the spatial | 

distribution ecross the MWDF site, end a wide range of carbonete effer- : 

i vescence results. Carbonate effervescence was used es 2a method of chem- | 

ical cheracterizetion differentietion for initial sample selection. | | 

i Carbonate content can affect pH of MWDF seepege and chemical species 

migration. 

i 
index tests on the selected samples included grein-size anelvses, reac- 

i tion pH, and neutralization capacity determinations. The grain-size | 

distribution is an indication of permeability (a geohydrologic param- 

eter) and can indicate chemical species migration mitigetion potential. | 

i a Reaction pH and neutralization capacity are both indices of manv heavy 

metel species migration mitigation potential. A detailed discussion of | 

fj the criterie used for selecting the samples for index testing and the 

results of the index tests ere presented in Appendix C. 

1 
The index testing showed that the following three composite samples 

i would edequately represent the site geochemical and geological charac~ 

] teristics for the purpose of this study: , | 

i @ Composite Sample No. 1. 'Fine-grained" glacial | 

till with low neutralization capacity. | 

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

e Composite Sample No. 3. Glacial till with high 
; neutralization capacity. : 

; | Figures 2-2 end 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 

of the samples, and estimated neutralization capacities. Regarding 

i grain-size compositing, the "fine-grained" samples for Composite No. 1 

| were defined aes having the feel of clays present in the sample. This 

: erouping into fine-grained semples did not consider the amount of | 
; | | 

i 
i .
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- 5 + QFE 5 a7 + } a 4 +1 ~ — : oO f coarse-grained materiels present in the sample, only that clavs were | , S - 

present. Conversely, the "coarse-grained" samples for Composite Sample eke 

No. 2 were defined as heaving the feel of an ebsence of clays in the a SS 

i sample. This grouping did not consider the emount of silts end fine 

sand material in the sample, oniv that clavs were absent in large 

i Guantities. 

; The neutralization capacity of the samples was estimated from a cor- 

relation of the 30 neutralizetion capacity and carbonate effervescence 

i results presented in Appendix C. Basically, six categories of carbonate 

effervescence were established representing estimated neutralization 

i capacities (in percent calcium carbonate equivelent) from less than 1.5 , 

to greater than 9. For Composite Samples No. 1 and No. 2, e211 samples 

selected hed calcium carbonete equivalents estimated at less than three | 

F Composite Sample N 3, all les selected had calei percent. For Composite Sample No. 3, 2 samples selected had calcium 

carbonate equivalents greeter than three percent. Grain size was not a 

j criteria used in the generation of Composite Sample No. 3. 

i In addition to physical and geochemical characterization (grain size and 

neutralization cepacity), samples for compositing were selected with the 
- . , ; 

a following considerations: 

| e Verticel distribution within each borehole and 
P spatial distribution over the MWDF site. 

e Position of the sample above and below the water 

table. Vertical migration of the MWDF seepage 
a will occur through the unsaturated zone in the 

glacial till end this migration will continue | 
downward through the glacial till below the water 
table until the MWDF seepage encounters the re- 

. | gional stratified criit aquifer, where lateral 
migration will occur (Figure 2-4). However, it 
is expected that most chemical attenuation will 

5 occur above the water table. Glacial till 
samples frof above the water table and stratified 

drift samples from beneath the water table were 

i preferred.
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i Detailed discussions of the criteria used for selecting the 66 samples | 

Sor compositing and the samples and procedures used in generating the 

f composites are presented in Appendix C. | 

Composite Samples No. 1 end No. 2 were used in all phases of the labore- 

i tory attenuation testing. Composite Sample No. 3, the glacial till with 

high neutrelizetion potential, was selected only for characterization of 

; calclum carbonete equivalent end long-term ecid buffering capacity. To 

maintéin @ conservative (worst case) testing program, low neutralization 

i capacity semples (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 

i ) No. 3) would neutralize acidic leachate better and show more chemical 

paremeters attenuation potential. "Fine-grained" stratified drift would 

i be expected to heve é higher attenuation capacity than the "coarse- 

grainec" stratified drift. However, most lateral ground water flow 

f should be through the coarse-grained materials. The "fine-grained" 

glacial till composite allowed determination of the probable range of 

i MWDF site soil attenuetion characteristics. 

i 3.1.3 Liner Semple Generation | 

A&A representative liner soil material for the proposed MWDF tailing ponds. 

was also generated for use in the attenuation study. This liner sample 

i | was composed of a glacial till sample collected by Exxon from Golder's 

(1982c) Test Pit No. 22 (Figure 2-1) and sodium bentonite available ‘from 

i American Colloid (product name Volcley). Both of these materials are | 

identical to those used in Golder's (198la) liner engineering studies. 

i A four percent (dry weight bentonite to dry weight till) bentonite/till 

admixture 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 (198la2) liner engineering studies. For the sample character- 

ization and batch attenuétion studies, the bentonite and till were mixed 

i dry. For the column attenuation and long-term permeability study, the 

| bentonite and till were mixed wet, as described in Appendix F, to 

5 Simulate probable field mixing conditions. 

i 
f .
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3.1.4 Composite end Liner Sample Cheracteristics eo! fo 

i Since larger grain-size particles could not be present in the column ~ oF TS 

test samples (would not allow proper compaction of the columns), the ok & 

i coarse and fine gravel fractions (plus No. 4 sieve materiél) of each 

composite were separated, removed, and weighed for gréin-size distribu- 

i tion. Except for being separetely cheracterized for its cérbonate 

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

; used in any other characterization or attenuation test. This provided 

identical composite samples for all tests. 

i Composited samples (minus No. 4 sieve material) were physically and 

chemically analyzed for grain-size distribution, mineralogy, reaction 

i DE, neutrelizetion capacity, exchangeeble cations and cation exchange 

capacity (CEC), enion exchange capacity (AEC), and organic matter 

f content. Results of these analyses are discussed below. 

i 3.1.4.1 Grain-Size Distribution 

Grain-size distribution of the composite samples (Table 3.1) reflects 

i the geologic origin of the materials, its probable permeability and, to | 

some extent, chemical parameter attenuation. The glacial till (Compo- 

site No. 1) exhibits a relatively well-graded distribution of particle 

i sizes with 35 percent gravel, 51 percent sand, and 14 percent undiffer- 

entiated silt and clay (minus No. 200 mesh fines). The well-graded 

a nature of the materiel with 14 percent fines indicates the permeability 

| should be moderate to low. ,Once the gravel fraction 1s removed, the 

i till is essentially eae medium and fine sand with epproximately 20 percent 

undifferentiated silt and clay (fines). This increase in fines will 

f reduce its permeability. With compaction, this material can have a very 

low permeability. 

i 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 

i graded with 23 percent gravel, 57 percent sand, and 20 percent fines. 

Removal of the grevel increases the fines content to 26 percent. ° This 

f 

f | 

:
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i bentonite/till admixture, when compacted, exhibits very low permeabili- 

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

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

Origin. Over 6&0 percent of the drift is fine and medium sand as a 

i result of water sorting of materials. Onlv eight percent of its mass 

wes lost when the gravel fraction was removed for the attenuation tests. 

E 
5.1.4.2 Mineralogy : 

i Mineralogy can be used to help predict reactions of soil particles with 

- leachates. Tables 3.2 and 3.3 present the results of semiquantitative 

X-ray difiraction analvses of bulk (minus No. 4 sieve material) and clay 

i : fractions of the precolumn test composite end liner semples. All three 

| samples, the glacial till (Composite No. 1), stratified drift (Composite 

| No. 2), and bentonite/till admixture, contain predominanly auartz and 

feldspar, with clev minerels accounting for 15 percent or less. The 

i dominant carbonate mineral present in the samples is dolomite. Calcite 

was also detected in each sample, but only at trace levels. As shown in 

i Teble 3.3, the dominant cléy minerais in the semples include kaolinite, 

mica/illite, chlorite, mixed lever clavs, and smectites. The mixed | 

i layer clavs are an irregularly interstratified two-component mixture of 

chlorite and vermiculite. As would be expected for these three samples, — | 

the bentonite/till edmixture sample contained the most smectite (5 to 10 

i percent). Quartz and feldspar elso constitute more than 50 percent of 

the clay-size fraction of these samples. 

i | 

Dames and Moore (1981b) analyzed 18 samples from 14 borings in the 

i | Crandon Project environmentel study erea for mineralogy by X-ray dif- 

fraction enalysis. Most of the samples were glacial till materials. 

5 Their results generally confirm the findings of this investigation, 

except thev found smectite to be the dominant clay mineral present and 

kaolinite to be present in only minor amounts compared to the other clav 

i minerals. 

i | 

a 

f | |
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- “- 
f The mineralogy indicates that most of the soil will be rather inert to a, Oe 

even low pH seepage. The clay minerals, especially the smectites end ae ge 

mixed lever clavs, could enter into exchenge or edsorption reactions aa J 

i with certain chemical species in the leachate (see Section 3.2 for | 

leachate makeup). The carbonate minerals will react with low pH | 

, leachates, 1£ such seepage is present and occurs beneath the MWDF. 

; 3.1.4.3 Chemical Characteristics | 

Chemicel characterization date ere presented in Teble 3.4 for the conm- 

i posite and liner samples. The reaction pH for all samples is strongly : 

alkaline ranging from 8.75 to 9.80. Neutralization capacities of the | 

samples ere moderate to high and range from 0.7 to 7.2 percent calcium 

i carbonate equivalent. The "low neutralization capacity" glacial till 

and stratified drift composite samples had substantial neutralization 

i capacities of 2.3 and 1.6 percent calcium carbonate equivalent, respec-~ . 

| tively. The "high neutralization cepecityv' glaciel till hed a neutral- . 

a ization capacity of 7.2 percent calcium cerbonete equivelent. 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 | 

3.4, the gravel fractions of the samples hac neutralization capacities | 

f similar to the composite samples, as 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- | 

i flect, in part, the low clev content of the soils, since CEC resides 

- principally in clav minerals and collodial materials. Field condition | 

i CEC values may be greeter than indicated in Table 3.4. The analytical 

orocedure for CEC determination utilizes a pH 7.0 buffered solution, | 

i 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 | 

i condition CEC may result, especially for alkaline seepage. | 

i 
: : 

i ; 7 . :
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f Calcium is the most prevalent exchangeable cation followed by magnesium 

and sodium in the three samples tested. Levels of potassium and ex- 

changeable acidity (hydrogen) are 0.1 milligram equivalent per 100 grams : 

i of soil or less. The reletive proportions of exchangeable cetions, con- 

sidered in conjunction with edsorption affinities and solution concen- 

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

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

; A small but importent emount of exchangeable sodium occurs and is high- 

est in the bentonite/till admixture sample. Since sodium is generally 

/ more weaklv edsorbed 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 

i enter into exchange reactions with sodium and be retained on soil 

particles. | 

i 
Anion exchange capacity (AEC) values range from 1.5 to 1.7 milligram 

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

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

, pounds). Anion exchenge capacities exist et low pH's where there is 

| adsorption of H ions resulting in @ positive charge on the soil , 

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

attenuated. | , 

. Organic matter affects ion attenuation by exchange reactions and the 

formation of chelates and organometallic complexes. Organic matter mey 

i attenuate cationic species but typically has e low capacity for anion : 

retention. Organic matter content in the three samples is low, ranging 

i | from 0.22 to 0.96 percent. The highest organic matter content occurred 

in the four percent bentonite/till admixture, which was composed of a 

, glacial till sample collected near ground surface. Due to the low 

levels of organic material in the site soils, lon retention by organic 

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

i | 

7 | 

i .
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P 3.2 LEACHATE SYNTHESIS, TESTING, AND STABILITY . ~ a 

3.2.1 Introduction os is 

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

tion which was (a) representative of any MWDF tailing liquors yet (d) | 

f | conservative in the estimated concentration of chemical species avail- 

able for migration. The pHs of the leechates were selected from con- 

i ditions of possible worst case (pH 3) to values which bracketed the 

probable MWDF operating and reclamation conditions (pE 6 and pK 9). An | 

i attempt was made to maintein the leachates under similar environmental 

conditions (i.e., reduced state) that are anticipated in and eventually 

i below the MWDF. 

The synthetic leachates were prepared by spiking leachates generated 

, from the Crandon Project pilot mill tailings. The leachates were spiked 

to simulate mill reagents or to increase solute concentrations signifi- 

i cantly above analytical detection limics to aid in solute detection 

during the attenuation studv. Tne tailings were leached at pH 2 to 

; generate 2 “worst-case chemical matrix of the major metals (e.g., Ca, 

Me, Na, K, Al, Si) for the synthetic leachates. A 'worst-case' chemical | 

matrix was desired because soil attenuation of heavy metals generally 

i decreases with increasing ionic strength (Griffin, et al., 19762, 1976b, 

and 1977). 

i 
Tne pHs for the synthetic leechates were selected to approximate typical 

i and worst-case conditions. For typical conditions, the MWDF leachates 

will likely be alkaline with @ pH ranging between 10.5 and 7.0. The : 

f tailings will contain 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 

i subsoil, and from the pond surface. As the oxvgen is consumed, anoxic 

conditions are expected to eventually occur beneath the MWDF. To 

: 

i
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f oracket these probable pH values, synthetic leachates were prepared at 

pHs of 6 and 9. 

i A lower pH could result if sulfide-minerel or chemical species oxidation 

occurs within the pond or subsoils. Although long-term oxvgen presence 

i in en MwWDF or its subsoils appeers unlikely, a synthetic leachate with 

a pH of 3 was generated to simulate an extreme "worst-case!" acid 

, condition. 

i 3.2.2 Svnthetic Leachates Generation 

The synthetic leachates utilized tailings from the Crandon Project pilot 

mill as a base. The pH was adjusted to the three target values (3, 6, 

i | 9), the matrix was stabilized, filtered, oxvgen removed, spiked to tar- 

get chemicel concentrations, and eged under e nitrogen atmosphere. The 

j salient aspects of the leechete generation procedure were as follows: 

' @ Generate chemical matrix - The Crandon pilot mill 
i tailings were leached at pH 2 (H»SO,) using the 

AST™ (1981) shake extraction of solid waste with 
water method. | 

i e Adjust pH - The leachates were filtered and the 
| pHs of three separate aliquots were edjusted to 

3, 6, and 9 with lime. Lime was used to neu- | 
, tralize the leachates as it will be present in 

| the process wastewater and sludge (Chapter 2.0). 

a e Leachate oxidation-matrix stebilization - The 
three different pH leachates were periodically 
stirred for 24 hours to oxidize the leachaetes and 
induce precipitetion. This procedure was em- | 
ployed to promote the long-term stability of the 

leachates by removing solutes in the leachate 
: chemical matrix which were at @ state of satura- | 

f tion with readily formed mineral phases as a 

result of leaching the tailings in en oxidizing 
environment. 

i e Precipitate removal - The leachates were filtered 

through 0.45 um filters. 

i e Oxygen control - The leachates were purged of 

oxvgen by bubbling nitrogen through the leachates 

for 60 hours in an attempt to obtain semi-anoxic | 

conditions.
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@ Leachate syvnthesization - Each leachate was a fr 

f | spiked to target concentrations (Table 3.5). eR TE 

e Leachate stabilization - To obtain a more stable oe Se 
f chemical composition, the leachaetes were aged for 

one week under 2 nitrogen etmosphere before the 

start cf leacnete analyses and attenuation 
f | | testing. 

Details of the leachate svnthesization and maintenance are presented in 

i Appendix D. Throughout the study, @ nitrogen etmosphere wes maintained 

over each leachate. Also, pH was periodically monitored end maintained 

i in each leachate, and any precipitates which formed efter the leechates 

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

[ 
3.2.3 Results and Discussion 

i Table 3.5 presents é@ summary of the synthetic tailings leachate chem- 

istry after the various steps of generation. The chemical compositions 

i of the pH 2 and spiked leachates ere in good egreement, considering the 

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

f Two leachetes were generatec for each pH and have been termed Phase I 

and Phese II leachates. The Phase II leachates were genereted after the 

i supplies of Phase I leachates were exhausted so that the column attenua- 

tion tests could be conducted for a longer time period. The same proce- 

a dures were used to generate both the Phase I end Phase II leachates. 

The concentrations shown in Table 3.5 for the pH 3, 6, and 2 leachates 

i are the highest representative values for duplicate Phase I and Phase II 

leacnate analyses. Tables 3.6 through 3.8 present the results of the : 

initial and final analysis for each of the Phase I and Phase II 

i leachates. 

f 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 

i leachates were identically spiked (Appendix D). For the pH 3 leachates, 

| cvanide, mercury, seleniun, and silver, were lower in the leachate than 

i 

, a 

1



f 3-12 

concentrations added from spiking. As pH increased to 6, arsenic, cad- | | 

i mium, chromium, copper, and lead, in addition to the ebove four species, 

| were @lso below target levels in the leachates. At pH 9, iron, manga- 

f nese, and zinc were also below target concentrations, in addition to the | 

above nine species. However, as is evident from Table 3.5, the leach- 

i ates used in the ettenuation study at all pH's had higher concentrations 

of ell species than predicted from mess balance equilibrium modeling for 

f estimated tailing pond water conditions (CHoM/Hill, 1982). 

, 3.2.3.1 Cation/Anion Balance |. 

The cation/enion balence, numerical summation of the milliequivelents 

for a given sample, indicates the completeness of analivtical determina- 

; | tions (they should be equal): The following results were obtained for 

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

i spiked leachates: 

DH 2 DE 3 pH 6 pH 9 

f | cations (meq/£L) 107.4 144.2 106.5 69.0 
anions (meq/%) 62.9 130.9 84.5 65.8 | 

From these results, it eppears the leachate enalyses were numerically 

f deficient in anions. Sulfur species account for approximately 90 per- 

cent of the enions present. Leachates were analyzed only for sulfate, 

i thiosulfate, end total sulfur. Thiosalts are known to disproportionate 

or interconvert among themselves. Because thiosulfate is unstable at " 

low pHs, tetrathionate was substituted for thiosulfate as the spike for . 

i the pH 3 leachate (Appendix D). However, no analyses of tetrathionate | 

were made for the leachates, which may account for some of the numerical | 

i deficiency in anions, especially for the pH 3 leachate. When thiosul- 

fate (in equivalent SO,,) and sulfate analyses are totaled, excess total 

, sulfur is present in all the leachetes. Other unmeasured sulfur species 

are, therefore, present in the leachates. When total sulfur as sulfate 

i is substituted for sulfate and thiosulfate in the milliequivelents per 

liter calculation for anions, the values for the pH 2, 3, 6, and 9. 

i | leachates change to 97.5, 175.9, 135.5, and 90.3, respectively. These 

i 
i
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values, however, by not considering the mix of sulfur species present, fo oO 

f mav be higher than the actual anion millieauivalent per liter in the = FT 
; BIS “57 

leechates. Therefore, except for the pH 2 leachate enelysis, which oe OE 

[ still has nine percent more cations than enions, there is reasonable 

aereement in the cation/enion belances for these leachate enalyses 

f | considering the uncerteintyv in sulfur specification. 

f The results of the other leachate enalivses, Tables 3.6 through 3.8, ere 

Similar to analyses for which the cation/anion balences were calculated. 

i Therefore, the other leachate analyses should elso have reasonable 

cation/anion balances. 

j 3.2.3.2 Leachate Stability Eveluation 

The leachate stability was essessed in two wavs: (a) by leachate eguil- 

f ibrium modeling using @ chemical equilibrium model (WATEQ), and (>) 

monitoring the leachates during the attenuation testing program. | 

E 
Equilibrium Modeling: The leacnate stability and possible equilibrium/ 

, mineral precipitation reactions which could occur in the pH 2 and svn- 

thetic leachates wes assessed using @ modified version of Truesdell and 

f Jones (1974) chemical equilibrium model, WATEQ. The modified WATEQ mod- 

el enables predictions as to the chemical species distribution in solu- 

tion and whet minerels ere soluble or stable within the given environ- 

i ments of each leachate. WATEQ calculetes the equilibrium distribution : 

of aqueous chemical species (complexes) of major and minor elements 

i using chemical analysis and measurements of temperature, pH, and redox 

potential. From this model, the states of reaction of the water with 

; solid (mineral) and gaseous pheses ere calculated. 

, Table 3.9 presents the results of the WATEQ analyses for the equilibrium 

distribution of the aqueohs chemical species in the pH 2 and synthetic 

leachates as of October 26, 1981; approximately seven davs after spiked 

i leachates were generated. Salient results of this analysis are as 

follows: | 

i 

1
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e Little evidence of enionic metal complex forma- 
| tion. Neutral ion pairs were more prevalent then 2 

anionic complexes. | . 

f ® Ferrous iren is the dominent form cf soluble iron 

in the pk 2, 3, end 6 leachates while, in the pH . 

2° leachate, ferric is the dominant form of iron | . 

f present. | 

e Sulfate forms complexes, et important levels with | 
aluminum, cadmium, calcium, chromium, copper, | 
iron, lead, megnesium, mengenese, end zine in | 

aimost everv leacnate pH, especially in the lower 

’ pH leachates. : : 

¢ Oxides or hydroxides of chromium, copper, iron, 7 
lead, and zinc replace the sulfate complex in the | 

f | pH 9 leachate. | 

f WATEQ does not include a thiosalt data dose. However, as suggested bv 

Davis and Leckie (1978), Benjamin and Leckie (1982), and The Chemical 

Society (1971), thiosulfate forms strong complexes with cadmium, copper, 

f Silver, and mercury. | 

f Teble 3.10 presents the results of the WATEQ analyses for the state of 

leachate solution equilibrium with possible solution chemistry controll- 

f ing mineral phases. Salient results of the above equilibrium modeling | 

follow: | 

i e Calcium and sulfate levels in the leachates will 

| be controlled by gypsum precipitation reactions | 

since gypsum (CaS0,°2H,0) is predicted to be at 
i saturation in all four leachates (pH 2, 3, 6, and | 

Qo). (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 Fluorite (CaF,) is at a state of saturation in 
the pK 9 leachate and unsaturated in the pH 2, 3, 

and 6 leachates. Fluorite levels in the pH 9 
leachate will be controlled by fluorite 

f precipitation. 

e Amorphous iron hydroxide [Fe(OH),] is at or above 
f saturation in the pH 3, 6, and 9 leachates.
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«a . 4 « e . . . | . & . 

Additionally, most crystalline iron hydroxides a Te 

are at a state of Super saturation. Therefore, see OTE 
the precipitation of iron hydroxide mineral ex 

: phases is controlling iron levels in these pH a SS 
f leachates. . 

e Sulfate minerals or amorphous precipitates, | 
i especially in the lower pH leachetes, may be 

controiling solution levels of aluminum end lead. 

e Cerbonate and/or hydroxide minerals or amorphous 

precipitates may be controlling the solution 

levels of cadmium, calcium, chromium, copper, 
, manganese, end zine in the pH 9 leachete. | 

The above results indicate thet some of the heavy metals in the leach- 

f ates mey continually be removed from solution. This is because sesqui- 

oxides of iron, which were shown to be stable in the leachates, tend to 

f acsorb substantial amounts of other metals. Additionally, concentre- 

tions of other metals may increase in solution with time es amorphous | 

, precipitates begin to age and crystallize, releasing elements adsorbed 

onto the mineral (Tables 3.6 through 3.8). 

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

leachate analyses at generation and at completion of testing. Appendix 

; D (Tables D.2 through D.4) presents the results of periodic monitoring 

of the leachate quality during the course of the attenuation testing 

f program for specific indicator perameters. Regarding stability, the 

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

f decreases occur in several elements with leachete aging. But, in 

general, the concentrations remained fairly stable. However, fluc- 

f tuations in the Eh and sulfur species were observed in all three , 

synthetic leachates. 

j Since the leachate influent to the bentonite/till admixture columns 

(Columns K-1 and K-2) could not be mechanically sampled during testing, 

f the leachates were analyzed at the beginning and completion of testing. 

Appendix D (Table D.5) presents the results of these analyses. In.
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f general, the leachate chemistry of both the pH 3 and 9 leachates remain- 

ed fairly stable. The major exception was that the pH of the pH 9 

leachate cecreased to approximately 7.0 end 6.5 during the course of the 

f column testing. 

i 3.3 DISTRIBUTION RATIOS AND RETARDATION FACTORS 

i 2.3.1 Introduction 

The main purpose of this study was to essess the ability of the soils at 

i the MWDF site to attenuate chemical species which may be present in the 

talling leachate. The deta would be used for further evaluation and 

design considerations and planning of the MWDF operations and 

' reclamation. 

; Sorption ettenuation capacities of soils can be expressed in terms of 2 

¢istribution ratios (K_) end/or retardation factors (R,). These expres | 

p sions are often used in mess transport models to determine the velocity 

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

, ground water front. 

f The distribution ratio (KL) for @ specific chemical species may be 

defined es the ratio of (a) the mass sorbed onto a solid phase to (b) | 

the mass remaining in solution. As expressed bv Freeze and Cherry, 

f . 1979: 

mass of solute on the solid phase per unit mass of solid phase 
Ww = gg , 

A- concentration of solute in solution 

; The dimensions of this expression reduce to cubic length per mass 
“~ 

(L°/M). It is conventional to express K_ in units of milliliters (cubic 

f centimeters) of solution per gram of sample. 

i Distribution ratios are dependent upon solute concentration, competing 

ion effects, pH, oxidation-reduction potential (Eh), temperature, time 

: of contact between the solute end “sorbing" soils, and the geomedie
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characteristics, such es minerelogical composition and texture. The | sf rT. 

i distribution ratio for e@ given chemical species generally essumes a ~ se S 

different velue when any of the above conditions ere altered. ae Se 
f | 

The retardation féector CR) for @ perticular solute is defined as the 

F | Gimensionless ratio of the éeverage ground water velocity to the solute 

migration velocity in the ebsence of dispersion effects. For @ parti- 

i cular geomecdia, the retardation factor is related to e distribution 

ratio by the following expression (Freeze and Cherry, 1979): 

; R = 14+ (p/n )K = average linear ground water velocity 
d e r solute migration velocity 

; where | 

| K_ = distribution ratio (em?/¢), 

i op = bulk density (fem?) of the geomedia, and 

n. = effective porosity. | 

i 
| When R, = 1 (i.e., RL = 0), the solute of interest migrates at the seme 

P | velocity as that of the advancing waterfront. The K_ value increases as 

the solute migration is more strongly influenced by sorption phenomena 

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

i factor, when calculeted from KL velues, essumes thet at ae specific pH, 

the adsorption lsotherm is lineer and does not involve attentuation by 

5 chemical precipitation. 

E The laboratory methods used to assess these parameters, Ra and KL: are 

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

p fine the distribution retios, K_, and consequentiy the retardation | 

factors for those chemical species which exhibit adsorption potential 

f for soils. Appendix E presents the details of batch test procedures 

used in this studv. . 

f For more mobile chemical parameters, the retardation factors were deter- 

mined directly by column tests. The column tests also provided 4 means 

. 
° ‘ . \ 

E 

1:
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i of compering the retardéetion factors obtained by the batch tests for the 

chemical paremeters exhibiting slight mobility. Appendix F presents the 

f details of column testing for determinetion of retardation factors. 

3.3.2 Betch Attenuation Tests | | 

i - 
3.3.2.1] Experimental 

i A short-term constant pH betch method was used to determine distribu- 

tion ratios of the glacial till, stretified drift, end bentonite/rill 

p 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 reaction bottle; (c) 

i letting the contents react for 48 hours; (d) centrifuging the bottle to 

separate sediments end liquid; and (e) removing the clear supernatent 

p and analvzing the chemical characteristics. 

p . The ettenuation characterizations of the following chemical species were 

| analyzed by batch testing in eccordance with the proposed ASTM (1981) 

; method: 

| * Arsenic e Manganese | 
6 Cadmium « Mercury 

; e Chromium ¢ Selenium 
| e Copper | e Silver : 

e tron e Zinc 
i e Lead e Cvanide | 

E The ebove distribution ratios were determined for pH 3, 6, and 2 leach- | 

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

‘ tion rates of the above solutes. During testing, pH was adjusted to 

remain a constant. In eddition, distribution ratio determinations were 

conducted under a nitrogen atmosphere to simulate the expected semi- . 

i anoxic state of percolating leachates. Appendix E conteins full details 

on the batch test method and presents the results of the distribution 

f ratio, including duplicate, determinations. 

p | | 

o 
;
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ge 
3.3.2.2 Results and Discussion cae oe 

i Teble 3.11 presents the resulting constant pH retardation fectors from ae a! 

the distribution ratios calculeted from duplicate betch tests as set . <= 

i forth in Appendix E (Tables E.6 through E.8). Teble 3.12 presents the 

retardation factors which teke into account the effects of leachate | 

i neutralization, i.e., assumes the pH 3 leachate concentration at the : 

Start of testing. The effects of leachate neutralization on solute 

i removal can be evaluated because the pH 3, 6, and 92 leachates were | 

prepared identicelly, except for the amount of lime edded to adjust pH 

i (Appendix D). | 

General findings of the batch attenuation testing include: 

i e Retardation factors (Ra) for the metals, chromium | 
(pH 6), iron (pH 9), lead (pH 6, 9), mercury (pH 
3, 6), selenium (pH 3, 6, 9), and silver (pH 3, 
6, 9), are lower than what would be anticipated 
to occur under field conditions. This is because : 
thelr concentrations in solution were limited by | 

; their solubilities. 

e Attenuation of the metals, ersenic, cadmiun, 
f chromium, copper, manganese, and zinc, increased | 

with increasing pH. | 

e No metal retardetion factors increased with 

decreasing pH. Except for the pH 9 leachate 
| mixtures, manganese was leached from the soils. 

, e Retardation factors for both the bentonite/till 
admixture and glacial till materials generally 
were higher than the coarse-grained stratified 

i - drift materials. | 

e Duplicate attenuation batch tests were in | 
' agreement. | 

i Special findings of the batch attenuation testing include: 

e For the pH 3 leachate, the metals arsenic, : 
chromium, lead, and mercury were noticeably 

i attenuated with Ry is in the approximate range of 
20 to 150. Selenium and silver were limited in | 
solution by their very low solubility in the 

i leachate solutions.
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f e For the pH 6 leachate, the metels arsenic, cad- 

mium, end copper were noticeably attenuated with 

R.'$ in the epproximate range of 30 to 160. 
Chromium, leed, mercury, selenium, and silver | 

were limited in solution by their solubility in 

the leachates. 

. | ¢ For the pH ©@ leachate, the metals arsenic, cad- 

| mium, chromium, copper, menganese, mercury, sele- 
nium, silver, and zinc were noticeabiyv attenuated : 

f with Ra's in the approximate range of 100 to 

1,600. Lead wes limited in solution by its 
sOlubilitv in the leacnate. 

i ¢ Results for cyanide attenuation were analytically 
inconsistent (leachate solutions near detection 

limit), but it appears cyanide is attenuated 
i (Ra's less than 20) by the bentonite/till 

admixture end glacial till sediments. 

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

pronounced effects on the attenuation of the following metals: arsenic; 

p cadmium; chromium: copper; iron; lead; manganese; and zinc. Mercury, 

selenium, and silver largely remained limited in solution by their verv 

i low initial solubility in the leachates. These results indicate major 

attenuation when percolating acidic leachates can be neutralized by the 

, MWDF soils. 

i As a check on the results of the batch tests, a review of the general 

. ° . 3 eS 4 * 

soil attenuation mechanisms and trends for heavy metals, as extracted 

from the literature, was made. Table 3.13 summarizes this information. 

i The results of this study, Tables 3.11 end 3.12, generally conform to | 

the findings of past investigations. The soil attenuation of anionic 

; complexes, such as cyanide and selenium oxides, did not increase as pH 

decreased. This may have been due to the very low concentrations of 

i these species in solution, which made accurate Ra determinations 

difficult.
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i 3.3.3 Column Attenuetion Tests of , oO 

3.3.3.1 Introduction oe = 

i Retardation factors for mobile, R, = 1 to 5, chemical perameters such as 

sulfates, or total dissolved solids and acidity, e11 of which may exist 

i | in tailings liquid, cennot be as eccurately determined bv batch tests 

and the conversion of distribution ratios. Direct measurement from 

i column tests ere preferred. Column tests can also be used to measure 

the reterdetion of sligntly mobile chemical parameters. 

i The column test consists of permeating the leachate (containing the 

solutes or chemical parameters of interest) through the soil sample and 

i measuring the resultent retardation directly. The retardation fector is 

determined bv comparing the rate of movement of the chemical species 

i being studied to a completely mobile tracer species such as chloride. 

, When the concentration of the chemical parameters of interest was 

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

; | Factor was calculated as: 

pore volumes accumulated et half concentration 
p R = For the chemical perameter of interest 

d pore volumes accumuleted at half concentration 

. of tracer | 

The selection of the half concentration for determining chemical species 

; column breakthrough end calculation of “sorption” retardation factors is 

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

i ical parameters through the soil columns (idealized plug flow chemical 

breakthrough). When the test system is more dynamic (chemical reactions 

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

then the determined retar¢ation factors are specific only to the half 

i concentration of the chemical species being investigated. This is 

because the chemical breakthrough plots (concentretion versus time) show 

variations and fluctuetions in the curve shapes, as a result of the 

i 
= 

i Oo 
1
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i chemical reactions occurring in the columns. When the test system is 

Gynamic, ‘'nonsorption,' then the results can be eppropriately evaluated 

f bv methods es discussed in Chepter 4.0. | 

3.3.3.2 Experimental 

i The procedure for column testing includes (a) compacting the composite 

| samples to near field densities and permeabilities; (b) covering the 

i sample with an impervious membrane; (c) placing the samples in a tri- 

axlal pressure cell and epplying consolidating pressure; (d) saturating 

i the samples with MWDF site ground water; (e) epplying 2a resevoir of 

leachate to the sample; and (f£) collecting and analvzing the.effluent 

f irom the sample. | 

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

i complisted soil samples and leachate sources used in the batch attenua- 

tion tests. A total cf 10 column tests were conducted. Table 3.14 

i presents the experimental design for the program. Duplicate column 

| tests of the glacial till and stratified drift were conducted using the 

i pH ° leachate as a permeant to examine the reproducibility of the 

: hydraulic and chemical attenuation tests and because the tailings leach- 

i ate will likely be alkaline in the MWDF. , 

An attempt was meade during the studv to have no more than one pore 

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

week to allow sufficient time for chemical reactions to occur. The 

i glacial till and stratified drift soil semples were, however, too per- | | 

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

i | A peristaltic pump was, therefore, used as the leachate permeant driving 

force. The bentonite/till edmixture samples were tested under a con- 

; stant hydraulic gradient so that changes in their permeability could be 

continually monitored. 

i Effluents from the columns were monitored for the following primarv . 

. parameters: 

i 
f .
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e Chloride (As the water tracer essuming R = 1,) 

e Specific conductance/total dissolved solids 
e Sulfate . : 

e¢ Totel sulfur 

i e aAvaileble acidity 
e Arsenic | 

e iron 

i e Zine 

e cH 

« Eh 

Other paremeters (specifically those potentielly in the MWDF teiling © 

i seepage) were periodically analyzed in the column effluents and retard- 

ation factors calculated. Tables 3.15 through 3.19 list the other 

i parameters and determined retardation factors. 

em - - aa ~, a , = ( 39 a - The chemical data were normalized (measured permeant concentration 

i divided by source concentration) and related to pore volumes of flow 

from each soil column. Plots of the normelized concentration versus the 

i number of pore volumes (chemicel breakthrough curves) were constructed | 

for eacn column so thet solute front advancement Ra values could be : 

i calculated. 

, Source concentrations were determined from representative monitored 

leachate concentrations (Appendix D) during the column test period. As. 

i previously discussed, the source concentretion for most of the monitored 

parameters remained fairly constant. 

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

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

i er than in the influent leachate permeent. The reason for this increase 

is unknown, but is speculated to be an analytical problem. To keep the 

i test results conservative, the meximum effluent chloride concentration 

was used as the tracer source concentration for calculating the solute 

; retardation factors.
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i Other parameters (total sulfur, sulfate, and specific conductance) oe. vt. 

measured in the column effluents were sometimes observed to also exceed re 

the leachate source concentration. These differences were likely due to BO ES 

i analytical interferences and ere discussed in Appendix D. 

i The plots of normelized concentration versus pore volumes for each 

column effluent were mainteined throughout the test. Figures 3-1 

i through 3-10 present these results. The plots éllow the half concen- | 

tration pore volume displacement to be quickly determined and the R, 

i value to be calculated. 

i Detailed discussions of the testing methodology and results of the 

chemical monitoring ere presented in Appendices F and H, respectively. 

i 3.3.3.3 Results and Discussion | 

Table 3.15 presents half concentretion R, values for the continuously 

i monitored parameters. Salient findings of the solute front advancement 

attenuation studv ere es follows: 

i e The retardation factor for sulfete, total sulfur, 

and specific conductance/totel dissolved solids 
are essentially 1 for the three leachate pHs and 

i soil samples tested, including duplicate pH and 

-leachate columns (glecial till and stratified 
drift). This implies, es was assumed for chlor- 

i 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 | 

eypsum in these columns (Section 3.4.2). 

i e Retardation factors for iron end zine with pH 3 
| and 6 leachate were higher for the glacial tills 

then for either the stratified drift or benton- 

i ite/till admixture. 

e Retardation factors for arsenic are in excess of 
the values shown in Table 3.15, since half 

concentration breakthrough did not occur in any 
of the columns permeated with pH 3 and 6 

. leachate.
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f The behavior of pH through the column provides an assessment of the 

leachate neutralization reactions with the soil. For the column tests, 

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

e The effluent pH of the pH 3 leachate columns 

decreased to approximately pH 5 end remained 
; there until the conclusion of the test. 

e The effluent pA of the pH 6 leachate columns de- 

creased to pH 6 in the glacial till and strati- 
fied drift column efter epproximatelyv seven and 

five pore volumes, respectively. | 

i 6» The effluent pH of the pH 9 leachate columns . 

remained at about pH 7 throughout the test. (As 
discussed in Section 3.2.3, the pH 9 leachate 

i reservoir for Column K-2 decreased to approxi- 

. metely pH 7. However, the reservoir pH for the 

four other pH 9 leachate columns remained near pH 

i | 9 throughout the test.) 

e The effluent pH profile of the duplicate pH 9 
) leachate columns for the glacial till and 

i stratified drift were similar. 

i Further discussion of pH movement through the columns and assessment of 

acid retardation ere presented in Section 3.5. : 

E Tables 3.16 through 3.19 present the half concentration column retar- | 

dation factors for the other chemical species studied in this investiga- 

i tion. These retardation factors were calculated from: 

| e Two effluent analyses from each soil column 
(Tables 3.16 through 3.19); the | 

e Ratio of (a) pore volumes required for the source . 

i helf concentretion of chloride to breakthrough 

(Figures 3-1 through 3-10); to (>) pore volumes 

required for the half concentration for the chem- | 

ical parameters of interest to breakthrough each 
column; and | 

e influent leachate permeent analyses (Tables 3.16 

E through 3.19). An attempt was made to measure 

these influent characteristics at about the time . 

i the analyzed effluent would have first entered
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the sample: i.e., leachate reservoirs were sam- | i a 

pled and analyzed about one week before the ge OTS 

column seepege was collected end analyzed. got ee 

i 3.3.4 Comparison of Batch and Column Attenuation Results 
ce pena A A : : 

i | Teble 3.20 summarizes the results of the batch and column retardation 

factor determinations. Generelly, the results of the two methods are in 

excellent agreement. However, the following differences in the results 

f of the two methods were observed: | 

. e The retardéetion factors for the column attenua- 

i tion study showed that cadmium, copper, and zinc 

are attenuated more by the MWDF site soils than 
predicted from the batch test results for the pH 

i 3 leachates. However, the batch tests were con- 

ducted at constant pH 3, while the column tests 

effluent from the pH 3 column leachate permeant 

i was about pH 5 (retardation of pH). 

e The pH © column tests indicate that mangenese 
is attenueted less than whet would be predicted 

F . by the pH 9 batch test. However, the column 

effluent cH was not pH $, but approximately 
pH 7. Manganese results for the pH 6 batch test 

i and leachate influent pH 9 column tests ere in 

agreement. 

E 3.4 EFFECTS OF LEACHATE-SOIL INTERACTIONS WITH SOIL CHARACTERISTICS 
fefebis Me ee eee eh en eee eee a 

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

i ties, mineralogy, and chemical characteristics during water and leachate 

permeation. A discussion of pertinent observations and results 1s 

i presented below. | 

i 3.4.1 Permeability 

Table 3.21 presents permeabilities measured in the ten soil columns. 

Permeabilities are shown (a) es initially measured by passing MWDF site 

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

passing leachate permeants through the samples. Permeabilities were 

i determined under steady-stete Flow conditions and calculated from final 

sample dimensions. Heads and semple confining pressures were identical
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7 for the initial and final permeability determinations. Appendix F 

presents the details of the permeability measurements. 

F Glaciel Till: The initial permeabilities (with ground water as per- 

| meent) for three of the four glacial till samples were near 5 x io & 

i meters per second. The fourth sample (Column I-4) showed initial perme- 

ebilities near 4 x 107! meters per second. All of the glacial till } 

i semples showed permeabilities on the order of 1 x 197! to 5 x 107! 

meters per second efter leachate permeation. | 

i The increase in permeability of three of the four glacial till samples 

is attributed to initial measurements at partial saturation. The fine- 

i '  srained texture of the samples could have prevented complete initial 

saturetion. All of the gleciel till columns were similarly compacted 

i during preparation (Appendix H). Steady-state flow was achieved in all 

columns. Complete seturation mav not have occurred in Columns I-l 

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

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

i sion of the tests (Appendix F). Lf partiel saturation was the cause of 

| the initial low permeabilities, then initial saturated permeabilities of : 

i Columns I-l, I-2, and I-3 would be on the order of 197? meter per | 

second, i.e., very Similer to Column 1-4. The initial end final column | 

permeability data would then be in egreement with field permeabilities 

i (Table 3.21) measured by Golder (1982b). 

i Stratified Drift: Table 3.21 shows permeabilities for stratified drift 

near 1 to 2 x 10°? meters per second for initial and final perme- 

i | abilities. Saturetion in these coerse-grained samples was more readily 

attained. The column permeability values ere in agreement with field 

i measured date (Golder, 1982b). 

Bentonite/Till Admixture: The bentonite/till edmixture tests showed 

f very low initial permeabilities (19719 meters per second) with only a 

f slight increase after leachate permeation. These permeabilities are for 

, 
i
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. partially saturated conditions. The fine-grained, clayey texture of the x fo 

sample prevented complete saturation during the test. The saturation at 8 

final condition wes approximately 83 percent. The percent seturation ae <= 

i was determined by measuring the specific gravity and weter content at 

several longitudinal points elong each column. The average moisture 

i content in eech sample wes 12.1 percent, which wes fairly constant elong 

the length of the samples. It is anticipeted that complete saturation 

i would not increase the permeability substantially above these values. 

i The bentonite/till admixture, if incorporated in the MWDF design, is 

anticipated in the long term to be near the percent saturation achieved 

i in the column tests: and consecuently to have a permeability near those 

measured. The test method simulated the liner overlying the unsaturated 

glacial till, in thet only etmospheric pressure was present on the seep- 

f ace effluent of the sample. The underlying till has a higher perme- 

ability than the bentonite/till admixture and will allow drainage of | 

i permeating watier. Thus, the measured values are considered represen- 

tetive of anticipated MWDF site conditions. Therefore, no significant 

i change in the permeability should be expected in the soil liner material 

from potential MWDF leachate interactions. 

i 3.4.2 Mineralogy | 

Tables 3.2 and 3.3 present the results of bulk end clay pre and post- 

i column test minerelogy from representative column samples of the glacial . 

eill and bentonite/till admixture. Semiquantitative X-ray diffraction 

i analyses were used for these determinations. The analyses were conduct— 

| ed to assess whether the leachate reactions would change the mineralogy 

i and consequently the chemical retardation or permeability character- 

istics of the soil. No postcolumn mineralogical analyses of the strati- 

, fied drift or columns permeated with pH 6 leachate were performed 

because no major interaction wes expected. 

i 

i
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f | Results of these analyses follow: 

DH 3 Leachate Columns , 

i @ The glacial till end bentonite/till admixture 

column samples showed e significant decrease in 

the carbonate mineral content (dolomite). Con- 

i . comitentlv, gvpsum (calcium sulfate) formed in 

7 these columns. (Similer results would be expect- 

ed for the stratified drift). 

i e <A reduction of smectite and mixed lever cleys in 

the glacial till and bentonite/till admixture | 

samples was noted. Concomitently, there was an 

i increase in the mica/illite clav fractions in the 

, samples. This was most likely caused by cations 

(especially potassium) in the higher ionic 

i strength leachates causing the collapse of the 

: expanded clay leyer minerals (i.e., smectites and | 

mixed laver cleyvs) into a mica/illite type clay 

structure. (Similar results would be expected 

i for all leachete pHs end soil at the MWDF site.) 

« The chloride content of the glacial till and 

i bentonite/till edmixture increased in the columns 

| permeated with the pH 3 leachate. This was 

probably the result of aluminum hydroxide pre- : 

i cipitetion in cley interlayer regions, forming 

chlorite type cley mineral 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 | 

i from these columns was approximately 5. Addi- 

tionally, from Table 3.10, aluminum hydroxide 1s . 

at an equilibrium state of saturation with the pH 

i‘ 6 leachate. Also, the seepage chemistry results 

- shown in Tables 3.16 and 3.17, which show that 

aluminum is removed from the pK 3 solution, 

i support the above conclusion. 

pH 9 Leachate Columns 

i e The glacial till end bentonite/till admixture 

columns permeated with the pH 9 leachate showed | 

no change in carbonate minerals and no gypsum 

i precipitation occurred. (The same results would 

be expected for the stratified drift column.) 

i e A reduction of smectite and mixed leyer clays was 

noted in the glacial till and bentonite/till 

admixture as would be enticipated from the above 

i discussion. |
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f The above-noted changes are consistent with the previously discussed . ae a, 

| permeability end column and batch attenuation test results. The gypsum oe | a 

i precipitation et low pH leachate values will increase the retardation nS. 

fector for sulfete above 1. The changes in tne expanded clay lavers 

(which constitute only 4 trace emount of the bulk soil) ere on @ small 

i scale and will not céuse preceptible variations in permeability or 

- attenuation cherecteristics. 

to 
A black precipitete observed forming in many of the columns (especially 

i those permeated with the pH 9 leachate - Appendix H) was analyzed for 

its chemical composition. No new mineral phases were detected in the 

i postcolumn test mineralogical analyses; however, it was anticipated that 

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

i amorphous precipitates. To identify the material, an analysis Was 

performed using an energy dispersive A-rey analyzer attached to a 

scanning electron microscope. The results of this analysis indicated 

f that the black emorphous precipitate was predominately an iron-sulfur 

(ferrous sulfide) compound. Similer precipitates can be expected within 

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

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

i iron and sulfur movements. 

ij 3.4.3 Chemical Characteristics ' 

Table 3.22 presents the pre and postcolumn test reaction pH and neu- 

tralizetion capacity results for the 10 test columns. For ell 10 column 

i 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- | 

i sent in the samples permeated with the pH 3 end 6 leachates. The reac 

tion pHs of the samples permeated with the pH 9 leachate were Similar to 

f the column effluent pHs (Figures 3-6 and 3-10). The observed decrease 

in reaction pH may have resulted from the loss by dissolution of the 

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

i | 

i oo 
| /
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. All column samples, except the bentonite/till admixture permeated with 

pH 9 leachate (Column K-2), showed en appreciable decrease in neutra- | 

lization capacity. The K-2 column showed a Q.1 percent increase in CO 

E neutralization cépecity. This resuit anc the discussion of lost neutrea- : 

lization capacity te ecicity passed through the columns, presented in 

i Section 3.5.1.4, indicate a possible heterogeneous distribution of 

cerbonete minerels in the column and bulk composite samples. 

The permeant effluent of the column tests was also chemically analyzed 

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

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

i associated increases in permeability or changes in attenuation charac- | 

' teristics. Tables 3.16 through 3.19 present the results of these 

analvses. : 

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

i principal soil elements (aluminum, calcium, end silicon) were observed | 

in the effluent. In fact, aluminum, calcium, end silicon were usually 

i removed from the permeant influent end remained in the sample. 

i For columns permeated with pH 9 leachates, silicon levels increased , 

slightly in the effluents. The increase did not, however, indicate | 

fj appreciable internal changes in the sample. | 

The above column effluent analyses would suggest that the principal soil 

i minerals were stable in the presence of the permeating leachates. | 

f 3.5 ACID NEUTRALIZING CAPACITY AND CARBONATE MINERALS DISTRIBUTION AT Bvt Nee EM ee eee Oe ee Ue ee 
THE MwDr SITE AREA 41 

i 3.5.1 Acid Neutralizing Capacity 

i 3.5.1.1 Introduction 

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

i soverned by the ground water flow and neutralization capabilities of the
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f geomedia (soils and water) in which the acid is advancing. In geomedia “ a 

with no neutralization capabilities, the acid front will usually migrate “ 7 eS 

at the same rete as thet of ground water flow (essuming no dilution or os = 

f dispersion). However, if the geomedia hes e neutrelizetion capability | 

(e.g., calcium cerbonete soils end/or alkaline ground water), neutrali- : 

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

the advancing ground water front. In this studv, the neutrelization 

f capacity of the MWDF site soils were evaluated. | | 

i Four methods, with varying success, were used to evaluate the acid | 

neutralizing - pH buffering capacity of the MWDF site soils. These ! 

i included determination of: | 

e Mass balance acidity retardation fector for MWDF | 
Site soil neutralization capacity (calcium cer- 

F bonate equivalence) and tailing leachate acidity : 
Gata; 

i e Acidity retardation factor from column tests; 

e Mass balance calculetions based upon the char- 

acteristics of the leachate permeate and 

i postcolumn test results; and 

e Soil titrations using teiling leachates. 

E 
A discussion of the methods and results of the above evaluations 

i | zollows. : 

i 3.5.1.2 Mass Balance Acidity Retardation Factor 

Mass transport models use 2 retardation factor (Ro) to calculate the lag | 

f of a chemical parameter front behind the associated ground water front 

originating et the chemical source. Mass transport models consider not | 

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

f parameter tront as well. Therefore, if a retardation factor can be - 

determined for an acid in geomedia, a mass transport model will be an | 

£ appropriete tool to calculate the time-distence of en acid-front migra- 

tion within @ geomedia (soil). By correlating acidity and pH measure- . 

i ments, predictions of the pH front movement can also be made. 

:
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f A geomedia's neutralization capacity and the seepage acidity can be used 

to estimate e retardation fector for acid similar to that discussed in 

Section 3.3 for cther chemical species. For @ particular geomedia end 

i chemical perameters, the retardation factor is defined as the ratio of 

the everage linear ground water velocity to the chemicel migration velo- 

i city. For acidity in seepage, the retardation factor cén be determined 

by dividing the weight of neutralization capacity in a unit weight of 

f geomedia by the weight of acidity in the seepage which can be present in 

that unit weight of geomecia. Tne retardation factor, R., for acidity 

f as derived in Table 3.23 1s given by: | 

tons CaCO, neutralization in geomedie (or ground water) 

| d n me/& CaCO. acidity in seepage 
e 3 / 

. wnere 

Ra = Retardation factor for acidity, | 

i p = Bulk density of the geomedia, and 

n, = Effective porosity of the geomediae. 

i when R, = 1, no neutralization capacity is present; hence, the acid and 

ground water front migrate et the same velocity within the aquifer. 

i when R. ? 1, neutralization capacity 1s present in the aquifer and the 

acid front lags behind the associated ground water front. | 

The above epproach to the calculation of the retardation factor for 

i water acidity does not consider the efficiency or rate of neutrelization | 

: reactions. When the acid neutralization reaction is slow, the acid | 

i | front will probably migrate bevond the modeled acid-front location with- 

in the aquifer. However, the slow movement of ground water allows more 

f water-sediment contact time. Additionally, complete removal of the acid 

neutralization capacity present within an aquifer (100 percent reaction 

efficiency) will occur with time assuming en indefinite source. The 

i retardation factor for acidity behind the acid front 1s equal to l. 

F | 

i 
: |
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f Table 3.24 presents the results of the above mass balance acidity reter- cs } f 

¢ation factor calculations. Compared to the other methods of site soil oe 2 

neutralization capabilities discussed below, these retardation factors ae aes 

i are high. | | | 

f Acidity is the quantitative cepacity of a water to neutralize bases. It 

1s @ measure of the hydrogen ions present es a result of dissociation or 

i hydrolysis of solutes in e@ water sample. There are three sources of 

water acidity, HT, including (é) strong mineral acids such es sulfuric 

f (HSO,) 3 (b) weak acids such es carbonic (Ho CO, ); and (c) hydrolyzing : 

salts such as iron or aluminum sulfates. : 

i The contribution of hydrogen ion, H”, to the available acidity (solution : 

titrated to pH &§.3) of pH 3 leachate only represents a small fraction, | 

i two percent, of the total evailaeble acidity. The hvdrolvsis of metal : 

ions, 1.€., aluminum, iron, and zinc are responsible for nearly all of | | 

i the available acidity (Table 3-17). The pH of the effluent from the 

columns permeated with pH 3 leachate was approximately five after ten 

i pore volumes. This increase in pH from three (influent) to five (E” = 

197? m) as leachate permeates through columns represents nearly con- | 

f plete, 99 percent, neutralization of hydrogen ion, HT. However, an 

appreciable available acidity remains in the column effluent because of : 

the Sron and zinc remeining. The available acidity for pH 3 influent | 

i permeant is 2,850 milligrems per liter calcium carbonete and the | | 

effluent from the glacial till column is 1,100 milligrams per liter | 

i calcium carbonate (Table 3-17). | 

| f Acidity mass balance calculations to determine ecidity retardation for 

correlation to pH front movement was found not to be en appropriate 

f method when reduced valence states of chemical species are present and | 

mav lead to inaccurate chémical species movement predictions. The error | 

i lies in the definition and use of the acidity term. The acidity value | 

used in the mass value calculation is termed available acidity. The . 

method of determining available acidity (Appendix D) is by titrating the . 

. 7
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f sample to pH 8.3 with no prior oxidation, i.e., this is not a total | 

acidity value. However, because of the reduced state of the ieachates 

, used in this studv, this value eiso does not represent the acidity pre- | 

sent in the leechetes aveileble for neutrelization by the soils, l.e., 

it is not an accurate indicator of pH front movement. This is because, 

i as the pH of the leachates is increased during the acidity titration, 

many of the reduced valence state chemical species oxidize and produce 

i acid. Hvydrolyzeble ions such es iron and manganese contribute more 

- gcidity in their fully ozidized valance states than their reduced 

f valance states. This is illustrated by the hydrolysis of ferrous 

(reduced valance state) iron: | 

| Fe“ + 2H,0 => Fe(OH),° + 2H7 
2 2 

enc ferric (oxidized valence state) iron: 

i Fe"? + 3H,0 => Fe(OH),° + 3H" | 
5 

i Therefore, until a solution is fully oxidized, not ell measurable acid- 

itv may be present for neutralization. Potential acidity can exist even 

i after the water hes passed through a neutralizing geomedia. Siow rates : 

of oxidation, hvdrolvsis, or dissociation reactions can prevent some , 

E sources of potential water acidity from being neutralized as fast as may 

be indicated by the mass balance neutrelization calculation method. 

f 3.5.1.3 Column Test Acidity Retardation Factors | 

| Acidity retardation factors or acidity breakthrough can often be ceter- 

[ mined from column tests. However, es with the mess balance acidity 

retardation factors discussed above, this method was not én accurate 

f indicator of pH front movement (by correlation to acidity) within the | 

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

f leachates. The evailable acidity retardation factors presented in 

Tables 3.15 end 3.24 were determined in @ manner similar to the other 

i solutes (Appendix F). However, the availeble acidity breakthrough 

f , 

i
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ge 
f curves presented in Figures 3-1 through 3-5 show no correlation to . * . re 

column effluent pH. os a 

The measured acidity values simply resulted from the breakthrough of 

hydrolyzable metals such @s iren, zine, and others. There 18 én approx- 

i imate correlation between zinc end iron ettenuation with that of avail- 

able acidity. As the normalized (C/C.) iron end zine concentrations : 

i increase with increasing pore volumes, the acidity elso increéeses, If 

the source of the acidity wes principeliv due to strong mineral acids, 

f then this method would have been 2 more appropriate predictor of pH 

front movement. 

i 3.5.1.4 Acidity Retardation bv Post-Column Test Characterizations 

i Table 3.25 presents @ summery of the postcolumn test acid neutralizetion 

capecity determinations and total acidity evaileble during the column 

tests to react with the soils. In eech column, the neutralization 

f . capacity decreased after acidic leachaetes were permeated through them. 

However, the neutrelization cepacities decreased to much lower levels 

F than predicted by the total weignt of acidity permeated through the 

columns. This reduction results in anomelous neutrelization capacities. 

i 
A possible explanation of the enomelous values may be found in the | 

f samples selected for testing. The pre end postcclumn test samples used 

for the neutralization capacity determinations were riffle split 

fractions of the bulk composite samples. Additionally, the sample used 

E to cheracterize the postcolumn test material was riffle split from the 

entire column sample. A possible heterogeneous distribution of carbon- 

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

column samples may nave caused the observed results. 

p 
This mess balance techniave was not able to predict the neutralization 

. capacity of the postcolumn test samples. It is, therefore, not con- 

sidered to be an eppropriete method to predict the pH front movement 

f through MWDF site soils. | 

i
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f 3.5.1.5 Soil Titretions 

The time-monitored pH of leachate-site soil reactions should be an 

appropriate predictor of pH front movement through the MWDF ceomedia. | 

i Figures 3-1] end 3-12 present the results of soil titrations using the 

pE 3 and pE 6 leechates, respectively. The column effluent pH results 

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

through 3-5) elso essentially represent titration results for lower 

i leachate to soil ratios. 

p For the pH 3 leachate permeant column tests (Figures 3-1] through 3-3), 

a pH of 5 was reached in the seepage at about 5 to 7.7 pore volume dis- 

i piacements through the columns and remained constant throughout the 

_ duration of the test. A break in slope on the titration curves (Figure 

3-11) also occurs at about pH 5. For the pH 6 leachate permeant column 

i tests (Figures 32-4 through 3-5), e¢ seepage pH of 6 also occurred at 

about 7.5 and 5 pore volume displacements for the glacial till and 

F stratified drift columns, respectively. =xamining the ratios of volume 

of leachate added per weignt of soil for the titration curves and column 

; test results (Table 3.26), there is reasonable agreement between the 

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

j pK 6 leachate. As discussed earlier, the differences which occur are | 

probebly the result of e heterogeneous distribution of carbonate | : 

minerals between the samples, slower reaction rates for the stratified 

i drift in the titration test, or dilution effects from the different soil 

water volumes present at the start of each test. 
é | 

: Therefore, the pore volume displacement and monitored column test pH 

f results are expected to reasonably predict the pH front movement for the 

acidic (pH 3 and 6) leachates. Chapter 4.0 eddresses the field time 

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

3-1 through 3-5 cen be directly related to field conditions. 

i 
; | 

i 
. | |
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, 3.5.2 Carbonate Minerals Distribution a. v 

i 3.5.2.1 Introduction ~ a 

Since the amount of carbonate in the soils is directly related to neu- 

tralization capacity, the distribution of cerbonate minerals over the 

i MWDF site provides en indication of the site's neutralization capacity. 

An anelvticél program was, therefore, developed and implemented to 

i characterize the spatial variability of carbonate minerals and map their 

distribution in MWDF site Aree 41 subsurface soils. The program con- 

. sisted of relating carbonate effervescence data (semiquantitative) to 

the resuits of calcium carbonate equivalent analyses (quantitative). 

; These relationships were evaluated to essess the acid neutralizing 

potentiél fer subsoil materiels beneath and eadjecent to MWDF site Area 

i 41, The eccuracy of the results was to the level of deta eveilable. : 

| 3.5.2.2 Methodology 

5 Approximately 650 samples from 27 borings completed by Colder Associates | 

(198lc and 19814) end Dames and Moore (19815) et MWDF site Area 41 were 

i initialiv examined for the carbonate minerals distribution study. The 

samples from the borings (locations shown in Figure 3-13) represent the 

£ full stratigraphic sequence of soil materials to the underlying bedrock. 

, Soil samples were tested for carbonate effervescence with dilute hydro- 

chloric acid and assigned a numerical rating besed on the observed 

i reection as follows: 

e Effervescence Value 0 - No observable reaction. 

F e =ffervescence Value 1 - Very slight reaction. 

e Effervescence Value 2 - Slight to moderate 

i reaction. 

e Effervescencé Value 3 - Strong reaction. 

Results of the cerbonate effervescence testing for 23 of the tested 

; borings are presented in Appendix H.
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f Since Borings G4l1-H¢, G41-G13, G41-H18B, end G41-K214 were used in the | 

a n~es - “ oan \ £ . ‘ : attenuation study (Figure 2-1), samples from tnese borings were tested 

i using e rating scale of 0 to 5 in conjunction with the more detailed | 

anélyses of these borings. The rating system usec for these samples and | 

results of the effervescence tests ere presented in Appendix C. 

One hundred and five semples were selected for calcium carbonate equiva- 

1 + enalvseis ba - OD review fo the ar} at fe ’ det | lent enelvsis based on a review of the carbonate effervescence data, 

boring logs and sample descriptions, cross sections, end hydrogeologic 

i date. Sample selection criteria included: | 

e Representation (approximately equel number of 
samples) of the stratified drift or upper glacial 

. till stratigraphic units. 

¢ Vertical end horizontal distribution within and 

i between borings. 

e Semple descriptions representetive of the two : 

i Stratigraphic units. 

e Revoresentation (approximately equal number of | 
samples end the full range of eflervescence 

values) for each carbonate effervescence rating 

group. | | 

P « An eppropriate number of samples ebove and below 

the water table. | 

i Semples were analyzed for percent calcium carbonate equivalent (Sobek, 

et al., 1978) bv reaction with en excess quantity of standardized acid. 

i When the reaction. was completed, the remaining acid wes titrated with | 

, standardized base; the quantity of acid consumed in reaction was cal- . 

i culeted and expressed on the basis of calcium carbonate equivelent. 

Results of the calcium carbonate equivalent analyses ere presented in 

i Appendix G. 

P The calcium carbonate equivalent date were reviewed and compared to the 

carbonate effervescence results and representative carbonate equivalent 

i ranges developed for each carbonate effervescence rating in the glecial
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i till and stratified drift units. These ranges were established on the. ce, ve 

basis of "typical" velues; extraneous data were not included in the et a! 

development of the representative ranges. Simple statistical calcu- . 2. 

i lations including median, mean, frecuency, and standard devietion were 

also employed in establishing representative calcium carbonate 

p equivelent ranges. 

i The established carbonate equivalent renges were extrapolated to the 

complete set of samples for which carbonete effervescence data were 

; available end ranges of carbonate values were assigned by stratigraphic 

unit to the borings in plan view and by semple in geologic cross 

i sections. 

3.5.2.3 Results and Discussion 

i Results of the carbonate minerals distribution study ere presented in 

Appendix G. The data show considerable variability ranging from 0.2 to | 

a more than 36 percent calcium carbonate equivalent. However, most values 

exe between 0.5 end & percent. 

Representative ranges of calcium carbonate equivalent were developed for 

i the till and drift units using the carbonate effervescence rating scele | 

of 0 to 3. The established renges follow: 

i e@ Effervescence Rating 0. Calcium carbonate equiva- 

lent ranges from 0.2 to 0.8 percent in the glacial 
till and 0.2 to 0.6 percent in the stratified 

i drift. 

@ Effervescence Rating 1. Calcium carbonate equiva- 

lent ranges from 0.4 to 3.8 percent in the glacial 
p till and 0.3 to 4.3 percent in the stratified 

| drift. 

i e Eifervescence Rating 2. Calcium carbonate equiva- 
lent ranges irom 2.8 to 8.6 percent in the glacial 
till and 3.4 to 6.2 percent in the stratified 

i drift.
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i ® Effervescence Rating 3. Calcium carbonate equiva- 

lent ranges from 5.5 to 10.3 percent in the gla- 

| cial cill end 6 to 13.1 percent in the stratified 

i Crift. 

i Samples from Borings G4éi-H?, GC41-C13, C41-HI6B, and G4l-KZ1A, as dis- 

cussed previously, were tested using @ carbonate efiervescence reting 

scale of 0 to 5. The representative celcium cerbonete equivalent values 

i for these samples without differentiating stratigraphic units are: 

e Effervescence Value 0. Calcium carbonate equiva- 

lent is less than 1.5 percent. 

7 e Effervescence Value 1. Calcium carbonate equiva- 

; lent ranges from 1.5 to 3 percent. 

e Effervescence Value 2. Calcium carbonate equiva- 

i lent ranges from 3 to 5 percent. 

® Effervescence Velue 3. Calcium carbonate equiva- 

i lent renges from 5 to 9 percent. 

| e Effervescence Values 4 and 5. Calcium carbonate 

, ecuivealent is greater than ¢ percent. : 

The apparent variable relationship which exists between the carbonate 

i effervescence results and carbonate mineral content may be due to the | 

minerelogical characteristics of the soils. Results of k-ray diffirac- , 

i tion analyses, Table 3.2 presented in Section 3.1, of the composite 

samples end the two samples with a carbonate effervescence rating of 2 

i selected from the glacial till (Sample No. 10, Boring G41-E19A) and 

stratified drift (Sample No. 22, Boring G41-Cl5) indicate that dolomite, 

2 calcium-megnesium carbonate, is the principal carbonate mineral pre- 

i sent. Dolomite typically does not effervesce when treated with cold, 

dilute hydrochloric acid. Thus, samples containing eppreciable amounts 

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

underestimation of the calcium carbonate equivalent present. 

Plan views of representative stratigraphic carbonate minerals distribu- 

i tion are presented in Figures 3-13 end 3-14 for the glacial till and
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Lee ae Lo, tae , i, oe a 
stratified drift. respectively. Additionally, calcium carbdonate equive- # T 

> e - ! ‘ e 

lent dete are plotted on cross sections in Figures 3-15 through 3-19, as a 

i well es ranges inferred from cerbonete effervescence testing. Close in- aE 

spection of these data indicates several apparent trends. These 

f include: 

e The actual quantities of carbonate minerals pres- 

ent indicate that considereble acid neutrelizing 

i potentiel (roughly 0.4 to 6.6 percent CaCO.) 1s 

present in the sediments beneath anc adjacent to. 

the MWDF site Area 41. 

i e Cerbonate mineral content eppears to be slightly 

higher in the saturated zone in comparison to the 

partially saturated zone. However, concentra- 

i tions of severel percent or more carbonates are 

also frequent above the water table. 

i e Carbonete mineral content of the glacial till is 

highest in the vicinity of the MWDF site (typi- 

cally more than several percent) and decreases to 

i the south and east. 

e Carbonate mineral content of the stratified drift 

unit is lowest in the north (less than several 

i percent) and increases to the south and west of 

the MWDF site (genereily greater than about 3 

; - -percent).
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i 4,0 EVALUATION OF ATTENUATION TEST RESULTS 

i 4,1 INTRODUCTION 

The laboratory test results set forth in Chepter 3.0 provide the basis 

E for evaluating (2) potentiel seepage rates from the MWDF and (b) chen- 

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

i ing such determinations can be very compiex involving many variables. 

Computer simulation is required to define or predict vertical and hori- 

zontei distribution of seepage end chemical parameters. Initial analy- 

i tical calculations can be made, however, to bracket the seepage amounts 

and chemical parameter distribution. 

In this chapter of the report, the analytical assessments are made to 

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

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

E bentonite/till admixture, (b) the time rate of tailing pond seepage 

| vertical movement through the underlving glacial till and horizontal 

i movement through the stratified drift to the 366 meter (1,200 foot) 

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

chemical parameters through the liner and underlying stratigraphic 

i units. 

j To conduct this analysis, the following assumptions were made: 

e A single layer for each unit. The liner, glacial 

p 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 a 

| relatively valid assumption for the liner since 

water seeping through the liner will enter the 

more permeable glacial till. Field conditions 

will place different constraints on the glacial 

j till and stratified drift and will, in general, 

decrease the velocity of seepage compared to that 

assumed herein. 

i e Complete saturation in each unit. The laboratory 

work was done with saturated samples. For this 

| assessment, consistency between laboratory and 

analytical assessments is required. However,
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i field conditions will show a partially saturated oe oo 

till beneath the MWDF site. Pertially seturated ce 

permeability is enticipated to be less than the sR ces 
assumed saturated permeebiiitv. Thus the enaly- ~ 2 F 

sis discussed is conservative (i.e., has larger 
| seepage cuentities end fester chemical species 

i movement then will actually occur). 

« Constant Heed On Liner. A constant head of aep- 
proximately 0.2 meters of water on top of the 

i liner is essumed. The water level on the liner 
during operetions should be near zero due to the 
underéraéin svstem. After operations end reclam- 

| ation, when pumping in the undeérdrain ceases, 

free water will accumulate on the liner. The 
underdrain is 0.46 meters thick (Golder, 1982a). 
An assumption of 0.2 meters of water ebove the 

i liner eppears reasonable. 

e Similar Soil Meterial in Leboratoryv and Field. 
i The compositing of MWDF site soil samples and 

resulting effort to make these samples represen- 
tative indicete thet this assumption should be 
reasonably valid. Field soil (liner, till, and 

| drift) permeabilities were assumed to be equal to 
thet determined in this study. 

4.2 FLOW RATE DETERMINATIONS 

i Since the bentonite/till admixture liner materiel was tested at constant 

water head (Appendix F), flow rates were determined using é@ constant 

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

i glacial till end the stratified drift used a constant water flow rate 

5 method of analvsis. 

&.2.,1 Eveluaetion of Constant Head Flow Tests 7 

f A method for evaluation of constant water head flow rete is discussed in 

detail by Heji-Djafari and Wright (1982). In this eveluation, a field 

i time scale is calculated based on laboratory dete and field conditions. 

This scale is used to canvert laboratory pore volume displacement to 

i field equivalent time, which relates field time required for the concen- 

“ration of @ monitored chemical parameter to reach measured concentra- 

, tions at the pore volume displecements on Figures 3-1 and 3-6. The



i method is used to estimate flow rates through the liner in this section 

and chemical parameter migration in Section 4.3. 

The equation for calculating the field time simulated by 2 constant 

i water head flow rate test is derived es follows: 

i Qe = O¢ & (ic/i,) 

C- = t. x fe 
i f S £ 

i therefore 

tC. = (Le/Le ) at (i, /iz) a (1/PV_) (1) f rik Ling C 

where | 

i K = permeability (L/t), 

Qe = peymeant eiiluent tlow rate from the laboratory sample 

; (L?/e), ) 
2 

| A, = laboratory sample surface area (L"), | 

E i, = leboratory hydraulic gradient (L/L), 

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

a — poms 4 a + 3 2 i Q- = field seepage rate per unit area CL-/L*t), 
~ - . 37,2 

| Q, = laboratory effluent (flow) rate per unit area (L°/L*t), 

PV, = Average pore volume flow ratio per unit time (L3/L3e), 

; tp = laboratory time (t), | 

te = corresponding field time (t), 

i . t. = time scale for converting leboratory time to correspond- 

ing field time (dimensionless), 

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

i Lp, = length of laboratory sample (L). 

i The parameters specific to this assessment of water flow through the 

liner and appropriate laboratory tests are: :
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i 
SOURCE/ a 

PARAMETER VALUE DEFINITION = . * 7 & 

f Le 0.15 meters Liner Thickness | oo 

Lo O.116 meters Appendix F, Table F.1l 

E ; 30 meters _ nas 
Lo a 28 Sample Gredient 

“x QO.116 meters 

i Le 0.20 (heed on liner) + 0.15 (liner thickness) 
i a 

O.15 (liner thickness) 

f = 2.35 Fieid Gradient 

PV. 0.71 Table 3.14 

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

E follows: 

i | te = (0.15/0.1163) x (258/2.33) x (1/0.71) = 201 weeks 

This implies thet it will take 201 weeks in the field to pass one pore 

i volume of weter through é¢ 0.15 meter thick saturated four percent 

bentonite/till admixture liner with @ hydraulic gradient of 2.53 and 

i permeability identical to the laboratory sample. Therefore, each pore 

Oo volume on Figures 3-1 and 3-6 represent 201 weeks (3.9 years) of antici- 

i pated field time. Thus, approximately 50 vears (13 pore volumes x 3.9 

vears) of field time was simuleted for the four percent bentonite/till 

F edmixture columns during the laboratory study. Similar calculations can 

be made for other various liner thicknesses and field hydraulic 

f gradients. 

4.2.2 Eveluation of Constant Flow Tests pVesuar ion CF VOterehh seeeeee 

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

constant water flow rate column tests of the glecial till end stratified 

i drift. The equation for calculating the field time simulated when field 

Flow rates are known is derived as follows:
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Cc = Le/Ve = (Le x An)/Q- 
a a a 2 a a 

T 7 os - om Ty / = 7 | 
i te = Le / Ve = (Le x Ay D/ Qs = TV/Q, = 1/PV, 

Qe = PV. x PV 
. L 

ct. = (Le x A2)/O2 x (PV. x PY) /TV 
, S L L L c 

f therefore 

te = (Le x Ag x PV)/C(TV x Q2) (2) 
i £ L f 

where 

i A- = field surface area (L2), 
oa 

V- = field velocity (L/t), 

i | V, = leboratory velocity (L/t), 
ny 

~ 4 Lae 2 

QO, = field flow rate (L7/t), 
4 

i TV = total volume of laboratory sample (L?), | | 

. 3 a 
PY = pore volume of laboratory sample (L~), and 

f Other terms defined in derivation of Equation (1). : 

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

; calculating the field time simulated by a constant water flow rate test 

is derived as follows: — 

tr = L-/(R x ic) x (PV. x PV)/TV 
S x i c 

. therefore | 

tp, = L-/(K x ig) x (PV/TV) (3) 
f f I f 

where terms are defined in the derivation of Equations (1) and (2). 

The appropriate parameters for field soil conditions beneath the MWDF | 

i | are: |



F e Totel bottom erea of tailing ponds - 53.45 aE , v 

necteare (Golder, 19824). ce oS 

f e Representative depth of glacial till from bottom . oO. 

or MWDF to top of stratified drift - approxi- 
mately 33 meters (Figure 2-4). | 

: *e Totel steadv-state weter flow rate from bottom of 

MWEF at post-reclamation is expected to be in the 

range of: 

i - 647 cubic meters per week, to 
an . ‘ ~ - 1, / : \ -~ 2,637 cubic meters per week (Golder, 1¢82c). 

i e Horizontal distance (length) to compliance bound- 
ary from outside edge of MWDF - 365.8 meters 

(1,200 feet). 

E - @ Approximate hvdraulic gradient in the stratified 
érift 0.006 (Golder, 1982b). 

E ne rc = 47 y~ leave ANA er 7 1, tata £ Hh le ial ill 5 

The necessary pore volume and totei volume data for the gleciel till and 

beats o4 adrift t - Voy c as “Yr t = so T Kw 2 Th rs bene se SceTeaeTLILed rizt test columns ere presencec in 1adL€ S.14, ine Stree. 

fied 4aérié evsilitv cate are presented in Teb} 229i Filed cGriit permeadlilty cata are presented in .adle 3.241. 

f Using the above date, experimental parameters from glacial till Column 

T-1, and Equation (2), field time is calculated for two potential 

j steady-state MWDF seepage conditions as follows: 

e Low seepage rate — 

i 
_ 2° a 2 7 5 -4 g C22 7} -h 

te = (33 x 5.345 ~ 107 x 1.412 x 10 )/(€5.533 x 10 x 647) 

= 6,957 weeks 

i e@ High seepage rate - , 

f te = 4.5 x 10°/2,637 = 1,707 weeks 

These calculations indicate that it will take between 1,707 to 6,957 

E weeks (32.8 to 133.8 vears) in the field to pass one pore volume through 

2 33 meter thick saturated glecial till for the enticipeted combined 

E MWDF tailing ponds steadyv-stete (post-reclamation) seepage rates. Time 

spread reflects predicted range of precipitetion infiltration rates (2.9 

i to &.6 cm per vear) into sealed teiling ponds. Each pore volume on
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f Figure 3-2 represents between 32.8 and 133.8 veers of anticipated field , 

time for saturated till percoletion to the drift. Thus, for glacial 

till permeated with pE 3, 6, or 9 leachate (physical dimensions of the | 

i clacial till columns were similar), approximately 600 to 2,400 veers of | 

field time was simuleted during the laboratory study. | 

: . 
The above calculations assume saturated conditions. 4s shown in Figure 

i 0-4, approximetelyv 12 to 15 meters of partially saturated glacial till 

will be present beneath the MWDF. Therefore, these time estimates ere 

f considered conservative. Similar calculations can be made for other 

MWDF seepage rates and glaciel till thicknesses. 

i | The field time simulated bv each pore volume passed through the strati- . 

fied drift Column J-l is calculated using Equation (3) and the above 

£ date. The calculation is: 

te = (365.8 x 2,062 x 1077) / (7.86 (m/wk) x 0.006 x 6.111 x 1074) 
; = 2,617 weeks 

f This implies thet it will teke 2,617 weeks (50.3 veers) in the field 

to hydraulically move one pore volume of water through @ unit erea of | 

§ che saturated stratified drift from the outside edge of the MWDF to the 

| 366 meter (1,200 foot) compiience boundary. The time scale would be . 

larger if calculated from the center or inside edge of the MWDF to the 

i compliance boundary. Each pore volume on Figure 3-3 conservatively 

represents epproximately 50 vears of anticipated field time. For the 

i stratified drift permeated with the pH 3, 6, or 9 leachate (physical © | 

dimensions of the stratified drift columns were similar), approximately 

i 630 vears of field time wes simulated during the laboratory study. 

Similar celculations can be made for other stratified drift hydraulic 

f eradients and lengths. 

4,3 ESTIMATION OF CHEMICAL PARAMETERS TRANSPORT 

i : Based on the representative field soil conditions discussed above, the | 

: field time scales for the various soll units ere es follows: | 
[ . 

i 
i |



FIELD TIME SCALE ae. Pr. 

SOIL UNIT (Years/Unit Pore Volume) or 

Four percent bentonite/ 4 ~ - 

i till admixture liner © 

Glacial Till 33 - 134 

f Stratified drift 50 

i TOTALS &/ to 188 | 

i To displace one pore volume of water through the MWDF liner, down 

through 33 meters of glacial till and horizontally outward 366 meters 

i (1,200 feet) in the stratified drift to the compliance boundary will | 

require approximately 8/ to 188 years. 

i Table 4.1 has been prepared to show the approximate time for chemical | 

| parameters with known retardation factors to migrate through the various 

E individual and combined stratigraphic units to a level of half their 

source concentration. Chemical species with retardation factors of five 

B or above will require about 950 years or more for their concentration at 

the 366 meter (1,200 foot) compliance boundary to equal half of their 

f 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 

i rates. . 

4A review of the retardation factors for the chemical parameters on | 

f Tables 3.15 through 3.20 indicate that all but the following chemical 

parameters have values of about five or above: 

E e Chloride . 
e Sulfate | 

e Total Sulfur 

5 ¢ Specific Conductance/TDS 

° Manganese (lower pH leachates) | 

5 «6 Zinc (pH 3 leachate)
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i analysis only estimates the upper limit concentrations of the chemical | 

| parameters and is thus conservetive. Computer simulation would be re- 

quired to more accuretely predict time variations in seepage | 

i concentrations. 

i The above anelvsis, along with potential dilution calculations, can 

be used to identify the important chemical parameters to consider in 

i further eveluations and eliminate those where further analyses ere not | 

recuired. Table 4.2 presents the spiked leachate chemistry, dilution 

; ratio required before the 366 meter (1,200 feet) compliance boundary to 

achieve U.S. EPA drinking water standards (assumes zero concentration in 

existing ground water), and attenuation date for the glacial till (the 

i soil unit exhibiting the greatest retardation to chemical transport). 

From this table, it is evident, for the pi 9 spiked leachate, thet if 4 

, chemical parameter will be diluted by less than a factor of 9 before 

reaching the 366 meter (1,200 foot) compliance boundery, then sulfate, 

i which migrates at essentially the same velocity es the seepage water 

(Ra=1), is the most appropriate parameter for use in predicting poten- 

; tiel ground weter effects. The other chemicel perameters which heave 

higher required dilution ratios also have higher retardation factors and 

i will be attenueted eppreciably more than sulfate. The selection of the 

final parameters for use in any study, must, however, also consider the . 

actual source concentretion and its varietion over time, 1.e., will the 

i actual concentration diminish, remain constent, or increése over time in 

the MWDF leachates. 

i 

i 

i 
E 

i 

a
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f 5.Q CONCLUSIONS ne 

i The study performed by D'Appolonia for Exxon Minerals Company to deter- ~ 

mine the ettenuetion charecteristics cf @ potential liner and underlying 

solls of the MwDF site Area 41 for various tailing leaechates was a com- 

i prehensive study anc meets tne recuirements of the Wisconsin Administra- 

tive Code, NR 1&2.075. Preceding chapters have discussed in detail the 

i study design, leboratory end enalvticel methods, study results, end 

pertinent interpretive discussions relative to the Crandon Project MWDF 

i site. Based on the work performed for this study, the following conclu- 

sions are evident: | 

; e The soil samples used in the attenuation test ere 

considered representetive of the soil types which 
will exist beneath the MWDF site and also used in 
1ts construction. Therefore, the results of this 

study can be used to evaluate the fate of solutes | 

from MWDF seepege. 

i e Both the designed (alkeline) and conservative 
"worst-case (ecidic) tailing leachates pH and 

= chemistry range in the MWDF tailing ponds were 
i used to determine MWDF site soil and liner 

chemical attenuation cheracteristics. 

e Most of the chemical species determined for the 

alkeline leachate will only require minor dilu- 

tion ratios to have concentrations equal to U.S. 
EPA Drinking water Standerds at the 366 meter 

i (1,200 feet) compliance boundary. , 

e Chloride, sulfete, total sulfur, end filterable 

i residue (TDS) could migrate at the same velocity 
as the MWDF weter seepage front. Dilution and 
dispersion will be the major factors limiting 

i their concentration in the MWDF seepage. 

e The MWDF site soils have a substantial attenua- 
tion capacity for the other chemical species 
tested. This attenuation capacity generally 

increases with increasing seepage pH. 

; e There was agreement between the betch and column 

attenuation test results of this studv. In addi- 

tion, there wes an agreement between duplicate 

i batch or column tests.
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i e The MWDF site soils heave a very large acid 

neutralization capacity. The distribution of 

| carbonate minerals (principeliy dolomite) in the 

MWDF site Area 41 soil is somewhat variable both | 

i vertically and horizontelly (leterally). How- 

ever, considering the overall level of ecid- 

neutralizing minerels present, there is a high 

F capacity for acid neutralizetion for all direc~ 

tions of possible seepage flow from the MWDF. 

Therefore, acid-front movement through the soils 

i underlying the MWDF will be very slow, on the 

order of hundreds of veers for even the “worst | 

| case'’ scenario MWDF seepege conditions (i.e., pH 

i 3 leachate) evaluated in this study. 

e Due to the high ecid neutrelization capacity of 

the MWDF site soils, those heavy metals in the 

i MWDF seepage controlled by acid neutralization 

(i.e., attenuation increased with increasing pH) 

will be substantially attenuated by the site 

i soils. 

: e In relation to enticipated MWDF site conditions, 

the field time simulated in the laboratory column 

i | studies for water migration was epproximately 50 

: years for a four percent bentonite/till liner 

meterial, 600 to 2,400 years for the underlying | 

i csiacial till, end 630 years for the stratified 

drift. | 

i e 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- 

i plience boundary et half their source concentra- 

| rion, assuming their source concentration does 

not diminish and no dilution or dispersion occurs 

i in the ground water. Therefore, ettenuation of , 

heavy metals in MWDF seepage by the MWDF site 

| soils will offer substantial protection to the 

i site ground water resources. 

e No changes to the permeability of the proposed 

MDF bentonite/till admixture liner or soils 

i underlying the MWDF are expected due to potential 

reactions with MWDF seepage.



. : - a * 

f In addition to the above conclusions, the results of this study supply. CS. 

the necessary attenuation data for use in any further evaluation of ed OS! 

potential hydrological and geochemical effects of the MWDF, and for . oo 

i selecting those parameters which may be of interest. 

Respectfully submitteg, 

i VI i iw, Fifi Po | : {Pf if i / 

ef fli a | J i { f 

AAW 
Nl 5 i Michael J. Taylor 

Vice President/Project Manager 

fi 8 
{/ ‘ “_ BALLS 

John C. Wright, Jr. Lo 

i Project Scientist 

MIT:JCW:rmv 
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. sO TABLE 3.1 

GRAIN-SIZE DESTRIBUTION OF COMPOSITE SAMPLES, 

oe onter (2) . 
GRATIN-SIZE DISTRIBUTION 

(2) 
epi ( 1 ) ne ee a ee ne en ER a a ee cee pee cr Ee ne me ae ma a ee mmm nna at cram are annmernnaas am oe mame ees tunes mem seme ae remime ts aces memes oe ceaaeamas meig eames a ae ames GA Se Sanna SS AN A 

SOTT. SAMELE . . . . ; scans UND LFFERENTIATED 
COARSE GRAVEL FINE GRAVEL, COARSE SAND MEDTUM SAND FINE SAND SILT AND CLAY SILT CLAY 

‘ (76.2-19.05 mm) (19.05-4.75 mm) (4.75-2.0 mn) (2.90-0.425 mm) (90.425-0.075 mm) (<0 075 min) (0.075-0.002 mm) (<9.002 mm) 
; 0.075 m 

Glactal TH1I] (Comporntte No. 1) 

Bulk Ti.l 23.8 3.7 15.90 32.3 14.1 10.2 3.9 

Minus No. 4 Steve Materfal - - 5.7 23.0 49.6 21.7 15.7 6.0 | 

Stratiffed Drift (Composite No. 2) 

Bulk 0.9 A.7 a) 29.1 51.5 9.3 7.5 1.8 

Minua No. 4 Steve Matertal - _ 2./ 31.5 55.7 10.1 | 2.0 

A% Bentontte/TLElL Admixtare 

| Bulk 1.3 20.4 §.7 23.5 24.8 20.3 14.9 5.4 

Minus No. 4 Steve Matertal - - 11.2 30.4 32.1 26.3 19.3 7.0 

CM) so Appendix C for composttion of composite sampler. 

(2) astm D 422-63(72). See Appendix C for grain-aize distribulf{on curves. Many of the aainples, enpectially tilis, had gravel Inafde the samples, which were not vistble during 

the infttal inspection of the aggregated samples. This renulted tn composites with sfpal€icantly more gravel than the Index testa (Appendix C) would have predicted, 

, ai ' . 

rey a " 4h 

he y “¢ 

/ dhe Sp.



| TABLE 3.2 

BULK MINERALOGY OF PRE AND POSTCOLUMN TEST COMPOSITE AND OTHER SITE SANPLESC? 

MINERALS PRESENT (2) 

SoTL i en 
SAMPLES 2) - - (3) ve - 

QUARTZ FELDSPAR  AMPUTBOLE DOLOMT TE CALC UTE GYPSUM MIXED LAYER CLAYS SMECTITE CHLORTTE MICA KAOLINITE 

3Glactal THLE 
Composite No. | . 

Precolumn Tent 55-60 15 5 5 tro) ~©) TR - 5 5 5-10 

Portcolumn Test--pll 55-60 10-15 5 <5 TR 5 TR - 5 5 5 

3 Permeant 

. Postcolumn Test——pll 55-60 15 5 5 TR - TR _ TR 5 5 

9 Permeant . 

Boring GAI-EIL9A 

Sample No. 10 55-60 15 TR 10 TR - - - 5 TR 5 

Strat tlted Or ttt 
Composite No. 2 55-60 15 19 5 TR ~ TR - 5 5 5 

(Precolumn Test) 

Boring GAI-CL5 55-60 15 10 5-10 TR ~ TR ~ 5 5 5 | 

Sample No. 22 

4% Bentonite/TALL Admixture 
Precolumn Teast 45-50 i) 5 5 TR ~ 5 5 5 5 5 

Poatcolumn Test 45-50 15 5-10 <5 TR C5 TR So) LO 5 5 

pli 3 Permeant 

. Postcolumn Teat 45-50 1N-15 5 5 TR - TR €5 [0 5 5 

pl 9 Permeant 

l 
( ) comiquantitative X-ray diffraction analyses were performed on randomly orlented powder mounts of the soil samplea in accordance with the procedures 

of Wutchison (1974) and Wong (1977). A Rigaku Gelgerflex X-ray diffractometer equipped wlth a graphite crystal monochromator ustiog Cu Ka radlation 

was used.to obtain X-ray diffraction patterns. X-ray diffraction peak intensf{tlesa were used to determine relative percentages of mineral phases 

present, Bulk mineralogy impllea no aample pretreatment. 

2 . . 
( See Appendix C for composition of composite samples. 

(3) 
Irrepgularly tnterstratt£led chlorite and vermicullte. | 

(4 

appr indicates trace. 

OD... 
-" j{ndicates phases not detected, 

.



TABLE 3.3 

CLAY MINERALOGY OF PRE AND POSTCOLUMN TEST SANPLEs‘!) 

- SO MINERALS PRESENT IN THE <0.002 mm FRACTION (%) 
7 SAMP ef 2) ee ee ee ete EUR > enue ne ec ce eee 

= . QUARTZ FELDSPAR  ANPHTBOLE = MIXED LAYER CLAYS SMECTITE  CHLORITE MICA — KAOLINITE 

Glachal TATA 
Composite No. I 

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

| d 

Postcolumn Test--ph 40-45 15 5 tr) ©) 10 15 15 
3 Permeant 

Poatcolumn Test-—pil 40-45 15 9 TR - 5 LO 15 

9 Permeant 

Stratified Dritt 
Compoatte No. 2 50-55 15 5 5 TR 5 10 10 

(Precolumn Test) 

4% Bentonite/TILh Admixture | 

Precolumn Test 45-50 15 5 5 5-10 5 5 10 

Postcolumn Test 45-50 15 5 TR 5 10 LO 10 

| pH 3 Permeant | 

Ponatcolumn Test 45-50 L5 5 TR <5 9 10 10 

pl 9 Permeant 

(1) | 
Semiquantitative 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 orflented clay mounts was In accordance with the procedures of Drever (1973). A Rigaku 

Gelgerflex X-ray diffractometer equipped with a graphite crystal monochromator using Cu Ko radiation was used to obtain | 

‘X-ray diffraction patterns. X-ray diffraction peak L[ntensities were used to determine relative percentages of the clay 

mineral phases present in the «0.002 mm soll fraction. | 

(2) \ 
See Appendix C for composition of composite samples. . ' 

_ (3) 
| Irregularly interstratiffed chlorite and vermiculite. - 

(4) 
| 

“TR” indicates trace. hay oo 

(5 
: Se 

a indicates phase not detected. a 
| Nite ( } * 

. 
fo | y y 
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TABLE 3.4 

RESULTS OF GHARAGTERIZATION ANALYSES 
OF COMPOSITE SAMeLES() : 

. NEV LUZAT EXCHANGEABLE CATIONS(5 CATION N TON ia UTRA LoapEON E NGE CATIONS(5) AT TON ANTON ORGANS 

SOIL REACTION CAPACITY EXCHANGE EXCHANGE wagren(?) 

: sampte(2) eo) (% Cacoy HYDROGEN CALGLUM MAGNESIUM POTASS LUM SOD LUM cavacrty©) — capacity(6) ~ 

P Equivalent) (meq/100g) — (meq/100R) — (meq/100%) = (meq/100R) — (meq/100R) — (meq/ 1008) (meq/ 1002) ° 

Glacial Till 9.15 2.3 <o.l 4.2 3.0 <o.1 0.2 7.4 1.7 0.31 

(Composite No. L) . 

Stratified Drilt ; 

(Composite No. 2) 9.80 1.6 <o.d ‘ 2.6 1.4 <o.1 Ge 4.2 1.6 0.22 

4% Bentonite/Tilt 8.75 0.7 <o.1 3.4 0.9 0.1 0.4 4.7 iS x 0.96 

Admixture 

j High Carbonate -(8) 12 - - = - = = = 2 

E€fervescence 

Glacial Till 
/ 

(Composite No. 3) 

(Ocharacterization analyses performed only on sample Craction less than 4.75 millimeters (minus No. 4 sieve material ~ coarse sand and below). 

(Deco Appendix © for composition of composite samples. 

Don of a lil soil to distilled water mixture at 25°C (Sobek, et al., 1978). 

. (Onc treatment - NaOl titration in accordance with Sobek, et al. (1978). Average of duplicate determinations. In addition, the gravel fraction 

(plus No. 4 sieve) of each composite sample was tested for carbonate effervescence (Sobek, et al., 1978). These results follow: 

- Composite No. | had a typical carbonate effervescence numeric rating of 2 (estimated neutralization capacity of 3 to 5% CaCOz equivalent). 

- Composite No. 2 had a typical carbonate effervescence numeric rating of O (estimated neutralization capacity of <1.5% Caco, equivalent). 

~ Till used in the 4% bentonite/till admixture had a typical carbonate effervescence numeric rating of L (estimated neutralization capacity of 

1.5 to 3% CaCO equivalent). 

(5) aisern'd iim acetate extraction at pil 7.0 in accordance with Black, ed. (1965). Analytical determinations in accordance with the U.S. EPA (1979). 

No exchangeable acidity is present by definition for 1:1 reaction pli's above 7.0 (Sobek, et al., 1978). 

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

(19a). 

M potaasiun dichromate oxidation (Modified WalkLey Method) in accordance with Richards, ed. (1954). 

(Buu indicates not determined. 

\ ee : 
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i . TABLE 3.5 

SUMMARY OF pH 2 LEACHED, SPIKED, TARGET, AND PREDICTED : 
MDF TAILINGS LEACHATE CHEMISTRY AND 

a U.S. EPA DRINKING WATER STANDARDS 

. SPIRED TAILINGS LeaceaTe (2) SPIKED LEACHATE PREDICTED HDF U.S. EPA PRIMARY AND 
i PARAMETER vxits ae Beacuen’ | (abebeee Repussincssive Naive) “TARGET Gas SEEPACE. a SECONDARY DRINEISG 

topes = 986 fe concentRaTion’>) — composition’4) — waTER STaNDARDS!>? 

3E ph unite 2.02 3.0 5.75 2.0 - 9.48 6.5 - 8.5 
i En ey +475 =s8e +206 4276 - - 7 

Specific Conductance umhos/ex 25°C 5,260 &.79¢ 7,240 5,690 - - - 
Filteredle hesidue ng/t 3,120 5.710 $140 3,430 - 2,660 500 
Available Acidity ng/t Caco, 5,550 4,260 980 0 - 2 2 

| Rot aciéicy ng/t CeCO; 6,150 4,920 1,990 0 - - - 
Alkeliadty ag/i CaC0, © 6 5 40 - 33.2 - 

chiorice ng/E 65 a 310 3uc 50 12.1 250 
Flvoriée ng/t 0.09 0.23 2.3 7.6 2 4.05 La = 2.0 
Nitrate ag/t N v 1 6.6 a3 } 1s 10.6 
Sulfere’ ne/t 2,800 6,000 3,400 2,300 1,500 1.540 250 
Thiosulfete ag /£ 18 ou 530 510 soo’) ba 4 

Total Sulfer ng/t SO 4,500 9.100 6.600 4,200 - - - 
Cyeniée ng/i 0.1 O.1 0.1 6.2 0.25 0.047% - 
Dissoived Metale: (7) 

Aluednur ne/t a 10 0.5 0.5 - 2.02 - 
Arsenic ne/t ig 6.8 6.86 0.98 2 0.03 0.05 
Beriue ng/i 0.03 6:2 0.03 Oa - 0.6102 1.0 
Caéeium g/t Le 2.3 0.83 0.41 ) 6.0127 0.03 
celeiun ng/t 450 555 570 660 - 470 - 
Chronius ng/t tel 2.6 0.06 0.2 0.8 0.0406 0.08 
Copper ng /E 120 130 45 ae 10 0.0162 1.0 
iron: 

Ferrous ng/E - - - - - 13.5 - 
Totel me /i 1,200 1,656 730 1.6 50% 8? 13.66 0.3 

Leac mg /t 1.6 4.0 6.22 0.08 2 0.0650 0.05 

Magnesiur ng/i 190 266 225 1s 50 8.13 - 
Manganese mg/h 26 4g 43 o.8 5 0.02464 0.05 . 

Mercury ng/t 0.056 0.007 0.018 0.150 0. 0.000123 0.002 
Potassiun ne/t 6.0 62 n 66 30 i708 - 
Selenius g/t 6.006 0.07 0.10 0.21 1 0.256 0.03 

Silicon ne /t 190 290 45 4 - 2551 - 
Silver ag/t <0.003 9.001 0.033 0.19 0.2 0.00922 0.05 
Sodiur ng/t v 550 650 770 270 55) - 
Zine ng/t 490 550 200 0.66 20 0.0406 5.0 

CO iss ariee retlings lesched at 1:4 tetlings to pl 2.0 sulfuric aci€ solution, See Appendix D for leaching details and leachate anslytical 
methodology. 

i 2) ccenteaetene Ghee REE The NghWEE fer Khe Weer FEprEvENcaRte Wangs OE LeveNate euNINEEe., + Concentrartene wAEARELeANEIy: abovEcthE Tange OF 
anzlyticel resuits for the various leachates are not shown. Composition ranges for the leechates are presented ir Tebles 2.6 through 2.8. 

concentration of spectes added to the tailings leachates (Appendix D). 
i op usesid anslyese No. 9€; Computer Run 103. 

yg. spa (1975), 40 CFR, Pert 141 and U.S. EPA (1978), 40 CFR, Part 143. 
(8) oe 3 leachate wee spiked with $00 nilligrame per liter tetrathtonste (S,0,72) in place of thiosulfate (Appendix D). 
Oe eeing 2 0.45 un membrane filter. 

8 (Ox. tron added to pa 9 leachate.



f TABLE 3.6 

RESULTS OF pH 3 LEACHATE ANALYSIS 1) oe , 

f PEASE I LEACHATE PHASE II LEACHATE ae ok 
PARAMETER UNITS a ae AS 

i 10/26/81 2/16/82 2/16/82 4/12/82 ; 

Temperature ~C 23.4 22.2 21.4 24.2 

pH pH units 3.00 2.98 3.07 2.65 

i Eh mV +586 +387 +609 +587 

Specific Conductance Umhos/em © 25°C 5,790 ~ €,160 7,550 7,320 

, Filterable Residue me /£ 5,710 5,280 4,820 5,140 

Aveilable Acidity me /* CaCO. 4,260 3,210 2,950 2,850 

Hot Acidity | mg/£ CaCO, 4,810 4.920 4,750 4,650 

; Alkalinity mg/£ CaCO. 0 0 0 0 

Chloride mg /£ 62 71 67 120 

i Fluoride me /£ 0.18 0.23 2.4 0.09 

| Nitrate me/k N 18 14 14 10 

Sulfate me /£ 6000 5,100 5,700 5400 
i Thiosulfate me /£ o4 50 42 76 

Totel Sulfur mg /£ SO, E,200 8,100 ¢ 100 & , 900 

i | Cyanide mg /£ <O.1 <O.]1 <O.1 <O.1 

Dissolved Metals; 4) 

Aluminum mg /f 69 65 70 33 

f Arsenic mg /£ 6.8 5.1 2.9 3.8 

Barium | mg/L 0.2 <0.01 <0.01 £0.01 
i : Cadmium mg /£ 2.3 1,2 z2.0 2.2 

, Calcium me /é 425 455 S85 500 
, Chromium mg /£ 2.6 2.6 2.1 1.8 

i Copper me /£ 110 130 110 120 | 
| Iron mg /£ 1,360 1,456 210 940 

a Lead me /£ 2.0 <0.01 4.0 0.04 

Megnesium mg /f 235 240 210 215 | 

Manganese mg /£ 49 30 30 23 

i Mercury mg /£ 0.0022 <0.005 <0 .005 0.007 

Potassium me /% 15 50 60 62 : | 

i Selenium mg /£ 0.07 <0.001 0.020 0.005 | 

Silicon "  me/f 170 290 285 130 

Silver : me /£ <0 .001 0.001 <0.001 <0 .001 

i Sodium mg /£ 550 550 £95 525 

Zine mg /f 520 550 450 ~ 430 

i (1) pe ferenced anaivtical methods presented in Appendix D. 

f (2) anelysis of samples filtered through an 0.45 um membrane filter. 7



i TABLE 3.7 | 

| RESULTS OF pH 6 LEACHATE aNaLysis{!) 

f , PHASE [I LEACHATE PHASE II LEACHATE 

PARAMETIR UNITS OO To 

10/26/81 2/16/82 2/16/82 4/12/82 

i Temperature “C 23.4 22.4 21.6 24,2 

DE -- 5.75 5.22 5.82 5.61 

, Eh — nV +246 +336 +475 +487 
Specific Conductance umhos/em € 25°C 7,240 6,750 6,440 5,790 

; Filterable Residue mg/L 5,140 4360 4,140 4,260 

Availeble Acidity mg/& CaCO, $30 280 840 750. 

Hot Acidity mg/% CaCO, 1,290 1,860 1,740 1,340 

. Alkalinity mg/&£ CaCO, 5 5 5 -(2) 

Chloride  me/k 310 280 280 240 

i Fluoride mg /£ 2.3 2.3 1.3 1.3 

_ Nitrate mg/£ N 6.6 . &,9 4.9 4.) 

Sulfate me /£ 3,200 3,000 3,400 3,100 

i Thiosul fate mg/£ 450 490 490 530 

Totel Sulfur mg /£ SO), 6,000 6,400 6,600 6,100 

i Cyanide mg /£ 0.1 <O.1 <O.] <O.1 

Dissolved Metals: 62? 

Aluminum mg /£ 0.2 0.3 0.5 <O.1 

j Arsenic mg/£ 0.3 0.02 0.52 0.84 | 

Barium me/f <O.1 0.03 <0 .01 <0 .01 

i Cadmium mg /2 0.10 <O.01 0.83 0.50 , 

Calcium mg /£ 570 505 555 500 | 

Chromium me/k 0.002. 0.009 0.004 0.06 

i Copper mg /f : 0.14 <0.01 4.5 0.10 

| Iron mg/£ 730 610 410 410 

i Lead me/£ <0.01 £0.01 0.22 0.04 

Magnesium mg /k 220 225 195 205 

| Manganese mg /£ 43 28 27 20 

fe Mercury me /£ <0.0005 <0.005 0.019 0.009 

Potassium meg /£ 21 62 60 71 

f Selenium mg /f£ 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 me /£ 615 600 595 650 

Zinc me/é 140 140 200 180° 

i (1) pe ferenced analytical methods presented in Appendix D. 

(2) unin indicetes no analysis performed. 

5 (3) analysis of samples filtered through an 0.45 um membrane filter.



TABLE 3.68 7 

f RESULTS OF pH @ LEACHATE aNaLysis(2) 

, | PHASE I LEACHATE PHASE II LEACHATE: nan - i 
PARAMETER UNITS OS OE 

| 10/26/81 2/16/82 2/16/82 4/12/82 as eo 
ee 

n #5 

f Tempereture C 23.4 22.4 21.6 24,2 | 

pE -~ ¢.05 &.83 §.62 8.79 

f Eh mV +276 +308 +487 +506 

Specific Conductance umhnos/em € 25°C 5,690 £4,960 5,360 4,470 

Filterable Residue mg /% 3,190 2,990 3,430 3,210 

f Aveilable Acidity mg/£ CaCO, 0 0 0 0 

Hot Acidity mg/& CaCO. 0 0 0 0 

f Alkalinity mg/& CaCO, 30 20 40 35 

Chloride mg /£ 340 320 340 310 

| Fluoride mg /& 7.6 6.8 2.3 1.9 

i Nitrate me/&£ XN 0.6 rg 62), 2.2 2.3 

Sulfate mg /£ 2,200 2,300 2,000 2,100 

i Thiosulfate mg/L 510 500 490 440 

Total Sulfur mg/£ SO, 3,800 3,900 4,200 3,800 

Cyanide me /£ C.2 <O.1 <O.1 <O.1 | 

i Dissolved Metais: >? 

Aluminum mg /£ <O.1 0.5 0.4 <O.1 

/ Arsenic mg /£ 0.01 0.275 0.015 0.009 

Barlum meg /£ 0.4 0.07 <0.01 <0 .01 : 

Cadmium | mg /£ 0.27 0.17 0.31 0.41 

i Calcium ome /k 660 645 575 575 

Chromium mg /f . 0.04 0.2 0.12 0.02 

i Copper me /2 5.4 7.7 6.8 & 4 

[ron me /f 0.4 1.2 0.4 1.6 

Lead mg /f 0.01 0.08 <0.01 £0.01 

i Magnesium mg /£ 66 86 140 145 

Manganese ng /f 0.70 0.90 3.4 0.73 

f Mercury mg/t 0.150 0.078 0.076 0.066 

Potassium me /£ 20 120 65 66 

Selenium mg /£ 0.05 0.21 0.15 0.054 

i Silicon _mg/& <O.1 16 4 <] 

Silver mg /£ 0.12 0.19 0.12 0.001 

f Sodium | mg /f 680 770 615 675 

Zinc mg /f 0.64 0.27 0.28 0.04 . 

i Cl) ge ferenced analytical methods presented in Appendix D. 

| (2) yasufficient sample for analysis. | 

f (3) analysis of. samples filtered through an 0.45 um membrane filter. |



TABLE 3.9 

RESULTS OF WATEQ ANALYSES FOR PREDOMUNATE LEACHATE SPECIES: 

PREDOMINATE CHEMICAL srecles aT EqutLirtun’)) ; 

SOLUTE scenes anc pee et een rrr Banc tte 

pl 2. LEACHATE pll 3. LEACHATE pit 6 LEACHATE pi 9 LEACHATE 

Chloride ci! cl ca! cl 

Fluoride aig’? atet? el er! 

- -1 “1 -t 
Nitrate NO NOs Noy NO4 

Sulfate so, 50,7? 50,7 so, 7 

+ + - + = 4 + io 2 
Alum{ num aiso,*! art? 018049! Aiso,*! ai(S0,)97 1 ar? airy‘! atr3 go?) 

Cadmium cat”, caso, cat?, caso, cat? caso,, caci™! cd'?, cact*!, caso, 

Calcium cat? caso, cat?, caso, cat? , caso, cat?, caso, 

ChromLum crso,*! crso,*! cro? ,crso,*! cro, 2 

Copper cul? cus, cut, cuso, cut? cuso, cu(on) 5 

Tron re'?, Feso, Fet?, FeS0, Fe'?, reso, FeCon),”! 

Lead pbt?, poso, Pb(50,), 2, Ph’?, rosa, BD prot! , rpcon),” 

Magnes {um ng'?, Mgs0, gi? Meso, ng’?, Meso, Hig’? MgSO, 

Manganese n!?, MnS04 unt? | NnSO, Mat? , NnS0, unt? Mnsog, 

Potassium «tl «i! xt! «tl 

Silicon 1,8104 1,510; N,510, BD 

Silver DD BD BD Agch” Agcis”! 

Sodium nat! Nat! nat! natl 

, +2 ® 42 +2 ° : ° 
zine znt?, 2080; zn*?, 2ns0, z**, 2ns0, ZnCl) 

: 
(Ovcnermodynamte equilibrium distribution of the solutes as calculated by WATEQ using the chemical analyses of the Lleachates and 

measurements of pil and Eh. Other than the solutes noted above, no other solutes were’ considered In this calculation. The 

Tenchate analyaca used in theac calculatlona were the pil 2 leachate analysts shown in Table 3.5 and the October 26, 1981 analyses 

of the pl}, 6, and 9 leachates show on Tables 3.6 through 3.8. When more than one species ts depicted for a given nolute, they 

| ate present at near equal molalition; the first species noted is predominate. 
2 

(2)..55* tndteatea that solute was below analytical detection limits in the leachate.



TABLE 3.10 ‘ 

8 RESULTS OF WATEQ ANALYSES FOR STATE OF LEACHATE 
SOLUTION EQUILIBRIUM WITH POSSIBLE SOLUTION CHEMISTRY 

. CONTROLLING MINERAL PHASES 

i EQUILIBRIUM STATE OF saTuRATIon‘2) * Pg 
MINERAL NAME/ SSS SSE SS ast Boa 

FORMULA HOS: pH 2 pe 3 pH 6 pH 9 “ oe Se 
§ LEACRATE LEACHATE LEACRATE LEACHATE i 

Amorphous Al(OK)5 -32.37 - = « sp3) 

8 Gibbsite, A1(0H)3 -34..06 - - 0 BD 
Diespore, Al0(OH) -35.20 = = 0 BD 

ALOESO, S17.23 9 0 = BD 

i Amorphous Cé(OE)5 -13.7 = - = s 
Amorphous CéCO, -11.6 BD BD - ° 

ceso, -0.159 - - - - 

§ Fluorite, CaF -9.05 es = - 0 

Gypsum, CaSO, °2850 -4.59 0 0 0 0 

Calcite, Caco, -8.48 BD BD - + 

| Portlendite, Ca(OH), SiS: = = - ~ 

Cr(0B), -30.10 - - - - 

Cr20, +7.68 - - + + 

f Cud +7.70 ” - + 

Cu(OB) 5 “19.635 = - - + 

Amorphous Fe(OH), -38.50 = 0 + + 

i Geothite, FeO(OK) 44.32 0 + + + 

Siderite, FeCO, 710.55 BD BD 0 - 

Amorphous Pb(OE), #1791 2 . BD - 

! Cerussite, PbCO, -12.83 BD BD BD - ; 

Anglesite, PbSO, -7.75 0 0 BD - 
Magnesite, MgCO3 -4.90 BD BD - - 

| Dolomite, CeMg(CO3)5 -16.96 BD BD - + 

Brucite, Mg(OH)5 -10.88 - - - - 

Maengenosite, MnO +1806 - = o = 

4 Pyrochroite, Mn(OH). +15.31 - - - - 

Rhodocrosite, MnCO3 -10.65 BD BD 2 0 

Cerargyrite, AgCl -3.27 BD BD BD 0 

5 Amorphous Zn(0E), +10.93 - - - 0 

Smithsonite, ZnCO0x -10.78 BD BD S 0 

a ZnSO, 43.14 < - - - 

(Ogoiubitity constent used in calculation of state of mineral equilibria. 

(2)rpermodynamic equilibrium state of the leachates with the mineral phases depicted 
2s célculeted by WATEQ using measurements of leachate pH end Eh and the calcu- 

leted equilibrium distribution of chemical species in the leachates. "-" indi- 
cates 4 state of underésturation with respect to the mineral phese; "0" indicates 

a state of saturation (within the accuracy of the calculation--range of log ion 
activity product divided by log solubility constent from -1 to +1) with respect 
to the mineral phese; and "+" indicates e state of supersaturation with respect 
to the mineral phase. The leachate enelyses used in these calculations were the 
pE 2 leachate anelysis shown in Table 3.5 and the October 26, 1981 analyses of 

the pH 3, 6, and 9 leachates shown on Tebles 3.6 through 3.8, 

a (3)ugp" indicates one or more of the elements in the mineral phese was below 
enelytical detection limits in the leachate. é



, TABLE 3.11 

SUMMARY OF RETARDATION FACTORS (Ra) DETERMINED 

x 7 : 7 TT T * TA A TTT rr oN | s BY CONSTANT oH SORPTION BATCH TESTS (2) 

f — 4% BENTONITE/TILL GLACIAL TILL STRATIFIED DRIFT 

LDMIXTURE COMPOSITE KO A TTT 
DARAMPTER ADMIXTURE (COMPOSITE NO. 1) (COMPOSITE NO. 2) 

f pa 3 pH ¢ pe 3 DE 6 pH 9 pH 3 ph 6 pH 83 
a 

f Arsenic 62 1640 23 lll 1310 24.0 161 1010 : 

Cadmium 5 681 3,4 113 737 2.2 143 42) 

; - +3 2 c 
; Chromium 74 1i3 129 ap § ) 257 31 BD 168 

— Copper 7 376 12 32 353 3.5 5E 94 

Tron 9 4 4.2 11 l 3.4.5 4.4 1 

i Lead 129 BD 120 BD BD Ay BD BD 

Menganese ) 246 \ } 525 l | 133 

, -(3 rn 2 
f Mercury £8 2.2 51456 ) BD 177 >112 BD 189 

Selenium BD >S1 BD } >65 BD BD > 50 | 

i Silver BD 2.5 BD 1 65 BD BD 218 

} Zinc 4 526 2.2 1] 273 i 3.5 = 325 

f Cyanide 9 2) 14 } 23 7.2 1 1 , 

en Pt 

eee 

a“ 

i CDR, = jl + (p/n) Ke where bulk density (p) in g/em> and effective 

porosity (n,) are given for each soil sample in Table 3.24 and dis- 

tribution ratios (K_) ere averages of the duplicate determinations 

f presented in Appendix E. | 

(2)g values reported as “BD” represent soluble metal levels which 
q 1 ‘ tat £ ‘ 7 3 

were below the detection limit before the leachate was allowed to 

f react with the soil. 

( or tT . ed 5 e LJ 2 e ] 

(3) S" indicates the concentration in the soil-reacted leachate was 

below the analytical detection limit. The lower the Ra values with 

"S" sions. the lower the initiel concentration of that metal in the 
co > 

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

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

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

these metals were sorbed or removed from solution. See Appendix = 

| for the initiel end final leachate analyses.



f TABLE 3.12 ae 

SUMMARY OF RETARDATION FACTORS (Ra) DETERMINED ert fee 

BY LEACHATE NEUTRALIZATION/SORPTION BATCH T=STS (1? SS 

f 4% BENTONITE/ TILL GLACIAL TILL STRATIFIED DRIFT 

> ARAMETER ADMIXTURE (COMPOSITE NO. 1) (COMPOSITE NO. 2) 

f pE 3 to pH 3 to 6 ph 3 to 9 pK 3 to 6 pH 3 to $ : 
| | 

f Arsenic 264 ,000 9,250 211,200 12,060 162,890 , 

Cadmium 7,070 3,760 7,550 £4,360 4,360 | 

(9> _ ae _ | 

Chromium 14,050 >61,840'4) = 27,040 71,550 17,870 

i Copper 7,910 69,110 7,320 90,470 2,250 

Tron 240,900 43 123,400 25 148 ,100 

i Lead >8 5360 >6 ,690 >6 ,690 >5,160 5,160 

Manganese 26,100 1.4 50,370 1.3 14,230 

i . Mercury 1 | >145 1 >112 1 

1 en* (3) . 
Selenium BD ] BD BD BD 

f Silver 1 l l BD l 

Zinc 650,000 145 456,000 87 524 ,500 . 

i Cyanide 1 } ] ] 1 

a 

i (De, = l+ (p/n) K_; where bulk density (p) in e/em> and eifective 
a 

porosity (n,) are given for each soil sample in Table 3.24 and dis- 

tribution ratios (K_) are avereges of the duplicate determinations 

i presented in Appendix E. To include the effect of leachate neutra~ 

lization in the Rk; celculation, the pH 3.0 control sample analysis 

(Table E.2) was used as the initial leachate concentration before 

| contact with the soil. 

(2 Juss a se - ~- - 2 a +3 —_ - er ~ nkKo . 

indicates the concentration in the soil-reacted leachate was 

below the analytical detection limit. The lower the R, values with 
ee ae ° 4 “ s ¢ : e LL d e 

S" stens. the lower the initial concentration of that metal in the 
C $ 

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

contact with the soil 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. See Appendix = 

for the initial and final leachate analyses. 

2) 
tt rt . 

« a 

(Sp, values reported eas "BD" represent soluble metal levels which 

were below the detection limit before the leachate wes allowed to 

react with the soil.
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' TABLE 3.13 

FIED rT y LRAT 7 fT fp KT 

GENERAL SOIL ATTENUATION MECHANISMS AND | 
TRENDS FOR HEAVY METALS a 
TS | 

MECHANISM/TREND SUPPORTING LITERATURE | 

a
 

f The primery ettenuation mechanism for Griffin, et al., 1976a, 1976bd, 2 

heavy metel cetions below pH 5 ere and 1977 2 

s cation exchange-adsorption. | 
| 

Mineral precipitation is @ signifi- Griffin, et el., 19764, 1976b, . 

cant ettenuation mechenism for heavy and 1977 | 

£ metal cations ebove pH 5. - 

Attenuation of heavy metal cations Griffin, er al., 19764, 1976b, 2 

i increases with increasing pH. and 1977; and Gee, et al., 1980 

The attenuation of heavy mete. Griffin, et el., i1976a, 1976b, | 

cations decreases with increasing and 1977 : 

i Lonic strength. | 

Attenuation of heavy metal cations Bigger, et al., 1961 

f increases with 4 decrease in metal 

complexation (larger lonic charge : | | 

enhences ettenuetion). 

i The primary ettenuation mechanism for Griffin, et al., 19764, 1976bd, 

heavy metel anions (1.e., anionic and 1977 : 

oxides of ersenic, selenium and 

f chromium VI, and cyanide) below pH 5 

igs anionic adsorption. | 

j Attenuation of heavy metel anions Griffin, et al., 1976a, 1976b, 

Increases with decreasing pH. end 1977; Alesii and Fuller, 

1975; and Fuller, 1977, 1978, 

i and 1981 

Attenuation of both heavy metal Bondietti, et al., 1973; 

cations end anions and cyanide Gardiner, 1974; Fuller, 1977 

f increeses with increasing emounts and 1°78; Jenne, 1969 and 1977, 

of sesquioxides, humus (organic and Frost and Griffin, 197? 

colloids), and cley in the soil. 

j TT



TABLE 3.14 | 

EXPERIMENTAL DESIGN OF COLUMN ATTENUATION STUDY, COLUMN DIMENSTON AND 

| , PORE VOLUME, AND AVERAGE LEACHATE FLOW RATE DATA 

oo | LEACHATE FINAL TOTAL, PORE AVERAGE PORE TOTAL PORE 
SOLL COLUMN REET ANT - . 2) triage aa | _ 

. SAMPI 17 6 1) DESIGNATION PERME ANT LENGTH VOLUME VOLUME VOLUME, I ry VOLUMES PASSED 

; wees sees’ pil (cm) (cm ) (cm ) PER WEEK THROUGH COLUMN 

I-1 3 13.0 553.3 141.2 ~ 41.04 18.2 

Glacial Till T-2 6 12.9 554.6 143.8 0.85 17.3 

(Composite No. |) I-3 9 12.9 557.4 143.5 1.09 17.1 

1-4 | 9 12.7 540.6 145.3 0.93 8.5 

J-1 3 14.1 6O1ll.1 206.2 QO.74 12.6 

Stratified 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 

I-44 9 14.0 605.8 200.6 0.64 7,7 

4% Bentonite/ K-1 3 L1.6 485.5 138.5 0.71 13.3 

Till Admixture K-2 9 11.6 485.5 138.9 0.71 13.0 

(1) 
See Appendix C for composition of composite samples. 

2 
( sample free pore space. Calculation based upon final sample dimensions and measured specifle gravity 

| For the 4% bentonite/till admixture of 2.74 g/cm”. Specific graviti¢s used for the ttill 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 pertod. . oa | 

"hg
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| TABLE 3.15 | 
SUMMARY OF RETARDATION FACTORS (Ry) BY THE SOLUTE ERNE , 

ADVANCEMENT COLUMN TEST FOR MONITORED PARAMETERS 

CHEMICAL PARAMETER . 

LEACHATE | | ee eee 
wee cee a ate SOTL, (3) SPECTEIC . TOTAL wunad: AVALLABLE 

EE RME PHLOR IDE SULFATE SEN TC IR Z,UNC tant 
aan SAMPLES?) CHLORIDE’”" conpucrance/tos SUPFATP  suprug | ABSENT TRON GING ACLDETY 

P 

4% Bentonite/TLIL1 l 1.4 | 119) 5,3 5.3 10.4 
| Admixture 

pul 364) 
| Glacial Till l l I 1.1 >18.2 12.4 4.4 >18.2 

Stratified Drift | l L.5 1.6 >15.7 4.5 3.6 14.2 

Glactal Till l l l >14.4 >14.4 >1A.A 7.5 

pli 6 
Stratified Drift J L.1 L.3 1.7 213.9 4.9 9 5.7 

| 4% Bentonite/Ti11 l L- 1 (6) - - - 
Admixture. 

pl 9 Glactal Till l l I l - - - - 

: Stratified Drift | | - - - - 

| 
‘ Ry values calculated as discussed in text using chloride as the tracer solute. Data used for the Ry calculations is 

presented in Figures 3.1 through 3.10. | | 

(2 | 
cLacial till refers to Composite Sample No. 1 and stratified drift refers to Composite Sample No. 2. See Appendix C 

| | For composition of composite samples. | 

(3) | 
‘Tracer solute; Ra set equal to lL. 

(4 | 
ou 3 Ry 8 calculated using the maximum chloride initial concentration (C.) depicted in Figures 3.1 through 3.3. 

(5 . 1 

the “greater than” symbol (>) indicates that the normalized half concentration of this solute did not “breakthrough” 

during the duration of the column test. © 7 

-(6) | 
"—--" f{ndicates Rg not calculated as initial leachate permeant concentrations (C,) were too close to analytical 

detection limits. See text. ©
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§ TABLE 3.16 
COLUMN TEST EFFLUENT CHARACTERISTICS AND APPROXIMATE RETARDATION FACTORS (Rq) 

FOR THE &% BENTONITE/TILL ADMINTURE ©?) ® 

§ pR 3 LEACHATE (COLUMK K-)) pR ¢ LEACHATE (COLUIMK K-2) 

FORAMETER CONNIE prmwcant couposttion EFFLUENT COMPOSITION APPROYSMATE pemcake composzzion TFFLEENT Conpost7tox APPRON DAATE 

2/6/82 4/29/82 2/2b/82 4/29/82 " 2/16/82 4/19/82 2/24/82 4/19/82 7 

§ Fore Volumes of Flow 2) - - 7.6 13.3 - - - 73 13.0 - 

Temperature *¢ 21.6 23.6 - - - 21.6 23.0 - - - 

PE pk units 3.07 3.28 5.04 5.02 - £.62 6.48 7.03 7.10 - 

Ep 2Y +609 +492 #366 +376 - +87 +376 +260 #267 - 

§ Specific Conductance ushos/ce € 25°C 7350 8,140 8,360 7,720 4) 5,366 5,740 4,940 5,910 2 (4) 

Filterable Residue mg/t 4,820 - 5,260 4,990 14) 3,430 - 3,200 3,620 1) 

Available Aciéiry g/t CaCO, 2,950 520 - 920 10,404) 0 - - - - 

for Acidity ne/t CaCos 4.750 1,950 810 2,430 - 0 - - - - 
i Alkalinity ng/t Cay c - - - - 40 90 - - - 

Chloride mg/f 67 82 140 170 1 (4) 340 260 210 660 (4) 

Fivoride g/t zee 0.17 - 0.17 <ul 2.3 0.05 0.41 0.05 25.6 
Nitrate ng/t 8 1 - 2 4.2 mH 2.2 - a a >10 
Sudfate ng/t 5,700 6,200 6,400 €,300 2,04) 2,000 2,700 6,000 €,900 14) 

Tatosulfste ng /t tz - 130 140 <6.2 490 - 360 490 <5.6 

Total Sulfur mg/t SOy 100 6,900 6 800 7,000 14) 4,200 2,400 €, 600 6,300 y4) 

Cyanide ng/t <O.2 - - - - <0. - - - - 

Dissolved Metals: 
Amicus pe/t 70 34 1.0 2.0 dnt O.4 - <0.1 <0.) BD 

arsenic ng/t 2g Ma o.014 0,012 mn 0.015 - 0.063 0.093 pie 

berhie g/t <0.03 - 0.33 0.08 api5) <0.01 - 0.35 0.06 BD 

Caceiue g/t 2.0 - 0.03 0.06 mn 0.32 - - 0.02 >10 
Celeius ngit 555 525 500 soc 6.3 S75 - 525 650 «5.6 

Chroaiuz ng/t 2 - 0.05 0.06 co 0.120 - 0.06 0.0) die 

Copper ng/t Ho 100 0.04 0.02 > 6.8 eg 0.01 .0} >10 
ron ng/t 910 290 1,400 1,200 s.34) O.4 0.3 1.8 0.9 BD 

§ Lead ag/t 4.0 - «0.01 <0.01 pnt 0.01 - <0,01 <0.0) BD 
Marnesius ng/t 210 235 278 250 <6.3 140 - no ne <3.6 
Manganese ng/t 30 - 40 26 <6.3 3.46 - v7 2 <E.6 
Mercury n/t «0.005 - 6.004 e.0cs BD 0.076 - <0,003 0.010 rie 

i Potassium > pelt 60 - - - - 65 - - - - 
Seleniuz ng/t 0.026 <0.001 <0.002 - BD 0.150 - 0.001 <0.001 >i0 

Silicon agli 285 130 4e 63 ma 4 ‘ 13 § <3.6 
Silver ng/t «0.003 - <0.001 <0.001 BD 6.120 - <6.001 <o.001 die 

§ Sodiue nglt ass $50 575 525 6.3 615 - 675 706 <5.6 

Zine ng /t 450 490 420 4g0 5.204) 0.28 0.1 - 0.10 10 
a a 

i (Oreferenced analytical methods presented in Appendix D. 

(Drecerdation factors approxinated using chloride as the tracer solute (Figures 3. ané 3.6) end column effluent concentretions et pore volume sampled. See text. 

(2)-.+ ineseates not spplicable er not determined. 
(Onecardetion factor as calculated froe Figures 3.1 and 3.6 (Table 3.15). 

i (Sin, welues reported as “BD” represent solute concentrations which vere below the detection linit before the leachate had permeated the columns or vhich vere 

150 lov to allow the deterninarion of significant differences in influent leachetes anc seepage effluent concentration once the leachate had permeated the 
colusns. <



i TABLE 3.17 
COLUMN TEST EFFLUENT CHARACTERISTICS AND APPROXIMATE RETARDATION FACTORS (Raq) 

FOR THE GLACIAL TILL AND STRATIFIED DRIFT COMPOSITE SAMPLES PERMEATED WITH pH 3 LEACHATE ?) 

i saeETe GLACIAL TILL (COLUMN I-1) STRATIFED DRIFT (COLUMN J-1) 

PARAMETER a sienna ae EFFLUENT COMPOSITION Jsseoyruars  EFELUENT COMPOSITION  soppoxmmaTE 
f : 2/6/82 4/12/82 zi2u/e2 4/19/82 Re? z/2eyer 4/19/82 s RS 

Fore Volumes of Flow 2 - - €.3 18.2 - 6.6 12.6 - 

Temperature *c 21.4 24.2 - - 5 7 - - ‘ 

ij PE pR units 3.07 2.98 sunt 27 - 5.16 5.36 - 
Eh av +608 +587 #331 #376 - #296 +307 - 
Specific Conductance yehos/em € 25°C 7,850 7,320 7,520 7,266 i) 7,530 7,430 (4) 
Filterable Residue ng/t 4,820 5,140 4,620 4,590 (4) 4,876 4,760 14) 
Avadiable Acidity g/t CaC03 2,950 2,850 - 1,100 >ie.2t4) - 1,440 14.2(4) 

Hot Acidity mg/f C203 4,750 4,650 620 1,460 >18.2 860 1,716 >18.7 
Alkalinity me/t CaCO; 0 0 - z 7 2 2 . 

i Caioride ng/t 67 120 120 170 14) 216 260 14), 
Fivoriée pe/t 2 0.08 1.04 0.84 6.3 0.16 1.42 38.2 
Nitrate g/t N 14 10 29 3.0 18.2 2.6 LF 315.7 

Sulfate me/t 5,700 5,400 6,800 7,706 1 (4) 6,900 7,400 1,564) * 

5 Thiosulfate ng/£ 42 76 92 100 <b.3 67 ne <é.2 
Total Suifur me/£ $0, 8,106 £,900 &,400 £600 14) £000 8,500 1.664) 

Cyanide pe/t 0.1 <O.2 - - - = = = 

Dissolved Metals: 
i Alveinum ng/t 70 33 0. 1.0) >18.2 0.1 0.2 315.7 

Arsenic mg/i 2.8 3.8 0.044 0.280 >ig.2(4) 0.007 6.006 p15. 74d 

Barium mg/t , «0.03 <0.01 0.07 0.06 pt) ¢.06 0.05 BD 

| Cades us me/ i 2.0 re ©.03 0.4 >18.2 6.03 0.07 >15.7 
Caled ne/t S58 500 500 47s <6.3 “75 500 <8.2 

Chrond us pg /£ 2 1.8 0.03 9.06 318.2 0.06 0.04 >18.7 
Copper ug/t 110 120 €.04 0.03 218.2 6.03 0.02 >15.7 

8 iron mg/£ 930 940 700 £30 12,404) 960 860 4,s(4) 

lesd ng/t 4.0 0.04 <0.01 <0.01 >18.2 <0.02 «0.01 >15.7 
Magnesium ng/£ 210 215 400 + 325 8.3 400 325 2 
Manganese pelt 30 23 30 25 «8.3 22 22 <6.2 

i Mercury g/t <0.005 0.007 0.008 0.033 BD 0.016 0.010 BD 

Potassium mg/k 60 62 - - - - - - 

Selent um mg/t 0.020 0.005 0.001 0.004 BD <0.001 0.011 BD 

8 Silicon ne/t 285 130 4s $3 >18.2 30 4 >1s.7 

Silver ng/2 <0.00) <0.001 <0.001 <0.002 BD <0.001 <0.002 BD 

Sodiun ng/t 495 525 575 550 <e.3 550 550 <8.2 

i Zine ng /é 450 430 | 240 400 * 4.44) 370 420 3,64) 

Oy ererenced ansiptical methods presented in Appendix D. See Appendix C for composition of composite samples. 

§ (2) ecaréation factors approximated using chloride ae the trecer solute (Figures 3.2 and 3.3) and column effivent concentrations at pore 
voluze saupled. See text. 

()~_- snateates act applicable or not determined. 
).cardetion factor as calculated from Figures 3.2 end 3.3 (Table 3.15). 

i (5); values reported ae "BD" represent solute concentrations vhich vere below the detection linit before the leachate hed permeated 
che colusne or which vere too lov to allow the cererzinetion of significant éifferences in influent leachates end seepage effluent 

: concentration once the leachate hsé permested the columns. :



i . TABLE 3.18 
COLUMN TEST EFFLUENT CHARACTERISTICS AND APPROXIMATE RETARDATION FACTORS (Rg) “ P 

i FOR THE GLACIAL TILE AND STRATIFIED DRIFT COMPOSITE SAMPLES PERMEATED WITH oH 6 LEACHATE()) si £ 

passed GLACIAL TILL (COLUMN 1-2) STRATIFED DRIFT (COLUMN 3-23. > 

i _ panaweree CN ERTEg ON PEREANT COPOSTTION LERFLUENT COMPOSITION oopoy nace EFFLUENT COPOSITION ppp paar 
2/16/82 -&/12/82 2/20/82 k/19/82 Rae? 2/28/82 4/19/82 a) 

Pore Volumes of Flow -) - - gg 17.3 - b.4 13.9 - 

Tempereture *¢ 2.6 24.2 - ~ - - - = 

PB pR unite 5.82 5.6 6.02 5.97 - 6.13 6.17 - 

Eh ay 4475 87 +276 #216 - #220 3221 - 

i Specific Conductance umbos/en € 25°C 6,440 5,790 6,450 6,710 4) 6,620 6,610 1.104) 

Filtereble Residue g/f 4,140 4,260 4,900 4,280 34) £,210 4,230 1.24) 

Available Aciéity g/t CaC0s B40 750 - 616 7.54) - 770 5.764) 

Rot Acidity ng/£ CaC03 1,746 1,340 680 870 76 730 1,310 >be 

j Alkalinity mg/t CaCOy 5 - - - - - - - 

Chloride ng/t 280 240 246 380 1 (4) 260 4oc 14) 

Fluoride ne/t 1.3 1.3 0.32 0.26 dike 0.58 0.05 >13.9 

Nitrate ng/ft ¥ 4.0 4a 3S 4.8 7.6 4s 48 <e.4 

i Sulfate ng/k 3,400 2,100 6,200 6.600 pth) 6,800 7,200 1.304) 

Thioeulfate ng/5 490 $30 270 410 a4 440 480 <E.6 

Total Sulfur mg/t SO, 6,600 6,100 7,200 7,900 1) 7,100 7,500 1,74) 

Cyanide neg/t <0. <0.3 - - - - - - 

Dissolved Metals: 
Alminuz mg/k 0.5 <O.1 <0.2 <O.2 eps) <0.1 <O.1 ED 

Arsenic ng/f 0.52 0.84 0.002 0.002 >4,at4) 0.004 0.002 >13.94) 

i Barius ng/t <0.01 «0.03 <0.02 €.07 BD 0.07 0.06 ED 

Cadmd uz ng/t 0.83 0.50 <0.01 0.02 >14.d 6.02 0.02 >13.8 

Celeiun nest 558 500 $50 $25 7.6 500 525 <B.4 

Chrom uz ne/t 6.004 6.06 0.04 0.04 BD 0.03 0.02 BD 

| Copper we/t a8 0.10 6.01 0.02 >i4.d 0.02 0.02 313.9 

Iron ng/t 410 410 180 190 >14.a64) 570 360 4.94) 

Lead ne/t 0.22 0.04 <0.01 <0.01 dike <0.01 <0.01 D138 

Magnesiuz we /t 295 205 275 250 7.4 250 228 <E.4 

Manganese ne/t 27 20 27 25 Tad 23 2 «8.4 

Mercury ne/t 0.018 0.009 0.008 0.010 BD 0.014 0.003 BD 

Fotessiuc pg/t 60 i - - - - - - 

i Selent uz g/t 0.16 9.033 <0.001 <0,002 >id.d <0.002 <0.003 213.9 

Silicon ng/t 45 1e 21 20 2704 20 16 «8.4 

Stiver ne/t 0.033 0,005 <6.001 <0.001 diese <0,003 <0.003 313.9 

Sodius ng/t 595 650 650 625 a4 650 675 <é,é 

f 2ine g/t 200 180 0.25 50 p14 aC4) 46 110 g(4) 

i OO, eeerenced enaistical methods presented in Appendix D. See Appendix C for composition of composite samples. 

(Dpeceréation factore approximated using chloride ae the tracer solute (Figures 3.4 and 3.5) ané column effluent concentrations st pore 
voluse sempied. See text. 

(3). - snatentes not epplicable or not determined. 

i () erardation factor as calculated from Figures 3.4 and 3.5 (Teble 3.15). 

Cy) values reported as "ED" represent solute concentrations vhich vere below the derection limit before the leschere had permested 
tie colucne or vhich vere toc low to silov the ceternineticn of significant éifferences in influent leachstes and seepage effluent 

i concentration once the leachate hed permeated the columns.



i , TABLE 3.19 
COLUMN TEST EFFLUENT CHARACTERISTICS AND APPROXIMATE RETARDATION FACTORS (Rg) ‘ 

i FOR THE GLACIAL TILL AND STRATIFIED DRIFT COMPOSITE SAMPLES PERMEATED WITH ph & LEACHATE) i 
hs A SM CMa yc iM A Rec cs 

i 

wee GLACIAL TILL (COLUMN 1-3) STRATIFED DRIFT (COLUMN J-3) i 

j oan cone ane ast TERMEANT COMPOS?TION EFFLUENT COMPOSITION approyzuare _EFFLEENT COMPOSITION pp opoy mare 

2/16/82 «4/12/82 /2d/e2 = /82 Rg 2/24/82 4/18/82 a) 

i Fore Volumes of Fiov -) - - 8.3 wal - 7.0 13.3 - 

Temperature °c 22.6 24.2 - - a - é * 

pa pR unite 2.62 g.78 6.97 6.63 7.33 WaT - 

En nv 87 +506 3201 #231 - #155 #19) - i 

i Specific Conductance vehos/em & 25°C 5,360 4,670 5,240 5,840 4) 6,240 6,240 (4) : 

Filterable Residue ng/t 3,430 2,220 3,310 3,780 1) 3,970 3,890 1) 

Avetlable Actéity ne/t CaC0s 0 0 - - - is “ = 

Bot Acidity ng/t Caco; 0 0 - - - 2 3 o 

i Alkalinity mg/< CeCO3 40 35 - - - - - a 

Chloride m/f 340 310 4g 210 1 (4) 190 210 1) 

Fluoride ng/t 2.3 1g 0.36 0.73 D143 0.34 1.80 32.0 

Nitrate mg/t ¥ ea 23 1 0.8 6.9 - . - 

Suifete g/t 2,000 2,100 4,800 6,200 C4) €,400 6,200 14) 

Thiosulfate ng /t 450 440 480 570° <6.9 520 390 7.0 

Totel Sulfur mg/t SO, 4,200 3,800 6,100 6,800 4) 7,000 7,300 (4) 

i Cyanide ne/t 0.1 <0. - - - - - - 

Diseclved Hetels: 
Aluminur mg/h 0.4 <0.) <O.2 <0. gpt5) <0.1 0.2 BD 

Arsenic ng /t 0.015 -009 0.004 €,007 ED 0.008 0.005 ED 

i Berius ng/t 0.01 0.01 0.08 0.02 BD 0.22 0.08 ED 

Cadmium ne/t 0.3) 0.41 <0.01 <0.01 314.3 «0.01 «0,01 313.3 

Calcium ne/t 575 575 575 625 6.9 S75 600 7.0 

Chron un ng /t 0.12 0.02 0.03 0.02 BD 0.02 0.07 3D 

i Copper ng/t 6.8 4.4 0.02 0.01 214.3 0.02 0.01 313.3 

Iron mg/f 0.4 1.6. i, 3.0 BD 4.8 4.7 3D 

Lesd ng/t <0.01 0.01 <0.02 <0.01 BD <0.01 <0.01 BD 

i Megnesiut me/t 140 145 425 155 <6.9 77 150 <7.0 

Manganese pg/t 3.4 0.73 2S 6.5 <6.9 7.8 a7 7.0 

Mercury g/t 0.076 0.066 0.009 0.012 >14.3 0.006 0.005 313.3 

Potassiuz n/t 65 66 - - - - - - 

i Selent un g/t 0.15 0.054 0.002 0.007 D143 6.001 0.003 >13.3 

Silicon wg/t 4 a 26 22 6.9 26 23 <7.0 

Silver ng/t 0.22 9.001 <0.001 <0.001 214.3 <0.001 - 27.0 

Sodiun ng/t 615 675 700 625 “6.9 700 650 7.0 

i Zine ng/t 0.28 0.06 0.10 0.17 BD 0.12 0.58 BD 

i (Opererenced analytical methods presented in Appendix D. See Appendix C for composition of composite samples. 

(2), ccaréetion factors approximated using chloride as the tracer solute (Figures 3.7 and 3.9) and column effivent concentrations et pore 
voluse sampled. See text. 

CG). - snexcates not applicable or not determined, 

j (4), ecardation factor as caiculered from Figures 3.7 and 3.9 (Table 3.15). 

(5), values reported as “BD” represent solute concentretions which vere below the detection limit before the leechete hed perneated 
the columns cr which vere too low to allow the determination of significant differences in influent leachetes and seepage effluent 

i concentration once the leachate hed permeated the columns.



TABLE 3.20 

COMPARISON OF RETARDATION FACTORS (KR. ) DETERMINED BY CONSTANT 
pit SORPTION BATCH AND pil CONTROLLED ‘PERMEATE COLUMN TESTS *~ 

4% BENTONITE/ GLACTAL Tut,62? STRATIFLBRD DRE rf?) 

wo UT ADM TUR ao COMPOSTTE NO. VQ a COMPOS TTR NOL 2) 

: PARAMETER a a 

BATCH COLUMN BATCH COLUMN BATCH COLUMN BATCH COLUMN BATCH COLUMN BATCH COLUMN BATCH COVUMN BATCH COLUMN 

Arsenic 62 >i 1,640 >10 23 >18.2 1 14.4 1,310 pp 63? 24.0 215.7 161 213.9 L,O10 BD 

Cadmium 5 >It 681 >10 3.4 >18.2 113 LGA 737 14.3 2.2 >15.7 143 >13.9 42\ 213.3 

Chromfum 74 >11 113 »10 129 >18.2 BD BD 257 BD 31 >15.7 BD BD 168 BD 

Copper 7 >TI 376 >10 12 #« >18.2 32 PLA.” 353 »14.3 3.5 215.7 58 »13.9 94 Y13.3 

Tron 9 5.3 1 BD 4.2 12.4 11 DLA LA l BD 3.5 4.5 A 4 4.9 I BD 

Lead 129 >14 BD BD 120 >18.2 BD YIAL4 BD BD 4) 215.7 BD 213.9 nD BD 

Manganese { <6..3 246 €5..6 \ ¢8.3 l C7 A 525 <6.9 l <8.2 ] CBA 133 <7.0— 

Mercury 48 BD 2.5 >10 >145 BD Bh) BD 177 »14.3 >112 BD BD BD 189 ‘13.3 

Selentum BN BD >i »10 BD BD 1 >14,4 >45 >14.3 BD BD BD »13.9 250 >13.3 

Stiver AD BD 2.5 >10 BD BD I 14.4 65 14.3 BD BD BD 213.9 218 >7 0 

Zine f 3/3 526 »10 2.2 & 4 1] 14.4 273 BD l 3.6 3.5 9 325 BD 

Cyanide 9 (4) 21 - 1A - - 23 - 7.2 - | - ! - 

CM cae Table 3.11 and Tables 3.16 through 3.19 for source of Ry data, 

(2) 66 Appendix C for compoattion of comporite samples. . | 

Or, values reported as “BD” represent solute concentrations which were below the detection Timtt or which were too low to allow the determination of significant 

differences in the inttfal and final leachate concentrations once the leachate had reacted with the sediment sample. 

(4) indicates not determined. 
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TABLE 3.21 

COMPARISON OF INITIAL AND FINAL LABORATORY COLUMN TEST . 

PERMEABLTLITITES WITH FIELD MEASURED PERMEABLLITIES 

ZRMEABLLITY @ 20°62) FIELD MEASURED PERMEABILITY ®?) COLIN LEACHATE LABORATORY remo) @ 20 wh, , en n/ene) TLITY LABORATORY LINER, 

SOTL SAMPLE!) peStcnatron — PERMEANT |"  _______ ET pereABILETY TESTS) 
come . pH INITIAL WIT FINAL WITH VERTICAI NORTZONTAT (m/sec) 

SITE GROUND WATER = WASTE LEACHATES oe , 

1-1 3 5.5 x 1978 LA x 107! 
Glacial TIL 1-2 6 3.8 x 1078 3.4 x 1077 4 “6 3 

3 _7 9.4 x 10 2.8 x 10°” 3.0 x 10 
(Composite No. 1) I-3 9 5.7 x 10° 5.6 x 10 

1-4 9 3.6 x 1077 5.7 x 1077 

JI 3 1.8 x 107? 1.3 x 107? 

Stratifled Drift j-2 6 1.5 x 107? 1.2 x 1079 _s yt (5) 
—5 -5 1.3 x 10 13x 107% - 

(Compostte No. 2) J-3 9 1.3 x 10°: [.3 x 10 

J=A 9 2.1 x 107? 2.1% 107? 

4% Rentontte/TI11 K-1 3 1.0 x 19710 1.5 x 197106) “10 
—-10 —-10(7) 7 - 6.9 x 10 

Admixture K-2 9 1.0x* JQ * 1.5 x 10 ° 

CM cne Appendix C for composition of composite samples. 

(2) permeability calculations based upon final column sample dimenstons (Table 3.14). See Appendix F for method of determinatton, 

| (MGotder recommended values from pumping tests (Golder, 1982b). . 

(1) peormeabl lity determined in a triaxial apparatus for a TP-22 glacial till sample and a four percent bentonite/till admixture; samples 

assumed fully saturated (Golder, 1981la). 

(5) indicates not determined. | 

(©) Determined at 83.1 percent saturation based upon final moisture content measurements. . 

(determined at 83.4 percent saturation based upon Final molsture content measurements,



TABLE 3.22 

i COMPARISON OF PRE AND POSTCOLUMN TEST SOIL CHARACTERISTICS eo of 

SOLL COLIMN te MOUTRATTFETION CADET 43) ~ ° eS 
ou = +) _ ae * _ = : : 09) NERA RR LoS LOK CAPAC ITY 

SAMPLES? DESIGNATION REACTION pES*? (% CaCO, ECULVALENT) 
a 

if Glacial Till (Composite No. 1) 

Precoiumn Test - o.15 2.3 

Postcolumn Test: | 

[ DE 3 Fermeant I-1 6. &6 0.6 

pE 6 Fermeant I-2 6.79 0.4 

i DE 9 Permeant . I-3 7.5/ 1.2 

pH ¢° Permeant I-4 7.62 0.8 

i Stratified Drift (Composite No. 2) 

Precolumn Test ~ 9,80 1.6 

i Postcolumn Test: 

pK 3 Permeant J-] 6, 60 0.6 

pE 6 Permeant J-2 6.84 0.6 

i pE 3 Permeant J-3 7.51 0.8 : 

pE 9 Perneant J-é 7.5/ 1,0 

i 2% Bentonite/Till Admixture 

Precolumn Test - E.75 O.7 

; Postcolumn Test: 

pE 3 Permeant K-] 6.53 0.4 

i bE 9 Permeant (4) K-2 7.2] 0.8 
a 

; 53 888 Appendix C for composition of composite samples. 
“pK of a 1:1 soil to distilled water mixture et 25°C (Sebek, et al., 1978). 

(2 )eCq treatment - NeOK titration in accordance with Sobek, et eal. (1978). , 

i (4) oy decreased to 6.5 to 7.0 during column test (Table D.5 of Appendix D).



TABLE 3.23 

DERIVATION OF THE RETARDATION FACTOR (Ra) 

FOR ACIDITY MIGRATION IN SATURATED GEOMEBIA 

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

tons CaCO3 neutralization (a) 
Ry = | + ——---—————_—--- ‘ a 

d tons CaC03 acidity 

when Rg = 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 must 

be made so that acidity is converted to the same units as the neutralization capacity. Therefore, when 

the neutralization capacity of the geomedia is expressed as tons of calcium carbonate equivalent 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 liter as calcium carbonate equivalent required to 

neutralize, the tons of acid in groundwater present within 1,000 tons of geomedia is found by: 

1,000 tons gcomedia < 1,000 kg on c35 1,000 2 * 1079 tons aa tU FOUS BCOMeele . Sree eK x 
o (kg/m) 1 ton Lm 1 mg 

Bin tons CaCO3 equivalent 
C034 acidit ¢ 2: 

x mg. Galan Bere xy 2 required to neutralize (p) G) 

1% water acidity present 

where: p = bulk density (expressed as kg/m) 
ng = effective porosity (expressed as ratio) 

Incorporating this conversion and separating the bulk density and effective porosity terms yields: 

‘ p tons CaC03 neutralization (c) 
Rg = 1 + a a 

: Ne 1,000 tons x 1,000 kg/ton x 1,000 £/m} x 1079 tons/mg x mg/L CaCO3 acidity 

simplifying: 

0 tons GaGOz neutralization 
Rg = 1 + = nn nn (d) 

Re mg/L CacOz acidity 

( dre it is desired to add groundwater alkalinity to the neutralization capacity of the geomedia, the 

tons of calcium carbonate equivalent neutralization in the groundwater present in 1,000 tons of geo- 

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).



: 5 / TABLE 3.24 

t SUMMARY OF ACLOITY RETARDATION FACTORS | 

JEACHATE, JEAGUATE, 
HEVTRALTZATLON gorges nil cael SUD RAQUAR ES te TINT epee 

BULK Sa ais e CAPACITY MASS BALANCE COLUMN TEST 7 MASS BALANCE COLUMN TEST 

sort sanrun 6!) penstry(?? penceregee) (tons Caco; ee) ACLOLTY ACTDUTY porns) ACIDITY ACIDITY 

(kg/m?) ; equivalent per Te ie RETARDATION RETARDATION IEG . RETARDATION RETARDATION 

e 1,000 tons) (mg/% GaC0s) FACTORS? FACTORS? (mg /% CaCOy) FACTORS? FAcToRS” 

Glactal TUL 0.25 2 2 5 2 . icounaetve ioe 1 2,000 25 23 3,210 8 >18.2 980 189 7.5 

Stratlfled Drllt ; 
: 0.3 6 2 2 4, , 5.7 

(Compontte No. 2) 1,850 30 16 3,210 32 14.2 980 102 5 

High Carbonate ; 
Effervescence TI 2,000 0.25 72 3,210 180 =@) 980 589 - 

(Componite No. 3) 

4% Bentontte/ 
5 : i _ 

it Adele ave 2,000 0.20 7 3,210 23 10.4 980 72 

(gee Appendix G for composition of composite samples. 

(QDaverage value as estimated from existing site data (Golder, 1961b). 

Dict treatment - Nao titration tn accordance with Sobek, et al. (1978). Average of duplicate determinations. 

C(O avatlable implies no oxidation of leachate during acidity titration to pil 8.3 (see Appendix D). 

(gee Table 3.23 for method of actdity retardation factor calculatlon. 

(pag of actdity half concentration in comparison to chloride half concentration breakthrough {n column test. 

(hae indicates sample not tested. 
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TABLE 3.25 
SUMMARY OF POSTCOLUMN TEST AGED NEWTRALIZATION CAPACITY 

AND COLUMN AVALLABLE ACLOLTY 

chit PRECOLIMIN TEST POSTCOLUNN TEST APPROXIMATE COMUNN WEIGHT OF CALC ERE CARRONATE TOVAL HEIGHT OF AVATLADLE Tora, WETGHT OF HvOMOKER (aI) 

age (1 cacoy ROUIVALENT) (2 Caco, EOUIYALENT) w& (ny) (Can) Cr Cac y) 

Clactal TEU (Compontte to. 1) _ 7 
Permeated with pil} leachate et ae) oS ina bes? Hees Oe 

Glactal THY (Compantte Be. 1) 4 Zi 4 a 4h 01 Permented with pil 6 leachate he aed B: bot Bhat ae ADULT 

Steattfted DetCt (Compontte No. 2) I 6 3 v4 2110 Permeated with pit} leachate ' ' 6 on mo RL) ony 

Stratified Britt (Compantte No. 2) 2 % * 
Permeated with pit 6 leachate 8 1 8 1995 Deo) B98, geen 

AX Rentontte/TIL Adm ature 3 
Tormented vith pit 1 leachate el a oe m2 7.6 oat oa 

(see Appendix G for compoattion of composite sampler, 
CnC. treatment - NaOH titration fn accordance with Sobek, et ml. (197A). . 

Ongsed upon columa dry density (Appendix F) and column volume (table 3.14). 

(Onaned upon total seepage volume From columa (Table 3.14) and representative avaliable artdity source concentrations (Figures I=! through J~5). 
OD aaned upin total seepage volume from cotwnn (Table 3.14) and leachate permeant pil.
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TABLE 3.26 

SUMMARY OF LEACHATE ADDED TO SOIL RATIOS 

FOR THE COLUMN AND TITRATION TESTS 

: \ ADDED LEACHATE/SOLL RATLO ADDED LEACHATE/SOTL RATIO 

(D LEACHATE TO REACH pil 5 TO REACH pil 6 / 

SOLL SAMPLE Hee GO rte 
I COLL, TIT RATION COLUMN TI TRAP hgN 

TEST 2 TEST 3 TEST 2 TEST 3 

Glacial Till 
(Composite No. 1) 3 0.86 0.70 0.13 0.12 

Stratified Drift 
: rae 2 (Composite: No. 2) 3 0.91 0.60 0.40 O.d2 

4% Bentonite/Ti ne peegnt te yeep] 3 1.24 0.84 0.66 0.16 
Admixture 

Glacial Till (4) 
2 - - 0. -70 

(Composite No. 1) 6 ae o 

Stratified Drift 
a 6 = oad 2 2. 

(Composite No. 2) ? 0:86 : 

(UD se6 Appendix © for composition of composite samples. 

(2) calculated using data from Figures 3-1 through 3-5 and Table 3.14 (milliliters of 

leachate per gram of soil). 

Deatculated using data from Figure 3-11 or 3-12 (milliliters of leachate per gram of 

; soil). . ‘ 

(4)uln indicates cannot be determined. 

cr 7 pg 

tia



f TABLE 4.1 | 
APPROXIMATE MIGRATION TIME FOR CHEMICAL PARAMETERS | 

fi AS RELATED TO SOIL ATTENUATION oS 

YEARS TO REACH C/C_ = 0 5 (1) | 
Bj ceetce PARAMETERS o | 7 a 

RETARDATION ~ — 
aan me et pee a COMPLIANCE BOUNDARY TOP Or LINER | 

FACTOR BASE QF MWDE BASE OF _ 
_ we en _ oe <<: IN STRATIFIED TO COMPLIANCE 

(R:) LINER GLACIAL TILL ECS) ee 08S . 
fe DRIFT BOUNDARY 

Da 

> 20 669 250 040 

10 39 1,338 500 1,880 

i 25 98 3,345 1,250 4,700 

50 195 6,690 : 2,500 9,400 

i 100 390 13,380 5,000 i8 ,800 

ee ne A tC I 

Bo, : - = ~ank kal ct mee nee £ c ‘ 5 WITT ete 
Appreximate years to reach half concentration of source for probable MWDF site 

coil conditions, es presented in Sections 4.2 end 4.3. Calculation assumes fully 

saturated conditions and @ constent source concentration above each soil unit; | 

i.e., soil units are not connected. Calculation ignores dilution, dispersion, 

eng variation in source concentrations. Calculation ignores dilution, disper- | 

sion, and variation in source concentration. Therefore, time values shown ere 

i considered to be more conservetive than expected for the design conditions of the 

probable MWDF site operations. 

(2). « ° N 
. 

, 366 meters (1,200 feet).
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a TABLE 4.2 

, ‘ LEACHATE CHEMISTRY, REQUIRED DILUTION BEFORE THE 366 METER COMPLIANCE BOUNDARY, AND 
——-——________ATTENTUATION CHARACTERISTICS OF THE GLACIAL TIbb 

__ pl 3.0 SPIKED TAILINGS LEACHATE, pl 6.0 SPIKED TAILINGS LEACHATE pl 9.0 SPIKED TAILINGS LEACHATE 

De ay a RR PTRBRT atm Seopa PARAMETER os cf) of EC ee a Sine) oo (ag/2) 
Sa naten@) —corimn (me /#) parcuQ) — cori) Ome 8) parcnQ) — corm) 

Filterable Restdue 5,710 Lh (6) 1 5,140 10.3 # 1 3,440 6.9 zz 1 500 

Chloride 1 0.28 - 1 310 1,24 * \ 340 1.4 - 1 250 
Fluoride 0.23 0.16 - 8.3 2.3 1.6 - r1h.4 7.6 5.4 ~ d143 14-764 

Ni trate-Ni trogen 18 1.8 - >1A,2 6.6 0.7 s Teh 2.3 0.2 - 6.9 10.9 
Sulfate 6,000 2h - 1 3,400 13.6 - 1 2,300 9.2 - l 250 
Arsenic 6.8 136 23 >18.2 0.84 16.8 ne? rah 0.091 1.8 1,310 ap 9.05 
Bartum 0.2 0.2 - ant?) 0.03 0.03 - BD 0.4 0.4 - nD 1.0 

Cadmtum 23 230 3.4 18.2 0.83 83 13 D144 0.41 “1 77 D143 0.91 
Chroml um 2.6 52 129 >18.2 0.06 i BD BD 0.2 4.0 257 BD 9.05 
Copper 130 130 12 >18,2 fas 4.5 32 Dah 7.7 7 353 14.3 1.0 
Iron 1,456 4,853 4.2 12.4 730 2,493 nN >1a.h 1.6 5.3 1 BD 0.3 
lead 4.0 80 120 218.2 0.22 beh BD DIA 0.08 1.6 BD aD 0.05 
Manganese 49 980 1 <8.3 43 860 1 <7. 3.4 68 525 <6.9 0.05 
Mercury 0.007 3.5 D145 BD 0.019 9.5 np BD 0.150 75 177 D143 0.002 

Selentum 0.07 7 BD ap 0.10 10 I Ih. o.2t 21 65 14.3 0.01 
Si Iver 0.001 0.02 aD DD 0.033 0.66 1 >1h4 0.19 3.8 65 DVAL 0.95 
Zinc 550 110 2.2 4.4 200 40 n 14.4 0.64 0.13 273 BD 5.0 

Oitynest representative leachate concentratton (Table 3.5). 

)'ighest representative leachate concentration (C) divided by the U.S, EPA Drinking Water Standard (DW); dilutton ratha required to reach drinking water standard. 

Deetardation factors determined by constant pl sorption batch test using the glactal ttil composite Sample No. 1 (Table 3.11). 

(ORetardation factors determined from colwnmn attenuation teat results (Tables 3,15 and 3.17 through 3.19). . 

ODuls. EPA (1975), 40 CFR, Part 141 and U.S. EPA (1979), 40 GFR, Part 143, : 

‘ (6)~~ tadteates Ry not determined. 
(MR, values reported aa “BD represent roluble metal concentrations which were helow the detection limit before the Jeachate was allowed to react with the glacial 

ULL ar which were to Tow to allow the determination of significant changes In concentration ag a reault of the Interaction of the leachate with the glacial C1i1, 

bi y + te, 

Ss anes
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1. PROFILE SECTION LOCATIONS SHOWN ON BORING AND PROFILE SECTION 

: 

LOCATION PLAN, FIGURE 2-1. : eFS WETLAND: AND: MANSN “ 
2. GROUNDWATER LEVEL PROFILE FROM GROUNDWATER POTENTIOMETRIC Lo] LACUSTRINE SEDIMENTS AND FINE GRAINED BOREHOLE ON LINE OF SECTION FIGURE 2-2 

CONTOURS, GOLDER ASSOCIATES, DRAWING NO. O50-I-B1111. - STRATIFIED DRET arse oe 
BORE HOLE 

3. BEDROCK PROFILE FROM BEDROCK CONTOURS, GOLDER ASSOCIATES,DRAWING NO.O050-I-80920. GEOLOGIC PROFILES 

4 THIS PROFILE IS FOR ILLUSTRATIVE PURPOSES ONLY. THE DISTRIBUTION COARSE GRAINED STRATIFIED DRIFT ida SECTION A-A 
OF THE GLACIAL MATERIALS HAS BEEN INFERRED FROM THE DATA FROM pot 
THE TEST BORINGS SHOWN ON THIS SECTION, TEST BORINGS FROM THE TILL 4 . WITH COMPOSITE SAMPLE LOCATIONS 
GENERAL SITE AREA, AND TRENDS IMPLIED FROM THE GLACIAL HISTORY ‘ GROUND SURFACE AT BORING LOCATION 

AND BORING DATA. THIS ACTUAL DISTRIBUTION OF MATERIALS MAY VARY se BEORGEK . | 
FROM THAT SHOWN. - SS . i “| BOREHOLE OFF LINE OF SECTION PREPARED FOR 

5 SAMPLE COMPOSITE SYMBOLS MAY BE PICTURED IN WRONG GEOLOGIC HORIZON SEES A BOTTOM OF BOREHOLE * 
DUE TO SURFACE BORING LOCATION NOT EXACTLY CORRELATING WITH GEOLOGIC SOL INTERPRETED STRATA BOUNDARIES : 
SECTION DEPICTED; COMPOSITE SAMPLE DEPTHS ARE TRUE REPRESENTATIONS. inthe ; ° EXXON MINERALS COMPANY 

CEE STRATA BOUNDARIES UNKNOWN ——}—._ GROUNOWATER LEVEL : RHINELANDER , WISCONSIN 

COMPOSITE SAMPLE NO.1,LOW CARBONATE GLACIAL TILL 

REFERENCE: . COMPOSITE SAMPLE NO.2,STRATIFIED DRAFT IDAJIPIPOILONIA 

GOLDER, ASSOCIATES, DRAWING NO. O50-!-80911 COMPOSITE SAMPLE NO.3,HIGH CARBONATE GLACIAL TILL 
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NOTES - a Sore tisenton oe 
L SEE FIGURE 2-2 FOR GEOLOGIC LEGEND AND GENERAL NOTES. 

2. SAMPLE COMPOSITE SYMBOLS MAY BE PICTURED IN WRONG GEOLOGK FIG URE 2-3 . 

HORIZON DUE TO SURFACE BORING LOCATION NOT EXACTLY CORRELATING 

wor mine COMPOSITE SAMPLE DEPTHS ARE 

LEGEND GEOLOGIC PROFILES 
COMPOSITE SAMPLE NO. 1, LOW CARBONATE GLACIAL TILL SECTION C-C 

3 - . COMPOSITE SAMPLE NO. 2, STRATIFIED DRIFT WITH COMPOSITE SAMPLE LOCATIONS 

COMPOSITE SAMPLE NO.3,HIGH CARBONATE GLACIAL TILL 
. PREPARED FOR 

: ; EXXON MINERALS COMPANY 
RHINELANDER, WISCONSIN 

“REFERENCE: 7 | . DAIPIPOLONIA 
GOLDER ASSOCIATES, DRAWING NO.050-1-80913 
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i OS 

D'Appolonia's Quality Assurance/Quality Control (QA/QC) program was 

i 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 

i facilitating the implementation of regulatory requirements, satisfy 

client needs, and provide internal control and review which assures that 

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

i The QA/QC program is implemented by project staff and by a full-time 

independent Quality Assurance Group of scientists and engineers. 

i Project staff and the Quality Assurance Group, by virtue of their 

education and experience, are qualified to control, review, and 

i 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 | 

F 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 AST™, EPA, or other recognized reference standards. The 

i 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, | 

i laboratory testing, calculations, and computer modeling are described in 

the following paragraphs. 

i 
Samples from Exxon were cataloged and inspected immediately upon receipt 

i as a routine portion of D'Appolonia's QC program. Samples were inspect- 

ed by laboratory technicians and a professional staff member for signs ) 

i of container damage, leakage, contamination, sample identification, and 

f ot . 

i a
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i material quantities. Samples were stored in their original air-tight 

containers and shipping cartons to prevent excess exposure to light and 

i heat, on loss of moisture. | 

i Laboratory testing procedures, outlined in various chapters of 

D'Appolonia's Quality Assurance Manual conform to standardized ASTM, 

EPA, or other reference techniques, where applicable. Testing proce- 

i dures routinely include duplicate and/or standard samples for quality 

control. A detailed description of referenced testing procedures is 

i conteined in Appendix D. 

i D'Appolonie laboratories maintain standard data collection forms for 

. each test performed. In addition to recording raw test data, documente- 

i tion including testing dete, responsible individuals, and equipment used 

is maintained. On completion of data collection, the data is indepen- 

i dently checked for completeness and reviewed by the laboratory director. 

All laboratory data sheets are permanently stored in the central project 

files. : 

i 
Laboratory testing equipment is periodically calibrated at intervals 

, specified by the Quality Assurance stafi using standard calibration 

techniques. Equipment not meeting the necessary tolerance is either | 

i repaired or replaced prior to use. An equipment calibration file is 

maintained on all laboratory and field equipment requiring calibration. 

i D'Appolonia routinely employes an independent checking procedure on all | 

calculations, drawings, data reductions, tables, and specifications with 

i checking performed by a technically competent individual. Checkprints 

are generated on which the checker indicates approval or disapproval 

i with methodology and numerical accuracy. Discrepancies between orig- 

inals and checkprints are resolved following a review by the originator 

i and agreement between the checker and originator. Original calculations 

are revised, reviewed by the checker, and originals and checkprints 

; | signed and dated by both the originator and checker. Drawings, tables, 

i | 

i
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i leboratory data, and field data are also verified using this procedure. cae a 

Originels and checkprints are permanently retained in central project : el 33 

i files. as 

i Analytical computer programs ere 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 

i accuracy by a competent individual end each revision is verified and | 

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

i : 

D'Appolonia's QA/QC program is designed to comply with pertinent regula- 

i tory requirements, satisfy client's needs, and assure that work produced 

is of the highest professional standards. The QA/QC procedures conform 

i to standard reference practices where applicable, or are developed 

state-of-the-art techniques which have been carefully verified and 

i documented. 

§ | 

i 

i 
i | 

i 
i 

a 
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LITERATURE REVIEWED er | FE 

D'Appolonia performed a literature review of documents and drawings 

i supplied by Exxon. The purpose of the literature review was to assess 

the availability of existing date and their relevancy to the ground 

i water/soil attenuation study. This appendix references the documents 

and drawings reviewed in this study. Relevant information to this study 

are incorporated in the text.
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i REFERENCE LIST | 
FOR LITERATURE REVIEW 

: DOCUMENT | r 
NUMBER DATE DESCRIPTION 

i 1A 4/8} Dames and Moore, "Geology Study and Study 
| Methods,'' Crandon Project Environmental 

Baseline Study, Dames and Moore, Park Ridge, 
| Iilinois. , 

13 4/81 Dames and Moore, Appendix to ''Geologv Study and 
i Study Methods,'’ containing Particle Size | 

Analyses, Boring Logs, Clay Mineral Analyses, | 
and Modified Mercalli Intensity Scale of 1931. 

i 2 10/80 Golder Associates, "Interim Report for Waste 
Facility Siting, Crandon Project (Draft 2)," 

i Golder Associates, Atlante, Georgia. 

3A 10/81 Golder Associates, "Geotechnical Review, 
Crandon Project Waste Disposal System, Project 

f Report 2, Volume 1, Analyses and Interpretation” 

Golder Associates, Atlanta, Georgia. 

, 3B 10/81 Golder Associates, "Geotechnical Review, Crandon 

Project Waste Disposal System, Project Report 2, 
Volume 2, Laboratory Test Data, Test Pit Logs 

and G40 Series Boring Logs,'' Golder Associates, 

i Atlanta, Georgia. | 

3C 10/81 Golder Associates, "Geotechnical Review, Crandon 

i Project Waste Disposal System, Project Report 2, 
Volume 3, G41 Series Boring Logs," Golder 
Associates, Atlanta, Georgia. 

i 3D 4/82 Golder Associates, "Geotechnical Review, Crandon 

Project Waste Disposal System, Addendum No. 1, 
. Grain Size Curves and Boring Logs," Golder 

f | Associates, Atlanta, Georgia. 

4 12/80 Golder Associates, "Pond Seepage Rate Estimate, 
i Interim Report, Waste Facility Siting, Crandon 

Project,'' Golder Associates, Atlanta, Georgia. 

i 5 4/8) Golder Associates, "Parametric Seepage Rate 
Estimates, Crandon Waste Disposal System, Report 

3.2.1,'' Golder Associates, Atlanta, Georgia. |
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DOCUMENT : # _ 
i DATE ESCRIPTION a eT NUMBER DESCRIPTIO cer 

i 6 9/8) Golder Associates, “Pump Test and Analvses, - 
Crandon Project Waste Disposal System, Report 

No. 4," Golder Associates, Atlanta, Georgia. 

f 7 2/81 Golder Associates, "Tailings Materiel Proper- 
. ties, Crandon Project Waste Disposal Facili- 

: ties,’ Golder Associates, Atlanta, Georgia. 

g 4/81 Golder Associates, "General Properties of 
Common Liners, Crandon Project Waste Disposal 

i Facilities, Report No. 6.1.1," Golder 

Associates, Atlanta, Georgia 

9 1/81 Golder Associates, “Ground-Water Base Map, 
Crandon Project Waste Disposal System, Report 

| No. /,” Golder Associates, Atlanta, Georgia. 

i 10 4/81 Golder Associates, "Basic Waste Disposal 
Alternatives, Crandon Project, Report 8.1.1,” 

Golder Associates, Atlanta, Georgia. 

i 1] 5/81 Golder Associates, “Simple Mass Transport Model, 
Version 2.0, Report 9.1," Golder Associates, 

f Atlanta, Georgia. 

12 1/81 Dames and Moore, "Hydrodynamics and Associated . 
| Chemical Species Transport Calculations 

i Performed in Analysis of the Exxon/Crandon 

Infiltration Test Site," Dames and Moore, 

Golden, Colorado. 

i 13 3/81 Dames and Moore, "Attenuation Characteristics of 
Soils in the Prospecting Program Infiltration 

Site for Exxon Minerals Company,” Dames and 

Moore. | 

14 8/81 Exxon Minerals Company, “Crandon Project, Soil 
f Boring Summary Sheet, Exxon Minerals Company. 

15 4/77 Gerhardt, Roger A., “Leachate Attenuation in the 
i Unsaturated Zone Beneath Three Sanitary Land- 

fills in Wisconsin,” University of Wisconsin 

Extension and Geological and Natural History 

i Survey, Information Circular No. 35. 

16 6/80 Zaporozec, Alexander, “Drought and Ground-Water 
| Levels in Northern wisconsin, University of 

i wisconsin Extension and Geological and Natural 

History Survey, Geoscience Wisconsin, Volume 5, | 

—_ June 5, 1980.
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i DOCUMENT 
NUMBER DATE DESCRIPTION 

i 17 6/80 Zaporozec, Alexander, "Date for Selected Wells 
in Northern Wisconsin,'' University of Wisconsin 

Extension and Geological and Natural History 

f | Survey, Companion Volume to Geoscience 
| Wisconsin, Volume 5, 1980, Miscellaneous 

Paper 80-1. 

i 18 8/81 Golder Associates, ''Thickened Tailings Disposal, 
Crandon Project Waste Disposal System, 
Report 5.2," Golder Associates, Atlanta, | 

i Georgia. . 

19 7/81 Golder Associates, "Underdrain Review, Crandon 

Project Waste Disposal System Report 3.5," 

| Golder Associates, Atlanta, Georgia. 

20 1/82 Dames and Moore, "Ground Water Study and 
i Study Methods,'' Dames and Moore, Park Ridge, 

Illinois. 

i 21 2/82 Dames and Moore, "Surface Water Study and 
Study Methods," Dames and Moore, Park Ridge, 

Illinois. | 

f 22 12/81 Golder Associates, "Bedrock Data Map, Crandon 

Project,’ Golder Associates, Atlanta, Georgia. 

i 23 0/81 Golder Associates, “Bedrock Contour Map, Crandon 

Project,’ Golder Associates, Atlanta, Georgia. | 

i 24 10/81 Golder Associates, "Site 40 Glacial Stratigraphy 

Block Diegram, Crandon Project,’ Golder 
Associates, Atlante, Georgia 

i 25 10/81 Golder Associates, "Site 41 Glacial Stratigraphy 

, Block Diagram, Crandon Project," Golder 
i | Associates, Atlanta, Georgia. 

26 4/82 Golder Associates, "Alternative Studies, Crandon 

Project, Waste Disposal System, Report 8," 

a Golder Associates, Atlanta, Georgia. 

27 — 5/82 Golder Associates, "Geohydrologic Character- 

ization, Crandon Project, Waste Disposal 

System,'' Golder Associates, Atlanta, Georgia. 

| 28 4/82 CHoM/Hill, "Predicted Seepage from Tailings, 

i Results of Analysis No. 98," CHoM/Hill. |
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DOCUMENT ” a 
DATE DESCRIPTION .2 ae 7 

NUMBER — at 

i 29 . 9/81 Golder Associates, ‘'Summary of Laboratory Test . “= 

to Characterize Bulk Properties of Materials and 

Mixtures,'' Golder Associates, Atlante, Georgia. 

i 30 4/82 Golder Associates, ‘Miscellaneous Details and 

Analysis, Crandon Project, Waste Disposal 
| System, Report No. 11,'' Golder Associates, 

i Atlanta, Georgia. |
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. APPENDIX C 
| INDEX TESTING AND SAMPLE COMPOSITING 

fi C.1 INTRODUCTION 

As discussed in Chapter 3.0, 121 soil samples from four borings within 

i the area of the proposed MwDF were collected by Golder Associates 

(Golder) in May and June 1961 from use in this attenuation studv. The 

i four borings were sampled bv split spoon technique, every ten feet 

(three meters), or at anv major stratigraphic change, whichever was more 

i frequent. The borings were advanced using a bentonite drilling fluid. 

Samples were scrapped clean of the bentonite at time of collection and 

i visual inspection and comparision to control samples (no contact with 

the gray clay-based drilling fluid) showed no contamination of the 

f 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 

i collection procedures and boring logs are presented in Golder's (198la 

and 198l1b) Geotechnical Review of the Waste Disposal System. : 

E 
This study was designed to assess the potential leachate solute attenua- 

f tion characteristics of the two major stratigraphic units; the upper | 

glacial till and underlying stratified drift. Therefore, composite . 

i samples for laboratory attenuation studies were created from some of the 

121 soil samples in accordance with the criteria set forth in this 

i appendix. 

| C.2 INDEX TESTING AND RESULTS 

i Index tests (pH, neutralization potential, and grain size distribution) 

were performed on the soil samples from the two major stratigraphic 

i units of interest to examine the typical range of variability of major | 

characteristics in representive samples. In addition, this testing 

i aided in the development of the compositing plan. Table C.1l presents 

the sampling location and lithologic description of the 121 soil . 

i samples. The samples were examined for color, rock content, degree of 

é 

it
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f possible drilling mud contamination, degree of aggregation, and carbon- oF 

ate effervescence. Samples were selected for index testing after the ec UB: 

i above examinations and review of the boring logs and geologic cross- . 2% 

sections of the MWDF site area. Thirty samples were selected for index 

i testing according to the following criteria: 

¢ Minimal or no contamination by drilling mud had 

occurred (no visible contamination was evident in 

f anv sample). 

e Physical appearance (e.g., color, rock content, 

f grain size distribution) was representative of 

the stratigraphic unit. 

e Vertical distribution within each borehole and 

i horizontai distribution between boreholes was 

| attained. 

f e A near equal distribution of samples was obtained 

from the two major stratigraphic units. 

e The samples chosen for index testing had a wide 

range of carbonate effervescence results for 

later correlation to neutralization capacity 

f determinations. 

e Samples representing stratigraphic units other | 

| than those of interest to the project were ex- 

i cluded (e.g., glacial till beneath the major 

stratified drift unit). 

i Samples chosen for index testing and their results are presented in 

Table C.2. Reaction pH's were relatively uniform and strongly alkaline 

j (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 

f correlation to stratigraphic unit, or sample depth. Results of the 

grain size distribution determinations indicate the glacial till has a 

E larger variability of grain size than the stratified drift. The glacial 

till generally has both more gravel and silt and clay than the strati- 

i 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.



f In addition to the ebove index tests, the three most aggregated glacial 

till samples were used to determine bulk density and moisture content : 

i for later use in the compacting effort of sample columns as discussed in | 

Appendix F. No stratified drift sample was sufficiently aggregated to | 

f allow a bulk density determination. Results of these determinations are 

also presented in Table C.2. 

i C.3 SAMPLE COMPOSITING 

As discussed in Chapter 3.0, the goal of sample compositing was to 

i generate samples with which the range of site attenuation character- : 

istics could be determined, vet the basis of the compositing plan was to 

i be formulated from a conservative approach. Therefore, the following 

- sample composite types were selected for attenuation studies: 

i e ‘“Fine-grained” glacial till with low neutraliza- 

tion capacity. 

£ | e "Coarse-grained stratified drift with low neu- 

tralization capacity. 

a e Glacial till with high neutralization capacity. | 

In order to allow the above three composite samples to be generated, 

i each of the 121 soil samples were grouped into one of the following four 

categories: 
. 

i e Category 1--"Fine-grained” glacial till with low 

neutralization capacity. 

i @ Category 2--"Coarse-grained’ stratified drift 
with low neutralization capacity. 

i | e Category 3--Glacial till with high neutralization 
capacity. 

[ e Category 4--None of the above. 

i This grouping of the samples was accomplished by visual inspection, 

grain-size feel of the samples, and carbonate effervescence test. The 

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



j os 
f in the sample. This grouping into fine-grained samples did not consider nan oo. 

the amount of other coarse-grained materials present in the sample, only exe) Lf 

f that clays were present. Conversely, the “coarse-grained” samples were : ~ 

defined as having the feel of an absence of clays in the sample. This 

& grouping did not consider the amount of silts and fine sand material in 

the sample, only that clays were absent ir lerge quantities. The neu- 

tralization capacity of the samples were estimated from a correlation of 

i the thirty neutralization capacity and carbonate effervescence results 

presented in Tables C.1 and C.2, respectively. This correlation re- © 

i sulted in the following neutralization capacity estimates: 

- ESTIMATED NEUTRALIZATION CARBONATE EFFERVESCENCE , ney nas * 
NUMERICAL RATING CAPACITY IN PERCENT 

oe CALCIUM CARBONATE EQUIVALENT 

0 <1.5 

1 1.5-3 

2 3-5 

3 5-9 : 
5 >9 

Category grouping results for each sample ere presented in Table C.l. 

f Priorities developed for generating the composite samples are listed 

below in descending order of importance: 

i e Proper neutrelization capacity category. 

i e Proper grain-size category. 

e Good vertical distribution within each borehole 

fg and spacial distribution over the MWDF site. 

e Position of sample above and below the water 

table (Table C.1). 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.



cs 
f e Sample mass available to generate the required 

mass for attenuation testing of each composite 
Sample. 

| E | 
Based upon the above criterie, the selected individual Samples and their 

i contributing mass indicated in Table C.3 were used to generate the 

composite samples. As can be observed from Tables C.1 and C.3, in some 

i 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 established compositing cri- 

t terla. However, in no instance was the neutralization capacity criteria 

violated. 

i 
Each individual sample selected for a composite sample was disaggregated 

i using a Nasco~-Asplin soil disaggregator (does not grind samples below 

their inherent grain size), riffle split (AST D 421-58[72]) and an 

i equal air-dry weight fraction (if aveilable) from all Samples was used 

to generate the composite samples. Each composite sample was then. 

£ thoroughly mixed by sheking and several sequences of passing it through 

the riffle splitter and recompositing it. | 

i 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 

f gravel fraction of each sample was not used in eny other characteriza- : 

tion or attenuation test. The gravel fraction was removed from each 

£ bulk composite sample as it could not be present in the column attenua- 

tion test (would not allow proper compaction of the columns), and it was 

f desired to perform characterization tests upon identical (riffle split 

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

‘ C.4 COMPOSITE SAMPLE CHARACTERIZATIONS 
. 

acca, 
- 

Composite sample characterizations and results ere presented in Chapter 

' 3.0. However, the laboratory grain-size distribution curves are pre- 

sented in this appendix as Attachment I. 

E | 

£ |
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L TABLE C.1 
SAMPLE SUMMARY, LITHOLOGIC CHARACTERIZATION, a a USCS CLASSIFICATION, AND COMPOSITING CATEGORY . &. he 

wf is 7 

| 0 pe (2) c | ee zg 
SAMPLE INTERVAL. | saspr urtwovocie | (nified soil EFFenve scence 2) COMPOSITING : et i BORING (feet, shove no.) | pescriprion‘2) | Classificetion (Fizz Test - caTEGORY (4) 
Mean Sea Level) | | | system) 10% RC1) 

| t 

j | agi. pease a 2 | Gteciet rina | SM 1 4 
1681.0-1679.5 | 3 | Glacial Till | oH 1 4 
1672.0-1670.5 4 | Glacial Tink | SP-SM 2 3 
1662 .0-1661.0 5 Glacial Till | SP-SM 2 3 

i 1652.0-1651.3 | 6 | Glacial Till | SP-SM 3 | 3 
1642.0-1600.7 | 7 | Glacial Till SM ‘ | 3 
1632.0-1630.2 | 8 Glecial Till | o 2 | 3 

5 1622.0-1621.0 | 9 | Glacial Tn SM 2 3 
| 1612.0-1611.0 | 10 | Stratified prift | cP 2° | 4 

tsi 1602.0-1600.0 | 11 | Stratified Drift | SP-sM 0 2 
j = 15910-15890 | 12. | Stratified prift | SP-SM 1 | 2 

1582. 0-1580.0 130 | Glacial Till | SM 2 3 
1572.061571.7 | 44 | Glacial Till | su 3 3 

i | 1562.0-1560.5 15 | Giaciel Tilt SM 2 3 
G4l-B9 1552.0-1550.7 16 | Glecial Till | SM 2 3 

1541.0-1540.3 | 17 | Glacial Till | sé 3 3 
5 1531 .0-1530.4 | 18 | Glacial Ti21 | SM 0 1 

21522.0-1521.0 19 Glacial Till | SM 2 3 

1511,01510.0 | 20 Glacial Ti | SM 1 4 
1502.0-1501.2 21 | Glacial Till | SP-Sé 2 3 

i 149). 5-1490.6 22 Glacial Tin | su 0 1 : 
1482, 0-na(6) | 23. | Stratified Drift | SP 1 2 
1472.0-1470.5 | 24 Sctretified brite | sP ° 2 

j 1662.0-1460.5 | 25 | Stratified Drift | SP 1 2 
1452.0-1450.5 | 26 | Stratified Drift | SP-SM 1 2 

1442,0-1440.5 | 27 Stratified Drift | SP-SM 1 « 
i 1432.0-1430.5 | 28 | Stratified Drift | SM-ML 0 é 

1422.0-1420.5 29 Stratified Drift SM-ML 1 4 
1412.0-1410.5 30. | Stratified prift SM=ML 0 4 

s 1402.0-1400.5 31 Glacial Till oH 1 4 

4s See footnotes at end of table.



i TABLE C.1 
i (Continued) j 

: ype (2) . i 

sorme: | tee ee SAMPLE LITROLOGIC, | | (Onified Soil errenvescence(3) COMPOS ITING og 
i iets eos tenet) | N0- DESCRIPTIoN (2 | Chesnbitseeton aa as - caTecory (4) | 

| Sy 

7 T ; 
1704 .6-1702.6 32 | Glacial Till | SM 1 1 

j | 1699.6-1698.5 33 Glacial Till | SM 1 4 

1689. 6-1 688.2 34 | Glacial Till | sM 3 3 
1679.6-1677.6 35 Glacial Till | su 5 8 3 

i ” 1666 .6-1664.6 36 Glecial Till SM 3 | 3 | 

1659.6-1658.1 37 Glacial Till | SM 3 3 
| 1649, 6-1647.7 38 Stratified Drift | GP 0 | 2 

i 1635.6-1633.3 39 Stratified Drift | GP 1 2 : 

1629.6-1628.8 40 Glacial Till SP 1 4 

1619. 6-1617.6 rst Glacial Till | sP 2 3 

i 1609 .6-1608.3 42) Glacial Tilt | sP 1 4 

|v 1599. 6-1597.8 43 Glacial Till | sP : 1 4 

= 1589. 6-NA ba Glacial Till | sh 1 1 . 

1579.6-1577.6 45 Glacial Till | sM 0 1 

i 1569. 6-1568.1 46 Glacial Till | sM 1 1 

G4i-G13 | 1559. 6-1558.1 47 Glacial Till | SM 1 1 

1549. 6-1548.6 48 Glacial Till | sP 1 4 

i 1539.6-1538.7 49 Glacial Till | SM. 3 3 

1528.6-1527.8 50 Glacial Till | ™ 0 4 

1519.6-1518.8 51 Glaciel Till sM 2 "3 : 

| 1499.6-1498.9 53 Glacisl Till | SM 3 3 

1489. 6-1 488.9 54 Glacial Till M 1 1 

1477.6-1476.8 55 Stratified Drift | sM : 2 4 
8 1469. 6-1468.6 56 Stratified Drift | SP 1 2 

1459. 6-1457.9 57 | Stratified Drife | SP 1 2 

1449, 6-1447.6 58 Stratified Drift | sP 1 2 

i 1439. 6-1437.9 59 | Stratified Drift | SP 3 4 

1429. 6-1428.6 60 Stratified Drift \ SP-ML 1 2 

1419, 6-1418.8 61 Stratified Drift | SP-ML 5 4 

1409. 6-1408.6 62 Stratified Drift ae 5 4 

i 1399.6-1398.3 63 Stratified Drift sP 4 4 

i See footnotes at end of table. Z



j TABLE C.1 
7 (Continued) 

é fo 

i ype (2) =. ge ocoe 
BORING oe ecto “| saneng LITHOLOGIE, (Unified Soil errenvescence(3) Compost 3NG ae 

Mean Sea Levei) | XO DESCRIPTION Classification (Fizz Test - caTecory‘+) in Be 
j : | System) 10% HC1) . 

| 

1678,8-1676.8 64 Glacial Till ™ 2 | 3 
1673 .8-1671.8 65 Glacial Till M 1 | 4 

i 1663,8-1661.8 66 Glacial Till s 0 1 
NA 67 Glacial Till ™ 1 4 

1643,8-1641.8 68 Stratified Drift SP 1 4 
i 1633.8-1631.8 69 Stratified Drift, sP 2 | 4 

1623.8-1621.8 70 Glacial Till SM 1 | 4 

1613.8-1611.8 71 Glacial Till SM 0 | ) 
i 1605.8-1603.8 72 Glacial Till SM 0 1 

1605.8-1603.8 3 Glacial Till ™ 1 1 
i 1593.8-1591.8 7 Glacial Till ™ ) 4 

i ~ 1583.8-1581.8 75 Glacial Till sm 1 1 
15738-1571 .8 76 Stratified Drift sP ) 2 
1563.8-156) .8 7 Glacial Till sM 0 4 

Gh)-H18B] 1553.8-1551.8 78 Glacial Till sM 0 1 
j 1543, 8-1541.8 79 Glacial Till SM 1 1 

1533.8-1531.8 80 Stratified Drift SP 0 2 
1523. 8-1521.8 81 | Stratified Drift SP 1 2 

i 1513, 8-1511.8 82 | Stratified Drift sP 0 2 
| 1503.8-1501.8 83 Stratified Drift SP 1 2 | 
| 1493,8-1491.8 Be Glacial Till sM 1 4 : 

f 14838-1481 .8 85 Stratified Drift sP 0 4 | : 

1673.8-1472.3 86 Glacial Till ™ 1 4 / 
1463, 8-1462.3 87 Glacial Till SM 1 1 

i 1453.8-1452.8 88 Glacial Till MY 1 1 
1441.8-1440.8 a9 Glacial Till SM 1 1 
1433, 8-1432.8 90 Glacial Till Mu 1 1 

i 1423. 8-1422.8 21 Stratified Drift Mm 0 4 
1413, 8-1412.8 92 Stratified Drift ML 1 4 

i See footnotes at end of table. 

a



i : TABLE C.1 
(Continued) 

i SOIL TYPE (2) CARBONATE PLE ERY, 
senine a aces | ‘SAMPLE LITHOLOGIC | | (Unified Soil EFFERVESCENCE(3) | COMPOSITING / 

. yo.(1) | pescriprion(2) | Classification (Fizz Test - catecory (4) 
Mean See Level) | 7 

| | System) | 10% 4C1) 
! | \ | | 

1675.4-1673.9 93 | Glacial Till SM | ] | ] 

i 1670. 4-1668.9 94 | Glacial Till | ™ | 1 4 

1660.4-1658.9 95 | Glacial Till SM | 1 & 

1650.4-1648.9 96 Glacial Till SM 1 4& 

1640. 4-1639.2 97 Glacial Till SM | 2 a 
| } 

1630.4-1629.3 98 Glacial Till SM | 1 4 

1620.4-1618.8 oo | Stratified Drift | SP | 0 2 
1608, 4-1607.3 | 100 Stratified Drift | SP | 6 2 . 

j 1606.4-1604.1 | 101 Stratified Drift SP 0 z 

1602.4-1600.9 102 Stratified Drift SP 0 2 

-¥ 1600.9-1600.4 103 Stratified Drift SP 0 2 

i : = 1588.9-1587.2 104 Stratified Drift SP 0 2 

1580.4-1578.9 105 | Stratified Drift sp . J 2 

1570.4-1568.9 | 106 Stratified Drift | sP | 0 2 . 

i 1560.4-1558.9 | 107 Glacial Till | SM 0 1 

G41-K21A 1550.4-1548.9 108 | Glacial Till | SM | 1 1 

1540.4-1539.4 109 Glacial Till | MM 4 3 

i 1530.4-1529.4 110 Glacial Till | SM | 2 3 

1520.4-1518.9 nll} Stratified Drift | SP 0 4 
1510.4-1508.° 112 Stratified Drift | SP xX “2 

1500. 4-1498.9 113. | Stratified ee SP 1 ho 
1490.4-1488.9 11a Stratified Drift SP 1 2 

1480.4-1479.4 115 Stratified Drift | SP . 1 2 

1470. 4-1 469.4 116 Stratified Drift} SP 1 2 

1460.4-1459.4 117 Stratified Drift SP 1 2 

1450.4-1449 4 118 Stratified Drift SP-ML ] 4 

1440.4-1439.4 119 | Stratified Drift SP-ML 3 4 

i 1430.4-1429.1 120 | Stratified Drifc SP-ML | ] . 

1420.4-1418.9 121 | Stratified Drift SP-ML 3 4 

1410.4-1408.9 122 Stratified Drift SP 5. 4 

i 1400.4-1398.9 123 Stratified Drift SP 2 & 

Oe emples 1 and 52 were not available for testing. 

i (2), venotiente descriptions and soil classifications (ASTM D 2487-69[75]) from Golder Associates (1981b) 

boring logs and sample descriptions. 

(395 guar numeric estimation showing the presence of carbonates (higher numeric rating correlates to 
higher carbonate content) after the addition of e few drops of 10% HCl (Sobek, et al., 1978): 

0 = No reaction 3 = Moderate reaction 
1 = Very slight reaction 4 = Strong reaction 

2 = Slight reaction . 5 = Very strong reaction 

(4) 6 saple grouping by visual inspection, grain-size feel of samples, and carbonate effervescence test: 

1 = Fine grein glacial cill with low neutralization capacity. 
2 = Coarse erain stratified drift with low neutralization capacity. : 
3.= Glacial till with high neutralization capacity. 
4 = None of the above. 

i (5) soroximate groundwater table location; contact between samples collected above and below the 
groundwater table. 

1 (not available (NA).
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i TABLE C.3 

i COMPOSITION OF COMPOSITE SAMPLES 

COMPOSITE SAMPLE NO. 1 COMPOSITE SAMPLE NO. 2 COMPOSITE SAMPLE NO. 3 

i (Glacial Till) (Stratified Drift) | (High Carbonate Effervescence) 

SOURCE 
WEIGHT WEIGHT WEIGHT 

BORING atts CONTRIBUTED 2) ses CONTRIBUTED‘ 3) Mes) CONTRIBUTED( 2) 
i ‘ (grams) — (grams) = (grams) 

2 420 fool 460 5 50 
i 3 420 12 440 7 50 

18 420 23 449 9 50 

GAl“H9 20 420 25 440 14 50 
22 420 26 375 17 50 

i 27 440 19 50 

33 420 56 356 34 50 

44 420 57 178 35 50 * 

i 45 420 58 440 36 50 

46 420 60 328 37 50 

641-613 47 420 4) 50 

50 420 49 50 

i 54 420 51 50 

53 50 

| 55 50 

| | 
4 66 420 7564) 440 64 50 

68 420 80 440 69 50 : 

71 420 81 440 
G41-HB18B 72 420 82 440 

j 73 420 3464) 440 
78 420 

79 420 | : 

i 95 420 103 440 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 : 

Upeger to Table C.1 for sample interval and lithologic description. 

j (2) opeained using a sample splitter (ASTM D 421-58[72]). 

(obeained 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. 

i 4) Due to a later discovery of interpretation problems between the boring logs and sample 

identifications, Samples 75 and 84 (glacial till materials) were misappropriately added 

i to Composite Sample No. 2. :
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ATTACHMENT I ef 4: 
, GRAIN SIZE DISTRIBUTION CURVES 7 Se 

Grain size distribution curves for composite Samples Numbers 1 (glacial 

i rill) and 2 (stratified drift) and the four percent bentonite/till 

admixture. Grain size distribution curves and other composite charac- 

i terizations were determined only on the sample fraction passing e 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. 

i 
i , 

i 
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i APPENDIX D 

LEACKATE SYNTHESIZATION, STABILITY MONITORING RESULTS, AND | 

i ANALYTICAL METHODOLOGY : 

| D.1 INTRODUCTION . 

This eppendix presents the procedures used to create the tailing leach- 

ates used in the laboratory testing program. The leachate storage 

i orocedures and results of the stability monitoring analyses are also 

presented. In addition, the analytical methodologies used in the 

i leachate analyses and analytical problems encountered in this study are 

presented. 

i 
' D.2 TAILING LEACHATE SYNTHESIZATION . 

i 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 simulate mill 

i reagents or increase solute levels to significantly above analytical | 

detection limits to aid in solute detection during the attenuation 

i 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, ete.) for 

E the svnthetic leachates. The MWDF tailing leachates are anticipated to 

be alkaline with an approximate pH of 10 due to the mill amendments. © 

i However, 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- 

E 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 

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- 

i could be conducted for a longer time period than was first considered. 

The same procedures were used to generate both the Phase I and Phase Il 

f leachates. | | 

i . 

f |
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. D.2.1 Tailing Leaching . “ | a 

The following procedures were used to generate a tailings chemical ot A: 

E matrix for both the Phase I and Phase II leachates: . ae 

e Dry tailings - The Pilot Mill tailings were air 

f dried. 

e Mix tailings with distilled. water - The dried 

tailings were mixed at a 1:4 ratio with distilled 

i water in a large 30-gallon plastic container. 

e Acidify mixture - The pH of the tailings-~ 

f distilled water mixture was adjusted to and main- 

tained at pH 2 using H,50,. 

e Leach tailings - The tailings were leachated for 

48 hours at pH 2 with constant stirring during 

the first 24 hours. 

E e Separation of tailings and leachate - The leach- | 

ate was filtered through glass fiber filters to 

separate the tailings and leachate after the 48- 

i 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 stabilization - The 

E 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 

E long-term stability of the leachates. 

® Precipitate removal - Each of the three leachates 

were filtered through 0.45 m membrane filters 

i and placed in closed five-gallon containers. For 

. the Phase I leachates, the containers were plas- 

tic; while glass containers were used for the 

f Phase II leachates to help prevent oxygen diffu- 

sion through the container. Additionally, a l2- 

gallon closed glass container was used for the pH 

i 9, Phase II leachate, as a larger volume of this 

leachate was required. 

e Oxygen removal - The three leachates were purged 

F of oxygen by bubbling nitrogen through the leach- 

ates for 60 hours.
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j D.2.2 Leachate Synthesization 

The pH adjusted leachates (Section D.2.1) were spiked with several 

f target chemical species, specified by Exxon, to simulate mill reagents | 

or increase solute levels to significantly ebove analytical detection 

f limits to aid the attenuetion study. The spiking occurred after the 

oxygen was purged from the leachates. The spiking concentrations of 

i each chemical species and the parent compounds used for spiking are 

shown in Table D.l. 

i The spiking was carried out under a nitrogen atmosphere to maintain the 

semi-anoxic state of the three leachates. In addition, because reduced 

i 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 

f minimum. . 

E The following solutions were prepared for spiking 17 liter aliquots of | 

three leachate solutions. As three solutions of leachate at pH 3, 6, : 

and 9 are to be used, the spiking solutions needed to be prepared which | 

i differed in certain details to promote the leachate stability as | 

follows: | : 

e For pH 3 leachate, sodium tetrathionate (Na55,0¢) 
and all the metal salts were used in the spike. © . 

£ e For pH 6 leachate, sodium thiosulfate (Na5S103) 
and all the metal salts were used in the spike. 

f e For pH 9 leachate, ferrous sulfate was omitted 

from the spike and sodium thiosulfate was used. | 

The reagents! weights indicated in Table D.1 were weighed on an analyt- 

ical balance and were transferred to different volumetric flasks, as 

f explained below, to prepare stock spiking solutions. There were a total 

of eight spiking solutions for each leachate pH. The methods of their 

f preparation follow: : 

i 

i
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E Solution A - KCN was dissolved in 50 ml of distilled ; re 

water in volumetric flask. OR 

f | Solution B - The nitrate salts of cadmium, mercury . oo 

(II), and silver were dissolved in 100 ml of dis- 
| tilled water in a volumetric flask. | 

i Solution C.1 - Sodium thiosulfate was dissolved in | 

250 ml of distilled water in a volumetric flask for 
f 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 zine, along with | 
potassium chloride and potassium fluoride, were dis- 

solved in 500 mi of distilled water in a volumetric 

, flask. 

Solution F.1 - For pH 3 and pH 6 leachates, a 

; solution of FeSO, 750, MgSO, 7H50, and Na,SO, 10H. 0 

was prepared in one liter of distilled water in a | 

volumetric flask. | 

; Solution F.2 - for pH 9 leachate, a solution of 

MgSO, 7H50 and Na,SO, 7H50 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 m1 of 

B distilled water in a volumetric flask. 

Solution H - The indicated quantity of potassium 7 

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 

i liters. These solutions were added individully to 17 liters of respec- 

tive leachates in the alphabetical order, noted above. For the Phase II 

i 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 

cwo additional liters of the Phase II, pH 9? 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 mineral salts in the stock spiking | 

i solution itself. By adding separate spiking solutions, interferences or : 

| reactions likely to occur would take place in the batch leachate. Addi- 

[ | tionally, the order of eddition noted above helped to achieve maximum | 

solute levels due to the formation of complexes in the leachate. 

i 
‘The spiked leachates were aged seven days under a positive nitrogen 

; atmosphere at embient leboratory conditions to help stabilize the leach- | 

ates before use in any laboratory testing program. In addition, a 

i nitrogen atmosphere wes maintained and leachate pH periodically moni- 

tored and adjusted (CaO or HSO,) 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. | | 

E | 

D.3 LEACHING STABILITY MONITORING | 

p 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 

i leachate permeant reservoirs to the column attenuation tests (Appendix 

F). In addition, at the conclusion of both the Phase I and Phase II 

j laboratory column testing, the constant head reservoirs to the four 

percent bentonite/till liner admixture columns (Columns K-1 and K-2), 

i which could not be mechanically sampled during the course of the column 

testing, were also analyzed for major parameters of importance. These 

i results are presented in Table D.5 | 

i , 

i
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i D.4 LEACHATE ANALYTICAL METHODOLOGY Pe, 

The leachate analytical methodologies and detection limits of this ant oe 

i study are summarized in Table D.6. In addition, as noted in Tables D.2 oe 

through D.4, other analytical methods for total sulfur and ferrous iron 

Ef 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 

i ferrous iron were selected for use throughout the study as they were 

simpler procedures, which lowered the potential for analytical errors, 

i 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 | 

i problems encountered follow: 

e Chloride levels in the effluents from the sedi- 

i 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. Additionally, soil leaching of the 

| chloride did not seem probable; site ground water 

i 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 

i expected and often variable throughout the leach- 

| ate storage period. The difference between com- 
bined sulfate and thiosulfate concentrations and 

i 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 

i difficulties are a possible cause. .



; 0 
i e Total sulfur, sulfate, and specific conductance 

levels in some of the column test (Appendix F) 
effluents (Figures 3.1 through 3.10), were some- 

i times, like chloride, higher than influent con- | 

centrations. Higher sulfate levels mav have been 

due to the oxidation of thiosulfate or other re- 

duced sulfur species in the columns, especially 

i for the earlier column effluent samples (through 

| January 6, 1982, Appendix H) which were inadvert- 

ently not stabilized with iodine. However, this 

f would not arfect the total sulfur and specific 

conductance results. These may have been due to 

analytical problems or slugs of sulfur species | 

i moving through the columns after their initial 

retardation by the sediments. 

® Ferrous iron was determined by two standard wet 

i chemical methods (potassium dichromate titration 

| and the phenanthroline-spectrophotometric method) 
and chemical matrix interferences caused positive 

i ecrors above the total iron value for every 
sample analvzed by both methods. Because of the 

chemical matrix interferences, these results are 

i not quantitative and can only be interpretated as 
indicating most of the iron present in probably 

in the ferrous state. The solution equilibrium 

. modeling performed in this study (Table 3.9) | 
, confirmed ferrous iron as the dominate iron | 

oxidation state for the pH 2, 3, and 6 leachates. 

i e Due to solution matrix interferences, some | 

sensitivity in the leachate metal determinations, 

. especially for barium and selenium, was lost : 

in order to compensate for the necessary back- 

i ground corrections. Therefore, low level deter- 

minations of these and other metals had poor 

i reproducability.
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TABLE D.1 | 
i LEACHATE SPIKING COMPOUNDS AND AMOUNTS a 

LEACHATE TARGET TOTAL WEIGHT OF SPIKING COMPOUND a 
i CHEMICAL CONCENTRATION SPIKING tees eT g 

SPECIES COMPOUND Ce) we /1 GRAMS GRAMS Los a! 
E mg/1 MOLES /LITER é PER 19 LITERS PER 45 LITERS 9 scr 

Cations: 

B As 2 2.67 x 107° As50, 197.8 2.64 0.0502 0.1188 

Cd 1 8.90 x 107° — Cd(NO4), .4H,0 308.5 2.74 0.0521 0.1235 

Cr (VI) 0.5 9.62 x 107° KyCr0, 194.2 1.86 0.0355 0.084) 

i Cu 10 1.57 x 107 CuSO, .SH40 249.7 39.3 0.747 1.765 

Fe 50 8.96 x 107° FeSO, .7H,0 278.0 249 4.731 - 

' Pb 2 9.65 x 107° Pb(NO,)» 331.2 3.20 0.0608 0.1438 

Mn 5 9.10 x 107° MnO, .H0 169.0 15.4 0.293 0.6930 

f He 0.1 4.98 x 1077 Bg (N03). 40 342.6 0.171 0.0032 0.0077 . 

Se i 1.27 x 107° H, Se0, 129.0 1.64 0.031] 0.0737 : 

i Ap 0.2 1.85 x 10°° AgNO, 169.9 0.315 0.0060 0.0141 

2n 20 3.06 x 107% 2nS0, .7H,0 287.5 87.9 1.670 3.958 

i Me 50 2.06 x 107° MgSO, .7H,0 246.5 507.2 9.637 22.84 | 

Na 270 - Na, SO, .10H,0 322.2 3,899 74.07 - | 

; na St? 270 - Nan SO, .10H,0 322.2 4,189 - 188.5 : 

K 30 - KCN, KF, KCl - - - - : 

E Anions: | 

C17 50 1.41 x 1077 KC] 74.56 105.2 1,999 4.735 

i znSO,, MgSO, : 
so," 1,500 1.56 x 107%  MnSO,, FeSO, - - - - | 

Na.SO, : 

=(2) ~yaqrt3 , | 
i $04 500 4.46 x 10 Nay $.03.5H40 248.1 1,105.6 21.01 49.78 | 

=(3) -3 _ . 
S)0¢ 500 2.23 x 10 Na, S,0¢ .2H50 306.2 682.8 12.97 | 

i Cd(NO)5, | 

NO. 1 (as N) - Pb(NO,)2, - - - - | 

Hg(NO,)., AgNO, | 

i Fo 2 1.05 x 107" KF .2H,0 94.1 9.9] 0.1880 0.4450 | 

; CNT 0.25 9.61 x 10°° KCN 65.1 0.63 0.0119 0.0282 

i (ror pH 9 leachate with no FeSO,. 

(2) nor pH 6 and 9 leachates. 

5 (3) Foy pH 3 leachate.
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TABLE 0.2 
RESULTS OF pll 3 LEACHATE/COLUMN PERMEANT TARILITY MONTTORINGS!) : 

PHASE T LEACHATE PHASE TL LEACHATE 

PARAMETER UNITS aii Nc alain ee cence a madi —— — 

10/26/81 11/2/81 11/9/81 11/23/81 12/10/81 12/16/81 1/11/82 2/2/82 2/16/82 2/16/82 3/10/82 3/24/82 4/12/82 

pil pl unite 3.00 3.01 3.00 2.98 3.01 3.00 2.90 3.06 2.98 3.07 3.00 3.01 2.98 

Eh nV +586 +578 +545 +556 +752 +641 +600 +521 +387 +609 4536 +51 +587 
Specilic Conductance — vmhos/em @ 25°C 8,790 8,080 7,980 7,980 9,220 8,660 8,620 8,440 R160 7,550 7,370 7,340 7,320 
Sulfate mg/h 6,000 5,000 6,700 * 6,500 = 6,200 5,600 5,100 5,700 5,100 ee 5,400 

Total suttue(?) mg/t 80, 8,900 - - - - 2 : - 2 . < “ 
Total sultucl4) mp /t 80, 8,200 - 8,900 9,100 13,200 i 6,600 % 8,100 9,100 8,600 - 8,900 

Dissolved Metals: ©) 

Ferrous Tron (9) mest 2,100 2,000 2,100 - - - - - - - - - - 

Feeraus teon(7) mg /2 - 7 1,500 ~ = ° = = 1,350 940 7 * 
Total Tron mg /t 1,360 1,510 1,610 1,720 1,600 - - mek 1,460 910 1,030 940 940 

Acsenic mg/t 6.8 ~ 5.8 6.1 6.1 ~ ~ “ 5. 2.9 3.2 w 3.8 
Copper mg /t 110 120 115 120 tio - * = 130 110 110 120 120 
Zine mg /t 520 550 500 525 500 « - - 550 450 450 430 430 

(Onctecenced analytical methods presented in Table 0.6 unless otherwise noted. 

(Deromine oxidation in accordance with Furman, ed. (1962); analysis in accordance with APHA (1981). 

Gem indicates not determined. 
(oxidation with hydrogen peroxide; analysis in accordance with APHA (1981). 

)analysia of samples filtered through an 0.45 um membrane filter. 
(potassium dichromate titeation (U.S. Steel, 1929). . 

(Mopnenantheoline, spectrophotometric method (APHA, 1981).
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TABLE D.3 
RESULTS OF pil 6 LEACHATE/COLUMN PERMEANT STABILITY MONTTORING(!) 

. ee me eet et a ga 

. ® PHASE L LEACHATE PHASE LL LEACHATE 

‘ PARAMETER UNITS 

10/26/81 11/2/81 11/9/81 «14/23/81 12/10/81 12/16/81 L/TL/B2 ~—-2/2/B2 2/16/82 2/16/82 3/10/82 «3/24/82 4/12/82 
a a 

pu pl unite 5.75 5.63 5.69 5.62 5.93 4.94 4.50 5.82 5.22 5.82 5.76 5.46 5.61 

Eh mV +246 +308 +320 4326 #552 +558 +498 +498 +336 +75, +483 +472 +482 

Specific Conductance  vmhoa/em @ 25°C 7,240 6,640 «6, 700 5,960 7,920 6,570 6,580 «6,540 «6, 750 6440 6,230 6, 120 5,790 

Sulfate me /t 3,200 2,600 3,600 -Q) 4,050 - 4,200 3,100 3,000 4,160 3,000 = 3,100 

Total Sulfur’) * mast $0, 6,300 - - - - - - = - - - e - 

Total Sulfur’) mg /t SO, 6,000 = 5,200 = 6,700 = 7,800 - 6,400 6,600 6,300 - 6,100 

Dissolved Metale: >) 

Ferrous Tron(®) mg /t 1,600 1,200 1,200 e - - - - - - - - - 

reviews aon’? mg /t - - 700 - S “ 2 = 550 295 = s “ 

Total tron mg/h 730 7190 660 660 610 - 705 =~ 610 410 410 410 410 

Arsenic mp /k 0.3 0.33 0.14 0.13 2 = - = 0.023 0.52 0.38 al 0.84 

Copper mg /t 0.14 0.46 o.ul 0.10 0.11 se ™ 2 <0.01 0.12 0.8 0.61 0.10 

Zine mg/t 140 145 195 140 140 - - - 140 200 180 1R0 180 
a 

(Oroterenced analytical methods presented in Table 0.6 unleas otherwise noted. 

(Du indicates not determined. 

Degcomine oxidation in accordance with Furman, ed. (1962); analysis in accordance with APNA (1981). 

(oxidation with hydrogen peroxide; analysis in accordance with APHA (1981). 

(analysis of samples filtered through an 0.45 um membrane filter. 

()rseansium dichromate titration (U.S. Steel, 1929). 
(Mphenanthroline, apectrophotomet cic method (APHA, 1981). 

he 
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TABLE D.4 : 

PHASE T LEACHATE, PHASE, TE LEACHATE 

PARAMETER UNITS 12/10/81 12/16/81 1/14/82 2/2/82 

10/26/91 11/2/81 a9/8 2388 so 6/82 2/16/82 3/10/82 3/24/82 4/12/82 

pit pit units 9.05 9.09 9.06 9.03 9.07 9.07. 8.31. B10 BADD BLT B29 B.A3 8.62 ALAS 8.79 8.79 

Fh nV 4276 4318 +395 +346 #412 412 49ST 4365 HAIR 4459 4392 +308 +497 +496 +486 +506 

Spect£ic Conductance — ymhon/em @ 25°C 5,690 5,990 5,210 4,790 5,460 5,460 4,690 4,900 5,280 5,289 4,850 4,750 4,960 5,360 4,880 4,460 4,470 

Sulfate me/t 2,200 1,800 3,100 -“) 2,100 2,100 = 2 2,990 2,800 2,400 2,500 2,300 2,000 2,100 - 2,100 

Total Sulfur6>) me/t SO, 4,350 - 2 - = - = - = “ ~ = - i = - - 

Total Sulfur (® mg/t SO, 3,800 ss 4,350 3,800 =3,900—- 3,400 “ * 5,900 5,790 = - 3,900 4,200 3,900 Z 3,800 

Fluoride mg/t 7.6 - - 7 - - - - - : 4.7 5.3 6.8 2.3 - - 19 

Disnolved Metata: (7) 
Ferrous Tron melt 0.2 0.2 0.25 - - - - - - - - - 0.5 a5 - - - 

Total Tron g/t O.4 o.1 ot out out - - - <O.1 - - - 1.2 a4 9.2 ot 1.6 

Arsentc g/t 0.991 9,009 9.008 0.907 9.908 - - - - “ - = 0.275 9.015 0.075 - 0.909 

Copper mg/t 5.4 sa 53 mt] Ago = - - - - - 7.7 6.8 4.0 5 Wah 

Zine mg/t 0.66 0.15 0.97 0.07 0.12 - - - - - - - 0.27 0.28 0.3 0.96 0.96 

a 

referenced analytical methods presented Sn Table D.6 unlean othervise noted. 

(2)91 refers to the Phane 1 pil 9 leachate permeant reservolr Cor the glacial t11t (Column Neatgnatton {) columna (Appendix F). A larger alngle pil 9 leachate permeant reservoir wos used during 

the Phane TI column teating of the ginctal till and stratified drift nediment sampler. 

O94 cetera to the Phane 1 pil 9 leachate permennt reacrvolr for the atrattfted drtft (Column Dentgnattion J) columna (Appendix F). A larger single pil 9 Leachate permeant reservotr was used 

during the Phane Ul column tenting of the glactal tlil and stratified drift acdiment samples. 

(4)-_* Endtcaten not determined. 

()promtne oxidation in accordance with Furman, ed. (1962); analyale In accordance with APHA-(1981). 

(oxtdntion with hydrogen peroxide; analysis fn accordance with APHA (1981). 

(Vanalyats of samples filtered through an 0.45 m membrane filter. me



TABLE D.5 Se & 

i RESULTS OF ANALYSES FOR ne 
PERMEANT Meee rune COLUMNS (Kel AND KDC : 

i RESERVOIR K-1] RESERVOIR K-2 | 

[ PARAMETER UNITS | 

PHASE 1 PHASE II PHASE f PHASE II 

| 2/16/82 4/19/82 2/16/82 4/19/82 | 

Ta nna | 
Temperature °C 22.4 23.0 22.4 23.0 

pH pH units 3.16 3.29 6.98 6.49 | 

[.. mV +579 +492 +485 +376 | 

Specific Conductance umhos/cm €@ 25°C 8,230 8,140 5,800 5,740 7 

Bj veuerte Acidity mg /£ CaCO. 460 520 ~(2) = 

Hot Acidity mg/£ CaCO, 760 1,950 - - 

Alkalinity mg/£ CaCO. 0 0 115 90 | 

i Chloride mg /£ 110 83 390 260 | 

Fluroide mg /£ 0.16 0.17 6.6 0.05 

; Sulfate | mg /2 6,800 6,200 2,900 2,700 | 

Total Sulfur mg /& SO, 7,600 6,900 3,600 3,400 : 

Dissolved Metals: (3) , 

i Aluminum mg /k 75 34 0.3 - | 

Arsenic me /& 5.0 1.1 0.167 - | 

E Calcium mg /k- 455 525 555 - | 

Copper mg /£ 96 100 2.5 1.8 ) 
Iron me /2 1,410 990 2.2 0.1 | 

i Magnesium | mg /£ - 235 - - | 

Silicon mg /£ 190 130 2.4 4 : 

E Sodium mg /£ - 5590 - - 

Zinc me /£ 570 490 0.1 0.1 | 

tp Referenced analytical methods presented in Table D.6 | 

-" indicates not determined. 

i (3) analysis of samples filtered through an 0.45 um membrane filter.



i TABLE D.6 

REFERENCED ANALYTICAL METHODOLOGIES AND DETECTION LIMITS 

i PARAMETER DETECTION tint}? ANALYTICAL METHOD REFERENCE 

Temperature t0.1°C Thermometric U.S. EPA, 1979 : . 

E pH +0.0]1 pH units Potentiometric U.S. EPA, 1979 

Eh | +5 mV Potentiometric wood, 1976 , 

Specific Conductance 1 umhos/em € 25°C Potentiometric U.S. EPA, 1979 

: Tiltereble Residue 1 mg/t Gravimetric U.S. EPA, 1979 

Kot Acidity | 2 mg/£ CaCO, Titrimetric U.S. EPA, 1979 

Available Acidity 2 mg/k Cac0. Titrimetric without Oxidation U.S. EPA, 1979 

i Alkalinity 2 mg/f CaCO, Titrimetric U.S. EPA, 1979 

Chloride 0.5 mg/t Titrimetric U.S. EPA, 1979 

Fluoride | C.01 mg/t . Distillation; Titrimetric U.S. EPA, 1979 

; Nitrate QO.) mg/f N Brucine; Spectrophotometric U.S. EPA, 1979 

Sulfate 1 me /f Thiosulfate Stabilization with Lodine; Stabilization Guo and Jank 

Turbidimetric; Spectrophotometric (1980); Analysis APHA (1981) 

i Thiosulfate 1 mge/f Llodimetric Titration Guo and Jank (1980) 

Total Sulfur 1 mg/Z SO, Peroxide Oxidation; Turbidimetric; Analysis APHA (1981) 

Spectrophotometric 

; Cyanide 0.01 mg/k - Colorimetric; Spectrophotometric U.S. EPA, 1979 

Metals: 

Aluminum O.1 mg/f Aas, ‘2? Direct Aspiration U.S. EPA, 1979 

i Arsenic 0.002 mg/£ AAS, HGA‘?? U.S. EPA, 1979 

Barium 0.01 me/k AAS, Direct Aspiration - HGA U.S. EPA, 1979 

Cadmium 0.01 mg/f AAS, Direct Aspiration U.S. EPA, 1979 

Calcium 0.005 mg/f AAS, Direct Aspiration U.S. EPA, 1979 

i Chromium 0.01 mg/£ AAS, Direct Aspiration U.S. EPA, 1979 

: Copper 0.01 mg/k AAS, Direct Aspiration U.S. EPA, 1979 

Iron: 

, Ferrous O.1 mg/f Fhenanthroline, Spectrophotometric APRA, 1981 . 

Total O.1 mg/f AAS, Direct Aspiration U.S. EPA, 1979. 

Lead 0.01 mg/k AAS, HGA U.S. EPA, 1979 

i Magnesium 0.005 mg/% AAS, Direct Aspiration U.S. EPA, 1979 

Manganese O.1 mg/f AAS, Direct Aspiration U.S. EPA, 1979 

Mercury 0.0005 mg/f ASS, Cold Vapor U.S. EPA, 1979 

i Potassium 0.005 mg/£ AAS, Direct Aspiration U.S. EPA, 1979 | 

Selenium 0.001 mg/f AAS, HGA U.S. EPA, 1979 

— Silicon O.1 mg/f AAS, Direct Aspiration U.S. EPA, 1979 

a Silver 0.001 mg/% AAS, HGA U.S. EP* 1979 

Sodium 0.005 mg/f AAS, Direct Aspiration U.S. EF.a, 1979 

, Zine 0.01 mg/f AAS, Direct Aspiration U.S. EPA, 1979 | 

j Dy erection 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) as is an abbreviation for Atomic Absorption Spectroscopy. 

E (9) GA is an abbreviation for Heated Graphite Atomizer.
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i APPENDIX E 
PROCEDURE FOR THE MEASUREMENT AND CALCULATION 

OF BATCH DISTRIBUTION RATIOS | 

E.1 INTRODUCTION 

i 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 material. Results of the distribution ratio deter- 

i minations are also presented. 

f A short-term batch method was used to determine constant pH distribution 

| ratios (KL) for the following chemical species in accordance with the 

i proposed ASTM (1981) method: 

e Arsenic e Manganese 
e Cadmium e Mercury 

F e Chromium e Selenium | 

e Copper e Silver 
e tron e Zinc 

i e Lead e Cvanide 

f To enhance the reliability and site-specific characteristics of the K_ 

determinations, duplicate samples of the four percent bentonite/till 

i 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 

i (Appendix D) were used in the testing program. Additionally, calcium 

oxide and sulfuric acid were used to adjust and maintain the leachate 

i | pH, as calcium carbonate and sulfuric acid are the probable sources of 

neutralization potential and acidity, respectively, in the disposal 

i area. Also, the attenuation studies, as far as possible, were carried 

out under a nitrogen atmosphere to maintain semi-anoxic conditions in 

i the leachates. 

; | . 

; | 

i
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i E.2 DEFINITIONS AND ASSUMPTIONS | eS 

The KR. for a specific chemical species may be defined as the ratio of “eet 

i the mass sorbed onto a solid phase to the mass remaining in solution and . = 

can be expressed as (Freeze and Cherry, 1979): 

E y= 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 

i (L2/™), It is conventional to express K, in units of milliliters (or 

cubic centimeters) of solution per gram of sediment. | 

i Assumptions of this study included: 

i 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. 

e Semi-anoxic conditions were assumed to be the 

i - dominant environment during sediment-solute 

interaction; that is, several interacting species 

in the leachate were assumed to be in their re- 
i 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 . 

i The following three soil samples were used in the batch distribution 

ratio determinations: 

i e Glacial Till (Composite Sample No. 1) 
e Stratified Drift (Composite Sample No. 2) 

5 @ Four Percent Bentonite/Till Liner Admixture 

Duplicate samples of each of these three samples were air-dried and dis- 

f 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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i 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 . 

i thoroughly rinsed with distilled water. 

i Synthetic leachates generated at either two or three pH values, de- 

pending on the soil being tested, were used in the distribution ratio 

E determinations. The methods of leachate generation and analysis are 

presented in Appendix D. | 

i 
E.4 EXPERIMENTAL 

: All distribution ratio determinations discussed below were performed at 

room temperature (20 to 23 degrees Centigrade).and under a nitrogen 

i 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 

i glove box maintained under a positive nitrogen atmosphere. The experi- 

mental design used for the laboratory measurement of distribution ratios 

i is presented in Table E.l. 

P Nine hundred milliliter aliquots of respective leachates were added to | 

the bottles containing sediment samples as shown in Table E.1]l. Out of | 

i 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 

i last two with pH 9.0 leachates. Similarly, of the six bottles contain- 

ing stratified drift, two were filled with pH 3.0 leachates, two with pH | 

i 6.0 leachates, and two with pH 9.0 leachates. Out of 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- 

i ally, one control sample (no soil present) was prepared for each of the 

three pH leachates (Table E.1) by adding one liter aliquots of each 

i leachate to plastic centrifuge bottles. The exact amounts of leachate 

and soil sample in each bottle were recorded on data sheets presented in 

P | Appendix H (laboratory data). | : 

i 

i
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; The bottles (22) with their contents were placed in a tumble agitator: 2 « i 

and periodically shaken (slow tumbling) for a total of six hours during ad 

the first 24-hour period. After shaking, the contents were allowed to Sos 

i stand for the remaining 24-hour reaction period. 

i | During the course of the 48-hour reaction period, each soil-leachate 

suspension was pH monitored and adjusted at periodic intervals. The pH 

; adjustments were carried out using calcium oxide or sulfuric acid ina 

glove box maintained under a nitrogen atmosphere. The pH of the suspen- 

i 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 

i of Appendix H, along with monitoring time. 

i 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 

i plastic sample bottles under a nitrogen atmosphere in the glove box. 

The three control samples were centrifuged, but not transferred to other 

i bottles. After centrifugation, the supernatants and control samples 

were filtered through a 0.45 micron membrane filter to remove all 

E suspended solids from the supernatant leachates. A 25U-miliiliter 

aliguot of all filtered leachates was immediately preserved with nitric 

i acid for metal analyses. Similarly, a 500-milliliter aliquot of each 

leachate sample was preserved with sodium hydroxide for cyanide analy- 

i sis. The remaining leachate sample was used for wet chemical analyses. 

Results of the leachate analytical determinations are presented in 

i Tables E.2 and E.4. 

E.2 DISTRIBUTION RATIO CALCULATION AND SUMMARY OF RESULTS 

i The distribution ratio, K., is calculated by dividing the amount of 

species-of-interest adsorbed per unit weight of adsorbent by the amount 

i 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 

i used to evaluate possible sources of error in the testing procedure, 

i ot



; co 
i determine losses due to adsorption of trace metals onto conteiner walis, 

| and to calculate the effect of leachate neutralization upon the R. 

i values determined at higher pHK's. A summary of determined K. values 1s 

presented in Tables E.6 through E.8.
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TABLE E.1 

| EXPERIMENTAL DESIGN FOR THE MEASUREMENT : 

OF DISTRIBUTION RATIOS 

: i , etl) 
: NUMBER OF BOTTLES/SOLL SAMPLES * | 

4 wr G, ; - A 

eee GLACIAL TILL STRATIFIED DRIFT 4% BENTONITE/ TILL CONTROL TOTAL 

| P (Composite No. 1) ‘(Composite No. 2)’ ADMIXTURE SAMPLE | 

3.0 2 2 2 i 7 

6.0 2 2 (2) l 5 

9.0 2 2 2 1 7 | 

Total 6 6 4 3 19 

(DExcept 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. | 

(2m indicates no batch test at this pH. . | 

| | ot 
le oy :
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TABLE &.2 

BATCH DISTRIBUTLON RATLO ANALYTICAL RESULTS FOR pH 3 Leacnate 6} 

. te 

GLACIAL TULL STRATIFIED DRIFT 4% BENTONITE/ TILL 
BULK CONTROL (Composite Sample No. 1) (Composite Sample No. 2) ADMNIXTURE 

PARAMETER UNITS LEACHATE, te ay SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 
: no. 1 No. 2 No. 3 No. 4 No. 5 NO. 6 

a Ne ce 

Initial Measurements: 

Temperature "¢c 23.4 -@) - - - - - - 

pnG) pit units 3.00 - - - - - - - 

en@3) mV +576 - - - - - - - 

Specific Conductance  wnhas/em @ 25°C 8,790 - - - - - - = 

Not Acidity me/t Cacoy 4,810 - = - - - - - 

Alkalinity me/& CaCO3 0 - - - - - - - 

. Final Measurements: 

Temperature "¢ - 24.3 24.3 24.3 24.3 24.3 24.3 24.3 

puG) pul units - 3.90 3.30 3.40 3.10 3.00 3.00 3.10 

Bh) nv - 1546 +526 496 +536 +56 1546 +556 

Specific Conductance — wmhos/em @ 25°C . 7,100 7,350 7,350 7,600 8,370 8,110 7,600 

Not Acidity mp/% Cacoy 7 5,110 £,540 4,480 4,950 4,900 4,680 4,610 

Alkalinity me/& Cacny = 0 0 0 0 0 9 9 

Cyanide mg/h 0.07 9.09 0.23 0.05 . 0.06 0.18 0.07 0.08 

Dissolved Metals: (4) 

Arsenic mp /t 6.8 6.6 4.5 3.5 4A 2.9 3.8 2.0 

Cadmiwn mg/h 2.31 2.37 2.21 2.19 2.27 2.28 2.17 2.17 

Chromium mng /t 2.60 2.90 0.61 0.55 1.30 1.30 0.96 1.10 

Copper met. 110 110 92 73 100 100 94 97 

Tron mg /t 1,100 1,200 1,100 1,100 1,100 1, too 1,000 1,000 

Lead mp /t 2.0 2.1 0.5 0.4 0.8 0.8 0.5 0.5 

Manpanese mp,/ ft 49 49 64 62 60 58 67 66 

Mercury mp/t 0.0022 0.0028 <0.0005 <0.0005 <o.0005  <0.9005 0.0023 0.0009 

Selenium me/t 0.07 <o.01 <0.01 <o.01 <o.01 <o.01 <o.01 <0.0 

Silver me /t <0.001 <0.001 <0.001 <0.001 <0.001 <o.001 <o.001 = <0.00 

Zine me/e 520 510 500 490 520 510 480 480 

(Oreterenced analytical methods presented in Appendix D. 

Onn indicates not determined. ' 

Ooseepamea under a nitrogen atmosphere. 

(OO aalysis of sample filtered through an 9.45 um membrane filter. Filtering and preservation conducted under a nitrogen atmosphere.



i TABLE E.3 

i BATCH DISTRIBUTION RATIO ANALYTICAL RESULTS FOR pH 6 LEACHATE (1) 4 

GLACIAL TILL STRATIFIED DRIFT , se 

j BULK CONTROL (Composite Sample No. 1) (Composite Sample No. 2) , 

FARSETES Uris LeacuaTe (SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 
. NO. 8 NO. 9 No. 10 No. 1] 

Ss OCOCOCOCOCOCSsS~—C<“‘( SSCS 
Initial Measurements: 

Temperature °c . 23.4 (2) - - - - 

5 pal3) pH units 5575 = - - - - 

En(3) my +236 - - - - - 

Specific Conductance umhos/em @ 25°C 7,240 - - - - - 

i Hot Acidity mg/% CaCO3 1,990 - - - = - 

Alkalinity mg/£ Cac03 5 - - - - - 

Final Measurements: 

i Tempereture *C = 24.3 24.3 24.3 24.3 24.3 

px(3) pH units - 5.50 5,40 5.40 5.40 5.40 

i en(3) nv - #316 +296 +316 +296 +296 

Specific Conductance umhos/cem @ 25°C - 7,100 7,100 7,100 6,600 7,100 

Hot Acidity mg/£ CaC03 = 1,860 1,620 1,560 1,670 1,730 

f Alkalinity me/£ CaC03 = 2 10 10 § 7 

Cvanide me/2 0.11 3.44 2.21 0.19 3.73 5.51 

Dissolved Metals: (4) 

i Arsenic me/£ 0.3 0.1 0.091 0.013 0.013 0.014 

Cadmium mg/& 0.10 0.09 0.02 0.02 0.01 0.02 

Chromium + me/ i 0.002 <0.001 0.003 <0.001 <0.001 <0.001 

§ Copper me/f 0.14 0.10 0.07 <0.001 0.03 0.03 

Iron me/£ 730 690 530 510 630 590 

Lead mg/f <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

i Manganese ng/t 43 42 48 49 50 48 

Mercury mg/t <0.0005 <0.0005 <0.0005 <6.0005 <0.0005 <0.0005 

Selenium mg /£ 0.01 0.01 0.01 0.01 <0.01 <0.01 

i Silver mg/t <0.001 <0.001 0.069 0.029 <0.001 <0.001 

Zine mg/& 140 120 93 93 110 110 

i (OpReterenced analytical methods presented in Appendix D. 

(2am indicates not determined. 

i (DM yerermined under a nitrogen atmosphere. 

(0 valysis of samples filtered through an 0.45 wm membrane filter. Filtering end preservation conducted 

a under a nitrogen atmosphere.
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TABLE E.4 

BATCH DISTRIBUTION RATLO ANALYTICAL RESULTS FOR pli 9 LEACHATEC!) 

GLACLAL TULL STRATCFLED DRIFT 4% BENTONITE/ TIL. 
BIR CONTROL (Composite Sample No. 1) (Composite Sample No. 2) ADMUXTURE 

PARAMETER MEES LEACHATE, etsy SAMPLE, SAMPLE SAMPLE, SAMPLE SAMPLE SAMPLE, 
. No. 13 NO. 14 NO. 15 NO. 16 NO. 17 NO. 18 

Ee eS a 

Initial Measurements: 

Temperature 1 23.4 -@) - - - - - - 

pnQ) pil units 9.95 - - - - - - - 

en@3) mV +266 - - - - - ~ - 

Specific Conductance wmhos/cm @ 25°C 5,690 5 - - - - - - 

Hot Acidity mg/& Caco; 0 - - - - - ~ - 

Alkalinity me/t CaCO; 30 - - - - - - - 

Final Measurements: 

Temperature "¢ - 24.3 24.3 24.3 24.3 24.3 24.3 24.3 

puG3) pil units - 9.00 8.90 8.90 8.90 9.00 8.85 8.80 

en@) mv - +326 +356 +356 +346 +366 +356 +366 

Specific Conductance — wnhos/cm @ 25°C - 4,560 4,560 4,460 4,560 4,560 4,660 4,660 

Wot Acidity me/ ft Can - 9 0 9 9 0 0 9 

Alkalinity me/t CaCO; - 7 19 19 19 18 55 47 

Cyanide mp / e 0.16 0.28 0.15 0.19 1.24 0.52 0.14 1.04 

Dissolved Metals: (4) 

Arsenic my / 8 0.091 0.042 <0.001 <o.901 <0.00) <0.001 <o.001  <0.001 

Cadmium mp / et 0.27 0.24 0.01 9.01 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, / t 5.4 5.7 0.46 0.50 1.33 1.08 0.72 0.45 

Tron me /t 0.4 0.2 0.7 0.2 0.2 0.2 0.2 0.2 

Lead mp/h 0.01 <0.01 <0.01 <o.01 <0.01 <0.01 <0.01 <0.01 

Manganese ng, / & 0.70 0.54 0.07 0.02 0.05 0.28 0.15 0.05 

Mercury mp/t 0.121 9.121 0.019 0.018 0.019 0.011 0.114 0.97 

Selenium me / 0.05 0.03 <0.01 <0.01 <o.m “9.01 ol <0.0 

Silver me/t 0.12 9.13 0.089 0.039 0.039 9,008 0.13 0.12 

Zinc mop fh 9.64 0.34 0.17 0.02 0.03 0.92 0.03 0.92 
ce ee ge a ee ce 

(referenced analytical methods presented in Appendix D. 
(a0 indicates not determined. 
Dsvenainea under a nitrogen atmosphere. 

(OV calyate wt sample filtered through an 0.45 wm membrane filter. Filtering and preservation conducted under a nicrogen atmosphere.



E TABLE E.5 OB 
CALCULATION METHOD a se | 

i BATCH DISTRIBUTION RATIO DETERMINATIONS ) - - 

E The distribution ratio is given by: 

(f ) (V,) 
ee ee 

fj r (Cf ) W@W) 
S m 

where 

F K. = the distribution ratio in ml/g, 

Ee = the fraction of total activity in solution which equals 

the total concentration in solution assuming the activity 

i coefficients of a given solute were the same before and 

after reaction of the solution with the soil. In other 

words, ionic strength remains constant. Making this 

E assumption, f is found from the concentrations of the 

solute after the solution hes reacted with the soil 

divided by the concentration (of the same units) of the 

F solute before the solution was allowed to react with the 

soll, 

fn = The fraction of activity adsorbed on the mineral (soil), 

; or making the same essumption as to activity 

coefficients; ro =] - Eo: 

vy = The volume of leachate in milliliters equilibrated with 

f Wn (Appendix H), and 

Wa = cne weight of mineral (soil material) in grams 

i equilibrated with the leachate (Appendix H). 

Cl) atrer ASTM, 1981.



| TABLE E.6 
F SUMMARY OF DISTRIBUTION RATIO (KL) DETERMINATIONS 

| FOR pH 3 LEACHATE BATCH TESTS | 
. LL tt teeneeegnneene se iteteranp—neennnet * 

| DISTRIBUTION RATIO!) 
B (m2/¢g) 

. me 
SOLUTE : GLACIAL TILL STRATIFIED DRIFT 4% BENTONITE/TILL oo (Composite Sample No. 1) (Composite Sample No. 2) ADMIXTURE 

i SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 
NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 NO. 6 ena 

i 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 

i Chromium 15) 17 4.9 4.9 8.1 6.5 
Copper 0.8 2.0 0.4 0.4 — 0.7 0.5 " 

i Iron 0.4 0.4 0.4 0.4 0.8 0.8 

Lead 12.8 17 6.50 6.5 12.8 12.8 | 
i Menganese 962) 0 0 0 0 0 

Mercury >18 3) >18 >18 >18 0.9° 8.4 
E Selenium pp (4) BD BD BD BD BD 

Silver BD BD BD BD BD BD 

f Zinc 0.1 0.2 0 0 0.3 0.3 | 

Cyanide 0 3.2 2.0 0 let. 0.5 
C

e

 

i GQ) | | , Distribution ratios calculated using the pH 3 control sample analysis 
(Sample No. 7, Table E.2) as the initial leachate concentration before 

F contact with the sediment samples. 

(2) values reported as "0" represent either no removal of the solute from 
i sSlution or the solute was leached from the sediment sample; "0" repre- 

| sents no attenuation for this leachate pH. 
3 Loy. ; , , ( Ynys 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; 1.e., its concentration was near the detection limit before 

i 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) 

, KL. 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 DISTRIBUTLON RATIO (K,) DETERMINATIONS 
: FOR pH 6 LEACHATE BATCH TESTS 

perenne nese cna acer 

DISTRIBUTION RATIO 

wa iinet sy 
: _ GLACIAL TILL STRATLELED DRIFT 5 ‘ SOLUTE (Com i i 1 composite Sample No. 1) _ (Composite Sample No. 2) CONTROL SAMPLE 

‘ SAMPLE NO. 8 SAMPLE NO. 9 SAMPLE NO. 10 SAMPLE NO. 11 (nes 12) 
pt 6(1) pt 3 co 62) pn 61) pr 3 to 62) pt 61) pt 3 co 602) op 61) pt 3 to 62) opt 3. to 662) 

Arsenic 0.4 286 27 2,027 27 2,027 25 1,882 260 

Cadmium 14 470 14 470 32 944 14 470 101 
7 Hy 4 Chromium bo" 3,863 BD >11,59664) BD 11,596 BD 11,596 >11,596 

Copper Vit, 6,282 6.0 10,996 9.3 14,663 9.3 14,663 4,396 

Lron 12 S51 1.4 5.4 0.4 3.6 0.7 4.l 3.0 

Lead BD >836 BD >836 BD >836 BD >836 >836 

Manganese 065) 0.1 0 0 0 0 0 0.1 0.7 . 
Mercury BD >18 BD >18 BD >18 BD >18 >18 

Selenium 0 9 0 0 BD BD BD BD 0 

Silver 0 0 0 0 BD BD BD BD BD 

Zinc 1.2 18 1.2 18 0.4 14 0.4 14 13 

cyanide (6) 0 0 0 0 0 0 0 0 0 
SSeS 

CO ptstributton ratios calculated using the pll 6 control sample analysis (Sample No. 12, Table E.3) as the initial leachate 
concentration before contact with the sediment samples. 

OQ nistribution ratios calculated using the pil 3 control sample analysis (Sample No. 7, Table E.2) as the initial leachate 
concentration before contact with the sediment samples. 

Ox values reported as "BD" represent soluble metal levels which were below the detection limit in either the control t p 
sample or before the leachate was allowed to react with the sediment. 

CA) nye 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; f.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. , 

OK, values reported as “0” represent either no removal of the solute from solution or the solute was leached from the 
sediment sample; “0” represents no attenuation for this leachate pli. 

e i 
(6) control sample and several batch leachates had cyanide concentrations significantly greater than bulk leachate z PS be y ot 

(Table E.3) but near the limits of analytical detection; thus, have conservatively assumed no chemical attenuation of "yh 
cyanide for pil 6 leachate batch tests, tity ‘ é 

a 

me Se



TABLE 6.8 

SUMMARY OF DISTREBUTION RATIO (K_) DETERMINATIONS 
FOR pl 9 LEACHATE BATCH TESTS 

. pistRinutton ratroC!) 
(mt/g) 

a ee SS eee 

sour GLACIAL, THI STRATEFTED DRIFT 4X BENTONTTE/TILL 

SOLUTE (Composite Sample No. 1) (Composite Sample No. 2) ADMIXTURE CONTROL, SAMPLE 

SAMPLE NO. 13 SAMPLE NO. 14 SAMPLE NO. 15 SAMPLE NO. 16 SAMPLE NO. 17 SANPLE NO. 16 (no. 19) 

pr 96) pn 3 to 962) pt 91) pt 3 to 927 pt 9 ptt 3 to 9(2) pp 91) pn 3 to 92) pn 9) pt 3 to 902) pt 9) pt 3. to 9(2) ptt 3 to 92) 

Arsenic 1600) >26 ,400 164 >26 ,400 >164 >26 400 >164 >26 400 >164 >26 400 D164 >26 400 625 

Cadmium 92 Mt 92 on 92 944 4h 470 44 410 92 944 36 

: Chromium 27 2,896 7 3,869 27 2,896 2 2,896 14 1,653 B.4 1,156 370 

Copper 46 953 a2 816 13 327 v7 403 28 607 a7 974 3 

Iron 0) 6,853 0 24,000 0 24,000 9 24,000 0 24 000 0 24,000 24 ,000 

Lead pp) >836 BD >836 ) >836 np >836 BD >836 Bo >836 >836 

Manganese 27 2,796 10% 9,796 39 3,916 3.7 696 to 1,309 39 3,916 359 

Mercury ai 9 23 9 2I 0 40 9 0.3 0 0 0 9 

Selenium DB Bn >B BD 8 BD >8 aD >8 BD a8 BD 9 

Silver 6.6 9 9.3 9 9.3 0 41 9 0 0 0.9 9 0 

Zine 4.0 12,900 64 102,000 ay 68,000 64 102,000 a 68,000 64 102,000 5,996 

Cyanide 3.5 0 1.9 q 0 9 0 9 4.9 9 0 0 0 

Oe te tt eR 

a. r ‘ % : : 2 eet * 
Distribution ratios calculated using the pill 9 control sample analysis (Sample No. 19, Table £.4) as the initial leachate concentration before contact 

with the sediment samples. 

(2) 7 x 
Distribution ratios calculated using the pit 3 control sample analysis (Sample No. 7, Table —.2) as the initial leachate concentration before contact 

with the sediment sample. . 

( + 3 . + a oe . nym ge 
Daye 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.c., 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 

2 OM values reported as "0" represent cither no removal of the solute from solution or the solute was leached from the sediment sample; "0" repre~ 6 

gents no attenuation for this leachate pit. 

)_. values reported as "8D" represent soluble metal levels which were below the detection limtt in efther the control sample or before the leachate 

was allowed to react with the sediment.
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i APPENDIX F OC 

PROCEDURE FOR THE MEASUREMENT OF SOLUTE FRONT Te 
5 ADVANCEMENT AND CALCULATION OF RETARDATION FACTORS st _ 

F.1 INTRODUCTION 

i This Appendix covers the procedures used for the measurement of solute 

front advancement and calculation of column retardation factors for the 

E composite samples and bentonite/till admixture liner columns permeated 

with the pK 3, 6, and 9 tailings leachates. It also describes the tests 

i used to assess relative changes in the permeabilities of the column 

samples after prolonged contract with the leachates. 

E Distribution ratios are not easily determined for mobile chemical spe- 

cies, total dissolved solids, or acidity. Therefore, it is preferable 

i to directly measure retardation factors for such parameters. To direct- 

ly measure the retardation factor of chemical parameters, the porous 

i 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 geologic media or change its 

i chemical characteristics during the test period.) To calculate the 

degree of retardation, first the advancement of the half concentration 

i of the tracer is measured and recorded. In addition, effluent samples 

from the porous media are concurrently monitored for the chemical param- 

i eters of interest. The test is continued until the concentration of 

chemical parameters of interest in the permeant effluent exceeds the 

nelf concentration of the source or until sufficient field time hes been 

i simulated to show the chemical parameter of interest is essentially 

immobile. The accumulated flow required for the concentration of the 

i chemical parameters and tracer to reach the half concentration of their 

original source is noted» The ratio of the flow for the chemical param- 

f eters of interest to the flow for the tracer to reach their halt 

concentrations will yield the retardation factor for the chemical 

i parameters of interest. : 

i .



i F-2 

[ F.2 STUDY ASSUMPTIONS 

Assumptions of this test included: 

f e Field permeabilities 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 permeability. This assump- 
tion should be valid unless preferred flow paths — 
(i.e., fractures) control field measured 
permeabilities. | 

e 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 experimentel error of testing as 

i chloride does not participate in sorption- 

: precipitation reactions to the extent that other 

solutes do. ; 

i e 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- : 

i 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 . 

F sample. Thus, there is the need for an analysis 
to approximate the dissolved solids content of 

each permeant effluent aliquot sampled.) 

i e Temperature differences between in situ (approxi- | 

mately 6 degrees to 12 degrees C) and laboratory 
experimental (20 degrees to 23 degrees C) condi- 

i tions will not significantly affect the 

experiment result. 

i 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- 

F | tion, the four percent bentonite/till admixture was also used in this



; ns 
i test, but unlike the liner sample used in the batch test, 1t was mixed>- S = 

wet (about nine percent water content) to better simulate field place- a 

/ 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 

f 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 

f contents (Table F.1) to approximate field permeability. A Proctor test 

(Figure F-1) was performed on the four percent bentonite/till admixture, 

i and these samples were recompacted to approximately 95 percent of the 

Standard Proctor (probable field placement). As noted in Chapter 3.0 

i and Appendix D, the leachate permeants used in this test were maintained 

under a nitrogen atmosphere and periodically monitored for the | 

F parameters of interest. 

i 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 

i each leachate dilution determined. Because distilled water was used as 

the dilutant, the total dissolved solids of each leachate dilution could 

; be calculated from the nondiluted leachate total dissolved solids con- 

centration. A linear regression between specific conductance (SpC) and 

i total dissolved solids (TDS) of the diluted leachates yielded the 

following relationships: 

i e pH 3 leachate: 

| TDS = 0.662 (SpC) - 21.69 
f r = 0.998 

e pH 6 leachate: 

i TDS = 0.782 (Spc) + 40.57 
r = 0.998 

E | 

i ae | 

i |
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i ¢ pH 9 leachate: 

TDS = 0.561 (SpC) + 278.0 

. | r = 0.993 | 

where 

; - TDS is expressed as mg/£; and 

SpC is expressed as umhos/cm @ 25°C. 

i | 
F.4 PROCEDURE 

f Each remolded soil sample was placed inside a latex membrane and con- 

solidated in a triaxial cell as illustrated in Figure F-2. All samples 

i were Saturated with Crandon Project ground water and their permeabili- 

' ties determined prior to introducing leachate as a permeant. An initial 

i 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 

i 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 | 

f leachates. As shown in Table F.1, 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, a 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 

i glacial till and stratified drift columns were tested under constant 

flow conditions using a peristaltic pump as the leachate permeant 

i driving force. The bentonite/till liner admixture samples were tested 

under a constant hvdraulic gradient so that changes in the permeability | 

i could be continually monitored. 

i 
i |
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i The differential hydraulic pressures applied across the column samples. Be 3 

for permeability determinations are presented in Table F.1. Constant ee 

head permeability measurements, modified efter ASTM [D 2434-68(74)] were Te 

i used to determine both initial ground water reference and final leachate 

permeabilities of the glacial till composite and bentonite/till admix- 

i ture samples. A variable head test (Lambe, 1951) was used to determine 

the permeability of the more permeable stratified drift composite 

i samples. | 

i Once the leachates started permeating the columns, the column effluents 

were monitored for time, flow, and chemistry. The primary parameters 

i selected for measurement of solute front advancement retardation factors 

| included the following: 

i e Specific conductance/total dissolved solids 

e Sulfate 

e Total sulfur 
5 e Acidity 

e Arsenic 

e tron 
f e Zinc 

Chloride was monitored as the water tracer (assumed R, = 1). Column ef- 

i fluent pH and Eh were also continually monitored. In addition, as dis- 

cussed in Chapter 3.0, other parameters were also periodically analvzed 

f 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. 

f The chemical data were normalized (concentration divided by source con- 

centration) and related to pore volumes of flow from each column. Plots . 

p of the normalized concentration versus pore volume of flow (chemical 

breakthrough curves) were constructed for each column so that solute 

i front advancement R, values could be calculated. 

i
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i F.5 CALCULATION OF COLUMN RETARDATION FACTORS 

The chemical breakthrough curves constructed from the results of the 

i column tests were prepared on @ column pore volume displacement basis. | 

Therefore, the retardation factor (Ra), determined from the chemical 

i breakthrough curves, is calculated by: 

: P 
| VSI 

a: i VIR 

where 

i Pust = cumulated pore volumes when the half concentration of 

the solute or parameter of interest has arrived. 

Purp = cumulated pore volumes when the half concentration of 
the tracer (chloride) has arrived.
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TABLE F.1 

COLUMN SAMPLE REMOLDING AND TESTING CONDITIONS, 

: AND COLUMN DIMENSIONS 

: REMOLDING Ci ns (2) DIFFERENTIA 
2 LEACHATE a= REMOLDING CONDITIONS Sak ONDERTONS TYDRAULI SEEGTET SY, FINAL TOTAL PORF 6) 

SOL COLUMN PERMEANT 5 U3) GRAVITY" LENGTH VOLUME VOLUME 

CL) DRY DENSITY WATER CONTENT PRESSURE % ” 5 
LE E NA SAMPL DESIGNATION pul Glew) res) (cm 11,0) (g/em") (om) (cm™) (cm”) 

I 

I-l 3 2.01 9.0 200 2.70 13.0 553.3 141.2 

Glacial Till 1-2 6 2.00 9.0 200 2.70 12.9 554.6 143.8 

(Composite No. 1) 1-3 9 2.0L 9.0 200 2.70 12.9 557.4 143.5 

1-4 9 1.97 9.0 200 2.70 12.7 540.6 145.3 

J-1 3 1.85 Sak vu 2.67 14.1 611.1 206 .2 

Stratified Drift d#2 6 1.85 5.7 Vu 2.67 13.6 592.1 187.2 

(Composite No. 2) Jn3 9 1.85 5.7 vu 2.67 13.9 601.7 195.6 

J-4 9 1.85 567 vu 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 

TALL Admixture K-2 9 1.96 9.0 3,000 2.74 11.6 485.5 138.9 

I A 

(see Appendix C for composition of composite samples. 

(Dpased upon index testing (Appendix ©), previous site investigations (Golder, 1981), and Proctor Curve constructed for the four percent 

bentonite/till admixture (Figure F-1). 

DO opteferenttal hydraulic pressure across column samples to determine initial and final permeabilities (Table 3.21) of the glacial till. A 

variable head (VH) test in accordance with Lambe (1951) was used to determine the initial and final permeabtlity of the stratified drift. 

The differential hydraulic pressure was constant throughout the duration of the column test for the four percent bentonite/till admixture 

columns. | 

(specific gravities used for the glacial till and stratified drift columns were estimated from Golder (1981). The specific gravity of the 

: four percent bentonite/till admixture was determined in accordance with ASTM D 854-58(79). 

O) sample free pore space. Calculation based upon final sample dimensions and specific gravity. 

‘ag 

4 eer
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i APPENDIX G 

RESULTS OF CALCIUM CARBONATE EQUIVALENT DETERMINATIONS 

i This appendix presents the results of the calcium 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 

f then used to evaluate the carbonate minerals distribution in the glacial 

: rill and stratified drift in and surrounding the MWDF Site 41 area.
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i TABLE G.1 : So 

| RESULTS OF CALCIUM CARBONATE ad 
EQUIVALENT DETERMINATIONS ee 

‘ . SAMPLE INTERVAL CARBONATE PERCENT 

a ING ELEVAT ION OD OL EFFERVESCENCE Cac0, 
f (meters) RAT ING‘ EQUIVALENT ‘>? 

| C41-H9 500.5-500.1 7 464) | 9.0 
C41-H9 4883-487 .7 11 o4) 0.9 

i C41~H9 4791-479 .0 14 364) 7.2 
G41-H9 4697-469 .5 17 364) 11.0 
C41-29 454 .6-454 3 22 g (4) 0.8 

, G41-H9 448 7-448 2 2h 0 64) 1] 
; G41-H9 4426-442 .1 26 p64? 1.0 

C4 1-H9 436 .5-436 .0 28 g (4) 0.3 
Ch1-H9 430.4-429.9 30 0 1.0 

F C41-Cll 495.1-494.6 b 1 3.8 
C41-Cll 492.1-491.7 6 1 Le] 
C4l-Cll 490.5-490.1 7 1 0.6 

‘ C41-C1] 4875-487 .0 9 i 0.8 
C41-11 479 .4-478.7 2 0 0.2 
C41-—M11 461.5-461.1 8 1 4.3 

; G41-M11 452.8-452.4 11 3 9.9 
G41-B12 487 .8-487 .3 20 l 2.4 
C4 1-312 475 .7-475.4 6 2 5.8 

fg C41-B12 - 460 4-459 .9 1) be) 1.6 
C41-C13 511.9-511.3 i 344 7.5 
G41-C13 493 .7-493.0 10 264) 3.0 
641-613 481.5-480.9 14 o (4) 1.0 

p 641-613 469 .3-469.0 18 : 33) 9.0 
, 041-613 457.1-456.9 22 : a 7.5 

641-013 bbb 9-444 .4 26 | 64 1.2 
i 641-613 438 8-438 .3 28 364) 7.2 

| 041-613 432.7-432.5 30 | 5 (4) 12.0 
C41-D14 487.5-487.0 4 2 5.3 

i G41-D14 L484 ,7-484.2 6 2 2.8 
Ch1-D14 481.6-481.1 10 4 3.0 
C41-C15 490 .2-489.7 3 0 0.2 
C41-C15 483.9-483.4 g 1 0.4 

f C41-C15 472.6-472.1 15 3 10.3 
C41-C15 462.0-461.7 22 2 6.2 
C41-C15 452 .8-452.5 25 1 0.9 

f G41-G15 494 .1-493.8 6 ! 0.6 
C41-C15 490 .9-490.6 8 0 0.8 

: C4)-C15 487 .8-487.5 10 0 0.6 
E C41-C15 4846-484 .5 12 1 9.9 

| C41-C15 475 .4-475.2 15 2 5.5



. TABLE G.1 
(Continued) 

SAMPLE INTERVAL CARBONATE PERCENT 
nen wrevantontl) NO EFFERVESCENCE CaCOz (4) 

E (meters) RAT ING EQUIVALENT 

C41-C15 456 8-456 .6 21 ! 0.4 
i C41-M15 488 .6-488.5 6 3 36.7 

C41-é15 482.5-482.0 8 1 0.3 
Ch1-M15 L64 0-463 .6 14 i 0.4 

i G41-M15 455.0-454.6 17 0 0.2 

C41-P 16 478.1-477.6 3 2 6.3 
C41-P16 462.9-462.4 8 2 7.0 
C41-P 16 447 7-447 .2 13 3 10.7 

; | Ch1-P16 441.6441 .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 

; | G41-El7 482.0-481.5 16 1 0.5 

C41-E17 470.7-470.4 21 0 0.9 
C41-E17 461.1-460.7 24 Ay) 0.8 

; G41-H18B 497,9-497.3 6 2 7.6 
C41-HiSB 491.8-491.2 g o (4) 0.2 
C41-HL8B 482 .6-482.0 11 164) 0.5 

i C41-H18B 473.5-472.9 14 g (4) 0.7 
G41-H18B 467.4-466.8 16 964) 0.4 

C41-H1 8B 461.3-460.7 18 g (4) 1.3 
C4 1-P18 473.6-473.1 8 2 4.2 

; C4h1-E19A 492.5-492.0 4 1 2.2 | 
C41-E194 483,3-482.9 7 0 0.6 
C41-E19A 474 .2-473.7 10 2 8.6 

p C41-E19A 471.0-470.6 11 3 9.1 
C41-E19A 455 .9-455.6 16 1 0.9 
C41-E19A 453.0-452.7 17 1 1.0 

i G41-E19A 46 7-446. 1 19 3.) 12.6 
C41-K21A 503.1-502.6 l 1 1.8 
C41-K21A 481,7-481.3 11 1 64) 0.8 

f | G41-R21A 472.6-472.1 14 64) 0.4 
C41-K21A 4573-456 .9 19 Un 3.2 
C41-K21A 4451-444 .8 23 1.2 
C41-K21A 439 .0-438.7 25 364) 8.0 

i G41-K21A 4299-429 .4 28 364) 3.6 
C41-N21 520.4-519.9 5 0 0.4 
C41-N21 517.4-517.2 7 2 2.2 

f Ch1-N21 509. 77809 .l 12 2 2.4 
G41-N21 NA‘? 16 3 6.3 

C41-E22 4846-484 .2- 5 1 1.4 
i C4 1-£22 463 .2-462.8 12 3 13.0 

C41-E22 451.0-450.6 16 0 9.2



; TABLE G.1 | SO 

(Continued) te 

SAMPLE INTERVAL | CARBONATE PERCENT 

tO eLEvaT ion (?? an EF FERVESCENCE CaC0z (4, 
; (meters) " RAT ING EQUIVALENT 

G40-Y22 468 .8-468.2 8 1 1.2 

i G40-Y22 459 .4-459.0 11 2 | 3.9 
G41-A23 487.1-486.5 3 0 0.3 
G41-A23 482.5-481.9 6 ] 0.4 

, G41-A23 477.9-477.3 9 l 0.4 
G41-A24 NA 3 0 0.2 
G41-A24 NA 7 0 0.4 

G41-A24 NA 9 l 1.4 

[ G41-A24 ' NA 12 3 13.1 
, G41-F24 49) ,8-491.4 8 dl 0.4 

G4]1-P24 506.3-506.0 5 ] 0.8 

i G41-P24 491.3-491.2 15 ] 0.4 
G41-P24 471.5-471.2 25 } 1.2 
G41~F24 484.2-483 .9 13 2 6.0 

i G41-F24 481.1-480.7 15 2 3.4 
| G41-K26 495.6-495 .2 7 } 0.5 

G41-K26 462.1-461.6 18 0 0.6 

i G4L0-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, } 1.0 
G40-T30 472.6-472.0 5 0 0.4 

i G40-T30 469.5-469 .2 6 0 0.2 
G40-T30 466.3-465.7 7 3 12.0 

(1) . 
Sample interval and numbers from Golder (1981) boring logs and sample 

i descriptions. 

(2D sual numeric rating showing the presence of carbonates after the 

i addition of a few drops of ten percent HCl. 

0 - No reaction 1 - Very slight reaction 
2 - Slight to moderate reaction 3 - Strong reaction 

; (3) 
Sobek, et al. (1978). 

(4) eeervescence values for samples from borings G4]-H9, G41-G13, 

i G41-H18B and G41-K21A assigned on a numeric rating scale of 0 to 5 

0 - No reaction 1 - Very slight reaction 

i 2 - Slight reaction 3 - Moderate reaction © 

| 4 - Strong reaction 5 - Very strong reaction 

(> ee . 
i "NA' indicates data not available.
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