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INTRODUCTION

Scrubber %astes obtained in an effort to limit air pollution gener-
ated by coal-fired power plants may contribute to another possible source
of pollution. To date, scrubber wastes have been in a liquid phase which
causes disposal problems partially due to the liquid characteristics.

The use of solid scrubber wastes and the land deposition of such wastes
is proposed. The feasibility of solid scrubber wastes disposal in
landfills is under question. The primary area of concern is the effect
that water percolation through such Qastes would have on groundwater
quality parameters. Contamination could result either as preciptiatibn
travels downward through the wastes and into the water table or as the
water table rises into the scrubber wastes and then retreats. .Ground~
water contamination is a key concern because it is largely irreversible

and has long term consequences.
OBJECTIVE

Disposal methods for goal—fired power plant fly ash and scrubber
wastes present a potential for the contamination of groundwater aquifers.
In this study the general objective was to evaluate the physical and
chemical characteristics of the leachates of scrubber wastes and asso-
ciated diéposal materials separately and in apﬁropriaté combinations
using laboratory bench scale techniques. Two approaches, namely column

leaching and batch elutriation, were developed and used to provide indi-

cators characteristic of the materials tested.



LITERATURE REVIEW

Literature available and presented in this review on the subject of
scrubber waste deals almost exclusively with the fly ash component. It
should be relevant to the question of scrubber waste disposal due to the
high percentage of fly ash in the waste. Previous studies concerning
disposal options, the physical and chemical characteristics of fly ash,
the chemical nature of fly ash leachates and the behavior of leachates in
the enviromnment are presented.

Fly ash particles have been found to prévide the most importaht
mode of transport for trace elements entering the environment as a
result of coal combustion (Andren et al. 1980). Past and present
disposal practices for coal combustion wastes include ponding and
landfilling. Problems resulting from these procedures include contamina—
tion of groundwater through percolation of precipitation through the
waste. Low permeability clay-lined ponds have been provided at some of
thé more recent installations (Jones 1977). Ocean disposal of the waste
has major impacts on the marine enviromnment. Increased suspended solids
in the water, toxic effects due to sulfite mobilization, ocean floor
sedimentation and trace element contamination are some of the hazards
related to ocean disposal (Jones 1977). Currently, this dispésal method
is not legal in the coastal waters of the United States. Disposal of
waste in abandoned underground mines has been considered but not utilized
due to the generally close contact which would result between the waste

and groundwater (Santhanam et al. 1980).
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Fly ash is quite variabie in composition. Power plant configuration
has been found to govern_the type and amount of elements and compounds in
the resultant ash (Page et al. 1979). The type of coal used also greatly
effects the composition of fly ash. Low sulfur coals of the western
United States have been found to contain lower levels of'tfaee metals in
general (Theis and Wirth 1977). Al, Si, Ca, Fe, Mg, Na, K, S, Ba, and Sr
are the elements which dominate the fly ash matrix in addition to numerous
trace elements. Largely volatile elements such as Hg, Se, 8b, As, Cl, F,
and I are concentrated in the fly ash (Page et al. 1979). The furnace
environment is thought to favor oxide formation of the metals in question.
Therefore, moét of the elements contained in fly ash exist in an oxide
form. Additionally, silicates, sulfates, and borates are formed along
with smaller amounts of phosphates and carbonates (Plank and Martens
1973). Fly ash is therefore primarily classified as an amorphorus ferro-—
alumino silicate mineral.

Fly ash consists of many small (0.01-100 m diameter) glass like
particles. Page et al. (1979) found As, Be, Cd, Co, Cr, Cu, Ga, Mn, Mo,
Ni, Pb, Sb;'Se, U, V, W, and Zn increased with decreasing particle size
but Theis and Wirth (1977) could not substantiate these findings.

The leachability of elements from fly ash has been found to be relateé to
the element's position in the fly ash matrix. On the bésis of matrix
position alone, elements such as Fe, Si, Ba, Ca; and Mg should exhibiﬁ

low extractabiiity. Elements which predominate in the surface layer
including Cd, Co, Li, Mn, P, Tl, and Zn sﬁould exhibit substantial
extractaﬁility‘(Page et al. Vl979).‘ | ’
Leachates emanating from scrubber wastes; barticﬁlarly the fly

- ash component, have been characterized in a number of studies. There



is a high degree of variability in leachate composifion depending
on the coal used and power plant configuration among other variables;
Measurable quantities of Ca, Cl, Na, S04, F, Sb; As, Be, B, Cd, Cr,
Co, Cu, Fe, Pb, Mn, Hg, Ni, Se, .and Si have been observed in scrubber
waste leachates (Santhanam et al. 1980).. Fly ash from low sulfur
coal combustion results in very alkaline leachates (pH 10-12) due to
amorphous lime oxides on the surface of fly ash particles (Theis and
Wirth 1977). It has been found that aluminum, iron, and silica are
particularly soluble at elevated pH values (Andren et al. 1980).
Elements which form anionic species such as B, Mo, F, Se, Cr, and V
remain relatively soluble under alkaline conditions while metallie
cations would be expected.to precipitate (Page et al. 1979). Theis
and Wirtﬁ (1977) found that Iead, although relatively insoluble, is
Areleased>t0 a greatervextent than any othér soiuﬁle épecieé. Arsenic
which is known to form precipitates with many trace metals, especially
iron, exhibits a sudden increase at pH 12 probably due to the unavail-
ability of free metal ions. Most trace metals displayed slight increases
in&reléase at ﬁigh‘pH (Theis and Wirth 19??). Leéchigg éf béron ﬁas |
been found to be independent of pH (Cox &t al. 1978).

It is still questionable whether éH of the extfaétant governs
the chemical composition of the resultant leachate. Column leaching
tests performed for the EPA suggest that no significant variation of
leachate quality witﬁ pH existé (Santhéﬁam et al. 1986). ‘Oeher studies
have shown substantial differences due to the pH of the extraction
solution. Page et al. (1979) observed‘an increase in'the extracﬁability
- of all elements as the acidity of the extract was increased (Pagé et al.

1979). Phung et al. (1979) reported the concentrations of B, Pb, Co,



Cr, and Ni increased as the pH of the fly ash suspension was lowered
from 12 to 9. Additionally, further releases of trace elements resulted
as pH was lowered to 6. It was found that Cu and Cd were least affected
by pH changes (Phung et al. 1979). The majority of studies conducted
suggest that the pH of the extractant does affect the chemical composi-
tion of the leachate.

Attenuation of a fly ash leachate as it percolates through the
soil and enters the groundwater system has been reported in a number
of studies. In general, three attentuation mechanisms are operative
in leachate/soil and leachate/groundwater interactions including forma-
‘tion of insoluble precipitates, ion exchange, and adsorption onto
local solid phases (Theis et al. 1978); There are - a number of variables
involved in the degree to which attenuation will occur including soil
chafacteristics and the chemical composition of the groundwater. The'
primary adsorption process occurring in the soil over time is due to
iron, aluminum, and manganese oxides present in the coating on fly ash
particles (Andren et al. 1980).

Theis and Ricﬁter (1979) uéing an adsorption model predict that as
the leachate enters the soil envirénment; Zn, Cd, and Ni are attenuated
predominately by adsorption onto iron and manganese oxides. The solu-
bilities of chromium, copper and lead are controlled by discrete pre-
cipitates while adsorption is of diminished importance. - Copper. should

(precipitaﬁe as the ba;ié carbonate. When inorganic carbon coﬁcentrations
increase dde to the presence of natural groundwater, the model predicts
lead carbonate . will form. The sulfate ion forms weak complexes wiﬁh'all
metals studied. The solution pH was detérmined to be a variable which

brings about the most noticeable changes in soluble metals, affecting the



extent of adsorption and degree of precipitation. The purposeful use of
oxides for heavy metal attenuation depends upon maintaining an oxidizing
'soil environment (Theis and Richter 1979).

The chemical behavior of a scrubber waste and/or fly ash leachate in
the environment is highly variable. Hydrologic characteristics of the
disposal site are of‘considerable importance in assessing the movement of
leachates into and through a groundwater system. The rate of leachate
migration will depend on the hydraulic conductivity of the subsurface
stratum in addition to the degree of attenuation which occurs. Composi-—
‘tion of‘the aquifer will impact leachate migration. A sandy stratum will
provide little attenuation (Milligan and Ruane 1979). Groundwater §H is
usually lower than the leachates resulting from western United States
coal combustioﬁ wasteg and theftherefége leachates entering the ground-
Qater environmént‘are expected to release some fraction of the trace
elements (capions) to the dissolved phase. The organic matter present in
receiving waters will tend to solubilize trace metals such as Cd, Cu, Pb,
and Zn by chelation and complexation reactions (Andren et al. 1980).

Most studies of groundwater contamination around fly ash disposal
sites are inconclusive due to insufficient ﬁonitcring timefA Testing of
groundwater around a fly ash disposal site using wells détermined boron
concentrations to be the greatest in the well farthest from the disposal
‘area. Data from the project iﬁdicate that groundwater concentrations are
neither'spatially‘nor témporally consistent with thatlexpected,froﬁ waste
léading on the surfaCe‘(Aﬂdreﬁ et al. 1980). Highly variable concentra—
tions of Ca, S0, alkalinity, Pb, and Mg in groundwatér samples collected

“in the vicinity of another ash disposal area have been reported but these

values were consistently higher overall as compared to samples collected



away from the ash disposal area (Milligan and Ruane 1979). The primary
variable in the degree of groundwater contamination appears to be the
path length of the seepage water’(Theis‘et al. 1978). 1t has been
suggested that possiblé deleterious effects of leachate percolation could
be reduced throﬁgh the use of disposal ponds lined with clay thereby
encouraging attenuation of the leachate and greatly reducing permeability

(Jones 1977).



METHODS AND PROCEDURES

Leachate Methods and Experimental Design

Coal-fired power plant scrubber waste leachate was generated by
two methods. Upflow columns were ptimarily used; and some batch elutria-
tion experiments were performed. For both methods; dry scrubber waste,
coal, topsoil, and overburden were handled similarly, prior to contact
with experimental waters. The study was carried out during the period
August through December, 1981.

‘The column technique for developing 1eachate‘appears to be a
" better model of environmental conditions than the batch elutriation
method. For this study, the cylindrical columns were constructed of
high quality borosilicate glaés; the overall column size was 61 cm
(24 in.) in 1ength and 7.6 cm (3 in.) in inner diameter.v The columns
had a Stopcock and micro valve at the lower end to control flow rate;
the flow velocity was maintained near 104 cm/sec. To avoid various
problems associated with gravity @rainage columns (plugging, air entrap-
ment,retc.), the columns and test waters were set'ub‘to alloW'for uéflow
(see Figure 1). Upflow columns have been shown to generafe relatively
reproducible.leachate media (DiNové 1975; Maase eﬁ al. 1975; Cleave}l979;
Maase 1980; Adams 19?9). Thé column»tgchniqué was used in three facets
of this érojecf. The first was to evaluate site—cpllected gro&ndwafer'
througﬁvvérious column materials‘(oVerburden;‘scrubbér waste, etc.) in
sequential 10-day e%periments. The second was to evaluate laboratory
doubly deionized water (Milli-Q reagent grade) through,éoiumn materials .

in sequential 10-day experiments. The third used groundwater or doubly
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‘Figure 1. The upflow column-for leaching topsoil, coal, overburden, and
scrubber wastes (adapted from Adams, 1979).



10
deionized water through one set of columns, using materials of topsoil,
coal, and.sﬁrubber wastes. Table 1 liéts the dry materials used.
Schematic diagrams of the experimental designs are shown in Figures 2
and 3. Photograph 1 shows four upflow columns packed with scrubber
wastes, topsoil and coal using groundwater as the leachate media.

Column materials were weighed with a top~loading laboratory balance,
using 2200 grams of air-dried material per column for all column materials
except coal. This quantity of coal could not be‘packed into a column due
to the lower density of the coal. Table 1 lists the weights of coiumn
materials used corrected to the oven-dried (103°C) weight. For the
experiments with cblumns run in sequence (Figure 3, A and B), the columns
for all levels of the tiers exéept the last were set up in replicate in
order to generate enough leachate for the following set of columns. The
flow velocity was set on each column near 104 cm/sec, giving a final

leaching volume of 1 %£/column/day. The leachate for each column was

Table 1. Dry materialé used; oven-dry corrected weights.

Dry Materials Weight per Column, g,
(Corrected to Oven-Dry Weight)

. Topsoil ‘ ' o 2190
Overburden, 081043 A ~ 2169
Overburden, 081044 , } . 2181
Calcium Scrubber Waste and Ash ' ' 2188
Sodium Scrubber Waste and Ash - - : 2103
Coal 1. (DDW + Coal) 1811

2. {Groundwater - Coal) : 1721
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Photograph:l. Upflow columns from part of the single-colunn experiment.
Dry materials of calcium scrubber waste, sodium scrubber
waste, topsoil and coal with groundwater as the leaching
media. :

collected in a l-liter Erlenmeyer flask. Each day the sample water was

poured off, filtered through a 0.45 um glass fiber filter, and the water

from the replicate columns was mixed together. Of this mixture, 500 to

1000 ml was saved each day for immediate analysis and the remainder was

stored in glass containers or teflon-lined barrels at 5°C to be used for

the succeeding set of columns. Each set of columns was allowed to run

for a proposed time of 10 to 12 days. 1In a few cases, the columns ran

for only 8 or 9 days, if the water avagilable was limited.
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For the sequential columns (Figure 3, A and B), the watér saved from
the preceding set of columns was thoroughly mixed and then used as the
test water. In this way, the test water for any given set of columns in
the tier was a composite of the leachate from all 10 days of the cor~
responding previous set of columns.

The batchvelutriation me thod involves mixing known masses of dry
‘materials with test waters for a specified period of time. Relative
mix concentrations, mixing enviromment energies, and mixing duration
are being standardized to allow immediate comparison of literature
reported elutriation values (Keeley and Engler'1974; Reimer 1975; Cleave
1979). The dry materials used in the batch elutriation study were
topsoil, two types of overburden, calciumkbased scrubber waste plus ash
mixture, and sodium based scrubber waste plus ash mixture. Three
test waters were added té these materials resulting in 15 distinct
types of leachate. The test waters included site-collected groundwater
(GW), laboratory doubly deionized water (DDW), and doubly deioniéed water
acidified with nitric and sulfuric acids to an approximate pH of 4. The
combinations of dry materials and test waters are listed in Table 2. For
each t?pe dfrleachate, 250 mi of the test water was'added‘£o 25 g éf
air—dried, dry material in an Erlenmeyer flask;.each was set up in
triplicate for a final leachate volumé of 750 ml. The flasks were.
agitated‘dn a laboratory shaker table at 150 rpm for é8 hours. The
samples were allowed to settle for 1 hour and then filtered,through‘

- 0.45 ym glass fiber filters.



Table 2, Batch elutriation leachate.

15

Topsoil plus DDW

Topsoil plus groundwater

Topsoil plus acidic DDW

Calcium scrubber waste and ash plus DDW -
Calcium scrubber waste and ash plus groundwater
Calecium scrubber waste and ash plus acidic DDW
Sodium scrubber waste and ash plus DDW

Sodium scrubber waste and ash plus groundwater
Sodium scrubber waste and ash plus acidic DDW

Overburden
Overburden
Overburden
Overburden
Overburden
Overburden

43
43
43
44
44
44

plus DDW’
plus groundwater
plus acidic DDW
plus DDW
plus groundwater
plus acidic DDW

Dry Materials and Test Waters

The dry'materiéls used in the upflow column and batch elutriation-

methods included topsoil, coal, calcium~based scrubber waste, sodium-

based scrubber waste, and overburden of two types. All materials were .

obtained from the Jim Bridger Coal Company site near Rock Springs,

Wyoming. All materials were shipped or otherwise transported to the Utah

Water Research Laboratory in Logan, Utah. The topsoil was sieved using a

20 mesh/in. standard sieve. The coal was crushed and sieved through a 20

mesh/in. sieve. The scrubber wastes were used as received; the mixtures

of scrubber wastes and ash were .prepared at the plant in proportions

éuitéblé for disposal (Knight, pérsonal communiéation; IQSI);'
overburden samples were obtained as. corée samples identified as
081044 . All references to the overburden types in the results
tables include the core number or a shortened form (43 or 44).

samples were drilled to approximately 80 feet and were shipped

The

081043 and
and data
The core

in 1 to 2
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foot sections, with labels. For core #081043, sample totaling approxi-
mately 16 feet was missing; approximately 20 feet of core #081044 was
missing. For both cores, the sample was deleted due to one of several
reasons including 1) coal seams omitted from shipment or 2) sample
~apparently lost or missing during the field drilling. These cores were
obtained using an on-site pond water; a sample of this pond water was
sent to the Utah Water Research Laboratory and was analyzed. 1t is
listed in Table 13 as "core water." The overburden samples were crushed
and sieved (20 mesh/in.) in 1 foot sections. For each core, equal
amounts from each 1 foot section were mixed together to generate the
overburden sample ready for use in the columns or the elutriation tests.
Percent moisture was performed on all dfy test materials,rusing an
analytical ﬁalance énd a 103°C oven.

The test waters included groundwater collectéd from the Jim Bridger
Coal Company site near Rock Springs, Wyoming, and laboratory doubly
deionized water. The groundwater was collected by Jim Bridger personnel
and shipped to the Utah Water Reséarch Labbratory;  The water was shipped
' in several containers and was mixed together in a teflon-lined 55 gal
dgum Before use. The water was stored at SfC to miﬁiﬁize'changes in ;hg
composition of the water. An inadequate amount of groundwater was
shipped initially requiring Utah Water Research Laﬁoratory persdnnél to
~visit the Jim Bridger si;é to collect more groundwa;er.‘ This resulted in
groundwater of a:somewhét differen; composition used foryﬁhe first set of -
~groun&water-througﬁvoye%burden coluﬁns.— The groundwater -collected in -
October was obtained in a teflon-lined 55 gal drum and in several smaller
containers. It was stored for the dﬁration of the study at 5°C. After

the completion of the first groundwater series of columns, the batch



elutriation tests were carried out. At this’time, another composited
mixture of groundwater was used from the smaller containers. A last
mixture of groundwater was used in December, for the final set of
groundwater columns (groundwater through topsoil, coal, and scrubber
wastes). Table 3 lists the dates of groundwater analyses and uses in
the experimental design. These dates are also referred to in the data
tables. The laboratory doubly deionized water is a reagent grade type
of water. It is obtained in the Utah Water Research Laboratory by
passing tap water through a standard set of cation-anion exchange
columns (Culligan brand) and then through a mixed-bed set of cation-
anion exchange columns (Milli-Q system, by the Millipore Corporatioﬁ).~
The resulting doubly deionized water is a high quality water with resis-
tance of 10‘to 18 mégaohms. Tﬁe acidic water used in the batch elutria-
tion study was prepared by mixiné equal améunts of concentrated nitric
and sulfuric acids and adding the mixed acids to doubly deionized

water. Approximately one drop of mixed concentrated acid per liter of

‘doubly deionized water was required to lower the pH to approximately 4.

Table 3. Groundwater uses.

. Date -~ Use in Experimental Design
8 Sept 81 ‘lst half: groundwater through overburden (Fig. 3A)
9 Oct - 81} - 2nd half: -groundwater through overburden (Fig. 3A)
30 Nov 81 Batch elutriation

28 Dec 81 - Groundwater through topsoil, coal, scrubber wastes

17
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Analysis Schedule and Analytical Methods

The chemical parameters analyzed in this study are listed in
Table 4. During most of the study, pH and conductivity (EC) were mea-
sured everyday. TFor other constituents, samples were analyzed from the
fifst day's leachate, and then fromvcom?osited two—-day ?olumes.

The Water Quality Laboratory at the Utah Water Research Labqratq;y
(UWRL) is a USEPA and Utah certified laboratory and followé the guide-
lines for quality control suggested by the USEPA and the State of Utah.
This includes using specific procedures in analyses, using quality
~control samples, and perfqrming some analyses in replicate. For all
tests used 1in thg UWRL Water Quality Laboratory, standard curves, stan-—
dardized titrants, and/or gaiibraﬁed instruments are always used.

The specific methods used in analysis of therparameters are given
in Table 4. Standard curves were aiways generated, for the analysis
of metals by atomic absorgtion spectrophotometry, and the linear regres—
sion of the standard curve determined the detection limit on that day of'
analysis. .

Values for input leaching media are listed in the data tables. This
"weighted mean" input media was éalculated using the total volume of
leachate produced on é given day in the sequentiai column scheme minus

the sample volume used for the analyses.



Table 4. Chemical parameters.

Parameter Method Reference

pH Potentiometric, Electrode APHA, 1980, p. 402
EC Conductrimetric APHA, 1980, p. 70
Temperature Calibrated Thermometer APHA, 1980, p. 124
Total Dissolved :

Solids Gravimetric APHA, 1980, p. 92
Total Alkalinity Titrimetric _ L. APHA, 1980, p. 253
Chloride Mercuric Nitrate Titrimetric APHA, 1980, p. 271
Fluoride SPADNS Colorimetric APHA, 1980, p. 337
Sulfate Turbidimetric ' APHA, 1980, p. 439
Nitrate Automated Cadmium Reduction '

Plus Diazotization Colorimetric ‘
Method APHA, 1980, p. 376
Nitrite Automated Diazotization
C , Colorimetric " .. APHA, 1980, p. 376
Calcium ‘ EDTA Titrimetric A APHA, 1980, p. 185
Magnesium EDTA Titrimetric APHA, 1980, p. 195
Arsenic . Atomic Absorption, Hydride
' Generation APHA, 1980, p. 160
Boron Carmine Colorimetric ~ APHA, 1980, p. 260
Beryllium Atomic Absorption, Flame © APHA, 1980, p. 157
Cadmium ‘Atomic Absorption, Flame APHA, 1980, p. 152
Chromium Atomic Absorption, Flame . APHA, 1980, p. 152
Copper Atomic Absorption, Flame APHA, 1980, p. 152
Lead Atomic Absorption, Carbon
» Furnace o , APHA, 1980, p. 166
Mercury Atomic Absorption, Cold Vapor  APHA, 1980, p. 164
Nickel Atomic Absorption, Flame " APHA, 1980, p. 152
Selenium Atomic Absorption, Hydride
' '~ Generation APHA, 1980, p. 160

" Zine Atomic Absorption, Flame APHA, 1980, p. 152




RESULTS AND DISCUSSION

Column Leaching

Single Column Leaching of Topsoil, Coal,
Na Scrubber Wastes and Ca Scrubber
Wastes Using Doubly Deionized Water
(DDW) and Groundwater (GW)

Following the methods and procedures as previously described (also
see Figure 2) 2200 grams of air dried topsoil, Na scrubber wastes and Ca
scrubber wastes were packed into individual glass columns and leached
with DDW or GW for 10 days at an approximate throughput rate of 1 2/day.
Only 2000 grams and 1900 grams of coal were used for DDW and GW leaching
respectively due to the coal's low density and the column capacity. The
results are shown 1in Tables.5—12. The pH of the leachate from thev
scrubber wastes are consistently higher than the pH of the leachate from
the topsoil and the coal. The highest.pH was 12.7 for the Ca scrubber
‘wastes wi%h the highest pH of 11.6 being observéd f?om the Né scrubbef
wastes. The conductivity of the leachate material changing with time is

shown in Figure 4. The initial conductivities of the DDW and GW Na

scrubber leachate were 65,200 pmhos/cm and 60,800 pmhos/cm respectively

decreasing to 8820 umhos/em and 14,800 ymhos/cm. The Ca scrubber wastes

20

showed similar trends but at lower conductivity levels. The conductivity

(EC) of the DDW leachate of.the.topsoii.and coal showed a decreasing
trend whereas conductivity of the GW leachate remained essentially the
same as the initial conductivity of the GW (Table 13). Total dissolved
solids (TDS), total alkalinity, chloride, sulfate, sodiuﬁ, fluoride,

copper, boron, selenium follow trends similar to the conductivity data
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Single column experiment data

Table 5.

DDW -+ tepsoil.

DDW » Topsoil
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Day 1

8.0

8.0

0.1 73 17 52 18 0.19 <14 <4 <10 15 <1 6.0 <1l 44 24

1.5

271

1.0

14

32

512

"Comp 243

632
T 307

8.1

8.4

11

1ol 141 0.8 0.1 44 11 .30 ‘15 0.18  <l4 <4 <10 13 <1 8.0 <11

44 13

316

Comp 4+5

268
231

8.5

8.5

<11 13 19

0.2

<]

16 0.18 <14 <4 <10

<18

62 0.2 <0.1 28

0.8

4

44

158

Comp 6+7

145

8.4

113

8.4

22

<1l

15 <0.10 <14 <4 - <10 <7 <1 0.5

<18

16

<0.1.

24 1

0.7

41

%

Comp 849

113
122

8.4
8.4

10
11
Comp 10+11

18

<7 <1 <0.2 <11

<4 <10

<14

<0.1 <0.1 16

22

0.6

46

84

Doubly deionized water
Composite sample.

DDW:

Comp:

21



*Insufficient sample.

DDW: Doubly deionized water

Comp: Composite.sample.

<9

Table 6. Single column experiment data: DDW » coal
DDY —+ Coal
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Day 1 6.7 1,970 1,694 80 5 4.8 852 1.0 <0.1 198 161 238 6 6.14 <14 <4 <10 <7 4 0.2 <11 S0 10
2 7.8 598 ‘
3 7.8, 243 - )
Comp 2+3 304 .82 1 3.4 82 0.28 <0.1 28 26 <19 5 6.04 <14 <4 <10 13 <1 0.3 <11 66 <5
4 7.2 - 205 ‘
5 7.3 200 - )
: Cem{:‘éﬁﬁ 148 64 2 1_3.8 20 0.04 <0.1 18 10 <19 17 4.92 <14 <4 <10 10 <1 0.2 <11 22 29
‘ 6 7.8 41 * 60 1 25 . <0.04 <0.1 9 7. <19~ 19 4,16 14 <4 <10 7 <1l <0.2 <11 44 28
7 7.9 | 157 o
8 7.8 - 137 . )
Comp 7+8 . 182 54 1 71,5 16 0.04 <0.1 11 8 <19 11 2.58 <14 <4 <10 9 <1 <0,2 <11 37 10
9 7.6 153 ’ ‘
10 8.3 137, ) ;
Comp 9+10 132 48 1 1.3 1.7 <0.04 <0.1 15 - 8 <18 21 2.45 <4 <5 <16 <1 0.2 <3 13 <6

[44



Table 7. Singie column experiment data:rnﬁw’+.0a SW.

DOW + Ca SW
Fol . .
g CE- U - T T N - - 2 NI oL E
88 . 5384 B Bo E. Ban Feo fn B4 Bl BL 8o P Eo Bl Bl . BL 3o Bl ..
z g8y BY BZ0% 5P £F ZP coF fgP S52 £ 3% EB S i% 3 5% 5% v oiw £% 3w oS3
Day 1 12.3 17,100 8,303 3,180 209 9.7 2,120 . 13.7  16.3 915 <1 303 21  56.0 14 <4 498 18 <l 0.9 <11 182 29
2 12.3 18,200 '
3 12.2 8,980 S ,
Comp 243 5,675 3,310 - 109 8.7 1,690 9.9  10.1 933 12 949 25 45.7 15 <4 650 34 4 0.2 <11 143 16
4 12.7 8,900 ‘ : : :
5 2.2 7,760
Comp 4+5 2,610 2,000 17 6.9 243 0.8 1.5 917 <t 65 19 1.25 15 5 270 23 1 0.3 <11 8 9
6 12.3 7,450 1,380 1,850 ° 19 2,3 166 0.2 1.0 612 6 35 22 1,76 <14 <4 98 19 3 0.2 <11 43 5
7 12,2 6,400 ' ' ‘ .
8 12.4 5,360 , . ; , ;
Comp 7+8 o 1,30 . 11 2.6 39 0.1 0.5 442 <1 <19 24 0.21 <14 <4 47 19 <l <0,2 <11 61 25
9 12.7 6,000, t o
10 12.1 4,530 : A , , . :
Comp 9+10 1,198 1,120 14 1.8 15 <0.1 0.4 435 19 <18 23  <0,10 <% <5 21 19 5 0.6 <9 19 <6

*Insufficient sample.

DDW: Doubly deieunized water
Ca SW: Calcium bagsed scrubber waste
Comp: Composite sample,

£z



Table 8. Single column experiment data: DDW = Na SW.'

DDW - Na SW
y
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Day 1 9.4 65,200 92,470 27,100 635 183 39,500 37.3 22,7 42 110 32,300 1760 138 la <4 554 325 <l 6.2 15 2280 52
2 9.7 49,800" "
3 10.0 42,300
Comp 2+3 o 49,550 16,300 527 120 - 20,200 25.5 14,5 24 28 17,400 900 118 16 5 350 129 <l 2.2 <11 1540 12
4 10.6 35,500
5 10.6 24,000 ) .
Comp 445 27,380 10,200 263 155, 9,350 11.0 9.0 - 15 g 8,370 820 75.6 14 <4 240 59 <l 1. <11 613 14
6 11.0 18,600 l&,800‘ 53,150 148 48 5,290 6.4 5.1 6 S 3,680 450 47,0 <14 <4 151 29 <l 0.7 <11 306 9
7 11.0 14,200 .
8  1L.6 11,100
Comp 7+8 9,052 3,360 ° 93 4L 2,770 4.2 3.3 5 31,430 270 35.4 <14 <4 104 21 <l 0.4 <11 245 5
9 11.6 8,700
10 1l.4 8,820 ) .
Comp 9+10 5,906 2,400 59 38 2,340 2.8 2.2 ] 7 715 130 23.4 <4 <5 49 22 13 0.5 <9 102 <6

DDW: Doubly deionized water

Ka 8W:
Comp:

Sodium based scrubber waste
Composite sample.

7C



Table 9. Single column experiment.dété:"Gw + topsoil. .

GW - Topsoil
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Day 1 ‘8.1 -3,680 * 675 41 1.6 1,230 L.5 0.1 71 29 757 17 10.8 <4 <5 <9 20 <l <0.2 <9 14 <6
2 8.2 4,310 - o
3 8.4 4,110 D
Comp 2+3 ©2,996 662 75 2.4 1,600 2.5 1.3 152 53 778 14 1.19 <4 <5 11 26 2 <0.2 <9 9 <6
4 8.1 '3,830 ’
5 8.1 3,880 - . '
Comp 4+5 ’ 2,784 737° Y 1.7 1,480 1,2 0.6 119 50 728 6 0.93 <4 <5 13 26 <l 4,9 <9 12 <6
6 8.2 3,490 ’
7 8.4 3,620 .
Comp 6+7 o . 2,540 725, 35 2.1 1,310 1.5 -0.] 75 31 718 24 1.30 <4 <5 11 23 5 0.4 <9 16 <6
8 8.5 3,520
9 8.5 3,610 . ) )
Comp 8+9 S 27443 737 33 1.5 1,180 1.1 ° 0.2 45 28 746 27 0,97 <4 <5 <9 20 1 <0.2 <9 12 <6
10 8.5 3,560 2,423 735 32 1.4 1,170 1.6 o 0.1 40 26 764 25 0.80 <4 <5 <9 18 4 0.2 <9 18 <6
INPUT*#* 8.4 3,770 2,521 754 32. 1.1 1,130 1.2 <0.1 - 57 32 773 .2 0.89 "<& <5 9 27 6 <0.2 <9. 16 860

*Insufficient sample.
**Groundwater (28 Dec. 1981)

GW: Groundwater
Comp: Composite sample.
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Table 10. column experiment data: GW - coal.
GW - Coal
> . ’
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Day 1 7.7 3,480 % 148 37 4.1 1,860 1.4  <0.1 324 228 237 27 6.33 <4 <5 15 27 <1 2.0 <9 20 10
2 7.3 2,950 . '
3 8.3 3,150 . ;
Comp 2+3 2,262 306 36 4.3 1,410 1,0  <0.1 146 98 435 24 5.80 <4 <5 17 18 <1 <0.2 <9 15 <6
g 7.6 3,200
5 7.5 3,300
Comp 4+5 2,286 499 39 1,0 1,230 <0.1  <0.1 78 47 589 24 4.15 <4 <5 <9 21 <l 7.4 <9 17 13 .
6 7.7 3,140 ' V
7.8 3,380 v
Comp 6+7 L 2,314 512 32 2.4 1,280 <0.1- <0.1 62 1 27 654 23 354 <4 s <9 24 2 6.7 <9 14 8
8 8.0 3,470
9 8.3 3,420 .
Comp 8+9 2,358 532 33 1.2 1,180 <0.1  <0.1 47 - 23 697 27 2.67 <4 <5 <9 21 <] <0.2 <9 14 <6
10 8.2 3,440 2,367 54l 33 - 0.5 1,110 0.2 - <0.1 19 12 730 20 2.37 <4 <5 <9 19 <1 <0.2 <9 19 <6
INPUT#% 8.4 3,770 754 32 1.1 1,130 1.2 <0.1 57 32 773 2 0.89 <4 <5 g 27 6 <0.2 <3 16 860

2,521

*Insufficient sample.
% Groundwater (28 D?c.:1981)

GW: Groundwater
Comp: Composite sample,

92



Table 11. Single

_column exﬁerimeht.data: GW -+ Ca SW.

GW -+ Ca SW
2 o, a g
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Day 1 12.4 35,700 22,420 6,120 - 403 14 10,400  50.0 47,5 892 ° <1 10,900 30 142 <4 <5 807 78 <] 1.3 <9 310 10
2 12.6 16,500 ’
3 (10,6 12,7007 ; )
Comp 243 6,002 2,550 86 7.7 1,330 5.6 4.8 78 62 1,370 24 40,3 <& <5 33 . 36 3 0.2 <9 92 <6
Ty 12.6 11,100 '
5 12,7 11,400 : .
Comp 443 - 3,350 2,790 47 3.7 820 2.1 1.0 552 8 810 26 7.05 <4 <5 <123 26 2 <0.2 <9 37 <6
6 12.5 10,600
7 12.4 11,500 ‘ :
Comp 6+7 3,042 2,720 47 3.7 477 1.3 0.7 356 <1 772 5 1.71 <4 <5 34 20 3. 0.2 <9 15 <6
8 12.5 11,400 '
9 12.5 11,100 ‘
Comp 8+9 3,000 2,660 48 31 457 1.2 0.4 393 <1 794 22 0.91 <4 <5 18 21 3 <0.,2 <Y 24 <6
10 12,4 10,500° 2,772 2,660 43 1,0 320 1.3 0.4 266 1 798 14 0,91 <4 <5 <9 21 2 «0,2 <9 15 <6
INPUT** 8.4 3,770 2,521 756 32 1.1 1,130 1.2 0.1 57 32 773 2 0.89 <& <5 9 27 6 <0.2 <9 16 860
**Croundwater (28.Dec. 1981) ‘

GW: Groundwater
Ca SW:

Calcium based serubber waste
Comp: Composite sample.
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Table 12. Single

column‘experiment’data: GW - Na SW.

GH: Groundwatei :

Na 8W:

1981)

Sodium based scrubber waste.
Comp: Composite sample.

GW > Na SW -
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Day 1 9.4 60,800 71,970 13,700 620 124 32,200 24,37 17.0 61 61 23,400 2010 186 <4 7 362 260 <1 1.5 16 2270 14
2 9.9 40,100
3 16.1 34,100 . .
Comp 243 35,740 7,910 337 54 13,000 17.0 11.8 22 30 13,100 870 140 <4 <5 225 118 <l 1.6 <9 1120 <6
9.7 30,300
5 9.8 29,160 .
" Comp 445 - 27,840 6,510 292 63 13,900 4.2 17.4 15 22 12,600 440 113 <4 <5 156 85 <l 0.2 26 1230 © <6
6 9.5 21,300 ‘ E '
7 9.7 18,200° , t
Comp 6+7 ’ 17,060 4,210 186 34- 8;630 0.1 13.4 19 26 9,410 230 60,0 <4 <5 78 47 20 0.4 <9 620 <6
8 9.7 20,100 ' ‘
9 9.7 15,500
Comp 849 .. . l4,880 3,430 159 38 6,600 <0.1 11.6 22 24 3,920 280 56.5 <4 <5 62 47 18 1.5 < 620 <6
10 9.7 14,800 12,080 2,720 112 17 5,920 <0.1 8.1 22. 24 3,360 140 42.4 <4 <5 51 34 37 <0.2 <9 240 <6
INPUT** 8.4 3,770 2,521 754 32 1.1 1,130 1.2° <C.1 57 . 32 773 2 0.89 <4 <5 9 27 6 <0.2 <9 16 860
*Groundwater (28 Dee.
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Table 13.

Groundwater and core water data.

Groundwater
3 :
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v oEa 8% RECZ 2T 85 4% STy o875 83 AT B3 8% 8% BT OES BT 8% 3T oEg ¥z ofmogxz
A ORES 8P S3RY 8¢ ©f 4F e 20F 8% $9 32 %2 g¢ 2% 3% g% 5% M3 3% ;3 g% 73
04/08781 7.9 3,180 1880 284 28 2.9 470 - - 31 14 . 700 11 0.38 <17 14 <13 24 - 1.0 <12 2 210
10/09/81 8.3 2,100 2130 585 30 2.2 890 <0.1 <0.1 38 26 700 <1 0.73 <17 <5 <15 1‘3 <] <0.1 <12 2 522
11/‘30/81 8.1 3,430 2478 641 29 1.1 1010 1.1 <0.1 . 65 23 785 3 0.5 <14 <4 <10 10 <1 O.{; <11 <1 960
12/28/81 8.4 3,770 2521 754 32 1.1 1130 1.2 <0.1 57 32 773 2 0.89% < 4 <5 .9 27 6 <0.2 <9 16 850
Core . - )
- 1315 - 187 16 6580 <Q0.1 0.3 705 51 2200 26 43.5 <17 <5 53 25 7 <12 <l 181

Water 8.2 10,000
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(see Figures 5~13). Nitrate and nitrite data also followed a similar
trend except for the initial data points for the GW - Ca scrubber waste
leachate (Figure 14). For chromium’(Figure 15) the Ca scrubber wastes
initially showed higher levels than the Na scrubber wastes. Arsenic
concentrations were high only in the sodium scrubber wastes for both the
DDW and the GW with initial concentrations of 1760 and 2010 pg/1 respéc~
tively. The COﬁcentration theanécrea;ed with each successive sample
date to concentrations of 130 and 140 g/l respectively on the final
composite sample.

All other data did not show any particular trend.

Sequential Leachihg Scheme

The data were obtained_és described previously following the sequen—
tial schemes in Figure 2 using doubly deionized water (DDW) and ground-
water (GW). The quality of the GW going through overburden 43 (OB 44)
and overburden 44 (OB 44) (GW 0B 43 and GW > OB 44, Tables 14 and 15)
was only slightly different than the original quality of the GW (Table
13). Sulfate, nitrate and boron concentrations increase moderately and
the zinc concentration§ decreased.

The data for DDW through topsoil (TS) are shown in Table 16. . The
,throﬁghput for this experi#ent—is used for thg leaching of OB 43 and 0B
44, Conductivity, total dissolved solids, tofal alkalinity, chloride,
fluoride, sulfate, nitrate, sodium, calcium, magnesium, boron concentra-
tion from DDW - TS = OB 43 and OBvééf(TablesAl7 and 18) all show in-~
creases over the concentrations of the DDW - TS throughput. As the
aqueous DDW - TS solution was passed through the OB 43 and 0B 44 materials

the highest concentrations of the chemical parameters increasing appeared
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sodium and calcium scrubber wastes using GW and DDW as leach-
ing media.
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Table 14. Sequential column experiment da’ta: GW - 0B 43.

GW + OB 081043

by g 5
g Rl & o =] B g
W [~ ) k) < v L [ £ o 1] o 8 3 -3 =
. e L3 il et FE} = bt fd 0 =] R el =1 et i [*1 -y et
w o ok ek b [ < T - - . e W o [ = — e =] ] = ot =
<o~ - N WL e O~ O et - - U o © o s e Q O o~ o £~ G Qoo 0 QoM e O Y o
P 3 P g4 o - T — + U ey oy £ I~ 0 H ™~ H o~ v S O oy T " bt e [S e [=Hay
mORERS QW Qr ¢ oD moBd e~ 80 D B0 @ B e B0 B LD o) OB MW 00 9 ®mM oM 0w Y @ 60 e 00 @ B0 ae 0D
=T S I [ -] ol W oB o E o g wn £ =W EH = a B W B wOE v E ;3 m E 4] WA oA [ [ e EH A=) v A2 NI
Day 1 8.1 2990 2388 607 51 1.7 1200 3.6 0.1 71 50 710 4 1.05 <17 <5 <15 14 <1 0.1 <12 5 40
Comp 2+3 * * * * * 1.7 1420 5.4 0.1 112 72700 <l 1.30 <17 <5 <15 17 <1 0.6 <12 8 36
Comp 4+5 8.1 2870 2358 370 40 1.8, 1230 2.0 0.2 67 48 670 <1 1.02 <17 <5 <15 13 <1 0.3 <12 4 23
Comp 6+7 8.3 3090 2320 . 603 38 1.9 - 989 1.3 0.3 60 35 710 <l 0.93 <17 <5 <15 17 3 0.8 <12 28 12
8 8.0 2790 '
Comp 8+9 8,3 2940 2262 615 33 L8 1420 2.8 - 0.3 59 27 710 <l 0.88 <17 <5 <15 19 <1 0.7 <12 4 9
10 8.1 2820 ‘ ' :
Comp 10+11 8.4 3050 2260 649 35 2.1 1030 1.1 0.2 53 32 690 <1 0.76 <17 <5 <15 17 <1 0.8 <12 2 15
12 8.1 3270 ‘ A
INPUTH*®: 8.1 2640 2005 435 30 2.6 680 <G.1 h <0.1 35 20 700 6 0.56 <17 g <15 19 <1 0.5 «<l2 2 370

#Sumple contaminated. :
#%Groundwater (Samples 8 Sept. 1931 and 9 Oct. 1981).

GW: -Groundwater
OB: Overburden, core #081043 or #081044
Comp: Composite sample.
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Table 15. Sequential column experiment data: GW -~ OB 44.
GW > OB 081044
‘ z , o
=4 o © @ 3 g g ]
UOQ _E.O :U :U @ ] @ =3 s o » g =
4 U= - T SN S S S-S V< S B R 8 5 2
£9 LT J8°9T ST §g B EED OEFD Lo Eo g 9o O e B §:: a7 BT T %o 8Szogz
BoRES BP 228% 8F WP af 23 zep 3¢ £ SP hP 39 29 3% 52 g9 v¥ gd o9 o o9
Day 1 8.5 3580 - 2988 624 37 1.9 1800 10.4  <0.1 81 69 830 4 2,21 <17 <5 <15 17 2 0.6 <12 15 15
Comp 2+3  * * * * % 2,3 2410 28.2 <0.1 141 127 960 <l 4.14 <17 <5 <15 21 <l 0.2 <12 90 14
Comp 4+5 8.4 3700 3044 580 37 2.3 1820 146 0.2 87 73 820  <1-2.96 <17 <5 <15 18 <1 0,2 <12 12 18
Comp 6+7 8.5 3460 2642 598 37 2.2 1310 7.2 0.5 69 48 770 4 2.32 <17 <5 <15 16 <l 3.0 <12 6 9
g 8.4 3050 : v
Comp 8+9 8.4 3190 2502 589 33 2.2 1350 9.8 0.8 67 48 750 1 2.01 <17 <5 <15 18 2 0.2 <12 22 6
10 8.3 3080
Comp 10411 6.4 3310 2468 652 33 2.2 1230 . 4.3 0.7 65 397 720 <l 1.67 <17 <5 <15 15 <l 6.0 <12 2 12
12 8.4 3510 '
INPUTH% 8.1 2640 2005 435 30 2.6 680 <0.1  <0.1 35 20 700 6 0.56 <17 9 <15 19 <l 0.5 <1z 2 370

*Sample contaminated. )
** croundwater (Samples 8 Sept. 1981 and Oet. 1981).

GW: Groundwatey

OB:  Overburden, core #08l043 or #081044

Comp: Composite sample, -
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‘Sequential column experiment data

Table 16.
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1.3

682 968 29 25 0.7 244

810
730

8.2

Day 1

8.0

8.0

73 17 52 18 19 <l4 <4 <10 15 <l 6.0 <11 44 24

1.5 1

271

1.0

14

32

512

Comp 2+3

632
307

8.4

11

1.1 141 0.8 0.1 44 11 . 30 15 0.1%9 <14 <4 <10 13 <1 8.0 «l1

13

.

316

Comp 4+5

268
231

8.5

8.5

Comp 6+7

0.2 <11 13 19

<1

16 0.18 <14 <4 <10

<18

0.2 <0.1 28

62

0.8

44

158

145

8.4

113

8.4

22

<1 0.5 <11

7

<4 <10

<l4
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15

<18

<0.1 16

0.1

24
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Table 17. Sequential column experiment data: DDW * TS - OB 43.
DDW =+ topsoil - OB 081043
: o
B - a o t g g ?S =}
e _C o " el ol L . o g et .u ot g By =3
. B - ) Rl e E3s s E¥] X w g ~ — “rmt bl I ot I
7 la) - et b b T . 9.~ - e - et @ =1 = -t ot g 13 = © =
oo — WD L e o e ot ot - WO et (S i it vt gt @ o— & By et B e -t £y Ty o ot WGt g et et
AL U~ 3 P, ot Mo, o B S o4 S~ +“ S -t S B o i B oo~ P b i B [ R Tl T~ I G - My £ S
OO EWw Qe O ®wo) . o el D6l e BB e W B) WOl © ul OB k8 OO @ o) 9§ 6 o8 O 0 © 8 @6 e &) WA e~ o)
B @wlaw = E o oo B OB B wE Zc E. & Qg wE NE w g < 2 o mE Mmoo WA Ln U3 3D Zaomaown A N A
Day 1 7.9 934 634 58 21 0.8 268 3.7 0.1 67 35 61 15 0.44 <14 <4 <10 <7 <1 .2 <11 7 7
2 7.8 1,130
3 8.1 1,100 .
Comp 243 . . 1,080 30 - 42 0.8 730 5.4 0.2 117 76 81 14 G.93 <14 <4 <10 <7 <1 0.3 «ll 14 23
4 8.1 1,150
5 8.0 ‘ 981 ) )
Comp 4+5 772 155 . 31 0.8 313 3.3 0.2 93 52.. 68 2 0.65 <& <5 <9 ) 20 <l <0.2 <9 22 15
6 8.1 921 '
7 . B > B
Comp 6+7 : 592 134 . 23 .0.8 237 1.6 0.2 77 38 34 6 0.50 <14 <4 <10 <7 <1 .4 <11 17 17
8§ 8.1 770 '
9 8.1 687 V .
Comp 8+9 ) . 504 116 . 24 0.8 206 0.9 0.2 63 30 - 29 6 0.58 <14 <4 <10 10 <] 0.2 <1l 9 34
10 8.1 611 ‘
11 8.1 685 .
Comp 10+11 432 108 17 0.8 188 0.5 S 0.2 57 44 25 7 0.54 <14 <t <10 37 <l 0.4 <1l 15 10
INPUT#% 8.3 377 300 40 8 117 0.1 38 10 26 16 0.16 <14 <4 <10 11 <} 2.8 . <1l 14 18

0.8

0.6

#*"oighted Mean'" of DDW + TS
DDW: Doubly deionized water

OBt Overburden, core #081043 or #08104

Comp: Composite sample.
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Table 18. Sequential

DDW - topsoil = OB 081044

column

experiment data: DDW ~ T8 - OB 44.

. , : . o
g v ) @ g : 3 =t g
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A UG e ] . -t = e +J et &) —~ - DB e et 2 e L el T T Sy O~ 5 o R e [~ R
W E L Q8 O w400 D) et B8 e 8 W wed O e O @& 9 & O L O B R Y S I
(S 5 R = B =< W R o E e @ v B zZ % B 2 o B w B = B w # < = w8 [ =S = S L = - 3 Z A owoo D
Day 1 8.1 1,270 904 43 38 1.3 522 » 9.4 <0,1 93 38 94 17 1.35 “14 <4 <i¢ 11 <1 <(,2 <11 8 11
2 7.9 2,710 '
3 8.0 2,460 .
Comp 243 2,714 42 28 1.8 1,530 - 40.6 0.4 130 140 300 14 4,16 <14 <4 <10 15 <1 2.0 <11 28 25
4 8.1 2,330 ‘
5 8.0 _ B
Cbmp 4+5 1,726 72 17 1.7 1,090 22.9 .5 137 82 223 2 3,10 <4 <5 <9 23 4 <0.2 <9 13 11
6 8.1 1,410
7 o , ‘
Comp 6+7 886 65 13 1.5 - 514 9.67 0.3 87 T 41 99 5 1.77 <14 <4 <10 <7 <] <0.2 <11 13 13
8 8.0 1,100 ' '
9 8.1 909 ‘
Comp 8+9 . 684 63 11 1.6 392 ?.Q 0.3 76 35 67 4 1.62 <l4 <4 <10 <6 <1 <0.2 <11 12 11
10 8.0 758 ’
11 8.1 732
Comp 10+11 504 64 11 1.2 262 5.4 0.2 66 26 41 .7 1.21 <14 <4 <10 8 <l <0,2 <11 9 11
INPUT#* k8.3 377 300 40 8 0.8 117 0.6 0.1 38 10 26 16 0.16 <l4 <4 <10 11 <l 2.8 <11 14 18

Bx"Yoighted Mean” of DDW -+ TS

UDW: Doubly deionized water

0B: Qverburden, core #081043 or #081044
Composite sample,

Comp:

W%
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to bg at the composite sample of days 2 and 3. This was also observed for
the leachate when GW was used as the leaching media for OB 43 and OB 44.
Most all of the major cations and anion chewical parameters measured were
higher in the GW leachate than the DDW leachate of the overburden materials
due to the poorer quality of the GW.

Some of the most interesting and intriguing data were obtained
when 1eachihg the sodium scrubber wastes (Na SW) and calcium scrébber
wastes (Ca SW) with the aqueous leachate.from DDW +TS - OB 43, DDW
TS 5 OB 44, GW > OB 43 and GW -+ OB 44 (Tables 19-26). The Na SW produced
a leachate with a pH of approximately 10.4 for both the GW and DDW based
leachates. The Ca~SNT§H was in thé.raﬁge of 12.4 - 12.6 for both the DDW
and GW based leachates. All of the pH values were higher than the
ihitial aqﬁeous ieéchiﬁg-media-sbownAas inpuéron the data tables. The
coﬁductivitfrof the'Né SW and Ca SW leachates wﬁa very high.” The ﬁa‘SW
pfoduced the highest conductivity—readiﬁg.for béth the DDQ and GW based
leaching solutions (Figure 16). Total dissolved solids, total alkalinity,
chlbride;kflu6ride, sulfaté, soéiﬁm, aréeﬁic, boroﬁ,~¢opper, and éeleﬁium
followed trends similar to the conductiviﬁy (Figures 17-25). As can be
observed from the figures menﬁioﬁéd above the‘DDQ > T8 §-OBV&3 leachate
éeemed t&kleééh slighfly‘more @atefial from the;Né kathan the ﬁDW-+ TSaL
OB 44. For the groundwater; the éW + 0B 4471eachate abpeareé to 1eaé£'
more material from the Na SW than the‘Gwv+ OB 43 leachate. In general
for the major cations and anions, the Na SW released higher concentra-
tions than the Ca SW. This is probably due to the general phenomenon
that monofélént cation salté of this nature are more soluble than the
“gimilar divalent.cationksalts (sodium vs calcium). There is also the

possibility that the Na scrubbing process may'be mpre efficient than the
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‘Table 19. Sequential column expefiment data: DDW -

DDW - topsoil =+ OB'081043 - CaSW

TS + OB 43 + Ca SW.

fy
B = o @ : g g 5 =]
w O [~ e] < o » W o =1 Nl o ot g ) o
e o e il Nl - 44 Ll - w g et — 3 et S bl Lnd -
ooy — g 1 b kel Goomr e v o o = — -t ® & o © =
LU — ® B QO O TRt Nt R et S et @ ot £ et Rl Sl oo~ PNt B — T = Oyt o et X AL - G Qo
v W~ BN~ -t e e i, dud ey d S ot &8 "~ B e H o O T S e, £2e L B B S, E Y el M, £~
= OQEHE O O~ w o o =t DM e B B e 80 WS M8 O W 88 O YW W oo OB @B @ A M B @ ED e 80
2 M AW = B < B O g -] W E Zoe g O wmaE Og ‘moB v E £ ;M B M| a o R YR wl Bt omomm @ w) B NS
Day 1 12.7 17,400 8,285 3,020 148 5.5 2,390 32.4 12.0 ‘893 ‘ <1 437 ‘ 15 21.9 <14 <4 741 26 1 0.4 <11 71 8
2 12.4 20,100 '
3 12,2 12,600 . L o
Comp 23 ‘ B 7,502 3,050 125 6.5 2,440 21.0 11.5 864 -8 404 11 27.7 <14 <4 769 20 <1 1.2 ‘<11 51 7
4 12,2 10,500 )
) 5 12.8 8,490 ) L
Comp &+5 1 3,241 2,500 - 52 53 - 543 9.7 2,5 836 8 407 - 16 8.26 <14 <4 273 29 3 0.5 <I1 41 15
6 12,1 8,100 ' .
7 12,3 3,000 )
Comp 6+7 ' 2,053 2,890 30 4.4 o+ 150 0 2.4 0.9 764 <1 95 14 1.74 <14 <4 64 25 <1 <Q,2 <11 43 12
L8 12.2 8,280 '
9 12.1 5,540 ) ‘ )
Comp 8+9 o 1,672 1,610 24 ,4.3 106 ° 2.9 0.9 5363 <1 a8 12 1.35 <14 <4 25 21 <1 0.4 <1l 32 23
INPUT** 8.0 . 897 - 672 104 27 0.8 329 2.5 0.2 80 47 49 8 0.62 <14 <4 <10 15 <1. 0.3 «<IL 15 19

**'"Joighted Mean" of DDW » TS » OB 43

DDW: Doubly deiorized water .

OB: Overburden, core #081043 or #081044 - .
Ca 8W: Calcium based scrubber waste N :
Gomp:  Composite sample,

f

9%



Table 20. Seciuent:i’al column experiment data: ‘D:D‘W >~ TS

'

DDW + topsgodl » OB 081044 + Ca SW

> OB 44 -+ Ca SW.

-~
5 (] E é? g 'g o @ @ E '-5 3} ~§ ‘ g S g
‘ 35%3 u;:f E % E;: \lg:: j.%:: §1: E = ’g = .5-4 ‘ é — -% 1 .% — g — Ei—* ‘g — ‘g -t §,4 Qe E — E -t '5 — 4t
. 5 R%% BP S54P 5P £P. 3% £8P £48 GF 2P BP OEW OBV 1% 33 £% §% 3% §% £3 3w g9
Day 1 12.8 20,000 9,967 - 3,330 228 8.1 4,480  62.5 2.0 824 <1 1,020 21 59.6 <14 <4 1,520 16 <l 0.7 <11 112 13
© 2 12,4 18,700 ‘ : ' :
312,213,400 ) , .
Comp 243 7,319 3,070 153 9.5 2,620 29.7 12,8 917 - 6 433 23 35.4 15 <4 1,120 16 1 0.9 ‘<11 51 14
© 4 12,2 10,800 ‘ ' ‘
L5 12,8 .9,600.
Comp 4+5° Tt 2,997 2,890 31 6.6 - 436 9.8 2.2 816 33 330 15 7.06 16 <4 203 28 <l 0.4 <11 7110
6 -12.3 7,880 o ‘ ’ '
7 123 8,200 _ '
Comp 647, o 2,225 2,680 . 19 6.5 126 12.0 1.7 605 4 255 21  1.86 <14 <4 125 18 -~ <l 0,2 <11' 48 10
L8 12.3 8,400 ‘ ‘
9 “12.3 - 8,430 ‘
Comp 8+9. - : 2,066 1,970 . 16 6.0 47 12,0, 1.3 601 9 213 19 1.16 <14 <4 45 24 <l <9.2 <1l 51 8
INPUTA% 8.0 1,266 59 18 1.5 .736  16.5 . 0.3 109 11 <l <0.2 11 16 14

1,370

62 l4L . 7 2,28 <l& <& <10

*k"oighted Mean' of DDW » TS = OB 44

DDW: Doubly deionized water

Ok: Overburden, core #08J043 or #081044

]

Ca-8W: Calcium based scrubbar waste

Comp: Copiposite sample,

Iz,



Table 21. Sequential column ex

DDW - topsoil = OB 081043 - Na SW

I

periment data:

DDW + TS - OB 43 - Na SW.

) )
= - oy @ @ ) g N g g g
L8 £3 3 3 bt e 3 g g 2 ot g G " & — 2
"o e et - Cose 14 [ G - RIS o @ 5 £ =3 — ot =4 @ = @ E
-gN — L O i ‘0-—*,’:‘4-—4 e BT ML e U o oo L e tanl G - Q -t ot g O —~ £ vt et €3 i At U U ot
% 9B BB 8429 FD 5P FB Sud Sud 5B FB 2% L% 5B 5B 3% o 5B o3 L@ 4B $B 4w
[="H S E‘*(& [ = UE‘,’ B vy B A ] Zow B WwE. XNE w5 - =2 -l = oy [ ) L& Ci:’- - pi=4 b v = [
Day 1 9.7 75,300 122,900 34,200 . 946' 14 51,600 93.5 31,5 87 164 43,400 1890 224 15 <4 777 450 <l 15,1 <11 3680 34
2 9.5 71,900 o ' ' ‘
3 9.9 56,700 o V ,
Comp 2+3° 87,380 24,800 - 867 140 35,600 S53.5  29.0 36 53 30,600 2160 243 <14 <4 666 305 <1 3.2 15 2190 9
4 10,2 40,900 ’
5 11,1 29,800 _ o B}
Comp 445 ' 33,900 14,200 348 186 8,540 17.2 11,0 22 9 10,800 ~ 740 123 15 <4 326 78 <1 0.7 <l 1040 12
6  10.9 15,100 - . C
7107 9,730 _ A
Comp 6+7 , 9,451 4,870 111 114 865 7.0 3.3 15 41,630 320 42,9 <14 <4 131 27 <l 0,5 <11 276 12
& 10.8 4,690 : '
9 10.9 3,570 . ‘
Comp 8+9 ' 2,646 1,170 S50 84 917 3.4 1.2 26 2 934 260 19,5 <14 <4 49 14 <l 0.6 <11 510 <5
INPUT#* 8.0 897 672 104 27 0.8 325 2.5 0.2 80 47 49 8 0.62 <14 <4 <10 15 <1 0.3 <il 15 19
**"eighted Mean” of DDW + TS + OB 43

.. DDW: Doubly deionized water

0B:
Na §W:

{

Overburden, core #081043 or #081044
Sodium based scrubber waste
Comp: Composite sample,

87



Table 22. Sequehtial column

DDW ~ topsoil = OB 081044 - Na SW

experiment data: - DDW ~ TS —+ OB

44 + Na SW.

3’ : | E =
5 =) ot oy - @ o - 3 g €
U R O ) "J, @ @ () = set ¥} ori = =2 ™y =
e, O LY e ot ot IS . b =3 W g e -l =) ol = 3t R -
WU -t et LI L i oo Nalid - e 4 3 [} o ot el E [ kel w [~
O o~ el WM e o~ G ~ Ut g LA St e [~ el et U Do Dy £t emt G ot £ ot oo O o=t & B e (S
Z 0Eu BB 5. 2B OB TH el ced Wm 4B I® LD SW e 5w EwmOoSH OSH OED 2% wim oSw
[~ 5 = = g [ - OB B vi B & o® g wow ©E = E w»n g < 2. om E a o wa LAaoUr an XA 2 2 @A N
Day v 5.7 80,100 118,500 37,000 1,020 1&4’4§,900 . 595 66.5 92 160 42,100 590 201 <14 <4 582 423 <1 1.7 <11 3160 242
2 9.6 62,8500 - : ) ' ‘
3 9.8 52,700 ) . .
Comp 243 71,100 22,900 629 154 28,000 . 56.0  21.5. 32 36 24,200 1520 172 <14 - 8 460 198 <1 1.7 <1l 1970 <5
4 10.3 37,000 ‘ '
. 11.0 25,800 . . *
Comp 4+5 28,730 11,300 288 112 6,010 33.2 9.3 - 24 9 8,680 393 83,3 «l4 <4 223 79 <1 4,3 <11 610 19
6  10.6 19,600 ' . '
7 10.8 9,550 L .
Comp 617 12,270 5,330 116 79 5,830 21.0 6.5 25 11 2,960 290 44,7 <14 <4 135 41 <1 0.3 <11 550 17
8 10.7 11,800
10.7 11,300 , o
Comp 8+9 8,53% 2,380 . 87 68- 3,780 15.0 5.6 41 8 1,230 220 33.7 <l4 <4 83 24 <1 0.7 <11 255 <5
INPUTH** 8.0 1,370. 1,266 59 18 1.5 736 16.5 0.3 109 62 141 7 2,28 <14 <4 <10 11 <1 <0.2 <11 14 14

**"Yeighted Mean" of DDW - TS - OB 44

DDW: Doubly deionized

water

OB: Owverburden, core #081043 or #081044
Na SW: Sodium based scrubber waste .
Comp: Composite sample. '

6%



Table 23. Sequential column experiment-data: ' GW - OB 43 + Ca SW.

GW + OB (81043 > Ca SW

g el @ o =1 = E 8
Q-0 o O 3 el o o W, £® et O -t g =3 ey =
T & e 03 et o Ak & P =3 oW B ey - 3 -l 34 b it et
w N -l -t G oo i L q - e e () 3 o o 4 el =] @ = [ o
QN -t W @ ) wwt el O [T - NOZ e @ e & -t et ot et g3 et O oy e G - Q P p— Tt QO owed A et A et Qe -
é . W~ oA e S e T O & e T GO W Mo~ U - oSy e Qe it U N e e =
e = £ 0 O o B o d o~ M DB s ®msd Mo B W m s OB w8 oo @M §® m e O Ve g b0 e B WA e 6D
A AN R O R<efE LE WP OE ZSE wMWY9E OHF XNE WE <« 2 SE M3 O3 WD U3 Mmoo FooaoE S oo N
Day 1~ 12.8 23,900 13,360 4,065 229 5.7 5,490 43.6 0.2 886 18 4,300 .6 62.2 <l4 <4 795 32 <1 2.0 17 113 12
2 12.6 20,700 ‘ ' ‘
3 12.5 10,700 . . - )
Comp 2+3 6,984 3,120 212 6.0 12,160 13.4 <0.1 904 64 612 6 40.0 <14 <4 763 31 <1 0.8 <11 151
4 12.6 12,050 ° ‘ : ‘ o
5 S12.6 12,800 ) .
Comp 4+5 | 4,419 2,393 70 4.9 1,2?0 3.3, 1.9 - 7717 85 781 3 13.6 <14 <4 376 30 10 2.0 <11 131
6 12,6 131,500 o ‘ _ ‘
7 12.6 - 10,600 - B o
Comp 6+7 3,138 2,250 62 4.4 .. 632 2.3 1.2 557 31 763 4 5,65 <14 <4 147 23' 7 2.0 <11 . 101
; 8 12.6 9,680 o ‘ o :
Comp 849 ) - 2,706 2,270 57 4.0 197 Z.Q 1.8 380 87 768 6 0.99 <14 <4 30 19 1 10.0 <11 100
9 12.7 10,000 I » v
10~ 12.8 10,300 2,269 2,040 50! 3.0 182 1.5 1.9 208 Ll 759 7 1,92 14 <4 14 16 <1 0.7 <11 100 <5

IRPUT#*%* 8.2 2,980 2,318 609 39 1.8 1,220 2.6. 0.2 70 43 697 <l 0.98 <17 <5 <15 16 <1 0.6 <12 9

*Sample contaminated.
wkM"elghted Mean' of GW -+ OB 43

CW: Groundwater

0B: Overburden, core #081043 or $081044
Ca SW: Calcium based scrubber waste .
Comp: Composite sample. '

0¢



Table 24, Seqpentiai column

G - OB 0B1044 » Ca:SW

i

experiment data:

GW -+ OB 44 - Ca SW.

L . ' , g g
& a0 o w 3 § 8
w L [~ el il Liv] o L o E o U et g Py =
S~ - O e red o o t =] o =] ' -t et o) $u —t .t
[P = L - m T - RN <t Q > =} [} — o g W b} @ .
O™ s < T B o S o ) Q ok et O S et 3.-1 [~ g ot 4 et Q -~ Dy gt £ e ol L0 i et [ o et Qe U o~
= 172 e oM S, ot Mg, = B ot g Sy 4 ey Sy OO g e Wt~ Mo~ b "N~ | o [ B e 3 M~ -t S =~
Jard [ oy o QO ~t 0 G A B — B S e @ B0 W 0 WD O R 0D Qo o 80 QL “ o) - o of ol [l @ o L ] LI - b0
[~ M oaw = 8 H-Q:WE~Q‘E ’LI«E v H = % @ &= v g (S0 -] EE w B “ A o= =Y Mmoo W o [ LA ook & 4 Zz £ R ~N oo
Day 1 12.8 26,700 16,270 4,265 231 13.8 7,730 44.4 7.1 956 8 5,000 5 50.2 <14 <4 496 34 <l 2,0 <il 232 20
2 12,7 22,100 ' '
3. 12,6 17,500 : , ‘
Comp 243 Co 8,466 3,355 150 7.6 2,970 25.0 1.5 847 36, 2,410 4 33.0 <14 <4 655 36 <1 5.0 <11 241 17
4 12,6 13,600 ' ' ‘ ' C
5 12,5 12,200 . , .
Comp. 4+5 ‘ o 4,917 2,460 64 5.4 1,530 12,9 2.6 799 40 1,210 5 12,1 <14 <4 326 28 6 6.0 <11 121 (7
6 12.5 11,700 ’ ‘
7 12,5 11,400 :
Comp 6+7 ., 4,350 3,880 58 5.4 1,560 12.5 1.5 790 23 863 5 8.30° <l4 <4 121 31 <l 0.5 <11 181 21
8 12.6 10,800 3,564 2,115 .45 4.2, 621 8.6 2,1 390 11 871 4 2.85 <14 <4 52 22 <l 2.0 <11 141
INPUTA%* 8.4 3,360 2,700 807 35 2.2 1,640 12.6 0.4 85 67 806 <l 2.6 <17 <5 <15 17 <1 1.8 <12 25 12

*Insufficient sample.
#**'"Yelghted Mean“ of GW -+ OB &4

GW: Groundwater

OB: Overburden, core #081043 or #081044

Ca SW: Calcium based scrubber waste
Comp: Composite sample,

15



Table’ 25. Sequentii‘al

W > OB 081043, Xa SW

)

column experiment data:

»

i

GW ~ OB 43 - Na SW.

: z B g
=] H Nl & @ R 2 g =]
o §s L hev) o o @ ] s et ) o § . ) o =
Ry ' ot L3 Ml e A ) Ee w £ e L et e 1N b vt ard
7 ial : i [ i 5 S cedw e [ ‘ =3 £ o — el # o o » . £
g SN IR G T T Rl R R O e S R S R R R A S U O L R R R R
o] U'g’u g?o O~ w o £ 80 -t b0 =13 - 0 eh Rl g o0 o L) O 80 L Q80 - w o mw’(;'b ,(:wa) O o) m?o w‘?n '8*00 v b ﬁ?n
& om oW HiE LR I =] wE i g v E = ow R = owoE LA x‘E'mE « A oM E S R T & e R e L R O = - = = S R O =
Day 1 9.8 70,800 80,730 15,450 614 121 34,900 . 33.4 2.3 65 47 28,500 1530 148 <14 9 510 166 <1 3.0 71 2140 40
2 9.7 55,800 { o '
C3 00 10410 44,200 _ , , .
Comp 243 - 53,440 11,500 369 87 13,600 28.0 <0.1 43 43 18,500 1430 119 <14 <4 417 115 <1 0.3 <1l 1530 15
4 10.3. 135,100 ‘ ‘
5.0 7 10.2 28,300 _ : N o
Comp.4+5 -9,6;51 6,040. 303 81 13,000 16.8° 0.6 23 25 10,900 1010 79,2 <16 4 321 54 <L 5.0 <11 1210 9
§ 10.2 21,500 , ' ’ S ' '
d 1001 16,100 : : : . ) ‘ »
Comp 6+7 . . ° 15,920 3,320 172 60 7,000 5.8 6.2 21 25 5,760 540 52,8 <14 <4 121 35 14 1,0 <11 780 5
8 10.2 13,800 f L
Comp 849 - 10,800 2,410 132 26 5,300 2.9 5.5 15 22 4,020 350 39.4 <14 <4 118 25 <l 1,0 <11 560 %
T9 o 10.112,900 : o
410 - .10.0.°10,200 6,533 1,100 87 37 3,180 2.0 2.8 17 19 2,420 267 27.0 <14 <4 43 19 <1 8.0 <11 330 8
INPUTA% 8.2 2,980 2,318 2.6 - 0.2 70 43 697 <1 0.98<17 <5 <45 16 <l 0.6 <l2 9 21

509 39 1.8 ‘_'1,220

#%"Jeighted Mean'” of GW > OB 43

GW: Groundwater _ i

0B:  Overburden, core #081043 or #081044

Na SW: Sodium based scrubber waste

Comp: Composite. sample,

43



Table 26, 'S'equential column experiment data:

GW =+ OB 081044 -+ Na SW

GW —~ OB 44 - Na SW.

™
£ . . =} :
o I 5 E g 5
PPN L U-RL - (ORS (PUR- SO S SO RO SRS SO SO N S S
safs BR AL ER SRR TR R NN BB H AN E
Day 1 . 9.7 89,600 119,500 33,200 1,130 183 51,800 59.4. 17.6 142 30 43,300 1750 157 ~ <14 7 631 274. <1 0.4 52 2270 56
C 2 9.7 79,800 - ‘
3 10.2 44,600 ) ;
Comp 2+3 78,960 21,700 769 147 32,500 6.8 . 11.2 40 30 28,300 1650 153 <14 5 631 139 <1 0.7 <11 1860 25
. 10.7 36,200 o ‘
s 111 24,800 _ .
Comp 4+5 28,320 8,665 261 99 11,200 21.4°  0.4. 23 11 10,600 760 92.9 <14 4 28 53 <l 4.0 <ll 1010 7
6 11.7 19,000 o '
7 11.3 16,000 ‘ ‘ ‘ . R ‘
Comp 647 . 14,420 2,200 142 69 5,140 13.3 5.0 14 2 5,430 380 56,9 <16 <4 185 29 <l 3.2 <1l 463 7
& ' 113 11,600 9,252 3,060 107 51 3,930 9.6 5.4 11 3 3,820 280 38.2 <14 <4 110 21 <l 7.6 <1l 3l &
INPUTH*® 8.4 3,360 2,700 607 35 2.2 1,640 12.6 0.4 85 67 806 <1 2.6 <17 <5 <15 17 <1 1.8 <12 25 12

*%"eighted Mean" of GW - OB 44

CW: Croundwater

pB:  Overburden, core #081043 or #081044

Na SW:- Sodium based scrubber waste
Comp: -Composite sample.

€S
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8.90000 - <., | Ground Water
“~ 80000 - T o 43Cs

° 700009 A % A a—— 43Na

= 60000 - AN e 44Ca

~ 50000 A N e 44Na

2 40000 - ~

£ 30000 -

. 20000 -

= 10000 A

3 0 -

s00007 - DD¥ater

O

“ 800004 x o oIS 430
o 700004 EAN_ - =TS 43N
E 60000 4 X\\\ 4 TS '44Ca

S 500004 0 Ry ¢ TS 44Na
£400004 Ry

5 300009 STy

-~ 20000 - o | -

= 10000 -
§  0-

0 1 2 3 4 5 6 7 8 9 10
. Time, days |

Figure 16. 'Conductivity results from sequential columns. Upper: GW >
’ " overburden - scrubber waste. Lower: DDW > topsoil * over-
burden + scrubber waste. '
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125000 +- ] Ground Water

» mg/ |

1.D.S.

500004 SN

o— 43Ca

100000 1 ™, | e 43Na

. = 44Ca

75000 - AN easee 44N a

ss000{ N we

125000 7 & DD Water

mg/ |

Figure 17.

_ _ >§\\\ L 1S 45Ca
11000004 NC e TS 43N
. 75000 - - ‘x:\\\ e TS 44Na
v 50000 - RN
l-: 25000 ﬂ L ><-“\.-\..\\\
o \'\z:::::::;f_

(),_
N T = = 1

01 2 3 4 5 6 7 8 9
| Time., days

Total Dissolved Solids results from sequential columns.

Upper: . GW > overburden - scrubber waste. Lower:> DDW
-topsoil - overburden - scrubber waste.
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Ground Water

overburden - scrubber waste.
burden -+ scrubber waste,

= 40000 -
2 350004 o 49Ce
> 300004 " *"f'ijia
..+..a.—.
2 25000 - . j
- " e 44N
S 20000 - ., |
© 150004 “~__
. 100004 Tl Ty
.4 ' \\%\':;
= 5000 e, e _
L 0 - | |
01 2 3 4 5 6 7 8 9 1
Time. days
._\._. 40000,_ o D D'Wa’cer
. X ,
£ 350001  a e 1S 45Ca
s N = TS 43
5300000 S Tsjgza
. .. ) ..i._-—...
8 25000 - S ~, I
o e , XoNL Keneees TS 44Na
S 20000 - L
e 150004 NN
. 10000 - RN
X v ' N
—— - ’ \;%"-L‘*-..
= 5000 ey rac=
| 01 2 3 4 5 6 7 8 9 1
) Time, days |
- Figure 18. Alkalinity results from sequential columns. Upper: GW ~+

‘Lower: DDW - topsoil = over--
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1200 - | Ground Water

/1

. x‘»,‘ | o— 43Ca
\C\» 1000 -  a—— 43Na
& 800 4 “-.x . e 44Ca“
: Y % 44N g
R NN
< 4004 N
< 200 -
O
C) -
0
]200_ | o ' ' D D Wa-lcer
N +— TS 43Ca
— S PV R
5 10007 A e Ts 4dNe
8004 .o N = TS 44Cs

P “ N\ %= TS 44Na
600" : . x\n\\\ | o Y

4004
e <IN
20 O i o .'\"'*sL . .".;;}

L
/

Chloride.,

T T ] ..l
c 1 2 3 4 5 6 7 8 9 10
.« lTime, days .
Figure 19. Chloride results from sequential columns. Upper: GW -~

overburden - scrubber waste. Lower: DDW - topsoil - over-—
burden - scrubber waste.
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Tl N, T TS 44Ca

e Qe TS 44Na
. N .‘."‘. . . . . \\ . )
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o
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£~

.0

| S B 3 -k
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Fluoridée results from sequential columns.’ Upper:: GW = ="
overburden -+ scrubber waste. Lower: DDW > topsoil > over—.
"~ burden -+ scrubber waste.
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Ground Water

overburden. > scrubber waste. Lower:

burden > scrubber waste.
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Sulfate results from sequent;al columns -Upper: _GW >
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Ca scrubbing process as the Na SW released larger quantities of sulfate,
nitrate, and nitrite than the Ca SW material (see Figures 21, 26, and
27). Scrubber process performance data would be needed to further
evaluate this possibility. Chromium did not show trends similar to the
other materials leached as there was very little difference between the
Na SW and the Ca SW or the DDW and the Gw except for the first two data
points of the DDW - TS —» OB 44 going through Ca SW (Figure 28). All
other parameters measured were atrthe minimum detectable level of the
instrumeﬁtation and/or no trend was observe&.

The data for thé final tier of the sequential'scﬁemes shown in
Figure 3 is presénte& in Tables 2?;4é.‘ Dﬁe to the tremendous amount of
data geverated in this part of the sequential scheme a summary table is
presented (Table 43). Table 43 was generated by comparing "weighted
mean" input leaching media and the final "weighted mean" leachate from
each particular column. If an increase or décreasé occurred between
10-30 percent, an I or d was used. If the‘increése or decrease was > 3Qv
;pefcent aﬁ I; or d+ was ﬁseé. Fbrksmalléf number (< 100) soée &iséretion
was used as to the d, I, d+, or I% notations. If thei"weighted mean'
concehirations’did not change, a letter vélue was not assigned.

Nearly all of the final pH values were less thén the initial pH
values of the input media but usually only by a few tenths of a pH unit.
Sample GW -+ OB 43 - Ca SW > 0B 43 showed the largest drop in pH with a
decrease of 1.6 pH unit. This sample also showed a rather unusual color
pattern during the 9 day leaching period. The color progressed from a
clear to red to dark brown. There were a variety of colors producedufrém
all the columns as sﬁown in Photograph 2 taken on day 6 of the final

leaching process. Due to the high pH of the leaching media, the color
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Table 27. Sequential column experiment data: DDW -~ TS - OB 43 - Ca SW > OB 43.
DDW - topsoil - OB 081043 - Ca SW - OB 081043
>
g oo ] o : g E g g
CES) £ o g ] o ] ] g et u o 3 > 3
~. 0 - ] al e ie) + =) n E sl — 5 o N N — el
@ 0 —— " 9 w T - D 1 ] ] e o — i g o = 3] o
[« IS - T T Q- Q - O~ Y (- o] U~ £ - o = ¢ — O — o R O~ [Ty ] T o~ U o~ Mo ] 0o~
x 98u B3 5229 ED OB 5 Sed Heo® R S 5B L% 5B LB 38 S S® £ 5m 9% $® 439
2 | AW = B H< © g OB g8 w g z ® E z o g8 O 8 =B v 8 < A M| H Mm = O O =2 [STF=1 W a o= a 2 2 w = o~
Day 1 11.8 6,120 3,352 654 97 3.9 1,650 11.6 4,4 348 -1 712 20 9.88 <4 <5 165 23 <1 0.7 <9 38 <6
2 11.7 5,420
3 11.3 4,340
Comp 2+3 © 3,220 456 102 5.0 930 14.1 5.4 282 6 709 23 9.28 <4 <5 146 22 6 0.3 <9 31 <6
4 11.6 4,500
5 11.7 4,660
Comp 4+5 _2,814 418 90 4.5 1,390 9.7 5.8 185 8 684 22 10.3 <4 <5 109 24 <1 0.3 <9 34 <6
6 12.1 5,700 '
7 12.2 6,720
Comp G6+7 ° ) 3,098 790 82 2.8 1,170 8.7 5.3 300 <1 724 18 10.2 <4 <5 28 20 2 2,0 <9 29 <6
8 12.3 7,500 ’
9 9.0 3,620
© Comp 849 2,958 958 75 3.3 1,220 7.1 4,9 243 10 706 28 11.1 <4 <5 19 24 5 0.5 <9 25 <6
INPUT#% 12.3 10,800 3,976 2,550 65 5.2 931 10.8 4.5 767 4 263 13 10.7 <l4 <4 318 24 <1 0.6 <11 60 14

#*'Weighted Mean" of DDW + TS + OB 43 - Ca SW

DDW: Doubly deionized water
0B: Overburden, core #081043 or #081044
Ca SW: Calcium based scrubber waste

Comp:" Composite sample.
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Table 28. Sequential column experiment daﬁa:

DDW - topsoil + OB 081043 + Ca SW - OB 081044 -

-DDW > TS -+ 0B 43 ~Ca SW - 0B 44,

>
8o PS8 Y s s 2 8 - 3 2.8 . 5
28 4o 33da Bo Bo o Beo Ao TooB do o B Fo o B Eooso Bo 3o Bl oo
| z g%y BF ESu® 5% 2P ZF Zaf Z2P S9 FF 3% 2% 2@ % 8@ 53 Z% 3% gB £% 3% o3
Day 1 - 12.1 8,480 * 1,380 87 3.6 1,440 20.4 4.6 516 7 825 23 11,2 <4 <5 184 28 <l 0.5 <4 32 <6
p 12.0 8,540
37 12.4 8,970
Comp 2+3 ‘ 4,212 1,570 71 5.3 1,220 20.4 5.1 559 I 812 18 10.6 <4 5 172 31 <l 0.2 <9 38 <6
4 12,4 8,970 ' ' ' ' '
5 12.2 8,660 ‘
Comp 4++5 4,000 1,660 75 4.4, 1,400 16.7 5.3 532 14 773 22 12.2 <4 <5 168 26 <l 0.6 <9 40 <6
6 12.5 9,150 ‘
7 12,4 9,260 :
Comp 6+7 3,822 1,330 73 2.4 1,380 18.5 5.0 552 <l 772 27 11.6 <4 <5 120 22 <1 1.3 <9 32 <6
8  12.5 9,810 '
9 12.1 6,070 ,
Comp B+9 . 3,772 1,480 72 3.7 1,290 13.1 4.9 474 5 760 21 12.2 <4 <5 142 23 3 «0.2 <9 23 <6
3,976 2,550 65 5;2 931 10.8 433 ?6? 4 263 13 10,7 <14 <h 318 24 «l 0.6 <11 60 14

INPUT#% 12,3 10,800

*Insufficlent sample.

**¥"Jeighed Mean'” of DDW + TS = OB 43 » Ca SW

DOW:

.OB: Overburden, core #081043 or #0810644
Calcium based scrubber waste
Composite sample.

Ca BW:
Comp:

Doubly deionized water
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Table 29. Sequential column experiment data:

44 > Ca SW -

DDW » TS - 0B . 0B 43,
DDW ~ topsoll ~ OB 081044 - Ca SW + OB 081043
n
[~ pet gy @« w - g S E g
w0 o0 o el (5] L N g o 5] - g :n o
B et (D et o bt F ) k™l 3 o g et i L] M bt it ot
w o - 0 - 1 ~ ™ e W e & e . [d -t et & & o @ o
O o~ - MW LY e O ot O e Ml et O et WHOE et O — L el o Q& [e =] oy ek 85 O e f~ VY oo L) et et [ [V
o U P e .y = —d & ~' 3 Rt e 8L~ " B @~ o B e T Bl £ T~ T e L ] — [ oIy
T OO E W I - R B B B e I - R I R I - 8 o 8 O b g 80 0 = b6 @ &) em 8D
A ooy 8 - w B wE OB w e o a E =% g B zE w =3 g T m g g WwoE 0o [E3=1 PRy oM oo (=1 N3
Day 1 11.9 7,180 3,452 1,100 104 5.2 1,270 21.4 5.5 356 <1 814 2 11.1 <4 <5 285 24 <1 1.2 <9 28 <6
2 9.6 4,470
3 11.2 4,480 ) . .
Comp Z+3 3,256 180 122 4.4 1,650 19.9 6.6 192 24 778 36 10.6 <4 <5 151 22 <1 2.6 <9 27 <6
4 11.7 4,670 ' ' ‘ '
5 11.8 5,400 ‘ ‘
Comp 4+5 2,970 - 606 88 2.9 1,400 15.7 6.8 ©189 9 752 18 12,7 <4 <5 156 20 <1 0.8 <9 30 <6
6 12.2 6,300 ’
7 119 5,530 ‘ _ _
Comp 6+7 2,976 746 71 3.6 1,250 16.3 6.7 231 8 756 36 14,0 <4 <5 107 24 <1 17.3 <9 33 <6
8 12.0 6,970 ‘
9 " 12.2 7,150 . :
Comp 8+9 ' " 3,366 947 66 5.0 1,220 14.9° 6.6 322 14 768 20 15.0 <4 «5 107 23 <l <0.2 <9 3 <6
INPUT** 12,4 11,700 4,137 2,700 68 7.2 1,090 19.5 4.3 742 12 362 20 15.1 <14 <4 461 21 <1 0.3 <11 44 11

#x'aighted Mean” of DDW » TS + OB 44 - Ca SW

DDW: Doubly deionized water
0B: Overburden, core #081043 or #081044
Calcium based scrubber waste
Composite sample.

Ca §W:
Comp:

0z



44 > Ca SW - OB

Table 30. Sequential column experiment data: DDW - TS -~ OB 44,
DDW - topsoll - OB 081044 - Ca SW -~ OB 081044
oy
g oo @ @ g 5 g I}
L5 28 = 3 3 3 3 E a g 5 e g = w oy - 4
@ - [ = of T A e m =1 a = o o ot e = @ = @« =
O -t W% (D e Q o~ O =t Yt ot fEI - A LY A et L et R e 4 e O Dot B - O e Qe o -t U ot Mot QU L i
Z o B® £2em TH Sm OB S Sem wm % OB% OI%W OEW OY¥® IR OEW OSH OSwm oEw o SwoTm ofwm
A RA® Rd B<sE GF WE BE Zmef mN s SF 28 4% £33 &2 &% 32 5% 8% 2 2% g2 &2 39
Day 1 12.0 8,830 4,340 1,440 69 5.3 1,770  34.2 5.8 495 <1 896 17 15.0 <4 <5 298 42 <l <0.2 <9 40 <6
2° 1.7 8,250 ‘
3 12.3 8,850 ] ) )
Comp 2+3 ' §,060 1,050 75 4.8 2,620° 51.3 6.2 513 4 1,480 17 12,8 <4 <5 288 26 <1 0.2 <9 51 <6
12.3 8,85 -
S 12.2 8,900 ,
Comp 4+5 4,314 1,580 69 3.2 1,800 29.8 6.7 542 12 876 36 14.8 <4 . <5 259 31 <1 0.8 <9 35 <6
6 12.4 8,570 ' ‘
o7 12.3 8,840 '
Comp 6+7 o 4,046 1,340 68 3.4 1,580 22.8 6.2 518 <1 839 24 15.7 <4. <5 200 30 <1 3.2 <9 33 7
8 12.2 9,120 '
9 12.4 9,450
Comnp 8+9 3,936 1,820 66 4.4 1,260 19.8 6.2 500 <1 817 20 16.8 <4 <5 220 21 3 <0.2 59 61 <6
INPUT** 12,4 11,700 4,137 2,700 68 7.2 19.5° 4.3 . 742 12 362 20 15.1 <4 <4 461 21 <1 0.3 <11 44 11

*%"Welghted Mean" of DDW - TS - OB 44 - Ca SW

DDW: Doubly‘deionized water

OB: Overburden, core #081043 or #081044
Caleium based scrubber waste
Comp: Composite sample. )

Ca 8W:

1,090

1L



Table 31. Sequential column experiment data: DDW - TS - OB 43 > Na SW - OB 43.

DDW - topsoil - OB 081043 - Na SW » 0B 081043

Z‘ & g
= el v © E] & =
WL [=e) o "l U o L] =3 et . 2 ot g o ooy =
ey om0 Nl (o] s & . At = w g et —t oo o o ] -t B
@ e @ s [ « M e Yoy et ) o =4 -t et g ) = @ =
[w I N - T W L) et O et T -t U 3R e I - A O et et et G et O Py et B et O~ e T el O o e G ot o
el I~ s ey -t e 8~ — L . L= ey — Ll Y BN o Iy T o~ £ O Sy s [ - £
ot L2 E & 2380 O ~o0 Feg ] —i b0 R e BB e 0 DD o & o O by W80 < o) Q g o8 =g Y] (el -] @ 8y Ao v 04 et 0
F T 5 o~ 8 Peosg W H W E = g 220 ] eow B - =1 L ;‘,E (72 I+ <:k m g o = L o oo [ = wd 2 oo Zon Wi oS NS
Day 1 9.7 41,800 41,820 13,300 493 90 13,300 22.? 15.3 274 <1 13,400 600 105 <4 <5 582 260 8 0.5 63 1440 66
2 9.6 40,100 :
) 3 -9.9 42,500
_ Comp 2+3 . 42,200 13,800 567 111 15,300 5.7 31.8 188 <l 13,100 470 118 <l 11 183 253 <1 1.0 67 1540 80
4 10.0 42,000
5 9.7 40,000 . ; ;
Comp &4+5 42,060 14,900 485 108 16,600 <«0.1 44.3 100 3 16,600 470 132 <4 10 182 194 <l 0.9 54 1540 47
6 9.9 41,700 ' E
7 9.9 41,700 .
Comp 6+7 41,050 13,100 454 60 15,700 <0.1 40,0 75 1 14,300 .730 125 <4 <5 138 200 27 2.3 64 1240 39
8 9.8 39,800 ‘ '
9 9.9 41,800 S -
Comp 849 41,720 15,800, . 438 92 15,500 <0.1 37.8 67 © 113,900 630 130 <4 <5 135 214 14 - 0.7 66 1340 67
40,230 13,000 390 132 14,600 [25.9 12.7 29 28 13,480 1070 116 - ;14 <4 330 132 <1 2.3 <1l 1210 11

INPUT**  10.4 36,300

**"Weighted Mean" of DDW - TS > OB 43"~ Na SW

DDW:

Na §W1
Comp:

Doubly deionized water
OB: Overburden, core #081043 or #081044
Sodium based secrubber wuste

Composite sample.

(44
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Table 32. ' Sequential column experiment dété:

DDW - topsoil - OB 081043 - Na SW - OB 081044

DDW -+ TS - OB 43 > Na SW > OB &&.

z g g
=] B L L] 3 3 g E
v O >l =) f o T LY L L E o (3] ot g 2 ~ 3
~ - O o i ie] o Ee] =1 0 B s — sl H H — o
"2} — - @ I I [ : © - = . (@) = e =1 — o =1 () =) (@) o
[olN-N] — T GO et Q —~t O ~ Yt o oo v o~ o - e = U — O ~ o=t 5 —t Q P o — U ] U o~ O o—t
£ w0~ oM ~ — = — &~ ~ k-l ~ — o~ 80~ T~ 0~ Mo o~ T~ o~ B~ W~ o~ U~ — =
= O E QoD O~ » &) Lo 6D — o o oer H b H 8D M 00 T 80 O od H 8D O ob U o0 < 80 £ oD O b0 U 80 U 80 A B0 Q % = oD
[T 7 S =~ B H< o & .OE = E (201 Z © g = Y8 © g = B v g8 < A m g5 m = (S [ o =2 e uH o2 = 2 w 2 NS
Day 1 9.9 43,700 42,920 14,600 391 104 12,700 35.8 14,0 130 29 14,200 1010 110 <4 8 204 - 164 12 2.7 <9 1440 7
2 9.8 41,800
3 10.0 43,700
Comp . 2+3 _' 42,850 .14,600 487 94 13,000 20.5 33.0 38 23 12,400 720 125 <4 5 187 157 <1 0.8 13 1340 9
4 10.0 42,500
5 9.8 41,100 _
Comp 445 42,320 15,100 442 111 16,300 <0.1 49.5 44 29 8,980 820 132 <4 <5 172 152 <1 0.8 38 1440 11
6 9.9 42,200 '
7 9.9 42,100 ‘ .
Comp 6+7 . 41,680 11,600 433 81 16,300 <0.1 47.8 49 15 15,300 584 124 <4 <5 140 13 17 24 1970 22
8 9.9 42,100 ' '
9 9.9, 41,500 _
Comp 8+9 41,510 15,900 393 95 16,000 <0.1 46.8 37 17 14,400 1110 131 <4 <5 151 140° 32 <0.2 40 1450 10
INPUT** 10.4 36,300 40,230 13,000 390 - 132 14,600 25.9 . 12.7 29 28 13,480 1070 116 <4 <4 330 132 <l 2,3 <11 1210 11

**'Weighted Mean" of DDW + TS

DDW: Doubly deionized water

OB: Overburden, core #081043 or #081044

-+ 0B 43 - Na SW

Na SW: Sodium based scrubber waste
Comp: Composite sample,
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Table 33.  Sequential. column experiment data: TDDW - TS -+ OB 44 - Na SW » OB &43.

DIW - topsoil - OB 081044 -+ Na SW -~ OB 081043

=1 E? 5 0 & g g g =4
Ay £8 Z 3 d 3 3 E @ g = o E 2 u o — 2
29,z BESc 8o 8o fo Edc B So B0 bz So S Bo Eo 5o Ro o 3o $o o oo
R 25% BP &CiP 5% SE AP ZoP 2eF 3@ 2P oS kY 2% X% %2 5% 3% 38 2% 49 g9 g9
pay 1 9.6 37,900 37,160 11,500 433 61 13,400 15.7  30.3 307 149 12,500 70.3 <4 10 146 220 17 0,7 113 710 63
2 9.4 35,800
3 9.9 39,200 . , A
Comp 2+3 37,760 11,200 529 76 13,700 <0.1 - 47.0 -172. 5 11,600 620 105 - <4 9 131 313 <1 0.9 111 1030 154
9.9 38,800 ‘ ‘ o ‘ :
5 9.8 37,100 ‘
Comp 4+5 ' 38,220 13,900 455 33 15,600 <0.1  38.0 69 3 12,000 380 116° <4 <5 121 288 11 0.8 106 1030 149
6 9.9 37,100 ‘ ' -
7 9.7 37,000 V : .
Comp 6+7 : 36,760 11,000, 440 32 15,900 <0.1  35.0 69 <l 12,900° 450 112 <6 <5 106 345 <1 22 117 1140 188
8 5.8 36,500 o ' :
: 9.9 37,200 ‘ - ‘
Comp 8+9 , 36,790 14,200 429 16 14,000 <0.1  38.3 69 <l 12,900 630 116 . <4 <5 116 353 14 0.7 157 930 196

INPUT#* 10.4 34,500 36,960 12,500 337 106 13,600 30.3 15.0 35 27 11,79b 770 92.4 <14 <4 253 104 <1 1.7 <11 1020 29

#%"Joighted Mean" of DOW + TS -+ OB 44 -+ Na SW

BbW: Doubly deionized water
0B: Overburden, core #081043 or #081044
Na SW: Sodium.based scrubber waste
Comp: Composite sample.
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Table 34. Sequential column experiment

data:

44 > Na

DDW » TS » OB SW > OB 44.
UBW -+ topsoil » OB 0810&4‘4 Na SW -+ (B 081044
>
i : g £ R
=1 vt gy @ - o 3 E] . 3 =)
R 0 < o @ o @ E o o N g =1 By >
~— - e - i el el 3 @ =3 e —_ 5 et 5.: 9 — et
@ -t i i o, @ - = = ¢ = =3 o I ot g @ = @ o
o -t W et o o~ O =t St et W e O et U o £ et e G emi O et Dot B8 o L3 et et ot W & et ot 3 oyt
od L2 B X . — e e o S - Mo R -~ — O -~ T Y B o~ s~ B B [ Ll ot S B 4 PR
=4 ©OE W © 00 O i 000 E-gy DOeh e 8 B0 v 83D @ ob o ad oA Lo o o O o0 ° Ll £ 80 Qo ) ¥ W e~ oad G od e BD
o womow B oo @B < B = E © g ey B zZ % B < E OB w B o osom g [ oa pE wa as E A o= A o n o mon
Day 1 9.9 40,200 38,360 13,900 389 81 12,800 40.0 20.5 53 24 13,300 600 8%.3 <4 <5 149 139 <1 2.0 51 660 =6
2 9.8 38,600 ‘ ‘ '
3 7 10.0 40,300
Comp 243 38,960 13,400 407 51 11,500 10,5 46.0 65 45 15,400 320 99.1 <4 7 136 1é7 <1 1.7 .15 1080 25
4 10,0 39,900 ‘ '
5 ° 9.8 37,600 )
Comp 445 38,130 13,800 411 64 14,600 1.5 43.0 b4 30 12,800 660 102 <4 <5 118" 135 <1 0.8 30 1080 9
6  10.0 38,200 '
S0 7 9.8 38,000
Comp 6+7 36,470 11,700 351 63 16,200 <0,1- 42.0 34 21 13,700 600 104 <4 s 9 128 <1 0.6 10 1080 <6
8 9.9 38,200 '
9 10.0 37,400
Comp B8+9 36,430 14,100 342 57 15,000 <0.1 48.5 43 11 12,800 610 86.8 <4 <5 109 113 <1 1.8 45 930 <6
INFUT** 10.4 34,500 36,960 12,500 337 © 106 13,600 30.3 15.0 35 27 11,790 770 92.4 <14 <4 253 104 <1 1.7 <11 1020 29

*%"Yeighted Mean' of DDW -+ TS -+ OB 44 - Na SW

DhW:
OB
Na SW:
Comp:

Doubly deionized water
Overburden, core #081043 or #081044
Sodium based scrubber waste
Composite sample.
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Table 35. Sequenfial column experiment data: vGW > 0B 43> Ca SW'+ 0B 43.

GW -+ OB 081043 = Ca SW > OB 081043

2 o . g
B o @ ] =4 =1 [
0 [~ =] e fav] o W [ B e v o =] a "™ -
e - 3 et e En] d b i=1 " =] “rd . - e e 3 b ot e
o — o~ b i 5] I B et Q = L6 o —t e =] @ ped o . i~
< oo — T 0L [ ] Lol Ul [N~ A O e U o [~ st Y] O et e E e Qo Oyt - [ X gt O et LR e
el U3~ RN ~ — e o - P*} o, ad ~ — Bl O e &~ M St T e e~ Sar~ 3 i e 0 -t Sy FoTaN
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Day 1 12.1 7,760 4,889 716 169 4.6 2,330 16.3 3.2 271 24 1,410 2 22.¢6 <14 <4 529 18 <1 8.0, <11 12l
2 9.6 5,340 '
3 9.1 5,750 - « , ‘
Comp 2+3 4,760 396 166 4.1 2,550 16.1 5.9 212 64 1,070 3 18.9 <14 <4 110 25 32 6.0 <11 230
4 9.5 5,360 ’
5 11.5 5,580 o ‘ ‘
Comp 4+5 5,048 495 170 7.3 1,880 8.9 8.1 140 21 1,110 8 26 .4 <14 <4 90 115 18 0.4 63 120
s 12.0 6,580 ‘
7 12,0 6,190 _ ‘ _ :
Comp 6+7 4,610 805 - 178 5.1 2,190 6.4 6.1 61 23 1,110 6 25.8 <14 <4 100 64 17 0.2 31 131
‘8 12.3 7,770 4,218 1,060 98 4.9 1,550 5.7 . 5.3 97 4 1,210 18 21.0 <1 <4 143 13 <1 0.6 <11 %71
9 11.3 5,290 ‘ ‘ ' ' ' ‘

IRPUT** 12,6 12,900 4,812 2,590 : 106 5.0 1,310 7.8 1.2 639 59 988 5 17,5 <l4 <4 340 26 4 3.4 <11 118

*#*"Ueighted Mean” of GW ~ OB 43 + Ca SW
GW: Groundwater ’ .

0B:  Overburden, core #081043 or #081044
Ca 8W: Calcium based s¢rubber waste
Comp: Cowmposite sample,
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Table 36. Sequential column experiment data:

CW - OB 081043 -+ Ca SW - OB 081044 .

GW + OB 43 ~ Ca SW - OB 44.

iy . g g
=] - ] [ 3 3 5 =)
o O =l i =} @ )] . Vv g - (3] " [=] > k=]
~ - O o e o o el 2] 5 o — =1 ot - bl — ot
0 wn — o~ © 1 1 ) © e - A o o =2 [~ [~ — o g [ =] O =]
O — G YO~ O —~ o~ Yt o=t oz~ HOZ - Q- (= - QY — O — oy~ Be - O~ A~ TV . U o= O - Q-
o 0~ 2o N AN 3~ o~ L I S I O R 0~ VS~ L e SR = ey - R o~ A~ T~ o~ [ £~
o O ER @& O~ ®ob & ) D AW =) ®o) @o) Obd Mod O WUed W o6  06) ¢ e ® 6 H ) W) e 8D
[P I B = B [ AR L] O.E e g8 n B8 ] =A< (S -] = B v g < mg mAa O4a Oa VA a4 L4 Z243a o N4
Day 1 - 12.5 10,760 5,542 1,590 100 4,9 2,180 21.9 5.6 453 13 1,810 3 25.3 <l4 <4 650 27 <1 11.0 <11 211 <5
2 12.3 10,090 - )
3‘_ 12.5 10,970 7
Cémp 243 6,362 1,380 103 4.8 2,630 37.1 5.9 515 <l 1,510 <l 23.3 <14 <4 553 124 <1 3.0 <1l 302 6
4 12.4 10,000 '
5 12.5 10,800
Comp 4+5 © 5,940 1,380 102 4.4 2,480 23.0 6.0 435 2 1,410 1 20.8 <14 <4 522 24 2 2.5 <11 211 8
6 12.5 10,600
7 12.5 10,400 ) . .
Comp 6+7 5,395 1,380 102 5.0 1,830 16.6 5.4 409 12 1,310 36 22.3 <14 <4 539 25 <1 1.2 <11 131 5
8 12.5 10,000 4,915 1,440 89 3.9 1,670 12.4 5.6 344 6 1,300 19- 21.0 <14 <4 466 o 18 <1 2.6 <11 91 .11
9 11.2 4,420 ' '
INPUT** 12,6 12,900 4,812 2,590 106 5.0 1,310 7.8 1.2 639 *59 988 5 17.5 <l4 <4 340 126 ] 3.4 <11 118 17

*#*"eighted Mecan" of GW + OB 43 -+~ Ca SW

GW: Groundwater

OB: Overburden, core #081043 or #081044
Ca SW: Calcium based scrubber waste
Comp: Composite sample,
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GW > OB 44 > Ca SW - OB 43.

Table 37. Sequential column experiment data:
GW - OB 081044 — Ca SW - OB 081043
e .
=] s ey Q LY 5 g % g g
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R o L3 Rl vl ) Y] dd = @ P - | [ e = %1 - o
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I L2 X ~ — Ty - i S I ) — e O o oS~ @&~ el o o Mo B o~ o~ U -ty €~
OO E M L8 O ¥ oep o 80 e 8 D00 e B o4 D @ B0 @ O B0 WM O W w od @ 80 o B0 Q0 @ s W B0 e 80 @ 80w+ OO
RN S = B oo E OB [ ] n g A < 2w g8 © g & E n § ~ m o m E mAa e ad o od Ood W o mAaA o om A owm oo A
Day 1 12.1 8,440 5,212 816 104 4.7 2,570 22.8 4.8 247 8 -2,010 6 16.4 <14 <4 461 23 <1 4.0 <11 101 <5
2z 12.3. 9,280
3 12,4 10,600 .
Comp 2+3 5,836 1,230 94 4.8 2,590 20.1 4.9 4537 3 1,280 3 12.3 <4 <4 284 39 3 15.0 <1} 101 10
4 12.3 9,730
5 12.4 9,650 , , ,
Comp 4+5 , 5,810 1,120 104 3.9 2,450 18.1 4.9 413 17 1,310 3 18.6 14 <4 225 7 20 <1 5.0 <11 121 <5
6 12.4 10,300 ' . ' '
7 12,4 10,600 v g ,
Comp 6+7 5,832 1,032 108 3.5 2,520 17.0 5.0 421 2 1,310 4 18.6 <14 <4 215_ 27 <1 2,0 <11 121 <5
8 12.2 8,800 5,092 759 98 4.2 2,520 16.8 5.2 146 16
12.6‘ 15,500 6,639 3,230 99 6.6 2,410 ° 18.5 . 2.9 787 29 1,766 5 19.4 <14 <4 350 31 <] 3.5 <1l 182 16

INPUT#**

*%"Weighted Mean” of GW - OB &4 - Ca SW

GW: Groundwater

0B: ~Overburden, core #081043 or #081044
Calciun based scrubber waste
Composite sample. .

Ca SW:
Comp:

. BL



Table 38, Sequential colurfm experiment.dat.a:_

GW -+ OB 081044 - Ca SW + OB 081044

GW ~ OB 44 ~ Ca SW - OB 44,

& 2 g g
o =8 3 <3 o w . e 3 o =t o g 5 g
T, 1 . e 2 et e P k=3 & o {73 g s ¢ - P 19 19 - Pl
0oy - ot g 1% e o L BN - e i =1 =] e e g @ o W &
O ™ ot ® LD~ O 0 et Ul i et b et 0o L3 pd b g - = - P e Bt O B i e 3 -t St et @ et U -t
o UEN 23 SR 0% TR SB TH hod med WM S OS® OL® LR oEw O TD LB &% ST % 9% 2% ES
& MmA% HE mMvE U8 w8 ®E meE mwe UE i wf <42 8 3 $8 8 88 2 ¥ g g9 gow
Day 1 12,5 11,450 6,412 1,550 114 5.0 2,800 31.5 5.0 535 . 12 2,510‘ 6 19.2 <14 <4 431 26 6 1.0 <11 101 <5
2 12.4 11,200
3 12.5 12,600 , .
Comp 2+3 6,970 1,600 93 5.0 2,900 36.9 5.1 457 1 1,360 5 13.3 <14 <4 418 29 <1 17.0 <11 80 <5
4 12.5 11,500
5 12,5 11,700 ‘
Comp 4+5 ‘ ) 6,530 1,460 82 3.4 2,720 26.8 5.6 497 32 1,610 <1 17.2 <14 <4 391 28 <1 8.0 <11 141 <5
6 12.5 11,800 V ‘ '
7 12.5 11,300 ‘ , ,
Comp 6+7 6,475 1,380 98 3.5 2,760 25.3 5.7 453 53 1,510 3 18.6 <14 <4 385 27 <1 1.0 <11 101 63
8 9.5 9,090 o
INPUT** 12,6 15,500 6,639 3,230 99 6.6 2,410 18.3 2.9 . 787 29 1,760 5 19.4 <14 <4 350 31 <1 3.5 <1l 182 16

#%'"otghted Mean' of GW > OB 44 - Ca SW

GW: Groundwater

OB: Qverburden, core #081043 or #081044
Ca SW: Calcium based scrubber waste
Comp: “Composite sample.
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Table 39.

CW ~ OB 081043 » Na 8W

Sequential column

+ OB 081043

experiment data:

GW » OB 43 » Na SW » OB 43.

ey
] o @ @ ) £ g g g
0 -] © o .o v LW "g v o oed g > > E
~ @ e 03 et Pt I L= [l , . w i g ot —t = e I H — ot
0 ol el 0 I 5 © @ e e e © =1 =3 - s =] a4 =} L3} “
Q™ -t WO LS e 2 - e - 1] [ Al 8 el 13 et ot gt U o el B ot O et fael T et O et e Y e el
= [T N S ot fERE, — kY] e - ol Sy B~ L [ B o T St Sy [ o~ Mo (TR, —r [
v g‘u £ 80 Ot By gzo8d o~ M DB e N ) W a0 O 80 W2 OB v 8 9 osd 4 80 o 5 L i L I R
A 2] o & E g W OB w H B w B =z Zoa B W E * 8 w B < A mE m 1 W W o - = oo = m;_ Ny
Day 1 9.5 32,800 5,560 90 19,800 1505 10,900 760 94.5 <14 <4 254 107 53 1210 18
2 9.3 30,300 : : ' ‘
3 9.3 34,700 .
Comp 2+3 ) 5,300 17,300 23.0 9,480 300 89.4 <14 <4 205 167 65 806 115
4 9.5 34,400 '
-5 9.6 34,400
Comp 445 5,980 18,000 8.0 10,000 910 ¢0.9 <14 <4 184 254 141 1420 172
6 9.5 . 35,300 ‘
7 9.7 35,200 ;
Comp 6+7 6,210 19,100 6:3 9,800 810 92.4 14 <4 205 277 185 810 239
8 9.7 35,500 6,500 19,600 - 10.0 11,200 710 121; 17 <4 191 284 110 1940 231
9 9.7 36,100 '
INPUTA* 10.1 30,200 6,170 11,060 3.‘0 10,600 840 94.7 <l4 <4 249 62 <11 1050 13

*%''"Yeighted Mean" of GW » OB 43 » Na &W

G¥W: Groundwater

0B: Overburden, core #081043 or #081044

Ha SW: Sodium based scrubber waste

Comp: Composite sample.
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Table 40. Sequential column experiment data: GW - OB 43 - Na SW - OB 44.
4 . - : .
GW -+ OB 081043 - Na 5W - OB 081044
S
H ‘: oy ki3 & g g g =]
g £8 2 E v a 3 g et g 4 g 2 " o - A
7Eux . - = % ok i w E I . v [ g c = -t o B @ o] v [
0N - R’ O et O et Ut et HOZm o~ e L oeed L i = - et o U o~ O e it £ et QO et (=9 s ot o A Vo~ o
z vie 8% 520 9 AV 9B e num WD Sm DR OL® oW Ewm o sm £fD B Ooewm oW O2wm oTm 5w
(=8 [ -] R Hag R E U E e B w o Z < 8§ = owH [ B [0 < A mEHE <= R 3 § [SR=1 [T R e o et w3 N
Day ‘1 9.8 33,600 34,930 6,110 460 74 21,300, 36.0 17.5 97 48 11,900 510 106 <14 <4 289 74 <1 14,0 <11 1120 <5
2 9.8 32,700 ‘
3 9.8 32,700 , . .
Comp 2+3 36,140 - 6,050 353 83 15,900 3L.5 23.5 58 7% 10,000 710  B4.1 <14 <4 255 63 19 30.0 <11 1210 15
4 9.7 34,600
5 9.8 35,500
Comp 4+5 37,940 5,850 407 83 16,600 15.0 25.5 65 54 9,920 400 84.1 15 . <4 . 215 70 19 9.0 <11 1210 18
6 9.7 35,600 ‘
7 9.8 36,700
Comp 6+7 37,550 6,745 480 110 18,600 4.3 25.7 65 45 9,900 300 110 <14 <4 203 75 <1 4.0 29 1210 12
8 9.8 37,000 37,070 6,520 425 91 14,800 <0.1 27.5 61 20 10,900 510 101 <14 5 209 119 13 7.4 <11 1210 31
9 9.8 36,100 ‘ ’
INPUT*%  10.1 30,200 25,200 6,170 302 66 11,060 14,0 3.0 28 29 10,600 B840 94.7 <14 <& 249 62 3 2.3 <11 1050 13

*%"Weighted Mean” of GW » OB 43 » Na SW .

GW: Groundwater
0B: Overburden, core #081043 or #081044
Sodium basecd scrubber waste

Na SW:
Comp:

Composite sample, ”
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Table 41. Sequential column

experiment data:

GW + OB 44 + Na SW - OB 43.

Gd » OB 0Bl044 -~ Na SW - OB 0B1043
o P
25 EERNE B NS 4 25 : :
5 o ~Z% 0% 0% 08 5. o=, 3 @ g oA, S 5 a E o oz
25 w3 2203 2% 3% 5% ST ETT 2% B B S 83 PR £3 83 BT 3L fm ¥z &gogm
TOREE BE S40F SF KPP 3P 20% 292 3¢ £ oF % 3P 29 3% g% 3P vd gs o8 wa o8
Day 1 9.7 41,700 44,630 9,810 552 116 25,500 31.5 29 188 7 15,600 540 106 <14 <4 339 202 43 1.0 41 1520 64
2 9.3 38,400
3 9.8 47,200
Comp 2+3 47,090 11,300 552 99 21,800‘ 9.0 36 158 6 12,000 1020 89,4 17 <4 . 304 172 <] 1.0 60 1220 g7
4 9.8 40,300 ’
5 9.9 42,400
Comp 4+3 . 47,680 11,850 536 92 22,900 <0.Ll 38,5 108 312,400 1120 120 14 <4 311 185 45 0.6 91 1520 110
6 9.8 45,100 ' ‘ '
7 9.8 44,600
Comp 6+7 48,040 11,900 564 95 21,700 =<0.[ 45.5 84 7 12,800‘1520 120 17 <4 255 _ 210 31 1.0 122 820 135
8 9.9 44,300 47,820 11,800 553 75 21,800 <0.1 'AS.O 81 .20 15,300 730 112 <l4 & 224 240 32 0.6 44 2170 138
INPUT#* 10.7 39,300 44,900 12,180 432 107 18,590 28.5 6.6 35 15 16,400 940 100 <14 4 369 87 <1 2.9 <1l 1150 16

*%"Jeighted Mean" of GW - OB 44 + Na SW

GW:- Groundwater

Na S¥:
Comp:

Sodium based scrubber waste

Composite sample,

- OB:  Overburden, core #081043 or #081044
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Table 42. Sequential column

.GW » OB 081044 ~+ Na SW - 0B 081044

experiment data:

GW= OB 44 > Na SW = OB 44,

15

16,400

o I .
g oy @ v g ) g g g
22 £8 3 = M s M | & g g i g 3 " z - A
‘82 it V’;T‘ug;—« S,—a g-—-« \:3.—1 'fgz»ra ‘:z’»-t ‘Swt 3_4 v 5-—4 8_";,,.. WE‘-—* g.—: g”—« o - gr'l ,3;-4 g.« VU o—
£ U . M sy — TE M ol Sy R ) .~ o Sy o S, Y o~ A Sy e b b v B o M [ PRy W~ E B 2 S - 0o
o4 Ugu [o ] -] e ] Log Ll Dwrm_&) a0 DD o ol % o Q o W B 200 v o0 o 50 £ 0 O o) . g of Y py v OO LI ~ &0
8 m o g [T = (3] g u B A,m g Zow g W = 8 v B - M-8 = J=% Uao LN oa an H o & oo Nom
) qay’l - 10.0 40,900 46,620 11,800 419 111 17,400 39.,5. 30.5 93 30 16,400 750 93,4 <& <4 335 105 23 4.0 <11 2030 <5
2 9.9 41,400 '
3 9.9 43,500
1 . . . . .
Comp 2+3 . 47,940 10,850 470 113 24,000 36.0 39.0 89 53 12,400 1020 89.4 <14 <4 265 98 37 2.0 17 1050 29
4 9.9 42,200 '
5 10.0 43,000
Comp 4+5 48,420 . 11,850 471 84 20,000 13.7 43.3 55 44 12,800 1320 117 - 15 <4 292 . 102 46 5.0 27 1830 18
6 9.9 44,700
7 9.9 44,900 .
. Comp 6+7 S 47,800 12,100 524 84 16,700 4.5 45,5 62 ‘13 13,100 920 119 <14 <4 236 87 27 2.8 17 1830 9
8 10.0 44,400 47,320 12,000 519 87 21,800 <0.1 48.7 41 17 14,900 1170 114 <14, & 230 146 33 1,6 <1l 1840 39
INPUT#%  10.7 39,300 44,900 12,180 432 107 18,390 28.5 6.6 35 940 100 <14 4 369 87 <l 2.9 <1l 1150 16

**"Jeighted Mean" of GW - OB 44 - Na SW

" GW: Croundwater

0B: Overburden, core #081043 or #0

"Na 8SW: Sodium based scrubber waste

: Comp: Composite sample.
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Table 43. kSummary table® of data generated in the final tier of sequential schemes A and B (Figure 3) using
"weighted mean" values for input media and final leachate concentrations.

Nt

Chemical Parameters

s oy PR - ,
s il ped ) i ~. S, et [l
CN :\: M Sy, i »~ ~ i o0 Ll E.O — M i ey
Leachate o JEE OF P2 0% OfF 2% o4 0t m o o¥® oz S 2
“ ™ < E o il =] - o0 p> 4 ~ » =4 ’ &0 4 P B =
-l O - - g o] = =3 [V = " - =% ~ o - M
a S L I 4@ - - 1 -~ =53 ) . B o0 " =1 o3
131 o0 L e T o] b= [+ ) 4 = » -~ (5 ol =4 =3 ~ = PN " 3 =4
g g Qo ol o - = [ E et ~ - = o o i -t D
1] i t ol b o o il i ) © 4 4 et & o » > 1] o .
Q ~ [ IR & Q Q et o St el (# - e W o > 3 < =9 e (2] o a [
[y W k] — =1 i - b - o ) w bl = vl X j=9 o — W — =
= W B jo O oW Wz le) = w8 o ob o] o8 Q 1] o k33 o] <= < & QU Rl @ i
o 23 [ = g O fze w ZE ORE QO - uy < o0 e e & L] ot > Z w3 =~
o OB 43 4 4 4+ I 1 a+ I+ I a+ 4 4
DDW - TS » OB 43 + Ca sw< '
OB 44 d a1 + I d + 1 a+ da  d
0B 43 d+ 4 d+ 1 1 o+ T+ . ' &+ a
DDW » TS - OB 44 » Ca sw< , ~ :
~a0B 44 C o+ a+ a W I d I+ a+
oB 43 1 1 d av W d . g+ T+ 111
DDW » TS + OB 43 » Na sw/ v
o 44 I 1 d ¢ 11 a _ a+ I 1 1
0B 43 I+ g+ d+ I+ T a I . I+ I+
DDVJ+TS¢OB&4»N&SW< ~ ) : , :
08 44 : T a+ Coar M+ 1 T d o a 1 1
0B 43 4 d+ a1 I+ a d 1 : a4 I I I
GW - OB 43 » Ca sw< , . ‘ :
OB 44 a4 I d+ + I 4 4 1 I+ T 1
: 0B 43 4 d+ . : o d d d
GW » OB 44 = Ca sw< o e
A 0B 44 d d+ 11 ar » 1 d
L OB 43 T I+ I+ I It 1 I+ 4 . d I+ 1 I+
GW .+ OB 43 » Na sw< ‘ -
ob 44 1 1 1 T+ I+ I I d . B ‘1
0B 43 . I 1 T R 4 4 I 1 1
GW > OB 44 » Na sw< : ‘ v - . ‘
OB 44 1 I I 11 1 4 : e T I T+

%An I or d was used to indicate a change of 10 to 30 percent between the "weighted mean” input media and the £inal "weighted mean" leachate. If the
inerease or decrcase was > 30 percent an I+ or d+ was used. If the "weighted mean" numbers werc small (¢ 100) some discretion was used. If no change
aceurred a letter value was not assigned. '
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Photograph 2. Upflow columns from part of sequential column experiment.
Columns shown are the final tier from the groundwater
series (Filgure 34). Note the variety of colors produced.
Input media are shown in the 20 liter reservoirs in the
upper part of the photograph. ’

may be due to organic matter (Appendix, Table 45). Conductivities of the

Ca SW based leaching medias all decreased for both the DDW and GW. All

but two of the Na SW based medias increased in conductivity going through

OB 43 and 0B 44. No general trend was evident with regard to total

dissolved solids. All Ca 8SW based media alkalinities decreased for both

DDW and GW with no increase or decrease occurring for the Na SW based

medias going through OB 43 and OB 44. The chloride and sulfate data

indicated either an increase or no change. Fluoride decreased in some of
the DDW based medias and increased in two of the GW based medias. It
should be noted that all of the leachate fluoride concentrations from the

Na SW were much greater than the USEPA drinking water standard for

fluoride (Sawyer and McCarty 1978) (Appendix, Table 46).
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For nitrate and nitfite the Na SW based media showed a decrease in
nitrate and an increase in nitrite through OB 43 and OB 44 (possible
chemical or biological conversion occurring). Most all combined levels
of nitrate and nitrite exceeded the USEPA 10 mg/l standard for public
water supplies (Sawyer and McCarty 1978). Calcium decreased in all cases
for Ca SW based media for bﬁth DDW and GW and increased for Na SW based
media. Although there were sSome changes in the magnesium anﬁ sodium
concentrations, no trend was evident. Arsenic concentrations decrga;ed
moderately Qr4remained the same as the input leaching media ex;epﬁ for

the DDW *Ca SW based leaching gedia which increaéed going through OB 43
énd 0B &4; All of the Na SW based leachates exceeded the USEPA drinking
water standard for arsenic of 50 vg/l (Appendix, Table 46).

Bofon,tﬁeryllium and cadmium coﬁcentrétiéﬁS'showed no increases
or decreases when the media were put through OB 43 and OB 44. The
boron levels ﬁgre alwaysvhighér in the Na SV based media‘thanrthe Ca SW.
.media. This may again pbint,to the Na scrqbb%ng process being more
efficient than the Ca scrubbing;process, The beryllium and cadmium
concentrations were generally less than the detectable level of the
atomic absorpﬁi?P in§trument. Qhromium concen;rations decreased‘in
almost all cases. The concentrations were all much higher than the
established USEPA drinking water standard (Appendix, Table 46). The
copper concentrations for the Na SW based media increased going through
0B 43’and OB 44 for both the DDW and GW. Thé Na SW based media was again
always higher than the Ca SW media with regard to the copper concentra-
tions. Lead concentrations were generally very low or near the minimum

deteetable level of the atemic absorptios instrument (<1 ug/l). Although



no trend for mercury was observable, many of the mercury concentrations
were above the established USEPA drinking water standard of Z ng/l
(Appendix, Table 46). Most nickel concentrations were low or near the
detection level of < 11 pg/l except for the DDW-Na SW based leaching
media going through OB 43 and 44 (Tables 31-34, Figure 29).

No trend was observed for selenium concentrations except that
the Na SW based media leachates were higher than the Ca SW based media
leachates (Figure 30). 1In all cases the USEPA drinking water standard
(Appendix, Table 46) of 10 pg/l was exceeded.

Zinc concentrations were at or near the minimum detectable limit
of <5 pg/l except for the DDW and GW-Na SW based media going through
OB 43 (Figure 31).

It should be noted that copper, nickel, and zinc concentrations
were always higher in the Na SW based media leachates aad the color of

these leachates was also much darker (Photograph 3).

Photograph 3. Upflow columns. Leftmost eight columns are the final tie
in the DDW sequential column experiment (Figure 3B). The
color of the -leachate produced is visible in the upper:
third of each column.
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Figure 30. Selenium results from se@uential columns. Upper: GW- aoverburden>
calcium scrubber waste - overburden. Lower: GW - overburden ~
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Potassium and silver concentrations were determined on some selected

samples (Appendix, Tables 47 and 48).

Batch Elutriation

Elutriate from the Topsoil (TS), Calcium Scrubber

Waste (Ca SW), Sodium Scrubber Waste (Na SW),

and Two Overburdens (OB 43 and OB 44) Using

Doubly Deionized Water (DDW), Site Specific

Groundwater (GW), -and Acidified DDW

Groundwater, DDW, and acidified DDW were combined with five types of
dry materials (Table 2) to evaluate differences in the water quality
parameters for the 15 combinations of test waters and dry materials. The
acidic DDW was used to simulate a potential acid rain condition. The
chemical parameters evaluated are listed in Table 4. A summary of the
results is shown in Table 44.

All elutriates obtained’using groundwater exhibited much higher con-
centrations of calcium, magnesium, fluoride, total alkalinity, chloride,
sulfate; total diséolved soiids, and sc&ium as éompared with DDW and
acidic DDW elutriates. The higher concentrations appear, for the most
part, to be resultant from higﬁ levels of these parameters initially
present in the GW. The levels of Ca, Mg, and alkalinity are slightly
lower in the elutriates derived using GW than in the GW itself. All
scrubber waste elutriates show higher values in most parameters as com~
pared with TS and OB 43 and 44. Of the two types of scrubber waste, Na
SW elutriates have higher values for conductivity, total dissolved solids,
total alkalinity, chloride, fluoride, sulfate, sodium, arsenic, boron,
chromium, copper, lead, and selenium. As expected, the Ca SW elutriates

are higher in calcium than the Na SW elutriates. The Ca SW elutriates



Table 44,

Batch Elutrilatrion

Batch elutriation data.

>
E
2 , o 5 5
I ¢ 2 % g 3 2 5 : z g 8 3 :
88 o T3S~ 8o 8o S Pas fws Te Eo . B4 8. 7. B B B B4 Eo 8
ot et ) - — —
% 28y B¥ £3g5 5P 53 33 fzb 523 To 53 e L% 5% 5% i% IS 5% IS ES i3 5% £%
MW HE H<WE UE wmE ME RWE moBE OE TE WE <2 @M m2 S8 52 3% 3® g@® g om o
TS+DDW 7.9 322 228 62 9 0.9 60 2.9 0.1 36 6 <18 16 0.63 <14 <4 <10 8 4 0.6 $11 6 44
TSHGW 8.4 3,250 2,500 520 34 1.7 1020 4,7 0.2 66 23 733 15 0.86 <14 <4 <10 14 7 0.7 411 20 45
. § i
TS+AW 8.3 349 248 74 9 0.9 68 1.0 . 0.1 41 4 - <18 16 0.28 <14 <4 <10 <7 <l 0.4 <11 4 23
Ca+DDW  12.2 9,890 2,624 2210 27 4.0 411 1.8 1.5 762 19 204 17 8.04 <14 <4 93 18 7 0.7 <11 51 37
Ca+GW 12.3 13,800 4,410 2060 53 5.6 1360 2.0 2.0 752 45 914 17 7.46 <14 <4 113 18 <1 0.3 <ll 60 48
CatAW 12,2 11,700 4,048 2260 32 5.4 1260 9.5 1.8 754 31 672 16 7.92 <14 <4 101 19 <l 0.8 <11 80 30
Na+DDW  10.2 19,500 17,260 2280 188 70 7340 7.5 4.5 8 4 4440 141 47,7 <14 <4 235 40 10 0.9 <11 131 3¢
Na+GW 9.8 21,500 20,300 3770 214" 58 9690 7.5 4.5 16 16 5236 141 47.1 <14 «4 219 51 20 0.2 <1l 130 25
Na+AW 10.1 20,700 18,110 2590 188 69 8940 8.5 4.0 9 6 4570 141 50.3 «<l4 <4 249 40 27 1.0 <1l 212 27
43+DDW 8.2 407 284 46 10 0.6 97 1.4 <0.1 32 14 <18 13 0.61 <14 <4 <10 9 <1 0.4 <11 21 61
4346V 8.4 3,470 2,470 474 35 1.5 1150 2.1 0.9 61 28 742 16 0.85 <14 <4 <10 11 <1 1.0 <11 12 51°
43+AW 8.1 402 274 45 17 0.8 99 1.6 <0.1 33 15 <18 15 . 0.42 <14 <4 <10 <7 <l «0.2 <11 12 44
44+DDUW 8.0 934 610 42 5 0.7 271 5.9 0.1 6l 23 77 16 1.42 <l4 <4 <10 <7 <l <0.2 <ll 26 59
44+GW 8.4 3,670 2,940 513 31 1.7 1310 7.5 1.3 77 51 791 16 1.88 <14 <4 <10 8 <l 0.6 <1l 11 53
LO4+AW 8.1 387 714 45 5 0.8 318 7.7 0.1 63 27 6% 16 1.56 <14 b <10 14 <l 0.5 <1l 17 44
T8 = Topsoil
Ca = Calcium based scrubber waste
Na = BSodium based scrubber waste
43 = Overburden # 081043
44 = Qverburden # 081044
DDW = Doubly-delonized water
Y = Qgroundwater
AW = Acidic doubly~deionized water (pH = 4)

z6



93

showed the highest pH values (12+). Na SW elutriate pH values were also
high (= 10). Sodium, arsénic, boron, chromium, copper, lead, and
selenium concentrations are higher in the Na 8W elutriation media than
any other solid material tested.

The levels of the chemical parameters in elutriates using acidic
DDW did not show any particular trend when compared to DDW elutriates..
The small amount of acid in the acidic DDW was insufficient to moderate
the alkaline nature of the dry materials.

All of the Erends descri$edbfor the batch elutriation process

were similar to the trends shown in the column leaching experiments.
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CONCLUSIONS

Single Column Experiment Leachates

“Most major cation and anion concentrations were very high in the

initial leaching media and decreased with time.

The sodium based waste material produced major ion concentrations
50 to 100 percent higher than the calcium based scrubber wastes

for both groundwater (GW) and doubly—deionized*wager (DDW) except
for calcium concentrations.

Most of the major cation and anion concentrations were higher for
DDW = coal than DDW - TS but were less than 10 percent of the Na SW
leachate concentrations.

Leachates from the scrubber wastes had very alkaline pH's (Ca SW

leachates, pH =~ 12.5 Na SW leachate, pH =~ 10).

"'GW leachates for coal and TS were not much different than the

initial GW media.
Trace elements As, B, Cr, Cu, Se, and Zn were much higher (by an
order of magnitude) in the Ca SW and Na -SW leachates than leachates

from the coal and TS.

Sequential Leaching

Initial Overburden Leachates

1.

Overburdens (OB 43 and OB 44) leached with GW resulted in only
slightly different concentrations in the leachate than the initial

GW. Sulfate, nitrate and boron increased and zinc decreased.
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For OB 43 and OB 44 leached with DDW = TS media, conductivity,

.total dissolved solids, alkalinity, chloride, fluoride, sulfate,

nitrate, sodium, calcium, magnesium and boron concentrations in-
creased, Although the concentrations increased, most were still

less than the concentrations found in the GW * 0B 43 and 44 leachates.

Scrubber Wastes Leachates

3.

Leachates derived from the scrubber wastes had consistently high pH
valuesl(Ca SW leachates, pi~ 12.5 and Na SW leachate, pH ™ 10.5).
Most major cation and anion concenﬁrations followed trends similar
to the single column leaching experiments where the initial concen-
trations were very high and decreased with time.

The Na SW material groduced leachates with major_ion concentrations
50 to 100 percent higheg than the calcium based scrubber waste
leachatesAfor all the media types used éxcept for the calcium
concentration.

OB 44 derived leachate produced higher concentrations of the major
ions than OB 43 derived leachates for both GW and DDW -~ TS.

Boron, copper and selenium concentrations in the scrubber wastes were

: higher goﬁihg from Na SW than'Ca.SW in ﬁost éaées»by;a factbr ofAIO,

Most major ions were slightly higher (approximately 10 percent)
in the leachate from the Na SW and Ca 8W leaching scheme than the

major ion concentrations from the Na SW and Ca SW single column

experiments.

Final Overburden Leachates

9.

throughlthe overburdens.

"There was a inghtrdrOP in pﬁ (up to 1.6 pH u?i§$)~fr0m,th¢ leachate



10.

11,

The leachates derived from the Na SW were highly colored (red-brown)

emerging from the overburdens.

Copper, nickel and zinc concentrations were always higher in the Na

SW base leachates (generally by a factor of 10).

Batch Elutriation

Elutriates from Ca SW and Na SW had much higher concentrations of

~all the measured parameters (except calcium and magnesium in the Na

SW elutriate) as compared with TS and OB elutriates.

Both Na SW and Ca SW elutriates produced pH values of 10 and 12,

respectively, similar to the leaching experiments.

Na SW elutriates produced higher concentrations of gsulfate, chloride,

'fluoride, alkalinity, nitrite and total dissolved solids as compared

to Ca SW elutriates.
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Table 45. Total organic carbon in the final tier of the groundwater
sequential columns.
Sample Total O?§Z7ic Carbon

GW ~ OB 43 - Ca ~ OB 43, Day 2+3 100

GW = OB 43 ~ Ca - OB 44, Day 2+3 19

GW - OB 44 + Ca - OB 43, Day 2+3 31

GW - OE 44 » Ca .‘~>- 0B 44, Day 2+3 13

GW + OB 43 » Na > 0B 43, Daryv2+3 467

GW > OB 43 - Na + OB 44, Day 2+3 92

GW » OB .44 » Na -+ OB 43, Day 2+3 616

GW > 0B 44 » Na -+ OB 44, Day 2+3 154
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Table 46. Environmental Protection Agency interim primary drinking
water standards.

Parameter mg/l

Ba 1.0

Cd 0.01

Cr S 0.05

Pb . 0.05

Hg : : 0.002

Ag , > . -0.05

s 0.05

CN 0.2

F 1.4-2.4 (depends on alr tempera-

ture)

Se k 0.01
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47. Potassium concentrations in selected samples.

Sample

Potassium, mg/l

" GW, 9 Oct. 81
GW =+ 0B 43, 'Day 1
GW - OB 43, Day 10+11

GW ~

OB 44, Day 1

GW ~ OB 44, Day 10+11

GW ~ OB 43 - Ca, Day 445

1

43, Day 1
44, Day 1

43
44
43
44

43
43
44
44
43
43
A
44

+ Ca, Day 4+5
+ Ca, Day 4+5
-+ Na, Day

- Na, Day

-+ Ca
-+ Ca
- Ca
-+ Ca
- Na
-+ Na
- Na
-+ Na

GW -+ OB 44 - Ca, Day 445
GW > OB 43 =+ Na, Day 4+5
GW -+ 0B 44 - Na, Day 445
DDW - Topsoil, Day
DDW - Topsoil -+ 0B
DDYW > Topsoil - OB
DDW -+ Topsoil - OB
DDW - Topsoil - OB
DDW - Topsoil - OB
DDW - Topsoil - OB
DDW - Topscil =+ 0B
DDW ~ Topsoil - OB
DDW - Topsoil -+ OB
DDW - Topsoil - OB
DDW - Topsoil - OB
DDW - Topsoil -+ OB
DDW - Topsoil + 0B
DDW » Topsoil » OB

GW - Topsoil, Day 1
GW - Coal, Day 1
GW -+ Ca, Day 1

GW -+ Na, Day 1

DDW - Topsolil, Day 1
DDW - Coal, Day 1
DDW + Ca, Day 1
DDW - Na, Day 1

-+ 0B
-+ OB
- OB
-+ OB
- 0B
- 0B
> OB
-+ OB

4+5
4+5

43,
4,
43,
44,
43,
4é,
43,
44,

Day 4+5
Day 4+5
Day 4+5
Day 445
Day 445
Day 4+5
Day 4+5
Day 4+5

17
10

30
34
190
180

o i 1o

30.

30
200
180

35
40
40
50
230
250
220
240

20
140
260

70
260
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Table 48, Silver concentrations in selected samples.
Sample Silver, ug/l
DDW - Topsoil, Day 1 <4
DDW - Topsoil, Day 4+5 4
DDW -+ Coal, Day 1 <4
DDW -+ Coal, Day 4+5 <4
DDW -+ Ca, Day 1 21
DDW ~+ Ca, Day 4+5 15
DDW - Na, Day 1 120
DDW -+ Na, Day 4+5 32
GW - Topsoil, Day 1 <4
GW - Topsoil, Day 4+5 9
GW -+ Coal, Day 1 18
GW -+ Coal, Dbay 4+5 <4
GW -+ Ca, Day 1 40
GW -+ Ca, Day 445 14
GW - Na, Day 1 94
GW -+ Na, Day 445 49
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