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SOIL ATTENUATION STUDY OVERVIEW

The raw waste water, generated from mine dewatering and runoff from
the rock storage piles, is anticipated to have the chemical characteristics
listed in Table 1 (CH2M Hill, 1980). The concentrations cited are predicted

to be the worst—case situation. Once the waste water is treated, these

- characteristic concentrations will be significantly reduced.

Of the two major soil types found in the proposed waste water
infiltration field area and in the environmental study area in general, one is
noncalcareous and the other is calcareous. The noncalcareous soils (Langlade
drift) are found near the surface, while the calcareous soils (Green Bay
drift) are found at greater depths and underlie the noncalcareous soils
throughout the area (Dames & Moore, 1981).

To aid in establishing soil attenuation characteristics and to
predict the mobility of waste water constituents through the soils, the
batch or shaker test is recommended (Federal Register, 1975). This test
consists of combining a known volume of waste water of a predetermined
composition with a given mass of dried soil. The mixture is shaken until
eqdilibrium is attained. If the constituents of interest are attenuated
(removed), their concentrations in the solution phase of the mixture will
decrease. Conversely, 1f the constituents of interest are augmented through
leaching from the soil, their concentrations in the solution phase of the
mixture will increase. The equilibrated solution is generally separated
from the solid phase by centrifugation or filtering. The resulting relative

distribution of the constituents between adsorbed-desorbed and soil-water

(2]
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phases depends omn factors such as soil properties, temperature, and
constituent concentration of the original waste water and soil (Weston, 1978).

Attenuation and leaching are generally used as general terms to
signify a decrease of constituent concentration and an increase of constituent
concentration, respectively, in the solution phase of the waste water-soil
mixture. In reality, these terms encompass several physicochemical processes.
Attenuation can be attributed to the physical processes of adsorption and
absorption in addition to the chemical process of precipitation. Leaching
can be attributed to the physical process of desorption, which is the name
given to the reverse processes associated with adsorption and absorption. The
chemical process associated with leaching is solubilization, which is the

reverse of precipitation.

LABORATORY ANALYSIS

The predicted waste water characteristics were simulated in the
laboratory for the purpose of running batch tests on noncalcareous and
calcareous soil samples. Methods employed are based upon accepted standard
proﬁedures (Weston, 1978; Federal Register, 1975) and are presented in detail
in Appendix A. All the laboratory work was conducted by Aqualab, Inc., of
Streamwood, Illinois. A literature search was conducted for the 16 chemical
constituents predicted to be characteristic of the waste water generated
during the prospecting project. Characteristics of compounds containing
the ions listed in Table 1 were reviewed to determine their compatibility
with each other in solution, their solubility, and their ability.to remain

compatible under various pH conditions.

(3]
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etc. They were then dried at 105°C to a constant weight. Upon completion of
drying, they were sieved through a No. 10 U.S. Standard Sieve. Sufficient
soil (approximately 20 pounds of each) was prepared for all testing. All
subsampling after this point was done using the standard quartering technique
(Appendix A).

Once the above preparations were completed, 90 grams of soil were
weighed and placed into each of six 960-ml bottles for each soil type. The
bottles were labeled B through G and 810 grams of the corresponding solutions
were added. After all soil-solution mixtures were prepared, each was shaken
vigorously every 5 minutes for 1 hour. The pH of each bottle was then

measured, and they were allowed to equilibrate for 23 hours. The pH was again

recorded. The supernatant from each bottle was filtered through 0.45-micron
membrane filters and was again analyzed for the parameters listed in Table 1.

The pH values were also measured after filtering.

DATA ANALYSIS

Data generated in the laboratory are used in conjunction with
adéorption relationships. The underlying theory and the development of
adsorption relationships are discussed by Weber (1972). The adsorption
relationship generally used to describe soil attenuating characteristics is
the empirical Freundlich equation. Other relationships that may be tried with
the same data are the linear, the Langmuir, and the Brunauer, Emmett, Teller
(BET) relationships. The various relationships are presented in a graphical

format on Figure 1.

(5]
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Unit Analysis:

e = (mg/1)(1) + Mg _ mg constituent
1 g g g soil

Leaching = —qe

—ge = - mg Attached _ _ |mg Adsorbed + mg Initially Attached]

g Soil g soil

-mg Adsorbed = mg released, then

mg released - mg Initially Attached
g soil

-qe =

- qe = C4V -
M

xpp

Unit Analysis:

—qe = {mg/1)(1) - mg = mg constituent
4 g g g soil

Once the values for the variables qe and C,qc Wwere known, they
were integrated into the relationship of interest (Figure 1). These values
were plotted and used in a linear regression analysis. This was done for each
relationship except BET. The BET relationship was not used because the
initial solution concentrations were not high enough to establish a saturated
concentration (Cg). The choice of the relationship to be used in the model,
for each constituent of the waste water was based on the correlation coeffi-
cient of the linear regression (r?) and the graphical representation of
the relationship. To establish a relationship, a correlation coefficient
greater than 0.900 was required along with a definite linear trend in the

graphical representation.

(71



Table 2

DATA FOR ZINC ATTENUATION RELATIONSHIPS IN NONCALCAREOUS SOIL*

Parameter: Zinc Soil Type: Noncalcareous
Test A = Cp = 0.002

Test B = Leach Test: 0.031, 0.182, 0.032, 0.035, 0.047, and 0.054 Total Leached = C = 0

—

Test C Test D Test E Test F Test G
Cy 6.18 30.9 61.8 123.6 618
Ceq 0.924 16.5 43.6 101 558
LINEAR RELATIONSHIP LATGHUIR RELATIONSHIP FREUNDLICH RELATIONSHIP
Ceqe qe Ceqc .cll—e log Coqc log qe
c 0.922 0.047 1.08 21.1 -0.035 -1.325
D 16.5 0.130 0.061 7.72 1.217 -0.887
E 43,6 0.164 0.023 6.10 1.639 -0.786
F 101 0.203 0.010 4.92 2.004 -0.692
G 558 0.540 0.002 1.85 2.747 -0.268
Intercept 0.102 4.75 -1.342
Slope 7.96x107% 15.2 0.364
r2 0.969 0.938 0.975
T 0.984 0.969 0.987
n 5 5 5
Equation: qe = 7.96x107% Ceqe + 0.102 1l =15.2 1 +4.75 log qe = 0.364 log Ceqe

*Appendix A
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FIGURE 2

FLOW DIAGRAM FOR LINEAR RELATIONSHIP CALCULATION
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FIGURE 4

FLOW DIAGRAM FOR FREUNDLICH RELATIONSHIP CALCULATIONS
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APPENDIX A

BATCH ATTENUATION STUDIES RESULTS




aqualab inc.

rt 20 at valley lane
streamwood, illinois 60103
312/289-3100

0
25 April 1980

Mr. Kurt Thomsen

DAMES & MOORE

1550 Northwest Highway
Park Ridge, IL 60068

Dear Mr. Thomsen:

Enclosed please find the data for the Batch Attenuation Studies.
Because of the experimental nature of this study and the volume of
data generated, a detailed discussion of our procedures and data
follows.

We received from Dames & Moore two different types of soil--Calcar-
eous (#68032) and Non-calcareous (#68033). The Calcareous soil

was a composite of your designations DM1-1, #8; DM1-3, #7; DM1-3,
#8; DM1-3, #9; DM1-4, #10;, DM1-7 #5; DM1-7, #10, DM1-7, ?; DM1-7,
?, DM1-8, #9; DM1-8, #10; and BHA, #6. The Non-calcareous soil

was a composite of your designations S-4 and S-5. Equal weights

of each designation were used to make the composites.

After compositing, the soils were force sieved through a No. 8
U.S. Standard Sieve to remove sticks, stones, etc. They were then
placed on aluminum sheets and dried at 105°C to a constant weight.
Upon completion of drying, they were sieved through a No. 10

U.S. Standard Sieve. Sufficient soil (approximately 20 pounds of
each) was prepared for all testing. A1l sub-sampling after this
point was done using the standard quartering technique.

An element literature study was done for the 16 ions requested for
your stock solution. Compounds were looked at closely for their
solubility, their compatibility with each other in solution, and
their pH function. Table I lists the final compounds used. Also
listed are the names and formulas of the compounds, their molecular
weights, the percentage of each ion per compound, the target concen-
trations, and the weights in milligrams per liter needed to make

the desired concentrations.

Continued.....
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Mr. Kurt Thomsen
Page Three
25 April 1980

After a thorough examination of the data, we were requested to rerun
the batch solutions for each soil. A new stock solution was made

and the original study rerun for selected parameters. It should

be noted that solutions A and B were adjusted to a pH of 4.70 with
phosphoric acid for the rerun. We then analyzed for selected par-
ameters per Dames & Moore. The data for the Calcareous soil is

found in Table VI and the Non-calcareous in Table VII. The new values
for each solution are also listed in these tables.

Individual element attenuation studies were requested for barium,
arsenic, iron, mercury, and selenium. These were performed using
the same procedure as described except that individual solutions
were used which contained only the element of interest. This data
can be found in Tables VIII and IX. Also included are the con-
centrations of each solution.

Our final study consisted of four series of D.I. water leaches.

Both Calcareous and Non-calcareous soil were leached with six
successive liters of pH adjusted D.I. water. Each liter was allowed
to equilibrate for 24 hours as previously described. The data
obtained is listed in Table X. Also listed are the values for

-the pH adjusted D.I. water blank.

We wish to thank Dames & Moore for this opportunity to be of service.
[f there are any questions or if we can be of assistance in in-
terpreting the data, don't hesitate to call.
Yours very truly,
AQUALAB, INC.
Stan S. Zaworski
General Manager

SSZ:i

Encls.



TABLE V

BATCH ATTENUATION STUDY

Solution B - Manganese Rerun

Solution B with both types of soil was re-run adjusting pH with nitric acid to
the approximate pH levels of Solution G (see Table IV).

pH
Sample No. 1 hr. 24 hrs. Manganese (mg/1)
68032B-1 6.14 6.25 0.053

680338-1 5.03 5.15 0.032
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BATCH ATTENUATION STUDY

'E Selected Parameter Re-runs - Non-Calcareous Soil
<~ NUMBER DESCRIPTION Cadmium Fluoride Sulfate Nitrate
08033A-A D.I. Water Blank <0.001 <0.12 <1. <0.05
- D.I. Water <0.001 <0.12 <1. <0.05
- 68033B-A D.I. Water + Soil <0.001 <0.12 <1. 0.15
D.I. Water <0.001 <0.12 <1. <0.05
68033C-A Soln C + Soil 0.005 <0.12 --- 0.98
Soln C 0.027 0.10 -—— 0.73
68033D-A Soln D + Soil : 0.067 -—- --- ———
o Soln D 0.133 - - -
68033E-A Soln E + Soil 0.172 -——- -—— ———
Soln E 0.266 - -— _—
68033F-A Soln F + Soil 0.409 -—— 609. -—-
Soln F 0.532 -— 806. .-
68033G-A Soln G + Soil 2.51 -— 4306. ---
Soln G 2.66 -— 4032. ---

Note: A designates second batch of concentrate
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BATCH ATTENUATION STUDY

Individual Element Attenuation Data - Non-Calcareous Soil

L

i
Solution
i Number Description Barium Iron Mercury Selenium
8033A-B D.I. Water Blank <0.01 <0.01 <0.0001 <0.001
i D.I. Water <0.01 <0.01 <0.0001 <0.001
1 .80338-B D.I. Water + Soil <0.01 <0.01 <0.0001  <0.001
D.I. Water <0.01 <0.01 <0.0001 <0.001
L
68033C-B Soln C + Soil 0.05 <0.01 <0.0001 0.004
lf Soln C 0.48 0.10 0.0001 0.108
~8033D-8 Soln D + Soil 0.05 <0.01 <0.0001 0.068
L Soln D 2.41 0.48 0.0004 0.540
{ 18033E-B Soln E + Soil 0.18 <0.01 <0.0001 0.510
Soln E 4.83 0.97 0.0008 1.08
68033F-B8  Soln F 0.29 <0.01 <0.0001 0.500
[: Soln F + Soil 9.66 1.94 0.0017 2.16
[j8033G-B Soln G 7.23 <0.01 <0.0001 3.22
Soln G + Soil 48.3 9.70 0.0084 10.8
[38033E-B—QA Soln E + Soil —— —— ——- 0.510
Soln E - --- - 1.08

r

lote: -8 designates individual concentrate sclutions for each parameter

L




APPENDIX B

SUMMARY OF SOIL ATTENUATION MODELING DATA

CALCAREQUS SOIL
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