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1. SUMMARY

This report contains the results of a laboratory test
program designed to evaluate the material produced by a solidifi-
cation process used to treat industrial waste solutions. The

process is used by K.D. Enterprises Limited at their liguid waste

disposal site in Hamilton, Ontario.

Both field samples and laboratory produced samples were
tested in a series of percolation and leaching tests. Based on
chemical considerations and the results of the testing progran,
it 1s apparent that the solidification process used at the
Hamilton disposal site provides an effective method to treat
industrial inorganic acid waste solutions and to tie up-heavy
metals in a chemical and physical form that resists leaching by
water solutions such as would be expected from rain or melting
snow and ice. The solidified product consists of a mixture of
excess solidification reagents such as lime and high silica
containing materials (e.g., clay or other material) and also a
mixed precipitate of metal hydroxides, carbonates and silicates,
mainly calcium silicates., The calcium silicates, which are also
major constituents of cement and concrete, tend to stabilize the
solidified product with respect to physical degradation and to
entrap the precipitated metal compounds. The presence of excess
lime in the solidified product provides a buffer to minor '

variations in the acidity of percolation solutions.




2, INTRODUCTION

In the summer of 1977, K.D. Enterprises, a Division of
Laidlaw Transportation Limited, and David Krofchak Limited,
requested an evaluation of the solidification process used by
K.D. Enterprises to treat inorgaﬂic liguid wastes at their
Hamilton disposal site. The main objective of the study was to
evaluate the short term and long term stability of the solidified
product to environmental chemical attack and thus to assess the
suitability of the solidified product for land £ill in an
environmentally &acceptable manner. The process evaluation was. to
be based on a testing program conducted in the Engineering
Laboratories of the Department of Metallurgy and Materials Science

at the University of Toronto.

The testing program was carried out during the period July-
December, 1977, and preliminary reports were issued in January
and March, 1978. This final report contains details and summaries

of all test procedures and results.

The laboratory testing program incliuded evaluation of six
samples of solidified products produced at the Hamilton disposal
site, plus three samples produced in the laboratory. The stability
oflthese product samples with respect to environmental attack by
water solutions was evaluated in a series of 27 leaching tests
including both continuous flow leaching in glass columns and
éonstant volume leaching in stirred beakers and shaking flasks.
The tests were run for up to 31 days. Periodic liquid samples
were collected and analyzed for 25 different elements by
Barringer Research Limited, using a multielement emission
spectrometer. Over 2000 separate chemical .assay determinations
were made in the complete study. The test results obtained are
in essential agreement with an earlier and less detailed
evaluation made by the Ontario Ministry of the Environment, the

results of which are contained in a 1976 report(l).




3, TEST PROCEDURES

General Solidification Procedures

The solidification process used by K.D. Enterprises
at the Hamilton site is proprietary and therefore only
general process information is included in this report. The

solidification technology'is covered by Canadian Patent

~No. 1024277 (2).

In general, the process operation as observed at the

Hamilton site consisted of the following steps:

i) Liquid waste received from various industrial sources
by tank truck was unloaded into either of two
125,000 gallon holding lagoons. A third lagoon was
used to blend 100,000 gallon lots of liquid waste
prior to solidification treatment. '

ii) Solidification was done in 3,500 gallon batches.
Reagents were added, in the required amounts, to the
liquid waste in & blender and the resulting slurry
was fed to the reaction tank,

iii) When the mixing and initial solidification reaction
was compiete, the batch of solidified product was
transferred by dump truck to a temporary storage pad .
for several days to allow initial curing prior %o
being moved to the final land £ill site.

iv) Each 100,000 gallon lagoon lot reguired 25 - 30
batches which were:completed during a 3 - L4 day
period. Ligquid waste disposal required solidification

of 2 - I lots per month during the summer of 1977T.

Chemical Analysis

All chemical analyses were ?efformed by Barringer
Research Limited¥* using their Multi-Element Radio Frequency
Argon Plasma Emission Spectrometer technique. In this
technique liquid samples are nebulized into a radio frequency
argon plasma at a temperature of 10,000 K and the intense

heat of the plasma desolvates the solution aerosol, atomizes

¥Address: Barringer Research Limited, 304 Carlingview Drive,
Rexdale, Ontario, Canada, MOW 5G2.
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the resulting salt particles and excites the atoms
to emit their characteristic atomic spectra. The optical
radiation emitted by-the plasma is focused on the entrance
slit of a polychromator which simultaneously measures the
emission intensity at many different wavelengths, each of
which corresponds to a different eleﬁent. Up to 25 different
elements were thus analyzed for each liquid sample.
Corrections are made for any inter-elemental interference.
So0lid samples were first digested in perchloric acid.
Silicates are not completely dissolved by this procedure and
therefore silicon assays are not reported for most solid
samples. When silicon values are reported for solid samples

they were determined by wet chemical procedures.

Structural Analysis

"Attempts were made to characterize the physical and
structural nature of the solidified product samples using
both X-ray diffraction and electron microscopy techniques.
The X~-ray diffraction studies were made using & Philips X-ray
diffractometer. The electron microscopy studies were made.

on & Cambridge scanning electron microscope.

Bulk Sample Collection and Preparation

3.4.1 Solidified Product

Bulk samples representing one day's production of
solidified product were collected by selecting about 200
grams from each of the 5 - 10 bétches treated in a single
day. This material was thoroughly mixed in a large beaker

and the excess solution or "free water" was removed by

‘filtration on a Buchner-type vacuum filter. The water

generally amounted to about 10 percent of the sample weight.
The filter cake residue was washed three times with tap
water to remove entrained solution. Some leaching tests
were done using wet filter cake directly. Others were done
using material that had been oven dried at hO—SOQd for 2 - 3
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days. Two bulk samples were prepared as above and are termed
"patch composite" samples (28P and 3SP).

' Three additional samples of solidified product
repfesenting the entire production for each of the months
May, June and July 1977 were provided by K.D. Enterprises.
After receipt these samples were also oven dried at hO—EOoC
for 2 - 3 days. These samples are termed "monthly composite"
samples (LSP, 58P and 6SP). \

After oven.drying the composite samples of solidified
product were each ground to minus 30 mesh (0.6 mm) with a
mortar and pestle. Small amounts of stone and grit remained
on the sieve and were added to the samples without further
grinding. Each sample was thoroughly mixed and stored in a
glass jar for future use. Chemical analyses for three
solidified product samples are shown in Table 1. Also shown
are the assay ranges for four similar samples as fubiished

in the Ontario Ministry of the Environment 1976 report(l)-

3.4.2 Liquid Waste »
The liquid waste treated by K.D. Enterprises at the

Hamilton disposal site consists typically of acidic pickling
liquor, plating solutions and other inorganic métal-bearing
solutions from local industrial sources. Liguid wastes
received from various sources are blended in 100,000 gallon
lots in a lagoon prior to solidification. Samples of liguid
waste representing the lots solidified on July 28, 1977 (2LW)
and August 23, 1977 (3LW) were collected and analyzed. The
results are shown in Table 2 together with data published in

the Ontario Ministry of the Environment 1976 report(l).

3.4.3 Solidification Reagents

Solidification requires the presence of appropriate
amounts of alkali and silica—-containing material added under
controlled conditions as desdribed in the patented procedure
(2). Most of the solidified product samples evaluated in

the present study were produced using lime as the alkali and
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natural clay as the silicic material. Both reagents were

obtained from local deposits in the Hamilton area. Analysis
of two clay samples are given in Table 3. These samples
represent the clay used during preparation of the solidified
product batches on July 28, 1977 (2CLY) and August 23, 1977
(3CLY).

‘ Other lime and silica-bearing materials are sometimes
substituted for natural lime and clay.' One such material,
a fine sludge obtained as a waste product from a local cement
manufacturing plant, was used i4n the production of the
solidified product 3SP produced on August 23, 1977. The
chemical composition of the cement sludge (3CEM) is also
given in Table 3. ,

Values for silicon were estimated from the assays for

the corresponding solidified products 2S8SP and 38P.

Leach Test Procedures

Leach tests included both continuous flow leaching in
glass columns and constant volume leaching in stirred beakers
and shaking flasks. ‘The column leaches were designed to
simulate the behaviour of solidified material when used as
land fill and exposed to rain or melting snow and ice. The
agitated constant volume tests were designed to accelerate
the rate of leaching and to evaluate any solubility
limitations.

Tap water at pH 7.3 was generally used in all leach
tests. A stock of about ten litres was stored in glass
bottles for use throughout the test program. Table 4
compatres the analysis of tap water with that of a sample of

water collected from Hamilton Bay near‘the disposal site.

3.5.1 Column Leaching

Each glass column Wés 60 cm long and 4 cm diameter
and fitted with a coarse sintered glass disk at the bottom.
Glass Wool was placed over the sintered glass disk and a

known weight of the sample to be tested was placed on top of
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the glass wool. The column charges ranged from 100 to 200 g
of material equivalent ﬁo bed lengths of 10 to 20 cm.

| Water was added to the column and suction was applied.
from a water pump. This compacted the bed. The collected
water was retained for analysis. More water was added to
the column and was allowed to percolate through the bed into
a weighed container. The container with the leachate was
removed at intervals and the time in which the leachate
collected was noted. The container was weighed and the
volume of the leachate was evaluated from the difference in
weights, assuming the density of the leachate as 1.00 g/ml.
The pH was measured and the leachate was kept for assay. A
new weighed container was placed in position toicollect the
next leachate sample.

.The leaching test usually lasted about 3 weeks. At

the end of the test about one third of the charge residue
was shaken out of the column, dried at about 6000, mixed

thoroughly and a sample for assay was prepared by coning and

. Quartering.

The average percolation rates were observed to be in
the range ZI.O'"5 to lOmLL cm/sec. For examplé in one test
(Test 4) a total of 3805 ml of solution percolated through
the column in 25 days. This was equivalent to 300 cm of
rainfall (based on 4 cm diameter column). The annual rain-

fall in the Hamilton area is about 80 cm/year.

3.5.2 Beaker Leaching

A known weight of solid sample was placed in a beaker
and a measured volume of leaching solution, usually the tap
water from stock, was added. A magnetic stirring bar of
sﬁitable size was introduced and the slurry was agitated.
The beaker was sealed with Saran wrap in order to minimise
evaporation. For sampling a slurry sample was poured into
a small beaker. The beaker was weighed and sample weight
was found by difference. The samplé was filtered through a
Buchner funnel or centrifuged if the sample was small. The

filtrate was kept for assay. The residue was washed thrice
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with distilled water, dried and homogenized before sending

for assay. UNot all residues were assayed.
At the end of the leach, the slurry was treated as

described in the previous paragraph.

3.5.3 PFlask Leaching

The method was similar to that of beaker leaching

except that 300 ml conical flasks were used and agitation of

" the slurry was done in a mechanical shaker. Agitation was

better with the flask shaker than with the magnetically

. stirred beakers.

Speclfic Leach Tests 6n Individual Materials -

3.6.1 Description of Materials Tested

14

A total of 9 samples of soiidified product were

- evaluated in the testing program. Six were field samples

of material produced at the Hamilton sité while three
additional samples were prepared in the laboratory. Three
bulk reagent samples were also included. The stability of

these product samples and reagents with respect to environ-

‘mental attack by aqueous solutions was evaluated in a series

of 27 leaching tests in the laboratory. These tests included
both cohtinuous flow leaching in glass columns and constant
volume leaching in stirred beakers and shaking flasks. The
column leaching tests were run for 8 - 31 days while the

constant volume leaching tests were run for 9 - 13 days.

One beaker leach was run in three stages for a total of 3k

days. .
The 12 material samples evaluated in the program are
listed in Table 5 together with the leach conditions studied.

Table 6 lists the same information in the order that the

leach tests were performed.

Pictorial summaries of the leach test procedures are
given in the Appendix in the form of eight block flow
diagrams showing the types of leach tests conducted on each

of the material samples. Also_given.in the Appendix are

y,




eight summary tables of all leach test assay results
arranged so that each table corresponds to one of the eight

leach test procedure summary figures.

3.6.2 Solidified Product 28P, batch composite July 28, 1977
(see Figure A-1)

A 1000 g sample was collected at the Hamilton site.
The sample was filtered but not washed and divided into two
parts. One part was dried in an oven at hO—hSOC for four

days. The other part was stored wet in a plastic bag.

Test 2: 200 g of wet 28P were leached in a column

with water at room temperature for 31 days.

Test 3: 100 g of wet 2SP were leached in a beaker
with 100 ml water. Seven 5 to 8 ml slurry
samplés were withdrawn periodically over 6
days. The samples were centrifuged but not
assayed. After 8 days the remaining slurry
wés filtered, water washed and releached with
a second 100 ml portion of tap water. After
4 days the slurry was fiitered, water washed and
releached with a third portion of tap water.
After. 22 days the slurry was filtered, water washed
and dried. The final filtrates from each of

three stages were analyzed..

Test 4: 165 g of oven dried 2SP were leached in a
column for 25 days in a manner similar to
Test 2.

Test 20a: 50 g of dried 25P were leached with 100 ml

water in a flask for 9 days.

3.6.3 Solidified Product 3SP, batch composite August 23, 1977
(see Figure A-2)

A 1300 g sample was collected at the Hamilton site.
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The sample was filtered, washed and divided into two parts.
A 200 g portion was wrapped in cellophane and subjected to a
daily freezing and thawing cyecle in a home freezer. The
sample was frozen at night and thawed out each day for 54
days to simulateba winter weathering condition. The material
was evaluated in flask leach Test 2la. ‘

The remaining portion of the original 28P sample was

oven dried for a series of leach tests.

Test 5: 125 g of dry 3SP were leached in a column

with water at room temperature for 19 days.

Test 6: 50 g of dry 3SP were leached in a beaker
with 100 ml water. The temperature was
maintained at 40°C with a hot plate. A
slurry sample was taken after two d;ys and
the test stopped after 12 days. Both file-

trates were assayed.

Test T7: A control test identical to Test 6 except

solution was not heated.

Test 20b: 50 g of dried 38P were leached in a flask
with 100 ml water for 9 days to compare with
Test 6 beaker leach, and Test 2la flask

leach of the freeze and thaw sample.,

Test 215: 50 g of the portion subJected to the

freeze and thaw cycle for 54 days were leach

ed with water in a flask for 13 days.

3.6.4 Solidified Product USSP, monthly composite May 1977
(see Figure A-3)

K.D. Enterprises supplied composite samples repres-
enting the solidified product generated during the months
of May, June and Jﬁly 197T7. The samples were evaluated to

assess the possible effects of aging. The May sample was




received as SOQJg of driedupoWder. It was oven dried

with a pestle and mortar (minus. 30 mesh, 0.6 mm).

Test 8: 125 g of LUSP were leached with water in a

colunn for 19 days.

" Test 20c: 50 g of 48P were leached with 100 ml of

water in a flask for 6 days.

3.6.5 Solidified Product 58P, monthly composite June 1977
(see Figure A-14)

This sample was received from K.D. Enterprises as four
60 g filter cones of solidified product. The pieces were
oven-dried, ground in pestle and mortar (minus 0.6 mm) and

mixed for future use.

Test 9: 100 g of 5SP were leached with water in a
column for 12 days for comparison with

similar tests on 4SP (Test 8) and 6SP
(Test 10).

Test 204: 50 g of 58P were leached with water in a
flask for 9 days. '

3.6.6 Solidified Product 6SP, monthly composite July 1977
(see Figure A-5)

Four filter cones each weighing about 150 g were
received from K.D. Enterprises. The pieces were oven-dried,

ground (minus 0.6 mm), and mixed for future use.

Test 10: 100 g of 6SP were leached with water in a
column for 12 days to compare with similar

tests on L4LSP (Test 8) and 58P (Test 9).

Test 1lh: Column leach to check the stability of
solidified product to leaching by solution

containing high chloride concentration.




oo TR TR T e T T pp—_—w—

- 12 -

100 g of 68SP were leached for 9 days with
a water solution containing 1000 mgpl of Cl
as NaCl.

Test 15: Column leach to check the stability of
solidified product to leaching by solutions
containing high sulphate concentrations.

100 g of 6SP Wéré leached for 9 days with a
solution containing 1000 mgpl of 50), as
Nagsoh to compare with similar column leaches
using tap water only (Test 10) and chloride
solution (Test 1k).

Test 16: Column leach to check the effect of doubling
+the bed height. 200 g of 6SP were leached
“with water for 9 days in a manner similar to

Test 10.

Tests 20c and 20f: Two flask leaching tests to com-

pare the effect of substituting water from .

Hamilfon Bay for tap water. 50 g samples of
6SP were leached with 100 ml of water for
9 days. o

3.6.7 Lab Neutralized Product TSP (see Figure A-T)

A sample of liquid waste was neutralized in the
laboratory with lime alone, without using any silica-bearing
material. The chemical stability of the resulting précipi—
tate was assessed in a flask leach. Specifically 600 ml of
liquid waste 3LW, pH 1.0, wére placed in a beaker. A sample
of lime, 3CAQO, from the Hamilton site was slowly added with
constant stirring using a wooden ladle until the pH rose to
10.2. The amount required was 160 g of lime containing
22% water. The‘beaker was sealed with Saran wrap and left
overnight. The next day the slurry was filtéréd on a Buchner

funnel. The filtrate (7TFL) amounted to 192 ml. The residue
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wds washed once with 100 ml water and dried in an oven at-
TOPC overnight and at hOQC for anpthér two days. The dried
product TSP weighed 286 g. The washings were discarded.

Test 20g: 50 g of neutralized product TSP were leached
with 100 ml vater in a flask for 9 days.

3.6.8 Lab Solidified Product 10SP (see Figure A-T)

The liquid waste solutionstreated by solidification at
the K.D. Enterprises! Hamilton site contain high concentrations
of zine, iron and chromium, minor amounts of many other metals
such as copper, nickel, cobalt, cadmium, lead and molybdenum
but negligible amounts of arsénic and mercury. A sample of
'ligquid waste was doped with additional amounts of these minor
metals and then solidified in the laboratory with clgy and
lime. The stability of the résultihg so0lidified product 108P
was evaluated in a flask leach and compared to a similar pro-
" duet 118P prepared from undoped liquid waste.
| The doping solutions weré prepared by dissolving the

following salts as shown below:

Salt Dissolution Procedure
As203 1.32 g dissolved in hot conc. HC1l and
. diluted to 100 ml

Cu80) . 5H,0 3.91 g dissolved in 70-T75 ml dil. HE,SOLL
NiSOh.(NHh)SOh.6H20 6.69 g dissolved in 70-T75 ml 4il. H,80)
00012.6H20 4.03 g dissolved in TO-T75 ml dil. HC1
20dC1,.5H,0 2.04 g dissolved in 20-25 ml 4il. HCL
PbC1, 1.3h g dissolved in T70-75 ml dil. HCL
H,Mo0) ' 1.69 g fumed before dissolving in

T0-75 ml dil.'Hgsoll

1.72 g dissolved in T0-75 ml dil. HNO

Hg(NO3)2 E,O

The arsenic solution was kept separate and the remaining

solutions were combined and made up to 600 ml with water.
The solution for solidification was prepared by

combining 900 ml liguid waste (3LW) with 20 ml of the arsenic
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solution and 120 ml of the other mixed doping solution in a
beaker. The solution was solidiﬁied'with lime and clay in a
ménner similar to thé fiéld procedure used at the Hamilton

site. The mixture, lOSP, was left to cure for two days and

then oven dried at 45°C for four days.

Test‘27a: 50 g of 108P were leached in a flask with
100 ml of water for 9 days.

3 6. 9 Lab Solidified Product 11SP (see Figure A-T)"
' SOlldlfled product 11SP was prepared by treating 900 ml

liquid waste in a manner similar to 10SP without the doping

solutions added.

Test 27b: 50 g of 11SP were leached in a flask with
100 ml1 of water for 9 days.

3 6.10 Weathered Solidified Product 128P (see Figure A-6)

' K.D. Enterprises supplled a sample of solidified
product that had been exposed outside to rain and sun for
five months from May to September 1977. The sample retained
its original filter cone shape and would not crumble when
gently squeezed by hand. The sample was ground to minus 0.6

mm using a pestle and mortar.

Test 21c: 50 g of solidified product 12SP were leached
in a flask with 100 ml water for 13 days.

3.6.11 Solidification Reagents (see Figure A-8)

The response of the solidification reagents themselves

to water leaching was checked in three ‘beaker leaches.

Test 11: 50 g of clay (2CLY) were leached with 100 ml

of water in a beaker for 17 days.

Test 12: 50 g of clay (3CLY) were leached with 100 ml

of water in a beaker for 17 days.
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Test 13: 50 g of wet cement sludge (3CEM) at u45%
" H,0 were leached with 100 ml of additional

water in a beaker for 17 days.




iy, RESULTS AND DISCUSSION

General

The stability of solidified product to environmental

chemical attack was evaluated by measuring the concentration

of metals dissolved in two types of’leéching tests.. Contin-
uous flow tests in glass columns were used to simulate the
response of the solidifiéd.product to percolation leaching
by rain or melting snow and ice. Batch leaching tests in
stirred beakers and shaking flasks were used to accelerate
dissolution rates and to chéck solubility limitations.
Periodic liquid samples wére analyzed for up to 25 different
metals by a commercial laboratory using a multi-element
technique. The analytical results were compared to the water
guality guidelines published by the Ontario Ministry of the
Environment(3) and the U.S. Department of the Interior(h).

The respective guidelines are summarized in Table T.

Leéqhing of Solidified Product Field Samples

The assay results for all the leach tests are tabu-
lated in the Appendix. In general the results are within the
guidelines summarized in Table T. '

The overall reliability of the leach test procedures
and chemical analyses was demonstrated by preparing complete
material balances for several of the column leach tests. The
reéults of one such typical balance are shown in Table 8
(Test 4, solidified product 28P). The closure of the balance
for each individual element is very acceptable particularly
considering the eXtremely low concentrations of the solution
samples. No corrections were made for the impurities
contained in the tap water used as the percolation leaching
agent. Not only were the concentrations of dissolved metals
low, but the overall extrattion of most metals was also low
during the 25-day duration of the test.

Five field samples of solidified product were evaluated




in nine continuous flow column leach tests. The test

conditions were selected to determine the effects of field
variables such as percolation time, béd dépth, ﬁroduct aging,
and water composifioﬁ. Excéllént résults were obtained in
every tést and were virtually idéntical and independent of

test conditions. Chemical analyses of periodic 1iquid samples,
as tabulated in the Appendix, indicate® that steady state
concentrations were obtained within 7 - 13 days and remained
constant thereafter; A measure of the steady state concen-
trations for each test was obtained by averaging the

" concentrations of samples taken after steady state was achieved.
Steady state values for each solidified productisample

studied were then estimated by averaging the results for all
tests performed using that solidified product sample. The
average steady state concentrations estimated in thingay are
presented in Table 9 which shows the remarkable consistency
amongst all the solidified product samples tested. An

overall average-of-averages value was also calculated for

each metal.

‘ Similarly six field samples of solidified product were
evaluated in 11 batch leaching tests to compare the relative
stability of the various solidified product samples with each
other and also with the behaviour of the individual silica-
containing bulk reagents used in the solidification process.
Again the results for all solidified product tests were
identical within statistical variation and similar to the
results obtained in the continuous flow column leach tests.

An overall average-of-averages for the batch leaching tests

is also given in Table 9. Sodium and potassium concentrations
were higher in the bateh leaching tests as expected because
they are not fixed by the solidification process, at least not
in the short term. The concentration of each of the other
metals was very similar in the two types of leach tests and
~generally agreed within a ﬁactor‘of thrée, even in the very

low parts per billion concentration range. This observation

is consistent with the metals in the liquid waste being




precipitated as very insoluble compOunds during the
solidification process and that the stablllty of these
compounds with respect to subsequent metal release in
leachlng solutions is controlled by solubility limitations
rather than by kinetic factors.

As stated previously, excellent results were obtalned
in every leachipg test and the results were virtually identical
and independent of the test conditions uséd. Specific
observations and comments on the tést variables are given

below.

Percolation Time

In the column leach tésts constant concentrations were
obtained in less than a week and remained constant for the
dﬁration of the test (e.g., Test 2, 31 days and Test,h, 25
days).

Column Bed Height
The effect of varying the depth of column bed was
investigated in Test 10 (10 em) and Test 16 (20 cm). Similar

results were obtained in each test.

Product Sample Preparation

Pre~drying samples of solidified product for several
days either in air or in an oven at hO—SOQC had no effect on
the leaching behaviour (e.g., Test 2 (wet) vs. Test 4 (oven-
dried); Tests 8, 9, 10 (air-dried) vs. Test 4, 5 (oven-dried)).

Product Aging and Weathering

In general the stability of freshly precipitated compounds
increases with time because of molecular rearrangement which
produces more stable structures. The stabilization or aging
process may be rapid or infinitely slow depending on the
précipitated compounds and the aging conditions. It was
therefore anticipatéd that thé stability of'the solidifiéd

- samples with respect tqtdissolttion'in the percolated leach




solution would increase with time. The behaviour of two
batch samples 2SP (Tests 2 andAh) and 38P (Test 5) were
compared WitpAthrée‘conSécutive monthly composite samples
48P (Test 8), 58P (Test 9) and 68P (Test 10). Similar
excellent results were obtained in the six column tests
indicating that the solidified product stabiiizes gquickly
within a few days or hours and further aging cannot improve
the stability siénificantly. This conclusion is further
sﬁpported by a test madé using a highly wéathered sample of
solidified product. iThis sample, 128P, was taken from a
batch of material that had beén exposed to sun and rain for
five months and when batch’léached (Tést 21lc) gave results
similar to batch ieach tests using the other samples of
solidified product (e.g., Tests 20a, 20b, 20c, 204, 20e).

A similar result was also obtained with a sample of
38P that was subjected to a daily freezing and thawing cycle
for 54 days to simulate.winter weathering. This sample was
batch leached (Testv2la) and gave results similar to Test '2lc
and other batch leach tests.

‘Solution oH

Attempts to vary the pH of the leaching solution with
sulphuric acid were unsuccessful because of the bﬁffering
action of the excess lime in the solidified product samples.
The pH of the tap water was T.3 but the samples of leach
solution were generally in the 10-11 pH range and decreased
slowly to 8-9 on standing. 'The decrease in pH on standing
was due to absorption of carbon dioxide from the atmospheric

air.

Solution Composition

The effect of leaching with solutions containing
1000 ppm chloride or sulphate ion was tested in a‘series of
column leaches using solidified product 6SP. The presence
of these complexing anions did not change the leach results

(e.g., Test 1k (Cl-water) vs. Test 15 (SOthater) vs. Test
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10 (tap water)).

Using a natural sample of water from Hamilton Bay

(Test 20f) did not change the results obtained in batch

leaching with tap water (Test 20e).

Solution Temperature

Increasing the leach temperature to 40°C (Test 6) had
little effect compared to 1éaching at room temperature
(Test T) except for boron. The concentration of boron after
12 days increased from 0.2 to 2.7 ppm, presumably because of

greater attack in the Pyrex glass beaker.

Leaching of Lab Produced Materials

Three batch leach tests were done on three different
materials produced in the laboratory. The test procedures
are outlined in Figure A-T7 and described in Section 3. The
results of the leach tests are given in Table A-T.

In Test 27b a sample of solidified product 11SP was
leached for 9 days. 11SP was broduced'in the laboratory
using a procedure similar to the field procedure used at the
Hamilton site. Comparison of the results of Test 2Tb with
the results of similar tests using samples of field produced
solidified product (e.g., see Table 9 for "Batch Leach

Overall Average") indicate the following:

1. Calcium and strontium values are higher by a factor of

3-4 indicating that the freshly produced lab material
is more active than the cured field samples and aging

‘of the product was not yet complete.

2. For the iabvmaterial lower analyses were found for some
metals (i.e., B, Cr, Mg, Si) while higher values were
found for others (i.e., Cu, Ti, Zn). The differences
were small,:génerally'within a factor of 2-3 except
for Mg at about 300:1.
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To better evaluate the behaviour of metal elements that
were present in low concentration in the liquid waste solution,
a sample was doped with higher:cohcentrations of As, Cd, Cr,
Cu, Pb, Ni, Hg and Mo. A solidified product 105P was produced
in the laboratory using the doped solution. The behaviour of
the resulting solidified product was evaluated in a flask

leach (Test 27a) with the following observations:

1. All the doping metals except molybdenum were virtually
completely fixed. The molybdenum was added as H2MoOh
with Mo in the +6 oxidation state. The oxides of
Mo(VI) are much more soluble in alkaline solutions

than oxides of Mo(IV)(5).
2. Mercury in solution was very low at 0.3 parts per billion.
3. Calcium, strontium and zinc were higher than in Test. 27b.

A third 1lab product TSP was produced simply by neutra-
lizing a sample of liquid waste with lime without the addition
of solidification material. The resulting neutralized product
was flask leached (Test 20g) for comparison with the lab
pfoduced solidified product samples 10SP and 118P. The results
of leaching show that: v SR

1. Copper, zinc and calcium were lower in the leachated

for TSP than for 10SP and 11SP.

2. The concentrations of most other elementsvin the

leachates Weré similar for the two types of product.

" Bulk Reagent Leachability
‘ The response of three samples of 5111ca bearlng re-
agents were evaluated in three batch leach tests as outlined

in Figure A-8. The results show that:

1. Calcium, strontium and silicon are slightly leached.




L.5

L.6

2. Magnesium in tap water is decreased substantially by

contact with clay;

Structursl Analysis

Complete identification of the actual chemical
constituents of the solidified product material was not
possible because of the complexity of the product mixture and
the amorphous nature of the freshly'précipitated compounds
produced during treatment of the acidic waste.solutions. X-ray
diffraction patterns wére preparéd for several of the product
materials and checked against the JCPDS Powdér Diffraction
File(6). Virtually all of the lines could be accounted for
by calcium silicate hydrate, 2Ca0.5i0,.H,0 (pattern no. 3-594)
and silica, SiO, (pattern no. 5-4%90). Several weak lines
remain unidentified.

Samples of solidified product were also examined using
a scanning electron microscope but the identification of the |

exact compounds present was difficult and inconclusive. The

additional work required\to completely elucidate the structure

of the solidified materialuwas outside the scope of the
present study. ' ' E »

Behaviour of Individual Elements

Although the percolation tests were not longer than one

month's duration, prediction of the long term stability of

- solidified product material is possible. In the percolation

tests the release rate of individual metals was very low and

reached constant or steady state value in less than a week.

"If the metal release rates continue to remain constant then

an estimate can be made of the amount of percolation solution
required for complete dissolution. This quantity can be
converted into rainfall équivalent, expressed in centimetres
of rain pef centimetre of bed thickness, required for complete
dissolution of each element. The time required for complete
dissolhtion can then be estimated for any particular average

rate of rainfall. This quantity can be converted into rain-




fall equivalents, or if an annual rainfall rate is assumed,

into time required for complete dissolution.

Such estimates aré givén in Table 10 for solidified
product 28P, assuming thé'Hamilton‘avérage rainfall rate of
80 cm/year. The stéady state leachate concentrations . for 28P,
as summarized in Tablé 9, wéré combinéd with the background
concentration of the tap watér uséd in thé pércolation tests.
The difference in the two ééts’of valués réprésent apparent
concentration change during léaéhing. For most metals the
change was small and frequently thé léachate values were less
than for the tap water indicating that the elements would
never dissolve. For'éighf netals the concentration did
increase and the estimated timé(re@uiréd for complete

dissolution per centimetre of bed depth was as follows:

’

Calcium 2.1 years
Strontium 2.7 years
Barium 37 years
Chromium . 550 years
Silicon 930 years
Aluminum 2100 years
Titanium 2900 years
Iron 49,000 years

‘These estimates increase in direct proportion to the
bed thickness and are conservative for several reasons. Not
all the rainwater will percolate through solidified product
used for cover or land fill. Some of the rain will run off
while some will be absorbed by the product and be evaporated
by the sun. The long term release rates may in fact decrease
and the dissolution time estimates therefore should be

considered as minimum limiting values.
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Element

aluminum
arsenic
barium
beryllium
boron
cadmium
calecium
chromium
cobalt
copper
irpn

lead
magnesium
manganeée
molybdenum
nickel
phosphorus
potassium
silicon
silver
sodium
strontium
titanium
vanadium

zinc

na not assayed

Al
As
Ba
Be

Cd
Ca
Cr
Co
Cu
Fe
Pb
Mg

Mo
Ni

Si
Ag
Na
Sr
Ti

Zn

TypicAL SoL1DIFIED ProDUCT COMPOSITION
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TABLE 1

25p

July 28/77

A
na
0.026
na
na
0.011
11.6
0.11
0.002
0.007
4.9
<0,0001
1.3
0.14
< 0.002
0.015
0.14
na
30.6
0.0001
1.2
0.020
0.29
0.008
1.6

.Solidified Product Analyses (%)

3sp 48P
Aug. 23/77 May 1977
2.7 1.2
0.0003 na
0.017 .009
na na
na na
0.011 0.015
16.5 14.2
0.088 0.22
0.003 0.0005
0.006 0.046
5.3 2.2
0{002 0.008
0.84 0.55
0.075 0.50
0.002 na -
0.014 0.003
0.11 1.4
0.004 na
18.3 na
na na -
0.76 1.1
0.019 0.008
. 0.18 0.025
0.005 0.006
433 " 2.0

MOE (1)
Apr. 1976
0.9 - 1.4
.00005 - ,0001
11.6 = 14.5
-01 - 014 .
.0005 - ,001
.003 - .004
2.8 =~ 3.9
.006 - 0‘05
06 - l9
003 - 004
.004 - .01
0.5 - 2.8
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Element

aluminum
arsenlc
barium
beryllium
boron
cadmium
calcium
chromium
cobalt
copper
iron

lead
magnesium‘
manganese
molybdenum
nickel
phosphorus
potassium
silicon
silver
sodium
strontium. .
titanium
vanadium
zinc
chloride
nitrogen

sulphate

dissolved solids

suspended solids

PH

Al
As

Ba
Be
B

Cd
Ca
Cr

# Co

Cu
Fe
Pb
Mg
Mn
Mo

TypicaL Liauid WAsTE CoMPOSITION
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TABLE 2

2LW

Liquid Waste Analyses (gpl)

July 27/77

0.060 -
na
0.0004
na
0.069
0.082
0.513
- 1.10
.008
.027
14.4
017
.158
.205
.004
.086
.165
.020
.071

na
2.04
.008
.003
.006
12.1

0.9

3LW |
Aug. 23/77

.033
<.0002
. 0002
.00001
<.00001
.023
.672

1.74
.004
.012

22.2

<.0005
.09
.277
.0007
.033
171
.065
.030
.0002
.923
.003
.003
.002

28.1

1'0

MOE (1)
April/1976

009
0.474
1.112

" 0.064
15.3
0.021

0.164

0.102

< 0.002
> 11.0
8.3
0.28
93.0
167.9
0.39
1.4




TABLE 3

METAL CONTENT OF TYPICAL SOLIDIFICATION REAGENTS

Element

Aluminum
Arsenic
farium
Beryllium:
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesiﬁm
Manganese
Molybdenum
Nickel

Potassium
Silicon
Silver
Sodium
Strontium

Titanium
| Vanadium
Zinc

na - not assayed

Al

As
Ba
Be

Cd
Ca
Cr

.Co

Cu
Fe
Pb
Mg

Mo

Ni
Phosphorus

S1
Ag
Na
Sr
Ti

Zn

Clay
2CLY

July 23/77

5.0
na
0.036
0.0002
0.0001
<0.001
11.3
0.003
0.001

0.005

5.1

0.005 -

2,2
0.70
<0.002
0.002
0.18

na

%
30-40

0.0002
0.96
0.022
0.32
0.014

<0.001

* egtimated values

Chemical Analyses (%)

- Clay
- 3CLY

 Aug. 23/77

6.0
na
0.041
" 0.0002
< 0.0001
<0.001
10.6 -
©<0.0002
0.001
0.003
2.9
<0.0001
1.0
0.07
<0.002
0.002
0.049
na
30-40"
0.0001
0.85
0.025
0.33
0.009
<0.001

Cement Sludge
_3 CEM

Aug. 23/77

2.3
na
.01

0.0001

0.0009

, < 0.001

27.8
-<0.0002
<0.0005
0.002
1.0
<0.0001
2.2
0.03
<0.002
<0.0005 -
'0.03
na
15-25"
0.0002
0.6
.05
0.1
0.003
< 0.001
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TABLE 4

Water Analyses (ppm)

| Element Tap Water Hamilton Bay Water
Aluminum Al < 0.05 - 0.15
Arsenic As na na
Barium Ba < .05 < 0.05
Beryllium Be © <.0.005 < 0.005
Boron B 0.95 < 0.01
Cadmium Cd < 0.1 < 0.1
Calcium Ca 56.0 80.1
Chromium Cr < 0,01 < 0.01
Cobalt Co 0.2 < 0,2 ’
Copper:: Cu , 0.03 < 0,01
Tron Fe < 0.005 0.17
Lead Pb < 0.5 < 0.5
Magnesium Mg 13.4 20.5
Manganese Mn 0.07 < 0.001
Molybdenum Mo 0.15 < 0.05
Nickel Ni < 0.05 < 0.05
Phosphorus P < 0.5 < 0.5
Potassium K 2 5.3
Silicon Si 0.56 3.91

’~ Silver Ag na ‘na

’ Sodium Na 22 58

’ Strontium  Sr 0.19 0.43
Titanium Ti < 0.01 ‘ <0.01

’ Vanadium Vv 0.02 0.01

’ Zinc Zn < 0.01 ' < 0.01

’ pH 7.3 . 7.1

; na - not assayed

|

P
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l TABLE 7
SUMMARY OF WATER QUALITY GUIDELINES AND OBJECTIVES

f ; Ontario Guidelines ') (ppm) U,8.A Guidelines (4) (ppm)
Element Water Quality Effluent Domestic Agricultural Use
Objectives » Guidelines Supply Continuous Short-Term ‘
}  © Aluminum Al 1.0 1.0 20.0

Arsenic As 0.05 1.0 0.05 1.0 10.0
Barium Ba 1.0 1.0
Beryllium  Be 1.0 0.5 .1.0
Boron B i.0 1.0 0.75 2.0
Cadmium cd background 0.01 0.005 0.05
‘Calcium Ca _ L
Chromium  Cr 0.05 1.0 0.05 5.0 20.0
Cobalt Co 0.5 1.0 | 0.2 ' 10.0
Copper Cu 0.03 ' 1.0* 1.0 . 0.2 5.0
Iron Fe 0.3 1.0 <0.3 '
Lead Pb 0.05 1.0* <0.05 5.0 20.0
Magnesium Mg -
Manganese Mn 1.0 ‘ <0.05 2.0 20.0
Mercury Heg background :
Molybdenum Mn "~ 1.0 0.005 : 0.05
Nickel Ni 0.4 1.0% 0.5 2.0
Phosphorus P 1.0
Potassium _
Silicon Si 1.0 o
Silver - Ag ‘ 1.0 0.05
Sedium Na -

..Strontium Sr ‘ 1.0
Titanium Ti 1.0
Vanadium v ' 1.0 10.0 10.0
Zinc Zn 0.02 1,0* 55 5.0 _ 10.0
pH 5.5-10.6 6.0~-8.5 - 4.5-9.0 4.5-9.0

% Cumulative concentrations of Cu, Pb, Ni and Zn should not exceed 1.0 mgpl.
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| _TABLE 10
PrEDICTED LONGTERM STABILITY OF SoLIDIFIED PrRoDUCT
t--' : Chemical Composition . Stability
Solidified Leachate Tap Concen~ Rainfall Dissol-
Product Hater tration Equivalent ution
) 28P . Change 1 Time,
. 3 mgpl mgpl mgpl cm/cm y/cn
aluminum Al 4.4 .21 <.05 <.,21 166,000 2,100
arsenic As na <,2. na — _— —
barium Ba 0.026 .07 . <.05 <.07 3,000 37
beryllium Be na <.005 <.005 0 ® ®
] bozron B . na 47 95 -ve ®
cadmium cd 0.011 <.1 <.l "0 ® ®
‘ calcium Ca 11.6 601 56 545 170 2.1
chromiur cr .11 1,02 <.01 <.02 44,000 550
- cobalt Co 0.002 <.2 o2 -ve ) ® ®
copper Cu 0.007 .02 .03 -ve © o
 irom Fe 4.9 .01 . <.005 <,01 39 x 10° 49,000
" lead b <0.0001  <.5 <.5 0 o ©
- ‘magnesium Mg 1.3 .12 13.4 ~ve ® . ®
manganese Mn 0.14 .002 .07 -ve ® ®
molybdenum . Mo . <0.002 .06 .15 -ve © m
< nickel Ni 0.015 <.05 <,05 0 _ © ®
phosphorus P 0.14 <.5 . <.5 0 o .
i potassium K na 1.7 2 -ve © ®
} _ ~ silicon si 30.6 3.9 .56 3.3 74,000 1930
silver : Ag 0.0001 <.01 . na
’ sodium , Na 1.2 12 22 -ve © o
| strontium - St . 0.020 .94 .19 .75 213 2.7
titanium TL - .- 0.29 .01 <.01 <.01 232,000 2,900
vanadium v o " 0.008 .01 .02 -ve ® o

zinc Zn . 1.6 <.01 <.01 0 © ©

Notes:

1. Rainfall equivalents are expressed in centimetres of rain per centimetre
of bed thickness required for complete gissolution of each element
assuming a bed bulk density of 0.8 g/cm”.

" 2, Dissolution time is expressed in years required to dissolve each element
ifrom each centimetre of bed thickness assuming 80 cm rainfall annually.
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APPEND IX

" Summary of Leach Test Procedures

Solidified Product 28P, batch composite July 28, 1977
Solidified Product 3SP, batch composite August 23, 1977
Solidified Product 48P, monthly composite May,197T
Solidified Product 55P, monthly composite July, 1977
Solidified Product 68P, monthly composite, July, 1977
Weathered Solidified Product 128P ' .
Laboratory Produced Solid Products TSP, 105P, 11SP
Solidification Reagents 2CLY, 3CLY, 3 CEM

Leach Test Results

.So0lidified Product 2SP,batch composite July 28, 1977
Solidified Product 3SP,batch composite August 23, 1977
Solidified Product 4SP, monthly composite May, 1977
Solidified Product 55P, monthly composite June, 1977
Solidified Product 6SP, monthly composite July, 1977
Weathered Solidified Product 128P

Laboratory Produced Solid Products T78P, 10SP, 11SP
Solidification Reagents 2CLY, 3CLY, 3CEM




sburyses

(o118

SICIILTT ~r

(gu7dz) snpysaa
-

. HSUM
}

e o2H

NOILWHITIA

shep zZ ‘€ 3I89L

HOVAT ¥ENVIL
FOVLS QUIHL

4
_.IONm 1w 00T

sbutyses _ | HSVM
anpysax (6162) -
* 93CIITFT wap NOTIVEITIA
sbupyses , | HSVM o%u
(1az) i
OIRIITTT - NOILVEIIIZ
(a10qz) onpysax sfep ¢ ‘g XSAL
HOVAT ¥ayvad
‘ FOVIS GNODES
(9-170a2) Y =z
o°H 1w 00T
i 8&%p ¢ ‘v0z 3%el, sotduvs 9 skep gz'v 3893
[~ > -20¢e) 1)
9 S ABYORS T < HOVAT NWOTOD | sbutysen - | HEY . ofn
1 z (8192)
! fog roum T 00T 6coT r O"H 932337 T Teup NOIINMITI
' (¥10Z) enpysex
(0T~-1702)
antaEo mamwawa.mmwuww sotdues 0T skep1e ‘z 3881
1MQ NEAO SOVIS ISWId BIRYOVO T ~ HOVET NWOTI0D
boot ro~m W 00T 6007 _I~o g
A
(asT)(0%H sLy) oxed 703TT3
(1d2) Ierem ,s0a3, NOLIRILTLS
a0onpoad %ﬁ%ﬂomﬂ i T-VY oTqel @98 : SyINSAY
—— - (LL6T ATnr 87 @3rsodwod yo3eq)
B on X =) H
“ NOTLwOI4IGITOS | dSZ 3oNpoxd pPaTITIPTIOS TYINILVH
e e e *I S |

(w12) @3sem pinbrl

STUNAII0YA 1S3L HIYIT 40 AUVMMAS
T-Y J4n91d




anpTsax

anpTSOX aprssI onprssx
sbutyses ﬁ sBuTyses * sbutyses # sbutysen a
4 HSYM e oty _’ HSYM = 0%y : HSUM b oCy HSYM e Ty
- (27I8HE)
(" 1aLAE) (13€) NOILVELIIS
53233113 . NOL IVELIT A 23e13TTT =] NOILVALIIA 23ex31TF Z@HB&H..HH& DICIAFTT I~ i
J (910¢) enpisex
m , R skep Z1 (TT-TTOE)
EKe ‘ sag, (tT77808E) SAep 2T ‘L 3S9L D.0% ‘9 3sox|seotdures TT :
sAep £1 ‘eTz 3ISdL P 6 ‘doz 3 sgeyoesT ) S_Hmmmv.ll ° 53 EUOEOT - skep 6T ‘S _W%%a
HOVAT MSVTd HOVFT MSvId HOVAT ¥ydiIvdd ajeyoeaT HOVAT 9aNvig HOYTT NRWO
otH i ' ' r
4 » (4
0S ou T 00T Tw 001 boq o%H T 00T 505 ofm Tu 0§ 6521 o°H
b o5 a5%)
3jonpoad patap
AaNIyd ANI¥D
adaIad NIAO
XNa 9I¥
I
t—
™M
1
skep yg ‘@10ko
MVYHL ¥ d23IAI
(o%H 315) o¥=d 193TT3
SHUTYSEM —er] HSYM - O%H
(13c) 193em 9013, -=  NOLIVHIILA
Z-¥¢ 9Tqe), 98s ¢ SIINsm
3onpoxd paTITIPITOS (LL6T3snboy €2 o3Tsodwod yosjeq)
_ dSE 3IoNpoag peTITPTIOS SIVIILYN
I
“ NOTILVYOIJIAIIOS |
b e e i I

(MIg) @3sem pImbTl

—— . P

R

STUNAII0NE LSTL HOVIT J0 ANVHNS

¢-Y oI




- 38 -

SHUTYS BMusp——]

snpTsax

HSYM

(13p) 93eIITTF ™

NOILVILTIL

ltt— ONm

skep ¢ ‘002 3ISeL
HOWHT ASYId

bog

L

o’n
T 00T

~ (TT-TIOV ‘T-T4%)
soTdues ¢T ‘93eyoRd]

(FI0¥)
snpisex

skep 6T ‘8 3Ise%
HOVWET NWATOD

B S |

| SR

bgeT

aNIdD

A4ad NIAO

1

xd POTITPTTOS

(asy) 3onpo

€-¥ o1qey, oS
(LL6T Aew @31sodwoo ATyzuour)
dSy 3IOnpoad pPeTITPTITOS

siInsay

SINIYILYR

SRNTII0Nd 1SIL HIVIT 40 AUVIWNS
£-v JunoId




-39 -

anptrsax

SHUTYS BN —pr]

HSYM

pecltm ONm

(IdG) ©22eI3TTT ~e—]

NOIILWEITII

skep § ‘pPOZ 3IsSaL

HOVAT ASVId

Bog

L o%H @ 00T

(6-10s ‘TdS)
satdues ¢ ‘923UOCOT me—— HOVYHT NWNIOD

onprsax

skep 71 ‘6 3sel

L on

5001

aNI¥o

X4d NAAO

(dss)

X
|

3onpoad patTITPTTOS

b-¥ =219qe] 998 ! SIINSIY

(LL6T aunp 931sodwos ATyjuow)
dSG 3I0Npoad PITITPTIOS I INTYILUW

STNAII0Yd L1SIL HOVIT 40 AYVEMNS
h-v 914




enprsax

t

sbutysem __, | HSUM  o2n
(2739) ®e3exITT3F ~* NOILW¥ITIZ
Keg
skep ¢ " 307 3se5 .| UOATYWeH
HovaT usvia [ o¥mimoot
bosg
(6-TT0V0S9)
- QHU -
MM.HMEMM mv anpyeax gatdures ¢ SnpITsdI
a3uyorat * azeyoest *

E.Fu 6 ‘6._“ 23893,
HOVE'T NWANT0D

Booz

- ko -

skep 6 ‘ST Is°L
HOVET NWATOD

anprsex

t

sbuTyses —

HSVM

| -0%H

(I39) 93vIAJTTF -

NOIXLWHLIIS

4

skep ¢ ‘o0z 3891

HOVAT NSV'1Z

fe— 0%n Tu go1

(6-TTOTD9)
soTdues ¢ snpTeax
23eyoeaT ﬂ

skep ¢ ’y1 3891
HOVET NWATOO

504

{6-T'109 ‘149)
so1dues g anpysal
a3eyowaT q

sAep ZT ‘01 3893

o3sem prubty

P O S

HOVAT NWATOD
[ o’n boot 1 r o%u-Vos 5001} t_ o%H-TD 5007 a\l o%n
AaNIYO
xaa NIAO
h .
(as9) 3onpoad por3TPYTOS G-V 9Tqul ®e% : SIS
{LL6T ATnp oarsodwoo ATyauouw)
=== - — ———n ds9 3onpoIg POTITPTTOS STNIUGELWH
| NorwoLaTarios | SNAII0U 1SIL HOVIT 40 AUWIMNS
e —_———
b S-¥ Nol4




!
!
r
}

5

N % -

- FIGURE A-6

'SUMMARY OF LEACH TEST PROCEDURE

MATERIAL:

RESULTS : see Table A-6

l
P
t o
h .
| - -
' ) ' . . - . .
? | . '
: 100 ml 1,0

y
|
|

— WASH

solidified product

Weathered Solidified Product 12SP

weathered product (128P)

| I, —_———
L4
AIR DRIED
GRIND
" 50g
— »  FLASK LEACH

Test 2lc, 13 days

FILTRATION

=~ filtrate (12FL)

|__,. washings

residue
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