
I TECHNICAL ASSESSMENT OF A SOLIDIFICATION PROCESS 

FOR TREATING INDUSTRIAL LIQUID WASTES 

BY 

R.T. MCANDREWQ PH.D., PuENG. 
ASSOCIATE PROFESSOR 

AND . 

s.v. MUTHUSWAMI, pn.n; 
RESEARCH ASSOCIATE 

DEPARTMENT OF METALLURGY AND MATERIALS SCIENCE 
UNIVERSITY OF TORONTO 

TORONTO; CANADA 

JUNE 1978



TECHNICAL ASSESSMENT OF A SOLIDIFICATION PROCESS 

FOR TREATING INDUSTRIAL LIQUID WASTES
I 

BY 

RLT(_NCANDREWJ RR;D,,,p.ENGI 
ASSOCIATE PROFESSOR 

AND 

S.V. MUTHUSWANI, PH.D. 
RESEARCH ASSOCIATE 

DEPARTMENT OF METALLURGY AND MATERIALS SCIENCE 
'UNIVERSITY OF TORONTO 

' 

TORONTO; CANADA 

JUNE 1978

~



TABLE OF CONTENTS 

Summary 
Introduction 
Test Procedures 
3.1 General Solidification Procedure 
3.2 Chemical Analysis 
3.3 Structural Analysis 
3.h Bulk Sample Collection and Preparation 

3.h.1 Solidified Product 
3,h.2 Liquid Waste 
3.h.3 Solidification Reagents 

3.5 Leach Test Procedures 
3.5.1 Column Leaching 

Beaker Leaching 
Flask Leaching

V fic Leach Tests on Individual Materials 
' Description of Materials Tested 
Solidified Product 2SP 
Solidified Product 38? 

,

' 

Solidified Product hSP 
Solidified Product SSP 
Solidified Product 6SP 
Lab Neutralized Product TSP 
Lab Solidified Product lOSP 
Lab Solidified Product llSP 

. .10 Weathered Solidified Product 12SP 
3.6.11 Solidification Reagents 

(JON 

o
. 

3.6 .1-5. 

O\O\O\O\O\O\O\O\O\O\(D 

\J1U1 

\OOO-N'lmW-F'wml-‘F 

wwwmwwwwwwmww 

sults and Discussion 
1 General 
2 Leaching of Solidified Product Field Samples 
3 Leaching of Lab Produced Materials 
A Bulk Reagent Leachability 

.5 Structural Analysis 

.6 Behaviour of Individual Elements

R
h 
h. 
h. 
h.
u
h 

References 
Tables 
Appendix 

Figures A—l to A-8, Summary of Leach Test 
Procedures ‘ 

Tables A—l to A—8, Leach Test Results 

« 
, 

(i) 

\ommmoaalmmmxntrrwwm 

[\J 

I" 

F'H F'O 

PIA ml;



' 

CO 

-~'l 

O\ 

10 

LIST OF TABLES 

Typical Solidified Product Composition 

Typical Liquid Waste Composition 
Metal Content of Typical Solidification Reagents 
'Comparison of Water Sample Analyses 

Summary of Material Samples Tested 

Summary of Leach Test Type and Condition 

Summary of Water Quality Guidelines and Objectives 

Mass Balance for Typical Column Leach Test 

Summary of Steady State Leachate Concentrations 

Predicted Long Term Stability of Solidified Product 

(ii) 

25 

26 

27 

28 

29 

3O 

'31 

32 

33

3h



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 liquid 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 program, 
it is 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

I 

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 inorganic liquid 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 fill 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 included evaluation of six 
samples of solidified products produced at the Hamilton disposal 
site, plus three samples produced in the laboratory. The stability 
of these 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 
constant 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. 102L277 (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 a blender and the resulting slurry 
was fed to the reaction tank. 

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

iv) Each 100,000 gallon lagoon lot required 25 — 30 
batches which were;completed during a 3 — h day 
period. Liquid waste disposal required solidification 
of 2 — h lots per month during the summer of 1977. 

Chemical Analysis 
All chemical analyses Were performed by Barringer 

Research Limited* using their Multqlement 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, 30h Carlingview Drive: 
RExdale, Ontario, Canada, M9W 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 element. Up to 25 different 
elements were thus analyzed for each liquid sample. 
Corrections are made for any inter—elemental interference. 

Solid 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 a Philips X—ray 
diffractometer. The electron microscopy studies were made- 
on a Cambridge scanning electron microscope. 

Bulk Sample Collection and Preparation 

3.h.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 - lO batches 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—SOQC for 2 — 3

‘
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days. Two bulk samples were prepared as above and are termed 
"batch composite" samples (2SP and 3SP). 

V Three additional samples of solidified product 
representing 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 h0—5000 
for 2 — 3 days. These samples are termed "monthly composite" 
samples (ASP, 53? and 63:9).

\ 

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

3.h.2 Liguid 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 metal-bearing 
solutions from local industrial sources. Liquid wastes 
received from various sources are blended in 100,000 gallon 
lots in a lagoon prior to solidification. Samples of liquid 
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 reportCl). 

3.4.3 Solidification Reagents 
Solidification requires the presence of appropriate 

amounts of alkali and silica-containing material added under 
controlled conditions as described 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_Ju1y 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 in the production of the 
solidified product 38? 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 28? and 3SP.I 

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 A 
compares 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 was 60 cm long and h 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 to 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 to collect 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 60°C, mixed 
thoroughly and a sample for assay was prepared by coning and 

. quartering. 
The average percolation rates Were observed to be in 

the range 10‘5 to lO‘h cm/sec. For example in one test 
(Test A) a total of 3805 ml of solution percolated through 
the column in 25 days. This was equivalent to 300 cm of 
rainfall (based on M 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 
suitable 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 sample 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. Not all residues Were assayed.. 

At the end of the leach, the slurry was treated as 
described in the previous paragraph. 

3.5.3 Flask 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. 

Specific Leach Tests on Individual Materials 

3.6.1 Description of Materials Tested
I 

A total of 9 samples of solidified product were 
. evaluated in the testing program. Six were field samples 
of material produced at the Hamilton site 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 continuous 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 3% 
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



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 ZSP, batch composite July 28, 1977 
(see Figure A—l) 
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-ASOC for four 
days. The other part was stored wet in a plastic bag. 

Test 2:_ 200 g of wet 2SP were leached in a column 
with water at room temperature for 31 days. 

Test 3: 100 g of wet ZSP Were leached in a beaker 
with 100 ml water. Seven 5 to 8 ml slurry 
samples were withdrawn periodically over 6 

days. The samples were centrifuged but not 
assayed. After 8 days the remaining slurry 
was filtered, water washed and releached with 
a second lOO ml portion of tap water. After 
A days the slurry was filtered, 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 
vthree stages were analyzed.. 

Test A: 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 2SP were leached with lOO 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 cycle in a home freezer. The 
sample was frozen at night and thawed out each day for 5h 
days to simulate a winter weathering condition. The material 
was evaluated in flask leach Test 21a.

V 

The remaining portion of the original 28? 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 ho°c with a hot plate. A 
slurry sample was taken after two days and 
the test stopped after 12 days. Both file“ 
trates Were assayed. 

Test 7: A control test identical to Test 6 except 
solution was not heated. 

Test 20b: 50_g of dried BSP were leached in a flask 
with 100 ml water for 9 days to compare with 
Test 6 beaker leach, and Test 21a flask 
leach of the freeze and thaw sample. 

Test 21a: 50 g of the portion subjected to the 
freeze and thaw cycle for 5h days were leach- 
ed with water in a flask for 13 days. 

3.6.u Solidified Product ESP, monthly composite May 1977 
(see Figure A—3) 
K.D. Enterprises supplied composite samples repres— 

enting the solidified prodhct_generated during the months 
of May, June and July 1977. The samples were evaluated to 
assess the possible effects of aging. The May sample was



received as 500 g of dried poWder. It was oven dried 
With a pestle and mortar (minus.30 mesh, 0L6 mm). 

dTest 8: 125 g of hSP Were leached with water in a 
column for 19 days. 

“Test'20c: 50_g or hSP were leached with lOO.ml of 
water in a flask for 6 days. 

3.6.5 Solidified Product'SSP, monthly composite June 1977 
(See Figure Auk) 
This sample was received from KJD. Enterprises as four 

60 g filter cones of solidified product. The pieces were 
oven—dried, ground in pestle and mortar_(minusroi6 mm) and 
mixed for future use. , 

Test 9: 100 g of SSP were leached with water in a 
column for 12 days for comparison with 
similar tests on hSP (Test 8) and 6SP 
(Test 10). 

Test 20d: 50.g of SSP were leached with water in a 
flask for 9 days.

' 

3.6.6 Solidified Product 68?, monthly composite July l977 (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 lo: 100 g of 68? Were leached wittater in a 
column for 12 days to compare with similar 
tests on uSP (Test 8) and ESP (Test 9). 

Test‘lh; Column leach to check the stability of 
solidified product to leaching by solution 
containing high'chloride concentration.
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100 g of 6SP were leached for 9 days with 
a water solution containing 1000 mgpl of 01 
as NaCl. 

Test 15: Column leacto check the stability of 
solidified product to leaching by solutions 
containing high.sulphate concentrations. 
100 g of GSP were leached for 9 days with a 
solution containing 1000 mgpl of son as 
Na2SOh to compare with similar column leaches 
using tap water only (Test 10) and chloride 
solution (Test lh). 

Test 16: Column leach to check the effect of doubling 
.the bed height. 200 g of 68? 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. 
Hamilton Bay for tap water. 50,g samples of 
6SP were leached with 100 ml of water for 
9 days. " 

3.6.7 Lab Neutralized Product 73.]? (_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 precipi— 
tate was assessed in a flask leach; ‘Specifically 600 ml of 
liquid waste 3LW, pH llO, were placed in a beaker. A sample 
of lime, SCAO, 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.v The next day the slurry was filtered on a Buchner 
funnel. The filtrate (TFL) amounted to 192 ml. The residue
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was washed once with 100 ml water and dried in an oven atr 

7090 overnight and at AOQC for another 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 water in a flask for 9 days. 

3.6.8 Lab Solidified Product loss (see Figure A—7) 
The liquid waste solutionStreated by.solidification at 

the K.D. Enterprises' Hamilton site contain'high concentrations 
of zinc, iron and chromium, minor amounts of many other metals 
such as copper, nickel, cobalt, cadmium, lead and molybdenum 
but negligible amounts of arsenic and mercury. A sample of 
'liquid waste was doped with additional amounts of these minor 
metals and then solidified in the laboratory with clay and 
lime. The stability of the resulting solidified product lOSP 
was evaluated in a flask leach and compared to a similar pro- 

' duct llSP prepared from undoped liquid waste. 
I 

The doping solutions were prepared by dissolving the 
following salts as shown below: 

gal; Dissolution Procedure 

As203 1.32 g dissolved in hot cone. HCl and 
. 

diluted to 100 ml 
CuSOh.5H20 3.91 g dissolved in 70—75 ml dil. H2SOh 
NiSOh.(NHh)SOu.6H2O 6.69 g dissolved in 70—75 ml dil. Hesou 
CoC12.6H2o n.03 g dissolved in 70—75 ml dil. HCl 
2Cd012.5H2O 2.0h g dissolved in 20—25 ml dil. HCl 
PbCl2 1.3h g dissolved in 70—75 ml dil. HCl 
H2MoOh 

' 1.69 g fumed before dissolving in 
70—75 ml dil. Hesoh 

Hg(NO3)2 H20 1.72 g dissolved in 70-75 ml dil. HNO 3 

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 liquid waste (3Lwi 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 solidified with lime and clay in a 
manner similar to the field procedure used at the Hamilton 
site. The mixture, lOSP, was left to cure for two days and 
then oven dried at MSOC for four days. 

Test 27a: 50_g Of lOSP were leached in a flask with 
100 ml of water for 9 days. 

3. 6. 9 Lab Solidified Product llSP (see Figure A— 7)‘ 
V solidified product llSP was prepared by treating 900 ml 

liquid waste in a manner similar to lOSP without the doping 
solutions added. 

Test 27b: 50 g of llSP were leached in a flask with 
100 ml of water for 9 days. 

3. 6.10 Weathered Solidified Product 123? (see Figure A— 6) 
‘ 

K. D. Enterprises supplied 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: Borg of solidified product lQSP 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 themselwes 

to water leaching was checked in three beaker leaches. 

Test 11: 501g of clay (ZCLY) were leached with 100 ml 
of water in a beaker for 17 days. 

Test 12:.50 g of clay L3CLY) 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 MS% 
,320 Were leached with 100 ml of additional 
water in a beaker for 17 days.



4; 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 leaching tests. Continr 
uous flow tests in glass columns were used to simulate the 
response of the solidified 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 check solubility limitations. 
Periodic liquid samples were analyzed for up to 25 different 
metals by a commercial laboratory using a multi—element 
technique. The analytical results were compared to the water 
quality 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 7. 

Leaching 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 
results of one such typical balance are shown in Table 8 

(Test h, solidified product 2SP). The closure of the balance 
for each individual element is very acceptable particularly 
considering the eitremely 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 extraction 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, bed depth, product aging, 
and water composition. Excellent results were obtained in 
every test and were virtually identical and independent of 
test conditions. Chemical analyses of periodic liquid 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 ofsamples taken after steady state was achieved. 
Steady state values for each solidified product sample 
studied were then estimated by averaging the results for all 

htests performed using that solidified product sample. The 
average steady state concentrations estimated in this way 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 ll 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 batch 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 factor of three, even in the very 
low parts per billion'concentration'rangeh This observation 
is conSistent with the metals in the liquid waste being



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

As stated previously, excellent results were obtained 
in every leaching test and the results were virtually identical 
and independent of the test conditions used. Specific 
observations and comments on the test variables are given 
below. 

Percolation Time~ 
In the column leach tests constant concentrations were 

obtained in less than a Week and remained constant for the 
duration 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 cm) 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 h (oven— 
dried); Tests 8, 9, 10 (air—dried) vs. Test A, 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 
precipitated compounds and the aging.conditions. It Was 
therefore anticipated that the stability of the solidified 
-samples with'reSpect to dissolution in the perColated leach



solution would increase with time.' The behaviour of two 
batch samples 2SP (Tests 2 and h) and 38? (Test 5) were 
compared with three consecutive monthly composite samples 
ASP (Test‘B),5SSP'CTest 9) and 68? (Test 10). Similar 
excellent results were obtained in the six column tests 
indicating that the solidified product stabilizes quickly 
within a few days or hours and further aging cannot improve 
the stability significantly. This conclusion is further 
supported by a test made using a highly weathered sample of 
solidified product. iThis sample, l2SP, was taken from a 
batch of material that had been exposed to Sun and rain for 
five months and when batch leached (Test 21c) gave results 
similar to batch leach tests using the other samples of 
solidified product (e,g., Tests 20a, 20b, 20c, 20d, 20e). 

A similar result was also obtained with a sample of 
SSP that was subjected to a daily freezing and thawing cycle 
for 5% days to simulate winter weathering. This sample was 
'batch leached (Test 21a) and gave results similar to Test'Zlc 
and other batch leach tests. 

‘Solution pH 
Attempts to vary the pH of the leaching solution with 

sulphuric acid were unsuccessful because of the buffering 
action of the excess lime in the solidified product samples. 
The pH of the tap water was 7.3 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 
Ce.g., Test 1% (Cl—water) vs. Test 15 (SOtater) vs. Test



v‘r 

_ g)- 

10 (tap water)). 
Using a natural sample of water from Hamilton Bay 

‘LTest 20f) did net change the‘resuits obtained in batch 
leaching with tap water (Test 20e). 

Solution Temperature 
Increasing the leach temperature to £000 (Test 6) had 

little effect compared to leaching at room temperature 
(Test 7) 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-7 and described in Section 3. The 
results of the leach tests are given in Table A—7. 

In Test 27b a sample of solidified product 113? was 
leached for 9 days. llSP was produced'in the laboratory 
using a procedure similar to.the field procedure used at the 
Hamilton site. Comparison of the results of Test 27b 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-h 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 lab material lower analyses were found for some 
metals (i.e., B, Cr, Mg, Si) While higher values were 
found for others Lite., Cu, Ti, Zn). The differences 
were small, generally within a factor of 2~3 except 
for Mg at about 360:1-



_ 21 _ 

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 concentrations of As, Cd, Cr, 
Cu, Pb, Ni, Hg and Mo. A solidified product 108? 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: 

l. All the doping metals except molybdenum were virtually 
completely fixed. The molybdenum was added as H2MoOh 
with M0 in the +6 oxidation state. The oxides of 
Mo(VI) are much more solpble 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 2Tb. 

A third lab 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 
produced solidified product samples 108? and 118?. The results 
of leaching show that: 

V "’ ~ 

1. Copper, zinc and calcium were lower in the leachated 
for TSP than for lOSP and llSP. 

2. The concentrations of most other elements in the 
leachates were similar for the two types of product. 

‘ Bulk Reagent Leachability 
L The response of three samples of silica— bearing re— 

agents were evaluated in three batch leach tests as outlined 
in Figure A—8. The results Show thati 

1. Calcium, strontium and silidon are slightly leached.
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2. Magnesium in tap water is decreased substantially by 
contact with clay. 

Structural 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 precipitated compounds 
produced during treatment of the acidic waste.solutions. X—ray 
diffraction patterns were prepared for several of the product 
materials and checked against the JCPDS Powder Diffraction 
File(6).V Virtually all of the lines could be accounted for 
by calcium silicate hydrate, 2CaO.SiOQ.H20 (pattern no. 3-59h) 
and silica, SiO2 (pattern no. 5—h90). 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 materialswas outside the scope of the 
present Study. ' 

' ”V i 

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 equivalent, eXpressed in centimetres 
of rain per centimetre of bed thickness, required for complete 
dissolution of each element. The time required for complete 
dissolution 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 are given in Table 10.for solidified 
product 2SP, assuming the Hamilton average rainfall rate of 
80 cm/year. The steady state leachate concentrations for 2SP, 
as summarized in Table 9, were combined with the background 
concentration of the tap water used in the percolation tests. 
The difference in the two setS'of values represent apparent 
concentration change during leaching. For most metals the 
change was small and frequently the leachate values were less 
than for the tap water indicating that the elements would 
never dissolve. For eight metals the concentration did 
increase and the estimated time reguired for complete 
dissolution per centimetre of bed depth was as follows:

I 

Calcium 2.1 years 
Strontium 2.7 years 
Barium 

' 
37 years 

Chromium , 550 years 
Silicon 

~ 

930 years 
Aluminum 2100 years 
Titanium 2900 years 
Iron h9,000 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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TABLE 1 

TYPICAL SoLlniFiéb'Pkdbfiéf COMPOSITION 

Solidified Product Analyses (Z) 

ZSP 33? 451’. - MOE (1) 
July 28/77 

na not assayed 

Aug. 23/77 May 1977 AEr' 1976 
Element 
aluminum A1 4.4 2.7 1.2 0.9 — 1.4 

arsenic AS na 0 . 0003 na 
barium Ba 0.026 0.017 -009 

beryllium Be na na na 
boron B na na na 

cadmium Cd 0.011 0.011 0-015 -00005 4 .0001 

calcium Ca 11.6 16.5 14.2 11.6 ,‘ 14.5 

chromium Cr 0.11 0.088 0-22 .01 - .14 

cobalt 
. 

Co 0.002 0.003 0.0005 .0005 — .001 

copper Cu 0.007 0.006 0.046 .003 -‘ .004 
i-rpn Fe 4.9' 5.3 2.2 2.8 '- 3.9 
lead Pb <0.0001 0.002 0-008 .006 — 0-05 

magnesium Mg 1.3 0.84 0-55 .6 - .9 

manganese Mb 0.14 0.075 0.50 .03 — .04 
molybdenum M0 < 0.002 0.002 na ' 

nickel Ni 0.015 0.014 0.003 .004 — .01 

phosphorus P 0 . 14 0 . 11 1 - 4 

potassium na 0 . 004 na 
silicon Si 30.6 18.3 na 
silver Ag 0.0001 na na - 

Sodium Na 1.2 0.76 1-1 

strontium Sr 0.020 0.019 0.008 
titanium Ti 0.29 

, 
0.18 0.025 

vanadium V 0. 008 0 . 005 0 . 006 

zinc Zn 1.6 —..4'.;3 
' 2.0 0.5 .. 2.8
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Element 
aluminum 
arsenic 
barium 
beryllium 
boron 
cadmium 
calcium 
chrOmium 
cobalt 
copper 
iron 
lead 
magnesium‘ 
manganesa 
molybdenum 
nickel 
phosphorus 
potassium 
Silicon 
silver 
sodium 
strontium” 
titanium 
vanadium 
zinc 
chloride 
nitrogen 
sulphate 
dissolved Solids 
Suspended solids 
pH 

Al
7 

As 
Ba 
Be
B 
Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 
Mo 
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TABLE 2 

TYPICAL LIdUIfi WASTE COMPOSITioN 

ZLW 
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 

Liquid Waste Analyses 
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 

(gpl) 
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 

C'he-mi-c a]. Analys e s (%) 

9122 . SEEZ Eeeag_§ufles 
Element 

_ 

ZCLY . BCLY ‘ 

> 

3 CEM 
Juiz 23/77 . 

Aug. 23/77 . Aug. 23/77 

Aluminum A1- 5.0 
' -6.0 

V 

2-3
T 

Arsenic As 
‘ 

na 3 , na na 
barium Ba 0.036 

. 

‘ 

' 

. 0.041 -01 

Bery1lium» Be ’0.0002 - 

” 

0.0002 0.0001 
Boron B 0.0001 . 

. 
20.0001 

. 

' 

0.0009- 

Cadmium Cd <0.001 <0.001 , < 0.001 
Calcium Ca 11.3 ~ 10.6 -. 27.8 
Chromium 'Cr 0.003 

_ 

<0.0002 
' 

v<0.0002 

Cobalt AC0 0.001 
' 

- 0.001 <0.0005 
copper Cu 0.005 

'2 

0.003 0.002 
Iron Fe 5.1 

' 

2.9 1.0 
Lead . Pb 0.005 ~ <0.0001 <0.0001 
Magnesium Mg 2.2 ‘. 1.0 2.2 
Manganese Mn 0.70 0.07 ~ 0.03“ 

Molybdenum. Mo <0.002 <0.002 <0.002 
Nickel 

' 

Ni 0.002 ‘ 0.002 
. 

<0.0005. 
Phosphorus P 0.13 0.049 - 0.03 
Potassium K na na na 
Silicon S'i 30—40" ,- 30-40" - 15—25* 

Silver Ag 0.0002 
' 

0.0001 - 0.0002 
Sodium Na . 0.96 0.85 - 0;6 
Strontium Sr - 0.022 . 0.025 

‘ 

#05 

Titanium Ti 0.32 
» 

T 

0.33 0.1 
‘ 

Vanadium v 0.014 0.009 
' 0.003 ' 

Zinc Zn <0.001 <0.001 
' 

<0.001 

na - not assayed 
* estimated values
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Element 

Aluminum 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
C0pperu 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Phosphorus' 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 
pH 

na — not assayed 
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TABLE 4 

caMpAnxsoN“o#'WAféR SAMfitE ANALYSES 

Al 
As 
Ba 
Be 

Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 
Mb 
Ni
P 

Si 
Ag 
Na 
Sr 
Ti
V 
Zn 

water Analyses (ppm) 

Tag Water 

< 0.05 ‘ 

na 
< 50.05 
< 0.005 

0.95 
< 0.1 
56.0 

< 0.01 
0.2 
0.03 

< 0.005 
< 0.5 
13.4 
0.07 
0.15 

< 0.05 
< 0.5

2 

0.56 
na 

22. 

0.19 
< 0.01 

0.02 
< 0.01 

7.3 

Hamilton Bay Water 

0.15 
na 
0.05 
0.005 
0.01 

< 0.1 
80.1 

< 0.01 
< 0.2 ' 

< 0.01 
0.17' 

< 0.5 
20.5 

< 0.001 
< 0.05 
< 0.05 
< 0.5 
5.3 
3.91 
‘na 

58 
0.43 

< 0.01
, 

0.01 
< 0.01 

7.1 

A

A

A
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i TABLE 7 

SUMMARY OF WATER QUALITY GUIDELINES AND OBJECTIVES 

i _ 

Ontario Guidelines (3 ) (mm) m. Guidelines (4) (ppm) 
Element Water Quality Effluent Domestic Agricultural Use 

Objectives 
, 

Guidelines Supply Continuous Short-Term 

I 
' Aluminum A1 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 1.0 . 1.0 0.75 2.0 

Cadmium Cd background 0.01 0.005 0.05 
’Calcium Ca 

. 

'- 

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 00.3 1.0 <0-3
I 

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 Hg background 
Mblybdenum 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 
Silver ' Ag ' ‘ 1.0 

i 
I 

0.05 
Sodium Na _ 

'IStrontium Sr 
. 1.0 

Titanium Ti 1.0 ‘ 

Vanadium V 
' 

1.0 10.0 10.0 
Zinc Zn 0.02 1,01: 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 

PREDICTE'D LONGTERM STABILITY OF SOLIDIFIED PRODUCT 

[.-' ~ Chemical Composition 
. 

Stabilitz 
Solidified Leachate Egg Concen- Rainfall Dissol- 
Product Eater tration Equivalent ution 

> gs: . 
Change 1 Eiggz 

- Z mgpl mgpl mgpl cm/cm y/cm 
aluminum A1 4.4 .21 <.05 <.21 166,000 2,100 
arsenic As na 

2 

<.2: na -*— -—- -—- 
barium Ba 0.026 .07 

. 
<.05 <.07 3,000 37 

beryllium Be as <.005 '<.005 0 m m 

i 

boron B 
. 

na .47 
. 

.95 .-ve ” 
cadmium Cd 0.011 <.1 <.1 "0 a a 

‘calcium Ca 11.6 601 56 545 170 2.1 
chromium c: .11 '.02 <.01 <.02 44.000 550 

“ cobalt Co 0.002 <.2 .2 -ve 
, 

Q a 
copper Cu 0.007 ..02 .03 -ve “ a 

. iron Fe 4.9 .01 
. 

. <.005 <.01 39 x 105 49,000 
' 

lead Pb <0.0001 <.5 <.5 o m an 
“' ‘magnesium Mg ’1.3 .12 13.4 -ve w - w 

manganese Mn 0.14 .002 .07 -ve a ” 
molybdenum . 

'Mo .<o.002 .06 .15 -ve a a 
.- nickel Ni 0.015 <.05 <.05 0 

_ 

w a 
phosphorus P 0.14 <.5 ,<.5 0 w ”I 

j 
potassium' K na 1.7 

. 

2 -ve ” w
. 

} 

. 

~ silicon 51 30.6 3.9 .56 3.3 v 

‘ 

74,000 .930 
silver - Ag 0.0001 <.01 - na 

1 sodium , 
Na 1.2, 12 22' -ve‘ ” “ 

5 

strontium - s: 1 0.020 .94 .19 .75 213 2.7 
titanium Ti 7 .- 0.29 .01 <.01 <.01 232,000 2,900 
vanadium v '. 10.008 .01 

’ 

.02 -ve w w 
zinc Zn . 

. 
1.6 <.01 <.Ol 0 w ” 

Notes: 
1. Rainfall equivalents are expressed in centimetres of rain per centimetre 

of bed thickness required for complete dissolution 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~



-35.. 

APPENDIX 

‘ Summary of Leach Test Procedures 

Solidified Product 2SP, batch composite July 28, 1977 
Solidified Product BSP, batch composite August 23, 1977 
Solidified Product MSP, monthly composite May,l977 
Solidified Product SSP, monthly composite July, 1977 
Solidified Product 6SP, monthly composite, July, 1977 
Weathered Solidified Product l2SP '

‘ 

Laboratory Produced Solid Products 7SP, 108P, llsP 
Solidification Reagents 2CLY, 3CLY, 3 CEM 

.Figure 

t’PDDT-fh>>-> 
a»<(h\n£ru)m14 

Leach Test Results 

L ‘ Table -Solidified Product 2SP,batch composite July 28, 1977 
7 

‘ Solidified Product 3SP,batch composite August 23, 1977 
Solidified Product hSP, monthly composite May, 1977 
So1idified Product SSP, monthly composite June, 1977 
Solidified Product 68?, monthly composite July, 1977 
Weathered Solidified Product 12SP 
Laboratory Produced Solid Products TSP, 108P, llsP 
Solidification Reagents ZCLY, 3CLY, BCEM 

I
l 
I 
I
I
I 

m—qoxwp’oomH 
>>>>>>>>



~

~

~ 

~~

~

~

~

~

~

~ 

~95v 

wand-on

*

~ 

~

~

~

~ 

~~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~ 

~~

~

~

~

~

~

~

~

~

~ 

~~

~

~

~

~

~

~

~

~ 

. 

ans—.333 

.AI 

mmfi. 

‘1 

ON: 

3.3%... 333% 

:1 

2352.52 

.Kuv 

«N 

.n 

yuan.

- 

:23 

«52mm 

55m 

953

_

a 
«a 

«a 

2: 

mmGMSmnil-r 

amt.» 

magma.» 

Amnmnv

V 

* 

3333 

IL 

23953q 

amp—Hana: 

‘I 

and: 

Gun 

Sufi

. 

auuuudwu 

‘1 

onEmaAHm 

$333 

9633 

{En 

v 
.n 

Emma 

.553 

«82mm 

* 

mafia 

9283 

3-38". 

PI

u o 
m 
.3 

2: 

_ 

23. 

a 
52 

:2. 

.395»

o 

298 

333a 

0
G 
010

" 

row 

moan.“ 

mg

a
s
H 

aofig 

2:38 

_ 

35:33 

AT 

amt: 

I. 

on: 

A 

a 

3.32

_ 

an 

alo 

He 

2: 

33

r 
o
a 

333311 

oEmSHm

. 

Enos 

33.3 

87308 

956 

mamwawnfimwufl 

33.53 

S 

can“. 

an 

.N 

uuoa 

En 

226 

macaw. 

9mm;

, 

33087? 

855 

2:38 

83 

row: 

d: 

2: 

32 

_|~o

n

a 

$528? 

2.: 

9.8 

uwfifl 

Sun. 

nouns 

gonna: 

11. 

zoEfiSE 

359a 

“.3338; 

. 

Hi 

032. 

no»

" 

3n 

_| 

.I 

l 

| 

I 

I 

c. 

I 

l. 

5.2 

San 

mm 

33038 

:33. 

,. 

05 

.H

U

u 

" 
20332238 

_ 

mmm

u 
no

a
c 

$338 

35.2: 

I. 

.334}: 

:58 

3mm: 

33.: 

mum—Hagan 

Sup 

55.. 

“5 

E523. 

.T< 

#58".

~



035mm“

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~ 

~~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~ 

mawwmwu 

gammu 

mnmfimmu 

mun—dawns 

H 

mmnflnmmz 

A 
mmnwnmms 

# 

mmawnmms

#

- 

mmg 

1.. 

On: 

_’ 

$5» 

11%:

u 
mag 

.AJwNm 

v 

mmg 

Alemm 

.ilv! 

Swan 

A 
an 

.nmmv 

zaaa¢maqnm 

oammaq 

wuwnmfiw

V 
Ir. 

6H 

945.q 

wumuufim 

In. 

”SEARS; 

3333 

. 

3333‘:

. 

k 

hmflvmv 

mafiwmwu 

a 

mama 

NH 

”Hauaqomv,

. 

mamm 

m 
SEN 

umwa 

31.502 

m 
«.6 

NH 

C. 

umon. 

39mm: 

9.0% 

.w 

ummn. 

mwamfimm 

HH 

mmmu 

3” 

.m 

umma 

mm 

mm 

mmmumwwmq 

wmmwmm

a 

~5q 

mmSh 

9.650m 

mofifi 

"Evan—m 

mumnomoa‘l 

mufiam 

mmmfimm 

wumnumwaln 

mafia 

ZSDAOU

N

k 

a 

o
m

_ 

+ 

Pu: 

win

N 

mom 

fininwm 

HE 

ooa 

as 

ooH 

mom 

own 

He 

ooa 

mom 

cum 

HE 

om 

mmna 

o
m

m 
cm 

Emmy 

Hovcoum 

wmfiuu 

DZHMO 

OZHMU 

Q 
MHfl 

OMHNG 

ZED 

NM

_73_ 

mhmw 

«m 

.mHOhu 

~6d

w 

Hsflfimm 

Acum,mamv 

mxmo 

nouawu

N 

mm:..£mm3 

‘1 

ands 

1.1 

o
a 

snag 

Hmum3 

=m%= 

‘l 

ZOHB§BAHh

~

~

~ 

uosuoum 

umwmauflaom 

Aggm. 

mumms 

wfiavfla 

,IE

\ 

:53” 

awn—mad 

mm 

muwwomfioo 

scuba 

mmm 

#05693 

uwflMHmflnom 

«LN 

magma 

mwm

. 

NI< 

mm=umm

u 

guard—m 

mmzaamucmm 

Hmm» 

=u<u4 

no 

>m¢zz=w mfiflbwflm



_ 38 '. 

mmnfismmsl?lll 

mncflmmu

~ 

mmfig

~ 

Aqm¢v 

mumguaflm

A

~ 

ZOHBflMBAHh 

lrl 

ONm

~

~

~

~

~ 

mamv 

m 
.oom 

umoa 

momma 

Mmfidm

~

~ 

mom

V

~ 

cum 

Ha 

ooa 

. 

Aaauaqov 

.muamvv 

mmamamm 

ma 

.mumsomoa 

EHOwV 
msnwmwu

~ 

mama 

ma 

.m 

umoa 

magma 

223400 

14"!

~

~

~ 

all

. 

cmm 

mmmfl

~

~

~ 

OZHMU

~

~ 

”m0 

ZN>O

~

~

+ Hm 

wwwm«mflaom 

Ammwv 

uonco

~ 

mu¢ 

manna 

mwm 

Ahhaa 

hm: 

muflmomeoo 

manunofiv 

mmw 

uoswoum 

wmwwwcflaom

. 

mBADmmM 

"AflHmmfiflz 

mmmaauuomm 

pmmw 

=u<m4 

mo 

>m<zz=m 

m-< 

umso

~



_ 39 _ 

msvwmwu

~ 

mmcflnmm3.AIIIL 

mm¢z 

;?I 

Own

~ 

Agmmv 

mumuuaflmn5lll

~ 

ZOHBdMBAHm

~

~

~

~

~ 

mama 

m 
.uom 

umma

~

~

~

~ 

Amlaom 

‘Hhmv 

mscflmmu

~ 

mung 

«a 

.m 

smug

~

~

~

~

~ 

~ ~

~

~

~

~

s 

mo¢mq 

Mm¢qm 

moamaum 

m 

oumnummannlllg 

momma 

zzpnoo 

V
N 

all 

can 

as 

ooa 

o
m 

2;. 

33 

.« OZHMG 

vlfl 

wanna 

00m

u 

mBADmuM 

wan 

zm>o 

anhma 

mash 

muflmomaou 

manucoav 

mmm 

uoscoum 

omfimaoflaom 

ug¢Hmma¢s

b 

Ammmv

~ 

mumzamuomavkmmp_=u<m; 

mo 

>m<sz=m 

cx< 

mmsm 

uosqoum 

cmfiMfluHHom



magma“
a

~ 

~

~

~

~

~

~

~

~

~

~ 

mug—Jamaal... 

:95 

BI 

ON: 

35.5. 

333.3 

In: 

oa§SHm 

>3 

gun 

a 
.mow 

anus. 

Ends»: 

:35 

xmfim 

Inc- 

52 

2: 

mo... 

Amlaaogmuv 

nl 

‘HU

. 

MMHMEMM 

My 

053mm.“ 

moans—um 

m 

wnvwawu 

oumnomma 

uuunouua

* {no 

a 
V3 

away 

543 

2:38

~

~

~

~ 

88 

-140-

~

# 

mung—nu: 

.41 

7Hm 

OUMHOHHN 

AaIHAUHUw. 

moans—mm

m 
oumaomoa

~ 

5% 

a 
.3 

anon. 

Quad 

22.300

~

~

~

~ 

unvauou
a 

~

~

~

~

~

~

~

~

~

~ 

magmuu 

(ION: 

mw¢3 

l4! 

ZOHBAEHAHM

g 
was“. 

a 
Jan 

umwa

N 

553 

xmfim 

II

o 

:32: 

gm 

AQIHAUw 

Tammy 

madman—u 

a 

26.30.» 

aumnuuua

~

~ 

93v 

a 
.3 

$2. 

aofimq 

ZZDQOU

~

~

~

q

~ 

can". 

«a 

.3 

“Son.

~

~

~

~

~ 

}r 

i 

',

~

~

~

~

~

~ 

willt.|_ 

00mm? 

Shaina 

HOE 

ERGO 

W] 

on: 

83

_ 

WI 

cashew 

23:

r 
onmuau 

33 

9228 

38 

2E6 

7

, 

3mg 

".0585 

333.33 

mud 

0.33. 

can

u 

magma 

2.a 

32. 

«nanomaoo 

35:05 

«I 

lllll 

r
I 

III. 

In. 

mum 

Huafloum 

UUHHHUHHOm 

«madman; 

" 

23952358

_ 

mmmzauozm 

emu... 

55.. 

”E 

2525 

mu< 

mm 

:8... 

1' 

an:



V. 

Avev 

_ hl _ 

. 7 

FIGURE A-B 
SUP‘IHARY'OF LEAC’rl TEST PROCEDURE 
MATERiAL: Weathered Solidified Product lZSP 
RESULTS : see Table A—6 

solidified product 

weathered product (125?) 

Y
I 

AIR DRIED 

GRIND
~~ 

« 50g
~ 

100 ml 320 _._,.. 
’ 

FLASK LEACH 
Test 21c, 13 days

~~

~ 

FILTRATION “—"fiF flltrate (lZFL) 

l___a_ washings
~ ~ 

- H 0 '4—9— WASH 

residue



mmafismmzvtj 

mscflwwu

~

~ 

AQWHHV 

mumuuawwlfl.

~

~

~

~

~ 

~

~

~

~

~

~ 

_h2_

~

~

~ 

~

~

~

~ 

~

~

~

~

~

~

~

~

~

~

~

~

~ 

~

~

~

~

~

~

~

~

~

~

~ 

~

~

~

~

~

~

~

~

~ 

3:585 

g 
:23 

wzééss 

3 
:25” 

mtg 

$.s 

Lilly 

[Pr 

Ir 

wnwwmmu 

96.30“" 

w. ‘ 

., 

w
.

+

N 

$43, 

:1

o
m 

musing 

. 

$55 

lien: 

._ 

mmfismg 

.

. 

fig 

1.. 

of 

oammSE 

Shad 

3333 

AT 

oaéaaE 

Sub 

3333:... 

205555

‘ 

“v

-

_ 

N

V

.

. 

an 

~m.

. 

mm 

mama 

m 
5.5 

puma 

AI

0 
is 

2: 

38¢ 

a 
«R 

un 

{I 

can 

a... 

2:

m 
u 
a 

ow 

u
a 

u

. 

mufiq 

xmfim 

_ 

mafia 

gain 

:35 

xmfim 

A! 

0 
ad: 

2:

v

, 

mom

r 

33: 

posuoum 

mom 

momy 

0: 

Ohm 

0A 

.n 

A 
Om

_ 

vmfluwmfiaom 

awed

v 
v

6 

.w.v.H

, 

Em: 

.uoufioum 

wmufiamuuflm: 

5:5 

ao 

555 

2E6 

owns 

256 

956. 

ESE 

«Hm 

355 

a: 

gamma 

zu>o 

k 

,.

r

b

. 

1.238.230 

158230 

35:33.3

. 

$5; 

an: 

. 

23952338

. 

23952338 

725 

Ara:

. 

.u 

[I 

9...: 

«£833.41 

.. 

233553 

.933 

333

r 

. 

.

. 

3%.: 

comou

. 

meowvsaom 

exumoa 

ldmuwusm 

zensdnqgaomz 

1:05.:

. 

I

‘ 

.o 

in 

.4 

:32 

3mm: 

3.63 

7‘ 

033. 

8a

u 

2.5%... 

:52 

gamma 

3s 

souu 

.3d 

338m 

cfiflcfiom 

.0 

$52 

mumms 

333 

women 

20$ 

$25 

33.9...“ 

83328 

.m 

Ea: 

wummz 

“325.: 

Eon—u 

Ems 

uoacoum 

uwumamuusoz 

.c 

33¢o 

33m 

$0585 

anon—233 

ufiummafi.



_ A3 - 

msowmon

~ 

mmcfinmmé 

if 

Emzmomv

~ 

opmuuAflu 

.;I

~

~

~

~

~

~ 

032.809 

mmfls 

Alemm. 

mar—«5mm: 

.Al, 

“$43 

llo~m 

mafia—Em.» 

.AI 

Amqmwnomv 

.mqmwnomv 

ZOHBQMBHHW 

OHMHQHHH 

jCHBQMhH—UHW

A 

QUMHUHflM 

g

L 

mama 

5 
.ma 

Hyman. 

ammo 

ha 

;NH 

Hume 

.Aaamuqomv 

mogfl 

Mflvdfiwm

~

~

L 

”53.0 

om 

4'0 

AONm 

wmvv 

AsMV 

mmvsam 

£8560 

.U 

.mvmnoawa

. 

1.... 

mm 

as 

ooa

~

~

~

~

~

~

~

~

~ 

Snag—H. 

mmxfimm

~

~

: 
mom

~ 

fly: 

o~:.Ha 

OOH
~ 

QZHMO

~ 

$59 

”:4

~

~

~ 

Awqomv

a 
#0 

.m 

and 

minus 

mom

u 

Manama 

Ahhma 

um=m=< 

mm. 

=mu~ 

mmnnam 

acmamu

u 

flhhma 

umsm=< 

«NV 

waom 

oHQEmm 

amau

m 

“puma 

mash 

m~. 

wqou 

mHQEmm.amHu

a 

mucwwmmm 

Evan-mu.“ 

mica 

How 

u 
.Hd 

Huh: 

mmmanmuozm 

Hmmw 

=u<m4 

u>Hp<m<mzou 

mo 

>m¢zznm 

2 
as: 

.

y 

‘I'rliiv 

,,

‘ 

9.3”m

~ 

mw¢3 

.Al 

Omm.

~

~ 

ZOH 

HEMBHH 

.m

~

\

~

~

~ 

mumsomma 

l1.

~ 

.mauw 

ha 

.Ha 

puma 

magma 

mmxgmm

~

~

~

k

.

m 
on

. 

wano~m 

Ha 

cad

~ 

QZHMU

~

~ 

NMQ 

KHAN

~

~ 

Awnonv 

amao 

.a.



~

~

~ 

oa_- 

.o.ov 

.o.oy 

~o.ov 

~o.ov 

.c.ov 

oo.o 

“o.ov 

no" 

.o.o 

.o.ov 

.o.o 

No.o 

.c.ov 

_¢.ov 

No.o 

comm 

.o.o 

"o.ov 

ao.o 

_o.o 

.o.ov 

"o.cv 

go.cv 

A 

¢oN 

¢m.o 

“o.o 

pm.o 

h.o 

oo.o 

¢¢._ 

m..o 

aces 

@— 

u. 

,h~ 

on 

o.v 

am 

NN 

o.N 

“o.ov 

.a.ov 

.o.ov 

No.o 

,< 

z 

< 
z

<
z 

oooomn 

no.¢ 

mo.¢ 

n.n 

mm.N 

o.o 

m—.N 

om.o

< 
z

N

N 

_ 

a 

N

o

N 

oNo. 

m.ov 

m.ov. 

m.ov 

m.ov 

m.ov 

n.~ 

m.ov 

on. 

mo.ov 

mo.ov 

mo.ov 

mo.ov 

oo.o 

mo.ov 

mc.ov 

oNv 

~.o 

ma.ov 

~.o 

o.o 

mo.o 

_..— 

m..c 

cm—N 

~oo.ov 

.oc.o 

moo.o 

ooo.o 

Noo.o 

noo.o 

no.o 

oa~m_ 

h..o 

mo.o 

mo.o 

mo.o 

cc.o 

c—.. 

e.n. 

«N 

m.cv 

m.ov 

m.ov 

m.ov 

m.ev 

m.cv 

m.ov 

ooecm 

"o.o 

.o.o 

no.o 

no.o 

moo.ov 

N¢.o 

moo.ov 

no” 

No.o 

“a.o 

oo.o 

..c 

N.o 

mN.~ 

no.o 

K 

NN 

N.ov 

N.ov 

N.ov 

N.ov 

N.ov 

N.ov 

N.o

_ 

onN. 

no.o 

no.0 

mo.o 

n.o 

do.ov 

~.q 

~o.ov 

“w 

ocom.. 

mNo 

pom 

m—o 

mNo 

.so 

o.o. 

.om 

_ 

Qo— 

..ov 

~.ov 

..ov 

”.ov 

N.o 

..o 

~.ov 

< 
z 

.em.o 

no.0 

ms.o 

N.— 

¢.~ 

ms.“ 

mo.o 

<.z 

moo.ov 

moo.ov 

moc.ov 

moo.ov 

<
z 

<
z 

moo.cv 

mun 

mo.o 

mo.o 

mo.o 

mo.o 

n—.o 

n.o 

mo.ov

<
z 

N.ov 

N.ov 

N.ov 

N.ov

< 
z 

< 
2

<
z 

ooNom 

"N.o 

mn.o 

mn.o 

mo.o 

«5.0 

a¢.o 

mo.ov 

«ufl!«|mcqlunmlclwawnn 

0.0 

¢aon 

N.°— 

0.0— 

0.0 

N-O 

M-h 

om" 

oNo 

mro 

ome— 

omm 

me" 

am" 

mN 

mad 

huln. 

n.3o 

c 
1N 

N 
I. 

_ 
no 

mJuoN 

QJUQN 

mJUQN 

equoN 

MJUQN 

NJUoN 

"JuaN 

mnoumww

w 
m 
J 
m 
x 
<
w 

m 
h
4 
z 
u
< 
m
J

r 
u
< 
m 
J 

z 
z
a
J 
c 
u

a 

p
m 
m 
b 

www<s 

Atu 

>JDfi 

QN 

MhHWOQZOU 

IUh<m~ 

QWN 

PUDOOml 

Gwal—OuJflm

~ 

WhJDmUm 

hWWh 

2U<w4 

nl< 

NJQ<P 

mo.— 
_o.ov ~o.ov 

so.m 

cosm— 

< 
z_ 

m.o~ 

a“ 

».o 
cw.o 

mo.cv 
floo.ov ~¢.o 

m.ov 

Nn.o nm.. 

N.ov 
fio.ov 

o~o~ 

~.o 
n_.N

N 
.Ha 

ulN 

KUH<3 
maul 

COND— 

Nn 
ooom 

baa 
00$.” 

Nou 

ooocom 

<
Z 

o¢¢~ O@n. 
ONV 

oucu 
comm— 

av 

oomme 

50 ON 
Chen 

ooowuu 

non <
Z 

<
Z 

¢ON <
2 Doom? 

1mm 

HUDQDml 

O~Jflw 

uJ<~£Nh<Z 

OOa
3 

>0

N Ooh 

OQDN 

«.m 

30"“ 
man 

ecmm 

as 
«.0<

2 oc 

:u><mm< 

p22

. 

ZN uh 1m <2 U< mm "2 DE :2 dz 
Van 

3U us <0 m< J< 

<
Z 

UZ—N 

ZDHQ<Z<> E=~Z<h—h 

53—hzochm 

ZDuDOW mm>J~m 
ZDU~J~m 

23—mm<h0l 

wCIamDIQ 

JmZU—Z 

EDZMGZ>JOE 

mmwz<cz<z 23—m42042 

Q<MJ ZOE“ 

amaacu #44600 

23~EGKIU 

SD—UJ4U IDuZG<U 

ZDKOQ 

ZDHJJ>¢HE 

23—¢<£ 
uuzumm< 

232 

—.IDJ< 

IQ 

mJ1£<m 

mo.42 

kzzoz< 

m><3|m2~h 

aOZ 

wJQZ<m 

ZOnhmuaUflmo 

UJ1£<W



..l;5_ 

~

~ 

000- 

.0.0v 

.0.0v. 

.0.0v 

.0.0v 

00.0 

00.0 

00.0 

mu.0 

no.0 

~0.0 

no.0v 

0h 

«0.0V 

“0.0V 

~0.0v 

_0.ov 

~0.0v 

~0.0v 

«0.0V 

~0.0v 

00.0v 

~0.0v 

no.0 

mmm 

000.0v 

~00.0v 

.00.0v 

.00.0v 

~0.0v 

"0.0V 

~0.0v 

.0.0v 

"0.0V 

“0.0V 

"0.0V 

00~ 

no.0 

no.0 

no.0 

no.0 

me.0 

50.0 

_~._ 

eh.“ 

om.~ 

No.0 

a..0

< 
z 

0. 

0~ 

0. 

aw 

0—v 

0_v 

0mm 

0mm" 

0n_¢ 

00mm 

NN

<
2 

“0.0V. 

n0.0v 

«0.0V 

.0.0v 

¢ 
2 

< 
z 

< 
z 

< 
z 

< 
z

< 
z 

<
z 

< 
z 

mm.n 

me.~ 

.~.m 

co.~ 

mo.0 

m.~ 

m.— 

m.~ 

n.0 

monn 

0m.0 

< 
z 

‘_ 

_

N 

a. 

m

N 

m 

o 

0

w 

,

m 

0¢¢~ 

m.0v 

m.0v 

m.0v 

m.0v 

m.0 

m.0 

0.0 

m.0 

u 

m.0v 

m.0v 

new 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

n_.0 

mn.0 

m~._ 

ha.“ 

m0.ov

< 
z 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

m0.ov 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

00.0v 

m_.0 

0n0m 

000.0 

.0o.0v 

~00.0v 

000.0v 

h00.0 

500.0 

~00.0v 

.00.0v 

_00.0v 

moo.0 

50.0 

comau 

hu.0 

00.0 

00.0 

«0.0 

m0.0 

m0.0 

m0.0 

m0.0 

“0.0V 

n~.o 

fi.mg 

0n 

m.0v 

n.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.mv 

m.0v 

m.0v 

m.0v 

m.0v 

cowhm 

m00.0v 

m00.0v 

m00.0v 

m00.0v 

-.0 

No.0 

«0.0 

50.0 

00.0 

00.0 

000.0v 

mm. 

¢0.0 

~0.0v 

«0.0 

"0.0v 

—.0 

m0.0 

00.0 

o_.0 

50.0 

o~.~ 

no.0 

on 

~.0v 

m.0v 

~.0v 

«.0v 

«.0v 

~.0v 

~.0v 

~.0v 

«.0v 

«.0v 

«.0 

000— 

«0.0V 

«0.0V 

"0.0V 

.0.0v 

«0.0v 

00.0% 

no.0v 

,~0.0v 

.o.0v 

«0.0V 

00.0v 

oooomu 

com 

coo 

hwo 

omo 

ash 

mas 

can 

000~ 

0Nh~ 

«mm 

on 

on 

_.0v 

“.0v 

“.0v 

~.0v 

«.0v 

—.0v 

n.0v 

_ 
n.0v 

0.0V 

..0v 

~.ov 

<
z 

m¢.0 

m~.0 

om.0 

a~.0 

.~.0 

0.0 

0.0 

h~.. 

am.~ 

00.0 

no.0

< 
z 

m00.0v 

m00.0v 

m00.0v 

m00.ov 

<
z 

< 
z 

< 
z 

< 
z 

< 
z 

<
z 

m00.0v 

hm" 

m~.o 

N..o 

m0.0 

mo.0 

m0.0 

-o0 

-.0 

n.0 

N¢.0 

n.0 

m0.0v

< 
z 

m.0v 

m.0v 

m.0v 

«.0v 

< 
z 

< 
z 

< 
z 

< 
z

< 
z 

< 
z 

<
z 

oommc 

m..0 

_.0 

w—.0 

00.0 

m0.0 

0N.0 

m~.0 

h0.0 

~0.0 

«N.o 

m0.ov 

flImIMIMIqIIIMIQIWIWIm 

0.0a 

m.0~ 

¢.—u 

n.0— 

v.00 

...u 

0.- 

~.—. 

N.0~ 

01.0 

m.~ 

on. 

can 

«on 

own 

emu 

00 

«mm 

00 

mp 

0N 

«mica 

cmnou 

aura“ 

m—nm 

a 
no 

0 
Im 

m 
I~ 

m 
1‘ 

A 
:0 

mduw 

0—4um 

oqum 

mJuw 

NJQN 

oJUN 

mJuw 

«JUN 

mdum 

NJum 

.Jum 

unauwwm 

m 
m 
J 
Q
I 
< 
w

Z 
a 
a 
F 
D 
J 
D
m 

ru<m4 

zmaq 

M 

p 
m 
m 
h 

zwwwz 

afihmu 

>JDH 

0N 

Whumolzou 

IUh<G~ 

QMN 

MhJm& 

Pmmh 

IU<NJ 

Gwazuhzou 

ul< 

M43<h PUDODEQ 

aM—&~O—Jcm 

uJ<~1wh<E 

Qm> 

<mm< 

#32

l 

<
Z 

ZN 

UZAN

> 

ZD_O<Z<> 

.h 

£D~Z<h~h 

mm 

SD—bZDdhm 

<2 

ZDuOOm 

v< 

mw>J~m 

um 

ZOUuJuW

¥ 

23—mm<h01 

a 

mDZDIQmDIQ 

~Z 

JM¥UuZ 

a: 

EDZUQQ>JDZ 

ZE 

mmu2<c2<2 

OZ 

ZDHWUZU<S 

ml 

G<mJ 

um 

20d— 

DU 

ZU1QDU 

0U 

hJ<mUU 

1U 

EDHZOKIU 

«U 

23uUJ<U 

GU 

SDnZD<U 

m 

ZOEOE 

ma 

EDnJJ>mm£ 

(m 

23—1<m 

w< 

U~mm< 

J< 

£22n234< 

:1 

Hl<w 

U 
10 

J2 

PZDOE< 

m><lZ~h 

uDZ 

MJQE<W 

20mhammummo 

m41£<m



~

~

~ 

Ow><mm< 

#02

I

<
2

~

~ 

.o.ov 

. 

comm. 

~o.cv 

ne.ov. 

.o.ov 

_o.ov 

z~ 

uz_~ 

.c.ov 

m.om 

~c.o 

mo.c 

.c.ov 

mc.o 

,> 

23~a<z<> 

.o.ov 

one 

naoo 

~c.o 

~o.ov 

do.ov 

d» 

:3_z<»_p 

~n.— 

«mu 

hm.o 

«0.: 

h~.o 

o‘.o 

mm 

zaukzcmpm 

omom 

ocnv 

.c 

on 

em. 

NN 

<2 

23.nom 

no.o 

~.N 

~o.c. 

no.m 

< 
z

< 
z 

.o< 

au>4_m 

m.~

<
z 

.e.n 

so.m 

mo.ov 

cm.o 

.m 

zcu_4_m 

< 
z

<z 

. 

Nv 

«v 

m 

: 

z:.mm<»oa 

m.ev 

omm. 

m.ov 

w.ov 

m.cv 

m.ov 

a 

mazozamozz 

mo.ov 

oo 

mc.ov 

we.ov 

mc.ov 

mo.av 

_z 

Juzuuz 

¢¢.o 

cmv 

~.o 

mo.o 

mc.ov 

mu.o 

a: 

zazwam>402 

m_c.o 

oucm 

ooo.o 

noo.o 

~cc.ov 

ho.o 

z: 

mmwz<oz<z 

nn.. 

coma. 

om.- 

m~.o 

.o.ov 

¢.m” 

w: 

23mmu2a<z 

m.ov 

on 

m.ov 

m.cv 

m.ov 

m.ov 

an 

2<m4 

moo.ov 

ooowc 

omo.o 

nno.c 

moo.ov 

moo.ov 

.mu 

zom— 

nu.o 

m.~w 

—~.o 

no.0 

co.o 

no.o 

nu 

«unmau 

~.ov 

m. 

~.o 

n.c 

~.ov 

~.o 

cu 

h4<aou

_ 

“c.ov 

nun 

no.o 

wo.o 

~o.ov 

~o.ov 

mu 

:3_zcm:u 

”w 

co.— 

oomoo 

qcc 

«co 

..m 

cm 

<0 

23~u4<u 

_ 

_.ov 

mm 

..ov 

«.ov 

..ov 

fi.ov 

ou 

zn_za<u 

mn.¢ 

<
z 

~.n 

hm.o 

n~.o 

ma.o 

m 

zamom 

moo.ov 

~._ 

moo.ov 

moo.ov 

< 
z 

moo.ov 

mm 

23~44>mmm 

0—.o 

no— 

ua.o 

mo.o 

-.o 

mo.ov 

«m 

zsam<m 

<
z 

<
z 

~.ov 

~.ov

< 
2

< 
z 

w< 

u.zmm«< 

mo.ov 

oomnn 

mo.o 

en.o 

mc.o 

mo.ov 

J< 

:nz~234< 

djlmlfilllMIQIWIW‘lfl 

m.a— 

n.o 

m.a— 

o.o 

m.~ 

:a 

m4az<m 

co 

cm 

as 

u 
mo 

4: 

kzaoz<

o 

«N

e 

a 

m><cum:_h 

4mm 

mmN 

o—JmN 

oJQN 

m4a~ 

.oz 

m4az<m 

mMMM£ 

mmu 

maa.wmm 

qa:<m. 

20—h340m 

mup<z 

za_pa_mummo 

(an

. 

m» 

ru¢m4 

awx<mm 

mU¢hm|n.

m 

Hmmw 

a<p 

u4az<m

~ 

~~ 

ahh0u 

>J31 

0N 

mhuWOQEOU 

IUh<Du 

mmN 

PUDOOIQ 

Om—m—Q—Jflm 

"J<—ZMP<E 

WFJDmmz 

Pmmh 

IU<WJ 

QwDZAPZOU 

~l< 

MJG<F



~ 

_ LT _ 

dia!MIMIHIIIHI«iWIWIfl

~

~ 

cache 

.c.ov 

~a.ov 

_o.ov 

~o.ov 

~a.ov 

N0 

uOOOV 

~Ouov 

«OnOV 

nOoOV 

~Oo°V 

omow 

~c.°v 

.oucv 

.o.ov 

~o.ov 

.c.cv 

Mum 

a.o 

hm.o 

n~.o 

hm.o 

~.m 

ocoo 

mm 

mm 

de 

ma 

com. 

<¢z 

_o.o 

~o.o 

.o.o 

o~.o 

no.ov 

cacao”. 

eo.~ 

mm.~ 

wn.~ 

Mw.¢ 

~m.¢ 

be 

m 

m.

N 

n

e 

can. 

m.a 

o.o 

m.o 

m.ov 

m.cv 

emu 

ma.ov 

mc.av 

mo.av 

mc.ov 

mo.ov 

<
z 

mo.o 

mo.o 

o.o 

whoa 

o.— 

mom 

mo.o 

eo.o 

oo.o 

uoo.ov 

noo.ov 

oomo 

mo.o 

co.o 

om.o 

en.o 

oc.o

<
z 

m.cv 

m.ov 

m.cv 

m.ov 

m.ov 

cacao 

.o.o 

ea.o 

~o.c 

mo.° 

mo.o 

on 

co.o 

no.0 

.u.o 

¢~.o 

nm.o 

on 

~.ov 

m.qv 

~.ov 

«.ov 

~.ov 

anon 

«o.ov 

«o.o 

¢o.o 

ao.o 

-.o 

cocoa” 

owe 

«me 

com 

mom 

moo 

can 

..ov 

u.ov 

~.ov 

..ov 

~.ov

<
z 

—~.o 

¢~.o 

on.o 

o~.o 

go.—

<
z 

moo.ov 

moo.ov 

moo.ov 

moo.ov 

moo.ov 

mow 

mo.ov 

mo.ov 

mo.ov 

-.o 

~n.o 

o.n 

~.ov 

u.ov 

m.ov 

~.ov 

~.ov 

canon 

.Nu.o 

¢~.o 

¢~.o 

mo.o 

om.o 

m.c~ 

u.on 

a.o— 

¢.m 

mm 

on 

«M 

as 

om. 

c.1m. 

n_|~_ 

m 
up 

5 
Im 

m 
to 

«Jun 

c.40m 

~4un 

«Jun 

MJun 

«Jon 

ummqwmm

W 
m
J 
m
m 
< 
m

z 
o 
q 
H 
a
J 
o
m

I 
u‘q 

m
A 
z 
z
3 
A
o 
u 

m 
b
w 
m
h 

UJU>U 

3<Ih 

Q 

NNWWEE 

0h 

QWFUWSQDW

a nonov 
Ncoo 

accov 
Ou-o 

NN 
<
Z 

wmoc 

m.ov 
mo.ov 

m_.o no.o 

o.n— m.ov 

moo.ov no.o 
«.o ~o.ov 

om 
..ov 

mo.a moo.ov 
mo.ov <

z 
.mo.ov 

,MoF 

imb<3 Q<h 

me.— 
no.0v uO-OV 

Nb.” 

OOMu 

«Onov 
nmno <

Z 
m-ov 

Geno nun 
woo-0V eo-O 

moov Qu-OVV 

muoo 

Noov 
~O-ON 

"#0 

aoov 

muco moooov hNoo 

Noov 

”"00 

«km 

awh<3 
mall 

COGN¢ 

Nm 
ode" 

mm— 
one» 

<
z ooomou 

"e 
oN__ 

eeu omv #mh 
ooem 

Nu 
ooomm 

go om msm 

ooomo_ 

oo_. <
z 

<
2 

as” 

o.~ 

ooapw 

1mm 

huaocwl 

3—40w 

u<~N 

bWNh 

Zn 

J<~¢Wh<2 

oo_mu 

m.~ ¢.m 
em.m 

.nma 

91° 
N.cm 

mo .5" 

n.mn 

~h.a 

hhw 
om 

.m.ov 

GONNN 

~.u« 
m.m 

oes— 
who 

o.mm 
“o.ov 

do.o o-o 
~.ov 

mm 

Gnu ZJH 

whm<3 

2— 

DC 

HI. 

ahhmu 

PWDUD< 

MN 

Wh—WOQiDU 

IUh<£~ 

QWM 

FUJGOuu 

omnlaauJom 

uJ<uzmh<E 

tammm 

ht 

:u<w4 

4,| 

' 

’1‘ 

Nl< 

u4m<h 

Qm><mm< 

#02

I 

<
Z 

ZN> ~h 1m Hz 0: 22 an um .30 
DU 1U <0 GU um <3 m< J<

~ 

uz_~ 

ZD~Q<Z<> 

23:72.:

h 

23~h23mkm 

SD—QDW am>4_m 

zoo.4.m 

2:.wm<hou 

MDIOI;mOIa 

suwz 

EazmomyJoz 

wmm2<az<z 23—mmzo<i 

O<NJ zom. 
mummou. p4<nou 

znnzczzu 

2:.UJ<u z:.:o<u 

zamom 

::_44>mmm 

za~x<m 

uuzmma< 

SDZ—ZJJ< 

IQ 

m412<m 

0 
20 

J2 

FZDOI< 

m><3lU£uh 

.OZ 

u412<m 

ZO~PQ~¢U$MD 

mJQ2<m



_ h8 _ 

no.0 
.o.ov 

"0.0 mo." 

Own— 

do.o¥ m.— 

00 
mncv 

mo.av e.— 
.oo.ov 

-.o 
Muov 

moo.ov 

pm.o 
u.ov 

«o.ov 

aeo— 

_.ov 

u..o moo.ov mo.o<
z 

anov 

Oouu 

m— 

tmm 
IamuHmw 

IUJ 

¥m<4l 

(uN 

hWMh 

.o.ov .o.ov ~o.ov 
.e.‘ 

ac.— 

.o.ov m.o<
z 

m.ov 
ma.ov 

no.c noo.ov om.o 

m.ov 

moo.ov n~.o 

~.ov 
~o.ov 

one 

—.ov 

c.1o moo.ov mo.o<
z 

mo.ov 

Jun 

amaMHmm 

:04 

gm<4u 

EON 

hmwh 

-.c 
.c.o .a.o am.— 

can» 

“ouov 
un.o 

mo 
m.ov 

mo.ov 
mo.~ aeo.ov mm.o 

m.ov 

mo..o 
o~.o 

~.ov 

nwwo 

«on 

«.ov 
«.0 

moo.ov o_.o 

«.ov 

MnoQ 

on N— 
NJmUn 

~900V uOoOV uOtOV 
anon 

OWN— 

uDuOV‘ 

$¢IO

G moOV 
mOoOV 00° 

uOOoOV 
h-o 

mtov 

000-0 
"”90 

Noov 

QNOO 

0mm 

«00V 

MN'O WOOoOV ~N.O 

NoOV 

muoo 

o~.o ~o.o no.o hm.~ 

omn— 

—o.ov 
mn.. 

cud 

s.o 
m~.o m—.. no.o >~.o 

m.ov 

ou..o 
m¢.o 

m.ov 
-.o 

mum 

¢.ov 

.~.~ moa.ov ¢~.o 

~.ov 

o~.o 

NIflIMlMIqlllwsfllmlfllq 

m—N 

qUM 

mw4azflm 

zo 

Madame 

IUJ 

¢M¥<wm

M 
IIMIIII1I 

hmwh 

¢¢ Nu 
NJQIM 

aOV 

uG-OV uO-OV 
mm-u 

OFén 

nocov 
m-Ou m.ov 

mo.ov 
mm.o .oo.ov mm.o 

m.ov 

moo.o 
~¢.o 

~.ov 
-.o 

mmm 

..ov 
5.0 

moo.ov n~.o 

~.ov 

Nu.o 

OwN 
«JEIM 

IWWJMflflWImHcm 

mwmlmwmflwm 

w 

hWMHI 

WFJDWWE 

hmwh 

IU<mJ 

GWDZ—hZDU 

Nl< 

MJQ<H 

NJU>U 

3<1b

Q 

NNNWGL 

Oh 

Qwhumfimam 

awn 

"<—N 

hMWh 

Zn 

J<FEUP<2 

.tu 

FWDGD< 

NN 

whnmnaiou 

IUh<m~ 

1mm 

hUDOOIl 

OM~lucHJDm

~ 

m.ov 
mouov 

muse No.0 

«.m— wwov 

moo-0V no.0 
Nno «0.0V 

am 
unov 

MQ-o moo-0V 
meoov <

Z 
vcov 

2U 

h<3 
1<F 

uJ<~Emh<E 

3u><mm< 

#32

I 

<
z 

ZN 22 32 
a. 

at DU DU flu «U GU an (n W( J<
0 

uz_~ 

23~c<z<> zauz<bah 

23—hzcmhm 

zamoom am>4_m 

zou_4_m 

23amm<poa 
maaozlmoza 

Juxu_z 

zazmom>4oz 

wmmz<uz<z zaumuzu<z 

o<u4 20mm 

muaaou h4<mou 

ZD—ZOMIU 

EDNUJ<U ::_:o<u 

zomom 

23.44>¢mm 

:3_z<m 

U_zmm¢< 

232.:34< 

IQ 

m4¢2<m 

20 

J2 

PZDD£< 

m><alm2~h 

n02 

MJ1£<W 

ZO—hlumumwa 

NJli<m

~



_ A9 _

~

~

~

~ 

m0.0, 

00¢~m 

“0.0V 

00.0v 

—0.0v 

~0.0v 

~0.0v 

~w.0v 

.0.0v 

no.0v 

00¢0m 

«0.0V 

mm 

~0.0v 

«0.0V 

.0.0v 

«0.0V. 

.0.0v 

«0.0V 

~0.0v 

“0.0V 

on 

~0.0v 

0~0 

00.0v 

.0.0v 

“0.0V 

_0.0v 

.0.0v 

«0.0V 

“0.0V 

“0.0V 

mcu 

h0.0 

o.— 

mm.0 

0m.0 

m.0 

,nm.0 

00.0 

00.0 

mc.0 

m.0 

uh 

0-n 

< 
2 

NM 

NM 

em 

0— 

00— 

000 

oa 

0000 

oonfiu 

"0.0V

< 
z 

~0.0v 

“0.0V 

.0.0v 

~0.0v 

«0.0 

«0.0V 

m0.0 

“0.0V 

<
z 

so.~ 

¢
2 

mn.n 

.m.n 

~_.n 

mm.n

- 

~.m 

am.m 

0..“ 

mu.“ 

<
z 

<
z 

<
z

N 

m

m 

_ 

u 

m 

m

c 

<
z 

5.0 

one 

0.0. 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

0000— 

m0.0v 

no 

m0.0v 

m0.0v 

m0.0v 

mo.0v 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

hm 

~0.~

<
z 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

m0.0v 

«.0 

«.0 

m0.0 

<
z 

«00.0v 

moo 

m..0 

m..0 

.00.0v 

.00.0v 

000.0 

n00.0 

n00.0v 

‘0.0 

000m 

mm.0 

000m 

50.0 

no.0 

0—.0 

-.0 

.m.0 

h~.~ 

eo.— 

nm.n 

00mm 

m.0v 

om 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

m.0v 

pp 

m00.0v 

000nm 

No.0 

00.0 

«0.0 

m00.0v 

.0.0 

.0.0. 

_0.0 

no.0 

000NN 

o_.0 

«m 

«0.0 

no.0 

m0.0 

m0.0 

c~.0 

00.0 

m..0 

nn.0 

00 

«.0v 

0 

~.0v 

«.0v 

~.0v 

~.0v 

~.0v 

~.0v 

~.0v 

N.0v

m 

w0.0v 

mus 

.0.0 

.0.0V 

.0.0 

.0.0v 

00.0 

00.0 

00.0 

0..o 

oogm 

”on 

0000a. 

.00 

pmo 

000 

mam 

000 

000 

mum 

00~ 

ooowed 

n.0v 

mm 

«.0 

_.0 

..0 

—.ov 

~.0v 

n.0v 

n.0v 

".0v 

.mw 

.mm..

< 
z 

>0.u 

m.~ 

mm.” 

«0.. 

hh.~ 

~0.~ 

‘.N 

N 

<
z 

m00.0v 

«.2 

m00.ov 

m00.0v 

000.0v 

m00.0v 

m00.0v 

m00.0v 

m00.0v 

m00.0v 

<
z 

N..0 

mo 

m0.0v 

m0.0v 

m0.0v 

mu.0 

n—.0 

-.0 

0~.0 

o~.0 

«m

< 
2 

< 
z 

m.0v 

m.0v 

m.0v 

~.0v 

~.0v 

~.0v 

N.0v 

N.ov 

<
z 

m0.0v 

00mm. 

an.o 

ms.0 

um.0 

mm.0 

No.0 

Nn.0 

-.0 

mn.0 

000”— 

HumIMImnqlltMImlllmlfl 

«.0 

.0.0 

0.0 

0.0 

0.0 

«.0 

on 

so 

no 

00— 

00w 

00 

cm 

N0.

0 

wulmw 

n—IN‘ 

o 
:0 

0 
um 

m 
1— 

. 
10 

4mg 

mJue 

0~Ju¢ 

hJue 

«40¢ 

MJue 

«Juw 

.400 

«me 

«m0 

awe 

IamMHmm 

macawmx

m 
m 
J 
A
2 
<
w 

z 
0 
— 
h 
a
J 
a
m 

uwmwmmuu 

.33.. 

2.3q 

a...» 

£03m“. 

.hhon 

><2 

mp.moa:ou 

xqzhzcz0 

nmv 

kuaooaa 

om_u_0_qom 

u4<~xuh<z 

WFJDWWG 

hmmb 

IU<NJ 

Ml< 

w43<h 

«ocov 
No.0 

«0.0v 
$-o 

NN 
<
Z 

Dmoo

N moov 
mOuov 

muoo No.0 

¢nnn moov 

moo-0v nQ.o N.o «Onov 

0m 
«gov 

mmno moo-0v 

mo.ov 4
Z 

mO-ov 

xuk<3 Q<P 

a. 

_><..J.u< 

PC...

I 

<
2 

ZN a: DZ 22 02 En 3U 0U mu «U 30a un <m m4 4< 

oz.~ 

23~S<Zm> za_z<h~» 

23.pzcmpm 

zagoom zu>4.m 
230.4.m 

23—mm<#0& 

mozczmmoza 

wu.z 

:zzwoa>402 

mmuz<0z<z 2:.mu20<2 

o<m4 zom~ 

amaaou 54<aou 

23.20::0 .23.u;<u 

2:_20<u 

zoaom 

20044>mun 

2:_m<n 

u~zmm¢< 

23z~z34< 

IQ 

$412<m

O 
10 

J: 

hZDCZ< 

m><OlmS~h 

.02 

m4l2<m 

zaubaumumwa 

w412<m



-50-

~ 

Gu><mw< 

hOZ

I 

<
2

~

~ 

«c.ov 

uc.av 

nanov 

«c.ov 

no.0 

m~.o 

do.ov 

zN 

.uz—N 

no.ov 

«6.: 

No.5 

~c.av 

no.0v 

No.0 

No.0

> 

:3_a<z<> 

~o.ov 

No.9 

«0.6 

no.0v 

~o.ov 

do.o 

~o.ov 

~h 

z:.z<h_p 

Nnv. 

no.o 

oe.o 

~m.o 

h¢.o 

c~.. 

c~.o 

am 

23—hzoahm 

ommm 

om 

mu 

. 

me 

he— 

omcm 

mm 

<z 

23.90m 

no.5 

< 
z 

<
z 

.o.ov 

no.0 

.o.o 

< 
z 

a<

V 

xm>4_m 

~n.. 

m~.~ 

oh.m 

¢.— 

—¢.. 

co.“

. 

om.o 

Hm 

z:u_4_m 

<
z

m

h 

o— 

n— 

Ne 

w 

x 

:3.mm<woa 

n.o 

h.— 

m.ov 

man 

—.u 

o.~ 

m.ov 

a 

wamczamora 

mo.ov 

mo.ov 

mooov 

mo.cv 

mo.ov 

mo.ov 

mo.ov 

“z 

mu~z 

«.9. 

m~.o 

mooov 

n.o 

~.o 

mo.cv 

m“.o 

a: 

zazmoc>Joz 

.oooov 

n—.o 

a..o 

.oo.ov 

—_.o 

hw.o 

>o.o 

z: 

mmuz<wz<z 

h.- 

no.~ 

umow 

c~.m 

mu.w. 

5.0: 

.¢.ma 

a: 

2:.mmzo<z 

mnov 

mnov 

moov 

moov

, 

m.ov 

m.ov 

moov 

m1 

a<m4 

mOOoOV 

WOOQOV 

mOOoov 

No.0 

no.0 

no.0 

moo.ov 

umv 

zom— 

hoao

, 

c000 

¢ooo 

nvo 

Ouoo 

eduov 

mono 

DU 

muuaou 

Nqov 

Q00 

N00 

Ncov 

N.ov

. 

N.Ov 

N.o 

CU 

hJ<mDU 

«o-ov 

_ 

nooov 

uOoov 

000° 

moo 

«.9 

do.ov 

mu 

23—29mlu 

o~n_ 

coo. 

0mm 

ope 

moo 

ocm~ 

mm 

(u 

£3yu4<u 

noov 

~06 

«oov 

aoo 

noov 

N.O 

~oov 

2U 

23—SD<U 

Non 

ovoN 

umoN 

0No~ 

em.” 

hfiuo 

mo.o 

B 

zcmom 

Macoov 

mOOoOV 

mOOoOV 

mocoov 

WOO¢OV 

moo-0v 

009.0v 

um 

SD—JJ>IwQ 

¢—.c 

coco 

mo.ov 

mOoov 

meoov 

,P—no 

mo.ov 

(fl 

23~a<m 

< 
z 

<
z 

<
z 

«.ov 

~.ov 

~.ov 

<
z 

m< 

u_2uwm< 

mo.ov, 

ONoo 

b—co 

ONoO

. 

«Noe 

ncco 

mooov 

J4 

SDZ~ZDJ< 

dImIMIMI 

IIIMlflIWIWIq 

m.h 

a.h 

~.~ 

5.5

. 

m.~ 

Ia 

m4az<m 

cu“ 

ed" 

no 

om 

cm

a 
mo 

4: 

kzzoz< 

m 

flnlou 

h 
to 

e 
In 

_ 
to 

m><c|uzup 

4mm 

mJum 

040m 

MJum 

~40m 

«mm 

.02 

u412<m 

mmMHmw

m 
m
4 
a
z
< 
m

z 
o 
a 
h 
3
J 
c
m 

uwm 

”mmum 

I 
U
fl 
m
J 

z
z 
a
J 
c 
u

a 

h
m 
m 
h 

zwwmz 

zoukaqmwmwmm 

QBNOn 

UZDfi 

UkuWDlSOU 

>JIPZQS~ 

1mm 

HUDCCil 

Junk—G—JCM 

uJ<~iuP<£ 

mFJQmma 

hwu» 

zu<u4 

¢1< 

m4m<p

~



-51- 

acoov ~Ocov ~000V 
ha.“ 

hon 

~O-0v 
mo.m <

Z 
mucv 

meocv 
No.0 «cc-av 

Nags 

m-OV 

mocoov Once 

Noov 
«Ooov 

00h 

aoov 

0m.- mO0.0V 00.0 <
Z 

mooov

o 
Ale 

mmMHflJmWU. 

IUJ 

¥m<Jl 

MON 

bmwk

~

~

~

~

~ 

.o.ov 

.o.ov 

hnoo 

.c.¢v 

acoow 

«o.ov 

no.ov 

N‘.o 

.o.ov 

"o.o 

~o.ov 

.o.o 

.coo 

«0.9 

.o.o 

No.o 

Nc.o 

No.0 

—o.ov 

.o.ov 

_o.o 

.auov 

acoev 

.o.ov 

"o.o 

do.o. 

~o.ov 

mh.o 

>.o 

mm.~ 

nm.o 

mm.o 

mo._ 

h—.. 

on." 

0—.0 

om 

m_n 

9.0» 

cm 

c~ 

¢_— 

ans 

o~a~ 

NN 

.c.ov 

< 
z

< 
z 

<
z 

< 
z 

.o.ov 

—o.o 

«0.0 

<
z 

mm.~ 

«0.. 

co.~ 

”o.~ 

en.~ 

mo.. 

mc.u 

mo.. 

om.o 

mm 

he 

he“ 

e. 

cc 

on 

m- 

we“

N 

m.ov 

m.cv

‘ 

moov. 

m.o 

~._ 

«.0 

mofl 

m.ov 

m°.ov 

mo.ov 

mc.ov 

meoov 

mo.cv 

mc.ov 

mo.ov 

mo.ov 

mo.cv 

mm.o 

Moo 

mo.cv 

mo.ov 

mcncv 

mm.o 

0.0 

_.o 

m_.o 

~oo.ov 

no.0 

n..c 

mooo 

—..c 

...c 

no.0 

NN.o 

no.o 

hmom 

o.- 

o.mc 

m.c~ 

w. 

o.h~ 

_.mN 

h.~¢ 

¢.m~ 

m.ov 

muov 

m.cv 

m.av 

moov 

m.ov 

m.ov 

m.ov 

mnov 

moccov 

moonov 

moo.0v 

mcooov 

mOOoov 

#0.0 

no.0 

no.0 

m00.0v 

mano. 

no.0 

m—.O 

«0.0 

«0.0 

«0.0 

~—.0 

0—.0 

no.0 

N.0V 

N.0v 

N.Ov 

Noov 

Noov 

Noov 

‘N.0v 

N.0V 

N.0 

no.0V 

nocov 

uOoOV 

~Oo0V 

~0o0V 

ficoo 

Cave 

mayo 

dovov 

och 

nmh 

000— 

nm& 

,NUN 

moo 

O¢W 

Nuo 

on 

~.0V 

n.0v 

—.0 

~o0V 

noov 

«.0 

«.0 

~00 

n.0v 

“om 

neon 

uoou 

now 

Oh.” 

mN.- 

«Non 

no.0 

no.0 

moooov 

moccov 

moooov 

moooov 

WOOoOV 

moooov 

moo-0v 

moo.0v 

moc.ov 

mo.0v 

mo.0v 

N.0 

MOoOV 

mocov 

m0.0v 

«woo 

m~.0 

mo.0v 

<
z

< 
z

< 
z 

< 
z 

<
z 

m.ov 

N.ov 

~.ov 

<
z 

0.0 

mN.0 

mn.0 

muoo 

.mmao 

om.o 

u¢.0 

hnco 

mo.ov 

fiIaIMIM!«IIUHI 

Imlmifl 

m.o 

m.o 

m.n 

..~ 

a.» 

m.> 

om 

cm 

«mu 

@0- 

as 

on 

on 

an 

o 
1m 

¢ 
In 

A 
no 

uuuou 

h 
1w 

¢ 
In 

u 
no 

mJum.e 

«Juw.e 

~40moo 

oJuw 

oquw 

nJuo 

«Jug 

umo 

mnzmw 

20mh3¢om 

.

.

m 
w 
A 
a
z 
< 
m

z 
o 
_ 
p 
3
J 
a 
w

I

. 

IU<MJ 

zsaqou 

ca 

Hmmw 

I 
u
< 
w 
J

z 
z 
a
A 
o 
u 

ad 

p 
m
u 
» 

:M%M3 

.hpo. 

>Jna 

uh.mon=cu 

>41h2oz. 

awn 

huaooza 

om_m_o_40m 

u4<~amh<z

, 

mhdammm 

bmmh 

ru<u4 

mu< 

mJn<h

~ 

Qu><mm< 

#02

i 

<
Z 

ZN 

uz.~

> 

2:.:<z<> 

.h 

z:_z<puh 

am 

2:.»zczpm 

<2 

2:.aom 

u< 

cu>4_m 

.m 

zou~Jum 

z 

zaumm<hoa

a 

mamozumcxa 

.2 

Jugu_z 

a: 

zozmca>402 

zz 

mmmz<oz<z 

u: 

zaummzu<z 

ma 

c<m4 

mm 

20¢“ 

:u 

mmaaou 

ou 

h4<mau 

mu 

x:_zomzu 

<0 

zauug<u 

cu 

z:_zo<u

r 

, 

zomOm 

mm 

:3.44>mmm 

<m 

,z:~¢<m 

w< 

002mmz< 

J< 

z:z—z:4< 

In 

m4uz<m

9 
mo 

42 

FZDDZ< 

m><alm5~h 

.02 

w41£<m 

ZC—Paumummo 

w4QZ<m



~

~

~

~ 

au><mm< 

hcz

l 

4
z

\ 

.c.ov 

~o.cv 

.o.ov 

~o.ov 

do.ov 

«o.ov 

n~oe 

¢~.e 

"o.ov 

«o.ov 

z~ 

uzuN 

_c.ov 

~o.ov 

~o.o 

.oro 

~c.o 

—o.o 

uo.o 

No.0 

«o.o 

No.0

> 

2:_o<z<> 

.o.ov 

go.ov 

_o.ov 

”o.ov 

~o.ov 

~o.ov 

nooov 

go.cv 

go.ov 

~o.ov 

_» 

:3_z<h_h 

.‘.- 

n... 

mm.o 

mm.o 

.o._ 

om.c 

moo 

n.. 

n¢.o 

o~.o 

1m 

z3~hzozhm 

muo 

hoe 

mum 

now 

come 

fins 

ans 

comm 

mm 

mm 

<2 

2:.oom 

«o.cv 

.c.ov 

go.ov 

A

< 
z 

< 
z 

.o.ov

< 
z

< 
2 

< 
z 

< 
z 

.o< 

zu>4.m 

sm.~ 

mo.~ 

mn.~ 

oo.~ 

cm.m 

éo.n 

on.~ 

N~.~ 

u¢.m 

om.o 

~m 

zoo—J.m

< 
z 

<
2 

mm 

cc 

um. 

hw 

Ne 

com 

m.m 

N 

x 

z:.mw<»om 

m.ov 

m.ov 

m.cv 

m.ov 

n._ 

m.ov 

moo 

h.~ 

m.ov 

m.ov 

& 

mamoznmoza 

mo.ov 

mo.ov 

mo.ov 

mo.ov 

mo.ov 

mc.ov 

mo.cv 

mo.ov 

mo.ov 

mo.ov 

"z 

Juxuuz 

¢.o 

nc.o 

~ 

..c 

m—.o 

mw.o 

mo.o 

mo.ov 

mo.ov 

m..o 

oz 

zazmom>402 

doo.ov 

.oo.ov 

aco.ov 

occc 

~_.o 

.oc.ov 

__.o 

9—.9 

.oo.ov 

no.o 

z: 

mmwz<uz<z 

o¢.. 

~c.~ 

~_.n 

n.h 

~.hn 

n~.e 

¢.e. 

_.m¢ 

m.o~ 

¢.n« 

u: 

=3.wmzo<z 

m.ov 

m.ov 

m.ov 

mrov 

m.ov 

¢.~ 

m.ov 

m.cv 

m.ov 

m.ov 

nu 

o<u4 

moo.ov 

moo.ov 

moo.ov 

moo.ov 

moooov 

moo.ov 

moo.ov 

mco.ov 

s~.o 

moo.ov 

um 

zom— 

m~.o 

o~.o 

«0.0 

no.o 

unoo 

no.o 

eo.o 

b«.o 

~o.ov 

no.0 

nu 

«mnaou 

~.ov 

anov 

m.o 

~.ov 

m.ov 

~.o 

m.ov 

~.ov 

m.ov 

«.0 

cu 

h4<mou 

%_

. 

.o.av 

.o.ov 

no.ov 

_o.cv 

._o.ov 

~o.cv 

do.ov 

.o.ov 

go.ov 

no.ov 

mu 

23~zczzu 

:1 

mph 

mm» 

«mm 

«am 

one“ 

«no 

coh 

o~o~ 

«.om 

om 

<u 

23.044u

_ 

_.ov 

—.ov 

~.ov 

~.ov 

~.ov 

.oov 

"oov 

moo 

~.ov 

«.ov 

nu 

zauzo<u 

no.“ 

om.— 

on.“ 

op.n 

ho.— 

ma.~ 

¢o.~ 

no.~ 

«o.ov 

mo.o 

m 

zcmon 

moo.ov 

moo.cv 

moo-av 

moo.ov 

moo.ov 

mocoov 

moo.ov 

moo.ov 

moo.ov 

moo.ov 

,um 

23H44>amn 

mo.ov 

oa.c 

mo.ov 

no.0 

o..o 

mo.ov 

u..o 

m~.o 

mo.ov 

mo.ov 

«a 

z:_m<m 

< 
z

< 
2 

<
z

< 
z 

< 
z

< 
z

< 
z 

< 
z 

< 
z

<
z 

m< 

u_2mmm<. 

mo.ov 

mo.ov 

n.ov 

mu.o 

mm.o 

n.o 

m~.o 

mm.o 

.m~.o 

mo.ov 

,J< 

$32.2344 

HImIMIMIqlltmlfll 

IWIfl 

0.5 

m.h 

0.5 

o.h 

~.m 

m.h 

m.h 

m.» 

—.~ 

m.~ 

In 

MJuz<m 

co 

mm 

m» 

.ow 

¢m 

cm 

0 
we 

4: 

pzaoz<

o 

o 

m 
In 

a 
In 

~ 
«a 

m 
an 

e 
In 

a 
no 

4 

m><o1mz~h 

W 

mo 

Ame 

oJucomo 

o4u&0mo 

"Jueomo 

OJUJUo 

«AUJUO 

“Juquo 

.oz 

u4az<m 

mwummmmwumwmmummmm 

wu;a:<m 

20—k345m 

mazflm 

20—H340m 

amp<3 

zuk<3 

zo_km_mummo 

mom 

hmm» 

mom 

hmmh 

ru<m4 

223400 

m. 

hmmh 

ru<m4 

223400 

cu 

hmm~ 

><n 

a<h 

u4a5¢m 

.tm 

>43“. 

Mh—wOQSOU 

>JIPZO£~ 

QWO 

PUDOOIQ 

ownmufluA—OW 

uJ<~xuh<2 

WhJDmmm 

hwmh 

IU<WJ 

Ombzuhzonv 

ml< 

m<h

~



_53_ 

oo.o 
~o.ov _o.ov 

o».o 

ms 
"o.ov 

a... 

m. m.ov. 

mo.ov ¢.o 
doo.ov cu.— 

m.ov 

moo.ov v0.0 

~.ov 
.o.ov 

amp 
..ov 

0n.— moa.ov 
mo.ov <

z 
n.c 

m5 n. 
4mm” 

zamJGW 

IUJ 

¥m<JL 

UnN 

kmmb

~ 

uOnOV 
NOoo 

«caov 

Gage 

NN
<
2 

,0moo

N moov 
monov 

mu-O 5000 

con» 0.0V 

mOOoOV no.0 
woo «0.0V 

0m 
~90V 

mmco mOOoOV 
WOoOV <

Z 
meoov 

om> ZN uh mm <2 U< a” uZ 02 2: O2 an mm :0 DU «0 <0 GU mm m< J< 

dlfllfllMlfllltMlllWlQ 

M‘h 

awh< 
E<P 

¢WN~ 

hUDGDZQ 

Ow—L—O_Jom 

Qwamzh<m3

u 

WPJDM 

M! 

Pmmh 

IU<WJ 

O|< 

NJQ<h 

<mm< 

#02

I

<
Z 

uz- 

ED—D(Z<> z3_z<h_» 

2:.hzoahm 

23.nom mm>4_m 
zou~4_m 

2:.mm<»oa 

macozamoza 

JwKU—Z 

:32mam>qoz 

ummz<oz<z ZDHWUZUCZ 

c<u4 29m. 

amaaou 
p4<mou 

::.Lomru 

zo—UJ4u zo_zo<u 

zoaom 

:3~44>mum 

23~a<m 
u_zumm< 

z:z.z:;< 

In 

WJQI<w

0 
mo 

42 

hZDO£< 

m><almzub 

n02 

WJQE<W 

ZO-hl-EUWMG 

mJn:z<m 

J<uflmh<z



_ 5h _ 

no.0 
acoov 

no.0 Nm.m 

omhm 

acoOV 
nmuc 

u¢ 
m-OV 

N.O 
mmnc<

2 
nee-0v 

«000V 
m-ov 

moouov Nmoo 

Nnov 
nouov 

ONON 

auov 

@000 mac-0v no.0 <
Z 

¢oo 

Jun— 

1zqqm 

:04 

xm<Jm 

chm 

hmmh

~ 

0.. 

>N.0 

00.. 

.0.0v 

0000. 

00.0w 

«0.0V 

_0.0v 

00.0v 

«0.0 

05.0 

n.N 

00.0. 

.0.0v 

«ouov

, 

"0.0V 

m.0 

0.m 

no.0 

00.0 

00.0 

00.0 

00.n 

0m.~ 

0mm. 

0.0 

omen 

- 

0mh~ 

0N0 

.0.0v 

.0.0v 

00.0v 

,. 

< 
z 

.0.0v 

00.0 

c~._ 

0~.u 

00.0 

0m.0 

0.50 

~.0m 

hu 

< 
z 

<
z 

.m 

0 

m0 

m.0v 

m.0v 

... 

m.0v 

0M0 

"Nu 

m0.0v 

m0.0v 

m0.0v 

.mo.0v 

hum 

m.mn 

s.mn 

0n.0 

n~.0 

.m_.0 

0pm 

u~.0 

0

< 
z

< 
z 

< 
z 

~m. 

<
z 

000.0v 

.00.0v 

000.0v 

50.0 

. 

.00 

50m 

,w~.0 

No.0 

~0.0 

e.n— 

mm” 

00 

m.0v 

m.0 

n.0v 

0.0V 

0.0 

m.0v 

000.0v 

000.0v 

000.0v 

000.0v 

0000‘ 

000mm 

50.0 

no.0 

no.0 

no.0 

«Nu 

p.00 

«.0 

«.0v 

~.0v 

«.0 

000 

m.m 

.0.0v 

.0.0v 

00.0v 

«0.0V 

0000 

0000 

000m 

000. 

ohwm 

om 

00m 

.000 

..0v 

..0v 

«.0v 

..0v 

00w 

0.~m 

0.0 

._.0 

on.0

. 

m0.0 

«.00 

00.0v 

m00.0v 

m00.0v 

000.0v 

m00.0v 

000.0v 

00.0v 

00.0 

00.0 

00.0 

m0.0v 

¢.m 

90.0 

~.0 

.< 

z

< 
z 

<
z 

0.- 

~.0v 

0.0 

m0.0v 

m0.0v 

00.0v 

0m 

nn 

~1n101u1q111m101m1w10 

«.0.

. 

m.0— 

m.- 

0.5 

0.. 

N0— 

0

0 

4&0" 

400 

"as 

m34m

a 

1mmMHmJam 

1111wzmHHmw1lllw 

uhm<z 

:04 

zm<Jm 

zu<m4 

xm<au 

zuh<3 

0.30.4 

mhm43 

«rm 

pmmp 

00m 

hmmp 

0<~ 

cuaoa 

0.2004 

alJmu 

Mhm<3 

O—DO—J 

20mlaam~nu 

FUDODKA 

Guam—QuJamuU 

asnv 

whm<i 

OuDO—J 

Oman-O 

SON—u. 

Aamcnv 

P030021 

GHuknOuJCWnI 

.IJM. 

Mhm<3 

OuDO—J 

EGmh 

almh. 

FUDODQE 

Qmm~4<ah3m2u< 

mFUDooml 

OHJOm 

DNUDGOGQ 

>m0kfim0n<a 

uJ<umaF<£ 

tma 

bmwh 

IU<WJ 

hl< 

m4m<h

~ 

Dm><mm< 

#22

I 

<
Z 

ZN ~h mm <2 34 —m —2 DZ 22 92 ml DU DU ¢U <0 DU mm (m .w< J< 

UZ—N 

23~G<Z<> ED~Z<hHh 

EDHFZGKFm 

ED—QOW lm>J—w 

ZOO—Jam 

:Dumw<koa 

m3m031m021 

JNZU~Z 

ZDZWGE>JOI 

.>ZDU¢M2 

wmu2<UZ<2 :3—mm2u<t 

C(NJ. 

20mm 

KMQQGU hJ<mOU 

EDuZCEIU 

ZD—UJ<U £3u20<0 

ZDKOm 

ZDuJJ>mmm 

23~m<m 

Umzmwm( 

ZDZ_ZDJ< 

IQ 

wJQS<m 

U 
10 

J2 

PZDOS< 

W><OIM2~k 

.DZ 

aJlE<m 

ZOuhauuummo 

u4l2<m



-55- 

do.ov 
“o.o .o.o 

n.mm 

new 

<
z 

om.o 

com
. mo.ov mo.ov -.o .o.ov 

m.ov 

moo.ov no.0 
No6 noccv 

onh 

«gov 

no.— moo.ov nN-u <
z 

mc.o 

~— 

Jazmun 

Immqmmn 

IUJ 

m¥<mn 

Mu 

bmwh 

ouv 0N. 

omen 
mmc 

COMO 

man 

<
Z

<
2 

Cam 
mv 

ONV Nnn 

oomum 

~V 
ammo 

mu mv NV 
.OOOQNN 

o—V
m #00 

mm" (
2 oomNN 

INUM 

NQQDJm hZMSMU

~ 

do.ov 

"o.ov 

adv 

.o.ov 

hc.o 

o_v 

~o.o 

.o.o 

so 

mo.o 

.o.o 

on‘ 

.uo.o 

.o.ov 

comm 

no.0 

.o.o 

cmflm 

n~.o 

m..o 

new 

5:.“ 

we." 

nwm 

on 

pm 

acme 

co

.

_ 

m» 

coco 

<
z 

~o.ov 

~.~ 

< 
2 

~o.ov 

Q." 

cm.o 

m~.m 

<
z 

~m.~ 

oo.~

<
z 

n 

<
z 

<
z 

o. 

<
z

<
z 

_ 

u.o 

m.ov 

90¢ 

o.o 

o.o 

ck»— 

mo.ov 

mo.ov 

cw 

mo.ov 

mo.ov 

m~ 

m.c 

m_.o 

omv 

m~.o 

m.o 

oNv 

n..o 

~o.o 

huh 

o—.o 

No.0 

coon 

n.o_ 

~m.o 

cone. 

mo.o 

an.o 

oohfim 

m.o 

m.ov 

.v 

m.ov 

m.ov 

cc 

mco.ov 

moo.ov 

oocow 

moo.cv 

mco.ov 

oomom 

mo.o 

mo.o 

on 

«Moo 

o~.o 

m¢ 

~.o 

~.ov 

¢~ 

~.o 

~.ov 

mg 

.o.ov 

no.0 

«v 

.o.ov 

co.o 

am 

pm. 

«a 

ooooo. 

can 

oNn 

,oooMu. 

..ov 

,~.ov 

o.v 

~.ov 

‘.ov 

oiv 

on." 

n.o 

.v 

¢~._ 

m..o 

o.ov 

moo.qv 

moo.ov 

m.. 

moo.ov 

moo.ov 

m.— 

mo.ov 

mo.ov 

o.¢ 

~.o 

no.0 

don

< 
z 

m.ov 

<z 

<
z 

~.ov 

<
z 

mo.ov 

_.ov 

ooooo 

m~.o 

mo.ov 

oooom 

HIflIMIMIMIIIHIflIWlWIfl 

c.o 

e.~ 

h"

m 

s.

n 

m4m>4um 

.4m>4un 

>Jum 

~4m>4u~ 

~4m>4u~ 

>4um 

IWMJMflflWImmMHmmI 

IWMJMflflWImmflHmJQWI 

:u; 

amx<mm 

u. 

hmm» 

><4u 

:u4 

awx<wm 

- 

hwuh 

><4u 

«khan 

hm303< 

MN. 

ZWUM 

MWQDJM 

tEMUuU 

CR; 

.8303 

mm. 

Sun 

m4a2<m 

><d 

"a 

.hsm— 

>43» 

mm. 

>4u~ 

m4az<m 

><JU 

u< 

mhzmu<ma 

zo_h<u~m_o.40m 

u4<~¢mh<z 

tDmma 

pmmh 

zu<u4 

mic 

w4m<h 

~o.ov 
No.0 

"Oocv 
muoo 

NN 

am.o

N m.ov 
meoov 

mu-o ho.o 

¢um~ muov 

moo-ON no.0 
Nco «c.0v 

om 
u.ov 

mOoo mOOoOV 
mocov <

Z 
mooov 

mnfi 

muh<3 

,&<H 

Qu><wm< 

#62

I

4
Z 

ZN .2 DE 22 5! ma mi DU DU mu (U

\ 

uz_~ 

23—Q<Z<> 2:_z<h_h 

z:_hzomhm 

zawocm :m>4.m 
ZDU_J~W 

z:_mm<»oz 

mamozamoza 

4m¥u.z 

zazuar>402 

wmm2<vz<z 2:.mm2u<z 

o¢u4 zou. 

«maaou 
p4<mau 

23—20azu 

z:_u4<u zanza<u 

zomom 

23.44ramm 

zaflz<m 

u.2mmz< 

z:z.z:4< 

IQ 

UJQZ<m 

$ 
KO 

J! 

PZDDE< 

m><olm2Hb 

oOZ 

NJazdm 

ZO~FQ—10mua 

MJ12<W


