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EXECUTIVE SUMMARY 

This project was developed to provide design criteria for landfill disposal sites used for fly 
ash injection materials such as those generated using the clean coal technologies (CCT) tested at 
the Public Service Company of Colorado’s Arapahoe Power Plant. The CCT injection materials 
used were produced at the Arapahoe Plant Unit No. 4, which is equipped with an integrated dry 
NOx/S02 emissions control system installed under the Clean Ccal Technology (CCT) Program. 
The investigation emphasized the potential impact of clean coal technology materials (sodium 
injection material, calcium injection material, and urea injection material with low NOx burners; 
the injection materials include fly ash) on the permeability and stability characteristics of clay liner 
materials and the stability of synthetic liner materials. 

Geotechnical evaluations were made for the fly ash injection materials for use in laboratory 
setup and to aid in the interpretation of data with regard to the long-term integrity of the clay liner 
system. The data indicate that there are significant differences in the geotechnical properties of 
the ashes collected during the various test runs. The calcium injection materials were found to 
develop rather high strength compared to the other materials tested. The shape of the strength 
development curve is typical of the lime and fly ash reactions with a very slow early strength 
development up to 7 days followed by a more rapid development from 14 days onward. The 
strength development for the two sodium injection ashes was very slow. In fact, the conditioned 
and compacted injection material specimens deteriorated after approximately 14 days, apparently 
as a result of expansion. 

The clay liner materials were characterized using total elemental analysis and X-ray 
diffraction (XRD). Both clay liner materials used in the study contained high amounts of clays, 
with Sample A containing about 40% and Sample B containing about 53%. The clay fraction 
found in both clay liner materials was dominated by montmorillonitic clays with amounts ranging 
from about 50 to 70%. These types of materials usually make good clay liners. 

Flexible-wall permeameters were used to determine the hydraulic conductivities (HC) of 
the clay liner materials impacted by various compactive conditions. Tests were conducted using 
the waste materials overlaying the clay liner materials under wet/dry cycles, freeze/thaw cycles, 
and over 120-day periods. Clay treatments with CaC12 were also evaluated. 

The impact of CCT materials on the characteristics of the clay liner materials studied in 
this project was minimal. The HC measurements of the waste/clay liner systems were similar to 
the water/clay liner systems. HC decreased for clay liners compacted at moisture levels slightly 
higher than optimum (standard Procter) and increased for liners compacted at moisture levels 



lower than optimum (standard Procter). Although some swelling was evident in the sodium 
injection materials, these materials did not have a negative impact on the integrity of the liners 
over the 120-day tests. Wet/dry cycles tended to result in iower HC values, while freeze/thaw 
cycles substantially increased HC for the liners tested. 

The solutions leached from the various injection materials showed large differences in 
chemical constituents. The solutions collected from the sodium injection materials are 
characterized by more problematic constituents compared to the calcium injection materials, the 
urea injection materials and the baseline fly ash materials. The sodium injection materials 
generated solutions containing high pH and EC values and large levels of Na and Sod.‘, and 
elevated levels of B, Al, Se and As. However, these constituents decreased in concentration 
following the reactions with clay liner materials and the formation of minerals. It should be noted 
.that without a clay liner, solutions leaching from the sodium injection material could impact the 
environment. Solutions leached from the calcium and urea injection materials have little potential 
of negatively impacting the environment. The major issue would be the high pH values of the 
solutions (near 12 for both materials). However, most disposal environments with or without a 
clay liner would be expected to gradually buffer the pH. An important question is the impact that 
the relatively high pH has on elements present in other materials at the disposal site. High pH 
solutions could cause constituents from other materials to become soluble, thus impacting the 
environment. 

Tests were also conducted to assess the compatibility of synthetic liner materials with the 
CCT by-products. The test program was conducted using methods specified and/or referenced in 
Environmental Protection Agency (EPA) SW 846-Method 9090 with some modifications. 
Compatibility evaluations were made using high-density polyethylene (HDPE), very low-density 
polyethylene (VDPE), and polyvinyl chloride (PVC) synthetic liner materials treated with baseline 
fly ash materials, sodium injection materials, calcium injection materials, and materials generated 
from the sodium injection, urea injection, low NO. burner control system. The synthetic liner 
materials were subjected to a 50:50 ratio of sludge to water for periods to 120 days at room 
temperature (23’C). At the end of each equilibration period, the liner materials were evaluated 
using mechanical engineering techniques and weight losses due to volatiles and extractables. 

Sustained incremental changes in the measured physical properties of the materials over 
time were not observed. Some abrupt changes in strength were found several times during the 
testing period. However, these aberrations seemed more indicative of isolated changes in the 
conditioning methods or test procedures and could be related to flaws or changes in the materials 
related to manufacturing conditions. After 120 days of conditioning, none of the measured 
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physical properties varied significantly from those of the untreated liner materials. This was true 
for all samples, regardless of the conditioning solution used. 

The volatiles and extractables tests for the HDPE and WIPE materials indicated that the 
waste materials had little influence on their overall structure. However, the extractables data 
suggest that PVC liner material might decompose in the waste environments evaluated. The PVC 
liner material reacted similarly for all treatments with about a 30% weight loss. 
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INTRODUCTION 

Landfills commonly used for disposal of solid wastes pose a threat to surface and 
groundwater quality. The major concern is that the leachates from the waste may contain 
elements that are detrimental to the quality of the waters for their designated uses. Clay liners are 
usually used in landfills, often in combination with synthetic liner materials to help ensure the 
prevention of the movement of leachate from the disposal site. It is important to determine the 
compatibility of both the clay liner material and the synthetic liner material to the specific waste 
prior to prescribing a suitable liner system for a specific application. 

Clay liners are often used in landfills to contain and attenuate the leachate from solid waste 
materials. The suitability of soil materials for liner use is usually based on permeability criteria 
(Brown and Anderson, 1980). However, other considerations relative to chemical and physical 
relationships often determine whether a clay liner is compatible with a specific type of waste. 
These relationships must be evaluated in detail before an appropriate liner can be prescribed for a 
specific landfill. 

Problems often found with clay liners are related to volume shrinkages (Hettiaratchi et al., 
1988). Shrinkages in compacted liners often result from increases in salt concentrations in the 
solutions within the clay liner (Green et al., 1983). Also, the impact of acidic and alkaline 
solutions on the dissolution of the clay minerals present in the clay liner materials results in 
increased permeabilities for similar reasons (Peterson and Krupka, 198 1). The presence of certain 
organic compounds in the leachates are sometimes associated with increased permeabilities 
(Green et al., 1983). 

There are a number of variables that determine the effect of waste leachate on the long- 
term stability of a clay liner material. The primary variables are clay mineralogy, texture, surface 
chemistry, the physical nature of the materials, and the chemistry of the waste leachate. Increases 
in salt concentrations can result in double layer collapse or less interaction between clay particles 
and re,sulting decreases in repulsive forces (Bohn et al., 1985). A decrease in repulsive forces -~~ 
causes the materials to flocculate, reducing the effective stress in the liner, which results in a 
volume shrinkage (Hettiaratchi et al., 1988). The mineralogy of the clay and the specific elements 
present in the solution associated with the clay will determine the amount of shrinkage that will 
result from double layer collapse. The 2:l layer clay minerals such as montmorillonite have a 
much greater tendency for swelling and shrinking than the I:1 clay types such as kaolinite. In 
addition, monovalent elements such as Na, which have a very large hydrated radius, have the 
potential to cause swelling, while divalent elements, such as Ca, have a tendency to reduce double 
layer expansion. Therefore, materials that have high-swelling montmorillonite clay minerals with 
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sodium as the dominant element should be avoided. Elements such as calcium can displace the 
sodium and cause the double layers to collapse. This type of reaction resulted in a large amount 
of shrinkage in studies done by Hettiaratchi et al. (1988) with permeant solutions containing 
calcium. These authors suggested that clay liner materials should be conditioned with calcium 
solutions during the compaction stage to prevent shrinkage and cracking due to double layer 
collapse. However, it should be noted that if the salt concentration increases to high levels (high 
electrical conductivity or EC) due to leachate migrating into the clay liner, no matter which cation 
is present, double layer collapse could occur, resulting in the formation of cracks. 

Shrinkage of clay liners can also be caused by the influence of organic compounds on the 
electrical double layer. The low dielectric constant of organic compounds relative to water 
reduces the influence of the surface charge, promoting flocculation of clay particles causing 
cracking of clay liners (Green et al., 1983). However, the amount of organic compounds seems 
to determine the degree of impact that the clay liners experience. Daniel et al. (1988) found that 
solutions containing low levels of organic compounds did not cause shrinkage of clay liner 
materials. Therefore, it is apparent that most situations will require testing for compatibility 
between the specific wastes and the clay liner material to be used at the disposal site. 

The load on the clay liner associated with the waste will also impact the effective stress 
experienced by the clay liner. Changes in effective stress with time may be an important factor 
relative to the long-term stability of a clay liner. 

The use of synthetic membrane liner materials to line waste disposal sites has been shown 
to be very effective in reducing leakage of contaminated solutions from the storage sites. Such 
membranes are used in numerous waste disposal applications, including the storage of fly ash 
materials in landfills. As technologies are developed to control air contaminant emissions from 
power plants, fly ash/sludge materials are produced that have characteristics much different from 
the conventional fly ash materials. It is important to develop an understanding of the 
compatibility of the new sludge materials with the flexible liner materials used at the disposal sites. 
It is also important to understand that sludge materials are unique. Each power plant operates 
under differing combustion conditions, a variety of coal’qualities, and using differing emission 
control systems; therefore, the character of the fly ash/sludge materials will differ. This requires 
that liner compatibility evaluations be made for each waste and/or waste leachate that is produced. 

Synthetic membrane liner compatibility studies have been conducted using clean coal 
technology (CCT) wastes by Koegler et al. (1991). These tests were done using fly ash/sludge 
materials that were generated from a number of power plants that represented desulfurization 
technologies such as spray dryer, atmospheric fluidized bed combustors (AFBC), limestone 
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injection and sodium injection. These researchers looked at 20 synthetic membrane liners of 
various types from different venders. The findings indicated that water slurries of the wastes 
tested are chemically incompatible with some of the synthetic membrane liners tested. They also 
found that variations among synthetic liners of the same type, but obtained from different vendors, 
were significant. Therefore, it is recommended that before a liner is selected for a specific 
installation, compatibility tests using the actual waste material and liner samples from specific 
vendors should be completed. 

OBJECTIVES 

The purpose of this research was to investigate the potential impact of clean coal 
technology solid wastes on the permeability and attenuation characteristics of clay liner materials 
and on the integrity of synthetic membranes. 

EXPERIMENTAL PLAN 

The test program included two clay liner materials representing different overall 
characteristics. The liner materials represent two landfill sites located in Colorado. Four waste 
materials generated at the Arapahoe Power Plant during the clean coal technology testing 
program were used in the testing. The CCT materials used in this study include: materials 
collected during baseline operations without the applications of the CCT; the sodium injection 
materials; the calcium injection materials; and the materials generated from the sodium/urea 
injection/low NO, control system. 

Geotechnical evaluations were made for the fly ash injection materials and the clay liner 
materials to provide information required for the experimental setup in the laboratory and to 
enhance the understanding of the impact of the materials on the long term integrity of the clay 
liner system. The clay liner materials were evaluated for water/density relationships using 
American Society for Testing and Materials (ASTM) D 698, and Atterberg Limits were 
determined using ASTM D 4318. Clay mineralogy evaluations were also made for the liner 
materials. This work was done using methods as described in Mefhods of Soil Analysis (1982). 
The chemical and physical testing of the fly ash injection materials was done using procedures 
outlined in ASTM C 3 11. 

Flexible-wall permeameters were used to determine the hydraulic conductivities (HC) of 
the clay liner materials impacted by various.compactive conditions, confining pressures, gradients, 
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effective stresses and solution chemistry conditions. In addition, tests were conducted using the 
waste materials overlying the clay liner materials under wet/dry cycles, freeze/thaw cycles, and 
over 120-day periods. Dry cycles were conducted by allowing the liner materials to air dry to a 
point near field capacity (-l/3 bar matric potential) and did not represent an oven-dry condition. 

Clay liner and fly ash injection materials were tested using compacted cylinders 6 in. long 
and 4 in. in diameter. The tests were conducted at densities based on moisture/density 
relationships as described in ASTM D698. Clay liner material/injection fly ash material 
simulations were done using 2 in. of clay liner material overhain by 2 in. of fly ash injection 
materials. The hydraulic conductivities of the various materials were determined using ASTM 
D5084-90. 

The fly ash injection materials were also characterized for constituents on a total and 
extractable basis. The extractable constituents were determined on solution removed from a 
saturated paste of the materials (ASA, 1982). The cations and anions were determined using an 
inductively coupled plasma system (ICP) and ion chromatography (IC), respectively. Atomic 
absorption (AA) was used where appropriate. 

The solutions collected during sample permeation and those collected from various water 
sources in the power plant were evaluated for major constituents using U.S. EPA methodology 
(1983) and Standard Methods for the Examination of Water and Wastewater (1992). 

The analyses of solutions collected from the fly ash injection materials and the leachate 
associated with the HC tests were used as input for the geochemistry evaluations. This work was 
done using the speciation and solubility model EQ3 and the reaction path model EQ6 developed 
by Wolery at Lawrence Liver-more National Laboratory. 

The test program included compatibility evaluations for three types of synthetic liner 
materials including: (1) high-density polyethylene (HDPE); (3) very low density polyethylene 
(VDPE); and(3) polyvinyl chloride (PVC). The synthetic liners were immersed in the leachate 
environment associated with four waste materials generated at the Arapahoe Power Plant during 
the CCT testing program as noted. The synthetic liners were subjected to the fly ash materials for 
periods of 30, 60, 90, and 120 days. The 50:50 ratio of sludge to water used in this study 
deviates from the EPA Method 9090, which requires a 5 to 15% solids solution. This procedure 
was modified because the pH values associated with the dilute system specified in Method 9090 
were 2 pH units lower than the pH of the 50% solids solution. In addition, the pH of the 50% 
solution compared well to the pH of the saturated pastes of the sludge materials used in the study. 
The studies were done at room temperature (23” C). Comparisons of measurements of the 
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synthetic materials’ physical properties, taken before and after contact with the leachates from the 
fly ash materials, were used to evaluate the compatibility of the liner with the waste over time. 
Testing included physical tests, tensile strength properties, and changes in volatile and extractable 
components of the materials. 

The mechanical testing was performed using the guidelines of EPA Method 9090 with the 
exception of the puncture test, which was done using ASTM D4833. As directed by EPA 
Method 9090, the tensile properties method was specified as ASTM D638. The modulus of 
elasticity was measured for the HDPE and VDPE materials as outlined in ASTM D882, Method 
A. Tear strength was measured using ASTM DlOO4. The punch strength test method used was 
specified in ASTM D4833. The change in volatile and extractable weights presented on a 
percentage basis was done using methods specified in SW 870 Appendix III-D and Appendix III- 
E. Volatile losses provide indications of the amount of water absorbed into the liner. Large 
amounts of absorption show a degradation of the liner. A decrease in liner extractions compared 
to the material before testing provides an indication of the components leached from the liner 
during exposure to a waste. 

RESULTS 

Solid wastes from the clean coal technology test runs at the Public Service Company of 
Colorado Arapahoe Unit No. 4 were collected and characterized. The four wastes studied are as 
follows: 

1. Baseline Test - representing the ashes from the unit without emissions control processes in 
operation. These ashes were collected 4/23/93. 

2. Urea Test - representing the ashes from the unit operating with urea injection for Ox 
emissions control. These ashes were collected 4/7/93 and 4/8/93. 

3. Calcium Injection Tests - representing the ashes from the unit operating with calcium 
injection/humidification. Three sets of ashes from these tests were collected on 6/29/93, 7/02/93, 
and 1 O/20/93 

4. Sodium Injection Tests -representing the ashes from the unit operating with Sodium injection. 
Two different sets of ashes were collected from the same injection run on 10/15/93. The sampling 
methodology for the two sets were different. 
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The basic chemical composition of the ashes is presented in Table 1. Of particular note is 
the increase in carbon content in the ash from the urea test relative to the baseline test fly ash. 
The introduction of the urea had an adverse impact on the carbon conversion in the combustor. 
The three calcium injection ashes differed considerably in the amount of sulfur capture (SO3 
values) and the amount of lime injection (CaO values). By far the best calcium injection test is the 
run of 10/20/93. The Sodium injection ashes also show differences. These ashes were from the 
same injection run, but the ash from the baghouse hoppers were collected differently. The Pass 1 
sample was collected using a vacuum assisted sampling tube that was inserted diagonally through 
the ash collected in the hopper. In this method, each hopper was treated as contributing equally 
to the ash being discharged. Sample 2, on the other hand, was collected as the bag was being 
cleaned, and the amount collected from each hopper was proportional to the amount discharged. 
The results of the particle size distribution of the ashes are presented in Table 2. The relative 
enlargement of the particle size of the urea test ash is probably a reflection of the increased 
unburned carbon content for these ashes (see Table 1). 

Table 1. Summarv of the Chemical Characteristics of the Flv Ashes Collected from the 
Clean Co”al Technolow Test Runs at the Public Serkce Company of Colorado 
Arapahoe No. 4 Unit -- 

Analytic 
PKZlllleter 

BaSeline 
Ash 

- 
Urea 
Ash - 

Total Moisture (105 OC) 
Total Carbon 
Mineral Carbon 
Total Sulfur 
Loss on Ignition (LOI) 

0.13 0.14 
4.92 8.68 
0.04 0.03 
0.06 0.08 
5.53 8.80 

SO2 
TiO2 
A1203 
Fe203 
cao 
MgO 
Na20 
K20 
p205 
SO3 
CO2 

57.16 53.71 
0.75 0.87 

24.81 23.20 
3.10 3.23 
4.38 5.23 
1.34 1.26 
0.89 1.07 
1.06 1.04 
0.60 0.65 
0.15 0.11 
0.15 0.19 

) Baseline test-i/23/93 
) Calcium injection test-6/29/93 
) Calcium injection test-l0/20/93 
) Sodium injection test-10/15/93. sampled pass 2. 

Cainj 
Ash (I) 

0.73 
12.72 
0.1 

0.70 
16.37 

45.40 
0.48 
17.62 
2.80 
11.84 
I .08 
1.02 
0.81 
0.56 
I .75 
0.37 

0.53 
5.60 
0.04 
0.50 
7.45 

54.41 
0.52 
19.49 
2.50 
9.72 
I .07 
0.94 
1.05 
0.47 
1.25 
0.15 

Nalnj Na Inj 
Ash-l Ash-2 

0.84 0.30 0.22 
4.62 11.95 8.29 
0.09 0.72 0.73 
I .59 0.98 2.33 
7.35 It.71 10.56 

36.66 47.74 43.11 
0.48 0.59 0.63 

20.78 19.56 19.22 
2.94 2.95 3.31 
24.03 3.74 3.92 
1.14 1.16 1.23 
0.47 6.87 9.81 
0.58 1.01 I .02 
1.04 0.61 0.75 
3.97 2.45 5.83 
0.33 2.64 2.67 

(4) Calcium injection test-7/02/93 
(6) Sodium injection ten-10/15/93, sampled pass I 
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Table 2. Summary of the Pertinent Particle Size Distribution Data for the Fly Ashes 
Collected from the Clean Coal Technology Tests at the Public Service Company 
of Colorado Arapahoe No. 4 Unit 

“a “a “a “a 0.94 0.72 0.93 

Bulk Density (pcf) 
Poured 41.8 40.5 33.4 37.5 37.3 43.5 41.7 
Packed 53.0 48.2 43.2 48.7 48.2 54.6 52.9 

l surface area measured in units m2lcm3 “a _ no, available 

Prior to testing the impact of waste materials on the integrity of waste materials, it is 

necessary to determine the chemical and physical characteristics of the waste material over time. 
As discussed, some waste materials undergo cementation reactions that can fill pores, reducing 
the permeability. In addition, the chemistry of the permeate solution can provide an indication of 
the nature of the reactions that are ongoing. This information, in turn, can provide an 
understanding of the chemistry of leachate-liner interactions. 

Waste materials collected from the clean coal technology test runs at the Public Service of 
Colorado Arapahoe No. 4 unit were subjected to a series of geotechnical tests, including 
moisture/density relationships, unconfined compressive strength, and expansion/shrinkage. 
Durability tests (wet/dry and freeze/thaw cycles) were not conducted due to the nature of the 
ashes. In addition, the characteristics of the ashes relative to the ASTM C-31 1 properties were 
also determined. The results of ASTM C-3 11 for each of the major tests are presented in Table 3. 

Calcium injection ash meets the specifications for use as a pozzolan with the exception of 
loss on ignition (LOI) (7.35 - 6.0 max) and water requirement (105.8 - 105 max). Although the 
data are’ very preliminary, the strength requirements appear to be met by the calcium injection 
ashes, specifically the 10/20/93 materials. 



d :: 2 2 2 
‘z E E E E 
gzz%’ 

$ g i $ $ 
E E E E E 

;T, = Oo--d~d 83”Z:: 

m 



The properties of the calcium injection ashes and the sodium injection ashes varied 
considerably with the specific ashes and the nature of the tests. The data for the 6/29/93 and the 
7/02/93 calcium injection tests appear to be similar in both chemistry and pozzolanic properties. 
The data also indicate that the 10/20/93 calcium injection ash is quite dissimilar, being higher in 
lime and sulfates and superior in pozzolanic properties. AS such, the data in Table 3 indicates that 
the pozzolanic qualities of the ash are benefited by the additional injection of time into the system. 
The 10/20/93 ash appears to be significantly superior in pozzolanic quality, with pozzolanic 
activity of Portland cement exceeding the 28-day requirements of ASTM C-618 by 21 days. In 
addition, the 10/20/93 ash is a finer material than that produced during the 6/29/93 and 7/02/93 
runs. 

The ASTM C-3 11 data for the two sodium injection ashes presented in Table 3 indicate 
that the two ashes are distinctly different from each other and that neither of these ashes appears 
to show promise as a pozzolan. The two ashes are different chemically in NazO content and 
associated sulfur capture (SO3 value) and in their fineness (pass 2 being much finer). The causes 
of these differences are still being evaluated. 

The results of the general geotechnical testing are presented in Table 4. The data indicate 
that there are significant differences in the geotechnical properties of the ashes from the various 
test runs. This is illustrated in the moisture-density relationship data. Moisture-density 
relationships were determined according the ASTM D-698. The relationships define the optimum 
moisture content of the ash that provides the maximum dry density of the sample. This is one of 
the primary criteria used to determine disposal properties of the ash. The relatively large swing in 
the maximum dry density (MDD) was surprising, as was the optimum moisture needed to achieve 
this density (compaction). The maximum dry density varies from 50.1 pcf to 77.5 pcf, while 
optimum moistures varied from 27.73% to 44.42%. The low density and high water requirement 
for the urea test again reflects the difficulty of wetting the ash and the resultant production of a 
well compacted material. 

The ashesfrom the calcium injection technology runs varied considerably, with MDD of 
50.1 to 66.50 and ~optimum moistures from 27.7 to 40.5., The higher lime injection ash 
(10/20/93) required the higher moisture and achieved the higher maximum dry density. The two 
sodium injection ashes were also quite different. The low strength development made expansion 
and shrinkage testing according to ASTM C-157 impossible. 
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Table 4. Summary of the General Geotechnical Properties of the Fly Ashes Collected 
from the Clean Coal Technology Test Runs at the Public Service Company of 
Colorado Arapahoe No. 4 Unit 

G 

N 

U 
0 

0 

0 

E 
S 

S 

.l 

:eotechnical Properties 

Ioisture-Density Relationship 
Maximum Dry Density (pc0 
Optimum Moisture (wt. W) 

:nconfiied Compressive Strength 
lptimum Proctor Moisture 

7 days (psi) 
14 days (psi) 
28 days (psi) 

lptimum Proctor Moisture less 2% 
7 days (psi) 
14 days (psi) 
28 days (psi) 

lptimum Proctor Moisture plus 5% 
7 days (psi) 
14 days (psi) 
28 days (psi) 

~xpansionlShrinkage* 
ealed Cured 

7 days(S) 
28 days (%) 

afurated Cured 
7 days (‘lb) 
28 days (%) 

rested at Optimum Proctor Moisture 
nd _ not determined 

,aseline 
i/23/93 

66.5 
34.45 
- 

nd 
28 

38 

nd 
24 
27 

nd 
41 
50 

- 

l * 

l * 

** 

** 

*I 

Urea 
417.8193 

56.7 
44.42 

nd 
37 
50 

nd 
36 
46 

nd 
32 
36 

- 
Ca Inj. 
6129193 

50.1 
29.02 

23 
105 
198 

31 
143 
213 

“ITl 

“Ill 

“Ill 

“Ill 
- 

~eclmen too son f-3, 
nm - not made 

- 
3aInj. 
7/Z/93 - 

55.93 
27.73 

21 
123 
252 

23 
128 
379 

nm 
- 
Iold. 

66.50 
40.50 

215 
625 
1653 

nd 
nd 
nd 

nd 
nd 
nd 

- 
Na lnj-I 
10/15/9: 

69.07 
28.22 

nd 
nd 
nd 

nd 
nd 
nd 

- 
Na lnj-2 
!0/15/93 

71.49 

25.86 

nd 
nd 
nd 

nd 
nd 
nd 

The calcium,injection ashes were distinctly different in unconfined compressive strength 
properties. A summary of the strength development of the calcium injection ashes is presented in 
Table 5. The unconfined compressive strength for the early calcium injection tests (6/29/93 and 
7/02/93) are clearly lower than for the 10/20/93 calcium injection ash. This is reflected in the 
lower amount of calcium in the ash (see Table 1). The benefit of calcium in the ash on the 
development of self-cementing properties is even evident in the early test ashes. The 6/29/93 ash 
was also spiked with additional lime in order to determine if the small amount of lime (5%) could 
enhance the strength development of the ash. The data presented in Table 5 appear to indicate 
little benefit of lime addition for this ash. 
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Table 5. Summary of the Unconfined Compressive Strength Data for the Calcium 
Injection Ashes Collected from the Clean Coal Technology Test Runs at the 
Public Service Company of Colorado Arapahoe No. 4 Unit 

1 day 
3 days 
7 days 

14 days 
28 days 
56 days 
90 days 

c lensiry (pcf) 

(I, --.-._... ” ..-- __” ..-..-. -._ -, ..-. D... -. _., -... - .- . -- .-. . .-- 

The strength development of the 10/20/93 ash is quite high, and the shape of the strength 
development curve is typical of the lime and fly ash reactions, showing a very slow earIy strength 
development up to 7 days and more rapid development from 14 days onward. 

The strength development for the two sodium injection ashes was very low. In fact, the 
conditioned and compacted ash specimens deteriorated after approximately 14 days, apparently as 
a result of expansion. Strengths in the range of 20 to 40 psi were determined prior to 
deterioration of the test specimens. The deteriorated specimens were remixed and recompacted 
into cubes to determine if the expansion was essentially over by 14 days. The results indicated 
that vvithin 24 hours of being stripped from the melds, the new repacked specimens cracked and 
expanded. The deterioration occurred for both specimens~ stored open to the air and sealed in 
plastic bags. 

Clav Liner Material Evaluations 

y Cla ineraio 

As noted in the methods section, two clay liner materials were tested for suitability for the 
Public Service Company (PSC) disposal sites. A sample of realite clay (RC) aggregate was used 

and a liner material collected from the airport disposal site was identified as airport clay (AC). 
Total elemental analyses are presented in Table 6. 
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Table 6. Total Elemental Analysis of Clay Liner Materials Using HF Dissolution 

r - Sample Na Mg Al Si K Ca Ti Mn Fe Zn 1 

Realite Clay 0.7 3 8 24 2.0 1.0 0.3 0.04 4.0 0.01 

Airport Clay 0.3 3 10 25 1.0 0.4 0.3 0.04 4.0 0.02 

The particle size analysis showed that the realite clay contained 0.5% sand, 59.1% silt, and 
40.4% clay while the airport clay has 14.3% sand, 32.8% silt, and 52.9% clay. The texture 
analysis for the realite clay may be erroneous because of the extreme difficulty experienced in 
dispersing the sample. Realite clay is marketed as a lightweight aggregate that is calcined during 
preparation. It is likely that this treatment enhances aggregation, which reduces its ability to 
disperse. Clearly, many of the silt-sized particles are really aggregates of clay. 

Realite clay is dominated by montmorillinite in the clay fraction, with some kaolinite and 
illite present. The XRD peak height for illite would suggest that realite clay contains high levels 
of illite. The high potassium content found in realite clay supports the presence of a higher illite 
content. 

The airport clay contains smectite, illite, and kaolinite clay minerals. The smectite was 
shown to be montmorillinite containing high levels of iron, which is very common. Based on the 
diagnostic XRD peaks, the kaolinite is probably dickite. Relative peak heights suggest that 
montmorillonite dominates the clay fraction, followed by kaolinite and small amounts of illite. 
Airport clay was determined to have similar clay mineralogy compared to realite clay. 

A -quantitative evaluation of the various clay types was completed using calibration 
standards as shown in Table 7. Problems quantifying the clay phases were due to the very 
complex XRD spectra. The peaks of the various clay phases overlapped. The results of the 
quantitative analyses are presented in Table 8. 

Table 7. Calibration Standards Used for the Quantification of the Clay Minerals Present 
in the Clay Liner Materials 

Clay Mineral Standard Name Certification 

Montmorillonite 
Kaolinite 

Illite 

USGS-CSB-I 
Fithian Illite 

McNamme Pit, SC 

about 95% 

not certified 
not certified 



Table 8. The Percentage of Each Clay Mineral Found in the Clay Liner Materials 

Geotechnical Testina of Clav Liner Materials 

The clay liner materials were evaluated relative to water/density relationships, Atterburg 
limits and water characteristic relationships (water content vs. pressure). 

The water/density relationships were determined for standard Proctor (ASTM D698) and 
modified Proctor (ASTM D1557) compaction levels. These values were used to prepare samples 
for hydraulic conductivity testing and to provide an indication of how the clay liner material might 
respond to use as a clay liner. Plastic clay liner materials are less likely to crack as a result of 
overburden pressure. 

The test results for the Atterburg limits are shown in Table 9. These data indicate that the 
airport clay contains a higher clay content than the realite clay and that the plastic limit for the two 
liner materials are comparable. The plasticity index (PI) for the airport clay is higher than the PI 
for the realite clay. This information provides an indication of the activity (A) of the clay 
materials, or their susceptibility to swelling or shrinkage. The activity of the clay liner materials 
can be estimated using the following equation: 

A=PI(%)/%c2lm 

Table 9. Atterburg Limits for the Clay Liner Materials Evaluated in This Study 
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The activity for each clay material is provided in Table 9. The clay liner materials studied 
in this research effort have equivalent A values and are expected to have similar swelling and 
shrinkage characteristics. 

The water characteristic curves for the clay liner materials are presented in tabulated form 
in Table 10. In general, the airport clay contains much higher soil water levels at each of the 
applied pressures than the realite clay. In fact, the realite clay material reacts more like 
aggregated clay particles or lighter textured material. This tendency may be associated with the 
heating treatment used in preparing the realite clay for lightweight aggregate use. In any case, the 
water release characteristics of the materials are very similar, as approximately the same 
percentage of soil water is removed from the system for each applied pressure. 

Table 10. Characteristic Curves for the Realite and Airport Clay Liner Materials 

Pressure 

l/3 bar 

Realite Clay Airport Clay 
Water Content (%) Water Content (%) 

21.13 32.34 

1 bar 19.71 30.77 

3 bar 18.20 29.21 

5 bar 17.27 28.52 

10bar 17.20 27.22 

Hvdraulic Conductivity Testing 

In general, the impact of CCT fly ash injection materials on the characteristics of the clay 
liner mate&s studied in this project was minimal. As shown in Table 11, the HC measurements 
decreased for clay liners compacted at moisture levels slightly higher than optimum (standard 
Procter) and increased for liners compacted at moisture levels lower than optimum (standard 
Procter). The HC measurements show that the reactions of the fly ash injection materials/clay 
liner system were very similar to those of the water/clay liner systems. Although some swelling 
was evident in the sodium injection materials, these materials did not have a negative impact on 
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the integrity of the liners over the 120-day tests (Figure 1). Some initial dispersion of clays 
resulting in plugging of pores may be responsible for the gradual reduction in HC. Swelling and 
shrinkage due to the high sodium or sodic condition followed by the impact of high salt 
concentrations on the electronic double layer did not occur. This clay chemistry phenomenon was 
expected to have a negative impact on the integrity of the clay liner materials. The HC values for 
the 120-iay test of the clay liner materials contacted with calcium injection material are presented 
in Figure 2. Shrinkage of the clay liner materials due to high electrical conductivity levels was 
expected to cause cracking of the clay liner. However, cracking was not apparent, and the HC 
values stabilized within several weeks, indicating that the clay liner remained stable. 

Table 11. Hydraulic Conductivity Evaluations for the PSC Natural Liner Material Under 
Various Water/Density Conditions With Tapwater as the Permeant Liquid 

HC at STD Dry 

HC at STD Opt. 

HC at STD Wet 

HC at MOD Dry 

HC at MOD Opt. 

HC at MOD Wet 

4.OE-09 

2.OE-09 

2.OE-08 

7.5E-09 

1.3E-09 

Wet/dry cycles did not have a major impact on the HC of the clay liner materials with 
time. The impact of wet/dry cycles on the system with sodium injection material overlaying a clay 
liner is shown in Figure 3. The decline of HC values with time closely resembles the trend shown 
in Figure 1 for a liner not impacted with wet/dry cycles. Other HC data representing wet/dry 
cycles are presented in Appendix A. 

The influence of freeze/thaw cycles on the HC values of a clay liner impacted with a 
calcium injection material is shown in Figure 4. The initial HC values resemble those shown in 
Figure 2 for the calcium fly ash overlaying the clay liner. However, each freeze/thaw cycle 
substantially increases HC values for the system above the previous equilibration HC level. These 
results suggest that during the initial development and use of a disposal site, freezing conditions 
could result in the failure of the clay liner system. The complete data set for HC associated with 
the various tests is presented in Appendix A. 
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Chemistrv of Flv Ash Material Solutions 

Solutions collected from the flexible-walled permeameters during the hydraulic 
conductivity determinations show large differences between the chemistry of the injection 
materials (Table 12). Solutions collected from the baseline ash material (wet/dry cycles) over the 
extraction period have relativity high pH values ranging from 10.3 to 11.6. In addition, the B 
levels are high, with values ranging from about 26 to 60 mg/L. Both parameters tend to decrease 
with time during the extraction period. The pH levels and the B levels are higher than appropriate 
for discharge into water systems. In addition, solutions with such high pH could impact the 
solubility of clay minerals, causing long-term degradation, and could negatively impact the 
integrity of the clay liner. 

As expected, the sodium injection materials contained large amounts of soluble sodium 
and SOA.~. In addition, the solutions collected from the materials contain elevated levels of B. Al, 
Se, and As (Table 10). It should be noted that the As, B, and Se levels decreased substantially 
during the testing period, probably due to the formation of less soluble minerals under the 
changing redox conditions developing in the materials. With time, the redox condition of the 
core/solution system has changed from oxidizing conditions to more reduced conditions. This 
type of redox condition would be expected to develop in the Ianhill storage facility with time. 
The high Na and SOi2 levels found in the solutions pose a potential contamination problem for 
water. Na ranged from 58,700 mg/L to 11,100 mg/L over the extraction period, and the S04.2 
levels ranged from 83,200 mg/L to 12,800 mgL. However, the clay liner is expected to reduce 
this potential through its influence on the redox conditions of the system and through attenuation 
due to sorption of cations and anions. The solution retrieved from the sodium injection sludge 
contained large amounts of Na, resulting in a sodium adsorption ratio (MR) of from 3610 for the 
initial extract to about 1960 for the last extract. Therefore, the solutions would be expected to 
disperse clay minerals. In this situation the EC is high (EC=98.6 to EC = 33.1 mS/cm), which 
would tend to counteract the dispersion caused by the sodicity. 

However, the solution could result in a sodic condition if the excess salts were removed 
from the systems without removal of the sodium. Another important consideration of the impact 
of the sodium materials on the integrity of the clay liner materials is th pH. The sodium injection 
materials have a final pH of about 11.8. This pH, along with the chemistry of the system, may 
negatively impact the clay itself. As will be. shown, there is an indication that the smectitic clays 
may be unstable in the conditions found in the sodium sludge system. 
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The solution from the calcium injection sludge contained few elements that would be of 
concern. For example, B levels were found to be less than 1 mg/L. Also, MO, As, Se, and Al 
levels were found to be of little environmental concern. The levels of S04-’ found in solution 
were low, probably a result of the formation of relatively insoluble SO4-* minerals. The major 
issues associated with the calcium injection material are the pH and EC values. The pH values 
ranged from 12.4 to 12.0 during the extraction period, and the EC values ranged from about 14.4 
to 8.0 mS/cm. Large quantities of this solution could result in environmental damage. The impact 
of pH on the integrity of the clay liners does not appear to be an important issue relative to the 
solution extracted from the calcium injection material. This will be addressed in the modeling 
section. 

The solution collected from the urea injection sludge materials also contained very few 
constituents of concern relative to environmental degradation. B levels ranged from 4.8 to 7.0 
mg/L during the extraction period, which are low compared to the ~baseline ash material. The only 
potential problem is associated with the pH values. The pH values were about 11.8 during the 
extraction period. As noted, such high pH solutions may have an impact on the dissolution of 
clay minerals. 

In summary, the solutions collected from the sodium injection materials are characterized 
by more problematic constituents relative to the calcium injection materials, the urea injection 
materials, and the baseline fly ash materials. This does not mean that such material will cause 
environmental degradation but that it has a greater potential to degrade the environment if 
adequate disposal facilities are not designed to prevent leakage. 

Attenuation of the Solution Constituents bv the Clav Liner Materials 

When the sodium injection materials were placed on a clay liner, the resulting solutions 
permeating from the liner were substantially different from the sodium injection material solutions. 
For example, B concentrations ranging from 680 mg/L to 120 mgiL in solutions collected from 
the sodium injection materials ranged from a high of 406 mg/L during the initial permeation of the 
liner to about3.8 mg/L after the 120-day period. Also, As levels ranging from 4.3 mg/L to 0.9 
mg& in solutions collected from the sodium injection materials to a range of 3.2 mg/L to 0.1 
mg/L in solutions collected from the clay liner. Se levels also showed large declines, from a range 
of 9.6 mg/L to 1.4 mgiL in solutions collected from the sodium injection materials to a range of 
0.6 mg/L to <0.005 mg/L in solutions collected from the clay liner. Other constituents, such as 
SOde2, ranged from 83,200 mg/L to 12,800 mg/L in the extracts collected from the sodium 
injection materials to 21 mg/L in solutions collected from the sludge/liner system after 120 days of 
flow. Sodium levels also declined to values of 12 mg/L after 120 days of flow through the clay 
liner material. 
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It appears that the clay liner substantially decreased the levels of the major potentially 
toxic elements found in the sodium injection materials. Also important in the reduction of many 
of the elements is the change in redox condition. After the 120-day flow period, it was evident by 
the HsS odor present during the take-down of the column that the system was under reduced 
conditions. However, the pH levels of the solutions permeating from the clay liner materials were 
still high (pH = 1 I). With time, this characteristic of the solutions could compromise the long- 
term integrity of the clay liner material. This proposed conclusion is discussed in the next section, 
In most cases, degradation of the clay liner will not pose a problem to sludge disposal since the 
placement of the material will be within large bodies of earthen material a considerable distance 
from an aquifer or surface water sources. 

The clay liner and the reduced conditions in the system during the 120-day permeation 
period substantially changed the characteristics of the solutions for the calcium injection materials. 
The pH of the solutions decreased from about 12 for the calcium injection material extracts to a 
range of 8 to 9 for the permeate leaving the clay liner. This is a substantial reduction and would 
greatly modify the chemistry of the solution. However, it should be noted that the pH of the 
solution permeating the clay liner was gradually increasing during the 120-day permeation period. 
This might indicate that the clay liner initially buffered the pH of the system to about 8, and with 
time, the buffer capacity of the clay liner was decreasing and the pH of the solution was 
increasing. Therefore, after a period of time dependent on the buffer capacity of the clay and the 
amount of clay present (thickness), the pH of the permeating solution might approach that of the 
calcium injection material. 

The clay liner also caused a reduction in the EC of the solution from a range of 14.4 
mS/cm to 8.0 mS/cm to a range of 3.7 mS/cm to 1.4 mS/cm. This change is undoubtedly due to 
surface sorption and the formation of minerals and amorphous materials. An interesting aspect of 
the solution permeating the clay liner is the increase in SAR, which would indicate the retention of 
Ca at adsorption.sites and the release of Na from the adsorption sites. Also, Ca may be involved 
in mineral formation, while Na remains in solution at levels about the same as extracted directly 
from the calcium injection material. There was also some indication of an increase in soluble As 
in solutions permeating from the clay liner. This may have resulted from the change in oxidation 
condition or may have been associated with the presence of As in the clay liner material and not 
with the calcium injection material. 

The solution collected from the urea injection materials associated with a clay liner closely 
resembled the calcium injection material/clay liner system. The pH of permeating solution from 
the clay liner was about I 1.8, while the solution permeating from the clay liner varied from 7.9 to 
9.3. This fluctuation did not appear to follow any apparent relationship. Also, the B levels 
permeating from the clay liner initially declined to a range of 1 .O mg/L to 1.5 mg/L but tended to 
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increase with time to values of 4.9 mg/L and 9.9 mg/‘L. This compared with 4.8 mg/L and 7.0 
mg/L for the B levels found in the urea injection material. The chemical constituents for the 
selected permeate samples collected during the HC evaluations are presented in Appendix B. 

Geochemical Model& Using E03/6 

The presence of the clay liner significantly reduced the potential for leachates from the 
injection sludges from impacting the environment in a negative manner. As noted, elemental 
constituents were substantially reduced, with a few exceptions as a result of mineral formation and 
possibly surface sorption of various elements and compounds. To better understand the solution 
chemistry of the clay liner and sodium and calcium injection materials, the speciation and solubility 
model EQ3 and the reaction path model EQ6 developed by Wolery at Lawrence Livermore 
National Laboratory were used. The following discussions provide an estimate of the solution 
chemistry associated with the sludge materials under saturated flow and reducing conditions. 
These conditions would be expected in a disposal site that has solution permeating the clay liner. 
This would be the worst-case condition as water is not anticipated to impact the disposal site in 
any great amounts. 

Sodium Injection Materials 

Solutions collected from the sodium injection materiaklay liner materials were analyzed 
for the major constituents for use in the geochemical model evaluation. The results of the analysis 
are present in Table 12. The analyses of the solutions collected from the sodium injection 
material/clay liner material system are presented in Appendix B. The solution permeating from 
the sodium injection materials contained very high levels of Na, S04.2, B, and other constituents 
as reported. It is clear that the clay liner material greatly reduces the solution levels of these 
constituents. It is important to determine why this is happening and the impact that the 
concentrated solution will have on the integrity of the clay liner. The reaction path model shows 
that the extracted solution will fotm a number of minerals and solid solutions as the solution from 
the sodium injection material moves through the clay liner material. The formation of saponite-tri 
solid solutions, mesolite, gibbsite and MoSer occur almost immediately. The formation of 
natrolite occurs~soon after. The formation of this mineral seems to be. favored over the formation 
of gibbsite, thus the Al present in the gibbsite is used for the formation of natrolite, and the 
formation of gibbsite is stopped. 

During this time, the smectitic clay present in the clay liner material begins to dissolve into 
solution. As quartz begins to precipitate in some form, the pH decreases from I I .6 to about 9.5 
and the Eh of the system changes from -520 mv to -330 mv. Next, smectite-di solid solutions 
begin to form, and the pH of the system drops to about 8.7, while the Eh remains about -300 mv. 
The precipitation of saponite-tri solid solutions and mesolite stops as the solution continues to 
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react with the clay liner material. As the solution continues to react with the clay liner materials, 
the mineral selenium is favored to form. At the same time, the montmorillonite present in the clay 
liner continues to dissolve. The clay in the clay liner seems to dissolve with time when impacted 
with the sodium injection material. However, at the same time a large number of precipitates 
have been formed as solid solutions or mineral phases. 

Many of the minerals forming are aluminosilicates that closely resemble montmorillonite. 
The formation of these materials tends to maintain the integrity of the clay liner at least during the 
l20-day testing period. Also, some of the elements that may negatively impact the environment 
are tied up in various minerals and/or solid solutions. The elements expected to be maintained in 
solution at relatively high levels after interacting with the clay liner are Na”, SO4.s. F’, B(OH),, 
and Cl-‘. The impact of these constituents on the ground water or surface water resources would 
depend on the hydraulic conductivity and the width of the liner and the materials present below 
the liner. The hydraulic conductivity of the liner expected at the Public Service Company of 
Colorado disposal site will be very low ( 1Cr9 cm/s), and the disposal sites are located in large 
bodies of fine-textured materials. Therefore, the constituents noted are unlikely to have a 
negative impact on the water resources. 

Calcium Iniection Materials 

The analysis of the solutions collected from the calcium injection materials are presented in 
Table 12, and the analyses of solutions collected from the calcium injection material/clay liner 
material system are presented in Appendix B. As noted, constituents extracted from the calcium 
injection materials provide little concern to the environment. The only issues may be related to 
pH and EC values and the impact of these characteristics on the long-term integrity of the clay 
liner. The reaction path model EQ6 shows that the solutions permeating the clay liner material 
will have the tendency to form several minerals without having a negative impact on the liner 
material. Barite, artinite, and saponite-tri solid solutions are saturated with the solutions leaching 
from the fly ash injection material and begin to form immediately. As the solution reacts with the 
clay liner mater&other mineral forms, such quartz and gibbsite, begin to form. The solutions 
passing through the clay liner material are still saturated with respect to saponite solid solutions; 
however, barite and artinite minerals do not continue to form. With time, the formation of 
gibbsite terminates and solid solutions of smectite-di become saturated. As the solution continues 
to react with the clay liner, saponite-tri solid solutions and quartz continues to form, and near the 
end of the testing period carbonate solid solutions (calcite, magnesite, and strontianite) begin to 
precipitate from solution. During the formation of these minerals in the clay liner material or in 
the solution permeating through the clay liner material, the reaction model does not indicate any 
dissolution of the clay liner material. 
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The data collected from the permeates show that the initial pH of about I2 is reduced to 
between 8 and 9 as it passes through the clay liner material. In addition, the modeling effort 
indicates that no constituents are expected to be in solution that would cause concern to the 
environment. 

Svnthetic Liner Evaluations 

The punch strength test data for the HDPE, VDPE and PVC materials are shown in 
Figure 5. This is the only property that permits direct comparison across the three materials 
tested, since the test was performed identically for each material type and at the same crosshead 
speed as required by the testing methods. The information demonstrates that the materials have 
much different capabilities to resist puncture. The heavy, thicker HDPE has the greatest punch 
strength, compared to the VDPE and the PVC materials. The PVC material, which is slightly 
thicker and stiffer, has more strength than the VDPE, which is a very low density polyethylene 
material. However, it is apparent that the influence of the various wastes on the integrity of the 
synthetic liner materials is not significant. This was also found to be true for the tear strength 
with grain and stress at 100% elongation with grain (Figures 6 and 7). The HDPE had high tear 
strength compared to the VDPE and the PVC, which have comparable tear strength. However, 
the stress at 100% elongation with grain for the PVC material (untreated and treated) was the 
same as for the HDPE material, and both had higher stress strength than the VDPE material. This 
information provides an indication that the HDPE, VDPE, and PVC materials have the overall 
strength capabilities after 120 days of treatment with the various wastes as the untreated liner 
materials have. The HDPE material has higher strength than the VDPE and PVC materials. The 
strength characteristics of the VDPE and PVC materials are not compromised by the waste 
materials and could be used in waste landfill applications for which they are suited. However, the 
weight loss of the PVC materials associated with the extractables tests suggests that the PVC 
material may decompose in the waste environments evaluated. More detailed results for the tests 
associated with each liner material are presented in the following discussion. 

Hiah Densitv Polvethvlene 

Elongation at yield data for both with-grain and cross-grain testing are shown in Figures 8 
and 9, respectively. The baseline sludge material seemed to increase the elongation slightly with 
time, but the other injection materials did not seem to have any significant, lasting effect on 
elongation. 
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Test results for elongation at break testing showed very high %CV values, indicating that 
the scatter of the data was very large. Thus, meaningful trends could not be identified. (See 
Appendix C.) 

The yield strength tested with grain is shown in Figure 10. The data indicate that the yield 
strength was not influenced by the baseline fly ash materials, the NaaCOs, or the Ca injection 
materials. However, the NazCOs-urea injection materials caused an initial drop in yield strength 
that disappeared by the end of the l20-day testing period. The cross-grain yield strength data 
shown in Figure 1 I indicate identical results. 

Breaking strength tested with grain and cross grain are presented in Figures 12 and 13, 
respectively. Here again, the baseline, NazCOs and Ca injection materials had no effect over time 
on the breaking strength in either orientation. But the Na2COj-urea injection material appeared to 
initially depress the breaking strength. This effect disappeared by the end of the l20-day test for 
both orientations. The %CV values were small for the with-grain tests and were significantly 
higher for the cross-grain tests. (See Appendix C.) 

Tensile stress at 100% and 200% elongation for with-grain and cross-grain testing is 
shown in Figures 14-17. The tensile stress at 100% and 200% elongation tested in both 
orientations was unaffected by the condition sludges. The only exception was with the specimens 
conditioned with NatCO+rea injection materials. These specimens displayed an initial drop in 
tensile stress that appeared to be a transient effect, since the decreased strength was no longer 
evident at 120 days. 

Elastic modulus results for both orientations are presented in Figures I8 and 19. The data 
for the with-grain tests show that the conditioning materials had a transient effect on the elastic 
response of the tested materials over time. For the cross-grain tests there appeared to be a 
transient effect caused by the baseline, NasCOa, and Ca injection materials that lowered the elastic 
modulus. However, after 120 days of conditioning, the reduction of the elastic modulus values 
was no longer apparent. 

The tear strength tests with grain and cross grain are shown in Figures 20 and 21, 
respectively. The orientation of the test specimen did not affect the tear strength. However, a 
transient decrease in tear strength was observed for the sample conditioned in the Na>CO, 
injection material. 
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Verv Low Densitv Polvethvlene WDPEl 

Elongation at yield results for specimens tested in the with-grain and cross-grain 
orientations are presented in Figures 22 and 23, respectively. In general, the baseline and 
injection materials had no lasting influence on elongation at yield. However, at 90 days the 
NasCOs injection material caused elongation at yield for both orientations to be inexplicably high. 
This was noted at the time of testing, and the test method was reviewed prior to continuing the 
tests. It should be pointed out that the technique used to measure elongation was not as precise 
at the low yield elongations as it was at the higher elongations. Therefore, these data are only 
considered to be a qualitative check on the behavior of the material. 

Elongation and strength at break data are not presented since in all but a few cases the 
maximum displacement of the test frame was reached without specimen failure. 

Yield strength data for both orientations are presented in Figures 24 and 25. The data 
indicate that the conditioning regime had no effect on this property. However, a temporary 
exception occurred at 60 days when the NaaCOs-urea treated specimens exhibited a significant 
drop in yield strength. 

Stress values from testing at 100% and 200% elongation in both orientations are 
presented in Figures 26 through 29. The results indicate that conditioning of the material had no 
permanent effect on stress at elongation properties. Much like the yield strength results, there 
appeared to be a temporary drop in stress at 60 days of conditioning for the Na$ZOs-urea treated 
specimens. 

Elastic modulus results for with-grain and cross-grain VDPE material are presented in 
Figures 30 and 31. The testing did not show any clear trends for the treated VDPE material, 
except that initially ,$I the conditioned materials but the NaaCOj-urea exposed specimens were 
stiffer. This condition usually is caused by the loss of plasticizer However, this condition was 
found to be transient. 

Tear strength results for with-grain and cross-grain VDPE material are presented in 
Figures 32 and 33. The tear strength remained almost constant through 120 days of conditioning. 
However, a slight dip in strength was observed with the 60 day NazCO3-Urea tests. 
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Polyvinvl Chloride (PVC) 

Results of the elongation at break testing with grain and cross grain for the PVC materials 
are presented in Figures 34 and 35. The tabulated averages and %CV values are presented in 
Appendix C. No significant trend was observed for the with-grain testing. The outlier data 
collected from the 90-day testing must be discounted due to the high %CV associated with the 
data. For the cross-grain test results, the only consistent effect created by the conditioning was a 
small reduction in elongation with time for the NarCOs injected material conditioned specimens. 

Breaking strengths for the with-gram and cross-grain specimens are shown in Figures 36 
and 37. For both orientations, the conditioning had transient effects on this property. 

The go-day results for all conditioning solutions except NazCOs-urea were greatly 
depressed. This was not a permanent effect, since the l20-day results were back to the untreated 
levels. The data were thoroughly checked, and there was no indication of a testing error, and the 
HDPE material tested at the same time came out as expected. The 60-day NaaCOa-urea 
conditioned specimens also showed a temporary drop in strength. 

Results of the stress testing at 100% and 200% elongation for both orientations are shown 
in Figures 38 through 41. The same trend that appeared in the with-grain and cross-grain PVC 
breaking strength data occurred in the stress at 100% and 200% elongation data. These 
properties appeared to be unaffected by the conditioning except at 90 days, when the stress values 
dropped significantly, only to raise again at 120 days. Also, the specimens treated with NasCOs 
materials had an increased stress at 100% and 200% elongation at 120 days. As with the previous 
tests, the 60-day NaaCOs-urea conditioned samples displayed a temporary drop in strength. 

Tear strength results for the with-grain and cross-grain tests are reported in Figures 42 
and 43. The same pattern exists for the tear strength results as was seen with the tensile results. 
The tear strength after 120 days showed no ill effects from the conditioning regime. All apparent 
decreases in strength occurred in the 60- and go-day samples. 

Volatiles and Extractables Content Tests 

Volatiles 

An increase in volatile losses is an indication of water absorption into the liner materials. 
The percentage of volatiles present in the liner samples before and after exposure to the sludge 
materials are presented in Table 13. 
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Table 13. Weight Losses Due to Volatiles and Extractables 

Membranflreatment 
Volatiles, Extractables, 

% Weight Loss % Weight Loss 

PVC-Baseline 0.19 30.76 
PVC-NazCO, Injection 0.20 30.19 
PVC-N&03 Injection 0.20 30.33 
PVC -Na2C03 Urea Injection 0.20 30.21 
PVC-Ca Injection 0.26 30.36 

HDPE-Baseline 0.14 0.34 
HDPE -Na2COJ Injection 0.08 0.53 
HDPE -Na$JO, Injection 0.10 0.61 
HDPE -Na2COJ Urea Injection 0.08 0.53 
HDPE -Ca Injection -0.01 0.60 

VDPE-Baseline 0.07 1.31 
VDPE -Na2COj Injection 0.07 1.23 
VDPE -NaFOa Injection 0.16 1.12 
VDPE -Na2COj Urea Injection 0.13 1.06 
VDPE -Ca Injection 0.05 I .38 

The volatile losses associated with the PVC material are similar after a l20-day period of 
conditioning in the baseline, NaaCOs, and the NasCOs-urea sludge materials. The volatile losses 
associated with the Ca injection waste treatment appear to be higher. However, volatile losses for 
all the treated materials were rather small, with the largest loss found to be about 0.25%. 

The HDPE liner materials had a weight loss of 0.14% when influenced by the sludge 
generated under baseline conditions which was higher than the CCT sludge treatments. The 
treatments using NasCOs and NazCOs-urea sludges resulted in volatile losses of about 0.1% and 
0.08%, respectively, and the Ca injection material gamed 0.01% weight after 120 days of 
treatment. These data demonstrate that the water absorption into the HDPE liner materials is 
very limited. The VDPE liner material also tended not to absorb much water. The liner treated 
with Ca injection, NasCOs, and baseline materials lost about equal amounts of weight with each of 
the treatments, about 0.06%. The liner.treated with NazCOs had a volatile loss of about 0.16%. 
which is significantly higher than the losses resulting from treatment with the other wastes used. 
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Extractables 

A decrease in liner extractables is an indication that liner components are leached from the 
liner due to exposure to a waste. The weight loss associated with liner materials is presented in 
Table 13. The PVC liner material reacted similarly for all treatments, with about a 30% weight 
loss due to extractables. The HDPE and VDPE liner materials reacted much differently, as the 
extractable losses for the HDPE were about 0.5% for each treatment, and the losses for the 
VDPE materials varied from about 1.06% for the Na$O+rea material to about 1.38% for the 
Ca injection waste. 

CONCLUSIONS 

Geotechnical evaluations made for the fly ash injection materials indicate that there are 
significant differences in the geotechnical properties of the ashes collected~during the various test 
runs. The calcium injection materials were found to develop rather high strength as compared to 
the other materials tested. The shape of the strength development curve is typical of the lime and 
fly ash reactions, with a very slow early strength development up to seven days followed by a 
more rapid development from 14 days onward. The strength development for the two sodium 
injection ashes was very slow. In fact, the conditioned and compacted injection material 
specimens deteriorated after approximately 14 days due to apparent expansion. 

The clay liner materials were characterized using total elemental analysis and XRD. Both 
clay liner materials used in the study contained high amounts of clays, with Sample A containing 
about 40% and Sample B containing about 53%. The clay fraction found in both clay liner 
materials was dominated by montmorillonitic clays, with amounts ranging from about 50 to 70%. 
These types of materials usually make good clay liners. The geotechnical properties of the clay 
materials seem to demonstrate that they have very similar activities or tendencies to shrink and 
swell. However, the water characteristic data seem to indicate great differences between the 
airport and realiteclay materials. The airport clay tends to hold much higher amounts of water 
than the realite clay at each pressure applied. This characteristic may be associated with the 
pretreatment of the realite clay (heating). 

Flexible-wall p-errneameters were used to determine the hydraulic conductivities (HC) of 
the clay liner materials impacted by various compactive conditions. Tests were conducted using 
the waste materials overlaying the clay liner materials under wet/dry cycles, freeze/thaw cycles, 
and over 120-day periods. 



The impact of CCT materials on the characteristics of the clay liner materials studied in 
this project was minimal. The HC measurements of the waste/clay liner systems were similar to 
the water/clay liner systems. HC decreased for clay liners compacted at moisture levels slightly 
higher than optimum (standard Procter) and increased for liners compacted at moisture levels 
lower than optimum (standard Procter). Although some swelling was evident in the sodium 
materials, the sludge materials did not have a negative impact on the integrity of the liners over 
120-day tests. Wet/dry cycles tended to result in lower HC, while freeze/thaw cycles substantially 
increased HC for the liner materials tested. No large differences were found between the airport 
clay and the realite clay liner materials. 

Sustained incremental changes in the measured physical properties of the synthetic liner 
materials over time were not observed. Some abrupt changes in strength were found several 
times during the testing period. However, these aberrations seemed more indicative of isolated 
changes in the conditioning methods or test procedures and could be related to flaws or changes 
in the materials related to manufacturing conditions. After 120 days of conditioning, none of the 
measured physical properties varied significantly from those for the untreated liner materials. This 
was true for all samples regardless of the conditioning solution used. It is apparent from the 
results of this study, that the HDPE liner material would be expected to perform better than the 
VLIPE and PVC liner materials due to its higher strength characteristics. 

The volatiles and extractables tests for the HDPE and VLIPE materials indicated that the 
waste materials had little influence on their overall structure. However, the extractables data 
suggest that PVC liner material might decompose in the waste environments evaluated. The PVC 
liner material reacted similarly for all treatments, with about a 30% weight loss. 
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Figure 1. Long-Term Hydraulic Conductivity Values for a Clay Liner Impacted by 
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Figure 2. Long-Term Hydraulic Conductivity Values for a Clay Liner Material Overlain 
by Calcium Injection Fly Ash 
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Figure 4. The Influence of Freeze/Thaw Cycles on the Hydraulic Conductivity of Clay Liner 
Material Impacted by Solution Extracted from Calcium Injection Fly Ash 
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Figure 6. Tear Strength With-Grain - 120 Days 

31 



2.5 

2.0 

.- 
y 1.5 

i 
El 
5 
$J 1.0 

0.5 

0.0 
Untreated Baseline Na2C03 Ca-lnj. Na2C03-Urea 

Conditioning Material 

Figure 7. Stress at 100% Elongation With-Grain - 120 Days 

25 

60 
Time, days 

Figure 8. Elongation at Yield With-Grain for HDPE 

32 



30 

5 

0 

3.0 - - 

2.5 -- 

2.0 -* 
.- 
Y 

fj 1.5 -- 
E 
ul 

1.0 -- 

0.5 -- 

0.0 T 

60 ' 
Time, days 

Figure 9. Elongation at Yield Cross-Grain for HDPE 

0 30 60 90 120 
Time, days 

Figure 10. Yield Strength With-Grain for HDPE 

33 



2.5 

2.0 
.- 
Y 

g 1.5 
g 
co 

1.0 

0.5 

0.0 

2.5 -- 

2.0 -- 
.- 
2 

z- 1.5 -- 
s 
cn 

1.0 -- 

0.5 -- 

0.0 T 
0 30 I 60 ’ 

r 

: 

Time, days 

Figure 11. Yield Strength Cross-Grain for HDPE 

- 0 Untreated - 
0 Baseline 

-E-E- 
-E3\jgos . 

- 

3.0 , 

0 60 
Xme, days 

Figure 12. Breaking Sbength With-Grain for HDPE 

34 



2.5 

2.0 

.- 

Y 

g- 1.5 
i? 
Lo 

1.0 

0.5 

0.0 I 
0 60 90 

Time, days 

Figure 13. Breaking Strength Cross-Grain for HDPE 

2.0 

M s 
* 1.0 

0.5 

0.0 

Entre;csd - 
ase I 

60 
Time, days 
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Figure 18. Elastic Modulus With-Grain for HDPE 
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APPENDIX A 

DATA SUMMARY FOR THE HYDRAULIC CONDUCTIVITY EVALUATIONS 





PSCDOE.DAT 

i I 

Date ITotal !Total 1Avg ‘[Grad IHydraulic iEffec iConfin !Back: Moist 
~Outfiow Inflow ~ Flow / (psi) :Conductivity Stress iPress IPres ~ Cond 
! I I I 

Sample4 I 
17-F& ~ 
, R.Feh 1~5 1~52’ 1.51 ~ 2.2 1,6226E-08’ IO! 50! 40; RCISt. Oat. - - - 
1 9-Feb 
7rLFehm _I - - 
21-Feb! 
;i-Febl 
23-Feb. 
24-Feb: 
3GFeh i 

- 
1.5; 
I!? - 
1.5; 
3.5: 

3, 
3.5: 

31 

2.03, ..--I 1.765~ 2.2~ 1.89662E-08! 
3 521 .._-, 1.51 i 2.21 1.6226E-08: 
2.03; 1.7651 2.21 1.89662E-OE- 
4.571 4.035; 4.3; 2.21836E-081 
3.56; 3.28~ 4.3; 1.80328E-06: 
3.561 3.53i 4.31 1.94073E-08; 
X56i 3.281 4.31 1.80328E-08 

10; 501 40~ 
10: 
10; 

50: 40’ 
50; 40; 

10; 501 40/ 
IO; 50: 40, 
10~ 501 401 
1oi 50: 4oi 

RCISt. Obt. 
RC/St. Oot. 
RC/St. 0;t. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Oot. 

l-Mar 5 5.08, 5.04, 
2-Mar 2! 2.031 2.0 

_..._. 
g-Mar 5.5, 5.08; 5.29’ 6.5: 1,92396E-06; 10~ 50! 401 RC/St. Opt. 

IO-Mar, 5; 5.59, 5.295 6.5 1.9258E-08: IO; 50~ 40~ RC/St. Opt. 
II-Mar: 5.5, 5.08’ 5.29 6.5’ 1.92398E-08 10: 501 40 RCISt. Opt. 
12-Mar: 58 6.6: 5.8; 6.5! 2.10947E-08’ 10 50~ 40~ RCISt. Opt. 
13-Mar 5: 5.59’ 5.295; 6.5; 1.9258E-08: 10; 50; 40! RCISt. Opt. 
14-Mar’ 5.5: 6.091 5.795~ 6.5: 2,10765E-08: IOi 50! 40: RCISt. Opt. 
15-Mar 5: 5.08; 5.04! 6.51 1.83305E-08: 10’; 50! 401 RCISt. Opt. 

I 18-Mar 5. 4.57i 4.785, 
I 17-Mar, 5~ 5.08 ~ 5.041 ( 
t 1 &Mar 5.06. 5.04 
I i&Mar! 5~ 6.11 5.551 6.51 2.c 

E 
20-Mar 5.51 
21-Marl 5.51 
37-M% 4+ 

4.571 5.035 ~ 
5.081 5.29; 

A.57 I 4.285; 

6.5; 1,7403lE-08, 
6.5; 1.63305&08’ 
6.5 ~ 1.83305E-08 ; 

11854E-081 
6.51 1.83123E-OEj 
6.5~ 1.92398E-08i 
6.51 1,55846E-08; 

4/ 23-Mar; 5.06~ 4.541 
7A.MX 5~ 5 cm 5.041 

1Oi 50; 4Oi 

#-i&J- 

10; 501 401 
101 50~ 40; 

50~ 401 
501 401 

6.51 1.6512E-081 101 
6.6 1.83305E-OE! IO! 

RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Opt. 
RCISt. Oot. 

25-Mar; 4i 4.06; 4.031 6.51 1.4657lE-081 10; 50! 401 RC/St. Opt. 
26-Mar; 4.5: 4.571 4.535’ 6.5~ 1.64938E-08i IO: 50; 401 RC/St. Opt. 

I 27-Mar, 4i 4.57; 4.2 85; 6.5, 1,55846E-08, 10; 501 RCISt. 

t 28-Mar; 29-Mar 4.51 3.5~ 4.57: 4.06: 4.0351 4.26; 
I 

6.5: 6.5; 1.46753E-08i 1.55664E-08; 1oi 10: 5Oi 501 401 401 40; RCISt. RCISt. Opt. Opt. Opt. 
?n-thr: - - . -. A, 3.;: A 06: ---, A.03 6.5; 1,4657lE-08; 10; 501 401 RCISt. Opt. 
31-Mar, 3.561 3.53; 6.51 1.28366E-08’ 10~ 5Oi 40; RCISt. Opt. 

f.Anri A; 4065 4.03: 8.5: 1.4657lE-06 IO: 5oi 40 RCISt. Opt. 
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PSCDOE.DAT 

i , I I I / 
Sample 7 I I I 

I 
I I I ) I 

28-Mar I / ! I , 

.-.-.. - 
i 2.591 2.59; 2.59, 6.51 9.41986E-09, 2oi RCISt. 0 
, I I I I , 1 , , 

I I I I I 
Sample 8 

28-Mar! I I ! 
I 

I I I I 
29-Mar: 1 

/ 
I I 

30-Mar i 2.21 1.57i 1.885; 2.21 2.02557E-081 101 551 45; RCISt. Opt. 
31-Mar; 1.65: 1.571 1.611 2.21 1.73006E-08: 101 55: 45; RCISt. Opt. 

I-Apr. 1.65’ 1.571 1.611 2.2, 1.73006E-08 101 55; 45. RCISt. Opt. 
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PSCDOE.DAT 

Sample 1 / / : ~ 
28-Apr’ I ! I 
29AW I I 

Sample2 I 
30-Apr I I I 
1-MFN I I I 

2-May 6.8 8.06; 7.43: 2.2; 7,98406E-08 20, 60; 40: RCIl% dry 
J-Mav 6~26’ 6.55 6.415 2.2i 6.89337E-08 20’ IQ-I All RCII % &-%I 
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PSCDOE.DAT 

I I I I 
Sample 3 ~ I I I / I 

28-Aw I I I 

! 
Sample5 i i 

27-May, ~~ ) 
28-Mav! / 

29-Ma; I 2.62: 
30-May’ 2.09: 
31-May8 2.62 

I-Jun; 2.62 
2-Jun/ 2.09, 
3-Jun 2.09 
4-Jun; 1.57; 
5-Jun: 2.09, 
6-Jurl 1.57! 

2.531 2.575~ 2.2~ 2.76702E-08: 20: 65; ’ 45; I RCISt. Opt. 
2.02j 2.055; 2.2~ 2.20824E-081 201 65: 451 RCISt. Opt. 
2.531 2.575; 2.2~ 2.76702E-08; 20; 65: 45j RCISt. Opt. 
2.53’ 2.575, 2.2~ 2.76702E-08; 20 65, 45; RC/St. Opt. 
2.531 2.311 2.2~ 2.48226E-08; 20: 65; 45~ RC/St. 
2.02: 2.055~ 

Opt. 
2.2: 2.20824E-08 2Oi 65: 45; RCISt. Opt. 

2.02; 1.795: 2.2’ 1,92886E-08, 201 65, 45: RC/St. Opt. 
2.02; 2.055: 2.2 ~ 2.20824E-08 ~ 2oi 65’ 45’ 
I.521 1.545: 2.2: 1.6602lE-08, 

RC/St. Opt. 
201 65 45; RCISt. Opt. 
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PSCDOE.DAT 

Sample6 i I I 1 I 
27-May , 

28-May 
29-May 37.52 39.15 38.335 2.2 4.11937E-07 IO! 60 50; RCISt. Opt. 
30-May, 86.83 82.48 84.655 2.2, 9.09678E-07 10 60, 50, RCISt. Opt. 
31-May’ 24.12 23.49; 23.805’ 2.2’, 2.55802E-07, IO, 60’ 50; RC/St. Opt. 

I-Jun! 24.12 23.49’ 23.805 2.2; 2.55802E-07 IO, 60, 501 RCBt. Opt. 
2-Jun’ 24.12 24.01, 24.065, 2.2; 2.58596E-07: 10: 80. 50~ RCISt. Opt. 
3-Jun: 24.12’ 24.01 I 24.085: 22 2.58596E-07 10; 60; 50’ RCISt. Opt. 
4-Jun 13.4. 13.57! 13.485~ 2.2: 1.44906E-07, 10; 601 508 RCISt. Opt. 
5-Jun, 10.18 10.44’ 10.31; 2.2, l.l0788E-07’ IO, 60’ 50, RCISt. Opt. 
8-Jun’ 15.01 i 14.62; 14.815: 2.2; 1.59198E-07: 101 60; 501 RC/St. Opt. 
‘I-Jun 32.7, 31.84; 32.271 4.3; 1.77414E-07 10’ 601 50: RCISt. Opt. 
8-Jun: 32.7, 31.84# 32.27: 4.3; 1.77414E-071 50 RCISt. 
9-Jun 32.7, 32.36: 32.53( 

1Oi 601 Opt. 
4.3; 1.78844E-07; 10; 60, 50’ RCLSt. Opt. 

lo-Jun 21.44; 20.88 21.18, 4.3: l.l6334E-07! 101 6Oi 50 RCISt. Opt. 
End : 18.22~ 18.27: 18.245; 4.3’ l.O0307E-07; 101 6Oi 50, RCISt. Opt. 

I 13.94’ 13.57~ 13.755i 4.31 7.56223E-08: IO! 60’ 50, RCISt. Opt. 
! I I Sample 9 I , 
/ 

5-Jun I I I ! I ! 
6-Jun 
7-Junl 1.09:- 

I I I ! I 
1.02’ 1.055; 2.2 l.l3367E-08! 20: 70, 50~ RCISt. Opt. 

8-Jun: 1.09, 1.02: 1.055! 2.2i l.l3367E-08; 20, 7oi 50; RCISt. Opt. 
14-Jun 1.09: 1.02 1.055: 2.2, l.l3367E-08; 20; 7Oi 501 RCISt. Opt. 
15-Jun 1.09; 1.02; 1.0551 2.21 l.l3367E-081 201 70; 501 RCISt. Opt. 
16-Jun 2’ 2.03i 2.015; 4.3; l.l0781E-08, 201 70; 501 RClSt Opt. 
17-.11m - -, 7; - 19: - 195~ 4.31 l.O7207E-081 20; - - 

4.3! 9.89605E-09i 20, 
7oi 50; RCISi. Opt. 

IB-Jun’ 1.8; 1.8’ 1.8! 70: 50’ Rclst nnt 
1.. 

t 
..-‘-.’ -r 

End : I.81 1.9. 1,A!=’ ~31 i ni7nw.m Tn 7n *n Qr-mt n. 

1.7i 1.9: . ..-‘-.’ -r 
--, ..- ..- --- -- _", ," --. IIVI",. "tit. 

1.8; 4.31 9.89605E-09: 20: 70! 50: RC/St nnt . I 
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PSCDOE.DAT 

Date :Total ~Tctal ;Avg iGrad ~ Hydraulic ~Effec ~Confin iBack Moist 
:Oufflow,lnflow l?low I (psi) iConductivity Stress ‘Press :Pres : Cond 

SamalelO I I I I 1 i 
4-Jun: I I I ! I 
5-Jurl I / I I 

Sample 11 
17-Jun ~ 
18-Jun’ 

I , 

I / 1 I I 
I I ! ! 

I 
t 

IS-Jung 1.11 1.2’ 1~15 2~2: 17357RF.08 10; 50: 40~ RC14% wet 

k 
20-Jun 11 1.21 1.11 2.2! l.l”‘“= swuuL-08 10; 50 40N RC/4% wet 
21-Jun 1~3 0~8: I 05 3 7 l.i263E-08~ 10, 50: 40: RC/4% wet 
‘)n- Ill” 
-.d “111 

I 
’ 

1; 4’ 
II I’ 

9 ‘)* 4 “7”C7C.,,8 
L.&l I.“,-v.d,L 10; 50: 40; RC/4% wet 

29Jun -_ _-.. I! 

1.5j; 

IS ..- 1 7s ..-- 7, l?.AWlF. -.- .,---_,- -08 10; 50: 40: RCi4% wet 
30-Jun 1.63, 1.58; 4.3 8.68653E-09’ 10’ 5Oi 401 RCl4% wet 

l-Jul. 1.9; 1.9; 1.9’ 4.3, l.O4458E-08; IO, 50; 40, RCi4% wet 
2-Jul I.91 1.9, t9i 4~3: 1 OMSRF.i)8; _ _ _ _ _ lOi RC/4% wet 
?.~I,,,, I 7 VI”*; a.. IO! IQ1 A?lomxnCE~ 

50~ 40i 
I.“, 8.“; -..# .-IY”“L-09~ IO* 5Oi 40; RC/4% wet 

I 
4-JUI~ __. 241 -. 3; I 771 RSi: !Zlfl1993E-Ogi -.. _._i -._ 101 50~ 401 RCl4% wet 
.-a~,: ^I 3-AIt, _ A, “a/ A.1 / ^^_. ^-a _ _ 

3.~3; b;.3! 1.10929E-08; 10; 50: 40; RCl4% wet 
6-Jul1 2.4~ 2.6i 2.51 6.51 9.09252E-09: 10~ 50: 401 RCi4% wet 
7-Juli 2.4 1 2.51 2.451 6.5; 8.91067E-09; 10~ 50, 401 RC/4% wet 

End 2.4 / 2.5: 2.45; 6.5; 8.91067E-09; 10 50! 401 RCl4% wet 
I 2.5! 2.51 2.5! 6.5: 9.09252E-09; IOi 501 401 RCl4% wet 
I / I ! / I I 

1 1 

Sample9A / 
I I 

I I 
7-Juli I I / --.. / I I 

8-Jul I I ! I I 

9-Jul, 0.5; 0.51 0.5~ 2.2 5.37286E-09: 201 701 50! ! RCISt. opt. 
IO-Jul. 0.6! 0.8; 0.7, 2.2 7.522E-09 20: 7o:st. 0 ~ RCISt. opt. 
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PSCDOE.DAT 

Date 
/ 

!Total ITotal iAv!a :Grad ;Hvdraulic IEffec Confin hack’ Mnict I - -. -. 
!OuMow Inflow flow i (psi) Conductivity Wess ,Press ~Pres 1 Cond 

ll-Jul 0.6 0.81 0.71 2.2; 7.522E-09 20; 70 St. 0 
0.7~ 

RC/St. opt. 
12-Jul, 0.6 0.65i 2.2, 6.96471E-09, 20, 70;st. 0 : RCISt. opt. 
IJ-Jul! 0.9’ 1.21 

1.3; 
1.05 4~3’ 5~7777~~09: 201 70,st. 0 ~ RCISt. opt. 

14-Jul, 1.1 1.21 4.3; 6.59737E-09: 
_^ --,-. 
ZU WSt. 0 RC/St nn+ .___.. _r.. 

15-July 1.2, 1.31 1.25; 4.31 6.67226E-09 20 70,st. 0, 
1.1’ 

RCISt. opt. 
16-J& 1.31 1.2: 4.3; 6..59737E-09 20, 70’Q 0 I 

1.6: 2.T 
RCISt. opt. 

17-Jul, 1.85; 6.51 6.72647E-09, 2Oi 70iS.t. 0 i RCISt. opt. 
18-Jul~ 1.8: 1.9: 1.851 6.5: 6.72847G09: 201 7o’st.o 1 
19-Jul’ 

RCISt. opt. 
1.641 2.03: 1.635: 6.5’ 6.67391E-09 20: 70;st. 0 / RClSt. opt. 

End ~ 1.64 1.52! 1.58: 6.5; 5.74648E-09’ 20, 7o;st. 0 ~ RCISt. opt. 
( 2.19, 2.03, 2.11 6.5: 7.67409E-09, 20 70 St. 0 RClSt nnt 
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PSCDOE.DAT 

I 
Date ‘Total #Total ~Avg ,Grad ~ Hydraulic ;Effec :Confin ‘Back Moist 

~Outflow Inflow i Flow i (csi) :Conductivitv Stress Presr i ,Pres Cond 
20-Jul: 26.15: 26.26: 26.205; 6.5’ 2.28739Eh 10: 50 40 RClMod dry 
20-Juli 26.67, 26.77! 26.72: 6.5: 2.33234E-06i 10; 5oi 4os RClMod dry 

End 1 24.58' 25.25; 24.915! 6.5; 2.17479E-06; 10; 5Oi 40 RClMod dry 
~ 25.1, 24.75; 24.925, 6.5 2.17566E-06~ IO! 50: 4oi RClMod dry 

I , I I I 
I / 

Samnle6C : I I I 

c .- --. 
19-Jul, 2.5; 
20-July 2.5: 
22-Jul’ 2: 
31-~1,,1’ 7~ ---“. _I 
24-Jul; 4.5: 
25-Jul 5.5, 
7lLlul 49: 
27-Jul 5. 

3# 2.751 2.2: 2.95507E-08: 1Oj 60, 501 
31 2.75; 2.21 2.95507E-08; 101 60~ 50; 

2.5! 2.25: 2.2i 2.41778E-08: lo! 60~ 50' 
7s 7 35 7 7 7 *,77nF-n* -.-: _.~1., ._- “” 10; 6Oi 50: 
i:;~ -‘-ii 4.3; 2.7489E-08 101 60; 50, 
5.5; 5.5; 4.3; 3.02379E-08 IOi 60, 50; 

5i 495; 4 3, 7 7714lF.08 10. 60; 501 
5.11 5.05, 4.3: 2.77639E-08; 10: 60', 50; 

--, .“, .,“, WI, 
08 10; r-3 50: 
“” I- “” ““8 
,08; 10~ 60: 501 

28-Jul, 7; 9’ 8~ 6.5i 2.90961E-nR 1;’ fin sn. F)~,~~ nnt 

29-Jul, 7.5; 7.5: 7.5! 6.5~ 2.72776E-mm ~. --, --, ..___ _r- 
End 7; 75 7.25, 6.5; 2.63683E-nn, 4n En sn: E)mcx nn+ 

7, 71 7. 6.5 2.5459lE- 

RCISt. opt. 
RC/St. opt. 
RCISt. opt. 
RCISt. opt. 
RCISt. opt. 
RCISt. opt. 
RCISt. opt. 
RC/St~ oot~ 
I .“,“.. “‘r.’ 
RClSt~ oat 

&;;:;;;;;: 

I 
Samnln 17A ~ / I I 

Sample 13A 1 / I ! ! j I 
7lAd I I I I 
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PSCDOE.DAT 

Sample20 1 1 I I I 
19-Aug I I 

1 
I 

l9-Aug; I ! ) ! 
19-Aug’ 29.57: 30.1! 29.835’ 2.2: 9.23323E-05’ 10 50, 401 Baseline Ash 
19-Aug 26.4 ~ 25.87; 26.135~ 2.2, 8.08817E-051 10, 50: 40# Baseline Ash 
19-Aug 23.23, 23.23 23.23 ~ 2.21 7.18914E-05: IO, 50: 40; Baseline Ash 
19-Aug’ 20.59 20.06 20.325: 2.2~ 6.29011E-05 10 50, 4oi Baseline Ash 
19-Aug , 30.3: 29.57: 29.635: 2.2: 9.23323E-05 IO 50’ 40; Baseline Ash 
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PSCDOE.DAT 

Date :Total Total !Avg 'Grad Hydraulic Effec Contin #Sack' Moist 
Oufflow Inflow Flow (psi) Conductivity Stress 'Press 'Pres Cond 

L 
lSample19A 

11-Sep, I 1 I I 12Sep 

13-Sep 4.53, 52 4.865; 6.5, 1.76941E-06~ 10; 50, 40, RClMod dry 
14-Sep' 4.53 5.72; 5.125: 6.5; 166397E-08 10; 50, 40' RClModdry 

End 4.53; 5.2; 4.665 6.5' 1.7694lE-06; IOi 50: 40, RClModdry 
I 4.4, 4.0 4.6: 6.5, 1.67302E-08 10 50, 40' RClModdry 

i / 

Sample22 I ! 1 I i ~ 
S-Self / I 
9-Sep: I 

9-Sep' 68.43 68.36 68.395 2.2, 0.000211666 IO! 50: 40~ Ureaash 
9-Sep 71.68, 71.45: 71.565, 2.21 0.000221477, IO: 50, 401 Ureaash 
9-Sep~ 69.5, 69.9; 69.7; 2.2' 0.000215705 10: 50, 40 Ureaash 
9-Sep 70.59 70.42' 70.505' 2.2~ 0.000216196 IO, 508 40: Ureaash 
9-Sep, 71.13 70.93; 71.03 2.2# 0.000219821~ IO, 50 40: Ureaash 

IO-Sep 71.13' 71.44 71.205 2.2' 0.00022061 10, 50; 40 Ureaash 
lo-Sep 70.88 70.91' 70.895, 2.2 0.000219403' 10 50 40 Ureaash 
IO-Sep. 70.05 70.93~ 70.49 2.2 0.00021615~ 10 50, 40 Ureaash 
IO-Sep 70.05. 69.391 69.72, 2.2' 0.000215767 10 50' 40 Ureaash 
IO-Sep 72.76 72.47! 72.615 2.2; 0.000224726, 10; 50; 40, Ureaash 
IO-Sep 72.22. 71.45 71.035 2.2' 0.000222312 lo! 50 40 Ureaash 
lo-Sep 125.98: 126.951 126.471 4.3; 0.000200241 IO: 50, 40 Ureaash 
lo-Sep 126.52: 126.96 126.74 4.3 0.000200676 10, 50# 40' Ureaash 
IbSep 126.52, 127.47, 1278 4.3, 0.00020106~ 10; 50' 4oi Ureaash 
13Sep 123.8 124.9! 124.35: 4.3, 0.000196892 10 50. 40: Ureaash 
13-Sep 1162 119.25! 117.73 4.3 0.000166402~ IO; 5oi 40: Ureaash 
13-Sep 117.29 118.22' 117.76 4.3, 0.000186449, 10; 50; 40: Ureaash 
13Sep 117.29 118.22 117.76 4.3; 0.000186449: IO: 50: 40! Ureaash 
13-Sep 117.29: 118.22; 117.76 4.3' 0.000166449: IO! 50; 401 Ureaash 
13-Sep' 106.98 107.43' 107.21; 6.5, 0.000187155: 10, 50; 40; Ureaash 
13-Sep, 108.61z 108.98, 108.8~ 6.5~ 0.00018993 lOi 50! 4oi Ureaash 
13Sep 109.69: 1lOi 109.65' 6.5: 0.000191764 101 501 40; Ureaash 
14Sep: 109.69: 1105 110.11 6.5; 0.0001922i 10 50~ 40: Ureaash 
14.Sep 108.6.- 108.971 106.79~ 6.5! 0.000169913~ 1Oi 501 40: Ureaash 
14-Sep 106.61 107.94( 106.27' 6.5: 0.0001E9014~ 10 501 40' Ureaash 
14-Sep 109.69: 108.96 109.34' 6.5: 0.000190873: 10; 5oi 40' Ureaash 

End 108.27 6.5 0.000189014: 50: 40 Ureaash 108.6~ 107.94~ 10~ 
i 109.15 108.97, 109.06; 6.5. 0.000190393~ 10; 501 40: Ureaash 

lSample21 : I I / 

22Sep'? 1 , ! I 
23-Sep, I.91 2.31 2.1~ 65 7.63772E-09: IO: 50; 40i ACIMod. opt. 
24-Sep' ta' 2.3' 2.05' 6.5, ?.45587E-09: 101 50, 40, ACtMod. opt. 
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PSCDOE.DAT 

Date JTotal ;Total \Avg IGrad ,Hydraulic IEffec Conftn IBack’ Moist 
‘oumow Inflow IFlow 1 (psi) IConductivity Stress ‘Press !Pres ~ Cond 

25Sep, 1.6 2.2: 2! 6.5, 7.27402E-09 10 50 40, AC/Mod. opt. 
26-Sep 2! 2.3, 2.15i 6.5: 7.61957E-09’ 10 5oj 40: AC/Mod. opt. 
27-Sep: 2; 2.2 ~ 2.11 65 7.63772E-09 10. 5Oi 40~ ACIMod. opt. 

End I.91 2.2 ~ 2.051 6.5i 7.45567E-09 IO: 50; 401 AC/Mod. opt. 
I.91 2.2~ 2.051 6.51 7.45567E-09, 10; 5oi 4oi AC/Mod. opt. 

I I I ! I ! 

/ I ! I 
Sample 25 I I 

29Sep ~ 
/ 

I 
29-Sep, I I / 
29-Sea: 113.471 1151 114.24: 2.21 0.000176765 IO: 50, 4oi Ca ashlCol. 7/Z) 
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PSCDOE.DAT 

Date :Total !Total ;Avg ‘Grad ‘Hydraulic :Effec Confin Back Moist 
ournow Inflow Flow (psi) ,Conductivity ‘Stress Press Pres Cond 

29-Sep 103.24 104 103.62: 6.5: 0.000180896 10, 50 40: Ca ash(Col. 7/2) 
29-Sep 103.24 104, 103.62 6.5, 0.000180896 IO, 50, 40 Ca ash(Col. 712) 
29Sep 104.22 105: 104.61~ 6.5: 0.000182624, 10; 50: 40, Ca ash(Col. 7/Z) 

End 102.76: 103.5 103.13’ 6.5~ 0.000180041: 10 50 40; Ca ash(Col. 7/2) 
102.76 1035 103.13 6.5: 0.000180041~ 10 50, 40’ Ca ash(Col. 7/2) 

I , I ! I I 
Sample 28 

Y A-. 

40. Base-Ash.cured 

Ise-Ashcured 
40, Base-Ash.cured 

Sample 29 i 
6-Ott ! I ~ 
E-act 

Sample 18A 
17-act 
1fmct 

19-act 0.3 0.4; 0.35’ 6.5~ 1.27295E-09~ IO; 50: 40 AClMod wet 
20-act 0.3 0.4; 0.35, 6.51 1.27295E-09 IO’ 50; 401 AC/Mod wet 
21-act 0.3, 04 0.35~ 6.5i 1.27295E-09 10 50: 401 AClMod wet 

End 0.3 0.4: 0.35’ 6.5, 1.27295E-09, 10’ 50’ 40’ AC/Mod wet 
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PSCDOE.DAT 

Date 
, I 

‘Total Total +% ~Grad ,Hydraulic :Effec Confin Back Moist 
,oum0w Inflow Flow i (psi) Conductivity Stress Press Pres Cond 

0.4, OS ! 0.45: 6.5 1.63665E-09: 10; 50, 40 AC/Mod wet 
, I I 

Sample ~IY~ 
5-act i 
6-Ott 

/ 
I / I I 

I I I 

7-act: 15.75: 15.421 15.585, 6.5 5.66828E-08i 10; 50, 40: ACIMod. dry 

8-Ott, 15.2i 14.91: 15.055; 6.5: 5.47552E-08i 10: 50; 40 AC/Mod. dry 

9-Ott 14.12! 14.39: 14.255; 6.5: 5.18456E-08: 10: 50! 401 AC/Mod. dry 

lo-Octj 13.58 13.88; 13.73j 6.5: 4.99361E-08’ 10’ 50: 40: AC/Mod. dry 
11-Ott: 14.12, 13.88: 14: 6.5: 5.09181E-08, 10: 50’ 40: AC/Mod. dry 

End / 13.58; 13.36 13.47i 6.5’ 4.89905E-08, 10; 
~ 13.58’ 

5Oi 4Of ACIMod. dry 
13.36, 13.47 6.5 4.89905E-08 10’ 50: 40 AC/Mod. dry 

I , , 1 I 
Samcle23 ~ ! I I I 

I 

12-act, ~ ! 1 / 
13-OCl’ ! I 1 I I 1 

1 I 

14-act: 1 1.3, 1.15; 6.5: 4.18256E-09 10; 50 All AClCaCl~ +re,,t 

t 15-06, 0.9 1.3, 
__L d 

l-l! 6.5’ 

16-Ott 1 1.2i 1.1~ 6.5, 4~00071E-09: 

17-act 1, 1.2’ l.li 6.5’ 

1 a-act 1.1 1.2 1.15 6.5, 

19-act 1.1' 1.2 1~15; 6.5 

20-act 1.11 1.2: 1~151 6.5! 

21-Ott 6~5. 

22-oct , 

4.00071 E-09: 10’ 
10; 

A 0007lE-09’ 10) 
4~18256E-09 10; 
4~ 18256E-09 IO; 

A~lR256F.09~ 10; 
A 00071 F-09 10: 
A iA75RF.09 1Oi 

I 
I 
I 
I I 

.-. ---. L . --., 

50: 40, ACICaCl2 treat. 
50; 40, AC/CaCl2 treat. 
50’ 40; ACICaC12 treat. 
50; 40; ACICaCl2 treat. 
5oi 40’ ACICaC12 treat. 

501 40: ACICaC12 treat. 
50: 4Oi ACICaCl2 treat. 
50; 401 ACICaClr, treat. 

23-OCl’ 6 s’ d nnmqg~ 101 5oi 4oi ACICaCI? treat. 
7A-Oet II I ?I 1 IS’ 18256E-09, IOi 

k-m74 r-09 ~ 10; 
-09~ 10, 

IOLOOC-09: l( 

501 40! AC/CaCl2 treat. 
501 401 ACICaCl2 treat. 
5oi 40: AC/C.&b treat 

: , 1 
Sample 15 / I ! 

17-Sepi j I 
18-Sepl? ~~ j I 

I 

19-Sep: Cl1 0.9 i l/ 6.5 3,63701E-09; iOj 50: ,401 AC/ St. opt. 
ZO-Sep 1.1~ l.li 1.11 6.5. 4.00071E-09: 10: 50: 4oi AC/ St. opt. 

End 1.1~ 1; 1.05: 6.5: 3.81886&09, 10 50 40’ AC/ St. opt. 

I 1; Ii 1) 6.51 3.63701~~09( 10; 501 40 AC/ St. opt. 
1 1 I I I I i 

Samole 17 ~ I r I ~ I I 
14-Sep~ I I 
15-Sep, j 

1 
I I I 

1bSep’ 
17-Se;; 

0.71 0.8; 0.75; 6.5: 2.72776E-09’ 10: 501 A0 
/ 

AC/ S;t wet orit ..-. - . -.-r., 
0.6, 0.7: 0.65: 6.5’ 2.36406E-09 10, 50; 40’ AC/ St. wet opt. 
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PSCDOE.DAT 

I I 
Date Total Total iAvg ! Grad ~ Hydraulic ~Effec Confin ‘Back Moist 

~Outfiow Inflow #Flow ! (psi) ,Conductivity Stress Press ;Pres Cond 
18-Sep 0.8 0.8! 0.8i 6.5: 2.9096lE-09. 10 50, 40, AC/ St. wet opt. 
19-Sep 0.6, 0.7, 0.65, 6.5 2.36406E-09, 10: 50 40; AC/ St. wet opt. 

End 1 0.7 0.71 0.7i 6.5; 2.54591E-09: 10; 5oi 40’ AC/ St. wet opt. 
0.7 0.7: 0.7i 6.5; 254591E-09. 10; 5oi 40, AC/ St. wet opt. 

I ! j I ! 
Sample 33 i i ( I ! I 

3-Nov I I I I I I ! 
/ I 

Sample 27 
27-act 
28-Ott 

I ! i 

I / I I I ! 
! I I I j 

- - . - . -. 

27-Nov 0.7: -.- 0.8! 0.751 6.5i 2.72771 
28-Nov 0.7! 0.71 0.71 c.-; -., 
29-Nov, 0.7; 0.9i 0.8; 6.51 2.! 

r-A n- ..n! I\.3 CC, *ne.,TC.r nn .n: CF. an, ._I&- ~.~~ cno u. I 
06 

U.Y Ll.01 0.2, L.JUJOICWJ~ IIJ 3L.i *Vi h/rap waler 
0~61 0.7. 6.51 254591E-09, 101 501 40! AC/tan wafer _._ _., 

I 
I I 

Sample 31 I I I I 
23-Nov , I 
24-Nov / I I 

25-Nov’ 0.8 I! 0.9’ 6.5 3.27331E-091 IO! 50, 40’ AC/Baseline Exl 
26-Nov 0.8’ 0.9 0.85; 6.5: 3.09146E-09 10~ 50, 40; AC/Baseline Ext 
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PSCDOE.DAT 

Date iTotal !Total ~ Avg !Grad /Hydraulic ~Effec ~Conrin iBack’ Moist 
‘Oufflow Inflow Flow ~ (psi) Conductivity Stress ~ Press IPres Cond 

27-Nov; 0.8! 0.8: 0.8~ 6.5~ 2.90961E-09 10; 50; 40; AC/Baseline Ext 
End ) 0.8; 0.8i 0.81 6.5) 2.90961E-091 10) 50) 401 AC/Baseline Ext 

0.8; I! 0.9: 6.5' 3.27331E-09~ 10, 50~ 401 AC/Baseline Ext 
I / 1 I / 

lSamale32 I 1 I ! I / / I I 
--car--- 1 

20-Nov! I I I 

21-Nov! ~ I I I 
1 

I ! I 

22-Nov 0.7; 0.8: 07% 66; 77777nP.nc ~nl cn! An AC/f?s rnll~~170, 
73-N& 0~7: 0~8 0 

.a- .,.., e..-. ,“h V”, VI, “” 7”, 
-_ .._. _.75 6.5: 2.72776E-09, 101 50; 40: ic;c, ;;;i;,,;;,; 
24-Nov: 0.81 0.8; 08 6.5 2.90961E-09’ 101 50 ~ 40 I AClCa sol(C-6/29) 
7S.Nnv 0~71 08: 0~751 6 5i 2~72776G09: 10: 50! 401 AC/Ca sol(C-6/29) 
26-Nov 0.8; 0.71 0.75 6.5; 2.72776E-09 10. AClCa sol(C-6/29) 
27-Nov 0.7: 0.8: 0.75: 6.5i 2.72776E-09 10; 50 40 : AClCa ‘, sol(C-6/29) 
28-Nov 0.7: 0.7: 0.7i 6.5~ 2.54591E-09, 1oi 50! 40; AClCa sol(C-6129) 

End i 0.7; 0.8, 0.751 6.5: 2.72776E-09’ 10: 50: 40; AClCa sol(C-6129) 
I 0~7; 0.8’ 0~75 6~5 2.72776E-09, 10; 501 4Oi AClCa sol(C-6/29) 
! / 1 

/ ! 
I I 

Sample 35 ! I I 1 ! 
15-Novi I I I I I 
15-Nov I ! 
1BNov 126.63 128.41 128.52, 2.2! 7.36525E-05: Nail) ash 
15-Nov, 123.38, 122.67, 123.03 ~ 2.2/ 9.51834E-05, 1Oi 501 40 Na(1) ash 
15-NoV 130.2: 130.51 130.35, 2.2: 0.000106159, 10: 50: 40 Na(1) ash 
15-Nov 115.5~ 115.36! 115.431 2.2; 0.000119076 IO! 50, 40 Na(1) ash 
15-Nov: 120.75; 121.1; 120.93 2.21 0.000124745, IO; 50; 40; Na(1) ash 
15-Novi 123.3: 124.76; 124.03' 2.2; 0.000127948 IO! 50! 401 Na(1) ash 
15-Nov: 91.351 91.35[ 91.35: 4.3: 0.000144641' 10 50; 4Oi Na(1) ash 
15-Nov! 93.45 92.92; 93.185: 4.3. 0.000147546: 101 50: 401 Nalll ash 
15-Nov: 95.55, Q4.4ei 95.015i 4.31 0.000150444 10; 50; 40~ Na(1) ash 
15Nov! 96.6 ~ 96.05: 96.325: 4.31 0.000152516! 101 50i 401 Natl) ash 
16-Nov! 96.6; 98.141 97.371 4.3; 0.000154173~ 1Oi 

~-~. ~, ~~~~~ 
501 401 Na(1) ash 

18NOVi 99.231 98.661 98.945; 4.3~ 0.000156666: 101 5oj 401 Na(1) ash 
16-Now 91.88: 90.83; 91.355i 6.51 0.000159484 101 501 40; Na(1) ash 
IB-Novi 92.4i 91.351 91.875) 6.51 0.000160392i 101 5oj 401 Na(1) ash 
16-Nov 92.41 91.35; 91.8751 6.51 0.000166392! 101 501 401 Na(1) ash 
16-Nov 92.93 ; 91.871 92.41 6.51 0.000161309! 10 50; 401 Na(1) ash 

End 92.931 91.87) 92.41 6.51 0.000161309; 10 50; 40) Na(1) ash 
j 92.931 91.871 92.4; 6.5~ 0.000161309, 10 50; 401 Na(1) ash 

I I I / I 

Sample37 1 
2-Dee: 
e ST__, 

I / 
! 
I I 

+ 
108.6: 

112.01 i 
411 nd! 

I I / I I 
911 91.281 2.2, 0.000176556, 1Oi 50~ 40; CaAsh(6/29)cured 

1081 108.31 2.2 0.000167582: 101 50; 401 CaAsh(6/29)cured 
1111 111.51! 2.2; 0.000172541~ 1Oi 501 401 CaAsh(6/29)cured 
1101 110.521 2:2! 0.000171017; 10; 5oi 40: CaAsh(6129)cured 
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PSCDOE.DAT 

: 

Date ITotal iTotal ;Avg IGrad iHydraulic IEffec Confrn ;Back Moist 
Oufflow,lnflow iFlow 

(psi) Conductivity 'Stress Press !Pres' Cond 

2-Dee 112.96 112: 112.49' 2.2, 0.000174065 10, 50, 40 CaAsh(6129)cured 

2Dee 111.04 109.5 110.27; 4.3, 0.000174598 10: 50; 40, CaAsh(6/29)cured 

2-Dee: 111.04 109.5 110.27! 4.3! 0.000174598, 10~ 50' 40' 
2-Dee! 

CaAsh(6/29)cured 
111.041 110.52! 1101 4.3; 0.0001749g4, 10, 50, 4oi CaAsh(6129)cured 

2-Dee 111.04: 11oi 110.52! 4.3i 0.000174994 10, 501 40, CaAsh(6/29)cured 

2-Dee 110.55; 109; 109.78, 4.3i 0.000173814: 10, 50; 40: CaAsh(6129)cured 
2-Deci 100.32~ lOOi 100.161 6.5i 0.000174856; 1Oi 501 40i CaAsh(6/29)cured 
2-Dee: 101.78 100.5i 101.14; 6.5i 0.000176567/ lOi 5Oi 40~ CaAsh(6/29)cured 

2-Dee! 101.78: 100, 100.89' 6.5: 0.00017613, 10; 50; 401 CaAsh(6/29)cured 

End / 100.81, 100; 100.41; 6.5, 0.000175283~ 10; 501 40: 
100.81~ 100~ 100.41: 

CaAsh(6/29)cured 

I 6.5' 0.000175283, 101 50; 40: CaAsh(6/29)cured 
I I ! 

Sample38 ~ 
I-Dee 

! I I 

I I I I 
I I ~ I ! 

- __, 
I-Dee 70.75' 

_._ _._ __ . 
77.26: 78.005 : 

I I / 
Sample39 1 I I I 

&Dec' I ~ I I ^_ 
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Date ITotal !Total ~ Avg IGrad iHydraulic !Effec Confin iBack’ 
~,Outflow Inflow Flow ~ (psi) Conductivity Stress ,Press ‘Pres 

14-Dee 98.21 99i 96.605! 6.5’ 2.58212E-05 10: 50: 40, 
End ~ 113.52’ 113; 113.26: 6.5, 2.57903E-05, 101 50, 40; 

: 101.38; 101.5! 101.44; 6.5 2.65636E-05; lo! 501 40. 

Moist 
Cond 

Na(2) ash 
Na(2) ash 
Na(2) ash 

I I I / I 
sample 44 ~ ; I i ! ~ / / 

20-Deco ; / 1 1 

/ 
ISample 45 ~ / I 

6-Jan; I I I 
6-Jan I 
6-Jan, 116.69, 117.5; 117.11 2.2: 0.000201323: 10 Urea ash 

I I I I I 

Sample 30 1 j I 

13-Nov ~ I I I 
id-t&X! I 

.._. 

0.8 
1 1 / 

1%Nov 11 0.9i 6.5 3.27331E-09: 101 501 40~ AC/Urea Ext.-120 
16-NOV, 0.8! 0.9: 0.85! 6.5 3.09146E-09; lOI 50: 401 AC/Urea Ext.-120 
17-Nov ~ 0.81 0.91 0.651 6.5 3.09146G091 101 501 401 AC/Urea Ext.-120 
18-Nov 0.7; Ii 0.85i 6.5: 3.09146E-09’ 

0.8. 
IO! 501 40; AC/Urea Ext.-120 

19-Nov 0.7: 0.75; 6.5; 2.72776E-09; 101 501 401 AC/Urea Ext.-120 
20-Nov ~ 0.8! 0.9 ~ 0.85; 65 3.09146E-09 101 50~ 40~ AC/Urea Ext.-120 
21-Nov ii 0.7 ~ 0.85 6.5: 3.09146E-09 10; 50; 40i AC/Urea Ext.-120 
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PSCbOE.DAT 

Date ,Total Total Avg ,Grad iHydraulic Effec Confin !Back Moist 
Outfiow Inflow !Flow 1 (psi) iconductivity Stress ,Press Pres Cond 

24.Feb 0.9 0.9 0.9; 6.5: 3.27331E-09 10 50 40, AC/Urea Ext.-120 
25-Feb 0.9 0.9, 0.9: 6.5, 3.27331E-09 10; 50: 40; AC/Urea Ext-120 
26-Feb 0.7, 0.9, 0.8i 6.51 2.90961E-09# 1Oi 50. 40~ AC/Urea Ext.-120 
27-Feb 0.9 0.8 0.85: 6.5; 3,09146E-09’ IO! 50 40’ AC/Urea Ext.-120 
28-Feb 0.9 0.7, 0.8 6.5~ 2.90961E-09 10, 50, 401 AC/Urea Ext.-120 

End ~ 0.8 0.9, 0.85: 6.5l 3.09146E-09 10 50’ 40; AC/Urea Ext.-120 
i nR n 8; nRI 6s 790967609: 10; 50: 40’1 AC/Urea Ext.-l20 
I I I ~ 

I -.- -. - -. - -. - -. - - - - - 

Sample 34 ; I / I I 1 ! I 
12-Nov’ : i I 
~I J-IYO” I I / 
1CNov~ 52.92 50.73, 51.825~ 2.2! 1.38423E-07. lo! 50. 40; AC/tap-H20 W/D 
15-Nov 30.24 29.81~ 30.025; 2.2! &01958E-08’ 10’ 50 40, AC/tap-H20 W/D 
16-Nov’ 30.24 29.291 29.765 2.2’ 7.95014E-08: 10, 50’ 401 AC/tap-H20 W/D 
17-Nov 30.24’ 29.81~ 30.025’ 2.2; 8.01958E-08 10 50; 40 AC/tap-H20 W/D 

ii8iaE-08’ 10 50: 40 ACitap-H20 W/D 
‘5432E-08, 10: 50! 40’ AC/tap-H20 W/D 
i0636E-08’ 10; 50, 40; ACltao-H70 W/D 

1 a-Nov 24.3; 23.01! 23.655: 2.2 6.3 
19-Nov 17.82 17.78: 17.8~ 2.2! 4.7 
20-Nov; 21.06; 20.92 20.99; 2.2’ 5.6 
21-Nov, 25.38 24.06; 24.72~ 2.2; 6,60263E-08 10 

22-Nov’ 21.06, 20.4i 20.73; 2.2: 5.53692E-08, 1OI 50, 40, AC/tap-H20 W/D 
14-Dee 21.06 20.41 20.73; 2.2, 5.53692E-08, 10’ 50; 40: AC/tap-H20 W/D 
15-Dee 21.06: 20.4~ 20.73: 2.2; 5.53692E-08~ 10: 50: 40; AC/tap-H20 W/D 
16-Dee 3.78. 3.66; 3.72i 2.21 9.936E-09, 10; 50, 40! ACltao-HVO W/D 
17-Dee 3.24 3.14’ 3.19: 2.2; 8.52039E-09, 10; 50 40; AC/tap-H20 W/D 
l&Dec: 3.24 3.66: 3.45; 2.21 9,21484E-09# 1Ol 50: 40; AC/tap-H20 W/D 
19-Dee, 3.24 2.62: 2.93’ 2.2’ 7.82594E-09; 10; 50 401 AC/tap-H20 W/D 
ZO-Dee 3.24 2.62 2.93~ 2.2, 7.82594E-09 10; 50, 40, AC/ho-H70 WID 

I ?I-Dee 3~24 X66 3.45 2.2; 9.21484E-09 10’ 50 401 AC/tao-H?O W/D 1 

LJ-YeG L. I 

1 2f-Dee 2.8~ ;:Ti ;175! 2.2; 7,34516E, 

22-Dee, 2.7! 3.14 2.92; 2.2~ 7.79923E-09, 10~ 50; 40; AC/tap-H20 W/D 
“?F.^^ -97’ *e - 75; 2.2: 7.34516E-09 10~ 50~ 40~ AC/tap-H20 W/D 

-09, 10~ 501 4Oi AC/tap-H20 W/D 
25-Dec , 3.11 2.91 31 2.21 8.01291E-09; 10~ 50~ 40’ AC/tap-H20 W/D 
26-DeC 2.9i 31 2.95i 2.21 7.87936E-09: 10~ 501 40; AC/tap-H20 W/D 
27-Dee 2.6 I- 2.6~ 2.61 2.21 6.94452E-09, IOi 5Oi 40, AC/tap-H20 W/D 
28-Dee 2.6; 2.61 2.61 2.21 6.94452E-09’ lo! 501 401 AC/tap-H20 W/D 

37742E-09, 1oi 50, 40: AC/tap-H70 W/D 22-Jan 
23-Jan- 

24-Jan ~ 
25-Jan 
26-Jan ~ 
27-Jan 
28-Jan 

2.5: 
2.5 ~ 

2.7’ 
2.6 
2.6 
2.8, 
2.6 

2.51 2.51 2.2~ 6.Z 
2.51 2.5; 2.2 ~ 6,67742E-09’ 10~ 
2.9/ 2.8, 2.2; 7,47871E-09’ IO, 
2.81 2.71 2.2i 7.21161E-09; 10: 
2.9; 2.75: 2.2’ 734516E-09, 10’ 
2.61 2.7; 2.2 7.21161E-09i 10; 
2.6 2.6, 2.2: 6.94452E-09: 10; 

50’ 40~ AC/tap-H;0 W/D 1 
50; 40~ AC/tab-H;0 W/D 
501 40; AC/tap-H20 W/D 
50: 40’ AC/tap-H20 W/D 
50, 401 AC/tap-H20 W/D 
50; 40# AC/tap-H20 W/D 
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PSCDOE.DAT 

, I I I 
Date ~ Total ITotal ?vg IGrad ~ Hydraulic ;Effec ‘Confin :Back! Moist 

;Oufflow Inflow Flow (psi) ,Conductivity Stress Press Pres Cond 
1 &Feb ~ 2.5, 2.5; 2.51 2.2~ 6.67742E-09; IO, 50, 40; AC/tap-H20 W/D 

.2i 6.94452E-09 10 50: 40, AC/tap-H20 W/D 17-Feb, 2.7: 2.5~ 2.6: 2 
18-Feb 1.1: l.l! l.li 2.21 2.93807E-09: 10: 501 4Oi AC/tap-H20 W/D 
19-Feb 3; 3.2; 3.11 2.2’ 6.28E-09 10, 50 40, AC/tap-H20 W/D 
20-Feb , 2.9, 2.9: 2.9; 2.2; 7.74581&09: IOi 50: 401 AC/tap-H20 W/D 
21-Febi 3.2! 3.2, 3.2: 2.21 8.5471E-09’ 10; 501 40~ AC/tap-H20 W/D 
22-Febi 3: 4.9; 3.95: 2.21 1.05503E-081 10 50: 40! ACltao-HTO W/D 

1 

I 23-Feb 2.9 3 2.95, 2.2; 7.87936E-09: 101 50’ 40: ACltao-H70 W/D 

I 27-Feb’ 2.81 2.7; 2.75: 2.2; 7.34516E- 

End k 

24-Feb: 3.3; 33 3.3’ 2.21 8.8142E-09, IO’ 50~ 40: ACltap-H20 W/D 
25-F& 3~11 3.1 3.11 2.21 8.28E-09, 10 50; 40: AC&o-H?0 W/D 

26-Feb’ 2.6; 2.9: 2.85 2.2: 7.61226E-09; 10; 5oi 40: AC/tap-H20 W/D 
,09, 10 50, 40: AC/tap-H20 W/D 

2.7; 2.7: 2.7; 2.2, 7.21161E-09: lOi 50~ 40, AC/tap-H20 W/D 
3.3: 3.2 3.25’ 2.2’ 8.68065E-09 IO, 50: 40; AC/tap-H20 W/D 

I 

Sample43 I I ! i : 
15-Dee I 

24-Dee’ 1.4: 1.7; 1.55~ 2.- .._ 
25-Dee 1.31 1.51 1.4i 2.2, 3.6 

Page 22 



PSCDOE.DAT 

Date iTotal !Total iAvg iGrad iHydraulic :Effec Confin :Back, Moist 
!oumow inflow ;Flow (psi) iConductivity iStress !Press :Pres Cond 

24-Jan’ I, 0.9; 0.95, 2.2' 2.47604E-09' IOi 50; 40, AClNa Ext FIT 
25-Jan 1.1 0.9 1: 2.2: 2.60636E-09, 101 501 40 AClNa Exi FIT 
2-Feb 

:~ 
0.9i 0.95; 22 2.476O4E-091 10: 50; 40, AClNa Ext F/l 

3-Feb Ii 
2~ 

11~ 
T.2' 2.60636E-09, IO, 50; 401 AC/Na Ext F/l 

4-Feb’ 21 2: 2.21 5.21273E-09, 10’ 50; 40: AClNa Ext FIT 
5-Feb, 2: 2/ 2: 2.2; 5.21273E-09; 10 50; 40. AClNa Ext FIT 
6-Feb 1.71 1.71 1.71 22 4.43082E-091 IO. 50; 401 AClNa Ext FK 

7-Feb’ 1.7~ 1.61 1.65; 2.2 I 4.3005E-09 ~ IO; 50: 40~ AClNa Ext FTT 
8-Feb 1.6; 1.6' 1.61 2.2, 4.17018E-09: 10 50; 40, AClNa Ext F/T 
9-Feb 1.7, 1.6: 1.65; 2.2! 4.3005E-09; 101 50! 401 AClNa Ext FiT 

IO-Feb, 1.5 15 1.51 2.2~ 3.90954E-09~ 10, 501 401 AClNa Ext FIT 

19-Feb: 1.5; 1.4i 1.45 2.2, 3.77923E-09: 10: 50' 40; AC/Na Ext FIT 
20-Feb 1.7, 1.61 1.65; 2.21 4.3005E-09: 1oj 50: 40: AClNa Ext Fff 
Zl-Feb 3.4: 3.4# 3.4' 2.2: 8.86163E-09: 10: 50; 401 AClNa Ext FIT 

Sample42 : ~ 
15-Dee 

( I I I 
1 ! I I I 

I 

-. -__ 

^^-~~ A.. 1 m A ..c CI”! .,“aln,?r ..n, An’ c.-’ I,-, .-I.,- r~.l..,- a-uec ~I .L ~,.Ji 143, ‘.L! J.L4‘JOCWJ~ 1tJ a”! ‘+“I fibma CXI vvw 
18-Jan 1.21 1.3; 1.25: 2.2j 3.24296E-091 101 50; 40: AClNa Ext W/D 
1 g-Jan ~ 1.2. I.31 1.25i 2.21 3.24296E-091 IO! 50: 4oi AClNa Ext W/D 
ZO-Jan: 2.1: 2.09~ 2.095 2.2! 543519E-09; 101 501 401 AClNa Eti W/D 
2%Jan! 1.051 1.57~ 1.31~ 2.21 3.39862E-09! IOi 50; 401 AC/Na Exi W/D 
27&m 16: 1.7! 1.65: 2.2: 4.2807E-091 101 50; 40: AClNa Ext W/D 

t 23-Jan 7A..hlY 1.1: 15 1.21 171 1.15' 1~35 2.21 2.2i 2.98352E-09’ 3.50239E-09 101 10: 50' 501 40! 40, AClNa AClNa Ext Ext W/D W/D 
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lSamole46 ~ I 1 ! I I 
2-Feb ~ I I I I I I 
3-Feb I / I I 

4-Feb’ 3.61 3.4, 3.5: 2.2~ 9.20949E-09: 10 
5-Feb 3.1 3.2; 3.151 2.2~ 8.28854E-09; 10; 
6-Feb, 3; 3: 3i 2.2; 7.89385E-09! IO; 
7-Feb’ 3.1 ~ 3.1 ! 3.li 2.2/ 8.15698E-09~ IO 
8-Feb 3.11 3.1; 3.11 2.Zi 8.15698E-09; 10 
9-Feb; 31 3j 3/ 2.2; 7.89385E-09; 10 

IO-Feb! -3.11 3.2i 3.151 2.21 8.28854E-09; IO’ 
18-Feb: 3.1/ 3.11 3.11 2.2: 8.15698E-09; IO 
19-Feb: 3.2: 3.2 ~ 3.2 I 2.2/ 8.4201E-09: 10 
20-Feb; 23.3~ 23.71 23.5; 2.2; 6.18351E-061 10; 
21-Feb~ 23.76! 23.5; 23.631 2.21 6.21772Em08i 101 
22-Febi 20.6i 20.51 20.55: 2.2; 5.40729E-08; IO/ 
23-Feb! 15.84; 16j 15.92: 2.21 4.189E-08; IO] 
24-Feb, 15.9~ 15.8, 15.85: 2.2; 4.17058E-08 IO! 

3-Mar’ 15i 15~ 15! 2.21 3.94692E-08: 10~ 
4-Mar ~ 16, 16.11 16.05, 2.2 4.22321E-08: 101 
5-Mar ~ 6.9, 7.1; 71 2,2 1.6419E-08’ 10; 

50~ 40: 
5oi 40: 
5oi 401 
501 40’ 
501 40’ 
501 40 
50: 40 
50/ 40 
50~ 40 
50~ 401 
50~ 401 
5Oi 401 
50~ 401 
501 40i 
50: 401 
50: 40; 
50’ 40! 

AClCa Ext F/l 
AClCa Ext F/T 
AClCa Ext FIT 
AClCa Ext FIT 
AClCa Ext FTT 
AClCa Ext F/T 
AClCa Ext FIT 
AClCa Ext FIT 
AClCa Ext FIT 
AClCa Exi FIT 
AClCa Ext FIT 
AClCa Ext FK 
AClCa Ext FIT 
AClCa Ext FIT 
AClCa Ext FTT 
AClCa Exi FIT 
AC/Ca Ext F/T 
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,__.,.___ .._.. ._.. or. , , 
-Mar 6.9, 6.8, 6.85 2.2 ~ 1.80243E-08 IO, 50: 40: 

I 
Sample48 ~ / I I / 

Q-Mar' ~ 
Q-Mar ~ ~ I I I I 

9.Mnr 32~63 33.5 33.065 2.21 0.000132624 10 50: 40: AC-25%falNaEti I- 
_ _. . - 

Q-Mar 30.19, 32 31.095 2.21 0.000124722 10, 50' 40~ AC-25%falNaExt 
Q-Mar 28.25' 28 28.125 2.2~ 0.000112809, IO 50; 40: AC-25%faiNaExt 

15-Mar 27.27: 28, 27.635 2.21 0.000110844 10 501 40, AC-25%faiNaExt 
15-Mar 45.78 46 45.69 2.2, 0.000184064 10 50; 40: AG25%WNaExt 
15-Mar 47.73, 48 47.865: 2.2; 0.000191986~ 10, 50 40 ACZS%faiNaExt 
15-Mar 44.32! 44.5 44.41, 2.2, 0.000176128 10 50, 40: AC-25%fa/NaExt 
15-Mar 41.39: 41.5, 41.445, 2.21 0.000166236, 10~ 50, 40; AC-25%falNaExt 
15Mar 37.99, 36 37.995! 2.2; 0.000152398 10 50: 40! AC-25%fa/NaExl 
1 B-Mar 37.5; 37: 37.25, 2.21 0.00014941 10; 50; 40: AC-25%fa/NaExt 
18-Mar, 34.58' 35' 34.791 22 0.0001395421 101 50; 40: AC-25%fa/NaExl 
18-Mar' 40.42! 40.5: 40.46; 2.2' 0.000182285; 10; 50: 40' ACZ5%falNaExt 
IB-Mar' 38.961 .39~ 38.981 2.2 0.000156349: 1oi 50; 401 AC95%falNaExt 
IB-Mar 37.99~ 38i 37.9951 2.2 0.000152398~ 101 501 401 AC-25%falNaExt 
18-Mar; 37.99~ 38, 37.9951 2.2 0.000152398~ 10; 501 401 AC-25%falNaExt 

; 23-Mar, 36.53+- 36.5; 36.515 50' 401 AC-25%talNaEti 
23-Mar; 
23-Marl 

33.61 2.2: 0.000134569: 101 AC-25%fa/NaExt 33.5~ 33.55~ 5oi 40; 
45.29: 45~ 45.1451 2.2, 0.000181076~ lo! 50~ 401 AC-25%falNaExt 

23-Mar! 42.86, 42i 42.43/ 2.2i 0.000170186 1oi 50: 40; AC-25%falNaExt 
23-Mar 41.88: 42; 41.94: 2.2i 0.000168221~ 101 50; 401 ACZS%fa!NaExt 
23-Marl 39.93' 40; 39.965, 2.2, 0.000160299 1oi 50; 40; AC-25%fa/NaExt 

End ~ 38.96, 38.5: 38.73; 2.21 0.000155346! 10; 501 40: AC-25%fa/NaExi 
' 3799; 38: 37.995: 2.2~ 0.000152398 IO, 50' 40: AG25%fa/NaExt _. .__, 

I / I I I I 
Sample40 ~ I 1 / ! 

21-Dee' : i I ~ I 
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1 1 

Date ‘Total !Total !Avg iGrad i Hydraulic :Effec iConfin ‘Back’ Moist 
Outflow Inflow ;Flow 1 (psi) iconductivity ,Stress ,Press ;Pres Cond 

27-Mar, 1.1, 11 1.05’ 6.51 3.81886E-09: 101 50; 40 AClCaExtll20day 
28-Mar l.ii 1.31 1.2, 6.5; 4.36441E-09; 10, 50; 40, ACICaExtIl20day 
29-Mar, 1~ I.31 1.151 6.5i 4.18256E-09: 10; 50; 401 AClCaExtU20day 
30-Mar 1: 1.3; 1.15: 6.5: 4.18256E-09; 101 501 40. ACICaExWl20day 

End 1.2: 1.2i 1.2; 6.5: 4.36441E-OQi 10~ 50: 40, ACICaExt020day 
I: 1.1’ 1.051 6.5; 3.81886E-09 10~ 50 40: ACICaExtUZOday~ 

/ I / I ~ ! I 

Sample 41 I ! 
22-Dee: 1 

I I 
23-Dee I I ! 
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! / 

Sample 50 i ! I ! 

6-Apr ’ I ! I ! 1 

I I I I ! I 
Sample 51 ! 

I 

B-Aorf 1 I I 
I 
/ I 1 I 

B-Apr I ! 
6-Apr. 25.81 I 26.5; 26.1551 2.2i 

39.51 
3.37265E-061 Na(2) ash W/D 

6-Apr 41.41 40.451 2.2~ 5,21597E-06: IO; 50~ 40; Na(2) ash W/D 
lQ-Apr 48.21, 46.5~ 47.355 2.2: 8.14181&061 10: 501 40: Na(2) ash W/D 
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Sample 52 ! 
II Anr 

1 1 I I 
I i 

- .-.-, 
3-Mav 4.4.35, 

..-- _._.._ -_ 
2.21 5.73071E-05; 1Oi iii AG25%FAK: .-JxWID 

43.5/ 43.925; 2.21 5.73071E-05~ 101 501 40; AG25%FNCax W/D 
18~hhv 43~82: 44 43.911 2.21 5.72875E-05; 101 501 401 AC-25%FAlCax W/D - ._-I ~.~.~ ..-- _._.._ -_ 

16-Mav 44.351 43.51 43.925: 2.21 5.73071E-05i 101 501 40: AC-25%FA/C; 
16-May: 42.241 

-3xWID 
42.5 42.371 2.2 5.52784E-05! 1Oi 50 ~ 40 1 AC-25%FAfCax W/D 

16-May! 43.82! 43.5 2.2 AC-25%FNCax W/D 43.661 5.69614E-05; 101 50 i 40 ( 
16-May! 44.35; 43.5 43.925; 2.2’ 5.73071E-05. 101 501 40! AC-25%FA/Cax W/D 

End 43.821 43; 43.411 2.2 5.66352E-05, 101 501 401 AC-25%FA/Cax W/D 
44.35’ 43& 43.925; 2.21 5.73071E-05; 10; 50; 401 AG25%FAICax W/D 

I I I 

Sample 55 ! 
1 rl.Mav 

I I I / ! I I 
I / I I I I 

IO-May ~ I / / I ! ! I 
IO-May, 53.55: 67.34: 60.4451 2.2; 9.35315E-05, 10~ 50: 401 Baseline FANID 
IO-May: 54.08’ 52.721 53.41 2.2 ~ 8.26302E-05 10; 501 40i Baseline FANID 
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r I I 

Date :Total iTotal ;Avg iGrad IHydraulic !Effec Confin !Back Moist 
!Oufflow'lnflow lFlow / (psi) !Conductivity Stress :Press :Pres Cond 

lo-May 54.08, 52.72; 53.4, 22 8.26302E-05 IO, 5Oi 40: Baseline F&W/D 
20-May' 98.18, 96.57 97.375i 2.2: 7.53382E-05~ 10: 50: 40 Baseline FAMIID 
20-May1 97.131 95.531 96.33: 2.2, 7.45297E05 10; 501 40: Baseline FA/W/D 
20-May 59.33: 57.941 58.6351 2.2~ 8.24825&05! 10: 50' 40, Baseline FAhVID 
20-May, 60.4, 57Q 59.15f 2.2 8.3207E-05 lOI 50: 4oi Baseline FA/W/D 
27-Mayo 588 58.98; 58.89' 22 8.28412E05' 10: 50! 40: Baseline FA/W/D 
27-May; 60.41 59' 59.7i 2.2, 8.39807E-05, 10 501 40, Baseline FNVVlD 
27-May, 55.651 53.77i 54.711 2.2) 8.46573E05j IO' 50i 401 Baseline FA/W/D 
27-Mayo 53.131 53.77/ 53.45; 2.21 8.27076E-05: 108 50~ 40; Baseline FA/W/D 
27-May: 55.65; 54.291 54.97; 2.21 8.50596E-05' 101 50: 40; Baseline FANVID 
1OJun: 55.65; 54.29; 54.97; 2.21 8.50596E-05, 10; 50: 40: Baseline FA/W/D 
lo-Jun' 55.65 53.77; 54.71: 2.2~ 8,46573E-05, 10: 50, 4Oi Baseline FNWD 
lo-Jun 54.08, 52.72! 53.4; 2.21 8.26302E05, 10' 50, 40; Baseline FND 
lo-Jun 54.6: 52.72 53.66, 2.2' 8.30325E-05 101 501 40: Baseline FA&V/D 
lo-Jun 54.08: 53.24; 53.661 22 8.30325E-05: IO! 501 401 Baseline FA/W/D 
20-Jun 55.13' 53.24' 54.185' 2.21 8.38449E-05; IO' 50: 40, Baseline FAN/D 

ZO-Jun 53.55! 54.29: 53.92: 2.2! 834349E-05' 10' 50: 40; Baseline FANID 
20-Jun 56.18, 54.81' 55.495: 2.2' 8.5872E-05, 10: 501 40; Baseline FA/W/D 

End 56.18 54.81, 55.495, 2.2~ 8.5872E-05; lo! 50; 401 Baseline F&W/D 
i 56.18; 54.81: 55.495, 2.2; 8.5872E-05, IO: 50/ 401 Baseline FANID 
I I / / I I 

Sample56 ~ I / 

26-May; I ~ ~ 
; 

26-May' I I I I i ~ I 
26-May' 50.47: 53! 51.735: 2.2, l.O6738E-05 101 50: 40: Ca Ash/F/T 
26-May, 42.14t 425 42.321 22 l.O9142E-05: 10; 50: 40; CaAshlFfT 
26-May' 42.63 43; 42.815~ 2.21 l.l0419E-05; IO; 501 40; CaAshlFTT 

‘I-Jun 42.12! 43; 42.561 2.2, l.O9761E-05! 10; 50, 40; CaAshlFfT 
7-Junf 43.61; 43.51 43.5551 2.21 l.l2327E-05i lo! 501 401 CaAshl Fm 
7-Jun 60.76: 62; 61.381 2.2' 6.33189E-05: 101 5oi 40! CaAsh/F/T 
7-Juni 59.78i 601 59.89; 2.2' 6.17818E-051 IO/ 50: 401 CaAshlFTT 
7-Jun' 56.841 571 56.92: 2.2 5.8718E-05; lOi 501 401 CaAsh/F/T 

IQ-Juni 54.391 54.5! 54.4451 2.2 5.61648E-05i IO! 501 401 Ca Ash/FIT 
IQ-Jun: 5488) 55; 54.941 22 5.66755E-05~ 101 50; 40 Ca Ash/F/T 
IQ-Juni 86.241 861 86.121 2.21 0.000133261! 101 501 40 CaAsh/F/T 
IQ-Jun! 60.76i 60.5' 60.631 2.21 0.000134025i 10: 50; 40 Ca AshlFfl 
IQ-Jun; 56.84i 571 56.921 2.2; 0.0001258241 101 501 401 Ca Ash/FE 
30-Jun! 53.91 56 54.951 2.21 0.00012147; loi 50 401 CaAshlFTT 
30-Jun' 50.47i 51.5 50.9851 2.2: 0.000112705~ 101 50 40~ Ca AshlFTT 
30-Juni 80.85; 81' 80.9251 2.21 0.0002504441 101 50 4Oi CaAsh/FTT 
30-Juni 75.95~ 76.5 76.2251 2.21 0.000235898' 101 501 401 CaAsh/F/T 
30-Jun' 73.51 73.5 73.51 2.2i 0.000227465~ 101 501 401 CaAshlFTT 

End 1 72.52; 72 72.261 2.2! 0.000223628. 10; 50; 4oj CaAshlFfT 
/ 69.58 69.5 69.64 2.2; 0.00021521~ IOi 501 4oi Ca Ash/F/T 
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Date Total Total :Avg iGrad ‘Hydraulic :Effec .Confin ‘Back, Moist 
~Outflow Inflow ‘Flow ~ (psi) Conductivity Stress Press !Pres Cond 

I 

I I 
,Sample 59 I / , 

/ 
ZQ-Jun ~ I I 
ZQ-Jun’ ~ I I 

29-Jun 59.8’ 59.41~ 59.605: 2.2, l.O246E-05; 10 50’ 401 NafCOab Ash 

29-Jung 52.52: 
ZQ-Junl 53.56; 

End ~ 54.6; 
’ 55.64 

52.65; 52.5651 6.51 5.50606E-05i 
53.611 53.565 6.5~ 561261E-05; 10~ 

64.11 54.351 6.5’ 569294E-05; 1Oi 
55.06: 55.35; 6.5~ 579766E-05, 10’ 

50: 40; 
50; 401 
50; 40; 
50; 40! 

-‘- Na(C03)2 Ash 
Na(C03)2 Ash 
Na(C03)2 Ash 
Na(CO?b Ash 
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Date Total iTotal iAvg iGrad iHydraulic iEffec Confin iBack Moist 
'Outtlowlnflow iFlow ~ (psi) [Conductivity Stress ,Press Pres ~ Cond 

7-Jul 1.6, 1.8 1.7i 2.21 4.37747E-OQ! IOi 50' 40 ACICaEti W/D 
I 

_“. .~., 
^,. -As I! Ln.C *r), c n-,n-?rr mn A.9 cm .e LAln-r~.,,.,,.. I 
LGJUI, ‘.~I, ‘ ‘.UJ, 

P..I!II 19 19 1~9; 

I_ End 

lo-Jul: 1.8 1.6' 1.0; 
II-Jul 1.9, 2.09, 1.9951 
12-Juli 1.91 2.09: 1.995' 

I 1.9 1.57 I.7351 
1 1~9; 1.9: 1.9' 

L.‘; J.LIOILC‘“J 3”! 4”, HbL,BCXV ““,U 

2.21 4~89247E-09’ ;“o: 50: 40: AClCaExt! W/D 
2.2: 4.63497E-09, 10~ 50 401 AClCaExV W/D 
2.2, 5.13709E-09~ 108 50, 40' ACICaExU W/D 
2.2i 5.13709E-09 10; 50 40: AClCaExtl W/D 
2.21 4.4676Em091 10: 50, 401 AC/CaExt/ W/D 
2.2: 4.89247E-09: 101 50 40; ACICaExll WID 1 ts I ; I 

jample49 / I 

-g-Marl 
T-Mar; LL 

71-Mar 39; 
77-r&r 3 Al 
7?..Mar ” ” ” 3All ” 
24-Mar 2.92, 
25-Mar ~ 3.2, 

26-Mar 3’ 

4; 3.95; 2.2: l.O4227E-08; 10~ 50 ~ 40~ AC-CaCl2//Na%VV-D 
4 3~705, 2.2 i 9.77626E-09, IO, 50~ 401 AC-CaCl2/iNaWW-D 

4~5 _ 3~955: _ _ . 2.2’ l.O4359E-08 10 50, 40 : AC-CaCl2IINaXMI-D 
41 3.46; 2.2, Q.l2978E-09 10 50 : 40 ; AC-CaCl2llNaWW-D 
3; 3.11 2.2; 8.17986E-09, 10; 50 401 AC-CaCl2//NaWV-D 

2.5! 2.75' 2.2) 7.25633E-09: 10: 50 ~ 40 ! AC-CaCl2//NaUiV-D 
!.2! 7.38826E-09, 10: 50 40 AC-CaCbllNaXAV-D 

I 
/ / ) 

I 
, 

, I 

__- 
27-Mar 2.6 
28-Mar 2.4 

29-Mar 2.2, 
23-Apr' 2.2' 
244pr j 2.5, 
25-Apr 1.1: 
26-Aor; 1.11 

ji 2.6' 2 
2.5~ 2.45 2.2! 6.46473E-09, 10; 501 40: AC-CaCI$lNaWW-D 

3; 2.6i 2.2; 6.86053E-091 10) 50. 40) AC-CaC12IINaXW-D 
2.5' 2.35' 2.2' 6.20086E-09 10: 40, 50, AC-CaCl2/1NaX&V-D 
2.4: 2.45; 2.2) 6.46473E-09’ 10’ 501 401 AC-CaCl2IINaXNV-D 
1.3 1.2, 2.2, 3.1664E-09, 10: 50, 40 ~ AC-CaCl~IINaXlW-D 
1.2, 1.15! 2.21 3.03447E-09; 101 50: 401 AC-CaCIdINaXNV-D 

I 27-Aor! Ii 1.3 
I 29-Aar’ 

X-l-Anr’ 

0.8' 1.31 
1.15, 2.2; 3.03447E-09' 10: 50 ~ 40 ~ AC-CaCbIINaXiW-D 
1.05i 2.2 ~ 2.7706E-091 10: 50; 40: AC-CaCIdINaXMI-n 

I 1; 0~9; 0 .95 ~ 2.2 2.50673E-09' 
1 II t2i 1 .15! 

. ..--I ” : .--, 

2-May; 1, 1.11 1.05; 2.21 2,7706E- 
R-hAa", I'! I II 1~051 2 7706E- 

2.2; 3.03447E-09, 

,OQ: 

” . ..“. i 
1 
l-l 

101 
101 

10: 

101 
101 

3 
501 

50: 
501 
-iq 

50 

3 50 
501 

’ “““8 ” ” ” ” ” , -‘-I -.- 

2-Jun' if 1.1) 1.05i 2.21 2. +A- 
I 

3-Juni 0.97’ l/ 0.9851 2.21 2.5 101 

4-Jun: 0.97; 1) 0.985; 2.2 2.59909E-091 10; 50’ 40) AC-CaCl2/lNaXhV-D 
5-Juri 1.46: 15 1.46; 2.21 3.Q0523E-09; 10; 50: 40’ AC-CaC12IINaXN+D 
6-Juni 1.11 I.11 l.l! 2.2; 2.90253E-09 101 5Oi 40 AC-CaC12llNaXfWD 
7-Jun! 1.11 11 1.051 2.21 2.7706E-OQi 101 50 / 40 AC-CaCl2I/NawV-D 
8-Jun! 11 1’ 11 2.2i 2.63867E-09 IO; 5Oi 40 AC-CaCl2//Na%VI-D 

30-Juni 1.11 0.9' 11 2.21 2.63867E-09 lOi 50; 40: AC-CaCl2llNaWW-D 
1-Jull l.li 1.2; 1.151 2.2! 3.03447E-09 lOi 501 401 AC-CaCl~llNaXfvV-D 

401 AC-Ca-., .__-_ . . _ 
40 ~ AC-CaCl211NaUUD 
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Date ;Total !Total 1 Avg ~Grad ~ Hydraulic :Effec Confin IBack’ Moist 
OUMOW Inflow ~ Flow I (psi) Conductivity $tress Press :Pres Cond 

2-Jul, 0.49 1.5’ 0.995# 2.2; 2.62547E-Ogi IO1 5Oi 40 AC-CaC12//NaXNV-D 

3-Jul: 1.46’ 1.5: 1.48: 2.21 3,90523E-091 IOi 50; 40, AC-CaC12/JNaX.W-D 

4-Jut: 0.97 1.5: 1.2351 2.21 3.25875E-09, IO! 501 40’ AC-CaCbIINaWW-D 

1 5-July 0.97~ 1.5~ I.2351 2.2; 3.25875E-09j 101 50 ~ 40 ; AC-CaCl2IINaXMI-D 
I 6-Jul’ 1~46 1.5 I.481 2.2 I 3.90523E-09 ~ 

7-.I”,: li U.Yi35 

E 
8-July 
9-Juli 

lo-Jul: 
Il-Jul: 

1.1~ 
1 

1.3; 
1.46 

I! 1.15' 

1.5; 1.48i 

z.2; 2~!mPJYt-“Yl 

2.2/ 3.1664E-09’ 
2.21 3.03447E-09; 
2.2 ; 3.03447E-09 ; 
2.2~ 3.90523E-09; 
2.2i 3.90523E-09: 12-Jul : 1.46 1.5 1.48, : 

10: 
lo! 

xir- 

End 1 0.97, I; 0.985, 2.2’ 2.59909E-09, IO, 50: 40: AC-CaCI;//NaXhV-D 

1.1, 12 1.15i 2.2’ 3.03447E-09! IO: 50 ( 40 i AC-CaCbIINaXWD 

Sample 54 
I I I ! 

I I 
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I I 

Date Total ‘Total ~ Avg iGrad 1 Hydraulic iEffec Confin !Back! Moist 
.Oufflow Inflow !Flow ) (psi) Conductivity Stress ‘Press :Pres ~ Cond 

14-Jul’ 5.4: 5.7! 5.55; 6.5~ 2.05373E-08: 10 50 ~ 40 ~ AC/Ca Ash/ 120day 
l!i..IIII 54! 55: 545: 6.51 2.01673E-08; 10; 

j.5i 2.10924E-08: 
50 ~ 40~ AClCa Ash/ 120day 

10: 50 ~ 40 AC/Ca Ash/ 120dav 
- - -. - _.._, . 

I 
16-JUII 5.6; 5:;; 5.7, f 
17-Jul' 5.5: 5.67' 5.585 In AC/Ca Ad-,, 

-. __ 
24-Jul: 51 5.36; 

25-JUII 61 5.84 5.--, 
26-Jul: 5.5; 5.84 5.671 ; 

I -.--: -.- ..“.““-- “_, ““, _“. 

B-Aua 4.87: 4~685: 6.51 1~73365E-08, 10: 501 40~ AC/Ca Ash/ 120day 

7-Aug’ 5i 4.87 4.9351 6.5; 1.82616E-08 10; 50: 40~ AC/Ca AshJ120day 
8-Aug : 5.51 5.36: 5.431 6.51 2.00933608, 10: 501 40: AC/Ca Ash/ 120day 
9-Aua 51 4.871 4.935: 6.5. 1.82616E-08 101 50 ! 40 AClCa Ash/ 120dav 

t IO-Au;: 5, 4.87: 4.935; 6.51 1.82616E-081 10; 50, 40: AC/Ca Ash/ 120day , 
I 11 -Aua 5! 
I 12-Aug 5 5.36; 5,iAi RS: 1 DlRR?F-nRi qni sn An: Arc2 Add 43nrll,, 

4.87 4.935; 6.6! 1.79849E-08! 101 50 ! 40 ~ AC/h Ash/ 12Od;lv 
-~--~I 

..-, -.-, ..“.“__ - -- 

4.871 4.6G 6.51 1.73365E-08, 
4.87~ 4.935’ 6.51 1.82616E-081 
4.87! 4.685. 6.5; 1.73365E-08 
4.38 4.44 / 6.5 ~ 1.64299E-08 
A.7R: A.441 6.5; 164299E-08, 
4.38: 4.441 6.5; 164299E-08: 

,“~ 

10' 
IO! 
10: 
10; 
101 
10: 

“” ~.“, , .-, -” , .“, ., ‘L”“v, 

501 401 AClCa Ash/ 120day 
50~ 40~ AC/Ca Ash/ 120day 
50 ~ 40 ~ AClCa Ash/ 120day 
50! 40/ AC/Ca Ash/ 120day 
501 40: AC/Ca Ash/ 120day 
50 i 40 I AC/& Ash/ 17ndav 

13-Aug 
14-Aug: 
15-Aug 
16-Aug’ 

4.51 
5, 

4.5; 
4.5: 
A s! 
4.51 

I / I 
Samole60 / I I I I I I 

8-Jul: 67.73~ 65.25: 66.491 2.21 5.27903E-05: IO! 5Oi 4Oi AC-25%FA/NaEx/F-T 
8-Juli 53.031 51.16! 52.0951 22 4.13613E-05~ 10; 5Oi 401 AC-25%FbVNaEx/F-T 
8-JUli 53.551 51.68 52.6151 2.2 4.1774lE-05; 101 50 I 40 1 AC-25%FAINaEx/F-T 

21Juli 49.881 49.07) 49.4751 2.2 3.92811E-05/ 10) 50: 40/ AC-25%FA/NaEx/F-T 
21-Julj 48.831 46.98; 47.905~ 2.2 3.80346&05: 101 501 401 AC-25%FAINaExIF-T 
21-Juli 85.05; 831 84.025; 2.2/ 6.67124E-05! IO! 50 ~ 40 ~ AC-25%FAINaEx/F-T 
21-Jul’ 63.53; 62.64; 63.085: 2.2! 5.00869E-05; 10 50, 40; AC-25%FAINaEx/F-T 
21-Jut 63.53~ 61.6: 62.565i 2.21 4.9674E-05; IOi 50 / 40 : AC-25%FAINaEx/F-T 
29-Jul! 61.43; 60.03: 60.73: 2.2: 4.82171E-05 10: 50; 40’ AC-25%FAINaEx/F-T 
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iTotal ‘Total IAva ‘Grad IHvdraulic !Effec ~Confin ‘Back Moirt 

Sample 61 I I 
7-Jul I 

I I 
/ I 

, 
/ 

1: Baseline Ash/ Ffl 

1; Baseline Ash/ F/l 
501 40; Baseline Ash/ FIT 

Sample66 I I I I ! 
l-Au0 I I I I I / I 
1-Aug 
14ug 
1 -Aug 

l-Aug[ 
8-Aug 
8-Aug : 

8-Aug 
8-Aug 

77.76i 
50.76’ 
46.44, 
44.28, 

37.0: 
56.7 

! I 
101 50 401 AC-25%F&VCaExVFfr 
10; 50 401 AC-25%FA/CaExVFIT 
101 50 401 AC-25%FNCaExVFTT 
10; 50 40 ~ AC-25%FiVCaExVFTT 
101 50, 40 j AC-25%FNCaExi/FTT 
101 501 40~ AC-25%FNCaExVFK 
10; 501 40, AC-ZS%FAICaExt/FTT , 
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Sample62 ! ~ 
13-Jul ~ 
14-Jul’ ~ 
1%Jul! 1.6’ 
16-Jul, 1.6i 
17-Jul: 1.3: 

I I I 
I 

! I I 
2.21 1.9; 2.21 502399E-09! IO: 50, 40 ~ AC-CaCI2INaExtI F/l 
1.6i 1.7, 2.2: 4.49515E-09: IO. 50 ~ 40 AGCaCI2INaExW F/l 
1.91 1.6: 2.2: 4.23073E-09: lOi 501 40’ AC-CaCWNaEti Fff 

16-JUI, 2.11: 21 2.055, 2.2~ 5.43384E-09: IO: 5Oi 40: AC-CaCI2INaExV F/l 
19-Jul; 2.11! 2! 2.055, 2.2~ 5.43384E-09’ IO’ 5Oi 401 AC-CaCl2INaExtl F/l 
20-Jul: 1.58; 1.5; 1.54: 2.2: 4.07207G09; 10~ 501 401 AC-CaCl2INaExU F/T 

21-Juli 1.56i 1.51 1.541 2.2j 4.07207E-09, IO; 50 1 40 AC-CaCl2INaExtl FIT 

22-July Y.58: I.51 1.541 2.21 4.07207E-09’ 10 50 / 40 AC-CaCI2INaExtl F/l 

23-Jul j 1.56/ 1.5 1.541 2.2’ 4.07207E-09 10 501 40 AC-CaCI2INaExtl FIT 

24-Jul\ 1.58; 1.5 1.54! 2.2 4.07207E-09 10 501 40 AC-CaCldNaExU F/l 

25-Jut/ tr58) 2 1.79) 2.2 4.73312E-09; 101 
4-Aug ! 1.581 1.5 1.54 2.2 4.07207E-09! 1 
54ug/ 1.061 1.5, 1.28; 2.2 3.36458G09~ 1 

6-AUgi 4i 5.51 4.751 2.2 1.256E-08 i 1 
‘I-Aug ~ 3.71 4 3.85; 2.2i l.O1802E-OE 

8-Aug 1 3.11 3.4 3.25: 2.21 8.59: 
g-Au; ~ 3.1~ 3.31 3.2 

)I 
l66E-09’ 

2.21 8.46145E-09: 
2.21 8.46145E-09, 
2.21 7,53598E-09, 

0~ 
01 
01 

101 
lOi 
IO/ 
101 
lo! 

50! 40) AC-CaCI;/NaExt/ F/l 
I 

501 401 AGCaCl2INaEti FTT 
50: 40! AC-CaCl2INaExV F/l 

50 1 40 AGCaCI2INaExtl FIT 
501 40 AGCaCl2INaExtl F/l 
501 40 AGCaCI21NaExV FIT 
501 40’ AC-CaCI21NaExtl Fff 
501 401 AGCaCI2lNaExV F/l 
50; 401 AC-CaCb/NaExt/ F/l 
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I I 

Date :Total ‘Total ;Avg ~Grad ‘Hydraulic !Effec iConfin iBack’ Moist 
,OuMow Inflow Flow ~ (psi) ;Conductivity Stress Press ,Pres i Cond 

13-Aug 2.3. 2.7 ~ 2.5 2.2j 6.61051E-09, lo! 50, 40 I AC-CaCI2INaExW FIT 
14-Aug, 2; 2.2) 2.1; 2.2 i 5.55283E-09 lo! 50: 40; AC-CaCI2fNaExU FA 
15-Aug , 1.8: 1.8, 1.8’ 2.2j 4.75957E-09, 10, 50 40 1 AC-CaCI2INaExtl F/l 
16-Aug 1.7: 1.8, 1.75; 2.21 4.82736E-091 IO! 50: 40, AC-CaCI2lNaExtl FTT 
17-Aug 1.71 1.8: 1.75; 2.2: 4.62736G09! 10 50 ~ 40 ~ AC-CaCI2INaExtl F/l 
16-Aug 2: 1.9; 1.95: 2.2! 5.1562E-09’ 1oi 50 40, AC-CaCI2INaExtl FIT 
19-Aug 1.9 1.8, 1.851 2.21 4.89178E-09; 10, 50) 40) ACCaCI2INaExU F/l 
20-Aug 1.7i 1.8’ 1.75; 2.2~ 4.62736E-09’ IO. 50’ 401 AC-CaCI2lNaExtl F/l 
21-Aug 1.6 1.7; 1.65, 2.2 1 4.36294&09 I 10; 50: 401 AC-CaCl2INaExU F/l 
224ug ~ 1.5’ 1.81 1.55; 2.21 4.09852E-09: 10; 50, 40 ~ AC-CaCI2INaExW FTT 

3-Sep. 1.5 1.5; 1.5; 2.2; 3.96631P09, 10; 50 ~ 40 ~ AC-CaCI2INaExtl Fm 
4-Sep 1.5: 1.51 IS 2.2! 3.96631E-09: 10, 50; 40; AC-CaCI2INaExU FIT 
5.Sep~ 2.11! 3i 2.555, 2.21 6.75594E-09! 10: 50, 40 ~ AC-CaCI2INaExtl FTT 
6-Sep 2.11’ 21 2.055: 2.2; 5.43384E-09’ 10’ 50: 401 AC-CaCf2lNaExV FTT 
7-Sep 1.58! 21 1.79; 2.2! 4.73312E-09, IO: I 50 40 _ AC-CaCI2INaExtl FTT 
8-Sep ~ 1.58. 2 1.79, 2.2’ 4.73312E-09; 10 50 ~ 40 ~ AC-CaCl2INaExU F/l 
9-Sep, 2.11~ 2! 2.055; 2.2; 5.43384E-09: IO! 50! 40, AC-CaCI2/NaExU F/l 

1 0-Sep 1.58: 2.5, 2.04. 2.21 5.39417E-09, 10; 50~ 40: ACXaCl2/NaExtl FTT 
11 -Sep 2.11: 2; 2.055’ 2.2i 5.43384E-09, IO, 50~ 401 AC-CaCl2INaExtt FTT 
12-Sep 1.58 2 I.798 2.21 4.73312E-09 IO’ 50 40 AC-CaCl2/NaExU FTT 
13-Sep 2.11, 2 2.055’ 2.2’ 5.43384E-09: lo! 50 ( 40 ~ AC-CaCI2INaExU FTT 
14-Sep 1.58 1.51 1.54; 2.2i 4.07207E-09 10: 50, 4Oj AC-CaCI2INaExV FIT 
15-Sep’ 2.11 2: 2.055, 2.2; 5.43384E-09’ 10 50 : 40 ~ AC-CaCI2INaExW FIT 
16-Sep 1.58, 1.5; 1.54: 2.2; 4.07207E-09; 10, 50: 40’ AC-CaCI2INaEti FIT 
27-Sep ~ 2.11! 2: 2.055 2.2 I 5.43384E-09, IOi 50 1 40 ~ AC-CaCI2INaExtl Ffr 
28-Sep 1.58, 1.5; 1.54; 2.21 4.07207E-091 lOI 50! 40: AC-CaCI2INaExtl Fn 
29-Sep 8.96, 9; 8.99 2.2; 2.37714E-08; 1oi 50 ~ 40 ~ AC-CaCl2INaExV FIT 

l -Ott 7.0: 8.1~ 7.95~ 2.2~ 2.10214E-08~ 10, 50: 40! ACXaCI2INaExtl FTT 
2-act; 6.6 6.61 6.7: 2.2, 1.77162E-08; 10; 50) 40 AC-CaCIYNaEti FTT 
4-oct , 7.4: 71 7.2; 2.2! 1.90383E-08; 10) 50 / 40 AC-CaCI2INaExtl FTT 
5-Ott i 7.4 ( 6/ 6.7: 2.2j 1.77162E-081 101 601 40 AC-CaCl2/NaExt/ FIT 
6-Ott ~ 6.6; 6.2~ 6.4; 2.21 1.69229E-08: lo! 50! 40 AC-CaCl2/NaEti FIT 
7-act ~ 5.6: 5.71 5.65 i 2.21 1.49397E-081 IOi 

5) 4.9j 2.2) 1.29566E-08’ 
501 40’ AC-CaCI2INaExV FIT 

a-act; 4.8’ IO, 501 40 AC-CaCl2JNaExU FTT 
9-act, 5.6~ 5.3! 5.451 2.2! 1.44109E-08: 10: 501 401 AC-CaCl2/NaEti F/T 

IO-act; 3.17: 3; 3.085’ 2.21 8.15737E-09, 10: 50: 4Oi AC-CaCl2INaExV F/T 
13-act i 2.64 2.5: 2.571 2.2; 6.7956E-09~ 10: 501 40/ AC-CaCI2INaExV F/T 
14-act 2.64 2.5: 2.57; 2.21 6.7956E-09: 101 60 40 / AC-CaCI2INaExW FIT 
15-act ~ 2.111 3~ 2.555~ 2.21 6.75594E-09; 10: 

2.04: 
50; 40) AC-CaCI21NaExU F/T 

16-Oct , 1.58! 2.5, 2.2/ 5.39417E-09; lOi 50; 40! AC-CaCI2INaExV F/l 
17-act: 2.11; 2.5’ 2.305! 2.21 6.09489E-09, 10: 50: 40) AC-CaCI2INaEti Ffr 
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, 
Date ,Total iTotal !Avg lGrad ~Hydraulic !Effec Confin iBack! Moist 

~Oufflow~lnflow IFlow j (psi) Conductivity Stress :Press !Pres ~ Cond 
18-act 2.11 2.5’ 2.305 2.2 6.09489E-091 10, 50 40’ AC-CaCbINaExV F/T 

1%act ~ 2.64 2.5; 2.57i 2.21 6.7956E-09; IO; 50 ! 40 i ACCaCl2INaExtl F/T 

20-act 2.64, 2.5~ 2.57; 2.2; 6.7956E-09; 10; 50~ 40’: ACCaCI2INaExtl F/T 

21-act; 2.11~ 2! 2.055! 22 5.43364E-09 IO 50 

25 

40 1 ACCaCI2INaExtl F/T 

22-act’ 2.111 2.305! 2.21 6,09489E-09; 10; 50; 401 AC-CaCI21NaExtl F/T 

23-OCti 2.64 2~ 2.32; 2.21 6.13455E-09i 1oi 50 i 40 i ACCaCl2/NaExV FIT 

24-Ott! 2.11! 2.5; 2.305’ 2.2 6.09489E-09; 10: 50 i 40 ~ ACCaCI2INaExU F/T 
25-act, 2.11: 2.5i 2.305~ 2.2 6.09489E-09’ IOi 50: 401 AC-CaCI21NaExtl F/T 
26-Ott ~ 1.58 ~ 2; I.791 2.2, 4.73312E-091 10~ 50 i 40 i ACCaCI2INaExtl F/T 

27-Octl 2.11 I 21 2.055: 22 5.43384E-09; IO! 50! 401 AC-CaCb/NaExt/ F/T 

28-Ott; 2.11 2i 2.055! 2.2i 5.43384E-091 IO! 50! 40~ AC-CaCI;/NaExVFIT 1 

21 2.055~ 
2: 2.055: 

1.5i 1.805: 

2.2, 5.43384E-09 
22 5.43384E-091 
2.21 4.77279E-09i 

29-act; 1.58 2.51 2.04 2.2: 5.39417E-09: IO) 50, 40) ACCaCl2/NaExV F/T 
30-act j 2.11 21 2.0551 22 5.43384E-09; 101 50: 40: AC-CaCWNaExW FTT 

10' ~~ 50: 
1Oi 501 

‘0 50; 

zr 3J 
40, - 

I 1 I I I , I 
Sample67 : I / I j I 

18-Ott! ) , I I I I 

1sact 1 I I 
18-Ott! 110.25, 109.11 109.66/ 2.21 0.000169709; 
18-Ott; 118.65~ 116.931 117.791 2.2~ 0.000182266; 
18-Ott; 123.36 122.15: 122.77: 2.2: 
19-Ott: 122.85 121.63i 122.24; 2.21 

19-octi 124.95! 123.711 124.331 2.2: 

19-act! 103.43; 105.44! 104.441 4.31 

19-Ott; 107.63. 10 

1 I 
lOi 

( 
50’ 401 RC/Na(C03)2Urea 

10; 50 i 40 I RC/Na(COxb-Urea -.- 
0.000189964 IOi 50~ 40: RC/Na(C03)2Urea Ash 
0.000189152 101 50~ 401 RC/Na(C03)2-Urea Ash 
0.000192386’ 101 50: 40 RC/Na(C03)2Urea Ash 
0.000206699( 10) 50; 40 RC/Na(CO3)2Urea Ash 

15.97: 106.8/ 4.31 0.00021136, 10~ 501 40, RC/Na(C03)2Urea Ash 

19-act: 109.21 106.05~ 108.631 4.3: 0.000214992, 101 5Oi 401 RC/Na(C03)2-Urea Ash 
1%Ott, 110.25~ 108.581 109.42~ 4.3~ 0.000216555~- IOi 501 401 RC/Na(C03)2-Urea As 
19-Ott: 111.83/ 110.66i Ill.251 4.31 0.000220177~ 101 50; 401 RCINafCOab-Urea As .~ -_,- -~--~ .-h 
19-Ott 125.48i 125.28! 125.381 6.5: 0.000216884~ 101 5( 1 

-5 
401 RC/Na(CO3)2-Urea Ash 

I 401 RC/Na(C03)2Urea Ash 
5( 1 401 RC/Na(CO3)2-Urea Ash 

* 401 RC/Na(C03)2Urea 
501 

3if 
40: RC/Na(CO3)2Llrea 

3 

401 RC/Na(C03)2Llrea 
50 40; RC/Na(CO3)2Urea 

I 

I 1 

19-Octi 127.051 125.61 126.43 6.5 0.0002207081 101 
19-act, 86.11 84.56; 85.33 6.5 0.000223449~ 10; 

20-Ott; 86.631 85.09: 85.86 6.5 0.000224837~ 101 
20-Ott: 87.68: 86.13; 86.905 6.5 0.000227574~ IO! 

End 83.481 84.04 i 83.76 6.5 0.000219336! IO) 

84i 81.951 82.975 6.5 0.000217282/ 101 
I I I I 

Sample65 1 / I / I 
26Jull I I I I I I I 
‘I-.lUI! I I I ( / I I 
28-Jul! 1.46i I.51 1.48~ 2;21 350227E-09, 10: sn 

~ 
An AC:-C:aC12/ca~fl FA 
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I , 

Date 
I I ! I 

iTotal iTotal ! Avg iGrad Hydraulic :Effec Confin iBack’ Moist 
,OuMow Inflow Flow ~ (psi) iConductivity Stress Press ~ Pres Cond 

29-U 1.95 2, 1.975’ 2.2! 467364E-09 10 50, 411 AC-CaCl?/CaE~ Ffl I - .- ---, L 

I 30-Jul; 1.46 1.5 1.48: 2.2’ 3.50227E-09’ 10, 50: 40 AC-CaCI2lCaExV FTT 
31-Jul, 1.46 ,i 21 1.73: 2.21 4.09387E-09. 10, 50 ~ 40 : AC-CaCI2lCaExU F/l 
l-Am, 1.95, 2 1.975: 2~2! 4.67364E-09 50: 40; AC-CaCI2ICaExV FIT 

.--, 50: 401 ACCaCl2/CaExt/ FIT 
509; 10; 50 ~ 40 1 AC-CaCbICaExV F/l 

10~ 
Z-Am 1~46; 1.51 1.481 2 31 3~5n777E-OQj 10; 

3-Aug ’ I.461 1.51 1.48: 2.2! 3.50227 

4-Aug I 1.46; 21 1.731 2.2; 4.09387E-09; 10~ 501 40: AC-CaCI;/CaExtl Fi 
5-Aug! 1.95l 1.5; 1.725 2.2 4.08204E-09, 10 50 ~ 40 AC-CaCbICaExV FTT 
6-Aug: 1.46; 1.5; 1.481 2.2’ 3.50227E-09: IO’ 50~ 40’ AC-CaCI21CaExtI 
7-Aug I 1.6, 1.6; 1.61 2.21 3.78624E-09: lOi 50 / 40 ~ ACXaCl2/CaExtl 

8-Aug 1.7i 1.7! 1.7/ 2.2; 4.02288E-09: 10 50 i 40 I AC-CaCI2ICaExW 

Q-Aug 1.7. 1.7( 1.71 2.2; 4.02288E-091 10’ 50 / 40 [ AC-CaCI2ICaExV 
1 0-Aua ~ 1.7; 1.6! 1.65: 2.2: 3.90456E-09, 10: 50 1 40 1 AC-C~CWC~FY~/ 

F/l 3 F/l 
F/T 
FIT 

“8 -,._ #--I 
I ll-Am 1.5’ 1.8, 1.55: 2.2: 3.66792E-091 -, --, ~.- -~~-.--- 10’ 50; 
I 12-Aua 1.7; l.Qi 1~8: 2~2! 4~25952E-09, IO 

40; AC-CaCl2tCaExV FIT 
50 ~ 40 AC-CaCI2ICaExV F/l 

10; 50; 40: ACXaCl2/CaExV FTT 
IO 50 40 ~ AC-CaCI2ICaExW FIT 
10, 50 : 40 ! AC-CaCI2ICaExV Frf 

IE-09 ) 10, 50; 401 AC-CaCWCaExV FTT 

- -- 

I 
__ ‘- 

I 
13-Auo 1~6: 1.6 1~6i 2~21 3~786245-09; -.- _ __- ._ 

I 
I 

14-Auo: ~ . . ..-a. 1~5, 1.7! 16 2 2 3~7Afi74E-09 -.- _.. ___ ._ ~ 

I 15-Au0 1~5, 1~5, 15~ 2 7/ 3.MQ6Ex 
L 

.-..-s .‘- 

16-Aug ~ 1.4, 1.5~ 1.45; 2.21 3.4312E 
27-Aug’ 1.4’ 1.5, 1.45; 2.2i 3.43128E-091 IO! 501 40; AC-CaCbICaExtl Fm 1 
28Aug ! 1.5; 1.4, 
29-Aug , 10.23 
30Aug 

- ~~ 
10~ 1.451 2.21 2.2i 3.43128E-OQ! 2.39361E-08, IOj 10’ 50 / 40 ~ AC-CaCl2ICaExtl FIT 

10.115: 50; 40: AC-CaCI2ICaExW FTT 

31-Au;: 
9.25: 

9.5) 9 8.885: 9.3751 2.21 2.21 

2.2185E-08; 

lo! 501 AC-CaCI2ICaExV 0.77: 2.10255E-08; 101 
1-Sep! 8.635~ 

501 4Oi 4Oi ACXaCI2ICaExV FIT FIT 
8.771 8.5 2.21 2.04339E-081 10: 50 ~ 40 1 AC-CaCI?/CaExW FTT 

E 
2-Sep’ 0.20 0.5; 8.39, 2.2/ 1.98541E-08: 
3-Sep ~ 7.79 7.5; 7.645~ 2.21 1.809llE-08i 
4-Sep : 4.38, 7.5: 5.94, 2.2i 1.40564E-08: 
5-Sep~ 7.79, 71 7.3951 2.21 1.74995E-081 

6-Sea: 7.791 71 7.395: 2.21 1.74995E-08; 

, 
101 50 / 40 I AC-CaCWCaExW 
lOi 

101 
101 
IOi 

50 1 40 ~ ACCaCI2ICaExtl 
50 : 40 ~ AC-CaCI2/CaExt/ 

50 1 401 AC-CaCl2/CaExt! 
50’ 401 ACCafh/CaFYt/ 

I 

7-Sep’ 7.31; 6.5: 6.9051 2.2 1.634E-081 
8-Sepl 7.31 I- 6.51 6.9051 2.2 1.634E-08i 

Q-Sep 8.5~ 8.51 8.51 2.21 2,.01144E-081 
1 0-Sep I 7.79; 8.51 8.145i 2.21 1.92743E-08j 
11-Sepl 7.791 7.5 7.6451 2.2 1.80911E-08’ 
27-Sepl 7.79; 8.5 2.2 1.69079E-081 28-Sepl 7.31( 7.145; 

6.5! 6.905; 2.2 1.634E-08; 
29-Sepi 2.44; 3 2.721 2.2~ 6.43661E-091 

30-Sep! 2.7; 2.81 2.751 2.21 6.5076 
1-Ott 2.6’ 2.6, 2.61 2.2i 6.15264E-09; 

2-act 2.41 2.6; 

iE-09 : 

101 

10~ 

101 
10: 
10~ 

10; 

_. 
501 401 AC-CaCI;/CaExV FTT 
501 40) AC-CaCI2/CaEti F/l 
501 40 I AC-CaCbICaExtl FTT 

, AC-CaCI;/CaExtJ FTT 
5Oi 401 AC-CaCI2ICaExw Fm 
50 40 1 AC-CaCl2KaExV Fm 
50 40; ACXaCI2ICaExV FIT 

50 4Oi AC-CaCI2ICaExV FIT 
501 40’ AC-CaCbiCaExV FIT 

10 -a 461 AC-CaCb/CaExtl FfT 1 
2.5: 2.2! 5.916E-09, 10, 50; 401 AC-CaCNCaExW F/l 
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Date Total lTotal :Avg iGrad /Hydraulic ;Effec ‘Confin ‘Back! Moist -- 
~OuMow Inflow !Flow ~ (psi) ‘Conductivity #Stress Press :Pres Cond 

3-act 2.3: 2.6: 2.451 22 5.79768E-09: 10 50 ~ 40; AC-CaCI2/CaExt/ FTT 

5-act: 2.31 2.6, 2.45! 2.2; 5.79768E-09; 10: 501 401 AC-CaCl2tCaExU F/l 

6-Ott 2.2 ~ 2i 2.11 2.21 4.96944E-09’ 10 50 ~ 40, AC-CaCl?/CaExt/ Fn 

7-act 

8-Ott 

2.9! 

2.5i 

- -- ---. ~__ 
2.9; 2.9; 2.2: 6.86256E-09, lo! 50. 40! AC-CaCl2/Ca 

2.71 2.61 2.2, 6.15264E-09, 101 ioi 
501 4Oi AC-CaCI2lCaExV F/l - 
51 I, 40 ~ AC-CaCI2ICaExV Fm 

10: 50 ; 40 ~ AC-CaCWCaExtl F/l 
I Q-Ott : 2.4: 2.5, 

I 10-013 2.92 ~ 2.51 

5.84501E-09, 10: 50; 

22 5,84501E-09: IO 50: 

2.47: 2.2; 5.84501E-09~ 10, 50: 

2.47, 2.2! 5.8450lE-09, 10 50, 

2.471 2.2~ 5.84501E-09; IO]- 50, 
2.47~ 2.2: 5.84501E-09i 1Oi 50~ 
2.47i 2.2’ 5,84501E-09: lOI 50’ 

40: AC-CaCbtCaExV F/l 

40 i ACXaCI2ICaExV FI 

4Oj AC-CaCI2tCaFxtl Fr 
40 AC-CaCWC; 

2.5’ 
2.5: 
2.5 -I 
2.5’ 

I5-act 

I6-Ott ~ 
17-oct , 

2.44 
2.44! 
2.44, 2.5: 

10' 
L 

50. 18-act 1.95’ 2.5~ 2.225; 22 5.26524E-091 

B-Nov, 1.95 2.51 2.225: 2.2; 5.26524E-OQ! 

Q-Nov 1 2.44, 2, 2.22; 2.2, 5.25341E-09: 

lo-Nov 8.77 10.5; 9.635: 2.2; 2,28003E-08, 

11-NovJ 8.28 1Oi 9.14; 2.2; 

12-Nov’ 8.20 10.5; 9.39 2.2: 

13-Nov ~ 9.25: 9; 9.125; 
14-Nov 9.74! 9.5i 9.62’ 

15-Nov 9.74, 9.51 

16-Nov: 9.74 
1 

10: 50: 
10; 50: 
10: 50’ 

::~I 
9.62; 2.21 2.27648E-08, IO; 50; 401 AC-CaCI2/CaExt/ Ff 

9.5! 9.82; 2.2; 2.27648E-08 10~ 50: 40 ACXaCI2/CeExi/ FT 
‘I-Nov’ 

I 

9.74; 10~ 9.87: 2.21 2.33564E-08: IO, 
18-Nov : 8.4: 8.5: 

50; 40; AC-CaCl2tCs 
8.451 2.2: l.Q9961E-08: 101 50’ 4Oi AC-CaCl~/f!a 

8.71 ‘0~ -- 
.-’ “- ---‘L-- JEXtt FI r 

1 Q-Nov ~ 8.5! 8.6: 2.2: 2.0351E-08’ 50; 40; AC-C~CI~C~FV+/ FT 

8.5! 
.-i ..- ---. ~ ___,.“, , r 

20-Nov ~ 8.41 8.45! 2.2: 1,99961E-081 IOi 50 ~ 40 ; AC-CCCI~C~E~ ,FR 

21-Nov, 
22-Nov : 
23-Nov ~ 
24-Nov ~ 

8.771 9; 
8.771 8.5/ 

8.8851 
d 

2.2 ~ 
2.2i 

2.2: 
2.2i 

2.10255E-08i 
2.04339E-08 1 
2.04339E-08 / 
1.86827E-08 I 

10; 50, 
/ 50: 

101 50, 

% 

‘01 50 
101 50 

40’ 

=i 

40 
40 

401 25-Nov: 7.31 i 7.5; 7.4051 2.21 

26-Novi 7.791 81 7.895 

27-Nov , 7.791 ~.- .-I 
28-Nov 7.31) 7j 7.155 2.2, 

End 6.62 7! 6~91’ 2.2: 

~ 6.33 6.51 6.4151 2.2- 
t 

_._. 
___, __ _..- 

I 

Sample 58 ! / 
I-Jul I 
2-Jul 

I 
1.75232E-08; 

- 

1.86827E-08 ~ ‘01 50~ : 40: AC-CaCl;/CaExt/ F/l 
~ 1.8091lE-08i 10: 50’ 40; AC-CaCI2tCaExU F/T 

1.89318E-08; 10: 50; 401 AC-CaCI2tCaExU FIT 
1.83518E-08 IO. 501 40~ AC-CaCI2tCaExtl FfT 

, 1.51805E-08: 10’ 50~ 40~ AC-CaCI2/CaExt/ FIT 

I I / 1 I I 
! ! 

j i ~ I ! 

I I ! I 
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Date ITotal iTotal Wg iGrad iHydraulic :Effec iConfin !Back: Moist 1 
~Oufflow Inflow Flow (csi) Conductivitv Stress ‘Press :Pres Cnnd 1 

3-Jul 7.791 81 7.895' 2.2: 2.11602E-08 10: 50, 40’ AC-CaCb/CaExV W/D 
I 4-.I!# 7.31: 8i 7.655 2.2' 2.05169E-08 10 501 40! AC-CaCI?/CaExt/ WIT! 

5-Jul 7.79, 
7-Jul’ 7.31; 
8-Jul; 7.31, 
9-Jul: 7.11 

IO-Juli 6.71 
II-Jul: 7.79, 
12-Juli 7.79i 
13-Jul! 7.31; 
14-Jul: 7.31, 

7.5: 7.645i 2.2: 2.0490lE-08; 10 
7.5: 7.405' 2.2: 1.98469E-08 10 
7.5r 7.405; 2.2; 1.98469E-08, IO, 

7.4, 7.25; 2.2: 1.94314E-08; 10~ 
6.41 6.551 2.21 1.75553E-08; IO; 

8! 7.895’ 2.2i 2.11602E-08: 10 
7.5: 7.645: 2.2: 2.0490lE-08: 10; 
7.5; 7.405; 2.21 1.98469E-08 IOi 

7.5: 7.405i 2.2: 1.98469E-08, 10~ 
15-J& 6.82 71 6.91; 2.2; 1.85202E-08' IO- 
16-Jul' 7.79. 7: 7.395, 2.2 1.9820lG08 10, 

17-Jul 6.81 ~ 7; 6.9051 2.2i 1.85068E-08' 101 
18-Jul 7.79 7.5 7.645, 22 2.0490lE-08 IO, 

IS-Jul 7.31' 7.51 7.405: 2.2; 1.98469E-08, 10: 
20-Jul 7.31 7~ 7.155 2.2~ 1.91768E-08 IO, 

21-Jul, 6.82 7.5, 7.16 2.2, 1.91902E-08 10 

J 
50, ~-; 40 ~ AC-CaCI2ICaExtl W/D 
50: 40 AC-CaCI2iCaExW W/D 
501 40) AC-CaCI2lCaExV W/D 
50 ; 40 ; AC-CaCI2ICaExtl W/D 
50; 40/ AC-CaCI2ICaExtl W/D 
50 ~ 40 ~ ACXaCI2lCaExV W/D 
50 / 40 ! AC-CaCI2ICaExV W/D 
50! 401 AC-CaCbICaExtl W/D 

50 40 ~ AC-CaCI21CaExV W/C 
50 40 ~ AC-CaCI2ICaExtl W/C 
50 40 : AC-CaCl2/CaExV W/r 
50 ~ 40 ~ AC-CaCh/CaF ~.~ ..- ___~___ XtJ 

401 AC-CaCI2lCaEi 22-Jul 6.82' 71 6.91, 2.2i 1.85202E-08 10' so, 
23-Aug ~ 6.33: 6.5~ 6.415' 2.2! 1.71935E-08, 10: 50 ~ 40 j AC-CaCI$ZaExW W/D 
24-Aug 5.84, 6: 5.92~ 2.2: 1.58668E-08' 10~ 50 ~ 40 ~ AC-CaCI2ICaExW W/D 
2%Aug’ 7.79 8.5 8.1451 2.21 2.18302E-08 10: 50; 401 ACCaCl2ICaExU W/D 
26-Aug 7.79 7.5 7.6451 2.2: 2.0490lE-08' 10, 50; 40; AC-CaCI2ICaExW W/D 
27-Aug 7.31 i 7.5 7.405; 2.2: 1.98469E-08: 10; 50i 401 AC-CaCI2/CaExV W/D 
28-Aug , 6.82, 7i 6.91/ 22 1.85202E-08; 10; 50 1 40 ~ AC-CaCI21CaExV W/D 
29-Aug’ 6.82’ 6.5' 6.66' 2.2: 1.7850lE-08 10 501 40: AC-CaCI21CaExtl W/D 
30-m 6.33, 6.5: 6.415. 22 1.71935G08 IOi 50 I 40 I AC-CaCbICaEti W/D 

2-Sep , 
3-Sep’ 

E 8-Sep 
9-Sep ~ 

1 0-Sep 
1 I-Seo ~ I 

6.33- 6.51 
5.36i 4.51 
6.33~ 71 
6.33: 6.5! 12-Sm 

m-r. 

5.64' 

13-Se0 ~ 5.64: 

13-Octl 5.84; 
14-act: 5.84 
15-act, 4.87! 
16-Ott 4.87, 

6.33: 6.5; 6.4151 
5.92: 
5.92: 
6.911 

-a$- 

* 
6.415; 

2.21 1.71935E-08’ 
2.21 1.58668E-08, 
2.2~ 1.58668E-OEI 
2.21 1.85202E-08i 
2.2) 1.71935E-08: 
2.21 1.32134E-08’ 
2.2; 1.78635E-08~ 
2.2. 1.71935E-08. 

IO! 50~ 

q----$ 

7iipq- 

;;I 5";i 

10; 5oi 
IO! 50. 

40 ~ AC-CaCI21CaEN 
401 AC-CaCl2/CaExU 

s 

40 I AC-CaCI2/CaEYr/ 
401 ACXaCl21CaE 
40: AC-CaCl?/CaF 

w/c 
w/c 
W/C 

w/r 

.- ---.~--- ‘xtl W/D 61 5.92! I 2.21 
I 

1.58668E-08 

~~~~~~ ~~ 

101 5Oi 

&;I 

401 
. ACXaCl2/CaEfl ..- --_ W/D 

61 -8 5.921 ~~./ 2.21 --, 1.56668E-08: -----~ --! 1Oi 4Oi _ AC-Cd ._ --:12/CaExU W/D 
6i 5.92! 2.21 1.58668E-08' IO, 50: 40 1 AC-CaCI2lCaExV W/D 
51 5.421 2.21 1.45267E-08: IOi 
5: 4.935~ 2.2i 1.32268E-08: 

5Oi 40; AC-CaCI2lCaExV W/D 
10~ 50 ~ 40 ~ AC-CaCI21CaExtl W/D 

5~ 4.935~ 2.2: 1.32266E-08 10’ 50 40 AC-CaCI2lCaExtl W/D 
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Date :Total ‘Total ;Avg Grad l-lydraulic ,~ Effec Confin : Back, Moist 
‘OuMow~lnnow iFlow ~ (psi) iConductivity IStress :Press ~ Pres Cond 

17-act 4.38’ 51 4.69~ 2.2: 1.25701E-08, IO; 50 I 40, ACCaCI2ICaExW W/D 

1 8-Ott 4.38 ~ 5i 4.69~ 22 1.25701E-08: 10; 50: 40; AC-CaCl2lCaExV W/D 

19-act 4.381 4.5~ 4.44 2.2! l.l9001E-08: 101 50: 40~ AC-CaCl2lCaExV W/D 

20-act ~ 4.38 1 41 4.19~ 2.2! l.l23E-08; 10~ 50 ! 40 j AC-CaCI2ICaExV W/D 

21-Ott’ 4.38! 4.5: 4.44 2.21 1.1900lE-08: 10 50 40, AC-CaCI2ICaEx-U W/D 

22-OCt’ 4.38i 4.51 4.44: 2.2: l.l9001E-08 101 501 401 AC-CaCI2lCaExV W/D 
23-act ~ 3.9; 41 / 3.95~ 2.21 l.O5868E-08; IO! 50; 40~ AC-CaCI2ICaExV W/D 
24-OCt ~ 4.87 i 51 4.935; 2.2; 1.32268E-081 101 501 40 i ACXaCl2lCaExV W/D 
25-Ott, 4.38i 4.5; 4.44j 2.2; l.l9001E-08! 10’ 50’ 40) AC-CaCl2ICaExV W/D 
26-Ott; 4.38: 4.5~ 4.44 2.21 l.l9001E-08; IO, 5Oi 401 AC-CaCI2ICaExW W/D 

27-OCt’ 4.38i 4.51 4.441 2.2~ 1.19001E~08~ IO! 50 ~ 40 ~ AC-CaCl2ICaExV W/D 

28-Ott 3.9! 4.5, 4.21 2.2\ l.l2568E-08: IO! 50 ~ 40 i AC-CaCbICaExV W/D 

29-act 3.9; 41 3.95: 2.2; l.O5868E-08 10; 50 ~ 40 ~ AC-CaCI;/CaExt/ W/D 
3.5: 3.455i 2.2: 9.26008E-09; IO! 501 40~ AC-CaCI2ICaExtl WIT] 
3.5~ 3.7: 2.2; 9.91673E-09’ 10; 50 ~ 40 i AC-CaCI2lCaExtl WI 
3.51 3.4551 2.2 ( 9.26008E-09, IO) 501 40; AC-CaCI2tCaEti WI 
3.5; 3.455~ 2.2: 9.26008E-09, IOi 50 ~ 40; AC-CaCI2lCaExV WI 

I-Dee, 4.38~ 4.5’ 4.44 1 2.2’ l.l9001E-08~ 101 50 : 40 ~ AC-CaCI2ICaFx% WI 
2-Dee: 4.38 4.5, 4.44 2.2i l.l9001E-08i 10i 501 40; AC-C&h/Cal 

30-Nov; 3.41 

+ 

6-Dee I 3.9; 4.5i 4.2i 2.21 l.l2568E-08; 
7-Dee: 3.9; 3.5: 3.71 2.2; 9.91673E-09; 
8-Deci ’ 4.38s 

9-Dee; 3.9; 
1 0-Dee 3.9, 
11-Dee’ 3.9, 

4i 4.191 2.2i l.l23E-088 

4 3.951 2.2; l.O5868E-08 
4 3.95: 2.2 ~ l.O5868E-08, 
4: 3~95~ 2.2! 

-- IOi 501 
101 50~ 
10; 501 
101 501 
101 50, 

c 

16-Dee’ 
1 

l.O5868E-08, 10, 501 40~ AC-CaCI2ICaExU W/D 

l.O5868E-OS! IO) 50) 40 1 AC-CaCl2lCaExV W/D 
2.2 ~ 9.26008E-09: 10~ 50’ 40. AC-CaCI2ICaExtl W/D 
2.2! 9.91673L09~ IOi 50 I 40 AC-CaCI2ICaExV W/D 

3 3.205. 2.21 8.59003E-09 IOi 50: 40‘ AC-CaCI2ICaExtl W/I 

3.41; 4 3.705i 2.21 9.93013E-09. 10 50 40 AC-CaCl2lCaEw W/I 

7-Dee/ 3.411 3.5’ 3.455i 2.21 9.26008E-09; 10 50 40 

8-Deco 

AC-CaCl2lCal 

3.41! 3.51 3.455i 2.2 9.26008E-091 10 50 40! 

9-Dee! 

AGCaCl2lCal 

-11 3.51 3.455i 2.2~ 9.26008E-09’ 10 50 
31 

40) AC-CaC12/Cal 
0-Dee! 3.41, 3.2051 2.2 8.59003E-09~ 10 50 401 AC-CaCl2lCal 

21-Dee; 3.41 j 3.51 3.4551 2.21 9.26008E-09~ 10 50 401 AC-CaCl2lCal 
22-Dee! 4.381 41 4.191 2.21 l.l23E-08’ 101 50 401 AC-CaCldCal 

1 F 1 
2 

23-Dee! 3.9! 

-Xv 
I 

-- .- .- ---. L. -I- W/D 
4 3.953 2.2i l.O5868E-08, 10: 501 40 AC-CaCI2ICaExV W/D 

4 3.7051 2.21 9.93013E-09’ IO\ 50 40 AC-CaCI2ICaExtl W/D 

4, 3.951 2.2: l.O5868E-08: 10; 50 40 AC-CaCI2ICaExtl W/D 

3.51 3.7( 2.2; 9.91673609; 10: 50 401 AC-CaCI2lCaExU W/D 

4.51 4.44’ 2.2’ l.l9001E-08; 101 50 / 40 AC-CaCI2ICaExtI W/D 

I 
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I I 

Date ‘Total #Total 
outflow Inflow 

28-b 4.38 
I 7Q-net’ 3.9: 
I m-nec~ 3.9 
I 31 -ORC 3.9 

I~~ l..l;lll 3.9 

Avg , Grad Hydraulic ;Effec Confin Sack Moist 
) Flow i (psi) .Conductivity iStress Press :Pres Cond 

4.5, 4.44 2.2i l.l9001E-OBI 10: 510~ 40 AC-CaCI2ICaEti W/D 

4’ 3.95, 2.2; l.O5868E-08 10: 50 ~ 40 ~ AC-CaCI2ICaExV W/D 

41 3.95: 2.21 l.O5868E-08, IO! 50! 40~ AC-CaCI2ICaExtl W/D 

4: 3.95 2.2: 1.05868G08, 10 50 ) 40 ! AC-CaCI2/CaExV W/D 

4i 3.95 2.2, l.O5868E-08 10 50, 40: ACCaCI2ICaExV W/D 

4; 3.95: 2.21 l.O5868E-08: lo! 50; 4Oj ACXaC12ICaExV WID 

3.51 3.455: 2.2’ 9.26008E-09; 10: 50 1 40 1 AC-CaCI2ICaExU W/D 

3.5: 3.455’ 2.2; 9.26008E-091 10, 50 : 40 ) AC-CaCI2ICaExU W/D 
i ~ I 

Sample63 ! I ! I 
1 I 

29-Jul’ : I 
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I ! I 

Date ‘Total iTotal iAvg i Grad ~ Hydraulic IEffec ;Contin :Back’ Moist 
Outflow inflow Flow : (psi) iConductivity :Stress :Press iPres I Cond 

26-Nov, 0.2. 0.21 0.21 2.21 2.6538E-09; 10, 50' 40 ACiCa Ash/ W/D 
27-Nov' 0~ 0.2 0.1; 2.2; 13269E-09 10; 501 401 AClCa Ash/ W/D 
28-Nov 0: 0.1 1 0.051 2.2j &fiYU5F-4n! 4”; =.n; Ani ‘¶P,Prr flew\, 

t-~~ 29-Nov’ 0’ 
I -- ..--, 01 30-Nov 

l-OPC. ___, oi 
0; 2-Dee I 

6-Decj 01 

I 
7-Decf 0.1 i 

t 
9-Decl 01 

I lo-Decl 0.11 ~- ---8 --~, 
12-Dee 01 
13.nec, .- --- 0. - 
11-Jan, ok 
17-.lan - ” ” c-1 ” 
13-Jan8 01 

““T”.- .“, 8”; “” 7” o-8 v.a -a a, .V/D 
0.21 O-l! 2.2! 1.3269E-09, 10. 50: 401 AClCa Ash/ W/D 
0.11 0.05i 2.21 6.^^‘” * WKIC-~IO~ 1oi 50: 40 AClCa Ash/ W/D 
0.2 i 0~11 2~21 1~ -, ..3269E-09: 10: 501 401 AClCa Ash/ W/D 
0.1 I 0.051 2.21 6.6345E-103 101 50! 40i AClCa Ash/ WID 
O.l! 0.051 2.21 6.6345G101 lOi 50: 40: AClCa Ash/ W/D 
0.11 0.11 2.21 1.3269E-09; 10, 
O.li 0.05; 

50: 401 AClCa Ash/ W/D 
2.21 6,ms~-in: 31 ““7-e .“, -3; 50, 40' AClCa Ash/ W/D 

0.21 0.15: 2.2i l.Q9035E-09: 10: 50'1 40; AClCa Ash/ W/D 
0, oi 10: 22 Oi 50; 40~ AClCa Ash/ W/D 

0~1~ _., 0~05l _.__, 27i 6~ -.-, -.6345E-10; IO, 501 40, AClCa Ash/ W/D 
0.1: 0.051 2.2i 6.6345E-10: 10, 50; 401 AClCa Ash/ W/D 
01; omi -. -. - - 27: a6345E-10, 10 -. - -. 50, 40; AClCa Ash/ W/D 

Ol 0; 2.2' O! 10, 501 401 AC-X-k A.aht W/n 
I 14-Jan’ Oi 0; 01 2.2i 

.._. -- .._,,. 
” I” :n; A”! AP,P~,¶d.,\i 

18-Jan, 6, 01 0; 4.31 
19-Jan; 0, 01 0; 4.3: .-/ ““, Y”, 

0.05 0.1~ 
n1 ll A31 

- - -. t 22-Jan ~ 0: 0, 0: 4:;: oi ;oz ;;; 
23-Jarl 

01 
01 01 4.31 01 10 50; 

1” 40: dP,P-.drk,li -. - - .-. . 

t 24-Jan ~ O! 
25Jan: iJ 

27-Jan ~ Oi 
28-Jan: 01 
29-Jan; 0: 
JO-Jan! 0; 
31-Jan 0’ 

u, 1u, AL/LB ASfll WID 
O.l_ 0~0.5 2~2; 6.63&E-10, 

O"! 4u, 
101 50~ 40; AClCa Ash/ W/D 

0: 10; 50. 401 AClCa Ash/ W/D 
n! IO Sfl, A", AClCa Ash/ W/D 

3.3944E-10, 101 501 401 AClCa Ash/ W/D 
ns in S”: 4Oi AClCa Ash/ W/D 

60 AC/C2 A+h/ W/D 
r,“, VW _a, I, I V/D 

0.1: 0.05, - 4.3' 3.3944E-IO! 101 501 401 AClCa Ash/ W/D 
e/D .3! 
iI in snl 4h Ac/Ca Ash/ WID 

AClCa Ash/ W/D 

01 oi 4.3~ n, 11 
O! oi 4.3. “~ .-, ““, _“, ,,-,- 
01 0’ 4.3: 0: 101 501 

0.11 4.3: 
40; 

0.051 3..7QMF-ln qn; 5-l Afll 

O/ 01 4.31 
501 ilj 

- - - .-. . 
0i 01 4.31 01 10; *r-k-a Aeklb 

t 1-Feb! 01 
2-Feb’ 0, Oi 01 4.ij Oj ii/ $l 2 

". - - .". . 
aPI& t.-hIb 

3-Feb! O- Oi o/ 4.3, 01 101 L-, .-, ,.-,-, 
4-Feb’ 0 01 01 4.3j 
5-Feb 0, 0.11 0.051 4.31 3. 1 6-Feb, 0 

-- .- .-, .“, ““, _” AClCa Ash/ WiD 
0: 10: 50: AOi AClCa Ash/ W/D 

-us v.a rsc.8 8, .V/D 
0.11 0.05; 4.3! 3.3944E-101 101 501 401 AC/Cl Ash/ W/i, 

I”, -,“i ““I vm ,-%a, I, 1 V/D 
5Oi Afh Ac’ca Ashl W/D 

01 101 50: 4Oi AClCa Ash/ W/D 
3944E-10, 10; 501 401 AClCa Ash/ W/D 

01 01 4.3' 01 10~ 501 4Oi AClCa Ash/ W/D 
nl ,“i S”i ml AClCa Ash/ W/D End ! 0~ 01 01 4.31 

End Clay #2 ; 01 01 0; 4.31 ,j ‘-i 10; j,; ;;j AC/Ca Ash/ W/D 
I I I / I I I 

I I I 
Sample69 1 I 

13-Ott’ ! / I 
14-act I I / 

L I 1 s.nrt ,R a ?7 7Al IA ?A. 2.2) .4.6819E-08, 101 50, 40; RCINaEti FIT 
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Date iTotal iTotal iAvg IGrad iHydraulic :Effec Confin ‘Back Moist 
‘Outflow Inflow ~ Flow 1 (psi) Conductivity Stress ,Press iPres ~ Cond 

I-Mar 3.3, 3.4! 3.35 6.51 1.2184E-08, 1oi 50’ 40 RClUrea ExVl20 day 
2-Mar: 3.6 3.5 3.55! 6.5; 1.29114E-08, 10; 50, 40 RClUrea ExVl20 day 
8-Mar: 3.6, 3.5; 3.55~ 6.5: 1.29114E-08, 101 50’ 401 RClUrea ExVl20 day 
B-Mar 3.4: 3.41 3.4: 6.5: 1.23658E-08: 101 50; 40; RClUrea ExVl20 day 

1 O-Mar ~ 3.82’ 4.08: 3.95: 6.5~ 1.43662E-08; 10: 50 ~ 40 ~ RClUrea ExVl20 day 

1 I-Mar 4.1 i 3.8; 3.95~ 6.5; 1.43662E-08: 10: 50; 40’ RClUrea Ext/l20 day 
12-Mar: 41 4.1 I 4.05, 6.5~ 1.47299E-08, 10; 50 ~ 40 i RClUrea ExtIl20 day 
13-Mar 3.9. 3.9; 3.91 6.5’ 1.41843E-081 10; 50 i 40 I RClUrea Ext/l20 day 
14-Mar 3.81 3.71 3.75; 6.5 1.36388E-08’ 10, 50, 40; RClUrea Ext/l20 day 

End 3.5: 3.7, 3.6: 6.51 1.30932E-08, lOi 501 40: RClUrea ExVl20 day 
4.11 3.7; 3.9; 6.5: 1.41843E-081 101 501 40’ RClUrea ExVl20 day 

I ~ 1 

Sample 75A I 1 I ! ij 
24-Jan, I I I I I !I 
25~Jan: 

71 7.64 2.2~ 2.06882E-08’ 
I 

10: 50: 
7i 6.665; 2.2~ 1.80481E-08; 10; 

40’ RClNaCl S 01. Permeate 
50: 40; RClNaCl Sol. Permeate 

6; 6.165: 2.2! 1.66941E-08’ 10; 50: 4Oj RClNaCl Sol. Permeate 
6, 5.68; 2.2; 1.53808E-08: 10; 50: 401 RClNaCl Sol. Permeate 

5.5. 5.431 2.21 1.47038E-08 10: 50 ~ 40 ~ RClNaCl Sol. Permeate 
5.5, 5.43! 2.2; 1.47038E-08, 10: 50 ~ 40, RClNaCl Sol. Permeate 

5’ 5.18! 2.2: 1.40268E-08 lo! 50 40, RClNaCl Sol. Permeate 
5.51 5.67: 2.2 1.53537E-08, 10: 50: 40; RClNaCl S 01. Permeate 
55 5.67: 2.2’ 1.53537E-08 10; 50~ 40! RClNaCl Sol. Permeate 
5.5! 5.185: 2.2; 1.40404E-08; 1Oi 50~ 40/ RClNaCl Sol. Permeate 

5! 4.935, 2.2 1.33634E-08f lo! 50~ 401 RClNaCl Sol. Permeate 
4.5; 4.685i 2.2’ 1.26864E-08; 10 5Oi 401 RClNaCl Sol. Permeate 
4.5 ~ 4.44; 2.2 1.2023E-08 10~ 5Oi 40~ RClNaCl Sol. Permeate 
4.5~ 4.44i 2.2: 1,2023E-08 IO! 50 ~ 40 ~ RClNaCl Sol. Permeate 
4.5’ 4.44; 2.2: 1.2023E-08 10: 50’ 40! RClNaCl S ‘01. Permeate 
4.5! 4.2! 2.2i l.l3731E-08’ IO: 501 401 RClNaCl Sol. Permeate 
3.5i 3.94, 2.2: l.O6691E-08; 101 50! 401 RClNaCl Sol. Permeate 
4.6; 4.61 2.2: 1.24563E-08; 101 50 40 RClNaCl Sol. Permeate 

6/ 6j 2.2; 1.62473E-08~ 10~ 50 40 RClNaCl Sol. Permeate 
5.81 5.81 2.21 1.57057E-08: 101 50 40 RClNaCl Sol. Permeate 
5.6; 5.61 2.2/ 1.51642E-08/ IO! 50 40 RClNaCl Sol. Permeate 
4.9; 4.95i 2.21 13404E-08, 10, 501 40: RClNaCl S 101. Permeate 
4.5; 4.5~ 2.21 1.21855E-08! 101 RClNaCl Sol. Permeate 
4.6; 4.65~ 2.2; 1.25917E-08: 10; 

50 ~ 40 1 
501 40; RClNaCl S iol. Permeate 

4.31 4.31 2.21 l.l6439E-08’ IO/ 5C 1: 401 RClNaCl Sol. Permeate 
8.91 8.95/ 4.3j 1.23996E-081 101 501 40i RClNaCl S ;ol. Permeate 
6.11 8.15; 4.3/ l.l2913E-08: 101 501 401 RClNaCl Sol. Permeate 
7.11 6.91 4.3: 9.55947E-09! 10; 501 401 RClNaCl S ;ol. Permeate 
8.8: 8.75~ 43 1.21225E-08i 10~ 501 RClNaCl Sol. Permeate 
7.71 7.7~ 4.3rl.O6678E-08i 

401 
101 501 40: RClNaCl Sol. Permeate 

8.3! 8.351 4.3 1.15683E-08f 10: 50’ 401 RClNaCl Sol. Permeate 

-_ _-.. 

26-Jan 8.28~ 
27-Jan 6.33! 
28-Jan 6.33: 
29-Jan, 5.36 
30-Jan 5.36; 
31-Jan 5.36, 
l-Feb 5.36; 
2-Feb, 5.84 
3-Feb: 5.84 
4-Feb 4.87i 
5-Feb: 4.87; 
6-Feb: 4.87: 
7-Feb , 4.36; 
8-Feb, 4.38 
9-Feb, 4.38: 

1 0-Feb 3.9: 
II-Feb. 4.38i 
12-Feb, 4.6i 
13-Feb 6; 
14-Feb! 5.81 
1bFeb; 56 
l&Feb, 51 
17-Feb 4.5; 
18-Feb , 4.7! 
19-Feb ~ 4.3; 
20-Febi 9: 

8.2’ 21-Febi 
22-Feb’ 6.71 
23-Feb 8.7j 
24-Feb 7.71 
25-Feb ~ 8.4 ~ 
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I I I 
ample706 ~ I 

18-Jan: ! I 
I9-Jan, ; 
20-Jatl 2 3.p ,bc*’ **I *-P.OPRCno~ .n: eni 1111 JIJ L.i)ll, L.ll L., ,oPwG-“ol I”: au 4”’ nm,.l-r~l,lAl d.~~ 

rKdNBCXII1‘” oay 
$51 2.0251 2.21 2.17601E-08, 101 SOi 401 RCINaEYV120dav 

In: L: L.C 

-- - -. - - -. - - _ 
1.451 2.21 1.55813 

31-Ja-' ' -' Ini I.Ji 

I-Febi 1.21 
' " ' 351 2.21 1.45067E-08: 1.4, I. 10; RClNaExWl2Oday 
1.31 1.251 2.21 1.34321E-08! 101 501 401 RCINaEYVl20dav 

2-Feb/ 1.21 12 1.2 2.2 1.28949E-081 lOi 50! 401 RCINaExVl20day 
3-Feb/ l.li 1.21 1.15 2.2 1.23576E-081 IO: 50 401 RCINaExttl20day 
4-Feb~ 0.9; I.21 1.05 2.2 l.l283E-08; 101 50 401 RCINaExVl20day 
5-F& 0~91 1.3! 1.11 2.21 l.l8203E-088 IO: 50. 401 RCINaExtI~30 dav L 
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Date #Total ,Total Moist 
:Outfiow’lnflow 

iFo; IGrad iHydraulic ~Effec !Confin iBack’ 
(psi) iconductivity $tress :Press !Pres Cond 

12-May, 1.5, 1.02, 1.26i 6.5~ 4.58263E-09~ IOi 50: 40; RCINaExtU20 day 
13-Mav : 1.5; I.021 1.26i 6.5; 4.58263E-09 10; 50: 40, RCINaExtIl20 day 

1~~~ 
14-May ~ 1.5, 1.53i 1.51% f, 5i 5 51007F-I 

I 
154Jav: 1.5: 1.021 1.26: ‘-! 6.5: -. - 4.58263E-09! -. - - - - 09; 101 10; 5Oi 50; 401 40, RCINaExtU20 RCINaExtll20 day dav 
I GAdsI\, 4, ‘I n3: ‘In,, fi sl 2 fi7??Rhx a”-,.“,, I8 ..“-, ,.“,( “.“, “....---- “- inI 5l-l dn! Rmd.cv1~43n A=.,\, ..-,l.“Ln” ,&” “.., 
17-Mnv1 i 5i 1~531 1~515 6.5; 5.51007E-O9! ;;li ;;1~ ;;1: RCINaExV120 day 
4*-Maw 4 / ,621 ,755 1 6.51 4.60082E-09; IO! 501 40; RCINaExtll20 day 

261 6.51 4.58263E-09’ lO/ 50 i 40 I RClNaExVl20 day 
26; 6.5! 4.58263G091 IOi 501 40: RCINaExUl20 dav 

‘V-n.‘-,: 1! 1.11, ,.‘.I 

Lnd I 15 1.021 1.: 
1.51 1.02; 1.: 

/ ! ! 1 

Sample 68A j 
! 

I I 
1 g-Jan ~ 1 I 
20-Jan 1 ! 

21-Jane 6.94: 
22-Jan’ 5.95’ 

I I I I I 
7.2: 7.071 2.2i 1.81725E-08: IO: 50 ~ 40, RCKap H20/ W/D 

6.17i 6.06: 2.2i 1.55784E-08 10; 501 401 RCKaa H?O/ WIQ 

23-Jan! 5.95; 
24-Jan, 5.46, 
7!i-Jan. 4 96 

- 
6.17: 
5.65 I 

s 

6.06 
5.555i 

5 05 

2.2 3 2.2 
22 

26-Jan I 4.96; 
27-Jan ~ 5.46; 
28-Jan i 4.46; 
29-Jan: 4.96; 

5.05: 
5.555/ 
3.515 

6.08i 

1.55764E-08; 10~ 50; 
1.42784E-08 ; 10~ 50; 
1~29804E-08’ 10: 50, 
1.29804E-08, 10; 501 
1.42784E-08’ 10; 50~ 
9.03485G09 ~ 10; 50~ 
1.56278E-08 ~ IO! 5oi 

2 

40; - 
40 

401 RCKap H70/ W/D 
30-Jan ~ 4.96’ 
31-Jan; 4.96 

I-Feb, 5.46/ 

2-Feb’ 4.46 i 
3-Feb: 4.96! 

5.65~ 5.3051 2.2: 1.36358E-08; 101 

5.14~ 5.05! 2.21 1.29804E-08~ 101 
4.63~ 5.045~ 2.21 1.29675E-081 1oi 

5.141 4.81 2.2i 1.23378E-08: 10~ 
4.63’ 4.7951 2.2i 1.23249E-08, 101 

501 40’ RCKab H;O/ W/D 
50 ~ 40 1 RCKap H201 W/D 
50~ 40’ RCKap H20/ W/D 
50~ 40: RCKap H20/ W/D 
5oi 4oi RCKao H?Ol WID or ~~L-~ ~~~~ 

4-Febi 4.46: 5.14: 4.81 2.21 1.23378E-08, 10: 50 : 40 ; RCKap H20/ W/D 
5-Feb’ 4.46’ 4.63; 4.5451 2.21 l.l6823E-08! IO: 50. 40: RCKao H?O/ W/D 
6-F& 4.461 4.631 4.545; 2.21 l.l6823E-08;’ 1Oi 50, 4oi RCKao H?O/ W/D 
I-Mar, 4.46 1 4.631 4.545! 2.21 l.l6823E-08: 101 501 401 RCKan Hw-N W/D 
2-Mar’ 4~46! 4.11 1 4.2851 2.21 l.l014E-08: 101 50! 401 RC/Tao H?n/ W/D 

3-Mar 1 4.46 I 5.14 4.8i 2.21 1.23378E-08j 101 50 401 RCKap H20/ W/D 

4-Marli 3.971 4.11 4.04) 2.2; l.O3843E-08: 101 50 401 RCKap H201 W/D 
5-Marl 4i 4~1 4~05! 2~21 l.O4lE-08 10; 50 40i Rr.ma,p Hz01 W/D 

I &Mar! 3~81 3~6 3~81 2~21 9.7674E-09i 101 50 401 kCKap H;OI W/D 
7-Marl 3.5: 3.51 3.51 10- 

T 
50 !- 40/ RCKap H20lWlD 

10 a 1 401 RCKap H20/ W/D 
10 50 4Oj RCKap H20/ W/D 
10 50 40; RCKap H20/W/D 
10 50 401 RCKap H20/ W/D 
IO, 50; 401 RCKap H20/ W/D 
10 50; 40; RCKap H20/ W/D 
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1%Mar 3.5, 3.5: 3.5; 2.2: 6.9 
IG-Mar, 3.0, 3.7! 3.75; 2.21 9.63886E-09; 10, 
17-Mar ~ 3.6~ 3.7 i 3.65 2.2! 9.36185E-09: 10; 50: 
18-Mar, 3.4, 3.41 3.4’ 2.2i 8.73925E-09; lOi 501 401 RCKap H20/ W/D 
19-Mar! 3.2; 3.21 3.2! 2.21 8.22518E-09’ 10: 50 40 ~ RCKaD l-bO/ W/D 
20-Mar’ 3.6; 3.61 3.6’ 2.2; 9.25333E-09’ 101 501 401 RCKaa HvO/ W/D 
ll-Aor, 3~5 3.6; 3.55: 2.2; 9.1248lE-09’ 101 50: 401 RCKap H201 W/D 
17-Anr 3~5# 3~5: 3.5: 2.2, 8.9962QE-09, 10; 5Oi 401 RCKap H20/ W/D 

13-Apr , 3.971 4.11; 4.04’ 2.2’; l.O3843E-08 IO/ 50 i 40 ~ RCKap H20/ W/D 
14-Apr’ 3.97: 4.111 4.04; 2.21 l.O3643E-08 10: 50 I 40 ; RCKap H20/ W/D 
15-Apr 3.971 4.111 4.04 2.2 ~ l.O3843E-08 10: 50 40 1 RCKap H20/ W/D 
16-Apr; 3.97. 4.11 i 4.04, 2.21 l.O3843E-08: IO; 501 401 RCKap H201 W/D 
17-Apr 3.47 ~ 3.6: 3.535; 2.21 9.08625’6-09; 10: 50 _ 40 ; RCKap H20/ W/D 
18-Apr , 3.97 ~ 3.081 3.525: 2.Zl 9.06055E-091 IO, 50; 40: RCKap H201 W/D 

19-Apr i 3.47’ 4.63’ 4.05’ 2.21 l.O41E-08: IO; 50) 40; RCKap H20/ W/D~ 
ZO-Apr : 3.47 ~ 3.081 3.2751 2.2: 8.41796E-09~ IO; 50; 40: RCKap H20/ W/D 
21-Apr! 3.47: 3.6i 3.535; 2.21 9.08625E-09; 10: 501 401 RCKap H20/ W/D 
22-Apr ~ 3.471 3.61 3.535: 2.21 9.08625E-09’ 

3.47; 
10: 50: 401 RCKap H20/ W/D 

23-Aar’ 3.6, 3.535: 2.21 9.08625E-09 10’ 50’ 401 RCKao HgO/ W/D 
24-Apr ~ 3.97 ~ 4.11; 4.04: 2.21 l.O3843E-08! 1oi 50: 40~ RCKap H20/ W/D 
25.Am 3~97 3.6; 3.785: 2.21 9.72885609: 10’ 5oi 401 RCKao Hd/ W/D -- _r., - I- 

7&Anr 3~47 3.6: 3.535, 2.2: 9.08625E-09 10; 60 40 I RCKap H201 W/D 
27-Apr 3.47 ~ 4.111 3.79; 2.21 9.7417E-09, 10; $$!- 

--L 40 ; RCKap H20/ W/D 
28-Apr 3.97! 3.6: 3.705, 2.2 ~ 9.72885E-09: 'ol 50; 

3.6j 
401 RCKap H20/ W/D 

29-Apr: 3.47 : 3.535 2.2; 9.08625E-09, 10; 401 RCKap H20/ W/D 
30-Apr 3.47 ~ 3.06 ~ 3.2751 2.21 8.41796E-091 

3 
10: 5oJ 40; RCKap H20/ W/D 

1 -May, 3.97, 3.6; 3.765, 2.21 9.72685E-09i 
Z.21 9.7417E-09j 

1Oi 5oJ 40; RCKap H201 W/D 
101 50) 40; RCKap Hz01 W/D 

16625E-09; 101 501 401 RCKaD H?O/ W/D 

Z-Ma; I 3.47. 4.11’ 3.79! : 
23-May, 3.471 .3.6 3.535; 2.2 9.0 

24-May’ 3.47; 3.08 3.2751 2.2 8.41796E-091 IO; 50: 401 RCKai H;O/ W/D 
25-May ~ 3.471 4.11 3.791 2.2 9.7417E-091 IO! 50/ 401 RCKap H201 W/D 
26-May 3.971 4.11 4.04( 2.2’ 1.03843E-081 IOi 50 1 40 ) RCKap H20/ W/D 
27-Mav’ 3.97i 3.6 3.7851 2.2! 9.72865E-09i 101 501 401 RCKaD HvO/ W/D 

3.47’ 3.61 3.535; 
3.47 ~ 3.61 3.535~ 
3.47: 3.61 3.535; 
3.47 1 3.61 3.5351 
3.47 I 3.61 3.535; 
2.98i 3.081 

3-Jun, 3.47 3.6: 
3.03~ 

3.535, 

2.21 9.08625E-09i 
2.2; 9.08625E-09! 
2.21 9.06625E-091 
2.2j 7.76822E-09: 
2.2: 9.06625E-09: 

10; 
10~ 
10: 

50 ~ 40 ( RCKap H20/ W/D 
50; 40; RCKap Hz01 W/D 
50 40 1 RCKap H20/ W/D 
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1 I I 
Date !Total iTotal Avg !Grad iHydraulic jEffec $onfin iBack! Moist 

~Oufflow,lnflow rFlow i (psi) iConductivity ;Stress Press !Pres Cond 
AAm 2 98, 3~6 3.29 2.2! 8.45651E-09: 108 50’ 40’ RCKao H?O/ W/D --.. _..~ 
5-Jun; 3.471 : 

I 6-Jun 2.98 : 

I 
7-Jut-’ 2.98; 3.08; 

3.97 

- 3.061 3.275! 2.2i 8.41796G09’ IO: 50: 401 RCKap H20l W/D 
3.06' 3.03' 2.21 7.78622E-09’ 10; 50, 40: RCKap H20l W/D 

3.03: 2.21 7.78822E-09 10: 501 40~ RCKap H20l W/D 
2.571 3.27, 22 8.40511E-09 10 50 40, RCKap H20l W/D 

i-09i lOi 5Oi 40i RCKap H20l W/D 
!CKap H70/ W/D 

9-Jun ~ 3.47: 4.11i 3.79: 2.21 9.7417E 
lo-Jm 3.47; 3.61 3.5351 2.2i 9.08625E-09, 10 50, 4Oi F 

Il-Jun: 2.98, 3.081 3.03; 2.2~ 7.76622G09: 10; 50~ 40~ RCKap H20l W/D 

12-Jun ~ 3.47: 3.6! 3.535~ 2.2i 9.08625E-09, 108 501 40i RCKap H20l W/D 
End : 3.47; 3.61 3.5351 2.21 9.08625E-09; lo! 501 40: RCKap H201 W/D 

: 2~98: 3.08 3.031 2.2: 7.76822E-09, 10: 50; 40: RCKao H?O/ W/D 
I I : I 
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Date 
I I ! I 
:Total !Total iAva [Grad ~ Hvdraulic !Effec iConfin iBack’ Moist - 
i Outflow Inflow 1 Flow / (psi) ICbnductivity $tress ‘Press iPres Cond 

ll-.lun~ 3.43 3.5! 3.465i 2.21 9.12059E-09: 10; 50; 40, RCINaExtl W/D __~, 
IZ-Jun; 2.94, 3.51 3.22 1 2.2 / 8.4757E-09 ~ 10~ 501 401 RClNaExV W/D 

End : 2.94’ 3! 2.97! 2.21 IO; 501 401 RClNaExV W/D 
I 2.94: 31 2.971 2.21 

7.81765E-09~ 
7.81765E-09. IO; 50 40: RClNaExV W/D 

/ 

Sample 79 / I I I I / 

L- I-Mar I I 1 I 1 
Z-Marl I ! I I 
3-Mar’ 8.64 8.89’ 8.765; 2.2’ 2.29499E-08; 10~ 501 4Oi RC-CaCI21NaExtl FK 
4-Mar ~ 8.1/ 7.84; 7.97~ 2.2~ 2.08683G08; 10: 501 40! RC-CaCI21NaEti FK 
5-Mar, 6.3’ 6.5; 6.4; 2.21 1.67575E-08; 101 50 I 40 j RC-CaCI2INaExU FK 
6-Mar: 5.94: 5.75. 5.845; 2.2; 1.53043E-08~ 10; 50: 40; RC-CaCI2INaExV FK 

7-Mar; 4.86, 5.23; 5.045i 2.21 1.32096E-08: 101 501 401 RCXaCI2lNaEti FK 
8-Mar! 4.32! 4.711 4.5151 2.2; 1,18219E-08, 10; 50 i 40 I RC-CaCI21NaExV FK 
g-Mar ~ 4.32 3.66: 3.99’ 2.2~ l.O4473E-08, 101 50’ 40! RC-CaCI2INaExV FK 

lo-Mare 4.3, 4.1 ~ 4.Zi 2.2~ 1.09971G08; 10~ 50; 40: RC-CaCl2lNaExtl FK 
11-Mar! 3.8~ 3.81 3.81 2.2 I 994977E-09 ) IO/ 50~ 40’ RC-CaCl2INaE:ti FK 
12-Mar; 3.6; 3.8; 3.7i 2.21 9.68794E-09; IO\ 501 40: RC-CaCI2lNaExU FK 
13-Mar 3.6; 3.6; 3.6: 2.2, 9.4261E-09; 101 50 i 40 / RC-CaCI21NaExU FK 
14-Mar, 3.5’ 3.6i 3.55: 2.21 9.29518E-09! 1Oi 501 40; RC-CaCI~INaExW FK 

I 15-Mar’ 3.5. 3.61 3.55, 2.2 9.29518E-091 101 50; 40i RC-CaCI~INaExW FK 

I 16-Mar’ 3.6: 3.3! 3.45: 2.2! Q.O3335E-09’ 10~ 50 I 40 ~ RC-CaCI2INaExV FK 
I 17-Mar’ 3.1 ! 3.2! 3.15: 2.2 i 8~24764E-09 ~ 101 50: 401 RC-CaCI2/NaExt/ FK 
I l&Mar 2~71 3~1~ 2~9; 2.2i 7 5932SE-09: 10; 50~ 401 RC-CaCl2lNaExW FK 
I 1 Q-Mar 2.7: 2~5’ 2~6. 2.2, 6 R077AE-09~ 101 50 ~ 40 ~ RC-CaCI2INaExW FK 
I 70-Mar’ 2~9 2~91 2~9! 2~2: 7 59375F-09! 10~ 50 ~ 40 ; RC-CaCl2lNaExU FK 
I A-Am 2~8: 2~81 2.8: 2~21 7 331416091 101 50; 401 RC-CaCI2INaExV FK 

I 
5-Anr ~ 2~8; - ..r. --- 2 a: __/ 2~8: 2~2. 7 3314iF-091 -._, -.-/ ..__. ._ 1Oi 50~ 40’ RC-CaCI2INaExU FK 
64prl 14.04~ 13.071 13.555i 2.21 3.54919E-08~ ioi 501 40’ RC-CaCI21NaExV FK 
7-Apr; 13.51 13.07’ 13.2851 2.2 3.47849E-08; 101 501 40 RC-CaCI2/NaExU FK 
8Apr~ Il.341 10.98, 11.16/ 2.2 2.92209E-061 IO) 501 40 RC-CaCl2lNaExtl FK 
9-Aprl 9.721 9.41 9.5651 2.2, 2.50446E-081 IO/ 50 40; RC-CaCl2/NaExtl FK 

IOApr’ 864; 8.37 8.505; 2.2 2.22692G081 101 50 40) RC-CaCI2lNaExV FK 
II-ADri 8.11 7.651 7.9751 2.21 2.08814G081 101 50 401 RC-CaCbINaExU FK 

7.441 
---.L..--..- ~. 

IZ-Apr: 7.56! 7.32 2.21 1.94806E-08~ 10 
9.181 

50~ 40 RCXaCI21NaExtl FK 
Ill-Apr! 7.65 8.5151 2.21 2.22953E-08; IO 501 401 RC-CaCI2INaExV FK 
15-ADr! IO.261 10.468 10.36; 2.2! 2.71262E-061 10. 50 / 40 ~ RC-CaChINaExtl FK / 
16~Apr; 8.64; 8.891 8.765; 2.21 2.29499E-08i 101 50 

8.371 6.505~ 2.2/ 
4Oj RC-CaCl2lNaExtl F/l 

17-Aprl 8.64! 2.22692E-08~ 101 50 401 RC-CaCI2INaExV FK 
184Dr ~ 6.li 7.851 7.975’ 2.21 2.08614E-08’ 101 50, 401 RC-C~CI?IN~EX~/ FK 8, 
29-Aori 7.561 7.32: 7.44 2.2i 1.94806E-08. 101 50 ~ 40 ~ RC-CaCI?/NaE ---.,...--XV FK 
30-Aor’ 8.64: 7.85: 8.245, 2.21 2.15884E-08 loi 501 401 RC-CaCl2lNaExtlFK 
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Date (Total (Total jAvg iGrad (Hydraulic I Effec :Confin (Back i Moist 
Oufflow,lnflow : Flow I (psi) ,Conductivity ‘Stress Press ‘Pres Cond 

l-May 31.86~ 30.33~ 31.095 2.21 6.14179E-06~ 10; 50, 40; RC-CaCI2/NaExt/ F/l 
2-Mav 30.761 30.33! 30.555; 2.2; 8.0004E-08; 10. 50 40 RC-CaCI~INaEW F/T 

29.7. J-May, 
4-May ~ 28.08~ 

S-May’ 25.36’ 
6-May i 28.621 
7-May 1 24.84 1 
B-May ~ 27! 
9-Mayi 24.84) 

IO-May! 23.76i 
11-Mayo 27: 

12-May. 24.84 

30.33: 30.015 2.21 7.65901E-08; 
26.67i 27.375~ 2.21 7.16776E-081 

24.561 24.9El 2.21 6.54067E-08~ 

27.721 28.17; 2.21 7.37592E-08; 

24.06: 24.451 2.2~ 8.40189E-08: 

26.15; 26.575; 2.21 6.9583E-08i 
24.061 24.45; 2.2, 6.40189E-08: 
23.011 23.385~ 2.2~ 6.12304E-08: 
25.63: 28.315: 2.2: 

2 

lOi 
10~ 

10; 
10; 
101 
10~ 

ALL. .__~.. 

50 ~ 40 1 RC-CaCI2INaExV F/l 

50 i 40 ~ RCXaCI21NaExV FrT 
50 40 ; RC-CaCI2INaExV FTT 

501 401 RC-CaCI2lNaExW F/l 

50 I 40 ~ RCXaCI2INaExtl FTT 

50 / 40 1 RC-CaCWNaExU FTT 
1Oj 50) 40i RC-CaCI$NaExi/ F/T 
101 50 1 40 1 RC-CaCI21NaExtl F/l 

6.89022E-08; 10; 50; 40~ RC-CaCI2INaExV F/l 
4.061 24.45; 2.2/ 6.40189E-08 10~ 

I 13-Ma;! 22.68’ 
5Oi 401 RC-CaCI2INaExV F/l 

21.97: 22.325 2.2 ~ 5.84549E-081 IO! 50 ~ 40 i RC-CaCWNaExtl FIT . 
14-May’ 25.92~ 24.58; 25.25! 2.21 6.61136E-08: 10 
15-May, 25.38’ 24.06, 24.72’ 2.2; 6.47259E-08 1Oi 
26-Mav 24.3: 23.64 23.92 2.21 6.26312E-08: 10, 

- 
r 
r 

1 ~~~ -~~--~~.--~~- ~~’ 

50 ! 40 RC-CaCldNaExV Ffl 

50: 401 RC-CaCl2INaExW FL 

~,, ~, 501 401 RC-CaCl2INaExV FTT 
27-May; 23.22’ 23.01; 23.115, 2.2; 6.05234E-08 10; 501 40; RC-CaCI21NaExtl F/l 
2%Mav 54 52.3i 53.15; 2.2i 1.39166E-07i IO! 50! 40’ RC-CaCh/NaEXt/ Ffl 

t 

‘.- ---.c.-- 

29-Mav: 38.66 38.18: 38.53; 2.2! l.O0685E-07 10 50: 40; RCCaCldNa 

10: 501 40; RC-CaCI$NaExtl FIT 
10: 50; 4Oi RC-CaCI2INaExU FIT 

50 40 I 9.25329E-08; 
lOi 101 

~ RC-CaCl2/NaExV Frr 

2.21 8.90636E-08~ 501 4Oi RC-CaCI21NaExtl FTT 
2.21 8.83828E-08 IO; 50: 401 RC-CaCI2lNaEti F/T 
2.2 ~ 9.94977E-08, 10: 501 40; RC-CaCl2lNaExV F/T 
2.21 8.21249E-08: 10; 50 ~ 40 / RC-CaCI2INaExV Ffr 

r8.24~ 28.71 2.21 7.5147E-08: 101 50; 40’ RC-CaCI21NaEti FIT 
II-Juni 25.921 25.11 25.511 2.2~ 6.67944E-081 IO! 50; 40 RC-CaCl2/NaExt/ FTT 
12-Jun! 35.64; 35.041 35.34 2.2; 9.25329E-08; IO! 501 40’ RC-CaCi2/NaExV FTT 

End 1 32.4 30.861 31.63~ 2.21 8.28188E-08 10~ 501 40 RC-CaCI2INaExtl FIT 
( 31.86, 30.33 31.0951 2.2 8.14179E-08, 10’ 50; 40: RCXaCl2INaExU FTT 

1 
Sample 76 I ! / I 

25-Feb 
! 

/ I I I I 

- 
Ext/ 

30-May 34.5 36.61 35.555 2.21 9.30958E-08 10; 50, 4;; ;C-&;;;;;;Extl 
F/T 
FTT 

31 -May 35.1 ~ 33.471 34.285~ 2.2; 8.97705E-08: 10: 50 I 40 RC-CaCWNaExU FTT 
3-Jun; 41.58, 39.75’; 40.665’ 2.2~ l.O6476E-07! 
4-Jun 34.56; 33.47; 34.015; 2.2: 8,90636E-081 
5-Jun i 35.64: 35.04! 35.34; 2.2; 
6-Junl 34.56; 33.471 34.0151 
7-Jun: 34.56; 32.95: 33.755; 
8-Juni 38.34: 37.66 381 
Q-Jun; 32.4: 30.33, 31.365; 

lo-Junl 29.161 2 

26-Feb: ~ 
27-Feb ~ 1.51 
28-Feb; 1.4; 

l-Marl 1.4i 
2-Mar; 1.4: 
3-Mar: 1.6 

I I I I I 
1.9i 1.71 

( 
2.2; 1.82677E-08, lo! 501 40 RCICaExU120 days 

1.7i 1.55! 2.21 1.66559E-08: IO, 50 ~ 40 : RClCaExtll20 
1.61 1.5! 2.2; 1.61186E-08 

days 
10; 

2.21 
501 40 RCICaExVl20 days 

1.6~ I.51 1.61186E-08 lOi 50! 40! RClCaEtil20 days 
1.6’ 1.61 2.2: 1.71931E-08 10: 50 ~ 40 1 RCICaExVl20 days 
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Date 
~ 

,Total iTotal W ! Grad ~ Hydraulic ~Effec IConfin ,Backi Moist 
,Outflow~lnflow jFlow ( (psi) iConductivity Stress .Press [Pres ~ Cond 

I I I I I 

Sample 81 : ~ 
28-Mar ~ 
29-Mar, i 

, 
/ I 

I ! 
I I I I 

I 
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Date ‘Total !Total IAvg IGrad !Hydraulic Effec ‘Contin ‘Back Moist 
Outflow Inflow !Flow I (csil ~Conductivitv Stress Press 

‘--’ -.- 
IS-Jul’ 197.6, 201.41 199.5, .--; 6.61 7.25957 

- - - - -. -, 
I 148.2. 148.21 148.21 U.5i 5.39282 

Sample77 i I ! I 
E-Mar, I 

! 
I I I I 
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Date 

t- 

:Total ;Total 
~ outflow Inflow 

IGrad iHydraulic /Effec '~onrm mmac~’ Moist 
/ (psi) ~Conductivity IStress Press :Pres Cond 

nE.no 10: 50 ~ 40 i AC(dup)-wet of std. 
~,Z 

I 4-Apr ~ 2.1~ 2.1: 2.1 I 2.2; 5.019LL.,, 
- I- 5-Apr 1.8, 1.91 1.651 2.7. ~ 4.42223E-09, 10: 

I 6-Acr , 
7-Abr’ 

1.71 
2.3; 

1.71 1.71 22 4.06: 
2.1 i 

.367E-09’ 
2.2i 2.2i 5.25887L09; 

50’ 40, AC(’ ’ . ” .oupj-wet or std. 1 
10 - 5Oi 40 AC(dup)-wet of std. 
10; 50) 401 AC(dup)-wet of std. 

‘9E-09’ 10; 501 40: AC(dup)-wet of std. 
50) 401 AC(dup)-wet of std. 
501 401 AC(dup)-wet of std. 

64prI 21 21 2; 2.2: 4.7eo;, 
lQ-Apr’ 2i 1.9: i.W 3 31 AfiRl3: 

20-Acri 1.91 1.61 1.t 
I 71&r: 2; 2,5i 2.25: 2.21 r,?7nQoFAo! 

- _ _ _ _ _ 
122-Apr, 21 2.11 2.05j 2.2~Q0031E- 

234pr: 21 2.1i 2.05: 2.2, 

End ~ 2; 2 21 2.21 4.76079G 
I.91 1.71 1.61 2.2’ 4.30271E. 

r 

“.“I “““w-ws, 
’ 30031E-OQi 

101 501 401 AC(dup)-wet of std. 
10; 50~ 40~ AC(dup)-wet of std. 

,091 1Oi 50, 40, AC(dup)-wet of std. 
.OQ~ 1Oj 50 1 40 i 

.^,. . 
Ac;(aup)-wet ot sta. 

.OQ ; lOi 50; 401 AC(dup)-wet of std. 
I A- -I~- ! I 

Clay2 ES ; I I ! I I I , 

21-Mar’ I I I 
22-Mar ! I 
23-Mar, 0.1~ 0.2i 0.151 

/ ! ’ 
2.2! 1.67056E-09’ 10; ! 

-. _ __ 

JO-Mar 0.4: 0.4; 0.41 2.2: 4.45461E-09: IO; 
^^ --, -- 

I n 5: 
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I I ! i 

Date iTotal ITotal (A"9 /Grad (Hydraulic 
/ 

iEffec Confin :Eack Moist 
:Oufflow,lnflow IFlow 1 (psi) :Conductivity iStress Press 'Pres ~ Cond 

16Jun 0.1 0.2) 0.15: 2.2: 1.61269E-09: 30; 70; 408 ACIEff.Stress=l0,20.30 
lQ-Jun; 0.2, 0.2, 0.21 2.21 2.15025E-09: 308 701 401 ACIEff..Stress=l0,20,30 
20-Jun, 0.11 01 0.051 2.21 5.37562E-101 30: 70: 40: AC/Eff.Stress=10.20.30 
21-Jun: 0.1 ~ 0.21 0.15; 2.2j 1.61269E-09' 30: 7Oi 40; ACIEff.Stress=l0,20.30 
22-Jun; 0.2) 0.1: 0.15; 2.21 1.61269E-091 30; 70: 4Oi AClEff.Stress=10,20,30 
23-Jun! 0.2; 0.11 0.15: 2.2) 1.61269E-09, 30, 70; 40; AC/Eff.Stress=l0,20,30 
24-Juni 0.2i 0.11 0.151 2.21 1.61269E-091 30! 701 40; AC/Eff,Stress=10,20,30 
25-Jun; 0.1: 0.2' 0.15' 2.2; 1.61269E-09, 3Oi 701 40) AC/EfLStress=10,20,30 
26-Junl 0.1 ~ 0.1~ O.lj 22 l.O7512E-091 301 701 40: ACIEff.Stress=10,20.30 
27-Jun; 0.1; O.li 0.11 2.21 l.O7512E-091 30; 701 401 AC/Eff.Stress=10,20,30 
26-Jun! 0.2' O.li 0.151 2.21 1.61269E-091 30, 70~ 40: ACIEff.Stress=10.20,30 
29-J~ni 0.21 0.11 0.15! 22 1.61269E-09; 3oi 701 40, AC/EffStress=10,20,30 
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/ I I I I I I / I 1 
Sample 110 ! I / , I 

1 
6-Jul' ~ I ! / 
7 I,,, m ClE" I I 

31-Jul; 11 11 II 2.21 6.77246E 
.., . 

2-AugI 
3Aug ~ 

11 
11 

11 11 2.21 6.77248E 
2.21 6.77246E 
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APPENDIX B 

ANALYSIS OF SOLUTIONS COLLECTED FROM 
SODIUM AND CALCIUM INJECTION MATERIALS 

AND CLAY LINER MATERIALS SYSTEMS 
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APPENDIX C 

DATA SUMMARY FOR THE STRENGTH CHARACTERISTICS 

OF THE SYNTHETIC LINER MATERIALS 
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