TECHNICAL MEMORANDUM

TO: Dr. Meg Garakani, Holcim DATE: May 29, 2007
FR: Frank Shuri, Golder Associates Inc. OUR REF: 073-93074.002
RE: Reserve Silica Site: Soil Testing Results — Existing Cover at LDA

1.0 BACKGROUND

bulk soil. samples were collected
ver on the Lower Disposal Area
ss are presented in our Technical
Washington, April 20, 2007 to Dr. Meg
ssed 1%the site visit memo, water balance

e/ wopld need to have a hydraulic
¢ infiltration into the underlying
the site visit, it was not clear what
on discussions between Holcim
he soil samples collected

During Golder s visit to the Reserve Silica site on April 20, 2
from a hand-dug pit in the upper two feet of the existing.$
(LDA). Details of the location and sample collectio
Memorandum Visit to Reserve Silica Site, Ravensd
Garakani from Frank Shuri, dated April 27, 2007.
modeling indicates that a soil cover at the Reserve
conductivity of 1 x 10° cm/sec or less to significan
materials. Based on visual observations of the soil collected
value the in-place hydraulic conductivity Consequently,
and Golder it was dec1ded to perform li

aterial with sufficient volume for the required tests;
ate the effects of grading and mixing that are likely to occur

the compos1te sample was determined using ASTM D422. The
: ed lab sheet and indicate that the sample is well graded with a
maximum particle size of ab ut 3 inches. The composite soil consists of about 30% gravel, 41%
sand, and 29% fine soil passing the U.S. No. 200 sieve).

The moisture-density qharacteristics of the composite sample were then determined using ASTM
D1557. These results were used for preparing a sample for permeability testing, and will also be
useful to guide compaction efforts in the field. The moisture-density curve is shown on the attached
lab sheet and indicates a maximum dry density of 115.4 pcf at a moisture content of 12.1%. For
reference, the moisture content of the soil as received (i.e., reflecting field conditions) was 18.1%.

Using these results, a permeability test specimen was prepared by compacting the composite soil to
95% of the maximum dry density at a moisture content of about 3% above optimum. This density
represents what could reasonably be achieved in the field using conventional equipment, and the
moisture content is a typical value to reduce the permeability while still maintaining workability.
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Permeability testing was performed in accordance with ASTM D5084. The sample was initially
allowed to consolidate under a confining pressure of 2 psi, which simulates the vertical pressure at a
depth of about two feet in the cover. The results indicated a hydraulic conductivity value of 5.1 x 10~
c/sec. The confining pressure was then increased to 5 psi, to simulate a typical pressure that would

be applied by heavy compaction equipment, and the test was repeated. The hydraulic conductivity at
a confining pressure of 5 psi decreased slightly to 1.1 x 107 cm/sec.

To confirm that the composite sample was not unduly reflecting the possible presence of finer-
grained soil at the ground surface, a grain size test to determine the percentdge of fines was performed
on a jar sample collected from a depth of 18 inches, in accordance with” ASTM D1140. This test
indicated 26.4% fines, which, aithough slightly lower than the corresponding value for the composite
sample, is for all practical purposes the same.

2.2 Admixed Cover Soil

As discussed in the site visit memo, there are three p
sand washing process. Because it is fine-grained, this mal
conductivity of the cover soil if admixed into the soil.

sieve and hydrometer analysis was perfo
shown on the attached lab sheet and indica
clay (using the 0.002 mm criterion for cla
material in accordance with ASTM D4318 an@i
low-plasticity clay.

Approximately 10%
i as described above was repeated for this

admixed material. on the aftached lab sheet and indicates a

maximum dry d

ing 10% of Pond 1 soil to the existing cover soil at the LDA did not

change the permeabili ithin limits of normally expected variation.
A major uncertain tudy is that the soil sample from the existing LDA cover represents
only one location an , and therefore the degree of representativeness cannot be evaluated.

However, the field desc ption of this soil indicated that it was mine spoil. Geoprobe and soil boring
investigations performed at the LDA by Arcadis during November 2002 suggest that mine spoil is
laterally extensive over much of the LDA, often with thicknesses of 5 feet or greater.

On this basis, we do not believe that the additional cost associated with admixing Pond 1 material into
the existing cover soils at the LDA is justified. However, we recommend that the cover soils be
carefully observed during construction to verify that at least two feet of soil with a fines content of
25% or greater is present at all locations. This could be done at the end of regrading using a small
rubber-tired backhoe to dig shallow holes at a number of locations. Soil samples would be collected
and the fines content determined with ASTM D1140 (wash through the No. 200 sieve), a relatively
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quick and inexpensive test. If areas are identified where the soil does not have a sufficient fines
content, Pond 1 material from a pre-placed contingency stockpile would be admixed as necessary.

Alternatively, a test pit and soil sampling program could be performed as part of final design to
determine if there is any need for admixing, and, if so, determine the required volumes of Pond 1
material. The advantage of this approach is that the construction activities would be clearly

established and the need for excavating, hauling, drying, and stockpiling Pond 1 soil would be
minimized.

It should be noted that the laboratory permeability values measured in.this testing program may not
be representative of the actual permeability of the cover in the field. Because laboratory testing is
performed on carefully prepared, homogeneous samples, the results can be up to an order of
magnitude lower than would be measured in the field. The upper layers-of the cover in place can be
more permeable due to roots, cover desiccation (clay shri mimer months, and other
factors. Thus, while the results of this study are encouragitig respect to the ability of the cover at
the LDA to reduce infiltration, they should not be sidered definitive. In any case, however,
admixing the existing cover soil with Pond 1 se 1d not %mitigate the factors that increase
permeability in the field. B

Lab Results Tech Memo 2007-05-29.doc
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MAY 2007 073-93074
‘ PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS
ASTM D421, D422, D4318
PROJECT NAME: HOLCIM/ENERGIS/RESERVE SILICA/WA
SAMPLE ID: LDA1&2 Depth: 0-24"
TYPE: Bulk
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MAY 2007

MOISTURE / DRY DENSITY CURVE
ASTM D 1557 Method B

073-93074

| Mechanical | Modified |  WetMethod |
PROJECT NAME: HOLCIM/ENERGIS/RESERVE SILICA/WA
PROJECT NUMBER: 073-93074
SAMPLE ID: LDA1&2 Composite DEPTH:  0-24" SAMPLE TYPE:  Bulk
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MOISTURE CONTENT (%)
COMPACTION POINTS Maximum Dry Density (pcf) | 110.0
Dry Moisture Optimum Moisture (%) |  14.0
Specimen | Density | Content Corrected Maximum Dry Density (pcf) [ 115.4
Number | (pcf) (%) Corrected Optimum Moisture (%) [ 12.1
1 104.2 9.3%
2 107.3 11.3% As-Received Moisture Content
3 109.9 13.8%
4 106.0 16.2% % Retained on # 4 sieve | 30.1%
% Retained on 3/8" sieve | 16.2%
% Retained on 3/4" sieve
DESCRIPTION|Dark Gray, COARSE TO FINE SAND AND COARSE
TO FINE GRAVEL, some silty clay.
uscs| o | CHECK
REVIEW
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ASTM D421, D422, D4318
PROJECT NAME: Holcum/Energis/Reserve Silica/WA
SAMPLE ID: Pond 1 Depth (ft): -
TYPE: Bag
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MAY 2007

MOISTURE / DRY DENSITY CURVE
ASTM D 1557 Method B

073-93074

| Mechanical [ Modified | Wet Method |
PROJECT NAME: HOLCIM/ENERGIS/RESERVE SILICA/WA
PROJECT NUMBER: 073-93074
SAMPLE ID: LDA 1 & 2 Mix DEPTH: 0-24" SAMPLE TYPE: Bulk
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MOISTURE CONTENT (%)
COMPACTION POINTS Maximum Dry Density (pcf) | 112.0
Dry Moisture Optimum Moisture (%) | 13.0
Specimen | Density | Content Corrected Maximum Dry Density (pcf) | 117.1
Number (pch) (%) Corrected Optimum Moisture (%) 11.3
A | 109.1 8.8% ‘
2 110.2 10.8% As-Received Moisture Content | 15.6%
3 112.0 13.1%
4 108.3 15.5% % Retained on # 4 sieve | 30.1%
% Retained on 3/8" sieve | 15.8%
% Retained on 3/4" sieve
DESCRIPTION |Dark Gray, COARSE TO FINE SAND AND COARSE
TO FINE GRAVEL, some silty clay.
Uscs|  (sC) | CHECK
REVIEW
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