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July 16, 1998

Mr. Bill Tans

Wisconsin Department of Natural Resources
Bureau of Integrated Science Services

P.O. Box 7921

Madison, WI 53707

Mr. David Ballman, Ecologist
U.S. Army Corps of Engineers
St. Paul District
190 Fifth Street East
St. Paul, MN 55101

Dear Mr. Tans and Mr. Ballman:

Re: Crandon Project - Addendum No. 4 to the T ailinig‘;siﬁlé;;&gement Area Feasibility
Report/Plan of Operation

Nicolet Minerals Company (NMC) is pleased to submit'.vt"l’_fe,‘épclosed update to Addendum No. 4
to the Tailings Management Area Feasibility Report/PIa(i"éf'Operation (Addendum No. 4).

The update has been prepared on behalf of NMC by Foth-&Van Dyke and Associates, Inc.

NMC has distributed the information to appropriate state and federal agencies, to local officials,
and to various interested parties according to the cuzrént distribution list for:Addendum No. 4. It
is our understanding that the Wisconsin Department of Natural Resources (WDNR) and the U.S.
Army Corps of Engineers (USCOE) will be responsibié¢ for distribution of the document to their
appropriate staff members. o

The pages contained in this update need to be inserted into Addendum No. 4 according to
Items 1 through 3 on the attached reference list. This lisf‘willj,sjerve as d-log and reference
identifying changes made to Addendum No. 4 by NMC thiroughout the permitting process. If
additional revisions are made, they will be added to the attachéd list in sequential order and the
list will be forwarded with the changes.

If you or your staff have any questions regarding Addendum No. 4, please call me at
(715) 478-3393.

Sincerely,

Gordon Reid
Manager of Engineering
Nicolet Minerals Company
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1 Introduction

The WDNR issued a Completeness Determination dated September 26, 1997, pertaining to the
Feasibility Report for the proposed Crandon Project Tailings Management Area (TMA)
requesting additional information. NMC issued a December 12, 1997, response addressing this
request. As part of the December 12, 1997, response, NMC agreed to perform additional testing
in two areas: (1) geosynthetic clay liner (GCL) compatibility tests to document the effect of
simulated process water and leachate on the hydraulic conductivity of the GCL; and (2) filter
tests to document that the calculated filter criteria are applicable to the design of a filter layer
over the leachate collection system which will function to prevent clogging of the system. The
results of the GCL compatibility testing are presented in Appendix A. The results of the filter
tests will be submitted as a separate document.

This document, titled Addendum No. 4 to the May 1995 Crandon Project Tailings Management
Area Feasibility Report/Plan of Operation (Addendum No. 4), has been prepared to describe
TMA design changes made as a result of the GCL compatibility tests. This document also
updates the previously submitted estimates of percolation through the liner and cover systems
during the TMA operation, closure, and post-closure periods due to the proposed design changes.
The revisions are necessary due to modifications made to the TMA design which primarily
include the addition of a of drainage sidewall layer on the upper stages of the TMA cells.

The remainder of this report is divided into the following sections:

. Section2 -  TMA Design Modifications
Section3 -  HELP Model Update
Section 4 - Sensitivity Analysis
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2 TMA Design Modifications
2.1 Liner System

2.1.1 Background

Addendum No. 3, (Foth & Van Dyke, 1997) to the May 1995 Crandon Project Tailings
Management Area Feasibility Report/Plan of Operation, included modifications to the TMA liner

which resulted in the following liner configurations (listed from the top to the bottom).

Base Liner

18-inch riprap;

6-inch till fines (P40);

12-inch glacial till;

geotextile;

24-inch granular soil drainage layer;

geotextile;

60 mil high density polyethylene (HDPE) geomembrane;
GCL; and

12-inch low permeability soil (P40).

First Stage (Lower) Sideslope

18-inch glacial till;

geocomposite drainage layer;

HDPE textured (both sides) 60 mil geomembrane;
GCL; and

12-inch low permeability soil (P40).

* & & & & O o o o

* & & & o

econd e r) Sideslope

. 18-inch riprap (only on the interior slopes where required during final tailings

deposition);

18-inch glacial till;

geotextile;

60 mil HDPE geomembrane;

GCL; and

12-inch low permeability soil (P40).

* & & & o

In response to Comment 12 of the WDNR's September 26, 1997 TMA Completeness

Determination (WDNR, 1997), NMC completed GCL compatibility testing using synthetic

process water and a synthetic acidic leachate as permeants. The results of these tests

(Shackelford, 1998) indicated hydraulic conductivities for installed GCL's could be greater than

the manufacturers' reported values used in the design presented in Addendum No. 3.

Subsequently, NMC determined that the potential increase in the percolation from the site as a

MLD2\LXB\CER1\93C049\GBAPP\61292.61\10000 Addendum No. 4 to the Crandon Project
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result of an increased GCL hydraulic conductivity could be offset by modifying the design of the
liner system to improve collection efficiency. Such improvements include use of lateral drainage .
on the sideslopes of the second stage of the TMA, the use of geocomposites, and improved

construction quality assurance as discussed in Section 3.2.2 below. The proposed liner system

modifications are are discussed in Section 2.1.2 below.

2.1.2 Liner Design Modifications

Hydraulic conductivities as reported by GCL manufacturers of 3x10° cm/sec were used in the
HELP model analyses presented in Addendum No. 3 for both the TMA liner and final cover
systems. Compatibility testing of both prehydrated and non-prehydrated GCL's with synthetic
leachates (Shackelford, 1998) showed that in field GCL hydraulic conductivities can range from
a low of 6.9x10”° cm/sec to a high of 8.8x10 cm/sec depending on the permeant and the degree
of pre-hydration achieved. Experts in the field expect that some degree of pre-hydration of
installed GCL's will take place, but physical data quantifying the degree to which it will occur is
not available. Rather than developing and conducting a test program addressing pre-hydration,
NMC has opted to conservatively assume the GCL used in the TMA liner system will function
with a hydraulic conductivity of 8.8x10¢ cm/sec. Since the GCL in the final cover system will
not be exposed to leachates, its hydraulic conductivity was established at the manufacturer's
reported value of 3x10® cm/sec for the HELP model runs presented below, even though
laboratory testing (Shackelford, 1998) showed a value closer to 1.3x10® cm/sec would be
reasonable. To compensate for the higher GCL hydraulic conductivity, the TMA liner design has
been modified to extend the geocomposite drainage layer up the second stage (upper) sideslope. .
In addition, the protective layer of till on the sideslopes has been modified to perform the
function of a transition zone between the tailings and the drainage medium. The modified liner
configuration is as follows (listed from the top to the bottom):

Base Liner

18-inch riprap;

6-inch till fines (P40);

12-inch glacial till;

24-inch drainage layer;

geotextile;

60 mil HDPE geomembrane;

GCL; and

12-inch low permeability soil (P 40).

® & & & & O o o

Fir. d Second e Si e

. 6-inch till fines (P40);

. 12-inch glacial till;

¢ geocomposite drainage layer;

¢ textured (both sides) 60 mil HDPE geomembrane;

. GCL; and

. 12-inch low permeability soil (P 40). .
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. In addition, an 18-inch riprap layer will be placed over the 6-inch till fines layer on the interior
slopes as required during final tailings deposition. The proposed modifications are shown on
Figure 2-1. Figure 2-2 depicts a typical detail of the transition berm between Stage I and
Stage II. The TMA final cover system has not been modified from the design presented in
Figure 13 of NMC's December 12, 1997 response (NMC, 1997) to WDNR's September 26, 1997
Completeness Determination Letter (WDNR, 1997), and therefore design features for this project
component are not repeated in this document.

2.2 Oxygen Intrusion

Controlling the amount of oxygen which is allowed to come into contact with the sulfide wastes
is important for controlling the production of acid leachates in the TMA. The design originally
submitted (Foth & Van Dyke, 1995) sought to reduce intrusion of oxygen into the TMA by:

a) use of a water trap at the end of the sideslope riser, and b) not extending the sidewall drainage
layer into the upper stage of the TMA cells. Based on the comments received from the WDNR,
the water trap was eliminated when Addendum No. 3 was submitted. Based on a re-evaluation
of the issue of oxygen intrusion, an alternative water trap design located at the end of the
sideslope riser is proposed as part of this addendum. In addition, the sideslope drainage includes
a design provision to isolate the sideslope drainage layer in the upper 5 feet of the tailings. These
two design features are discussed below.

. Figure 2-3 presents a proposed modified sideslope riser detail to prevent oxygen intrusion.
Perforations in the riser will be limited to the area beyond the far bend just below the terminus of
the riser pipe. The pump will be located in the portion of the riser pipe before the first bend
entering the sump area. Therefore, in the event of failure of the pump-off relay, the liquid in the
bend will not be evacuated. A water trap will thus be maintained at all times, which will prevent
oxygen entry into the sump via the sideslope riser.

Figure 2-4 shows a typical detail of the top of the second stage berm. As shown in the figure, a
geomembrane flap will be installed from the anchor trench and placed over the geocomposite
drainage medium extending downslope to a vertical depth in the tailings of 5 feet. The
geomembrane flap is designed to limit oxygen intrusion into the tailings via the geocomposite
and to conform with the assumptions made in the geochemical modeling (SRK, 1998).

2.3 Soil Volumes

The modifications to the liner system also include a redesign of the protective cover over the
geomembrane for the sideslopes. Instead of an 18-inch layer of unprocessed till, the current
proposal is to use a 12-inch layer of unprocessed till over the geocomposite overlying the
geomembrane and a 6-inch layer of P40 till over the unprocessed till. This design is identical to
that proposed for the base liner system. The design will provide the necessary protection to the
geomembrane and the geocomposite and function as a filter between the tailings and the drainage
. system. Table 2-1 is an updated version of Table 2 in NMC's December 12, 1997 response letter
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(NMC, 1997), which accounts for the changes in the required soil volumes due to the described
design modification. The analysis shows that for both the case of average gradation curve and the
case of fine gradation curve, sufficient quantities of P40 till material are available from on-site
soils. Enough fines will be produced during the production of the drainage layer using the coarse
LWT gradation curve to supply 67% of the P40 till layer. Processing additional LWT would
provide the remaining 33%. Therefore, there is sufficient LWT onsite to manufacture the
drainage layers, fine till layer, and the P40 till layer regardless of which gradation curve (fine,
average, or coarse) predominates at the site.

Table 2-1

Till Soil Volume Availability

Available Using
Available Using Available Using Fine LWT
Required Average LWT Coarse LWT Gradation
Layer Volume  Gradation Curve Gradation Curve Curve
Drainage Layer
(Va-in to #40 sieve) 675,000 675,000 675,000 675,000
P40 - Filter Layer
(finer than #40 sieve) 179,000. 179,000 179,000 179,000
P40 - Bedding Layer
(finer than #40 sieve) 746,000 920,300 496,200 2,858,500
Note: All values in cubic yards. Prepared by: MRS
Checked by: NXP
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3 HELP Model Update
3.1 Background

Section 6.7 of the Feasibility Report (Foth & Van Dyke, 1995) explains how the HELP model
analyses were used to estimate the quantity of percolation through the liner and cover systems
during the TMA operation, closure, and post-closure periods. Section 6.7.2 of that document
included a HELP model program overview discussing the rationale for selecting model input
data for evapotranspiration, precipitation, temperature, and solar radiation. Section 6.7.3
provided the rationale for selection of the various soil and geosynthetic material properties and
the tailings properties which were estimated taking into account the depth at which each tailings
layer was located.

The HELP models presented in the Feasibility Report (Foth & Van Dyke, 1995) were updated in
Addendum No. 3 to the TMA Feasibility Report/Plan of Operation (Foth & Van Dyke, 1997).
Addendum No. 3 reflected the modifications made to the TMA's composite liner, leachate
collection system, and final cover in response to regulatory agency review comments.
Addendum No. 4 updates the HELP model analysis to reflect the addition of a geocomposite
drainage layer on the upper sideslope and a GCL with a higher hydraulic conductivity.

3.2 Design Data

. 3.2.1 Primary Models

Two primary models were used for the water balance of the selected TMA design. These two
primary HELP model designs are hence referred to as Sideslope and Base Models. Sideslope
refers to the case where a geocomposite drainage layer is placed over the liner on the sideslope.
The sideslope bottom liner layer is sloped at 33%. The Base Model has a granular drainage layer
over the base liner and is sloped at two percent. Both the Sideslope and Base HELP Models
have the same final cover configuration, as was previously modeled.

3.2.2 Submodels

In order to estimate the water balance at different time periods of operation and post-closure of
the TMA, the primary models have been subdivided into submodels. As in Addendum No. 3, the
Sideslope and Base HELP Models have been subdivided into several models to represent filling,
closure, and post-closure scenarios. The submodels are listed below.

1. StagesI, III, V, and VII [first (lower) stage of TMA cell filling, referred to as initial stage];

2. Stages II, IV, VI, and VIII [second (upper) stage of TMA cell filling] referred to as
second stages;

MLD2\LXB\CER1\93C049\GBAPP\61292.61\10000 Addendum No. 4 to the Crandon Project Foth & Van Dyke * 6
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3. Post-Closure Period With Lateral Drainage on the Sideslopes and Base (represents the case
with active leachate removal);

4. Post-Closure Period With Lateral Drainage on the Sideslope and No Lateral Drainage on the
Base (represents the case when leachate removal is discontinued); and

5. Post-Closure Period With Lateral Drainage on the Sideslope and No Lateral Drainage on
Base, and the GCL and P40 till portion of the liner (represents an assumed case in which the
geomembrane may no longer be functional after a very long period).

The first four scenarios listed above represent the TMA defined by construction, operation, and
post-closure conditions. The fifth scenario represents a postulated condition where the
geomembrane in the composite liner is assumed to degrade after 150 years. The postulated
degradation scenario is very conservative and is included in the analysis to assess the
performance of the TMA if such an unlikely condition were to occur. In fact, based on the
December 1996 report prepared by GeoSyntec Consultants of Boca Raton, Florida, titled
Assessment of Long-Term Performance of the Proposed HDPE Geomembrane Liner and Cap at
the Crandon Project TMA Facility (GeoSyntec, 1996) which is provided in Appendix F of
Addendum No. 3 to the TMA Feasibility Report, ". . . the HDPE geomembrane liner and cap at
the TMA facility should function as designed for a very long time (e.g., hundreds of years)
without deterioration in performance."

The Sideslope and Base HELP Models for the initial stages have been assembled based on the
following generalized design specifications and soil characteristic input parameters:

idesl 1: Initi

no cover;

no surface water runoff;

22.5-foot thickness of tailings (half of maximum tailings depth);
135-foot length of base drainage at 3H:1V slope;

lateral drainage through till layer;

lateral drainage through geocomposite above the liner;
geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-1.

* & & & & 6 O o o o
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Table 3.2-1

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope - Initial Stages (1, I1l, V, VII)

. . Saturated
Classification Total Field ~ Wilting Hydraulic Initial Soil
General Thickness Porosity  Capacity Point Conductivity Water Content
Layer # Description (Inches) HELP USDA USCS (vol/vol) (volivol)  (vol/vol) (cm/sec) (vol/vol)
1 Tailings 30 0 — — . 0.5803 0.5100 0.3400 40x10° 0.5803
2 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66x 10 0.5529
3 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10% 0.5445
Till/
4 Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Drainage
Geocomposite/ ~
5 Lateral 0.24 34 — — 0.8500 0.0100 0.0050 33.0 0.0100
Drainage
6 Geomembrane 0.06 35 — — — — — 20x 108 —
7 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
8 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.5010
'Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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Base HELP Model: Initial Stages

no cover;

no surface water runoff;,

45-foot thickness of tailings;

970-foot length of base drainage at two percent slope;
lateral drainage above the liner;

geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-2.

® & & & & & O o o

The 4-inch diameter leachate collection system laterals with a typical 260-foot spacing at the cell
base were not considered in the base second stages analyses. The more conservative 970-foot
leachate collection system spacing was used in the Base HELP model's second stage.

The Sideslope and Base HELP Models for the second stages have been assembled based on the
following design specifications and soil input parameters:

i HEL : nd es (Lower Sidesl

no cover;

no surface water runoff; -

67.5-foot thickness of tailings (average of tailings depth at ends);
135-foot length of drainage at 3H:1V slope;

lateral drainage through till layer;

lateral drainage through geocomposite;

geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-3.

* & & & & 6 6 O 0o o

Sideslope HELP Model: Second Stages (Upper Sideslope)

no cover,

no surface water runoff;

22.5-foot thickness of tailings (average of tailings depth at ends);
135-foot length of base drainage at 3H:1V slope;

lateral drainage through till layer;

lateral drainage through geocomposite;

geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-4.

® & & & & O O O o o
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Table 3.2-2

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Base - Initial Stages (1, lll, V, VII)

. ) Saturated Initial Soil
Classification Total Field Wiltmg Hydrau[ic Water
Layer General Thickness Porosity Capacity Point Conductivity Content

# Description (Inches) HELP USDA USCS (vol/vol) (vol/vol) (vol/vol) (cm/sec) (vol/vol)

1 Tailings 60 0 — — 0.5803 0.5100 0.3400 4.0x10% 0.5803

2 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66 x 10 0.5529

3 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.5445

4 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10°¢ 0.5385

5 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66 x 106 0.5338

6 TillLateral 18 10 SCL sC 0.3980 0.2440 0.1360 12x10* 0.2440

Drainage
Granular Soil/
7 Lateral 24 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0320
Drainage

8 Geomembrane 0.06 35 — — — — — 20x 10" —

9 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10°¢ 0.7500

10 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.5010
'Geosynthetic Clay Liner Prepared by: MRS

Checked by: NXP
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Table 3.2-3

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Lower Sideslope - Second Stages (ll, IV, VI, Vi)

. Saturated Initial Soil
Classification Total Field Wlltmg Hydrau]ic Water
General Thickness Porosity ~ Capacity Point Conductivity Content
Layer # Description (Inches) HELP ___l_JSDA USCS (vol/vol)  (vol/vol)  (vol/ivol) (cm/sec) (vol/vol)
1 Tailings 90 0 — — 0.5803 0.5100 0.3400 4x10% 0.5803
2 Tailings 120 0 — —  0.5529 0.5066 0.3366 3.66 x 10 0.5529
3 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10% 0.5445
4 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10% 0.5385
5 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66 x 106 0.5338
6 Tailings 120 0 — — 0.5297 0.4930 0.3230 2.33x10% 0.5297
7 Tailings 120 0 — — 0.5259 0.4915 0.3215 2.0x10% 0.5259
8 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Drainage
9 Geocomposite/ 0.24 34 — — 0.8500 0.0100 0.0050 33.0 0.0100
Lateral Drainage
10 Geomembrane 0.06 35 — — — — — 2x 10" —
11 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
12 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.5010
!Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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Table 3.2-4

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Upper Sideslope - Second Stages (li, IV, VI, VIII)

. . Saturated Initial Soil
Classification Total Field Wlltmg Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS  (volivol) (vol/vol) (volivol) (cm/sec) (vol/vol)
1 Tailings 30 0 — —_ 0.5803 0.5100 0.3400 4x10° 0.5803
2 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66 x 10°¢ 0.5529
3 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x 10 0.5445
4 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10% 0.2440
Drainage
5 Geocomposite/ 0.24 34 — — 0.8500 0.0100 0.0050 33.0 0.0100
Lateral
Drainage
6 Geomembrane 0.06 35 — — — — — 2x10°8 —
7 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
8 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.5010
'Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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Base P Model: Se tages

. no cover;

. no surface water runoff;,

¢ 90-foot thickness of tailings;

¢ 970-foot length of base drainage at 2% slope;

¢ lateral drainage above the liner;

. geomembrane;

. GCL;

. P40 till layer; and

. soil and tailing layer data as provided in Table 3.2-5.

The Sideslope and Base HELP Models for Post-Closure Period with lateral drainage on the base
have been assembled based on the following design specifications and soil input parameters:

wer : Post- Period Wi ral Draina he Base

. final cover soils;

¢ 1,500-foot length of cover drainage at 2% slope;

¢ geomembrane;

. GCL;

. P40 till layer;

¢ 67.5-foot thickness of tailings (average of tailings depths at the end);

. 135-foot length of base drainage at 3H:1V slope;

. lateral drainage through till layer;

. lateral drainage through geocomposite;

¢ geomembrane;

. GCL;

¢ P40 till layer; and

¢ soil and tailing layer data as provided in Table 3.2-6.
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Table 3.2-5

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Base - Second Stages (Il, 1V, VI, VIII)

Saturated Initial Soil

Classification Total Field Wilting Hydraulic Water
Layer General Thickness Porosity ~ Capacity Point Conductivity Content
# Description (Inches) HELP USDA USCS (volivol)  (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
1 Tailings 120 0 — — 0.5803 0.5100 0.3400 40x10° 0.5803
2 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66x10° 0.5529
3 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.5445
4 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10°% 0.5385
5 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66x 10 0.5338
6 Tailings 120 0 — — 0.5297 0.4930 0.3230 233x10° 0.5297
7 Tailings 120 0 — — 0.5259 0.4915 0.3215 20x10% 0.5259
8 Tailings 120 0 — — 0.5226 0.4905 0.3205 1.5x10° 0.5226
9 Tailings 120 0 — — 0.5195 0.4900 0.3200 1.0x10° 0.5195
10 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Drainage
11 Granular Soil/ 24 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0320
Lateral Drainage
12 Geomembrane 0.06 35 — — — — — 20x 10" —
13 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
14 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10°% 0.5010
!Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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Table 3.2-6

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (lower) - Post-Closure Period With Lateral Drainage on the Base

) ) Saturated Initial Soil
Classification Total Field Wlltmg Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS _ (volivol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3231
2 T'“l 36 10 SCL sC 0.3980 0.2440 0.1360 1.2x10* 0.2443
Rooting Zone
Granular Soil/ "
3 . 12 21 Gravel 0.3970 0.0320 0.0130 3.0x10 0.0320
Lateral Drainage
4 Geomembrane 0.06 35 — — — — — 20x10" —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10% 0.5010
7 .Tl“/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Grading Layer
8 Tailings 90 0 — — 0.5803 0.5100 0.3400 4.0x10° 0.5129
9 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66 x 10 0.5200
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.5216
11 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10° 0.5292
12 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66 x 10 0.5124
13 Tailings 120 0 — — 0.5297 0.4930 0.3230 2.33x10° 0.4978
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Table 3.2-6 (Continued)

Classification Total Field
General Thickness Porosity  Capacity
Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905
15 Till/Lateral 18 10 SCL  SC 03980  0.2440
Drainage
16 Geocomposite/ 0.24 34 — — 08500  0.0100
Lateral Drainage
17 Geomembrane 0.06 35 — — — —
18 GCL! 0.24 0 — — 0.7500 0.7470
0 SiL ML 0.5010 0.2840

19 P40 Till 12

Saturated Initial Soil

Wil?ing Hydraulic Water
Point Conductivity ~ Content

(vol/vol) (cm/sec) (vol/vol)
0.3205 2.0x 10 0.5022
0.1360 1.2x10* 0.2929
0.0050 33.0 0.0595

—_ 2x 108 —

0.4000 8.8x10° 0.7500
0.1350 2x 107 0.2248

Geosynthetic Clay Liner

MLD2\LXB\CER1\93C049\GBAPP\61292.61\10000
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1 er) HEL del: t-Closure Period With Lateral Drainage on the Bas

. final cover soils;

. 1,500-foot length of cover drainage at 2% slope;

. geomembrane;

¢ GCL;

. P40 till layer;

. 22.5-foot thickness of tailings (average of tailings depths at ends);

. 135-foot length of base drainage at 3H:1V slope;

¢ lateral drainage through till layer;

* lateral drainage through geocomposite;

¢ geomembrane;

. GCL;

¢ P40 till layer; and

. soil and tailing layer data as provided in Table 3.2-7.

HE del: Post-Cl, Peri ith ral Drainage on the Base

. final cover soils;

. 1,500-foot length of cover drainage at 2% slope;

. geomembrane;

¢ GCL;

. P40 till layer;

. 90-foot thickness of taxhngs,

* 970-foot length of base drainage at 2% slope ;

¢ lateral drainage above the liner;

¢ geomembrane;

¢ GCL;

. P40 till layer; and

. soil and tailing layer data as provided in Table 3.2-8.
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Table 3.2-7

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (upper) - Post-Closure Period With Lateral Drainage on the Base

Saturated Initial Soil

Classification Total Field ~ Wilting  Hydraulic Water
General Thickness Porosity =~ Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS (vol/vol) (volivol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3231
2 Tml 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2443
Rooting Zone
3 Granular Soil/ 12 21 Gravel 03970  0.0320 00130  3.0x 10" 0.0320
Lateral Drainage
4 Geomembrane 0.06 35 — — — — — 20x10"8 —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10? 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10% 0.5010
7 .T‘"/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Grading Layer
8 Tailings 30 0 — — 0.5803 0.5100 0.3400 40x10°¢ 0.5086
9 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66x 10 0.5066
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10% 0.5156
1 Til/Lateral 18 10 SCL  SC 03980 02440  0.1360 12x 10* 0.3013
Drainage
12 Geocomposite/ 0.24 34 — —  0.8500 0.01 0.005 33.0 0.0100
Lateral Drainage
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Table 3.2-7 (Continued)

Saturated Initial Soil

Classification Total Field Wilting Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
13 Geomembrane 0.06 35 — — — — — 2x 10" —
14 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
15 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.2250
'Geosynthetic Clay Liner. . Prepared by: MRS

Checked by: NXP
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Table 3.2-8

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Base - Post-Closure Period With Lateral Drainage on the Base

. Saturated Initial Soil
Classification Total Field Wlltiﬂg Hydrau[ic Water
Layer General Thickness Porosity = Capacity Point Conductivity Content
# Description (Inches) HELP USDA USCS (vol/ivol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3231
2 Tl"/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2443
Rooting Zone
3 GranularSoil 12 21 Gravel 03970 00320 00130  3.0x10° 0.0320
Lateral Drainage
4 Geomembrane 0.06 35 — — — — — 20x 10" —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10°% 0.5010
7 T‘"ﬁ;ae‘r"“g 36 10 SCL  SC 03980 02440  0.1360  1.2x10% 0.2440
8 Tailings 240 0 — — 0.5803 0.5100 0.3400 4.0x10% 0.5239
9 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.5238
10 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10% 0.5269
11 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66 x 10° 0.5024
12 Tailings 120 0 — — 0.5297 0.4930 0.3230 233x10° 0.4994
13 Tailings 120 0 — — 0.5259 0.4915 0.3215 20x10° 0.5084
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Table 3.2-8 (Continued)

. . Saturated Initial Soil
Classification Total Field Wlltll'lg Hydrau[ic Water
Layer General Thickness Porosity =~ Capacity Point Conductivity Content
# Description (Inches)  HELP US_]_)A USCS  (vol/vol) (vol/_yol) (vol/vol) (cm/sec) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905 0.3205 1.5x10% 0.5218
15 Tailings 120 0 — — 0.5195 0.4900 0.3200 1.0x 10° 0.5194
16 Til/Lateral 18 10 SCL  SC 03980 02440 01360  12x10* 0.2959
Drainage
Granular Soil/ R
17 . 24 21 Gravel 0.3970 0.0320 0.0130 3.0x10 0.0835
Lateral Drainage
18 Geomembrane 0.06 35 — — — — — 20x 101 —
19 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10°¢ 0.7500
20 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.2278
'Geosynthetic Clay Liner Prepared by: MRS
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The Sideslope and Base HELP Models for the Post-Closure Period with lateral drainage on the
. sideslope and no lateral drainage on the base have been assembled based on the following design
specifications and soil input parameters:

ideslope (L.ower) HELP Model: Post-Closure Period With No Lateral Drai ase
¢ final cover soils;
¢ 1,500-foot length of cover drainage at 2% slope;
¢ geomembrane;
¢ GCL;
¢ P40 till layer;
¢ 67.5 foot thickness of tailings (average of tailings depths at the ends);
¢ 135-foot length of base drainage at 3H:1V slope;
¢ lateral drainage through till layer;
¢ lateral drainage through geocomposite;
¢ geomembrane;
. GCL;
A P40 till layer; and
¢ soil and tailing layer data as provided in Table 3.2-9.

final cover soils;

1,500-foot length of cover drainage at 2% slope;
geomembrane;

GCL;

P40 till layer;

22.5-foot thickness of tailings (average of the depths at the ends);
135-foot length of base drainage at 3H:1V slope;
lateral drainage through the till layer;

lateral drainage through geocomposite;
geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-10.
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Table 3.2-9

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (lower) - Post-Closure Period With No Lateral Drainage on the Base

Saturated Initial Soil

Classification Total Field Wilting Hydraulic Water

General Thickness Porosity ~ Capacity Point Conductivity Content

Layer # Description (Inches) HELP USDA USCS (vol/vol) (\_/_ol/vol) (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x 10" 0.3813
2 Till/ 36 10 SCL  SC 03980 02440  0.1360  12x10* 0.2561

Rooting Zone

3 Granular Soil/ 12 21 Gravel 03970  0.0320  0.0130 3.0x 10" 0.0329
Lateral Drainage

4 Geomembrane 0.06 35 — — — — — 2.0x 10" —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10°% 0.2840
Till/
7 Grading 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Layer
8 Tailings 90 0 — — 0.5803 0.5100 0.3400 4.0x10° 0.5055
9 Tailings 120 0 — — 05529 0.5066 0.3366 3.66x10% 0.4817
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.4739
11 Tailings 120 0 —_ — 0.5385 0.5000 0.3300 3.0x10° 0.4682
12 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66x 10 0.4636
13 Tailings 120 0 — — 0.5297 0.4930 0.3230 2.33x10° 0.4594
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Table 3.2-9 (Continued)

. . Saturated Initial Soil
Classification Total Field Wlltmg Hydrau“c Water
General Thickness Porosity = Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS  (volivol)  (vol/vol) (vol/vol) (cm/sec) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905 0.3205 20x10° 0.4530
15 Tilv . 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Lateral Drainage
16 Geocomposite/ 0.24 34 — — 0.8500  0.0100  0.0050 33.0 0.0100
Lateral Drainage
17 Geomembrane 0.06 35 — — — — — 2x 1018 —
18 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 88x10° 0.7500
19 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.1973

'Geosynthetic Clay Liner
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Table 3.2-10

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (upper) - Post-Closure Period With No Lateral Drainage on the Base

o Saturated Initial Soil
Classification Total Field  Wilting  Hydraulic Water
General Thickness Porosity ~ Capacity Point Conductivity Content
Layer # Description (Inches) HELP  USDA USCS __ (volivol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3813
2 :I‘ull/ 36 10 SCL SC. 0.3980 0.2440 0.1360 1.2x10* 0.2561
Rooting Zone
Granular Soil/
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0329
Drainage
4 Geomembrane 0.06 35 — — — — — 20x 10" —
GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.2840
7 T'W 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Grading Layer
Tailings 30 0 — — 0.5803 0.5100 0.3400 40x10° 0.5055
9 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66 x 10°¢ 0.4817
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10% 0.4739
11 Till/Lateral 18 10 SCL  SC 03980 02440  0.1360 12x10* 0.2440
Drainage
Geocomposite/
12 Lateral 0.24 34 — — 0.8500 0.0100 0.0050 33.0 0.0100
Drainage
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Table 3.2-10 (Continued)

Classification Field Wilting
General Thickness Porosity =~ Capacity Point
Layer # Description (Inches) HELP  USDA USCS  (vol/vol) _(_vol/vol) (vol/vol)
13 Geomembrane 35 - — - —
14 GCL! 0 — — 0.7470 0.4000
15 P40 Till SiL ML 0.2840 0.1350

Conductivity

Initial Soil
Water
Content
(vol/vol)

0.7500
0.1974

Geosynthetic Clay Liner
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Base HELP Model: Post- riod Wi eral Drainage

final cover soils;

1,500-foot length of cover drainage at 2% slope;
geomembrane;

GCL;

P40 till layer;

90-foot thickness of tailings;

till and granular soil layer as vertical percolation layers;
geomembrane;

GCL;

P40 till layer; and

soil and tailing layer data as provided in Table 3.2-11.

* & & & & 6 ¢ o o o

The Sideslope and Base HELP Models for Post-Closure Period have been assembled with lateral
drainage on the sideslope and no lateral drainage on base and a hypothesized lack of a
geomembrane layer in the base after 150 years. The following design specifications and soil
input parameters represent this case:

1 we 1; Post-Closure Period With No Lateral Drainage o Base and

No Geomembrane in the Liner

. final cover soils;

¢ 1,500-foot length of cover drainage at 2% slope;

. geomembrane;

. GCL;

. P40 till layer;

¢ 67.5-foot thickness of tailings;

¢ 135-foot length of base drainage at 3H:1V slope;

¢ lateral drainage through till layer;

¢ lateral drainage through geocomposite;

¢ GCL;

. P40 till layer; and

* soil and tailing layer data as provided in Table 3.2-12.
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Table 3.2-11

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Base - Post-Closure Period With No Lateral Drainage

Classification
General Thickness
Layer # Description (Inches) HELP USDA USCS
1 Topsoil 6 8 L ML
2 RootiTr::szO.le 36 10 SCL  SC
Granular Soil/
3 Lateral 12 21 Gravel
Drainage
4 Geomembrane 0.06 35 — —
5 GCL! 0.24 17 — —
6 P40 Till 12 0 SiL ML
T d;fllgll;.,ayer 36 10 SCL  SC
8 Tailings 240 0 — —
9 Tailings 120 0 — —
10 Tailings 120 0 — —
11 Tailings 120 0 — —
12 Tailings 120 0 — —
13 Tailings 120 0 — —

(vol/vol)

Saturated Initial Soil
Total Field Wlltmg Hydraulic Water
Porosity =~ Capacity ~ Point Conductivity Content
(vol/vol)  (vol/vol) (cm/sec) (vol/vol)
0.4630 0.2320 0.1160 3.7x10% 0.3813
0.3980 0.2440 0.1360 1.2x 10" 0.2561
0.3970 0.0320 0.0130 3.0x 10! 0.0329
— — — 20x 101 —
0.7500 0.7470 0.4000 3x10° 0.7500
0.5010 0.2840 0.1350 2x10% 0.2840
0.3980 0.2440 0.1360 1.2x10* 0.2440
0.5803 0.5100 0.3400 4.0x10° 0.5055
0.5445 0.5033 0.3333 3.33x10° 0.4739
0.5385 0.5000 0.3300 3.0x10° 0.4682
0.5338 0.4965 0.3265 2.66x 10 0.4636
0.5297 0.4930 0.3230 233x10% 0.4594
0.5259 0.4915 0.3215 2.0x10° 0.4559
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Table 3.2-11 (Continued)

) ) Saturated Initial Soil

Classification Total Field Wlltmg Hydraulic Water

General Thickness Porosity  Capacity Point Conductivity Content

Layer # Description (Inches) HELP USDA  USCS (vol/vol)  (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905 0.3205 1.5x10% 0.4530
15 Tailings 120 0 — — 0.5195 0.4900 0.3200 1.0x 10°¢ 0.4503
16 Till 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440

Granular Soil/
17 Vertical 24 21 Gravel - 03970 0.0320 0.0130 3.0x 10! 0.0320
Percolation
18 Geomembrane 0.06 35 — — — — — 20x 101 —

19 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
20 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.1984

'Geosynthetic Clay Liner
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Table 3.2-12

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (lower) - Post-Closure Period With No Lateral Drainage on the Base
and No Geomembrane in the Liner

. Saturated Initial Soil
Classification Total Field Wilting  Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS (volivol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)

1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x 10" 0.3328
2 Tl“/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2469

Rooting Zone

Granular Soil/ "
3 . 12 21 Gravel 0.3970 0.0320 0.0130 3.0x10 0.0399

Lateral Drainage

4 Geomembrane 0.06 35 — — — — — 20x 10" —
5 GCL! 0.24 17 @ — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10°% 0.2840
7 .Tl"/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x 10 0.2440

Grading Layer
8 Tailings 90 0 — — . 0.5803 0.5100 0.3400 4.0x10% 0.5055
9 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66x 10°¢ 0.4817
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x 10°¢ 0.4739
11 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10°¢ 0.4682
12 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66x10° 0.4636
13 Tailings 120 0 — — 0.5297 0.4930 0.3230 233x10°® 0.4594
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Table 3.2-12 (Continued)

. . Saturated Initial Soil
Classification Total Field  Wilting  Hydraulic Water
General Thickness Porosity ~ Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS  (vol/vol) (volivol)  (vol/vol) (cm/sec) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905 0.3205 2.0x10° 0.4530
15 Tl')"”.“ate’a‘ 18 10 SCL  SC 03980 02440  0.1360 1.2 x 10" 0.2440
rainage
16 Geocomposite/ 0.24 34 — — 08500  0.0100  0.0050 33.0 0.0100
Lateral Drainage
17 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
18 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.1973
'Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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idesl I Model: Post-Closure Period With N t Drai the Base and

. No Geomembrane in the Liner

. final cover soils;
* 1,500-foot length of cover drainage at 2% slope;
¢ geomembrane;
. GCL;
¢ P40 till layer;
¢ 22.5-foot thickness of tailings;
. 135-foot length of base drainage at 3H:1V slope;
¢ lateral drainage through the till layer;
¢ lateral drainage through geocomposite;
* GCL;
. P40 till layer; and
¢ soil and tailing layer data as provided in Table 3.2-13.
Ba; del: Post-Cl Peri ith No Lateral Drain rane in th
Liner
¢ final cover soils;
¢ 1,500-foot length of cover drainage at 2% slope;
. geomembrane;
. . GCL;
¢ P40 till layer;
. 90-foot thickness of tailings;
¢ till and granular soil layer as vertical percolation layers;
. GCL;
* P40 till layer; and
¢ soil and tailing layer data as provided in Table 3.2-14.

Tables 3.2-1 through 3.2-5 show that the models do not include the ponding of the slurry water
on the tailings. This is a reasonable assumption since the purpose of the water balance is
primarily to determine leachate generation rates during post-closure monitoring and the
percolation from the site. Since the simulation starts with the case of initial saturation of all
tailings layers, the effect of ponding (which is to keep the tailings layers saturated) will be
indirectly accounted for if percolation through the liner for the first year of simulation is assumed
to be prevailing throughout the operation period of a cell. After conducting the HELP model
runs in this fashion for the initial simulations described in the Feasibility Report (Foth &
Van Dyke, 1995), Dr. Paul Schroeder of the USCOE, Waterways Experiment Station, who is the
primary author of HELP, was contacted for his comments on this approach. He suggested that
the model may be operated to mimic the presence of ponding on the surface if the precipitation
values were increased and surface runoff prevented. Accordingly, in the Feasibility Report
(Foth & Van Dyke, 1995), the submodels during the initial simulations for the open conditions
. were rerun with the precipitation values increased by a factor of two. The values
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Table 3.2-13

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Sideslope (upper) - Post-Closure Period With No Lateral Drainage on the Base
and No Geomembrane in the Liner

Saturated Initial Soil

Classification Total Field Wilting  Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity  Content
Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3328
2 TIW 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2469
Rooting Zone
3 Granular Soil/ 12 21 Gravel 03970 00320 00130  3.0x 10" 0.0399
Lateral Drainage
4 Geomembrane 0.06 35 — — — — — 20x 10" —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.2840
7 :rl“/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440
Grading Layer
8 Tailings 30 0 — — 0.5803 0.5100 0.3400 4.0x10° 0.5055
9 Tailings 120 0 — — 0.5529 0.5066 0.3366 3.66 x 10 0.4817
10 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.4739
11 Till/Lateral 18 10 SCL  SC 03980 02440  0.1360  12x10* 0.2440
Drainage
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Table 3.2-13 (Continued)

Saturated Initial Soil

Classification Total Field Wilting  Hydraulic Water
General Thickness Porosity  Capacity Point Conductivity = Content
Layer # Description (Inchesl_ HELP USDA USCS (Vol/vol)_ (vol/vol)  (vol/vol) (cm/sec) (vol/vol)
12 Geocomposite/ 0.24 34 — — 08500 00100  0.0050 33.0 0.0100
Lateral Drainage
13 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10% 0.7500
14 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10° 0.1871
'Geosynthetic Clay Liner Prepared by: MRS
Checked by: NXP
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Table 3.2-14

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model
Base - Post-Closure Period With No Lateral Drainage and No Geomembrane in the Liner

. . Saturated Initial Soil
Classification Total Field Wllting Hydrau]ic Water
General Thickness Porosity ~ Capacity Point Conductivity Content
Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/ivol)  (vol/vol) (cm/sec) (vol/vol)
1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x10* 0.3328
2 r.r'“/ 36 10 SCL SC  0.3980 0.2440 0.1360 1.2x 10 0.2469
Rooting Zone
Granular Soil/
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0399
Drainage
4 Geomembrane 0.06 35 — — — — — 20x 10" —
5 GCL! 0.24 17 — — 0.7500 0.7470 0.4000 3x10° 0.7500
6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10°% 0.2840
7 T‘"ﬁ;z‘:‘“g 36 10 SCL  SC 03980 02440  0.1360 12x 10% 0.2440
8 Tailings 240 0 — — 0.5803 0.5100 0.3400 40x10% 0.5055
9 Tailings 120 0 — — 0.5445 0.5033 0.3333 3.33x10° 0.4739
10 Tailings 120 0 — — 0.5385 0.5000 0.3300 3.0x10° 0.4682
11 Tailings 120 0 — — 0.5338 0.4965 0.3265 2.66 x 10°¢ 0.4636
12 Tailings 120 0 — — 0.5297 0.4930 0.3230 233x10° 0.4594
13 Tailings 120 0 — — 0.5259 0.4915 0.3215 2.0x10° 0.4559
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Table 3.2-14 (Continued)

. . Saturated Initial Soil

Classification Total Field  Wilting  Hydraulic Water

General Thickness Porosity  Capacity Point Conductivity Content

Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/vo_l_)_ (vol/vol) (cm/sec) (vol/vol)
14 Tailings 120 0 — — 0.5226 0.4905 0.3205 1.5x 10°¢ 0.4530
15 Tailings 120 0 — — 0.5195 0.4900 0.3200 1.0x 10 0.4503
16 Till 18 10 SCL SC 0.3980 0.2440 0.1360 1.2x10* 0.2440

Granular Soil/
17 Vertical 24 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0321
Percolation

18 GCL! 0.24 0 — — 0.7500 0.7470 0.4000 8.8x10° 0.7500
19 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x10% 0.1818

'Geosynthetic Clay Liner
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obtained for leachate generation and percolation from the site for this case were found to be very
similar to those obtained for the first year using actual precipitation values. This provided an
interesting aspect of the simulation; that is, the percolation through the base liner was impacted
more by the saturation and hence the head on the liner rather than the rainfall intensity during
any year. For ponded conditions, since the rainfall variation will be neutralized by the relatively
constant pond depths on the tailings surface, this result was not unexpected. Therefore, for the
present analyses (included in Addendum No. 4) with the modified liner and sideslope drain
systems, only the runs with the precipitation increased by a factor of two were performed.

For all analyses, the geomembrane included in the final cover and the base liner was considered
to have one pinhole per acre due to manufacturing defects and one hole per acre due to
installation defects. The contact between the membrane and the GCL component of the
composite liner was assigned as "excellent". The above parameters are direct functions of the
construction quality assurance (CQA) program, and are readily achievable. For example, a leak
location survey and repair of the located leaks is part of the CQA program. With the GCL as the
soil component of the composite liner, excellent contact can be achieved in the field between the
geomembrane and the soil component. Thus, by considering different geometries, appropriate
material properties, and techniques for simulating operation scenarios, the HELP model should
provide conservative values of leachate quantities and percolation from the site. These results
are discussed in Section 3.3.

3.3 Summary of Results

3.3.1 Percolation Through the Liner and Leachate Generation

A summary of the results from the water balance study using the HELP models is shown in
Table 3.3-1. The results shown pertain to the different submodels of both the sideslope HELP
models and base HELP model. Thus different operation scenarios are covered; such as open case
with doubled precipitation, closed case during the initial post-closure period, closed case after the
discontinuation of leachate removal and closed case after a very long time period when the
geomembrane in the base liner is hypothetically assumed to be no longer effective. The
percolation and leachate generation are given in terms of annual averages for the duration of the
simulation period.

For illustrative purposes, the yearly variation of percolation through the liner during the
operation period for two cases, i.e., Sideslope Initial Stage, and Base Initial Stage are shown in
Table 3.3-2 from the HELP model runs for the original design included in the May 1995
Feasibility Report (Foth & Van Dyke, 1995). The percolation through the liner for Second Stage
of the sideslope and base cases from the May 1995 Feasibility Report are shown in Table 3.3-3.
Tables 3.3-2 and 3.3-3 show that the percolation quantities diminish through the initial years of
operation. This is indicative of the gradual draining of the tailings and therefore does not
account for the ponding on top of the cell. As described earlier in Section 3.2, one way to
approximate the effects of ponding is to assume that the results for the first year (the maximum
value) will continue to prevail throughout the time of ponding.
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Table 3.3-1

Results of HELP Model Water Balance Analyses

Average Annual Totals for the Simulation Period

Peak Daily Values for Simulation Period

Lateral Lateral
Water Balance Percolation Through Drainage/Leachate Percolation Through Average Head Percolation Through Drainage/Leachate Percolation through Average Head
Simulation Period Cover' Collected' Liner! Across Liner Cover Collected Liner Across Liner
HELP Model ID Years in/yr; (Percent) in/yr; (Percent) in/yr; (Percent) (in) (in/day) (in/day) (in/day) (in)
Sideslope - Initial 10 NA 14.71430 0 0.006 NA 0.12100 0 0.018
Stage (23.37829) (0)
(Table 3.2-1)
Base - Initial Stage 10 NA 15.10799 0.00570 1.182 NA 0.09160 0.00004 2.613
(Table 3.2-2) (24.0038) (0.00905)
Sideslope (lower) - 10 NA 16.13836 0 0.007 NA 0.12241 0 0.022
Second Stage (25.64087) (0)
(Table 3.2-3)
Sideslope (upper) - 10 NA 14.71430 0 0.006 NA 0.12100 0.00004 0.018
Second Stage (23.37829) (0)
(Table 3.2-4)
Base - Second Stage 10 NA 16.19932 0.00571 1.266 NA 0.09084 0 2.592
(Table 3.2-5) (25.73772) (0.00907)
Sideslope (lower) - 40 0.00003 0.95430 0 0 0.000001 0.09158 0 0.014
Final Cover (0.0001) (3.10264) (0)
(Table 3.2-6)
Sideslope (upper) - 40 0.00003 0.29308 0 0 0.000001 0.09223 0 0.014
Final Cover (0.00010) (0.95296) (0)
(Table 3.2-7)
Base - Final Cover 40 0.00003 1.36278 0.00036 0.107 0.000001 0.06492 0.000024 1.852
(Table 3.2-8) (0.00010) (4.43072) (0.00116)
Sideslope (lower) - 100 0.00003 0.00007 0 0 0.000001 0.00296 0 0.001
Final Cover (0.00010) (0.00023) 0)
(Table 3.2-9)
Sideslope (upper) - 100 0.00003 0.00004 0 0 0.000001 0.00236 0 0
Final Cover (0.00010) (0.00014) (0)

(Table 3.2-10)
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Table 3.3-1 (Continued)

Average Annual Totals for the Simulation Period

Peak Daily Values for Simulation Period

Lateral Lateral
Water Balance Percolation Through Drainage/Leachate Percolation Through Average Head Percolation Through Drainage/Leachate  Percolation through Average Head
Simulation Period Cover! Collected’ Liner! Across Liner Cover Collected Liner Across Liner
HELP Model ID Years in/yr; (Percent) in/yr; (Percent) in/yr; (Percent) (in) (in/day) (in/day) (in/day) (in)

Base - No Drainage 100 0.00003 NA 0.00003 0.012 0.000001 NA 0 0.017
(Table 3.2-11) (0.00010) (0.00011)
Sideslope (lower) - 100 0.00003 0.00003 0.00004 0 0.000001 0.00171 0.001256 0.001
No Geomembrane in (0.00010) (0.00010) (0.00013)
the Liner
(Table 3.2-12)
Sideslope (upper) - 100 0.00003 0.00002 0.00003 0 0.000001 0.00131 0.001051 0
No Geomembrane in (0.00010) (0.00005) (0.00010)
the Liner
(Table 3.2-13)
Base - No 100 0.00003 NA 0.00009 0 0.000001 NA 0.001200 0.001
Geomembrane in the (0.00010) (0.00028)

Liner

(Table 3.2-14)

'These values are given in inches/year as well as a percentage of precipitation, the latter within parentheses.

Notes: - HELP Model ID - Soil properties are provided in respective table listed under the HELP Model ID.

- NA - Not applicable.

- Zero (0) represents values less than 0.0000005.
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. Table 3.3-2

Maximum Average Annual Percolation Through Liner
During Operation Years of Initial Stages

Sideslope Base
Year (in/yr) _ (in/yr)
1 0.187326 0.002003
2 0.149477 0.000396
3 0.112421 0.000441
4 0.044193 0.000342
5 0.005470 0.000290
6 0.013519 0.000327
7 0.006639 0.000404
8 0.012266 0.000315
. 9 0.017525 0.000489
10 0.005306 0.000491
Note: The data in this table do not pertain to the modified liner, LCS, and cover configurations

described in Section 2 of Addendum No. 4. These data are from the initial HELP model runs
presented in the May 1995 Feasibility Report and are presented here for illustrative purposes
only. (Ref. Table 6.7-14 of the Feasibility Report.)

Prepared by: JBK
Checked by: MDF
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Table 3.3-3

Maximum Average Annual Percolation Through Liner

During Operation Years of Second Stages

Sideslope

Year (in/yr)

0.817797
0.844675
0.788535
0.683487
0.554911
0.687312
0.666802
0.659438
0.818071
0.731234

O 0 N &N B AW N -

o
(=)

Base
(in/yr)
0.000816
0.000956
0.000956
0.000959
0.000751
0.000356
0.000505
0.000288
0.000356
0.000604

Note: The data in this table do not pertain to the modified liner, LCS, and cover configurations
described in Section 2 of Addendum No. 4. These data are from the initial HELP model runs
presented in the May 1995 Feasibility Report and are presented here for illustrative purposes
only. (Ref. Table 6.7-15 of the Feasibility Report.)
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A second, perhaps more appropriate method is to increase the rainfall data by a factor of two and

. thus create excess water on the top tailings layer [as described in Section 6.7.4.2 of the
Feasibility Report (Foth & Van Dyke, 1995)]. The results of these analyses for the revised TMA
design addressed in Addendum No. 4 in terms of averages through the simulation period as
shown in Table 3.3-1 are reproduced in Table 3.3-4. Yearly values of percolation through the
liner during the operation period based on doubled precipitation for the initial stages and second
stages are shown on Tables 3.3-5 and 3.3-6, respectively. These results do not show a
diminishing trend of percolation through the liner with time during the operation period. Also,
average head on the liner (Table 3.3-4) is similar to peak daily head. It can therefore be

concluded that the effects of ponding can be approximated by the technique used, i.e., increased
rainfall.

Based on the above results, it has been concluded that for the period when the TMA remains
open and ponding takes place on top of the tailings, the leachate generation and percolation
through the liner should be represented by HELP models using two times the average rainfall
data (Tables 3.3-4, 3.3-5 and 3.3-6). After closure of each TMA cell when there will be no
ponding and draining of the tailings is occurring, the results from the analyses with normal
rainfall are appropriate (Table 3.3-1).

33.2 Total Percolation from the TMA

The results of HELP model studies show that the rate of percolation varies with time due to

. varying operation conditions (i.e. open, closed, geomembrane assumptions, etc.). Also, the rate
of percolation varies due to changes in geometry (i.e., sideslope profile, base profile, tailing
thickness, etc.). Therefore, in order to estimate the percolation rate through the liner with time,
these conditions need to be considered.

Table 3.3-7 shows the estimated rates of percolation assuming the initial stage of a TMA cell will
be operative for 4 years and the second stage for 6 years, including the consolidation period,
before the cell is closed. The values in the table represent the average values from Tables 3.3-5
and 3.3-6 for 0 to 4 years and 5 to 10 years, respectively. For the remaining periods the
estimated percolation rates following placement of the cell final cover are as shown in

Table 3.3-8.

Percolation rates summarized in Tables 3.3-7 and 3.3-8 are based on a GCL hydraulic
conductivity in the liner system of 8.8x10 cm/sec. Based on the hydraulic conductivity tests
using simulated process water and leachate, this is a worst-case value which occurs when there is
no prehydration of the GCL. Laboratory results indicate a prehydrated GCL can have a
hydraulic conductivity as low as 6.9x10*° cm/sec in the TMA liner system. Therefore, the actual
percolation will be determined by a GCL hydraulic conductivity which falls somewhere between
these two values. Table 3.3-9 compares percolation quantities for upper and lower bound
conditions for TMA cell 1. The comparison shows that the already low percolation rates
diminish with decreasing GCL hydraulic conductivity.
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Table 3.3-4

HELP Model Results: Simulation of Ponding

Average Annual Totals for Model Duration Peak Daily Values
Lateral Lateral
Water Drainage/ Percolation Drainage/ Percolation
Balance Leachate Through Average Leachate Through Average Head
HELP Model ID Duration Collected Liner Head Across Collected Liner Across Liner
Years (in/yr) (in/yr) Liner (in) (in/day) (in/day) (in)
Sideslope - Initial 10 14.71430 0 0.006 0.12100 0 0.018
Stage
(Table 3.2-1)
Base - Initial Stage 10 15.10799 0.00570 1.182 0.09160 0.00004 2.613
(Table 3.2-2)
Sideslope (lower) - 10 16.13836 0 0.007 0.12241 0 0.022
Second Stage
(Table 3.2-3)
Sideslope (upper) - 10 14.71430 0 0.006 0.12100 0.00004 0.018
Second Stage
(Table 3.2-4)
Base - Second Stage 10 16.19932 0.00571 1.266 0.09084 0 2.592

(Table 3.2-5)

Notes:

- Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0.
- HELP Model ID - Soil properties are provided in the respective table listed under the HELP Model ID.
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Table 3.3-5

Percolation from TMA Based on Doubled Precipitation
Values During Operation of Initial Stages

Year Sideslope (in/yr) Base (in/yr)
1 0 0.010461
2 0 0.004917
3 0 0.003490
4 0 0.008997
5 0 0.005416
6 0 0.004207
7 0 0.006230
8 0 0.003004
9 0 0.001347

10 0 0.008891

. Note:

Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0.

Prepared by: MRS
Checked by: NXP
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Table 3.3-6

Percolation from TMA Based on Doubled Precipitation
Values During Operation of Second Stages

Lower Sideslope Upper Sideslope

Year (in/yr) (in/yr) =Basc: (in/yr) _

1 0 0 0.012519

2 0 0 0.006330

3 0 0 0.004707

4 0 0 0.007421

5 0 0 0.004741

6 0 0 0.004464

7 0 0 0.005390

8 0 0 0.003720

9 0 0 0.002812

10 0 0 0.004966

Note: Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0.
Prepared by: MRS
Checked by: NXP
Table 3.3-7
Percolation During Cell Filling
Rate of Percolation (in/yr)
_ _ 0-4 yrs _ 5-10 yrs _
Sideslopes 0 0
Base Area 0.005696 0.005707

Note: Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0.

Prepared by: MRS
Checked by: NXP
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Table 3.3-8

Post-Closure Percolation

Year from Placement

of Cover __ Lower Sideslope Upper Sideslope Base (in/yr)

1 - <0.0000005 <0.0000005 0.004681

2 <0.0000005 <0.0000005 0.003328

3 <0.0000005 <0.0000005 0.000607

4 <0.0000005 <0.0000005 0.000512

5 <0.0000005 <0.0000005 0.000453

6 <0.0000005 <0.0000005 0.000406

7 <0.0000005 <0.0000005 0.000368

8-15 <0.0000005 <0.0000005 0.000264

16-25 <0.0000005 <0.0000005 0.000162

26-35 <0.0000005 <0.0000005 0.000012

36-40 <0.0000005 <0.0000005 0.000002

41-50 <0.0000005 <0.0000005 0.000044

51-60 0 <0.0000005 0.000042

61-70 0 <0.0000005 0.000039

71-80 0 <0.0000005 0.000036

81-90 0 <0.0000005 0.000033

91-115 0 <0.0000005 0.000030

116-140 0 <0.0000005 0.000025

141 0.03876 0.001376 0.008757
142-165 0 0 0
166-175 0 0 0
176-185 0 0 0
186-195 0 0.000021! 0
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Table 3.3-8 (Continued)

Year from Placement

of Cover Lower Sideslope Upper Sideslope Base (in/yr)

196-205 0 0.000029' 0

206-215 0 0.000026' 0

216-220 0 0.000039! 0

221-230 0 0.000031! 0

231-240 0 0.000030! 0
IPercolation equal to infiltration through cover. Prepared by: NXP

Checked by: SVD1
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. Table 3.3-9

Summary of Percolation Through TMA 1
During Operations and Post-Closure Monitoring Period

Percolation (gallons) for Given GCL Hydraulic Conductivity (cm/s)

8.8x10° 6.9x10°
(upper bound) (lower bound)
Operation (years 1-10) 34,500* 400*
Post-Closure (years 8,600 200
11-80)
*Based on average percolation over the 10-year operation period. Prepared by: MRS

Checked by: NXP

333 Leachate Generated

. Tables 3.3-10 and 3.3-11 show leachate quantities for initial and second stage filling of a TMA
cell, respectively. The results are shown for the case where ponding is simulated (i.e., two times
precipitation). After closure of the unit, the estimated leachate quantities can be obtained from
Table 3.3-1.

The estimated leachate production rates for the initial and second stages shown in Tables 3.3-10
and 3.3-11 are not uniform, indicating that equilibrium has not been reached. To be
conservative, the highest values should be used to estimate leachate quantities for sump and
pump sizing. Accordingly, for the initial stage use 18.9 in/yr for sideslope areas and 25.1 in/yr
for the base. For the second stage use 30.8 in/yr for lower sideslopes, 18.9 in/yr for upper
sideslopes, and 29.3 in/yr for the base.

34 HELP Model Input Parameters

As described in Section 6.7.2 of the Feasibility Report (Foth & Van Dyke 1995), HELP model
inputs can be grouped into the following three categories:

. Weather data;

. Soil data; and
. Design data.
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Table 3.3-10

Lateral Drainage/Leachate Collected'
Initial Stages

Year Sideslope (in/yr) Base (in/yr)
1 18.9155 25.1401
2 14.8534 13.8489
3 18.4409 10.8807
4 13.3399 21.9714
5 13.9858 14.7060
6 16.5791 11.9078
7 9.2730 16.4138
8 7.8941 9.0487
9 17.6025 5.2698
10 16.2588 - 21.8927

!Table based on results from HELP model runs with twice the normal mean monthly precipitation values.
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Table 3.3-11

Lateral Drainage/Leachate Collected’
Second Stages

Sideslope (in/yr) Base

Year Lower Upper (in/yr)
1 30.7917 18.9155 29.2921
2 17.2987 14.8534 18.1804
3 11.7304 18.4409 14.5182
4 22.0388 13.3399 20.0855
5 14.3597 13.9858 14.4773
6 13.2745 16.5791 13.9069
7 16.1276 9.2730 16.0181
8 9.3330 7.8941 12.0622
9 5.3602 17.6025 9.7716
10 21.0690 16.2588 13.6811

'Table based on results from HELP model runs with twice the normal mean monthly precipitation values.
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Section 6.7.3 and subsections 6.7.3.1 through 6.7.3.2.3 of the Feasibility Report (Foth &

Van Dyke, 1995) describe how the soil data inputs were obtained. The properties of the tailings,
which may impact the rate at which leachate is collected and may also impact the estimated site
percolation rates, have been obtained from laboratory tests.

The sensitivity analyses completed by Peyton and Schroeder (1990) and Helmy Emam (1995)
suggest that the quantity of percolation from a site will be impacted most by the hydraulic
conductivities of the barrier layer (composite liner) and the drainage layer above it. For the
Crandon Project, both of these items are "specified parameters". In other words, the values used in
the HELP model runs are those which are specified in the design process and which will be
verified in the field during construction. It should also be noted that NMC is proposing to perform
post-installation leak testing of the geomembrane. This step, not a customary part of containment
facility construction, has been proposed as a result of NMC's recognition of the importance of
achieving the effective hydraulic conductivity of the composite liner as part of the construction
process. Post-installation leak testing will help in identifying leaks in need of repair prior to
placing the barrier layer into service. The model runs, however, use one manufacturing defect and
one installation defect.

In view of the above discussion, NMC believes that the HELP model analyses completed for the
TMA have been performed using scientifically supportable input data resulting in defensible
output.

3.5 Verification of Percolation Through the TMA Liner

351 Background

During a review meeting, WDNR requested that NMC submit a comparison between the estimated
percolation from the site using HELP model runs and those obtained using the Giroud-Bonaparte
equations. Since the HELP model uses the Giroud-Bonaparte equations to characterize the flow
through a small, albeit important, part of the material profile, the two methods are not entirely
independent. The two methods are different in that while the Giroud-Bonaparte equations provide
an estimated percolation rate for a given head on the liner for one set of values (i.e., sizes and
distribution of defects of the geomembrane, membrane-substrate contact conditions, hydraulic
conductivity and thickness of the underlying soil), the HELP model computes the head on the
liner, percolation through the liner and lateral drainage simultaneously on a daily basis based on a
water budget analysis. The output from the HELP model run shows the annual/monthly average
head on the liner as well as annual/monthly percolation from the site. The output also gives the
peak daily average head on the liner and peak percolation rate from the site. Thus, to compare the
two methods, either the peak daily or the annual average percolation rates should be used.

3.5.2 Comparison of Average Annual Percolation
The percolation from the site is used as input into the project's solute transport model to evaluate

compliance. Since the average annual values are used for this purpose, NMC believes the
comparison of the estimated annual average percolation from the site using the HELP model and
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Giroud-Bonaparte equations is appropriate. For the comparison, the previously reported results

. (FVD, 1997) obtained for the design proposed in TMA Addendum No. 3 are reproduced here.
Since the evaluation discussed in this section of Addendum No. 4 compares the average annual
percolation computed by two separate methods, the previously completed analysis as presented in
Addendum No. 3 is appropriate, even though the HELP model data presented in Addenda No. 3
and No. 4 vary.

To complete the comparison, the average annual head on the liner as computed by the HELP
model was used in the calculations. Also, consistency regarding the sizes and distribution of
defects of the geomembrane, membrane-substrate contact conditions, hydraulic conductivity, and
thickness of the soil component as presented in Addendum No. 3 have been maintained.

For the analysis, the properties of the liner system were fixed, making the "head on the liner" the
only variable in the analysis. Different stages of the TMA construction and operation lead to
different values of average annual heads, providing the basis for a good comparison of the two
methods. The calculations performed are provided in Appendix G of Addendum No. 3 and are
reproduced in Appendix B of Addendum No. 4. The results of the calculations are summarized in
Table 3.5-1 and show the following:

. For the eight cases of construction and operation considered, the range of annual
average head was 0.000152 meters (0.006 inches) to 4.051 meters (159.5 inches), thus
providing a comparison of calculated percolation rates over an extremely large range of

. heads.

. In general, the differences between the rates of percolation calculated using the two
methods are very small.

. Except under two scenarios where the heads on the liner are very small, the HELP
model predicts higher percolation through the liner than those predicted by the Giroud-
Bonaparte equations.

. In the two cases where the HELP model predicts smaller percolation rates, the quantity
of percolation is extremely small (less than 7.3x107 in/yr). This translates to less than
0.3 gallons per year from the area of the TMA where these conditions will prevail at
any time during the construction and operation of the TMA.

In conclusion, the comparison shows that the results from the two methods are similar and that in
all cases, with the exception of very low head conditions, the HELP model estimates are more
conservative when compared to the Giroud-Bonaparte equations. For the very low head
conditions the difference in the predictions of the two methods is insignificant.

3.6 Leachate Volume

Leachate generation volume estimates have been recalculated using the modified TMA liner and
. GCL hydraulic conductivity. The results are summarized in Table 3.6-1.
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Table 3.5-1

Comparison of HELP Model and Giroud-Bonaparte Equation Results

Percolation
Using Giroud- Percolation
Head Bonaparte from HELP
Case! (inches)  Equation (in/yr)  Model (in/yr)
1. Sideslope with geocomposite; initial 0.006 6.33x107 3.8x10°
stage ) ) )
2. Base; initial stage 1.18 1.14x10* 1.9x10*
3. Sideslope with geocomposite; second 0.007 799107 4.6x10°4
stage ) ) )
4. Sideslope without geocomposite; second 159.5 0.308 0.399
stage
5. Base; second stage 1.27 1.23x10* 1.9x10*
6. Base; early post-closure period 0.64 5.57x10° 1x10*
7. Base; leachate system shutoff - 0.64 5.52x10° 1x10*
8. Sideslope without geocomposite; early 397 4.37x10% 5.5x10°

post-closure period

The first item designates location for which the percolation calculation is done. The second item
designates the time period in which the calculation is performed. For example, "sideslope without
geocomposite; second stage" references that the percolation calculation was completed for the
sideslope that by design does not have a drainage layer (geocomposite) and the period when the
second stage has been filled with tailings but before the cover is placed.
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Table 3.6-1

TMA Post-Closure Leachate Volumes

Year After Total Estimate Total Estimated Total
TMA Closure Gallons Per Year Gallons Per Day
1 20,387,000 ;5,900
2 10,910,000 29,900
3 6,118,000 16,800
4 5,171,000 14,200
5 4,107,000 11,300
6 3,521,000 9,600
7 3,216,000 8,800
8 2,972,000 8,100
9 2,354,000 6,400
10 2,159,000 5,900
11 2,034,000 5,600
12 1,930,000 5,300
13 1,382,000 3,800
14 1,272,000 3,500
15 1,074,000 2,900
16 792,000 2,200
17 741,000 2,000
18 698,000 1,900
19 672,000 1,800
20 650,000 1,800
21 629,000 1,700
22 517,000 1,400
23 346,000 900
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Table 3.6-1 (Continued)

Year After Total Estimate Total Estimated Total
TMA Closure _ Gallons Per Year Gallons Per Day
24 - 325,000 i 900

25 306,000 800

26 197,000 500

27 23,000 60

28 10,000 30

29 <100 <1

30 <100 <1

31 <100 <1

32 <100 <1

33 <100 <1

34 <100 <1

35 | <100 <1

36 <100 <1

37 <100 <1

38 <100 <1

39 <100 <1

40 <100 <1
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4 Sensitivity Analysis

Comment 27 of the September 26, 1997, WDNR Completeness Determination requested a
sensitivity analysis be performed on varying parameters used as inputs to the HELP model. The
sensitivity analysis was presented in Tables 4 through 7 of the NMC response dated

December 12, 1997. The tables have been revised to reflect the modifications presented in
Section 2. Tables 4-1 through 4-4 summarize the revised sensitivity analysis.
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Table 4-1

Sensitivity Analyses
Effect of Geomembrane in Reducing Percolation Under Operations Conditions

Percolation with Percent Percolation
Percolation with Geomembrane and Reduction with

Case Year GCL Only in Liner! GCL in Liner' Geomembrane
Lower Sideslope 1 0.967638 <-0.000005 >99.99
iﬁifpﬂafiﬁi?e 2 1085111 <0.000005 >99.99

3 0.840738 <0.000005 >99.99

4 0.978535 <0.000005 >99.99

5 0.891592 <0.000005 >99.99

6 0.815633 <0.000005 >99.99

7 0.843704 <0.000005 >99.99

8 0.807758 <0.000005 >99.99

9 ~ 0.782062 <0.000005 >99.99

10 0.984448 <0.000005 >99.99
Base Stage 11 1 29.793777 0.012519 >99.96
g:":ccigitaﬁonz 2 18.008127 0.006330 >99.96

3 14.176351 0.004707 >99.97

4 20.397226 0.007421 >99.96

5 14.355091 0.004741 >99.97

6 13.688351 0.004464 >99.97

7 16.152657 0.005390 >99.97

8 11.574838 0.003720 >99.97

9 9.759223 0.002812 >99.97

10 14.203776 0.004966 >99.97

Inches per year.
2Simulates ponding.

Prepared by: MRS
Checked by: NXP
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Table 4-2

Sensitivity Analyses

Effect of Geomembrane in Reducing Percolation
Under Post-Closure Conditions - Base Stage Il

Percolation with Percent Percolation
Percolation with GCL Geomembrane and Reduction with
Year Only in Liner! GCL in Liner! Geomembrane
1 14.292581 0.004681 >99.97
2 10.418475 0.003328 >99.97
3 2.733410 0.000607 >99.98
4 2.354346 0.000512 >99.98
5 2.106809 0.000453 >99.98
6-10 1.649599 0.000342 >99.98
11-20 1.048967 0.000206 >99.98
21-40 0.409776 0.000043 >99.99
41-50 0.124710 0.000044 >99.96
51-60 0.124265 0.000042 >99.97
61-100 0.129278 0.000035 >99.97
101-140 0.12867 0.000027 >99.98
Inches per year. Prepared by: MRS
Checked by: NXP
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Table‘ 4-3

Sensitivity Analyses
Effect of Geomembrane in Reducing Cover Infiltration
Post-Closure Condition

Percent Infiltration

Reduction with
Year Cap Geomembrane
1 0.082450 0.000017 99.98
2 0.141240 0.000034 99.98
3 0.117199 0.000027 99.98
4 0.103825 0.000023 99.98
5 0.168445 0.000041 99.98
6-10 0.130276 0.000030 99.98
11-20 0.126124 0.000029 99.98
21-40 0.134972 0.000032 99.98 | ‘
41-50 0.124078 0.000028 99.98
51-60 0.125824 0.000029 99.98
61-100 0.129426 0.000031 99.98
101-140 0.1279465 0.000030 99.98
Inches per year. 4 Prepared by: MRS
Checked by: NXP
|
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Table 4-4

Sensitivity Analyses
Effect of Drainage Layer and GCL Hydraulic Conductivities

Percolation with Varying Drainage Layer Hydraulic Percolation with Varying GCL Hydraulic
Conductivity (k); ko, = 8.8x10% cm/s Conductivity (k); Kyin = 0.3 cm/sec
Run with Run with Run with Run with

Year k=0.3 cm/sec  k=0.1 cm/sec  k=0.03 cm/sec  k=0.01 cm/sec _k=3x10" cm/sec k=1x107 cm/sec k=1x10" cm/sec

1 0.012519 0.065382 B 0.386850 10.390356 B 0.000105 0.000328 0.001897

2 0.006330 0.034425 0.311020 7.096852 0.000064 0.000177 0.000971

3 0.004707 0.024009 0.182136 4.258595 0.000051 0.000135 0.000725

4 0.007421 0.036214 0.232328 8.594913 0.000071 0.000204 0.001134

5 0.004741 0.024583 0.210871 3.841426 0.000051 0.000136 0.000730

6 0.004464 0.022459 0.160512 3.860054 0.000049 0.000129 0.000688

7 0.005390 0.024315 0.155206 4.592669 0.000056 0.000153 0.000828

8 0.003720 0.019808 0.158174 2.863430 0.000042 0.000109 0.000575

9 0.002812 0.012517 0.081221 0.721456 0.000034 0.000084 0.000437

10 0.004966 0.022445 0.119552 2.677093 0.000048 0.000137 0.000760
Crecked by k6
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Introduction

This report presents the results of tests performed to assess the performance of two types
of geosynthetic clay liners (GCLs). Both types of GCLs are under consideration for use as the soil
component of the basal liner for the tailings management area (TMA) for the proposed Nicolet
Minerals Company (NMC) zinc/copper mine located near Crandon, Wisconsin. The assessment of
the performance of the GCLs reported herein is based on the measurement of the hydraulic
conductivity of the GCLs in accordance with the Work Plan for GCL Compatibility Tests
(Appendix A). This final report contains the results of a total of twelve tests in the work plan, the
six tests in the original scope of work and the additional six tests described in the Addendum dated

January 23, 1998.

Materials and Methods

Materials

The two GCLs tested in this study are CETCO Bentomat DN GCL, hereafter referred to as
standard GCL, and CETCO Bentomat DN CR GCL, hereafter referred to as CR GCL. The CR
GCL is a contaminant resistant GCL manufactured by CETCO. Both GCLs were shipped directly
to Dr. Charles D. Shackelford from CETCO.

The three liquids used in the tests were an on-site ground water, a process water, and a
simulated leachate. Sufficient quantities (= ~ 20 liters) of each of the three liquids were shipped
directly to Dr. Shackelford from Foth & Van Dyke and Associates, Inc. to perform the required

tests.

The on-site ground water (GW) was used in this study both as the prehydration water

when the testing protocol required the GCL to be prehydrated before permeation with either the

A-3
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process water or the synthetic leachate and as a permeant liquid. The GW was collected from on-
site well CMC-10P and is expected to have characteristics similar to the water that is expected to be
placed in TMA cell 1 prior to commencement of tailings deposition. The measured chemical

composition of the GW is shown in Appendix B as designation CMC-10P.

The process water (PW) was used in this study as a permeant liquid. The PW was prepared
to have the expected process water characteristics for pH and selected parameters as shown in
Table 1. The actual measured chemical composition of the process water is shown in Appendix B

as designation CMC-SPW (NLS #157297 and NLS #163104).

The simulated leachate (SL) was used in this study as a permeant liquid. The SL was
prepared to have the expected simulated leachate characteristics for pH and selected parameters as
shown in Table 2. The actual measured chemical composition of the simulated leachate is shown in

Appendix B as designation CMC-SAL (NLS #157296).
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Table 1 - Process Water Characteristics(D.

Parameter Target Value Source Compound
pH 9to0 10 Ca(OH),
Calcium 330 mg/L CaS04-2H,0
Potassium 10 mg/L K>SOy
Sodium 110 mg/L NazS04
Sulfate 1,200 to 1,500 mg/L —-mmnee

() From Table 2, Target Process Water Permeant Characteristics of the Work Plan for GCL
Compatibility Tests (Appendix A) provided by Foth & Van Dyke and Associates, Inc.
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Table 2 - Simulated Leachate Characteristics(1).

Parameter Target Value Source Compound
pH 2.5 H>S04
Al 30 mg/L Al>(S04)3-18H20
As 1.0 mg/L AsyO3
Cd 5.0 mg/L 3CdS04-8H20
Ca 300 mg/L CaS042H20
Co 3.0 mg/L CoS04xH70 (x=6-7)
Cu 65 mg/L CuS04-5H20
Fe 450 mg/L FeSO4-7H20
Pb 1.2 mg/L PbSO4
Mg 1,500 mg/L MgS0O4-7TH20
Mn 180 mg/L MnSO4H0
Ni 2.0 mg/L NiSO4-6H20
S042- 12,000mg/L | -
Zn 2,400 mg/L ZnS04-7H20

(1) From Table 3, Target Process Water Permeant Characteristics of the Work Plan for GCL

Compatibility Tests (Appendix A) provided by Foth & Van Dyke and Associates, Inc.
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Methods

General Testing Considerations

The hydraulic conductivity tests generally were performed in accordance with ASTM D
5084 (Standard Test Method for the Measurement of the Hydraulic Conductivity of Saturated
Porous Materials Using a Flexible Wall Permeameter) and GRI-GCL2 (Standard Test Method
Jor Permeability of Geosynthetic Clay Liners (GCLs)) with the following modifications.

(1) The test specimens were back-pressure saturated to an effective stress of 4+0.5
psi (instead of 10 psi as specified in GRI-GCL2) to simulate the initial TMA cell
start-up conditions. The back-pressure stage of the test was performed using either
the on-site GW when prehydration of the GCL before permeation was specified in
the work plan, or the PW or SL when prehydration of the GCL was not specified in

the work plan.

(2) The influent and effluent pH and electrical conductivity (EC) were measured to
provide an indication of chemical equilibrium across the test specimen when the PW
or SL were used as permeant liquids. The importance of considering chemical
equilibrium in compatibility testing as well as the use of pH and EC as measures of
chemical equilibrium are described in the literature review attached as Appendix E.
The pH and EC of the effluent were not measured for the two tests involving GW
as the permeant liquid because analysis of the GW indicated that the average EC of
the GW (0.320 mS/cm as shown in Table 3) was less than the EC of 0.005N
CaS0O4 (EC = 0.769 mS/cm) solution recommended for use as "standard water" in
ASTM D 5084. Thus, the two tests using GW as the permeant liquid are considered

to provide baseline (lower limit) hydraulic conductivity values.
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Table 3 - Electrical Conductivity (EC) and pH of Permeant Liquids.

Electrical Conductivity at 250C pH
(mS/cm)
Parameter Ground | Process | Simulated | Ground | Process | Simulated
Water Water | Leachate | Water Water | Leachate
GwW) (PW) (SL) (GW) (PW) (SL)
No. of Measurements 6 123 86 6 123 86
Mean 0.320 3.99 27.4 6.71 8.58 2.47
Standard Deviation 0.021 0.239 0.583 0.12 0.84 0.10
Maximum 0.417 4.66 28.6 6.93 9.60 2.63
Minimum 0.267 3.38 26.4 6.62 6.24 2.31
Range 0.150 1.28 2.2 0.31 3.36 0.32
Standard Error 0.052 0.022 0.063 0.046 0.075 0.010
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(3) Each test that indicated a steady-state hydraulic conductivity < 3 x 109 cm/s for
the GCL based on permeation with either the PW or SL permeant liquids was to be
continued until the ratios of the pH of the effluent relative to the pH of the influent,
or pHout/pHjn, and the EC of the effluent relative to the EC of the influent, or
ECom/ECi,,, were at least 130.15, with one test being continued for a longer

duration.

(4) Hydraulic gradients typically higher than those specified in ASTM D 5084 were
used in this study in order to provide sufficient flow to establish chemical
equilibrium across the GCL in a reasonable period. For example, the
“recommended maximum hydraulic gradient" for specimens with hydraulic
conductivity values < 1 x 10-7 cm/s is 30 based on ASTM D 5084. However, GRI-
GCL2 allows for the establishment of a pressure loss corresponding to 5 psi for
permeation of GCLs. This pressure loss corresponds to hydraulic gradients ranging
from ~ 350 for a 10-mm-thick GCL to ~ 500 for a 7-mm-thick GCL. Since the
pressure loss used in this study corresponded to 4 psi, the hydraulic gradients used
in this study were expected to be greater than the recommended maximum values
noted by ASTM D 5084 but less than the range of values based on GRI-GCL2. As
indicated by the literature review (Appendix E), the use of relatively high hydraulic
gradients is typical for hydraulic conductivity testing of GCLs, and generally does

not have a significant effect on the hydraulic conductivity of GCLs.

Hydraulic Conductivity Test Procedures
Specimen Preparation

The GCL specimens were prepared in accordance with GRI-GCL2. After preparation of
the GCL specimen, the specimen was placed in a flexible-wall (FW) permeameter, the

permeameter was assembled, and the specimen was back pressured to achieve a high initial degree
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of saturation before permeation. As mentioned above, the "prehydrated” specimens were back
pressured using the on-site ground water (GW), where the "non-prehydrated” specimens were

back pressured with the permeant liquid to be used during the permeation stage.

The back-pressure saturation stage generally was performed in accordance with the
guidelines established by either ASTM D 5084 or GRI-GCL2. The back-pressure saturation
procedure consisted of initially applying a cell-water pressure of 5 psi and a pore-water pressure at
both ends of the specimen (i.e., a back pressure) of 1 psi to establish the 4 psi difference required
as the final initial effective stress at the end of the back-pressure saturation stage of the test (i.e.,
before permeation). Both the cell-water and back pressures were increased incrementally thereafter
in either 5-psi or 10-psi increments until final cell-water and back pressures of 50 psi and 46 psi,
respectively, were achieved. The 10-psi increments were used only after the cell-water pressure
had reached 30 psi. The cell-water and back pressures resulting after each incremental increase in
the pressures typically were maintained for a period of 3 to 4 hours. As a result, the entire
procedure associated with increasing incrementally the cell-water and back pressures lasted from
one to two days. The final cell-water and back pressures of 50 psi and 46 psi, respectively, were
maintained for the duration of the back-pressure stage of the test. Two different target back-
pressure durations were evaluated: (1) a short-term back-pressure duration of ~ 2 days, and (2) a

long-term back-pressure duration of ~ 20 days.

Permeation

At the end of the back-pressure saturation stage of the test, the specimens were permeated
with GW, PW, or SL. Permeation was established by increasing the pore-water pressure at the
bottom or inflow end of the specimen from 46 psi to 48 psi, and decreasing the pore-water
pressure at the top or outflow end of the specimen from 46 psi to 44 psi. As a result, an average

effective stress of 4 (+0.5) psi was maintained in the specimen during permeation, with the

A-10
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nominal 4-psi difference between the headwater pressure and the tailwater pressure (= 48 psi

minus 44 psi) establishing the pressure gradient for flow through the specimen.

Both the headwater and tailwater levels changed during the test, resulting in falling
headwater - rising tailwater conditions as described in ASTM D 5084. However, the change in
elevation head due to the difference in the liquid levels was always less than one percent of the
change in pressure head. This percentage difference in elevation head is substantially less than the
maximum difference of 10 percent recommended by GRI-GCL2 required to assume constant-head
conditions. Nonetheless, the hydraulic conductivity, k, was calculated in accordance with both the
falling headwater-rising tailwater equation and the constant-head equation presented in ASTM D
5084. As expected, both equations resulted in the same calculated hydraulic conductivity value to

two significant digits due to the negligible effect of the difference in elevation head.

In addition to measurement of the hydraulic conductivity, influent and effluent samples
were recovered for measurement of the pH and EC in the case of permeation with either PW or SL
as previously described. The procedures for measuring the pH and EC are described in the QA/QC
Plan for Electrical Conductivity (EC) & pH Measurements for GCL Compatibility Test
Program included in Appendix A.

Testing Program

As shown in Table 4, the testing program consists of 12 tests. The first 4 tests (Test Nos.
1-4) were performed to evaluate the effect of prehydration on the hydraulic conductivity of the
standard GCL permeated with either PW or SL under a relatively long-term back-pressure
duration. Four additional tests (Test Nos. 5, 6, 11, and 12) were performed to evaluate the effect
of prehydration on the hydraulic conductivity of the CR-GCL permeated with either PW or SL
under a relatively long-term back-pressure duration. Two tests (Test Nos. 9 and 10) were

performed to evaluate the effect of a shorter back-pressure duration relative to Test Nos. 11 and 12
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Table 4 - Hydraulic Conductivity Testing Program.

Test Test Permeant Prehydration Target Back-
No. Material Liquid w/Ground Water | Pressure Duration
(days)

1 GCL Process Water Yes 20

2 GCL Process Water No 20

3 GCL Simulated Leachate Yes 20

4 GCL Simulated Leachate No 20

5 CR-GCL Process Water No 20

6 CR-GCL | Simulated Leachate No 20

7 GCL Ground Water Yes 2

8 CR-GCL Ground Water Yes 2

9 CR-GCL Process Water Yes 2

10 | CR-GCL | Simulated Leachate Yes 2

11 CR-GCL Process Water Yes 20

12 ]| CR-GCL | Simulated Leachate Yes 20
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for prehydrated CR-GCL specimens permeated with either PW or SL. Finally, two tests (Test
Nos. 7 and 8) were performed to establish the lower limit hydraulic conductivity values of each

type of GCL based on permeation with GW.

Results and Discussion
Initial and Final Test Conditions

The initial and final test conditions for all twelve tests are summarized in Table 5. The initial
(gravimetric) water contents (befbre spécimen preparation) for all test specimens range from 14.1
percent for Test No. 12 to 37.5 percent for Test No. 7. The final water contents (after permeation)
for all specimens completed to date are substantially higher than the initial water contents, with the
values for the ratio of the final-to-initial water contents, wg/w;, for all tests. Higher final water
contents relative to the initial water contents result from hydration of the bentonite during the back-

pressure and/or permeation stages of the hydraulic conductivity test.

For the four tests involving the standard GCL permeated with either the process water or
the simulated leachate (Test Nos. 1-4), the lower values of wg/wj for the two tests involving the
simulated leachate (Test Nos. 3 and 4) relative to the two tests involving the process water (Test
Nos. 1 and 2) are consistent with less swelling of the bentonite resulting from compression of the
diffuse double layer of the bentonite particles due to the higher concentration of divalent metals in
the simulated leachate. This observation also is supported by the values for the ratio of final-to-
initial thickness, L¢/Lj, for Test Nos. 3 (L¢/L; ='1.11) and 4 (L¢/Lj = 0.97) using the simulated
leachate as the permeant liquid relative to the L¢/L; values for Test Nos. 1 and 2 (L¢/L; = 1.14)

using the process water as the permeant liquid.
These trends in wg'w; and L¢/L; values also are apparent for the four tests involving the CR-

GCL permeated with either the process water or the simulated leachate for the long-term back-

pressure duration (Test Nos. 5, 6, 11, and 12). However, in the case of these tests, the values of
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Table 5 - Initial and Final Test Conditions.

Test Number
Parameter 1 2 3 4 5 6 7 8 9 10 | 11 12
Test Material GCL | GCL | GCL | GCL | CR- | CR- | GCL | CR- | CR- | CR- | CR- | CR-
GCL | GCL GCL | GCL | GCL | GCL | GCL
Permeant Liquid()) PW | PW | SL SL | pw | SL | GW | GW | PW | SL | PW | SL
Prehydration Yes | No Yes No No No Yes | Yes | Yes | Yes | Yes | Yes
Initial Thickness, Lj (mm) 7.2 | 6.6 6.5 6.6 | 69 | 7.5 6.8 65 | 74 | 74 | 7.1 7.3
Initial Water Content, wj (%) 19.1 1 19.1 | 19.1 | 19.1 | 20.7 | 20.7 | 37.5 ] 16.0 | 18.5 | 183 | 150 | 14.1
Back-pressure Duration (days) 23 23 28 21 23 21 3.8 3.8 2.0 2.0 27 29
Hydraulic Gradient(s), i 352t0|374t0| 463t0| <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>