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a | Br aTeCoraw WZ iratiated @erenrer-vany 

=» | | 7 N.BROWNST, 3RD FLOOR 
| | | RHINELANDER, WI 54501-3161 

| a January 30, 1997 | | 

Mr. Bill Tans re | | 
| | Wisconsin Department of Natural Resources 

a _ Bureau of Integrated Science Services | 
po - 101 South Webster Street SO | 

| P.O. Box 7921 | | | a . a TECHNICAL REPORTS CENTER 

7 _ Madison, WI 53707-7921 K.F. WENDT ENGR. LIBRARY 
Oo ee | UW - MADISON | 

re Mr. David Ballman | 

Ce U.S. Army Corps of Engineers | 
: oO St. Paul District. | | | | 

| 190 Fifth Street East | 
oe St. Paul, MN 55101) 

: | Dear Mr. Tans and Mr. Ballman: a | 

Re: Crandon Project - Tailings Management Area Feasibility Report/Plan of Operation 

»_ oe Crandon Mining Company (CMC) is pleased to provide you with the report titled 
: 7 Addendum No. 3 to the May 1995 Crandon Project Tailings Management Area Feasibility 

a Report/Plan of Operation. | | 

Addendum No. 3 has been prepared on behalf of CMC by Foth & Van Dyke and 

a Associates, Inc. As noted on the attached distribution list, CMC has distributed the 
a information to appropriate state and federal agencies, to local officials, and to various 

| ss interested parties. It is our understanding that the Wisconsin Department of Natural 

CO Resources (WDNR) and the U.S. Army Corps of Engineers (USCOE) will be responsible 

co for distribution of the document to their appropriate staff members. . | 

Bo _ The primary purpose of Addendum No. 3 is to describe those details of the tailings 

ce management area (TMA) that have been modified as a result of providing a greater 
a | setback from Bur Oak Swamp. The issue of the setback distance from Bur Oak Swamp 

oo -_-was the topic of much discussion between your two agencies and CMC at a number of 

Oo - meetings focusing on the TMA. In response to the setback issues that were raised, CMC 

On developed a revised layout for the northwest portion of the TMA, increasing the setback 

Lo Oo distance. The modified footprint was staked out and observed in the field by personnel of 

ee your two departments and was addressed in discussions with your two agencies: CMC feels | 

| ee the facility modifications presented in this addendum resolve the Bur Oak Swamp setback _ 

7 | issue. | | | | | 

> Oe MLD2A93CD4AGBAPP\42980\4000 | | 
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a Mr. Bill Tans Oo 
q | Mr. David Ballman : | 

- y -_ January 30, 1997 | 

Co oe Page 2 — OO | 

| . _ TMA Addendum No. 3 also consolidates into one document the modifications CMC has 
a - made to the facilities liner, cover, and leachate collection system design in response to 

| questions and comments raised as part of your agencies review of the original May 1995 
| submittal. This information was previously documented in Addenda Nos. 1 and 2 

a previously submitted to your two agencies and others on February 21, 1996, and March 15, 
re 1996. In addition, Addendum No. 3 provides additional detail on waste quantities and the 

a project’s earthwork balance, and addresses several outstanding issues raised at various 
ae TMA meetings that were not addressed through past submittals. Also, through this | 

| addendum CMC has addressed or is responding to the following items from the Wisconsin 
7 Department of Natural Resources (WDNR) July 31, 1995 letter pertaining to its 

SO _ preliminary review of the Crandon Project Environmental Impact Report (EIR). That letter 
Oe included several staff comments pertaining to the project’s Tailings Management Area 

: Feasibility Report/Plan of Operation as it relates to the EIR. — 

| ee | oe Comment Location Comment Addressed 

ae a | : 7 42 / See Response Below 

: ne | 126 See Response Below | | 

> 128 See Response Below 

te | | , 129 See Response Below 

7 | | 130 | See Response Below 

an Comment 42: What happens to the topsoil stockpile when additional TMA cells are | | 
Ce developed? > | | | | 

ve 3 | Response 42: Topsoil stripped during construction of TMA 1 not used for reclamation of. | 
ee berms, etc., will be stored in the topsoil stockpile to be located in the sail-processing and 

Oo construction staging area shown on Figure 6.12-1 of Addendum No. 3.to the May 1995, a | 
re _ Tailings Management Area Feasibility Report/Plan of Operation. ‘Topsoit removed from the a 

| a _ TMA 2 area not used for berm reclamation will be placed on the same: stockpile. Topsoil to : . 
oo - reclaim TMA 1 will be taken from this stockpile. | | 

7 - oe Topsoil from TMA 3 will be placed in anew topsoil stockpile to be located in the borrow area 
a located north of TMA 2 and 4 as shown on Figure 6.12-3 of Addendum No. 3. Topsoil for 

the reclamation of TMA 2 will come from the topsoil stockpile located in the soil procesing - 

: Oo and construction staging area shown on Figure 6.12-1 and, if necessary, the topsoil stockpile 
| : located in the stockpile/borrow area north of TMA 2 and 4. Topsoil from the TMA 4 area not a8 

- _used for berm reclamation will be placed in the topsoil stockpile located to the north of TMA 2 
| | | and 4. The topsoil in this stockpile will be used to reclaim TMA 4 and the north borrow area 

during final TMA reclamation. 7 . . 

eé a MLD2\93C049\GBAPP\42980\4000 |



Mr. Bill Tans | | | 
| } Mr. David Ballman | | 

: — January 30,1997 | 
Ce | Page3 oe | | | 

| : | Comment 126: Figure 2-6, the ore body is shown as extending westwardly nearly to the 

cola west exhaust shaft, which would be located in section 30 of Lincoln Township. However, 

| _ in figure 2-2, the ore body is shown as extending more than 2,000 feet into section 25 west 

ee _of the west exhaust shaft in Nashville. Township. Which is correct? Is the entire ore body 

oo planned for mining? Would ore be removed from lands beneath both townships? 

a a | Response 126: Figure 2-2 is the correct representation of the extent of the ore body. The 

7 location of the west exhaust shaft is incorrectly shown on Figure 2-6. A revised Figure 2-6 will 

be included in a future update to the general project description (Section 2) of the May 1995 

a TMA report. The current mining plan involves ore removal from those portions of the ore 

_ body located in both the Towns of Lincoln and Nashville. 

Comments 128, 129, and 130 of the July 31, 1995 WDNR letter relate to CMC's initial 
Oo : proposal to use native clay in the TMA liner and cover system. Since WDNR’s letter was 

oo written, CMC has modified its proposal to incorporate the use of a combined geosynthetic 

—_ | clay liner (GCL) and low permeability till layer in lieu of native clay for the TMA liner and 

oe a final cover system. As a result of this modification, comments 128, 129, and 130 are no 

ee longer relevant. OB | | 

~_ | If you or your staff have any questions regarding Addendum No. 3, please contact me at 

: © ~ (715) 365-1450. — | | oo | 

| oe _ Sincerely, 7 oe | 

/ -— DonMoe : | 
Se Technical/Permitting Manager | | 

Be Crandon Mining Company _ | 

Oo DM:mld2 Oo | : | 
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ee Mr. Bill Tans Co — 
So _ Wisconsin Department of Natural Resources 

: _ Bureau of Environmental Analysis and Review _ 
| | P.O. Box7921 | | | 

Oo __ Madison, WI 53707 —_ | | 

Mr, David Baliman 
Se Ecologist | | 

- _ —-sYS. Army Corps of Engineers 
oo St. Paul District _ | | 

7 = 190 FifthStreet East ts 
Oo St. Paul, MN 55101 | 

a a Re: Crandon Project - Addendum No. 3 to the Tailings Management Area Feasibility Report/Plan of 
- Operation , - | 

_. Crandon Mining Company (CMC) is pleased to submit the enclosed update to Addendum No. 3 to the 
/ © _ Tailings Management Area Feasibility Report/Plan of Operation (Addendum No. 3). 

Sn The update has been prepared on behalf of CMC by Foth & Van Dyke and Associates, Inc. CMC has 
Be distributed the information to appropriate state and federal agencies, to local officials, and to various 

7 a Interested parties according to the current distribution list for Addendum No. 3. It is our understanding 
ee _ | that the Wisconsin Department of Natural Resources (WDNR) and the U.S. Army Corps of Engineers 

oY _ (USCOE) will be responsible for distribution of the document to their appropriate staff members. 

The pages contained in this update need to be inserted into Addendum No. 3 according to Items 1 through 
3 on the attached reference list. This list will serve as a log and reference identifying changes made to 

| Addendum No. 3 by CMC throughout the permitting process. If additional revisions are made, they will 
| oe be added to the attached list in sequential order and the list will be forwarded with the changes. 

Oo | If you or your staff have any questions regarding Addendum No. 3, please contact me at (715) 365-1450. 

Sincerely, OO 

Don Moe —_ 
So _ Technical/Permitting Manager _ 

to _ Crandon Mining Company - - 

Mm — a | 
@ _---@@:-~—s Addendum No. 3 Distribution List | | 
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Crandon Project Addendum No. 3 to the Tailings Management Area Feasibility Report/Plan of Operation 
Log of Revisions and Additional Information 

Entry Date of Document 
Number Revision Page(s) Section Number | Description 

aon Log of Updates 
4/29/97 | | Drawing | Added reference to updated Drawing 22 

97 |__| Drawing 2 _| Revised limits of disturbance 
wnoo7 || Drawings | Added limits of disturbance 
4297 | — | Drawing 22_ | Added drawing 
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1 Introduction 

® Crandon Mining Company (CMC) prepared a February 21, 1996 document titled "Addendum 
No. 1 to the May 1995 Crandon Project Tailings Management Area Feasibility Report/Plan of 
Operation" (Foth & Van Dyke, 1996a) which presented responses to a portion of the comments 
raised in the Wisconsin Department of Natural Resources (WDNR) January 4, 1996 TMA 
Completeness Determination Letter (WDNR, 1996). The addendum was provided to the 

WDNR at a February 22, 1996 TMA meeting with the WDNR, the U.S. Army Corps of 
Engineers (USCOB), and others. At this meeting, WDNR requested clarification of and 
additional information for some of the responses contained in Addendum No. 1. 

The document titled "Addendum No. 2 to the May 1995 Crandon Project Tailings Management 
Area Feasibility Report/Plan of Operation" (Addendum No. 2) (Foth & Van Dyke, 1996b), 
submitted to the WDNR on April 4, 1996, was prepared both to clarify responses to additional 
information requested at the February 22, 1996 TMA meeting and to respond to the remaining 
comments contained within the WDNR’s January 4, 1996 TMA Completeness Determination 
Letter (WDNR, 1996). 

This document titled "Addendum No. 3 to the May 1995 Crandon Project Tailings Management 
Area Feasibility Report/Plan of Operation" (Addendum No. 3), has been prepared to document 
modifications to the facilities footprint in the vicinity of the Bur Oak Swamp, to consolidate 
modifications made to the facilities proposed liner, final cover and leachate management system 
design, and to address the remaining issues raised at the May 28, 1996 TMA meeting. 
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2 Purpose and Scope 

© The purpose of this document is to provide information required by NR 182, Wis. Admin. Code, 

and specified by the WDNR to make the May 1995 Crandon Project Tailings Management Area 
Feasibility Report/Plan of Operation (Feasibility Report) (Foth & Van Dyke, 1995a) complete. 
In addition, this document contains responses to requests from the WDNR and other agencies 
for specific additional information required for the WDNR to make a completeness and 
feasibility determination. In general, Addendum No. 3 contains the following: 

° Redesign of the TMA footprint to provide additional setback from Bur Oak Swamp. 

° Update of the TMA liner design, including changes to the soil component of the 
composite liner. 

° Update of the leachate collection system (LCS) design, including changes to the LCS 
on the TMA cell base and the addition of a leachate drainage layer to the initial stage 
of interior cell sideslopes. 

° Update of the HELP model to reflect the modifications made to the footprint, 
composite liner and LCS. 

° Redesign of the surface water management facilities. 

° Modifications to the site development and site phasing. 

© ° Reassessment of the potential impacts to local drainage basins given the design 
modifications referenced above. 

° Recalculation of the earthwork balance for the facility. 

° Responses to issues raised by the WDNR in their January 4, 1996 TMA Completeness 
Determination letter (WDNR, 1996) and subsequent review meetings with the WONR 
and other agencies. 
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e 3 TMA Redesign for Setback No. 2 Configuration 

3.1 Background Information 

The TMA Feasibility Report (Foth & Van Dyke, 1995a) provided, in Section 10.1, a detailed 
siting analysis used in evaluating alternative TMA sites. The siting criteria were used to perform 
a detailed comparative analysis of the advantages of Area 41 over Area 40. As a result of the 
agencies review of the Feasibility Report, additional information was requested to provide a 
broader discussion on the TMA siting evaluation process performed by CMC to select the TMA 
footprint with the least environmental impact. To address this specific comment, an update of 
the Feasibility Report was submitted to WDNR on February 19, 1996. The update included a 
new section, titled Section 10.2, TMA Location Within Area 41. Section 10.2 presented the 
process used to select the TMA footprint within Area 41 and a summary of a comparative 
impact assessment for alternative TMA footprints within Area 41. 

On April 9, 1996, WDNR presented comments on CMC’s siting evaluation and issued a letter on 

the proposed footprint in relationship to wetland F15 - Bur Oak Swamp. The WDNR concluded 
that the alternatives presented in CMC’s siting analysis demonstrated that some additional 
setback from wetland F15 was necessary to protect this wetland. On April 22, 1996, the WDNR, 
USCOE, CMC, other agencies, and interested parties discussed the TMA footprint location and 
the potential impacts to wetland F15. As part of the discussion CMC indicated that it was likely 
setback alternatives could be developed which would achieve the WDNR’s objective of 
minimizing disturbance to the wetland F15 watershed without requiring significant footprint 
modifications. As a follow-up to this TMA meeting, CMC identified an alternative setback 

©} proposal which CMC believed would address WDNR concerns regarding the proximity of the 
TMA limits of disturbance to wetland F15. 

On May 14, 1996, the boundary of wetland F15 was delineated in the field as were the limits of 

disturbance for two TMA footprint alternatives: the F15 Setback Alternative No. 1, and the F15 
Setback Alternative No. 2. The delineation procedures for wetlands involved an examination of 
the soils, vegetation, and the hydrology in accordance with the 1987 Corps of Engineers Wetland 
Delineation Manual (USCOE, 1987). The field delineation provided a visual demonstration of 
the potential buffer areas between wetland F15 and the two TMA alternative footprints (see 
Figure 3.1-1). 

The F15 Setback Alternative No. 1 was originally considered as part of the updated footprint 
alternatives analysis presented in Section 10.2 of the TMA Feasibility Report. The F15 Setback 
Alternative No. 2 is the alternative CMC developed following the April 9, 1996 TMA meeting to 
address WDNR concerns regarding the proximity of the TMA limits of disturbance to 
wetland F15. This alternative provides a minimum setback of approximately 200 feet from the 
F15 wetland. 

On May 20, 1996, a field visit involving representatives from WDNR, USCOE, and other 
interested parties was conducted to review the relationship of wetland F15 to the limits of 
disturbance for the two TMA footprint alternatives. On May 21, 1996, a TMA meeting was held 
and included a discussion of the TMA footprint location. At that meeting, Mr. Christopher 
Carlson of the WDNR indicated that the proposed TMA footprint, described as the TMA North 
Alternative in Section 10.2 submitted to WDNR in February 1996, would need to be modified 

© due to its proximity to wetland F15. Mr. Carlson went on to say that Setback Alternative No. 2 
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has the potential to be permittable. He further stated that Setback Alternative No. 2 appears to 
provide adequate separation for surface water management and impacts mitigation as related to © 
wetland F15. Based on the discussion of the footprint issues during the May 21, 1996, TMA 
meeting, WDNR stated that additional information should be provided, in the form of an 
addendum to the Feasibility Report, presenting details of the revised TMA footprint for the 
purposes of feasibility determination. 

3.2 Description of TMA Setback Alternative No. 2 

3.2.1 Design Objectives 

The TMA Setback Alternative No. 2 was proposed with the objective of providing additional 
setback from wetland F15, while minimizing additional disturbance due to footprint modifications 
elsewhere. To achieve this objective, TMA Setback Alternative No. 2 (also referred to as revised 
footprint) was developed by lowering the base grades in TMA cell 1, raising base grades in TMA 
cells 2, 3, and 4, and raising TMA berms by several feet. Also, additional separation to 

wetland F15 was accomplished by shifting the proposed runoff basins further from wetland F15 
to maintain a minimum disturbance setback of 200 feet. The revised footprint retained the 
benefits of the initial design which avoided or minimized direct wetland disturbance and 
minimized disturbance within the Deep Hole and Duck Lake watersheds. 

3.2.2 Revised Footprint 

The revised footprint for the TMA and its surrounding facilities is shown on Figure 3.2-1. This 
footprint includes the TMA, TMA borrow area, reclaim pond, perimeter road, exterior drainage © 

system, and runoff basins. The revised footprint avoids or minimizes direct and indirect 
disturbance to wetland F15 and other wetlands due to the construction of the TMA. The revised 
footprint results in a total of 344.8 acres of disturbance, including 22.8 acres of direct wetland 
disturbance. This compares to a total area of disturbance of 359 acres, including 21.9 acres of 
direct wetland disturbance in the original design. The revised footprint reduces total disturbance 
associated with the TMA and its surrounding facilities by approximately 14 acres. The increase 
in total wetland disturbance results primarily from raising the TMA berm and the incorporation 
of a perimeter access road in the design. The disturbance for the wetland F15 watershed would 
be approximately 63.1 acres, which is approximately 4.5 percent less than in the original proposal. 
The disturbance within the lake watersheds would be approximately 56.3 acres for Deep Hole | 
Lake, 130.0 acres for Duck Lake, and 89.9 acres for Skunk Lake. Approximately 68.5 acres of 
the Hemlock Creek watershed would also be disturbed. When compared to the original 
footprint contained in the Feasibility Report (Foth & Van Dyke, 1995a) (see Figure 3.2-2 for 
originally proposed footprint), the disturbance within lake watersheds and the wetland F15 
watershed are shown to be very similar to the original TMA layout with the greatest reduction in 
disturbance within the F15 watershed and a slight increase in the Hemlock Creek watershed due 
to the increased size of the borrow area. 

The revised footprint involves a slight modification to the overall height of the TMA. The height 
of the TMA berms would increase by approximately 3.5 feet to maintain a cut/fill material 
balance. This change was accomplished while still minimizing or avoiding direct impact to 
wetlands. In addition, the revised footprint design minimized the quantity of materials required 
to be stored in the TMA staging/stockpile/borrow site north of TMA cells 2 and 4. As shown on 
Figure 3.2-1, the proposed borrow site configuration has been modified to address stockpiling © 
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and borrow needs of TMA cells 3 and 4. The adjustment of the borrow site final grades, as 
© shown on Drawing 18, minimizes the hydraulic impact to wetland F15 by matching the original 

F15 drainage divide and discharging a portion of the borrow area’s surface water through a new 
runoff basin (Basin 13) towards Hemlock Creek. 

3.3 Direct Wetland Disturbance 

As part of the revised TMA footprint modifications, the wetlands directly disturbed by the 
proposed construction will be slightly different from what has been previously described. 
Table 3.3-1 presents the updated direct wetland disturbance for the revised footprint. The 
updated wetland impacts take into consideration the increase in the TMA cell berm height and 
the addition of a perimeter road. 

As described in Section 8 of this report, special construction techniques will be employed to 
protect wetlands located along the perimeter of the TMA footprint. Silt fences and cutoff wall 
installation (where required) will be installed to isolate wetlands from surface water and : 
temporary dewatering disturbance and will hydraulically separate the wetlands from the TMA. 
The TMA perimeter road will then be installed with fill placed to also act as a barrier to these 
wetlands. 

3.4 Comparison of Revised Footprint Impacts 

Table 3.4-1 presents a summary of a comparison of the impacts of the revised footprint to the 
originally proposed TMA North footprint (Foth & Van Dyke, 1995a). The summary 

© demonstrates that the revised footprint results in the least overall impact when compared to the 
original proposal. 
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Table 3.3-1 
© 

Acreages of Wetland Types Disturbed During TMA Construction 

Revised Footprint’ 

Wetland Types 

Wetland Emergent‘ Shrub—=sDeciduous.—=sConiferous Total Area 
No. Marsh Swamp Swamp Swamp Bog Impacted 

F307 0.02 0.02 

F31 2.16 4.29 . 6.45 

F32 0.68 0.68 

F33 1.82 1.82 

F66 2.54 4.64 7.18 

F81 0.33 0.33 

13 0.07 0.07 

14 0.06 0.06 

15 0.14 0.14 

16 0.10 0.10 © 

17 0.54 0.54 

M3 1.82 1.60 3.42 

M4 1.06 1.06 

Unnamed 0.89 0.89 

Total == 033 (SKA 8H —i—i—‘—‘iS TB 

‘Includes TMA, TMA borrow area, reclaim pond, perimeter road, exterior drainage system, and runoff basins. 
*Wetland F30 is classified as a "streamside wetland” in Table 5-2 of the project’s Section 404 Permit Application 
Addendum 1 (Foth & Van Dyke, 1995d). The impacted portion of this wetland is dominated by deciduous swamp. 

Prepared by: GAM 
Checked by: PAE 

© 
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) Table 3.4-1 

Summary of Revised Footprint Impacts 

Assessment of Revised Footprint Compared to TMA 
Parameter North Alternative 

Historical, Archaeological, e Increased buffer to Bur Oak Swamp to a minimum of 
Cultural Resources 200 feet. 

Transportation and Utilities ¢ No significant difference.’ 

Climatology - Air Quality ¢ No significant difference.’ 

Geology - Soils e No significant difference. 

e¢ Requires slightly greater external borrow area 
(approximately 2 acres) and borrow materials | 
(approximately 283,000 cubic yards). 

Groundwater e No change in average base separation to groundwater. 

Surface Water e 14 acres less total disturbance. 

e 4.5 percent less watershed disturbance in F15 wetland 
watershed. 

¢ Achievement of a better match of pre-development to 
@ post-reclamation runoff into wetland F15. 

Biology e Slightly greater disturbance of F66 wetland. 

e No difference in the number of state special concern 
species. 

e No difference in the number of state endangered 
species. — 

Wetlands e An approximate 1-acre total increase in disturbance for 
wetlands M3, M4, and F66, combined. 

Noise e No significant difference since TMA berm height 
increase is only approximately 3.5 feet.’ 

Land Use - Zoning e No significant difference. 

Aesthetics ¢ No significant difference since the TMA berm height 
increase was only 3.5 feet. 

Socioeconomics ¢ No significant difference. 

Native American Communities ¢ No significant difference in the proximity to Native 
American communities. 

"Setback Alternative No. 2 also includes a GCL/P40 till layer in lieu of off-site clay for the soil component 
of the liner and cover hydraulic barrier, therefore Setback Alternative No. 2 results in a significant 
reduction in off-site borrow material trucked to TMA site. 

Prepared by: PAE 

© Checked by: JWS 
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© 4 Update of TMA Liner Design 

4.1 Background 

The January 4, 1996 completeness letter (WDNR, 1996) requested that an alternative to native 
clay for the soil component be evaluated for the TMA composite liner system. Based on a 
review of alternatives, CMC proposed using a geosynthetic clay liner (GCL) overlying a screened 
12-inch thick, compacted till layer (P40 till). Addendum No. 1 to the Feasibility Report (Foth & 
Van Dyke, 1996a) provided general information concerning available GCLs, a performance 
assessment of GCLs, a discussion of the advantages of GCLs, an evaluation of the hydraulic 
equivalency of GCLs compared to compacted clay liners, and a comparison of GCLs to native 

Clay liners. In addition, it was shown that a sufficient quantity of glacial till soils are available 
on-site to produce the required quantity of P40 till soil for a 12-inch thick layer. The discussion 
in Addendum No. 1 showed that a GCL in combination with a 12-inch compacted P40 till layer 
has many construction and environmental advantages over the originally proposed native clay. 
This section of Addendum No. 3 provides an update to the TMA composite liner design 
incorporating a GCL overlying a P40 till layer. 

4.2 General Information Concerning Redesigned Composite Liner 

Following is a listing of the updated TMA composite liner system components, which includes a 
reference to the section of the Feasibility Report (Foth & Van Dyke, 1995a) or Addendum No. 1 
(Foth & Van Dyke, 1996a) where the design rationale and function are explained. This design 
proposes three types of liner systems, one for the base of the TMA cell and two for the interior 

© slopes of these cells. The three types of liner systems have components from top to bottom as 
follows: : 

° Base liner system configuration (with leachate collection system) (refer to Drawing 29, 
Detail 1/29): 

- 18 inches riprap (refer to Section 6.3.5.1 of the Feasibility Report); 

- 6 inches of fines from the till processing (filter layer) (refer to Section 6.4.3.1 of 
the Feasibility Report); 

- 12 inches glacial till (filter layer) (refer to Section 6.4.3.1 of the Feasibility 
Report); 

-  geotextile (filter) (refer to Section 6.4.3.1 of the Feasibility Report); 

- 24-inch granular soil drainage layer (refer to Section 6.4.3 of the Feasibility 
Report); 

-  geotextile (cushioning) (refer to Section 6.3.5 of the Feasibility Report); 

- 60 mil high density polyethylene (HDPE) geomembrane (refer to Addendum 
No. 1 and No. 2 to the Feasibility Report); 

© - GCL (refer to Addendum No. 1 to the Feasibility Report); 

on 
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- 12 inches of P40 till soils (refer to Addendum No. 1 to the Feasibility Report); 

and ©} 

- prepared subgrade consisting of compacted till or native till soils (refer to 

Section 6.3.2 of the Feasibility Report). 

° Interior slope configuration of composite liner with leachate collection system (refer 

to Drawing 29, Detail 3/29) for the initial stage of each cell only: 

- 18 inches of glacial till (protective layer); 

-  geocomposite (a geonet with non-woven geotextiles heat bonded to its top and 

bottom surfaces) (refer to Section 5 of Addendum No. 3 to the Feasibility 

Report); 

- textured (both sides) 60 mil HDPE geomembrane; 

- GCL; 

- 12 inches of P40 till soils; and 

- prepared subgrade consisting of compacted till or native till soils. 

Since it is anticipated that the coarser fraction of tailings will settle out closer to the 18-inch till 

layer on the sidewalls, calculations show that a 6-inch till fines layer is not required as a filter on 

the TMA cell sidewalls. 

Interior slope composite liner without leachate drainage layer (refer to Drawing 29, Detail 4/29) 

for the second stage of each cell: 

- 18 inches of riprap (only on the interior slopes where required during final tailings 

deposition); 

- 18 inches of glacial till; 

- geotextile (cushioning); 

- textured (both sides) 60 mil HDPE geomembrane; 

- GCL; and 

- 12 inches P40 till soils. 

The sections which follow describe the components of the composite liner which have been 

modified from the original Feasibility Report (Foth & Van Dyke, 1995a). 
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@ 4.3 Alternative Soil Components for Composite Liner - P40 Till Layer 

4.3.1 General | 

The P40 till layer is the initial portion of the soil liner component which will be placed and 
compacted directly on the prepared subgrade described in Section 6.3.2 of the Feasibility Report 
(Foth & Van Dyke 1995a). The following provides the specification for the P40 till layer. 

4.3.2 P40 Till Layer 

In Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a), CMC provided an 
analysis of the availability of on-site Late Wisconsinan Till (LWT) for manufacture of P40 till 
soils for the composite liner. This analysis showed that sufficient LWT is available to 
manufacture both the drainage layers and P40 till layers. 

The specifications for the P40 till layer are as follows: 

° Gradation: 
P40 sieve (percent finer by weight)  - 100 percent 
P200 sieve (percent finer by weight) - >18 percent 
C, (coefficient of uniformity) - >6 

° Unified Soil Classification: silty fine sand, clayey sand or sandy silt. 

©} ° Hydraulic conductivities estimated based on D,, size to range from 2x10° cm/sec 
(centimeters per second) to less than 1x10° cm/sec. 

° Specifications for Construction: 

- place in two 6-inch lifts to a minimum thickness of 12 inches; 

- compact to 95 percent of the maximum dry density as determined by the Standard 
Proctor Test (ASTM D 698); 

- compact at a moisture content at or above the optimum moisture content 
determined by ASTM D 1557; 

- compact and roll smooth to achieve "intimate contact" with the GCL. 

4.3.3 P40 Till Layer - Quality Assurance and Quality Control (QA/QC) 

Appendix O of the Feasibility Report (Foth & Van Dyke, 1995a) contains the TMA 
Construction Quality Assurance Plan (CQA Plan) for the TMA cell construction. Appendix O 
has been modified to reflect the changes made to the TMA composite liner and leachate 
collection system and is incorporated into this Addendum No. 3 as Appendix A. 

The Quality Assurance and Quality Control work required for the P40 till layer as proposed is 
© similar to that required for a compacted clay liner (CCL) except that the P40 till layer is to 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke * 10 
January 30, 1997



function primarily as a backup layer to the low permeability GCL layer which is the main 

component providing the "composite action" with the overlying geomembrane. © 

4.4 Geosynthetic Clay Liner (GCL) 

4.4.1 General 

CMC was asked by WDNR to consider the use of a geosynthetic clay liner (GCL) as an 

alternative to the compacted clay liner (CCL) proposed in the May 1995 Feasibility Report 

(Foth & Van Dyke, 1995a). Consideration of the GCL was requested because of WDNR’s 

concerns regarding the potential environmental impacts which could result from the excavation of 

approximately 743,000 cubic yards of clay from an off-site borrow source and the truck 

transportation of approximately 48,000 truckloads of clay to the TMA site over its life. Given 

the potential impacts of clay excavation and transport, GCLs are considered a more suitable 

alternative from the standpoint of environmental impacts. 

Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a) contains a review of 

available GCL materials, including a description of some of the GCLs commonly available in the 

United States. GCL manufacturers have a number of new products and variations of existing 

products under development (Koerner, 1996). The availability of GCL products is increasing as 

GCL use increases. CMC believes it is prudent to make the final selection of the GCL during 

the final Plan of Operation engineering for the TMA. This will allow CMC to select the best 

product available that meets the project and design requirements for the TMA cells. The 

purpose of this section is to provide sufficient information to show the proposed design is 

feasible. The following information is provided to demonstrate this feasibility. © 

° The available GCL is shown to be suitable for use, including: 

- equivalency to compacted clay liners; 
- material and interface shear strength; 

- stability issues on interior cell slopes, including the methods used to calculate 

stability; 
- compatibility with anticipated tailings pore water; 

° Present manufacturer’s quality control standards and frequency of testing; 

° Update of CQA plan (Appendix A). 

Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a) did not select a specific 

available GCL. However, if the TMA were constructed today, the selected GCL would consist 

of a treated sodium bentonite sandwiched between two layers of needle punched non-woven 

geotextiles. CMC, for the reason stated above, does not wish to select a specific GCL, however, 

understands that a relatively detailed review of GCLs must be made to satisfy regulatory 

requirements. To satisfy these requirements, CMC has provided information concerning a GCL 

type available on the market today which meets project design needs. The list of available 

products from the Geotechnical Fabrics Report 1997 Specifier’s Guide is provided in Appendix B. 

The potentially suitable GCLs are indicated in Appendix B with an asterisk (*). 

a 
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4.4.2 Liner Equivalency 

© Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a) provides a summary of 
installation and performance advantages of GCL as put forth by Dr. David Daniel in the U.S. 
Environmental Protection Agency’s (USEPA) Report of Workshop of Geosynthetic Clay Liners 
(USEPA, 1993). Table 1 of Addendum No. 1 is a comparison of a GCL to a CCL which 
includes advantages and characteristics of each. In Addendum No. 1 it was determined that a 
geomembrane liner with a GCL backing has a smaller flow rate at least by a factor of 2.6 when 
compared with a geomembrane backed by a CCL (refer to Attachment 10 of Addendum No. 1 
for calculations). 

4.4.3 Mechanical Properties of GCL 

GCL has been proposed to replace the clay component of the hydraulic barrier for both the liner 
and final cover systems. Since the GCL is a factory made product with bentonite, in comparison 
with clay, two additional aspects need to be evaluated. These are the internal strength of the 
GCL and the interface shear strength between the GCL and the soil on which it rests. While 
GCL is not likely to be of concern under compressive stresses under shear stress application as 
on the sideslopes there is a potential for decreased stability especially when the GCL is hydrated. 

The method of evaluating the required interface and internal strength of the GCLs is the same 
as the one used to evaluate the required strength of the geomembrane interfaces (Section 6.3.4.2 
of the Feasibility Report). Appendix C addresses the properties of GCL and its use in the TMA. 
The most critical part of the liner/final cover system from stability/stress conditions has been 

© examined in this appendix and the minimum required strength has been identified. 

| 4.4.4 Compatibility with Anticipated Tailings Pore Water 

Addendum No. 2 to the Feasibility Report (Foth & Van Dyke, 1996b) provided information, 
including laboratory test data, for a contaminant resistant clay (CRC) called VOLCLAY® CRC 
manufactured by CETCO (Colloid Environmental Technology Company). VOLCLAY® CRC 
has been developed for containment of materials which contain high concentrations of salts and 
other ions. Laboratory test data from CETCO comparing VOLCLAY® CRC with other 
bentonites was provided in Table 1 of Addendum No. 2 (Foth & Van Dyke, 1996b). The data 
show that the VOLCLAY® CRC meets the performance requirements when prehydrated with a 
1,000 ppm calcium chloride solution and permeated with a 10,000 ppm calcium chloride solution. 

This section provides information from a case study where a contaminant resistant GCL was used 
and recommendations for a testing program for the GCL selected for use in the CMC TMA 
cells. 

4.4.4.1 GCL Case Study 

CETCO (1996) has published a case study relating to a containment system for a calcium 
carbonate sludge leachate from acidic mine drainage produced at a mine site in Northern 
California. The acidic mine drainage is collected at the site and treated through the addition of 
lime. The treatment process produces a calcium carbonate sludge removed by gravity settling in 

@ large effluent storage lagoons (CETCO, 1996). Table 4.4-1 contains sludge leachate data. 
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Table 4.4-1 e 

Sludge Leachate Data from CETCO Case Study 

Concentrations (mg/l)’ 

Parameter Sludge Leachate 

pH 9.1 | 

Conductivity 2,900 umho/cm 

Total Suspended Solids 15 

Total Dissolved Solids 3,013 

Sulfate 1,843 | 

Calcium 523 

Magnesium 28 

Aluminum 2 

‘mg/l unless otherwise indicated. 

Source: CETCO (1996). Checked by: PAE e@ 

Shackelford (1994) showed that the hydraulic conductivity of sodium bentonite can be adversely 
affected by permeation with solutions with high salt concentration or polyvalent cations such as 
calcium (Ca**). Shackelford found that the effects to hydraulic conductivity tend to be much 
more severe when the first wetting liquid is the leachate or liquid containing the cations or salt 
solution. In terms of the CMC TMA cell GCL, the concentration of Ca*” ions are expected to 
be the main constituent of concern relative to compatibility of the GCL to the leachate. 
Preliminary results from CMC’s waste characterization work show that the concentration of Ca** 
in the CMC tailings pore water is in the same range as the Ca*~ concentration in the sludge 
leachate from the CETCO case study (CETCO, 1996). Tailings pore water characteristics will be 
provided in the project’s final waste characterization report. The CETCO case study compared 
the performance of VOLCLAY® CRC with ordinary bentonite (i.e., untreated bentonite) when 
using the leachate characterized in Table 4.4-1 as a permeant. The results of this comparison are 
shown in Table 4.4-2. 

The data in Table 4.4-2 shows that the performance of VOLCLAY® CRC is not significantly 
impacted by initial exposure to a permeant high in Ca**, in fact, the two key properties, free 
swell and hydraulic conductivity, exceed the acceptable values for GCL of 25 ml and 
1x10° cm/sec, respectively (University of Texas, 1996). In review of this data, it can be concluded 

that the contaminant resistant bentonites available on the market today can be manufactured to 
be compatible with the tailings pore water expected from the TMA cells. 
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© Table 4.4-2 

Comparison of VOLCLAY® CRC to Ordinary Bentonite 

Test Parameter Ordinary Bentonite VOLCLAY CRC® 

Fluid Loss (API 13A/13B) 21 ml 10 ml 

Free Swell (USP NF XVII) 13 ml 27 ml 

Permeability (ASTM D 5084) 1x10° cm/sec 2x10” cm/sec 

Source: CETCO, 1996. Checked by: JWS 

4.4.4.2 Future Testing Programs 

The discussion of CRC in Addendum No. 2 to the Feasibility Report (Foth & Van Dyke, 1996b) 
outlined a three-tiered approach to establish which bentonite to use for an application with 
higher concentrations of soluble metallic cations. Since the concentration in the leachate of 
calcium in particular is expected to be greater than several hundred parts per million, second tier 
tests, fluid loss or top-loading filter press (TLFP), will be performed as part of the development 
of the project’s Plan of Operation. If these test results are inconclusive or inconsistent, an 
extended permeability test will be performed as the third tier. A 30-day permeability test is 
typically sufficient for evaluating a GCL. Final selection of the GCL product to use for the 

© TMA, including required testing, will occur during Plan of Operation preparation. 

4.4.5 GCL Properties and Test Methods 

4.4.5.1 General 

The testing of GCLs includes manufacturing quality control testing, engineering design tests, and 
quality assurance/quality control testing completed during GCL construction. Since the GCL to 
be used for the TMA will be selected during final Plan of Operation development, the testing 
program outlined below may be modified as part of Plan of Operation development. 

4.4.5.2 Manufacturing Quality Control (MQC) 

It is understood that ASTM will adopt new standards for the certification of GCL properties. 
These standards are not yet published and the required values may vary depending on the 
specific GCL material and its properties. CETCO provided the ASTM test methods listed in 
Table 4.4-3 and the required values for CETCO’s BENTOMAT "ST"®. It is understood that 
listed test methods and test frequency will become part of ASTM recommended MQC testing 
program for GCLs. 
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Table 4.4-3 @ 

Manufacturer’s Recommended Quality Control 
Test Program for BENTOMAT "ST"® 

Material Property | Test Method Test Frequency, ft” (m7) 

Bentonite Swell Index’ ASTM D 5890 1 per 50 tonnes® 

Bentonite Fluid Loss ASTM D 5891 1 per 50 tonnes 

Bentonite Mass/Area? ASTM D 5261 40,000 ft? (4,000 m7) 

GCL Grab Strength’ ASTM D 4632 200,000 ft? (20,000 m7) 

GCL Grab Elongation ASTM D 4632 200,000 ft? (20,000 m7’) 

GCL Peel Strength ASTM D 4632 40,000 ft? (4,000 m?) 

GCL Index Flux* ASTM D 5887 Weekly 

GCL Hydrated Internal ASTM D 5321 Periodic 
Shear Strength? 

* Bentonite property tests performed at CETCO’s bentonite processing facility before shipment to 
CETCO’s GCL production facilities. 

2 Bentonite mass/area reported at 0 percent moisture content. The reported value is equivalent to 
0.95 psf at 20% moisture content, the GCL industry standard. 

> All tensile testing is performed in the machine direction, with results as minimum average roll values 
unless otherwise indicated. 

* Index Flux with deaired distilled water at 5 psi (35 kPa) confining pressure and 2 psi (15 kPa) head 
pressure. Reported value is equivalent to 925 gal/acre/day. This flux value is equivalent to a 
permeability of 5x10° cm/sec. This flux value should not be used for equivalency calculations. A flux 
test using gradients that represent field conditions must be performed to determine equivalency. The 
last 20 values may be reported from the end of the project date of the supplied GCL. 

> Peak value measured at 200 psf (30 kPa) normal stress. Site-specific materials, GCL products, and test 
conditions must be used to verify internal and interface strength of the proposed design. 

© One tonne is equivalent to 1.1 tons. 

Source: CETCO (Colloid Environmental Technologies Company), 
May 1, 1996. Technical Data Sheet TR 404bm. 

Checked by: REM 
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e 4.4.5.3 Engineering Design Tests 

The engineering design tests required for a project are determined based on the specific 
conditions at the site and the specific products proposed for the GCL, geomembrane, geotextiles, 
geocomposite, and soils. Since all soil and geosynthetic products need to be selected prior to 
completing the engineering design tests, CMC proposes to complete these tests during the 
development of the project’s final Plan of Operation. If the facility were constructed today, it is 
recommended that the engineering design tests specified in Table 4.4-4 be completed for the 
GCL. The type and frequency of these tests may be modified based on the GCL specified in the 
Plan of Operation. 

Table 4.4-4 

GCL Engineering Design Tests 

Property Test Method 

GCL Permeability ASTM D 5084 modified or GRI GCL-2 

Direct Shear (top, bottom, and midplane) AST D 5321 

Creep Shear (top, bottom, and midplane) ASTM D 5321 (modified) 

Wide-Width Tensile Strength and Elongation ASTM D 4595 

© GCL/P40 Till Compatibility ASTM D 5084 modified using leachate 

Prepared by: REM 

Checked by: NXP 

4.4.5.4 GCL Construction QA/QC 

To account for the addition of the P40 till and GCL in the TMA composite liner, an update to 
the project’s construction quality assurance plan (CQA plan) has been completed. This updated 
plan is included in Appendix A. The updated CQA plan contains the quality control and quality 
assurance requirements for both the P40 till and GCL. 

4.5 Additional Construction Requirements 

The addition of the GCL to the composite liner system results in the need to specify construction 
requirements which take into account the unique properties of GCLs. The following are 
recommendations for GCL transportation, storage, and installation which are generally adopted 
from guidelines in (University of Texas, 1996). These requirements will be incorporated into the 
plans and specifications for the construction of the initial stage of TMA cell 1. 

° Transportation, Handling, and Storage: 

- GCL panels should be shipped in rolls by themselves with no other cargo and in 
@ protective wrappings so damage could not occur during transit. 
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- _GCLs should be loaded and unloaded in a manner which does not cause damage 

to the GCL. Repair protective wrapping if damaged. © 

_- Storage on-site should occur only for a short period of time. GCL should be 
stored off the ground and covered completely with a tarpaulin. 

. Subgrade Preparation: 7 

- Subgrade must be free of gravel greater than 1 inch in diameter for angular stones 
and 2 inches in diameter for rounded stones. 

- Subgrade must be rolled smooth with a drum roller to the correct grade. 

- Moisture content of subgrade should be below optimum moisture for compaction 
if practicable. 

° Installation: 

- GCL should be rolled onto the prepared subgrade. GCL panels should not be 
dragged onto the subgrade. 

- GCLcan be installed in any direction on flat surface. 

- Install GCL panels with the length parallel to the slope (i.e., up and down the 
slope) for sloped surfaces. © 

- Overlap GCL in accordance with the manufacturer’s requirements, which is 
typically 6 to 9 inches. 

- Lay out only the quantity of GCL that can be covered before the end of the day 
to prevent premature wetting of the GCL by precipitation. 

- Apply additional bentonite to the GCL overlaps in accordance with the 
manufacturer’s recommendations. Lay out GCL panels first, then roll back 
overlap and add bentonite as per the manufacturer’s recommendations. 

- Cover and/or backfill GCL each day after installation. All backfill operation 
should be observed carefully since this is the most critical time for GCL puncture. 

- Perform required QA/QC activities prior to covering or backfilling. 

° GCL Repair 

- Inspect and repair tears or rips in the GCL by covering with a patch of the same 
GCL material extending at least 12 inches in all directions beyond the extent of 
the damage. 

- Heat bond or tape GCL patch in place prior to backfilling. ; 
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- If bentonite is required at GCL seams, apply in accordance with the 
© manufacturer’s instructions on all patches. 

Detailed information concerning the installation of the GCL and other geosynthetic components 
will be provided in the project’s Plan of Operation report. 

4.6 Required Strength Properties for Liner Materials 

The TMA liner system as proposed consists of a number of layers of soil and geosynthetic 
materials. Since modifications have been made to the composite liner components (e.g.,a GCL 
has been substituted for native clay), the stability of the liner system was reanalyzed and the 
minimum strength of the materials and the interfaces between the materials was reestablished. 
The calculation of the minimum required strength for the composite liner materials and 
interfaces necessary to achieve satisfactory stability conditions are provided in Appendix C which 
is an update to Appendix D of the Feasibility Report (Foth & Van Dyke, 1995a). The 
calculations in Appendix C determined that the required strength for a factor of safety of 1.2 is , 
an angle of interfriction of 21.2°, which means that all materials (i.e., till, internal strength of the 
GCL and P40 material, etc.) should have a shear strength equal to or greater than 21.2°. In 
addition, all interfaces, i.e., till/geocomposite, geocomposite/geomembrane, geomembrane/GCL. 
GCL/P40 till, and P40 till/till must also have a friction angle equal to or greater than 21.2°. 
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@ 5 Leachate Collection System Update 

5.1 General 

Sections 5.2 through 5.3 of Addendum No. 3 respond to a request from the Wisconsin 
Department of Natural Resources (WDNR) for additional information concerning the design of 
the leachate collection system (LCS) drainage layer on the interior slopes of the TMA cells. The 
discussion includes background information concerning drainage layer design concepts, a 
discussion of oxygen entry considerations, a discussion of the currently proposed drainage layer 
concept, a discussion of the availability and compatibility of the proposed drainage layer 
materials, and presents the design for the preferred option for sidewall drainage. In addition, the 
design modification of the LCS at the base of the facilities as proposed in Addendum No. 1 
(Foth & Van Dyke, 1996a) are incorporated into the design presented herein. 

Section 5.4 provides a response to a request from the WDNR for additional information 
concerning initial tailings placement in each of the four TMA cells, initial leachate collection 
system (LCS) operations, and the design criteria for the protective filters for the LCS drainage 
layer. It also addresses the physical filtration issues raised by WDNR. 

5.2 Leachate Collection System Piping at the Facility Base 

Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a) proposed a design 
modification that incorporated additional LCS piping at the facility base. Addendum No. 1 
showed that the additional LCS piping provides additional redundancy to the LCS system and 

6 modest improvements in LCS efficiency (refer to page 17 of Addendum No. 1 for additional 
details concerning leachate coltection system efficiencies). 

Drawing 16, Revised Piping Plan, has been updated to show that a system of 4-inch diameter 
perforated leachate collection pipes has been added to the base of each TMA cell at a regular 
spacing, typically approximately 260 feet apart. As shown on Drawing 16, the 4-inch diameter 
perforated pipes are laid in the drainage layer at an approximate 0.5 percent slope. As shown in 
Detail 7/29, a section of 6-inch leachate collection pipe connects the 4-inch pipes with the 6-inch 
perforated headers at the toe of the interior slope. Detail 7/29 also shows the temporary 
cleanout which is stubbed out for cleaning the 4-inch laterals upon completion of construction. 

Attachment 7 of Addendum No. 1 (Foth & Van Dyke, 1996a) provides calculations which show 
that a 4-inch LCS pipe is properly sized to handle the peak daily flows as determined by the 
HELP model. The maximum flow capacity of a 4-inch pipe at 0.5 percent slope is about 80 gpm, 
the expected peak flow is approximately 5 gpm. 

Calculations in Attachment 7 show that the maximum 1-foot head on the liner will not be 
exceeded with pipe installed at the base of the drain layer above the liner. Therefore trenches in 
the liner are not required to meet the performance requirements. 

Appendix D contains a pipe strength analysis for the 4-inch LCS piping which shows that the 
pipe bedding (i.e., drainage layer) and the placement of bedding material around the pipe will 
result in a uniform loading on the pipe as well as reduction of load on the pipe due to soil- 
structure interaction of the bedding material completely surrounding the pipe and the strength of 

© the tailings material itself. 
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5.3 Interior Berm Slopes - LCS @ 

5.3.1 Background 

The WDNR has raised concerns and questions regarding the extent of placement of the leachate 
collection system (LCS) drainage layer on the interior sidewalls of the proposed TMA cells. The | 
discussion which follows provides a summary of CMC’s work that addresses WDNR’s questions 
and concerns. 

As part of the initial TMA design process, performance objectives for the TMA were formulated. 
These performance objectives are listed in Section 6.1.1, Performance Objectives, of the 
Feasibility Report (Foth & Van Dyke, 1995a). Those performance objectives most closely 
related to the extent of the drainage layer on the sidewall are as follows: 

° the design of a composite base liner system to control percolation rates..." 

° "limiting oxygen entry into the tailings during the operating and post-closure period; 
and 

Initially, in the Feasibility Report, these two performance objectives were used to evaluate 
alternatives relating to the extent of the drainage layer along the TMA sidewalls. Section 10.9.6 
of the Feasibility Report (Foth & Van Dyke, 1995a), Need for Leachate Collection System, 
provides a comparison of the advantages and disadvantages of a full LCS which included a high 
permeability drainage layer along the entire sidewall to a partial LCS with a drainage layer 
partially up the sidewall of the initial constructed stage. ©® 

It is apparent from the Section 10.9.6 discussion that the main advantage of a drainage layer 
which extends partially up the interior sideslope is maintaining the tailings in a neutral state. 
WDNR responded to the May 1995 Feasibility Report design by requesting that CMC consider 
design measures which would increase the liner efficiency on the TMA cell sidewalls. WDNR’s 
concern was outlined in Page 6, Comment 1 of the January 4, 1996 feasibility completeness 
determination letter, which states: "Provide a redesign of the facility extending the drainage layer 
up the side slopes of each cell at least to the first stage boundary to facilitate leachate drainage 
and collection." CMC responded to this request in Addendum No. 1 to the Tailings Management 
Area Feasibility Report/Plan of Operation (Addendum No. 1) (Foth & Van Dyke, 1996a). In 
summary, this response included the following conclusions: 

° Extending the drainage system up the sidewalls is not necessary from a performance 
standpoint since the present design is capable of meeting the groundwater standards. 

° To provide additional redundancy in the design, CMC proposed adding a 
geocomposite (drainage layer) which could be covered by a geomembrane on top of 
the composite liner. It was proposed to extend this halfway up the sideslope of the 
initial stage of each TMA cell (refer to Figure 6 of Addendum No. 1). This system 
would be stable under operational and closure conditions. 

° The proposed design (as described in Addendum No. 1) would reduce the total 
| percolation from the facility by about 50 percent and is generally equivalent in 

reducing percolation to extending a drainage layer halfway up the initial stage. © 
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° Twenty years after closure, the percolation from the TMA is governed by the 
© percolation through the final cover. 

In developing its proposal, CMC believed the alternative presented in Addendum No. 1 provided 
a balance between the goals of limiting percolation from the facility and limiting oxygen entry. 
However, in subsequent meetings the WDNR restated their preference that additional 
redundancy be provided in the drainage layer on the interior sidewalls to further increase the 
LCS efficiency. WDNR has suggested that their preference is to have the drainage layer extend 
to the top of the initial stage of each TMA cell. 

WDNR has also expressed concern regarding the potential for oxygen entry during the 
operations and long-term care periods. Section 6.2.7 of the Feasibility Report (Foth & 
Van Dyke, 1995a) contains an explanation of the three controls to be used during operation of 
the cells, two of which will control oxidation of the sulfide minerals and one of which will add 
additional neutralization potential to the tailings mass. The first two controls are part of the 
subaerial deposition process. These two controls, described in detail in Section 6.2.7.2, 
Operational Controls, of the Feasibility Report (Foth & Van Dyke, 1995a), can be summarized 
as follows: 

° The planned tailings deposition will result in 50 to 75 percent of the tailings 
maintained below water; and 

° The planned tailings deposition involves sequential tailings placement, meaning fresh, 
saturated tailings are deposited on a continuous basis, minimizing the time tailings are 

© exposed to oxygen. 

The final control is the natural calcium carbonate content of the tailings and the added 
neutralizing capacity provided by the addition of lime during the beneficiation process which 
results in an elevated pH of the process water used to slurry the tailings to the TMA. The three 
controls mentioned above accomplish the primary objective of the operations design which is to 
control acid formation. 

Section 6.2.7.3, Available Measures to Control Initiated Sulfide Mineral Oxidation, of the 
Feasibility Report (Foth & Van Dyke, 1995a) describes methods available to control sulfide 
mineral oxidation in the unlikely event that oxidation is initiated. Section 6.6.8, Final Cover 
Performance in Preventing Oxygen Entry, of the Feasibility Report evaluates the three 
mechanisms by which oxygen entry could occur after final cover placement, i.e., diffusion, 
convective currents, and barometric pumping. Per the request of the WDNR, CMC is in the 
process of completing oxygen transport modeling related to the TMA. The objective of this work 
is to estimate the rate at which oxygen could enter the TMA at various stages in its operation, 
closure, and long-term management. A report on this work will be issued to the WDNR, 
USCOE, and others shortly. 

5.3.2 Options for Extending the Drainage Layer 

After further consideration, CMC agreed with WDNR’s request to extend the drainage layer to 
the top of the initial stage of each TMA cell. CMC believes that although in its opinion this is 
not required to enable the facility to comply with state and federal environmental standards, it 

© does provide additional redundancy and increases the efficiency of the LCS. 
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CMC has considered three options for materials for the drainage layer on the interior slopes. 

These are: 1) a geocomposite; or 2) a granular soil; 3) a geomembrane and geocomposite option. © 

Detail 1/29 on Drawing 29 and Figures 5.3-1 and 5.3-2 graphically show the options. CMC 

desires to carry these three options into the final engineering design of the facility, and make the 

selection at the Plan of Operation stage of facility development. The three options considered 

are described below and a figure showing the configuration of each is provided. For presentation 

purposes, the geocomposite option has been designated as the preferred option and is shown in 

the design drawings, used in estimating construction quantities, used in completing HELP model 

calculations, etc. 

5.3.2.1 | Geocomposite Option 

The geocomposite drainage layer option includes placing a geocomposite (a geonet with non- 

woven geotextiles heat bonded to its top and bottom surfaces) up the interior sideslope to 

approximately 1 foot below the maximum tailings elevation of the initial stage of each TMA cell 

(refer to Detail 1/29). 

5.3.2.2. Granular Soil Option 

The granular soil drainage layer option includes a granular soil layer extended up the interior 

sidewalls to approximately 1 foot below the maximum tailings elevation of the initial stage of 

each TMA cell (refer to Figure 5.3-1). 

= § 3.2.3 Geomembrane and Geocomposite Option 

The geomembrane and geocomposite option consists of placing a geocomposite (a geonet with ®@ 

non-woven geotextiles heat bonded to its top and bottom surfaces) on top of the composite liner 

and then covering the geocomposite with a thermoplastic geomembrane (refer to Figure 5.3-2). 

The geomembrane would be lapped over the composite liner at the base of the cell for a length 

of no less than 5 feet. A woven geotextile would be placed over the upper geomembrane. The 

geomembrane is welded to the geomembrane component of the composite liner at the bench 

between the initial and the second stages of each cell. 

5.3.3 LCS Material Compatibility 

The three options proposed for the sidewall drainage in the TMA involve four different materials 

of construction as follows: 

° soil component; 
° non-woven geotextile component; 
° geomembrane component, and 
° geocomposite component. 

The compatibility of these materials has been addressed in the Feasibility Report (Foth & 

Van Dyke, 1995a) and its subsequent addenda (Foth & Van Dyke, 1996a and b). Following are 

references where material compatibility has been addressed, along with a brief statement 

concerning the findings. 

a 
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° Soil Component - The response to Page 3, Comment 19 in Addendum No. 1 to the ~ 
© Feasibility Report (Foth & Van Dyke, 1996a) addresses the compatibility of on-site 

soils with the tailings and leachate. Past studies have shown that on-site soil 
permeability, mineralogy, and chemical characteristics will only be slightly affected by 
tailings and/or leachate. 

° Non-woven Geotextile Component - The response to Page 5, Comment 21 in 
Addendum No. 2 to the Feasibility Report (Foth & Van Dyke, 1996b) and the 
response to Page 3, Comment 18 in Addendum No. 1 (Foth & Van Dyke, 1996a) 
discuss the resin (polypropylene) which most likely will be used and the rationale for 
its selection. If the TMA were constructed today, polypropylene would be selected as 
the resin for the non-woven geotextiles, including the geotextiles used for filtration, 
separation and/or as cushioning layers as well as the geotextiles used in conjunction 
with the geonet (i.e., the geocomposite). Attachment 4 of Addendum No. 1 contains 
research findings concerning polypropylene compatibility which shows that acids, 
solvents, and solutions do not adversely impact this polymer. 

° Geomembrane Component - If the TMA were constructed today, high density 
polyethylene (HDPE) would be selected as the geomembrane liner. The response to 
Page 3, Comment 18 in Addendum No. 1 and the response to Page 5, Comment 21 in 
Addendum No. 2 provide evidence that the proposed HDPE geomembrane is 
compatible with the expected characteristics of the tailings and leachate. 

° Geocomposite Component - The majority of the geocomposites on the market today 
use high density polyethylene (HDPE) as a raw material for geonets. Polypropylene 

© geotextiles are then heat bonded on the top and bottom of the geonet. Both of these 
materials are, as discussed above, compatible with the intended use. 

5.3.4 Material Availability 

The geosynthetics, including geotextiles, geomembranes, and geocomposites are available in the 
marketplace from numerous vendors. Appendix E contains an excerpt from the Geotechnical 
Fabrics Report 1997 Specifier’s Guide to available products which includes geocomposite material 
specifications which could be used in the TMA. Potentially suitable geocomposites for the TMA 
are identified in Appendix E with an asterisk (*). The availability of the granular soil drainage 
layer was documented in the responses to Page 6, Comments 3 and 4 in Addendum No. 1 
(Foth & Van Dyke, 1996a). Attachment 11 of Addendum No. 1 includes calculations of the 
availability of on-site till soils for manufacturing the drainage layer and P40 till layer required for 
the proposed TMA construction. Figure 10.4-1 is an earthwork balance flowchart showing that 
an adequate quantity of till is available for the drainage layer on the interior sideslopes. 
Figure 10.4-1 shows that approximately 612,200 in-place cubic yards of drainage layer material, 
including LCS and final cover, is required if the geocomposite is used as the drainage layer for 
the initial stage in all four TMA cells. 

5.3.5 Preferred Option 

As indicated earlier, CMC desires to carry the three drainage layer options discussed above into 
e the Plan of Operation where the final selection will be made during the final engineering design 
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of the initial cell. For the remainder of this addendum, the geocomposite will be considered as 

the preferred option for the berm slopes drainage layer. © 

The geocomposite drainage layer consists of a geonet, i.e., a net-like polymeric material formed 

from intersecting ribs integrally joined at the junctions, with non-woven geotextiles heat bonded 

to its top and bottom surfaces. Geocomposites are available from many manufacturers and, as 

with other geosynthetics, new products are constantly under development, resulting in frequent 

changes in product specifications. As such, CMC plans to make the final selection of the specific 

geocomposite during the development of the project’s Plan of Operation. 

The primary function of the geocomposite as the leachate collection medium of sidewalls is to 

convey liquid within the plane of its structure to the drainage layer at the base of the cell. The 

geocomposite properties related to this function are explained below. 

° In plane flow rate (transmissivity) (ASTM D 4716) is the flow rate parallel to the long 

direction of the geocomposite measured at a gradient of 0.1 at 100 KPA (kilopascal), 

which is typically in the range of 4x10° m’/sec (meter squared per second). 

° Compressive strength (ASTM D 1621) is the cross-plane compressive strength of the 

geocomposite. The compressive strength is important since the geocomposite must 

resist yield or collapse under anticipated loadings which would impact the 

geocomposite’s ability to conduct liquid. 

5.4 Initial Tailings Filling Cycle and Drainage Layer Design Criteria Suitability 

5.4.1 Background © 

The WDNR has raised the issue of potential physical clogging of the LCS filtration and drainage 

layers within the TMA cells. Based on our understanding of the issue, CMC is providing the 

following additional information to assist the WDNR in the completion of its review of this topic: 

° a more detailed explanation of the initial tailings filling cycle; 

° a more detailed explanation of the functioning and operation of the LCS during the 

initial filling process; and 

° additional explanation concerning the suitability of the design criteria used for the 

protective filter design. 

5.4.2 Initial Filling Cycle for Each TMA Cell 

The initial filling of TMA 1 will come principally from accumulated precipitation, mine drainage 

and/or from water pumped from the construction well sited north of TMA 2. Upon completion 

of all construction including the placement of the waste rock as riprap, the cell bottom will be 

filled with water to a level approximately 3 to 5 vertical feet below the top of the riprap as shown 

on Figure 5.5-1. Initial placement of water at the onset of operation of each TMA cell is 

required to sustain the operation of the mill. If well water is pumped to the cell, the discharge 

pipeline will be laid horizontally on the riprap so the energy from the discharging water will be 

dissipated and erosion of the filter layers will not occur. © 

a 
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Initially, the tailings will be discharged subaqueously at a diffused velocity (i.e., deposited below 
© the water placed in the cell). As described in Section 6.2.4 of the Feasibility Report (Foth & 

Van Dyke, 1995a), the tailings slurry will be discharged in a panel of adjacent spigots. The 
discharge panel will be moved progressively around the cell by closing spigots at one end of the 
panel while opening spigots at the other end of the panel. Each spigot assembly, which will be 
spaced at approximate 100 to 200-foot centers around the perimeter of the facility, will consist of 
a length of flexible rubber pipe which will extend from the tailings main header pipe surrounding 
the cell through a pinch valve to the desired discharge level (see Detail 3/29 on Drawing 29). 

At the time of initial tailings placement the flexible rubber spigot pipes will extend to just at or 
below the water surface in the cell (Figure 5.5-2). As tailings placement continues, the elevation 
of the tailings at the perimeter of the cell will eventually extend above the surface of the water. 
At this time, since deposition will occur around the outside of the cell, a water pond will begin to 
form in the approximate center of the cell as shown in Figure 5.5-3. The tailings deposition will 
force the water to the center of the cell as shown in Figure 5.5-3, and deposition will become 
subaerial as described in Section 6.2.4, Tailings Distribution System, of the Feasibility Report 
(Foth & Van Dyke, 1995a). 

As the tailings are deposited under water, they will tend to flow at a steeper angle at a diffused 
velocity with the denser particles settling faster. Tailings deposited on the beaches will be on a 
shallow slope with coarser particles near the perimeter of the cell and finer at the center of the 
cell below the deepest water in the pond. During the subaerial placement of tailings, the pond 
center is likely to contain the finest tailings particles. 

© Slurried tailings will initially flow onto the base of the cell and initially fill the voids in the riprap. 
The riprap will act to dissipate the discharge energy and to prevent erosion. Once the riprap 
voids are filled, subaqueous tailings beach development will occur, followed eventually by 
subaerial deposition which will result in consolidation of the subaqueously deposited tailings. 

5.4.3 Initial Operation of the LCS 

Initially the tailings will be deposited subaqueously as described above. Subaerial deposition then 
will occur until the riprap is completely covered with tailings, as shown in Figure 5.5-3. At this 
point, with subaerial deposition occurring and a water pond located near the center of the cell, 
pumping of leachate from the LCS using the pumps in the sideslope risers (SSR) will be started. 
The following describes the placement of tailings prior to initiation of LCS operation in each cell 
and conditions in the tailings during initial LCS operation. 

° Since initial tailings placement will take place before leachate collection is initiated, a 
bed of settled tailings will be in contact with the riprap and till layer of the cell. The 
bed of settled tailings will also act as a quasi-filter as water is moved from the 
overlying tailings into the drainage layer. 

° The profile of hydraulic conductivities through the tailings will likely be anisotropic 
with slightly lower permeabilities occurring near the cell center. The hydraulic 
conductivities of both fine and whole tailings will be in the 10° cm/sec range. The 
water flow path, once the sideslope riser (SSR) pump is turned on, will consist of both 
vertical and horizontal components with the water following the most permeable layer 

© toward the lower heads in the drainage layer evacuated by the SSR pump. | 
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° The initial maximum head in the leachate collection system should be equal to the 
pond elevation, which will decrease with time as the LCS drains the tailings to field © 
capacity. 

5.4.4 Suitability of Design Criteria for Protective Filter Design 

The design of the protective filter system was performed using the NAVFAC DM.-7.1 filter 
criteria. The calculation using this criteria was provided in Appendix F of the Feasibility Report 
(Foth & Van Dyke, 1995a). These criteria were first developed by Terzaghi based on 
experiments conducted by Bertram (1940) and later modified slightly after laboratory tests by the 
U.S. Army Corps of Engineers and the U.S. Bureau of Reclamation (Holtz and Kovacs, 1981). 
The Waterways Experiment Station, U.S. Army Corps of Engineers (1941, 1942) have 
investigated the validity of the criteria. The criteria have been used worldwide ever since. 
WDNR has questioned the validity of using these criteria for design of the protective filter for 
the LCS drainage layer of the TMA. CMC believes the design criteria are valid because the 
TMA drainage layer design is similar to the design and construction on which Terzaghi based his 
Studies. Terzaghi worked out the protective filter design method based on studies he made in 
the design and construction of filters for large dams in South Africa (Parcher and Means, 1968). 
Filter design for dams is similar to that for the TMA in that flow occurs from fine grained 
medium to coarse grained medium as the coarse grained medium is drained. Also, the fact that 
the TMA drainage layer will be saturated and that pumping of the TMA leachate collection 
system will not commence until an appreciable depth of tailings has been placed and allowed to 
settle at the base of each cell, further supports the applicability of NAVFAC DM-7.1 filter 
criteria in the design of the protective filter system for the CMC tailings management area. 

The protective filter design used for CMC’s tailings management area meets Terzaghi’s criteria @ 
for the design of filters (refer to Appendix F of the Feasibility Report) since the following 
conditions are met: 

° The movement of particles from the tailings to the filter layers and from the filter 
layers to the drainage layer is restricted since the three criteria related to the 
gradation of the tailings and soils are met. 

° The loss of head in the filters is not excessive and the permeability is sufficient to 
meet the drainage needs. 

° Other gradation requirements for the filter (e.g., no sizes larger than 3 inches and 
particles passing #200 sieve less than 5 percent (NAVFAC, DM-7.1)) are met. 

Since the protective filter design criteria is applicable to the TMA design and the design criteria 
are met, physical clogging of the filter layers is not considered an issue regarding operation of 
the TMA cells. As a result, CMC sees no need to perform a physical test of the proposed 
filtration system. 
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e 6 Final Cover System Update 

6.1 General 

As discussed in Section 5 of this addendum, CMC has selected a geosynthetic clay liner (GCL) 

underlain by 12 inches of on-site P40 till soil as the soil component for the TMA liner and 

capping systems. The selected final cover system consists of a multi-layered system, including the 

following components, from top to bottom: 

. 6 inches - topsoil and vegetative layer; 
° 36 inches - rooting layer; 
. 12 inches - drainage layer; 
° 60 mil HDPE geomembrane; 
° geosynthetic clay liner (GCL); 
° 12 inches - low permeability soil consisting of P40 till soil (P40 Till); and 

° a grading layer of variable thickness. | 

The only modification made to the cover system proposed in the Feasibility Report (Foth & 
Van Dyke, 1996a) is the substitution of the GCL and 12 inches of P40 till for 1 foot of off-site 
native clay. The section which follows discusses these design modifications. 

6.2 Advantages of GCL in the Final Cover 

Addendum No. 1 to the Feasibility Report (Foth & Van Dyke, 1996a) contains a listing of some 

© of the advantages of a GCL related to installation, performance, and environmental protection. 

Following is a list of advantages of GCLs specifically related to their use in cover systems. To a 
great extent, these advantages are as reported by Dr. David Daniel in USEPA (1993) and 
University of Texas at Austin (1996). 

° Cap Hydraulic Equivalency - Attachment 10 of Addendum No. 1 (Foth & Van Dyke, 
1996a) provided calculations which show that a composite cap with a GCL backing 
has a smaller flow rate at least by a factor of 2.6 when compared with composite cap 
systems using native clay as the soil component. 

° Air Permeability - GCLs placed in contact with moist soils will hydrate to a moisture 
content greater than 100 percent within a few weeks (University of Texas at Austin, 
1996). Hydrated bentonite effectively provides a very low air permeability which, in 
combination with the geomembrane in the cover, provides an effective barrier against 
air intrusion. 

° Physical/Mechanical Issues 

- Freeze/Thaw Resistance - Available laboratory data indicates that GCLs do not 
undergo increases in hydraulic conductivities as a result of freeze/thaw (USEPA, 

1993). 

- Wet/Dry Effects - Available laboratory data indicates that desiccation of wet GCL 
does not cause cracking and that GCLs do have self-healing properties, i.e., that 

© they can swell around punctures or cracks (USEPA, 1993). 
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° Response to Differential Settlements - LaGatta (1992) and Boardman (1993) studied 
the effects of differential settlement on GCLs (Daniel, 1993). These tests showed that © 
many GCLs can withstand large distortions (A/L up to 0.5, i.e., the ratio of the 

differential settlement (A) divided by the horizontal distance over which settlement 
occurs (L)) and tensile strains up to 10 to 15 percent without undergoing significant 
increases in hydraulic conductivity (Daniel, 1993). Available data indicates that GCLs 
can withstand much greater tensile deformation than compacted soils without 
cracking. : 

° Stability on Slopes - GCL interface shear strength 1s very dependent on the extent of 
hydration/water content and the type of GCL. The GCLs proposed for use in the 
TMA cover have adequate strength to remain stable on the 2 percent slopes proposed 
for the TMA final cover. 

° Construction Issues 

- Effects of Subgrade and Backfill - GCLs have a capability of self-healing around 
punctures from small, sharp objects (Daniel, 1993), however, care must be taken 

during construction and especially during backfilling to prevent large rips or 
punctures from occurring. In addition, GCLs require a smooth subgrade free 
from gravel greater than 2 inches prior to installation. 

- Ease and Speed of Placement and Construction - GCLs are easier to place than | 
soil liners and can be placed much more quickly than soil liners (Daniel, 1993). 

- Availability of Material - GCLs were selected as the soil component of the © 
composite liner system primarily because large quantities of clay would be 
required from off-site sources. The environmental impacts of excavating the 
approximate 743,000 cubic yards of clay for liner/cap construction from off-site are 
considered by the WDNR to be significant. GCL, in combination with the P40 till 
layer, provides an alternative with the least potential impact. 

- Ease of Quality Assurance (QA) - The QA for GCL is much simpler and faster 
than for compacted clay liners, which translates into increased construction 
efficiencies and decreased costs. 

The GCL in combination with 12 inches of compacted P40 till was selected for the final cover 
primarily because of the advantages of the GCL over the compacted clay liner, especially as 
related to environmental impacts, constructibility issues, and physical/mechanical issues. The 
12-inch compacted P40 till layer is provided as an additional redundancy to the GCL which is 
considered the primary low permeability soil component of the composite cap. The P40 till layer 
provides a low permeability layer which can provide composite action with the geomembrane and 
thus provides redundancy in the soil component design. 
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@ 7 HELP Model Update 

7.1 Background 

Section 6.7 of the Feasibility Report (Foth & Van Dyke, 1995a) explains how the HELP model 
analyses were used to estimate the quantity of percolation through the liner and cover systems 
during the operation, closure, and post-closure periods. Section 6.7.2 provides a HELP model 
program overview discussing the rationale for selecting model input data for evapotranspiration, 
precipitation, temperature, and solar radiation. Section 6.7.3 provides 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, 1995a) have been 
updated to reflect the modifications made to the TMA’s composite liner, LCS, and final cover. 

Information concerning the redesign of the composite liner, LCS, and final cover are provided in 
Sections 4, 5, and 6 of this addendum, respectively. | 

7.2 Design Data 

7.2.1 Primary Models 

Three primary models were used for water balance determination of the selected TMA design. 
These three primary HELP model designs are hence referred to as Sideslope (drained), 
Sideslope (undrained), and Base HELP Models. Sideslope (drained) refers to the case where a 

© geocomposite drainage layer is placed over the liner on the sideslope. Sideslope and Base HELP 
Models have the same final cover configuration. The Sideslope HELP Model bottom liner layer 
is sloped at 33 percent. The Base HELP Model has a different bottom liner configuration which 
is sloped at two percent from a high point in the center of each cell. 

7.2.2 Submodels 

The Sideslope and Base HELP Models have been further defined to better represent the primary 
configurations over time. The Sideslope HELP Models have been subdivided into several models 
to represent filling, closure, and post-closure scenarios. The Base HELP Model has also been 
divided into submodels representing the same time periods to more accurately represent the 
water balance at different time periods. The primary Sideslope and Base HELP Models have 
been divided into the following submodels: 

° Stages I, III, V, and VII (first stage of TMA cell filling, referred to as initial stage) 
[Sideslope (undrained) does not pertain to these submodels]; 

° Stages II, IV, VI, and VIII (second stage of TMA cell filling) (referred to as 
second stages); 

° Post-Closure Period With Lateral Drainage on the Sideslopes and Base (represents 
the case with active leachate removal); 

° 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 
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° 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), ". .. 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 GeoSyntec report is reproduced in Appendix F. 

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

sideslope (drained) HELP Model: Initial Stages 

° no cover; 
° no surface water runoff; 

° vertical profile of 22.5 feet 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; 
e GCL; 

° P40 till layer; and 

° soil and tailing layer data as provided in Table 7.2-1. 

Base HELP Model: Initial Stages 

° no cover; 
° no surface water runoff; 

° vertical profile of 45 feet 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 7.2-2. 

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. 
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Table 7.2-1 | 

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Sideslope (drained) - Initial Stages (I, III, 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) (vol/vol) (vol/vol) (cm/sec) (vol/vol) 
a 

] Tailings 30 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° 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 3.33 x 10° 0.5445 

Till/ 
4 Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 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 --- --- --- --- --- 2.0 x 10° --- 

7 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3 x 10° 0.7500 

8 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 
a 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 

a 
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Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Base - Initial Stages (I, Ill, V, VID 

Classificat; _. Saturated Initial Soil 

a ssicno CCT 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 Tailings 60 0 --- --- 0.5803 0.5100 0.3400 4.0x 10° 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 3.33 x 10° 0.5445 

4 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.5385 

5 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.5338 

6 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 104 0.2440 
Drainage 

Granular Soil/ 

7 Lateral 24 21 Gravel 0.3970 0.0320 0.0130 3.0 x 107 0.0320 
Drainage 

8 Geomembrane 0.06 35 --- --- --- --- --- 2.0x 10% --- 

9 GCL 0.24 17 --- --- 0.7500 0.7470 0.4000 3 x 10° 0.7500 

10 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 

‘Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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@ The Sideslope and Base HELP Models for second stages have been conducted based on the 
following generalized design specifications and soil characteristic input parameters: 

Sideslope (drained) HELP Model: Second Stages 

° no cover; 
° no surface water runoff; 

. vertical profile of 67.5 feet 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 7.2-3. 

Sideslope (undrained) HELP Model: Second Stages 

° no cover; 
° no surface water runoff; 

° vertical profile of 22.5 feet of tailings (average of tailings depth at ends); 
° 135-foot length of base drainage at 3H:1V slope; 
° lateral drainage through till layer; 

© ° geomembrane; 
° GCL; 

° P40 till layer; and 

° soil and tailing layer data as provided in Table 7.2-4. 

Base HELP Model: Second Stages 

° no COVET; 
° no surface water runoff; 

° vertical profile of 90 feet 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 7.2-5. 
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Table 7.2-3 

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

Classificati _. Saturated Initial Soil 
assilication 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 Tailings 90 0 --- --- 0.5803 0.5100 0.3400 4x 10° 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 3.33 x 10° 0.5445 

4 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.5385 

5 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.5338 

6 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.5297 

7 Tailings 120 0 --- --- 0.5259 0.4915 0.3215 2.0 x 10° 0.5259 

8 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 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 --- --- --- --- --- 2x10” --- 

11 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

12 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 

'Geosynthetic Clay Liner. Prepared by: JBK 

Checked by: NXP 
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Table 7.2-4 

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

Classificati _. Saturated Initial Soil 
. assilication 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 Tailings 30 0 --- --- 0.5803 0.5100 0.3400 4x 10° 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 3.33 x 10° 0.5445 

4 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 0.2440 

Drainage | 

5 Geomembrane 0.06 35 --- --- --- --- --- 2x 10” --- 

6 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

7 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 
a ESO 

'Geosynthetic Clay Liner. Prepared by: JBK | 
Checked by: NXP 

en 
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Table 7.2-5 

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Base - Second Stages (II, IV, VI, VID 

eo. _. 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 Tailings 120 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° 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 3.33 x 10° 0.5445 

| 4 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.5385 

5 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.5338 

6 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.5297 

7 Tailings 120 0 --- --- 0.5259 0.4915 0.3215 2.0 x 10° 0.5259 

8 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 1.5 x 10° 0.5226 

9 Tailings 120 0 --- --- 0.5195 0.4900 0.3200 1.0 x 10° 0.5195 

10 Till/Lateral 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 0.2440 
Drainage 

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

Drainage 

12 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10° --- 

13 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

14 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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The Sideslope and Base HELP Models for Post-Closure Period with lateral drainage on the base 
@ have been conducted based on the following generalized design specifications and soil 

characteristic input parameters: 

Ssideslope (drained) HELP Model: Post-Closure Period With Lateral Drainage on the Base 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 
° P40 till layer; 
° vertical profile of 67.5 feet 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 7.2-6. 

Sideslope (undrained) HELP Model: Post-Closure Period With Lateral Drainage on the Base 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
© ° geomembrane; 

° GCL; 

° P40 till layer; 
° vertical profile of 22.5 feet of tailings (average of tailings depths at ends); 
° 135-foot length of base drainage at 3H:1V slope; 
° lateral drainage through till layer; 
° geomembrane; 
° GCL; 

° P40 till layer; and 
° soil and tailing layer data as provided in Table 7.2-7. 

Base HELP Model: Post-Closure Period With Lateral Drainage on the Base 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 

° P40 till layer; 
° vertical profile of 90 feet of tailings; 
° 970-foot length of base drainage at 2 percent slope ; 
° lateral drainage above the liner; 
° geomembrane; 
° GCL; 

° P40 till layer; and 
© ° soil and tailing layer data as provided in Table 7.2-8. 
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Table 7.2-6 

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Sideslope (drained) - 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) (vol/vol) (vol/vol) (cm/sec) (vol/vol) 

1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7x 10% 0.3231 

2 Tilly 36 10 SCL SC 03980 0.2440 0.1360 12x10* 0.2443 
Rooting Zone 

Granular Soil/ 

3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10° 0.0320 

Drainage 

4 Geomembrane 0.06 35 we --- --- --- --- 2.0x 10° --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 

7 Till/ 36 10 SCL SC 03980 0.2440 0.1360 12x10* — 0.2440 
Grading Layer 

8 Tailings 90 0 --- --- 0.5803 0.5100 0.3400 4.0x 10° 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 3.33 x 10° 0.5216 

11 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.5293 

12 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.5127 

13 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.4976 
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Table 7.2-6 (Continued) 

Classificati . _. Saturated _—_ Initial Soil 

General Thickness Porosity Capacity Point Conductivity Content 

Layer # Description (Inches) HELP USDA USCS (vol/vol) (vol/vol) (vol/vol) cm/sec vol/vol 
_Layer# Description _(incnes) eeeeeeaee vn) _  fem/sec) _(vol/vol) _ 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 2.0 x 10° 0.5022 

15 el Lateral 18 10 SCL SC 03980 0.2440 0.1360 1.2x10* 0.2929 
rainage 

16 Geocomposite/ 0.24 34 _-- --- 0.8500 0.0100 0.0050 33.0 0.0602 
Lateral Layer 

17 Geomembrane 0.06 35 --- --- ~-- --- --- 2x 10° --- 

18 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

19 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2248 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 

i 
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Table 7.2-7 

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

Classificati _. Saturated _— Initial Soil 
| assification 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 3.7 x 10% 0.3231 

2 Till/ 36 10 SCL SC 03980 0.2440 0.1360 12x10* 0.2443 
Rooting Zone 

Granular Soil/ 

3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10° 0.0320 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10° --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.5010 

7 Till/ 36 10 SCL SC 03980 0.2440 0.1360 1.2x10* 0.2440 
Grading Layer 

8 Tailings 30 0) --- --- 0.5803 0.5100 0.3400 4.0x 10° 0.5086 

9 Tailings 120 0 --- --- 0.5529 0.5066 0.3366 3.66 x 10° 0.5359 

10 Tailings 120 0 --- --- 0.5445 0.5033 0.3333 3.33 x 10° 0.5445 

11 Till/Lateral 18 10 SCL SC 03980 0.2440 0.1360 1.2x10*  — 0.3980 
Drainage 

12 Geomembrane 0.06 35 --- --- --- --- --- 2x 10% --- 
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Table 7.2-7 (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) 
a 

13 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

14 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.3073 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 

a 
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Table 7.2-8 

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

Classificati . _ Saturated Initial Soil 

assitication 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 3.7 x 10% 0.3231 

2 Till 36 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 0.2443 
Rooting Zone 

Granular Soil/ 
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0x 10° 0.0320 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- ~-- 2.0x 10% --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 3x 10° 0.5010 

7 cy Bene 36 10 SCL SC 03980 0.2440 0.1360 1.2 10" 0.2440 

8 Tailings 240 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° 0.5186 

9 Tailings 120 0 --- --- 0.5445 0.5033 0.3333 3.33 x 10° 0.5239 

10 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.5270 

11 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.5025 

12 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.4992 

13 Tailings 120 0 --- --- 0.5259 0.4915 0.3215 2.0 x 10° 0.5089 
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Table 7.2-8 (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) 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 1.5x 10° 0.5216 | 

15 Tailings 120 0 --- --- 0.5195 0.4900 0.3200 1.0 x 10° 0.5194 

16 Till/Lateral 18 10 SCL SC 03980 0.2440 0.1360 12x 10% 0.2960 
Drainage 

Granular Soil/ 

17 Lateral 24 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10" 0.0832 

Drainage 

18 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10" --- 

19 GCL 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

20 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2244 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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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 conducted based on the following © 
generalized design specifications and soil characteristic input parameters: 

Sideslope (drained) HELP Model: Post-Closure Period With No Lateral Drainage on the Base 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 

° P40 till layer; 
° vertical profile of 67.5 feet 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; 

° P40 till layer; and 
° soil and tailing layer data as provided in Table 7.2-9. 

Sideslope (undrained) HELP Model: Post-Closure Period With No Lateral Drainage on the Base 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; © 
° P40 till layer; 
° vertical profile of 22.5 feet 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; 
° geomembrane; 
° GCL; 
° P40 till layer; and 

° soil and tailing layer data as provided in Table 7.2-10. 

Base HELP Model: Post-Closure Period With No Lateral Drainage 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 

° P40 till layer; 
° vertical profile of 90 feet 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 7.2-11. @ 
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Table 7.2-9 

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

Classificati _ Saturated Initial Soil 
. assitication 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 3.7 x 10% 0.3813 

2 Till/ 36 10 SCL SC 03980 0.2440 0.360 12x10 0.2561 
Rooting Zone 

3 Granular Soil/ 12 21 Gravel 0.3970 0.0320 0.0130 3.0x 10" 0.0328 
Lateral Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10% --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

Till/ 
7 Grading 36 10 SCL SC ().3980 0.2440 0.1360 1.2 x 10% 0.2440 

Layer 

8 Tailings 90 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° ~ 0.5055 

9 Tailings 120 0 --- oo 0.5529 0.5066 0.3366 3.66 x 10° 0.4817 

10 Tailings 120 0) --- --- 0.5445 0.5033 0.3333 3.33 x 10° 0.4739 

11 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.4682 

12 Tailings 120 0 — --- 0.5338 ().4965 0.3265 2.66 x 10° 0.4636 

13 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.4594 
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Table 7.2-9 (Continued) 

ae 

Classificati _. Saturated Initial Soil 
| assification 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) 
i 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 2.0 x 10° 0.4530 

15 Til) 18 10 SCL SC 03980 0.2440 0.1360 1.2x10* 0.2440 
Lateral Drainage 

16 Geocomposite/ 0.24 34 a -- 0.8500 + ~=—-0.0100-~——(0.0050 33.0 0.0100 
Lateral Layer 

17 Geomembrane 0.06 35 --- --- --- --- ~-- 2x10” --- 

18 GCL’ 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

19 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.1973 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 

 —— 
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Table 7.2-10 

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

Classificat; _. Saturated Initial Soil 
assification 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 3.7 x 10° 0.3813 

2 Till 36 10 SCL SC 03980 0.2440 0.1360 1.2.x 10" 0.2561 
Rooting Zone 

. Granular Soil/ 
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10° 0.0328 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10° --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SIL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

7 Till) 36 10 SCL SC 03980 0.2440 0.1360 12x10" 0.2440 
Grading Layer 

8 Tailings 30 0 --- --- 0.5803 0.5100 0.3400 4.0x 10° 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 3.33 x 10° 0.4740 

11 Till/Lateral 18 10 SCL SC 03980 0.2440 0.1360 12x10*  — 0.2440 
Drainage 

12 Geomembrane 0.06 35 --- --- --- --- ~-- 2x10” --- 
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Table 7.2-10 (Continued) 

IS 

. 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) 
en EEE Le 

13 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

14 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2008 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 

a 
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Table 7.2-11 

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

a 
Classificati _. Saturated Initial Soil 

assitication 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 
_Layer # Description _(@nches) eee om/sec) _(volvol) _ 

1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7 x 10% 0.3813 

2 Tilly 36 10 SCL SC 0398 0.2440 0.1360 12x 10° 0.2561 
Rooting Zone 

Granular Soil/ 
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10" 0.0328 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10°? --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 2x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

7 Till) 36 10 SCL SC 03980 0.2440 0.1360 12x 10% 0.2440 
Grading Layer 

8 Tailings 240 0 --- --- 0.5803 0.5100 0.3400 4.0x 10° 0.5055 

9 Tailings 120 0 --- --- 0.5445 0.5033 0.3333 3.33 x 10° 0.4739 

10 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 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 2.33 x 10° 0.4594 

13 Tailings 120 0 --- --- 0.5259 0.4915 0.3215 2.0 x 10° 0.4559 

a 
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Table 7.2-11 (Continued) 

Classificati _. Saturated Initial Soil 

. __Stassiiication ‘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) 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 15x 10° 0.4530 

15 Tailings 120 0 -- -- 0.5195 0.4900 _—0.3200 1.0 x 10° 0.4503 

16 Till 18 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 0.2440 

Granular Soil/ 
17 Vertical 24 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10° 0.0320 

Percolation 

18 Geomembrane 0.06 35 --- --- ~-- --- “+ 2.0 x 10% --- 

19 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

20 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.1973 

‘Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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The Sideslope and Base HELP Models for Post-Closure Period 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 generalized design specifications and soil characteristic input 
parameters represent this case: 

Sideslope (drained) HELP Model: Post-Closure Period With No Lateral Drainage on the Base 
and No Base Geomembrane 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 
° P40 till layer; 

° vertical profile of 67.5 feet 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 7.2-12. 

Sideslope (undrained) HELP Model: Post-Closure Period With No Lateral Drainage on the Base 
and No Base Geomembrane 

©} ° final cover soils; 
° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 

° P40 till layer; 
° vertical profile of 22.5 feet of tailings; 
° 135-foot length of base drainage at 3H:1V slope; 
° lateral drainage through the till layer; 
° GCL; 

° P40 till layer; and 
° soil and tailing layer data as provided in Table 7.2-13. 

Base HELP Model: Post-Closure Period With No Lateral Drainage and No Base Geomembrane 

° final cover soils; 

° 1,500-foot length of cover drainage at 2 percent slope; 
° geomembrane; 
° GCL; 

° P40 till layer; 

° vertical profile of 90 feet of tailings; 
° GCL; 

° P40 till layer; and 

° soil and tailing layer data as provided in Table 7.2-14. 

wa 
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Table 7.2-12 

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Sideslope (drained) - Post-Closure Period 

With No Lateral Drainage on the Base and No Base Geomembrane 

NN 

Classificati _. Saturated _—_ Initial Soil 

| assitication 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 
_Layer# Description __(Inches) _ HELP svat _ wove) vee wee (om/sec) _(vol/vol)_ 

1 Topsoil 6 8 L ML 0.4630 0.2320 0.1160 3.7 x 10° 0.3328 

2 Tul 36 10 SCL SC 0.3980 0.2440 0.1360 12x10* 0.2469 
Rooting Zone 

Granular Soil/ 
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10" 0.0398 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10" --- 

5 GCL’ 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

7 Tilly 36 10 SCL SC 03980 0.2440 0.1360 12x10*  — 0.2440 | 
Grading Layer 

8 Tailings 90 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° 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 3.33 x 10° 0.4739 

11 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 0.4682 

12 Tailings 120 0 --- --- 0.5338 0.4965 0.3265 2.66 x 10° 0.4636 

ce 
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Table 7.2-12 (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) (vol/vol) (vol/vol) (cm/sec) (vol/vol) 

13 Tailings 120 0 --- --- 0.5297 0.4930 0.3230 2.33 x 10° 0.4594 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 2.0 x 10° 0.4530 

15 tN nateral 18 10 SCL SC 03980 0.2440 0.1360 12x10*  — 0.2440 
rainage | 

16 Geocomposite/ 0.24 34 -- -- 0.8500 ~—-0.0100~—:0.0050 33.0 0.0100 
Lateral Layer 

17 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

18 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.1886 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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Table 7.2-13 

Soil, Waste and Geosynthetic Characteristics Used for Water Balance Model 
Sideslope (undrained) - Post-Closure Period 

With No Lateral Drainage on the Base and No Base Geomembrane 

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 3.7 x 10° 0.3328 

2 Till/ 36 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10% 0.2469 
Rooting Zone 

3 Granular Soil/ 12 21 Gravel 0.3970 0.0320 0.0130 30x10" 0.0398 
Lateral Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0 x 10” --- 

5 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

7 Till) 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 4.0 x 10° 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 3.33 x 10° 0.4740 

11 Till/Lateral 18 10 SCL SC 03980 0.2440 0.1360 1.2x10* 0.2440 
Drainage | 

12 GCL! 0.24 17 --- --- 0.7500 0.7470 0.4000 3x 10° 0.7500 

13 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.1886 

'Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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Table 7.2-14 

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

Classificati _. Saturated Initial Soil 
assitication 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 3.7 x 10° 0.3328 

2 Tilly 36 10 SCL SC 0.3980 0.2440 0.1360 1.2 x 10° 0.2469 
Rooting Zone 

Granular Soil/ 
3 Lateral 12 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10” 0.0398 

Drainage 

4 Geomembrane 0.06 35 --- --- --- --- --- 2.0x 10” --- 

5 GCL' 0.24 17 --- --- 0.7500 0.7470 0.4000 2x 10° 0.7500 

6 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.2840 

7 a caer 36 10 SCL SC 03980 0.2440 0.1360 12x 10% 0.2440 

8 Tailings 240 0 --- --- 0.5803 0.5100 0.3400 4.0 x 10° 0.5055 

9 Tailings 120 0 --- --- 0.5445 0.5033 0.3333 3.33 x 10° 0.4739 

10 Tailings 120 0 --- --- 0.5385 0.5000 0.3300 3.0 x 10° 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 2.33 x 10° 0.4594 

13 Tailings 120 0 --- --- 0.5259 0.4915 0.3215 2.0 x 10° 0.4559 

NN 
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Table 7.2-14 (Continued) 

Classificati . Saturated Initial Soil 
assilication 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) 

14 Tailings 120 0 --- --- 0.5226 0.4905 0.3205 1.5 x 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 1.2 x 10% 0.2440 

Granular Soil/ 
| 17 Vertical 24 21 Gravel 0.3970 0.0320 0.0130 3.0 x 10° 0.0323 
| Percolation 

18 GCL! 0.24 417 --- --- 0.7500 0.7470 0.4000 2x 10° 0.7500 

19 P40 Till 12 0 SiL ML 0.5010 0.2840 0.1350 2x 10° 0.1812 

‘Geosynthetic Clay Liner. Prepared by: JBK 
Checked by: NXP 
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Tables 7.2-1 through 7.2-5 show that the models do not include the ponding of the slurry water. 
© The reason is that the purpose of the water balance is to primarily determine the leachate 

generation rates during the post-closure monitoring period and the percolation from the site. 
Since the simulation starts with the case of initial saturation of all tailing layers, the effect of the 
ponding (which is to keep the tailing layers saturated) will be indirectly accounted for if the 
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, 1995a), 
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, 1995a), the submodels during the initial simulations for the open conditions were 
rerun with the precipitation values increased by a factor of two. The values 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 
with the modified liner and sideslope drain systems, only the runs with the precipitation 
increased by a factor of two were conducted. 

For all analyses, the geomembrane included both in the final cover and the base liner was 
© considered to have one pinhole per acre due to manufacturing defects and four holes per acre 

due to installation defects. The contact between the membrane and the GCL component of the 
composite liner was taken as "good" discarding the option of "excellent" contact in order to 
obtain conservative (higher) values of percolation through the composite liner. Per Schroeder, 
et al. (1994), all the above conditions are either readily achievable by a good CQA program or 
are more conservative (producing larger percolation) than what will actually occur. Thus, by 
considering different geometry, appropriate material properties, and techniques for simulating 
operation scenarios, the HELP model should provide reasonably conservative values of leachate 
quantities and percolation from the site. These results are discussed in Section 7.3. 

7.3 Summary of Results 

7.3.1 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 7.3-1. 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 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. 
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Table 7.3-1 

| Results of HELP Models 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 

HELP Model ID Simulation Period Cover' Collected’ Liner' Across Liner Cover Collected Liner Across Liner 
Years in/yr; (Percent) in/yr; (Percent) in/yr; (Percent) (in) (in/day) (in/day) (in/day) (in) 

Sideslope (drained) - 10 NA 14.71240 0 0.006 NA 0.12109 0 0.018 
Initial Stage (23.37825) (0) 
(Table 7.2-1) 

Base - Initial Stage 10 NA 15.10629 0.00019 1.181 NA 0.09164 0.000001 2.614 
(Table 7.2-2) (24.00415) (0.00030) 

Sideslope (drained) - 10 NA 16.13380 0 0.007 NA 0.12907 0 0.020 
Second Stage (25.63687) (0) 
(Table 7.2-3) 

Sideslope (undrained) - 10 NA 12.48061 0.39887 159.489 NA 0.04525 0.002628 288.000 
Second Stage (19.83190) (0.63381) 
(Table 7.2-4) 

Base - Second Stage 10 NA 16.20123 0.00019 1.266 NA 0.09074 0.000001 2.589 
(Table 7.2-5) (25.74403) (0.00031) 

Sideslope (drained) - 40 0.00010 0.95497 0 0 0.000004 0.09159 0 0.014 
Final Cover (0.00034) (3.10485) (0) 
(Table 7.2-6) 

Sideslope (undrained) - 40 0.00010 0.50555 0.00550 3.266 0.000004 0.03780 0.001471 209.207 
Final Cover (0.00034) (1.64366) (0.1790) 
(Table 7.2-7) 

Base - Final Cover 40 0.00010 1.33246 0.00002 0.104 0.000004 0.06450 0.000001 1.840 
(Table 7.2-8) (0.00034) (4.33214) (0.00005) 

Sideslope (drained) - 100 0.00010 0.00011 0 0 0.000005 0.00296 0 0.001 
Final Cover (0.00034) (0.00036) (0) 

(Table 7.2-9) : 

Sideslope (undrained) - 100 0.00010 0.00023 0 0 0.000005 0.00003 0 0.020 
Final Cover (0.00034) (0.00075) (0.00001) 
(Table 7.2-10) 
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Table 7.3-1 (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 

HELP Model ID Simulation Period Cover' Collected! Liner’ Across Liner Cover Collected Liner Across Liner 
Years in/yr; (Percent) in/yr; (Percent) in/yr; (Percent) (in) (in/day) (in/day) (in/day) (in) 

Base - No Drainage 100 0.00010 NA 0 0.017 0.000005 NA 0 0.022 
(Table 7.2-11) (0.00034) (0.00001) 

Sideslope (drained) - No 100 0.00010 0.00009 0.00002 0 0.000005 0.00296 0.000002 0.001 
Geomembrane at Base (0.00034) (0.00029) (0.00007) 
(Table 7.2-12) 

Sideslope (undrained) - 100 0.00010 0.00001 0.00023 0 0.000005 0.00003 0.000111 0.020 
No Geomembrane at (0.00034) (0.00002) (0.00075) 
Base 
(Table 7.2-13) 

Base - No 100 0.00010 NA 0.00016 0 0.000005 NA 0.000106 0.010 

Geomembrane at Base (0.00034) (0.00051) 

(Table 7.2-14) 

'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. Prepared by: NXP 
- Zero (0) represents values less than 0.0000005. Checked by: JBK 
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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 7.3-2 from the HELP model runs included in the May 1995 Feasibility Report (Foth & 

Van Dyke, 1995a). The percolation through the liner for Second Stage of the sideslope and base 
cases from the May 1995 Feasibility Report are shown in Table 7.3-3. Tables 7.3-2 and 7.3-3 

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 7.2, 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. 

Table 7.3-2 

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 does not pertain to the modified liner, LCS, and cover configurations 

described in Sections 4, 5, and 6. This data is from the initial HELP model runs presented in 

the May 1995 Feasibility Report and is 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 7.3-3 

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

Sideslope Base 
Year (in/yr) (in/yr) 

rr Es 

1 0.817797 0.000816 

2 0.844675 0.000956 

3 0.788535 0.000956 

4 0.683487 0.000959 

5 0.554911 0.000751 

6 0.687312 0.000356 

7 0.666802 0.000505 

8 0.659438 0.000288 

9 0.818071 0.000356 

© 10 0.731234 0.000604 

Note: The data in this table does not pertain to the modified liner, LCS, and cover configurations 

described in Sections 4, 5, and 6. This data is from the initial HELP model runs presented in the 

May 1995 Feasibility Report and is presented here for illustrative purposes only. (Ref. 
Table 6.7-15 of the Feasibility Report.) 

Prepared by: JBK 

Checked by: MDF 

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, 1995a)). The results of these analyses for the revised 
TMA design addressed in Addendum No. 3 in terms of averages through the simulation period 
are reproduced from Table 7.3-1 in Table 7.3-4. 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 7.3-5 and 7.3-6, 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 7.3-4) 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. 
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Table 7.3-4 

HELP Model Results: Simulation of Ponding 

Average Annual Totals for Model Duration Peak Daily Values 

Water Balance Lateral Lateral 
Duration Drainage/Leachate _ Percolation Through Drainage/Leachate —_ Percolation Through 

HELP Model ID Years Collected Liner Average Head Collected Liner Average Head 
(in/yr) (in/yr) Across Liner (in) (in/day) (in/day) Across Liner (in) 

Sideslope (drained) - 10 14.71240 0 0.006 0.12109 0 0.018 
Initial Stage 
(Table 7.2-1) 

Base - Initial Stage 10 15.10629 0.00019 1.181 0.09164 0.000001 2.614 
(Table 7.2-2) 

Sideslope (drained) - 10 16.13380 0 0.007 0.12907 0 0.020 
Second Stage 
(Table 7.2-3) 

Sideslope (undrained) - 10 12.48061 0.398868 159.489 0.04525 0.002628 288.000 
Second Stage 
(Table 7.2-4) 

Base - Second Stage 10 16.20123 0.00019 1.266 0.09074 0.000001 2.589 
(Table 7.2-5) : 

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. Prepared by: NXP 
Checked by: JBK 
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e Table 7.3-5 

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

Sideslope 

Areas With Drainage Areas Without 
Year (in/yr) Drainage (in/yr) Base (in/yr) 

1 0 NA 0.000328 

2 0 NA 0.000167 

3 0 NA 0.000126 

4 0 NA 0.000285 

5 0 NA 0.000181 

| 6 0 NA 0.000144 

7 0 NA 0.000205 

8 0 NA 0.000107 

9 0 NA 0.000056 

© 10 0 NA 0.000282 

Note: Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0. 
NA - Not Applicable. 

Prepared by: NXP 
Checked by: JBK 

© 
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Table 7.3-6 | © 

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

Sideslope 

Areas With Drainage Areas Without 
Year (in/yr) Drainage (in/yr) Base (in/yr) 

1 0 0.359808 0.000387 

2 0 0.493494 0.000217 

3 0 0.491996 0.000168 

4 0 0.424182 0.000247 

5 0 0.425760 0.000168 

6 0 — 0.501458 0.000160 

7 0 0.280386 0.000188 

8 0 0.104438 0.000137 | 

9 0 0.311280 0.000107 

10 0 0.595868 0.000168 © 

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

Prepared by: NXP 

Checked by: JBK 
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) 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 7.3-4, 7.3-5 and 7.3-6). 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 7.3-1). 

7.3.2 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 7.3-7 shows the estimated rates of percolation assuming the initial stage of a TMA cell will 
be operative for three years and the second stage for five years, including the consolidation 
period, before the cell is closed. The values in the table represent the maximum values from 
Tables 7.3-5 (0-3 yrs) and 7.3-6 (4-8 yrs). 

Table 7.3-7 

Percolation During Cell Filling 

© Rate of Percolation (in/yr) 

0-3 yrs 4-8 yrs 

Sideslope With Geocomposite Drainage 0 0 | 

Sideslopes With No Geocomposite NA 0.595868 

Base Area 0.000328 0.000387 

NA - Not Applicable. 
Note: Since HELP model output gives only six digits, values less than 0.0000005 are shown as 0. 

Prepared by: NXP 

Checked by: JWS 

For the remaining periods the estimated percolation rates following placement of the cell final 
cover are as shown in Table 7.3-8. 
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Table 7.3-8 @ 

Post-Closure Percolation 

Sideslope 

Year from Placement Areas With Drainage Areas Without 
of Cover (in/yr) Drainage (in/yr) Base (in/yr) 

1 <0.0000005 0.217444 0.000171 

2 <0.0000005 0.001019 0.000108 

3 <0.0000005 0.000324 0.000028 

4 <0.0000005 0.000255 0.000024 

5 <0.0000005 0.000201 0.000022 

6 <(.0000005 0.000160 0.000020 

7 <Q.0000005 0.000129 0.000018 

8-15 <0.0000005 0.000057 0.000013 

16-25 <0.0000005 0.000013 0.000009 

26-35 <(.0000005 0.000004 0.000003 

36-40 <(0.0000005 0.000003 0.000002 

41-50 <0.0000005 0.000003 0.000004 

51-60 <0.0000005 0.000003 0.000004 © 

61-70 <0.0000005 0.000003 . 0.000004 

71-80 <(Q.0000005 0.000003 0.000004 

81-90 <0.0000005 0.000003 0.000004 

91-115 <0.0000005 0.000003 0.000004 

116-140 <0.0000005 0.000003 0.000004 

141 0.000005 0.012844 0.013495 

142-165 <Q.0000005 0.0001' <0.0000005 

166-175 <(Q.0000005 0.000104 <0.0000005 

176-185 <Q.0000005 0.000098’ <0.0000005 

186-195 <0.0000005 0.000117’ <0.0000005 

196-205 <0Q.0000005 0.000099" <0.0000005 

206-215 <Q.0000005 0.000089" <0.0000005 

216-220 <0.0000005 0.000137' <0.0000005 

221-230 <0.0000005 0.000110’ 0.000103? 

231-240 <0.0000005 0.000104 0.000100" 

‘Percolation equal to infiltration through cover. Prepared by: NXP 
Checked by: SVD1 
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@ 7.3.3 Leachate Generated 

‘Tables 7.3-9 and 7.3-10 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 7.3-1. 

Table 7.3-9 

Lateral Drainage/Leachate Collected’ 
Initial Stages 

Sideslope (in/yr 
_—C—~—~C‘SSlpe (iM) Base ” 

Year With Drainage Without Drainage (in/yr) 

1 18.8906 NA 29.1527 

2 14.8502 NA 13.8246 

3 18.4672 NA 10.8828 

4 13.3185 NA 21.9767 

5 13.9488 NA 14.6985 

© 6 16.5821 NA 11.9045 

7 9.2977 NA 16.4137 

8 7.9084 NA 9.0575 

9 17.5957 NA 5.2628 

. 10 16.2648 NA 21.8892 

‘Table based on results from HELP model runs with twice the normal mean monthly precipitation values. 

NA = Not Applicable. 

Prepared by: NXP 
Checked by: JBK 
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Table 7.3-10 @ 

Lateral Drainage/Leachate Collected’ 
Second Stages 

Sidesl ideslope (in/yr) Base 

Year With Drainage Without Drainage (in/yr) 

1 30.7883 12.2066 29.3055 

2 17.2812 13.4924 18.1662 

3 11.7274 13.4363 14.5194 

4 22.0404 13.0545 20.0920 

5 14.3285 13.0280 14.4667 

6 13.2855 13.5308 13.9150 

7 16.1233 12.0379 16.0039 

8 9.3325 9.7972 12.0786 

9 5.3529 10.0708 9.7517 

10 21.0778 14.1515 13.7133 @ 

‘Table based on results from HELP model runs with twice the normal mean monthly precipitation values. 

Prepared by: NXP 

Checked by: JBK 

The estimated leachate production rates for the initial and second stages shown in Tables 7.3-9 
and 7.3-10 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 25.2 in/yr for 
the base. For the second stage use 30.8 in/yr for sideslope with geocomposite drainage, 14.2 in/yr 
for areas without geocomposite, and 29.3 in/yr for the base. 

7.4 HELP Model Input Parameters 

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

° Weather data; 

° Soil data; and 

° Design data. 

Sections 6.7.2.1 through 6.7.2.5 of the Feasibility Report (Foth & Van Dyke, 1995a) describe how 
weather data inputs were arrived at. Such information should be considered to be of the highest 
caliber since it represents actual recorded data. © 
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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, 1995a) 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 CMC is proposing to 
perform post-installation leak testing of the geomembrane. This step, not a customary part of 
solid waste landfill construction, has been proposed as a result of CMC’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 also help to verify the validity of the 
geomembrane manufacturing and installation defects quality control data used in the HELP 
model runs. 

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

7.5 Verification of Percolation Through the TMA Liner 

©} 7.5.1 Background 

During a review meeting, WDNR requested that CMC 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. 

7.5.2 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, CMC believes 
the comparison of the estimated annual average percolation from the site using the HELP model 
and Giroud-Bonaparte equations is appropriate. 
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To complete this comparison, the average annual head on the liner as computed by the HELP 

model has been 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 have been maintained. 

For the comparison, 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. The results of the 
calculations are summarized in Table 7.5-1 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 7.3x10” 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. 
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Table 7.5-1 

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 stage 0.006 6.33 x 10” 3.8 x 10° 

2. Base; initial stage 1.18 1.14 x 10° 1.9x 10% 

3. Sideslope with geocomposite; 2nd stage 0.007 7.29 x 10” 4.6 x 10° 

4. Sideslope without geocomposite; 2nd 159.5 0.308 0.399 
, Stage 

5. Base; 2nd stage 1.27 1.23 x 10% 1.9x 10% 

6. Base; early post-closure period 0.64 5.57 x 10° 1 x 10° 

7. Base; leachate system shutoff 0.64 5.52 x 10° 1 x 10% 

8. Sideslope without geocomposite; early 3.27 437x104 55x 102 
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; 2nd 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 2nd stage has 
been filled with tailings but before the cover is placed. 

Prepared by: NXP 

Checked by: PAE 
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e 8 Surface Water Control System 

8.1 Background 

This section presents a discussion of the updated surface water management system at the TMA 
during operations and after closure of the site. The modifications to the TMA facilities footprint 
discussed in Section 3 above result in the need to make slight changes in the planned surface 
water management structures. 

Figures 6.12-1 through 6.12-5, originally presented in the May 1995 Feasibility Report (Foth & 
Van Dyke, 1995a), have been updated and Figures 6.12-2a, 6.12-3a, and 6.12-4a have been 

prepared to show the sequence of TMA stage development, including excavation, construction, 
and closure of the four TMA cells and their respective staging/borrow areas. These figures also 
show the locations of soil stockpiles and the planned surface water management system 
developed to minimize surface water erosion and surface water discharge impacts. 

8.2 Stockpile Management and Erosion Control 

8.2.1 General 

Stockpiling of soils for future use and/or processing will occur during each stage of TMA 
construction. Removal of soil from stockpiles and/or processing will occur during the closure of 
each TMA cell. Addendum No. 2 to the Feasibility Report (Foth & Van Dyke, 1996b) 
established the general principles CMC will follow in the stockpiling of soils. These principles 

© are repeated below along with additional details concerning stockpile management. Till 
processing activities for the first 24 years of the TMA life will be confined to the construction 
Staging areas shown on Figures 6.12-1 through 6.12-4, and Figures 6.12-2a, 6.12-3a, and 6.12-4a. 
For the remaining 4 years of TMA operation and the 3 years of final reclamation, till processing 
activities will be located in the construction staging, stockpile, and borrow area to the north of 
TMA 2 and TMA 4. As a result, surface water management and erosion control features will be 
designed and constructed as permanent features. The final design of these features will be 
completed as part of the development of the project’s Plan of Operation. 

8.2.2 Principles of Surface Water Management and Erosion Control 

The general principles for soil stockpiling as outlined in Addendum No. 2 (Foth & Van Dyke, 
1996b) are: 

° With the exception of the construction and closure of TMA 4, stockpiles will be 
located only in areas which have already been disturbed or that will be disturbed by 
future cell construction. Stockpiling during the construction and closure of TMA 4 
will occur in the stockpile area to the north of TMA 4. 

° Stockpiles will be located as close as practicable to either the construction staging area 
or the portion of the site in which the soil will be used. 

° Stockpiles of soil for processing will be located in the construction staging area or 
© adjacent to it throughout the first 24 years of TMA site life. 
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° Stockpiles will be confined to the smallest possible area. The size, shape, and 

construction of stockpiles will depend on the equipment used by the contractor, the © 
soil type, and other factors. 

° The management of surface water and the construction and/or installation of erosion 
control devices will be the first step in either stockpile construction or borrow area 
development. 

The construction of surface water management features and installation of erosion control 
devices as the first step in construction or stockpiling activities will result in the minimization of 
soil erosion and the control of sedimentation in the disturbed area. Following is a list of the 
principles of erosion and sediment control from the Wisconsin Construction Site Best Management 
Practices Handbook (WDNR, 1989), and a description of what steps CMC will take to comply 
with these principles. 

Diversion of Surface Water Flow from Disturbed Areas 

The construction staging area and the soil and aggregate stockpile sites will be surrounded by a 
diversion berm and ditch system. This diversion berm and ditch system will typically be installed 
as shown on Figures 8.2-1, 8.2-2, and 8.2-3 and will be constructed around the site. Installation 

of the diversion berm and ditch will prevent stormwater run-on from entering disturbed areas 
and stormwater from leaving disturbed areas prior to being routed through a runoff basin. The 
diversion berm and ditch will be fertilized, seeded, and mulched following construction. Where 
stormwater flow velocity is high, erosion control devices such as riprap or erosion matting will be 
provided in the ditch or on the berm. © 

Managing Overland Run-on 

The diversion berms/ditches mentioned above will prevent overland flow from undisturbed areas 
from entering areas disturbed by soil stockpiling processing or borrow activities. Overland flow 
will also be managed by locating the site, if possible, in higher areas of the topography so that 
overland flow is easier to manage. 

Trapping Sediment in Channelized Flow 

Figures 8.2-1 and 8.2-2 are a plan view and cross section of a typical stockpile area showing soil 
processing activities in progress. This typical stockpiling plan shows the following features 
designed to trap sediment originating from disturbed areas: 

° rock berm (Figure 8.2-2), silt fence (Figure 8.2-4) or similar erosion control devices 
installed around all stockpiled soils or aggregates; 

. internal drainage ditch to direct contact water to temporary runoff basins which will 
discharge surface water to the site’s permanent surface water management system; 

° exterior berm and ditch which directs contact water to temporary runoff basins; and 

° temporary runoff basins to which all contact water drains which are designed to 
remove silt size particles for the 25-year, 24-hour rainfall event. 6 
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@ Establishing Permanent Drainageways 

The drainageways around the construction staging area will be constructed as permanent 
drainageways since these drainageways will exist over approximately 24 years of the TMA cells 
life for the construction staging area. The drainageways around stockpiles areas will be designed 
and constructed in the same manner. 

Trapping Sediment During Temporary Site Dewatering 

Temporary dewatering activities required for the construction of TMA facilities will likely be 
limited to dewatering of areas of perched water associated with wetlands located within the TMA 
cell footprint. All water from wetland dewatering activities will be directed to a ditch which 
drains to a temporary runoff basin. 

Preventing Tracking of Soil 

Tracking of soil in and out of the stockpile and soil processing areas is minimized by providing a 
minimum 100-foot length of 2- to 3-inch clear stone at the entrance and exit (Figure 8.2-1). The 
clear stone will help reduce the quantity of soil tracked into and from the disturbed area. 

Stabilizing Stockpile or Cut Areas 

Stockpiles, cut areas, or other disturbed areas on which future activities will occur will be seeded 

with a temporary seed mixture immediately after borrow or stockpiling activities are completed 
for that year. Prior to seeding, the stockpile or cut slope surface will be "track walked" (i.e., 
driving a bulldozer up and down the slope to leave a pattern of imprints parallel to slope 
contours) to create a rough surface. Seed mixtures which conform to the State of Wisconsin 
Department of Transportation Standard Specification (WisDOT Specification) for road and 
bridge construction Section 630.3.3.42 (Borrow Pits and Waste Areas) will be applied as follows. 

° 60 percent temporary species seeds consisting of oats and perennial rye grass. 

° 40 percent permanent species seeds consisting of WisDOT Specification Seed Mixture 
No. 10. 

° The borrow pit mixture listed above will be seeded at a rate of 1.5 pounds per 
1,000 square feet (or approximately 65.3 pounds per acre). 

Keeping Runoff Velocities Low 

The design of both temporary and permanent erosion control facilities has as its goals keeping 
velocities of flowing water low. The measures proposed to accomplish this are as follows: 

° provide riprap at inlets and outlets of temporary runoff basins and culverts, and in 
areas of the ditch where water velocities and/or volumes are high; 

° provide energy dissipation (e.g., rock check dams) where velocities are high; and 
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° provide erosion control matting or other material to increase erosion resistance in 
ditches, when required. © 

Implementing a Sedimentation and Erosion Control Inspection and Maintenance Program 

CMC has committed to a TMA operation inspection plan which includes routine inspection of 
the operating systems of the TMA and its appurtenant structures. The sedimentation and 
erosion control devices constructed for the TMA, construction staging area, and soil stockpiles 

are included in this program. Appendix P of the Feasibility Report (Foth & Van Dyke, 1995a) 
contains a typical assignment operation log for these inspections. This log includes inspection of 
surface water management and erosion control structures after each significant storm event. The 
Plan of Operation will include a more detailed inspection log for the facilities proposed for the 
initial phases. 

8.3 Reevaluation of Surface Water Management Structures 

Runoff basins for the updated TMA are as shown on Drawing 18. Runoff basins 10 and 11 were 
relocated to provide additional setback to wetland F15, but their capacity was maintained 

consistent with the original design. A presentation of the original design for the surface water 
management structures can be found in Section 6.9 of the Feasibility Report (Foth & Van Dyke, 
1995a). Due to the revision of the TMA footprint as represented by Setback Alternative No. 2, 
the capacity of all surface water structures were reevaluated. The results are presented in 
Table 8.3-1. From a watershed area basis, the existing runoff basins watersheds did not | 

significantly change as a result of the footprint modification. Since the existing runoff basin 
watersheds did not change appreciably, it was unnecessary to reanalyze the sizing of surface 
water management structures because under the original design, they were sized for the @ 
100-year/24-hour storm event to achieve settling of the 10 micron particle size. 

8.4 TMA Borrow Area Runoff Basin Design (Runoff Basin 13) 

As discussed in Section 8.3, the originally designed runoff basin sizes have been unchanged. To 
better match the predevelopment overland flow to wetland F15, runoff basin 13 was added to the 
surface water management system. The addition of this runoff basin will result in those portions 
of the construction stockpile, borrow and staging areas, which are within the Hemlock Creek 
watershed, to drain into the Hemlock Creek watershed; and those portions of the construction 

stockpile/borrow area which are within the wetland F15/Skunk Lake watershed to drain into 
F15/Skunk Lake watershed. Runoff basin 13 is proposed to be located at the northeast toe of 
slope of the construction stockpile, borrow, and staging areas and to settle out 10 micron sized 
particles before runoff discharges to the Hemlock Creek watershed. In contrast to the other 
runoff basins, runoff basin 13 will include a wide weir outlet to allow the dispersion of runoff 

over a broader area to minimize erosion. Design calculations for runoff basin 13 are included in 
Appendix H. 

The drainage area associated with runoff basin 13 consists of 12.4 acres of reclaimed upland. 
This basin will be long and narrow and have a 30-foot wide emergency spillway acting as the 
outlet. The spillway will be overtopped by 0.1 feet under a 100-year storm event so discharge 
rates down slope will have insignificant velocities and will not impact the downstream area. 
Details pertaining to runoff basin design are shown on Drawing 31. An updated summary of 
TMA runoff basin hydraulics is provided in Table 8.4-1, including the new runoff basin 13. © 
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© Table 8.3-1 

Comparison of Original and Setback Alternative No. 2 
TMA Runoff Basin Drainage Areas 

Original Drainage Revised TMA Footprint Percent Change 
Runoff Basin Area/Watershed Area (acres) Drainage Area (acres) (+/-) 

8 73.1 73.6 +0.6% 

9 55.4 57.9 +4.5% 

10 54.3 53.1 -2.2% 

11 83.6 83.1 -0.6% 

12 37.8 36.7 -2.9% 

13’ — 12.4 NA 

‘Basin added due to reconfiguration of the stockpile, borrow and construction staging area north of TMA 

cells 2 and 4. 
NA = Not Applicable. 

Prepared by: SRB 

Checked by: PAE 
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Runoff Basin Design Details for 100-Year, 24-Hour Event 

Maximum 
Peak Peak Water Storage Required’ Actual Water’ 

Basin Inflow Discharge Elevation Volume Surface Area Surface Area 
No. . (cfs) (cfs) (ft) (ac-ft) (sf) (sf) 

Runoff 52 9.8 1,628.7 3.14 19,870 42,690 

Basin 8 

Runoff 45 7.8 1,694.3 2.47 15,915 82,764 

Basin 9 

Runoff 42 9.2 1,650.9 2.12 18,720 35,284 | 

Basin 10 

Runoff 60 10.5 1,656.7 3.60 21,400 39,204 

Basin 11 

Runoff 31 8.5 1,701.0 1.42 17,300 32,234 

Basin 12 

Runoff 18 3.0 1,623.4 0.53 6,100 14,810 

Basin 13 @ 

‘ Based on silt-sized (10 micron) particle settling (2,030 sq ft per cfs out). 
* Water surface area at maximum water level in the pond for the 100-year, 24-hour precipitation event. 

Notes: 
cfs - cubic feet per second 
ac-ft - acre feet 
sf - square feet 
ft - feet 

Prepared by: SRB 

Checked by: PAE 
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@ 9 Updated Waste Quantity Estimate and Waste Rock Placement in the TMA 

9.1 General 

The Feasibility Report (Foth & Van Dyke, 1995a) contains a detailed discussion of the estimated 
quantities of waste materials to be placed in the TMA facility. Section 9.2 provides an update to 
that information. 

A planned update to Section 4.8 of CMC’s Mine Permit Application will present a detailed waste 
rock management plan for the project. The objective of the plan is to define criteria and 
procedures that will be used during mine development to segregate waste rock into material that 
will not produce acid rock drainage and will leach only minute quantities of substances; and 
material that has the potential to produce acid rock drainage. The former material will be 
classified as Type I waste rock and the latter as Type II waste rock. The characteristics which . 
distinguish Type I and Type II waste rock are described in the update to Section 3.5.5 of the 
project’s May 1995 EIR. 

Most of the Type I waste rock is expected to be generated during the pre-production 
development of the production shaft, internal ramps, underground maintenance shops, ventilation 
shafts and raises, and crosscuts to the orebody. Type I waste rock brought to the surface is 
proposed to be used as construction aggregate, road base and as fill in the fill material layer 
below the grading layer during final cover placement. 

Type II waste rock will be principally generated during the advancement of lateral hangingwall 
© drifts. These development drifts will be mined adjacent to the Crandon formation and will 

provide a means of access to the orebody through crosscuts. In addition, Type II waste rock will 
also be generated during development of other pre-production areas during periods when Type I 
and Type II materials will be mined concurrently. Type II waste rock will be hoisted to surface 
and temporarily stored in a lined facility north of the plant site. Type II waste rock hoisted to 
the surface will primarily be used as a construction material (e.g., riprap) within the lined area of 
the TMA cells. Type II waste rock not hoisted to the surface will be placed in mined out stopes 

- underground and used as backfill. 

The waste rock management plan will include a detailed presentation of the quantities of both 
Type I and Type II waste rock, the sequence of production, their sequence of use, temporary 
storage location, and temporary storage period. The method of placement in the TMA of 
Type II waste rock not used for construction purposes is presented in Section 9.3 of this report. 

9.2 Updated Waste Quantity Estimate 

This section provides an update of the estimate of waste materials projected to be placed in the 
TMA and an update of the estimated capacity of the TMA cells resulting from their 
reconfiguration. 

Table 4.1-1 of the Feasibility Report (Foth & Van Dyke, 1995a) has been updated and included 
in this report as Table 9.2-1. Table 9.2-1 contains an updated estimate of the waste quantity 
expected for placement in the TMA cells. The zinc and copper tailings generation, and 

© laboratory waste generation estimates have remained unchanged from the May 1995 Feasibility 
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Updated TMA Estimated Waste Quantities 

eee 

_ Annual . Total Generation (x 10°) 
Density (x 10°) Generation ————_______—_- 

Waste Type (PCF) Tons (x 10°) cy Tons cy 
———— 

Zinc Tailings 97! 0.80 0.61 12.77 9.75 

Copper Tailings 97! 0.80 0.61 9.63 7.36 

Type II Waste Rock” 111.3 -- -- 0.32 to 0.65 0.21 to 0.43 

Type I Waste Rock*” 111.3 -- -- 0 to 0.61 0 to 0.41 

Wastewater Treatment Plant Solids* 77.2° “- -- 0.10 0.10 

Laboratory Waste® NA -- -- -- -- 

Demolition Waste NA’ 0.23 0.15 

Total® 23.05 to 23.99 17.57 to 18.20 

Reclaim Pond Solids” 77.2° -- -- 0.27 0.26 
a 

! 97 pef (pounds per cubic foot) from SRK, December 1994, assumes subaerial deposition. 

? Densities from EMC (1985), quantities from Foth & Van Dyke, 1995c. 

> Current plans are to use all Type I and a portion of Type II waste rock as construction materials. The low end of 

the range of tons represents these conditions. In the event CMC decides not to use these materials for construction, 

their entire quantity will be placed in the TMA with the tailings. The upper end of the range of tons represents this 

condition. 
* Wastewater treatment plant solids have been estimated at 100 tons for the total site life (CMC, 1996). 

> Based on solids density for a similar treatment system. 

6 Laboratory waste will be approximately 10.0 tons/year or approximately 280 tons for the total site life. 

’ Density of demolition waste varies depending on the material. 

® Total does not include contingency. 

® Reclaim Pond Solids is not included in the waste quantities total as this is fine tailings carryover that has already 

been accounted for in the tailings quantities. 

cy - cubic yards 
x 10° - million 
NA - not applicable 

-- - not calculated since volume is very small or waste stream does not occur on an annual basis 

Prepared by: REM 

Checked by: PAE 

a EEE 
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Report. The waste quantity changes made in Table 9.2-1 relate to the Type I and Type II waste 
© rock, wastewater treatment solids, and the inclusion of demolition wastes in TMA 4, Stage VIII 

volumes. Demolition waste expected to be placed in TMA 4, Stage VIII are listed in 
Section 11.4 of this report. 

The design capacity of the reconfigured TMA is 20.57 million cubic yards. Based on the design 
Capacity and the projected loading shown in Table 9.2-1, the contingency for the TMA ranges 
from 13 to 17 percent, which is similar to the original design. 

9.3 Type Il Waste Rock Placement in the TMA 

During the operation period of the TMA, Type II waste rock will be hoisted to the surface and 
either used as construction material within the TMA as part of stage development, or placed 
directly into the TMA as it is hoisted to the surface. This section describes the methods to be 
used to place Type II waste rock in the TMA if it is not used for construction purposes. 

Waste rock placement within the TMA will be performed using the general procedure outlined 
below regardless of the TMA cell being operated. 

1. Type II waste rock will be transferred into trucks at the headframe waste rock bin for 
transport to the TMA. 

2. A pad of waste rock will be developed out into the TMA beginning at the intersection of an 
outward TMA sidewall with the TMA center berm. Care will be taken to protect TMA 

eS sidewall liner and piping systems during pad placement. 

3. As Type II waste rock is placed on the pad, it will be moved into and down the pad slope 
into tailings using a dozer. 

4. As tailings are placed, the Type II waste rock will be covered with tailings. 

-5. AS necessary, the pad will be raised using Type I waste rock near the sidewall to maintain 
the active tailings cell with a maximum 10 percent slope. 
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@ 10 Earthwork Balance 

10.1 General 

Section 3 discussed the reconfiguration of the TMA footprint to address WDNR’s concerns 
regarding potential impacts to wetland F15, known as the Bur Oak Swamp. This section 
discusses the updated earthwork balance for the revised footprint. 

10.2 Goals 

In the Feasibility Report (Foth & Van Dyke, 1995a), parameters for the earthwork design were 
as follows: 

. Meet the requirements for the waste storage volume. 

° Minimize or avoid environmental impacts outside the TMA footprint to the extent 
practicable by reducing the area or volume required for borrow and stockpiling. 

° Maintain an adequate separation from groundwater. 

° Balance the earthwork for TMA 1, Stage I to minimize double handling of soils. 

° Provide an earthwork balance which will result in borrow outside the TMA footprint 
required only for final covering of TMA 4. 

© By adjusting the cell base elevations and berm height, CMC was able to meet the design goals 

and, at the same time, provide for the storage volume required. 

10.3 Phased TMA Construction 

Following is an overview of the phased construction of the TMA. Drawing 13, Site Sequencing 
Plan, can be referred to for details regarding cut/fill and other material quantities. 

TMA 1, Stage I will be constructed from the soil excavated in Stage I. TMA 1, Stage I has been 
designed to provide a cut/fill balance. The soil required for the manufacture of the leachate 
collection system drainage layer and the P40 till layer will be excavated from Stage I and 
temporarily stockpiled for processing in the construction staging area as shown in Figure 6.12-1 
of this report. 

TMA 1, Stage II will be constructed using soil excavated from within the footprint of TMA 2. 
The soil required for the manufacture of the leachate collection system drainage layer and the 
P40 till layer will be excavated from TMA 2 and stockpiled for processing in the construction 
staging area within the TMA 2 footprint as shown in Figure 6.12-2. 

TMA 2, Stage III will be constructed by excavating approximately 1.7 million cubic yards from 
within the TMA 2 footprint as shown on Figure 6.12-2a. A portion of the northwest facing 
TMA 2, Stage IV berm will be constructed as Stage III is built. Approximately 700,000 cubic 
yards of excess soil from Stage III excavation will be stockpiled in the stockpile/borrow area 
directly north of TMA 4. Soil for the manufacture of the drainage layer and P40 till layer will be 
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excavated from the TMA 2 footprint and stockpiled for processing in the construction staging 
area as Shown in Figure 6.12-2a. © 

TMA 2, Stage IV berms will be constructed by borrowing soil from TMA 3. Excavation within 
TMA 3 will also provide soil for final cover placement on TMA 1. Figure 6.12-3 shows TMA 1 
final grades and the TMA 2, Stage IV constructed grades. Approximately 1.1 million cubic yards 
of soil materials will be placed in the TMA 1 final cover over the approximate two year closure 
period. The construction staging area shown in Figure 6.12-3 will continue to be used for 
stockpiling the soils required to manufacture the drainage layer and P40 till layer. 

TMA 3, Stage V will be constructed by completing the excavation of TMA 3 to the required 
subbase grades and borrowing approximately 300,000 cubic yards from within the TMA 4 
footprint. The soils required to manufacture the drainage layer and P40 till layer will be 
borrowed from TMA 4 and will be stockpiled in the construction staging area. Figure 6.12-3a 
depicts the proposed embankment configuration of TMA 3, Stage V and shows the location of 
the construction staging area. 

TMA 3, Stage VI berms (Figure 6.12-4) will be constructed by borrowing soil from the TMA 4 
footprint. Excavation within TMA 4 will also provide soil for the final covering of TMA 2. 
Figure 6.12-4 shows TMA 2 final grades which will require a total of approximately 1.4 million 
cubic yards of soil material to construct the TMA 2 final cover system. The soils required for 
manufacturing the drainage layer and P40 till layer for the TMA 2 final cover and the Stage VI 
liner system will be excavated from TMA 4 and stockpiled in the construction staging area for 
processing. 

TMA 4, Stage VII will be constructed by completing the excavation required to bring TMA 4 to © 
the required subbase grade elevation as shown on Figure 6.12-4a, which will result in a need to 
stockpile approximately 540,000 cubic yards in the stockpile/borrow area north of TMA 4. This 
stockpile will also serve as a source for the soil required to manufacture the drainage layer and 
P40 till layer for Stage VII. At this time, and for the remainder of the TMA life, the 
construction staging area will be located in the same area as the stockpile/borrow area. 

TMA 4, Stage VIII berms will be constructed by borrowing soil materials stockpiled north of 
TMA 4. Soils required to manufacture the drainage and P40 till layers of Stage VIII will also 
come from this stockpile as shown on Figure 6.12-5. Soil required for TMA 3 final cover 
construction will come from the stockpile/borrow area. Figure 6.12-5 shows TMA 3 final grades 
which will require approximately 940,000 cubic yards of soil material including the soils required 
to manufacture the final cover drainage layer and P40 till layer. 

TMA 4 will be closed using approximately 1 million cubic yards taken from the stockpile/borrow 
area north of TMA 4. Of the 1 million cubic yards, 100,000 cubic yards will be previously 
stockpiled soil and 900,000 cubic yards will be borrow material. The resulting final proposed 
configuration showing all four TMA cells closed is shown on Drawing 18 of this report. 

10.4 Calculation Method 

| Drawing 13, Site Sequencing Plan, contains updated cut/fill volumes for site preparation of each 
stage of TMA construction. To make up for the loss of volume resulting from the relocation of ® 
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the northwest boundary of TMA 2, the following changes were made to the shapes of the TMA 

© cells: 

° The net TMA lined area was decreased by approximately 5 acres due to the relocation 
of the northwest berm of TMA 2. 

° The berms of the TMA cells were raised approximately 3.5 feet. 

° The base grades of TMA cells 3 and 4 were raised approximately 3.5 feet. _ 

° The base grade of TMA cell 1 was lowered approximately 7.1 feet. 

° The base grade of TMA cell 2 was raised approximately 0.75 feet. 

The above changes resulted in a cut and fill balance for TMA 1, Stage I earthwork. As in the 
original design, a borrow area is required for the soil needed to construct the TMA 4 final cover. 

The Feasibility Report (Foth & Van Dyke, 1995a) provided a detailed accounting of the 
earthwork balance for the TMA construction, operation, and closure as required by NR 182.09, 
Wis. Admin. Code (Plan of Operation). The purpose of this section is to provide preliminary 
earthwork balance calculations as required by NR 182.08(2)(e)3, Wis. Admin. Code. The 
balance provided shows that an adequate volume of earth fill is available to construct the facility 
and the environmental impacts of the modification made will not result in adverse environmental 
consequences. 

© The earthwork quantities (cut/fill) and the quantities of soil and geosynthetic materials required 
for construction and closure of the TMA cells is provided in the tables on Drawing 13. The 
material added or modified in conjunction with the redesign of the liner and final cover are also 
included on Drawing 13. In general, the modifications made in this redesign are as follows: 

° A 12-inch P40 till soil layer replaces 12 inches of off-site native clay (i.e., the low 
permeability soils) in the composite liner and composite cover. | 

° A geosynthetic clay liner (GCL) has been added to the soil component of the 
composite liner and final cover. The estimated quantity of GCL is provided in the 
tables. 

° A geocomposite has been added to the sideslope of the initial stage of each cell (i.e., 
Stages I, III, V, and VII). The estimated quantity of geocomposite is provided in the 
table on Drawing 13. 

| ° The thickness and quantity of the till protective layer on the base has been modified 
to 12 inches of unprocessed till overlain by a the 6-inch till filter layer. 

° The drainage layer quantities have been recalculated to reflect the modifications made 
to the leachate collection system. 

° As in the Feasibility Report (Foth & Van Dyke, 1995a), waste rock quantities used in 
© construction are not included in the earthwork quantities. 
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Figure 10.4-1 has been prepared to provide a preliminary earthwork balance for the construction, | 
operation, and closure of TMA 1 through TMA 4. Figure 10.4-1 shows the total cut in © 
comparison with the total fill needs for TMA construction and closure. The processing of 
drainage layer and P40 till soils is taken into consideration and the quantity of each major soil 
layer on a per cell basis is presented. Figure 10.4-1 also shows the estimated quantity of the 
unused grain sizes of the till referred to in the Feasibility Report (Foth & Van Dyke, 1995a) as 
"by-products". These by-products of the manufacture of drainage layer and P40 till can be 
blended with excavated till and used as earth fill in applications where no till processing is 
required. In Figure 10.4-1 these by-products are added back into the unprocessed till, reducing 
the quantity of unprocessed till required. The quantities estimated in Figure 10.4-1 were an 
input used to estimate the size required for the stockpile, soil processing and construction staging 
area shown on Figures 6.12-1 through 6.12-5, including 6.12-2a, 6.12-3a, and 6.12-4a. 

10.5 Earthwork Contingency 

An earthwork contingency is necessary to account for uncertainties which are difficult to quantify 
for two components of the earthwork balance. The uncertainties are accounted for as follows: 

° A 15 percent contingency has been added to the quantity of soil required to 
manufacture the drainage layer material for the LCS, and the final cover drainage 
layer. The contingency is needed primarily to account for the variability in the till 
properties. A contingency is not required for the manufacture of the P40 till soils 
since Figure 10.4-1 shows that approximately 199,900 cubic yards of excess fines are 
available assuming conservative average properties of the Late Wisconsinan Till (refer 
to Addendum No. 2, Attachment 11 (Foth & Van Dyke, 1996b)). © 

° A 15 percent contingency has been added to the quantity of unprocessed till required 
for the final cover grading layer. This contingency is needed to account for the 
settlement which may take place over the approximate 215 acres of tailings surface 
which will be covered. 

The contingencies mentioned above are calculated in the footnote on Figure 10.4-1 as equalling 
approximately 450,000 cubic yards. So, if till properties were not as anticipated and/or if 
excessive settlement occurred in the tailings, an additional 450,000 cubic yards is available as 

borrow from the stockpile/borrow area north of TMA 4. 

The total Type I mine waste rock which could be used in TMA cell construction is approximately 
355,000 cubic yards. If Type I waste rock is used in TMA cell construction, the 15 percent 
contingency could be reduced to approximately 95,000 cubic yards, meaning that if conditions 
existed which resulted in a need to use the contingency amount, only 95,000 additional cubic 
yards would have to be borrowed from the stockpile/borrow area north of TMA 4. Including the 
Type I waste rock in the material balances simply lessens the borrow requirements for the 
project. 

In addition, demolition waste (i.e., railroad ballast and sub-ballast, road gravel, broken concrete 

from on-site structures, etc.) could be used as part of the grading layer for the final cover for 
TMA 4. Using these materials in the final cover of TMA 4 would further reduce the need to 
borrow from the borrow area north of TMA 4. e@ 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke ° 84 
January 30, 1997



e@ 11 Responses to Remaining Issues 

11.1 General 

During the process of reviewing the Feasibility Report (Foth & Van Dyke, 1995a), WDNR has 

periodically requested that items be clarified or additional information be provided. CMC has 

responded to these requests as they have been raised either through updates or addenda to the 

Feasibility Report or through written correspondence. In the following discussion CMC is 

responding to a series of agency requests for clarification and additional information. 

11.2 Potential for Burrowing Animals to Impact the Integrity of the Final Cover 
System 

Table 3.9-17 of the EIR (Foth & Van Dyke, 1995b) contains a list of mammal species 

documented in the study area that do or could burrow in search of food and/or shelter. Since 

the geomembrane will be covered with 4.5 feet of soil, mammals that generally burrow to a depth 

of less than 3 feet are not considered as posing a threat to the cap geomembrane. Using this 

criteria, four mammals found in the study area, the badger (Taxidea taxus), striped skunk 

(Mephitis mephitis), woodchuck (Marmota monax), and red fox (Vulpes vulpes), are reported to 

burrow greater than 3 feet (Jackson, 1961; Kurta, 1995). Following is a summary of the 

burrowing habits of these four mammals. 

° Badger - Jackson (1961) reported that the badgers brooding nest is 24 to 30 inches in 

diameter placed 2 to 6 feet underground and can be 8 to 30 feet long. It is generally 

© in a grassy area near the base of a hill or on an elevated plain. Jackson maintains that 

badgers are exceptional burrowers, however, coarse gravel or stone greatly impedes 

their progress. 

° Striped skunk - The striped skunk typically dens in abandoned woodchuck holes 

(Kurta, 1995). However, if necessary it will construct a den which can be 18 to 50 feet 

long, and 3 to 4 feet deep (Jackson, 1961). 

° Woodchuck - The woodchuck typically excavates 10- to 12-inch diameter entrance 

holes which sometimes drop straight down 2 feet into a subterranean system (Kurta, 

1995). The burrow system ranges from 15 to 50 feet long, generally parallel to the 

surface, with multiple branching burrows. The passageways are generally 1 to 2 feet 

underground but in rare occasions can extend to 5 feet below the surface (Jackson, 

1961). 

° Red fox - The red fox almost always dens in an abandoned burrow of a woodchuck or 

other animal (Jackson, 1961). It is usually located in more open pasture land rather 

than heavy woodland. Dens are frequently located on higher slopes or the summits of 

hills. The red fox is not a natural burrowing animal, but will sometimes excavate its 

own burrow (Jackson, 1961). The burrow is generally 15 to 20 feet long, but can 

reach a length of 40 feet or more, and is at least 3 feet below the surface. 

Based on the above information the burrowing habits of the four mammals are typically limited 

© to the upper 4 feet of soil. The authors also mention that coarse layers (i.e., cohesionless 

deposits) are an impediment to burrowing for some species. 

ne 
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Landeen (1994) studied the impacts of animal intrusion in lysimeters lined with a 28 mil plastic 
liner. The purpose of this study was to resolve questions concerning potential effects of © 
burrowing mammals relative to water storage in the soil. Three species of prolific burrowers 
were placed in the caged lysimeters to assess the impacts of burrowing activities on water storage 
in an arid environment at the Hanford site in the state of Washington. Landeen concluded the 
following from this field study. 

° Geotextile layers were typically penetrated by burrowing activities. 

° Data did not indicate any increase in long-term water storage in the soil as a direct 
result of animal burrowing activities. 

° Animals burrowed to the bottom of the lysimeters but did not penetrate the plastic 
liners. 

The relevance of Landeen’s study to the Crandon Project is that burrowing activities do not 
appear to have a significant impact on the water storage in the upper soil horizons. Because of 
this and since it is unlikely that burrows will penetrate the geomembrane, CMC does not expect 
any increased potential for infiltration by air or water through the geomembrane. 

The TMA final cover system components as proposed by CMC are listed in Section 6.1 of this 
report. Four-and-one-half feet of soil (54 inches) will overlie the geomembrane, including a 
granular soil drainage layer which will directly overlie the geomembrane. Based on the 
information presented above, this multi-layer covered system has a very low potential to be 
negatively impacted by animal burrowing activities because of the following: © 

° The four species in the study area with burrowing habits of concern typically do not 
burrow to depths greater than 4 feet. 

° The drainage layer consisting of cohesionless granular soil will be a deterrent to deep 
burrowing mammals since it is not stable for tunneling. 

° The final cover thickness over the geomembrane provides sufficient depth to protect 
the geomembrane from burrowing activities. 

° The HDPE geomembrane is a deterrent to burrowing animals because of its strength, 
smooth surface, and thickness. 

° Because HDPE is manufactured with petroleum based resins and contains no 
vegetable or animal sugars or starches, it is not known as a material attractive to 
burrowing animals. 

11.3 Placement of Demolition Waste Material in the TMA Cells 

Section 6.6.2.3, Final Tailings Deposition for TMA 4, of the Feasibility Report (Foth & 
Van Dyke, 1995a) indicates that demolition wastes may be used in combination with mine waste 
rock and/or on-site soils for the final grading layer of TMA 4. WDNR has asked CMC to clarify 
what types of demolition material will be placed in the TMA, when it will be placed, and at what 
location within the TMA the material will be placed. © 
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The MPA (Foth & Van Dyke, 1995c) outlines the materials to be removed during site 
© reclamation which will be disposed of on site. As described in the MPA, demolition material will 

be used to fill shafts at the plant site and may be placed in the TMA. The types and quantities 
of demolition materials that may be placed in the TMA based on the information presented in 
Table 5-12 (year 35) of the MPA are shown in Table 11.3-1. 

Table 11.3-1 

Demolition Waste That May be Placed in the TMA' 

Source Approximate Cubic Yards 

Plant Site: Item la 

Stone Base 43,000 

Concrete Rubble 12,400 

Plant Site: Item 1b 

Soils from Lined Areas 52,000 

Railroad Ballast and Subballast 6,600 

Gravel Base Course 7,500 

Tailings Pipeline: Item 2 

Lined Ditch Materials 8,600 

Railroad Spur Line: Item 3 

© Railroad Ballast and Subballast 16,000 

Total 146,000 

‘Data from MPA Table 5-12 (Foth & Van Dyke, 1995c). Prepared by: PAE 
Checked by: JWS 

If other demolition materials such as building rubble were available for placement in the TMA 4 
fill material layer and it was decided they would be place there, they would need to meet the 
following requirements: 

° be non-putrescible and non-organic in nature; and 
° be free of sharp objects such as wire mesh or reinforcing steel. 

The demolition material listed above will be used in lieu of or in conjunction with general earth 
fill in the grading layer above the tailings and below the final cover of TMA 4. Demolition 
material will be placed in the TMA as described in Section 6.6.2.2 of the Feasibility Report 
(Foth & Van Dyke, 1995a), by filling from the outside of the cell toward the inside to create a 
stable surface on which on-site soil can be placed. It is expected that the demolition material 
will be covered with a minimum of 3 feet of the soil grading layer. Given this minimum of 3 feet 
of on-site soil, the likelihood that the angular waste rock or demolition will come in close 

proximity to the soil component or geomembrane of the composite cap is very low. 

When constructing the TMA grading layer, the demolition waste will be placed first. Once a 
© stable surface over TMA 4 is obtained, the on-site soil grading layer will be placed and shaped to 
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the 2 percent minimum slope required for the final cover to the approximate elevation of the 
bottom of the P40 till layer. The cell will be allowed to settle until the next construction season ©@ 
at which time the remainder of the final cover layers can be installed. As stated in the Feasibility 
Report (Foth & Van Dyke, 1995a), 4 to 6 feet of settlement is expected in the first 12 months 
after tailings placement with larger settlements likely occurring near the center of the cell. Any 
settlement areas will be returned to the correct grade prior to the placement of the composite 
cap. 

11.4 Laboratory Waste Management 

During the mine and mill operation period assay and metallurgical testing will be performed by 
CMC at an on-site laboratory. Any RCRA regulated wastes generated in the laboratory will be 
collected in a separate waste system, recovered and removed from the facility by a qualified 
contractor in compliance with RCRA requirements. Non RCRA regulated wastes generated 
from this testing will be handled as described below. 

The assay laboratory is primarily a wet chemistry laboratory focusing on metal digestion analysis. 
Acid solutions generated during these analyses will be discharged to an acid neutralization basin 
prior to discharge to the tailings pump box for transport to the TMA. 

The second laboratory is a metallurgical laboratory where geological and metallurgical samples 
are prepared for analysis. Waste produced from this laboratory will be collected and removed 
and sent where practicable to the SAG mill feed circuit. These quantities are relatively small 
and can be recycled in the circuit. This laboratory will also have an area where small bench scale 
testing can be performed on the flotation circuit. Waste produced from this area will consist 
principally of slurried ore and reagents. These wastes will be discharged to the tailings pump box © 
for transport to the TMA. 

Non RCRA regulated liquid laboratory wastes from mill process test programs will be discharged 
as sink water. These discharges will be pumped directly to the tailings pump box or will be 
collected at the laboratories in separate holding tanks and periodically pumped into the tailings 
pump box for transport to the TMA. 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke * 88 

January 30, 1997



12 References 

Bertram, G.E., 1940. "An Experimental Investigation of Protective Filters," as contained in D.W. 
Taylor, 1948. Fundamentals of Soil Mechanics. John Wiley. 

Boardman, Brian T., 1993. "The Potenail Use of Geosynthetic Clay Liners as Final Covers in 
Arid Regions", Master of Science Thesis, The University of Texas at Austin, 110 p. 

Colloid Environmental Technologies Company (CETCO), February 1996. Technical Data Sheet, 
GCL Case Study, CETCO’s Contaminant Resistant Clay (CRC). 

Crandon Mining Company, 1996. Letter from Don Moe to Paul Luebke, WDNR Re: Response 
to November 5, 1996 Memorandum dated December 18, 1996. 

Daniel, D.E., 1993. "Geosynthetic Clay Liners (GCLs) in Landfill Covers.” Thirty-First Annual 
Solid Waste Exposition, The Solid Waste Association of North America, San Jose, 
California. 

Exxon Minerals Company, 1985. Environmental Impact Report. Section 2.6. CMC-NOI-15. 

Foth & Van Dyke, 1995a. Tailings Management Area Feasibility Report/Plan of Operation for the 
Crandon Project. 

Foth & Van Dyke, 1995b. Environmental Impact Report for the Crandon Project. 

© Foth & Van Dyke, 1995c. Mine Permit Application for the Crandon Project. 

Foth & Van Dyke, 1995d. Crandon Project Section 404 Permit Application Addendum 1. 

Foth & Van Dyke, 1996a. Addendum No. I to the May 1995 Tailings Management Area Feasibility 
Report/Plan of Operation. 

Foth & Van Dyke, 1996b. Addendum No. 2 to the May 1995 Tailings Management Area Feasibility 
Report/Plan of Operation. 

GeoSyntec Consultants, December 1996. Assessment of Long-Term Performance of the Proposed 
HDPE Geomembrane Liner and Cap at the Crandon Project TMA Facility. 

Geotechnical Fabrics Report, December 1996. 1997 Geotechnical Fabrics Report Specifier’s 
Guide. 

Helmy Emam, Ahmed, M.S., 1995. "Sensitivity Analysis of HELP Model Version 3.04a for 
Landfill Cover Designs". MS Project Report, University of Mississippi. 

Holtz, Robert D. and William D. Kovacs, 1981. An Introduction to Geotechnical Engineenng. 
Prentice-Hall. 

e Jackson, Hartley H.T., 1961. Mammals of Wisconsin. The University of Wisconsin Press. 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke * 89 

January 30, 1997



Koerner, R.M., 1996. "Geosynthetic Clay Liners, Part One: An Overview". Geotechnical Fabrics 
Report. May 1996. p. 22-25. © 

Kurta, A., 1995. Mammals of the Great Lakes Region. The University of Michigan Press. 

LaGatta, M.D., 1992. "Hydraulic Conductivity Tests of Geosynthetic Clay Liners Subjected to 
Differential Settlement", Master of Science Thesis, The University of Texas at Austin, 120 p. 

Landeen, D.S., November 1994. "The Influence of Small-Mammal Burrowing Activity on Water 
Storage at the Hanford Site" in Thirty-Third Hanford Symposium on Health and the 
Environment. G.W. Gee and N.R. Wing, eds. Battelle Press. 

Parcher, J.V and R.E. Means, 1968. Soil Mechanics and Foundations. Oklahoma State 

University. 

Peyton, R.L. and P.R. Schroeder, 1990. "Evaluation of Landfill-Liner Designs". Journal of 
Environmental Engineering. ASCE Vol. 116, No. 3, May/June. 

Schroeder, P.R., T.S. Dozier, P.A. Zappi, B.M. McEnroe, JW. Sjostrom, and R.L. Peyton, 1994. 

The Hydrologic Evaluation of Landfill Performance (HELP) Model: Engineering 
Documentation for Version 3, EPA/600/R-94/168b, U.S. Environmental Projection Agency 
Risk Reduction Engineering Laboratory, Cincinnati, OH. 

Shackelford, C.D., 1994. "Waste-soil Interaction that Alter Hydraulic Conductivity" in Hydraulic | 
Conductivity and Waste Transport in Soil. ASTM STP 1142, D.E. Daniels and S.J. Trautwein, 
eds. p. 111-168. © 

Steffen Robertson and Kirsten, 1994. "Tailings Testing and Density Projections for Crandon 
Project Steffen Robertson and Kirsten (SRK), U.S., Inc., Project No. 71501. Technical 
Memorandum. December 12, 1994. 

-U.S. Army Corps of Engineers, 1987. Wetland Delineation Manual. 

U.S. Waterways Experiment Station, 1941. "Investigation of Filter Requirements for 
Underdrains" (revised). Technical memorandum No. 183-1, as contained in D.W. Taylor, 
1948. Fundamentals of Soil Mechanics. John Wiley. 

U.S. Waterways Experiment Station, 1942. "Field and Laboratory Investigation of Design 
Criteria for Drainage Wells". Technical memorandum No. 195-1, as contained in D.W. 
Taylor, 1948. Fundamentals of Soil Mechanics. John Wiley. 

USEPA, Daniel, D.E. and B.T. Boardman, August 1993. Report of Workshop of Geosynthetic 
Clay Liners, PB94-114691. 

University of Texas at Austin College of Engineering, June 1996. "Geosynthetic Clay Liners for 
Waste Containment and Pollution Prevention." Short course notes. 

Wisconsin Department of Natural Resources, 1989. Wisconsin Construction Site Best Management 
Practices Handbook. © 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke * 90 
January 30, 1997



Wisconsin Department of Natural Resources, 1996. Completeness Determination on the 

® Feasibility Report for the Proposed Crandon Mine Tailings Management Area, Town of 

Lincoln, Forest County. Letter to Don Moe, Crandon Mining Company dated January 4, 

1996. 

ne OE 

MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report Foth & Van Dyke * 91 

January 30, 1997



a> Figures for Addendum No. 3 to the | 
: @ TMA Feasibility Report/Plan of Operation | | 

Ss MLD2\93C049\GBAPP\34658\4000 Addendum No. 3 to the Crandon Project TMA Feasibility Report - | Foth & Van Dyke © 92 
January 30,1997 | ee So eset (pe ee



2282000 E 2283000 E 2284000 E 2285000 E N 

Li Se ag dG Mal is am NS ME at f/fellii {VAs Nt 2 1 aga 
No al en, SRR le fk A ook ee =a <=e ee ae 
ee al eka \ i 's Ric ct ane Ce ee! vee iQ Ee EXISTING CONTOUR 

as oe : oo ey ay, . fi Se ee. fn gates | ee Reon % pect meL Eas 

Raa “ : sent e al?) DA bff NOOO Pee er ee eee aie ae ae semen = F15 WETLAND DELINEATION (ORIGINAL) 

PE ns WOVE Ps =f Spleen = oe : Wives 2. . oh Vig Limit OF DISTURBANCE 118000 N sess FI5 WETLAND DELINEATION (5/14/96) 

ee coawattinre ten sa is i h = é ae oe . ts f ii@? i o. “= ¥ f : ie MIT: ‘ STURBA CE’: ag mice Generel DELINEATION 

eo ne le Ne ee TMA SETBACK "ALTERNATIVE. NO, 2) 
es 5 eee Ve - ate ieee eT SSE 8 LIMHT’ OF--DISTURBANCE”: 

AO eng i de, MEV Ee oe j Ca G0 ae a teu ie ae Ne. 
war air ee, A y ai i pepe oS ger ee We oe ee 

ee g a ce he Co ae ee A eee a geod j NOTES: 
Ca ee e pe Ce fe 4 ee : aa es SNE gwen ty 

ath kd octane > oe Aas on | gp fee ae ales pa eee Oo es ¢ wwe? ot hl 117009 N 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1''=1000’ SCALE, 
Bp Agee Laan o ee ee Le Oy A A es 5‘ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 

Vie ae é é y ee ee eee ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF 

“gig iy Nw, ] Ao Bee ee egg tae aaa a +. UPA ee 7 PHOTOGRAPHY APRIL 28, 1976. 

Po ae enna xX : Vee i PAA oe VIS Peel 4. ‘ % Cas Weg - 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 

uae! 4 \ i oh \ 4; NX fi ie ¢ Coe ad i : ‘. ‘ ‘, a x A S oo = Iberia, Glas Maken Gu mean SEA LeveL 

ep ak ae BNE EEN ME ES oem ere +) a Z DATUM, CONTOUR INTERVAL IS FIVE FEET. 

ao ee SON NG Re Na ee A ei eee? f 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 

Memes Meeeeee ge fF EE NE Bre fe a STS: at Oe 3 
f nape Se pe PE ANGI NID a roo ley “sess Segre 

ge ‘\ se of See 4 ff) eS eer ane ; ee ose pn a a, | oS 

SOOM ea LU A A eS ee 
ae Ch Lee : Lob EL EO ay feat PO ak aa ae a ie " Be 4 116000 N 

po Ye fe FS WETCAND DELINEATION (6714/96)%<, : f° 

ae 4 Pop i it gl. a SS QRIGINAL FI5! WETLAND "DELINEATION “oes “soe SQ pt 

Tec Ny hak tet te uaa au igen foe PTR et es to Pe, SES ae oer 
nd Oe oe | Foth_& Van Dyke ee 

bes, Beek ie : . } a 5e % as age i as ee ae 7 By, é ; L REVISED | DATE BY DESCRIPTION Crandon Minin Com an 

fo. ee - ihe : a oe eS cme ee ai ena! : — : ee Pars eae a te. ae Se Soe ee aii, le FIGURE 3.1-1 
ae Pepe meee tn lace aan swig ce ee eee pee ae ie oe ae a fe 3 an TWA SETBACK ALTERNATIVES 

C:\cadwork\4c54z2rb.dgn 930049



uw [ry] uw WwW 

sonoma =O s Aisy S eeey ED 8 

ee” ativan ee or N 
ey si “os whi) Xe: 

CL woe as C. oS 
es ’ } FI“ SY “s. Vibe 

ey ? y MESES 

- Psat eet I 1 Jess 

r foo Sb PA ESA Vem SN f le 
: Lr Gis ~ Lh “ ~~ crtrt—<—S~sSCS Ainooo ae uk 

f CR be 1S Gre “eB _ con 
20 GBI he Tem ff sis. yY VY 2 CLL) uses 

A a A° Pe AUR OAR 4 Le SN OM Ne 
e ‘ a ‘ @ \WATERSHEQ7 7 ' ~ _#« ete sass WETLAND DIVIDER 

oe, ee d 9 Nees Sem ey oe SRE Na er ce 
Ne UNR* - * cc  Y A eA oe \ bo ee meme WATERSHED BOUNDARY LINE 

La Nee & yy a RC. ta serpack \ FI5 SETBACK ALTERNATIVE 
A i rx XK Kag ame memes SSM 

ls 1 \ 7 \ “ff BOUNDARY a een auteaate 
a Vow 1 Vt \S Ai — Stee SR 
a. @ LP ty Ta SETBACK Woe 
Ps ; x . f HS \ - oe So ‘ 

. ' Se 6 J ‘ \ Oe 
. ‘S aon a a : ee nD \ a N 

o . z — 

4 ; wv . \ feakeee ammount: 
e mo i 2 [xy s— | CREEK Vey NOTES: 

e ". 13400 S ATS j— | WATERSHED ee 1. BASE MAP DIGITIZED FROM 1’ = 1000’ SCALE, MAP 
‘2 1S Lg y \ * SS PREPARED BY AERO-METRIC ENGINEERING, INC., . : i Ae M2 PUR may SHEBOYGAN, WISCONSIN. DATE OF PHOTOGRAPHY 

v4 oseD Twa /'N [ EOS 3\ Se MI Cs ia os. ye, 

RECL “ o A Nr IS aR 
ee. LV e > ‘. INNS Cie EK 2 wonmouta. patus gaseo oN 

: Ai Ee i M6 + SEE Ae COORDINATE SYSTEM - NORTH ZONE. 

CON. OL ~~ OX Lor 
eS Aa MS ae Co fk. Orr LOS Ki 4 ies w sa 

foi risa ee x. 3 4 ta Ven Dake ote 

i ## ii. on LR i ei oye Ccuslen Mining Compane 

> oo <  s!: 4 Peaofane[ | seowir |[Crandon Mining Company | ‘A ce Ne es ISXn 2 -—j— Per 

ol. | Cet Fes buck % of ES /, ce ee ae ae TMA SETBACK ALTERNATIVE #2 

: oc re or ( a mT pee 
A A _D watersneo —— | a er ee ee 

NL Lp APPROVED BY: NS DATED JAN,'97| Prepared By: __Foth & Van Dyke _| By:_GAM | 

C:\cadwork\3c49f184.dgn 93C049



SE, ve a / BS  Y fy 8 

a eae aus . NS 7 fos Ss N 

oo ra Yeas, poe) 
 . foi i. rep Ne” 

[yy 4 I Ly *. Se 

dor ’ J f/ s ee 
ey ¢ 4 Ey ? A 

ey ? / 7 4 Cos 
ey 7, J Pes , Cp 

SS a , po 
- tele fe oS 
ae ‘ cS 1 > LEGEND 

ae am fi A 1 A LE eee 

c f | 1 CONS ! PROPOSED TMA (i eke oe 
? ef ES — > & BORROW AREA ee sre Mccain 

~ foe TS FESeN cy 8 = ee A FIS Cao en 
' isis sf / 4 FIS se eens, Ce ee (iii: Slee 

’ fy 1 Oe 7am ON », SA fe eee 
ree Ky ee iS a? “+ “NO 6 ns000 core 
AL GE fe 2 om [ter See \ \ Tee ye is 

ee Pe a ™~; 2 0 = ee 
a. SSKUNK de ae ‘s, HEREEK Ve mmm WATERSHED BOUNDARY LINE 

CNA \4 7.6715 Bb aM. WOwaterseeo = \ ef —srmes D POStEaN 
Pe er Of \ WATERSK ‘ f Vv yy meee 1995 PREFERRED TMA 

pe ‘ ed ey a \) sly TMA_ NORTH eS Sanne Pee 

—\ AH! a Ai teen le 
Pe ustirurinnnnect \ 4 NP yg Vv BOUNDARY SEES 

ne 1 1995 PROPOSED TMAy K» * CD 
1 RECLAIM POND—) 4° VW Vy —TMA_NORTH Se cri . Toa Y — DY“ atremarve SS\ 8 ee 

9 ot 4 “it I ye *1 FOOTPRINT qq See eee 16000 N 

oe ~s a. | : : () \7 Y Sc 
: . 5 : RUNOFF ae 

* ae ge Sep BASIN 12 ie NOTESe 
g \ §r15 oS (7 \ PAR es 1, BASE MAP DIGITIZED FROM 1’ = 1000‘ SCALE, MAF 

3 Vs 3 ¢\ ee See PREPARED BY AERO-METRIC ENGINEERING, INC., 

Lr’ . 2 I oS fa ron ' M2 Sateen ama SHEBOYGAN, WISCONSIN. DATE OF PHOTOGRAPHY 

\ Py aN Eke M1 uate APRIL 28, 1976. 

RUNOFF —\ “y Sy A Nh RS 

Cy cy tl Pe ‘ . 

Sg eA Ow UK 2 aN. —_ 

(pe, EP LSE BO Ted NE . M bg 

ff D (w a Cv ay Pee 
(Se ee i 4 . i ae 

fore ena eatanian nnineteenteeeteeneeneen tenth psa NS B i Cc d Mi i Cc 

fey = F29 SX ®R ea ¥ randon Mining Company 

es nr "Sy a a! b a... 4 

\ _ i Pima ye A= 4 ccd Allee eee 2- 
© KS a F28 DUCK RUNOF FY PsN 7 A ea FIGURE 3.2-2 

e fe ere cee LAKE BASIN 9 | ACL EEE) f\ K3 lh ee pees TMA NORTH ALTERNATIVE 

. te Ro co iced 

AY — He A fee \ [Geos rae iP na sector me | Doron venue 197 _| 
a Se Sa om as pe 

C:\cadwork\3¢49f171.dgn 
93C049



WATER RETURN AND 
IST STAGE BENCH BERM 7 TAILINGS PIPING 

VARIES, es 
| GEOTEXTILE 

Le 60 MIL, GEOMEMBRANE 

—2) 55 ® ; 24 

3 e LL é lS 
A 8 ens 

—2. ma 

on Q 1 MIN. 

2 os = 
SEE NOTE | ‘ 

oq ms A on 

eS Nace i aa. 6” TILL FINES 
OW AYER I 

LR 3S os GEOTEXTILE 
Bap. le a 60 MIL. GEOMEMBRANE 

es 
10’ (TYP.) Li 18" RIPRAP Le 

Sh laleimeae 
Z 24" DRAINAGE LAYER Ls 

12” LOW PERM SOL (SEE NOTE 1) 

NOTE: LEACHATE COLLECTION PIPE 

1, LOW PERMEABILITY SOIL CONSISTS OF A GEOSYNTHETIC CLAY 
LINER (GCL) AND 12 INCHES OF P40 TILL SOIL. 

Foth & Van Dyke C q Mini C 

[rescore er | __vescerron || Crandon Mining Company 
eee cca eee Ts FIGURE 5.3-1 
See ee SIDEWALL GRANULAR DRAINAGE LAYER OPTION 

C:\cadwork\4c54#20.dgn 930049



' WATER RETURN AND 
' IST STAGE BENCH BERM TAILINGS. PIPING 

' VARIES o 
' ' GEOTEXTILE 
t ' 60 MIL. GEOMEMBRANE 

Ln CEOMEMBRANE | 
' ji =e ns OO Li WELDS ' : 

ans 2 . P/ q 

ee ae £7 8 TOP. OF weres a -GEOTEXTILE 

' i Rha, & TAILINGS ine * ¥-GEOMEMBRANE ; h - rR ee Y-GEOCOMPOSITE 
‘ 

' — so 7 

nn 
= OR eu ane et 

\é + co S. 

\ a 2 Bs 

‘3, a es 6” TILL FINES 

LoS PERI Sos GEOTEXTILE 
eb = 60 MIL. GEOMEMBRANE 

‘ ' 2 eS 
tek ' 10’ TYP. e ff fa i 

t greag dag gree —3 
ro Sian 

1 dagen’ Stages ' ef 24” DRAINAGE LAYER 
1 S28 sragtannCe igeno=- I! 2nd STAGE GEOTEXTILE i > aD 
' Per aiiaes a 2nd STAGE 60 MIL. GEOMEMBRANE ' [ 2" LOW PERM SOL (SEE NO 

! TST PERL Ae Pe REMOVE PRIOR TO ‘ 5! MIN. 

A a ee LINER CONSTRUCTION i LEACHATE COLLECTION PIPE I. 

ha ee SNS O GEOMEMBRANE WELD (SEE NOTE 2) | 
ee Sh Pi ts, < "Sie, aaa 

t 3 mee Sera So 
sineagemeere’ : a NOTES: 

1. GEOMEMBRANE WELD OF IST STAGE PRIMARY LINER TO SECOND 
Teer STAGE PRIMARY LINER. 

' ' 2. GEOMEMBRANE WELD OF DRAINAGE LAYER GEOMEMBRANE 

2ND_STAGE BENCH BERM SPLICE 1 eee 
: i 3. LOW PERMEABILITY SOIL CONSISTS OF A GEOSYNTHETIC CLAY 

eae Oe oA Oe, eel re ee im MeN r uo Ni Ll LINER (GCL) AND 12 INCHES OF P40 TILL SOIL. 

Foth & Van Dyke eee 
rewseo [ore] ov] cescrpron || Crandon Mining Company 

ee A ee 
Ears SIDEWALL GEOMEMBRANE/GEOCOMPOSITE 

DRAINAGE OPTION 
CHECKED BY: JKS! D 

eo fire Sean ot To eae [oor 
C:\cadwork\4c54f22.dgn 

930049



SEE NOTE 3 
4 

RIPRAP (WASTE ROCK) See NE 

SEE NOTE 1 
TILL FINES 

3’ MIN. 

zZ X\ i SEE NOTE 2 yet SEE NOTE 2 
eS Qs cr ee ME TT TST I = RPE eT a a eT 

A ASSESSOR SSESSSSSSEESEE See eases seeeeaeeeeeeeteneeaceenecaeemeneeteeneemeeneeeteetsaereetrmtestesenet oem eee SEES ecco 

eS ‘eS ——“( —isie a 1 

oh (eee Hooke TRS SEES 
VGA pee TSS SE 
Nee ee EEE eee a - eoosteee.. Fe ia meee seco 

Ve eee TT Ve see pase aS artes Seen 3 

‘ eo eer ey SRSie ce pes as Sy 

ee perry ees apps re ee ted aa ee is 
3 Ye ee ean ee eo ee ae ie ee ae 

ee en aats \ GEOMEMBRANE ptr ee 

eee GEOTEXTILE 
= 

4” PERFORATED PIPE 

DRAINAGE LAYER 

LOW PERMEABLE SOIL 

SCALE EXAGGERATION - 10 VERTICAL TO 1 HORIZONTAL 

NOTES: 

1, RIPRAP TO EXTEND TO A MAXIMUM OF 
APPROXIMATELY 12’ FROM THE BASE. 

2. INITIAL POND WATER LEVEL PRIOR TO TAILINGS 
PLACEMENT. 

3. SPIGOT PIPE POSITION DURING 
INITIAL WATER DISCHARGE. 

4. SPIGOT PIPE POSITION FOR 
START OF TAILING DEPOSITION. 

— 
5. LOW PERMEABILITY SOIL CONSISTS OF A GEOSYNTHETIC 

CLAY LINER (GCL) AND 12 INCHES OF P40 TILL SOIL. 

a TOP OF BERM TOP OF BERM 

=< 
9 a 1 

iw 27 u~—= Foth & Van Dyke SS ae 
Prewsco ore] or [| __vescrwntox || Crandon Mining Company 

— ee 
SECTION TO SCALE ee ee a Ba a FIGURE 5.5-1 

: HORIZONTAL cA cae | a a | eS iia ICING Ge CELL WITH. WATER 

0 150’ 300 600’ 
SCALE wero OS 

C:\cadwork\4c54f10.dgn 
930049



SEE NOTE 3 

RIPRAP (WASTE ROCK) 
SEE NOTE | 

SEE NOTE 2 TILL FINES SEE NOTE 2 
3’ MIN. a 

‘ Wt 
2 \iaieeeeeemy Ea TT ST ST 1 chs a renee 
¥, SaaS ater EE ecient 

eS CSE angina Se ee ee | 
“ (Ee ee ee aaa SE Ee ee ee 

3 is pera weeooee oe eats Vines, ee ee Se er, 

oe Se ee — ae os 
al ea " GEOMEMBRANE Pere 

ee ae GEOTEXTILE SS 
Gores aaa ® 4’ PERFORATED PIPE 

DRAINAGE LAYER 

; LOW PERMEABLE SOIL 

SCALE EXAGGERATION - 10 VERTICAL TO 1 HORIZONTAL 

NOTES: 

1. RIPRAP TO EXTEND TO A MAXIMUM OF 
: APPROXIMATELY 12’ FROM THE BASE. 

2. SUBAQUEOUS TAILINGS FILLING WITH SIMULTANEOUS 
PROCESS WATER DECANT (NOT SHOWN). 

3. TAILINGS SPIGOT PIPES TO BE 
CUT-OFF AS TAILINGS RISE. 

600’ 4. LOW PERMEABILITY SOIL CONSISTS OF A GEOSYNTHETIC 
CLAY LINER (GCL) AND 12 INCHES OF P40 TILL SOL. 

us TOP OF BERM TOP OF BERM 
<= 
S | | 

300’ fy 3 es 
& se =a e ee 

| reviseo | vate | By | DESCRIPTION Crandon Mining Company 
150’ eae Mi Nie a Ey 

oe ee ae ee SECTION TO SCALE 
HORIZONTAL a ee albeit TAILINGS DEPOSITION PRIOR TO 

0 : : aeeaae Si LEACHATE COLLECTION SYSTEM ACTIVATION 

oe ee fer 
SCALE were) OWS 

C:\cadwork\4c54f10.dgn 93C049



RIPRAP (WASTE ROCK) 

=e TILL FINES 
SEE NOTE 4 

SEE NOTE 1 TILL 

O —p Be 

ane raleaesccommmnie naa cteeasansae SEE NOTE 3 eee 

4 ~—“—Oi—_OiOiOrOiriCr—COrsOrsCsSsSsiC §$RCrCisCs=SCi<‘C( <‘’izzOS EC ( Re SiC etrs—<A esssSsSsSESe 
% SS ~~ —“‘_O—s—~—~—~—SCis 

oS Raaasameaa sea sae intr te ee aici tii iii i i in ane Sos Ws Peace eaten nae a a a ay 1 
ee an eens sso 9g REE 

cee meee - ibe pe seeeente el Sees ex wes aoe 

5 —— Er ee as sane ee Ri | pM ale 

a (eee Y GEOMEMBRANE SS 
ee GEOTEXTILE 

4” PERFORATED PIPE 

DRAINAGE LAYER 

LOW PERMEABLE SOIL 

SCALE EXAGGERATION - 10 VERTICAL TO 1 HORIZONTAL 

NOTES: 

1, RIPRAP TO EXTEND TO A MAXIMUM OF 
APPROXIMATELY 12’ FROM THE BASE. 

2. SUBAERIAL TAILINGS PLACEMENT AFTER WATER 
POND IS FORCED TO THE CENTER OF THE CELL. 

3. WATER DEPTH IN CENTER OF CELL IS 3 TO 5 FEET. 
DECANT STRUCTURE IN PLACE BUT NOT SHOWN. 

4. SPIGOT PIPES CUT-OFF AS TAILINGS RISE. 
TAILINGS DEPOSITED AT APPROXIMATELY 
0.5% ON BEACH SLOPES. 600° 

5. LOW PERMEABILITY SOIL CONSISTS OF A GEOSYNTHETIC 
CLAY LINER (GCL) AND 12 INCHES OF P40 TILL SOIL. 

a TOP OF BERM TOP OF BERM 
<= 

S ! 1 
300’ fy ot ee ee eS 4. . ee — o; haigg 

[rewseo[oore| ev | vescwrey || Crandon Mining Company 150° 
eee ed 

SECTION TO SCALE 8 Ta et eM | FIGURE 5.5-3 
0 HORIZONTAL ae ee ioe || TAILINGS FILLING AT ACTIVATION OF 

; , ce ieee ak e500 S00: 
SCALE 

C:\cadwork\4c54F10.dgn 
93C049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E 2,286,000 E 2,287,000 E N 

sf \\ VNR Te ( Ve AR fo Sf a: A \ ia eas tt A c HO pg ee 
BY NO [| oo OS ee | Woaseor \ NAS Nee a c LEGEND 

vy yeah | ass Pag so oO oS Whisk Se ie Ce } : 

MG Voi Pol bee Ge \ rtf WSR EEC hog SV VRS es 2% ma anmeties EXISTING ROAD 
WEIL NVA Ty |. OA As OAL I SOE Soak “AK AN AL AR & Oe ote 118,000 N 

AES So? 35 } eae n ny] * 7, ee WA K XS Se SON are, —1675— EXISTING CONTOUR 

Br ee oe ee ae ji i(\\ LA ied ZO NN SS i 692-0 SPOT ELEVATION AC j Ww CT IY sae PEN LV She VAN OR ~ N a Cee, } Oe eee ie ae a ee TP ~ > _ SNS ye 

ee A ee tte) fa df) TT We) Be Ra — —— SECTION LINE DNC Hi al 2 yp SE Ned nee ee Ss S\N ‘ SOS Piece : 
\ Ay /iGiesad)  \ *y SKUNK LAKE 2204/7 JL WG oe S\N SSDS 
Die aa 9 “WATE - Vi WM CIN \ ae YE ARES, —1660—— PROPOSED CONTOUR Magi 4 |) 5 CWATERSHED e M\\ V\\WWU777-AN WIN AA RS 

eP SO : Ae V\ AMA eres) JAMA NOLIN G8 —+—+ PROPOSED TEMPORARY DRAINAGE FLOW 
= oo — f a A ae 2 a es Yi WAAAY pal! } AWS ORSAY ‘, \| oe eay \ 

ee ao 4 AH WA ee | \\ 5%: FIN W7,000) N ee PROPOSED DRAINAGE DIVERSION BERM 
Wee at \ eee | te Moc We * , —2_5 PROPOSED SLOPE DIRECTION 

pe ae a - oY ae \At ae a Se . ae f u ce i \ aN fel il Po ae \ B, 
( ma J A Me VE A ASR amis of AREAS BOR, kopson \ w------- WATERSHED BOUNDARY 
: GPa Noes tii ey y err i S WAY AND. OTHER SOIL STOCKPILES, SOIL i - ‘ \ \ NOTES A ean AIL WL me” SAK \ ky PROCESSING AND GONSTRUCTION NOTES: 
oe GT E ge * PIRES ra een VA 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1’=1000’ SCALE, 

a \ A Oe [oN Nee A A 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 
Dono HTT ET OE OF IO en J wi PN Vey ON ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF 

wv / jeapene™ Sear nC Viale lean IIE Ge HNN NS PHOTOGRAPHY APRIL 28, 1976. 

Re ee +P \ AV SaaS Wee ee, ae L)\ ALA. 116,000 N 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
en < ie oe i vA ) wer at OAS keer Pap \ V bé ak COORDINATE SYSTEM - NORTH ZONE. 
oN HW ct LH See ee S/O OO HEMLOCK CREEK \ ° 
643.0 OS til “PaO ee Pope (Ee KOR Y O\\ WATERSHED... | \\ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 

x i LL ye OF x OP ADDS sie | | Pe N\A DATUM. CONTOUR INTERVAL IS FIVE FEET. 
SORT Ten t-- tee CO ae] 8728 | Kee No \ | ( i tee ee Je Mh ra 7 Ce AO eal 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 

; SX \W SSeS Pie tas FMF aiact ns Oa) ae CM eee in| 7.5’ SERIES USGS MAPS. 
i SS (CESS _— ete! ////] / fora a Pe / 1 eo) 

a QS= ee f EX \. | mA) 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
Es SSS SS eee | , NA | Ree A\ "THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED 
LN SSS SSS = A OR AE RASCH [ (115.000 N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY A ‘o Wit | ( SSS SS i x, | te AND OTHER FACTORS. 
ee Bis I PK i] | iy aM cl 1 \ Wii] 
a FS - AK 48 Gi | o | oe SAL | Ae ee 6. CHANGED CONSTRUCTION STAGING AREA LOCATION 

aK . Ls VQ ge E/ \ Bs poe aS “v Vy A AND ADDED STOCKPILE FOR SOIL PROCESSING. 

x << . LQG | LANE | ‘ , aa 7. CHANGED STOCKPILE, SOIL PROCESSING, AND CONSTRUCTION ——= SN KAN - \ Wane NON \ La / We 1 UA AA © STAGING AREA LOCATIONS. REVISED BASE GRADES, FINAL GRADES 
BASIN-8...2 RN \\ NK LY | of | ee } NSS AND SURFACE WATER DRAINAGE FOR ALL TMA CELLS. : Ae | TNWNSS WW oy! / cain | Ve 1 AS 04.300" 600' 1614.0 “ si) AK KG Ee WAC igh | | | y 1689.0 | H \ , 4 \ \\\ el 

=u th SQ XQ A hee | I ‘i ae ad “114,000 N SCALE A oon SS AG SW | di} 7 \ ’ 

ONE Reese ute Lai} aes 2 DUCK wey Dip ye 2 tom YAS] : \ fib] ae Re), PRIOR. TO CONSTRUCTION. z¢ 4 
WATERSHED (9 Zo SSS Cy Se WAY Foth & Van Dyke oo 

OF NAS HY Fe TIAL § HAMA Crandon Mining Company TBE OL Sor LLIN § AMG [Ay prsvelnar [sez ies 5 wo 6 ge 
Se) PER oe fj We No Noe RUNOFF. WIS dee SAMY fe aise | RUCT a a AK Att | ov ——" BASIN /9 he ie aX AAPL EC A CHECKED BY: UKSI PATE: May “95 SBCE I CENS TRUE TION 

ys Vv LAY i “pee! ee 683.0% \//\ //{ Ye TLL AN 113,000 N 
tr oa Me SE \ t Te me “Pisa3. : es ia x f f th | appRoveo By; = GWS Ss BY: Gws PaTe: may ’95| MAY ‘95 

C:\cadwork\4c66sl.dgn : 93C049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E 2,286,000 E 2,287,000 E N 

miAr CS (1 vim) ‘ a > SESS SE 8 hope re Nee i LEGEND 
KAGE OSY SS V7 an “ ae NK pe SOX AOS 
ye > Nl JY bate PAA Se ore ent yO oe : 
Ae a ao ike a Mt WWW eee LU LO RR UN lee = EXISTING ROAD vik aA l a 4 ' A WAS es. 4 7 ce Me RWS 4D abe 118,000 N Dee ey EK Oe ety i . VSS e Le/ AS 7 WRAY s : i 

NY ~ bYe aan: eee dea , NLi//f fF Ss \ N\A NU ARS WA \ Or Jee 

Ove J \CN ee \ bf A ieb 7 \) Roe BS ee LE yiP?e-8 SPOT ELEVATION 
ae) Tae . Oy ‘ Be ies) f pi ae \\ i {\ i| 4 Tete WO \ SN ‘ a & ‘ rey 
ee She J SI) ) DEM ee ee NEO ORK SECTION LINE 

\ y by | ily 1654.0) ; yy SKUNK LAKE ©- ee fi \\ 1(/ oes \\\ So . % s 5 \ SY 
ai | > WATERSHED OL IN\ NW (774aN \ et a Ry — 1660—— PROPOSED CONTOUR 

eo ee WA res) AYA AAA. 20S —+—~ PROPOSED TEMPORARY DRAINAGE FLOW 
ae = ao fe ee PAR ee yyy [N\A 4,8, a ys [17,000 N i PROPOSED DRAINAGE DIVERSION BERM 1631.0 i_~ / woe Po porn ada ee ee | WS @ hyo VN 

ity \ é Lf gt =e: v hw ae ft | x oe cae 2% ik | APPROXIMATE LIMITS ee Re AAS Uf {hee aoe \ \ \ =e) PROPOSED SLOPE DIRECTION 
VT | \ 0 Gr IMA 2 propor sag" 007 (NRE ARSE (IPE NG A Pi LCL Ife IN A AAR? LIMITS OF AREAS ROR, TOPSOIL \ seeceess WATERSHED BOUNDARY aN i LM A pores hd SOA AND, OTHER SOIL STOCKPILES, SOIL a 

Vs Vela fA FT Ii ake yor sat hay \ 4 PROCESSING AND Sie eee 
i if ‘ yay id. tel 13.0 my 4 iy ~22:; A \ 

De stinger sy Li PP get Pe SA xt ao i ae A 1, TOPOGRAPHIC BASE MAP DIGITIZED FROM 1/’=1000’ SCALE, 
/ \ SS J LL wolf nica SOL en AY Ce eens = 8 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 
fen a OT a ee Lo a uw VN ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF 
G 1egzenn \ Na eT ls ee Mi at Ee es PHOTOGRAPHY APRIL 28, 1976. 
oo * ) . LUM) VN AY bern, UN a fla msl. Ne 
riche (ir T6505 oF ay FES ; SAN ar un - i) x ae 8 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
OG (i VLU \S pee eh Ne ioe i, Pe ink COORDINATE SYSTEM - NORTH ZONE. 

ee Il RecLAIM \ ia a NCGS, j oe" HEMLOCK CREEK \ 
ye POND PG See ee WATERSHED |... | \\ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
oo I *s | HA FOTO es | LAID DAIS Ne \\ia ~~ NAN DATUM. CONTOUR INTERVAL IS FIVE FEET. 
RSI WP nae | 8B eee Nh \ | ( ee er re 

: ee Se SS al A Be “ey 1 | fone pA 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 
SOQ &t PF a tenga nnn ff! | | | a eee 7.5’ SERIES USGS MAPS. 

, 2. ESS ESS ANS | | ne my \ NEE ee we ee oO] / a) 
> " WS SSS. SSS x Pee | | ee 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 

ee 0 SS if ye \ \ mR ee A THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED ee . SI mh | SS]. SSS] ee Tee ee Ae WSK (115000 N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 
= yer \ i | | (& miso 71 // 7 WV a Pe | AND OTHERG ACTORS: 

ay el ‘ NINTH W Yo. if f iS | f se AY ees VAG rn \ NAHI KKK /E iti is a “ae ey ly OF . NTA XK Wks Wi} | SK WL ee C. / WW | 6. CHANGED CONSTRUCTION STAGING AREA LOCATION 
~ at ‘ Si \\ Y ee LA | | ee ey oe ow A \\V ET A AND ADDED STOCKPILE FOR SOIL PROCESSING. 

BON —““ WWF A EE Zh 
; T=]jyh_XXw \\\ NG eee | ; Wat WUA 7. CHANGED STOCKPILE, SOIL PROCESSING, AND CONSTRUCTION 

S=RUNOFF ARS AX | LAY | \ WM) fo A / WAN AA © STAGING AREA LOCATIONS. REVISED BASE GRADES, FINAL GRADES \ NS RG Wilf “J | | JY / PAY AND SURFACE WATER DRAINAGE FOR ALL TMA CELLS. 
e465 : oo 27> RAI. QW rat | | y 1689.0 / Ty & i 07 300° 1600’ PP Ne Uh MINK Ly Se, il | | HPA | i LN! \ abe” =! SAX \ NE A H Laer 7 Arey, a + Ae NA Ce Tt peep How) S72) | CHP) Ik ta000 N a SCALE 

{219 I\\ \ QE Ae iM | LA i TYPICAL REPRESENTATION: 
DUCK LAKE/ 7) ¢ pe NOAA | LAKE WATERSHED / x POA A) REFINEMENTS MAY BE MADE 
WATERSHED | fe QQ EE i : fief Y 4119.0 ey / I. Fie 

riAle Si QQ S55 re EG 1 VA / Foth & Van Dyke =n 
a, ) jis oi A 7 Ss \ Peli : ii fe DESCRIPTION Crandon Mining Company 

/ a . | \, Af 1 ff/J/ Ae | 2 SAT | Z\ SEE NOTES 5 AND 6 z 

| (BE f INS wy WAM AY N/a FA \vzeren [seenore ir) bods 
: 11 TAP j | . a” L Arnos is ae! i, AH | eee oe - STAGE I] CONSTRUCTION 

C:\cadwork\4c66s2.dgn 93C049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E _ 2,286,000 E 2,287,000 E N 

By DP om i ESS NORE | eo NS Pens END \ i G | i } Sy ‘ : \S aS SY Se ce \ A x eo = Wy o LEG! 

Wa US \ SY { 2, Tes ; O ES Cea Lo SACO ; 

~\ ee ee ; oe (COs A 47) > MK a ee EXISTING ROAD 
DV HES NC Seite te | EE A) EY ANN ANN AR RRR ER. 18,000 4 
ee CES a \ |S 2 =e “ \ a WAG NV fa us RES s2h oh 1675— EXISTING CONTOUR 
ee eS To ae Vs ‘STOCKPILES BORROW AREA SSS AD) \ ia 
Get DM Bee fh eee PE Fi Piel NS BO 1 Ne y 1692-0 spot ELEVATION 

be : ea: { pees y &] | fuNore\ ! NLA \ NT Ree es ~~ Ss Ph er OS 
) i i vo ‘ De Aaa ; S) peo] / BASIN) it Sieee=is;) | | \ io i a / Sy \ \ \ - re N a @, Yi 

4 he yee ey Ce 1 Sh eset S77 eee YN NX SR , SECTION LINE 
\ Abe [16540 Sy IK LAKE “°-f7feemmeeeerrieetein 1 BR VON A, 
Mar 4 sy SaERSHED Uv te we TN \ NG \Y ASS —1660——— PROPOSED CONTOUR ~ 

CP Re WZ 4 por NNN N\A Marge 1) Mm oN\ VIA. BAS —+——- PROPOSED TEMPORARY DRAINAGE FLOW 
OS a lf J - [FEB + \ ry IPP I SAAS RN 117.000 N =e D DRAINAGE DIVERSION BERM 631.0 (oS aly AOE fy pollo Lnse eee Ko) See eas” cumin PROPOSE 

ae é Lily jf X&, 4 7 =I oof Wea) ee ie) 2%, \ | Lh : Yj NJ ] \ Wo h26BNoR\ \ \ —-— >) PROPOSED SLOPE DIRECTION 

( oO a YY: ||| Re "| LIMITS OF AREA FOR TOPSOIL _\ -------- © WATERSHED BOUNDARY 
Vx mt) ie eee us MMT RY AND OTHER SOIL STOCKPILES, SOIL were: 

oe ae. i Wf Ili lb Y Yor. \ i\ a 7 Sa eee eee 
Te | a | MY i yj K° eyo i | Moc N “NY 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1/’=1000’ SCALE, 

| RUNOFR Le if 1: Wf ? ely | Ug - Cea ee 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC opp pan I Uf ee x | ‘ i Peery SUES ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF 
SG 16g22\ow (fh 47 Vil ii 7 ! Se ON | | : aus yA PHOTOGRAPHY APRIL 28, 1976. 
“nf * a en MY vl (Se RO ' re AS 
sts oT [ae : yf yy PRS Sto i NE i -F Rae al 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 

NG i if / Wy SOG WPS NS il RSS SA ie a COORDINATE SYSTEM - NORTH ZONE. 
ois COG | RecLam|y/ Y/f er NON | Sts / at\ HEMLOCK CREEK \ 
a HAI P8NO TET Wy oe [RS RE ot Saye} | / WATERSHED | | \\ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 

: Wx |. al | lt (A LZESTO |X ] I DoH ey i =] W\\ DATUM. CONTOUR INTERVAL IS FIVE FEET. 
RN aaa BM TNO i 

a Ra] SSS |} SA weet nV; NM 4, COUNTY AND TOWNSHIP LINES DIGITIZED FROM 
NGS = SSS ee wee | Sea 7.5’ SERIES USGS MAPS “a Xi 6 84z==SSSSS === SSS | Me) _ . 

a . Rie ee FORE | / ee a ; 
CS) SSS if TAN | Stee 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. Hil ( —_ = Ei : 

de : (Se ni a oy) 1. maf < 0% 4 THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED 
— \ S) HH | SSS] rt ee h { \( 15,000 N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 
one SA HH l (C Ey eto PL/I f | A | Ae a AND OTHER FACTORS. 

is ee a E ) (” } $ : a, { /d / | Y/ ay) | \ uy a \\ i i 

ae es Xx je A | Oe NG ati 
= RUNOFF SPRING KA NV LAI | c\ } : SONS i VU 

‘ BASIN BEN AN eG Yi | i | I} : / ve i AY 
1614.0 ~ ae SX ~ 4 ae ery | | tl y 1689.0 ( x ae \\\ 0 300’ 600° 

\ a | es VL AMQQGQ & | LLY WAN 

DUCK LAKE) ¢ “We! LAKE WATERSHED / | |‘ LAKH REERENENTS WATT Be nb 
Dw SE ee QQ Aa / falp Meant VE i PRIOR TO CONSTRUCTION. a, 

ee IN a) HABE Be AMI Crandon Mining Company 

Mae AS INS |! 7 SEAM St eoiss cores FIGURE 612-28 i lite / i 1S ay ais % if cos hie 
i Ly / / \ ? Jpn iS \C Cy ¥ cor TMA 2 

t DIP / ft Sok oe WLR AU AC eee 
Ae LM \ oc r16880 x WA ee /// L/S 

C:\cadwork\4c66s3.dgn 930049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E 2,286,000 E 2,287,000 E N 

SAAS FX) OEE EPR OE: 1 (Qa NO Bee i 
AH ZAM IN \ g A ARERR. | Steer SAR DR & LEGEND 
2K WSL | dese A DR ee FO Nosy ¢ eas it : Sw DSA hy i CWI Se Oe eee oe \ AS ARS © | } 

y\ a) zo mie. % bef \\ Woes er VN OAR A NDS oe EXISTING ROAD 
Dee. iW \ “Ase mehhg Ay eee a Ox \ \ Se eee 118,000 N |“, P| ed j \ yee ~ t Zp ees “ » Gc Ne | . - . ee 

Abe WI lee " ae ‘ Vy a at ROG Sh we . ~1675— EXISTING CONTOUR 
“Ve Js Ail el \STOCKPILE./ BORROW AREA SQ. aS) 

O\> C Js i ANS fae AN VAN, PA PR 1 yl@F4"9 SPOT ELEVATION 
Pe - 4 mo ; / RUNOFF \. i fis “+. A. A x 4 os ING, ae 

eo \ + Come) / of PopSet | fi) / 2 PI FE. SES 
ee \ ¢SKUNK LAKE. & eee tf i Ak eS ON BREA : SECTION LINE 

\ aly /ix1e542 |) WATERSHED" / / © 77min 1-1-1 eR KN NN AS 
re Sage He OT, fy pe Vi Ae aN \ Bm. VY NOR —1660-—— PROPOSED CONTOUR 

ee SO / | ve “GD Willi ieee Vee NOS TARA, 
an 17Fy RS . . oA py CYELAA | faetape i Vee YN ON ACA UPS 62 / Pe hj jum 1) 1 WA 7798 /)) OANA eS ——-——- PROPOSED TEMPORARY DRAINAGE FLOW 

Ae oa Se Yj. ffjf pz ill NAN \\\\ VOR i APS \NG BO) 117,000 N —», jeg foo Lie Lith WY p=" MW, \W\\\\WA— SY NTL , Prom d PROPOSED DRAINAGE DIVERSION BERM 
Ea ee eens \ Ky 4 ra ROA A= AIMITS JOF_AREAS FORSFORSOL \ > a 

(EET, sta BN ; ) Xi Ypy PX } | | DP \\\ pt AND! OMMER: SOS Th MEILES SOL “5 PROPOSED SLOPE DIRECTION 
/ op ae \ Ky “He Uy Loo i | Ole 7 Peace serve PANNE ‘RUCTION \ : 

/ PN Nh Hyp | | | q uA STAGING AREA) (~15 ACRES) \ AV \ s------- = WATERSHED BOUNDARY 
Ao i \ \ / 1) §GfY J ee le lll PS OAS Vo A A \ 

' eX i tit Wi < ; MI | \ AASK' \ Ws NOTES: 
yo es ae //////s ar A “ VW \ Sa 
ce HY WF 2 ORS i | | YR Y f LAVACA 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1’’=1000’ SCALE, 

ee \__RUNOFE Ly / (AE S| He 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 
a aap eae Hf f/f ea | | : “4 cars ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE. OF 

Y, Iggne Bey l/ yf Sos | | Hi at WV XEN PHOTOGRAPHY APRIL 28, 1976. 
it Se YY (Ae PrN Nis : Val 
xe 4 (n= y V7 oe VA it i : x +" Gas pe se0ah 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
om i’ 4 //, Vf, Uf Y oS VPS : Hil i | H P) YY Na COORDINATE SYSTEM - NORTH ZONE. 
“0 [rc anall Y/ NN TT WK a HEMLOCK CREEK 

ee HH, PRNO f Hy mee [PHS | ii Wis. ie WATERSHED \ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
a eel Sill (= us | | | WTS * ae \\\ DATUM. CONTOUR INTERVAL IS FIVE FEET. 

SS SSS eS MHINY x aee BR ee | 
oe | ( —— ZI) i “aga, 1 oc et ( 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 

WSS $$ Oe A eas | Cae i : AZ (ee benneete!| | | CY i} 7.5’ SERIES USGS MAPS 
: & CWS ———— ee ee i ; 

/ wa a [iL , 7 | A 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
a ; SS! . et dye eg eect ad Ng a te =f ee A THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED 

~~ | STi KOE] Ui Al [yo pO si ! ia “KY {¢ 115,000 N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 
Son he A | | ) NS, Sr) 673-9 W/E \ e eS xX  & SI AND OTHER FACTORS. 

a? Saf a BSH ) Wem 7 | Here 7 kk L | iil ee AE) Lo Nea ae fil] 
NS \ i Xa (ie YS Hl fe | A\ 6 CHANGED CONSTRUCTION STAGING AREA LOCATION 

38 | eal WY" SN BUH ie oe See NE apsachmte eens / AND ADDED STOCKPILE FOR SOIL PROCESSING. 
ON REINO 8-H A rR Gilt a. a ee COIN ae a 2 ef | TPA A 7. CHANGED STOCKPILE, SOIL PROCESSING, AND CONSTRUCTION <a \ SRN) KIS ER Bs: NG UAW STAGING AREA LOCATIONS. REVISED BASE GRADES, FINAL GRADES 

aps QQ, VT | | || ; /* (en AY AND SURFACE WATER DRAINAGE FOR ALL TMA CELLS. 
1614.0 ; c SPN RRA FAK KO ite y 1689.0 | 1 [ew 0 300’ 600’ 

\ Heh, RAY Pet A l 3 et Pt VW ae 
= i RY XG NE LN Rf alt Hae 114,000 N ” SCALE 

WATERSHED / (0/4 (7 SX SSS ee ee oe / ie /// i UCTION. a 
LIA 4 A AQ i ONS el fy X | / hs Foth & Van Dyke — 

ats fy SS) Ae § ALAA Crandon Mining Company 

|) te es (A | WAM MN Ijel!s PA Wave] servo Al ei | 1] SAY bf) i ioe ? DEEP HOLE 2 We y SF Ge eee Wie a TMA 2 STAGE IV CONSTRUCTION 
: ey Li idid / | K 7" LA RUNOFF fh aN Uf AV ipo | 

rh Ja if a basn/2 LAKE WATERBHED 2e)///////1/ |“ ee 
et LS MIEN / | ic PO soy (LT me SALE ee (trite 

C:\cadwork \4c66s4.dgn 930049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E "2,286,000 E 2,287,000 E N 

: 

BH PACT | . A RRA | Soeecos ORY oe LEGEND 

Ney 7 | : 3 an g yi f \\ \ Beer 2 47/7; : = in \ te SS . ae : C a EXISTING ROAD 

Ne DZS \\ | a » pe v7 DW S/ AN AL GAS eh at a -1675-- EXISTING CONTOUR 
2a re te AAS VBI POKPICEY BORROW “nada BSS FOOL 

oe ey SC) | / dundee. | LA ee a NOOR LA x aver SURYATION 
SLE] - _ / fas Tee |) | oP RL NN NK 

“ AN ee SKUNK a & yt) tid \ ! av oe \ x ~ oS x XS a J SECTION LINE 
\ “be lily 654.0) ~~ WATERSHE Wa mi pe ee tol lhl er 1s & \ es i ~ \ s + S 

Kei ee ff~== = 1 AGN \ S\N Nes — 1660—— PROPOSED CONTOUR 

SONS ee {JE | . \\\\hirngs AWAY AAT, ass —-- PROPOSED TEMPORARY DRAINAGE FLOW 
er ay) Vi 4/jf == RA \\\\\ ee He LS yeu roe a 117,000 N a PROPOSED DRAINAGE DIVERSION BERM eso!) [Fe A 4p ——] | pevheny HINTS. OF ARES FOR, FOPSOL\ =a 

Piers we 44 yy XN] | | HE ASN y "EROCESSNG-AND” CONS TAU Tich —2%_5) PROPOSED SLOPE DIRECTION 
eae i hy yf Yyyf.. | He RZ STAGING AREA (15 ACRES, \ seem a { Vv ‘ff if Wj ed | | AAR DVR WATERSHED BOUNDARY 
ep Voy tig Y eee wlll Ba Nh ee Ni S \ 

fe el \ Nye oy | | BY Ok es NOTES: 
bis | Myf yp so Ny ‘ S , KM We al 1 

De *, lly Y ee o~ / | | f if VES f oy hea 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1’’=1000’ SCALE, 
/ (_RUNDFR, Myf Y ffi DNS Pa 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 
opp aan 10 YT yj? i l ll | ee aig fe eS ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF 
4/ 4 ]/ Y// oS he i) Av HY A NO PHOTOGRAPHY APRIL 28, 1976. 
Ae ce (ae Aj VL a | hi Mer os 1) 4) oa pee ere eCeN 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
JN Wy Y//// YO VIR ANY Hi i | Led a 177 dors COORDINATE SYSTEM - NORTH ZONE. 

$43.0) I] eevLam 7; Yi eZ PX ATT iH HY a HEMLOCK -CREEK x SN Ih Pee ( Uf Yj ASIA | has, > | ii i to | __ WATERSHED \\ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
ATI a ee oN Kk J) | | | Re 4 er = Ne \\ DATUM. CONTOUR INTERVAL IS FIVE FEET. 
RS Ih 0 ——— | arr am), (ee | | SSawJ | SSS hill th 3 ae ea 

ee Ws Ce 1a | fe Os a iy (i ey 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
—~ SS vi oe tATT | (ae af he THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED aaa STH, SSS Le | _ SS i KA =e -15:000 -N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 

pak | NESW] &°° LF | Hl / Ml AU | AND OTHER FACTORS. 
pod ‘, § | sore 7 Ss } ae Oona TR A yite 

ur KE 5 un \ ‘ / yy. e f. / Uae - I Is a v | N Wt i 
a ‘ * = '\\ ANS f iff . No io 7] | > Hi] ow iA rid ip 

iC a Ba of | Med 1H | ; OY ‘ 0 ae NS S/R ACL -FI | a | VI 

BASIN..8..... RN . iA DE | ; HT YA 
1614.0 ; / AOA [Ke PN y 194.9 Al ey, y 16B80 A 1 Sy 0 300’ 600! 

Sey QO ONG Oe a) | | \ SN —— =} AE XX KF N+ 7 ; - ii sl | | Hk 114,000 N SCALE 

DUCK LAKE I Bie \\ eM \ LN B= |||‘) Hi erate RTe GSES Rabe 
WATERSHED p i Li XG eae) = =| wee / PRIOR TO CONSTRUCTION. ¢ 4 

a YY Ora @, i) ; js y) Foth & Van Dyke Sea ae 
} ae Q RR =]SSSS=== i ST 4 fi REviSED| oaTE | BY DESCRIPTION randon inin ompany rs) — C= i te WA, [rewseo[ ome [or] eso ‘|| Crandon Mining C 

Cl Sena) V2) MIA YIRUs eee We sie i 
a es \\ Arner. DEEP BNE ON ee eee | ve 

U ono hie 7, | oe Nf ==" Bas9 LAKE WATERSHED, -¢ VY dic Vs STAGE V CONSTRUCTION 

C:\cadwork\4c66s5.dgn 93C049



2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E 2,286,000 E 2,287,000 E N 

OI Ne df I Eyes Ne i cen \ (ioe Se ae \\ ee a ry ¢ 

OM NT IN | Se . > RRR 4 [SoS IRL ee LEGEND 
oy SY koe ae it 7 SX SS *. OO ee ee ae ASG Pe. - {ye ; 

At | Mel eae a \ at ON VOSS ee Aa ‘ a ae i % i EXISTING ROAD v\k + \ = RS 4 \ Le Ye NS Ti ao Uf. KX >. MEN LD 2 + 118,000 N 

DG Do \\ \\ 1) q \ LAL GY MS hs i SON NO RSS eS OL 16/5 EXISTING CONTOUR 
aie es te . eH \VSTOCKPILE./ BORROW AREA “Ss. Sa SD 
Se OG, HES * fo okay HN Stee TE PO SY, Se Ta Oe: ae 
Ne \CSe / Pe yey NA Asa / AN a. 2 SS VRE x76 SPOT ELEVATION 
NC vs, Ge | y &/i | /uNorR\ | VV EP ZU A Vesk ROOST KOK ON TIS. 1, * 
S| Di ae Ce) Gf J pabNDNecemt fi) ) GP KORA OK \ ROS 

or ee) |) ee / Y = SSS WA OA ARS — 1660—— PROPOSED CONTOUR So eal vay “yy ee By Ay MON PRS 

GPSS eed / (La 7 : ‘\ ‘I VATA \\ 177085 77} \| \ SI eo —+— PROPOSED TEMPORARY DRAINAGE FLOW 
ae /f : Fy Cig Nims b ebb A ot J Ss, \ XI a Hey dy Sd | 

oe ty a yf ao WA (AY Hee | Ss. SS at UX 17,000 N a PROPOSED DRAINAGE DIVERSION BERM 1631.01) [ (EX eet iy Y of gm, Vd | MM ee ke Ke , Pears Oe id are Ga on SED SLOPE DIRECTION 
iy VA | Kid YW YS \ ARES PROCESSING: SIRE ENSTANC TION PROPOSED SL 
oa /{ “ye oN E Aw AQ _) STAGING AREA RAE A) -------- WATERSHED BOUNDARY } mbit \ Li LG fpf lie ‘, i SASS 7 70 ye) Ra eho NX 5 

9, he. i / SM YY) (en tn SRN VTE SO 8, : eM NOTES: 
Hele / i Ui j a7 | - \ Vee VR A Tae 
[Ne Ve fy wee en a i Ne xy J NEN 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM Vanes SEALs, 

\ ‘ SU yy)/ i | / Uae NN 5‘ CONTOUR INTERVAL MAP PREPARED BY AERO-METRI 
fh ed Yf YI f oN : te. X HEMLOCK, GREEK ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE OF BASIN Uy Uy [ o ‘ c 1 - 
a /, i6gne\r——1 “y lf WA i Fae Motte \ Hi: ut i WATERSHED PHOTOGRAPHY APRIL 28, 1976. 
YS ¥ ; | y / \ la J 7A sere a Ny ' : : x Ae x 
She Sz y Wf (\\ WAR oa | \ aR \. 116,000 N 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
a If jj EY) | KK SK LO NO : “f : NRE TIERS COORDINATE SYSTEM - NORTH ZONE oO \ yy YY | 7 Bim TS ih H ve i APPROXIMATE LIMITS 

2 ONS ReCLAmillg Yo ee aN SITES oe. ' OF TMA 4 EXCAVATION 
CPN TAME POND TH MK Ste 62 6 ara HI S| ' a 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
A es Ios A | Li\ wera | ® fee WS TSeeg7 aoe aN. DATUM. CONTOUR INTERVAL IS FIVE FEET. 

: \ SST OS ORME 8g See | 1672.8 | “2 TN S y798.0 \ | : f —=———7 punorr| | |} 
= Ra] | TRO -— OLA || Se Vib Edpeiswrg | 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 
SZ Wee Bee he SS i POS | | see 4 7.5’ SERIES USGS MAPS. 

ae — & OS-A SN iv iC LLLT TS AY Fe erie 

a SS ayy ro iar SSS | oe ) 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
Nees : Sill UG ee try ii \ = SS he A THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED 

er Sy] ul Soa Wi A [ig = | | RSF (115000. N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 
re } i | ‘ Gor e730 H/F ll << NS | ANU T OT HERar se One. 

a ih | Ce | Tp fe | | 4 is Wild /\ 6 CHANGED CONSTRUCTION STAGING AREA LOCATION 

ie = HHYIN Ne ane I | ! Yl f | yy AND ADDED STOCKPILE FOR SOIL PROCESSING. 
5C : _ WN Mill Ms Qe i ’ a [SA A : Py 

i Se/ Ly peer 1 t ; HA 7. CHANGED STOCKPILE, SOIL PROCESSING, AND CONSTRUCTION 
S=RUNOFF ANG KE | Ale | (N 1 I I | VAY A STAGING AREA LOCATIONS. REVISED BASE GRADES, FINAL GRADES 

BASIN..8 “XQ i) DRA ! i | 1 NAN AND SURFACE WATER DRAINAGE FOR ALL TMA CELLS. 
1614 iN . XG WK § j | : OFC pf | y 168 i \ X 0 300’ 600’ 

f aide SAW Ny _ +4) \: 114,000 N SCALE fet xX \ \ LSE | 7 ¥ NI | H : \ ’ 

(319 SA NAAN \ { 1650, i i f ; i TYPICAL REPRESENTATION: ; 

en ey EXQY SMW. =f Brit 40 one Rue ich & 
WATERSHED ( (Als LEY oh NN (eee | = a. | / Foth & Van Dyke wind 

DD OS SS Crandon Mining Company 
ey he iy ) YY | Ye ACY INH | | A izzersrfrem | seenore7 5 ee ore ei | Lye | | i > A\C Pe / y @ TMA N a ies \\ tame DEEP EO ee We | STAGE V1 CONSTRUC 

5 BH as, \ 0 TF satis LAKE WATERSHED 2) (1/1 : ef IN IDE\ 3 { ese ? 1685.5 fii yy > Me LK \ : PATE: MAY’ 
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2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E 2,286,000 E 2,287,000 E N 

KRISSY 2 KTS BS Hy \ ee EE A } , RY DPNCKT | 4 RRA \ aA. AS ? LEGEND 
ie ae mG Ly aN OSES, te ON NS ONS ; . 
YR / Ginsed Pe ah Nmeiee by s, Sh cae: he eget pom a ESS } : 

we JPL Pel | ay G ; Mor NRO EEE Loo VV NOS. a DG at EXISTING) ROAD 
#\ te ; ioe ay oe Sry + WA ae tL vo Ye Wiokh otk 118,000 N 

Ne Sy ii - ¢ yy) e CONSTRUCTION STAGING, Ni ASS USES Tc, 167 AM \ | viii \, | ZOU PROGSONEN OM, MOS LEOSD RN 16 EXISTING CONTOUR 
VE ees ny : AlN S/STOCKPILE/ / “BORROW “AREA Ss. Pom Ga Lewin Ole co sys ee | Ft Vises / a ee ae i y O26 SPOT ELEVATION S| A .t CN fod RUNOFF \. ! ffl soe \ LY \ “ te LA x 

Pees oe oe ho Sif] Bab Meme ff ||) ) ) SPOR SOK AK RRA 
= 3h Wf \ oSSKUNK LAKE), fra | el ee \ a aS St at SECTION LINE 

\ a4 /iiiesad) |) WATERSHED ' Ye eee EOD 
Ne J H Y OST KL A OS — 1660—— PROPOSED CONTOUR os Se S 7X ay ff — — -———S==_~_ Ew ya \ oo A N PRRs, 

Le / LO y Zi aN ‘Ih ———==\\ RAYAY NAN @ ats ——+——- PROPOSED TEMPORARY DRAINAGE FLOW 
seis, / oa : “ ;] jy) /- e \ | ====|=|r We RN NN @ Je | 

aan (PT iy, ge 4 oo i fa WHE j SS \ BS FAN 7,000 N = PROPOSED DRAINAGE DIVERSION BERM 
ik i See tie Yy Bi =~ Rak: \\ \ i, [be Nearer) N \- 2% al he Alb ee oN | ly XQ uf firzesNea\ \  \ —24_5) PROPOSED SLOPE DIRECTION 

Cee bvf 4 Og SY \ | SAY \\ WO \ ween---- WATERSHED BOUNDARY 
: es iG em sake al @4\0\ \ \\ YAMS x oe. \ 

Te ‘ ‘Mi in AN \ \\\ : | ay ~ WO WA \ NOTES: 
haw i - i GYSITS fi PO yet 4.5 x \ Bc aes m SUE WN a ke Al ete J SAS | DS¥ \ \ MAA A 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 121000" SCALE, 

\ OFF. A Wi ii fit fer NM nn Bc RT TEN : 5’ CONTOUR INTERVAL MAP PREPARED BY - Lf Oa aa Yf Pen ve \ | x\Y ~\\ HEMLOCK, GREEK ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE. OF / 3 Y ff ! & i ‘ we 8 
Ne see Yf, Pea eS NN I : Wy | WATERSHED PHOTOGRAPHY APRIL 28, 1976. 

1 oh ir Ay \ YY) APR STE il / we | ty \ = a 4 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
PNG Whee MY Y/ Pe (i iy oS iN ae \ CCORDINATE SYSTEM - NORTH ZONE. aoe EY es th KW /J\\ Aas nee By MRECLAIMI & Y) \ ’ pA ps AT N ( . 

oe M E POND Iii ff / “Loe tH one ~ | | IM | a ee 4 iS \ 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
—~ Nye (XO OF | nC + nk i \ DATUM. CONTOUR INTERVAL IS FIVE FEET. 

EST OS On Lee SQ | 1672.8 | A Loestbn J es RUNORR! ROS. HB Page of Oe i | a jj aS x [rors wibere sy 
: CS] | Les 3) 5 yk == Sa leas wel 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 
NSS OE aS SSC Se at Wess — = f re == \ Ty 

WSS Ty [Hie K a 1 ce 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
oe” Salt Rae ee + I [ oe es Cee THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED oY ~ Hi Cee Wi) \ _Sa=—— J oOWNSFLI( 15000 N ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY ~~ yA TLS ert 673.0 7 my ———| Po \ 1 | AND OTHER FACTORS. 

He — BN : ii | ki |e \ a | | | \ e ‘Yl a \\ | Wa 

=—-_ SL A N25) —— me, Riss | | KAY JO 1) | ae, i ARAN 
\ BASIN..B... PRR DSi | 1 4 AIS / WA 

es IRN LEA Kf NV carat >, ey 16880 | i | f | | \\\\ 0 300’ 600’ HOTS. fees A. | OS i hisi can eer par ee eee | : t SA 

: sat Y NN Rs fe ed | 1 | | / i nia 

.f BY ; RQ QQ Ks! | 1650 | it | 1 /ASLAP TYPICAL REPRESENTATION: E 
Bue AE) AR A SOIL SM... Paar ete” : WATERSHED / 7 (3¢00( _ 777 SK RONSOSO  SSSS SS ps0 | / i i77// Foth & Van Dyke ~— ° | 1Ale 7 AN Qo = = : / / Cc d Mi Cc 

1 SF | A —_—— SSS / f DESCRIPTION randon ining Company 
i 7 ry i. d ———— SS a a7 a ial a i? \ y/, ; 

ee \\ Aine, DEEP BOE OE 9, oe STAGE vi1 GONSTAUCTION 7 DI DIHIBRS ITC | ocean NSC MP tacit LAKE WATERBED A) AA a ie 
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2,282,000 E 2,283,000 E 2,284,000 E 2,285,000 E » 2,286,000 E 2,287,000 E N 

NH AS j ly \ ec NAG \ ke ZN SY F une LEGEND 
vy Ke Sag i 4) AQWRAO Get fecaae So ES OUR 

wt ae oa ; pf WANG eee a \ SAA © EXISTING ROAD 
Ah A es eet ; ‘ ‘ amend / ON a \ mS VARA ; . 

2 es Ly aa c + VDL ASO’ “Teas pic TION Stans, * eh oh eee airs EXISTING CONTOUR Ake \ , ; \ ' SOIL PROCESSING, Ss \ Se So ” 2 _ © 

MG 3 L& . r ANS SI VOCRPILE / BORROW AREA Sy, Sey 1, ey io 

g\ ee Ler k Ss a Alimtad_ AY ae iE yiP2e% SPOT ELEVATION 
ye | . 7 BASIN Th Vbewemt4e/ / / See es soe 

Ny: ay oil \ SKUNK LAKE & rat | | 7 ee NN RY SECTION LINE 
\ Ale //(x1654d) ‘, WATERSHED.’ / © Z7tietetnins t= oo ne ote WY SOK SE 
MA ee) ove ae fl ‘ = rN YN NOOR — 1660—— PROPOSED CONTOUR 

i ee ? : oe ’ t=, WAWAN N \TN 4 BS _—— PROPOSED TEMPORARY DRAINAGE FLOW 
oe ie - /-  fM4yy7 ele === \ it ML NL ‘ 8 ai i ay Ad Y fe — | i= JHE PXY \ 83 FAY. 117,000 N mmm PROPOSED DRAINAGE DIVERSION BERM 

oath | \ / TA, “ago ~~ | ls Ln M2680 \ \ \ aes sy PROPOSED SLOPE DIRECTION 
} X i i 2 I Wf foe” fs. _~, ‘ \ RAY S if fo fe a \ . ‘ 

aN Ly. Sf —~_LY VN C$ YOY A seeeee== WATERSHED BOUNDARY 
ie Va RG Aga Wy j Yf Las eofmswalo, \ \\ | LY ATM RY > Waste 
fe a | aN / | Uff | | A207 y \ ey WW \\ ‘es NOTES: 

Ld) \ | A ey fy | figs Pose |; ie Sy N EX & A | ve 

ay \ = } oo ]/ ff FD Ir ) \\i | \ CK QAR. AN \ 1. TOPOGRAPHIC BASE MAP DIGITIZED FROM 1’’=1000’ SCALE, 
Z [ \___RUNOF| LY PY AM Lap once mn) Socom on fl WS 5’ CONTOUR INTERVAL MAP PREPARED BY AERO-METRIC 

fon mn  SRET— Wf Pr We 7 VS | | PAN \\\\, HEMLOCK, CREEK ENGINEERING, INC., SHEBOYGAN, WISCONSIN. DATE. OF 
i / , 16gne er Wf Ea 4 AERA (Hl me ) \ “WATERSHED PHOTOGRAPHY APRIL 28, 1976. 
Kae — } Mi i/\\ Palo NS Rae Na BPO ION ALL 

“i or [n= y y VA WIFE FRO | ! yr): ! ir ees OO EN 2. HORIZONTAL DATUM BASED ON WISCONSIN STATE PLANE 
Ne ik iy Yf Hh ASSAY Bh ORO i | . Ves ik COORDINATE SYSTEM - NORTH ZONE. 

$43.00) recaMIW YY) |) A fo APO mee oo VA Joe ee 
he NX IH PND EK bh Fale) \ NN | Ms. 7 Pe aa 3. VERTICAL DATUM BASED ON MEAN SEA LEVEL 
AINE (yee | OF oN | i 4 Y ee oN DATUM. CONTOUR INTERVAL IS FIVE FEET. 

RSS If Pres 7s ee ee = faeces | |! 
3 eS] ee ae wee | _—— LH sasn i 4. COUNTY AND TOWNSHIP LINES DIGITIZED FROM 

OMe es y cy = 0 Cee a | . 
at We eA 7 ae of / E G7 ——— + ; 7.5’ SERIES USGS MAPS 

WSS lt FF TLL ( Ze er, ro 5. STOCKPILE AREAS SIZE AND LOCATION ARE APPROXIMATE. 
le : Sail Vee + HT Na! ay \ ‘ r A paten x AX ‘THE CONTRACTOR MAY VARY LOCATION AND SIZE BASED 
— STAT. —] Wit A {P) ae DN H SSO , ON LOGISTICS, CONSTRUCTION EQUIPMENT AVAILABILITY 

. ee’ SATA DAT 1673.0 J//// aes RY ro | AND OTHER FACTORS. 

exc Aan Sal | RON YX Gi) ae. en A) | AVL A\ © CHANGED CONSTRUCTION STAGING AREA LOCATION 
xt A | ho EY a | ee ay Le | I //) AND ADDED STOCKPILE FOR SOIL PROCESSING. 

, —— \ m/ i ® } / 4 : / g si ' ua 7. CHANGED STOCKPILE, SOIL PROCESSING, AND CONSTRUCTION 
RUNOFF SAN \ Xe | I y, SNe Th LAA AX © STAGING AREA LOCATIONS. REVISED BASE GRADES, FINAL GRADES 
Been ORR \\ JANG | | 7 < e/\NE a AND SURFACE WATER DRAINAGE FOR ALL TMA CELLS. 

w?i2.4 he WN A 7 1700.0 / 1689.0] / Th oft} | SO ‘ ’ 

- ORS NYE | Ae | | | \\\\ —— 
+ ete \ MO ~t Me“ aL % il +4: 114,000 N SCALE 

fey WGK J \ 1 ( s ye ‘| ee Ly TYPICAL_REPRESENTATION: 

| (All 4 AG ee ee : eae) an \ / Es \ Ale Kee AC Soa \ : bo) Al) iffy / Foth & Van Dyke — 

ae/ XY S329  / Crandon Mining Company 
(iia 17 | ee : : Jie A VON Of | | AX _[3/13/96[Rem | SEE NOTES 5 AND 6 

Co A ee fay | \ z Ves Ly S18 eee ae wre TMA 4 a cTIO ) TA eg . J DEEP HONE NE YS oe os LL HAY 4 / | . °” LAF Runor F : ‘ Vi f ee 

t PPB A A pitts SX a ee ee OT % a 
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SEE FIGURE 8.2-2 peepee 2 5 = a = foo ae = x 3 a 
FOR SECTION VIEW 4.9 bd 

: if vpxycrerRRIAIICIION RIKI EKER CRIIRIION COC CIOC Pld 
A if oe hemi OOK ty Ny A’ 

ee ee ale % 
= / i 3 LS Az 3 

# s recta = : 
t $ > <n $8 

t 2 a = ~ S 

1 = ca <|o <= 3 ! 
: ' = iE ecm a> a $3 j 

1 $3 oc = S 33 
= = xy 10% SLOPE 8 

‘ :§ ve Se irvpicaLy § 

‘ S--- +1 pep cpencpcnanqoqoqoeoeoeaeceTORHDHDHRHTODHHIOHONINIHINIIN ae $ oe 
-\% OOOO OOK \ 0 RAM % 2000000000000 OPO d $ AIL 

: h ( wo OS ea SEE NOTE 2 ~.. 3 I s 
va a War s WN | \ces SEE 4 5 \ 2 

. Ss {note 3\.—" i oe i 
\ a ; - fle =F / S 

\ FINES i eee eles x. 3 

ee ae ee cowevors PN Ald Ree are 
ee eae j (aed eon een 

i $ / : 

7 iN ye 3 s a ‘ | 

See STOCKPILE > 2” a oe 
\ \ @ a / ' 

\ % ~ / 
Meo ace : % DRAINAGE LAYER ir conte 
Pe aere. were —& SOL STOCKPILE ot see pesgae | Nai ta end 

os 3% NOTE 1 Veet & «BE app hny NOTE 1 peo 99 i ae ‘ 

SEE isi EEG 26% a Zxeonqaonqosoodadadoqxe00TH0KHOIHGDOODHOOOOTHOKIOOONOCHOHIIHOIIRHRIN AT Net ee$? cee 
' aoe ae oo os = aaa vst o——petetetes, _suil 

oe. ——~ eee a . ess nese 2 a aay oan NOTE 4 i 

Ties = ee seese pS oeg 2 SA hele 

HAUL ROAD HAUL ROAD 
SEE ee ae a eres | a eee NOTE 5 

esge58 : 

SEE 
NOTE 5 

LEGEND NOTES: 
segeS8 RIPRAP 1. AT ENTRANCE AND EXIT TO STOCKPILING AND SOIL PROCESSING 

a AREA PROVIDE A MINIMUM 100 FOOT LENGTH 
aves OF 2” TO 3” CLEAR STONE. 

seocooodoocioacaseex. | BOCK IBERM “( 2- 2. SOIL PROCESSING PLANT INCLUDING VIBRATING GRIZZLY 

Ciel a [Foth_& Van Dy — 3. SETTLING PONDS WITH WATER RECIRCULATED TO WASH PLANT. Foth_& Van Dyke Ci, Visine CC 
~——— DRAINAGE DITCH AND FLOW DIRECTION EXCESS WATER, IF ANY, DISCHARGED TO SITE DITCHING. |_Reviseo | vate | er | DESCRIPTION randon “lining Uompany 

—l_.+ soe 4. TEMPORARY OR PERMANENT RUNOFF BASINS DESIGNED Laie ltl iio docile FIGURE 8.2-1 
FOR 25 YEAR, 24 HOUR RAINFALL EVENT FROM STOCKPILE AREA. a NS ee ne tle yet 

Sas 5S ah | ACCESS IR aie RATS stn Aa ee asa 
z = 5. DISCHARGE TO PERMANENT SITE DITCH WHICH FLOWS AND SOIL PROCESSING LAYOUT 

(_) o> RUNOFF BASIN —— a 
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A AY 

LIMITS OF DISTURBANCE LIMITS OF DISTURBANCE 

I I 
1 1 

I I 
1 1 

l I 
1 NG 7 ' 

I —— STOCKPILE 1 
2 (TYPICAL) 1 2 I 

1 [7 \ I! 1 
I I 

‘4 HAUL H 
UNDISTURBED I ROAD | UNDISTURBED 

AREA 1 1 AREA 
—_—_—_— —_———— 

: SEE DETAIL BELOW t 
l FOR ROCK BERM I 
' ' 

EXTERIOR DITCH AND BERM 
EXTERIOR DITCH AND BERM 

SECTION A - A’ 

GRAVEL, COBBLES AND BOULDERS 
(SEE NOTE 2) 

NON-WOVEN GEOTEXTILE 
, HOS T2 PF 2. 

ihe teed ete ony 
TTS gare Voters Vee are Eats 2 weacstete Sota Stet echke ts = 

if sesaetersaets™ jaye ee 
2' (TYP.) | v2 Spee ' 

= 
= 

TYPICAL ROCK BERM 

NOTES: 

1. TOE IN GEOTEXTILE A MINIMUM OF 4 INCHES 
BELOW THE EXISTING UP SLOPE GRADE. 

2. sabres can 2 SS 
FROM SOIL PROCESSING. Foth & Van D Semin) eal pt — 

[sewsen Toare[ ev | __vescwpnov || Crandon Mining Company 
3. SILT FENCE AS PER FIGURE 8.2-4 CAN BE SUBSTITUTED FOR THE ROCK BERM. | 

eM | FIGURE 8.2-2 
UN Ac techs A aa CROSS SECTION A - A’ 

CHECKED BY: JKSI 

were on —_—PaE 
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> 
a” 

QO 
oO 
a 

6 
+ DIVERSION BERM DISTURBED AREA 

Z (SEE NOTE 1) (STOCKPILES, ETC.) 

QO 

oa UNDISTURBED 
s AREA l 

3 DD + fa (TYP) ) SL. OFE 
~ A MX = Y¥YYy\ OM nt | oF 5 — 

| EROSION CONTROL 2’ (TYP.) 

PROTECTION 
(SEE NOTE 3) : 

V NOTCH DITCH (TYPICAL) 
| (SEE NOTE 2) 

NOTES: 

1. DIVERSION BERM AROUND THE STOCKPILE AREA TO BE 
CONSTRUCTED PRIOR TO STOCKPILING SOIL. DIVERSON 
BERM REQUIRED ONLY WHERE UNDISTURBED AREA 
SLOPES TOWARD THE STOCKPILE. 

2. CONSTRUCT DIVERSION BERM WHERE REQUIRED WITH 
MATERIAL EXCAVATED FROM DITCH. PROVIDE EROSION 
CONTROL PROTECTION IN DITCH WHERE CALCULATIONS SHOW 
iT 1S REQUIRED. FERTILIZE, SEED AND MULCH ENTIRE DITCH 
AND BERM. 

3, PROVIDE EROSION CONTROL PROTECTION ON OUTER FACE 
OF DIVERSION BERM WHERE CALCULATIONS SHOW 
IT iS REQUIRED. 

Teme [or | [oar] Crandon Mining Company 

es es ee FIGURE 8.2-3 
. a MAND OMTCH DETAIL 
3 
5



1. Set posts and excavate a 4x4" 2. Staple wire fencing to | 
trench upslope along the line the posts. 

| Of posts. 

f | Hs I oie 
: he i CTT |__-- tf Se ee — fi =_:- ee \ ; DoH rh rtd TT ctr 

“Slee wT seme 
— 3 ee SC <~- recat be ee a 
“—s e oa So ew St airiet ttl - 

eo SSE" Fa Sa 
ay See ite: | ar <7" oo. SS A 

Li = BG: et eee = “oe ait jibe a 

, ° AU cea ee alle he 
plo wv || ee 4" E20 A" 

3. Attach-the filter fabric to 4. Backfill and compact the 
the wire fence and extend it excavated soil. 
into the trench. 

a i if ee QELS ee 4 eT a a ———$_ | 
MARE ccc a eee SUR eae i iS een: ! 

Se MB ye Aeon TE cen pea SE TE Seen a Ea | 

| SR ig NE 8 fl el Se ey. 
CR EEE eS ae oe 

- -— ee mS se a ee o—," os ' oo 
, | “TS _——— 3 Eee 7 a Us —_—. — a an qt! 

ar < A ZAM i ~ —_— —r =e pb pyr 

aan * Zen ’ ite = <= s == ce : 

Extension of fabric and 
wire into the trench. 

FLOw 

——> a) | 

Filter Fabric—-jaill! 

| II Tea wire IE =a =I 
=I Sn 

SOURCE: 
ADAPTED FROM INSTALLATION 

BARRIERS FOR SEDIMENT CONTROL, cae 

SHERWOOD AND WYANT Foth & Wan Dvke oa — 

rrewco [ore] ev] vescarnen || Crandon Mining Company 

— FIGURE 8.2-4 
rT {| | [| TYPICAL CONSTRUCTION OF A SILT FENCE 
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CUT 
Z (see Comment A) i 

(within TMA footprint) 

10,363,900 

BORROW~° 
904,800°* Comments 

Borrow with contingencies is: : 
A. it from Tabl D No. 13. 

904,800 + 447,400 = 1,352,200 cy fae yes Ree Eee eee 
B. Till screened to remove >3". 

546,300 9,369,500 811,500 1,130,200 Quantities from Drawing No. 13. 

588,800 C. Quantity of unprocessed till required 
Till Sidewall and B: i i i i i : pidewall an qd ase Paprecessed au Drainage Layer (bottom) Dratnase reer (final cover) for construction and closure. Includes 

: ‘ ‘ [ a reduction in the quantity by the amount 

oT Berm Ramp Fill 175,000 In-Place (cy) Fill (cy) In-Place (cy) Fill (cy) of "by-products" from soil processing. 

|| 18" Till (sidewall) Topsoil 176,900 2 2 
| 363,600/0.90 = 404,300 Till - TMA Cells 5,421,600 es a OS. OE D. Drainage layer quantities from Drawing 

12" Till (b: : TMA 2 77,000/0.315 = 246,400 TMA 2 110,000/0.315 = 349,200 3 5 ( 
ill (base) Till - FC Grading Layer 1,040,600 4 No. 13. Calculation of soil required to 
127.800/0.90 a A i TMA 3 50,000/0.315 = 158,700 TMA 3 75,900/0.315 = 241,000 : 

127,800/0.90 = 142,000 Till - FC Rooting Layer 1,038,500 TMA 4 54,800/0315 = 174.000 TMA 4 81.600/0.315 = 259.000 manufacture drainage layer from 
491,400 546,300 Till - FC Fill Material 1,516,900 255600. 311.500 356.600. 7.130.200 Addendum No. 2, Attachment 11 (Foth & 

9,369,500 r ‘ : 7" Van Dyke, 1996b). 

By-products <588,800> 
546,300 - 491,400 = 54,900 se , 1,130,200 - 356,000 = 774,200 E. >3" by-products to be used as fill. 

F. Total by-products available for use as fill. 

G. Excess fines from processing (i.e., by- 

Fines Fines products) available for use as fill. 

"By Products" 811,400 x 0.57 x 0.90 = 416,300 1,130,200 x 0.57 x 0.90 = 579,800 ; 
811,500 - 255,600 - 416,300 = 139,000 1,130,200 - 356,000 - 579,800 = 194,400 

23" 54,900 cy 
54,900 >3" 139,600 cy 139,600 194,400 

(see Comment E) 23" 194,400 cy 

P40 199.900 cy 
588,800 cy Base and Sidesiope Liner and Base Fines Final Cover 

Notes Filter LPS Total LPS 

1. In-place cubic yards (cy) from Drawing No. 13. 2 - 

2. Total percentage of till usable for drainage layer is conservatively calculated as follows: eM) 1say0 oe pie s100 a Ew 

100% - 50% (<#40 sieve) - 8% (+1/2 inch) x 90% (less boulders) = 31.5%. TMA2 19,400 117,600 137,000 TMA2 —_ 109,600 
Note, this is conservative since the gradation of the drainage layer allows up to 2 inch gravel to be used. TMA3 12,500 80,900 93,400 TMA 3 75,100 

3. This balance assumes no use of Type I waste rock within the TMA cells. TMA4 = 13.700 87.000 100.700 TMA 4 80,800 

4. Soil Balance Calculations 63,900 379,300 443,200 353,000 

By-Products <588,800> 

Unprocessed Till 9,369,500 416,300 - 443,200 = <26,900> 579,800 - 353,000 - 26,900 = 199,900 

Sidewall and Base Till Cover 546,300 
Liner Drainage Layer and LPS 811,500 26,900 

Cap Drainage Layer and LPS 1.130.200 199,900 

Total Fill Required 11,268,700 : 
Available Cut 10.363.900 ee Comme 

5. Contingency Calculations et 

Drainage Layer (processed soils) Foth & Van Dyke —— xe 

Final Cover 1,130,200 a Crandon Mining Company 
Liner LCS 811.500 

1,941,700 x 0.15 = 291,300 ; : aunt pe adie FIGURE 10.4-1 
Final Cover Soil (grading layer only) 6. This earthwork balance is conservative since waste rock and oRee aa eM ee | TMA TOTAL EARTHWORK 

chet Tate demolition waste have not been considered as part of the ar SS eee | eee 
rading Layer. 1.040.600 x.0.15 = 156.100 available borrow materials of final cover and other uses. BALANCE FLOWCHART 

C:\cadwork\4c663.dgn 930049
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1 Introduction 

8 1.1 Summary 

The following sections define the Construction Quality Assurance (CQA) program for 
construction as required by § NR 182, Wis. Admin. Code. This plan is followed during 
construction to monitor and confirm that the construction features are constructed in accordance 
with the design and regulatory requirements. 

1.2 Purpose and Scope 

The purpose of the CQA plan is to provide minimum requirements for construction observation, 
testing, and documentation activities performed during construction. The purpose is to 
document that the constructed facility will meet or exceed all design requirements, specifications, 
regulatory and local approvals. The plan outlines the various organizations and their 
responsibilities involving the implementation and review of the various CQA activities. The plan 
also outlines sampling and testing programs to be carried out during the construction. The 
primary goal of the CQA plan is to provide a means of evaluating and controlling the quality of 
the constructed facility so that the intent of the design is met. 

1.3 Applicable Units 

This CQA plan applies to liner and final cover construction of Cells 1, 2, 3 and 4 of the Tailings 
Management Area (TMA) of Crandon Mining Company’s (CMC) Crandon Project. 

© 1.4 Design Summary 

The liner design consists of thté¢ composite liner configurations, one for the base which includes 
a leachate drainage layer and one for the interior slopes Witlt and without § leachate drainage 
layer. The three composite liner systems have the following components listed from top to 
bottom: 

| @ Fite: Layer (ull dines) 
| 2 Glacial Till Payer (a) fines) 
| Geoterile (liter) 
| af Gravel Draimoge Payer 
| Geotemie tcustioning) 
| OG mH DPE Geomembrane 
"  Geosyntiedc (lay Liner (OCE) 
7 Le BAG FU Sout 

* Ebtetion Slope Composite Liner With Leachate Drainage Layer (arst stage of cach 

| Geocomposite (drainage faves) 
© 700 SEL ETRE Ocomembrane (rextured on Dom sides) 
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_..... © 

= 18" Riprap (Only on the inferior slopes where required during final tailings 
deposilion) 

» 18 Glacial Till 
= Geotextile (cushioning) 
- 00 mil HDPE Geomembranc (textured on Dot sides) 
-  Geosyathetic Clay Liner (OCE) 
7 TE PaO Tal Soll Layer 

The final cover design consists of a composite cover with the following components (listed from 

the top to the bottom): 

° 6" Topsoil 
° 36" Rooting Layer 
° 12" Drainage Layer 
° 60 mil HDPE Geomembrane 

* | Geosyathete Clay Finer (OC) 
° 12" PAO Fal Soil Layer 
° Grading Layer (thickness varies) 

Leachate collection system piping, reclaim water piping and tailings delivery and distribution ©} 

piping will also be installed generally including the following: 

° Leachate collection system piping | 

- _ § perforated leachate collection system piping along the fr of the interior slope 
- leachate cleanout risers 
-  sideslope risers 
- leachate transfer line piping 

/  @ perforated leachate collection system laterals across the ccll base 

° Reclaim water piping | 

- reclaim suction line 
- reclaim force main to process water pond 

° Tailings delivery piping 

° Tailings distribution piping 

- mass discharge piping and fittings : 
-  spigotting piping and fittings 

ee 
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2 Responsibility and Authority 

: 2.1 Permitting Agencies 

The Wisconsin Department of Natural Resources (WDNR) has the regulatory authority for 
approval or denial of the development and operational permits required for the Crandon Project, 
TMA. 

2.2 Facility Owner/Operator 

CMC is responsible for the design, construction and operation of the facility in compliance with 
the regulatory requirements. CMC has the control of organizations charged with design, CQA, 
and construction activities. CMC will provide a construction manager who will be representing 
CMC in all construction related issues. 

2.3 Design Engineer | 

Foth & Van Dyke and Associates Inc. (F& VD) has the primary responsibility for designing the 
facility to meet the design and operational requirements of WDNR and CMC. CMC is 
responsible for providing a design engineer to make necessary design changes if construction 
problems and/or material changes are identified in the field. GMUOUS aise: respausitie: Roy 

reporting and receiving approval from WDNR on any design modifications. 

2.4 Construction Contractors 

© The various construction contractors are responsible for constructing the facility in strict 
compliance with the design criteria, plans and specifications, local and WDNR approvals. 
Construction contractors may implement their own quality control program for purposes of 
monitoring their related construction. The CQA program presented in this document provides 
the minimum standards for the acceptance of work. 

2.5 Construction Quality Assurance Consultant 

The CQA Consultant selected by CMC is independent from CMC’s project manager, 
manufacturer(s) of materials used, and contractors. The CQA Consultant is responsible for 
observing and documenting all construction activities including all required quality control testing 
and for quality assurance inspections and tests. The CQA Consultant may engage the services of 
independent consultants to perform the following: 

e Survey documentation. 
e — Soil laboratory testing. 
¢  Geosynthetic laboratory testing. 
e Testing and/or inspection of other construction materials. 

Independent consultants will report directly to the CQA Consultant. 
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2.5.1 Construction Quality Assurance Officer 

Prior to the start of construction, the CQA Consultant shall designate a person as the CQA @ 

Officer. The CQA Officer will be a professional engineer registered in the State of Wisconsin. 

The CQA Officer is responsible for supervising all the inspection and testing quality 

assurance/quality control (QA/QC) requirements of this section. The CQA Officer is also 

responsible for the preparation of a construction certification report following each construction 

phase. 

The specific responsibilities for administering the QA/QC program are the responsibility of the 

CQA officer and include the following: 

¢ Reviewing plans and specifications for clarity and completeness. 

¢ Educating and training QA/QC personnel on requirements and procedures outlined in 

the CQA Plan. 7 

e Scheduling and coordinating QA/QC activities. 

e Supervising CQA field personnel. 

¢ Confirming that OC data are accurately recorded and maintained. 

¢ Confirming that the correct Quality Control (QC) procedures are used. 

¢ Verifying that raw QA data are properly recorded, reduced, summarized and interpreted. © 

e Providing associated organizations with reports on QA/QC activities and results. 

e Identifying non-conforming construction and verifying corrective measures. 

¢ Preparing the Construction Document Report which confirms that the facility has been 

constructed in substantial compliance with design criteria, plans and specifications, local 

and WDNR approvals. 

2.5.2 Construction Quality Assurance Monitor(s) 

The Construction Quality Assurance Monitor(s) (CQAM), under the direct supervision of the 

COA Officer, shall be present to perform inspections and testing during the following 

construction activities: 
e Construction of the TMA berms and liner support soils 

- Placement of the F4U:tH soils. 

- Installation of GCLs; geomembranes, geotextiles, aiid seocomposites. 
- Placement of drainage layer soils. 
- Installation of leachate collection and transfer piping. 

e Construction of final cover. 
e Construction of surface water control features. 
¢ Reclamation activities. 

I 
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: 3 Lines of Communication/Project Meetings 

3.1. Lines of Communication 

The typical lines of communication necessary during the construction activities are illustrated in 
the flow chart below. 

Lines of Communication for Crandon Mining Company 

Crandon Mining Company 
Crandon Projct 

Tailings Managment Area 
| Construction Manager 

| Construction Quality 
Construction Assurance Consultant Design 
Contractors Engineer 

<+-> CQA Officer <—_— 

Construction Independent Testing Registered 
Quality Assurance Laboratories Land S Monitors (CQAM) ang SUIVEYOr 

nes | ines Of Authority 

a eee eee Lines of Communication | 

eee 
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The COA Consultant may engage independent consultants for completing the required survey 

documentation and quality control testing. Quality Control testing includes but is not limited to © 

the following: laboratory soil testing, in-field geosynthetic and soil testing, and laboratory 

geosynthetic testing. 

3.2 Project Meetings 

Project meetings are held at regularly scheduled intervals during the course of the project to 

enhance communication between the organizations involved and to strengthen the responsibilities 

and authorities of each organization. The CQA Officer is responsible for coordinating and 

conducting these meetings. 

3.2.1 Daily Progress Meetings 

A progress meeting is held daily at the work area just prior to commencement or following 

completion of work. At a minimum, the meeting will be attended by the construction contractor 

and the QA/QC personnel. This meeting is documented by a member of the CQA Consultant’s 

team. The purposes of the meeting are to: 

¢ Review the previous day’s activities and accomplishments. 

© _ Review the work location and activities for the day. 

¢ Identify the contractor’s personnel and equipment assignments for the day. 

¢ Discuss any potential construction problems. | 

¢ Identify non-conforming construction and determine appropriate corrective measures. 

3.2.2 Meetings Regarding Non-Conforming Construction and/or Construction Problems © 

A special meeting will be held when a construction problem or non-conformance is present or is 

likely to occur. At a minimum, the meeting will be attended by the construction contractor and 

COA Officer. This meeting is documented by the CQA Officer. The purpose of the meeting is 

to define and resolve problems or recurring work deficiencies. 

3.2.3 Preconstruction Meeting 

A preconstruction meeting is held prior to construction and prior to each substantial phase of 

construction, and shall be attended by all parties [contractors, CMC, COA Officer (or designated 

CQAM), atid Design Engineer]. The meeting is documented by a designated secretary, and 

minutes will be transmitted to all parties. The purposes of this meeting are to: 

¢ Provide each party with all relevant QA/QC documents and supporting information. 

¢ Familiarize each party with the site-specific QA/QC plan and its role relative to the 

design criteria, plans, and specifications. 

¢ Determine any changes to the QA/QC plan that are needed to ensure that the facility will 

be constructed to meet or exceed the specified design. 

¢ Review the responsibilities of each party. 

I 
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* — Review lines of authority and communication for each party. 

@ * Discuss the established procedures or protocol for observations and tests including 
Sampling strategies. 

¢ Discuss the established procedures or protocol for handling construction non- 
conformance, repairs, and retesting. 

¢ Review methods for documenting and reporting test data. 

* Review methods for distributing and storing documents and reports. 

* Review compliance of CQA plan with the WDNR and other regulatory approvals. 

ee 
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4 Construction Observation - Record Keeping 

4.1. Daily Inspection Report | © 

The CQAM(s) collects all of the samples and performs all of the Quality Control (QC) testing 

required by the CQA Plan. A daily inspection report is prepared by each inspector for each day 

of activity. The report contains, at a minimum, the following information: 

e Date. 
e Type of inspection. 
¢ Summary of weather conditions. 

¢ Summary of any meetings held and attendees. 

¢ Equipment and personnel on the project. 

¢ Summary of construction activities and locations. 

¢ Description of off-site materials received. 

¢ Calibration and recalibration of test equipment. 

¢ Description of procedures used. 

¢ Test locations, procedures, results and test data sheets. 

e Summary of samples collected. 

¢ Personnel involved in inspection and sampling activities. 

e Signature of the inspector. 

¢ Description of delays in construction activities. 

¢ Detailed description of any problems or non-conforming construction. 

4.2. Daily Summary Report © 

The CQA Officer or the CQAM, under the direct supervision of the CQA Officer, shall prepare 

a daily summary report which at a minimum contains the following: 

e Date. 
e Summary of weather conditions. 

- e Summary of location where construction is occurring. 

e Contractors, equipment and personnel on the project. 

e Summary of any meetings held and attendees. 

¢ Description of all materials used and references or results of testing and documentation. 

e Calibration and recalibration of test equipment. 

e Daily inspection reports from each CQAM. 
¢ Description of any construction not meeting the project requirements and how it was 

corrected. 

4.3. Photographs 

Photographs shall be obtained for all items of construction. A sufficient number of photographs 

shall be obtained to document the construction of each construction item (i.e., liners, covers, 

piping, diversion berms, geosynthetics, etc.). Each photograph shall be a dated 35 mm 

photograph and shall be recorded in a Photo Log (see Attachment No. 1). 

Construction problems and non-conforming work shall be documented with photographs taken 

before and after the problem or non-conforming work is corrected. © 

EEO 
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4.4 Test Data Sheets 

© CQAM will record all test data results on the test data sheets provided in Attachment No. 1. 
Independent consultants engaged by the CQA Consultant shall submit their test results or data 
on forms acceptable to and approved by the CQA Consultant. 

4.5 Document Control and Record Storage 

4.5.1 Daily Records 

The daily records maintained during construction activities include, but are not limited to the 
following: 

e Daily inspection reports. 
e Daily summary reports. 
e Test data sheets from CQAM. 
¢ Test data or documentation data sheets from independent consultants (if any). 
e Field book maintained by each COQAM. 

Daily records will be copied and forwarded to the CQA Officer on a daily basis. 

4.5.2 Storage of Records 

All document originals listed in 4.5.1 above will be stored in fireproof cabinets at the 
construction site. Copies of all documents will be on file at the CMC field office in Crandon, 
Wisconsin and the CQA Officer’s office. 

4.6 Construction Problem Identification and Design Changes 

4.6.1 Construction Problem Identification 

A Non-Conformance Notice is filled out when a deviation from the design plans and 
specifications, or non-conforming work, is observed by CQA personnel. An example of the form 
is in Attachment 1. The CQA Officer indicates the extent of work required to correct the 
deficiency and evaluates test results to determine if there were testing errors. These reports 
must be cross-referenced to laboratory test results, specific test data sheets, and daily summary 
reports and include all necessary information listed in Section 4.6.2 - Design Changes. 

4.6.2 Design Changes 

No changes in design will be made in the field without first completing and submitting a Field 
Modification form for approval by the Design Engineer and CMC. The CQA Officer and 
Design Engineer shall determine if WDNR approval is required for the proposed design change 
by contacting the WDNR representative. If WDNR approval is required the CQA Officer shall 
prepare the information required for a plan modification to the proposed design. If a plan 
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modification submittal is not required, the CQA Officer shall complete the Field Modification 
form; examples of which are provided in Attachment 1. The Field Modification form shall © 

include the following: 

e Original design given by project plans and specifications. 

¢ Reason(s) for required change in design. 

e Proposed design changes including changes in materials, quantities, construction methods, 
and constructed performance. 

¢ Supporting calculations. 

4.6.3 Design Change Construction Documentation 

Construction due to design changes shall be documented by the CQA Officer in the Daily : 
Summary Report. All materials, quantities, and construction methods required for the design 
change shall be recorded. Documentation shall, in general, meet the requirements of Sections 5, 

6 and 7. 
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5 Construction Observation - Testing and Verification 

e This section outlines minimum requirements for the testing and verification of the components of 
the liner and final cover system. 

5.1 Survey Verification 

Record surveys shall be performed by a professional land surveyor registered in the State of 
Wisconsin. At a minimum, the surveys shall document the following: 

Liner and Leachate Collection System 

*  Subbase grades (bottom of a P40 Gil soils layer) on a 100-foot grid. 
¢ Top of final surface on berm and embankment grades on a 200-foot grid. 
¢ Top of P40 ti soils on a 100-foot grid. 
¢ Top of drainage layer on a 100-foot grid. 
¢ Top of till soils on a 100-foot grid. 
¢ Leachate pipe elevations at 25 foot interval. 
¢ Leachate sump subbase grade and final grade elevation. 
¢  Sideslope riser and cleanout location and elevations. 

Cover System 

¢ Top of final tailings or mine waste surface on 100-foot grid. 
©@ ° Bottom of 40:8 soils on 100-foot grid. 

¢ Top of PAU tik soils on 100-foot grid. 
¢ Top of drainage layer on 100-foot grid. 
¢ Top of rooting layer on 100-foot grid. 
¢ Top of topsoil layer on 100-foot grid. 

5.1.1 Tolerances , 

The vertical grading tolerance for each soil layer of liner and cover shall be at design grades to 
0.1 foot above. 

5.2 Thickness Verification 

The CQAM(s) shall verify the thickness of the soil components on a 100-foot grid interval. The 
method of verification may include survey, use of settlement plates, hand augers or hand 
shoveling. Verification must be done in a manner which does not harm the geosynthetic 
components of the liner or cover. 
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5.2.1 Tolerances 

Thickness of individual soil components must meet the following minimum tolerances: ® 

Liner System Minimum Thickness 

1. P40 Tul Soil Layer 12" 

2. Drainage Layer 24" 

3. Till Soil Layer 18" (on slope) | 

£2" (on base Galy) 

4. Fines from Ti) Processing 6" (Gn Base only) 
§. Leachate Pipe Bedding 6" 

Cover System 

1. Grading Layer (thickness varies as required to attain a minimum 

2% slope as per the drawings) 

2. PAO Tile Soil Layer 12" 

3. Drainage Layer 12" 

4. Rooting Layer 36" 

5. Topsoil Layer 6" 

5.3 Soil Testing 

The CQAM(s) shall collect samples of each soil component in accordance with Table 5-1. The 

samples will be sent to the selected soils laboratory for testing. | 

The CQAM(s) will also be responsible for all in-place testing in accordance with Table 5-1. 

The following structures shall be constructed and sampled according to the CQA program in this 

section: 

¢ Compacted subgrade and embankments. 

- _ Pad Till soll layer. 

¢ 60 mil HDPE Geomembrane. 
¢ Drainage layer. 
e  Geotextile. 
¢ Topsoil and rooting layer. 

The material acceptability criteria for placed materials tested for quality assurance purposes shall 

be a maximum of ten (10) percent outliers. No outliers shall be accepted for workmanship 

acceptance (compaction, geomembrane installation, etc.). @ 

INN 
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Table 5-1 

6 Construction Quality Assurance Testing Program for Soil Components 
Crandon Project 

Eee 

Soil Component Test/observation Test Method Min. Freq. Acceptance Criteria 

Liner System 

Liner Support Soils In-place density ASTM D2922 __1/acre/ft Percent Compaction Min. 95% (Standard 
Proctor, ASTM D698) 

Drainage Layer (base) Grain Size ASTM D422 L/SOGO cy P200 <5%, C, <4 
USCS Soil Class _ ASTM D2487 18800 cy GPAGW. 
Hydraulic Conductivity! ASTM D2434 —1/80;860 cy Min. 1 x 10° cm/sec 
Thickness NA 200-foot grid 24" Min. LCS : 

Pipe Backfill Grain Size ASTM D422 1/1,000 LF P200 <5% 

Cover System 

Grading Layer In-Place density ASTM D2922 __1/acre/ft Percent Compaction Min. 95% (Standard 
Proctor, ASTM D698) 

USCS Soil Class ASTM D2487 __1/acre/ft Mi or SM Oo 
In-place Density ASTM D2922 =. 300-foot grid/ft_ | Min. 95% of ASTM D698 

© In-place Moist. Cont. ASTM D2922 = 200-foot grid/ft See notes: 
Stand. Proctor ASTM D698 1/20,000 c.y. NA 
Thickness NA 100-foot grid 12" Min. 

Drainage Layer Grain size ASTM D422 1/3000 cy P200 <5%, C, <4% 
USCS Soil Class _ ASTM D2487 1/8800 cy GPW 
Hydraulic Conductivity? ASTM D2434 1/8800 cy Min. 1 x 10? cm/sec 
Thickness NA 200-foot grid 12” Min. FCDL 

Topsoil pH, nitrogen, 1/5 acres NA 
phosphorus and 
potassium, USCS 
classification —— ee 

4. Recompacted Sample 
#. -1% to +5% about the optimum moisture content as determined by ASTM D698. 

LCS - Leachate Collection System FCDL_- Final Cover Drainage Layer 
cm/sec - centimeters per second P200 = - percent passing the Number 200 Sieve 
cy - cubic yard LL - liquid limit Prepared by: REM 
If - lineal feet PL - plastic limit Checked by: NXP 

— eee 
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5.4 CQA Officer Inspection of Subgrade and Foundation 

The COA officer shall perform the following functions: © 

¢ Verify that the site conditions are, in general, as interpreted in the plans. 

* Ensure that there are no moisture seeps. If in situ material provides insufficient strength 

(i.e., it is soft and yielding and ruts during proof rolling) the soft material shall be 

removed and replaced with compacted till materials. This material shall be compacted to 

achieve the density properties necessary listed in Table 5-1. 

e Ensure that all trees, stumps, roots, boulders and debris are removed. 

¢ Prohibit the placement of frozen soil. Prohibit the placement of soil onto frozen ground. 

¢ Ensure that the foundation is constructed and graded to provide a smooth, workable 

surface on which to construct the liner. | 

¢ Ensure that the liner base and embankments are graded to the correct elevation and 

slope. 

I 
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| 6 Construction Observation - Geosynthetics 

° The following section summarizes the quality assurance plan proposed for testing and monitoring 
of the GIL and geomembrane liner installation. 

G1 On-Site Quality Assurance Geosynthetic Clay Liner (GCt) 

G11 GCL Rolls and Panels 

Constrachion quality assitatice monitoring for the rolls and panels tnctude: 

ihe designated storage area in accordance with (ir manufacturers recommendauons, 

a. Recording tie toll and Daten numbers of OCT rolls delivered to (he atte. 

4, Any plotective wrapping tat is damaged or stripped Of must be repaired. 

5. TEfOls ate to be Stored for longer than 2 weeks, cover with a tarpaulin which ts 
adequately scoured, 

6. Review of manufacturers OA data for conformance with specifications. 

© 7 Selecting samples froin GCL rolls delivered ta tie site for off-site conformance testing, 
Conformance testing wil be peilormed im accordance with (he imanulaciuters 
recommendations for the material sciected, An cxamiple of a recommended conformance 
testing program for é We of OLE is outlined in Table G1) Samples stall be sent to 8 
peosynthetics testing laboratory for material propertics analysis, 

§.  Pising 4 code number to samples and recording the manufacturer's roll numbers of the 

& Labeling, packsing and shipping samples to an independent testing laboratory [or 
conformance Icstine. 

10, Interpreting laboratory test results in accordance with the specifications and accepting oF 
rejecting delivered rolls based on results of laboratory (esting: 

ii. Perfounaice of visual review Of GCI liner fabricated at the factory as it ts unrolled and 
deployed at the job site for uniformity, damage, and imperlections, including holes, 
cracks, thin spots, teats, punctures, blisters, and foreign matter. : 

a 
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Table 6-1 ; 

Manufacturer’s Recommended Quality Control 

Material Property Jest Method Test Frequency, it" (ai’) 

Betonite Swell tadex’ ASTM D 5890 1 per 50 tonnes* 

Bentonite Mass/Arca’ ASIM D 5261 40,000 fF (4,000 BY) 

GCL Grav Elongation ASTM D 4622 200,000 8 (20,000 m°) 

Shear Streneuy 

"Bentonite masy/area reported at 0 peiteiit mibietiire Content “The Kepoited Value IN equivalent ts 

se NCTMISE ETC ciemossus top essstieesseoeeseisitnpepsecs | 

adit (0 values may De teported fom the end ol the project date ol the supplied GCL; 
* Peak value measured at 200 pel (40 kPa) normal stress Site specific materials, GUL produels id test 
__ponditions must be used lo verify internal and interface strength of the proposed desien 

Source: CRTCO (Colloid Pavironmental Technolopics Company), May 1, 1996. Technical Data Sheet 

a 
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g 612 GCL Panel Placement 

Quality assurance monitoring for panel placement includes: 

1, Obtaining 2 written acceptance of the subgrade by the GCE installer. 

2. Evalliating and documenting weather conditions (¢¢, temperature, wind) and subgrade 
conditions for GCL placement and informing the CMC construction manager tf 
requirements for weather conditions and subgrade are not met, sa the CMC construction 
manager can decide to stop GCL placement, 

3, Monitoring and documenting geomembrane placement as well as conditions of panels as 
pees 

a COAM shall be present at all times during pandling, placement, and covering of 

b. Noting panel defects, tears or other deformities: 

Gc Measuring as delivered panel lengths end widths. 

gd _ EiSpect Suberade to miake sure it Conforms fo the project requirement, Le, no 
rutting greater than | inch, no stones in subgrade greater than | inch and 
suberade to the proper grade rolled smooth with @ smooth drum roller. 

@ G Weiily that manufacturer's required panel overlap for GOCE roll edges and ends ts 

f OBSEIVE that He correct quantity of powdered bentonite is applied to the pane! 
scams if required: 

gO interior sidestope, anchor GCL at the top slope and fell the GCL down the 
Stone: 

Bh GCL stould De free of wrinkles preater than 9 inches. 

4. Repalts of OC 

a Document repalt of all boles, tears, rips, of thin spots in the GCL. 

B GCL should be patchied with inatetials and as pet the manufacturer's 
recommendation, Patches typically must extend at least 12 inches Deyond the 
Gameged aire: 

5. Covering 

a GCL must Be covered completely with the subsequent layer of the liner system at 
S the end of cach working day. 

a 
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b. Monitor GCL for wrinkles during covering process. 

G2. On-Site Quality Assurance - Geomembrane © 

6.2.1 HDPE Geomembrane Rolls and Panels 

Construction quality assurance monitoring for the rolls and panels include: 

1. Monitoring and documenting the unloading of trucks delivering geomembrane rolls to the 
site. 

2. Monitoring the handling and on-site storage of geomembrane rolls. 

3. Recording the roll and batch numbers of geomembrane rolls delivered to the site. 

4. Review of manufacturer’s QA testing for conformance with specifications. 

5. Selecting samples from geomembrane rolls delivered to the site for off-site conformance 
testing. Conformance testing will be performed as outlined in Table 62. Samples shall 
be sent to a geosynthetics testing laboratory for material properties analysis. 

| 6. Fixing a code number to samples and recording the manufacturer’s roll numbers of the 
rolls from which samples are taken. 

7. Labeling, packaging and shipping samples to an independent testing laboratory for 
conformance testing. © 

8. Interpreting laboratory test results in accordance with the specifications and accepting or 
rejecting delivered rolls based on results of laboratory testing. 

9. Performance of visual review of synthetic liner fabricated at the factory as it is unrolled 
- and deployed at the job site for uniformity, damage, and imperfections, including holes, 

cracks, thin spots, tears, punctures, blisters, and foreign matter. 
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Table 6-2 

S 60 Mil HDPE’ Material Properties 
eee 

Test Procedure Manufacturer Test Third-Party Conformance 
Frequency Test Frequency 

EE 

Density ASTM D792 or (See note 1) leach/100,000 ft? 
ASTM D1505 

Thickness ASTM D751 1 each/100,000 ft? 

Yield Strength ASTM D638 1 each/100,000 ft? 
NSF modified 

Yield Elongation ASTM D638 1 each/100,000 ft? 
NSF Modified 

Tensile Strength ASTM D638 1 each/100,000 ft? - 
NSF Modified 

Tensile Elongation ASTM D638 1 each/100,000 ft? 
NSF Modified 

Modulus of Elasticity ASTM D638 NR 
NSF Modified 

Carbon Black Content ASTM D1603 NR 

© Carbon Black ASTM D3105 : NR 
Dispersion NSF Modified 

Environmental Stress ASTM D746 NR 
Crack 

Low Temperature ASTM D746 NR 
Brittleness 

Tear Resistance ASTM D1004 NR 

Dimensional Stability ASTM D1204 NR 

Puncture Resistance FTMS 10/C or NR 
Method 2065 

eee 

NR - Third-Party Conformance Test not required. 
Notes: 1. Manufacturers to provide manufacturer quality control data for all the tests listed for each roll. 

2. In addition, the following test shall be performed for each resin that has been used in the 
manufacture of membranes: Melt Index, Carbon Black Content, and Carbon Black Dispersion. 

‘High Density Polyethylene (HDPE) is included as an example of material properties which will be 
provided when the geomembrane is selected in the final design. 

eee 
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6.2.2 Panel Placement : 

Quality assurance monitoring for panel placement includes: ®@ 

1. Obtaining a written acceptance of the subgrade by the geomembrane installer. 

2. Evaluating and documenting weather conditions (e.g., temperature, wind) for 

geomembrane placement and informing the CMC construction manager if requirements 

for weather conditions are not met, so the CMC construction manager can decide to stop 

geomembrane placement. 

3. Monitoring and documenting geomembrane placement as well as conditions of panels as 

placed. 

a. Noting panel defects, tears or other deformities. 

b. Measuring panel thicknesses at a minimum rate of five areas measured per roll. 

C. Measuring as-delivered panel lengths. 

4. Recording the locations of installed panels and checking that the panels have been 

installed in accordance with the design plan. 

a. Assigning each panel a unique panel number and identifying that panel with the 

manufacturer’s roll number. @ 

b. Recording panel numbers and locations on a panel layout diagram. 

6.2.3 Geomembrane Field Seam Construction 

Quality assurance monitoring and testing to be conducted for seam construction includes: 

6.2.3.1 Fusion Welds 

1. Monitoring trial fusion seams constructed prior to each seaming sequence to evaluate the 

seaming crew and equipment. 

a. Record machine temperature, ambient temperature, machine speed, seamer 

identification, machine number, date and time for all trial seams. 

b. Trial seams will be made at the beginning of each seaming period, at the 

discretion of the COAM, at least once every four to five hours (minimum two (2) 

test seams each day) for each seaming apparatus used that day. Each seamer will 

make at least one (1) test each day. Six (6) specimens will be cut, and four (4) 

peel tests will be performed on the inside and outside tracks of the weld and two 

(2) shear tests will be performed. Field samples will be die cut to one-inch 

widths. 

nnn 
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2. Evaluating and documenting trial seam test results in accordance with the specifications 

© and accepting or rejecting seaming crews and/or equipment. 

a. Observing the performance of peel and shear tests on trial seam samples, shear 
tests must meet a minimum seam strength specified to pass and peel tests must 
have a film tearing bond failure and the minimum specified peal adhesion 

Strength. 

b. Retain a portion of each trial seam. 

3. Evaluating and documenting the suitability of weather conditions (e.g., temperature, wind, 

humidity) for seaming and informing the CMC construction manager when weather 
conditions do not meet the specifications so the CMC construction manager can decide 

to stop geomembrane seaming. 

4. Monitoring seam construction. 

5. Assigning a seam number to each seam and recording seam construction data, including 
seam crew identification, machine number, date and time of seam construction, ambient 

temperature. 

a. Record the location of all seams on a seam layout diagram. 

6. Confirming that the installer’s field tensiometer has current calibration documentation. 

At a minimum, the field tensiometer shall have been calibrated within one year prior to | 

© start of project. 

6.2.4 Seam Testing and Repair 

Items included in the quality assurance for monitoring seam testing and repair include: 

- 1. Monitoring and documenting non-destructive testing done to evaluate continuity of all 

seams. 

a. Observe seam pressure tests in accordance with project specifications. 

b. Observe air lancing tests in accordance with project specifications. 

c. Marking failed seams for repair. 

d. Document repair and retest of seam. 

2. Selecting locations where geomembrane samples will be taken to conduct destructive 

testing. 

a. A minimum of one destructive test sample will be collected for every 500 lineal 
feet of field seam. 

a 
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b. Locations of destructive test samples will be noted on a repair and sample 
location diagram. © 

3. Monitoring the cutting of samples by the geomembrane installer. 

4. Assigning a unique number to each sample and recording sample locations and other 
pertinent observations made during sampling. 

5. Monitoring the cutting of the sample in three parts: one for the geomembrane installer, 
one for archiving, and one for testing by the independent laboratory. 

6. Monitoring and documenting the field seam destructive tests performed by the 
geomembrane installer. 

7. Labeling, packaging and shipping samples to the independent laboratory for destructive 
testing. 

8. Interpreting laboratory test results and accepting or rejecting seams based on independent 
laboratory test results. 

9. Monitoring and documenting patching of holes caused by sampling. 

10. Monitoring and documenting the non-destructive testing of the seams associated with 
seam repair. 

11. Monitoring and documenting the repair of the rejected seams and the non-destructive © 
testing of the seam repairs. 

a. Document passing seam tests between all destructive test locations. 

b. Record all seam repair locations. 

12. Monitoring and documenting destructive testing related to seam repair. 

a. Monitoring and documenting one destructive seam sample for every 500 lineal 
feet of repaired seam as described above. 

6.2.9 Defect Repairs 
The following quality assurance monitoring and testing will be implemented to monitor defect 
repairs: 

1. Performing systematic visual observation of the entire surface of the geomembrane to 
locate and document defects and indicate for each defect the type of repair that is 
required. 

2. Monitoring and recording the repair of defects and the non-destructive testing of all 
repairs. 
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3. Recording the location and the nature of all defect repairs. 

®@ 6.2.6 Anchor Trenches 

Quality assurance associated with monitoring and testing of anchor trenches shall include the 

following: 

1. Anchor trench excavation shall be monitored for proper depth and location. 

2. _Geomembrane panels extending into the anchor trench shall be monitored for complete 

seaming within the anchor trench. 

3. Anchor trench backfill operations will be observed and documented. 

a. The length of the open trench shall not exceed the amount of liner to be placed 

in one day. 

b. The depth of a typical anchor trench shall be documented to conform to approved 

project drawings. 

C. Backfill shall be placed in thin lifts not to exceed one foot in loose thickness. 

d. Compaction of backfill using hand operated compaction equipment to a minimum 
of 95% of the maximum dry density as determined by the standard Proctor test 

@ (ASTM D 698) within -1% to +5% of optimum moisture content. 

e. Density tests will be performed at a minimum interval of 500 lineal feet of anchor 

trench. 

6.3. Documentation and Reporting 

Documenting and reporting methods will be implemented to systematically record results of on- 

site monitoring and on-site testing. Reporting forms will be used for roll and panel placement, 

trial weld construction, panel seaming, non-destructive seam testing and destructive seam testing. 

Unique identifying numbers will be assigned to each panel and seam and used to reference the 

panel and seam location and test results. Copies of quality assurance forms are included in 

Attachment 2. 

A geomembrane installer’s certificate of acceptance of the subgrade will be obtained prior to 

placement of geomembrane panels. A format for the certificate of acceptance is given in 

Attachment 2. 

Panel location and seam location diagrams will be kept showing the location of all panels and 

seams, repairs and destructive sample test locations. These location diagrams will be updated on 

a daily basis and will be available for review by the construction manager. 

A photo log will be created containing photos of all phases of the geomembrane liner 

installation, including deployment, seaming, testing, and anchor trench construction. 

ee 
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Copies of test results for all off-site laboratory testing will be forwarded to the on-site supervisor 
and will be made available to the construction manager. The laboratory test result documents © 
will be maintained in a job file and submitted with the final certification report (see Section 7). 
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7 Construction Certification Report 

® 7.1. Summary 

Upon completion of the construction of each major phase and prior to placing in service, the 
CQA Officer shall submit a construction certification report to the agency. This report shall be 
prepared in accordance with Wisconsin Admin. Code §NR 182. The report shall contain, at a 
minimum, the following information: 

* Based on the Owners/Contractors records and data collected through following the 
QA/QC measures outlined in Sections 5 and 6. The COA Officer shall certify that the 
construction has been prepared and constructed in substantial conformance with the 
engineering plans and specifications. 

¢ — Daily summary reports. 

¢ Detailed narrative describing the construction activities in chronological fashion. 

* Analysis and discussion of all QA/QC testing performed with summaries of all test 
results. 

* All raw data and test result reports performed during construction. 

¢ Detailed description and documentation of all material and equipment types and 
© specifications. 

* Warranties, shop drawings and operating instructions for equipment and materials. 

* Discussion of any construction material or equipment which deviated from the 
engineering plan, and reasons for deviation. 

* Photographs documenting all aspects of facility construction. 

° Record drawings containing: 

- Record subbase grade (bottom of clay liner) and/or bottom of clay cap elevations. 

- Record base grade (top of clay liner) elevations. This sheet shall also include a 
table summarizing the thickness of the clay liner at each survey location. 

- Locations/identification numbers for geomembrane panel layout (with size of 
panels provided in an accompanying table), seam type, repair location, destructive 
test location, and each panel and anchor trench location. 

-  Thicknesses of granular drainage layers. 

- Locations of all soil tests and samples. 

© - Cross-sections. 

eee 
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- As constructed details of TMA piping systems including: 

° leachate collection system piping. © 

° reclaim return water piping. 

° tailings delivery piping. 

° tailings distribution system piping. 

- Details of stormwater management and erosion control structures. 

I 
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| | PHOTO LOG 

Roll Number _ Photo Number Date Taken Description 

Serre nr rrr a A a 6 a, 

(32-15]94L011 
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Client; Scope 1.D.:_ 
Foth & Van Dyke Project: ___ age: 

® Prepared by: Dates 

| NON-CONFORMANCE NOTICE 

DATE: CONTRACT: 

CONTRACTOR: —___ FOREMAN: 
STREET 

C) PIPELINE INSTALLATION FROM STATION STOSTATION a 
C] COMPACTION FROM STATION. TO STATION___ TYPE 

| [) MANHOLE INSTALLATION AT STATION. 
C) HYDRANT INSTALLATION AT STATION _- 

| CJ VALVE INSTALLATION AT STATION ee 
) C exisTING WATERMAIN REPAIRM 

| C) EXISTING SEWER REPAIR 
CJ SEWER LATERAL FOR 

CJ WATER SERVICE FOR 

( () CATCH BASIN INSTALLATION AT STATION | 3 
. C) CURB AND GUTTER STATION. TO STATIONN 

( [ SIDEWALK STATION TO STATIONN 
CJ) CRUSHED AGGREGATE BASE STATION. TO STATION 
C] BACKFILL STATION ___ TO STATION. 
C} OTHER 

The above checked item(s) is not in conformance with the plans and specifications and will be deleted from 
future payment requests until the work is corrected. 

COMMENT: 

me 
oe 

$$ SS 

RESIDENT INSPECTOR: 

DISTRIBUTION: ORIGINAL - CONTRACTOR CANARY - OWNER PINK - RESIDENT ENGINEER GOLD - INSPECTOR 
31 Sone en



Client: Scope 1.D.:__.._ 

Foth & Van Dyke Project: Page: 

Prepared by: ___EEEEEE Dates 

| Checked by: CO te: 

FIELD MODIFICATION 

Addendum No.:_____ 

Description of Modification: ——__ 

Basis for Modification: >> Eee es 

ATTACHMENTS 

Revised Drawing sn 

a 
ce 

New Drawing: 

a 

a 

Drawn bys Dates 

| Checked by: 
Dates 

Approved by:___e Dates 

Copies to:_ ——______—__—-_-@ 
eee ee eC OD NN ee , 

FORM EESO12 aan 
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a 

Client Scope 1.D.: 

Foth & Van Dyke Project: Pages 

| Prepared by:_w Dates 

} RESIDENT INSPECTION REPORT - SITE 

Location: 

[temp [Sly] Ran | Snow | ‘Project Re 
| to | Hi 
a Dry Muddy 
| Personnel (#) 

Contractors on Site: 

Purpose 

Other Personnel on Site:__E 

| Report of Observation of Work and Comments:___ 

LL aL SSS a a a access 

sts SSS sss shh ssn tsps SS nse eset assmnmmanmamamsngms 

renee 

LL a Le eS SS SST ST SE SS a a ray 

——— 

Additional Space on Back 
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: 
s SO 0 a ————— eeeeeeseseseNNSSséSé eee 

DENSITY TESTS OF COMPACTED FILL 
Contractor: 

Method of Test: | _ Area/Location Tested: 
Compaction Equipment: O Nuclear Meter (ASTM: D2922) - | a 

sd Sang Cone (ASTM: D1556) _ | a 
Weather; 

Report Number: 

a ss 
fT 
a OO 
a a CO SG 

| P| a et a OO CO OC r pp 
. a OS 
a OO CD a GO 
a 
a SC 

ofp QO 
. : Max. Dry | Moisture [Compaction 

G | Note: 

es Re 
dw 

Client: = ID: 
Mode Serial No.:___ Foth & Van Dyke project; 
Standard Counts: | | Prepared bys ates 

| Density:__. Moisture:____E | Checked bys



e | Attachment 2 

Geosynthetic CQA Forms 
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eee Se 
Foth & Van Dyke PROJECT NO. 

PANEL PLACEMENT INFORMATION DATE. 
PAGE OF PAGE OF 

ee el ee ee 

P 
‘| 

| ose



a 
Foth & Van Dyke NON-DESTRUCTIVE eect NO SEAM TEST INFORMATION eee ge EEE rec SS —=— 

wPTTrrrnnennnnna nn fon panna nn - ===



a 
Foth & Van Dyke 7 PROJECT NO. y PANEL SEAMING CHECKLIST yATE 

PAGE. OF... 
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GCL Hydraulic Base Bentonite GCL Structural Components | . | 

| GCL Dimensional Properties : Properties | Properties | Upper Geosynthetic Lower Geosynthetic : wtb we br roti | 

Benton; ! | as lower component 
| | entonite Weight ASTM D 638 for geomembranes 

| Mass/Unit Area Swell ASTM D 3776 or as lower component 

Panel Size Average Exclusion of | Flux at i =1.0 [I]} Index | Weight Thickness 
Roll Width/Length Roll Glue Weight | ASTM D 5084 [2] |USP-NF-XVII) Fluid ASTM D 3776 ASTM D S199 Tensile Tensile 

Weight Loss Strength Elongation Manufacturer's 

m/m kN/m? m/s (min) | API-I3B g/m? Type or g/m? or mm kN/m Suggested 

Product Name (fu/ft) kN (Ib) (Ib/fe?) (cm/sec) mi/2g (ml) Type or Structure (ox/yd? Structure (or/yd? or mil) (Ib/in) % Applications [3] 

Colloid Environmental Technologies Co. (CETCO) 

Claymax 4.2/45.7 1044 kg 5 x 10" >10 LL 
200 R (13.83/150) (2300) (5 x 10°) 

wp Claymax 4.2/45.7 1044 kg 3.7 5 x 10" >10 Ul 
t DA 500 SP (13.83/150) (2300) (0.75) (5 x 10°) 
- 

a 

Caymax 4.2/4.7 1044 kg 3.7" woven/FML >10 LC, SiC 
600 SP (13.83/150) (2300) (0.75) composite 

Bentomat 4.6/45.7 1090 kg 3.7" 5 x 10" 15.8° >10 LL, UC, SiC 
ST (15/150) (2400) (0.75) (5 x 10°) (90) 

Bentomat 4.6/45.7 I112 kg 3.7" 5 x 10" geotentile 203 >10 LL 
x DN (15/150) (2450) (0.75) (5 x 10°) (6.0) 

GSE Lining Technology Inc. 

5.3°/61° 1900 | 0.048 <4 x 10" smooth 0.3-2.0 mm varies w/ >10 Caps, containment 
(17.5/200) (4200) ! (1.0) (<4 x 10") geomembrane (12-80 mil) GM type 

GSE GundSeal 5.3°/62° 1900 | 0.048 <4 x 10" 28 18 textured 0.75—2.0 mm varies w/ >10 Caps, containment, 

Textured (17.5/170) ! (4200) | (1.0) (<4 x 10") geomembrane (30-80 mil) GM type slope applications 
| |



GSE GundSeal 5.3 ‘761° 1900 0.048 <4 x 10" smooth or textured | 0.3-2.0 mm varies w/ >10 Caps, containment 

Geobond (17.5/200) | (4200) (1.0) (<4 x 10") geomembrane (12-80 mil) GM type 

539/62" | 1900 | 0.048 <4 x 10" nonwoven if used geomembrane w/ | 0.75—2.0 mm varies. w/ >10 GM/clay composite 
(17.5/170) (4200) (1.0) (<4 x 10") optional 25 (0.75) bentonite-free edges | (30-80 mil) GM type lining applications 

(welded seams) 

National Seal Co./Fluid Systems/Columbia Geosystems Ltd. 

3k NSC FSI Bentofix 4.7/38.1 977 0.0439 5 x 10" 200 200 12.1 LC, LL, SiC : 

Thermal-Lock NW (15.5/125) (2150) | (0.90) (5 x 10+ (6.0) (6.0) (70) 

NSC FSI Bentofix 4.7/38.1 977 0.0439 5 x 10" 200 LC, LL, sic 

Thermal-Lock NS (15.5/425) (2150) (0.90) (5 x 10°) (6.0) 

Naue Fasertechnik GmbH & Co. 

i B4000 48/30 NP 4700 g/m’ 2x 10" PP nonwoven 300 PP scrim reinforced 400 g/m’ 2 SIC, WR, LC 
Vl (15.7/98) (2 x 10°) (8.9) nonwoven (10.3) (DIN. 53857) 

i 
D4000 48/30 NP 4700 g/m 2x 10" PP nonwoven 300 PP scrim reinforced 350 g/m LL, LC 

(15.7/98) (2 x 10°) (8.9) nonwoven (10.3) 

BIG 5000 48/30 NP 5000 g/m’ 2 x 10" PP nonwoven 300 PP woven 200 g/m’ 8 
(15.7/98) (2 x 10°) (8.9) (15.9) (DIN 53857) 

NSP 4900 48/30 NP 5600 g/m’ 2x 10" PP nonwoven PP woven 110 g/m’ 6 LL, uC, SiC | 
(15.7/98) (2 x {0% (3.2) (DIN 53857) 

(I) Flux is defined as “flow rate/unit area,” which can be (3) CL = Canal liner (A) Reported at 0 percent moisture content and kg/m’ rs — 

converted to permeability using the equation: LL = Landfill liner (B) ASTM D 4632 Results (machine direction MARV) — ee 

Permeability = flux/hydraulic gradient SIC = Surface impoundment cover (C) Available in 2.4 m (8 ft) widths cere aero eee 
(2) Report result at a confining stress of 69 kN/m2 (10psi) NP = Not provided by manufacturer (D) Roll length depends upon geomembrane thickness. ee rn a 
and 34 Kpa (Spsi) head pressure NA = Not applicable, per manufacturer Companies were requested to provide mini- ao 

mum average roll values (MARV). All claims EN Be 
are the responsibility of the manufacturer. _ . | _ 

Geotechnical Fabrics Report gs December 1996 
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AVERAGE VALUES OF MODULUS OF SOIL REACTION, E' 
| _ (For Initial Flexible Pipe Deflection) : , 

| E for Degrec of Compaction of Bedding, — | 

Dae Slight, | Moderate, | High, 
, <85% | 85%-95% | >95% 

Proctor, | Proctor, | Proctor, 
ANG | 40%-70% | >70% 

: Soil type-pipe bedding material relative | relative | relative 

! , (Unified Classification System*) |_| Dumped | density density os _ | 

; Fine-grained Soils (LL > 50) 
Soils with medium to high plasticity No data available; consult a competent 

C CH-MH soils engineer; Otherwise use E’ = 0 

ne-grained Soils (LL < 50) i. 

Soils with medium to no plasticity, CL, eeeees| | | grained perticles _ | 1.000 

Fine-grained Soils (LL < 50) ' 
Soils with medium to no plasticity, CL, : " 

ML, ML-CL, with more than 25% | 
coarse-grained particles 2,000 

Coarse-grained Soils with Fines , 
GM. GC, SM, SC* contains more than 12% 

ines 
Coarse-grained Soils with Little Fi - , 
GW, GP, SW, SP* contains less then 12% SLE ene Seen 
fines ee ZOUN 2.000 3,000 

ay _Crished Rock {1.000 4 3,000 | 3.000 | 3,000 

scuracy in Terms of Percentage Deflection” | 22 | 22 | +) j_ 20:5 
*ASTM Designation D 2487, USBR Designation E-3. 
°LL = Liquid limit. | ; 

*Or any borderline soil beginning with one of these symbols (i.e. GM-GC, GC-SC). 

senor 21% accuracy and predicted deflection of 3%, scmuel deflection would be berween 2% 

Note: Values applicable only for fills less than SO ft (15 m). Table does not include any " | 
safety factor. For use in predicting initial deflections only, appropriate Deflection Lag Factor 
must be applied for long-term deflections. If bedding falls on the borderline between two 
compaction categories, select lower E’ value or average the two values. Percentage Proctor 

based on laboratory maximum dry density from test standards using about 12,500 ft-Ib/cu ft 
| {598.000 Jim*) (ASTM D 698, AASHTO T-99. USBR Designation E-11). 1 psi = 6.9 kPa. 

: SOURCE: “Soil Reaction for Buried Flexible Pipe” by Amster K. Howard, U.S. Bureau of | | 

| Eclumation, Denver, Colorado. Reprinted with permission from American Society of Civil 

Sguace: Unie Bee PVC Pipe Asswcrarton (194 r) 
Handbook of PVC PieE: Desiew Anyw Cows tRaction | 

DAct As, Tx P . 20oO7) |
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Dimensional In Plane Flow Rate 
Properties ASTM D 4716 [4] 

Compressive Gradient = 0.1 Gradient = 0.1 

Core/Net/Mesh [3] Strength ese 10 kPa ee 100 kPa Thicknes ASTM D 1621 (1.45 psi (14.5 pai) 
Core/Net/Mesh Width/Length ASTM D 5199 __ 

Polymer Geotextile m mm kPa m/s m/s iti Attached ; Composition [2] (ft) (mil) (psi) (gal/min/ft) (gal/min/{t) 

Akzo Nobel Geosynthetics Co. 

o/c 2/91.6 9.40 0.00896 0.00213 Hy (6.5/320) (370) (43.2) (10.2) 
J 

_ o/c nonwoven 2/97.6 0.0046 0.00175 VI (both sides) (6.5/320) (21.5) (8.4) 
oO 

o/c 2/91.6 9.40 0.0128 0.00394 
(6.5/320) (370) (61.8) (19.0) 

o/c nonwoven 2/91.6 9.65 0.00817 0.00354 
(both sides) (6.5/320) (380) (39.4) (17.1) 

Engineered Synthetic Products Inc. 

Transnet 43/915 3.4 x 103 
(14/300) (16.4) 

Transnet OC 4.3/vanes dependent on NP NP dependent on TNT (1 4/varies) geotextile selection geotextile selection 

A aa aaa aaa aa



GSE Lining Technology Inc. 

43/915 55 
(14/300) (220) 

K GSE FabniNet GN nonwoven 4.3/vanes dependent on dependent on dependent on 

(3.5 oz. to 16 02.) (1 4/varies) geotextile selection geotextile selection geotextile selection 

National Seal Co./Fluid Systems/Columbia Geosystems Ltd. 

NSC Poly-Net 2.3, 4.4/91.4 4.06 |x 104 

FSI PN2000 (7.54, 14.5/300) (160) | (0.483) 

NSC Poly-Net 2.3, 4.4/91.4 2x 104 

FS! PN3000 (7.54, 14.5/300) (0.97) 

= 

Vi NSC Poly-Net 2.3, 4.4/91.4 2x 104 

“ FS! PN3O00CN (7.54, 14.5/300) (0.97) 

I 
5 

*, NSC Tex-Net o/c 44/914 3x 10 

FS! TN3002 (14.5/300) (0.145) 

x NSC Tex-Net o/c 4.41914 3x 105 

FS! TN3002(N (14.5/300) (0.145) 

(1) GN = Geonet NP = Not provided by manufacturer Companies were requested to provide mini-  suaygsssre 

O/C = Other or composition NA = Not applicable, per manufacturer mum average roll values (MARV). All claims aos ane Ee reconmuean yore 

(2) PE = Polyethylene | are the responsibility of the manufacturer. eaconpace nie NEE iectiets 

(3) If yes, specify if geotextile is woven (W) or nonwoven (NW) = sorter po marcasinoe 

(4) Thickness indies tached geotetle PB 
(5) ASTM D 4716, seating time ts 15 min and soil environment 

Ra TER See 
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Dimensional in Plane Flow Rate 
Properties ASTM D 4716 [4] 

Compressive Gradient = 0.1 Gradient = 0.1 

Core/Net/Mesh [3] Strength Pressure = 10 kPa Pressure = 100 kPa 

Thickness ASTM D 1621 (1.45 pai (14.5 psi 
Core/Net/Mesh Width/Length ASTM D 5199 

Polymer Geotextile m mm kPa m2/s m/s 
Product Name Composition [2] Attached (ft) (mil) (psi) (gal/min/ft) (gal/min/ft) 

Tenax Corp. 

o/c 2/61 8.8 > 1436 3.763 
ss (6.7/200) (350) (208) (18) 
Wo 

=_ o/c 2/61 8.8 > 1436 3.763 
yl (6.7/200) (350) (208) (18) 
© 

2/55 

(6.7/180) | 

2/55 1.8E-3 

(6.7/180) (8.7) 

2/55 

(6.7/180) 

THT onc 1/55 
20606 (6.7/180) 

WEBTEC Inc. 

TerraNet GN HDPE none 2/55 4 NP 0.0019 | 0.0018 

160 (6.7/180) (160) | (9.2) | (8.7)



IB ee a eee Senetee ete ce on Se 

WEBTEC Inc. 

TerraNet 155 nan? some 

200 (6.7/180) (13) (125) 

| o/t 155 
: (6.7/180) 

2/55 0.003 
(6.7/180) (145) 

= 

VI 
0 

os . 

=“ 

. 

(1) GN = Geonet NP = Not provided by manufacturer Companies were requested to provide mini- ght pe EAI ong GEE O/C = Other or composition NA = Not applicable, per manufacturer mum average roll values (MARV). All claims pg eR Shae! pene ye Se 
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1. INTRODUCTION 

1.1 Terms of Reference 

This report has been prepared by Dr. J.P. Giroud and Mr. L.G. Tisinger, both of 

GeoSyntec Consultants (GeoSyntec), in accordance with a 12 November 1996 proposal 

written by Dr. Giroud and Mr. Tisinger to Mr. J. Sevick, of Foth and Van Dyke and 

Associates, Inc. (Foth and Van Dyke). This report has been reviewed by Dr. K. Badu- | 

Tweneboah, also of GeoSyntec, in accordance with the peer review policy of the firm. 

1.2 Purpose and Scope of this Report 

This report has been prepared to assess the long-term durability of a 60-mil (1.5 mm) 

thick high density polyethylene (HDPE) geomembrane proposed for use to line and cap 

the Crandon Project Tailings Management Area (TMA). The facility is being constructed 

to contain tailings from zinc and copper mine operations. This report will present 

information on the durability of the proposed HDPE geomembrane based on data 

provided by Foth and Van Dyke on the expected site conditions. © 

1.3 Organization of Report 

The remainder of this report is organized as follows: | 

e sources of information are discussed in Section 2; 

e background on HDPE is discussed in Section 3; 

© site conditions are discussed in Section 4; 

© mechanisms of degradation of HDPE are discussed in Section 5; and 

© conclusions are presented in Section 6. 

JP1032-01/JP1032A.DOC 1 96.12.18 
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2. SOURCES OF INFORMATION 

The sources of information used in preparing this report included manufacturers of 
geomembranes, text books, technical reports, handbooks, technical papers, joumal 
articles, and information provided by Foth and Van Dyke in the 19 November 1996 letter 
on the expected site conditions. 

3. BACKGROUND ON HDPE GEOMEMBRANES 

3.1 Introduction 

| A background on the molecular characteristics, or microstructure, of polyethylene and 
polyethylene materials is essential for understanding data on the long-term durability of 
HDPE geomembranes. Thus, this section presents a description of the microstructure of 
polyethylene and polyethylene materials. 

3.2 Background on Polyethylene 

Polyethylene (also called polyethene) is produced from an addition polymerization 
reaction in which individual molecules of ethylene (also called ethene) combine to form a 
long molecule [Brydson, 1982; Seymour and Carraher, 1981]. Ethylene is the monomer 
and polyethylene is the polymer. The resulting polyethylene molecule can be thought of 
as a chain in which the individual links of the chain have a simple molecular structure 
consisting of two carbon atoms bonded to each other and two hydrogen atoms bonded to 
each carbon atom. The carbon atoms, bonded to each other in a linear fashion, form the 
backbone of the polyethylene chain. There are two types of polyethylene materials: (i) 
low density non-linear polyethylenes formed in a high pressure process; and (ii) high 
density linear polyethylenes formed in a low pressure process [Martino, 1990]. Low 
density polyethylene materials are referred to as non-linear because they have many short 
and long branches stemming from the backbone of the polyethylene chain. These short- 
and long-branches prevent the close packing of individual molecules of polyethylene 
resulting in polyethylene material of a low density. In contrast, the molecules of linear 
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polyethylene materials do not have a significant number of branches. This allows the 

close packing of molecules of polyethylene, resulting in a high density polyethylene 

material [Martino, 1990]. 

3.3 Characteristics of Non-Linear and Linear Polyethylene Materials 

Non-linear polyethylene materials and linear polyethylene materials exhibit distinctly 

different properties. Non-linear polyethylene, or low density polyethylene (LDPE), 

materials have relatively low strength and high permeability to fluids compared to their 

high density counterparts, making LDPE an unsuitable material for geomembranes. Thus, 

LDPE will not be discussed in this report. 

Conversely, linear polyethylene (HDPE) has relatively low permeability to fluids and 

is stronger than LDPE. As a result, HDPE is commonly used for geomembranes. 

Therefore, the structure of linear polyethylene materials is critical to the selection of 

HDPE for geomembranes and is discussed in greater detail below. | 

3.4 Structure of Linear Polyethylene Materials 

As described in Section 3.2, linear polyethylene materials are manufactured under 

low pressure and are generally characterized by the close packing of the individual 

polyethylene molecules. In certain regions in linear polyethylene materials, the 

polyethylene molecules are highly ordered and densely packed. These regions are referred 

to as crystalline regions. The crystalline regions are connected by less organized 

polyethylene molecules, which form amorphous regions. Accordingly, polyethylene is 

generally referenced as having a semicrystalline structure. The amount of the crystalline 

regions in a given polyethylene material varies between 0 percent for a totally amorphous 

polyethylene material, to 100 percent for a totally crystalline polyethylene material 

[Tisinger and Giroud, 1993]. 

Highly crystalline linear polyethylene materials tend to be stiff and relatively 

inflexible [Brydson, 1982], making them undesirable for use as geomembranes, where a 

certain amount of flexibility is necessary. Therefore, to improve flexibility and to enhance 
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environmental stress cracking resistance, linear polyethylene materials generally contain 

comonomers, such as butane, hexane, and heptane. Comonomers are additional reactants 

(typically 0.2% to 2.0% of the total reactants) to the monomer, ethylene. These 

comonomers result in relatively short branches on the linear polyethylene backbone; for 

example, butane produces a two-carbon long branch, and hexane, a four-carbon long 

branch. (It is noted that the branches of linear polyethylene materials contain two to four 

carbon atoms while the branches of LDPE can be tens or hundreds of carbon atoms long | 

: [Apse, 1989].) The branches in linear polyethylene are present in a very small proportion 

relative to the number of carbon atoms in the polyethylene backbone, e.g., one to ten . 

branches per thousand carbon atoms of the backbone. The properties of linear 

polyethylene depend on the number and length of branches present on the polyethylene 

molecules. For example, the greater number of branches that are present, and the longer 

the branches, the more flexible a material will be. 

4. ASPECTS OF THE SITE CONDITIONS THAT ARE RELEVANT TO 

HDPE PERFORMANCE 

© Aspects of the environment that may impact the performance of HDPE 

geomembranes include ultraviolet (UV) radiation, thermal energy, chemicals, oxygen, 

biological stresses, and mechanical stresses, some of which may be present at the TMA 

facility. The expected site conditions, described by Foth and Van Dyke in their 19 

| November 1996 letter to GeoSyntec have been interpreted with regard to their effect on 

"  geomembrane durability and are presented below. 

4.1 Ultra Violet (UV) Radiation 

Exposure of the geomembrane to UV radiation will be minimal because the 

geomembrane will be covered with soil immediately after completion of construction 

quality assurance activities on the geomembrane. 
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4.2 Heat Exposure and Climate Changes (Temperature Cycling) 

The normal annual mean temperatures for the site are provided in Table 1. 

Table 1. Normal Mean Monthly Weather Data for North Pelican Station'” 

Temperature °F (°C) 
10.2 (12.1) 
14.2 (-9.9) 

| 26.0 (-3.3) 
40.4 (4.7) 
53.2 (11.8) 
61.5 (16.4) 
66.1 (18.9) 
63.3.(174) 
$4.9 (12.7) 
44.7 (7.1) 
30.5 (08) © 
15.5 (-9.2) 

Data represent 30-year average for the years 1961-1990. 

Table 1 shows the average monthly temperatures for the location of the TMA facility. 

Inspection of Table 1 reveals that the difference between the lowest average temperature 

(January at 10.2°F (-12.1°C)) and the highest average temperature (July at 66.1°F 

(18.9°C)) is 56°F or 31°C. The effect of temperature is described in Section 5.1.1.1. Itis 

noted that the liner will be covered with soil, therefore, it will likely be insulated from any 

extreme changes in the air temperature. 
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4.3 Concentration of Oxygen 

Oxygen diffusion modeling has revealed that oxygen will not be present within the 
I'MA; however, some oxygen may contact the geomembrane liner through the berm, and 
may also contact the cap through the cover soil. 

4.4 Mechanical Stress | 

The facility has been designed so that any tensile stresses imparted by gravitational | 
forces on the liner would be minimized. 

4.5 Pore Water Quality (Chemicals) 

The leachate generated in the TMA should have a pH that is neutral to slightly above 
neutral. However, a worst case leachate would have a pH that would be approximately 

© 2.5. The leachate contains mostly salts, and some non-volatile organics. The leachate is 
not expected to contain volatile organic and semi-volatile organic constituents. 

4.6 Microbiological Activities 

Microbiological activity would be very unlikely because the soils in the area are tills, 
bedrock, and outwash, none having significant organic constituents. 

4.7 Macrobiological Stress 

Burrowing mammals exist in the vicinity of the TMA facility; however, the cap 
system of the cells will be covered by 4.5 ft (1.4 m) of soil materials which is thick 
enough to be a deterrent for most mammals. In addition, a drainage layer consisting of a 
1 ft (0.3 m) thick layer of medium to coarse sand with gravel will be the first layer above 
the geomembrane, providing a deterrent for burrowing since it is coarse and cohesionless 
and will not be stable for tunneling. , 
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5. MECHANISMS OF DEGRADATION OF HDPE GEOMEMBRANES — 

5.1 Action of Energy 

5.1.1 Thermal Energy 

5.1.1.1 Background Information 

Extreme heat may cause molecular breakdown of polyethylene; however, the 

temperature must be approximately 830°F (450°C) before significant molecular 

breakdown occurs in HDPE compounds containing antioxidants [GeoSyntec Consultants, 

1995]. (It should be noted that HDPE geomembranes contain high temperature and low 

temperature antioxidants. High temperature anti-oxidants provide protection for materials 

at extremely high temperatures, i.e., greater than the melting temperature, which is 

approximately 266°F (130°C). Low temperature antioxidants provide long-term 

protection at temperatures less than the melting temperature.) An extreme temperature, 

such as 830°F (450°C) (which would not occur from the sun), is well above the maximum © 

expected temperature of an exposed geomembrane, i.e., approximately 160°F (70°C). 

Also, during seaming, the HDPE geomembrane will be exposed to an elevated 

temperature during a short period of time. To achieve a seam, the temperature of the 

geomembrane must be greater than the melting temperature for HDPE which is 

approximately 265°F (130°C). Typically, with geomembranes, the temperature of the 

geomembrane surface during seaming is 400 to 700°F (200 to 370°C), which is below 

830°F (450°C). Therefore, heat alone is not expected to adversely impact the HDPE 

geomembrane. 

Temperature cycling may result in the softening-hardening of the geomembrane, 

referring to the fact that HDPE becomes softer when heated and harder when cooled. 

However, this is an immediate effect that is only physical and is completely reversible. 

Therefore, temperature cycling should have no impact on the long-term performance of 

HDPE geomembranes. 
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Thermal expansion-contraction refers to the fact that the dimensions of HDPE 
geomembranes increase when temperature increases and decrease when temperature 

| decreases. Giroud and Peggs [1990] have shown, on the basis of thermal expansion- 
contraction measurements, that thermal contraction of HDPE geomembranes in the field is 
less than 2%, even under an extreme outdoor temperature change (i.¢e., a change in 
geomembrane temperature from +160°F (+70°C) on a sunny summer day, to -40°F 
(-40°C) on a very cold winter night, a condition which is not likely to occur in the TMA 
facility, because the geomembrane will be insulated by the soil covering. A geomembrane 
or its seams can be affected if the contraction is greater than the geomembrane yield strain. 
Such a situation is described below. 

At temperatures above 32°F (0°C), the yield strain of HDPE geomembranes is greater 
than 10%. The yield strain of an HDPE geomembrane decreases as temperature 
decreases. As indicated by Giroud [1994], for a typical HDPE geomembrane at a 
temperature of -40°F (-40°C), a yield strain of approximately 7% may be obtained, which 
is still greater than the strain of 2% that may be caused by thermal contraction. However, 
in extreme cases, a 2% strain due to thermal contraction may be combined with strains due 
to other causes, such as gravity on slopes, soil movements, and strain concentrations due 

© to seam geometry. Consequently, under such extreme circumstances, the total strain in the 
vicinity of a seam may be close to the yield strain at low temperature. In addition, if the 
geomembrane is susceptible to cracking and contains crack initiation sites next to seams 
(which happens due to grinding as part of seam preparation), cracking may occur. The 
cracking mechanism described above has been observed a number of times. However, it 
is observed much less frequently than five to ten years ago, due to better seaming 
techniques (e.g., techniques such as fusion seaming that does not require grinding) and 
considerable progress in geomembrane resin selection (i-e., selections of resins that have a 
low susceptibility to cracking). 

At the TMA facility, the conditions for stress cracking are not expected to exist 
because the geomembrane will be insulated by a soil covering. Thus, it is extremely 
unlikely that it will experience such temperatures at the TMA facility. Furthermore, it is 
important to note that thermal expansion-contraction is reversible, having no long-term 
effect on geomembranes. 
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Measures are typically taken during geomembrane installation to minimize the effects 

of thermal contraction-expansion. For example, an appropriate installation schedule (e.g., 

installing the geomembrane at relatively low ambient temperature, installing adjacent 

panels at similar ambient temperatures) can minimize thermal contraction of the 

geomembrane [Giroud and Peggs, 1990]. Also, it is a standard precaution during 

installation to remove the wrinkles which may result from thermal expansion and that are 

judged to be undesirable, i.e., those wrinkles that might fold over (or crease) during 

placement of the soil. The construction quality assurance plan should address the 

measures and precautions which can be taken to minimize the effects of thermal 

expansion-contraction. 

5.1.1.2 Applicability to the Geomembrane Liner and Cap 

From the above considerations it can be concluded that the geomembrane and cap of 

the TMA facility should not be expected to deteriorate under the action of thermal energy. 

5.1.2 UV Radiation - © 

5.1.2.1 Background Information 

When UV radiation is absorbed by polyethylene materials, the molecules of the 

material break, forming highly reactive fragments called radicals. These radicals may 

recombine, bonding with fragments from adjacent molecules in a process called 

crosslinking (the by-products of the crosslinking process are referred to as crosslinks). 

Crosslinks have been found to occur only in the molecules of the amorphous regions of | 

polyethylene materials. Because the polyethylene molecules are closely packed in the 

crystals, formation of fragments in the crystals is inhibited. As mentioned above, 

fragments are the precursors to crosslinks [Birkinshaw et al., 1989]. The radicals may also 

remain as molecular fragments, resulting in the breakdown of polyethylene molecules ina 

process called chain scission. However, crosslinking predominates. 

UV radiation is not energetic enough to penetrate very far below the surface of 

polyethylene materials, therefore it is essentially a surface phenomenon. Even in the 
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absence of carbon black, UV radiation does not penetrate far below the surface of the 

geomembrane. 

5.1.2.2 Protection of HDPE from the Action of UV Radiation 

To protect HDPE geomembranes from the effect of UV radiation, they are 

compounded with approximately 2.5 percent carbon black, an additive incorporated in the 

| geomembrane during the manufacturing process. Carbon black screens UV radiation 

[Whitney, 1988], practically limiting the penetration of solar energy to a very shallow 

surface layer. There is considerable experience with the use of carbon black to protect 

polymers. The use of carbon black in polyethylene began in 1942 [Gilroy, 1985] for low 

density polyethylene (LDPE) used as telephone cable jackets, an application requiring 

constant outdoor exposure. Studies have indicated that carbon black must be finely 

divided and evenly dispersed throughout a material at a concentration of approximately 

2.5% for optimum UV absorption [Whitney, 1988; Gilroy, 1985]. (in the geosynthetics 

industry, there are specifications for carbon black content and carbon black dispersion in 

© geomembranes, e.g., National Sanitation Foundation (NSF) Standard 54, [NSF, 1991] for 

carbon black content: 2.0-3.0%, and for carbon black dispersion: Al, A2, or B1, where 

Al, A2, and B1 refer to standard patterns of dispersion.) 

5.1.2.3. Applicability to the Geomembrane Liner and Cap 

As discussed above, the action of UV radiation is only a surface phenomenon. In 

addition, the geomembrane and cap will be exposed to UV radiation only during facility 

construction and construction quality assurance activities. Therefore, it is not likely to 

adversely impact the performance of the geomembrane liner and cap. It is noted that UV 

radiation may also provide the energy that is required to initiate the oxidation process. 

This will be discussed in Section 5.3. 
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5.2 Reactivity and Interaction 

5.2.1 Chemical Reactivity | 

5.2.1.1 Background Information 

HDPE materials are chemically resistant due to two essential features. First, as all 

| members of the polyethylene family, HDPE is essentially inert because it has no reactive | 

sites. It does not react with most chemicals, which includes water and other inorganic 

chemicals, such as acids (pH < 7) (with the exception of oxidizing acids) or bases, (pH > 

7). Second, as stated in Section 3, HDPE has a low permeability and, therefore, resists 

penetration by chemicals. However, under certain conditions, HDPE can chemically react 

and physically interact with chemicals that can adversely impact its performance. Such | 

processes, or mechanisms, are discussed below. 

5.2.1.2 Laboratory Experience 

As discussed above, HDPE is very unreactive toward inorganic chemicals, such as © 

those likely to be present in the material to be placed in the TMA. For example, in a study 

reported by Whyatt and Famsworth [1990] in which an HDPE geomembrane was exposed 

for 120 days at 194°F (90°C) to a pH=14 solution containing metals, the geomembrane 

did not undergo chemically induced changes in properties. The authors of the study 

concluded that the geomembrane was resistant to chemical attack and should retain its 

ability to resist permeation. In another study, Haxo [USEPA, 1988] showed that both high 

density and low density polyethylene geomembranes are resistant to high pH (basic), low 

pH (acidic), and brine solutions. Soo et al. [1986] tested the effect of a low pH medium 

containing sulfuric acid and other compounds on HDPE and found that the HDPE did not 

undergo chemically induced changes in properties. 

Finally, GeoSyntec has the following experience in chemical compatibility tests 

conducted on HDPE geomembranes using the EPA Method 9090 [USEPA, 1986]: more 

than 25 tests in basic media; and more than 20 tests in acidic media (which represents the 

worst-case leachate from the TMA facility as indicated in Section 4.5). In every case, the 

polyethylene geomembranes did not undergo chemical-induced changes in properties. It 
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should be noted that these tests were conducted by an accredited laboratory, and that the 
results were accepted by regulatory agencies, resulting in permits for the waste disposal 
facilities. 

5.2.1.3 Applicability to the HDPE Geomembrane Liner and Cap 

The leachate from the TMA facility has the potential, in the worst case, to have a pH 
of less than 7 (i.e., has the potential to be acidic), thus the fact that HDPE geomembranes 
have high chemical compatibility with acidic media is applicable to the TMA facility. 

5.2.2 Physical Interaction of HDPE and Chemicals 

5.2.2.1 Background Information 

Physical interaction of HDPE with a chemical occurs when HDPE, without 
© experiencing change in the structure of its molecules, absorbs the chemical, which is 

| usually organic. Organic chemicals can interact with HDPE because, like HDPE, they are 
nonpolar and, therefore, have similar intermolecular forces (cohesive forces) holding 
adjacent molecules together. Conversely, inorganic molecules are polar (i.e., are 
equivalent to dipoles from an electrical standpoint) and have very strong intermolecular 
forces holding them together. Therefore, they do not interact with polyethylene, and, as a 
result, the HDPE geomembrane liner and cap should not be impacted adversely by them. 

Chemicals that can physically interact with HDPE are essentially non-polar and are 
the aromatic hydrocarbons (e.g., benzene, toluene, xylene, etc.), the chlorinated 
hydrocarbons (e.g., trichloroethylene, methylene chloride, etc.) and the aliphatic 
hydrocarbons (e.g., butane, pentane, hexane, etc.). The chemicals that physically interact 
with HDPE can permeate through an HDPE geomembrane. However, restricted by size, 
chemicals consisting of large molecules do not readily permeate HDPE. Small molecules, 

| can permeate HDPE. (It is noted that water is small and, to a limited degree, can permeate 
HDPE. However, water is highly polar, and its permeation is restricted because it is 
incompatible with HDPE (i.e., HDPE is non-polar). Similarly, ionic chemicals (which are 
polar), such as salts, do not permeate HDPE materials because of their polarity and, in 

eS JP1032-01/JP1032A.DOC 12 96.12.18 

F-16



~ GeoSyntec Consultants © 

some cases, their size and polarity.) Finally, it should be noted that the effects of physical 

interaction are reversible, i.e., the effect is physical, not chemical, and should have no 

impact on the durability of the HDPE geomembrane. 

5.2.2.2 Applicability to the Geomembrane Liner and Cap 

As discussed in Section 4, the TMA facility leachate is not expected to have volatile 

organic chemicals. Therefore, the mechanisms of interaction of volatile organic chemicals 

with the HDPE geomembrane liner and cap are not relevant to the TMA facility. 

5.2.3 Effect of Oxygen | 

5.2.3.1 Background Information on Oxidation | 

The predominant reaction of polyethylene materials and chemicals is oxidation. The 

following describes how polyethylene is oxidized and discusses the role of antioxidants. @ 

5.2.3.2 Oxidation Mechanism 

Energy supplied by (i) components of sunlight, i.e., infrared (heat) radiation and 

- ultraviolet (UV) radiation (although UV radiation predominates) and (ii) high-energy 

radiation (i.e. radioactivity) may cause oxidation of HDPE, a chemical reaction of HDPE 

with oxygen. Oxidation is a step-wise process [Ciba-Geigy, 1987]. The polymer (such as 

polyethylene) first absorbs energy. This absorption excites the polymer molecules, 

causing them to break (“chain scission’), forming highly reactive fragments referred to as 

radicals. The radicals then react with oxygen, forming even more radicals. (It should be 

| noted that oxygen is highly reactive for two reasons: (i) it is very small and can penetrate 

materials very easily; and (ii) it is a radical.) The process 1s terminated when the radicals 

either recombine or react with foreign materials, such as antioxidants (which will be 

discussed in Section 5.2.3.3), or when energy is no longer supplied. 
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3.2.3.3 Protection of HDPE Geomembranes from Oxidation 

Because of the potential for energy from sunlight or high-energy radiation to cause 
oxidation that will reduce the performance of HDPE, HDPE materials are made resistant 
to the action of energy by antioxidants (sometimes called UV stabilizers), additives that 
are incorporated into the material at the manufacturing stage. Antioxidants owe their 
name to the fact that they prevent the oxidation process from developing. However, it is 
important to note that antioxidants act before oxygen reacts with radicals and, therefore, 
are effective in controlling the action of energy even in the absence of oxygen. 

Antioxidants are complex chemicals that stop the oxidation process by reacting with 
radicals as soon as they are generated by the action of energy in the early stage of the 
oxidation process [Ciba-Geigy, 1987; Brydson, 1982; Kiss et al., 1990]. The reaction of 
antioxidants with radicals give neutral products, whereas, the reaction of oxygen with 
radicals of polyethylene give even more radicals. Antioxidants are typically present at a 
concentration of approximately 0.5% in HDPE materials. The use of antioxidants in 
polyethylene materials has been found to prevent or greatly delay the development of the 

© | oxidation process [Ciba-Geigy, 1987; Gray, 1990; Gray, 1991]. 

9.2.3.4 Oxidation Without a Significant Source of Energy | 

Experimental Results : 

Oxidation of HDPE samples with and without antioxidants has been found to occur to 
a limited extent in environments with very little energy and a limited supply of oxygen 
[Albertsson and Banhidi, 1980; Dolezel, 1967]. 

Abiotic oxidation and bio-oxidation tests have been reported by Albertsson and 
Banhidi [1980] (abiotic oxidation and bio-oxidation are described below). In these tests, 
small amounts of polyethylene molecules from HDPE were converted to carbon dioxide. 
If oxidation is allowed to proceed, molecules are broken down into smaller and smaller 
fragments, ultimately resulting in the formation of carbon dioxide. As a result, HDPE 
experienced a small loss in mass. As indicated by Albertsson and Banhidi [1980], only 
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the polyethylene molecules with very low molecular weight were consumed, because they 

tend to reside on the surface of HDPE materials and are therefore the most accessible. 

In the abiotic oxidation experiments, powdered HDPE was stored in water in the 

dark. Carbon dioxide was liberated, and the powdered HDPE sample underwent a mass 

loss at a rate of 0.048% per year. 

In the bio-oxidation experiments, powdered HDPE was stored in biologically rich 

soils. Carbon dioxide was liberated, and the powdered HDPE sample underwent a mass 

loss at a rate of 0.073% per year. | 

Applicability to the Geomembrane Liner and Cap 

The geomembrane will not be exposed to soils that are biologically rich, therefore the 

bio-oxidation experiments are not applicable to the geomembrane at the TMA facility. 

However, the abiotic oxidation experiments are applicable and will be discussed below. 

5.2.3.5 Application of Results to the HDPE Geomembrane Liner and Cap © 

Calculated Rate of Mass Loss for the Geomembrane 

Using the mass-loss rates provided in Section 5.2.3.4, the amount of HDPE lost from 

the geomembrane may be calculated. However, since the rate of oxidation is proportional 

to HDPE's exposed surface area [Wrigley, 1989], HDPE's surface-to-mass ratio must first 

be considered. The powdered HDPE sample in the foregoing study had a surface-to-mass 

ratio of 10.5 m’/g [Albertsson and Banhidi, 1980], and a 60-mil (1.5-mm) thick 

geomembrane has a surface-to-mass ratio, calculated by the authors of this report, of 

0.0014 m7/g, considering the two faces of the geomembrane. The amount of the HDPE 

geomembrane's mass lost in one year due to abiotic-oxidation, would be 0.0000672%. 

Accordingly, the mass lost would be: 

e (0.00672% after 100 years; 
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¢ 0.01344% after 200 years; 

° 0.02016% after 300 years; and 

¢ 0.03360% after 500 years. 

Even after 500 years, which is a very long time, this calculated mass loss is extremely 

small. 

Effect of Mass Loss on the Performance of HDPE 

As discussed above, Albertsson and Banhidi [1980] indicated that the polyethylene 

molecules consumed by abiotic oxidation (and also bio-oxidation) were of very low 

molecular weight, residing at or near the surface of the HDPE material. These molecules 

are preferentially attacked because they are accessible. Even though the molecules at the 

surface are attacked, the amount is very small, even after 500 years. Higher molecular 

weight molecules, which are part of the amorphous/crystalline structure of HDPE, are not 

© accessible and are therefore not attacked. Molecules of the amorphous/crystalline 

, structure of HDPE provide HDPE with its performance properties, whereas the low 

molecular weight molecules located at the surface of the HDPE material do not [Wrigley, 

1989; Koerner et al., 1990]. Consequently, loss of the low molecular weight molecules 

should not impact the performance of HDPE geomembranes. 

5.2.3.6 Applicability of the Action of Oxygen 

In order for appreciable oxidation to occur, a significant supply of oxygen and a 

source of energy are needed. For the TMA facility, the geomembrane will only encounter 

such conditions during installation. However, with the antioxidants that are used in 

typical HDPE geomembranes, the amount of oxidation should be negligible, and should 

not impact the performance of the HDPE geomembrane at the TMA facility. | 
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5.3 Micro-Biological Activities 

Bacteria and fungi may attack materials by either accelerating hydrolysis (which does 

not occur in polyethylene materials) or by bio-oxidation. Bio-oxidation was discussed in 

Section 5.2.3.4 and was found not to impact the performance of HDPE. 

5.4 Macro-Biological Activities 

Wrigley [1987 and 1989] reports that HDPE materials have not been found to be 

food sources for larger organisms. In describing marine exposure tests, no significant 

attack occurred on HDPE, even from marine borers, which are very aggressive organisms. 

In contrast, Haxo and Haxo [1989] indicate that synthetic liners may be subject to 

gnawing from burrowing animals. (It should be noted that the authors of this report have 

no knowledge of any situation where animals have burrowed through an HDPE 

geomembrane.) However, in the case of the liner and cap at the TMA facility, burrowing 

should not be a factor since the design incorporates a drainage layer consisting of a 1 ft 

(0.3 m) thick layer of medium to coarse sand with gravel placed on the liner. This layer 

will provide a deterrent for burrowing since it is coarse and cohesionless and will not be © 

stable for tunneling. Therefore, it is extremely unlikely that the geomembrane and cap 

will be subject to attack by macro-biological organisms. 

3.5 Mechanical Stresses 

All durability evaluations, such as those presented in the preceding sections, are based 

on the assumption that the geomembrane liner or cap of a waste containment facility has 

not been damaged by mechanical stresses (due to gravity and other causes) at any time 

during service life. This assumption can be made because of the following elements of the 

current state of practice: 

¢ through theoretical analyses and performance evaluation of actual landfills, causes | 

of stresses that may impact geomembrane liners and caps have been identified; 
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. e design methods have been developed to eliminate or alleviate the stresses 

resulting from those potential causes; and 

® construction methods and construction quality assurance procedures are available 

which ensure that liner systems are constructed in accordance with design and 

specifications. 

It is understood that the TMA facility will be designed according to the state of 

practice and, therefore, the mechanical stresses imparted by gravity and other causes 

should be minimized to the point they do not adversely impact geomembrane durability. 

5.6 | Summary on Mechanisms of Degradation | 

The approach used in Section 5 consisted of systematically reviewing all potential 

failure mechanisms and evaluating their applicability to the TMA facility. From the 

discussions presented in Sections 5.1 and 5.5, it appears that HDPE geomembranes are 

© extremely durable materials, but, as with every material, their performance may be 

impacted by exposure to some aggressive environments which include extreme heat, UV 

radiation, and aggressive chemicals. However, as indicated in Section 4, such conditions 

| should not exist at the TMA facility, therefore, the performance of the HDPE 

geomembrane liner and cap is not expected to be significantly impacted by long-term 

exposure to the environmental conditions of the TMA facility. Therefore, the conclusions 

of a panel of experts presented below apply to the TMA facility. 

A panel of polymer and geotechnical experts assembled by the United States 

Environmental Protection Agency (EPA) [Haxo and Haxo, 1988] to discuss the durability 

of geosynthetic materials used for lining waste disposal facilities made the following 

conclusions regarding the long-term durability of lining materials: 

| “The basic conditions to which polymeric FMLs and other components of a 

liner system are exposed in both MSW and hazardous waste landfills include 

comparatively low ambient temperatures, lack of light, moisture, aerobic and 

anaerobic atmospheres depending on the component of the liner system and the 

location within the fill, and low concentrations of dissolved constituents. Thus, 
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polymeric materials placed in service in liner systems do not encounter the types 

of conditions that are normally considered to cause degradation of the base 

polymeric resins’’; 

“The particular polymers used in the manufacture of products for the 

construction of landfill liner systems will not degrade in the environments they 

will encounter in landfills because of the lack of highly aggressive conditions 

that would cause degradation”; and 

“The polymers that were discussed and first-grade compounds based on these 

polymers should maintain their integrity in landfill environments for 

considerable lengths of time, probably in terms of 100’s of years ”’. | 

Finally, it should be noted that, in 1995, the Geosynthetics Research Institute (GRI) 

embarked on a ten-year research program to assess the durability of HDPE geomembranes 

[GRI, 1995]. The purpose of the study is to provide quantitative lifetime predictions on 

geomembranes exposed to different environments (water, air, compressive stresses, and 

tension) at elevated temperature. The degradation data, if any, will be extrapolated using © 

the Arrhenius equation (an equation used to extrapolate reaction time based on the effect 

of temperature on reaction rate) to predict the lifetime at the relevant temperature in a 

specific site. Preliminary results indicate that antioxidant depletion is 40 to 120 years, 

depending on exposure conditions (the program is only evaluating oxidation of HDPE 

geomembranes). However, the results are based on HDPE geomembranes that have been 

exposed to heat, UV radiation, or other aggressive environments, conditions which are 

different from those of the TMA facility, where the geomembrane and cap will be covered 

with soil. Thus, antioxidant depletion should not be a factor in the performance of the 

HDPE geomembrane at the TMA facility. 

6. CONCLUSIONS 

A comprehensive review of potential adverse effects that various environments may 

have on the durability of HDPE geomembranes has been presented in this report. Based 

on the facts presented, and the preceding discussions on the site conditions at the TMA 
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facility, it is concluded that the proposed HDPE geomembrane can be expected to be 

used under conditions that should not adversely impact its long term performance. 

Specifically, the following conclusions are drawn: 

e HDPE geomembranes are chemically resistant to the expected chemical 

constituents of the TMA facility; 

e the performance of the HDPE geomembranes should not be impacted by 

exposure to the outdoors during installation as currently planned; 

© outdoor temperature cycling should not adversely impact the performance of the 

liner and cap because they will be insulated by a soil cover; 

e the HDPE geomembranes are resistant to attack by microorganisms and, 

because of the design of the facility, should not be subject to attack by 

macroorganisms; and 

© © the minimal mechanical stresses likely to be imparted on the liner and cap 

should not impact their long-term performance. 

In conclusion, 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. This estimate is consistent with the EPA document discussed in 

Section 5, which concludes that a geomembrane durability in terms of hundreds of years 

can be expected. 
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© TMA Runoff Basin 13 
QTR-55 Hydrology 
POND-2 Hydrology 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 

© Executed: 08-21-1996 13:48:30 
Watershed file: --> TMA13 .WSD 

Hydrograph file: --> TMA13  .HYD 

CRANDON MINING COMPANY 

FOTH AND VAN DYKE 93C049 .54 

BASIN 13 (NE: DISCHARGE TO HEMLOCK CREEK) 8/96 

| 100 YEAR STORM EVENT 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN Tc * Tt Precip. | Runoff —§Ia/p 
Description (acres) (hrs) (hrs) (Cin) | (Cin) input/used 

STOCKPILE 12.40 60.0 0.20 0.00 5.00 | 1.30 .27 .30 | 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 12.40 acres or 0.01938 sq.mi 

Peak discharge = 18 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

Input Values Rounded Values la/p 

© Subarea Te * Tt Te * Tt Interpolated la/p 

Description Chr) Chr) Chr) Chr) (Yes/No) Messages 

STOCKPILE 0.20 0.00 “* we No -- 

* Travel time from subarea outfall to composite watershed outfall point. 

** Tc & Tt are available in the hydrograph tables. 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 

Executed: 08-21-1996 13:48:30 | | 

Watershed file: --> TMA13 — .WSD 

Hydrograph file: --> TMA13  .HYD 

CRANDON MINING COMPANY 

FOTH AND VAN DYKE 93C049 .54 

BASIN 13. (NE: DISCHARGE TO HEMLOCK CREEK) 8/96 

100 YEAR STORM EVENT 

>>>> Summary of Subarea Times to Peak <<<< 

Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) (hrs) 

STOCKPILE 18 12.2 

Composite Watershed 18 12.2 

H-3



Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 

Executed: 08-21-1996 13:48:30 

Watershed file: --> TMA13 — .WSD 

Hydrograph file: --> TMA13 — .HYD 

CRANDON MINING COMPANY 

FOTH AND VAN DYKE 93C049 .54 

BASIN 13. (NE: DISCHARGE TO HEMLOCK CREEK) 8/96 

100 YEAR STORM EVENT 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 

Description hr hr hr hr hr hr hr hr hr 

STOCKPILE 0 0 0 1 5 14 18 13 7 

Total (cfs) 0 0 0 1 5 14 18 13 7 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

Description hr hr hr hr hr hr hr hr hr 

© STOCKPILE 5 4 3 3 2 2 2 2 2 

Total (cfs) 5 4 3 3 2 2 2 2 2 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 

Description hr hr hr hr hr hr hr hr hr 

STOCKPILE 1 1 1 1 1 1 1 1 1 

Total (cfs) 1 1 1 1 1 1 1 1 1 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr hr hr 

STOCKPILE 1 1 1 0 0 

Total (cfs) 1 1 1 0 0 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 4 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) © 

Executed: 08-21-1996 13:48:30 

Watershed file: --> TMA13  .WSD 

Hydrograph file: --> TMA13  .HYD 

CRANDON MINING COMPANY 

FOTH AND VAN DYKE 93C049 .54 

BASIN 13. (NE: DISCHARGE TO HEMLOCK CREEK) 8/96 | 

100 YEAR STORM EVENT 

Time Flow Time Flow 

(hrs) (cfs) (hrs) (cfs) . 

11.0 0 14.8 1 

11.1 0 14.9 1 

11.2 0 15.0 1 | 
11.3 0 15.1 1 

11.4 0 15.2 1 

11.5 0 15.3 1 

11.6 0 15.4 1 

11.7 0 15.5 1 

11.8 1 15.6 1 

| 11.9 1 15.7 1 

12.0 5 15.8 1 © 

12.1 14 15.9 1 

12.2 18 16.0 1 

12.3 13 16.1 1 

12.4 7 16.2 1 

12.5 5 16.3 1 

12.6 4 16.4 1 

- 12.7 3 16.5 1 

12.8 3 16.6 1 

12.9 2 16.7 1 

13.0 2 16.8 1 

13.1 2 16.9 1 

13.2 2 17.0 1 

13.3 2 17.1 1 

13.4 2 17.2 1 

13.5 2 17.3 1 

13.6 2 17.4 1 

13.7 2 17.5 1 

13.8 2 17.6 1 

13.9 2 17.7 1 

14.0 1 17.8 1 

14.1 1 17.9 1 

14.2 1 18.0 1 

14.3 1 18.1 1 

14.4 1 18.2 1 

14.5 1 18.3 1 

14.6 1 18.4 1 © 

14.7 1 18.5 1 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 5 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 

© Executed: 08-21-1996 13:48:30 
Watershed file: --> TMA13  .WSD 

Hydrograph file: --> TMA13  .HYD 

CRANDON MINING COMPANY 

FOTH AND VAN DYKE 93C049 54 

BASIN 13 (NE: DISCHARGE TO HEMLOCK CREEK) 8/96 

100 YEAR STORM EVENT 

Time Flow Time Flow 

(hrs) (cfs) (hrs) (cfs) 

18.6 1 22.4 0 . 
18.7 1 22.5 0 

18.8 1 22.6 0 

18.9 1 22.7 0 
19.0 1 22.8 0 
19.1 1 22.9 0 
19.2 1 23.0 0 
19.3 1 23.1 0 
19.4 1 23.2 0 
19.5 1 23.3 0 
19.6 1 23.4 0 
19.7 1 23.5 0 

© 19.8 1 23.6 0 
19.9 1 23.7 0 
20.0 1 23.8 0 
20.1 1 23.9 0 
20.2 1 24.0 0 
20.3 1 24.1 0 
20.4 1 24.2 0 

- 20.5 1 24.3 0 
20.6 1 24.4 0 
20.7 1 24.5 0 
20.8 1 24.6 0 
20.9 1 24.7 0 
21.0 0 24.8 0 
21.1 0 24.9 0 
21.2 0 25.0 0 
21.3 0 25.1 0 
21.4 0 25.2 0 
21.5 0 25.3 0 
21.6 0 25.4 0 
21.7 0 25.5 0 
21.8 0 25.6 0 
21.9 0 25.7 0 
22.0 0 25.8 0 
22.1 0 25.9 0 

22.2 0 

© 22.3 0 
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POND-2 Version: 5.16 S/N: 1295130172 Page 1 

EXECUTED: 08-23-1996 08:23:18 

de He ete He te te te te He te He Heb IAAI AIAIS ARIAS IAAI RAIA 
| 

* 
* 

* CRANDON MINING COMPANY 8/96 * 
© 

* TMA SED. BASIN 13 * 

* FOTH AND VAN DYKE 93C049.54 * 

* 100-YR/24-HR STORM EVENT * 

* 
* 

de ete te te te te tebe He HII AINA IIIA 

Inflow Hydrograph: TMA13  .HYD 

Rating Table file: TMA13  .PND 

----INITIAL CONDITIONS---- 

Elevation = 1618.99 ft 

Outflow = 0.00 cfs 

Storage = 0.00 ac-ft 

INTERMEDIATE ROUTING 

GIVEN POND DATA COMPUTATIONS 

|ELEVATION| OUTFLOW | STORAGE | | asst | asst +0 | 

| cft) | Cefs» | Cac-ft> | | (cfs) | (cfs) | 

| 1618.99 | 0.0 | 0.000| | 0.0 | 0.0 | 

| 1619.19 | 0.0 | 0.003 | | 0.8 | 0.8 | 

| 1619.39 | 0.0 | 0.007| | 1.6 | 1.6 | 

| 1619.59 | 0.0 | 0.011] | 2.6 | 2.6 | 

| 1619.79 | 0.0 | 0.016| | 3.8 | 3.8 | © 

| 1619.99 | 0.0 | 0.021| | 5.1 | 5.1 | 

| 1620.19 | 0.0 | 0.027| | 6.6 | 6.6 | 

| 1620.39 | 0.0 | 0.034] | 8.2 | 8.2 | 

| 1620.59 | 0.0 | 0.041| | 10.0 | 10.0 | 

| 1620.79 | 0.0 | 0.050| | 12.0] 12.0 | 

| 1620.99 | 0.0 | 0.059| | 14.2 | 14.2 | 

| 1621.19 | 0.0 | 0.069| | 16.7 | 16.7 | 

| 1621.39 | 0.0 | 0.080| | 19.3 | 19.3 | 

| 1621.59 | 0.0 | 0.092 | | 22.2 | 22.2 | 

| 1621.79 | 0.0 | 0.104 | | 25.3 | 25.3 | 

| 1621.99 | 0.0 | 0.118| | 28.6 | 28.6 | 

| 1622.19 | 0.0 | 0.168] | 40.8 | 40.8 | 

| 1622.39 | 0.0 | 0.222| | 53.7 | 53.7 | 

| 1622.59 | 0.0 | 0.278] | 67.3 | 67.3 | 

| 1622.79 | 0.0 | 0.337| | 81.5 | 81.5 | 

| 1622.99 | 0.0 | 0.398 | | 96.2 | 96.2 | 

| 1623.19 | 0.0 | 0.461| | 111.6 | 111.6 | 

| 1623.39 | 2.4 | 0.527| | 127.6 | 130.0 | 

| 1623.59 | 14.3 | 0.596| | 144.3 | 158.6 | 

| 1623.79 | 31.9 | 0.668 | | 161.6 | 193.5 | 

| 1623.99 | 53.9 | 0.742| | 179.6 | 233.5 | 

Time increment (t) = 0.100 hrs. 
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POND-2 Version: 5.16 S/N: 1295130172 Page 2 
EXECUTED: 08-23-1996 08:23:18 

Pond File: TA13 =. PND 
© Inflow Hydrograph: TMA13 HYD | 

Outflow Hydrograph: OUT - HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 

| TIME | INFLOW | | 1412 | 2s/t- 0 | 28/t + 0 | OUTFLOW [ELEVATION | 
| (hrs) | (cfs) | | (Cefs) | (cfs) | (cfs) | (cfs) | (ft) | 

| 11.000 | 0.00] | ----- | 0.0 | 0.0; 0.00 | 1618.99 | 
| 11.100 | 0.00] | 0.0 | 0.0 | 0.0] 0.00 | 1618.99 | 
| 11.200 | 0.00] | 0.0 | 0.0 | 0.0] 0.00 | 1618.99 | 
| 11.300 | 0.00] | 0.0 | 0.0 | 0.0] 0.00 | 1618.99 | 
| 11.400 | 0.00] | 0.0 | 0.0 | 0.0{ 0.00 | 1618.99 | 
| 11.500 | 0.00| | 0.0 | 0.0 | 0.0] 0.00 | 1618.99 | 
| 11.600 | 0.00| | 0.0 | 0.0 | 0.0, 0.00 | 1618.99 | 
| 11.700 | 0.00| | 0.0 | 0.0 | 0.0] 0.00 | 1618.99 | 
| 11.800 | 1.00] | 1.0 | 1.0 | 1.0{| 0.00 | 1619.25 | 
| 11.900 | 1.00] | 2.0 | 3.0 | 3.0| 0.00 | 1619.65 | 
| 12.000 | 5.00| | 6.0 | 9.0 | 9.0| 0.00 | 1620.48 | 
| 12.100 | 14.00] | 19.0 | 28.0 | 28.0] 0.00 | 1621.95 | 
| 12.200 | 18.00] | 32.0 | 60.0 | 60.0] 0.00 | 1622.48 | 
| 12.300 | 13.00| | 31.0 | 91.0 | 91.0] 0.00 | 1622.92 | 
| 12.400 | 7.00] | 20.0 | 111.0 | 111.0] 0.00 | 1623.18 | 
| 12.500 | 5.00| | 12.0 | 120.0 | 123.0] 1.49 | 1623.31 | 
| 12.600 | 4.00| | 9.0 | 124.5 | 129.0| 2.27 | 1623.38 | 

© | 12.700 | 3.00| | 7.0 | 125.5 | 131.5| 3.01 | 1623.40 | 
| 12.800 | 3.00| | 6.0 | 125.5 | 131.5] 3.00 | 1623.40 | 
| 12.900 | 2.00| | 5.0 | 125.3 | 130.5] 2.58 | 1623.39 | 
| 13.000 | 2.00| | 4.0 | 124.7 | 129.3| 2.31 | 1623.38 | 
| 13.100 | 2.00| | 4.0 | 124.2 | 128.7| 2.23 | 1623.38 | 
| 13.200 | 2.00| | 4.0 | 123.9 | 128.2| 2.17 | 1623.37 | 
| 13.300 | 2.00] | 4.0 | 123.6 | 127.9| 2.12 | 1623.37 | 
| 13.400 | 2.00| | 4.0 | 123.5 | 127.6| 2.09 | 1623.36 | 
| 13.500 | 2.00| | 4.0 | 123.3 | 127.5] 2.07 | 1623.36 | 
| 13.600 | 2.00| | 4.0 | 123.2 | 127.3| 2.05 | 1623.36 | 
| 13.700 | 2.00] | 4.0 | 123.2 | 127.2] 2.04 | 1623.36 | 
| 13.800 | 2.00| | 4.0 | 123.1 | 127.2| 2.03 | 1623.36 | 
| 13.900 | 2.00] | 4.0 | 123.1 | 127.1| 2.02 | 1623.36 | 
| 14.000 | 1.00] | 3.0 | 122.3 | 126.1| 1.88 | 1623.35 | 
| 14.100 | 1.00] | 2.0 | 121.0 | 124.3| 1.65 | 1623.33 | 
| 14.200 | 1.00] | 2.0 | 120.0 | 123.0] 1.48 | 1623.31 | 
| 14.300 | 1.00] | 2.0 | 119.3 | 122.0| 1.36 | 1623.30 | 
| 14.400 | 1.00] | 2.0 | 118.8 | 121.3] 1.26 | 1623.30 | 
| 14.500 | 1.00] | 2.0 | 118.4 | 120.8] 1.20 | 1623.29 | 
| 14.600 | 1.00| | 2.0 | 118.1 | 120.4| 1.14 | 1623.29 | 
| 14.700 | 1.00] | 2.0 | 117.9 | 120.1| 1.11 | 1623.28 | 
| 14.800 | 1.00] | 2.0 | 117.7 | 119.9| 1.08 | 1623.28 | 
| 14.900 | 1.00] | 2.0 | 117.6 | 119.7] 1.06 | 1623.28 | 
| 15.000 | 1.00] | 2.0 | 117.5 | 119.6| 1.04 | 1623.28 | 
| 15.100 | 1.00] | 2.0 | 117.4 | 119.5| 1.03 | 1623.28 | 
| 15.200 | 1.00| | 2.0 | 117.4 | 119.4| 1.02 | 1623.28 | 

© | 15.300 | 1.00] | 2.0 | 117.4 | 119.4] 1.02 | 1623.27 | 
| 15.400 | 1.00] | 2.0 | 117.3 | 119.4| 1.01 | 1623.27 | 
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POND-2 Version: 5.16 S/N: 1295130172 Page 3 

EXECUTED: 08-23-1996 08:23:18 | 

Pond File: TMA13 ~— . PND 
} 

Inflow Hydrograph: TMA13 ~~ .HYD | | | © 

Outflow Hydrograph: OUT HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 

| TIME | INFLOW | | I1+I2 | 2S/t- 0 | 2S/t + O | OUTFLOW |ELEVATION| 

| chrs) | (cfs) | | (efs) | (cfs) | (cfs) | (efs) | (ft | 

| 15.500 | 1.00| | 2.0 | 117.3 | 119.3 | 1.01 | 1623.27 | , 

| 15.600 | 1.00| | 2.0 | 117.3 | 119.3 1.01 | 1623.27 | 

| 15.700 | 1.00] | 2.0 | 117.3 | 119.3] 1.01 | 1623.27 | 

| 15.800 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 15.900 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 16.000 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 16.100 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | | 

| 16.200 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 16.300 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 16.400 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 16.500 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 16.600 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 16.700 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 16.800 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 16.900 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 17.000 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 17.100 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 17.200 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | © 

| 17.300 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 17.400 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 17.500 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 17.600 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 17.700 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 17.800 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 17.900 | 1.00{ | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 18.000 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 18.100 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 18.200 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 18.300 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 18.400 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 18.500 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 18.600 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 18.700 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 18.800 | 1.00] | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 18.900 | 1.00| | 2.0 | 117.3 | 119.3 | 1.00 | 1623.27 | 

| 19.000 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 19.100 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 19.200 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 19.300 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 19.400 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 19.500 | 1.00{ | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 19.600 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 19.700 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 19.800 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | @ 

| 19.900 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 

| 20.000 | 1.00| | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 
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POND-2 Version: 5.16 S/N: 1295130172 Page 4 

EXECUTED: 08-23-1996 08:23:18 

© Pond File: TMA13 PND 
Inflow Hydrograph: TMA13 .HYD . 

Outflow Hydrograph: OUT . HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 

| TIME | INFLOW [| | 114412 | 2S/t - 0 | 2S/t + 0 | OUTFLOW [ELEVATION| : 
| (hrs) | (cfs) | | (Cefs) | (cfs) | (cfs) | (efs) | Cft) | 

| 20.100 | 1.00| | ro 117.3 | 119.3] 1.00 | 1623.27 | 
| 20.200 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 
| 20.300 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 

| 20.400 | 1.00| | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 
| 20.500 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 
| 20.600 | 1.00] | 2.0 | 117.3 | 119.3| 1.00 | 1623.27 | 
| 20.700 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 
| 20.800 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 
| 20.900 | 1.00] | 2.0 | 117.3 | 119.3] 1.00 | 1623.27 | 
| 21.000 | 0.00| | 1.0 | 116.5 | 118.3] 0.87 | 1623.26 | 
| 21.100 | 0.00| | 0.0 | 115.2 | 116.5] 0.64 | 1623.24 | 
| 21.200 | 0.00| | 0.0 | 114.3 | 115.2] 0.48 | 1623.23 | 
| 21.300 | 0.00| | 0.0 | 113.6 | 114.3| 0.35 | 1623.22 | 

| | 21.400 | 0.00| | 0.0 | 113.1 | 113.6| 0.26 | 1623.21 | 
| 21.500 | 0.00| | 0.0 | 112.7 | 113.1] 0.19 | 1623.21 | 
| 21.600 | 0.00| | 0.0 | 112.4 | 112.7{ 0.14 | 1623.20 | 
| 21.700 | 0.00] | 0.0 | 112.2 | 112.4, 0.11 | 1623.20 | 

6 | 21.800 | 0.00| | 0.0 | 112.0 | 112.2| 0.08 | 1623.20 | 
| 21.900 | 0.00| | 0.0 | 111.9 | 112.0] 0.06 | 1623.19 | 
| 22.000 | 0.00] | 0.0 | 111.8 | 111.9] 0.04 | 1623.19 | 
| 22.100 | 0.00] | 0.0 | 111.8 | 111.8{ 0.03 | 1623.19 | 
| 22.200 | 0.00| | 0.0 | 111.7 | 111.8] 0.02 | 1623.19 | 
| 22.300 | 0.00| | 0.0 | 111.7 | 111.7| 0.02 | 1623.19 | 
| 22.400 | 0.00| | 0.0 | 111.7 | 111.7| 0.01 | 1623.19 | 
| 22.500 | 0.00] | 0.0 | 111.6 | 111.7| 0.01 | 1623.19 | 
| 22.600 | 0.00] | 0.0 | 111.6 | 111.6| 0.01 | 1623.19 | 
| 22.700 | 0.00] | 0.0 | 111.6 | 111.6] 0.01 | 1623.19 | 
| 22.800 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 22.900 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.000 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.100 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.200 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 
| 23.300 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 
| 23.400 | 0.00] | 0.0 | 111.6 | 111.6{ 0.00 | 1623.19 | 
| 23.500 | 0.00] | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.600 | 0.00] | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.700 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.800 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 23.900 | 0.00] | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 
| 24.000 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 24.100 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 24.200 | 0.00] | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 24.300 | 0.00] | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

© | 24.400 | 0.00] | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 24.500 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
| 24.600 | 0.00| | 0.0 | 111.6 | 111.6] 0.00 | 1623.19 | 
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POND-2 Version: 5.16 S/N: 1295130172 Page 5 

EXECUTED: 08-23-1996 08:23:18 | 

Pond File: TMA13 = PND 

Inflow Hydrograph: TMA13 ~~ .HYD , © 

Outflow Hydrograph: OUT HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS | 

| TIME | INFLOW | | I14#12 | 28/t - 0 | 2S/t + 0 | OUTFLOW |ELEVATION| | 

| ¢hrs) | Cefs) | | (cfs) | (cfs) | (cfs) | (efs) | (ft) | 

| 24.700 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 24.800 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 24.900 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.000 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.100 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.200 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.300 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.400 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.500 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.600 | 0.00] | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.700 | 0.00} | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.800 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 

| 25.900 | 0.00| | 0.0 | 111.6 | 111.6| 0.00 | 1623.19 | 
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POND-2 Version: 5.16 S/N: 1295130172 Page 6 
EXECUTED: 08-23-1996 08:23:18 7 | 

kkkkkhkhkhkhkhhhhkuk SUMMARY OF ROUTING COMPUTATIONS Kkkkhkhkhhkkkkh eh tee 

Pond File: TMA13  .PND 

Inflow Hydrograph: TMA13  .HYD 

Outflow Hydrograph: OUT - HYD | 

Starting Pond W.S. Elevation = 1618.99 ft 

**ee* Summary of Peak Outflow and Peak Elevation ***** 

Peak Inflow = 18.00 cfs 

Peak Outflow = 3.01 cfs 

Peak Elevation = 1623.40 ft 

“**** Summary of Approximate Peak Storage **#** 

| Initial Storage _ = (0.00 ac-ft 
Peak Storage From Storm = 0.53 ac-ft 

@ Total Storage in Pond = 0.53 ac-ft 
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POND-2 Version: 5.16 S/N: 1295130172 Page 7 

Pond File: TMA13 = .PND 

Inflow Hydrograph: TMA13 HYD 
© 

Outflow Hydrograph: OUT HYD , 

EXECUTED: 08-23-1996 

Peak Inflow = 18.00 cfs 08:23:18 

Peak Outflow = 3.01 cfs 

Peak Elevation = 1623.40 ft 

Flow (cfs) 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 

yaseees fescee [eceee feteee feces [etree beret Perce bee bee beh 
| 

11.4 -|x 

[x 
| 

11.5 -|x 

|x 

11.6 -|x 

|x 

11.7 -|x 

[x* 
11.8 -|x * 

|x * 
11.9 -|x * 

[x * 
12.0 -|x * 

| 

[x * 
12.1 -|x * | 

Pr @ 
12.2 -|x 

* 

[x * 
12.3 -|x * 

[x * 
12.4 -|x * 

| x * 
12.5 -| X * 

| x * 
12.6 -| x * 

| x * 
12.7 -| x 

| X 

12.8 -| x 

| *x 
12.9 -| * xX 

| *x 
13.0 -| *X 

| *x 
13.1 -| *X 

| *x 
13.2 -| *X 

| x 

13.3 -| X 

| 
TIME 

(hrs) © 

* File: TMA13  .HYD Qmax = 18.0 cfs 

x File: OUT -HYD Qmax = 3.0 cfs 
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