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VIA EMAIL: jason.boyle@state.mn.us

Mr. Jason Boyle, P.E.
State Dam Safety Engineer
Minnesota Department of Natural Resources

Re: Keetac Tailings Basin — Stability Analysis Update for Stage 2 Exterior Tailings Basin
Permit 1965-0351
United States Steel Corporation — Keetac
Keewatin, Minnesota

Dear Mr. Boyle:

In response to our letter dated December 2, 2021, titled, “Keetac Tailings Basin — Permit 1965-
0351 Status”, Minnesota Department of Natural Resources (MDNR) has requested a stability
analysis update for the Stage 2 Exterior tailings basin perimeter dam. The purpose of this letter is
to provide the requested information.

The intent of the December 2, 2021, letter was to request MDNR Dam Safety confirmation to
complete construction of the Stage 2 Exterior Tailings Basin perimeter dike up to the original
permitted design elevations. The perimeter dike embankment geometries analyzed for stability in
the attached report include the existing perimeter dike embankment with additional vertical
expansion up to the original permitted crest elevation. Additional vertical expansion up to the
original permitted crest elevation will not require placement of fill materials beyond the upstream
or downstream toes of the existing embankment.

We have been pleased to provide our engineering services for this application. If you have any
guestions, please contact us.

Sincerely,

GEI ONSQLTANTS, INC. ) c
- i Moy ) e

James P. Bonner, P.E. 'N';Ii ael Vﬁ\ eler, P.E.
Senior Engineer Senior Vice'President

Cc: Chrissy Bartovich, United States Steel Corporation
Darren Gietzen, United States Steel Corporation
Lukas Klemke, United States Steel Corporation
Evan Shefik, PE, United States Steel Corporation

JPB:cah
KAKEETAC (US Steel)\2100305_Keetac_2021 Quarterly Tailings Basin PM\05_In_Progress\Reports\Dam Safety Permit
Letter\Stability Supplement\R2100305_Keetac_Dam Safety Stability FINAL.docx

GEI Consultants, Inc.
\V\V\V.gciconsu]mnts.com 515 NE Second Avenue, Grand Rapids, MN 55744
920.455.8200



Keetac Tailings Basin
Dam Safety Permit Status
Keewatin, Minnesota
January 26, 2022

Proposed Near-Term Phase 1 Solution

A near-term shift to tailings disposal within the Stage 2 Exterior Tailings Basin footprint would allow
for hydraulic deposition of tailings for Stage 2 Interior Tailings Basin south dike stability
improvement and eliminate or slow additional vertical expansion of the Stage 2 Interior Tailings
Basin.

Figure 1 shows the alignment of the existing Stage 2 Exterior Tailings Basin perimeter dike
embankment along with a typical section.

Summary of Crest Elevations

The current crest elevation of the Stage 2 Exterior dike varies from approximately +1,460 feet along
the south portion up to approximately +1,490 feet along the east portion. The Bechtel Incorporated
design report, included as Attachment A, indicates design crest elevations of +1,470 feet along the
south portion and +1,510 along the east portion. A summary of current, designed/permitted, and
proposed crest elevations along the Stage 2 Exterior dike is provided in the following table.

Stage 2 Exterior Dike Crest Elevation Summary

General Area

Approximate Current
Crest Elevation

Designed/Permitted
Crest Elevation

Proposed Phase 1
Crest Elevation

West +1,462 feet +1,470 feet +1,470 feet
South +1,462 feet +1,470 feet +1,470 feet
East +1,490 feet +1,510 feet +1,500 feet

Phase 1 construction planned for 2022 will be completed under existing Permit 1965-0351, in general
accordance with the Bechtel Incorporated design documentation. As indicated in the table above,
planned 2022 raising of the perimeter dike will be to interim crest elevations at or below the
designed/permitted crest elevations.

Stability Analyses

Consistent with the Bechtel stability analysis, a typical perimeter dike embankment section having the
greatest overall height for the permitted crest elevation of +1,470 feet was selected for analysis. The
typical section would generally represent the south portion of the Stage 2 Exterior dike. Attachment A
includes plan and profile drawings showing the location of the typical section along with results of
the Bechtel stability analysis. A typical section of the perimeter dike embankment is shown on
Figure 1.

During 2021 seven (7) borings were advanced through the Stage 2 Exterior Tailings Basin perimeter
dam embankment to characterize subsurface materials and collect samples at select depth intervals.
Locations of the borings are shown on Figure 2.

The 2021 borings were converted to water observation wells upon completion to allow for better
measurement of the phreatic surface through the embankment. The 2021 borings confirmed that
material types within the dam embankment are consistent with borings completed by Bechtel for the
original permit request and material types shown on the original design drawings.

GEI Consultants, Inc. 1
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B2021-4EXT was advanced near the location of the typical Stage 2 Exterior Tailings Basin perimeter
dike embankment section shown on Figure 1. The boring log from B2021-4EXT is provided in
Attachment B for reference.

Two-dimensional, force and moment equilibrium embankment slope stability analyses were
completed for the Stage 2 Exterior Tailings Basin perimeter dike embankment for existing and Phase 1
embankment geometries. Phase 1 embankment geometry is the permitted design crest elevation
consistent with the Bechtel design. The future Phase 1 buildout condition assumes a 10-foot raise
using similar clay dike embankment material.

The upstream tailings level for the stability analysis cases was assumed to be 5 feet below the Phase 1
permitted crest elevation. The piezometric line was estimated based on available monitoring data and
engineering judgment. Strength parameters for the stability analyses were based on data from the
Bechtel study and recent GEI studies.

The slope stability analyses were completed using the computer program SLOPE/W 2019 R2
developed by GEO-SLOPE International, Ltd. This program uses the method of slices to compute the
factor of safety against sliding for a layered embankment or slope. The Morgenstern-Price method
was used to calculate the factor of safety for all cases analyzed, which is a method that solves for both
force and moment equilibrium. Circular slip surfaces were analyzed for all loading cases presented
herein. Both effective stress analyses (ESA) and undrained strength analyses (USA) were completed
for the existing condition and future Phase 1 perimeter dike crest condition (dike elevation +1,470 feet).

Material Properties

Material properties utilized for the both the ESA and USA analyses are summarized in the table
below:

Material Name thal Unit Cohesion Phi
Weight (pcf) (psf) ©)
Buildout Clay dike fill ESA 130 - 31
Buildout Clay dike fill USA 130 1,000 -
Clay dike fill ESA 130 - 31
Clay dike fill USA 130 1,000 -
Drain Material 130 - 36
Layered Fine Tailings and
Slimes ESA 130 ] 3
Layered Fine Tailings and 130 Tau/Sigma = 0.23, i
Slimes USA min =400 psf
Natural Foundation sand 130 - 31

Material properties of dike embankment materials and natural foundation soils are consistent with
Bechtel design parameters included in the documentation for the original permit application request.
The Layered Fine Tailings and Slimes material properties were based on previous strength analysis
studies performed by GEI. We have conservatively chosen a value of 1,000 psf for the random clay
backfill; however, existing field data would likely justify a higher strength.

GEI Consultants, Inc. 2
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Only downstream stability was analyzed for this study.
Stability Analysis Results

Slope stability results are included in Attachment C. Critical slip surfaces for each analysis figure
are highlighted with a thick white line and the associated minimum factor of safety (FS) value is
distinguished with a red dot. Minimum FS values are greater than the required minimum values.
Results are summarized in the table below.

Minimum ESA USA Bechtel
Description Failure Required Downstream | Downstream | Downstream
Type Factor of Factor of Factor of Factor of
Safety* Safety Safety Safety
Existing
Embankment Circular 15 1.87 2.04 NA
Geometry
Interim future
conditions (After | ;o)\ 15 175 158 15
Phase 1
construction)
Interim future
conditions, +0.05g | Circular 1.1 1.52 1.37 1.3
seismic

* We have selected a minimum FS criteria of 1.5 for undrained peak strength analysis cases, which is consistent
with USACE, USBR, NRCS, FERC, MSHA, TVA and State of Minnesota for long-term steady-state seepage
conditions. This is also the current standard of practice for iron ore tailings basins located in the Upper Midwest.

A minimum FS criteria of 1.5 has also been selected for ESA cases. A minimum FS of 1.1 was selected for the
pseudo-static cases.

Because of the high shear strength foundation materials, the critical potential failure surfaces tended to
be shallow in depth, converging toward a minimum infinite slope factor of safety of 1.5. These shallow
sloughing failure surfaces would not affect the overall integrity of the embankment. Therefore, we
“forced” the failure surfaces deeper into the slope within the SLOPE/W models, selecting a minimum
depth of 15 feet.

The dike materials and foundation materials are not susceptible to liquefaction, and therefore a
liguefaction analysis was not completed. The clay like till soils generally have a high plasticity (Pl >8)
and therefore are not likely susceptible to liquefaction as explained by Idriss and Boulanger (2008)? for
a fine-grained material that has “clay-like” behavior. Dilative soils with N1,60 > 15 or gcl > 45 are
assumed to not lose strength and generally noncorrected SPT N values for the foundation material and
dike embankment material are greater than 15, suggesting these materials are not likely susceptible to
liquefaction.

L 1driss, I. M. and Boulanger, R. W. (2008) “Soil Liquefaction During Earthquakes,” Earthquake Engineering
Research Institute, Oakland, California.

GEI Consultants, Inc. 3
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Summary

The proposed 2022 Phase 1 vertical expansion elevations for the Stage 2 Exterior Tailings Basin
perimeter dike embankment are at or below the design/permitted Bechtel perimeter dike crest
elevations. Stability analysis results for the perimeter dike embankment with the 2022 vertical
expansion crest elevation show minimum factors of safety which meet or exceed typical minimum
factor of safety criteria for tailings dam perimeter dike embankments.

GEI Consultants, Inc.
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Attachments

Figure 1 Dike Typical Sections

Figure 2 Stage 2 Exterior Borings and Test Pit Locations
Attachment A Bechtel Design Report excluding appendices
Attachment B Log of B2021-4EXT

Attachment C  Stability Analysis Results

GEI Consultants, Inc.
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report was prepared under my dfrect super-

vision and that I am a duly Registered Professional

Engineer under the Laws of the State of Minnesota.

G)disu Q e

WALTER. R. FERRIS
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SECTION 1
INTRODUCTION .

1,1 Scope of Report

The second stage tailings pond for the National Steel Compaﬁy Plant near
Keewatin, Minnesota will be formed by the construction of three dikes on

the West, South and East and the previously comp]éted initial basin to the
North. The second stage pond is south of the National Steel Company Plant.
The dikes, known as the West, South and East Dikes, will be constructed

in a single effort conforming to the same general design criteria. It should
be noted here that the West Dike referenced to in the general report is the
4400 ft. section comprising the South end of tﬁe West Dike.‘ Thif_rggggg

presents the design of the starter dikes and discusses the methods_of

raising the dikes to the ultimate elevations required. The report describes

the investigation of the embankment foundations and borrow areas, laboratory

testing, foundation conditions, design criteria and engineering analyses.

While a spillway will be provided, it is planned that the details of it will
e e et o . -

be presented in a supplemental report.

1.2 Project Description

The dikes will be homogeneous embankments with internal drainage. The approx-
imate lengths of the three dikes will be about 0.8 miles for the wesf Dike,

3.5 miles for the South Dike, and 2.8 miles for the East Dike. The ultimate -
crest height along the three alignments will not exceed 60 feet with an average
crest height of considerably 1e§s. Construction materials will be obtained

from designated borrow areas adjacent to the planned alignments. The starter

. ,'w‘
dikes will_be._constructed from materials_borrowed-from-both—inside and outside ‘”“@W :
— - —'/)CA¢S|fw

the pond; borrow areas for future raising of the dikes will be designated

downstream of the dikes to enable their use after tailing have been deposited

\\\\‘UnQBﬂ &r%é\ 1-1
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in the pond. The general configuration of the Stage 2 Pond is shown on

Figure 1.

The_starter dike will be constructed to about elevation 1440 feet ande——

raised in stages as required. The ultimate section and method of raising

are discussed in Section 8. A portion of embankment already constructed “_
Cowm skmc’(dL

as noted on Figure 3 will eventually form the starter embankment of the ‘4, 197,

South Dike.

1.3 Site Description

The topography in the vicinity of\the Stage 2 pond is relatively flat with

a few slightly rolling hills. The-ground is covered with brush and trees.
Natural drainage systems in the area consist of Hay Creek and West Swan

River. Hay Creek divides the planned Stage 2 pond into near equal parts and
runs southward through ft into Swan Lake. West SwanRiver is to the east of
the East Dike, outside the Stage 2 pond, and in the vicinity of the site

flows due south. The flow 6f Hay Creek was interrupted by the construction
of the initial National tailing basin. Because of the relatively flat topo-
graphy, surface drainage is poor and shallow depressions frequently are swampy

and contain shallow deposits of muskeg.
\\/ v
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SECTION 2
“INVESTIGATIONS

2.1 Previous Investigations

The adjacent tailing pond construction has been investigated in the mid

sixties and early seventies and since the soils are geologically similar, the

data from those investigations have been used in the current design effort.
W
Of particular benefit were the data contained in the following two reports:
° Report on Reservoir No. 2N Dike for Thé Hanna
Mining Company, September 1972

" ° Design and Construction of South 0'Brien Dike,
December 197

Both of the above reports were prepared by Bechtel and were used to provide
data pertaining to soil characteristicshand parameters. In addition to

supnlementing the current eﬁgloration%_ng_gggxigg§ly obtained data_were.used

in~development ofm embankment designs.

o ——

2.2 Recent Investigation

Test borings were drilied and sampled along the dike alignments by Soil
Exploration Company of St. Paul, Minnesota. The boring locations are noted

on Figure 1.
Standard penetration tests and split spoon samples were obtained at selected

intervals in the borings in accordance with ASTM D1586. This procedure uses

2-inch outside diameter sampler driven by a 140 pound weight falling 30 inches.

2-1




The number of blows required to drive the sampler the last 12 of 18
inches is called the standard penetration or "N" value. It is a

measure of the relative density of sands and of the consistency of clays.

Relatively undisturbed samples were obtained in thin walled Shelby
tubes in accordance with ASTM D1587. These were obtained for testing

to determine the engineering properties of the foundation soils.

Samples were visually classified in the field in accordance with uA%Ut dﬂ +{¢7 V&Arﬂ2
| /Ao {
ASTM D2488. ggg§§2f¥the borings were prepared by the drillers and are woi Ao

included in the report submitted by The Soil Exploration Company,

Appendix A.
\M_—_______

The Hanna Mining Company located potential borrow areas for dike fill
and drain zone material. These areas were then explored by excavating
test pits and taking bulk samples for laboratory testing. The test pit
locations are noted on Figure 1. The samples were sent to The Hanna
Mining Company's laboratory in Cooley for testing and storage. Logs of

the test pits are included in AppendixB.

2-2




SECTION .3
SUBSURFACE CONDITIONS

3.1 General
Throughout the site area bedrock is overlain by about 100 feet of precon-
solidated glacial tills which have locally_been_eroded.and_replaced_with

‘alluvium_from streams_throughout the area. As mentioned earlier, depressions

on the surface of the till have been filled with shallow marshy deposits of

muskeg. The tills are typically clayey near the surface and become sandy (r\»ge¢4:z(

or_gravelly at depths greater than about 10 feet. Isolated gravels, sandy

soils, and silty sandy soils also exist and in some instances extend-from

thg*éngggg_fg_ggg;hs,gneaten_than_lﬂ‘fgggé_ kg %1»7 do e couered w c(d7é7 s+ﬁg32
To prtect Guw ?

3.2 Foundation
With a few exceptions, which are noted below, the foundation conditions are
‘ he X 4;/

similar for all three dike alignments. The upper 10 feet, approximately, ,smechows %6.

consists of stiff to hard clayey glacial till over sandy till WiED lenses of (L4(U( {r
fo We £ °*

clayey sands, clays, and sands occurring_at depths greater than about 20 feet

‘1 'vlgl.

The West Dike alignment is one exception where surface or near surface gravelly Aﬂ{f”*’;~
- VWQ
clays were encountered 'in test pits W-453, W-455 and W-458. Also_along the 5, beoaA

owiel 4

West Dike alignment, surface silty sands_were encountered in test pits W-44 ’ or 40

R S e A

proy
and W-457. Near-sur ce-gnaweﬂ&y~maté?i€1‘Wag‘éﬁéﬁﬁhtered”Oh‘the‘South“Dike(.¢shmt*V?Z
*LL,(r¢F£:4K

in test pits W-461 and W-462, and on the East Dike near-surface sandy silt L
sns 9
was found in test pit W-469. Generally, the near-surface gravelly or sandy Sast's Vi l

apd
deposits were less than 5 feet deep and were underlain with clayey till. One;L7 “*f ?7;

(o |0%
other area which was found to vary was the eastern_section_of the South Dike D{i ;ﬁ\ 1!
\\—/———- (

which seemed to have more _sandy areas than the remainder of the alignments in-

vestigated. The water table can be within about 5 feet of ground surface,
eSO e
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but based on the data obtained, it varies a great deal depending upon

locally perched tables.

For design considerations the materials described above have relatively
low permeabilities, except for the sand and gravel lenses, and moderate

to high strength under static conditions. The strength under seismic

\ et st
|‘ws&- Mﬂ’ .

conditions is also moderate to high.

111 ﬂqis Srgc;«fpd ?

3.3 Random Material‘,_—/ ,

Random dike material consists predoﬁinant]y of clayey till which can be
borrowed from ejther side of the alignments as shown on Figure 1

Since the borrow areas are adjacent to the alignments,
the materials described above are essentially the same as those encount-

ered in the designated borrow areas.

3.4 Granular Materials

Two possible sources of granular material are designated on Figure 1.

Drain zone materials are available from these
areas, either after processing or as excavated. The materials are grav-
elly sands and typically have suitable characteristics for use in drain

zones.

3.5 Design Considerations

Generél]y the clayey and sandy till materials can be grouped as shown

on Figure 7. Thus, homogenous dikes have been designed. The drain zone

3-2




can be one material that satisfies the filter design criteria discussed

in Section 5.




SECTION 4
LABORATORY TESTING

4.1 General

Laboratory tests were performed on selected disturbed and relatively un-
disturbed samples to evaluate and determine physical characteristics such
as water content, dry density, gradation, Atterberg Limits, specific
gravity, compressibility, permeability, maximum dry density, and shear
strength. Hanna Mining Company performed gradation analyses on selected
bulk samples and the results were used by Bechtel to assign the remainder
of the testing program. Soil Exploration Company performed the assigned

testing at their laboratory in St. Paul.

The testing performed by Hanna Mining Company is included in Appendix B.
The Soil Exploration Company test results were transmitted in reports which
are inctuded in Appendix A. The test methods used are described in the

report prepared by Soil Exploration Company.

4.2 Engineering Properties and Design Parameters

4.2.1 Foundation Soils

The engineering properties of the foundation soils were evaluated

from laboratory test results.. The selected design parameters

are given in Table 1.

4-1




4.2.2 Dike Materials

The engineering properties of the random borrow materials were
evaluated from the soil testing program and are presented in

Table 2.

The angle of internal friction for the gravel drain zone was

evaluated on a conservative basis from data presented on Table
4.2.1, entitled "Approximate Statistical Relationships between Relative
Density and Angle of Internal Friction for Pervious Sands and

Gravels" in Earth and Earth Rock Dams by Sherard, Woodward,

Gizienski, and Clevenger. The unit weight of the gravel drain
-————'\‘

was estimated from Figure 16 titled "Maximum Dry Density Versus
‘\-—-_-—-\——
Gravel Content for Compacted Soils" of the Earth Manual. The

permeabilities of the_gravel drain were estimated from gradation
P

curves versus coefficient of permeability given in Figure 8-5 of

the U.S. Navy Design Manual, DM-7.and test results on selected

materials molded to the specified unit weight.
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TABLE 1

Properties of Foundation Soils

tbbb\?M

Properties

In-Situ Dry Unit Wt., vd

In-Situ Moisture Content, w

N-Values (Field Blowcounts)

N, Range
N, Average

Percent passing No. 200 Sieve (Ave.)
Permeability

Strength Parameters
(Drained)
Cohesion, C
Angle of Internal Friction, ¢

(Undrained)
Cohesion, C
Angle of Internal Friction, ¢

Parmumetem

Values Based on Laboratory Test
Results

Sandy Till Clayey Till
a1
Whadt  orve CnQW ‘

4% 14%

Wit e '“nsﬁ’ t

20% 70%
1x 10°% ™gec. 1 x 10'8 M gec.
1“mm¢\p\& / \\\’
W) \*«\ ﬁr’\'ﬂw %
38°
- .3 st
Gt
Ao
M 8y
M,/\(UPM‘ 4}“&;\




9 ,./1!

¢

TABLE 2

Properties of Dike Materials

Values Based on

Laboratory Test Values
Results Assumed
Properties Random Till Drain Material

Whad's Aok T Wl 27

In-Situ Dry Unit Wt., vd

In-Situ Moisture Content, w 4 to 14%

Maximum Unit Wt., vd 110 pcf to 125 pcf 130 pcf
Optimhm Moisture Content, w 18 to 10%

Percent Passing No. 200 Sieve (Ave.) 25% 8%
Permeability 1x 1078 cm/sec. 1 x 1073 em/sec.

s gt bermmclded v\t

Strength Parameters

(Drained)
Cohesion, C -- --
Angle of Internal Friction, ¢ 31° 36°

(Undrained)
Cohesion, C
Angle of Internal Friction, ¢




SECTION 5

Dike Design

5.1 General

The three dikes, the West, South and East, are designed to the crest

elevations required by The Hanna Mining Company and to the criteria

outlined in the following paragraphs.

5.2 Design Criteria

5.2.1 General Criteria

The dikes are designed to:

(]

Provide ultimate crest elevations required by The
\‘,..\

‘ﬂgggg,MJBigg Company as shown on Figures 2, 3, 4,

and 5.

° Be approximately along the a1jgggfgg;;_~__[gggiggg_gy

The Hanna Mining Company as shown onfFigures 2, 3, 4,

and 5.

o]

Be raised in stages using downstream construction

methods.

5.2.2 Foundation Design Criteria

The foundation treatment is designed to:
° Provide adequate strength to safely support the planned

dikes. This requirement was further defined as:
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- Saturated foundations under static loading conditions

must be capable of supporting the dikes.under static and

earthquake conditions. An earthquake peak ground accel-

eration of 0.05 g was used in this énalysis.

Jg fwu,, \\c’m%dub {'0"05& /(a,rosa-h s W-,.)M%Am, %‘nw\\av ?oéf(u‘f"f?

o]

Provide horizontal drain zones within the dikes capable of

draining seepage from the underlying natural soil.

5.2.3 Dike Design Criteria

Specific dike designs incorporate the following criteria:
® Dike slopes must have a minimum factor of safety of 1.5 for
normal operating conditions. For temporary and earth-

quake conditions the minimum factor of safety is 1.2.

Drain zone must.be sized to safely carry water seeping hﬂ\grc q e 71L
i 4 1
through the dikes when the water in the pond is at the totles

maximum level.

Drain zone matertals must have gradations thatwill prevent
piping of finer material into the drain and they must have
adequate permeability. This can be achieved using the

following criteria: ~ .
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- D]5 of the drain

= 5 or less

085 of dike/foundation

Where D]5 represents the diameter of the particles at
which 15 percent of the total soil particles are smaller,
and D85 represents that at which 85 percent of the

total soil particles are smaller.

- The grain size distribution curve of the drain material is

reasonably well graded from coarse to fine with no gaps or skips.

- Maximum particle size in the drain zone is three inches
to minimize segregation of large stones during construc-

tion.

- Drain zone gradation should provide sufficient permeability
to minimize seepage forces, using the following criterion:

- D]5 of the drain
= 5 or more

D]5 of the dike/foundation

° Crest width of 25 feet.

Freeboard of 10 feet above maximum water Tevel.
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5.3 DESIGN

(

5.3.1 Selectionof Alignment and Crest Elevations

The alignment and crest elevations were established by Hanna
Mining Company and are shown on Figures 2, 3, 4, and 5.

The land downétream of the dikes is available for expansion
of the dikes when raised. Thus, the stated general criteria

have been met.

5.3.2 Foundation Strength

‘The depth of required Stripping of loose and soft materials for
foundation preparation was determined on the basis of field

. exploration to be at depths in sands where the blowcounts equalled

or exceeded 20 and_in_clays _where_the_blowcounts equalled or ex-

e .

ceeded 8. Provided that this basis is used in the foundation
_Ceeded °. ©

preparation, the foundation will satisfy the required strength criteria.

5.3.3 Dikes
The three dikes have been designed as homogeneous embankments
utilizing the soil described in Section 4. Based on the cri-
teria as outlined and the selected design parameters, the dikes
. have 2.5 horizontal to 1 vertical downstream slopes.and 2.5 horizontal

to 1 vertical upstream slopes. The method
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of analysis and the results are presented in Section 5. The

factors of safety obtained satisfy the criteria stated.

The drain zones consist of vertical chimney drains connecting
to near horizontal drains that extend to the downstream toes
of the dikes. The drain zones have been designed to the

stated criteria using a permeability of 1 x 10'3 centimeters

per second. The principle purpose of the designed drainage
system is to keep seepage from discharging on the downstream

slope. Thus the phreatic surface is controlled through the dam

and this information was used iR MaKing~stability analyses.

The required characteristics of the drain zone material are
based on the dike materials and the stated criteria. The sources
of drain material are shown on Figure 1. ' The

required gradation of the drain zone to satisfy.the_stated-eriteria

are shown on Figure 6 and are tabutated below: [—\4&f5 »*Ad¢uﬁ, h“b*”\ ‘&ﬁ;“M

*@” {%w‘li,au

Size Percent Passing
3" 100
#4 60-98
#20 30-80
#50 2-60
#200 0-8
Upstream slope protection will only be required if water s stored LOL> 5’2

against the_slope_for extended periods-of_time. _Should that be the ’h“'d7s's
fakutol AL RS AT, ’\___\-__%\ ( A ™

case, rip rap and rip rap bedding recommendations_wil.l_be-provided ¢¢ccwvﬁ* s

Downstream slope protection will not be reguired K wehey 1
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because localized erosion caused by rainfall can be detected by cifP‘VV&\

routine inspections and corrected by maintenance if necessary. c¢40h o

The downstream slopes can be effectively stabilized by grassing

if necessary.




SECTION 6

Analyses

6.1 Stability"

Stability analyses were performed for the portion of the dikes having the

greatest crest height for the final dike. Both upstream and downstream \”ﬁ@b*[ aMéAg’

slopes were analyzed for steady state seepage at maximum pool elevation

and also the same condition with an applied seismic force due to (0.

. . .. ' C’(‘C-
acceleration. A psuedo-static procedure was used for the seismic analyses. 67 %ﬁg%

Since the foundation is strong and the dike materials may be treated as
cohesionless, the critical potential surfaces of sliding will tend to be

shallow. Therefore, the factorsof safety may be calculated using infinite

slope methods.

Computer analyses were also made using the ICES computer program "LEASE" which
verified that the critical circles tend to be very shallow and the factors

of safety tend toward the infinite slope values. Representative circles that
were analyzed are shown on Figure 8.

The soil strength parameters selected for the analyses are based on test

results and are summérized in Table 3.

The following assumptions were considered in the evaluation of stability:

1) The drain will control seepage in the downstream shell.

——

2) Seepage forces are neglected in the upstream slope. \Q\\ﬂ Qv
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. . 3) A seismic factor of 0.05 g is applied to the total weight v-‘\*-“
of soil and water and the resulting force acts horizontally. ig !

Resisting forces are based on effective stresses. ™ ‘v&ﬁh

4) Rapid drawdown is not considered because the pond will be OAA Me
maintained at a nermal operating level. Even during *iA"
periods of heavy runoff, the pond will only be returned to

a normal operating level using a decant tower, thus rapid
\'-—\._——/

drawdown is not a consideration.

6.2 Drain Zone
A laboratory testing program was conducted to evaluate the coefficient of
permeability for compacted soils in the dikes. The specimens were prepared

to simulate the design compaction criterion of 95 percent of the maximum.dry.

I

unit weight as determined by ASTM Test Method D698.

The seepage into the dikes from ponded water upstream is estimated by a

simplified approach using Darcy's formula:

Q=KiA
where: Q = discharge in cubic feet per minute
K = coefficient of permeability of the dike in
feet per minute
i = hydraulic gradient, h/1.
h = difference in head causing flow to occur, feet
1 = length of flow path
A = area through which flow takes place, square feet

The dike is divided into equal layers and the discharge, Q, is computed for

each layer. The total seepage into the dike is the sum of the discharge for

. each layer.
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Using the formula and method outlined,: a coefficient of permeability
of 1 x 1078 centimeters per second and a 50 foot head on the dike, seepage

into a dike of height 60 feet is estimated to be 14\€fbic feet per year

dves Wy midude Q o
Seep g fomdoBim T Se Moot pmore
Q be /gs-\&iph'd*ﬂﬂd voethey 4l "M

.
[}

The drain, as shown in Figure 6 , has a thickness of 5 feet in the ‘““‘”“ﬂu“*°“‘f

per foot of dike length.

chimney portion and 5 feet in the horizontal pprtion. Capacities of
the two portions are calculated using the Darcy Formula és described above.
Using this formula, tge capacity of the chimney drain is 5000 cubic feet
per year per foot of dike. The capacity of the horizontal drain is 150
cubic feet per year per foot of dike. These capacities are based on a

coefficient of permeability for the drain zone of 1000 feet per year

(1 x 1073 centimeters per second).

The gradation of the drain zone is based on the stated criteria and the
random material in the dikes depicted on Figure 7. The drain zone
material should be a clean, durable material and have a gradation within

the following 1imits with no gaps or skips:

Size Percent Passing
3" 100
#4 60-98
#20 30-80
#50 ’ 2-60
#200 0-8
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4

6.3 Settlement
Guidelines as presented in Woodward, Sherard, Gizienski, and Clevenger.

Earth and Earth Rock Dams, 1967, Page 203, were consulted and resulted in

an estimate of settlement within the dike of 9 idinches.
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Material

Dike (Random)

Drain

Foundation

TABLE 3

, 1
STRENGTH PARAMETERS oy wlod” *»ue¥;7»*HL-‘

Tota] Unit Shgar Strength Parameters
]gg}22t3 Cohesion (C) Angle of Internal
. 1b/ft2 friction (¢) deg
130 0 31
130 0 36
130 0
(% A b
der o oot R

* Value assumed on basis of given in Section 4.




TABLE 4
RESULTS OF STABILITY ANALYSES w Hhosm comdihAs

Minimum Factors of Safety

DESCRIPTION Required Computed
Upstream Downstream
2.5 to 1 2.5 to 1

Maximum Pool-Steady State 1.5 1.5 1.5
Seepage
Maximum Pool-Steady State | 1.2 1.2 1.3

Seepage plus 0.05 g Seismic




SECTION 7
CONSTRUCTION

7.1 General
The specifications for the construction of the dikes are given on
Figures 2, 3, 4, 5, and 6.

The following paragraphs are intended to elaborate on these items.

7.2 Foundation Preparation vﬁd%k’

A1l soft and loose material musf be removed from within_the-limits~of-the: kaj‘jizsa\
9ikes down to dense sandy till or sand with standard penetration*;e§;, gﬁv&ﬁadjﬁﬂﬁ) %
blowcounts of 20 or more per foot, orstiff clay with blowcounts of 8 or w@mwu* Ha-

(cv’;r
blew
more per foot. The stripped surface should be free of roots and deleteri- ’% \J«V» ?
ous material. It should be scarified to a depth of about 6 inches, moisture Qr¢‘”‘ )
conditioned, and compacted as specified for the dikes. The dike foundation
surfaces should be maintained free of standing water by providing drainage

to low areas and pumping from sumps located in the low areas.

7.3 Materials
7.3.1 General

The materials to be used in the dikes must conform to the

gradation requirements of the following paragraphs.

7.3.2 Random Materials

The random materials should consist of silty sand or clayey silty (hsv4%1(‘”“

sand with at least 20 percent passing the number 200 sieve. 5?16
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7.3.3 Drain Zone Materials

The drain zone should consist of sands or sand énd gravel with

gradations within the limits shown on Figure 6.

The Ttions should be constructed from clayey and sandy till of the
type encountered in the explorations performed by The Hanna Mining Company.
The borrow areas and test pit locations are shown on Figures 1, 3,

4, and 5. The typical ranges of gradation are shown on Figure 7.

Whad's A O{i%yw\ T SO 6 732 1

Drain Zone material can be obtained from the borrow areas delineated for
that purpose on Figure 1, The grad-

ation requirements for the drain zone material are shown on Figure 6.

7.5 Fill Placement

The materials used in the dike fills should be free of roots and other debris
and should not include boulders larger than 72 inches in diameter. Boulders
larger than 12 inches in diameter should be either removed or raked“to the
upstream faces of the dikes. No frozen material should be placed in the

dikes nor should any dike material be placed on frozen ground.

After placement of loose material on the dikes, the moisture content should

be adjusted as necessary to be within two percent of the optimum moisture
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content. Material placed on the dikes too wet for compaction should be left
to drain or be aerated and dried by discing and harrowing unti1'the moisture
content of the entire layer is uniform and within two percent of the optimum
moisture content. Material placed on the dikes too dry for proper compaction
should be moistened by sprinkling with water. The layer should then be disced,

harrowed, or otherwise mixed until within the 1imits stated above.

After moisture conditioning, the dike material should be compacted in lifts

as described in the Table 5.
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TABLE 5
METHODS OF COMPACTION

Loose Lift
Zone Type of Compactor Thickness
Random 60 ton roller viher-huve 12
Drain 60 ton roller 12
Drain 10 ton Vibratory 12

A

X

A pass is one complete coverage of the area with the wheels

Number of
Passes

of the roller.
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SECTION 8
‘RAISING

8.1 General

The downstream method of raising will be used to raise the starter dikes
as required. fhe planned ultimate heights of the dikes at their center-
Tines are shown on the profiles on Figures 2, 3, 4, and 5. The typical

ultimate dike section is shown on Figure 6.

Tailings may be stacked higher than the crest of the dikesAprovided that
they do not intersect an imaginary line sloping from the downstream toe

of the dike upstream on a gradient of 6 horizontal to 1 vertical.

8.2 Method of Raising

The foundation for a raise should be prepared as discussed in Section 7,
and the previously constructed horizontal drain should be excavated to
expose a clean drain zone. The vertical drain should be excavated prior
to any crest raise to expose uncontaminated material meeting the specifi-
cation. The raises should be constructed in accordance with the specifi-

cations used for the starter dikes.

8-1
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