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16 February |9589

Noranda Minerals Corp.
Montana Project

101 Woodland Road
P.O. Box A.L.

Libby, MT 59923

Attention: Mr. Joe Scheuering
Project Manager

Subject: Montana Project
Sanders and Lincoln Counties, Montana
Tailings Impoundment
Preliminary Engineering Report

Gentlemen:

Morrison-Knudsen Engineers, Inc. (MKE) is pleased to submit this preliminary
engineering report of the Little Cherry tailings impoundment for the Montana Project.

The purpose of this report is to present the results of preliminary engineering and
design studies for the tailings impoundment. The scope of work consisted of
(1) hydrolegic studies, (2) stability analyses, (3) seepage and contaminant transport
analyses, (#) preliminary design of the impoundment and (5) preparation of a
conceptual reclamation plan. A companion report, the Geotechnical Report, serves
as the geotechnical data base for the tailings impoundment.

The impoundment was designed to store 120 million tons of tailings and will have an
operational life of about 6 years. Preliminary plans and sections of the
impoundment, a construction schedule and impoundment staging curves are
presented. Also, a conceptual plan of the reclaimed impoundment was prepared and
construction quantities were estimated.

If you have any questions about this preliminary engineering report, please call me at
(415) 442-7573.

Sincerely,

A P Fored

M. P. Forrest
Project Manager
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CHAPTER |
SUMMARY AND CONCLUSIONS

Noranda Minerals Corp. is planning the development of the Montana Project located in
Sanders and Lincoln Counties, Montana, for mining and milling copper-silver ore. As
part of this project, an impoundment will be required to store tailings from the milling
operations. This report presents the results of engineering and design studies performed
by Morrison-Knudsen Engineers, Inc, (MKE) for the Little Cherry tailings impoundment.
A companion report for this project, the Geotechnical Report, was prepared by MKE

and serves as the geotechnical data base for the tailings impoundment,

The scope of work consisted of (1) hydrologic studies, (2} stability analyses, (3) seepage
and contaminant transport analyses, (#) preliminary design of the impoundment and

(5) preparation of a conceptual reclamation plan.

The tailings production rate will be 20,000 dry tons per day and will total about
120,000,000 tons. This production rate and required storage capacity indicate that the

impoundment operational life will be about 16 years.

The tailings impoundment will be developed by constructing a dam across Little Cherry
Creek. The watershed area above the proposed tailings dam is 1.78 square miles. A
petmanent diversion system consisting of a dam at the upstream end of the
impoundment and a diversion channel will be required to route the creek around the
impoundment and thereby reduce the watershed area by about 50%, The diversion
system was designed to route the Probable Maximum Flood {PMF) around the south side
of the tailings impoundment. The tailings impoundment was sized to compietely
contain runoff resulting from 2&4-hour general storm Probable Maximum Precipitation
(PMP) plus snowmelt.

Stability analyses were performed for the starter dam and final dam embankments.
Stability was analyzed for {1} end-of-construction for the starter dam, (2) steady-state
seepage and seismic loading for both the starter and final dam stages, and (3) flood pool
for the final dam stage., The results of the stability analyses indicate that the

calculated factors of safety exceed minimum acceptable values for all cases
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Liquefaction potential was evaluated for sandy foundation soils. Liquefaction is defined
as the rapid build-up of pore-water pressures and the resulting loss of soil strength
caused by seismic shaking. The design earthquake used for liquefaction analysis was the
Maximum Credible Earthquake (MCE). The MCE was determined to be a magnitude 7
event originating on the Bull Hill fauft 20 kilometers to the west of the project site.
The peak ground acceleration at the site was estimated to be 0.22g. This acceleration
was used to estimate the seismically induced shear stresses. Resistance of the soils to
liquefaction was estimated from the results of Standard Penetration Tests (SPT's) in
borings. The results of the evaluation indicate that the foundation soils are sufficiently

dense to preclude liquefaction.

Seepage from the pond impoundment was estimated in order to compare its chemistry
with groundwater and surface water quality. Based on a one-dimensional seepage
analysis for the final impoundment at year 16, the maximum seepage was estimated to
be about 475 gpm.

The term "contaminant transport" as referenced in this report is widely used to describe
the movement of an effluent through a groundwater system. Contaminant transport
analyses were performed by using a model that considers longitudinal dispersion and one
dimensional flow through the aquifer. The results of the analyses show that the tailings

effluent chemical concentrations generally do not exceed background groundwater

concentrations

It is expected that a portion of the effluent will emerge as seepage in both the Littie
Cherry Creek and Libby Creek channels. The seepage will be significantly diluted by
streamflow. After dilution, the resulting effluent concentrations in the creek would be
very low.

The results of the seepage and contaminant transport anaiyses are presented for the
final impoundment, a condition when seepage would be a maximum. After the
impoundment has been filled to capacity, the effluent will be evaporated from the
tallings surface. Seepage will therefore decrease with time resulting in a diminished

migration of effluent from the impoundment.

8258G 1-2
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To control seepage through the tailings embankment, a gravel blanket drain will be
placed on the foundation as the dam s being raised. Filter blankets above and below
the blanket drain will prevent piping of the tailings and foundation materials into the
drain., Seepage will be collected in a pond located downstream of the tailings dam.
Water in the pond will be pumped back to the tailings impoundment.

The Little Cherry impoundment will consist of the following structures:
o Diversion Dam
o Diversion Channel
o Tailings Retention Dam that includes a Starter Dam and Toe Dike
o Two Earthfill Saddle Dams
o Seepage Collection Dam

0 Collection Ditches

Earthfill materials for embankment dam construction will be obtained from the
diversion channel excavation and from a borrow area within the impoundment. Rockfill
and riprap will be obtained irom mine waste or from a quarry. Blanket drain and filter
materials will be obtained by crushing, screening and washing mine waste or quarried
rock, or the materials will be imported from a commercial source. A large portion of
the embankment dam will be constructed of coarse tailings produced by double
cycloning the mill feed. The final dam will be 380 feet high and will have a total
volume of 32,971,000 cubic yards of which 27,844,000 cubic yards will consist of

cycloned tailings sand with 10% fines (less than 0.07% mm).

Stability monitoring and contingency plans were prepared. The stability monitoring
plan includes {1} periodic visual inspections, (2) measurements of seepage through the
dam and foundation piezometric pressures and (3} reviews by engineers experienced in
tailings dam design and construction. A contingency plan is required to (1) identify the
type of incident, (2) formulate the required remedial action and (3) identify the
authorities to be contacted.

8258G _ 1-3
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A conceptual reclamation plan was prepared for the tailings impoundment and diversion
channel. The intent of the reclamation plan is te minimize potential long-term erosion
and maximize stability of the tailings embankment dam. The basic plan for reclamation
consists of (1) stripping soils containing organic matter, (2) depositing cycloned sands
into the impoundment during the final year of operation, (3) drying the pond surface by
promoting natural desiccation and evaporation, (4 grading the pond surface,
(5) replacing soils stripped from the site during construction and (6) seeding the

reclaimed pond surface.

The diversion channel slopes will be benched to control surface water runoff and will be
covered with l-foot of soil and seeded with grass to minimize erosion. A 3-foot thick
riprap layer will be provided to prevent erosion of the channel during flood flows.

Preliminary plans and sections of the impoundment, a construction schedule and
impoundment staging curves were prepared. Also, a conceptual plan and section of the
reclaimed tailings impoundment were prepared. Excavation and embankment fill

quantities were estimated.

The purpose of this report is to present the results of preliminary engineering and
design studies for the Little Cherry tailings impoundment. The scope of the studies was
intended to provide sufficient engineering to demonstrate project feasibility. The
design has not been optimized and is not final; the design will be developed during
subsequent phases. The Geotechnical Report outlines additional field exploration and
laboratory testing needed for final design studies.

3253G _ 1 -4



CHAPTER 2
INTRODUCTION

2.1 BACKGROUND

Noranda Minerals Corp. is planning the development of the Montana Project located in
Sanders and Lincoln Counties, Montana, for mining and milling copper-silver ore. The
project area is located in the Kootenai and Kaniksu National Forests (Figure 1). An
impoundment will be required to store tailings from the milling operations. A site
located on Little Cherry Creek, east of the Cabinet Mountains, was determined to be
the preferred site for tailings disposal. This preliminary engineering teport presents the

results of tailings impoundment design studies performed by Morrison-Knudsen
Engineers, Inc, (MKE).

A companion report for this project, the Geotechnical Report, was prepared by MKE
and serves as the geotechnical data base for the Little Cherry tailings impoundment
site. In addition, that report presents geotechnical data for two other sites considered
for tailings impoundments, plant and mine portal sites, and for evaluation adit portal
sitess. The Geotechnical Report presents the results of the field investigation program
and includes discussions of (1} geologic setting, (2) seismicity, including seismic design
criteria, (3) field exploration and laboratory testing programs, and (4} site and
subsurface conditions.

2.2 PURPOSE AND SCOPE

The purpose of this repert is to present the results of preliminary engineering and
design studies for the Little Cherry tailings impoundment. The scope of the studies was
intended to provide sufficient engineering to demonstrate project feasibility. Designs
presented in this report have not been optimized and are not final; the design will be

developed in subsequent phases. The approach to the project study is described in the
Design Basis Memorandum, Appendix A.

The scope of work for the preliminary engineering tailings impoundment studies consists
of the following tasks:

3259G 2-1
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o  Conduct a field investigation that includes the following activities:
- Data review
- Reconnaissance
-  Geologic mapping
- Seismicity evaluation
-~ Seismic refraction survey
-  Test pit excavations
-  Exploratory drilling
-  Laboratory testing

¢  Perform the following preliminary tailings impoundment engineering studies:
- Hydrologic studies
- Stability analyses
-  Seepage and contaminant transport analyses
-  Conceptual reclamation plan

o Prepare the following technical reports:

-  Geotechnical Report

Geotechnical Site Evaluation Report

t

Tailings Impoundment Preliminary Engineering Report
o Attend meetings with Noranda and regulatory agencies.

This report presents the results of preliminary engineering and design studies for the
Little Cherry tailings impoundment. The results of the geotechnical investigations,

including drilling and test pit logs, seismic refraction results and laboratory test results,
are presented in the Geotechnical Report.

2.3 AUTHORIZATION

United States Borax & Chemical Corporation initially authorized the work for this
project on 9 May 1988, On 6 September 1988, U.S. Borax transferred its interest to
Noranda Minerals Corp.

Y

8259G 2-2
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CHAPTER 3
IMPOUNDMENT SITE SELECTION

The following three impoundment sites were investigated for tailings disposal (Figure 2):

o Little Cherry
o Poorman

0 Midas

In the selection of the tailings disposal site, several factors were considered including
(1) watershed area and diversion requirements, (2) foundation seepage, (3) impoundment
storage capacity and (4) borrow volume requirements. In the following paragraphs, a

summary is presented of the impoundment site selection.

The results of studies show that the Little Cherry site is the preferred site for tailings
disposal. The site is in a valley that has a relatively small watershed (1.78 square
miles). An impoundment could be developed at this site to store 120 million tons of
tailings. The site topography is adaptable for construction of a diversion dam and
channel on the south side of the impoundment; the channel would discharge into a

natural stream channel. This diversion system would reduce the tailings impoundment
watershed area by about 50%.,

The impoundment at the Poorman site would be formed by a three-sided embankment
dam. The site is not large enough to store 120 million tons of tailings. This site would
have to be used together with another site to store 120 million tons of tailings. Studies
show that to store 70 million tons, an excessive amount of earthfill borrow would be
needed for dam construction since insufficient coarse tailings would be produced. The
results of geotechnical studies show that artesian groundwater conditions exist at the
site. Artesian groundwater indicates that foundation uplift pressures could develop. To
control these pressures so that darn stability would not be threatened, a pressure relief
well system would be requireds The Poorman site is not considered to be an
economically feasible site for tailings disposal because of (1) insufficient storage
capacity, (2) an excessive volume of earthfill required for dam construction and (3) the

necessity for pressure relief wells.

8173G 3-1



The Midas site would be located in a valley with a watershed area of about 5.16 square

3 KX

miles, about 2,9 times the area of the Little Cherry site. A diversion system at this
site would require a channel on both sides of the valley. The channels would be located
on hillsides that have ridges extending as much as 2000 feet above the channels. The

channels would be subject to blockage by slides and debris. Failure of a diversion

channel would lead to failure of the tailings retention dam by overtopping. Because of
the potential for obstruction of the diversion channels, the Midas site is not considered

to be an economically feasible site for tailings disposal.

1
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CHAPTER 4
HYDROLOGIC STUDIES

4.1 DESIGN FLOOD CRITERIA

The design flood criteria are based on the U. S. Forest Service and U.S, Corps of
Engineers {1977) criteria (see Design Basis Memorandum, Appendix A). The designation
of the tailings Impoundment design flood is based on size and hazard potential
classifications The tailings retention dam will be raised incrementally to increase
impoundment storage capacity. Size classification is determined by either storage or
dam stage height, whichever gives the larger size category. For this project, dam stage

heights control the size classification.

U. S. Highway 2 is located about 5.7 river miles downstream of the Little Cherry
damsite; the nearest dwelling is located about 5.4 miles downstream of the site. Libby
is the closest town to the impoundment site and is located about 14 miles downstream
{north) of the site. Because of the potential for downstream damage and resulting
clean-up, the U, S, Forest Service and the Montana Department of State Lands consider
the impoundment site to have moderate to high hazard poténtials {see Design Basis
Memorandum, Appendix A).

Based on dam stage size and hazard potential classifications, the Forest Service and

Department of State Lands designated the following design flood criteria:

o  For containment: 24<-hour general storm

Probable Maximum Precipitation (PMP)

o For diversion: 72-hour general storm
Probable Maximum Flood (PMF)

The PMF is the flood that may be expected from the most severe combination of
critical meteorologic and hydrologic conditions that are reasonably possible in the
region (U. S. Corps of Engineers, 1977). The PMF is derived from the PMP, which is
defined as theoretically the depth of precipitation for a given duration that approaches

7983G -1
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the upper limit of what the atmosphere can produce over a given storm area at a
particular geographic location at a certain time of the year {U. S. Department of

Commerce, Hydrometeorological Report No. 43, 1966).

Because thunderstorm events should also be considered for small watersheds, the local
storm PMF (resulting from the é-hour PMP)} was also considered for diversion. The

more critical of the two diversion floods was used for diversion system design.
Based on engineering practice, the minimum embankment dam freeboard (above the
peak flood water surface) was taken to be 3 feet (U.S. Bureau of Reclamation, "Design

of Small Dams," 1987).

4,2 METHODOLOGY

The Corps of Engineers' "HEC-1 Flood Hydrograph Package" computer program was
used for the hydrologic studies. The "Hydrometeorological Report No. 43, Probable
Maximum Precipitation - Northwest States" (Hydromet 43), developed by the U. S.
Department of Commerce, Weather Bureau (1966) was used as the basis for estimating

the local storm and general storm PMP's,

An unlimited snowpack was assumed to be available for snowmelt during the 24-hour
and 72-hour general storm PMP's. Data on snowpack and snow-water equivalents are
not available, thus, snowmelt estimates were based on the Corps of Engineers' "Runoff
from Snowmelt" (1960). Since forest cover is less than 80 percent of the watershed, the
snowmelt equation developed for open and partly forested areas was used. Percent
forest cover was estimated from July 1988 aerial photographs. Dew point temperatures
and wind speeds during the PMP were developed from procedures described in Hydromet
43,

The general storm PMF was based on the general-storm type 24-hour and 72-hour PMP
plus snowmelt; the local storm PMF was based on the é-hour local storm PMP., Unit
hydrographs were developed following the Soil Conservation Service (SCS) method, as
described in the U. S. Bureau of Reclamation "Design of Small Dams" (1987).
Infiltration and retention losses were also estimated following SCS hydrologic soil group
and curve number (CN) procedures. These estimates were based on secil conditions and

vegetal cover as determined from the aerial photographs and information provided in

7983G -2
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available reports (U. S, Department of Agriculture, 1984). Hydrologic Soil Group B was
used in the analysis. Basin lag time was calculated by using procedures described in
"Design of Small Dams". The antecedent moisture conditions (AMC) for the PMF
estimates were based on AMC Il conditions.

A diversion dam and diversion channel are required to divert the watershed runoff
around the Little Cherry tailings impoundment. To determine the size of the channel
and diversion dam height, the design flood (described in Section 4.1) was routed through

the diversion pond by using HEC-| procedures.

4.3 WATERSHED CHARACTERISTICS

The Little Cherry watershed, tailings impoundment and diversion system are shown on
Figure 3. The tailings retention dam will be constructed across Little Cherry Creek. A
diversion dam wiil be constructed at the upstream end of the tailings impoundment and

a channel will divert runcff around the south side of the impoundment.

Table 4.1 summarizes the drainage area characteristics of the Little Cherry watershed.

TABLE &.1
DRAINAGE AREA CHARACTERISTICS

Tailings Impoundment Drainage Area (square miles) 0.88
Diversion Impoundment Drainage Area (square miles) 0.90
Total Drainage Area (square miles) 1.78
Mean Basin Elevation (feet) 3860
Lag Time for Diversion Impoundment Watershed (hours) 0.32
Curve Number (AMC LIT) 73
Percent Forest Cover 76

As shown in Table #.1, the diversion dam reduces the tailings impoundment watershed
area by about 50%.

4.4 PROBABLE MAXIMUM PRECIPITATION, SNOWMELT AND NET RUNOFF

The 24-hour general storm PMP with snowmelt was used to compute runoff into the

tailings impoundment. Both the 72-hour general storm PMP with snowmelt and the

7983G 43
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6-hour local storm PMP were considered for the diversion system. Estimates of
snowmelt during the 24-hour and the 72-hour general storm PMP are necessary because
of the relatively high mean basin elevation of the area. In addition, based on
Hydromet 43, the most critical general storm PMP was determined to occur in June.
The spring melt season for this area occurs primarily from spring to early summer.
Estimates of snowmelt during the é-hour local storm PMP were not necessary, since

this storm event is associated with summer-autumn thunderstorms.

Precipitation, snowmelt and net runofif for the Little Cherry watershed are summarized
in Table 4.2 below. Detailed calculations of net runoff for the storm events are

presented in Appendix B.

TABLE 4.2
PRECIPITATION, SNOWMELT AND NET RUNOFF

Precipitation
Precipitation & Snowmelt Net Runoif
Precipitation Event {inches) {(inches) {inches)
6-hour Local Storm PMP 11.7 N/A 8.2
24-hour General Storm PMP 11.9 15.8 9.8
72-hour General Storm PMP 17.0 2h.4 10.2

4,0 DESIGN FLOODS

The tailings impoundment was sized to completely contain runoff resulting from the
24-hour general storm PMP plus snowmelt. Since all runoff upstream of the diversion
dam will be routed around the tailings impoundment, only the tailings impoundment
drainage area {see Table 4.1) was used to estimate the required inflow volume for
containment. Depending on pond area, the total inflow volume was estimated to rangé
from about 460 to 540 acre-feet for the starter and final impoundments, respectively
(see Appendix B, Figure B-1).

For the diversion dam and channel, the PMF hydrographs for both the 72-hour general
storm plus snowmelt and the 6-hour local storm were computed using HEC-!
procedures, Computer printouts of the design flood calculations are presented in

-
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Appendix B. Peak discharges for the 72-hour PMF and the 6-hour PMF are
approximately 2510 cfs and 5230 cfs, respectively. Since the larger, more critical peak
discharge is produced by the 6-hour PMF, this flood event was used as the design flood
for diversion system design.

4.6 DIVERSION FLOOD ROUTING

The 6-hour local storm PMF was routed through the diversion impoundment and
channel. Computer printouts of the flood routing calculations, diversion pond
area-capacity curves, channel discharge rating curve and hydrographs ate presented in

Appendix B.

Table %#.3 summarizes the flood routing results for the diversion pond. The diversion
pond was assumed to be full (water surface at El. 3680) at the beginning of the storm.
Peak discharge for the é-hour local storm is about 3,360 cis. The peak design flood
flow velocity in the diversion channel was computed to be about 16 feet per second.
The 72-hour general storm PMF was also routed through the diversion impoundment for

comparison. Results of this rbuting are also summarized in Table &.3.

The inflow to the diversion channel from the small catchment adjacent to the channel
was ignored for the preliminary design since it is a small area and there is adequate
freeboard allowed in the channel design. Final design of the diversion channel will

consider this inflow.

TABLE 4.3
LITTLE CHERR Y DIVERSION SYSTEM
RESULTS OF FLOOD ROUTING
6-hr Local PMF ®  72-hr General PMF

Dam Crest Elevation (feet} 3700 3700
Diversion Channel Crest Elevation (feet) 3680 3680
Diversion Channel Crest Length, L (feet) 20 20
Initial W. S. El. (feet) 3680 3630
Maximum W. S. El, (feet) 3694.6 3689.4
Minimum Freeboard (feet) ° 5.4 106
Peak Inflow (cfs) 5230 2510
Peak Qutflow (cfs) 3460 1790
Notes:
a Minimum freeboard equals dam crest elevation minus maximum water surface
elevation
b  Design flood is the flood resulting from the 6-hour local storm PMP event
7983G 4§35



8
i

' G BRI N

Lo

CHAPTER 5
STABILITY ANALYSES

5.1 SOIL PARAMETERS

The soil parameters used in the slope stability analysis are summarized in Table 5.l.
The unit weights and strength parameters of the cycloned sand tailings and fine pond
tailings are based on typical values of similar tailings presented in Vick (1983). For
purposes of analyses, the fine tailings were conservatively assumed 1o have no
strength. The blow counts (N-values) from Standard Penetration Tests were used to
estimate strength parameters of the foundation soils. Ceorrelations between N-values
and friction angles presented in published literature were used to obtain these strength
parameters. Published data were used to estimate the strength parameters of rockfill
(Leps, 1970). Cohesion values are zero for granular soils. Since adequate undisturbed
samples of clayey silty foundation soils could not be obtained for laboratory testing
during the drilling program (MKE, Geotechnical Report, January 1989%), the cohesion

value for these soils was estimated from the results of field penetrometer tests.

TABLE 5.1
SOIL PARAMETERS FOR STABILITY ANALYSES
Wet Saturated Effective
Unit Unit Friction Effective
Soil Weight Weight Angle Cohesion
No. Description (pci) {pct) (degrees) (psf)
| Starter Dam Earthfill 124 133 35 0
2 Cycloned Sand 110 123 33 0
3 Toe Dike and Starter Dam
Rockfill 140 145 g2 0
4 Foundation Layer | - 135 35 0
& Foundation Layer | 125 - g 2000*
5 Foundation Layer 2 - 14! 38 0
6 Fine Tailings - L10 0 0

* Total stress parameters; all other parameters are in terms of effective stresses.

7984G 5-1



The embankment dam foundation is composed of both granular and silty clayey soils
(MKE, Geotechnical Report, 1989). Therefore, as shown in Table 5.1, two sets of
parameters were designated for Foundation Layer 1. The first set applies to a granular

foundation and the second set applies to a silty clayey foundation.

J.2 CRITERIA AND LOADING CONDITIONS

The maximum sections of the Little Cherry starter dam and final embankment dam
were checked for static and seismic stability (see Figure C-1, Appendix C). The design
criteria and loading conditions are presented in Table 5.2 for the cases considered in the
slope stability analysis. The minimum acceptable factors of safety used in the analyses

are as recommended by the Corps of Engineers (1970).

TABLE 5.2
DESIGN CRITERIA AND LOAD CONDITIONS

Embankment Maximum Acceptable
Case Load Condition Stage Slope Factor of Safety
lA,B  End-of-Construction Starter Dam Upstream and 1.3

Downstream

2A,B Steady-State Seepage Starter and Downstream 1.5

Final Dams
3 Design Flood Final Dam Downstream 1.4
4A,B  Seismic * Starter and  Downstream 1.0

Final Dams
* Seismic Coefficient = 0.10g
The stability of the starter dam was checked for the end-of-construction condition
before tailings are deposited (Cases 1A and 1B). This condition is the most critical
static case for the upstream slope since subsequent deposition of fine tailings into the

pond will stabilize the slope.

The stability of the downstream slopes of the starter and final embankment dams were
analyzed for steady-state seepage and seismic loading (Cases 2A, 2B, #A and 4B). A
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conservatively high phreatic surface was also used to check that the stability of the
downstream slope would be adequate for the design flood condition, Case 3 (see
Chapter 4). A 200-foot wide beach with a 1.0% slope would normally prevent the pond
shoreline from reaching the embankment dam.

Seismic stability was evaluated by the “psuedo-static" method. Based on a review of
site seismicity, a seismic coefficient of 0.10g was used in the stability analyses (MKE,
Geotechnical Report, 1989). In the "pseudo-static” method of stability analysis, the
effects of an earthquake on a potential slide mass are represented by an equivalent
static horizontal force determined as the product of a seismic coefficient and the
weight of the potential slide mass. The use of the maximum ground acceleration (0.22g,
see MKE, Geotechnical Report, 1989) as the seismic coefficient would produce an
equivalent static horizontal force equal to the maximum transient inertia force
developed on the mass during the design earthquake. However, the length of time for
which the force acts is an important factor in the development of deformations
Therefore, the use of the maximum transient force as an equivalent static force would
be unduly conservative {(Seed and Martin, 1966) and the recommended seismic
coefficient of 0.10g should be used.

5.3 METHOD AND RESULTS

The computer program STABL (Siegel, 1975) was used to calculate the factors of safety
for circular failure surfaces. Hand calcuilations were performed using the infinite slope
method. The results of the stability analyses are presented in Table 5.3 and are
compared with the Corps of Engineers (1970) criteria for minimum acceptable factors
of safety. The critical failure surfaces for each loading condition are shown on Figures
C-2 to C-8, Appendix C.
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TABLE 5.3
RESULTS OF STABILITY ANALYSES

Minimum
Acceptable Calculated
Embankment Factor Factor
Case Load Condition Stage . Slope of Safety® of Safety
1A End-of-Construction Starter Dam?® Upstream 1.3 141
1B End-of-Caonstruction Starter Dam Downstream 1.3 1.55 - 2,02
2A Steady-State-Seepage  Starter Dam Downstream 1.3 .62
2B Steady-State-Seepage Final Dam® Downstream L5 1.97
3 Design Floodd Final Dam Downstream L.4 l.65
4A Seismic® Starter Dam Downstream 1.0 .23
4B Seismic® Fipnal Dam Downstream 1.0 l.46
a. From Corps of Engineers (1970)
be Crest EL. 3500
c. Crest EL 3700
d. 24%hour PMP plus Snowmeit (see Chapter &)

(=N

Seismic Coefficient = 0.10g

As shown in Table 5.3, the calculated factors of safety exceed the minimum acceptable

values for all cases. The lowest factor of safety was for the end-of-construction

condition {Case 1A) for the upstream slope of the starter dam. The upstream slope is
therefore critical only after construction of the starter dam.

The results further indicate that the critical failure surfaces for Cases |, 2 and & are

shallow and do not intersect the phreatic surface for steady state seepage. However,

for Case 3 (flood condition) shown on Figure C~7, Appendix C, a circular failure

surface intersects the high phreatic level.

3.4 LIQUEFACTION POTENTIAL

A. Method

Liquefaction potential was evaluated for sandy foundation soils. Liquefaction is defined

as the rapid build-up of pore-water pressures and the resulting loss of soil strength
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caused by seismic shaking (Seed, 1979). Soil deposits that are particularly susceptible
to liquefaction consist of loose, saturated sands.

The design earthquake used for liquefaction analysis was the Maximum Credible
Earthquake (MCE) as described in the Geotechnical Report (1989). The MCE is defined
as the largest rationally conceivable event that could occur in the tectonic environment
in which the project is located (Seed, 1982). The MCE event was determined to be a
magnitude 7 event originating on the Buil Hill fault, 20 kilometers to the west of the
project site (MKE, Geotechnical Report, January 1989). The peak ground acceleration
at the site was estimated to be 0.22g. This acceleration was used to estimate the
seismically induced shear stresses.

Seismically induced shear stresses were computed from the following equation (Seed
and Idriss, 1982):

T
v . 0.65 Z2max P, rd D
i ’
R E P,
where: Tav _ average seismically induced shear stress ratio
Rt :
3 ax " maximum ground surface acceleration = 0.22g
g = gravitational acceleration
P, = total overburden pressure
po' = efiective overburden pressure
rq = stress reduction factor (maximum value equals 1.0)

The results of the field exploration indicate that the foundation soils are dense (MKE,
Geotechnical Report, January 1989). Therefore, it was conservatively estimated that
the soils would respond rigidly to seismic shaking. Therefore, r, was taken to be 1.0 and
equation (1) becomes:

s

p

Tav 0.143 B, (2
1
p'

To evaluate liquefaction potential, the induced shear stresses caused by the MCE
acceleration were compared with the stresses required to cause liquefaction. Stresses
to cause liquefaction were estimated from normalized Standard Penetration Test (SPT)

data (described below) and MCE magnitude.
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In this simplified analysis, cyclic stresses causing liquefaction are based on level ground
conditions (i.e., they do not consider the embankment slopes). The cyclic strength of
soil is influenced by static stresses under which the soil is consolidated. Within the
embankment and foundation, under anisotropic stress conditions, cyclic strengths are
greater than would occur under level ground conditions (Seed, 1979). Therefore, cyclic

strengths used in this analysis are somewhat conservative.

The stress ratio required to cause liquefaction was determined by first normalizing the
recorded field SPT data (N) using the relationship shown in Seed and Idriss (1982):

N, = CN (3)

where Nl is the SPT value normalized to an effective overburden pressure of 1 ton per
square foot (tsf). The correction factor C,, was obtained from Seed and Idriss (1982)
and is greater than | for overburden pressures less than | tsf and it is less than 1 for
greater overburden pressures. Values of N, were used to obtain stress ratios to cause
liqguefaction using procedures in Seed and Idriss (1982) for a magnitude 7.0 earthquake
(see Figure C-10, Appendix C). This relationship is applicable to sands with less than
5% fines. For soils with more than 5% fines, the cyclic stress ratios causing
liquefaction are greater than those stress ratios for sands with less than 5% fines
(Liquefaction of Soils During Earthquakes, 1985).

B. Results

The SPT data show that the foundation soils at the Little Cherry site are dense to very
dense. The lowest N l-value found in silty sandy soils was 42 in Boring USB-| at a depth
of 35 feet (MKE, Geotechnical Report, 1989). This value is much greater than the
value that would indicate potentially liquefiable soils (refer to Figure C-10,
Appendix C). The results of the evaluation indicate that the foundation soils are

sufficiently dense to preclude liquefication.

Proper compaction and drainage will prevent liquefaction of the embankment dam. The
cycloned tailings sands in the embankment dam will be compacted by a bulldozer
equivalent in weight to a Caterpillar D3. Also, the drainage blanket within the dam
(see Chapter 7) will keep the downstream part of the tailings dam from becoming
saturaied.
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CHAPTER 6
IMPOUNDMENT SEEPAGE AND CONTAMINANT TRANSPORT

6.| GENERAL APPROACH

Seepage from the impoundment was estimated in order to compare its chemistry with
groundwater and surface water quality. The analysis was performed as outlined in the

following steps:

o Estimate seepage from the impoundment.

o Estimate groundwater flow through the aquifer beneath the impoundment site
to evaluate potential dilution of impoundment seepage.
Perform simplified contaminant transport analyses.
Compare impoundment seepage with background groundwater quality and

surface water quality.

6.2 IMPOUNDMENT SEEPAGE

The permeability of the fine tailings was estimated from correlations with published
values (Vick, 1983). Based on the gradation of the projected cyclone overflow, it is
expected that the fine tailings would have permeabilities in the range of 1 X 10'6 to
1 X 10'5 cm/fsec. The tailings in the bottom of the impoundment will consolidate to a
higher density and, therefore, have a lower permeability than the tailings in the upper
portion. The impoundment tailings were divided into two layers: the upper 50% was
assumed to have a permeability of 1 X 10-'5 cm/sec and the lower 50% was assigned a

permeability value of 1 X 1078 cm/sec.

Flow net analyses indicate that the impoundment area adjacent to the tailings dam will
contribute seepage into the coarse tailings embankment. This seepage will be conveyed
in a blanket drain system to the seepage collection pond downstream of the tailings dam
(see Section 7.6). Seepage from the remainder of the impoundment will flow into the
aquifer. This seepage component, which affects contaminant transport, is discussed
below.

Because the permeabilities of the impoundment soils (see below) are greater than the

tailings permeability values, most of the hydraulic head would be lost in the tailings
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deposit. Seepage through the tailings would therefore be primarily in the vertical
direction under a unit hydraulic gradient. Such an analysis provides a conservative

estimate of impoundment seepage.

During the lé-year impoundment life, seepage will increase as the impoundment size
increases. Based on a one-dimensional seepage analysis for the final impoundment, the
maximum seepage (during year 16) was estimated to be about 475 gpm.

6.3 GROUNDWATER FLOW

For groundwater contaminant transport analyses, dilution of the seepage by
groundwater flow was estimated. As discussed in the Geotechnical Report (MKE, 1939),
the measured permeability of the Little Cherry site soils generally varies from about
I X107 o1 X 107* cm/sec. The potentiometric surface map {Chen-Northern, |989)
shows that the average gradient of the potentiometric surface is about 0.05. Based on
an aquifer cross-sectional area at the damsite of 780,000 square feet, the estimated
flow ranges from about 6 to 60 gpm for aquifer permeabilities of 1 X 10'5 and
1 X 10'4 cm/sec, respectively. Even with the higher flow rate of 60 gpm, little
dilution is expected of the impoundment seepage (about 475 gpm) by groundwater flow.
Dilution will only be significant during the first one or two years of the impoundment

life, when seepage rates are less,

6.4 CONTAMINANT TRANSPORT ANALYSES

The term "contaminant transport” as referenced in this report is widely used to describe
the movement of an effluent through a groundwater system. Contaminant transport
analyses were performed by using the computer program CXPMPM developed by Slotta
Engineering Associates of Corvallis, Oregon (1987), The model considers longitudinal
dispersion and one-dimensional flow. In these simplified but conservative analyses,
potential adsorption and chemical reactions in the aquifer were not considered.
Dispersivity values for alluvial aquifers generaily range from 20 to -200 meters
(Lawrence Livermore Laboratory, 1979). An effective porosity value of 0.2] for the

aquifer was used in the analyses (Fetter, 1980).
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The results of the contaminant transport analyses are presented in Appendix D. The
results of the analyses show that, for a dispersivity value of 20 meters, there would not
be significant attenuation of the tailings effluent chemical concentration at the
proposed permit boundary at Libby Creek, about 4,000 feet downstream of the
impoundment. For a dispersivity of 200 meters, tailings effluent chemical
concentrations would decrease to about 60% of their original values in the
impoundment. Therefore, between approximately 60% and 100% of the tailings effluent

concentrations shown in Table 6.1 are expected to appear at the permit boundary.

6.5 COMPARISON OF IMPOUNDMENT SEEPAGE AND WATER QUALITY

Chemical concentrations of groundwater samples from five wells in the impoundment
vicinity are shown in Table 6.1 (Chen-Northern, 1989). The well locations are shown in
the Geotechnical Report (MKE, 1989). The table shows that the tailings effluent
chemical concentrations generally do not exceed the background groundwater
concentrations. Also, as shown in Table 6.1, tailings effluent concentrations are often
less than background groundwater concentrations for aluminum, cadmium, iron,
manganese and zinc. The detection limits for mercury and silver are not sufficiently

low to determine their concentrations relative to background data.

During field reconnaissance work, seeps were observed in both the Little Cherry Creek
and Libby Creek channels. Therefore, it is expected that a portion of the effluent will

also emerge as seepage in both creek channels. The seepage will mix with the
streamflow. The nearest stream measurement station (LB-800) to the confluence of

Little Cherry Creek and Libby Creek is on Libby Creek, about 3 miles upstream of the
confluence. Minimum dilution will occur during low streamflow. The lowest flow
recorded at this station was 7.2 cfs (3,200 gpm) in August 1938 (Chen-Northern, 1989).
This flow was recorded during one of the driest surnmers on record {Chen-Northern,
1989), The maximum impoundment seepage (475 gpm) will be significantly diluted by
the flow in Libby Creek, even during low flow.

Most of the chemical concentrations shown in Table 6.1 are the detection limits for the

measurement metheods used; i.e., actual concentrations are less than the detection
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limits. Therefore, it cannot be determined whether many of the tailings effluent
concentrations, after dilution with streamflow, would exceed the background surface
water quality in Libby Creek.

The main effluent constituents include lead, mercury, silver and cadmium. The
concentrations of lead, mercury and silver, after dilution with streamilow, may or may
not exceed background surface water concentrations. However, the background surface
water concentrations for cadmium are greater than its detection limits. Therefore, a
conservative mass-balance estimate was made of the cadmium concentration after
dilution with streamflow. For a conservative approach, the detection limit for
cadmium (0.001 mg/l) was assumed to be its concentration. After dilution with
streamflow, the concentration of cadmium will be less than 0,0007 mg/l, which was the

background concentration recorded in Libby Creek in October 1988.

Nitrate is not shown in the tailings effluent assay (Table 6.1). However, it is expected
that nitrate will be present in the tailings effluent. Mine water, which will contain
nitrate, will be utilized in the milling process; tailings and mill water slurry will be
piped to the impoundment. The nearby Troy Project reported 12 mg/l nitrate in the
tailings effluent (Hydrometrics, 1987). This concentration was used for preliminary
estimating purposes. After dilution of impoundment seepage water with the Libby
Creek streamflow, the nitrate concentration was estimated to be between 1 and
2 mg/l. This estimate conservatively assumes no loss of nitrate in groundwater flow or

in seepage areas where nitrate will be utilized by vegetation.

The results of the seepage and contaminant transport analyses are presented for the
final impoundment, a condition when seepage would be a maximum. After the
impoundment has been filled to capacity, the effluent will be evaporated from the
tailings surface. Seepage will therefore decrease with time resulting in a diminished

migration of effluent from the impoundment.
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CHAPTER 7
TAILINGS IMPOUNDMENT DESIGN AND CONSTRUCTION

7.1 DESIGN CRITERIA

A conceptual design was prepared of the Little Cherry tailings impoundment. The
design has not been optimized; the design will be finalized during subsequent design
development studies. General preliminary design criteria are presented in the Design
Basis Memorandum (DBM), Appendix A.

The operating stages, after completion of the initial stage of the impoundment, will be
constructed by the "downstream" method using cycloned tailings sands. A tailings
slurry of 30% solids will be conveyed in a pipeline from the mill to the impoundment
site. Decant water from the impoundment will be returned to the mill by a pump

mounted on a barge.

Based on the results of bench-scale flotation tests, the tailings feed will consist of silt
and sand particles with 52% passing the No. 200 sieve (0.074mm). The tailings
production rate will be 20,000 dry tons per day and will total about 120,000,000 tons.
This tailings production rate and required storage capacity indicate that the
impoundment operational life will be about 16 yearss Impoundment area-capacity
curves, together with expected tzilings production rates, were used to determine the

tailings pond and dam crest elevations versus time curves.

For conceptual impoundment design, the upstream slope of the tailings retention
embankment will be 2(H):1(V) and the downstream slope of the embankment will be 3:l.
The embankment crest width will be 30 feet to accommodate vehicular access,
cyclones and slurry pipelines.

The required dam crest elevation was based on providing the following:

o Tallings storage

o Storage of tailings effluent for 20 days at 8,000 gpm (about 700 acre-feet)
o Storage of design flood (see Chapter &)
o  Minimum freeboard of 3 feet above the peak flood water suriace
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Topographical features were utilized to minimize earthfill dam volume requirements
and watershed runoff storage. A diversion dam and channel were designed to decrease
the tailings impoundment watershed area. Downstream slopes of the starter, diversion
and seepage contrel dams will be constructed of rockfill to protect against erosion and
increase stability. The rock{ill slope of the starter dam will also act as a drain to lower

the phreatic surface within the tailings retention dam.

Riprap lined seepage collection ditches will be constructed along the toe of the
downstream slope to carry seepage and runoff to collection ponds downstream. The
seepage collection dam was sized to store (1) runoff resulting from the lOd-year,
24-hour precipitation or seepage for one week during an assumed pump system
breakdown and (2) water from cycloned sand spigotted onto the downstream

embankment dam slope.

A blanket drain will be constructed along the base of the embankment dam to control
seepage. The blanket drain will be more permeable than the relatively clean cycloned
sands that contain approximately 10 percent passing the No. 200 sieve. Based on grain
size data, the cycloned sands would be about 100 times more permeable than the fine

tailings in the pond.

7.2 SITE PREPARATION

Prior to placement of embankment fill, the foundation will be cleared of vegetation and
stripped of subsoil containing organic matter. The subsoil will be stockpiled for later
reclamation activities, Any loose or soft materials will be removed from the dam
foundation and replaced with compacted {fill. Based on the results of the test pit
excavations, the depth of stripping is anticipated to be | to 2 feet in the impoundment

area; however, the actual depth of stripping will be determined during construction.

All debris and tree stumps will be removed from the embankment dam foundations.
After stripping, the embankment foundation surfaces will be scarified and compacted.
All embankment subgrade areas will have to be kept well drained to prevent ponding
during foundation preparation operations.
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As indicated in the Geotechnical Report (1989}, sand or gravel fluvial outwash deposits
were found in the impoundment site. If soils consisting of sandy gravels and cobbles are
exposed during impoundment site stripping and borrow excavation operations, these
areas will be covered with a 2- to 3-foot thick layer of compacted clayey soil to
minimize the infiltration of water from the tailings or from the seepage collection pond
(see Section 7.6).

7.3 AVAILABILITY OF CONSTRUCTION MATERIALS

Earthfill materials will be obtained from the diversion channel and seepage pond
excavations and from an impoundment horrow area (Figure 4. The diversion channel
excavation and seepage collection pond excavation (1,995,000 cubic yards) will provide
earthfill rmaterials for constructing the initial impoundment structures. During
operations, approximately 1,300,000 cubic yard of scils will be excavated from the
impoundment for completion of the required earthfill construction (north and south
saddle dams), The borrow area covers approximately 145 acres below the final pond
level at El. 3630, The average excavation depth in the borrow area would be about
6 feet after stripping.

Based on an in-place embankment density of 140 pcf, preliminary estimates indicate
that approximately 831,000 cubic yards of rockfill will be available at the time of mill
start-up. Subsequently, an estimated 74,000 cubic yards of rockfill will be available
annually. The total volume of rockfill, drain, filter and riprap required Is 2,771,000
cubic yards, which exceeds the estimated 2,000,000 cubic yards of mine waste rock
available over the mine life. Therefore, a quarry will be required, or materials will

have to be imperted.

Rockfill and riprap will be obtained from mine waste or from a quarry. Blanket drain
and filter materials will be obtained by crushing, screening and washing mine waste or

quarried rock, or the material will be imported from a commercial source.
A large portion of the embankment dam will be constructed of cycloned coarse tailings

(underflow). The fine tailings (overflow) will be deposited in the impoundment. Based

on a production rate of 20,000 tons per day and on in-place dry densities of 100 pounds
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per cubic foot {pcf) for coarse tailings and 70 pcf for fine tailings, approximately
1,764,000 cubic yards of coarse tailings and 5,202,000 cubic years of fine tailings will be
produced annually.

7.4 EMBANKMENT ZONES

The embankments will be zoned earth- and rockfill structures. A summary of
materials, sources, placement and compaction requirements is presented in Table 7.1.
The information shown in the table is for preliminary planning and will be confirmed
during final design studies. A summary of estimated quantities is shown in Table 7.2,

Descriptions of the various embankment zones follow:

o Zone l: Earthfill materials consisting of clayey silty and silty gravelly soils
will be obtained from required excavations and from borrow areas within the
impoundment (see Figure #%). The coarser materials will be routed to the
exterior slopes for transition with the upstream riprap and downstream rockfill
zones. The material will be placed in 8 to 12-inch thick lifts, depending on
material gradation, and will be compacted to a dry density equal to at least
95% of the maximum dry density as determined by ASTM D698 (Standard
Proctor compaction). The results of the field exploration (MKE, Geotechnical
Report, 1989) show that moisture conditioning will be required to bring the

soils within plus or minus 2% of the optimum moisture content.

o Zone 2: As described in Section 7.5, the cycloned sand will contain 10% fines
and will be obtained from a double-cycloning operation. As the sands are
spigotted onto the downstream slope, a bulldozer equivalent in size to a
Caterpiliar D8 will be used to spread and compact the sands. The approximate
lift thickness will be about 8-inches parallel to the downstream slope and the
sands will be compacted by & passes of the dozer.

o Zone 3: Rockfill will be obtained from mine waste rock. A gquarry will be
needed as a back-up source in the event there is insufficient mine waste rock.
The lift thickness will be adjusted to accommodate the rockfill materials, but
it is anticipated that lift thicknesses will be 24 inches. A 10-ton smooth drum
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vibratory roller will be used to compact the rockiill in the diversion dam,
seepage collection dam, starter dam, south saddle dam and initial stages of the
toe dike. A D8 dozer or equivalent will be used to compact subsequent stages

of the toe dike rockfillk Four passes of either the roller or dozer will be
needed for compaction.

Zone 4: Filter materials will consist of well-graded sand and gravel with a
maximum particle size of l-inch and not more than 2% finer than the No. 200
Sieve., The material could be crushed, screened and washed from mine waste
rock or quarried rock. Washing will require that a sediment pond be
constructed. Alterpatively, the drain material could be imported from
commercial sources in Libby. The drain material will be placed in 9-inch thick
lifts and compacted by 4 passes of a D8 dozer.

Zone 5: Well-graded gravel blanket drain will be processed to a maximum
particle size of 3 inches from mine waste or quarried rock, or the gravel will
be imported. The material will be placed in 12-inch thick lifts and compacted
by 4 passes of a D8 dozer,

Zone 6: Riprap will be obtained from mine waste rock or quarry. The
material will be well-graded and will have a 30-inch average (D50J size. The

material will be placed by dumping; compaction is not required for riprap.

7.5 IMPOUNDMENT CONSTRUCTION

A conceptual design was prepared for the initial and final stages of the Little Cherry

tailings impoundment. The vicinity topography and watershed are shown on Figure 3.

The plan and typical sections are shown on Figures # and 5, respectively.

The Little Cherry impoundment will consist of the following structures:

o

0

8260G
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o Tailings Retention Dam that includes a Starter Dam and Toe Dike

o Two Earthfill Saddle Dams

<

Seepage Collection Dam
o Collection Ditches

The conceptual impoundment construction schedule is shown on Figure 6. The schedule
shows construction of the initial stage during two 6-month seasons prior to mill start-up

and during mill operations for impoundment expansion.

The initial stage of the impoundment work will include construction of the diversion
channel and the 85-foot high diversion dam. The channel excavation will total about
1,755,000 cubic yards The channel excavation could include some rock; the
Geotechnical Report shows weathered rock outcrops south of the proposed channel.
Material excavated from the channel will be used to construct the diversion dam. As
shown on Figure 4, the diversion dam bounds the southwest part of the tailings
impoundment. The downstream portion of this dam will be constructed of rockfill

obtained from mine and adit waste rock.

After the diversion dam has been completed, the starter dam, seepage collection dam
and toe dike will be constructed. The 120-foot high starter dam will be constructed of
soils excavated from the diversion channel. The starter dam size was based on
providing about 1 year of tailings storage. As proposed for the diversion dam, the
downstream portion of the starter dam will be constructed of rockfill to promote
drainage. Materials from the remainder of the diversion channel excavation will be
used to construct about a third of the south saddle dam earthfill. Approximately 20%
of the rockiill toe dike will be constructed prior to mill operations.

Construction scheduling during operations is based on obtaining earthfill borrow
materials from the impoundment before they become covered by tailings. The south
saddle dam will be completed by the end of the fourth year of operations. Materials for
completing this embankment will be obtained from the impoundment borrow area
(Figure 4). As mine waste rock becomes available, rockfill will be placed in the toe

8260G 7-6
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dike and in the downstream portion of the south saddie dam. The north saddle dam will
be constructed of materials excavated from the impoundment during the tenth year of
operations. The blanket drain will be placed ahead of the cycloned tailings during mill

operation.

The 380-foot high final tailings dam will have a crest length of about 5,950 feet and will
be at El, 3700 as shown on Figure 4 The total embankment dam volume js about
32,971,000 cubic yards (see Table 7.2). Approximately 27,844,000 cubic yards of the
dam will be constructed of cycloned sand having about 10 percent passing the No. 200
Sieve. A two-stage cycloning process will be required to produce this gradation of sand
(see Appendix E). The estimated coarse sand recovery will be about 33% (by weight) of
the total tailings feed, A summary of the cyclone operation showing the amount of

overflow and underflow and percent fines for each stage is presented in Table 7.3.

TABLE 7.3
SUMMARY OF CYCLONE OPERATION?

Cyclone Feed Qverflow Underflow
Stage TPD? % fines® TPD? % fines® TPD® % fines®
First 20,0009 52 11,840 73 8,160 21
Second 2160 2l 1,637 68 6,523 10

Notes:

a. See also Appendix E

b. Production in tons per day

c. Material finer than 0.074mm

de From mill

The underflow (coarse tailings) from the second stage of the cyclone process will be
spigotted onto the downstream slope of the dam. The cyclones will be moved along the
crest of the dam for uniform distribution of the coarse tailings. A bulldozer will be
required full time to grade and compact the face of the dam. The cycloned sand will
probably have to be stockpiled during freezing weather conditionss The runoff water
from the cyclone process (585 gpm) will flow into the seepage collection pond and the

water will be pumped back to the impoundment.

3260G 7-7
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During operation, wind erosion of the embankment dam coarse tailings will be mitigated
by sprinkling the face of the dam with pond water. Any erosion rills will be filled with
coarse tailings.

The cyclone overflow (fine tailings) will be stored in the impoundment. The final pond
will store about 83,610,000 cubic yards of fine tailings and will have an area of about
445 acres. The total storage of both fine and coarse tailings will be 111,454,000 cubic
yards, or about 120,000,000 tons. Impoundment area-capacity curves, tailings

production curves and impoundment staging curves are shown on Figure 7.

7.6 TAILINGS DAM SEEPAGE CONTROL

To control seepage through the tailings embankment, a blanket drain will be placed on
the foundation as the dam is being raised. The drain will consist of processed clean
gravel and will be 3 feet thick in the valley bottom and 2 feet thick at higher
elevations (see Figure 4). Also, the rockfill zone in the downstream portion of the
starter dam will promote drainage within the tailings embankment. To prevent piping
of the tailings and foundation soils into the gravel drain, l.5-foot thick well-graded
gravelly sand filter blankets will be located above and below the blanket drain (see
Figure 5}, The filter will also be placed on the downstream face of the starter dam and
on the upstream face of the toe dike to prevent piping of tailings sand into the rockfill
zones. Finger drains on the upper part of the abutments (Figure #) will be constructed

of the same gravelly sand used for filter blankets.

Seepage through the dam or storm runoff will be routed via ditches to the seepage
collection pond. The water in the pond will be pumped back to the tailings
impoundment. Any fines that collect against the upstream face of the toe dike will be
removed during operations.

To determine the required blanket drain capacity, seepage through the embankment
dam was estimated. During the operational life of the impoundment, seepage will
increase as the impoundment size increases. For the final tailings embankment dam

configuration, the results of flow net analyses indicate that seepage collected in the
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blanket drain and conveyed to the collection pond could be about 320 gpm. Preliminary
engineering results indicate that the 2- to 3-foot thick blanket drain consisting of clean

gravel will be adequate to control this seepage quantity.

7.7 SURFACE WATER CONTROL

The tailings impoundment will be developed by constructing a dam across Little Cherry
Creek. The watershed area above the proposed tailings dam is 1.78 square miles. A
permanent diversion system consisting of a dam at the upstream end of the
impoundment and diversion channel will be required to route the creek around the
impoundment and to reduce the watershed area of the tailings impoundment; the
diversion channel will lead to a natural stream channel. The diversion system was
designed to divert the design flood (Chapter #) around the south side of the tailings

impoundment.

The diversion channel will be 3,400 feet long and will have a bottom width of 20 feet.
Side slopes will be 2(H):1(V) and the channel will have a 2.4% gradient. The channel will
be protected against erosion by a 3-foot thick layer of riprap. The riprap will be
well-graded and the rock will have an average (Djo) size of 30 inches. To minimize the
potential for erosion of the natural stream channel, rockfill bars will be placed
perpendicular to the channel to serve for flow energy dissipation. Locations of the bars
will be determined by observing performance of the channel during the lé-year

operational period,

To minimize runoff into the tailings impoundment during operation, temporary diversion
ditches will be excavated around the tailings impoundment. As the impoundment {fills,
new ditches will be excavated further uphill.

8260G 7-9
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CHAPTER 8
STABILITY MONITORING AND CONTINGENCY PLANS

&1 STABILITY MONITORING PLAN

A. General

A program will be established to monitor the performance of the impoundment
facilities, The program includes periodic visual inspections, reviews by engineers
experienced in tailings dam design and construction, and measuring embankment

seepage and foundation piezometric pressures.

B. Instrumentation

To monitor the development of pore water pressures in the foundation beneath the dam
during operation and for several years after closure of the impoundment, pneumatic
piezometers will be installed in at least three transverse sections of the dam. The leads
from these piezometers will be extended to read-out terminals at the downstream toe
of the dam. To measure foundation pore pressures downstream of the dam, standpipe

piezometers will be installed.

The piezometric pressures will be measured quarterly. Piezometric pressures will be
evaluated annually by a tailings dam engineer to confirm that the dam is performing as

planned and to make recommendations for remedial actions if foundation pressures are
higher than anticipated. The piezometric data will be used to determine the necessity

for installing pressure relief wells to reduce high foundation pore pressures.
A V-notch weir will be located at the downstream toe of the dam to monitor seepage

rates. The flow from the cycloned sand will also pass through the weir. Since this flow

rate in known, it will be subtracted from the total flow to determine the seepage rate.

C. InsEections

Weekly visual inspections will be made to observe and document the conditions of the.
embankment dams, diversion channels and abutments. A checklist will be prepared as a

276G 8-1
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guide for systematically inspecting the site facilities. The checklist will include the

following:

o Freeboard Adequacy
o Tailings Beach Width
o Embankment Dams and Abutments:
-~ Cracking, sloughing, depressions and erosion
~ Changing trends in seepage quantities, turbid seepage {piping) and wet
spots on abutments and on downstrearmn faces of embankments
-  Conditions of piezometer terminals and standpipe piezometeré
o Diversion Channel:
-  Cracking, sliding and erosion
-  Condition of riprap

-  Debris and vegetation in channel

The checklist will be completed by designated operations personnel trained in the
inspection and maintenance of tailings dams The inspectors will report their findings
to management. The visual inspection records will also be reviewed annually by tailings
dam engineers, After impoundment closure, the frequency of Inspections will be

gradually decreased.

8.2 CONTINGENCY PLAN

With the construction of any type of impoundment structure, there is always the
possibility, however remote, of partial or total failure. Therefore, a contingency plan is
required to {l) identify the type of incident, (2} formulate the required remedial action

and (3) to identify the authorities to be contacted.

Actual remedial actions would be determined from the specific conditions of the failure
incident. The plant manager or his designate will be contacted in the event that any
unusual condition is observed. The plant manager will notify the tailings dam engineer,
If, after consultation with the engineer, the condition is considered to be sufficiently
serious, the plant manager will notify the U.S. Forest Service in Libby and the

Department of State Lands in Helena.

8276G 8-2
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After initial remedial actions have been identified and implemented, an engineering
analysis will be conducted to determine the cause of the problem and procedures for
long-term stabilization.
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CHAPTER 9
CONCEPTUAL RECLAMATION PLAN

9.1 TAILINGS IMPOUNDMENT RECLAMATION PLAN

The tailings impoundment reclamation concept is based on Montana regulations that
require the land to be returned to a comparable utility that existed prior to
impoundment construction (Administrative Rules of Montana, 1980), The conceptual
reclamation plan and section for the Little Cherry impouhdment are shown on Figures 3
and 9, respectively.

The intent of the reclamation scheme described in this section is to minimize potential
long-term erosion and maximize stability of the tailings embankment dam. Grading the
impoundment surface, replacing soil that had been stripped during construction
operations and seeding will decrease erosion potential Draining the water from the
tailings Irnpoundment will increase stability of the dam. Final reclamation planning will
be done prior to impoundment closure.

The basic plan for reclarnation consists of the following operations:

o  Stripping soils containing organic matter during periods of impoundment
construction

o Depositing cycloned sands into the impoundment during the final year of
operation

o Drying the pond surface by promoting natural desiccation and evaporation
o  Grading the pond surface

o Replacing soil stripped from the site during construction

o Seeding the reclaimed pond surface,

After final tailings deposition has been completed, the reclamation operations will be

performed concurrently over a span of a few years.

8263G 9-1



During periods of embankment dam construction and impoundment enlargements, soils
containing organic materials will be stripped and stockpiled around the impoundment.
Based on the results of test pit excavations, it is expected that the depth of stripping

will average about l-foot. The actual stripping depths will be determined during
construction.

The three stockpile sites shown on Figure 8 will store about one million cubic yards of
soil. The stockpiles will have 3(H):1(V) slopes and the stockpiles will be seeded to

minimize erosion. Ditches will be constructed to divert runoff around the stockpiles.

During mill operations, cyclone overflow will be deposited in the pond primarily from
the east and south sides of the impoundment. This position of deposition will cause the
tailings to slope gradually away from the dam crest. Tailings effluent will flow away
from the south and east sides of the impoundment. During the last year of operations,
when the tailings dam crest has been completed to its ultimate operating level, the
remaining portion of the cycloned coarse tailings (about 370,000 cubic yards) will be
deposited into the impoundment along the east and south sides of the impoundment
forming a berm.

After the impoundment has been filled to capacity, surface water will be evaporated.
Spraying the effluent would increase the evaporation rate. The phreatic level within
the tailings will be lowered so construction equipment could work on the surface.

Dewatering the top few feet of tailings will be accomplished by promoting natural
drying and evaporation.

The coarse tailings berm formed along the south and east sides will be graded downward
toward the northwest at a slope of 0.5% to 1%, along the natural slope of the tailings
surface. Grading of the fine tailings will be required to shape the pond surface as
shown on Figure & The small north saddle embankment will be removed so that runoif

can drain from the impoundment surface to the Bear Creek drainage.

It is anticipated that a depression will form in the center of the pond due to
consolidation settlement of the tailings. During grading activities, this depression will
be filled with coarse tailings and mine waste rock. Potential settlement of the pond
surface will be estimated during final reclamation studies.

8268G 9-2
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Because the fine pond tailings will contain a significant amount (68 to 73%) of silty
fines, some difficulty in dewatering the tailings in the low portion of the impoundment
surface is anticipated. In this area, dewatering could be enhanced by excavating
trenches that lead to a collection area in a low point on the pond surface. The
collected seepage water would be spray evaporated. The tailings in this area will have
a low bearing capacity. In order to work on the surface, subgrade reinforcement, such
as a geotextile, rnay be needed.

The final tailings pond surface and downstream face of the embankment dam will be
covered with a |-foot thick layer of the stockpiled subsoil. Approximately one million
cubic yards of soil will be replaced during reclamation. The soil will be placed from the

high side of the impoundment toward the low area and will be spread by bulldozers.

The soil layer will be vegetated with grass by using conventional seeding methods or by
hydro~-mulching. The grass will minimize erosion due to wind and surface runoff. To
minimize potential gully formation at the tailings dam crest, riprap will be placed on
the dam crest and uppermost part of the 3:1 slope (see Figure 9). Filter fabric beneath

the riprap layer will prevent piping of the tailings into the riprap.

Because seepage will continue after tailings pond closure, but at reduced rates, the
seepage collection pond will remain in place. Seepage collected in the pond will be
pumped to the tailings pond surface where it will be spray evaporated and used for
irrigating grass.

9.2 DIVERSION CHANNEL RECLAMATION

The diversion channel on the south side of the impoundment will be a permanent
channel. Adequate erosion protection measures and slope stability of the channel are
required for acceptable long-term performance,

As described in Section 7.7, a 3-foot thick layer of riprap will be provided to prevent
erosion of the channel. Also, to minimize erosion of the natural stream channel
downstream of the diversion channel, rockfill bars will be constructed to dissipate flow
energy.

8263G 9.3



The 2(H):1(V) siopes of the diversion channel will be benched to control surface water
runoff. During construction of the initial impoundment stage, the slopes will be
covered with 1-foot of subsoil (that had been previously stripped) and seeded with grass

to minimize erosion.

During the lé-year operational life, the channel will be regularly inspected. The
performance during this period will be an indicator of long-term performance after
pond-closure. Any signs of slope instability will be rectified by flattening slopes,
constructing additional benches, providing drainage or by using other suitable methods.

3268G 9-4
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1.0 INTRODUCTION

On 6 September 1988, U, S. Borax & Chemical Corporation transferred its interest in
the Montana Project to Noranda Minerals Corporation. Revision No. 2 of the Design

Basis Memorandum follows the completion of the field investigation work.

Noranda Minerals Corporation is currently planning the further development of the
Montana Project located between Libby and Noxon in Sanders and Lincoln Counties,
Montana, for mining and milling copper-silver ore. The project area is located in the
Kootenai and Kaniksu National Forests. As part of this project, geotechnical
investigations are required to select the preferred sites for plant facilities, mine portal,

tailings impoundment and evaluation adit portal. The following sites will be studied:

o  Plant Sites and Mine Portals (Howard Lake Quadrangle):
- Ramsey Creek
- Libby Creek

o Tailings Impoundment Sites (Cable Mountain Quadrangle):
-  Little Cherry
- Poorman
- Midas

o Evaluation Adit {Elephant Peak Quadrangle):
-  South End Rock Lake
-  Heidelberg Tunnel
-  Upper Heidelberg Road

This Design Basis Memorandum describes preliminary design criteria, procedures and
approach for site selection and preliminary design evaluation. Other considerations in
the selection of surface facility sites, such as the proximity to the mineral deposit and
environmental factors, are not part of this Design Basis Memorandum.

3039G -2
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2.0 PROJECT GOAL

g

The goal of the engineering work and geotechnical investigation outlined in this Design

Basis Memorandum is to select the preferred sites, from an engineering standpoint, for

plant facilities, mine portal, tailings impoundment and evaluation adit. To accomplish
this goal, the scope of work described in Section 3.0 has been developed to define

geotechnical conditions at the sites. In addition, preliminary engineering evaluations

will be conducted to define basic design of the selected tailings impoundment.

3.0 SCOPE OF WORK

]
-
The scope of work for site selection and preliminary design consists of the following
b tasks:
] o Conduct a field investigation that includes the following activities:
b

- Data review

- Reconnaissance

r_

- Geologic mapping

-  Seismicity evaluation
-  Seismic refraction survey

Test pit excavations

(W

-  Exploratory drilling

Laboratory testing

Perform site evaluations that include the following:

3
o]

-  Tailings impoundments (including seepage, hydrology and stability of the

selected impoundment)

,..

-  Plant sites and mine portals
-  Evaluation adits

L3
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Prepare the following technical reports:
-  Geotechnical Report
-  Geotechnical Site Evaluation Report

-  Tailings Impoundment Preliminary Engineering Report

Attend meetings with Noranda Minerals Corporation and regulatory agencies.

The scope of work is sufficient for (1) site selection, {2) preliminary design, and {3) an

application for Plan of Operations for mine development with the U.S. Forest Service

and Montana Department of State Lands. Additional evaluations will be needed for

final design consisting of the following tasks:

Further drilling and test pit excavations at the selected plant and
impoundment sites

Additional laboratory testing, including triaxial compression tests, to
determine strength parameters of foundation and embankment materials

Final stability analyses of the tailings dam

Optimization of tailings impoundment design.

4.0 DESIGN CRITERIA

4,1 Design Flood Criteria

A. Tailings Impoundments - The designation of the tailings impoundment design flood

is based on size and hazard potential classifications. The tailings retention dam will be

raised incrementally to increase impoundment storage capacity. Size classification is

determined by either impoundment storage or dam stage height, whichever gives the

larger size category. For this project, dam stage heights control size classification.

8039G
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The distances, in river miles, to the nearest dwelling and U.S. Highway 2 from the three

alternative impoundment sites are shown below:

Site Nearest Dwelling U.S. Highway 2
Little Cherry S 3.7
Poorman 6.0 6.3
Midas 6.9 7.2

The U.S. Forest Service and Department of State Lands consider the impoundment sites

to have moderate to high hazard potentials (Attachment 1).

Based on dam stage size and hazard potential classifications, the agencies designated

the following design flood criteria (Attachment 1) :

o  For containment: 2%=hour general storm
Probable Maximum Precipitation (PMP)

o For diversion: 72-hour general storm
Probable Maximum Flood (PMF)

Because thunderstorm events should also be considered for small watersheds, the local
storm PMF (resulting from the 6-hour PMP) will also be considered for diversion. The

more critical of the two diversion floods will be used for diversion system design.
For interim stages less than 100 feet high that would be present for short term {less

than 5 years), the containment flood will be calculated from the 24-hour general storm
/2 PMP.

The minimum embankment dam freeboard {above the peak flood water surface) will t_:e
3 feet.

B. Plant Sites and Portals - Plant sites, mine portals and evaluation adit portals will

be located above the 100-year flood level. The 100-year flood peak discharges will be
determined by another consultant by using methods based on regression analyses as

described in Ref. 1. The flood stage calculations will be based on available topographic
maps. '
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4,2 Tailings Production and Tailings Effluent

A tailings slurry of 30% solids will be conveyed in a pipeline from the mill to the
impoundment site. Based on the results of bench-scale flotation tests, the tailings feed
will consist of silt and sand particles with 52% finer than the No. 200 sieve {0.074mm).

The anticipated tailings gradation from the flotation tests follows:

Particle Size

Tyler Sieve No. {Microns) Cumulative % Passing
65 208 9%.5
100 147 S50.2
150 104 69.4
200 74 52,1
270 52 35.9
400 37 ) 25.0

For tailings impoundment sizing, the tailings production rate is 20,000 tons per day,
totaling 120,000,000 tons. The dry unit weight of tailings deposited in the impoundment

will be based on published correlations with the anticipated tailings gradation.

Storage will also be required for tailings eifluent for 20 days at 8,000 gpm (about
700 acre-feet).

4,3 Stability

The maximum sections of the starter and final embankment dam stages will be checked
for static and seismic conditions. The tailings in the impoundment will be
conservatively assumed to behave as a dense fluid and therefore will be assigned zero
shear strength. In addition, the stability of the starter dam will be checked for the
end-of-construction condition before tailings are deposited. This condition will be the
most critical static case for the upstream slope since subsequent deposition of tailings
into the pond will stabilize the slope,

3039G -6 -
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The following minimum acceptable factors of safety will be used in design, The criteria
for long-term, end-of-construction and seismic conditions are as recommended by the

Corps of Engineers (Ref. 2),

Minimum Acceptable

Load Condition Embankment Stage Slope Factor of Safety
End-of-Construction ‘Starter Dam Upstream and 1.3
(before tailings Downstream

deposition)
Long-term (full Starter and Downstreamn 1.5
tailings pond) Final Dams
Flood Condition final Dam Downstream 1.4
Seismic Starter and Downstream 1.0

Final Dams

The project site is located close to the boundaries of Seismic Zones 1, 2 and 3 (see
Figure 1). The results of a seismicity evaluation (Subsection 5.2.D) indicated that the
seismic coefficient for use in the seismic stability computations using the
"pseudo-static" method should be 0.10g as recommended by the Corps of Engineers for
Seismic Zone 3 (Ref, 2).

In the "pseudo-static"” method of stability analysis, the effects of an earthquake on a
potential slide mass are represented by an equivalent static horizontal force determined
as the product of a seismic coefficient and the weight of the potential slide mass. The
use of the maximum ground acceleration (0.22g, see Subsection 3.2.D) as the seismic
coefficient would produce an equivalent static horizontal force equal to the maximum
transient inertia force developed on the mass during the design earthquake. However,
the length of time for which the force acts is an important factor in the development of
deformations. Therefore, the use of the maximum transient force as an equivalent
static force would be unduly conservative (Ref. 3) and the recommended seismic
coefficient of (. 10g should be used.
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The material properties for use in the preliminary stability analyses will be based on the
results of the field and laboratory testing programs. Foundation strengths will be
obtained from correlations with Standard Penetration Test (SPT) data. Where field or
laboratory test results are unavailable, appropriate properties will be selected based on
a review of published data on similar materials and on correlations with index

properties.
3,0 APPROACH
5.1 General

This section presents the approach for site selection and preliminary engineering. The

section is divided into the following tasks as outlined in Section 3.0:

o Field Investigation
Site Evaluation and Preliminary Design
Technical Reports

o Meetings

J.2 Field Investigation

A. General
For purposes of preliminary site appraisal, it is appropriate to limit the scope of the
field investigations to the work necessary to make a reasonably accurate determination

of depths to a suitable foundation and to assess the potential hazards such as rock-

slides, avalanches, flooding and unfavorable groundwater conditions.

B. Data Review

Available data including previous reports, maps and aerial photographs were reviewed

prior to the initial field reconnaissance. Available U.S. Forest Service soils maps were

8039G -3
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reviewed (Ref. #). Potential geotechnical problems at each site were identified as
much as possible from the information available, and a checklist of items to be

investigated during the fieild reconnaissance were prepared.

C. Reconnaissance and Geologic Mapping

A helicopter and ground reconnaissance was performed for planning of exploration
activities and overall evaluation of the geotechnical factors that can be expected to

have a significant influence on site suitability.

Geologic mapping was performed during the course of the field investigations. Geologic
data by others were ailso confirmed during this task. The geological maps show bedrock
outcrops, rockslide areas, snowslide areas and springs, fauiting, landslides or other
evidence of surface instability. To determine the potential for rockslides into portal
cuts, the arientation of rock discontinuities were noted. In addition, a geologic map
was prepared of the existing Heidelberg Tunnel. Geologic data and locations of seismic
lines, drill holes and test pits are shown on the exploration plans.

D. Seismicity Evaluation

A seismicity evaluation was performed to establish suitable seismic criteria for
preliminary design of the tailings impoundments. The study utilized historical
seismicity data available from National Oceanic and Atmospheric Administration
(NOAA), reports on potentially active faulting in the region, and previous studies for
other projects in the site area.

A Maximum Credible Earthquake (MCE) for use in tailings dam engineering was
determined based on magnitudes of historical earthquakes and correlations between
magnitude and length of active faults (potential activity during Pleistocene or
Holocene). The MCE is defined as the largest rationally conceivable event that could
occur in the tectonic environment in which the project is located (Ref. 5). Appropriate
attenuation formulas were used to calculate a range of maximum ground accelerations
at the site, The design earthquake was determined to be a magnitude 7 event
originating on the Bull Lake fault, 20 kilometers to the west of the project site. The

peak ground acceleration was estimated to be 0.22g,
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The project site is located close to Seismic Zone 2 for which a seismic coefficient of
0.05g is recommended (Ref, 2), However, this coefficient is incompatible with a nearby
magnitude 7 MCE. Since the boundaries of Seismic Zones |, 2 and 3 are relatively close
together in this region, it is appropriate to apply the coefficient for Seismic Zone 3,
which is 0.10g.

E. Seismic Refraction Survey

The subsurface investigation began with a seismic refraction survey of each site. The
results of this work provided an indication of subsurface conditions, rippability and
bedrock depth. The results of the seismic refraction survey, together with
reconnaissance observations and aerial photographic interpretation, were used to select

drill hole and test pit locations and to estimate required drill footage per site.
F. Test Pits

Test pits were used in conjunction with drill holes to obtain representative samples and
to enable observation of conditions to be expected in excavations. The depths of the
pits ranged from 3.5 to 16 feet. Test pits were backfilled and covered with topsoil. All
sites will be restored as required by the U.S. Forest Service.

G. Drilling

Drilling was limited at this stage to the amount necessary for determining depth to
bedrock, and to provide an understanding of bedrock characteristics, the nature of the
overburden and the location of groundwater. The resuits of drilling performed by the
consultant for groundwater investigations were also used. Perforated PVC pipes (I~-inch
diameter) were installed in selected drili holes at each site for groundwater level

measurements. All drill sites will be restored as required by the U.5. Forest Service.
Drive samples were taken by using 2-inch O.D, Standard Penetration Test (SPT)

samplers (ASTM D1586) and 2.5-inch O,D. samplers. Undisturbed samples of fine
grained soils were obtained by using Shelby tube samplers (ASTM D1587).,

3039G -10-
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Field tests were performed to determine permeability coefficients of foundation
materials for seepage analyses. Permeability test methods conformed to procedures in
the U.S, Bureau of Reclamation's "Earth Manual," Method E-18 (Ref. 6). Open-end
casing constant head tests were performed at selected locations in soils. In bedrock,

water pressure tests were performed by using single pneumatic packers.

H. Summary of Subsurface Investigations

A summary of the subsurface investigations is given in Table 5-1,

TABLE 5-1
SUMMARY OF SUBSURFACE INVESTIGATIONS

Seismic Lines Drill Holes Test

Site (Number/Feet) {Nummber/Feet) Pits
Plant Sites and Portals
Ramsey Creek 6/1950 3/145 5
Libby Creek 6/1950 3/134
Tailings Disposal
Little Cherry 7/4525 5/307 10
Poorman - 15/7300 5/334 10
Midas (2 dam axes) 15/4485 8/432 12

Eval. Adit/Decline

South End Rock Lake 17300
Heidelberg Tunnel

Upper Heidelberg Road

TOTALS 50/20,510 24/1402 42

I. Laboratory Testing

A limited laboratory testing program was performed to obtain preliminary engineering
parameters of the soils at the plant and tailings impoundment sites. The tests followed

American Society for Testing and Materials (ASTM) procedures and included the
following:

R039G -11-



Lt

; i

L3 .3 «

o

o o 0

o

~ Grain size analyses ~ ASTM D#22

Natural moisture contents - ASTM D2216
Plasticity indices - ASTM D#318

Dry density

Moisture - density relationships - ASTM D698
Unconfined compression - ASTM D2166

The results of these tests were used to characterize foundation soils and potential

borrow materials. Triaxial compression tests will be performed during a subsequent

design development phase to establish strength parameters.

5.3 Site Evaluation and Preliminary Design

A. Site Ranking System

A tabular ranking system will be used to assist the geotechnical evaluation of the

various sites for the plant, tailings impoundment and evaluation adit. The following will

be included in site evaluations:

©C o o o O O

o

o

o o o Q0 O ©

8039G

Topographical conditions

Potential for slides and avalanches

Flooding potential at portal and plant sites

Flood magnitude at the tailings impoundment sites

Diversion requirements

Foundation conditions for dams and heavy plant machinery, and depth to
bedrock

Seepage potential at the impoundment sites

Availability of embankment dam construction materials and, in particular, the
availability of clayey soils

Yolume of required impoundment construction materials

Economic considerations

Impoundment capacity

Seismicity

Site access

Vegetative cover

-2 -



The results of the studies will be used to recommend the preferred sites (from an

engineering standpoint) for the mine portal, plant, tailings impoundment and evaluation
adit.

B. Tailings Impoundments

2% ]

(1} Hydrologic Studies - The development of the tailings impoundment design flood

) criteria is described in Subsection #.l.A. The Corps of Engineers Hydrologic
o Engineering Center's HEC-1 Flood Hydrograph Package will be used for the
— impoundment design flood studies.

)

wd

"Hydrometeorological Report No. 43, Probable Maximum Precipitation, Northwest
States" (Hydromet 43) developed by NOAA (Ref. 7) will be used as the basis for
estimating the local storm and general storm Probable Maximum Precipitation (PMP),

-

|
——

The general storm PMF plus snowmelt and the local storm PMF will be considered. The

tollowing precipitation events will be used to derive these design floods:

i) Tailings Dam
Purpose Stage Height Design Flood Precipitation Event
Containment 3100 feet General Storm PMF 24<hour PMP plus snowmeit

o as described below

™ Containment <100 feet General Storm 1/2 PMF  24<~hour 1/2 PMP plus snowmelt

. as described below

-~ Diversion All Stages Local Storm PMF é-hour PMP

"] Diversion All Stages General Storm PMF 72-hour PMP plus snowmelt

as described below

Unit hydrographs will be developed following the Soil Conservation Service (SCS)
M method, as described in the "Design of Small Dams" (Ref. 8), Infiltration and retention
| losses also will be estimated following SCS curve number (CN) procedures. These
estimates will be based on soil conditions and vegetal cover as determined from field
observations and from a review of available reports and aerial photographs. The
antecedent-moisture conditions (AMC)} for the PMF estimates will be AMC I {i.e., soil
is nearly saturated).
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Snowmelt will be assumed to occur during both the 24-hour and 72-hour PMP's, The
snowmelt potential during the PMP will be assumed to be unrestricted by snowpack
depth, Snowmelt calculations will be based on the Corps of Engineers' "Runoff from
Snowmeit" (Ref. 9). Depending upon forest cover, the appropriate snowmelt equation
will be used. Dew point temperature and wind speed information during the PMP will

be computed by using procedures described in Hydromet 43 (Ref. 7).
Required heights of diversion dams and sizes of diversion channels will be based on the
results of routing the local storm PMF and the 72-hour general storm PMF. Routing

will be performed by using HEC-1 procedures.

(2) Embankment Design and Impoundment Capacity - The topographical conditions and

the results of the field investigation will be used to locate the tailings dam. The dam
will be located so that flood waters on adjacent stream channels will not encroach on
the embankment.

The ultimate impoundment will be sized to store 120 million tons of tailings. The
starter impoundment will be sized to store at least 7 million tons (l year of
production). For capacity calculations, the tailings density will be based on experience
with similar tailings materials. Impoundment area and capacity curves will be
prepared. These curves, together with expected tailings production rates, will be used

to determine the tailings level and dam crest elevation versus time.

The required impoundment storage for the design flood will be determined from the
results of studies described in Subsection 5.3,B.(1). Embankment slopes will be

determined from the results of stability analyses described in Subsection 5.3.B.(3).

The embankment dam stages will be constructed of (1} materials excavated from the
impoundment, (2} evaluation adit and mine waste rock and (3) tailings sands. Based on
an in-place rockfill density of 1%0 pcf, preliminary estimates indicate that
approximately 831,000 cubic yards of rockfill will be available at the time of mil
start-up. Subsequently, an estimated 74,000 cubic yards of rockfill will be available
annually.
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The operating stages after the initial stage of the impoundment will be constructed by
the downstream method by using cycloned tailings sands. A seepage control dam
downstream of the tailings dam will be required. An embankment drain system will be

designed to control seepage and prevent piping.

Plans and typical sections of the initial and final tailings impoundment at the selected

site will be prepared. Construction quantities will also be estimated.

(3) Stability Analyses - Preliminary stability analyses will be performed for the initial

and final dam stages by using the Modified Bishop and infinite slope methods of
analysis. The computer program STABL (Ref. 10) or other program will be used to
determine the factor of safety for circular sliding surfaces. Hand calculations will be
performed using the infinite slope method. The minimum factor of safety calculated
for each loading condition will be compared to the minimum acceptable values given in
Section #.3. Stability will be evaluated for a wide range of phreatic surface conditions.

Final stability analyses will be performed during a subsequent design development phase,

Liquefaction potential of sandy foundation soils due to the MCE event (see Subsection
5.2.D) will be evaluated by methods outlined in Refs. 11 and 12. Liquefaction is defined
as the rapid build-up of pore-water pressures and the resulting loss of soil strength
caused by seismic shaking (Ref. 13). Soil deposits that are particularly susceptible to
liquefaction consist of loose, saturated sands.

In the proposed approach to evaluate liguefaction potential, the induced shear stresses
caused by the MCE acceleration will be compared to the stresses required to cause
liquefaction. Stresses to cause liquefaction will be estimated from SPT data (see
Subsection 5,2.G) and MCE magnitude,

(4) Seepage and Contaminant Transport - For control of seepage from the

impoundments, the Montana regulations for non-degradation of water quality will be

followed (Ref. 14). Seepage potential from the impoundment site will be evaluated
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from the results of the field exploration and laboratory testing of foundation and
embankment construction materials. Permeabilities of the foundation materials will be
obtained from the results of field tests, including pump tests. The permeability of the
fine tailings will be estimated from correlations with grain size data. For preliminary
studies, simplified calculations will be performed to estimate seepage rates from the

tailings impoundment for varying pond elevations.

The potential migration of tailings effluent from the selected impoundment will be
evaluated. Seepage and contaminant transport analyses will be performed by using
simplified analytical methods. The computed concentration of chemical constituents at
a predetermined point of compliance will be compared with background chemistry data
and State maximum contaminant levels. The chemical assay of the eiffluent for the
Montana Project is shown in Attachment 2,

(5) Reclamation - A conceptual impoundment reclamation scheme will be presented.
Montana regulations require that the land be returned te comparable utility that existed
prior to impoundment construction (Ref., |5). The reclamation plan will basically
consist of (1) subsocil stripping and stockpiling at the beginning of each impoundment
construction stage, (2} capping the final tailings surface with soil, including the
stockpiled subsoil, and (3) seeding the cap. Provisions to minimize erosion and promote

surface drainage will also be included in the reclamation scheme.

C. Plant Sites, Mine Portals and Evaluation Adits

Evaluation studies for plant sites, mine portals and evaluation adits will concentrate on
rating relative suitability of (1) access, (2) slope stability, (3) exposure to rocksiides and
avalanches, (4} depth to suitable rock for establishing portals, (5) potential for
developing adequate working area, and (6} availability of suitable waste rock disposal
areas. For plant sites, foundations will be evaluated for suitability for machine
foundations. Mine portal sites will be located at least 300 feet from the wilderness
boundary and plant crushers will be located at least 1,000 feet from the boundary.

3039G - 16 -



z 1

3 e B e )

J

[ !",’} v

: .
—

3

3.4 Technical Reports

The following reports will be prepared:

o Geotechnical Report
o  Geotechnical Site Evaluation Report

o  Tailings Impoundment Preliminary Engineering Report
The Geotechnical Report will contain the following:

o Site exploration plans, showing geologic data and locations of drill holes, test
pits and seismic refraction lines
Geologic sections

o Seismicity evaluation

o Results of seismic refraction surveys
Drill hele and test pit logs

o Laboratory test results
The report will be organized on an individual site basis.

The Geotechnical Site Evaluation Report will present recommendations for selection of
the (1) plant site, (2) mine portal location, (3) tailings impoundment site and (4)
evaluation adit site. Each site will be evaluated in a separate section of the report.
Also, recommendations will be included for further investigation of the recommended
sites.

The Tailings Impoundment Preliminary Engineering Report will present the results of
the preliminary design studies for the selected tailings impoundment. The report will
include results of seepage, hydrology, stability and reclamation studies. Plans and

sections of the conceptual design will be presented.

The technical reports will be organized in formats agreed upon with Noranda Minerals
Corporation. Each report will begin with a summary section that gives a complete
overview of the work completed and results. All support information and data will be

contained in readily referenced appendices.
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5.5 Meetings

As the work progresses, periodic meetings will be held with Noranda Minerals
Corporation, the Montana Department of State Lands and the U.S. Forest Service. The
meetings will be used to discuss results of investigations and any critical project

decisions.
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ATTACHMENT |

@ MORRISON-KNUDSEN ENGINEERS, INC.
A MORACSON KOAICEN COMPRIY

SAN FRANCISCO, CALIFORNIA U 5.4, M108
TELEX. (WUr) 07 T0BA, (T} 470040, (RCA} ZTAM82, (WLID) MI74 029-810
PHONE. (415) 4427300 :

19 October 1938

J

U. S. Forest Service
Kootenai Naticnal Forest
306 U.S. Highway 2 West
F] Libby, MT 59923

Attention: Mr. Ron Ericksen
FS Project Coordinator

Subject: Montana Silver Yenture Project
Response to Comments on Design Basis Memorandum

Gentlemen:

""1

In the attached 15 September 1933 letter, the Forest Service and Department of
o State Lands submitted their comments on the Design Basis Memorandum (Revision 0)

for the Montana Silver Venture project. Morrison-Knudsen Engineers' (MKE) response
o to those comments follows.

Comment l: Impoundment design flood criteria. We understand that the agencies
consider the site to have moderate to high hazard potential. Based on the uitimate
l large size of the tailings impoundment and on this hazard potential rating, the

agencies have designated the following design flood criteria:

o For Containment: 24-hour general storm Prohable Maximum Precipitation
(PMP) .

oty
——

o For Diversion: 72-hour general storm Probable Maximum Flood (PMF)

We will use these criteria for tailings impoundment design. In addition, because
thunderstorm events should also be considered for small watersheds, the local storm
PMF (resulting from the 6-hour PMP) will also be computed for diversion. The more
critical of the two diversion floods will be used for diversion system design.

-

As discussed with the Forest Service regional office in Missoula, for short-term

(about 5 years) interim stages less than 100 feet high, the containment flood will be
calculated from the 24-hour general storm 1/2 PMP,

s el [

Comment 2: Comparison of design lloods with measured flows. The agencies have
asked that the resulits of our studies be compared with analyses based on measured
flows. The PMF is such a large and infrequent event that it cannot be compared with
historical streamflow data. The retumn period of a PMF may be on the order of tens

of thousands of years for which comparison with extrapolations of streamflow data
would not be meaningful.

[



7

HORTIONINUDAEN ENINEERS, INC.

U. S. Forest Service

8029-310
{9 October 1988 Page 2

Computations of PMP magnitudes were based on procedures described In
Hydrometeorological Report No. #3. Unit hydrographs were developed following
methods developed by the Soil Conservation Service (SCS), Inflitration and retention
losses were estimated following SCS curve number procedures for forested areas.
Snowmelt during both the 24 and 72-hour general storm PMP's were computed, Flood

hydrographs are currently being developed by using the Corps of Engineers HEC-!
procedures,

Comment 3: Method of calculation of the [00-year flood peak discharge. In the
plant sites, the 100-year flood was determined by using equations derlved from
regression analysis of watershed characteristics as reported in R. J. Omang et al,,

"Methods for Estimating Magnitudes and Frequency of Floods in Montana," U. S.
Geological Survey, 1986, . .

: Comment &4: Fracture and joint data. We have measured joint attitudes and spacing
on the west side of the Cabinet Mountains, where good exposures of
meta-sedimentary rocks occur.: These data will be used In the evaluation of adit
portal stabillty. Rock exposures in the east side sites are much less prevalent and
joint data were not measured. However, joint data are noted on the drill logs where

rock coring was done. We will also obtain joint data available from Noranda's
baseline work,

Comment 35: Phreatic conditions in dam stability analyses. MKE will examine

stability of the dam for a range of phreatic surface conditions during preliminary
design studies.

Comment 6: Monitor well drilling and completion. We acknowledge that new rules
are proposed by the Department of Natural Resources and Conservation for monitor

well drilling and completion. We would appreciate information on how we can obtain
the rules.

Based in part on the [5 September letter, MKE is preparing Revision No. | of the

Design Basis Memorandum (DBM). The revised DBM will be resubmitted to the
agencies for their review.

1f there are any further questions, please call rme at (413) 442-7593.

Sincerely,

P e

I - = ——
M. P, Porrest™
| Project Manager

Attachment: U, S, Forest Service letter, 15 September 1988

ce: K. Walther, Department of State Lands

R. White, Regional Office, U.S. Forest Service
J. Scheuering, Noranda

B. Bailey, Noranda
G. Fletcher
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United Statas Forest Kootenal NF 506 US Highway 2 West
Department of Servica Libby, BT 59923
Agriculture

Reply to: 2810
Date: 9/15/88

Ken Reinm

U.S5. Borax

3075 Wilshire Blvd,
Los Angeles, CA 90010

Dear Ken,

On July 5, 1988, Borax submitted a Design Basis Memorandum prepared by :

Morrison-Knudsen Engineers, for the preliminary geotechnical investigation work
for the Montana Silver Venture. The following are comments on the design memo

from both the Forest Service and Department of State Lands.

1. Based on the attached criteria (FSM 7511.1~-.2, Asendment 12, and FSM
7531.2, Amendmant 10), the agencies consider the impoundment to be a Class
A structure (the highest rating)} of emoderate to high hazard potential.
Consequently, it is recommended that the acceptable criteria for flood
hydrology design of the tailings area are:

a. 24 hour, general storm, PMP for containment
b. 72 hour, general atorm, PMF for diversion

2. In gection 5.3 B (1), Hydrologic Studies, thres methods of calculating
the design flood and precipitation events are documented, The agencies
would like these results compared with analyses based on measured flows.
It is recommended that MKE share their numbers and procedures early in the
design process with the agencies so that all parties are in agreement on
the actual design event figures.

3. On page 5, Sectiocn #4.1 B, it states that another consultant will
deternmine peak discharges. What method(s)} will the consultant use?

§. The geologic mapping end field investigation, described on page 7 does
not include a fracture/joint density study. However, the geologic baseline
data Borax is collecting should include fracture and joint data, This *
information should be shared with MKRE.



S. An analysis of the embankment stability to a variety of phreatic
EJ conditions should be included at soma point in the study. This may not be’

necessary at the preliminary design phase, but will definitely be needed
for final design.

6. For your awareneas, the Statea Department of Natural Resources and

Conservation is proposing new rules and accreditation procedures for
monitoring well drilling and complqtion.

At Borax's request the agancies can meet to clarify the aboﬁe concerng, If you
have questions, pleass contact either Kit Welther € L44-207% or me € 293-3171.

Sincerely,

ece: Kit Walther, DSL
.W Mike Forresat, MKE
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-the degree of downstream development that reasonabl

capaclity of 1,00

7511.1

TITLE 7500 ~ WATER“STORAGE AND TRANSMISSION
. CHAPTER 7510 = ADMINISTRATION

7511 -~ PROJECT CLASSIFICATION.' The potentlial effect of a
water-control structure on the safety and economy of :
downstream areas varies with the size of the structure and
probable consequences of its failure. The required acope of
investigations, preclaion of design, quality and capacity of

components, and subsequent cost vary with the acceptable
degree of design risk.

Minimum acceptable criteria for design, operation, mainte-~
nance, and monitoring should be based on the size and hazard
clasalficationa established for the structure in order to
keep requirements in line with structure importance.

In designing or reviewing the design of & project, the
individual responsible shall investigate and evaluate all
factors that may influeance the potential hazard classifica-
tion of the-dam. The hazard rating must be consistent with

{ can be
expected during the life of the dam. See FSH 7509.11 for _

detaila on hazard potential assessment.

7511.1 = Administrative Classification. For administrative
purposes, projects are classified as follows:

1. Class A Projects‘

"4, Dams that are 100 feet or more high or impound
50,000 acre-feat or mare of water.

b. Channels, flumes, and tunnels that have s de‘isn
6 cubic feet or. more per second (cfa;._

2. Clags B Projeéti

8. Dams that are 40 feet or ‘more, but less :han'ioo

feet high or impound 1,000 or more, but lesa than 50,000,
acre-faet of water.. Cov

b. Channels, "flui .8, and tunnels that ha§e a aesign
capacity of 100-cfs o: mors, but less than 1,000 cfs.

*aF:'q.10/85 AMEND 12-%



7511.2

TITLE 7500 = WATER STORAGE AND TRANSMISSION

*3. Class C Projects

4. Dams that are 25 .feet' or more, butlless:than'hd:feet
high or impound 50.o0r more,:but less than 1,000- acre-feet of
vater. ' :

b. Channels, flumes, and' tunnels.that have audeaignJ:
capacity of 10 cfs or more, but leas than 100.cfs. _

4. Class D Projects

a.. Dams that are°1eds~than;25££éetgh;gh-hnd-1npoﬁnd-
leas than 50 acre-feet.of water. .o

b. Channels, flumes and pipes that have a deiign.
capacity-less than 10 cfs. ' -

7511.2 - Hazard-Potential Classification. -Damslare also -

classified according to hazard.potencial 'based .on the loss

%ii%:ge or property damage-that:could roccur:-if ithe structure
a . . ) . . ’ . )

- 1. Low Hazard. Dams built in undeveloped areas whera
failure Would result in minor economic loss, damage would be
limited to undeveloped .or agricultural lands, ‘and.-improve-.
ments are not planned in the foreseeable futura. Loss of
1life would be unlikely. Ce .

2. Moderate Hazard. - Dams.bullt In areas.where failure
would result in serious environmental damage. or-appreciable:
economic loss with damage to improvements, such as commercial
and industrial structurea,: public utilities and transporta-
tion systems. No urban development: and nuo more than-a small’
nupber of habitable structures are involved. Loss of 1life
would be unlikely. T ST S

3. - High'Hazard. Dams built 4in areas where! failure would
1ikely 'result in 1oss of 1life or excessive economie-loas.
Generally this would invalve urban or community development!
‘with more than a emall number of habitable structures.

*-FSM. 10/85 AMEND. 12-%
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7531.2--2

TITLE 7500 - WATER STQRAGE. AND TRAHSHISSfON

Where a spillway design flood range -is given, select the mag-
nitude commensura;e with the involved prisk.

It 1s recognizéd that failure of some dams with a relatively
small resarvoir capacity may have little influence on the

potegblal damage anticipated'during the spillway-design flood
aventc. . . . )

Exceptions to the recommended spillway design flood magnitude
may be permissible for some structures. : Requests for an
exception must include sufficient documentation to demon-
strate that economic loss and/or the potential for loss of .
life resulting from dam failure during occurence of the pro-
posed.aplllway design flood-would be essentially the same as
would pecur without a dam failure. The Reglonal Direector of
Englineering must approve exceptlons to the recommended spllle

. way. design flood, When documentation is not available to

support an exception, use the nrecommended spillway deaign
flood crlteria shown In. tadle 1.

‘Table' 1
RECOMMENDED SPILLWAY DESIGN FLOOD
Hazard potential Size ‘elass ' Spillway design flood

High - PMP-

" PMP. ’
1/2 PMF to PMF
100 yr. to 1/2 PMF

" PMF
*1/2°PMF to PMF
100 .yr.. to 1/2 PMF

"1/2 PMF to PMF -
100 yr. to 1/2 PMF
50 yr. to 100 yr.

Moderate

Low
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MATER ANALYSIS
q Final Tailings Solution
s Cycle 5
- Submitted 12/20/88 'E““'y E D
) I e
J
1 CONSTITUENT . m. /

Potassium a4
Sedium == 13
\3 Calcium - 12
= Magnesium 3
] - ng/1 -
Dissolved Hetals: DISSOLVED TOTAL
Araenic - <0.00% <.008
1 Aluminum 0.1 0.3
Barium <0.,1 <0.1
_ Beryllium <0.003 <0.00%
D Cadmium === <0.001 <0.001
Chromium <0.02 <0.02
_ Copper {0.01 0.02
}] Cobalt <0.01 <¢.01
2, Iron 0.03 0.08
Lead - <0.01 <0.01
Hanganase 0.06 .09
Mercury <0.001 <0.001
Holybdenum 0.010 0.010
Nickﬂl - <0003 (0.03
Q Seleniun <0.005 <0.00%
= Silver <0.003 <0.003
Antimony =e- 0.01 0.01
Fl Zinc <0.01 ©.03

1
,_1 - ANALYTICAL 88AVICES — WATHER, $0iL, PETRQLEUM, COAL
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HYDROLOGIC STUDIES
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6-HOUR LOCAL STORM PMF
(HEC-1 Output)
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APPENDIX C

STABILITY ANALYSES
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APPENDIX D
.RESULTS OF SEEPAGE & CONTAMINANT TRANSPORT ANALYSES



L

APPENDIX D
RESULTS OF SEEPAGE & CONTAMINANT TRANSPORT ANALYSES

fd

3 The computer code CXPMPM (Slotta Engineering Associates, Corvallis, Orgeon, 1987) is
a convection-dispersion one dimensional model of the spatial transport and fate of a

previously distributed contaminant, introduced into a water-saturated porous medium,

The concentration of the contaminant within the aquifer is computed as a function of
one dimensional space and time.

For the Little Cherry site, the following input parameters were used in the computer
analysis:

o  Dispersivity = 20 meters and 200 meters

o Effective porosity = 0.21

o Groundwater velocity: (meters/day}
g - (k aquifer = 10~ em/sec): 0.191
- {k aquifer = 107 cm/sec): 0.172

o Impoundment life = 16 years

o No adsorption or chemical reactions

o Time intervals of 5, 10, 15 and 30 years were analyzed. The initial concentration was
. modeled as a step function with a constant normalized value of 1 between 0 and
g 16 years.

]

8290G
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APPENDIX E
CYCLONED TAILINGS ANALYSIS
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KREBS

ENGINEERS

WY

Ml

PGS CERYSLER ZRIVE  WEMLD SASe DA

K. Engineers,

18Q Howard St.

San Francisco,
Attention Mr.
Reference:
Dear Mr.

Attached is a copy of our fax dated December 20,

Forrest:

Inc.
California
Mike Forrest

Krebs Cyclonas.

January 10, 1989

24105

1988 and the

cyclone problem analysis sheets that you requested.

If there is any thing else that you need or

if we can be of any

further assistance please don’t hesitate to contact us.

HMT/mt

cca2

ace
Rick Howie

Sincerely yours,
KREBS ENGINEERS
(/!'-"/. - --:-""/a.,;a_,-(/( ;:T..-; ..

H. Michael Trew



1

. SHEET.
KREBS 1 RTSLER - 94028-9328 ¢ TED 129-07S _ -
- ENQINEERS T WUI 545403 or HCA 278709 e rax: (4153‘?25-70451 patE.___12-20-68
. Ey__ HMT
Krebs Cyclone Problem Analysis
MORRISON-KNUDSON ENGINEERS INC.
CLIENT
PROBLEM RECOVER +200 MESH SAND TO THE CYCLONE UNDERFLOW.
FIRST STAGE RECOVERY.
NUMBER, MODEL KRE®S CYCLONES & OPERATING KREBS MODEL D26B CYCLONES.
it Yortex Finder Apax Ap
ORIFICES: 45,0 S@. IN. 10.0 IN. 10 Ps|
SPECIFIC GRAVITY: Solids 2.64 Liquid 1.00 Temp. pH
FEED OVYERFLOW UNDERFLOW
833.0 493.0 340.0
TPH SOLIDS
1943.,7 1760.6 183.1
TPH UQUID
2776.7 2253.6 523.1
TPH PULP
: 30.00 21.88 635.00
% SOUDS WT
1.23 1.16 1.68
SP, GR. PULP
14,0 9.6 41.3
X SOUDS VOL
7025.5 7779.5 1246.0

U.5. GPM PULP

OPEN CIRCUIT.

OR CLOSED CIRCUIT

% CIRCULATING LOAD

ai
—_—

=,
E L -"E

-

3

FEED QVERFLOW UNDERFLOW

WESH CUM. IND. TFH CuUM. IHD. TPH CuUM. IRD. TPH REC.
65 0.5 0.5 4.2 0.0 0.0 0.0 1.2 1.2 4.2 100.0
100 2.8 9.3 77.9 ¢.7 0.7 3.3} 23.0| 21.8 74.2 1 95.8
150 30.6| 20.8| 173.3 9.9 .2 45.6} 0.4 37.6| 127.7 {73.7
200 47.9| 17.3] 144.1 | 26.6]| 1&6.7 B2.4| 78.7} 18.1 &61.7 142.8
270 64.1| 16.2| 134.9 | 47.2| 20.6{ 101.4] 88.6 ?.9 33.6 | 24.9
400 75.0| 10.%9 0.8 | 62.4| 13.2 74.9 | 23.3 4.7 15.9 J17.5
—400 100.0f{ 25.0| 208.3 li00.0| 37.6| 185.4 {100.0 b.7 22.8 J11.0

TOTAL 100.0 | B833.0 100.0 | 493.0 100.0 | 340.0




SHEET.

1 & KREBS®

T2u5 CHRYSIER DRIVE o WEHLO PARK, CA 9402%-9928 » Tiu-l!u] 3250751

. ‘ENGINEERS | TELEX: WUl 348403 or RCA 278783 + Fax: (415) 320—7048 paTE__L2-20-88
- gy HMT
g Krebs Cyclone Problem Analysis
Q cLENT MORRISON-KNUDSON ENGINEERS INC.
propLEM___RECOVER +200 MESH SAND TO THE CYCLONE UNDERFLOW.
E SECOND STAGE RECOVERY.
NUMBER, MODEL KREBS CYCLONES 8 OPERATING KREBS MODEL DiS5B CYCLONES.
ﬁ Intet Vortex Finder Apex ap
ORIFICES:  11.0 s@. IN. 6.0 IN. 8 psi
—
iJ SPECIFIC GRAVITY:  Solide__ 2. 84 Uqutd 1 - 00 Temp. pH
FEED OVERFLOW UNDERFLOW
1 7eH soups 340.0 68.2 271.8
793.3 &47.0 146.3
f TPH UIQUID
oM PULP 1133.3 715.2 418.1
-F'l X SOUDS Wt 30.00 ?.54 65.00
1.23 1.06 1.68
- SP. GR. PULP
| » soups voL 14,0 3.8 41.3
3683.9 2688.0 995, 9
i U.5. GPM PULP
OPEN CIRCUmT. OR CLOSED CIRCUIT AT % CIRCULATING LDAD
] FEED OVERFLOW UNDERFLOW
. MESH L. IND. TPH CUM. IND. TPH CUM. ND. TPH REC.
&5 1.2 t.2 4.1 o0.0f 0.0 o.ol 1.sl 1.s 3.1 100.0
Q 100 23.0| 21.8] 7a4.1{ 0.3 0.3 0.2| 28.7{ 27.2| 73.9]| 99.7
~ 150 80.6| 37.6| 127.8} 9.4 9.1 6.2] 73.5] aa.8| 121.7] 95.2
fj 200 78.7| 18.1| &1.5] 32.0| 22.6] 15.5] 90.4{ 17.0| 4&.1] 7a8.9
f} 270 B8.4 ?.9 33.7| 57.8| 25.8 17.61 946.3 5.9 16.1 ]| 47.8
B 400 93.31 4.7| 1e6.0] 73.5| 15.7] 10.7} 98.3] 1.9 5.3 32.9
_] -400 || 100.0| 6.7! 22.8|100.0! a5 18.i)ioe.0] 1.7 4,7} 20,8
] TOTAL 100.0| 340.0 100.0| 68.2 100.0| 271.8
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