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APPENDIX C
LABORATORY TEST DATA

C1 GENERAL

Laboratory testing of soils, waste rock and tallmgs was performed by Chen-Northern, Inc.,
in Great Falls and Billings, Montana. Soil tests were performed on selected bag samples
obtained from the test pits, and on Shelby Tube and core samples obtained from the drill
holes. Waste rock samples were obtained from a stockpile near the exploration adit.
Tailings were provided by Noranda Minerals Corp. Tests include grain size distribution
(ASTM D422), Atterberg limits (ASTM D4318), moisture content (ASTM D2216), specific
gravity (ASTM DB854), moisture-density (ASTM D698), unit weight and moisture content,
consolidation (ASTM D2435), triaxial compression (unconsolidated-undrained, UU-test
ASTM D2850 and consolidated-undrained, CU-test), permeability (ASTM 2434), specific
gravity and absorption (ASTM C127), Los Angeles abrasion (ASTM C535), sodium sulfate
soundness (ASTM C88), maximum and minimum density (ASTM D4253 and D4254), and
sedimentation density tests. The test results are summarized in Tables C-1 for soils and
C-2 for tailings and shown on Figures C-1 throngh C-26. Results of waste rock tests are
shown on Figures C-17 and 18. Additional details on the triaxial tests, tailings
sedimentation tests and tailings consolidation tests are provided below.

C2 TRIAXJAL COMPRESSION TESTS

All triaxial compression tests were performed on samples with diameter of 2.8 to 2.9 inches
and a height to diameter ratio of 2.0 to 2.1. The maximum particle size of the compacted
samples was 0.5-inch, which is approximately 1/6 of the sample diameter. The samples
were back-pressure saturated until a pore pressure response of 95 percent or more was
obtained. A confining pressure was then applied and flow out of the sample was monitored.
The applied confining pressures are indicated on the figures that present the test results.

For consolidated undrained testing (CU) with pore-pressure measurements, three-stage
triaxial tests were performed, each yielding a Mohr envelope. In each three-stage test,
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only one sample was tested. After the sample was consolidated to the first level of
confining pressure, the drainage ports were closed and the sample was sheared by applying
a vertical deviator stress with a controlled strain device. The shearing continued until the
axial stress reached a peak. The deviator stress was then removed and the sample was
consolidated to the next level of confining pressure. The third and last stage was generally
carried out to 20 percent axial strain,

The results of the CU triaxial tests on borrow materials include stress paths and Mohr
circles and are presented on Figures C-16A and C-16B, respectively. Stress paths and
Mohr circles from CU triaxial tests on foundation materials are presented on Figures
C-14A & C-15A and C-14B & C15B, respectively. '

Stress paths and Mohr circles from CU triaxial tests on tailings sand are presented in
Figures C-21A & C-22A and C-21B & C-22B, respectively.

The results of UU triaxial tests on samples of tailings dam foundation soils, diversion dam
foundation soils and compacted clayey borrow soils are presented on Figures C-9 to C-12.

C3 SLIMES SEDIMENTATION TESTS

Two sedimentation tests were performed. The purpose of these tests was to determine the
density of submerged slimes after sedimentation. The test procedure was as follows:

. A known weight of dry slimes was mixed with water to 9.6 percent solids by
weight of slurry. The weight of the dry slimes was such that the final height
of the slimes column after settlement was about one inch, which is roughly
the height of sample needed for the consolidation tests (described below).
Slimes gradation, based on the Krebs analyses, was as follows:
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U.S. Standard Sieve Size Percent Passing by Weight

No. 100 100
No. 150 — 99
No. 200 | 94
No.270 76
No. 400 57

. The slurry was poured into a graduated cylinder with an inside diameter of
2.35 inches.

. The content of the cylinder was observed and the time recorded at which the
slimes settled to the bottom of the container and a distinet surface. observed
at the top of the slimes. The height of the column of slimes was measured

"and the dry density computed.

. The above step was periodically repeated. Measurement frequency was such
as required to obtain a good definition of the density-versus-time curve.

. The test was ended when the submerged slimes reached a constant density.
A constant density was assumed to occur when it remained unchanged for five

hours or more.

. The sediment density versus time is plotted on Figures C-25 and 26,

C4 SLIMES CONSOLIDATION TESTS

Two consolidation tests (ASTM D2435) were performed on samples of sedimented slimes
as discussed below.
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. The sample was sedimented directly in the consolidation ring, For this
purpose, a hollow cylinder was tightly fitted to the upper end of the
consolidometer ring to provide enough volume to contain the slimes slurry.

. Using the average dry density of the sedimented slimes obtained from the two
sedimentation tests, the weight of dry tailings that would settle to a height
equal to that required for the consolidation test (i.e., 1 inch for a 2-1/2 inch
diameter ring) was determined.

. The lower porous stone and filter paper were placed in the consolidometer
and the drainage valves closed.

. The slurry was mixed and poured into the cylinder-consolidometer ring
assembly. The sample was allowed to settle for a period of time no less than
the duration of the sedimentation tests. During this step of the procedure,
the drainage valves remained closed.

. The water above the specimen was removed without disturbing the specimen.

. The cylinder above the consolidation ring was removed, the height of the
specimen measured, the filter paper and upper porous stone placed, and the
drainage valves opened.

Testing

After the sample was prepared as described above, the consolidation test was initiated.
The procedure prescribed in ASTM D2435 was followed except that the seating pressure
was very small to avoid loss of soil through the annulus between the porous stone and the
consolidometer ring. The first increment of load was equal to the seating pressure.
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The specimen remained saturated during the entire test. Five time-rate curves were
provided at pressures of approximately 250, 1000, 4000, 8000 and 16,000 psf. Load
mcrements at these pressure levels were applied for a sufficient time to allow for estimation
of secondary consolidation.

Results of the consolidation tests are presented in Appendix C.
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_ Liquid Plastic Plasticity % Passing
Symbol Classification and Source Limit (%) Limit (%) Index (%) #200 Sieve

1 TP201 6' - 4* (GM) 22 17 5 48
2 TP205S S§* - 9' (ML-CL) 18 11 7 -
3 TP211 4* - 91 (CL) 31 17 14 60
4 TP-212 4' - 8' (CL) 36 20 16 62
5 TP-215 5' - 12' (CL) 33 17 16 71
6  TP226 3' - 165'(SC) 31 17 14 37
7 TP-27 4' - 9' (CL-ML) 21 15 6 51
TP-247 2' - 12' (GM) Non-Plastic 47
TP-248 2' - 12' (GM) Non-Plastic 37
8 TP-249 1* - 125' (GM) 21 19 2 28
TP-250 2' - 11.5' (GM) Non-Plastic 47
DH-23 60.8' - 61.5' (ML) Non-Plastic 94
9 DH-29 10* - 29.8'(GC-GM) 24 18 6 40
10 DH30 5' - 135'(GC) 30 22 8 19
11 DH-32 23' -25' (GC-CM) 22 17 5 43
12 DH-38 33.5' - 342" (ML) 32 28 4 99
13 DH-44 143'- 15 (CL-ML) 27 21 6 71
14  DH-45 226" - 232'(ML) 45 28 17 90
15  DH49 17* -

19* (CL) 26 18 8 49

MONTANORE PROTECT

SOMMARY OF ATTERBERG LIMITS
SHEET 2 oF 2 c

FIGURE £-F

F:\NORANDA\ADDGEQ.TSL
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1.2

0.8

{F1-e3)nsF

DEVIATOR STAESS,
b
-

X

AXIAL STRAIN (percent)

&

SHEAR STRESS AT Maxioum Deviator Seress (ksf)

UNCONSOLIDATED UNDRAINED TRTAXIAL SHEAR TEST (UHDISTURBED)

2
=
2
v
w
w
E ""-\" )
2 410 !
g 1 2 3 4 5 ] 7 8 9 10
=
o Formal Total Stregses )
ALYEE A
AXIAL STRAIN {percant} Test | moams SANWPLE DATA MAXRUM | i Wrg}l'ﬁgtgm
o, -y - DEVIATOR [PRINGIPAL £ HEHT naxe
on AND pay ol PORE | CONFiNING | BTRESS | STREss o MmMOR | MAJCR | piumeren | staam
DEMSITY PRESSU| PRESSURE | 1.8 | aamo RATIO | INCHESS
SYMBOL | DEPTH o[ i ] Fa KSF ooy | SETS | STHESS MINUTE
fpch imitint | Fnat | tpercany PSIL KSF RSF
0 DH-49
;;';;9' 123 21 118 | o9 20 0.95 | -- 2.88 1 3.3 | 707 0.030
D' 23'-25" 117 16 116 99 40 0.60 = 5,76 £.36 2.02 0.030
= ] TRIAKIAL SHEAR TEST RESULTS
g Crﬁnhailmmnd““_m'h’c‘ Montanore Project, Libby, MT
953
E ;:n‘:“hlh. HT 53%03
JOB NO. DATE PLATE W0,
AXIAL STRAIN (percent) Lab Hos, 45984 & 45423 | 90-307  |Wovewber . |
: HET 151 |

MONTANORE PROTECT

DIVERSION PAM FOUNDAT1ON

VU TRIAX/AL TESTS
- FIGURE c- /(0




UU TRIAXIAL TESTS — COMPACTED EARTHFILL
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UNDRAINED SHEAR
MOISTURE CONTENT (%) | STRENGTH (KSF)
0 10 20 30 1 2 3 4 8
0 | i | g .1 1 1
(SM)
S+ g W C:3.18
L o) O c/Frea
GM
tow)
- 104
w
"8 o Y
x g
= ar—=
& '5- . c:1.23
o= /P08 cea3q
oYu]a] fe=o £ ops2. LEGEND:
| @ k/r-0.23. ~ §— SYMBOL FOR BORING NO.
(=C-5m) ( SEE BELOW)
- -19 :
NON-PLASTIC (DH-19) c-ey ' t—— Liououmir
20- ?A ¢ “ro. PLASTIC LIMIT
c:1.79 MOISTURE CONTENT OR UNDRAINED
aa s 4 i’;";’ms SHEAR STRENGTH : -
(ae mig ez (PEl@ SYMBOL ~ BORNG
° c/pi~eu A DH-3 & DH-3A
e5 YA © DH-19
[ . 7? ' l_oa B D"_zo
© PH-2%2
c-].a8 A PH-28
3c 54 AZ/P0.54 ® DH-44
n PH- 45
NOTES: ® DH- 49

I. ALL TESTS WERE PERFORME

AS NOTED OTHERWISE.

2

0

C__ COHESION FROM U

= NCONSOLIDATED~UNDRAINED TRIAXIAL COMPRESSION TEST
EFFECTIVE VERTICAL OVERBURDEN PRESSURE '

D ON FINE-GRAINED (ML OR CL) SOIL, EXCEPT

MONTANORE PROJECT

UNDRAINED SHEAR STRENGTH AND

MOISTURE CONTENT VS. DEPTH
: " FIGURE ¢-13




CU TRIAXIAL TEST - TAILINGS RETENTION DAM FOUNDATION




CONSOLIDATED UNDRAINED TRIAXIAL SHEAR TEST - P-0 STRESS PATH PLOT

Project: Montanore
Sample: Hs 1
Drill Hole: DH44
Depth: 14.3 - 15.0
Sample No.: 45341

30+

POST SHEAR SKETCH " J
' _ L\ﬂ . ///P

L s

5*—32.5‘
20 S - Flesmn-ltargs
‘ . ﬂ"z ?150

41::3;:}/ =/, 3 bsf

104 “/"

a={ ksf 4 . MONTANORE PROTJTECT
A TAILINGS RETENTION DAM FOUNDATION

CU TRIAXIAL TESTS : F-R STRESS FATHS
SHEET | oF 2
FIGURE C-I14A
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CU TRIAXIAL TEST - DIVERSION DAM FOUNDATION




10

Consolidated Undrained

Triaxial Shear Test - P~ Stress Path Plot

Shale &
Sandstone
Fragments .

Post Shear Sketch

Project: Montanore Project, Libby, MT
Drill Hole No. 49

Depth: 17.0'-19.0°'

Lab No. 45984

5732.7°
H'=smn-'fans
#'=37.9°

., a
€ s’ 20,26 ksf

MOINTANORE PROJTECT

T DIVERS/[ON DAM FOUNDATION

CU TRIAXIAL TESTS : P-4 STRESs FATHS
SHEET 10F 2
FIGURE c-/5A




m—— [ - A

" | | MOLTI-STAGED CONSOLIDATED UNDRATNED TRIAXIAL SHEAR TEST (UNDLSTURBED)
[’
M nare ==
& 1717 S
O 4 o
s ]} -]
- 7 ]
L 3 Pl= | Lo
“ g 38 #
g [ - o ’/
L]
Wi
s & 3 E // )
E ] w rd
= Ll 3 . / . .
* H § - P e 1
6 2 4 5 8 10 17 Ta 16 18 20 - T -
AXIAL STRAIN (percent) & - 2 \\ &
L I ; “ . y \\ .
¢ - g // yd \ \\
7. —] - —L
}“ 5 _.v, .=:\._< P . N
2 5 F g
5 " /. / Z] AN ™ \
o, 2 7 ) 3 \
" at . \
g [y ~ h
: cen e I I I NN | |
ad
g =22 | F L | l 3 _ |
E 0 o2 4 6 8 10 12 N 16 18
L 3 - —
v ) Effective Hormal Streases (1] Ga (ksk)
f
0 2 3 B 8 1 2T 1 ¥ 70 VALUEB AT
AXIAL STRAIN {percent} Test | Borwo SAMPLEDATA Devnne |ans | MOE e HEIGHT var
NO. NO. WIS TURE A STRESH MINOR MAJOR TIAMETER AYAAI
on AND ORY cowvent | PORE [ conFming | g PRINCIPAL IPRINCIPAY] N
oo | v | omem | ot | el | SRERE | B | ' B PRI ol |
5 teeh) vt | Finst | pevcant) PEX KSF KaF
LA Di-44 ‘ [
f 20 3 O 1:.0' 14,1 P14 | -- 99 19 3.2 6.27 0.62 | 3.88 2.09 0.
{:]
g {1 N A YT —— = |- — 0 6.33 [ 349 | 2.43) 7.94) .. 0,006
£ i — 0 — =~ |1a.6] - 40 .69 | 495 | 2.97 | 16.86] —me 0,006
5 10 ] \\ .
fa s, :
= ’ .\_ e D EFFECWE 5Tg,!_:55_ o e TRIASIAL SHEAR TEST RESULTS
g == L CIRCLES 328 saeizar ame, Hontanore Project, Libby, MT
b | Grast Tells, NT 33403
=0 %3 10 17 14 16 18w — — —~T2TAL STEESS Vol 1 LI W2 0B MO, DATE PLATE Ko,
AXIAL STRAIN (percent) Lab Ho, 45984 S0-207 - (Hovembar 1959

NET 187

MONTANOKEE f%a:ﬁr
DIVERSION PAM FOUNDAT 10N

£l TRIAXIAL TESTE : MOHR ENVELOFE
SHEET Z ¢F 2

FlgURE 158




CU TRIAXIAL TESTS --- COMPACTED EARTHFILL




Q (ksf)

15 1

12 4

Coneolidated Undrained Triaxial Shear Test - P-0 Stress Path Plot

Post Shear Sketch

')

Project: Montanore Project, Libby, MT
Test Pit: TP-247 ' '

Depth: 2.0' - 12.0'
Lab No. 45983

. 5213
s P'=ssn-! Fan &
;zfﬂ: 233;"4 P)

c:-ﬂﬁ -

cosgr =017 ksf

MOINTANORE FROTECT

SEEPAGE COLLECTION IMPOUNDMENT

U TRIAXIAL TESTS ! P-Q STRESS FATHS
SHEET | OF 2 ,,
FIGURE C-/6A




b TTT1

) St
HULTI-STAGED CONSOLIDATED UNDRAINED TRIAXIAL BHEAR TEST (REMOLDED)

[
| -
iy =
L] &
s § I
;0 ! .
- : P Ariati?
£ i 4
E >,
s L
% “ 6 d 10 1z 14 18 18 7 é 5 rad
. AXIAL STRAIN (percent) = /______E‘___‘
@ T TN
d Y
e E //: - \ -
. ™
- ; . ,// ANAY
- ¥ W
5 Zara S| N\ N
8 Z¥ENARNN
o 4 2] ﬂ/ A
> aff s NN / 1 A \f
2 : ) 6 ] 3 12 14 16 1 20 22 2 6 2 o
[ 3

Effective Rormal Stresses G-; J (j‘-_;" 3 (IBF)

— — — TUTAL STRESS CIROLES

EFFECTIVE STRESS CIRCLES

MONTANORE ~ FPROTEZT

SEEFAGE COLLECTION IMPOUNDMENT
| €V TRIAXIAL TESTS : MIHR ENVELOFE

SHEET Z0F 2
FIGURE c-(6B

[ 1 SAMPLE DATA MO R e Coalf-
1% J AXIAL STRAIN ?percenti r:r ”::a mfg m.‘;: Lo “sgm ur Soptt- .
' MOBTURE svhess | stess | wmom | mason of
on AND DRy CONTENT PORE CONFINING PRINGIPAL PRINGIPALl DVAMETER | StRam
PRESSURE | PRESSURE | 1.0 | mamio RATIO INGHES)  {Permeabif
I svwa | oEPTH ?;'m IR | aesonee T3 v | Tuem | Tgre | S MNUTE | Lty
o v InHiai | Final | {percant) PSI KSF KSF enfaee
»
[ TP~247 =
< 10. O ¥ 116.7 J10.3] — | o9 10 2.53 | 437 | 075|328 | 2.4 G006 |oy1p°5
M
g Y A JUI (U - 2 7.20 § 40 | 22|92 | - 0.006
B 0 O v [T . a0 - § 17 | 408 | 4.58 (18,26 | --e 0.006
2 TEP'
12 ‘\\
= = Volsture Content. % = 17.0 TRIANIAL SHEAR TEST RESULTS
= Moisture Conten . Che
| ' T 3]:93‘““'['“ Montanore Project, Libby, MT
3 s
tuat Falls, WT 3Mp3
Y > & 6 8 {0 12 1& T 0 “ J0B N0, oATE PLATE NO.
AXIAL STRAIN {percent) La 43983 90-207 Wovewber 1590
NET 187




CONSOLIDATION TEST NO. 1
TAILINGS RETENTION DAM FOUNDATION
DRILL HOLE DH-23




NET 156

DRILL HOLE DH-23
"DEPTH 71.6'-72.2°'
SAMPLE NO. 45419

CONSOLIDATION TEST

MOIST UNIT WEIGHT : 121 pef
DRY UNIT WEIGHT : 96 pcf
INITIAL MOISTURE CONTENT: 26%
FINAL MOISTURE CONTENT : 26%
CLASSIFICATION :Silty CLAY

@ AFTER SATURATION

0.0 ——

1.0

2.0

3.0

4.0

5.0

6.0

CONSOLIDATION, PERCENT OF SAMPLE THICKNESS

7.0

-—-.'--.-H..___\ z
[ —)

0.5 1 2 3 4 3 10 15 20 30

NORMAL PRESSURE, KIPS PER SQUARE FOOT SHEET [ JF &

TAILINGS RETENTION DAM FOUNDATION

Montanore Project
Libby, Montana

Chen&Northern,Inc.

528 Smeiter Avenue

Noranda Minerals Corp.

Libby, Montana

P.0. Box 949
Great Falls, Montana 59403

JOB NO. 90-207 PLATE NO.




CHEN-RORTHERN, INC.

CONSULTING GEOTECHNICAL

ENGINEERS

TIME RATE CONSOLIDATION

- Libby, MT

oject

Pt

Montanore

Job No,: 90-~-207 ’
Date: October 1990

Project:

t: 1000 to 2000 pef

emen

bH-23, 71.6' -~ 72.2°

Sample No.: 45419
i
Confining Pressure Incr

Location:

1000.0

T T

100.0

&)

10.0

TIME (minute

1.0

01

0.01304HH

0. 0140+

0.015
0.016¢L

(s3UduT) BNIQVRY TVid

0,017

0.0

MONTANORE FROTECT

TAILINGS RETENTION DAM FOUNDAT/oN

SHEET Z0F &

LONSOLIDATIoN TEST ! TIME~RATE CURVE




HERN, INC,
“HNICAL ENGINEER

1000.0

B ey
ST, S =
g ——
e e =
e
—
fr——
————
i
—— +
,,,,, LI i
P ———
e

MONTANORE FROTECT

TAHILINGS RETENTION DAM FOONDATION

100.0

CONSOLIDATION TEST: TIME ~RATE CURVE
‘ SHEET B oF 6 U

s)

10.0

TIME (minute

i fiinbir o if
il . :;ll,'::.';
i
1 l Il 41
I

0.1

.x.} |

‘ 0.01 °




MONTANORE PROTECT
K
/50

oN | -

ON DAT 101
CONSOLS N TEST ! TIME -RATE LUBVE
EE IF & :

ZOTEC
AILINGS RETENTION PAM FOUN.
DAT (O
SHEET 4

i




DIAL READING (inches)

Sample No.t 45419

Location: DH-23, 71.6' - 72.2¢
Coniining Pressure Increment: 8000 to 16000 psf

0.0350 7 T .;
ksl hT i |
il i
0.0360 H ; ‘
‘ L
I
0.0370 T
0.0380 T l J'
0.039 ‘ N 4 i
0.0&0(--
i
0.01 -

AT

e

A hrer—

0.1

CHEN-NORTHERYM, INC.
CONSULTING GEOTECHNICAL ENGINEERS

TIME RATE CONSCLIDATION

|
”

F

o
il

il

il

ML
1 AP
! l Ph.|

1.0

Project ‘Montanore Project - Libby, MY

Job

No.: 90-207

Date: Dctober 1990

i

10.¢
TIME (minutes)

J: ll}l!h'), ”’

g

]lu ﬂ*

T

i

'rlii;,;;.._;lj!_.; |

100.0

1000.0

MINTANORE FROTECT

TAMLINGS RETENTION PAM FOUNDAT (0N
CONSOLIDATION TEST ! TIME-RATE CURVE
- SHEET S5oF6




CHEN-MORTHERN, 1INC,
CONSULTING GEOTECHNICAL ENGINEERS

TIME RATE CONSOLIDATION

™
'
o™
[
]
o
]
[
o
L I
-~ ™
wry ey
-
g -
= B
-]
[ ]
Lol ]
[-9.3
g8
2l

16000 to 32000 psf

Increment:

Confining Pressure

- =

l
©1D00.0

Il
4’!

100.0

)

|
10.0

TIME (minutes

|
|

1. |

I

0.1

MONTANORE FPROJECT
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CONSOLIDATION TEST NO. 2
SEEPAGE COLLECTION DAM FOUNDATION
DRILL HOLE DH-38




NET 156

DRILL HOLE DH-38
DEPTH 38.0' - 38.6°

SAMPLE NO. 45421

CONSOLIDATION TEST

MOIST UNIT WEIGHT 1121 pef
DRY UNIT WEIGHT 193 pef
INITIAL MO1STURE CONTENT: 29%
FINAL MOISTURE CONTENT :29%
CLASSIFICATION : Silty CLAY

@ AFTER SATURATION
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SEEFAGE COLLECTION DAM FOUNDATION
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Montanore Project
Libby, Montana

Noranda Minerals Corp,
Libby, Montana

Chen@Northern,Inc.

528 Smelter Avenue
P.O. Box 949
Great Falis, Montana 59403

JOB NO. 90-207 PLATE NO.
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CHEN-NORTHERN, INC,
CONSULTING GEOTECHNICAL ENGINEERS

TIME RATE CONSOLIDATION

Sample No.: 45421 Project:Montanore Project - Libby, MT

Location: DH-38, 38.0' - 38.6' Job No. :90-207
Confining Pressure Increment: 1000 to 2000 psf Pate: Qctober 1990
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SHEET ZJF5 7
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CHEN-NORTHERN, INC,
 CONSULTING GEOTECHNICAL ENGIMEERS

TIME RATE CONSOLIDATION

Sample No.: 45421 . ' Project: Montanore Project - Libby, MT
Location: DH-38, 38.0' - 38.8' . Job No.: 90-207
Confining Pressure Increment: 8000 to 16000 psf Date: October 1990
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CONSOLIDATION TEST NO. 3
DIVERSION DAM FOUNDATION
DRILL HOLE DH-32




NET 156

CONSOLIDATION TEST

DRILL HOLE ~ DH-32 MOIST UNIT WEIGHT : 146 pef
DEPTH 23" - 25! DRY UNIT WEIGHKT f 126 pof
SAMPLE NO. 45423 INITIAL MOISTURE CONTENT: (gq
FINAL MOISTURE CONTENT : g
h CLASSIFICATION :Si]ty Clayey BRAVEL Wf
Sand
@ AFTER SATURATION
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PIVERSION PAM FOUNPATION :
Montanore Project '
Libby, Montana ChenéNorthem,Inc
528 Smelter Ave.
PO Box 949 ..

Noranda Minerals Corp.
lﬁleby, #iontana

Great Falls, MT 5940

JOB NO. gp.on7  PLATE NO.




TIME RATE CONSOLIDATION TEST
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LOAD INCREMENT: 1.0 ksf TIME, MINUTES

Montanore Project
Libby, tontana

Lab. No, 45423

DRILLHOLE__32 ___ MOISTUNITWEIGHT___ 146 pcf
DEPTH__23.0'-25.0' pRY UNIT WEIGHT 126 pcf

Noranda Mineral Corp.
Libby, Montana

CLASSIFICATION: ___ INITIAL MOISTURE CONTENT__164 ...
FINAL MOISTURE CONTENT—102

Chen&Northern, Inc.
JoI;Nb. 90-207 Plate No.

(BHEET Zzor 5)  nerw



TIME RATE CONSOLIDATION TEST
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TIME RATE CONSOLIDATION TEST

.978

. 976(

« 9740

+» 9724

W
=g
=
(oL
/
i

-
D
o
co
I
(]

\O
o
B

.

o
o
[t

SAMPLE HEIGHT, INCHES
S .
&

. 960

o ! L] o 20 30 40 50 60 70 100 150 200 250 300

LOAD INCREMENT: 4 ksf TIME, MINUTES

Montanore Project Lab No. 45423

Libby, Montana DRILLHOLE 32 ___ MOIST UNIT WEIGHT __146 pcf ChenéNorthem,Inc.
DEPTH_23.0'-25.0' DRY UNIT WEIGHT. 126 pef

Noranda Mineral Corp. - CLASSIFICATION: — INITIAL MOISTURE CONTENT _16% Consuiing Engineers and Scentisls
Libby, Montana FINAL MOISTURE CONTENT_I.QE__'i Job No. 90-207 Plate No

(SHEET 4 JF5) T ONETE




TIME RATE CONSOLIDATION TEST
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Montanore Project Lab No. 45423 '

Libby, Montana DRILLHOLE .32 _ MOIST UNIT WEIGHT ___146 pcf Chen@Normem,Im

DEPTH_23-0'-25.0" pRYUNIT WEIGHT 126_pcf

CLASSIFICATION. ... INITIAL MOISTURE CONTENT._16%

Noranda Mineral Corp.
' FINAL MOISTURE CONTENT—10Z

Libby, Montana

ot i Encineers and S
j JobNo. 90-207 Plate No.

(SHEET 5 oF 5 ) nete




CONSOLIDATION TEST NO. 4
DIVERSION DAM FOUNDATION
DRILL HOLE DH-49




NET 156

DRILL HOLE DH-49
DEPTH 17.0" - 19.0°

SAMPLE NO.45984

- CONSOLIDATION TEST

MOIST UNIT WEIGHT : 134 pef
DRY UNIT WEIGHT 112 pef
INITIAL MOJSTURE CONTENT: 19%
FINAL MOISTURE CONTENT : 16%
CLASSIFICATION :Clayey SAND

@ AFTER SATURATION
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Montanore Project Chen@NOl’thmmC
Libby, Montana 528 Smelter Ave.
PO Box 949

Noranda Minerals Corp.
Libby, Montana

Great Falls, MT 59403 °
JOB NO, 80-207 PLATE NO.




TIME RATE CONSOLIDATION TEST
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Noranda Minerals Corp. CLASSIFICATION:___ INITIAL MOISTURE CONTENTIM - Consuiing Engineers and Scientsts
Libby, M " L S T =
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TIME RATE CONSOLIDATION TEST
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Noranda Minerals Corp
Libby, Montana

Lab No. 45984
DRILLHOLE__49 ____ MOISTUNITWEIGHT__134 pcf
DEPTH_17.0'-19.0' DARYUNITWEIGHT__112 pcf
CLASSIFICATION: ____ INITIAL MOISTURE CONTENT.19Z .
FINAL MOISTURE CONTENT_168Z

Chen&Northern,Inc.
Joﬁ No. 90-207 Plate No.
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TIME RATE CONSOLIDATION TEST
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Montanore Project
Libby, Montana

Lab No. 45984

DRILLHOLE __49____ MOIST UNIT WEIGHT __134 pof
DEPTH_17.0'-19.0' DRY UNIT WEIGHT 112 pcf

Noranda Minerals Corp
Libby, Montana

CLASSIFICATION: ___ INITIAL MOISTURE CONTENT19%___
FINAL MOISTURE CONTENT..16Z._ __ ¢

Chen&Northern, Inc.
Job No. 90.207 Plate No.
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TIME RATE CONSOLIDATION TEST
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MOISTURE - DENSITY RELATIONSHIP DATA




ChenéNOI'theﬂl,Inc ’ Consulting Engineers & Scientisis

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET [0 gRear FaLLS

£28 SMELTER AVENUE
P. . BOX 951

GREAT FALLS, MY 59402
{406} 453-1541

FAX (408} 7222070

REPORT TO: DATE: November, 1990
NORANDA MINERALS 'CORP/MONTANORE (2) JOB NUMBER: 90-207

ATTN: MR. DAN MYERS - SHEET: 1 OF 1

PO BOX 1486 INVOICE NO.: 100931

LIBBY, MT 59923 LAB NO.: 45347

' DATE SAMPLED: N/R
' DATE RECEIVED: October 1990

PROJECT: Montanore Project, Libby, MT SAMPLED BY: Morrison-Knudsen
CONTRACTOR: N/R '
SAMPLE LOCATION: TP-201, 4.0' - 6.0°

MATERIAL USE: N/R MECHANICAL ANALYSIS
SIZE % PASS SPECS.
1-1/2" 100
1 98
MOISTURE-DENSITY RELATIONSHIP 3/4" 96 .
_ 172" 90
Zaro air voids curve 3/8" 85
Assumed Gs = 2.70 3 No. 4 68
\\ No. 10 63
S No. 20 59
\ No. 40 56
125 No. 80 53
- N No. 100 53
= ~ N No. 200 48
3 N N 0.005mm 19
-3 A\ UNIFIED CLASSIFICATION (ASTM D2487)
£ 120 ‘ _ Silty Clayey GRAVEL with Sand
2 SPECIFIC GRAVITY: 2.70 (Assumed)
& /' LIQUID LIMIT; 22
z PLASTICITY INDEX: 5
Q
: TEST PROCEDURE ASTM D698, Method D
115 _ MAX. DENSITY: 124.4 pcf .
OPT. MOIST.: 9.9% -
RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R
" REMARKS:

5 6 7 8 9 10 11 12 13 14 15
WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

AS A MURIAL PROTECTION 1O CLIENTS, THE PUBLIC AND QURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZANON EOR PUBLICATION OF
srnale«s.conauﬁmsogemammmmmmsounnsmtssnmmmomsmmmx.mmumnammﬂmscmnamm
OTHER AZRANGEMENTS ARE AGREED TO IN WRITING. - : . .




| ChéﬂéNOf[hCI‘ﬂ,IﬂC. , Consulting Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP
' DATA SHEET [J GREAT FALLS

528 SMELTER AVENUE
P. Q. BOX 951

GREAT FALLS, MT 59405
(406) 453-1841

FAX (406) 7272070

REPORT TO: DATE: November 1990
- NORANDA MINERALS CORP/MONTANORE (2) JOB NUMBER: 90-207
ATTN: MR. DAN MYERS SHEET: 1 ©OFfF1
PO BOX 1486 INVOICE NO,: 100885
LIBBY, MT 59923 LAB NO.: 45352
DATE SAMPLED: N/R
: DATE RECEIVED: October 1990
PROJECT: Montanore Project, Libby, MT SAMPLED BY: Morrison-Knudsen
CONTRACTOR: N/R
SAMPLE LOCATION: TP 205, 2.0' - 5.0'

MATERIAL USE: N/R MECHANICAL ANALYSIS
- SIZE % PASS SPECS.

4" 100
: 3” 90
MOISTURE-DENSITY RELATIONSHIP 2" 87
L — 1-1/2" 85
Zero air voids curve | " 82
Assumed Gs = 2,70 3/4" 79
N 1/2" 75
Y ' ) 3/8" 73
No. & 70

. 125 No. 10 62
N No. 20 57
P ) go. gg _ zg
0. ¢
] N No. 100 22
- \ : No. 200{wash)44
4 \ N ' VISUAL CLASSIFICATION -
\ Clayey GRAVEL with Sand
> - LV SPECIFIC GRAVITY:2.70 Assumed
4 LIQUID LIMIT: N/R

\ PLASTICITY INDEX: N/R

120

DRY DENSITY lbs/ cu ft.

: : TEST PROCEDURE ASTM D698, Method D
115 MAX. DENSITY: 123.3 .

OPT. MOIST.:11.3

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.:

REMARKS:
6 7 8 9 10 11 12 13 14 15 16

WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Rnudsen Engineers, Inc.

AS A MUTUAL PROTECTHION TO' CLIENTS, THE PUBLIC AND DURSELVES, ALL REFORTS ARE SUBMITTED AS THE CONFMDENTIAL PROPERTY OF OUR CUENTS, AND AUTHORIZATION FOR PUBLICATION OF
STATEMENTS, MWWMWMWMHGMMB!&MD&NMGWWW AFPROVAL. SAMPLES WALL BE DISPOSED OF AFTER TESING 15 COMPLETED UNLESS
mmmmmmmmmma : )




| Chétl@NOl‘th@I‘ﬂ, Il’lC. Consuliing Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET [J GREAT FaLLs

528 SMELTER AVENUE

REPORT TQ: DATE: November 1990
NORANDA MINERALS CORP/MONTANORE () JOB NUMBER: 90-207
ATTN: MR. DAN MYERS SHEET: 1 OF 1
PO BOX 1486 INVOICE NO.: 100885
LIBBY, MT 59923 LAB NO.: 45355
DATE SAMPLED: N/R
DATE RECEIVED: Qctober 1990
PROJECT: Montanore Project, Libby, MT SAMPLED 8Y: Morrison-Knudsen
CONTRACTOR: N/R
SAMPLE LOCATION: TP-207, 3.0' - 6.0°

MATERIAL USE: N/R MECHANICAL ANALYSIS

SIZE % PASS SPECS.
5" 100

”
S 85
MOISTURE-DENSITY RELATIONSHIP ? 12 23
Zero.air voids curve | J " 55

Measured Gs = 2,71 \ 3/ 2

- 3/8" 44

\\ Nc"). 4 38

No. 10 31

h No. 20 26

140 , AV No. 40 23
: No. 80

L,_ o ﬂg. 200(wash) %9

VISUAL CLASSIFICATION
135 Clayey GRAVEL with Sand
SPECIFIC GRAWITY: 2,71
Vi LIQUID LIMIT:N/R
: PLASTICITY INDEX: N/R

. o e
S = e TEST PROCEDUREASTM D698, Method D
1301 - MAX. DENSITY: 131,9
.

9 OPT. MOIST.: 3.5

' - RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

DRY DENSITY Ibs/ cu ft.

1 2 3 4 5 6 7 g REMARKS:

WATER CONTENT Percent of Dry Waeight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

ASAMU?UA[RO?!C!IONIDCUENTS THE PUBLIC. AND GURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF

STATEMENTS, CON ©f EXTRACTS FROM OR REGARDING CUR REPORIS 15 RESERVED PEMDING OUR WRITTEN M&mmummmnmummunm
OTHER AIMNGEH!N?S m AGREED 1O 1N WRITING.




- Chen@Northern, Inc,

DRY DENSITY lbs/ cu .

Consuiting Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP

DATA SHEET

REPORT TO: .
NORANDA MINERALS CORP/MONTANORE {2)
ATTN: MR. DAN MYERS

PO BOX 1486

LIBBY, MT 59923

PROJECT: Montanore Project, Libby, MT
CONTRACTOR: 1/R
SAMPLELOCA!’ION:Tp_zog’ 1.0' -~ 3.0

MATERIAL USE: N/R

MOISTURE-DENSITY RELATIONSHIP

Zero air wvoids crur’ve'
Measured Gs = 2,70 .
130
A
N
N
iy
125 ‘\
[ . \‘\ \\
= N N
// N
P N
120 7 > y*
\ .
\\
Y

7 8 9 10 11 12 13 14
WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

[] GREAT FALLS
528 SMELTER AVENUE
P Q. BOX 951
GREAT FALLS, MT 53409
{406) 4537641
FAX (406) 7272070

DATE: November 1990
JOB NUMBER: 90-207
- SHEET: 1 OF 1
INVOICE NO.: 100885
LAB NQ.: 45357
DATE SAMPLED: N/R
DATE RECEIVED: October 1990
SAMPLED BY: Morrison-Enudsen

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
.
1-1/2" 84

" 79

374" 75

1/2% 71
3/s" 68
No. 4 63
No. 10 56
No. 20 50
No. 40 46
No. 80 43
No. 100 42

No. 200(wash) 36

VISUAL CLASSIFICATION
Clayey GRAVEL with Sand
SPECIFIC GRAVITY: 2.70
LIQUID LiMiIT: N/R
PLASTICITY INDEX: N/R

TEST PROCEDUREASTM D698, Method D
MAX. DENSITY: 123.4

OPT. MO'ST.: 2.1 - < .

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.:N/A

REMARKS:

AS.A MUTUAL PROTECTION 10 CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFDENTIAL PROPERTY OF QUR CLIENTS, AND AUTHORIZATION FOR PUBLICANON OF
STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING OUR REPORTS 8 RESERVED PENDING QUR WRITTEN APPROVAL. SAMPLES WILL BE DISPOSED OF AFTER TESTING IS COMPLEIED UNLESS

omammmmmmmmm.

[ S I TR .




ChenéNorthem,Inc Consuiting Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET [] BiLUNGS

600 SOUTH 25TH STREET
P 0. BOX 30815
BILLINGS, MT 59107

{408} 2486181

FAX (406) 2450282

REPORT 10: ' DATE: November 1990
NORANDA MINERALS CORP/MONTANORE (2) JOB NUMBER: 90-207

ATTN: MR. DAN MYERS SHEET: 1 OF 1
PO BOX 1486 INVOICE NO.: 100885
LIBRY, MT 59923 LAB NO.: 45359
DATE SAMPLED: N/R
DATE RECEIVED:October 19390
PROJECT: Montanore Project, Libby, MT SAMPLED BYMorrison~-Knudsen
CONTRACTOR: N/R
SAMPLE LOCATION: TP-209, 4.0' - 49.5!

MATERIAL USE: N/R MECHANICAL ANALYSIS -
siz % PASS SPECS.
3;; 100
85
. : 1-1/2" 84
MO!ISTURE-DENSITY RELATIONSHIP 1" 83

3/4" 82
Zero air wvoids curve 1/2" 80

Assumed Gs = 2.70 X\ 3/8" 79

N No. 4 68
N No. 10 55
No. 20 52
120 No. 40 49
: No. 80 47
AN No. 100 46
N No. 200 41
> Y N V20 M assiFicATION
115 > o o 2 Silty Clayey Gravel with Sand
) SPECIFIC GRAVITY: 2.70 (Assumed)
N LIQUID LMIT: N/R
| N PLASTICITY INDEX: N/R

DRY DENSITY lbs/ cu ft.

% TEST PROCEDURE ASTM D698, Method D
MAX. DENSITY: 11 68

OPT. MOIST.: 12.6
RAMMER TYPE: Manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

110

i REMARKS:
8 9 10 11 12 13 14 15 16 17 18

WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

AS A MUTUAL IROTECTION 10 CLIENTS, THE PUBLIC AND CURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUSLICATION OF

STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING OUR REPORTS 15 RESERVED PENDING QUR WRITIEN APPROVAL SAMPLES WILL RE DISPOSED OF AFTER TESTING 13 COMPLETED UNLESS
OTHER ARRANGELSENTS ARE AGREED TO 1N WERING. '




‘DRY DENSITY lbs/ cu #.

- ChénéNorthem, Inc Consulting Engineers & Scientists

MOISTURE-DENSITY REI.AT!ONSHIP
DATA SHEET [] GREAT FALLS

526 SMELTER AVENUE
P. ©. BOX 951

GREAT FALLS, MT 59403
(408) 4531641

FAX (406) T27-207

REPORT TO: ‘ DATE: November 1990

NORANDA MINERALS CORP/MONTANORE (2) © JOB NUMBER: 90-207

ATTN: MR. DAN MYERS SHEET: 1 OFl

PO BOX 1486 INVOICE NO.: 100885

LIBBY, MT 59923 ) LAB NO.: 45361

DATE SAMPLED: N/R
: DATE RECEIVED: October 1990

PROJECT: Montanore Project, Libby, MT SAMPLED BY: Morrison-Knudsen
CONTRACTOR: N/R :
SAMPLE LOCATION: TP-211, 4.0' - 9.0"

MATERIAL USE: MECHANICAL ANALYSIS

SIZE % PASS SPECS.
" 100
3 95
, 2" 92
MOISTURE-DENSITY RELATIONSHIP %;1/ an gg
Zero air voids curve 354:: 2124
Measured Gs = 2,75 3/511 a1
\ ' No. 4 77
\A . No. 10 72

N No. 40 67
No. 80 64

No. 100 63

: No. 200{wash) 60

S VISUAL CLASSIFICATION
Sandy Silty CLAY
A1l u N SPECIFIC GRAVITY: 2,75
14 | ™ > LIQUID LIMIT: N/R
/ PLASTICITY INDEX: N/R

125

120

7 ' TEST PROCEDURE ASTM D698, Method D
115 MAX, DENSITY: 121.3

OPT. MOIST.: 12.0

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

78 9 10 11 12 13 14 15 16 17 oMARKS:

WATER CONTENT Percent of Dry Waeigh!

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

AS A MUTUAL PROTECTION 10O CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORITATION FOR PUBLICATION OF

STATEMENTS, mmmsmmmmmluemnms 15 RESERVED PENDING OUR WRITTEN APPROVAL. SAMPLES WILL BE DISPOSED OF AFTER TESTING IS COMPLETED UNLESS
OTHER ARRANGEMENTS ARE AGRESD TO IN WRITING.

M. P AR AL ers A




ChenéNOI'them,th. Consulting Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET [] GREAT FALLS

526 SMELTER AVENUE
P Q. BOX 951

. GREAT FALLS, MT 59403
{408) 4531641
EAX (408) TZ1-2070

REPORT TO: ' ’ DATE: November 1990
NORANDA MINERALS CORP/MONTANORE (2) JOB NUMBER: 90-207
ATTIN: MR. DAN MYERS . SHEET: o 1
PO BOX 1486 INVOICE NO.: 100885
LIBBY, MT 59923 LAB NO,: 45363

DATE SAMPLED: N/R

DATE RECEIVED: October 1990
PROJECT: Montanore Project, Libby, MT SAMPLED BY: Morrison-Knudsen
CONTRACTOR: N/R :
SAMPLE LOCATION: TP-214, 3.0' - 10.0'

MATERIAL USE: N/R MECHANICAL ANALYSIS
$iZE % PASS SPECS.
4 .100.
-3 89
MOISTURE-DENSITY RELATIONSHIP g 0
I-1/2 76
1 ] 7 0
3/4" 67
1/2" 63
T - 3/8" 60
// No. 4 57
125 4 No. 10 55
= // N ' Mo. 20 a8
- \ No. 40 45
: R
3 A u?u'lnsn cmssanc%um (ASTM D2487)
£120 N/R
2 SPECIFIC GRAVITY: N/R
a8 \ LIQUID LIMIT: N/R
x \ PLASTICITY INDEX: N/R
o
\ TEST PROCEDUREASTM D698, Method D
115 MAX. DENSITY: 127.0
OPT. MOIST.: 9.5
RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R
REMARKS:

6 7 8 9 10 1 12 13 14
WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc,

AS A MUTUAL PROTECTION 1O CLIENTS, THE PUBLIC AND CURSELVES, ALL REPORTS ARE SUBMITIED AS THE CONFDENTIAL FROPERTY OF OUR CUENTS, AND AUTHORIZATION FOR MISLICATION OF
STATEMENTS, CONCIUSIONS Of EXTRACTS FROM O REGARDING OUR REPORTS IS RESERVED PENDING OUR WRITTEN APPROVAL SAMPLES WILL 38 DISPOSED OF AFTER TESTING 1§ COMPLETED UNLESS
OTHER ARRAMGEMENTS ARE AGREED 10 IN WRITING. i

Rav. 580 CNI 14-D3




- Chen@&Northern, Inc.

DRY DENSITY lbs/ cu ht.

REPORT TO:

NORANDA MINERALS CORP/MONTANORE
ATTN: MR. DAN MYERS

PO BOX 1486
LIBBY, MT 59923

PROJECT. Montanore Project, Libby, MT

CONTRACTOR: N/R

SAMPLE LOCATION: TP-226, 3.0' - 16.5'

MATERIAL USE: N/R

Consulting Engineers & Scientists

MOISTURE-DENSITY REI.ATIONSHIP

DATA SHEET

MOISTURE-DENSITY RELATIONSHIP

(2)

115

105 y

11 12

WATER CONTENT Percent of Dry Weight

13

14

15

16

1

7

18

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

REMARKS:

[] GREAT FALLS
§28 SMELTER AVENUE
P. O, BOX 951
GREAT FALLS, MT 58403
{406) 453-1641 '
FAX {406) 727-2070

DATE: November 1990

JOB NUMBER: 90-207

SHEET: 10 1

INVOICE NO.: 100885

LAB NO.: 45379

DATE SAMPLED: N/R

DATE RECEIVED: October 1990
SAMPLED BY:Morrison-Knudsen

MECHANICAL ANALYSIS
SIZE % PASS SPECS.
3 100 :
2" 99
1-1/2" 96
1II 92
374" 88
172" 84
3/8" 82
No. 4 71
Ko, 10 60
No. 20 53
No. 40 50
No. 100 44
No. 200 37

UNIFIED CLASSIFICATION [ASTM D2487)
N/R .

SPECIFIC GRAVITY: N/R

LIQUID LIWIT: 31

PLASTICITY INDEX; 14

TEST PROCEDURE ASTM D698, Method D

MAX. DENSITY: 108.5

OPT. MOIST.; 15.7

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

AS A MUTUAL PROTECTION 7O CLIENTS,
STATEMENTS, CONCIUSIONS OR EXTRACTS FROM OR
OTHER ARRANGEMENTS ARE AGREED TO IN WRMING.

THE PUBLIC AND OUMISELVES. ALL REPORTS ARE SUBMITIED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF
REGARDING (Ut REPORTS 15 RESERVED PENDING OUR WRITIEN APPROVAL. SAMPLES WILL B DISROSED OF AFTER TESTING 15 COMPLETED UNLESS .

Rov. 589 CNi 134-03




- Chen@Northern,Inc, Consulting Engineers & Scioriss

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET [] GREAT FALLS

528 SMELTER AVENUE
P 0. BOX 951

GREAT FALLS, MT 59403
{40€) 453-1641

FAX (408) 727-2070

REPORT TO: ‘ DATE: November 1990
NORANDA MINERALS CORP/MONTANORE ) JOB NUMBER: 90-207
ATTN: MR. DAN MYERS sHEET: 1 ofF 1
PO BOX 1486 INVOICE NO.: 100885
LIBBY, MT 59923 LAB NQO.: 45389

DATE SAMPLED: N/R
DATE RECEIVED: October 1990
PROJECT: Montanore Project, Libby, MT : SAMPLED 8Y: Morrison~Knudsen

CONTRACTOR: N/R
 SAMPLE LOCATION:  TP-235, 4.0' - 12.0'

MATERIAL USE: N/R MECHANICAL ANALYSIS
SIZE % PASS SPECS.
1-1/2" 100 '
‘ 1" 99
MOISTURE-DENSITY RELATIONSHIP 3/4" 98
i/2" 97
3/8" 96
No. 4 87
No. 10 75
No. 20 65
; No. 40 58
105 ~— No. 100 52
No. 200 - 48

UNIFIED CLASSIFICATION {ASTM D2487)

100 ""F‘ N/R
A N SPECIFIC GRAVITY: N/R

P ' N - LIQUID LIMIT: N/R
e N PLASTICITY INDEX: N/R

DRY DENSITY Iba/ cu ft,

a TEST PROCEDURE ASTM D698, Method D
MAX. DENSITY: 100.2 :

OPT. MOIST.: 22 4

RAMMER TYPE: 5.5 pound manunal
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

95

REMARKS:

17 18 19 20 21 22 23 24
WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

AS A MUTUAL PROTECHON TO CUENTS, THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF
STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDHNG' OUR REPORTS 13 RESERVED PENDING OUR WRITIEN APPROVAL, SAMPLES WILL BE DISPOSED OF AFTER TESTING 15 COMPLETED UNLESS
OTHER ARRANGEMENTS ARE AGREED 1O IN WRITING.

Rav. 589 CNI 14D3




| Ch'enéNortherﬂ,InC. Consuiting Engineers & Scientisis

MOISTURE-DENSITY RELATIONSHIP

DATA SHEET OBumes

F. Q. BOX 30615
BILLINGS, MT 58107
(406) 248-3161

FAX {40€) 248-9282

REPORT 10: DATE: November 1990

NORANDA MINERALS CORP/MONTANORE (2) JOB NUMBER: 90-207
ATTN: MR. DAN MYERS . sHEeT: lop 1
PO BOX 1486 INVOICE NO.: 100885
LIBBY, MT 59923 ' LAB NO.: 45983

DATE SAMPLED: N/R

DATE RECEIVED: October 1990
PROJECT: Montanore Project, Libby, MT SAMPLED B8Y: Morrison-Knudsen
CONTRACTOR: N/R
SAMPLE LOCATION: TP-247, 2.0' - 12.0'

MATERIAL USE: N/R MECHANICAL ANALYSIS
: SIZE % PASS SPECS.
3" 100 : .
2u g7
MOISTURE-DENSITY RELATIONSHIP i;ll 2" 9
Zero air voids curve 3/4" 20
Assumed Gs = 2,70 1/2" 85
k 3/8" 82
No. 4 72
\ ' No. 10 64
No. 20 59
125 \“r No. 40 57
= N No. 80 53
3 — No. 52
S /"/ ‘ \\ Ng. i88 47
B A N 0.005mm 19
D = UNIFIED CLASSIFICATION {ASTM D2487)
£ 12 - ¥ Silty Clayey GRAVEL with Sand
2 47 - SPECIFIC GRAVITY: 2.70 (Assumed)
a P Lo : LIQUID LIMIT: Granular
= ' PLASTICITY INDEX:Non-Plastic
o

TEST PROCEDUREASTM D698, Method D
MAX. DENSITY: 122.8

OPT. MOIST.: 11,3 ]

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.; N/R

il

1 GREMARKS.-

6 7 8 9 10 1l 12 13 14 15
WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison~Knudsen Engineers, Inc.

AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDEMTIAL PROPERTY OF OUR CLIENTS. AND AUTHORIZATION FOR PUBLICATION OF
STATEMENTS. CONCIUSIONS ORt EXTRACTS FROM O REGARDING OUSt REPORTS IS RESERVED PENDING OUR WRITTEN APPROVAL. SAMPLES Wity BE DISPOSED OF AFTER TESTING 1S COMPLETED UMLESS
OTHER ARANGEMENTS ARE AGREED 1O IN WRITING.

Rev. 589 CMi 11403




ChCﬂéNOIﬂ’lﬁI‘l’l, IﬂC. | Consulting Engineers & Scientists

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET | [ GREAT FALLS

526 SMELTER AVENUE
P. O, BOX 951

GREAT FALLS, MT 58403
{406) 4531641

FAX {406) 727-2070

REPORT TO: DATE: November 1990
NORANDA MINERALS CORP/MONTANORE (2) ' JOB NUMBER: 90-207
ATTN: MR. DAN MYERS SHEET: 1 OfF 1
PO BOX 1486 INVOICE NO.: 100885

LIBBY, MT 59923 . LAB NO.: 45811
' : : DATE SAMPLED: N/R
: . : DATE RECEIVED:October 1990
PROJECT: Montanore Project, Libby, MT . - SAMPLED BY: Morrison-Knudsen
CONTRACTOR: N/R
SAMPLE LOCANION: TP-250, 2.0' - 11.5'

MATERIAL USE: N/R MECHANICAL ANALYSIS
SIZE % PASS SPECS.
3 190
I-1/2" 86
MODISTURE-DENSITY RELATIONSHIP I 93
. v 3/4" 90
.Zero air veoids curve | i/2" 85
Assumed Gs = 2.70 3/8" 82
No. 4 71
N No. 10 66
No. 20 62
125 No. 40 59
q No. 80 55
N No. 100 53
Rk X No. 200 47
e A\ N 0.005mm 12
—+<] N A\ UNIFIED CLASSIFICATION (ASTM D2487)
120 )/ v Silty GRAVEL with Sand
- A SPECIFIC GRAVITY: 2,70 (Assumed)
LIQUID LIMIT: Granular
PLASTICITY INDEX: Non-Plastic

DRY DENSITY Ibs/ cu 1.

\- TEST PROCEDURE ASTM D698, Method D
A MAX, DENSITY: 123.3

OPT. MOIST.: 11.8

RAMMER TYPE: 5.5 pound manual

PREPARATION PROCEDURE: Moist

PENETRATION RESIS.: N/A

115

78 9 10 11 12 13 14 15 16 17 REMARKS:

WATER CONTENT Percent of Dry Weight

DISTRIBUTION: Morrison-Knudsen Engineers, Inc.

AS A MUTUAL PROTECTION TG CLIENTS, THE PUBLIC AND QUESELVES, ALL REPORTS ARE SUBMITIED AS THE CONFIBENTIAL PROPERTY OF GUR CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF
ﬂmmcoumommmneououscmmsounmusmmmmcouawwmmmm.mmuumommmnssmmm
OTHER ARRANGEMENTS ARE AGREED 10O IN WRITING.

A, 589 CNI 11403




1990 BORING GRAIN SIZE CURVES




| | Chen-Northern, inc.
Pejoct Montanore Project = Litky, Mr  GRAIN SIZE DISTRIBUTION CURVE  sumene 4511y

Loc.“on: DH-23 » 60. 0 ' - 61 - 5 ! ] Jw No. 90“207 .
Classification STL.T Date October 1990
Molsture Content ____ 23 o Liquid Limt Granular o Plasticily Index Non-Flastic,
. o 12
Coetlicient of Unitormity = Cyy = Do . Coellicient of Curvalure = C 7z = Cyw®_ .
1.5, Standard Sleva Qpening in inches 10 W.5. Standard Sieve Humbers D‘IO X DBO
¥ - LS A 7 Y 4 8 10 1 20 a0 40 50 80 100 200 3min,  Hvoromsterltimel oy,
100 g S~ 1]
' 1 P O 1 0 0 Y §
"5"&1
41 -}
80 20
-
&
= m]
9 g 0>
w N a=
z n
. [ 4
p: 1 8
& - <
z e [o]
ic o o
E 4 ' 80 E
] — 4 -—— w
7] R Q
& -~
a
« 80
ol B - ] B ST S =L
100 50 0. 50 20 10 05 01 005 o .01 0005 000
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fine Coarse | Medium | Fine Sitt | ciay

(Rev. 1/80) CNi-108



Chen-northern, Inc.
Project; Montanore Project — Libby, MT GRAIN SIZE DISTRIBUTION CURVE

Sample No. _45407A

Location: DH-28, 10,0' - 29,5 Job Na. 90-207
Classification Silty Clavey GRAVEL with Sapd Date October 1990
Moisiure Content . —— % Liquid Limit 24 % Plasticity index 6 %
h) ‘ 2
Cosfficient of Uniformity = Cy = —80 = Coeflicient of Curvature = C 7 = Ogo - =
U.5. Standard Sieve Opening ininches 10 U.5. Standard Sieve Numbers D10X DBO
a > e ™ W oy ape 4 T W 0 3 40 s 80 100 200 Imia.  Hvorometertimel  gh
100 0
N T O Y
e
80 A, s
< _
| 1 -
.
o~
—
T < b "
“Q‘ [ \;K - 40
3 ——
>- Ty e —
m - I .
P —
X P, J
£ T
o = i
'E a 60
i ]
3] ] Y
X N
w
o
2 N
1 —
o i T dww
100 50 10 5.0 20 10 05 04 0.05 0 o0 0005 0003
' GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse [ Fine Coarse | Medium i Fine Silt I Clay

(Flov. 4/89) CNiI-103

PERCENT COARSER BY WEIGHT



Chen-Northern, Inc.
procs._Montanore Profect - Libby, wr  GRAIN SIZE DISTRIBUTION CURVE

Location: DH~=29, 29.5' - 45.0'
Classification _Clavev SAND with Gravel

Sample No. 4534078

Job No. 90-207

Date October 1990

Moiature Content ___.._._.== .. . % tiquid Limil ___—= % Plasticity Index __——
D . D2
Coefticient of Uniformity = Gy = 80 = Coellicient of Curvalure = C 2= .
U.8. S1andard Sisve Qpening in Inchas D 10 U.5. Slandard Sieve Numbars D10 X DSD
a- r owm L 4 8 10 1 0 3 a0 50 - 80 100 200 3min, Hydrometeritime) g0,
100 [ o
e b e g —
5, ! 1§
\\
P
~
oy
Y
N
80 20
L | }u\
L,
M
N
)
E "\\ R
g 6r N —| °
> g
s
= N 1T
i = :
& | o
Zz —
[T - ~—t
E & :h]
E [ ] \""‘\. 1
& B N —
w
%
- [
2% 80
1] B
0 - 100
100 50 10 50 20 10 0.5 01 0.05 [+X 0. 0.005 0.003
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fine Coarse | Medium Fine Sin | Clay

(Rev. UB9) G105

PERCENT COAHRSER BY WEIGHT



Chen-Northern, Inc.

Project; _ Montanore Project - Libby, MT  GRAIN SIZE DISTRIBUTION CURVE

Sampile No. _45408

Location: DH-30 3 5.0 ' - 13.5' Job No. 90-207
Classification .. Clayey GRAVEL with Sand Date October 1990
Maisture Content ____ == % Liquid Limit __30 _% Plasticity Index __3
D_.12
Coefticient of Uniformity = C|; = Do = Coellicient of Curvalure = Cz = ( 30‘ =
L1.5. Standard Sieva Opening in Inches D 10 U.8. Standard Steve Numbers D10x DBD ‘
N L SR LI ' ¥ 4 8 10 " 20 30 40 a0 80 100 200 Imin, Hyvtromater{tme) o
mwo R 0
., . .
-
L 1| \
LY .
80 kY 20
= T
i Y
N
N
X
N
- X
1
g or \\\ — w0
B LY
> 5
m LY -
= [T
z ™ —
: B S
g ‘- BN e
%] LN N
& ~ ~
i =
n. \
2 ! 60
o - B . 7
i) 50 0 50 20 14 05 01 0.05 .02 0.005 0.000
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse ] Fine Coarse | Medium | Fine S | ciay

(Rev. 1/88) CHL105

PERCENT COAHSER BY WEIGHT



Chen-Northern, Inc.
Prject: _Montanore Project, Libby, Mt GRAIN SIZE DISTRIBUTION CURVE gy n, 45423

Location; DH-32 23' - 25 - Job No, __90-207
* Classification Silty Clayey GRAVEL w/Sand Date Nov. 1990
Malsture Conteni ____ 16 ' Liquid Limit _____ 22 o, © Plasticity index 5 %
D D_J)2
Coeflicient of Uniformity = Gy = 60 - Coefficienl of Gurvature = Cz = s
U.5. Standard Siave Opening in Inches b 10 U.S. Standard Sieve Numbers D j0% DSQ
" AL A S 4 8 10 % 2@ 30 40 S0 80 100 200 Imin. Hvorometer{ime) g4
100 T _ T o - A 0
\ 4 — 1= B ST
4~
80 A 1 »
T %
N -
]
= P,
x - [ ]
§ s} ‘k\ — 40
- L d-}-
z R I-
) ]
e [T
z + S -
@ + )
g 4 60
Frr | [T
[z —
= -]
i
a
x 80
o e 1 o
100 - 50 10 5.0 20 14 0.5 [15] 0.05 X o, 0.005 “_0.;103
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fine Coarse | Medium | Fine Siit ' Clay

{Rov. UBS) CNII05

PERCENT COAHSER BY WEIGHT



Project: _ Montanore Project = Libby, MT

Location: _ DH~38, 33.5' - 34,2

Chen-Northern, Inc.
GRAIN SIZE DISTRIBUTION CURVE

Sampla No. 45118
Job No. 90-207

Classification _Silty CLAY Date October 1990
Moisture Content ___ 30 v Liguid Limit .__32 % Plasticlty index __% %
. D 2
Coetficient of Uniformity = Cyy = P60 - . Coetticient of Curvature = C 7 = P =
U.S. Standard Sieve Opening inInches 10 LS. Standard Sieve Mumbers l:’10" DBO
a Fotwt 1T N e e 4 10 ® 20 M e s 80 100 200 dmin.  Hyorometsrtimel g4 g
100 =] 0
80 20
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[
x
9 x| a0
Lt —
g o
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- 2
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F .
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; & 60
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o 80
- T
g N I B 7
100 10 50 20 16 05 01 0.05 ‘ 002 0.01 0005 GO0
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse Fine Coarge Medium { Fina sin , Clay

(Rev. 1788) CNK10S

PERCENT COARSER BY WEIGHT



Project: __Montanore Project - Libby, MT

‘Chen-northern, Inc.

GRAIN SIZE DISTRIBUTION CURVE

Sample No. 45341

. Location: DH-44, HS-1, 14 . 3' - 15.0° Job No. 90-207
Classification _Sandy Lean CLAY Date October 1990
Moisture Contert ____ 17 % Liquid Limit __27 % Plastiolty tndex ___ 8 %
Leo (D)2
Cosfficient of Uniformity = C) = = Coellicient ol Curvalure = Cz = 30 =
U.S. Slandard Siave Opening Ininghes D 10 .8, Standard Steve Humbers DipxDgg
a Al LR A T 4 8 1 8 20 30 4 50 80 100 200 Imin, Hyoromater(imel  gq g
100 o 0
— FTyurl -
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b ] ——
80 i 20
[, 44—
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@ 11
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% — b |
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o
A B0
o I —— 100
100 10 50 20 10 05 o 0.05 002 o0 poos 0003
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse Fine Coarse | Medium Fine Sl l Clay

{Rev. 1/89) CNi-108

PERCENT COARSER BY WEIGHT



Chen-Norrhern, inc.
Projocy; Montanore Project - Libby, MT ~ GRAIN SIZE DISTRIBUTION CURVE 5,00 no 45119

Location; DH-44, 26.5' - 27.0' Job No. 90-207
Ctassification _Lean_ CLAY Date October 1930
Moisture Content 21 44 - Liquid Limit __==______ % Plasticity index __ =~ %
b} D, )2
Coefficient of Unilormity = C;y= 80 = Coellicient of Curvalure = G = (P39
U.5. Standsrd Sieve Opening Ininches 0 10 U.E. Standard Sieva Numbers DqoxDgp
o PRI L 4 8 10 % 20 330 4 %0 80 100 200 Amin, Hyarometeritime) gy g
100 y - ‘ [
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e
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8o 20
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9 &l : a0
w
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5 & 60
w I P
Q _ I
o —_ ]
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o
2 80
° i I—— 100
100 0 50 20 10 05 01 005 0b2 ad 0005 0003
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fing Coarse | Madium [ Fina . Sil { Clay

(Rev. 1788} CNI-05

PERCENT COAASER BY WEIGHT



Project: Hmmmzmienn..&iihhg.,_umm

Location: _ DH=45, 22.6' ~ 232!

Classitication _Lean CLAY

Chen-Northern, Inc.

GRAIN SIZE DISTRIBUTION CURVE

Job Neo. 90207

Date

October 1990

Moisture Content __.___~—_______ % Liquid Limit - % Plasﬂ;:ity Index -
D ’ B2
Coetficien of Unitormity = Cy= _50 = Coetlicient of Curvature = Cz = P =
U.5. Standard Sieve Opening inInches D 1p U.5. Slandard Sieve Numbers DioxDgp
3" IR W e 4 10 1w 2 3} 40 80 100 200 Imin, Hvarometeriimel g4
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B0 20
-
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100 10 5.0 20 10 o5 0 005 002 0.0t 0.005 0.003
GRAIN S1ZEIN MILLIMETERS
Gravei Sand Fines
Coarse Fine Coarse | Medium ] Fing Silt l Clay

{Rev. 1/88) CN1105

PERCENT COAHRSER BY WEIGHT



- Chen-Northern, Inc.
Project: _Montanore Project, Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sample No, 45984

tocation: _DH-49, 17.0' - 19,0' ' : Job Ne. __90~207
Classification - Clayey SAND Date November 1990
Moisture Content _19 % Liquid Umit 26 o Plasticity Index _ 8 %
(] ' [+ JRY
Coetficient of Unitormity = Cy; = _60 = Coetlicient of Curvature = G 7 = P .
U5 Standard Sieve Opening InInches  © 99 U.5. Standard Sieve Numbers DyoxDgg
2 AR 1" W e g . LI % 20 a0 40 50 B0 100 200 Amin, Mvaromelertme} g,
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Project:

Montanore Project, Libby, MT

Location: DH=51 7.0' -« 5.0

Chen-Northern, Inc.
GRAIN SIZE DISTRIBUTION CURVE

Sample No.

45985 -

Job No. 90-207

Classification Gravelly Silty CLAY w/Sand Date Nov. 1990
Molsture Content __ 23 % Liquid Limit === @ Plasticity Index -, W
D D..}2
Coefficient of Uniformity = Cy= %0 = Coefficient ol Curvature = Cz = Dyo! =
U.8. Standard Sieve Opaning infnches D 10 U.S. Standard Sieve Numbers DygxDgp
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PERCENT COAHRSER BY WEIGHT



1990 TEST PIT GRAIN SIZE CURVES




Chen-Northern, inc. |
Proect. Montanore Project = Libhy, ur  GRAIN SIZE DISTRIBUTION CURVE ooy 4537

Location: TP-201 . zl 0 ' - 6 0 ' Job No, 90-207
Classification Silty Clayey GRAVEL with Sand _ Date October 1990
" Moisture Content __12 0 Liquid Limit ___ 22 % Plasticity Index ___ & 9
b (D, )2
Costticient of Uniformity = Cy = 60 = Coetficient of Curvalure = Cz= QQ'_ =
U 5 Standard Sigve Opening in inches D 10 U.5. Standard Sieve Numbers D‘fO X DGO
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(Rev. Y89} CNI10S

PERCENT COAASER BY WEIGHT?



Chen-Northern, inc.
Project: _Montanore Project — Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sample No. _45350

Locﬂ'"ﬂﬂ: TP"203 9 10 . 0 ' 14 « 0' Jﬂb No. 90—207
Classification Clayey GRAVEL with Sand Date October 1990
Moisture Contemt__12 o Uiquid Limit ___= % . Plasticity Index "~ %
D D, )2 '
Coefficient of Uniformity = Cyy = .60 = ' Coefficient of Curvature = C 7 = O .
U.S. Standard Sieve Opening in Inches o 10 . U.5. Standard Sieve Numbers b 10% DBO
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{Fiev, 1180} CNI-105

PERCENT COARSER BY WEIGHT ‘



Chen-nNorthern, inc.

Project: _Montanore Project — Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sampie No, __ 45351
Locauolnl: TP-ZO"!I- 3 2 - 0' - 10 . 0 ' Job ND. ' 90—207
Classification Clayey GRAVEL with Sand Date ‘October 1990
Molsture Contert ___ 11 a4 Liquid Limit =~ % Plastisity Index ____ "~ ______ o
0.2
Coeflicient of Unitormity = Gy = Deo = Coetficient of Curvature = C = { 30) =
U.5. Standard Sieve Opening In Inches o 10 .5, Standard Sieve Numbers D10" DBD
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(Rev. 1/80) CNI-10S

PERCENT COARSER BY WEIGHT



- Chen-Northern, Inc.
Project: _Montanore Project - Libby, MT GRAIN SIZE DlSTRlBUT'ON CUHVE Sample No. __45352

Location: __TP-205, 2.0' -~ 5.0' Job No. 90-207
Classification _Clayey GRAVEL with Sand Date ‘October 1990
Moisture Content __11 : * Liguid Limit —— % Plasticity Index ____——______ %
D D2
Coefficient of Uniiorm’ity = CU = &0 = Coafficient of Curvature = C z= ( 30) =
U.8. Standard Steva Opening in Inches o 10 U.S, Standard Sieve Numbers D1() x DEO
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(Rav. 1/80) CNI-108

PERCENT COARSER BY WEIGHT



Chen-nNorrhern, nc.
Proect Hontanore Profect = Livhy, Mt GRAIN SIZE DISTRIBUTION CURVE gy ne 45355

Location: TP-ZO?; 3o0, -5 00' Job No. 90"‘207
Classification _Clayey GRAVEL with Sand | Date _October 1990
Moisture Contant ___...._ﬁ._....___.__ % Liquid Limit 21 % Plasticlty Index 3 %
D ‘ D, )2
Coefficient of Uniformity = Cy= 60 = Coefliciant of Gurvature = C 7 = Liol__ =
U.S, Standard Sisve Opening in Inches D 10 U.5. Standard Sieve Numbers 010 X DGO
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" (Rev. 189) CNIMOS

PERCENT COARSER BY WEIGHT



Chen-nNorrhern, Inc.

Project: Montanoi'e Project -~ Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sample No. 45357

. L} L
Location: TP—-208, 1.0' - 3.0 Job No. 90-207
Classification GRAVEL with S Data _October 1990
Moisture Content ____ & % Liquid Limit ___~— % Plastichy Index ____ %
D D, )2
Coefficient of Unifarmity = Cy = 80 = Coeflicient of Curvalure = Cz = Oy =
U.5. Standard Sieve Qpening In Inches D 10 U.5. Standard Sieve Numbers Do DGO
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{Rev. UBH) CNI-1D5

PERCENT COAASER BY WEIGHT



- Chen-Northern, Inc.
erject: Montanore Project - Libby, Nt GRAIN SIZE DISTRIBUTION CURVE  gomone 45359

, L |
Location; __TP~-209, 4.0' ~ 9.5 Job No. 90-207
Cassification _Silty Cla RAVEL with Sand Date _October 1990
Moisture Content ___1) % Liquid Limit __—~= % Plasticity Index ____~— %
D ' D..}2
Coellicient of Uniformity = Cyy = 80 =~ Coellicient of Curvalure = Cz = { 30' =
U.5. S1andard Sieve Qpening in inches 10 : U.5. 5tandard Sieve Numbers 010 x0 60
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GRAIN SIZE IN MILLIMETERS
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PERCENT COAHRSER BY WEIGHT



Chen-Northern, Inc.
Profect Montanore Proiect - Libby, 4T GRAIN SIZE DISTRIBUTION CURVE  guone 45360

Location: . TP~210, 1.0' - 4.0' Job No. ______90-207
Classification _Clayey GRAVEL with Sand Date _October 1990
Moisture Content .8 9% Liquid Limit __~~ % Plasticity Index ____ %
D D, )2
Coetlicient of Unitormity = Cj = 60 - Coefficient of Curvature = Cz = ¢ a0’
U.S. Standard Sieve Opening In Inches D 10 _ U.5. Standard Sieve Numbers Dypx DED
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GRAIN SIZE IN MILLIMETERS
Gravel . Sand __Fines
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{Rev. 1/88) CHI-108

PERCENT COARSER 8Y WEIGHT



Chen-Nortnern, Inc.
Project: . Montanore Project - Libby, MT  GRAIN SIZE DISTRIBUTION CURVE e no 45361

Location: TP-211, 4.0' - 9,0° 7 Job No.’ 90~207
Classification _Gravelly Lean CLAY with Sand " Date October 1990
Moisture Content 16 % Liquid Limit __ 31 o . Plasticity Index .14 o
D D, )2
Coefticient of Uniformity = Cy = 80 = Coetlicienl of Curvature = Cz = ¢ 30, =
U.S. Standard Sieve Opening in Inches D 10 U.S. Standard Sieve Numbers D10 X DBD .
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Gravel Sand Fines
Coarse Fine Coarse | Medium [ Fine _ sil _ | Clay

{Rev. 1/59) CNI-105

PERCENT COARSER BY WEIGHT



‘Chen-Northern, Inc.
Project: Montanore Project - Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sampla No. 25362

PERCENT COARSER BY WEIGHT

Location: 1P=212_ 4. Q' - 8.0° Job No. 80-207
Ciassification 'Gravelly Lean CLAY with Sand Date October 1990
Moisture Contert ___ 20 % Lquid Limit .36 % Plasticity ndex __ 16
D D, )2
Coeficlent of Uniformity = Cy = —80. = Goeflicient of Gurvature = G2 = 230
U §. Standard Steve Opening in Inches o 10 U.5. Standard Sieve Numbers Ci0%Pgo :
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Project; Montanore Project - Libby, MT

Chen-nNorthern, Inc.

GRAIN SIZE DISTRIBUTION CURVE

Sample No. 45364

Location;: TP-213, 4.0' - 12.0' Job No, 90-207
 Classification Clayey GRAVEL with Sand Date ‘October 1990
Moisiure Content _9 % Liguid Limit ___~~ 0% Plasticily Index ___~- %
D D, )2
COE'“C!GH' Of Uﬂ”orm"y - CU = Ba = Coe"icient ol Curvature = C Z - ( 30’ =
U.S. Standard Sieve Opening in Inches  © 10 - U.S. Standard Steve Numbers D4gxDgp :
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(Rev. UBGY CNI10S

PERCENT COARSER BY WEIGHT



Chen-Northern, Inc.

Prject: Montanore Profect - Libby, MT__  GRAIN SIZE DISTRIBUTION CURVE  sumpe o 45365
Location: TP-214, 3.0' - 10.0' Job No. 950207
Classification _Clayey GRAVEL with Sand Date ‘October 1990
Moisture Content __ 9 % ' Liquid Limit __ == % Plasticity Index __~—___ %
[ R T4
Coelficlen! of Unilormity = Cy = Peo - Coetlicient of Curvature = Cz = ®a0
U.5. Standard Sieve Opening in Inches D 10 U.8. Standard Sieve Numbers DIO X DE.O
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GRAIN SIZE iN MILLIMETERS
v Gravel Sand Fines
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(Fiav. 188) CHI-105

PERCENT COARSER BY WEIGHT



Chen-Northern, Inc.
Project: _Mantanore Project - Libby, MT  GRAIN SIZE DISTRIBUTION CURVE  g.mpe no. 45367
Location: TP~215, 5.0' - 12.0' ' Job No. 90-207
Classification _Sandy Lean CLAY Dale October 1990
Maisture Content ____20 o guioLime __34 % Plasticity Index .19 %
‘ D)2
Coeflicie of Uniformity = Cy = Deo = Coellicient of Curvatute = Cz = ( 30' =
U.5. Stangsrd Steve.Opening in Inches o 10 U.5. Slandard Steve Numbars D‘IO X DBD
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Project: _Montanore Eroj'ggg ~ Libby, MT GRA'N SIZE DlSTRlBUTlON CUHVE Sample No. 45369

Location: TP-QI?A. 5.0' -« 10.5"
Classification Clayey GRAVEL with Sand

‘Chen-Nortaern, Inc.

Job No.
Date

90-207

Qctober 1990

Moisture Content __8 o Liguid Limit __ == ____ o Plasticity Index ™"
2} 0,2
Coefticlent of Uniformity = Cyy = 980 = Coefficient of Curvature = Cz = ‘ 30 =
U 5. Standard Sieve Opening in Inches o 10 U.8. Standard Sieve Numbera 0 10 xD 60 ’
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(Rev. ¥98) CNI10S

PERCENT COARSER BY WEIGHT



Chen-Norrhern, Inc.
erioct Montanore Project = Livhy, wr . GRAIN SIZE DISTRIBUTION CURVE gy e 45313

Location: TP-217C, 6.0"' - 14,5' Job No. 90-207
Classification _Clayey GRAVEL with Sand : Date October 1990
Moisture Content _11 o Liquid Limit == % Flasticity Index __~" %
D D, .J2
Coetficient of Uniformity = Cy= ._ 60 = Coellicient ol Curvalure = Cz = _LQL =
LS. Standard Sigve Opening in inches D 10 LS. Standard Sieve Numbers D'IG X DSU
a ot 1t W e g ] 8 10 1 220 39 40 50 20 100 200 Imin, - Hvarometeritime) g4y,
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PERCENT COARSER BY WEIGHT



Chen-Northern, Inc.

Project: _Montanore Project = 1ibby, MT GHAIN S|ZE DISTRIBUTION CURVE Sample No. 45375
Location: _TP=219, 5.0' = 13.5' Job No. 90-207
Classification _Clayey GRAVEL with Sand Dats Cctober 1990
Moisture Content ____18 % Liguid Limit __ == % Plasticity Index __ " %
D2
Coefficient of Uniformity = Cyy = Deo - Coefficient of Curvature = Cz = Oy =
U.S. Stendard Sieve Dpening In Inthes D 10 U.5. Slandard Sieve Numbers C10%Peo
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GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fine Coarse | Medium | Fine sit I Clay

{Fev. 1750) CNI-105

PERCENT COARSER BY WEIGHT



Chen-Northern, Inc.

Project; _Montanore Project - Libby, MT GRAIN SIZE DISTRIBUTION CURVE  g,npie no. _45376
Location: _ TP=220, 4,0' - 13.0° Job No. 90-207
Classification _Clayey GRAVEL with Sand Date . QOctohar 1990
Moistura Content % Liquid Limit "= % Plasticity Index ____ %
D..J2
Coeflicient of Uniformity = Cy = Oe0 - Coefficlent of Curvature = Gz = O =
U8, Standard Sieve Opening inlnches & 10 U.5. Standard Sleve Numbers DyoxDeo
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GRAIN SIZE 1N MILLIMETERS
Gravel Sand Fines
Coarse Fine Coarse | Medium [ Fine Siit | cay

(Rev. 1/85) CNI-105

PERCENT COARSER BY WEIGHT



Project: _Montanore Project - Libhy, Mr GRAIN SIZE DISTRIBUTION CURVE
TP=224, 2.0' - 16.0"

Classification _Clavey GRAVEL with Sand

Moisture Conlent

Localion;

PERCENT FINER BY WEIGHT
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FId

Chen-Northern, Inc.

Sample No. 45377
Job No. 90-207
Date October 1990

% LiquidLimit . == = % _ Plasticity Index __—"
D (Don)2
Coelicient of Uniformity = Cy = 8¢ = Coellicient of Curvature = Cz = .30 =
UL.5. Standard Sieve Opening in lnches D10 .5, Standard Sieve Mumbers D1Bx050
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PERCENT COAHRSER BY WEIGHT
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Chen-Northern, Inc.

Project: _Montanore Project - Iibby, MT . GRAIN SIZE DlSTRlBUTlON CURVE Sampls No. 45379
1P-226, 3,0' - _16,5'

Location:

Moisture Content

PERCENT FINER BY WEIGHT

Job No. 90-207

Classification _Clayey SAND w Date October 1990
18 % Liquid Limit % _ Plasticity Index %
D D)2
Coefficieni of Uniformity = C;= 8 = Coefficient of Curvature = Cz = ¢ 30) =
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{Rev. 189} CNI103



Chen-Northern, Inc.
Project: . Montanore Pr_'o*!j.-c_t - Libby, MT ° GHA'N SIZE DlSTR'BUT'ON CURVE Sample No. __ 45380

Location: TP-=227, 4,0' - 9.0' Job No. 90207
Classification _Sandy Silty C wi 1 : Date October 1990
' MoistureContert 9. % . Liquid Limit ____21 % Plasiicity Index ____© %
(1 JURY'4
Coeificieni of Uniformity = Cy = Deo = Coellicient ol Curvature = Cz = _..(..3.91...._ =
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Project; Montanore Project - Libby, MT

chen-nortnern, Inc.

GRAIN SIZE DISTRIBUTION CURVE Sample No. _ 45385
Location: TP=230, 8,0' - 14,0' Job No. $0-207
Classification Clayey GRAVEL with Sand Date October 1990
Moisture Content ___13 % Liguid Limit =~ % Plasticity tndex ___—
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chen-orrhern, inc.

Project Montanore Project = Libby, wr GRAIN SIZE DISTRIBUTION CURVE  gumpeno 45387
Location: TP=233, 5.0' - 14,0! Job No. 090-207
Ciassification _Sandy Lean CLAY with Gravel Date October 1990
Moisture Content ____22_ o Liquid Limit == % Plasticly Index .=~ %
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chen-Normern, inc.
Project; _Montanore Project - Libby, MT GRAIN SIZE DISTRIBUTION CURVE 5, no 45388

Location: TP~-234, 5 0! - 125! Job No. 90-207
Classification _Clayey GRAVEL . Date October 1990
Moisture Content ___ 14 Ligud timit == ag | Plasticity Index ____ " %
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Chen-Northern, Inc.
Project: Montanore Project - Libby, MT GRAIN SIZE DISTRIBUTION CURVE g0 no. 45389

Location: _IP-235, 4.0' - 12.0' : Job No. 90207
Classification _Sandy lLean CLAY Date October 1990
Moisture Content __ 24 o : Liquid Limit __==_______ % Plasticity Index ___— %
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Location: TP=236, 5,0' - 15.0°'

- Chen-Northern, Inc.
Project: _Montanore Project = Libbsy, MT._. GRAIN SIZE DISTRIBUTION CURVE

Sample No, 49390
Job No. 90-207

Classification Gravelly Lean CLAY with Sand Date October 1990
Moisture Content 30w Liquid Limit __ 7= % | Plasticity Index "~ %
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Chen-norrnern, inc.
Project: Montanore Project = Libby, M1 GHA'N SIZE DISTRIBUTION CURVE Sample No. %5392

Location; _ TP-237, 5,0' - 12.5' " Job No. 90-207
Classification _Clayey SAND with Gravel Date October 1990
Moisture Content ___15 % - Liquid Limit __ == % ‘ Plasticity Index ___~— %
D ' 2
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Chen-nNorthern, inc.

Project: Montanore Project =~ Libby, MT GRAIN SIZE DlSTR'BUT'ON CURVE Sample No, _ 45398
Location: _TP-243, 3.0' - 9.0' ' . Job No. 90-207
Classification Clayey SAND with Gravel =  Date October 1990
Moisture Content 12 Liquid Limit __== o Plasticity Index ___~=
Coetficient of Uniformity = Cy) = il Coetticient of Curvalure = Cz = P .
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Project: Montanore Project = Tibhy, MT.

‘Chen-iorrhern, inc.

Location: TP-244, 4.0' - 10.0'
Clayey GRAVEL with Sand

GRAIN SIZE DISTRIBUTION CURVE  gampio no. 45399

Job No. 90-20?
October 1990

Clagsitication Date
Moisture Content 13 % Liquid Limit __~~ % Plasticty Index _____
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Chen-Northern, Inc.

Project: _Montanore Project - tihhy, M GRAIN SIZE DISTRIBUTION CURVE Sample No. _45402
Location: TP=246, 2.0' - 8.0' ’ Job No. 90-207
Moisture Content ____ 13 % Liquid Limit ___—=~ % Plasticity Index ___ == %
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| Chen-Northern, Inc.
broject; Montanore Profect, Libby, Mr  GRAIN SIZE DISTRIBUTION CURVE  sampie no. 45983

Location: TP=247, 2.0' = 12.0" sob o, 90-207
Classification Silty Clayey GRAVEL with Sand Date __ November 1990
Moisture Content = % Liquid Limit _Granular o Plasticity index Non-Plastiay
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Chen-Northern, Inc.

Project: Montanore Project, Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sample No. 45809
Location; 1P 248 2! to 12 _ ~ JobNo. ___90-207
Classification Silty GRAVEL w/Sand pate __ Nov. 1940
Moisture Content __ 14 06 Liquid Limit _Granular e Plasticity Index _Non=Plastie
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Chen-orthern, Inc.

Project: _Montanore Project, Libby, MT GRAIN SIZE DISTRIBUTION CURVE Sample No. 45180
Location: TP-249 1.0'-- 12,5! Job No. __90-207
Classification . Silty GRAVEL w/Sapd Date _Nov. 1990
Moisture Content 11 % tiquid imit ___21 o Plasticity Index ___ 2 %
D)2 |
Coefficient of Uniformity = C) = P60 - Coeflicient of Curvature = Cz = o) =
U.5. Standard Sieve Opaning in inches 10 U.5. Standard Sieve Numbers D'IO x Dﬁﬂ
3 - LR L A ) 8 10 % 20 30 40 50 80 100 200 amin,  Hvarometerlime)  gn gy
100 =T 0
N
20 C — P
B
N
\\
.5':' i N
2 «} —ht- —| o
® -
e
.-} -
« |1
=z —
= e
. —
I 60
E ] H — 4 —
Q = - | —
: m -1
a —
x 80
0 _— 100
100 50 10 50 20 10 0.8 oA .05 0. ob o005 0002
GRAIN SIZE IN MILLIMETERS
Gravel Sand Fines
Coarse | Fine Coarse Medium | Fine silt | clay

{Ruv. 1/89) CNI-105

PERCENT COARSER BY WEIGHT



chen-Nortnern, Inc.
Project: Montanore Project, Libby, MT GRAIN SIZE DISTRIBUTION CURVE oo _ssais

Location: TP"‘ZSO, 2.0" - 11,5 Job No. 90-207 .
Classification _S1lty GRAV Date November 1990
Moisture Content ____17 o Liquid Limit _Granular _ % Plasticity IndexNon-Plagtic %
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WASTE ROCK TEST RESULTS




Chen-Northern, Inc.
Consulting Geotechnical Engineers

Table 11

Summary of Laboratory Test Results
Montanore Project
Libby, Montana

October 26, 1990
Job No. 90-207

Sheet: 1 of 1
M-X Sample ID Waste Rock Waste Rock
CNI Lab No. 45415 45416
Sodium Sulfate Soundness (ASTM C88)
% loss, 5 cycles 1.1 4.3
Specific Gravity (ASTM C127)
BuTK Dry 2.74 2.73
Bulk (SSD} 2.75 2.74
Apparent 2.76 2.75
Absorption, % 0.24 0.35
Los Angeles Abrasion (ASTM C535)
% Toss, Grading |
Loss @ 200 Revolutions 4.3 -—
-Loss @ 1000 Revolutions 16.6 —

~ T MOINTANORE PROTECT

SUMMARY 0F WASTE [Rock

RUALITY TESTS
FIGURE <-IF

‘Chen@Northern.Inc.

Consuning Engneers anc Sciennsis




Chen-Northern, Inc.
Consulting Geotechnical Engineers

Table IV
Summary of Laboratory Test Results
Montanore Project
Libby, Montana
November &, 1990

Job No. 90-207
Sheet: 1 of 1

Location: Waste Rock
Bag 1 & 3
CNI Ltab Nos. 45415 & 45417

Relative Density Determination ASTM D4253/D4254

Minimum Density Determination

0% Relative Density 78.5 pcf
Maximum Density Determination

100% Relative Density (Dry Method) 94.4 pcf

100% Relative Density (Wet Method) 92.4 pcf

MONTANORE FROJECT

MAXIM UM AND MINIMUM DENSITY
FIGURE c-/8

Cherl @Nonhern N lnC V Consuting Engneers ano Sc-enlsts




TAILINGS TEST RESULTS




* MONTANORE TAILINGS TESTING PROGRAM (89-614)

B Item No. 1: Specific Gravity, Liquid Limit and Plasticity Index
(WHOILE TAILINGS) |
Specific Gravity: 2.713

Liquid Limit and Plasticity Index: Granular non-plastic

Item No. 2: Sieve Analysis
Underflow No.5

Gradation of Sample UNDERFLOW NO.5
Made From Bags Supplied I1tem No. 2
Sieve By Brenda Specified
Size _ . Gradation
30 100 -
65 99 : 99
100 : 77 77
150 37 33
200 12 10
270 : - 5.0 2.5
400 0.l 0.7

T MONTANORE FRoJTECT

WHOLE TRILINGS PATA AND

UNERFLOW NO. 5 (rRADATION
Flgvre <-19

Chen-Nartharn. Inr




GRAIN SIZE ANALYSIS

HYDROMETER
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CU TRIAXIAL TESTS - UNDERFLOW NO. 5




MONTANORE TAILINGS TESTING PROGRAM
ITEM NO. 2 - CONSOLIDATED UNDRAINED TRIAXIAL SHEAR TEST - P-Q STRESS PATCH PLOT
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CU TRIAXIAL TEST - UNDERFLOW NO. 7




Q _(ksf)

20 -

MONTANORE TAILINGS TESTING PROGRAM

Item No. 3 - Consoiidated Undrained Triaxial Shear Test P-Q Stress Path Plot

Post Shear Sketch_
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A No, 3 - == | - - 40 16.07 .78 .5.75 21.83 2. 14 0.009 -
D - ~~ 30.5 - BO 27.17 3.64 110,31 |[37.48 2.14 - 0,009 -

TRIAXIAL SHEAR TEST RESULTS

Chen-Northern, nc.
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MONTANORE TAILINGS TESTING PROGRAM

JoB NO. DATE PLATE HO,
89-614 | June, 1950 '

o MINTANORE FROTECT

TAILINGS SAND - UNDERFLOW No.?
CU TRIAXIAL TESTS : MoHR ENVELOFE

FIGURE £-228 (sdézrzafzj




MONTANORE TAILINGS TESTING PROGRAM (89-614)

Item No. 2: Constant Head Permeability and Sieve Analysis
Underflow Gradation No. 5 '

Dry Density Moisture Hydrauiic Coefficient of Sieve Analysis
(pcf) Content (%) Gradient Permeability (cm/sec) _ Sieve Size ¥ Pa;sing'
(1) 85 © 18 0.11 1.5 x 10-3 (Not Performed)
{ 0.39 1.7 x 1073 -
TEST NO. | 0.49 1.5 x 10-3
| 1.01 1.7 x 10-3
2.09 ) 1.5 x 10-3
(2) 90 20 0.10 1.6 x 10-3 30 100
0.12 1.7 x 1073 65 (Test 97
0.27 1.3 x 10-3 100 Performed g4
0.27 1.5 x 10-3 150 from CU 48
0.49 1.3 x 10-3 200 test) 23
1.3 x 10-3 270 11.5
400 6.6
(3) 90 20 0.07 3.2 x 1073 30 100
0.13 3.2 x 10-3 - 65 99
0.28 2.9 x 10-3 100 77
0.54 3.0 x 103 150 33
1.04 2.9 x 10-3 200 10
1.97 2.9 x 1073 270 - 2.7
400 0.7

— MONTANORE FROJECT
SUMMARY 0F CONSTANT HEAD
 PERMEABILITY TESTS

FIGVEE £-23

Chan-Northarn_ Ine. e e s




-MONTANORE TAILINGS TESTING PROGRAM (89-614)

Item No. 3: Constant Head Permeability and Sieve Analysis

Underf1ow Gradation No, 7

Chan-Narthern. Ine.

" Dry Density Moisture  Hydraulic Coefficient of Sieve Analysis
{pct) Content (%) Gradient Permeability (cm/sec) Sieve Size Passing
(a) 83.5 18 0.11 3.0 x 10-3 (Not Performed)
0.18 3.0 x 10-3
0.30 2.8 x 10-3
0.45 2.7 x 10-3
0.94 2.8 x 10-3
1.87 2.8 x 10-3
(5) 88.2 20 0.07 2.5 x 10-3 30 100
0.15 2.1 x 10-3 65 98
0.24 1.8 x 10-3 100 83
0.38 1.8 x 10-3 150 46
0.86 1.8 x 10-3 200 22
1.94 1.8 x 10-3 275 10.1
400 4.4
(6) 88.2 20 0.09 3.5 x 10-3 30 100
0.15 3.2 x 10=3 65 90
0.30 3.2 x 10-3 100 81
0.57 3.2 x 10-3 150 41
1.07 3.4 x 10-3 200 14
1.99 3.3 x 10-3 275 3.1
400 0.8

MONTANORE FROJECT

SUMMARY OF CONSTANT HEAD
T FERMEABILITY TESTS

FIGURE £-24
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POUNDS PER CUBIC FOOT

DENSITY OF SEDIMENT,

MONTANORE TAILINGS TESTING PROGRAM (89-614)

Item No. 4 - Sedimentation Densfty Test No, 1

50 -
Dry Weight of sample {grams) 96.0
Weight of water in slurry (grams) 904.0
Inside diameter of cylinder (inches) 2.302

Elapsed time until first reading {minutes) 7

0 1000 2000 3000 4000

T 1
5000 6000 - 7000 8000

9000

MONTANORE FRoOJTECT

TIME, IN MINUTES

SLIMES - OVERFLOW

 SEDIMENTAT 0N pEA/s'/rr
FIGURE <-25




50 4

DENSITY OF SEDIMENT, POUNDS PER CUBIC FOOT

/0 -

MONTANORE TAILINGS TESTING PROGRAM (89-614)}

Item No. 4 - Sedimentation Density Test No. 2

Dry weight of sample {grams) 96.0
Weight of water in slurry (grams) 904.0
Inside diameter of cylinder (inches) 2.307

Elapsed time until first reading (minutes) 18

1000

2000

3000

4000

TIME, IN MINUTES

5000 6000 7000 8000

MINTANOEE PROJECT

SLIMES - OVERFLOW

559/M£/V TATION PENSITY
FIGURE C-26




CONSOLIDATION TEST NO. 1




NET 156

YOID RATIO, &€

CONSOLIDATION TEST No. 1

DRILL HOLE Item No. 4
DEPTH
SAMPLE NO.

MOEST UNIT WEIGHY :
DRY UNIT WEIGHT * 69.0 pcf
INITIAL MOISTURE CONTENT: ,
FENAL MOISTURE CONTENT 134,39
CLASSIFICATION : :

¥ AFTER SATURATION

1.500 -

1.400

1.300

11,200

- P

0.1 0.5

NORMAL PRESSURE, KIPS

SLIMES - OVERFLowW

2 3 4 5 10 15 20

PER SQUARE FOOT SAHLEET [ 0F 8

30

Morrison - Knudson Engineers, Inc.
San Franciso, CA

Chen-Northern, Inc.

Montanore

A memoe: 0f the :::EE SrouD ol companes

JUB NO. 89-614

PLATE NO.




TIME RATE CONSOLIDATION TEST NO. 1

1.0000

0.9960

)

w

T

2. 5920]

$.9920

=
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9

w

p

H. 9880

o

=

<

w2

0.9840

0.9800 '

0 t 8 1o} 20 30 40 50 &0 70 100 |50. 2C0 . 250 300
LOAD INCREMENT: 0.25 ksf ' TIME, MINUTES
ITEM NO. 4 »
DRILLHOLE_______ MOIST UNIT WEIGHT Chen€Norther l’l,Il’lC.
DEPTH DRY UNIT WEIGHT. _ .
CLASSIFICATION: __ INITIAL MOISTURE CONTENT.  Conuing Engineers and Scienfiss
FINAL MOISTURE CONTENT, JobNo. 89-614  plate No.

(GHEET 2 AEal










TIME RATE CONSOLIDATION TEST NO, 1

0.9900(
1
A9 3

0. 9860

v

w

L

O

$.9820

-

T

9

w

T

17

£.9780

=

<

)

o 5 10 20 3 40 50 60 70 100 150 200 250 300
LOAD INCREMENT: 0.50 ksf TIME, MINUTES
ITEM NO. 4 2
DRILLHOLE________ MOIST UNIT WEIGHT Chen&Norther H,IHC
DEPTH DRY UNIT WEIGHT - o ,
CLASSIFICATION: ___ INITIAL MOISTURE CONTENT. - Consuting Engineers and Scientsts
FINAL MOISTURE CONTENT | sobNo. 89-614 Plate No.

F a8 P st e a A A




TIME RATE CONSOL!DAT-ON TEST NO. 1

0.9900

0.9!3',6*:}{r

o \

I

3] —\HL ~

$.9820 i

’,_' - —

I

O

(17}

T

?.973(%

=2

<

v

Q L1 10 20 30 40 50 60 70 100 150 200' 250 aod
LOAD INCREMENT: 1.0 ksf TIME, MINUTES
‘ ITEM NO. 4 ' = ‘
DRILLHOLE _______MOIST UNIT WEIGHT Chen&Norther I’l,IIlC.
DEPTH DRY UNIT WEIGHT, o -
CLASSIFICATION: ____ INITIAL MOISTURE CONTENT. - Consuting Engneers and Scientists
FINAL MOISTURE GONTENT. Job No. 89-614  Plate No.

- (BHEFT 4 1F 81

NFT 161



TIME RATE CONSOLIDATION TEST NO. 1

0.
9800?

0.9760
\

9720

9680

SAMPEE HEIGHT, iINCHES

200

o 5 10 20 30 40 S50 60 7O 100 . 150 250 300
LOAD INCREMENT: 2.0 ksf TIME, MINUTES
ITEM NO. 4 ‘ =
DRILL HOLE MOIST UNIT WEIGHT Chen€Northern,Inc.
DEPTH DRY UNIT WEIGHT... iy o
CLASSIFICATION: ____ INITIAL MOISTURE CONTENT. - Consufing Bngneers and Scientsts
FINAL MOISTURE CONTENT— 1 o0 () Plate No.

rerderTr £ Ak o)




TIME RATE CONSOLIDATION TEST NO. 1

0.9800
0.9760
7))
L)
T
O
#9720
=
T
g
l
T
Hi 9680
% \
< \
73] H
0.9640 ENN
L ]
0.9620
O 5 [o] 20 a0 40 5 €60 T0O 100 150 200 7 250 300
LOAD INCREMENT: 4.0 ksf TIME, MINUTES
ITEM NO. 4 ' o~
DRILL HOLE MOIST UNIT WEIGHT Chen&Norther Il,II’lQ
DEPTH DRY UNIT WEIGHT, o o _
CLASSIFICATION: — INITIAL MOISTURE CONTENT, Consuiling Engineers and Scieriists
FINAL MOISTURE CONTENT. i sob No. 89-614 Plate No
(SHEET 4L OF 8) NET 161




TIME RATE CONSOLIDATION TEST ND. 1

0.9700

0.9660

113}

T

T

O

$.9620

}—

T

o

11}

T

w

£.9580

=

<

o

0.9540 =y

0.9400

0 | 5 10 20 30 40 50 60 7o 100 150 200 250
L.LOAD INCREMENT: 8.0 ksf TIME, MINUTES
ITEM NO. 4 C SN,
DRILLHOLE ... MOIST UNIT WEIGHT hen& orthern,lnc
DEPTH DRY UNIT WEIGHT o o
CLASSIFICATION: —_ INITIAL MOISTURE CONTENT  Consuting Engneers and Scieniists
FINAL MOISTURE CONTENT. Job No. 89-614 Plate No.

rSLELT  Z nF 2)




TIME RATE CONSOLIDATION TEST NO. 1

0.9540
L ]

0.9500

17y

)

T

2.0as0l]

4,9460

- \

T

o

(1]

I

N

y.mo ST

= =

< R

v ' *

T—|=—
0.9380
0.934 : -
o] | 5 (o] 20 30 40 50 60 70 100 150 ) 200 250 00
LOAD INCREMENT: 16.0 ksf TIME, MINUTES
ITEM NO. 4 ' '
DRILLHOLE — . MOIST UNIT WEIGHT Chen@Northem,Inc
DEPTH DRY UNIT WEIGHT. o ,
CLASSIFICATION:__ INITIAL MOISTURE CONTENT. | ConsufingEndineers and Scenists
FINAL MOISTURE CONTENT. 308 No.  89-614 Plate No.

(SHEET & oF8) NET 161




CONSOLIDATION TEST NO. 2




NET 156

DRILL HOLE Item No. 4

CONSOLIDATION TEST nNO. 2

MOIST UNIT WEIGHT :
DRY UNIT WEIGHT : 68.7

DEFTH
SAMPLE NO. INITIAL MOISTURE CONTENT:
FINAL MOISTURE CONTENT : 37.7
CLASSIFICATION : Mine tailing
Initial sample height: 0.997"
Initial sample diameter: 2.50"
L AFTER SATURATION
1.50
®
1.40
1.30

~1.20

1.100 -

VOID RATIO, e

~°1.000

0.1 0.5

SLIMES ~ OVERFLOW

. [
| 4 - Ben
+ 0.900 e
0.800
2 3 4 5 10 15 20

NORMAL PRESSURE, KIPS PER SQUARE FOQT SHEET | OFZ

30

MORRISON-KNUDSEN ENGINEERS, INC.
SAN FRANCISCO, CA

Chen-Northern, Inc.

MONTANORE

An-mﬂlﬂhﬂl- L] aroup o1 compareis

JOB NO. 89-614 PLATE NO.




TIME RATE CONSOLIDATION TEST NO. 2

1.000
0.996
7))
1
I
O
%.992
[y == -
é e
w
T
“Y.088
o,
b
-
)
0.984
| 5 {#] 20 o 40 50 &0 710 100 150 200 250 300
LOAD INCREMENT: 0.25 ksf TIME, MINUTES
DRILL HOLE MOIST UNIT WEIGHT ChCﬂ%NOI‘thGI’H,IHC.
DEPTH DAY UNIT WEIGHT , , _ o
CLASSIFICATION: ____ INITIAL MOISTURE CONTENT. - | Consuing Engineers and Scientists
FINAL MOFSTURE CONTENT. Job No. 89-614 Plate No.,
(SHEET 2 0F 8) NET 161




TIME RATE CONSOLIDATION TEST NO. 2

1.000

0.996

W)

W

T

O

4.9920

-

I T

)

L

T

g.gasc-\h

S B

< ~Le 1l

UJ _..""“-r—-

0.9940

0.9920 , . ‘

(o] | 5 10 20 3C 40 5 60 70 [{le] 150 200 250 300
LOAD INCREMENT: 0.5 ksf TIME, MINUTES
ITEM NO. 4 | ; '
DAILL HOLE MOIST UNIT WEIGHT Chen&Northern,Inc.
DEPTH DRY UNIT WEIGHT, o o
CLASSIFICATION: —_ INITIAL MOISTURE CONTENT. -1 Consuitng Engineers and Scenfists
FINAL MOISTURE GONTENT. sob No. B9-614 Plate No.

(SHEET 3 0F8)  jerw




TIME RATE CONSOLIDATION TEST NO. 2

0.9900

0.9860

o

T

O

£.9820

-

T

O

LU

T \

§.9780—-

> Pl

< m CAE

%) )

0.5740

0.9700 - . :

Q 5 [+] 20 10 40 50 60 70 100 150 200 250 00
LOAD INCREMENT: 1.0 ksf TIME, MINUTES |
ITEM NO. 4 ' =
DRILL HOLE MOIST UNIT WEIGHT Chen&Northern, Inc.
DEPTH DRY UNIT WEIGHT. o o
CLASSIFICATION: . INITIAL MOISTURE CONTENT. ) Consulling Engineers and Scientists
FINAL MOISTURE CONTENT 30b. No. 89-614  Plate No.

(SHEET 40F8) .

NET 161




TIME RATE CONSOLIDATION TEST NO. 2

0.9800
0.9760
(/3]
w
w g
O
4.9720
=
T
O
w
T
B, 0650
o,
b= —\
<
Ui
0.9640 . L Ll
0.9600
Q 20 30 40 50 60 0 100 150 200 : 250 300
LOAD INCREMENT: 2.0 ksf TIME, MINUTES
ITEM NO. 4 y
DRILL HOLE MOIST UNIT WEIGHT Chen&Northern, Inc.
DEPTH DRY UNIiT WEIGHT. o
| CLASSIFICATION: ___ INITIAL MOISTURE GONTENT. | _mwwm
FINAL MOISTURE CONTENT. Job No. 89-614 Plate No.

(SHEET5 oF 5} MET 181




TIME RATE CONSOLIDATION TEST NO. 2

0.964

0.9600

.9560 l

SAMPEE HEIGHT, dNCHES
e

e
9520 N
I o —
I
T il
0.9480
0.9440
0 5 10 20 ao 40 50 60 7O 100 150 200 250 300
LOAD INCREMENT: 4.0 ksf TIME, MINUTES 7
ITEM NO. 4 ‘
DRILL HOLE MOIST UNIT WEIGHT Chen&Northern,Inc.
DEPTH DRY UNIT WEIGHT o o
CLASSIFICATION:___ INITIAL MOISTURE CONTENT. Consuiting Engineers and Scerfists
FINAL MOISTURE CONTENT. | Job No. 89-614 Plate No

(SHEET 6 OF 8) o~ NET 161



TIME RATE CONSOLIDATION TEST NO. 2

0.9500
’

0.9460

)

w

T

O

2. 9420

-

I

o

1T}

T |

(VE

£.9380

=

<

W N

0.9340 it

0.9300 ' . J 1 | )

0 1 s 1o 20 30 40 5 60 70 100 150 200 250 300
LOAD INCREMENT: 8.0 ksf TIME, MINUTES
ITEM NO. 4 '
DRILLHOLE —_____ MOIST UNIT WEIGHT __ Chen&Northern,Inc.
DEPTH DRY UNIT WEIGHT. o o
CLASSIFICATION: ___ INITIAL MOISTURE CONTENT. - ConautingEngineers and Scenfists
- FINAL MOISTURE CONTENT. Job No. 89-614 Plate No.

(SHEET™ F# OF 8) C NeT 81




TIME RATE CONSOLIDATION TEST NO. 2

0.9340
[
0.9300
7]
i
T
O
$.9260
-
T
Q
i
T
1. 9220
o
p=
<f
4]
0.9180 -
e
[ -
o
0.914
0 | 5 0 20 30 40 50 &0 70 100 150 200 25¢ 300
LOAD INCREMENT: 16.0 ksf TIME, MINUTES
ITEM NO. 4 ' = -
DRILL HOLE____.___ MOIST UNIT WEIGHT Chen&Norther H,II‘IC.
DEPTH DAY UNIT WEIGHT. o o
CLASSIFICATION: ___ INITIAL MOISTURE CONTENT.  Consuling Engneers and Scentisls
FINAL MOISTURE CONTENT. Job No. 89-614 Plate No.

(SHEET 8 oF 8)

NET 151




MOISTURE — DENSITY RELATIONSHIP DATA




Chen@&Northern, Inc.

DRY DENSITY Ibs/ cu fi.

> h
95 /] E
' y, \\
/ N
A N
90
- 85

MOISTURE-DENSITY RELATIONSHIP

DATA SHEET

REPORT TO: M-K Environmental Services
180 Howard Street
San Francisco, CA 84105

PROJECT:
CONTRACTOR:

SAMPLE LOCATION: Ttem 2 - Tailings Testing Program
MATERIAL USE: (UMDERFLOW Ao, 5

MOISTURE-DENSITY RELATIONSHIP

15 16 17 18 19 20 21 22 23 24
WATER CONTENT Percent of Dry Weight

clz

25

Consulting Engineers & Scientists

(] BLLNGS
600 SOUTH 25TH STREET
P 0. BOX 20615
BILLINGS, MT 58107
{4086) 2489163
FAX (4065) 248-9262

DATE: July 3, 1990
JOB NUMBER: 89-614
SHEET: 1 OF 1
INVOICE NO.: (085937
LAB NO.:

DATE SAMPLED:

DATE RECEIVED: §/22/90
SAMPLED BY: Brenda

MECHANICAL ANALYSIS
SIZE % PASS SPECS.

UNIFIED CLASSIFICATION (ASTM D2487)

SPECIFIC GRAVITY:
LIQUID LIMIT:
PLASTICITY INDEX:

TEST PROCEDURE ASTM D698 Method A
MAX. DENSITY: 96.3

OPT. MOIST.: 18.3

RAMMER TYPE: Manual

. PREPARATION PROCEDURE: Wet

REMARKS:

PENETRATION RESIS.: Not Performed

DISTRIBUTION: . % NQ
Reviewod By: _,/L /[ o e

AS A MUTAL PROTEC
STATEMENTS, CONCIU:
OHER ARRANGEMENTS ARE AGREED 10 IN WRHING,

TION 7O CUENTS, THE PUBLIC AND QURSELVES, ALL REPORIS ARE SUBMITIED AS THE CONFIDENTIAL PROPERTY OF OUR CUENTS, AND AUTHORIZATION FOR PURLICATION OF
SONS OR EXTRACTS FROM OR REGARDING OUR REPORTS IS RESERVED FENDING OUR WRITIEN APPROVAL. SAMPLES WILL BE DISPOSED OF ASTER TESTING 15 COMPLETED UNLESS




ChCHéNOI'ﬂ‘lem,Ihc. Consulting Engineers & Scientic

DRY DENSITY lbs/ cu .

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET O Biuwas

600 SOUTH 25TH STREET
P. Q. BOX 30615
BILLINGS, MT 55107

(406) 248-181

FAX (400) 248-9262

REPORT TO: MK-ENVIRONMENTAL SERVICES DA . Suly 3, 1990
JOB NUMBER: B9-614
180 HOWARD STREET SHEET: 1 OF 1
SAN FRANCISCO, CA- 84105 ' | lNVOI‘CE NO.: 095937
LABR NO.:
DATE SAMPLED:
, DATE RECEIVED: 5/22/90
PROJECT: Montanore SAMPLED BY: Brenda
. CONTRACTOR: ‘

SAMPLE LOCATION:

MATERIAL USE: Item No. 3 - Tailings Testing Program MECHANICAL ANALYSIS
UNDERFLOW NO. 7 SIZE % PASS  SPECS.
MOISTURE-DENSITY RELATIONSHIP

95

//—-'O‘\
/’£ < UNIFIED CLASSIFICATION {ASTM D2487)

90

0 : ~ SPECIFIC GRAVITY:
LIQUID LIMIT:
PLASTICITY INDEX:
TEST PROCEDURE ASTM D698 Meth
85 MAX. DENSITY: 92.8
OPT. MOIST.: 20,2
RAMMER TYPE: Manual
PREPARATION PROCEDURE: Wet
PENETRATION RESIS.: Not performed
15 16 17 18 19 20 21 22 23 24 25 CMARKS
WATER CONTENT Percent of Dry Weight
DISTRIBUTION:

Reviewed By:

AS A MUTUAL PROTECHON 10 CLIENTS. THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUBLICARON O

STATEMENTS. CONCLUSIONS OR EXTRACTS FRCM OR REGARDING OUR REPORTS IS RESERV AFT
OTHER ARRANGEMENTS ARE AGEEED TO [N WRITING. €D FENDING OUR WRITIEN APPROVAL, SAMPLES WILL 8E DISPOSED OF AFIER TESTING 15 COMPLETED UMLES!

Ba E80 CRiE WL




Chen@Northern, Inc. | Consulting Enginesrs & Scientis
MOISTURE-DENSITY RELATIONSHIP

DRY DENSITY lbs/ cu iy,

DATA SHEET O gmes emesr
P Q. 80X 30815
BILLINGS, MT 59107
{408} 248-9161
FAX {406) 246-0282
REPORT TO: MK - ENVIRONMENTAL SERV DATE: August 14, 1990
| 180 HOWARD STREETL I_CES | ;‘;:;"“‘;"“&395514
SAN FRANCISCO, CA 84105 INVOICE NO.: 99803
LAB NO.;
DATE SAMPLED:
DATE RECEIVED:
PROJECT: Montanore Tailings Testing Program SAMPLED BY:
CONTRACTOR: '
SAMPLE LOCATION:
7/ Low AXO. MECHANICAL ANALYSIS
MATERIAL USE: UN/DER F NO. 9 ‘ eiahan-A N
Sieve As After
Size Prepared MD Curve
ISTURE-DENSITY RELATIONSHIP 30 100 100
oIS 65 9.8 99.0
100 77.5 84.0
150 32.5 45.4
200 8.3 15.8
270 1.6 5.5
400 0.4 2.6
95
ol s
j ] UNIFIED CLASSIFICATION (ASTM D2487)
90 e o8 Silty sand
[~ SPECIFIC GRAVITY: Not Performed
™ LIQUID LIMIT: Not Performed
PLASTICITY INDEX: Not Performed
TEST PROCEDURE ASTM D698 METHOD A
85 MAX. DENSITY: 92.0 Pcf -
' OPT. MOIST.: 20.5%
RAMMER TYPE: Manual
PREPARATION PROCEDURE: Wet
PENETRATION RESIS.: Not Performed
: - REMARKS: Maximum-minimum :
1516 17 18 197 720 21 22 ¢3 24 25 Density Test ASTM D4253 and 42
WATER CONTENT Percent of Dry Weight Minimum Index Density Method A - 75.5 pc
_ Maximim Index Density Method 1A - 99.8 p
DISTRIBUTION:
clz Reviewed B /
eview v (
44

45 A MUTUAL PRGTECTION 1O CLIENTS. THE PUSLIC AND OURSELVES, ALL REFORTS ARE SUBMITIED AS THE CONFDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FG# mwcmo'l: !“ss
STATEMENS. CONCIUISIONS OR EXTRACTS FROM OR REGARDING GUR REPORTS 15 RESERVED PERDING CUR WRITTEN APPROVAL. SAMPLES WILL BF DISPOSED OF AFTER TESTING IS COMPLETED
OTHER ARRANGEMENTS ARE AGREED 10 IN WRITING.




TAILINGS SAND GRAIN SIZE CURVES




INC.

INTERNATIONAL ENGINEERING COMPANY,

GRAIN SIZE ANALYSIS

HYDROMETER

U.S5. STANDARD
SIEVE NUMBERS

U.S. STANDARD
SIEVE OPENING IN INCHES
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INTERNATIONAL ENGINEERING COMPANY,

INC.

HYDROMETER

SISATIYNY 3ZIS NIV¥O

SIEVE ANAL Y515

U.S. STANDARD U. 5. STANDARD
SIEVE OPENING IN INCHES SIEVE NUMBERS
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. i \ ) l | o] ! 100
300 200 100 50 i0 5 I 0.5 0.1 - 0. 05 0.01 0. 005 0. 001
GRAIN SIZE IN MILLIMETERS
GRAVEL AND
COBBLES COARSE |  FINE COARSE | ﬁz”ugmn T FINE SILT OR CLAY
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