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1 5 . 0  G E O T E C H N I C A L  S T A B I L I T Y  ( S E C  6 . 5 )  

The tailings facility has been constructed and complies or exceeds design and as-built 
(See Section (Section 4.3) regulatory requirements.   

UMC is constructing a Tailings Storage Facility (TSF) for the Leadville Mill (the Mill).  The 
TSF stability analysis is provided in the following section to comply with Section 6.5 
regulatory requirements.  The original TSF construction activities commenced in 1990 
with the construction of a site monitoring well is provided in detail in Appendix 15-1.   

During the 1990 site investigation, a foundation permeability (Appendix 15-2), a 
percent compaction measurement (Appendix 15-3) and a compaction test (Appendix 
15-4) were completed.  Tailings were initially stored within the constructed facility and 
ceased operation in 1991.   

UMC acquired the Mill in 2009 and proceeded to upgrade the mill building, facilities 
and the TSF.  UMC filed and received CDRMS authorization to construct the TSF using 
the design presented in Appendix 15-5 & 15-6.  The completion of the TSF will be 
finalized with as-built drawings in 2013.   
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CTL/THOMPSON. INC.
CONSULTING GLOTFCHNICAL AND MATERIALS 1-NC-ilNEEERS

April 10, 1990

Lendville Mining & Milling Corporation
700 Carr Street
LaUewood, Colorado 80215

Attention: Mr. Don Wilson

Subject: Observation Hole
I.cadville Mining & Milling Corporation Mill
Near Leadvillc, Colorado
Job No. 1/5,768

Gentlemen:

CTL/Thompson, Inc. installed the requested observation hole downhill of
your tailings disposal area at the location shown on Figure I. The summary log of

V^_> Ihe soils penetrated by the hole and its fitting to bo an observation hole are shown
on Figure 2.

Please call if you have questions.

Very truly yours,

CTL/TIIOMP50N, INC.

^

Frank J. Holliday, P. C.
Principal Engineer

FJH:dd
(5 copies sent)

KWl V/Ffi'' 13THAV5NUE • UNVIIt W ORmX^WI • *stJ'3>*t?- O?*t
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CTL/THOMPSON, INC.
CONSULTING GEOTECHNICAL AND MATERIA! S l.-NQINERNS

permeability Study
tailing pond area

leadville mining £x milling corporation mill
NEAR

LEADVILLE, COLOIUDO

Job No. 16,768 April 10, 1990

)«/'. WLyi i;:,ll-AV^N'-.f • OFNVf:fv COLORADOSCvO' •• 1303•••«** •;.''>/<
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INTRODUCTION I

SUMMARY I

STUDY METHOD 2

LABORATORY TESTS 2

CONCLUSIONS 3

FIG. I - LOCATIONS OF PERMEABILITY TEST HOLES

FIG* 2 - SUMMARY LOGS OK PIEZOMETER IIOLES

FIGS. 3 AND* - GRADATION TEST RESULTS

TABU-: 1 - SUMMARY OF LABORATORY TEST RESULTS
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INTRODUCTION

Lcadville Mining & Milling Corporation has a mill near Lendville, Colorado

in Sections 23 ond 33, T. 9 S, R. 80 W. Tailings from Ihe mill will be discharged

into the tailings disposal area irrvncdiatcly south and east of the mill building on

Corporation property. The loilings arc fine and will be potvled behind a

compacted soil dike. Soils for the dike will he excavated from the 'Vcscrvoir"

area.

CTL/Thompson, Inc. was retained to study the permeability of the soils that

will be the sides and bottom of the tailings disposal area. This is the report of our

permeability study. The locations of our permeability holes ore shown on Figure I

and their summary logs on Figure 2. The results of laboratory tests ore on

Figures 3 ond ^i ar\(\ in Table I. The results of our permeability tests are shown on

Figure 2.

SUMMARY

The tailings disposal area soils are colluvial. They appear to be two types.

Most of Ihe tailings disposal orea is over a lower permeability (k = 2 ft/yr to

7 ft/yr) soil. The uphill edge of Ihe area appears to be over the leading edge of a

colluvial deposit with a permeable lens (5000 ft/yr) at about 3 feet. The lens is

aboul 1.5 feet thick but does nol appear to extend under the entire nreo.
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STUDY METHOD

Our study included permeability test holes and a site inspection by the

undersigned to log Ihe soils exposed in natural and man-made exposures in and

around the tailings disposal area. Samples were taken from the exposures and

from the permeability test holes for selected laboratory tests.

There was snow covering the area during our inspection but the steeper

exposures were free of snow. The most Instructive exposure was the wall of the

excavated trench ol the location shown on Figure I. In this wall were 0 1o 7 feet

of sandy, gravelly clays overlying sandy, cobbly gravels to 10 reel. The clays and

gravel were red-brown.

Ground permeabilities were measured using falling head permeability

procedures. Four permeability test holes were drilled and cased with plastic well

screen. The anular space between the ground and Ihe screen was gravel packed.

The holes were filled wilh water and the drop measured over about a 2'i-hour

period except Tor P-'l which was drilled and tested the same day. Procedures

published by the U.S. Bureau of Reclamation in the Earth Manual, Second Edition

on Page 576 and following for pucker lests were modified to calculole

permeabilities from the collected data. The results of the permeability tests, as

we interpret them, are shown on Figure 2 beside the summary logs.

LABORATORY TESTS

Sack samples of the cloys and gravels from the trench.and samples obtained

from the permeability lest holes with a drive sampler were returned to our

laboratory. The soils in the sacks were gradation and Allerberg limit tested (see

Fig. 3) for classification ond the natural moisture content and densities (sec Table

I) were measured for the drive samples from P-2.
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Lendville Mining &, Milling hud completed a shakedown run and produced

some tailings which were ponded in the tailings disposal area. Wo sampled the

tailings and gradation ond Attcrbcrg tested (sec Fig. '1) the sample.

CONCLUSIONS

The tailing disposal area soils generally have low permeabilities. Our tests

measured overage permeabilities between 2 ft/yr and 230 fl/yr. The higher

permeability was in P-l which was located at the uphill edge of the disposal area.

We saw in the existing trench and'measured a more permeable (5000 ft/yr) lens in

P-l at about 8 feet. This lens in P-l was uboul 1.5 feel thick.

We have concluded the claysoverlying the gravel lens and the clayey gravels

and clayey sands arc comparatively impervious. For comparison, some sandy

compacted clays have permeabilities of the order of I ft/yr. We suggest

excavation which might reduce the natural clay cover over the gravel lens be

o'nitted or minimized to the minimum to leave the natural clay surface layer

uninterrupted or nearly uninterrupted. The pond bollom should be stripped and

compacted before filling wilh tailings to decrease the permeability of the ground

immediately under the tailings.

Should Ihe grovel lens be exposed we recommend such exposures be blocked

wilh 3 feet of the shallow clays densely compacted in thin lifts.
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CIL/Ihompson, Inc. performed the permeability tests reported herein to

assist Lcadvillo Mining & Milling Corporation to prepare their permit for Ihe

Colorado Mined Land Reclamation Board. Consul lotion and analyses regarding the

tailings disposal area dikes or Ihe amount or direction of water flow in the event

water leaves the tailings disposal area were not a part of Ihe scope of our work.

Our work was limited to measuring the ground permeabilities in the field,

laboratory testing for soil sample classification and our general impression of the

impact of Ihe ground permeabilities on the tailings disposal area construction.

The above summarizes our opinions. The dota collected during our field

work and our calculations are available in our files for future reference. If we con

be of further service evaluating the geofechnicul aspects of the tailings disposal

area please coll.

CTL/fHOMPSON, INC.

Frank J. Iblliday, P. E.
Principal Engineer

FJI l:dd
(5 copies sent)



c

J
O

B
N

O
.

1
6

.7
6

8

c
c

h
S

C
A

L
E

:
T

»
1

0
0

"

L
O

C
A

T
IO

N
S

O
F

P
E

R
M

E
A

B
IL

IT
Y

T
E

S
T

H
O

L
E

S

L
E

G
E

N
D

:

p
-
l _

IN
D

IC
A

T
E

S
L

O
C

A
T

IO
N

O
F

•
P

E
R

U
E

A
B

iL
lT

Y
T

E
ST

H
O

LE

N
O

T
E

;
M

IL
L

L
O

C
A

T
E

D
IN

S
E

C
T

IO
N

S
2

9
a

3
3

T
9

S
.R

8
0

W
.

L
A

K
E

C
O

U
N

T
Y

.
C

O
L

O
R

A
D

O

F
IG

.



^>

o

^^

35 H

I E3 S3

6. *

Is
Out

'.S

CL tl
ivavj

— 01

60
-J Ul
cao a;

ir 3
— Ct

«- «r

?w
w a •

lw v> 0
VI > ui

.•v

•- Wl ti 3
< u e v«
u r -

0 jr im V
>•

0 a
«* mw

5SS« <n
- —, «x <x

•j -1 c
s« •

>•a 0*
UI

"•

"»x
w C 0

UJ

iSS
0 ir «t

u3n
_i 0
OjO. «j
<C O u>

e
UJ IT
X a

0 0 •- .

•Q.

-•Ami

is £
u. «s ^
_ a u>
e o
0 o
© ui —
»/• -J «M

CO
1 «s II

• Ui •

> « >
«S u* «S

rSr
Tl

X Of

- <

S3
u.

w in

O —
•-

ui *
« o
jjj w

a.
*A UJ
UI t-

X <

o- o

o —
•M I

I t I » I I I I . I,. JL-L
133d - NOIXVA313

£2

-j o

o *•
»- r

cr u
uo ••

w * •

«S H uj

W O «/»
— t-
_ UJ «/»

w 5 •

ui
O W H-
UJ -

v> •- ui

•sss

Ui St —

Su.S
«A 0' O
ui u
-I VI 13

«• o a

w a. t-

S!
W Oh.

O u. w Q.

ucwu

>* (L4i Ui

£3

a. »-

ud

3^

il

I I « I I t I. I

*

CO
UJ
-J

o
X

OS
UJ

Ui

S
o
N
UJ

Li.

o

o
o

>

<

s
S
3
CO



w

w

<y

Ci'O n.\? om m> ;•?? v,n ' v;

.t.'-V: Ill) C'f WWC*: r, '•' I-Vi 'f

.'{. V'...- 1.-'

L33

••:•, i."-' /.•:

Ci A» if.A-f'i'.l IC' »l;l ^r/JMI'LASICl
JAUO

X'"jt '.:*'M'ii5

Somploof CLAY, VERY SANDY (CD
|rf0rn 1RENCH AT 0 TO 7 FEET*

GRAVbl
B S SAND. ' ° S

S':f&CLAV 53 % UQUlUlMil 24
llASrCITY ilxTJrX _.!.Q .

r
—1

/ n

IIYL>X»w*C1tfc AKALVSaS

'i

| 5EV: ANALYSIS
lj 5 S»*ra-i..tf i-U'-:'J Ci! * •"t'X" ••:<.• IN*l'.-5

•.'.• •uw •>«;••»'.»•?.; "it •«.;•• m ;v r-r iv v

VJ / '••'

*w ;c

?c jt;

C Ml

1 w
M M

<i*i

r.

r

>y;i (M- 33? OW C-5.r c/J «v ??! ;.vy f v; ?n?j» .1 ?.•• •}«? ,j; i ,\i» "'. ?

Z'Af/tllR Of "AfitC; h l.'Ht vtn->

o.*v isiA5ic: '0 e'i* .v:r, ^./.r-Tir.r
jAtfO 1 cv-.o

imi | UK'\'M 1«; :-*f.*" | nur | r.r.Au;r j <v •*.«l I
finmptenf GRAVEL. SANDY (GP)
FfOm TRENCH AT 7 10 10 FEET

JOB NO. 16,760

GRAVEL. 00 „'<. SAND 16

SL1&CLAY '• % L«i.tO IW - °i
MASTOTYNDrX .... - _ *

Gradation
Test Results riG«3



w

^J

W

lhei

finmplftnf TAILINGS (SILT.SLIGHTLY CLAYEY)(ML-CL) 6?Avn ° % sand '»» %
From SflAKITDOWN RUN SHT*OAV_ 59 ^ nt-i.tTJllMT .26 %

KASIOIY MAX 7 \

1 HYDKQMEUf/ANAiVSiS T
tft'f »;?A:<f,<.i5

•50

111

?C

§ i"fi

I

y<

•W

:«:i r>; :•:.«. o:* ctv c>; cm *•:;• ??> i-.o i*v ;•:•?«

j C'At lfl.AJXl '•"> '•'»|W* f.A?X)

Sample of,
From

JDP NO. 16,768

L-«Vtl

IM .C--lt I Ol'W.l*

GRAVE;. % $AKD_..

?.1TA CI AY _% LIQUIDUVW

llASUOlVINUrX

Gradation
Test Results ?«, 4



c
Fora "IC

c

TABLE

SUMMARY OF LABORATORY TEST RESULTS

c

J08N0. 16*768

HOLE
OEPTH

(FEET)

NATURAL

MOISTURE

(v.)

NATURAL DRY

DENSITY

ATTER8ERG LIMITS UNCOMFINEO

COMPRESSIVE

STRENGTH

(PSF)

TRIAXIAL SHEAR TESTS
.—

SOIL TYPE
LIQUIO

LIMIT

(%)

PLASTICITY

IHOEX

(v.)

DEVIATOR

STRESS
(PSF)

CONFINING

PRESSURE
(PSF)

P-2 4 4.4 -

GRAVEL.SL.CLAYEY(GC)
P-2 9 7.6 120 SANS fa_AYFYTGRAV.«=U .Y
P-2 14 8.4 140 SAND, SL .GRAVELLYC SC)
P-2 19 9.0 117 SAND,CLAYEY,GRAVELLY

TRENCH 0-7 11.4 - 24 10 CLAY,VERY SAM>YCCL>
TRENCH 7-10

- - GRAVEL.SANDYC GP)

1
TAILING — 22.5 - 26 7 i

i ISILT. SL .CLAYECY< ML-CL >
i 1
* 1 i

i i

i i
i ! i 1

i i

i i i
i

! j
! i

1
I m~~~-'

!
i j

j

i

: I 1

<SC>

<sc:



  
The Leadville Mill M1990-057 
 GEOTECHNICAL STABILITY 

Page 15-18 
 

Version 3.0 January 2021 

 

 

 

APPENDIX 15-3 
 GEOTECHNICAL STABILITY 

PERCENT COMPACTION MEASUREMENTS 

 

  



6

^y

W

\

Test
No.

• hi
999

CTL/THOMPSON, INC.
CONSULTING GEOTECHNICAL AND MATERIALS ENGINEERS

July 27, 1990

Mr. Don Wilson
Leadville Mining & Milling Corporation
700 Carr Street
Lakewood, Colorado 80215

Subject: Percent Compaction Measurements
Existing Tailing Pond Embankment
Leadville Mining & Milling Corporation Mill
Near Leadville, Colorado
Job No. 17,106

RECEIVED
AUG 71330
MINED UNO

RECLAMATION 0IVns,ON

Dear Mr. Wilson:

The results of our percent compaction measurements in the tailing pond
embankment at the Mill are summarized in the following Table. The embankment
is located south of the mill building. The embankment centerline is "L" shaped.
The long leg of the "L" is oriented east-west and is about 200 feet long. The short
leg of the ML" is oriented north-south and is about 100 feet long. The embankment
crest is about 15 feet wide and its maximum height about 15 feet. We understand
the embankment is constructed of sandy clays and clayey sands excavated from
the pond and they were spread in about 8-inch loose lifts and compacted with a
sheepsfoot roller.

The test locations were on lines at right angles to the embankment
centerline. The compaction standard used was standard Proctor (ASTM D 698) as
we discussed. Fig. I shows the gradation of the soils used for the standard Proctor
test and Fig. 2, the results of the Proctor test and Atterberg limits.

Location

Midpoint/N-S leg of
"L"-downhill slope

Midpoint/N-S leg of
"L" - crest

Midpoint/N-S leg of
"L" - pond side slope

Laboratory Field

Max Dry
Depth Test Density OMC Density MC Compaction
In. Type PCF % PCF % % Soil Type

8 NUC 117.5 12.5 110.6 14.6 94.1 Clay, sandy,
red (CL)

8 NUC 117.5 12.5 113.2 14.8 96.3 Clay, sandy,
red (CL)

NUC 117.5 12.5 94.1 16.5 80.1 Clay, sandy,
red (CL)

1971 WEST 12TH AVENUE • DENVER. COLORADO 80204 • (303)825-0777
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4 Intersection/N-S &
E-W legs of "L" -
pond side @ slope toe

4 NUC 117.5 12.5 106.1 16.3 90.3 Clay, sandy,
red (CL)

5 Intersect ion/N-S &
E-W legs of "L" -
pond side @ mid slope

6 NUC 117.5 12.5 104.9 17.2 89.3 Clay, sandy,
red (CL)

6 lntersection/N-5 &
E-W legs of "L" -

6 NUC 117.5 12.5 114.9 10.9 97.8 Cloy, sandy,
red (CL)

crest

7 lntersection/N-S &
E-W legs of "L" -
downhill slope

6 NUC 117.5 12.5 105.2 12.5 89.5 Clay, sandy,
red (CL)

8 Midpoint/E-W leg of
"L" - pond side slope

8 NUC 117.5 12.5 116.1 15.0 98.8 Clay, sandy,
red (CL)

9 Midpoint/E-W leg of
"L" - crest

8 NUC 117.5 12.5 111.4 14.5 94.8 Clay, sandy,
red (CL)

10 Midpoint/E-W leg of
"L" - downhill slope

8 NUC 117.5 12.5 82.4 16.2 70.1 Clay, sandy,
red (CL)

You advised the Colorado Mined Land Reclamation Board talked about a
percent compaction of 95 percent as their requirement. Three of the compaction
test percents are above 95 percent and seven are below. Two of the seven are
higher than 94 percent. The average of the compaction percent tests is 90.1
percent.

The above summarizes the results of our compaction percent tests. Please
call with questions.

Very truly yours,

CTji/THOMPSON, I

^"frank J. Holljtfay, P.E.
Principal Ej^gineer

RJHrdsm
(6 copies sent)
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STATE OF COLORADO
Hoy Romer. Governor

DEPARTMENT OF NATURAL RESOURCES

MINED LAND RECLAMATION DIVISION/
FRED R. BANTA, Director

MEMO TO FILE

File No: tf~9o-0?7
Operator: /*eaat»!/lL Mj'hIaq* Afrfltha CorjQofaha*
Date: fy?-£d >/Date: l-3-fr>

SDecialist: "/fr»Z JcArzinir

Subject: L&aJo,'//i Cus/*** Jtfifl'- Co^cJi^ IT^ At*

Type of Interaction: Mestino, Phone,(0thq/: J^a ptrm.
Person(s) Contacted and Affiliation: /)*„ L/;U*w -Atot/ullli M^M

SUMMARY AMD RESOLUTION OF INTERACTION:

df CthyOcrfoti /ts/s far fol/ShaS g//s-/>*f«/ 4r£t$. 'Est1' ?&&/&
fir Soxe/v c/y, stall*!*/ (f&r**M4;/rt» *>f * 5t /?/jfr>\ re***,/ <»£?**£

JZ£r*Lt/ Afr. tdJ/mm M*/ rUsz. res*Ms /*tc/>e&fc a«
acc±pkl>h /tut/ tf cotoptdbK Ar Mii. cj»/i**fa»z*t' c*</
Aatf**. &t X4& Z^'Ao/ rftratnf fitc,/rf„. £^(<(e^fuf »stc/

tire?? /o*<?Pr~ C^i/a/
& tht Oh'4**-*

/*/;//(»;// At use*/ h process hJefsjtfvtr; /e.«d. Bjhc

acc^pkik /tut/ hf coMifiac^VK Ar Mii. cj» A*»h*^ e*A
Aa//u*. &£ Me. Jaj/'~as a//r**f*/ fitc,/t%,. £4t,iaM.*+ 44**n—
ArLn ay****"" ***** M <*«***; ^itfS Lf tJkr^ * rdhll
//y»y /o*A^ G»Us jf /*s/ re.r„ttr »!// Ap. Gr^ic/tcf—

(Rev. 5/9/88)
572CF
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CTLITHOMPSON

September 1,2011

The Union Milling Company
PO Box 36099

Denver, Colorado 80236

Attention: Mike Elder

John Danio

Subject: Response to Colorado Division of Reclamation, Mining &Safety
Memorandum dated August 12,2011
Slope Stability Evaluation
Tailings Pond Embankment and Future Tailings Slope
Union Mill
Leadville, Colorado
Project No. DN45,584-130

CTL|Thompson, Inc. analyzed the stability of the proposed Union Milling
Company tailings pond embankment and approximate future tailings slope and
presented initial results in a letter dated July 8, 2011. We subsequently performed
additional testing and analysis, and presented supplemental results in a letter dated
August 17, 2011. On August 30, you provided a copy of a Colorado Division of
Reclamation, Mining and Safety Memorandum from Tim Cazier, P.E. to Michael

^y Cunningham which contains comments regarding ourJuly 8 letter. The purpose of
this letter is to address those comments. For clarity, we have numbered our
response consistent with the Memorandum.

1. The clay liner permeability units stated in our letter should have been
centimeters/second. The specified permeability is 1x10"* cm/sec.

2. The stockpile was sampled so that we could include particles larger than
those which Were obtained during drilling. We consider the stockpile
samples to be representative of both the native soils and the materials which
will be used to construct the embankment.

3. The site was covered with snow at the time of our field investigation in May
and spring melt was in progress. There was a pool of water in the pond
adjacent to the exploratory boring. The water found in our boring may be
indicative of temporary perched water conditions which develop during
snowmelt and the influence of the water within the existing, uniined pond,
rather than the "aquifer." In 1995, we drilled an observation hole south of the
existing pond and found no water to approximate elevation 9685, or about 9
feet below the proposed excavation level (see Appendix C of July 8 letter).

4. The cyclone tailings will be placed on top of the man-made liner on the inside
face of the embankment We differentiated between cyclone sands and slime
in our initial stability analysis because we thought the materials would have
slightly differing strength properties. At that time, our direct shear

1971 West 12thAvenue | Denver, Colorado 802041 Telephone: 303-825-0777 Fax: 303-825-4252
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measurements indicated an angle of internal friction which was higher than
published data; we used the upper limit of the published data, (continued in
item 5).

5. Additional direct shear tests were performed subsequent to our July 8 letter,
and were presented in the August 17 letter. The stability analysis results
included In the August 17 letter used the measured friction angle (35
degrees) and zero cohesion for the tailings, which is consistent with the
range of drained friction angle provided in Vick Table 2.8 for gold slimes.

6.

a. The configuration of the sand "layer" will be determined by the
flow characteristics of the cyclone sand at the time of
placement. In our August 17 letter, we used a 3:1 slope for the
inside and outside face of the sand. With the same strength
parameters used for both the sand and slime, the configuration
of the sand has no bearing on computed factors of safety
except for the outside slope of the tailings. We believe the 3:1
outside slope is conservative, since literature suggests a 3:1 to
4:1 slope will actually occur.

b. See a.

c. See a. (Our rationale in the July letter was that the increased
fines content in the slime would justify some cohesion. Like Mr.
Cazier, we re-thought this assumption when we did our
supplemental analysis and eliminated the cohesion)

If there are further comments, please contact me.

Very truly yours,

CTLITHOMPS

Ronald M. McO

Chairman & CEO
rmcombertStotlthom

RMM/rit

(3 copies)

Attachment: Letter dated August 17, 2011

via email: meider@unionmillinq.com

THE UNION MILLING COMPANY
TAILINGS POND EMBANKMENT AND FUTURE TAILINGS SLOPE
UNION MILL
CTL | T PROJECT NO. DN45.584-130
S:\PROJECTSW55CCRDN455a4.O0(«130\3. LeIters\L3\DN45584.130-L3.doc




