THE UNIVERSITY OF IDAHO LIBRARY

MANUSCRIPT THESIS

The literary rights in any unpublished thesis submitted for the Master's degree
and deposited in the University of Idaho Library are vested in the Regents of the
University. This thesis is open for inspection, but it is to be used only with due
regard for the literary rights involved. Bibliographical references may be noted,
but the copying of passages or the publication of this thesis in whole or in part
requires the consent of the Regents of the University of Idaho granted through the
office of the Dean of the Graduate School.

This thesis has been used by the following persons, whose signatures attest their
acceptance of the above restrictions.

A library which borrows this thesis is expected to secure the signature of each
user.



HYDROGEOLOGIC ANALYZIS OF
AN ABANDONED TAILINGS PILE

Presented in Partiagl Fulfillment
of the Requivement for the

Major in Hydrology

in the

-

University of Idaho Graduate School

by
Alberto Gavcin Morilla

May 1975



AUTHORIZATION TG PRO

This thosis

ﬂ)

>nce
degree with major in Hydrology and titled "Hydrogeologic Analysis of an
Abandoned Tailings Pile" was reviewsd in rough draft form by each Cominitiece
member as indicated by the signatures and dales given below and permission
was granted to prepare the final copy incorporating suggestions of the
commitice; permission was also given to schedule the final examination vpon

submission of two final copies to School Office.

Major Profes sor, /

Commitice ?\/’m mhare Date
l i } P ot
!t Sl ) » e
-

> & it
L EAg AT

Final examination: By majority vote of the candidate's Committec at the iinal

5,

examination held on date of _

.e» e /52 ¢ Committee approval and
/
acceptance was granted,.

Major Frofessor /{

Review of Final Draft:

,”
i .{’«7 S

Department Heagh

i

College Dednn_:

\ . .
A e
L - "r Loy s

-

GRADUATE COUNCIL H ”A LAPPROVAL AND [\CC‘:‘PT} <TC

Graduate S(%fl’l'()’;?] De M ,'L\.\,Dato b - &() 7 5




-
=
E:

ACEKENOWLEDGEMENTS . . .+ « + « « .
LIST OF TaRLLES . . .« .« . .« « . -
LIST OF FIGURES . . . . .+ « + =«
INTRODUCTION . . . . « « « « « «

Purpose . . . . . . ...

Objectives . . . « « + . -
Methods of Study

.
.
.

SCOPE CF THE LITERATIURE . . . . .

Effects of Past ¥ining Oper
ty of the Coeur
T e e e e e e
: tgs of the Ingtallation
Ponds on the Water Quality
Coeur d'Alene River .. .

Analysis of Seepage Prcblems

Finite-Llements e e

DESCRIPLION OF Tillh PAGCE PILE AREA

&
=
=
P
mred
]
e
h}
e
)

Location S
and Page ”“Lljngs Pile . .

Abondonment of Tailings Piles
Geology of the Pagze Mine and

DL O CONTENTS

+ .
» ’

.
. .
. .
. 2
. 3
. .

ations on the

+ ° +
. . v .
. . . .
. . . .
. . . .
. v . .
. > . .
B . . .

d'Alene

of
of
by

. .

vy of the Page

. .

Tailings

. . »

Toilings

the
o
e

Mine

. N

Surfoce Hydrology of the Page P3 le Area

Paysicul Description of il

DATA COLURCTION NICWORK o o o o .

Negerintion of iLhe Nata
sign and lnstailatioa of
Onaration ol the Data
Deitling nnd i

l ‘_(j

Y . . i ma g T A - 7 -
Tong-Tewvn Water Leval

Short-Term Yatery Lovel

Pailings

"lﬁ)w
n!
CWOTK
. . . s

Areq

Site

T_‘} 1v()11<

PAGE

iv

V

o N

o

11

11

L5

16
L7

fnd
0

12
20

RS

PeR]

D0

FRe

25
ey

(R V]



Water Level
in Atmospheric
Davometric BIL

Potenticmetric
and Alluvium . .

HYDROGEOLOGICAY, PRCPERT (L
MATERTALS © . . o . .

Comments on Labova
Laboratory Testiuag
Conductivity .

Analysis and Presentation of

Analysis of Natura
FINITE EIEMENT MODEL OF TI
SYSTEM . . . . . .+ . .

Description of the
Op ration and Cali
athematical
Lou lusions Obtain
Mathcmatical Mode

DISCUSSION OF RESULTS .

Correlation Betwee
Necoded to
and Pelated Leaka
Pile . . .

Calculiation
from the
Inmediate

of the
M

Page Tai
SUMMARY AND CONCLUSIONS
RECOMMENDATIONS . . . .
REFRRENCES . . . .+ . . .
APPENDIX . .
CTION SYOLUE

A, DATA COLLE

SRR

[ g
SHaed

Model

Maintain

tuations Due to Changes
rressure e ..
ciency e e e e e e

Pile

0 . . . . . . . » . o .

ace in rvhe Tailings

S OF THE TALLINGS
e e e e e e e e e e e

tory Testing of Soils . .
of Hydraulic

Results . . .
1 Recession Curves o . .

IE GROUNDWATER FLOW

. . . . . . . . . > . . .

Finite~Eiement Model . .
b u,t.LOu OE "f\)

ed from Operation of the
1 . . . e e

. . . » . » . . . . . .

n the Amount of hecharge
+he Ground-Water Mound
ge Rate frcom the Tailings
ution of Zinc

le o the

Contriopt
lings Pi

Eunvironment e e e e s e e e e

e e e e e e e e e e e
e e e e e e e e e e
e e e e e e
e e e e e e e e e e e
Moo 0 e e

e
e

Bt

¥

-

45

[N
o

48
49

=
00

oz}
co

8]

(&)



BRI NG T TITNS I A Y
ACE QWL EDGRANLS

I would like to express my zppreciation to Dr. Dale
Ralston of the Idaho Bureau of Mines and Geology for the
help and cocastructive criticism giver during the period of
study.

I am grateful to Dr. Roy Williams of the University

of Idaho who initiated the project and obtained the fund-

uable suggestions wheu reviewing this thesis.
T oam thankful to Brysoun Trexlev, Jr., of the Univer-
sity of Idaho for his assistance in planning and collecting
the basic field data and for his encouragement during the

completion of this project.
The computer work required to complete this thesis
could not have been accomplished without the assistance

of David U. Fortier oi the University of Idaho and Michael

M. McDonald, U.S. Burecau of Mines, Spokanc, Washington.

iv



TABLE

WA

1.

i

Mean Monthly Preecipitaticn at
(Idaho) . . . . . . . o oo e e

Monthly Precipitation at Kellegg, Idabo
from July 1972 to November 1974 . ., . . .

0

Depth to Water in Piezomcter WP-14-24 Cor-

rected to a Barometric Efficiency of 0.44

Lab fAydraulic Conductivity Data as
Obtained by the Falling Head Permecameter
Method . . . + « . o . w0 e e

Mean Concentration of Zinc in ppm of
Water Samples from Piczometers Located
Inside the Page Tailings Pile . . . . . .

tlow Rates on Three Dabas in 1972. Zinc
Concentrations and Total Daily Load ot
Zine Carried by the South Forl ¢f the
Coeur d'Alene River at Smelierville
(Idaho) . . . . . . oo e e e e e

L v Az

.

PAGE

Lo



I'TGURLE PAGH

1. Mop of Part of Mortiuera Ldabo and Adjacent

Areas Showing the location of fhe Runxer

Hill and the Page Tailings Pile . . . . , . 12
2. Location of the Abandoned Taitlings Pile . . 13-
3. Map of the Page Tailings Pile and Viciaity

Showing the Location of the Data Collec-

tion Sites . . . . . . v - o o . o .o 1Y
4. hematic of a pr\ ~al Piezometer as

Tnstalled on the Page Pile ., . . . . . , . 21
5. Two and Cne-Half Inch Thia Wall Sampler . . 25
6. Shrelby Tube and Adapters Used in the

Study . . . . . . . . o o o o e e . 206
7. Monthly Precipitation Cumulative Depart-

ures from the Mean Proc 111ta+50n and

Related Water Level PFluctuations in Piea-

ometers in the Page 2ile . . . . . . . . . 31
8. Long Term Fluctuations of Water Level in

Piemometers Located Inside the Tailings

Pile e e e e e e s e e e e e e e e s 32
9. Continuous Water Level Fluctuntions in

Piezometer WP-14-24 Located Iuside the

Tailings Pile and in the West Well

LOL&tGQ in the Alluvinm Surrounding the

Piie . . . . . . ... o s s B
10. Regponse Vater Lovels in Pi@zometor

WP-14-24 Atmospheric Pressure

and Corrected Water Levels for a Barom

metric Bfficiency of 44 Fercent . o . . . . 36
13, Correlation Between Water Level in Piew-

cmeter WP-14-24 and Daromatric Pressure

of the Study Avea . . . . . . .« . .« .« . . . 39

Vi



1

1

1

1

"

I\

4.

5.

6.

9.

0

Contours of the %oter Taeble in the Page

L
Pile and Surrounding Allus }uw v e e .

Potential Distribution Within the
Pile and Alluvium Along Bast-dWest
Secticn A4-AT s e e e e e e e e

O
=5 &
[NV
0w o
(5]
i

Schematic of a Coustant Hend Permeameter
Schematic of a ¥Falling Heao Perneameter
Falling fHead Permcameters for Testing
Permeability of Shelby Tube Samples

Obtained from the Page Tailings Pile .

Decrease in Lab Hydraulic Condnctivity
with Time . . . + .+ « « « « o < . . .

Location of Core Samplieg and Lab Hydroul
Conductivity Values for Sauples from the
Study Avrea . . . . . o .o e e e e

Computer Genevated Plots of tThe initial

fesh, Calculated Mesh and Flow Directioas

fromfkw\F nite Llement Modzl of The Page
Tailings Pile . . . . .« . « .+ .+ « .« .« .

Water Teble Configuration Lesulting from

Different Recharge InpuL\ to the Tailings

Pile . . . . o 00 e e e e e e e e e

“onf;vux tions of Water Table Inside
Taiiings File for 25 Inch Recharge and

5 and 35 ¥eet of ficad Pressuce Differ-
entials Along Botitom of the Pile . . .

.

.

o)
w

Cy
0

64



t

everal tailings ponds hove recently bheen filled

and abandoned in the Cocur d4'Alene Mining Dis ct in
northern Idaho, The shandomment of mine tailiugs piles
may have detrimental eflocts on ihe water resouvrce system
in the immediate area by leaching of metals from the move-
ment of precipitation thrcough the pile mateirial.

This report prescnts the results of a study by the
Tdaho Bureau of Mines and Geology and the Univers ity of

Miunes, in

)

Idzaho College o

= Ikb:_:lr!

eau of Mines, on the hydrvogcecologic Tactors that contyol
the movement of ground-water through the abandoned Page
tailings pile in the Cocur d'Alene Mining District in north-
ern Idaho. A data collection network was installed to col-
lect data on ground water [low systems and sround-walter
quality in and surrounding the pile. Analysis of water level

data showed thoe existence of a ground-water mound under

~+
]

the east portion of the 2ilings pile. The flow system in
the piie is dyrnamic and responds both to precipitation
events and to periods of no recharge.

A finite element steadv-state mathematical mcodel
was constructed to help interpret the ground-vater Tlow

system in the lage pile. A sampling apd testing progran

of the pile provided information oo vaiues of hydraulic



conductivity. “hese dats were incorporvated az ionput to the
mathematical model. Oueraticn of tixe model showed that the
location and fluctuations of the regional ground-water table
and the cuantity of wvecharge to the tailings pile from pre-
cipitation were the primary controlling factors for the loca-
tion and heisht of the ground-water mound under the cast side
of the pile.

The rate of discharge of subsurface water from the
pile was estiinated from model operation to be about 2000 gal-~
lons per day pev acre, This rate of discharge along with
water quality data from the tailings pile showed that zinc
reaches the immediate area cutside the pile at a rate of about
17.8 pounds per day eqgual to about 0.1 percent of the total
daily gquantity of =zinc carried by the South Fork of the Coeur

d'Alene River at Smelterville during low flow.

ix
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Abandoned mine tailings piles are potenti al sources

of long-term poilution cof surface and ground-water roesources.

A aumber of tailings piles have been filled and abandoned in

the Coeur d'Alene Mining District ia northern Idaho. This

study includes an apalysis of th# hydrologic and hydrogeologic

factors that contrel the movemeni of g“ouuu water thirough an

tailings pile in the Coeur d'Alene Mining Uistrict.

1) »

abandoned

The objective is an understaunding of the long term impacts

of ahandoned tailings piles on the water resources of the

Paw effluent from mining operations were discharged

~

on P Yoy
e G LYoo,

into the Coeur d'Alene River system {rom about 1880
During this period, the content of heavy metals and suspended
so0lids in the river reached a level which suppressed many

gpecies of fish and biota. New envivonmental regulations

,..—J

prompted the installatioa of several new tailings poads in

the district since 1968. The surface avea of all existing
ponds is greater than 300 acres. A1l of the tailliags ponds

have been congsiucted on permeable alluviul material in the
valleys of the South Fork of tae Coeur d'Alene River or its
cributaries A number of these ponds have been filled and

.

abnndoned in the district during the last few years. The
abandonment of tuilings piles ropvesents a potential loug

term source of heavy mebtals pollatlion of bhoth the groand

iy - - — T, Ity . P [N P g 1o - PN f- T o P .o
water and surface waler sysgiems an the aiyon LY Leacning o4
™ . i
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metals from the movemeni of precipitation through the wile
materials. The quantity and characteristics of ground-
water movement through the piles is the controlling factor
in the discharge of poor quality woter discharged from the
“ottom of these piles. A major ciaange in land use occurred
in 1973 on the tailings pile gseleched for study. A sewage

lagoon system, which is used to treat sewage from several

&

towns in the area, was located on the abandoned tailings
pile. The construction and Tilling of the lagoons had a
major impact on the flow system in the pile. Hitt (1874)
described the impact of the construction and filling of the
lagoons on the flow system in the pile. This thesis des-
cribes the ground-water flow that existed prior to the in-

stallation of the sewage lagooun system.

Purpose

The abandonment of tailings piles provides a possible
long term source of heavy metal pollution of the ground-water
system because of leaching of soiuble matals from movoment
of prebipitati@n through the mine wastes. The genetTal purpose
of this study was Lo determine the impacts of avandonment of

tailings piles oa the water resource systems.

Objectives

The main objectives of this study are:

1. Determination of the hydrologic factors that

control the movement of ground water thirouglit Lhe

pile material.
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2. Cateulation of the roass olf aubsuriace alscharge

via scepage from the bottoa of the abandcned tail-

ings pile,
9. Annlysis of the impact of the rate of leakage

from the tailings nile and the transfer of zinc
from the pile to the iwmediate aret surrounding

the pile.

Methods of Study

The study is bhased on a field exemination of the aban-

v

doned Page tailings pile. A data collection network was de-
signed and installed to obtain information on the character-
istics of ground-water movement through Lhe pile and oo tae

. o

quality of ground waler ang suriace

\f’

)

PR [ T T n
ers in the axvea. e
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cipitation inputs to the tailings pile and fluctuations ol
atmozpheric pressure were monitored to help interpret tae
changes in water levels in the pile. A sampling and testing
program was used to obtain data on values of hydraulic con-
ductivity of Lthe tailiags materials, Hydraulic conductivity
data were incorporated as ilaput To a finite element stecsdy-
state mathematical modei of the ground-water flow system in
the pile. Constiruection of the model helped to define tns
factors that control the movencat of sround water through
the nile and o calcuiate the rates of subsurface discharge

Erom the botton of the tailings pile.



Past work in the area of study can be divided into
three major subjects:

A, Effect of past mining O“QTatiéns cn the

water quality of the Ceeur diAlene River.

B. Iffects of the dinstaliatcion of tailings

ponds on the water resources of the area

C. Analysis of seepage problems by finite

elements.

Effect of Past Mining Cperations on the Water Quality of the
Coeur d'Alene River

Previous investigations have shown that the gross pol-
1ution of the Coeur d'Alene River occuvrred priocr Lo The con-
struction and operation of mine tailiangs ponds. During the
period 1911-1913, Kemwerer and others (1923) coundncted a
biological and chemical study of Coeur d’Alene Lake. The
investigators noted, '. . . at Harvison it (Cocur d'Alene
fake) receives the nuddy waters of the Cceur d'Alene River,
which diains an immease avea, including tue famous Coeurn df

Alene Mining District. These waters are 50 laden with silt

.\
-
=
v
~
e
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Yt

that they may be traced far out into waters of the

Bllis (1940) conducted limited anulyses of the Cozur

4.

a'Alene basin water and found that in 1632: (1) the Ceeur

ne mine wastes bhad nol disturbed the bolance of dis-

d'"Alc

\ )

solved gascs (lociuding oxygeu), carbosates, and acids to
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any critical degree excepd in &t

o immediate vieinicy of flumes
emptying wastes into the river, (2) the specific electrical
conductance of the river rose 100 vercent or more downstream
from the introduction of mine wastes; however, apeciiic elec-
trical conductance remained everywhere low and (3) suspended
solids had made the river uninhubitable to most aguatic life.
Ellis also conducted experiments which showed that some dis-
soived constitutent in the Cocur d'Alene River water was Jethal
to fish in 72 hours. The fish used were native to the rivers
in the vicinity of the Coeur d'Alene basin. Ellis' descrip-
tion of the mucous of the gills of the dead fish suggests

that death was caused by zinc. Dissolved constituents also
killed all plankton within 36 hours. The effects of sus-
pended solids were eliminated by allowing the water to set-
tle before testing. FEllis concluded the only sclution for

the pollution problem was the exclusiocn of all mine wastes
from the Cocur d'Alene River.

A survey was conducted by Chupp in 1835 to find the
extent and cause of waterfowl mortality alousz the main stem of
the Coecur d'Alene River (Chupp, 1956). The study revealed
appreciable amounts of Jlead and wine in the soil, nlants,
and at times in the water of the lower Cocur d'Alcne valley.
Tigsue analysis trom a number of waterlowl colleected in the
aren also showed abrormally high amounts of lead (Chupp, 1956,
p. 94).

Tn 1964 1 waste disposal study was conducted for the

county of Shoshone and the cities along the Soath Fork by
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the consulting fivm of Corunell, Howlaad, Huyos and Mervyfield
(1964). It was estimated that »n average of 2217 tons per
day of mine slimes were being discharged into the South Fork
at the time. The sewage from Hellogg, Wallace, Osburn, Mullan,
Smelterville, Silverton, Elizabeln Park, and Wardner (an ap-
proximately accumulated population of 14,130) was being dis-
charged raw into South Fork (Cornell, et 2l., 1964, pp. 124
and 34).

A 1970 study showed that residents recognize water

South Fork

o
=
0}

pollution as being widespread and severe in
regién (Ellsworth, 1970, p. 30). Other studies of the ares
ipclude a bioassay study on native cutthroat trout using
Coeur d'Alene River water (Sappington, 1969) and a spec cies
diversity study of macrobenthic life on the Coeur dfAlene
River (Savage, 1970). Since 1968, the Tdako Depavtment of
Health has been active in gathering coliform data at staticns
along the Coeur d'Alene River system (Idaho Dept. of Health,
1668) and in 1952 the Idaho Department of Health conducted

a biological survey of the Coeur d'Alens Rjver {Idaho Dept.
of Health, 1962).

During recent years, extensive waiter quality information
has been gathered by the U.S. Geological Suvvey, Federal Lu-
vironmental Protection Agency and othevs in the Coeur d Alene
River basin. These data indicate a contiuuing water quality
problem in the area. Mink, Wiltliams and Wallace (1972) con-
ducted a study to determine the causcs and sources ol high

heavy metal concantrations iu 2 creek In an dundustrislized
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area in northern Idaho. They found that the concentrations
of the elements zine and cadmium were bigh in ground water
and surface waters. The poor gvound-water quality of the
lower povtion of the creek was the divect result of leaching
of the old mine tailings (jig tailings) which intermix with
the alluvial deposits aad that have been deposited there by
the past mining operations. They recommend that a study

should be designed to determine Che impact of abandonment

of tailings piles on the water resources cf the area.

Tffpnf nt the Tﬁ«1111ﬂf‘on
Quality Tof ‘

of Tailings Ponds on the Water
Biver

Mink (1973) and Mink et al. (1973) present an evalu-
ation of the performance of settling ponds as a means of
minimizing the etfiects of dissolved or suspended material
in mining waste water and to determine whether other types
of treatment were necessary to improve the efficiency oi the
tailings ponds. Data revealed that tailings pounds in the
Coeur d'Alene Mining District could be divided into two cat-
egories: (1) settling ponds receiviog effluent from the con-
centrating process only and (2) settling ponds recelving ei-
fluent from the concentrating process mine drainage, and gmelt-
ing or refining processes. Settling poads weie obsevved to be

successtful as a meaas of treakbing effiucut from the concen-

trating process. Settling basins receiving offlueats from
mine drainage, smelter or relining operations create condi-
tions within the sottling buasin which cause the settling basin

N

effluent to be chomically unuccepgtable to recelving streams



of ground water.

A study by Mink, Williams and Wallace (1971) reported
on the polluticn causcd Lo the Coeur d'Alene River by the
mining industry in northern Idaho. Water samples collected
from 34 stations on the Ceceur d'Alene River system over a
sixteen month period showed zinc and calcium concentrations
above toxic limits for fish survival over much of the South
Fork and Main Stem of the river. They found that basin-wide
installation of settling ponds for mill wastes (uot for all
industrial wastes) had greatly improved the guality of water,
particularly with respect to suspended solids. As a result,
wacrobenthic fauna was discovered in the South Fork and a
grecater number of species were tound in the Main Stem, which
indicated to them that the river was beginning to recover.
They found, however, that raw sewage discharged into the
South Fork of the viver represented a complex problem and
that the effect of the raw sewage on the bac teriological qual-
ity of the water is evident. Williams and Wallace (1972)
reported on the effect of the jngtallation of tailings ponds

“

on the water quality of the Coecur d'Alezne River and found that
tailings ponds which ave properly designed and propevly man-
aged and which receive only mnill wastes (concentrator effluent)

can he expected to treat mining wastes adequately. They oro-

i

posed the use of a peripheral dischargze syvstem whiich woulc
minimize secpage, maximize slope stability and would assure a
retention time sufficient to permit adequate setbifling ol sus-

pended solids.
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Galbraith (19713 zannlyzed poor cquality ground-waler
discharging from tailings piles to determine the distribu-
tion of metals in old tailings piles and the metnod by waich
ground water passing through the piles vemoves the metals.
He found that leaching of heavy metals by ground water pas-—
sing through mine tailings is caused by the oxidation of
sulfides through the action of micronrganisms.

Norbeck, 1975, mapped the distribution ot tailings,
defined fhe agquifer and water-table contiguration along the
Coeur d'Alene River and provided an overview of the ground-

water quality.

Analysis of Seepage Problems by Finite-YElements

The finite-elemeut Lechnique i a numerical metiacd
analysis whereby the region of interast is divided into dis-
crete elements. Origirally the method was applied tc stress
analysis. Subsequently, the system was heavily used in struc-
tural engineering for stress analysis. A discrete solution,
versus an analytical (or coutinuous) soluticn, provides an-
swers to a problem only at discrece points in the body under
study rather than a continucus solution, whieh is obtained
bv the analytical method. Ifu most cases, discrate solutions
are adequate, and they permift the treatment of complex boun-

dary conditions, VYurther, they allow one to obiain approx-

imate soluticas to problems that cannot be obtained via ana-

1

lytical approaches, 7ienkicwics (1965, 1887) provides tfuller

discussion of +toe intricacics ol this methodology.,



Ip this studv the basic finite-eloment theory wes ad-
apted to the selection of the frec water gurtface. In 1867,
at approximately the sanme time, both Taylor and Brown (1967)
of the Univewrsity of California at Berkeley and Finn (19867)
of the Universiuiy of Vancouver Ltilized a matrix to develop
a free—-surface formulation by cmploying the finite-clement
method. TFinn made use of the {Tinite-elenent technique,
coupled with the trisl and ervor method of locating the ex-
it point of the phreatic sur ~face-—accomplished by relocatin
the exit point after cach trial.

A finite-element, mathematical model was used in 1971
by Kealy and Busch to locate the phreatic surfoce within a
tailings pond embankment and to define the subsurface flow
of water from the poad. Williams, Kealy and Mink in 1073
constructed a finite-element mathematical model of a tail-
ings pond and showed that careful design and handling of a
peripheral tailings discharge system would minimize the sub-
surface leakage frcn th ponds.

Kealy, Busch aod Mebonald (1974) usesd the finite ele-
ment method to deitermine the rate of discharge of subsurface
water from the Van Stone tailings pond in northern F¥ashington.
The slime zone of the pond was sampled and tosted for the firs
time. Output from the pumerical model deflined critical wones

1

and revealed that proper desion and mainieinance oan reduce

2

pond seepage losses to o minimm,

t



DISCRIPTION OF THI PACHE PILE ARDA

Location and History of the Fege Mine and Page Tailings Pile

The Page tailings pile, the oldest abandoned tailings
pile in the district, was selected for nvestigation. The

Page tailings pile is located in the Coeur d'dlene Mining
District in the northern panhandle of Idaho in the wvalley

of the South Fork of the Coeur d'Alehe River (Figures 1 and
2). The pile is situated one mile west ol Smelterville, one-

half mile south of the South Fork of the River and about one

3
e

A one-gquarter miles east of the coofluence of Pine Creeak

the South Fork. The Pinehurst highway (old U.S. 10) runs

W
=]
jo R

.
=
@

length of the pile on the south side. The Page mine,
now abandoned, is locatled at the hesd ol the draw conialning
the town of Page, Idaho, approximately one mile south of the
tailings pile.

Considerable work had been done before 1906 on the
Page mine which was then known as fhe Corrigan-Blackhawk-Wyo~
ming properties (Timken, 1936). In 1906 the Corrigan was
ronamed the Page mine. Gravity concentratioan of the ore was
used by the mine prior to 1911. Work at the mine was discon-

14

tinued in 1911 because of the insfficient method ol ore dres-
sing and the prevailing low metal prices. he miae was de-
watered in 1925 with the iatroduction of the fletation method
of ore separsatiou and the desire of the cowmpany Lo do addi-

tional development. A 300-ton floftaticn cencentiralor was

constructed and put into operation in December, 1926. Bafore
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1925, all waste materinl was used e fill in the mine. With
the employment of flotation, the waste was discharged as a

slurry into a tailings pond constructed in 1926. The mine
continued in operation up to 1U5Y using the flotation process.
The sand-fill technique was initiated in the Page Mine during
1956 for a new source of back-fill.

The Page tailings pile can He divided into two parts;
the east pond was primarily formed by the tailings from 1926
to 1948. The center road that crossed the pile was originally
the west embankment of the east pond. In 1948 the west side
of the pile was started and materials were only occasionally
deposited in the east pile.

Since 1956, when sand back-1ill was initiated in the
operation of the mine, the tailings slurry has been primarily
a slime mixture as compared to the sandy slime mixture depo-
sited earlier. Most of the east part of the pile and the bot-
tom of the west are believed to be composed of coarser materials
than the top of the west pile because of deposition prior to
the initiation of sandfill operations.

The deposition of tailings was accomplished by a net-
work of flumes. A flume from the mine was located along the
center dike road. Decants were located at the extrems west
end of the west pile and the northeast corncr of the east
pile. Secdimentary zoning of materials exists within the pile
bocause of the method of deposition. The size discribuiion

of tailings in the tailings ile is thus controlled by two
D <



major factors: (1) the location of discharze points from
the flume system and (2) the use or non-use of the sandfill
technique. Some cousolidation and reduction of hydraulic
conductivity may be presoenl al denth in the east portion of

the pile because of the greater period of depositicn and the

)

creater depth of the pile.

Abandonmuent of the Tailings Area

The Page mine and mill operations were terminated along
with the filling of the Page pile in 1968. Air pollution from

blowing tailings has been a problem since abandonment of the

e}
ot
ot
]
P
n
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—

pile. Trees were plante ed in 1971-72 in an attem
lish wind breaks. In 1972, the American Smelting and Refining

H
E

Company transferred titlc o the Page tailings pile Lo the

local sewer district for use in the construction of a col-
lection and treatment system. 'The sewer district constructed

five sewage lagoons on the surface of the pile. Construction

of the lagoons eliminated wuch of the air pollution problem.

Geology of the Page Mine and Tailings Area

Bolt series rocks of Precambrian age comprise the rocks
of the Page mine. The three fTormations intersected by the
Page mine are the Burke, Revette and St. Regls Formations.

The principal ore mincral is galena followed by sphalerite
in importance. The galena is mostly fine-grained. Other
minerals of importance are tetrahedreite, chalcopyriite and

pyrite. The gangue mineral in order cof abundance are quartz,

b

/VI

siderite, sericite and lencoxene (& imken, 19238).



The Page tailings pile 15 located on alluvial deposits
of recent age. These deposits censist of rounded pebbles,

¥

boulders and sand and cloy from ecosion of the Belt sceries

rocks plus reworked glacisl tevrane deposits. The alluvial
deposits are 90 feet thick (Norbeck, 1974). Jig tailings
from mineral recovery operations during the 19th and 20th cen-

turies are interworked with the upper. portioa of the alluvium

and glacial deposits.

Surface Hydrology of the Page Pile Area

o
o]
jefe]

The Page tailings pile is located in a marsh and
anderlain by valley fill. Depth to ground water in the valley
£i1ll near the pile is usually between two to four feet btelow
the surface. A pervennial swamp is located on the east side
of the pile with a seasonal swamp on *the west end.

Two tributary valleys supply surface water to the Page
pile area. Grouse Creek flows into themain valley ncar Smel~-
terville. The creek meanders across the flat easi of the pile
and enters the swamp ponded against the east bank of the east
pond. During high water, watcr flows between the north bank

¥

of the pile and the tracks of the Unioan Pacific Railroad and

©

discharges into the swampy arca to the west of the pile.
Humboldt Creck enters the main vaelley near the coanter
of the Page pile and then Tlows castward along Lhe South bank

Pl

of the west pond. The stream also digcharges into the swamp
area west of the pile. Surface water discharges from the

west swamp only duving high {low peciods. Uoth Greuse Creek



17
and Humboldt Creek rechurge Lho sronnd-water system in the

valley fill.

Physical Description of thes Taillings Site

The Page pile has a clircunicrence of 1.5 miles which
encloses approximately 70 acres. Approximately 2.8 million
cubic yards of tallings are contained within the pile.. The
height of the west pile above the valley Tloor ranges {rom
94 Teet at the east end to 18 feet at the west end. The
east pile ranges in height Trom 25 feet at the west end 1o
17 feet at the northeast end. The exact Lhickness of the
tailings is not known because records are nor avallable concern-
ing the excavation and construction of the original pond.

The embankmenl presentiy rises [row zeco Lo six feel above Lhe

tailing with an average height of three feet.



DATA COLLECTION HitTORK

Description of ﬁbﬁwgﬁﬁﬁmgﬁllﬁﬂiiﬂﬂdN@Fwork

A data collection network waz designed to obtain data
on the characteristicgiof grouad-water nmovement in the pile
and on the water resource system in the basin. Data collected
include precipitation, atmospheric vressure, surface wataer
discharge and quality and ground-water potential and quali-
ty. A coatinuous precipitaticn recorder was installed at
the site to verify the data from the precipitation station
located at Kellogg. A recording micrcharograph was installed
near the pile to monitor changes in atmospheric pressure to
help interpret the fluctuations of ground-water potentials.

An o
An €3

vtensive network of piezometers was instaltied hoth
in and surrounding the pile to gain information on the ground-
water potential and the changes in potential with time and

to provide data on ground-water quality. Sixty-four piezocmeters
were installed at varicus depths inside the pile with an ad-
ditional fifty-two sites located in +the alluvium underlying
the tailings matevials. The piezometers in the tailings vary
in depth from 12 feet to a maximum of 27 feet. TFive piczo-
meters penetrate the alluvinm underlying the teilings mater-
ials. The locations of the piezometer sites are shown in
Figure 3. Information on ench piexemeter is given in Avpendix
1. Sites ingide the pile provide information on the horizon-
tal and vertical distribution of potential within the pile.

The several banks of piezometicers were located within the pile
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to provide information oo the verileal bhead changes and changes
in water quality with devth withia the pile. For example, one
site on the west pile inciudes piezemeters installied at depths
of 12, 15, 16, 20, 21 and 25 feet  'The horivontal distribu-
tion of sites was selected on the basis of known physical
characteristics of the pile such as the center dike road between
the cost and west piles. Sites outside the pile were located

to detect the impact of the pile cn the hydrologic environ-
ment. Continucus water level recorders equipped with Keck

water sceking devices were instaliled in several pilezomcters

to obtain more accurate information on the ground-water level
fluctuations. The Keck units did not operate satisfactorily

during cold weather; continuous water level data were only

obteined during the summer mootins,

Design and Instailation of Piezcmelers

The typical piezometers used in this study consisted
of a length of 3/4 inch diameter polyvinyl chloride pipe,
perforated and wrapped with fiberglass screen in the selected
interval to be monitored (Figure 4). The smaller diameter
casing was selected to minimize time lag in water Iluctua-

d to mini-

¢

tions. Plastic ornd fibergloss waterials wevre us

mize interferences with the wster cuality deterwminations.
Pierzometers were installed by the following procedure:
1. Two-inch diameter, flush coupled casiang fitied
with a polvethylene drive point was driveo to the de-

sired depti.
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2. Clean quartz saand wos poured Juto the inside of
the two-inch casing to a depih of about one inch and
the drive point was knocked off the end of the two
inch casing.

3. The 3/4 inch piezometer was then placed inside
the two inch diameter casing resting on the sand.

4, Clean quavritz sand was placed around the perfor-
ated scction to a depth appreximately one or two
inghes above the top perfovrations.

The two inch diameter casing was withdrawn, while

i

powderced bentonite was poured to fill the annular

space between the 3/4 inch casing and the side of the

two inch hole.

6. The procedure was continued until the two inch

casing was removed. Bentonite was packed around the

3/4 inch casing as tightly as possible.

It was assumed that the bentonite would provide suf-
ficient seal to prevent vertical movement of water along the

casing.

Operation of the Data Collection Network

Data on precipitation, atmospheric pressure and water
level elevation have been collectad in the area of =tudy since
September, 1972. The frequency of the measurements nas varied
with the station. During the cariy stage of the study, pre-
cipitation data were gathered using the continuous precipi-

tation recordor and several storage tvpe precipitation collection



[pXat
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gages. DBarly analysis of data showed no arvenl variaticn iu
the amount of precipitation over fhe study area. Collcction

of precipitation data was then Timited to that obtaincd from

the coantinuvous precipitation reccorvder.

Drilling and Sampling Programs -

11

A sampling and testing progran of the Page tuilings
pile was conductled to determine the distribution of hydraulic
conductivity in the tailings pile, the location of a possible.

ompacted zone at the bottom of the tailings pile and the
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ocation of the contact between the tailing

)__l
(I,

ground surface. TWo pro cblems were of primary concera in test-
ing the materials that compose the different zones withia the
tailings pile. First, the investigation holes must be pre-
vented from caving when drilling through the saturated zone
of the tailings. Secoudly, undisturbed sample of tailings
must be obtained at selected intervals to define poss zible
layers of different hydraulic conductivities.

SuccessTul results were obtained by drilling the in--

vestigation holes with a hollow stcm power auger and sampling

0

the tailings with thin-wall samplers or shelby tubes. In

this manner, undisturbed samples were collected at seleccted
intervals. Shelby tube samples were in most cases collected

at 12, 17 and 22 foot deptbs in ovder to osbablish possible
changes in hydeaulic conductivity with depth. A fourth sample
from botween 22 and 27 feet was extracted from almost every

hole to helw define the interface beiweer tuilings and the
S .l

alluviam.



A thin-walied samnler or sholby tuibe (Figuie 3) is

aQ

«

7

made of steel tubing {(scmetimes known as shelby tubing) from
two inches to five inchcsxin diameter and with walls of 18
gage (1/20 in.). The lowered end is bevelled to form a ta-
pered cutting edge which reduces wall friction. The upper end
is fastened to a check valve that holds the sample in the

tube when it is being withdrawn from the ground. The thin-
wall sampler minimizes the most serious sources of disturbance,
displacement and friction (Sowers and Sowers, 1951). The
shelby tube used in this study was two Teet long with a two
and one half inch outside diamcter.

After the hole had been drilled to the desired depth
a shelby tube was titted to a 2% inch flush coupled drill
casing. The tube was then iowered to the bottom of the hole
and pushed two fect below it by the driving head of the power
auger. An air line was attached to the sampler to brake suc-
tion when pulling the sample back up from the hole.

A system consisting of a rubber disk sandwiched be-
tween a combination of metal disks and rods (Figlure 6) was
designed to keep the samples intact in the shelby tubes and
to allow for hydraulic conductivity testiag. The majority of
the samples were safely transported to the laboratory in this

v

magner. Some damage was caused to the samplers at depth greater

&
B

4

case

1%

b

than 22 feet from driving through the alluvium. TIn th:
the metal disks could nct be fitted into the shelby tubes.
The surface bottom of these tallings samples were covered

with a piece of cardboard and a mold of wax cast into the
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FIG. 6. SHELBY TUBES AND ADAPTERS USED IN THE STUDY .



proved to glive sat-

sampler. This wmethod of i

isfactory results for the purposo of this study.
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The only source of recharge to

to sewage lagoon installation was
1 shows the mean monthly wrecipitation for ¥

"\{C

the tail

direct precipitation.
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ings pile prior

Table

ello“$ (Idaho)

which is located about four miles east of the area of study.
Table 1. Mean Mcuthly Precipitation at Kellogg (Idahn)
Data fvom the Weather Records of the National
Oceanographic and Atmospheric Administration
Mean Monthly

Month Precipitation in Inches

January 3.61

February 2.92

March 2.97

April 2.38

May 2.41

June 2.42

July 0.83

August 0.83

September 1.70

October 3.18

November 3.71

December 4,01

Avevage Annual Precipitation 30.97
Precivitation data from January, 1972 to November, 1874 are
prescnted in Table 2. The departures and cumulsotive depar-

tures from the menw precipitotion oave

incl

uded.

Precipitation



Table 2.

Precipicat

Inche

sonthly Precipltation

)
o]

.. o , oy . . 1
2t Kellopg, Ydahe (A1l Yaluos in Inchon) ©

in

iou
s

Oopar

vromn Normal

tures

Cunulative
Departures

Year Month

1972 January
February
Marcn

April

May
June
July

August

September
October
November
December

1973

Total

January

February

March

April

May
June
July

August

Septemoer
October
Novemter
December

1974

Total

Januvary

February

March
April

May
June
July

August

September
Qctober
Novewber

W b (D b O b 23 DD NS L0 e e

.34
.67
.20
.70
.43
.43

.80
.66
.63
L32

.69

30.
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.32
p

05

.70
.94

<

23t
PRiv)
.58
.92

P

.00

o
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Y
.63
.54

.21

.96

.69

-1,
-1,
-2,
~1.
=1,
-0.
~3.
=-0.

~Q.

LT3
.75
.93
32
.07
.01
.13
.03

.09
08

83

Q

O = 0 L LS L Ll LD LS DD

-6 .
-6.
.03
-G
-3,
.50
.83
-9,
-9,
-13.
-13.5

3
-8

2

.73
.43
L1
.73
.30
.81
LG9
.96
.92
.09
.00
.92

.99
.82
ac
PR/
.18
.54

Ledal

. 4

.01

02
01

07
g2

27
87
02

1. .. .
“Precipiftation data through Macch,

Data from March,

1974 through November,

1974 obtainad

{rom

foderal

station

ol

Kellogg.

1974 provided by bunker Hill Company.
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data are plotted versus time and compared with a typical hydro-
graph from the flow system in the pile on FMigure 7. A close
correlation is observed between the cunulative depariure from
the mean monthly precipitation and the typieal hydregraph.

The flow system in the tailings pile is dynamic; 1t responds
to recharge events and to periods of no recharge. Variations
from the typical hydrograph may be seen at different loca-
tions in the tailings pile. More water level change is noted
in piezometers located at the exireme east and west ends of
the tailings pile than at piezometers located near the cen-
ter road (Figure 8).

Analysis of precipitaticn data for the period August,
1972 to November, 1974 showed a cumulative precipitation def-
iciency in the area of study except for the months of July
through October of 1972. This below normal vrecipitation
caused the ground-water levels to decline to their lowest
stage during the wonths of June, July and August of 1973
(Figure 8). In August, 1973 the precipitation defliciency was
10.64 inches. Although the precipitation that occurred dur-
ing the months of November, 1973 througn February, 1974 did not,
completely reduce the cumulative deficiency, it was sufficient
to cause the water levels to rise to the sioges atl which they
were during the wintev of 1872, Duriag the sumner months ot
1974 the cumulative deficiency was not as high as toat of
1973 and subsequently the minimum water levels duriang this
year inside the pile were about 3 feef higher Loan The minimum

water levels in 1073,
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In general, it can be said that the conparison ol the

Figures 7 and 8 indicates that the elevation of the water

s

table inside the pile is closely rolated to nrecipitation.

Water levels are at a low stage during dry periods and rise
during periods of higher precipitation. No 1bng—term water
level trends can be recognized from the data obtained during
the period of study. No indication of long-term drainage of
the pile has been observed. Water levels recover to previous
yeatrs elevatiouns during periods of high precipitation. The
leaching of heavy metals from the mine wastes thus may be

viewed as a long-term problem.

Short Term Watcr Level Tluctuations

X

Continuous water level recorders were installied at
two sites in the area of study in order to gain a better
understanding of the shoirt term fluctuations of water levels
inside the tailiags piles and in the surrounding alluvium.
Piezoneter WP-14-20, located inside the pile, and the west
well, a 25 foot well, located about 30 feet from the central
point of the west embankment of the pile and which taps the
alluvial deposits outside the tailings pile, were equipped
with recording units. The continuous water level recorders
were cquipped with Keck water sceking devices. The Keck units
did not work eificiently during cold weather; theiyr use was
restricted to summer months. Continuous water level data are
available from June 9 to October 3, 1974. Iigure 2 shows

the continuous decline of water levels both iuside the tailings
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pile and in the suvrounding alluviuem for the above
Data were compared for the period July 6 to September 2, 1974.
A total net drop of water level of 1.51 feet occurred in pilez-
ometer WP-14--20 whereas the wator ilevel ia the well situated
in the alluvium dropped 1.5% fect for the same period. These
water—-level data show that the filuctuations of ground-water
potential inside and outside the pile are closely related.

A more detailed discussion on the influence of the location
of the regional ground-water table on the water levels in-

side the pile will be given subsequently in this report.

Vegetation is abundant in the area that surrounds the
tailings pile. Evapotranspiration may be responsible for some
of the sudden drops in water levels shown in Figure 9.

During construction of the sewage lagoons a pump was
operated to dewater part of the coastruction area. Also a
number of industrial wells operate in the area. The combin-

ation of the above factors may have also caused some of the

drops in water levels of Figure 9.

Water Level Fluctuations Due to Changes in Atmospheric

Pressure. VWater level fluctuations were ncted in piczometoers
in respounse to changes in atimospherie pressure (Figure 10).

Russell (1963, ». 10) described similar fructuations as fol-
PR )

lows:
"Water level in wells rcve”bs when the atmospheric
pressure incereases and rises when the ~4mo~ph3fic
pressure decreases. D*urnal and semiaiurasal at-

mospheric pressuve changes, culminating in twe max-
imuins and cwo wmialmums during the course of 24
hours ave recorded by barcmeibers.,  Diurnal pressure

vometers.,
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atmospheric pressure changes persist through all
scasons and are producced by daily temperature
changes. Water level maximums in some wells occur
at aboutbt 4:00 a.m. and 4:00 p.m. and water lcvel
minimuns occur at about 10:00 a.m. and 10:00 p.m."
Water level data from the study area for the month of July
differ from the above observations. During the early part
of July, water levels reached maximums at about 4 or S p.m.
and minimums at about 7 or 8 a.ra. For this pericd the at-
mospheric pressure showed a maximum at arcund 7:C0 p.m. and
a minimum at 7:00 a.m. The second part of July showed
water level maximums at about 4:00 p.m. and minimums at about
10:00 a.m. Water level data for the months of August and
September, 1974 are in accordance with the fluctuations ob-

served by Russell.

Barometric Dffi

iency.

wWater

piesometer WP-14-2

in atmospheric pressure (Figure 10).

0 showed a distinct response

LA AR%

he bar

level fluctuations in

to chaunges

metric effic

4

at this site was calculsted for the periods July 9 to July
and July 24 to August 6, 1974.
Walton (2962, p. 4) defines barowmetric efficlency as

follows:

"Water lovels in counfined aguifers are aiftected
by f‘10+uai‘>ﬂ, in atmesphoric prébunrc, As the
aTmospheric prosaure incranses nhe wacer level

fall &;, and ac Lhe abuosphocic prossure decronses
the wat~r level riwes. The ratio of the changes

1

ciency.

5



in water lovel Lo the changes in atmosoheric
pressure 1s the bayomotiric sfficiency of the
well and ig usually oexpressed as a percentage.

The equation for the barounctric eflficiency of a well and for
+he chanpge in water loval in resyousce to an atmosphoric pres-
sure change is (Walton, 12G2):

B.L. = (AW/AB) 100

where: B.E. = barometric efficiency

AW = chaange in water level resulting from
change in atmospheric pressure in feet

>
=
il

changes in atmospheric pressure in feet

m 1Tntwni e ] oo hatfweann otmAacainhavnd s yomcimiivym
The inverse relaticnship beltween atmospheric prousurce

-~

and water levels is shown in Figure 10 where the upper curve
indicates atmospheric pressure inverted. The lower curve
shows observed water levels in pirezometer WP-14-20,

The baromebric efficiency of an artesian well is a
measure of the ability of the upper confining layer to trans-
mit atmospheric pressure changes to the water in the aquifer
and provides a relative measure of the rigidity of the overly-
ing or condiining beds and the aquifer (Gilliland, 1969, v. 245).
The method of Taylor and Leggett (1949) was used to calculate
the bparometric erficiency at site Wb-14-24. Instantaneous
water Jevels for the pericd July 9 to July 15 and July 24
to August 6, 1974 were plotted against the boavometric pres-—
sure converted to feet of water for the sasme perviod (Mable
3). ¥Figure 11 shows the correlation between Che barom=iric

v in pilezometer

s

pressure on the abelssa and the depth to wat:

WP-14-24 on the ovdinate, Straicght lines with approximutely
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the same slope dvawn through ecncb set of points pletted.
These have a mean avoerage =lope of 0.44. This barometric
correction was applied to the water levels obtained during
the above period and the ndjustad water levels are sbown in
Tigure 10. 'Table 3 suwmarizes the data needed to correct the
water levels in piezometer WP-14--24.

The presence of baronetric fluctuations in tne water
level rvecord show that some degree of confinement of the
groundmwafer flow system in the pile exists. The physical
characteristics of the tailings materials are described ear-
1ier-in this report. It was stated that the mean size of
the materials that compose the top of the west side of the
pile is finer than the bottom of the west pile, because of
deposition prior to the initiation of sand-fill operations.

The top of the west pile may be acting as a semi-confining
layer which causes the water levels in the west side of the
pile to respond to fluctuations in atmospheric pressure.
Barometric efficicney was not calculated for the east side

of the pile. It is not possible to conclude whether or not the
water levels in that side of the tailings pile respond to
fluctuations in atmospheric pressure in the same way Lhan
those in the west pile. Another factor which may explain
the respoase of water levels to (luctuations in atmospheric
pressure could be lensing of finer and coacser tailings in
the pile, which originated from changes in the locations of

the flume system in the pile,
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Petentiometric Suirface iu the Tailings Tile and Surrouunding

AllLv1um

Data were collected on the horizontal aad vertical
distribution of potential both within the tailings pile and
in the surrounding alluwvium, The configuration of the water
table in the Page pile is presented in Figure 12 (Ralston and
Morilla, 1974). A ground-water wouund is evident under the
east portion of the tailings pile. No similar rmound was dis-
cernible under the west porvtion of the tailings pile. The
contours of water level elevation in the alluvial material
indicate that the pile does noi have a major impact on the
regional flow system. An ecast-west vertical section presented
in Figure 13 shows the pattern of movement within the pile.
The eunipotential lines in the tailings material are counected
with those in ﬁhe regional flow system to show t{he direction of
water movement. The potential distribution presented in the
above figures suggests two main questions: (1) What are the
reasons for the existence of the mound under the east side of
the pile? and (2) Why does the water table follow a relative-
ly conétant slope on the west side of the pile? The existence

of the ground-water mcound in the esst side of the pile may

be explained in several ways. First, much of the tailings in
the east side were deposited prior to zemoval of the coarser

fraction of the slurry for backfilling the mine. The hydraul-
ic conductivity of the east pile would on tne average be
greater than that of the west pile. AL Uhe same time, the

o

east half of the pile bhas been in oxistence approximaiely



4:3
twice as long as Lthe west portion. It is possible that a
compacted layer with a lower hydroulic conductivity may have
formed at the bottom of the east pile as a result of in-
creased loading or overbuvden. This phenomena haos been re-—
ported in earlier investigotions by researchers working on
an operating tailings pond (Williams, Kealy, and Mink, 1973).
The downward movement of water would be restrained to some
extent by the existence of the compacted layer and the water
would be forced to mound uinder the east side of the pile.
An alternative explanation fcor the mound is preseanted later

in this study.



LE

H
i

THE PAGE P

LUVIU

iy

WATER TABLE

THE

-
]
[

CF

AR
~\

i

m A
{

]
[

¢D SURROUNDING A}

Co

/
e
3

<, b
L o st e i e,

i

= u
.

)
<1 2 -—
[ Q-
Z :) !,..
OOy
[ =
o X .
o A

[%%) et =
P T o o
EoNl W I o
ST ook
crom W
W =
oy o
T o O

o ¥o
o7 -
g P oY
D )
Po o

S oo 3 oL



ke

JUoF NOILD2IS-SEONHD LS3R-LSVYI 9NOTIY WOIANTTIY
Onv  Z7id 22V ZHL NIHLIM  NOWNGIHNLIZSIC TYILNIZiOL ¢'aid
1334 0001 6Cs 001 0O
_J. i T 3 1 i ; T il
WAIANTTY
3ONITIVE 40 3SVE 03L¥InL1S0d , , m
| | | | L 08t~ < 0812
$03Z) 021 0021 86!i 961! pei! 26! e
i ) ! e L
: _ L I e
T e LT T T T ™ /. e / “
\\\\dw oo e Y ‘ 160z / -~ 00373
e e ! ((zoz) -~ |
SRS —— voNV\ .
, N 502\ - ,
A/ 6G . _ 2TEYL ¥ILIVM
~ X ” / Gie M\..\\ , - gtzz
_ S Sy - |
, 3714 SONITIYL 3NIW
ﬁ \\\
//I -~ 1108 NOILYN3I2YX3 TTVOILNIA
I.}
//\ 1334 000% snd
TYILNZLOd TVADI 40 M¥NOLNOU---903




FSTND OIS VYT ONAT D DM T g
HYDROGHGLOGICAL PLROPLETIES

OF THE TATILINGS MATERTALS

Comments on Laboratory Testing of HSoils

Permeameters are used for laboratory determination
of hydraulic conductivity of soils. There are two basic de-
signs: the constant head permeameter and the falling or var-
iable head type. The constant head permeameter, shown in Fig-
ure 14, can be used to determine hydraulic conductivity values
of consolidated and unconsolidated formations under low heads.
Water entevrs the medium cylinder from the bottom and is col-
lected as overflow affter passing upward through the material.

From Darcy's law it follows that the hydraulic coanductivity

)

nea from:

fued
h

I 7EA\Y P T~ ~1 4
{48 ) <can e ooia

where V is the flow volume. The other factors are snhown in
Figure 14. In highly impermecable materials, the quaantity V

is small and accurate measurcments of its value are not easily
cbtained. The constant head permeameter is principally ap-
plicable to relatively previous soils (Tayloeor, 1247). The

expected values of the hydraulic conductivity of the materials

v : . _ W NeF CHI ;O
that compose the Page pile range between 1079 ;E? and 10-7 g
SO =So0

It was determined to test the tailings samples hy the fallling

head permeameter method. Water is added to the tall column

and allowed to flow upward through the medium cylinder and be

£

collented an overflow (Figure 15). The test counsists of nol-

Qo

N

ing times at which the water lowers to various gradations on
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the tube. The hydraulic conductivity can boe obiaiacd from

2 1.
CGag) (8) ™k
C - :
o ...oem
where K is hydraulic conductivity in == and de and d are

the diameter of the cylinder and the tube respectively, hg
is the initial head and h is the nhead at any time later t
(Todd 1959, p. 56). All the dimensions are shown in Figure
15. The variable head permeameter provides better results
for the determination of the hydraulic conduciivity of less
pervious soils.

Several Tactors controliling this type of laboratory
determination of the hydraulic conductivity must be dis-
cussed before the data obtained frcm the testing program are
prezented. The derivation of the equation that controls the
falling head permeameter from Darcy's law assumes that the
soil sample is completely saturated. In other words, it is
assumed that all the voids have been completely filled with
water. Soils in unature contain generally small amounts of
entrapped air. Laboratory specimen frequertly contain a high
contenf of entfapped air which is acquired when sampling and
shipping and during preparation for testing (Taylor, 1847).

In addition to entravped gas bubbles, certain amounts of air
Ky > 3

>

1

and other gases exist in sclution in the pore water at any
given temperature and pressure. if lhis amount of air 1is
in seolution an increase in temperature ov decrease in pres-

sure results in the freeing of some of the dissolved guses.



Reliable bydraulic concduciivity determinations will
not be obtained if entrapped air and dissolved gases are
present within the laboratory sample. The main disadvantage

of using the falling head vermeamaier ig that the measured

[

4

hydraulic conductivity decreases with time as the water level
in the staundpipe drops. The change is due to increased en-—
trapped gas resulting from the lower water pressures in the
sample as the head in the standpipc lowers. Several other
reasons can be stated for the decrease in the hydraulic
conductivity of the sample with time. The duration of hy-
draulic conductivity testing of soil samples by the ralling-
head permecameter method is controlled by the fluctuations of
the measured hydraulic conductivity during the testing period.
At the early stages of the test the hydraulic conductivity

of the soil sample is constant with time. At scoma time aofter
the beginning of the test because of a combination of the
above factors, the values obtained for hydraulic conductivity
decrease with time. The test should then be discontinued and
an analysis made of the data obtained prior to the time when
distinct fluctuations in hydraulic conductivity with time
occurred (Taylor, 1974, Davis and DeWiest, 1268 and Cedergreen,

1966).

Laboratory Testing ol Hydraulic Conductivity

Sixteen samples were extracted from the Page pile.
The hydraulic conductivity tests were run as scon as the samples

reached the laboratory to prevent swelling of the samples and



49
disturbance of the physical properties of the materials. A
number of permeameters egual to the number of samples had been
previously built and set up in the laboratory (Figure 16).
Copper sulfate was added to the tall column in combination with
the distilled water to prevent bacteria growth. A thin layer
of vegetable oil was added to the tall column of water to min-
imize the effect of evaporation during the laboratory test.
It was observed during our testing program that a decrease in
the hydraulic conductivity of the tailings samples a factor
of ten occurred after the third or fourth day since the be-
ginning of the test (Figure 17). For this reason, only the
measurements obtained during the early portion of the test were
considered to yield reliable values for the hydraulic conduc-

tivity of the materials tested.

Analysis and Presentation of Results

Satisfactory hydraulic conductivity results were obtained
from fourteen of the sixteen samples. Two of the samples were
disturbed while being extracted from the investigation holes.
Air pockets formed along the wall of the samplers which in
turn produced some high flow rates along those critical zones.

Data on hydraulic conguctivity obtained by the falling-
head permeameter method are presen%ed in Table 4 and Figure 18.
Table 4 includes data on the location and depth of the investiga-
tion holes, number of reliable measurements, mean hydraulic
conductivity for each sample in cm/sec and the highest and

lowest hydraulic conductivity measured for each sample. The



FIG. 16. FALLING HEAD PERMEAMETERS FOR TESTING PERMEABILITY
OF SHELBY TUBE SAMPLES OBTAINED FROM THE PAGE
TAILINGS PILE.
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a4
diestribution of mean bydrauvlic conductivity values in the tailings
pile as obtained by the falling head permeameter method are shown
in Figure 18. A slight decrecuase iu hydraulic conductivity
oceurs with depth at several sites. Distinet differences in
hydraulic conductivity with depth that would indicate the
existence of‘a compacted layer wcre not observed., Samples
obtained from investigation holes EP-2-30 at 12 feet and 17
feet and from WP-4-30 at 17 feet show the highesi hydraulic
conductivity in the pile. Both investigation holes were drilied
close to the embankment of the tailings pile. The reason for the
highef hydraulic conductivity at these sites is not known.

Four samples were obtained from the alluvial materials
underlying the tailings pile. The sample c¢btained from ia-
vestigation hole WP-4-30 at 27.7 feet yielded a hydrsulic con-
ductivity of 1.7 x 10-4 %%E' This hydraulic conductivity

can be considered typical of a very poor agquifer. The other

three sawples obtained from the alluvial deposits gave results

. . -5 cm -5 cm
ranging frem 1.3 x 10 o to 1.6 x 10 gt These measured
. wh g [ e

values oi hydraulic conductivity are not in accordance with
the type cf alluvial materials sampled. Two factors may ex-
plain the low hydraulic conductivity of the alluvial materials
inmediately underncath the bottom of the tailings pile. First,

the tailings pronably invaded tne coavser alluvial materials

to some depth causing a deecrease in hydraulic conductivity.
Also, older "jig tailings' are intermixcd with the alluvial

moterials La the avea of +the toilings pile and may to sone

extent reduce the hyvdraulic conductivily ot the materials
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located beleow the tailioggas-aliuvvium ilutervphase, A more ©xX—
tensive drilling and sampling vprogram is required to better

L

understand the variations of hydraulic conductivity inside
the pile.

The above data suggests that the matewials that com-
pose the Page tailings pile may be coasidered as reasonably

homogeneous. The mean hydraulic conductivity of these mat-

~6 cm
sec

erials was estimeted to be 3.0 x 10
It should ve stressed at this point that much more

extensive drilling and semoling of the Page tailings pile is

nee ded to delineate the areal vaviations of hydraulic ccaduc-

tivity.

Analysis of Natural Recession Curves

The hydraulic conductivity values of the tailings mat-
erials at threc different sites in the tailings pile were
stimated using water level recession curves., Water-level
data available for the period July 9 to October 3, 1974 during
which precipitation did not occur were analyzed to obtain
an independent check for the values of hydraulic conductivity
obtained by the falling head nermmameter. Jaccbhb (1943) dem-~

nstrated that the decline of water levels on a peainsu

-

®

in response to aa absence of precipitation can be anproximated

by the equation:

kl . 1'1 . T/‘-L‘u
SOt VRS

where hy is the original height of the water table in foet,

CEN
14

h is the height of the watcr table after a given tine €



~r
{

[

seconds, and is half the width ot the peninsula, T ig the
coefficient of transmissivity in square feet per sccond and
S is the cocfiicient of storage wihich is a dimensionless term
(Domenico, 1272, p. 51).

For the Page pile analysis, the storage coefficient
was estimated using known water levels over a given period

of time and the estimated discharge from the bottom of the pile.

This method vielded a2 hydraulic conductivity value of 8.6 x

<

10"2 em/sec; a value much larger than that determined by the
permeameter analysis, It is believed that the method did
not work in the Page site because of the violation of one of
the basic assumptions of the method. Jacob (1943) assumed
that the value (hg, h) was small comparcd to the value of h.
This was not so for the Page site. The recession curve ana-

D

lysis did not yield useable rvesults.



TINITE LBLEMENT MODLL OF THI GROOND WATER FLOW SYSTLM

Description of fhe Finite Flement Model

A mathematical model of the flow system in the tail-
ings pile was constructed using an available finite element
computer program to bettev define the factors controlling the
ground-water movement through the tailings pile. The finité
element program was developed by R.L. Taylor at the Univer-
sity of California, Berkelecy, and has been used in several
sudies by the U.S. Bureau of Mines (Xealy and Busch, 1971).
The program can handle steady state two dimensional con-
fined and water table flow conditiouns and uses an iterative
technique to locate the steady state phreatic surface for
the free surface points., A cross-section defining the gec-
metry of the problem and the boundary conditioﬁs serves as
the first step for the construction of the mathematical model.
The cross-section is divided into discreet elements delineated
by nodal points forming a mesh counfiguration. Fach element
is assigned its material type and characteriscic hydraulic
conductivity. The recharge to ihe pile is modeled as flow
into the mathemaiical model. Output consists of nodal loca~
tions, potentials and elemcnt velocities and directions (lig-
ure 19). To gain scme experience and knowledge, a small model
of the cross-secticn B-B' of Figure 7 was constructed. A
more efficient model of the pile was constructed with the
experience gained with the construction of fhe first model.

A Tinite-element mesh was drawn of au east-west vertical cross-—-
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section of the Page tnilings pile and of the

and twenty elements were de-—

P

luvial deposits. Dight hundred
lineated by the location of 940 nodes. Most of the elements
and nodes were automatically gencrated by the {inite-elcment
computer program. The calculated hydranlic counductivity for
the tailings materials of 3 X 10“6 centimeters per second
was assigned to the elements defining the tailings pile., The
90 feet of alluvial deposits underlying the pile were also
modeled. The hydraulic conductivity of the alluvium mater-
ials could not be accurately determined., A typical hydraulic
conductivity of 20 centimeters per second was assigned as
material type to the clements that compose the secticon of the
model which defines the alluvial deposits underlying the tail-
ings pile. Data on the distribution of horizontal hydraulic
conductivity in the pile were not available. A ratio of hor-
izontal to vertical hydraulic conductivity of four to one was
input to the wathematical model, Later operation of the model
showed thet changing the horizootal to vertical ratio to ten
to one did not significantly alter the location of the computer
generated water—table in the taoilings pile. The materials
that compose the tailiungs pile were considered homogeneocus,
According to this concept, tailings material layvering does
not exist. An angle of stratification equal to zero was input
to each element card.

The ground-sucface line defining the top of the taillogs

roo-uuriace nodes. The mean yeorly

b

pile was divided intc 121

precipitation fue the avea ot siudy was avenly distributed
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among the total number of these nodes., [n this manucr recharge
ates were input to the tailinugs vile by adding the percen-
tage of the total flow in at each free-surface node. The re-
gional ground-water table in the valley fill near the pile,
located from two to four feet bhelov ground-surface was also
ircorporated to the mathematical moedel. This boundary con--
dition was inserted into the model by fixing the {luid pres-

sure at the starting and ending node of the:alluvium bedrock

boundary line.

Operation and Calibration cf the Mathematical Mode:l

The first objective to be met with the construction of
the model was to find a combination of hydraulic conductivity
and recharge values that would generate a computer water-table
for the tailirngs pile which would approximate the configura-
tion of the water-table measured by the field piewsometers. It
should be noted that the water-table configuration measured
in the Page tailings pile could be maintained with a range
combination of rechavge rates and hydraulic conductivity values.
The hydraulic conductivity of the tailings materials was main-
tained at the caleculated 3 x 10“6 centimeters per w=econd.
Recharge rates of 30, 25, 20 and 15 inches of precipitation
ver year were input to the model. Outoputs from the finite-
element program for the different rechaorge rates are illus-
trated in Figure 20. The dashed line represents the water-
table mensured by the field nizzometers. It was observed

that about 27 icches of yearly precipitation was needed (o
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among the total number of these nodes. In this manner rocharge

rates were inpul to the tailings pile by adding the percen-

tage of the total flow in at each free-surface node. The re-

»

gional ground-water table in the valley fill near the pile,
located from two to four feet below ground-surface was also
incorporated to the mathematical model. This boundary con-
dition was inserted into the model by fixing the fluid pres-
sure at the starting and ending node of the alluvium bedrock

boundary line.

jective to be met with the construction of
the model was to find a combination of hydraulic counductivity
and recharge values that would generate a computer water-table
for the tailingskWhich would approximate the configuration

of the water--table measured by the field piezometers, It
should be noted that the water-table contiguration measured

in the Page tailings pile could be maintained with a range
combination of recharge'rates and hydraulic conductivity values.
The hydraulic conductivity of the tailings materials was malin-

6] . -
centimeters per sccond.

tained at the calculated 3 x 10
Recharge rates of 30, 25, 20 aud 15 inches of precipitation
per year werce input to the mcdel. Outputs from the finite-
element program for the different recharge rates are illus-
trated in Figure 20. ‘The dashed line represents the water-

table measured by the field piezometers., It was observed

that about 27 inches of yearly precipitation was needed to

B
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maintain the water-taple in the piile at elevations closs to

those measured by our field pievometers,
e

The location of tho vegional water-table below the

tailings-alluviun interface was chunged by verying the pres-
sure differentials at the bottom of the pile. Iigure 21
shows the configurations of the water-table obtained by in-
putting the same amount of yearly precipitation and lowering
the regional water-table from 897 feet above the alluvium bed-
rock boundary line to 93 feet. A distinct drop in water lev-
els can be observed for the same recharge rate when the re-

gional water level is lowered,

Conclusions Obtained from Operation of Mathematical Mcode

1. The grcund-water levels caiculated by the wodel
correlate closely with the mzasured water levels, A re-
charge rate of 27 inches of precipitation a year is needed
to maintain the water-table in the pile at elevations close
to those measured by the field piezometers.

2. Several runs‘using different recharge rates show
the dynanic character of the flow system.

3. The finite-element model i3 instrumental in illus-
trating the hydvological intervconnecticn belween the flow
systems inside and oufside the tailings pile by showing the
impact of the location of the regional ground-water table
on the wabter levels inside the pile.

4. The grvound-water mound under the east side of the

teilings pile can be explained on the basis of the location
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of the regional grouud-water table in the alluvium under-
lying the pile and the magnitude of recharge to the pile as
an alternative explanaotion to the existence of a compacted

layer at the bottom of Lhe ecasi side of the pile,



DISCUSTICON O QusULTs

Correlation Betwecen the A Neec to Maintain
the Ground Water Mound Rate from the

Tailings Pile

Qutput from the finite element model showed that a
yearly input of 27 iunches of precipitation was necded to main-
tain the ground-water nmound at levels similar to those meas-
ured in field piezometers. A 27-inch recharge to the pile
would result in discharge from the bottom of the tailings

pile at a rate of 2,000 gallons per day per acre. Calcula-

Yy o 1 1 ] 4+ 3. 3 K] :
tions using Darcy's equation with a hydraulic conductivity of
6
R . . . =) - . s s e - - -
the tailings materials of 5 x 10 centimeters per second,

an assumed vertical hydraulic gradient equal to one and the

=y

area of the tailings pile equal to 70 acres produced a rate o
subsurface discharge from the bottom of the pile equal to 2,800
gallons per day per acre, equivalent to 37.8 inches of pre-
cipitation per year. This discharge rate is too high, pos-
sibly because the vertical hydraulic gradients at several
locations in the pile could be smaller than one. The vertical
componént of the hydraulic gradient was calculated using the
vertical cross scction of figurce 13. A total mean value of
0.73 was computed for the vertical component oi the hydraulic
gradient in the tailings pile. This value was used to compute
a discharge of 2055 gallous per day pec acre. This value forv
the rate of discharge correlated very closely with the com-
puter calculated rate of discharvge of 2000 gallous per day

per acre. [t should be noted that there may exisl some error



BT
in the calculated rate of discharvze using Darcy's eguation

due to the fact that the horiwzontal component of the hydraulic

gradient has not been included in *the above calculations.

ion of %inc Trom the Page Tail-
Lnvivonment

Calculs

tion of the Contri
ings Pi.

e to the Twmed

The mean coacentrations of zinc for the piezomcters
located inside the pile for the 1972~1974 period of data col-
lection ranged from 1.4 o 102 parts per million (Table 3).

A pattera in the concentration of zinc inside the pile was not
observed either horizontally or with depth. A total mean
concentraticn of zinc of 15.16 ppm was calculated for the
piezometers located inside the pile. Using this concentra-
tion, the calculated discharge rate from the bottom of the
pile of 2000 gallens per day per acre and the size of tooe
pile, 17.8 pounds per day of zinc were estimated to reach

the immediate environment surrounding the pile. Ground-

water quality data from 52 piezometers located in the allu-
vium outside the pile were analyzed and a total mecan coucen-
tration of zinc of 28 paris per million was calculated. Ground-
water quaility data presenced by Norbeck (1971) show o mean
concentration of zinc of 33 parts per million for three wells
located in the alluvium up-gradient frow the Page tailings
pile.

Jig tailings have been deposited over much of the val-
ley ftloor along the south fork of the Coeur d'Alene River.
According to Williams and Mink these high concentratiocns of

zinc mayv be contributed to the flow system Ly leaching of
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tnese old deposits.
The amount of zine dischaorged from the tailings pile
wos compaired with the amount of zinc carvied by the South

I‘T

P

ork of the Coeur d'Alene River 2t Smelterville near the

age tailings site during low flow (Table 6). The data pre-

sented below was obtained from the Water Resources Data for

I

5

daho, Surface Waler and Water Quality Records (1972, pp.

1 and 40).

Tabkle 6. TFlow Rates on Th?bc Dates in 1972. Zinc Concen-
trations and Total Daily Load of Zinc Carried by
the Scuth Fork (‘,i the Coeur d'Alene River at

Smelterville (Idaho).

Total Daily
Dates of Rates of Concentrations Leoad of Zinc
Measurement Flow in c¢fs of Zinc in ppm in Pounds

July 20 315 6.6 11,316
August 17 180 32.5 31,841

Septenmber 6 137 13.6 10,141

Based on this data it was calculated that the South Fork
of the Coeur d'Alene River upstream from the Papge tailings
pile was carryivg an average of 17,768 pounds per day of
zine during the above period., The deily amount of zinc
provided by the tailings pile to ihe South Fork is 0.1 per-
cent of tre total daily amount of zinc carried by the river

during the low flow dates noted avove.



SUMMARY ASND CONCLUZIONS

A tailings pile in the Cocur d'Alene Mining District
in northevn Idaho was selected for investigation to deter-
mine the impact of an abandoned tailings pile oa the water
resource system. A network of piczometers was installed both
in the tailings material and in the surrounding alluvium.

The data reveéled that a ground-water mound cxists beneath
the eastern portion of the tailings pile. Variations in hy-
draulic conductivity of the tailings material were suggested
as the controiling factor for the existencs and location of
the mound. Temporal fluctuations of ground-water potential
indicate the dywamic nature of the flow system in the tail-
ings pile. The flow system in the pile responds to both
short term and long term Ifluctuatious in precipitation. A
drilling and sampling program of the tailings pile provided
information on the distribution of hydraulic conductivity in
the pile. Data were obtained by drilling six investigation
holes with a hollcw Stem power auger and sampling the tail-
ings with thin~wall samplers. TFalling head permeamstcis were
used to determiune vertical hydraunlic conductivity values.
Distinct differences in hydiraulic conductivity with depth

that would confirm the existence of a compacted zone at the

vottom of the cast side of the pile were not observed. Hy-

>

draulic conductivity data of the tailings material (3.0
) . . . C .
10 cia/sec) along with a selected hydrauliec conductivity

value for the alluvial materials of 30 centimelers per second
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were iancorporated as inpui to w mteady stace finite eolement
model of the flow system in the Puage tailings pile. Operation
of the model using different rechtarge rates showed that the ex-~
tent and location of tho ground water mound undor the cast

side of the pile varies with the recharge inputs to the pile.
The finite element model also illustrates the hydrological
interconnection between the flow systewns inside and outside

the pile. The location cof the regional ground-water table was
found to be an additiounal factor controlliné the existence of
the ground-water mound in the east side»of the pile. The math-
ematical model of the Page tailiongs pile indicated a dischavge
of 2000 gallons per day per acre of water to the immediate
environment surrounding the pile, via subsurface discharge.

The mean concentration of zinc of the piezometers located in-
side the pile was estimated to be 15.16 ppm. Zinc is calculated
to reach the pile surroundings at an estimated rate of 17.18
pounds per day. The daily amcunt of zinc provided by the
tailirgs pile to the area was computed as 0.1 percent of the
total ziac load carried by the viver during low flow upstrean
from the tailings pile. R

The following cenclusions were drawn fyrom this study:

1. The flow system in the Page tailings pile is dyna-
mic:; it responds to precipitation events and periods of no
recharge. This shows that there is recharge to, and discharge
from, the pile.

2. Analysis of the water level fluctuations for the

period 1972-1074 dndicated that a long-tera dewatering of
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the tailings is not cccurring. The leaching of the mine
wastes in the pile may continue for a long pevriod.

3. Data obtained from Tourtaen tailings samples {rom

0
las

the Page pile indicnte that there arenct distinet differences

in the hydraulic conductivity oif the tatlings materials from
various parts of the pile. The tailings pile was treated
as a homogeneous system.

4. The location of the regional ground-water table
and the rates of recharge to the pile were found to be the
controlling fTactors in the cxistence of the ground water
mound under the eastern part of the pile.

5. Output from the finite-element mathematical model
shows that the rate of subsurface woter discharge, via seepage
from the bottom of fthe Page tailings pile is sapproximately
equal to 2000 gallons per day per acre.

6. The rate of zinc contributed by the pile is about
0.1 percent of the total daily amcunt carried by the rviver
upstream for a period of selected records.

Cemparison o# the daily amount of zinc transferred by
leaching from the movement of precipitation through the tail-
ings pile and the daily load zinc carried by the South Fork
ot the Coesur d'Alene River upstieam from the area ol study
showed that the abandonment of the Page tailings pile does not
have a significant detrimental effect on the main streams in
the area.

The iwmpacts of abandoning tailings piles in the Coocur

d'Alene Mining District and in areas vwith a Jess polluted



73
environment will depoand on the follswing facliovrs:
a. Size of the abhandonan tailings pile

b. Hydrogeolegical and cbemical characteristics of

¢. Recharge rates to the piles

d. Location of the regional ground water table

e. Rate of subsurface water discharge via seepage
from the bottom of tho piles

f. Geochemical vackground of the area where sbaundon-

ment cceccurs.



TYTT N RN TINTY A S F AT
DRCUCIINNDAT L ONS

Lxperience gained during the course of this study leads
the author to make a number of recommendations that might
help future investigators to deal with the same or similar
types of problems than those encountered in the Page tail-~
ings pile project.

1. More data on both horizontal and vertical hydraulic
conductivity are needed to better describe the variation of
hydraulic conductivity in the tailings pile.

2. A program to determine the iun-situ hydraulic con-
ductivity of the tallings materials should be carried out in
existing piezometers prior to the sampling and testiang of
samples in the lab. 1In this manner we can obtain a basis of
comparison for further lab hydraulic conductivity data gener-
ated during the sampling and testing programs. Slug tests
(injection tests) provide a means for obteining data easily

and give an overall view of the distribution of bydraulic con-

D

ductivity in the area to be sampled. This type of testing
£ 1)

¢

procedure was utilized in the Page pile. However, success-
ful results were not obtained. Qur water injection system
did not work efficiently and lator efforts to improve the

m that allows

)

systcn were not made. A waler ipjection syst
to measure instantancous declines of head jaside the piezo-
meters should bhe designed 17 accuraie daita are to be obtainerd
from this method.

3. Leusing and layering of tailiags materials cceurved

"
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with changes irn mining and milling tochnigues during the il-
ling of the pile. "This causes the ground-water system in

the nile to be in a complex semi-confined state which had a
distinct impact on the scepage patiferns in the pile. Sampling
of the area of study should include not only areas below the
water-table but also shallow samples that would help deline
marked differences in the physical characteristics of the
tailings with depth.

4., The main problem when testing soil samples by eithew
the coanstant head or the falling head permeanmeter i1s movement
of water along the tube wall. A plexi-glass sampler should
be used to allow examination of hboundary flow that would distort
measured hydraunlic conductivity values.

5. The use of the falling head permeameter is limited
by a time factor. Sometime atfter the beginning of the test
there is a distinct decrease in the measured hydraulic con-
ductivity. Data obtained after that phenomena is observed
are not reliable.

5. The computer gencrated water-table shows a dis-
crevancy with the water-table measured by our field piezo-
meters oanly in areas close to the embankment of the tailing
pile. More piezometers shoulid be iastalled in areas close
to the cdge of the pile to better define the shape of the
water-tabie.

7. The flow system in the Page tailings is dynamic
and the finite-clement computer progeam used in this study

depicts the @ystem oaly as steady state., A computer program
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which would solve transient flow problems would reproesont

more accurately the flow system in the pile.

3. The regional ground-water table could be lowered

=

et

hods

by ecither of the followiang met
a. relicf wells located near the area where the
ground-water mound is located would lower the
regional ground-water table which in turn would
cause the water inside the pile to drain by grav-
ity.
b. diversion of Grouse Creek and Humboldt Creek,
both of which recharge the valley f£ill in the area
of study may aiso lower the regional grouund-water
table in the area.

9, The rate of subsurface dischargs from the pile
could be mininmized by a properly designed compacticn program
that would increase the density of c¢ritical surface zoues
of the tailings pile which would substantially reduce recharge

to the tailings pile.

10. A more detailed analys water quality data

from the flow system in the pile is neceded to describe with

more detail the impacts of the abandonment otf taillings pilles

on the water resources of the ares where abandonment cocurs.
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APPENDIX A

DATA COLLECTION SYSTEM



Grid
Coordinate
X Y
5094 3120
5094 3120
5754 2704
5754 2704
5754 2704
5754 2704
5418 2026
5418 2026
4776 2479
A775 2479
4776 2479
4776 2479
4776 2479
5260 2573
5260 2573
5260 2573
5260 2573
5260 2073
5260 2573
5260 2573
5260 2573
5260 2573
5260 2573

Site
EpP-1-17
Ep-1-26
EP-2-13
EP-2-17
EP-2-20

EP-2-30

i

EP-3-

EP-3-24

EP-4-16

EP-4-17.5

EP-4-21
EP--4-22
EP-4A
EP-5-12
EP-5-15
LP~5-16
LP-5-20
EP-5-25
BP-5-27
EP-5A--12
EP-5A-15
P-5A-17
IP-3A-27

P -6-17

6.5
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0713874
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o
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o
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08067
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.78
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Grid
Coordinate
X Y

5743 2188
o474 3227
5474 2337
5000 1971

5000 1971

4€74 3000

4976 2510
4947 2510

5560 2335

&
&
0]
o
)
(o8
Cw
&)

5343 2908
5140 2243
5140 2243
4956 2796

4956 2796

Site

LEP-6-19

EP-6-20.5

EP-6-23

EP-7-16

EP-7-23

EP-8

EP-8A

EP-9

EP-59

EP~59A

060873
062773
060673
0606873
060673
060673

072774

o

060673
071073
071874
070973
102374
070973
071873
071874
071073

072774
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+
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0806
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Elevation
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.94

LTI

.34

.33
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WisST PULD

Grid

Coorainate Date Date

X Y Site Placed Lot Elevation Length
3730 2590 WP-1-15 060476 031273 217.68 16.95
3730 2590 WP-1-18 030173 036873 217.16 18.78
373 2590 Wp~1--18 062774 218.72 20.90
4660 2430 WP-2-12.6 060673 08067 '225.48 14.47
4660 2430 WpP-2-16 060673 080673 224 .84 22.30
4660 2430 Wp--2.-21 060073 0ECG73 225.48 20.50
4004 1471 WP-3 002372 072573 218.06 24.830
3211 1859 WP-4-19 092372 214.71 20G.64
3211 1859 Wp--4-24 060673 214.84 25.65
3211 1859 Wh.-4-3C 102474 214,13 25,00
3860 2128 WO-5--12 060673 072373 217.60 11.20
3860 2128 WP-5-15 020973 (072573 217.69 13.76
3860 2128 Wp-5--16 060673 0792573 217,72 16.32
3860 2128 WP--5-20 031373 072573 217.90 19.50
3860 2128 WP-5-21 032773 Q72573 217.89 22.50
3860 2128 WpP~-5-25 092372 071373 217.74 26.16
3181 2142 WP-6-18 060673 215.47 19.50
3181 2142 WO-6-20 060873 214.90 20.70
3181 2142 WP-G-21.5 082873 215.25 22~7U
3181 2142 WP--6-25 0060673 215.10 26.25
3237 1600 WP-7-21 CG0673 215.70 24,05
3237 1600 WDP--7~22 082873 214.91 23.40
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Coordinate
X Y
3237 1600
4904 1926
4904 1926
4904 1626

35.42 1965

3695 1672
3695 1672
3695 1672
4060 2734
3760 2090
3760 2090

3760 2090
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WP-7-25
WP-8
WP~8w16
WpP-8-18
WP-45-16
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WP-45-21
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060673
061173
101473

102474

>

060773

Ie

061273
160373
101473
101473
061373
101473
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Grid

Coordinate Date Date Tube

X Y Site Piaced Tost Tlevation Length
3050 2110 A-1 092372 197,28 8.30
2988 2095 A-2 092372 196.03 7.40
2826 2079 A-3 092372 194.85 7.701
2994 2152 A--4 092372 195.70 7.30
10609 1816 A-5 092372 198.70 5.40
2717 2012 A-6 020973 196.21 10.00
3085 1843 B-1 0206973 196.76 8.05
3026 13824 B-2 052372 082173 196.35 5.60
3026 1824 B-2 031874 196.18 9.05
2886 1794 B-3 082372 194.29 8.00
2714 1791 B-4 020973 196.20 9.18
3183 1525 C-1 092372 082873 195.02 7.90
3104 1515 C-2 092372 082873 194.94 6.30
2969 1494 C-3 O 73 194.23 10.60
3130 1497 C-4 092372 195.65 7.90
3179 1504 C-5 092372 100573 196.43 6.80
3190 1598 C-6 092372 196,35 8.20
930 1262 C-7 022372 011574 198.40 7.90
368 986 C-8 092372 102773 191.07 12.80
3221 1316 C-9 0206973 197.88 9.80
3230 1255 C-10 020373 109.26 12.90

2742 1567 C-11 020073 196,12 10.25



Grid

Coordinate Date Date Tube
X Y Site Piaced Lost Elevation Length
3762 1608 D--1. 082372 0118574 107.46 7.65
3786 1577 D--2 092372 011574 197 .74 7.20
4341 1680 E-1 002372 200.40 5.85
4342 1665 E--2 0953272 201.43 7.00
4384 1665 E-3 020973 041674  201.20 6.20
4400 1365  IB-4 020973 041574 200.40 3.10
4990 1860 G-1 092372 063073 204.18 3.80
- 4994 1810 G2 092372 063073 203.78 8.30
5009 1737 G-3 092372 090773 203.84 7.75
5056 1856 H-1 092372 0720735 203.28 2.60
54€8 190838 I-1 Ca2372 072073 203.78 t, 10
5488 1872 I-2 002372 103073 204.03 7.50
5890 2000 J-1 092372 206.12 5.00
5926 1919 J-2 002372 207.29 8.50
5953 1851 J-3 CO2372 204.81 5.50
5970 19&0 J~-4 092372 206.29 8.30
6028 1908 J-5 002372 205.15 6.20
5995 2005 J-6 092372 011574 206.93 9.50
6139 2107 J-7 002372 206.31 9.40
5970 1700 J-8 020073 0748571 208.53 10:10
5930 2470 K~1 082372 205.76 8.00
6395 2180 K-2 022372 206.43 68,10
65C4 2543 KL-1 0UL372 211.89 6.20
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Coordinate
X Y
5818 2927
6404 2780
5556 3382
4613 3069
4515 3056
4410 3012
3450 2489
3431 2504
5528 1940
5300 1880
4175 1646
4035 1620
4055 2860
3827 2764
3828 2835
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