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Several tailings ponds have recently been filled

and abandoned in the Coeur d'AIene Mining District in

northern Idaho. The abandonment of mine tailings piles

may have detrimental effects on the water resource system

in the immediate area by leaching of metals from the move

ment of precipitation through the pile material.

This report presents the results of a study by the

Idaho Bureau of Mines and Geology and the University of

Idaho College of Mines, in cooperation with the U.S. Bur

eau of Mines, on the hydrogeologic factors that control

the movement of ground-water through the abandoned Page

tailings pile in the Coeur d'Alene Mining District in north

ern Idaho. A data collection network was installed to col

lect data on ground water flow systems and ground-water

quality in and surrounding the pile. Analysis of water level

data showed the existence of a ground-water mound under

the east portion of the tailings pile. The flow system in

the pile is dynamic and responds both to precipitation

events and to periods of no recharge.

A finite element steady-state mathematical model

was constructed to help interpret the ground-water flow

system in the Page pile. A sampling and testing program

of the pile provided information on values of hydraulic

vi n



conductivity, These data were incorporated as input to the

mathematical model. Operation of the model showed that the

location and fluctuations of the regional ground-water table

and the quantity of recharge to the tailings pile from pre

cipitation were the primary controlling factors for the loca

tion and height of the ground-water mound under the east side

of the pile.

The rate of discharge of subsurface water from the

pile was estimated from model operation to be about 2000 gal

lons per day per acre. This rate of discharge along with

water quality data from the tailings pile showed that zinc

reaches the immediate area outside the pile at a rate of about

17.8 pounds per day equal to about 0.1 percent of the total

daily quantity of zinc carried by the South Fork of the Coeur

d'Alene River at Smelterville during low flow.

IX



INTRODUCTION

Abandoned mine tailings piles are potential sources

of long-term pollution of surface and ground-water resources.

A number of tailings piles have been filled and abandoned in

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

study includes an analysis of the hydrologic and hydrogeologic

factors that control the movement of ground water through an

abandoned tailings pile in the Coeur d'Alene Mining District,

The objective is an understanding of the long term impacts

of abandoned tailings piles on the water resources of the

area.

Raw effluent from mining operations were discharged

into the Coeur d'Alene River system from about 1890 to I9b3.

During this period, the content of heavy metals and suspended

solids in the river reached a level which suppressed many

species of fish and biota. New environmental regulations

prompted the installation of several new tailings ponds in

the district since 1968. The surface area of all existing

ponds is greater than 300 acres. All of the tailings ponds

have been constructed on permeable alluvial material in the

valleys of the South Fork of the Coeur d'-A'lene River or its

tributaries. A number of these ponds have been filled and

abandoned in the district during the last few years. The

abandonment of failings piles represents a potential long

term source of heavy metals pollution of both the ground

water and surface water systems in the area by leaching of



letals from the movement of precipitation through the pile

materials. The quantity and characteristics of ground

water movement through the piles is the controlling factor

in the discharge of poor quality water discharged from the

bottom of these piles. A major change in land use occurred

in 1973 on the tailings pile selected 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 filling of the lagoons had a

major impact on the flow system in the pile. Hitt (1974)

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 lagoon system.

Purpc^se

The abandonment of tailings piles provides a possible

long term source of heavy metal pollution of the ground-water

system because of leaching of soluble metals from movement

of precipitation through the mine wastes. The general purpose

of this study was to determine the impacts of abandonment of

tailings piles on the water resource systems.

The main objectives of this study are:

1. Determination of the hydrologic factors that

control the movement of ground water through the

pile material.

m
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2, Calculation of the rare of subsurface discharge

via seepage from the bottom of the abandoned tail

ings pile,

8. Analysis of the impact of the rate of leakage

from the tailings pile and the transfer of zinc

from the pile to the immediate area surrounding

the pile.

The study is based on a field examination of the aban

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 the pile and on the

quality oi gxouna water ana wul.i

cipitation inputs to the tailings pile and fluctuations of

atmospheric pressure were monitored to help interpret the

changes in water levels in the pile. A sampling and testing

program was used to obtain data on values of hydraulic con

ductivity of the tailings materials. Hydraulic conductivity

data were incorporated as input to a finite element steady-

state mathematical model of the ground-water flow system in

the pile, Construction of the model helped to define the

factors that control the movement of ground wafer through

the pile and to calculate the rates of .subsurface discharge

from the bottom of the tailings pile.

ace w<ait-is xAi lat; Pre-



SCOPE OP THE LITERATURE

Past work in the area of study can be divided into

three major subjects:

A. Effect of past mining operations on the

water quality of the Coeur d'Alene River.

B. Effects of the installation of tailings

ponds on the water resources of the area,

C. Analysis of seepage problems by finite

elements.

EfIect_of__Past Mining Operations[_QIL^^,J^^I^R^^i^I-^^^^.
Coeur d'A1ene River

Previous investigations have shown that the gross pol

lution of the Coeur d'Alene River occurred prior to the con

struction and operation of mine tailings ponds. During the

period 1911-1913, Kemmerer and others (1923) conducted a

biological and chemical study of Coeur d:Alene Lake. The

investigators noted, ". . . at Harrison it (Coeur d'Alene

Lake) receives the muddy waters of the Coeur d'Alene River,

which drains an immense area, including the famous Coeur d'

Alone Mining District. These waters are so laden with silt

that they may be traced far out into the clear waters of the

lake."

Ellis (1940) conducted limited analyses of the Coeur

a'Alene basin water and found that in 1932: (1) the Coeur

d'Alene mine wastes bad not disturbed the balance of dis

solved gases (including oxygen), carbonates, and acids to
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any critical degree except in the immediate vicinity of flumes

emptying wastes into the river, (2) the specific electrical

conductance of the river rose 100 percent or more downstream

from the introduction of mine wastes; however, specific elec

trical conductance remained everywhere low and (3) suspended

solids had made the river uninhabitable to most aquatic life.

Ellis also conducted experiments which showed that some dis

solved constituent in the Coeur d'Alene River water was lethal

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. Ellis concluded the only solution for

the pollution problem was the exclusion of all mine wastes

from the Coeur d'Alene River.

A survey was conducted by Chupp in 1955 to find the

extent and cause of waterfowl mortality along the main stem of

the Coeur d'Alene River (Chupp, 1956). The study revealed

appreciable amounts of lead and zinc in the soil, plants,

and at times In the water of the lower Coeur d'Alene valley.

Tissue analysis from a number of waterfowl collected in the

area also showed abnormally high amounts of lead (Chupp, 1956,

p. 94).

In 1964 a waste disposal study was conducted for the

countv of Shoshone and the cities along the South Pork by
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the consulting firm of Cornell, Rowland, Payee and Merryfield

(1964). It was estimated that an average of 2217 tons per

day of mine slimes were being discharged into the South Fork

at the time. The sewage from Kellogg, Wallace, Osburn, Mullan,

Smelterville, Silverton, Elizabeth Park, and Wardner (an ap

proximately accumulated population of: 14,130) was being dis

charged raw Into South Fork (Cornell,, et al. , 1964, pp. 12A

and 34).

A 1970 study showed that residents recognize water

pollution as being widespread and severe in the South Fork

region (Ellsworth, 1970, p. 30). Other studies of the area

include a bioassay study on native cutthroat trout using

Coeur d'Alene River water (Sappington, 1969) and a species

diversity study of macrobenthic life on the Coeur d'Alene

River (Savage, 1970). Since 1968, the Idaho Department of

Health has been active in gathering coliform data at stations

along the Coeur d'Alene River system (Idaho Dept. of Health,

1968) and in 1962 the Idaho Department of .Health conducted

a biological survey of the Coeur d'Alene River (Idaho Dept.

of Health, 1962).

During recent years, extensive water quality information

has been gathered by the U.S. Geological Survey, Federal En

vironmental Protection Agency and others in the Coeur d'Alene

River basin. These data indicate a con tinning water quality

problem in the area. Mink, Williams and Wallace (1972) con

ducted a study to determine the causes and sources of high

heavy metal concentrations in a creek in an industrialized
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area in northern Idaho. They found that the concentrations

of the elements zinc and cadmium were high in ground water

and surface waters. The poor ground-water quality of the

lower portion of the creek was the direct result of leaching

of the old mine tailings (iig tailings) which intermix with

the alluvial deposits and that have been deposited there by

the past mining operations. They recommend that a study

should be designed to determine the impact of abandonment

of tailings piles on the water resources of the area.

Effect of the InstaUati.on_o£_jrailin£S_P

Mink (1973) and Mink et al. (1973) present an evalu

ation of the performance of settling ponds as a means of

minimizing the effects of dissolved or suspended material

in mining waste water and to determine whether other types

of treatment were necessary to improve the efficiency of the

tailings ponds. Data revealed that tailings ponds in the

Coeur d'Alene Mining District could be divided into two cat

egories: (1) settling ponds receiving effluent from the con

centrating process only and (2) settling ponds receiving ef

fluent from the concentrating process mine drainage, and smelt'

ing or refining processes. Settling ponds were observed to be

successful as a means of treating effluent from the concen

trating process. Settling basins receiving effluents from

mine drainage, smelter or refining operations create condi

tions within the settling basin which cause the settling basin

effluent to be chemically unacceptable to receiving streams



oi ground w ater .

A study by Mink, Williams and Wallace (1971) reported

on the pollution caused to the Coeur d'Alene River by the

mining industry in northern Idaho. Water samples collected

from 34 stations on the Coeur 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 tor mill wastes (not for all

industrial wastes) had greatly improved the quality of water,

particularly with respect to suspended solids. As a result,

macrobenthic fauna was discovered in the South Fork and a

greater number of species were found 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 river represented a complex problem and

that the effect of the rae.v sewage on the bacteriological qual

ity of the water is evident. Williams and Wallace (1972)

reported on the effect of the installation of tailings ponds

on the water quality of the Coeur d'Alene River and found that

tailings ponds which are properly designed and properly man

aged and which receive only mill wastes (concentrator effluent)

can be expected to treat mining wastes adequately. They pro

posed the use of a peripheral discharge system which would

minimize seepage, maximize slope stability and would assure a

retention time sufficient to permit adequate settling of sus--

trended solids.



Galbraith (1971) analyzed poor quality ground-water

discharging from tailings piles to determine the distribu

tion of metals in old tailings piles and the method by which

ground water passing through the piles removes 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 microorganisms.

Norbeck, 1975, mapped the distribution of tailings,

defined the aquifer and water-table configuration along the

Coeur d'Alene River and provided an overview of the ground

water quality.

Ana1ysis of Seepage ProJlJTi^

The finite-eiemerit tecnnique is a. uaineiiudi. m-cni^u. *jj.

analysis whereby the region of interest is divided into dis

crete elements. Originally the method was applied to stress

analysis. Subsequently, the system was heavily used in struc

tural engineering for stress analysis. A discrete solution,

versus an analytical (or continuous) solution, provides an

swers to a problem only at discrete points in the body under

study rather than a continuous solution, which is obtained

by the analytical method. In most cases, discrete solutions

are adequate, and they permit the treatment of complex boun

dary conditions, Further, they allow one to obtain approx

imate solutions to problems that cannot be obtained via ana

lytical approaches, Zienkiewicz (1966, 1967) provides fuller

discussion of the intricacies of this methodology.



10

In this study the basic finite-element theory was ad

apted to the selection of the free water surface. In 1967,
at approximately the same time, both Taylor and Brown (1967)
of the University of California at Berkeley and Finn (1967)

of the University of Vancouver utilized a matrix to develop

a free-surface formulation by employing the finite-element

method. Finn made use of the finite-element technique,

coupled with the trial and error method of locating the ex
it point of the phreatic surface—accomplished by relocating

the exit point after each trial.

A finite-element, mathematical model was used in 1971

by Kealy and Busch to locate the phreatic surface within a
tailings pond embankment and to define the subsurface flow

of water from the pond. Williams, Kealy and Mink in 1973

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 from the ponds.

Kealy, Busch and McDonald (1971) used the finite ele

ment method to determine the rate of discharge of subsurface

water from the Van Stone tailings pond in northern Washington.

The slime zone of the pond was sampled ana tested for the first
.i „,,.v. -v. -> ^ n i ™,^ -i r.» 1 (\ p -f -i n '>t"' c r i11 c a 1 zoue stime. Output from the numerical mouei urn—u ,.-x„.-.

-i s.i -<-v^r vwrmor rl^lvn and maintenance can reduceand revealed that piopei iK.o..;yi aba

pond seepage losses to a minimum.



DESCRIPTION OR THE PAGE PILE AREA

Lojgfuy.oj^ncIJiis^ ^IPP^il^fL-E^PrrP.TaiMllps^Pid^e

The Page tailings pile, the oldest abandoned tailings

pile in the district, was selected for investigation. The

Page tailings pile is located in the Coeur d'Alene Mining

District in the northern panhandle of Idaho In the valley

of the South Fork of the Coeur d'Alene River (Figures 1 and

2). The pile is situated one mile west of Smelterville, one-

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

and one-ouarter miles east of the confluence of Pine Creek

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

the length of the pile on the south side. The Page mine,

now abandoned, is located at the iiead of the draw containing

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 the Corrigan-Blackhawk-Wyo-

mtng properties (Tirnken, 1936). In 1906 the Corrigan was

renamed the Page mine. Gravity concentration of the ore was

used by the mine prior to 1911. Work at the mine was discon

tinued in 1911 because of the inefficient method of ore dres

sing and the prevailing low metal prices. The mine was de-

watered in 1925 with the introduction of the flotation method

of ore separation and the desire of the company to do addi

tional development. A 300-ton flotation concentrator was

constructed and put info operation in December, 192G. Before
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1926, all waste material was used as 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 1969 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 be 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-fill 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-

ited 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 extreme west

end of the west pile and the northeast corner of the east

pile. Sedimentary zoning of materials exists within the pile

because of the method of deposition. The size distribution

of tailings in the tailings pile is thus controlled by two

s
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major factors: (i) the location of discharge points from

the flume system and (2) the use or non-use of the sandfill

technique. Some consolidation and reduction of hydraulic

conductivity may be present at depth in the east portion of

the pile because of the greater period of deposition and the

greater depth of the pile.

AbandounienjL_o_L. theJ^ii IAiiS.3__All^:

The Page mine and mill operations were terminated along

with the filling of the Page pile in 1968. Air pollution from

hiowin^ n,-;iinffQ has been a problem since abandonment of the

pile. Trees were planted in 1971-72 in an attempt to estab

lish wind breaks. In 1972, the American Smelting and Refining

Company transferred title to the Page tailings pile to 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 much of the air pollution problem.

Geology of_ tIre_Pa,ge_]^n^,.J^^^^lj7I}:^!LAE3^.

Belt series rocks of Precambrian age comprise the rocks

of the Page mine. The three formations intersected by the

Page mine are the Burke, Revette and St. Regis Formations.

The principal ore mineral is galena followed by sphalerite

in importance. The galena is mostly fine-grained. Other

minerals of importance are tetrahedrite, chalcopyrite and

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

slderite, sericite and lencoxene (Timken, 1936).
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The Page tailings pile is located on alluvial deposits

of recent age. These deposits consist of rounded pebbles,

boulders and sand and clay from erosion of the Belt series

rocks plus reworked glacial terrane deposits. The alluvial

deposits are 90 feet thick (Norbeek, 1974). Jig tailings

from mineral recovery operations during the 19th and 20th cen

turies are interworked with the upper, portion of the alluvium

and glacial deposits.

The Pace tailings pile is located in a marsh and bog area

underlain by valley fill. Depth to ground water in the valley

fill near the pile is usually between two to four feet below

the surface. A perennial 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 the main valley near Srnel-

cerville. The creek meanders across the flat east of the pile

and enters the swamp ponded against the east bank of the east

pond. During high water, water flows between the north bank

of the pile and the tracks of the Union Pacific Railroad and

discharges into the swampy area to the west of the pile.

Humboldt Creek enters the main valley near the center

of the Page pile and then flows eastward along the South bank

of the west pond. The stream also discharges into the swamp

area west of the pile. Surface woter discharges from the

west swamp only during high flow periods. Both Grouse Creek
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and Humboldt Creek recharge the ground-water system in the

valley fill.

PkysjLcjil_D£s-c^^^

The Page pile has a circumference of 1.5 miles which

encloses approximately 70 acres. Approximately 2.8 million

cubic yards of tailings are contained within the pile. The

height of the west pile above the valley floor ranges from

24 feet at the east end to 18 feet at the west end. The

east pile ranges in height from 25 feet at the west end to

17 feet at the northeast end. The exact thickness of the

tailings is not known because records are nor available concern

ing the excavation and construction of the original pond.

The embankment presently rises from zero to six feet above the

tailing with an average height of three feet.



DATA COLLECTION NETWORK

PGS912-^l2-n3-Sl.-A1}^. ElndEiL-EvEA^
A data collection network was designed to obtain data

on the characteristics of ground-water movement in the pile

and on the water resource system in rhe basin. Data collected

include precipitation, atmospheric pressure, surface water

discharge and quality and ground-water potential and quali

ty. A continuous precipitation recorder was installed at

the site to verify the data from the precipitation station

located at Kellogg. A recording microbarograph was installed

near the pile to monitor changes in atmospheric pressure to

help interpret the fluctuations of ground-water potentials.

An extensive network of piezometers was installed both

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 piezometers

were installed at various depths inside the pile with an ad

ditional fifty-two sites located in the alluvium underlying

the tailings materials. The piezometers in the tailings vary

in depth from 12 feet to a maximum of 27 feet. Five piezo

meters penetrate the alluvium underlying the tailings mater

ials. The locations of the piezometer sites are shown in

Figure 3. Information on each piezometer is given in Appendix

1. Sites inside the pile provide information on the horizon

tal and vertical distribution of potential within the pile.

The several banks of piezometers were located within the pile
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to provide information or. the vertical bead changes and changes

in water quality with depth within the pile. For example, one

site on the west pile includes piezometers installed at depths

of 12, 15, 16, 20, 21 and 25 feet The horizontal distribu

tion of sites was selected on the basis of known physical

characteristics of the pile such as the center dike road between

the east a„nd west piles. Sites outside the pile were located

to detect the impact of the pile en the hydrologic environ

ment. Continuous water level recorders equipped with Keck

water seeking devices were installed .in several piezometers

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

obtained during the summer months.

Design and Insta11ation of Piezometers

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 fluctua

tions. Plastic and fibe rgIass mat eria1s were used to iaini-

mize interferences with the water quality determinations.

Piezometers were installed by the following procedure:

1. Two-inch diameter, flush coupled casing fitted

with a polyethylene drive point was driven to the de

sired depth.
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2. Clean quartz sand was poured into the inside of

the two-inch cosing to a depth 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 quartz sand was placed around the perfor

ated section to a depth approximately one or two

inches above the top perforations.

5. The two inch diameter casing was withdrawn, while

powdered 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 collected in the area of study since

September, 1972. The frequency of the measurements has varied

with the station. During the early stage of the study, pre

cipitation data were gathered using the continuous precipi

tation recorder and several storage type precipitation collection



gages. Early analysis of data snowed no areal variation in

the amount of precipitation over the study area. Collection

of precipitation data was then limited to that obtained from

the continuous precipitation recorder.

A sampling and testing program of the Page tailings

pile was conducted to determine the distribution of hydraulic

conductivity in the tailings pile, the location of a possible

compacted zone at the bottom of the tailings pile and the

location of the contact between the tailings and the original

ground surface. Two problems were of primary concern in test

ing the materials that compose the different zones within the

tailings pile. First, the investigation holes must be pre

vented from caving when drilling through the saturated zone

of the tailings. Secondly, undisturbed sample of tailings

must be obtained at selected intervals to define possible

layers of different hydraulic conductivities.

Successful results were obtained by drilling the in

vestigation holes with a hollow stem power auger and sampling

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

this manner, undisturbed samples were collected at selected

intervals. Shelby tube samples were in most cases collected

at 12, 17 and 22 foot depths in order to establish possible

changes in hydraulic conductivity with depth. A fourth sample

from between 22 and 27 feet was extracted from almost every

hole to help define the interface between the tailings and the

alluvium.
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A thin-walled sampler or shelby tube (Figure 5) is

made of steel tubing (sometimes known as shelby tubing) from

two inches to five inches in diameter and with walls of 18

gage (1/20 in.), The lowered en>\ 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 feet long with a two

and one half inch outside diameter.

After the hole had been drilled to the desired depth

a shelby tube was fitted to a 2& inch flush coupled drill

casing. The tube was then lowered to the bottom of the hole

and pushed two feet 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 (Figure 6) was

designed to keep the samples intact in the shelby tubes and

to allow for hydraulic conductivity testing. The majority of

the samples were safely transported to the laboratory in this

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

than 22 feet from driving through the alluvium. In this case

the metal disks could not be fitted into the shelby tubes.

The surface bottom of these tailings 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.



sampler. This method of failing sampling proved to give sat

isfactory results for the purpose of this study.



DESCRIPTION O.F Tlhi GROUND-WATER FLOW SYSTEM

The only source of recharge to the tailings pile prior

to sewage lagoon Installation was direct precipitation. Table

1 shows the mean monthly precipitation for Kellogg (Idaho)

which is located about four miles east of the area of study.

Table 1. Mean Monthly Precipitation at Kellogg (Idaho)
Data from the Weather Records of the National
Oceanographic and Atmospheric Administration

Mean Monthly

Month P£ecipitati9_n_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 /!- •01

Average Ann ua1 PreeIpitation 30.97

Precipitation data from January, 1972 to November, 1974 are

presented in Table 2. The departures and cumulative depar

tures from the mean precipitation are included. Precipitation



Table 2

197:

.973

1974

i,

Month1y P reelpit. ati dloi<g,

Month

January
February

March

April
May
June

July
August
September
October

November

December

Total

January
February

March

April
May
June

July
Augus t
September
October

November

December

Total

January

February

March

April
May
June

July
August
September
October

Noveal)ei*

n-eotpi^atio!

In Inches

34

67

90

70

48

43

0L

30

QQ

.65

,32

.09

30.05

3. 70

0. 34

1. 32

0.

0. 53

0, 92

0. 00

0. 34

0. 42

0. 63

5.,54

5.,9(3

21..24

4,.32

2..93
n .95

2 .34

1 .56

O .34

0 .69

0 .19

1 .10

0 .03

3 .23

(All Va.lvu in Inches)

Departures

From- 1^formal

0. 73

1. 75

0. 93

0..32

0.,07

0.,01

0,,13

-0.,03

-0,.04

-2 .53

-2,.39

0 .08

09

98

,15

,03

.83

,50

,83

.49

.12

-1.

-2.

-1.

-1.

-0.

-0,

—0.

-0

1.33

1.95

1. 21

0. 01

-0. 02

-0.,04

-0..85

-1..58

-0..12

-0 .64

-0,.60

-3 .15

-0 .43

from :fecle

Cumulative

Departures

73

43

41

73

SO

81

99

96

92

39

,00

,92

-0.33

-2.31

-3.96

-5. 99

-7.82

-9.32

-10. 15

-10.64

-j. >J . I o

-11.01

-9.18

-7.23

-6-02

-6.01

-6.03

-S.07

-6. 92

-8.50
-3.83

-9.27

-9.87

-13.02

50

••Prec3Ditt,rion data through March, 1974 obtained from teueral station at Kellogg
Data from March, 1974 through November, 1974 provided by Bunker riill 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 .Figure 7. A close

correlation is observed between the cumulative departure from

the mean monthly precipitation and the typical hydrograph.

The flow system in the tailings pile is dynamic; it 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 extreme east and west ends of

the tailings pile than at piezometers located near the cen

ter road (Figure 8).

Analysis of precipitation 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 precipitation

caused the ground-water levels to decline to their lowest

stage during the months of June, July and August of 1973

(Figure 8). In August, 1973 the precipitation deficiency was

10.64 inches. Although the precipitation that occurred dur

ing the months of November, 1973 through February, 1974 did not

completely reduce the cumulative deficiency, it was sufficient

to cause the water levels to rise to the stages at which they

were during the winter of 1972. During the summer months of

1974 the cumulative deficiency was not as high as that of

1973 and subsequently the minimum water levels during this

year inside the pile were about 3 feet higher than the minimum

watei' 1eve1 s in 1073 .
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In general, it can be said that the comparison of the

Figures 7 and 8 indicates that the elevation of the water

table inside the pile is closely related to precipitation.

Water levels are at a low stage during dry periods and rise

during periods of higher precipitation. No long-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

years elevations 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 Water I.evel Jlllictuatioris

Continuous water level recorders were installed at

two sites in the area of study in order co gain a better

understanding of the short term fluctuations of water levels

inside the tailings piles and. in the surrounding alluvium.

Piezometer 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 equipped with Keck water seeking devices. The Keck units

did not work efficiently during cold weather; their use was

restricted to summer months. Continuous water level data are

available from June 9 to October 3, 1974. Figure 9 shows

the continuous decline oI: water levels both inside the tailing;
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pile and In the surrounding alluvium for the above piezometers

Data were compared for the period July 8 to September 2, 1974.

A total net drop of water level of 1.51 feet occurred in piez

ometer WP--14-20 whereas the water level in the well situated

in the alluvium dropped 1.57 feet for the same period. These

water-level data show that the fluctuations 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 construction 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.

Ia^tej^iEeve1 F1uctuat_ions_Due to Chairges_in_Atmospheric

Pressure. Water level fluctuations were noted in piezometers

in response to changes in atmospheric pressure (Figure 10),

Russell (1963, p. 10) described similar fluctuations as fol

lows :

"Water level in wells recedes when the atmospheric
pressure increases and rises when the atmospheric
pressure decreases. Diurnal and semidiurnal at
mospheric pressure changes, culminating in two max
imums and two minimums during the course of 24
hours are recorded by barometers. Diurnal pressure
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changes produce maximums during the coldest hours
and minimum during the warmest hours. Barometric
recorders show semidiurnal pressure changes cul
minating in maximums at about 10:00 a.m. and 10:00
p.m. and minimums at about 4:00 a.m. and 4:00 p.m,
depending in part upon the season, elevation, and
weather conditions. These diurnal and semidiurnal
atmospheric pressure changes persist through all
seasons and are produced by daily temperature
changes. Water level maximums in some wells occur
at about 4:00 a.m. and 4:00 p.m. and water level
minimums 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 5 p.m.

and minimums at about 7 or 8 a.m. For this period the at

mospheric pressure showed a maximum at around 7:00 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 Efficiency. Water level fluctuations in

piezometer WP-14-20 showed a distinct response to changes

in atmospheric pressure (Figure 10). The barometric efficiency

at this site was calculated for the periods July 9 to July 15

and July 24 to August 6, 1974.

Walton (1962, p. 4) defines barometric efficiency as

follows:

"Water levels in confined aquifers are affected
by fluctuations .in atmospheric pressure, As the
atmospheric pressure increases the water level
falls* and as the atmospheric pressure decreases
the water level rises. The ratio of the changes
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in water level to the changes in atmospheric
pressure is the barometric efficiency of the
well and is usually expressed as a percentage."

The equation for the barometric efficiency of a well and for

the change in water level in response to an atmospheric pres-

sure change is (Wa.11on, 19(32) :

B.E. = (AW/AB) 100

where: B.E. = barometric efficiency

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

AB = changes in atmospheric pressure in feet

The inverse relationship between atmospheric pressure

and water levels is shown in Figure 10 where the upper curve

indicates atmospheric pressure inverted. The lower curve

shows observed water levels in piezometer WP-14-20.

The barometric 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 confining beds and the aquifer (GilIi1 and, 1969, p. 245).

The method of Taylor and Leggett (1949) was used to calculate

the barometric efficiency at site WP-14-24. Instantaneous

water levels for the period July 9 to July 15 and July 24

to August 6, 1974 were plotted against the barometric pres

sure converted to feet of water for the some period (Table

3). Figure 11 shows the correlation between the barometric

pressure on the abcissa and the depth to water in piezometer

WP-14-24 on the ordinate. Straight lines with approximately
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the same slope drawn through each set of points plotted.

These have a mean average slope of 0.44. This barometric

correction was applied to the water levels obtained during

the above period and the adjusted writer levels are shown in

Figure 10. Table 3 summarizes the data needed to correct the

watei 1eve1s in piezomete r W.P-14-24 .

The presence of barometric fluctuations in the water

level record show that some degree of confinement of the

ground-water flow system in the pile exists. The physical

characteristics of the tailings materials are described ear

lier 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 efficiency 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 than

those in the west pile. Another factor which may explain

the response of water levels to fluctuations in atmospheric

pressure could be lensing of finer arid coarser tailings in

the pile, which originated from changes in the locations of

the flume system in the pile.



Potentiometrie Surface iii the T&ijy^j^.JPi^
Alluvium

Data were collected on the horizontal and vertical

distribution of potential both within the tailings pile and

in the surrounding alluvium, The configuration of the water

table in the Page pile is presented in Figure 12 (Ralston and

Morilla, 1974). A ground-water mound is evident under the

east portion of the tailings pile. No similar mound was dis

cernible under the west portion of the tailings pile. The

contours of water level elevation in the alluvial material

indicate that the pile does not have a major impact on the

regional flow system. An east-west vertical section presented

in Figure 13 shows the pattern of movement within the pile.

The equipotential lines in the tailings material are connected

with those in the regional flow system to show the 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 constant slope on the v/est side of the pile? The existence

of the ground-water mound in the east side of the pile may

be explained in several ways. First, much of the tailings in

the east side were deposited prior to removal of the coarser

fraction of the slurry for backfilling the mine. The hydraul

ic conductivity of the east pile would on the average be

greater than that of the west pile. At the same time, the

east half of the pile has been in existence approximately
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twice as long as the west portion. It is possible that a

compacted layer with a lower hydraulic conductivity may have

formed at the bottom of the east pile as a result of in

creased loading or overburden. This phenomena has been re

ported in earlier investigations 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 under the east side of the pile.

An alternative explanation for the mound is presented later

in this study.
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KYDROGj.'iOLOGICAL PROPERTIES

OF THE TAILINGS MATERIALS

Comments on Laboratory J?s tin^ of _§joils_

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 enters the medium cylinder from the bottom and is col

lected as overflow after passing upward through the material.

From Darcy's law it follows that the hydraulic conductivity

(K) can be obtained from:

k = y ~-L
* A •t•h

where V is the flow volume. The other factors are shown in

Figure 14. In highly impermeable materials, the quantity V

is small and accurate measurements of its value are not easily

obtained. The constant head permeameter is principally ap

plicable to relatively previous soils (Taylor, 1947). The

expected values of the hydraulic conductivity of the materials

that compose the Page pile range between 10*-5 ~™. ancj io-7 —•--—
s e c sec

It was determined to test the tailings samples by the falling

head permeameter method. Water is added to the tall column

and allowed to flow upward through, the modi urn cylinder and be

collected as overflow (Figure 15). The test consists of not

ing times at which the water lov/ers to various gradations on



Figure 14.

Joncfa^t , ICE" sup/iy
W'jtor icve!-v»i

iE~-r-1.1 U

(PH;=d3 j
—I l \tcri >:.;• E

^^"Cl^ j. L'.,'.EE:;^^"T

^Vol.iiiva V in fima »

Ovtr/lo«

Q

........ ,-».._ n

h

i

11 i « «

El fsA

r7
__rrrq

.._U..t. -r- I

I

iv.
rl
M

r-l
> i r

Heritor.?;!! otti
of ssmpls, A —-

Porous p!'.'ta—-

i-a

^VJ .rs <iV n j1 tic

CONSTANT HEAD PESMEAMETER Figure 15. FALLING HcAO FErtf'EAfcETErt

'•i U



47

the tube. The hydraulic conduct Jvity can be obtained from

2
t

(dc") (O iJu h
cm

K = Ld&.J.kl i, h"

where K is hydraulic conductivity in -{T:~~ and dc and dt are

the diameter of the cylinder and the tube respectively, h0

is the initial head and h is the head 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 conductivity of less

pervious soils.

Several factors controlling this type of laboratory

determination of the hydraulic conductivity must be dis

cussed before the data obtained from the testing program are

presented. 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 nature contain generally small amounts of

entrapped air. Laboratory specimen frequently contain a high

content of entrapped air which is acquired when sampling and

shipping and during preparation for testing (Taylor, 1947).

In addition to entrapped gas bubbles, certain amounts of air

and other gases exist in solution in the pore water at any

given temperature and pressure. If this amount of air is

in solution an increase in temperature or decrease in pres

sure results in the freeing of some of the dissolved gases.
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Re liable hydran 1. ie concluc i; i v i <: y det ertiiin at ions wi 11

not be obtained if entrapped air and dissolved gases are

present within the laboratory sample. The main disadvantage

of using the fa.lling head permeameter is that the measured

hydraulic conductivity decreases with time as the water level

in the standpipe drops. The change is due to increased en

trapped gas resulting from the lower water pressures in the

sample as the head in the standpipe 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 falling-

head permeameter 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 some time after

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 BeWiest, 1956 and Oedergreen,

1966).

Laboratqr_y__Testing cj i^_ IIydrau1ic_ Conducj^vity

Sixteen samples were extracted from the Page pile.

The hydraulic conductivity tests were run as soon as the samples

reached the laboratory to prevent swelling of the samples and
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disturbance of the physical properties of the materials. A

number of permeameters equal 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 conductivity obtained by the falling-

head permeameter method are presented 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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distribution of mean hydraulic conductivity values in the tailings

pile as obtained by the falling- head permeameter method are shown

in Figure IS. A slight decrease in hydraulic conductivity

occurs with depth a. t se vera1 s ites. D is tinct differences in

hydraulic conductivity with depth that would indicate the

existence of a compacted layer wore 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 highest hydraulic

conductivity in the pile. Both investigation holes were drilled

close to the embankment of the tailings pile. The reason for the

higher hydraulic conductivity at these sites is not known.

Four samples were obtained from the alluvial materials

underlying the tailings pile. The sample obtained from in

vestigation hole WP-4-30 at 2,7.7 feet yielded a hydraulic con

ductivity of 1.7 x 10~4 T^c' This hydraulic conductivity

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

three samples obtained from the alluvial deposits gave results

ranging from 1.3 x 10~J ~~— to 1.6 x 10" ~~r. These measured

values of hydraulic conductivity are not in accordance with

the type of alluvial materials sampled. Two factors may ex

plain the low hydraulic conductivity of the alluvial materials

immediately underneath the bottom of the tailings pile. First,

the tailings probably .invaded the coarser alluvial materials

to some depth causing a decrease in hydraulic conductivity.

Also, older "jig tailings" are intermixed with the alluvial

materials in the area of the tailings pile and may to some

extent reduce the hydraulic conductivity of the materials
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located below the tailings-allavium interphase. A more ex

tensive drilling and sampling program is required to better

understand the variations of hydraulic conductivity inside

the pile.

The above data suggests that the materials that com

pose the Page tailings pile may be considered as reasonably

homogeneous. The mean hydraulic conductivity of these mat-

— 6 cm
eriais was estimated to be 3.0 x 10 —,

sec

It should be stressed at this point that much more

extensive drilling and sampling of the Page tailings pile is

needed to delineate the areal variations of hydraulic conduc

tivity.

Analy^llf1 of Natnra1 Recess!oa Curves

The hydraulic conductivity values of the tailings mat

erials at three different sites in the tailings pile were

estimated 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 permeameter. Jacob (1943) dem

onstrated that the decline of water levels on a peninsula

in response to an absence of precipitation can be approximated

by the equ at ion :

v , TT?-Tt
° 4 a?- d

where hG is the original height of the water table in feet,

h is the height of the water table after a given time f in



b /

seconds, and is half the width of the peninsula, T is the

coefficient of transmitsivity in square feet per second and

S is the coefficient of storage which is a dimensionless term

(Domenico, 1972, 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 yielded a hydraulic conductivity value of 8.5 x

10"~~2 cm/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 (h0, h) was small compared to the value of h.

This was not so for the Page site. The recession curve ana

lysis did not yield useable results.



FINITE ELEMENT MODEL OF THE GROUND WATER FLOE SYSTEM

Pescription of the J^inJ_te_jRleme^

A mathematical model of the flow system in the tail

ings pile was constructed using an available finite element

computer program to better define the factors controlling the

ground-water movement through the tailings pile. The finite

element program was developed by R.L. Taylor at the Univer

sity of California, Berkeley, and has been used in several

sudies by the U.S. Bureau of Mines (Kealy and Busch, 1971).

The program can handle steady state two dimensional con

fined and water table flow conditions and uses an iterative

technique to locate the steady state phreatic surface for

the free surface points. A cross-section defining the geo

metry of the problem and the boundary conditions 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 configuration. Each element

is assigned its material type and characteristic hydraulic

conductivity. The recharge to the pile is modeled as flow

into the mathematical model. Output consists of nodal loca

tions, potentials and element velocities and directions (Fig

ure 19). To gain seme experience and knowledge, a small model

of the cross-section B-B' of Figure 7 was constructed. A

more efficient model of the pile was constructed with the

experience gained with the construction of the first model.

A finite-element mesh was drawn of an east-west vertical cross-



h
E

-
e

.
i
i

ij
.i

c
1.

'i
c

ir
e
v

i.
-o

o
i.

-j
',

is
ic

r
n

J
!

1
3

8
M

il
l«

0
'

i
!

••
:

i

V
I

I

!
i

i
!

!
i

!
i

!
!

I
I

JJ
„i

_
i_

L
i_

l.
_

L
.l

_
L

I
I

I
I

1
0

.C
'J

L
A

'E
D

M
fS

?

I^
E

E
E

jV
jE

(•
3

<
H

!>
S

8
6

I
6

7

!
I

9
1
1
9
I
1
S
O
I
I
S
I
[
I
S
?

1
S
3

~
T

J
V

L
-'

J
-L

I
T

T
I

I
!

•l
i

I
n

?
';

u
1

•-
-•

-[
••

I
••)

••-
,-

S
C

(l
d

h
6

J
i;

S
'l

lt
C

lS
l!

l6
2

i6
3

:i
|-

:r
I

!
!

!
M

;
I

i
it

s
it

i
!
«

u
i

in
n

n
a

h
Ji

i7
j
!i

:j
II

I'
H

7S
|1

7
«

:!
'!

•

I
I

I
i

I
i

I
I

I
I

I
J_

-L
_

l_
4

i
m

i
j

i
i5

1
jO

b
1S

i
'IC

O
!I

01
!i

i!
il.

Vi
]

!
I

i

-1
[•

1-
v

r
r

j
j

I
;

j
!

!
|

1
1

1
1

1
!
r
n

!
i

l
!

»
3

h
*

|
*

i

H
I

O
T

rj
±

ii
i±

-|

-t
-H

~
r-

r

.j.—
I—

j—
^—

4—
i—

j—

"7
T

l
rf

"t
T

T
'

i
i

li
.4

..
.

I
!

!
I

!
I

!
I

V L
_

j_
i

-
-
4

~

H
il

l
•t

--
|.

-|
-j

_
L

_
J

L
_

j
L

._
L

_
i-

J
—

.^
-r

--
T

-n
-"

rr
rr

]T
i

jT
j

i
•

•
»»

i
i

i
i

m
i

t
i

i
i

i
i

i
i

»
»

m
i

i*
*

*
i

i,:
.

r-
T

j-
}-

j
f

j
{

!
j

}
*

j
]

j
i

1
I

;
I

I
J

1
I

I
i

I
I

J
i

1
J

1
I

i
J

J
i

J
I

i
i

i
i

i
t

Ii

C
O

FI
GU

RE
19

.
CO

M
PU

TE
R

G
EN

ER
A

TE
D

PL
O

TS
O

F
TH

E
iN

IT
IA

L
M

ES
H

,
CA

LC
U

LA
TE

D

M
£5

H
AN

D
FL

OV
/

DI
RE

CT
IO

N
FR

OM
TH

E
FI

Ni
Tc

EL
EM

EN
T

M
OD

EL
O

F
TH

~
FA

GE
TA

IL
IN

GS
PI

LE



60

section of the Page tailings pile and of the underlying al

luvial deposits. Eight hundred and twenty elements were de

lineated by the location of 940 nodes. Most of the elements

and nodes were automatically generated by the finite-element

computer program. The calculated hydraulic conductivity for

the tailings materials of 3 x 10~ 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 30 centimeters per second was assigned as

material type to the elements that compose the section 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 mathematical model. Later operation of the model

showed that changing the horizontal to vertical ratio to ten

to one did not significantly alter the location of the computer

generated water-table in the tailings pile. The materials

that compose the tailings pile were considered homogeneous,

According to this concept; tailings material layering does

not exist. An angle of stratification equal to zero was input

to each element card.

The ground-surface line defining the top of the tailings

pile was divided into 121 free-surface nodes. The mean yearly

precipitation fcr the area of study was evenly distributed
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among the total number of these nodes. In this manner recharge

rates were input 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.

Operation and Calibration of the Mathematical Model

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 tailings pile which would approximate the configura

tion of the water-table measured by the field piezometers. It

should be noted that the water-table configuration 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 main-

-6
tained at the calculated 3 x 10 centimeters per second.

Recharge rates of 30, 25, 20 and 15 inches of precipitation

per year were input to the model. 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
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among the total number of these nodes. In this manner recharge

rates were input 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.

2P.?-± ri£ion and £fij:Abration of the Mathematical Model

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 tailings'Nwhich would approximate the configuration

of the water-table measured by the field piezometers, It

should be noted that the water-table configuration 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 main-

tained at the calculated 3 x 10~J centimeters per second.

Recharge rates of 30, 25, 20 and 15 inches of precipitation

per year were input to the model. 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
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maintain the water-table in the pile at elevations close to

those measured by our field piezometers.

The location of the regional water-table below the

tailings-alluvium interface was changed by varying the pres

sure differentials at the bottom of the pile. figure 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 97 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.

c°gjElH^E-°niLQj^ a7n9d..„f,™m^perjit io•n_ of Mathematica1 Mode1

1. The ground-water levels calculated by the model

correlate closely with the measured water levels. A re

charge rate of 21 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 dynamic character of the flow system.

3. The finite-element model is instrumental in illus

trating the hydro logical interconnection between the flow

systems inside and outside the tailings pile by showing the

impact of the location of the regional, ground-water table

on the water levels inside the pile.

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

tailings pile can be explained on the basis of the location
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of the regional ground--water table in the alluvium under

lying the pile and the magnitude of recharge to the pile as

an alternative explanation to the existence of a compacted

layer at the bottom of the east side of the pile.



DISCUSSION OF RESULTS

Correlation Between the Amb'uvit of _Recha.rge_JTeeded._to_ ^hiirrjtairi
7K7^rou^~77v7^^K77d jind~~He1~ivt~edT^ST^:;:EfLJ:aEe j-:''om Lilll
Tailings P"ile_

Output from the finite element model showed that a

yearly input of 27 inches of precipitation was needed to main

tain the ground-water mound 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

tions using Darcy's equation with a hydraulic conductivity of

-6
the tailings materials of 3 x 10 centimeters per second,

an assumed vertical hydraulic gradient equal to one and the

area of the tailings pile equal to 70 acres produced a rate of

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

component of the hydraulic gradient was calculated using the

vertical cross section of Figure 13. A total mean value of

0.73 was computed for the vertical component of the hydraulic

gradient in the tailings pile. This value was used to compute

a discharge of 2055 gallons per day per acre. This value for

the rate of discharge correlated very closely with the com

puter calculated rate of discharge of 2000 gallons per day

per acre. It should be noted that there may exist some error
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in the calculated rate of discharge using Darcy's equation

due to the fact that the horizontal component of the Iiydraulic

gradient has not been included in the above calculations.

Calculation__of_1he_Contr1bat ion of Zinc_j_rorn_ theJ_age _Tai1-
ings Pile to the Immediate_J^uj^i^P^iil^

The mean concentrations of zinc for the piezometers

located inside the pile for the 1972-1974 period of data col

lection ranged from 1.4 to 102 parts per million (Table 5).

A pattern in the concentration of zinc inside the pile was not

observed either horizontally or with depth. A total mean

concentration 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 gallons per day per acre and the size of the

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 mean concen

tration of zinc of 28 parts per million was calculated. Ground'

water quality data presented by Norbeck (1974) show a mean

concentration of zinc of 33 parts per million for three wells

located in the alluvium up-gradient from the Page tailings

pile .

Jig tailings have been deposited over much of the val

ley floor along the south fork of the Coeur d'Alene River.

According to Williams and Mink these high concentrations of

zinc may be contributed to the flow system by leaching of
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Table 5 Mean Concentration of Zinc in ppm for Water Samples
From Piezometers Located Inside the Page Tailings

Pile. (1)

Piezometer Depth \ fO r\ %-|

Piezometer Be1ow Surf•ice of Number of Concent rat:

Locations Tailings Pile Samples of Zinc in

WP-1 12.6 11 19.

WP-2 16.5 11 7.

WP-3 24.8 11 3.

WP-4 19.0 12 3.

WP-4-5-16 15.8 6 9.

WP-4-5--21 19.9 6 9.

WP-5-15 13.7 4 26.

WP-5-25 26.4
<7

18.

WP--6-18 18.2 9 0.

WP-6-20 19.6 7 18.

WP--6-21.5 23.1 8 102.

WP-6-25 24.9 9 4.

WP-7-21 21.3 11 1.

WP-7-22 23.4 9 2.

WD H ..oc;
I1JL 1 £-!<-/ 25.1 9 2.

WP-13 19.8 6 i.

WP-13-16 17.5 6 16.

WP-13-20 21.8 7 7.

WP-14 24.1 6 35.

WP-14-20 21.7 6 38.

WP-14-24 25.2 10 22.

EP--1 25.9 10 17.

EP-2 21. 5 7 20.

EP-2-13 14.6 8 7.

EP-2-17 18.5 8 9.

EP-2-20 23.4 11 7.

EP-3 9*3 ^ 5 6.

EP-4 21.0 8 27.

EP-5--15 13.7 O 15.

EP-5--16 16.9 6 15.

EP-5-20 20.7 14 3.

EP-5-25 22.2 8 3.

EP-G-17 17.4 8 8.

EP-6-19 18.6 8 1.

EP-6--23 22.7 12 4.

EP-7 14 .0 7 20.

EP-7-16 16.4 8 24.

EP-7-23 22. 8 30,

EP-56 16.5 6 11.

EP-57 17.8 1 ?'.

ppm

15. .16 ppm (2)

(1) For location.

(2) Mean for all

f plezornet

iezomete cs

e Figure 3
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these old deposits.

The amount of zinc discharged from the tailings pile

was compared with the amount of zinc carried bv the South

Fork of the Coeur d'Alene River at Smeltcrville nea •+- v,,
ear u ne

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

sented below was obtained from the Water Resources Data for

Idaho, Surface Water and Water Quality Records (1972, pp.

61 and 40).

Table 6. Flow Rates on Three Dates in 1972. Zinc Concen

trations and Total Daily Load of Zinc Carried by
the South Fork of the Coeur d'Alene River at

Sine11ervilie (Ida.ho) ,

Dates of P.Et6S of C o n c e n ^ t* a

Measurement. Flow .in. cfs of Zinc i

July 20 315 6.6

August 17 180 32.5

September 6 137 13.6

Total Daily

in Pounds

11,316

31,841

10,141

Ba.sed on this data it was calculated that the South Fork

of the Coeur d'Alene River upstream from the Page tailings

pile was carrying an average of 17,766 pounds per day of

zinc during the above period. The daily amount of zinc

provided by the tailings pile to the South Fork is 0.1 per

cent of the total daily amount of zinc carried by the river

during the low flow dates noted above.



SUMMARY END CONCLUSIONS

A tailings pile in the Coeur d'Alene Mining District

in northern Idaho was selected for investigation to deter

mine the impact of an abandoned tailings pile on the water

resource system. A network of piezometers was installed both

in the tailings material and in the surrounding alluvium.

The data revealed that a ground-water mound exists beneath

the eastern portion of the tailings pile. Variations in hy

draulic conductivity of the tailings material were suggested

as the controlling factor for the existence and location of

the mound. Temporal fluctuations of ground-water potential

indicate the dynamic nature of the flow system in the tail

ings pile. The flow system in the pile responds to both

short term and long term fluctuations 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 hollow stem power auger and sampling the tail

ings with thin-wall samplers. Falling head permeameters were

used to determine vertical hydraulic conductivity values.

Distinct differences in hydraulic conductivity with depth

that would confirm the existence of a compacted zone at the

bottom of the east side of the pile were not observed. Hy

draulic conductivity data of the tailings material (3.0 x

I0"6 cm/sec) along with a selected hydraulic conductivity

value for the alluvial materials of 30 centimeters per second
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were incorporated as input to a steady state finite element

model of the flow system in the Page tailings pile. Operation

of the model using different recharge rates showed that the ex

tent and location of the ground water mound under the east

side of the pile varies with the recharge inputs to the pile.

The finite element model also illustrates the hydrological

interconnection between the flow systems inside and outside

the pile. The location of the regional ground-water table was

found to be an additional factor controlling the existence of

the ground-water mound in the east side of the pile. The math

ematical model of the Page tailings pile indicated a discharge

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 amount of zinc provided by the

tailings pile to the area was computed as 0.1 percent of the

total zinc load carried by the river during low flow upstream

from the tailings pile.

The following conclusions were drawn from 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 1972-1974 indicated that a long-term dewatering of



the tailings is not occurring. The leaching of the mine

wastes in the pile may continue for a long period.

3. Data obtained from fourteen tailings samples from

the Pa£""e pi 1e .1 nd.icate fha,t there a,re net di st inct differences

in the hydraulic conductivity of the tailings 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 factors in the existence 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 water discharge, via seepage

from the bottom of the Pa.ge tailings pile is approximately

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 amount carried by the river

upstream for a period of selected records.

Comparison of 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

of the Coeur d'Alene River upstream from the area of 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 impacts of abandoning tailings piles in the Coeur

d'Alene Mining District and in areas with a less polluted
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environment will depend on the following factors:

a. Size of the abandoned tailings pile

b. Hydrogeological and chemical characteristics of

the mining wastes

c. 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 the piles

f. Geochemical background of the area where abandon

ment occurs.



PJEEE IMI'liVDAT IONS

Experience 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 in—situ hydraulic con

ductivity of the tailings materials should be carried out in

existing piezometers prior to the sampling and testing of

samples in the lab. In 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 obtaining data easily

and give an overall view of the distribution of hydraulic con

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

procedure was utilized in the Page pile. However, success

ful results were not obtained. Our water injection system

did not work efficiently and later efforts to improve the

system were not made. A water injection system that allows

to measure instantaneous declines of head inside the piezo

meters should be designed if acciuate data are to be obtained

from this method.

3. Leasing and layering of tailings materials occurred



with changes in mining and milling techniques during the til

ling of the pile. This, causes the ground-water system in

the pile to be in a complex semi-confined state which had a

distinct impact on the seepage patterns 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 define

marked differences in the physical characteristics of the

tailings with depth.

4. The main problem when testing soil samples by cither

the constant head or the failing head permeameter is movement

of water along the tube wall. A plexi-glass sampler should

be used to allow examination of boundary flow that would distort

measured hydraulic conductivity values.

5. The use of the failing head permeameter is limited

by a time factor. Sometime after 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.

6. The computer generated water-table shows a dis

crepancy with the water-table measured by our field piezo

meters only in areas close to the embankment of the tailings

pile. More piezometers should be installed in areas close

to the edge of the pile to better define the shape of the

water-table.

7. The flow system in the Page tailings is dynamic

and the finite-element computer program used in this study

depicts the system only as steady state. A computer program
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which would solve transient flow problems would represent

more accurately the flow system in the pile.

8. The regional ground-water table could be lowered

by either of the following methods:

a. relief 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 fill in the area

of study may also lower the regional ground-water

table in the area.

9. The rate of subsurface discharge from the pile

could be minimized by a properly designed compaction program

that would increase the density of critical surface zones

of the tailings pile which would substantially reduce recharge

to the tailings pile.

10. A more detailed analysis of the water quality data

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

more detail the impacts of the abandonment of tailings piles

on the water resources of the area where abandonment occurs.
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APPENDIX A

DATA COLLECTION SYSTEM



EAST PILE

Grid

Coordinate Date Date Tube

X Y Site Placed Lost Elevation Length

5094 3120 EP-1-17 060673 082473 227.62 1.8.17

5094 3120 EP-1-26 092372 061573 227.55 25.95

5754 2704 EP-2-13 060673 223.43 14.67

5754 2704 EP-2-17 062773 224.24 18.50

5754 2704 EP-2-20 092372 223.76 23.40

5754 2704 EP-2-30 102374 223.94 27.60

5418 2026 EP-3--16.5 060673 082173 223.78 16.52

5418 2026 EP-3-24 092372 082173 224.07 23.88

4776 2479 EP-4-16 060673 080673 228.14 17.40

4776 2479 EP-4-17.5 060673 080673 228.16 19.03

4776 2479 EP-4-21 060673 080673 227.53 21.95

4776 2479 EP-4-22 092372 080673 228.38 22.75

4776 2479 EP-4A 071874 226.84 19.55

5260 2573 EP-5-12 092372 101473 225.31 10.32

5260 2573 EP-5-15 022873 101473 225.21 13.74

5260 2573 EP-5-16 062673 101473 225.52 16.90

5260 2573 EP-5-20 031373 101473 225.37 20.71

5260 2573 EP-5-25 060873 101473 225.71 22,28

5260 2573 EP-5-27 062773 .101473 225.60 28.60

5260 2573 EP-5A-12 070874 226.84 17,40

5260 2573 EP-5A-15 071874 226.81 18.65

5260 2573 EP-5A-17 071874 226.16 21.70

5260 2573 EP-5A-27 071.874 226.87 29.40

5748 2188 EP-6-17 060673 222.19 18.85



Grid 83

Coord:inate Date Cat e Tube

X Y Site Placed Los t il) 1 K.' V c.iti

5743 2188 EP-6-19 060673 222..29

5743 2128 EP-6-20.5 062773 221,.94

5743 2188 EP-6-23 060673 222,.71

5474 3227 EP-7-16 060673 225,.34

5474 2337 EP-7-23 060673 225,,33

5000 1971 EP-8 060673 0321 73 '225,,34

5000 1971 EP-8A 072774 226,,94

4674 3000 EP--9 060673 080673 229,,60

4976 2510 EP-4 5 071073 080673 226.,98

4947 2510 EP-45A 071874 226.,77

5560 2335 EP-56 070973 223.,73

r- r n r\
oouU 2335 XUS/~~ iJKJ~ «_)0

i r\ o o n a OQ/1

5343 2908 EP-57 070973 225.,44

5140 2243 EP-58 071873 102273 225.,20

5140 2243 EP-58A 071874 227.,49

4956 2796 EP-59 071073 072573 228. 36

4956 2796 EP-59A 072774 227. 76

20.15

21.65

24. 79

18,30

24 ,80

26.76

22.00

19.95

16.60

17.20

16.50

>j .--, . -a. Kj

17.80

16.80

19.73

17.20

18.35



WEST Pit

Grid

Coordinate

X Y Site

Date

Placed

Date

Lost Elevation Length

3730 2590 WP-1-15 060676 081278 217 .68 16 .95

3730 2590 WP-1-18 030173 080673 217,.16 18 .78

3730 2590 WP-1-18 062774 218,.72 20 .90

4660 2430 WP-2-12.6 060673 080673 225 .48 14 .47

4660 2430 WP-2-16 060673 080673 224,.84 22 .30

4660 2430 WP-2-21 060673 080673 225 .43 20..50

4004 1471 WP-3 092872 072 573 218,.06 24,.80

3211 1859 WP-4-19 092372 214,.71 20,.64

3211 1859 WP-4-24 060673 214,.84 25,.65

CO i 1 TOCO WP-4-30 102474 214 ,,13 26 90

3860 2128 WO-5-12 060673 072573 217,.60 11,,20

3860 2128 WP-5-15 020973 072573 217.,69 13,.76

3860 2128 WP-5-16 060673 072573 217.,72 16,.32

3860 2128 WP-5-20 031373 072573 217.,90 19..50

3860 2128 WP-5-21 0S2773 072578 217.,89 22,,50

3860 2128 WP-5-25 092372 072573 2.17..74 26. 46

3181 2142 WP-6-18 060673 215..47 19. 90

3181 2142 WO-6-20 060673 214. 90 20. 70

31.81 2142 WP-6-21.5 062873 215, 9 rJi 22. 70

3181 2142 WP-6-25 060673 215. 10 26, 25

3237 1600 WP-7-21 060673 215. 70 24. 05

3237 1600 WP--7-22 062873 214. 91 23. 40

84



Grid

Coordinate Date Date Tube

X Y Site Placed Lost Elevation Length

3237 1600 WP-7-25 060673 214.80 26.65

4904 1926 WP-8 060673 082173 220.24 27.10

4904 1926 WP-8-16 062673 091473 221.71 17.70

4904 1926 WP-8-18 062673 091473 220.07 19.00

35.42 1965 WP-45-16 060673 216.20 17,35

3542 1965 WP-45-18 061.173 215.75 19.95

3542 1965 WP-45-21 101473 216,27 25.30

3542 1965 WP-45-30 102474 216.20 21.40

4515 2950 WP-9 060773 080673 228.67 19.99

4278 2288 WP-12 061273 072673 220.11 19.30

3472 2380 WP-13 160373 216.34 19.80

3472 2380 WP-13-16 101473 216.26 17.50

3472 2380 WP-13-20 101473 216.37 21.85

3695 1672 WP-14 061373 216.73 24.14

3695 1672 WP-14-20 101473 216.25 21.75

3695 1672 WP-14-24 101473 216.76 25.25

4060 2784 WP-15 072774 223.05 14.80

3760 2090 WP-16-15 080774 2.17.81 19.55

3760 2090 WP-16-28 080774 217.35 26.40

3760 2090 WP-16-30 102574 217.52 18.02

.85



Gr

Coord

X

id

inate

Y SiLte

3050 2110 A--1

2988 2095 A--2

2826 2079 A--3

2994 2152 A--4

1009 1816 A--5

2717 2012 A--6

j-\ r\ /-> <—

oOyo 1843 B--i

3026 1824 B--z

3026 1824 B--2

2886 1794 B--3

2714 1791 B--4

3183 J.525 C--1

3104 1515 C-

2969 1494 C--3

3130 1497 C--4

3179 1504 C--5

3190 1393 C--6

930 1262 c--7

368 986 c--8

3221 1316 c~-9

3230 1255 c--10

2742 1557 c--11

PERIMETER

Date Dat p Tube

Placed Los t Elevation Lengt

092372 197.28 8.30

092372 196.03 7.40

092372 194.85 7.70

092372 195.70 7.30

092372 198.70 5.40

020973 196.21 10.00

020973 196.76 8 .05

092372
/-• o o -»

( o 5.60

031874 196.16 9.05

092372 194.99 8.00

02 0973 196.20 9.18

092372 082373 195.02 7.90

092372 082873 194.94 6.30

020373 194.23 10.60

092372 195.65 7.90

092372 100573 196.43 6.80

092372 196.35 8.20

092372 01157 i 198.40 7.90

092372 102773 191.07 12.80

020973 197.88 9.80

020973 199.26 12.90

020973 196.13 10.25
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Coord

X

d

[inate

Y S:ite

3762 1608 D--1

3786 1577 D--2

4341 1680 E--1

4342 1665 E--2

4384 1665 E--3

4400 1365. E--4

4990 1860 G--1

4994 1810 G-

5009 1737 G-- O

5056 1856 H--1

5468 1938 T ,
.4. -1

5488 1872 I--2

5890 2000 J--1

5926 1919 J--2

5953 1851 J--3

5970 1.950 J--4

6028 1908 J--5

5995 2005 J--6

6139 2107 J--7

5970 1700 J--8

5930 2470 K--1

6395 2180 K--2

6SC4 2543 KL-1

O '7
O 1

Date Date Tube

Pi aced Lest Elevation Length

092372 011574 107 .46 7 .65

092372 011574 197 .74 7 .20

092372 200..40 5 .85

093272 201..43 7,.00

020973 041674 '201 .20 6,.20

020973 041574 200,.40 8,.10

092372 063073 204,.1.8 3,.80

092372 063073 203,.78
Q
.30

092372 090773 203,.84 7..75

092372 072073 203..28 2 ,,60

092372 07onva 2 0 3.,78 4 .10

092372 103073 204,,03 7.,50

092372 206..12 5.,00

092372 207.,29 8..50

092372 204..81 6.,50

092372 206. 29 8. 80

092872 205 .15 6. 20

092372 011574 206. 93 9. 50

092372 206. 31 9. 40

02 0973 072574 208. 53 10. 10

092372 205. 76 8. 00

092372 206. 43 6. 10

092372 211. 89 6. 20



Grid

Coordinate

X Y Site

Date Date

Placed Lost

Tube

Elevation Length

5818 2927 L-l 902372 207.02 8,.20

6404 2780 L-2 092372 208.66
r-r

i ..70

5556 3382 M-l 092372 211.07 11,.90

4613 3069 N-l 092372 110273 214.53 8,.20

4515 3056 N-2 060773 101973 212.13 7..30

4410 3012 0-1 092372 208.79 6,.40

3450 2489 P-l 092372 198.76 7..50

3431 2504 P~2 020973 199.72 6,.80

5528 1.940 N.P-1 031873 206,82 5,,00

5300 1890 NP-2 031873 205.76 5 ,00

/i 17c:
-X Jl i *J 1640

>.tt) n
11 JT — kJ 031873 inn 07 A

-x -
01

4035 1620 xNP-6 031873 201.09 5,.00

4055 2860 SP-1 031873 206.81 8,.08

3827 2764 SP-2 03.1873 203.83 5,.00

3628 2635 SP-3 031872 203.87 6,.00

5953 1961 EWELL 081473 204.73

2993 1823 WWELL 081473 194.51
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