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ABSTRACT 

Water pollution resulting from nearly a hundred years of continuous 

mining activity along the South Fork of the Coeur d'Alene River continues 

to be a problem. Although recent efforts by local mining companies and 

government agencies have greatly reduced contaminant levels in streams 

throughout the valley, a perennial source of "background" pollution 

remains which is not associated with currently active mining operations. 

This report presents the results of a study of potential water 

quality problems from abandoned flotation tailing impoundments and offers 

specific reclamation plans designed to minimize water quality degradation. 

A summary of current reclamation technology is presented, followed by 

field studies of three abandoned impoundment sites. An inventory of all 

abandoned tailing impoundments in the South Fork basin was conducted. 

Based on the field studies and inventory of all sites, a number of 

factors important in site abandonment were identified and categorized as 

either physical, chemical, or0 esthetic. Classification of each site with 
j1 

respect to the identified factors was then possible. 

A general reclamation plan was drafted which deals with each of 

the identified factors important in site abandonment. Application of the 

general reclamation plan to each of the sites listed in the abandoned 

impoundment inventory ends the report. It is concluded that the major 

problems posed by the abandoned tailing impoundments are physical rather 

than chemical. Movement of fine-grained tailing material directly into 

the surface streams appears to be a more serious problem than chemical 

leaching of heavy metal ions from the abandoned tailing impoundments into 

ground water flow systems. 

vii 
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INTRODUCTION 

Water qualtty problems associated with mining activity in the water

shed of the South Fork of the Coeur d'Alene River in northern Idaho have 

been of public concern for nearly a century (Ellis, 1940). Advances in 

milling techniques and increasingly stringent federal water quality regu

lations have combined to reduce the concentrations of heavy metals and 

high sediment loads in area streams significantly in recent years. 

Recent improvements in quality are the result of concentrated efforts at 

eliminating point source pollution from active mine and mill sites. A 

"background .. level of heavy metals and sediments carried by the South 

Fork remains a problem~ however, and this paper is part of an attempt to 

formulate reclamation plans to treat the diverse sources of this rela

tively low-level water quality problem. 

l\uthorization 

This paper is part of a final report prepared for the Idaho Depart

ment of Health and Welfare, Division of the Environment, as the tech

nical portion of their "Demonstration Control Program for Reclamation of 

Abandoned Mine Tailings." Research was financed through a grant from 

the U.S. Environmental Protection Agency under Contract No. 68-01-4352. 

Scope 

This report examines the extent of water quality degradation 

resulting from abandoned tailing impoundments in the basin of the South 

Fork of the Coeur d'Alene River (Figure 1). A survey of current tech

nology in abandoned tailing reclamation is presented, followed by a 
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description of detailed field studies of several abandoned tailing sites 

which were selected with the cooperation of representatives of the mining 

industry. Data from these detailed studies and a basin-wide inventory of 

abandoned tailing impoundments were used to identify factors which control 

physical and chemical transport mechanisms for pollutants after site aban

donment as well as certain esthetic factors important in reducing the 

visual impact of a tailing dewatering facility. Each site is then classi

fied according to the factors identified in the detailed investigations. 

Individual descriptions of sites and chemical analysis of tailing samples 

are compiled in the Appendices. Presentation of a general reclamation 

plan follows the site classification section. 

Previously identified factors important in preventing water quality 

degradation after abandonment are used in the formulation of alternative 

reclamation procedures for a wide range of abandoned tailing site condi

tions within the basin. Each i~entified tailing site is then examined 

relative to the general plan and specific reclamation procedures are 

recommended on a site-by-site basis. A brief summation and conclusions 

complete the report. 

Definitions 

Several terms in this report require stated definitions. They are 

listed below. 

1. The word tailing is a plural noun referring to the solid portion of 

the slurry waste product discharged by an ore concentrating mill. It 

is used with an ending ~only when reference is made to the waste 

products of two or more milling operations. 



2. The slime portion of a tailing slurry is that fraction of solid 

material which would pass through a size 200 U.S. Standard Sieve. 

This corresponds to a maximum grain size of 0.074 millimeters. 

4 

3. Controlled tailing is mill waste material which originally was 

deposited behind protective embankments or discharged in some other 

manner designed to keep the waste material from 'being carried away by 

stream erosion. 

4. A tailing impoundment is a facility to contain the tailing material 

for dewatering purposes. Generally these are settling basins with a 

structure to decant clarified water. 

5. Abandoned tailing impoundments, for the purpose of this study, are 

those dewatering facilities which have not received tailing from a 

mill on a regular basis for at least one year. 

6. After abandonment, water gradually leaves the impounded tailing 

material. Such a dewatered mass of ta.iling material is often termed 

a tailing~· 
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PURPOSE AND OBJECTIVES 

The purpose of this study is to develop reclamation plans to mini

mize water quality degradation from abandoned tailing piles in the Coeur 

d'Alene Mining District. This is to be accomplished through the formula

tion and evaluation of reclamation plans for selected "controlled" tailing 

piles within the South Fork, Coeur d'Alene River basin. Specific objec

tives for the study are: 

1. To use field studies of selected individual abandoned tailing sites 

to develop criteria for formulating a general reclamation plan for 

abandoned tailings in the District; 

2. To determine the physical factors controlling the transportation of 

contaminants from abandoned tailing piles; 

3. To determine the chemical factors controlling the transportation of 

contaminants from abandoned tailing piles; 

4. To delineate esthetic factors pertaining to the over-all reclamation 

of abandoned tailing piles; 

5. To compile an inventory list of all abandoned "controlled" tailing 

sites in the South Fork basin and classify sites according to identi

fied physical, chemical and esthetic factors; 

6. To develop a general reclamation plan for abandoned tailing sites in 

the Coeur d'Alene District; 

7. To apply the general reclamation plan to specific sites selected for 

detailed study; and 

8. To apply the general reclamation plan to other abandoned tailing sites 

throughout the South Fork basin. 
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STATEMENT OF THE PROBLEM 

History of Mining Activity Along the South Fork 

Initial development of the great silver and lead deposits in the 

Coeur d'Alene Mining District began in 1884 with the opening of the Tiger

Poorman Mine at Burke on Canyon Creek. New discoveries along the South 

Fork, particularly the Bunker Hill and Sullivan properties on Milo Creek, 

caused a rapid increase in the population of the basin and ushered in an 

era of mining development which has continued uninterrupted to the present. 

Concentrators were rapidly put into service. By 1887, both the Tiger

Poorman and the Bunker Hill mills were operating, followed closely by 

major concentrators at the Standard, Morning, Helena and Frisco, Mammoth, 

and Last Chance properties. A number of smaller concentrators were also 

in service and supported thriving communities at places like Burke, Frisco, 

Black Bear, Wardner, Gem, Wallace and Mullan (Hawley, 1920). The total 

number of mines and concentrators operating in the District fluctuated 

greatly over the years according to the many factors which govern the 

economics of hard-rock mining. The number of operating mills reached a 

maximum of 30 in 1943, when demands for metals to aid the war effort were 

at a peak (Campbell, 1943). Mining and milling activity in the South Fork 

basin (See Figure 1.) was divided geographically into five districts: 

Evolution (at Osburn), Hunter (at Mullan), Lelande (Canyon Creek, Burke), 

Placer Center (at Wallace and Ninemile Creek) and Yreka (at Kellogg and 

Pine Creek}. The East Fork of Pine Creek was the scene of intense devel

opment in the 1940's and early 1950's. 
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Milling Practices 

From the beginning of development of the Coeur d'Alene Mining 

District in the 1880's to 1928, the "jig" method of ore concentration 

was used almost exclusively (M nk, 1971). A mechanical gravity concen

tration process, jigging was a relatively inefficient method and produced 

waste rock particles ranging from microscopic to one inch in size (Norbeck, 

1974) which were discharged into local streams and ultimately mixed with 

alluvium along all major streams in the basin. Zinc was not recovered at 

all in the early years of the District, but passed through the milling pro

cess as waste. High concentrations of the metal in valley floor alluvium 

are present in several locations (Williams and others, 1973). 

Selective froth flotation, the successor to jigging as the promi

nent ore separation process, made an appearance in the Coeur d'Alene 

District around 1916 (Mink, 1971). The process involves fine grinding of 

ore, the formation of slurry with water, and subsequent treatment with a 

series of chemical reagents to "float" various metals from the ore. 

Remaining slurry material is then discharged as mill tailing (Fuerstenau, 

1962}. This flotation tailing is much finer and more uniform in size than 

that from the primitive jig process. A large percentage of the material 

discharged directly into streams was carried as suspended sediment and 

deposited on the Coeur d'Alene River delta in Coeur d'Alene Lake (Maxfield 

and others, 1974). 

Awareness of a Pollution Problem 

The heavy sediment load in the Coeur d'Alene River system was the 

first pollution problem from mining activity to receive attention. As 
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early as 1904, pressure from downstream water users caused the mining 

companies to erect several piling-and-plank dams across the South Fork or 

its tributaries in an attempt to reduce suspended solids (Zeigler, 1943). 

Ellis (1932} found that sediments deposited near Medimont (approximately 

15 miles (25 kilometers) below the confluence of the North and South Forks) 

~ad reduced channel depths from 50 feet (15 meters} to 12 feet (3.7 meters) 

in the first fifty years of mining activity. 

Ellis also performed various experiments attempting to reintroduce 

aquatic life to the Coeur d'Alene River, discovering that the silt-laden 

waters of the South Fork and several tributaries were extremely toxic. 

Savage (1970) described the effects of pollution on invertebrate bottom 

life in the South Fork. She concluded that siltation was the main limit

ing factor preventing the establishment of macro-invertebrate colonies in 

the South Fork and that zinc ion concentrations during low flows were high 

enough to be toxic. 
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SUMMARY OF CURRENT TECHNOLOGY IN ABANDONED TAILING RECLAMATION 

Recent water quality legislation and regulations directly affecting 

mining operations have fostered a number of research efforts dealing with 

physical and chemical stabilization of mining-impacted areas. Use of 

mill tailing impoundments became mandatory in 1968 following water-quality 

legislation. Many of the original tailing impoundments have reached 

design capacity, and several mining companies are facing decisions 

regarding the ultimate abandonment and reclamation of these original 

impoundments. 

Four major types of action are considered in dealing with tailing 

pile abandonment: (1) physical stabilization to prevent erosion of 

tailing material; (2) chemical stabilization of tailing deposits to 

reduce acid formation and/or leaching and transport of metals; (3) 

remedial measures which may be conducted away from the tailing site 

to correct adverse effects of the tailing; and {4) alternative uses 

of tailing material which either remove the problem source or render 

it insignificant. 

Physical Stabilization 

Martin and Mills (1976) describe the various options available in 

stabilizing milling wastes, including covering with rock or less easily 

eroded soil, application of chemical compounds which harden to form imper

meable crusts, and vegetative stabilization. Crust-forming chemicals 

are not as permanent a solution as rock cover or vegetation, but are effec

tive in reducing erosion by wind and water in regions with harsh climatic 



conditions or deposits containing toxic materials. 

Vegetative stabilization of tailing piles has received much atten

tion in the past ten years, as can be seen by the number of articles on 

that subject included in the two volumes of Tailing Disposal Today by 

Alpin and Argall (1973) and Argall (1979). Various soil treatments and 

vegetation species are examined in these publications. Williams (1975} 

also deals with specific costs of reclamation techniques. Perhaps the 

most comprehensive source available for information on plant species 

10 

and their success on tailing surfaces is provided by Donovan and others 

(1976). Their section on lead-zinc tailing is not completely applicable 

to the Coeur d'Alene Mining District, however, because the soil proper

ties described represent tailing from ores found in limestone and 

dolomitic limestone in Missouri and Tennessee. These tailings are 

described as containing abundant calcium, which makes them valuable agri

cultural soil conditioners. The predominant host rock in the Coeur 

d'Alene District is quartzite, and the calcium content of tailing is 

very low compared to that exhibited by the Missouri lead-zinc ·ores. 

Normal vegetative stabilization procedures begin with some type of 

soil conditioning to insure plant survival, then hydroseeding or hand 

planting of species native to the area or known to succeed in similar 

environments. Irrigation may be necessary to encourage initial plant 

growth, but species requiring continued application of irrigation 

water are contrary to the objective of maintenance-free abandonment. 

Bengson (1979} discusses the advantages of drip irrigation in vegetative 

stabilization. Poor control of irrigation facilities can result in ero

sion of the fine-grained tailing by escaping water. 



Chemical Stabilization 

Current technology for the chemical stabilization of mill wastes 

which have potential for metals leaching and acid formation is limited 

to three alternatives: (1) infiltration control, or surface sealing; 

(2) diversion of surface or ground waters around the site; or (3) 

placement of the wastes in an oxygen-free environment. 

11 

Infiltration control is accomplished through the use of a number of 

different sealing agents such as chemical soil sealants, synthetic 

membranes and clay blankets (Martin and Mills, 1976; Williams, 1975). 

These materials also retard or prevent erosion by wind and precipitation, 

but are not always adequate to provide maintenance-free protection for an 

abandoned tailing site. Clay blankets and chemical soil sealants tend to 

crack, reducing their effectiveness, and synthetic membranes are subject 

to puncture and possible deterioration because of solar radiation. 

Diversion of surface and ground waters around a dangerous tailing 

pile removes the transport mechanism which is responsible for the 

continued supply of poor-quality water to surface streams. This proce

dure cannot prevent oxidation of pyrite or other sulfide ores, but can 

prevent the oxidation products from leaving the source area. Martin and 

Mills (1976) describe several alternate methods for preventing contact 

with tailing by surface waters, including: (1) stream channel relocation; 

(2) use of conveyance structures such as culverts or channels; and 

(3) construction of diversion ditches on hillsides similar to those used 

to protect highway cuts from erosion. 

Isolation of acid-forming material in pits to be backfilled is a 

common technique in surface coal mine reclamation (Doyle, 1976). Spoil 
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containing pyrite is placed in a portion of a pit which will be below the 

water table after abandonment. This saturated environment severely 

retards oxidation of the iron sulfide molecules (Marcy, 1979). This tech

nology could be applied to abandoned tailing piles, but would involve 

relocation of the acid-forming material to a site which would be 

(1) located below the water table permanently, or (2) lined with im

pervious material to prevent leakage and maintain a saturated condition 

throughout the pile. 

There appears to be no developed technology for the application 

of chemical buffering agents to an abandoned tailing pile to permanently 

prevent acid formation and metals leaching. 

Alternative Uses 

Clearly the best reclamation alternative for abandoned mill 

tailings is the use of such material in a beneficial way. Much research 

has been done on the application of tailing material as mine backfill. 

Williams (1975) describes the mechanisms and benefits of usin~ tailing as 

backfill, and several articles in Alpin and Argall (1973) relate using 

both the coarse and fine fractions of tailing as backfill. Most work in 

this area has involved only the coarse (sand) fraction of tailing from 

active mills due to the ease of dewatering the coarser material and the 

convenience of installing cyclones for size separation at the mill outflow 

point. A truly abandoned, flooded mine could provide a safe repository 

for much abandoned tailing material, but valid arguments over the .. aban

doned .. or "orphaned .. status of any mine usually make such a proposal 

unfeasible. 
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Use of tailing as a construction material is another beneficial 

use for former waste products. Pettibone and Kealy (1972) reported on 

the application of lead-zinc mill tailing in highway embankment construc

tion in the Kellogg area. Guerra {1973) reports other uses of tailing 

with proper engineering properties. 

Using an abandoned tailing pile itself as a location or base for a 

secondary land use is a concept which has not received much attention. 

In steep mountain valleys where level land is at a premium, tailing 

disposal sites can be expensive to acquire as well as construct. 

Combining two such large-scale land uses on one site has obvious advan

tages. A regional waste water treatment plant was recently constructed 

on a 70-acre (28 hectares) abandoned tailing pile along the South Fork, 

Coeur d'Alene River, thus combining two esthetically displeasing land 

uses which require much flat land. Hitt (1974) describes properties of 

the abandoned pile relative to its suitability as a base for the treatment 

facility. Other second-generation uses for sufficiently stabilized and 

chemically safe abandoned piles might include parks, commercial building 

space, or even housing projects. 

Remedial Measures 

Reclamation procedures which are designed to treat the effects of 

tailing site abandonment rather than attack the cause of those effects 

are typically expensive and require periodic maintenance. Sedimentation 

basins can be constructed to reduce the turbidity of runoff water from one 

or more abandoned tailing sites (EPA, 1975), but these basins must be 

dredged periodically to remove accumulated sediment, and this collected 

sediment itself presents a disposal problem. 
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Collection and treatment of poor-quality surface water is an 

expensive alternative and should be avoided if possible. Williams (1975) 

discusses a variety of treatment schemes for acid water and high metals 

concentrations resulting from mining and milling activities. 
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FIELD STUDIES OF SELECTED SITES 

Site Selection 

During the planning stages of this project, representatives of 

the mining industry who served as a technical advisory committee were 

asked to suggest abandoned tailing sites which could be used for detailed 

study. Sites were requested which would be available for piezometer 

installation, water quality sampling, and chemical analysis of tailing 

materials during the summer of 1977. The Lucky Friday Impoundment No. 1 

near Mullan and the Galena Impoundment No. 3 on Lake Creek near Wallace 

were offered as study sites. Both were constructed in 1968 and repre

sent the first tailing sites of the modern type to be abandoned in the 

Coeur d'Alene District. A third site, the Page tailing impoundment, is 

presently under the ownership of the South Fork Coeur d'Alene River 

Sewer District. This pile had been the subject of previous studies by 

Galbraith (1971), Httt (1974) and Marilla (1975) at the University of 

Idaho, and much data on the pile's hydrology and chemistry had already 

been gathered. Field study of the three sites began in June of 1977 with 

the measurement of water levels in existing piezometers and the installa

tion of piezometers in the sites which lacked ground water monitoring 

equipment. 

The Lucky Friday and Galena sites are more characteristic of the 

modern active tailing sites than of the remainder of the abandoned sites 

identified in the basin-wide inventory. They exhibit compacted mine 

waste-rock embankments, perimeter tailing discharge points, and decant 
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systems. Both are constructed against hillsides, with ponded water kept 

against the hill and away from embankments. Both are considered for 

further tailing deposition, and are capable of being expanded. The Page 

impoundment is located on level ground, has embankments on all sides, and 

serves as a base for a modern sewage treatment plant. 

The Page site had a central tailing discharge point and no embank

ments for at least the first 10 years of its existence. The majority of 

abandoned controlled tailing sites inventoried were smaller in volume, 

less protected from weathering and erosion agents, and much less care

fully designed and constructed than the sites selected for detailed 

study. Utilizing the benefit of hindsight, it would perhaps have been 

better to substitute an example of this more primitive construction for 

one of the modern sites studied. 

Luck Friday Impoundment No. 1 

Location 

The Lucky Friday No. 1 tailing impoundment is located approximately 

1/4-mile (0.4 kilometer} west of the town of Mullan near the mouth of 

Mill Creek (Figure 2). The Burlington Northern Railroad track runs the 

length of the pile and separates it from the South Fork of the Coeur 

d 1 Alene River, which flows parallel to the tracks. The pile is easily 

visible from Interstate Highway 90 west of Mullan and from the town it

self. 

History 

Mining Operation. The history of the Lucky Friday mine began in 

1899 with registration of several mining clams just east of the town 
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of Mullan. The property went through a period of unsuccessful develop

ment attemps prior to 1938, and twice was sold to satisfy labor or tax 

claims, once for the meager sum of $120. The formation of the Lucky 
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Friday Silver-Lead Company in 1939 signalled the beginning of a program of 

construction and property acquisition which made the Lucky Friday one of 

the District's top silver and lead producers. In 1958, Hecla Mining 

Company took over management of the mine and immediately began construc

tion of a new mill, surface plant, sand-fill system and various under

ground improvements, all of which were completed by 1961. Prior to comple

tion of the Lucky Friday mill, all ore from the mine had been processed at 

the Golconda custom mill, which ceased operation as soon as the new 

facility was ready (Featherstone, 1963). Shipments to the Golconda had 

been averaging 180 tons per day, and the new mill, which is still in 

operation, has a capacity of 500 tons per day. Tailing sand-fill has been 

used in the mine since completion of the mill in 1960, and was estimated 

in 1977 to be in operation approximately 70 percent of the operating time 

of the mill (McKee, 1977). 

Tailing Pile. Lucky Friday Tailing Impoundment No. 1 was constructed 

in 1968 to satisfy water quality standards for point-source discharges 

which were put into effect by Environmental Protection Agency regulations. 

It was conceived as a settling pond to remove the majority of suspended 

solids from the tailing being discharged from the mill before releasing 

it ultimately into the South Fork just below r~ullan. The original embank

ments were constructed of compacted basin scrapings to a maximum height of 

approximately 25 feet (8 meters}. Two decant lines ran perpendicular to 

the long axis of the impoundment from decant towers near the hillside and 

exited the impoundment beneath the embankments. These pipes discharged 
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into a ditch between the embankment toe and the railroad tracks. 

Capacity of the impoundment was enlarged in 1972 with the raising 

of the embankments 10 feet (3 meters). Construction material was com

pacted mine waste rock. Another raising of the embankments using the 

upstream technique (McKee, 1977} and compacted waste rock was accomplished 

in 1975, resulting in the present maximum embankment height of 45 feet 

(15 meters) (Dames and Moore, 1977). 

Because the tailing site is located approximately 1.5 miles from 

the mill a wood-stave pipeline was used to carry tailing through the 

town of Mullan to a pumping station at the east end of the pile, where it 

was lifted to the embankment and discharged from a moveable pipeline. An 

overflow pond at the east end of the pile was constructed to contain 

reverse flow in the tailing delivery line when pumping was halted. 

Discharge of tailing onto the pile was made from the embankment, 

keeping ponded water as near the adjoining hillside as possible. Tailing 

near the embankments are therefore relatively more coarse than the mate

rial near the hillside, and hydraulic conductivity of the pile is also 

expected to be much higher near the embankments. During periods in which 

no sand-fill was being used in the mine, all tailing discharged from the 

mill was deposited on the pile. This resulted in the interbedding of 

layers of coarse material with thicker slime units in the zone between 

the discharge points and decant towers. The presence of these coarser 

layers supports the theory that the horizontal hydraulic conductivity in 

the middle portion of the pile is higher than the vertical. 

Maximum capacity of the site at the present embankment height was 

reached in the summer of 1976, and the pile was considered inactive. A 

new impoundment had been constructed nearer the mill, and no plans then 
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existed for an extension of the No. 1 embankments. Irrigation pipe and 

sprinklers were installed on the embankment, and hay was spread on 

portions of the tailing surface to aid the growth of grasses which were 

planted there in an effort to reduce the problem of blowing dust. Trees 

had already been established along the toe of the embankment, and a good 

growth of varied vegetation was present on the lower half of the slope 

and on top of the compacted-rock embankment. 

The upper half of the slope was essentially unvegetated, and repre

sented the most recent dam extension. Sand-size tailing had apparently 

been dumped down the slope to provide soil to cover the bare mine waste 

rock. This tactic was not successful because of the non-cohesive nature 

of the sandy tailing, which immediately began to move downslope and could 

not provide a stable footing for plant growth. 

Construction began in the fall of 1977 on a ten-foot (3 meters) 

embankment lift of the Lucky Friday Tailing Impoundment embankment. Two 

future lifts of similar size are proposed and will be constructed when the 

recently enlarged tailing storage space is exhausted. This illustrates 

the temporary nature of 11abandonment 11 as it relates to the mining industry. 

Although the impoundment had not received tailing on a regular basis for 

over a year, other sites for tailing disposal became filled or unavailable, 

leaving the enlargement of an existing older facility as the only econom

ically feasible action available. 

Geology 

Mi"ne Geology. Precambrain Belt series matamorphosed sediments of 

the St. Regis and Revette formations compose the rocks of the Lucky Friday 

mine. These rocks are mostly quartzitic in the vicinity of the ore body, 

which is predominantly high-grade galena, with subordinate amounts of 
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tetrahedrite, sphalerite, pyrite and chalcopyrite (Hutchinson, 1961). 

Tailing Pile Area. Lucky Friday tailing impoundment No. 1 is 

constructed on alluvium of recent age, composed of gravel, boulders, 

sands and clays deposited and reworked by the South Fork and Mill Creek. 

The pile is situated against a small ridge of St. Regts Formation which 

projects into the floodplain of the South Fork and constricts the valley 

just west of the town of Mullan, Idaho. Mill Creek joins the South Fork 

near the east end of the pile. "Jig" tailings and other milling wastes 

are present in the alluvium beneath the pile and therefore in the initial 

embankment. 

Hydrology 

Surface Hydrology. The Lucky Friday No. 1 tailing impoundment is 

located in a steep mountain valley at an elevation of 3,200 feet {975 

meters). Much of its approximately 50 inches (127 em) of annual precip

itation falls as winter snow. The tailing pile has a surface area of 

approximately 8.5 acres (3.4 hectares), and the southeast slope of the 

ridge above the pile adds another 4 acres {1.6 hectares) to the closed 

catchment basin formed by the pile•s embankment. Two decant towers 

provide the only outlet for ponded surface water, but evaporation and 

infiltration rates have been high enough to prevent accumulation of 

sufficient precipitation and runoff to allow discharge through the 

decant structures. 

Railroad tracks and a buried municipal sewer line separate the 

pile from the South Fork of the Coeur d1 Alene River. Mill Creek flows 

near the overflow pond embankments and then under the railroad tracks, 

joining the South Fork.300 feet (9.0 meters) east of the pile. Mill Creek 



22 

was apparently diverted away from a southerly course along the low ridge 

to allow construction of the tailing pile. 

Subsurface Hydrology. A series of test holes were drilled at the 

Lucky Friday site in June of 1977 to investigate the feasibility of 

raising the embankments and using the pile for further tailing disposal. 

Heel~ Mining Company contracted with Dames and Moore to perform the 

necessary studies. The 8-inch (20 em) boreholes drilled in the investiga

tion were made available to the University of Idaho for installation of 

piezometers at various depths below the tailing surface. Additional piezo

meters were constructed at the Lucky Friday site as part of this investiga

tion. Borehole and piezometer locations are indicated on Figures 2 and 3. 

Dames and Moore placed one piezometer in each of the seven boreholes. 

These piezometers consisted of 2-inch {5 em) diameter polyvinyl chloride 

(PVC) pipe with horizontal slot perforations approximately 3 inches 

(7.6 cml apart along the lower twenty feet {6.1 meters) of the tube. 

Piezometers installed by this researcher consisted of 3/4-inch (1 .9 em) 

PVC pipe perforated with drilled holes along the lower foot (30 em) of 

the tube and wrapped with several thicknesses of fiberglass window 

screening. Clean washed silica sand was used as backfill from one foot 

(30 em} below the screened section to a foot (30 em) above. Approximately 

six inches (15 em) of bentonite was placed immediately above the sand back

fill and again at the tailing pile surface. Three steel piezometers 

(designated 0-1, 0-2 and 0-3) were already in place on the outside slope 

of the compacted embankment (Figure 2). A list of piezometers used in 

this investigation is presented as Table 1. 

Comparison of static water level elevations in piezometers soon 

after installation revealed the presence of a ground-water mound within 
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Table 1 

Piezometers Installed at Lucky Friday Tailing Impoundment No. 1 

Tube Tube Tube Bottom 
Piezometer Date Date Diameter, Length Elevation 
Tube No. Installed Lost Material (feet) (feet above 

sea level) 

0-1 ? 211 steel 22.0 3228.4 

0-2 ? 2" steel 22.0 3226.3 

0-3 ? 2" steel 24.9 3221.5 

1-A 6-19-77 211 PVC 49.6 3211.8 

2-A 6-19-77 211 PVC 46.0 3216 .. 3 

2-B 6-19-77 3/4 11 PVC 21.1 3242.0 

3-A 6-20-77 2" PVC 39.8 3221.5 

3-B 6-20-77 3/4 11 PVC 45.8 3216.0 

3-C 6-20-77 3/4 11 PVC 19.2 3242.1 

4-A 6-20-77 2" PVC 34.2 3226.3 

4-B 6-20-77 211 PVC 19.4 3242.1 

5-A 6-21-77 211 PVC 39.6 3222.6 

6-A 6-21-77 211 PVC 51.9 3214.2 

6-B 6-21-77 3/4 11 PVC 39.8 3224.9 

7-A 6-21-77 11-26-77 2" PVC 42.4 3221.1 

8-A 8-14-77 10-1-77 3/411 PVC 7.3 3228.6 

9-A 8-15-77 10-1-77 3/4 11 PVC 11.2 3213.9 

10-A 8-16-77 10-1-77 3/4 11 PVC 9.4 3205.2 

11-A 8-16-77 10-1-77 3/4" PVC 6.9 3206.2 
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the abandoned tailing impoundment. Piezometers placed nearer the interior 

of the tailing pile surface exhibited depths to water of 31 feet (12 meters) 

to 41 feet {16 meters) below ground surface. Boreholes 1, 5, and 7 were 

in the dike material and penetrated beyond the bottom of the original 1968 

embankment to depths between 42 feet (16.5 meters) and 50 feet (19.7 meters) 

below ground surface. None of the piezometers installed in these holes 

(lA, SA, and 7A) reached the phreatic surface in the underlying alluvium. 

The position of the water table within and surrounding the tailing pile is 

shown diagrammatically in Figure 3. 

Dames and Moore conduced an in-situ test for seepage at the pile 

by resuming tailing disposal and maintaining a pool water level near 

the ground surface elevation at Borehole 3. This test was begun on 

June 30, 1977 and rendered further collection of data on "abandoned .. 

condition ground water levels impossible. Water level data for all 

piezometers continued to be gathered under an agreement with Hecla Mining 

Company and Dames and Moore. Water level data were collected in all 

available piezometers at varying frequencies from June 16, 1977 through 

July 14, 1978. Daily measurements were recorded during the in-situ 

seepage test mentioned above. 

Figure 4 shows responses in two piezometers at borehole 3 to the 

renewal of tailing disposal activity on the pile. Piezometer 3-B reaches 

the alluvium beneath the tatling pile and shows a delayed response to the 

flooding of half the tailing pile surface. Piezometer 3-C exhibits a 

much faster response and some irregularity which can probably be explained 

by the erratic movement of the tailing slurry as it meandered across the 

tailing surface toward the pool. 

By ignoring the hydrograph peak caused by the in-situ test, a 
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general downward trend can be seen in the data from piezometer 3-B, indi

cating water continued to drain from the tailing pile after its abandon

ment. A muted seasonal water level fluctuation can be seen, with a high 

tn April and lowest levels in December and January. 

If the pile had remained truly abandoned,this cyclic downward trend 

would continue until the maximum gravity drainage of the tailing pile 

occurred. Seasonal fluctuation would have occurred, reflecting the small 

amount of annual recharge from precipitation to the pile and the general 

water level fluctuation in the underlying alluvium. 

Analysis of early data indicates that much of the tailing in the 

pile was very wet even after a year of abandonment. Slimes brought to 

the surface by the auger were usually wet a few feet below the tailing 

surface, but some piezometers penetrating twenty feet (6 meters) 

of tailing slimes remained dry until well into the in-situ seepage 

test. 

The presence of water within the pile does not pose structural or 

horizontal seepage problems. No evidence of post-abandonment seeps were 

found around the embankments, and the large percentage of sand-size tailing 

deposited along the compacted rock-fill embankment seems to keep the 

phreatic surface low in the dike area. Movement of water ponded on the 

surface would be down through the pile and toward the embankments, then 

into the permeable alluvial gravel and boulders underlying the site. 

Water Quality. Sampling for water quality was accomplished at all 

piezometer sites containing water and six surface locations on August 21, 

1977 and again on May 5, 1978. Samples were taken from piezometers by 

dipping with either plastic test tubes or a weighted aluminum cylinder. 

Readings of temperature, pH, and electrical conductivity were taken at the 
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piezometer site prior to filtration and acidification. Surface-water 

samples were collected by dipping from a freely-flowing portion of the 

stream. Temperature, electrical conductivity and pH were measured in the 

stream at the sample site. Environmental Protection Agency suggested 

procedures were followed in the sampling and analysis of data from this 

and all other sites. Marcy (1979} provides a more detailed description of 

sampling and chemical analysts procedures. 

Examination of surface water samples from streams above and below 

the tailing pile area showed no significant increases in metals as a 

result of the abandoned pile. Table 2 shows concentrations of zinc and 

manganese to be higher in ground water just outside the tailing impound-

ment than in ground water within the tailing material or in a stream adja-

cent to the site. These higher concentrations may be attributable to the 

Table 2: Mean element concentrations in water, 8-21-77, 
Lucky Friday Tailing Impoundment No. 1 
All figures in parts per million 

Location 
No. of 

Fe Mn Ca Mg Cu Zn Cd Pb samples 
Surface water in 

adjacent streams * .05 14.7 4.3 * .01 
Ground water within 

tailing pile * .65 27.6 2.9 * .26 
Ground water in 

alluvium near pile * .48 48.6 4.9 * .68 
*Below detectable limits 

* 

* 
* 

* 

* 
* 

5 

6 

2 

presence of older "jig" tailing present in alluvium beneath and around the 

Lucky Friday No. 1 impoundment. No measureable amounts of iron were found 

in water within or surrounding the abandoned tailing site. Very little 

pyrite is found in waste rock on the embankments, and the weathered surface 

of the pile is clean and white. Chemical analysis of tailing and alluvium 

samples taken during drilling indicates that lead, zinc and cadmium concen

trations in the alluvial material on which the impoundment was constructed 
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are more than double the concentrations of those metals in tailing within 

the impoundment. Further data on tailing composition are given in Appendix 

c. 

Evaluation of Abandoned Site Reclamation 

Physical Conditions. The abandoned Lucky Friday No. 1 tailing 

impoundment ts well protected against direct erosion by surface streams. 

Protective embankments of the pile are complete and structurally sound. 

The small tributary area above the pile surface and the relatively higher 

hydraulic conductivity of material closer to the embankments greatly reduce 

any danger of dike overtopping by collected surface runoff. Blowing silt 

is a problem on the unvegetated pile surface, and the dust reaches resi

dences in Mullan. 

Chemical Conditions. Tailing composition and water quality within 

the abandoned tailing impoundment and in nearby surface streams indicate 

that leaching of metals from tailing material is probably occurring at a 

rate wh·ich does not pose a threat to water quality in the South Fork. 

Ground water is moving down through the pile and into the alluvium, but 

the metals load is very small. Complete gravity drainage of the pile has 

not occurred. Nutrients necessary for adequate plant growth are apparently 

lacking on the pile surface. Growth of grasses has been successful where 

mulch, fertilizer, and irrigation have been applied. 

Esthetic Conditions. The impoundment is highly visible, both to 

residents of Mullan and travelers on the interstate highway. Trees planted 

along the embankment toe have been very successful, and good vegetation is 

present on the lower half of the slope. Establishing plants on the section 

of embankment constructed in 1975 has not worked as well. It appears that 

there is not enough moisture-retaining topsoil to keep the grasses healthy. 
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Galena Tailing Impoundment No~ 

Location 

The Galena Tailing Impoundment No. 3 is the lowest in a series of 

three abandoned tailing impoundments constructed in the narrow valley of 

Lake Creek, a tributary of the South Fork Coeur d'Alene River. It lies 

approximately 1900 feet (580 meters) above the mouth of Lake Creek, 2.5 

miles (4.2 kilometers) by road from Wallace and 3600 feet (1100 meters) 

downstream from the Galena mine and mill. See Figure 5. 

Hi story 

Mining Operation. The Galena mine is one of the oldest mines in 

the Coeur d'Alene District, beginning near the end of the 19th century 

with numerous claims, but not showing any significant production until 

1917. By 1946 the available resource had seemed exhausted, and a major 

program of shaft sinking and crosscutting was undertaken. Major ore 

bodies were discovered in 1951 and 1953. The property is owned by the 

Callahan Mining Corporation and is under long term lease to the American 

Smelting and Refining Company and Day Mines. ASARCO is the manager and 

operator of the facilities (Visnes, 1963). 

Tailing Pile. The construction of Galena Tailing Impoundment No. 3 

was described by McKinney (1977) as follows: 

Number three tailing dam was constructed in August 1968. 
All vegetation, timber and debris was removed from the area 
and a keyway 14 feet wide, 8 feet deep the length of the dike 
was excavated. The keyway was backfilled wi·th plus 2-inch 
minus 10-inch rock. The dike was constructed in 12-inch lifts 
using run of mine waste rock, which is approximately 50 
percent minus 2-inch, 100 percent minus 10-inch. A D-6 cat 
towing a grid roller was used to spread the fill and along 
with 10 yard dump trucks compacted the fill. 
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After the initial dike was built in 1968, ten-foot 
lifts were added in September 1970, October 1972, May 1973 
and July 1976. Each lift was built in the same manner as 
the original dike. To insure proper decantation, two 
pipelines were placed through the dike and lengthened as 
the dam was filled with tailing. The decant lines are made 
from sections of 12 11 X 5' class III reinforced concrete 
pipe. The pipe has a bell on one end which is used for 
joining the pipe. In an effort to guard against leaking 
at the joints, each joint is filled with oakum, wrapped 
with twelve courses 2-feet wide of ten ounce burlap and 
finally wrapped with twelve gauge galvanized wire to secure 
the burlap. 
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The tailing piles along Lake Creek sustained heavy damage during 

the flooding on January 15, 1974 that caused $31 million in damages in 

northern Idaho (North Idaho Press, 1974). Major failures of several 

compacted waste-rock embankments occurred, including those of Impound-

ment No. 3, and tailing material was spread across the lower portion 

of the Lake Creek valley to the highway which parallels the South Fork. 

Direct cause of the failure was the overtopping of a temporary diversion 

dam near the mill site by rapidly rising flood waters. The channel 

beside tailing impoundment No. 1 was insufficient to control the 

sudden volume of water released when the temporary dike failed, and 

a large portion of the flood entered the series of tailing structures. 

This surge of flood waters and tailing destroyed a large section of the 

county road along Lake Creek, and the Galena mine was isolated for several 

days (Erskine, 1977). 

No tailing has been deposited in Impoundment No. 3 since the last 

ten-foot lift of the embankment was accomplished in July 1976. A constant

level pool of mine drainage water has been established on the pile surface 

using the existing decant system to carry water to another reservoir below 

the pile. 

Topsoil was placed on the embankment top and outside slope. The 

area was seeded with a variety of grasses and clover, then covered with 



~-inch (6.5 mm) mesh erosion control netting. Also, 800 pine and fir 

seedlings were planted around the area (McKinney, 1977). 

Geology 
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Mine Geology. The Galena mine produces ore from two distinct ore 

body types within the Revett and St. Regis formations of the Belt series 

metasediments. The Lead Zone yields mostly argentiferous galena, with 

quartz as the principal gangue material. Most production from the Galena 

mine, however, has been from the Silver Vein, which contains argentiferous 

tetrahedrite, chalcopyrite and pyrite. Siderite is the most abundant vein 

gangue, with some quartz. Both zones of mineralization are closely asso

ciated with the Polaris Fault which is roughly parallel to the dominant 

Osburn Fault and bisects the property (Keston, l963). 

Tailing Pile Area. Galena Tailing Impoundment No. 3 is constructed 

against the east wall of the steep and narrow valley of Lake Creek. It is 

the lowest of a series of three tailing impoundments constructed in the 

valley, and consists primarily of two mine waste-rock embankments set at 

right angles to each other and behind which tailing was deposited against 

the hillside. The base of the pile rests on recent-age alluvium, probably 

mixed with older mill wastes from the early years of development at the 

Galena property. Valley walls and bottom are composed of lower Wallace 

Formation metamorphic sediments of the Precambrian Belt series, mostly 

dolomitic and calcareous quartzite (Hobbs and others, 1965). Lake Creek 

has been channelized along the tailing area and is confined between the 

rip-rapping on the embankment toe and the county road foundation, which 

occupies the west side of the narrow floodplain. 
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Hydrology 

Surface Hydrology. Lake Creek flows along the western toe of the 

compacted rockfill embankment. Flow is perennial, with significant 

seasonal fluctuation resulting from snowmelt in higher portions of the 

drainage. Gradient of the stream channel along the pile averages 6 percent. 

This channel has been entirely relocated and straightened to allow 

construction of the tailing piles, and is heavily rip-rapped on both sides. 

The channel bottom is composed mostly of boulders and cobbles. 

Precipitation in the Wallace area averages 41 inches (104 em) 

annually, with approximately 50 percent falling as snow. Summer precipita

tion is typically very slight (Ross and Savage, 1967). The tailing pile 

surface forms a closed basin, relying on the two decant pipes to remove 

excess water. The pile surface itself has an area of 3.5 acres (1.4 

hectares), and that portion of the hillside tributary to the pile and 

supplying runoff to its surface adds another 13.5 acres (5.5 hectares) to 

the total catchment area. 

A pool of water exists on the southern end of the pile surface 

which covers from thirty to forty percent of the total surface area. 

This pool has its origin in water draining from and being pumped out of 

the Galena mine. Mine drainage water is piped down to the hillside above 

tailing pile No. 3, where it is discharged from a single 8-inch (20 em) 

pipe. A channel has been gouged in the hillside below this discharge point, 

and a delta of organic material and alluvium has been built up in the pool. 

Twin decant pipes are used to regulate the pool's surface elevation. These 

decants are in constant use, since the mine water inflow does not stop. 

The decant lines run diagonally beneath the tailing pile from southeast to 

northwest. A concrete drop box is located at the northwestern toe of the 



tailing embankment, from which the water is diverted to a holding pond 

before being pumped back to the mine. 
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Subsurface Hydrology. Piezometers were installed using either a 

portable 4-inch (10 em) diameter auger or 2~-inch flush-coupled casing 

with machined plastic drive points as described by Marilla (1975) and 

Norton (1979). All piezometers were constructed of 3/4-inch PVC with 

screened perforations along the bottom twelve inches (30.5 em). Clean 

washed sand was used to backfill holes around screening, and bentonite 

seals were placed on top of each sand pack and at the ground surface. 

Figure 5 indicates piezometer positions on the pile surface and below 

the embankment toe. Water levels were measured using steel tape and 

chalk on twelve occasions during the summer and fall of 1977 and in the 

spring and summer the following year. See Figure 6 and Table 3. 

Examination of piezometers in drill hole No. 6 show that the pool 

of mine water at the southwestern end of the pile is quite possibly 

perched above an unsaturated tailing zone. Piezometer 6-A penetrates the 

tailing pile to a depth of 21.3 feet (6.5 meters) and was only 27 feet 

(8.2 meters) from the pool's edge. This piezometer never showed a water 

level higher than 18.3 feet (5.6 meters) below the pool's water surface 

elevation. Even when the pool's water surface was raised two feet (61 em) 

in the winter of 1977 until it reached and surrounded the bases of piezom

eters 6-A and 6-B, the water levels in those piezometers failed to show 

any rise. The higher pool water level was maintained throughout the rest 

of the measuring period, and no piezometers showed any rise in water level 

which could be attributed to any such constant source of recharge. 

Seasonal fluctuations are evident in all piezometers. Melt water 

from the winter snowpack on the pile surface and on the hillside tributary 



Figure 6. WATER LEVELS IN GALENA TAILING IMPOUNDMENT No. 3 PIEZOMETERS 
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Table 3 

Piezometers Ins~ta 11 ed at Ga 1 ena Ta i 1 ing Impoundment No. 3 

Piezometer Date Ground Surface Tube Tube Bottom 
Tube No. Installed Elevation* Length** Elevation* 

(feet} (feet) (feet) 

1-A 7-27-77 94.0 27.0 70.2 

2-A 7-28-77 94.0 19.1 77.1 

2-B 7-28-77 94.0 13.9 82.1 

3-A 8-05-77 95.3 17.0 80.6 

3-B 8-05-77 95.3 13.4 84.2 

3-C 8-05-77 95.3 7.0 90.3 

4-A 8-09-77 93.7 17.4 80.0 

4-B 8-09-77 93.7 12.2 84.9 

4-C 8-09-77 93.7 5.6 91.3 

5-A 8-10-77 94.7 36.5 61.2 

6-A 8-11-77 92.8 24.9 71.5 

6-B 8-11-77 92.8 11.0 84.1 

7-A 8-15-77 95.5 7.1 91.6 

8-A 8-15-77 101.7 7.3 97.6 

9-A 8-17-77 40.6 8.3 36.2 

Notes: 

* Elevations given are in feet above datum, defined as 100 feet below 
a nail in the tree nearest Drill Hole No. 7. 

** All piezometers are constructed of 3/4-inch diameter PVC pipe. 

-, 
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to the pile appears to move along the bedrock/tailing contact and into the 

tailing. The pile surface slopes toward the mine water pool, so much of 

the melt water from the pile surface may enter the mine water recircula

tion system and be separated from ground water moving through the tailing 

pile. Snowmelt near the embankments, where the more permeable fraction of 

tailing material has been deposited, probably moves downward and out of 

the bottom of the pile. 

Some water probably enters the tailing pile as ground water 

recharge from Lake Creek as it reaches the pile. The permeable nature of 

the embankments allows movement of water into the less permeable tailing 

material within the pile, where ground water levels respond to seasonal 

changes in the flow of Lake Creek as well as to vertical recharge from 

precipitation. Figure 7 illustrates how this could occur. The position 

of Lake Creek as it flows past the tailing pile is indicated by a dashed 

line roughly parallel to the indicated phreatic surface. Lake Creek was 

displaced from the valley center when the tailing dikes were constructed, 

so a high-permeability zone of gravel and boulders can be expected some

where under or inside the embankments. Ground water would be free to move 

along such a channel, and probably is recharged by infiltration losses 

from the upper section of Lake Creek along and above Impoundment No. 3. 

Ground water movement probably occurs from beneath Impoundment No. 2 as 

well. 

No springs are visible along Lake Creek, but the coarse rip-rap lining 

the channel could allow ground-water discharge to occur undetected. Seeps 

are present along the downstream toe of the pile, discharging into the 

lower mine water circulation pond. Figure 8 shows a partly hypothet-

ical view of ground water flow through the pile. 
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Infiltration of snowmelt and rainfall have caused the mound in 

the northeast section of the pile, and water from Lake Creek is shown 

as moving beneath and within the pile from southwest to northeast. 
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Water Quality. Samples were collected from all piezometers 

containing enough water to allow sample recovery, plus two sites on Lake 

Creek, the mine water inflow stream and the concrete drop box below the 

pile. These sampling sites are identified in Figure 5. Sampling and 

chemical analysis procedures were conducted in the same manner as 

described for the Lucky Friday tailing pile. Results of chemical analysis 

for all samples are given in Appendix B. Samples were taken on August 21, 

1977 and May 5, 1978. 

August data show good quality water throughout the system. Very 

low concentrations of heavy metals were noted both inside and outside the 

tailing pile. Piezometers 7-A and 8-A show slightly higher concentrations 

of manganese, but this is not a serious threat to basin water quality. 

Zinc concentrations appear slightly higher within the pile than in either 

mine drainage water or Lake Creek. No siginificant change in the quality 

of Lake Creek was detected between stations above and below the tailing 

pile. Lead and cadmium concentrations were below detection limits in all 

samples taken in August. 

May 5, 1978 chemical data from piezometers, surface streams and the 

mine water circulation system show low ion concentrations for all elements 

except cadmium. Samples taken the previous August showed no measureable 

amounts of cadmium, but May samples had concentrations from 19 to 40 

micrograms per liter Cllg/11. Other elements appear to be diluted with the 

rise in ground water levels and increased discharge of surface streams, 



but cadmium concentrations increased significantly. (See Table 4.) 

Table 4: Cadmium concentrations in water samples 
from Galena Tailing Impoundment No. 3 

Sample No. 

GP-L-1 
GP-L-2 
GP-M 
GP-D 
Mean of 11 

Location 

Lake Creek above pile 
Lake Creek below pile 
Mine Water Inflow 
Mine Water Decant 

Piezometer Samples 

*Below detectable limits (2~g/l .} 

Cadmium Concentration 
(~g/1) 

8-21-77 5-5-78 

* 
* 
* 
* 
* 

26 
28 
26 
19 
31 

The higher concentrations were not limited to a single source, but 

appeared in Lake Creek, mine water inflow, mine water pool, piezometers 

in tailing and alluvium, and the decant mine water. 

No reasonable explanation of the cadmium anomaly has been found. 
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Cadmium concentrations in tailing material deposited in Galena Impoundment 

No. 3 were the lowest found in any tailing site sampled. (See Tailing 

Analysis Data for Site 10, Appendix C.) This would tend to indicate the 

possibility of sampling or analysis error for that element on one of the 

two sampling dates. Further testing would certainly be necessary before 

declaring the s1te a chemical hazard. None of the other elements analyzed 

appear to pose threats to water quality. 
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Evaluation of Abandoned Site Reclamation 

Physical Conditions. Direct erosion of tailing by moving surface 

water is not a serious problem at the Galena No. 3 site. Heavy rip

rapping at the embankment toe and channelization of Lake Creek between 

the pile and road effectively protect the site. Wind erosion of the fine-

grained tailing surface does occur, but the remoteness of the site makes 

public impact minimal. High embankments of the last ten-foot (3.3 meter) 

lift tend to keep blowing tailing material confined to the pile area and 

away from surface streams. Major failure of the pile after abandonment is 

not considered a serious problem; the existing decant system is adequate 

to carry both mine drainage water and surface runoff reaching the pile. 

If use of the pile for mine water circulation were discontinued, the 

decant system could serve as a drain for ponded surface runoff. 

Chemical Conditions. Ground water moves through the tailing pile, 

with the phreatic surface exhibiting the expected seasonal fluctuations. 

This would provide a mechanism for the movement of oxidation products from 

heavy metal leaching into ground and surface waters below the pile. The 

spring-time rise in water levels within the tailing is due to recharge 

from snowmelt originating on the hillside above the pile and appears to 

be unrelated to the pool of mine drainage water maintained on the pile 

surface. Some ground water in the pile appears to originate as surface 

water farther upstream along Lake Creek. 

Water quality and tailing material composition data gathered as 

part of this study were inconclusive in determining the site's potential 

for chemical problems. Should further sampling indicate that remedial 

action is necessary, isolation of the pile from ground water moving down 

the Lake Creek valley is not likely to be a recommended procedure. Steep-
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ness of the valley in the vicinity of the pile and the perennial source 

of recharge in Lake Creek will continue to support movement of ground 

water through buried channels and porous alluvium beneath the tailing 

deposit. 

Esthetic Conditions. Although Galena tailing pile No. 3 is less 

than ~mile {0.8 km) from a major interstate highway, it is visible to 

most travelers for only a few seconds as they pass the mouth of Lake 

Creek valley. Good results from an active revegetation program on the 

pile's outside embankments also lessens visual impact to travelers. No 

residences exist within view of the pile, and the most frequent users of 

the nearby county road are employees of the mine and mill. No vegetation 

has been introduced onto the tailing surface inside the dikes, but some 

species seem to be moving down from the hillside, and aquatic plants are 

evident at the edges of the mine drainage pool. Application of erosion 

control netting and a variety of grasses and clover have provided good 

slope stability and vegetative cover. 

Page Tailing Impoundment 

Location 

The Page tailing impoundment, the oldest abandoned tailing pile in 

the district, is located one mile (1.6 km) west of Smelterville, one-half 

mile (0.8 km) south of the South Fork of the River, and about one and one

quarter miles (2 km) 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 (Figure 9). The Page mine, now abandoned, is located 

at the head of the draw containing the town of Page, Idaho, approximately 

one mile (1.6 km) south of the tailing pile. 
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History 

Mining Operation. Considerable work had been done before 1906 on 

the Page mine which was then known as the Corrigan-Blackhawk-Wyoming 

properties (Timken, 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 discontinued in 1911 because of the inefficient 

~ethod of ore dressing and the prevailing low metal prices. The mine was 

dewatered in 1925 with the introduction of the flotation method of ore 

separation and the desire of the company to do additional development. 

A 30-ton flotation concentrator was constructed and put into operation in 

December, 1926. Before 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 tailing pile. The mine continued in operation up to 1969 

using the flotation· process. The sandfill technique was initiated in the 

Page mine during 1956 for a new source of backfill. 

Tailing Pile. Early air photographs have shown that the first 

method of tailing deposition on the Page pile consisted of a single pipe 

supported by wood scaffolding. From 1926 to 1939 tailing was discharged 

in an uncontrolled condition between the railroad grade and roadway 

which followed the south margin of the floodplain. Embankment construction 

with mine waste rock was in progress in 1939, and it appears that these 

embankments were built at least in part on top of slimes which existed 

at the edges of the early pile. (See Figure 10.} 

The Page tailing pile, as it was abandoned in 1968, can be divided 

into two parts, east and west. A road separates the sections and forms 

the west embankment of the east pile. In 1948 embankments for enlarging 



Figure 10. Location and Extent of Page Mill Tailing Prior to Embankment 
Construction. 
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the west portion of the pile had been completed, and that section was used 

almost exclusively. The center embankment corresponds with the earlier 

location of the slurry pipeline and single-point discharge in 1939. 

Because sandfill was not used until 1956, it seems likely that the center 

portion of the entire Page tailing site is underlain by relatively perme

able sand-size tailing. The dividing embankment and road were apparently 

built across this material. 

Sand backfill was initiated in the operation of the mine in 1956. 

The tailing slurry reaching the impoundment since 1956 has been primarily 

a slime mixture as compared to the sandy slime mixture deposited earlier. 

Most of the east part of the pile and the bottom of the west pile are 

believed to be composed of coarser materials than the top of the west pile 

because of deposition prior to the initiation of sandfill operation 

(~1orilla, 1975). 

The Page mine and mill operations were terminated along with the 

filling of the Page pile in 1968. Air pollution from blowing tailing 

has been a problem since abandonment of the pile. 

1971-1972 in an attempt to establish wind breaks. 

Trees were planted in 

In 1972, the American 

Smelting and Refining Company transferred title to the Page tailing pile 

to the South Fork Coeur d'Alene River Sewer District for use in the 

construction of a collection 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 

Mine Geology. Belt Supergroup rocks of Precambrian age comprise 

the rocks of the Page mine. The three formations intersected by the Page 
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mine are the Burke, Revette, and St. Regis. The principal ore mineral is 

galena, followed by sphalerite. The galena is mostly fine-grained. 

Other minerals of importance are tetrahedrite, chalcopyrite, and pyrite. 

The gangue minerals in order of abundance are quartz, ankerite and 

siderite, sericite, and lencoxene (Timken, 1936). 

Tailing Pile Area. The Page tailing pile is located on alluvial 

deposits of recent age. These deposits consist of.rounded pebbles, 

boulders, sand and clay from erosion of the Belt series rocks plus 

reworked glacial terrane deposits. The alluvial deposits are 90 feet 

(27 meters) thick (Norbeck, 1974). Jig tailings from mineral recovery 

operations during the 19th and 20th centuries are interworked with the 

upper portion of the alluvium and glacial deposits. The jig tailings 

range from microscopic size to about one inch {2.5 centimeters). 

Hydrology 

Surface Hydrology. Marilla (1975, page 16) described surface-water 

conditions around the abandoned Page Tailing Impoundment as follows: 

The Page tailing 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 and 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 
Smelterville. 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 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 water discharges from 
the west swamps only during high flow periods. Both Grouse 
Creek and Humboldt Creek recharge the ground-water system 
in the valley fill. 



50 

The Page Pile area receives nearly 31 inches (79 em) of precipita

tion annually, much of it as winter snowfall. Summer months are usually 

very dry; strong westerly winds result in a problem with blowing tailing. 

A major source of surface water which directly affects the tailing 

pile is the wastewater treatment plant constructed on the pile surface in 

1974. Hitt (1974) gives the design inflow as between 1.4 and 4.4 million 

gallons per day, all of which circulates through the four unlined aeration 

lagoons and the 17-acre (6.8 hectares) stabilization pond. 

Subsurface Hydrology. Marilla (1974) installed a number of piezom

eters in both the tailing pile and surrounding alluvium. He identified a 

ground water mound beneath the east portion of the pile, described the 

ground water flow system in the surrounding alluvium, and conducted 

laboratory tests for hydraulic conductivity on samples from several loca

tions within the pile. The hydrologic data was used to construct a 

finite-element mathematical model of the tailing pile and underlying 

alluvium. Figure 11 shows the distribution of hydraulic potential in 

tailing and ~lluvium as measured before construction of the sewage treat

ment facility. 

Hitt (1974) examined the suitability of the abandoned tailing pile 

as a site for the treatment plant. He measured discharge at several 

springs along the south embankment of the pile and one along the north 

embankment. More piezometers were installed as the lagoon dikes were 

raised. Although initial design specification called for a clay-type 

lining material in each of the five lagoons, the consulting firm engaged 

to coordinate construction decided that the tailing material itself was 

suffi.ctent, and no liner was installed. Rises in water level in both the 

pile and surrounding alluvium accompanied the filling of lagoons in July 



Figure II. 

Ground-Water Potential Distribution within and below the Page Tailing Impoundment, 1974 
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1974. This was explained as the result of weight loading on the pile 

surface rather than seepage from the lagoons. A mass water balance was 

attempted, but measurement inaccuracies at sewage inflow and effluent 

discharge points forced abandonment of the idea. 

Piezometers remaining on the pile surface and surrounding area were 

reexamined in June of 1977, and water levels were recorded. An inspection 

of ditches to the south and north of the pile revea~ed ground water 

discharges. Springs in the southern ditch contained fine tailing material 

which 11 boiled 11 at the discharge point and created underwater mounds. (See 

Figure 9.) Seeps were noted at and above the toe of the southern tailing 

embankment. These seeps contain some gray tailing and have precipitated 

an iron stain at the embankment toe just east of the access road and gate. 

Red stain also appears at the single spring below the north embankment. 

Figure 12 shows the potential surface as measured in June of 1977, 

reflecting the changes made by the construction of the treatment plant. 

The phreatic surface within the pile rose between 12 and 16 feet (3.7 

meters and 4.9 meters} from 1974 to 1977. The potentiometric surface 

of water in the alluvium beneath the tailing pile rose a maximum of 

20 feet (6.1 meters} during the same period. 

The higher water levels measured in 1977 seem to indicate that 

some leakage is occurring from one or more of the lagoons. If all water 

level changes noted by Hitt (1974) were due exclusively to loading, there 

should have been a subsequent fall in those water levels as a new equilib

rium between infiltration and ground water discharge was achieved. No 

such decline seems to have occurred. In fact, the number of seeps and 

springs south of the pile seems to have increased, and seepage is now 

appearing on the outside face of the compacted waste-rock embankment. 
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Ground-Water Potential Distribution within and below the Page Tailing Impoundment 
Along East-West cross-section A-~ 
As measured in June 1977 

2230 

...J I UJ 
> 
LLJ 
..J 2220 
ct 
LLJ 
en 

r z 
ct 
UJ 
~ 2210 
UJ 
> 

; 2200 t 

2190 

100 

0 

I \ I \ 

~·- ~~~~ 

I 
A 

I 

./ 

~--r:--r~ 
I~ I~ 1: 
I 1 I I 

500 

100 

I \ I 

, N (:; ~ !'<\) 

NIN IN 

~~~~I!! 10 01 0 

I i : 
1000 Feet 

\ \ 'N 
N ~ N 

I~ I~ 

li II\) 

I I 
I 

500 Meters 

_,+\~f- --f'~ Wafer Tobie/ 
'\... Polsnliomelric Surfocs 

\ \ 
!'<\) 

I 
... 

I _),\ !'<\) ~ AI ... 
I ~ 

-~ \ -"' 

(1:> 

\ \ "-.,.../ 
I I I $- }~ Water Surface 

\ Elevation 2204.4' ...... 

I\) 
·~ ·~ i~ i~ 

I~ I~ IC» :;; 10 I ALLUVlUM 

I~ I 
I I I I l I I I I I I I 

I I I I I I I 
I I I I 

Vertical exaggeration 50: 1 Base data from Morillo ( 1975) 
l See Figure 9 for section location. Lagoon locations from Hltt ( 1974) J ~ 



54 

The ground water mound noted by Marilla (1974) in the eastern section 

of the pile still exists, and has increased in height following construc

tion of the treatment facility. Examination of early (1937 and 1939) air 

photographs has revealed new information regarding the tailing pile•s 

history and a possible explanation for the presence of this mound. 

Because of the technique of deposition of tailing in the early years 

of the pile's history, a mound of coarser tailing exists within the center 

of the present pile structure and exhibits some unusual hydraulic charac

teristics. (See Figure 13.) A cone of tailing was built up with a series 

of deltaic deposits which originated at the single-pipe discharge point. 

This would have resulted in a decrease in sediment grain size with 

distance in all directions from the apex, and probably in a "layering" 

effect as the cone grew. Alternating thin (1 em to 10 em) layers of fine 

sand and slimes (minus 200-mesh), if deposited in a flat environment, 

would tend to exhibit a horizontal hydraulic conductivity which may be 

much greater than the vertical hydraulic conductivity. Transferring this 

concept to the mounded tailing situation, the hydraulic conductivity in a 

direction normal to the "bedding planes" in the mound would be expected to 

be lower than the hydraulic conductivity of tailing in a direction 

parallel to the dip, or along any line drawn from the slurry discharge 

point. Marilla (1974) only measured vertical hydraulic conductivity using 

laboratory techniques, and assumed a constant value for this parameter 

throughout the pile. 

The ground water mound under the eastern portion of the pile may be 

explained as a "pending" of water against the relatively low-vertical

conductivity outside the slope of the original tailing cone. As the water 

reaches an elevation where coarser materials are encountered, the "ponded" 
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ground water could move more freely through the central part of the cone 

and farther west along the .. bedding planes" of the early tailing deposit. 

Water Quality. A number of researchers, including Galbraith {1971), 

Mink {1971), Hitt (1974), Marilla (1974), and Norbeck (1974) have dealt 

with quality of surface and ground water at the Page tailing pile since 

its abandonment in 1968. Galbraith (1971) obtained samples of the 

mounded water within the tailing pile which contained up to 105 ppm 

zinc and 1.0 ppm lead. The following table shows mean concentrations 

of elements in the mounded water. 

Table 5: Mean concentrations (ppm) of elements in mounded 
water from eleven samples from the Page tailing 
pile. (From Galbraith, 1971) 

Element ~1ean Concentration (ppm) 

Zn 40 
Pb 0.3 
Mn 40 
Fe 0.7 
Cu 0.03 
Ca 260 
Mg 95 
Na 25 
K 40 

Mori 11 a found similar zinc concentration in a more extensive 

sampling program. He reported no pattern of zinc concentration either 

horizontally or with depth and assumed an over-all mean of 15.16 ppm for 

all ground water in the tailing pile. This figure was used in calculating 

an estimated total zinc discharge of 17.8 pounds per day (8 kilograms per 

day) (Marilla, 1974). A figure of 2000 gallons per day per acre (18,900 

liters per day per hectare) was used as the ground water discharge 

from the pile. Mean zinc concentrations in the 52 piezometers 
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located in the surrounding alluvium were calculated at 28 ppm. Norbeck 

(1974) determined a mean of 33 ppm for three wells in the alluvium 

up-gradient from the Page tailing pile. 

Zinc is the heavy metal element found in greatest concentration 

within and around the Page tailing pile (Marilla, 1974 and Marcy, 1979). 

It is quite toxic to many fish species (EPA, 1976) and is the most preva

lent metal in the South Fork Basin. Sphalerite (Zn S) is easily broken 

down in the presence of water and oxygen (Marcy, 1979). The reaction 

is spontaneous, making zinc one of the more soluble metals found in the 

South Fork Basin. Sceva and Schmidt· (1971) calculated the zinc load of 

the South Fork at Smelterville to be near 11,800 pounds per day, making 

it by far the most common pollutant. 

Data collected by March (1979) and Norton (1979) from piezometers 

in alluvium near the Page tailing pile show significantly higher concen

tration of zinc than were present in ground water within the pile. Jig 

tailings mixed with alluvium are believed to be the source for the high 

zinc concentrations. This suggests that the portion of the metals load 

carried by the South Fork which can be attributed to the Page tailing 

pile may be insigni'ficant when compared to contributions from the larger 

Smelterville Flats area. 

Using zinc concentrations in ppm and flow measurements of the U.S. 

Geological Survey at Smelterville, Marilla (1974) concluded that the 

discharge of zinc from the Page tailing pile amounted to approximately 

0.1 percent of the total daily amount of zinc carried by the South 

Fork. This would tend to suggest that the impact to water quality 

from metals moving out of the abandoned Page tailing pile is insigni

ficant when compared to modern background concentrations of metals in 
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the South Fork. Expensive chemical reclamation procedures for the pile 

may therefore be unfeasible if the objective of a limited-funding project 

would be the enhancement of water quality in the basin's main water 

course. 

Evaluation of Abandoned Site Reclamation - --
Physical Conditions. The Page tailing impoundment is not in 

danger of suffering direct erosion by surface streams. Humbolt Creek 

and Grouse Creek do not pose threats, and the site is separated from the 

South Fork by a railroad embankment and an interstate highway. Sheet 

wash erosion is not a problem, since the catchment basin of the pile is 

limited to its surface area, and precipitation tends to be ponded briefly 

before being evaporated or infiltrating the tailing pile. Wind erosion 

remains a problem, even though 60 percent of the pile surface is now 

covered by the regional waste water treatment plant. Essentially no vege

tation exists on the flat surfaces east and west of the sewage lagoons, 

and the typical hot, dry summers with prevailing westerly winds result in 

a wind-carried dust problem for the community of Smelterville. 

Failure of a mine waste-rock embankment due to a reduction in shear 

strength because of a rise in ground water levels within the tailing 

pile may be a problem at this site. 

Use of the unlined sewage lagoons have raised ground water levels 

within and below the tailing pile. Because the lagoons were built on 

top of the existing tailing pile surface, the hydrostatic head obviously 

must be higher now than at any time while the pile was used for tailing 

disposal. The resulting rise of the phreatic surface within the tail-

ing has increased the chances for piping of water through the waste 
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rock embankment. The presence of gray tailing slimes in the springs 

in the ditch south of the pile does not mean that piping is occurring. 

As indicated earlier in this section, embankments for the Page tailing 

impoundment were placed on a floodplain containing an abundance of tailing 

material. It is quite possible that the origin of the tailing "boils" 

in the ditch is the tailing/alluvium between the ditch and the embankment. 

Of more concern is the presence of a very wet zone within the em

bankment approximately 3 feet ( 1 meter) above the toe in the vicinity 

of the springs south of the pile (Figure 9}. This could signal a rise 

in the phreatic surface within the embankment. 

Chemical Conditions. Heavy metals, especially zinc, have been iden

tified in previous investigations both within the tailing pile and dis-

solved in ground water in the pile. Marilla (1974) found water emerging 

from springs north and south of the pile to contain high concentrations 

of zinc and other metals, showing that leaching and subsequent transport 

by ground water was taking place. The chemical effects of higher water 

levels in the pile due to the seepage from the lagoons has not been ade

quately investigated. The higher phreatic surface may be beneficial in 

preventing oxidation of sulfide ores present in that lower portion of the 

tailing pile which was deposited prior to the beginning of zinc recovery 

efforts. 

Infiltration of surface water and subsequent movement of ground 

water through the tailing has been increased by the addition of the 

unlined seweage treatment ponds. The mechanism for transporting oxi

dation products from within the tailing pile has therefore been 

strengthened. The question of whether the introduction of relatively 

basic water from the lagoons and the establishment of a more constant 



phreatic surface has reduced the over-all rate of oxidation within 

the tailing is yet to be answered. 
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Esthetic Conditions. The combination of two esthetically 

displeasing land uses at one site should be commended and encouraged. 

Although visual quality and public visibility of the pile are not changed 

through the construction of the treatment plant, more valuable flat land 

is reserved for higher uses. 

Visual quality of the Page tailing pile area could be improved 

greatly over present conditions while helping reduce the dust problem. 

A program of irrigation with water from the stabilization pond could 

result in grass cover on those portions of the original pile surface not 

presently reclaimed as well as the outer embankments. More trees could 

be planted around the pile perimeter to reduce the visual impact of the 

waste rock embankment as it appears from the old U.S. Highway 10 and the 

new interstate highway. 



INVENTORY OF ABANDONED "CONTROLLED" TAILING IMPOUNDMENTS 

IN THE SOUTH FORK BASIN 
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For the purposes of this study, a controlled tailing site consisted 

of an area where slurried tailing material from a single mill was 

impounded for the purpose of dewatering the sediment. A site was consid

ered "controlled" if evidence could be found of constructed embankments 

or of a tailing deposition procedure which served to confine the material 

to a distinct area. 

Whether an inactive tailing impoundment is "abandoned" or not is a 

difficult question. Because all mining activities are governed so 

strictly by economics, an "active" mine or mill is likely 

to have intervals in which the operator finds it necessary to remain 

closed and inactive. Duration of the "inactive" status is also related 

closely to economics, and may be so extended that the property appears 

"abandoned". Tailing piles were considered abandoned if no tailing had 

been deposited on the site for at least a year prior to June 1977. This 

figure is necessarily arbitrary. The site selected for detailed examina

tion and the remaining inventoried sites fit these criteria. At least 

one tailing impoundment of each of the operating mills in the basin was 

effectively excluded from the inventory. 

An examination of the South Fork of the Coeur d'Alene River and its 

tributaries was conducted during the summer of 1978 to locate and identify 

all abandoned controlled tailing sites. Ground transportation, old air 

photographs and aircraft were employed to locate a total of seventeen sites 

(See Figure 14). These sites are examples of various degrees of site 
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abandonment. Sites 10 (Galena No. 3) and 16 (Lucky Friday No. 1), which 

were selected for detailed study, have recently raised embankments and 

are ready to receiye tailing. Both serve active mills which have alternate 

tailing disposal sites, but neither had received tailing on a regular basis 

for at 1 east a year prior to June 19.77. These sites remain "abandoned 11 

only until the mining companies require their use. Representing the other 

end of the spectrum is Site 4, which is a small accumulation of tailing in 

the braided floodplain of the East Fork of Pine Creek. Whatever mill 

produced the tailing no longer stands, and only faint remnants of embank

ments have survived the series of seasonal floods from which the site has 

no protection. This si.te is not likely to be of any use for future tailing 

disposal, due to its precarious location. The tailing would be of little 

economic interest to a mining company, even if metals concentrations were 

high, because of the small volume involved. 

Remaining sites vary widely in size, color of material, slope 

stability, proximity to actively eroding streams, vegetative cover, 

potential for structural failure, and evidence of water quality degrada

tion. Detailed descriptions and locations for each site included in 

the inventory are given in Appendix A. 
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Before outlining a general reclamation plan, it is necessary to 

identify the factors which control physical and chemical transport mecha

nisms for movement of pollutants from a tailing site after abandonment. 

Data gathered during the detailed field studies and basin-wide inventory 

of abandoned tailing impoundments were used in identifying those physical 

and chemical factors which are important considerations in the abandonment 

of tailing impoundments in the South Fork basin. This section contains a 

description of each of these physical and chemical factors, plus a discus

sion regarding esthetic factors which should be considered in reclamation 

of abandoned tailing impoundments. 

Phys i ca 1 Factors 

Physical problems associated with abandoned tailing piles are 

closely related to the physical mechanisms involved in the dislodging 

and subsequent movement of tailing material into surface streams. These 

mechanisms for sediment loading of streams for abandoned "controlled" 

tailing piles can be viewed as three distinct types as follows: (1} major 

failure of the site which would result in a massive single-event contribu

tion of tailing in a stream drainage; (2} direct stream erosion of tailing, 

where natural erosion processes of established streams act to dislodge and 

remove tailing from a site; and {3) wind and sheet wash erosion, in which 

wind action or overland flow serves to move tailing into adjacent 

streams. 
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Major Failure 

Site 12 in the Ninemile Creek drainage is the most obvious entry in 

this category due to its location across the head of a steep valley tributary 

to the East Fork of Ninemile Creek. A steep and unvegetated waste rock 

embankment is constructed across the valley. Approximate maximum height 

of the embankment is 60 feet (18 meters). The resulting pond is filled 

with tailing. Diversion facilities for storm runoff apparently consist 

of a single culvert and two decant structures. 

Site 8 represents a different kind of massive failure threat. 

Nearly 2,000 feet {600 meters) of the valley of the East Fork of Moon 

Creek is effectively filled with abandoned tailing piles which have 

breached embankments and a number of incised channels. The potential 

for massive failure is dependent on the probability for flooding in the 

headwaters of Moon Creek. Much of the channel of the East Fork is located 

in tailing material. Due to the choked condition of that portion of the 

valley, a flood of any magnitude could result in a massive amount of tail

ing being carried as a single event. 

Control factors for massive failure must include the high energy 

potential associated with the location of a tailing dewatering facility 

high in a steep valley. Construction of an impoundment in such an environ

ment may minimize the total erosive power of adjoining streams, but pre

sents the threat of sudden release of a great mass of tailing. Much 

care must be given to the sizing of runoff diversion facilities and the 

design of embankments which will continue to provide protection to the 

site in an abandoned condition. Seismic stability of embankments and 

partially saturated tailing is also a consideration which should not be 

ignored. 
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Storm runoff control is the key factor involved in the Moon Creek 

example, since embankments there are no longer functional. Floods on 

the East Fork must be anticipated and appropriate modifications made 

to the stream channel to minimize tailing erosion. 

Stream Erosion 

All identified sites on Pine Creek are threatened by streams. 

Sites 1 and 3 are particularly susceptible to direct erosion by the 

East Fork due to the absence of embankments and their postion in the 

floodplain. Both piles originally had alluvium/waste rock embankments 

which have been removed by stream erosion. Site 3 has a vertical bank 

of tailing 12 feet (4 meters) high which is continually being undercut 

by the East Fork. Dislodged tailing falls directly into the stream. 

The primary control factors of physical transport by stream 

erosion are: (1) the presence or absence of an adequate protective 

embankment and (2) the location of a tailing site within the floodplain 

of a given duration flood. A strong embankment and adequate treatment 

of a displaced stream channel to prevent damage to embankment during 

flooding can make a site suitable for abandonment. Site 10 is an ex-

ample of effective tailing site placement, embankment construction, 

and stream channelization. 

Wind and Sheet Wash Erosion ---- --
Wind erosion of fine-grained tailing material is a problem at every 

site, but is especially serious when tailing sites are located near and 

upwind of communities. Sites 7 and 16 are examples. This wind-carried 

material can be deposited directly in surface streams or fall as dust on 
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the entire landscape, finding its way into streams during the next runoff 

event. Stze of the particles carried by the wind depends on wind velocity. 

Apparently much of the tailing slime (minus-200 mesh material) often 

contains enough moisture to keep it from blowing. The fine-sand fraction 

of a dry tailing pile surface is often subject to much movement by wind, 

commonly forming dunes. A lack of surface-stabilizing vegetative cover 

can result in significant reductions in visibility when summer westerly 

wi.nds blow across the dry, barren tailing surfaces. 

Erosion Qy falling precipitation and unchannelled runoff from 

slopes above a tailing site is a problem at most abandoned tailing piles. 

Site 11 has no compacted embankment, but was constructed using the upstream 

technique with discharge points around the perimeter. Coarser material 

settled near the edges of the pile, while ponded water was kept against 

the adjoing hillside. The site supports no vegetation. Maximum height 

of tailing above the floodplain is approximately 25 feet (7.6 meters). 

An erosion channel has been cut deeply in the pile, presumably along 

a former decant line. The source area for runoff to erode such a channel 

appears to be only the top of the tailing surface and a small section of 

thickly wooded hillside. Each precipitation or snowmelt event results in 

movement of tailing into the nearby East Fork of Ninemile Creek. 

Lack of vegetation and the existence of runoff channels on the 

tailing surface are the important control factors in wind and sheet wash 

erosion. A healthy growth of grass would virtually eliminate movement of 

tailing by wi.nd. Vegetation would also reduce erosion from sheet wash by 

reducing the velocity of overland flow, also aiding infiltration and 

thereby keeping moisture available for plant growth. Runoff channels 

tend to collect precipitation and sheet wash runoff into high-velocity, 
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rapidly-eroding miniature streams. These channels are incised rapidly 

into the fine-grained unconsolidated tailing. Sites 1, 3, 4, 5, 6, 8, and 

11 exhibit problems with runoff channels. 

Chemica 1 Factors 

The chemical problems associated with abandoned controlled tailing 

sites are controlled by two separate mechanisms: (1) oxidation of the 

sulfide ores containing heavy metal ions and (2) subsequent "flushing" of 

the free ions from their oxidation sites b movement of ground water. 

Galbraith (1971), Reece (1974), and Marcy ~1979) have all done work speci

fically related to acid production and leaching of metals from tailings 

in the Coeur d'Alene mining district. Marilla (1975) examined heavy 

metal pollution from an abandoned controlled tailing site referred to in 

this study as site 7. 

Oxidation of Sulfides in Tailings 

The major processes which would result in the liberation of heavy 

metal ions from abandoned tailing piles include: (1) oxidation of a 

sulfide ore by molecular oxygen, (2) oxidation of sulfide ore in the 

presence of water and oxygen, {3} oxidation by trace amounts of hydrogen 

peroxide formed by water and free oxygen, (4) oxidation by ferric iron 

produced in a series of reactions in which pyrite (FeS2) is oxidated 

and acid drainage results (Marcy, 1979) and (5} the action of aerobic 

sulfide-oxidizing bacteria (Galbraith, 1971). 

The factors which are important in allowing these processes 

to occur are: (1) the presence of pyrite and other metallic 

sulfide ores in the tailings, (2) the availability of water and free 
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oxygen and (3) the presence of neutralizing agents within the tailings. 

The conditions favorable for oxidation and subsequent leaching are 

present in the unsaturated, or vadose, zone in all the abandoned 

controlled tailing sites. The saturated condition of the lower portions 

of the piles effectively inhibits oxidation of sulfide ores in the 

phreatic zone (Marcy, 1979}. A number of carbonate minerals, calcite in / 

particular, have been shown to have neutralizing effects in acid water 

formed by pyrite oxidation (Reece, 1974}. If the carbonates are 

present in sufficient quantity, even a pyrite-rich abandoned tailing site 

may present no chemical threat to water quality. 

Fortunately the seriousness of the chemical threat to water quality 

is dependent on the concentration of metallic ions present in the 

tailings, and most modern mineral recovery operations are efficient enough 

to make such concentrations very small. Also, tailing from a particular 

mill reflect the mineralogy of the ore body being mined. Because pyrite 

is present in varying quantities in all ore bodies which contributed to 

the controlled tailing piles now abandoned, and since the pyrite is dis

carded as waste from the mill and ultimately reaches the tailing im

poundments, it has been considered the chief source of oxidizing agents 

in the leaching of heavy metals from abandoned controlled tailing piles. 

Oxidation of pyrite also results in acid water production within the 

tailings. The resulting acid enviornment further aids oxidation of the 

metallic sulfides (Marcy, 1979). 

Transport of Oxidation Products 

Water is the transporting agent for metal ions and acid salts 

produced within tailings. Oxidation occurs in the unsaturated zone, 

where sufficient quantities of water and free oxygen are present. When 
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water movement occurs in this area, whether by infiltration of precipi

tation from above or because of a general rise in water table, the 

oxidation products are released from the crystal faces and go into solu

tion. This results in a period of high metal concentration in ground 

water while the oxidation sites are being .. flushed" by the first rise of 

water levels in spring and probably after each significant precipitation 

event. 

Control factors for metal ion transport are those which would 

effectively prohibit downward percolation of moisture from precipitation 

and keep ground water levels constant throughout the year. A sealant 

applied to the pile surface would prevent infiltration, and a series of 

cut-off trenches and diversion ditches would provide more control on 

water levels within a tailing pile. Other solutions include a healthy 

plant cover which would retard infiltration and permanent flooding of 

the tailing site, eliminating the unsaturated zone necessary for oxida

tion and acid production. 

Esthetic Factors 

Esthetic impacts are difficult to assess. People do not all feel 

threatened by the same things, and abandoned tailing piles evoke quite 

different reactions from different individuals. Any listing of factors 

important in the esthetic impacts of abandoned tailings is therefore bound 

to be subjective and open to argument. In this study, it was determined 

that the public visibility and visual quality of a site were sufficient 

measures of its esthetic impact (EPA, 1975). 

Public visibility refers to a site's proximity to residents of an 

area and to travelers. A site such as #16 (Lucky Friday Impoundment 
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No. 1), which is in plain view and upwind of the town of Mullan as well 

as adjacent to the interstate highway, would have a more severe esthetic 

impact than site 8, which is located in the remote tributary valley of 

Moon Creek. Even though the Moon Creek site exhibits far more serious 

physical problems than the Mullan site, its impact from a public visi

bility standpoint is significantly lower. 

Vfsual quality is a more subjective measure of esthetic impact, 

and deals more directly with the appearance of a site than with the 

number of persons likely to veiw it. Of prime importance in this cate

gory is the physical form of the tailing pile itself. An impoundment 

constructed along a hillside, using that hillside as an embankment, is 

less disturbing to the continuity of the landscape than is a free

standing structure built in the middle of a flat floodplain. Some 

tailing sites were constructed nearly completely filling narrow valleys, 

such as site 8 on the East Fork of Moon Creek. Such sites become the 

dominant features of their landscapes, and the esthetic impact is 

great. Vegetation on embankments or tailing surfaces is also important 

to a site's over-all visual quality. 
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TAILING IMPOUNDMENTS 
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Criteria for classification of the abandoned controlled tailing 

sites can be divided into three categories representing the identified 

factors important in site abandonment. Physical~ chemical, and esthetic 

factors were considered separately in examining each site~ and final 

criteria for classification were chosen as follows: 

Physical Factors 

(1} the potential for an immediate and massive physical failure of the 

tailing pile, thereby releasing all previously impounded sediments 

into a stream drainage area; 

(2) the potential for direct erosion of tailing by seasonal flood waters 

from established streams, controlled primarily by the site's location 

within the floodplain and the structural integrity of whatever protec

tive embankments exist; 

(3} a site's potential for sediment contribution to surface streams due to 

sheet wash from hillsides, wind erosion, or direct precipitation on 

the tailing surface, reflecting the amount and effectiveness of vege

tative cover on the site, and the presence of incised drainage channels 

which facilitate movement of sediment into nearby streams; 

Chemical Factors 

(1) acid production potential for the site~ based on the presence of 

pyrite in the ore body, quantity of iron evident from chemical 

analysis of sediment, presence of acid neutralizing agents within 
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tailing, and historic water quality data; 

(2) presence of a fluctuating ground water flow system within the tailing 

material; 

Esthetic Factors 

(1) public visibility of the site, reflected in its proximity to public 

roads and communities; and 

(2) an assessment of the visual quality of the site, especially the 

presence or absence of vegetation and the over-all shape and orienta

tion of the site with respect to surrounding topography. 

Table 6 illustrates the results of site classification on the basis 

of chemical and physical factors. The hazard classes shown in the table 

correspond to classification criteria mentioned previously. Movement of 

water through tailing material, both as a result of local rises in ground 

water levels and infiltration of precipitation, was assumed to be a factor 

at every site, and would provide a chemical transport mechanism for what

ever pollutants were available due to acid leaching. Because the transport 

mechanism existed at every site, the classification system deals only with 

the source of pollutants in hazard class A. 

The remaining hazard classes represent the physical transport 

mechanisms governing the contribution of fine-grained sediment by the 

tailing piles. Massive failure of a site is seen as either the breakdown 

of an embankment or large-scale slumping of unprotected tailing, either of 

which would result in the introduction of massive amounts of fine-grained 

tailing material into a stream. Other hazard classes related to erosion 

deal with seasonal erosion potential rather than large si_ngle-event 

failures. Seasonal erosion problems generally could be prevented with some 

earthwork and revegetation. 



Table 6. Tailing site classification according to hazard type and potential for pollution* 

HAZARD CLASS 
A 

Potential for Acid B 
Production; Long Term Potentia 1 c D 

Water Pollution Problem Physical Potential Potential 
Sufficient Insufficient Hazard for Erosion for Sheet 

No. of Data Data (Massive by Surface Wash and Site Drainage Pi 1 es Available Available Fa i 1 ure) Streams Wind Erosion 
1 Pine Creek 2 I III IV v 2 Pine Creek 1 I I IV III 3 Pine Creek 2 - III v IV 4 Pine Creek 2 I I IV IV 5 Pine Creek 1 I I IV IV 6 Pine Creek 2 - I III III 7 South Fork 1 v II I III 8 Moon Creek 6 - III v IV 9 South Fork 2 - I I III 10 Lake Creek 3 - I I II III 11 Ninemile Creek 1 - III IV v 12 Ninemile Creek 1 - v III III 13 Ninemile Creek 1 - I I I II 14 Ninemile Creek 3 - I II II 15 South Fork 1 I I II III 16 South Fork 1 I II I III 17 South Fork 2 - I I III 

* I. 
I I. 

III. 
IV. 
v. 

No significant potential for physical movement of wastes regardless of reclamation condition. 
Potential exists, but present reclamation procedures are adequate to control any physical problems. 
Potential exists, reclamation is inadequate. 
High potential exists, no reclamation attempted. 
Very high potential exists, need for corrective measures obvious. ......,] 

~ 
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In rating individual sites, five levels of pollution potential were 

used. Roman numberals I-V signify the levels, ranging from "no signifi

cant potential, regardless of reclamation condition" to "very high poten

tial, need for corrective measures obvious". The suitability of the site 

for maintenance-free abandonment of a tailing pile was of prime importance. 

A further classification of sites according to esthetic factors 

was attempted in Table 7. The usual problems with rendering a sensitive 

and subjective topic in strictly objective terms were encountered; how-

ever, it is hoped that the composite esthetic rating assigned to each 

site will provide a useful guide in assigning priorities for reclamation. 

It can be seen that sites such as 16, which is considered physically and 

chemically safe, may rank low in esthetics due to a location near a 

highway or town. Others, such as 1 and 2, may present more severe physical 

problems, but rank higher in esthetics due mostly to isolation. This 

information on esthetic factors is not intended as a separate category of 

pollution problems equal to the physical and chemical transport of 

pollutants. The esthetic ratings should be used in assigning reclamation 

priorities among sites exhibiting equal hazards. 
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Table 7: Tailing site classification according to esthetic factors 
important in abandonmer.t. 

PUBLIC VISIBILITY VISUAL QUALITY 
Proximity to Composite 

Proximity to Communities Landscape Presence of Esthetic 
Site Public Roads and Residences Continuity Vegetation Rating 

1 B c c B-
2 B A B D B 
3 c A c c c 
4 c A c c c 
5 c c D c C-
6 c B B B B 
7 D c D D D 
8 B B D c C+ 
9 A c B c B-

10 c A c B B-
11 B A c D C+ 
12 B A B D B-
13 c B B B B 
14 c B B c B-
15 D B c c c 
16 D D B B c 
17 c c A B B-

Explanation of Symbols: 
A ... Most esthetically favorable condition 

- far from public view or hidden by vegetation or landforms, or 
- in harmony with landscape, or 
- covered by a sustained growth of vegetation. 

B ... Less esthetically favorable condition 
- visible from unpaved Forest Service or county road, or 
- residences nearby, but not within sight, or 
- pile placed along hillside, not occupying entire valley, or 
- vegetation is successful on embankments, some present on 

tailing surface. 
C ... Esthetically unfavorable condition 

- visible from paved, well-traveled road, or 
- visible from at least one residence, or 
- occupying a large portion of the valley and dominating the 

visual scene, or 
- vegetation beginning to encroach on site without modification. 

D ... Most esthetically unfavorable condition 
- visible from major interstate highway, or 
- visible from an established community, or 
- an obvious contradiction to natural landscape, or 
- no vegetation on the site. 



GENERAL RECLAMATION PLAN 

Reclamation Objectives 

Three major objectives are addressed in the formulation of the 

general reclamation plan: 

(1) to minimize ground and surface water pollution by heavy metal ions 

from abandoned tailing impoundments; 

(2) to minimize the contribution to surface waters of fine-grained 

sediments from abandoned tailing impoundments; and 

(3) to enhance, where possible, the visual esthetics of the basin. 
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Guided by these objectives, a series of general alternative 

reclamation procedures has been prepared. Site-specific reclamation 

procedures are to be chosen from the list of alternatives comprising the 

General Reclamation Plan, and are presented in the succeeding chapter. 

Selection of Reclamation Procedures 

Four major factors control the selection of a reclamation proce

dure for a specific abandoned tailing site: (1) the type and intensity 

of the problems, (2) volume of waste, (3) recoverable metal value within 

the tailing or suitability of the mill wastes as construction material, 

and (4) potential uses of the reclaimed area. A site-specific reclama~ 

tion plan must be based upon the identified physical, chemical and 

esthetic problems of that particular site in relation to the general 

reclamation objectives. The volume of wastes at each site controls the 

economics of individual reclamation procedures. For example, physical 



78 

removal may be the best plan for a small tailing pile that has major 

chemical problems. Reclamation of an abandoned tailing pile generally 

involves large expenditures with no direct monetary return. Recoverable 

metal values in abandoned flotation tailing are normally very low, but 

there may be potential for use of the material in construction. Revenues 

from this type of application may help offset the over-all cost of recla

mation in the basin. Finally, reclamation of a given site must include 

consideration of anticipated future land uses. Foundation stability, for 

example, may be a more important factor at selected sites in the South 

Fork Valley than effective revegetation. The land value gain in the 

creation of stable industrial building property could also aid in funding 

the reclamation effort. 

Alternative Reclamation Procedures 

Physical Removal of Tailings 

This reclamation alternative would be viable only where: (a) there 

are high recoverable metal values in the mine wastes or (b) the site 

includes only a small volume of wastes. Recovery of metal values would 

result in the ultimate disposal of most of the wastes in the active 

tailing pile associated with the mill doing the reprocessing. Physical 

removal of wastes without reprocessing would require purchase of space in 

an existing tailing pile facility, construction of a new and more perma

nent controlled tailtng site, or redeposition in a protected and isolated 

environment, such as an abandoned mine designated by the mining industry 

for such a purpose. Removal of tailings could be by loader and truck or 

slurry pipeline. 
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Physical Stabilization of Tailings 

The method of physical stabilization of tailings selected for a 

specific site could range from stream channel construction to slope 

revegetation. In most cases, the stream channel work could include 

stream alignment and bank erosion control. Protection of tailing pile 

embankments from stream erosion would be required at a number of indi

vidual sites. This could be accomplished by rip rap or similar erosion 

protection measures. 

Diversion of overland flow around or across the wastes would be 

required at a number of sites. Such diversions could be open ditches or 

french drains dependent upon site conditions. Diversion of overland 

flow would probably be accompanied by surface stabilization of the wastes 

by either revegetation or rock cover. Reclamation will in some cases 

simply include slope regrading to eliminate drainage channels that have 

developed due to embankment failures or grading to lessen slope angles to 

reduce the potential for slope failures. Vegetative cover established on 

sites for sheet or wind erosion should be of varied types to provide year

round protection and both shallow and deep root development. 

Chemical Stabilization of Tailings 

One alternative for the chemical stabilization of tailings is the 

removal of acid-producing wastes to a more controlled environment. This 

alternative is viable only for small piles unless a large~scale waste 

reclamation project is implemented in a safe environment~ such as a flooded, 

abandoned mine. On-site reclamation must be based on limiting the acid 

production or limiting the transport of the acid salts. 

The availability of oxygen can be used to control the acid 
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production by either floodtng the site or by limittng oxygen movement 

into the site. The flooding of abandoned tailing piles involves raising 

the ground water level above the acid producing zones. Thts alternative 

is difficult at most controlled tailing sites. Ploodi·ng these sites 

increases the potent ta 1 for slope fa tl ure and makes effective embankment 

design much more difficult. Most abandoned sites also readily drain out 

the bottom into the underlying coarse alluvium. Because of these compli

cations, flooding of abandoned tailing piles may not be a viable alterna

tive at any of the sites identified. Bacterial utilization of oxygen has 

been suggested as a technique for acid control. The overall impacts from 

this alternative are not known. 

Most movement of oxygen into the wastes occurs through the unsat

urated zone. Sealing of the surface is one method of limiting the 

availability of oxygen for the acid production process. Sealing of the 

surface can be accomplished with construction on the waste material, 

especially the application of an asphalt paving surface. Air movement 

must be limited over a large area if this alternative is to be 

successful in limiting acid production. 

Transport of acid salts is accomplished by either water migration 

down through the wastes or by fluctuations of the saturated zone. 

Sealing of the surface can be used to prevent downward movement of both 

oxygen and water. The ground water level can be lowered to prevent 

fluctuations in the zone of acid production in the tailings. This 

lowering could be accomplished by either gravity drains or by pumping 

shallow wells. 
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Es theti_c Improvement 2f. Tailing Sites 

Vi" sua 1 improvement of the ta i 1 i ng sites· can be accompl tsh.ed by 

reshaping and vegetating the sites where necessary and dtspostng of wood 

and metal debris. A "pick-up" campai·gn is needed at many of the abandoned 

sites. The best alternative for many of the si·tes along the valley floor 

of the South Fork is the development of the 1 and for other uses. This 

may involve regrading and backfilling areas to provide a suitable base 

for buildi·ngs. 
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APPLICATION OF THE GENERAL RECLAMATION PLAN 

After considering the factors tmportant tn site abandonment and 

the reclamation objectives of the general reclamation plan, recommenda

tions are offered for each of the seventeen abandoned controlled tatling 

sites identified in the basin-wide abandoned tailing inventory. The 

data available for decision-making at indi·vtdual sites varies wtdely. 

Site 10 has been sampled and analyzed for ground-water quality, surface 

water quality and tailing composition, while Site 4 was only measured to 

determine the volume and extent of tailing remaining. 

Data are most seriously lacking in the determination of the acid

producing potential of most sites. No sure indicator of such a property 

of tailing piles has been found. Where data on acid production and leaching 

were not available, a recommendation for reclamation was based on the 

presence of iron precipitate in surrounding surface waters and/or the 

similarity of ore type to a site which either exhibited or did not exhibit 

acid production or leaching problems. 

System for Assigning Reclamation Procedures 

Each inventoried controlled abandoned tailing pile was assigned a 

seven number/letter designation to indicate a recommended reclamation 

procedure. This system for organizing tailing sites by reclamation 

requirements was developed as a part of this study and a similar effort by 

Ioannou (1979) in whi.ch reclamation plans were developed for abandoned 

uncontrolled tailing piles. The key to recommended procedures is given 

on the following page. 
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Number---This indicates the relative magnitude of the required reclamation 
program. The number 1 indicates a minor reclamation program 
while 10 indicates that extensive work needs to be done. 

Letter 
Column 1 -- Physical Removal 

A--Physical removal is not an alternative. 
B--Physical removal and reprocessing. 
C--Physical removal and relocation at a new or existing 

site. 
Column 2 -- Stream Erosion Control 

A--No action required. 
B--Channel relocation and construction. 
C--Major channel control. 
0--Improved embankment protection. 

Column 3 Control or erosion due to overland flow 
A--No action required. 
B--Construction of diversion channel(s) around site. 
C--Construction of drainage channel(s) across site. 

Column 4 -- Control of Wind and Sheetwash Erosion 
A--No action required. 
B--Revegetation of the tailing surface. 
C--Revegetation of the protective embankments. 
0--Revegetation of both the tailing surface and the 

protective embankments. 
E--Rock cover for the tailing surface and the protective 

embankments. 
F--Stabilization of the tailing surface as a result of 

secondary uses. 
Column 5 Control of Chemical Processes 

A--No action required. 
B--Raising or lowering of ground water levels to limit 

acid production or removal. 
C--Reducing movement of water and oxygen through the 

tailing to limit acid production or removal. 
0--Placement of buffering materials above or near the 

tailing to limit acid production. 
X--Oata are not available on the chemical processes within 

the tailing site or are not adequate to make a definite 
recommendation. 

Column 6 -- Other Considerations 
A--No further action required. 
B--Removal of abandoned equipment and structures on the 

tailing pile. 
C--Reshape the tailing for better landscape continuity and 

revegetate. 
0--Remove abandoned equipment and structures and reshape 

and revegetate the tailing pile. 
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Reclamation Recommendations 

Recommended reclamation procedures for each site are shown in 

Table 8. Each site is identified by number, and a reclamation procedure 

number/letter designation is given for each. It can be seen that Site 16, 

which has a procedure number of lAAABAA, requires very little additional 

work for effective reclamation, while Site 8 (8ABBDXE) requires an 

extensive reclamation program. 

An important exception to the reclamation procedure recommendation 

procedure occurs with Site No. 7 (Page tailing impoundment). Improved 

embankment protection is recommended in Column 2, but the danger is not 

from outside stream erosion. The construction of a waste water treat

ment plant on top of the abandoned tailing site may have caused a rise 

in the phreatic surface within the original tailing embankments, 

increasing the possibility of an embankment failure. 



Table 8 

Recommended Reclamation Procedures for Abandoned Controlled Tailing Piles in the 

Drainage of the South Fork of the Coeur d'Alene River, Idaho 

Problem Procedure Number 
Site Magnitude Column Column Column Column 

Number Basin Location Number 1 2 3 4 

1 East Fork Pine Creek 5 A D c D 

2 East Fork Pine Creek 2 c A A A 
3 East Fork Pine Creek 5 A c A B 

4 East Fork Pine Creek 2 c A A A 

5 Pine Creek 4 c A A B 

6 Pine Creek 4 A D c B 

7 South Fork at Smelterville 6 A D A D 

8 East Fork Moon Creek 8 A B B D 

9 South Fork at Osburn 1 A A A B 

10 Lake Creek 1 A A A B 

11 East Fork Ninemile Creek 5 A D B D 

12 East Fork Ntnemile Creek 6 A A B D 

13 Ninemile Creek 1 A A A B 
14 Ninemile Creek 1 A A A A 

15 South Fork above Wallace 3 A A A D 
16 South Fork at Mullan 1 A A A B 

17 South Fork a. t Mull an 1 A A A B 

Column Column 
5 6 

A B 

A B 

X A 
A A 
A A 

X D 

c A 

X D 

X A 

X A 

X A 

X A 

X A 

X A 

A A 

A A 
co 

X A Ul 



SUMMARY AND CONCLUSIONS 

Summary of Fi'ndings 

1. Abandoned tailing impoundments resulting from nearly sixty years' 

use of the froth flotation process for ore concentration can be 

found throughout the South Fork drainage. These piles of fine

grained tailing exist tn various stages of abandonment and differ 

widely in the degree of potential for pollution. 
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2. Hydrologic and physical examinations of three abandoned tailing piles 

provided the basis for the selection of factors important in site 

abandonment. Physical, chemical and esthetic factors were identified 

as being important tn site abandonment. 

3. A total of seventeen uncontrolled abandoned tailing sites were 

identified. These abandoned tailing impoundments have been classi

fied according to the following potential hazards to the environment: 

(a} massive structural failure of pile; 

(b) erosion by surface streams; 

(c) erosion by wind and sheet wash; 

(d) acid production and metals leaching; 

(e) transport of pollutants by ground water; 

(f) public visibility of the site; and 

(g) visual quality and vegetative cover at the site. 

4. A general reclamation plan was drafted. It was designed to minimize 

the degradation of water quality in the South Fork drainage as a 

result of physical and chemical processes which act on the piles 

of abandoned tailings distributed throughout the bastn. Esthetic 



improvement of the tailing sites is a secondary objective of the 

reclamation plan. Reclamation can usually be achieved through the 

application of physical and chemical stabilization procedures and 

some simple clean-up activities. 
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5. The_ general reclamation plan was applied to each of the seventeen 

abandoned controlled tailing sites identified tn the inventory 

portion of the study. Alternative reclamation procedures were chosen 

from those outlined in the general reclamation plan, resulting in a 

recommended reclamation plan for each of the seventeen sites. 

Conclusions 

1. The major water-quality problem with abandoned "controlled" tailing 

piles in the South Fork of the Coeur d'Alene River basin is physical 

rather than chemical. Nearly all identified sites are threatened 

by active streams, sheet wash and wind. Old failures along decant 

lines at a number of sites tend to concentrate runoff from precipi

tation and thereby increase sediment loads of nearby streams. Two 

sites present a potential for massive failure due to a position 

high in a watershed and inadequate diversion facilities. Only one 

site is a documented chemical problem, probably due to the relatively 

high concentrations of zinc and lead contained in tailing deposited 

as early as 1926. Chemical data were not available for most of the 

controlled sites. 

2. A long-term solution is needed for the tailings now being produced 

in the valley and for the abandoned tailing impoundments identified 

in this study. A comprehensive plan for tailings disposal could 

greatly reduce the conttnutng problem of findtng flat land for 
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building tailing piles and the subsequent problems associated with the 

safe abandonment of those piles. This solution should involve the 

maximum use of mill tailings as mine backfill, the designation of 

an orphaned underground mines as a tailing disposal site, the con

struction of carefully designed tailing landfills in the valley to 

serve as foundati·ons for building construction, or a combination of 

these or as yet undetermined alternatives. This study is intended as 

a guide for implementing reclamation procedures on abandoned tailing 

impoundments. It is hoped that the reclamation plans identified in 

these theses will serve as guidelines in reducing water quality degra

dation from tailing impoundments to be abandoned in the future, as 

well as those already abandoned. 

3. Potential chemical problems with abandoned controlled tailing piles 

are difficult to diagnose due to some significant problems in data 

collection and analysis. Procedures exist for sampling ground water 

within tailing and for measuring metal ion concentrations in nearby 

surface waters, but no clear indicator has been found which would 

indicate the acid-production potential of a pile of tailing, given 

a sample of the mill waste material itself. Because of the seasonal 

11 flushing" action of rising water tables within tailing material and 

the oxidation which tends to occur in the unsaturated zone of the piles, 

timing of ground-water samples and sampling depth become very impor

tant in establishing a reasonable data base from which to assess the 

chemical potential for water pollution. 

4. Reclamation procedures for the abandoned "controlled" tailing sites 

are generally simple, most requiring only some reshaping of the pile 
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surface, some rtp-rapping of adjoining stream b.anks, and revegetati.on. 

Unfortunately, there ts no economic incentive to aid implementation of 

the procedures. Reduction in suspended sediment loads of area streams 

and the over-all esthetic improvement of tlie valleyare the only 

present rewards. 

5. The primary need for further research in abandoned tailtng impound-

ment reclamation is in the area of large-volume taili_ng disposal 

methods in mountain environments. The nation's need for metals will 

continue, and lower-grade ore bodies will become economically mine

able. Improvements in ore recovery processes will also make possible 

the processing of larger volumes of rock for a given amount of concen

trate. Thts will ultimately result in an increasingly serious mill 

waste disposal problem. Level land is already scarce in the steep 

mountain valleys of the South Fork basin. Mining companies presently 

are pumping tailing long distances at great expense, and every new 

tailing impoundment competes with a growing population for the little 

flat land available. This study has identified ways to avoid problems 

presented by abandonedtailing impoundments, but more work is necessary 

to deal with the volumes of tailing expected to be produced as mining 

continues in the South Fork basin. 



90 

REFERENCES 

Alpin, C. L. and Argall, G. 0. Ed., 1973, Tailing Disposal Today: Miller 
Freeman Publications, San Francisco. 

Argall, G. 0. Ed., 1979, Tailing Disposal Today, Vol.~: Miller Freeman 
Publications, San Francisco. 

Bengson, S. A., 1979, Use of Drip Irrigation Techniques for Revegetation 
in an Arid Environment, Tailing Disposal Today, Vol.~: Miller 
Freeman Publications, San Francisco. 

Campbell, A, 1943, 45th Annual Report of the Mineral Industry in Idaho: 
p. 49. 

Dames and Moore, Consulting Engineers, 1977, Report on Investigation and 
Design, Lucky Friday Tailings Impoundment No. 1, Extension: Dames 
and Moore, North Vancouver, B. C., Canada. 

Deely, D., 1977, Water Quality Management Guidance for Mine-Related 
Pollution Sources: U. S. Environmental Protection Agency, Office 
of Water Planning and Standards, EPA-440/3-77-027. 

Donoven, R. P., R. M. Felder and H. H. Rogers, 1976, Vegetative Stabili
zation of Mineral Waste Heaps: Doc. #EPA-600/2-76-087, Office of 
Research and Development, U. S. Environmental Protection Agency, 
Washington, D. C. 

Doyle, W. S., 1976, Strip Mining of Coal -Environmental Solutions: Noyes 
Data Corp., Park Ridge, N.J. 

Ellis, M. M., 1932, Pollution of the Coeur d'Alene River and Adjacent 
Waters by Mine Wastes: Manuscript Report to the Commissioner, 
U.S. Bureau of Fisheries, Washington, D. C. 

Ellis, M. M., 1940, Pollution of the Coeur d'Alene River and Adjacent 
Waters by Mine Wastes: Special Scientific Report 1, U. S. Bureau 
of Fisheries. 

Ellsworth, C. B., 1970, Investigations of Physical Chemical Properties of 
Mine Tailings: M. S. Thesis, College of Mines, University of Idaho, 
Moscow, 160 p. 

EPA, 1975, Criteria for Developing Pollution Abatement Programs for Inactive 
and Abandoned Mine Sites: U. S. Environmental Protection Agency, 
Office of Water and Hazardous Materials, EPA-440/9~75-008. 

EPA, 1976, Quality Criteria for Water: Office of Water and Hazardous 
Materials, U. S. Environmental Protection Agency, Washington, D. C. 

Erskine, T. E., 1977, ASARCO, Galena Unit, Personal Communication. 



Featherstone, W., 1963, "History of Lucky Friday," The Coeur d'Alene 
Mining District in 1963: Idaho Bureau of Mines and Geology 
Pamphlet No. 133, Moscow, Idaho. 

91 

Fryklund, V. C., 1964, Or~ Deposits of the Coeur d'Alene District, 
Shoshone County, Idaho: U. S. Geological Survey Prof. Paper 445, 
99 p. 

Fuerstenau, D. W. ed., 1962, Froth Flotation, 50th Anniversary Volume: 
American Institute of Mtning, Metallurgical and Petroleum 
Engineers, New York. 

Galbraith, James H., 1971, A Study of Mine Tailings and Associated Plants 
and Ground Water in the Coeur d'Alene District, Idaho: M.S. Thesis, 
University of Idaho, Moscow. 

Guerra, F., 1973, Characteristics of Tailings from a Soils Engineer's 
Viewpoint. In Tailing Disposal Today, C. L. Alpin and G. 0. 
Argall, Ed: Miller Freeman Publications, San Francisco. 

Hawley, J. H., 1920, History of Idaho, Vol. 1: S. J. Clarke Publishing 
Company, Chicago. 

Hitt, R. J., 1974, A Short Term Study of the Suitability of Locating a 
Sewage Lagoon System on an Abandoned Tailing Pile: M. S. Thesis, 
College of Engineering, University of Idaho, Moscow, 86 p. 

Hobbs, S. W., Griggs, A.B., Wallace, R.E. and Cambell, A.B., 1965, Geology 
of the Coeur d'Alene District, Shoshone County, Idaho: U.S. 
Geological Survey Professional Paper 478. 

Hutchinson, M. W., 1961, "Geology of the Lucky Friday Hine," Guidebook to the 
Geology of the Coeur d'Alene Mining District: Idaho Bureau of 
Mines and Geology, Bulletin No. 16, Moscow, Idaho. 

Ioannou, Christos, 1979, Distribution, Transport and Reclamation of 
Abandoned Mine Tailings Along the Channel of the South Fork of the 
Coeur d•Alene Rtver and Tributaries, Idaho: M. S. Thesis, 
University of Idaho, Moscow. 

Kesten, S. N., 1963, "Geology of the Page and Galena Mines," The Coeur 
d1 Alene Mining District in 1963: Idaho Bureau of Mines and Geology, 
Pamphlet No. 133, Moscow, Idaho. 

Marcy, Allen D., 1979, The Chemistry of Unconfined Mine Waste: M.S. 
Thesis, University of Idaho, Moscow, Idaho. 

Martin, H. W. and W. R. Mills, Jr., 1976, Water Pollution Caused by Inactive 
Ore and Mineral Mines: U.S. Environmental Protection Agency, Office 
of Research and Development, EPA-600/2-76-298. 



Maxfield, D., Rdriguez, J. M., Beuttner, M., Davis, J., Forbes, L., 
Kovacs, R., Russel, W., Schultz, L., Smith, R~, Stanton, J., and 
Wai, C. M., 1974, Heavy Metal Pollution in the Sediments of the 
Coeur d'Alene River Delta: Environmental Pollution, Applied 
Science Publishers Ltd, England. 

92 

McKee, B. E., K. E. Robinson and C. M. Ulrich, 1978, Upstream Design for 
Extension of an Abandoned Tailing Pond: Proceedings of the Second 
International Tailing Symposium: Miller Freeman Publications. 

McKee, B. E., 19.77, Hecla Mining Company, Personal Communication. 

McKinney, L., 1977, ASARCO, Galena Unit, Personal Communication. 

Mink, L., 1971, Water Quality of the Coeur d'Alene River Basin: M.S. 
Thesis, College of Mines, University of Idaho, Moscow. 

Mink, L. L., R. E. Williams, A. T. Wallace and L. M. McNay, 1973, 
Renovation of ~Jastes by Mine Tailings Ponds, t~ining Engineering, 
Vol. 25, No. 7: Society of Mining Engineers, AIME, pp. 81-88. 

Mink, L. L., R. E. Williams and A. T. Wallace, 1971, Effect of Industrial 
and Domestic Effluents on the Water Quality of the Coeur d'Alene 
River Basin: Idaho Bureau of Mines and Geology, Pamphlet 149, 
95 p. 

Marilla, A. G., 1975, Hydrogeologic Analysis of an Aoandoned Tailings 
Pile: M. s. Thesis, College of Mines, University of Idaho, Moscow, 
88 p. 

Norbeck, P. L., 1974, Water Table Configuration and Aquifer and Tailings 
Distribution, Coeur d'Alene Valley, Idaho: M. S. Thesis, Department 
of Geology, University of Idaho, Moscow. 

North Idaho Press, January 16, 17, and 18, 1974: Wallace, Idaho, Page 1. 

Norton, Marc A., 1979, Hydrogeology and Potential Reclamation Procedures 
for and Uncontrolled Mine Waste Deposition Site, Kellogg, Idaho: 
M. S. Thesis, University of Idaho, Moscow. 

Pettibone, H., and Kealy, C. D., 1972, Engineering Properties and 
Utilization Examples of Mine Tailings: Proceedings of the Third 
Mineral Waste Utilization Symposium, Chicago, Illinois. 

Reece, D. E., 1974, A Study of Leaching of Metals from Sediments and Ores 
and the Formation of Acid Mine Water in the Bunker Hill Mine: 
M. S. Thesis, University of Idaho, Moscow, 117 p. 

Ross, S. H., and C. Savage, 1967, Idaho Earth Science, Earth Science Series 
No. 1, Idaho Bureau of Mines and Geology, Moscow. 



Savage, N. L., 1970, The Effect of Industrial and Domestic Pollution 
on Benthic Macro Invertebrate Communities in Two Northern 
Idaho Rivers: M. S. Thesis, Department of Life Science, 
University of Idaho, Moscow, 5 p. 

93 

Sceva, J. E. and W. Schmidt, 1971, A Reexamination of the Couer d'Alene 
River: U. S. Environmental Protection Agency, Region X, Seattle, 
Washington. 

Tfmken, H. W, 1936, Geology and Ore Deposits of the Page Mine, Coeur 
d'·Alene Distri'ct, Idaho: Unpub. B. S. Thesis, Department of 
Geology, University of Idaho, Moscow, Idaho, 25 p. 

Visnes, N., 1963, 11 The Galena Operation, .. The Coeur d'Alene Mining District 
in 1963: Idaho Bureau of Mines and Geology, Pamphlet No. 133, 
Moscow, Idaho. 

Williams, R. E., 1975, Waste Production and Disposal in Mining, Milling, 
and Metallurgical Industries: Miller Freeman Publishing Company. 

Williams, R. E., C. D. Kealy, and L. L. Mink. 1973, Effects and Prevention 
of Leakage from Mine Tailings Ponds: Society of Mining Engineers, 
AIME, Transactions, Vol. 254, Sept., pp. 212-216. 

Zeigler, W. L., 1943, Stnk and Float Tailings Plant, Hecla Mining Company: 
45th Annual Report of the mining Industry in Idaho, page 46. 



APPENDIX A 

INVENTORY OF ABANDONED CONTROLLED MILL TAILING SITES 

South Fork Coeur d 1 Alene River Basin, Idaho 
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Site number: 1 
Basin location: East Fork of Pine Creek above Gilbert Creek 

Map location: NE~, NW!;r, Sec. 11, T.47N., R.2E. 

Approximate surface area: 2 acres 
Approximate volume of tailing: 25,000 cubic yards 
Description of the site: Abandoned tailing site No. 1 is a crescent-
SKET'-1< M.A.? No .scA.c..£) shaped deposit of flotation 
(! 7" 1'-'N'- sAml''-.ll POINT ta i 1 i ng a pprox ima te 1 y 500 

feet long and 180 feet wide 

between a steep hillside and 

the East Fork of Pine Creek. 

The nearest dwelling is 3 

miles dov.nstream. A gravel 

county road just west of the 

East Fork confines the flow 

of the stream between the 

road embankment and the 

tailing pile. Two distinct 

impoundments are present, 

both of which exhibit remnants 

of crushed-rock embankments 

constructed to impound the 

tailing for dewatering. 

Both imoundments have failed 
structurally, apparently 

along the original wooden 
decant structures. The lower 
embankment and tailing deposit 

has been eroded extensively 

by the creek, as well as 

through runoff from the hill

side tributary to the pile 

surface. 
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Flotation tailing material was deposited behind constructed embank

ments along the east margin of the floodplain. Clarified water was 
decanted through wooden conduits laid beneath the embankments. Both 

sand-size tailing and slimes are dark gray in color when wet, weathering 
to a nearly white color when exposed on land surface. Chemical analysis 

of tailing samples (see Appendix B) reveals no unusually high concentra

tions of dangerous elements. Iron concentrations are unusually low, 

indicating that pyrite oxidation may not be a problem. 
Only a few grasses have been established on the tailing surface, 

mostly where some organic material has been mixed with the sandy portion. 

A few bushes and trees are growing in the extreme northern embankment. 

At least 90% of the remaining pile surface is unvegetated. 

Erosion by streams, wind and sheet wash appears to be the major 

problem affecting water quality at this site. Failure of the embankments 

and subsequent encroachment on the site by flood flows of the East Fork 
of Pine Creek have resulted in a situation where a large amount of fine

grained sediment is completely open to erosive forces. Deep channels 

have been carved 
1
into the tailing surface by runoff from the site itself 

as well as the hillside above. These channels add sediment to the stream 

with every precipitation event. 
Recommended reclamation: 1} Embankment protection should be increased 
to prevent direct erosion by the adjoining stream. 2) Reshaping the 

tailing surface and providing safe drainage channels across the tailing 

is required to prev~nt erosion of tailing through runoff channels. 
3) Revegetation is necessary to stabilize tailing surfaces. 4) Removal 
or burial of discarded chemical drums and other debris would make the 

site more esthetically pleasing. 



Site number: 2 
Basin location: East Fork of Pine Creek at Gilbert Creek 

Map location: SW~, Sec. 2, T.47N., R.2E. 
Approximate surface area: 540 square yards 

Approximate volume of tailing: 900 cubic yards 
Description of the site: Abandoned controlled tailing impoundment No. 2 

...-------------------........ is located on the east bank 
5((E TC. H MAP (No &.CA(..E) 

of the East Fork of Pine 

Creek, just above the mouth 

of Gilbert Creek. Part of 
the remaining tailing mate
rial is still protected by 

its original embankment of 
log cribbing. The southern

most section of the site has 

been eroded so that avert i ca 1 

bank approximately 8 feet 

high of tailing sands and 

slimes is exposed at the 

stream's edge. 

Tailing material at Site 

No. 2 varies from gray slimes 
to dark brown and orange sand. 

No chemical analysis was 
made at this site. Reddish 

stain was present on rocks in 
the lower reaches of Gilbert 
Creek, but the source forlow

qualfty water is probably 

mine drainage higher in that 
watershed. Almost no vegeta

tion is established on the 

ta i 1 i ng surface. 
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The major problem presented by Site No. 2 appears to be that of 

potential sediment contribution to the Pine Creek drainage. No data on 
chemical problems from the site are available. Without remedial action, 
erosion by the East Fork of Pine Creek will continue, the rate dependent 

on the severity of flooding. 
Recommended reclamation: 1) Due to the relatively small size of this 

site, the most reasonable reclamation alternative seems to be complete 

removal of the tailing to a more easily controlled site. 2) A variety 

of abandoned equipment, structures, and other debris could be buried or 

removed to improve site esthetics. 
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Site number: 3 
Basin location: East Fork of Pine Creek, 300 feet above Dry Creek 

Map location: SE~, Sec. 34, T.48N., R.2E. 

Approximate surface area: 2.4 acres 
Approximate volume of tailing: 31,000 cubic yards 
Description of the site: Site No. 3 lies just north of the East Fork of 

.--------------------.... Pine Creek and is confined 
S.l(l'fCM M"-'P (NO •c'"'-&) 
e TAtLIA.I'- ~AM?c..~ ?oi/IIT between the creek and county 

~ 
I 

Ta.,·l'"3 

~'"'""6•c.C. 

road, which appears to have 
been built at least partially 

on the tailing surface. 
Remnants of mine waste rock/ 

a 11 u v i a 1 g r a v e 1 em ba n km en t s 
are present at two locations 

on the site, dividing the 
tailing pile into two distinct 

segments. Both embankments 
have failed, and a vertical 
bank of tailing up to 15 feet 
hi g h i s i mm ed i ate 1 y a v a i 1 a b 1 e 

for stream erosion along 500 
feet of the pilets south 

edge. 
Tailing material 

impounded at this site is 
mostly brown, ranging in size 
from slimes to sand. Chemica 1 
analysis of tailing composi~ 
tion (See Appendix C) indi

cates moderate iron content 

and relatively high concentra

tions of zinc. Tailing in 

the upper (east) pile aver
ages approximately 12 feet in 

thickness and has no vegeta
tive cover. Trees, shrubs, 
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and grasses have been establ·Islled on both ~.~mbankrnents and on the lower 

tailing surface. 
Recommended reclamation: Assuming that further chemical analysis does 
not show significant leaching of metals, recommended reclamation 

involves reconstruction of the embankment along the East Fork and 

revegetation of the pile surfaces. 



Site number: 4 
Basin location: 
Map location: 

East Fork of Pine Creek, 
SE~, Sec. 28, T.48N., R.2E. 

Approximate surface area: ~acre 
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300 feet below Denver Creek 

Approximate volume of tailing: 1,600 cubic yards 
Description of the site: Site No. 4 lies between the East Fork of Pine 

Creek and the county road. 
Only a small remnant of an 
embankment still exists, and 

the tailing is completely 
unprotected from wind, sheet 
wash, and stream erosion. 
The pile has high visibility, 

being located on the inside 

of a curve in the county 

road. 
Tailing in the pile is 

yellow to gray in color, and 
ranges in size from coarse 

sand to slimes. Maximum 
thickness of the pile is 
estimated to be 4 feet. A 
few varieties of short grass 

exist on the tailing surface, 
and a single pine tree is 
established on the old embank

ment. 
Recommended reclamation: 
The relatively small volume, 
high visibility, and exposure 
to eros ion ex hi bi ted by Site 

4 lead to a recommendation 

that the tailing material be 

removed to another site. 



Reprocessing with disposal in an active tailing impoundment should be 

explored as an alternative. 
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Site number: 5 
Basin location: Pine Creek above Klondike Gulch 

Map location: NW~, Sec. 20, T.84N., R.2E. 

Approximate surface area: 2.5 acres 
Approximate volume of tailing: 9,000 cubic yards 
Description of the site: Controlled Tailing Site No. 5 is located in 

Stc:£rcH MA'P the Pine Creek floodplain 
(NO SCA<..E) behind an auto salvage yard 

3 miles south of Pinehurst. 

Erosion by wind and water 
(and apparent bulldozer 
activity) has destroyed all 
but a small remnant of the 

controlling embankment. 
The remaining tailing mate
ri.al is yellow, ranging in 

size from fine sand to 

slimes. The deposit is 

~------ oval, approximately 500 feet 
--.")... ~- in length, with a maximum ---- thickness of about 2.5 feet. 

There is no protection 

from flood waters of Pine 
Creek, although grasses and 
small trees are reclaiming 
the south and east portions 
of the tailing surface. 
Recommended reel amation: 
Because of the small volume 

and high potential for 

erosion, removal is recom

mended for this site. 

Complete recovery will prob-
ably not be possible, so 

revegetation of the remaining 
tailing material is suggested. 
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Site number: 6 
Basin location: Pine Creek below Hauck Gulch 
Map location: SE~, NW~, NW~, Sec. 17, T.48N., R.2E. 

Approximate surface area: ~acre 

Approximate volume of tailing: 1,200 cubic yards 
Description of the site: Site No. 6 is located just east of Pine Creek 

at the second county road 

bridge south of Pinehurst 
(approximately 2 miles south 
of Pinehurst). The recently
constructed bridge abutments 

and riprap serve to protect 

most of the site from 
encroachment by Pine Creek. 

The northernmost section is 

vulnerable to erosion both 
by Pine Creek and the peren
nial tributary stream which 

crosses the tailing surface. 
Much of the tailing 

surface now supports vegeta
tion, especially the section 

nearest the mill site and 

roadway. Both jig and flota
tion tailing are found at the 
site, and pieces of aban
doned structures and equip
ment litter the area. 
Recommended reclamation: 
Relatively little additional 

riprap protection would be 
necessary to prevent erosion 

. of the tailing material. 
Some earth-moving will be 

. necessary to insure that the 
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tributary stream does not Cr"·Jss the tailing surface, and renoval or 
burial of the abandoned equipment would make the area more esthetically 

pleasing. 
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Site number: 7 
Basin location: South Fork Coeur d'Alene River near Humboldt Gulch 

Map locatton: SE!:i, Sec. 33, T.49N., R.2E. 

Approximate surface area: 70 acres 
Approximate volume of tailing: 2.8 million cubic yards 
Description of the site: A detailed description of Site No. 7, the Page 

S t(ETC f4 MAP 
(NO SCAC..E) 

.. p 

·tailing pile, has been 
included in the text, pages 

43 - 59. 
Recommended reclamation: 
1) Improve the condition of 

wa s t e-roc k em ba n km en t s on the 
north and south sides of the 

pile parallel to the treat
ment p 1 ant dikes. 2) I ntro
duce vegetation to the bare 

pile surface using imported 

topsoil or a secondary 
nutrient source, such as 
sewage sludge. Irrigation 

volume and frequency should 
be closely monitored. 
3} Line the wastewater 

ponds with an impenneable 
material to reduce the chance 
of embankment failure and to 
slow the movement of metals 
from within, under, and 
around the pile toward the 

South Fork of the Coeur 

d'Alene River. 
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Site number; 8 
Basin location: East Fork of Moon Creek 
Map location: D2, SW~, Sec. 25, T.49N., R.3E. 

Approximate surface area: 5 acres 
Approximate volume of tailing: 42,000 cubic yards 
Description of the site: Site 8 is located on the East Fork of Moon 

~ IPocl( Elft8AWK 1\1\ENT 

0 T"A&t..lll.)4 SA"'17~~ 'POIAJT 

HILLS IDE-

\-------------------

Creek 3 miles above its 

confluence with the South 
Fork of the Coeur d'Alene 

River. The remnants of 
tailing piles and embankments 
are deeply eroded by streams 

and exhibit six distinct 
levels of tailing, as shown 

at left. Erosion is active 
on all levels, and vertical 
banks 6 feet high are 

sloughing into the stream 

with each runoff event. At 
1 east three embankments in 
the series have failed, 
providing a path for the 
stream directly across 

tailing surfaces. 
Two major ground-water 

discharge points exist at the 
site. One is in an apparent 
former stream channel now 
blocked by tailing between 

levels I and II, and the 

other is on the surface of 

level V just below the toe of 

the level IV embankment. 
Tailing material 

discharged at the site was 



produced by a 11 Custom 11 mill, ;Jnd the differ·ent colors of oxidized 

tailing on the various levels indicate a variety of ore and tailing 
types. Chemical analysis (Appendi·x C) of the tailing also shows the 
complexity of the site. The highest lead and zinc concentrations 

encountered in the study were from Site 8. 
Recommended reclamation: The first step in reclaiming this site should 

be the isolation of all tailing material from the stream. Detailed 
chemical data for the site is not available, but preliminary information 

indicates the possibility of a metals-leaching problem. It will be 
important to reduce ground-water movement through and beneath the piles 
along buried stream channels and to create a safe channel for the East 

Fork of Moon Creek. Vegetation is already established on some of the 
piles, and should be encouraged when the stream erosion problem has 

been solved. 
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Site number: 9 
Basin location: South Fork Coeur d 1 Alene River above Rosebud Gulch 

Map location: NW~, Sec. 13, T.48N., R.3E. 
Approximate surface area: 1 acre (total for two sites) 

Approximate volume of tailing; not available 
Description of the site: Site No. 9 consists of two tailing piles south 

sac&TcH MAP (Ne scAc..l) of Interstate Highway 90 at 
e T.-.,~,~(., s~~PL~ 1o,...,r the edge of the community of 

hllNf' ~ tt11lL 
'BUt<...O /N<-S. 

ly 
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Osburn. The western pile 
has obvious embankments and 
a decant system. Deposition 
has been by means of a single

pipe discharge near the 
pile's center. The second 
site has been graded flat 
and is used informally as a 
motorcycle racetrack. The 
area surrounding the piles 
has very little relief, and 

neither site is in any 
danger from stream erosion 

or overtopping from storm 
runoff. Chemical analysis 
results are given tn Appendix 
C. Ta i1 i ng sam p 1 es show high 
iron and manganese concentra
tions, but very little lead, 

zinc, or cadmium. 
Recommended reclamation: 

Revegetation is the only 
reclamation procedure neces

sary at this site. Visi

bility is low due to the low 
reflief of the area and good 
vegetation growth everywhere 
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except the tailing surface. Establishing vegetation on these surfaces 

should solve the wind erosion problem, 
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Site number: 10 
Basin location: Lake Creek 
Map location: NW~, Sec. 28, T.48N., R.4E. 
Approximate surface area: 9 acres (total for three piles} 

Approximate volume of tailing: not available 
Description of the site: This site was one of three selected for 

detailed examination in this 
study, and is described on 
pages 30 - 43 of the text. 

Only the lowest pile 
( Ga 1 en a ta i 1 i ng Impoundment 
No. 3} has been studied. 
The other two piles can be 
expected to have similar 
chemical compositton and 
hydrologic properties. All 
three are being kept ready 

to receive additional tailing. 

New embankment lifts were 
constructed prior to 1977, 
and the decant systems are 

in constant use as mine 
drainage water is circulated. 

Ground-water quality 
data are available for the 
downstream pile, but are not 
conclusive regarding the 
site 1 s potentia 1 for providing 
pollutants to the Lake Creek 

drainage. More frequent 
monitoring will be necessary 

to adequately assess the 

site 1 s need for chanica 1 

stabilization or isolation 
procedures. Vegetation has 
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been established on all rock anbankments, and is having some success on 

the tailing surfaces. 
Recommended reclamation: Revegetation is the only procedure necessary 
at this site. Stream erosion has been prevented with riprap, and all 

embankments appear to be in good shape for abandonment~ 



A-19 

Site number: 11 
Basin location: East Fork of Ninemile Creek above Wilson Creek 

Map location: SE~, NE~, Sec. 6, T.48N., R.5E. 

Approximate surface area: 1 acre 
Approximate volume of tailing: not available 
pescription of the site: Site No. 11 is immediately adjacent to the 
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East Fork of Ni nem il e Creek 
approximately 6 miles north
east of Wallace. It is the 
only site in the basin with 
no rock embankment. Tailing 
was deposited using the 
upstream method, with coarser 
material forming the steep 
outside surface. The 
rem a i n i ng pi 1 e has s i de 
slopes of 1.5:1 and has 
failed along a decant line. 
A major erosion channel is 
cut into the pile's center, 
and the toe of the northwest
facing slope is being cut by 
stream eros ion. 

Chemical analysis of 
tailing samples shows moder
ately high concentrattons of 
lead, zinc, and iron, but 
very little calcium. No 
water quality data is avail

able. 
Recommended reclamation: 
Channel stabilization and 
slope protection are needed 
a 1 o ng the Ea s t Fork of N i n e .. 
mile Creek. Slopes of the 



A-20 

pile are steep, and re-shaping should be done prior to revegetation. An 

additional diversion channel is recommended to control hillside runoff 

above the pile. 
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Site number: 12 
Basin location: Unnamed tributary to East Fork of Ninemile Creek 

Map location: SE%, NW~, Sec. 6, T.48N., R.5E. 

Approxi'mate surface area: not available 

Approximate volume of tailing: not available 
Description of the site: Site No. 12 is constructed across a steep, 

narrow valley high in the 

Ninemile Creek watershed. A 

steep rock-fill embankment 

over 100 feet high (slope 
distance) has no vegetation 

cover and appears to be 
discharging water at the toe. 

Flotation tailing (sands to 

slimes) fills the area above 

the embankment, and a single 

pipe through the embankment 

is the only protection from 

overtopping in a severe 
precipitation event. Runoff 

diversions to by-pass the 

impoundment surface are 

inadequate. 
Chemical analysis was 

not performed on ground 

water or tailing at this 

site. 
Recommended reclamation: 
Successful reclamation at 
this site will depend on the 

effectiveness of permanent 

surface-water control struc

tures to prevent massive 

failure of the embankments. 
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Site number: 13 and 14 
Basin location: Ninemile Creek above Blackcloud Creek 

Map location: SW~, NW~, Sec. 13, T.48N., R.4E. 

Approximate surface area: 6 acres 

Approxlfmatevolumeof tailing: not available 
Description of the site: Site 13 consists of a single tailing impound-

~l<Erc:.H M.AP 
( ~o SCA(...t!) 

14 ~I 

ment built against a steep 

hillside across the county 

road from Ninemile Creek 
approximately 3 miles NE of 
Wallace. The L-shaped rock
fill embankment has good vege
tation growth and appears 
quite stable, with a small 

tributary area and low visi
bility of the tailing surface. 
No tailing composition date 

are available. 

Site 14 contains three 

small ponds just west of Nine
mile Creek, all of which 
appear to have adequate 

embankment protection and good 

vegetation growth both on the 
embankments and tailing 
surface. Some standing water 
is present, but flow condi
tions have not been investi
gated. No chemical data is 
available. 

Recommended reclamation: 

Site No. 13 exhibits good 

vegetative stability on the 
embankments and is safe from 
stream-channel encroachment. 
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Further recommendations for reclamation procedures, based on a brief 
examination, call only for vegetation to b..e. established on the tailing 

surface~. 

Stte 14 ts very small and well protected from Ninemile Creek by 
stable embankments. As long as no chemical problems are attributed to 
thts site by future investigations, no further reclamation is necessary. 
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Site number: 15 
Basin location: Sout~ Fork of the Coeur d'Alene River below Trowbridge 

Gulch 

Map location: SW~, Sec. 30, T.48N., R.5E. 

Approxfmate surface area: 1 acre 

Approximate volume of tailing: not available 
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Descriptfon of the site: 

Site No. 15 consists of a 

small impoundment wfth 
adequate embankments and 
small tributary drainage area. 

It is located just north of 

the South Fork of the Coeur 

d'Alene River approximately 

3 miles east of Wallace. The 

embankments and tailing 

surface are visible from 

Interstate Highway 90. An 

abandoned mill stands near 

the impoundment. Material 

within the impoundment 

includes sandy brown tailing 

at the surface with gray 
sands and slimes below. No 
samples of ground water or 
tailing material were 
collected at this site. 

The mill supplying 

tailing to site 15 was a 
11 Custom 11 mill, processing ore 

from a number of mines in the 

district. It last operated 

in 1960. 

Recommended reclamation: 

In the absence of any chemical 
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data indicating a metals-leaching problem at the site, revegetation of 

embankments and tailing is the only reclamation effort required. 
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Site number: 16 
Basin location: South Fork of the Coeur d'Alene River below Mullan 

Map location~ NE~, SE~, Sec.34, T.48N., R.5E. 

Approximate surface area: 7 acres 
Approximate volume of tailing: 400,000 cubic yards 
Description of the site: Site No. 16 was selected for detailed study and 

Sl<l! Tct4 "'AP (No ~c. A(. I!:) 

-----p£CJVriT -0 

is covered in the text, pages 

16 - 29. It is constructed 

against a hillside just west 

of the town of Mullan and 
has recently been enlarged to 

permit re-activation of the 

tailing disposal system. 

Recommended reclamation: 
Water quality and tailing 

sample analysis has shown 

that this site does not 
represent a chemical hazard. 

Erosion by surface streams is 
not a problem, and the catch

ment basin above the pile 

surface is limited. Revege

tation of the top half of the 

embankment and the entire 
tailing surface is the only 

reclamation procedure recom
mended. 
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Site numher: 17 

Basin location~ South Fork of the Coeur d··Alene River above Mullan 

Map locati_on: Wl--2, NE~, Sec.35, T.48N., R.5E. 

Approximate surface. area: 1. 5 acre 

Approximate volume of tailing: not available 
Description of the site: This tailing deposit is confined between the 
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railroad tracks and the 

Shoshone Park Road just east 

of Mullan. An obvious embank

ment exists at the east end 

of the site, but all that 

rem a i n s of the m i 11 i s a 

foundation on the steep hill

side to the north. The 

tailing surface is composed 

of black and brown sandy 
material which has been 

subject to wind erosion. 

Natural reclamation by trees, 

shrubs, and grasses is taking 

place on the tailing, and the 
site is not subject to stream 

erosion. 

No chemical analysis was 
performed for this site. The 
dark appearance and apparent 

age of the tailing at this 

site probably warrant chemical 
testing. The original mill 

may have been a copper concen
trator, in operation early in 

the District's history, and 

may have produced tailing 

unlike any other examined in 

this study. The site is 



small, so any ch.emi.cal probJems would have to be major to justify an 

expensiva clean-up campatgn. 

Recommenderl reclamation~ 
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The only reclamation procedure recommended at this site is the estab

lishing of more vegetative cover on the tailing surface to prevent wind 

erosion. 
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Water Quality Data 



WATER QUALITY SA."'U'LE ANALYSIS 

Samples Taken August 21, 1977 

SAMPLE* TEMP. pH E.C. Fe Mn Ca Mg 

# (OC) 

LF-M-1 17 7.8 117 < 0. 02 17.6 4.54 

LF-M-2 14 7.8 111 0.014 16.7 4.33 

LF-~ 21 7.7 143 0.28 19.0 4.19 

LF-S-1 17 7.8 118 0.054 12.7 4.18 

LF-S-2 18 7.9 113 0.042 13.0 <Ll3 

LF-S-3 18 7.7 115 0.044 0.10 13.3 4.18 

LF-2A 13 7.6 189 0.71 15.7 1. 33 

LF-3A 13 7.5 384 0.058 0.99 61.6 3.55 

LF-3B 13 8.3 208 0.03 18.0 0.61 

LF-3C 15 8.3 241 0.30 17.6 3.49 

LF-4A 15 7.6 460 8.31 2!..3 3.84 

LF-6A 13 7.4 271 1. 56 31.3 4.66 

LF-8A 19 7.4 222 2.3 63.3 5.5 

LF-lOA 13 7.3 252 0.069 7.4 34.0 4.35 

GP-L-1 17 7.7 405 0.15 46.4 27.0 

GP-L-2 18 8.0 424 0.11 45.4 25.4 

GP-M-1 22 7.4 222 22.9 12.1 

GP-P-1 19 8.0 161 0.36 20.3 8.40 

GP-D-1 20 8.0 175 0.052 0.20 19.6 8.79 

GP-6A 14 7.0 441 .03 0.66 40.9 10.5 

GP-7A 11 6.7 497 4.0 81.4 25.0 

GP-8A 16 7.1 339 3.8 34.5 9.6 

GP-9A 13 7.1 345 1. 61 50.4 19.5 

*LF = Lucky Friday Tailing Impoundment No. 1 

GP = Galena Tailing Impoundment No. 3 

Cu Zn 

.010 

.087 

.010 

.015 

.58 

.38 

• 30 

.028 

.:Sl 

. : l 

0.023 1.3 

.056 

0.038 

0.021 

.03 0.37 

.02 0.33 

.012 0.29 

.014 0.25 

Remaining number/letter designations refer to sampling locations 

See Figures 2 and 5 for sampling sites. 

Cd Pb 

.021 



WATER QUALITY SAMPLE ANALYSIS 

Samples Taken May 5, 1978 

SAMPLE* TEMP. pH E.C. Fe Mn Ca !-!g Cu Zn Cd Pb 

* (OC) 

LF-M-1 5.5 7.6 60 11.0 2.8 .065 

LF-M-2 6.0 7.4 60 10.5 2.8 .029 

LF-~ 10. 7.2 95 .92 16.8 4.2 .47 .012 

LF-S-1 6.0 7.4 37 6.7 2.2 .020 

LF-S-2 6.0 7.4 45 6.8 2.1 .028 

LF-S-3 6.0 7.5 43 ·03 6.0 2.1 .024 

LF-2A 10.0 7.35 128 .26 .22 11.9 15.8 .053 

LF-3A 10.5 7.3 145 .12 16.8 1.6 .13 

LF-3B 9.5 7.65 130 .08 42.0 . 8 .015 

LF-6A 8.5 7.2 550 . 99 109 • 20.4 - 0.90 

LF-0-1 9.0 6.75 290 2.2 8.4 26.2 8.1 .038 

GP-L-1 6.5 7.3 57 .03 8.08 2.7 .016 .026 

GP-L-2 5.5 7.5 150 .03 7.6 2.8 .059 .028 

GP-M 11.0 7.6 210 .24 17.8 11.0 .019 .026 

GP-D 9.0 7.3 160 .42 20.0 10.5 .11 .019 

GP-1A 10.0 7.6 405 .45 48.3 7.4 .019 .036 

GP-2A 8.0 7.5 355 .22 49.4 1.9 .019 .020 

GP-3A 7.0 7.3 220 Q.63 .74 36.8 8.7 - 0.24 .042 

GP-3B 11.0 7.6 245 .19 15.3 7.7 .021 .034 

GP-4A 6.5 6.85 237 2.3 37.5 14.3 .018 .035 

GP-4B 7.0 7.2 550 1.8 105. 34.2 .036 .028 

GP-SA 10.0 7.3 550 .44 .38 88.7 17.1 .032 .040 

GP-6A 10.0 7.6 317 .06 46.0 6.1 .024 .024 

GP-7A 10.0 6.3 378 - 77.7 63.8 17.8 . 36 .028 

GP-BA 10.0 6.8 160 .63 .94 28.1 4.6 .039 .032 

GP-9A 9.0 7.2 340 6.3 51.8 16.3 .057 .026 

GP-S-1 13.5 6.7 700 5.8 13.4 109.2 38.8 .028 

*LF = Lucky Friday Tailing Impoundment No. 1 

GP = Galena Tailing Impoundment No. 3 

Remaining number/letter designations refer to sampling locations 

See Figures 2 and 5 for sampling sites. 



APPENDIX C 

Tatltng Analysts Data 



El,EHENT CONCENTRATIONS IN 'fAILING, SITES 1, 3, 8, 9, 11 

(PARTS PER MIJ,LION} 

DATE SITE SAMPLE DEPTH Fe Pb Cd Zn Ca Mn Mg Cu DESCRIPTION 
t (meters) 

9/29/78 1 SI-1-1 .73 18,450 2,240 12.6 2,810 9,960 920 2,770 36 Gray, sandy, dry 

9/29/78 1 SI-1-2 .73 25,720 1,130 11.4 3,450 13,020 1,200 3,850 297 Gray-green 
slimes, wet 

9/29/78 1 SI-1-3 .73 22,720 4,620 9.8 2,270 13,540 ] , 100 3,690 40 Gray slimes, wet 

9/29/78 1 SI-2-1 .73 29,560 5,910 21.8 4,550 9,460 1,260 2,640 268 Gray slimes, wet 

9/29/78 1 SI-2-2 .73 23,660 3,670 22.9 6,850 7,4AO ] 1200 2,520 212 Dark gray very 
fine sand, dry 

9/29/78 1 SI-2-3 .73 25,900 4,140 16.2 5,920 12,440 1,400 2,800 143 Dark gray fine 
sand, dry 

9/29/78 3 DC-1-1 .73 46,770 2,570 9.5 3,040 350 2,340 3,680 107 Dark brown, 
sandy, dry 

9/29/78 3 DC-1-2 .73 40,780 1,090 18.6 7,340 76 1,030 1,960 190 Brown, very fine 
sand, dry 

9/29/78 3 DC-1-3 .73 38,920 2,200 21.7 3,550 410 2,060 4,630 245 Brown, slimes, 
moist 

9/30/78 8 SC-3-1 .73 106,490 24,240 5.2 3,000 <70 6]0 1,030 372 Red-brown sand 
dry 

9/30/78 8 sc-3-2 .73 100,370 1,800 67.8 5,5RO 5,860 7,860 6,690 177 Yellow-brown, 
very fine 
sand, dry 

9/30/78 8 SC-3-3 .73 20,390 1,080 34.5 8,050 32,700 9,980 13,520 150 Gray slimes, wet 

9/30/78 8 sc-4-1 .73 26,520 16,540 17.1 1,710 < 70 620 750 174 Brown, fine 
sand, dry 

9/30/78 8 SC-4-2 .73 37,930 16,960 39.5 3,360 < 70 570 830 238 Brown, very fine 
sand, some 
slimes, dry 

9/30/78 8 SC-4-3 .73 54,030 29,180 91.3 2,830 <70 1,200 1,630 681 Brown slimes, 
wet 

9/30/78 9 SS-1-1 .73 127,600 < 130 1.8 <50 21100 11,160 4,240 260 Gray slimes, wet 

9/30/78 9 SS-1-2 .73 131,500 160 2.4 66 2,140 ll, 180 4,490 198 Red-yellow, very 
fine sand, dry 



DATE SITE SAMPLE 
t 

9/30/78 9 SS-1-3 

9/30/78 11 C-1 

9/30/78 11 C-2 

9/30/78 11 C-3 

DETECTION LIMITS FOR 
ANALYSIS (ppm) 

ELEMENT CONCENTRATIONS IN TAILING, SITES 1, 3, 8, 9, 11 

(PARTS PER MILLION) 

DEPTH Fe Pb Cd Zn Ca Mn 
(meters) 

.73 92,630 180 2.6 73 110 7,450 

.73 39,270 3,840 2.5 390 120 700 

.73 57,690 6,200 2.1 1,150 <70 580 

.73 37,900 7,070 6.9 1,400 <70 580 

105 130 0.5 50 70 30 

(continued) 

Mg Cu DESCRIPTION 

2,330 560 Red-brown, 
slimes, dry 

3,060 110 Dark brown, 
sandy, dry 

1,990 168 Red-brown, fine 
sand, dry 

2,330 40 Light brown, 
slimes, very 
fine sand, 
moist 

100 10 



ELEMENT CONCEN'fRl\TIONS TN '1'1\ILING, f)l'I'E .10 

(PARTS PER MILLION) 

DATE SITE SAMPLE DEPTH Fe Pb Cd Zn Ca Mn Mg Cu DESCRIPTION 

' (meters) 

8/11/77 10 GP-1-1 .09 239,000 127 < 0. 5 35 1,780 17,400 6,000 Near Drill Hole 
11 (Oxidized) 

8/12/77 10 GP-1-2 .80 233,000 2,750 < 0. 5 62 2,120 17,800 5,860 Gray slimes 

8/12/77 10 GP-1-3 1.3 264,000 117 < 0. 5 4R 2,080 18,800 6,780 Sandy tailing 

7/26/77 10 GP-3-1 .08 229,000 217 < 0. 5 69 1,710 16,700 5,690 Sandy tailing, 

0 
(Oxidized) 

7/26/77 10 GP-3-2 1.6 254,000 196 < 0. 5 63 2,410 19,100 6,660 w Fine sandy 

E-4 
tailing, hard 

U) 
packed 

7/26/77 10 GP-3-3 3.0 257,000 177 < 0. 5 51' 2,000 18,600 6,690 
J:LI Former oxidized 

+80* 3.0 57,200 104 < 0. 5 22 500 4,630 1,740 surface 
8 (mostly sandy, 

some slimes) 

7/26/77 10 GP-3-4 3.4 271,000 123 < 0. 5 45 2,040 20,200 7,020 f-i Sandy, oxidized 
+80* 3.4 57,200 104 < 0. 5 22 500 4,630 1,740 0 tailing 

8/9/77 10 GP-5-1 .12 280,000 167 < 0. 5 48 2,150 ~~0, 80 0 7,170 z Sandy surface 
+80* .12 149,000 102 < 0. 5 46 1,040 :11,600 3,790 (oxidized) 

8/9/77 10 GP-5-2 .30 276,000 175 < 0. 5 48 2,360 21,300 7,200 Sandy tailing 
+80* .30 80,800 111 < 0. 5 28 810 6,180 2,310 (gray) 

8/9/77 10 GP-5-3 3.0 248,000 135 < 0. 5 47 2,220 18,900 6,540 Dry slimes 
8/ll/77 10 GP-6-1 .06 227,000 229 < 0. 5 78 1,890 17,500 5,770 Sandy tailing, 

(Oxidized) 
B/11/77 10 GP-6-2 .80 221,000 94 2.13 tl5 1,700 17,400 5,740 Sandy tailing, 

(Oxidized) 

.*ENTRIES MARKED "+80" REPRESEN'f THAT PART OF A SAMPLE WHICH Dl D NOT PASS 1\ ~liZE 80-MESH SIEVE. ALL OTHER SAMPLES 
CONSIDER ONLY MINUS 80-MESH MATERIAL. 

DETECTION LIMITS FOR 0.04 0.05 0.01 0.01 0.003 0.04 0.05 
ANALYSIS (ppm) 



DATE SITE SAMPLE 
t 

6/18/77 16 D.H. 1-F 

6/19/77 16 D.H. 2-A 

6/19/77 16 D.H. 2-B 

6/19/77 16 D.H. 2-C 

6/19/77 16 D.H. 2-D 

6/19/77 16 D.H. 3-A 

DETECTION LIMITS FOR 
ANALYSIS (ppm) 

ELEMENT CONCEN'l'Rl\'I'IONS IN 'I'l\ l LING, SI'l'E 16 (Pl\RTS PER MILLION) 

DEPTH Fe Pb Cd Zn Ca Mn Mg Cu DESCRIPTION 
(meters) 

13.4 118,000 14,000 39 4,500 1,700 10, '=iOO 2,800 Sand, gravel from 
alluvium 

0 beneath pile 
~ 1.5 91,200 4,100 16 2,100 2,500 8,600 2,700 (/) Wet slimes 
rs.1 

2.3 63,000 1,500 9 1,500 2,800 6,600 2,300 8 Wet slimes 
5.2 1 3 8 85,500 3,400 2,100 2,600 8,100 2,700 0 Wet slimes z 
8.4 92,000 3,300 16 2,200 2,600 8,900 2,800 Very fine sand, 

some slimes 
13.4 72,000 2,500 13 1,600 2,200 7,600 2,700 Gravel, some 

yellm., clay 

0.04 0.05 0.01 0.01 0.003 0.04 0.05 



APPENDIX D 

Water Level Elevations in Piezometers 

Lucky Friday Tatling Impoundment No. 1 

June 1977 - July 1978 



D-1 

Lucky Friday #1 Water Level Elevations, in ft. (Add 3200 for MSL elevations) 

Date 0-1 0-2 0-3 1-A 2-A 2-B 3-A 3-B 

6-22-77 30.87 26.92 Dry Dry 22.3 Dry 25.9 24.8 
6-23-77 31.03 26.89 II II 20.4 25.9 24.8 
6-27-77 30.49 26.74 II 20.4 26.2 24.8 
6-30-77 30.34 26.63 II 20.4 26.8 24.8 

II 20.4 26.0 24.68 
tl 30.27 26.72 Dry 20.4 26.1 24.67 

7-01-77 30.25 26.69 It 21.29 26.08 24.70 
II 30.23 26.70 II 21.30 " 26.11 24.78 

7-02-77 30.20 26.71 It 21.25 26.11 24.78 
7-03-77 21.31 26.12 24.86 
7-04-77 30.22 26.69 Dry 21.37 26.14 24.90 
7-05-77 30.13 26.70 II 21.27 26.16 24.94 
7-06-77 21.37 26.14 24.67 
7-07-77 29.77 26.65 Dry 21.42 26.19 24.97 
7-08-77 29.64 26.63 II 21.47 26.19 24.95 
7-11-77 21.48 26.19 26.42 
7-12-77 29.17 26.61 Dry 21.45 26.19 24.87 
7-13-77 21.48 26.17 24.84 
7-14-77 28.96 26.56 Dry 21.56 26.21 24.88 
7-16-77 21.60 26.21 24.89 
7-18-77 28.79 26.55 Dry 21.60 26.20 24.88 
7-19-77 21.62 26.19 24.85 
7-20-77 28.69 26.43 Dry 21.67 26.22 24.87 
7-21-77 28.72 Dry II 21.64 26.21 24.89 
7-22-77 21.68 26.22 24.90 
7-26-77 Dry Dry Dry 21.76 26.25 24.90 
7-29-77 It II II 21.79 26.31 24.94 
7-30-77 21.84 26.34 24.96 
8-03-77 Dry Dry Dry 21.94 26.46 25.10 
8-05-77 22.00 26.52 25.18 
8..;.07-77 Dry Dry Dry 22.04 26.55 25.20 
8-08-77 22.11 26.59 25.21 
8-12-77 Dry Dry Dry 22.33 26.70 25.32 
8-14-77 22.27 26.76 25.36 
8-16-77 Dry Dry Dry 22.41 26.79 25.41 
8-18-77 II II II 22.50 26.86 25.46 
8-21-77 22.52 26.84 25.49 
8-23-77 22.65 26.94 25.46 
8-27-77 22.70 26.96 25.50 
9-09-77 Dry Dry Dry 23.08 26.92 25.55 

10-01-77 II II II 23.09 26.45 25.16 
10-14-77 22.98 26.17 24.89 
11-04-77 22.80 25.65 24.53 
11-26-77 21.52 24.86 24.04 
3-03-78 31.79 27.52 Dry 21.19 24.36 23.78 
3-10-78 31.75 27.50 II 21.09 24.51 23.71 
4-14-78 31.55 27.56 II 20.68 24.32 23.57 
5-05-78 31.29 27.31 II 20.51 24.24 23.54 
6-17-78 29.80 26.93 It 20.22 22.96 22.83 
7-14-78 29.37 26.58 It 19.85 23.52 22.41 



D-2 

Lucky Friday #1 Water level Elevations, in ft. (Add 3200 for MSL elevations) 

Date 3-C 4-A 4-B 5-A 6-A 6-B 7-A 8-A 

6-22-77 Dry Dry Dry Dry 18.14 Dry Dry 
6-23-77 II 19.02 
6-27-77 It 19.93 
6-30~77 II 19.96 

II ll 19.95 
II II· 19.81 

7-01-77 II: 19.89 
II. 19.93 

7-02-77 20.02 
7-03-77 20.14 
7-04-77 20.31 
7-05-77 20.43 
7-06-77 20.52 
7-07-77 20.52 
7-08-77 20.46 
7-11-77 43.63 20.16 
7-12-77 43.79 20.14 
7-13-77 43.97 20.08 
7-14-77 43.35 44.48 20.10 
7-16-77 43.43 44.76 20.13 
7-18-77 42.42 26.99 Dry 20.11 
7-19-77 42.26 26.87 II 20.13 
7-20-77 44.51 26.89 II 20.09 
7-21-77 44.54 26.91 II 20.10 
7-22-77 44.50 26.94 II 20.12 
7-26-77 44.39 26.93 II 20.11 
7-29-77 44.11 26.92 42.88 20.01 
7-30-77 44.06 26.92 Dry 19.97 
8-03-77 44.25 26.91 20.02 
8-05-77 44.11 26.87 20.03 
8-07~77 43.64 26.90 19.99 
8-08-77 43.68 26.90 19.97 
8-12-77 43.48 26.86 19.85 
8-14-77 43.42 26.86 19.83 28.90 
8-16-77 43.18 26.84 19.83 28.90 
8-18-77 43.07 26.89 19.82 28.91 
8-21-77 26.89 19.77 28.92 
8-23~77 42.80 27.02 19.54 28.94 
8-27-77 Dry 27.03 19.63 29.19 
9-09-77 26.99 19.56 29.11 

10-01-77 Dry 20.85 Lost 
10-14-77 , 

20.44 
11-04-77 21.99 
11-26-77 19.80 
3-03-78 23.74 
3-10-78 24.07 
4-14-78 24.51 
5-05-78 24.66 
6-17.:.78 24.42 II 

7-14-78 24.06 II 



D-3 

Lucky Friday #1 Water Level El evati·ons, in ft. (Add 3200 for MSL elevations) 

Date 9-A 10-A 11-A 

6-22-77 
6-23-77 
6-27-77 
6-30~77 

II 

It 

7-01-77 
II 

7-02-77 
7-03-77 
7-04-77 
7-05-77 
7-06-77 
7-07-77 
7-08-77 
7-11-77 
7-12-77 
7-13-77 
7-14-77 
7-16-77 
7-18-77 
7-19-77 
7-20-77 
7-21-77 
7-22-77 
7-26-77 
7-29-77 
7-30-77 
8-03-77 
8~05-77 
8-07-77 
8-08-77 
8-12-77 
8-14-77 
8-16-77 14.21 6.70 Dry 
8-18-77 14.06 6.65 II 

8-21-77 14.12 6.65 It 

8-23-77 14.12 6.61 II 

8-27-77 Dry 6.63 II 

9-09-77 14.10 6.57 It 

10-01-77 14.31 Lost Lost 
10-14-77 Lost 
11-04-77 
11-26-77 
3-03-78 
3-10-78 
4-14-78 
5-05-78 
6-17-78 
7-14-78 



APPENDIX E 

Water Levc-i Elevations in Pi·ezometers 

Ga 1 ena Tail i.ng Impoundment No. 3 

August 1977 - July 1978 



l 
E-1 

Galena #3 Water Level Elevations, ;·n feet above datum (see Figure 5). 

Date 1-A 2-A 2-B 3-A 3-B 3-C 4-A 4-B 

8-21-77 Dry Dry Dry Dry Dry Dry Dry Dry 

8-22-77 II II It II II II II II 

9-10-77 II II It It II II It II 

10-01-77 II II II II II II II II 

10-14-77 II II II II II II II II 

11-04-77 II II II II II II II II 

11-26-77 II II II II II II II II 

3-03-78 73.82 85.41 85.95 87.05 88.83 II 88.12 88.97 
3-10-78 74.09 87.50 87.84 89.46 89.52 " 91.51 91.91 
4-14-78 74.07 85.41 85.83 86.69 88.67 II 88.24 88.73 
5-05-78 73.16 81.88 82.82 83.29 85.97 II 83.34 86.32 
6-19-78 72.12 79.16 Dry Dry Dry II Dry Dry 
7-14-78 71.57 77.97 " II II II II II 



E-2 

Galena #3 Water Level Elevations, ;·n feet above datum (see Figure 5). 

Date 4-C 5-A 6-A 6-B 7-A 8-A 9-A Pond 

8-21-77 Dry Dry 71.92 Dry 93.11 99.50 39.49 

8-22-77 II II 72.30 It 99.51 39.49 

9-10-77 " II 72.80 II 93.28 99.81 39.55 90.54 

10-01-77 II II 73.14 II 93.64 99.86 39.71 90.88 

10-14-77 II II 73.09 " 93.21 99.80 39.49 90.39 

11-04-77 " II 73.42 " 93.40 99.86 39.87 90.26 

11-26-77 II II 73.70 " 94.11 100.50 39.95 91.43 

3-03-78 " 61.96 74.15 85.70 94.24 100.29 40.52 92.76 

3-10-78 93.05 62.32 74.51 86.62 94.53 100.59 40.60 Lost 

4-14-78 Dry 63.26 74.07 85.42 94.42 100.42 40.70 

5-05-78 II 63.24 73.61 84.71 94.36 100.19 40.66 

6-19-78 II 62.57 73.48 84.65 94.21 99.90 40.53 

7-14-78 II 62.15 73.58 85.34 94.12 99.86 40.34 



APPENDIX F 

Piezometer Locations and Water Level Measurements 

Page Tailing Pile 

Single Measurement on June 10, 1977 



F-1 

PAGE TAILING PILE PIEZOMETERS 

Order Location Measuring Length Water 
of Number Coordinates* Poi·nt of Level 

Meas- Marked X y El evatfon* Tube Elevation Remarks 
urement on Tube (feet) [feet) (feet} 

East Pfle Piezometers 

1 EP-7-16 5474 3227 2225.34 18.30 2213.92 
2 EP-7-23 It It 2225.33 24.80 2213.81 
3 EP-57- 5343 2908 2225.44 17.80 2220.96 
4 EP-56-30 5560 2335 2224.20 32.00 2203.85 through pile 5 EP-56- II II 2223.73 16.50 2220.22 
6 EP-6-23 5743 2188 2222.71 24.79 2203.71 through pile 7 E .-;-6-? II II 15+ elev. unknown 8 EP-6-20 n II 2221.94 21.65 2212.6 
9 EP-6-? II II 10+ elev. unknown 10 EP-2-20 5754 2704 2223.76 23.40 2212.67 through pile 

11 EP-2-17 II II 2224.24 18.50 2215.28 
12 EP-2-13 It It 2223.43 14.67 2214.65 
13 EP-2-30 II II 2223.94 27.60 2207.41 through pile 

West Pfle Piezometers 

14 WP-7-25 3237 1600 2214.80 26.65 2192.23 NW corner 15 WP-7-22 II It 2214.91 23.40 2194.77 II 

16 WP-7-21 It II 2215.70 24.05 2193.99 II 

17 WP-4-30 3211 1859 2214.13 26.90 2194.24 through pi 1Je 18 WP-4-24 II n 2214.84 25.65 2193.92 through pile 19 WP-4-19 II II 2214.71 20.64 dry 20 WP-6-18 3181 2142 2215.47 19.90 2197.22 SW corner 21 WP-6-21.5 II It 2215.25 22.70 2197.14 It 

22 WP-6-25 II II 2215.10 26.25 2196.43 II 

23 WP-6-20 II II 2214.90 20.70 2198.03 It 

24 WP-13-20 3472 2380 2216.37 21.85 2202.16 25 WP-13-? II It 2216.34 19.80 2202.12 26 WP-13-16 II II 2216.26 17.50 2202.21 27 WP-1-18 3730 2590 2218.72 20.90 2208.64 SW of lagoon 28 WP-16-28 3760 2090 2217.85 26.40 2209.88 through pile 29 WP-16-15 It II 2217.81 19.55 2212.98 through pile 30 WP-16-30 II II 2217.52 18.02 2212.74 through pile 31 WP-45-30 3542 1965 2216.20 21.40 2194.93 32 WP-45-16-G II It 2216.20 17.35 2200.79 33 WP-45-21 II II 2216.27 25.30 2199.12 34 WP-45-18 II II 2215.75 19.95 2199.77 35 WP-14-G 3695 1672 2216.73 24.14 2197.48 through pile 36 WP-14-20 II It 2216.25 21.75 2198.97 37 WP-14-24 If II 2216.76 25.25 2195.59 through pile 38 WP-15- 4060 2784 2223.05 14.80 2211.58 S of 1 a goons 



F-2 

PAGE TAILING PILE PIEZOMETERS 

Order. Location Measuring Length Water 
of . Number Coordinates* Point of Level 

Meas- Marked X y Elevation* Tube Elevation Remarks 
urement on Tube. (feet} (feet) (feet) 

Perimeter Piezometers 
39 0-1 4410 3012 2208.79 6.40 2207.05 
40 P-1 3450 2489 2198.76 7.50 2197.50 
41 p..;2 3431 2504 2199.72 6.80 2197.33 
42 D-1 3762 1608 broken 
43 D-2 3786 1577 2197.74 7.20 2194.13 
44 4+ origin unknown 
45 NP-5 4175 1640 2200.37 4.91 2197.53 
46 A-1-G 3050 2110 2197.28 8.30 2194.8 West swamp 
47 3095 1843 2+ origin unknown 
48 II II 6+ origin unknown 
49 B-2 3026 1824 2196.16 9.05 2191.90 
50 II II 2+ elev. unknown 
51 II It 3+ dry, plugged 
52 Steel pipe; W.S. 3.56' below M.P. elev. unknown 
53 Steel pipe; W.S. 5.55• below M.P. elev. unknown 
54 B-3 2886 1794 2194.99 8.00 2191.43 
55 B-4 2714 1791 2196.20 9.18 2191.25 
56 C-11 2742 1557 2196.13 10.25 2188.83 
57 c..;3 2969 1494 2194.23 10.60 2186.93 
58 5+ origin unknown 
59 C-10 3230 1255 2199.26 12.90 2190.15 
60 A-4 2994 2152 2195.70 7.30 2194.28 
61 A-2 2988 2095 2196.03 7.40 2194.62 
62 A-3 not found 
63 A-6 not found 
64 Steel pipe; W.S. 6.00' below M.P. origin unknown 
65 NP-2 5300 1890 2205.76 5.00 2203.71 
66 NP-1 5528 1940 2206.82 5.00 dry 
67 J-1 5890 2000 2206.12 5.00 2204.00 NE of pile 
68 J-2 5926 1919 2207.29 8.50 2203.83 II 

69 J-3 5953 1851 broken 
70 2.7+ origin unknown 
71 J-5 6028 1908 2205.15 6.20 2204.51 
72 K-1 5930 2470 2205.76 8.00 2204.28 East swamp 
73 M-1 5556 3382 2211.07 11.90 2205.89 

Treatment Plant Piezometers 
74 EP-5A-12 5260 2573 2226.84 . 17.40 2225.13 
75 EP-5A-15 II II 2226.81 18.65 2224.60 
76 EP-SA-27 II II 2226.87 29.40 2223.89 through pile 
77 II II 13.25 submerged 
78 EP-45A 4979 2510 2226.77 17.20 2224.60 
79 EP-4A 4776 2479 2226.84 19.55 2222.67 
80 EP-8A 5000 1971 2226.94 22.00 2224.20 
81 EP-59A 4956 2796 2227.76 18.35 2225.78 
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Treatment Plant Piezometers (continued} 

82 A-1-14 3940 2091 2229.95 28.00 2218.03 

F-3 

Remarks 

83 l~n PVC pipe 24• long; W.S. 9.79'~ below M.P. origin unknown 

*Coordinates, measuring point elevations, and some tube lengths from 
Marilla (1975} and Hitt (1974). Other tube lengths and all water levels 
were measured by M. Gross and T. Eckwright in June 1977. 
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