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Introduction

A cid mine drainage (AMD) from  abandoned mines degrades  streams and riparian areas and may harm fish
               and wildlife. Plugging mine openings to eliminate or reduce the  flow of AMD has had only limited success.
               Expensive water treatment plants that require power and frequent maintenance are not feasible for
abandoned mine sites on remote lands managed by the U.S. Department of Agriculture, Forest Service. This report is
the third that has been produced by a partnership of the Montana Bureau of Mines and Geology and the Missoula
Technology and Development Center (MTDC).

In 1998 the Montana Bureau of Mines and Geology began an adit discharge-monitoring project at the Charter Oak and
Elkhorn Mines in Montana. These mines are typical hard-rock mines with adit discharges similar to many mines
throughout the United States. This project investigated the yearly variation in the flow and chemical composition of
discharges from these mines. Typically, adits are sampled only once. Water treatment methods are chosen based on
that sample. This project’s goal was to improve the ability to reduce AMD by measuring water quality and quantity
throughout the year. These measurements may help explain the source of the discharge water, knowledge that could
help in treating or controlling AMD from the mine.

Discharge data were collected at the two sites using conventional measuring devices and long-term recording
instruments. Water-quality parameters were recorded using dedicated electronic monitoring instruments. The field
parameters included: pH, specific conductivity, oxidation-reduction potential (ORP), temperature, dissolved oxygen, and
turbidity. Data were retrieved and water samples were taken to determine the complete inorganic makeup (pH, Fe, SO4,
Al, As, Cd, Cu, Ni, Zn, Pb) on a 6- to 8-week cycle for 18 months (November 1998 to March 2000).

The ground-water recharge and discharge system at the Charter Oak adit is localized and could easily be controlled
by ground source control methods (bold italic words are defined in the glossary). Our next report will suggest how to
implement a specific recharge control method using data that could be obtained with resources ordinarily available to
Forest Service managers rather than the extensive water quality and quantity data we collected. The water quality at
the Charter Oak Mine fluctuated throughout the year, so a treatment process based on a single measurement at this
site would probably have failed.

The ground-water recharge and discharge system at the Elkhorn adit is substantial. The water quality remains constant
throughout the year but the flow varies substantially. At both sites, the variation of discharge water quality and quantity
were significant. Designs to improve water quality or control the  adit discharge need to consider these variations.
Normally, these variations are not recognized because only one measurement is taken. Ground source-control
methods, such as minimizing water infiltration to the recharge area, are likely to be more successful at the Charter Oak
Mine than at the Elkhorn  Mine. Such methods could possibly be employed at the Elkhorn Mine, but a successful
treatment program would be likely to include applications within the mine such as grouting and plugging.
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The Charter Oak Mine

The Charter Oak Mine operated intermittently from 1916 to 1966, producing 9,127 tons of ore that yielded 382 ounces
of gold, 39,146 ounces of silver, 10,041 pounds of copper, 672,046 pounds of lead and 168,270 pounds of zinc
(McClernan 1976). The dominant rock type at the Charter Oak Mine is an andesite that hosts two main veins. One vein,
at least, is vertical and the other’s orientation is unknown (Pardee and Schrader 1933). Mineralization consists
principally of argentiferous galena and boulangerite (a lead-antimony sulfide) (Pardee and Schrader 1933) along with
arsenopyrite, sphalerite, and plumbojarosite in quartz. Robertson (1956) describes the Charter Oak Mine as the
Hopkins Mine. McClernan (1976) provides a 1-inch to 50-foot-scale underground mine map. The map shows 300 feet of
a northwest-trending drift splitting as it encounters the northeast-striking, 88 degrees east southeast-dipping fault-
controlled vein. Elliot and others (1992) say that five adits were driven along shear zones in Cretaceous andesite.
Pardee and Schrader (1933) report that some of the ore here was treated at a small mill onsite, while some was
shipped directly to the smelter. McClernan (1969) refers to a “Hopkins Mill” in the vicinity of the Charter Oak Mine.
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Figure 1—This is a typical adit that has not collapsed. The opening is partially submerged and is discharging about 10
gallons per minute of acid mine drainage. Dissolved arsenic and metals make the water very toxic.

The discharge from the adit at the Charter Oak was monitored with a 90-degree V-notch weir and a chart recorder. The
chart recorder was placed on a temporary foundation consisting of plywood and concrete blocks (figures 2a, 2b, and
2c). Because the ground near the portal was unstable, the weir was installed about 50 feet downstream (figure 3). The
discharge ranged from about 0.4 gallons per minute to about 10 gallons per minute during the period of record. The
greatest discharge occurred in early May during snowmelt and storm events; some of this additional discharge was due
to runoff from outside the portal, but most appeared to be from within the portal. The discharge generally declined
throughout the rest of the year (figure 4).

The Charter Oak Mine and nearby  mill (T9N-R7W, 36CCB) are on  lands administered by the Helena National
           Forest along the Little Blackfoot River near Elliston, MT. This site was identified in 1998 by the Montana Bureau
           of Mines and Geology and the Forest Service as having several potential environmental impacts (Hargrave and
others 1998, figure 1). In particular, the concentration of several dissolved constituents in the lower adit discharge
exceeded secondary and primary drinking water standards (that protect people) as well as acute and chronic aquatic
life criteria (that protect wildlife).
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The Charter Oak Mine

Figure 2a—The V-notch weir at the Charter Oak Mine with the chart recorder and field-parameter recorder.

Figure 2b—The adit is about 50 feet upstream (to the right). The thin cylinder is the recording device that measures the
physical characteristics of the water. The float is the pan-shaped object connected by a wire to the chart recorder shown

above.

Figure 2c—The float measures the height of water flowing over the V-notch weir. This height is converted to flow.



The Charter Oak Mine

Field parameters such as temperature, pH (acidity), and specific conductivity generally show seasonal trends
(figures 5a, 5b and 5c). Water temperature, for example, follows a seasonal trend, with diurnal fluctuations. In early
February 1999, the discharge stream around the temperature probe froze completely, as indicated by the negative
values. Overall, water quality appears to be best just before the spring melt and poorest during higher flows. The data
are shown in table 1.
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Figure 3—The Charter Oak adit and the recorder installed about 50 feet downstream. The pond is very toxic. Water from the
pond eventually runs into the creek below.
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Figure 4—Discharge peaked at the Charter Oak lower adit from April to June 1999. These data suggest that the recharge area
for this adit is localized



The Charter Oak Mine
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Figure 5a—The greatest fluctuation in temperature (figure 5a), pH (figure 5b), and specific conductivity (figure 5c) at the
Charter Oak Mine coincided with seasonal changes in discharge; the higher the discharge, the higher the pH, and the lower

the specific conductivity.
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Figure 5b—Fluctuations in pH at the Charter Oak Mine from July 1998 to June 2000.
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The Charter Oak Mine
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Figure 5c—Fluctuations in specific conductivity at the Charter Oak Mine from July 1998 to June 2000.

In the Charter Oak adit we discovered that the ground-water recharge and discharge system is localized in nature and
could easily be controlled by ground source control methods. The water quality fluctuated throughout the year. A
treatment process that was based on a single measurement at this site would probably have failed.
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Sample pH Fe SO4 Al As Cd Cu Ni Zn Pb
Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
6/6/1995 2.88 51.5 500 1541 4568 35.1 369 9.2 68 353
11/23/1998 2.93 31.5 433 2109 1450 28.5 287 21.7 34 2810
11/24/1998 3.01 76.6 502.9 2270 7210 34.6 555 8.8 145 3520
6/28/1999 2.7 136 764.7 3790 13000 69.6 1170 13.4 210 6680
8/30/1999 2.9 64.8 531.9 221 4170 45.1 608 14.1 84 4370
10/6/1999 2.87 45.4 469.5 2620 2340 36.3 454 11.6 53 3440
10/7/1999 2.85 37.6 431.9 2490 1670 33.3 419 11.7 40 3230

Table 1—The concentration of metals in the adit discharge at the Charter Oak Mine varied during different seasons.
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The Elkhorn Mine

Figure 6—The Elkhorn Mine lower adit is gated to prevent persons from being exposed to toxic gases at the mine’s
entrance.

The mine was first worked in 1872. It eventually expanded to 24,000 feet of workings on two levels, each exploiting a
large vein. The Park vein strikes N50E; the Idahna vein strikes east-west (Geach 1972). In its initial development, the
mine produced 15 tons of high-grade ore that contained 500 to 800 ounces of silver per ton. Ore from the first 50 feet of
shaft had 15- percent copper. After a period of inactivity from 1893 to 1906, the Boston-Montana Development
Company operated the mine. The mine was serviced by rail along the Wise River. In 1927 the reservoir at Pattengil
breached and destroyed a large section of the line; this, along with low silver prices closed the mine and mill in 1930.
The railroad, completed in 1919, cost $1,500,000 to build. The mill, completed in 1922, cost $900,000 (Sassman 1941).
The mine was reorganized in 1944 as the Boston Mines Co.

Ruppel and others (1983) reported that the ore is hosted in a Late Cretaceous quartz monzonite or granite associated
with the Pioneer Batholith. One set of veins strikes north 50  degrees east and dips 65 to 85 degrees southeast. The
other minor set strikes generally east-west and dips steeply to the north (Evans 1946). Vein minerals included quartz,
pyrite, tetrahedrite, galena, sphalerite, chalcopyrite, and molybdenite.

The discharge from the adit at the Elkhorn Mine was monitored with a 3-inch parshall flume and a chart recorder
(figures 7a, 7b, and 7c). The flume and recorder were installed just inside the portal, which had recently been repaired.

T he Elkhorn Mine is on patented  mining claims and land  administered by the Beaverhead-Deerlodge National
            Forest in T4S-R12W, Section 14 (AADD) and Section 11 (DDDB) near the “ghost town” of Coolidge, MT. The
            site was identified in 1998 by the Montana Bureau of Mines and Geology and the Forest Service as having
several potential environmental impacts to water and soil (Marvin and others 1998). At the lower site, the adit was
discharging over 100 gallons per minute of poor quality water (figure 6).



The Elkhorn Mine

Figure 7a—The flume used to measure flow at the Elkhorn Mine is shown left of center.

Figure 7b— The field water-quality parameters were recorded by a sonde suspended from a rope in the pool upstream of the
flume.
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The Elkhorn Mine

Figure 7c— Note the dark staining on the timbers in the lower right of the photograph. These stains are the high-water mark.

Some 12 to 14 inches of thick ferric-oxyhydroxide precipitate formed when the stream was channeled, changing the
water level in the portal. The discharge ranged from a minimum of about 80 gallons per minute to a maximum of about
130 gallons per minute during the period of record (figure 8). The greatest discharge occurred in May and June during
snowmelt and spring storm events and generally declined throughout the rest of the year.
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Figure 8—The flow from the Elkhorn adit does not peak until June. The flow remains high until November, demonstrating
that ground water from a large area influences the flow.
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The Elkhorn Mine

Page 10

Temperature, pH, and specific conductivity show some seasonal trends, particularly in the spring months (figures  9a,
9b and 9c). Water temperature, for example, follows a seasonal trend overall, with the lowest temperature in late winter.
The annual range in temperature, however, is less than 2 degrees Celsius—suggesting a deeper ground water flow
source. Overall, water quality appears to be best just before the spring melt and poorest during higher flows. The range
of values throughout the year, however, are small. The probes were fouled by precipitating ferric oxyhydroxides (a rust-
like substance, figure 10), repeatedly degrading the dissolved oxygen and oxidation reduction potential data. Table 2
shows metals in the adit discharge at the Elkhorn Mine.
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Figure 9a—Seasonal changes in discharge rates at the Elkhorn Mine did not coincide with the greatest fluctuations in
temperature (figure 9a), pH (figure 9b), or specific conductivity (figure 9c).
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Figure 9b—Fluctuations in pH at the Elkhorn Mine from July 1998 to June 2000.



The Elkhorn Mine
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Figure 9c—Fluctuations in specific conductivity at the Elkhorn Mine from July 1998 to June 2000.

Figure 10—Ferric hydroxides precipitated on the probes of the recorder sonde within a few days. The quality of the
measurements of some parameters such as oxidation reduction potential and dissolved oxygen degraded as the probe was

fouled with precipitates.



The Elkhorn Mine
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Sample pH Fe SO4 Al As Cd Cu Ni Zn Pb
Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
9/9/1996 7.9 <0.003 247 <30 <1.00 <2.0 15 7.8 <2.0 28
11/25/1998 6.16 0.036 111 <30 4.2 12.6 264 5.8 <2.0 2,380
6/2/1999 6.37 0.316 105 110 4.01 10.2 381 <2.0 16.3 3,520
7/30/1999 5.52 0.334 103 360 3.44 17.2 526 2.2 80.2 2,860
9/2/1999 5.61 1.49 118 232 3.29 14.9 483 2.4 36.9 2,810
10/5/1999 6.17 0.309 103 126 3.39 13.1 283 2.6 7.8 2,380
11/9/1999 6.06 0.193 103 108 3.36 11.9 263 2.5 9.8 2,390

Table 2—The concentration of metals in the adit discharge remained stable when the flow varied during different seasons at
the Elkhorn Mine.
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Constituents—Constituents are chemical elements and complexes dissolved in the water. These include major cations
such as calcium, magnesium, and iron; major anions, such as sulfate, chloride, and nitrate; “trace” metals, such as
copper, lead, and zinc; and semimetallic materials such as arsenic.

Diurnal Fluctuations—Air temperature and plant activity, which are influenced by sunlight, can influence the chemistry
of surface waters. Specific conductance and pH will show a regular pattern of fluctuations through the day and night to
changes in air temperature and plant activity in response.

Flume—A flume can be placed at the outlet of a dam to capture all of the stream flow. The height of the water flowing
through this specially constructed channel is used to calculate the discharge.

Ground Source Control Methods—Methods to limit the water that would normally enter the water table and even-
tually percolate into the mine. Ground source control methods could include regrading the land around the mine to
reduce potential sources of moisture.

Ground-Water Recharge and Discharge System—The entire ground-water flow system associated with a mine is
composed of the recharge area, the path of ground-water flow into the mine opening, and the “plumbing” system
created by the underground workings.

Grouting—Most underground mines extracted ore from fractured bedrock. The fractures can transmit large amounts of
water. Grouting entails pumping semiliquid material into the fractured rock around the mine. The grout is designed to
withstand the pressure of the ground water to prevent water from flowing into the workings where acid mine drainage is
generated.

Mineralization—Mineralization refers to the emplacement or formation of minerals that are economically valuable.

Plugging—If the rock in which the mine was constructed has sufficient strength, it may be possible to plug the portal or
opening of the mine to prevent water from discharging. The mine fills with water. After a period of time, the water in the
workings returns to a quality similar to that before mining.

Recharge Area—The recharge area is where surface water enters the ground water. This can be a pond, lake, or
stream that is “leaking” water to the ground, or it can be an area where rain or snowmelt enters the ground water. For
small, shallow mines, the recharge area for ground water near the mine may be just a few acres within a few hundred
feet of the mine. For mines that are deep with extensive workings, the recharge area may be several square miles, up
to several thousand feet from the mine.

V-Notch Weir—The weir is a plate or dam with a V-shaped notch in the center that captures all of the stream flow. The
discharge of the stream can be calculated based on the height of the water flowing over the notch. A water-level
recorder can record the water height over an extended period.



About the Authors…
John J. Metesh is an associate research hydrogeologist and associate professor for the Montana Bureau of Mines and
Geology at Montana Tech. He received a bachelor’s degree in geology from Montana State University and a master’s
degree in geological engineering (hydrogeology) from the Montana College of Mineral Science and Technology. He is
certified as a professional geologist in Wisconsin.

Michael D. Kerschen is a hydrogeologist for the Montana Bureau of Mines and Geology at Montana Tech in Butte, MT.
He received a bachelor’s degree in geology from Mesa College in 1983. He began his career working for the U.S.
Geological Survey, and then worked for a private consulting firm before joining the Montana Bureau of Mines and
Geology in 1997. He is a registered professional geologist in Wyoming.

Steve Oravetz became Engineering Program Leader in the spring of 1996. He graduated from the University of
Washington with a bachelor’s degree in Civil Engineering and is now licensed as a Professional Civil Engineer. He
began his career on the Wenatchee National Forest in 1980. While there, he worked on Timber Sale Roads
preconstruction and construction activities. He also was involved with many recreation facility projects. He became
Chief Engineer for the Northeastern Research Station in 1993. He was runner-up for Engineering Manager of the Year
in 1994. Steve has worked as a city building inspector and as a consulting Civil Engineer. His hobbies include drawing
house plans using computer-aided design (CAD) software, fishing, camping, hunting, and traveling.

Library Card

Metesh, John J.; Oravetz, Steve. 2000. Using recharge control to reduce mine adit discharges: a preliminary investigation.
Missoula, MT: U.S. Department of Agriculture, Forest Service, Missoula Technology and Development Center. 14 p.

Describes a preliminary investigation to determine whether adit discharges in some abandoned mines in Montana can be
reduced or eliminated by reducing ground-water flow into the mine workings (recharge control). The Montana Bureau of
Mines and Geology identified 336 sites associated with National Forests or Bureau of Land Management Resource Areas
in Montana where one or more adits discharged water at least part of the year. Only 127 of the sites were on Federal land.
A total of 141 discharges were sampled. Sixty-three of the discharges exceeded one or more of six water-quality criteria.
About 47 of those 63 discharges might be reduced or eliminated with recharge control. Adits that are good candidates for
recharge control are those near a drainage divide. Two mines merit further investigation for recharge control: the Vindicator
Mine on the Beaverhead-Deerlodge National Forest in southwestern Montana and the Beatrice Mine on the Helena
National Forest southwest of Helena, MT. Additional information on both mines will be needed before a comprehensive
plan for recharge control can be completed.

Keywords: groundwater, ground water, mined land, passive treatments, recharge control, remediation, water quality

Additional single copies of this document may be ordered from:

USDA Forest Service
Missoula Technology and Development Center
Building 1, Fort Missoula
Missoula, MT 59804-7294
Phone: 406–329–3978
Fax: 406–329–3719
E-mail: wo_mtdc_pubs@fs.fed.us

For additional technical information, contact Steve Oravetz at the address above.

Phone: 406–329–1037
Fax: 406–329–3719
E-mail: soravetz@fs.fed.us
Lotus Notes: Steve Oravetz/WO/USDAFS

Electronic copies of MTDC’s documents are available on the Forest Service’s FSWeb Intranet at:

http://fsweb.mtdc.wo.fs.fed.us

Page 15


