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Background
The Frank Hough Mine, more commonly known as the Hough Mine, is an abandon mine site
located approximately 17 miles west of Lake City in Hinsdale County, Colorado. The mine site
lies near the northwestern edge of the Lake City Caldera just below Engineer Pass and is
adjacent to the Engineer Pass Road Right of Way at an elevation of 12,700 feet. It is accessed via
the rugged 4x4 Engineer Pass Road, which sees hundreds of visitors daily from June through
October, traveling between the historic mining towns of Silverton and Lake City. The mine site
is located on privately held claims, directly adjacent and upstream of Bureau of Land
Management (BLM) managed lands, and consists of a shaft, driven to 425 feet with multiple
working levels, and an approximately 100 foot deep adit that discharges twenty gallons per
minute (gpm). The mine is located in headwaters of North Palmetto Gulch, a tributary to
Palmetto Gulch and Henson Creek. Waste from the shaft and adit expanded outward as mining
continued and the adjacent drainages were overwhelmed and impacted by the waste.
Production from the Hough Mine began in 1882 (Photo 1: USDA 1916 photo of the Hough
Mine). The stockwork mineralization in the mine area was diverse. Ore extracted from the mine
included chalcopyrite, galena, sphalerite, and hessite. Major commodities recovered from the
Hough Mine included gold, silver, and copper with minor amounts of lead. Trace minerals
associated with the deposit include tellurium, antimony, zinc, and cadmium. The mineralization
is hosted in chloritized andesite and sandstone. Because the rock mined from the Hough Mine
was rich in metal sulfides, the waste rock began to negatively impact water quality in Palmetto
Gulch and Henson Creek as mining continued. The mine site eventually grew to approximately 7
acres in size, most of which was covered with waste rock. Production ceased at the mine in 1963
and was abandoned.
Abandoned Mine Problem
In 2005, the Division of Reclamation, Mining, and Safety (DRMS) completed an analysis of the
mine waste dumps in the Henson Creek Watershed, and ranked the sites for reclamation priority
based on size, pH, and metals contamination. The upper and lower waste rock dumps of the
Hough Mine ranked first and second, respectively, for reclamation priority (Photo 2: Aerial view
of upper and lower Hough Mine Waste Rock Dumps). Sediment samples collected at the Hough
Mine indicated very high levels of Lead(Pb) (3,000 mg/kg), Arsenic (As)(1,800 mg/kg), Copper
(Cu) (1,800 mg/kg), and Aluminum (Al) (60,000 mg/kg), and pH ranging from 1.9 to 5 (standard
units). The portal drainage also contributed elevated levels of Zn (1,200 g/l), Cd (7.5 µg/l), and
Cu (1,600 µg/l), and had a pH of 5.8.
Water quality data had been collected in the Henson Creek watershed since the late 1970s,
however it wasn’t until 1999 that annual data began to be recorded. Palmetto Gulch was 303d

listed for Zinc (Zn) and Cadmium (Cd) in 2002, and subsequently in 2004, 2006, and 2008. The
Total Maximum Daily Load (TMDL) was completed in 2008 and accepted by Colorado
Department of Public Health and the Environment (CDPHE) in 2009. Palmetto Gulch is
classified as Aquatic Life Cold 2, Recreation E, Agriculture. Palmetto Gulch is the most
significant source of metals loading to Henson Creek, which was 303d listed for Zn and Cd in
2008 and is classified as Aquatic Life Cold 1, Recreation E, Water Supply, Agriculture. Henson
Creek above Palmetto Gulch attained all water quality standards and was not listed on the 303(d)
list. The TMDL for Henson Creek was completed in 2009 and accepted by CDPHE in 2010.
Both the Palmetto TMDL and the Henson TMDL were funded by Section 319, Non-Point source
funds, awarded to the Lake Fork Valley Conservancy and were part of a larger watershed
assessment. The TMDL identified that 72% of the cadmium and 62% of the Zn in Palmetto
Gulch were generated from mining sources in Palmetto Gulch, and 26 percent of the total Cd
load, 55 percent of the total Cu load, 21 percent of the total zinc load, and the only source of As
loading into Palmetto Gulch during high flows were generated from the Hough Mine waste piles.
The expansive foot print and irregular grade of the waste piles allowed for a large amount of
water to continuously move through the mineralized waste rock generating acid rock drainage
and leaching heavy metals into Palmetto Gulch directly and Henson Creek downstream. The pH
of Palmetto Gulch downstream the mine site ranged from a low of 2.7 to a high of 5 throughout
pre-reclamation monitoring.
Project Development
DRMS began exploring reclamation options and collecting additional site data in the fall of
2008. Personnel from the Unites States Geological Survey (USGS), the Bureau of Land
Management (BLM) and DRMS collected geophysical data utilizing direct current resistivity and
magnetometry to determine the quantity of mine waste within the site, and to determine potential
groundwater interaction with the mine waste. Results from the geophysics indicated
approximately 30,000 cubic yards of waste rock were located at the site, however, determination
of groundwater/mine waste interaction inconclusive. In 2010, due to downstream impacts on
BLM lands, BLM, through an interagency agreement with the Environmental Protection Agency,
provided DRMS funds to complete characterization of the mine site, which included drilling and
development of sixteen boreholes to monitor groundwater levels, and a hydrologic study to
determine the proper sizing of culverts to drain above basin water through the site. Six of the
borings were paired to determine water interactions at the bedrock/mine waste interface, and
deeper in the bedrock surface. The boreholes were furnished with pressure transducers, and
groundwater levels were monitored until reclamation began on the site.
Reclamation Design
Several reclamation design alternatives were considered for the Hough Mine. Design alternatives
ranged from installing hydrologic controls to control run on and run off from the site to a full
encapsulation of the mine waste with an impermeable liner. Groundwater level monitoring prior
to reclamation indicated minimal groundwater interaction with the lower waste rock dump,
indicating this was an ideal location for the waste consolidation. The preferred alternative
involved consolidating the two waste rock piles into one repository, capping the wastes with an

impermeable liner and rock cover from an on-site borrow source, along with installing
hydrologic controls throughout the site. A poly-propylene liner was chosen for the site because it
could be welded into 30,000 square foot panels prior to being brought to the site. This allowed
the liner to be installed in five panels rather than much smaller pieces, which was ideal for the
remote location, and difficult working conditions at the site. This design was chosen due to the
waste rock’s high capacity for generating acid rock drainage, the project’s remote location, and
the short construction season at 12,700 feet. Additional reclamation of the site would include
installation of four new culverts to convey water under the Engineer Pass Road into the
hydrologic control channels on the north and south sides of the project area, and closure of the
mine portal and collapsing shaft (Photo 3: Preliminary Reclamation Design).
Funding for the project was secured in 2012 through a Clean Water Act, Non-Point Source (319)
grant from CDPHE and state severance tax to match the grant. The primary reclamation goal
was to reduce metals loading to Palmetto Gulch by 50% following reclamation of the site. The
project was bid in the fall of 2012, for summer 2013 construction. Mountain Region Corporation
was awarded the bid for $400,480.
Project Construction
Mountain Region Corp. mobilized to the project area on July 8, 2013. Two D-8 bulldozers, an
excavator, and front end loader were mobilized to the site, via engineer pass road. Traffic
control was necessary to move the bulldozers to the site, due to their size, and the rough, narrow
road. Prior to excavation of the mine waste, two temporary diversion channels were developed
to direct storm water away from the mine waste, and the adit drainage was diverted to allow the
large canyon below the mine portal to be backfilled and included in the repository. Excavation
of the mine waste material was initially accomplished using bulldozers. Due to the large
quantity of waste to be moved, the dozers pushed the waste materials from the upper portion of
the site (Photo 4: Dozers pushing waste in Upper waste rock dump), and consolidated waste on
the lower waste rock dump.
The wastes were over twenty feet thick in places, and extremely acidic. Excavation was
complicated by a frozen section of mine waste buried in the upper waste dump, that when
exposed, melted and created very wet working conditions. Several seeps and springs were
identified during excavation of the site, which had not been captured by pre-reclamation
groundwater monitoring. Field measured pH values of the seep water were between 2.5 and 4.
The repository design had to be modified to accommodate the seeps, which changed the size and
shape of the repository. Several seeps located in the adit drainage channel were identified
following diversion of the drainage (Photo 5: Seeps and springs located in adit channel
following adit water diversion). Due to the seeps, the repository was moved to the south, and the
adit drainage channel would stay in place and serve as the north drainage channel for the site.
The mine wastes were consolidated on the lower waste rock dump, and the repository was
graded to have slopes of 2.5:1 where possible. Non-contaminated materials were separated and
stockpiled on-site for use in final grading. Grading was accomplished with a tracked excavator.

Approximately 28,300 cubic yards of waste were removed from the upper dump and placed onto
the lower dump to form the repository. Simbeck and Associates were subcontracted to install the
Poly-Propylene liner on the repository, however, only one panel was installed before rains made
the site too wet to work. Heavy rains throughout August and September of 2013 created difficult
working conditions, causing several project delays, and made it impossible to install the liner
correctly. The project was suspended due to excessive rain on August 23, 2013, resumed on
September 3, 2013, and suspended again on September 12, 2013, due to heavy snow.
Project activities resumed in July of 2014. Simbeck and Associates completed the 110,000 cubic
foot poly-propylene liner installation. Mountain Region Corporation covered the repository with
approximately six inches of fine material, followed by approximately twelve inches of coarse
rock, which had been excavated and screened onsite (Photo 6: PPE Liner during rock cover
installation, Photo 7: Covering PPE Liner with fine materials, prior to rock cover).
Permanent diversion channels were constructed to divert run-on water away from the reclaimed
portion of the site. A culvert with a steel grate was installed into the draining mine adit, and the
main channel, which conveys the adit water was graded to increase positive flow, and move
water away from the toe of the repository. Four culverts that conveyed water from above the site,
under the Engineer Pass road, and onto the Hough Mine were replaced with double walled
HDPE, properly size culverts. The culverts were placed to divert water around the Hough Mine
reclamation into the constructed channels. Construction activities were completed in early
September, 2014 (Photo 8: Final Reclamation Landscape at the Hough Mine, Photo 9: PostReclamation Aerial image of the Hough Mine).
Excavation of the southern portion of the site uncovered native soils, with lower metals levels
than in other portions of the site. DRMS contracted with Alpine Eco to complete native seed
collection in the project vicinity, for use in revegetation following construction activities. Early
snow in 2014 made the site inaccessible requiring revegetation to occur in summer 2015, on
approximately ½ acre of the Hough Mine site. The total cost of the reclamation of the Hough
Mine was $467,205.00. Funding for the reclamation project was provided by a Non-Point
Source grant from CDPHE and matching funds from state severance tax.
Post Reclamation Monitoring
Post reclamation monitoring began in the fall of 2014, and is on-going. High and low flow
downstream water quality samples were collected in 2015 and 2016. Initial water quality data,
approximately 1 mile downstream from the reclamation site indicate an increase of pH to 6.08
from approximately 5 during high flow, and to 6.9 from 4.5 during low flow. Dissolved (d) and
total (t) concentration reductions, measured from the median historic pre-reclamation high flow
data, indicate a 70% (d) and 95% (t) reduction in Cd, an 88% (d) and 75%(t) reduction in Cu,
92% (d) and 89% (t) reduction in Mn, and a 95% reduction in both dissolved and total Zn .
Dissolved and total metals concentration reductions, measured from median historic prereclamation low flow data indicate a 38% (d) and 40% (t) reduction in Cd, a 92% (d) and 79% (t)
reduction in Cu, and 22% (d) and 25% (t) reduction in Zn. Reductions were also seen in both

high and low flow As concentrations, specifically dissolved As was reduced roughly 95%
reduction from historic pre-reclamation concentrations. Total and dissolved Mn concentrations
increased in the low flow event by approximately 25%. This may be explained by an increase in
Mn above the project site.
Post reclamation sampling continued in 2017, showing continued water quality improvements in
some metals, specifically in Henson Creek below the confluence with Palmetto Gulch. Field
measured pH values have stabilized following reclamation, and were circum neutral immediately
downstream of the site in 2017. The effects of the reclamation can be measured throughout
Palmetto Gulch and in the upper reaches of Henson Creek, where 64 to 72% reductions in Cd,
Mn, Zn, and Cu were measured in high flow conditions and 10 to 15% reductions were measured
in low flow conditions. During the high flow event in 2017, Cd concentrations in Henson Creek
had dropped 45% from historic pre-reclamation concentration directly below the inflow from
Palmetto Gulch, and had dropped 68% and to below table value standards approximately 5 miles
downstream.
DRMS anticipates continued improvement of water quality downstream as the reclamation site
equilibrates.
Project Partners and Volunteers
DRMS partnered with several government agencies and non-profit organizations to accomplish
the reclamation of the Hough Mine and the post reclamation monitoring. Partners included; CO
CDPHE, Town of Lake City, Lake City Road and Bridge, Lake Fork Valley Conservancy,
Mountain Region Corporation, Shannon and Wilson consultants, BLM, the private land owners
of the Hough and adjacent claims, Alpine Eco, Alpine Environmental Consultants, and others.
These project partners made reclamation of the site possible, by providing funding, construction
services, consulting, traffic control, and overall support for the project.
Volunteers from the Lake Fork Valley Conservancy and citizens of Lake City assisted DRMS
personnel in collecting, drying, and spreading native seed for the revegetation of portions of the
reclaimed site. Volunteers from the BLM, National Park Service, citizens of Lake City, Lake
Fork Valley Conservancy, students from Western State Colorado University, and CDPHE have
assisted and continue to assist DRMS personnel in water quality monitoring (Photo 10:
Volunteer collecting flow in Henson Creek, Photo 11: Volunteers at the summit of Engineer
Pass). The work completed by these volunteers is invaluable to the success of the reclamation
project.

