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Conversion Factors

[U.S. customary units to International System of Units]

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 0.4047 hectare (ha)
Volume
gallon (gal) 3.785 liter (L)
Mass
pound, avoirdupois (Ib) 0.4536 kilogram (kg)
Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m*/s)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows
°F=(1.8x °C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows
°C=(°F-32)/18.

Datums

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).

Elevation, as used in this report, refers to distance above the vertical datum.

Supplemental Information

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (pS/cm).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L)
or micrograms per liter (pg/L). Concentrations of chlorofluorocarbons in water are given in
picograms per kilogram (pg/kg). Concentrations of chemical constituents in soil are given in
milligrams per kilogram (mg/kg) or micrograms per kilogram (pg/kg).

Water year is the 12-month period, October 1 through September 30, and is designated by the
calendar year in which it ends.
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Perchlorate and Selected Metals in Water and Soil
within Mount Rushmore National Memorial,

South Dakota, 2011-15

By Galen K. Hoogestraat and Barbara L. Rowe

Abstract

Mount Rushmore National Memorial is located in the
east-central part of the Black Hills area of South Dakota and is
challenged to provide drinking water to about 3 million annual
visitors and year-round park personnel. An environmental
concern to water resources within Mount Rushmore National
Memorial has been the annual aerial fireworks display at the
memorial for the Independence Day holiday during 1998—
2009. A major concern of park management is the contamina-
tion of groundwater and surface water by perchlorate, which
is used as an oxidizing agent in firework displays. A study by
the U.S. Geological Survey, in cooperation with the National
Park Service, was completed to characterize the occurrence
of perchlorate and selected metals (constituents commonly
associated with fireworks) in groundwater and surface water
within and adjacent to Mount Rushmore National Memorial
during 2011-15. Concentrations of perchlorate and metals in
106 water samples (collected from 6 groundwater sites and
14 surface-water sites) and 11 soil samples (collected from
11 soil sites) are reported.

Within the Mount Rushmore National Memorial bound-
ary, perchlorate concentrations were greatest in the Lafferty
Gulch drainage basin, ranging from less than 0.20 to 38 micro-
grams per liter (ug/L) in groundwater samples and from 2.2
to 54 pg/L in surface-water samples. Sites within the Starling
Gulch drainage basin also had some evidence of perchlorate
contamination, with concentrations ranging from 0.61 to
19 ng/L. All groundwater and surface-water samples within
the unnamed tributary to Grizzly Bear Creek drainage basin
and reference sites outside the park boundary had concentra-
tions less than 0.20 pg/L. Perchlorate concentrations in sam-
ples collected at the 200-foot-deep production well (Well 1)
ranged from 17 to 38 pg/L with a median of 23 ng/L, whereas
perchlorate concentrations in samples from the 500-foot-deep
production well (Well 2) ranged from 2.1 to 17 pg/L, with a
median of 6.1 pg/L. Perchlorate concentrations in samples
of the treated groundwater were similar to the concentra-
tions from Well 1, which was the predominant source of the
water supply at Mount Rushmore National Memorial during
the study period (2011-15). Springflow upstream from the

production wells in the West Fork Lafferty Gulch drainage had
the greatest perchlorate concentrations, ranging from 21 to

54 ng/L. The groundwater site within Lafferty Gulch drainage
basin but downstream from the park boundary also had a per-
chlorate concentration less than 0.20 pg/L in the one sample
collected at the site. Water samples collected at reference sites
generally had concentrations of metals within the same range
of those sites within the Mount Rushmore National Memorial
boundary, presenting little evidence of metal contamination
due to anthropogenic factors within the park boundary. Soil
samples were collected near most water sampling sites and
within the Hall of Records Canyon where fireworks were
launched. Perchlorate concentrations in soil were greatest in
the West Fork Lafferty Gulch drainage and Hall of Records
Canyon, which are topographically higher than the two
groundwater wells.

The perchlorate concentrations in groundwater and
surface water within Lafferty Gulch drainage basin during
2011-15 were greater than the U.S. Environmental Protection
Agency’s Interim Drinking Water Health Advisory benchmark
of 15 pg/L. The perchlorate concentrations in the Mount Rush-
more water supply relative to this benchmark are of concern;
however, this health advisory is based on the assumption that
consumers are using the supply as their primary water source
and currently is not a regulated standard. The groundwater
system at West Fork Lafferty Gulch is highly susceptible to
contamination by way of recharge and is isolated from down-
stream movement by an intrusive body acting as a dam, which
may explain why a contamination problem is not likely to dis-
appear or disperse, as could happen in larger aquifer systems.
The observed deposition of firework debris within Lafferty
Gulch drainage basin coupled with the lack of alternative per-
chlorate sources indicates that past firework displays are the
most probable source of perchlorate contamination.

Introduction

Mount Rushmore National Memorial showcases four of
the Nation’s most venerated presidents carved in a granitic
monument that serves as the focal point within the 1,280 acres
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of National Park Service (NPS) land in the Black Hills of
western South Dakota. The carved memorial is set in the
rugged terrain that was created by the intrusion of granite and
pegmatite into existing country rock and subsequent erosion
of overlying sedimentary units. A challenge for NPS managers
is to provide drinking water to about 3 million annual visitors
and year-round park personnel. About 7 million gallons of
drinking water each year are pumped from two wells, which
are 200 and 500 feet (ft) deep, located about 0.5 mile (mi)
northeast of the memorial and visitor center within Lafferty
Gulch drainage basin. The 200-ft production well (Well 1,
location L-3 on fig. 1) was the single drinking-water source
for Mount Rushmore National Memorial from 1967 to 2010.
A 500-ft well (Well 2, location L-4) was drilled in 2010 to
supplement drinking water provided by Well 1.

An environmental concern to water resources within
Mount Rushmore National Memorial has been the annual
aerial display of fireworks at the memorial for the Indepen-
dence Day holiday during 1998-2009. In preparation for the
firework displays, pyrotechnics were stored in the Hall of
Records that is located west and behind the sculptured heads.
Fireworks were launched from the adjacent Hall of Records
Canyon that ranges in depth from 80 to 120 ft below the Hall
of Records and is approximately 500 ft above the visitor center
(fig. 1). The fireworks were loaded in above-ground polyeth-
ylene mortar tubes that were placed in racks constructed from
1- and 2-inch (in.) pine boards (National Park Service, written
commun., 2009). The sights and sounds of each explosion
associated with the fireworks are the result of several chemical
reactions within the stars—oxidations and reductions taking
place within the firework as it ascends into the sky. Perchlorate
is an oxygenate of choice for fireworks because it is stable
and contains oxygen-rich chlorates with chlorine in oxidation
state +7, which increases the velocity and range of the display
(Trumpolt and others, 2005). A concern by park management
is the potential for contamination of groundwater and surface
water by perchlorate. Perchlorate is exceptionally stable in the
environment, making the compound a persistent and problem-
atic pollutant once groundwater is contaminated (Urbansky,
2002). The carving of Mount Rushmore National Memorial
was accomplished using dynamite as the blasting agent during
1927-41 (National Park Service, 2016). Dynamite is an explo-
sive that contains nitroglycerin and diatomaceous earth or
other adsorbent substances but does not intentionally contain
perchlorate; therefore, the rock blasting used to carve Mount
Rushmore National Memorial is not a likely source of perchlo-
rate in groundwater or surface water during 2011-15.

To address concerns about water quality related to fire-
works displays, the U.S. Geological Survey, in cooperation
with the National Park Service, completed a study to charac-
terize the occurrence of perchlorate and selected metals (con-
stituents commonly associated with fireworks) in groundwater
and surface water within and adjacent to Mount Rushmore
National Memorial during 2011-15. For this study, concentra-
tions of perchlorate and metals were analyzed in 106 water
samples and 11 soil samples.

Perchlorate Description

Perchlorate (CIO, ) is a naturally occurring and man-
made compound that is a component in rocket fuels, fire-
works, and some explosives (Trumpolt and others, 2005)
and has been detected in many water supplies throughout the
country. Most documented occurrences of perchlorate have
been related to military and chemical-manufacturing opera-
tions; however, several studies have documented the presence
of perchlorate in nitrate-bearing minerals from Chile that
have been or are still being used as fertilizers in the United
States (Kalkhoff and others, 2010). Research regarding water
and soil contamination from perchlorate used in firework dis-
plays is limited to a few location-specific case studies. Wilkin
and others (2007) documented perchlorate concentrations for
municipal firework displays over Wintersmith Lake, Okla-
homa. In that study, perchlorate background concentrations
in surface water ranged from 0.005 to 0.081 microgram per
liter (ng/L) prior to the firework display, spiked at 44.2 pg/L
after the display, and decreased toward background levels
within 20-80 days, indicating that degradation of perchlorate
occurred in a relatively short time period. The Massachu-
setts Department of Environmental Protection (MADEP)
performed a fireworks residue field test at the University
of Massachusetts Dartmouth Campus, where 11 years of
firework displays resulted in perchlorate contamination in
soil and groundwater within the study area (Massachusetts
Department of Environmental Protection, 2007). Analyti-
cal results indicated that the groundwater samples collected
after a firework display contained perchlorate concentrations
ranging from less than detection levels to 62.2 pg/L. Surficial
soil samples within the area also were collected, and analyti-
cal results from samples prior to firework displays showed no
detections of perchlorate; however, perchlorate in soils after
the display had measured concentrations of 560 micrograms
per kilogram (pg/kg). The MADEP research revealed that
elevated perchlorate concentrations seem to be from the resid-
ual of multiple firework displays conducted at a single site
over time and that the perchlorate contamination is dependent
on the amount and type of perchlorate used in the firework
display. Mechanisms of perchlorate contamination include
atmospheric fallout of fine particulates from the deflagration
of aerial shells, debris “duds” that fail to ignite and plum-
met to the earth, wide area deposition and transport of shell
fragments and paper debris emanating from ground-based
launching operations as well as aerial bursts, and “misfires”
from shells that do not launch from the mortar (Massachu-
setts Department of Environmental Protection, 2007). Fallout
of fine particulates is thought to occur in a uniform manner,
whereas deposition of shell fragments and debris are irregular
and are dependent on wind conditions, terrestrial features, and
cleanup practices.

Perchlorate absorbs poorly to most geologic materials,
naturally attenuates only in facultative anaerobic environ-
ments, and is highly mobilized in groundwater (Gajjala, 2011).
An adsorption test by Wilkin and others (2007) indicated that
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sediments underlying the water column have a limited capac-
ity (10 pg/kg) to remove perchlorate by chemical adsorp-

tion. In addition, aerobic conditions, such as those at Mount
Rushmore National Memorial documented as part of this
study, are not conducive to microbial degradation of perchlo-
rate. Perchlorate biodegradation in the environment requires
anaerobic conditions, an adequate carbon source, and an active
perchlorate-degrading microbial population (Tipton and oth-
ers, 2003). In addition, the reduced travel time from the source
of recharge to the production wells and the complex hydrogeo-
logic setting of the Mount Rushmore National Memorial area
do not readily allow for the dilution or natural attenuation of
water prior to use as drinking water.

Physical and chemical properties that allow perchlorate
to persist in the environment for many decades may ecologi-
cally pose a risk to aquatic ecosystems (Yu and others, 2004;
Sandeep and Patifio, 2007). Perchlorate is known to disrupt
the thyroid hormone homeostasis in several species includ-
ing humans (Smith and others, 2001) and to target bone
marrow and muscle at high concentrations (Urbansky, 1998;
U.S. Environmental Protection Agency, 2005). Perchlorate
was included on the U.S. Environmental Protection Agency
(EPA) Unregulated Contaminant Monitoring Lists 1 and 2,
and currently (2015) is on the EPA Contaminant Candidate
List 3 (U.S. Environmental Protection Agency, 2015). An
interim EPA Health Advisory was set at 15 pug/L based on the
recommendations from the National Research Council of the
National Academies (U.S. Environmental Protection Agency,
2008). The EPA Health Advisories serve as informal technical
guidance to assist Federal, State, and local officials, and man-
agers of public or community water systems in protecting pub-
lic health when emergency spills or contamination situations
occur. The EPA Health Advisories are not legally enforceable
Federal standards and are subject to change as new informa-
tion becomes available. Some States, however, have estab-
lished standards for perchlorate that are more stringent than
the interim EPA Health Advisory, such as Massachusetts at
2 pg/L (Massachusetts Department of Environmental Protec-
tion, 2006) and California at 6 pug/L (California Department
of Public Health, 2007). A standard of 5 ng/L was proposed in
New Jersey but was rejected (Murray, 2010).

Perchlorate concentrations in groundwater have been
documented by various research agencies in the United
States. Parker and others (2007) sampled 137 wells within the
conterminous United States, where 58 percent of samples had
perchlorate concentrations less than the minimum report-
ing level of 0.12 pg/L and only 9 percent of samples had
concentrations greater than 1 ug/L (maximum of 10.4 pg/L).
Findings from a study of the High Plains area of Texas and
New Mexico indicate that the occurrence of low perchlorate
concentrations could be associated with atmospheric deposi-
tion rather than point-source contamination (Rajagopalan
and others, 2006). Kalkhoff and others (2010) sampled
146 groundwater sites and 171 surface-water sites within the
conterminous United States and determined that 43 percent of

groundwater samples and 19 percent of surface-water samples
had concentrations of perchlorate equal to or greater than the
reporting level of 0.04 pg/L. Only one surface-water sample
and one groundwater sample had perchlorate concentrations
greater than 5 pg/L.

Metals Associated with Firework Displays

Potential sources of metals in water resources within
Mount Rushmore National Memorial include fireworks
displays at the memorial and the natural occurrence of met-
als in the granite and schists that constitute the lithology of
the Mount Rushmore National Memorial area (Redden and
DeWitt, 2008). Major and minor elements that naturally occur
at concentrations greater than 5,000 milligrams per kilogram
(mg/kg) in the central part of the Black Hills include alumi-
num, calcium, iron, manganese, magnesium, potassium, and
titanium (Duke and others, 1992). In addition, metals that
may occur naturally at concentrations greater than 100 mg/kg
include lithium, barium, and strontium; and low-level con-
centrations may occur for antimony, arsenic, cobalt, copper,
lead, zinc, and nickel (Duke and others, 1992). These natu-
rally occurring metals also are used to generate pyrotechnic
stars that produce intense light when ignited during firework
displays. The blast charge inside a shell ignites the spherical
stars that are rolled from metals, salts, and adhesives. The
amount of energy released varies by element and is character-
ized by a particular wavelength that results in bright flashes
of color from specific chemicals (Conkling, 1990). Without
the addition of a coloring agent, the fuel burning in a firework
would produce an almost white light (Steinhauser and others,
2008). For example, lithium and strontium are used to create
reds, barium is used for greens, copper is used for purples
and blues, titanium gives silver-white, aluminum appears
yellow-white, and iron gives a gold effect (Russell, 2000).
An example case study of metals contamination by fireworks
is provided by Steinhauser and others (2008), who noted
increased levels of barium and strontium in precipitation that
fell during and after a fireworks display in Austria.

Purpose and Scope

The purpose of this report is to characterize the occur-
rence of perchlorate and selected metals (constituents com-
monly associated with fireworks) in groundwater and surface
water within and adjacent to Mount Rushmore National
Memorial during 2011-15. Concentrations of perchlorate and
metals in 106 water samples and 11 soil samples are reported
herein. Samples were collected from 6 groundwater sites,

14 surface-water sites, and 11 soil sites. Information about
field properties of water samples and approximate groundwa-
ter ages also are presented. A general description of probable
perchlorate sources is presented using information collected
during 2011-15.



Description of Study Area

Mount Rushmore National Memorial is located in the
east-central part of the Black Hills region of South Dakota,
near the town of Keystone (fig. 1). The summit of Mount
Rushmore is at an elevation of 5,725 ft above the North
American Vertical Datum of 1988 (NAVD 88), with eleva-
tions as low as 4,420 ft above NAVD 88 in the lower valleys
elsewhere within the park boundary. The carving at Mount
Rushmore National Memorial and most surficial features in
the western part of the park consist of granite, and virtually
all other rocks within the memorial are pegmatite or schist
(Powell and others, 1973). The memorial is on the northeast
side of an area underlain by the Harney Peak Granite. The area
to the west of the park boundary extending to Horsethief Lake
(fig. 1) is occupied entirely by granite. Pegmatite sills and
dikes are abundant for about a mile east of Mount Rushmore
National Memorial (Powell and others, 1973).

Localized aquifers occur in the Precambrian igneous and
metamorphic rocks that are not continuous, and groundwater
flow is mainly controlled by secondary permeability caused
by fracturing and weathering (Carter and others, 2002). Where
the fractures in these Precambrian rocks are saturated, uncon-
fined (water-table) conditions generally occur and topography
can strongly control groundwater-flow directions (Driscoll
and others, 2002). Fractures and joints within the granite and
pegmatite rapidly transmit large quantities of recharged water
to the wells located in Lafferty Gulch Basin (Powell and oth-
ers, 1973). Recharge to the localized Precambrian aquifers
also may result from large infiltration rates from permeable
surficial deposits predominantly consisting of colluvium
(Rahn, 1990).

Surface-water divides within the park unit are distinct,
originate near the memorial, and separate three drainage
basins: Lafferty Gulch, which flows southwest to northeast
and drains the northern area of park unit to Battle Creek;
unnamed tributaries to the south and east of the memorial that
drain to Grizzly Bear Creek; and Starling Gulch, which trends
north to south and drains the western flank of the park unit
towards Grizzly Bear Creek (fig. 1). Powell and others (1973)
refer to the drainage basin for the eastern tributaries to Grizzly
Bear Creek as the East Boundary Basin.

Precipitation in the vicinity of Mount Rushmore National
Memorial averaged about 21.5 in. annually during 1981-2010
(National Oceanic and Atmospheric Administration, 2015).
Annual precipitation during water years 2011-14 (mean of
22.9 in.) was above the previous 30-year mean, except for a
very dry 2012 when 16.2 in. of precipitation was recorded
at the Mount Rushmore National Memorial weather station
(National Oceanic and Atmospheric Administration, 2015); a
water year is the 12-month period, October 1 through Sep-
tember 30, and is designated by the calendar year in which it
ends. The greatest precipitation total (27.7 in.) during the same
span was recorded in water year 2014. Streamflow condi-
tions during the study period were typical for the region and
did not exhibit extreme high or low mean annual streamflow.

Methods 5

Mean annual streamflow in Battle Creek near Keystone

(U.S. Geological Survey [USGS] streamgage 06404000, about
6 mi downstream [east] from Keystone) during water years
1962-2014 was 9.39 cubic feet per second (ft*/s), and during
the study period (water years 2011-15) ranged from 1.97 ft¥/s
in water year 2012 to 34.4 {t*/s in water year 2015 (U.S. Geo-
logical Survey, 2016a).

Methods

Water and soil samples were collected during 2011-15 to
provide a characterization of perchlorate and metals concen-
trations (table 1) in water resources within Mount Rushmore
National Memorial. Several of the metals in table 1 are known
to be present in fireworks, but the list includes other metals
used to only to characterize water and soil differences among
sites (such as calcium or arsenic). Sites were selected in each of
the three major drainage basins within the park boundary, and
sites in drainage basins adjacent to the park were selected to be
used as reference comparisons. Sampling visits occurred during
May through August in 2011-14, with two additional visits
during the winter months in December 2014 and February
2015. Soil samples were collected once near most sites where
water samples were collected and also at four locations near the
area where firework displays were launched in previous years.
The collection, processing, laboratory analyses, and quality-
assurance procedures are described in the following sections.

Selection and Description of Sampling Sites

Mount Rushmore National Memorial contains three
primary drainage basins that all intersect at a location near the
memorial and visitor center (fig. 1). Sites sampled in this study
(table 2; fig. 1) were located within these three basins with
additional sites sampled in two adjacent drainage basins used
as reference locations. The following section describes each
site in relation to its hydrology and use in sampling design for
this study, using the map numbers (table 2; fig. 1) for short
identifiers in discussion.

Within the Lafferty Gulch drainage basin, 12 sites were
sampled for surface water, groundwater, or soil. Site L-1 is
a stream site located directly downstream from the effluent
discharge point for the Mount Rushmore National Memorial
wastewater treatment plant. Treated wastewater constituted
most of the flow at this site when sampled; thus, water from
this site originated from the production wells (sites L-3 and
L-4) prior to its use at Mount Rushmore National Memorial.
The L-1 site is located in a separate subdrainage basin from
the production wells, which are located in West Fork Lafferty
Gulch. Site L-2 is a spring site that creates a shallow stream
in West Fork Lafferty Gulch, located just upstream from the
production wells. Springflow measurements were not collected
during this study; however, flows during non-runoff conditions
were consistent with those measured in Rahn (1990) at less
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Table 1. Constituents measured and analyzed in water and
soil within and adjacent to Mount Rushmore National Memorial,
2011-15.

[GW, groundwater; SW, surface water; X, measured; --, not available; mg/L,
milligrams per liter; uS/cm, microsiemens per centimeter at 25 degrees Cel-
sius; °C, degrees Celsius; pg/L, micrograms per liter; pg/kg, micrograms per
kilogram; mg/kg, milligrams per kilogram]

Medium sampled

Constituent - Units
GW SW Sail
Field properties
Dissolved oxygen X X -- mg/L
pH X X -- standard units
Specific conductance X X -- uS/cm at 25 °C
Water temperature X X -- °C
Oxidizing agent
Perchlorate X X X ng/L; ng/kg
Metals

Aluminum X X X ng/L; mg/kg
Antimony X X X ng/L; mg/kg
Arsenic X X X ng/L; mg/kg
Barium X X X ng/L; mg/kg
Calcium X X X ng/L; mg/kg
Copper X X X ng/L; mg/kg
Lithium X X X ng/L; mg/kg
Magnesium X X X ng/L; mg/kg
Strontium X X X ng/L; mg/kg
Titanium X X X png/L; mg/kg
Zinc X X X ng/L; mg/kg
Berylium -- -- X mg/kg
Cadmium -- -- X mg/kg
Chromium -- -- X mg/kg
Cobalt -- -- X mg/kg
Iron -- -- X mg/kg
Lead -- -- X mg/kg
Manganese -- -- X mg/kg
Molybdenum -- -- X mg/kg
Nickel -- -- X mg/kg
Potassium -- -- X mg/kg
Selenium -- -- X mg/kg
Sodium -- -- X mg/kg
Thalium -- -- X mg/kg
Vanadium -- -- X mg/kg

than (<) 0.10 ft¥/s. Powell and others (1973) also measured
the springflow, which was between 0.02 and 0.18 ft¥/s during
1960-67. As documented by Powell and others (1973) and
Rahn (1990), springflow from this site originates from the
same groundwater source that supplies the production wells.

The spring at site L-2 furnished the total water supply
for Mount Rushmore National Memorial from 1927 until
1967 (Powell and others, 1973), when the 200-ft deep well at
site L-3 was drilled and became the primary water supply for
Mount Rushmore National Memorial through the present time
(2016). A second production well (site L-4) was drilled to a
depth of 500 ft in 2010 (South Dakota Department of Environ-
ment and Natural Resources, 2016) and is located about 300 ft
northwest of the first well (site L-3). The Precambrian aquifer
supplying the production wells is contained mainly in mica
schist, and the rocks are extensively fractured and permeable
(Powell and others, 1973). The hydrogeology of the springs
in West Fork Lafferty Gulch near the two production wells
is explained with a combination of several factors. Fractures
exist in the mica schists, creating an aquifer from secondary
porosity in rocks that otherwise would not contain enough
porosity to provide a water supply. Powell and others (1973)
described a pegmatite or granite sill extruding across the West
Fork Lafferty Gulch draw, where the intrusive body acts as a
groundwater dam. High-porosity saturated surficial deposits
(colluvium, grus, talus, carving rubble) are located at the base
of the granite outcrops, overlying the mica schists and granite
(Rahn 1990). Well logs from the Mount Rushmore production
wells indicate about 35 ft of weathered surficial deposits on
top of mica schists and granite. If not for the damming effect
of the pegmatite or granite sill across the downstream valley
of West Fork Lafferty Gulch, water would drain rapidly from
the aquifer downgradient into the main Lafferty Gulch channel
(Powell and others, 1973).

Sampling site L-5 is located on the main Lafferty Gulch
channel downstream from the confluence with West Fork
Lafferty Gulch, near the northern park boundary. Water from
L-5 primarily consists of excess springflow from West Fork
Lafferty Gulch (L-2 site) and treated wastewater from the
upstream L-1 site. Downstream from site L-5, Lafferty Gulch
flows north about 1 mi until reaching its outlet into Battle
Creek (fig. 1). Site L-6 is a 330-ft deep well that is located
outside the eastern park boundary at a seasonal-use cabin and
is completed in mica schists. This well was included in the
study to provide additional insights into water quality from a
well completed in geologic units similar to those of the Mount
Rushmore production wells, but that are located downstream
in the drainage basin.

To provide information about the effect of water treat-
ment on the groundwater pumped from the West Fork Lafferty
Gulch drainage, sampling site L-7 (fig. 1) was included. This
site is a sampling point in the water distribution system for
Mount Rushmore National Memorial after the raw well water
has been through the water treatment plant process; thus, this
sampling site represents finished water. The water treatment
plant is designed primarily to remove arsenic and chlorinate
the water supply but does not include a process for perchlorate
removal (Rodney Hart, National Park Service, oral commun.,
2014). Site L-8 is an ephemeral seep located on the talus slope
just below the carving of President Lincoln on the eastern
side of the memorial, in the headwaters of the main Lafferty



Table 2. Sites within and adjacent to Mount Rushmore National Memorial where water and soil samples were collected, 2011-15.

[USGS, U.S. Geological Survey; S. Dak., South Dakota; SW, surface water; GW, groundwater; NM, National Memorial]

Map .
Drainage basin  number USGS station Station name Site type Description
- number
(fig. 1)
Lafterty Gulch L-1  435250103270400 Lafferty Gulch below wastewater treatment plant at Stream (SW)/soil Between wastewater treatment plant and West Fork
Mount Rushmore, S. Dak. Lafferty Gulch.
L-2  435300103270800 West Fork Lafferty Gulch Creek above supply well at Spring (SW)/soil Upstream from production wells.
Mount Rushmore, S. Dak.
L-3  435300103265001 2S 6E 7CDD Well (GW) 200-foot-deep production well (Well #1).
L-4  435302103270501 2S 6E 7CDD2 Well (GW) 500-foot-deep production well (Well #2).
L-5  435302103265300 Lafferty Gulch at Mount Rushmore, S. Dak. Stream (SW)/soil Downstream from West Fork Lafferty Gulch.
L-6 435312103264801 2S 6E 7DC Well (GW) 330-foot-deep private well downstream from Mount
Rushmore NM.
L-7  435302103270201 Mount Rushmore finished water near Keystone, S. Dak. Well (GW) Treated water supply for Mount Rushmore NM.
L-8  435245103273000 Talus at Mount Rushmore Memorial, S. Dak. Stream (SW) Downslope of Lincoln’s head on monument slope.
L-9 435257103271701 2S 6E18B Soil Lafferty Gulch, 1,000 feet above wells.
L-10 435259103271401 2S 6E 7CD2 Soil Lafferty Gulch, 750 feet above wells.
L-11 435300103271001 2S 6E 7CD Soil Lafterty Gulch, 400 feet above wells.
L-12 435245103273401 2S 5SE13AA Soil Top of Mount Rushmore NM, Hall of Records
Canyon.
Unnamed tributary  G-1  435231103265101 Spring near Grizzly Bear Creek at Mount Rushmore, S. Dak. Spring (SW)/soil Between parking lot and Grizzly Bear Creek.
to Grizzly Bear G5 435234103262600 Unnamed tributary above Grizzly Bear Creek at Stream (SW) About 200 feet upstream from Grizzly Bear Creek.
Creck Mount Rushmore, S. Dak.
G-3  435242103261801 2S 6E18DDDB Well (GW) 160-foot-deep well at Grizzly Bear Creek camp-
ground.
Starling Gulch S-1  435234103274500 Starling Creek above marsh near Mount Rushmore, S. Dak ~ Stream (SW)/soil Upstream site on Starling Creek, 400 feet west of
profile turnout.
S-2 435214103273500 Starling Creek at Mount Rushmore, S. Dak. Stream (SW) Downstream from Starling Basin spring.
Pine Creek P-1  435342103285801 2S SE11ABDA2 Well (GW) 215-foot-deep well at Horsethief Lake campground.
P-2 435327103290600 Pine Creek above Horsethief Lake near Hill City, S. Dak. Stream (SW)/soil Pine Creek above Horsethief Lake near camp-
ground.
Iron Creek I-1 435044103241000 Iron Creek above Lakota Lake near Keystone, S. Dak. Stream (SW)/soil Southwest of Lakota Lake near Highway 16A.

spos
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Gulch drainage. This seep is not connected to the aquifers in
other parts of Lafferty Gulch, but rather produces water that is
stored in the carving rubble and other surficial deposits follow-
ing snowmelt and rainfall events. Site L-8 is the closest water
sampling site in proximity to the fireworks launch area in the
Hall of Records Canyon, directly behind the memorial. Sites
L-9, L-10, L-11, and L-12 (fig. 1) are soil sampling locations
in targeted areas suspected of collecting the largest amount

of firework debris. Site L-12 is located within the Hall of
Records Canyon, where a shallow layer of soil and weathered
rock overlies the large granite outcrop. Sites L-9, L-10, and
L-11 are located in the West Fork Lafferty Gulch drainage, in
the recharge zone identified by Rahn (1990), upstream from
the production wells (sites L-3 and L-4).

Located outside of Lafferty Gulch drainage basin, site G-1
is a spring located east of the parking lot area along an unnamed
tributary to Grizzly Bear Creek. The geology of this spring is
similar to that of site L-2 (upstream from the production wells
in West Fork Lafferty Gulch), where a pegmatite or granite sill
blocks the downstream flow of groundwater and builds sufficient
hydraulic head for surficial springflow. Site G-2 is a stream site
downstream (east) from the G-1 spring, located just upstream
from the Grizzly Bear Campground. In addition to receiving
springflow, site G-2 also receives runoff during precipitation
events from the Mount Rushmore parking lot. Site G-3 is a
160-ft deep well at the Grizzly Bear Campground, constructed in
1978 (Brian Beam, U.S. Forest Service, written commun., 2015).

Two sampling sites were located in the Starling Gulch
drainage basin, along the western flank of Mount Rushmore
National Memorial. The geology in the Starling Gulch drain-
age basin predominantly is schist mantled by alluvium along
the main drainage valley and is surrounded by high hills of
granite and schist (Redden and DeWitt, 2008). The upper site,
S-1, is located about 400 ft west of highway 244. The lower
site, S-2, is located downstream from two tributaries that drain
the western side of the Mount Rushmore parking lot and visi-
tor center. Downstream from site S-2, Starling Creek flows
about 0.4 mi until its confluence with Grizzly Bear Creek.
During the study, flow in Starling Creek was ephemeral during
dry periods in the summer but had a sustained flow at both
sites during wetter periods in the late spring and early summer.
Groundwater in the alluvium in the valley likely fed the stream
until it was depleted in the late summer months, after which
time the only flow observed was during runoff events.

One groundwater site and two surface-water sites were
located outside of the Mount Rushmore National Memorial
boundary to provide a comparison of water quality within
the park boundary to reference locations in similar geologic
settings. Site P-1 is a 215-ft deep well located at Horsethief
Lake Campground, about 1 mi northwest of the park bound-
ary in the Pine Creek drainage basin. This well is completed in
predominantly mica schist and quartz, with some slate in the
bottom 30 ft (U.S. Forest Service, written commun., 2014).
Site P-2 is on Pine Creek upstream from Horsethief Lake,
which is shallow perennial stream that feeds Horsethief Lake.
Similarly, site I-1 is on Iron Creek upstream from Lakota

Lake, about 2.5 mi from the southeast park boundary. Both the
Pine Creek and Iron Creek drainages have similar topography,
surficial geology, and climate, which allows for comparison of
water quality from these sites to those within Mount Rush-
more National Memorial.

Collection, Processing, and Analyses of Water
Samples

Field water-quality properties that were measured dur-
ing each sampling event included dissolved oxygen (DO), pH,
specific conductance (SC), and water temperature. Physical
properties are critical to the understanding of the viability and
vulnerability of environmental waters and are considered impor-
tant variables in determining the aqueous chemistry of a system.
Physical properties are important indicators of the ability of a
waterbody to sustain life and can be used to track changes in a
system. Groundwater-level fluctuations due to aquifer storage
changes involve either the addition or extraction of water from
the aquifer both through natural means and human involvement,
and can cause variation in field properties. Water temperature
measurements aid in the estimation of chemical reaction rates
and equilibria, biological activity, and fluid properties.

Potential sources for metals in water resources within
Mount Rushmore National Memorial include the natu-
ral occurrence of the chemicals in granite and schists that
constitute the lithology of the area; past firework displays at
the memorial; or other anthropogenic factors related to the
construction, infrastructure, and vehicle traffic. The variety
of potential sources makes it difficult to attribute high metal
concentrations to a specific source.

Chlorofluorocarbons (CFCs) were used to estimate
age dates of groundwater samples collected at Mount Rush-
more National Memorial in 2013 and can provide important
insights on what portion of the water was recharged in recent
years (after firework displays ceased in 2009). The principle
of groundwater age dating relies on the measure of a trace
constituent existing in the atmosphere for a known period of
time and an approximate concentration. The CFCs are stable,
synthetic, halogenated alkanes developed in the early 1930s as
safe alternatives to ammonia and sulphur dioxide in refrigera-
tion (U.S. Geological Survey, 2015). Production of CFC-12
(dichlorodifluoromethane, CF,Cl,) began in 1931 and was
followed by production of CFC-11 (trichlorofluoromethane,
CFCl,) in 1936. Many other CFC compounds have since been
produced, most notably CFC-113 (trichlorotrifluoroethane,
C,F,Cl,). Based on the assumption that the precipitation that
recharged the aquifer reached equilibrium with these atmo-
spheric substances, calculation of an “apparent age” of the
water is possible. In the simplest model, it is assumed that the
water travels in “piston flow” (that is, the water does not mix
with other sources until it is pumped). In most shallow uncon-
fined systems, however, mixing of older groundwater with
recent recharge is common, so the apparent age represents a
mean of the actual recharge ages (Hinkle and Snyder, 1997).



U.S. Geological Survey protocols and procedures were
used for the collection of groundwater and surface-water
samples (U.S. Geological Survey, variously dated) for the
measurement of field properties and concentrations of per-
chlorate and selected metals. Field properties including DO,
pH, SC, and water temperature were measured with each
sample collection. The CFC samples were collected at well
sites for estimation of groundwater age, or the apparent date
at which the water was recharged into the aquifer. For well
sites, existing water spigots on the distribution line were used
for sample collection. A brass hose fitting was used to connect
the spigot to Teflon® sample tubing. During most sampling
visits, the wells had been pumped for several hours prior to
arrival, ensuring that groundwater sampled was representative
of the aquifer. If the well had not been purged recently, water
was pumped out of the well through the plumbing system for
several minutes prior to sample collection. Field properties
were checked for stability in at least three consecutive 5-min-
ute interval readings to ensure water-quality conditions were
no longer changing due to stagnant water in the well bore.
Stream and spring samples were collected using a single-point
dip technique from the center of flow. Most stream sites had
flow widths <2 ft and depths <1 ft in a well-mixed channel, so
isokinetic, depth-integrating methods were not warranted.

Water samples were analyzed for perchlorate using
EPA Method 6860 by Test America Laboratories, Inc., in
Arvada, Colorado, at a reporting level of 0.04 pg/L using ion
chromatography/electrospray ionization/mass spectrometry
(U.S. Environmental Protection Agency, 2007). Laboratory
quality-control methods included (1) control samples that
evaluate the ability of the laboratory to accurately identify and
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quantitate a target compound in reference matrix at a known
concentration; and (2) laboratory control sample duplicates,
which also check laboratory preparation and analytical
precision. Groundwater and surface-water samples collected
for measurement of selected metals were analyzed using
inductively coupled plasma mass spectrometry by the USGS
National Water Quality Laboratory in Lakewood, Colo., using
methods of Garbarino and Struzeski (1998).

The CFC samples were analyzed by the USGS Reston
Chlorofluorocarbon Laboratory, in Reston, Virginia (U.S. Geo-
logical Survey, 2015). Concentrations of CFCs were deter-
mined in the laboratory using a purge and trap gas chroma-
tography procedure with an electron capture detector. Gas and
water blanks were used to determine that the instruments were
free of contamination.

Collection, Processing, and Analyses of Soil
Samples

Soil samples were collected during one sampling visit at
locations in proximity to surface-water sampling sites (about
50 ft away from the active stream channels) and also at four
sites (L-12, L-9, L-10, and L-11) in a line from the Hall of
Records Canyon towards the production wells L-3 and L-4
in West Fork Lafferty Gulch (fig. 1). Samples were collected
in accordance with the Incremental Sampling Methodology
(Interstate Technology and Regulatory Council, 2012) to
obtain analyte concentrations representative of the drainage
area. The sampling area consisted of a 5-by-6-ft grid (fig. 2)
that was partitioned into 30 individual square-foot units. Soil

borings of 1-in. diameter
were collected at a depth
of about 8 in. within the
centroid of each square-
foot unit and integrated to
represent one sample. The
single sample (composited
from the 30 subsamples)
was air dried. Large non-
representative pieces that
would not pass through the
sieve (for example, rocks
and twigs) were manually
removed. Other extraneous
material was removed by
sieving. A mortar and pestle
or sieve shaker was used to
break up soil agglomerates
during the sieving process.

Figure 2. Collection of
composite soil samples,
Mount Rushmore National
Memorial.
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After completion of preparation, samples were shipped to Test
America Laboratories, Inc., in Arvada, Colo., for analyses

of perchlorate and selected metals by inductively coupled
plasma-atomic emission spectrometry using EPA method
6010B (U.S. Environmental Protection Agency, 1996).

Quality Assurance and Quality Control

A quality-assurance/quality-control approach was used
to identify possible cases of random or systematic errors in
the field sampling, shipping, and laboratory analyses. Quality-
assurance measures include using standard procedures for
streamflow measurements and water-quality sample collection
according to the USGS National Field Manual (U.S. Geologi-
cal Survey, variously dated). For water-quality samples, field-
equipment blank and sequential replicate samples were used to
determine the potential for sample contamination (Mueller and
others, 2015).

Field-equipment blank samples for water samples were
collected at sites by passing analyte-free water through the
collection and processing equipment before it was used for the
environmental samples and by using procedures identical to
those used to collect and process the environmental samples.
Constituent concentrations less than the minimum reporting
level (MRL) in field-equipment blank samples indicate that the
overall process of sample collection, processing, and labora-
tory analysis was free of substantial contamination. The MRL
is the lowest measured concentration of a constituent that may
be reliably reported from the use of a given analytical method
(Timme, 1995). Sporadic, infrequent detections at concentra-
tions near the MRL probably represent contamination from
sample collection, processing, or shipping that is not likely
to cause bias in the study results. Consistent detections in the
field-equipment blank samples at concentrations within the
range of concentrations in the environmental samples indi-
cate that environmental concentrations need to be qualified or
omitted from study results (Mueller and others, 2015). Field-
equipment blank samples were collected with nine samples for
analyses of perchlorate and metals during 2012—14 (table 3).
All perchlorate concentrations in blank samples were less than
the MRL (ranging from 0.0088 to 0.20 pg/L). Four different
metals were detected in three field-equipment blank samples,
all from the groundwater site L-3. Two of the metals detected
in blank samples, copper and zinc, can be explained by the use
of brass fittings to connect onto distribution pipes or spigots
(brass is an alloy of zinc and copper). A blank sample col-
lected on December 9, 2014, was especially high in zinc and
copper, with concentrations greater than 10 times the mean
environmental concentration at the site. Other groundwater
well sites had samples with anomalously high copper or zinc
concentrations in at least one sample, likely caused by the use
of brass fittings. For example, a sample from L-7 on Decem-
ber 9, 2014, had a zinc concentration of 153 pg/L compared
to a maximum concentration of 13 pg/L in five other samples
from the same site. For this reason, zinc and copper results

from all well sites (sites L-3, L-4, L-6, L-7, G-3, and P-1) are
considered to be unreliable due to contamination problems
with brass plumbing fittings. Similar sampling materials were
used at all well sites, and thus the brass contamination issue is
likely similar for the water-quality data from these five sites.
Concentrations of zinc and copper for well sites were censored
(removed) in the dataset for this study. Calcium was detected
in two blank samples at a maximum concentration of 0.025
milligram per liter (mg/L); whereas, the mean concentration

in environmental samples from the same site was 10.8 mg/L.
Barium was detected in two blank samples at a mean concen-
tration of 0.26 mg/L, which is near the MRL of 0.25 mg/L,
whereas the mean concentration in environmental samples
from the same site was 17.7 mg/L. For calcium and barium,
the presence of small concentrations relative to its environ-
mental concentration and their less frequent occurrence are not
likely to cause bias in the dataset, and thus calcium and barium
concentrations were not censored.

Precision of analytical results for field replicate samples
may be affected by numerous sources of potential variability
in field and laboratory processes, including sample collection,
sample processing and handling, and laboratory preparation
and analysis. Analyses of field replicate samples, therefore,
can indicate the reproducibility of environmental data and
provide information on the variability associated with sample
collection and analysis (Mueller and others, 2015). Field
replicate samples were analyzed for perchlorate and metals
in 10 water samples (table 3), and two replicate soil samples
were collected (table 4). Relative percent difference (RPD)
was calculated as the difference in concentration between
the environmental sample and replicate sample divided by
mean concentration multiplied by 100 for each environmental
and replicate pair. The mean RPD for all environmental and
replicate pairs for perchlorate in groundwater and surface
water was about 2.8 percent, indicating satisfactory data qual-
ity control for this constituent. In groundwater samples, poor
RPDs were noted for copper and zinc (mean RPD of 29 and
17 percent, respectively), which can again be attributed to the
use of brass plumbing fittings causing the contamination issue
with groundwater samples and provides further justification
for censoring these two constituents in environmental samples.
Aluminum also had relatively high RPD values in ground-
water samples, averaging 11 percent. Surface-water samples
did not have a similar contamination issue, because the mean
RPDs for all metals in surface-water samples were <7 percent,
indicating satisfactory data quality control.

Two replicate soil samples were collected, which had
RPDs of 5.3 and 42 percent for perchlorate (table 4). The
replicate soil sample with a relatively large RPD of 42 percent
was primarily the result of a small difference in low concentra-
tions; the environmental and replicate sample had perchlorate
concentrations of 0.29 and 0.19 ug/L, respectively. All other
metals had a mean RPD of 2.5 percent in the soil sample from
the S-1 site on 6/20/2012 and a mean RPD of 9.9 percent in
the soil sample from the P-2 site on 6/6/2013. These RPD
results from soil samples indicate satisfactory data quality
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Table 3. Water-quality information for groundwater and surface-water field blank and replicate samples within and adjacent to
Mount Rushmore National Memorial, 2012-15.

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; pg/L, micrograms per liter; <, less than]

USGS station nlIIV:I:)er Date Time Calcium Magnesium Aluminum Barium Copper Lithium Strontium Zinc Antimony Arsenic Perchlorate
number (fig. 1) (mg/l)  (mg/L) (mg/L)  (pg/L) (pg/L) (pg/l) (pg/l) (ng/L) (pg/L)  (pg/L) (ng/L)
Field blank water samples
435250103270400 L-1  07/16/2014 1040 <0.021 <0.010 <3.8 <0.25 <0.80 <0.22 <0.80 <2.0 <0.18 <0.28 <0.20
435300103270800 L-2  06/18/2014 915 <0.021 <0.010 <3.8 <0.25 <0.80 <0.22 <0.80 <2.0 <0.18 <0.28 <0.20
435300103265001  L-3  07/10/2012 1045 <0.021 <0.007 <3.8 <0.06 <0.70 <0.15 <0.80 <3.0 <0.18 <0.28 <0.01
435300103265001 L-3  05/07/2013 930 <0.021 <0.007 <3.8 0.14 0.75 <0.15 <0.80 74  <0.18  <0.28 <0.0088
435300103265001 L-3  08/06/2013 1005 <0.021 <0.007 <3.8 <0.06 24 <0.15 <0.80 24 <0.18  <0.28 <0.0088
435300103265001  L-3  12/09/2014 1005  0.025 <0.010 <3.8 0.37 233 <0.22 <0.80 189 <0.18  <0.20 <0.0190
435302103270501  L-4  05/01/2012 1300  0.023 <0.007 <3.8 <0.06 <0.70 <0.15 <0.80 <3.0 <0.18 <0.28 <0.01
435302103270501  L-4  08/26/2014 1005 <0.021 <0.010 <3.8 <0.25 <0.80 <0.22 <0.80 <2.0 <0.18 <0.28 <0.20
435242103261801  G-3  06/18/2014 1005 <0.021 <0.010 <3.8 <0.25 <0.80 <0.22 <0.80 <2.0 <0.18 <0.28 <0.20
Replicate water sample pairs
435300103270800 L-2  06/05/2012 1142  6.72 1.78 104 13.1 <0.70 20.7 34 <3.0 <0.18 14.9 52
435300103270800 L-2  06/05/2012 1140  6.98 1.83 113 13.3 <0.70 20.3 33.9 <3.0 <0.18 14.9 52
435300103270800 L-2  07/09/2013 1055  7.05 1.82 133 142  <0.70 213 35.7 <3.0 <0.18 16 46
435300103270800 L-2  07/09/2013 1050  6.95 1.81 118 142  <0.70 21.2 35.6 <3.0 <0.18 15.7 46
435300103265001  L-3  05/15/2014 1000 10.4 2.71 98.9 16.7 2.8 275 49.7 59 <0.18 13.9 32
435300103265001  L-3  05/15/2014 955 103 2.71 98.2 16.6 17 27.2 50 124 <0.18 14.2 31
435302103270501 L-4  08/14/2012 835 9.09 2.34 40.6 8.63 44 299 46 4.7  <0.18 27.3 2.2
435302103270501 L-4  08/14/2012 830 8.99 2.31 41.2 8.72 45  30.1 46.1 4.8 <0.18 27.5 2.1
435302103270501  L-4  06/04/2013 1145 9.8 2.68 130 11.3 34 307 49.4 9.8 <0.18 25.4 15
435302103270501 L-4  06/04/2013 1142  9.94 2.72 116 11.1 54 304 49.1 10.8  <0.18 24.9 14
435312103264801 L-6  05/19/2014 1230 16.7 491 197 30.3 173 69.6 82.2 14 <0.18 70.2 <0.20
435312103264801 L-6  05/19/2014 1225 16.5 4.85 171 30.2 16.3  68.6 81.3 13.7  <0.18 69.7 <0.20
435302103270201  L-7  08/06/2013 1105 11.3 2.72 5.9 15.8 8.1 308 56.7 9.9 <0.18 1.4 17
435302103270201  L-7  08/06/2013 1100 11.5 2.78 6.5 15.7 82 30.2 57.3 10 <0.18 1.3 16
435302103270201  L-7  02/18/2015 955  10.8 2.58 5.1 15.5 3.5 267 56.5 104 <0.18 2.7 19
435302103270201  L-7  02/18/2015 950 11.4 2.65 5.1 15.5 3.5 266 56.9 10.6  <0.18 2.7 20
435234103262600 G-2  08/26/2014 1005 50.6 11.4 252 100 <0.80 40.7 200 <2.0 <0.18 2.3 <0.20
435234103262600 G-2  08/26/2014 1000 50.8 11.5 25 101 <0.80 40.2 200 <2.0 <0.18 2.2 <0.20
435342103285801  P-1  06/06/2013 1505 19.8 4.95 58.1 39.2 83 93.8 97.7 54.6  <0.18 120 0.058
435342103285801  P-1  06/06/2013 1500 20.2 5.08 89.6 38.1 89 96.6 98.6 73.1 <0.18 83.8 0.057
Relative percent differences in water samples

435300103270800 L-2  06/05/2012 1140 3.8 2.8 8.3 1.5 0.0 2.0 0.3 0.0 0.0 0.0 0.0
435300103270800 L-2  07/09/2013 1050 1.4 0.6 12 0.0 0.0 0.5 0.3 0.0 0.0 1.9 0.0
435300103265001  L-3  05/15/2014 955 1.0 0.0 0.7 0.6 143 1.1 0.6 71 0.0 2.1 3.2
435302103270501 L-4  08/14/2012 830 1.1 1.3 1.5 1.0 2.2 0.7 0.2 2.1 0.0 0.7 4.7
435302103270501  L-4  06/04/2013 1142 1.4 1.5 11 1.8 45 1.0 0.6 9.7 0.0 2.0 6.9
435312103264801 L-6  05/19/2014 1225 1.2 1.2 14 0.3 6.0 1.4 1.1 2.2 0.0 0.7 0.0
435302103270201  L-7  08/06/2013 1100 1.8 2.2 9.7 0.6 1.2 2.0 1.1 1.0 0.0 7.4 6.1
435302103270201  L-7  02/18/2015 950 5.4 2.7 0.0 0.0 0.0 0.4 0.7 1.9 0.0 0.0 5.1
435234103262600 G-2  08/26/2014 1000 0.4 0.9 0.8 1.0 0.0 1.2 0.0 0.0 0.0 4.4 0.0

435342103285801  P-1  06/06/2013 1500 2.0 2.6 43 2.8 7.0 29 0.9 29 0.0 36 1.7




12 Perchlorate and Selected Metals in Water and Soil within Mount Rushmore National Memorial, South Dakota, 2011-15

control and repeatability of the sample collection method.
Soil concentrations reported with an “E” preceding the value
in table 4 either (1) are below the MRL but greater than the
established method detection limit, or (2) exceed the upper
calibration range of the instrument. There is greater uncer-
tainty associated with these results and data should be consid-
ered as estimated.

Perchlorate and Metal Occurrence at
Mount Rushmore National Memorial

Groundwater and surface-water samples were collected
at sites within Mount Rushmore National Memorial and
adjacent basins during the summer months of May through
August in 2011-14. Two groundwater samples were collected
in the winter months of December 2014 and February 2015.
The following sections describe the results from the 106 water
samples collected from 20 sites, and 11 soil samples collected
from 11 sites. Complete results for water and soil samples
are presented in the appendix, and statistical summaries for
each site are presented in table 5. Water-quality data also are
available from the USGS National Water Information System
(U.S. Geological Survey, 2016b) by using the USGS station
numbers provided in table 2. Reference sites (P-1, P-2, and
I-1; fig. 1) located in watersheds adjacent to the park unit
were considered to be distant from the trajectory of fireworks
(launched from Hall of Records Canyon, fig. 1). Analytical
results from samples collected at reference sites may aid in
defining background levels of perchlorate and metals. Con-
centrations of perchlorate and metals within the launch area
may be indicative of point-source contamination. The natural
occurrence of the metals in the igneous and metamorphic
rocks of Mount Rushmore National Memorial also are a con-
sideration when assessing constituent concentrations.

Field Properties of Water Samples

Aecrobic conditions (presence of DO) are characteristic
of surface water and groundwater within Mount Rushmore
National Memorial. Measurements of DO concentrations
within the Lafferty Gulch drainage basin ranged from 7.0
to 12.1 mg/L for surface water and from 2.0 to 6.4 mg/L for
groundwater (table 5). Median DO concentrations in surface
water in the Lafferty Gulch drainage basin ranged from 8.0
to 11.6 mg/L. The median DO concentration in water from
production well L-3 was 3.6 mg/L, whereas water from the
deeper production well L-4 had a median DO concentration
of 2.8 mg/L. The median DO concentration in treated (fin-
ished) groundwater (site L-7) was 9.2 mg/L, which is greater
than the untreated (raw) groundwater because of the treatment
process. In the unnamed tributary to Grizzly Bear Creek and
Starling Gulch, measurements of DO concentrations ranged
from 3.3 to 11.5 mg/L at four surface-water sites (G-1, G-2,

S-1, and S-2), with median concentrations ranging from 6.3
to 10.2 mg/L at each site. At surface-water sites outside of the
Mount Rushmore National Memorial boundary, median DO
concentrations were 9.0 mg/L at Pine Creek and Iron Creek
(sites P-2 and I-1, respectively), similar to those within the
park boundary. Concentrations of DO in groundwater sites
outside of the park boundary (sites G-3 and P-1) ranged from
0.5 to 7.8 mg/L.

Most natural waters are slightly basic (approximately at
a pH of 8); however, water from recent precipitation can be
slightly acidic (approximately at a pH of 6; Hem, 1985). The
median pH of groundwater ranged from 6.1 to 7.1 for the six
well sites sampled. The median pH for surface water ranged
from 5.8 to 7.9 for all sites (table 5), within the typical range
of most natural waters. The relatively low pH at site L-8
(median of 5.8) was similar to the pH of unpolluted rainfall
(about 5.6; Casiday and Frey, 1998), indicating the water
source was generally pristine and not in contact with other
geological materials long enough to alter the pH.

Specific conductance is a measure of the ability of water
to conduct an electrical current and is typically correlated
positively with the concentration of dissolved constituents
(Hem, 1985). At groundwater sites, SC values generally were
very consistent throughout the study period, but surface-water
sites had more variability in SC values depending on the
runoff conditions prior to the sampling time. At surface-water
sites, median SC values ranged from 39 microsiemens per cen-
timeter at 25 degrees Celsius (1S/cm) at site L-8 to 612 uS/cm
at site L-1. As previously described, site L-8 is an ephemeral
seep that produces water that is stored in the carving rubble
and other surficial deposits following snowmelt and rainfall
events; the predominantly recent precipitation sampled at this
site likely contributed to the low SC values. In contrast, the
water at site L-1 is predominantly treated wastewater, which
results in greater dissolved solids and greater SC values. The
groundwater sites within Lafferty Gulch basin (L-3, L-4, L-6,
and L-7) were consistent, ranging from 101 to 195 uS/cm.
Groundwater from the basins outside of Lafferty Gulch (sites
G-3 and P-1) had higher SC, ranging from 208 to 435 pS/cm.
Surface-water sites outside of the Mt. Rushmore National
Memorial boundary (sites P-2 and I-1) had relatively low SC
values, with median values of 56 and 79 puS/cm, respectively.
The median SC at site L-2 was 95 pS/cm, whereas the remain-
ing surface-water sites within the park boundary (drainage
basins for Lafferty Gulch, unnamed tributary to Grizzly Bear
Creek, and Starling Gulch) had median SC values ranging
from 277 to 612 puS/cm.

The water temperature for groundwater and surface water
generally increased during the months of May through August,
coinciding with increasing air temperatures during the sum-
mer. Temperatures ranged from 7.0 to 14.8 degrees Celsius
(°C) in groundwater (excluding treated groundwater at site
L-7) and from 3.6 to 19.9 °C for surface water. The median
water temperature for the 500-ft deep production well (site
L-4; 11.2 °C) was greater than the median temperature for the
200-ft deep production well (site L-3; 10.4 °C).



Table 4.
National Memorial, 2012-13.

[USGS, U.S. Geological Survey; mg/kg, milligrams per kilogram; pg/kg, micrograms per kilogram; E, estimated concentration'; <, less than]

Perchlorate and selected metal concentrations and relative percent differences in replicate soil sample pairs collected within and adjacent to Mount Rushmore

USGS station mllv:l:)er Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead Lithium Magnesium
number (fig. 1) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Replicate soil sample pairs
435234103274500 S-1  06/20/2012 13,000 <0.38 24 160 0.85 E0.230 3,100 24 6.3 15 19,000 9.6 42 4,800
435234103274500 S-1  06/20/2012 13,000 <0.38 24 160 0.84 0.22 3,000 23 6.2 14 18,000 10 40 4,700
435327103290600 P-2  06/06/2013 2,200 <0.36 19 35 E0.24 E0.130 1,200 3 1.8 7.3 4,100 4.2 9.1 620
435327103290600 P-2  06/06/2013 2,000 <0.36 16 37 0.21 0.12 1,000 2.7 2.6 6.6 3,700 3.8 8.2 560
Relative percent differences
435234103274500 S-1  06/20/2012 0.0 0.0 0.0 0.0 1.2 4.4 33 4.3 1.6 6.9 5.4 0.0 4.9 2.1
435327103290600 P-2  06/06/2013 9.5 0.0 17.1 5.6 13.3 8.0 18.2 10.5 36.4 10.1 103 10.0 10.4 10.2
USGS station mllvl:?lfer Date Manganese Molybdenum Nickel Potassium Selenium Sodium Strontium Thallium Titanium Vanadium Zinc Perchlorate
number (fig. 1) (mg/kg) (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (pg/kg)
Replicate soil sample pairs
435234103274500 S-1  06/20/2012 450 <0.26 17 6,100 <0.87 <60 18 <0.66 970 26 75 0.78
435234103274500 S-1  06/20/2012 450 <0.26 16 5,700 <0.87 <60 19 <0.66 920 25 74 0.74
435327103290600 P-2  06/06/2013 240 <0.25 6 780 <0.81 <56 5.1 <0.62 100 4.6 16 E0.29
435327103290600 P-2  06/06/2013 310 <0.25 6.2 690 <0.81 <56 4.9 <0.62 87 4.3 14 0.19
Relative percent differences
435234103274500 S-1  06/20/2012 0.0 0.0 6.1 6.8 0.0 0.0 54 0.0 53 3.9 1.3 53
435327103290600 P-2  06/06/2013 25.5 0.0 33 12.2 0.0 0.0 4.0 0.0 13.9 6.7 13.3 42

'Soil concentrations reported with an “E” preceding the value are either (1) below the minimum reporting level but greater than the established method detection limit, or (2) exceed the upper calibration

range of the instrument.
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Table 5. Statistical summary of water-quality information for groundwater and surface-water sampling sites within and adjacent to Mount Rushmore National Memorial,
2011-15.

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius; pg/L, micrograms per liter; <, less than; SW, surface water; GW, groundwater; --,
not available]

14!

Map number Water

h Dissolved pH Specific . . . . . . . . .
(site type) Statistic  oxygen (standard conductance temperature Calcium Magnesium Aluminum Barium Copper Lithium Strontium Zinc Antimony Arsenic Perchlorate

(Us“?"s“ zt:rt)ion (ma/L) units) (uS/cm) (g:?s:zs (mg/L)  (mg/L) (mg/l)  (pg/) (pg/L) (pg/L)  (pg/L)  (pg/L)  (pg/L)  (pg/L) (ng/L)
L-1 Minimum 7.0 7.2 546 124 14.0 2.90 14.4 50 27 232 49.1 220  <0.18 97 22
(stream [SW]) Median 8.0 75 612 16.4 15.6 3.38 51.6 76 55 291 63.0 293  <0.18 109 15
(435250103270400) Mean 8.1 75 614 16.5 15.8 3.48 56.2 83 107 282 649 315 <018 119 14

Maximum 9.7 8.1 695 19.9 18.1 4.44 134 13.1 268  30.6 87.9 413 0.24 150 24
Count 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
L-2 Minimum 73 5.7 79 8.9 6.4 1.78 884 126 <070 14.6 329 <20 <018 141 21
(spring [SW]) Median 8.2 6.6 95 10.2 7.0 1.88 195 140 06 209 356 <30  <0.18 153 47
(435300103270800) Mean 8.7 6.5 119 10.5 7.0 1.92 301 153 07 205 35.1 1.58  <0.18 155 43
Maximum 114 6.9 265 13.8 7.4 2.15 986 215 18 227 36.4 440 <0.18 173 54
Count 14 14 14 14 12 12 12 12 12 12 12 12 12 12 14
L-3 Minimum 3.0 5.6 115 9.0 10.1 2.54 81.1 166 () 254 50.0 " <0.18 138 17
(well [GW]) Median 3.6 6.2 123 10.4 10.8 2.73 124 175 () 271 53.1 " <0.18 147 23
(435300103265001) Mean 3.9 6.1 123 10.2 10.8 2.71 140 177 () 272 53.1 " <0.18 148 25
Maximum 6.4 6.7 135 11.8 11.6 2.85 260 200 () 306 56.5 " <0.18 181 38
Count 13 17 17 17 14 14 14 14 " 14 14 " 14 14 17
L-4 Minimum 2.0 6.2 101 10.3 8.8 2.30 31.1 80 () 287 43.7 " <0.18 227 2.1
(well [GW]) Median 2.8 6.4 108 11.2 9.2 2.44 109 103 () 310 46.1 " <0.18 266 6.1
(435302103270501) Mean 3.2 6.4 109 1.1 93 2.50 113 104 () 313 46.6 " <0.18 265 7.6
Maximum 55 6.7 127 12.1 10.1 2.97 268 124 () 336 50.4 " <0.18 292 17
Count 13 14 14 14 14 14 14 14 0 14 14 " 14 14 14
L-5 Minimum 8.5 6.8 224 8.5 21.0 4.99 59.6 467 <0.70 33.8 100 <20  <0.18 200 62
(stream [SW]) Median 9.2 7.9 412 12.6 24.9 6.48 976 637 19 367 114 460 <0.18 255 14
(435302103265300) Mean 95 7.8 401 12.5 25.9 6.48 119 653 19 369 120 414  <0.18 250 14
Maximum  12.1 8.2 600 15.5 325 8.59 221 87.7 2.8  40.1 152 830 <0.18 30,6 18
Count 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11
L-6 Minimum - 6.7 170 7.0 16.5 4.85 171 302 () 686 81.3 Q) <0.18 69.7 <020
(well [GW]) Median - 6.7 170 7.0 16.5 4.85 171 302 () 686 81.3 " <0.18 69.7 <020
(435312103264801) Mean - 6.7 170 7.0 16.5 4.85 171 302 () 686 81.3 " <0.18 69.7 <020
Maximum - 6.7 170 7.0 16.5 4.85 171 302 () 686 81.3 " <0.18 69.7 <020

Count 0 1 1 1 1 1 1 1 0 1 1 0 1 1 1
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Table 5. Statistical summary of water-quality information for groundwater and surface-water sampling sites within and adjacent to Mount Rushmore National Memorial,
2011-15.—Continued

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius; pg/L, micrograms per liter; <, less than; SW, surface water; GW, groundwater; --,
not available]

Map number Water

h Dissolved pH Specific . . . . . . . . .
(site type) Statistic  oxygen (standard conductance temperature Calcium Magnesium Aluminum Barium Copper Lithium Strontium Zinc Antimony Arsenic Perchlorate

(Usnlzfn zt:rt)ion (mg/L) units) (uS/cm) (((:i:?s:i: (mg/L)  (mg/L) (mg/l)  (pg/) (po/L) (pg/L)  (pg/L)  (pg/L)  (pg/L)  (pg/L) (ng/L)
L-7 Minimum 8.3 6.8 160 6.6 10.4 2.55 <38 133 () 266 50.1 " <0.18 13 16
(well [GW]) Median 9.2 7.1 190 10.6 11.0 2.63 55 156 () 276 55.8 " <0.18 27 20
(435302103270201) Mean 9.1 7.1 181 10.5 11.0 2.64 52 154 () 283 55.2 " <0.18 25 22

Maximum  10.0 7.7 195 13.8 115 2.78 72 168 () 308 58.0 " <0.18 31 29
Count 5 5 5 5 6 6 6 6 0 6 6 " 6 6 6
L-8 Minimum 11.2 5.6 33 5.4 15 0.28 760 121 53 0.8 10.8 620 021 04 33
(stream [SW]) Median 11.6 5.8 39 7.7 1.5 0.28 760 121 53 0.8 10.8 620 021 0.4 34
(435245103273000) Mean 11.6 5.8 39 7.7 15 0.28 760 121 53 0.8 10.8 620 021 04 34
Maximum 120 6.0 45 10.0 1.5 0.28 760 121 53 0.8 10.8 620 021 04 35
Count 2 2 2 2 1 1 1 1 1 1 1 1 1 1 2
G-1 Minimum 102 6.3 399 9.3 - - - . - - - . - —~ <0280
(spring [SW]) Median 102 6.3 399 93 - - - - - - - - - - <0280
(435231103265101) Mean 102 6.3 399 9.3 - - - - - - - - - - <0280
Maximum ~ 10.2 6.3 399 9.3 - - - - - - - . - - <0280
Count 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1
G-2 Minimum 7.6 6.3 352 53 31.7 7.30 104 682 04 252 138 1.00  <0.18 1.4 0.06
(stream [SW]) Median 9.2 6.6 433 13.8 44.0 10.0 289 866 04 316 174 125 <0.18 22 010
(435234103262600) Mean 9.2 6.8 429 11.9 43.1 9.57 69.1 849 08 317 174 125 <0.18 22 011
Maximum 112 7.7 501 15.9 50.8 115 222 1010 22 402 200 150 <0.18 31 014
Count 8 10 10 10 8 8 8 8 8 8 8 8 8 8 10
G-3 Minimum 0.5 6.3 430 8.2 492 162 55 621 () 605 244 " <0.18 1.4 <0.0088
(well [GW]) Median 6.4 6.9 433 8.6 51.6 16.4 65 691 () 626 254 " <0.18 6.5  0.06
(435242103261801) Mean 4.9 6.7 433 10.5 51.2 16.4 65 669 () 626 255 " <0.18 54 0.06
Maximum 7.8 6.9 435 14.8 52.9 16.6 75 694 () 648 268 " <0.18 83 <020
Count 3 3 3 3 3 3 3 3 0] 3 3 " 3 3 3
S-1 Minimum 33 5.8 24 10.6 16.7 3.45 172 544 <080 6.2 77.0 1.00  <0.18 58 25
(stream [SW]) Median 6.3 6.1 277 11.6 22.7 4.74 430 739 09 74 105 1.00  <0.18 65 34
(435234103274500) Mean 6.9 6.3 216 11.9 22.7 4.74 430 739 09 74 105 1.00  <0.18 6.5 67
Maximum 9.9 6.8 314 13.9 28.7 6.03 688 934 13 8.6 132 1.00  <0.18 7219
Count 5 5 5 5 2 2 2 2 2 2 2 2 2 2 5
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Table 5. Statistical summary of water-quality information for groundwater and surface-water sampling sites within and adjacent to Mount Rushmore National Memorial,
2011-15.—Continued

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius; pg/L, micrograms per liter; <, less than; SW, surface water; GW, groundwater; --,
not available]

9l

Map number Water

h Dissolved pH Specific . . . . . . . . .
(site type) Statistic  oxygen (standard conductance temperature Calcium Magnesium Aluminum Barium Copper Lithium Strontium Zinc Antimony Arsenic Perchlorate

(USnlE"Sn zt:rt)ion (mg/L) units) (uS/cm) (g:ﬂ:zZT (mg/L) (mg/L) (mg/L)  (pg/L) (pg/L) (pg/L)  (pg/L)  (pg/L)  (pg/L)  (pg/L) (ng/L)
S-2 Minimum 6.5 5.9 309 3.6 20.7 6.42 106 468 <070 139 94.3 1.00  <0.18 23 06l
(stream [SW]) Median 8.3 6.3 400 11.8 285 8.18 369 703 <080 185 136 1.00  <0.18 40 18
(435214103273500) Mean 9.1 6.4 394 9.3 27.7 7.98 109 682 09 182 131 151 <0.18 39 17

Maximum ~ 11.5 7.1 455 14.3 31.8 9.49 426 828 28 221 151 3.60  <0.18 54 28
Count 5 7 7 7 7 7 7 7 7 7 7 7 7 7 7
P-1 Minimum 0.5 5.4 208 9.8 19.7 5.08 120 368 () 85.8 94.5 " <0.18 61.5  <0.0088
(well [GW]) Median 4.9 6.1 209 9.9 19.8 5.20 89.6 381 () 936 96.8 " <0.18 83.8  0.06
(435342103285801) Mean 4.0 5.9 212 9.9 19.9 5.20 182 386 () 920 96.6 " <0.18 108 0.05
Maximum 6.5 6.1 218 10.0 20.2 531 444 4.0 () 966 98.6 " <0.18 178 <0.20
Count 3 3 3 3 3 3 3 3 0] 3 3 " 3 3 3
P-2 Minimum 8.6 6.0 55 10.3 4.0 1.43 69.4 141 <070 74 229 <20  <0.18 3.1 005
(stream [SW]) Median 9.0 6.1 56 10.8 4.4 1.45 298 167 1.1 108 24.0 150 <0.18 56 0.2
(435327103290600) Mean 9.1 6.4 56 115 43 1.44 569 187 12 104 23.8 2.10  <0.18 55 010
Maximum 9.6 7.0 58 13.5 45 1.45 1340 252 21 131 24.4 3.80 <0.18 78 0.3
Count 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
I-1 Minimum 8.3 6.5 68 12.4 75 2.04 561 256 1.0 7.9 30.8 150  <0.18 2.1 0.11
(stream [SW]) Median 9.0 6.8 79 12.6 115 2.07 748 282 19 8.6 30.9 490 <0.18 3.1 012
(435044103241000) Mean 9.1 7.0 86 13.5 16.1 2.37 524 287 1.7 9.4 36.4 410 <0.18 28 013
Maximum  10.1 7.6 110 15.5 29.4 3.00 769 324 21 117 475 590 <0.18 3.1 016
Count 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

!Concentrations of zinc and copper for groundwater well sites were censored due to poor performance of quality-assurance and quality-control measures (field blanks and replicates).
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Perchlorate and Metal Occurrence at Mount Rushmore National Memorial

Perchlorate in Groundwater and Surface Water

Perchlorate concentrations were greatest within the Laf-
ferty Gulch drainage basin, ranging from <0.20 to 38 pg/L
in groundwater samples and 2.2—54 pg/L in surface-water
samples (table 5). The statistical distribution of perchlorate
concentrations at all sites is shown using boxplots in figure 3.
Sites within the Starling Gulch drainage basin (sites S-1 and
S-2) also had some evidence of perchlorate contamination,
with concentrations ranging from 0.61 to 19 pg/L. All ground-
water and surface-water samples within the drainage basin for
the unnamed tributary to Grizzly Bear Creek (sites G-1, G-2,
and G-3) and reference sites outside the park boundary (sites
P-1, P-2, and I-1) had concentrations that were <0.20 ng/L.
The groundwater site within Lafferty Gulch drainage basin but
downstream from the park boundary (site L-6) also had a per-
chlorate concentration <0.20 pug/L in the one sample collected
from the site. Perchlorate concentrations in samples collected
from the 200-ft production well (site L-3) located in the Laf-
ferty Gulch drainage basin ranged from 17 to 38 pg/L with a
median of 23 pg/L, whereas samples from the 200-ft produc-
tion well (site L-4) had perchlorate concentrations that ranged
from 2.1 to 17 pg/L with a median of 6.1 pg/L. Perchlorate
concentrations in samples from site L-7 (treated groundwater)
were similar to the concentrations in samples from site L-3,
which was the predominant source of water during the study
period (2011-15). The slightly lower perchlorate concentra-
tions at site L-7 compared to site L-3 are likely caused by the

17

blending of groundwater from site L-4 (Well 2), which has
lower perchlorate concentrations than site L-3, with ground-
water from site L-3 (Well 1). Perchlorate concentrations in
samples from site L-1 were highly variable because the flow
was predominantly treated wastewater. Samples from site L-2
(springflow upstream from the production wells in the West
Fork Lafferty Gulch drainage) had the greatest perchlorate
concentrations among all sites, ranging from 21 to 54 pg/L.
A time-series analyses of perchlorate concentrations at
sampling sites shows little change during 201115 (fig. 4).
At site L-3 (Well 1), perchlorate concentrations were about
20 pg/L during June—August 2011, and concentrations did
not consistently decrease during 2012—15. Some seasonal-
ity in perchlorate concentrations is indicated at sites within
the Lafferty Gulch drainage basin, because concentrations
measured in May and June during 2012—14 typically were
greater than concentrations measured during July and August
of the same year (fig. 4). The magnitude of these differences
between early and late summer was as great as 17 pg/L at site
L-3 during 2013, whereas perchlorate concentrations at most
other sites decreased by 5-10 pg/L. The greater concentra-
tions during the early summer months may be explained by
the greater recharge preceding this period, which can cause
transport of contaminants on the land surface into unconfined
aquifers. Concentrations at site L-2 increased slightly from
May through August 2012 from 49 to 54 pg/L. Perchlorate
concentrations in samples from sites in the Starling Gulch
drainage basin (sites S-1 and S-2) generally were consistent
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Figure 4. Perchlorate concentrations at eight sampling sites within Mount Rushmore National Memorial,
2011-15.
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during 2012—14, ranging from 0.61 to 3.4 ng/L. Perchlorate
concentrations at site S-1 were greater during 2011 than during
2012-14.

Perchlorate in Soil Samples

The concentrations of perchlorate and metals in soil
within different watersheds may be used to assess similari-
ties or differences relative to point-source contamination and
to natural atmospheric deposition. Perchlorate and selected
metal concentrations from soil samples collected during
2012-13 are presented in table 6. Soil-sample concentrations
represent conditions in the top 8 in. of soil and do not assess
the geologic materials below this surficial layer. Soil samples
were collected at four sites within the Hall of Records Canyon.
Site L-12 is located directly behind the granite faces where
fireworks were launched during 1998—2009. The other three
sites (L-9, L-10, and L-11) are located in an approximate
straight line course from site L-12 downgradient towards the
production wells (sites L-3 and L-4; fig. 1). Soil samples were
collected at an additional 7 sites previously described in the
“Selection and Description of Sampling Sites” section for this
study (table 2).

Perchlorate concentrations in soil samples were greatest at
sites in the West Fork Lafferty Gulch drainage; these soil sites
were topographically higher than the two production wells.
Perchlorate in soil samples from sites L-10 and L-12 were 2.3
and 1.7 pg/kg, respectively; concentrations at reference sites
P-2 and I-1 were about an order of magnitude less (0.29 and
0.21 pg/kg, respectively). Three sites in Lafferty Gulch drain-
age basin (sites L-1, L-5, and L-9), however, had perchlorate
concentrations in soil samples less than 0.20 pg/kg.

Metal Concentrations in Groundwater and
Surface Water

Statistical summaries of concentrations for selected metals
in groundwater and surface-water samples are shown in table
5, and median concentrations for five selected metals at each
site are shown in figure 5. Concentrations of antimony were all
0.21 pg/L or less, and most were less than the reporting level
of 0.18 pg/L, and are not shown in figure 5. Copper and zinc
concentrations did not have acceptable quality-assurance and
quality-control measures in groundwater well samples and are
not presented for any sites in figure 5. Median concentrations
of metals were similar in samples collected from sites within
the Lafferty Gulch drainage basin. The greatest dissimilarity
of metal concentrations among sites occurred with the greater
median barium and lithium concentrations in samples from
sites in the lower part of the Lafferty Gulch drainage basin
(sites L-5 and L-6). Median barium and calcium concentrations
were greatest in the Grizzly Bear Creek and Starling Gulch
drainage basins (sites G-2, G-3, S-1, and S-2). Samples col-
lected at reference sites (P-1, P-2, and I-1) generally had con-
centrations of metals within the same range as samples from

sites within the park unit, presenting little evidence of metal
contamination due to anthropogenic factors within the park
boundary. In contrast, perchlorate concentrations in samples
collected within the park Mount Rushmore National Memorial
were about one magnitude higher than perchlorate concentra-
tions in samples outside of the park unit. Sites L-8 and L-2 gen-
erally had the lowest concentrations of metals within the park
unit but had the greatest concentrations of perchlorate (medians
of 34 and 47 pg/L, respectively; table 5).

Arsenic is not typically included as a metal in fireworks
but was included in sample analyses to provide information
on another contaminant of concern. Arsenopyrite naturally
occurs in Precambrian granitic and metamorphic rocks within
the Black Hills area (Betemariam and others, 2010); thus, high
arsenic concentrations are common in groundwater from this
area. Arsenic concentrations in untreated groundwater samples
collected from production wells at Mount Rushmore National
Memorial (sites L-3 and L-4) during 201115 frequently
exceeded the EPA Maximum Contaminant Level (MCL)
of 10 ng/L (U.S. Environmental Protection Agency, 20006),
ranging from 13.8 to 29.2 pg/L (table 5; fig. 6; and appendix).
A water treatment plant was constructed to reduce arsenic
concentrations in groundwater. Treated water samples from
site L-7 had a median arsenic concentration of 2.7 ug/L and
a maximum arsenic concentration of 3.1, which are less than
the MCL of 10 pg/L. Arsenic concentrations in samples from
other sites in the Lafferty Gulch drainage basin generally were
in the range of 10-30 pg/L (table 5). Arsenic concentrations
in samples from sites in the Starling Gulch and the unnamed
tributary to Grizzly Bear Creek drainage basins were lower
(in the range of 1-10 ug/L) than samples from sites in Laf-
ferty Gulch drainage basin. Arsenic concentrations in surface
water outside of the Mount Rushmore National Memorial
park boundary (sites P-2 and I-1) ranged from 2.1 to 7.8 ng/L.
Groundwater from sites P-1 (well at Horsethief Lake) and L-6
(well in lower Lafferty Gulch drainage basin) had the highest
arsenic concentrations, ranging from 61.5 to 178 ng/L. The
lowest arsenic concentration of 0.4 pg/L was measured at site
L-8, which is within the talus below the sculpture where water
has minimal contact with schists that contain arsenopyrite.

Metal Concentrations in Soil Samples

Concentrations of the 25 metals analyzed in soils samples
typically were similar among sites, and little evidence of
anthropogenic contamination can be gleaned from these
results; however, for 22 of the 25 metals analyzed, concen-
trations in soil were greater at sites within Mount Rushmore
National Memorial than in samples collected at sites adjacent
to the park unit (table 6). Copper and lead concentrations at
site L-12 (83 and 100 mg/kg, respectively) were about an
order of magnitude greater than concentrations at all other
sites (fig. 7). Titanium concentrations were greatest in soil
samples from the Lafferty Gulch drainage basin (sites L-9 and
L-10), compared to all other sites.



Table 6. Perchlorate and selected metal concentrations in soil samples collected within and adjacent to Mount Rushmore National Memorial, 2012—13.

[USGS, U.S. Geological Survey; mg/kg, milligrams per kilogram; pg/kg, micrograms per kilogram; E, estimated concentration'; <, less than]

174

USGS station nlljvl:?bper Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead Lithium Magnesium

number (fig. 1) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
435250103270400 L-1  06/20/2012 13,000 <0.39 14 180 0.63 E0.190 9,400 21 6.9 23 21,000 11 17 4,300
435300103270800  L-2  06/20/2012 13,000 <0.38 34 110 0.91 E0.220 3,300 17 5 24 13,000 9.3 22 3,100
435302103265300 L-5 06/20/2012 9,600 <0.38 13 110 E0.45 E0.098 1,600 18 4.9 7.6 13,000 6.8 28 3,500
435257103271701  L-9  11/13/2013 14,000 1 7.3 190 0.8 2.5 2,900 22 5.9 11 18,000 12 36 4,000
435259103271401 L-10 11/13/2013 13,000 1.4 33 140 0.7 1.5 2,000 14 4.3 6.7 18,000 4.6 32 4,600
435300103271001  L-11 11/13/2013 7,800 E0.6 4 99 0.5 1.4 1,800 13 4.8 53 11,000 9.8 20 2,500
435245103273401  L-12 11/13/2013 4,900 3 24 100 0.7 2.2 4,800 6.2 1.9 83 15,000 100 18 750
435231103265101 G-1  06/20/2012 9,300 <0.36 7.8 150 0.56 E0.180 2,000 18 5.5 14 13,000 8.9 24 3,200
435234103274500  S-1  06/20/2012 13,000 <0.38 24 160 0.85 E0.230 3,100 24 6.3 15 19,000 9.6 42 4,800
435327103290600  P-2  06/06/2013 2,200 <0.36 19 35 E0.24 E0.130 1,200 3 1.8 7.3 4,100 4.2 9.1 620
435044103241000  1I-1 06/06/2013 9,000 <0.35 7.9 87 0.47 E0.240 1,700 20 5.1 11 13,000 8 21 3,200

USGS station mllvr:?bper Date Manganese Molybdenum Nickel Potassium Selenium Sodium Strontium Thallium Titanium Vanadium Zinc Perchlorate

number (fig. 1) (mg/kg) (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (wg/kg)
435250103270400  L-1  06/20/2012 350 El.1 19 3,300 <0.88 E86 47 <0.66 190 33 76 EO0.17
435300103270800  L-2  06/20/2012 250 <0.26 15 3,200 1.6 <59 24 <0.65 370 24 38 0.86
435302103265300 L-5 06/20/2012 310 <0.26 12 4,000 <0.86 <59 11 <0.65 700 19 41 E0.14
435257103271701 L-9 11/13/2013 450 E0.2 17 3,300 <1.9 74 17 5.8 1,100 26 55 <0.055
435259103271401 L-10 11/13/2013 540 <0.4 13 5,700 <1.7 55 16 5.7 1,200 13 30 2.3
435300103271001  L-11 11/13/2013 580 EO.1 12 2,600 <1.5 49 10 3.2 630 14 41 0.77
435245103273401 L-12 11/13/2013 290 0.5 13 770 <1.5 54 17 E0.5 120 5.5 120 1.7
435231103265101 G-1  06/20/2012 470 <0.24 14 3,500 <0.81 <56 14 <0.61 520 19 48 0.65
435234103274500  S-1  06/20/2012 450 <0.26 17 6,100 <0.87 <60 18 <0.66 970 26 75 0.78
435327103290600  P-2  06/06/2013 240 <0.25 6 780 <0.81 <56 5.1 <0.62 100 4.6 16 E0.29
435044103241000  I-1 06/06/2013 270 <0.24 16 3,700 <0.80 <55 9.8 <0.60 550 19 40 E0.21

'Soil concentrations reported with an “E” preceding the value either (1) are below the minimum reporting level but greater than the established method detection limit, or (2) exceed the upper calibration
range of the instrument.
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Figure 5.
adjacent to Mount Rushmore National Memorial, 2011-15.

Groundwater Age Dating

Multiple bottles for age-dating tracers (CFCs) were filled
during sample collection and were analyzed to estimate the
apparent age and detect possible contamination, as shown by
the multiple results for each sample date in table 7. Apparent
ages based on CFC-11 and CFC-12 generally were within 10
years of those reported for CFC-113. CFCs were analyzed for
water samples collected from the two production wells (sites
L-3 and L-4) in June and August 2012, and again in June
2013. The mean apparent age derived from CFC-113 results
is about 1981-82 (plus or minus 2 years, standard deviation)
for both production wells (table 7). CFC age-dating samples
also were collected from the Grizzly Bear and Horsethief Lake
Campground wells (sites G-3 and P-1, respectively). Age-
dating results for these sites using CFC-113 indicated a similar
age for site G-3 (1980) in comparison to ages determined for
the production wells, but a substantially older groundwater age
for site P-1 (1969).

Implications of Perchlorate in Water and Soil

The perchlorate concentrations in groundwater and
surface water within the Lafferty Gulch drainage basin during
2011-15 were greater than the EPA Interim Drinking Water
Health Advisory of 15 ug/L (U.S. Environmental Protection

Median concentrations for five selected metals in samples from groundwater and surface-water sites within and

Agency, 2008). This advisory level is not currently (2015) a
legally enforceable standard, but the regulation of perchlorate
may occur in later years. Perchlorate concentrations in ground-
water and surface-water samples collected at sites adjacent to
Mount Rushmore National Memorial (reference samples) gen-
erally were less than 1 pg/L, similar to those reported in other
studies within the United States (Parker and others, 2007,
Kalkhoff and others, 2010). The perchlorate concentrations

in the water supply for Mount Rushmore National Memorial
are of concern relative to the health advisory level; however,
several assumptions warrant consideration when describing
the potential risks. The Interim Drinking Water Health Advi-
sory for perchlorate (15 pg/L) was developed by EPA for the
subchronic drinking water exposure of the pregnant mother
and her fetus (U.S. Environmental Protection Agency, 2008),
which represents the highest risk category to this contamina-
tion. The calculation of this health advisory level includes the
following assumptions: the no-effect level is 0.007 milligrams
per kilogram per day, the assumed body weight is 70 kilo-
grams (154 pounds), the daily water consumption is 2 liters
(0.53 gallon), 62 percent of perchlorate exposure is from
water (38 percent is from food), and there is a 10-fold uncer-
tainty factor to account for variability in responses among
humans. Adjustment of these assumptions will yield differ-
ent health advisory levels. For example, decreasing the water
consumption from 2 to 1 liter (0.26 gallon) would result in
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Figure 6. Boxplots of arsenic concentrations in groundwater and surface-water samples within and adjacent to Mount Rushmore

National Memorial, 2011-15.

an equivalent health advisory level of 30 ug/L. Most users of
the water supply at Mount Rushmore National Memorial are
temporary visitors who do not use the water for their full daily
consumptive amount. Individuals at greater risk of exposure
are the employees at the park, especially those who reside on
site. To alleviate this risk, point-of-use water treatment sys-
tems (reverse osmosis membrane filters) have been installed at
several Mount Rushmore National Memorial facility locations
to reduce contaminant concentrations for those who use the
water supply as their primary source (Rodney Hart, National
Park Service, written commun., 2015). Urbansky and Schock
(1999) describe several perchlorate treatment technologies
in detail and list an example case of 80 percent perchlorate
removal by reverse osmosis.

Perchlorate in soil samples were greatest in the Hall of
Records Canyon (site L-12) and in the West Fork Lafferty
Gulch drainage, about 750 ft upgradient from the production

wells (sites L-3 and L-4) and within the recharge zone for
the groundwater. Lower perchlorate concentrations in other
areas of the Lafferty Gulch drainage basin indicate that the
contamination may have occurred in a random pattern as one
would expect from the fallout from fireworks debris. The
distance from the Hall of Records, where fireworks were
launched, to the sites in West Fork Lafferty Gulch (sites
L-2,L-9, L-10, and L-11) is about 2,000-2,500 ft, and the
distance to the site in upper Starling Gulch drainage basin
(site S-1) is about 1,400 ft. The site farthest removed from
the location of the launch site (site G-1) is about 3,500 ft
from the Hall of Records. Wind direction and velocity were
not documented as part of this study, but it is reasonable

to deduce that firework debris could have been transported
these distances given the typical launch trajectories and the
600—800-ft elevation change from the Hall of Records to the
valleys below.
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Figure 7. Concentrations of five selected metals and perchlorate in soil samples within Mount Rushmore National Memorial and

reference sites, 2012-13.

It is important to note that no perchlorate concentration
data in groundwater or surface water were available for the
time period prior to 2011 within Mount Rushmore National
Memorial or the adjacent drainage basins. Thus, it is difficult
to directly establish background perchlorate concentrations for
these study sites during the period prior to firework displays.
An assumption is made that natural perchlorate concentrations
within Mount Rushmore National Memorial would be much
less than 1 pg/L, which is similar to those from reference sites
in the Pine and Iron Creek drainage basins and also previous
studies that characterize perchlorate concentrations (Kalkhoff
and others, 2010; Wilkin and others, 2007). Concentrations of
metals in water and soil samples provide very little additional
evidence to indicate these contaminants are associated with past
firework displays. The information obtained from age dating
of groundwater in the Lafferty Gulch drainage basin indicates
that a large portion of the source water had recharged during

and before the 1980s, prior to the firework displays during
1998-2009. A younger component to the groundwater likely
recharged the aquifer during the period 1998-2009. Fractures
exist in the mica schists, creating an aquifer from secondary
porosity in rocks that otherwise would not contain enough
porosity to provide a water supply. In this system, the ground-
water is unconfined, and recharge occurs each year from the
overlying area. The groundwater system at West Fork Lafferty
Gulch is highly susceptible to contamination through recharge
by way of the land surface and is isolated from downstream
movement by an intrusive body acting as a dam (Powell and
others, 1973), which may explain why contamination is not
likely to disappear or disperse, as could happen in larger aquifer
systems. The observed deposition of firework debris within the
Lafferty Gulch drainage basin coupled with the lack of alterna-
tive perchlorate sources indicates that past firework displays are
the most probable source of perchlorate contamination.



Table 7. Groundwater age dating results from wells within and adjacent to Mount Rushmore National Memorial, 2012-2013.

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; °C, degrees Celsius; ft, feet above North Amercian Vertical Datum of 1988; CFC, chlorofluorocarbon; pg/kg, picograms per kilogram; --, not
available]

vz

USGS station  MaP _ D::r‘;';’:d Dissolved Dissolved Dissolved Recharge re“:::r';e CFC1 CRCA2 CReqpa OFC-T1  CFC12  CFCA13
number nu_mher Date Time dioxide nitrogen  oxygen argon  temperature altitude (pg/kg) (po/kg) (pg/ka) apparent apparent apparent
(fig. 1) (mg/l)  (mg/L)  (mg/L) (°C) age age age
(mg/L) (ft)
Well #1
435300103265001  L-3  06/08/2012 1015 44.9 18.95 2.3 0.657 6.8 5,500 360 2,500 41 1975.5 " 1983
435300103265001  L-3  06/08/2012 1016 45.1 18.79 2.6 0.655 6.8 5,500 350 2,500 41 1975.5 " 1983
435300103265001 L-3 08/14/2012 916 44.1 19.33 1.7 0.667 6.7 5,500 - - - - - -
435300103265001  L-3  08/14/2012 917 435 19.36 1.8 0.664 6.7 5,500 270 '1,600 31 1973.5 O] 1980.5
435300103265001  L-3  08/14/2012 919 -- -- -- -- -- -- 270 '1,600 30 1973 O] 1980.5
435300103265001 L-3 06/04/2013 1101 442 19.42 3.1 0.655 7.6 5,500 390 12,400 40 1977 ") 1983
435300103265001  L-3  06/04/2013 1102 44 19.66 3.1 0.662 7.6 5,500 370 2,400 38 1976 " 1982.5
435300103265001  L-3  06/04/2013 1104 - - - - 7.6 5,500 390 2,400 39 1977 " 1983
Mean 1975 - 1982
Standard deviation (years) 1.6 -- 1.2
Well #2
435302103270501  L-4  06/08/2012 1145 -- -- -- -- 8.2 5,500 250 400 34 1973.5 " 1982
435302103270501  L-4  06/08/2012 1146 32.8 16.88 4.7 0.61 8.2 5,500 190 1370 24 1971.5 O] 1980
435302103270501  L-4  06/08/2012 1147 29.7 16.93 4.7 0.613 8.2 5,500 240 1360 32 1973 " 1982
435302103270501  L-4  06/08/2012 1148 -- -- -- -- 8.2 5,500 320 1370 42 1975 " 1984
435302103270501  L-4  08/14/2012 831 32 18.86 2.3 0.652 -- -- - -- -- -- -- --
435302103270501  L-4  08/14/2012 832 32 18.53 2.6 0.645 -- -- -- -- -- -- -- --
435302103270501  L-4  08/14/2012 857 -- -- -- -- 7.4 5,500 280 260 40 1973.5 1986 1983
435302103270501  L-4  08/14/2012 858 -- -- -- -- 7.4 5,500 170 250 24 1970.5  1985.5 1979
435302103270501  L-4  08/14/2012 859 - - - - 7.4 5,500 270 260 38 1973.5  1986.5 1983
435302103270501  L-4  06/04/2013 1121 339 17.26 2.5 0.625 -- -- - -- -- -- -- --
435302103270501  L-4  06/04/2013 1122 33.6 17.16 2.5 0.624 7.0 5,500 200 1640 24 1971.5 " 1979
435302103270501  L-4  06/04/2013 1124 - - - - 7.0 5,500 200 1630 25 1971.5 " 1979
Mean 1973 1986 1981
Standard deviation (years) 1.4 0.5 2.0
Grizzly Bear Campground Well
435242103261801  G-3  06/04/2013 1001 14.4 23.96 11 0.778 3.6 5,040 300 270 37 1972.5 1982 1980
435242103261801  G-3  06/04/2013 1002 14.7 22.51 9.9 0.755 -- -- - -- -- -- -- --
435242103261801  G-3  06/04/2013 1003 - - - - 3.6 5,040 280 260 36 1972 1981.5 1980
435242103261801  G-3  06/04/2013 1004 -- -- -- -- 3.6 5,040 280 260 36 1972 1981 1980
Mean 1972 1982 1980
Standard deviation (years) 0.3 0.5 0.0
Horsethief Lake Campground Well
435342103285801  P-1  06/06/2013 1501 76.8 23.51 0.3 0.742 5.2 6,060 61 39 7.4 1963.5  1963.5 1969.5
435342103285801 P-1 06/06/2013 1502 77.8 23.83 0.3 0.749 5.2 6,060 59 38 8 1963 1963 1970
435342103285801  P-1  06/60/2013 1503 -- -- -- -- 5.2 6,060 51 39 6.8 1962.5 1963 1968.5
Mean 1963 1963 1969
Standard deviation (years) 0.5 0.3 0.8

! CFC-12 contaminated above modern air equilibrium and was not used in apparent age piston-flow model (U.S. Geological Survey, 2015).
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Summary and Conclusions

Mount Rushmore National Memorial is located in the
east-central part of the Black Hills region of South Dakota
and is challenged to provide drinking water to about 3 million
annual visitors and year-round park personnel. About 7 million
gallons of drinking water each year are pumped from two pro-
duction wells (200 and 500 feet deep) located about 0.5 mile
northeast of the memorial and visitor center within the Laf-
ferty Gulch drainage basin. An environmental concern to
water resources within Mount Rushmore National Memorial
has been the annual aerial release of fireworks at the memorial
for the Independence Day holiday during 1998-2009. A major
concern by park management is the contamination of ground-
water and surface water by perchlorate and metals associated
with fireworks displays. Perchlorate does not currently have
a regulated maximum contaminant level for drinking water
supplies from the U.S. Environmental Protection Agency, but
an interim Health Advisory level was set at 15 micrograms
per liter (ug/L). A study by the U.S. Geological Survey, in
cooperation with the National Park Service, was completed to
characterize the occurrence of perchlorate and selected metals
(constituents commonly associated with fireworks) in ground-
water and surface water within and adjacent to Mount Rush-
more National Memorial during 2011-15.

This report provides a characterization of perchlorate
and selected metals in groundwater and surface water within
and adjacent to Mount Rushmore National Memorial dur-
ing 2011-15. Concentrations of perchlorate and metals were
measured in 106 water samples (collected from 6 groundwater
sites and 14 surface-water sites) and 11 soil samples (collected
from 11 soil sites). Sites were selected in three major drainage
basins within the park boundary, and sites also were selected
in drainages adjacent to the park to be used as reference
comparisons. Water-quality constituents measured included
field properties (dissolved oxygen, pH, specific conductance,
and water temperature), perchlorate, selected metals, and
chlorofluorocarbons (groundwater sites only). Perchlorate and
selected metals were analyzed in soil samples collected from
within the park and adjacent drainages.

Within the Mount Rushmore National Memorial bound-
ary, perchlorate concentrations were greatest in the Lafferty
Gulch drainage basin, ranging from less than 0.20 to 38 ug/L
in groundwater samples and from 2.2 to 54 pg/L in surface-
water samples. Samples from the two surface-water sites in
the Starling Gulch drainage basin also had some evidence of
perchlorate contamination, with concentrations ranging from
0.61 to 19 pg/L. All groundwater and surface-water samples
within the drainage basin for the unnamed tributary to Grizzly
Bear Creek and reference sites outside the park boundary had
perchlorate concentrations less than 0.20 pg/L. The median
perchlorate concentration in samples collected from the 200-
foot production well (Well 1) was 23 pg/L, and the median
perchlorate concentration in samples collected from the 500-
foot production well (Well 2) was 6.1 pg/L. Median perchlo-
rate concentrations in samples of the treated groundwater at
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Mount Rushmore National Memorial were 20 pg/L, similar
to the median concentrations (23 pg/L) from Well 1, which
was the predominant source of water supply during the study
period (2011-15). Samples of springflow collected upstream
from the production wells in the West Fork Lafferty Gulch
drainage had the greatest median perchlorate concentration
(47 pg/L). The groundwater site within Lafferty Gulch drain-
age basin but downstream from the park boundary also had a
perchlorate concentration less than 0.20 pg/L in the one sam-
ple collected at the site. Perchlorate concentrations changed
little during the 2011-15 study period, although concentrations
measured in May and June during 2012—14 typically were
greater than concentrations measured during July and August
of the same year. Water samples collected at reference sites
outside the park boundary generally had concentrations of
metals within the same range of those sites within the Mount
Rushmore National Memorial boundary, indicating little
evidence of metal contamination due to anthropogenic factors
within the park boundary. In contrast, perchlorate concentra-
tions in samples collected within Mount Rushmore National
Memorial were about one order of magnitude higher than
perchlorate concentrations in samples outside of the park unit.
Perchlorate concentrations in soil were greatest in the
West Fork Lafferty Gulch drainage; the soil samples were
collected from sites that are topographically higher than the
two production wells. Perchlorate in soil samples from two
of the sites upstream from wells in West Fork Lafferty Gulch
drainage were 2.3 and 1.7 micrograms per kilogram (ug/kg),
whereas concentrations at reference soil sites were about an
order of magnitude less (0.29 and 0.21 ng/kg). Concentra-
tions of the 25 metals analyzed in soil samples typically were
similar among sites; however, 22 of 25 metal concentrations
in soil were greater at sites within Mount Rushmore National
Memorial than in samples collected at reference sites. Copper
and lead concentrations (83 and 100 milligrams per kilogram,
respectively) at the site closest to the location of the fireworks
launches were about an order of magnitude greater than
concentrations at all other sites. Titanium and barium con-
centrations were greatest in soil samples from two sites in the
Lafferty Gulch drainage basin compared to all other sites.
The perchlorate concentrations in groundwater and
surface water within the Lafferty Gulch drainage basin during
2011-15 were greater than the EPA Interim Drinking Water
Health Advisory of 15 pg/L. Perchlorate in soil samples were
greatest in the Hall of Records Canyon (at the site closest
to the location of the fireworks launches) and in West Fork
Lafferty Gulch drainage, about 750 feet upgradient from the
production wells used for water supply at Mount Rushmore
National Memorial; however, lower concentrations in other
areas of the Lafferty Gulch drainage basin indicate that the
contamination may have occurred in a random pattern as one
would expect from the fallout from fireworks debris. The
groundwater system in West Fork Lafferty Gulch drainage is
highly susceptible to contamination through recharge by way
of the land surface and is isolated from downstream movement
by an intrusive body acting as a dam, which may explain why



26 Perchlorate and Selected Metals in Water and Soil within Mount Rushmore National Memorial, South Dakota, 2011-15

a contamination problem is not likely to disappear or disperse,
as could happen in larger aquifer systems. The observed depo-
sition of firework debris within the Lafferty Gulch drainage
basin coupled with the lack of alternative perchlorate sources
indicates that past firework displays are the most probable
source of perchlorate contamination.
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Appendix 1

A complete listing of the water-quality data for samples collected from the study area are
presented in the Microsoft® Excel file available at http://dx.doi.org/10.3133/sir20165030. The
Microsoft® Excel file contains the following two worksheets:

1. “Info” worksheet describes contents of the Microsoft® Excel file and abbreviations, and

2. "WQ_data" worksheet contains water-quality sample results sorted by sampling site.
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