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ABSTRACT

Air and water quality in Glacier National Park have been monitored in individual research projects involving park
partner’s such as the USGS, researcher’s affiliated with Montana’s university system, by other external
researcher’s, by Regionaland Washington Office NPS staff, as well as by Glacier National Park physical science
staff. Some of these programs are long-running national trend network programs, and by virtue of its
undeveloped nature and low local population density, Glacier plays an important role in these networks. Across
these national networks and studies, air and water quality in the park generally remains very good. Some areas
of concerns exist, including trends in nitrogen and ammonium deposition, as well as the transport and
deposition of airborne contaminants from outside the park. Climate warming poses a continued threat as
changesin air and/or water temperature drive many ecological and physical processes within the park.



INTRODUCTION

AIR QUALITY

Glacier National Park (GNP), along with other national parks greaterthan 6,000 acres and Wilderness areas
greaterthan 5,000 acres in size, are classified as Class 1 airsheds underthe Clean Air Act (Act). This designation
affords the highestlevelof air quality protection provided underthe Actand setslimits on how much pollution
can be emitted by facilities within the Class 1 airsheds. In addition, the federalland managers of Class 1 areas
are required to have the opportunity to review air pollution permit applications submitted to state agencies
prior to the issuance of any permits that will resultin degradation to the air quality in a Class 1 area, including
visibility.

Clean air, dramatic visual vistas, and clean waterare some of the many natural qualities of the park that draw
visitors from all overthe world. The air in the park affects all other aspects of the visitor experience, from
obvious tangible qualities such as visibility, to less obviousimpacts such as water quality, forest composition and
ecosystem function. Airborne transport of pollution often originates from outside the park upwind and generally
fromthe west (Landers et al. 2008). Sources generally includesindustry, agriculture, fires, and transportation
(Landersetal. 2008). These pollutants can harm the natural and scenic resources visitors’ value and the National
Park Service (NPS) is charged with protecting. Air Quality has been monitored at GNP in some fashion since

1980. Atthat time, a permanent monitoring site was established nearthe horse corals between the park
headquarters and Apgar. This site has developed overthe years, and now includes multiple devices and
networks to measure different atmosphericcomponents. In addition to the stationary site near Apgar, during
the 2019 season a mobile particulate sampler was added to the capabilities of the air quality program. This new
tool will provide insights into more specific sources of particulate throughout the park.

The National Atmospheric Deposition Program (NADP) monitors precipitation chemistry at 381 sites across the
United States. Itis a cooperative effort between many differing groups including federal, state, tribal and local
governmentagencies, educational institutions, private companies and non-governmental agencies. Glacier
National Park plays a role in this network as a National Trends Networks (NTN) site, of which there are 263
nationwide; and a Mercury Deposition Network (MDN) site, of which there are 197 sites nationwide.

Deposition measurements of nitrogen and sulfur in GNP are made to monitor possible harmful effects of
acidification. These processes can alter water chemistry, and as a result the connected ecosystems may be
affected as well. Some waters have low buffering capacity due to low dissolved mineral levels w hile others more
directly associated with the park’s glaciers have higher buffering capacity. Watersheds that receive glacial runoff
are less sensitive to acid deposition due to buffering minerals like calcium in the runoff (Ellis et al. 1992; Clow et
al. 2002; Nanus et al. 2009; Peterson etal. 1998; Sullivan et al. 2011a; Sullivan et al. 2011b).

Nitrogen also effects forest ecosystems, and can lead to nutrient enrichment, which can alter the natural
nutrient cycling in the plant community. The ecosystem can buffera certain amount of additional nitrogen, but
eventually a “Critical Load” is achieved, and additional pollution will most likely have a harmfuleffectonthe
sensitive portions of the ecosystem. (Porter 2005). Lichens can be particularly sensitive toincreased nitrogen
deposition. These impacts vary among climate types, with increasing nitrogen deposition negatively correlated
with species richness in temperate forests and grasslands (Han etal. 2019). The NPS has assessed the risk of
elevated nitrogen deposition on Glacier’s vegetative types and in some cases, these levels warrant concern (NPS
2019). The investigators present arange of values for each vegetative type because there is often variability in
how each vegetative type responds. Forsome groups, currently modeled nitrogen deposition loads in Glacier
exceedthe lower-most threshold where impacts to vegetation could begin.
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Ozone (O3) is anotheratmosphericcomponent thatis monitored by the NPS and can be related to EPA national
standards. High levels of ozone can cause human health problems and negatively affect forest ecosystems by
physically damaging plants, negatively impacting photosynthesis, and leading to increased vulnerability to
disease and pests (USEPA —Ground Level Ozone Impacts, accessed online on 03/31/2020@ 1200 hrs). Ozone
also impacts visibility as it is a major component of “smog”. Volatile organic compounds (VOCs) and nitrogen
oxides (NO,) (byproducts of fossil fuel combustion from cars, industrial and power plant emissions, etc.) interact
with sunlight and heat to form ground level ozone (EPA, 2007). Levels at GNP are relatively low and have not
exceeded the 2015 revised national standard (Federal Register 2015).

Visibility is an important quality of Glacier National Park and is affected by particulates from many sources aside
from ground level ozone. Many of the same pollutants that ultimately fall out of the atmosphere as nitrogen and
sulfur deposition contribute to haze that can reduce visibility substantially. Organic compounds, smoke, and
dustplay a role in reducing visibility as well. (National Park Service 2019) The Interagency Monitoring of
Protected Visual Environments (IMPROVE) network provides the primary method for visibility monitoring at
Class | areas throughout the United States. Monitoringis conducted by collecting PM, s and PM,, samples every
third day at over 150 sites nationwide, with PM, s samples being analyzed for chemical composition. Using these
data, light extinctionis reconstructed by the IMPROVE program. Reconstructed extinction values are then used
to calculate haze levels and estimate visibility. In addition to calculated light extinction from IMPROVE, the
National Park Service directly measures light scattering at a subset of IMPROVE sites using OptecNGN-2
integrating nephelometers (including at GNP). The optical measurements serve as a quality assurance check for
IMPROVE, inthat measured scattering from the nephelometers and reconstructed scattering from the IMPROVE
equation should be equivalent. Nephelometer data also are particularly usefulwhen high time resolution
measurements are needed.

Although mercury naturally occurs in the environment, investigations of lake sediments (Swain et al. 1992),
glacial cores (Schusteretal. 2002), and preserved animaltissues (Dietzetal. 2009) have revealed large increases
since the onset of the Industrial Revolution. The primary source of elevated mercury levelsin most areas s
increased atmospheric deposition, particularly in remote headwater settings such as GNP (Fitzgerald et al.

1998). Currently, coal burningis the largest source of mercury to the atmosphere followed by artisanal gold
mining (Streets etal. 2011). Globally, it is estimated that the mercury flux from the atmosphere has tripled since
the Industrial Revolution (Lindberg et al. 2007). Regionally, glacial cores from the Wind River Range, Wyoming
(700 km SE of GNP) suggest thatin the 20™" century about 70% of the mercury deposited aerially was from
human sources (Schusteretal. 2002). Locally, sediment cores fromfour GNP lakes show that modern fluxes of
mercury (post-1985) averaged 3.2 times higher than pre-industrial fluxes (pre-1875) (Mast et al. 2010).

Giventhe importance of the atmosphere in delivering mercury, regional concentrations in precipitation and the
associated mercury deposition rates are relevant when evaluating mercury hazards. The Mercury Deposition
Network (MDN) of the National Atmospheric Deposition Program (NADP; Madison, WI; for details see
http://nadp.slh.wisc.edu/MDN/) regularly collects precipitation samples from sites throughout most of the US,
including GNP, which are analyzed for total mercury. The extentto which these deposition patterns presentan
ecological or human health hazard is influenced by the speciation of mercury in the environment.

Although atmosphericdeposition is dominated by inorganic mercury, methylmercury is typically the form of
greatest ecotoxicological concern. Methylmercury primarily is produced in lakes and their watersheds by sulfate
reducing bacteria (Gilmourand Henry 1991), although some is deposited aerially (Fitzgerald etal. 1991).
Methylmercury biomagnifies in aquatic food chains and generally comprises a larger fraction of the total
mercury burden with increasing trophic level (Mason and Sullivan 1997). These food chain dynamics together

-9-



with the high toxicity of methylmercury create toxicological concerns, particularly for high level consumerssuch
as humans and piscivorous wildlife (Stafford etal. 2016). The MDN network monitors both wetand dry inorganic
mercury deposition at the fixed monitoring site in GNP.

WATER QUALITY

Similarly, Glacier’s waters receive the highest level of protection underthe Clean Water Act (CWA). The
Environmental Protection Agency (EPA) delegates much of the implementation of the CWA to the State of
Montana (as it does with most otherstates), and the Montana Department of Environmental Quality oversees
implementation of these responsibilities. The State of Montanasets the water quality standards for each water
classification level (A-C). Most of the park’s waters are classified by the state as A-1, which is essentially a non-
degradation standard with specific limits on contaminants such as Escherichia coli and strictly limits human
induced changesto parameters like dissolved oxygen, pH, turbidity, and watertemperature. Water quality must
be maintained in these waters to support each of the beneficial uses the state designated forthem including
drinking (with basic water treatment), salmonid fish growth and survival, bathing, recreation, and others.

GNP andits partners monitor a variety of water quality parameters across the park each year. The USGS
monitors water quality and quantity on the North Fork Flathead Riverat the Canadian border. In addition, in
partnership with GNP, the USGS monitors water quality and quantity on Swiftcurrent Creek as part of the
National Hydrologic Benchmark Network (HBN). HBN data are housed in USGS and national databasesand do
not reside with the park. Water quality is also one of the park’s benchmark monitoring initiatives underthe NPS
Vital Signs Monitoring Network. These efforts focus exclusively on park-wide stream water quality, stream
habitat, and the biotic health of stream and river systems. Fine sedimentis also collected and analyzed for
contaminants at some sites underthe Vital Signs program. Under the Vital Signs program, field sampling is
conducted by GNP staff underthe direction of the NPS Rocky Mountain Inventory and Monitoring network
(network) in Ft. Collins, Colorado. These dataare housed at the network and do notreside at the park.

GNP also independently monitors water clarity, water quality, and temperature on the park’s larger lakes. The
park also monitors water temperature on park streams and periodically conducts site-specific water quality
evaluations as specific water quality questions or concerns arise. For example, in 2018, the park initiated a re-
evaluation of water quality on Lake McDonald in partnership with the University of Montana Flathead Lake
Biological Station (FLBS) and USEPA. This projectis ongoing and while we have received all of the raw data, we
are awaiting interpretation of some of the data from our project partners.

METHODS

AIR QUALITY

The stationary air quality site in GNP is nearthe horse coral in West Glacier/Apgar area. Six different programs
and stations outlined below exist at the site. Weekly site visits by GNP physical science staff maintain the
processes and equipmentthatanalyze the air at the site. Filter changes and calibrations are completed
according to manufacture procedures. Each station and program measurements and procedures are outlined
below.

Additionally, in the 2019 summerseason a mobile particulate samplerwas added to the park air quality

capabilities. The Environmental Beta Attenuation Monitor (E-BAM) is mounted to a trailer and can be movedto
sample at key locations throughout the park. The primary focus of the device is to measure particulates at 10 or
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2.5 microns and below (PM10or PM2.5 respectively). This site is maintained weekly by GNP physical science
staff to ensure quality data collection and tend to any issues that may arise. The addition of a portable E-BAM to
GNP adds more versatility to the air quality program.

National Trends Network — NTN

The National Trends Network is considered the primary source for gathering wet deposition data. Samples are
collected continuously in a wet deposition collector. Asensoropens a sampling bucketto the atmosphere during
precipitation, the bucket collects this precipitation and is then automatically closed as soon as the precipitation
stops. Every Tuesday, the site operator replaces the collection bucket with a new one that has been specifically
cleanedfor the nextsample. The sample is then weighed and transferred to a shipping bottle to be sentto the
lab at the University of Wisconsin, Madison foranalysis. The site is also equipped with a weighing-bucket rain
gauge that provides a continuous record of rainfall amounts, recorded to the nearest 0.01 inches. The rain gauge
also monitors the wet deposition collector, recording whether the collector was properly open duringwet
periods and closed during dry periods (National Atmospheric Deposition Program, n.d.-d).

The Central Analytical Laboratory (CAL) processes the samples, measuring the concentrations of the constituents
of interest. These measurements include acidity (measured as pH), sulfate, nitrate, ammonium, chloride (Cl-),
sodium (Na+) and the base cations including magnesium (Mg?*), calcium (Ca?*), and potassium (K*). Base cations
in the soil occur naturally from the parental bedrock weathering and provide essential nutrients for plant
growth. Nitric and sulfuric acid, upon contact with the soil, release theirhydrogenions, and bind to the base
cations present. These compounds moveinto the soil water solution, acidifying the remaining soil and can lead
to stream acidification as they flow toward water bodies. A reduced availability of base cations reduces the
capacity of soils to recoverfrom acidic deposition (US Forest Service, 2020). A stringent data verification process
is employed to make sure that the data meetsthe completeness and accuracy standards. After data verification,
the sample record is entered into the NADP database (National Atmospheric Deposition Program, n.d.-e).

Mercury Deposition Network — MDN

The MDN is the only network providing a long-term record of total mercury (Hg) concentration and depositionin
precipitation in the United States and Canada. All MDN sites follow standard procedures and have uniform
precipitation chemistry collectors and gauges. The automated collector has the same basic design as the NTN
collector but is modified to preserve mercury. Modifications include a glass funnel, connecting tube, bottle for
collecting samples, and an insulated enclosure to house the sampling train. The funneland connecting tube
reduce sample exposure to the open atmosphere and limit loss of dissolved mercury. As an additional sample
preservation measure, the collection bottle is charged with 20 mL of a one percent hydrochloric acid solution
(National Atmospheric Deposition Program, n.d.-b).

Each weekly MDN sample is sentto the Mercury Analytical Laboratory (HAL) at the Wisconsin State Laboratory
of Hygiene in Madison, Wisconsin for analysis and the entire sampling train is replaced with a clean one from
(HAL). Rigorous cleaning ensures that each samplingtrain componentis essentially mercury-free. The HAL
supplies the collection bottles already charged with the hydrochloric-acid preservative. By following those
procedures and stringent sampling protocols, the MDN can report mercury concentrations below 1 part per
trillion (<1 nanogram/liter). HALanalyzes all forms of mercury in a single measurementand reportsthisas a
total mercury concentration. The HAL reviews field and laboratory data for completeness and accuracy, and
flags samples that were mishandled, compromised by precipitation collector failures, or grossly contaminated.
The HAL delivers all data and information to the NADP Program Office for final checks and resolution of
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remaining discrepancies. Datathen are made available on the NADP Web site (National Atmospheric Deposition
Program, n.d.-c).

Nephelometer

Visibility is monitored usinga nephelometerwhich uses light scatter to measure the size and concentration of
particles in the air. The Nephelometerat GNP, ModelNGN-2, uses anintegrated open-air design to measure the
atmosphericscattering coefficient of the ambientair. This is accomplished through a complicated, yet simple
measurement sequence. Essentially, a halogen light source is shined through a glass diffuserto reduce the
wavelengths; thenachopper modulates the light at 10 Hz. This is measured in line with the light source by a
photodiode detector. Compared to thisin-line measure is the light absorbed by a second silicon photodiode that
useslensestotarget a small 6 mm x 260 mm diameter volume of air that is 90 degreestothe light source. The
second measurement of light is proportional to light scattered by the air sample plus light reflectingin the
optical chamber. This relationship can be used to calculate the scattering coefficient, reported at GNP asinverse
megameters (Optec, Inc, 1998). The optical measurements taken by the nephelometer serve as a quality
assurance check for IMPROVE, inthat measured scattering from the nephelometers and reconstructed
scattering from the IMPROVE equation should be equivalent. Nephelometer data also are particularly useful
when detailed time resolution measurements are needed.

Weekly, a calibration sequence is performed to ensure accurate monitoring and correction forany instrument
gain and zero intercept drifts due to temperature changes and/ordirt accumulating on the measurement
chamberoptics. A checklistis followed for physical machine checks, and then a calibration program runs
automatically with span gas to calibrate. Temperature and humidity sensors are also monitored as air moisture
must be accounted in the QA/QC process for data using this instrument (Optec, Inc, 1998).

Ozone

Ozone is analyzed continuously with a Thermo Scientific Analyzer, Model49i. The analyzer operates onthe
principle that ozone absorbs UV light with a wavelength of 254 nm. The sampling inlet is at the top of the tower
at the site, and sampled air travels through tubing to the analyzer. Here, the flow is split into parallel streams.
One gas stream flow through an ozone scrubberand then to the reference solenoid valve, whereas the other
stream flows directly to the solenoid valve. The solenoids then alternate flows forreference orsample gas every
10 seconds to both cells A and B. The UV light intensities of each cell are measured by detectorAand B
respectively. As flow switches occur, measurements are delay several seconds so that cells A and B can be
flushed with the sample or reference before datais recorded (Thermo Scientific, 2011).
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Figure 1. Ozone Model49i Air Flow Schematic.

Site visit proceduresinvolve bi-weekly inlet filter changes and subsequent calibration. The inlet filter removes
particulates that would interfere with analyzer functioning. During heavy particulate environmental conditions,
such as wildfire smoke or heavy pollen, the filters and calibrations are performed weekly.

Interagency Monitoring of Protected Visual Environments — IMPROVE

The Interagency Monitoring of Protected Visual Environments (IMPROVE) network provides the primary method
for visibility monitoring at Class | areas throughout the United States. Monitoringis conducted by collecting
PM, s and PMy,samples every third day at over 150 sites nationwide, with PM, s samples being analyzed for
chemical composition. Usingthese data, light extinction is reconstructed using the second IMPROVE equation.
Reconstructed extinction values are then used to calculate haze levels and estimate visibility.

The IMPROVE particle monitor consists of fourindependent sampling modules. Three modules (A, B, and C)
collect only fine particles (PM2.5), while the fourth (module D) collects both fine and coarse particles (PM10).
Data from all the modules are used to calculate visibility metrics. Module A is equipped with a Teflon filter that
is analyzed for PM2.5 gravimetric fine mass, elemental concentration, and light absorption. Module Bis fitted
with a Nylasorb (nylon) filter and analyzed for the anions sulfate, nitrate, nitrite, and chloride using ion
chromatography. Module C utilizes a quartz fiber filter that is analyzed by thermal optical reflectance (TOR) for
organic and elemental carbon (EC). Module D is fitted witha PM10 inlet and utilizes a Teflon filter to determine
PM10 aerosol mass concentrations gravimetrically (Interagency Monitoring of Protected Visual Environments,
n.d.). The measured constituents contribute to regional haze, which adversely impacts visibility.
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Figure 2. Schematicview of the IMPROVE sampler showing the four modules with separate inlets and pumps. The
substrates and analyses performed foreach module are also shown.

Clean Air Status and Trends Network — CASTNET

There are 97 Clean Air Status and Trends Network (CASTNET) sites throughout the United States, which are
managed and operated by the US Environmental Protection Agency and the National Park Service. The inlet of
the system has a filter pack located on top of a 10-meter tower. Analysis of the filter pack provides weekly
ambient concentrations of gaseous pollutants and particulates including nitric acid (HNO3), sulfur dioxide (SO,),
nitrate (NO3), ammonium (NH*,), and sulfate (50%,), as well as the base cations magnesium (Mg?*), calcium
(Ca?*), and potassium (K*). Sodium (Na*) and chloride (Cl') are also measured along with hourly O3
concentrations. Measurements complement the NADP’s National Trends Network. Nearly all CASTNET sites are
co-located with or nearan NTN site. Together, these two monitoring programs provide data necessary to
estimate long-term temporal and spatial trends in total deposition (dry via CASTNET and wetvia NTN) as well as
ecosystem health (United States Environmental Protection Agency, 2018). The CASTNET filter is changed weekly
at the air quality site, packaged, and sent to Wood Environment and Infrastructures Solutions, Inc. in Florida for
lab analysis.

Environmental Beta Attenuation Monitor - E-BAM
The E-BAM system monitors the quantities of particulate in the air. The E-BAM-9800 modelcan sample for
PM10 and PM2.5; particulate matterless than 10 micrometersand lessthan 2.5 micrometers respectively. GNP

was initially interested in PM10 quantities in the atmosphere adjacentto the North Fork Flathead River and
measured at this level forthe 2019 season. The E-BAM system was mounted onto a trailer and used a solar array

-14 -



and deep cycle batteries to powerit for remote deployment. The station was deployed at two sites at varying
distances fromthe North Fork Flathead River, between the Camas Road junction with the North Fork Road and
Kintla Creek. Site 1 was located between the Camas Road and Anaconda Creek and approximately 1,650 meters
fromthe river (1,700 meters fromthe North Fork Road) and Site 2 was located between Bowman and Kintla
creeksand 30 meters fromthe river (800 metersfromthe North Fork Road).

Sampling is completed by a process known as beta attenuation. A known quantity of air is pumped througha
filter tape every minute. Upstream of this tape is a carbon 14 element, which emits a constant source of high -
energy particles known as beta particles. Downstream of the tape is a highly sensitive scintillation detector. As
air flows past the filter tape dustis deposited onthe tape. Beta particles are attracted to this dust, regardless of
type, and adhere to the dust accumulating on the tape at a known rate. The detector onthe downstreamside of
the tape then measures how many beta particles get through, and with the known volume of air that passed
during that interval, calculates the quantity of dust suspended inthe air.

The park sampled at two measurementcycles, 1hour and 30-minute averages. The hourly concentration
measurements are the most accurate and are based on two four-minute-long beta counts. The hourly
measurementtakes a four-minute countat the beginningand end of every hourand compares these beta
counts to measure the particulate mass deposited on the filter tape over the course of the hour. Calculations
resultin an hourly particulate concentration. This is the most accurate measurement because itis taken overa
longersampling interval of four minutes.

The 30 minute “real-time” sampling average is determined by an average of thirty-one-minute measurements
leading up to the 30-minute mark. There is more beta detection variation in measuring fora single minute, so
despite the 30-minute average, this measurement cycle is slightly less accurate than the four-minute interval
used forthe hourly concentrations (Met One Instruments, Inc., 2008).

WATER QUALITY

Methods of data collection for USGS stream gauging and water quality sites monitored in the park can be found
at: https://pubs.er.usgs.gov/publication/tm3A8, https://pubs.er.usgs.gov/publication/ofr94455, and
https://pubs.usgs.gov/circ/circ1173/Methods.htm. These sites include the HBN network site on Swiftcurrent
Creekandthe stream gauging station on the North Fork Flathead River at the Canadian border. Methods for
data collection for NPS Vital Signs monitoring on wadeable and non-wadeable streams followed those of
Schweigeretal. (2016). GNP monitors watertransparency or clarity using a Secchi disk. Secchi disks are a
common measurementtoolin lake monitoring. A Secchi disk is an 20cm diameterblack and white disk that is
lowered intothe wateruntil it is no longervisible. The depth at which it disappears fromview is known as the
Secchi depth. This depth measurement overtime can be used as an indicator of changing water quality.
Declining Secchi disk measurements overtime can indicate increasesin turbidity from suspended solids or
increased algal productivity resulting from nutrient pollution. In addition, GNP uses temperature loggersto
measure watertemperature each yearin multiple streams and lakes.

In 2018 and 2019, GNP collected water samples from a number of watersin the Flathead River drainage to
evaluate Escherichia coliform (E. coli) levels. This was done in response to public concerns over potential septic
contamination and/or improper human waste disposal along the North and the Middle Forks of the Flathead
River adjacenttothe park. In addition, Lake McDonald was also sampledin 2019 forsimilar reasons. E. coli is
foundin the gut of warm-blooded animals andis often used as an indicator of human waste contamination.
Some strains of E. coli are harmless while others can make humans very sick. It is important to periodically
monitor park waters for E. coli to protect human and aquatic health. Sterile 100mL sample bottles were
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provided by the testing laboratory (Montana Environmental Laboratory (MEL)). The sample bottles were
buffered with sodium thiosulphate inthe event chlorine was presentin the water. Water samples were
collectedin rivers by wading outinto knee-deep well-mixed water, opening the sample bottle, and dipping it
into the stream until it was approximately 90% full. The approach was similar in lakes exceptthe sampleswere
collected from a boat. Nitrile gloves were used when collecting samples to avoid any potential sample
contamination. Samples were keptonice and transported to MEL the same day they were collected. Samples
were processed using EPA method SM9223B and results reported as “most probable number/100mL” (MPN)
which is analogous to “colony forming units” (CFU’s).

RESULTS AND DISCUSSION
AIR QUALITY

National Trends Network — NTN

NTN network data from the Apgar stationary air quality site (MT05) show some contrasting patterns overtime
(Figures 3-13), as measured in wet deposition as kilograms perhectare. The trendline is a moving three
consecutive yearaverage and is only displayed where there is sufficient valid data. Data is validated along three
criteria: 1. Valid samples for 75% of the time period. 2. Valid samples for 90% of the precipitation amount. 3.
Precipitation amounts for 75% of the time period. Invalid data are included to show that samples were taken
that yearbut are notused in establishingthe movingaverage trendlines. Ingeneral, the lower the quantity of
any substance foundinthe sample, the less there is of that elementin the atmosphere.
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Figure 3. Calcium deposition at the fixed air quality monitoring site in Glacier National Park measured as part of
the National Trends Network.
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Magnesium Deposition
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Figure 4. Magnesium deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 5. Potassium deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Sodium Deposition
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Figure 6. Sodium deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 7. Ammonium deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Nitrate Deposition
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Figure 8. Nitrate deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 9. Total Nitrogen deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Chlorine Depaosition
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Figure 10. Chlorine deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 11. Sulfate deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 12. Hydrogen ion deposition measured at the fixed air quality monitoring site in Glacier National Park.
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Figure 13. Total precipitation measured at the fixed air quality monitoring site in Glacier National Park.
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Elements monitored in the NTN program can impact the productivity, composition, and health of forest and
aquatic communities. Some are important system nutrients atappropriate levels including nitrogen, calcium,
potassium, and magnesium (Holmes and Likens 2016). Others are pollutants produced by human use of fossil
fuelsand impact the pH balance of soils and water via “acid rain”, such as sulfate and nitrate. Acid precipitation
can also directly harm plants by injuring leaves and reducing soil nutrition, both of which can stress plants and
make them more vulnerable to disease and forest pests, particularly at higher elevations. In addition to being
plant nutrients, calcium and magnesium also can bufferthe effects of acid precipitation. Hydrogenions are
measured as an indicator of pH (National Atmospheric Deposition Program, 2020).

Long-term sodium measurements at the park demonstrate the stronginfluence of sodium fluoride (NaF), an air
pollutant historically emitted in large quantities by the nearby, but now defunct, Columbia Falls Aluminum
Company (Figure 6). The emissions were the subject of a lawsuit between the Federalgovernmentand the
company that resulted in the installation of new pollution control measures which significantly reduced the NaF
pollution. The success of the pollution mitigation measures is readily apparentin the long-term deposition data
(Figure 6). Calcium, magnesium and sulfate have decreased consistently overtime, and show the least inter-
annual variation. Ammonium (NH;) and nitrogen (N) deposition appearto be increasing overtime.

Elevated ammonium levels are often associated with pollution from livestock operations or are derived from
agricultural operations using nitrogen-based fertilizers. The ammonium becomes volatized and enters the
atmosphere where itis transported and deposited in other areas of the country or the world. Volatization
increases with increasing air temperatures and climate warming may be playing a role in increased ammonium
levels observedin the park. Increasingammonium levels can be harmfulto native vegetation by direct harm to
leaves or through favoring some species overothers. It follows that nitrogen would increase along with
ammonium as nitrogen is a componentin ammonium. In addition, nitrogen is emitted by fossil fuel combustion.
Increased visitation to GNP and the larger Flathead Valley could also be contributing factors to this trend.
Increasesin annual precipitation overthe past 15-20 years could also play a direct role in the observed increases
in total NH; and N wet deposition overthe same timeframe even if the atmosphericconcentrations remained
constant. Hydrogenion (H+) deposition, a measure of acidification in precipitation, has been fairly steady to
declining overtime which suggests we are notseeing changesin the pH of precipitation in GNP. Increased
deposition of H+ would suggest increased acidification of precipitation. This is likely the result of increasingly
more stringent emission control requirements for the power generation and automobile industries. Apart from
N and NHs, air quality as described by the NTN network data appears to be good and potentially improving.

Mercury Deposition Network — MDN
Mercury deposition at the Apgar stationary site (MT05) is measured as both a concentration and a total

depositionvalue. The graphs below display the differences portrayed in viewing the data fromthese two
perspectives forthe measurement time periods of 2004 to 2018.
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Figure 14. Mean mercury concentration (ng/L) in precipitation measured at the fixed air quality monitoring site
in Glacier National Park.
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Figure 15. Total Mercury deposition (ng/m?) measured at the fixed air quality monitoring site in Glacier National
Park.
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Mercury concentration has remained relatively stable in the rainwater collected throughout the years, with the
exception of 2017. In 2017, the average mercury concentration was approximately 4 times as much as the other
years measured. Mercury is also released naturally from volcano’s and forest fires (Stafford et al. 2016), and in
2017 GNP experienced a large fire (Sprague Fire) along the southeast shore of Lake McDonald, about 9 km from
the air quality monitoring site. Winds were often pushing the fire downslope towards the lake and the air quality
site, likely delivery not only smoke and ash, but also elevated levels of mercury to the site. Interestingly, the
NADP maps generated from these data show that mercury concentrations are higher in the western than
eastern U.S., while total deposition (which integrates mercury concentration and precipitation amount) is
greatestin the Southeastand high elevation mountains of the West (Figure 16).

Elementalmercury deposition measurements are informative to gauge emissions, transport, and deposition, but
only when methylation occurs in the environment that mercury becomes readily available to the biological
communities. Studies have shown elevated levels of mercury in Glacier’s fish and as a result, human
consumption guidance has been provided to the public by the NPS (Stafford et al. 2016). Methylmercury
concentratesin the tissues of larger, older, predatory fishes and glacier’s wildlife have limited opportunity to
consume highly contaminated fishes, so the risk of adverse ecosystem impacts from current levels appears
limited (Stafford et al. 2016).
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Figure 16. Annual amount of total mercury deposited by precipitation per unit area (ug/m?) in the US and parts
of southern Canadafor 2014. Black dots are denoted with the observed data at each monitoring station, while
colors representvalues based ona modeled, spatialinterpolation. The inset denoted with the blue arrow is an
enlargement of the Glacier National Park area, including the West Glacier precipitation monitoring station and
the park boundary (yellow). Alldata and the associated map are from the Mercury Deposition Network of the
National Atmospheric Deposition Program (NADP; Madison, WI; for details see http://nadp.slh.wisc.edu/MDN/),
and we have modified their map with the insetand cropping.

Nephelometer

The nephelometer measurements taken at the Apgar stationary air quality site (GLAC1) are used to calculate a
light scattering coefficient, which relates to the visibility observedin the ambientair. The greaterthe coefficient,
the more scattered the light is by particles in the air and resultsin reduced visibility. The upper peaks represent
poor visibility days, while the majority of the data shows that visibility is relatively good for vast portions of the
year. Variation in visibility is quite high on an annual basis (Figures 17-23) and is affected by factors such as
forestfires, regionalhaze, and wood smoke and inversions in winter months from wood burning stoves. A
highervalue means poorer visibility.
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Figure 17. Nephelometer measurements taken at the fixed-site air quality station in 2008 in Glacier National
Park.
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Figure 18. Nephelometer measurements taken at the fixed-site air quality station in 2009 in Glacier National

Park.
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Figure 19. Nephelometer measurements taken at the fixed-site air quality station in 2010 in Glacier National

Park.
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Figure 20. Nephelometer measurements taken at the fixed-site air quality station in 2011 in Glacier National

Park.
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Light Scattering Coefficient - 2012
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Figure 21. Nephelometer measurements taken at the fixed-site air quality station in 2012 in Glacier National
Park.
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Figure 22. Nephelometer measurements taken at the fixed-site air quality station in 2013 in Glacier National
Park.

-28-



Light Scattering Coefficient - 2014
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Figure 23. Nephelometer measurements taken at the fixed-site air quality station in 2014 in Glacier National
Park.

Ozone

Elevated ground-level ozone can reduce lung function and impact those with pre-existing respiratory conditions.
It can also directly harm plants and reduce visibility. However, ozone (03) has remained below the human health
standard overthe course of monitoring at GNP (1990 to 2019). In accordance with the 2015 EPA standards,
ozone measurements from the 4™ highest daily maximum based on an 8-hour ozone concentration average,
averaged over3yearsis whatis assessed against the EPA standards (Federal Register 2015). Ozone levels have
remained below the national standard of 0.07 ppm since monitoring at GNP began (Figure 24).
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Figure 24. Fourth Highest 8-Hour average ozone concentration measured at the fixed-site air quality monitoring
station in Glacier National Park.

Interagency Monitoring of Protected Visual Environments — IMPROVE

The data gathered from the IMPROVEffilters at the Apgar stationary site (GLAC1) span from 1989 to 2018 and
are shown as a light extinction measure (Figure 25) and as haze index (Figure 26). The light extinction is
measured as the amount of light scattered and absorbed as it travels over one million meters. The haze indexis
in a measure known as a deciview (dv) whichis analogous forthe sound measure of decibels. Deciview is
designed sothat incremental changesin the haze index correspond to uniform incremental changesin visual
perception, across the entire range of conditions from pristine to highly impaired. A 1.0 dvchange is defined as
approximately a 10 percent change in the light extinction coefficient, which correspondstoa 2 to 5 percent
change in contrast of a “black target” against a clear sky, at the most optically sensitive distance froman
observer. The highestyearforboth measuring techniquesis 2003 (Figures 25 and 26) indicating the two
assessmentapproaches are consistent with one another. 2003 was the most significant fire seasonin the history
of the park, with 136,000 acres burned (National Park Service, 2020). Wildfire smoke was the driver of the
visibility impacts in 2003. Although the generalassumption by the visiting public that GNP has pristine air
quality, the haze index indicates there are times of the year when visibility is impacted by regional haze.
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Figure 25. Light extinction onthe haziest day by year and contributing pollutants measured at the fixed-site air
quality monitoring stationin Glacier National Park.
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Figure 26. Visibility on the haziestand clearest days measured at the fixed-site air quality monitoring station in
Glacier National Park.
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Clean Air Status and Trends Network — CASTNET

CASTNET filter analysis from the stationary Apgar air quality site (GLR468) produces data forwetand dry
deposition of sulfur, nitrogen, and base cations magnesium (Mg?*), calcium (Ca?*), and potassium (K*) (Figures
27-30). Base cations are important plant nutrients and help buffer soil acidification. Dry deposition of sulfurand
nitrogen appears to be stable to decreasing for both constituents, which suggests improving air quality and
reduced risk of acid precipitation. However, wet deposition of nitrogen appears to have increased overthe past
20 years. Roughly 1/3 of all sulfurreaching the atmosphere, including 90% of the SO,, comes from human
sources. These emissions, along with nitrogen emissions, contribute the formation of acid precipitation
(Environmental Literacy Council, 2020). Excess deposition of nitrogen can increase eutrophication of lakes and
reduce water quality. It can also resultin changesin the plant species community, particularly forsensitive
components such as lichens with deposition levels exceeding 3-5kg/ha/year (USDA Forest Service, 2020). Total
nitrogen deposition is generally less than this, but in some years exceeds this threshold (Figure 28). Although
base cation measurements have fluctuated, notrendis apparentin the data (Figure 30).
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Figure 27. Sulfur deposition measured at the fixed-site air quality monitoring stationin Glacier National Park.
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Figure 28. Nitrogen deposition measured at the fixed-site air quality monitoring station in Glacier National Park.
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Figure 29. Base cation deposition measured at the fixed-site air quality monitoring station in Glacier National
Park.
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Figure 30. Total base cation deposition and total equivalent Nitrogen and Sulfur deposition.

Environmental Beta Attenuation Monitor - E-BAM

The national standard for human health for particulate 10 microns and less (PM,) is stated as not to exceed a
24-hour average of 150 ug/m3 more than once peryear on average overa three-yearperiod (USEPA 2020). At
both sites’ GNP experienced particulate concentrations nearly an order of magnitude below this national human
health standard (Figures 31 and 32). Atthese locations, PM;, concentrations do not pose a risk to human health.
Future sampling will include site locations downstream of the Camas Road to geta more complete picture of
PM, relative to otherlocations and distances from the North Fork Road.
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Figure 31. Average PM10 measurements recorded by the E-BAM at the Camas Road monitoring site.
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Figure 32. Average PM10 measurements recorded by the E-BAM at the upper monitoring site.
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WATER QUALITY

North and Middle Forks of the Flathead River

Summerair and watertemperatures are positively correlated in Flathead River Basin (Muhlfeld et al. 2014).
Hotter, drier summers resultin warmersummer watertemperatures, asis evidentin the water temperature
data for the North Fork Flathead River at the Canadian border (NPS, unpublished data) (Figure 33). Water
temperatures atthe NPS monitoring site at the border have been slowly increasing overthe pastdecade (NPS,
unpublished data), but currently remain within the thermaltolerance of both westslope cutthroat and bull trout.
Westslope cutthroattrout have a thermal preference for 15°C (McMahon et al. 2008) while bull trout have a
thermal preference of about 12°C (Selongetal. 2001). Peak summerwatertemperatures exceeding 18°C have
been observed atthe Canadian borderin recentyears (NPS, unpublished data). Warming summer water
temperaturesthreaten the year-around habitat suitability of the mainstem North Fork Flathead Riverfor bull
trout. The USFWS has classified the mainstem North Fork Flathead in Montana as “critical” feedingand
migration habitat, but not spawningand rearing habitat. It is likely that during peak summerwater
temperatures, bulltrout seek areas of cold-waterinfluence such as tributary mouths or in tributaries themselves
(Muhlfeld and Marotz 2005).

Montana DEQ instantaneous dissolved oxygen (d.o.) standard for class A-1 rivers is 8 mg/L (Mills etal. 2012),
with 3.0 mg/Lbeing the acute lethal limit for salmonids (EPA 1986). Mills etal. (2012) documented d.o. levelsin
excess of 9.5mg/Lin the North Fork Flathead for water the wateryear2007-2008. These standards are generally
protective of the broader cold-water aquatic community as well.

Similarly, pH, a measure of acid-base equilibrium, is important as it effects abroad array of chemical and
biological processesin water (EPA 2006). The MTDEQ standard for pH in class A-1 watersis a non-numerical,
non-degradation standard, whereas EPA criteria foraquatic life indicate an acceptable pH levelranging from 6.5-
9. Mills et al. (2012) documented pHrange of 7.8-8.4 in the North Fork of the Flathead River. NPS alkalinity data
(a measure of acid buffering capacity) suggests the river has adequate capacity to bufferany currently occurring
acid inputs (e.g. from precipitation or other human sources). Alkalinity levels have been relatively stable for the
past decade, suggesting little change in acid inputs (Figure 34). Under Montana law, with few exceptions,
human-caused changesinthe water quality in eitherthe North of Middle Forks of the Flathead River (classified
as A-1) are not permitted.
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Figure 33. Stream flow and watertemperature recorded at the USGS and NPS border monitoring site on the
North Fork of the Flathead River (B. Schweiger, NPS, unpublished data).
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Figure 34. Alkalinity (mg/L) and river discharge recorded on the day of the alkalinity measurement was taken at
the USGS and NPS border monitoring site on the North Fork of the Flathead River (B. Schweiger, NPS, unp. data).
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Mills etal. (2012) evaluated water quality and water quality trends for the North Fork Flathead River forthe
period of record (generally starting in the mid-1970’s) for a variety of water properties and constituents (e.g.
suspended sediment, phosphorus) in addition to watertemperature, dissolved oxygen, and pH. They found no
meaningfultrends of eitherimproving or declining water quality overtime. The authors also tested fortrace
elementsincluding arsenic, cadmium, chromium, copper, lead, nickel, and zinc. The only water quality
exceedance was for peak lead levels associated with spring runoff (likely tied to the pulse of sediment/organics
that come with spring runoff). The chroniclead levellimit for aquatic health (MTDEQ2017), adjusted forthe
appropriate local waterhardness, would be about 2.2 ug/L. Peak lead exceedances observed in May of 2018 by
Mills etal. (2012) were 0.24ug/L for the bordersite and 2.06ug/L for the Columbia Falls site. Single exceedances
in this situation aren’tlikely to be biologically relevantas evidenced by the season-long median lead values of
0.14 and 0.5 for the borderand Columbia Falls sites (Mills et al. 2012).

Changesin the aquatic invertebrate community are often associated with reduced water quality. The North Fork
of the Flathead River maintains a healthy and diverse aquaticinsect community, dominated by pollution
sensitive taxa of the orders Plecoptera, Ephemeroptera, and Tricoptera (Hauerand Sexton 2012). The authors
documented higheralgal species diversity in the North Fork Flathead River drainage as compared to the nearby
Elk Riverdrainage which has been heavilyimpacted by mining. The authors also pointed out that the North Fork
Flathead is co-limited in algal production by nitrogen and phosphorus and the low levels of these nutrients
reflect the high-water quality of the basin due to its largely undeveloped nature.

In 2018 and 2019, in response to public concern over potential leaking septic systems and otherimproper
human waste disposal issues along the North and Middle Forks of the Flathead River, GNP began testing the
rivers forthe presence of E. coli. E. coli is foundin the gut of warm-blooded animals and is often used as an
indicator of human waste contamination. Some strains of E. coli are harmless while others can make humans
very sick. It is important to periodically monitor park waters for E. coli to protect human and aquatic health. We
collected 6 watersamples from three sites on the North Fork of the Flathead River and four samples from two
sites on the Middle Fork of the Flathead River in 2018. We collected samplesfrom the same sitesin 2019, with
the addition of a new sample site onthe North Fork Flathead at Blankenship Bridge and a new sample site at
Walton on the Middle Fork Flathead River (Figures 35 and 36). Across both years and sites on the rivers, E. coli.
levels were wellbelow human health standards and indicative of very clean water (Tables1 and 2).

Lake McDonald
Similar concerns also prompted bacteriatesting of Lake McDonald in 2019. Consistent with the data for the

river samples, samples from Lake McDonald did not show elevated levels of E. coli (Table 3, Figure 37). Based on
these data, we did not detect any evidence of leaking septic tanks or improper waste disposal in Lake McDonald.
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Figure 35. 2018 and 2019 North Fork Flathead River NPS coliform bacteria samplings sites.
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Figure 36. 2018 and 2019 Middle Fork Flathead River NPS coliform bacteria samplings sites.
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Stations for GLAC sampling in 2018
Station ID Station Name Lat Long
|GLAC_NPS_01A |Lake McDonald near Kelly Camp. North Site 48 63153 -113 895845
GLAC NPS 018 |Lzke McDonald near Kelly Camp, South Site 48.624887 -113.904151
JGLAC NPS 01C  [Lake McDonald near Ranger Station 48.639452 -113.875593
GLAC_NPS 02A  |Lake McDonald near Grist Road, North Site 48 539738 -113.993823
GLAC_NPS 028 Lzke IMcDonald near Grist Road, South Site 48.530901 -113.995591
GLAC_NPS 02C  |Lake McDonald near Apgar 48.529305 -113.00418
|GLAC_NPS_03A  |Lake McDonald near Lake McDonald Lodge, North Site |48 628574 -113 869831
GLAC NPS 038  |Lzke McDonald near Lake McDonald Lodge, South Site |[48.619514 -113.876646
GLAC_NPS 04 Lake McDonald. South Mid-Lake Site 48.566579 -113.943846
GLAC_NPS 05 Lake McDonald, North Mid-Lake Site 48 601006 -113 903565 GLAC_NPS_01C
GLAC_NPS_01A
GLAC_NPS_03A
GLAC_NPS_01B
GLAC_NPS_03B
GLAC_NPS_05
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GLAC_NPS_04 «
i DA AR
NAT1LOMN AL
GLAC_NPS_02A
GLAC_NPS_02B
S b GLAC_NPS.02C
L N L L |
Kl 0 0.5 1 2 Miles

Figure 37. Lake McDonald water quality monitoring sites used to collect coliform bacteria samplesin 2019. Sites
6 and 7 (not pictured) were located near the outlet of Lake McDonald.
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Table 1. Coliform bacteria sampling results for the North and Middle Forks of the Flathead River, 2018.

Drainage Site Sample Date E. coli (mpn/100ml) | Total coli. (mpn/100ml)
North Fork Flathead | Polebridge FAS 8/28/18 <1 167
North Fork Flathead | Polebridge FAS 8/28/18 2 173
North Fork Flathead | Camas Bridge 8/28/18 3 148
North Fork Flathead | Camas Bridge 8/28/18 5 166
North Fork Flathead | Glacier Rim FAS 8/28/18 2 201
North Fork Flathead | Glacier Rim FAS 8/28/18 9 140
Middle Fork Flathead | Cascadia FAS 8/28/18 3 99
Middle Fork Flathead | Cascadia FAS 8/28/18 4 133
Middle Fork Flathead | Golf Course FAS 8/28/18 5 179
Middle Fork Flathead | Golf Course FAS 8/28/18 5 201

Table 2. Coliform bacteria sampling results for the North and Middle Forks of the Flathead River, 2019.

Drainage Site Sample Date E. coli. (mpn/100ml) | Total coli. (mpn/100ml)
North Fork Flathead | Polebridge FAS 7/1/19 2 27
North Fork Flathead | Polebridge FAS 7/1/19 1 38
North Fork Flathead | Camas Bridge 7/1/19 <1 214
North Fork Flathead | Camas Bridge 7/1/19 <1 157
North Fork Flathead | Glacier Rim FAS 7/1/19 1 65
North Fork Flathead | Glacier Rim FAS 7/1/19 <1 57
North Fork Flathead | Blankenship Bridge 7/1/19 <1 35
Middle Fork Flathead | Walton FAS 7/30/19 <1 20
Middle Fork Flathead | Walton FAS 7/30/19 <1 64
Middle Fork Flathead | Cascadilla FAS 7/30/19 <1 33
Middle Fork Flathead | Cascadilla FAS 7/30/19 1 39
Middle Fork Flathead | Golf Course FAS 7/30/19 1 50
Middle Fork Flathead | Golf Course FAS 7/30/19 <1 47

Table 3. Coliform bacteria sampling results for Lake McDonald, 2019.

Site Sample Date E. coli. (mpn/100ml) Total coli. (mpn/100ml)
0la 8/5/19 <1 <1
01b 8/5/19 <1 <1
01c 8/5/19 <1 2
02a 8/5/19 <1 <1
02b 8/5/19 <1 14
02c 8/5/19 <1 <1
03a 8/5/19 <1 <1
03b 8/5/19 <1 <1
04 8/5/19 <1 <1
05 8/5/19 <1 1
06 8/5/19 <1 1
07 8/5/19 <1 25
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That said, recent studies undertaken by GNP in partnership with Environmental Protection Agency (EPA) have
documented the presence of personal care products and medicines, metabolites of tobacco exposure, caffeine,
and insectrepellantin Lake McDonald water (National Park Service, unpublished data). Some of these could
come from direct contact of people with Lake McDonald, like insect repellant (DEET) or methylparaben (a
preservative foundin sunscreen, cosmetics, and other personal care products), but othersubstances are more
likely to be excreted from the human body (e.g. — cotinine, a metabolite of nicotine; caffeine; acetaminophen).
These substances don’t have established EPA or MTDEQ water quality standards, but most were detected at
very low concentrations (with the exception of some detections of DEET) and don’t likely pose an environmental
or human health risk. Although we did not find evidence of septicleachate entering lake McDonald by looking
for E. coli., it is still possible it is occurring at some low leveldue to the presence of other contaminants foundin
the EPA project. These results are not necessarily unexpected, as previous water quality studies in GNP
documented the presence of avariety of airborne contaminants being transported to park and being deposited
as wetand dry deposition on park lands (Landers et al. 2008).

We collected secchi depth measurements from seven park lakes between 2011-2019 (Figure 38). Secchi depthis
a measure of watertransparency (how deep an observercansee the disk in the water). Reduced transparency
can be aresult of increased productivity (nutrient enrichment/pollution) stimulating algal growth. Most of the
parks lakes are oligotrophic in nature, meaningthey are naturally low in productivity (nutrients) and have very
high-water quality (Ellis et al. 1992). Overall, Glacier’s waters have among the highest water quality in the
Flathead River Basin as evidenced by Secchidepth comparisons to other high-quality waters at similar times of
the year (late July-early August) including Flathead Lake (36), Ashley Lake (36’), and Swan Lake (41’).
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Figure 38. Secchi disk watertransparency measurements collected during the summer in various Glacier
National Park waters.

-42 -



Swiftcurrent Creek

GNP works with the USGS to monitor water quality at the Swiftcurrent Creek stream gaging station as part of the
national Hydrologic Benchmark Network. Discharge and water temperature are recorded at the site and water
samplesare collected to characterize water quality overtime. The Swifturrent drainage is snowmelt driven with
peak flows associated with spring runoff (Figure 39). The highestinstantaneous discharge observed from 2003-
2020 is about 700 cubic feet/second (cfs) and has an observed recurrence interval of between 4-7years. The
average annual peak discharge is about 400 cfs. No trendsin peak discharge are evident.

Annual water temperature was monitored from 2012-2019 (Figure 40). Peak watertemperatures varied from
about 15.5°C to 18°C. 2012 and 2013 had lower peak watertemperatures than 2014-2019. These dataare
consistent with other authors (Giersch etal. 2014) findings that have documented anincrease in peak air
temperature in the Many Glacier Valley from 1960-2012 of between 0.67and 1.28°C. On a broaderscale,
northern latitude and/or high elevation areas, such as Glacier National Park, are warming much fasterthan
otherareas of the U.S. (Muhlfeld etal. 2014, Gonzalez etal. 2018). Gonzalezetal. (2018) demonstrated climate
warming as having a disproportionate impact on natural resources of the U.S. National Park system.
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Figure 39. Swiftcurrent Creek Discharge measured at the USGS gaging station.
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Figure 40. Swiftcurrent Creek water temperature (Celsius) measured at the USGS gaging station.

Swiftcurrent Creek pH has remained fairly stable overthe period of record (Figure 41). In 2012, the HBN network

switched to using a differentlab and the apparentslight increase in pH values seen after this date may be due to
changing processing labs (Abbey Kieth, USGS, personal communication).
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Figure 41. Swiftcurrent Creek pH measured at the USGS gauging station.



Swiftcurrent Hydrocarbon Seep

In early August, 2019 a park visitor reported “oil” coming out of a shallow area of streambed on Swiftcurrent
Creek whenthe streambed was disturbed. The site was assessed by GLAC fisheries staff shortly thereafter. The
site is located along the north edge of the creek between sites 87and 88 in the Many Glacier Campground. NPS
staff observed ahydrocarbon product bubbling to the surface when the streambed was disturbed and the
substance created an oily sheenthat extended forseveral meters downstream each time the streambed was
disturbed. The release pointappeared quite localized as the substance did not emanate from other nearby areas
of streambed whenthey weredisturbed.

After consultation with park staff and with Montana Environmental Labs (MEL) in Kalispell, Montana, as sample
of the substance was collected by GLACand delivered to MEL. MEL sent the sample to Energy Labs in Billings, a
lab that specializes in fractionating hydrocarbon samples. Results were shared with GLAC staff along with many
othersin an attemptto ascertain the source and determine if it is a natural oil seep or arelease froman
unknown underground source related to the parks nearby infrastructure (Table 4). Unfortunately, the question
still remains as the sample and analysis did not provide conclusive evidence one way orthe other. Some experts
pointed to the early exploration for hydrocarbons in the Many Glacier Valley and the potentialit is a natural
source.

There is mention of oil seepsin GLACin a couple of older USGS reports. From USGS Bulletin 600, The Glacier
National Park - A popular Guide to Its Geology and Scenery, Marius R. Campbell, 1914, that specifically addresses
seepsin the Swiftcurrent Valley:

Mining.—The zone of fracture mentioned in the descriptions of
the valleys lying farther south crosses Swiftcurrent Valley, passing
through Allen Mountain, the point of Grinnell Mountain, Mount
Wilbur, and Ahern Pass. At all these places prospects have been
opened and some copper ore has been found, but nowhere has it been
mined in sufficient quantity to pay for operation. There also has
been considerable excitement regarding §il in this valley, and a num-
ber of wells have been sunk in the vicinity of the Sherburne Lakes,
but though gas has been obtained in very small quantities nothing
has been found that would justify the expense of drilling.

Further historical accounts of hydrocarbon exploration in the Many Glacier Valley can be found at:
https://www.nps.gov/parkhistory/online books/glac/chapl.htm

Excerpt: “The biggest oil boom in the park area, oddly enough, occurred in the same valley as did the largest
mining boom—Swiftcurrent Valley. Credit for the discovery of oil in this valley seems to go to Sam Somes who
ran the hotel at the town of Altyn. Sam evidently had some claims in the lower valley, near the site of the
present Sherburne Dam, and one day in 1901, while he was doing assessment work in his tunnel following a
dynamite charge, he discovered small pools of oil on the floor of the tunnel. As he worked on into the tunnel
he continued to find traces of this oil seepage. This interested him and he collected some samples of

the oil and headed for Great Falls where he talked to some friends about it. As a result, the

Montana Swiftcurrent Oil Company was organized, with Somes as general manager, and was capitalized at
$1,500,000.00

Equipment and men were soon organized and moved to the drilling site. Drilling operations were started and
continued through the spring and summer of 1903, at which time Somes, to create more interest in the
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venture, took a bottle of oil to Great Falls and persisted in pouring it on the floors and desks in the banks and
offices around town. The result of this little performance was the formation of several oil companies and the
resultant grabbing up of practically all the land on the floor of Swiftcurrent Valley, along with some in
adjacent valleys, for "oil-placer" claims.

Somes' well never did produce either gas or oil, although a few of the others produced gas in varying
quantities and some even showed traces of oil, none of it in commercial quantities. The only claim this
company has to fame s the fact that it was the discovery well and the first oil well drilled on the eastern side
of the park.

By the fall of 1903, most of the miners were gone from the valley, and many of the oil-placer claims were
abandoned, but during the summer Mike Cassidy, one of the prospectors, had observed bubbles arising from
the waters of a small creek emptying into Sherburne Lake. This, coupled with Somes' discovery in 1901 made
him suspicious of the possibility of oil there. He immediately got busy and before long another oil company,
one that was to make its mark on the history of the valley, sprang into existence. The

Cassidy Swiftcurrent Oil Company, under manager and driller Matt Dunn, started drilling on what was known
as St. Louis Placer No. 1. In 1905 and 1906 gas was struck; drilling continued intermittently until 1909, when
tools were lost in the hole. Cassidy spent the next three summers in an unsuccessful attempt to retrieve them.
No oil was struck in this well although gas was found on three levels. In 1907, Cassidy piped the gas from the
well to his house and used it until 1914 for heating and lighting.

When plans were made to construct the Sherburne Reservoir, condemnation proceedings were directed
against the portion of this claim that was below the flowage level of the proposed reservoir. On August 28,
1920, this claim was settled with the Federal Government paying Cassidy the sum of $7,675.00 for that part of
the claim below the flow line, which included the gas well. Later Cassidy exchanged the remaining acreage for
lands outside the park.

The largest and probably the most controversial of all the oil companies to arise at this time was the Swift
Current Oil Land and Power Company, incorporated on April 30, 1904. The original incorporators were J. H.
Sherburne of Browning, Dave Greenwood Altyn, for whom the town of Altyn had been named, F. M.
Stevenson who had a cabin and a claim nearby, A. J. Gibson of Missoula, Otto J. Hartwig of Chicago and
Sherburne Morse of Browning. Many of the claim-holders up and down the valley soon assigned their claims
to the new company in return for shares; and through this the company acquired twenty-nine claims totaling
approximately four thousand acres of land, and was capitalized at two million shares.

A professional driller was imported from West Virginia and paid S80 per month and board. Drilling was
intermittent and slow, and continued until 1907, after which the machinery was loaned to another company
and all work on the well ceased. Two wells were drilled by the company, only one of which produced any oil,
and that in very small quantities. This well went down to a depth of 1,500 feet and cost, in cash, $19,900, plus
what was paid out in shares.

The mostinteresting thing about this well was the fact that in 1905 a diploma was awarded to the Swift
Current Oil Land and Power Company, reading in part: "Awarded to Swift Current Oil Land and Power
Company forthe first producing oil well in the State of Montana, and the best display of crude and

refined oil from the Swift Current District, Teton County, Montana, at the State Fair, Helena, Montana, 1905."
As very little oil was ever produced from this well, there persisted the ever-present rumor that the company
imported barrels of crude oil and poured them into the well to "grease" the investors, while others maintained
that the well was an actual, bonafide producer. In any event, it received the fame and the certificate, and
must have produced some oil in order to have done so.

The oil boom died out almost completely after 1907, except for a few oil men, like the few remaining miners,
who could not give up the idea of finding a million dollars that all the others had overlooked. A few more
holes were drilled, but nothing except a trace here and there was ever found. Frank Stevenson, who remained
to make his home in the valley, gradually came into possession of some of the more promising claims,
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including some that he had staked himself; he built his home on nine of them, where he lived for many years,
spending some time as a park ranger when the area was firstincluded in Glacier National Park.

Galbraith's map of June 1923, shows that the entire valley floor from the vicinity of the Sherburne Damn

to Swiftcurrent Falls was taken up at one time by these oil placer claims. In all, between eight and ten wells
were drilled in the valley, mostly near the valley floor and within two miles of the present Sherburne Dam. The
waters of the Sherburne Reservoir now cover most of the old well sites.”

Based on the fractionation results and the lack of some constituents often associated with crude oil (Appendix
A), othersfeltit looked like “weathered” diesel or heating oil. Examination of the park’s archivesidentified a gas
pump at the Swiftcurrent Motor Inn at some point in the 1950’s (no longer present) and there were buildingsin
the area that were historically heated with heating oil. We have notbeen able to find a map that shows the
locations of any underground storage tanks (UST’s) near the site in question ora map of where above ground
heatingtanks were used inthe area. There are records of two leaking UST’s that was once in the Many Glacier
developed areabut we do not have locations beyond they were in “Many Glacier”. Several UST’s were removed
from the Many Glacier Hotel areain the late 1990’s (S. Byrd, NPS, personalcommunication), but because these
tank locations are about a half-mile downstream of the site in question, they are likely not related to the source
of hydrocarbonsin question.

We continue to communicate with the Montana Department of Environmental Quality (DEQ) about assistance in
determiningthe source of the seep. We planto meet with DEQ staff on-site in 2020 to continue investigations.
Recommendations from the experts consulted included getting a better sample of the undiluted product as
there will be a better chance of identifying it if it is concentrated and not just collected as water surface sheen.
Others suggested implementing a more systematicsample of the shoreline to see if it is localized or widespread.
We will pursue these suggestions during the 2020 field season.
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Figure 42. Hydrocarbon seep area relative to the Swiftcurrent Motor Inn and local NPS facilities including the
ranger station, NPS housing area, and campground.

-47 -



Figure 43. Hydrocarbon sheen produced when shallow stream gravels were disturbed adjacent to the NPS
campground on Swiftcurrent Creek.
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Table 4. Contacts involved in identification and assessment of hydrocarbon sheen on Swiftcurrent Creek

Name Affiliation Date of initial contact
Rebecca Merritt NPS— CLAC-VRP 8/12/2019
Mary Wysong NPS— GLAC-Concessions 8/12/2019
Mark Biel NPS— GLAC-SRM 8/12/2019
Chris Downs NPS— GLAC-SRM 8/12/2019
Phil Wilson NPS— GLAC-SRM 8/12/2019
Montana Environmental Lab N/A - private business 8/14/2019
Energy Labs N/A -private business 8/14/2019
David Smith NPS— GLAC-VRP 9/18/2019
Billy Schweiger NPS— IMR Vital Signs 9/18/2019
John Lucke NPS— GLAC-Facilities 9/18/2019
Jim Foster NPS— GLAC-Facilities 9/18/2019
Christina Staten MT DEQ 9/18/2019
Laura Alvey MT DEQ 9/19/2019
David Anderson NPS— Spill Response 9/19/2019
Paul Torcoletti NPS- IMR 9/9/2019
Steven Rice NPS— WRD - Hydrology 9/19/2019
Jeremiah Kimbell NPS— GRD- Petroleumeng. | 9/20/2019
JeanTabbert NPS— GLAC- Archives 9/24/2019
Mary Riddle NPS— GLAC-Env. compliance | 9/27/2019
Steven Byrd NPS - Concessions 10/8/2019
KerensaKing NPS-WRD-Contaminants 10/15/2019
GregPowell EPA 10/16/2019
Amy Steinmetz MT DEQ 11/20/2019
DeanKinney MT DEQ 11/20/2019

CONCLUSION

Assessing and understanding air and water quality is a highly complex process and as a result, many different
components and measuring techniques are used gauge the state of air and water quality in Glacier National
Park. The Apgar stationary air quality site along with the mobile E-BAM give insightsinto the state of the air
quality in the park, which as a whole appearsvery good. However, there are some signs of potentially increasing
total nitrogen and ammonium deposition in the park that could result in nitrogen nutrient enrichment and soil
acidification throughout the system, resulting in direct and indirect harm to native plant communities.
Continued monitoring and investigation will be necessary to understand the cause(s) if the trend continues.
Acid precipitation does notappear to be a concern at this time as evidenced by stable precipitation and stream
pH levels as well as stable or decreasingtrends in wet and dry deposition of acid-forming compounds such as
nitrate and sulfate/sulfur.

Visibility is a basic metric of overall air quality. Long-term datafor ozone monitoringas well as the long-term

“haze index” either show stable or improving conditions. These datasupportthe overall conclusion that air
quality in GNP in general remains very good. Wildland fire and winter wood stove use and atmospheric
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inversions drive periodic declinesin air quality in GNP and if the park continuesto experie nce hotter, drier late
summer conditions, the frequency of poorair quality from fire and the resulting smoke will likely increase.

The E-BAM failed to document the transport of meaningfullevels of road dust (PM10) fromthe North Fork Road
to the park. Although severe dust conditions can occur on the road itself during dry summer months in the
absence of dust-reducing surface treatments, road dust at the locations monitored in the park does not appear
to be a concern at this time. It should be noted that the road has been treated with dust abatement chemicalsin
recentyears. Cruezeretal. (2015) studied wetlands and associated water quality impacts from dust generated
by heavy truck traffic on gravel roads in the Bakken and concluded that dust levels declined rapidly with distance
fromthe road (from 300+% increase in dust within 10m of the road declining to 46% increase at 40m from the
road in the heavily impacted sites). The authors further concluded that the dust had little impact on wetland
function or water quality. Models of fugitive dust transport from unpaved roads created at The Pennsylvania
State University showed similar rapid declines in dust concentration moving away from the unpaved road itself
(Cuscinoet al.). Therefore, itis not surprising we did not find significant dust impacts where we monitored since
much of the North Fork Road north of the Camas Road is more than 100m from the river (and the park). Much of
the road distance in this area is considerably further than 100m fromthe river (and the park). There are
approximately1l6km of unpaved road downstream of the Camas Road that in places comes very close the river.
Movingthe monitoring systemto a location downstream of the Camas Road in 2020 will allow the park to
evaluate potential dust transport in areas where the road s closer to the river.

Due to its geography and rugged mountain terrain, GNP receives more dry and wet mercury depositionthan
much of the rest of the U.S. Mercury cycling is complex and global in nature. Accordingto EPA estimates, only
about 17% of the mercury depositedinthe U.S. comes from the U.S. (NADP, 2020). The east coast of the U.S.
doesreceive mercury from mid-western US coal-fired power plants, but most of what is being deposited in GNP
on the west coast of the U.S. is internationalin nature. Mercury is transformed into the bio-available form
methylmercuryinthe park’s watersheds. It then enters the food web whereit bioconcentrates and
bioaccumulates. This is the reason that large, old, fish-eating fish like lake trout have high levels of mercury. Asa
result, GNP has issued advisories for human consumption of these types of fishes. Fortunately, the fish
consumed by wildlife are smaller, youngerindividuals with reduced mercury levels. These levels do not appear
to pose a consumption risk to fish-eating wildlife (Stafford et al. 2016).

Water quality in the waters assessed remains very good. Water clarity in park lakes is among the highestin the
Flathead River Basin and no obvious trends appearin the data. Similarly, our evaluation of E. coli. bacteria levels
(andindicator of human waste contamination) in Lake McDonald and on the Middle and North forks of the
Flathead River suggeststhese waters remain very clean. Otherinvestigators have documented diverse, healthy
aquatic insect communities inhabiting the North Fork of the Flathead River (Hauer and Sexton 2012), whichis
also a reflection of excellent water quality. However, watertemperature and timing of precipitation and spring
runoff will continue to be an area of concern across the park. Current watertemperatures are sufficientto
protect the cold-waterecological systems and processesthatrely on them, but continued climate warming will
eventually threaten even delicate headwater aquaticcommunities (Giersch et al. 2015). Similarly, transportand
deposition of airborne contaminants, of which we know little about in terms of human or ecological health
impacts, is a continuing threat to water quality of GNP (Landers et al. 2008). Continued periodic monitoring will
be required to understand patterns of deposition and potentialimpacts to the natural systems of GNP. Further
investigation of the hydrocarbon seep on Swiftcurrent Creekis needed to determine if it is a natural occurrence
that warrants interpretation or a legacy source of environmental contamination that should be remediated.
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Appendix A— Fractionation results for hydrocarbon sample collected from Swiftcurrent Creek, GNP, in early
August 2019
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ANALYTICAL SUMMARY REPORT

September 11, 2019

Montana Environmental Lab
PO Box 8900

Kalispell, MT 59904-8900
Work Order: B19081987

Project Name:  Glacier National Park

Energy Laboratories Inc Billings MT received the following 2 samples for Montana Environmental Lab on 8/20/2019 for
analysis.

Lab ID Client Sample ID Collect Date Receive Date  Matrix Test
B19081987-001 MEL 8652, Swiftcurrent 08/15/19 10:50 08/20/19 Aqueous EPH-Liquid-Liquid Extraction
Creek-Many Glacier SW35b20C

EFH Fractionation

Hydrocarbons, Aliphatic Extractable
Petroleum

Hydrocarbons, Aromatic Extractable
Petroleum

Hydrocarbons, Extractable
Petraleum Screen

Volatile Petroleum Hydrocarbons
Separatory Funnel SW3510C Liquid-
Liquid Ext.

Low Level PAH

B19081987-002  Trip Blank Lot0O71119 B-  08/15/19 0:00 08/20/19 Trip Blank  Volatile Petroleum Hydrocarbons
JLB SHP0274

The analyses presented in this report were performed by Energy Laboratories, Inc., 1120 S 27th 5t., Billings, MT
59101, unless otherwise noted. Any exceptions or problems with the analyses are noted in the Laboratory
Analytical Report, the QA/QC Summary Report, or the Case Narrative. Any issues encountered during sample
receipt are documented in the Work Order Receipt Checklist.

The results as reported relate only to the item(s) submitted for testing. This report shall be used or copied only in
its entirety. Energy Laboratories, Inc. is not responsible for the consequences arising from the use of a partial
report.

If you have any questions regarding these test results, please contact your Project Manager.

. : . Digitally signed by
Report Approved By: - SN0/ /1 7 Snptrc  Bill Brown

President Date: 2019.09.11 13:25:49 -06:00
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LABORATORY AMALYTICAL REFORT
Prepared by Bllings, MT Branch

Client: Montana Environmental Lab Report Date: 08/11/18
Project: Glacier Mational Park Collection Date: 08/1518 10:50
Lab ID: B1B0B1867-001 DateReceived: 0872018
Client Sample ID: MEL 8852, Swiftcurrent Creek-Many Glacier Matrix: Agueous

MCL
Analyses Result Uniis Gualfiers KL GCL  Method &nalysis Date | By

PETROLEUM HYDROCARBONS-VOLATILE (VPH)

Mithyt tert-butyl ether (MTBE) ND ugilL D 20 3 MAVPH D230 1246 T b
Benzene ND ugiL o 10 5 MAWPH 23N 1246 b
Toluene ND ugil o 10 100 MAVPH CAZ3NG 1246 b
Ethylenzene ND ugiL D 10 700 MAVPH DAZ3ING 1246 b
mep-Kylenes ND ugiL o 10 MA-VPH 23N 1246 b
o-Xylens ND ugilL o 10 MA-VPH CAZ3HG 1246 b
Xylenas, Total HD ugiL D 10 10000 MAVPH DAZ3IHG 1246 b
Naphthaiens ND ugiL o 20 100 MAVPH 23N 1246 b
€3 to C10 Aromatics ND ugiL D 40 1100 MAVPH OAZ3HG 1246 b
€5 to CE Aliphatics ND ugiL o a0 650  MAWPH 23N 1246 b
€3 to C12 Allphatics ND ugil o &0 1400 MAVPH CZ3NG 1246 b
Tatal Purgeabie Hydrocarbans &1 ugl 40 MA-VPH DAZ3ING 1246 b

SuT: VPH Aromatics Surogate 030 WREC TO-130 MA-VPH 23N 1246 b

Su. VPH Alighatics Sumogate B7.0 ®KREC T0-130 MA-VPH CA/Z3HY 1246 b

- Note- 1- The 5 o CH Aliphatics value |s comected for aromatic consiftuents Bemeene and Toluene.
- Note- & The 5 o C1Z Alphaics value |s opmecied for aromatic constiisents Ethybenzene, m+p-enes, o-Xyiene and C5 o &0 Aromaiics.
EXTRACTABLE PETROLEUM HYDROCARBONS-SCREEN
Taotal Extractable Hydrocarbons G230 ugll " 300 1000 SWao1om Da28M9 12:15 7 amn
S o-Temhenyl T80 RREC 40-140 SWan1su 02819 1215 1 amin
- Note: Total Exiaciable Hydroowbons ane defned as the oial hydrocarbon resporses regandiess of shubion Hme.

EXTRACTABLE PETROLEUM HYDROCARBONS (EPH)

G4 to C18 Allphatics 1780 wgll " 300 1400 MA-EPH DADFNe 2232 1 ir
19 tp C36 Aliphatics 2550 ugll " 300 1000 MA-EPH DD7THG 2222 1 ir
Sum 1-Chior-pctadecane 500 %RREC 40140 MA-EPH DAOTHS 2232 7 Hr
C11 tp G22 Aromatics 1440 ugll " 300 1100 MA-EPH DTS 232057 Kr
Total Extraciable Hydrocarbons 6420 wgll " 300 1000 MA-EPH DAD7HS 232057 Kr
Sum. 2-Bomonaphinalene 109 %REC A0-140 MA-EPH DAD7HS 232057 Wr
Sum. 2-Fluorobiphanyl 850 %REC AD-140 MA-EPH D7D 232057 br
Sum. o-Temphenyl 910 %REC A0-140 MA-EPH DAD7HS 232057 Kr

- Mote: Total Extrackabie Hydrmoarhons ans defined as the il hydmearbon mesponses regardiess of sution Hme.

SEMI-VOLATILE ORGANIC COMPOUNDS (LOW LEVEL)

1-Mattryinaphthalens ND gl 0.2 11 SWAFFIC 091019 23:44 7 ph
2-pdethyinaphthalene ND wgL 02 36 SWAFOC  0aM10M9 2344/ ph
Acenaphfiens ND gyl 02 670 SWAITOC  DAM0AD23:44 1 jph
Acenaphihylens ND gl 0. SWAITDC  DAM0A523:44 1 ph
Anthracene HD L 020 200 SWAZFDC  DAA0M923:44/ jph
Benzo{ajanthracens ND gl 0.2 05 SWAFBC  09M0MD23:44 1 |ph
Benzo{a)pyrens ND gl 02 005 SWAZFRC  [AM0/9 2344 Jph
Benzo{bjfiuoranthans ND gL 0 05 SWAIFOC  DAM0M9 2344 Jph
Benzo{g.h.ljperyens ND gl 0. SWAITDC  DAM0A523:44 1 ph
Report FL - Analyte reporting Imii. MCL - Madimum contaminant bevel.
Definitiona: QCL - Qualty comtrol Imil. MD - Nat dedected at the reporting limit.

* - The result excesds the MCL D - RL Increased due to samiple matrbe
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LABORATORY AMALYTICAL REFORT
Prepared by Bllings, MT Branch

Client: Montana Environmental Lab Report Date: 08/11/18
Project: Glacier Mational Park Collection Date: 08/1518 10:50
Lab ID: B1B0B1867-001 DateReceived: 0872018
Client Sample ID: MEL 8852, Swiftcurrent Creek-Many Glacier Matrix: Agueous

MCL
Analyses Result Uniis Gualfiers KL GCL  Method &nalysis Date | By

SEMI-VOLATILE ORGANIC COMPOUNDS (LOW LEVEL)

Benzo{kuoranthene ND ugL 020 5 SWAXDC  DAM0M% 2344 |ph
Chiysena ND ugL 020 50 SWEIZFOC  D9M0H9 2344/ |pn
[Diberzofa,hjanihracene HD ugL 020 005 SWEFOC 09110192344/ |pn
Flusranthens ND ugL 020 130 SWa270C 0910192344 |ph
Flucrene ND uglL 020 100 SWE2FOC  D9410M9 2344 |ph
Indeny1,2,3-cdjpyrene HD ugL 020 0.5 SWaE2F0C 09110192344 |pn
Naphthalens HD uglL 0.2 100 SWAEZ7DC  DRM0HD 2344 |ph
Phenanthrens 027 wglL B 020 SWAZTDC  DAM0MS 2344  |ph
Pyrene ND ugL 020 830 SWazF0C 031019 2344 |ph

ST 2-Fluorbiphenyl 61.0 %REC 2504 SWAZFDC  DM1M%00CTT  Jph

S o-Temhenyl 720 ®REC 40-140 SWAZFOC  D9M1MS001T / jph
Report RL - Analyle reporting Imi. MCL - Mazxdmum contaminant level.
Definttions: QCL - Cualty control Imil WD - Mat dedected at the reporting lmit.

B - The analyte was detected In the method blank.
Fage & of 27
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LABORATORY AMALYTICAL REFORT
Prepared by Bllings, MT Branch

Client: Montana Environmental Lab Report Date: 0911118

Project Glacier Mational Park Collection Date: 081518

Lab ID: B1B0B1BET-D02 DateReceived: 0820110

Client Sample ID: Trip Blank Lok)71118 B-JLB SHPO274 Matrix: Trip Blank
MCL

Analyssa Result Units  Gualfiers RL  GCL Methoo Analyala Data | By

PETROLEUM HYDROCARBONS-VOLATILE (VPH)

Mithyt tert-butyl ether (MTBE) ND ugilL 10 3 MAVPH DAZ1HD 16:43 1 b
Benzene ND ugiL 050 5 MAWPH A1 16243 1 b
Toluene ND ugil 050 1000 MAVPH CAZ1H9 16:43 b
Ethylenzene ND ugiL 050 700 MAVPH A1 16243 7 b
mep-Kylenes ND ugiL 050 MA-VPH A1 16243 1 b
o-Xylens ND ugilL 050 MA-VPH CAZ1H9 16:43 b
Xylenas, Total HD ugiL 050 10000 MA-VPH DAZ1HD 1643 7 b
Naphthaiens ND ugiL 10 100 MAVPH A1 16243 1 b
€3 to C10 Aromatics ND ugiL 20 1100 MAVPH 082119 16:43 1 b
€5 to CE Aliphatics ND ugiL 20 650  MAWPH A1 16243 1 b
€3 to C12 Allphatics ND ugil 20 1400 MAVPH 2119 16:43 b
Tatal Purgeabie Hydrocarbans ND ugiL 20 MA-VPH A1 16243 7 b

SuT: VPH Aromatics Surogate 105 HKREC TO-130 MA-VPH A1 16243 1 b

Su. VPH Alighatics Sumogate 560 HKREC T0-130 MA-VPH 0A21H9 16:43 b

- Note- 1- The 5 o CH Aliphatics value |s comected for aromatic consiftuents Bemeene and Toluene.
- Note- & The 5 o C1Z Alphaics value |s opmecied for aromatic constiisents Ethybenzene, m+p-enes, o-Xyiene and C5 o &0 Aromaiics.

Report FL - Analyte reporting Imit. MCL - Madmum contaminant bevel.
Definitiona: QCL - Qualty comtrol Imil. MD - Nat dedected at the reporting limit.
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P Ir_w aur People Irost aur Doz,
ENERGY | ¢ 5 [ttt

|z

Dilli- 2+, KT ED0.735.4939 = Suspa. Wy BEB.235.0513
Lilteztr, w7 BAO.EBA.? TS = Batres, K1 FTTATZ.071

QA/QC Summary Report
Prepared by Billings, MT Branch

Chent: Montana Emvironmental Lab

Work Order: B19081987

Report Date: 09711/19

Anaiyie Fesul  Unhs RL %AEC Low Limit High Limk APD APOUMI: Ousl
Method:  MAVPH Analytical Run: A326298
LabiD: GOV 082IVAZDSEW Caniinuing Calltvation Verification Standard 02119 1356
1,2,4-Trima thyibarzana 22 ugl 10 108 75 125
2,2 4 Trimaihyipantana 261 ugl 10 104 75 125
2 Methyipantana Zs  ugl 10 112 75 125
n-Buiylcyclohexane 246  ugl 10 ag 75 125
n-Decana 250 ugl 10 100 75 125
Mathyl tart-butyl athar (MTEE) 289 ugl 10 116 75 125
Banzana 282 L 050 113 75 125
Talena 280 ugl 050 112 75 125
Etfyiberzana T4 ugl 050 110 75 125
mapityenas SO0  ugl 050 100 75 125
a-Nylana 261 ugl 050 106 75 125
Maphihalana 29 ugl 10 104 75 125
n-Paniane 205  ugl 10 1@ 75 125
SuT: VPH Aromatics Surrogate 10 106 75 125
Sur: VPH Aliphatics Sungsis 10 96 75 125
Labil:  COV_0821VAZ48rW Caniinuing Calltvation Verification Standard oazag 1528
1,2, 4-Trima thylbarmane 217 ugl 10 @ 75 125
2.2 4 Trimaihyipartana 247 ugl 10 1 75 125
Zuethyipantana TO0 ugl 10 1om 75 125
n-Butylcyclahaxana 28 ugl 10w 75 125
n-Dacana 204  ugl 10 1@ 75 125
Mathyl tart-butyl ather (MTEE) 237 ugl 10 96 75 125
Banzana 217 ugl 050 o 75 125
Talena 226 ugl 0.50 an 75 125
Etfyinerzana 217 ugl 050 e 75 125
Mmapiyenas 410 ugl 0.50 az 75 125
a-Xylana 220  ugl 050 a8 75 125
Maphihalena 232 ugl 10 a3 75 125
n-Pantane 284  ugL 10 113 75 125
SuT: VPH Aromatice Surrngate 10 @ 75 125
SuT: VPH Alighatics Sunogets 10 25 75 125
Mathod: MAVPH Baich: AZ26298
LabiD: LGS D8ZIVAINEr Lenorsiory Conitrol Sampis Fur: VARIANZ 1908214 0z 1420
1,2,4-Trimathylbarzana 234  ugl 10 24 0 130
2.2 4 Trimathyipaniana 244 ugl 10 @ 70 130
2 Methyipaniana 236 uglL 10 24 70 130
n-Butylcyciohaxana 247 ugl 10 a0 70 130
n-Decana 22 gL 10 0 70 130
Mathyl tart-butyl athar (MTEE) 261 ugl 10 100 70 130
Barzana 243 ugl 0.50 a7 70 130
Talena 244  ugl 050 o8 70 130
Eifyiberzana 237 ugl 0.50 96 70 130
Qualifiers:
AL - Analyls rmparting lmit. NI - Mot dateced at the raparting Imit
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CU T T EEN

Dilli- 2+, KT ED0.735.4939 = Suspa. Wy BEB.235.0513
Lilteztr, w7 BAO.EBA.? TS = Batres, K1 FTTATZ.071

QA/QC Summary Report

Prepared by Billings, MT Branch

Chent: Montana Emvironmental Lab Work Order: B19081987 Report Date: 09711/19
Analye Resul Unilts AL %AEC Low Limit High Limit APD RPDLImk Qual
Method:  MAVPH Balch: R326298
Lab box: LCS 0821V A206r Lehoreiory Codntrol Sampie Run: VARIANZ 1908214 02119 14220
mapeiylenas 447 gL 050 a8 70 130
o-Nylana 245 gL oS0 ag 70 130
Naphthalane 238 gL 10 a6 70 130
Toatel Purpesiis Hydmcarbans 3Ei gl 20 a9E 70 130
n-Pantans 219 gL 10 a8 70 130
2w VPH Aromatics Surrogate 1.0 a9 70 130
Sum: WPH Alliphatics Sumogata 1.0 94 70 130
LLab I0¢ MBLE_DE21V ANOr Methiod Blank Pur: VARIANZ 1908214 0221719 16210
Meathyl lert-butyl ether (MTBE) ND gL 1.0
Barzana ND L 050
Talena ND gL oS0
Ethyibenzana ND gL 050
m4pXylenas ND gL oS0
o-Xykana ND gL 050
Xylanas, Total ND gL oS0
Naphthalane ND gL 10
G4 to G110 Aromatics ND gl 20
G to GB Aliphatics ND gL 20
4 ta C12 Allphatics ND L an
Talel Purgesiie Hydmcartans ND gL 20
2w VPH Aromatics Surrogate 1.0 a9 70 130
Sum: WPH Aliphatics Sumogate 1.0 94 70 130
Lab IOk B100681714-001 EMS Sample Matlx Splke Pur: VARIANZ 1908214 02219 1421
Meihyl fart-butyl athar (MTBE]) 224 gL 1.0 an 70 130
Barzana 27 gL 050 a 70 130
Talena 230 gL oS0 a2 70 130
Elhyibenzana 225 gL 050 an 70 130
m+pRiylenas 431 UL oS0 a6 70 130
a-Xylkena 223 gL [ a8 70 130
Maphthalene 230 gl 1.0 a2 70 130
Talel Purgesiie Hydmcartans 347 gL 20 a3 70 130
2w VPH Aromatics Surrogate 1.0 a2 70 130
Sum: WPH Alliphatics Sumogata 1.0 a2 70 130
- Tha sampla was mosied in the abomioy with apH = 2. The pHwas 7.
Lab ik B18061714-001 BMSD Sample Maltx Splke Duplicale Purn: VARIANZ 1906214 022119 1456
Mathyl fart-butyl ether (MTEE) 23z UL 1.0 a3 70 130 ai 20
Barzana 218 gL [ & 70 130 41 20
Taluena 224 gl 050 an 70 130 25 20
Ethyibenzena 21.7 gL 0S50 & 70 130 B 20
ma+pRiylanas 413 L 050 a3 70 130 42 20
o-Xylkena 21.7 gL 0S50 & 70 130 27 20
Maphthalena 233 gL 1.0 a3 70 130 [i=] 20
Qualifiers:
AL - Analyie reparting mit. MO - Mol detacied at the reparting Imit.
Page 7 of 27
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Dilli- 2+, KT ED0.735.4939 = Suspa. Wy BEB.235.0513
Lilteztr, w7 BAO.EBA.? TS = Batres, K1 FTTATZ.071

QA/QC Summary Report
Prepared by Billings, MT Branch

Chent: Montana Emvironmental Lab Work Order: B19081987 Report Date: 09711/19
Analye Resul Unilts AL %AEC Low Limit High Limit RPD RAPDUmMi Cual
Method:  MAVPH Balch: R326298
Lab box: 515061714001 EMSD Sampia Malrx Spika Duplicale Run: VARIANZ 1908214 022119 1456
Talel Purpesiie Hydmcarhans 358 gL 20 96 70 130 iz 20
Sum: WPH Aromatics Surrogate 1.0 95 70 130
S WPH Alliphatics Sumogaia 10 94 70 130
- The sample was st d in the bomioy with a pH = 2. The pHwas 7.
LLab I0¢ LCS_ a2V AZ40r Lemhoretory Control Sampie Pur: VARIANZ 1908214 0922119 16102
1,2,4-Trime thylberzans 210 gL 1.0 a4 70 130
2.2 4-Trimethyipanians 29 gL 1.0 a 70 130
2-Methyipaniana 229 gL 1.0 a 70 130
n-Bulyicyclahaxana 287 gL 1.0 103 70 130
n-Decans 265 gL 1.0 106 70 130
Mathyl lert-butyl ether (MTBE) 229 gL 10 a2 70 130
Barzana ang gl 050 a3 70 130
Taluena 219 gL [ a8 70 130
Ethyibenzana 12 L 050 a5 70 130
ma+pRiylenas 404 gL 0S50 a3 70 130
o-dykana ME L 050 a6 70 130
Naphthalana 23z gL 1.0 a3 70 130
Taltel Purgesiie Hydmecarbans 366 gL a0 ag 70 130
n-Pantans 0 gL 1.0 a4 70 130
S0 VPH Aromatics Surrogate 1.0 96 70 130
Sum: WPH Aliphatics Sumogate 1.0 95 70 130
Lab ik MBLE_DE21V A5 Mathiod Blank Purn: VARIANZ 1906214 02219 1743
Mathyl fart-butyl ether (MTEE) ND UL 1.0
Barzana ND gL [
Taluena N ugll 050
Ethyibenzena ND gL 0S50
ma+pRiylanas ND L 050
o-Xylkena ND gL 0S50
Xylanes, Talsl ND gL 050
Naphthalana ND gL 1.0
G4 ta G10 Amomatics ND gL a0
G bo CB Aliphatics ND gL 20
4 ta G112 Allphatics ND gL 20
Totel Purpesiie Hydmcarbans ND UL 20
Sum: VPH Aromatics Surrogate 10 a2 70 130
Surr: WPH Aliphaiics Sumogeie 1.0 a2 70 130
Lab i B18061984-014CMS Sample Marix Spike Purn: VARIANZ_190821A 02319 1458
Mathyl fert-butyl ether (MTEE) 63 gl 50 130 70 130
Barzana 136 gL 25 Ed 70 130
Talena 108 L 25 70 130
Ethyibenzena 173 gL 25 &0 70 130 ]
maspRiylenas 188 gL 25 70 130
Qualifiers:
AL - Analyie reparting mit. MO - Mol detacied at the reparting Imit.
S - Spika recovery oulside of acvisory Bmits.
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Lilteztr, w7 BAO.EBA.? TS = Batres, K1 FTTATZ.071

QA/QC Summary Report
Prepared by Billings, MT Branch

Chent: Montana Emvironmental Lab

Work Order: B19081987

Report Date: 09711/19

Analye Result Units RL %AEC Low Limit High Limit RPD RAPDUmMi Cual
Method:  MAVPH Baich: R3262098
Lab b B10081984-014CMS Sample Malrx Spike Run: VARIANZ 190821A 0az3g 1458
o-Xylena 107 L 25 13 1 130
Maphihakens 931 ugl 50 T4 70 130
Talal Pupeatie Hydocarbans 4130 L 100 a3 . 130

Surr: WPH Aromatics Surrogate G 124 F 130

Surr: WPH Aliphatics Surmmogais G0 12 . 130
Lk DO B19081984-014CMSD Sample Maktx Splke Duplicale Run: VARIANZ 190821A 072319 1633
Meihyl fert-butyl ather (MTBE) 162 L G0 122 . 130 6.8 20
Barmana 126 gL 25 63 1 130 78 i} s
Taluenea 103 ugrL 25 az Y 130 6.0 20
Ettyibarmana 163 gL 25 &2 1 130 508 i} s
mepXylanas 180wl 25 72 70 130 62 20
o-Xylena 102 L 25 az 1 130 a1 0
Maphihakens 903 ugl 50 72 70 130 a1 20
Taolsl Pumeatie Hydrocarbans 4210 L 100 a8 1 130 1.8 20

Sum: WPH Aromatics Surrogata 50 123 0 130

Surr: WPH Aliphatics Surmmogais G0 114 . 130
Qualifiers:
AL - Anakie reparting limit. NI - Mot detecied at the reparting imit
5 - Splka recovery oulside of avisory Bmits.
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Trusl our Faaale. Trusl our Dala. [ Eillngs, K1 BO0.TIEATED « Sasper, wi B36.236.0515

wam el ) Gk, W+ 86861178 » hsana. T 17,472,071
ﬂﬁﬁ%%ﬁﬁﬁéﬂﬁwﬂmr B100815E7- 0018 DE21VAZ , EHC-VPH-MA-W..{1,32}
20
2
0]

m @ & R
] TP
e} 218 " TRFLLIOROTOLLERE

&
5
E &
: :
] 2 = =
e E E] g s- E B
1 & 2 & e z _
ey 18 ez a| 23 3 3P B ErnEEEEERT ER
o Ll ] & 1 " ~ " gy . T " -M||||-.-|||u|&ﬁlullllll||| Ly
T T T T T T T T T T T T T T T T T T T T T T T
2 4 E ] 10 12 14 16 1E 20 =2 24
VPH ARCMATICS PHOTOIONIEZATION DETECTOR CHROMATOGEAM REPORT
Zample Name: B12081987-001B ;0821VA2 , SHC-VPH-MA-W,, (1, 2)
Baw File: G:\Org\VAZ\DAT\VA208211% bA\OB21VAZ.008E.RAW
Datae & Time Acguired: B/23/2019 1Z2:46:50 PM
Mothod Filae: G:WOrghVA2\Mothods\150823Vi9E871%. MET
Calibration Fila: G:\Org\VA2%\Cals\120823_190510VPH. CAL
Sampla Waight: & Dilution: 2 S.h.z 2
Maan BF for C% to C10 Aromatic Hydrocarbons: 408.4258
Rt range for C9% to C10 Aromatics: 14.77 to 20.28
Aromatic Hydrocarbon Range Area and Quantitation:
C%-C10 Aromatics Arcac21414.82 C%-C10 Aromatics Amount: 20.5%7283
TARGET AMALYTES RT CAL RRT FRT AREA AMOUNT FLAG
MIEBE . s . 2. o
Bonzang . = . 1. o
Toluana, 10. 263 10. 264 10, 269 70 1. o
Ethylbanzana 13,742 12.742 13,742 155 1. o
mip-Xylanas 13,521 13.521 13,521 183 1. o
o—Xylana 14,704 14,7048 14.708 100 1. o
124-Trimathylbenzang 16. Té4 16. 764 16. T&E4 455 1. o
Haphthalana 20. 496 -12.3 -12.318 2541 a8 + Bo JJB 8727715
SURROGATE COMPLUND RI ACTUAL MERSURED SREC QC LIMITS
& TRIFLUOROTOLUENE 8.178 5D. 46,5232 53.05 TO-130
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Trusl our Faaale. Trusl our Dala. [ Eillngs, K1 BO0.TIEATED « Sasper, wi B36.236.0515
wumeneiylzb.om Gilkebiz, 47 QEB.EERT1TS » bubnz. T 8774720711

-

MEL 8652, Swiftcurrant Coeek-Many Glacier

— CIOMVARDATWAZDE2119_ D 0DEZ1 VA2 D0BE. FAW BAJ081967- 0018 DE21VAZ , SHC-VPH-MA-W,{1,2}
24 -
73 -
20
13 o
18
14+
12 H
10+
] &
* i
&
5 g §
4 ] E
B, - 5
. Er s : S :
1 & 2 & - =
24 o - - & %
s 3sg:| =3 3 383 B:smm
o Ll L R & ' . o ml L1 naparirngd Ve
T T T T T T T T T T T T T T T T T T T T T T T
2 4 E 8 10 12 14 16 1E 20 =2 24
VPH ARCMATICS PHOTOIONIEZATION DETECTOR CHROMATOGEAM REPORT
Zample Name: B12081987-001B ;0821VA2 , SHC-VPH-MA-W,, (1, 2)
Baw File: G:\Org\VAZ\DAT\VA208211% bA\OB21VAZ.008E.RAW
Datae & Time Acguired: B/23/2019 1Z2:46:50 PM
Mothod File: G:WOrghWVA2\Mothods\150823Vi9E871ANs. MET
Calibration Fila: G:\Org\VA2%\Cals\120823_190510VPH. CAL
Sampla Waight: & Dilution: 2 S.h.z 2
Maan BF for C% to C10 Aromatic Hydrocarbons: 408.4258
Rt range for C9% to C10 Aromatics: 14.77 to 20.28
Aromatic Hydrocarbon Range Area and Quantitation:
Ce-C10 Aromatics Argat6002.521 C%-C10 Aromatics Amount: 5. 8TEG32
TARGET AMALYTES RT CAL RRT RAT AREA AMOUNT FLAG
MEEE T T T T H
hrd . 1 LL
Tolusne 10,365 10,364 10,365 10 3 I
TR P P PN PE P P - ; o
X Lo o 13 621 13521 13 621 1e3 3 o
Xylere T4—TE8 708 T4—T04 1548 3 b
C I . l.'|.J bl I P | E W i I ] I .| 't el -1 Ll
Haphthalana 20. 496 20. 494 20. 494 252 2. o JJIB a/s27/18%
SURROGATE COMPLUND RT ACTUAL MERSURED SREC QC LIMITS
& TRIFLUOROTOLUENE 8.178 5D. 46,5232 53.05 TO-130

Page 11 0727
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Trusl our Faaale. Trusl our Dala. [ Eillngs, K1 BO0.TIEATED « Sasper, wi B36.236.0515
wumeneiylzb.om Gilkebiz, 47 QEB.EERT1TS » bubnz. T 8774720711

A

MEL 8652, Swiftcurrant Coeek-Many Glacier

— EOMVARDATWASDE2119 HDEZ1 VAZE.0086. AAW BA081367- 0018 OS2 1WAZ , SHC-VPH-MA-W,.{1,2}
k=]
=0
25
=0 -
15 F
o
- E 2
10 i ;
E f & -] & 5
5 E H z E 4
) & ﬁ E & = == - T W
1 n LRT 2RI 29 k= 9 e s ¥
gREggesateey e e O0T 10F IORISREE AR e s 6
a o o TR = BT | PR B I iy 1 o bply | bhg DUERL D e rp e n LELEL R TLY "M“_
.5‘ -I1 é -{3 1II:I 'I? 1I4- 1IE 1IE BI:I 2.“2 El-l

VEH ALTPHATICS FLAME IONIZATION DETECTOR CHEOMATOGRAM REPORT
Sample Name: H15081587-001B ;0821VA2 , SHC-VBH-MA-W,. (1, 2}
Raw Fila: G:%Org\VA2\DAT\VA208211%_b\0EZ1VAZE. DOBE. RAW

Datae & Time Acguired: B/23/2019 1Z2:46:50 PM

Mathod File: G:W0rgWVA2\Methods\150823VEHBEY (MET

Calibration Fila: G:\Org\VA2\Cals\130823_190510VPHE.CAL
Sampla Waight: & Dilution: 2 S.h.z 2

Maan BF for C% to CA Aliphatic Hydrocarbons: &06.8051

Maan BF for C% to C12 Aliphatic Hydrocarbons: 525.0131

Maan BF for all calibrated compounds: Té6.834%5

Rt ranga for Gasolina Ranga Organics: 4.5% to 15.87

Bt ranga for C5 to C8 Aliphatic Hydrocarbons: 3.72 &o 13.24
Bt range for C9% to C12 Aliphatic Hydrocarbons: 12.32 to 20.3%

SEURROGATE COMPOUND RI ACTUAL MELSURED SREC
& TFT. 8. .18 L1 43,365 BE.T3 -
GRD Area:16172.73 GRD Amount: 8.43E6102

TPH Area:116156.6 TPH Amount: 60.61103

Aliphatic Hydrocarbon Aresas and Quantitations uncorrected for Aromatics:
CE-CB Araar12520.77 CE-CA Amount: 8.253572
C5-C12 Arca:340883.23 C5-C12 Amount: 26.37608
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Trusl our Faaale. Trusl our Dala. [ Eillngs, K1 BO0.TIEATED « Sasper, wi B36.236.0515

e y Gilkebiz, 47 QEB.EERT1TS » bubnz. T 8774720711
Trip Blank Lot071119% B-JLB SHPD2T4
— GIOMVARDATWAZDE2119_ D DEZ1VAZ.001 0. FAW BA0081987- D02A DE21VAZ , SHC-VPH-MA-W,
24 -
73 -
20
13 o
18
14
12 H §
10+
EE
F . H
i a
4 d F 5 =
| E g m ; ] § §
2 s & & =
- £ g ki g
. 3 ] J Bz g g T a E = 42§ 2 ]
o TR o Lok 4 YL . L P . .
T T T T T T T T T T T T T T T T T T T T T T T
2 4 E ] 10 12 14 16 1E 20 =2 24
VPH ARCMATICS PHOTOIONIEZATION DETECTOR CHROMATOGEAM REPORT
Zample Name: B1208198T7-002R ;0821VAZ , SHC-VPH-MA-W,
Baw File: G:\Org\VAZ\DAT\VA208211% bA\OB21VAZ.0010.RAW
Datae & Time Acguired: B/21/201% 4:43:55 PM
Mothod Filae: G:WOrghWVA2\Mothods\150823VPHE . MET
Calibration Fila: G:\Org\VA2%\Cals\120823_190510VPH. CAL
Sampla Waight: & Dilution: 1 S.h.z 1
Maan BF for C% to C10 Aromatic Hydrocarbons: 408.4258
Rt range for C9% to C10 Aromatics: 14.77 to 20.28
Aromatic Hydrocarbon Range Area and Quantitation:
Ce-C10 Aromatics Arcac5521.915 C%-C10 Aromatics Amount: 2.859844
TARGET AMALYTES RT CAL RRT FRT AREA AMOUNT FLAG
MIEBE . s . 1. o
Bonzang . = . -5 o
Toluana . . . 5 o
Ethylbanzana . . . ] o
mip-Xylanas 13,549 13,549 13,549 105 5 o
o-Xylana . . . 5 o
124-Trimathylbanzana . . . 5 o
Haphthalana . . . 1. 1)
SURROGATE COMPLUND RI ACTUAL MERSURED SREC QC LIMITS
& TRIFLUOROTOLUENE 8.195 25. 26,2375 10E.5 TO-130
Page 130127
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Trusl our Faaale. Trusl our Dala. [ Eillngs, K1 BO0.TIEATED « Sasper, wi B36.236.0515
wumeneiylzb.om Gilkebiz, 47 QEB.EERT1TS » bubnz. T 8774720711

A

Trip Blank Lot071119% B-JLB SHPD2T4
— CIOMVARDATWAZDE2119 D 0EZ1 VAZE. 00 0.RAW BA0081987- D02A DE21VAZ , SHC-VPH-MA-W,
35
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1 g o 8 ;1 53 EaERE o0 5
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T T T T T T T T T T T T T T T T T T T T T T T
2 & E a 10 1z 14 16 1B 20 =2 24
VPH ALIPEATICS FLAME IONIZATION DETECTOR CHEOMATOGRAM REPOET
Zample Name: B1208198T7-002R ;0821VAZ , SHC-VPH-MA-W,
Baw File: G:\Org\VA2\DAT\VA208211% bA\OB21VAZE.0010. RAW
Datae & Time Acguired: B/21/201% 4:43:55 PM
Mothod Fila: G:4WOrghVA2\Mothods\150823VPHEL (MET
Calibration Fila: G:\Org\VA24\Cals\120823_190510VPHE.CAL
Sampla Waight: & Dilution: 1 S.h.z 1
Maan BF for C% to CA Aliphatic Hydrocarbons: &06.8051
Maan BF for C% to C12 Aliphatic Hydrocarbons: 525.0131
Maan BF for all calibrated compounds: Té6.834%5
Rt ranga for Gasolina Ranga Organics: 4.5% to 15.87
Bt ranga for C5 to C8 Aliphatic Hydrocarbons: 3.72 &o 13.24
Bt range for C9% to C12 Aliphatic Hydrocarbons: 12.32 to 20.3%
SEURROGATE COMPOUND RI ACTUAL MELSURED SREC
& TFT. 8.157 25. 24,478 57.592 -
GRD Area:9140.07 GRO Amount: 2.382844
TPH Area:18011.7& TPH Amount: 4.8EB502

Aliphatic Hydrocarbon Aresas and Quantitations uncorrected for Aromatics:
CE-CB Araar5141.633 CE-CA Amount: 3.013038
C5-C12 Arca:9424.302 C8-C12 Amount: 3.562975
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Trowst cu P

Client: Montana Environmental Lab

pl=

Trustoanr Tara

QA/QC Summary Report
Prepared by Billings, MT Branch
Work Order: B120B18ET

Lihngs M1 BO0. 755,488 = Cgeger, v BAS.E30.0515
it We JEE.BEA.TITS = Helewn, T B?7ATZ.00N

Report Diate: 0971110

Analyts Result  Uniis RL %REC LowLimif HighlUmii  RPD RPOLIME Qual
Mathod:  SWBD1SM Batch: 136405
LabiD:  LCS-136496 Laboraiory Control Sample Fun: GCFID-HP3-B_1908278 DE/2EA1 10:48
Total Extractable Hydmcarbons SE00 ugl 300 52 &0 140
Sum. o-Terphenyl 20 ES 4p 140
LabiD:  MBE-136436 Mizthod Blank Fun: GCFID-HP3-5_1908278 DE/ZE/19 11:32
Total Extractable Hydmearbons MDD  ugl 300
Sum. o-Terphenyl 20 B 4p 140
LabiD:  B150B1367-001AMS Samgie Matrix Spike Fun: GCFID-HP3-B_1908278 DE/2EAD 12:59
Total Extractable Hydmcarbons =0 wgL S60 224 &0 140 5
Sum. o-Tarphenyl ar E3 4p 140
LabiD:  BTI0B1367-001AMSD  Sampie Mairix Spike Dupiicate Fun: GCFID-HP3-E_1308278 DEZEMS 13:43
Total Extractable Hydmearbons IO0 wgl SE0 274 &0 140 17 MW 5
Sum. o-Terphenyl ar B2 4p 140

5- Second bottie: that wees used had light coating of Bar-Ske substsnce nesr e iop 17 of the bofe St was not present inthe: pament. The righer Tasn nomal recoweses. sne
due i the difference bebwesn the panent sample and Be ssmple wsesd for te MESRED anahysis.

Mathod:  SWBD15M Anatytical Run: R326455
LabiD  CCV_DEZTHP3IErW  Continuing Calbration Vernication Standard DB/2EM9 03:07
n-Honane 205 wgl 103 75 125
n-Decane 210 wgl 105 75 125
n-Dodecane 215 wgl 107 75 125
n-Tetradecane 210 wgl 105 75 125
n-Hexadecane 22 wgl 105 75 125
n-Detagecane 212 wglL 106 75 125
n-Nonadecane 25 wgl 107 75 125
n-Elcosana 215 wgl 107 75 125
n-Docosane 25 wgl 107 75 125
n-Tetracosane 216 wgl 108 75 125
n-Hexacosane 2T wgl 109 75 125
n-Detagosane 27 wgh 109 75 125
n-Triacontane 215 wglL w07 75 125
n-Hexairiaconians 218 wgl 109 75 125

Su. o-Tarphenyl 20 T3 75 125
Qualifiers:
FRL - Analyte reporting imt. NI - Mot detacted at the raporting Imit
S - Spike racovary outsite of advisory imits.
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Trustair Pouple Trust o il { Jill g, M7 A00.TEG,4460 o Cas o, WY B80.235.0813

U ANET) abnm ) Gillelz, w7 BBEBIETIVS # Meleaa, W BT7.4T2.0711
MEL B652;, Swiftourrant Creak-Many Glacier Batch ID: 136496
— Qo HPMDATHPI08IT 10 NEITHP 0021 RAN B19081087-001A DEITHFI, §HC-EPH-SCAN-W,
300
= E
1 &

o, 3

00 |

1500

o- 13.46 *1=Chigm-nonde ane

1000

o 2 < & B i0 iz 14 16 i

=
=]
-]
]
i
]
-]

EXTRACTARLE PETROLEUM HYDROCARBOWE (EPH) SCREEWNING AMALYSIS CHROMATOGEAM
Sampla Nama: B19081987-001RA ; DEZTHPI , $HC-EPH-SCRN-W,

Raw Fila: G:horg\HP3\DAT\HP30EZT19_b\0SZTHP3.0DZ1.RAN

Date & Time Acguired: 87282019 12:15:55 PM

Mathod Fila: g:\org\HPI\Mathods\SR_SCH-08Z2721-UL-Li.mat

Calibration File: G:\Org\HP3\Cals\MA-EFH_SC1%01290L.CAL

Sampla Waighk: 1 Dilution: 2 S.A.:- 1

Mzan RF for C% to Cl8 Hydrocarbons: ZA9SE.04

Maan RF for C19 to C36 Hydrocarbons: 28683.01

Maan RF for Total Extractabla Hydrocarbons: Z8E19.53
Bt range for Diesel Range Organics: 6.B5 ko 16.96

Bt ranga for C9 to C1E Hydrocarbons: 5.65 to 12.56
Bt ranga for Cl9 to C36 Hydrocarbons: 12.595 to  19.6&

SURROGATE COMPOUND RT ARER ACTIRL MERSURED RREC
*o-Tarphanyl 12. 64 3089785 200. 23D.803 115.4 -
*]1-Chlore-occtadacans 13.445 3215475 200. 25Z.BG1 126,33 -

DRO Area:c&. TRZTHEE+DT DR} Amount: 4EEE.442

TEH Area:B.971204E+D7 TEH Amount: 6225.844
C9-C18 Area:2. 940193E+07 C9-C18 Amount: 2030.798
C19-C36 Area:z§.152E30E+0TC19-C36 Amount: 358Z. 746

Edong\ HPF dabHPEETT 145 bfoviow!, 024_EhS081087-004A_BA_SCH-088T - LL-L¥xk
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QNQC Summary Report
Prepared by Billings, MT Branch

Client: Montana Environmental Lab Work Order: B120B18ET Report Date: 0911110
Analyts Result  Uniis RL %REC LowLimif HighlUmii  RPD RPOLIME Qual
Mathod: MAEPH Batch: 136303
LabiD:  LCS-136803-136496 Laboraiory Control Sample Fun: GCFID-HP3-B_1909058 OWOEMS 17:05
C9 to C13 Allphatics BB ugl 300 &7 4p 140
©19 i C36 Aliphatics 1530 wgL 300 85 4p 140
n-Honane 736 gL 50 7 o 140
n-Decane 105 ugl 50 £2 4p 140
n-Dodecane 125 wgl 50 £2 4p 140
n-Tetradecana 146 ugl 50 73 4p 140
n-Hexadecane 161 ugl 50 B0 4p 140
n-Detagecans 180 ugl 50 g 4p 140
n-Honadecane 134 ugl 50 92 4p 140
n-Elecsana 187 ugl 50 04 4p 140
n-Docosans 191 ugl 50 85 4p 140
n-Tetracosane 194 ugl 50 57 4p 140
n-Hexacosane 193 ugl 50 o7 4p 140
n-Detacosane 191 wgl 50 55 4p 140
n-Triacontane 137 ugl 50 04 4p 140
n-Hexatriaconians 190 ugl 50 55 4p 140
Sum. 1-Chior-oetadecane 20 g 4p 140
LabiD:  MB-136503-136436 Misthod Biank Fun: GCFID-HP3-E_1309058 D06 18:3
€9 to C13 Allphatics ND  ugl 300
©19 o C36 Allphatics MDD ugl 300
Su. 1-Chior-oetadecane 20 g 4p 140
LabiD:  GTI061367-001AMS Sampie Duplicabe Fun: GCFID-HP3-E_1309058 DO 00:30
€9 to C13 Alphatics TEID  ugl 560 &5 m R
©19 o C36 Allphatics 1100 wgL 560 o1 m R

- Becauss the sample amount was signicanty higher Tan the spike amount, T ME and MSD spike sampies ane caloulated 3s Duplcate samples hased on the splte
amount added plus the onginal sample concentration.

- Second bofe Tal was used had light coating of tar-ike substance near T top 17 of B botle thad was not present in the parent. The higher than romal RPDs are due 1o
the difference between the parent sampie and e sample used for the MEAED analysis.

LabiD:  B13061367-0014MS Samgie Matrix Spike Fun: GCFID-HPE-B_ 1909068 OW0BAS 00:30
n-Honane 128 ugl a0 35 k| 140
n-Decane 180 ugl 50 43 40 140
n-Dogecane 235 wgl a0 €3 40 140
n-Tetradecane 24 wgl 50 79 40 140
n-Hexaecane 33 wgl a0 B5 40 140
n-Detagecane M3 wgl a0 e 40 140
n-Honagecane 34 wgl 50 85 4p 140
n-Elcosana 3| ougl a0 g5 40 140
n-Docosane [ ugl 50 55 40 140
n-Tetracosane 36 ugl a0 99 40 140
n-Hexacosane 3| ugl 50 53 40 140
n-Detacosane 3|2 wgl a0 o7 4n 140
n-Triacontane [0 ugl 50 o4 40 140
n-Hexatriaconians 3|2 wgl 50 53 4p 140

Qualifiers:

FL - Analyte reporting imit. D - Mot detacted at the repaorting Imit
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QNQC Summary Report
Prepared by Billings, MT Branch

Chient: Montana Environmental Lab Work Order: B1208198T Report Date: 0911110

Analyts Result  Uniks RL %REC Low Limit High Limit RPD RPDLIMi Gual

Mathod:  MAEPH Eatch: 126303

LLab IDc B1308138T 001 AME Sampie Matrx Spike Run: GCFID-HPFE_ 1303068 OSA0815 0030
Sum, 1-Chior-pctadecanse E) o0 40 140

LLab IDc B13081387 00 AMED Sampie Duplicabe Run: GCFID-HPFE_ 1303068 OSM08M19 0Z:38

C4to C18 Allphatics 9700 ugiL 560 110 Iﬂ R

1910 C36 Aliphatics 13200 ugll 560 100 i} R

- Because the samples amount was signicanty higher Tan the spike amount, T ME and MSD spike sampies ane calouiated as Duplcate samples Dased on the splke
amount added plus the onginal sample concentration.

- Second boSe Tat was used had light coating of tar-ike subsiance near T top 17 of B botle that was not present in the parent. The higher than romal RPDs are due 1o
the difference between the parent sampie and e sampls ussd for the MEWMED analysis.

LsbiD:  BTI0E19ET-0O1AMSD  Sample Matix Spike Dupicate Fun: GCFID-HPE-E_1900068 OOE19 02:38
n-Hanane 130 wgl 50 35 30 140 03 k|
n-Decane 195 wgl 50 £3 4D 140 739 ]
n-Dodecane 1wl 5.0 73 40 140 14 0
n-Tetradecana I wgh 50 02 4D 140 14 b
n-Hexadecane B owgL 50 o5 40 140 11 20
n-Octadecane T wgl 50 100 4D 140 75 bl
n-Honadecane e ugL 50 40 140 BT 20
n-Elcosans BT R 50 10 40 140 58 bl
n-Docosane T4 gL 50 40 140 53 20
n-Telracosane 3 wgl 50 14 40 140 50 bl
n-Hexacosane E  wgl 50 104 4D 140 54 ]
n-Octacosane 3|4 wgL 50 103 40 140 59 |
n-Triacontane IE wgl 50 g 4D 140 52 ]
n-Hexatriaconiane 3wl 50 103 40 140 532 0
Su. 1-Chioro-oetadecane a7 o1 4D 140

LabiD:  LCS-136803-136435 Laboratory Control Sampike Run: GCFID-HP3-B_1909068 D610 17:48
C11 to C22 Aromatics 330 wgl 300 02 4D 140

Tatal Extractable Hydmoecarbons SEFD ugl 300 B9 40 140

Maphihaiena 0z  wgl 50 51 4D 140

2-MathyiNaphinaiene 18 wgL 50 50 40 140

Acenaphmylens 145 wgl 50 73 40 140

Acenaghimens 147 wgL 50 73 40 140

Flugfene 166 wgl 50 E3 40 140

Phananthrens 194 wgl 50 o7 4D 140

Arnthracane M wgL 50 100 40 140

Flunranthens ME wgh 50 10 4D 140

Pymne M5 wgl 50 103 40 140

Benznjajanthracens ME ugl 50 103 4D 140

Chrysene 28 wgL 0 110 40 140

Bzt |FlunmantheneBenzok) Flucran 42 wgh 50 W07 4D 140

Benznja)Pyrene M gL 50 100 40 140

Dibanz|a hjanthraceneindenal 1,2, 3-c4 419 gl s0 105 40 140

Benzojg.hjperyiens W0 gL 50 100 40 140

Sur. 2-Bmmonaphihaiens 20 L] 40 140
Qualifiers:
AL - Analyte reporting Imit. D - Mot debacted at the reparting Imit.
F - RPD exceads advisony Imit.
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QNQC Summary Report
Prepared by Billings, MT Branch

Chient: Montana Environmental Lab Work Order: B1208198T Report Date: 0911110
Analyte Result  Unis RL %REC Low Umit High Limit RPD RPOLIME Gual
Mathod:  MAEPH Batch: 136803
Lab IO LCS-136803-136496 Laboratory Controd Sample Run: GCFID-HPFE_ 1303068 D0EMS 17:43
Suir. 2-Fluorobiphenyl 20 B3 40 140
SuT. o-Taphenyl 20 92 40 140
LLab ID0: MB-136503-136436 Mattiod Blank Rurn: GCFID-HP3-B_1909068 OWOE/19 19:14
C11 o 522 Aromatics NI ugll 300
Total Extraciable Hydrnocarbons ND upl 300
Haphthalene ND upll 50
2-methyiNaphthalens ND upl 5.0
Acenaphmylens ND ugplL 50
Acenaphhene NI ugpl 5.0
Flunrene ND ugplL 50
Phenanthrens NI ugl 5.0
Anthracens ND uplL 50
Fluoranthens: NI ugll 5.0
PyrEne ND ugplL 5.0
BenzodajAnthracens ND gl 50
Chrysene ND upl 50
B enznbFluoranthene/Benzofk) Flucran v ugll 5.0
Benzma)Pyrene ND upl 5.0
Dibere{a,hjanttracenedindena( 1,2, 3-cd ND uplL 50
Benzo{gh | jperylens ND gl 50
Sur. 2-Bmmonaphihalens 20 103 40 140
Sum. 2-Fluorobiphenyl 2D 53 40 140
Suir. o-Terphenyl 20 BS 40 140
Lab IO B13081 387 001 AM S Sampie Duplicabe Run: GCFID-HPFE_ 1303068 D0EMS 01:13
Total Extraciable Hydncarbons 32000 uplL 560 BE i} R

- Berause the sampls amount was signiicantiy higher than the splke amount, the MES and MSD spike sampies ane: calculated as Duplcate ssmples based on the splke:
amount added plus. the original sample conceniration.

- Becond bofe ot was used had Bt coating of tardike substance near e op 17 of T botlie that was not present in the parent. The: higher than rommal FFDs are duee o
the difference befween the parent sample and e sample wsed for the REWED analysis.

Lsb IO  BTI0B1987-001AMS Samgile Matrix Splke Run: GCFID-HP3-B_1909068 DDE19 01:13
C11 in C22 Aromatics 1400 wgL S60 150 40 140 5
Maphthalens 22 wgL 9.3 57 40 140
2-MethyiMaphihaiene 250 wgl 93 0 4D 140
Acenaghmylens HE  wgl 93 Ed 40 140
Arenaphmens T wgh 9.3 B5 4D 140
Fluoene 3m wgl 9.3 g5 40 140
Phananthrens M gl 93 106 4D 140
Anthracans |0 wgL 93 105 40 140
Flunrnthens M gl 93 108 4D 140
Pymna A0 gL 93 108 40 140
Benznajnthacens M4 gl a3 1A 40 140
Chrysene 21 wgL 93 114 40 140
BenzmbFlunrantheneBenzok) Flucan BN gl 23 113 40 140
Qualifiers:
AL - Analyte reporting Imit. D - Mot debacted at the reparting Imit.
F - RPD exceads advisony Imit. S - Spike recovery outside of advisory limits.
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QNQC Summary Report
Prepared by Billings, MT Branch

Chient: Montana Environmental Lab Work Order: B1208198T Report Date: 0911110
Analyts Result Units RL %REC Low Limit High Limit RPD RPDLIMit Qual
Mathod:  MAEPH Batch: 136803
Lab IO B13081 387 001 AM S Sampie Matrx Spike Run: GCFID-HPFE_ 1303068 D0EMS 01:13
BenzoajFyrens a4 ugplL a3 106 40 140
Hbenz{a hjanthracenedindenaf 1,2, 3-cd 1% wgl a3 111 40 140
Benz{g.h,1jperylene a0 upl 9.3 105 40 140

Sum. 2-Bromonaphthalens aT 108 40 140

Suir. 2-Fluorobihenyl ar 102 40 140

Su. o-Temphenyl ar oE 40 140
LLab I0: B13061567 001 AM 5D Samgie Duplicate Run: GCFID-HP3-B_1909068 OWOE19 0330
Taotal Extractable Hydrocarbons 38000 ugplL 560 « i R

- Becauss the sampile amount was signiScanty higher than the spike amount, the MS and MS0 spiks sampies e cuculated as Duplicaie samples based on the splke:
amaount added plus the ongical sampie concentration.

- Second bofe Bt was Lmed had Bght coating of tar-lke Substance near B lop 17 of Fe bottie that was not present in the parent. The higher than nomal RFDs & due io
the difference betwesn the parent sampis and Be sampls wsed for the MEMSD analysis.

Lsb ID:  BISCE1SET-OO1AMESD  Sample Matix Spike Dupicats Run: GCFID-HPZ-E_1900058 DOE1D 03:20
C11 in C22 Aromatics 12900 wgL s60 172 40 140 12 m s
Maphihaiena T wgl 9.3 53 4D 140 20 bl
2-MathyiNaphinaiene 0 wgL 9.3 73 40 140 43 20
Acenaphmylens m  owgL 93 | 40 140 45 bl
Acenaghimens mE gL 9.3 g 40 140 54 20
Fluorens T owgL 23 1 40 140 58 bl
Phananthrens a7 wgl a3 110 4D 140 13 ]
Arnthracane aF wgL a3 1A 40 140 35 |
Flumnthena M0 wgl a3 11 4D 140 28 ]
Pymne 40 wgl 23 1 40 140 26 0
Benzn{aanthracens M2 wgh 23 11 4D 140 20 b
Chrysene 436 wgL 93 118 40 140 35 20
Bzt |FlunmantheneBenzok) Flucran BSE  wglL 93 118 4D 140 232 bl
Benznja)Pyrene a1 wgL 23 1M 40 140 432 20
Dibanz|a hjanthraceneindenal 1,2, 3-c4 B4 wgl a3 113 40 140 26 bl
Benzojg.hjperyiens amr gL 93 108 40 140 30 20

Su. 2-Bmmonaphthaiens £ L 40 140

S 2-Fluorbighanyl a7 3 4D 140

Su. o-Terphenyl ar 04 40 140
Qualifiers:
AL - Analyte reporting Imit. D - Mot debacted at the reparting Imit.
F - RPD exceads advisony Imit. S - Spike recovery outside of advisory limits.
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QNQC Summary Report
Prepared by Billings, MT Branch

Chient: Montana Environmental Lab Work Order: B1208198T Report Date: 0911110
Analyts Result Units RL %REC Low Limit High Limit RPD RPDLIMit Qual
Mathod:  MAEPH Batch: 136803
Lab IO B13081 387 001 AM S Sampie Matrx Spike Run: GCFID-HPFE_ 1303068 D0EMS 01:13
BenzoajFyrens a4 ugplL a3 106 40 140
Hbenz{a hjanthracenedindenaf 1,2, 3-cd 1% wgl a3 111 40 140
Benz{g.h,1jperylene a0 upl 9.3 105 40 140

Sum. 2-Bromonaphthalens aT 108 40 140

Suir. 2-Fluorobihenyl ar 102 40 140

Su. o-Temphenyl ar oE 40 140
LLab I0: B13061567 001 AM 5D Samgie Duplicate Run: GCFID-HP3-B_1909068 OWOE19 0330
Taotal Extractable Hydrocarbons 38000 ugplL 560 « i R

- Becauss the sampile amount was signiScanty higher than the spike amount, the MS and MS0 spiks sampies e cuculated as Duplicaie samples based on the splke:
amaount added plus the ongical sampie concentration.

- Second bofe Bt was Lmed had Bght coating of tar-lke Substance near B lop 17 of Fe bottie that was not present in the parent. The higher than nomal RFDs & due io
the difference betwesn the parent sampis and Be sampls wsed for the MEMSD analysis.

Lsb ID:  BISCE1SET-OO1AMESD  Sample Matix Spike Dupicats Run: GCFID-HPZ-E_1900058 DOE1D 03:20
C11 in C22 Aromatics 12900 wgL s60 172 40 140 12 m s
Maphihaiena T wgl 9.3 53 4D 140 20 bl
2-MathyiNaphinaiene 0 wgL 9.3 73 40 140 43 20
Acenaphmylens m  owgL 93 | 40 140 45 bl
Acenaghimens mE gL 9.3 g 40 140 54 20
Fluorens T owgL 23 1 40 140 58 bl
Phananthrens a7 wgl a3 110 4D 140 13 ]
Arnthracane aF wgL a3 1A 40 140 35 |
Flumnthena M0 wgl a3 11 4D 140 28 ]
Pymne 40 wgl 23 1 40 140 26 0
Benzn{aanthracens M2 wgh 23 11 4D 140 20 b
Chrysene 436 wgL 93 118 40 140 35 20
Bzt |FlunmantheneBenzok) Flucran BSE  wglL 93 118 4D 140 232 bl
Benznja)Pyrene a1 wgL 23 1M 40 140 432 20
Dibanz|a hjanthraceneindenal 1,2, 3-c4 B4 wgl a3 113 40 140 26 bl
Benzojg.hjperyiens amr gL 93 108 40 140 30 20

Su. 2-Bmmonaphthaiens £ L 40 140

S 2-Fluorbighanyl a7 3 4D 140

Su. o-Terphenyl ar 04 40 140
Qualifiers:
AL - Analyte reporting Imit. D - Mot debacted at the reparting Imit.
F - RPD exceads advisony Imit. S - Spike recovery outside of advisory limits.
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I1ust 2 beople. rust s Uata | S0 ongs, WO A0DWTISA4EY = Cascer, WY BBALZEGNG1S
e Ty abumm Gillzkz, A BBB.BIEB.T17T = Helena, WT BT7.4T2.0011

s

MEL BE52, SBwiftcurrent Crosk-Many Glacier Batch ID: 13&803
— G HFFADATHPI0N0E1D KIGSHF3 0052 RAW B1O0E13ET- 1A [DO0EHFE , FHC-ALLIGRP-W,
3000

2500+

2000 —

1500

100

500

o 2 4 B a i 12 14 ie 18 o0 = 24 2% 28 30

EPH ALIPHATICES (FID) AMALYSIS REPORT

Sampla Namc: B19081987-001R ; D90DEHPI , SHC-ALI-GRP-W,
Raw Fila: G:horg\HPI4DAT\HP2050E619_b\040DEHPI. 0052 . RAW
Date & Time Acquired: 9/77201% 10:22:50 PM

Mathod Fila: grihorg\HP3\Methods\LR_EPH-D090652-55-Lyv.mat
Calibration Filae: G:\Org\HP3\Cals\MA-EFPH_AL1%012353.CAL
Sampla Waight: 1 Dilution: 2 S.h.r 1

Maan RF for C% to C18 Aliphatic Hydrocarbons: 295B85.69

Macan RF for C1% to C36 Aliphatic Hydrocarbons: 29817.4

Maan RF for Total Extractabla Hydrocarbons: 24718.1

Rt range for Diasel Range Organics: B.36 to 20.14

Rt ranga for C% to C18 Aliphatic Hydrocarbons: 6.57 to 16.36
Rt ranga for C1% to C26 Aliphatic Hydrocarbons: 16.385 +to 2%.4

SURROGATE COMPOUND RT ACTUAL MEASURED SREC
*1-Chloro-occtadacans 17.323 200. 248.527 124.26 -

DRD Arca:cbh. 149566E+07 DRD Amount: 3465 E0%
TEH Arcarf.B71158E+07 TEH Amount: 4624.225

Mliphatic Hydrocarbon Areas and Amounts:
C5-C18 Arca:2.620454E+07 C%-C18 Amount: 1T776.041
C15-C3€ Area:3. 809424E+07C159-C36 Amcunt: 2555.168
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I1ust 2 beople. rust s Uata | S0 ongs, WO A0DWTISA4EY = Cascer, WY BBALZEGNG1S

s Enezy b ) Gillztz, A BBB.BIB.T173 = Helea, WT BT7.4T2.01
MEL BE52, SBwiftcurrent Crosk-Many Glacier Batch ID: 13&803
— G HFFDATHPI0N0E1D HISSHF3 0053. RAW B1O0EA3ET- 1A [DO0EHFE , JHC-ARC-ORP-W,

3000

2500 - E
. : s
-
2000 T -
ﬁ 1
' :
1500 n v
100 -
500 -
, i ° i
S L S
o 2 4

EPH ARDMATICS FANGE VALUEE (FID) AMALYSIS REPORT

Sampla Namc: B19081987-001R ; D90DEHPI , SHC-ARD-GRP-W,
Raw Fila: G:horg\HP34DAT\HP30S0619_b\040&6HPI. 0053 . RAW
Date & Time Acquired: 9/77201% 11:05:27 PM

Mathod Fila: grihorg\HP3\Methods\RR_EPH-090653-55-Lyv.mat
Calibration File: G:\Org\HP3\Cals\MA-EFPH_AR1%012353.CAL
Sampla Waight: 1 Dilution: 2 S.h.r 1

Maan RF EPH Aromatics: 3D6B0. 28
Rt ranga for EPH Cl11 to C22 Aromatics: 11.3 to 22.21

SURBOGATE OCOMPOUND RT ACTUAL MELSURED SREC
*2-Fluorchipbanyl 13,247 200. 191.928 55.96 -
#2-Bromonaphthalana 14,106 200. 220.162 1i0.08 -
*o-Tarphanyl 16. 505 200. 200.877 100.4% -
*]-Chlorcoctadecans 17.322 200. 27.268 13.63 -
C11-C22 Aromatics Arcar2.2015E8E=+0T C11-C22 Aromatics MAmount: 1435, 169

EPH Aromatics total Area:2.?75THTSE+OT EPH Aromatics Total Amount: 1787.623
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I1ust 2 beople. rust s Uata | S0 ongs, WO A0DWTISA4EY = Cascer, WY BBALZEGNG1S

s Enezy b ) Gillztz, A BBB.BIB.T173 = Helea, WT BT7.4T2.01
MEL BE52, SBwiftcurrent Crosk-Many Glacier Batch ID: 13&803
— G HFFDATHPI0N0E1D HISSHF3 0053. RAW B1O0EA3ET- 1A [DO0EHFE , JHC-ARC-ORP-W,

3000

2500 - E
. : s
-
2000 T -
ﬁ 1
' :
1500 n v
100 -
500 -
, i ° i
S L S
o 2 4

EPH ARDMATICS FANGE VALUEE (FID) AMALYSIS REPORT

Sampla Namc: B19081987-001R ; D90DEHPI , SHC-ARD-GRP-W,
Raw Fila: G:horg\HP34DAT\HP30S0619_b\040&6HPI. 0053 . RAW
Date & Time Acquired: 9/77201% 11:05:27 PM

Mathod Fila: grihorg\HP3\Methods\RR_EPH-090653-55-Lyv.mat
Calibration File: G:\Org\HP3\Cals\MA-EFPH_AR1%012353.CAL
Sampla Waight: 1 Dilution: 2 S.h.r 1

Maan RF EPH Aromatics: 3D6B0. 28
Rt ranga for EPH Cl11 to C22 Aromatics: 11.3 to 22.21

SURBOGATE OCOMPOUND RT ACTUAL MELSURED SREC
*2-Fluorchipbanyl 13,247 200. 191.928 55.96 -
#2-Bromonaphthalana 14,106 200. 220.162 1i0.08 -
*o-Tarphanyl 16. 505 200. 200.877 100.4% -
*]-Chlorcoctadecans 17.322 200. 27.268 13.63 -
C11-C22 Aromatics Arcar2.2015E8E=+0T C11-C22 Aromatics MAmount: 1435, 169

EPH Aromatics total Area:2.?75THTSE+OT EPH Aromatics Total Amount: 1787.623
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Work Order Receipt Checklist

Montana Environmental Lab

Login completed by: Brnana G. Sangiuliano
Reviewed by: BL2000\gmecartney
Reviewed Date: ar21r2018

Shipping containericooier i good condition?
Custody seals Intact on al shipping containens Voooien(s|?
Custody seals Intact on ol sampis botSes™

Crain of cusiody presani?

Crain of cusiody signed when reinquished and recehved?

‘Chain of cusiody agress with sample labels?

RS N O L ieT
Eampils contaimers intact?
Suficient sampie volume for indicated best?
Al sampies recetved within hoiding ime?
[Exiude analyses Fal are consid ened field parameters
such as pH, 00, Res CL, Sulfibe, Fermous Irom, Sc)
Temp Biank recetved in sl shipping containen s Woookr{s)?
ContasinenTemp Blank bemperature:

Wgler - VOA visis have zero headspace?

Waater - pH acceptabie upon receipt?

Yes [
ves
ves [
ves |
ves |
ves [
ves
Yes [
ves
Yes

ez ]
"o Bl ke
ves [
Yes

Billngs. N TA00FETA4EE = Cevon, o7 BRA.Z35.0015
Cillzbe, ¥ BBB.BAB T1TH = Helens W7 BTTAT20711

B18081987

Date Received: 82072018

NDD
No [
No [
Mo [
No ]
No [
No [
NDD
No [
Ne [

Mo [

Ha ]
Ha ]

Received by: keh
Camier name: Retun-UPS Ground NG

Mot Fresent [
Mot Present []

Not Present 7]

Mot Appicabie [

Mo VoA vials submEied [

Mot Appicabie [

Standard Reporting Procedures:

Lab measurement of analytes considered field parameters that require analysis within 15 minutes of sampling such as
pH. Dissolved Oxygen and Residual Chiorine, are gualified as being analyzed outside of recommended holding time.

Solid/soil samples are reported on a wet weight basis (as received) unless specifically indicated. f moisture comected,
data units are typically noted as —dry. For agricultural and mining soil parameters/characteristics, all samples are dried

and ground prior to sample analysis.

Contact and Corrective Action Comments:
The temperature of the sample(s) for shipping container 1 was 4.8°C and shipping container 2 was B.4°C.
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