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Location
The community of Seeley Lake is on the southeast shore of Seeley Lake in Missoula County
in western Montana (figure 1). The community, located about 50 road miles northwest of the
county seat Missoula, has a population of approximately 1200 permanent and part-time

residents.

Historically, the economic base for the community and surrounding area has been the wood
products industry. A sawmill in Seeley Lake cuts logs harvested locally and elsewhere
throughout the state. The area is undergoing a shift from its historical economy to an
economy based on tourism and seasonal homes. The number of new homes constructed per
decade in and around the community of Seeley Lake, as gauged by domestic water-well and

septic-system installations, has increased substantially during the past few decades (figure

2).
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Physiography and Climate
Seeley Lake is in the Clearwater River valley between the Swan Range to the east and the
Mission Mountains to the west. Precipitation averages between 18 and 22 inches per year
at the townsite, and comes mostly as snow. The mountains to the east and west receive as
much as 50 to 80 inches of precipitation (Western Regional Climate Center, 1998). Climatic
data for the Seeley Lake Ranger Station, located about 3 miles north of town are summarized

in table 1.

Table 1: Seeley Lake Ranger Station, Climatic Data

Elevation - 1250 m (4100') above sea level

Latitude - 47 deg 13' N; Longitude — 113 deg 31° W

County - Missoula

Average Rainfall, 1922-1995

Jan Feb | Mar | Apr May | Jun Jul Aug | Sep | Oct Nov | Dec | Year

mm 58.9 | 43.7 | 374 | 32.2 | 53.2 | 584 | 27.7 | 25.2 | 31.5 | 33.2 | 54.9 | 63.7 | 521.1

inch 2.3 17 15 13 2.1 2.3 14 1.0 12 13 2.2 2.5 20.5

Average Temperature, 1922-1995

Jan Feb | Mar | Apr May | Jun Jul Aug | Sep | Oct Nov | Dec | Year

deg C -6.6 [ -3.3 | -0.1 4.6 9.3 | 13.7 | 16.7 16 11 64| -05] -58 5.1

deqE 120 126 132 14031487 | 567 1 6211 621 53 | 4356 [ 311 20 717

Source: www.worldclimate.com

Reasons for Evaluation
Because of rapid development in the Seeley Lake area and the proliferation of individual
wells and septic tanks (figure 2), concerns have been raised over potential depletion of the
ground-water supply and degradation of water quality. The community of Seeley Lake has
a public water-supply system, but no central wastewater collection/treatment system. The
water supply is drawn from the lake, which is fed by both ground water and surface water.

The public water-supply intake is north of the townsite, and the system serves about 1200
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residents, primarily in the northeast quarter and the east half of the southeast quarter of sec.
3 and part of the southwest quarter of sec. 2, T16, R15W (figure 1). Many lakeshore
residents also derive their domestic water supply from the lake. Few wells are to be found
in the town of Seeley Lake. Two wells are used for domestic supplies, one is used for lawn
watering, two were installed for monitoring purposes during a University of Montana study
and the rest are unused. Long-time residents point to algae and moss in the lake along the
shore as evidence that water quality is becoming degraded over time. Rapid growth in the
area, especially subdivisions bordering the townsite, are thought to be threats to ground

water draining toward Seeley Lake and, therefore, ultimately to surface water.

Sediments underlying the project area are potential conduits for contaminants to ground or
surface water. Undesirable impacts to area ground water and surface water from continued
development include increased dissolved constituents (including nitrates and chlorides) and
increased nutrient levels accompanied by algal growth in surface water. In addition to
affecting a drinking water source, degradation of surface water could have a negative
aesthetic effect on the lake and river which, in turn, could impact tourism, enjoyment of the
lake by residents, and downstream uses. This study focuses on general hydrologic conditions
in and around the town of Seeley Lake with the goal of determining where water has been
affected by development. Nitrates are considered a prime indicator of human activity and

were found to be an effective diagnostic tool at Seeley Lake.



Scope and Methods
Existing data from the Ground-Water Information Center (GWIC) and data collected during
the 1996 and 1997 field seasons were used in this study. Existing reports on the geology and
hydrology of the Seeley Lake area were reviewed for information pertinent to this study.
Published data on ground-water levels, ground-water quality, surface-water flows, surface-
water quality, aquifer properties, precipitation, and temperature were assembled. Geologic
and topographic maps were obtained. Of special note is a ground-water study by the
University of Montana under the direction of Dr. William Woessner (1996) and geologic

mapping by Witkind & Weber (1982), Mudge (1982), and Noble and others (1982).

Well logs for the study area were obtained from GWIC files for use in the field during the
inventory. U.S. Geological Survey 7.5 minute topographic maps and plat maps from
Missoula County were used to ensure accurate locations of sites during the inventory.
Ground-water information (location, source, water levels, water quality, etc.) in the GWIC
database was incorporated into this report. Field data were used to augment, and in some

cases, correct GWIC data.

Wells, springs, and septic tanks and related facilities in the study area (figure 1) were
inventoried. Sites were visited, locations were marked on field maps, and pertinent data
including a site sketch were recorded on inventory forms. The site sketch included locations
of wells, septic tanks, drain fields, buildings, etc. Static water levels were measured in wells

using steel tapes or electronic sounders. Sounding equipment was decontaminated using



distilled water, soap, and chlorine to prevent the spread of iron-using bacteria or other
contaminants. Pumping rates were measured using a bucket and stop watch, and water levels
were measured periodically during pumping. The following field parameters were also
measured: air temperature, water temperature, pH, and specific conductance. Instruments for
the measurement of pH and specific conductance were calibrated daily according to the

manufacturer's recommendations.

Water usage was estimated from published data (Fetter, 1980). If no information on a well
could be found in the GWIC data base, the well owner was asked for information on the total
depth, lithology, casing, perforations, drilling date and other information normally found on
well logs or appropriation forms. Estimated water-level elevations from the inventory and
surveyed elevations from a University of Montana study (Woessner, 1996) were

incorporated into a final water-level elevation map showing ground-water flow direction.

Septic-tank sizes and drainfield areas were recorded on field forms. Field forms included site
location, owner, the number of people in the household(s) served by the septic system,
percolation test information (if available), and a site sketch showing the location of the septic

tank and drain field relative to property boundaries, buildings, and other pertinent features.

At the end of the first field season, the available data were reviewed and wells were selected

for sampling: these included all wells in town, several wells up-gradient (northeast) from



town and a few wells south of town.

To ensure that the water being sampled was representative of the aquifer, wells were pumped
until the field parameters stabilized or after removal of three well-bore volumes. Field
parameters were considered stable when consecutive readings at S-minute intervals did not

vary by more than 10%.

Whenever possible during inventorying or sampling, the discharge rates and water levels
were measured and used to calculate aquifer properties. These short-term tests usually were
not of sufficient duration to permit identification of permeability boundaries, but they did
provide estimates of aquifer properties in the immediate vicinities of the well bores. A water-
level elevation map was prepared from water levels measured during this inventory and the
inventory by Woessner (1996); water level elevations were used to determine ground-water

flow directions and recharge/discharge relationships.

Surface Water

Streams and Lakes
Surface water near the town of Seeley Lake includes Seeley Creek, Morrell Creek, Trail
Creek, Seeley Lake, and the Clearwater River (plate 1). Seeley Creek is a small perennial
stream which enters Seeley Lake directly north of town from the east. Morrell Creek is a

perennial stream which flows southward just east of town toward its confluence with the



Clearwater River about 2 miles south of town. Trail Creek is a perennial tributary to Morrell
Creek. The perennial nature of these tributaries to the Clearwater River indicates that they
are maintained by ground water during part of the year. The Clearwater River enters Seeley
Lake at its extreme north end and exits at approximately the middle of the southwestern
shore. The U.S. Geologic Survey maintained a gaging station on the Clearwater River near
Clearwater Junction (approximately 15 miles south of Seeley Lake) from 1974 to 1992. A
hydrograph for that station is shown in figure 3 (USGS, 1998). Flows peak at more than
1000 cubic feet per second (cfs) every spring during runoff in the months of April, May or
June. During other months flows are mostly between 50 and 200 cfs and are maintained in

large part by ground-water discharge.
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Figure 3: Discharge: Clearwater River near Clearwater Junction, MT.



Surface-Water Use
Surface water in and near Seeley Lake is used for domestic and municipal water supplies and
for recreation. The estimated population in and near Seeley Lake served by surface water
sources is 1200 (Torok, 1998). Fetter (1980) estimated per capita water usage at between 53
and 79 gallons per day for typical American households. The lower figure as an annual daily
average is probably most appropriate for Seeley Lake owing to the number of seasonal
residents. Based on these figures the estimated domestic consumption of surface water in the
Seeley Lake area is 64,000 gallons per day or 70 acre-feet per year. This estimated domestic
consumption is about 0.035% of the average annual discharge of 203,000 acre-feet per year

for the Clearwater River at Clearwater Junction.

Hydrogeology

The geology of the Seeley Lake study area (figures 4 and 5) is characterized by gently
dipping metasedimentary bedrock overlain by unconsolidated glacial and alluvial deposits.
Bedrock outcrops exposed in the Mission Range on the west and the Swan Range on the east
consist of argillite, sandstone, and dolomite of the Proterozoic Belt Supergroup. The valley
fill consists of unconsolidated Quaternary glacial and alluvial deposits up to 600 feet thick
(unpublished MBMG data). The geology of the area has been described by several
investigators including Witkind (1977), Witkind & Weber (1982), Mudge (1982), and Noble
and others (1982). The work of Witkind & Weber provides the most comprehensive

description of the geology in the study area and is the basis for following summary:
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Most of the glacial debris in the study area was derived from the Clearwater Valley and
Placid Creek Glaciers and their tributaries, which occupied the valley during the Pinedale
Glaciation of the Pleistocene (10,000 to 70,000 years ago). These deposits are mapped as
either glacial till (an unsorted deposit formed in place when ice melts), or as glacial outwash
(material deposited by melt-water streams, resulting in better sorting). The glacial till also
includes Glacial Lake Missoula deposits of silt and clay which are evident on some well logs
but have not been noted in surface exposures. Water yields of wells penetrating only glacial
till are low and many of these wells are considered dry. Permeabilities (a measure of the ease
of movement of water through a material) for till typically range from 0.001 to 10 ft/day with

an average of about 1 ft/day (Todd, 1967, and Davis & DeWiest, 1966).

The outwash occupies the valley bottoms and forms even-surfaced, gently sloping deposits
commonly 10-15 feet above the alluvial floor of the Clearwater River and the lower reaches
of Morrell and Trail Creeks. It consists of unconsolidated, moderately well-sorted silt, sand,
granules, pebbles, and cobbles with minor subangular boulders (up to 1 foot in diameter).
Published values of permeability for outwash deposits range from 1 to over 200,000 ft/day
(Todd, 1967, and Davis & DeWiest, 1966). Permeabilities calculated for wells near Seeley

Lake ranged from 2 to 620 ft/day from wells with yields of 6 to 12 gpm.

Glacial till veneers the valley margins and is differentiated into a valley facies and a foothill

facies (Witkind & Weber, 1982). The valley facies consists of a heterogeneous mixture of

13



granules, pebbles, cobbles, and boulders (up to 5-8 feet in diameter) in a sandy,
unconsolidated to partly consolidated matrix. It is found in distinctive hummocky moraines
characterized by knob-and-kettle topography (comprised of small hills and depressions). The
generally coarse nature of the material and the internally drained terrain limits runoff while
allowing infiltration of precipitation and snowmelt to recharge ground water under the
valley. The foothill facies is present along the lower flanks of the mountains and forms a
veneer over bedrock. It differs from the valley facies in that it has a compact silt and clay
matrix and is extensively mantled by colluvium. In the western half of the study area where
the foothill facies is largely absent, the highest limit of glacial deposition is marked by a
discontinuous veneer of glacial rubble. The rubble forms a lag deposit derived from erosion

of the till.

Quaternary alluvium (Holocene) forms the youngest deposits in the Seeley Lake area and
underlies the flood plains adjacent to the Clearwater River, Muddy Creek, and Trail Creek.
The alluvium consists of well-bedded and well-sorted silt, sand, granules, pebbles, and some
cobbles in a clayey matrix. It commonly overlies sand and gravel outwash deposits.
Localized, low, broad alluvial fan deposits are present at the mouths of most of the small
tributary streams. The material in the fans is partly consolidated and consists of silt, sand,
granules, pebbles, and cobbles plus a few small boulders. Permeabilities are thought to be

moderate to high, but these materials were not tested during the investigation.
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Recharge/Discharge
Ground water in the valley and in the foothills is recharged by direct infiltration of rainfall
and snowmelt, by surface and lateral subsurface flows off the bedrock valley walls, and by
infiltration from streams, ponds, or lakes. Ground water discharges to Seeley Lake and the
Clearwater River, to springs and wells, and is lost to the atmosphere by evaporation and

transpiration.

Altitudes of water levels measured in wells, augmented with altitudes on Morrell Creek,
Seeley Lake, and the Clearwater River were used to prepare the water-level contours shown
on plate 1. All altitudes were estimated from the 7 2 minute, 1:24,000 scale Seeley Lake
West (contour interval 20 feet) and Seeley Lake East (contour interval 40 feet) topographic
maps. Ground-water flow shown by the arrows is down-gradient at right angles to the water-
level contours. Contours and flow directions on plate 1 show recharge in topographically

high areas with discharge to the lake and river in topographic lows.

Seepage measurements were made at 2 sites on Morrell Creek, 4 sites along Seeley Lake,
and 1 site along the Clearwater River (plate 1). The typical seepage measurement device is
an end half of a 55 gallon drum. The open end is set into the bottom of the stream or lake,
sealed, and a bladder (polypropylene bag) containing a known amount of distilled water is
connected using surgical tubing to a hole through the closed end. After a predetermined
amount of time (24 hours for this study) the change in the volume of water in the bladder is

measured. Ground-water recharge or discharge to surface water is estimated by computing

15



the flow rate across the bottom of the stream or lake within the drum from the change in the
volume of water in the bladder, the elapsed time, and the area covered by the drum. These
measurements indicated a diversity of ground-water/surface water relations. Seepage

volumes and rates for 24 hour periods are tabulated below.

Table 2: Seepage Rates

SITE GAIN/LOSS SEEPAGE RATE | STREAM DIS-
ml (milliliters) cuft H20/sqgft/day CHARGE

Morrell Creek — 16N15W02BCDBB 13  mlloss -0.00069 | 278 cfs

Morrell Creek —16N15W11BDBBD 104 ml loss -0.00553 | 95 cfs

Clearwater R. — 16N15W03CCDBD 0.5 ml gain 0.00001

Seeley Lake — 16N15WO03BACAD 0.0 0.00000

Seeley Lake — 16N15W03CCDBD 26.6 ml gain 0.00034

Seeley Lake - 16N15W03ACCAB 1.3 ml gain 0.00002

Seeley Lake - 177N15W34DCACC 136.9 ml gain 0.00176

Flow in Morrell Creek was gaged in conjunction with seepage measurements. The limited
data in table 2 suggest that Morrell Creek was a losing stream and the Clearwater River and
Seeley Lake were gaining at the time of the measurements. Information on gaining and
losing reaches was used to augment information on flow directions as determined from the

water-table map (plate 1).

Ground-Water Use
The primary use of ground water in the project area is for domestic purposes. Within the
town of Seeley Lake, 1 domestic well, 1 lawn irrigation well, 2 monitoring wells (water
levels or water quality), and a few abandoned wells were found. Outside of town, wells are

used for domestic supply, stock watering, or irrigation of lawns and/or gardens.
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Ground-Water Availability
All wells inventoried in the area (appendices C and D) draw water from glacial deposits.
Yields for wells completed in glacial deposits vary widely depending on whether the wells
penetrate outwash gravel or predominantly fine-grained till. Yields ranged from a field-
measured 0.25 gallons per minute (gpm) to a GWIC-reported 150 gpm, with an arithmetic
mean for all data of 14.7 gpm. Well depths in and near Seeley Lake range from 7 to 650 feet
with a mean of 140 ft. The measured depths to water ranged from about 3 ft above to 400 ft

below land surface with a mean depth of 42.6 ft below land surface.

Information on pumping rates and drawdowns were collected when the wells were
inventoried. Water levels, discharge rates, water temperature, specific conductance, and pH
were measured periodically while the wells were being pumped. These data are reported in

Appendix C, Inventory Data.

Pumping rates and water levels measured during pumping and recovery were used to
estimate transmissivities for 6 wells and storativities for 5 wells (table 3) using standard
techniques such as those by Jacob, Theis, or others listed in Todd (1967).Permeabilities were
calculated for wells for which lithologic information was available. Table 3 also includes
transmissivities and permeabilities calculated from specific capacity (pumping rate divided
by drawdown) from GWIC times a “rule of thumb” 267. At the bottom of table 3,
transmissivities from aquifer test data are plotted against transmissivities from specific

capacity data. By ignoring the one anomalously high estimated value (48,000) the method
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of estimation appears realistic. However because of the possibility of other anomalous
values, only the transmissivities from the aquifer testing were used along with ground-water
gradients from plate 1 to calculate rates of ground-water flow and to estimate potential

nitrate loading from septic-tank effluent.

Water Quality

During this study, water samples were collected from 12 wells and 5 surface-water sites.
Nine wells were for domestic purposes, one was unused and two were observation wells
installed during a University of Montana study (Woessner, et al, 1996). Analytical data are
contained in Appendix D: Ground-water quality data and Appendix B: Surface-water quality
data. Analytical data from the University of Montana study (which concentrated on an area
near the airport east of town and included 133 chemical analyses of ground-water samples

from 30 wells) are also included in the data base. Sample sites are shown on plate 2.

Samples were collected and analyzed to meet two objectives: 1) obtain a set of background
or baseline data on dissolved major constituents and trace elements; and 2) obtain enough
data to allow statistical evaluation of the possibility of contamination from septic tank

effluent.

Surface-Water Quality
Analyses of surface water collected in the Seeley Lake area show it to be a calcium

bicarbonate type (figure 8). Samples were collected from 2 sites on Morrell Creek, 2 sites
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in Seeley Lake, and 1 site from the Clearwater River (plate 2). TDS levels range from 50 to
70 mg/L with an arithmetic mean of 61 mg/L. The value of 70 mg/L is from an irrigation
system drawing water from Morrell Creek and the system may not have been totally flushed

during sampling.

Ground-Water Quality
Ground-water quality is presented on tri-linear diagrams (figures 7 and 8) and Stiff diagrams
(plate 3) to facilitate characterization and comparison of waters with respect to the major
cations and anions. Plate 3 is also useful for evaluating areal water-quality trends. Ground
water near Seeley Lake is dominated by calcium and bicarbonate ions, although one sample
is a sodium bicarbonate-type water (161511ABCBD) and three samples have significant
chloride concentrations (161503ABDC, 161503CDCC, and 161510BAAD). Samples
collected during the University of Montana study are plotted on figure 8 (Seeley Lake
ground water, University of Montana data) and are dominated by calcium and bicarbonate

ions except for one site dominated by sodium (161501BBAA).

Trace element concentrations (Appendix D) are generally below detection limits but, where
detected, are below drinking water standards except for one barium concentration of 2410
mg/L (maximum contaminant level 2000 mg/L) in well (16N15W03DABBBB). According
to EPA, sources of barium include drilling wastes, metal refineries, and natural deposits

(EPA,1998). Barium was analyzed in 16 samples and was detected in all of them.
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Concentrations ranged from 67 to 2411 mg/L with a median concentration of 180. Water
from well 16N15WO03DABBBB had very high turbidity from clay-sized particles, which is

thought to be a source of the barium.

Ground Water: Influences of Septic Effluent
Peavy, and others, (1980) report that septic tank effluent typically contains the ranges of

constituents shown in table 4.

[Table 4. Tvpical Septic Tank Effluent Characteristics
Range Mean
Total phosphate (PO4 as P) mg/| 6.25-30 11.6
Nitrate as N mg/l 0-0.1 0.026
Chloride ma/l 37-101 53

Most of the nitrogen released by septic tanks is in the form of ammonia and organic nitrogen

(Madison, and others, 1984). Ammonia is converted to nitrate as follows:

nitrosomonas nitrobacter

NH,"+0, _. NO, +0, _. NO;y

bacteria bacteria

Nitrate is soluble and highly mobile under aerobic conditions, but under anaerobic

conditions undergoes denitrification according to the following:

NO; + organic carbon _,  NO, + organic carbon _, N, + CO,+ H,0

Anaerobic conditions are likely to be found in the fine-grained glacial sediments under the
town of Seeley Lake, so most nitrate, although highly mobile, is probably attenuated by

denitrification before traveling far from the source.
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In ground water near Seeley Lake, nitrate concentrations (as nitrogen) range from below
detection (detection limits range from 0.05mg/L to 0.25 mg/L depending on whether the
sample was preserved with sulfuric acid) to 27 mg/L with a median value of 0.20 mg/L; see
figure 9. Background (natural) nitrate (as N) and chloride concentrations appear to be below
1 mg/L and 10 mg/L, respectively. The US Geological Survey has suggested that nitrate-
nitrogen concentrations greater than about 3 mg/L may be indicative of human sources
(Madison, etal, 1984) but, the probability plot for nitrate (figure 10) suggests that, for Seeley
Lake, ground-water concentrations greater than 1 mg/L may be appropriately considered
impacted by human sources. As shown by figure 11 and on plate 2, most sample sites with
nitrate concentrations greater than 1 mg/L correspond to chloride values greater than 10
mg/L. These sites are in or down-gradient from areas representing older developments such
as the townsite of Seeley Lake or the airport area. The drinking water standard for nitrate is
10 mg/L as N as set by USEPA in the National Interim Primary Drinking-Water Regulations

(USEPA, 1982).

Peavy, and others (1980) reported that many researchers have used a correlation between
nitrate and chloride ions to document septic-tank pollution of ground-water supplies. Both
chloride and nitrate are mobile in the subsurface environment and both are found in septic-
tank effluent. As shown on the plot of nitrate vs chloride (figure 11), there is a positive
correlation (that is, chloride increases as nitrate increases), suggesting contamination of
ground water by septic tank effluent. The correlation coefficient for a least-squares linear
regression of average chloride concentrations against nitrate is 0.8 (1 = perfect). Data for

well

25






16N15W03CDCCAB with anomalously high values of chloride and nitrate (41 and 27 mg/L,
respectively) were not included in the regression. Probability plots of nitrate and chloride
concentrations in Seeley Lake ground water (figures 10 and 12) also suggest contamination
because two populations are evident on each plot. The lower line on each plot is interpreted
to represent natural ionic concentrations, and the higher concentrations of the upper lines
represent human impacts. All wells which were sampled are completed in glacial deposits,
which, for the purposes of this discussion are treated as one hydrogeologic unit. Measured
or reported well depths range from 24 to 245 feet. Depths are not known for 10 wells which
were sampled. The relations between well depth and ionic concentrations are discussed later.
Only one nitrate value exceeded the drinking water standard of 10 mg/L (as N) and that was

a value of 27 mg/L in an unused well contaminated by sawdust.

Tri-linear diagrams in figures 7 and 8 suggest little or no possibility of cation exchange,
where calcium and magnesium are exchanged for sodium in a natural softening process, and
sulfate reduction, where sulfate in the presence of anaerobic bacteria is reduced to sulfide.
If these processes were occurring near Seeley Lake, as ground water moved down-gradient,
concentrations of calcium, magnesium and sulfate would be expected to decrease in
proportion to sodium and bicarbonate. No such pattern can be identified in looking at these
data areally. No correlation could be found between calcium and sodium concentrations, but
magnesium shows a weak tendency (correlation coefficient = 0.09) to increase as sodium

concentrations increase (figure 13) and sulfate increases slightly as bicarbonate increases
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(figure 14). Concentrations of calcium, magnesium, sodium, bicarbonate, chloride and

sulfate were all found to decrease with depth (figure 15).

Septic-tank information from Missoula County files (Tandberg, 1997) and the site inventory
are presented in Appendix E, and locations are shown on plate 4 for 546 septic systems. The
most intense current development is concentrated east and south of town in sections 1,2, 11,
and 12. Development in these areas is expected to have little impact on lake water quality
because ground water from these areas discharges primarily to the Clearwater River and
Morrell Creek downstream from the lake (plate 1). Additional development in section 3,
T16N, R15W, has the potential to impact the lake, but most lakeshore lots have already been
developed, so without further subdivision of those lots, additional construction opportunities
are limited. Development in sec 35, T17N, R15W, has the potential to impact the lake
because ground water from that section ultimately discharges to Seeley Lake as shown by
the flow-direction arrows on plate 1. Failure of existing systems without additional
construction also could threaten surface water quality through release of untreated sewage,

or release of effluent at the surface.

The processes of nitrification/denitrification can affect the concentration of nitrate in ground
water, usually by causing a reduction in nitrate concentration. A literature search suggests
that these reactions are not fully understood and, therefore, are difficult to quantify. To
simplify the calculations, nitrification/denitrification was ignored in calculating the

theoretical nitrate loading (increase in concentration) resulting from septic tank effluent for
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flow paths defined by the flow-direction arrows shown on plate 1. Information needed for
these calculations includes the amount of nitrate which a septic tank releases to ground
water, transmissivity of the aquifer, and the hydraulic gradient. Ver Hey and Woessner
(1987) report 8.3 and 8.7 kilograms per year of nitrogen reaching ground water under two
systems in the Missoula area. Similar data are not available for the Seeley Lake area. An
average of 8.5 kg/yr along with the median transmissivity of 318 square feet per day from
table 3, septic tank densities from plate 4, and gradients from plate 1 were used in the
calculations summarized in table 5. The flow paths used in the calculations are shown on

plate 1.

The longest and shortest probable travel times have also been calculated (table 5) for each
flow path. The longest times were assumed to be from the most up-gradient septic system
in a flow path to a discharge area. End points are: 1) for the northern flowpath, from
16N15WO03AAA to Seeley Lake at 16N15WO03ACA; 2) for the middle flow path, from
16N15WO02AAA to Morrel Creek at 16N15WO02CDB; and 3) for the southern flow path,
from 16N15W02AAA to Morrel Creek at I6N15WO011BAB. The shortest flow paths were
assumed to be 100 feet, the regulatory setback distance for septic systems from streams or

lakes.
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Table 5. Seeley Lake nitrate-loading calculations.

JEquations Used:

Discharge (Q) = TWI

Average hydraulic gradient (I) = head loss / flowpath length (D)

Estimated NO, loading (L) = (number of septic tanks) x (amount of NO, per tank reaching ground water)

Estimated increase in NO, concentration in ground water = QL

Estimated travel time (T) = D/KI

JEstimated Input Values:
Median Transmissivity (T) = 318 ft¥/day
Median Permeability (K) = 37 ft/day

NO, from septic tanks = 8.5 kg/year = 8,5000,000 mg/year

Input Parameters

North Flow Path, 1
(15N15WO03AAA to Seeley

Middle Flow Path, 2
(16N15W02AAA to Morrel

South Flow Path, 3
(16N15W02AAA to Morrel Creek)

tanks

Lake) Creek)
Flowpath Width (W) 3400 feet 3850 feet 4050 feet
Discharge (Q) 38614ft*/day (399,091,772 | 15692 ft*/year (162,182,501 29951 ft¥/day (309,555,451
liters/year) liters /year) liters/year)
Number of septic 118 140 97

Estimated NO,
floading (L)

1003 kg/year

1190 kg/year

824.5 kglyear

Estimated increase 2.5mg/L 7.3 mg/L 2.7 mg/L

in NO; concentration

in ground water

Flowpath length (D) 2000 feet 5000 feet 8250 feet
Estimated travel time 4.1 years (1514 days) 28.9 years (10,543 days) 26.3 years (9588 days)
Estimated travel time 75 days 211 days 116 days

for 100 feet

Nitrate data presented in figure 10 suggest that ground water is being degraded by septic
tank effluent. Chloride and nitrate concentrations are plotted against sample date on figure
16a for all samples, and for three wells sampled in 1993, 1994, and 1997 (figures 16b, 16c,
and 16d). Chloride concentrations on figure 16a show a weak tendency to increase (r=0.4)
but, for wells 16N15W02AAACB, 16N15W03ABDCB, and 16N15W03DABBB there is
no significant change with time. Nitrate concentrations on figure 16a show a weak tendency
to increase ( r = 0.5) as do the data on Figure 16¢. No significant change can be discerned

from figures 16b and 16d.
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The calculated nitrate loading values in table 5 are in general agreement with the increases
shown in figure 10. Only limited development is likely in the north flow path, because
Section 35 is National Forest and most of the lots in town have been developed. Therefore,
unless ownership of Section 35 changes, nitrate loading of ground water flowing toward the
lake will not likely change much in the future for that flow path. Continued development
along the middle and southern flow paths has the potential to increase nitrate concentrations
in ground water moving toward the Clearwater River and Morrell Creek. Although processes
such as denitrification and adsorption will reduce nitrate concentrations somewhat,
continued development will likely cause some exceedances of the drinking water standard

of 10 mg/L (as N) in the future.

Conclusions and Recommendations

Analytical data for nitrate and chloride in ground water at Seeley Lake suggest that ground
water is being degraded by septic-tank effluent. At present the only exceedance of drinking
water standards is an unused well which has been contaminated by sawdust. Additional
development along the shore of the lake would likely result in septic-tank effluent reaching
the lake, but the resulting subtle water-quality changes might not be directly measurable.
Indication of degradation might be a gradual increase in algae along shore and decreased
visibility in the water. Current development east and south of the town of Seeley Lake in
sections 1,2, 10, 11, or 12, T16N, R15W is not thought to be a threat to water quality of the

lake because ground water under these sites drains toward the Clearwater River or Morrell
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Creek.

To monitor future changes in ground water under the town of Seeley Lake, establishment of
a monitoring well network is recommended. There are few wells in town and none next to
the lake, which is a ground-water discharge area as well as the source for the water-district
supply. Suggested locations for monitoring wells are shown on figure 17. The sites have
been prioritized according to their potential to detect water quality changes. Prioritization
took into account ground-water flow directions and up-gradient levels of development,
existing and anticipated. For the first year, the wells should be sampled quarterly. The first
sample from each well should be for a complete analysis: major cations and anions including
nitrate plus nitrite, metals, total petroleum hydrocarbons, and total halogens. Subsequent
samples should be analyzed for nitrate, nitrite, and chloride. Samples should be collected
after removal of three well-bore volumes of water. Field parameters should be measured
during sampling. After collection of the first year of data, sampling frequency can probably

be decreased to annual samples unless changes are detected.
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Figure 17. Proposed monitoring well locations.
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Appendix A

Surface-water inventory data



Seeley Lake surface-water data - inventory data
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Surface-water quality data



Seeley Lake surface-water data - parameters
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Seeley Lake surface-water data - major elements
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Seeley Lake surface-water data - trace elements
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Seeley Lake ground-water inventory data
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Appendix D

Ground-water quality data



Seeley Lake ground-water data - parameters

d 8 3 z o
w 8 EE ¢ § § &t Ep & %
S K n 8 8 o 0w 2 z z 2 &
= > 4 wuaz E 2 < : 2 z 2 S <
. 5 8 3 ¢&% = % 2 E b gL R%& &
o m w g 53E 8 5§ 8 p Y4 2 ¢ gd<s9%=_ L
2 z a 93 %0 o ® o & B3 33‘2‘53:29."_40-440
8 = 3 g2 425 1 2 @ 2 %9 Y7 Yo 2 85 P ¥
] %) o S Foo 0w IS S xxZ @ wé«.Eg
16N 14W 06 AAAA WELL 413 7.9 7.
16N 14W 06 BBCA WELL 390 6.9 6.7
16N 14W 07 BDDB WELL 356 7. 7.4
16N 14W 07 CABD WELL 390 7.4 8.5
16N 14W 07 CCBB WELL 262 7.2 7.
16N 15W 01 BABAA 8-Nov-93) WELL | 219.2 341.7
16N 15W 01 BABAA | 25-Jan-94 WELL | 222.4 336.8
16N 15W 01 BABAA | 22-Feb-94| WELL | 211.8 318.2
16N 15W 01 BACAA 1-Sep-93| WELL | 208.9 320.3 180.
16N 15W 01 BACAA | 29-Sep-93| WELL | 211.9 330.1
16N 15W 01 BBAAA | 24-Aug-93 WELL 21.9 21.9
16N 15W 01 BBAAA | 29-Sep-93| WELL | 204.2 317.4
16N 15W 01 BBAAA | 29-Mar-94 WELL | 230.8 348.4
16N 15W 01 BBAAA | 21-Jun-94 WELL | 243.6 357.4
16N 15W 01 BBACB | 10-Aug-93 WELL 93.1 93.1
16N 15W 01 BBACB 8-Nov-93| WELL | 190.4 289.4
16N 15W 01 BBACB | 25-Jan-94 WELL | 207.7 317.8
16N 15W 01 BBACB | 22-Feb-94| WELL | 196.2 296.4
16N 15W 01 BBACB | 29-Mar-94 WELL | 200.6 309.5
16N 15W 01 BBACB | 26-Apr-94 WELL | 190.5 288.2
16N 15W 01 BBBCA | 24-Aug-93 WELL 76.8 76.8
16N 15W 01 BBBCA | 29-Sep-93 WELL | 149.9 227.3
16N 15W 01 BBBCA | 21-Jun-94 WELL | 185.6 273.4
16N 15W 01 BBBCB | 24-Aug-93| WELL 84.6 84.6
16N 15W 01 BBBCB | 25-Jan-94 WELL | 190.9 292.3
16N 15W 01 BBBCB | 22-Feb-94 WELL | 168.7 250.3
16N 15W 01 BBBCB | 29-Mar-94| WELL | 175.1 260.4
16N 15W 01 BBBCB | 26-Apr-94| WELL | 167.8 252.
16N 15W 01 BBCAC | 24-Aug-93| WELL 69.9 69.9
16N 15W 01 BBCAC | 29-Sep-93| WELL | 138.6 211.6
16N 15W 01 BBCAC 8-Nov-93) WELL | 143.6 220.3
16N 15W 01 BBCAC | 25-Jan-94 WELL | 156.7 237.1
16N 15W 01 BBCAC | 22-Feb-94 WELL | 145. 215.5
16N 15W 01 BBCAC | 29-Mar-94 WELL | 144.7 221.4
16N 15W 01 BBCAC | 26-Apr-94| WELL | 142.2 217.7
16N 15W 01 BBCAC = 21-Jun-94 WELL | 142. 210.
16N 15W 01 BBCCA | 10-Aug-93| WELL 87.4 87.4
16N 15W 01 BBCCA | 29-Sep-93| WELL | 184.4 283.4
16N 15W 01 BBCCA 8-Nov-93| WELL | 175.9 270.5
16N 15W 01 BCAAD | 24-Aug-93 WELL 78.8 78.8
16N 15W 01 BCAAD | 29-Sep-93| WELL | 171.8 264.6
16N 15W 01 BCAAD | 25-Jan-94 WELL | 168.2 257.3
16N 15W 01 BCAAD | 29-Mar-94| WELL | 164.7 253.7
16N 15W 01 BCAAD | 26-Apr-94| WELL | 165.1 253.
16N 15W 01 BCAAD | 21-Jun-94| WELL | 202.5 304.
16N 15W 01 BCADA | 24-Aug-93 WELL 88.2 88.2
16N 15W 01 BCADA 8-Nov-93| WELL | 176.2 269.
16N 15W 01 BCADA | 25-Jan-94 WELL | 186.6 283.2
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Seeley Lake ground-water data - parameters
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16N 15W 01 BCADA | 22-Feb-94 WELL | 165.5 242.2
16N 15W 01 BCCBA | 24-Aug-93| WELL 76. 76.
16N 15W 01 BCCBA 8-Nov-93| WELL | 154.9 237.8
16N 15W 01 BCCBA | 25-Jan-94 WELL | 168. 257.1
16N 15W 01 BCCBA | 22-Feb-94 WELL | 155.6 234.1
16N 15W 01 BCCBA | 29-Mar-94| WELL | 148.3 221.3
16N 15W 01 BCCBA | 26-Apr-94| WELL | 146.7 228.4
16N 15W 01 BCCBA | 21-Jun-94| WELL | 171.9 259.7
16N 15W 01 BDCCB | 25-Jan-94 WELL | 218. 334.3
16N 15W 01 BDCCB | 22-Feb-94| WELL | 204.5 310.9
16N 15W 01 BDCCB | 29-Mar-94 WELL | 111. 222.4
16N 15W 01 BDCCB | 21-Jun-94| WELL | 217.2 326.
16N 15W 01 BDCCD 1-Sep-93| WELL | 198.6 304.4
16N 15W 01 BDCCD | 29-Sep-93| WELL | 199.8 309.3
16N 15W 01 BDCCD 8-Nov-93| WELL | 192.7 297.9
16N 15W 01 BDCCD | 22-Feb-94| WELL | 200.9 304.8
16N 15W 01 BDCCD | 26-Apr-94| WELL | 194.9 301.3
16N 15W 01 CABCD 1-Sep-93| WELL | 208.1 320.7
16N 15W 01 CABCD | 25-Jan-94 WELL | 217.1 335.3
16N 15W 01 CABCD | 29-Mar-94 WELL | 217. 333.3
16N 15W 01 CACCA 1-Sep-93| WELL | 212.9 327.4
16N 15W 01 CACCA | 29-Sep-93 WELL | 211.8 327.5
16N 15W 01 CACCA 8-Nov-93| WELL | 208. 3231
16N 15W 01 CACCA | 26-Apr-94 WELL | 183.4 286.1
16N 15W 01 CBAAB 1-Sep-93| WELL | 177.5 270.3
16N 15W 01 CBAAB | 29-Mar-94 WELL | 180.9 274.9
16N 15W 01 CBABC | 24-Aug-93| WELL 84.6 84.6
16N 15W 01 CBABC 8-Nov-93| WELL | 174.8 270.
16N 15W 01 CBABC | 25-Jan-94| WELL | 184.3 283.2
16N 15W 01 CBABC | 22-Feb-94 WELL | 173.8 262.2
16N 15W 01 CBABC | 29-Mar-94| WELL | 182.3 282.5
16N 15W 01 CCADB | 24-Aug-93 WELL 80.6 80.6
16N 15W 01 CCBCC | 24-Aug-93| WELL 89.1 89.1
16N 15W 01 CCBCC | 29-Sep-93| WELL | 174.6 264.3
16N 15W 01 CCBCC 8-Nov-93) WELL | 172.7 261.1
16N 15W 01 CCBCC | 25-Jan-94 WELL | 168.8 246.7
16N 15W 01 CCBCC | 22-Feb-94| WELL | 170.7 252.3
16N 15W 01 CCBCC | 29-Mar-94 WELL | 145.3 206.5
16N 15W 01 CCBCC | 26-Apr-94| WELL | 135.9 198.3
16N 15W 01 CCBCC | 21-Jun-94 WELL | 163.3 235.1
16N 15W 01 CDBBD 1-Sep-93| WELL | 204.9 319.3
16N 15W 01 CDBBD | 25-Jan-94 WELL | 204.3 315.6
16N 15W 01 CDBBD | 22-Feb-94 WELL 90.1 180.4
16N 15W 01 CDBBD | 29-Mar-94 WELL | 105.6 212.
16N 15W 01 CDBBD | 26-Apr-94 WELL | 182.3 281.2
16N 15W 01 CDBBD | 21-Jun-94 WELL | 217.2 327.3
16N 15W 01 CDBDB | 24-Aug-93| WELL 96. 96.
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Seeley Lake ground-water data - parameters
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16N 15W 01 CDBDB | 29-Sep-93| WELL | 180.8 271.7
16N 15W 01 CDBDB 8-Nov-93) WELL | 187.7 286.6
16N 15W 01 CDBDB 8-Nov-93| WELL | 200.9 303.6
16N 15W 01 CDBDB | 22-Feb-94| WELL | 186.3 279.1
16N 15W 01 CDBDB | 29-Mar-94 WELL | 189. 288.6
16N 15W 01 CDBDB | 26-Apr-94| WELL | 172.4 256.6
16N 15W 01 CDBDB | 21-Jun-94 WELL | 199.9 298.8
16N 15W 01 CDCCA 1-Sep-93| WELL | 209.8 324.3
16N 15W 01 CDCCA | 29-Sep-93| WELL | 198.5 303.6
16N 15W 01 CDCCA 8-Nov-93| WELL | 206.9 3201
16N 15W 01 CDCCA | 25-Jan-94 WELL | 215.1 330.1
16N 15W 01 CDCCA | 29-Mar-94| WELL | 217.9 330.4
16N 15W 01 CDCCA | 26-Apr-94| WELL | 205.2 316.5
16N 15W 01 CDCCA | 21-Jun-94| WELL | 219.5 329.6
16N 15W 02 AAACB | 10-Aug-93 WELL 81.9 81.9
16N 15W 02 AAACB | 29-Sep-93| WELL | 171.4 264.2
16N 15W 02 AAACB 8-Nov-93 WELL | 167.5 256.6
16N 15W 02 AAACB | 25-Jan-94 WELL | 176. 268.8
16N 15W 02 AAACB | 29-Mar-94 WELL | 177.6 270.4
16N 15W 02 AAACB | 26-Apr-94 WELL | 175.9 267.4
16N 15W 02 AAACB | 21-Jun-94 WELL | 178.7 269.
16N 15W 02 AAACB | 29-Oct-97 | WELL | 177.6 276.5| 191| 306| 7.3 8.5 147.6 160. 6.9 .79 23 7. 8.
16N 15W 02 AABBA | 28-Oct-97 WELL | 145.7 222.5| 229| 247 7.6 8.7 125.7 124.4 7. .86 15 6. 7.
16N 15W 02 AADDD | 10-Aug-93 WELL 83.2 83.2
16N 15W 02 AADDD | 29-Sep-93| WELL | 161.2 241.6
16N 15W 02 AADDD 8-Nov-93| WELL | 160.2 240.6
16N 15W 02 AADDD | 25-Jan-94| WELL | 167.9 252.1
16N 15W 02 AADDD | 22-Feb-94 WELL | 158.1 233.6
16N 15W 02 AADDD | 29-Mar-94| WELL | 165.6 248.5
16N 15W 02 AADDD | 26-Apr-94 WELL | 165. 247.9
16N 15W 02 AADDD | 21-Jun-94 WELL | 168. 248.5
16N 15W 02 ABCAC | 22-Jul-97 | WELL | 158.1 250. 271 320 8. 7.7 140.9 148.5 8. -.16 22| 17. 11.
16N 15W 02 BCCBBC 22-Feb-94 WELL | 127.6 179.5
16N 15W 02 BCCBBC 29-Mar-94| WELL | 118.2 175.1
16N 15W 02 BCCBBC 26-Apr-94| WELL | 121.5 184.6
16N 15W 02 BCCBBC 21-Jun-94| WELL | 136.8 196.2
16N 15W 03 AAAAB ( 20-May-97 | WELL | 153.9 244. 241 234 7.7 79 124.5 145.7 8.1 -1 .38 12. 9.
16N 15W 03 ABDCBC 29-Mar-94| WELL | 125.9 163.1
16N 15W 03 ABDCBC 26-Apr-94| WELL | 123.4 161.7
16N 15W 03 ABDCBC 21-Jun-94| WELL | 117.7 156.
16N 15W 03 ABDCBC 15-Oct-97 WELL | 143.8 188.7) 219| 230| 6.4 8.2 92.9 72.7 85 -.13 3 8.
16N 15W 03 ADDBB | 15-Oct-97 | WELL | 147.7 219.9 251 263 7.6 8.1 125. 116.7 7.7 .23 .15 8.5
16N 15W 03 CDCCAE 20-May-97 | WELL | 247.2 294.8| 517| 501| 7. 6.5 227.7 76.9 9.1 -1.27 4 15. 7.5
16N 15W 03 DABBBB| 29-Mar-94| WELL | 624.3 963.3
16N 15W 03 DABBBB| 26-Apr-94| WELL | 435.8 6771
16N 15W 03 DABBBB| 22-Jul-97 | WELL | 734.1/ 1,167.4 1155 1194| 6.8 6.8/ 730.2| 700.4 5.8 A7 .13 20.5) 10.
16N 15W 03 DADBAA 20-May-97 | WELL | 577.2 887.2) 955 893 7. 7.2 635.3 501.2 6. .57 A 23. 8.5
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Seeley Lake ground-water data - parameters
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16N 15W 03 DDABCA 20-May-97  WELL | 325.3 500.4 561 524 7.5 7.6 3384 2831 6.6 .52 .08 12. 8.5
16N 15W 10 BAADBA 20-May-97 | WELL = 150.8 2113 285 261 7.2 7.3 1285 978/ 86 -.67 2 5. 6.5
16N 15W 11 ABCBD | 28-Oct-97 | WELL | 212.9 3254 349 369 7.5 8.7 773 1821 7.2 .78 227 6. 8.
16N 15W 11 ACABB | 29-Oct-97 | WELL = 151.3 2259 155 254 7. 8.7 1058/ 1208 71 .78 5 7. 7.
16N 15W 11 ACCCA | 28-Oct-97 | WELL | 133. 208.3) 219| 240 7.2 8.2 118.1 121.7) 76 .33 A3 6. 7.
16N 15W 12 BBBB 15-Oct-97 | WELL | 184.6 277.9 288 307| 7.9 8.8 156.7| 1729 64 1.2 .21 8.
16N 15W 12 BBBBD | 15-Oct-97 | WELL | 179.5 2757 285 301 7.7 8.7 1529 167.2 6.6 1.03 .21 8.
16N 15W 14 AABB WELL 301 7.8 7.8
17N 15W 33 BDAAB | 21-Jun-94| WELL | 135.1 135.1
17N 15W 33 BDADA | 21-Jun-94 WELL | 236.9 3111
17N 15W 33 BDDDA | 21-Jun-94 WELL | 216.7 305.8
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Seeley Lake ground-water data - major elements
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16N 15W 01 BABAA 8-Nov-93) WELL 59.7 | 14.6 55 | 1.8 | <0.03| <0.005 16.28| 241.4 9 14 1 <0.5
16N 15W 01 BABAA 25-Jan-94) WELL 66. | 15.8 6.1 | 3.7 | <0.03 <0.005 16.73| 225.6 13| 15 1 <0.5
16N 15W 01 BABAA 22-Feb-94 WELL 65.5  15.9 57 | 1.9 | <0.03| <0.005 16.95 209.7 9 15 1 <0.5
16N 15W 01 BACAA 1-Sep-93| WELL 60.4 | 14.3 6.4 | <15 <0.03| <0.005 17.20| 219.5 9 14 1 <05
16N 15W 01 BACAA 29-Sep-93| WELL 575 | 13.6 6.2 | <1.5| <0.03| <0.005 17.18| 232.9 11| 14 1 <0.5
16N 15W 01 BBAAA 24-Aug-93 WELL 1 <0.1 NA 15 | <0.03| <0.005 16.28 13| 17 1 <0.5
16N 15W 01 BBAAA 29-Sep-93| WELL 543 | 12.7 6.7 | <1.5| <0.03/ <0.005 16.73| 223.1 1. 17 | 11 <0.5
16N 15W 01 BBAAA 29-Mar-94, WELL 3 1| 942 | 17| <0.03 <0.005 17.62| 231.7 1. 1.7 1 <0.5
16N 15W 01 BBAAA 21-Jun-94/ WELL 1| <01 113. | <15 <0.03 <0.005 16.95 224.3 9 2 1 <0.5
16N 15W 01 BBACB 10-Aug-93| WELL 542 | 11.2 7.4 | <15 <0.03| <0.005 17.18 8 | 23| <01 <0.5
16N 15W 01 BBACB 8-Nov-93) WELL 53. | 113 71 | 2. <0.03| <0.005| 17.85 195.1 2.1 2 <0.5
16N 15W 01 BBACB 25-Jan-94) WELL 56.5  11.7 7.4 | 38 | <0.03 <0.005 18.07 217.0 11| 2. 2 <0.5
16N 15W 01 BBACB 22-Feb-94 WELL 56.8 @ 11.9 73|19 | <0.03 <0.005 18.07 197.5 8 2 1 <0.5
16N 15W 01 BBACB 29-Mar-94, WELL 53.2 | 11.6 73 | 1.8 | <0.03 <0.005 17.85 214.6 9 2 2 <0.5
16N 15W 01 BBACB 26-Apr-94| WELL 55.7 | 11.6 7.2 | <1.5| <0.03/ <0.005 18.07 192.6 8 19 2 <0.5
16N 15W 01 BBBCA 24-Aug-93| WELL 402 | 9.1 53 | 2.2 | <0.03| <0.005 16.06 1. 2.6 3 <0.5
16N 15W 01 BBBCA 29-Sep-93| WELL 39.1 89 46 | 1.6 | <0.03 <0.005 16.73| 152.4 12 | 24 3 <0.5
16N 15W 01 BBBCA 21-Jun-94/ WELL 51.6 | 11.9 7. | <15| <0.03/ <0.005 17.18 173.1 9 | 115 2 <0.5
16N 15W 01 BBBCB 24-Aug-93| WELL 49.8 | 10.6 31 |21 | <0.03 <0.005 15.84 13 | 14 4 <0.5
16N 15W 01 BBBCB 25-Jan-94) WELL 52.7 | 11.2 34 | 4. <0.03| <0.005| 16.73| 200.0 16 | 15 4 <0.5
16N 15W 01 BBBCB 22-Feb-94 WELL 525 | 11.2 3. |2 <0.03| <0.005| 16.95 160.9 15| 15 4 <0.5
16N 15W 01 BBBCB 29-Mar-94, WELL 53.7 | 117 31 |23 | <0.03 <0005 17.40 168.3 15| 15 5 <0.5
16N 15W 01 BBBCB 26-Apr-94| WELL 51.3 | 11.1 31 | <1.5| <0.03/ <0.005 16.73  165.8 14 | 15 5 <0.5
16N 15W 01 BBCAC 24-Aug-93 WELL 364 85 43 | 2. <0.03| <0.005| 15.62 8 19 3 <0.5
16N 15W 01 BBCAC 29-Sep-93| WELL 354 | 87 44 | <15/ <0.03 <0.005 16.06| 143.9 9 19 3 <0.5
16N 15W 01 BBCAC 8-Nov-93) WELL 354 85 43 | 2. <0.03| <0.005| 16.06 151.2 719 2 <0.5
16N 15W 01 BBCAC 25-Jan-94) WELL 395 9.3 5. | 42 | <0.03 <0.005 17.18 158.5 11| 21 2 <0.5
16N 15W 01 BBCAC 22-Feb-94 WELL 39.7 | 95 48 | 22 | <0.03| <0.005 17.40  139.0 7 2 2 <0.5
16N 15W 01 BBCAC 29-Mar-94, WELL 356 88 44 | 21 | <0.03| <0.005 16.28 151.2 9 19 2 <0.5
16N 15W 01 BBCAC 26-Apr-94| WELL 365 | 88 43 | <1.5| <0.03 <0.005 16.28  148.7 9 18 3 <0.5
16N 15W 01 BBCAC 21-Jun-94/ WELL 431 | 9.4 39 | <15 <0.03| <0.005 16.28 134.1 1. 1.8 4 <0.5
16N 15W 01 BBCCA 10-Aug-93| WELL 44.4 | 138 8.1 | <15 <0.03| <0.005 17.18 7 3 <0.l <05
16N 15W 01 BBCCA 29-Sep-93| WELL 43.1 | 14.1 8.1 | 1.5 | <0.03 <0.005 17.40 195.1 9 28 1 <05
16N 15W 01 BBCCA 8-Nov-93) WELL 41.4 | 13.4 7.6 | 21 | <0.03| <0.005 15.62| 186.5 7 27 1 <05
16N 15W 01 BCAAD 24-Aug-93| WELL 44.3 | 10.7 45 |19 | <0.03 <0.005 14.28 7 21 3 <05
16N 15W 01 BCAAD 29-Sep-93| WELL 45.8 | 10.9 5.4 | <15 <0.03| <0.005 16.06 182.9 9 23 3 <05
16N 15W 01 BCAAD 25-Jan-94) WELL 43.7 | 115 42 | 41 | <0.03| <0.005 14.50 175.6 11| 22 4 <05
16N 15W 01 BCAAD 29-Mar-94, WELL 42.7 | 10.9 46 | 21 | <0.03| <0.005 14.50 175.6 8| 22 3 <05
16N 15W 01 BCAAD 26-Apr-94| WELL 451 | 11.1 49 | <15 <0.03| <0.005 15.17  173.1 8 23 4 <05
16N 15W 01 BCAAD 21-Jun-94/ WELL 62.9 | 12. 7.8 | <15| <0.03| <0.005 18.07| 200.0 7 23 2 <05
16N 15W 01 BCADA 24-Aug-93| WELL 47.4 | 11. 7.4 |19 | <0.03 .015 16.73 6 | 29 2 <05
16N 15W 01 BCADA 8-Nov-93| WELL 45.7 | 10.8 6.9 | 21 | <0.03 .014 16.95 182.9 6 | 28 2 <05
16N 15W 01 BCADA 25-Jan-94 WELL 49. | 11.6 7.4 | 4, <0.03| <0.005| 17.18| 190.2 8 26 3 <0.5
16N 15W 01 BCADA 22-Feb-94 WELL 48.9 | 11.6 72 | 2. <0.03| <0.005| 17.62| 151.2 7 28 2 <0.5
16N 15W 01 BCCBA 24-Aug-93| WELL 40.3 | 104 47 | 2. <0.03| <0.005| 16.51 6 11 2 <0.5
16N 15W 01 BCCBA 8-Nov-93| WELL 37.9 | 10.6 49 | 2. <0.03| <0.005| 16.73| 163.4 6 13 2 <0.5
16N 15W 01 BCCBA 25-Jan-94) WELL 43. | 114 51 | 1.6 | <0.03| <0.005 17.85 175.6 9 13 2 <0.5
16N 15W 01 BCCBA 22-Feb-94) WELL 417 | 11. 49 | 21 | <0.03| <0.005 17.40 154.8 711 2 <0.5
16N 15W 01 BCCBA 29-Mar-94, WELL 39.5 | 10.9 49 | 2. <0.03| <0.005| 17.18| 143.9 14 | 12 2 <0.5
16N 15W 01 BCCBA 26-Apr-94| WELL 41.3 52 | 1.5 | <0.03| <0.005 17.40 160.9 6 11 2 <0.5
16N 15W 01 BCCBA 21-Jun-94/ WELL 496 | 12.2 52 | <15 <0.03 <0.005 17.18 173.1 8 11 2 <0.5
16N 15W 01 BDCCB 25-Jan-94 WELL 60.1 | 12.6 7.4 | 3.6 | <0.03 <0.005 18.07| 229.2 12 | 2. 1 <0.5
16N 15W 01 BDCCB 22-Feb-94 WELL 59. | 12.6 7.1 | 1.7 | <0.03| <0.005 17.85 209.7 8 19 1 <0.5
< - Denotes detection limit. Limits may vary depending on total dissolved, presence of interfering ions, or analytical precedures.
16N 15W 01 BDCCB 29-Mar-94, WELL NA| NA NA NA NA NA 219.5 9 19 1 <0.5
16N 15W 01 BDCCB 21-Jun-94/ WELL 67.81 13.9 7.9 | <15 <0.03| <0.005 17.85 214.6 1. 2.8 1 <0.5
16N 15W 01 BDCCD 1-Sep-93| WELL 55.5 | 12.5 6.1 | 1.5 | <0.03| <0.005 17.40| 208.5 9 17 2 <0.5
16N 15W 01 BDCCD 29-Sep-93| WELL 546 | 12.3 59 | <15 <0.03| <0.005 17.62| 215.8 1. 1.8 2 <0.5
16N 15W 01 BDCCD 8-Nov-93) WELL 52.2 | 11.2 53 | 1.9 | <0.03| <0.005 17.18| 207.3 8 18 2 <05
16N 15W 01 BDCCD 22-Feb-94 WELL 58.6 @ 12.8 6. | 1.8 | <0.03 <0.005 17.85 204.8 1. 1.7 2 <0.5
16N 15W 01 BDCCD 26-Apr-94| WELL 535 | 11.9 6.1 | <15 <0.03 <0.005 17.40| 209.7 8 17 2 <0.5
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Seeley Lake ground-water data - major elements

w g ':‘\ Q
< SERINC s 2 - £ g
3 a 0 2 N ~ - — ~ < > - 3 = £
2 4 04 ¢ 3 % 3 2 3 8 E E B 2 2 % o2 %
- ] ] = o = =z 4 [T = 1] I o o %] =4 18 o
16N 15W 01 CABCD 1-Sep-93| WELL 58.3 | 12.8 7.2 | <15 <0.03| <0.005 17.62| 221.9 9 18 1 <05
16N 15W 01 CABCD 25-Jan-94) WELL 611 | 12.8 7.1 | <15 <0.03| <0.005 18.29| 232.9 11| 19 1 <05
16N 15W 01 CABCD 29-Mar-94, WELL 60.3 | 13.1 7.1 | 1.9 | <0.03| <0.005 18.74| 229.2 9 19 1 <05
16N 15W 01 CACCA 1-Sep-93| WELL 60.4 | 13. 7.4 | <15 <0.03| <0.005 18.07| 225.6 9 18 1 <0.5
16N 15W 01 CACCA 29-Sep-93| WELL 58.3 | 12.6 7.2 | <15 <0.03| <0.005 18.29| 228.0 11| 18 1 <05
16N 15W 01 CACCA 8-Nov-93) WELL 55.6 | 11.8 6.7 | 1.8 | <0.03| <0.005 17.62| 226.8 8 18 1 <05
16N 15W 01 CACCA 26-Apr-94| WELL 423 | 13.1 7.6 | <1.5| <0.03| <0.005 17.40| 202.4 6 | 24 2 <05
16N 15W 01 CBAAB 1-Sep-93| WELL 459 | 11.3 7.21| 1.7 | <0.03| <0.005 17.40| 182.9 729 2 <05
16N 15W 01 CBAAB 29-Mar-94, WELL 46.31 11.4 7.2 | 2.3 | <0.03| <0.005 18.52| 185.3 7 29 2 <05
16N 15W 01 CBABC 24-Aug-93| WELL 42.6 | 12.6 7. |21 | <0.03 <0.005 16.95 6 | 24 2 <05
16N 15W 01 CBABC 8-Nov-93) WELL 41. | 124 6.7 | 2.2 | <0.03| <0.005 16.73| 187.8 6| 24 2 <05
16N 15W 01 CBABC 25-Jan-94) WELL 45.2 | 13.4 7.1 | 1.5 | <0.03| <0.005 17.40| 195.1 1. 2.3 2 <05
16N 15W 01 CBABC 22-Feb-94 WELL 44.4 | 135 7.1 | 21 | <0.03| <0.005 17.62 174.4 7 23 1 <05
16N 15W 01 CBABC 29-Mar-94, WELL 41.8 | 13. 7.2 |21 | <0.03| <0.005 17.62| 197.5 7 23 2 <05
16N 15W 01 CCADB 24-Aug-93| WELL 45.5 | 10.6 5. | 1.8 | <0.03 .012| 14.75 8| 18 3 <05
16N 15W 01 CCBCC 24-Aug-93| WELL 46.9 | 10.4 5.8 | 25 | <0.03| <0.005 15.17 34 | 3. 1.4 <05
16N 15W 01 CCBCC 29-Sep-93| WELL 45.8 | 10.5 58 | 2. <0.03| <0.005| 14.95 176.8 35 | 3. 15 <05
16N 15W 01 CCBCC 8-Nov-93) WELL 45.8 | 10.4 5.6 | 2.2 | <0.03| <0.005 14.52| 174.4 33| 31| 17 <05
16N 15W 01 CCBCC 25-Jan-94) WELL 50.5 | 11.1 6.3 | 1.7 | <0.03| <0.005 14.05 153.6 4. 33 | 2. <05
16N 15W 01 CCBCC 22-Feb-94 WELL 48.7 | 10.9 6.4 | 2.2 | <0.03 <0.005 13.61 160.9 4. 33| 21 <05
16N 15W 01 CCBCC 29-Mar-94, WELL 371 87 6.1 | 21 | <0.03| <0.005 12.94| 120.7 10. 42 | 45 <05
16N 15W 01 CCBCC 26-Apr-94| WELL 336 7.7 6.1 | 1.5 | <0.03| <0.005 13.16 123.1 7. 36 | 22 <05
16N 15W 01 CCBCC 21-Jun-94/ WELL 50.3 | 10.7 6.8 | <1.5| <0.03| <0.005 14.72| 141.4 58 | 33| 17 <05
16N 15W 01 CDBBD 1-Sep-93| WELL 55.9 | 11.2 7.1 | <15 <0.03] .017| 17.18| 225.6 8| 14 1 <05
16N 15W 01 CDBBD 25-Jan-94) WELL 58. | 11. 6.9 | <15 <0.03| <0.005 17.62| 219.5 11| 14 1 <05
16N 15W 01 CDBBD 22-Feb-94 WELL NA  NA NA NA NA NA 178.0 8 15 1 <05
16N 15W 01 CDBBD 29-Mar-94, WELL NA  NA NA NA NA NA 209.7 8 13 2 <05
16N 15W 01 CDBBD 26-Apr-94| WELL 511 | 99 6.6 | <15 <0.03 .012| 16.51| 195.1 712 1 <05
16N 15W 01 CDBBD 21-Jun-94/ WELL 68. | 13.1 8.3 | <15/ <0.03| <0.005 18.07| 217.0 1. 1.6 1 <05
16N 15W 01 CDBDB 24-Aug-93| WELL 47. | 14.6 84 | 1.9 | <0.03 <0.005 17.85 15| 32| 11 <05
16N 15W 01 CDBDB 29-Sep-93| WELL 455 | 14. 8.2 | <15/ <0.03 <0.005 17.85 179.2 18| 34 11 <05
16N 15W 01 CDBDB 8-Nov-93) WELL 44.3 | 135 7.7 | 21 | <0.03| <0.005 17.20| 195.1 17| 33| 13 <05
16N 15W 01 CDBDB 8-Nov-93) WELL 49.2 | 14.6 8.4 | 42 | <0.03| <0.005 17.85 202.4 2. 33| 13 <05
16N 15W 01 CDBDB 22-Feb-94 WELL 475 | 14.4 8. |24 | <003 <0.005 17.18 182.9 1.8 | 33 5 <05
16N 15W 01 CDBDB 29-Mar-94, WELL 44.3 | 13.8 79 | 2. <0.03| <0.005| 17.40| 196.3 18| 34 12 <05
16N 15W 01 CDBDB 26-Apr-94| WELL 449 | 13.7 8.3 | <15/ <0.03| <0.005 17.40 165.8 15| 33| 11 <05
16N 15W 01 CDBDB 21-Jun-94/ WELL 54. | 15.6 9.1 | <15 <0.03| <0.005 18.07| 195.1 2. 33| 11 <05
16N 15W 01 CDCCA 1-Sep-93| WELL 57.1 | 11.41) 9.6 | <15 <0.03] .017| 17.18| 225.6 8 23 2 <05
16N 15W 01 CDCCA 29-Sep-93| WELL 55.1 | 10.9 9.5 | <1.5| <0.03| <0.005 17.40| 207.3 1. 2.3 1 <05
16N 15W 01 CDCCA 8-Nov-93| WELL 55.2 | 10.6 9. |15 | <0.03 .005 17.40 223.1 7 23 2 <05
16N 15W 01 CDCCA 25-Jan-94 WELL 60.5 | 11.4 9.5 | <1.5| <0.03| <0.005 18.29| 226.8 11| 23 2 <0.5
16N 15W 01 CDCCA 29-Mar-94, WELL 624  12.1 95 | 21 | <0.03| <0.005 19.18| 221.9 8 23 1 <0.5
16N 15W 01 CDCCA 26-Apr-94| WELL 56.6 | 11. 95 | <15| <0.03) .006| 17.40| 219.5 2.3 2 <05
16N 15W 01 CDCCA 21-Jun-94/ WELL 68.2 | 12.6 | 104 | <15 <0.03 <0.005 17.62| 217.0 13 | 22 2 <0.5
16N 15W 02 AAACB 10-Aug-93| WELL 418 | 12.4 7.1 | <15 <0.03| <0.005 17.18 8 | 24 1 <05
16N 15W 02 AAACB 29-Sep-93| WELL 408 | 12.4 6.8 | <1.5| <0.03| <0.005 17.62| 182.9 9 23 3 <05
< - Denotes detection limit. Limits may vary depending on total dissolved, presence of interfering ions, or analytical precedures.
16N 15W 02 AAACB 8-Nov-93) WELL 39.8 | 12. 6.71] 2. <0.03| <0.005| 17.18| 175.6 7 22 3 <0.5
16N 15W 02 AAACB 25-Jan-94) WELL 443 | 12.9 6.9 | <15 <0.03| <0.005 18.07 182.9 1. 2.4 2 <0.5
16N 15W 02 AAACB 29-Mar-94, WELL 435 | 13.2 6.7 | 24 | <0.03| <0.005 18.29| 182.9 2.3 2 <0.5
16N 15W 02 AAACB 26-Apr-94| WELL 425 | 13.3 7.7 | 1.5 | <0.03| <0.005 18.29 180.5 2.5 3 <0.5
16N 15W 02 AAACB 21-Jun-94/ WELL 48.1 | 14. 8. | <15 <0.03 <0.005 17.40| 178.0 . 2.2 3 <05
16N 15W 02 AAACB 29-Oct-97 | WELL | 98Q0543 | 37.7 | 13. 6.4 | 1.2 | <0.005 <0.001 13.9| 1950 5.04 .92| 3.24 <0.25 .09| <0.05
16N 15W 02 AABBA 28-Oct-97 | WELL | 98Q0546 | 34.5 | 9.6 3.9 | 1.04 <0.005 <0.001 14.4| 1515 6.96 .62| <25 <0.25 <0.05 <0.05
16N 15W 02 AADDD 10-Aug-93| WELL 44.1 | 10.2 4. |17 | <003 .016| 15.84 47 | 16 | 1. <0.5
16N 15W 02 AADDD 29-Sep-93| WELL 43.3 | 10.3 39 | 1.6 | <0.03 <0.005 16.51 158.5 33| 12| 3. <05
16N 15W 02 AADDD 8-Nov-93) WELL 42.6 | 10. 38 | 21 | <0.03 <0.005 16.06/ 158.5 32| 12| 31 <05
16N 15W 02 AADDD 25-Jan-94) WELL 45.9 | 10.6 39 | 1.7 | <0.03| <0.005 16.73| 165.8 32| 12| 3. <05
16N 15W 02 AADDD 22-Feb-94 WELL 44.7 | 105 38 | 2.3 | <0.03| <0.005 16.73| 148.7 28| 12| 28 <05
16N 15W 02 AADDD 29-Mar-94, WELL 44.8 | 10.9 39 | 25 | <0.03| <0.005 17.18| 163.4 26 | 12| 2 <05
16N 15W 02 AADDD 26-Apr-94| WELL 44.9 | 10.7 43 | <15 <0.03  .006 16.51 163.4 34| 14 33 <0.5
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16N 15W 02 AADDD 21-Jun-94 WELL 50.11 11.8 4.7 | <1.5| <0.03| <0.005 16.73| 158.5 25 18 2.3 <0.5
16N 15W 02 ABCAC 22-Jul-97 | WELL | 98Q0064 | 29.4 | 16.4 59 | 1. .06 .043| 15.30| 181.1 .81 <25 <.05 <.05
16N 15W 02 BCCBBC 22-Feb-94| WELL 26.6 8.5 83 | 36 1.64 | <0.005| 22.31 102.4 2.6 3.4 1 <0.5
16N 15W 02 BCCBBC 29-Mar-94| WELL 27. 8.4 44 | 46 .34 .263| 15.39) 112.2 18 .6 1 <0.5
16N 15W 02 BCCBBC 26-Apr-94 WELL 27.9 8.9 43 | 31 .06 .253| 13.38| 124.4 .9 1.4 . <0.5
16N 15W 02 BCCBBC 21-Jun-94 WELL 31.8 9.6 48 | 23 .08 255/ 13.61 117.0 2.8 | 136 A <0.5
16N 15W 03 AAAAB 01 20-May-97 | WELL | 97Q0796 | 22. 16.9 9.7 | 14 <.003 .029| 15.50, 177.6 78| <25 .06 <1
16N 15W 03 ABDCBC 29-Mar-94| WELL 18. 7.6 9.4 | 43 .54 153 28.55 73.2 115 9.8 <0.1 <0.5
16N 15W 03 ABDCBC 26-Apr-94 WELL 17.4 8.2 6.6 | 3.6 .52 136 27.44 75.6 114 | 10.8 <0.1 <0.5
16N 15W 03 ABDCBC 21-Jun-94 WELL 215 | 10.2 6.6 | 2.6 .76 122) 29.22) 75.6 8.3 1. <0.1 <0.5
16N 15W 03 ABDCBC 15-Oct-97 | WELL | 98Q0518 | 19.4 | 10.8 6.7 | 29 1.694 .062| 25.90 88.6 21.68| 10.85 <0.25 <.05
16N 15W 03 ADDBB 15-Oct-97 | WELL | 98Q0515  33.4 | 10.11 3.8 .9 .019 129 11.60, 142.3 9.34| 6.32) 1.65 .08| <.05
16N 15W 03 CDCCAB 20-May-97 | WELL | 97Q0792 | 60.2 | 18.8 14. 2.3 4. .509| 10.00, 93.8 40.58| 235 | 27. <1
16N 15W 03 DABBBB 29-Mar-94| WELL 182. 51.81 76 55 <0.03| 3.341 27.22 668.2 117 5.2 7 <0.5
16N 15W 03 DABBBB 26-Apr-94 WELL 116. 33.8 35 | 2 .03 586, 20.97 475.5 16.8 5.3 2.6 <0.5
16N 15W 03 DABBBB 22-Jul-97 | WELL | 98Q0063 | 198.8 | 56.8 78 | 26 093 11 24.60| 854.0 12. 6.9 2.6 <.05
16N 15W 03 DADBAA 20-May-97 | WELL | 97Q0795 | 167.7 | 52.6 5.78 1.4 <.003| <.004| 25.30 611.0 12.3 7.5 3.6 <1
16N 15W 03 DDABCA 20-May-97 | WELL | 97Q0797 | 90.8 | 27.14 3.2 .88| <.003) <.004 17.00| 345.1 6.97 6. 3.3 <1
16N 15W 10 BAADBA 01 | 20-May-97 | WELL | 97Q0807 | 35.05 9.97 529 .88 <.003 <.002 16.57 119.3 10.4 7.6 6.3 <.05
16N 15W 11 ABCBD 28-Oct-97 | WELL | 98Q0545 | 17.7 8.03| 458 | 1.05 .031 .008 125 221.8| 115 114, 5.4 | <0.25 42| <.05
16N 15W 11 ACABB 29-Oct-97 | WELL | 98Q0547 | 28.7 8.3 119 | 1.12] <.005 <001 13.2| 1471 6.72| 1.35 7.34 <0.25 12| <.05
16N 15W 11 ACCCA 28-Oct-97 | WELL | 98Q0544 | 28.3 7.7 2.3 .62| <.005 <.001 8.9 154.7 135 4.11) <0.25 <.05 <.05
16N 15W 12 BBBB 15-Oct-97 | WELL | 98Q0517 | 46.1 | 10.1 6.1 .82 .056 .004| 13.60| 183.9| 13.2 .85 2.9 | <0.25 .08/ <.05
16N 15W 12 BBBBD 15-Oct-97 | WELL | 98Q0516 | 45.9 9.3 5.9 .67 .012 .005 13.60| 189.6 7. 79| 2.72] <0.25 .06| <.05
17N 15W 33 BDAAB 21-Jun-94 WELL 455 | 133 125 | 38 4.85 2.427| 4551 3.4 3.3 .3 <0.5
17N 15W 33 BDADA 21-Jun-94) WELL 36.8 | 17.6 303 | 49 .08 1.707| 48.18| 146.3 114 8.9 4.7 <0.5
17N 15W 33 BDDDA 21-Jun-94) WELL 4.2 2. 23.6 | 95 4.72 151 56.88 175.6 10.3 3.4 2.3 <0.5
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MBMG 393
Plate 1. Ground-water levels, Seeley Lake

~— —~ Water-level contour; interval is 10 feet
® Well with water-level elevation (MBMG)
-qa- Well with water-level elevation (U of M)
<€—— Ground-water flow direction

A Seepage measurement site

@ Flow path designation for calculations in Table 5
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Base from USGS 7.5’ Seeley Lake East and Seeley Lake West topographic maps
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'MBMG 393
Plate 2. Sample sites, Seeley Lake

Sampled by MBMG KEY TO NUMBERS

213  total dissolved solids, mg/L
Sampled by U of M 1.14  chloride concentrations, mg/L
<0.25 nitrate concentrations, mg/L as nitrogen

S led by MBMG and U of M
ampled by an © If a site was sampled more than once, average

concentrations for complete analyses are reported.
. Chloride values greater than 10 mg/L and nitrate
Surface-water site sampled by MBMG  yalues greater than 1 mg/L are underlined.
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MBMG 393
Plate 3. Generalized water quality, Seeley Lake

Cations, Milliequvalents per liter Anions, Milliequvalents per liter
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MBMG 393
Plate 4. Septic system locations, Seeley Lake

B Septic system

| 1 mile

SCALE

Base from USGS 7.5’ Seeley Lake East and Seeley Lake West topographic maps
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