Montana Ground-Water Assessment Atlas 4, Part B, Map 7

Montana Bureau of Mines and Geology
May 2006

A Department of Montana Tech of The University of Montana

AP DISSOLVED CONSTITUENTS - 7
round-Water Characterization Area Water quality may be characterized by the where these samples were obtained do not appear to N Itrate R TR —r— ——_
type and concentrations of its dissolved constituents. be related hydrologically (they are not close (J oY < RISW | ]
For this map the dissolved-constituents value is the together, or along similar flow paths). Seven of the - ) - \‘5\ & h |
sum of the major cations (Na, Ca, K, Mg, Mn, Fe) samples are from fractured bedrock aquifers, 9 are L8 s Ji % — . EXp|anatI0n J,l ,'
and anions (HCOs;, COs;, SO4, Cl, SiO,, NOs, F) from deep aquifers in Tertiary sediments, and the — / S S \\,,\A// T 6 & 16 g h !
expressed in milligrams per liter [as distinguished remaining 2 are from shallow aquifers. r7 MINERAL €O R29W b ~ e al s\\\\ f 2 i
from total dissolved solids (TDS) determined as LA 00 \\\\ = i’i @\Q ‘\\\\ 7 X |
residue at 180°C]. To highlight areal patterns, NITRATE N Aoy | S 4| L lsw 1a " & e * !
dissolved-constituents concentrations are presented Nitrate (NOs) is an essential nutrient for plant L N f 250 0$ ~Q® o ) i
in three categories on the Dissolved Constituents life, yet is potentially toxic to humans (especially \\ TN \ 8 5" ,g\ X &0 . . <’\\ T 20N
i Map: high (greater than 500 mg/L, red symbols), infants) when present in drinking water at (PSS J R27TW L\ g2 12 @Q Qe' Q)Q’ Nitrate concentration { "
§ medium (between 250 and 500 mg/L, blue symbols), concentrations greater than 10 mg/L. High levels of L S z O A [] Not detected or less than 0.5 mg/L as N ™~ |
2 and low (less than 250 mg/L, white symbols). The nitrate in well water typically indicate contamination L gs[ { ¥ = % ,'
"<§ laboratory data were supplemented by estimates of from septic tanks, fertilizers, land application of dWI N " . J 3 &l
“ dissolved-constituents concentrations derived from animal wastes, or other nonpoint sources. On this 8 Tlgle shallow deep bedrock O A B 05-20mglasN \ &f n f
specific-conductance measurements made at an map nitrate is reported as the sum of nitrite and Seelev Lake inset ma \ Tisn & gt | n=r2 n =87 n=40 \, |
additional 236 wells. The specific-conductance (SC) nitrate as nitrogen. Nationally, background nitrate _ y _ p ] C e i Figure 3. Nitrate was generally not detected, or detected at O A [ ] 20-10.0mg/L asN / g e
measurements were used to estimate dissolved concentrations in ground water are commonly less (Nltrate concentrations in mg/ L-N) & TlgNi concentrations less than 2.0 mg/L-N in the basin-fill and J/“Ja,,% . & |
constituents (DC) according to the equation: DC = A than 2-3 rpg/L (Halberg and Keeney, 1993).‘N1‘trate NS S ——— | bedrock aquifers. O A B Greater than 10.0 mg/L as N ! : |I
x SC (Hem, 1992). The value of A was determined concentrations greater than 2.0 mg/L. may indicate V 1 e \ 8 i
to be 0.92 based on a straight line regression. effects of human activities (USGS, 1999). - ——— SIS oy A ||| [ - s "
| Simplified geologic units . & ; ;
Dissolved-constituents in ground water are a The nitrate concentration map is based on X Y - D e Stream ¢ ngernar}? sediments ‘”‘“\] = o 1 o
result of the initial chemistry of the recharge water ~ results from 199 sites; 166 of the sites were sampled SN R e gl Lake sl NS S |
; and subsequent interactions of that water with soils as part of this investigation, and the remainder were 21.0 J /‘ N ™ —————ee County boundary -alluvial fan Y i/ o |
Mineral and Missoula Counties 2 and aquifer materials. Increased residence time and sampled as part of other MBMG or USGS / =i S __lo Y ; . : : ) 7 ]
( ) e physical contact between ground water and the investigations conducted between 1979 and 1996. 2. N L\‘ A O 8 |' E e \ ToaiSnip bounaany Tertiary sediments or sedimentary Rocks (; ,l
aquifer materials increases the potential for the water The concentrations were grouped into four reporting o m%} 5 ,‘§ ,—\’\\ o Section boundary Bedrock /"\ - !
N to react, resulting in increased dissolution of ranges: 1) not detected or detected at concentrations <05 L Z ."m \\ Road -Tertiary and Cretaceous igneous rocks [ H ;'
minerals. The dissolved-constituents concentration less than 0.5 mg/L. (white symbols), 2) low level, N | S ] RZZW\‘\,L_\_,L -Proterozoic Belt Supergroup rocks \\\\_\ 3 T17Nj
'Y E provides a general indicator of water quality; the less than 2 mg/L, which reflects natural background g \Q‘\\ Q \‘\\TIGN fmmen \ 7 D :
lower the concentration, the better the water quality. occurrences or minor land use influences (blue 8 ' N Nitrate C irafs X ;’ r 0 5 10 15 20 | A%% i
N Typically, water does not become too salty to drink symbols), 3) impacted, 2 to 10 mg/L, which reflects Lo \\os Q,Q& K i r?otra in:;ltc;na ras ion \‘ S | . <_\\ R I | Miles . | |
0 40 until the dissolved-constituents concentration elevated concentrations most likely due to land-use Z|Cxo5 N @\‘q’ L f P N L | e \_\ < ey
e Miles reaches about 2,000 mg/L. All of the sampled influences (pink symbols), and 4) elevated, greater e A w &E O A [] INot I?hetec(t)eg oo |\ ; 5 Y. ¥ T Scale 1:300,000 G
Scale 1:1.500.000 ground water was well below this threshold; the than 10 mg/L, which is the EPA Maximum % 0 v 1 Eas AN Ms mysas \ | Ay . K\) Projection Montana State Plane \\—\
Projaiar MpEanE StEe RIS water is of good quality for drinking and other uses. Contaminant Level (MCL) for nitrate (red symbols). "‘i,;é _ O A [ os5-10mgLasN \ Qe lf Datum NAD83 ) 3
Datum NAD83 B Bl | \ies \’\E 15N . a ! A .\ N ~ o/ ; Y 3
The dissolved-constituents concentrations Nitrate was detected at a concentration Projecﬁoica'gnl;(;os(igte Plane © A [ 10-20mgten LS N e SR, P AR S SR N ——— N N )_,"\\“\ A ) o e
ranged from 35 to 1,294 mg/L, with an average greater than 0.5 mg/L in water from 40 percent (79 Datum NAD83 . A B createrthan20mgiLasN . | A S W g I o e [ < ;
concentration of 300 mg/L and a median of 280 of 199) of the sites; 8 percent (17 sites) had . . | L] | AN TISND\ W, 5 T \
mg/L. Of the 417 sites with measured or estimated concentrations greater than or equal to 2 mg/L Missoula Va"ey inset map \‘,m oy, ! A ﬂ\ g /'/—J :
values, 93 percent (387 sites) had concentrations less (impacted). Two sites had nitrate concentrations (Nitrate concentrations in mg /L_N) N\ : R RN 1 %, A J o [ ~/ G i
than 500 mg/L. Most samples having concentrations greater than the MCL of 10.0 mg/L; a shallow well i Ef, ]" A8 2/ //’ L X 2l I‘
greater than 500 mg/L (23 of 29) were from wells near Seeley Lake had a concentration of 27.0 mg/L e ) o [ T Y |
completed in deep basin-fill or bedrock aquifers. and a shallow well on the southeastern end of the 018 24 ) & ] A 20
There was no difference between dissolved Missoula Valley had a concentration of 11.4 mg/L. O \% 8 B P ,'
Ground-Water Quality in Basin-Fill and Bedrock Aquifers, constituents in water from either basin-fill or Median values in the basin-fill and bedrock units B L % i | a P o
. . . bedrock aquifers (fig. 1). were less than 1 mg/L (fig. 3). by 4 | i ,'
Mineral and Missoula Counties, Western Montana j S iy
GROUND-WATER QUALITY Nitrate was detected in all the wells sampled : { f o, :
The major ions in all waters from the aquifers beneath the city of Missoula (between the Clark Fork i J I @ | . 2o sl
By consist predominantly of calcium, magnesium, and and Bitterroot Rivers) and most of the wells in and / (/ ? @ ] Miss | <!
bicarbonate; sodium, sulfate, and chloride contents downgradient of the town of Seeley Lake (see inset ™y ,' '®) ek e 250 ::
John I. LaFave are low (fig. 2). There is no discernable difference in maps). Nitrate may enter ground water from point § % | ] o gl
J—— ) / of the Moni o - Mi & (MBMG) Ground-Wat general chemical composition between basin-fill and and nonpoint sources, including fertilizer, manure, 4 s \ ~ R26W 5 ,' A % !
MIABES YOI ST AP W 00t Gf Sie JDLING el O Sl Ga Gietitgy . FORRA=Er bedrock aquifers. However, data show that land use septic systems, and disposal of municipal waste and £ IS * & LN TI3N |
Assessment Atlas for the Lolo-Bitterroot Area. It is intended to stand alone and describe a single hydrogeologic z g NG 1 i - v | !
aspect of the study area, although many of the area's hydrogeologic features are interrelated. For an integrated :Ill(;w ge};f a\;ﬂz %z&l;ati(} Vggeel}fy 11\4/1;15;0_111;"1\;11152 Sszlélgg rl(flig vltl/iigyofsagse: Olf;:eivgfso?ﬁevi%?e’rigg \“‘3\121‘1 ’:, ||
view of the hydrogeology of the Lolo-Bitterroot Area the reader is referred to Part A (descriptive overview) and impacting water quality (Woessner, 1988; LaFave, increase in nitrate concentrations below these <o ey A i TANAANR R14W '
Part B (maps) of the Montana Ground-Water Assessment Atlas No. 4. 2002) (see section on Nitrate). A sodium-bicarbonate urbanized parts of the study area suggests that septic- © " ,' SOl X T J
signature is apparent for 18 of the analyses; the wells system effluent and/or lawn fertilizers may be { ,‘ A ]
sources of nitrate to the shallow aquifers. JT T ——aERALCQ Y ] 12 TI2N|
o {\ AL~ R MISSOULA co 2 %; D ;
5 R25'W 3 t 6 I
oy ) RISW '
INTRODUCTION ‘ ‘ ‘ J ¥ ® o .
As part of the Montana Ground-Water Tertiary sediments range from unconsolidated to - P 3 5 =< ;‘“'
Assessment Program, water quality was evaluated in  strongly consolidated and include claystone, shale, & 3(:) % TG o N Y T
Mineral and Missoula Counties in western Montana. This  siltstone, sandstone, locally thick conglomerate, coal, and ‘-533 X R 23 W A N
plate presents maps showing the distribution of dissolved  volcaniclastic sedimentary rocks (McMurtrey and others, ( N e B ey g ’ SE |
A N //) ____________________ L s o RI17IW {‘:

1965; Smith 2005a). Tertiary sedimentary rocks fill most
of the valleys and are extensive in the subsurface. These
sediments typically have low permeability and where
they underlie Quaternary alluvium form a basal confining
unit. Locally, permeable Tertiary sandstones and
conglomerates are aquifers. Surface exposures of the
Tertiary deposits prominently flank the northeast and
southeast sides of the Missoula Valley; exposures are also

constituents, nitrate, and arsenic in the bedrock and basin-
fill aquifers. Ground-water quality data for the southern
part of the Lolo-Bitterroot area (Ravalli County, the
Bitterroot Valley) are presented on a separate plate
(LaFave, 2005).

Nitrate concentrations in the aquifers 2

beneath Seeley Lake and Missoula are
greater  than  those  found in
undeveloped areas. The elevated
concentrations suggest that urban
land use has impacted ground-water

O Shallow basin fill

The mapped area is drained by the Clark Fork
A Deep basin fill

River and its tributaries. The area consists of bedrock-

Arsenic

discontinuous confining layers. In places,
confining layers hydraulically separate the aquifers;
however, in most valleys water-level data from
different depths suggest that the basin-fill aquifers are
well-connected on a valley-wide scale. As with most
intermontane basins, the basin-fill aquifers are the
most productive and are important sources of
municipal and domestic water (Kendy and Tresch,
1996).
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For the purposes of this map, aquifers were
generalized into three units based on the properties of
the aquifer material (primary porosity vs. secondary
porosity in fractured rock), ground-water conditions
(confined vs. unconfined), and position within the
geologic framework. The three hydrogeologic units
recognized are: 1) shallow basin fill, 2) deep basin
fill, and 3) bedrock. Lithologic and static water-level
data from well logs, in addition to well construction
information, were used to distinguish between wells
completed in the shallow and deep units.

The uppermost or shallow hydrologic unit is
developed in surficial alluvial sediments generally
within 80 ft of the land surface. Ground water in the
shallow hydrologic unit is under unconfined, or
water-table, conditions. Most wells classified as being
in the shallow unit (circles on the maps) are less than
80 ft deep or have perforations within 80 ft of the land
surface.

The deep unit consists of confined to semi-
confined aquifers in the valleys that are generally
deeper than 80 ft and underlie the shallow unit.
Accordingly, wells that produce from aquifers greater
than 80 ft deep are classified as being in the deep unit
(triangles on the maps).

Bedrock aquifers occur around the valley
margins. The occurrence of ground water in the
bedrock is controlled by fractures. Where it is
sufficiently fractured (permeable) and saturated,
bedrock can yield water to wells (bedrock wells are
indicated by squares on the maps).
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SAMPLE SITES AND WATER-QUALITY DATA
Water-quality data collected by the Montana
Bureau of Mines and Geology's (MBMG) Ground-
Water Assessment Program between October 1997
and July 2001 (Carstarphen and others, 2003) serve as
the primary source of data for the water-quality maps.
Samples from 139 domestic, stock, municipal, and
monitor wells were analyzed for major-ion and trace-
metal concentrations by the MBMG Analytical
Laboratory; additionally, samples from 27 other wells
were analyzed for nitrate only. Field measurements of
specific conductance, pH, and temperature also were
obtained at the time the wells were sampled. To
ensure acquisition of a representative sample, each
well was pumped prior to sample collection until field
parameters stabilized and at least three well-casing
volumes were removed. Data from an additional 42
ground-water samples collected by the MBMG or the
U.S. Geological Survey (USGS) between 1978 and
1997 were used to augment the primary data. The
additional data improve the spatial resolution and
enable a more comprehensive interpretation of the
distribution of dissolved constituents, nitrate, and
arsenic concentrations. The water-quality data used
for compiling these maps as well as water well logs
and site visit data are available from the Montana
Ground-Water Information Center (GWIC, online at
http://mbmggwic.mtech.eduw/).
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showed that arsenic in ground water in the western
U.S. is often naturally occurring and commonly
associated with igneous rocks of acidic to
intermediate composition, such as granite and
rthyolite, and with the sediments derived from these
rocks. Elevated arsenic concentrations are also
associated with geothermal water and commonly with
ground water that has been impacted by mining.

The map of arsenic distribution is based on
analytical results for samples from 149 sites; 139 of
the sites were sampled as part of this investigation,
and the remainder were sampled as part of other
MBMG or USGS investigations between 1986 and
1997. The concentrations were grouped into four
reporting ranges: 1) less than detection limit (1.0 pg/L
is the laboratory reporting limit, white symbols), 2)
low level (less than 5 pg/L, blue symbols), 3) elevated
(5 to 10 pg/L, pink symbols), which reflect elevated
concentrations most likely due to geologic sources,
and 4) MCL exceedance (greater than 10 pg/L, red
symbols), which are concentrations greater than the
health standard for public drinking water.

Arsenic was detected in water from about half
of the sampled locations (74 of 149 sites);
concentrations ranged from below detection limits to
a maximum of 50.06 pg/L (fig. 4). Overall, arsenic
concentrations were generally low or not detected; 15
sites had elevated concentrations (greater than 5.0
ug/L), and 6 had MCL exceedance. All of the
elevated concentrations were detected in Missoula
County. Of the 6 sites with concentrations greater
than 10 pg/L, half were wells completed in fractured
Belt bedrock, two were deep basin-fill wells, and one
was a shallow well.
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DATA SOURCES (
Geographic Features

Population centers and roads are from
1:100,000-scale USGS Digital Line Graph files
available from the Natural Resources Information
System (NRIS) at the Montana State Library, Helena,
Montana. Hydrography has been simplified from the
1:100,000 Digital Line Graph files. Township
boundaries are from the U.S. Forest Service. The
hillshade base was compiled from USGS digital
elevation models (DEMs) for 1:24,000 quadrangle
maps available from NRIS. Differences in the quality
of the DEMs may result in artifacts such as mottled
surfaces and horizontal striping in the hill-shade base.
Geological data were simplified from a
Hydrogeologic Framework Map compiled by Smith
(2005).

Point Data

Well location and water-level altitude data
were obtained by Ground-Water Characterization
Program personnel. Altitudes of the points were
determined from USGS 1:24,000 topographic maps.
All point data used on this map are available from the
Ground-Water Information Center (GWIC) at the
Montana Bureau of Mines and Geology, Montana
Tech of The University of Montana, Butte, Montana.
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