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CONVERSION FACTORS AND ABBREVIATIONS

Multiply inch-pound unit

foot (ft)

squarﬁ foot per day
(ft%/d)

cubic3foot per second
(ft7/s)

gallon (gal)

gallon per minute
(gal/min)

inch (in.)
acre

degree Fahrenheit (°F)

By

25.

0.

.3048

.09290

.02832

.785

.06308

4

4047

°C = 5/9 x (°F - 32)

To _obtain SI unit
meter

square meter per day

cubic meter per second

liter

liter per second

millimeter
hectare

degree Celsius

Sea Level: 1In this report, "sea level" refers to the National Geodetic
Vertical Datum of 1929--geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



DEFINITION OF TERMS
(From Skougstad and others, p. 4, 1979)

Dissolved. Pertaining to the material in a representative water sample that
passes through a 0.45-micrometer membrane filter. This is a convenient
operational definition used by the Federal agencies that collect water data.
Determinations of "dissolved" constituents are made on subsamples of the
filtrate.

Total Recoverable, The amount of a given constituent that is in solution after
a representative water-suspended sediment sample has been digested by a
method (usually using a dilute acid solution) that results in dissolution of
only readily soluble substances. Complete dissolution of all particulate
matter is not achieved by the digestion treatment, and thus the determination
represents something less than the "total" amount (that is, less than 95
percent) of the constituent present in the dissolved and suspended phases of
the sample.

Total. The total amount of the given constituent in a representative water-
suspended sediment sample, regardless of the constituent’s physical or
chemical form. This term is used only when the analytical procedure assures
measurement of at least 95 percent of the constituent present in both the
dissolved and suspended phases of the sample.

Suspended Total. The total amount of a given constituent in the part of a
representative sediment sample that is retained on a 0.45-micrometer membrane
filter. This term is used only when the analytical procedure assures
measurement of at least 95 percent of the constituent determined.

vi



WATER RESOURCES OF THE RED LAKE INDIAN RESERVATION,
NORTHWESTERN MINNESOTA

by James F. Ruhl
ABSTRACT

This report presents the results of a study by the U.S. Geological Survey,
done in cooperation with the Red Lake Indian Reservation Tribal Council, to
evaluate the water resources of the contiguous Red Lake Indian Reservation.
Water resources of the contiguous Red Lake Indian Reservation meet the present
(1989) needs for potable supply and other household uses. In addition, they
provide ecological, recreational, and aesthetic benefits.

Mean annual precipitation in the study area is 22.7 inches. Approximate-
ly 90 percent of this precipitation returns to the atmosphere by evapotranspi-
ration; the remainder becomes runoff. Some of the precipitation that contrib-
utes to evapotranspiration and runoff initially infiltrates the land surface
and recharges the ground-water reservoir. The net recharge to ground water
generally ranges from roughly 0.5 to 1.35 inches per year. Assuming negligi-
ble long-term changes in the amount of ground water in storage, the recharge
to and discharge from the ground-water reservoir balance each other over time.

Glacial-drift aquifers are the source of ground water in the Red Lake
Indian Reservation. The most significant sources of ground-water supply are
confined glacial-drift aquifers, which are discontinuous lenses of sand and
gravel 50 to 150 feet below land surface. Estimated yields of wells completed
in these aquifers range from approximately 20 to 240 gallons per minute.

Lower and Upper Red Lakes, which extend over one fourth of the study area,
are the largest surface-water bodies. The study area also includes streams and
many smaller lakes. Most of the streams drain into Lower and Upper Red Lakes,
and the lakes discharge into the Red Lake River. Spring snowmelt generally
causes peak flows in the streams. Low-flow conditions commonly occur during
midsummer to early fall and winter.

The quality of ground water is suitable for drinking and other household
uses, and the quality of the surface water generally meets U.S. Environmental
Protection Agency criteria necessary for the maintenance of aquatic life. The
major ions in both ground and surface water are calcium, magnesium, and bicar-
bonate. Lower and Upper Red Lakes are eutrophic to mesotrophic on the basis
of their summer Secchi disk-transparency readings, which ranged from 2.6 to
8.2 feet. The concentration of total organic carbon in samples from Lower
and Upper Red Lakes and four streams were below or, in the case of one strean,
about equal to 30 milligrams per liter, which is indicative of water little
affected by human activities. The sample with the highest organic carbon
content was collected from a stream that drained peatlands, which were proba-
bly sources of organic matter in the runoff. The concentration of nitrite
plus nitrate in samples collected from Lower and Upper Red Lakes in late
summer was below 0.01 milligrams per liter, which is characteristic of water
uncontaminated by animal wastes. Total phosphorus in these samples ranged
from 0.01 to 0.02 milligrams per liter. Most of this phosphorus was in the
particulate organic fraction because of the abundance of phytoplankton.



INTRODUCTION

In 1978, Congress directed the Bureau of Indian Affairs to review Indian
water-rights issues in Reservations throughout the United States. Information
about the water resources of the Red Lake Indian Reservation in northwestern
Minnesota was insufficient to conduct this review as required by the Federal
mandate. Consequently, the Minnesota District of the U.S. Geological Survey,
in cooperation with the Red Lake Indian Reservation Tribal Council, conducted
a study of the Reservation’s water resources.

Purpose and Scope

This report describes the water resources of the contiguous area of the
Red Lake Indian Reservation. This report contains (1) an evaluation of the
availability of ground water in terms of hydraulic properties of the aquifers,
(2) directions of ground-water flow, (3) estimates of the streamflow charac-
teristics, and (4) a characterization of the quality of the ground and surface
water. A brief description of the hydrogeology of sand and gravel aquifers in
the study area also is included.

A literature survey summarized available information about the natural
resources in the study area. Published materials, including many of those
cited in the section describing previous investigations, provided information
about the climate, soils, geology, hydrogeology, surface water, and water
quality. Data collected in the field during the course of the study supplied
additional information.

Evaluation of data from 10 test holes drilled for this project and from
approximately 100 commercial drillers’ logs furnished hydrogeologic informa-
tion about the sand and gravel aquifers. Stage-discharge data collected at
gages on four streams were used to estimate flow characteristics during the
1986 water year. Analysis of samples collected from four streams, five wells,
and Lower and Upper Red Lakes provided data about the quality of water.

Physical Setting

The Red Lake Indian Reservation, located in northwestern Minnesota (fig. 1),
comprises about 794,000 acres. Approximately 637,000 acres form a contiguous
area in Beltrami and Clearwater Counties; this was the area of study for this
project. The remainder of the Reservation outside the contiguous area is in
scattered tracts of trust land located in Lake of the Woods and Roseau Coun-
ties, and in the northern part of Beltrami County (fig. 1).

Approximately 4,500 people live in the contiguous area of the Reservation
(Bud Anderson, Red Lake Indian Reservation, personal commun., 1989). Most
inhabitants in the study area live in and around the communities of Red Lake
and Redby, which are located on the south side of Lower Red Lake, and the
community of Ponemah, which is located on the peninsula that separates Lower
and Upper Red Lakes.
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The study area lies within the watershed of the Red River of the North,
which flows into Hudson Bay. Streams in the eastern half of the study area
discharge into Lower and Upper Red Lakes, which discharge into the Red Lake
River from the western side of Lower Red Lake (fig. 2). The Clearwater River,
which is a tributary to the Red Lake River, flows along the southwestern
boundary of the Reservation.

Land uses in the study area reflect the natural resources. Aspen and red
pine grow on commercial forest land that covers slightly more than half of the
study area. The remainder of the land in the study area is mainly wetlands,
noncommercial forest land, and peat bogs. Wild rice is grown on about 15,000
acres in the western part of the study area; the rest of the study area is
marginally suitable for agriculture. Lower and Upper Red Lakes, which extend
over approximately one third of the study area, provide a commercial fishery
of walleye pike.

Previous Investigations

Only reconnaissance-type investigations have been conducted in and around
the Red Lake Indian Reservation study area. A hydrologic atlas summarizes the
climate, hydrogeology, surface-water resources, and water quality of the Red
Lake River drainage area, which includes the study area (Bidwell and others,
1970). Soil-survey atlases contain maps that show glacial geomorphic features
and soil types (University of Minnesota Agricultural Experiment Station, 1980a,
1980b).

Many previous natural-resource investigations in the study area addressed
peatland ecology. Heinselman (1963) described the development of the Red Lake
peatlands and their present-day vegetation patterns. Proposals in the mid-
1970's to harvest peat as an alternative energy source led to studies of
peatlands. Brooks (1978) described the hydrologic characteristics of peat-
lands near the Red Lake Indian Reservation and evaluated the potential impacts
of peat harvesting on their hydrology. The Minnesota Department of Natural
Resources supported a multidisciplinary study of peat harvesting in the Red
Lake Indian Reservation and the potential effects of peat harvesting on the
Reservation’s resources, including land, air, water, fish and wildlife, wild
rice, and forests (Walter Butler Company, 1978).

Clausen and others (1981l) summarized the results of field studies con-
ducted on the hydrology of a peatland that is approximately 10 mi (miles)
northeast of the study area. This report includes a water budget and provides
surface-water quality data for the peatland. Siegel (1981) described the
hydrogeologic setting of peatlands that include the northern part of the study
area. His report assessed the relation of vegetation patterns to the quality
and movement of the ground water. Verry (1975) and Clausen and Brooks (1983)
conducted water-quality studies of surface runoff from peatlands.









































































































107> -- -- -- 8 > S8/1/8

12 91 G4 -- -- 18/21/8
-- - - .- .- -- S8/1/8 4
-- 4 1 €Y .- -- 28/11/8
10°0> -- -- .- é 1> s8/2/8 l

(NJ se 7/6w) pPIAOSSLP PIAOSSLP 12103 (uz se 1/67) (6y se 1/67) ajeq uoilels

je3o0l ‘opuebJoul  opuebuo  ‘papuadsns paAOSSLp P3A OSSP
apLuei) osueblo ‘autz YJaA1 LS
(2 se 1/6w)
uoque)
> -- 6 > 1% oL s8/2/8
-- -- -- -- .- -- 28/21/8
-- -- -- -- -- -- s8/L/8 4
-- -- -- -- -- -- 28/11/8
> 1'0 8 [4 6l y) s8/1/8 l

(es se 1/67) (64 se 1/67) (uW se 1/67) (qd se 1/67) (34 se 1/6d) (nJ se 1/67W)  ajeq wuoilels
pPaAjossip paAjossip PaAjossLp paAjossip paAjossip pPaAjossip
‘wniuayas ! AunaJay 'asauebuey ‘peaq ‘uodi ‘ J3ddo)

PenuUTIU0Y)--/8-CBGT ‘®oI® ApNnIS UOTIBPAISISSY URTPUI IYET pay Y3 UT
sayeT poy Iadd[ pur IomoT WOIF I931BA JO SOTISTIIIOBIBRYD [BITSAYd pur TeoTWOY)--'4 STqRL

39



1 sy -- -- -- 88 -- - $8/02/8 S

6l 65 l - os2 76 -- -- se/si/s
2 9 £ 00 0% 16 06 oLl s8/sL/8 €
22 6S - - - L8 - - $8/8/8

-- - - - .- -- -- -- se/sl/s 2
£l £y - - .- 26 -- - se/sL/g L

(eg se 1/Bw) (eJ se 7/Bw) qey P19ty 1e3o3  (71/6w) (w ool 49d  (q pQL Jod ajeq uopess

paAlosSLp paA)0SSLp PaA0OSS P $91U0102) $21U0}09)
‘untsaubey ‘unioiey ‘uabAx0 ‘1e29} 1es94
33eU0qIBIUOY Y1920203dd43s  ‘wlojl10)
(£0e3 se 1/6u)
SSIUPJBH
0L 0°gl 44 9L 672 437 oYg -- SlLL $8/02/8 S
Sl Syl -- 8°2 0°8 80Y oLy -- Qlll s8/51/8 k4
2" (1" .- 8°2 0°8 68Y o8y -- -~ s8/51/8 €
L LA 92 6°2 1°8 12% oYy - - $8/8/8
-- -- -- -- -- -- -- -- - c8/<sL/8 4
%0 0°€l 12 272 0°8 £8¢ g62 el o8l c8/sL/8 l
(NiN) Jojyem  Jie qel piats qe) Pidts puoa3s (QADN dAoqe djeq uolieys
A ipiquny Jad 3994 39394)
a1gn2 wnyep
(2.) (satun paepueis) (wa/sn) snoauejue]Sul aoejJns
aJnjesadwa | Hd ‘3oue3onpuod d1jLodds  ‘abueyosiq pue) jo
uotL3BA313
Agpay aAoqe JIALY PNN 1001%5%60929%2% <
Agpay 1e ynow e JIALY PNl 1091 ¥S%60%525LY Vi
937 pay 18 J3d4) A)fid 10£0105609£2S2 Y £
a)e7 pay Jeau JaAly Apues L0LEELS60EY0SLY b4
Agpay JBau JaALY d133ed Youedg YiJoN 10S£0%%60£1008Y l
uoL3ea07 Jaqunu uotriels
uoLieatjlyuspl
sasn

Hmu_c:>u_vmnuauo—;uweo.ocawc.:pz “m:_wpmu mooumov.u.ucw:u
$S9] ‘> !pazAjeue jou ‘-. lanjeA pajewl}sd sueaw ED sn1S137 S9a469p G2 1B J4933WLIUID Jad SudWBLSOJIW ‘wd/sH
{3931} Jad swesboudw ‘/67 Ja31) Jod swedbiyyjwu ‘/6w fu93Lyijiw ‘u f931S UOLIVI|109 IB Spew  JusWSINSEIW
Jo sisAjeue ‘p1a1j fAJojedoqe) B UL dpew judweunseaw Jo sisAjeue ‘qey I d  ‘swidp jo uotjluLiag 39s)

/8-686T ‘voIE ApN1Ss UOTIPAISSIY UBRTPUI 98] P9y 9yl UT
Sweo9I13s ANOF WOIF I9JeM JO SOTISTIIIoRIEYD [EITsAyd pue TEPOTWOY)--°G °TqQRL

40



0" R -- L g 6 L0 L*> 2 lee s8/02/8 S
10> €0° 60 16°0 L g & 90 b v €82 <8/SL/8 ¥
0> o> -- -- b s 9" 10 L> y 962  s8/sL/8 €
o> 20" 90" -- b 9 L s L> S €22 s8/g/8

-- - - -- -- -- - - - -- - se/sl/g 2
$0°0  90°0 810 -- £0 8'0 'L 80°0 10> 2 e se/si/g |

PIA1OSSIP 19303 18303 PIAIOSSIP 18303 PIAJOSSIP 18303 18303 PIAJOSSIp  (1/Bw) (1/6u)  23eq  uoileys

papuadsns ajeJdiu papuadsns paAjossip
smd ‘D, gl 38 J. 08| 3®
ILJILN 18303 anpisaJ
(d se /6w) ojueBio snid eLuOuAY e Luowwy ‘anplsay ‘spiios
snoJoydsoyd
(N se 7/6uw)
U3B0JIIN
8°l 2° g sl 281 9°l 9°93s $8/02/8 S
y°2 2> 5> (144 712 €2 9°¥3x S8/SL/8 k4
1°s s°l s> €62 09¢ s°l 9" 43s c8/sL/8 €
9L 8°¢ -- €82 122 0°2 9° %3 58/8/8
-~ -- S°> -- -- -- -- S8/s1/8 4
€1 €9 5°0> st 291 ¥°0 9°¥3x s8/SL/8 l
12 se /6wy ("os se 1/6w) (s se 1/Bu) qe p1at} () se /6w) (eN se 1/Bw) ?ieq uoilels
paAjossip paAjossip 18303 PaAjossip paAjossip
‘ap14014yd ‘ajejins ‘ap14\ns ‘unisselod ‘wnipos

(%0987 se 1/6w)
Atuneny

panUTIU0)--£8-GR6T ‘BoI® ApNlS UOTIPAIISIY UBRTpUI IYE] POy Y3
UT SmpoIlsS INOJ WOIJ IIIBPA JO SOTISTIIIOBRIBYD TeoTsAyd pue TeoTWOY)--°'¢ BIqR]

41



10°> r 6l 9l 1> 1> 1% 1S 4 58/02/8 S
10°> € Sl 6l 1> 1> L*> 69 € s8/s1/8 ki
L0°> € Sl 9 1> 1> L*> €€ l s8/s1/8 €
10°> kA oL 6 1> 1> 1°> 2s 1> $8/8/8
-- -- -- - -- -- -- -- -- s8/s1/8 4
10°0> 20 0¢ 2l 1> 1> €0 4% £ s8/51/8 l
R0 potiading PP VR LD CLI LU AR GLEED e whes
apluei) ‘auiyz RNETN I ‘uniud13s ! AanaJap ‘asausbuey ‘pean
aiuebio ‘uoque)
062 1> ol> 1> 02> 19 3 58/02/8 S
0%e S ol> l 0g oLl ki s8/sL/8 ki
9y 8 oL> 1> 02 oLl l s8/51/8 £
091 4 ol> l oY oLl k4 58/8/8
-- -- -- -- -- -- - sg/sl/8 4
ool 1> oL> l 02> 9¢ l S8/sL/8 l
(ad se 1/61) (a4 se 7/67) (43 se 1/67) (p) se 1/67) (4 se 1/67) (eg se 71/67) (sy se 1/67) 938q uoliels

PaAlosSIp
‘uoJ]

A10SS 1P
uwgwanoo

paAjossip
‘wn lwoJy)

PaA10SS 1P

‘un lwpe)

paAjossip
‘uodog

PaAloSsIp
‘un)Jeg

paAjossip
‘o1uasly

PONUTIUCY--/8-GB6T ‘®oI® Apnis UOTITPATIOSIY UERTPUL 9Y&] Pod Y3

UT sweoIls INOF WOIF I9IJBM JO SOTISTISIOBIBYD Teo1sdyd pue Teormayg)--°¢ OTqRL



The trophic state of lakes is a measure of their productivity. Eutrophic
lakes support abundant plant and animal 1life; mesotrophic lakes support moder-
ate levels of biological activity. The amount of nutrients in the biological-
ly-active upper stratum of water in a lake affects the trophic state. Nutri-
ent input to a lake depends on soil fertility, biological activity, and land-
use practices in the drainage basin of the lake. Ground-water and streams
that flow into a lake can potentially transport nutrients to the open water.
These nutrients are used by phytoplankton or deposited onto the bottom sedi-
ments.

Lower and Upper Red Lakes appear to be eutrophic to slightly mesotrophic.
The summer Secchi disk transparency, which is an indirect measure of the
biomass in the upper layer of a lake, ranged from 2.6 to 8.2 ft in these
lakes during midsummer of 1985 and 1987 (table 4). Eutrophic lakes in Minne-
sota tend to have Secchi disk transparencies that range from 1.5 to 6.5 ft
(Heiskary and Helwig, 1985).

The total (dissolved plus suspended) organic-carbon concentrations in
water collected from Lower and Upper Red Lakes during the summer of 1987 were
20 and 19 mg/L, respectively (table 4). Total organic-carbon concentrations
in water from the four sampled streams ranged from 10 to 30 mg/L (table 5).
Concentrations higher than 30 mg/L generally are above background levels and
are indicative of polluted conditions (Wetzel, 1975, p. 542). The sample
collected from the North Branch of the Battle River had a high total-organic-
carbon concentration of 30 mg/L probably because peatlands, which supply
organic compounds to runoff, comprise most of the drainage area for this
stream.

Most organic carbon in the streams and lakes is in the dissolved form
that plants and animals can rapidly metabolize. The ratio of dissolved organ-
ic carbon to suspended organic carbon commonly ranges from 6:1 to 10:1 in
lakes and streams (Wetzel, 1975, p. 540). In samples from Lower and Upper Red
Lakes, these ratios were approximately 3.5:1 because of the elevated levels of
suspended organic carbon. Phytoplankton and littoral flora of the lakes were
likely sources of the suspended organic carbon. The samples were collected in
late summer when phytoplankton populations may have been near a late-season
peak.

Most nitrogen compounds in samples collected from Lower and Upper Red
Lakes during the summers of 1985 and 1987 were organic (table 4). The amount
of dissolved organic nitrogen in the samples collected during the summer of
1987 was two to three times greater than the amount of particulate organic
nitrogen. The dissolved fraction of organic nitrogen commonly exceeds the
particulate fraction in freshwater, mesotrophic lakes.

The maximum concentrations of ammonia and nitrite plus nitrate, which are
inorganic forms of nitrogen, were 0.02 and less than 0.01 mg/L, respectively,
in samples collected in 1987. The low concentration of nitrite plus nitrate,
which was probably due to the assimilation of these compounds by phytoplank-
ton, was within the range of 0 to 10 mg/L that is commonly observed in unpol-
luted fresh water (Wetzel, 1975, p. 195-6). The ammonia concentration in the
samples from Lower and Upper Red Lakes also were within the normal range (0 to
5 mg/L) for unpolluted surface water (Wetzel, 1975, p. 197). The ammonia in
surface water generally forms as the end product of the decomposition of
nitrogenous-organic compounds.

43



Phosphorus, which is a less abundant nutrient than carbon and nitrogen,
commonly is the nutrient that limits growth of many kinds of algae. Total
phosphorus concentration is the most meaningful indicator of potential algal
productivity because of the rapid recycling and utilization of orthophosphate
by algae. Typically, soluble inorganic orthophosphate comprises less than
5 percent of the total phosphorus in temperate zone lakes (Wetzel, 1975,
pP. 219).

The total phosphorus concentrations in samples collected from Lower and
Upper Red Lakes in 1987, which were 0.07 and 0.12 mg/L respectively, exceeded
the dissolved orthophosphate concentrations, which were less than 0.01 mg/L
(table 4). The total phosphorus concentrations were outside the range of 0.01
to 0.05 mg/L that is characteristic of unpolluted surface water (Wetzel, 1975,
P. 217). Runoff from bogs and peatlands that are rich in organic compounds
possibly contribute phosphorus to Lower and Upper Red Lakes. Table 5 shows
that the concentration of total phosphorus in samples collected from four
streams flowing into Lower Red Lake ranged from less than 0.01 to 0.06 mg/L.
The sample from the North Branch of the Battle River had the highest total
phosphorus concentration, probably because of the large area of peatlands
in the streams drainage basin.

The concentrations of nutrients in samples from Lower and Upper Red Lakes
and from four inflowing streams were very similar (fig. 15). Suspended organ-
ic-carbon concentration was considerably higher in the lake samples than in
the stream samples, however, because of the seasonal increase of phytoplankton
populations in the lakes at the time of sample collection. The particulate,
organic-carbon concentration in the open water of lakes generally decreases
during late fall and winter when phytoplankton grow more slowly and settle
to the bottom.

Vertical profiles of temperature, specific conductance, pH, and dissolved-
oxygen concentration show the variation with depth of these properties and
constituents in Lower Red Lake during August of 1987 (fig. 16). These pro-
files indicate that wind action thoroughly mixed the water in Lower Red Lake
because of its shallow depth. The mixing action of the wind continuously
circulated dissolved oxygen throughout the lake and prevented the depletion
of dissolved oxygen in the bottom of the lake where decomposition of organic
matter causes the consumption of oxygen.
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SUMMARY

This report presents an appraisal of the water resources of the Red Lake
Indian Reservation in northwestern Minnesota. The study area is a contiguous
block of land in Beltrami and Clearwater Counties that comprises approximately
80 percent of the 794,000-acre Reservation. Lower and Upper Red Lakes occupy
25 percent of the study area. Commercial forest land covers about one half of
the study area, and noncommercial forest land, wetlands, and peat bogs cover
most of the remainder.

Lake-plain deposits, till plains, and peatlands form the major landscape
features. The peatlands were formed in lowland areas of lake-plain deposits.
Glacial deposits (mostly till) underlie the surficial soils and the peat.
Thin stratified layers of silt, sand, and gravel are interlayered with the
till. Crystalline bedrock underlies the glacial deposits.

The study area is in a continental climatic zone of cold winters and warm
summers. Mean annual precipitation is 22.7 in.; snowfall is approximately
20 percent of the total. Annual net recharge to the ground-water generally
ranges from about 0.5 to 1.35 in., and annual runoff generally ranges from
2 to 3 in.

Most of the water pumped from wells in the study area comes from confined
glacial-drift aquifers, which generally are 50 to 150 ft below land surface,
but locally, are as much as 225 ft below land surface. Estimates of the

gnsmlssivity of the confined glacial-drift aquifers range from 19 to 2,575
Estimated yields from these aquifers range from 22 to 238 gal/mln

Quality of the ground water in the study area is suitable for drinking
and other household uses. The concentrations of trace elements in samples
collected from wells completed in the confined glacial-drift aquifers were
below the maximum contaminant levels established by the U.S. Environmental
Protection Agency for drinking water. Calcium, magnesium, and bicarbonate
were the major inorganic ions in the ground water.

Surface water in the study area mainly consists of Lower and Upper Red
Lakes, but also includes many smaller lakes and streams. Many of these
streams flow into Lower Red Lake; Lower and Upper Red Lakes discharge into
the Red Lake River. Discharge data collected during the 1986 water year from
three streams flowing to Lower Red Lake show that the peak flows occurred in
late March and early April in response to snowmelt.

The quality of the surface water generally met criteria established by
the USEPA to protect against chronic effects on freshwater life. The major
ions in the surface water are calcium, magnesium, and bicarbonate. The
summer Secchi-disk transparencies were 2.6 and 8.2 ft in Lower and Upper Red
Lakes, respectively. These measurements indicate productivity in these lakes
was eutrophic to mesotrophic. The concentration of total organic carbon in
samples collected from Lower and Upper Red Lakes and four streams were within
limits that are characteristic of water little affected by human activity.
The nitrogen compounds in samples collected from Lower and Upper Red Lakes
were mostly organic. The concentrations of nitrite plus nitrate were less
than 0.01 mg/L, which is indicative of unpolluted water. Most of the phospho-
rus in the samples, which ranged from 0.07 to 0.12 mg/L, was in the particu-
late organic fraction.
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