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STRATIFIED SEDIMENTARY ROCKS OF PALEOZOIC AND CRETACEOUS AGES
ARE GENERALLY LESS THAN 25 FEET THICK AND ARE NOT AQUIFERS

WITHIN THE

ROSEAU WATERSHED.— Precambrian crystalline rocks underlie the entire

water moves to streams in the large, flat swamp areas

GROUND-WATER PROBABILITY MAP SHOWS AREAS IN THE ROSEAU RIVER WATERSHED WHERE WATER CAN BE OBTAINED FROM KNOWN SURFICIAL AND SUBSURFACE AQUIFERS
The high altitude of the water table in the Beltram: Island area indicates that this is a major recharge
area. The water-level gradients show that most ground-water contribution to Roseau River occurs in the

Beltrami Island area, moderate to small contribution occurs in the lower till areas, and very little ground

watershed
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THE ROSEAU RIVER WATERSHED IS AN AREA OF LOW RELIEF AND LOW OVERALL LAND SLOPE % )
The only abrupt change in topography is at Beltrami Island which rises about 200 feet above the  reaches the ground-water reservoir by infiltration largely in areas of surficial sand deposits. This ) "
surrounding terrain in the southeastern part of the watershed. Because of low hydraulic gradients  water moves through the reservoir and is discharged largely to nearby streams or topographic lows 2 - /Z 48°30'
water movement i8 very slow in the ground-water reservoir. Most precipitation runs off to local low where evapotramspiration losses from the ground-water reservoir are high. Local areas of flowing . ]
areas (swamplands) or infiltrates into the soil zone and returns to the atmosphere by evapotran-  wells are indicative of ground-water discharge. The recharge area for the flowing well zone in the e
spiration. Some precipitation reaches streams as overland runoff. Only a very small portion  northern part of the watershed lies in Canada
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Surficial sand—beach and shoreline deposits. Beach 0-30 Yields of as mueh as 20 gpm to shal- 16 3 2-10 5 Suitable for domestic and stock if 138 Annual recharge_ from pre- Most of the annual recharge Undeveloped
ridges contain fine sand to coarse gravel. Scat- Average low domestic wells can be ob- not locally contaminated. Wat.er cipitation estlmat.ed to to the §urfipia1 sand ag-
tered patches of sand are largely fine to medium about tained from the larger beach is very hard, up to 450 ppm. Dis- range from 3 to 6 inches vifer is discharged to
sand. The large area of sand in the southeastern 20 ridges solved-solids concentration ranges per square mile, or 22,000 nearby streams or topo-
part of the watershed is part of Beltrami Island. feet Wells developed in smaller beach from 850 to 750 ppm to 44,000 acre-feet for graphic lows where evapo-
T.his former island consists largely of fine to me- ridges and other small areas of Well owners commonly report sand area. Most recharge tl:ansplratlon lossdes are
dium sand sand generally yield less than 5 “rusty” water. For the two occurs in spring high. Some ground water
gpm and may be “dry” during chemical analyses, available iron moves to deeper zones of
the fall was less than 0.4 ppm the ground-water reservoir
P and is discharged beyond
" the sand areas
Sand lens within till—aquifer material consists large- 4 to 40 Yields of about 20 gpm are common 16 12 4-50 18 3 0.1- 1.8 Suitable for domestic and stock. 31 Recharge is by downward Discharge is partly by pump- Relatively unde ve!opg@.
A ly of sand and gravel. The geologic boundaries from small diameter drilled wells 31 Dissolved-solids concentration leakage from the water age or by flowing wells. Pumping has not signifi-
of the aquifer as shown on the map and cross sec- finished in the aquifer. ranges from 280 to 1,200 ppm. table within parts of the Some discharge is to cantly lowered the natural
tions are approximate. The block indicated by The maximum yield to individual Iron content reported on analysis aquifer areas and by water swamps by slow upward water level throughout the
letters A, B, and C represent a zone in which most wells is not accurately known. is 3.6 ppm. Water is reported infiltrating in the sand movement of water from aquifer. Water levels .do
of the wells of the area are completed and in which At some places yields of 50 gpm “rusty” by well owners areas. Much of the re- deeper zones within the fluctuate, howevel_', with
most logs show sand or gravel at some position from individual wells could be charge that occurs within ground-water reservoir seasonal and climatie
within the range developed !:he maxl))pet;il aquifer are}?s changes
: . 1s probably near the
Water is confined Wit walls
e 2 to 50 The maximum yield to individual 40 38 0-60 19 6 0.2- 1.5 Suitable for domestic and stock. 64
4 wells is not accurately known. 6.0 Water is very hard, from 250 to 3
—— At some places yields of 60 gpm 450 ppm. Dissolved-solids con-
from individual wells could be centration ranges from 300 to
developed 500 ppm. Iron content, as re-
ported on two analyses is less
than 0.3 ppm.
— 5 to 30 Yields of 15 to 30 gpm are common 31 21 | 3-300 60 4 0.1- 49 Suitable for domestic and stock. 67
m from farm wells finished in the 12.0 Water is hard to very hard, from
R—— aquifer. Wells yielding more 130 to 300 ppm. Dissolved-solids
than 100 gpm could be developed concentration ranges from 300 to
in this aquifer as evidenced by 500 ppm. Iron content is very
two wells in the aquifer at Ros- high, greater than 1 ppm
eau both of which yield over 200
gpm. Many wells finished in the
ifer fl
A small aquifer north and west of Ross, shown by sapier Dow
D dashed outline, lies between 1,055 and 1,065 feet
above mean sea level. This aquifer is largely sand

WATER QUALITY

FACTORS CONTROLLING WATER QUALITY IN THE GROUND-WATER RESERVOIR

I Peat THE RATE OF SOLUTION BY GROUND WATER IS GREATLY INCREASED BY
o' | (high €O r—— THE DISSOLVED CARBON DIOXIDE WHICH IS CONCENTRATED IN THE
S £ particle SOIL ZONE.— Leaching of soluble minerals results in presence in solution of Ca** , Mg++,
g 8 Limestone Nat,K*, Fet* ,Cl~, SO, COsand HCO;. The principal reaction in the weathered zome is the
= i acid attack of carbonate minerals—Ca Mg (COs), +2CO . +2H,0 <Ca(HCO,), + Mg (HCO,),. As
s 'g. a result of their reaction, most waters in the watershed are hard.
= < Percolating ground water continues to dissolve the carbonate minerals in the deeper parts of the res-
ervoir but at a muchslower rate. At many places an equilibrium is established between Ca*t*and
Mg** ions in solution and those in the carbonate minerals. Where equilibrium is upset by other
chemical reactions that produce CO; or where rapid moving waters are undersaturated with respect
to Ca**and Mg*", carbonate minerals continue to dissolve
‘_,_«/
Till
Organic matter
CATION EXCHANGE TENDS TO SOFTEN DEEPER WATERS BY DECREASING
THE CONCENTRATION OF Ca** AND Ma** IONS IN SOLUTION AND
REPLACING THEM BY Na* IONS FROM THE CLAY MINERALS.—
= The exchange does not constitute a source of additional dissolved solids but is a process which in-
§ = creases the proportion of sodium in water. The cations, Ca**and Mg*+ , in solution in water and
- = the adsorbed ioms, predominantly Nat held by exchange material, constitute a system in chemical
§ § equilibrium provided contact time is sufficient. The degree that the reaction, 2 Na X+ Ca*+ =
£ ; Ca X, +2 Na* (where X represents the unit of exchange capacity of the clay mineral or organic
e 0 material), proceeds to the left or right depends upon the relative concentrations of Ca*+und Na*
£ b n solution
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e REDUCTION OF THE SULFATE ION, SOz, IN SOLUTION COMMONLY OCCURS
Organic matter IN THE GROUND-WATER RESERVOIR WHEN SULFATE IONS COME
INTO CONTACT WITH BURIED ORGANIC MATTER.— The products of this re-
duction are H,S gas and COs. Some well owners in the watershed report H;S gas. The effect of
sulfate reduction is shown by a large increase in concentration of bicarbonate ion, HCOg, some
N R S e increase in Ca** and Mg*+ion concentration, and by a decrease in SO concentration
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AREAL DIRECTION OF GROUND-WATER MOVEMENT IS REFLECTED BY LAT-
ERAL CHANGES IN DISSOLVED-SOLIDS CONTENT.— In general, waters of lowest dis-
solved solids occur in recharge areas and increase in dissolved solids toward discharge areas. The
water-table map and dissolved-solids map are similar in pattern, thus flow lines of water movement can
be drawn on the basis of iso-concentration lines. Low values of dissolved solids indicate recharge in the
larger sandy areas in the southeastern and southwestern parts of the watershed. Indications are that
dissolved-solids content is low in the sandy area of the Pine Creek drainage in Canada, thus indicating
recharge here also. Particularly high concentration of dissolved solids in the swampy area of the north-
eastern part of the watershed may be due to the movement of water for considerable distance, local con-
centration by evaporation, or solution due to availabilty of CO,
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GROUND WATER IS DOMINANTLY THE CALCIUM BICAR-
BONATE TYPE AND IT IS SLIGHTLY ALKALINE.—
Hydrogen-ion concentration, pH, ranges from 7.4 to 8.3, the mean is
7.7, for the 2 analyses. At this pH nearly all the alkalinity is due
to the bicarbonate ion, HCO ;. Sulfate ion, SO; , is low and ranges
Sfrom 1 part per million (ppm) to 134 ppm, and has a mean of 12 ppm.
The typical water is low in free carbon dioxide, free from hydrogen
sulfide, very hard, low in chloride, and is moderately high in iron. The
water is suitable for most municipal and agricultural uses
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GROUND WATER IN THE WATERSHED
IS MODERATELY MINERALIZED.—
Dissolved-solids content ranges from 192 to
830 ppm, with one exception, and the median
8 340 ppm. This is the normal range for
waters in the glacial drift in northwestern
Minnesota. There is no good correlation
between well depth and dissolved-solids con-
tent for the water samples that were analyzed.
Water samples were obtained from wells vary-
ing in depth from 17 to 175 feet

WATER-QUALITY PROBLEMS
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HARDNESS OF GROUND WATER WITHIN THE SHADED AREA CAUSES MOD-
ERATE TO SEVERE INCRUSTATIONS OF WELL SCREENS AND PIPES.—

Where hardness exceeds 500 ppm, incrustation on domestic well screens may require replacement after
Maintenance of original yield in the area will require periodic treatment of well

several years of use.
screens. By pumping wells at a low rate, the effect of incrustation can be minimized
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Supplemental contour at 0.3
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CONCENTRATION OF DISSOLVED IRON IN THE SHADED AREA IS SUFFICIENT
TO CAUSE PRECIPITATION OF RELATIVELY INSOLUBLE FERRIC HYDROX-
IDE WHEN WATER IS EXPOSED TO AIR.—

Removal of iron is required before using the water for laundering
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Numbers in bars are total number of analyses
within range

MOST GROUND WATER IS VERY HARD.—
Hardness is due mainly to the presence of
calcium and magnesium compounds, generally
bicarbonates and sulfates, which react with
soap to form insoluble products. The mineral
salts that cause hardness can form incrusta-
tion on well screens, in pipes, and in boilers.
Total hardness, as expressed im equivalent
amount of calcium carbonate, ranges from 1,2
to 725 ppm and the median is 253 ppm
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Iron also contributes to incrustation of well
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