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WATER QUALITY
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oHe 2 0l— most common to all aquifers in the study area is hardness. Most Objectionable quantities of iron occur locally in all aquifers,
i - ground water is very hard (greater than 180 mg/1) and requires especially in the sand and gravel deposits. Manganese occurs to
ET 2 ) o ey 220 — softening for many uses. Some soft water is found locally in the a much lesser extent in these aquifers.
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Large supplies of good quality water are available from the where high rates of pumping from the sandstone aquifer have caused gz = 260 |— Locally saline water, iron and manganese, nitrate, and fluoride sandstone aquifer is commonly 13-15°C (55-59°F).
shallow and deep ground-water reservoirs in the study area. These water levels to decline markedly. Detailed studies have been made HE T are problems. The sandstone aquifer contains saline water in
reservoirs are undeveloped in many areas because the demand for to help guide resource development and management, especially in = % 270 —
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The water table is not fixed but fluctuates in response to recharge pumpage from the greater Milwaukee area and increased pumpage
by precipitation, as shown in the above hydrograph. No long-term from the Chicago area.
changes in water levels are shown by this hydrograph, and water The above hydrograph of a wellnear Milwaukee shows a regional
levels are nearly the same in 1968 as they were 10 years earlier. decline of 75 feet between 1946 and 1968 and the minor effects of
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The Niagara aquifer underlies about 98 percent of the study area e - 3 = b
and is the most widely used source of generally good quality ground (Not Although not generally classed as an aquifer, a few g ki
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The sandstone aquifer is used throughout the southern one-fifth = e == the basin has a total dissolved solids concentration between water roug : ; L
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is moderately used in the central part of the basin, near the city of are commonly available from the sandstone aquifer and from some aquifer are as much as 15 gpm per foot. The wide range of specific — %B poisae 1ntt ? ?}?rt i (:olgr-t} a - Odt et e nk- = sou';gheast . '
Green Bay and at the city of Sturgeon Bay. areas of the sand‘and gravel and Niagara aquifers. capacities in the Niagara aquifer probably reflects the differences POTENTIOMETRIC SURFACES AND OBSERVATION WELL NETWORK bt o;r)er t ;})Ierc:n o Ae mlnel.rat_lza - lsb i ;)OIZS - ltrl;g Nitrate. is commonly derived from human and other animal
Yields from the sandstone aquifer depend primarily on the thick- Specific capacity is a ratio of well production, in gallons per between wells that penetrate uncreviced dolomite and wells that . . st I ' ol naile e o scurigmacsinogB o lPives i g B o t icultural fertilizers, organic decomposition, rainfall
ness of sandstone penetrated; as much as 1,500 gpm has been pro- SANDSTONE A minute, to the number of feet of water-level drawdown in the well. penetrate cracks or crevices. In the sandstone aquifer the specific Ground water in the basin moves within the water-table system loxy areas where it discharges into streams, wetlands,_ and Lake no_rthern part.gf this map, Fhe w.atef'-tabl.e contour map, and tl}e wastes, kagncvlil/' ural e A 'gd < p 2 , @ ,
duced from a well in the Milwaukee area. QUIFER The ratio generally reflects the degree to which an aquifer yields capacity differences are due to aquifer penetration—higher specific above the Maquoketa Shale and the artesian system, which is con- Michigan. Locally ground water moves toward wells in areas of soil permeability map. Mlperallizatloﬁn 18 generally 10W9§t In and roc Sa 3i§er /In shal O;V’l na equat?b?’ 0359 , l?rt' po! by
Most recharge to the sandstone aquifer is by lateral movement of water and, in some part, the construction and development of the capacities are in wells that penetrate greater thicknesses of the fined beneath th.e .Maquoketa Shale. In the water-table system the pumpage. Flow paths are sho;‘t except in the southern part of the recharge areas an(} areas with high mflltratlop rates, _an(.i it in- consttructeI t‘l:,'e sl’) Is I{:rtltcu ar yen:r:fi?:x; er eat?ar E}?ar:l l?tmm /{
water from an area west of the basin, although small quantities move well itself. Specific capacities in the surficial sand and gravel aquifer. ground-water divides generally correspond to the surface-water basin, where the system is confined. 1In the numerous areas of local creases toward discharge areas and areas with low infiltration was Igsa n 1st a:ism n(; I:} e cofncW ~ ualﬁ gyl a%xd
down through the shale and through ‘wells open to both the Niagara aquifer are as much as 50 gpm (gallons per minute) per foot, in the divides except in the southern part of the basin, where the ground- confinement, nearby wells may have very different water levels. i . : s ibl ) .suggest fegtia v “i:;f:r I-?i eh ((l:oncefltrations it ritrath
il sxisitons apaitite i srond of hon ) water divide is as much as 12 miles west of the surface-water divide. The artesian system underlies all of the basin, and most of the In the southern one-fifth of the basin a much smaller percentage POBBLY, S RAEL RO IEEE e g e ke
q 3 SO URENRES: ) The ground-water basin of the artesian system does not conform to i in. FIl hs are lon of the dissolved solids is due to carbonate hardness; therefore, in water can cause abortion in cattle and methemoglobinemia in
Water levels have declined steadily in the Milwaukee-Chicago pump- g A . y s o recharge is from the area west of the basin. Flow paths are long, f : : : infants (Comly, 1945). The U.S. Public Health Service (1962)
ing zone because pumpage is large, recharge through the Maquoketa the surface dramgge basin. Instead, the western {lmlts of this system and discharge is at wells located mainly in the areas of Milwaukee there is less correlation b'etwegn the two. 'Sodlum and sulfate ions i ts e l'mi.t f 45 m )l for nitrate in water used for
Shale is small, and lateral ground-water movement is slow extend 15 to 20 miles west of the surface-water divide. and Chicago and into Lake Michigan. Some recharge also takes taks g Mowt of The miketsiietion that & A Sae o ‘serhuiiet g, e 0d thi 7 tandard is usually accepted
X . The water-table system is present in all parts of the basin, and its place by leakage through the Maquoketa Shale and through wells hardness. : X 5 i human consumptlc.)n,. . ﬁ W art tl 3{1 1 I;har;
surface is described by the water-table contours. Ground water open to both the Niagara and sandstone aquifers. Several small areas of relatively high solids are present in the There are recent mdicathns ¢ faft concex;} sy Smu](% sss s
moves from high points on the water table, as arrows show, toward central part of the basin. 46 wg/] may Kavs Geloterions eiovim S BARIAEA NI SN DY,
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GROUND WATER RELATION TO STREAMFLOW
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Average dissolved — 468/356 —Average total hardness

SEASONAL VARIATIONS IN WATER QUALITY

The direct relationship between streamflow, ground-water
levels, precipitation, and snow cover is shown by comparing 5
years of record for these parameters. Fluctuations of ground-
water levels and stream discharge correspond closely. Ground-
water levels respond to precipitation and snowmelt more slowly
than streamflow because water percolates to the water table slowly.
During late spring, summer, and fall, ground-water levels and
streamflow rise in response to precipitation, but the greatest rise is
in response to snowmelt during winter and early spring. Heavy
precipitation in the summer may not greatly increase streamflow or
raise ground-water levels because evapotranspiration is greatest at
this time. Rainfall intensity and duration also control its effect on
runoff and infiltration. For example, the 10 inches of rainfall
during June 1968 was spread throughout the month in a series of
individual rainfalls of less than 2 inches. Consequently, the effect
on water levels was not marked.

Streamflow is a combination of surface- and ground-water runoff.
During rapid snowmelt and periods of prolonged, heavy precipita-
tion, surface runoff is quickly carried off by streams. Water that
recharges the shallow ground-water reservoir during these periods
is discharged more slowly and maintains streamflow during dry
periods. The three sketches above show the general relationship
between streamflow and ground water.

During periods of heavy rainfall and/er snowmelt, stream stages
and ground-water levels rise (A). Water moves into streambanks,
raising ground-water levels adjacent to the streams. As stream

stages recede, water stored in the streambanks returns to the streams,
followed by a general decline in ground-water levels as the ground
water is discharged to the streams (B). Stream stages and ground-
water levels continue to decline (C) until the next significant rainfall
or snowmelt.

Although surface runoff to streams generally is variable, depend-
ing upon the frequency and extent of precipitation, the ground-water
contribution to streamflow is much more uniform. Ground water
contributes about 50 percent of the average annual flow of streams
in the basin.

The average chemical quality of water in streams differs only
slightly from that in the ground. The illustrations compare the
concentrations of dissolved solids and hardness of water from these
sources during wet and dry seasons. Only water samples from the
main streams were analyzed to compute surface-water averages, and
they may not represent average values for all parts of the basin.

Ground water does not change significantly in quality between
wet and dry seasons because it moves through rocks very slowly.
However, water quality in some shallow wells in permeable glacial
drift might change. Ground water becomes mineralized as soluble
minerals in soils and rocks dissolve, and it becomes more mineralized
as the time of contact with these soluble materials increases (within
the range of solubility potential).

Surface-water quality does change between wet and dry seasons.
Water in streams is less mineralized during wet seasons than during
dry seasons because streamflow is mostly overland runoff that has
had only brief contact with soils and rocks.

Surface-water quality during dry periods normally approaches
that of ground water. However, the average dissolved solids con-
centration in streams during low-flow periods exceeded that of
ground water, although hardness was somewhat less. This results
from the addition of highly mineralized waste water. Also, pre-
cipitation may flush highly mineralized water into streams from
alternately wet and dry swamps, streambeds, or from areas where
water of normal mineralization has been concentrated by evap-
oration.
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RELATIONSHIP BETWEEN STREAMFLOW, GROUND-WATER LEVELS,
PRECIPITATION, AND SNOW COVER

NUTRIENTS IN GROUND WATER

Nutrient concentrations (primarily nitrogen and phosphorus)
in ground water have become of increasing interest in recent years.
Because the ground-water reservoir contributes heavily to surface
water during dry periods, nutrients in ground water may contribute
to problems of algal growth in lakes and streams. It has been
suggested by Sawyer (1947) that small amounts of nutrients
(0.03 mg/1 inorganic phosphorus, as POs, and 1.3 mg/l inorganic
nitrogen, as NO;) can cause algal bloom. Nitrogen concentrations
exceeding 1.3 mg/] (as NO;) are found in every aquifer almost
anywhere in the basin. Phosphorus is not common in ground
water in the Lake Michigan basin.

TOTAL ALKALINITY

1968). Of the 300 analyses of well water studied, 31 exceeded 3 mg/1
but only two exceeded 45 mg/1 (see map). The isolated occurrence
of high nitrates in these two wells indicates the very local nature
of the problem.

Fluoride concentrations in the western half of the basin are
less than 0.5 mg/l but increase to the east and southeast. Some
water in the southeastern part of the study area contains fluoride
in excess of the optimum concentration (1.1 mg/l) but rarely
exceeds the recommended maximum concentration of 1.5 mg/l
(U.S. Public Health Service, 1962). The Niagara aquifer appears
te be the source of the high fluoride concentrations. Fluoride
can reduce tooth decay during tooth development, but high concen-
trations can mottle tooth enamel.

SODIUM AND POTASSIUM TOTAL HARDNESS

CALCIUM TO

DISSOLVED SOLIDS CHLORIDE SULFATE as CaC03 as Na as CaC0 MAGNESIUM RATIO
L | | 0 8 [P T e I ) o TONE M i R e ) b l |
S35
o = — - — - - .
490
§ Niagara e 1 fo—ro Y= - gy
,§ 3
< 11,400 5100 2150 2490 3500
Sandstone ——— fo—r—— f—e—i Lo o—r— o——
el e o e i o dE L Bl
ne
| | Lokt I R N [ ekob b 0 T S el maifalilg) l | |
0 1000 2000 0 200 - 400 0 1000 2000 0 200 400 0 200 400 0 1000 2000 0 5

MILLIGRAMS PER LITER

WATER QUALITY BY AQUIFER

Major chemical constituents, characteristics, and properties of
water in aquifers within the Lake Michigan basin are shown above.
Quality of ground water differs somewhat between aquifers
(compare median values), but there are greater differences within
individual aquifers (see maximum and minimum values). All
water analyzed has a median dissolved solids content between
375 and 550 mg/l. Lower range values largely reflect carbonate
hardness, but higher range values reflect considerable noncar-
bonate hardness, with sulfate as the contributing anion.

The water in the Niagara and sand and gravel aquifers is
commonly less mineralized than water in the sandstone aquifer
because it has not been in contact with the rocks as long and has
had less time to dissolve minerals. Localized occurrences of
saline water account for the very high maximums in the sand-
stone aquifer.
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WATER RESOURCES OF WISCONSIN-LAKE MICHIGAN BASIN

By
Earl L. Skinner and Ronald G. Borman
1973

INTERIOR—GEOLOGICAL SURVEY, WASHINGTON, D.C.—1973—W71055






