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GROUND-WATER—SURFACE-WATER RELATIONSHIPS
DRY SEASON WET SEASON
700 850’ - 850’
600 Chemical quality of surface water varies with the season and 007 | so07
_ differs from the quality of ground water. Average dissolved solids
Streamflow of the Fox River at Waukesha Streamflow is a combination of surface runoff and ground-water and hardness from analyses of 319 ground-water samples and 34 750" - L 7507 In humid areas underlain by permeable rocks, such as the Rock-
g o 500 runoff. During snowmelt and periods of prolonged, heavy precipita- surface-water samples were compared to determine differences due A Fox basin, lakes and marshes are extensions of the water table and
2= tion surface runoff is quickly carried off by the streams. Water that to the source gmd the season. An example of the seasonal variations 700" Sy . [[700 are areas of ground-water discharge. Ground water discharged to the
=32 400 is recharged to the shallow ground-water reservoir during these in water quality are ghowp in the illustration to the left. b &~ € Silurian dolomite o lakes commonly flows out of the lake through a stream. However,
Ry periods is discharged more slowly and maintains streamflow during Ground-water quality is nearly constant and is not changed 650’ TR e e e L many lakes in the Rock-Fox River basin have no surface outlets,
g a0 dry periods. rapidly by mﬁltratlng precipitation. : ) . . and discharge into aquifers. Ag an ex‘ample of grounq-water flow
X Surfa ff These hydrographs show the close relation between streamflow Surface-water quality changes seasonally and very rapidly during T ol v e through a lake, Browns Lake in Racine County receives ground
= ] S b in the Fox River at Waukesha and ground-water levels in a nearby storms. During wet seasons the water in streams is less mineralized DATUM IS MEAN SEA LEVEL water mainly from the east and loses it by ground-water seepage to
Z L 200 well. The streamflow hydrograph has been separated into surface- because it is mostly overland runoff that has had only brief contact the Fox River on the west. The natural gradient is toward the river,
runoff and ground-water contributions to the river. Although the with soils and rocks. None of the samples analyzed were taken during EXPLANATION which is about 17 feet below the lake level.
100 separation line is only approximate, it can be seen that the ground- extreme high flow (bankfull or flood stage). If they had been, the This type of detailed knowledge on water movement is useful for
' water runoff is the more uniform part, and the surface runoff the average concentrations might have been lower. During dry seasons planning land and water use in lake watersheds. Problems of ground-
0 oy more erratic part, of the total streamflow. It is estimated that ground normally highly minerjalized. ground-water discharge in streams may water contamination, excessive weed growth, and loss of fish and
gey pate ranytal 5 e 0 . O 128 e e el kel o e o T S Tl e
ESo ’ . : : C water to Browns Lake rom Browns Lake ’
=2% v J{\f\f¥ EXPLANATION .
-3 S — Dissolved solids (mg/I) Direction of ground-water
o 13 347/319 movement
== Total hardness (mg/I as CaCO3)
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& Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. SEASONAL VARIATIONS IN WATER QUALITY GROUND-WATER MOVEMENT AT BROWNS LAKE, RACINE COUNTY
1966
GROUND-WATER CONTRIBUTION TO STREAMFLOW
Large undeveloped supplies of good quality water are available  ness and areal extent, the rate that water seeps from the surface or EXPLANATION Sand and gravel in the basin constitute a major source of water.
in the Rock-Fox River basin from its underground reservoir. About  from other aquifers to recharge the aquifer, the ease with which Sand and gravel may occur either at the surface in well-drained hills
200 billion gallons of water are discharged to streams and wells water moves through the aquifer and the amount of storage. and in flat valley deposits, or they may be buried beneath less per-
each year, which is about 300,000 gallons for each person in the Ground water will continue to meet domestic, agricultural, meable deposits.
basin. Yet, this is less than one-half of 1 percent of the total water = municipal, and industrial needs in the basin because only a small part Area underlain by Large deposits of surficial outwash sand and gravel are shown at
stored underground. of the total potential is being utilized. Present areas of heavy surficial outwash the left. Because of their high permeability, these deposits are easily
Aquifer§ throughout the basin serve the dual function of providing pumpage are relatively few, and the density of settlement within the and rapidly recharged. Buried sand and grav’el deposits occur through-
water supply via wells and springs and of furnishing a perennial  basin is thin as a whole. But, because ground-water availability Location of buried out the basin, but their extent is too poorly known to map in detail.
base of streamflow by seepage and spring discharge. The amount of varies locally, detailed studies are needed to guide resource develop- valley Productive sa,nd and gravel aquifers commonly are in buried bedrock
water that can be continuously pumped, disregarding economic ment, especially in present and anticipated pumpage centers. valleys, and the aquifers may or may not be buried beneath less
factors,from a well or group of wells depends upon the aquifer thick- permeable deposits. Traces of deep bedrock valleys are shown.
Several thousand gallons of water per minute have been obtained
from drilled wells in outwash sand and gravel where the aquifer is
thick and underlies a perennial stream, such as along the Rock River
—_ - in Rock County. In areas not containing thick outwash, small yields
. aolowic telenioss aximum yie of water have been developed from local deposits of sand and gravel.
260 /f\ EXPLANATION Aquifer G unif Th( f(;l;t)e S available We(lflecé:)p th Cgétcxz?orilal‘ Because they are surficial, glacial deposits are recharged from the
— . TN o (gpm) surface; natural discharge is to lakes and streams.
W, 280 Active observation well
; % 58 - . Surface sand ) nlargement
;—% 300 ~\\,/ ] Discontinued observation well and gravel 0 to 300 500-5,000 Up to 300 Geology from Alden, 1918
=5 ™M N (mostly outwash) except for buried valleys
I— o= 310 \/J\/ 000000 OCOOOIOGROOOS Sand and p y
=X w e Ground-water divide gravel 5 %3338, 3. ) SAND AND GRAVEL AQUIFER
o 330 \v\ . ) .}; §5 ( ; (o 5 { Sand and gravgl yields
E% 240 e /\‘vv\ AN al Surface-water divide E‘:;edr:zgld . 0 to 100 10 to 500 Average 120 P ko water from intercon- . EXPLANATION The Niagara aquifer, which underlies about 25 percent of
B ] YW T L A g : : nected pore spaces be- § the basin, provides water supplies in the rapidly developing
L 350 VARV \‘ WATER-TABLE SYSTEM . Ség ( “'( ; ] tween the grains : eastern part of the basin to meet domestic, commercial, light indus-
360 \A e trial, and some municipal and agricultural water needs. Nearly all
0 950 Area underlain by wells will produce at least 10 gpm (gallons per minute), the amount
1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 Water-table contour aquifer usually considered necessary for a single household.
From Devaul, 1967 Shows.altitudi to wfiiucllzi ugatilrZ wlllldl rise Iznt wgl}lls lm The aquifer is recharged mostly by downward seepage from the
7. N € aquo a ate. " i 1 1 1 1 1 1
. ‘ ‘ . ‘ B ac%z;zt{)euf ?zte:;});zl 5; fegt. Rt 7'(11 A ?m Ao Niagara ]I)\Illagali-: 0 to 450 0 to 1,500 Averien 150 Enlargement glacllal (;isrlft, g.nd ﬁ: discharges through the drift into streams, lakes,
The potentiometric surface in the artesian system is declining Tovol e el b wetlands, and wells.
regionally because of continued pumpage from the greater Milwaukee
area and increased pumpage from the Chicago area. ) e In dolomite and limest
. The above hydrograph of a well in Waukesha shows regional an ; ; g n dolomite and limestone
Winra local effects of pumping. Minor fluctuations imposed on the gradual Diseculia oL ground- srater moveront water occurs in fractures
850 water-level decline of about 3 feet per year are due to heavier ARTESIAN SYSTEM Yz that may be enlarged
by Waukesha city wells. The water-level rise in Although not generally classed n ifer. a f = = by solution
summer pumpage by Wa y ) Masaoketa g t generally classed as an aquifer, a few
1964-65 was caused by the temporary shutdown of a nearby pump- 700 (Not an aquifer) é:lh 1 0 to 225 wells obtain small quantities of water from lime- ==
ing well. Artesiai contoir e stone and dolomite in the upper part of this unit
Shows altitude to which water will rise tn wells in
City wells in Madison have developed small drawdown cones. This A e z}l;aazzzlfcsett?zneS(;%geTCZ]ZfZZ: t ﬁi%ﬁn?obl}etff
detailed enlargement of a segment of the potentiometric map for 1968 ¢ e Datum is mean sea level —
shows two drawdown cones extended to where they intercept s : Plattevill Galena Dolomite, Shale may yield some water taeclagy madilied fram Bean, 1948
ground water that pr(;lvuiuls{ly moved to the lakes and probably ' 5 e\ R %}af:riae Decoral and 0 to 400 10 to 100 Average 130 to wells from fractures NIAGARA AQUIFER
Hiskige pECkiD Lo the luies, 892 L S Direction of ground-water movement Platteville Formations . . . ’
p # ) N i EXPLANATION The Platteville-Galena aquifer underlies 70 percent of the basin
T 4% 5 N T and is widely used for domestic and farm supplies where it is covered
e West limit of Maquoketa Shale by thin drift, but yields little water to wells where it is deeply buried,
g OD o, : particularly where it underlies Maquoketa Shale(see map). Because
A 7] P Bea '. ] Area underlain by the shale r%du%eis tdo“ﬁlwér(li circulaftionh of lWater (recharge)
- o St. Peter —~ aquifer crevices in the Platteville-Galena aquifer have less opportunity to
S | - Recharge area for artesian system : Sandstone 0 to 350 100-250 Conr;lmonly less F | d be enlarged by solution. Such poor circulation reduces well pro-
° pall Junea h %050 : than 200 )«_L S ductivity and adversely affects water quality. West of the shale,
S Ly J Binissi 5 o 7> o - ‘% J recharge is to the aquifer through the overlying drift; discharge is
Cu ot 3 %o = Sandstone yields water Area in which aquifer through the drift to surface-water bodies or downward to the
ﬁ?, w 35 X o i g Ny ’ ) d e, from dsmall interc(k))n- 3 is widely used sandstone.
EoE 0 e’ brect 2 ;K ; B on Goon 0 to 200 10 to 50 Average 125 BosEet Joe Fradwm = 6
; ,‘f ?, 45 N A ud "\/\I \ 10 = o ]gi B ) S Ground water in the basin moves within two principal systems, the Cltet Gronp . t?‘ﬁln the grains. Part )
T2 5 [ 1l g = B 6 Su - e 9 “water-table” and the ‘“artesian” systems. The “‘water-table” sys- gll d?:) PHE LY = W %
E==< ™ 2 i i/ M 5 1 ' tem is present in all parts of the basin, and its surface is described Sandst ed by cementing ma- i S,
W= 55 6w 12 : G\ 160 R e by th andstone Trempealeau terial. Some water :
. ) =35 - S y the water-table contours. As the arrows show, ground water moves Pormation babl ¢
4 == ~ ewgod WillgL sy !8) W2 Qe ‘f A < L away from high points on the potentiometric surface and discharges tpro VIS S stom
2 § s 5 { V/’ 9 Sgfdid | into lakes, streams, wetlands, and areas of pumpage. Flow paths are Franconia FSe
0 o~ %, ¢ L@QF e S sk s 430 short. Ground-water divides follow surface-water divides only Sandstone
1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 4 . == ] A generally, and some ground water flows into or out of the surface- - 100 to 1.008 i porthwest
Modified from Devaul. 1967 > "W ! R ¢ ' 4 water basin near its borders. This ‘“water-table” system is not truly Galesville fi'ts 8.6007 500 to 2.000 ¢ v’er 5400 in cast
coq } - A a single hydrologic system. Within it there are numerous areas of Sandstone L 0% a(r)ldosouth i RNk of avea Geology from Bean, 1949
The poteniomstre surtase s slways chstgiog, This hydremaph L o° >y iocal confinement, and n‘?arby wells may have very different water Bau Clstie R PLATTEVILLE-GALENA AQUIFER . d i " . e )

. : < =, evels. The composite ‘“‘water-table” system described here is a Snsidstons e sandstone aquifer, the most important aquifer in the basin,
shows l}oyv t}}e water level in a well not aﬁgc‘ged lg)y pumping respor;ds %, \". s Wi generalization. ANASLO EXPLANATION underlies the entire basin except in the vicinity of three small
to precipitation. Recharge from local precipitation during the spring “ £ P 1), 50 4 The “artesian’”’ system includes those parts of aquifers confined Mount Simon Precambrian crystalline rock ridges. This aquifer consists of several
aDnd‘sumtr;llerllst followed. by a rltse " ?;het_wateihll.evel = tthe fwalll. i ilton J llton Wapdrford beneath the Maquoketa Shale. Most recharge to this system is from Sandstone : geologic units, each of which contributes some water to wells, but

uring the late summer evapotTanspiration Uebises most Of bae %o e RAC the area just west of the western limit of the shale. Flow paths are 2 . the Mount Simon and Galesville Sandstones of Cambrian age (see
precipitation, and only extended periods of rainfall recharge the ) C I . 882 lotip, andJ discharge is at wells located mainly in the areag of Mil- (ot afl i) Crystalline 'S TI— Alth‘ﬁ‘ghbnof' generlailly classed as an aquifer, a few Crystalline rocks may Area underlain by sheet 1) are commonly the most productive. Yields in most wells
aquifer. In most years the ground is frozen during the winter months, amedyill X il Cie LA TR wankee and Chicago. rocks wells obtain small quantities of water from this yield some water from aquifer depend primarily on the thickness of sandstone penetrated.
preventing recharge, and the water level in the well falls. 3 &2iGrovel )+ The information on this sheet was compiled using data from L small fractures Recharge to the sandstone seeps down through the drift and
No long-term changes in water levels are shown by this hydro- ;-f:oo = e GiE Ao 550 observation wells located on the map, records from over 1,000 other through the overlying bedrock units where they are present. Where
graph, and water levels are nearly the same in 1966 as they were 10 = = = . wells, and reports of Cline (1965), Foley and others (1953), Green the Maquoketa Shale overlies the sandstone aquifer there is little
years earlier. i (¢ < o0 < e . and Hutchinson (1965), Hutchinson (in press), Le Roux (1963), and GROUND-WATER AVAILABILITY Area in which aquifer is recharge, but a small quantity of water moves downward through
: S_ s 51 S > 22E) Newport (1962). shallow and widely used the shale and through wells open to the Niagara and sandstone
ST T ga for domestic supplies. f.quilfell‘ls. Whered‘tlhedaq;\'xife(ri underﬁiesltheuMaquokgt? Shale water
. ) y L g . N evels have steadi eclined in wells (locally up to 8 feet per year),
. ] SCAOLE 1:1 0001(300 - Compiled from well records and reports Ground water is available nearly everywhere w1th}n @he basin, h}gh.whgre saturated thl?l«_xn&sses are over 50 feet. Ho‘yever, the because recharge bi’s small, ground-w(ater rsrlloé)ement is sr,)low},’ an)d
— = of Newport, 1962, LeRoux, 1963, Cline, 1965, usually at depths of less than 150 feet. The water yielding rocks, distribution and permeability of sand and gravel deposits change pumpage is large.
o 16 20 KILOMETERS and Green and Hutchinson, 1965 or aqul.fers, are grouped into four major aquifers for convenience of greatly within short distances, and well yields may be difficult to Natural discharge occurs only west of the Maquoketa Shale—into
—— = discussion. The sandstone aquifer is the major aquifer for large predict. The Prairie du Chien Group, the Platteville-Galena unit, the Rock River, its tributaries, lakes, and wetlands. In the eastern
supply uses and underlies the entire basin. The sand and gravel and the Niagara Dolomite are composed mainly of dense, crystalline one-third of the basin discharg’e is en’tirely by pumping wells.
POTENTIOMETRIC SURFACE AND OBSERVATION WELL NETWORK aquifer yields large supplies of water in the Rock River valley and dolomitic rock that yields water from fractures and solution channels The sandstone is the most widely used aquifer in the basin for
other local areas. The Niagara and Platteville-Galena aquifers are of rather than from intergranular pore spaces, as in sandstone or sand high capacity wells. In most areas wells in this aquifer can yield
limited local importance. and gravel. Because the distribution of fractures and channels is e A 1,000 gpm. The aquifer furnishes water to 63 municipalities and
The physical properties of the geologic units control ground-water much less uniform than the distribution of intergranular pore spaces, Geology modified from Bean, 1949 numerous industries in the basin, and it supplies numerous domestic
movement. Well yields from permeable sand and gravel are generally well yields from dolomitic rocks are even less predictable. SANDSTONE AQUIFER and gteel nesds n Hhie western one<third of the hasn.
WATER QUALITY
EXPLANATION Ground water in the Rock-Fox River basin is generally of good In the ground-water flow system the concentration and variety
quality and is usable for most purposes. Most problems are caused of mineral matter are constantly changing as the water slowly moves
057 by hard water and locally by high iron concentrations. Nearly all of through different types of rock, dissolving minerals from them.
Well the ground wate? is very hard (181 mg/l or greater of hardness) Pre_cipita_tion, very low i_n mineral conter_xt, enters the soi! zone and
Showing: sk Hebd ol Small quantities of nitrate an'd ﬁuqride generally are found in and needs softening for many uses. beg}ns dlssolV1{1g dolomite and other minerals. The calcl}lm, mag-
sater U8 SRILITaNEE Sor ground water throughout the basin. Higher concentrations of these nesium, and bicarbonate contents of the water are derived from
Wior Avews bidoutiss i constituents oceur locally but are not common. The higher concen- ‘ dolomite, and small quantities of silica, sulfate, sodium, potassium,
trate content in excess of 45 trations of nitrate may be harmful for human consumption. Dolomite and iron are dissolved from other minerals.
milligrams per liter High nitrate concentrations can cause methemoglobinemia in
infants (Comly, 1945), and the U.S. Public Health Service (1962) . 5 : ”
suggests an upper limit of 45 mg/1 for nitrate in water to be used thPerlcol'a'iuclig'fgrorlll‘r}lld weaber lcontlnuously dissolves minerals from
i Eapiing: i for drinking and culinary use on interstate carriers. This standard y TOTAL ALKALINITY SODIUM +POTASSIUM TOTAL HARDNESS CALCIUM/MAGNESIUM A G R
is usually accepted for all human consumption uses. SSOLVED SOLIDS—mg/I CHLORIDE—mg/I SULFATE —ing/I mg/| as CaC0, mg/I as Na mg/I as CaC0; RATIO sand and gravel deposits is generally low because of the short time
R Nitrate is commonly derived from human and other animal wastes, w 0 400 800 0 50 100 0 200 400 0 200 400 0 50 100 0 400 800 0 1.0 2.0 the water is in contact with minerals, High iron concentrations are
0 fertilizer, organic decomposition, rainfall, and rocks. Water in ;,8 " [y e o v o o i T T 1 = — | T T T T 1 T T ] e e e e e e | T T 1 rr};;)stt prgvazlen(;: fln poorly draflnetli1 areas. High concentrat}ons of
Sand and gravel shallow, inadequately cased, or poorly constructed wells is particu- Yo Sand and gravel = Fe— ke=4 = e—— === === nitrate, derived from sources of pollution, may occur locally in wells
larly susceptible to pollution by waste from above. o= @ ikl ) o= == F——e—} fo—i ——t I tapping shallow sands and gravels. Ground water in deposits of sand NUTRIENTS IN GROUND WATER
@ Nitrate concentrations in ground water that exceed background 225 = Sandsiuae e : overlalrll by poorly permeable till is more highly mineralized but is
Niagara concpntration suggest degra_dation of water quality in the well and %E% & Sand and gravel —eo = e | o—roid —e— ——— ———y —_—— generally protected from pollution. Nustrient concentrations (primarily nitrogen and phosphorus) in
possibly of part of the aquifer. As used here, background concen- @ = & Niagara —eo ] ° ] —e————— ' - y o | ——i —e—W12.3 ; . :
o tration is the upper limit of the modal range. Sixty-three analyses i Platteville -Galena o—— >y e— ——— —oe— ——— — 16,1 y . . ground water have become of increasing interest in recent years.
PlattevillaCalons o v} wenbor oxcaaded the baslaaround concen't ration (3 mg/] in this =Y s sanfsris . o ) o . . | : As water moves tthug}l dolomite aquifers, especially tlr{roug}} the Because tl_le grqund-water reservoir sustains the §urface water at low
v lon (3 n . 3 preistelsiiael § - T — — L ! R ! ' Platteville-Galena unit, it becomes harder and more mineralized. flow, nutrients in the ground water would contribute to problems of
® basin) ar}d 5 exceeded 45 mlg/l (see map).fThe dlsgrlbutlon o{lt ese 5 200 400 0 200 400 0 50 100 400 800 0 1.0 2.0 Water in dolomite aquifers may be polluted locally where open algal growth in lakes and streams. Analyses from wells in the Rock-
Sandstone gn‘geilé: rl:xli?:(():?tsﬁzgi}f;ia;i?toogz)unr?(?;i,tgr sglfgglr; ~water pollution solution channels and fractures are near the surface. Fox basin show the maximum, median, and minimum nitrate con-
Most fluoride concentrations in the basin are less than 0.5 mg/1, WATER QUALITY BY AQUIFER N, ot aad olibues Total Phospons eI B D6
) X but concentrations increase to over 1.0 mg/l in the Niagara aquifer 0.58 0’ 11 d’O 07 1 ;a1 Phosp sl 4
Niagara, Platteville-Galena, in the extreme eastern part of the basin. Although fluoride can ; X : s . : . : w060, D L1, mndl D7 gyl vespontively.
and sandstone soduce dental caries during tooth development (Dean and others, Ma]pr chgmlcal _constituents, charac?enstlcs',. and properties qf of 390 mg/l is egual to about ~18 grains of hardness.) Water.m. the Shale beds retard the movement of ground water ?.nd locglly may
,(l) 1941 and 1942), high concentrations can mottle tooth enamel. The water in aquifers W}thln thg Rock-Fox River basin are shown in this glacial drift is slightly more mlner.ahzed east of the western limit of soften water by the process of ion exchange in which calcium and
) = i Auorid ,é & ik " ok 3 Rk Th timum diagram. The median quality of ground water varies only slightly the shale, mostly because of an increase in sodium. Water in the magnesium in the water are replaced by sodium.
Line of equal fluoride concentration HOTH et cgncen t? alul)ns "}1 e deas i alilal - eth flr s € opsl m between aquifers. However, there is a wide range of local variations sandstone aquifer changes in quality as it flows eastward beneath
Interval 0.5 milligrams per liter concentra t}on of LE mm% eanmr?;iéx;gcb ‘f;fe UaS P\fblin;aﬁglllth , in quality within individual aquifers (see chart above). For example, the shale. Mineralization increases as the distance from the recharge
.. gz:-l\(:ﬁl ﬁglgg) Oat ;'Jrev agilin; (:i)r temperatuls',es e ‘ the range of median total dissolved solids of all aquifers is less than area increases, and sulfate and sodium progressively increase as
Surface-water divide : 100 mg/l, but within the sandstone aquifer the range is nearly carbonate, bicarbonate, and hardness decrease (see chart).
400 mg/1. Iron is a problem in the water of many wells in the basin, but
A division is made between aquifers east and west of the western it is not a health hazard. The U.S. Public Health Service’s suggested
—— limit of the Maquoketa Shale because nearly all wells east of this maximum limit for drinking water is 0.3 mg/l; above this concentra-
Lg‘,::(’ “91"23 limit that penetrate the Platteville-Galena aquifer are also open tion iron causes brown precipitates and stains. The areal occurrence Water in the sandstone aquifer moves very slowly, dissolving
[ 1Geneva -y to the underlying sandstone aquifer. . of iron is unpredictable, and concentrations greater than 0.3 mg/l VoA 2" dolomite and locally acquiring small quantities of iron and other
L Several points on the chart should be emphasized: All of the may be found almost anywhere in the basin. Iron concentrations - . Granite ¥ minerals. The water is very hard; however, it has slightly less total
I water tested has a median dissolved solids content between 300 and also often vary with depth, but they cannot be correlated with depth. S hardness than water in dolomite aquifers.
SCALE 1:1 000 000 400 mg/l, which is due largely to carbonate hardness. (A hardness
10 5 0 10 20 MILES
L | —
10 5 0 10 20 KILOMETERS
NITRATE AND FLUORIDE IN GROUND WATER
THE MINERALIZATION OF GROUND WATER
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