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Deep Water Lake Deposits—Clay, gray to blue gray, plastic, dense, con- 0-100+ Clay yields no water to wells. Silt Poor; commonly high in chloride Well data a '\ S~ N pis pumped well
tains lenses of silt aqd very fine sand. Depogits are largely imper- and very fine sand lenses yield less and sulfate. Unsuitable for do- Auger logs 25 ‘\ B 1840,
l':;:‘;)sle’ but transmit some water in the silt and very fine sand thaﬁlg%r;mlargﬁ'dlametell‘ dug mestic use. Rotary logs "\ Buried Channel Deposits—Interbedded sand, silt, and clay. Predomi- 0-80=+ Yields of more than 20 gpm proba- Hard; chloride content in water Rotary logs (few)

: gre 3‘ : est‘ilwe 8 common 3; }if’ . 820’ nantly fine sand in upper part grading to silt and clay in lower part. bly could be developed by drilling from sand zone in southern part Auger logs
ry during the summer months. 300 500 1000 1500 1 800’ Thickness of sandy upper part ranges from 5 to 40 feet. large-diameter wells that are of aquifer area was 320 ppm. Electric logs

Till (see below) underlies the lake clays. In this area the till is com- TIME. IN DAYS AFTER J80r A surflplal cover of lake clay ranging in thickness from 20 to 60 feet -scr_‘eened and sand packed in the Chloride content probably de-
monly interlayered with older lake clays PUMPIN G BEGAN overlies aquifers at most places. thicker sand zones. creases toward the north. Gas

’ Water is confined under moderate pressure. pockets were tapped during
' drilling of several auger holes.
EXPLANATION

Shallow Water and Shoreline Deposits—Interbedded clay, silt, and fine 0-30 Yields little to no water at most Poor to fair; hard and commonly Auger logs ; : y . : o : ;

e , sand. Predominantly clay near the Lake Plain area gradually places. Unmapped sand and high in chloride in area near Lake Infinite aquifer, no recharge Buried Channel Deposits—Interbedded sand, silt, and clay. Predomi- 0-90+ Yields similar to those in C, can be Chloride content generally less than Rotary logs
(Excludi changing to fine sand in the eastern part of the Shoreline area. Un- gravel deposits may yield up to Plain; hard, but low in chloride nantly fine to very fine sand and silt in upper part grading to silt expected. 500 ppm. Electric logs
xclu 1(111 saturated except for lower few feet in western part of Shoreline area. 20 gpm to wells. near the Till Upland. Estimated drawdown of hypothetical well in and clay in lower part. The upper part ranges in thickness from 5 Auger logs

mappe Shoreline area also includes unmapped sand and gravel deposits as Stephen Aquifer to 50 feet. Aquifer is capped by a well-compacted till containing
aquifers) much as 20 feet thick. ;ery few perr;leable lenses of sand. Thickness of till cap ranges
—_——— rom 20 to 40 feet.
Finite aquifer, 500 feet wide, no recharge ° Confined aquifer.
Till (see below) undez:lies these deposits. _In this area thin lenses of (l) J’F l1 =
older lake clays are interlayed with the till. Buried Channel Deposits—Sand and gravel containing interbedded silt 0-60 Yields of more than 200 gpm could Hardness ranges from 150 to 500 Rotary logs
; . ) and clay at places. Data are insufficient to determine accurately be developed from thicker sand ppm; chloride content less than Electric logs
‘ EXAMPLE OF SURFICIAL AQUIFER.—The z.sopach map and geologic sect;;oi’lnsdshow the general lateral and vertical variation in textures. and gravel zones. Leaky char- 500 ppm. Suitable for domestic Well depth completion data
Till—a heterogeneous mixture of clay, silt, sand, and gravel. Till is 0-300+ Small yields—generally less than Hard water; high iron content; low Well data the detailed geology of part of Area A-3. The time d:zzwdmv:tezumi sh;;g): 4 st < Aquifer is capped by 70 feet or more of poorly permeable till at most acter of till cap tends to stabilize and stock use.
i u locally capped by thin deposits of sand. Upper 2 to 10 feet of till is 3 gpm to large-diameter wells in in chloride. Auger logs down of a pumped well in this type of aquifer is greatly affected by boundarie places. At places water leaks slowly throughthe till cap and into the water levels in pumped wells.
(Excludin commonly oxidized to a buff-brown color. At some places the oxi- the oxidized till. Locally, lenses Rotary logs aq}llfer. At _places till contains local aquifers of sand and gravel. Yields of less tl}an 50 gpm 'cquld
e dg dized till is slightly more permeable than the unoxidized till. of sand and gravel may yield up Confined aquifer. be developed in the marginal
: to 30 gpm, but at most places areas.
aquifers) . ’
elds of less than 5 gpm can be . B
i o Sand bed within till (possibly a Channel Deposit)—Predominantly fine 0-50=*= Yields up to several hundred galions Hard; low chloride, similar to Area B. Rotary logs of two test
expected.
to medium sand containing small lenses of sand and gravel. Coarser per minute could be developed holes.
deposits occur along the longitudinal axis. Till overlying aquifer from coarser deposits in the Auger logs (most only pen-
MAPPED SURFICIAL AQUIFERS ranges in thickness from less than 5 feet to more than 30 feet. thicker part of aquifer. etrated upper part of
: Confined aquifer. aquifer.)

Alluvial and Lake Bar Deposits—predominantly of sand and silt and 0-60 Small to moderate yields. Yields of Hard water; high iron; chloride Well data - Sand bed within till—Predominantly fine to medium sand, contains 0-100+ Yields of 50 to more than 150 gpm Hardnfess ranges from 150 to 250 Rotary logs (few)
containing lenses of gravel. A-1is largely fine sand and silt of 50 gpm or more are available in content ranges from about 50 Pumping tests lenses of gravel in eastern half. . can be expected. Nearly all well ppm; chloride ranges from 10 to Well depth completion data
alluvial origin. It contains much silt and clay. A-2 is predominantly parts of A-2. Yields of 5 to 50 ppm in A-1to more than 600 ppm Numerous auger Aqulfer is capped by 100 to 130 feet of till. owners report good supply. f:‘oOO ppm. At most places chloride Electric logs
fir}e sand containing lenses of coarse sand, gravel, and silt. A-3 con- gpm are available in A-3. Yields in northern part of A-3. logs R. AT W EXPLANATION Confined aquifer. is less than 100 ppm.
tains fine to medium sand, silt, and clay. Much of the northern of 5 to 15 gpm are available in Rotary logs ' - —40— .

1% miles of A-3 is covered by clay. Thickest deposits in unit A are A-1. Ny ) ° Shows “neslsgP aechuo’ thickness
found in the center of A-3. lsopach inferqul 20 feet Sand and silt bed within till—Aquifer consists predominantly of silt in 20-50=+ Yields up to 40 gpm can be devel- Hard; chloride content is less than Well depth competion data
/ ° the western part and sand in the eastern part. Silt bed forms upper oped in the eastern part. Lower 50 ppm. Rotary logs (few)
/ o " Test hole unit of the aquifer throughout mapped area. Sand bed is more than yields can be expected in the Electric logs
Depth to saturated zone ranges from 5 to 10 feet below land surface. g . 3 2 / wcg“ ' 50 feet thick in eastern part. western half.
Water is unconfined except in northern part of A-3. # o ; : Confined aquifer.
p is the pumping well; @ and b are q
®
/ observation wells
0
/ A A’ Sand bed within till—M 1 1 fi hi 5-10 i f 1,800 Well depth letion data
h D - _ . 2 m . : . : A ] 900 S an within till —Many well owners report well taps fine, white, 10+ Yields of 50 gpm are reported at Hardness ranges from 900 to 1, ell depth completion

Channel Deposits f(o%twa%h) predominantly sand to medium gravel but 0-130 Moderate to large yields. Yields of Hard water; low chloride. Well data A/ N 6 A 0P - sand. A large number of wells completed in sand at depth 160 to few places from pumped wells. ppm; chloride ranges from about
includes beds of silt and clay toward channel margins. The coarser more than 1,000 gpm could be Pumping test 850" 175 feet below land surf: M Is {1 1 1,000 to 4,000
materials occur in thicker parts and include cobble and boulder beds. obtained from thick sections of Rotary logs _ / b (1 ; it e: e_(EW and surface. any wells flow at a rate less ; ,000 ppm.

Deposit is almost completely saturated and water is unconfined. coarser deposit. Yields of less Auger logs T. _ / . 800 onfined aquifer. than 1 to 2 gpm.
At low places deposit is entirely saturated. than 100 gpm are available in Electric logs 125 10 / P11 e o o 12 750’
marginal areas. y
1 7 Stratified sedimentary rock—Shale, sandstone, siltstone, limestone, Yields unknown. Pressure head in Highly mineralized waters; unsuit- Well depth competion data
40 w : : 2
: I . . . ) / S 5 dolomite. wells tapping permeable bed is able for use except possibly for
Beach apd Bar Deposits—fine to. coarse sand with lenges of. gravel . 0-20+ Small to moderate yields. Ylelq.s of Hard water; low chl.orlde. Water Well data g § —A - Confined water. more than 10 feet above land sur- cooling. Chloride ranges from
Deposits form northward-trending mdg_es that range in lquth from more than 50 gpm are obtained from some wells in farm yards Auger logs ° o Ve A0 5| face at most places. 2,000 to 6,000 ppm.
a few hundred feet to more than 10 miles and range in width from at places where beach deposits contain a high nitrate content, Soils maps , 21+ ~a, 100 feet from pumped well | (Note: Where these rocks lie east of the shown line they are not a sig-
less tha;l 200 feet to more than half a mile. Heights of ridges range overlie shallow channel deposits. indicating pollution. 18 ] nificant source of water)
from a few feet to more than 25 feet. Some beaches, such as the Yields of less than 20 gpm are r ’
one east of Kennedy, overlie channel dppositg of sand and gravel. obtained from wells in larger S»2 C
At most places the beaches are underlain by till. beaﬁh ridges underlain by till. - ©2% AREAS IN THE MIDDLE RIVER WATERSHED WHERE WATER CAN BE OBTAINED FROM KNOWN SUBSURFACE AQUIFERS
Wells in smaller ridges go dry oy [ '
during d rs. i-30

In general, the larger beaches contain coarser and more permeable i d a = ‘I - APPRAISALS OF MAJOR AQUIFERS
deposits than smaller beaches or bars. Saturated thickness ranges 56 b, 4400 feet from pumped well
from less than 1 foot in smaller bars to more than 10 feet in larger ";‘ 10 F ] S f aquif lenishment Hydraulic coefficient
beaches. Near Kennedy the saturated thickness of these deposits eul RIS SR e, i s L -
is more than 35 feet. Water is unconfined. —lr Natural conditions ) ) ~ Storage Use in millions of gallons

. E 1958 1959 1960 1961 > Potential sources of replenishment Average coefficient of aquifer per year
0 Y 1 MILE 196 — due to development
1 1 J a 15 13.1 —_— PZS ﬂPAGE 35.7 33.2 Precipitation Underflow
AVAILABILITY OF WATER FROM MAJOR PHYSIOGRAPHIC SUBDIVISIONS IN THE MIDDLE RIVER WATERSHED AND AREAS WHERE WATER CAN BE OBTAINED FROM KNOWN SURFICIAL AQUIFERS (millions of gallons) < E
Q EXAMPLE OF SUBSURFACE AQUIFER.—The isopach map and geologic section shows the detailed {‘-’fé s 5 e 2
g;ology of part of Area C . Hydrographs show that water levels stabilize soon after an increase in rate Area Map key Zelse - £ Water potential
of pumping SS|8 5 5 ; ) 2 |2<sl=
s % ?: Remarks g § Remarks Bivd fram Morig Pheiuion foovn Sahvags from T (gpd/ft) | S Remarks E Remarks ; 2 g g = Total
- g -8 in confining beds surface water evapotranspiration (gpd/ft) ema S emar SEIFE|E
SUMMARY OF WELL CHARACTERISTICS NEAR COMMUNITIES IN THE MIDDLE RIVER WATERSHED UNIT | I I < ‘z § ] = é S|l8gl2
: \‘ EXPLANATION £ £ E3 = -
Well location Hydraulic Quality - _— “E Es =
: o - : : coefficients; Aquifer texture and range \ Artesian aquifer (S=5x107*) & * =
Community | Well owner E s pum';?rteg ((’me) tgé'{sat('ﬁgu?:) Drawdown (ft) Spefg;t;nc}z;%aclty m;g::g"? f&?‘fﬁfnftg’ dr:x(aigw::e(ft) Welzf;i)epth Size Fe cl Hardness as Remarks in depth, in feet below \ Water table_;Efe_r (?_1 10! - = - - - = :
= § 2| @ ‘ T @pd/ft) | s (ppm) | (ppm) | CaCO4 (ppm)| pH land surface \ & q =1iX ) Argyle- Alluvial and lake-bar| 22 | 2 |Estimated on basis of high | 84 |Computed by Darcy’s Law It is possible to divert sur- [ Pumpage near Middle| 2,000 (avg)| 0.1 |[Aquifer is under water- | 4.6 |Only a small part of water| 9.0 | 3.0 |0.5|12.5 (38 acre-ft.) | Based on aquifer replenishment, more
;!’ 3 E S 250 \ Stephen deposits (Area A on to infiltration capacity of using estimated coeffi- face water into aquifer | River east of Argyle will (est.) | table conditions at most storage is economically than twice the annual rate of pump-
USGS Time, drawd \ map showing water 4 soils. Annual recharge cient of transmissibility by maintaining surface | salvage some water dis- places. Transmissibility | ~ | available. age could be developed from aqui-
289 et 1issl 47 217 28 35 6.25 ime, drawdown, 56 16000 l0.0001] 110 gin. | 068 | 252 132 76 Sand and gravel; \ availability in sur- ranges from 2,350 to for contributing water- storage in channel of | charge to springs or loss estimated to range from | % fer. The most favorable area for
test well recovery d 65-103' \ ficial aquifers.) 4,700 acre-feet depend- bearing formations the Middle River east of | by evapotranspiration about 1,000 to 8,000.| S development is A-2. Natural dis-
Municipal | NE | 11 |155] 47 250 ” . 53 T 70 v i 80,5 ft casing, 30 ft. screen. Sand and gravel \ ing upon climatic condi- Argyle. Water could | within the channel. Highest transmissibility | charge is largely by evapotranspi-
Warren 65-103 \ . tions. seep into the aquifer in A-2. = ration.
Municipal |NW/| 1 [154] 48 60 14 151 8in 15 ft. of 8-inch screen. Pumped White, fine sand; \ \ when cone of depression 54
' about 29,000 gallons per day 133-151" \ reaches surface storage. )
Municipal 200 ! ; i I
(s{’:,:f,'ﬁ’;) SW| 36 (155 48 75 3 158 8 in. Stand-by well Gravel; 150-158' \ Beach Ridge area|Beach Ridge (seemap | 3 | 2 |Estimated on basis of high| 2.7 |Computed by Darcy's Law Pumpage will decrease 3,000 (avg)l 0.1 |Aquifer is under water-| 06 |Only a small part of stor-| 83 | 24 (02]10.9 (33 acre-ft) | Aquifer is largely undeveloped. It
USGS g o e T \\ abtoutf"i( mile; sho_\:li I?Igt ‘water E;) infil‘}ratiqln cadpelacity of u_sintg efszimateq cp;:fti- natural di;chgrge by (est.) ta_ble. I():gigltditlo?_s. Irzn:— ~ | age can IIbe utilized goulbd' s;lhstam yleltds at more than
S NW| 27 [157] 48 45 25 31 15 2 J 3 ; in. 59 ] o ¥ i - 10-70' - east of Kennedy | availability in sur- sandy soils and low sur- cient of transmissibility evapotranspiration. missibility estimated to | 3= | economically. ouble the present usage.
Stephen test well recovery 8 5,000 10.05 70 4in 357 76 from 50-70 feet Fine sand; 10-70 = \ ficial aquifers.) face runoff. Annual for contributing water- range from 1,000 near %
Testwell FSE 15 _ Time-drawdown, ; Sand packed well, 4-inch screen [  Fine to medium sand; - recharge ranges from bearing formations. margins to as much as
est well | SE [21]157 48 24 107 42 recovery 11 8,000 [0.0001 46 4in. 870 2920 74 from 2146 feet 21-4§' z \‘ 320 to 640 acre-feet de- 10,000 where aquifer is %
Village well, ' 31 % : 0.1 10 feet Medium sand and Z 150 \ . pending upon climatic 35 feet thick. =
sk north | SE |10 |156( 48 (est) 1 3 30 Specific capacity 3 6,000 | (est) 16 square | 32 20 370 84 WPA dug well gravel;10-26' 2 \ conditions.
Vilage well, | e | 15 |156 48 30 18 6 feet Well will pump dry Sand, fine; 12-22' g \ Well diameter=12 inches Halma-Lake |Channel Deposit (see | 40 Estimated on basis of| 224 |Computed by Darcy's Law | Potential sources near |Lake Bronson and South | Pumpage near Lake Bron-| 10,000 to | 0.1 |Largest transmissibility | 900 | Storage within the Middle | 1.2 19|31 (95 acre-ft) | Aquifer is undeveloped and has
south .62 diam. : < \\ Time=10 days Bronson Area B on map to moderate to high infil- using estimated coeffi- the western border. Branch of Two Rivers| son or in northern part |100,000+ occurs in the thicker River Watershed Unit. the largest potential cafpaclty.
Kennedy Village | SE | 27 [160] 48 7 22 2 Specific capacit 2% 6.5 feet 340 87 P I 029" a : Q is shown for each curve, in gpm showing  water 4 tration capacity. Water- cient of transmissibility are a potential source of | of aquifer could reduce part of the aquifer. Itis a potential source of water
(rept.) 8 P o 4 square | 004 | 4 WPA dug we Sand and gravel; 0-24 \ availability in sur- table aquifer through- for contributing water- significant recharge to | evapotranspiration for irrigation and industrial
\ S q g
! 145 35 7 feet of 8-inch screen. Well Sk ai \ wo ficial aquifers.) out most of area. It is bearing formations. ground-water reservoir. | losses. . purposes.
- Village |NW| 5 |154] 49 i) 12 (rept) 41 158 8in. | 1.0 600 490 78 | flowed for a period after com- anlSaln . 5gsrlave 100 \‘\6‘% confined toward the Usable storage in Lake €
i pletion X western edge. Recharge Bronson is 3,700 acre- =
School [NW|5 |154]49 | 45 (rept) 150+ 162 6 in. Flowing well in 1955 Gravel \\\ il gl fsmih A; eragﬁ ﬂ? wT . g
i i 8,400 acre-feet per year. outh Branch of Two >
g Vilage | sw|22 (158 45| (20, 2 ] 02 358 362 063 | 62 50 {79 4 feet of 40-slot screen Fine sand; 358'-362 e \ Rivers is 65.6 cfs. Low g
trandquist . - ) ~ flow of 5 cfs or less is <
School  [SW|22[158[45 10 2 u“ 0.25 b -+ o0 | e W se | ein Sand ~~d common during August
- 7 o and September. Amount
- 10 feet of 6-inch screen—50 slot 50 % e i :
Village | NW/| 11 [157 43 100 3 229 284 6in. | 042 | 13 230 |76 : Gravel; 230"-244' N ~- of diversion possible
Middle River 5 feet of 6-inch screen—40 slot QO Example cannot be determined
q :
School  |NW| 11 ]157)43 36 61 0.6 Specific capacity 204 1,000 227 6 in. Not used. 4 feet of screen Gravel; 210"-227' 28 v S from available data. , :
T Nl \\\\\ Newfolden  [Sand bed within till| 65 | 1 |Estimated on infiltration | 134 | Computed by Darcy’s Law | Leakage of water stored in Diversion potential from 84 | 68 [39[19.1 (58.5 acre-ft.)| Not feasible to estimate water poten-
e | SE [32 196 43 15 % 12 13 Specific capacity 25 2,000 290 | 6in |093| 10| 265 No screen Sand and gravel . | Tt . o | senlivatsil. St o i oot B s g B i e e
Holt e, S e —— _ showing  water is confined in western cient of transmissibility | is a potential source of | is low because of low
Village | SW |33 |156] 43 ; Well not connected to distribution 0 L - s availability in sub- half. Natural recharge for contributing water- | recharge in the western | permeability of till with- at present rate of pumpage. Nearly
g 240 6 in. system. Adequate yield 0 5000 8000 10,000 15,000 20,000 surface aquifers.) from precipitation oc- bearing formations. half of the aquifer. in the channel of the all well owners report plenty of
: 100 = ; : TRANSMISSIBILITY, IN GPD/FT curs in eastern half of Middle River. water for their uses.
S Village | SE | 5 [156]44 (rept) 60 17 Specific capacity - 9% 121 8in. [ 028 10 210 78 10 feet of screen Sand Example: Artesian aquifer southeast of Stephen T=28,000 gpd/ft, availa- aquifer.
Co-op | nwl 8 li56]44 30 90 100 Gin. Adequate Sand ble head=11 ft. If 100 gpm could be pumped the drawdown would Alvarado Sand bed within till| 265 No Ioga] recharge _from 170 Computed by Darcy's Law A small amount of water 6.0 | 25 |5.2|137 (42 acre-ft.) | Adequate supplies for present rate of
Creamery be about 28 ft. Therefore, computing b rtional parts 3=ifo and
- el e, Computing by proportional parts 2s=16c an (Area F on map precipitation. Aquifer is using estimated coeffi- | could leak into the agq- - use. Owners report decline in flows
Village  |NW | 26 [155(45 40 180 6 in Pumps into a pressure tank of Sand x (the theoretical well yield)=39 gpm. Yield declines slightly with showing water avail- covered by more than cient of transmissibility | uifer from overlying 2 of many older wells.
Vikin (rept.) ' 850-gallom capacity time, if no boundaries are intercepted. ability in subsurface 100 feet of nearly im- for contributing water- | glacial till. Lake clay =
. C “aquifers.) i | Head i bearing formati Id yield ticall =
Creoa-rggry swl 26 155/ 45 12 " 33 365 130 158 6 in. - Sand THEORETICAL YIELD OF A WELL CAN BE ESTIMATED FROM TRANSMISSIBILITY AND AVAILABLE HEAD aquiiers. g?gr;:aoruisncd:);'p ) ::if;rs. earing formations. :31:"“::.8 practically
! For use in estimation of drawdown at pumped well. Drawdown is also affected by boundary-conditions and pumping of nearby wells. Lateral
restriction of the aquifer increases drawdown and leakage into aquifer decreases drawdown. Pumping of nearby well increases drawdown.
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