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THE GLACIAL DRIFT IS THICKEST IN THE SOUTHWESTERN AND
PARTS AND THINNEST IN THE EAST-CENTRAL PART OF THE WATERSHED

A filled valley on the Cretaceous surface accentuates the thickness of

the glacial drift in the southwestern part.

Precambrian bedrock

highs greatly reduce the thickness in the east-central part.

s ANALYSIS OF AQUIFER AT ELBOW LAKE
ine of equal hydraulic heal
ol T A A
Direction of ground-water flow o ~ 1250
R.42 W. M-3,4, &5
SURFACE AREA Test M-1 M-2
) 1200 'EE_,___—_/ L 1200'
- = Glacial till
Area of recharge to the ground-water reservoir —_ L
EXPLANATION /%\—/‘—/‘/
Area of discharge from the ground-water reservoir 1100’ - - 1100’
MAP GEOLOGIC SECTION
GROUND WATER GENERALLY IS RECHARGED IN THE MORAINAL AREA AND DISCHARGED FROM A’
THE LAKE PLAIN AREA M-1 ///
The ground water moves west and morth from the morainal area to the in the Cretaceous sediments indicate a generally higher head than s J_ 1 — i
lake plain area and the Bois de Sioux River. The lake plain area that in the glacial drift in the lake plain area; and therefore, a general T.129N. Municipal well and number Well |
contains many flowing wells. A considerable amount of ground upward movement of water from the Cretaceous sediments into the v L Sand i
45 - _ water is discharged along the valley of Lake Traverse as shown by glacial drift. Lines of equal hydraulic head indicate that there may 0 ST i NP 1000" - . — (aquifer) - 1000’
. the occurrence of many springs and by an analysis of inflow and out- be water movement to the Cretaceous sediments in the morainal area. Test hole Geologic contact . =
40 - Slow data of Lake Traverse and Mud Lake. The few wells completed g2 Dashed where approximate P
| Private well and number Water table - ///"""_’/ B
L ——
EPHIEE ST RS CHANNEL DEPOSIT E: Ae——— oA —— Glacial fill
A 30l | Wil arilled in OUTWASH ALLUVIUM OF I - — : Line of geologic section — .
g | I morainal area (AREA B) M US;I:SE: E)IVER \%’ ckenridge Lo | Epreen 2 —T\E- o 8 Forrgm 900" Ie
= ¢ P : ~ = —
w 257 1050’ F {?10507 E E K=y = Brelkdiridge Ldjke | e ==
e M | Wells drilled in 1200' - - 1200' 46°15' ‘ — =K ai e ] : i
& 20T 1 A | | lake plain area N { Sk retaceous sediments
s Il 1000" - /Silt - 1000’ L {3 ’,::} > % 1 MILE HAREE /\—E‘Z‘#ﬁ:‘\?\?\i‘.\’r\%ﬁ:ﬁ' I'\/\t;\-":y—l\'t'\l\'/\/f;\?\\/"\7':13 SRR
2 15t || ‘@' 1150" L1150 C@a(% PR - ; ; g0 J Lo ST SRR A o G, TROCMONIAN BIANMS (ISR I S STAT L gogr
in % - [o_ng‘ i 0 500 1000 FEET
T i 40| ¥o! 1 | |
] ;\E 950" N - 950 1100’ ] L1100’ R - gd/g — THE WATER SUPPLY FOR ELBOW LAKE IS OBTAINED FROM AN ARTESIAN SAND AQUIFER BY DATUM IS MEAN SEA LEVEL
g Y lend ] -4 3 2’ MUNICIPAL WELLS 3,4, AND 5
il L Q y! 5 .
it |\ Till Till Alluvium Il B Former city wells 1 and 2, completed in the same a,.qu@f‘er, were aban-
! 11l INEER [EE ' 900’ - \\’ i - 900 1050 1050’ —— ? doned because of low yield. The yield of the aqu}fer 18 greate; ne%
- X . ~ e - 19 wells 3, 4, and § because a greater percentage of coarse sand a
01 90" VRGBT o8 E0n g8 igdh daT 80, IR0l a0y (GeD" (660 e Sv{-—: 1 —dth— = some gravel results in a greater permeability. The sandy, clay till
DEPTH, IN FEET EXPLANATION i i T | SUMMARY OF WELL CHARACTERISTICS OF MUNICIPAL AND overlying the aquifer forms the confining beds through which water
MOST WELLS ARE BETWEEN 50 AND 150 MAP = e ’ ?\w 1565 PRIVATE WELLS NEAR ELBOW LAKE INDICATE THAT THE leaks slowly to the aquifer.
FEET DEEP 1 o) . 12 AQUIFER EXTENDS TO THE SOUTH OF ELBOW LAKE FOR A
. Ao——o o4 1200’ - 1200’ S NNa SHORT DISTANCE AND THAT THE WATER YIELDING CAPACITY
Of the wells greater than 230 feet deep, most are in the Lake . . . " N &
Plain area and are completed in the Cretaceous sediments. Line of gef)loglc sec‘tlon % 2 ’; ! — OF THE AQUIFER IS HIGHLY VARIABLE WATER USE HAS INCREASED ABOUT
Dots are locations of drill holes , ' 11 202 || ’ C 80 PERCENT BETWEEN 1959 AND 1965 -
[ 000 (6 C T | b o (B | | /8 Bk = 2 _ |2 Much. of this increase is due to increased per g BT T T o= =% - ot
1020 1050" u ' =1 219 y -~ = 20 |2 E li & . ; j
Water table contours e 34 e ——p ’—‘&'ﬁ\i s Ny - ® @ = = Quality capita demand resulting from less restric-
Show altitude of water table. , l, / it ' > —Aegr ERN§99) & vl ZZ: 3 3 é %.g I E’ % ?:Dg % ; £ % & % cg;, 2 :‘c_’ PG VIR o w_ate'r use after the completion of % 76 =2 e wille) A-
Contour imterval, 10 feet,; LIG0" e ki = 2 " Rtz — = g 3 8 g g 2 [=F & S8 @ = =< 8T Remarks Uik e eityanotls o -
datum is mean sea level 1000’ - 1000’ Faymount $T Z “ i : c B gv 5 =5 : =
o sea le T 1 i s G C | (feet below ulE Total Year Ave(r;zgeatl:llg:);)use Qs 77 pasd AT 4
Aquifer boundar}" 1050 1050° land surface) s e d|ss?|l(;/ed = e V ‘V\/v w
Dashed where approximate 950" L 950’ s 1959 91,400 ; 3 LA
%) 78
Watershed boundary , [“j | M-1|Mun|220| 16 | 85 - 77 | - | — |7.3|16|460| - Abandoned 1960 111,400 E E
: et Abandoned 1961 145,000 =2
; , G G’ L | s 4 N 46°00" M-2|Mun|220| 12 | 125 - 76 | — | — |7.53.4|470| - U.S6S. ' @
GEOLOGIC SECTIONS 200’ { \/ - 900 1200" — ~ 1200' + —+- _9,1\ i I 2 ¢ observation well 1962 148,500 o =
B—B’' TO H—H | | uigf | | M-3(Mun|215| 16 | 350 | 850 | 80 | — |[1956| —|—| — - 1963 156.600 = —
+= T+ Specific : = Numbers are water use in millions of gallons
70 - it el [ Bk M=s | Ml | 2130 120 350 | '9E0- ) 88 | 120 I6R) /T8 402 © 768 L 1964 | 185,000 w 80T 775[51[62[6.8(6.7]6.6]40]4.7|3.5]444847]48[41]64 48] 5452]52[52]36]
I} [ AN M-5|Mun|215| 12 | 400 | 1500 | 83 | — |1963| = |- | — - 1965 164,000 J) FMAMIJ J ASOND IJ FMAMIUJ J A SONTD
sl U.S.G.S. auger hole . L\f? - L Ny Chariesvilly - . 1964
i B — - A el e i - I e CHANGES IN MONTHLY PUMPAGE FROM THE CITY WELLS CAUSE WATER-LEVEL FLUCTUATIONS
= o thl};)(lzo%'lcdbozndary within aquifer ‘ p-2 | put | 180 ] 3 5 _ 70 - laeiel = =1 = In fine sand IN AN OBSERVATION WELL ABOUT HALF A MILE TO THE WEST
=1 r shed where approximate . . 0
o P2 ' ° B . o=} P-3 | Pvt 175 | 3 8 — 60 — = |=[=a572! 770 In fine sand Water levels show no continued decline at the present rate of pumpage
= e —_——r— 1050 ~ - 1050 1050’ - =R indicating that the recharge to the aquifer equals pumpage within
w . hiiqm}fer boundary " \\ﬂﬁi, the area of influence of the wells.
as where approximate; aRel
e 30+ queried where doubtful =)
&8 1000" 2 1000’ A B
=
S 20 GEOLOGIC SECTION H H 0 T = T T 0 T T T T
z A—A’ 1150" - ~ 1150’ R 000 feet (@di l /‘
ik 950" - 950’ ot ey 171 W o Yo Hazzarg ke | (\L Py . IStance f, _ -
/ E —/L—7 E3) ‘{ BT 9/ Burr akeq/ll‘-) Ji 7 (.J_. EE e = ¢ g ']. Mpeq WG”) /
o . , 9 7 4 a5 A h.
0 . “L NAETTA e L1y _,l' 1100’ H - 1100’ N 7 ~J .“"/ b (7 iR g"”}’—""'”'.'«-?s’“/; 10
1 234 6810 2030 50 100 200 500 1000 2000 900" 980 ' { X0 % prron f_""go L D s o v r=10p 63/
YIELD, IN GALLONS PER MINUTE Well | /" ke? e @i pal D404 I\ st _ |
THE MAJORITY OF THE WELLS ARE Permeable zones shown in blue = A ake ] ‘ & o
DOMESTIC AND FARM WELLS AND 0 % 1 MILE W 20 w
YIELD LESS THAN 10 GALLONS PER Geologic contact : : ! Z r'=1o
MINUTE (GPM) = feet E
ApprOXimate aquifer boundary % \\ \“ % —
o
- ! D
45°45 45° 45" = 30 g
< <
5 =1 foot &
T=18,270 gpd/ft
| Coefficient of Transmissibility (T)= 18,270 gpd/t i | $=0.000434 _
Storage coefficient (S)=0.000434 Q=350 gpm
Pumping rate =350 gpm
50 g (Q) A gp I 1 1 50 1 1 Ak |
10 50 100 500 1000 5000 10,000 1 5 10 50 100 500 1000 5000 10,000
TIME, IN MINUTES AFTER PUMPING BEGINS DISTANCE, IN FEET FROM PUMPING WELL
) TIME-DRAWDOWN CURVES (A) AND DISTANCE-DRAWDOWN CURVES (B) SHOW CALCULATED DECLINE
A A IN WATER LEVEL NEAR A WELL PUMPED AT 350 GPM USING THE HYDRAULIC COEFFICIENTS
1200’ ( 1200’ OF THE AQUIFER AT THE MUNICIPAL WELL SITE
FE Two hydraulic properties, the coefficients of transmissibility and aquifer) is about 80 feet; therefore, it is estimated that the maximum
s o 08 CESIBALEM Sifs) 1:2560,030 storage, determine the drawdown within an aquifer for a particular yield of a properly designed and developed large-diameter well is
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SinFlisaenAn U A A S ‘i‘//\lls:\‘/\’\—:, % 2 ' i > A m"”—/\:v"}‘"v‘;‘;"\ Wheaton ; . »
’ il - & - 600 i : 146,000 1963 Wheaton Townwell |NW 20 127 46|  200-300 600 21 30 38 63 12 146 in drift e
96°30 Confined aquifer
No. 2 Before 1941 Wheaton had 5 wells in town
A all of which had low yield
GROUND WATER PROBABILITY MAP SHOWS AREAS WHERE WATER CAN BE OBTAINED FROM KNOWN SURFICIAL AND SUBSURFACE AQUIFERS oA Sl LD
TO;\IJVQ Vi’e“ Nw 9 124 46 250 52 16 212 | l 1.4 25 236 5 %7 Sand and gravel Confined aquifer
: : o Thickness ; ; o : 80,000 1963 Graceville : in drift Former town wells were completed in
Map key Lithologic characteristics Shifeet Water-bearing characteristics Quality of water Graceville Tonn ze” NW 9 124 46 - o5 55 <ilaiifiod s sl of Cietaceams, ae
0. ‘ ! Wells were abandoned because of high
Yields to drilled wells are commonly less than 10 gpm (gallons per ‘ —ml™ = — flugiercopt b inwater
minute); however, a_few wells are reported to yield more than 200 SCALE 1:250000 \ Coefficient of transmissibility of 18,000
gpm. In general, yields of wells deeper than 100 feet are greater ’ . . - Town well NW 16 129 42 350 850 \ 80 110 16 215 | Coarse cemented gpd/ft
Glacial drift—Largely till, a heterogeneous mixture of clay, silt, sand, than shallower wells because of the greater available head for draw- Suitable for domestic and stock use at most places. ~ Water is very —_ . .. ¢ 2 o SRRy 160,000 No. 3 \ sand in drift, Confined aquifer
and gravel. It is largely calcareous sandy clay containing scattered down. Also, deep wells may be more efficient because of better well hard, largely between 200 and 1,000 ppm (parts per million), up to a (Ranges 1963 Elbow Lake Town well  [NW 16 129 42 350 900 - 15 83 105 12 213 % 26 a2 | 2 | 77 181-215+ Wells are located within 200 feet of each
Entire pebbles and cobbles. In the lake-washed till plain the upper 5 to 15| Less than 20 development where hydraulic pressures are greater ‘maximum hardness of 2,500 ppm R 5 10 13 KICOMERERS from 129- - aaan No. 4 o : ‘ i other on the east side of town
soatershed feet of till is commonly oxidized, but in the morainal area the ox-| to about Yields of dug and bored wells in till are generally less than 5 gpm. Dissolved solids content is generally between 600 and 2,000 ppm, but 220,000) Townwell |NW 16 129 42 400 1.500 _ 15 83 107 12 215 | Forrmer wells'in town, about 2,500 fest
idized zone may be as deep as 40 feet. Lenses of sand occur through- 350 The oxidized upper part (5 to 40 feet) of the till is slightly more per- is as high as 4,300 ppm CONTOUR INTERVAL 50 FEET No. 5 [ ' | west of present wells, yielded less than
out the till. Thin, discontinuous deposits of clay, silt, and sand of meable than the underlying gray till Iron c_ontent is excessive, generally between 1 and 11 ppm DATUM IS MEAN SEA LEVEL ! ‘ z 200 gpm
glacial lake origin overlie the till at numerous localities Well drillers report a few areas where “dry” holes were drilled. “Dry” Chloride content ranges from less than 10 to 90 ppm : ‘; = T Cocificient of t TSsibility of 1.100
holes result where no materials of sufficient permeability to yield i \ | oF éc/lfin SrTranSmIaaionity of &,
water to wells are penetrated even though these materials are com- . { ‘ c g?_ d ifar—thi dl :
pletely saturated Townwell |SW 13 127 44 . 45 | 35 8 182 | | o adl ol
i { 1
. E‘lo.tl sed ' ‘ After pumping well No. 2 for 2 hours at
The water table ranges from very shallow in the bottom of the valley meg Une 85 pgm, the pump broke suction
. . . to 30 or more feet below land surface higher up on the valley sides. 45 000 1963 Herman by R.R.) - ‘ s~ , ‘ : ;
Alluvium—Interbedded lenses of stream-deposited clay, silt, sand, and For this reason, much of the alluvium is dry—only the bottom few No water samples were collected from the alluvial deposits. Water ' Town well NW 13 127 49 45 1.5 40 10 123 22 28 591 3 7.5 Fine sand Well No. 2 is gravel packed
gravel. These deposits are confined to the valley along the Mus- feet being saturated—and is a source of water for only low yield samples from the upper part of the glacial drift several miles on No. 2 | \\ in drift, Four test holes drilled at Herman obtained
e tinka River. The deposits consist of much clay and silt, but some wells either side of the Mustinka Valley, which are probably similar to Town well 45 ‘ 40 8 132 i 108-113 less than 10 gpm from each hole
A gravel was found in most holes drilled in the valley. The deposits 01070 The best potential aquifer in the alluvium is in the valley bottom where water in the alluvium, indicate that it is generally suitable for do- No. 3 1 1 i These holes ranged in depth from 87
* . are thickest and coarsest where small tributary streams enter the small tributary valleys enter the Mustinka Valley. Here the deposits mestic and stock use * to 177 feet, and the deeper hole stopped
mam1 .vaILey (ﬁ' the Mustinka River. Thin deposits of peat commonly are coarsest and, with the high water table, there is much available Hardness probably ranges from 600 to 1,300 ppm [ P : \ , f at the top of the granite
overlie the alluvium head for drawdown. This supply of water is presently undeveloped Iron probably ranges from 0.1 to 11.0 ppm ' i (i TS |, o
and untested, but wells of up to several hundred gpm could prob- Town well |SW 25 126 43 100 - - . 40 153 8 elo | | 85 1,100 24 7.2 Sand and gravel Well No. 1 has 17 feet of 30-40-50 slot
ably be developed GROUND WATER PROBABILITY MAP SHOWS AREAS WHERE WATER No. 1 | \ in drift, SCHEen
CAN BE OBTAINED FROM KNOWN SURFICIAL AND SUBSURFACE J— (ldgfgg")d | 168-208
Channel deposit (outwash)—Predominantly sand, fine to coarse, with The water table is high in the aquifer, usually less than 20 feet below o . : AQUIFERS ! 1963 Donnelly _ : . 1 ,
A : A apkt i sy : : ple of water was collected from the aquifer. The analysis (est) Town well |SW 25 126 43 150 210 110 | 7.2 1,080 | 2 | 7.4
: Li%seesa gt; ;‘;1: ;t)(l)ag;d!t:lur? tirea:g.cke,ls‘?z ii?gslg flss ;(:Irriest;ari} i(:;::l Toﬂ: .- i;rédtililgliig:’;:xs-gsl%?gtl}lg ‘; (Sli‘;'?gted thickness of more than 80 feet in indicates the water is suitable for domestic, stock, and irrigation uses Most towns 'tlvithliln the area of aquifer C have area. V:’ate"‘ -table ?’ntou"‘ s indicate that No. 2 P ‘ 53
) : = - : : . . The total dissolved solids content is 621 ppm muntcipal wells completed within the ag- a small amount of ground water dis- (drilled ‘
narrow zone about % mile wide. The coarsest material is largely in The f‘q‘“feﬁ is Pﬁ?enﬂy “"dle}‘l’e“:lpe% but it S?’t"“ld be possible to de- | ye water is very hard (474 ppm) and is low in iron content (0.29 ppm) wifer. Ground-water inflow to streams is charges to the Mustinka River east of 1961) {
the lower parts of the thickest sections of outwash velop wells yielding several hundred gpm in i extremely low in most of the Lake Plain Norcross — — ———— —
53 110 g7 .t 7.8 i '
Sand lenses within till—Aquifer material ranges from fine sand to Suitable for d " — Mav be dobifl for ixsigati Ton: vi/ell o LTS e - 265 T 10 ve b0 ; 4 g Distance between wells is about 50 ft
ravel. The geologic boundaries of the aquifer as shown on the ma uitable 1or domestic and stock uses. May be doubtliul Ior irrigation . o I = 121 | o
gnd seelinn Ag_ A’ age approximate. The e(i\tire area indicated by ucg Yields to individual wells range widely throughout the area. The fine in some areas, depending on the crops, because of high percent so- 20.000 1963 Campbell T°'“4" wzell Sw 1 130 46 300 150 95 1.7 20 240 280 . .28 | 51 131 , E 7.8 Sal'c\:d of probable
c is not all highly permeable; it is a zone in which many wells in the 1t030 grained sand yields less than 10 gpm, but several towns within area dium (up to 61%) ' Ty d°2“ d | zzegagzc;us ase
area are completed and in which most logs show sand or gravel at “C” have wells that yield 300 gpm from sand and gravel zones in The total dissolved solids content ranges from 750 to 850 ppm (19rel‘>oe) f .
some position within this range. The well logs indicate that the ag- the aquifer The water is very hard, from 240 to 400 ppm === — :
uifer material is coarser in the southern and eastern part of the area Iron content is excessive, from 0.7 to 2.0 ppm - Town well [NW 33 130 43 100 132 11 12 66 214 10 288 | 19 | 21 3% | 4 7.5 Sand and gravel 10 feet of 50 to 80 slot screen. Well
; 1963 Wendell No. 1 in drift, completed on top of Cretaceous sedi-
) ) ) (est) S (drilled 265-287 ments
Cretaceous sediments —Predominantly clay, blue-gray to black. A Most wells finished in the Cretaceous sediments yield only a few (less Sutl‘tab.le .fort-domgstlc z:.ir}d stocl:huse.r GemEIr_alllly f(lioul?(fiful tot:n:ulta]:)le 1945) | i 7
thin layer of fine white sand forms the base of the Cretaceous de- | Sand unit is than 10) gpm. Large wells for municipal use are very difficult to t%r 1rr1%a lon, .etpebr{ ng %n g OI:IS' 5 15 MOTATE o REEHC (s Town well NW 28 128 44 120 20 | , | I ———y
Line is eastern posits. Aquifer material as coarse as gravel size is reported in a few 0 to less develop and most have failed in the past. It may be possible to Tot. ?;‘.’a eir u(;lsu;_; engr tuman cc} s;’n 5%0";“ 11n6§<())me gEcas 15,000 1963 Norcross No. 1 20 1 29 125 6 162 ‘" Sand in drift 8 feet of 50 slot screen
limit of localities within the basal sand unit. Sand also occurs at other levels than 50 develop wells of greater than 100 gpm capacity, but yields to indi- Tl?l . 1tsso i b lfrs:;los ??t ra;tlngesh;; .25 to (?ve’ 400p o : 4 el = | !
Cretaceous in the Cretaceous sediments, but usually in small discontinuous lenses vidual wells of much less than 100 gpm should be expected I O il i Wi e?.’ 0’3 to 30 ! ppm 5,000 ) 60 l , ‘
ssdlbinenis ron content 1s excessive, ranging from 0.3 to 30 ppm (est) 1963 Dumont SW 14 126 46 (est) 130 152 g7 346 | &) 7.6 Sand in drift
& : i 5 1 - _ _
1,000 | [ i g
(est) 1963 Barry 10 124 47 5 110 4 3 21 798 2 7.2 Sand in drift
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CONTOURS SHOW 2 PROMINENT BEDROCK HIGHS AND A VALLEY, 200 TO 300 FEET
DEEP, ON THE WESTWARD SLOPING PRECAMBRIAN SURFACE
The head of the valley lies between Herman and Donnelly and the valley
extends westward between Wheaton and Dumont into South Dakota .
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Contours on the surface of the Cretaceous sediments show a broad
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