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EXPLANATION
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AVERAGE ANNUAL TEMPERATURES ARE SLIGHTLY HIGHER IN THE SOUTHERN PART OF i L T AN N Y, ASRAS INCLI%B% ﬁ?N}?EI)ggHI
° ° COUNTY, THE HAWK CREEK DRAINAGE BASIN, AND THE VALLEY OF N TA
TblgEt vg?}‘g R??OPFD' TH:: — EHE NORTH.—Tempgratureso c 1 fr:) - Yy s A gl RIVER.—Research and construction projects in the watershed include the establishment of recreational
at e 4 .22 5"'({‘ 7, 3)F verage January temperature is —11.2° C. (11.8° F'.) and average July temper- = areas utilizing water resources in Kandiyohi County, by the West-Central Minnesota Resource Conser-
alure 18 <. - (724° F.). il o vation and Development Committee; channel straightening and diversion for flood control in the Hawk
z Creek drainage basin, by the U.S. Soil Conservation Service; and feasibility studies for flood control and
o |8 Lﬁ recreation reservoirs along the Minnesota River, by the U.S. Army Corps of Engineers.
S8 <
S)8 5
S<8< o
D )=
g |8
L R
¢ e :
A _ U Buried sand and gravel
E ]
2 |<_( g 95'00°
§ g g
s Shale and some sandstone e ol
L o = { _.ré”i,:"dﬁ’zr” 5
2y ke \ 6 x . Willmar. : 4
J”Mk!ﬁ\‘} EXPLANATION - }é gg )i w'““‘":zg’ EXPLANATION
15~ 0/ ke Willmar B < . 3
/E:E\ v2vn71ﬁr Q’ 4272 5 [N Shale, sandstone, and dolomite E e b 48 k]
| 2 Weather Bureau station . > & PN L v ! & Wildlife management area
: X Number is average annual precipitation, in inches o dh o] < S R i A
l :33 T _/://\/’l\’i AEY 4 W as-oo?— e s —gs-w -
, AN 29 20 ) NV L1 @ g . : P e ) State park
“Raymond - . s £ &b Granite or metamorphic rock oy Lo % £ o
I8 _L Line of equal average annual precipitation for the 14 &5 ”'5 :
oy g Clars it iz . period 1942-66 A ¢ Taehan oy
Y . ara City, 2|3 : A e e S G s~ 1007 S SR oo s OO EIEeT: ey S
¢ }“; M 5 h Interval, 1 inch & \;‘///’:% Contact i‘ Cheiy 1 ENVIDLY OB 15
27.5 qu' EE 7’ ’\/I‘,‘|7~ 8i8 g geater_ Cr \\
' b N 2la % :
T S Watershed boundar ; i By s Y
i atershed boundary FER N g'é St Renville(— Q}@ Orc.r 3
;‘fj ;¢ ¥ \_‘l:\>\/\T ‘ VU, L n. % Danubi (s w;:m ;
gig@“ iacnd Rmvm: N S<\/| ’/> 95°30° prh k; %45,
z|E eart ) 1Y VIS 2 .
¥ ” pa A THE MINNESOTA RIVER—HAWK CREEK & e
N WATERSHED IS LOCATED IN SOUTH- | g W
WESTERN MINNESOTA.— The watershed ) ey
Yap has an area of 1,479 square miles and 1s drained 4”«»,,,@ &/ BIRCH COULEE ~ ,\
b . . . ") Q STATE MEMORIAL PARK ¢
w along its southwestern edge by the Minnesota River 4 & | "y
e (Minnesota Division of Waters, 1959). The magor g T
watercourse within the watershed is Hawk Creek, o Franklin 22 N
. . . 30" = 215 =3
having a drainage area of 510 square miles. Other, ; ié!; (f
shorter streams drain into the Minnesota River but ripceLy Sk - GEidere = -
,,,,, - are mostly ephemeral. The watershed has a gently M%SEEAL Y
undulating land surface formed on glacial deposits. )
. . . . . 78
800’ Directly underlying the glacial deposits in most of o J : 0 20 s veK
the area are Cretaceous sedimentary rocks. Pale- e
600’ . 2 s 10 0 10 20 KILOMETERS
10 0 10 20 nues ozoic and Precambrian rocks are also locally in Loadiniy | 1 |
Rapbem i : . , contact with overlying glacial deposits. Beds of
10 0 10 20 KILOMETERS 400 . . . .
Coeilins,] | ) sand and gravel buried at various depths within
200’ the glacial deposits are generally thin and discon-
. g y . .
tinuous but are the most accessible and widely
. SEA LEVEL used aquifers in the watershed. Beds of poorly
g-heum consolidated sandstone in the Cretaceous rocks are
locally good aquifers, generally yielding softer water,
but in lesser quantities. than a mfers in the over- WATER RESOURCES ARE UTILIZED FOR RECREATIONAL PURPOSES IN LAKES, STATE PARKS,
5 4 T . ? q AND WILDLIFE MANAGEMENT AREAS.—Mostlakes have public access for fishing, boating, and swim-
LOCATION OF BLOCK DIAGRAM lying glacial de'zposzt.s. In the. eastern part of the ming and provide habitat for waterfowl. State parks, located along watercourses, offer fishing for sports-
watershed, aquifers in Paleozoic and Precambrian men and natural beauty for campers. Wildlife management areas are open to public hunting and serve
sedimentary rocks are capable Of h’igh yields to as natural hq,bitat Jor upland game, furbeare.zrs, and migrat’ing waterfowl. The areas are genq’rally marshy
AVERAGE ANNUAL PRECIPITATION IS GREATEST IN THE EASTERN PART OF THE WATER- wells and contain waler o of similar quality to water lowlands which act as storage for water which would otherwise be lost as runoff. Co'm:mon improvements
SHED.— More than three-fourths of the precipitation falls during the growing season (May through Sep- . th i d : ; to lakes, state parks, and wildlife management areas include elimination of rough fish, stabilization of
tember). Average monthly precipitation varies from 0.62 inch in January to 4.53 inches in June. n the overlying Cretaceous an glacwl deposzts. water levels, and encouragement of vegetal growth.
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VARIATIONS IN RUNOFF AND SOIL MOISTURE ARE INFLUENCED BY VARIATIONS IN PRECIPITATION AND EVAPOTRANSPIRATION

Annual and long-term hydrologic budgets estimated by the Thornthwaite
method (1957) are shown on the above graphs. In years of below average
precipitation, such as 1959, below average runoff occurs and the demands of
evapotranspiration deplete the soil moisture. In wet years, such as 1965,

runoff is high and the demands of evapotranspiration are more nearly satis-
fied so an increase in soil moisture occurs. Owver long periods of time, such
as from 1942 to 1966, the hydrologic budget is assumed to balance so inflow
is equal to outflow and there is no met change in soil moisture.

RUNOFF
Average from gaging station records for 1942-66.

CHANGE IN STORAGE
It is assumed that over the 25-year period, gains N
wm ground-water, surface-water, and soil-
moisture storage were balanced by losses.

EVAPOTRANSPIRATION
Obtained by difference in the water budget.

PRECIPITATION
Arithmetic mean using five Weather Bureau
stations for 1942-66.

UNDERFLOW
Calculated using Darcy’s Law and estimated
values of hydraulic conductivity.

SUMMARY OF MUNICIPAL SUPPLIES SUMMARY OF WATER RESOURCES
ALL MUNICIPAL SUPPLIES ARE FROM GROUND WATER.— Most municipalities would have little THE SUITABILITY OF WATER FROM A PARTICULAR SOURCE DEPENDS UPON THE IN-
trouble increasing supplies by drilling additional wells. Where relatively soft water is available in suf- TENDED USE.—Factors contributing to the desirability of certain waters include the quantity available,
ficient quantity in the Cretaceous sedimentary rocks, municipalities do not choose to utilize aquifers in the the accessibility of the source, and the physical and chemical characteristics of the water.
overlying glacial deposits. Waters used by almost all municipalities exceed the U.S. Public Health Service
recommended limits for iron and manganese concentrations of 0.3 and 0.05 milligrams per liter, respec- %o SURFACE WATER GROUND WATER
tively. urce
Use and criteria Minnesota River Minnesota River tributaries Lakes and sloughs Quaternary sand and Cretaceous sandstone Palsazoic and Pracembrian Weathared Precamprian .
Specific | Available gravel sandstone crystalline rocks
Municipali v (1::8;” l()'engl ';.' e qulte Aquifer :“r:g:e DH;‘:;::Q o usual (gl):l:;\: from static (":\?lvl?r::s"fs (rrgaﬁor.t:):;t Remarks Pot
In use n ee inches rilled n r | ra n umpin: minu’ ter level r liter) iter; i F 3 L < ’
(ga‘l?“s " | er ahutey | st "rosh fs”?.",,'gg:,ﬁ;' s:':%:?."a‘&'« i = Municipal a"d_ industrial Adequate supply Adequate supply for limited Adequate supply from some Adequate yields can be Water may be soft, partic- Adequate yields can be
supplies Storage sites available use lakes for limited use obtained ularly in the western obtained
Bird Island............ ;Y [ 354 o L P LT T o O (SIS SN S S (PSR e ORI K Wells penetrate basement rock, | Withdrawals from the aquifer can be . Location favorable for some Widely distributed part of the watershed ACKNOWLEDGEMENTS
: and gravel. but most water is from sand and | increased. Other buried sand and 1. 0.5 cubic foot per sec- iti
4 16| 1944 | Buried sand 100,000 75 52 T gravel at base of glacial drift. gravel aquifers are common in the ond or 225 gallons per communities
and gravel. i area. ;
278 8| 1957 | Buried sand 150 45 3.3 120 390 2.4 minute per well ) R ; F
and gravel. 2. less than 1000 milli- Not widely distributed Not widely distributed Not widely distributed Treatment is necessary Generally inadequate yields Not widely distributed Insufficient yields The authors gratefully acknowledge the contribution of data
Blomkest. ............. v 309 8| 1968 |sandstone. ... ...l 220 ] (T Buried sand and gravel aquifers are grams per liter total | Storage necessary Treatment necessary Treatment necessary Recharge may be limited Treatment is generally Treatment may be neces- Inadequate recharge for this report by well owners and drillers in the area. We
‘ coptivian in the area. dissolved solids Treatment_necessary Storage necessary Ingufficient storage capac- Water is very hard necessary sary also thank William B. Mann IV of the U.S. Geological Sur-
Clara City.............. | R 138| 12| 1951| Buried sand 290 55 5.3 110 340 1.7 | Mainaquifer is near the base of the | Withdrawals from the aquifer can be 3. less than 0.3 milligram | Low flows in some reaches Few storage sites available ity Must be located by test Recharge is limited vey for his competent technical assistance during the final
and gravel. glacial drift. ;’li'v?fi‘;;, ig‘r';e;r:“;ﬁmzz“?n at';: per liter iron Shorter streams mostly Shallow lakes and sloughs drilling phases of preparation.
o . el TN = o T area. 4. less than 500 milligrams ephemeral dry up during drought
- per liter total hardness years
1| 138 18| 1961 Buried sand 290 55 5.3 105 340 17
and gravel. ) ; ] g ] ]
Courtland.........c.cct 3| (T NN SN, (G SU—————. 20,000 T, ATESRNGR (A4 S | S| 390 VB | oo ssmmssrmassssaasissand Potential for ground-water supplies is ettt for stuck Suitable for stock Sitwnle Tor sawck Adequ?te ylelds o N Genera“y adequate yields Adequate ylelds
""""""" poor but surface water can be ob- obtained Water Higy be soft
tained from the Minnesota River, Rural domestic and stock Widely distributed
about 1 mile from Courtland. supply Recharge it sulficient
Danube................ L 5| 260 1928 | Sandstone. .. ... 50 33 1.5 245 170 .38 Sands.tone .directly underlies the Withdrawglsfrom the sandstone aqyifer
1| 220 4| 1956 | Sandstone. ..... .. b o 110 .29 R - .?3132?22.':1’33&s:fl'?ﬁi’?f&"nféﬁ 1. 5 gallons per mmute_ : Treatment necessary for Not widely distributed Not widely distributed Water is very hard Depth to aquifer may be Not widely distributed Yields may be inadequate
but contain harder water. 2. less than 1000 milli- domestic use Treatment necessary for Treatment necessary for great Recharge may be inade-
FairfaX......ocoevennnns 2] | 200 a 185 40 4.6 155 760 3.9 | Aquifer is either sandstone or de- | Withdrawals from the aquifer can be g_rams per .“ter total Not widely distributed domestic use domestic use quate
------- prr=s o el 100,000 185 40 46 155 760 5.3 composed granite. increased. Aquifers in the glacial dissolved solids Shallow lakes and sloughs
drift are also common and may con- .
tain softer water. dry up during drought SELECTED REFERENCES
, years
Franklin........oooun.. 2 i, 161 8| 1953 | Decomposed |............. 100 42 24 100 460 .52| Decomposed  granite directly | Sand and gravel beds, 5 to 15 feet
granite underlies the glacial drift. thick, are present at the base of the - 5
160 8| 1961 | Decomposed |............ 120 42 2.9 100 470 35 glacial drift. Surface water is available Irrigation - = g p
granite. from the Minnesota River, about 115 Adequate supply Adequate supply for limited Adequate supply for limited Adequate yields can be Adequate yields can be
miles from Franklin. 1. 0.5 cubic foot per sec- | Quality suitable use use from some lakes obtained obtained Hall, C. W., Meinzer, O. E,, and Fuller, M. L., 1911, Geology and
—— 2| 87 8| 1048 Buri:d sand | 78 12 6.5 70 870 2 4 Withdrawals from the aquifer can be ond or 225 gallons per | Storage sites available Quality suitable Quality suitable Widely distributed Generally suitable quality underground waters of southern Minnesota: U.S. Geol. Sur-
and gravel. incr d. 5 : : i
78 8| 1951 | Buriedsand  |............ 65 16 40 50 870 40 sase minute per well Rty Sulisiste. sty M'Vey W:‘ te];.Sppply lga\gel;; 256’1490569pi-1 drologic Atlas of Mi
and gravel. 2. less than 700 milli- mnesto 'aM'IVIiSIBIil o . V?’ etrs, Bu’ll i’O r108§g1c as of Min-
Morton................. 2| 47 8| 1964 | Fractured | ............ 75 13 5.8 30 570 3.7 | Granite directly underlies the | Withdrawals from the aquifer can be grams per liter total dis- M;e;:sgt'a Onl;td oo:.f({)ecre:t?:z’ " b o Cg.mmission 1965
ite. lacial drift. i d. Surf t b i . " " . oo o . . sl 4 2 2 4 ’
48 10 1964 Frg'c:::':d ............ 85 9 9.4 30 620 32 | T L'Li:iiﬁ fror:rt:geM::\an:;ot:a;ive: 3 solved stohdsd | Storage necessary during Not widely distributed Not widely distributed Must be located by test Insufficient yields Not widely distributed Insufficient yields Parks and Recreation in Minnesota: Minn. Outdoor Recre-
granite. about % mile from Morton. . : ;:‘ercgn e b low flow periods Storage necessary Shallow lakes and sloughs drilling Inadequate recharge ation Resources Comm., Report no. 12, p. 25.
Nicollet................ 2. 410| 8| 1925 | Sandstone......[.........oodoeeeene oo 520 2.0 | Sandstone is the Dresbach Forma- | Sandstone aquifers are thick and 4 : - ho 0 il Not widely distributed dry up during drought Recharge may be limited Minnegota Water Pollution pOHtI‘Ol Commission, 19§7y Water
212 12| 1967 | Buried sand  |............ 400 7 57.1 239 | tion. Glacial drift is about 260 [ continuous in the area. Withdrawals - less than 0.5 milligram : years quality standards for the interstate waters of Minnesota:
nd o, e O R SR s M. - per liter boron Minnesota Water Pollution Control Comm., St. Paul, 174 p
Increased. y .
Patterson, J. L., and Gamble, C. R., 1968, Magnitude and fre-
Olivia.........c..ceueen : & T— 230 T8 1068 | BUbBHIMAN  [....conomnsedonmmmonensnahsimonsmanshninnssssspnonsins sns osinsss sonepho s oseish B SI7HRSTE AT STETR AR S TSRS R RRE Bucr;;dm‘s):n:e:rnfh:l?::; ;qtuhiie;a;;el Suitable for hunting and Suitable for hunting and Some lakes suitable for quency of floogis jn _the_ Ur}ited Sta'ges, part 5, Hudson Bay
and gravel. e Recreation fishing fishing water sports EXPLANATION and Upper Mississippi River Basins: U.S. Geol. Survey
— - : _ ' Location favorable Location favorable Suitable for hunting and Eokoid Water-Supply Paper 1678, p. 5-11.
......................... 116 10 1949 B:rr::d 3233 100 |oeeeenaeeien e 440 T Bt;;l:'dm::ndsaar:‘%sgt;;z\;el aaq[:lffeerrss arLe 1. attractive appearance | Suitable quality Suitable quality trapping olor enotes Thiel, G. A., 1?44, The ge9logy and underground waters of
75 10| 1958 | Buried sand #0000 100 [oeeeeeeeeeeeeee e 380 1.6 portediy yield soft water to farm wells 2. odor-free water . . relative worth southern Minnesota: Minnesota Geol. Survey Bull. 31, 506 5
sk Gravel. lathearea: 3 | 5 . TR . N Generally adequate yields Desirable features above of water source Thornthwaite, C. W., and Mather, J. R., 1957, Instructions and
- lack of pollution Wide variation in stage and Wide variation in stage and Most are shallow Water may be soft the ki . bles £ . = g g d th
- 34 _— . = ” . ; . 2 y e line over the entire tables for computing potentia evapotransplratlol} and the
rinsburg.............. 8 lissssrvses 324 ........ 0000000 T T ] (AN RSO P S 216 .59 | Sandstone aquifer is 23 feet thick. | Additional supplies can probably be discharge discharge Not widely distributed ter bal - D 1 Inst. of Technol Pub Clima-
318 10| 1957 | Sandstone..... |............. ] T e 219 28 .15| Nonpumping water levels have| found in the glacial drift although the Depth to aquifer may be Undesirable features below watershed water balance: Drexel Inst. o echnology, rub. In 1mma
dropped about 33 feet in 11-year | water may be very hard. . . - L ’ . tology, vol. X, no. 3, 311 p.
period (1957-68). Suitable for wildlife along Suitable for wildlife along Suitable for fur-bearing great the line Good Fair Poor U.S. Department of Commerce, Weather Bureau, 1930-1965,
Raymond.............. 1]eceennnn 204] 8| 1951 | Buried sand 75,000] ............ 95 | eeennnn 160 190 PV Sandstone may be present at greater Fish and wildlife habitat banks banks animals and waterfowl Climatological Data: U.S. Govt. Printing Office, Washington,
and gravel. depth. Surface water can be obtained Suitable for fish Some suitable for fish D.C.
M- L et A i 1. adequate depth U.S. Public Health Service, 1963, Public Health Service Drink-
Renville................ P P 260 10 ....... Buried sand  |............ p 1« 3 DURURRRUN NN SRR 340 .66 | Aquifer is at base of the glacial | The basal aquifer has good areal extent. 2. permanence Wide variation in stage and Wide variation in stage and Most are shallow ing Water Standards, 1962: U.S. Public Health Service Pub.
d I. drift. Sandstone aquifers are reportedly i i H z H : 3
259 12 1962 Sinise s Al (R T | PR (. S P 350 .49 absent. 3. suitable quality discharge discharge Fr-equent' w!nte.rklll 956, 61 p.
and gravel. | Wide variation in levels
Roseland. .. ....ovun... | § PR T - e Buriedsand  |............. . O . | AT 250 92 RN e a3 s T e R R A i Additional supplies can probably be
and gravel. obtained from other buried sand and
gravel aquifers.
Sacred Heart.......... 9| semsawenes 173 10 1961 | Buried sand 100 14 7.2 80 490 - | S SN L P S B Withdrawals from the aquifer can be
and gravel. increased. Additional supplies can
\ 186| 12| 1965 | Buried sand 40,000 150 20 7.5 20 probably be obtain_ed from buried
and gravel. sand and gravel aquifers.
Willmar................ " 1| [T 302 12| 1948 Buried sand 300 58 5.2 220 425 1.0 | Deep wells (greater than 300 feet) | Two buried sand and gravel aquifers : : : = : a2 2 Shisa.
sedsophoror} p i i SOt | toire D wabe Ne WE, sy o CONCLUSIONS 3. Cretaceous sedimentary rqcks beneath the glacial deposits 5. Stl:eamflow in _the water§hed.ls intermittent. All tr.'lbu
350 12| 1957 | Buried sand 125 % 13 245 493 25 | drift. Willmar in 1968. One aquifer, 255- include sandstone beds which supply water to many wells, taries of the Minnesota River in the watershed experience
- af a and gravel. t2r7"5‘ ::le‘ i‘\’/i'“;f';g%;a‘"agev ';a;o: 1. The average annual precipitation is about 28 inches, of particularly in the western part of the watershed. Yields periods of no flow. Most of the increase in discharge in
0 - Bu;,',f,dgs,:ced|_ - o e = o e ant § :tsoragye coef’ﬁcae:tpofpg.ooa: which about 25 inches returns to the atmosphere through are generally less than those available from the overlying the Minnesota River between Montevideo and Mankato is
155 16| 1958 | Buried sand ‘ 300 49 6.1 95 425 2.2 :hedothi; aqui:‘er.31t7—337 feet l_wteIOV; evaporation and transpiration. Average annual runoff is glacial deposits. from major tributaries south of the watershed.
and gravel. /00 & SRS about 3 inches, most of which occurs during the spring and Ground-water quality varies vertically and laterally. In 6. Surface water presently is not used for public supply. Lakes
349 10 i 150,000 gpd per foot and a storage ) : . : 1 1sed ?
. B‘L’Ji";ﬁ‘i‘:.. LI . " = o - - coefﬁciengpofpoe.rOOOZO. gzrfaies 34'aater early summer months. the western part of the watershed, the softest, least miner- and wetlands are not widely distributed but are excellent
200 12| 1966 | Buried sand 575 13 44.2 130 450 1.1 fa: bed°3}57:"ed Lf""(m nearby Foot 2. The most accessible and widely used aquifers in the water- alized water is obtained from the deepest wells. In the for wildlife propagation and public hunting.
ang gravel. il Gl B shed are beds of sand and gravel buried in glacial deposits. eastern part of the watershed, shallow wells obtain the 7. Surface water is chemically suitable for most agricultural
2| 311 10| 1924 | Buriedsand | oo TN S 200 .. The aquifers occur over almost the entire area and furnish most desirable water. Most ground water exceeds State uses but may need treatment to meet municipal and indus-
and gravel. adequate supplies for most stock and domestic uses. Suf- and Federal recommended drinking water standards for trial requirements.
302 12| 1936 Bu'r::d ::3; 300 [..ceeiiiiiis 230 430 15 ficient yields for municipal and irrigation purposes can gen- iron and manganese and treatment is necessary for munic-
i i erally be found by test drilling. ipal use.
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