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Outwash deposits
Unconsolidated, well-sorted sand and gravel deposited by streams 20 20
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silt. Locally includes alluvium deposited by post-glacial
streams. Thickness; 0-50 feet. Late Wisconsin age
Dark-shaded areas are underlain by 20 or more feet of saturated
e sand and gravel and yield moderate (50-350 gpm) gallons per 1965 1966 1967
R. 52 W. 96 minute to large (350 gpm) amounts of water. Lighter shaded A i
R 47 W. areas are underlain by less than 20 feet of saturated sand and
gravel and yield small (50 gpm) to moderate (56-350 gpm)
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T.106 N. contains scattered large rock fragments and thin sand and 14 E
gravel lenses. The basal part locally may consist of reworked :‘_" L Py
bedrock and is sandy. Thickmess; 0-300 feet. Characterized | i -
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Till, similar to end-moraine deposits but contains local deposits =
e of loess and fewer large rock fragments. Thkickness; 0-200 feet. 5
Characterized by gently rolling topograpky. Upper unit, late =
Wisconsin age; middle umit, early Wisconsin age; lower uwif,
Illinoian age 1456 | =
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T.101N e 1S T.101N = C3-s4 Areas I, II and 111 ¢.—Variation of mean annual flood with contributing drainage
' ' ) ! ; i area for the Big Sioux River mainstem
‘ 3 o~ zf- Ca-S4 EXAMPLE: Find the m itude of a 25-year flood for a site on a tributary stream.
Base from U.S. Geol_ogical Survey, 1962, 1:250,000 - — ; Geelogy, with minor revisions, based on maps by (Leverett (1332). Flint (1955). The draina;: area abzgv: the site, as determined from the best available map, is
Watertown, 1953, Sioux Falls, 1955, New Ulm, 1955 1 - 2 i Steece (1959a, 1959b), Tipton (1959a, 1959b), and Lee (1960a, 1960b). N 20l C1-s3 _ 40 square miles. Curve shows that for a drainage area of 40 square miles
i Age relationships of glacial drift as proposed by Lemke and others (1965) ™~ z the mean annual flood is about 450 cfs (cubic feet per second). Curve
= shows that the ratio of 25-year fiood to the mean annual discharge is about 4.1.
96°45 2 § 18 F Multiply the mean annual flood of 450 cfs (curve @) by the ratio of 4.1 (curve
5 g Cc2-S3 to obtain 1,840 cfs, which is the magnitude of the 25-year flood. The
§ = E magnitude of a flood at any site on_the Big Sioux River could be determined by
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= FIGURE 8 —GRAPHIC COMPARISONS OF HYDROLOGIC BUDGETS YEARS, THAT BANKFULL STAGE MAY BE EXCEEDED BY HEIGHTS
x FOR PARTS OF THE BIG SIOUX RIVER DRAINAGE BASIN INDICATED—BIG SIOUX RIVER NEAR DELL RAPIDS (GAGING STATION
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TABLE 5.—Suitability of water for domestic and irrigation use TABLE 6.—Comparison of hydrologic budgets
Suitability o B Part of Big Sioux Drainage area of
vy EXPLANATION Source Remarks Big Sioux River [ o0 ' ¢ o o
Domestic use lirigation use Elements of hydrologic| drainage basin wer nma ge- = ..ql" 2
S : | ' ] = = budget Sioux Falls basin described in | described in this
Yy Y Where movement of water in the outwash deposits is impeded by a e this report report (51,200
A ' ' Generally very hard, but satisfactory for most xDusilon ieattion, [he wates. Ry Sevinl wsles SpEsacicit feam (2781000 actes) | (142000 acres) | acres)
. e the barrier, has a higher dissolved solids content than is asual for
domestic purposes. Locally contains exces- > =
T Outwash deposits = : wates from outwash deposits. (See quality of waler map, wells 3, Water gain
E Water from ontwask deposits ard, but sive amouats of iros (more than 0.3 ppw) and | o 0, oenging upos soil type and condition,| 102, and 163) Wells 271 and 281 ave compieted in isolated out e
T 105 N ater its is very rerely Outwash deposits Ifate (more than 250 . Also, locally 5 2 d ipitati
exceeds the recommended marimums of the US. :nti:highm::umm)d-ib:tem for all crops commonly grows in the area wash deposits (possibly sand and gravel lenses in moraine depos- FERchsation 4.172,000 acre-feet | 850,000 acre feet 102,000 acre feot
Public Health Service (1962) for drinking water. ably as the result of poliution by h.:""“l its exposed at the surface by erosion) too small to be shown on Steantfion nome 98.000 acrefeet | 193,000 acre feet
. Depending upon soil type and condition, the water the map . Wells 65 and 95 are completed in gmartzite bedrock Ground-wates inflow none 1,500 acre feet negligible
SCALE 1:250 000 3 x can Seimsed to irrigats mest Graps gretem in the WASaS O Senags. which directly underlies the outwasb and is recharged by water
. " = e %ﬁ é o drainage arve and can be nsed for supplemental e nderfies the and is recharged by Total 4,172,000 acre-feet| 950,000 acrefeet | 295,000 acre feet
F — ] - e -3 irrigation ef all crops Change in storage No long term net gain or net loss
- H : Generally marginal for most mses because of In the northeast part of the report area water-bearing sand and
e S S —_—— e e S
= _— 4 . 3 " ravel lenses in the morain, are often at shallow d
EXPLANATION A : ! , . | hardness  Often contains much iron (more | Usualty poor. depending mpon sodl type and con- | N FPEEE B IR SOIRREL MRS SR ST 2L O Streamflow 224,000 acre-feet | 224,000 acrefeet | 224,000 acre-feet
o dx > 3 * . 3 5 flading deposns | thiam 0'3“_" M) S S udi ute (ontes fhan 20l :e't.'tm WESEATE of Wanidryssived ity cow- | ool the quality of the water they contain is often good, similar o Ground-water outflow negligible negligible negligible
102 - ; . s Ml hard and ably)-tlm |::‘:tne:fnt:l|:'::sn:f :,"f:..:;’:; that of outwash deposits. (See guality of water map, wells 251 Water exportation” 11000 acre-feet | 11,000 acre-feet 11,000 acre-feet
186 cfx s : Water from moraine its is very com- : and 323 E iration 937,000 acrefeet | 715,000 acrefeet acre-feet
w 200 T.104 N_g- ‘ G L 88T 104 N. the = of the wastes or sewage. ) vapotranspi 3, ,000 60,000
o 283 e 4 cst = 2 U.S. Public Healtk Service (1962) for iron (Fe), —— P z § Total 4,172,000 acre-feet | 950,000 acre feet 295,000 acre-feet
5 sulfate (SO4), end total dissolved solids in drink- emical character of surface water varies with stream discharges. = 2
% 300 mga 200 med LSNPS Z ing water. The water is generally mot switable for During periods of low and moderate flow (base flow) the water e Cehiainl T T B el L el
Scale of approximate average flow 15,900 Cf" J Py < srigation quality is similar to that of the water from out-ash deposits_he-
Width of color pattern along stream indicates approz- o | > Surface water Generally very hard, but satisfactory for most s“w.m“‘ upon soil type and condition, cause of the large amounts of mnd. Salre be_lng dl’?'ﬂmed lf'h
imate average flow in cubic feet per second (cfs) or _— 20 15 10 5 0 5 10 15 20 Y > purposes if properly treated. fox Al cxoys commently Srown 16 The wa the streams from the outwash deposits. _Dunng m of high
in million gallons per day (mgd) 48%45 et Ca ! L L - L y HCO3 43°45 -~ Contact streamflow the water has a much lower dissolved solids content,
L Na Cl -2 because most of the water the stream carries is direct runoff from
. L Mg S0, 34 p precipitation and snowmelt.
4 =2l 0k . X - s Observation well
# A ) Equivalents per million ! ] G 2 s 2
4 £ ol 13 K Outwash deposits ~ T 103 N. o . TABLE 4 —Significance of chemical a nd physical properties of water
T s : P ) Private we
Area w1th {ntemal dralnagg ‘3 1 30 25 20 15 10 15 20 25 30 = N Constituent or physical " Signifi
Runoff from precipitation and snowmelt is commonly . == Ca 1 I | 1 | i i HCO; ‘z' . *
into lakes, ponds, and sloughs. Rudi in- . -~ = 5 - ) . . .
;ﬂgeowaa;: :Z-:t'sh::,wxufﬂ; sg:u;,:;;:;,a:ztd; :;; :.E g: e glO. Municipal or other public supply well Silica(Si0z2)____ ____________ Forms hard scale in pipes and boilers and may form deposits on blades of steam
area occurs after very heavy rains or rapid melting i < : ’- turbines. Inhibits deterioration of zeolite-type water softeners.
i dliak.anim deportis - Equivalents per million Iron (Fe) Forms rust-colored sediment. More th i i
) : g ” O S | |1 () e S an about 0.3 ppm stains laundry. utensils,
&% . Moraine deposits - Y Gasing station S g1 sieamfiow fixtures reddish brown. Objectionable for food and beverage processing. The
. - U.S. Public Health Service (1962) recommends a maximum of 0.3 ppm in drink-
Gaging station and other streamflow e 2 10 = - 2 10}1(‘0 sassass? ing water.} .
measurement points and number e 4 | ‘U3 Stream discharge in cubie : » -
1wk Na Cl feet per second Ground-water barrier ) i . - o . Gelcicin (Cx) sod Cause most of the hardness and scale-forming properties of water. (See
o= t Mg 1 S04 T.102 N.o3 o2 N Obstruction or constriction in an aquifer which is TABLE 3.—Summary of analyses of water [Dissolved constituents given in parts per million except as indicated] magnesium (Mg). hardness.)
Drainage divide T 102 N. S [_.'T- 102 N. Eauivalens i ) “atl ) effective in preventing or limiting the movement of !
qs | uivalents per million ! A ground water. Queried where comtrol is less Hardness ) Sodium (Na) and Large amounts may limit use of water for irrigation and industrial use and, in
Tt Surface water =N = accurate Mag: r as CaC03 Speu“?:c potassium (K). combination with chioride, gives water 2 salty taste. Abnormally high concen-
. Water analysis patterns 7 Bicar- 2 : conduct- trations indicate natural brines, industrial brines, or sewage.
=l - Patterns show general chzmicgl character of water <3 B ¥ Silica | Iron | Calcium ne- Sodium tas | ponate Sulfate | Chloride I:::- Nitrate | Boron “D': ::'—.. Non- m_ ance pH < - m.' 5 5 = 3 =
& q, and are based on analyses of water from indicated B Drainage divide (Si0,)| (Fe)| (Ca) | sium | (Na) | sium (HCO,) (S0,) ((0)) ® | N0 | B |ige2 | car- ratio (micro- Bicarbonate (HCO,;) - - In combination with calcium and magnesium forms carbonate hardness.
[ - 7:;7;056122}7@??:; Cl'zzl;e‘;ltfr::zz:f;izt 7:024(21;';- - Mg) (LY ne- bon- at 25.?:’“ Sulfate(S0,) - - _____ Sulfates of calcium and magnesium form hard scale. Large amounts of sulfate,
L Wt sodwfn (Na), ,;mgm’;ium (Mg), bicarbo7;att; ; sium | 1€ in combination with other ions, give a bitter taste to water. The U.S. Public
. ' (HCO3), chloride (Cl), and sulfate (S04). Anions =1 - R 49 W GROUND WATER Health Service (1962) recommends a maximum of 250 ppm in drinking water.!
f | ~f R 49 W inayatively Chf"ged wm). gl plou.e'-i tortihe gaghi T.101 N. Chloride (CI). __ ____________ Large amounts increase the corrosiveness of water and, in combination with
¢ of the center line and cations (positively charged Outwash deposits . F ° 5
T. 101t N\l /( T.101 N. nall ek, Bhe amec Of M potlan i an ' T.101 N. SuDEaEsh) dEpOTTS sodium, give water a salty taste. The U.S. Public Health Service (1962) recom-
b indication of dissolved-solids content. Changes in Number of m 17 23 25 25 25 25 25 25 25 23 22 17 25 22 7 25 25 24 mends a maximum of 250 ppm in drinking water."
.° configuration reflect changes in chemical character Concentration: s - 3 ol R B
96°45° Two or more patterns are given for each stream- 96°45° Maximum 29 35} 309 90 | 142 86| 464 812 | 107 08| 53 054] 1470 | 1.040 21 1.860 80 Fluoride (F)________________ Reduces incidence of tooth decay when optimum fiuorite content is present in
collection point to show effects of differences in Average 21 3 117 46 2 43| 330 210 21 4 93 16 650 500 5 946 75 water consumed by children during the period of tooth calcification. Based on
water discharge Median 2 J E the annual average of maximum daily air temperature, 1.1 ppm is the optimum
1 97 41 17 39{ 3» 130 17 4 38 .10 565 424 1 4 850 74 B =z 3 e
Mini 10 0 fluoride content in the report area. (U.S. Public Health Service, 1962, and U.S.
STREAMFLOW MAP WATER QUALITY MAP . B o] ) Sa) 18] am M o 2| 05 4] s 4 550 | 69 Weather Bureau, 1958-1963)
Moraine deposits Nitrate (NOs) __ __ __ __ _______ Concentrations higher than local average may suggest pollution by sewage or
. Number of analyses 6 7 8 8 8 8 8 8 8 8 6 6 8 8 8 8 8 organic fertilizers. The U.S. Public Health Service (1962) recommends a maxi-
TABLE 1.— Hydrogeology of outwash deposits ) Concentration: mum of 45 ppm in drinking water! There is evidence that water having a
§ Maximem 41 (16 366 261 | 380 31 736 1,470 531 13| 693 0.79| 2,740 | 1.880| 1. 55 3.820 85 nitrate content higher than 45 ppm may be injurious when used in infant feeding
Average | Total |Area underlain by 20 | Ground water in tran- P°§fe';:;°Lv‘;,'e';;°‘;:::§,§$",:';':‘;3 TARLE 2—Sommary.of the vealts of aqnlfer tests Average 30 | 84| 250 | 19| 141 | 14 | ama m| s 6| 157 45| 2080 | 1130| 75| 19 280 | 77 (Maxcy, 1950).
. Thickness | saturated | outwash or more feet of sient storage, Composition of outwash Water-bearing characteristics ~ - — X — d ) ) ) ) .
Aquifer (feet) | thickness | area salunatadisard andil  Negust 1965 (acgre_ . deposits of muifer or more feet of saturated _— Depth | Aquifer | Depth to | Saturated| Duration :um Specific | Coefficient of Average ﬁ"‘: - "“"“ 1 25 168 ey . i b - & e iy L5 2%0 75 Boron(B)__________________ May be toxic to crops when present in excessive concentrations in water used for
(feet) (acres) gravel (acres) feet) sand and gravel (gallons per i of well| thickness | water level | thickness | of pumping ke D'm(feel) M| capacity |""""""i,"';z"’ mmlliuelll DIWIG Minimum 88 q 148 47 30 31| 292 92 11 3 26 14| 1,760 564 20 5 1,040 12 imrigation. (See Wilcox, 1955)
minute feet) feet) inutes; (gpm (gpd
: i B . (feet) | (mimutes) | (opm) sl e (gpd per sq ft)’ SURFACE WATER Dissolved solids______________ The total of all dissolved constituents. The U.S. Public Health Service recom-
Well sorted sand (45 percent to 75 a mends a maximum of 500 ppm in drinking water! Water that contains more
percent) and gravel (20 percent to Good—a; indicated from the results 4 38 a5 146 20 2,160 410 112 37 76,000 3.800 1-5-55 _ 'm than 1,000 ppm is unsuitable for many industrial uses.
Southern outwash 0-50 30 21,600 12,200 194,000 60 percent); usually contains less| Of aquifer tests, laboratory analyses |\ " . (50-350) to laige (>350) 5 45 40 122 28 3,666 890 185 46 180,000 6,700 11-6-44 Stream site Discharge
aquifer than 7 percent silt and clay-sized of sz.:mples, and examination of drill 7 40 36 195 15 2.880 1017 822 124 83,000 5,500 11-19-44 (cts) Hardness as CaCO; ___ _______ Consumes soap before lather will form, and forms soap curd. Hardness causes
particles cuttings 8 39 38 164 23 1.560 L084 88 123 180,000 8,000 11-3-44 B J)A scale formation in boilers, water heaters, and pipes. Hardness equivalent to the
9 38 36 125 35 724 1311 | 120 u7 155,000 4300 4-2-55 Gage 308-Big 7740 | 6710 25| 12| 54| s3] 81 54 00 | 00| 84| 006 179| 110| 44 02 2712 | 66 bicarbonate and carbonate in water is called carbonate hardness; hardness in
Well sorted sand (40 percent to 70 | o oy o< indicated from the results 24 27 38 58 32 729 52 6.82 7 130,000 4,100 11-11-44 Sioux River nr. excess of this amount is called noncarbonate hardness. Water that has a hard-
Northern outwash percent) and gravel (15 pe!cent to of aquifer tests, laboratory analyses a5 30 28 755 20 1.520 364 1023 36 60,000 3,000 9-11-60 Brookings 115 12 02 80 45 36 10 270 209 23 2 24 19 596 386 165 8 846 76 ness less than 61 ppm is considered soft; 61-120 ppm, moderately hard; 121-
. o e £ o0 S oo possant it and ey sineg | O Saeles. and examinstion of drif | Hecerte RSO w | 2| = w | 2 75 52 - n 120,000 - e Gage83Big | 1590 | 46| 0| 15| 5| 23| 78| @ 12 of 01| eo| 4| 19| s8] & 1 151 | 66 180 ppm, hard; and more than 180 ppm, very hard.
patticles cuttings 198 2 2 11.26 3 270 50 96 52 90,000 6.900 10-27-65 Sioux River nr. Specific conductance A measure of the ability of water to conduct an electric current; varies with
i ot T R 218 27 27 1043 17 300 21 40 53 m 4,100 4-29-65 Dell Rapids 186 10 02 88 43 31 79| 268 207 18 2 22 15 586 395| 175 v/ 827 7.7 micromhos/ centimeter temperature. Depends on concentration, kind, and degree of ionization of dis-
ell sorted san percent to . - * . . . - i
Northeastern outwash Dercent) and gravel (15 percent to | Fair—based on performance of irriga- 21 | 38 39 1620 23 15 540 788 67 28,000 1.200 1-19-55 Gage 252-Spring |16 | os|] ss| 7| 53| eo| 202 2| 30| 2| ss| 05| 23| 200 m 2 a2 | 70 waFe ﬂ;ﬂ;"ﬁ'ﬁ:ﬁnﬁﬁ':n’:, :'i:'s':l"’e‘:‘;'dﬂ:;“' RSN g e BN o)
plain aquifer (includes r : ; tion weils, and examination of drill | Small (<50) to moderate (50-350) 246 36 37 1204 25 1,440 75 144 52 110,000 4,400 7-7-64 Creekint P =
diitwash  denosits 0-55 15 13.300 1,840 50,000 40 percent); usually contains less . 304 73 28 1044 14 220 25 600 . o -
I Spri Cp K than 15 percent silt and clay-sized | Cuttings 3 L4 24 22,000 L 10-26-65 Flandreau 1 79| 05 72 31 1 31| 268 103 49 3 9 09| 382 307| 87 3 600 7.6 pHE e A measure of the hydrogen ion concentration; pH of 7.0 indicates a neutral solu-
along Spring Creek) cantihes 11 22 20 5.00 15 475 500 1050 48 160,000 11,000 9-5-63 e % " . & & 29 il g - 5 s - - 5 =il = X & . tion, pH values lower than 7.0 indicate acidity, pH values higher than 7.0 indicate
St ot e it it s o ot b ot s | = —ar i I B ST et W s
deposits — i T mdwsﬂenkdﬂwd_-m.alﬂepr_aﬂ-nmmm.mdbuwdu.ﬂmnav_amdmoﬂh Flandreau 5 11 _ 116 49 27 59| 339 251 6 2 1 17 674 490| 212 5 922 79 ) . ) ) _ s ) . ) .
Flandreau Creek 0-18 5 4,600 0 . et tn g{ Yﬁ e d" al i Poor--based on examination of ex- small (<50) Epeiter oot e """"_“‘ "'"_"""u height of the aqoifer under a bydraulic gradiest of 100 percest. A hydraulic gradiest of 100 Sodium-adsorption-ratio A ra_tlo us_ed to express _tllg r_elat_lve activity of sodu_m_t ions in exchange reactions
Mud Creek 0-15 1 370 0 e ::::: r:;(:ﬁacrlzzun SRR posed sections s 3 BcH -"" Sl uhoos oo e m .l m ol i m ) . : L ! Median values are mot givea where there are less than seven analyses of ground water. Lack nf sufficiest data preciudes a statistical summary (SAR). with soil. Important in irrigation waters (U.S. Salinity Laboratory Staff, 1954).
Milwaukee Lake 0-10+ -] 130 0 . of i -Bm o i dﬂnmd:.mfeet at the = vt R NENEE > . - g e e T I The maxi concentrations recommended by the U.S. Public Health Service (1962) should not be exceeded in drinki 17 I
lwa = = {r i 3 e M mum n { .. Public ice [ ]1] NO in dnnking waier uniess
Squaw Creek 0-15+ 5 260 0 :h;ammwhm R e Py ZConcentrations less than 1,000 ppm were determined by the residue-on-evaporation method; coacentrations of 1,000 ppm or more where detes- more suitable supplies uenotorunmtbe’nude available .
== mined by the calculation method
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