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GEOHYDROLOGY OF THE DEEP BEDROCK AQUIFERS (CONT'D.) | GROUND-WATER DEVELOPMENT

Wells and springs probably supplied less than 1,500 acre-ft of water in 1974, probably less than half of which

was utilized.
102° 102° x The towns of Eagle Butte and Dupree obtain their municipal supplies from wells tapping the Madison Group.
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r T/ { / ; i other communities in the northern part of the area use wells tapping the Timber Lake Member of the Fox Hills

0017' Formation or the aquifer in the Hell Creek and Fox Hills Formations. Where potable well water can be obtained,
agNE 000 ground water commonly is utilized for domestic supplies, but its use for livestock supplies is much less. Most stock
- J /b‘ water normally is obtained from dugouts and stock ponds. Where potable ground water is not available, most
A ranchers and residents haul their water from nearby towns or ranches, commonly storing it in cisterns. The most

v / / widely used sources for hauled water are at Faith (well tapping the Hell Creek Formation), Eagle Butte and Dupree,

Circle P Springs, Timber Lake, and the Swiftbird Camp. (treatment plant for Lake Oahe water). Several schools and:
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. T / The importance of the various chemical constituents in water depends not only upon the amount of the
14 14 substance présent, but also upon the use made of the water. For domestic use, the U.S. Public Health Service (1962)
N. | 0 Q’ N. recommends that water contain no more than 1,000 mg/L dissolved solids; however, as much as half the population
/ / \er \@Q / / of South Dakota drinks water that contains more than 1,000 mg/L dissolved solids. Livestock generally have
L P . ), greater salt tolerance than people; pigs,one of the less salt tolerant animals,can drink water that contains as much as

4,200 mg/L of dissolved solids (Hem. 1970). Most crops have less salt tolerance than animals; irrigation water
that contains 1,200 to 1,500mg/L of dissolved solids is barely acceptable in quality if it is low in sodium. If sodium
constitutes much more than half of the cations the water is unsuitable. An outline of the significance of various
constituents is given in table 3.

Selected chemical analyses of surface and ground water are presented in table 4 to show the general variation
of constituents. .

Shallow wells are particularly vulnerable to pollution because the depth to the well screen is too short for
adequate natural filtration of downward-moving soil water and because the wells often are near sources of
contamination such as barnyards or feedlots.
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Table 3. — Significance of chemical and physical properties of water.

Of ‘considerable use in compiling the Significance column was the California State Water Resources
Control Board publ. 3A, ”Water Quality Criteria,” 2d edition, by J. E. McKee and Harold Wolf,
548 pages, 1963. )

Limits, where given, are those set forth by the U.S. Public Health Service (1962) or the U.S. Environ
mental Protection Agency (1975). The unit mg/L is approximately equivalent to parts per million.
The unit ug/L is approximately equivalent to parts per billion
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Constituent Recommended limit
onstituen (mg/L)

Significance
or property *Mandatory limit

Affects the usefulness of water for many purposes. Generally, users
Temperature prefer water of uniformly low temperature. Temperature of ground
EXPLANATION water tends to increase with increasing depth to the aquifer.
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Forms hard scale in pipes and boilers and may form deposits on blades
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.[ ——-2600—— Structure contour — shows altitude of the top Silica (SiO,) of steam turbines. Inhibits deterioration of zeolite-type water
/ of the Red River Formation. Contour interval softeners.

of the Minnelusa Formation. Contour interval 200 feet. Datum is mean sea lgvel

L 100 feet. Datum is mean sea level
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;_ I 0 ; i o w e G SO A e KILOMETERS ——500—— Line of equal thickness of the Red River For- reddish-brown. Objectionable for food and beverage processing.
N. £006 ——600—— Line of equal thickness of the Minnelusa For- N. e mation, in feet. Dashed where approximately M 05 Causes gray or black stains on porcelain, enamel, and fabrics. Can
mation, in feet. Interval 100 feet f’M( GheYe located. Interval 100 feet anganese Brotiote grovthof sérbein Kinds of BECESTIE,
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. ‘bo Calcium (Ca) and Cause most of the hardness and scale-forming properties of water ( see
102 102° Magnesium (Mg) hardness).
Base from U.S. Geological Survey 1:500,000 map Base from U.S. Geological Survey 1:500,000 map : Large amounts may limit use of water for irrigation and industrial use
Sc;dlum (Na)(lizr)ld and, in combination with. chloride, give water a salty taste. Abnorm-
" . ; & . ) : 5 . . otassium ally high concentrations may indicate natural brines, industrial brines,
Figure 10. — Map showing structure contours and thickness of the Minnelusa Formation. ’ Figure 14. — Map showing structure contours and thickness of the Red River Formation. or};ewige_ ¢
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Sulfates of calcium and magnesium form hard scale. Large amounts
Sulfate (SO,) 250 of sulfate have a laxative effect on some people and, in combination
with other ions, give water a bitter taste.

Large amounts increase the corrosiveness of water and, in combination

Chloride (CI) 250 with sodium, give water a salty taste.
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Reduces incidence of tooth decay when optimum flouride content is
present in water consumed by children during the period of tooth
calcification. Excessive amounts of fluoride may cause mottling of
teeth

Floride (F) 1.5
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45% Concentrations higher than local average may indicate pollution by feed-
Nitrate (NOg) lot runoft, sewage, or fertilizers. Concentrations higher than 45 mg/L
10* may be injurious when used in feeding infants.
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Essential to plant growth, but may be toxic to crops when present in

excessive concentrations in irrigation water. Sensitive plants may
Boron (B) show damage when irrigation water contains more than 0.67 mg/L
and even tolerant plants may be damaged when boron exceeds
2.0 mg/L.
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The total of all dissolved mineral constituents, usually expressed in
milligrams per liter or in parts per million of weight. The concentra-
tion of dissolved solids may affect the taste of water. Water that con-
tains more than 1,000 mg/L is unsuitable for many industrial uses.
Some dissolved mineral matter is desirable, otherwise the water
would have a flat taste.

Dissolved solids 500
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Related to the soap-consuming power of water; results in formation of

scum when soap is added. May cause deposition of scale in boilers,
3 water heaters, and pipes. Hardness equivalent to the bicarbonate and
Hardness as CaCOy carbonate in water is called carbonate hardness; hardness in excess of
this amount is called noncarbonate hardness. Water that has a hard-
ness less than 61 mg/L is considered soft; 61 - 120 mg/L moderately
hard; 121 - 180 mg/L, hard; and more than 180 mg/L, very hard.
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Ratio of sodium to total cations in equivalents per million (epm)
expressed as a percentage. Important in irrigation waters; the higher
the percent sodium, the less suitable the water for irrigation.

Percent Sodium

(%Na)
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Sodium- A ratio used to express the relative activity of sodium ions in exchange
adsorption-ratio reactions with soil. Important in irrigation water; the higher the SAR,
(SAR) the less suitable the water for irrigation.
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The amount, expressed in epm, of carbonate and bicarbonate a water
would contain after the removal of an equivalent amount of calcium
and magnesium. RSC is a measure of the ‘“black alkali’” hazard of
water. Water having an RSC greater than 2.5 epm is not considered
suitable for irrigation; an RSC of 1.25 to 2.5 epm is considered
marginal; and an RSC of less than 1.25 epm is considered ‘‘probably
safe” for irrigation.

Residual Sodium
Carbonate (RSC)
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A measure of the ability of a unit cube of water to conduct an electrical
current: varies with temperature,therefore reported at 25°C (77°F).
Values are reported in micromhos per centimeter. Magnitude depends
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Specific
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/4[/ ’100 /\ e conductance on concentration, kind, and degree of ionization of dissolved consti-

& tuents; can be used to determine the approximate concentration of

Lt = : EXPLANATION dissolved solids.

EXPLANATION

’ ) A measure of the hydrogen ion concentration; pH of 7.0 indicates a
——-3200— Structure contour — Shows altitude of the top neutral solution, pH values lower than 7.0 indicate acidity, pH values

of the Deadwood Formation. Dashed where pH higher than 7.0 indicate alkalinity. Water generally becomes more cor-
approximately located. Contour interval 200 rosive with decreasing pH; however, excessively alkaline water also
4 6 8 10 MILES feet. Datum is mean level may be corrosive.
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T feet. Datum is mean sea level
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——700—— Line of equal thickness of the Madison Group, ——300— Line of equal thickness of the Deadwood For-
in feet. Interval 100 feet . /W mation, in feet. Interval 100 feet
No known necessary role in human or animal diet. Nontoxic in the con-

102 centrations normally found in natural water supplies. Concentrations
) ' . ) Aluminum (Al) greater than 1,000 ug/L may reduce yields of some crops. Long-term
Base from U.S. Geological Survey 1:500,000 map Base from U.S. Geological Survey 1:500,000 map exposure to concentrations of more than 100 ug/L can be lethal to

some types of fish.
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Figure 11. — Map showing structure contours and thickness of the Madison Group. Figure 15. — Map showing structure contours and thickness of the Deadwood Formation. No: known necessary sole in Human) of . animal diet, but 18 toxic, A

10 cumulative poison that is slowly excreted. Can cause nasal ulcers;

101° . Arsenic (As) . skin cancer; damage to the kidneys, liver, and intestinal walls; and
R.19E. R.20E. R.21E. R.22 E. R.23 E. R.24 E. R.25 E. ' R.26 E. R.27 E. R.28 E. R.29 E. R.30 E. R.31E. 50 death.
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Toxic; used in rat poison. In moderate to high concentrations can cause
Barium (Ba) 1,000% death; smaller amounts cause damage to the heart, blood vessels, and

nerves.
b

) Not known to be essential in human or animal diet. Is nontoxic in low
Bromide (Br) concentrations; less than 1,000 ug/L has no detectable affect even on
fish.
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A cumulative poison of high toxic potential. Not known to be either

biologically essential or beneficial. Believed to promote renal arterial
Cadmium (Cd) 10* hypertension. In animal experments, concentrations of 100 to 10,000
ugfL for 1 year caused liver and kidney damage; higher concentra-
tions cause anemia, retarded growth, and death.

COUNTY
:?”’e
= Or
&
‘*\,}

ZN¢BAICH COUNT

© 50* No known necessary role in human or animal diet. In the hexavalent
hexavalent) form is toxic, leading to intestinal damage and to nephritis.
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Chromium (Cr)

Essential to metabolism; copper deficiency in infants and young
animals results in nutritional anemia. Large doses of copper are toxic
1,000 i
and may cause liver damage. Some people can detect the taste of as
little as 1 to' S mg/L of copper.

Copper (Cu)
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Eodide (T} Esgs(e)?tléi:l and beneficial element in metabolism; deficiency can cause

A cumulative poison, toxic in small quantities. Can cause lethargy, loss
Lead (Pb) 50% of appetite, constipation, anemia, abdominal pain, gradual paralysis
in the muscles, and death.

Y104 4ASTNH
\ ¥10A ¥ ASTH

Reported as probably beneficial in small concentrations (250 to 1,250
Lithium (Li) ug/L). Reportedly may help strengthen the cell wall and improve re-
sistance to genetic damage and to disease. Lithium salts are used to
treat certain types of psychosis.

~

No known essential or beneficial role in human or animal nutrition.
Liquid metallic mercury and elemental mercury dissolved in water are
comparatively nontoxic, but some mercury compounds, such as
mercuric chloride and alkyl mercury, are highly toxic. Elemental
mercury is readily alkylated, particularly to methyl mercury, and

Mercury (Hg) 2% concentrated by biological activity; fish .and shellfish can contain
more than 3,000 times the concentration of mercury as the water in
which they live. Toxic affects of mercury compounds include
chromosomal abnormalities, congenital mental retardation, progres-
sive weakening of the muscles, loss of vision, impairment of cerebral
function, paralysis, and death.
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Molybdenum In minute amounts, appears to be an essential nutrient for both plants
(Mo) and animals, but in large amounts may be toxic.

Highly toxic to some plants and animals. Toxicity for humans is
believed to be very low.
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Nickel (Ni)

Essential to plant growth. Concentrations higher than local average may
Phosphate indicate pollution by fertilizer seepage or sewage. Concentrations
greater than 200 mg/L may cause diarrhea.

Essential to human and animal nutrition in minute amounts, but even
a moderate excess may be harmful or potentially toxic if ingested
over long periods of time. Selenium poisoning in livestock can cause

EXPLANATION Selenium (Se) 10* loss of hair; loss of weight; abnormal hoof growth; hoof loss; liver,
" kidney, and heart damage; poor health and lowered disease resist-
— - 3800 — Structure contour — Shows altitude of the top ance; and death. In humans, selenium can interfere with the normal
of rocks of Precambrian age. Contour interval function of the pancreas and other organs and effect changes in the

2 4 6 8 10 MILES 200 feet. Datum is mean sea level insulin requirements of people with diabetes mellitus.
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2 4 6 8 1012 14 16 KILOMETERS Causes permanent bluish darkening of the eyes and skin (argyria).
Silver (Ag) 50% Where found in water is almost always from pollution or by inten-
tional addition. Silver salts are used in some countries to sterilize
water supplies. Toxic in large dosages.
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102° 102 Strontium(§H Importance in human and animal nutrition is not known, but believed
tobe essential Toxicity believed very low —no'more than that of calcium.

Base from U.S. Geological Survey 1:500,000 map Base from U.S. Geological Survey 1:500,000 map
Not known to be essential to human or animal nutrition, but believed
; ; " . ; : . . Vanadium (V) ) to be beneficial in trace amounts. May be an essential trace element
Figure 12. — Map showing structure contours and thickness of the undifferentiated formations of Devonian age. Figure 16. — Structure contour map of the Precambrian surface. for all green plants. Large amounts may be toxic.
102° 101° ) Essential and beneficial in metabolism; its deficiency in young children
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] _0/ I - / - / = = = = = = = / —‘ = =Y = = == = = g, Zinc (Zn) 5.0 ance to disease. Seems to have no ill effects even in fairly large
T 330 / Q/ T [ > amounts (20,000 to 40,000 ug/L), but can impart a metallic taste
17 L7 / &Q )’Q or milky appearance to water. Zinc in water commonly is derived
N l/ QQ v > > ‘\9 from galvanized coatings of piping; unfortunately, common contami-
’ 00 q@ Y v nants of zinc used in galvanizing are cadmium and lead.
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N. &00 § '5 ‘bQQ )’-)g“—\’ $ Reported in milligrams per liter (mg/L) except as indicated. One milligram per liter is approximately equal to-one part per million ® 5 Reported in micrograms per liter (ug/L). One microgram per liter is approximately equal to one part per billion.
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eposi
g. : 15-20-34 7-15-60 | Alluvium 21 13 15 20 | 1,800 | 110 30 420 | 10 503 | 0| 880 17 3 .0 - 720 | 1,760 | 1,730 400 0 | 69 9.1 262390 | 98| = | - = - BT [T (RO [ ¥ = = sl e e [ < - - =
N. 14-23-13 7-18-60 | Alluvium 26 14.5 | 15 20 | 2,900 | 420 110 510 | 22 | 348 |0 2300 46 4 07| - 570 | 3,810 | 3,600 | 1,520 | 1,200 | 42 56| o 4170 | 73 | - | = 2 - i [P N = = _ S [ N I = = = _
T 7-18-241 1- -68 | Terrace deposit 40 = - | 3,500 | 2,200 | 260 73 380 | 10 412 | 0 | 1,400 38 7 .0 - - - 2,350 970 620 | 46 53| o = | g =] = o x k| ) (S | gl o - E RO I _ o _ _
| .‘ of GRS EXPLANATION 8-22-31 7-12-60 | Terrace deposit 44 11 12 690 | 5,900 | 400 84 680 | 9.5 427 | 0 | 2,400 103 2 05 = 550 | 4,050 | 3,850 | 1,340 990 | 52 81| 0 4,600 | 75 | - | - = = -l =-|-1- = = - = = =" e | = - - - =
g_ ® 9-19-5 7-08-60 | Terrace deposit 24 23 9.2 260 420 | 800 80 1,600 | 22 329 | 0| 2,200 | 2,600 A 1.40 - 740 | 8,190 | 7,570 2,730 2,500 | 55 13 0 10,800 | 7.3 = = = - = gt = _ o i - s | - - — = =
N, ——_ 3200 — Structure contour — Shows altitude of the top 9-23-25 9-26-73 | Terrace deposit Spring 14.0 | 17 20 0| 45 5.9 37 28 209 [0 31 sS4l -2 1.9 = 90 | 247 256 140 0 | 36 1.4 .69 24 80 | = |= = B PN el SR (R = — = o a fl= | ag | = = = = =
of the Interlake Formation. Dashed where 4
approximately located. Contoa]fr dintervral 14-20-4 7-15-60 | Terrace deposit 18 145 |15 10 | 2800 | 270 70 930 | 16 510 | 0| 2,500 74 3 0| - 700 | 4,310 | 4,090 960 540 | 67| 13 0 si020: |7 b= 2 e _ 7 T R e e | [ R . _ _ ~
S . e 200 feet. Datum is mean sea level 13-22-23 7-20-60 | Terrace deposit 21 9.5 | 11 70 320 | 40 9.5 290 | 3.3 517 | 0| 340° 16 3 MU 790 | 988 966 140 0 82| 11 570 | 1490 | 78| -~ | = = e sl i e = o _ _ O |1 R _ = _ _
17'_I va orr; "‘ é é 1'0 1'2 1'412 KILOMETEHRS a0 14-23-13 7-19-60 | Terrace deposit 27 13 14 10 | 8,800 | 420 130 870 | 16 582 | 0 | 2,900 55 4 200 = 740 | 4,890 | 4,670 | 1,600 | 1,100 | 54 94 | 0 5440 (73 | - | - = = = '="] = | = = — - - —_ = | == = = = —
‘ ——7100—— Line of equal thickness of the Interlake Forma- :
N. e . . 14-28-26 4-08-59 | Terrace deposit 33 8 27 4 30 | 140 36 ; 4 90| - 320 | 1,580 | 1,520 50 : a ¥ =
Gheye tion, in feet. Interval 100 feet : 0 , 300 | 7.7 433 | 0| 780 13 0 140 | s6 58] 0 2,090 | 7.3 = =l - = = - = = i | s | = | e - _ _ "
,//m 13-19-17 6-25-59 | Hell Creek Formation 110 9.5 | 12 90 60 | 33 6.0 230 | 7.3 400 [ 0| 280 id] 4 56| - 250 | 784 774 110 0 | 81 9.7 | 442 | 1,080 76 | = | = = & SEY (S I o n _ I U | A _ " . _
102° 16-18-15 10-18-73 | Hell Creek Formation 150 - 11 40 60 16 1.5 570 5.8 624 |0 780 10 4 .06 = 1,300 | 1,750 | 1,700 46 0|96 | 37 9.31 | 2,500 | 8.0 - = = = = S e | = = = = N = 3 | = = = = =
17-19-29 5-25-73 | Hell Creek Formation 220 9.5 | 9.9 50 20 8.4 5 490 | 1.7 603 | 0| 630 1.5 05| - 1,800 | 1, 1,460 =
Base from T8, Geslogioal Survey 1:500,000 mag 15 1,510 23 0 | 98| 44 942 | 2,070 | 83 | 10 | 4 0 400 | 0 |10 | 1| 3 30| 0 70| .0 3|4 |0 a 170 .0 100
11-18-10 10-25-73 | Fox Hills Formation 140 11.0 | 13 60 50 28 3.9 960 59| 1,720 |0 720 JL| 2 03| - 2,200 | 2,660 | 2,590 86 0| 96| 45 2647 | 3800 | 79 | - - = A S0 | I = _ = _ S il - i - N _
Figure 13. — Map showing structure contours and thickness of the Interlake Formation. IReeR $eddeyy || FORTHIIE Gimusitn les L5 | ML 60 | 360 | 110 19 760 | 5.8 | 406 |0 | 1,500 58 | 8 02| - | 1,200 | 2,620 | 2,670 | 350 22 | 82| 18 |0 3380 | 78| 0| 4| o 400 [0 | o 2| 1| 6 | 1| s60| 5| ofls | o o] 140 .0 |190]| -
13-19-27 6-25-59 | Fox Hills Formation 195 1.5 .| 11 500 30 16 2.0 520 3.9 784 [0 | 300 200 .6 02| - 2,200 | 1,540 | 1,460 49 0 |9 | 33 11.89 | 2,300 | 8.0 | 10 | 2 0 | 15,000 | O 0| 110 700 | 1 180 .0 1|6 2|0 280 | 43 140 =
15-18-4 5-24-73 | Fox Hills Formation 70 10.0 | 13 30 = 62 6.8 34 | 17 267 | 0 26 11 3 91| - 130 | 296 295 180 0 |29 1.4 12 484 | 75 | = | = = = Wy S = . = - aFL -1 g il o - 0 - =
17-22-32' | 5- -54 | Fox Hills Formation 360 - - 400 0 | 13 1.0 430 615 |0 82 290 .95 0 - - 1,200 | 1,130 37 0|9 | 31 9.34 =83 | = || = - = S S S S - . o _ o (O S | _ _ = -
17-25-35 5-23-73 | Fox Hills Formation 30 95 |13 70 10 | 33 9.4 9% | 3.6 310 |0 52 22 i5 21| - 220 | 385 384 120 0 |62 3.8 | 2.66 635 | 7.8 | 10 | 3 | 100 30 [ o @] T 3 T 9 | 5 21 4] 010 270 0 80 -
17-27-8 5-23-73 | Fox Hills Formation 70 8.0 | 16 50 = 350 150 400 | 18 462 | 0| 1,600 110 4 | 43 - 340 | 3,290 | 3,250 | 1,500 | 1,100 | 37 45 | 0 %600 73 | = | = = = AR | ST S M _ 7 o _ s | gl = _ _ _ _
REFERENCES SITED 10-23-13 4-09-59 GfFa"emS.Shale or Dakota | 1,800(?) | 38 19 310 0| 26 11 3,000 | 11 962 | 0 2.5 | 4,200 8 o 7,600 | 7,820 | 7,690 110 o | 98 | 125 505 |13300] 78 | - | - _ A Y R e ~ - ) _
ormation s - - = = = - - =
8-22-32 5-11-72 | Dakota Formation 2,035 40 19 30 10 8.0 2.7 | 1,800 | 7.5 | 1,500 |0 19 | 1,900 | 2.4 05 - 6,600 | - 4,510 31 0 | 99 | 140 2396 | 7,930 7.8 | - | 0 0 200 | 0 [ 0| O 3 |7000] 1 230 | .0 512 | 8l = 940 | 52 0 =
Baillie, A. D., 1950, Devonian geology of Lake Manitoba-Lake Winni- 9-19-5 4-09-59 | Dakota Formation 2,385 48 21 40 10 73 2.7 | 2,000 | 5.6 | 1,680 |0 1.3] 2,100 | 3.3 36| - 6,200 | 4,990 | 4,980 29 0|99 | 162 2694 | 8340 | 79 | — | = " - S| S | = - = [T | e ]a == = = = _
pegosis area, Manitoba: Manitoba Dept. Mines and Nat. Res. Mines 15-26-12 e Dakota F i 26 4 = ' '
SUMM ARY shie Hilgher the cost aid e Hiiger the aven that woyld e developed. Brint ik, 49 =2, T2, 1 5-25-72 | Dakota Formation 2,021 29.5 | 14 30 20 1 2,400 | 13 636 | 0 7.4 | 3,500 8 6.3 7,500 | 5,780 | 6,340 120 0 |97 | 94 7.98 (11,300 | 7.8 | 10 | 3 0 [ 15000 | 2 [ 0| 0| 53300 4 530 | .0 0 1 4 | — | 1,400 | 86 20 =
i i i h of th d A wnd Ll G S e mgitien. A0S S Hem, John D., 1970, Study and interpretation of the chemical charac- AEEeks ) SR v I 280 20| 73 16 | 1400 | 58 | 1,430 (0| 1,000 | s70 |52 | .87 | - |31,000] 4200 | 3860 | 25 0| 99122 | 2294|5670 80 10 | 0| o | 1,700 | 1 [ 0| of 2| 3003 | 230| 5| 3|2|3|-]| 42/ 80 8 -
lfhau(‘)tw‘ 8;0‘1“‘; Y:at‘;ft 13 .n°tf Obtamab;fitm ;nut? & te are':ha?h’ evaporation losses are high, as much as 39 in. a year, dams and dugouts teristics of natural water: U.S. Geological Survey Water-Supply 15-30-29 6-30-61 lnsyandKara ?roup and 2,360 33.0 | 16 1,100 210 | 300 74 1,500 | 48 325 [0 2300 |1,000 |3:2 14 | - | 2700 5730 | 5,460 | 1,100 780 | 74 | 20 0 7660 |74 | = o | - _ "V (S| |SO (g T | _ N I (RO N [ _
where 1t 1S foun it oIten 18 O 0oor qu . Suriace water, wi (] : : 2 . ok undance Formation = e ==
; £ th I;/I i andl Chp q Ri y otk & vafuable il are a comparatively Hncxpensive way t‘{ hold snowmel.t and storm run Paper 1473, 2d edition, 363 p. 15-31-8 6-30-61 | Inyan Kara Group and 2,266 29 |13 1,800 150 | 160 45 400 | 24 225 | 0| 1,200 73 |31 T 610 | 2,110 | 2,000 580 400 | 59 72| o 2780 | 75 | - | — _ _ el el S B _ N T T IO (A _ B
EEEpIR al ks ISR ST Cacranne By Ko off for later use at widely dispersed sites. Use of this type of water Kindle, E. M., 1914, The Silurian and Devonian section of western 122097 | sorguny | gSundaneeFormation | C o ) S i e _ - o
vm.iely d.1s.tr.1bu'ted resource, is undependable becau.se of scanty ang er- devsiopment will contrue o grow Hecanse of s many advantiges, Manitoba: Canada Geol. Survey Summary Rept, 1912, p. 247—261. - -10-7 undance Formation ! ) 1,700 | 6.6 268 | 0| 2,600 |[2300 |34 04 || = : ,6 2,300 | 2,100 | 62 | 15 0 10,500 | 68 | — | © 0 300 | 0 | 0| 0| 0| 400 | 1 | 1,200 51330 4 | 0| — |14000 | 17 40 -
ratic precipitation. Artesian water from deeply buried bedrock aquifers Shallow ground water of fairly good quality is available in only a few Lighingr, O, T, 1990, A propoms stoeamflow daby pigrin For Sowsth 15-30-26 5-24-72 | Sundance Formation 2,215 - |16 360 180 | 110 28 750 | 31 345 |0 | 1,400 280 | 4.6 o4 i = 2,000 | 2,940 | 2,800 390 110 [ 79 | 17 0 3930 70 | 10 | 0 0 500 | 1 | 0| 0| 0| 100 | 4 400 S| 260 | 5| - | 220/ 33 20 -
4 . : N i 5 Ok Ty y : ;
.comple'tely underlies the: Reservation. These aqulffers ALe 20'{’ and pfr:l‘tl) areas. These are: (1) where both the Hell Creek and Fox Hills Forma- Dakota: U.S. Geol. Survey open-file report, 60 p. 14-29-36 5-24-72 | Minnelusa Formation 2,505 315 | 16 50 130 | 430 110 750 | 65 247 | 0| 2,400 410 | 32 40 |~ 2,100 | 4,620 | 4,320 | 1,500 | 1,300 | 50 84 | 0 5310 6.7 | 10 | 4 0 2800 | 2 | 0| 2| 4 80 | 0 670 | 0| 42| 2 | 3| - | 8400 | 10 30 -
ably will not, become highly developed sources of water because ol the tions are present, (2) where the Fox Hills Formation is at least 150 to Maclay, Robert W.. 1952, Occusrence of ground water in the Ch 1557= : ; 5 ’
high cost of constructing deep wells and because of the high to very . . . 7 Y, -, > gr ater in the Cheyenne 1-31 5-11-72 | Madison Group (Lodgepole 4,500 58.0 | 34 50 50 | 400 94 110 | 52 146 | 0 | 1,400 120 | 4.0 .00 580 | - 2,300 | 1,400 | 1,300 | 14 131 0 2670 | 98 |- = | 0 0 300 | 0| 0] 0f 1 20 | 1 230 5 71 4 0| — [11.000 | 12 8 -
2 Syt gty 200 ft thick, (3) in some of the alluvium along the Cheyenne River, (4) River and Standing Rock Indian Reservation areas, North and South Vit | Sl e e 4325 555 | % oo a0 | ##0 iip % ' ’
high salinity of artesian water in much of the area. N of wat = locally on a few terraces, and (5) locally in alluvium along the Moreau Dikota: U8, Denl, Surey open-lle repost, 95 5., 3 figs. " -10- dison Group (Curies Formation ; - 20 64 | 31 168 | 0 | 1,300 67 | 3.8 L e 0f - | 2080 | 1,400 | 1,300 | 9 00 2440 72| - | O 0 100 |0 f0] 0] o0 9|1 1o | 5| 11| 4 | o - | 9600 | 1.2 8 -
The best chemical quality and largest VOIUIII:C stlllpply OL WAL e River. Most future development of shallow ground water probably will U.S. Bureau of Indian Affairs, 1959, Combined soil and range survey, 16222557 3-14-53 o oeip) 4,382 = | = = - [.430 110 950 293 10| 2,000 | 890 | - = = - |s000] - 1,500 | 1,300 | 58 | 10 0 S [0 G (SN RS Aol e | el elfelasl s el alalsle]| = - - -
abje “,'lthm,th? Beservation is from Lake Oshie, the lacge fesciyoll on be for stock and domestic wells in the few favorable areas. Water qual- Cheyenne River Reservation, South Dakota: Missouri River Inv 12-22-4%% | 8-24-70 | Red River Formation 5,078 - - - - 380 97 350 183 | 0| 1,500 300 - - = - | 2780 = 1,400 | 1,200 | 36 | 42 | 0 =|r0] = | = =
the Missouri River. Development of some of the more than 16 million W of eneat b arianss in cofsidetiag kv bosslbleannies ol apale. & i ’ . = : . 2 = | = | =] =] = T - = | = | = | = = = - = "
acre-ft of annual flow in the Missouri appears to be an attractive solu- y; Of gre p ; gany.p PPly, Project Rept. 159, 105 p., maps. 12-22-8%6 | 8-02-73 | Red River Formation 5,078 = ], = = - | 440 96 110 185 [0 | 1400 | 130 |3 o7l = ol 2510 | 2200 | 2,200 | 2000 | 13| 14 | o el S T S S g 5 S U A ST S ~ I S A ~
;i i ; of particular concern for shallow wells because of the ease of pollution U.S. Environmental Protection Agency, 1975, National interim primary 1.3 . : ) - i e
tion to water shortages and a boon to economic improvement, particu- i o ) e s > 13-22-20 8-09-70 | Red River Formation 5,140 = - 2,800 - 380 62 330 | 17 168 | 0 | 1,300 200 - 0 - - 2,860 | 2,680 1,200 1,100 | 35 4.1 0 3330/ 73
tacly for itiigation. However, the coit of stich development probakly from surface sources, the possibility of the occurence of high nitrate drinking water regulations: Federal Register, vol. 40, no. 248, part F . =l =1 =1 = = === =t =J=rl=1=-1 = = = =
a.ry or -u'n.ga 10l . now V T, O'S P vaall, sghes] concentrations, and the known possibﬂity of the water containing high IV, p. 59,566 to 59,574’ Wednesday, Dec. 24’ 1975. 2Analysis by South Dakota Dept. Health, Pierre, S. Dak.
Do 1t.to. arge IEEcts T A l; i P th 5 selenium concentrations where it may be or may have been in contact U.S. Public Health Service, 1962, Drinking water standards, 1962: U.S. Outside of Reservation boundaries.
of the reservoirs; in general, the greater the distance from the reservoir, with thie Pieres: Shats, Public: Health Service Pub, 956, 61 p 3K rom il fest hole drilli=stem $est.
. 3 . 4 . .
Waage, Karl M.. 1968, The Type Fox Hills Formation, Cretaceous SA"alysfs Ermmishell Gl C°.'
(Maestrichtian), South Dakota; Part I, Stratigraphy and Paleoenvi- ~Anlisis by Resa Tesh,, Gilletie, Wyo.
ronments: Yale Univ. Peabody Mus. Nat. History Bull. 27, 175 p. RSErRS LT, Nt e, e
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