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The water-saturated sand and gravel underlying the 450 8 \j 7 NP S - ¢ [ | J
square miles of Missouri River flood plain in Missouri between N _ [ 90" 4 : = & DATUM IS MEAN SEA LEVEL
Kansas City, Mo. and the lowa border is the largest potential 1o : 3 Y g // / 1068 .jL VERTICAL EXAGGERATION X 100
source of fresh ground water in northwest Missouri. Pumping e eY S ol / = - :
from this aquifer is presently confined to 9 small towns for g / 3 = e P Lk \ I [
municipal supplies, to approximately 12 industrial well fields 14 . 1_.__\_4__# INES{E ; R 1// .
in the St. Joseph area, and to approximately 50 irrigation wells. 7 A\ Te SM ‘ s | e o __é_ 95°00
At present (1968) the full potential of this ground-water source 515 NEBRA A5 : ) RVATI ; QII . 1 ‘ | TN W .
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ground-water resources of the Missouri River alluvium in Mis- 7=220,000 gpd/ft i I P == ———t—/ o F— I ; coln C ]
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areal extent, and lithology of the alluvial deposits along the Mis- —— - j I [ . et
souri River between Kansas City, Mo. and Iowa, and to provide 2 T Illlo I8 [y lllllll)o | Illul)oo o | = // 3
information on the occurrence, availability, use, and chemical DISTANCE FROM WELL, IN FEET i o
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PREVIOUS INVESTIGATIONS missibility, S=-coefficient of storage, Q=discharge —— é - L '
The Missouri Geological Survey and Water Resources has 0 j/ - % g % ///
conducted preliminary ground-water investigations in north- O B LT SRR - R 4 . / 2 /
west Missouri including those counties adjacent to the Missouri 2 /% // ,//, é
River between Kansas City, Mo. and Iowa. Primary emphasis ; ~. £ ; /
in these reports (Fuller and others, 1957a, 1957b, and Heim and 4 //// X /// 4 '_j % 5
others, 1960a, 1960b) is given to an evaluation of the potential -6 v 4 % R
ground-water resources of the glacial drift. These studies re- L i A I AL
sulted in the delineation of a preglacial drainage network which : 8 W, —F 4 2
is shown on a map by Heim and Howe (1962). The above men- = ey ’ : B B’
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outline areas considered most favorable for the development of 81, b ;
wells and give analyses of water from wells drilled into the under- z / ;[L =)
lying bedrock. In general, water from the “rock’ wells is too G114 s = f;/‘/ |
highly mineralized to be suitable for most uses. Z ) *"
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on some of the wells drilled by their company. At the time of the aquifer test at the Lewis and Clark site it was cause precipitation is generally sufficient to supply the needed =y z|Z )z z
not possible to measure a reliable water level from the pumped moisture to growing crops, but during times of deficient rainfall, & ozz o|F ol o
GEOLOGIC SETTING well, therefore a value for specific capacity could not be deter- the alluvial aquifer is a good source of water for supplemental TR S 25 gé | é
ALLUVIUM mined. However, when the well was installed the drilling con- irrigation. Based on indices developed by the U.S. Salinity Lab- ] g il mlo_ald 7t
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consisting of sand, gravel, silt, and clay. Generally its composi- koo viu'm s I e lov\./ s.odlum hazard and most of it falls into the medium .and l_ugh s ' U |
tion grades from fine-grained at the surface to coarse-grained at i E;hu it X e thWISSa » é b e i i salinity hazard classes (see diagram below). These classifications 7 800" 800"
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: - Tl a depth of 35 feet, underlain by sand and gravel. The clay cap at 7 : )
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GLACIAL DEPOSITS Average daily ground-water withdrawal for industrial, munic- Slol Ll | /; : ? 1-:“
The upland area bordering the Missouri River flood plain is ipal, and irrigation purposes m this reach of the river valle_y T " ;% i ecrans Mem | i
underlain by glacial deposits consisting of clay, silt, sand, gravel, amounts to about 15 mgd (million gallons per day). Approxi- ol | % ~ .ﬂ(/ = goo
and boulders. Where glacial deposits are in contact with the mately 11 mgd is pumped by industries in the St. Joseph area and & 4 B % ?
alluvium they may be hydraulically connected. This hydraulic used for cooling, cleaning. and stock watering; however some is o N 18 L ] 7K b | = @
connection would be reflected by the water levels in one aquifer processed and used for steam generation. Municipal use by 9 | Mo 2% 0 At f 700" 700"
fluctuating in response to pumping from the other aquifer. The cities amounts to about 1 mgd. It is difficult to give a figure for 2 = | / /é ¥ a : 0 5000 10000 FEET
map of bedrock topography by Heim and Howe (1962) shows the amount of water used for irrigation, as many of the irrigation i a : K X N L 1 J
that such conditions could exist in the vicinities of Mound City, wells are used to flood fields during the duck and goose hunting 2|2 |2 16F N // S S . VEiA{g:LI:xrgégRiEQ)rlq_ExE%o
Amazonia, and St. Joseph, Mo. but data are lacking to prove season. A rough figure would be about 3 mgd annually, based =R 57 N\ s ¢
a hydraulic connection. on acreage irrigated and a water requirement of 0.5 acre-feet per = S sl _ % == 3
acre per year. Acreage and water requirement figures were fur- § = Y ’
LOESS nished by the University of Missouri. g § 12 b | L
In places along the valley wall loess rests directly on bedrock; D= N Lake 75
in other places _the loess overlie_s glacial depqsits. Loess is a fine, WELL YIELDS Sl = “on 17’(17’1/ .
homogeneous silt usually buff in color. It is soft, can easily be it : . o ™ ’
. e . Irrigation wells have been measured in this reach of the allu- | ~
excavated, and has a remarkable capacity for standing in verti- . ’ - - - 8 = ~
. ) vium which have yields ranging up to 2,600 gpm and specific
cal walls. It has been suggested by many geologists that theloess s g, . 14
; - " capacities of 85 gpm per foot of drawdown. Municipal wells in | ] :
was deposited by wind during intervals between advances of the 5 . ; 2| 6 TI57N .
: S . this reach of the valley, while generally capable of greater yields, Siw s .
great ice sheets. Although the loessal material is quite porous, A
: - : are generally pumped at rates of less than several hundred gpm. B | =
spaces between the grains are of such a size that the loess yields 3 : : 3 - 4 T E6\N 'y 1 :
watersety oy wikibait G ot e Judging from the available geologic and hydrologic data it P ) 1 ==
y A g p a i should be possible by judicious test drilling to design wells capa- 5L o8 / :—:L\—
BEDROCK ble of yielding 1,000 to 2,000 gpm throughout most of the flood- a1 96 s |
. . . lain area. In some areas where the saturated alluvium is unu- 0 L =L L 1] | [Ces = :
The alluvium between Kansas City, Mo. and lowa is under- P . . ; $ (-4 =7 T
lain by consolidated sandstones shalzs and limestones of Penn- sually thick or exceptionally well sorted, it should be possible to Q 0 = - i ﬁrx | < 7 =T 71
y. ’ e, obtain yields greater than 2,000 egpm. (1 SPECIFIC CONDUCTANCE. MICROMHOS AT 25°C & A4 T — -
sylvanian age. Ground water contained in these rocks generally ’ S =
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is too highly mineralized to be suitable for most uses. Chemical e : - - 3 : orsesnoe
analyses of the water have been published in several reports (Ful- . QUALI’-I‘Y OF TH V-VA . . Low Medium High Very high | 1 Liikie
ler and others, 1957a, 1957b, and Heim and others, 1960b). For ‘Water in alluvial deposits along this reach of the Missouri Diagram showing classification of water for irrigation use “ R 20 E
detailed descriptions of rocks of Pennsylvanian age in Missouri River is characterized by a high hardness and iron content, and )
see Howe and Koenig (1961, p. 78-122). a wide range in dissolved solids (see table). The water is a calci- - ) DONIPH OUNTY .
um bicarbonate type and contains significant amounts of mag- were set up for full field irrigation and Wilcox, 1955, states that, e —
GROUND-WATER HYDROLOGY nesium. Concentrations of other constituents generally are low, for supplt?mer-ltal irrigation, water of these clasmﬁcat_lo_ns could e
Ground water available to wells occurs in the openings be- but the amounts of sodium, sulfate, and chloride are variable, be used with little danger to any but the most salt-sensitive crops.
tween individual sand and gravel particles making up the allu- and at places these may comprise a significant part of the The one sample classified as having a very high salinity hazard A A’
vium. Some of this water comes from streams, either from dissolved-solids content. Variations in the dissolved-solids con- is from a city well, and the median value for specific conductance : 850 850
overbank flooding or sustained high-river stage: some comes tent and the chemical character of the water are related to the indicates that water with this high mineralization is unusual in ) 5 e s
from direct penetration of rainfall. A still smaller amount may length of time the water has been in the aquifer, and to variations the area. - X i
be underflow from bedrock aquifers. in chemical composition of the aquifer materials through which .'; b 1 . \ = 1
The main ground-water discharge is seepage from the aquifer the water has moved. In a few places the high sulfate content of DEVELOPMENT OF THE GROUND-WATER SUPPLY will delay the rate of encrustant accumulation. These practices b é o b E = z
into the Missouri River. Other discharge may be attributed to the water may be caused by upward leakage from bedrock for- POTENTIAL YIELDS are (1) developing the well to its maximum capacity then pump- W ,;,;.1/;. it g o2 %3 2|z 2z p
evapotranspiration and pumping from wells. mations. The chemical analysis of water f:r011_1 the City of Cr;ug The alluvial aquifer receives a large but undetermined amount ing it at a rate somewhat less than its developed capacity (2) by f}k o 14 - _‘\_. g f - ‘ \.Lg [ 800" 8 i l%'f) g olx i 800"
Ground water in the alluvial aquifer occurs under water-table well (bar graph number 12 on the map) indicates that the high of recharge from the river during overbank flooding and during reducing the pumping rate and pumping more continuously or, % , C ek oy é § Faucett 2| i olt gﬁ gé e
(unconfined) and artesian (confined) conditions. These condi- so@1um chloride content of th_ls water may be Causeq by the sustained high-river stage. In addition to recharge from the (3) increasing the number of wells pumped and pumping them 1 T sl Union Cofnmunit X = ey e ==
tions vary geographically and in time. Consequently, in referring brines and wash water used in regenerating the zeolite beds. river it is estimated that an average of 6 inches of the 34 inches at a lower rate. * Y, /2 2 | % 2 s D0 yo- N ?;:‘:67 y Bk e
to the map, reference will be made to the piezometric surface RCDTCSC"_taUVC chemical analyses of water from selected wells of annual precipitation recharges the aquifer. This recharge by It should be noted that in some areas where wells are closely ; o o 2%)\ A N Club T ] —an e,
(the surface to which water in the aquifer will rise under its full are Sh_"“’“ in the table. and these and other analyses are show_n precipitation amounts to about 128 mgd. The estimate of 6 spaced and extensively pumped, it is possible to lower the wa- .I, h' - f<h 575" ;“'._f»{- o : A T s
head) rather than the water table (the upper surface of the zone graphically on the map. Also shown on the table are the maxi- inches is based on an annual fluctuation of about 60 inches be- ter level in the aquifer below the bottom of shallow wells causing \PLLS,Q’] / dshyiie 7 :29 1 \ Taos
of saturation). mum, minimum, and median values for all the analyses from tween high and low-water levels as measured in test wells, and them, at least temporarily, to go dry. _ '] , , g 2B 2 e |-— 750 ] T
The contour lines on the map show the general shape of the the area, and the recomm_enfied“ma'xm?um limits given in thf a very conservative value of 10 percent for the effective porosity. tchison Mu Ic1pal, '*"’ L == 116> ot .
piezometric surface for January 1968. Arrows drawn at right U.S. Public Health Service’s “Drinking Water Standards. The average saturated thickness of 80 feet and average effective SELECTED REFERENCES 107¢ b 4 o W s T.55 N.
angles to the contour lines and pointing in the direction of de- Bacterial content of the ground water was not evaluate{i fiurmg porosity of 15 percent (considering the entire aquifer) indicates Ferris, J. G., and others, 1962, Theory of aquifer tests: U.S. . L ? J - e
creasing altitude would show the direction of movement of the the present study. Thus, the following remarks pertaining to that approximately 1,100 billion gallons of water is in storage at Geol. Survey Water-Supply Paper 1536-E, p. 69-174. - fs’ [ \ 5 %
ground water. At this time (January 1968) the river was acting the suitability of the water are restricted to an evaluation of all times. When contrasting the pumpage of only 15 mgd with Fishel, V. C., and others, 1953, Water resources of the Kansas — v ﬁﬁ '( 9 O iy .7 S e
as a drain throughout half its length. In the northern part of the chemical data and do not indicate the sanitary condition of the the recharge and total ground-water storage of the aquifer, it is City area Missouri and Kansas: U.S. Geol. Survey Circ. 273, East it ’ g v A i
area, close to the river, the direction of ground-water movement water. obvious that only a small fraction of the available water is being 52 p. ) E . 5 ” A \ 700 700"
was from the river into the alluvium. During periods of pro- Domestic and municipal use.— A comparison of the maximum con- utilized. Fuller, D. L., 1962, Groundwater quality map of deep aquifers = ) ‘iuya' Lgkd LA NaSe'a 4 o=
longed high-river stage the direction of ground water through- centration of constituents dissolved in water from the alluvium The amount of water available from the aquifer can be in- in Missouri in Groundwater maps of Missouri, 1963: Mis- Grain B ) i CLAR Iﬁ_ :
out the entire reach may be from the river into the alluvium, with the maximum limits recommended by the U.S. Public Health creased in some areas by locating a well so that it induces re- souri Geol. Survey and Water Resources. ride R -~ e T TE _A.RB-_—__— 4 S e J L
thereby recharging the aquifer. Service Drinking Water Standards indicates that the iron, man- charge from the river. The amount of recharge induced from the Fuller, D. L., and others, 1957a, Water possibilities from the z R A Hid B e — —
The geologic sections show the maximum amount of fluctu- ganese, chloride, and disso_lved-solids contents exceed the rec- river by the pumping well will depend upon the character of the glacial drift of Buchanan County: Missouri Geol. Survey I . (\\ ] : JY == k 1212
ation in the piezometric surface observed over a one-vear period. ommended limits for drinking water standards. However, the river bed, the distance of the well from the river, the rate at which and Water Resources. Water Resources Rept. no. 14, 10 p., 4 alf Ccr _= y D Z <,/,> 650" =
In general, the greatest amount of fluctuation occurs near the median values indicate that the chloride content generally is less water can move through the aquifer, the rate of pumping, the 3 pls. Su BN N B-G an L 27 }.’».’:-. 5 5000 " -
river. than the recorpmended maximum limit anq _that about h_alf the amount of natural recharge to the aquifer, the direction of nat- 1957b, Water possibilities from the glacial drift of 11 59 : H.\f/ | 7 : : ; |
AQUIFER CHARACTERISTICS samples contained less than 500 mg/l (milligrams per liter) of ural ground-water movement, the river stage, and the tempera- Andrew County: Missouri Geol. Survey and Water Re- —_— \\ ) = I8 é ig_/ s /- DATUM IS MEAN SEA LEVEL
Q dissolved solids. The iron and manganese content of most of ture of the water. sources, Water Resources Rept. no. 15, 10 p., 3 pls. 30 i R <9 } / X ‘\ - s . VERTICAL EXAGGERATION X 100
Fishel and others (1953, p. 29) reporting on the Kansas City the samples was above the recommended limit, and removal of The advantages of a ground-water supply developed through Heim, G. E., and others, 1960a, Preliminary report, Ground- C e ¥ A 4 Lol Qe IS, 30
area, which is just outside the southern boundary of this report these constituents would be desirable. The amounts of other streambed infiltration over a supply pumped directly from a water resources of Holt County, Missouri: Missouri Geol. A s '
area, state that two pumping tests run in the Kansas City, Kans. chemical constituents determined are below the recommended stream are numerous. The infiltrated water will have a more Survey and Water Resources, Water Resources Rept. No. 17, e
part of the Missouri River alluvium indicate the water-bearing maximum concentration. nearly uniform chemical quality, a temperature range less than 24 p., 2 pls.
materials have a permeability of about 3,000 gallons per day Hardness of water is not considered in the drinking water that of surface water, the apparent removal or dilution of most 1960b, Preliminary report, Groundwater resources
per square foot. They further state (p. 29) that *“...wells on which standards, but it is an important characteristic to the municipal objectionable odors and tastes, and water generally free of bac- of Atchison County, Missouri: Missouri Geol. Survey and — T.54 N.
records were collected have an average yield of 980 gpm (gallons and domestic user. The minimum value of 241 mg/l indicates terial contamination and turbidity (Rorabaugh, 1963, p. 52, Water Resources, Water Resources Rept. no. 18, 20 p., 2 pls.
per minute) and an average specific capacity of 60. The specific that water in the alluvium is very hard and this water could prof- 55-56, 61). Heim, G. E., and Howe, W. B., 1962, Map of bedrock topogra-
capacity of a wéll is its rate of yield in gallons per minute per itably be softened. Nordell (1961) states that excessive har_dr_less The advantages of an infiltrated water supply over a conven- phy of northwestern Missouri in Groundwater maps of Mis- —
foot of drawdown.” in th_e water may scale up water heaters and _hOl water piping, tional ground-water supply are the availability of more water, souri, 1963: Missouri Geol. Survey and Water Resources. ~
T_wo ?qu1fer tests were run in the report area during this in- causing reduced flow_s and ev_entually such serious cloggmg_and with less drawdown and consequent reduced pumping costs. Howe, W. B, and Koenig, J. W., 1961, The stratigraphic suc- Cgmde
vestigation: In Lewis and Clark State Park, Buchanan County, burnouts that expensive repairs and replacements are required. Rorabaugh (1963, p. 51) lists 17 facts that need to be known cession in Missouri: Missouri Geol. Survey and Water Re- ‘ % .
Mo. and in Squaw Creek National Wildlife Refuge, Holt County, Also, hardness wastes a large proportion of the soap used in in planning an infiltrated water supply and states that *...the sources, 2d ser., v. 40, 185 p. ! *'li_,_o k | y S‘R‘éﬂ
Mo. The results of the tests are summarized below. laundering and deposits insoluble soap curds in the laundered planning of a water supply that is to be dependent on induced Knight, R. D., 1962, Groundwater areas in Missouri in Ground- _1 , UaKs W S 3
materials. These curds not only prevent thorough cleaning, but percolation through a streambed requires extensive knowledge water maps of Missouri, 1963: Missouri Geol. Survey and L — L
RESULTS OF AQUIFER TESTS also weaken and embrittle fibers, thus greatly shortening their of not only the hydrology of the basin, but also the geologic and Water Resources. | \ A 'I
Lewis and Squaw useful life. ] ground-water conditions in the vicinity of the proposed instal- McCracken, Mary H., and others, compilers, 1961, Geologic ‘- e |
Clark site Creek site For a detailed chemical analysis of the treated water for each lation.” map of Missouri: Missouri Geol. Survey and Water Re- y 1096l
city and a description of the treatment applied see Missouri POTENTIAL PROBLEMS IN DEVELOPING A WELL sources. A = . BN |
Date of test. . 3/31/67-4/3/61 | 10/10/67-10/12/67 Division of Health (1966). OR WELL FIELD McKee, J. E., and Wolf, H. W., 1963, Water quality criteria: LEAVEN_WQRTH —l.
Duration of test (hours). 63 48 Industrial use.—The temperature range of 13° to 17°C (Cel- The chief problems which may be encountered in developing California State Water Quality Control Board, Pub. no. 3-A, \ a g{
Pumping rate (gpm). . . 2,600 1,900 sius) or 55° to 62°F (Fahrenheit), makes the alluvium a good a well or well field in the alluvial aquifer are encrustation of well 2d ed. ' 0
Coefficient of transmissibility (gpd/ft) 250.000 220,000 source for industrial cooling water. However, the water has a screens and excessive drawdowns caused by placing wells too Missouri Division of Health, 1966, Census of public water sup- [FA o
Saturated thickness (feet) 80 tendency to precipitate calcium carbonate so carbonate stabil- close to each other. plies in Missouri: Missouri Division of Health, 127 p. 7 // T 53N.
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