Geohydrology of

NEMARA COUNTY

|y

um|||||mm"|," L

H\
0 1| i

il i i

l l.. "" W ||||| L

Kansas Geological Survey
The University of Kansas
Lawrence , Kansas




STATE OF KANSAS

HOBET B DXCE, o

BOARD OF REGENTS

Canw L. Counter, Chairman Max Bickrorp, Executive Officer
James J. BasHaM M. PrupEncE HuTTON Joux MONTGOMERY

Hexry A. Busp Ermer C. Jackson JESs STEWART

Ropert W. HELMAN Paur R. WunscH

GEOLOGICAL SURVEY ADVISORY COUNCIL

Crirrorp W. Stong, Chairman

Ricuanrp C. Byrp RoLaxp LEHR DoxALD SLAWSON
Ricuarp A, Cook ALFRED LOWENTHAL, JR. WEeSLEY SOWERS

VeErnE E. Dow Epwanp McNarLLy Georce E. WINTERS, JR.
Monnis A. KAy Dexwis G. WOOLMAN

KANSAS GEOLOGICAL SURVEY, UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 66044
Arcmie R. Dykes, EAD, Chancellor of the University and ex officio Director of the Survey
WirLiam W. Hamsrerox, PhD, State Geologist and Director
Cuaries K. Bay~e, BA, Associate State Geologist
Frank C. Forey, PhD, Director Emeritus

ADMINISTRATIVE SECTION

William R. Hess, MBA, Lila M. Watkins, Rod A. Hardy, BA, Director,
Assistant Director for Business Manager Information and Education
the Administration

Gary Alan Waldron, BA, Sharon K. Hagen, Diana Coleman,

Editor Chief, Graphic Arts Secretary
ExviRoONMENTAL GEOLOGY SECTION MINERAL RESOURCES SECTION
Frank W, Wilson, MS, Chief Ronald G. Hardy, BS, Chief
GEOCHEMISTRY SECTION OPERATIONS RESEARCH SECTION
Gerard W. James, PhD, Chief Owen T. Spitz, MS, Chief
GeoLocic RESEARCH SECTION SunsuRFACE GEOLOGY SECTION
John C. Davis, PhD, Chief William J. Ebanks, Jr., PhD, Chief

Grounp WATER SECTION
John C. Halepaska, PhD, Chief

CooPERATIVE STUpIES WiTH THE UNITED STATES GEOLOGICAL SURVEY

WaTteR REsources Division ToroGraPHIC Division
Charles W. Lane, BS, District Chief A. C. McCutchen, Regional Engineer

Brancu OFFICES

SouTHWEST KaNsas SuBDISTRICT OFFICE WELL SAMPLE LIBRARY
1111 Kansas Plaza, Garden City 67846 4150 Monroe Street, Wichita 67209
E. D. Jenkins, BS, Subdistrict Chief R. L. Dilts, MS, Geologist in Charge

Cover photograph by Barbara Kelly, Kansas Geological Survey



GROUND WATER SERIES NO. 2

Geohydrology of Nemaha County,

Northeastern Kansas

By
John R. Ward

Frepared by the Kansas Geological Survey and the U.S. Geological Survey in cooperation with
the Division of Environmental Health of the Kansas State Department of Health and the
Division of Water Resources of the Kansas State Board of Agriculture

Printed by authority of the State of Kansas
Distributed from Lawrence

UNIVERSITY OF KANSAS PUBLICATIONS
NOVEMBER 1974



Contents

PAGE
ABsTRACT 1
InTRODUCTION 1
Well-numbering system 1
Georocy ... . - PEeRE—
Consolidated rocks B 3
Unconsolidated deposits ... S 3
HYDROEOBY oo e e 11
General conditions . . S 11
Aquifer characteristies . .. | | |
Chemical quality of water - 14
FUTURE DEVELOPMENT . N |-
SELECTED REFERENCES s .19
Illustrations
PLATE
L. Geologic map of Nemaha County, Kansas . (in pocket)
2. Fence diagram showing correlation of stratig-
raphy in Nemaha County, Kansas .. (inpocket)

3. Hydrologic map of Nemaha County, Kansas ___ (in pocket)

FIGURE

PAGE

L. Index maps showing area discussed in this report,

and other areas for which ground-water reports have

been published or are in preparation _ S
2. Diagram showing well-numbering system . 3
3. Map showing configuration of the bedrock surface

at end of the Kansan Stage ________ 8
4. Map showing areal distribution of the four oldest

Pleistocene units ... " 10
5. Map showing saturated thickness of unconsolidated

deposits, 1968-72 ___ " 12
6. Map showing generalized yields to wells in uncon-

solidated deposits, 1968-72 13
7. Diagrams showing chemical quality of water types 14

8. Map showing specific conductance of water from

wells in unconsolidated and bedrock aquifers, 1968-72 _ 16
9. Map showing concentration of sulfate in water from
wells in unconsolidated and bedrock aquifers, 1968-72 _ 17
10. Map showing concentration of nitrate in water from
wells in unconsolidated and bedrock aquifers, 1968-72 _ 18
Tables
TABLE PAGE
1. Generalized section and water-bearing characteristics . 4
2. Chemical analyses of water from selected wells _______ 15



JOHN R. WARD  Kansas Geological Survey
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ABSTRACT

Rocks of Late Pennsyvlvanian and Early Permian age under-
lie. Nemaha County, and are exposed along stream valleys.
Glacial deposits of Pleistocene age underlie most of the county
and range in thickness from a few feet to 380 feet. A deep
valley that is buried by early Pleistocenc deposits extends from
west to cast across the county. Alluvial deposits beneath the
terraces and along present stream valleys are of Ilinoisan to
Recent age.

Wells completed in bedrock formations in Nemaha County
commonly yield 50 gallons per minute or less. Yields to wells
in the glacial deposits that Bl the deep buried valley may be as
much as 200 gallons per minute. Elsewhere in the county, the
glacial deposits generally yield only enough water for relatively
small domestic and stock supplies. Wells in alluvial deposits
commonly yield 5 to 25 gallons per minute, but vields of as
much as 150 gallons per minute are obtained locally.

Water in formations of Pennsylvanian age, in most of the
glacial deposits, and in the alluvial deposits is classified as a
calcium-bicarbonate type. Water in the Permian rocks and in
the deeply buried glacial deposits commonly is a calcium-sulfate
type. Locally, concentrations of sulfate and nitrate are as much
as 2,100 and 490 milligrams per liter, respectively.

INTRODUCTION

This study is part of an investigation of the
geology and availability of ground water in north-
castern Kansas (fig. 1). The report was prepared as
part of the cooperative program between the Kansas
Geological Survey and the US. Geological Survey
with data and support by the Division of Environ-
mental Health of the Kansas State Department of
Health, and the Division of Water Resources of the
Kansas State Board of Agriculture.

Well-numbering system

Well and test hole numbers in this report describe
the location of wells and test holes according to the
Bureau of Land Management's system of land sub-
division as follows: first number, township; second
number, range; third number, section; first letter, 160-
acre tract (quarter section) within that section; second
letter, 40-acre tract (quarter-quarter section) within
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Ficure 1. —Index maps showing area discussed in this report, and other areas for which ground-water reports have been pub-
lished or are in preparation.
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that quarter section; third letter, 10-acre tract (quarter-
quarter-quarter section) within that quarter-quarter
section. The 160-acre, 40-acre, and 10-acre tracts are
designated a, b, ¢, and d in a counterclockwise direc-
tion beginning in the northeast comer. For example,
well 3-11E-15ddd is in the SE4SESSEY see. 15, T. 3 S.,
R. 11 E. (fig.2). When two or more wells are located
in the same 10-acre tract, the wells are numbered
serially in the order they were inventoried.

R. Il E R.I2E R.I3E R I4E.
= _________-______]l
! NEMAHA COUNTY | T
L
| N
! |
l |' 2
I | S.
| 6|54 |32 | T
| l 3
l 718l9liolnli2 s
1817 |16 — —
, b | a | T
I\ |i19]20] 2 5 ,
|\ [30]29[28] 27\ | « r»bd?— ' 2
! ¢ 41 |
3132|3334 35] [ ]
I | / T
| 3-11E- 15ddd ! 5
L1 1 1 ¢

Ficure 2. —Well-numbering system used in this report.

GEOLOGY!

Consolidated rocks

Bedrock of Late Pennsylvanian and Early Permian
age underlies the county, and is exposed throughout
the northern one-half of the county and along the
southern county line (pl. 1). The Topeka Limestone
of the Shawnee Group (see table 1), the oldest ex-
posed formation, occurs in the channel of the South
Fork Big Nemaha River in the north-central part of
the county. The Wreford Limestone of the Chase
Group, the youngest exposed bedrock formation, is
found throughout the northeastern part of the county,

" The classification and nomenclature of rock units used in
this report are those of the Kansas Geological Survey and difler
somewhat from those used by the U.S. Geological Survey.

3

Penusylvanian and Permian rocks are exposed only
along stream valley walls, except in the northeastern
part of the county where crosion has removed some
of the glacial cover from the uplands. Bedrock ex-
posures along valley walls are often discontinuous as
a result of erosion by buried stream valleys that ex-
tend across or along present stream valleys.

The general northwestward dip of the Pennsyl-
vanian and Permian beds in northeastern Kansas is
interrupted in Nemaha County as a result of Late
Permian and post-Permian movements along the Ne-
maha anticline. This anticlinal structure underlies the
county along a line from near Bern in the north-
central part to sec. 35, T. 5 S., R. 12 E. on the southern
county line. As a result of the structural deformation,
Permian rocks are exposed in the east-northeast and
west-northwest parts of the county, whereas Pennsyl-
vanian rocks occur in an area from the north-central
to the southwest part of the county. The oldest Penn-
sylvanian rocks are exposed near the axis of the Ne-
maha anticline where the crest of the anticline has
been eroded. Permian rocks are exposed along the
flanks of the anticline. Localized deformation is ex-
emplified near Bern where exposures of Permian beds
show an eastward dip of as much as 30 degrees on the
downthrown side of the fault indicated on the geo-
logic map. This extreme eastward dip is local, how-
ever, and extends only a few miles to the east. On
the west or upthrown side of the fault, Pennsylvanian
beds are horizontal or dip slightly westward. This
westward dip increases to 15 feet per mile in the
western part of the county.

The Nemaha anticline has greatly affected the
thickness of the sedimentary rocks in the county. On
the west flank of the anticline, the rocks range in
thickness from 600 feet near Seneca to 1,000 feet at
the western county line. On the east flank of the
anticline the sedimentary rocks may be as much as
4,000 feet thick within a few miles of the axis.

Unconsolidated deposits

A map showing the configuration of the bedrock
surface at the end of the Kansan Stage (fig. 3) indicates
a well-developed drainage system. The deeply incised
valleys are filled principally with glacial drift of
Nebraskan(?) and Kansan age.

A major buried stream valley extends from about
4 miles south of Centralia eastward to the county line
near Wetmore, This valley and its tributaries began
developing by early Nebraskan time. Evidence from
studies in surrounding counties indicates that the
valley extends about 40 miles northwestward from

Centralia, and extends eastward from Wetmore
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through Jackson and Atchison Counties in Kansas and
then northeastward into Missouri. In Nemaha County,
the width of the buried valley ranges from one-half to
one and one-half miles and the depth is about 200 feet.

The major valley has several buried tributaries
that appear to be at the same base level as the larger
valley. The most significant tributary extends from
its intersection with the major valley northwestward
to Seneca. From Seneca the tributary extends farther
north-northwest where it divides again. The north-
westward extension is buried by glacial deposits and
has no apparent relation to present streams. The
northward extension coincides with the valleys of the
South Fork Big Nemaha River and Turkey Creek,
as indicated by remnants of glacial deposits along the
valley walls. The present course of these two streams
and their tributaries has been strongly influenced by
pre-Illinoisan buried valleys. General trends and
gradients of the buried tributary valleys indicate that
early Pleistocene drainage was eastward. Late Pleisto-
cene and Recent drainage flows generally southward
and northward from the present topographic divide
that extends across the county.

Unconsolidated glacial drift, loess, deposits be-
neath terraces, and alluvium overlie the bedrock sur-
face. The known thickness of these deposits ranges
from a few feet to 380 feet.

Nebraskan(?) deposits have not been identified in
exposures, but deep test holes reveal basal gravels
that are of pre-Kansan age. These gravels are com-
posed largely of limestone and chert fragments, but
also contain fragments of igneous and metamorphosed
material that have no local source. The limestone
and chert probably were derived from rocks of Per-
mian and Cretaceous age west of this area, and were
transported to their present locations by periglacial
streams flowing in the now-buried channels. The
igneous and metamorphosed material probably was
transported by glaciers, then reworked and deposited
by the periglacial streams.

The Atchison Formation is an early Kansan glacio-
lacustrine sand deposit that overlies the Nebraskan(?)
basal gravel deposits, The formation generally is
confined to the buried valleys. Test drilling indicates
that the formation either is absent or grades into soft,
sandy bluish-gray clay in the western part of the
county. Deposition of the very fine silty sand in the
Atchison Formation is believed to have preceded de-
position of the Nickerson Till by an early Kansan
glacial advance.

The Nickerson Till appears to have been deposited
in depressions where the Atchison Formation is miss-
ing and the till often reaches great thicknesses. The
heterogeneous mixture of fine- to coarse-grained ma-
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terial is predominantly dark gray and contains some
lenses of sand and gravel. Deposition of the Nickerson
Till was spread over stream channels and upland
areas, but the till may not have been deposited on
the highest bedrock surfaces.

Locally, glaciofluvial deposits of fine to coarse
sand, silt, and gravel separate the Nickerson Till from
the overlying Cedar Bluffs Till. These glaciofluvial
materials that were deposited in stream channels or
depressions by meltwater from the glaciers extend
over several large areas. The areal extent of the four
oldest Pleistocene units is shown on figure 4.

The Cedar Bluffs Till is present throughout the
county except along stream valleys where it has been
removed by late Pleistocene erosion. This hetero-
geneous mixture of fine- to course-grained material is
tan, brown, or light gray, commonly contains erratics,
and locally contains lenses of sand and gravel.

Stream erosion was the primary geologic process
during Ilinoisan time, but some materials underlying
terraces along the South Fork Big Nemaha River may
be remnants of Illinoisan deposition. These deposits
are composed primarily of sandy clay, which is char-
acteristic of the reworked glacial deposits. The terrace
deposits are not considered significant geologic fea-
tures, however, and have not been mapped as separate
units on the geologic map. The present stream pattern
began developing during Illinoisan time, with some
streams cutting new channels into the bedrock surface
and others, after removing the glacial cover, resuming
flow in or near the preglacial channels.

Stream erosion and deposition increased during
Wisconsinan time. Deposits of Wisconsinan age un-
derlie terraces and flood plains in all major stream
valleys, and are composed of reworked glacial ma-
terial. These deposits have not been shown as sepa-
rate units on the geologic map. The wind-deposited
loess, primarily of Wisconsinan age, that mantles
much of the uplands generally is less than 10 feet
thick and is not considered to be significant enough
to map as a separate unit.

Alluvium of Wisconsinan and Recent age occurs
in all stream valleys in the county. It is composed
primarily of reworked and redistributed clayey glacial
deposits. Locally, small pockets of sand and gravel
or thin layers of fine sand are present.

The relation of bedrock to unconsolidated deposits
is shown on plate 2. Several of the buried valleys that
are readily apparent on the profiles show the relative
thicknesses of the glacial cover in various parts of the
county. The positions of some of the larger areas of
glaciofluvial deposits, Atchison Formation, and fluvial
deposits are shown. Present stream trends can be com-
pared with buried stream valleys.
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HYDROLOGY

General Conditions

Both the irregular relief of the land surface and
the texture of the glacial deposits exert a strong in-
fluence on recharge to and discharge from the aquifers,
Rainfall on uplands that are underlain by glacial till
of low permeability runs off rapidly and contributes
little ground-water recharge. Rainfall and storm run-
off in areas underlain by glaciofluvial deposits of high
permeability contribute appreciable quantities of
water to the aquifer. Recharge to permeable glacial
deposits also may occur by upward leakage of water
under higher hydrostatic pressure from bedrock forma-
tions. Natural discharge is principally from permeable
glacial deposits to streams that have eroded below the
potentiometric surface of the aquifers. The quantity
of water discharged in this manner is sufficient to
cause most streams in the area to flow continuously,
even during periods of little precipitation. Other dis-
charge is by wells. A few artesian wells in the county
flow continuously.

The location of wells, test holes, and springs in
Nemaha County is shown on plate 3. Also shown are
well depths, water levels, and the aquifer that yields
water to each well.

Although the potentiometric surface is continuous
in the alluvium of South Fork Big Nemaha River and
Turkey Creek, there are not enough data to show the
surface in detail. Large areas of the uplands are
underlain by isolated deposits of saturated sand and
gravel that are separated by great thicknesses of rela-
tively impermeable glacial till. Water in the sand
and gravel deposits may be semiconfined (semi-
artesian) or unconfined.

Greatest saturated thicknesses generally are in
areas that are underlain by buried valleys filled with
large thicknesses of glacial materials (fig. 5). Locally,
however, the valleys are filled by relatively imperme-
able till that yields little water to wells. Often, a
shallow aquifer is underlain by till of low permeability
so that the effective water-producing zone is much
less than the saturated thickness of glacial deposits.
The unconsolidated deposits thin near valley walls and
bedrock highs, resulting in less saturated thickness. In
most areas where 20 to 30 feet of saturation exists, thin
sand or gravel deposits should yield sufficient quanti-
ties of water for domestic and stock use. The range
in yields to wells from the unconsolidated deposits
(fig. 6) is related both to the saturated thickness and
the permeability of the water-producing material.
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Aquifer Characteristics

Pennsylvanian rocks generally are not aquifers in
most of the county. The only Penusylvanian forma-
tion known to yield significant quantities of water
is the Scranton Shale. Permeable sandstone lenses
within the Scranton near its outcrop area in the north-
central part of the county may vyield as much as 10
gpm (gallons per minute) to wells, Recharge to the
Scranton may occur by leakage from overlying Pleisto-
cene deposits or by infiltration of rainfall in the out-
crop area.

Permian rocks contain aquifers throughout the
county. The most important Permian aquifers are the
Foraker Limestone and Grenola Limestone, which
locally yield as much as 50 gpm to wells, and the Red
Eagle Limestone, Beattie Limestone, and Wreford
Limestone, which may yield as much as 10 gpm.
Water occurs in the limestone members of these for-
mations in secondary openings such as solution chan-
nels and fractures. Artesian conditions exist in most
of the Permian aquifers, and a few wells flow con-
tinuously. Where water moves from the Permian
aquifers into glacial deposits within buried valleys, the
hydrostatic level in the glacial deposits appears to
equalize with that in the bedrock formation. Re-
charge to the Permian aquifers occurs mainly by
leakage from overlying Pleistocene deposits and by
infiltration of precipitation on the outcrop areas.

The unconsolidated Pleistocene deposits are the
best potential sources of ground water in the county.
The most favorable areas for high-yielding wells gen-
erally overlie buried valleys. Although the glacial
deposits differ both horizontally and vertically in
texture, the coarsest and most permeable deposit is
the Nebraskan(?) basal gravel that rests directly on
bedrock. Yields from wells in this gravel are as much
as 200 gpm, and specific capacities of wells are esti-
mated to range from 15 to 20 gpm per foot of draw-
down. The Atchison Formation yields as much as
100 gpm to wells locally, but specific capacity may be
less than 2 gpm per foot of drawdown. Wells in this
formation must be thoroughly developed so that the
very fine sand does not clog the slotted pipe or well
screens.  Water in the Nebraskan(?) deposits and
Atchison Formation is commonly under artesian pres-
sure and at least one well flows continuously at a rate
of about 5 gpm.

The sandy glaciofluvial deposits above the Nicker-
son Till are local in extent and generally contain water
that is unconfined. Wells in the deposits commonly
vield 50 gpm and locally yield as much as 200 gpm.
Specific capacities generally range from 5 to 10 gpm
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per foot of drawdown. The wells should be thoroughly
developed to prevent clogging of the intake by fine
sand. Many springs issue from the glaciofluvial de-
posits where they are exposed along valley walls.

The Kansan tills are relatively impermeable and
generally yield less than 10 gpm to wells. No signifi-
cant quantity of water is available from till where it
thins near present stream valleys or bedrock highs.
Locally, lenses of sand and gravel are the source of
water for wells completed in the till. The water in the
till generally occurs under unconfined conditions. Be-
cause the sand and gravel in the till is isolated, re-
charge is slow and prolonged pumping may exhaust
the supply.

The terrace deposits and alluvium are principally
silt and clay throughout most of the county, and wells
in these deposits commonly yield less than 10 gpm.
Specific capacities of wells are commonly about 2
gpm per foot of drawdown. Locally, vields of 150
gpm are possible from wells in the alluvium. These
larger yields are in areas where present streams have
reworked coarse material that was deposited originally
in the old stream channels. One such area is near
Seneca in the valley of the South Fork Big Nemaha
River.

Chemical Quality of Water

Samples of water were collected for chemical analy-
sis from 35 domestic, stock, and public-supply wells in
bedrock, glacial drift, and alluvial aquifers. The
analyses are given in table 2. In addition, 300 samples

Well location: NW /4, NE | /4, NEI /4,
sec.2l,T.25,R.14E.

Date sampled: 4-14-69

Well depth: 102 feet

Aquifer: Council Grove Group

Scale in milliequivalents per liter

40 20 o 20 40
C(:ll HCO3+ICO3
Mg S04
Na+ K cl
Fe NO3

Kansas Geol. Survey Ground-Water Ser. No. 2, 1974

of water also were collected for partial chemical
analysis from domestic and stock wells in the county.
The partial analyses consisted of the determination of
the concentration of sulfate, chloride, nitrate, and the
specific conductance and pH. Using the results of the
analyses, the ground water can be classified into gen-
eral chemical types according to the predominant
cation and anion in the water (expressed in milliequiva-
lents per liter). Diagrams depicting water types from
wells in Nemaha County are shown in figure 7. Water
from wells in rocks of Pennsylvanian age and in the
alluvial and glacial deposits generally is a calcium-
bicarbonate type. Water from wells in most Permian
rocks and the deeply buried glacial deposits is of the
calcium-sulfate type.

Iron concentrations greater than 0.3 mg/1 (milli-
grams per liter) are common in water from the wells
sampled in Nemaha County. Water containing con-
centrations of iron in excess of this amount may cause
staining of laundry and poreelain fixtures, and, in
larger quantities, may cause an unpleasant taste (Kan-
sas State Board of Health, 1973).

The ability of water to conduct an electric current
provides an indication of the ionic concentration of
dissolved minerals in the water. High specific con-
ductance values generally correlate with high minerali-
zation of the water. Specific conductance values
greater than 1,000 micromhos per centimeter at 25°C
are common in many parts of the county (fig. 8) and
values as great as 5,000 micromhos per centimeter at
25°C have been measured.

Well location: SE1/4,NE|/4, NE /4,
sec. Il, T.5S.,,R. I2E.
Date sampled: |-10-72
Well depth: 60 feet
Aquifer: Kansan glaciofluvial deposits

Scale in milliequivalents per liter

w 8 3 % 4
Ca HCOz+CO4
Mg 504
Na+K Cl
Fe NOz

Frcure 7.—Diagrams showing chemical quality of water tyvpes.
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EXPLANATION

Range of specific conductance of water from wells, in micromhos per
centimeter at 25°C. Less than 1,000 is shown by symbol (€). Conduc-
tonces higher or lower than those indicated may be present locally

Ficune 8. —Specific conductance of water from wells in unconsolidated and bedrock aquifers, 1968-72.

.2, 1974
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EXPLANATION

0-250

Range of sulfate concentration, in milligrams per liter.
Concentrations higher or lower than those indicated
may be present locally
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T.3s.
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Ficune 9.—Concentration of sulfate in water from wells in unconsolidated and bedrock aquifers, 1968-72.
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EXPLANATION

>45

Range of nitrate concentration in water from wells, in milligrams
per liter. More than 45 is shown by symbol (>). Concentrations
higher or lower than those indicated may be present locally

Ficure 10 —Concentration of nitrate in water from wells in unconsolidated and bedrock aquifers, 1968-72.



Ward—Geohydrology of Nemaha County, Northeastern Kansas

Specific conductance of water from wells in Ne-
maha County is directly related to the concentration
of sulfate in the water (fig. 9.). Concentrations of sul-
fate range from 10 mg/l to as much as 2,100 mg/1.
Sulfate in drinking water is significant because con-
centrations greater than 250 mg/l, particularly in as-
sociation with magnesium, can cause an undesirable
laxative effect in persons unaccustomed to drinking
such water (Kansas State Board of Health, 1973),

Comparison of figures 3, 4, 8, and 9 indicates that
water with high values of specific conductance and
high concentrations of sulfate are from wells in the
Permian rocks and in the deeply buried glacial de-
posits. The source of the sulfate is dissolution of thin
layers of gypsum in the Permian rocks by ground
water, which moves from the bedrock into the basal
gravel of the glacial deposits because of higher hydro-
static heads. Shallow wells that do not tap the basal
gravel should yield water having lower concentrations
of sulfate.

Nitrate concentrations in excess of 45 mg/1 occur
in water from relatively shallow wells in Nickerson
Till or younger deposits. Several bedrock wells also
vield water with a high nitrate content. Areas where
the concentration of nitrate in ground water exceeds
45 mg/l, which is the recommended limit in drinking
water (Kansas State Board of Health, 1973), are shown
on figure 10. Approximately 40 percent of the analyses
had concentrations of nitrate greater than 45 mg/l,
with the greatest being 490 mg/1.

FUTURE DEVELOPMENT

Future development of ground water in the county
will be limited by both quantity and quality of water.
Large demands, such as public supplies, rural water
districts, and industries will be limited to a maximum
of about 300 gpm from individual wells. Supplies
larger than 300 gpm must be obtained by a series of
two or more wells. In the areca several miles east and
southeast of Seneca and in the southwestern part of
the county, Nebraskan(?) basal gravel and Kansan
glaciofluvial deposits are suitable for the development
of large supplies of water of relatively good quality.
It chemical quality of the water is a consideration, as
for public supplies, the concentration of sulfate in
water from wells may further limit development of
the resource. Large supplies of water suitable for
irrigation arc absent.

19

Sufficient quantities of ground water are available
from bedrock and glacial deposits in most areas of the
county for domestic and stock demands. The quality
of water commonly is poor as a result of a high con-
centration of sulfate. Because of a combination of
low yields and poor quality of water, about one-half
of the county, including two public supplies, has been
supplied by rural water districts. The water for these
districts is obtained from existing public supplies or
from new wells where large quantities of water of
good quality are available. The city of Sabetha de-
pends on a surface supply. Although existing farm
wells may continue to supply stock needs, many
wells probably will be abandoned because of the
availability of more suitable water from rural water
districts.
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FENCE DIAGRAM SHOWING
CORRELATION OF STRATIGRAPHY IN NEMAHA COUNTY,
NORTHEASTERN KANSAS
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HYDROLOGIC MAP OF NEMAHA COUNTY, NORTHEASTERN KANSAS

Illustration prepared by Lanna J. Combs

of Environmental Health of the Kansas State Department
of Health and the Division of Water Resources of the
Kansas State Board of Agriculture
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Ground Water Series No. 2

Plate 3

EXPLANATION

Lo}

Domestic or stock well

o
Public supply well

Spring

—0
Public supply spring

"
Observation well

Test hole

88-11
1291-Qd

 Upper left number is depth of well or test hole, in feet

below land surface; second number (when shown) is

depth to water level, in feet below land surface

(D indicates dry hole). Lower left number is altitude
of water level, in feet above mean sea level; second

symbol is aquifier (see list below)

Qal - Alluvium and terrace deposits
Qd - Glacial drift

Pc - Chase Group

Pcg - Council Grove Group

Rw - Wabaunsee Group

S

Area of artesian flow

81,°

True North
Magnetic Norfh

APPROXIMATE MEAN
DECLINATION, 1973

Scale 1:125 000

3 MILES

5 KILOMETERS
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