Overview of Water Resources in and Near
Indian Lands in Northeastern Kansas and
Southeastern Nebraska

By T.J. TROMBLEY, R.J. WOLF, P.R. JORDAN, and L.D. BREWER

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 96—-4070

Prepared in cooperation with the

IOWA TRIBE OF KANSAS AND NEBRASKA, the
KICKAPOO TRIBE OF KANSAS, the PRAIRIE BAND
OF POTAWATOMI, the SAC AND FOX TRIBE OF
MISSOURI, and the BUREAU OF INDIAN AFFAIRS

Lawrence, Kansas
1996




U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

For additional information write to: Copies of this report can be purchased from:
District Chief U.S. Geological Survey

U.S. Geological Survey Branch of Information Services

4821 Quail Crest Place Box 25286

Lawrence, Kansas 66049-3839 Denver, CO 80225-0286




CONTENTS

ADSITACL. ...ttt sttt ettt ettt e et SR s er e e Rt h R et e e o4 e o4 s et et Se s RS e LR e h S Rensaben sttt a e en 1
INEFOQUCTION <.ttt ettt et st e e s et et b b s bt e e ea e se s e e st s a e oot st e e en s s er b et e st satenssueatsntones 2
BaCKEIOUNG. ....ceiiiiiiiiieicie ettt sttt e e s s a b e r s sa e e a s R sr s aesa st ea s 2
PUIPOSE aNd SCOPE.....cvviniiiiiiiiitrcn et e ettt 2
Previous INVESTIZAtIONS ........cooiiiiiiiicit ittt ettt bbb st s b s b e b ae st bsa e st s be e 2
ACKNOWIEAZIMENLS .....coviviiiiiiiniiiiiii ettt e s b sa s sb s s n e e e a s b e e s n b e b s s st e s e s s nenseassbe e erensen 3
Historical Overview of Indian Treaty Lands ...........cccccoviiiiiininirieneteencncee e ettt st e s s sa b s 4
PRYSICAL SEHHNE ...creieeieiiieeiet ettt ettt sttt et e st se e e et st sh s e st s e s b s sh e s anssaene s e s e b e e eaesbs st enssa s ae sas 6
PRYSIOBIAPRY ..cocintiieiiieiirt ettt ettt sttt et e be st e er e s e R s e e se s sas s e s e e R b e R sh st R et as et s e b et e enes 6
SOUS 1ttt e st st bt sa e R R SRR e R e a e a R e e et ee et 8
Geology in Relation to Ground WAaLET .........cc.oovi ittt sttt v s sa e sre e v sa e sreen 9
CLIMALE.......oiiiciieii i e et e e bbb e R e RS as e e s sEea et s e s e e b e s s et e ae st eneb e s b s et e s b e s e b be e eas 14
Land Cover and Land USE ........coccriiiiiiiiiiiiiiicctrnitstseeeeeese s st ens s s s et s 20
Methods Of INVESHZALION .....ccciiriireereitiirieiieeteet ettt et et st e ae st es e e sts b e s e st ebeemt et et e sseatese st s e st s e e se s emtesseseebmesanarsne 20
Surface-WateT AVAILADILILY .......cocoeviiiiiiiiiiiiiiii e et s a e bbb b e et a st re e 25
Variability, Seasonality, and Long-Term TIEnds.............ccccveiriiereinreiieieecne e resres e sne e sseseseeseenas 25
VATTADILILY «.coceenieicice ettt st et es e en bbb e b s e b et a i 25
SCASONALILY ....ccveieieriitiiietetct ettt ettt ettt b st se st ettt ettt e st s se RS SRS s v e st sa e sns 25
LONE-TErm TIENAS .....oovvieriiiiiiict ettt st s s a s sa e s et a sesassansnin 25
Surface-Water Availability Without IMpoundment ............ccoiieiereretrene et et esese e e e eene 27
Surface-Water Availability With IMPOUNAMENt .......c..ccooiriiiiiiiiereieentectet ettt ess s sa s 28
Ground-Water AVAILADIIIEY .......coeieeiiirieiicreeenci ettt sttt et s b sae et e s as st e sab bbb e s sneaneanaseras 33
MAJOT AGUIFETS ...ceveeeieeieicee ettt sttt et a e e s st s b s smatsssn s s s s s sa s e s e snsbasbons 33
Kansas River Valley Alluvial AQUIfeT........ccooovviiiiniiniiiiiiienc e e 33
Missouri River Valley Aluvial AQUILET ......cccoooeiiiiinieiiicect ettt eseenese et se et 36
IMUNOT AQUITETS ..veeveeiieiieieenereeece ettt eree st et et e ete et e et e e e s s sa st s s essesaaertsesesmtassesmeeseesanasaentemtesmtossassrestasaensensensenseen 36
Small Stream-Valley ANuvial AQUIFETS .........cccoviiiiiiiririreicee et e e 38
Sand and Gravel Aquifers Buried in Glacial DEpPOSILS ..........occeueeeririeereerrentneieterene et se s senene 38
Buried Bedrock-Valley AQUITETS .........cooiiiiiiiiiirieeritcenetet ettt s enee e s sre e 39
Bedrock AQUITETS.....cociuiiiiiiiciiieieicc ettt et eb et ettt e s s saesa s st sa e sa e s 39
WALET QUALILY .......ceietiireeeeeeieeree e st e st e e te e sa e et et e ste st e e e s e asaeasassaesees s e sesseeseaseeaesameemseamcestesneseemeesbeseeestebteetenanansnentnasanerbasas 42
PH ettt ettt et stk st e et et a et et et b s bt e b e bt et aeen st sh e s et R bR et e et e s e neenteerere et 43
IMAJOT JOMIS. ...ctiteeiecieietit ettt ettt et et b et et e se b et e esasseatasaesassesesstas e beabent arteseeatebaseeataaneseabeneantebentensaesensrasansatane 43
DISSOIVEA SOLIAS ....vceerrevieiieniiet ittt ettt s st er b s b s et em e n e e e 49
IMLBLALS ...ttt ettt ettt et e e e ea et s et s et e sa et bt ee b e R St e ae s me R e et eseeebeea b e s aae seaeneeneeneennaan 49
INUETIEIIES ...cvcieitiee ettt et b e st sa et sttt s ke a e e et s e s e st et eaeme s st ke sae et ce s s embre e s atsetebes e e sa et entetasse st easententestosennns 55
HEIDICIALS ...ttt et e ettt b s b bbb e st sas s 57
BACEETIA......c.eievevieteieieeie ettt e tete et e st te et e s ae et et et eues s e s et esseneaeenteaa et e s as et antabeense s Saese b enbese e emteae b e ae s at e sebeneetentene 60
SUSPENAEA SEAIMENT ......cviiieiiieeieterterectetee ettt sttt re et e eesessessrae e e st eabe et sateseesntossemntmaesasantasesneneeereemesnsenneas 60
WVALET USE..... ettt ettt et et ettt et h et st ee e e e e st e mt e e e eeee bt et e ne s b seraerenbeeheeat e b e saebbebe s Rt st e eabeeueareehae et enae 61
SUMMArY ANd CONCIUSIONS ... .coviitiiiieriiitiet ittt ettt e tet et e e es e e es e e ra b et et amta e seesbesaesee st smtesenneseratosens e s ensareentseeeeee 62
REFETEINCES ...ttt ettt st st s em et e b e sa et st e b e s eh e s e ettt s e st st et e e e e e 65
FIGURES

1-4. Maps showing:
1. Location of study area, extent of lowa, Kickapoo, Potawatomi, and Sac and Fox treaty lands, and
hydrologic unit boundaries in northeastern Kansas and southeastern Nebraska...........cccocovveiiincvcnenciniennn. 3

Contents mn



FIGURES—Continued

2. Physiographic divisions Of StUAY ATEa..........cccrrevirierireeirieirieieeetece sttt re ettt et st esestsses e st sasssmenens
3. Hydrologic SOil groups in StUAY QA ......c.cccvircieriirrierircerrareeestesestrssesseseersesessassessesssssesssasssessesssssassesssssseses
4. Geologic structural features in and NEar STUAY ATEA .......ccoceceevrereeireuiireneree et seeseesceersesesse e sess s sesen
East-west geohydrologic Section aCross StUAY ATEa.........cccueevereeereeeceriesesinieeenesresiossesesessessessessensasessassessessssessensos
Map showing altitude and configuration of top of Precambrian rocks in study area..........ccoceceeeevceviveinsncnncncn.
Map showing upper Paleozoic rocks and Cenozoic deposits present at the surface of the study area...................
Graphs showing:
8. Average monthly precipitation for Horton, Kansas, 1888-1991, and average annual precipitation and
22-year moving average precipitation for Leavenworth, Kansas, 18361994 ............c.cccovvvvrrveerernresvecenneenne
9. Monthly mean maximum, mean, and mean minimum temperatures for Horton, Kansas, 1888-1991 ............
10. Relation of mean summer precipitation to mean summer temperatures in the Northeast Kansas
CIIMALC REZIOMN ....coecteeiiiiiecicieeiec et ste st te e ea et estesnesra s astesae e sesssssaeseasssensesasssensansesnsensensaensanns et entsnensaensnes
11. Map showing present land cover and land uSe in STUAY Area..........c.ocveveriecirenirerinne ettt seseeeseene
12. Diagram showing local well-numbering system used in thiS TEPOIL ........cccveverurrerereerenceiorerineeneneereerereeneresesencnes
13. Map showing comparative magnitude of mean annual streamflows in and near study area and location of
streamflow-gaging stations referred to in thiS TEPOTL........coeiiiriiriiiriiire ettt et e e e sesenees

exNaw

14-16. Graphs showing:

14. Seasonal distribution of 7-day low flows and monthly mean streamflows for Soldier Creek near
Topeka, Kansas, 1930-32 and 193692 .......ccoveerrircrieiricirieesierrtriesssessesnessesssssessessessassssssassessesseessessesssensenes
15. Annual mean streamflow and 15-year moving average streamflow for Soldier Creek near Topeka,
KANSAS, 193602 ......eeeiiiieeeeeeeeete ettt e e essar et ee s ste et e e e sessuataessesesasassssssssseessssassasssbessasbaasssansasasseetarbessesnarens
16. Draft-storage curves for 2-percent chance of draft-rate deficiency in study area.........co.oecveercececcnrneeneene.
17. Map showing altitude and configuration of water table in Kansas River Valley alluvial aquifer, spring
1967, and location of wells referred t0 in this TEPOTL........ccevverrerieriereirie et e eriecreress e s e eraesvas et eseesaessesseeneens
18. Hydrograph showing water levels in well completed in the Kansas River Valley alluvial aquifer near
Topeka, Kansas, 195001 .....c.oo ettt ettt st ettt e srea et sa e st e st e s e a e e e smeeneessenasnntens
19. Map showing altitude and configuration of water table in Missouri River Valley alluvial aquifer, 1967 and
JANUATY 1968 ...ttt ettt e s st st e sa bRt R e st s R bR a e ns
20. Hydrograph showing water levels in well completed in small stream-valley alluvial aquifer in Jackson
County, Kansas, L4870 .......ccccoiiiiiiiieieitectte ettt st ettt s ettt et et et e se et st e te st e seesnt st eneesaeanes
21. Hydrograph showing water levels in well completed in a sand and gravel aquifer buried in glacial deposits
in Jackson County, Kansas, 1972-93 ...t e st e eae e et se s esaeste s e e s e e e sasseessasssesmenneenaeaenran
22. Map showing location of preglacial valleys in StUAY QI€a.........cccceeierinieieniririnierere et et se e
23. Hydrograph showing water levels in well completed in a buried bedrock-valley aquifer in Nemaha County,
KANSAS, 198404 ...ttt cetrteee e etttre e ereatteessbaa et e se e bt s e e ssaataressat e s e e s et beeasen bt st eser et e s e eearnbasaenanaraees
24. Hydrograph showing water levels in well completed in an unconfined aquifer of Pennsylvanian-age
limestone in Browmr County, Kansas, 1960—068..............cceiiriiniininiiirnceecienretee sttt esseseesesses e sesesessenees

25-36. Boxplots showing distribution of:

25. pH values in surface water and ground water Of StUdY area ........c..cocovveueeinerinieenenciee s reees
26. Calcium concentrations in surface water and ground water of Study area.........c.ccocoeeeueeerrerecenrcreeneeneeennsenenes
27. Magnesium concentrations in surface water and ground water of StUdY area ...........cocveeeveereeccoenenrereresenenens
28. Sodium concentrations in surface water and ground water of Study area..........c..ceceeerivernrenierenenieenreerenereenens
29. Potassium concentrations in surface water and ground water of Study area.........c.oceeverercrneecrcinvresenreenseenes
30. Bicarbonate concentrations in surface water and ground water of study area..........c.cceoeevereevcnrenivneicecnencens
31. Chloride concentrations in surface water and ground water of Study area ........c.cccocvuevrerereecrerenneinneninrnee
32. Sulfate concentrations in surface water and ground water of Study area..........cocoevcecevrmvermcecceinercncncneciiens
33. Dissolved-solids concentrations in surface water and ground water of study area............ccocceceveevviiieniinnenns
34. Total iron concentrations in surface water and ground water of StUdY Area..........ccovvevivveerrereeruecirieerareereneens
35. Total manganese concentrations in surface water of StUAY Area .......c..cccovvveievieninniineneiseienceeee e
36. Nitrite plus nitrate concentrations in surface water from selected surface-water-quality sampling sites in
SEUAY ATEA ...cveuierietiii ettt et bbbt e be st b e bt e e et e s b et e ke et e R ea s st e s R e e s b satenes
37. Map showing location of selected surface-water-quality sampling sites in study area...........ccoeevverveverirvcerenencnn

IV Overview of Water Resources in and Near Indian Lands in Northeastern Kansas and Southeastern Nebraska



FIGURES—Continued

38. Boxplots showing distribution of phosphorus concentrations in surface water from selected surface-water-

quality sampling Sites N SIUAY ATEA........cceeerirtiriieieeie ettt st se ettt st sae et ens s e s sbenesbeneas 59

39. Graphs showing water use in 1990 by drainage basin............cccceceeerercrnennercre e 63
TABLES

1. Hydrologic characteristics Of s0ils in the StUAY Ar€a .........c.occeeiierierireiiecieeeerese e sttt eae e eneene 11

2. Geohydrologic systems and associated water-bearing characteristics in and near the study area ........c..cccoeceue. 16

3. Magnitude and frequency of low flows at selected streamflow-gaging stations in and near the study area......... 29

4. Selected surface-water-quality sampling sites referred to in this study.......c..cooeeenennienecinnincccins 57

Contents V



CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
acre 0.4047 square hectometer
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per square mile (acre-ft/mi’) 476.1 cubic meter per square kilometer
cubic foot per second (£t3/s) 0.02832 cubic meter per second
cubic foot per second per square 0.01093 cubic meter per second per

mile [(ft/s)/mi’]

square kilometer

degree Fahrenheit (°F) °C = (°F-32)/1.8 degree Celsius (°C)
foot (ft) 0.3048 meter
foot per year (ft/yr) 0.3048 meter per year
foot squared per dayl (ft/d) 0.09290 meter squared per day
gallon 3.785 liter

gallon per minute (gal/min) 0.06309 liter per second
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer

million gallons per day (Mgal/d) 0.04381 cubic meter per second
square mile (miz) 2.590 square kilometer

IThe standard unit for transmissivity (T) is cubic foot per day per square foot times foot of aquifer thickness or [(ft3/d)/ft2]ft.
This mathematical expression reduces to foot squared per day (ft?/d), which is used in this report.

Abbreviations
colonies per 100 milliliters col/100 mL
Health Advisory Level HAL
Maximum Contaminant Level MCL
microgram per liter ng/L
milligram per liter mg/L
Secondary Maximum Contaminant Level SMCL
U.S. Environmental Protection Agency USEPA

Vertical Datum

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea
Level Datum of 1929.
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Overview of Water Resources in and Near Indian Lands
in Northeastern Kansas and Southeastern Nebraska

By T.J. Trombley, R.J. Wolf, P.R. Jordan, and L.D. Brewer

Abstract

An overview of water resources is provided
for a 4,005-square-mile area of northeastern Kan-
sas and southeastern Nebraska that includes the
treaty lands for the Iowa Tribe of Kansas and
Nebraska, the Kickapoo Tribe of Kansas, the Prai-
rie Band of Potawatomi, and the Sac and Fox
Tribe of Missouri.

The only plentiful supplies of surface water
are available from the Missouri and Kansas Riv-
ers. The smallest mean streamflows for 4 consec-
utive months occur in November through
February for most streams in the area. The small-
est flows for 7 consecutive days in a year occur
most often in August, September, or October.

The typical seasonal distribution of stream-
flows indicates a pattern favorable for the same-
year use of small surface-water impoundments for
low-flow augmentation; large flows that could be
impounded typically occur in the month shortly
before augmentation is most needed. However,
droughts of 2 or more consecutive years are com-
mon and would largely negate the advantage of
using small impoundments except for very small
water-supply needs.

Alluvial deposits along the Kansas and Mis-
souri Rivers provide the largest well yields in the
study area, but these deposits are limited in areal
extent. The Kansas River alluvium reaches a max-
imum saturated thickness of about 70 feet, and the
Missouri River alluvium reaches a maximum
thickness of 120 feet. Well yields in the Kansas
River generally range from 300 to 1,000 gallons
per minute (gal/min) but may be as large as

2,500 gal/min. Well yields in the Missouri River
alluvium generally range from 150 to

2,500 gal/min but may be as large as

3,000 gal/min. Although generally capable only
of small sustained yields to wells, minor aquifers
are important because they are available through-
out most of the study area. Within the thick,
mostly fine-grained glacial deposits, isolated sand
and gravel layers may yield adequate supplies for
stock-watering or domestic use.

Sodium concentrations exceed the U.S. Envi-
ronmental Protection Agency’s (USEPA) Second-
ary Maximum Contaminant Level of 20 milli-
grams per liter most often in the middle Kansas
and Delaware Basins. Total iron and manganese
concentrations in water generally exceed the
USEPA Secondary Maximum Contaminant Lev-
els of 50 micrograms per liter for iron and 300
micrograms per liter for manganese. Atrazine
concentrations in surface water, primarily from
post-application runoff, commonly exceed the
USEPA Maximum Contaminant Level of 3.0
micrograms per liter during the months of May,
June, and July. Most of the erosion and about one-
half of the total sediment yield in parts of the
study area may result from sheet and rill erosion
and gullying on cultivated cropland.

A total of 3.13 million gallons per day
(Mgal/d) of water was used in 1990 in the Big
Nemaha River Basin, 74 percent of which was
derived from ground water. In the Wolf River
Basin, 1.29 Mgal/d were used, 71 percent derived
from ground water. The Middle Kansas River
Basin had the highest water use, 83.01 Mgal/d,
67 percent of which was from surface water. A
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total of 4.37 Mgal/d was used in the Delaware
River Basin, 55 percent from ground water.

INTRODUCTION

Background

Increasing demand for and degradation of water
supplies has increased concern about water-resources
issues during the past few years. As a result, the Iowa
Tribe of Kansas and Nebraska, the Kickapoo Tribe of
Kansas, the Prairie Band of Potawatomi, and the Sac
and Fox Tribe of Missouri are interested in prudent
development of the water resources in and near their
respective treaty lands. The Tribes would like their
interests included in the State Water Plan developed
by the Kansas Legislature. Therefore, in 1988, the
U.S. Geological Survey (USGS), in cooperation with
the four tribes and the Bureau of Indian Affairs (BIA),
began a reconnaissance study to provide an overview
of the availability and quality of water resources in
and near Indian treaty lands in northeastern Kansas
and southeastern Nebraska.

The study-area boundaries (fig. 1), with the excep
tion of the northern boundary (a township line), are
hydrologic and include the treaty lands for the four
tribes. For presentation purposes, the 4,005-mi? study
area is divided into four major drainage basins on the
basis of standardized USGS hydrologic units (Seaber
and others, 1987). The Big Nemaha River Basin
(hydrologic unit 10240008) drains the Iowa and Sac
and Fox Reservations. The Wolf River Basin (hydro-
logic unit 10240005) drains part of the Iowa and Kick-
apoo Reservations within the 1854 treaty boundary.
The middle Kansas River Basin (hydrologic unit
10270102) drains most of the Potawatomi Reserva-
tion. Finally, the Delaware River Basin (hydrologic
unit 10270103) drains the northeast corner of the Pota-
watomi Reservation and most of the Kickapoo
Reservation.

Purpose and Scope

This report presents the results of an overview of
water resources in and near Indian lands in northeast-
ern Kansas and southeastern Nebraska and is intended
as comprehensive background information for those
readers who may be interested in pursuing inclusion of

Indian treaty lands in the Kansas State Water Plan. The
primary objective of the overview was to describe sur-
face- and ground-water availability, water quality, and
water use in the study area. These objectives were
accomplished by: (1) compilation and analysis of
available water data (Brewer and others, 1994); (2)
presentation of maps of physical and hydrologic fea-
tures in the study area, such as geology, soils, land use,
surface drainage, aquifer boundaries, and location of
recent (1990) water appropriations using geographic
information system (GIS) technology; (3) generation
of maps using GIS technology to group water data for
comparison and analysis; (4) definition of flow and
water quality in streams; and (5) definition of water
availability and quality in aquifers. The study did not
include the collection of any new water-resources
data.

Previous Investigations

Many studies relating to water resources in the
study area have been completed. In a study of the
water resources of the 1862 Kickapoo treaty lands,
Van Doren-Hazard-Stallings (1981) indicate that
(1) water suppliers in the area surrounding the reserva-
tion experience supply shortages or have problems
with the quality of raw water; (2) economic develop-
ment on the reservation has been slow due in part to
insufficiently developed water resources; and (3) there
is a potential for the construction of five surface-water
impoundments on the reservation with a total storage
capacity of 4,500 acre-ft.

In studies of the Kansas River and its associated
alluvium, Beck (1959) described the geology and
ground-water resources of the Kansas River between
Wamego and Topeka, Kansas. Fader (1974) described
ground-water availability in the Kansas River Valley
from Junction City to Kansas City, Kansas. Winslow
and Nuzman (1966) described ground-water availabil-
ity in the Topeka area for 1950. Wolf and Helgesen
(1993) used a finite-element computer model to simu-
late hypothetical flows and water levels in the Kansas
River Valley from Wamego to Topeka for 8-year peri-
ods of below-average, near-average, and above-
average streamflow and precipitation, with various
hypothetical pumpage options.

In the Missouri River Basin, Emmett and Jeffery
(1969) completed a ground-water reconnaissance of
the Missouri River alluvium between Kansas City,
Missouri, and the Iowa border. Hedman and Jorgensen

2  Overview of Water Resources in and Near Indian Lands in Northeastern Kansas and Southeastern Nebraska
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EXPLANATION

10270102 Hydrologic unit boundary and number—Number
is hydrologic unit code from Seaber and others (1987)

Standard parallels 33° and 45°
——————— Boundary of study area

—————— — Boundary of Indian treaty lands —Boundaries are from
U.S. Geological Survey 7 }/-minute topographic quadrangles

Figure 1. Location of study area, extent of lowa, Kickapoo, Potawatomi, and Sac and Fox treaty lands, and hydrologic unit
boundaries in northeastern Kansas and southeastern Nebraska.

(1990) evaluated the interaction of surface and ground
water in the Missouri River alluvium.

Jane Denne and others (Kansas Geological
Survey, written commun., 1991) evaluated the hydrol-
ogy and geochemistry of glacial deposits in northeast-
ern Kansas. A number of geohydrology and ground-
water resources reports were completed for counties in
the study area including Atchison (Frey, 1941; Ward,
1973), Brown (Bayne and Schoewe, 1967), Doniphan
(Bayne, 1973), Douglas (O’Connor, 1960), Jackson

(Walters, 1953), Jefferson (Winslow, 1972), Nemaha
(Ward, 1974), and Shawnee (Johnson and others,
1967) in Kansas, and Richardson County (Emery,
1964) in Nebraska.
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HISTORICAL OVERVIEW OF INDIAN
TREATY LANDS

An understanding of the historical presence and
distribution of the various tribes in Kansas, prior to
and after the European settlement, may have an effect
on the various tribes’ water-rights claims. Before
1840, Kansas was home to many native, nomadic, and
emigrant Indian tribes. Today (1996), the Iowa Tribe
of Kansas and Nebraska (Iowa), the Kickapoo Tribe of
Kansas (Kickapoo), the Prairie Band of Potawatomi
(Potawatomi), and the Sac and Fox Tribe of Missouri
(Sac and Fox) are the only tribes that have treaty lands
in Kansas. These four Indian tribes originally were
from areas around the Great Lakes and were relocated
to Kansas by pressure of non-native settlement.

The native Indian tribes of Kansas, prior to 1825,
included the village builders—the Kansas, Osage,
Pawnee, and Wichita. The nomadic Indian tribes who
hunted in Kansas were the Arapaho, Cheyenne, Com-
manche, and Kiowa. The emigrant Indian tribes asso-
ciated with the early history of Kansas included the
Cayuga, Cherokee, Chippewa, Delaware, Fox, Iowa,
Kaskaskia, Kickapoo, Miami, Munsee, Oneida, Onon-
daga, Ottawa, Peoria, Piankanshaw, Potawatomi, Qua-
paw, Sac, Seneca, Shawnee, Stockbridge, Wea, and
Wyandotte. All of these tribes with the exception of
the Iowa, Kickapoo, Potawatomi, and Sac and Fox
subsequently were removed from Kansas (Brenda
Shadwick, Bureau of Indian Affairs, written commun.,
1991).

The Iowa Tribe originally came from the present
states of lowa, Minnesota, and Missouri (Brenda
Shadwick, Bureau of Indian Affairs, written commun.,
1991), where several rivers including the Des Moines,
Cedar, and Iowa and numerous lakes and smaller
streams provided water supplies and transportation.
Treaties signed August 4, 1824, August 19, 1825,
July 15, 1830, and November 23, 1837, ceded land
claims in Iowa, Minnesota, and Missouri. A reserva-
tion in northeastern Kansas was assigned to the Iowa
Tribe by a treaty in September 17, 1836. The Iowa

Reservation was located along the Great Nemaha
River in present Brown County, Kansas, and Richard-
son County, Nebraska; but this reservation was
reduced by the treaty of May 17, 1854. The reserva-
tion was again reduced by a treaty signed on March 6,
1861, which provided for the cession of certain lowa
tribal land in Kansas to the United States for the Sac
and Fox Tribe (Blaine, 1979, p. 272). After an agree-
ment in 1890, a part of the Iowa Tribe moved to cen-
tral Oklahoma for land that was allotted to them in
severalty, the surplus lands being opened to settlement
(Brenda Shadwick, Bureau of Indian Affairs, written
commun., 1991).

Today, the lowa Reservation borders the Sac and
Fox Reservation on the east in Brown County, Kansas,
and Richardson County, Nebraska (fig. 1). There are
416 acres of allotted land and 1,026 acres of tribal land
within the Iowa Reservation (Brenda Shadwick,
Bureau of Indian Affairs, written commun., 1991).
The allotted land resulted from the passing of the Gen-
eral Allotment Act in 1887, which is discussed at the
end of this section. Tribal land is land owned by
the tribe.

About 1667, the Kickapoo Tribe was located
between the Fox and Wisconsin Rivers in southern
Wisconsin. A few years later they moved to the Sanga-
mon River in central Illinois, then to the Vermillion
River in eastern Illinois, and along the Wabash River
in western Indiana (Brenda Shadwick, Bureau of
Indian Affairs, written commun., 1991).

The Treaty of Fort Wayne on September 30, 1809,
and at Fort Harrison on August 30, 1819, ceded the
Kickapoo lands in Illinois for lands near the Osage
River in Missouri. In July 1820, an amendment to the
1819 treaty called for a reservation in northeast Kan-
sas instead of the lands in Missouri. However, not until
another treaty was signed on October 24, 1832, did the
relocation seriously get underway. The new reserva-
tion in northeast Kansas was in the present counties of
Atchison, Brown, and Jackson.

The lands beyond the Missouri River including
Kansas once were considered part of the “Great Amer-
ican Desert.” When migration to Santa Fe, New Mex-
ico, and Oregon increased settlements west of the
Rocky Mountains, lands in Kansas became more
familiar to the non-native American settlers. Once
immigrating settlers realized that the lands were fer-
tile, they wanted the lands opened for settlement. The
Commissioner of Indian Affairs then negotiated trea-
ties with the Kickapoo resulting in a reduction of their
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lands in 1854 and a further reduction in 1862 (Herring,
1988, p. 129). Today, the Kickapoo Reservation is sit-
uated in southwestern Brown County, Kansas, far
from any large stream (fig. 1). It consists of

3,154 acres of allotted land and 4,000 acres of tribal
land (Brenda Shadwick, Bureau of Indian Affairs,
written commun., 1991).

The Potawatomi Tribe originally was one tribe
with the Chippewa and the Ottawa. By the time of the
first recorded European contact (with a French
explorer in 1634), the Potawatomi were roaming the
Great Lakes area. In the late 17th or early 18th cen-
tury, the Potawatomi, Chippewa, and Ottawa traveled
west to Lake Huron in search of new hunting grounds.
At Mackinac Straits the tribe divided, and the Pota-
watomi migrated into Michigan’s lower peninsula.
The Iroquois with their guns pushed the Potawatomi
from Michigan’s lower peninsula to the present area of
Wisconsin. This displacement was the start of many
movements westward for the Potawatomi (Mitchell,
1994, p. 3).

The Chicago Treaty of 1833 forced the Pota-
watomi from near Lake Michigan to move west to the
Platte River area in northwestern Missouri. In 1837,
the Potawatomi were moved out of the Platte River
area because of the pressures of settlement and State
officials who wanted to annex the land to the State of
Missouri. This part of the Potawatomi Tribe was relo-
cated to Council Bluffs, Towa. Also in 1837 and in
1838, large numbers of Potawatomi from northern
Indiana were forced to live near the Marais des Cygne
River in Linn County, Kansas. The group that went to
Iowa eventually became the majority of the “Prairie
Band of Potawatomi” (Prairie Band), whereas the
other group that settled in east-central Kansas became
the “Citizen Band of Potawatomi” (Citizen Band).

The Potawatomi in Iowa and east-central Kansas
stayed in their respective areas for about 10 years. A
treaty was signed in 1846 ceding their lands in
exchange for a consolidated 900-mi? reservation,
including the Kansas River west of present-day
Topeka, west to Wabaunsee and Pottawatomie Coun-
ties and north to Jackson County (fig. 1). The consoli-
dation and relocation to the new reservation started in
1847 (Mitchell, 1994, p. 23).

Shortly after the Potawatomi were relocated on
lands in northeastern Kansas, the problems associated
with pressures from settlers resurfaced. The Pota-
watomi were once again in the way of expansion, so
some of the tribe was removed to Indian Territory in

Oklahoma. In 1861, a treaty opened up the Pota-
watomi lands for development as the Santa Fe Rail-
road acquired surplus acreages after allotments were
made to tribal members (Kappler, 1972, p. 824). The
tribal members who received allotments became
known as the Citizen Band. The remaining Pota-
watomi became known as the Prairie Band. Today, the
Prairie Band’s reservation is separated from the
Kansas River, in Jackson County, Kansas (fig. 1).
After individual land sales, there were 18,459 acres of
allotted land and 2,939.43 acres of tribal land (Brenda
Shadwick, Bureau of Indian Affairs, written commun.,
1991).

The present Sac and Fox Tribe originally was two
distinct tribes. The Sacs came from the Upper Michi-
gan Peninsula and the Fox from the south shore of
Lake Superior (Brenda Shadwick, Bureau of Indian
Affairs, written commun., 1991). In 1667, when the
first recorded non-native contact was made with the
two tribes, the Iroquois and French pressure on the
Sacs and Chippewa pressure on the Fox pushed both
groups to the vicinity of present-day Green Bay, Wis-
consin. In the early 18th century, French attacks on the
Sac and Fox drove both tribes to a close confederation
(Hagan, 1958, p. 5). Forced to migrate south, those
bands that stayed near the Mississippi River were
called “Sac and Fox of the Mississippi” (Mississippi
Band) to distinguish them from the “Sac and Fox of
the Missouri” (Missouri Band), who migrated farther
south and west to the Missouri River.

By the 1830’s the Missouri Band was living in the
northwest corner of Missouri with the Iowa Tribe. In
1836, the Missouri Band and the Iowa Tribe signed
away their lands and settled for lands near the Great
Nemaha River called the Great Nemaha Reservation
in Doniphan and Brown Counties in Kansas and Rich-
ardson County in Nebraska (Sandra Keo, Sac and Fox
Tribe, written commun., 1991). The Great Nemaha
Reservation again was reduced by the Treaty of May
17, 1854. On March 6, 1861, a treaty between the
United States and the Iowa Tribe ceded certain [owa
lands to the Sac and Fox Tribe. Today, the Sac and Fox
Reservation is located west of the Iowa Reservation in
Brown County, Kansas, and Richardson County,
Nebraska (fig. 1) with 44.6 acres of allotted land and
509 acres of tribal land (Brenda Shadwick, Bureau of
Indian Affairs, written commun., 1991).

The General Allotment Act of 1887, sometimes
referred to as the Dawes Act, called for 160-acre plots
of reservation land to be parceled out to the head of
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each Indian family. Eighty-acre and 40-acre plots of
reservation lands also were parceled out to individual
Indians. After the land was divided among the Indians,
left-over or “surplus” lands were purchased by the
U.S. Government. The purchase money was kept in
trust for the Indian tribes and their members and
appropriated for the purpose of educating and civiliz-
ing the tribe. The “surplus” lands then were sold to
settlers and other interested groups, such as private
land speculators, timber companies, and railroads.
Later, the Indians were encouraged to sell their allot-
ted land enabling settlers and other interested groups
access to more Indian land (Cohen, 1982, p. 130-131).
As a result, Indian reservations today are checker-
boarded with Indian and non-Indian allotted lands.

PHYSICAL SETTING

Physiography

According to the major physical divisions of the
United States defined by Fenneman (1938) and Fenne-
man and Johnson (1946), the study area is located in
the Central Lowland Province of the Interior Plains.
Schoewe (1949) further divided the Central Lowland
Province in Kansas such that the study area lies mostly
within the Dissected Till Plains Section but also
includes a small area of the Osage Plains Section.
These sections were divided further or modified by
Schoewe (1949) into the Osage Cuestas, the Flint Hills
Upland, the Kansas Drift Plains, and the Attenuated
Drift Border (fig. 2). A discussion of these subdivi-
sions as they relate to the study area follows.

The Osage Cuestas comprise the area south of the
Kansas River as far west as Wabaunsee County and, in
eastern Kansas, consist of at least 18 southwest-to-
northeast irregularly trending east-facing escarpments
between which are flat to gently rolling plains
(Schoewe, 1949). The crest of each escarpment, rang-
ing in height from less than 50 ft to more than 200 ft,
is capped by a resistant limestone underlain by weaker
shale or sandstone.

The Flint Hills Upland is a north-south trending
physiographic unit extending across the entire State;
its eastern limit is generally defined by outcrops of
flint-bearing limestone bedrock of Permian age. The
Flint Hills Upland only occurs in the southwestern part
of the study area. The surficial features, geologic
structure, and erosional history of the upland are

mostly the same as the topographically lower Osage
Cuestas to the east.

The Dissected Till Plains, which covers most of
the study area, occurs north of the Kansas River and is
a northward extension of the Osage Plains because the
underlying bedrock of both sections is identical. The
basic difference between the two sections is that the
Dissected Till Plains have been glaciated, but the
Osage Plains have not. In the Dissected Till Plains, a
mantle of drift conceals or covers the cuesta-type
topography, which prevails in the Osage Cuestas to the
south. Bedrock-controlled topography does not occur
in the Dissected Till Plains except near its southern
edge along the Kansas River Valley and on the west
along the Big Blue River. This part of the Dissected
Till Plains Section has been designated by Schoewe
(1949) as the Attenuated Drift Border, and the rest of
the section in Kansas is known as the Kansas Drift
Plains.

Although the Attenuated Drift Border subdivision
along the Big Blue, Little Blue, and Kansas River Val-
leys is glaciated and included in the Dissected Till
Plains Section, the area has a bedrock-controlled type
of topography and is mostly like the Flint Hills Upland
and Osage Cuestas to the south. The area differs in that
it has been glaciated and covered by isolated deposits
of till, outwash, and erratics of ice-transported boul-
ders, cobbles, and pebbles.

The topography of the Kansas Drift Plains reflects
a gently undulating, drift-controlled, erosional surface.
Distant from major streams, the broad, smooth, well-
rounded, interstream areas are remnants of the un-
eroded original ground moraine deposited by the last
retreating ice sheet. Beneath this surface lie glacial
deposits of boulder till, sand and gravel, silt, and clay.
The bedrock valleys with preglacial dendritic drainage
patterns lie deeply buried by as much as 400 ft of gla-
cial deposits. Near larger stream valleys, the land sur-
face becomes more dissected and is reduced to gentle
slopes and broad and open valleys. Next to the larger
stream valleys, the surface is very dissected, rough,
and hilly, with steep valley walls of limestone and
shale. The greatest topographic relief (300 ft) in the
Kansas Drift Plains occurs in a narrow strip a few
miles wide along the bluffs of the Missouri River
where the upland surface is deeply incised into a very
rugged region of hills between steep-sided valleys and
ravines. Most drainage in the Kansas Drift Plains is to
the Big Blue, Big Nemaha, Missouri, and
Kansas Rivers.
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The extreme northeastern part of the study area
(Richardson County in Nebraska and parts of Brown
and Doniphan Counties in Kansas) lies in the flood
plain and terrace system associated with the Missouri
River. The flood plain and low terraces of the Kansas
River trend east-west in the southern part of the study
area. Other areas of flood plains and low terraces
occur along some of the larger tributaries of the Mis-
souri and Xansas Rivers and include (1) Walnut Creek
and the Wolf River in the Missouri River Basin and
(2) Soldier Creek, Cross Creek, Mill Creek, Vermil-
lion Creek, Rock Creek, and the Delaware River and
its tributaries in the Kansas River Basin. Flood plains
and terraces also may extend a short distance up the
valleys of many of the smaller streams that are directly
tributary to the Missouri and Kansas Rivers.

Soils

Certain physical characteristics of soils have a def-
inite effect on the water resources of an area because
they affect the rate at which precipitation infiltrates or
is transmitted through the soil and thus help determine
the rates of both ground-water recharge and surface-
water runoff.

Soil formation is a continuing process affected by
environmental factors, including climate and biota,
especially natural vegetation. Materials from which
the soil is formed have a substantial effect on certain
primary characteristics of the soil, such as texture, but
climate, biotic factors, topographic position, and time
determine the final character of the soil. The degree of
weathering of the parent materials dictates the depth of
soil development and the prevalence of clay and
organic materials.

Typical parent materials for soils of the study area
are loess, glacial till, alluvium, colluvium, eolian sand,
shale, and limestone. Some physical characteristics,
particularly average profile permeability and available
water capacity of well-developed soils, reflect the par-
ent materials on which the soils developed. The rate of
soil development is affected by the nature of the parent
materials. Consolidated sedimentary and crystalline
bedrock usually weathers more slowly than unconsoli-
dated materials, such as alluvium or loess, which
already have certain characteristics similar to
mature soils.

Climatic variations substantially affect soil devel-
opment. The climate in the study area is a subhumid
continental type where soils have developed at an

intermediate rate. In the moister parts of the study
area, many soils have clay accumulations that limit the
soil permeability, thus restricting downward water
movement,

Natural vegetation in the study area is diverse and
related to the climate. The amount of organic matter in
the soil is largely dependent on the decay of root sys-
tems. Grasslands, particularly tall-grass prairie, add
large amounts of organic matter to the soil. Short-grass
prairie produces less organic material; therefore, soils
are lighter in color. Woodland soils usually have only a
thin surface layer of organic matter, mostly from leaf
decay; because root decay is much less under wood-
land conditions than under grassland conditions.
Under warm, moist conditions leaching prevents the
accumulation of organic matter in the upper
soil horizons.

Topographic position of the soil is an important
but passive factor in soil-forming process. Steep
slopes tend to promote rapid runoff precipitation,
decreasing the time available for infiltration, thus lim-
iting the amount of water available for weathering of
parent materials. Also, steep slopes tend to erode eas-
ily, thus resulting in thin, mostly undeveloped soils.
The degree to which topographic position affects soil
development is inversely dependent on the degree of
the slope. In the study area, topography ranges from
nearly flat, relatively large, continuous areas along and
near divides or in the valley bottoms to steep slopes in
the highly dissected bluff areas adjacent to the large
river valleys.

The degree of soil development also depends
partly on the length of time that geologic parent mate-
rials have been exposed to the climatic elements and to
the intensity of weathering. It is nearly impossible to
date the length of the soil-forming process at any par-
ticular place because of continuous addition of wind-
or water-transported material or organic matter to the
soil surface. The age of soils in the study area ranges
from very young for flood-plain soils to very mature
for soils long exposed on relatively flat uplands. The
more mature soils are the most deeply developed with
accumulations of clayey materials defined by leaching
and redeposition.

Six soil characteristics that indicate the relation
between soil and water were used by Dugan (1986) to
evaluate the hydrologic responses of soil. Those six
characteristics are: (1) average soil-profile permeabil-
ity, (2) permeability of the least-permeable soil hori-
zon, (3) average available water capacity, (4) soil
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