Prepared in cooperation with

ZUJS(ES U-S: DEPARTMENT OF THE INTERIOR LEWIS AND CLARK, LOWER ELKHORN, LOWER LOUP, LOWER NIOBRARA, LOWER PLATTE NORTH, . SCIENTIFIC INVESTIGATIONS MAP 3042
science fora changingworta  U-S. GEOLOGICAL SURVEY MIDDLE NIOBRARA, UPPER ELKHORN, UPPER LOUP NATURAL RESOURCES DISTRICTS McGuire, V. L. and Peterson, S. M., 2008, Base of Principal Aquifer for the
Elkhorn-Loup Model Area, North-Central Nebraska
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% >, = u ’h— -t Vel o ‘\ in the Elkhorn and Loup River Basins, the U.S. Geological Survey, the Lewis and Clark Plains aquifer (Pettijohn and Chen,. 1983; Gutentag apd others, 1984; Cederstrand and : . -
3 e ® Natural R District. the L ’Elkh Natural R ’D ot the L Becker, 1999), and the base of aquifer in the Platte River Valley upstream from Columbus, ~SWwinehart, J.B., and Diffendal, Jr., R.F., 1998, Geology Of. the p.re—dune strata, In .Blee.d,
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Resourc,es Dislt)rri)ct agreed to cooperatively study water,resources irr)lpthe Elkrl)lorn and Loup Souders, 2000); these maps were used either as an ipdicator of the., regional paleodraing 8¢ U.S. Geological Survey and Nebraska Department of Natural Resources, 1998, 7.5 min-
T32N. River Basins. The goals of the overall study were to construct and calibrate a regional pattern for the base- of aquifer in a.lreas where the Arlka_ree Group is Present, or as a guide ute digital elevation model—index for the State of Nebraska: Lincoln, Nebr., Nebraska
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top of the Cretaceous System was mapped in the northeastern and south-central part of himl

rent and future effects of ground-water irrigation on stream base flow and to help develop
long-term water-resource management strategies for this area, hereafter referred to as the
T31N. Elkhorn-Loup model area.

the ELM area (Bentall and others, 1971; Burchett and others, 1988; Souders, 2000); these

maps were used as a guide for the base-of-aquifer contours in the ELM area. University of Nebraska—Lincoln, Conservation and Survey Division, 1979, Configuration

of the base of principal aquifer: Lincoln, Nebr., University of Nebraska—Lincoln, Con-

: . The available information for test holes from State and Federal test-drilling programs
e The Elkhorn-Loup model area covers approximately 30,800 square miles, and extends . . . . . . 05 Prog servation and Survey Division data, accessed January 2007 at http://snr.unl.edu/Data/
T -== . . . can include lithologic logs, borehole geophysical logs, mineralogical investigations, and ;
from the Niobrara River in the north to the Platte River in the south. The western bound- . ; . . : . : NebrGlIS.asp#ConfigurationoftheBasel1979
. : C : = .. : i the results of stratigraphic studies to identify the geologic units and the depth to the top
————— ’ ary of the Elkhorn-Loup model area coincides with the western boundary of the Middle . . . : : . : o
————— gs ) . . and bottom of each geologic unit that was penetrated at the test-hole location. The test- University of Nebraska—Lincoln, Conservation and Survey Division, 1996, Bed-
= Niobrara, Twin Platte, and Upper Loup Natural Resources Districts; the eastern bound- : . . . . T . . .
— arv coincides with the anproximate location of the western extent of elacial till in eastern hole information is filed at the University of Nebraska—Lincoln, Conservation and Sur- rock geology: Lincoln, Nebr., University of Nebraska—Lincoln, Conservation and
A NZbraska Th\g rinci alljlz difer in most of the Elk;)lvorn Lotb mo delirea s the Hich vey Division (UNL-CSD) offices in Lincoln, Nebraska, and has been largely compiled Survey Division data, accessed January 2007 at http://snr.unl.edu/Data/NebrGIS.
' principa‘aq p & in a Web-based database (University of Nebraska—Lincoln, Conservation and Survey asp#BedrockGeology

Plains aquifer; the principal aquifer in the remaining part of the Elkhorn-Loup model Division, 2007b). Because the stratigraphic information (geologic units and geologic-
area is an unnamed alluvial aquifer. The upper surface of the geologic units that directly "\ t’hs) had ﬁot been published 1%1 rIe) orts or on the Wib forg3 09 of the 2%3 5 tgst University of Nebraska—Lincoln, Conservation and Survey Division, 2007a, Glacial till
underlie the aquifer is called the “base of aquifer” in this report. The geologic unit that b P P : deposits: Lincoln, Nebr, University of Nebraska—Lincoln, Conservation and Survey

L23N. forms the base of aquifer in the Elkhorn-Loup model area varies by location. The Tertia- holes in the ELM area and the surrounding 20 miles, the available UNL-CSD files for Division data, accessed March 2007 at htp.//snr.unl.edu/Data/NebrGIS.asp#Till
these test holes were reviewed by the authors for this report (data in files at University of

Nebraska—Lincoln, Conservation and Survey Division, 2007). For many of these unpub- University of Nebraska—Lincoln, Conservation and Survey Division, 2007b, Nebraska

lished test holes, there were handwritten notes in the files by UNL-CSD geologists about test-hole datal?a§§: Lincoln, Nebr, University of Nebraska—Lincoln, Conservation
the geologic units and geologic-unit depths at the test-hole location. For the remaining and Survey Division data, accessed June 2007 at http://snr.unl.edu/NebraskaTlestHole/

NebraskaTestHolelntro.asp

ry-age Brule Formation generally is the base of aquifer in the west; the Cretaceous-age
Pierre Shale generally is the base of aquifer in the east.

The purpose of this report is to update the altitude and configuration of the base of
the principal aquifer in the Elkhorn-Loup model area and a 2-mile buffer area around the

T.28N. Elkhorn-Loup model area, using base-of-aquifer data from test holes, registered water

wells, and oil and gas wells within the Elkhorn-Loup model area and a 20-mile buffer area
around the Elkhorn-Loup model area that have become available since the publication of
earlier maps of the base of aquifer for this area. The base-of-aquifer map is important for
the Elkhorn-Loup ground-water flow model because it defines the model’s lower bound-

unpublished test holes, the lithologic and borehole geophysical logs, if available, were
reviewed to estimate the depth to the unit corresponding to the base of aquifer. Data from
1,219 test holes were used to map the base of aquifer in the ELM area. .
The available data for NDNR registered water wells typically consists of location Conversion Factors
information, well construction information, and a lithologic log. The NDNR registered

T.27N. water-well data that were used in this report were the depth to the geologic unit that forms ) )
ary: T,he aceuracy of the Elkhorn-Loup ground-water .ﬂo.w n.lodel and the accuracy of the the base of aquifer for 123 wells in Holt County, and the depth to the base of aquifer Multiply By To obtain
model’s predictions about the effects of ground-water irrigation on stream base flow are . : )
directly related to the accuracy of the model’s lower boundar for 456 wells in the Platte River Valley (Cooperative Hydrology Study, 2006a, 2006b;

y y Y Nebraska Department of Natural Resources, 2007a; S.O. Lackey, University of Nebras-
Introduction ka—TLincoln, Conservation and Survey Division, written commun., June 2007). Length

T.26N. In Nebraska, the water managers in the Natural Resources Districts (NRDs) and the The aYallable data for 911 and gas wells 1'nc.lude identified stratigraphic data at each
Nebraska Department of Natural Resources (NDNR) are concerned with the effect of well location (Nebraska Oil and Gas Commission, 2007); however, because the purpose foot (ft) 0.3048 meter (m)

for installing these wells is primarily interest in pre-Cretaceous geologic units, data about
the depth to the top of the geologic units that form the base of aquifer in the ELM area mile (mi) 1.609 kilometer (km)
generally 1s not documented (Marvin Carlson, University of Nebraska—Lincoln, Conser-
vation and Survey Division, oral commun., 2007). In the ELM area, only two of the oil
and gas wells provided base-of-aquifer data used in this report. Area

The land-surface altitude at each published and unpublished test hole in the ELM area
and at selected NDNR registered water wells in Holt County was estimated using a digi-
tal 10-meter land-surface altitude raster data set (U.S. Geological Survey and Nebraska square mile (mi2) 259.0 hectare (ha)
Department of Natural Resources, 1998). The land-surface altitudes of the test holes in
the ELM area, which were published on the Web or written in the test-hole documenta-
tion (University of Nebraska—Lincoln, Conservation and Survey Division, 2007b; data

ground-water withdrawal on the availability of surface water and the long-term effects
of ground-water withdrawal on ground- and surface-water resources. In north-central
Nebraska, in the Elkhorn and Loup River Basins, ground water is used for irrigation,
domestic supply, and public supply and surface water is used for irrigation, recreation,
and hydropower production. In addition, outflows of the Elkhorn and Loup Rivers merge
with the Platte River near Waterloo, Nebraska, and Columbus, Nebraska, respectively,
and support in-stream flow appropriations, such as Nebraska Game and Parks Commis-
sion In-Stream Appropriation, A-17331 (Nebraska Department of Natural Resources,
2008). Outflows from the Elkhorn and Loup Rivers also supply recharge to the Platte
River alluvial aquifer for large downstream municipal water systems that pump ground
water near and below the Platte River to supply Lincoln and Omaha, Nebraska. Further,

T.25N.

T.24 N.
square mile (mi2) 2.590 square kilometer (km?)

newly adopted legislation requires a sustainable balance between long-term water supplies in files at University of .N?br asl.ia—Lincoln, Conservation a.nd Survey Division, 2007),

123N and uses for ground- and surface-water users (Nebraska Department of Natural Resources, * <'© compared to the digitally 1nterp91ated land-surface altitudes from the lO-metf:r land-

- 2007b). In recognition of sometimes competing ground- and surface-water uses in the surface altitude raster data set to partially assess the accuracy of the test-hole locations. If ~ Datums

Elkhorn and Loup River Basins, the U.S. Geological Survey (USGS), the Lewis and Clark the pubhsl%e('i land.—surface altitude of a test ho}e did not d.1ff.er by more than 20 feet (it Vertical Coordinate information is referenced to the National Geodetic Vertical Datum of
NRD, the Lower Elkhorn NRD, the Lower Loup NRD, the Lower Niobrara NRD, the from the digitally interpolated land-surface altitude, the digitally interpolated land-surface 1929 (NGVD 29)
Low e’ ¢ Platte North NRD. the 1\;[1 ddle Niobrara NRD t’he Upper Elkhorn NRD ar;d the altitude was used to calculate the base-of-aquifer altitude. For the five test holes with pub- '

. Upper Loup NRD agreed to cooperatively study water resources in these basins, hereafter lished land—surf'ace altitudes that differed [?y more th.an 20 ft from t'he digitally interpolated Horizontal coordinate information is referenced to the North American Datum of 1983.
referred to as the Elkhorn-Loup model (ELM) area. The overall goals of the ELM study land-surface altitudes, the land-surface altitudes, which were published on the Web or Altitude, as used in this report, refers to distance above the vertical datum.

written in the test-hole documentation, were used to calculate the base-of-aquifer altitude.

were to construct and calibrate a regional ground-water flow model of the area and to use ) . . _
This approach was used because these five test holes were in parts of the ELM area with

that flow model as a tool to assess current and future effects of ground-water irrigation ¢ Chol - fnauifer inf g horef bl inf
on stream base flow and to help develop long-term water-resource management strategies ew.tes oles with base-0 -aquiter information, theretore any reasohably accurate Intor- U.S. DEPARTMENT OF THE INTERIOR
. for the ELM area. The ELM area covers approximately 30,800 square miles, and extends mation about the base of aquifer in the area was useful for deriving the base-of-aquifer

from the Niobrara River in the north to the Platte River in the south (See map at left). The altitude contours. DIRK KEMPTHORN E' Secreta ry
western boundary coincides with the western boundary of the Middle Niobrara, Twin Base-of- Aquifer Altitude and Co nfiguration
Platte, and Upper Loup NRDs, and the eastern boundary coincides with the approximate

The altitude and configuration of the base of aquifer and the geologic units that form U.S. GEOLOGICAL SURVEY
the base of the principal aquifer in the ELM area are shown on the map to the left. The Mark D. Myers, Director
base of aquifer ranged from less than 1,300 ft above the National Geodetic Vertical Datum
of 1929 (NGVD 29) in Platte County to more than 3,300 ft above NGVD 29 in Garden
and Keith Counties. The altitude and configuration of the base of aquifer can be used to
locate ancestral valleys and associated ridges and, together with the water-table surface, to
compute the aquifer’s saturated thickness. The base of aquifer is being used as the lower
boundary layer in the ELM ground-water flow model; an accurate base of aquifer is essen-
tial for improving the accuracy of the ground-water flow model and its usefulness as a tool
for analyzing water-resources management alternatives. LEWIS & CLARK

location of the western extent of glacial till in eastern Nebraska (University of Nebraska—
T.20N. Lincoln, Conservation and Survey Division, 2007a).

The purpose of this report is to update the altitude and configuration of the base of
principal aquifer in the ELM area and a 2-mile buffer area around the ELM area using
data that have become available in the ELM area and a 20-mile buffer area around the
ELM area since earlier maps of the base of aquifer for this area were published (Univer-

T19N. sity of Nebraska—Lincoln, Conservation and Survey Division, 1979; Pettijohn and Chen,
1983; Gutentag and others, 1984; Cooperative Hydrology Study, 2006a). The base-of-
aquifer map is important for the ELM ground-water flow model because it defines the
lower boundary of the model. The accuracy of the ELM ground-water flow model and the
accuracy of the model’s predictions about the effects of ground-water irrigation on stream Se|ected References | — N RD

T.18N. base flow are directly related to the accuracy of the model’s lower boundary. Bentall. Rav. D VL. Elder. JA.. Jess. ] M.. Souders. VL. Birkel. W.EL. B
entall, Ray, Dreeszen, V.H., Elder, J.A., Jess, J.M., Souders, V.L., Birkel, W.H., Braun,

I 11 1 th theastern border of the ELM the principal ifer i
sl e border of e ELA e e v sfr s 5 ) g ., Ener, R and S, 5. 971, W st
d ’ p y-ag p the land—the Elkhorn River Basin of Nebraska: Lincoln, Nebr., University of Nebras-

(See Index Map). Elsevyhere, the ];')r1n01.pal aquifer is the High Plains aquifer, which is ka—Lincoln, Conservation and Survey Division, Resource Atlas No. 1, 51 p.
composed of the following geologic units:

T17N. Burchett, R.R., Reed, E.C., Dreeszen, V.H., and Prichard, G.E., 1975, Bedrock geologic
* Quaternary-age deposits of alluvium and valley-fill deposits, eolian sand, and loess; map showing thickness of overlying quaternary deposits, Fremont quadrangle and part
of the Omaha quadrangle, Nebraska: U.S. Geological Survey Miscellaneous Investiga-
* Broadwater Formation of Tertiary age; tions Series Map 1-905, 1 sheet, available on the Web at http://ngmdb.usgs.gov/Prodesc/
proddesc_9487.htm
B * QOgallala Group of Tertiary age;
galla p y age, Burchett, R.R., Dreeszen, V.H., Souders, V.L., and Prichard, G.E., 1988, Bedrock geo-

logic map showing configuration of the bedrock surface in the Nebraska part of the
Sioux City 1° x 2° quadrangle: U.S. Geological Survey Miscellaneous Investigations

Series Map I-1879, 1 sheet, available on the Web at http.//ngmdb.usgs.gov/Prodesc/
* Brule Formation of Tertiary age, where the Brule Formation is fractured (Gutentag proddesc_9965.htm

and others, 1984). Although the fractured part of the Brule Formation is considered
part of the High Plains aquifer, the presence and extent of fracturing in the Brul
Formation has not been compiled in most of the ELM area. Therefore, the
fractured part of the Brule Formation was not included in the aquifer for this report.

* Arikaree Group of Tertiary age; and

Cederstrand, J.R., and Becker, M.F., 1999, Digital map of aquifer boundary for the High
Plains aquifer in parts of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South
Dakota, Texas, and Wyoming: U.S. Geological Survey Open-File Report 99-267,
accessed April 2007 at http://water.usgs.gov/GlS/metadata/usgswrd/XML/ofr99-267.xml

T14N, o o .
The geologic units that form the base of aquifer in the ELM area vary by location and ~ Cooperative Hydrology Study, 2006a, Base of aquifer altitude, COHYST study area: Lin-

are listed below: coln, Nebr., Nebraska Dept. of Natural Resources, Cooperative Hydrology Study data,
accessed November 2006 at http://cohyst.dnr.ne.gov/cohyst_preliminarydata.html

* Brule Formation of the White River Group of Tertiary age, where it is not fractured.
T13N But because the presence and extent of fractures in the Brule Formation have not
been compiled in most of the ELM area, the top of the Brule Formation, where
present, was considered the base of the aquifer for this report;

Cooperative Hydrology Study, 2006b, Testholes and wells used to delineate the base
of aquifer altitude, COHYST study area: Lincoln, Nebr., Nebraska Dept. of Natural
Resources, Cooperative Hydrology Study data, accessed November 2006 at http.//
cohyst.dnr.ne.gov/cohyst_preliminarydata.html

* Chadron Formation of the White River Group of Tertiary age; Diffendal, Jr., R.F., 1991, Geologic maps showing configurations of bedrock surfaces,
. North Platte 1° x 2° quadrangle, Nebraska: U.S. Geological Survey Miscellaneous
I T12N. q gle, g y
. L 2° _ . EXPLANATION ! « Pierre Shale of Cretaceous age; and Investigations Series Map [-2277, 1 sheet, available on the Web at http.//ngmdb.usgs.
R.43W. Razw, W ! " = gov/Prodesc/proddesc_10209.htm
, Generalized geologic unit that forms the base of the principal aquifer “ * Niobrara Formation of the Colorado Group of Cretaceous age. Dreeszen, V.H., Reed, E.C., Burchett, R.R., and Prichard, G.E., 1973, Bedrock geologic
| } | o I The Brule ) v is the b ¢ aauifer in th N _— ) map showing thickness of overlying quaternary deposits, Grand Island quadrangle,
i . . . . SHe |HTN ¢ Brule Formation generally 1s the base ol aquiler i the west; whereas in the east 1t Nebraska and Kansas: U.S. Geological Survey Miscellaneous Investigations Series Map
n Lower Tertlary (Brule or Chadron Formation of the White River GYOUP) X “ Lﬁé is the Pierre Shale (Bentall and others, 1971; Dreeszen and others, 1973; Burchett and oth- 1-819, 1 sheet, available on the Web at http://ngmdb.usgs.gov/Prodesc/proddesc_9648.
: . . Boundary of the 2-mile _ ers, 1975; Pettijohn and Chen, 1983; Burchett and others, 1988; Eversoll and others, 1988; 1, N
" Upper Cretaceous (Pierre Shale or Niobrara Formation of the Colorado Group) buffer area around the Boundary of the 2-mile Diffendal, 1991: University of Nebraska—Lincoln, Conservation and Survey Division,
] ELM studv area High Plains aquifer NebraSka buffer area around the 1996: and Souders, 2000). Environmental Systems Research Institute, 1992, Understanding GIS—the Arc/Info
:: Generalized area Where the base Of the principal aquifer iS at or near y ELM study area T10N. Methods method: Redlands, Calif., Environmental Systems Research Institute, 450 p.
land surface Yo, ) \sj\h & &M@W} L m ) ) ) . _ . Eversoll, D.A., Dreeszen, V.H., Burchett, R.R., and Prichard, G.E., 1988, Bedrock geo-
4 3 ‘-\ &k *t%m T}'lle Eise-f?f-aquer I;I_Utu‘ig in the Elﬁg ?;ea 32115101611) the surr;)uﬁld]lang 2 r}nles .\;/as . logic map showing configuration of the bedrock surface, McCook 1° x 2° quadrangle,
: : e indi : ¥ i o compiled by iirst assembling the current to maps of the base ot aquiter, the Nebraska and Kansas, and part of Sterling 1° x 2° quadrangle, Nebraska and Colorado:
u ——3000----- Base-of-aquifer altitude-Dashed line indicates where approximately located. , P enilet o 4RC D g d g '
:” q . . . PP . Y . ‘ N s %},&&%\?s. Glacial till base of the Ogallala Group, and the top of the uppermost Cretaceous units in the ELM U.S. Geological Survey Miscellaneous Investigations Series Map I-1878, 1 sheet, avail-
% Contour interval 100 feet. Vertical datum is the National Geodetic Vertical Datum * , — ] &N — 1 owou® ;)i “\Tf' deposits T9N. area, and depth to the geologic units that form the base of aquifer from available data for able on the Web at http://ngmdb.usgs.gov/Prodesc/proddesc_9964.him
of 1929 (NGVD 29). Altitude refers to distance above the vertical datum AN > SR R ‘t@%‘ . test holes, NDNR registered water wells, and oil and gas wells in the ELM area and the _
N j;\»m m}A ﬂ !@t“ ]i‘ surrounding 20 miles. Then 10-meter land-surface altitude data for the ELM area were Glﬁteéltalg’ E'Df" }I;Ie}—rlr'le;’ llle " Kroth?, N_'C" LUCkfeé’ ITR& anId<Weeksl,\IJ ']13" 11(98411\’1 Geo-
I . . . . . ' s e oM 4 nay acquired in raster form to determine land-surface altitude at each test hole and well loca- ydrology of the High Flains aquifer in parts of Colorado, Kansas, Nebraska, New
; _ -of- - d ! 0 @ . o ) )
— — chgtmn of wells and test holes with pase of. ?qulfer information—-Symbol color B ) _ ) _ ) . B ﬂE moo tion using a consistent method. The 10-meter land-surface altitude at the test hole and Mexico, Oklahoma, South Dakota, Texas, and Wyoming: U.S. Geological Survey Pro
indicates source of well and test-hole information ]/ 4 E R - - o Boundary of * i ol ﬁ = O well location was used to assess the accuracy of the test hole and well location and, for fes/sm;ljloggp er 1400-B, 63 p., available on the Web at http://pubs.er.usgs.gov/usgspubs/
Nebraska 475 y most wells, to calculate the altitude of the base of aquifer. For the remaining wells and pPpp
n Y Registered water well ! = Sand Hills : test holes, the land-surface altitude from the test-hole database or from the test-hole-paper ~ Nebraska Department of Natural Resources, 2007a, Registered wells database: Lincoln,
|: iy files was used to calculate the altitude of the base of aquifer (University of Nebraska— Nebr., Nebraska Department of Natural Resources data, accessed July 2007 at http://
" o Oil and gas well e Lincoln, Conservation and Survey Division, 2007b; data in files at University of Nebras- dnrdata.dnr.ne.gov/wellssql/
I T7N. T . e
= ka—TLincoln, Conse.rvatlon. and Survey DlVlS.IOH, 2007). ) Nebraska Department of Natural Resources, 2007b, LB962 enacted into law: Lincoln,
B T The base-of-aquifer altitude data at locations of test holes, NDNR registered water )
) est hole . ) . Nebr. Dept. of Natural Res., accessed November 4, 2007, at http://www.dnr.ne.gov/
i ! | " wells, and oil and gas wells, and selected parts of previously published maps of the base watertaskforce/LB962/LB962SCREEN. pdf
I “ vl l T‘LF” of aquifer were input to a geographic information system (GIS). To construct initial con- '
L , [ il [7 , | | | = 3 | “ | p \ 16N tours of the base-of-aquifer altitude, a GIS function (topogrid) was applied (Environmen- Nebraska Department of Natural Resources, 2008, Nebraska surface water rights data
40°30° - i - . ’ ys cavals T .
SR SR T ST ST ST S ST LT AT ST SO SR S SR S . =T T T S T T ST EEI) T 7 T =T T AT = e AT T =T SRR R T — tal Systems Research Institute, 1992). The computer-generated contours were modified zletfleval- I;;H‘;;elg Nebl?f- 13/?3 OfgatuzaéRés-, accessed May 26, 2008, at http://dnrdata.
Base from U.S. Geological Survey digital data, 1987, 1:100,000 . . . . . . . e manually within the GIS to better reflect that t.he base-of—aqu.lfe? surfage conﬁgur.atlon nr.ne.gov, ombined/selectsearchUplions.aspx
ézg:}%g:ﬁ;j;;gg\4%22% S%E,thlggtral T I | | | | | | | was shaped by natural processes; the paleodrainage patterns indicated in the previously Nebraska Oil and Gas Commission, 2007, Oil and gas wells database: Sidney, Nebr.,

published maps were used to guide the manual modifications. The altitude of the surface
represented by the base-of-aquifer contours was digitally compared within the GIS to the

land-surface altitude to identify areas where the base-of-aquifer contours needed to be Pettijohn, R.A., and Chen, H.H., 1983, Geohydrology of the High Plains Aquifer System
in Nebraska, U.S. Geological Survey Open-File Report 82-502, 3 sheets, available on

the Web at http://pubs.er.usgs.gov/usgspubs/ofr/ofr82502

oO— 0

5 10 15 20 95 30 3'5 4'0 KILOMETERS Nebraska Oil and Gas Commission data, accessed May 2007 at http://nogcc.ne.gov/

Horizontal coordinate information is referenced to the North American
Datum of 1983 (NAD 83)

Any use of trade, product, or firm names in this §)ublicati0n is for descriptive purposes Information regarding water resources in Nebraska is available at: http://ne.water.usgs.gov/

only and does not imply endorsement by the U.S. government o
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