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Introduction

On March 22. 2005. the State Engineer's Office (SEa) received a letter. dated January 30. 2005,
in which 28 "irrigators and or land owners" from southeast Niobrara County petitioned the Board
of Control (BOC) to establish "a control district for future irrigation well permits ... from the
breaks north ofLusk to the Goshen County line and from the Nebraska State line to Highway 270
south of Manville" as provided for by Wyoming Statute (WS) 41-3-912. The SEa responded
that insufficient hydrogeologic data were available to make an informed decision on the
establishment ofa Groundwater Control Area (GCA), and asked the Wyoming Water
Development Commission (WWDC) to fund a study of the situation. This report provides the
requested study. Figure I shows the study area location, along with all groundwater wells with
permit yields of 25 gpm or more. Also shown are the 6 long-term monitoring wells in the study
area. (The base for Figure I is a July 1.2001 color-infrared aerial photograph: the red circles are
active. center-pivot irrigation sprinklers.)

The primary aquifer in the Lusk study area is the Arikaree Formation. Figure 2 presents a
schematic west-east cross-section through the study area. In the area west of Lusk, the Arikaree
Formation thickness varies from zero to 300 ft and there are scattered outcrops of underlying,
generally less-permeable. strata. Because of the variable nature of the aquifer, groundwater
issues in the western area tend to be localized. In the area east of Lusk, the Arikaree Formation
provides a consistent productive aquifer exceeding 650 ft. in thickness. This is the area of
primary development of the aquifer and, due to the breadth and continuity of the aquifer. is a
potential candidate for regional aqui fer management

Figure 2 also shows the general hydrologic now for the study area. Groundwater is recharged
through precipitation infiltration (mean annual precipitation is 15.1 inches) and flows generally
eastward to cross the stateline either as groundwater in the aquifer. or as stream now in the
perennial. lower 9 miles of the Niobrara River. The river is historically intermittent above that
poine The only perennial tributaries are the lower reaches of Duck Creek and Van Tassell Creek.

Groundwater Development

Although there are nearly 6 times as many stock and domestic wells as irrigation wells in the
study area. the preponderance of groundwater consumption is through irrigation. The irrigation
wells are substantially deeper than the stock and domestic wells - 60% of the stock and domestic
wells penetrate less than 50 fe of water (SEa-reported total depth minus static water level); 60%
of irrigation wells penetrate more than 200 ft. This relationship creates the potential for connict
as the deeper, high-capacity wells draw groundwater levels down in low-capacity wells for which
it was not economical to drill beyond minimal saturated thickness.

Of the 134 currently-permilled irrigation wells, 62% were constructed between 1966 and 1978.
with only 24 wells permined since then (see Figure 3).



Data on annual irrigated acreage and irrigation rates are sparse and inconsistent. Analysis of the
best available data indicate up to approximately 12.000 acres are currently under groundwater
irrigation. Irrigated acreage and groundwater use have varied substantially since the bulk of
irrigation wells were installed in the 1970s. Figure 3 estimates annual irrigation consumptive use
of groundwater. based on analysis of electrical-power records. Groundwater use appears to have
peaked near the end of the period of initial growth. then dropped to approximately one half of
that peak during the 1986-2000 period. and has only recently recovered to the late-1970s levels.
The increase in irrigation pumping over the last 10 years is much more a function of the
reactivation of existing permits than the issuance of new permits.

Groundwater Impacts

Field measurements in support of this study concentrated on the depth-to-water in well across
the study area - 179 measurements in March/April. 2008. a time of maximum recovery from the
previous year's pumping. with followup measurements in 39 of the same wells in September.
2008. at the time of maximum seasonal drawdown. These data were used to produce a 2008
water-table contour map. and a map of long-term drawdown (Figure 4) through comparison with
depths-to-water measured in 68 wells for which reliable pre-development measurements were
identified.

An area of approximately 50 square miles in the east central portion of the study area has
experienced groundwater-level declines from 20-30 ft. A 30-ft. decline represents drainage of
approximately 5% of the total saturated thickness of the aquifer. Isolated areas oflong-tenn
groundwater-level declines up to approximately 15 ft. are identified south of Lusk and southeast
of Node. Across the bulk of the study area. groundwater levels remain relatively unchanged (or,
in some cases. have risen slightly) over the period of groundwater-irrigation development (1960
2008).

In addition to long-term. groundwater-level declines, seasonal fluctuations on the order of 10 ft.
are experienced in the areas of densest irrigation-well development. (Drawdown in and near
individual high-capacity wells is. of course. substantially greater than this.) Figure 5 presents the
long-term hydrograph for I of the 6 current monitoring wells in the study area with the longest.
continuous period of record. This is the "Node" well. the location of which is shown on Figure
I. At this well. a long-term decline in the water table of approximately 25 ft. is documented. but
the stabilization (even slight recovery) of the groundwater table during the lower-pumping period
of the late 1980s and I990s is also apparent. The "sawteeth" on the Node hydrograph show the 3
- 5 ft. seasonal fluctuations at this location: the dates on the figure mark the end of seasonal
pumping of nearby irrigation wells.

The study area is primarily drained by the Niobrara River. which flows an average (1975-2007)
of2.200 ac-ft/yr (3.0 cfs) at the Nebraska stateline. The iobrara River is perennial in reaches
upstream of Lusk and upstream of the stateline (see Figure I). Baseflow i sustained by
groundwater inflow from approximately 65% of the study area. Groundwater beneath other
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portions of the study area drain to the north. west. and south. producing. for example. small seeps
and springs along the Hat Creek Breaks where the Arikaree Aquifer terminates. Although the
1956-1974 average annual flow of the river at the stateline is approximately 1.000 ac-ftIyr greater
than the J975-2007 average annual flow. there is no upward or downward trend within either of
these 2 periods. Review of precipitation. recharge. gage location. downstream-gage responses.
and groundwater development history and distribution suggests a complex relationship between
these factors and the stateline gage record.

Evaluation of groundwater conditions and irrigation data provide the following approximate
long-term water balance for the study area:

Inflow
Precipitation recharge - I 1.000 ac-ftlyr

Outflow
Streamflow - 2.200 ac-ftlyr
Groundwater - 6.000 ac-ftlyr
Irri!!ation ET - 11.000 ac-ftIvr

TOTAL - 19.200 ac-ftlyr

Volumc in recoverable storage
10 million ac-ft

The apparent imbalance (outflow> inflow) indicates that groundwater levels will continue to fall
in the study area, even in the absence of additional permit issuance or increased pumping from
existing wells. Groundwater-level declines are quite unlikely to exceed more than a small
percentage of the total available saturated thickness of the Arikaree Aquifer in any case short of
a massive and sustained increase in groundwater irrigation.

Groundwater-level declines are projected 30 years into the future based on a simplified
groundwater flow model. Additional decline on the order of J0 ft. in the area of maximum
groundwater development is projected under continuation of historical average pumping levels.
accompanied by a slow spreading of lesser impact outward from the core area. Continuation of
the maximum historical pumping rates is projected to add approximately 20 ft. to the long-term
drawdown in the core area. as well as pushing the area within which long-term drawdown
exceeds 10ft. out to encompass approximately 1/3 of the study area.

Maximum long-term drawdown projections remain well below 10% of the available saturated
thickness of the aquifer. However. combined with seasonal groundwater fluctuations. this is
sufficiel1l to expose many stock and domestic wells to drawdowll impacts approaching their total
penetrated saturated thickness.
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Groundwater Administration

All water in Wyoming is the property of the state. Water use is provided through individual
permits administered by the State Engineer's Office (SEa) and the Board of Control. Under
routine circumstances, groundwater management takes place through the issuance, adjudication.
and regulation of permits. which specify the characteristics of use (e.g. location. quantity.
purpose). The SEa has a wide variety of tools availablc to limit groundwater development and
impacts through the approval/disapproval of pennit applications and through both general and
case-by-case requirements attached to permits. In the Lusk area. groundwater-irrigation permits
havc historically been issued with few limitations beyond the standard requirement that use be
clearly specified. beneficial. and not contrary to the public interest.

An additional regulatory option for Wyoming groundwater is available through establishment of
a Groundwater Control Area (GCA) by the Board of Control. The Board may establish a control
area if:

1) The use of underground water is approaching a use equal to the current recharge rate:

2) Ground water levels are declining or have declined exces ively:

3) Connicts between water users are occurring or are foreseeable;

4) The waste of water is occurring or may occur: or

5) Other conditions exist or may arise that require regulation for the protection of the
public interest.

The tudy-area evaluation indicates that condition I is probably being met: that condition 2 is
being met with respect to declining water levels in certain areas (leaving interpretation of
"excessively" to regulatory authorities): that condition 3 is likely being met locally from time-to
time. as is inevitable wherever multiple users are sharing an aquifer; and that condition 4 is not
being met. Condition 5 is beyond the scope of this project.

A GCA requires adjudication of existing wells (33% of the irrigation wells in the study area are
not adjudicated) at the owner's expense and election ofa local Advisory Board. A GCA requires
subsequent groundwater applications and petitions involving more than 25 gpm be published for
public comment. and be reviewed by the Advisory Board (including public hearings if there are
protests) before a permit can be issued. The ultimate pennining authority remains entirely with
the SEa.

The functioning of Wyoming Groundwater Control Areas has been evaluated through review of
records for the 3 existing control areas: in eastern Laramie County. in central Platte County. and
immediately outh of the study area in northeastern Goshen County (the Prairie Center Control
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Area). The Prairie Center area is particularly relevant. as it has a groundwater development
history and hydrogeologic conditions very similar to those of the study area.

Basically, despite the substantially more complicated process of irrigation-well permitting in the
Prairie Center area, and a consistent altitude of restraint from the Advisory Board, there has been
no significam difference in the rate of groundwater-irrigation permit issuance between the Prairie
Center and Lusk areas. Inspection of Prairie Center GCA meeting minutes and SEQ actions
demonstrates that in the absence of evidence lhat groundwater resources are inadequate to
accommodate additional use. the SEQ has been reluctant to deny additional permits. All 3
existing control areas have confined themselves to review of permit applications and petitions
(i.e. new wells, changes to existing permits) rather than seeking to develop overall aquifer
management plans that encompass existing wells.

Creation ofa Lusk-area GCA would significantly increase the involvemem of local users in
consideration of new permit applications. However. bccause the SEQ has historically reviewed
GCA activity in the context of full aquifer development potential. it appears unlikely that
establishment ofa Lusk-area GCA would significantly limit groundwater use or have a
signi ficant effect on groundwater levels.
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Figure 1 - Location Map and Groundwater Permits> 25 gpm

Lusk Study Area Permits
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Figure 2 - Lusk Study Area Water Balance Schematic
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• Predevelopment to Current DTW Changes (negative indicates water table decline)

-- Predevelopment to Current Contourso Lusk Study Area

o 5 10___==::::11 Miles '.',
Figure 4 - Map of Groundwater Level Changes Since Predevelopment



Groundwater Level in feet below land surface
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