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1. Introduction

This report provides a response to Estimating Computed Beneficial Consumptive Use for Groundwater
and Imported Water Supply under the Republican River Compact by Dr. David P. Ahlfeld, Michael G.
McDonald and James C. Schneider dated January 20, 2009 (“Report”).

The Ahlfeld et. al. document apparently replaces a report entitled Analysis of Current Methods Used
to Calculate Groundwater Impacts for the Republican River Compact by Nebraska Department of
Natural Resources and McDonald Morrissey Associates Inc and Dr. David P. Ahlfeld dated August 6,
2008.

The Report presents “The Problem and The Solution” as if there is a single problem and a single
solution. This is incorrect. There are in fact a number of different mechanisms at work leading to the
observations cited in the Report. Furthermore, not all these observations are necessarily errors in the
model or the application of the model.

As for the proposed solution, it is but one of many different applications of the model that will provide
a result. The proposed solution is not mathematically rigorous, is cumbersome in execution, and
introduces new problems. Even if one were to accept what the Report characterizes as an error, one
would not have to automatically accept the proposed solution.

Specifically, Colorado objects to Nebraska's proposal to change the currently approved procedure on
the following grounds:

1. Nebraska bases the necessity for changing the currently approved procedures on highlighting
selected locations and periods where the current model application does not favor Nebraska.
The magnitude of this deficiency is overstated. In agreeing to the current approved
procedures, the States recognized that the model is an imperfect analog of reality that cannot
be perfectly accurate in every location for every year. In order to mitigate these factors, the
States agreed to relief by, for examples, assessing Compact Compliance using a five year
running average.

2. Nebraska's proposed method burdens Colorado and Kansas with impacts that would only have
occurred if Nebraska had not been pumping, a situation outside of Colorado or Kansas’
control. For example, Nebraska pumping has dried up parts of Frenchman Creek. The
proposed method includes impacts caused by wells in Colorado as if wells in Nebraska had
never pumped and never dried up parts of Frenchman Creek.

3. Nebraska's proposed solution burdens Colorado and Kansas but mostly Nebraska itself with
consumption of imported water. This is counter to the conditions agreed to in the Accounting
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Procedures and Reporting Requirements attached as exhibit C to the Final Settlement
Stipulation (FSS) dated December 15, 2002.

4. Nebraska's proposed method subtracts imported water from the gaged flow that would only
have occurred in the absence of well pumping in Nebraska. This overestimates the amount of
imported water that was actually measured under historical conditions.

5. Nebraska's proposed method does not match the net pumping minus imported water
calculations within Nebraska, but rather overestimates the net impact within Nebraska.

6. Nebraska’s proposed method assumes that the accuracy of the RRCA Groundwater Model is
the same under all conditions. In reality, any model result becomes increasingly uncertain the
further away it gets from the conditions it was calibrated to. The currently approved method
strives to deviate from the calibrated conditions only to the extent absolutely necessary. In
Nebraska’s proposed method, the impact calculation is dominated by conditions to which the
model was not calibrated.

7. The procedure proposed by Nebraska is but one of many alternatives to the procedure
approved by the RRCA, so that if there is indeed a problem with the approved procedure, the
procedure by Nebraska is not necessarily the solution. As an example, a method will be
demonstrated that corrects a deficiency in computing the Imported Water Supply without
introducing additional complexity or introducing new problems.

This report will address the observations cited by Nebraska as well as the specific solution proposed
by Nebraska, and demonstrate that the proposed modifications to the Accounting Procedures are
inappropriate. In addition, this report will address consumption of imported water. This is mentioned
only in passing in the Nebraska report, and Nebraska’s proposal does not correct this problem. As an
example of alternative procedures, this report will present a procedure designed to address this issue.

The graphs and results shown in this report are based on model simulations supplied by Nebraska to
support its August 2008 report. It is assumed these same model runs were used for the January 2009
Report. Calculations based on these simulations do not result in exactly the same results as approved
by the RRCA for historical years even when using the approved accounting procedures, but the
simulations are used verbatim in order to provide a consistent comparison between methods.

2. The perceived problem.

Nebraska contends that the Accounting Procedures approved by the RRCA are in error because the
impacts computed for individual States do not equal the impacts for the three States combined for each
sub-basin for each year.
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This result is not indicative of an error. Instead, these perceived deficiencies are simply a result of the
nonlinear behavior inherent in the RRCA groundwater model. For example, the nonlinearities in the
model could cause the pumping impacts of wells in Colorado to be greater in the absence of any
pumping in Nebraska then when wells in Nebraska were actually pumping as they did historically.

The approved method satisfies an important requirement that Nebraska's proposed method does not:
The pumping impacts assigned to the State cannot exceed the amount of additional baseflow that
will be generated by curtailment of all the wells in that State. Therefore, if all the wells in Colorado
are curtailed, Colorado's burden under the Compact cannot be greater than the amount of additional
baseflow generated by that action. Under Nebraska's proposed method, Colorado would be burdened
with not only the additional baseflow that would be generated by curtailment of wells in Colorado, but
also with the additional amount of baseflow that would have been generated had Nebraska never
developed any wells, even though Nebraska had the right to develop and administer wells in Nebraska.

2.1 Nebraska's Demonstration of the Problem

To demonstrate the existence of a problem, Nebraska cites three examples, all from 2003, where
Nebraska would benefit from a change in the approved accounting procedures. Specifically, Nebraska
demonstrates that in 2003 Nebraska would receive a larger allocation under the proposed method on
Beaver Creek because the combined impacts for Kansas and Nebraska is greater than the individual
impacts of Kansas and Nebraska added together.

Further, Nebraska demonstrates that it will receive a larger allocation in 2003 under the proposed
method on Frenchman Creek because the combined impacts for Colorado and Nebraska is greater than
the individual impacts of Colorado and Nebraska added together.

Finally, Nebraska demonstrates that in 2003, the imported water supply on the Main Stem under the
proposed method would be greater than under the approved method.

Nebraska's conclusion that these demonstrations are indicative of errors in the current procedures is
not correct. Specifically, these demonstrations rely on the necessary nonlinear behavior of the model
to show that if there had been no well development in Nebraska, then Kansas would have had bigger
impacts on Beaver Creek and Colorado would have had bigger impacts on Frenchman Creek.
Nebraska presents the proposed change to the accounting procedure as a correction needed because
the approved method underestimates the virgin water supply.

However, the proposed procedure incorrectly increases the calculation of Kansas and Colorado well
impacts on baseflow by basing that determination on a scenario where no other state developed its
groundwater resources. Thus, the proposed method increases the calculated impacts of Kansas and
Colorado wells on baseflow beyond their actual physical impact on the hydrologic system. For
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example, Nebraska's proposed method calculates that in 2003 Colorado pumping impacted Frenchman
Creek by 2,565 acre-feet. However, the current application of the model shows that if Colorado had
never developed a single well, there would be only 19 acre-feet of additional baseflow in Frenchman
Creek. Similarly, Nebraska's proposed method calculates that in 2003 Kansas pumping impacted
Beaver Creek by 2,021 acre-feet. However, the current application of the model shows that if Kansas
had never developed a single well, there would be only 323 acre-feet of additional baseflow in Beaver
Creek.

The reasons why the RRCA Groundwater Model predicts greater impacts from pumping in Colorado
and Kansas in the absence of well development in Nebraska are detailed below.

2.2 Nonlinearity in the RRCA Groundwater Model

The RRCA Groundwater Model is, by necessity, a non-linear model. That means that the model
outputs are not directly proportional to the mode inputs. For example, if x acre-feet of pumping results
in y acre-feet of stream depletions, then 2x acre-feet of pumping will not necessarily result in 2y acre-
feet of stream depletions.

There are a number of mechanisms contributing to nonlinearity in the physical system, and therefore
in the model, specifically evapotranspiration, springs and streams. In particular, the MODFLOW
stream package is used to track surface water along a stream course and will let streams go dry when
losses exceed the inflow to a stream reach. When a stream reach goes dry, well impacts to streams
will not increase as well pumping increases, because there is no baseflow to impact, leading to
significantly nonlinear behavior.

The RRCA Groundwater Model is applied in a transient mode, but the results are summarized on an
annual basis for Compact Accounting purposes. Some of the nonlinear behavior may occur only part
of the year, but still result in nonlinear behavior on an annual basis. The nonlinear behavior may be
exacerbated when, for example, the period of time during which the stream is dry changes between
simulations being compared.

Although the nonlinear behavior of the model is recognized and accepted, it is also recognized that the
model will need to be operated on an ongoing basis. Therefore, a number of appropriate
simplifications were incorporated into the model. For example, instead of allowing the model to
calculate the saturated thickness as a function of change in water levels, the model is operated with a
saturated thickness that does not vary over time. This makes the model behavior less nonlinear, but
also results in a model that is considerably more robust and easier to operate. All three states agreed
to these modeling procedures and protocols.

The Accounting Procedures III.D.1 establishes the procedure for running the model in order to
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determine to what extent each State’s consumption of groundwater depletes baseflow in the
Republican River Basin. This procedure evaluates state by state pumping impacts by making paired
model runs which evaluate the difference in stream flow both with and without pumping within the
state in question. Note that for this evaluation, whether the model is linear or nonlinear does not affect
the evaluation procedure. The model can be used to directly compute the outputs for a given set of
inputs. Whether the model is linear or nonlinear only matters when there is an expectation that the
differences derived from these paired model simulations can be combined to derive a result without
actually re-running the model.

The difference in the baseflow is by definition the impact caused by turning off the wells. Whether
the baseflow is linearly or nonlinearly related to the pumping is immaterial when evaluating the
impacts for one state using the current method since the model directly calculates the change in flow
while considering all the nonlinear relationships. The model explicitly evaluates the two conditions
and by definition the change in stream flows between the conditions are the stream impacts used in the
Compact Accounting. Nonlinearity only plays a role when it is expected that the individual state
impacts should sum to the total impact computed as the difference between a simulation representing
historical conditions and a simulation representing predevelopment conditions'.

2.3 Computing Impacts

The procedure for estimating pumping impacts approved by the RRCA is defined in the Accounting
Procedures I11.D.1

D. Calculation of Annual Computed Beneficial Consumptive Use
1. Groundwater

Computed Beneficial Consumptive Use of groundwater shall be determined by use of
the RRCA Groundwater Model. The Computed Beneficial Consumptive Use of
groundwater for each State shall be determined as the difference in streamflows using
two runs of the model:

The “base” run shall be the run with all groundwater pumping, groundwater pumping
recharge, and surface water recharge within the model study boundary for the period
1940 to the current accounting year “on”.

The “no State pumping” run shall be the run with the same model inputs as the base
run with the exception that all groundwater pumping and pumping recharge of that
State shall be turned “off.”

1 Predevelopment conditions means that no well development or surface water imports occurred anywhere in the basin.

5
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An output of the model is baseflows at selected stream cells. Changes in the baseflows
predicted by the model between the “base” run and the “no-State pumping” model run
is assumed to be the depletions to streamflows. i.e., groundwater computed beneficial
consumptive use, due to State groundwater pumping at that location. The values for
each Sub-basin will include all depletions and accretions upstream of the confluence
with the Main Stem. The values for the Main Stem will include all depletions and
accretions in stream reaches not otherwise accounted for in a Sub-basin. The values for
the Main Stem will be computed separately for the reach above Guide Rock, and the
reach below Guide Rock

Therefore the approved procedure for estimating pumping impacts approved by the RRCA compares
baseflow in a historical simulation with baseflow in a simulation where pumping for a state is
removed. Similarly the mound credits are calculated by subtracting stream flows in a simulation
where surface water imports are removed from the historical simulation. Following the nomenclature
introduced by Nebraska in Table 10 of the Report, the approved methods for estimating impacts are

CBCUc= KMN - CKMN (1a)
CBCUg = CMN - CKMN (1b)
CBCUy = CKM - CKMN (1¢)
IWS = CKMN - CKN (1d)
so that

CBCU¢+ CBCUg + CBCUy - IWS = KMN + CMN + CKM + CKN — 4CKMN (1e)
CBCUy - IWS = (CKM-CKMN) — (CKN-CKMN) = CKM + CKN - 2 CKMN (af)

The physical interpretation of Eq. le and 1f is that the total basin wide impact and total Nebraska
impact are simply the sum of the individual components that make up the sum. In general these sums
will not match the values computed as -CKMN and CK-CKMN if the model behaves nonlinearly.

The procedure proposed by Nebraska in the January 2009 Report modifies the approved procedure to
be

CBCU¢ = (KMN-CKMN)/4 + (6-C)/4+
(K-CK)/12+(M-CM)/12+(N-CN)/124+KM-CKM)/12+(KN-CKN)/12+MN-CMN)/12  (2a)
CBCUg =(CMN-CKMN)/4 + (©-K)/4+
(C-CKY/12+(M-KM)/124+(N-KN)/124+(CM-CKM)/12+(CN-CKN)/12+(MN-KMN)/12  (2b)
CBCUy =(CKM-CKMN)/4 + (6-N)/4+
(C-CNY/124+(M-MN)/12+(K-KN)/12+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)/12  (2¢)
IWS =(CKMN-CKN)/4 + (M-6)/4+
(CM-O)/12+(KM-K)/124+(MN-N)/12+(CKM-CK)/12+(CMN-CN)/12+(KMN-KN)/12  (2d)

N1010
7 of 64



so that

CBCU¢+ CBUC + CBCUy - IWS = 6-CKMN (2e)

CBCUy - IWS = (CKM-CKMN)/4 +
(O-N)/4+(C-CN)/12+(M-MN)/12+(K-KN)/12+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)/12
+ (CKN-CKMN)/4 +
(6-M)/4+(C-CM)/12+(K-KM)/12+(N-MN)/12+(CK-CKM)/12+(CN-CMN)/12+(KN-KMN)/12

=(6-CKMN)/2 + (K-M)/6+(C-N)/6+(CK-MN)/6+(CKM-CMN)/6+(CKN-KMN)/6 (2f)

Note that the Nebraska proposal shown in Eqs. 2a-d assigns % the weight to the original equation
shown in Eqgs. la-d, respectively. It then adds with the same Y4 weight the difference between a
simulation where there is no development in the basin and a simulation where pumping in only one
state is developed, or only surface water imports occur. The remaining six terms each have a 1/12
weight and adds to half the total weight. These six terms evaluate different combinations of
development in well pumping or surface water imports.

The Nebraska Report provides no rationale for why these specific weights were selected other than
concluding that, when summed together as shown in Eq. 2e, it matches the total computed impact. On
the other hand, Eq. 2e shows that the total impact inside Nebraska does not have a straight forward
physical explanation. Specifically, the fact that the sum of the coefficients are 4/3 is troubling.

The sixteen runs can be combined as weighted pairs in numerous different ways. Mathematically
manipulating these averages can be made to have different interesting results, but just because
mathematical manipulation of the results provides a desirable outcome, it does not mean that it
produces a “better” result. It is important that the mathematical manipulation of these equations be
interpreted in terms of the physical meaning of the terms. For example, in Section 3.1 below it will be
shown how Eq. 2a physically means that the impact assigned to Colorado is the average of the impact
that actually occurred historically and impacts that would have occurred had Nebraska never
developed any wells. This is clearly untenable. The mathematical manipulations must be tempered by
sound engineering judgment as to whether such a procedure is “better” and equitable under the
Compact.

Nebraska's proposal has at its core the goal of matching the sum of the state impacts to the total
directly computed impacts ©-CKMN. In order to achieve this goal, correctly computing the total
Nebraska impact is sacrificed as shown in Eq. 2e. If instead, the goal is to correctly compute the
impacts for each state, the model may, for example, be utilized in the following manner:

CBCUc=KN - CKN (3a)
CBUCk =CN - CKN (3b)
CBCUy = CK - CKN 3c¢)
IWS = CKMN-CKN 3d)
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so that
CBCU¢+ CBUCk + CBCUy - IWS = KN + CN - 2CKN +CK - CKMN 3e)
CBCUy - IWS = (CK-CKN) — (CKN-CKMN) = CK - CKMN 31

Note that Eqs. 3a-c are the same as Eqs. 1a-c except that pumping impacts are evaluated in the absence
of surface water imports, hence dropping the M factor from each term. Eq. 3d is identical to Eq. 1d.
The physical interpretation of Eq. 3e is again that the total impact is simply the sum of the individual
impacts. However, Eq. 3f shows that the Nebraska total impact matches the directly computed
Nebraska impact. In practice, Eqs. 3a and 3b yield essentially the same result as Eqs. 1a and 1b since
the Colorado and Kansas pumping impacts are not effected by imported surface water in more than a
de minimis amount. However, under proper modeling protocols the pumping impacts should be
evaluated in a consist manner.

This is not to suggest that the current approved protocol is necessarily in error, only that models and
model results may be manipulated in any number of ways to reach a different result.

2.4 Quantitative Results

Tables 1 and 2 shows the quantitative impact of the different methods shown above. Tables la-z show
the results for each year from 1981-2006. Tables 2a, 2b and 2¢ show the average values for 1981-2000,
2001-2006 and 1981-2006, respectively.

Each table shows the amount calculated for CBCU., CBUCy, CBCUy and IWS. In addition, the NE
Residual column shows the residual calculated as for just Nebraska as

Nebraska Residual = (CBCUy - IWS) - (CK — CKNM)), )
while the Basin Residual column shows the basin wide residual computed as
Basin Residual = (CBCU¢+ CBUCk + CBCUy - IWS) - (6 — CKNM)). 5)

For each term in Tables 1 and 2, three methods are shown. The column labeled RRCA is the approved
method currently in use.” The Jan09 column refers to the results computed using the Nebraska
proposal of January 2009 as shown in Eqgs. 2a-d. The NEnet column refers to results computed using
the example computation shown in Egs. 3a-d.

As can be seen in Tables 1 and 2, the Basin Residual using the method proposed by Nebraska (Jan09
column) is always zero. This is a matter of mathematical necessity as shown in Eq. 2e, but does not
necessarily mean the method is appropriate. Similarly, the Nebraska Residual is always zero when

2 As noted in the introduction, the results shown are based on model runs provided by Nebraska. The values shown here as
RRCA are calculated using the approved RRCA procedure, but using the Nebraska runs in order to provide a consistent
comparison of the different methods. However, these impacts do not match the impacts calculated by the official version
of the RRCA Groundwater Model and approved by the RRCA. The differences derive from the fact that the Nebraska
simulations used incorrect stresses for the initial stress period and used a different stream package for period until 2000,
which has lagged effects for several years beyond 2000. Correcting these errors do not materially alter the results or
conclusions.

N1010
9 of 64



N1010
10 of 64

using the NEnet method, as it must be from Eq. 3f.

It is also interesting to note that Table 2¢ shows that using the RRCA approved method from 1981 to
2006, the average Basin Residual is 361 acre-feet/year. That means that over this period, the
individual computed impacts using the existing approved method matches the directly computed
impacts to within 361 acre-feet/year out of a total of about 197,000 acre-feet/year, a residual of 0.18%.
This residual is well within the accuracy of the model and two orders of magnitude smaller than the
accuracy of surface water stream gages.

While the Basin Residual using the method proposed by Nebraska is identically zero, Table 2¢ shows
that the method has an average residual inside Nebraska of 3,470 acre-feet for 1981-2006. That means
that the total impact inside Nebraska is overestimated by 3,470 acre-feet on average from 1981-2006.
This is in primarily the result of including consumption of imported water, as will be demonstrated
below.

As shown in Tables 1 and 2, the different methods result in computed impacts that are quite different.
In particular, Table 2¢ shows that on average for each year from 1981-2006, the method proposed by
Nebraska increases the pumping impacts of Colorado by 2,096 acre feet, increases the pumping
impacts of Kansas by 1,494 acre-feet, and decreases the pumping impacts of Nebraska by 206 acre-
feet, while the imported water supply is increased by 3,746 acre-feet.

By comparison, the method shown in Eqs. 3a-d results in pumping impacts of Colorado decreasing by
7 acre-feet, impacts of Kansas pumping decreasing by 233 acre-feet, impacts of Nebraska pumping by
7,422 acre-feet and imported water supply remaining unchanged.

The different methods therefore do lead to quantitatively different outcomes. It appears that the
method proposed by Nebraska may have been chosen based on the fact that it produces a result that is
beneficial to Nebraska, rather than scientific merit.

2.5 Model Calibration and Uncertainty

The model was calibrated to historical conditions based on a steady state simulation to provided initial
conditions for January 1, 1918, followed by a transient simulation from 1918 to 2000. The study period
was selected to cover the period over which the basin was developed which spanned approximately
1940 to 2000. However, since the Dust Bowl year immediately preceded this period, the lingering
effects of the Dust Bowl would be difficult to estimate. The study period was therefore extended to
before this era. For these early years, precipitation recharge is the primary aquifer stress and the
starting date for the transient simulation was therefore determined by the availability of precipitation
data. For the pre-1918 initial steady state, the average precipitation recharge for 1918 to 1940 was
calculated and then reduced to 75% of that amount based on observed water levels during later years.
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The model was not calibrated to pre-1918 conditions. Instead, the model was calibrated in transient
mode based on observed water levels and baseflow in the streams. Gaged stream flows records extend
from approximately 1940 to 2000, although individual gage records may be for much shorter periods.
Groundwater levels for calibration extend to 1909, but most groundwater levels are from 1950
onwards.

The model is calibrated to historical conditions which included well development over time and
surface water imports, and the effects of these mechanisms on water levels. In the currently approved
procedures, the model runs start from this historical condition which is based upon actual measured
data and deviates only as necessary to evaluate the impacts of the various mechanisms. In part, this
approach was selected to minimize the uncertainty in the in the results produced by the model.

The uncertainty in the model results is least under conditions to which the model was calibrated.
Under these conditions, the model has been shown to reproduce reasonably accurate representations of
historical baseflow and water levels. One therefore has confidence that the model will be able to
accurately predict changes from that condition. However, the further removed the model predictions
are from the conditions to which it was calibrated, the more uncertain the model predictions. The
more nonlinear the model is, the faster the uncertain grows.

The Nebraska proposal gives equal weight to differences from the historical as well as the simulation
without any development despite the differences in their relative reliability.

2.6 Selecting the best method.

While the different methods differ quantitatively, the determining which is the “best” method is not
simply a matter of selecting a desirable outcome.

Nebraska argues that their proposal is appropriate as it results in no Basin Residual. However, it
requires (1) that states be burdened with impacts that did not actually occur; (2) including
consumption of imported water; (3) overestimating the net impacts inside Nebraska; and (4) it is
computationally awkward.

One could argue that the alternate method shown in Eq. 3a—f above is “better” because (1) it does not
burden the states for impacts that did not historically occur; (2) it explicitly excludes consumption of
imported water; (3) it has no net residual inside Nebraska; and (4) it requires no more complex
computations than the approved method.

The States agreed to the current method after careful deliberation and considering numerous facts
such as those enumerated above. Nebraska presents their proposal as an improvement based on a
single criterion. Colorado disagrees with this position. As demonstrated by Table 2c, the average
residual for the approved method is indeed small. Furthermore, there are many possible solutions, as
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demonstrated by the one alternative example cited. Nor is the Basin Residual criteria the only
measure that can be used to evaluate the “accuracy” of the procedure.

Colorado therefore disagrees with the imperative to change the approved procedure, and specifically
finds the current Nebraska proposal unacceptable.

3.0 Deficiencies in Nebraska's Proposed Solution

Even if one were to agree that the demonstration provided by Nebraska does indeed indicate that there
is a problem with the approved procedure, it would not automatically follow that the proposed solution
is appropriate. In fact, as will be demonstrated below, the procedure proposed by Nebraska suffers
from several deficiencies that preclude the results from being acceptable.

In the following sections, the specific demonstrations provided by Nebraska will be examined. It will
be shown that what Nebraska identifies as a problem is not necessarily correct, and that the proposed
procedure does not adequately address the deficiencies identified but will instead introduce new
problems.

3.1 Frenchman Creek Impacts

Frenchman Creek starts in Colorado. It appears on maps extending west of the town of Holyoke,
Colorado, but has generally been farmed over and flows only for relatively short periods after
exceptional rain events. In the RRCA Groundwater Model, Frenchman Creek is modeled using the
extent of perennial streams as described by the USGS. Figure 1 shows the model cells used to
represent Frenchman Creek in the RRCA Groundwater Model from near the Colorado State Line until
the Frenchman Creek near Imperial gage above Enders Reservoir.

Impacts to Frenchman Creek are comprised three parts. The first is impacts to Frenchman Creek
between the Colorado State Line and the Frenchman Creek at Imperial stream gage. The second is
impacts to Enders Reservoir. The third is impacts to Frenchman Creek from Enders Reservoir to the
confluence with the main stem of the Republican River. The impacts are calculated as differences
between simulations. The difference in baseflow at the Frenchman Creek near Imperial gage, the
difference in leakage for Enders reservoir, and the difference in baseflow at the confluence with the
Main Stem are summed to give the impact to Frenchman Creek. The stage in Enders Reservoir is
based on historical measurements, and baseflow is set to zero at Enders dam, so the three terms are
effectively independent of each other.

Figure 1 shows the cells where Frenchman Creek is a live stream in the RRCA groundwater model as
light blue cells. Cells where the model indicates that the stream is dry are shown in yellow. Note that
under historical conditions, the model shows that in July 2003, there are some sections where
Frenchman Creek is a live stream, but then it dries out again. Only for the last three model cells is
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there a continuous live stream above the Frenchman Creek near Imperial gage. In effect, Frenchman
Creek does not become a continuous live stream until more than 20 miles east of the Colorado State
line, about two miles from the Frenchman Creek near Imperial gage.

Figure 2 shows the model predicted baseflow along Frenchman Creek as a blue line. The horizontal
axis in Figure 2 represents stream reaches in the model which does not translate linearly to river miles
but does show the progression from upstream to downstream. The vertical axis represents the
baseflow. The model predicts that under historical conditions, there are some baseflow from reaches
14 to 30, but that the stream dries up and only becomes live for reaches 34 to 39 which represent
approximately the last two miles above the Frenchman Creek near Imperial gage.

When the model is run under predevelopment conditions, that is a simulation where no pumping
occurs in either Colorado, Kansas or Nebraska and there are no surface water imports, the model
predicts stream flows shown by a purple line in Figure 2. Note that in this simulation, there is a
continuous live stream from reach 3 until the Frenchman Creek near Imperial gage. Figure 1 shows
that the continuous live stream extends from about four miles from the Colorado State Line all the way
to the Frenchman Creek near Imperial gage.

The groundwater model can also be run assuming that historical conditions occur, except that no wells
were ever developed in Colorado. The result of that simulation is shown as a green line in Figure 2.
The difference between the green line and the blue line measures the impact that the wells in Colorado
have on the stream flow, and is highlighted in orange. As can be seen in Figure 2, in the absence of
wells in Colorado, there is a small increase in stream flow from reach 14 to 23, but then the stream
dries out regardless of whether wells in Colorado pump or not. When the stream does become live at
reach 34 the increase in baseflow at the Frenchman Creek near Imperial gage in the absence of
Colorado pumping is 0.044 cfs.

If instead the groundwater model is run assuming that only wells in Colorado were developed, and that
no wells were developed in Kansas or Nebraska and no surface water imports occurred, the model
predicts baseflow shown as a red line in Figure 2. The impacts of Colorado well pumping on
Frenchman Creek under these conditions is the difference between the purple and red lines, which is
shaded in yellow. As a result of lowering the water table, the reduction in stream gains in the form of
baseflow in stream reaches 3 to 8 propagate all the way to the Frenchman Creek near Imperial gage.
In Figure 1, these impacts occur westernmost blue cells shown in the predevelopment frame,
approximately four to six miles from the Colorado state line.

The July 2003 situation illustrated in Figures 1 and 2 is not unique. Figure 3 shows the model
predicted baseflow at the Frenchman Creek near Imperial gage. The horizontal axis represents time
and covers the period from 1950 through 2006. The vertical axis represents baseflow at the
Frenchman Creek near Imperial gage. Model simulated baseflow for different simulations are shown
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as lines in colors consistent with Figure 2. The difference between the green and blue lines which is
colored orange shows that if under historical conditions wells in Colorado would have never pumped,
additional baseflow would have only rarely showed up at the Frenchman Creek near Imperial gage.
During 2003, this additional flow averages about 0.026 cfs.

However, Figure 3 also shows that there is a dramatic decline in baseflow at the Frenchman Creek at
Imperial gage from about 1970 to 2000. This decline in baseflow is caused almost exclusively by
nearby pumping in Nebraska. The model simulations show that in the absence of any well
development, baseflow would remain around 70 cfs as indicated by the purple line. More importantly,
in the absence of well pumping in Nebraska, there would be a live stream from near the Colorado
State Line to the Frenchman Creek near Imperial gage. The proximity of this live stream to wells in
Colorado would cause greater stream depletions, resulting in baseflow shown as the red line, and
hence the impacts from these wells would be the difference between the red and purple lines which is
shaded in yellow.

Figure 3 shows that had there never been well development in Nebraska, wells in Colorado would have
impacted the amount of baseflow that reached the Frenchman Creek near Imperial gage. However,
given the historical reality that wells in Nebraska were in fact developed, the model simulations show
that even if there had never been any well development in Colorado, there would be little additional
baseflow at the Frenchman Creek near Imperial gage.

The Nebraska proposal for the calculation of Colorado's pumping impacts (CBCU¢) is summarized in
Figure 4. The proposal uses sixteen simulations. These sixteen simulations are viewed as eight pairs,
each where one simulation includes and one excludes Colorado pumping. Figure 4 shows these eight
pairs in individual frames. The CBCUc is then calculated as the weighted average of the different
simulations.

Figure 4 shows that the eight pairs fall into two categories, four where wells in Nebraska are pumping
and four where there is no well pumping in Nebraska. In fact, the four combinations in each group of
four, with or without Kansas pumping and with or without the mound, makes so little difference as to
be indistinguishable. For all practical purposes, therefore, the CBCU¢ for Frenchman Creek the
average of the two impacts shown in Figure 3. (Due to their distance from pumping in Colorado, the
contribution from pumping impacts to Enders Reservoir and Frenchman Creek below Enders are de

minimis).

The Colorado pumping impact calculated as baseflow that occurs under historical conditions had
Colorado wells never pumped is 19 acre-feet in 2003. The Colorado pumping impact calculated as the
reduction in baseflow from predevelopment conditions if only Colorado wells pumped is 5,099 acre-
feet in 2003.
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The Nebraska pumping impact calculated as baseflow that occurs under historical conditions had
Nebraska wells never pump is 81,188 acre-feet in 2003. The Nebraska pumping impact calculated as
the reduction in baseflow from predevelopment conditions if only Nebraska wells pumped is 86,231
acre feet in 2003.

The total impact for 2003 estimated as the increase in baseflow if wells in Colorado never pumped (19
acre-feet) plus if wells in Nebraska never pumped (81,188 acre-feet) is 81,207 acre-feet. However, the
total impact for Frenchman Creek calculated as 6-CKMN is 86,231 acre-feet, which is 5,024 acre-feet

more.

If one were to insist that the sum of the impacts match the total, one could increase the values
proportionately. Since the Nebraska impacts are 99.976% of the total under historical conditions, one
could proportionately apportion the 5,024 acre-feet as 5,023 acre-feet to Nebraska and 1 acre-feet to
Colorado.

However, the method proposed by Nebraska essentially averages the historical conditions and the
predevelopment conditions. So for Colorado, the 19 acre-feet under historical conditions and 5,099
acre-feet under predevelopment conditions are averaged. A strict arithmetic average would be 2,559
acre-feet, but the procedure proposed to Nebraska combines other simulations so that the result is
actually 2,562 acre-feet, a difference of 3 acre-feet. For Nebraska, the 81,207 under historical
conditions and 86,213 acre-feet under predevelopment conditions are averaged. A strict arithmetic
average would yield 83,710 acre-feet, but the Nebraska proposal results in 83,704 acre-feet, a
difference of 6 acre-feet.

The procedure proposed by Nebraska allocates the 5,099 acre-feet difference by increasing the
Colorado impact by 2,543 acre-feet and the Nebraska impact by 2,516. This increases the Colorado
impact by 13,384%, and the Nebraska impact by 3.1%. The justification given for this procedure is
that Colorado's impacts would have been greater if Nebraska had never developed wells, a situation
that is contrary to historical reality.

Colorado has no Compact Allocation for groundwater CBCU on Frenchman Creek. Therefore,
Nebraska's proposed change increases Colorado's obligation under the Compact by 2,543 acre-feet
based purely on impacts that did not and could not actually occur, but would have occurred only if
Nebraska had never developed any wells. Such a procedure is clearly untenable.

3.2 Beaver Creek

The Beaver Creek sub-basin is the longest sub-basin in the Republican River Basin. It extends
approximately 175 miles starting about 30 miles inside Colorado and ending at the confluence with
Sappa Creek about 15 miles upstream of Harlan County Reservoir. Beaver Creek is generally dry
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within Colorado.

In the Republican River Groundwater Model, Beaver Creek starts about 25 miles downstream of the
Colorado state line inside Kansas. Figure 5 shows the model cells used to represent Beaver Creek.
Color is used to represent dry and wet stream cells in the model for June 2003. Blue cells represent a
live stream, and yellow cells represent cells where the stream dried out.

Figure 6 shows the June 2003 information as a graph of flow versus distance. The horizontal axis
represents model stream reaches numbered consecutively from upstream to downstream, while the
vertical axis represents the stream flow. The jump in stream flow at reach 76 occurs as a result of
inflow from the Little and North Fork of Beaver Creek which is shown in Figure 5. The stream
crosses the Kansas/Nebraska state line at reach 149 and is indicated in Figure 6 as a vertical line.

The model predicted flow under historical conditions is shown as a blue line in Figure 6. The stream
flows and dries out for some distance from the upstream end as shown by yellow cells in Figure 5.
Then, from reach 34 there is a continuous live stream until reach 170. In Figure 5 it can be seen that
this represents the stream from about 20 miles upstream of the confluence Little and North Beaver
Creek to approximately 10 miles into Nebraska. From that point on there are some live sections of the
stream, but for the most part the stream is dry.

In the absence of any actions of man, Beaver Creek is a gaining stream from along most of its course
through Kansas. This is shown as a purple line in Figure 6. Then, as it crosses the Kansas/Nebraska
state line, it becomes a loosing stream for about ten miles, after which the flow remains approximately
constant.

In the absence of well pumping in Kansas, the model predicted baseflow in Beaver Creek is essentially
the same as under predevelopment conditions as illustrated by the green line in Figure 6. However, as
the stream crosses into Nebraska, this baseflow is rapidly depleted by the wells in Nebraska, such that
at the confluence with Sappa Creek, less than one cfs of flow remains.

In the absence of well pumping in Nebraska, the model predicted baseflow in Beaver Creek is
essentially the same as under historical conditions as illustrated by the red line in Figure 6. However,
as the stream crosses into Nebraska, the baseflow mirrors the behavior under predevelopment
conditions. So for approximately the first ten miles inside Nebraska, the stream looses water, and then
remains approximately the same.

Figure 6 shows that as long as either wells in Nebraska or wells in Kansas are pumping, the baseflow
reaching the confluence with Sappa Creek will be minimal. Therefore even if there had never been
any well pumping in Kansas there would be little improvement in baseflow.

Figure 7 shows the same information as Figure 6, but for June 1965. It is interesting to note that the
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modeled baseflow in 1965 shows qualitatively the same behavior as in 2003 with one significant
exception. As in 2003, the baseflow in Kansas is practically the same as the predevelopment baseflow
when the wells in Kansas are not pumping and the baseflow in Kansas is practically the same as the
historical when the wells are pumping. Then, as Beaver Creek crosses into Nebraska, the stream flows
for scenarios where Nebraska wells are not pumping (predevelopment and No Nebraska Pumping) and
scenarios where Nebraska wells are pumping (historical and No Kansas Pumping) parallel each other.

The cause for the behavior reported in the Report is clear from Figures 6 and 7. As a result of stream
depletions caused by Nebraska wells from where Beaver Creek crosses into Nebraska until the
confluence with Sappa Creek, there is little improvement in baseflow at the end of Beaver Creek when
there is no pumping in Kansas.

Figure 8 further illustrates this behavior. The red and green lines represent the increase in baseflow at
the confluence of Beaver Creek with Sappa Creek in the absence of well pumping in Nebraska and
Kansas, respectively. By definition, these are the pumping impacts for wells in Nebraska and Kansas
on Beaver Creek, respectively. Adding the Nebraska and Kansas impacts together yields the blue line.
The purple line is the combined impact of both Kansas and Nebraska, which in Figures 6 and 7 would
be the difference between the predevelopment and historical predicted baseflow.

It is interesting to note in Figure & that until 1969, the sum of the individual impacts matches the
combined impact. However, from 1970 onwards, the blue and purple lines increasingly diverge.
There are period such as 1976-1978, 1988-1992 and 2002-2005 when the sum of the individual
Nebraska and Kansas impacts are significantly lower than the combined Nebraska and Kansas impact.

As demonstrated in Figures 6 and 7, this is largely caused by well pumping in Nebraska. To further
illustrate the point, well pumping the total amount of agricultural well pumping in Furnas and Red
Willow counties is shown in Figure 8. Beaver Creek flows into Red Willow county and then on into
Furnas county. As can be seen in Figure 8, there is good correlation between increased well pumping
in Nebraska and differences between the sum of the pumping impacts and combined impacts.

As in the case of Frenchman Creek above, the procedure proposed by Nebraska imposes impacts on
Kansas that would have occurred only if there had been no wells in Nebraska. Figure 6 shows that,
had there been no wells in Kansas, Beaver Creek baseflow would only increase by about 0.9 cfs, the
difference between the blue and green lines. However, the Nebraska method also adds the more than 8
cfs difference between the purple and red lines, that is the amount of increase in stream flow that
would have occurred had there not been well development in Nebraska.

Again as in the case of Frenchman Creek, Nebraska seeks to impose an impact that did not occur
historically, but would only have occurred had Nebraska not developed wells.

Therefore the procedure proposed by Nebraska is not sufficiently rigorous and does not supply the

16



N1010
18 of 64

answer that the Compact requires.
3.3 Main Stem Swanson-Harlan

The purpose of the RRCA Groundwater Model is to estimate the net result of actions of man within
the state on stream flows. In Colorado and Kansas, there is only one action of man being evaluated
namely well pumping. However, in Nebraska, the model is used to evaluate two actions of man,
namely well pumping and surface water imports, and these two actions counteract each other.

Figure 9a shows a hydrograph of the inflow into Harlan County Reservoir. The simulated inflow in
the historical simulation is shown as a blue line, while the simulated inflow in the absence of pumping
in Nebraska is shown as a red line. By definition the impact of Nebraska pumping on the inflow into
Harlan County Reservoir is the difference between the historical and No Nebraska Pumping
simulations which is depicted using yellow shading.

Figure 9b also shows a hydrograph of the inflow into Harlan County Reservoir. The blue line is the
same simulated inflow from the historical simulation, while the purple line represents the simulated
inflow in the absence of imported water from the mound. The difference between these simulations is
the result of imported water, also called the Imported Water Supply (IWS) or Mound Credit.

Figure 9a represents the approved method for evaluating Nebraska's pumping impacts on stream flow.
Figure 9b represents the approved method for evaluating the effects of Nebraska's surface water
imports from the Platte on stream flow.” As shown in Figure 9b there is very little inflow into Harlan
County reservoir under historical conditions that can attributed to surface water imports. As shown by
the purple line, in the absence of surface water imports, the inflow is zero except for a short period in
2001.

From Figure 9a and 9b one could conclude that Pumping Impacts on the inflow to Harlan County
Reservoir does not depend on the surface water imports. This can be verified by performing a
simulation where both Nebraska pumping and surface water imports are simultaneously switched off
as shown in Figure 9c. In Figure 9c the purple line represents the no surface water imports simulation
as shown in Figure 9b, and the green line represents the flow in a simulation where both Nebraska
pumping and surface water imports are removed. The difference these simulations represent is the
Nebraska pumping impacts in the absence of surface water imports.

Comparing Figures 9a and 9c, it is clear that the pumping impacts with imported surface water are
often greater than pumping impacts in the absence of imported water. This trend is especially
noticeable in dry years such as 2003 and 2004 when the stream would be mostly dry except but for the

3 Recharge from surface water imports results in additional groundwater in the Republican River Basin, often called “The
Mound”. This imported groundwater will in principle result in additional baseflow as well as CBCU. The FSS
specifically excludes consumption of this imported water from the CBCU and VWS calculations.
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imported water. This is the result from the inherent and necessary nonlinear behavior in the model.
The inflow into Harlan County Reservoir is greater when surface water is imported then when it is
not. This is true regardless of whether wells in Nebraska are pumping or not. The fallacy lies in the
expectation that the increase in inflow would be by the same amount when the wells are pumping than
when they are not.

Figures 9 show the impacts on baseflow at the inflow to Harlan County Reservoir. These flows are, of
course in part the result of changes at upstream inflows. Therefore, the term that appears in the
Compact Accounting is actually the difference between the flow at this location and the sum of five
upstream inflows, namely those from Frenchman, Driftwood, Medicine, Red Willow and Sappa
creeks, and is called the Swanson-Harlan Main Stem Impacts. This pumping impacts evaluated in this
way is by definition the groundwater Computed Beneficial Consumptive Use (CBCU) used in the
Compact Accounting.

Figure 10a shows the CBCUy in yellow calculated for the Swanson-Harlan reach as the difference
between the historic simulation shown as a blue line and a No Nebraska Pumping simulation shown as
a red line. Figure 10b shows the IWS in yellow calculated for the Swanson-Harlan reach as the
difference between the historic simulation shown as a blue line and the No Nebraska Mound
simulation shown as a purple line. Figure 10c shows CBCUy calculated for the Swanson-Harlan reach
in the absence of imported water as the difference between a No Nebraska Pumping or Mound
simulation shown in green, and the No Nebraska Mound simulation shown in purple.

Figure 10a represents the CBCUy calculated using the RRCA approved method shown in Eq. lc.
Figure 10c represents the CBCUy calculated using the alternate method shown in Eq. 3c. As shown in
Figures 10a and 10c, the Nebraska pumping impacts for the Swanson-Harlan reach are greater with
imported water than without imported water. As shown in Figure 9, this is primarily caused by the
fact that in the absence of well pumping in Nebraska, more of the imported water reaches Harlan
County Reservoir, than when the wells are operating at historical levels.

Figure 10c demonstrates why Eqs. 3a-d are effective in evaluating the impacts of pumping in a manner
that does not include consumption of imported water. The method proposed by Nebraska, on the other
hand, does include the consumption of imported water. In particular, Eq. 2¢ can be rewritten as

CBCUy = [3(CKM-CKMN) + (M-MN) + (CM-CMN) + (KM-KMN)]/12+
[3(6-N) + (C-CN) + (K-KN) + (CK-CKN)]/12 (6)

Eq. 6 is algebraically identical to Eq. 2c, but Eq. 6 is written in this way to group simulations with
surface water imports on together (the name contains an M) and simulations with surface water
imports off together (the name does not contain an M). Note that in Eq. 6 the coefficients of the first
group of terms sum to Y2, as does the second group of terms. Therefore the Nebraska proposal to
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estimate Nebraska's pumping impacts essentially averages the impacts calculated with imported water
on and impacts calculated with imported water off.

As shown in Figure 10, any simulation where surface water imports are on will include consumption
of imported water.

The Imported Water Supply (IWS) calculation is intended to subtract imported water from the actual
flow measured at the surface water gages. The purpose of this calculation is to correct the observed
surface flows for imported water. As in the case of estimating pumping impacts, Nebraska's proposed
method calculates the IWS as a weighted average. Half of these differences included in the weighted
average will consider the situation where wells in Nebraska had never been pumping. As
demonstrated in Figures 9 and 10, the amount of imported water that reaches the gage is greater in the
absence of Nebraska pumping than when Nebraska pumping is present. The average would therefore
overestimate the amount of imported surface water at the gage.

The surface water gages measure the actual historical surface water flow. The purpose of the IWS
must therefore be to subtract the actual amount of imported surface water that was included in the
measured gage flow. Eqs. 1d and 3d are identical, and reflects exactly what is required. The Nebraska
proposal reflected in Eq. 2d incorrectly incorporates imported water that did not show up in the gage
flow historically, and only would have shown up had wells in Nebraska never pumped.

As a result Nebraska's proposed method is not acceptable.
4. Nebraska's Different Proposals

It should be noted that the currently proposed method is Nebraska's third. Each of these proposals
showed a different proposal for what combination of runs to use.

The first formal presentation of the concept that different pumping and surface water imports should
be used was presented to the RRCA at the March 11-12, 2008 meeting in Kansas City. Tab 4a entitled
Calculation of Computed Beneficial Consumptive Use and Imported Water Supply Credit Using the
RRCA Ground Water Model by the Nebraska Department of Natural Resources. Table 2 proposes

CBCU=06-C (7a)
CBUCk=6-K (7b)
CBCUy=6-N (7¢)
IWS=M-06 (7d)
so that

CBCUc+ CBUCk + CBCUy - IWS =4 6 — (C+K+N+M) (7e)
CBCUy -IWS= B-N)-(M-6)=20 - (N+M) (71)
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as an “Alternative choice of scenarios used to calculate impacts on baseflows”. The document only
presented this as an alternative choice, and did not suggest combining this alternative with the
approved procedure.

The second formal presentation by Nebraska presented a new concept, namely combining the result of
sixteen runs to determine the impacts. This was presented in a report entitled Analysis of Current
Methods Used to Calculate Groundwater Impacts for the Republican River Compact by Nebraska
Department of Natural Resources and McDonald Morrissey Associates Inc and Dr. David P Ahlfeld
dated August 6, 2008. This report proposed

CBCU¢ = (6-C+KMN-CKMN+K-CK+M-CM+N-CN+KM-CKM+KN-CKN+MN-CMN)/8 (8a)
CBCUk = (6-K+CMN-CKMN+C-CK+M-KM+N-KN+CM-CKM+CN-CKN+MN-KMN)/8  (8b)
CBCUy = (B-N+CKM-CKMN+C-CN+M-MN+K-KN+CM-CMN+CK-CKN+KM-KMN)/8 8c¢)

IWS = M-6+CKMN-CKN+CM-C+KM-K+MN-N+CKM-CK+CMN-CN+KMN-KN)/8 (8d)
so that

CBCUc+ CBUCk + CBCUy - IWS = (6-CKMN)/2 + (C+K+M+N-CKM-CKN-CMN-KMN)/4 (8e)
CBCUy - IWS = (6-CKMN + C+K+CK-MN-CMN-KMN)/8 (8f)

Note that Eqs. 8a-d proposes weighting all pairs of differences equally. However Eq. 8e shows that the
proposed method does not solve the problem in that CBCU¢ + CBUCk + CBCUy — IWS does not
equal ©-CKMN. This demonstrates that this proposal is not mathematically rigorous in that the
proposed solution fails to satisfy the basic tenet of the proposal which is that sum of the impacts
should equal ©-CKMN. Furthermore, the physical meaning of Eq. 8f is unclear.

The third formal presentation of the Nebraska proposal is presented in Estimating Computed
Beneficial Consumptive Use for Groundwater and Imported Water Supply under the Republican River
Compact by Dr. David P. Ahlfeld, Michael G. McDonald and James C. Schneider dated January 20,
2009. This proposal differs from the two previous proposals. The proposal states that

CBCU¢ = (KMN-CKMN)/4 + (6-C)/4+
(K-CK)/124+(M-CM)/12+(N-CN)/12+H(KM-CKM)/12+(KN-CKN)/12+(MN-CMN)/12  (2a)

CBCUg =(CMN-CKMN)/4 + (6-K)/4+
(C-CK)/12+(M-KM)/12+(N-KN)/12+(CM-CKM)/12+(CN-CKN)/12+(MN-KMN)/12  (2b)

CBCUy =(CKM-CKMN)/4 + (O-N)/4+
(C-CN)/12+(M-MN)/12+(K-KN)/124+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)/12  (2¢)

IWS =(CKMN-CKN)/4 + (M-6)/4+
(CM-O)/12+KM-K)/12+(MN-N)/12+(CKM-CK)/12+(CMN-CN)/12+(KMN-KN)/12  (2d)

so that

CBCUc+ CBUCk + CBCUy - IWS = 6-CKMN (2e)
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CBCUy - IWS =(0-CKMN)/2+(K+C-N-M+CK+CKM+CKN-MN-CMN-KMN)/6. 20

Note that the weights assigned to the different terms are non-uniform. Specifically the term
considering a difference from predevelopment or no actions of man simulation is given equal weight
to the term considering a difference from the historical simulation, and that these two terms are
weighted three times greater than all the other terms. The result of this mathematical manipulation is
that Eq. 2e does satisfy the stated goal of matching the sum of the impacts to ©-CKMN, however the
physical meaning of Eq. 2f is unclear.

While the concept of combining the results of sixteen different runs presented in the January 2009
proposal is not new, it doubles the importance of the difference from a predevelopment condition.
This increases the reliance on model predictions as different from the conditions to which the model
was calibrated as is possible. This in turn increases the uncertainty in the predicted results.
Furthermore, it increases the weight of impacts that would have occurred only if Nebraska had never
developed wells.

Tables 3a-z shows the quantitative results of Nebraska's different proposals. Each table shows the sub-
basin impacts as calculated using the groundwater model for a specific year from 1981 until 2006.
Tables 4a-c show the average values for 1981-2000, 2001-2006 and 1981-2006, respectively.

The column labeled RRCA is the approved method currently in use." The Mar08 column, Aug08
column and Jan09 column refers to the results computed using the Nebraska proposal of March 2008
(Egs. 7a-d), August 2008 (Eq. 8a-d) and January 2009 (Eq. 2a-d), respectively.

As can be seen in Tables 3 and 4, the Basin Residual using the January 2009 method is always zero,
but this is not the case in the March and August proposals.

5. Summary and Conclusions

The RRCA has approved a procedure for the calculation of impacts to baseflow caused by pumping in
the Colorado, Kansas and Nebraska. The procedure also specifies the method for estimating the
amount of imported water.

Nebraska demonstrated the perceived problem using examples from 2003, a year of extreme drought.
The problem was presented in the light that the approved method underestimates the Virgin Water
Supply. It should be noted, however, that the CBCU amounts are not only used to estimate the Virgin
Water Supply and hence the allocation, but also is used to set the depletions for which the states are
responsible under the Compact.

Using the approved procedure, the depletions attributed to a state cannot exceed the amount of

4 As noted before, all results shown are based on model runs provided by Nebraska.
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additional baseflow that can be generated by complete curtailment of all wells in the corresponding
state. Under the procedure proposed by Nebraska, it has been demonstrated that the depletions
attributed to a state can be more than two orders of magnitude greater than what can be achieved by
complete well curtailment in that state.

Nebraska has proposed a number of different procedures for altering this procedure. The current
proposal uses as its justification the fact that under their proposed procedure the sum of the individual
impacts matches the basin wide impacts.

While the procedure does result in no basin wide residual, it does so at the expense of physical
realism. In essence the method calculates a weighted average of eight differences. As demonstrated
above, this has the effect of including impacts that did not occur and never could occur. Specifically,
upstream states are burdened with impacts that would only have occurred had Nebraska never
developed wells. These impacts are typically the result of streams that historically have been dry in
large part due to pumping in Nebraska, but would have been live and therefore could have been
depleted had the Nebraska well pumping not occurred. Furthermore, the Nebraska procedure adjusts
the measured gage flows for imported water that would have occurred had there not been well
pumping in Nebraska. These mathematical devices may yield no basin wide residual, but has no basis
in reality.

In addition, the Nebraska proposal implicitly assumes that all model runs are equally accurate. In
reality, the model predictions are increasingly uncertain the further the modeled scenario deviates
from the historical conditions to which the model was calibrated. Nebraska's proposed procedure
increases the reliance on simulations far removed from the historical, which increases the uncertainty
in the model predictions.

Finally, the procedure proposed by Nebraska is unnecessarily complex. As an example, a method was
demonstrated that corrects for the consumption of imported water without adding any complexity to
the current procedure.

Nebraska has failed to demonstrate an imperative need for changing the procedure as approved by the
RRCA. To the extent that imperfections exist in the procedure approved by the RRCA, the procedure
proposed by Nebraska fails to cure these imperfections and introduces new, much greater flaws. As
such Nebraska has failed to demonstrate that the proposed procedure is in improvement over the
procedure approved by the RRCA.
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Frenchman Creek as Modeled for July 2003

Republican River Compact Administration Groundwater Model
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@ Pumping Impacts on Flow: AE proved Method

Republican River above Harlan County servoir
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Figure 9a
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@ Pumping Impacts: Approved Method

Mainstem Impacts Swanson — Harlan
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@ Pumping Impacts without Imported Water
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| Table 1c: 1983 (acre-feet/year)
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| Table le: 1985 tacrefeet}year)
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| Tablelg 1987 (acre-feet/year)
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| Table 1i: 1989 (acre-feet/year)
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| Table 1m: 1993 (acre-feet/year) |
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| Table 1lo: 1995 (acre-feet/year)
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| Table 1q: 1997 (acre-feet/year)
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i Table 1s: 1999 (acre-feet/year)
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I Table 1u: 2001 (acre-feet/year)
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I _ _ Table 1w: 2003 (acre-feet/year)
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|5wansm

5wanson

Hartan -
(Guide Rock

Guide Rock
- Hardy
Medlcine
|Prairie Dog.
|Red Wilﬂw

[Rock
|Sappa
Seuth Fork

Hugh
Butler

Bonny

Keith
Sebelius

|Enders
|I'tar|aﬂ

o

srrunk :

(Swanson o a7 o

Mainstem -| m‘!_ﬂ_ﬂ_n! “mn!_’fﬂ‘

29156 26930 |38 11113 | 7574 EEEH 196745 184714 [N 16791 | 9797 WIS W‘-

| Table 1x: 2004 (acre-feet/year)

| cBeue i cacuk cBCUy ms NE Residual ~ Basin Residual

o o o o o (-] o o QQQ‘OIO‘O.Q

E‘

Q

|Above
|Swanson

|swanson -
Harlan

|Harlan -
|Gu|de Rock

Guide Rock
|- Hardy

|Medicine
Prairie Dog
[Red willow I C

[Rock [ 0 ‘

sappa

| anpan
South Fork unsss 5973 | 5724

Hugh |

CaN W B R
|Bonny 1342

, :

Keith

e l s
[Enders B
Hartan

Harry
|Slr|.ml:

|Swanson

|,....,.,.,,,,. = 1307 1250 [N 3e3| 350 NS 70es2 61691

‘29645 (26738 I 11590 | 6263 BENGTN 206924 194123 [
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| _ _ Tab_le ly: 2005 tacrg-feet(year)

‘ s CBCUK  cBcuy ws NE Residual Basin Residual
Jan09 HEnet [Jan09 [WEnet Jan09 NEnet Jan09 NEnet
Ces zsO N 2 s o© e
| 3950 11833 | as06 2588 | o |2318 00

ol B 3426 | 3351 A

o oEEEN 1481 1481 [

70 oMM o 0N cor: 7ises M 2

p-;m m- 330 30 EEE 1302| 1303 |

Above

o B | o S o i

|Swanson -
Harlan
Harlan -
Guide Rock

Cshoe

_9_‘-@___om o
i eseE I el SN ©
nm— o P

Seuth Fork
[Hugh
Buther
|Bon ny

'Kﬁth

Sebelius _ g

[Enders [ [ | 4850 4849 | o

e = = —gs7 — L=

oy, 316

|Swanson o a1s

Mainstem [ i 74960 | 66675 o -887

Totel 51700 26585 08678 200544 193324 0 3553

| Table 12: 2006 (acre-feet/year)

‘ T cBCUc : cBCUK cBCUy [ ws | NEResidual Basin Residual
Basin

\Arikaree

[Beaver " n‘- 4629 m- 4933 m-|

oot R 399322 o o 05| w2

riftweod [ [T 1422 1421

[Frenchman (IS 2839 & 0 - - ?5«1 m-|

[North Fork

|Above

|Swanson

|swanson -

[Harlan

Harlan -

(Guide Rock -
Guide Rock
|- Hardy

[Hugh
Butler

[Bonny
e
Sebelius

[Enders
|Harlan

Harry
Strunk

|Swanson

Mainstem 2477
|
Total 28172 23623 ;
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| Table 2a: Average 1981- 2000 (acre-feet/year)

‘ — [ cBCUC ~ cBoug ~ cBCuy WS  NEResidual  Basin Residual

e A e e e
Arikaree  [JEEEE 1133 TS ser | S S s 200 MR |

Beaver OEOREN st 00N o oM o 1 opam
bufso [N 18 G2 NNNM o« O MEEEN 215e | 2005 of oMM 2 OEN o[an
orwoos [N o oM ' ] [ olcEE ol @
erenchmen [N 1917 | 657 N © eas oF o o oM oz
[North Fork noqymg 578 -' ofiia

\Above

e R | mﬂ!
Swanson -

e | -“I- mﬂ-
[Harlan -

(Guide Rock .
Guide nnck -

o (=T

o

South Fork
[Hugh
IBullﬂ'

Bonny
[keith
Sebelius
|Enders
Harlan

|$lrunk
|Swanson
Mainstem -1456 | -1755 383

Tota 22066 21261 B 19765 10627

Table 2b: Avaraga 2001- 2006 (acm-feet[year)
T cBCuc cBCUK ~ cBcuy - WS NEResidual Basin Residual
N seros H!J-mng_:@imnbm “hmmg@gm
fArlkaree [ S o s Cw[TOEE o[
Beaver © o) O 3047 1700 QBN 4275 m-| 0 4314
[Buffalo  [NEER| 345 282 [ oB| | 3339 3275 ) [ i o
pritweod [ ol 0 [T | 1378 [ 1377
[Frenchman [ 2730 216 ol 0SS sosos m-l_'ﬂ 0 2510 ‘
North Fork NN 14146 a5z N 27 27 MO 05| ieoi NN ol O

\Above | o |

e el o [ e < o
Swanson - I |

el BE B B B
Harlan -

s [ l- | E- H-l J ¢
Guide Rock | 0
| Hardy

Hedicine e mn 9589 s o

-
South Fork [N 11214 1011 ISNE 050 5744 S

|Hugh = .
ve PN - -

sonny el ol oMM o0
[keith fr— [

Sebelius 433 | 9
s [ | - oo s
Harlan 0 e . . B33 @45
Harry [ i

Strunk | | e
|swanson [ [ i 378 382

[Mainstem [ I [ : ! | 68723 | 60943
Total 2 199338 185409
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| Table 2c: Average 1981~ 2006 (acre-feet!year)
cBCUC cBCUK  cBCuy ws | NEResidual  Basin Residual

. et N 70> s NNGRL o> st IR oo ek AN oo Weve G oo et

lnrikame
|Beaver
|Buffalo

|Monn Fork. 1 . 7
Above

69 769 [
S H. ml- WH-' °-. B |

|Swanson -
Harlan

Harlan -
Guide Rock
(Guide Rock
Hartl!’

Sebelius
|[Enders
Harlan
Harry
Strunk
|Swanson
Mainstem mz “

[Total 24179 22076
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Table 3a: 1981 (acre-feet/year)

o | olal ol olala

o o o s oo aa

o o

o e

e oo 0o o oo

<

<

oo o o o oo oo oo o

e o0 o o

e CBCU¢ CBCUK CBCUy ws Basin Residual
sin
[REEN marog Aug08 Jano9 [HREN Maro8 Augos Jenos INEERI Maro8 Augos Jan0s [HEEN Maros Aug0s jan09 BN Mar0s Aug0s Jan09
Arikarce  [JEBE 842 821 e21 EE 461 446 asc EEE 249 255 s o 0 31 0
Beaver [N 0 0 5248 5275 5391 5418 5418 0 0 54 0
Buffalo 52) a2 0 0 1419 1410 1410 0 0 19 0
oritwocd [ © 0 0 0 RS es s s o 0 0 0
Frenchman [N 1477 Bsa 0 0 o B s1400 50797 so7os 0 0 1231 0
North Fork BN 7528 7528 1 1 I i 23 213 2 ¢ 0 0 o
s 739 646 641 - 215 233 238 - 9453 9571 9576 - S0l o 230 46
3::;?’“ : 26 -9 -8 - 52 S8 39649 40037 40047 9128 8848 816 31
Sttt - a0 o CI 12548 12558 12558 &5 62 a8 0
peeras - o o o - 234 235 1456 1456 1456 ol 0 a0
Medicine e o ol 0 0 9547 o611 912 JEEEN 6752 6e89 25 0
Prairie Dog 0 0 4069 | 4067 o a 0 o a 0 o
red witiow [N 0 o ol 0 0 4044 4045 aoas [ 12 12 0 0
Rock B o 0 o s 0 0 1101, 1101 1101 [N (i 0 0 0
seppz o o o B8 155 553 3300 2286 207l © ] 2205 (]
South Fork [JBEE 9512 | 9600 9599 [JHEEE 10646 10819 8a2) 912 oulll 5 0 314 0
2532, - 0 0 0 0 o o - 839 839 839 0 0 0 0
Bonny JEBH 758 758 s o o ol 0 0 ol o o 0 0
Keith
it tis . 0 (] 0 359 350 359 - (] 0 o 0 0 0 . 0 0
ences MM o o ol o o ofMNESS 1695 1695 eos M o o oMl o o
Harlan o o o 24 25 2sEE 620 620 620 Bl ¢ o 0 0
Harry
Strunk ] 0 0 0 ] ] 119 119 119 0 (i} 1} 0 o
Swanson 0 o 0 0 0 136 138 130 [N 0 0
Mainstem 782 672 -667 M 391 521 536 [BMBSN 63106 63622 63637 JESHE o181 8921 ss:u- -a6
Total 19395 18943 18948 BHRHN 22860 22071 22087 JESEHS 124958 143917 143933 [SEHE 15924 15627 15611 [HEE 1932 53
Table 3b: 1982 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual
Basin
[HHER maros Augos janos [HHER Maros Augos Janos JEBER maroe Augos Janoo EEM Marog Augos Janoo HEEH Maroé Augos Jan0s
arikeree [N 2172 2142 2141 EEE 424, 397 soc NN 217 217 216 0 0 o 0 0
seaver  [HND 0 0 olSHEE 5396 s5692 seoz MM 5117 5413 sa13 [N 0 0 oSSl sos 0
sufislc [ 116 7 7e 0 0 ol 1551 1513 1513 0 0 0 75 0
oriftweod [ 0 0 o [ 0 0 oS 20 829 e20 [ 0 0 o P 0 0
fFrenchman BB 1654 o972 oz 10 o o BNEE s2:ee s1710 sl o o oSSl 1347 0
north Fork [ 7864 7867 7es7 R o 10 1o 226 230 230 gj o ol @ o 0
;::lem - -936 -909| -908 - 121 163 164 - 8649 B672 B673 - ] a 0 . =105 a
Parenzon = - 22 12 s - 65 65 61 - 28560 29822 zgazs- 9583 8285 B281 - 2590 -10
Harlan g = X i; - 3
glé:irll:la:éock - =15 a 0 - -14 0 ] - 12416 12438 12436 - B7 BB 67 - -60 a
Guide Rock :
0 a 0 165 172 | 1372 1410 1419 1418 ] a 0 =28 a

ey R = B = B
veciine MBI o o oM o o ofENEN o256 9359 9350 JEEEl| es96| 6794 6704 ENE 207| o
Fraiie Dog [ © o oM 456 asas asas N 0 0 ol ¢ o ol ¢ 0
red witow [ 0 o ol o 0 ol 311 sz el 5] 3] sEE o 0
oo B0 o NN o o ofEN um uw coEEN o o ofl o o
ssppa M © o oS 2507 2318 2318 EEEE 3242 dos2| os2 o o oM ss0 0
South Fork [JBBEE 8954 8778 8774 EBEN 6379 6143 sz SR 737 676 s3I o o oEEN ama 0
. B c o B c Bl = - < - ol : -
Bonny 760 760 760 [ o 0 o G 0 o o 0 0 o o 0
Keith
i 0 0 o - 487 487 a8y - 0 0 0 0 o o . o 0
Enders of o oM o o ofNENE o2 1s02 1=02[f o o oMl o o
Harlan 0 of ol =2 220 22l 59 669 coollll 0 of ol ¢ o
Harry
. o o i o o Jl = w w o o ol o o
Swanson 0 of ol o o ol 2 133 =l ¢ of ol o 0
Mainstem JBBEJ -992 -9027 9310888 206 268 272 JSHEES 51034 52350 52354 9681 8344 8343 JHEOH -2784 0
Total [8#68 20526 19675 19665 [{7AE 19962 19879 19877 MSAMDA 132904 133658 133657 16599 15152 15151 [ 1256 10
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Table 3c: 1983 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual

Basin

[REEN marog Aug08 Janos [HREN Maro8 Augos Jeanos JREERI Maroe Augos Janoo [REEN Mar0s Aug0s Janoo BN Mar08 Aug0s jan0d
Arikaree  [JESEE 1552 1553 1554 [EEE 264 154 13 1l o of ol 2 o o
ceaver [ 0 0 5609 4925 s071| so71 M o 0 o 0
Buffsio  [ME 140 93 9 0 1502| 1545 1545 o 0 o 0
oriftwood |G 0 0 0 921 922 o2z N 0 0 0 0
Frenchman IS 1843 1006 0 52825 | 52082 | 52083 N 0 0 o o
North Fork [JBES 7958 7959 20 304| 302 302 A 0 0 a0
Above
Saasn 1110 -1438 287 7798 7473 7471 - 11 0 - o o
3::;?’“ : 10 Az -59 18335 19930 19945 - 9820 8136 8121 - 3201 45 0
Harlan - |
ulda Rk - 0 0 0 13836 13850 13350- 85 76 15- 21 a4 o
peeras CI 197 1521 1523 1523 - | o o - o 0 o0
Medicine 0 0 0 9319 9477 9477 [J§BEE 5988 6833 es33 [El 313 o 0
Prairie Dog 0 o 4083 0 0 o [ o o o s 0 o 0
red witiow [N 0 (] 0 3129 3130 ol 4 13 W 0 0o 0
Rock [ o o 0 1364 1364 esl o o of@ o o o
seppz o 0 2408 so82| 2951 2051 o ] o E 262 o o
south Fork [N 8056 | 8125 4182 66 621 e[ - of ol 9 18 o
w B o B o P e o o o ol o o o
Bonny BN 780 780 7eofll o o ol 0 0 ol ©° o ol ¢ o o
gi:“us . 0 (] 0 - 454 454 454 - (] 0 o . 0 0 0 - (] o 0
Endes [ o o ol o/ o ofEEE 1855 s e o o oM@ o o o
Harlan o o o 19 20 20888 678 679 679 o o oM o o o
oy 0 0 o o o o - 134 134 134 0 o o . o o o
Swanson o 0 o o o oS 134 13 130 [N 0 0 o o o 0
Mainstem -1126 -1454 -1454 [USE8 422 335 347 JMNEE 41490 42776 42780 JEMSH oesa 8211 8195 2595 41 o
Total 19210 18160 18167 [EIMEH 17459 17404 17423 JENERH 123539 124139 124150 SENN 16886 15060 15040 1388 66 0

Table 3d: 1984 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual
Basin

[HHEA maros Augos Janoo [HEER Marog Augos janos JEERN Maroe Augos Jenos [HEER Maros Augos Janoo HEEH Maros Augos Jan0s

arikarec  [JEEN 978 964 ocss EEE 359 333 3 EEE 213 196 19 o of ol 57 o o
seaver [ 0 0 o BE se34 s940 soao ENEE aces  sosz  sos: [ 0 0 ol 2n 0 0
suffslc [ 1290 91 o1 0 0 o iSSE 1626 1sse 1sze E 0 0 ol s 0 o
oriftweod [ 0 0 o [ 0 0 oSS 1038 1039 1030 [ 0 0 o g 0 0 0
Frenchman 8 2025 1221 1221 20 3 o EEEEE sso3e ss132 ssica [N 0 0 o BBEE 1505 0 0
north Fork [JEEEM 8396 8395 ssosE 36 27| 7 EEE 34 337 3w gj o ol l s o o
Above ; | y

o - -846  -1108 -1109 - 214 195 194 - 10146 9858 9857 - 0 0 0 . 574 o 0
f\\‘::;f"" E 20 0 0 - 94 277 257 - 29557 31183 31202 - 10366 8512 | 8489 . 3375 60 0
Harlan -

Tk - 0 0 o- 0 0 0- 14477 14494 14494- 24 82 sz- 37 o 0
G:';‘fs:"‘“ - 0 0 0 - 288 201 291 - 1351 1355 1356 - 0 0 0 . a2 o 0
medicine [E 0 of ol o o/ o BEBE 10401 10504 10s04 JEEM 7303 7202 7202 JENE 206 0 o
froiieCog [~ 0 0 ofEE 4057 4058 aose NG 0 0 ol ¢ of ol 9o o o
red wiow [ o o ol o 0 o MBS 697 3609 zeoo [l 17 15 1w o o 0
Rock B o ol o o o 1127 1427 w7/ o o o ¢ g o
sappa [ © o o 2628 2501 2500 JEEEE 3118 2000 ol o o] oMl s o o
South Fork [JUBSH 8109 7987 7aes [ 8087 7902 vooi JEEE B43 756 vss o o o 400 0 o
Hugh

it . 0 o 0 - 0 0 0 - 993 993 993 . 0 0 0 . 0 o 0
Bonny 83s| 835 835 A 0 0 o G 0 0 o 0 0 o 0 0 0
Keith y

i 0 g 0 - 754 754 754 - 0 0 0 0 0 0 . 0 0 0
Enders 0 of ol o 0 oB0ER 2036 2036 2036 [N 0 0 ol o o 0
Harlan 0 o o 17 1z R 0 72 2N 0 0 o 0 o o
Harry

Edtll 0 0 0 - 0 0 0 - 143 143 143 o 0 0 . 0 o 0
Swanson 0 of ol o 0 ol s 147 147 R 0 0 ol o o 0
Mainstem 8BS -873 -1108 -1111 88 400 205 224 JSESES 55531 seeg0 56900 JESEE 10455 8593 e5eo [HEEM 2850 59 0
Total [958 19607 18396 18301 BNNSN 22148 21732 21750 MEASEH 143231 143730 143750 $HHBR 17786 15820 15704 [HHSH 98 60 0O
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Table 3e: 1985 (acre-feet/year)

Basi CBCUg CBCUy CBCUy ws Basin Residual
sin

[REEN marog Aug08 Jano9 [HREN Marog Augos Janos JREERI Maroé Augos Janoo [REEN Mar0s Aug0s Janoo HEEN Mar08 Aug0s jan0d
Arikaree - 378 364 327, 312 195 104l o of ol = o o
Beaver [ O o 5907 | 5979 s212| s22 | © 0 ; o 0
Buffsic BN 120 90 0 0 1676 167 @ © o ofEH == o 0
oriftwood |G 0 0 0 0 1052 1052 0 0 o 0 0 0
Frenchman B 2195 | 1330 -20 0 57161 | 57160 [N 0 0 o 8| 1707 o o
North Fork [JBEM 8684 Bess cece MM 32 26 370, 370 N 0 0 o S 0 a 0
s - 862 | -1140 - 200 187 10352 10349- Sigl o o- sa1 0 o
3::;” 24 0 - 72 120 35333 35313.'10&91 10110 10129 . 1970 62 0
Sttt - o o o - CI 14543 14549 - 98 @9 89 . 23 o o
peeras - o o o - 218 218 1526 1526 - o| o o . o 0 o0
medicine [ o o ol 0 0 11106 11106 B 7393 7295 7205 N 199 o 0
Prairie Dog o o o 3522 | 3524 0 ol o o ol ¢ o o
red wilow [T © o ol 0 0 a166. s1co [l 1= 7 v 0 o o
Rock HE o of ol 9 o 1504 1504 o o of@ o o o
soppa [ 0] o o 2720 2748 3175 [l o o o s o o
south Fork NS 9807 | 9710 9710 BN 6904 6766 a6 7o/l 4 o oM 315 o o
Hugh
w Bl o Ol I | EE
Bonny M 841 a1 sl o 0 0 ol ©°© o ol ¢ o o
Keith
B Eoie . 0 o 0 - 655 655 655 - 0 0 0 0 o o - 0 0 o
Enders [N 0 o o 0 0 oEE0E 2200 2200 2200 [N 0 0 ol o o 0
Harlan o o o 170 18 1l 1 T o o oM o o o
Harry
o 0 o o 0 o 0 - 154 154 154 0 o o . o o o
Swanson 0 (] o 0 0 o EEE  1s:1 1sa 14 N 0 0 o 0 a0
Mainstem -686 -1147 -1153 888  3a5| 523 490 JEBNEE 0982 61760 61737 BN 10965 10188 10204 1402 70 ©
Total 21141 19865 19676 B088H 20405 20544 20518 §EES08 152400 152420 152397 §6IIS 18373 17501 17516 207 72 0

Table 3f: 1986 (acre-feet/year)
Basi CBCUg CBCUg CBCUy wWs Basin Residual
sin
[RHEA| Maros Augos janos [HER| Maros Augos janos JRERI Maros Augos Janos [EEH] Maros Augos Janos RN Mar0s Augos janos

arikaree [N 357 338 3o [ME| 509 280 2o 203] 103 12l © of ol e o o
seaver [ 0 0 o Bl sesz s4s7 sas7 RN s2:1 0 asa7 azay [ 0 0 ol es 0 0
sufisle R 113 91 o1 0 0 o llEE 1772 1750 17so G 0 0 ol 43 0 o
oritwocd [ 0 o ol o o ofEE 172 1072 w2l 0o of ol o gl 9
Frenchman [l 2374 1446 1aas E e o 118 so206 sezee sexca [l o o oSN 183 G
north Fork [JEBEE es21 sez2 ss2 [l 23| 20/ 20|EEE 377 376 376 gj o ol 0 o o
;::‘;l"m -1021  -1302 -1302 - 199 191 191 - 9692 9412 9412 - 0 o o . 569 0 o
f\\::;f"" = - 32 a9 20 - 65| 227 201 - 24042 26388 25415- 11174 8605 ss:rs. 4847 80 0
gﬁi’;*:“;m - 0 0 o - 0 0o o - 14767 14778 14779- 11 98 99 . 14 0 o
?:ﬁg:‘”" - 0 0 0 - 257 | 351| 251 - 1340 1338 1339 - 0 o o . 11 0 o
medicine [E 0 of ol o o o EEOE 11417 11563 11563 [ 7453 7309 7300 SN 203 o 0
FraiieDog [ © o  oEEBN 2195 2195 2195 [N 0 0 ol o of ol o 0 o
red wiow [ o o ol o 0 oS 4035 4037 4on [ 18 15 - o o 0
oo BN 0 n BN o o O % s o o o ol o o o
ssppa [T © o oM 1937 1442 1442 JEOEE 3052 2595 2595 NN o o o EEE o0 o o
South Fork [IGEE 7708 7643 7643 BN 6173 6091 sool A ve1 7as oo o o  oEE =2 0 o
Hugh
it . 0 o o - 0 0o o - 1108 1108 nos- 0 0 o. 0 0 0
Bonny 860 860 sco JNE 0 0 o G 0 0 o 0 0 o 0 o o
Keith
i 0 0 o - 617 617 617 - 0 0 0 0 o o . g o o
Enders 0 of ol o o oSl 42 2341 a0 of ol o Y
Harlan 0 o o 1 v v s s e N 0 0 o o o o
Harry
Edtll 0 o o - 0 o 0 - 185 185 168 0 o o . 0 o o
Swanson of o ol ¢ o o 152 53 s o o o o o o
Mainstern {608 -1054 -1320 -1320 8 400 216 244 SNNEE 40841 51917 51945 SENH 11277 ec96 | scee BN 4282 -84 ©
Total  [BSEH 19187 17865 17882 HESSN 17500 16336 16361 EMONE 143173 143532 143557 §8H8S 18766 16029 16002 [HOGY 74 o
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Table 3g: 1987 (acre-feet/year)

Basin Residual

Basin Residual

clololao o

12

Lt

&l oloo ol a

11

67
76

0

ool o aoclo

=117

al el al o e e

T

oo o

0

a
=107

o | olal ol olala

o o o e ooiaa

o o

e o

e oo o0 o oo

<

<

oo o o o oo oo oo o

e o0 o o

i CBCU¢ CBCUK CBCUy WS
sin
[REEN marog Aug08 Jano9 [HREN Maro8 Augos Jenos BRI Maro8 Augos Jjan0s [HEEN Maros Aug0s jan09 BN Mar0s Aug0s Jan09
Arikaree  [JJEME 392 370 seo[EEH 358 336 sEEE 204 200 1ol o of ol so0
Bever [ 0 © sses| 5575 ss7a JEMGME 5277 49s4 4ccs MM o o ofEEE e
Buffsic M 118 98 0 of oEEEE 1837 1017 17 o 0 B
Driftwood 0 o ol 0 0 ofNEE 1103 1103 1103 N 0 0 ol o
fFrenchman BN 2564 1567 1560 M 22| 21 19 JEEEEE 60463 59465 sode7 I 10 0 o Bl 1973
north Fork [EEMH 9326 9326 o326 N 29| 24| 24 435 433 N 0 0 o U]
Abng - -943 | 1308 1312 - 232 203 199 - 10021 9651 9547 - o a3 -2 - 767
Swanson |
3::;” . 30 0 -12- 92 = c- 32292 33732 33715 -'usaa 10330 10401 . 2805
Harlan - | '
peeras - o o o - 223 223| 223 - 1373 1377 1376 - o -1 -0 - a1
Medicine i 0 o o 11870 12012 1201 692 7552 | 755 285
0 0 o 870 12012 12012 7692 2| 7552 28
Praifie Dog ] o 4495 4498 4496 A 0 0 0 0 o 0
red wilow M O o o o o ol 42 a2 wul 2 19 wl o
Rock B 3 12 2 o o o 1708 1707 7o o o Lo
sope [ 0O o ofEBE 2019 11s8| 1150 ENNNE S1es| 2305 2o MM © o o 1721
South Fork [N 10057 9946 9943 JEEEN 8325 e203 e1co NNE 833 7es ez o 0 283
::3:; - 0 0 o- 0 0 o- 1122 1122 1122 0 0 0
Bonny BN 900 9200 coofl o o ol 0 0 ol @ o o 0
;z:‘ius . 0 o 0 551 551 551 0 0 0 0 0 0
Enders [N 0 o oG 0 0 oINS 2441 2441 2440 NN 0 0 0
Harlan o o o 16 15 M 713 713 3 o o 0
oy 0 0 o o o o - 173 173 173 0 o/ o 0
Swanson 0 (] o 0 o oSl 140 151 151 N 0 0 0 0
Mainstem = -991 -1323 -1333 [ 350 aas 424 JEESEE 59291 60384 60361 N 11785 10471 10484 [HEEH 2094
Total 22372 20899 20886 §MIS 22011 20780 20758 [§S3EMN 155007 153999 153974 [§EGHY 19519 18033 18048 FRENN 2300
Table 3h: 1988 (acre-feet/year)
Basi CBCUg CBCUg CBCUy wWs
sin
[RREA| maros Augos janoo JRHERl Maros Augos janos [JRER] Maros Augos janoo [RER Maroe Augos janoo [REEM Marog Augos janoe
arkerce  [EEE 834 82| s M 51 324 S v 177 ve o o oEE|
seaver [ 0 0 o[BS sees 5272 s272 R  s237 ) 4624 acz4 [ 0 0 ol 1223
sufiale [ 137 113 us 0 0 o iEEE 1021 1897 1897 G 0 0 ol 47
oo W © o oNEN o o NS % io% ion NN o o O o
fFrenchman [EBE 2766 1707 1708 0 0 o BElEE s1847 s0791 so079: [N 0 0 ofifE 2
north Fork [JlBE 9772 9764 ovesJE 37| 25| 2| so0  4se|  aso [E gj o ol l 30
;::‘fm -1085 -1521 -1524- 283 280 276- 10223 9796 9791- 0 0 n. 878
SianeaS 0 0 0 - <75 -320 -283 - 25242 27698 21735- 11953 9122 suss. 5144
Harlan - :
Tk - 0 0 o- 0 0 o- 18130 18148 13)41- 126 116 us- 22
?:ﬁg:‘”" - 0 0 0 - 293 201 201 - 1538 1538 1538 - 14 o o . )
medicine [E 0 of ol o o o ENEE 12191 12326 12326 S 7844 7711 77 EEE 271
PraiicDog M| 0 o  ofEH 2159 2405 a0 0 o ol o o olE ©
red witow [ 0 o ol o 0 ol wies w17z ozl ¢ | nlM o
Rock B s « il o  ofEEE e 183 1l o of ol ¢
sappa M o o ofEN 1468 oo coi B 2803 2024 o © o oBENE 1552
South Fork [ 7901 7858 7sse G 7355 7273 7274 A 880 sos coa o o o zo04
::'g:‘r . 0 0 0- 0 0 0- 1170 1171 1171- 0 0 u. 0
Bonny 950 9s0 9so [NE 0 0 o G 0 0 o 0 0 o o
Sl o o o - 513 613 613 - 0 0 0 o o o . 0
Enders of o of o o oSS 4 o o o o ol o
Harlan 0 o o 15 15| S e19 s20 =20 N 0 0 o o
Harry
Swanson o o of o o o 152 15 o o o ol o
Mainstem 868 -1063 -1523 -1520 JBBS  s02 251 265 JSSNN 55133 57180 57213 JEAE 12062 9226 9190 JEES -4279
Total [HEH 21305 19697 19700 HEHEE 18711 16957 16991 WEENES 152661 152203 152324 [§HHIN 19946 16971 16934 IEEE 649 -105
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Table 3i: 1989 (acre-feet/year)

Basin Residual

Janoo RGN Mar0s Augos jano9 BN Maros Augos Jano9

a 0 | ;
9229 | 9247 JS3HH 55

o ISR
oSS

o
ol
o S
o R

0

9793

135
4656
58

0
2340
-24

1192
5787
=77

=26
444

o

823
674

o o oo o o o

a|loo o oo

69

&l ololo ol a

68

145

Basin Residual

0

cloja o

23

o | olal ol olala

o o o s ooia a

o o

o e

oo oo ao

o

o

Basi CBCU¢ CBCUk CBCUy ws
sin

[REEN marog Aug08 Janoo [HREN Maro8 Augos Janos BRI Maros Augos
Arikarce [N 132 120 oSS 341 319 o B 201 183 13 o 0
seaver [N © 0 5802 4104 4103 EEEE sev0) w2 M o 0
Buffalo 135 117 0 o oEEE 1976 1957 1057 o 0
Driftwood 0 0 0 0 o 101 1100 2201 [ 0 0
Frenchman [ 2897 1807 a7 o ofEEEEE 62543 e1460 c14so I o o
North Fork [N 9834 0839 sezo [ 33 34 :EE s s1s sis 0 0
s 1034 1491 - 214 198 1% - 9982 9505 9503 - o o0
3::;” . 32 0 - 83 121 97 - 21964 | 25261 25237 -'1214? 9106
Sttt - o o c- CI c- 17701 17721 mzz- 147 131
peeras o o o - 236 233| 234 - 1670 1670 1671 - ol 0
Medicine 0 o ol 0 0 oJiSEEE 12658 12839 12830 JEEE 7865 7see
Prairie Dog 0 o o0 752 752 752 [ (] 0 0 0 0
red Wilow M O o o o o ofE w47 a1so ol 2 1
Rock BE 7 s s o o ofEE 1920 1917 vl o o
seppa [ 0 o ofEEE 446 190 e JNEEE 190 1323 1M 0 0
South Fork [JESEN 9247 | Boa4 soec2 BB 7328 7053 7oso R 817 e eo3 M o 0
Hugh ]
Butler - 0 0 o- 0 0 o- 1263 1263 1263 0 0
gonny BN 967 o968 oo © o ojme 0 0 ol o o
Keith
e . 0 0 0 - 682 682 682 - 0 0 0 0 0
Enders [N 0 o o o 0 oEBRE 2661 2661 2661 NN 0 0
Harlan o o o 16 16 16[EEN 805 895 895 o o
oy 0 0 o 0 0o o - 190 189 189 0 0
Swanson 0 (] o 0 o oS s 158 1se [N 0
Mainstem -1072| -1499 -1502 JUEES 373 s5sa 520 NEEEMS 51317 54157 | 54132 JEBER 12278
Total 22155 20356 20328 MBSEH 15752 13321 13271 MNEHEH 140788 149227 149177 SERY 20176 16944 16961 SNEN 1703

Table 3j: 1990 (acre-feet/year)
Basi CBCUg CBCUg CBCUy wWs
sin
[RHER Maro8 Augos janos JREER Marog Augos janos JRER] Maros Augos janos [EEH] Maros Augos Janos FFER Maros Augos Janos

arikarec  [JEBE 483 435 a37EEE 455 401 socEEE  zea 230 2 o o
Beaver -_ 0 0 ol se7a 3s4s 3sac EEEE s711 3383 33e3 [ 0 0
sufislo [ 167 139 139 E 0 0 oSS 2112 2084 2004 S 0 0
oritwoed [ o (] o [ 0 0 ol 1121 21 a2 [l 0 0
Frenchman BB 3040 1872 e 22 1| 2 JEEEEE 66337 esie1 esie: [N 0 0
north Fork [lSE 10488 10505 10503 [ 33| 37| s EEE 593 s02  sooE gj o
;::‘;l"m -1052 | -1548 -1556 - 216 116 108 - 12091 11520 11513- 0 0
SianeaS 45 0 a1 - 113 o 0 - 27107 29976 29973- 12559 9795
Harlan -
e B 2 ° O s o o 1w e o[l v 16
G:':s:‘”“ - a4 o o - 234 243 243 - 1564 1568 1567 - p| e
medicine [E 0 of ol o o ofEEBEE 13539 13760 13760 S e07s | 7ess
froiieCog [0 o o[ s, 780 7eo G 0 0 0 0 0
red wiow [ o o ol o 0 OISR 4542 asas asac [ 24 22
o B @ v vEEE o o of e wn uuE o o
sappa M © o ol 38 373 a2 1439 1025 1026 [ 0 0
South Fork [JBEE 10219 10044 10041 [SBNE 10262 o944 oosz R 1140 967 ool o o
Hugh
Pl . 0 0 o- 0 0 o- 1336 1335 1335- 0 0
Boriny 985 oas oss[ o 0 o G 0 0 0 0 0
Keith
el o o ol 2 «« i o o P o o
Enders 0 of ol o o oS 2797 2795| o[ ¢ 0
Harlan 0 o o 18 17 B8 910 908 o8 0 0
Harry
poty o o il o o ol = wm | o o
swanson (R 0 o o 0 o ol 1s4 18] 168 o 0
Mainstem 3088 -1123 -1560 -1575 320 3s1 351 JESME§ ses2a 61155 61145 12742 9947 9944

Total

[B08EY 24286 22439 22420 HBENE 18399 15342 15331 [JEEHAY 163079 161481 161471 JMHEN 20853 17841 17834 JHESY 3524

e o
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Table 3k: 1991 (acre-feet/year)

i CBCU¢ CBCUK CBCUy ws Basin Residual
sin

[REEN marog Aug0s Janos [HREN Marog Augos Janos JREERI Maroé Augos Janos [REEN Mar0s Aug0s Jano9 HEN Mar08 Aug0s jan0d
Arikarec  [JEBNE 1288 1258 1256 [N 524 491 o EEE 310 309 soa Ml o of ol n o o
Beaver [ O o 6252 3787 3787 SN 6285 3819 e o o oSNl 4o: o o
Buffeio BN 256 189 0 0 ol 2353 2288 2206 [ 0 0 ol 134 o 0
Driftwood 0 of ol o o o unso uso usol o of ol o 0o o
Frenchman [ 3242 | 1982 198 [z o o 69601 68335 ca3zc M 13 16| 15 EEEM| 2510 o 0
North Fork [ 10904 10913 14 20 208 550 576 s57c [ 0 0 ol 0 0
Abng 119 118 1127 - 225 204 1907 - 12314 | 12309 | 12301 - ol 8| o - 2 23 o
Swanson
weiiomty - 60 3 - 93 &7 60 - 20995 34170 34176 - 12923 8746 8736 - 8455 17 0
Sttt - o o o o o - 20705 20726 20726 - 167 148 147 . 3 0o 0
e . o o o - 363 363 363 - 1893 1878 1878 - g8l 0| o - 3 o0 o
medicine [ O (] o o  oEEEEN 14867 15035 15034 [J§EEE 8350 s1ea| sisa JEEN 340 o o
Prairie Dog 0 (i 2180 2179 2179 [ (i} 0 ol o of ol o o 0
redwilow M| o/ o ol o o ofEEE 574 5179 siof 2% 25| s a2 o o
Rock e 3 20 2 o o oSl 23 2222 W o of ol ¢ o 0
sppz D O o oS 15 se| s EE 1778 1u7s 7l o o o 1200 o o
South Fork [§iill 110704 | 10710 10702 [ifiE8 10731 10698 10691 RS 1086 1047 loao M 0 o o] 84 22 o
::3:; . 0 0 o - 0 o o - 1420 1420 1420 0 o o - 0 0o 0
gonny  [EEE 975 975 oM © o ojma 0 0 o ©° o oM ¢ o o
;x:ﬁus . 0 o o - 658 658 658 - 0 0 0 0 o o . 0 0 o
Enders [N 0 o o 0 0 oSS 2034 2033 2033 [N 0 0 ol o o 0
Harlan o o o 19 18 eS8 o9 995 995 o o oM o o o
oy 0 0 o 0o o o- 213 212 212 0 0 l:l. o o o
Swanson 0 (] o 0 o o EEE 15| 1s0 160 [N 0 0 ol o a0
Mainstem -1173 -1134 -1146 NS0 491 499 499 WEESS 64907 69083 69082 JMESH 13077 secs soo1 MG a6 o0 o
Total 26213 24914 24891 MA#SY 20960 17867 17856 HFSENY 176020 175943 175935 MEEAN 21474 17129 17114 EEE 149 22 o

Table 3I: 1992 (acre-feet/year)
Basi CBCUg CBCUg CBCUy wWs Basin Residual
sin
[RREA maros Aug08 jan0s RRCA| Mar08 Aug08 Jan09 RRCA Mar08 Aug0s Jan0s [HRER maros Augos Janog 'RRCA Mar08 Aug0s Jan0s

arikarec [N 2070 | 2062 2061 JNEEH 427 411 s 231 227 2o © of ol 0 0
Beaver -_ 0 0 oS 306 4657 acs7 [EEEN 316 4660 acco [N 0 0 o g 3205 0 )]
sufislc  [JEEE 303 219 219 E 0 0 o EEEN 2462 2378 237: 0 0 o FiEE 1sc 0 0
oritwoed [ o (] o [ 0 0 ol 1153 1153 11s3 0 o o I 0 0 0
Frenchman B8 3416 2068 2070 0 0 o BNEE cco70 ese21 esexz[ 17 17 15 EBEE 2ese 0o o
north Fork [BES 11283 11287 11287 [ 11| 15| 1c|EEE 578 seo  se1[E gj o ol o 0 o0
Above -
e aon 1153 -1120 -1112 - 273 320 326 - 10135 10178 10186 - 0 o o - 134 23 0
SianeaS 51 a4 20 - 77, 311 229 - 43493 46381 46460 - 13376 10007 9925 - 6297 238 0
gﬁi’;t“;m - 13 0 0 - 0 0o o - 18732 18786 ums- 201 156 155- 114 0o o
G:';‘fs:‘”“ - 14 0 o - 96 104 103 - 1651 1655 1655 - 0 o o . -15 0o 0
medicine [E 0 of ol o o ofMEEE 14696 14808 14202 [JEEEM es77 | adcc| saec N 226 o o
froiieCog [~ 0 0 o N 4ase 4ass aass G 0 0 0 0 of ol ¢ o o
red witow [ 0 o ol o 0 oEREE sses 5470 sa70 [ | 2l o 0
Rock B = 222 2zl o o ofEEE 2381 2377 37 ¢ ol @ o g ©
Sappa 0 o oM 1228 249 247 3576 2187 2100 N 0 il o g 2964 0 0
South Fork 10547 10463 10467 [JBBSN 6747 6634 co3o EES 922 oo7| o3[ o o o 208 s o0
:;’g:‘r . 0 o 0 - 0 o 0 - 1307 1307 1307 - 0 0 0 o 0
Bonny 993 994 994 [N 0 0 o G 0 o 0 0 0 0 0 0
Sl o o o - 425 425 azs - 0 0 0 - ol o o o o
Enders o o ol o o oS oax 040 ool o o o ol o
Harlan 0 o o 21 1e| 1 sa0  eas|  sas N 0 0 0 o o
Harry
Bt 0 o o - 0 0o o - 220 219 219 0 o o 0 o o
swanson [ © of ol o o ofEE 138 141 142 0 of ol o o [
Mainstem -1230 -1144 -1140 263 109 196 JEOSES 74011 77000 77087 13570 10172 10088 -6561 -261 0
Total [BHBES 27404 25971 25982 EHEEN 19896 16473 16567 [MERONN 182427 182930 183026 JMEES 22199 16703 18613 2566 291 O
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Table 3m: 1993 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual

Basin
ar08 Aug08 Jan09 ug08 Jan! Bl g08 Jan ug n09 Ma g08 Jan09
_ Mar08 Aug08 ] i Mar08 Aug08 Janos BRI Mar08 Augos Janos | Mar08 Aug08 Ja Mar08 Aug0s |
Arikarce  [JEEBE 1795 1799 1700 JEE 434 442 s EE 187 189 1co [ o of ol s 0o o0
Beaver 0 o 6265 6992 6992 NNOE 5551 6280 oo o 0 -1457 0
Buffalo 342 244 0 0 ol 2478 2381 2321 0 0 194 0 0
oriftwood |G 0 0 0 0 o IiE 1075 1076 107c N 0 0 0 0 0
Frenchman [JIEE 3670 2323 -10 o ofESNEH ee182 eas2s esc2y M 22 11| 11 JEEEH 2670 0 0
North Fork [EIMSS 11482 11489 of 11] NP see 501 so1l 0 0 19 0 0
s 1082 -1069 206 211 210- 8s27  es29 sszg- sl 0 32 0 o
> 2 i o 8 | 9
3::;” 22 20 29 224 165 46005 45982 45928 14308 14742 14795 385 162 0
Harlan - |
ulda Rk - 10 0 o o o - 16820 16835 15335- 218 207 208 42 0 o
e . o o 61 53 53 - 1358 1358 1350 - ol 0 17 0 o
medicine [ O (] o o oSl 13176 13228 13220 J§EEN 985 8032 so3z JE 107 G
Prairie Dog 0 (i} 14171 14167 14167 |G 0 0 o [ 0 0 0 0 0
red wilow [ © o o o o ofEBEE soed sosz sosaE 3@ 3 gl o 0o o
Rock B 0 : =l o o ofEEE 2510 2505 zsos o o Lo o 0
sppz O o ofBEE 2976 2935 zo3c EEE 4343 4297 w207 o 0 a1 o o
South Fork 9372 | 9486 9480 8041 8203 8196 740 790 784 16 0 318 19 0
£ 1
::3:, . 0 0 o- 0 0 o- 1113 1113 1113 0 0 0 o 0
gonny  JOBH 1004 1005 1005 [ @ © o ojma 0 0 o o o 0 0o 0
;x:ﬁus . 0 (] 0 - 404 404 404 - (] 0 o 0 0 0 o o0
Enders [N 0 o o 0 0 oSBEE sos2 3081 3081 NN 0 0 0 0 0
Harlan o o o 67 62 ez 647 42| 642 o o o ol o
oy 0 0 o o o o - 215 215 215 0 o o o o o
Swanson 0 (] o 0 0 ol 126 127 1[N 0 o 0 0 o 0
Mainstem -1085 -1086 -1082 [NESN 237 479 421 JUBEEN 72711 72705 72652 [§SEWE 14532 14045 14907 JEEM 338 160 0
Total 26609 25266 25265 SMNOE 32591 33593 33627 MFENON 179603 179122 179065 BHSEE 23614 23949 24001 MR 1413 175 0
Table 3n: 1994 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual
Basin

[RREA| maros Augos janoo JRHER| Maros Augos janos [JRER] Maros Augos janoo [RER Maroe Augos janoo REEM Marog Augos janoe

arikorce  [JNBEE 1084 | 1057 1057 N 292 250 o EE 1720 14 0 o of ofEE s o o
seaver [ 0 0 o lEBE 5163 6014 e014 EEEE s134 sses  sees M 0 0 o Bl | as02 0 0
sufislo  [JEEE 360 259 250 0 0 oSSR 2495 2394 2304 E 0 0 ofiffi 20 0 o
oritwoed [ 0o (] o [ 0 0 o IENE 1043 1043 1043 0 o o T 0 a o
Frenchman [ 3814 2354 233 24 0 o MEMEEE 70743 eoz2es eozec MMM 23| 12 12BN 2858 0 0
north Fork [iBBE 11698 11700 11eoo I 20 17| 17BN e94  s9s  eos [E 0 0 ol 0 o o
Above

oson 1359 2037 -2038 - 163 198 196 - 10549 9844 9843 - 0 0 0 . 1349 o 0
f\\::;f"" E 20 0 0 - 72 210 190 - 21588 24904 24926 - 14465 10937 10915 - 6785 64 0
gfn’;*:‘m'( - 0 0 0 - 21| 21| 1z - 18692 18719 13719- 227 209 209 . 38 o o
?:ﬁg:‘”" - 0 0 0 - 277 271 2 - 1298 1301 1301 - a1 0 0 . ) 0o o0
medicine [E 0 of ol o o oSS 13052 13197 13197 JEHEM 8722 esve ssve AN 293 o 0
PraiicDog M| 0 0  ofEEEH 639 6363 cxe3 [ O 0 ol o o oM 3 0 o
red witow [ 0 o ol o o ofEEE 4376 4379 oo 3. 33 kIl o 0 o
Rock B s 2 = o o ofEEE 2574 25es| el o o ol 10 o o
Sappa -] 0 o oJBEIE 2665 3270 3260 AR 3603 4206 az0s [NE 0 il o g 1203 0 0
South Fork [EM 9106 9061 9064 JEENE 3532 | 3396 3300 EEN 813 692 cos o o oS 2221 o o
Hugh |

Pl . 0 o o- 0 0 o- 1348 1348 1343- o 0 u. 0 0 0
Bonny 1044 1044 1044 [N 0 0 o G 0 0 o 0 0 o 0 0 (i
Sl o o o - 476 476 476 - 0 0 0 ol o o . 6 o o
Enders of o oM o o o e e e M o o ol o o
Harlan 0 (] 90 101 101 sas  ese|  ese [ 0 0 o l = o o
:?ﬂu 0 o 0 0 0 - 214 214 214 o 0 0 - 0 o 0
Swanson [N 0 g 9| o 154 [ o/ o oM o o o
Mainstem 388 269 289 54790 JJIMSE 14678 11133 11111 (58 5468 61 0
Total BRI 25765 23469 23460 BBEER 19978 21054 21075 WEREE 162555 164999 165022 §EHEY 23468 19766 19740 [SEME 4068 62 o
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Table 30: 1995 (acre-feet/year)
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-607
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o
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85201 §8HE 15959 15413 15457 [HER -2181
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alolo|alo
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119
131
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(=1

o o o o oo oo oo o

e o0 o o

CBCU¢ CBCUk CBCUy
Basin
[REEN marog Aug0s Janos [HREN Marog Augos Janos JEERI Maroé Augos Janos [REEN Mar0s Augos Janoo BN Mar08 Aug0s jan0d
Arikarce BB 1710 1682 1ce2 JEEE 4200 399 oo EEE 246 239 20 o
Beaver 0 o 6297 6636 o636 EENE sSe3e| 5976 sovc M o
Buffalo 380 276 0 of oMl 218 2514 4 M o
oriftwood |G 0 o ol 0 0 o 117 1116 1117 [ o
Frenchman SN 3957 2378 2377 [ 3 o o 73465 71905 71903 M 31
North Fork RN 12093 12099 48, a1 4 EEE 76 754 753 [ 0
s 21281 1621 | -1635 - 222 154| 140 - 11438 11079 | 11085 - 0
3::;” . 21 ¢ o - B4 348 311 - 36596 39060 39097 -'uecs
Sttt - o o o o o - 22031 22065 22056- 256
e . o o o - 384 363 363 - 1750 1751 1751 - 0
medicine [ O (] o o  oEEE 14598 14833 14833 JHEEE o014
Prairie Dog 0 (i 3689 3690 3689 NG (i 0 oMl o
red wilow [ © o ol o o o 563 sde7  see7 EE 40
Rock B 7 1 sl o o ofEEEE 2654 2648 202 o0
sppz A O o oEEEE 2488 2311 2371 EMEE 3716 3s9s ol o
South Fork BB 112344 [12234 12230 [JREIM 9275 | ooa7 oos2 NN 1069 95| el M 0
Hugh
Pl . 0 0 o - 0 o 0 - 1448 1448 1448 0
Bonny  JSE 1053 1053 1053 (M © o ojma 0 0 ol o
Keith
e . 0 o o 485 485 485 - 0 0 0 0
Enders [N 0 o oG 0 0 o SE8E 3300 3300 3300 N 0
Harlan 0 o o 57 69 coEEE 932 944 944 0
b H -
0 0o o 0 0o o 225 225 225 0
Strunk
Swanson 0 (] o 0 0 oSl 147 150 150 [N 0
Mainstem -1299 -1624 -16a2 NS s08 174 196 BN 71814 73955
Total 30269 28132 26107 BEFSN 23248 22953 22965 HENHES 189302 190053 190069 HFERH 24274 21229 21166
Table 3p: 1996 (acre-feet/year)
haah CBCU¢ CBCUy CBCUy
[HRER maros Augos janos RRCA| Mar08 Aug08 Jan09 RRCA Mar08 Aug08 Jan0s [HRER maros Augos Janog [FEER Mar08 Aug08 Jan09
arikeree  [JEEEH 1607 1506 1503 JEE 453 437 e [ 247 250 247 0
seaver [ 0 0 ofBBE 495 o706 e7os BN 571 ss7s ss7s N 0
suffslo  [EEE 428 307 307 0 0 o EEEE 2742 2621 2021 S 0
oritweod [ o o ojllE o 0 o E 1146 1146 1246 0
Frenchman BB 4267 2500 2600 0 -0 o SRR 380y 72233 ksl
north Fork (SN 12332 12341 12341 N 13| 20) 20 |EE 3 72 sl 0
;::‘;l"m 1175 -1014 -1010 - 191 235 240 - 10703 10876 msau- 0
SianeaS -39 0 0 - 58 276 232 - 51057 52037 51993- 15684
gﬁi’;a:‘;ock - 0 0 0 - 0 o o - 20625 20658 20659- 278
Sulee Back 0 0 0 319 318 318 1750 1753 1760 0
- Hardy
Medicine 0 o o 0 0 o JBU0E 14878 14943 14943 JENH o2ea
Prairie Dog 0 0 oEMIE 5920 soie so1c NG 0 0 o [l o
Red wiow N 0 o oM@ o o ofEEES so2a soz9 sozo [ 47
Rock B 2 5] s o o ol e ez e o
Sappa o o ofSEEN 2557 2021 zex [ENE 3527 e e R o
South Fork 11219 11150 11147 [ENEN 7721 7612 7e0o [N 9s8 o954 osof o
Hugh
it . 0 0 0- 0 0 0- 1362 1362 1352. 0
Bonny 1054 1054 1054 [N 0 0 o G 0 o o 0
Keith
i 0 0 o - 335 334 33 - 0 0 0 0
Enders o o o o o oS8 386 3385 s o
Harlan o o o 32 51 silE e e e o
R
0 o o 0 0o o 232 232 232 0
Strunk
swanson [ 0 mE o 0 136 139 139 0
Mainstem as0 830 84145 85331
Total [#8388 29731 20061 28061 BEAHE 23971 24810 24766 BHEESHE 202415 202464 202420 BHESN 25337 24702 24746 N
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Table 3q: 1997 (acre-feet/year)

e CBCU¢ CBCUy CBCUy ws Basin Residual
sin
[REEN maroe Aug0s Janos [HREN Marog Augos Jeanos JEERI Maroé Augos Janoo [REEN Mar0s Aug0s Janoo BN Mar08 Aug0s jan0d
Arikarce  [JEEME 1580 1568 1se7 EEE 339 313 2B 219 195 14 o of ol e o o
Beaver [ O o 6537 6723 6723 EMEE 5409 sesc scec M 0 0 E 374 o 0
Buffsio  [EE 425 312 0 0 oEEEE 2701 2677 2677 0 0 ol 227 o 0
oriftwood |G 0 0 0 0 oIS 1150 1150 1150 0 0 o 0 0 0
Frenchman BB 4394 2678 2672 [ 18 o ofEEEE 76282 7ases vasea [ 38 19| 10 EEEE 33es o 0
North Fork [JENBE 12410 12404 36 25 o[B8 e74 e8c5 ceo/ M O of ol =2 oo o
Abng -1317 -1943 -1944 - 213 218 218 - 12246 11605 11504- 0 0 o. 1260 0 0
Swanson
3::;” . 22 a2 -14- 87 433 -372- 26916 30488 30549-'15?55 11664 11501- 7538 182 0
gﬁ:z,";ock - 0 0 0 o o - 22387 22439 22439- 300 250 zso. 103 o o
e . o o o - 306 308 307 - 1687 1683 1690 - o| o o . o 0 o0
medicine [ O (] o o  ofEEEES 14949 15084 1sosa BB o264 0130 o120 N 272 o o
Prairie Dog o 0 4123 a1z a2zl © 0 oMl o o ol o o o
redwilow [ o/ o ol o o o 302 s307 s3o7 [ 47 3 oM o 0 0
Rock BE % 30 3l o o ofEEEE 2854 2846 zeac [ 0 of ol 15 o 0
sppz D O o ofBEEE 2472 2506 zsos ENEE 3368 330e ool o o ofEE s o o
South Fork [ 9222 9206 9203 EEEE 5980 s925 soz4 NEEE 1027 947 s o o] o 153 o o
paan of o o - ol o o - 1479 1479 1479 - of o o . o o o
gonny  [RE 1078 1078 107 [ © o ojma 0 0 ol o of ol ¢©° o o
;ﬁ:ﬁus . 0 o 0 - 427 427| 427 - 0 0 0 . 0 o o . 0 0 o
Enders [N 0 o o o 0 oENEN sass  3404) 3404 N 0 0 ol o o 0
Harlan o o o 300 a1 s« SR 942 o952 92 o o ol =2 o o
oy 0 0 o 0 0o o - 238 237 237 0 o o . o 0o o
Swanson 0 (] o 0 o ol 15| 1ss  1se [N 0 0 o 0 a0
Mainstem -1340| -1957 -1959 [NHE 432| 92 153 JEBSWN 63235 66221 66282 JHHEH 16085 11911 11848 6386 -182 0
Total 27608 25329 25324 BONSH 20359 20169 20229 JEIUNE 183825 185252 185312 HEMEE 25460 21126 21061 3270 179 ©
Table 3r: 1998 (acre-feet/year)
e CBCUC CBCUK - cBCuy ws Basin Residual
sin
[HRER maros Augos janos RRCA| Mar08 Aug08 Jan09 RRCA Mar08 Aug0s Jan0s [HRER maros Augos Janog [FHER maros Augo8 Jan0s
arikarec  [JEEE 1140 1117 1116 EE 355 324 s EEE 251 221) 220 o of ol s 0 0
seaver [ 0 0 o Bl es03 e1s2 e1s:EEE s s3: s3zo0 [ 0 0 879 0 )]
sufislo [ 394 302 3oz JE 0 0 oJEEEE 2871 2779 2779 A 0 0 184 0 0
oritwoed [ o (] o [ o 0 o SR 1106 1106 1106 0 o 0 o 0
Frenchman [l 4439 2580 2577 [ 45| 1] s EEEEE 77aes 7619 vseu7 [ 40 220 2 eed 11 o
North Fork [BEN 12629 12624 12625 E 38| 28| 0 |EEE oav san su [ gj o 19 0 0
Above ’ .
e aon -1478 2360 -2375 - 227 175 180 - 12085 11168 111 54- 0 0 1891 46 ©
SianeaS - 85 21| 29 - 2176 -349 -332 - 28480 31727 33745- 15837 12298 £731 54 0
gﬁi’;t“;ock - 11 0 o - 0 0o o - 21719 21801 21300- 326 250 172 0o o
G:':fs:‘”“ . 0 0 0 - 256 264 263 - 1594 1598 1597 - 0 0 -15 0o 0
Medicine 0 o oM o o ofEEEEE 15525 15727 15726 [JEEEM 9258 9060 408 0 0
Prairie Dog o o oS 2541 2543 2543 NG 0 0 0 B0 o o 0
Red wiow [ 0 o ofE o o oSS s3:2 s330 sa;o i 47 40 -18 o 0
o B st ¢ GEEN o o oSN »u mu wof 0 o ofM 1 o o
Sappa 0 0 oBEEE 2008 1448 1440 EEEE 3513 2946 2947 0 0 o SN 1128 0 0
South Fork 11717 11546 11530 AN 8189 7970 7oo3 M 10s6 o949 oca gl o o 518 23| 0
Hugh
it . 0 o o - 0 0o o - 1548 1548 1548 - 0 0 0 0 o
Bonny 1120 1121 1121 [ o 0 o G 0 o 0 0 0 0 0 0
Keith
0 0 o - 404 404 404 - 0 0 0 - 0 0 0 o 0
Sebelius
Enders o o ofl o o ofEEEE 307 3e0s ool o o o ol o
Harlan 0 o o 2 37 W 930 90 Nl 0 0 19 o 0
Harry
Bt 0 o o - 0 o 0 - 249 248 248 0 o o 0 o o
swanson MM o o oMM o o ol 174 176 17 o o ol o o o
Mainstem [H3 -1582 -2386 -2410 JBIEH 208 89 oo JEE#SS 3878 66295 c6298 JEHEH 15169 12549 12525 JSEE -s027 o o
Total ESIE1 29697 26950 26913 [MHMEE 20398 16985 18972 [UEEEEE 187189 186753 186744 WA 25542 21698 21677 SN 988 37 0
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Table 3s: 1999 (acre-feet/year)
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CBCU¢ CBCUk CBCUy
Basin
[REEN marog Aug0s Janos [HREN Marog Augos Janos JREERI Maroé Augos Janos [REEN Mar0s Augos Janoo HEEN Mar08 Aug0s jan0d
Arikaree  [JIEB 815 791 506/ a70 ace [ 330 326 [ o
Beaver 0 0 6512 6147 o147 MM ss0a) s145 s o
Buffalo 419 321 0 0 o 2991 2893 2803 0
Driftwood 0 0 0 0 ol 0 a7 [ o
Frenchman BN 4649 2825 -28 0 o088 78700 76809 vemoo N 51
north Fork [ 13096 13105 15 21 | e 907 oo7 [N 0
Abng 1208 990 237 263 269 12300 12540 | 12547 i
Swanson
3::;” . 48 20 112 318 236 - 42837 45967 46049-'15454
Harlan - |
0 0 0 o o 21747 | 21838 21837 351
e e N i == [
e . o o - 305 309 309 - 1680 1680 1680 - 0
medicine [ O (] B o© o ofEEEE 15190 15239 15230 JEREE 9570
Prairie Dog 0 (] 2477 | 2480 2480 [N 0 0 ol ¢
red wilow [ O (] B o o ol 24 633 e sz
Rock Bl s a7 M o o o s0a 3032 ol o
o N 0 o O ww v oMM e nu el o
South Fork [ 112652 [ 12692 12684 BN 9311 9074 ooe7 NN 1258 1169 nc2 M 0
Hugh
s 0 o 0 . 0 o 0 - 1344 1344 1344 0
sonny [N 1116 1116 1o E o/ o o 0 0 ol o
Keith
e . 0 0 0 - 356 356 356 - o 0 0 0
Enders [N 0 o ol o 0 oSN 57z 3| 3711 0
Harlan 0 o o 25 34 3aEEH 846 854 854 0
b (L
0 o o 0 o 0 250 248 249 0
Strunk
Swanson 0 (] o 0 0 ol 157 172 172 [N 0
Mainstem -1252| -1006 -1002 BB 424 253 340 JHEOEN 78ses 82025
Total 31740 29896 29869 [MEIEN 21692 19807 19804 SOMENS 203665 203714 203794 HEMES 26402 22742 22657
Table 3t: 2000 (acre-feet/year)
e CBCUC CBCUY  cBcuy
sin
[RREA maros Augos janoo [RHER Maros Augos janos [JRER] maros Augos janoo [RER Marog Augos Janoo [REEW Mar0s Augos Janos
arikaree  [JEEEN 1851 1823 1823 [N 342 204 20 [EE 273 234 2 o o A
Beaver -_ 0 0 oiESE 549 seco seoo EEEE s3e0 4432 4432 [ 0
suffsic [ 423 330 330 0 0 oEEEE 3093 3000 3000 G 0
oritwoed [ 0o (] o[ 0 0 o 1153 1153 11s3 0
Frenchman B8 4782 262 2eco 1o 0 o B 70017 76043 Tecaa [ a5
north Fork [§BBBE 13286 13284 13285 [ 29| 23| 24 EEEE 104z 1037 103 [E
;::‘;l"m -1967 -3102 -3109 - 256 222 216 - 12593 11457 11450- 0
e EE == =
0 0 0 -83 0o 51 23338 27276 | 27220 16494
Harlan
gﬁi’;a:‘;ock - 0 0 0 - 0 o o - 25090 25194 25195- 365
?:ﬁg:‘”" . 0 0 0 - 406 407 407 - 1762 1761 1762 - 0
Medicine 0 of ofl o o ofEEEEE 15473 15699 15699 JEEEN 9477
Prairie Dog o o ol 1391 1392 1392 NG 0 0 ol o
red wiow [ 0 o ofE o o  ofEEE siso si6e sico [ 4
Rock e 2 52 s o o ofEEE e 33 nnM o
Sappa o o ofEEEN 1355 352 3sq B 271 1768 1770 o
South Fork 9225 0283 9203 M 352 6315 6315 MR 1084 1028 1029 0
Hugh
Pt . 0 o 0 - 0 o 0 - 1602 1600 1600 - 0
Bonny 1169 1170 1170 [N o 0 o G 0 o 0 0
Keith
EE di 0 0 0 - 407 407 407 - 0 0 0 - 0
Enders o o o o o ofSEE 35 cese e o
Harlan 0 o ol 22 32 nEE 9 90 =1l o
Harry
ki 0 o 0 - 0 o 0 - 257 252 253 - o
swanson [ 0 10, 20 0 0 o 121 217 [ 0
Mainstem [SEH -1960 -3101 -3104 JEEE 578 635 573

Total [E858 28844 25537 25536 [§BEEN 17019

116857 13071 13126 [0 -5425

15050 14990 HENINE 187264 186185 186129 HHEEN 26457 22422 22473 BHNNE 2508
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Table 3u: 2001 (acre-feet/year)

Basin Residual
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e CBCU¢ CBCUK CBCUy ws
sin
[HEEH Maros Augos janos [HEEN Maros Augos Janos [EEMI Maroe Augos Janos [HEEA| Mar0s Augos jonos [HREM Maros Augos Jan09
Arikarce  [JISH 1196 1140 114cEEE a2 3711 7o EEE 421 383 2 o of o 133
Beaver [ 0 0 oBENE 17| sos2| sos: JUEEE sese| 4423 4423 0 0 ol =867
suficio BN 401 326 ¢ o o/ oEEE 3246 3170 nvolll o o o 151
oiwoor [ 0 o o o o oMM w2 w221 a0 o ol o
Frenchman [N 4914 2733 2734 © o  offEEE s2c12| soaza soaz MM e 25| 23 4345
north Fork (BN 13654 13653 13es4 [ 37 28 20 B 1558 1551 1552 N 0 0 ol 15
s 1517 2774 -2801 - 322 180 154 - 14447 13150 13124 - B 0l o - 2785
Tl 24| 11 1 - 40 151 84 - 33915 37407 37473 - 16848 13053 12983 . 7367
Sttt - o o o - o o o - 24004 24200 | 24201 - 301 281 281 . 214
e . o o o - 216 216| 216 - 1843 1836 1836 - o 0 - 10
medicine [ O o o o o oSS0 1046 17137 17137 [E0W 9685 9405 oaos EEE 382
Prairie Dog 0 (i 3025 3028 3027 [ (i 0 0 0 0 0
red wilow [ O o ol o o ol es0 62 o2l 2 a o 23
Rock B = s 7@ o o ofEE a8 3227 vl ¢ 0 22
sppz D O o oS8 132 1so| 12 150 zoos zoo7 [ o 10 2273
South Fork M 10914 10407 10385 JEEA 9107 8317 azos JENEEN 1505 1135 1114 M0 -0 0 1739
paan o o o - 0 o o - 1594 1593 1593 0 o 0
sonny [ 1218 1217 1217 o o oG 0 0 ol o 0 Lo
;i;ius . 1] a 0 378 377, 378 - 1] o 1] a a 0 . o
Enders [N 0 o oG 0 0 oSEEE 3998 3996 3996 N 0 0 [
Harlan 0 o o 25 32 |8 814 820 820 0 of o 13
oy 0 0 o 0 0o o - 266 263 263 0 o/ o 0
Swanson 11 11 17 0 0 o El 243 243 224N 0 0 0 0
2768 -2794 [NBHE 00 247 280 [BNEE 74298 76593 76634 JEOGY 17221 13328 13257 JESBY -4786

Mainstem -1452
Total 30875

26782 26735 NS 21326

17665 17689 [BHNFAE 207114 204355 204381 JEHES 27009 22014 22637 [B0NE 6339

Table 3v: 2002 (acre-feet/year)

alaolaalas

o lalisll'allal o |lolalialaliclal a

e e o

Basi CBCUg CBCUg CBCUy ws Basin Residual
sin

[HHER maro8 Aug08 janos [HHER Marog Augoe janos JHRER] mMarog Augos Janos [HEEE Marog Aug08 Jan09 Mar08 Aug08 Jan0g
arikeree  [JIEEM| 306 278 2eo M 295 255 257 406 372 v« o o o 7 o
seaver [ 0 0 o8 s797 37 37ec EEE se4e 3820 3e2o M 0 0 4054 0
sufislc [ 373 310 310 0 0 oIl 3347 3284 3284 E 0 0 126 0
oritwood [ 0 0 o [ 0 0 ol 1272 1272 172 0 0 0 0
fFrenchman B8 4091 2794 2705 0 0 o IR 7sqzd| 7es01 | vezos [l 430 24 4359 0
north Fork [§BBM 13680 13685 13685 JEE 19 22| 22 EEEN 1791 1796 1796 [E 0 0 L a4 0
Above
e aon -2566 | -4446 -4424 - 198 215 236 - 13808 11912 11934 - 0 o o - 3696 66
i::;f"" 2 a5 0 0 - a| =4| o - 11074 16296 16327 - 16186 10908 10874 - -10644  -96
gﬁi’;‘:‘ém - 0 0 o - 0 o o - 26008 26121 26121 - 404 288 288 227 0
G:';‘fs:‘”“ . 0 0 0 - 276 275 215 - 1621 1615 1615 - -10 o o . 12 0
Medicine 0 o ol o o ofEMOE 17310 17857 17857 A 9466 8920 sozo EE 1094 o
Prairie Dog o o oSS 2205 2294 2204 M 0 0 0 B0 A
Red wiow [ 0 o ofE o o ofEEEE si1e8 siso sicoEM 47 3 24 0
Rock B ¢ s o o o ofEEE 38 3307 no7 Ml o o 21 [
Sappa of o ol so7 84 esEEE 1722) 1205 1206 o o 026 o
South Fork 9504 9565 9554 [MESN 4723 4820 4eio JUNESE 1624 1473 1463 0 0 8 3
Hugh
it . 0 0 o- 0 0 o- 1747 1746 1745- 0 0 0 0
Bonny 1267 1267 1267 [ o 0 o G 0 o 0 0 0 0 0
Sl o o o - 512 s12| s12 - 0 0 0 - ol o o o
Enders 0 of ol o o o w30 a2 ol o 0 0 0
Harlan 0 o o 2¢ 32 nJE8 e 887 887 0 10 1 0
Rty o o o - o o o - 274 273 273 - Bl 0 o o
swanson [ © o ol o o ofEE 22 283 283 0 0 9 0
Mainstem B8 -2574 -4a50 -aa20 ESE 405 458 512 JEBESE 52511 55044 55998 16575 11186 11152 -7163  -164
Total WBEES 27627 23518 23531 MADN 14667 12245 12292 [EFENEN 180115 179128 179175 HMEH 2614¢ 20187 20150 EENE 1413 -14s
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Table 3w: 2003 (acre-feet/year)

e CBCU¢ CBCUK CBCUy WS Basin Residual
sin

[HEEN Mar08 Aug08 Jan0s [RHEN Mar08 Augo8 jan09 JRREE] Mar08 Aug0s Jan0s [EHEN Maros Augog Janos BNl Mar0e Aug0s Janos
Arkarce [ 179 163 327 208 2cq [ 619 s72|  sec 0 0 ol 113 12 o
seaver [ 0 0 s719 3021 3021 [ 5122 3425 3425 0 0 o BEEEE 5393 0 0
sutraio  [JIEEE 350 309 30 0 o ol 345 3374 il o of ollEE =2 o o0
oritwood |G 0 0 o 0 o EEE 1301 1301 1301 0 0 o [N 0 ¢ o0
frenchman I8 5099 | 2564 24 o o BEE ee213 e370s e3vos M 48 26| 26 JEEEE so10 o 0
North Fork [ISE 14144 14149 14 25 28 20 EEEE 1240 1248 1248 [ 0 0 ol 0 0
Above |
St <1449 631 160 87 75 - 16448 17262 | 17250 . o o - 1522 38 0
3::;” . -20 0 98 22 22 - 10007 18629 18629 . 17311 8740 8735 -,1?297 0 o
gﬁ:z,‘éock - 0 0 0 o- 27452 27576 27576 . 432 307 307 - 249 0 o
e . o o 357 357 - 2260 2256 2256 . a3 o o - g o o
medicine [ O (] o ofJEBEEE 19339 19574 10574 [ESE ocove 9674 9574 NI 471 o o
Prairie Dog 0 (i} 1137 1137 0 0 0 0 0 0 0 o
red wilow I © (] o ofjiEE cme eo3s coas [ s 39 a0 o 0
Rock | T o o ElE 3441 3430 ol o 0 22 0o 0
sppz D O (] a7z a7z BN 7os ess| sec [l o 0 294 o 0
South Fork S 11399 11254 se77 sea: AN 1836 1716 w2 o o oS8 728 133 o
Hugh |
s 0 0 0 o- 1758 1758 1753. 0 0 o- 0 o 0
Bonny  [EEH 1325 1326 o oS 0 0 o @ ¢ o o g o o
gi:lius . 0 0 542 542 - 0 0 0 0 of o 0 o o0
Enders [N 0 0 0 o SR 4439 4438 aa3c NE 0 0 o 0 0 0
Harlan 0 0 6 3 EE e4 e8| 878 R (R 0 0 0
oy 0 0 o o o o - 414 413 a3 6 o o 0 0 o
Swanson 11 15 15 0 0 oI 42 477 477 R 0 0 [ 11 o 0
Mainstem -1465 -626 -6a2 [NEEE 415 424 411 JWEBEE seice 65724 65711 17727 9039 9033 [HESEN -19059 3¢ o
Total 31121 29221 29156 [#688 14353 11175 11113 BHSEES 194552 198807 196745 27758 18797 16791 J§8EN -7956 183 0

Table 3x: 2004 (acre-feet/year)
CBCU¢ CBCUg CBCUy ws Basin Residual
[HBER maros Augos janoo [HREN Mar0s Augos Janos JEREEN Maros Augos | Janos [HEER| Maros Augos Janos MR Maros Augos Janos
arikarec BN 168 167 es[EE 267 201 201 379 40s| 4osE o o o 46 0
Beaver 0 o o e194 3233 n:EE 71 a3 a0 o o o EEE so20

Buffalo 3s9| 341 za1 8 0 0 oEEE 5423 3375 3375

0
(1]
oritwoed [ o (] o [N 0 0 ol 1479 1479 w0 0 o [ 0 0
0
(V]

Basin

Frenchman [ 5324 2683 zes2 [ 14 0 o JESEEE oca23 eveo even I sz 28 2 EEEE s2s2
north Fork [BEM 14497 14499 14400 JEH 36 33 a3 EEE@ 1299 1300 |

el olial olola

Above !
oson 1318 -1300 -1295 - 174 155 160 - 13842 13824 13829 -! 0 0 0 - o 8 0
|
i::;f"" 2 21 0 0 - 58 0 n- 16861 25366 25370 -| 17588 9126 9117 - 17068 11 0
i

:z:;‘:‘R“k - 0 0 0 . 0 o 0 - 28881 29010 29011 -I 464 332 33 - 264 0 0
G:ﬁs:‘”" . 0 0 0 . 172 174 174 - 2279 2273 2273 ' 0 0 0 . 0 0 0
Medicine = o o o o o o BB 19730 19986 19986 [EEES 10045 0790 9790 SN s12 0 o
Prairie Dog o o o8 1327 1327 1327 A 0 0 ol ¢ o ol o o ¢
Red witow [ 0 o ol o o ofEEEE 6412 oca20 cazo EE 9 a2 w2 34 0 0
Rock B 7 2 2 o o oMM seiz 397 o7l o o o 0 o o
Sappa 0 o o 0 133 233 EEH  e29 694 694 ' o 0 ol 270 o 0
South Fork 12035 11853 11830 [SHE 6165 sus7 so73 EMEE 1387 1330 1316 - o o a3 a2 o
::g:‘r . 0 0 0. 0 0 n- 1773 1772 1772 ' 0 0 0- (i 0 o
Bonny 1322 1342 1342 [N 0 0 o S 0 0 | 0 0 o e 0 0o o
Sl 0 o o . 496 495 496 - 0 0 0 o o - 0 o o
Enders of o o o o oS 430 as2e o0 o ol o 9o o
Harlan 0 of o % 3 ol 2 s 1 13 Gl o o 0
:?ﬂu 0 o6 o - 0 o o - 365 361 0 0 0 - 0 o 0
swanson M 0 12 128 o o o 473 40 ol o o ol 13 o o
Moinstem [EHEEN -1345 -1308 -1307 Y 278 33¢ 343 S 61864 70473 7042 JEDE 16036 sSeso sado WENEE 17318 29 ©
Total BE9 32500 29658 29645 [EEHE 14783 11597 11590 SHNGTN 205653 208929 206924 [HEHEE 26210 19330 19319 JEEEE 5914 15 o
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Basi CBCUg CBCUy CBCUy
sin
[RRER Maro8 Augos Janoo [HEEN Marog Augos jenos RG] mMaroe Augos
arikarce S 692 657 289 264 231 232 22« o
Beaver [ 0 0 6268 3950 7';2_3 4906 4905_- 0
Buficlc  [EBE 458 384 0 o/ ofEEE 3500 3426 a2l o
oriftwood  [JIIE 0 0 0 0 o EE 1421 1481 2401 [E 0
Frenchman B8 5494 | 2768 18 0 83469 80760 sovel | 52
North Fork [IIEE 14467 14481 29| 35 104 1304 1302l ©
s 1346 1638 181 163 11659 11352 11345 - 0
::::nm ’ 48 14 102 29 24059 31912 31914--1;724
Sttt - o o 0 28765 28899 23900- 483
Guide Rock |
It . 0 (i} 204 2806 2800 2801 - -18
medicine [ O (] 0 19366 19625 19625 [N 10160
Prairie Dog 0 (i} 5265 0 0 o [ 0
red wilow M © (] 0 6567 6581 esol [ A1
Rock B o4 77 0 3779 3762 2 o
seepe [ 0| o 196 3448 2065 2000 ©
South Fork [ENEE 13714 13701 7081 1272 1278 e
Hugh ]
s - 0 (i} 0 1708 1708 1708 - 0
Bonny [N 1272 1273 (] 0 0 ol o
Keith
e . 0 0 510 0 0 o . 0
Enders [ O 0 0 4651 4650 scso [l o
Harlan 0 o 30 857 858 857 12
Harry
s 0 o o 0 0 317 316 316 0
Swanson o (] o 0 o 410 418 415 [N 0
Mainstem -1304 -1653 -1662 [NESN 274 338 333 JEESN 67200 74962 7as60 JEEEN 18187
Total 34798 31696 31700 [i#88 20873 17275 17202 BHGEIN 206865 208331 208344 [HEES 20474
Table 3z: 2006 (acre-feet/year)
Basi CBCU¢ CBCUK CBCUy
sin
[HRER maros Augos janos RRCA| Mar08 Aug08 Jan09 RRCA Mar08 Aug08 Jan0s [HRER maros Augos Janog
arikaree  [JNBEH| 1076 | 1047 1047 NN 18| 164 1c0 RN 119 1200 120 N 0
Beaver -_ 0 0 oIl 132 4620 ac2o EEEE 6435 4933 4033 N 0
sufislc  [EEE 475 399 300 E 0 0 o EEEE 3481 3405 3405 S 0
oritwood [ 0 0 o [ 0 0 ol 1422 1422 1422 0
Frenchman B8 5639 zs40 2830 0 0 o SRR 790214 76441 | Jesel M S6
north Fork [N 14421 14424 14az4 JEE 14| 17| 17 EEEE 1227 1230 1230 E 0
;::‘;l"m -1864 -2454 -2454- 193 202 202- 10126 9532 9533- 0
i::;f"" 2 ol a7 a3 - 63 -342 256 - 23157 30084 301 74- 17354
o - o o o - o o o - 26366 26499 zssou- 510
G:ﬁs:‘”" . 0 0 0 - 113 115 115 - 2353 2344 2345 . 13
Medicine 0 o ol o o ofEEE 18419 18767 18767 NN 10101
Prairie Dog o o ofEER ace0 4080 aseo M 0 0 0 0
red witow [N 0 o ol o o ofBBBE 6063 soso soso EE S0
Rock B o 2 2 o o oS8 3se3 3864 eca M o
Sappa o o ofEEE 17s0 71 -soNEEE 4763 2858 2871 o
South Fork 10625 10581 10585 [EMN 4370 4347 4350 BB 1048 1024 1028 0
Hugh
Pt . 0 o 0 - 0 o 0 - 1647 1647 1647 - o
Bonny 1261 1262 1262 [N 0 0 o G 0 0 0 0
Keith
EE di 0 0 0 - 531 531 531 - 0 0 0 - 0
Enders 0 of ol o o o 4c26 as2s| scs [ o
Harlan 0 o ol 2 3o o e85 814 814 13
Harry
poty o o ol o o o » = = o
swanson [ o 12 2E 0 0 ol 367 370 370 o
Mainstem 058 -1873 -2483 -2477 EE8 246 20 o5 JHSMI 62002 68458 66551 ¢
Total 8B 51731 26163 26172 HSHE 16250 14612 14712 [MEIESE 195626 196353 196462 NS 28666 20762 20654 EEH

Table 3y: 2005 (acre-feet/year)
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Table 4a: Average 1981- 2000 (acre-feet/year)

Basin Residual

oM S
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o fEE 124
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2107 B8 | 265
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olE8 s
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o | elao oo
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o o ol e el ol o

o o
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o

e oo o o o | oo o0 oo o o o

o

e CBCU¢ CBCUK CBCUy ws
sin

[REEH Maros Aug0s Janos [HEEN Marog Augos Jenoo [IERERI Maros Auges janos [HEEH Marcs Aug0s jon09 HEER Mar0g Augos Jan0s
Arikaree [N 1153 1134 1133 387 62| e EEE 227 216 s o 0
seaver [ 0 0 6063 ses1 sesi MEEN sase 5044 sosq 0 0
sufisio A 248 186 0 0 o EEEE 2220 2158 215¢ [N 0 0
oritwood [ 0 0 0 0 o8 1076 1076 1o7e [ 0 0
frenchman [N 3174 | 1918 16 o o BB eseea caa1s eaars | 19 0
North Fork (Bl 10494 10497 25 23 22 577 s s 0 0
s 1138 1439 - 220 212| 210 10579 10270 10253- ol 0
3::;” . 30 11 - 82 -111 102 31567 33868 33373-'129?:: 10609
Sttt - CI - o o o 18031 18066 mss- 190 159
e . o o o - 255 256 256 1550 1560 1560 - o o0
medicine [ O o ol © o o 12885 13017 13017 [EE 8237 8107
Prairie Dog 0 o o 3916 3916 3916 |G (i 0 ol o 0
redwilow [ ©of o ol o o ofMEEN 458 scer scc Ml 30 27
Rock B o 2 2zl o o o R 2143 2190 240 o 0
sppz O o of0E 1se0 1454 14sa EESA 106 zees zec7 [ o 0
South Fork [JREE 9794 | 9725 9722 S 7576 74s6 7ae3 RN 9211 es1  ese M 0 0
Hugh ]
P - 0 0 c- 0 0 o- 1232 1232 1232 0 0
sonny  [EEY 952 962 oc2 [ o o oG 0 0 ol o 0
Keith
Sebelius . Li] a a - 510 509 509 - i} a 1] a a
Enders [N 0 o o 0 0 oSN 2798 2797 2797 [ 0 0
Harlan o o o 29| 32| B8 814 817 87 o o
Harry
Strunk ] 0 0 0 ] Li] - 185 195 195 0 (i}
Swanson 0 (] o 0 ] o el 52| 1sa  1ss N 0 0
Mainstem [NBSN -1173 -1452 -1a56 68 350 355 363 | 61736 63763

63771 {38 13160 10765 10753 MBS -4133
Total  [BHSEH 24673 22994 22086 [lINY 20766 19761 19765 NESEAS 165861 165790 165796 MEN0H 21457 18922 18006 NN 204

Table 4b: Average 2001- 2006 (acre-feet/year)

Basin Residual

Basi CBCU¢ CBCUK CBCUy ws
sin

[HHER maro8 Aug08 janos [HHER Marog Augoe janos JHRER] mMarog Augos Janos [HEEE Marog Aug08 Jan0d
arikarec B 603 577 sro[EEE 297 272 2 sz 347 o o o 67
seaver [ 0 0 ol 104 3947 3047 EEE 432 4275 a27s [ 0 0 o fiEl 4312
sufislo  [JEEE ao8| 345 345 JE 0 0 o BEEE 3402 3339 3330 M 0 0 126
oritwood [ 0 0 o [ 0 0 o 130 1372 137: [ 0 0 0
Frenchman BB 5244 2730 2730 o 0 o EEEEE 83402 eoso7 | sosos MMl a8 27| 27 MM aoe:
north Fork [EEE 14144 14140 1414s B 27| 27| 27 EEEE 140z 1405 1405 [E 0 0 [ o
Above -
oson -1677 | 2207 -2210 - 205 167 164 - 13388 12839 usss- 0 0
Swanson - §
P 14 0 o- 74 96 -54- 19845 26616 25543- 17269 10375
Harlan -
e rock - 0 0 0 - 0 o 0 - 26928 27051 27051 - 447 322
?:ﬁg:‘”" . 0 0 0 - 227 223| 224 - 2194 2187 2188 . -12 0 0
Medicine 0 o o o o o 18518 18824 18s24 JEEEE 0804 o9seo| oseo IS 612
Prairie Dog o ol ofS88N s005| 3005 3005 NG 0 0 0 gii o 0
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Table 4c: Average 1981- 2006 (acre-feet/year)
CBCU¢ CBCUK CBCUy ws Basin Residual
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