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1. Introduction

This report provides a response to Nebraska Expert Report in Support of Counterclaim and
Crossclaim: Nebraska's Proposed Changes to the RRCA Accounting Procedures by Dr. James C.
Schneider dated November 18, 2011 (the “Report”). The Report builds upon a previous report titled
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 (the “2009 Report”).

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
RRCA Groundwater Model or the application of the Model. Instead, these observations are
manifestations of the nonlinear behavior of the complex hydrology of the Republican River Basin
itself.

To explain “The Problem”, Nebraska introduces an analogy based on a simple weight scale with a
limited capacity to weigh multiple objects. This analogy is misleading and inaccurate because it
compares the RRCA Groundwater Model and Accounting Procedures to a flawed, nonlinear
measurement device attempting to quantify a process that is inherently linear. The RRCA
Groundwater Model is nonlinear because the underlying groundwater flow system in the Republican
River Basin is nonlinear, and not as a result of any sort of flaw in the Model itself. Nebraska’s
analogy is therefore totally inappropriate and not helpful as an illustration.

As for “The Solution”, it is but one of many different applications of the Model that will provide a
result. However, Nebraska’s proposed solution does not solve the underlying problem, is cuambersome
in execution, and introduces new problems. Even if one were to accept what the Report characterizes
as an error, the solution proposed by Nebraska is not appropriate.

Furthermore, the proposed solution burdens the States for the consumption of imported water in direct
contradiction of the Final Settlement Stipulation (FSS) dated December 15, 2002. In fact, the
proposed solution exacerbates the problem by increasing the amount of consumption of imported
water added to the Computed Beneficial Consumptive Use (CBCU) of groundwater (CBCU,,)" for all
three States.

The core of the Nebraska proposal is not to determine the Virgin Water Supply. Even under the
proposed Nebraska procedures, the Virgin Water Supply could be very simply calculated using the
difference between the historical simulation and a simulation with all pumping and imported water
turned off. Instead, its complex procedure is required to attribute this difference to the States.
Nebraska's proposed procedure would burden the States not only for the actual depletions to stream

1 Generally, the Compact accounting and equations uses the abbreviation CBCU to generically refer
to Computed Beneficial Consumptive Use. A subscript is used to refer to some specific type of
CBCU. Thus the total CBCU for all groundwater consumption is CBCUGg, while Nebraska’s total
groundwater consumption is CBCUJy, etc.
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flows, but also for the potential depletions to stream flows that would have been caused had the other
States not been pumping — a purely hypothetical exercise. Such a procedure benefits the State with the
largest impacts, because it considers the potential impacts that would have occurred in the absence of
the major stress that historically occurred in the basin. Since, historically, Nebraska's pumping
impacts comprise more than 80% of all the pumping impacts to streams in the basin, this obviously
favors Nebraska.

By burdening States with potential depletions rather than actual depletions, the Nebraska proposal
essentially shifts the burden of some of Nebraska's pumping depletions to Colorado and Kansas, and
thus reduces the ability of Colorado and Kansas to use their full allocations guaranteed under the
Compact.

Colorado therefore objects to Nebraska's proposal to change the approved procedure to calculate the
CBCU of groundwater for each State on the following technical grounds:

1. Nebraska's proposed solution burdens Colorado and Kansas, but mostly Nebraska itself, with
consumption of imported water supply. This is counter to the conditions agreed to in the
Accounting Procedures and Reporting Requirements attached as Appendix C to the FSS.

2. 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.

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

4. 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 RRCA Groundwater Model is an imperfect analog of reality that
cannot be perfectly accurate in every location for every year. To mitigate the Model's
limitations, the States agreed to assess Compact Compliance using a five year running average.

5. 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's 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.

6. Nebraska’s proposed method assumes that the accuracy of the RRCA Groundwater Model is
the same under all conditions. In reality, model results becomes increasingly uncertain the
further away they get from the conditions the model was calibrated to. The currently approved
method was adopted to deviate from the calibrated conditions only to the extent absolutely
necessary to determine depletions to baseflow caused by groundwater withdrawals and to
determine the effect of the imported water supply on surface streams. In Nebraska’s proposed
method, the impact calculation is dominated by conditions to which the RRCA Groundwater
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Model was not calibrated.

7. The procedure proposed by Nebraska is but one of many alternatives to the procedure approved
by the States and the RRCA as part of the FSS. If there is indeed a problem with the
calculation of Imported Water Supply Credit in the approved procedure, the procedure
proposed by Nebraska is not the appropriate solution. A method will be demonstrated that
corrects a deficiency in computing the Imported Water Supply Credit 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
in the Nebraska report, but 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, although the
procedure proposed in the report may not be the sole solution to the problem.

The graphs and results shown in this report are based on model simulations supplied by Nebraska to
support its current Report and the report Nebraska submitted in support of its proposals in the 2009
nonbinding arbitration (2009 Report).

2. The perceived problem

Nebraska contends that the approved RRCA Accounting Procedures are flawed because the impacts
computed for individual States do not equal the impacts for the three States combined, for each sub-
basin, and for each year.

This result is not indicative of any error. Instead, this result is simply the consequence of the nonlinear
behavior inherent in the Republican River groundwater system which is correctly represented in the
RRCA Groundwater Model. The approved RRCA Accounting Procedures recognize that the
nonlinearities in the model could cause the pumping impacts of wells in Colorado or Kansas to be
greater in the absence of any pumping in Nebraska than the pumping impacts of wells in Colorado or
Kansas when wells in Nebraska were actually pumping, as they did historically.

The approved RRCA Accounting Procedures satisfy an important requirement that Nebraska's
proposed method does not: The pumping impacts assigned to a State cannot exceed the amount of
additional baseflow that would be generated by curtailment of all the wells in only that State.
Therefore, if all the wells in Colorado were curtailed, Colorado's Computed Beneficial Consumptive
Use of Groundwater under the Compact cannot be greater than the amount of additional baseflow
generated by only that action. This is not by accident. The committees that constructed the RRCA
Groundwater Model and formulated the accounting procedures were well aware of the nonlinearities
in the groundwater system and that were represented in the Model. The procedure in the RRCA
Accounting Procedures to calculate the Computed Beneficial Consumptive Use of Groundwater for
each State was agree to after careful consideration of such nonlinearities. 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
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been generated had Nebraska never developed any wells, even though Nebraska had the right to
develop and administer wells in Nebraska.

The primary purpose of the RRCA Groundwater Model is to determine the amount, location, and
timing of stream flow depletions to the Republican River caused by well pumping and to determine
stream flow accretions from recharge of water imported from the Platte River Basin in to the
Republican River Basin®. This is accomplished by determining the effects of groundwater pumping
and the imported water supply on baseflow® and the gaged surface flows. These calculations are
complicated by factors that contribute to the nonlinear behavior of the model. Specifically,
evapotranspiration by native vegetation, which constitutes a large fraction of the overall water budget,
changes in response to changes in water levels. In addition, significant portions of some streams dry
up, especially during dry periods, resulting in additional nonlinearities. This leads to a complex
interaction between imported water and pumping impacts.

At times, some of the stream reaches dry out due to natural conditions, a condition that occurred
historically and prior to development of the RGDSS Groundwater Model. However, imported water
can increase the stream flows to the point where streams remain wet, and hence increase the potential
for well pumping to cause additional depletions. It is therefore important to consider the interaction
between the imported water and depletions caused by well pumping.

2.1 Nebraska's Demonstration of the Problem

To demonstrate the existence of a problem, Nebraska cites examples where Nebraska would benefit
from a change in the approved accounting procedures. Specifically, in the 2009 Report, 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 are 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 are greater than the individual impacts of Colorado and Nebraska
added together. In addition, 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. In the
current Report, Nebraska concentrates on the Swanson-Harlan mainstem reach to illustrate how under
the proposed method, Nebraska would benefit from a change in the procedures under projected future
conditions.

2 This imported water or “imported water supply” is a water supply imported to the Republican River
Basin by a state resulting from the activities of man. Here we are concerned with water diverted from
the Platte River in Nebraska, a portion of which recharges the groundwater system within the
Republican River Basin, also referred to as “the mound.” This water can result in additional baseflow
and even CBCU that would not exist but for the imported water supply.

3 In simplified terms, “baseflow” may be thought of as the water that accretes to surface streams from
an aquifer. Itis a portion of, but not necessarily the entire amount, of water recorded at a stream gage.
Gaged flows may also contain water that reached the stream directly from surface runoff, usually due
to precipitation events.
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Nebraska's conclusion that these demonstrations are indicative of errors in the current RRCA
Accounting Procedures is not correct. Specifically, Nebraska’s 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 their proposed change to the accounting procedure as a
correction needed because the approved method underestimates the virgin water supply.

However, Nebraska’s proposed procedure incorrectly increases the calculation of Kansas and
Colorado’s 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 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 model 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, including 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 during
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 the simulations being compared.

4 Generally, groundwater models are run in either steady state or transient modes. Transient
simulations are needed to analyze time-dependent problems. Transient simulations produce a set of
groundwater heads or elevation for each time step, i.e. twice monthly, whereas steady-state
simulations generate only one set of groundwater heads representing an average over time.

6

C0O000000401

N1003
6 of 51



Although the nonlinear behavior of the RRCA Groundwater 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 and the United States agreed to these modeling procedures and protocols.

The Accounting Procedures section II1I.D.1 establishes the procedure for running the Model in order to
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 baseflow 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 a 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 caused by turning off the wells is by definition the impact. Whether
the baseflow is linearly or nonlinearly related to the pumping is immaterial when evaluating the
impacts for one state using the RRCA approved 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 baseflow between the conditions are the baseflow 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
5

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 stream flows using
two runs of the model:

The “base” run shall be the run with all groundwater pumping, groundwater pumping

5 A predevelopment condition means that no well development or imported water supply occurred
anywhere in the basin.
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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.”

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 stream flows. 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 imported water supply credits are calculated by subtracting stream flows in a
simulation where the imported water supply is removed from the historical simulation. Following the
nomenclature introduced by Nebraska in Table 10 of the 2009 Report, the approved methods for
estimating impacts are

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

CBCU¢+ CBCUy + 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 6-CKMN and CK-CKMN if the model behaves nonlinearly, as
it should in this circumstance.

The procedure first proposed by Nebraska in the January 2009 Report modifies the approved
procedure to be
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CBCU¢ = (KMN-CKMN)/4 + (©-C)/4+
(K-CK)/12+(M-CM)/124+(N-CN)/12+(KM-CKM)/12+(KN-CKN)/12+(MN-CMN)/12  (2a)
CBCUy =(CMN-CKMN)/4 + (6-K)/4+
(C-CK)/12+(M-KM)/12+(N-KN)/124+(CM-CKM)/12+(CN-CKN)/12+(MN-KMN)/12  (2b)
CBCUy =(CKM-CKMN)/4 + (6-N)/4+
(C-CN)Y/12+(M-MN)/12+(K-KN)/12+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)/12  (2¢)
IWS =(CKMN-CKN)/4 + (M-©)/4+
(CM-O)/12+KM-K)/124(MN-N)/124(CKM-CK)/12+(CMN-CN)/12+(KMN-KN)/12  (2d)
so that
CBCUc+ CBUCk + 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)/124+(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 (21)

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 Y 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 rationale provided in the Nebraska Report for this procedure is that the States should not only be
charged for the actual depletions they caused, but also for the potential depletions they would have
caused in the absence of pumping from other States. Furthermore, it should be noted that in half the
simulations shown in Eqgs. 2a-d imported water supply is included, which burdens all three states with
the depletion of imported water in direct contradiction to the FSS.

The sixteen runs can be combined as weighted pairs in numerous different ways. Mathematical
manipulation of the averages can lead to different results, but just because mathematical manipulation
of the results provides a desirable outcome, it does not mean that it produces a “better”, much less
correct result for the three States, or enhances administration of the Republican River. 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 untenable. The
mathematical manipulations must be tempered by sound engineering judgment as to whether such a
procedure is “better” and correct under the Compact.

Nebraska's proposal has at its core the goal of matching the sum of 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:
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CBCUq= KN - CKN (3a)
CBUCy =CN - CKN (3b)
CBCUy=CK - CKN 3c)
IWS = CKMN-CKN 3d)
so that

CBCUq+ CBUC + CBCUy - IWS =KN + CN - 2CKN +CK - CKMN 3e)
CBCUy - IWS = (CK-CKN) — (CKN-CKMN) = CK — CKMN 3f)

Note that Eqgs. 3a-c are the same as Eqgs. la-c except that pumping impacts are evaluated in the absence
of the imported water supply, 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 Eqgs. la
and 1b since the Colorado and Kansas pumping impacts are not affected 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 depending upon
the goal of those who operate the model.

2.4 Quantitative Results

Tables 1 and 2 show 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 2c¢ show the average values for 1981-2000,
2001-2006 and 1981-2006, respectively.

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

Nebraska Residual = (CBCUjy - IWS) - (CK — CKNM)), @
while the Basin Residual column shows the basin wide residual computed as
Basin Residual = (CBCU+ CBUC + CBCUjy - 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 Eqs. 2a-d. The NEnet column refers to results computed using
the example computation shown in Egs. 3a-d.

6 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 does not materially
alter the results or conclusions.

10
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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 Nebraska’s method is appropriate. Similarly, the Nebraska Residual is always
zero when 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 RRCA Groundwater 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 identified as 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 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 Egs. 3a-d results in Colorado’s pumping impacts 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 RRCA Groundwater 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 Republican River
Basin was developed which spanned approximately 1940 to 2000. However, since the Dust Bowl years
immediately preceded this period, the lingering effects of the Dust Bowl would be difficult to estimate.
The study period was therefore extended to before the Dust Bowl 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.

The Model was not calibrated to pre-1918 conditions. Instead, the Model was calibrated in transient

11
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mode based on observed water levels and baseflow in the streams. Gaged stream flow records extend
from approximately 1940 to 2000, although individual gage records may be for much shorter or
intermittent 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 current RRCA
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 activities of man.
In part, this approach was selected to minimize the uncertainty in the results produced by the model.

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

The Nebraska proposal gives equal weight to differences from the historical and the simulation
without any development, despite the differences in their relative reliability. This is not a correct
modeling protocol.

2.6 Selecting the best method

While the different methods differ quantitatively, 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)
computational awkwardness.

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 currently approved by the RRCA.

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 RRCA currently approved method is indeed small. Furthermore, there are many possible
solutions, as demonstrated by the one alternative example cited. Nor is the Basin Residual criteria the
only measure that can be used to evaluate the perceived “accuracy” of the procedure.

Nebraska is therefore wrong in arguing that there is one solution. Colorado therefore disagrees with
12
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the imperative to change the RRCA approved procedure and specifically finds Nebraska’s proposal
unacceptable, both in terms of proper modeling protocol and in terms of attempting to predict the
depletions caused to the streams by each State’s actual groundwater withdrawals.

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 current RRCA approved Accounting Procedures, it would not automatically
follow that the Nebraska’s proposed solution is appropriate. In fact, as will be demonstrated below,
Nebraska’s proposed procedure 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 actually a problem, and that
Nebraska’s 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. The Republican River Compact allocates to Colorado the entire water supply
of the Frenchman Creek drainage basin in Colorado. 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 of 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
creek’s 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 total predicted 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. Each Model cell represents one square mile. 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 others where it dries out.
Only for the last three model cells is 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.
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Figure 2 shows the RRCA Groundwater 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 is 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 RRCA Groundwater Model is run under predevelopment conditions, that is a simulation
where no pumping occurs in either Colorado, Kansas or Nebraska and there are is no imported water
supply, 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 Model can also be run assuming that these same 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 predicted 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 any 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 Model is run assuming that only wells in Colorado were developed, and that no wells
were developed in Kansas or Nebraska and no imported water supply occurred, the Model predicts
baseflow shown as a red line in Figure 2. The impact 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 the Imperial gage. In Figure 1, these
impacts occur in the 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
as lines in colors consistent with Figure 2. The difference between the green and blue lines which is
colored orange shows that if wells in Colorado would have never pumped under otherwise historical
conditions, 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,
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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.

It is instructive to construct the Nebraska method for the simplified two state case that occurs on
Frenchman Creek. Ignoring the impacts of imported water supply (the mound or M) and Kansas
pumping K because they are so small on Frenchman Creek, the total impact on Frenchman Creek
using the Nebraska definition is approximately ©-CN. From basic arithmetic, we know that we can
split one into two halves. Also, if you add and subtract the same quantity, the net result does not
change. Therefore, we can split © and CN and add and subtract ¥2C and 2N without altering the
result as
6-CN = (26 + 120) - (Y2CN +%CN) + (72C-%2C) + (¥2N - 12N)
= 15(0-C) + %A(N-CN) + %2(6-N) + ¥2(C-CN) (6)

after regrouping the terms on the right hand side. Assigning terms differing in N to Nebraska and
terms differing in C to Colorado, Eq. 6 can be rewritten as

O-CN = CBCU + CBCUy 7
where

CBCUq= Y2(6-C) + ¥2(N-CN) (8a)

CBCUy = ¥2(O-N) + 1»(C-CN) (8b)

Note that Eqs. 8a and 8b demonstrate mathematically that the essence of the Nebraska proposal is to
average the actual and the potential depletions. The Colorado CBCU is the average of the actual
historical depletion caused by Colorado N-CN and the depletion that would have occurred in the
absence of Nebraska pumping ©-C. Since pumping in Nebraska is much more and closer to
Frenchman Creek than pumping in Colorado, the potential impacts ©-C are much larger than then
actual impacts N-CN. In particular for 2003, 6-C is 5,099 acre-feet, while N-CN is 19 acre-feet. On
the other hand ©-N and C-CN are very similar because Colorado's pumping impacts to Frenchman
Creek are small compared to those of Nebraska.

The full 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 CBCU¢ is then calculated as the weighted average
of the different simulations.

Figure 4 shows that the eight pairs fall into two categories, four where the wells in Nebraska are
pumping and four where there is no well pumping in Nebraska. In fact, the four combinations in each
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group of four, with or without Kansas pumping and with or without the imported water supply, makes
so little difference as to be indistinguishable. For all practical purposes, therefore, the CBCU( for
Frenchman Creek is 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 approximation in the simplified two state example shown in
Eqs. 8a and 8b therefore captures the essence of the Nebraska proposal for Frenchman Creek.

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.

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 ©-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 as in Eq. 8a
would be 2,559 acre-feet, but the full 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 as in Eq. 8b would yield 83,710 acre-feet, but the full 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 and completely out of the State of Colorado’s control.

Colorado has no specific 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 untenable.
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Another way to view the effect of the Nebraska proposal is that when a stream dries up, additional
pumping cannot have any other effect on the stream itself, but the pumping continues to withdraw
groundwater from storage in the aquifer itself. Nebraska’s proposal essentially takes that amount of
groundwater withdrawn from storage and divides it equally among the two states and charges those
withdrawals as CBCU, even though there is no stream impact at that time from the withdrawals from
storage. In the previous non-binding arbitration, Arbitrator Karl J. Dreher viewed the Nebraska
proposal in this manner and found Nebraska’s proposal inappropriate. Arbitrator’s Final [Corrected]
Decision, In re Non-Binding Arbitration in Accordance with: Final Settlement Stipulation (July 13,
2009) at 49 29-33. The Compact does not restrict the depletion of the groundwater aquifer, only the
impact the aquifer depletions have on the surface streams.

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. The Beaver Creek stream channel
is generally dry within Colorado.

In the RRCA Groundwater Model, the representation of Beaver Creek starts about 25 miles
downstream of the Colorado state line inside Kansas, due to the historically dry stream channel in
Colorado. 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 up.

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 of Little and North Beaver
Creeks 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 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 losing 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
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Nebraska, such that at the confluence with Sappa Creek, where there is 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 Beaver Creek crosses into Nebraska, the baseflow mirrors the behavior seen under
predevelopment conditions. So for approximately the first ten miles inside Nebraska, the stream loses
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
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 discussed 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 in this reach of Beaver Creek
even 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, 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
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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 any 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. And again, as found by
Arbitrator Dreher, Nebraska is essentially taking the reduction in groundwater storage caused by
pumping that does not result in stream depletions and averaging that change in storage between the
states. This is not appropriate.

Therefore the procedure proposed by Nebraska is not sufficiently rigorous and does not supply the
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 baseflows. 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 the imported water supply, 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 imported water
supply from the Platte River Basin on stream flow. As shown in Figure 9b there is very little inflow
into Harlan County reservoir under historical conditions that can attributed to imported water supply.
As shown by the purple line, in the absence of imported water supply, 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 do not depend on the imported water supply. This can be verified by performing a
simulation where both Nebraska pumping and imported water supply are simultaneously switched off
as shown in Figure 9c. In Figure 9c the purple line represents the no imported water supply simulation
as shown in Figure 9b, and the green line represents the flow in a simulation where both Nebraska
pumping and imported water supply are removed. The difference between these simulations represent
the Nebraska pumping impacts in the absence of the imported water supply.
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Comparing Figures 9a and 9c, it is clear that the pumping impacts with imported water supply are
often greater than pumping impacts in the absence of the imported water supply. This trend is
especially noticeable in dry years such as 2003 and 2004 when the stream would be mostly dry except
but for the imported water supply. This is the result from the inherent and necessary nonlinear
behavior in the RRCA Groundwater Model. The inflow into Harlan County Reservoir is greater when
water is imported then when it is not. This is true regardless of whether wells in Nebraska are
pumping or not. Nebraska’s fallacy lies in the expectation that the inflow would increase 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 of upstream inflows. Therefore, the term that appears in the
RRCA 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 Mainstem Impacts. This pumping impacts evaluated in this
way is by definition the groundwater (CBCUj) 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 the
imported water supply than without the imported water supply. 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 supply
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. 2c can be rewritten as

CBCUy = [3(CKM-CKMN) + (M-MN) + (CM-CMN) + (KM-KMN)]/12+
[3(©-N) + (C-CN) + (K-KN) + (CK-CKN)J]/12 9

Eq. 9 is algebraically identical to Eq. 2c, but Eq. 9 is written in this way to group Model simulations
with the imported water supply “on” together (the name contains an M) and simulations with imported
water supply “off” together (the name does not contain an M). Note that in Eq. 9 the coefficients of
the first group of terms sum to %2, as does the second group of terms. Therefore the Nebraska proposal
to estimate Nebraska's pumping impacts essentially averages the impacts calculated with imported
water supply “on” and impacts calculated with imported water supply “off”.
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As shown in Figure 10, any simulation where the imported water supply is “on” will include
consumption of the imported water supply. The Nebraska simulations that project 50 years into the
future starting in 2009 are shown in Figure 11. The three frames in Figure 11 show the same quantities
as Figure 10, just for the different period. Figure 11b shows that in this projection, almost no imported
water supply reaches this reach of the stream. However, Figure 11a indicates that Nebraska's CBCUg;
indicated in yellow, will steadily rise because in the absence of pumping in Nebraska (the red line), the
baseflow would steadily rise. This rise can be attributed to the imported water supply that would have
reached the stream in the absence of Nebraska pumping.

The method proposed by Nebraska would continue to include this imported water supply in the
CBCUg calculations. In fact, because the Nebraska method uses potential depletions, the CBCU for
all the states would contain increasing amounts of imported water supply in violation of the FFS.

By contrast, the alternative method illustrated in Figure 1lc shows that the alternative method
effectively filters out the effect of the imported water supply, and that the CBCUj calculated in the
absence of imported water supply remains essentially the same over time.

The Imported Water Supply calculation is intended to subtract the imported water from the actual flow
measured at the surface water gages. The purpose of this calculation is to correct the observed gaged
surface flows for the increases due to the imported water supply. As in the case of estimating pumping
impacts, Nebraska's proposed method calculates the imported water supply 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 the imported
water supply 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 water supply at
the gage.

The surface water gages measure the actual historical surface water flow, including baseflow, overland
or surface flow and imported water that makes it to the stream. The purpose of the Imported Water
Supply calculation must therefore be to subtract the actual amount of imported water supply that was
included as surface water flow in the measured gage flow. Eqs. 1d and 3d are identical, and reflect
exactly what is required. The Nebraska proposal reflected in Eq. 2d incorrectly incorporates imported
water supply 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 modeling protocol and is not a reasonable
representation of the physical system.

4. Nebraska's Scale Analogy
In the their Report, Nebraska uses the analogy of a scale which is used to measure weights but reads

low beyond a certain weight as an analogy to describe what they consider “The Problem”. This
analogy is very misleading, and is incorrect in several respects.

21

CO000000416



N1003

22 of 51

4.1 The Analogy Applies a Nonlinear Tool to a Linear Process

Weights are linearly additive. When two or more weights are added to the scale, the scale reading
should be the sum of the individual weights. If the scale does not show a weight equal to the sum of
the individual weights, the scale is operating incorrectly. This is entirely a failure in the scale and does
not correctly reflect the behavior of the underlying process.

By using the scale as an analogy for the RRCA Groundwater Model, the implication is that the Model
is operating incorrectly. This implication is totally incorrect. It implies that there is an underlying
linear process, and that it is the failure is in the measurement tool. These implications are incorrect
and misleading.

The groundwater flow system of the Republican River Basin is not linearly additive, but is inherently
nonlinear. That means that the impacts of well pumping and similar operations on streams flows are
not directly proportional. This behavior is caused by natural processes like evapotranspiration, and the
complex interaction of surface and groundwater.

The RRCA Groundwater Model reasonably reflects this nonlinear behavior. The nonlinearities in the
Model results are not a flaw in the Model, but rather a true reflection of the underlying physical
processes. A model of the Republican River Basin which yields linear results would in fact be a poor
approximation of the underlying nonlinear system.

By using the scale analogy, Nebraska implies that the nonlinearities are an artifact of the RRCA
Groundwater Model (the scale), whereas the underlying groundwater flow processes are linear (the
weights). Nothing could be further from the truth. The nonlinearities in the Model results are a
reasonable representation of the underlying nonlinear processes in the groundwater system. As such,
the scale analogy is misleading and not useful.

4.2 Using the Scale to Measure Allocation and Use

The Nebraska scale analogy is also misleading because it suggests that an unfair bargain was struck.
Nebraska insinuates that the failure to measure correctly is purely the result of a bad tool. As such,
Nebraska implies that the States are not allotted their correct measure of the water in the Republican
River Basin under the Compact.

An important consideration, however, is that the same measure is used to not only determine the
allotment, but also the consumptive use. The CBCUg term calculated by the RRCA Groundwater
Model is used to calculate both the consumptive use by each State, and the Virgin Water Supply.

Nebraska has framed the argument as a failure of the RRCA Accounting Procedures to allocate to
Nebraska its full entitlement. However, the opposite is also true. Fully applying Nebraska's theory,
the RRCA Accounting Procedures shows that, under Nebraska’s Theory, the Accounting Procedures
also have not attributed to Nebraska the full impact of Nebraska's actual historical consumption of
water.

The Virgin Water Supply can be readily calculated as the difference between a Model simulation with
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pumping in all three states and the imported water supply turned off, and a historical Model simulation
with all these effects on.” The purpose of the remaining fourteen simulations is merely to allocate this
difference among the States.

In the scale analogy, the scale is incapable of measuring the combined weight because it is beyond the
maximum amount that the scale can measure. In the case of the RRCA Groundwater Model, however,
Nebraska has argued that the Model can accurately measure this full difference. In fact, the whole
purpose of the Nebraska procedure is to make the parts add up to this difference.

The scale analogy is therefore inappropriate because it implies that Nebraska was not allotted its due
measure, but was charged a fair measure of use. In fact, using the RRCA approved procedure, the
same tool was used to estimate both the groundwater components of allotment and use. The
difficulties that arise due to the inherent nonlinear relationship between stream depletions and actions
such as well pumping are not the result of an untrustworthy measuring device or an upper limit on the
amount that can be measured.

4.3 Positive and negative weights

The scale analogy also fails because the concept of a negative weight is difficult to comprehend. In
the case of the imported water supply from the Platte River Basin, it is necessary to consider negative
weights (imported water supply) that offset positive weights (consumption of native water).

One might invoke an analogy of a symmetric balance scale, where weights are placed on both the side
being measured and the reference side, but this analogy also fails because it requires that the negative
weight simply adds linearly to the reference weights. Such linearity does not exist in this groundwater
system. Besides, in order for a symmetric balance scale to read incorrectly, the reference weights have
to be crooked, which is an inappropriate insinuation.

5. Summary and Conclusions

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

Nebraska demonstrated their 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 RRCA approved procedure, the depletions attributed to a State cannot exceed the amount of
additional baseflow that can be generated by complete curtailment of all wells in the corresponding

7 The condition with all the pumping and mound in the basin turned off is very different from the
condition to which the Model was calibrated. The validity of such a run is therefore in question.
However, for the sake of this argument, it is assumed that such a result would be reliable.
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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 different procedure as “The Solution” to “The Problem”. Their proposal
uses as its justification the fact that under their proposed procedure the sum of the individual impacts
matches the basin wide impacts. This is an incorrect conclusion.

While the Nebraska 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 the Imported Water Supply that would have occurred had there not been
well pumping in Nebraska. These mathematical devices may yield no basin wide residual, but have no
basis in reality. They are simply mathematical manipulations to achieve a desired result.

Some of the issues raised by Nebraska are caused by the inclusion of the imported water supply in the
CBCUg calculations, even though this is contrary to the FSS. Nebraska's proposed solution actually
increases the amount of CBCUjg attributable to imported water, but Nebraska favors this solution
because Nebraska's burden is effectively shifted to Colorado and Kansas so that Nebraska benefits
overall. The alternative procedure demonstrated in this report provides an effective means to exclude
the imported water supply from the CBCU calculations without increasing the complexity of the
calculations or simulations. This alternate procedure provides relief to Nebraska in terms of reduced
CBCUg due to excluding the imported water supply approximately equal in magnitude to the benefit
that would be provided by using the Nebraska proposal.

The scale analogy used by Nebraska to illustrate the problem is totally inappropriate. It is misleading
in that it uses the analogy of a flawed tool with limited range to measure a linear process. The RRCA
Groundwater Model and Accounting Procedures on the other hand deal with the complexity of an
inherently nonlinear process, and the deviations from linearity reflect the physical reality, not a flaw in
the tool or the analysis.

In addition, the Nebraska proposal implicitly assumes that all model runs are equally accurate. In
reality, any model’s predictions are increasingly uncertain the further the modeled scenario deviates
from the historical conditions to which the model was calibrated. This is true for the RRCA
Groundwater Model as well. Nebraska's proposed procedure increases the reliance on simulations far
removed from the historical, which increases the uncertainty in the Model’s 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 RRCA approved procedure.

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

Republican River Compact Administration Groundwater Model
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CBCU.: Nebraska Proposal
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\Beaver (Creek as Modeled for June 2003

Republican River Compact Administration Groundwater Model
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Republican River above Harlan County Reservair

© Pumping Impacts on Flow: Approved Method
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Mound Impacts on Flow: Approved Method

Republican River above Harlan County Reservoir
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Pumping Impacts: Approved Method

Mainstem Impacts Swanson — Harlan
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@ Mound Credits: Approved Method

Mainslem Impocls Swanson — Harlan

QoL Mistorical
L i No Nebraska Mound
' Mebraska WS

o |

T e T e e e e o e e e = L e e e e e i R S S R o R ST e TR e e e S e e R e b S
uo— '
& :

3 i
e e
v |

0 '

o "

m |

L ot [ DRSO . (I [ USRI I (. 1." ...................... UL L R | |
I ' . ' 1 1 ' 1 | | |

b= " . 0 0 i . i i I

= : ) ' ' ' ) ' ' \

'y Ty e e o o A e e o o A Tl s

™ y 4 ﬂ ] | f . . i

° . h ;ﬂﬁ' ﬁ'ﬂ -

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 20086

Compact Year

Figure 10b
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Pumping Impacts: Approved Method
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Pumping Impacts without Imported Water
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- Hardy
|Medicine
|Prairie Dog
Red Willow
|Rock
sappa
|South Fork

IHugh
|Butler

|Bonny

[keith
Sebelius

[Enders
|Harlan
Ha
Istrunk
|Swanson
[Mainstem .1111) 1362 | 224 .88
Total 'H!méim 38 21750 21157 &

ool olllaliiol o llio i=] o o 0 o oo (-] ﬂ‘ﬂ ala‘o

C0O000000433

N1003
38 of 51



i Table 1e: 1985 (acre-feet/year)
[ cBCUC ~ cBCug cBCuy ] ws | NEResidual  Basin Residual

Basin

} Ja
priccee [ 303 (US> 0aod N 04 ool M
Gewer N o) NS sove ois MG 212 szez N
oo SN 50 61 N -
— 1

oritwoos ol ol
[Frenchman S 1322 WS ©
INorth Fork - 8686 m-' 26 ﬁ-

\Above

|Snansnn

|5Wan50ﬁ
|Harlan

IHanan -
Guide Rock

(Guide Rock
- Hardy
Medicine
|Prairie Dog
IRed willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|$lrunk
Sworcon N O/ ONEM o ® -
Mainstem [NS -1153 -1434 JUESH a9 760 | 61737 | 60932

ot R oe 2850 R o 20708 N oo 3506 v TS oo O

Table 1f: 1986 (acre-feet/year)
cBCUC cecugy cBCUN | s = MNEResidual  Basin Residual

Jon05 Wenet [N Janoo Wenet JEAN Joroo WEnet JNHE Jon0o Nenet JEM Jon0o NEnet JEH jonco NEnet

o

rkaree oM ¢ CONEN oleE
[Beaver [ c 3 0
Buffalo [ 1750 [ 1728 |

prittwood N j 1072 | 3672 A

Frenchman [ 1445 A1 [0 | secea ST oo

Norh for [N eo22 eSS 20 SN s e MEE o

|Above | o |
swan: -1302 191 9412 1]

|swanson - | |
|Harlan = -- b l. s m. iy E.

'Harlan -

o l- e g | ”-l

Guide Rock
|- Hardy

|Medicine
|Prairie Dog
Red Willow
|Rock
sappa
|South Fork

IHugh
|Butler

|Bonny

ket
Sebelius

[Enders
|Harlan

Istrunk
ISwanson

0
o
0
=
Q
0
0
0
0
1]
1]
o
a
1]
5

E‘
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I _ _ Table 1g: 1987 (acre-feet/year)

s CBCUC CBCUK CBCUy ws NE Residual smn Residual
: L
|Arikaree [
v
Buffalo ;' g
orinweos D RO 110 Fais N

Frenchman [EEEN 1560 562 S 15 10 NN sose [Seasd M o
Nortn rock [N 0326 SN >+ NN 3 e ol oNEN

Above
i Wl - el -

|5Wan50ﬁ
|Harlan

IHanan -
Guide Rock

G:ﬁ;:“"‘ 1376
Medicine [ [ ] 12012 | 11873
Prairie Dog ' ' o [==%
[Red willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|
|Strunk | ! : |
Swanson N o NUCEEE oE m [ oI
Mainsterm [BEFHH -1333 -1715 JGH 24 534 mm ‘10484 9236 [EEEE
Totel  [§SES 2088 19355 NGMH 20756 19552 NERENN 153974 149994 WEGHH 15040 16637 [HEME 2569 l-
Table 1h: 1988 (acre-faet]year)

|

[ CBCUC cBCUK CBCUY [ ws . MEResidual  Basin Residual
| Basin

larikaree  [JEE 811

[Beaver _ [ a8z =8

utio [ ol O NN e [iers N

Driftwood N o oGS 1008 1oos NN

Frenchman ISR 1708 o0 sovoz Soiso oo 1057

North fork B o76s G764 N 2619 NENEN oo | 83 NN o--- o

|Above [y i |

swanson -1524 276 9791 450

|swanson - |

r B o o B i

|Harlan -
|Guu:|e Rock S

2 B B i
Medicine ; ol @ 12326 (42195
praiieoog M © ‘ | 2499 (2498 o [
Red Wiliow [ oG [ n | a17z2| 4170
|Rock
sappa
|South Fork

IHugh
|Butler

|Bonny

ket
Sebelius

[Enders
|Harlan

Istrunk
ISwanson

0
o
0
=
]
0
0
0
0
1]
0
o
o
1]
5

Total

C0000000435

N1003
40 of 51



i _ Table 1i: 1989 (acre-feet/year)

= CBCUC ~ cBCuk cBCuy ] ws | NEResidual su:n Residual
sin .

|Arikaree [

[Beaver [N

Bui&a :

[pritwood [ | 1101 m-

Frenchman [N 1506 G o o NSRS o1
worth Fork [N oe30 SeATNE 3 2SN s mul

\Above

el BT B R | °-- '”--
Swanson - [ [ I
= o ] i - i -+ o
i | .- e B N |

(Guide Rock
- Hardy
Medicine [ [ D.l
Praitie Dog [

|Red Willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|$hunk |
swanson [N o 158160
nalnm_m ! -1502 “! 529 54133 | 50838

Harlan -
1671

of oM
._,w“! el

Table 1j: 1990 (acre-feetlyenr)
CBCUC ceCcug ~ cBcuy [ ws . MEResidual  Basin Residual

Jon09 NEnet JEH| janos WEnet JEREAN jon0o m-u-m -smosn-mus NEnet

erenchman [EH 167 a2 o M ssie eaora
North fork JESEN 10503 10507 M o5 27 MEEE oo s NN o

|Above o | o |
swanson -1556 108 | 11513 1] |
Swanson - [ | |
T

|Harlan -
|Guu:|e Rock

Guide Rock
|- Hardy

|Medicine
|Prairie Dog
Red Willow
|Rock
sappa
|South Fork

IHugh
|Butler

|Bonny

ket
Sebelius

[Enders [ I
Harlan [ 908 907

|
ol
|

o

|Slr|.ml:
ISwanson

51 27 QA s 57604 [ voss TSJEEE 42 O
15331 (12123 S 162471 153773 I 17034 (4760 [N 4es2 | o]

lelialal a e o lal e |[&oiolaialal o
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i Table 1k: 1991 tacrefeet}year)
cBCuC cBCUy cBCuy | NEResidual  Basin Residual

|
I 0 e R o o R 9 m-xm Wenet HHEH 1an05 Wenet JREH Jan09 Nenet

Basin

Ariaces ol ONEN ol oNEN ol @
Beaver 310 ol G s oM
aufio n. o o i

oritwood [ 0--
Frenchman [ 1980 [“7i1 M o[ a1
Non Fork RN 10913 10923 NN 29 46 JSES

\Above

N B B |

|5Wan50ﬁ
|Harlan

IHanan -
Guide Rock

(Guide Rock
- Hardy
Medicine
|Prairie Dog
IRed willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|Strunk | | |

|5wanson -] 0 i _I'.i | 0 -
nalnmm [ -:.mm! 499 352 | 69082 64821 |17 oEEES
o R oo 2580 R 17050 40 IR -5 167055 I 13+ o N o771 OB

Table 1i: 1992 (acre-feet[yaar}
CBCUC cBCUK CBCUy [ ws | MEResidual  Basin Residual

o

Frenchman [ 2070 (707NN oo M s2 ‘eiss N
North for SN 11267 1iZo2 M e 23 NSE 1 | sen M o---—

|Above [, |
swanson -1112 326 10188 -86

|swanson - |

e | *"-- o [ R | ”“H. “’.. =
|Hartan -

e O B B | el -

ca B B B ol ol
Medicine ; 14808 | 14698 JEESH s406 | 8354 of o o o
Frairie Dog | D‘ *455m [ olimE ofie ol o o e
Red Witlow o oEEM o0 6  sa70 8466 28 24 o o ol 0
Rock 2ol o0 2377 2373 o ol 0 o N
Sappa o[ ICEN -2+ 70 nes | 707 of oM 1475 6 0 2088
South Fork 10467 10402 | 6639 | BS51 - e13] 930 ol o asll g o 140
Hugh |
W -
sonry ol oF oM ol oNEN ofu
keith - .
S ° - - ]|
enders = | 3040 | 3040 ) ol 4 olie
Harlan Lo [1® 85|83 o ® o © o[ a
= R
‘swanson ' [ w2 s o ol o o ol
Mainstem 1240 2050 JNSE 77087 | 73224 |G 10088 : o 708
Total [ 25962 24549 | 165 4 | 183026 174460 HEES 10613 14665 | 0 -10021
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i _ Table 1m: 1993 (acre-feet/year) '

— cBCUC ~ cBCuk cBCuy ws i NEResidual  Basin Residual I
J Ja
arikaree _ L ] B
Beaver T B
Butta s ol oNEE o OEEE

oritwood [ [ o-- 1076 o7s M ol oMM ol oMM 1
Frenchmen [ 2524 [ 974 MM o0 MESNBN oser e3ess BN 11 o 130 oM o @iod
north Fork (BN 114cs TGS 00 S s s2E o (M o @ 0 m|

\Above

el B B e e |
Swanson -
o B e e e -

Harlan -

il B B BN B R
N - =

o

o

o

(Guide Rock
- Hardy
Medicine
|Prairie Dog
IRed willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|$lrunk
|5wanson

a |alal a |al o olalloliaial al B

el aliallal e el e gign.aoa o

G!ﬂ al

Table 1n: 1994 (acre-faet]year)
cBCUC ceCcug cBCUy [ ws | MEResidual  Basin Residual

Jano HEnet JHHEH janos n- Janos m-u_--gs NEnet [RHEH jon00 m- Jano9 HEnet

oritwood [ ol o mum-l

Frenchman [N 2353 o2 o o MHEM o200 eveoo NN

Nortn Fork [N 11695 Ticss N 17 JES  cos | il o/ olEE o -
|Above | | |

e R B K | '
Swanson -

= e R B RN

|Harlan -
|Guu:|e Rock

Guide Rock
|- Hardy

|Medicine
|Prairie Dog
Red Willow
|Rock
sappa
|South Fork

IHugh
|Butler

|Bonny mu o l
keith I

Sebelius - “75
[Enders [

Harlan [ 101 n
|Slnunk °

[swanson 0--
'mlnmm -2041 ) -2663 i
| 2369 21210 SIS 21075 22012 §

o

ool ol oiia) oo (=] o o 0 o oo (-]
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i Table 1o: 1995 (acre-feet/year)
[ cBCUC ~ cBCug cBCuy ] ws | NEResidual  Basin Residual

Basin

arikaree
Beaver
|Bu|ra|u [
jpritwood [
[Frenchman [N 2377 7S o©
[North Fork ‘ 12098 12100

Above
|Snansnn

|5Wan50ﬁ
|Harlan

IHanan-
Guide Rock

(Guide Rock
- Hardy
Medicine
|Prairie Dog
IRed willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
Sebelius

|[Enders
Harlan

|$hunk

swanson [ o CHEE o

nalnm_m 305 1042 2044 SE 196 514 | 7397¢

Total  [BSES 26107 25855 BEEEA 22965 22250 HGHSE 190069 184508 NS
Table 1p: 1996 (acre-faet]year)

cBCUC ceCcug ~ cecuy [ ws . NEResidual  Basin Residual

Jan09 [NEnet JRHEA| jon0s WEnet JRREA] jon0o (NEnet [EEH| jonos -smosn-:-mn

. (1593 [iseo NEE 43¢ acs SN 247 e o

B

oo S 07 | iss N oo MESE 2s1 | z4os NN

pritwood M o[ UOMEEE oo MEEEE 114c ) iids NN

o

Frenchman [N 2600 957 OO NNSE 0223 dossc MM 0 3331
Worth Fork NENEN 12341 23S 200 IS s3] S o [ olmE
|Above | o |

W B B BN B B e
B e el el -
Hartan - [

o | e B | mﬂl K
Guie rock [N 1760 o8
[Medicine [ [ o 14943 | 14882 ol o
Frairie Dog | 5918 [ oS °o 0
Red Wiliow : | ] 5929 5926 ol @
[Rock | 2782 | 2774 ol=e
sappa 0 3787 | 40586 ol &30
South Fork 11147 11060 | . os0| @16 o 244
Hugh [ [

Pt y | il
[Bonny | 1054 3054 olie
keith =% o
Sebelius

Enders ool o 0
Harlan 0 i o[ 25
S d °I
|Swanson I ol @
Mainstem 5 760 513 RN 05201 | esds7 NENRN 15457 15133 NG o 1
Totar [ 20061 26362 SN 24760 25040 NS 202420 201241 NN 24746 24331 [ 7o 0 -1270
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i Table 1q: 1997 (acre-feet/year)
[ cBCUC ~ cBCug ~ cecuy Cws | NEResidual  Basin Residual

'Frenchman B 2o s o
North Fork IS 12406 12406

\Above

S [ o . ¥

|5Wan50ﬁ
|Harlan

Harlan -
(Guide Rock

Guide Rock
- Hardy
Medicine
Prairie Dog
[Red Willow
Rock
|Sappa
South Fork

|Hugh
|Butler

Bonny

Keith
|sebelius

!Enders
I-tarlan

o o o oo o oo o O o

mn-weln- i
|$lrunk

[ -zuzgﬂ
| | w0 a3
[ [ ] 15084 | 14347
L , o [E==G

) | | 5307 5302
= I 045
3399 IR

i}' l!” " |
e . ] T =

Halnntem q -1959 m! 153 -622

Table 1r: 1998 (acre-feetfyear)
CBCUC cBCUK CBCUy [ ws | MEResidual  Basin Residual

Jan09 [NEnet JRHEH jon0o WEnet JRREA] jon0o (NEnet JNHEH| jonos -smosn-amus NEnet

Araree e e )
(Boover ol O ois:s7o NN S0 dess N
utio [ ol NS 27 | zses M
oritwood I o oNNEE 19 | 1is M

erenchmon [ 2577 1703 s 1o N 7517 (3
North fork. RN 12625 1Z620 M 20 21NN oo SN

|Above [ | o
swanson -1375 160 1115‘ 1]

|swanson -
Harlan

croeres [ o8 H
|Gu|de Rock

e II ol
Medicine [
Prairie Dog 0 ‘ | 2543 m
[Red willow [ [ oD
[Rock [ o B
sappa [ ) | 1449 | 883
|South Fork 1 |

IHugh
|Butler

|Bonny

[keith
Sebelius

[Enders
|Harlan
Harry
Istrunk

[Swanson oo
'mlnmm [E555] 2410 3339 G
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i Table 1s: 1999 (acre-feet/year)
[ cBCUC ~ cBCug cBCuy ] ws | NEResidual  Basin Residual

Basin

Arikaree [
Beﬂver N -If'
T
priftwood  [JIIE

[Frenchman [IEE 2e24 GSA M ©
Nortn rork SN 13104 13151 N

Above
|Snansnn

|5Wan50ﬁ
Harlan

Harlan -
(Guide Rock 21837

iy ol
Medicine [ [ i 15230 | 15187
Prairie Dog , , ol ®
Red Willow 0 =i | 6335 | 6327
Rock [ 3032

sappa ' ' 2246 | 1118
South Fork 12684 067 : | 1162 1044

|Hugh
|Butler

Bonny

Keith
|sebelius

!Enders

o o o o oo oo o O o

Table 1t: 2000 [acre-faet]year)
CBCUC cBCUK CBCUY [ ws | MEResidual  Basin Residual

larikaree 1823 d704 EEE 294
aver B 0 oM smm-
oriwoos [N oo B

[Frenchman [SEE 2600 | S8
North Fork JBER 1325 15267 I 1038 iz N

|Above [ | = L |
Iswanson 3109 216 11450 0 11172 :
|swanson - [ |
r B ol e - s

[

|:::?:m“ 25195
ey -- a07 l 1762 ‘
Medicine ; 15699 | 15476
Prairie Dog 0 ‘ | 1392 m [ o
[Red Willow o iB [ oD | s16a9| s161
[Rock [ oE 3135 | 3125
sappa | o | 354 664 1770 | 762
South Fork ' 1029 970
|

e o 100
|Bonny [a: [ oS
keith [ [ =

Sebelius

[Enders

Harlan

Istrunk

[swanson [

!ﬂﬂnnnm-llll:ainlliiﬁ
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I Table 1u: 2001 (acre-feet/year)
[ cBCUC ~ cBCug cBCuy ws | MEResidual  Basin Residual

'Fnenchman | IEEETRRTE [
INorth Fork [EEEEE| 13654 13655 IS

Above
|Snansnn

= | mm-mssn- -
= | son i [ o il oL

(Guide Rock
Guide Rock

 Hardy 1836 n
Medicine [ [ i

|Prairie Dog
|Red Willow
Rock [ [ o D
|Sappa [ | 182 49
South Fork 10385 | 8296 | 7397

|Hugh
|Butler

Bonny

Keith
|sebelius

!Enders
I-tarlan

o

e | a & o6 o oo a o

Q‘n‘

|$lrunk

mmmnmfum- 209 570

cBCuc cBCUy CBCUY [ ws  NEResidual Basin Residual

Jon09 Wenet JEN janoo WEnet JNENN jonos Nenet JIEH| janoo WeEnet JEN jonoo NEnet JEM Janos NEnet

Araree EDLT T o |
e ol O e 170 M e20 | 171 N

utio [ i 3200 (13220 NI

oritwood I 1272 i W

[Frenchman [JEE 2795 f JGaced I =+ oM 10

North fork. SN 13605 13691 N 221 35 o--l ol oMM

|Above |
swanson 4‘14 236 119 34 1787
o P e e

Harlan | |
Hartan - [ i [

Guide Rock | 28121 | (e

Guide Rock |

e B |
Medicine [ G ol
e cou [z [ e I 0l
[Red Willow , _ ' | [ o
[Rock | [ 1 S
sappa 3 _ | | 51
|South Fork g
IHugh
|Butler
Bonny
[keith
Sebelius

Encers [

|Harlan

Istrunk

swanson [N

Totst  NGAHS 23531 19469 NGEH 12252 9652 JIEARS 179175 166276 AN 20150 14007 AR 75+ o [HE
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I _ _ Table 1w: 2003 (acre-feet/year)

CBCUK CBCUY ws | MEResidual

arirce [ 159 2SN 20 76 N
Beaver oo S0 1325 I
ool zes B
ol ommE

I.. Basin Residual

Above
|5wansm

|Swanson -
Harlan
Harlan -
(Guide Rock
Guide Rock
- Hardy
Medicine
|Prairie Dog
|Red Willow
Rock
|Sappa
South Fork

Hugh
Butler

Bonny

Keith
|sebelius

[Enders

g|
i:‘?

Harry
|Strunk
|Swanson 0 ) ] I
weinsers I -o42 (S M 12 104 NN 57 57765 NN 905> 11315 NN -7os 16 I
Totol  [EEEE 20156 26930 RN 11113 | 7574 HEEEHH 196745 164714 [N 16701 | 6797 [WES s037| oI «

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

| eBeuc i cacuk cBCUy ws | MEResidual  Basin Residual

LW
2 o o o oo wo

ou .! .

‘ Basin

\Arikaree
|Beaver

Buffalo I
[priftwood [N
[Frenchman -] 2682 “
North Fork [N 14499 14sol S -

|Above
|Swanson

|swanson -
Harlan
|Hartan -
|Gu|de Rock

Guide Rock
|- Hardy

|Medicine
Prairie Dog
Red Willow
|Rock
sappa
|South Fork

Hugh
|Butler

|Bonny

[keith
Sehe“us

Enders
|Hanan

Harry
|Slr|.ml:

Swanson [ 1205 M s [ vase I
v B oSS 3 S0 o< (3 N
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| Table 1y: 2005 (acre-feet/year)
[ cBCUC ~ cBoug ~ cBCuy ws ' NEResidual Basin Residual

|ﬂl’|m
Beaver
|Bu|ra|u

o-- 14e1 m-
00 3
Nort For RS 14479 4480 N

\Above
|5wanson

|Swarlsun
|Harlan

IHanan -
Guide Rock

Gulde nnck

Medlc ine

0
g
=
5

Sappa
South Fork.
Hugh
|Butler
[Bonny

Keith
Sebelius

|[Enders
Harlan

|$lrunk
|Swanson

Mainstem -mz“ [ ua“
Total 31700 20505 BEEA 17262 13577

Table 1z: 2006 (acre-fee‘h'yaar)
cBcuc cBcug cacuy - ws | NEResidual Basin Residual

...
E
&

e e 9 o | oa o o o‘ain!a‘o:oua. o o o o

giga!o o o | a u|g|

erencnman [N 2039 36 I
North fork. RN 14424 14427 N

|Above [

|Swanson 2454

Swanson - [

e -l. '13--

|Harlan -
|Guu:|e Rock

Guide Rock
| Hardy

[Medicine
[Prairie Dag - 0‘-| 0‘
Red wilow B | 2T o’
Rock 82 = e |

sappa [ o 1970 [NEE [

|South Fork
ihugh
|Butler
|Bonny

ket
Sebelius

[Enders
|Harlan
Harry
Strunk
|Swanson I
Mainstem 2477

Total 28172 24623
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| Table 2a: Average 1981- 2000 (acre-feet/year)
[ cBCUC ~ cBoug  cBCuy WS  NEResidual  Basin Residual

Basin

arikaree
Beaver

|Bu|ra|u _'
jpritwood [
[Frenchman RN 1017 "EsT I o©
[north Fork (SIS 10497 10455

\Above

o o = il -l
o B e E

|Harlan

IHanan -
Guide Rock

o

Guide Mk

oo o

Sappa - ol oI 1454 m- 2667 N-'—

Sauth Fork ['9722 | 9630 S 7463 7330 RN ese m-*o I-
(Ftagh 1232

|Butler
|Bonny o0

Keith
Sebelius

|[Enders
Harlan

|$lrunk
|Swanson

Mainstem -msu 63771 60971
[Total 22986 21261 'umw 165796 160593

Table 2b: Avaraga 2001- 2006 (acm-feet[year)
o:m:uc cBcug ' cacuy - ws ~ NEResidual Basin Residual

oritwood [N ' ' j o ol o =g
Frenchman [N 2730 26 o OB cosos jeses MMM 27 oSN 2510 oS o So%:
North Fork NN 10140 TATs2 N 27 27 NS 05| o7 MM o oMM o ONEE o o

|Above [ | o

[ o o o o e -

Swanson - |

ool BT T BT BT |

'Harlan -

o B W ER B |
= o

= B |
Medcins £ M 1se2 1617 MM oses a3 [EM o0
Prairic Dog [ GoiE O oG oG

Red willow [ o TSN coveTeeIEEE 4 TZEEEE oG

rock  [EEE | “- [ oNNTEEN v« C
sappa [0 [ 582 [ 722

|South Fork | |
Hugh
[Butler
|Bonny

ket
Sebelius

[Enders
|Harlan
Harry
Strunk
|Swanson
Mainstem
Total
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I Table 2c: Average 1981- 2006 (acre-feet/year)
[ T | ~ cecuy ws | NEResidual  Basin Residual

|Beaver
|Buffalo

priftwood -]|

|r-i€d'£me_ -
raeoos 0

|Sappa
South Fork
[Hugh
Buther
|Bonny

Keith
Sebelius

|[Enders
Harlan
Harry
Strunk
|Swanson
Mainstem
[Total
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