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1. Introduction

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2. The perceived problem.

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

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

2.1 Nebraska's Demonstration of the Problem

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

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

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

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

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

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

2.2 Nonlinearity in the RRCA Groundwater Model

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

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

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

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

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

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

2.3 Computing Impacts

The procedure for estimating pumping impacts approved by the RRCA is defined in the Accounting
Procedures II1.D.1

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

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

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

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

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

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

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

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

CBCUc+ CBCUk + CBCUy - IWS = KMN + CMN + CKM + CKN - 4CKMN (1e)
CBCUy - IWS = (CKM-CKMN) — (CKN-CKMN) = CKM + CKN - 2 CKMN (1f)

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

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

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

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

CBCUy - IWS = (CKM-CKMN)/4 +
(O6-N)/4+(C-CN)/12+(M-MN)/12+(K-KN)/124+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)/12
+ (CKN-CKMN)/4 +
(6-M)/4+(C-CM)/12+(K-KM)/12+(N-MN)/12+(CK-CKM)/12+(CN-CMN)/12+(KN-KMN)/12

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

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

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

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

Nebraska's proposal has at its core the goal of matching the sum of the state impacts to the total
directly computed impacts 6-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:

CBCU¢=KN - CKN (3a)
CBUCk =CN - CKN (3b)
CBCUy=CK - CKN (3¢)
IWS = CKMN-CKN (3d)
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so that
CBCU¢+ CBUCk + CBCUy - IWS = KN + CN - 2CKN +CK - CKMN 3e)
CBCUy - IWS = (CK-CKN) — (CKN-CKMN) = CK — CKMN 30

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

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

2.4 Quantitative Results

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

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

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

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

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

2 As noted in the introduction, the results shown are based on model runs provided by Nebraska. The values shown here as
RRCA are calculated using the approved RRCA procedure, but using the Nebraska runs in order to provide a consistent
comparison of the different methods. However, these impacts do not match the impacts calculated by the official version
of the RRCA Groundwater Model and approved by the RRCA. The differences derive from the fact that the Nebraska
simulations used incorrect stresses for the initial stress period and used a different stream package for period until 2000,
which has lagged effects for several years beyond 2000. Correcting these errors do not materially alter the results or
conclusions.
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using the NEnet method, as it must be from Eq. 3f.

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

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

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

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

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

2.5 Model Calibration and Uncertainty

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

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

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

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

2.6 Selecting the best method.

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

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

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

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

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

3.0 Deficiencies in Nebraska's Proposed Solution

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

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

3.1 Frenchman Creek Impacts

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

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

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

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

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

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

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

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

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

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

The Nebraska proposal for the calculation of Colorado's pumping impacts (CBCU¢) is summarized in
Figure 4. The proposal uses sixteen simulations. These sixteen simulations are viewed as eight pairs,
each where one simulation includes and one excludes Colorado pumping. Figure 4 shows these eight
pairs in individual frames. The 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 wells in Nebraska are pumping
and four where there is no well pumping in Nebraska. In fact, the four combinations in each group of
four, with or without Kansas pumping and with or without the mound, makes so little difference as to
be indistinguishable. For all practical purposes, therefore, the CBCU¢ for Frenchman Creek the
average of the two impacts shown in Figure 3. (Due to their distance from pumping in Colorado, the
contribution from pumping impacts to Enders Reservoir and Frenchman Creek below Enders are de

minimis).

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

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

more.

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

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

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

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

3.2 Beaver Creek

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

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

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

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

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

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

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

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

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

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

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

It is interesting to note in Figure 8 that until 1969, the sum of the individual impacts matches the
combined impact. However, from 1970 onwards, the blue and purple lines increasingly diverge.
There are period such as 1976-1978, 1988-1992 and 2002-2005 when the sum of the individual
Nebraska and Kansas impacts are significantly lower than the combined Nebraska and Kansas impact.

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

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

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

Therefore the procedure proposed by Nebraska is not sufficiently rigorous and does not supply the
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answer that the Compact requires.
3.3 Main Stem Swanson-Harlan

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

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

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

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

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

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

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

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

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

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

Figure 10c demonstrates why Eqs. 3a-d are effective in evaluating the impacts of pumping in a manner
that does not include consumption of imported water. The method proposed by Nebraska, on the other

hand, does include the consumption of imported water. In particular, Eq. 2c can be rewritten as

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

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

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

of imported water.

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

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

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

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

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

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

CBCUc+ CBUCk + CBCUy - IWS =4 O — (C+K+N+M) (7e)
CBCUy -IWS= ©O-N)-(M-0)=206 - (N+M) (71)
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as an “Alternative choice of scenarios used to calculate impacts on baseflows”. The document only
presented this as an alternative choice, and did not suggest combining this alternative with the
approved procedure.

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

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

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

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

Note that Eqs. 8a-d proposes weighting all pairs of differences equally. However Eq. 8e shows that the
proposed method does not solve the problem in that CBCU¢ + CBUC + CBCUy — IWS does not
equal ©-CKMN. This demonstrates that this proposal is not mathematically rigorous in that the
proposed solution fails to satisfy the basic tenet of the proposal which is that sum of the impacts
should equal ©-CKMN. Furthermore, the physical meaning of Eq. 81 is unclear.

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

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

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

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

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

so that

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

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

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

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

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

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

5. Summary and Conclusions

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

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

responsible under the Compact.

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

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

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

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

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

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

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

Republican River Compact Administration Groundwaler Model
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Frenchman Creek near Imperial

@ CBCU.: Nebraska Proposal
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Beaver Creek as Modeled for June 2003

Republican River Compact Administration Groundwater Model




June 2003

Beaver Creek Modeled Baseflow

Beaver Creek above Confluence with Sappa Creek
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Figure 6.



Beaver Creek Modeled Baseflow June 1965

Beaver Creek above Confluence with Sappa Creek
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Figure 7.
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Pumping Impacts on Flow: 13 proved Method

Republican River above Harlan County sarvoir
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Figure 9a
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Figure 9b

Pumping Impacts on Flow: No Imported Water

Republican River cbove Harlan County Reservoir
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Mainstem Impacts Swanson — Harlan

@ Pumping Impacts: Approved Method
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Table 1c: 1983 (acre-feet/year)
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Table 1g: 1987 (acre-feet/year)
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Table 1m: 1993 (acre-feet/year)
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Tahle 2a: Average 1981- 2000 (acr&feetfyear)
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Table 3g: 1987 (acre-feet{year)
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Table 3i: 1989 (acre-feet/year)
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Guide Rock
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Table 3k: 1991 (acre-feet/year)
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Table 3m: 1993 (acre-feet/year)
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Table 30: 1995 (acre-feet/year)
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Table 3q: 1997 (acre-feet{year)
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Table 3s: 1999 (acre—feet!year)
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Table 3u: 2001 (acre-feet{year)
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Table 3w: 2003 (acre-feet/year)
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Table 3x: 2004 (acre-feet/year)
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Table 3y: 2005 (acre-feet/year)
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Table 4a: Average 1981- 2000 (acre-feet{year)
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Table 4c: Average 1981- 2006 (acu—feet!year]
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