
No. 126, Original

In the
SUPREME COURT OF THE UNITED STATES

STATE OF KANSAS,
Plaintiff

v.

STATE 0F NEBRASKAand
STATE OF COLORADO,

Defendants,

Before Special MasterWilliam f. Kayatta, fr.

Future Impacts of Pumping on Ground Water Consumptive Use

Expert Report of Samuel P. Perkinsl and Steven P. Larsonz

lCivil Engineer,Interstate Water Issues, Kansas Dept Of Agriculture, Div, of Water
Resources;

25. S, Papadopulos & Associates, Inc., Bethesda, MD.

November I8,201"L

No. 126, Orig.
Ex. K20 KSû00679



TABLE OF CONTENTS

lntroduction ..............

Method of Analysis

Sensitivity Tests

Comparable Future Scenario Model Runs Performed by Nebraska

Additional Calculations..............

References...............

LIST OF TABLES

Table 1: Estimated future Nebraska GWCBCU and IWS credit under baseline pumping
conditions. ..........10

Table 2: Estimated future Nebraska GWCBCU and IWS credit with all (100%) baseline
irrigation pumping removed from the nominal 5-mile stream corridor................. 11

Table 3: Estimated future Nebraska GWCBCU and IWS credit with eighty percent of
baseline irrigation pumping removed from the nominal S-mile stream corridor. .12

Table 4: Estimated future Nebraska GWCBCU and IWS credit with sixty percent of
baseline irrigation pumping removed from the nominal S-mile stream corridor. .13

Table 5: Estimated future Nebraska GWCBCU and IWS credit with ninety percent of
baseline irrigation pumping removed from the nominal S-mile stream corridor. .14

Table 6: Estimated future Nebraska GWCBCU under baseline pumping conditions and
ninety percent of baseline irrigation pumping removed from the nominal 5-mile
stream corridor and with irrigation efficiency increased to ninety percent. ..........15

Table 7: Estimated future Nebraska GWCBCU under baseline pumping conditions and
75o/o of historical average pumping during the period 1998-2002 ... ..... 16

Table 8: Estimated future Nebraska GWCBCU under baseline pumping conditions;
100o/o curtailment of future pumping from the 10-2 rapid response region; and
100o/o curtailment of future pumping from the 10-2 rapid response region for each
year corresponding to the historical years 2002-2007 .......1T

Table 9: Future total stream baseflows for baseline pumping condition; and when ninety
percent of the baseline pumping within the nominal 5-mile corridor was

removed. ......1B

1

1

3

4

7

I

KS000680



LIST OF FIGURES

Figure 1: Map showing extent of nominal 5-mile stream corridor where impacts of

future irrigation pumping curtailment was evaluated, ........ 19

Figure 2: Graph comparing estimated future Nebraska GWCBCU under baseline
conditions and various levels of irrigation pumping curtai1ment..........................20

Figure 3: Graph comparing estimated future Nebraska GWCBCU under baseline
pumping conditions and with ninety percent of baseline irrigation pumping

removed from the nominal 5-mile stream corridor and with irrigation efficiency
increased to ninety percent..... ..............21

Figure 4: Graph showing estimates of future Nebraska GWCBCU prepared by

Nebraska in 2006 under a baseline condition and several alternative

conditions of reduced irrigation pumping. ...........22

Figure 5: Graph showing correlation of groundwater pumping and estimated future
trends in Nebraska GWCBCU derived from Nebraska's 2006 ana|ysis....,.........23

Figure 6: Graph showing annual median estimates of future Nebraska GWCBCU
derived from Nebraska's stochastic evaluation of future hydrologic conditions. . 24

Figure 7: Graph comparing estimated future Nebraska GWCBCU under Baseline
Pumping (80% of historical pumping during the period 1998-2002) and75o/o of
historical pumping during the period 1998-2002 ...............25

Figure 7a: Graph showing the reduction in estimated future Nebraska GWCBCU

due to pumping at75% of historical pumping during the period 1998-2002. .....26

Figure 8: Graph comparing estimated future Nebraska GWCBCU under baseline
pumplng conditions; 10Oo/o curtailment of future pumping from the 10-2 rapid
response region; and 100% curtailment of future pumping from the 10-2 rapid

response region for future years corresponding to the historical years

2002-2007 .............27

Figure 8a: Graph showing the reduction in estimated future Nebraska GWCBCU

due to 100o/o curtailment of future pumping from the 10-2 rapid response region;

and 100% curtailment of future pumping from the 10-2 rapid response region

for future years corresponding to the historical years 2002-2007 .............28

Figure 9: Graph showing future total stream baseflows for baseline pumping condition;
and when ninety percent of the baseline pumping within the nominal 5-mile
corridor was removed. ........ ......29

Figure 10: Graph showing annual median estimates of future total stream baseflows
derived from Nebraska's stochastic evaluation of future hydrologic

conditions ..............30

lt

KS000681



lntroduction
The RRCA Groundwater Model was used to estimate future impacts of pumping and
reductions in pumping on groundwater computed beneficial consumptive use
(GWCBCU) and the imported water supply credit (lWS) in Nebraska. These estimates
were made as part of the effort to evaluate what level of pumping reduction in Nebraska
would be required so that Nebraska would be in a position to maintain compact
compliance when dry periods recur in the future, at least over the next several decades.
The focus of this effort is to evaluate the impact of dry periods that might occur several
decades from now on the ability of Nebraska to maintain compact compliance, at least
at that time.

Specifically, the model was used to compute the effect of various levels of reduced
pumping in Nebraska on future groundwater consumptive use and on the imported
water supply credit. Pumping reductions over several different geographic areas were
considered in the calculations. For each pumping reduction that was considered,
calculations were made over a 60-year future period by cycling the hydrologic
conditions for the historical years 1995 to 2009 four times.

A series of calculations were made for each of several different geographic areas over
which reductions in future pumping were considered. The series consisted of different
levels of pumping reduction from a baseline amount of pumping within a specific
geographic area. The results could then be compiled and used to estimate the amount
of future pumping reduction necessary to achieve a specific reduction in GWCBCU and
changes in IWS for that geographic area.

Method of Analysis
The first step in the analysis was to select a baseline level of pumping in Nebraska.
Under the concept of the lntegrated Management Plans (lMP) as we understand them,
future pumping in the three natural resources districts (NRD) will be limited to an
average value for each NRD. The average value is eighty percent of the average
pumping that occurred during the years 1998 to 2002. The 1998 to 2002 average
pumping values are defined in the lMPs as 531,763 acre-feet for the Upper Republican
NRD (uRNRD, 2010), 309,479 acre-feet for the Middle Republican NRD (MRNRD,
2010) and 242,289 acre-feet for the Lower Republican NRD (LRNRD, 201 1). Eighty
percent of these values yields 425,410 acre-feet for the URNRD, 247,583 acre-feet for
the MRNRD, and 193,831 acre-feet for the LRNRD. These average pumping amounts
were assumed to apply to irrigated acreage as of 2006.
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A further constraint, as we understand the lMPs, is that allocations of water to irrigated
acreage are limited, at least as a total over a period of years. Based on this constraint
and the limitations on longer term average pumping described above, a sequence of
irrigation depths was developed that attempts to follow the pattern of actual irrigation
depths over the period from 1995 to 2006 but produces a sequence that is within the
aforementioned constraints on irrigation depth and average pumping volume for each
NRD. The result of that process is shown on Table 1 for each year and for each of the
three NRDs.

Hydrologic conditions such as precipitation and evapotranspiration for the years 1995 to
2009 were used to represent future hydrologic conditions. This 15-year period was
repeated four times to yield a 60-year future period of analysis. This 15-year period was
selected for several reasons. First, the period contained both wet and dry climatic
conditions. Second, the average precipitation within Nebraska for this period was very
close to the average precipitation over the past 50 years. Third, the irrigation conditions
in terms of measures such as acreage and applied water during this period are likely
more representative of current practices. Fourth, the selected conditions produce

trends in GWCBCU that are comparable to trends observed in model runs made by
Nebraska to estimate potential future increases in GWCBCU.

Several different geographic areas were initially tested to determine the impact of
pumping reductions that were limited to these areas. The areas included the so-called
10-2 and 10-5 areas described in various Nebraska documents and nominal 5-mile and
7-mile stream corridors determined from stream cell locations in the Republican River
Compact Administration (RRCA) Groundwater Model. These initial tests indicated that
the nominal 5-mile corridor would encompass an area where pumping reductions could
produce sufficient reductions in Nebraska's GWCBCU for purposes of this analysis.
The extent of the nominal 5-mile stream corridor in which pumping was reduced is

shown on Figure 1.

Using the conditions outlined above, the RRCA Groundwater Modelwas used to
calculate potential future impacts to Nebraska's GWCBCU and IWS resulting from
reduced levels of pumping within the NRDs. The results of those calculations are
summarized in the tables below.

Table 1 below shows the estimated future GWCBCU and IWS for Nebraska for each of
the years 2010 to 2069 (60 years) for the baseline pumping condition, As described
previously, the baseline pumping condition was set so that the average pumping volume
over each 1S-year future cycle for each of the three NRDs was equivalent to the
average pumping limitation described in the lMPs. This average pumping limitation was
eighty percent of the historical pumping amounts for 1998 through 2002 listed in the
lMPs.
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Table 2 below shows the estimated future GWCBCU and IWS for Nebraska for each of
the years 2010 to 2069 (60 years) for a pumping condition in which all baseline pumping
within the nominal S-mile stream corridor has been eliminated. ln this pumping
condition, the overall average annual NRD pumping has been reduced from 867,837
acre-feet in the baseline pumping condition to 607,778 acre-feet.

Table 3 below shows the estimated future GWCBCU and IWS for Nebraska for each of
the years 2010 to 2069 (60 years) for a pumping condition in which baseline pumping
within the 5-mile stream corridor has been reduced to twenty percent of the baseline
amount (an eighty percent reduction in the baseline pumping within the corridor). ln this
pumping condition, the overall average annual NRD pumping has been reduced from
867,837 acre-feet in the baseline pumping condition to 659,790 acre-feet.

Ïable 4 below shows the estimated future GWCBCU and IWS for Nebraska for each of
the years 2010 to 2069 (60 years) for a pumping condition in which baseline pumping
within the 5-mile stream corridor has been reduced to forty percent of the baseline
amount (a sixty percent reduction in the baseline pumping within the corridor), ln this
pumping condition, the overall average annual NRD pumping has been reduced from
867,837 acre-feet in the baseline pumping condition to711,801 acre-feet.

The results of all of the calculations shown on Tables 1 through 4 are shown graphically
on Figure 2.

Based on discussions with Spronk Water Engineers, results for an intermediate
pumping reduction between the eighty percent result shown on Table 3 and the 100
percent reduction result shown on Table 2 was also calculated. Table 5 shows the
estimated future GWCBCU and IWS for Nebraska for each of the years 2010 to 2069
(60 years) for a pumping condition in which baseline pumping within the 5-mile stream
corridor has been reduced to ten percent of the baseline amount (a ninety percent
reduction in the baseline pumping within the corridor). ln this pumping condition, the
overall average annual NRD pumping has been reduced from 867,837 acre-feet in the
baseline pumping condition to 633,784 acre-feet.

Sensitivity Tests
The future baseline pumping conditions used in the calculations described above
represent a reduction in the amount of water applied per acre from the amount that was
actually applied per acre under the historical hydrologic conditions. This reduction was
a result of the assumption that future average pumping would be limited to eighty
percent of the 1998 to 2002 historical average pumping as described in the lMPs and
the assumption that each NRD would not be able to exceed its specific five-year
allocation over any five-year period. These constraints on water application could lead
to irrigation practices that increase the overall efficiency from the 80 percent value
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assumed in our analysis. ln fact, it is quite probable that current irrigation practices

have overall efficiencies that are higher than 80 percent. ln any event, higher irrigation
efficiencies translate into greater consumptive use and reduced return flows relative to a
given amount of applied water. Under these conditions, net pumping (the amount
pumped less irrigation return flows) could be higher than the values assumed in our
calculations which assumed an efficiency of 80 percent.

To test the impact of the assumed efficiency on the model results described previously,

two additional model runs were made using an assumed efficiency of 90 percent rather
than 80 percent. The first test run was for the future baseline pumping condition. The
results of that analysis are shown on Table 6 and can be compared to the previous

baseline results shown on Table 1. The two results are compared graphically on Figure
3.

The second test run was for the pumping condition in which future pumping was
reduced to ten percent of the baseline pumping amountwithin the nominal 5-mile
corridor (a ninety percent reduction in pumping within the corridor). The results of that
analysis are also shown on Table 6 and can be compared to the previous results shown
on Table 5. These two results are also compared graphically on Figure 3.

These sensitivity tests demonstrate that if future pumping reductions lead to more
efficient irrigation practices than was assumed in our analysis, estimated future
GWCBCU will be higher than the values presented in Tables 1 through 4.

Comparable Future Scenario Model Runs Performed by Nebraska
ln the past, Nebraska has conducted and, in some cases, presented, runs of the RRCA
Groundwater Model that attempt to estimate future impacts on Nebraska's GWCBCU
for various assumed amounts of future pumping and various hydrologic conditions (NE

External Hard Drive,2011). Results of these model runs were compared to the model
runs using the repeated cycles of 1995 to 2009 hydrology. These comparisons
demonstrate that the 1995 to 2009 hydrology provides a reasonable surrogate for future
hydrologic conditions in terms of evaluating potential impacts of reduced pumping on

Nebraska's GWCBCU.

ln 2006, Nebraska used the RRCA Groundwater Model to make calculations of the
future impacts of reducing pumping on GWCBCU in Nebraska. These calculations
were summarized in a handout dated July 13, 2006 (Nebraska DNR, 2006) that was
prepared for a special meeting of the Upper Republican NRD. The calculations used
hydrologic conditions from the historical period from 1981 through 2000 to represent
future hydrologic conditions. This 2}-year hydrologic period was cycled twice to
produce a 4O-year study period extending from 2006 to 2045. Using this future study
period, the RRCA Groundwater Modelwas used to calculate Nebraska's GWCBCU
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assum¡ng various levels of reduced pumping over different geographic areas. The
impact of reduced pumping was compared against impacts under a baseline condition
on various graphs contained in the July 13, 2006 handout.

The model results for the baseline condition and for many of the reduced pumping
conditions show an increasing level of GWCBCU in Nebraska over the 4O-year study
period. As might be expected, the steepest trend occurs in the baseline condition and
trends decrease as the overall amount of pumping is reduced. For example, the trend
line for GWCBCU for the baseline condition has a slope of about 1,540 acre-feeUyear
per year (see Figure 4). The average annual pumping for the three NRDs (UR, MR,
and LR) under the baseline condition was about 1,000,400 acre-feet. When pumping in
three NRDs (uR, MR, and LR) and in the Tri-Basin NRD was reduced by 15o/o, the
slope of the trend line for GWCBCU decreased to 1,140 acre-feeUyear per year. The
average annual pumping in three NRDs (UR, MR and LR) under this condition (referred
to as RED15 in the handout) was about 853,100 acre-feet. When pumping in the four
NRDs (UR, MR, LR and TB) area was reduced by 25o/o, the slope of the trend line for
GWCBCU decreased to 808 acre-feeUyear per year. The average annual pumping in
the three NRDs (UR, MR, and LR) under this condition (referred to as RED25 in the
handout) was about 754,900 acre-feet. When pumping in the four NRDs (UR, MR, LR
and TB) area was reduced by 50%, the slope of the trend line for GWCBCU became
negative showing a decrease in GWCBCU over the study period. The average annual
pumping in the three NRDs (UR, MR, and LR) under this condition (referred to as
RED50 in the handout) was about 509,400 acre-feet.

The slope of the trend in Nebraska GWCBCU over the study period in our analysis that
used four repeated cycles of hydrologic conditions for the historical years 1995 through
2009 was about 1,000 acre-feet/year per year. The average annual pumping in the
three NRDs (UR, MR, and LR) for the baseline condition in our analysis was about
872,000 acre-feet. Thus, the slope of the trend in our analysis is somewhat lower than
the trends in Nebraska's 2006 analysis under comparable pumping conditions.

It is also worth noting that the slope of trends for the different Nebraska runs is highly
correlated to the amount of pumping. Although this relationship is not unexpected, the
correlation shows that a slope of zero would occur when the average annual pumping in
the three NRDs was reduced to about 545,000 acre-feet (Figure 5). This level of
reduced pumping in the three NRDs is similar to the amount of pumping that Nebraska
concluded was necessary to ensure compact compliance in all years as outlined in
Option 1 that was presented to the three NRDs in October 2009. This option was not
selected for implementation in the lMPs. Another option that was characterized as
ensuring compact compliance in most years formed the basis for implementation in the
lMPs.
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After 2006, Nebraska conducted additional evaluations using the RRCA Groundwater
Model to estimate potential future amounts of GWCBCU. One of these evaluations
used randomly generated sequences of future hydrologic conditions over a 4O-year

study period from 2008 through 2047 . ln one of Nebraska's evaluations, a total of 510
randomly generated sequences of future hydrologic conditions were tested. According
to Nebraska, the purpose of this modeling approach "was to get a better handle on the
envelope of future possibilities given historic climate data" (Schneider Deposition,
October 24,2011, page 30). This Nebraska analysis was apparently abandoned for
unknown reasons but the results of their calculations are instructive with regard to the
future hydrologic conditions used in our analysis.

This second Nebraska analysis used pumping conditions that were constant over the
 }-year study period. ln other words, the pumping conditions were the same during wet
years and dry years. ln our analysis, the projected future pumping varied from year to
year in a manner that attempted to follow how historical pumping occurred within certain
limits. However, the average annual pumping for the three NRDs used in our analysis
was very close to the comparable pumping in the Nebraska analysis. The average
annual pumping for the three NRDs in our baseline analysis was about 872,000 acre-
feet. ln the Nebraska analysis, the annual pumping for the three NRDs was about
865,400 acre-feet. By this measure, the two analyses are fairly comparable.

Results from the 510 model runs conducted by Nebraska in this second analysis were
compiled to evaluate the variation in the slope of the trend in GWCBCU for the 510
random sequences of hydrologic conditions. This compilation produced 510 values of
slope corresponding to the trend in GWCBCU for each random sequence. The median
slope of the 510 values was about 720 acre-feeUyear per year. The 75th percentile

slope was about 1,530 acre-feeVyear per year. As discussed previously, the slope of
the trend in Nebraska GWCBCU over the study period in our analysis that used four
repeated cycles of hydrologic conditions for the historical years 1995 through 2009 was
about 1,000 acre-feet/year per year. A slope of 1,000 acre-feet/year per year is
equivalent to about the 60th percentile slope derived from the Nebraska analysis. This
means that the slope of the trend used in our analysis is near the center of the
distrlbution of slope values generated by the Nebraska analysis.

The 510 model runs conducted by Nebraska were also evaluated to characterize
conditions that might occur during future dry periods. The sequence of historical years

used to generate the random sequences of hydrologic conditions in the Nebraska
analysis was from 1918 through 2005. During these years, several dry years stand out
as being particularly low in overall precipitation. Four of these particularly dry years
(1934, 1936, 1956, and2002) were selected as indicators of when dry hydrologic
conditions were present. ln the Nebraska analysis, each future year from 2008 to2047
had 510 results. Each of these 510 future year results were examined to see when one
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of the four particularly dry years occurred in the sequence of annual values. The
calculated GWCBCU values for each of these particularly dry years were collected for
each future year in the analysis and were statistically characterized. The median of the
collected values for each year shows an increasing trend of about 700 acre-feet/year
per year (see Figure 6). Over the 4O-year study period, this trend increased to a
GWCBCU of about 218,000 acre-feet after 40 years. Our analysis included one of
those particularly dry years, 2002. Each time that dry year occurred in the repeated
cycle of hydrologic conditions in our analysis, GWCBCU declined to a local minimum
along the generally increasing trend of annual values of GWCBCU. During the third
cycle, at the 38th year of the future calculations (with 2OO2 hydrologic conditions), the
GWCBCU was calculated in our analysis at a little less than 222,000 acre-feet. This
value is only a few percent greater than the value shown by the trend after 40 years of
median values for particularly dry years in the Nebraska analysis.

The comparisons described above demonstrate that the repeated 15-year cycle of
hydrologic conditions for the historical years 1995 through 2009 provide a reasonable
surrogate for future hydrologic conditions for the purpose of evaluating Nebraska's
future GWCBCU and IWS credit using the RRCA Groundwater Model.

Additional Galcu lations
At the request of David Barfield, we have conducted several calculations of future
Nebraska GWCBCU using the RRCA Groundwater Model under various assumptions
regarding the nature and duration of future pumping curtailment in Nebraska.
Specifically, three different pumping curtailment scenarios were evaluated. The first
scenario calculated the impact of reducing the overall pumping in the three NRDs (UR,
MR and LR NRDs) to an average of 75% of the historical average pumping during the
years 1998 through 2002. ln the second scenario, future pumping was removed (100%
curtailment) from the Rapid Response Region (the area referred to as the 1O-percenl2-
year response area) defined in the NRD lMPs for each future year. ln the third
scenario, future pumping was removed (100% curtailment) from the Rapid Response
Region for each future year corresponding to historical years 2002 through 2007 (a 6-
year curtailment period during each 1S-year future cycle).

Table 7 and Figure 7 tabulate and illustrate, respectively, the calculated future Nebraska
GWCBCU results for the first scenario. For convenience, the results for the baseline
conditions using an average of 80% of the historical average pumping during the years
1998 through 2002 have been included on the table and figure. The difference in
calculated GWCBCU between the baseline using 80% of average pumping for the
period 1998 through 2002 and the 75o/o scenârio are tabulated in Table 7 and shown
graphically on Figure 7a.
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Table 8 and Figure I compile the future Nebraska GWCBCU results for scenarios two
and three and also include the results for the baseline condition for comparison.
Differences between the results for the baseline condition and the results for scenarios
two and three are also shown on Table I and depicted graphically on Figure 8a.

The impact of future groundwater pumping in Nebraska on stream baseflow conditions
is also of interest in evaluating the potential effects of future pumping curtailment.
Stream baseflow interaction is a fundamental component of the RRCA groundwater

model. Calculations of total stream baseflow were made for some of the future pumping

scenarios described previously. Specifically, future total stream baseflows were
calculated for the baseline pumping condition (an average of 80% of the average
historical pumping for the period 1998 through 2O02) and for the scenario in which
ninety percent of the baseline pumping within the nominal S-mile corridor was removed.

The results of those calculations are given on Table 9 and shown graphically on Figure
L

It is also worth comparing the calculated stream baseflow impacts described above with
stream baseflow impacts calculated by Nebraska in their analysis of random future
sequences of hydrologic conditions that was discussed earlier in this report. The 510
model runs conducted by Nebraska in that analysis were evaluated with regard to total
stream baseflow that might occur during future dry periods. Using the same criteria that
were used to evaluate Nebraska's median GWCBCU as depicted on Figure 6, the
median annual total stream baseflow was compiled from the 510 model run results.
Figure 10 is a graph of median annual total stream baseflow as compiled from the
results of Nebraska's analysis.

The trend over time in the baseflows shown on Figure 10 is downward at about 1 ,100
acre-feeUyear per year. This downward trend is greater than the downward trend
shown on Figure 9 for our analysis (which is about 550 acre-feeUyear per year). The
upward trend in Nebraska's GWCBCU as shown on Figure 6 was about 700 acre-
feelyear per year as compared to an upward trend of about 1,000 acre-feet/year per
year in our analysis. The differences in these trends are likely largely related to
differences in future hydrologic conditions between the two analyses. The future
hydrologic conditions used in our analysis are somewhat wetter than the median
hydrologic conditions used in the Nebraska analysis. As a result of this difference, the
upward trend for Nebraska GWCBCU in our analysis is greater than the comparable
upward trend in the Nebraska analysis and, conversely, the downward trend in total
stream baseflow in our analysis is lower than the comparable downward trend in the
Nebraska analysis.
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Table 1: Estimated future Nebraska GWCBCU and IWS credit under baseline pumping
conditions.

Baseline Pumo¡hs

Year GWCBCU IWS cred¡t
2070 279.024 20.I74
2071 237.236 27.749

2072 215.907 18.975

2013 2IO.701 18.392

20t4 227,3A6 18.770

2015 207,4Ð7 19,354

20L6 220,607 18,018

20L7 192,150 L4,259

70la 20s,7L3 10,867

)o19 214,398 !2,227
2020 216.gqo 15 3()4

2027 20s.6q9 't3 )91

7022 230.506 23.099

2023 233.101 )s.233
2024 247.26A 22.474

2025 236.422 20.41A

2026 254.464 26.6U
2027 235.544 19.353

2028 229.A25 18.643

2029 24ß.A59 18.607

2030 225.747 19.101

2ær 234,ß7 71.2A7

2032 204,475 14,o72

2033 222,@2 11,363

2034 232,037 12,o25

2035 233,330 74,U3
2036 226,775 72,A97

2037 248,109 22,658

2038 2s0,287 25,698

20?9 264,at1 22,4!A
2040 2SS.7A7 )1.739
2041 274.742 )6.9?g

2042 253.30a 19.927

20/3 2M.362 18.890

204/. 2&.906 18.500

2045 240.710 17.905

20416 253.690 76.992

2047 22r.670 73.702

zo48 236.904 71.940

204.9 246.979 72.372

2050 247,989 14,516

2051 239,965 12,650

2052 2€/,30r 22,499
?ôst 265,O4 26,743
)o\4 279,9W 22,7æ
7055 )70 F,6) )) )49
20s6 295 ?14 )7.)O1

20s7 268.139 70 515

2058 256.958 19.101

2059 274.625 7A.407

2060 253.551 11.547

206r 266.656 16.422

2062 233.746 13.506

2063 247,75r 12.237

20e4. 259,476 12.742

2065 260,600 14,232

2066 250,927 L2,56r
2067 276,719 22,091

2064 27A,æA 26,789

2069 293,501
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Table 2: Estimated future Nebraska GWCBCU and IWS credit with all (100%) baseline irrigation
pumping removed from the nominal 5-mile stream corridor.

1007" Pump¡ng

Reduction ¡n 5-m¡le

Corr¡dor

Year GWCBCU IWS Cred¡t

20IO 200.081 24.337

)or7 79).)95 27,266
)o72 t76,412 24,æ6
)01? 163,086 23,756

2074 t72,M3 27,359

2015 755,622 22,W5

2076 157,600 26.267

2017 141.833 20.088

2018 153.961 24.633

2019 75A.72A 26.9t4
2020 155.620 25.247

2027 150.798 )s%a
2022 167.674 28,O73

20)3 760,374 28,857

)o)4 165,094 29,063

2025 !62,064 28,577

2026 767,757 29,854

2027 161.531 28.7M
2024 155.617 27.3æ
2029 165.534 29.944

2030 154.456 26.769

203I 757.û7 29.O75

2012 145.732 23,L65

2033 lsz8s3 27,834

2034 t62,854 29,379

203s 1æ,332 27, L

2036 $7.r20 28,302

2037 168,463 30.588

2038 168.222 37.461

2039 773.sr7 31.542

2040 771.444 ?7.147

20ø.7 777.436 12.37)

20ø.2 771.362 31,184

20ø-3 164,844 29,U7
2044 776,787 32,284

20ø.5 164,645 29,O24

204.6 167,435 31,182

204.7 154.72L 25.707

204.8 169,494 29.907

2M9 r73.882 31.158

2050 177.424 29.80.2

2057 167.593 29.q4
2052 lao.744 32,670

2053 180.137 31483
2054 185,875 33,536
2055 18¿350 33,043

2056 190,847 34,451

2057 782,876 33,089

2058 775pæ 3r.624
2059 188,415 u.M4
2060 776.276 30_790

2067 fia.aM 32.A92

2062 165.154 26,98
2ú3 180.264 3r,192
2(ßA 185,857 32,æL
2065 L82,4U 31,196

2066 778.046 31.345

2067 191,578 33.983

2068 L92.355 35.139

2c69 798.29 25.2M
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Table 3: Estimated future Nebraska GWCBCU and IWS credit with eighty percent of baseline
irrigation pumping removed from the nominal 5-mile stream corridor.

80Plo Pumping
Reduction ¡n 5-mile

Corridor

Year GWCBCU IWS credit
2010 )M 467 23 799

20tI 201.612 27,525

2072 185.253 23.554

?o11 17? AL4 )1 C3)

20L4 185.194 26.685

2015 166.451 21.n5
)o16 75 al377r,627
2077 155.280 18.909

?o7a 164.335 21.531

)n19 )q 69Ã774,054

2020 1.69.67t 23.920

2027 tæ 720 23.244

2022 LT7,808 27,329

2023 175.188 24.267

)o)a 1e1 927 )g 3Á6

2025 178.516 26.933

2026 18S.573 29.459

2027 718,277 27,302

202a 777.783 25.826

2029 184 650 29 344

20æ 770,974 24,507

203t 175.685 24.202

)o1) 16? ?70 ?o ga1

2033 776.443 25.060

203r' 742.205 2A OO7

2035 778,302 26,077

2036 775.436 27.462

)o?l 147 ils 7q 5S1

2038 185.878 30.633

2039 793.202 n.579
2040 790,442 29,372

2047 798.427 3r.742
2042 190 256 29.504

2043 783,14I 21,823

20M 198.238 31.565

)rl,A\ 1 A3 0q8 )6 tgq
2046 188.038 30.161

2047 173.451- 22.330

)îAR I Rq qc¿ )6 79\
2049 794.9'15 29.ffi
2050 7s0.779 2'7.706

)o\1 )9 R9Ã186,860

2052 207.236 37.402

2053 19S oqS 32 535

2054 201,400 32,505

2055 202.634 37.723

)0\6 )'11 Áo1 71 7L1

2057 202.963 3!,23r
20s8 195.187 29.394

20sc ,10 q68 3a 16q

2060 t95.224 28.703

2067 199.?89 31.773

)õ6) I Rî q¿g ?? û2
2063 200.300 21.677

206¡ 207.624 31.007

2065 202,250 28,930

2066 t97.366 30.093

?067 21) A8\ 9 656

2068 277.96r 34,099

2069 220.636 34.033
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Table 4: Estimated future Nebraska GWCBCU and IWS credit with sixty percent of baseline
irrigation pumping removed from the nominal 5-mile stream corridor.

6el Pumpìng

Reduction in 5-m¡le

Corr¡dor

Year GWCBCU IWS Credit
2010 208.64s Ð.o47
2071 210.856 27.747

2012 193.49s 22.296

2013 183.064 20.97L

2014 r97,737 25.514

2015 777,234 20.427

)o16 t8s,u9 24,71s
)o17 !67,778 r7,9ra
20ta 1 7q sAq 18,029

2079 187.S36 20,931

2020 144.ß5 )1.71\
202L 180.013 23.S88

2022 193.938 26.8S4

2023 190.æ2 27.927

2024 199.057 27.525

2025 193,599 24.9æ

2026 204,O52 29,4m

2027 794,036 25,519

2024 L87,æ7 24,t!O
2029 203,459 28,235
2030 186.026 223r7
2037 794.877 27,O29

2032 77A.4SO 'tc \n
2033 191.3s1 )o )44
2034 199.826 )3.)91

2035 795.U7 25.244

2036 192.538 25.732

2037 206,503 24.637

2038 203,452 30.762

2039 273,Æ9 29.552
2040 208,159 27,O92

2041 219,97 31,570

2c/.2 2D4.147 27,402
2cø,3 200.800 2s,797

2044 219.018 30.1å5

2045 199.458 23.9o7

204,6 204.777 28.788

2047 189.295 20.s7t
20Æ 2M,670 27.466

2cÉ-9 2r2,446 24.329
?o50 209,422 26.4æ
)os7 203,866 26,846
20s2 220,96 30,762
2053 217.50A 37,942
2054 229.194 ?1 qL1

2055 22r.190 28,553

2056 236.018 33.522

2057 227.579 24.444

2058 2r3,293 27.152

2059 232,fi3 31.389

20æ 2IL,æ6 25,313

2061 279,868 30.024
2062 199,666 27,376
2063 274,424 22,O4
205/. ))4.16) 25,237

2065 2)O.499 27,277
2066 273.424 27,707

2067 231.0S3 31 .1 84

2068 229.U4 33.336

2069 241.935 32.631
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Table 5: Estimated future Nebraska GWCBCU and IWS credit with ninety percent of baseline
irrigation pumping removed from the nominal S-mile stream corridor.

gcr"¿ Pump¡ng

Reduction in 5-m¡le
corr¡dor
GWCBCU IWS credit

2.0lo )o).313. )37sq
2.017 196.943 )7.473
2072 180.qo3 24.1ß
2073 168.066 22.495

2074 178.651 27.OA1

2075 161.361 22.201

2016 ræ.599 25.997

2017 144.582 79.466

2018 761,347 23.514

2079 766,494 26.373

2020 762,754 24,494

2027 158,s31 25,667

2022 169,749 27,665

2023 767,787 28,555

2024 7ß,424 28,7!7

2025 770,453 27,7æ

7026 776,579 29,629
)027 769,972 28,015

)o)a !63,749 26,729
2029 174 Or]ø ?9 697

2030 't 6r.886 )570i
2031 166.379 28,.573

2032 153.876 )1.9)A
2033 767.?15 26.670

2034 772_æ9 28,.424

2035 769.426 27.OO3

2036 166.318 27.AM

2037 774.æ2 30.056

2038 777.M4 31.029

2039 183.283 31.066

2040 181.160 30.326

2041 188.051 32.Or2

2042 180.938 30.349

2M3 774,747 24.873

2044 187,433 3r,937

2045 174,æ5 27,829

20Æ r77,726 30,62L

2047 ræ,336 23,558

)oaa 779,966 28,610

)M9 7U,47 30,629

2050 181,340 24,7æ
2051 177.416 )9.3FA

2052 191.131 3',t cs¿.

2053 749.773 32.975

2054 196.634 33.016

2055 792.71t 32.158

2056 201.981 34.026

2057 193.083 32.185

2058 185.865 30.541

2059 r99.U2 33.666

2050 186,037 29,518

206L 189,304 32.269

2062 L74,764

2063 1 90,788 29,769

206/. L97,O43 32,089

2065 792,532 30,076

)o€,6 188,013 30,670

)ô67 202,r93 33,320

2068 202,r74 34,555

7069 2æ,290 34,625
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Table 6: Estimated future Nebraska GWCBCU under baseline pumping conditions and ninety
percent of baseline irrigation pumping removed from the nominal S-mile stream corridor and
with irrigation efficiency increased to ninety percent.

Baseline Pumping with 9el
Efficiencv

9070 Pump¡nE Reduct¡on ¡n 5

m¡le Corridorwith 90Yo

Eff¡c¡encv

GWCBCU GWCBCU

20LO 220.957 202,604

242,622 197.698

2012 220.7U 747.794

2073 21\.A1A 1.69,254

)01Ã 237.nO 1æ.45'1

2015 213.659 763,2L7

226,29s 167.038

2077 797.237 1Sa.))A
2074 )11.))6 164,398
)01q 220.207 170.144

2020 223.5O7 IÞÞ,bI5
2027 216,350 162.670

2022 237.711 17! \75
2023 2Æ,997 I72.866
2024 256.44a 179.245

2025 )4A 74q 776,072

2026 270.767 143.082

2021 247.769 776,722
)o)2 169.84S

2029 255.932 7a2,245
2030 235,676 169,394

2031 247.722 173.4q7

2032 )17 )O) 160,668

2033 230,273 174.574

2034 24D.647 180,801
2035 243,5A3 7Tt.526
2036 236.26 774,342
2037 259,774 747.726

2038 267.6þ4 1% )7)
2039 ?76 616 193,370

2MO 271. A 1SO.503

20ø7 292.652 19&603
)M) 268,690 190.603

2c/3 255.1m 1 A? Snô

20r'ø 276,957 79a.479

2@.5 257.724 183.664

2046 )65 6q1 7A7,A!6
)M7 232,662 7-73.463

2UA 246.427 !49,233
2or'q 256,99 t95.219
2050 260.174 191 R3)

205L )\o &1 LA1.269

2052 274.@a 207.45O

2053 274.914 207,264
)î\t 294,361 209.586

2055 247-686 )M \14
20s6 372,262 275.466

2057 244.gfi 205.O34

2058 26q A61 r97,727
,osc 292,37s 272.999

20æ 265.727 r97,76r
)ô61 279,8æ 201.011

2062 245.597 1% 665

2c63 258,245 2ú.627
2c64 269.754 )o7.s60
2cÉ.5 )73 1\1 243,735

2066 26r.92t 198.155

2067 2S1.SSA 213,U5
7ma 214.432

2069 309.431 224,r28
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Table 7: Estimated future Nebraska GWCBCU under baseline pumping conditions and75o/o oÍ
historical average pumping during the period 1998-2002.

Basel¡ne Pump¡ng

{801 of Historical
1998-2oo2l

75% of Historical

1993-2002

D¡fference ¡n GWcBcU

(wÁ veßus7'% of
H¡storical Pump¡ng

ß9a-2m2ì
Yeaa GWCBCU GWCBCIJ GWCBCU

2010 279,O24 278,O43 981

)o11 )a7 )16 )6234,390

2072 215.901 213.457 2.444

2t73 270.707 207.æ3 2.808

2014 227,386 224,934 7 Aq)

2015 207,407 203,n4 3,633

2076 220.607 )77.694 2.913

2071 792.7fi 189.613 2.537

2018 205.713 202,æ2 2,9r!
2019 274,394 271,535 2,863

20)o )16 gsf) )1?'77\ 3.265

202r 20e.699 2M.n7 3.392

2022 230.506 226.947

2023 233,707 224,347 4,720
)o)4 )47 )€,4 )41 4)1 s7
2025 236.422 230.435 5.987

2026 258.468 257.677 6.851

2027 235,s44 229,æ8
)o)9 ))9 8)S ))4 ffi6 5 15C

2029 245.859 242.263 4.596

2030 225.747 2I9.a25 5.916

203! 233,732 5,005

2032 208,415 204,O57 4,358
2033 2)).OO) )17.433 4.769

2034 232.O37 227.304 4.733

2035 233.330 22A.315 5.015

2036 226,775 22r,æ6 4,969

)õ?,7 2ß,1æ 242,12A 5,æ1
2038 250.287 )44.347 5.906

2039 2æ.410 257.962 6.ga
20Æ 255,747 247.543 8,244

204r 274,742 269,774 8,458
?o42 253.304 )45.654 7.654

2043 2M.362 238.Æ6 5.876

2044 2e/.,906 258,546 5,360

zo45 2n,7ro 6,725
?o46 25q 6CO )47.45) 6.234

2047 227.670 216.O34 5.635

20118 236,9M 237.'130 5,774

zo49 246,919 24r,394 5,52!
2050 )47.9æ )41 €,49 6.340

2051 239.965 234.964 6.m1
2052 2&.307 257.572 6.749

20s3 265,O9 258,O22 7,62
)õ\4 )79 q9/.¡) )71 Fç) 7 a?g

2055 270.662 260.942 9.720

2056 295.374 285.988 9.326

2057 2æ,739 259,77s 4,964
?o5g 256,958 250,38r 6,577

2059 274.625 277.397 7.224

2050 253.551 246.356 7,195

2067 266.,656 259,s4t 7,\75
)rl€? 6 40'4233,746 227,342

2063 247.757 247.971 5.74O

2064 259.416 253.626 5.790

2065 260,600 253,308 7,292

2066 250,927 244,462 6,ß5
2067 ?76.719 )6A.7)O 7.999

206a 274.534 270.614 7.924

2069 293.507 285.100 8.401
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Table 8: Estimated future Nebraska GWCBCU under baseline pumping conditions; 100%
curtailment of future pumping from the 10-2 rapid response region; and 100% curtailment of
future pumping from the 10-2 rapid response region for each year corresponding to the
historical years 2002-2007 .

Baseline

Pu moi nE

7ñÁ
Reduction

In RR 1G2

Res¡on

10CPl Reduction ¡n

RR 1G2 Region for
Years Correspond¡ng

tô 2OO2-?OÃ7

Difference ¡n

cwcBcu (Baseline

versus 10(Pl

Reduction ¡n RR 1G2

Resion)

Difference ¡n GWCBCU

(Baseline versus 10øo

Reduct¡on ¡n RR 1G2

Resion 2002-2007)

Yea r GWCBCU GWCBCU GWCBCU GW'BCIJ

2010 2r9,024 207,8r7 219.024 77.207

2071 )37 )a6 2ô1 9)6 237,236 35.310

2012 215.901 188.445 275,90! 27,456
2013 270.70r 777.694 270.707 33,003

2014 227,346 !94,076 227.346 33.370

2015 207,407 774,584 207.407 32.A23

2ô76 220.607 141 53? 220,æ7 39,075

2077 792.750 163.837 179.171 2&313 12,979

2018 205.773 174.862 185.862 )6 AS1 19,851

20!9 2!4,394 190,152 196.002 24.246 ß.396
?o)o 2!6,990 186654 193,700 30.336 23.290
2027 2(B.699 1g) \70 746,697 27,729 23.û2
2022 230.506 200.186 )04.)14 30,320 26,292
2023 233.101 200.029 )73.26,4 a?.o7) !9,733
2024 247,264 208,0s6 239.770 39.272 a.oga

)o)s 236,422 2æ,923 230,435 35.499 5.987

2026 258.468 213.045 254,046 45,423 4,422
2027 235.544 202.537 )1) )58 33,013 3,286
2024 229.425 194-585 227.A75 35 )4ô 1,950

2029 2Æ,459 272,427 245.392 34.032 7.467

)o?o ))s741 792,770 2?4.OAA 33.031 1.653

2031 )19 147 199 771 237,043 38,366 7.@4
2032 208.415 180.8A5 795,720 27,530 72,695
2033 222.ú2 196.111 202.570 )s*1 19,492
2034 232,O37 207.45a 272.713 24.17q '191)4

,o?s 233,330 204,552 270.765 24.774 22.565
2036 )?F775 200,658 ?o4,373 26.717 22.402
2037 244.709 219.6,41 223,42L 24,428 24,æa
2038 2fi.2A7 279.974 232.406 30 313 L7,AA7

2039 264.AXO 229.108 257.473 35.70) 7 147

)M6 255,747 227,587 34.206 6.395

2(41 )74 19) 235,rt3 273,769 43.009 4.413
20/.2 253.308 222.234 )49 91F. 37,O74 3,370
2c/.3 244.362 212.308 242.374 a) o\4 1,988

2044 2U,96 263.O74 31.405 1.432

2c45 2Æ,770 270,!O4 234,477 30.606 1.839

2cø6 ?53 6q) 2!7,U2 252,334 36.518 1.356

2cø7 227.670 794.279 209,t33 27,457 72,537

2048 236. 4 271.936 27A.520 )4 969. 18,384

2049 246,9!9 223,0r2 224.O25 23.906 ß.494
,050 247,9A9 220,4O2 226.279 27.947 21.770
2051 239.965 )14 SO4 2IA,263 25,46! 2r,702
2052 2Ø.301 2¿6.109 )4rl)74 2A,t92 24,O27

2053 265.O44 235.A40 247.95O )9 )M 17 1?4

2054 279,990 247,763 273.401 32.427 6.589

2055 )70 66? 237,O74 263,44A 33.644 7.2t4
2056 295.374 254.?34 290,9L4 40,980 4,ÆO

20s7 268.139 234.O22 )64.)64 30,t77 3,875

2058 256.958 226.577 254.877 30.381 2 (ß1

2059 274,625 248,250 276.679 30.375 1.946
)CßO ,s4 ss1 224,425 25L77A 29.726 7.7/3
2061 2æ.656 )?o 9M 265,r47 35,712 1,509

2æ2 233.746 206.103 227,205 27,643 72,547
2c63 247.757 223.623 230.799 24.128 77,552
2064 259,4!6 242.O93 22.494 77.321

)(ßs 260,600 233,!44 239.794 27.456 21.406
2ú6 ?5Õ.9)7 226,429 230,779 24,49A 20.808

2067 276.779 )44 K)4 253,138 24,775 23,5A!
2068 278.538 249.9æ )61.76\ 28,632 16,773

2ú9 293,501 267.407 247.O10 22.1m 6,49t
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Table 9: Future total stream baseflows for baseline pumping condition; and when ninety percent
of the baseline pumping within the nominal 5-mile corridor was removed.

Basel ine

90% Pumping

Reduction ¡n 5-mile
Corridor
EaseflowBaseflow

2010 13?.)91 149.û2
)l:11 1M))4 184.515

)o72 723.457 158.4s1

2072 95.777 137.810

2074 102.803 151.538

2075 94.766 14Õ.&72

2076 117.389 173.396

2017 80.908 724.474

2018 49.922 734.246

2079 702.520 150.419

2020 705.476 759,7LL

202r 99.743 150,949

zo22 134,538 795,292

2023 148.530 2r3,U7
zo24 L41.49r 215,328

2025 724.788 190,758

2026 L3r,757 2t3,6Æ
2027 L70,444 r76,O20

2028 85,597 151,633

2029 90,183 162,036

20æ u,277 747,rU
2031 106,413 778,770

2032 728,2æ

2033 81,703 136,387

2034 92,647 151,985

2035 94,843 754,747

2036 91,215 L57,672

2037 724,379 194,396

138,923 272,767
?ô?q 726,94L 208,508

2040 111,90t L86,531

2047 7r7,369 207,494

2042 98,239 u0,6æ
746.5O72043 76,293

156.4912044 79,OL7

741.ú22045 74,349

173.22020Æ 97,256

)o47 65.534 722.A67

204¡ 74.477 737.749

2049 u.734 146.210

2050 85.579 752.237

2051 82.609 145.156

20s2 175.467 188.640

2053 130.102 205.4r4
2054 776.O75 199.431

2055 99.O47 L76.936

2056 706.427 199.760

2057 88.403 763,454

20s8 58.979 7Æ,O77

2059 68,813 747,602

20æ 67.45O 134,966

206r 89,304 165,656

2062 58,816 777,80L

2063 67,972 724,934

2064 77,993 r40,370

2065 77,59I r45,66r
2066 76,0ls 138,932

2067 106,196 !80,723
2068 I22,AO8 !99,172

2069 ro5,626 190,840
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Figure 1: Map showing extent of nominal S-mile stream corridor where impacts of future
irrigatíon pumpin g cu rtailment was evaluated.
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Figure 2: Graph comparing estimated future Nebraska GWCBCU under baseline conditions and
various levels of irrigation pumping curtailment.
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Figure 3: Graph comparing estimated future Nebraska GWCBCU under baseline pumping
conditions and with ninety percent of baseline irrigation pumping removed from the nominal 5-
mile stream corridor and with irrigation efficiency increased to ninety percent.
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Figure 4: Graph showing estimates of future Nebraska GWCBCU prepared by Nebraska in
2006 under a baseline conditions and several alternative conditions of reduced irrigation
pumping.
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Figure 5:'Graph showing coneja'tion of groundwater prJ,mping and estimiated future trends in
Nebraska GWCBCU derived from Nebraska's 2006 analysis.
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Figure 6: Graph showing annual median estimates of future Nebraska GWCBCU derived from
Nebraska's stochastic evaluation of future hydrologic conditions.
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Figure 7: Graph comparing estimated future Nebraska GWCBCU under baseline pumping (80%
of historical pumping during the period 1998-2002) and75o/o of historical pumping during the
period 1998-2002.
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Figure 7a: Graph showing the reduction in estimated future Nebraska GWCBCU due to
pumping al75% of historical pumping during the period 1 998-2002.
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Figure 8: Graph comparing estimated future Nebraska GWCBCU under baseline pumping
conditions; 100% curtailment of future pumping from the 10-2 rapid response region; and 100%
curtailment of future pumping from the 10-2 rapid response region for future years
corresponding to the historical years 2002-2007.
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Figure 8a: Graph showing the reduction in estimated future Nebraska GWCBCU due to 100o/o

curtailment of future pumping from the 10-2 rapid rêsponse region; and 100% curtailmentof
future pumping from the 10-2 rapid response region for future years corresponding to the
historicaf years 2002-2A07 .
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Figure 9: Graph showing future total stream baseflows for baselíne pumping conditioru and
when ninety percent of the baseline pumping within the nominal S-mile ooridor was rernoved.
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Figurel0: Graph showing annual median estimates of future total stream baseflows derived
fiom Nebraska's stochastic evaluation of future hydrologic conditions.
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