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Since the Republican River Compact (Compact) Settlement in 2002, Nebraska’s
computed beneficial consumptive use (CBCU) has consistently exceeded its Compact
allocation. Even though Nebraska has decreased its CBCU in recent years, Nebraska’s
Compact allocations have shrunk to record low levels. Several factors have contributed
to this, most significantly the low rainfalls and record levels of pumping in Nebraska
since 2000. However, the interrelationships between these factors and their effects on
stream baseflows are complex; it is impossible to understand the current situation based
on a single factor (e.g. rainfall trends). The following discussion summarizes the
historical flow system in the Republican Basin and the differences between the curreht

situation and the recent past.

Historic Precipitation

A summary of rainfall trends for the Republican River Basin, utilizing the cumulative
departure from average rainfall, is presented in Figure 1. This analysis includes the
rainfall gages used in the Republican River Compact Model (RRCM), and also looks at
the subset of those gages that are located in Nebraska. The cumulative departure from
average is very useful in characterizing the rainfall conditions for a given period of time.
When the trend in this plot is relatively flat, this indicates a relatively average period of
rainfall. Upward and downward trends indicate wet and dry periods, respectively.

Following a relatively average period in the 1920’s, several significant upward and
downward trends occur from the 1930’s through the mid-1950’s. Then, a period
characterized by average to above average rainfall occurred from the mid-1950’s through
the mid-1990’s. This trend is even more apparent for the rainfall stations located in
Nebraska than for the entire group of Compact stations. This is not to say that rainfall
was always average or above average during this period. There are clearly several short
periods showing a downward trend (e.g. late 1980’s). However, the overall trend for this
period as a whole is clearly increasing, indicating that above average rainfalls always
came back to make up for the short periods of lower precipitation.

The period from the mid to late-1990’s through 2005 is characterized by average to
below average rainfall. Average annual rainfall in 2002 was the lowest in the basin since
the 1930’s. Aside from that year, the trend is mostly flat, indicating relatively average
rainfall. However, in contrast to dry periods that occurred in the previous interval (mid-
1950’s to mid-1990’s), no above average rainfall has occurred to make up for the below
average years. ‘ :
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Figure 1. Cumulative departure from average rainfall for RRCM precipitation stations.

Components of the Groundwater Flow System

Figure 2 presents a historical summary of the components of groundwater flow within the
Republican River Basin, as generated from the RRCM. In this graph, the positive terms
represent sources of water to the system and the negative terms represent sinks through
which water is removed from the system. A short description of each of these
components follows.

Recharge from precipitation. The RRCM uses the recorded rainfall for 34
stations located within and near the groundwater model domain. The total rainfall
for each month is contoured and translated into recharge using a set of rainfall-
recharge curves and the distribution of soil types. This component is always
positive because recharge is only added to a system, never taken away (i.e. always
a source, never a sink).

Canal and surface water irrigation recharge. Another component of recharge
in the RRCM is the seepage from canals and the deep percolation of surface water

. irrigation. This is computed for each month of each year based on records of

canal diversions and deliveries. This component is also always positive.
Groundwater storage. A major flow component of any groundwater system is
the transfer of water into and out of groundwater storage. When the water table in
a given area shows a net increase, this represents an addition to groundwater
storage. Conversely, water table declines represent a decrease in groundwater
storage. This component can be either positive or negative, representing a
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withdrawal from storage or an addition to storage, respectively. This concept is a <
bit counterintuitive. A positive storage flux reduces water levels in the model to g\.‘)
make this water available to sinks within the model (i.e. creates an additional X
source), such as pumping. Alternately, a negative storage flux represents flow
into storage as water tables increase due to an excess supply (e.g. large recharge),
or a minimized loss (e.g. low pumping), or both (i.e. a negative storage is a sink

for excess water).
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Figure 2. Average groundwater flux by decade (except for 2001-2005 interval) from the entire
RRCM. See text for description of components.

- Net Pumping. Net pumping merely represents the total simulated pumping
minus the return flows from groundwater irrigation. This is always negative, or
always a sink for water. l

- Stream baseflow. This is the discharge of groundwater into the streams within
the model. These are primarily the mainstem and tributaries of the Republican
River, but also include some other streams in Kansas (though these are not
considered in the Compact accounting). Stream baseflow can be either a source
or a sink for water in the model, since discharge from a stream can soak back into
the aquifer further downstream under some conditions. However, the net
baseflow for the model as a whole is always negative, indicating a net sink for
water from the model.

- Constant heads. A constant head is frequently used in groundwater models to
represent certain boundary conditions. In the RRCM, a constant head boundary is
used to simulate the Platte River along the northern boundary of the model
domain. This term is also always negative.
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- Phreatophyte Evapotranspiration (ET). The RRCM also simulates the loss of
water from the aquifer to phreatophytes located along the streams in the model.
This component is always a sink for water (i.e. always negative).

To summarize, the sources of water to the flow system are recharge from precipitation,
canal and surface water irrigation recharge, and water stored in the aquifer (i.e.
groundwater storage) and the sinks for water from the flow system are water added to
aquifer storage, pumping, stream baseflows, constant head boundaries (i.e. Platte River),

and phreatophyte ET.
Relationships within the Groundwater Flow System

The trends of these components are all interrelated. When a source of water increases
(e.g. more rainfall), the extra water increases flow into one or more sinks to the system.
This might occur through increased baseflow, increased ET, increased pumping,
additions to groundwater storage, or some combination of these. When flow into a
groundwater sink is increased (e.g. increased pumping), this extra water must come from
some source, such as increased recharge or a release from aquifer storage. Some of these
sources and sinks are controlled from outside of the system (e.g. pumping and recharge
are determined independently by actions of man and climatic conditions) and other
sources and sinks simply react to the water available to the system (e.g. stream baseflow
goes up and down and storage is increased and decreased in response to the available

supply).

The three primary components to the Republican Basin groundwater flow system are
recharge, changes in storage, and pumping (Figure 2). In the first several decades of the
model period, recharge and net changes in storage are closely related. During periods of
greater recharge water is added to storage (negative storage flux) and during dry periods
water is removed from storage. The stream baseflows and phreatophyte ET react in a
similar way to changes in recharge, but at a much smaller scale than the storage changes.
This indicates that changes in groundwater storage significantly dampen the impacts of
large swings in recharge on other components, such as stream baseflow. During the
1940’s and 1950’s there was a substantial increase in groundwater storage, in large part
representing the formation of the groundwater mound south of the Platte River due to
surface water irrigation from the Platte. To illustrate this, Figure 3 shows the
groundwater declines (and increases) for Nebraska at 1970. Most of the Republican
Basin had either remained unchanged or had experienced water level increases.

Beginning around 1960, groundwater pumping began to substantially increase in the
basin. An average rate of around 2 million acre-feet per year was reached during the
1970’s and maintained through the next few decades. Losses to aquifer storage peaked
during the 1970°s but were mitigated during the 1980’s and 1990’s due to increasing
recharge from precipitation. Nonetheless, there was a significant net loss in aquifer
storage during these three decades, though water level declines occurred primarily in the
western part of the Nebraska portion of the Republican Basin (Figure 4), as well as in
Kansas and Colorado. In fact, by 2000, the losses in storage during the later part of the
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century had completely offset the increases in storage from the decades before for the
entire basin.

Groundwater-level Changes in Nebraska — Predeveldpment to 1970
(Modified from Original Black and White Map)
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Figure 3. Water levels changes in Nebraska, predevelopment to 1970

There has been a steady decline in stream baseflows and phreatophyte ET since the
1960’s. However, the increased recharge in the 1980°s and 1990’s helped to mitigate
these declines. It is important to emphasize this fact: the entire period of increased
groundwater pumping, from the 1950’s through the 1990’s, coincided with either
increasing or stable recharge from both rainfall and canal/surface water sources.
Without this, the declines in stream baseflow (as well as the losses from storage) would
have been much more significant than was actually experienced during this time.

In the last period represented in Figure 2, 2001-2005, several things occurred.
Groundwater pumping increased substantially and recharge from precipitation and canal
and surface water irrigation recharge declined. The result was a greater than doubling of
the rate of loss from aquifer storage. This is evident in Figure 5, which shows the water
level changes from 2001-2005. Almost every portion of the Republican Basin
experienced at least modest groundwater declines (declines between 1 and 5 feet), while
many areas experienced severe rates of decline (declines of 5 to 10 feet or more in a
period of 5 years).
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Figure 4. Groundwater level changes in Nebraska, predevelopment to 2000.
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Figure 5. Groundwater level changes in Nebraska, 2000 to 2005.

Consequently, the rate of decline in stream baseflow increasé%ramatically. Figure 6
zooms in on the last few time intervals shown in Figure 2, and also plots the stream
baseflow on a separate axis to accentuate the trends in that flow component. The
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reduction in average stream baseflow for the entire basin during the 2001-2005 period
(from 177 thousand acre-feet per year to 130 thousand acre-feet per year) is almost equal
to the total reductions in stream baseflow that occurred during the preceeding 20 year
period (230 thousand acre-feet down to 177 thousand acre-feet between 1980 and 2000).
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Figure 6. Average groundwater flux for the entire RRCM. Note that the stream baseflow is plotted
on the right axis and all other components are plotted on the left axis.

Figure 6 is an excellent illustration of what happens to the stream baseflow and aquifer
storage (i.e. groundwater levels) in response to the combination of pumping and recharge
stresses. First look at the difference between the 1960’s and the 1970’s. Pumping
increased dramatically while recharge was essentially unchanged. This resulted in large
changes in the rates of storage withdrawals and stream baseflows. During the 1980’s and
1990’s pumping levels total average pumping in the basin did not change much. The
increased recharge rates during this time allowed the rate of storage withdrawal to go
down and significantly reduced rate of change in the stream baseflows. After 2000, the
large increase in pumping and reduction of recharge (net pumping exceeded total
recharge for the first time) combined to significantly reduce aquifer storage and stream
baseflow. This indicates a system that is dramatically out of equilibrium (i.e. the supplies
are far less than the demands).

The Future of Water Supplies in the Republican Basin

An increase in sources of water (i.e. increased recharge) will help bring this system back
into balance, as will a reduction in demand (i.e. reduced pumping). However, simply
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bringing the system back into balance will not increase the water supply in the basin. As
Figure 6 shows, groundwater storage has been significantly impacted in the basin,
particularly in recent years. Without an increase in the groundwater storage, water levels
will remain at current levels and stream baseflows will not improve. Baseflow is a major
component in the total streamflow, and measured streamflows are a major component in
the Compact Computed Water Supply (CWS).

The average CWS for the 1990’s was greater than 600 thousand acre-feet per year,
resulting in an average NE allocation of greater than 300 thousand acre-feet per year.
During 2001-2005, the average CWS was reduced to approximately 420 thousand acre-
feet per year, reducing the average NE allocation to approximately 225 thousand acre-
feet per year. In fact, in 2005 the CWS and the NE allocation were at ~3435 thousand
acre-feet and ~191 thousand acre-feet respectively, both record lows.

The trends in Nebraska’s consumptive use were much less dramatic. Nebraska’s
consumptive use of virgin groundwater increased from an average of about 180 thousand
acre-feet per year in the 1990’s to about 190 thousand acre-feet per year in 2001-2005.
Average surface water consumptive use was reduced (primarily due to reduced
streamflows) from about 100 thousand acre-feet in the 1990’s to about 60,000 acre-feet
for 2001 through 2005, for a net decrease in total NE CBCU. If the basins water supply
continues to decrease, the groundwater depletions to streamflow will decrease as well,
regardless of pumping levels, because there will be less and less streamflow to deplete.

The large decrease in the CWS (and consequently the NE compact allocation) is mostly
attributable to the declining streamflows, a result of the declining aquifer levels in recent
years (Figure 5), which is due to the increased pumping and decreased recharge.
Reduced pumping (along with any increases in recharge) is needed simply to bring the
basin into balance with the remaining available supply (i.e. to curb further reduction in
the CWS). The basin water supply (and the NE allocation) will not increase until the
system moves toward an imbalance in the opposite direction (i.e. inputs exceeding the
outputs), which will require a dramatic increase in recharge, a dramatic decrease in

pumping, or both.
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Depletion by NRD

Overall % i : Meter adj. (est.) _
Net NE CREP |Alloc. Reduction|LR MR New Net NE [LR MR UR
2003 -16260
2004 -27950
2005 -31708
2006 -35904| 2,231 1,823 872 137
2007|] -27955.5f 4,151 3,457 1,234 263 -18,851
2008| -27955.5] 5,568 4,106 4,653| 1,450 352 -11,827] 1,210} 1,396] 2,047
2009 -27955.5| 6,288 4,134 7,354 1,329 451 -8,400] 1,912| 2,206| 3,236
2010 -27955.5| 7,596 6,712 9,421 1,549 482 -2,196| 2,449| 2,826] 4,145
2011| -27955.5} 6,519 7,689 10,456] 1,732 526 -1,034| 2,719] 3,137] 4,601
2012| -27955.5| 7,539 7,250 10,877 1,730 579 20] 2,828{ 3,263| 4,786
Overall % = 3 Meter ad]. (est.) Depletion by NRD
Net NE Reduction/LR MR New Net NE [LR MR UR
2003 -16260
2004 -27950
2005 -31708
2006 -35904| 2,231 1,823 872 137
2007| -27955.5| 4,151 3,457 1,234 263 -18,851
2008} -27955.5| 5,568 4,106 4,476 1,450 352 -12,004| 1,164| 1,343} 1,969
2009| -27955.5| 6,288 4,134 7,120] 1,329 451 -8,634| 1,851 2,136| 3,133
2010 -27955.5| 7,596 6,712 9,103] 1,549 482 -2,5614} 2,367 2,731| 4,005
2011 -27955.5| 6,519 7,689 10,240| 1,732 526 -1,250] 2,662| 3,072| 4,505
2012 -27955.5| 7,539 7,250 10,786] 1,730 579 -71] 2,804 3,236| 4,746
Overall % ~ _(est) Depletion by NRD
Net NE ALL LR MR New Net NE |LR MR UR
2003 -16260
2004 -27950
2005 -31708
2006 -35904| 2,231 1,823 872 137
2007] -27955.5| 4,151 3,457 1,234 263 -18,851
2008| -27955.5| 5,568 4,106 42731 1,450 352 -12,206] 1,111} 1,282| 1,880
2009] -27955.5| 6,288 4,134 6,772 1,329 451 -8,982| 1,761 2,031} 2,980
2010| -27955.5| 7,596 6,712 8,673 1,549 482 -2,9441 2,255| 2,602 3,816
2011} -27955.5| 6,519 7,689 9,789 1,732 526 -1,700] 2,545| 2,937( 4,307
2012| -27955.5{ 7,539 7,250 10,783 1,730 579 -75| 2,804] 3,235| 4,744
Overall % = Add. QR J40: . (est.) Depletion by NRD
Net NE CREP |ALL LR MR New Net NE [LR MR UR
2003 -16260
2004 -27950
2005 -31708
2006 -35904| 2,231 1,823 872 137
2007|{ -27955.5| 4,151 3,457 1,234 263 -18,851
2008| -27955.5| 5,568 4,106 4,531 1,450 352 -11,948| 1,178] 1,359| 1,994
2009] -27955.5| 6,288 4,134 7,241 1,329 451 -8,513| 1,883| 2,172| 3,186
2010 -27955.5| 7,596 6,712 9,270 1,549 482 -2,347| 2,410{ 2,781] 4,079
2011} -27955.5f 6,519 7,689 10,361] 1,732 526 -1,129| 2,694| 3,108| 4,559
2012 -27955.5( 7,539 7,250 10,799 1,730 579 -59| 2,808| 3,240] 4,751
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Average Baseline Volume

QR Upland Total Percent of Impacts
Total 272,805 768,993 1,041,798 LR 0.26
LR 113,190 146,929 260,119 0.25 MR 0.3
MR 97,741 178,279 276,020 0.26 UR 0.44
UR 61,873 443,785 505,658 0.49
Average Baseline Acres Certified Acres _
QR Upland Total Cert. Acres QR Upland  Total
Total 265,930 720,106 986,036 1085000 321,170 768,425 1,089,595
LR 119,641 153,642 273,283 325000 142,944 185,453 328,397
MR 91,458 160,535 251,993 312000 108,226 204,972 313,198
UR 54,832 405,929 460,761 448000 70,000 .378,000 448,000
Scenario 1 ‘estimate:
Overall = 0.15. QR = 0.25
QR Vol Upland Vol Total
Total 173,913 653,644 827,557
LR 87,478 116,938 204,416 0.25
MR 68,073 143,674 211,748 0.26
UR 18,361 393,031 411,392 0.50
QR Upland __ Total % Total [Percent of Baseline volume allowed
Reduction Reduction Reduction Reductions QR Upland  Total
Total 98,892 115,349 214,241 Total 0.64 0.85 0.79
LR 25,712 29,99 55,703 0.26 LR 0.77 0.80 0.79
MR 29,668 34,605 64,272 0.30 MR 0.70 0.81 0.77
UR 43,512 50,754 94,266 0.44 UR 0.30 0.89 0.81
QR Upland
Allocation  Allocation
LR 7.3 7.6
MR 7.5 8.4
UR 3.1 12.5
Scenario 2
Overall = 0.05 QR = 0.34
QR Vol Upland Vol Total
Total 171,049 730,543 901,592
LR 86,733 136,932 223,665 0.25
MR 67,214 166,744 233,958 0.26
UR __17,100 426,867 443,967 0.49
QR Upland " Total % Total [Percent of Baseline volume allowed
Reduction Reduction Reduction Reductions QR Upland  Total
Total 101,756 38,450 140,206 Total 0.63 0.95 0.87
LR 26,457 9,997 36,454 0.26 LR 0.77 0.93 0.86
MR 30,527 11,535 42,062 0.30 MR 0.69 0.94 0.85
UR __ 44,773 16,918 61,691 0.44 UR 0.28 0.96 0.88
QR Upland
Allocation  Allocation
LR 7.3 8.9
MR 7.5 9.8
UR 2.9 13.6
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Under Review

Scenario 3
“Overall = 0.32 QR = 0.00
QR Vol Upland Vol Total % Use
Total 185,507 522,915 708,423
LR 90,493 82,949 173,441 0.24
MR 71,552 104,456 176,007 0.25
UR __ 23462 335511 358,973 0.51
QR Upland Total % Total Percent of Baseline volume allowed
Reduction Reduction Reduction Reductions QR Upland  Total
Total 87,298 246,078 333,375 Total 0.68 0.68 0.68
LR 22,697 63,980 86,678 0.26 LR 0.80 0.56 0.67
MR 26,189 73,823 100,013 0.30 MR 0.73 0.59 0.64
UR 38,411 108,274 146,685 0.44 UR 0.38 0.76 0.71
QR Upland
Allocation  Allocation
LR 7.6 54
MR 7.9 6.1
UR 4.0 10.7
Scenario 4
Overall = 0.00 QR = 0.40
QR Vol Upland Vol Total % Use
Total 163,683 768,993 932,676
LR 84,818 146,929 231,747 0.25
MR 65,004 178,279 243,283 0.26
UR 13,859 443,785 457,644 0.49
QR Upland Total % Total [Percent of Baseline volume allowed
Reduction Reduction Reduction Reductions QR Upland  Total
Total 109,122 0 109,122 Total 0.60 1.00 0.90
LR 28,372 0 28,372 0.26 LR 0.75 1.00 0.89
MR 32,737 0 32,737 0.30 MR 0.67 1.00 0.88
UR 48,014 0 48,014 0.44 UR 0.22 1.00 0.91
QR Upland
Allocation  Allocation
LR 7.1 9.5
MR 7.2 10.4
UR 2.4 14.1

DNR 003740



y5'c68%
0000050}

16211

sjuateniq

leloe

tel0e

69€9
S20El
12°AY
0cive
évvel

Lsevi

€611
%681
Loeve
6Eve
%16
0089¢

0

10} paseajal ‘'sey UNAS AIIEH

Eues obpIIquies Ul UONEDII]]

clyce

66891
Geoe!l

21414

000
0

évvei

LSEVL

€611

%6°8Y
L9gve

6Eve

%16

0089¢

0

VvOuy 10} pasesa.

Soy Junis ALIeH

4v lad aoud

Qi04 o1 juswhey
By SEIgeN 4o} ssojuieb jjeisnQ

SMA Ul 8SEBIOU) S, BYSRIGEN
NDFD Ul uononpal eeyseiqeN

wels
UlB\ 10} %6 81 8A190a1 PINOM BYSBIgEN
alaym ApieH o} §I ayew pinom NHYD

[eue) abpuque) Jo % OF ¥eyl pejewns3
‘aber) ApieH 'Y "deY je SMA S.eyseigsepn

0} pappe st ey} NO s,8Bpuqwed Jo %68y
Nogo leue) abpuquen

&ESMOj) uinisy 9%

(sosesjal

SH 0 %06) suotsienq [eue) sbpuquen
molag suIpap

1e abueyosip pabeb woi} SMA Ssesuey
aben 19 supips 1

abreyosip paebeb woij SMA [E10} S.e)selqaN

4V u)1 abeb mojeq 10 suipspy
Uo paseq SMA Walsulel s exseiqeN
%6 '8y abejusolad wejsuep eyseiqoN

4V SMA pajedo|ieun
(%1°6) abieyos|p pabeb uo peseq uiseq
ans 1D suidIpBN 10} 4V Ul SMA S BYSBIGeN

%16
= SMA $X881D 8UIDIPBIN JO % S, BYSBIgeN
(uoneys Buibeb) mojeg xes1D audipep

abelols uj abueyn
UISEq NS Yoai) auidipany

DNR 003741



"SUOISIOAIP J9jem 8oeLNS
Jeyuny woly pajosjold aq pinod seyem paseyaind ey ‘uejd uonejuswbne ue jo ped se paseyoind sem Jejem |

"'SUOISIBAIP Jeyem aokeuns Aq
uoyaidep Jaypny woly asn Jejem punosb jo suoloLISal 0} eNP SMOJUL 18I0 AUe 308101d PINOM ING SUOKEINDIED 2002-866 |
8U} UO paseq Jejem JO SIBYS JIe} 118y} OSN 0} SIOSN IBJBM BOBLINS MOJ[E PINOM POoLlsW siy| “suoiejdep 10edwoo Buynsal

8} JO SUOHEINO[ED PUE SUOISIBAIP J9jem 80eHNS J0 Buiunoode panuiuod e aiinbal pinom UOIBISIUILLPE Yong

WBU UL isuif ‘awi) Ul ISty Jejem 80BHNS UO suop Buleq UOIEASIUILPE [BNIOB UUM SMO|} UIN}aL - SUOISIBAIP
10 Aiddns pajedojje Jo WNWIXeL duy 0} Peliwl} 8 PINOM suons|dep Jajem 8dBuNS [Bj0} ‘UolilSIUIPE 10

2002-8661| s1eaA 1o} uoieoo||e abeisae sjenbs e|dwexs 104,

2or‘sse 2or‘ege %001}
859°161 M9 [e1oL
LE8'6Y Yl } 4818 M\ PUNOID) QHNYT O} uoeoo||y
L6V'LS _ %02 J8le M\ PUNoID QHNHIN O} Uoleoo)Y
62Ev8 %6¢ 488 M PUNOID QUNHN 0} uojedoly
¥08'96 MS [elo] +08°96 %¥e 191B A\ 80BHNG 0} UORRIO||Y
Q4N PUB MS O} UOHEIOj|Y 291'882 = ,UOlJeoojY (€0

"MOJ} weans Janly uedlignday Buysidep ale

1By} uISeg-li] Ul uiseq YOHY aUi UlyMm sjjem o} enp suoiie|dap sy 108|181 0) padojaasp aq 0} 9ARY [jIM UOEOO[.

10 uounquisip pue BunuNOVoE MBU ‘018Z SBLI0OSY SMI JI ‘PUIBUIBW 8q JSNW a}E|d 8y} woly suodwiy Jatem ey}

uoneBliqo ou s| 818y} Jey 108} JeU) S108)jel BN SIYJ 0 uey) JajeaiB S| Se Buoj se papnout Jou s1 QyN uiseg-u |

SMI Jo 8sn Jouisel os|e 0} 8}9|dep O} PaMO][e JUNOWE 10§ DA JOU ‘0] PaS() - UOREBIO||Y SINGUISIP O} sebejuadiad dojgnsp 0|

DNR 003742



%001}
YA
%0¢
%62
%VE

adnNygT

AdNHIA
adnNdn
MS

2002-866 | Buidwing 1ejep punoin QYN Ag pue Jsjepy 92BUNS £q pasn uoneoo|ly eyseiqeN jo sbejusasad jejo]

%001

%9¢ aynNygi
%0¢ GHNYIN
Y44 adnNdn

adN Ag MO Jo uonsjde( Jusdiad

% e

%lce
%<’ Le
%6°LE
%8°¢E
%l'LE

MS

%99

%6 L9
%8¢l
%129
%¢' L9
%E€'29

MD

uone|daq |e10] j0 uedIad

01699¢
0cecée
086962
068¢0¢
0§..6¢

[elol

0.1+98
0Sv6.
oiscii
00166
06¢cclti
MS

*

ovv08}
0/8¢ie
0cov8}
06v€0¢
09vS8i

Mo
suona|de

ofeiony

¢00¢
100¢
0002
6664
8661

‘sasn Jajem punolb
pue Jojem aoeuns AQ Moj) Wwieals 0} suolejdep Z00Z-8661 8yl UO paseq S| uoNGUISIP SIY .
SO9S( J81B\ PUNOIL) PUE IBEAN SOBLNS O} UOIEOO||Y S B)SEBIGEN JO uonnquisiq Jo sjdwex3

DNR 003743



£00¢/9/€

%0004

%92

%8'Se

%0€

%908 |%9ty |

V344

SIX'quN Aq suoneideq pue Buidwind po

060001 _[%0°92  |%80E  [%2EP
[-0°00F [%6G2 _ [%60E  [%2E¥
%0001 [%092  [%Z'1E  [%Eer
[%0001  [%692  [%608 |%zeh
%000} %992  |%9Le  |%6'Ly
%0001 [%8'G2  [%92¢  [%9'I¥
%0'00L %192  [%02E %6 L

%000k |%S'GC |%ecee |%eer |
%000l [%092  [%S 1€  [%9cy
%G00l [%6'G2 _ |%S e [%0°EP
%0001 [%0'22  [%882 [%lv¥
%0'00L _ [%Vve  |%LVE  |%60%
%0°00L  |%lZ2  [%992  [%lS¥
%000l [%6'€2 _ [%92E  |%VEP
%0001 (%592  [%v62  [%0v¥
%0001l %672 [%662 _ |%ccr
%000l |%2¥2 _ [%6¥E __ |%6 0¥
%000l %6722 |%0LE _ [%l ¥
%0001 [%882  [%£82 [%6er
%0001 [%8+v2  [%l2€  [%Ser
%0001 [%e¥e __ [%LSE _ [%LOV
%0001 [%0'Se  [%SeE  [%9er
%000 [%2S2  [%8LE  |%0E
leloL NVO | NVO NVD

I1and3d |1ngnd3d | 1Mgnd3y

H3IMO1 | 31aamy | H3ddn |

1994 919y awnjoA uonajdaqg

£82'0/L | ¥S6'ty | 891°CS 19L'vL 2002
882'€L) 650Gy | 98e'es | /¥8'vs 1002
SS1'GL) kev'sy | 8LL'vS | 919'6s 0002
€09°2LL | 6St'9v | 20e'9S | evi‘ss 6661
052'691 169'sy | g¢6v'eS | 4951/ 8661
0LV L2 | 98S'Sy | ¥EL'PS | 664'L2 1661
LyELLL | ese'vy | L1865 | 8veiL 966}
92’29l | oseey | 0/815 | 9/6°29 G661
661961 | 298'6c | Z£2'0S 190'99 y661
ebeleny Buluuny Je
8/2'991 | oocg'ey | 86225 | 08.°0L [rouzooz-d
228991 | /6l'ey | ev9'2zs | s08'L. |2002-1661
sebelany ||
12€0SL  [8y9'0F  |Sie'ey  [¥9e‘9g 2002
220'681 S/1'9¥ 80G'G9 6€8/L 1002
ep2 L9l LE9'vy  |026'ey  |269'€s 0002
£56°'681  [/88'v¥  |¥PP'09  |ees‘os 6661
L/p'G9L |26y  |ES9'8Y  |688'CL 8661
£6€'69L  [SSL'9y  |vOv'er  [v6.°69 1661
GSE'86L  [FO0'8Y  |891°69  [e81°I8 9661
18¥'EL1 ize'sy  |ov8'es  |02e‘tL G661
8809V  |pP0O'ey  |L6€Lp  |/P929 V661
L20'vLL  |/SL'ey  [198°9S  |eSO'vL €661
OvL'v9L  [988'6E  [818°2G  |9€0'/9 2661
6vc'est  |066°LE  |eev'ey  [928°9 1661
8v9'ev 1 le2'9e  |sl9'sy  lews'L9 0661
jelol NVO NVO NVO HY3A
Ngnd3d {Nand3d {1nand3y
H3MO01 | 31aain | H3ddn

1994 210y awnjop uonaidaq

DNR 003744



100¢e/S.

spx'auN Aqg suogajdeq pue Buid: MD

%00} %2 %62 %6V
%001 %CC %8¢ %08
%00 L %12 %8¢ %S
%00 %G8 %8¢ %05
%00 L %12 %62 %05
%00 } %12 %8¢ %S
%001 34 %L2 %cS
%00 | %GG %l3C %085
%001 %ltc %lC %S
%001 %cc %8¢ %08
%00} %S¢ %08 %SV
%001 Y¥e %08 %8Y
%00} %032 %62 %S
%001 %EC %028 %LS
%004 %02 %08 %18
%00 L %¢E2 %8¢ %8Y
%001 %02 %8¢ %CS
%001 %58 %62 %9V
%001 %61 %628 %ES
%001 %l %l A
%001 %3S %9¢ %2S
%001 %lS %62 %Sy
%001 %12 %6¢ %04
felol NVO NVO NVO
I1and3d [11and3d [ Nand3d
HIMOT | 31aaIN | H3ddn §

uiseq }oedwo) ui buidwing jejol abejuasiad

0e5'c80°L | 682'2re | 6/¥'60€ | €92°1€S 200¢
1€1°000°} | ¥SS'Zie | 2/8°182 | SO.'00S 1002
170'€26 12.v6} | 282'65e | 2e0'eLy 0002
659158 6.L'164 | t22'seg | 602'8eH 6661}
G96'806 686'G6l | €2v'29e | €S LSY 866 |
1€2°18. $08'v91 | SLL'Gle | LI8'LOY 1661}
299'80. 0/69%1 | G6e'L6L | 2680.E 9661
696'06. 199°9/1 | 2/v'912 | 628'L6€ G661
8G1°108 ove'0/LL | 09t'022 | 286'0L¥ ¥661
abelony buiuuny Je
659°G26 9/¥'502 | G/8'09¢ | L0E'6SY |2002-066}
sabeloAY |
ocv'zev't | €0e19€ | v62'9ery | €€8°'vv9 2002
vve'elo'tL | 2ps'ece | 198°20€ | Ly8'99Y 1002
oLe‘z0e'L | 152'e92 | 690°08€ | 06+°€99 0002
26£'699 60v'€SE | 0G2'cel | vE2'08E 6661
9/2'S66 obv'v6l | L2v'L62 | GL¥'E0S 866}
zev'sio’L | 9e9'zee | 092'882 | 9vS'68Y 1661
¥6.'229 Liv'pel | 606'vLL | S.¥°'82E 966 1
LOV‘G96 0t0‘9ve | S10'082 | 9/€'6EV G661
12606 8Sv'vLL | 21S'LLe | LS6'veY 661
GOL'65E SIS LY 18809 60,952 £66 |
880'059 8sy'Sl | 269691 | £16'VEE c661
62£'680°L | 668622 | £62°00€ | LEL'EQY 166}
ob8'/L0'L | G/8'vie | SSv¥'862 | G10°G0S 0661
jejot NVO NVO NVO HV3A
19nd3Y | Na9nd3Y | IMand3d
H3aMO1 | 31daiiN | H3addN

1984 819y awn|oA abedwnd |elo|

DNR 003745



%90

%€°0
%L°0
%90
%90
%90
%S0
%S0
%S0
%S0
%50
%¥'0
%¥'0
%¥'0
%V 0
%t'0
%¥.0
%E°0
%E°0
%20
%10
%00
%40
%10~
%<0
%+0
%10
P30

%<’ L

%S'G
%L L
%E"L
%G9
%6'¥
%¥'9
%E'9
%9'9
%0'9
%¥'9
%P9
%SG
%8'S
%29
%S9
%6
%S'S
%2'S
%b'
%¥'S
%9
%¥'G
%l P
%9y
%2V
%9'¥

%c' LS

%8've

Sob'Le

%L'LE
%l '9C
%612
%V'ec
%6°G¢2
%g'ec
%0'GS
%E€'9¢
%6'2c
%¥'9¢
%l'LS
%0'€e
%9'ce
%8'€¢
%6°€¢
%8¢
%8'v¢
%l've
%0'S¢e
%0'9¢
%192
%l'Le
%E'G¢e
%92

%l 'SC

%6°'8¢
%9’L2
%a G2
%¥'ce
%S'9¢
%S LE
%L'€C
%E°6¢
%¥'9S
%592
%2 LE
%0'8¢
%6'v2
%¥V'62
%LV E
%6°6¢
%8'8¢
%lL'Le
%SG 82
%4708
%662
%8°0¢
%.'0E
%E'9C
%8'0€
% Ve

%0°0¥

%S0
%6'9€
%2 6€
%8'EY
%0°EY
%2 6€
%9'EY
%€ L
%22y
%Y O
%1'6E
%L 6€
%8 L
%0 Ly
%8'8¢
%0 L
%G ¥
%2y
%0°2y
%8'6€
%G 0
%L LE
%2 6E
%e L
%9'6€
%G'9E

c9seL

€02'vS1
0/E'6LL
980'c/}
622'S91
915'GSt
181961
022 L9}
LeS‘261
SE9'0L1
0504}
062'v02
ISH'ZZL
£86'8t71
168°LL1
Si1e'691
€/6'eS1
olLg'stt
622'sel
201'9el
140x44"
9/5'1E}
LLE YL
G/2'0¢etk
6EE'VLL
128821
S/2'6€l

Hn (y-a108e) JoedWy) jR1O]

020°} coret
8vv 6258
861°}1 y9L'el
926 8v9cl
/€6 ¥6.'01
£66 gL9L
2eo't 6,52t
888 6,501
LI6 ov.'ei
Lc8 G/L0t
108 0€8‘0l
6/. 90L'El
969 999'6
L€9 1998
9€9 FLO'LE
6€S 290t}
13 4°) 925,
16€ 120°8
gse £00°L
0/e 1509
091 G197
9 8009
€0¢ GS6°'L
SO}- 00€‘s
9/} 80€‘s
ovli eov's
21 oev‘9
et o)

96/0/

v€6°91

/81'8€
142K 14

-920'8Y

LEL'PY
259'se
168'ct
8Ge'ey
L06'2y
28s'ey
SlL'vy
£9/'9%
6v.'91
89¢°0V
086°'0F
092'se
£29'9¢
¥20'se
Les'ee
FAR: R
LeV'vE
2s8‘ee
18€'8E
S00've
199°1€
olsee
S82've

gIv'er

Le9'vi
96v'6P
00L‘EY
2s0'Le
29e'Ly
92/°19
LE9°6E
91¥'9s
996 v
ySL'sy
brZ'€9
689°6Y
1G0°LE
9ge'2s
02L'eS
cS8'sy
8022y
60¥°LE
ov.'se
808'er
oee'ee
gLe'sy
gro‘or
L20°0¢€
ovs‘ee
c99'Ly

HiN

06289

80¥‘29
89299
98229
S1eeL
££6'99
€16°9L
858‘cL
155'6.
160°22L
¥v6'89
106°6.
16E0L
99229
800°€L
¥€9°'69
LE0'E9
916'09
1£6°95
6ee'.LS
0¥8'9S
0se’es
v15'eS
€E0°1S
LLV'LY
812'0S
bLL0S

abelany
G00z2-£00¢

31 obeleay
G002
v00¢
€002
c00¢
1002
000¢
6661
8661
1661
9661
G661
661
€661
¢661
L1661
0661
6861
8861
1861
9861
G861
861
€861
c861

1861
Jeal

SPMOMBIYD TAML - QY UG

DNR 003746



TABLE 4

FOR PLANNING PURPOSES ONLY
Using Model Scenario Acreage

Upper Republican NRD
Middle Republican NRD
Lower Republican NRD

Target Pumpage Volume Ranges

Quick Response Zone Upland Zone NRD
13,000 - 26,000 375,000 388,000 - 401,000
20,000 - 40,000 150,000 170,000 - 190,000
24,000 - 48,000 125,000 149,000 - 173,000

Acreage for In/Ac Allocation Calculation

Acreage for In/Ac Allocation Calcuiation

Quick Response Zone Upland Zone NRD
Upper Republican NRD 55,000 405,000 460,000
Middle Republican NRD 90,000 160,000 250,000
Lower Republican NRD 120,000 155,000 275,000
Calculated In/Ac Allocation Ranges
Quick Response Zone Upland Zone NRD Average
Upper Republican NRD 28-57 11.1 10.1-10.5
Middle Republican NRD 27-53 11.3 8.2-9.1
Lower Republican NRD 24-48 9.7 6.5-7.5
M
) {
Using IMP Planning Acreage
-Target Pumpage Volume Ranges
Quick Response Zone Upland Zone NRD
Upper Republican NRD 13,000 - 26,000 375,000 388,000 - 401,000
Middle Republican NRD 20,000 - 40,000 150,000 170,000 - 190,000
Lower Republican NRD 24,000 - 48,000 125,000 149,000 - 173,000

FOR PLANNING PURPOSES ONLY

Quick Response Zone Upland Zone NRD ot

Upper Republican NRD 55,000 400,000 455,000

Middle Republican NRD 90,000 7,¢3De = 200,000 290,000 F&400Y
Lower Republican NRD 120,000 157,000 277,000 3)@ o O

Calculated In/Ac Allocation Ranges
Quick Response Zone Upland Zone NRD Average

Upper Republican NRD 2.8-57- 7.5 11.3 10.2-10.6

Middle Republican NRD 27-53 ¢ " 9.0 70-79

Lower Republican NRD 24-48 9.6 6.5-7.5

5150
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Potential Solution to the Republican River
By
Mike Delka

I offer this proposal in an attempt to minimize the potential conflicts and damages the
basin and state may be subject to with other actions and lack of actions. I will make several
basic assumptions in this proposal with the largest being that the reader has some knowledge

of the history and conditions in the basin.

My proposal is simplistic in nature and I believe if it can be kept from to many
. complications it may offer hope to all.

PROPOSAL

1.

All basin wells have a base allocation of 6 acre-inches per acre. This will allow all
wells to be treated equally and should put the basin in compliance with the
Republican River compact.

Anyone wanting additional water will be charged 2 rate (recommended $4/acre
inch) for additional water, This rate would be similar to rates charged on projects
for surface water. If an additional acre-inch of water will does not have more
value than expense it will not be used. The fee will encourage conservation. Itis
anticipated the ability to buy additional water will provide drought tolerance and
allow for best management practices. NRD’s must pay for any funds not cotlected
due to water banking policies or bad debt.

The revenue gencrated from the sale of water will be used to fund acreage
retirement, augmentation, damages to surfuce irrigators and conservation,
Although it is recognized the greatest income potential is in the west it is also in
the west where the most work needs to be done to off set depletions.

The Natural Resource Districts should have a program to convert surface irrigated
acres to wells. This would maintain local tax bases and increase management
potentials through NRD programs-and policies, :

The Department of Natural Resources should encourage and assist in the transfer

* of acres from service by irrigation canal to service from the river.

Irrigation Districts, Bureau of Reclamation, Department of Natural Resources and
Natural Resource Districts should jointly develop a program to transfer acres and
their assessments from Irrigation District acres to Natural Resource Districts. The
NRD would pay the Irrigation District the assessments annually for the acres
transferred to them. This “banking” would aflow individuals wanting out of
Irrigation Districts to remove their acres without increasing costs to those who
remain. This program would serve as an augmentation program to allow the NRD
to utilize the water that would have been delivered to those acres to off set over
use at a minimal cost. As more acres are retired and transferred to the NRD's it
The base allocation and additional water rate may change annually once compact
compliance is attained and surface water users remaining have an adequate water

supply.

Respectfully,
Mike Delka

DNR 003748
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Integrated Management Meeting

Republican River Natural Resource Districts
&
The Department of Natural Resources

January 25, 2007
Lincoln, Nebraska
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Privileged and Confidential Attorney Client Communication
And Attorney Work Product

Potential Agenda for RRNRD Meeting

January 25, 2007
8:00 A.M. DNR Office, Lincoln

Meeting goals:
1. Develop a list of all feasible options for maintaining Compact compliance;

2. Develop a list of options for allocating the available water supplies among
NRDs and between surface water and ground water users

3. Develop a work plan and decision making process with the goal of having
plans ready before the next Compact meeting.

Agenda

1. Required IMP goals include Compact Compliance, what objectives are we
trying to achieve?

2. What tools can we use?
N a. Near-term
1. 2007

ii. 2008-2010
b. Long-term

3. How do we distribute the allocated supply
a. Among NRDs?
b. Between surface water and ground water users
4. Status of current studies to develop better methods for Compact compliance

. Review available data and determine additional data needs

. Develop decision making process for developing new or changed components
of the plan

. Develop a schedule and task assignments for work completion

Points to Consider

1. Controls proposed for adoption in IMP shall, when considered together
with any applicable incentive programs
a. Sustain a balance between supply and use

DRAFT FOR DISCUSSION PURPOSES ONLY
1
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Privileged and Confidential Attorney Client Communication
And Attorney Work Product

b. Remain in compliance with Republican River Compact

c. Protect ground water users and surface water appropriators whose
water wells and appropriations are dependent on the river from
stream flow depletions from uses begun after the date the river
basin was designated as fully appropriated (Neb.Rev. Stat. 46-

715).
2. Potential Objectives _

a. Maximize economic and environmental beneficial consumptive
use of Nebraska’s Compact allocation

b. Minimize nonbeneficial consumptive use of water

C. Minimize the adverse economic and social impacts on the basin
that will result from the necessary reductions in water use

d. Distribute allocation fairly among users

e Promote long-term stability

3. Tools to achieve objectives
a.  Reduce pumping allocations and the number of
certified aces in the next IMP cycle to meet Compact

requirements
i.  Regulatory controls
1. Allocations
2. Reductions in irrigated acres
ii. Incentive plans CREP, EQIP
iii.  Other?

b.  Methods to allow flexibility to make maximum use of water given
the wide fluctuations in water supply

1. Use of Quick Response Area wells and surface water supplies
to achieve timely response to river
1. Dry-year leasing
ii.  Other augmentation plans
iii.  Other?

c.  Methods to optimize the use of surface water infrastructure to
conjunctively manage available water supplies

d.  Methods to increase productivity per acre-foot of water consumed

e.  Methods to decrease nonbeneficial consumptive use of water
(removal of water consuming invasive species and vegetation in the
river channel)

f.  Other?

DRAFT FOR DISCUSSION PURPOSES ONLY
2
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RRCA

Compact Accouting without non-federal reservoir evaporation below Harlan County

Table 3A: Colorado's Five-Year Average Allocation and CBCU

Computed Beneficial Imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 21,420 33,470 NA (12,050)
2004 21,540 33,670 NA (12,130)
2005 25,040 35,460 NA (10,420)
2006 NA
2007 NA
Average 22,670 34,200 (11,530)
Sum (34,600)
Table 3B: Kansas's Five-Year Average Allocation and CBCU
Computed Beneiicial Imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 167,780 48,910 NA 118,870
2004 137,450 38,120 NA 99,330
2005 136,280 44,310 NA 91,970
2006 NA
2007 NA
Average 147,170 43,780 103,390
Sum 310,170
Table 3C: Nebraska's Five-Year Average Allocation and CBCU
— Compuied Beneficial Tmported Water Supply | Allocafion - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 227,580 262,780 9,780 (25,420)
2004 205,630 252,650 10,380 (36,640)
2005 198,940 252,690 11,965 (41,785)
2006
2007
Average 210,720 256,040 10,710 (34,620)
Sum (103,845)

RRCA AccountingFor2005 w NFR evap above HC.xls

This data has not been finally adopted by the RRCA as of Jan 25, 2007
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RRCA

Compact Accouting without non-federal reservoir evaporation below Harlan County

Table 3A: Colorado's Five-Year Average Allocation and CBCU

Page 2 of 2

Computed Beneficial Imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 21,420 33,470 NA (12,050)
2004 21,540 33,670 NA (12,130)
2005 25,040 35,460 NA (10,420)
2006 NA
2007 NA
Average 22,670 34,200 (11,530)
Sum (34,600)
Table 3B: Kansas's Five-Year Average Allocation and CBCU
Computed Benericial imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 167,780 48,910 NA 118,870
2004 137,450 38,120 NA 99,330
2005 136,280 44,310 NA 91,970
2006 NA
2007 NA
Average 147,170 43,780 103,390
Sum 310,170
Table 3C: Nebraska's Five-Year Average Allocation and CBCU
Computed Beneficial Imported Water Supply | Allocation - (CBCU -
Year Aliocation Consumptive Use Credit IWS Credit)
2003 227,580 262,780 9,780 (25,420)
2004 205,630 252,650 10,380 (36,640)
2005 198,940 252,690 11,965 (41,785)
2006
2007
Average 210,720 256,040 10710/ (34,620)
Sum (103,845)
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RRCA

Compact Accounting with non-federal reservoir evaporation below Harlan County

Table 3A: Colorado’s Five-Year Average Allocation and CBCU

Computed Beneficial imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 21,420 33,470 NA (12,050)
2004 21,540 33,670 NA (12,130)
2005 25,040 35,460 NA (10,420)
2006 NA
2007 NA
Average 22,670 34,200 (11,530)
Sum (34,600)
Table 3B: Kansas's Five-Year Average Allocation and CBCU
Computed Beneficial imported Water Supply | Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 167,780 48,910 NA 118,870
2004 137,450 38,120 NA 99,330
2005 136,820 44,310 NA 92,510
2006 NA
2007 NA
Average 147,350 43,780 103,570
Sum 310,710
Table 3C: Nebraska's Five-Year Average Allocation and CBCU
Compuied Beneficial Imported Water Supply [ Allocation - (CBCU -
Year Allocation Consumptive Use Credit IWS Credit)
2003 227,580 262,780 9,780 (25,420)
2004 205,630 252,650 10,380 (36,640)
2005 199,450 253,740 11,965 (42,325)
2006
2007
Average 210,890 256,390 10,710 (34,800)
Sum {104,385)
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