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Groundwater Models

Groundwater flow models covering three overlapping areas were used in this analysis

fig The Western Model Unit covers the area upstream from Kingsley Dam in central

Keith County and goes miles into Wyoming The western model was used to estimate

effects for Wyoming line to Kingsley Dam The Central Model Unit covers the area from

eastern Garden County to central Dawson County The central model was used to

estimate effects for Kingsley Dam to Tn-County Supply Canal diversion and Tn-County

Supply Canal diversion to Lexington The Eastern Model Unit covers the area from

western Dawson County to eastern Platte County The eastern model was used to

estimate effects for Lexington to U.S Highway 183 U.S Highway 183 to Chapman and

Chapman to Columbus All three models had cell sizes of 160 acres The western model

had single layer The central and eastern models had six and five layers respectively

although fewer layers actually exist in most areas Model documentations for the models

used in this analysis are being finalized and will be placed on the COHYST Internet site

in the future

Simulated water levels on April 30 1998 were the starting water levels in the models

used in this analysis The models simulated two stress periods per year an irrigation

season May through September and non-irrigation season October through April

Although the latter period is called the non-irrigation season some irrigation on small

grains and alfalfa was simulated during this period Pumpage and recharge were held

constant within stress period but were varied between stress periods Pumpage also was

varied on year-by-year basis through the irrigation season beginning May 2005 after

that year annual pumpage was held constant Simulation time steps were essentially

monthly with the irrigation season simulated in time steps and the non-irrigation season

simulated in time steps The models simulated 40 years from May 1998 to May
2038 As will be discussed in the Net Irrigation Requirements section 1997

meteorological data were used for all 40 years of the simulation Overall 1997 was

slightly dryer than the 1895-1998 average -0.47 inches with the range of 1997 deviation

from average being 0.76 inches Climate Division to -1.98 inches Climate Division

DAFr-Not-foi-pbfio rolpaco Page of 4O44O 8epteffibe4-October_3 2006
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Changes in Irrigated Land

The first task was to estimate new irrigated land developed after July 1997 This was
done by computing changes in irrigated land use from using the 1997 land-use map
Dappen and Tooze 2001 the 2001 land-use map Dappen and Merchant 2003 and

the 2005 land-use map Dappen and others 2006 These three 4ited-reports on land use

were developed using Landsat remote sensing imaery FSA field data and ground

truthing data collected by the natural resource districtsNRDs The reports include an

aeeuraQy assessment of the variability of the section that discussalso looked at the

aeeuraey in land use estimationdata which was used to generate fef-the coverage area

maps The 2001 and 2005 land-use maps also contain an assessment of the irrigation

layer alone The 1997 2001 and 2005 land-use maps contained polygons showing

irrigated lands For 1997 and 2001 the polygons were registered to each other based on
the centroids of the polygons This registration resulted in small shifts principally on

center pivots The 1997 polygons were then subtracted from the 2001 polygons in

geographical sense to produce polygons that indicated an increase in irrigated land

between 1997 and 2001 gained irrigated land In similarmanner the 2001 polygons
were subtracted from the 1997 polygons to produce polygons that indicated decrease in

irrigated land between 1997 and 2001 lost irrigated land Polygons with areas less than

acre were removed because they were unlikely to represent real gains or losses in

irrigated lands Polygons whose centroids fell within surface-water
irrigation district

were deleted because these were assumed to be only temporarily gained or lost irrigated

land Because these polygons were deleted gained or lost irrigated land really means

gained or lost groundwater irrigated land throughout this report

Many of the remaining polygons consisted of two concentric circles or parts of circles

with thin strip between them indicating either an increase or decrease in irrigated land

These concentric circle polygons were due to imperfect field boundaries and are called

edge effects here The area of each 1997 to 2001 gained or lost
irrigated land polygon was

divided by its perimeter For 120 acre pivot the ratio of area divided by perimeter is

645 For 120 acre rectangle that is 1320 feet by 3960 feet the ratio of area divided by
perimeter is 495 Edge effect polygons have much smaller ratios Analysis indicated that

deleting those 1997 to 2001 gained or lost irrigated land polygons with ratios of less than

100 removed most of the edge effect fields without removing real fields The remaining
polygons were deemed map of estimated gained or lost irrigated land after July 1997
and before June 30 2001 fig

similarprocess was used for 2001 to 2005 although these maps generally used the

same field boundaries so edge effects were less pronounced for 2001 to 2005 As with

1997 to 2001 polygons with areas less than acre were discarded as were polygons with

area to perimeter ratios of less than 100 The remaining polygons were deemed map of

estimated gained or lost irrigated land after July 2001 and before June 30 2005

fig Table summarizes the gained and lost irrigated land by county for 1997 to 2001
and 2001 to 2005 The table also lists 1997 to 2005 net gained irrigated land For 1997 to

2001 there was net gain of approximately 204000 irrigated acres For 2001 to 2005
there was net gain of approximately 304000 irrigated acres For 1997 to 2005 there

Page of 40404 Spmb-SOcfober_8 2006



was net gain of approximately 508000 irrigated acres Table summarizes the gained

and lost irrigated land by Natural Resources District

RAFT-Nat4Qr-plic raloato Page of 404040 Sepf6nbe6OCtObr 2006
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Annual Irrigated Land Changes

Land use maps were available for 1997 2001 and 2005 Between those years the

registered well database from the Nebraska NDNR was used to scale the gained or lost

irrigated land All irrigation wells not specifically indicated as replacement wells with

completion date on or after July 1997 were selected and the cumulative number of

new irrigation wells was calculated for each Model Unit Some of these wells were used

to irrigate new land and some were used to irrigate existing irrigated land The database

does not include information to distinguish between new and existing irrigated land The

number of new registered wells was summed for July through June 30 of the following

year table For example for the Western Model Unit 59 new wells were registered

from July 1997 through June 30 1998 This represented approximately 26 percent of

the new registered wells for the area through June 30 2001 so the gained or lost irrigated

land for the model period that started May 1998 was assumed to be approximately 26

percent of the gained or lost irrigated land for 2001 Similarly for July 1998 through

June 30 1999 an additional 49 new wells were added so the cumulative effect was

approximately 48 percent of the gained or lost irrigated land for 2001 similarprocess

was used for subsequent years

The 2001 gained irrigated land was as shown in brown on figure and the 2001 lost

irrigated land was as shown in orange This land was retained as gained or lost to

irrigation to May 2038 unless the 2001 and 2005 irrigated land maps indicated

otherwise fig The process of estimating gains or losses in irrigated land began anew

with the differences between the 2001 and 2005 land use maps The 2005 gained irrigated

land is shown in cyan on figure and the lost irrigated land is shown as red The 2002

2003 and 2004 gained or lost irrigated land was interpolated between 2001 and 2005

using the registered well database as described above

Gained or lost irrigated land was held constant beginning May 2006 so the analysis

does not project gained or lost irrigated land after that date The assumption of no new

net irrigated land after that date is reasonable because most of the area has been

designated as Fully Appropriated or Overappropriated which prohibits expansion of

irrigated land

Scaling gained or lost irrigated land between land-use map dates means that irrigated land

gained or lost for other years was assumed to be near gained or lost irrigated land

between land use map dates This assumption seems reasonable and information to do

otherwise was not available
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Table Well registration data used to interpolate between 1997 and 2001 or between

2001 and 2005 The three Model Units sum to more than the COHYST area because of

model overlap The indicates that counting new wells starts over July 2001

Ratio of

Number of new Cumulative cumulative Ration applied to

Year ending irrigation wells number of new wells to year ending

June20 registered new wells 2001 or2005 Mayl

Western Model Unit

1998 59 59 0.265 1999

1999 49 108 0.484 2000

2000 58 166 0.744 2001

2001 57 223 1.000 2002

2002 89 89 0.228 2003

2003 198 287 0.736 2004

2004 98 385 0.987 2005

2005 390 1.000 2006-38

Central Model Unit

1998 170 170 0.398 1999

1999 76 246 0.576 2000

2000 65 311 0.728 2001

2001 116 427 1.000 2002

2002 170 170 0.215 2003

2003 264 434 0.548 2004

2004 279 713 0.900 2005

2005 79 792 1.000 2006-38

Eastern Model Unit

1998 336 336 0.342 1999

1999 180 516 0.524 2000

2000 220 736 0.748 2001

2001 248 984 1.000 2002

2002 299 299 0.146 2003

2003 621 920 0.449 2004

2004 615 1535 0750 2005

2005 513 2048 1.000 2006-38

Entire COIl YST Area

1998 503 503 0.339 1999

1999 279 782 0.528 2000

2000 321 1103 0.74-4 2001

2001 379 1482 1.000 2002

2002 506 506 0.179 2003

2003 937 1443 0.511 2004

2004 841 2284 0.808 2005

2005 542 2826 1.000 2006-38
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Net Irrigation Requirements

The next step was to determine the average net irrigation requirements for the irrigation

seasons beginning May of 1997 2001 and 2005 The 1997-98 CropSim net irrigation

requirement for each crop reduced by 10 percent was combined with the 1997-98land-

use map for each Model Unit to compute the area weighted average 1997-98 net

irrigation requirement for each Model Unit The 10 percent reduction accounted for less-

than-ideal crops in the real world because real-world crops are less healthy do not

always receive all the nutrients and water they would like are stressed by insects and

other pests and thus consume less water Table shows the 1997-98 net irrigation

requirements for each Model Unit table shows the 2001-02 net irrigation requirements
and table shows the 2005-06 net irrigation requirements Because the net irrigation

requirements represent an area weighted average of all crops and because corn is the

dominant crop in all areas its net irrigation requirement dominates the average

The differences in net irrigation requirements shown in tables 4-6 were solely function

of differences in crop mix because 1997 meteorological conditions were used in all

calculations For example soybeans became larger part of the crop mix between 1997

and 2001 and corn became smaller part although still dominant Because soybeans use

less water than corn the 2001 net irrigation requirement was smaller than the 1997 net

irrigation requirement The seasonal net irrigation requirements for 1998-99 through

2000-01 were linear interpolations of the net irrigation requirement for 1997-98 and

2001-02 and the seasonal net irrigation requirements for 2002-03 through 2004-05 were

linear interpolations of the 200 1-02 and 2005-06 net irrigation requirements The 2005-06

seasonal net irrigation requirements were used after 2005

Net Pumpage

The final
step was to multiply gained or lost irrigated land fig by net irrigation

requirements tables 4-6 for each year to get net pumpage due to increased or decreased

irrigated land for that year Most of this net pumpage occurred during the May through

September period but some net pumpage occurred on alfalfa and small grains during the

October through April period By the sign convention used in the groundwater flow

models net pumpage due to increased irrigated land was negative and net pumpage due

to decreased irrigated land was positive Table shows the sum of net pumpage due to

increased and decreased irrigated land for 200 1-02 for each Model Unit using the

opposite sign convention Table shows the sum of net pumpage due to increased and

decreased irrigated land for 2005-06 for each Model Unit
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Table 1997-98 net irrigation requirement for each Model Unit Differences between

annual and seasonal numbers are due to rounding Net irrigation requirement occurs in

the non-irrigation season because of alfalfa and wheat

1997-98 net 1991-98 net

irrigation irrigation 1997-98 net

Area requirement requirement irrigation

irrigation season non-irrigation requirement

inches season inches annual inches

Western Model Unit 15.06 0.87 15.94

Central Model Unit 11.40 0.03 .43

Eastern Model Unit 7.79 0.01 7.80

Table 200 1-02 net irrigation requirement and net pumpage due to gained or lost

irrigated land for each Model Unit Differences between annual and seasonal net

irrigation requirement area are due to rounding Note that net pumpage cannot be

summed to get total because of model overlap Net irrigation requirement occurs in the

non-irrigation season because of alfalfa and wheat

2001-02 net 2001 -02 net

irrigation irrigation 2001-02 net

Area requirement requirement irrigation 2001 -02 new net

irrigation season non-irrigation requirement pumpage annual

inches season inches annual inches acre-feet

Western Model Unit 14.14 0.86 15.00 16900

Central Model Unit 9.24 0.02 9.26 60700

Eastern Model Unit 7.68 0.01 7.70 94100

Table 2005-06 net irrigation requirement and net pumpage due to gained or lost

irrigated land for each Model Unit Differences between annual and seasonal net

irrigation requirement area are due to rounding Note that net pumpage cannot be

summed to get total because of model overlap Net irrigation requirement occurs in the

non-irrigation season because of alfalfa and wheat

2005-06 net 2005-06 net

irrigation irrigation 2005-06 net

Area requirement requirement irrigation 2005-06 new net

irrigation season non-irrigation requirement pumpage annual

inches season inches annual inches acre-feet

Western Model Unit 14.78 0.91 15.69 71500

Central Model Unit 7.20 0.18 7.38 135400

Eastern Model Unit 7.71 0.01 7.72 205100
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Modeling Procedures

The models were first run for 40 years without any new net pumpage to establish

baseline case These models produced cumulative water budgets for each month of each

year The models were then run for 40 years with the new net pumpage added to the

models and these models also produced cumulative water budgets for each month The

difference between the two water budgets on any given date is the effect of the new net

pumpage on the hydrologic system

Results Part

Figure shows the monthly stream depletion due to new net pumpage after July 1997

for each area For Wyoming line to Kingsley Dam stream depletion due to gained or lost

irrigated land after July 1997 was 27.1 acre-feet per day on October 2007 and was

18.9 acre-feet per day on May 2008 Stream depletion due to gained or lost irrigated

land was 29.7 acre-feet per day on October 2013 and was 21.3 acre-feet per day on

May 2014 Cumulative stream depletion due to gained or lost irrigated land through

October 2013 was 89000 acre-feet fig Stream depletion due to gained or lost

irrigated land was 31.9 acre-feet per day on October 2037 and was 23.3 acre-feet per

day on May 2038 Figure indicates that stream depletion due to gained or lost

irrigated land continued to increase even late in the 40-year period This increase

indicates that the hydrologic system had not yet come into equilibrium with gained or lost

irrigated land between 1997 and 2005 The rise in stream depletion was over the last

decade of the simulation based on the peaks was 0.6 acre-feet per day Cumulative stream

depletion due to gained or lost irrigated land through May 2038 was 328000 acre-feet

For Kingsley Dam to Ti-i-County Supply Canal diversion stream depletion due to gained

or lost irrigated land after July 1997 was 32.9 acre-feet per day on October 2007

and was 14.6 acre-feet per day on May 2008 fig Stream depletion due to gained or

lost irrigated land was 38.8 acre-feet per day on October 2013 and was 20.5 acre-feet

per day on May 2014 Cumulative stream depletion due to gained or lost irrigated land

through October 2013 was 102000 acre-feet fig Stream depletion due to gained or

lost irrigated land was 49.5 acre-feet per day on October 2037 and was 31.5 acre-feet

per day on May 2038 Figure indicates that stream depletion due to gained or lost

irrigated land continued to increase even late in the 40-year period This increase

indicates that the hydrologic system had not yet come into equilibrium with gained or lost

irrigate land between 1997 and 2005 The rise in stream depletion was over the last

decade of the simulation based on the peaks was 3.1 acre-feet per day Cumulative

stream depletion due to gained or lost irrigated land through May 2038 was 422000

acre-feet

acre-foot per day 0.504 cubic feet per second

226 gaHons per minute
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40

Figure Monthly stream depletion to the Platte River system due to groundwater-irrigated

lands gained or lost between July 1997 and June 30 2006 for each area Wyoming
line to Kingsley Dam Kingsley Dam to Tn-County Supply Canal diversion Tn-

County Supply Canal diversion to Lexington Lexington to U.S Highway 183 U.S

Highway 183 to Chapman and Chapman to Columbus
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400

Figure Cumulative stream depletion to the Platte River system due to groundwater-irrigated lands

gained or lost between July 1997 and June 30 2006 for each area Wyoming line to Kingsley

Dam Kingsley Dam to Tn-County Supply Canal diversion Tn-County Supply Canal

diversion to Lexington Lexington to U.S Highway 183 U.S Highway 183 to Chapman and

Chapman to Columbus
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For Tn-County Supply Canal diversion to Lexington stream depletion due to gained or

lost irrigated land after July 1997 was 38.1 acre-feet per day on October 2007 and

was 18.0 acre-feet per day on May 2008 fig Stream depletion due to gained or lost

irrigated land was 41.9 acre-feet per day on October 2013 and was 21.6 acre-feet per

day on May 2014 Cumulative stream depletion due to gained or lost irrigated land

through October 2013 was 121000 acre-feet fig Stream depletion due to gained or

lost irrigated land was 49.6 acre-feet per day on October 2037 and was 29.1 acre-feet

per day on May 2038 Figure indicates that stream depletion due to gained or lost

irrigated land continued to increase even late in the 40-year period This increase

indicates that the hydrologic system had not yet come into equilibrium with gained or lost

irrigate land between 1997 and 2005 The rise in stream depletion was over the last

decade of the simulation based on the peaks was 2.1 acre-feet per day Cumulative stream

depletion due to gained or lost irrigated land through May 2038 was 442000 acre-feet

For Lexington to U.S Highway 183 stream depletion due to gained or lost irrigated land

after July 1997 was 4.7 acre-feet per day on October 2007 and was 4.1 acre-feet

per day on May 2008 fig Stream depletion due to gained or lost irrigated land was

6.1 acre-feet per day on October 2013 and was 5.4 acre-feet per day on May 2014

Cumulative stream depletion due to gained or lost irrigated land through October 2013

was 18000 acre-feet fig Stream depletion due to gained or lost irrigated land was 9.1

acre-feet per day on October 2037 and was 8.5 acre-feet per day on May 2038

Figure indicates that stream depletion due to gained or lost irrigated land continued to

increase even late in the 40-year period This increase indicates that the hydrologic

system had not yet come into equilibrium with gained or lost irrigate land between 1997

and 2005 The rise in stream depletion was over the last decade of the simulation based

on the peaks was 1.2 acre-feet per day Cumulative stream depletion due to gained or lost

irrigated land through May 2038 was 84000 acre-feet

For U.S Highway 183 to Chapman stream depletion exhibits some apparent noise This

noise is thought to be due to numerical instability in techniques used to solve the

groundwater flow equations The overall trend of the results is thought to be reasonable

but the noise obscures some of the details An effort was made to reduce or eliminate this

noise and the curve shown in figure is the result of that effort Stream depletion due to

gained or lost irrigated land after July 1997 was 2.0 acre-feet per day on October

2007 and was 3.6 acre-feet per day on May 2008 fig Stream depletion due to

gained or lost irrigated land was 3.5 acre-feet per day on October 2013 and was 4.5

acre-feet per day on May 2014 Cumulative stream depletion due to gained or lost

irrigated land through October 2013 was 13000 acre-feet fig Stream depletion

due to gained or lost irrigated land was 8.1 acre-feet per day on October 2037 and was

11.2 acre-feet per day on May 2038 Figure indicates that stream depletion due to

gained or lost irrigated land continued to increase even late in the 40-year period This

increase indicates that the hydrologic system had not yet come into equilibrium with

gained or lost irrigate land between 1997 and 2005 The rise in stream depletion was over

the last decade of the simulation based on the general trend of the data was 1.9 acre-feet

per day Cumulative stream depletion due to gained or lost irrigated land through May

2038 was 80000 acre-feet
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For Chapman to Columbus stream depletion due to gained or lOSt irrigated land after

July 1997 was 8.4 acre-feet per day on October 2007 and was 8.0 acre-feet per day

on May 2008 fig Stream depletion due to gained or lost irrigated land was 12.7

acre-feet per day on October 2013 and was 12.5 acre-feet per day on May 2014

Cumulative stream depletion due to gained or lost irrigated land through October 2013

was 31000 acre-feet fig Stream depletion due to gained or lost irrigated land was

23.2 acre-feet per day on October 2037 and was 23.9 acre-feet per day on May
2038 Figure indicates that stream depletion due to gained or lost irrigated land

continued to increase even late in the 40-year period This increase indicates that the

hydrologic system had not yet come into equilibrium with gained or lost irrigate land

between 1997 and 2005 The rise in stream depletion was over the last decade of the

simulation based on the general trend of the data was 3.3 acre-feet per day Cumulative

stream depletion due to gained or lost irrigated land through May 2038 was 199000

acre-feet

For Wyoming line to Columbus stream depletion due to gained or lost irrigated land

after July 1997 was 113 acre-feet per day on October 2007 and was 67 acre-feet

per day on May 2008 Stream depletion due to gained or lost irrigated land was 133

acre-feet per day on October 2013 and was 86 acre-feet per day on May 2014

Cumulative stream depletion due to gained or lost irrigated land through October 2013

was 370000 acre-feet Stream depletion due to gained or lost irrigated land was 171 acre-

feet per day on October 2037 and was 128 acre-feet per day on May 2038

Cumulative stream depletion due to gained or lost irrigated land through May 2038

was 1560000 acre-feet

Table shows stream depletions for each area due to gained or lost groundwater-irrigated

land after 1997 for other dates The dates in table were chosen for convenience to

correspond to dates consistent with the Platte River Recovery Implementation Program

that Nebraska may choose to participate in
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Table Stream depletion to Platte River system due to groundwater-irrigated lands

gained or lost between July 1997 and June 30 2006 for each area

Cumulative

Stream steam

depletion depletion

acre- thousands of

Date feet/day acre-feet

U.S Highway 183 to Chapman

Oct.12001 1.6

Mayl2002 1.1

Oct 2007 2.0

May 2008 3.6

Oct 12013 3.5 13

Mayl2014 4.5 14

Oct 2020 5.2 27

May 12021 8.3 29

Oct 2037 8.1 78

Mayl2038 11.2 80

Chapman to Columbus

Oct 2001 0.3

Mayl2002 1.0

Oct 2007 8.4

Mayl2008 8.0 11

Oct 2013 12.7 31

May 12014 12.5 34

Oct 2020 16.5 68

Mayl2021 16.5 72

Oct 2037 23.2 194

May 2038 23.9 199

TOTAL

Oct 12001 40 20

May 2002 19 30

Oct 2007 113 160

Mayl2008 67 180

Oct 12013 133 370

Mayl2014 86 410

Oct 2020 148 670

Mayl2021 103 700

Oct 12037 171 1530

May 12038 128 1560

Cumulative

Stream steam

depletion depletion

acre- thousands of

Date feet/day acre-feet

Wyoming line to Kingsley Dam

Oct 2001 4.7

May 2002 4.0

Oct 2007 27.1 35

May 2008 18.9 40

Oct 12013 29.7 89

May 12014 21.3 94

Oct 2020 30.7 155

Mayl2021 22.2 160

Oct 2037 31.9 322

May 2038 23.3 328

Kingsley Dam to Th-County Supply Canal

Oct 12001 15.7

Mayl2002 4.1

Oct 2007 32.9 45

May 2008 14.6 49

Oct 2013 38.8 102

May 2014 20.5 108

Oct 2020 43.2 183

May 2021 25.2 189

Oct 2037 49.5 414

May 12038 31.5 422

Tn-County Supply Canal to Lexington

Oct 2001 16.6

Mayl2002 7.8 11

Oct 2007 38.1 56

May 12008 18.0 61

Oct 2013 41.9 121

May 2014 21.6 127

Oct 2020 44.8 205

May 12021 24.7 211

Oct 2037 49.6 434

May 2038 29.1 442

Lexington to U.S Highway 183

Oct 2001 1.4

May 12002 1.4

Oct 2007 4.7

May 12008 4.1

Oct 2013 6.1 18

Mayl2014 5.4 30

Oct 2020 7.1 34

May 2021 6.4 36

Oct 2037 9.1 83

May 12038 8.5 84
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Results Part II

The Nebraska Department of Natural Resources NDNR also asked for an analysis of only

that gained or lost irrigated land within the Hydrologically Connected Area for the

Overappropriated Basin HCA/OA fig The HCAIOA is an administrative

determination by DNR and the determination has consequences under Nebraska law The

puose of this analysis is to provide technical information regarding the impacts on

streamfiow of new uses from these areas and should not be intereted as policy by

either the NDNR or the COHYST Sponsors The HCAIOA starts at the Wyoming state

line and ends at U.S Highway 183 Downstream of U.S Highway 183 the Department
asked for similar analysis for the area bounded by the 10 percent stream depletion in 50

years lines downstream to Chapman The area bounded by the 10 percent stream

depletion in 50 years was determined by the NDNR with assistance from several

agencies including Central Platte Natural Resources Districts Department of Natural

Resources and the Upper Big Blue Natural Resources District In the Tn-Basin and

Upper Big Blue Natural Resources Districts the line was used when the reach was
determined to be is the limit of the Fully Appropriated Area which was based on the 10

percent stream depletion in 50 years line The 10 percent in 50 years lines do not exactly

meet the HCA/OA so north-south line was used to connect them The polygon formed

by the 10 percent in 50 years lines the easterly end l4mi of the Fully Appropriated Area
and the north-south line on the west is termed the Eastern Analysis Area EAA in this

report The EAA has no legal standing under Nebraska law and is used only to aid in

understanding the source of stream depletion

The second analysis was done exactly the same way as the first analysis except that net

pumpage on gained or lost irrigated land after July 1997 was set to zero outside of the

HCAIOA and EAA For 1997 to 2001 there was net gain of 28400 irrigated acres

inside the HCAIOA and EAA For 2001 to 2005 there was net gain of 43590 irrigated

acres inside the HCAIOA and EAA For 1997 to 2005 there was net gain of 72000

irrigated acres inside the HCAIOA and EAA Table summarizes the gained and lost

irrigated acres inside the HCA/OA and EAA by county for 1997 to 2001 and 2001 to

2005 The table also lists the 1997 to 2005 net gained irrigated land inside the HCA/OA
and BAA Table summarizes the gained and lost irrigated acres inside the HCA/OA and

EAA by Natural Resources District

The same baseline case was used in both analyses In the second analysis the

groundwater flow models were run for 40 years beginning on May 1998 with net

pumpage on gained or lost irrigated land inside the HCAIOA and the BAA These models

produced cumulative water budgets at the end of each month The difference between the

baseline water budget and the second analysis water budget on any given date is the

effects of the gained or lost net pumpage inside the HCA/OA and the EAA on the

hydrologic system

Results of the second analysis are presented in similarmanner as was done in the first

analysis Figure shows the monthly stream depletion due to gained or lost irrigated land

after July 1997 inside the HCA/OA and the EAA for each area Table 10 shows

stream depletions for each area due to gained or lost irrigated land after 1997 inside the
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same areas for other dates Graphs of cumulative stream depletion are not presented

because they are similar to those in figure although they end at different values The

ending values can be determined from table 10
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For Wyoming line to Kingsley Dam stream depletion due to gained or lost irrigated land

after July 1997 inside the HCAIOA and EAA was 27.1 acre-feet per day on October

2007 and was 19.0 acre-feet per day on May 2008 Stream depletion due to gained or

lost irrigated land in the same area was 29.7 acre-feet per day on October 2013 and

was 21.2 acre-feet per day on May 2014 Cumulative stream depletion due to gained or

lost irrigated land in the same area through October 2013 was 89000 acre-feet Stream

depletion due to gained or lost irrigated land in the same area was 31.2 acre-feet per day

on October 2037 and was 22.6 acre-feet per day on May 2038 Figure indicates

that stream depletion due to gained or lost irrigated land continued to increase even late

in the 40-year period This increase indicates that the hydrologic system had not yet come

into equilibrium with gained or lost irrigate land between 1997 and 2005 The rise in

stream depletion was over the last decade of the simulation based on the peaks was 0.3

acre-feet per day Cumulative stream depletion due to gained or lost irrigated land

through May 2038 was 325000 acre-feet Cumulative stream depletion for the 40

years with new net pumpage only inside the HCAIOA and EAA was 99 percent of

cumulative steam depletion with new net pumpage everywhere

For Kingsley Dam to Tn-County Supply Canal diversion stream depletion due to gained

or lost irrigated land after July 1997 inside the HCAIOA and EAA was 31.9 acre-feet

per day on October 2007 and was 13.3 acre-feet per day on May 2008 Stream

depletion due to gained or lost irrigated land in the same area was 35.7 acre-feet per day

on October 2013 and was 16.8 acre-feet per day on May 2014 Cumulative stream

depletion due to gained or lost irrigated land in the same area through October 2013

was 97000 acre-feet Stream depletion due to gained or lost irrigated land in the same

area was 39.4 acre-feet per day on October 2037 and was 20.7 acre-feet per day on

May 2038 Figure indicates that stream depletion due to gained or lost irrigated land

continued to increase even late in the 40-year period This increase indicates that the

hydrologic system had not yet come into equilibrium with gained or lost irrigate land

between 1997 and 2005 The rise in stream depletion was-over the last decade of the

simulation based on the peaks was 0.6 acre-feet per day Cumulative stream depletion

due to gained or lost irrigated land through May 2038 was 350000 acre-feet

Cumulative stream depletion for the 40 years with new net pumpage only inside the

HCAIOA and EAA was 83 percent of cumulative steam depletion with new net pumpage

everywhere
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Figure Monthly stream depletion to the Platte River system due to groundwater-irrigated lands

developed between July 1997 and June 30 2006 inside the HCAJOB and EAA for each area

Wyoming line to Kingsley Dam Kingsley Dam to Tn-County Supply Canal Tn-County

Supply Canal to Lexington Lexington to U.S Highway 183 and U.S Highway 183 to

Chapman
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Table 10 Stream depletion to Platte River basin streams due to groundwater-irrigated lands gained or

lost between July 1997 and June 30 2006 inside the HCAIOA and EAA for each area

Cumulative

Stream steam

depletion depletion

acre- thousands of

Date feet/day acre-f eel

Wyoming line to Kingsley Dam

Oct 2001 4.7

May 2002 4.0

Oct 2007 27.1 35

May 12008 19.0 40

Oct 2013 29.7 89

May 12014 21.2 94

Oct 2020 30.6 155

Mayl2021 22.1 160

Oct 2037 31.2 320

May 2038 22.6 325

Kingsley Dam to Tn-County Supply Canal

Oct 2001 15.7

Mayl2002 4.1

Oct 2007 31.9 44

May 12008 13.3 48

Oct 2013 37.7 97

Mayl2014 16.8 102

Oct 2020 37.7 166

May 12021 18.8 171

Oct 2037 39.4 345

May 2038 20.7 350

Tn-County Supply Canal to Lexington

Oct 12001 15.7

Mayl2002 7.5 11

Oct 2007 35.2 52

Mayl2008 15.9 56

Oct.12013 37.8 110

Mayl2014 18.1 115

Oct 2020 38.9 182

Mayl2021 19.4 187

Oct 2037 40.1 366

May 2038 20.3 372

Lexington to U.S Highway 183

Oct 2001 1.2

May 12002 1.1

Oct 2007 3.8

May 2008 3.2

Oct 2013 4.6 14

Mayl2014 3.9 15

Oct 2020 5.0 26

Mayl2021 4.3 27

Oct 2037 5.2 56

May 2038 4.4 57

Cumulative

Stream steam

depletion depletion

acre- thousands of

Date feet/day acre-feet

U.S Highway 183 to Chapman

Oct 2001 1.0

May 2002 0.4

Oct 2007 0.5

Mayl2008 1.7

Oct.12013 1.0

May 2014 1.2

Oct 2020 1.5

Mayl2021 2.4 10

Oct 2037 2.0 25

May 2038 3.4 25

TOTAL to Chapman

Oct 2001 38 20

Mayl2002 17 30

Oct 2007 98 140

May 12008 53 150

Oct.12013 111 310

May 12014 61 330

Oct 12020 114 540

May 12021 67 560

Oct 12037 118 1110

May 12038 71 1130
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For Tn-County Supply Canal diversion to Lexington stream depletion due to gained or

lost irrigated land after July 1997 inside the HCAIOA and EAA was 35.2 acre-feet per

day on October 2007 and was 15.9 acre-feet per day on May 2008 Stream

depletion due to gained or lost irrigated land in the same area was 37.8 acre-feet per day
on October 2013 and was 18.1 acre-feet per day on May 2014 Cumulative stream

depletion due to gained or lost irrigated land in the same area through October 2013

was 110000 acre-feet Stream depletion due to gained or lost irrigated land in the same

area was 40.1 acre-feet per day on October 2037 and was 20.3 acre-feet per day on

May 2038 Figure indicates that stream depletion due to gained or lost irrigated land

continued to increase even late in the 40-year period This increase indicates that the

hydrologic system had not yet come into equilibrium with gained or lost irrigate land

between 1997 and 2005 The rise in stream depletion was over the last decade of the

simulation based on the peaks was 0.1 acre-feet per day Cumulative stream depletion

due to gained or lost irrigated land through May 2038 was 372000 acre-feet

Cumulative stream depletion for the 40 years with new net pumpage only inside the

HCA/OA and EAA was 84 percent of cumulative steam depletion with new net pumpage
everywhere

For Lexington to U.S Highway 183 stream depletion due to gained or lost irrigatedland

after July 1997 inside the HCAIOA and EAA was 3.8 acre-feet per day on October

2007 and was 3.2 acre-feet per day on May 2008 Stream depletion due to gained or

lost irrigated land in the same area was 4.6 acre-feet per day on October 2013 and was
3.9 acre-feet per day on May 2014 Cumulative stream depletion due to gained or lost

irrigated land in the same area through October 2013 was 14000 acre-feet Stream

depletion due to gained or lost irrigated land in the same area was 5.2 acre-feet per day on
October 2037 and was 4.4 acre-feet per day on May 2038 Figure indicates that

stream depletion due to gained or lost irrigated land generally stabilized by late in the 40-

year period This indicates that the hydrologic system had come into equilibrium with

gained or lost irrigate land inside the HCAIOA and EAA between 1997 and 2005
Cumulative stream depletion due to gained or lost irrigated land through May 2038
was 57000 acre-feet Cumulative stream depletion for the 40 years with new net

pumpage only inside the HCAIOA and EAA was 68 percent of cumulative steam

depletion with new net pumpage everywhere

For U.S Highway 183 to Chapman stream depletion exhibits some apparent noise This

noise is thought to be due to numerical instability in techniques used to solve the

groundwater flow equations The overall trend of the results is thought to be reasonable
but the noise obscures some of the details An effort was made to reduce or eliminate this

noise and the curve shown in figure is the result of that effort Stream depletion due to

gained or lost irrigated land after July 1997 inside the HCA/OA and EAA was 0.5

acre-feet per day on October 2007 and was 1.7 acre-feet per day on May 2008
Stream depletion due to gained or lost irrigated land in the same area was 1.0 acre-feet

per day on October 2013 and was 1.2 acre-feet per day on May 2014 Cumulative

stream depletion due to gained or lost irrigated land in the same area through October

2013 was 5000 acre-feet Stream depletion due to gained or lost irrigated land in the

same area was 2.0 acre-feet per day on October 2037 and was 3.4 acre-feet per day on

May 2038 Figure contains too much noise to determine definitively if the hydrologic
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system had come into equilibrium with gained and lost irrigated
land between 1997 and

2005 although it appears that stream depletion may still be rising Cumulative stream

depletion due to gained or lost irrigated land through May 2038 was 25000 acre-feet

Cumulative stream depletion for the 40 years with new net pumpage only inside the

HCA/OA and EAA was 31 percent of cumulative steam depletion with new net pumpage

everywhere

For Wyoming line to Chapman stream depletion due to gained or lost irrigated land after

July 1997 inside the HCAIOA and EAA.was 98 acre-feet per day on October 2007

and was 53 acre-feet per day on May 2008 Stream depletion due to gained or lost

irrigated land in the same area was 111 acre-feet per day on October 2013 and was 61

acre-feet per day on May 2014 Cumulative stream depletion due to gained or lost

irrigated land in the same area through October 2013 was310000 acre-feet Stream

depletion due to gained or lost irrigated land in the same area was 118 acre-feet per day

on October 2037 and was 71 acre-feet per day on May 2038 Cumulative stream

depletion due to gained or lost irrigated land through May 2038 was 1130000 acre-

feet Cumulative stream depletion for the 40 years with new net pumpage only inside the

HCA/OA and EAA for Wyoming line to Chapman was 82 percent of cumulative steam

depletion with new net pumpage everywhere with the percentage being higher upstream

and lower downstream

The second analysis was not performed for Chapman to Columbus because the Eastern

Analysis Area did not extend beyond Chapman If at later date the Eastern Analysis

Area is extended to Columbus the second analysis could be performed for Chapman to

Columbus

Net gained irrigated land inside the HCAIOA and EAA for 1997 to 2005 was 72000

acres table whereas for the entire COHYST area it was 508010 acres table Net

gained irrigated land inside the HCA/OA and EAA was only 14 percent of the net gained

everywhere However the stream depletions from gained and lost irrigated land inside

the HCA/OA and EAA accounted for 31 percent U.S Highway 183 to Chapman to 99

percent Wyoming line to Kingsley Dam of all new depletions by the end of the period

of analysis and averaged 82 percent By comparing tables and 10 upstream from

Chapman it can be seen that 89 percent of all new depletions are from inside the

HCA/OA and EAA by May 2008 These new depletions decreased to 88 percent of all

new depletions by May 2014 and decreased to 82 percent of all new depletions by

May 2038 However new depletions due to gained or lost irrigated lands inside the

HCA/OA and EAA are rising less near the end of analysis as compared to new depletions

due to gained or lost irrigated land everywhere For Wyoming line to Kingsley Dam the

rise in the last decade of the analysis was 0.3 acre-feet per day due to gained or lost

irrigated lands inside the HCA/OA and EAA compared to 0.6 acre-feet per day due to

gained and lost irrigated land everywhere For Tn-County Supply Canal diversion to

Lexington the rise in the last decade of the analysis was 0.1 acre-feet per day due to

gained or lost irrigated lands inside the HCAIOA and EAA compared to 2.1 acre-feet per

day due to gained and lost irrigated land everywhere For Lexington to U.S Highway

183 new depletions due to gained or lost irrigated lands inside the HCA/OA and EAA
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had stabilized in the last decade of the analysis whereas it rose 1.2 acre-feet per day for

gained or lost irrigated land everywhere

Limitations and Comments

Model calibration indicated that cultivated land both dryland and irrigated land

enhances recharge from precipitation This extra recharge was not added to new irrigated

land developed after July 1997 in this analysis due to time constraints so this analysis

somewhat over estimates stream depletion due to gained and lost irrigated land

This analysis is very dependent on the estimates of gained or lost irrigated land and net

pumpage Any errors in the estimates of gained or lost net pumpage would translate to

proportional error in stream depletion due to irrigated land gained or lost after July

1997 assessment of the variability of

the data is provided in the reports Dappen and Tooze 2001 2001 Dappen and

Merchant 2003 and 2005 Dappen and others 2006 for accuracy assessment of which

were used to provide -mapped lands uses for 1997 2001 and 2005 These mapped

irrigated lands were compared to county assessor tax data Farm Service Administration

data and Census of Agriculture data for 20 counties that are completely in the COHYST
area The sum of the mapped irrigated lands in the 20 counties tended to be slightly larger

than that of the tax data ranging from 2.6 percent difference for 2005 to 3.9 percent

difference for 2001 The tax data indicated an increase in irrigated land between 1997 and

2005 in the 20 counties of 296000 acres whereas the mapped increase was 285000

acres The sum of the mapped irrigated lands in the 20 counties tended to be slightly

larger than the Census of Agriculture for 1997 5.0 percent and 2001 4.6 percent
The census actually occurred in 2002 so lineal interpolation was done between 1997

and 2002 Census data were not available for 2005 Census data indicated an increase in

irrigated land between 1997 and 2001 in the 20 counties of 122000 acres whereas the

mapped increase was 130000 acres Farm Service Administration data was compared to

mapped irrigated land for 2001 and 2005 The mapped irrigated land was 0.1 percent ef

different from Farm Service Administration data for 2001 and was 0.5 percent different

for 2005 Farm Service Administration data indicated an increase in irrigated land

between 2001 and 2005 in the 20 counties was 149000 acres whereas the mapped
increase was 165000 These other data indicate that estimates of gained or lost irrigated

land after 1997 are reasonable

This analysis used 1997 meteorological conditions for the entire 40 years While 1997

was near an average year in terms of meteorological conditions it was somewhat wetter

in the west and somewhat dryer in the east Meteorological conditions directly affect net

pumpage so net pumpage under normal conditions could be larger in the west and

smaller in the east The analysis did not capture the natural wet and dry meteorological

conditions While the long-term trends in this analysis are consistent with normal

meteorological conditions wet and dry cycles would impose additional variation on
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simulated stream depletion If average future meteorological conditions are much

different from 1997 conditions the current analysis must be adjusted accordingly

The calibrated model used for the Western Model Unit had 464 dry cells at the start of

the analysis particularly
in Pumpkin Creek valley and it tributary valleys Dry cells in the

model are inactive meaning that these cells have no pumpage from or recharge to them

and water cannot move through these cells Additional cells were simulated as going dry

during this analysis primarily cells in Pumpkin Creek valley its tributary valleys and

parts
of Lodgepole Creek valley including its tributary valley Sidney Draw In the

baseline condition 126 cells went dry during the simulation In the added pumpage

condition 195 cells went dry during the simulation Because steam depletion is

determined as the difference between the two simulations only the difference of 69 cells

should affect the analysis This difference in dry cells had small effect on the analysis

The results of this analysis are probably affected by evapotranspiration of groundwater

particularly downstream of U.S Highway 183 Evapotranspiration is simulated in the

model in areas where the groundwater is near land surface or in areas of riparian

vegetation near large rivers and streams In some areas gained or lost net pumpage

reduced or increased the amount of evapotranspiration instead of depleting the stream

Stream depletion results are directly affected by the evapotranspiration data used in the

model so any errors in evapotranspiration inputs would cause proportional errors in

stream depletion results

The results of this analysis are more reliable in earlier time and less reliable in later time

This is partly due to dry cells occurring as the simulation progressed More importantly

there is an accumulation of errors in gained or lost net pumpage estimates and an

accumulation of other model errors as the simulations progress
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