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Groundwater Models

Groundwater flow models covering three overlapping areas were used in this analysis
(fig. 1). The Western Model Unit covers the area upstream from Kingsley Dam in central
Keith County and goes 6 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 Tri-County Supply Canal diversion and Tri-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 a 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 a 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 a stress period but were varied between stress periods. Pumpage also was
varied on a year-by-year basis through the irrigation season beginning May 1, 2005; after
that year, annual pumpage was held constant. Simulation time steps were essentially
monthly with the irrigation season simulated in 5 time steps and the non-irrigation season
simulated in 7 time steps. The models simulated 40 years, from May 1, 1998, to May 1,
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 1) to -1.98 inches (Climate Division
6).
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Changes in Irrigated Land

The first task was to estimate new irrigated land developed after July 1, 1997. This was
done by computing changes in irrigated land use from asiag-the 1997 land-use map d
(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 dited-reports on land use
were developed using Landsat remote sensing imagery. FSA field data . and ground
truthing data collected by the natural resource districtsNRBs. The reports include an

acegraey-assessment of the variability of the seetion-that-discussalso-looked-at-the
aeeuracy-in-land-use-estimation-data which was used to generate forthe coverage area
maps. The 2001 and 2005 land-use maps also contain an assessment of the irrication
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 a
geographical sense to produce polygons that indicated an increase in irrigated land
between 1997 and 2001 (gained irrigated land). In a similar manner, the 2001 polygons
were subtracted from the 1997 polygons to produce polygons that indicated a decrease in
irrigated land between 1997 and 2001 (lost irrigated land). Polygons with areas less than
1 acre were removed because they were unlikely to represent real gains or losses in
irrigated lands. Polygons whose centroids fell within a surface-water irrigation district
were deleted because these were assumed to be only temporarily gained or lost wrrigated
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 a thin strip between them indicating either an increase or a 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 a 120 acre pivot, the ratio of area divided by perimeter is
645. For a 120 acre rectangle that is 1,320 feet by 3,960 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 a map of estimated gained or lost irrigated land after J uly 1, 1997, l
and before June 30, 2001 (fig. 2).

A similar process 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 1 acre were discarded as were polygons with
area to perimeter ratios of less than 100. The remaining polygons were deemed a map of
estimated gained or lost irrigated land after July 1, 2001, and before June 30, 2005 I
(fig. 2). Table 1 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 a net gain of approximately 204,000 irrigated acres. For 2001 to 2005,

there was a net gain of approximately 304,000 irrigated acres. For 1997 to 2005, there
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was a net gain of approximately 508,000 irrigated acres. Table 2 summarizes the gained
and lost irrigated land by Natural Resources District.

DRAFT-Not-for public-release Page 6 of 404040 Soptember80ctaber 3, 2006 |

DNR 004146



(VVH) BaTy SIsA[euy u19)seq oy} pue

3

9002 ‘€ FBaOP0gequiedes ovBF0F Jo £ 8bed eseaRrotqRdoHIN-TIvHE

" JIU[) [9POJAl UISISOM
(40/vDOH) uiseg pareurdoiddersa() sy 10J eary pajoauuo)) A[1edt30[0IpAH 9yl pue ‘G007

‘0¢ dunf pue ‘1007 ‘T Anf UsamIaq pue ‘100Z ‘0¢ dunf pue ‘L1661 ‘1 AIn[ Usomlaq padoaasp pue] peSLUI-I)EMPUNOIL) 7 9InSL]

VOINOH D

S0-1002 1501 Bieeg
Bk

puej pajebiuy

10-£661 J50
puej pajebiuy

$0-400Z paueb
pue| pajeBlu

10-4661 pouteb
pue pojebu &

NOILYNVIdX3

I
SN 0G 14 0

DNR 004147



9002 ‘T 1600P0g-Hequisides

evBvOv J0 8 abed

U] [9POJA] [ENUSD

eseoferofGRE-HoHON-TdVHE

panunuod g 21n3ig

YONOH

S0-100Z 150}
pue; pajeBy

L0-L66} 150]
pue| pajebi|

§0-100Z pauleb
puej pejebiuj

10-£661 peuleb
puey pejebiuy

NOLLYNV1dX3a

000°00L°L:1

f
S9N 0G

74

DNR 004148



9002 ‘€ 18801305 1equmeides 8¥0¥0F Jo 6 abey osesferafane-erienN-tivda

"BAIY [OPOJA UId)SeH ‘POnuUnuod g gLy

vv3

VONOH

S0-1002 150)
puey pajebiu)

10-2661 150]
puej pajebiu|

f T T T T ] T T T T 1
§0-100Z peufet

pue; pejebiuy SOl 06 514 0
10-£661 pauteb

puej pajebuy

NOLLYNV1dX3

DNR 004149



9002 ‘T TGORDSHeqtoides 61d%0v {0 01 8bed oseoioroHeRaHOHON-TivHE
8.1 02L'L) 08221 00S'S 08L°L1 ory's 0€£8C 0.2'8 Oiv'es 00t 008'60. yyey
€2 0S8t 0/.°8 oro'y 018l 080'G 0ez't 00€‘9 09.'€L1 00t 002°0€€ LETER)Y
6G 0.8 0S6'2 0LL 0cL't 08- 008°k 0cL't 08€°6€ (01> 002'89¢ piemoH
14 0582 0512 0914 0LEE 004 0¥ 0LV} 0€2'L 4" 00865t YO02UdYUH
et 06692 0/T'9} 00,2 086'81 02,01 0612 016°CH 05e'vy 96 00v'9SY safeH
00t 0ie'82 0Sv'vi 09%°} 0¢6'St 098°El 00L 09S'vH 0/6'8Y 89 00v°'29€ uepeH
66 0l€'6 0122 059'y 09€°L 009'9 095°C 091°6 oveg'eee 00t 00.'6¥€ uojiwieH
10e 02L'Y ovL'e oL’y 0S8°2 086 08v'e 09v'v 0/2°502 00! 002'ese lleH
0 ov- 0S€ 0 0se 06¢- 06e 0 06 AN 006005 juely
Sl 0S9°L L 1 0/8°S 06¥'c 09e'8 08.°G 08e't 090°L ovL'89 00l 000962 Jladson
(84 091°G 008°S 089 08’9 ov9- 088t ove'e 066°22 66 001°204°} uspien
8. 02€'L 0.0'c 09 0€9°c 052’y Ocl 0LE'Y 0GE'HE 44 001°19Y Seuing
82 09g'se 096°C1 00€‘9 0926} 0ov 2t 080'} 09r'et 00€'vS 001 000°229 Jsnuoly
¥0! 00€22 oLl'el 09€'e 0.¥'GL 061'6 066 08101 050'v2 64 00.'89€ uipuel4
€e ori'e 0Sv'2 004 09L'e ote- 09t 0S8 | 066°81 00t 006°+82 [aneq
v6¢ 08.°6€ 002'8} 006'¥y OLL'€2 08S'ie 0EY'L oLo'ee 0€1'GS) 00+ 000°259 uosme(
144 002 +1 0.t'9 0Lt 0852 0eL'y 026’1 0999 086'8¥ Ve 009°L¥9'} 181sn)
sl 000°02 0€e'8 eyt 099°'6 0LL L 015t 082'El 0v6°061 00t 006°99¢ Aeio
S8 0€6'S 002'S 085} 0.2'9 0gL 0v8'e 0.5y 009°%S 00t 002'59. auushayd
4 ov9'y oLE'L . OYS'E 0s8'y 0ee'e 0082 0€L'9 056'02} 89 00€'vLS 9seud
0 08 oe 0 e 0S 0 0s 0 0 001°9.L€ Jsjing
902 00L‘Gl 016'6 06.9 06991 061G IVA 0162 00%'802 88 008°€29 ofejng
Sot 0/8L1 0ct'ok 0EL'} 0Sc'tHi 0S.°L 0622 0v0‘0L 0v9'0kt ¥9 001°'689 anng xog
4 00le oiv'e 0.¢ 08.C oie- 02.') 0ov't 09892 00} 00€' 2Ly Jsuueg
€ 09L°}- 089 ole 088 ov8't- 0512 (8 0S9°L1 06 00165 nyuy
eve 02c'8e 008'Gl 0.4 04591 025cl 0es't 0507} 0,98} 00} 006°09¢€ swepy
SER salio. 19N 1s07 psuier) BN 1807 pauten saloe 1SAHOD (sa108) Ajuno)
mau 191empunoib palebu u Baly
60-/661 | 19U 50-2661 sa1oe 1arempunolb Goozg 01 1002 sal10e Jayempunoib 100g 01 /661 /661 jus1ad

eore LS AHOD 9yt unpim Aunod ay jo 1red jey) 10y a1e S[[om

maN “(1007) 9zoo], pue uadde( woij st pue £3unod oy jo 1ed 1SXHOD Y} Ul $3108 pajesLil 17empunold sjussadar seioe pajedin
L66] “SUIpUNOI JO 3sN8oaq SISQUINU UMOYS Y} JO UINS S SB SUIes oY) 9q J0U ABUI MOI [BI0], ‘9SIMIYIT 'SAIOE ()] IS0IEaU AU 0)
POPUNOI 910M SIOQUINU JY} ISNEIS( SUWIN[OD 1SOT PUB PIUIRD U1 S0USISJJIP Sy} SE dures Ay} oq 10U AeW SUWN[0J JON “AIunod £q
00z ‘o€ dunf ySnorys ‘100z ‘1 AInf pue ‘100 ‘0€ dunf ySnoxy ‘L661 ‘1 A[f 103 pue] pajeSLuT IojesmpunoIs 10 pue pauren ‘| S[qeL,

DNR 004150



9002 ‘€ 18G0P0s+eqtuodes 6¥0¥0 0 11 abey
L6EY 010'80S 019°c0¢€ 0108 08.°'c8¢ 00v‘v02 08€°‘8. 08.'282 062'c6t'e VL 002'662'se Iviol
€81 0c8've 0SL'tE 088 0€9°'21 0L0°ElL 0se't ocv'vl 068°0ce 00t 00v'89¢ MOA
621 0es'L) 091'8 0oge 008'8 090°6 09¢ 0cr'e ove'se 18 000'89¢ 131Sqa M
oe 052 029 089 00€‘L ocl 041 068 0€8'S 8¢ 009'zee’t Xnoig
0 0S Ot~ ove oge 09 0s€ (6194 006°c 9l 002'08G't uepuays
Ot 0cs't 0zce'tL 002 026'l 00€ 018 OLL'L 0612 001 008'9.Y #nig snoog
9¢ 0469 0LS'y 080°L 08G'S 09t'2 0L1L 029‘c 0v0'te 8¢ 005'65Y MOJIIM P8y
el 0¢6'Ge 0.£°81 0cL 060'61 0SS'.L 028'c 0/£°01 099'Gel 00t 001}'e8e Jlod
VA 088 2 0ogt 0.5} 098- 00€'L 0)72 090'c2 €1 001'8ey ale|d
0le 0992 005y 009'y 060°6 09i'e ovL 006'c 0€S'2G1 00t 006'GYE sdiayd
14 0se's 019's ov8'e 09v'8 ov9'e 0052 0519 ove'lel 00} 009695 subied
101 OLy'LL 020’8 (0} 091’8 06€'6 08s 0.6'6 0v9'se 96 009'89¢ S|IO3OoNN
(514 089'c 0S¥'L 08 0€S°L 0€g't (0127 0.9t 00161 ve 009'982 adueN
oel ove'9 056 065 0ES'y 06€2 oLv'e 098°‘S 028°19 001 00516 oW
SSe 0992 0662 0652 085S oge- 065 092'v 0€S'6.1 66 002'9le qSLIeN
I 069'L- Oovvy- 0v6 QLS 0se’L- 00S'} 0S¢ 0£9'8 jis} 000°0SS uosiaydonw
ce 0ce'y 0e0'e Otl oel'e 0611 089 org'l 089'v1L Sl 00£'s9¢e uebo
0se 0108y 0v9‘se 068 02s'6€ 0/£et ove'9 0128l 0.¥'v81 00t 001°2¥9°t ujooury
ov 0.9'8 oie'L ove 0S5°L 09t'L 0092 090'v 00z'0e 00t 001'609 |lequary
HEDRD $S810€e 18N 1807 " paulen BN 1507 pauien) Saloe 1SAHOD (saJoe) Aunon
mau JsjempunolB payebiull ul ealy
S0-/661 18U S0-/661 sa.oe Jajempunolb g0z 0y L1002 sa10e tajempunoib ooz 01 1661 1661 HIETIEW

"PANUNUO0d | J[qR]

DNR 004151



9002 ‘€ 13500 gHequedes 6+Br07 40 21 8bed esesiprofgRd-eHON-TIVHG
~17
v

16’V 000°80S 009°€0€ 00208 008°‘e8E 00v'v02 oov‘sL 008282 00€'c6V'E €5 00.'v6v'ce W10l
9 006°C}H 006'9 00v'9 ooc'el 000°Z 00€'S 00g'CH 002'cSe °1°] 0050’} ueoygndey toddp
601 00S'8} 00g’‘0} 00S't 008k 0028 00.'2 0080t 0ov'vit i 002'SZ\'y Sl ereIqolN 1eddn
4 008°c 00Et 00€ 009°c 00S 009°} 000C 00v'9}t 9 008'662'y dno saddn
Lop 005°09 00662 0099 005'9€ 009°0€ 0029 008'9¢ 008029 85 006'0€8°} anig big 1addn
LYy 00S°€S 00g'ey 00€'6 009°LS 002°L L 00v‘0t 009°te 00.Gl2 €6 00€°9€.2 sje|d umy
919 00c'ee 001'61 00L'LL 00€'0E 000'v1 002t 00g'Lt 00v'66€ 00} 0016 uiseg-u|
8Lt 00.'91 006'v} 0092 00G°ZL 006't 009°L 0056 008°€0L 001 000°199°} aje|d ynog
€ce 00€'Sl 008°cl 006'2 00.'0t 00G't 009°0} 0042l 008821 66 000°20€°c aleld YUoN
e£ve 006°L.L QoF e 00121 00v'eS 00882 00.°9 009'6e 00.261 L. ooL'sev'e ueoygndey a|ppIN
(454 002'LL 009°'LE / 00L% ooe‘ey 009°ce 002 006'GE 00e'es} 09 001285°tL uedlqnday Jamo
894 00191 | 00E2 0012 oov'vi 006°€ 009°G 007’6 000'82} 4 000°260'G dnoT Jamoq
g6¢e 006'8S 000°8¢2 00c't 00€°'6¢2 008°0E 0092 oov'ee 006'v62 A 001°8€S°L anjg e
2e0’t 00S'v.L 008‘cy 00v°61 002'c9 00¥°2e 009°€l 000°9¥ 008'z18 001 005°9¢€Le aneld [enued

Sliom S8l0e BN 107 pauen 18N 1807 paurer) s810B 1SAHOD (se108) omsia

mau 191eMpUnOIb pajebu uj ealy $80In0s8Y [eINieN
G0-/661 | 18U G0-2661 so1oe Jarempunoib G00g 01 1002 saloe Jarempunolb |L00g 01 /661 1661 Wwed1ad

ol [ SAHOD Y! UIYIIA JOLISI(] S20IN0Say [BINJeN 93 Jo 3red 1By 0] T8 S[[am MON (1002) 9zoo], pue uadde( woijy

ST pue 191NSI(] $90In0say [eImeN 93 Jo ued LSXHOD 9y Ut sa1oe porediur 1orempunois sjuesaidar sa1oe pARSLLL /661 SUIpUNOl

JO 9sNBOAq SIOqUINU UMOYS 9y} JO WNS 3y} SB JWes 3Yj oq J0U Aewl MOI [BIO], OSIMIYIT "SAI0L ()] 1S9IB3U ) O} POpUNOI IoM SIquunu
oY) 9SNEBOAQ SUWN]0D ISOT PUB PIUIBD) UIIMIAQ 9OUSISJJIP S} S dures a2y 9q Jou ABW SUWN[OD 19N “1OMISI(J S90IN0sIY [eINBN Aq

6007 ‘0 dunf ySnoxy ‘100z ‘1 AINf PUB ‘10T ‘0€ dung YSnomy ‘£661 ‘T AIn{ 10J PUe| pIeSLLT J91empuUNoI3 10 pue paures ‘g J[qeL,

DNR 004152



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 a
completion date on or after July 1, 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 trrigated 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 1 through June 30 of the following
year (table 3). For example, for the Western Model Unit, 59 new wells were registered
from July 1, 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 1, 1998, was assumed to be approximately 26
percent of the gained or lost irrigated land for 2001. Similarly, for July 1, 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. A similar process
was used for subsequent years.

The 2001 gained irrigated land was as shown in brown on figure 2 and the 2001 lost
irrigated land was as shown in orange. This land was retained as gained or lost to
irrigation to May 1, 2038, unless the 2001 and 2005 irrigated land maps indicated
otherwise (fig. 2). 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 1s shown in cyan on figure 2 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 1, 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 3. 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 1, 2001.

Ratio of
Number of new Cumulative cumulative Ration applied to
Year ending irrigation wells number of new wells to year ending
June 20 registered new wells 2001 or 2005 May 1

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 5 390 1.000 2006-38

Central Mode! 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 1,635 0.750 2005
2005 513 2,048 1.000 2006-38

Entire COHYST Area
1998 503 503 0.339 1999
1999 279 782 0.528 2000
2000 321 1,103 0.744 2001
2001 379 1,482 1.000 2002
2002 506 * 506 0.179 2003
2003 937 1,443 0.511 2004
2004 841 2,284 0.808 2005
2005 542 2,826 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 1 of 1997, 2001, and 2005. The 1997-98 CropSim net irrigation
requirement for each crop, reduced by 10 percent, was combined with the 1997-98 1and-
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 4 shows the 1997-98 net irrigation
requirements for each Model Unit; table 5 shows the 2001-02 net irrigation requirements;
and table 6 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 a function
of differences in crop mix because 1997 meteorological conditions were used in all
calculations. For example, soybeans became a larger part of the crop mix between 1997
and 2001 and corn became a 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 2001-02 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. 2) 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 5 shows the sum of net pumpage due to
increased and decreased irrigated land for 2001-02 for each Model Unit using the
opposite sign convention. Table 6 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 4. 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 |  1997-98 net
irrigation irrigation 1997-98 net
Area requirement, requirement, irrigation
irrigation season non-irrigation requirement,
(inches) season (inches) annual (inches)
Westem Model Unit 15.06 0.87 15.94
Central Model Unit 11.40 ' 0.03 11.43
Eastem Model Unit 7.79 0.0t 7.80

Table 5. 2001-02 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 16,900
Central Model Unit 9.24 0.02 9.26 60,700
Eastern Model Unit 7.68 0.01 7.70 94,100

Table 6. 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 71,500
Central Model Unit 7.20 0.18 7.38 135,400
Eastern Model Unit 7.71 0.01 7.72 205,100
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Modeling Procedures

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

Figure 3 shows the monthly stream depletion due to new net pumpage after July 1, 1997,
for each area. For Wyoming line to Kingsley Dam, stream depletion due to gained or lost
irrigated land after July 1, 1997, was 27.1 acre-feet per day on October 1, 2007, and was
18.9 acre-feet per day on May 1, 2008. Stream depletion due to gained or lost irrigated
land was 29.7 acre-feet per day on October 1, 2013, and was 21.3 acre-feet per day on
May 1, 2014. Cumulative stream depletion due to gained or lost irrigated land through
October 1, 2013 was 89,000 acre-feet (fig. 4). Stream depletion due to gained or lost
irrigated land was 31.9 acre-feet per day on October 1, 2037, and was 23.3 acre-feet per
day on May 1, 2038. Figure 3 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 1, 2038, was 328,000 acre-feet.

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

~or lost irrigated land after July 1, 1997, was 32.9 acre-feet per day on October 1, 2007,

and was 14.6 acre-feet per day on May 1, 2008 (fig. 3). Stream depletion due to gained or
lost irrigated land was 38.8 acre-feet per day on October 1, 2013, and was 20.5 acre-feet
per day on May 1, 2014. Cumulative stream depletion due to gained or lost irrigated land
through October 1, 2013 was 102,000 acre-feet (fig. 4). Stream depletion due to gained or
lost irrigated land was 49.5 acre-feet per day on October 1, 2037, and was 31.5 acre-feet
per day on May 1, 2038. Figure 3 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 1, 2038, was 422,000
acre-feet.

1 acre-foot perday = 0.504 cubic feet per second
226 gallons per minute
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Figure 3. Monthly stream depletion to the Platte River system due to groundwater-irrigated
lands gained or lost between July 1, 1997, and June 30, 2006, for each area. A) Wyoming
line to Kingsley Dam; B) Kingsley Dam to Tri-County Supply Canal diversion; C) Tri-
County Supply Canal diversion to Lexington; D) Lexington to U.S. Highway 183; E) U.S.
Highway 183 to Chapman; and F) Chapman to Columbus.
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Figure 4. Cumulative stream depletion to the Platte River system due to groundwater-irrigated lands
gained or lost between July 1, 1997, and June 30, 2006, for each area. A) Wyoming line to Kingsley
Dam; B) Kingsley Dam to Tri-County Supply Canal diversion; C) Tri-County Supply Canal
diversion to Lexington; D) Lexington to U.S Highway 183; E) U.S. Highway 183 to Chapman; and
F) Chapman to Columbus.
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For Tri-County Supply Canal diversion to Lexington, stream depletion due to gained or
lost irrigated land after July 1, 1997, was 38.1 acre-feet per day on October 1, 2007, and
was 18.0 acre-feet per day on May 1, 2008 (fig. 3). Stream depletion due to gained or lost
irrigated land was 41.9 acre-feet per day on October 1, 2013, and was 21.6 acre-feet per
day on May 1, 2014. Cumulative stream depletion due to gained or lost irrigated land
through October 1, 2013 was 121,000 acre-feet (fig. 4). Stream depletion due to gained or
lost irrigated land was 49.6 acre-feet per day on October 1, 2037, and was 29.1 acre-feet
per day on May 1, 2038. Figure 3 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 1, 2038, was 442,000 acre-feet.

For Lexington to U.S. Highway 183, stream depletion due to gained or lost irrigated land
after July 1, 1997, was 4.7 acre-feet per day on October 1, 2007, and was 4.1 acre-feet
per day on May 1, 2008 (fig. 3). Stream depletion due to gained or lost irrigated land was
6.1 acre-feet per day on October 1, 2013, and was 5.4 acre-feet per day on May 1, 2014.
Cumulative stream depletion due to gained or lost irrigated land through October 1, 2013
was 18,000 acre-feet (fig. 4). Stream depletion due to gained or lost irrigated land was 9.1
acre-feet per day on October 1, 2037, and was 8.5 acre-feet per day on May 1, 2038.
Figure 3 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 1, 2038, was 84,000 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 3 is the result of that effort. Stream depletion due to
gained or lost irrigated land after July 1, 1997, was 2.0 acre-feet per day on October 1,
2007, and was 3.6 acre-feet per day on May 1, 2008 (fig. 3). Stream depletion due to
gained or lost irrigated land was 3.5 acre-feet per day on October 1, 2013, and was 4.5
acre-feet per day on May 1, 2014. Cumulative stream depletion due to gained or lost
irrigated land through October 1, 2013 was 13,000 acre-feet (fig. 4). Stream depletion
due to gained or lost irrigated land was 8.1 acre-feet per day on October 1, 2037, and was
11.2 acre-feet per day on May 1, 2038. Figure 3 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 1,
2038, was 80,000 acre-feet.
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For Chapman to Columbus, stream depletion due to gained or lost irrigated land after
July 1, 1997, was 8.4 acre-feet per day on October 1, 2007, and was 8.0 acre-feet per day
on May 1, 2008 (fig. 3). Stream depletion due to gained or lost irrigated land was 12.7
acre-feet per day on October 1, 2013, and was 12.5 acre-feet per day on May 1, 2014.
Cumulative stream depletion due to gained or lost irrigated land through October 1, 2013
was 31,000 acre-feet (fig. 4). Stream depletion due to gained or lost irrigated land was
23.2 acre-feet per day on October 1, 2037, and was 23.9 acre-feet per day on May 1,
2038. Figure 3 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 1, 2038, was 199,000

acre-feet.

For Wyoming line to Columbus, stream depletion due to gained or lost irrigated land
after July 1, 1997, was 113 acre-feet per day on October 1, 2007, and was 67 acre-feet
per day on May 1, 2008. Stream depletion due to gained or lost irrigated land was 133
acre-feet per day on October 1, 2013, and was 86 acre-feet per day on May 1, 2014.
Cumulative stream depletion due to gained or lost irrigated land through October 1, 2013
was 370,000 acre-feet. Stream depletion due to gained or lost irrigated land was 171 acre-
feet per day on October 1, 2037, and was 128 acre-feet per day on May 1, 2038.
Cumulative stream depletion due to gained or lost irrigated land through May 1, 2038,
was 1,560,000 acre-feet.

Table 7 shows stream depletions for each area due to gained or lost groundwater-irrigated
land after 1997 for other dates. The dates in table 7 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 7. Stream depletion to Platte River system due to groundwater-irrigated lands
gained or lost between July 1, 1997, and June 30, 2006, for each area.

Cumulative
Stream steam
depletion depletion
(acre- (thousands of
Date feet/day) acre-feet)
Wyoming line to Kingsley Dam A
Oct. 1, 2001 4.7 2
May 1, 2002 4.0 3
Oct. 1, 2007 271 35
May 1, 2008 18.9 40
Oct. 1, 2013 29.7 89
May 1, 2014 21.3 94
Oct. 1, 2020 30.7 155
May 1, 2021 22.2 160
Oct. 1, 2037 31.9 322
May 1, 2038 23.3 328

Kingsley Dam to Tri-County Supply Canal B

Oct. 1, 2001 15.7 8
May 1, 2002 4.1 9
Oct. 1, 2007 32.9 45
May 1, 2008 14.6 49
Oct. 1, 2013 38.8 102
May 1, 2014 20.5 108
Oct. 1, 2020 432 183
May 1, 2021 252 189
Oct. 1, 2037 495 414
May 1, 2038 31.5 422

Tri-County Supply Canal to Lexington C

Oct. 1, 2001 16.6 9
May 1, 2002 7.8 11
Oct. 1, 2007 38.1 56
May 1, 2008 18.0 61
Oct. 1, 2013 41.9 121
May 1, 2014 21.6 127
Oct. 1, 2020 44.8 205
May 1, 2021 24.7 211
Oct. 1, 2037 49.6 434
May 1, 2038 29.1 442

Lexington to U.S. Highway 183 D
Oct. 1, 2001 14 1
May 1, 2002 14 1
Oct. 1, 2007 4.7 7
May 1, 2008 4.1 8
Oct. 1, 2013 6.1 18
May 1, 2014 54 30
Oct. 1, 2020 7.1 34
May 1, 2021 6.4 36
Oct. 1, 2037 9.1 83
May 1, 2038 8.5 84
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Cumulative
Stream steam
depletion depletion

(acre- (thousands of

Date feet/day) acre-feet)
U.S. Highway 183 to Chapman E
Oct. 1, 2001 1.6 1
May 1, 2002 1.1 1
Oct. 1, 2007 2.0 5
May 1, 2008 3.6 6
Oct. 1, 2013 3.5 13
May 1, 2014 45 14
Oct. 1, 2020 52 27
May 1, 2021 8.3 29
Oct. 1, 2037 8.1 78
May 1, 2038 11.2 80
Chapman to Columbus F

Oct. 1, 2001 0.3 0
May 1, 2002 1.0 1
QOct. 1, 2007 8.4 9
May 1, 2008 8.0 -1
Oct. 1, 2013 12.7 31
May 1, 2014 12.5 34
Oct. 1, 2020 16.5 68
May 1, 2021 16.5 72
Oct. 1, 2037 23.2 194
May 1, 2038 23.9 199

TOTAL
Oct. 1, 2001 40 20
May 1, 2002 19 30
Oct. 1, 2007 113 160
May 1, 2008 67 180
Oct. 1, 2013 133 370
May 1, 2014 86 410
Oct. 1, 2020 148 670
May 1, 2021 103 700
Oct. 1, 2037 171 1,530
May 1, 2038 128 1,560
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Results — Part 11
The Nebraska-Department-of Nataral- Resourees- NDNR also asked for an analysis of only

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

Overappropnated Basin G-ICA/OA) (flg 2) M%@A—}s—ma—adﬂﬂmsaaﬂ%

purpose of this analvs1s is to provide techmcal mformatlon reoardmo the impacts on

streamflow of new uses from these areas and should not be interpreted as a policy by
either the NDNR or the COHYST Sponsors. The HCA/OA starts at the Wyoming state
line and ends at U.S. Highway 183. Downstream of U.S. Highway 183, the Department
asked for a 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 the Central Platte Natural Resources District; Departrnent-of Nataral
Reseurees-and the Upper Big Blue Natural Resources District. In the Tri-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 a north-south line was used to connect them. The polygon formed
by the_10 percent in 50 years lines, the easterly end it 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 1, 1997, was set to zero outside of the
HCA/OA and EAA. For 1997 to 2001, there was a net gain of 28,400 irrigated acres
inside the HCA/OA and EAA. For 2001 to 2005, there was a net gain of 43,590 irrigated
acres inside the HCA/OA and EAA. For 1997 to 2005, there was a net gain of 72,000
irrigated acres inside the HCA/OA and EAA. Table 8 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 EAA. Table 9 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 1, 1998, with net
pumpage on gained or lost irrigated land inside the HCA/OA and the EAA. 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 a similar manner as was done in the first
analysis. Figure 5 shows the monthly stream depletion due to gained or lost irrigated land
after July 1, 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 3, 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 1, 1997, inside the HCA/OA and EAA was 27.1 acre-feet per day on October 1,
2007, and was 19.0 acre-feet per day on May 1, 2008. Stream depletion due to gained or
lost irrigated land in the same area was 29.7 acre-feet per day on October 1, 2013, and
was 21.2 acre-feet per day on May 1, 2014. Cumulative stream depletion due to gained or
lost irrigated land in the same area through October 1, 2013 was 89,000 acre-feet. Stream
depletion due to gained or lost irrigated land in the same area was 31.2 acre-feet per day
on October 1, 2037, and was 22.6 acre-feet per day on May 1, 2038. Figure 5 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 1, 2038, was 325,000 acre-feet. Cumulative stream depletion for the 40
years with new net pumpage only inside the HCA/OA and EAA was 99 percent of
cumulative steam depletion with new net pumpage everywhere.

For Kingsley Dam to Tri-County Supply Canal diversion, stream depletion due to gained
or lost irrigated land after July 1, 1997, inside the HCA/OA and EAA was 31.9 acre-feet
per day on October 1, 2007, and was 13.3 acre-feet per day on May 1, 2008. Stream
depletion due to gained or lost irrigated land in the same area was 35.7 acre-feet per day
on October 1, 2013, and was 16.8 acre-feet per day on May 1, 2014. Cumulative stream
depletion due to gained or lost irrigated land in the same area through October 1, 2013
was 97,000 acre-feet. Stream depletion due to gained or lost irrigated land in the same
area was 39.4 acre-feet per day on October 1, 2037, and was 20.7 acre-feet per day on
May 1, 2038. Figure 5 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 1, 2038, was 350,000 acre-feet.
Cumulative stream depletion for the 40 years with new net pumpage only inside the
HCA/OA and EAA was 83 percent of cumulative steam depletion with new net pumpage
everywhere.
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Figure 5. Monthly stream depletion to the Platte River system due to groundwater-irrigated lands
developed between July 1, 1997, and June 30, 2006, inside the HCA/OB and EAA for each area. A)
Wyoming line to Kingsley Dam; B) Kingsley Dam to Tri-County Supply Canal; C) Tri-County
Supply Canal to Lexington; D) Lexington to U.S. Highway 183; and E) U.S. Highway 183 to
Chapman.
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Figure 5 continued.
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Cumulative
Stream steam
depletion depletion

(acre- (thousands of

Date feet/day) acre-feet)
Wyoming line to Kingsley Dam A

Oct. 1, 2001 47 2
May 1, 2002 4.0 3
Oct. 1, 2007 271 35
May 1, 2008 19.0 40
Oct. 1, 2013 29.7 89
May 1, 2014 21.2 94
Oct. 1, 2020 30.6 155
May 1, 2021 22.1 160
Oct. 1, 2037 31.2 320
May 1, 2038 22.6 325
Kingsley Dam to Tri-County Supply Canal B
Oct. 1, 2001 15.7 8
May 1, 2002 4.1 9
Oct. 1, 2007 31.9 44
May 1, 2008 13.3 48
Oct. 1, 2013 37.7 97
May 1, 2014 16.8 102
Oct. 1, 2020 37.7 166
May 1, 2021 18.8 171
Oct. 1, 2037 39.4 345
May 1, 2038 20.7 350

Tri-County Supply Canal to Lexington C

Cumulative

Stream steam

depletion depletion

(acre- (thousands of
Date feet/day) acre-feet)
U.S. Highway 183 to Chapman E
Oct. 1, 2001 1.0 0
May 1, 2002 0.4 1
Oct. 1, 2007 0.5 2
May 1, 2008 1.7 2
Oct. 1, 2013 1.0 5
May 1, 2014 1.2 5
Oct. 1, 2020 1.5 9
May 1, 2021 2.4 10
Oct. 1, 2037 2.0 25
May 1, 2038 34 25
TOTAL to Chapman

Oct. 1, 2001 38 20
May 1, 2002 17 30
Oct. 1, 2007 98 140
May 1, 2008 53 150
QOct. 1, 2013 111 310
May 1, 2014 61 330
Oct. 1, 2020 114 540
May 1, 2021 67 560
Oct. 1, 2037 118 1,110
May 1, 2038 71 1,130

Qct. 1, 2001 15.7 8
May 1, 2002 7.5 11
Oct. 1, 2007 35.2 52
May 1, 2008 15.9 56
Qct. 1, 2013 37.8 110
May 1, 2014 18.1 115
Qct. 1, 2020 38.9 182
May 1, 2021 19.4 187
Oct. 1, 2037 40.1 366
May 1, 2038 20.3 372
Lexington to U.S. Highway 183 D
Oct. 1, 2001 1.2 1
May 1, 2002 1.1 1
Oct. 1, 2007 3.8 6
May 1, 2008 3.2 6
Oct. 1, 2013 4.6 14
May 1, 2014 3.9 15
Oct. 1, 2020 5.0 26
May 1, 2021 4.3 27
QOct. 1, 2037 5.2 56
May 1, 2038 4.4 57
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Table 10. Stream depletion to Platte River basin streams due to groundwater-irrigated lands gained or
lost between July 1, 1997, and June 30, 2006, inside the HCA/OA and EAA for each area.
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For Tri-County Supply Canal diversion to Lexington, stream depletion due to gained or
lost irrigated land after July 1, 1997, inside the HCA/OA and EAA was 35.2 acre-feet per
day on October 1, 2007, and was 15.9 acre-feet per day on May 1, 2008. Stream
depletion due to gained or lost irrigated land in the same area was 37.8 acre-feet per day
on October 1, 2013, and was 18.1 acre-feet per day on May 1, 2014. Cumulative stream
depletion due to gained or lost irrigated land in the same area through October 1, 2013
was 110,000 acre-feet. Stream depletion due to gained or lost irrigated land in the same
area was 40.1 acre-feet per day on October 1, 2037, and was 20.3 acre-feet per day on
May 1, 2038. Figure 5 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 1, 2038, was 372,000 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 irrigated.land
after July 1, 1997, inside the HCA/OA and EAA was 3.8 acre-feet per day on October 1,
2007, and was 3.2 acre-feet per day on May 1, 2008. Stream depletion due to gained or
lost irrigated land in the same area was 4.6 acre-feet per day on October 1, 2013, and was
3.9 acre-feet per day on May 1, 2014. Cumulative stream depletion due to gained or lost
irrigated land in the same area through October 1, 2013 was 14,000 acre-feet. Stream
depletion due to gained or lost irrigated land in the same area was 5.2 acre-feet per day on
October 1, 2037, and was 4.4 acre-feet per day on May 1, 2038. Figure 5 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 HCA/OA and EAA between 1997 and 2005.
Cumulative stream depletion due to gained or lost irrigated land through May 1, 2038,
was 57,000 acre-feet. Cumulative stream depletion for the 40 years with new net
pumpage only inside the HCA/OA and EAA was 68 percent of cuamulative 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 5 is the result of that effort. Stream depletion due to
gained or lost irrigated land after July 1, 1997, inside the HCA/OA and EAA was 0.5
acre-feet per day on October 1, 2007, and was 1.7 acre-feet per day on May 1, 2008.
Stream depletion due to gained or lost irrigated land in the same area was 1.0 acre-feet
per day on October 1, 2013, and was 1.2 acre-feet per day on May 1, 2014. Cumulative
stream depletion due to gained or lost irrigated land in the same area through October 1,
2013 was 5,000 acre-feet. Stream depletion due to gained or lost irrigated land in the
same area was 2.0 acre-feet per day on October 1, 2037, and was 3.4 acre-feet per day on
May 1, 2038. Figure 5 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 1, 2038, was 25,000 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 1, 1997, inside the HCA/OA and EAA was 98 acre-feet per day on October 1, 2007,
and was 53 acre-feet per day on May 1, 2008. Stream depletion due to gained or lost
irrigated land in the same area was 111 acre-feet per day on October 1, 2013, and was 61
acre-feet per day on May 1, 2014. Cumulative stream depletion due to gained or lost
irrigated land in the same area through October 1, 2013 was 310,000 acre-feet. Stream
depletion due to gained or lost irrigated land in the same area was 118 acre-feet per day
on October 1, 2037, and was 71 acre-feet per day on May 1, 2038. Cumulative stream
depletion due to gained or lost irrigated land through May 1, 2038, was 1,130,000 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 a 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 HCA/OA and EAA for 1997 to 2005 was 72,000
acres (table 8), whereas for the entire COHYST area, it was 508,010 acres (table 1). 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 7 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 1, 2008. These new depletions decreased to 88 percent of all
new depletions by May 1, 2014, and decreased to 82 percent of all new depletions by
May 1, 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 Tri-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 HCA/OA 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 1, 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 a
proportional error in stream depletion due to irrigated land gained or lost after July 1,
1997. Mapped-irrigated-landsfor 1997 Reviewreports-An assessment of the variability of
the data is provided in the reports (Dappen and Tooze, 2001), 2003-(Dappen and
Merchant, 2003), and 2605-(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 296,000 acres whereas the mapped increase was 285,000
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 a 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 122,000 acres whereas the
mapped increase was 130,000 acres. Farm Service Administration data was compared to
mapped irrigated land for 2001 and 2005. The mapped irrigated land was 0.1 percent of
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 149,000 acres whereas the mapped
increase was 165,000. 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 a 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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