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Overview — Phase One

« Simulate the baseflows in Frenchman Creek
under a dry, average, and wet climate scenario.

« Pumping based on historical use during a dry,
average, or wet year on a per acre basis.

« 2005 level of irrigated acres are used

« Pumping levels are capped where needed
based on current allocations.

+ Reduce pumping within climate scenarios to
meet target river flows

DNR 018397



RRCA Precipitation Stations
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Precipitation Scenarios

 Based on the period of record for the six
Compact rain gauges within the
Frenchman Basin — Holyoke, Madrid,
Imperial, Wauneta, Palisade, Culbertson

* “Dry” — 25" percentile rainfall
* "Average” — 50" percentile rainfall
* "Wet” — 75" percentile rainfall
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Selection of Years to Model

.Choose a year to repeat in order to

capture irrigation behavior under each
climate condition.

Average conditions — DNR previously had
completed a scenario that repeats 1988-
1991, for Frenchman Basin these years
had average precip. of 19.7 inches.

Dry Scenario — Basin had average precip.
of 16.2 inches in 2000.

Wet Scenario — Basin had average precip.
of 21.7 inches in 1987.
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More Details for Model Scenarios

* Groundwater exclusive, groundwater
commingled, and surface water commingled
inputs were based on the year chosen to

represent climate condition (both for NE and the
other states)

* Surface water exclusive inputs and recharge
from canal seepage were also based on chosen

year except for dry condition (uses 2005 — low
surface water year)

* Evapotranspiration and reservoir levels were
based on 1988-1991 conditions

* NE municipal pumping from 2004 was used

Groundwater Model Inputs ~ DRY AV WET B

7 Scenario Echlial':ip ivsee'“aﬁ‘p';
& Groundwater Irrigated Acres Base Year. ... 2[1[]5%. o 2[305 : |
'Pumping Base Years....c.cinicereniiiennn 2[1[30:1958-1991
! Surface Water InputsBase Years............. 2005 19881991 ‘:195?_:
.Conuningled ‘Inputs Base Years................ 2000 1988-1991 i 98? _f

| Evapotranspiration Base Years................. 1998-1991 “1988-1991 1988-1991:
: . 1 L b ey 1 o - b

% Precipitation Base Years...,uvooo oo 2000 '1 QEB-1991 P
‘ 6-Station Av. Precipitation Depth.............. 15.53: 193 3

| Precipitation BéseTea Av. Precip Depth | 1627 fas s

217

DNR 018400



Frenchman Modeli
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Phase | Results
- Imperial Gage — Inflows to Enders
+ Palisade Gages (Frenchman and Stinking
Water Creek) — Total natural flows
available at Culbertson Diversion Dam
— Below Enders Only
— Total including above Enders (i.e. assume
Enders is bypassed year round)
« Culbertson Gage — Riverside |ID and
discharge to mainstem
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Imperial Gage Analysis

« Two Target Levels — based on recreation and
wildiife

— 30894 ft
— 3099 ft
* Target inflows based on these levels and the
following deliveries
— None
- 3" FVID
— 3" FVID and H&RW
— 6" FVID
— 67 FVID and H&RW

w7 77| Model Calibration at Imperial
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USBR Enders Supply Model

-Used to determine the necessary inflows for each combination of
target water levels and deliveries
-The table below is for both irrigation districts

-USBR supplied separate model for FVID only

Enders |- Inches  Llomto  Storage Enders

Shutoft ] Frem Headgatz for Storage

Content §° 2 Pickup Pickup 1" Delivery  Needed
SR Al

3089.40 g: D] 500% 000 B50% 5438 0

14,009

3099.00
23,789

50.0% 0.24 65.0%
50.0% D47 65.0%
50.0% 0.7 £5.0%
50.0% 0.84 65.0%
50% 000  65.0%
50% D24 55.0%
50% 047  65.0%
50% 071 65.0%
50% 034  B50%

5438 15031
5438 30063

5438 45094
5438 60126

5438 0
5438 1543

5438 30083 2856

5438 45084
5438 80126

Enders Seepage and Evaporation
at Different Elevations

Elevation

(f)

Seepage
(AF)

Evaporation
(AF)

Total (AF)

3082.4

2171

2221

4392

3089.4

2534

2904

5438

3099

2896

4100

6996

* With no deliveries

DNR 018403



Regression to relate modeled baseflow at gk
Imperial to total streamflow at Imperial 27/‘/‘*“'”7?‘ o o
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Imperial Gage Results

* For each climate scenario, the impact reduction
achieved with a 20%, 50%, and 100% reduction
in pumping was modeled.

* The results were interpolated to 5% increments.

* Then the percent reduction that best balanced

the inflows to the target level over the long term
was determined

* The following five slides graphically demonstrate
the results for the Dry scenario.

 The remaining graphed results for the other
climate scenarios and gage analyses are
presented in the attached Appendix.
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Streamflow (ac-ftéyear)

Dry Scenaric - Imperial Gage - Deliver 3 inches, FVID only
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Dry Scenario - Imperial Gage - Deliver 6 inches, FVID only
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Dry Scenario - Imperial Gage - Deliver 3 inches, Both Districts
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Streamflow {ac-ftiyear)
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ENDERS RESERVOIR
Historical Annual Inflow - Predicted Inflow
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Pumping Reductions Needed to Meet
Target Flows at Imperial

Dry Average |Wet
3089.4 — No Deliveries 40% 20% 20%
3099 — No Deliveries 50% 25% 25%
3089.4 — 3" FVID 70% | 45% | 40%
3099 - 3" FVID 75% 50% 45%
3089.4 - 6" FVID 85% 65% 60%
3089 -6" FVID 90% 70% 65%
3089.4 — 3" Both Districts 95% 75% 65%
3099 — 3" Both Districts 100% 80% 70%
3089.4 — 6” Both Districts o ** **
3099 — 6" Both Districts ** ** >

** Target not met with 100% reduction

Palisade Gage Analysis

« Looking at reductions needed to supply natural
flows to FVID under two scenarios

— Natural fiows below Enders only — Natural flows
below Enders and from Stinking Water Creek

— Natural flows with Enders bypassed — Total Natural
Flows above Culbertson Diversion Dam

« The “Enders Bypassed” scenario accounts for
needed Enders inflows to maintain level at top of
inactive

- Assumes a 50% canal efficiency

« Assumes 50% of streamflow occurs during the
irrigation season (6 months)

16
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Model Calibration at Frenchman
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Gaged Baseflow Abova Palisade and below Enders, incihuding Stinking
Water Creek {ac-ftiyr)

Regression used to relate modeled baseflow below
Enders to total streamflow below Enders
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Regression used to relate modeled baseflow to total streamflow
for Stinking Water Creek above Palisade
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Summary — Palisade Gage

Pumping reductions needed to make target deliveries
to FVID from natural flows occurring below Enders only

(i.e. Enders storing all inflows for deliveries not
included in the inch totals below)

| Dry |Average |Wet
3" — FVID w/ storage 5% 0% 0%
6" — FVID w/ storage 45% 0% 0%
9" — FVID w/ storage 65% | 45% 30%
12" — FVID w/ storage 85% | 65% 60%

* With no suppiy from above Enders

19
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Summary — Palisade Gage

Pumping reductions needed to make target deliveries
to FVID from natural flows occurring above and below
Enders (i.e. Enders bypassing all inflows}

Dry [Average |Wet

3" — FVID w/o storage 10% 0% 0%

6" — FVID w/o storage 50% 0% 0%

9" — FVID w/o storage 70% | 30% 15%

12" — FVID w/o storage 90% | 45% | 35%

* Bypassing Enders inflows year round

Culbertson Gage Analysis

« Applies The same reductions needed to meet
target natural flows at Palisade without Enders
storage.

« Adds Riverside lrrigation District with same
deliveries as FVID for the target streamflows

» Meant to show the streamflows that would reach
the mainstem (and potentially Harlan County
Lake) under these reduction and delivery
scenarios

» Historically; chman Creek has accounted for
about gne third of the inflows to Harlan County
Lake

. Example graphs for Dry Scenario shown below,
all graphs inciuded in Appendix

20

DNR 018415



100

Frenchman Contribution to Harlan County Lake

80

&0

70

*

y=0.1551x + 14884
. /

R*=0.7743

&0

-

Frenchman Creek nr Guibertson Annual Flow (kAF}

Haran County Lake Computed Annual Inflows (KAF)

50 ¢
*
*
) * b
40 Y b *
________________________________ M S
0 . P i M
(3 E' .
- H
L J
20 :
rd 1
.
10
o} v T T r v ¥
0 €0 120 180 240 300 360

14000
!
i

12000

A000 10000

536 Flow (Qcre-Teel)

800

4000

2000

|——+——Baseflow |
——e——Predicind |

;||||I||sl
4000

IIIiIII[III'ITll\[IIl\]II
1820 19350 1540

||L|||III|EITF¥]|]1

[
1950 1260 1970
Colendar Year

1980

1930

IW[II[IiEll\l\iIIII‘L1\IIIIII||[|E|\i\|1-
2000

Model Calibration for Culbertson Gage

8000 10004 12000 14000
Bosa flow (oorm—feel)

E000

2000

b

21

DNR 018416



Dry Scenario - Culbertsor Gage, No Enders Storage - Deliver 3 inches, FVID and Riverside ID
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Dry Scenario - Culbertscn Gage, No Enders Storage - Deliver ¢ inches, FVID and Riverside ID
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Summary and Conclusions

« The potential for increased streamflow in
Frenchman Creek was simulated under three
climate scenarios — dry, average, and wet.

« The reductions in pumping required to meet
target inflows to Enders and target flows at the
Culbertson Diversion Dam were determined

« Under most scenarios, sighificant reductions in
pumping were required to meet streamflow
targets.

« Some target streamflows were not attainable
even with 100% reductions in groundwater

pumping.

Conclusions Cont.

» Very drastic pumping reductions were
required to achieve reasonable levels of
deliveries to H&RW D

« Under average conditions, a 45%
reduction in pumping should allow FVID P cr

and Riverside ID to deliver ~12 inches froP D, pfuccé%
(whether or not Enders is storing or ur oF EUPEES
passing inflows) N 4wt

« This pumping reduction would result in
about 30KAF discharging to the mainstem
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