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Problem Statement

Flood irrigation:

Spring/Summer direction of streamflow
. Diversion
River
h
s s s s s

Ditch

How much groundwater discharges to the White River? When and where does this happen? How do
these discharge amounts compare to other components? (diversion, crop ET, ditch seepage, etc.)



Problem Statement

Flood irrigation:

Spring/Summer direction of streamflow

Diversion

River
h

S
TS
S

S

o e Sl *T

If flood irrigation is switched to sprinkler irrigation, what will happen to the magnitude and timing of
groundwater return flows to the river? What will happen to river flow in the fall/winter months?



Project Objectives

What we want to know

*  How much groundwater enters the White River? Where and when does this occur?

* How do ditch diversions and groundwater return flows affect streamflow in the White River?

*  What happens to groundwater return flows and the timing of streamflow, if flood irrigation is
converted to sprinklerirrigation? What happens during calls on the river?

GAINING STREAM

direction of streamflow




Spring/Summer

Irrigation

Rainfall

Canal
stage

Seepage W T

1 v 4
B e
Groundwater Groundwater
Flow Discharge
Fall
Canal
stage

Flow, v ,¥
Groundwater
Discharge

Persistent flows?



Ditch
Seepage

Irrigation

Ditch

Seepage |iisation

@
21883719
21868724 ‘2

21 6373121863, 32

PowellPark ”/ ;icea7; ,
[ § , 21867 28 ¢

i e
2 4B3730) o L 18637204
Agency Park

Groundwater
Seepage
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Results from the hydrologic model
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Using River Flow Data to Estimate
Groundwater Discharge

ba304800 | g
SD&PUMP

1 4
"® L THOMAS DITCH ‘m.

JAMES HAYES DRES @
“l Al\ Y.\
HAY BRETHERTON BRI Sl = P” NIBLOGK, DITCH
DORRELL DITCH 3 21868724

Section 3

\
LQWLAND DITCH

K ? D AGENCY DITCH

\

?5: \\-IGHLAND DITCH
5 U
2, A OAK RIDGE PARK DITCH
i
[ . ‘
Section 1
| N\ F/SHPOND DITCH
R WARREN SMITH DITCH
\ - DREIFUSS DITCH S
-
\ MILLER CREERDITCH v | —

& E SANDY ITCH : EALT
[&}




Using River Flow Data to Estimate
Groundwater Discharge

GAINING STREAM
direction of streamflow

River water balance:

tributary

|

diversion

<4

outflow

<4

inflow

groundwater diversion

outflow = inflow + tribs — diversions & groundwater

groundwater = outflow — inflow — tribs + diversions



Using River Flow Data to Estimate
Groundwater Discharge

USGS USGS Watershed

OWLAND DITCH DWR DWR mOdel
groundwater = outflow—inflow — tribs + diversions

DWR

N IGHLAND DITCH

GAINING STREAM
direction of streamflow

3 OAK RIDGE PARK DITCH
)

SHPOND DITCH
WARREN SMITH [
~J

X,

\‘.' -
’ S, W ARCHER WARNER DITCH
ILLER g SDJTCH

N7 LYNN LEE DITCH
e RIve
o SANDY DITCH

ﬁ
2
G




Using River Flow Data to Estimate
Groundwater Discharge

585 ft3/sec

101 ft3/sec
(17%)

43 ft3/sec 20 ft3/sec

09304800
S D& PUMP

HOMAS DITCH

_2"‘4)

Near Meeker --> Below Meeker

500
400
300
200

100 ||
gl I I“I

1172019 11172020

Monthly Flow (ft¥/sec)

11172021 11172022

1/1/2023

1/1/2024

WLAND DITCH
k DD AGENCY DITCH
\

AHIGHLAND DITCH

OAK RIDGE PARK DITCH
. \ 3 /
Section 1 38 ft°/sec
N\ /SHPOND DITCH
R WARREN SMITH DITCFR
- DREIFUSS DITCH ——
Ny :

MILLER CREER\DITCH N o —

g g SANDY DITCH D LT,
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Insights from Field Data

Using River Flow Data to Estimate
Groundwater Discharge

Track flow along White river (2019-2024; average)

Lreek

Oak Ridge Park
Old Agency

Mew Archer VWarner
Lowland

Southside Highline

Bel Aire Alt Pt
Warren Smith
Hay Eretherton

Sheep Creek

Lynn Lee
Highland
CoalCreek
Meeker
Miblock
Pease
Fowell Park
James Hays
Strawberry C
Hay Ditch 2

600
580

Gage
585

560
540
520
500

480

Gage
488

Average Flow (ft3/sec)

460
440
420

400
0 5 10 15 20 25 30 35

Distance (miles) from Upstream Gage (09304155)



Insights from Field Data

Using River Flow Data to Estimate
Groundwater Discharge

Track flow along White river (2019-2024; average)

Change in flow: +10 ft3/sec

p Creek

Bel Aire Alt Pt

Mew Archer VWarner
Warren Smith

Oak Ridge Park
Southside Highline
Hay Eretherton
James Hays

oal Creek

Old Agency
Lowland

Tributary inflow: 60 ft3/sec

Lynn Lee
Highland

Shee
Strawberry Creek

Miblock
Pease
Fowell Park
Hay Ditch 2

600 : :
s Diversions: 182 ft3/sec
560 Gage
T 585 Groundwater: 132 ft3/sec
L 540
E i
3 520 : _
e jou | Groundwater is ~70% of
E. ] diversions
g 480 Gage i (remaining water = crop
< 480 488 P consumption)
440
420 If no groundwater discharge:
400 River flow at downstream end
0 5 10 15 20 25 30 35 ~ 450 ft3/sec

Distance (miles) from Upstream Gage (09304155)



Groundwater Monitoring
(water table fluctuations)

Insights from Field Data

11 Data loggers: measure water levels every hour
O
-!‘:‘27
4 s .
E &
86 § I
. . 3 ﬁ’dﬁ
ﬂ w 2 __ 09304500 ¥
\. ! ' 2186374 - Coal Crae C'{%eb -
21353?24-*- %% * % 3 21863722
‘ f:
§ 542 g
‘5 & 21863728 :
ozf ,g? 21863730 § L g
& 21863720
3




Groundwater Monitoring
(water table fluctuations)

11 Data loggers: measure water levels every hour

é‘

Curtis cf

21863722

Water Table Elevation (ft)

21863720

6,480

— ground surface
6,470

s W el | Bottom
6,460 g

*  Water Table Elevation
6-45{) e monthly groundwater
head

6,440
6,430
6,420
6,410

11/10/2023 2/18/2024 5/28/2024 9/5/2024 12/14/2024 3/24/2025

(combination of ditch seepage & irrigation recharge)



Groundwater Monitoring
(water table fluctuations)

11 Data loggers: measure water levels every hour

é‘

Curtis cf

21863722

Water Table Elevation (ft)

6,500

21863729

6,480
6,460
6,440
6,420
6,400

6,380

outflow

6,360

11/10/2023 2/18/2024

—— Water Table Elevation

— ground surface

e \Wel | Bottom

® monthly groundwater
head

5/28/2024  9/5/2024  12/14/2024 3/24/2025

GAINING STREAM
direction of streamflow




Groundwater Monitoring
(water table fluctuations)

11 Data loggers: measure water levels every hour

T
=
5
[&F
&,
= = 09304500
% 218637 ., ook 'H,,-\
2 ok
3 a
&z
) g
; 2186 = )
T 2 Y 09304700
21883730 2
=
2186372}

youg wed P~

21863722

Water Table Elevation (ft)

21863721

6,050
6,049
6,048
6,047

—— ground surface

s\ el] Bottom

6,046

6,045 2
6,044 ' k

6,043
6,042
6,041

*  Water Table Elevation

¢ monthly groundwater
head

6,040
11/10/2023 2/18/2024

5/28/2024  9/5/2024

12/14/2024 3/24/2025
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What is a groundwater model?

Jockup PU
iiase:

Create a “grid” (collection of cells)

N\ =
\\% |
S A\ Al
\\_
Cn M
e |
Pumping

a

/ Recharge
Ditch i

River exchange

Lateral flow



What is a groundwater model?

[
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Create a “grid” (collection of cells)
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Modeling Results

Use a groundwater model (MODFLOW) to
learn about hydrology

* Time Period: 2019-2024 (daily time steps)

* Features:

* Ditch seepage to aquifer

o Y ¥ | i * Recharge (rainfall, irrigation) to aquifer, using soil water balance

T SPORRELL DITCH 3

*  Pumping (Meeker wells)

Hevengad

* Exchange between aquifer and tributaries (+/ -)

* Exchange between aquifer and White River (+ / -)

* Water table elevation for each grid cells

. Gl * New Irrigation Package (diversions, canal seepage, soil water balance)
=

* Model testing:

i o * Groundwater exchange with White River (water balance)
MODFLOW grid (200 ft x 200 ft) .

Water table elevation (monitoring wells)

* Canal seepage



Use a groundwater model (MODFLOW) to
learn about hydrology

Irrigated Fields

B sprinkler °




Use a groundwater model (MODFLOW) to
learn about hydrology

Groundwater-Ditch exchange
2,118 Ditch Cells

_ . A

,x“; )




Use a groundwater model (MODFLOW) to
learn about hydrology

Model Testing

1. Water table elevation
2. Groundwater discharge to White River

‘g"? 21863729
2 &
d? 500
d&' gagD - oTTTTTTTTTTTTTETTTTT T
.'-va, g _—
B A = 09304500 - 5440 -
i e SR TR 21863722 E 6420 -
%‘ o - g I
< - 2 % 6400 -
zm‘ ., ) ‘{ i 1 B
.~ 6360 ; ;
L ‘ 1/1/2021 5/16/2022 Q/28/2023 2/9/2025
:-" \




Use a groundwater model (MODFLOW) to
learn about hydrology

Model Testing

1. Water table elevation
2. Groundwater discharge to White River

T
=
5
3 t
[&F
E
=t
2 500
B 2186373 Coal Crae oS
* %‘ X - .:-: 21863722
A z
X i & &
\ 5\ )
¥ 2 093G2Z )
21 2
5
3 21863728
<

Head (ft}

Be00
6590 -
6580 -
6570 -
6560 -

6550

G540

1/1/2021

5/16/2022 9/28/2023 2/9/2025



Use a groundwater model (MODFLOW) to
learn about hydrology

Model Testing

1. Water table elevation

2. Groundwater discharge to White River

< 7’| UsGs Field study
3 ‘| (Van Liew and
/[."| Gesink, 1985)

Powell Park

b 1,801




Use a groundwater model (MODFLOW) to
learn about hydrology

Model Testing

b 1,801

1.
2.

Water table elevation

Groundwater discharge to White River

Powell Park

Elevation (ft)

6650

6600

6550

6350

6300

70

Axis Title

30

10




Use a groundwater model (MODFLOW) to
learn about hydrology
Model Testing

1. Water table elevation
2. Groundwater discharge to White River

Series91

%m%ﬂﬂmm* 5



Use a groundwater model (MODFLOW) to

mn

learn about hydrology @
&

Model Testing 3
i

1. Water table elevation %*

2. Groundwater discharge to White River *g'
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Modeling Results

Use a groundwater model (MODFLOW) to
learn about hydrology

Major Results

1. Daily hydrologic volumes
2. Average water transfers
3. River water balance

0.E+00
1.E+08 l | I | I |I I | || |I I | |I
1.E+08
e Diversion
m
mRechar 2.E+08
£ 8.E+07 L
E mCropET
3 m Ditch Seepage 3.E+08
= 6.E+07 :
= m Rainfall
1
L aEs07 4.E+08
2
2.E+07 5.E+08
0.E+00 6.E+08

1/1/2022 3/1/2022 5/1/2022 7/1/2022 9/1/2022 11/1/2022

(c4) 11eJurey



Modeling Results

Use a groundwater model (MODFLOW) to
learn about hydrology

| Volume = 1000 ac-ft per year |

(soil and aquifer = average volume)

Diverted

Precipitation 40 132

Infiltration (rain) 36  ET 50

Pumping 1 i
UTMPING | Infiltration (irg) 96 Runoff (rain) 4
T Runoff (irg) 16
P —
|
Soil profile
lRecharge 80 River
Seepage 29

Aquifer

480

Net
discharge 105

Groundwater fraction: The ratio of net groundwater
discharge (105) to diverted water (132) is 80%.

Ditch seepage: approximately 20% (29/132) of ditch
water seeps to the aquifer.

Region-wide irrigation efficiency: (50/(132-29)) =
50%. Although very low compared to other irrigated
valleys, the majority of “lost” water recharges the
aquifer, returning to the river slowly via
groundwater return flows.

For an average year, volumes of canal diversion,
recharge, and groundwater discharge rates are
equivalent to approximately 20% of aquifer
groundwater storage. The aquifer acts as a conveyor
system for unused river water that percolates
through the soil profile, recharges the aquifer,
returns to the river and its tributaries.



Modeling Results

Average for the year: Natural vs. Irrigated

Natural conditions (no irrigation)
Flood irrigation conditions

Tributaries Ditch
Groundwater (rain runoff) Diversions
23 60 0
149 60 182
River outflow === River inflow
658 ft3/sec 33 miles 575 ft3/sec
602 575

(used by crops;
stored in aquifer)

Average for Oct-Dec:
Natural conditions (no irrigation)
Flood irrigation conditions

Tributaries Ditch
Groundwater (rain runoff) Diversions
23 3 0
148 3 70
River outflow e === River inflow
301 ft¥/sec 33 miles 275 ft3/sec
356 275

(high groundwater
return flow)



Modeling Results

What if Groundwater did not Discharge to the River?

Track daily streamflow from upstream gage to downstream gage:
(ditch diversions, tributary inflows, groundwater-river exchange)

Flow along White River
Average (2019-2024) g
T 600
&
= 500
= 400 e With GW Discharge
&
E L 1y L Lo - i i e S -l S i ] et s s S i Bt e St e St S S S e - e el [ Without GW Discharge
2 200 g :
o 1/4% of river water at downstream is groundwater
= 100
0 5 10 15 20 25 30 35
Ditsance from Upstream Gage (09304155) (mi)
Average July-September (2019-2024)
2 600 ' 3/4t of river water at downstream is groundwater
» 500
& 400
@ 300
& 200
g 100
= 9

Ditsance from Upstream Gage (09304155) (mi)



What if Groundwater did not Discharge to the River?

Model Testing - Downstream Gage

4000

——Model
——USGS Gage

5]
=
[~
=

=
=]
=]
=

River Flow {ft*/sec)

0

1/1/2020 12/31/2020 1273172021

Without groundwater,
very low river flow in
September- November



Modeling Results

What if Groundwater did not Discharge to the River?

Model Testing - Downstream Gage
4000

——Model
—USGS Gage

3000

1000

River Flow (ft*/sec)
S
=

0

1/1/2020 12/31/2020 1273172021

White River below Meeker (09304800): Difference

500
400
300
200
100

——Model

Flow (ft*/sec)

16¢1/2019 3/31/2020 3/31/2021 3/31/2022 3/31/2023 3/30/2024
-200
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Scenarios: what happens if the system changes? Irrigation, weather, etc.



What happens if the system changes?

1. Change flood - sprinkler
2. Consecutive drought years
3. Administrative call on the river (1922)

600
. 500
5]
8
T a0 105,000 ac-ft / yr
g 38,000 ac-ft/yr 36%
= 2 ——bhaseline
E - 94,000 ac-ft/yr  90%
5 200 —drought 2 62,000 ac-ft /yr 60%
g —river_call
'E 100
S
_1{}[}.

1/1/2019 1/1/2020  12/31/2020 12/31/2021 12/31/2022 12/31/2023  12/30/2024



Scenarios

What happens if the flood irrigation is changed to sprinkler?
With flood irrigation, most of the water applied to the fields (75%) becomes deep percolation

If sprinkler irrigation is used with the aim of increasing irrigation efficiency (i.e., no runoff or deep percolation),
then less water needs to be diverted from the White River.

Hydrograph at Downstream End of White River

2500

More water in river

2000 (lower ditch diversions)

1500 ——50% diverted

1000 —Baseline

Daily Flow (ft3/sec)

500

0
1/1/2022

12/27/2022

10/28/2022

3/2/2022 5/1/2022 6/30/2022

Less water in river
(lower return flows)



Scenarios

What happens if the flood irrigation is changed to sprinkler?

* With flood irrigation, most of the water applied to the fields (75%) becomes deep percolation

* If sprinkler irrigation is used with the aim of increasing irrigation efficiency (i.e., no runoff or deep percolation),

then less water needs to be diverted from the White River.

Daily Flow (ft3/sec)

800

Hydrograph at Downstream End of White River

700

600

500
400
300
200
100

0
6/18/2022

7/18/2022

More water in river
(lower ditch diversions)

8/17/2022

9/16/2022

Less water in river

(lower return flows)

10/16/2022

11/15/2022

12/15/2022

—50% diverted

—Baseline

Fish
Habitats
Downstream hydropower
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Summary of Findings

The ratio of groundwater discharge to the White River to diverted water is 80%

Region-wide irrigation efficiency = 50%; however, “lost” water recharges the aquifer, inducing groundwater
discharge to the White River and its tributaries.

The aquifer acts as a conveyor system for diverted, unused river water that percolates through the soil profile,
recharges the aquifer, and returns to the White River in the fall and winter months.

During the months of July-September, approximately 75% of water in the White River is due to groundwater
discharge.

The aquifer has a short “memory”; because of its high conductivity, weather and diversion conditions from one
year do not have an affect on groundwater patterns the following year.

Scenarios: diverting less water (sprinkler; administrative calls) will change the timing of river flow; there will be
higher flow rates in the spring and summer months, but less in the fall and winter months. This may have
negative effects on environmental flows, habitat/wetland maintenance, and river water temperature.



Decision Support Tool

White River Hydrology Modeling Tool

This tool allows the user to change irrigation, ditch, and weather data; run MODFLOW,; and then view model results

1. Specify the path to the MODFLOW model
Copy the path to the folder that contains the MODFLOW files and executable
D:\2 Research\2 Projects\2023 CWCB White River Hydrology i 7 i i _test

Excel Spreadsheet:

2. Create a Scenario

1. Modify Irrigation Practice for Fields (tab = "irrigation_type") file hos besnwritten

2. Modify Irrigation Runoff Fractions (tab = "irrigation_runoff") file has beenwritten . . . . . .

. Moty Ditch ropertes(tab - ditch_properties” prT—— e Tabs: change inputs (irrigation type for each field; daily
4. Modify Ditch Diversion Volumes (tab = "ditch_diversions") file has beenwritten . . . .

5. Modify Daily Weather (13b = "weather") e ———— diversion volumes for each ditch; daily Weather)

3. Write MODFLOW Input Files for Scenario
This button runs a subroutine that transfers values from the tabs to MODFLOW input files

Write MODFLOW files o Button: write MODFLOW input files

4. Run MODFLOW madel
This button runs the MODFLOW modeL. A console will appear and show the progress of the model ° Button: run MODFLOW model

There are 2,192 stress periods, with each stress period = 1 day, Run time - 10 minutes.

Run MODFLOW model

e  Button: process MODFLOW output (annual fluxes,
5. Process MODFLOW Results (button) . . .
Tns button procesaes annual hycrologi lues ab - ‘resultsflux') groundwater discharge, etc.); compare against baseline values

Process summary fluxes

This button processes groundwater-river exchange for river flow calculations (tab = "results_river")

Process groundwater discharge




