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ESPA water budget history

McVay, 2023
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ESPA water budget components
Areal recharge (dependent on 
weather and human activities)
• Natural recharge
• Incidental recharge
• Managed recharge
Head-dependent recharge 
(dependent on aquifer water 
levels)
• Seepage losses from Snake 

River between Ashton/Heise 
and near Blackfoot gages

 

Areal discharge (dependent on 
human activities and weather)
• Consumptive use of 

groundwater
• Evaporation from wetlands
Head-dependent discharge 
(dependent on aquifer water 
levels)
• Aquifer discharge to Snake 

River and springs (near 
Blackfoot to Minidoka and 
Kimberly to King Hill)

Change in aquifer storage
• When discharge exceeds recharge, water will be removed from aquifer storage
• When recharge exceeds discharge, water will be added to aquifer storage
• Observed change in aquifer water levels are best indicator of relative imbalance 

between recharge and discharge
 



Natural recharge components and locations

Primarily weather-
dependent, some 
impact from water use 
in tributary areas

Natural recharge and discharge locations 

D ESPA model boundary 

- Tributary underflow 

- Perched river seepage 

Infiltration on non-irrigated lands 

Wetlands recharge/discharge 
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Groundwater irrigation in tributary areas

% estimated by water 
right diversion rate
ESPAM               85%
Raft                      6%
Wood basin        3%
Portneuf             2%
Teton                   2%
Other areas        3%

c:::::J Snake Basin subareas 

Groundwater irrigation POD 

PODcfs 
0.00 - 0.10 

0.11 - 0.50 

0.51 - 1.00 

1.01 - 5.00 

5.01 - 33.00 



Groundwater irrigation in ESPA GWMA 

% estimated by water 
right diversion rate
ESPAM               85%
ESPA GWMA     76%

C:J ESPA Ground Water Management Area 

C:J Snake Basin subareas 

Groundwater irrigation POD 
PODcfs 

0.00 - 0.10 

0.11 - 0.50 

0.51 - 1.00 

1.01 - 5.00 

5.01 - 33.00 



Natural recharge trends (WY1981-WY2021)

Extended provisional pre-calibration water budget for ESPAM calibration, natural recharge 

3,500,000 

3,000,000 

2,500,000 

.:- 2,000,000 > ;:;:-
~ 

QJ 

E 
1,500,000 :::J 

0 
> 
ro 
:::J 
C 
C 1,000,000 <! 

500,000 

0 .......... 

-500,000 

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 

Water Year (Oct - Sep) 

--non-irrigated recharge --tributary underflow --perched river seepage --wetlands discharge --net natural recharge 



Incidental recharge components and locations

Dependent on human 
activity, weather affects 
available water supply 
and crop water demand

Incidental recharge locations 
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Incidental recharge trends (WY1981-WY2021)

Extended provisional pre-calibration water budget for ESPAM calibration, incidental recharge 
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Managed recharge locations

Dependent on human 
activity, weather 
affects available water 
supply

Incidental and managed recharge locations 

c=J ESPA mo del boundary 

Managed recharge 

- Canal seepage 

Lateral and on-farm seepage 
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Incidental + managed recharge trends (WY1981-WY2021)

Extended provisional pre-PEST water budget for ESPAM calibration, managed recharge 
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Total areal recharge trend (WY1981-WY2021)

Extended provisional pre-calibration water budget for ESPAM calibration, areal recharge 
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Groundwater pumping locations

Dependent on human 
activity, weather affects 
crop water demand

Groundwater pumping locations 

D ESPA model boundary 

Offsite and urban wells 

Areas with onsite wells 
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Groundwater consumptive use trend (WY1981-WY2021)
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Spatial distribution of net areal recharge and pumping
annual net areal recharge per model cell (1/4 mi"2) 

WY12_21AFA 

- -34,667 - -10,000 

- -9,999 - -5,000 

- -4,999- -1,000 

-999 - -500 

-499 - -100 

-99- 0 

1 - 100 

101 - 500 

1111 501 -1 ,000 

1111 1,001 - 5,000 

- 5,001 - 10,000 

- 10,001 - 20,400 

... 

~) 

-... 

~ ~.,, 

.,. .. 

J" 
'\ 

........ 

J 

. 
... . 

.. ,..,. ' 
"•: .. : t 

... ·. 
" -

N 0 10 20 

A Miles 



Head-dependent aquifer recharge and discharge

Dependent on aquifer 
water levels

Head-dependent groundwater interaction with Snake River 

D ESPA model boundary 

Subreach 

- aqu ifer recharge from losing river reach 

aqu ifer recharge from perched losing river reach 
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Observed head-dependent recharge and discharge

Snake River reach gains from ESPA 

8,000,000 

7,000,000 

6,000,000 

5,000,000 

.... 
> 4,000,000 

---LL 

~ 

·"' "' tlO 3,000,000 
_,= 

.. .. 
u 
"' ~ .... 

2,000,000 QJ 
> ·.::: 

1,000,000 

0 

.. 

[ 
-1,000,000 

-2,000,000 

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 

water year 

--Ashton/Heise to nr Blackfoot --nr Blackfoot to Minidoka --Kimberly to King Hill --Net reach gains 



Observed head-dependent recharge and aquifer storage

linear correlation R2 = 0.72
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Observed head-dependent discharge and aquifer storage

linear correlation R2 = 0.70

Aquifer storage change and Snake River reach gain from aquifer (near Blackfoot to Minidoka) 
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Observed head-dependent discharge and aquifer storage

linear correlation R2 = 0.78

Aquifer storage change and Snake River reach gain from aquifer (Kimberly to King Hill) 
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Average ESPA water budget by decade
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Eastern Snake Plain Aquifer recharge and discharge WY1981-2021 
from extended provisional pre-calibration water budget for ESPAM 

I I I 
WY1981- WY1981- WY1991- WY1991- WY2001- WY2001- WY2011- WY2011-

1990 1990 2000 2000 2010 

Net recharge from Snake River above near Blackfoot 
■ Incidental recharge 
■ Discharge to near Blackfoot to Minidoka reach 

Groundwater consumptive use 

2010 2020 2020 

■ Natural recharge 
■ Managed recharge 

Discharge to Snake blw Milner 
l?J Removed from aquifer storage 
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Examples of estimating groundwater availability relative to 
assumed future recharge and goals for aquifer discharge
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Examples of estimating groundwater availability based on ESPA recharge and aquifer water 
level/discharge goals 

Future averages based on WY2012-2021 average 
recharge and WY2012-2021 average discharge goal 

Net recharge from Snake River above near Blackfoot 

■ Incidental recharge 

■ Discharge to near Blackfoot to Minidoka reach 

Estimated groundwater availability 

Future averages based on WY2012-2021 average 
recharge and WY1991-2000 average discharge goal 

■ Natural recharge 

■ Managed recharge 

Discharge to Snake blw Milner 



Water budget challenges

• Aquifer water budget will vary year to year with weather
• recent years had greater than 2 MAF/yr variation in areal 

recharge between a high water-supply year with mild summer 
and a low water-supply year with hot summer

• even with long-term stabilization, the minimum aquifer level 
and aquifer discharge will be considerably lower than the long-
term average

• Uncertainty in measurement and estimation of water 
budget components is greater than the estimated 
average annual water budget deficit

• aquifer water levels are the most reliable indicator for 
monitoring aquifer status and guiding adaptive management



Water budget challenges

• Uncertainty in future trends for natural recharge, 
incidental recharge, and managed recharge adds to 
uncertainty in estimating an average available 
groundwater pumping volume

• adaptive management will be needed to respond to future 
changes in natural, incidental, and managed recharge

• Compilation of data required to calculate water budget 
has time lag

• Many data not available until following year
• Many data are compiled from hand-written or scanned 

Watermaster reports (can’t be automated)
• As of November 2023, water budget is updated through 

WY2021



Questions?
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