Henry’s Fork Watershed Water Budget
Rob Van Kirk, Humboldt State University, January 17, 2012
This document provides a brief summary of the water budget developed for the Henry’s Fork Watershed
as part of the USDA-funded project directed by Rob Van Kirk at Humboldt State University. Full details
will be submitted for peer-reviewed publication in the future. Details of some components are
explained in other accompanying documents.

Study Area
The study area is the Henry’s Fork watershed, Idaho and Wyoming. Figures 1-5 depict various aspects of
the watershed and summarize hydrogeologic characteristics. From a hydrologic accounting standpoint,
the “bottom” of the watershed is defined to be USGS gage 13056500, Henry’s Fork near Rexburg, which
is downstream of all points of irrigation diversion in the watershed and all municipal wells but slightly
upstream of the confluence of the Henry’s Fork and the South Fork Snake River. All hydrologic
calculations are applied to the basin upstream of this gage, so they exclude water in the small portion of
the watershed downstream of the Rexburg gage. However, this small piece of land is irrigated primarily
with water diverted from the South Fork, so excluding it has almost no effect on water budget
calculations for the Henry’s Fork Watershed.

Data Sources
We obtained hydrologic, basin characteristic, agricultural, water use, and other relevant data from
online, government-agency databases (Table 1). Through a combination of primary field data collection,
analysis of hard-copy information (e.g., annual watermaster reports from Water District 1 in Idaho Falls),
and field reconnaissance via boat, ground and air, we generated new data that were used primarily to
parameterize models of interaction between surface and groundwater in the watershed. Additional
information came from published agency reports, technical documents, theses and dissertations, and
peer-reviewed literature, which will be cited as appropriate in future, formal documents. Areas, lengths,
and distances needed in the calculations were derived from Google Earth images, USGS topographic
maps at 1:100,000 and 1:24,000 scales, DeLorme Topo USA© maps, and the National Hydrography
Database. Measurements of linear features (e.g., canal widths, widths of canal-side vegetation strips)
less than 60 feet in length were made from Google Earth images but adjusted for bias using a
relationship between true and image measurements calibrated to a random sample of paired imagefield measurements we made on canals in the watershed.

Time Frame
Our water budget was developed for water years 1979-2008, and reported mean figures are averaged
temporally over this time frame. To the greatest extent possible, we derived estimates through analysis
of daily hydrologic data over this 30-year time period. With the exception of relatively short periods of
missing data, daily data were available for precipitation, evapotranspiration, stream flow, reservoir
contents, and irrigation diversion. The latter data were available on a daily basis for all canal systems
and most pumps diverting from the Henry’s Fork, Fall River, and the Teton River downstream of Bitch
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Creek. Missing data in these daily data sets were generated with temporal and/or spatial interpolation
and time series regression models. Diversion data for the Teton River basin upstream of Bitch Creek
(Teton Valley) were available only on a weekly or monthly basis and not during all years in the time
frame. Daily diversion time series for each major Teton Valley tributary were estimated using a
combination of interpolation and regression analysis of diversion rates based on supply. Daily time
series of stream flow in the major Teton Range tributaries upstream of Bitch Creek were synthesized
using a time series models Maintenance of Variance Extension relating flow in these tributaries to that
of Pacific Creek, a tributary to the upper Snake River. Other data reported on annual or an even less
frequent basis were obtained for as many years of the 1979-2008 period as possible and either averaged
or interpolated, as appropriate, to obtain values compatible with the daily hydrologic data.

Models and Methods
Our conceptual models are based on detailed statistical analysis of the hydrologic data, personal
communication with water managers and irrigators, personal familiarity with the watershed, and
published information on hydrogeology of this and other watersheds in the intermountain region.
Water Supply
Total supply is basin area multiplied by annual precipitation, but most growing-season precipitation is
lost to evapotranspiration (ET). Therefore, snowpack provides the majority of the water supply that
enters the surface and groundwater systems. We assume that all November-April precipitation is
accumulated in the snowpack at higher elevations (above 6200 feet) and that all November-March
precipitation is accumulated in the snowpack at lower elevations. In the Henry’s Fork headwaters and
over much of the Fall River headwaters, most snowmelt recharges large, deep aquifers hosted in silicic
volcanics and appears, greatly attenuated, as surface flow in headwater springs, including Big Springs,
Buffalo River Springs, Warm River springs and many smaller ones that contribute to a large and stable
base flow in the Henry’s Fork and a somewhat smaller but still relatively stable base flow in Fall River.
Almost all snowmelt in the Teton River basin is contributed to streams via surface flow. We define the
“usable” water supply as all surface flow that reaches the lower elevations of the watershed and water
that enters shallow aquifers at those lower elevations (Figure 6). These aquifers are generally hosted in
relatively high-permeability surficial deposits of alluvium, basalt with interbedded sediments, loess, and
glacial drift. We assume that water recharged to deep aquifers in mountainous areas does not
contribute to this supply. Thus, we define total surface supply to consist of: 1) unregulated stream flow
in the Henry’s Fork at Ashton, Fall River at Chester, and Teton River near St. Anthony; 2) unregulated
stream flow in Snow Creek, Sand Creek, and Moody Creek (the only perennial streams that flow into the
surface system downstream of these three gages), and 3) direct precipitation on the low-elevation,
shallow aquifers that is not already accounted for in the surface system. Unregulated flow at the three
major-river gage locations was calculated by adding to regulated flow: 1) upstream net diversion
(diversion minus return flow), 2) change in reservoir storage, and 3) reservoir evaporation. Where
necessary, differences were smoothed with moving averages, and upstream contributions were lagged
to account for travel time. Irrigation returns via groundwater are minor upstream of these three gages
except the Teton River near St. Anthony, so a groundwater-surface water model of irrigation diversion,
groundwater recharge, and return flow was used to generate unregulated flow estimates at that gage.
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Irrigation System
We applied a detailed model of flow through the surface irrigation system in the four major regions of
the watershed irrigated by canals (Figure 7). We first estimated the “nominal” area of each major
branch of each of the canal systems in the four regions. This nominal area is the branch length
multiplied by the width of the water surface in the canal when it is full, as estimated from Google Earth
images taken during the middle of irrigation season. We then used our own measurements of canal
geometry to compute actual wetted area of the canal as a function of the nominal area. In the case of
Teton Valley canals, the nominal width was taken to be the wetted width. In the other three regions, we
used a trapezoidal model of canal geometry based on our field measurements of canal cross sections
and stage-discharge curves for these canals and derived a formula expressing wetted area as a function
of canal discharge. However, additional analysis showed that the nominal area was a sufficiently good
estimate of actual wetted area based on canal geometry, so in computational models, we use the latter
for simplicity. We then applied our field-measured mean loss rates of 2.7 ft/day for canals in the
Henry’s Fork, Fall River and lower Teton areas and 3.6 ft/day for canals in Teton Valley to these canal
areas to estimate total daily loss from each canal branch, up to the amount diverted. Loss was
apportioned, in sequence, to canal-surface evaporation, uptake by vegetation along the canal banks,
and groundwater recharge. In canal systems with surface return to either a stream or another canal
system, we assumed that diversion is sufficient to result in a “full” canal system prior to irrigation
delivery, where we define “full” as sufficient flow to exceed loss and surface return. All diversion
beyond loss and surface return was assumed to be delivered to fields, where it is then applied using
some combination of surface and sprinkler irrigation methods. Based on an extensive literature review,
we assumed a 2% evaporative loss from sprinkler application. Because the majority of conversion from
surface to sprinkler irrigation methods occurred during our analysis time frame, we developed and
applied a model of temporal conversion from surface to sprinkler irrigation.
At the scale of the four major irrigated regions, we estimated the typical mix of crops grown in that
region and then estimated the total area of each region devoted to agricultural production (gross area
minus area of obvious non-agricultural areas such as water, gravel pits, towns and cities, etc.). We then
calculated net crop ET demand for each day by multiplying the agricultural production area by actual
demand minus precipitation (from ET Idaho). This provides a good estimate of daily volumetric crop ET
demand on Egin Bench and the lower watershed (Figure 7), where almost all land devoted to
agricultural production can be and is fully irrigated every season. In the North Fremont and Teton Valley
areas, more junior water rights and limited supply preclude full irrigation of every parcel of agricultural
land every season. Growing-season precipitation, crop rotations with fallow ground, partial-season
irrigation of pasture and hay, and soil moisture retention (in the North Fremont area) all contribute to
agricultural production in these areas without full irrigation. Our volumetric estimate of crop ET
demand in these areas is based on the full potential of irrigated crop demand across the entire area
every season and hence overestimates crop demand as it actually exists on the ground. Daily irrigation
application in excess of our estimated net crop demand is assumed to recharge groundwater. In the
shallow, permable soils of Egin Bench, most of the lower watershed, and Teton Valley, this is probably a
reasonable assumption. In some of the lower watershed area and in much of the North Fremont area,
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some of this seepage is probably stored in the soil and subsequently contributes to crop ET. We also
calculated the amount of daily crop demand met by daily growing-season precipitation.
Throughout most of the remaining surface-irrigated regions of the watershed, conveyance occurs in
pipelines, so we assumed no return flow and no groundwater seepage. We estimated diversion in those
regions based on supply, and assumed that delivery never exceeded crop demand. A few small canal
systems are still used in Teton Valley west of the river, in the Conant Creek area, and in the North
Fremont area west of the Henry’s Fork. We extrapolated results from the canal system we modeled in
detail to these small systems to estimate irrigation budgets there.
Groundwater – Surface Water Interactions
We assume three sources of recharge to the low-elevation, shallow aquifers (Figure 6): 1) direct
precipitation, 2) irrigation seepage (canal seepage plus application in excess of crop demand), and 3)
stream channel seepage. Based on analysis of unregulated base flow at gaged locations on Fall River
and the upper Henry’s Fork, we estimate that 75% of accumulated snowpack recharges aquifers and so
assumed that 75% of November-March precipitation on the regions depicted in Figure 6 recharges
shallow aquifers. Irrigation seepage was calculated from the model described above. In Teton Valley, a
groundwater-surface water model was used to estimate recharge from stream channels. We assume
that substantial interactions between groundwater and stream channels occur elsewhere in the
watershed only in the Henry’s Fork downstream of the Ashton gage and in the Teton River downstream
of the St. Anthony gage. Recharge from stream channel seepage in these reaches was calculated
directly from reach loss/gains between gages, after accounting for irrigation diversion and irrigation
surface return flow. We assumed that all daily reach losses (negative gain) in these reaches represented
seepage from the stream channel to the aquifer. However, we assumed that net gains over the entire
water year (sum of all gains/losses) represented return of irrigation water to the surface system via
groundwater pathways. The inclusion of the daily losses in this calculation is done to compensate for a
small amount of gain attributable to surface runoff during snowmelt and to a few spring-fed streams
that contribute some water recharged by sources other than irrigation. This model also assumes that
generally, under “natural” conditions, these reaches of river would lose water to the aquifer almost all
year and hence that any net gains are attributable to irrigation return. We assumed that water in the
surface-shallow groundwater supply in excess of that accounted for by consumptive use and surface
outflow from the basin at the Rexburg gage exits the basin as groundwater flow. The two major flow
pathways are west from Egin Bench into the regional Eastern Snake Plain Aquifer and southward,
parallel to the river, towards the Rigby Fan, an alluvial deposit associated with the main (South Fork)
Snake River.
Groundwater and non-agricultural use
We obtained estimates of withdrawal for domestic, commercial and industrial use and for groundwater
irrigation from the USGS water use database. Although it is well known that very little culinary, bathing
and washing water is consumptively used, we assumed that all water withdrawn for non-agricultural
uses is consumptively used. This is based on analysis of water use in a sample of residences in Rexburg,
St. Anthony, and Driggs, which showed that the majority of water withdrawn for residential use was
withdrawn during the growing season, and the amount withdrawn per unit area was statistically equal
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to the net ET demand for turf grass (lawn) over the growing season. Thus, we assumed that the majority
of non-agricultural withdrawal occurs in the summer and is used consumptively for watering lawns and
landscaping. We also assumed that all groundwater withdrawn for agricultural irrigation was
consumptively used, and we assumed that only 10% of this was withdrawn from shallow aquifers.

Results and Discussion
Water Supply
Annual surface water supply averaged 2.6 million acre-feet; 48% was supplied by the mainstem Henry’s
Fork, 27% by Fall River, and 25% by the Teton River (Table 2). Because of the large (natural)
groundwater contribution to the Henry’s Fork headwaters, the Henry’s Fork supply is most constant
across within years (Figures 8 and 9). Supply in the Teton River varies greatly across years (Figure 8), and
the vast majority is contributed between mid-May and mid-July (Figure 9). Interannual and intrannual
variability in Fall River flow are intermediate to those in the Henry’s Fork and the Teton River, reflecting
a combination of groundwater sources from the southern part of the Yellowstone Plateau and runoff
sources from the northern end of the Teton Range. Although total surface water supply shows clear
decadal-scale oscillations, no trend is apparent in the 30-year time series (Figure 8). An additional
206,476 acre-feet not already included in the surface supply is contributed to the shallow groundwater
system by direct precipitation, resulting in a total surface/shallow groundwater supply of 2,809,912
acre-feet (Tab;e 2). Mean annual contribution from direct snowmelt ranged from 3.9 inches in the
Rexburg area to 6.5 inches east of Ashton.
Surface Irrigation System
The four primary surface-irrigated regions encompass 189,000 acres, which are served by 490 miles of
delivery canals that divert 1.14 million acre-feet per year (Tables 3 and 4). Another 61,000 acres is
irrigated by surface water in other areas of the watershed; diversions in those areas total about 26,000
acre-feet per year. Together, these areas essentially comprise the 250,000 acres in the FremontMadison Irrigation District. A small amount of surface-supplied pasture irrigation occurs in Island Park
that is not included in these figures. By comparison, irrigation water rights (surface and ground
combined) exist on over 450,000 acres in the watershed. Over all of the surface-irrigated areas
combined, 70% of the water diverted into the surface irrigation system seeps into the shallow aquifer;
21% of the total amount withdrawn returns to stream channels within the watershed, and 49% exits the
basin via groundwater flow (Figure 10). About 25% of the total amount withdrawn for irrigation is
consumed by crop ET and evaporative losses. Although total diversion in the four main irrigated areas
varies from year to year based on supply, it has decreased steadily over the last 30 years, declining
about 20% since the early 1980s (Figure 11). Accordingly, both canal seepage and irrigation application
seepage have declined since 1979. Application in excess of crop ET demand is highest early in the
irrigation season, when natural flow rights are in priority, and lowest late in the irrigation season, when
most diversion in the watershed is accounted to storage in most years (Figure 11). Except during a short
period in July when crop demand is highest, the surface irrigation system water budget is dominated by
canal seepage. Less than 1% of the water withdrawn for irrigation is lost to evaporation (canal
evaporation, canal-side vegetation ET, and sprinkler evaporation; Tables 3 and 4, Figure 11). Surface
return is also a small component of the water budget, and the vast majority of this is water diverted
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from the Henry’s Fork that is delivered through the Crosscut Canal to the Teton River. During the
winter, when diversion is used only for stock watering and aquifer recharge, almost all water diverted
recharges shallow aquifers through canal seepage.
Temporal patterns in the irrigation water budget show substantial differences across the four irrigated
regions. Diversion in Teton Valley is very closely tied to water supply in the upper Teton watershed, so
year-to-year variability in diversion there is much larger than any temporal trend (Figure 12). Because
Fall River has a more reliable water supply than the upper Teton River, diversions in the North Fremont
area show somewhat less variability from year to year, but during the driest years, the low priority of
water rights in the North Fremont system limits diversion rates (Figure 13). In both Teton Valley and
North Fremont, application exceeds crop demand by substantial amounts only during the wettest years
and only during June and July. By contrast, more senior water rights, abundant supplies, availability of
storage, and delivery of water through the Crosscut Canal into the supply-limited lower Teton River
allow relatively consistent diversion rates from year to year in Egin Bench and the Lower Watershed
(Figures 14-15). The 30-year trend toward decreased diversion rates in these two areas outweighs yearto-year variability. Canal seepage is the single largest component of the water budget on Egin Bench. In
both areas, application seepage is highest early in the season and lowest late in the irrigation season.
Almost all irrigation surface return in the Lower Watershed is water diverted from the Henry’s Fork and
delivered through the Crosscut canal to the lower Teton River.
Despite substantial year-to-year variability in water supply, theoretical crop ET demand is relatively
constant across years (Figure 16). On a watershed-scale, crop demand is generally met early in the
season by a combination of precipitation and irrigation application, but between mid-June and midAugust, delivery is not sufficient to meet theoretical demand across the entire 194,000 acres that could
be irrigated in the four primary irrigated regions. Deficits were greatest in dry years such as 1988, 1992,
1994, and 2001 (Figure 16). Growing-season precipitation meets about 12% of crop demand (Table 3).
The fraction of theoretical crop demand that is not met by a combination of precipitation and irrigation
ranges from less than 1% on Egin Bench to over 65% in North Fremont (Table 3). As discussed above,
the apparent large crop ET deficits in Teton Valley (Figure 17) and North Fremont (Figure 18) are due at
least in part to our inclusion of all potential surface-irrigated crop lands in the crop demand calculation
on every day of every water year. In reality, only a fraction of these lands are irrigated fully each year.
Furthermore, particularly in North Fremont, deeper, finer soils store both snowmelt and irrigation water
during the spring and early summer, and this storage contributes to crop ET. Thus, some of the
apparent deficit is actually met by a combination of precipitation and irrigated via storage in the soil.
Crop ET deficit is essentially zero on Egin Bench (Figure 19) but can be substantial in the Lower
Watershed in some years (Figure 20), despite a mean period-of-record deficit of less than 3%. Crop ET
deficits there occur during dry years, although they have become larger and more frequent since 2000,
occurring after the mid-July peak in Teton River supply (Figure 20).
Groundwater-Surface Water Interactions
Total recharge to the lower-elevation shallow aquifers in the watershed (Figure 6) averages 1.2 million
acre-feet per year (Figure 21). Two-thirds of this recharge is supplied by irrigation seepage, one-quarter
by direct snowmelt, and about 9% by stream channel seepage. Net stream reach gains in the lower
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Henry’s Fork and Teton rivers have declined substantially over the past 30 years (Figure 22) and by
about the same amount (200,000 acre-feet) as total diversion has decreased (Figure 11). The decreasing
trend is much more apparent in the Henry’s Fork downstream of St. Anthony and in the lower Teton
River than in the Henry’s Fork between Ashton and St. Anthony. On average, reach gains in the AshtonSt. Anthony reach are fairly uniformly distributed throughout the year, whereas reach gains downstream
of St. Anthony mirror diversion into the canal system (Figure 23). Future statistical analysis and
modeling will elucidate empirical and mechanistic relationships between irrigation seepage and stream
reach gains more rigorously.
Water Use
Although 1.2 million acre-feet (43%) of the total supply of water in the surface and shallow groundwater
system is withdrawn for various uses, only about 12% of the supply is consumptively used (Figure 24).
Over 95% of the consumptive use is related to irrigated agriculture; about 297,000 acre-feet is
consumed by crop ET, and another 23,000 acre-feet is lost to reservoir, canal and sprinkler evaporation.
Total domestic/commercial/industrial use averages about 15,000 acre-feet per year, about 0.5% of the
total supply in the surface and shallow groundwater system. Groundwater pumping supplies all of the
domestic/commercial/industrial use, and almost all of this is withdrawn from shallow aquifers. We
estimate that 10% of the groundwater pumped for irrigation is withdrawn from these shallow aquifers;
the remaining amount, about 168,000 acre-feet per year, is pumped from deeper aquifers (Table 5).
About 53% of the total annual precipitation that falls on the watershed (4.9 million acre-feet) is realized
as surface stream flow (Table 5). About 1.8 million acre-feet of the total watershed supply (37%) cannot
be accounted for by recharge to the shallow aquifer system, withdrawal or crop ET. Much of this is lost
to ET on forest, range, sagebrush steppe, and non-irrigated agricultural lands (e.g., seasonal pasture)
during the growing season; the remainder recharges deep aquifers. About one-quarter of the surface
supply cannot be accounted for by irrigation use or surface flow out of the basin and is thus assumed to
flow out of the basin as groundwater (Table 5). Because our model does not account for soil moisture
retention, some of this presumed outflow as groundwater is stored in soil moisture and ultimately
consumed by crops, so our budget probably underestimates crop ET and overestimates basin outflow
via groundwater.

Conclusions
Snowpack in the Henry’s Fork watershed contributes an average of 2.8 million acre-feet of water to the
upper Snake River system, about 25% of the total supply originating in the Snake River basin upstream
of King Hill. Less than 12% of the surface and shallow groundwater supply is consumptively used within
the Henry’s Fork watershed; the remainder exits the basin as surface and groundwater flow, supplying
water to various uses downstream. Only one-quarter of the water withdrawn for irrigation in the
watershed is consumptively used; roughly half of the total irrigation withdrawal contributes to basin
outflow as groundwater, providing a major source of recharge to the regional Eastern Snake Plain
Aquifer system. Thus, the Henry’s Fork watershed functions primarily as a headwater source of water
for downstream uses rather than as a major area of consumptive use. Canal seepage rates in the
watershed range from 2 to 3.5 feet/day, whereas evapotranspiration averages about 2 to 2.5 feet per
year. Thus, water diverted into irrigation canals and applied to fields in excess of crop demand seeps
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into the ground at rates about 2.5 orders of magnitude faster than it can be lost to evapotranspiration.
These high seepage rates limit the amount of diverted water that can be consumptively used, at least as
long as the 19th-century earthen canal system in the watershed continues to be the primary conveyance
mechanism for surface water diverted into the irrigation system.
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Table 1. Primary sources of data.
Data type(s)
Stream flow and related (e.g., stage-dishcarge)
Water use (primarily GW and non-ag use)
Irrigation diversion and related water rights
Reservoir contents and related
Climate data
Evapotranspiration and crop growing season
Basin characteristics (e.g., area, slope, land use)
Crop types, distribution, acreages, yields

Source
USGS Surface Water database
USGS Water Use database
IDWR WD1 Accounting
USBR Hydromet
Western Regional Climate Center
ET Idaho
USGS Streamstats
USDA National Ag. Stats. Serv.

URL or Reference
http://water.usgs.gov/osw/
http://water.usgs.gov/watuse/
http://www.idwr.idaho.gov/GeographicInfo/accounting.htm
http://www.usbr.gov/pn/hydromet
http://www.wrcc.dri.edu/
http://www.kimberly.uidaho.edu/ETIdaho/
http://water.usgs.gov/osw/streamstats/
http://www.nass.usda.gov/

Table 2. Surface supply.
Source
Henry's Lake
HL to Island Park
Island Park to Ashton

30-year mean annual natural flow (a-f)

% of TOTAL

41,768
439,072
744,516

1.6%
16.9%
28.6%

UPPER HF TOTAL
Sand Cr. + Snow Cr.

1,225,356
18,320

47.1%
0.7%

MAIN HF TOTAL
FALL RIVER TOTAL
Teton ab. S. Leigh
Teton S. Leigh to St. Anth.
Moody Creek

1,243,676
699,914
298,458
346,009
15,379

47.8%
26.9%
11.5%
13.3%
0.6%

659,846

25.3%

2,603,436

100.0%

TETON RIVER TOTAL
TOTAL
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Table 3. Mean annual water budget for the four main canal-served regions (all volumes are in acre-feet).
Teton Valley
Volume (a-f)

North Fremont

% of Diversion

Volume (a-f)

Egin Bench

% of Diversion

Volume (a-f)

Lower Watershed

% of Diversion

Volume (a-f)

Watershed Total

% of Diversion

Volume (a-f)

% of Diversion

Diversion

92,290

100.0%

41,681

100.0%

368,351

100.0%

641,723

100.0%

1,144,045

100.0%

Surface Return

(3,501)

-3.8%

(575)

-1.4%

(11,588)

-3.1%

(53,007)

-8.3%

(68,670)

-6.0%

Canal Evaporation

(204)

-0.2%

(102)

-0.2%

(661)

-0.2%

(791)

-0.1%

(1,759)

-0.2%

Canal Vegetation ET

(219)

-0.2%

(158)

-0.4%

(637)

-0.2%

(915)

-0.1%

(1,928)

-0.2%

(43,051)

-46.6%

(22,578)

-54.2%

(176,232)

-47.8%

(218,322)

-34.0%

(460,183)

-40.2%

45,261

59.2%

18,268

43.8%

179,235

48.7%

368,689

57.5%

611,505

53.4%

Canal Seepage
Delivery
Sprinkler Evaporation
Application Seepage
Application Applied to Crop ET

(640)

-0.7%

(250)

-0.6%

(2,201)

-0.6%

(4,898)

-0.8%

(7,990)

-0.7%

(8,025)

-8.7%

(1,466)

-3.5%

(115,878)

-31.5%

(221,218)

-34.5%

(346,587)

-30.3%

(36,650)

-39.7%

(16,552)

-39.7%

(61,156)

-16.6%

(142,573)

-22.2%

(256,931)

-22.4%

Volume (a-f)
Theoretical Crop Demand

% of Demand

Volume (a-f)

124,701

100.0%

Crop ET met by Precipitation

16,249

Crop ET met by Irrigation

36,650

Deficit or Crop ET met by other sources

71,802

% of Demand

74,999

100.0%

13.0%

9,114

29.3%

16,552

57.6%

49,333

Volume (a-f)

% of Demand

69,846

100.0%

12.2%

8,162

22.1%

61,156

65.8%

528

Volume (a-f)

% of Demand

167,673

100.0%

11.7%

20,511

87.6%

142,573

0.8%

4,590

Volume (a-f)

% of Demand

437,219

100.0%

12.2%

54,036

12.4%

85.0%

256,931

58.8%

2.7%

126,253

28.9%

Table 4. Summary of all irrigated regions. All volumes are in acre-feet.
Region

Area (ac)

Canal L (mi)

Diversion

Surf Return

Evap loss

Canal Seep

App Seep Demand

Crop ET: Irrig.

Crop ET: precip.

Four above
NF W of HF1
Sq/Conant2
TV West3
Teton Cyn4

189,000
4,000
25,000
25,000
7,000

490
3
14
5
0

1,144,045
2,000
7,000
7,000
10,000

68,670
60
0
210
0

11,691
20
70
70
100

460,183
530
3,000
795
0

346,587
0
0
0
0

437,219
9,000
56,250
56,250
15,750

256,931
1,390
3,930
5,925
9,900

54,036
1000
6250
6250
1750

TOTAL

250,000

512

1,170,045

68,940

11,951

464,508

346,587

574,469

278,076

69,286

1=North Fremont west of the Henry’s Fork; diversions from Snow and Sand creeks. 2=North Fremont south of Fall River; diversions from Squirrel and Conant
creeks (almost all in pipelines now). 3 = Teton Valley west of the Teton River; diversions from Horseshoe, Packsaddle, Mahogany and other small creeks. 4 =
Teton Canyon rim; diversions from Teton River (pumped up out of the canyon, all in pipelines).
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Table 5. Mean annual water budget for the Henry’s Fork watershed.
Component

Volume (acre-ft)

Precipitation (total supply)
Recharge to Shallow GW not in surface supply
Crop ET supplied by direct precipitation
Crop ET supplied by GW pumping
Domestic, Commercial, Industrial use
Other ET and deep GW recharge from precipitation

4,880,480
(206,476)
(89,926)
(186,800)
(14,766)
(1,779,076)

Surface Supply
Reservoir, canal and sprinkler evaporation
Surface-Irrigated Crop ET
Surface outflow from basin
Outflow of shallow GW from basin

2,603,436
(22,929)
(278,076)
(1,666,326)
(636,105)

BALANCE

0
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Figure 1. Location of Henry’s Fork watershed within the upper Snake River basin.
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•Area: 3,250 sq. mi
•Mean ann. precip.: 28.2 inches
•Min. elevation: 4,820 ft.
•Max. elevation: 11,400 ft.
•Forested area: 36.7%
•Agricultural land: 20.9%
•Water & perennial snow: 1.89%
•Urban land cover: 1.5%
Source: StreamStats
http://streamstats.usgs.gov
Storage Reservoirs
•Henrys Lake*: 90,000 a-f
•Island Park Res.: 135,000 a-f
•Grassy Lake: 15,000 a-f
*Original, natural lake held about
25,000 a-f

Figure 2. Watershed map and basin characteristics.
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Hydrologic Units
•Upper Henrys 17040202
-HF above Ashton
•Lower Henrys 17040203
-Fall River and lower HF
•Teton 17040204
-Teton River watershed

Map produced by Digital Mapping
Laboratory, Dept. of Geosciences,
Idaho State University

Figure 3. USGS hydrologic accounting units in the Henry’s Fork watershed.
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Surface lithology
Precambrian
Paleozoic and Mesozoic
sedimentary

Cenozoic silicic volcanics
from Yellowstone hotspot
explosive eruptions
Quaternary basalts
Quaternary alluvium and
glacial drift
Source: Bayrd 2006 M.S. Thesis,
Idaho State University

Figure 4. Surface lithology of the Henry’s Fork watershed.
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Long-term USGS Flow Gages
-Henrys Fk. nr. Lake 13039500
-HF nr. Island Park 13042500
-HF nr. Ashton 13046000
-Falls River nr. Squirrel 13047500
(between Marysville
hydroelectric diversion and
return since August 1993;
two new gages added in WY
1994; USE CAUTION with FR
flow and IDWR accounting!)
-Falls R. nr. Chester 13049500
-HF at St. Anthony 13050500
-Teton R ab S Leigh Cr. 13052200
-Teton R. ab. St. Anth. 13055000
(immediately downstream
of Crosscut canal delivery;
INTERPRET CAREFULLY!)
-HF nr. Rexburg 13056500

Figure 5. Long-term USGS stream flow gaging stations in the Henry’s Fork watershed.
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Figure 6. Extent of “low-elevation” areas as defined and used in this study, including shallow aquifers
underlying these areas. Gray lines indicate boundaries of five individual geographic regions that are
defined roughly by climate and topography. The climate in each region is characterized by that recorded
at meteorological stations at the indicated locations.
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Figure 7. Map of the lower Henry’s Fork watershed showing the four major irrigated regions of the
watershed that are served by canal systems.
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Teton SL to St. A.
Teton ab. S. Leigh
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Figure 8. Time series of total annual surface supply (unregulated stream flow), WY 1979-2008.
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Figure 9. Mean water-year hydrograph of total annual surface supply, WY 1979-2008.
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1.0%

Mean Annual Water Budget for Surface Irrigation System
Canal & sprinkler evaporation: 11,936 a-f
23.8%

Crop ET: 278,076 a-f
Surface return flow: 68,940 a-f

48.8%

Return to streams via GW: 239,994 a-f

5.9%

Outflow from basin as GW: 571,099 a-f
20.5%

Total diversion: 1,170,045 a-f/year

Figure 10. Water budget for surface irrigation system.
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Application Seepage
Crop ET
Canal Seepage
Evaporative Loss
Surface Return

1,600,000

Diversion (acre-feet)

1,400,000
1,200,000
1,000,000
800,000
600,000
400,000
200,000
0
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Year
4500
4000

Diversion (cfs)

3500

Application Seepage
Crop ET
Canal Seepage

3000

Evaporative Loss

2500

Surface Return

2000
1500
1000
500
0
1-Oct 1-Nov 1-Dec 1-Jan 1-Feb1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep

Date
Figure 11. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of canal system
water budget for the four major canal-served irrigated regions combined.
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Application Seepage

160,000

Crop ET

140,000

Canal Seepage
Evaporative Loss

Diversion (acre-feet)

120,000

Surface Return
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Year
700

Diversion (cfs)
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Crop ET
Canal Seepage
Evaporative Loss
Surface Return
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0
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Date
Figure 12. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of canal system
water budget for Teton Valley irrigated area.
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Application Seepage

70,000

Crop ET

Diversion (acre-feet)
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Canal Seepage
Evaporative Loss
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Surface Return

40,000
30,000
20,000
10,000
0

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

Year
300
Application Seepage

Diversion (cfs)

250
200
150

Crop ET
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Figure 13. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of canal system
water budget for North Fremont irrigated area.
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Application Seepage
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Figure 14. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of canal system
water budget for Egin Bench irrigated area.
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Application Seepage
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Figure 15. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of canal system
water budget for Lower Watershed irrigated area.
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Theoretical Crop ET Demand (acre-feet)
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Figure 16. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of theoretical net
crop evapotranspiration demand for the four major canal-served irrigated regions combined.
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Theoretical Crop ET Demand (acre-feet)

ET deficit/ET met by soil moisture
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Figure 17. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of theoretical net
crop evapotranspiration demand for the Teton Valley irrigated area.
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Theoretical Crop ET Demand (acre-feet)
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Figure 18. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of theoretical net
crop evapotranspiration demand for the North Fremont irrigated area.
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Theoretical Crop ET Demand (acre-feet)
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Figure 19. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of theoretical net
crop evapotranspiration demand for the Egin Bench irrigated area.
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Theoretical Crop ET Demand (acre-feet)
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Figure 20. Time series (top) and mean 1979-2008 water-year hydrograph (bottom) of theoretical net
crop evapotranspiration demand for the Lower Watershed irrigated area.
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Mean Annual Shallow Groundwater Recharge in Valley Areas
Direct Precipitation: 291,032 a-f
24%

29%

Stream Channel Seepage: 110,984 a-f
Canal Seepage: 464,508 a-f
9%

Irrigation Application Seepage: 346,587 a-f
38%

Total Recharge: 1,213,112 a-f/year

Figure 21. Distribution of sources of recharge to lower-elevation shallow aquifers in the Henry’s Fork
watershed.
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Figure 22. Annual net reach gains in the Henry’s Fork and lower Teton River.
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Figure 23. Mean water year hydrograph of reach gains in the Henry’s Fork and lower Teton River.

0.5%

0.8%

Mean Annual Water Budget for Surface and Shallow GW System
0.7%
9.9%

Domestic, commercial, industrial use: 14,766 a-f
Reservoir, canal, sprinkler evaporation: 22,929 a-f

28.8%

Crop ET supplied by surface irrigation: 278,076 a-f

Crop ET supplied by shallow GW irrig.: 18,680 a-f
Surface outflow from basin: 1,666,326 a-f
59.3%

GW outflow from basin: 809,135 a-f

Total Surface/Shallow GW Supply: 2,809,912 a-f/year
Figure 24. Water budget for the combined surface/shallow groundwater system in the Henry’s Fork
watershed.
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