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Introduction 

In the Wood River Valley (WRV), irrigation is required for successful cultivation of agriculture crops and landscape mainte
nance. Irrigation water is diverted from surface water and groundwater. Diverted water that is not consumed by evapotranspira
tion (ET) either infiltrates the subsurface (as deep percolation) and recharges the aquifer at the water table, or is returned to rivers 
or streams. Sources of groundwater recharge include canal seepage, municipal delivery system leakage, and infiltration of ex
cess irrigation water. Sources of surface-water returns to rivers and creeks include canal conveyance and municipal wastewater 
treatment plant discharge. 

For this study, land use is classified as ‘irrigated’ agricultural land, ‘semi-irrigated’, or ‘non-irrigated’. Semi-irrigated lands 
include non-agricultural developed lands in urban and suburban areas, irrigated landscaping, parks, and golf courses; as well as 
impervious areas such as roads, driveways, and buildings. Evaporation from aesthetic ponds in semi-irrigated areas is included in 
the water consumed by ET. 

Historically, a limited number of groundwater diversions have been measured and recorded by water districts or municipal
ities in the study area. Groundwater is diverted from the WRV aquifer system by means of either pumping wells or flowing-
artesian wells. The majority of groundwater diversions in the WRV were not recorded prior to 2013, starting in 2013 the Idaho 
Department of Water Resources (IDWR) began requiring most non-domestic groundwater users in the valley to install measuring 
devices (Idaho Department of Water Resources, 2011). 

The purpose of this document is to describe the water-balance model used to calculate estimates of (1) incidental recharge as
sociated with water delivery and irrigation on irrigated and semi-irrigated lands, and (2) pumping rates associated with missing 
groundwater diversion records during the model simulation period (1995–2010). Incidental recharge is defined as the groundwa
ter recharge (infiltration) that occurs as a result of human activities unrelated to a recharge project. 

Field Measurements 

Diversions 

Diversions are defined as the use of water for something other than its natural fate. In the WRV the primary uses of water 
are agricultural irrigation, municipal and domestic irrigation, in home use, and commercial use. Water District 37 oversees water 
distribution within the Big Wood River basin. And Water District 37M oversees water distribution within the Silver Creek and 
Little Wood River basin. In 2014, Water District 37M was combined with Water District 371 . 

Surface-water diversions 
Available surface-water diversion datasets are as follows: 

• Surface-water diversions from the Big Wood River, Silver Creek, and a few of the tributary streams have been recorded 
daily by Water District 37 and 37M since 1920. Data are available for April through September. Although the irrigation 
season extends through October 31, these Water Districts do not record diversions that occur after September 30. 

• Monthly diversions of treated effluent from the Bellevue wastewater treatment plant to a land application site adjacent to 
the plant were available from the Idaho Department of Environmental Quality (IDEQ) for 1999 through 2012. 

1 More information on water districts in Idaho is available at http://idwr.idaho.gov/water-rights/water-districts/. 

http://idwr.idaho.gov/water-rights/water-districts/
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Groundwater diversions 
Available groundwater diversion datasets are as follows: 

• Groundwater diversions recorded by Water District 37 or 37M are available for all or part of the 16-year simulation (1995– 
2010). These groundwater diversions are regulated by the Water District because they are delivered through natural chan
nels, or are mitigated by surface-water rights and regulated in conjunction with surface-water priority cuts (that is a re
striction of surface-water rights) on the Big Wood River or Silver Creek. Some diversions were recorded daily, others were 
recorded as total irrigation season use. 

• Groundwater diversions for the Sun Valley Company’s River Run snowmaking system are available from Brockway (2013). 
This memorandum provides total winter season diversion volumes from 1991 through 2012. 

• Monthly groundwater diversions recorded by the City of Hailey municipal water system are available for the simulation 
period. 

• Monthly groundwater diversions, recorded by the Sun Valley Water and Sewer District (SVWSD) and the City of Ketchum 
municipal water systems, are available for the simulation period. 

• Monthly groundwater diversions, recorded by the City of Bellevue municipal water system, are available for the 2006– 
2013 period. 

• Surface-water priority cut dates during the simulation period are available from Water District 37 and 37M. IDWR com
piled the priority cut date at the end of each month. The surface-water priority cut dates are useful for determining when 
supplemental groundwater was needed to irrigate mixed source lands; that is, land irrigated from surface-water and ground
water diversions. 

Surface-Water Return Flow 

Only a portion of water diverted by a canal company or municipal water system is consumed by evapotranspiration. While 
much of the unconsumed water recharges the aquifer through infiltration, some of the unconsumed water may be discharged di
rectly to a river or creek as surface return flow. Available surface-water return flow datasets are as follows: 

• Water District 37 recorded surface-water discharge from the District canal system to the Loving Creek area. In recent years 
(2007–2012), Water District 37 began recording returns to the Big Wood River from canals that primarily deliver water 
for aesthetic, non-consumptive uses, such as the Gimlet and Rinker systems. The O Drain returns tailwater from the Iden 
Canal to Silver Creek downstream of the model boundary and is not measured. Other unmeasured surface-water returns 
from irrigation canals are thought to be negligible in the study area (Kevin Lakey, Watermaster Water District 37, oral 
commun., August 27, 2013). 

• Records of municipal wastewater treatment plant discharge are available for various years (1995–2012 for Ketchum and 
Sun Valley, 1996–2012 for Hailey, 1999–2012 for Bellevue, and 2000–2012 for The Meadows). Treated effluent from 
Ketchum and Sun Valley, Hailey, and The Meadows is returned to the Big Wood River. The City of Ketchum and SVWSD 
have separate public water systems, but are served by a common wastewater treatment plant. For purposes of calculating 
return flow from each water system, 51 percent of the recorded wastewater treatment plant discharge was apportioned 
to Ketchum and 49 percent was apportioned to SVWSD based on the average volume of diversions for each public wa
ter system during the non-irrigation season (November–March). The Ketchum/Sun Valley Wastewater Treatment Plant is 
currently permitted to provide up to 11,735 cubic meters per day (3.1 million gallons per day) of recycled water for irri
gation and snowmaking (City of Ketchum, 2013); however, reuse did not occur during the simulation period. The City of 
Bellevue’s wastewater treatment plant was constructed in 1992 about 6.4-kilometers (4-miles) south of the city (Furber, 
2004). Treated effluent from Bellevue is applied to fields adjacent to the treatment plant during the irrigation season and 
is discharged to infiltration ponds during the winter. Effluent discharge during periods of missing data (1995 for Hailey, 
1995–1998 for Bellevue, and 1995–1999 for The Meadows) was assumed to be similar to the first year for which data were 
available. 

• SVWSD diversions include water delivered to Dollar Mountain for snowmaking. Most of this water is assumed to return 
to Trail Creek as snowmelt in the spring. The water use is not consumptive, but the water does not infiltrate directly into 
the aquifer. Records of monthly deliveries to Dollar Mountain for snowmaking were provided by the SVWSD from 1995 
through 2010. 

• Monthly diversions of spring water recorded by the City of Hailey (1995–2010) and the City of Bellevue (2006–2010). 
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Canal Seepage 

The majority of canals in the WRV are completed as earthen ditches; therefore, losses to canal seepage must be accounted for 
in the analysis. Available canal seepage datasets are as follows: 

• Spatial delineation of canals in the model area is available from the U.S. Geological Survey (USGS) National Hydrog
raphy Dataset (NHD) and from IDWR’s update of the NHD in the Big Wood River area. IDWR geographic information 
system (GIS) analysts used 2009 U.S. Department of Agriculture (USDA) National Agriculture Imagery Program (NAIP) 
imagery, historical maps, and input from Water District 37 to update the spatial delineation of canals in the model area. 

• Brockway and Grover (1978) measured canal losses in reaches of the District, Bypass, Baseline, Glendale, and Iden canals 
in 1975 and 1976. Measured reaches ranged from 0.8 kilometers (km) (0.5 miles [mi]) to 5.5 km (3.4 mi) in length. Mea
sured losses ranged from 1 percent of flow per mile to 35 percent of flow per mile. These measurements only include some 
sections of canals and are not sufficient to quantify seepage losses throughout the canal systems; furthermore, they suggest 
relatively high losses in the District, Baseline, and Iden canals, and relatively low losses in the Glendale canal. 

• Bartolino (2009) estimated canal seepage loss as 12 percent of total flow for the Hiawatha, Cove, District, and Bannon 
canals. This estimate was based on the average of measurements reported by Brockway and Grover (1978) for selected 
reaches of the District Canal. Bartolino (2009) also estimated canal seepage loss as 7 percent and 1 percent of total flow 
in the Baseline and Glendale canals, respectively. This estimate was based on Brockway and Grover (1978) measurements 
of a 0.8-km (0.5-mi) reach of each these canals. Because large portions of the canal systems were not measured, direct 
application of the Brockway and Grover (1978) measurements may underestimate canal losses. 

• Merritt (1997) documented a May 29, 1997 conversation with Jim Eakin, Wood River Valley Irrigation District number 
45 manager, regarding canal losses in the District canal system. Mr. Eakin indicated that the irrigation district assigns a 
15 percent loss in the 2.3 km (1.4 mi) section between the headgate and where the main canal splits into three branches. 
When the 1886 rights are being delivered, the district assigns an additional 5 percent loss per mile downstream of the split. 
When the 1886 rights are out of priority, the district cuts the amount being delivered to the field headgate by an additional 
50 percent. For example, a water right delivered by the district to a point 6.4 km (4 mi) downstream of the split would be 
assigned a conveyance loss of 35 percent when the 1886 rights are being delivered and 67.5 percent when the 1886 rights 
are out of priority. The three branches of the canal system extend 8.0 to 14.5 km (5 to 9 mi) downstream of the split. The 
centroid of the 2006 irrigated lands in the district service area is located about 6.4 km (4 mi) downstream of the split. 

• The IDWR calculated conveyance loss in the Hiawatha Canal using the Worstell method to evaluate canal loss mitiga
tion requirements for a water right transfer (Allen Merritt, Idaho Department of Water Resources, written commun., April 
2008). The total seepage loss calculated for the canal was 25 percent of the diverted flow rate. 

• In April 2008, Allen Merritt, P.E., IDWR, calculated conveyance loss in the Hiawatha Canal using the Worstell method to 
evaluate canal loss mitigation requirements for a water right transfer. The total seepage loss calculated for the canal was 25 
percent of the diverted flow rate. 

• On August 28, 2012, the USGS (Bartolino, 2014) measured flow in the Bypass Canal at the point of diversion (127,221 
cubic meters per day [m3/d] or 52.0 cubic-feet per second [cfs]), at Alpine Kennels (107,649 m3/d or 44.0 cfs), and above 
the Bypass extension (86,853 m3/d or 35.5 cfs). There are no diversions from the Bypass Canal between the canal head
ing (that is the upper end of the canal system) and Alpine Kennels. The Baseline Canal and Dittoe Ditch divert from the 
Bypass Canal between Alpine Kennels and the Bypass extension (Kevin Lakey, Watermaster Water District 37, written 
commun., October 22, 2014). Water District 37 records available for August 28, 2012 indicate that 17,126 m3/d (7 cfs) was 
diverted from the Bypass Canal between Alpine Kennels and the Bypass extension. Therefore, canal seepage on the By
pass Canal was 19,573 m3/d (8 cfs) in the 4.2-km (2.6-mi) reach upstream of Alpine Kennels and 3,670 m3/d (1.5 cfs) in 
the 1.1-km (0.7-mi) reach downstream of Alpine Kennels. The USGS (Bartolino, 2014) also measured flow in the Bypass 
Canal on October 23, 2014. Canal seepage was 126,912 m3/d (11 cfs) in the 4.2-km (2.6-mi) reach above Alpine Kennels. 
Canal seepage cannot be determined for the 1.1-km (0.7-mi) reach downstream of Alpine Kennels because the Water Dis
trict does not monitor diversions during October. 
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Crop Irrigation Requirement 

Precipitation in the WRV is not sufficient to meet the water demand of agricultural crops. Therefore, irrigation is required 
when crop water demand exceeds the supply of water from soil water and precipitation. The crop irrigation requirement (CIR) is 
defined as the difference between ET and precipitation (appendix F). The precipitation on irrigated lands is assumed to be used 
to satisfy the crop water demand; and any shortfall is provided by irrigation. Available crop irrigation requirement datasets are as 
follows: 

• METRIC (Mapping EvapoTranspiration at High Resolution and Internalized Calibration) computed monthly ET data were 
available for April through October of 1996, 2000, 2002, 2006, 2008, 2009, and 2010. These data consist of 30-meter (m) 
by 30-m (90-feet [ft] by 90-ft) raster images of the monthly ET depth. 

• Monthly ET data based on the Normalized Difference Vegetation Index (NDVI) and interpolation are available for the nine 
years in the simulation period when METRIC ET data were not available. These datasets also consist of 30-m by 30-m 
raster images of monthly ET depth. 

• Precipitation data are available at Ketchum and Picabo during the 16-year simulation (1995–2010), and at Hailey for 2005 
through 2010. Precipitation at Hailey was estimated for 1995 through 2004 by correlation with precipitation data recorded 
at Picabo. 

Irrigated Lands and Water Sources 

The source of irrigation water can either be ‘groundwater’, ‘surface water’ or ‘mixed’ (that is, both surface water and ground
water). Surface water is diverted from the Big Wood River, Silver Creek, tributary streams, or springs. Groundwater is diverted 
from the WRV aquifer system. Available irrigated lands and water source datasets are as follows: 

• Spatial delineation of irrigated, semi-irrigated, and non-irrigated lands is available for 1996, 2000, 2002, 2006, 2008, 2009, 
and 2010 calendar years. The spatial delineation was performed by IDWR GIS analysts who reviewed and refined USDA 
Common Land Unit (CLU) polygons using high resolution imagery available from the USDA NAIP and USGS Digital 
Orthophoto Quadrangles (DOQ). IDWR GIS analysts classified the irrigation status of CLU polygons for each year by 
reviewing Landsat imagery from multiple dates throughout the growing season. 

• Water right place of use data from the IDWR water permit, water right, and adjudication recommendation databases were 
available to classify the water source for irrigated and semi-irrigated lands as ‘surface-water only’, ‘groundwater only’, or 
‘mixed source’. 

Groundwater Recharge from Canal Seepage 

Canal seepage is represented as a percentage of the total water diverted to the canal headgate (table G1) that infiltrates the 
canal bed and banks and recharges the WRV aquifer system. The canal seepage rate is uniformly distributed along the length of 
the canal system (figs. G1 and G2). Large seepage losses (60 percent) are assigned to the District and Baseline/Bypass canal sys
tems based on Brockway and Grover (1978) and Merritt (1997). A seepage loss of 25 percent is assigned to the Kilpatrick/Iden 
canal system, which is located in lower permeability soils than the District and Baseline/Bypass systems (see appendix F, figs. 
F8 and F9). A seepage loss of 25 percent is assigned to the Hiawatha canal system based on the analysis performed by Merritt 
(oral commun., 2008). All other canals in the study area have shorter distribution systems and are assigned a seepage loss of 10 
percent. 

Bypass Canal Seepage 

Constructed in 1920, the Bypass Canal diverts surface water from the Big Wood River at a location near the Glendale Road 
(fig. G3). The Bypass Canal was designed to (1) reduce seepage losses in the Big Wood River and improve delivery of water to 
the lower valley (Chapman, 1921). Water in the Bypass Canal is intended for irrigation and is delivered to the Baseline Canal, 
Dittoe Ditch, and Bypass Extension Canal. A fraction of the Bypass Canal water is returned to the Big Wood River in the vicinity 
of Wood River Ranch. The Bypass Canal begins carrying water in April or May. From late in the irrigation season until early 
November the entire flow of the Big Wood River is routed through the Bypass Canal. The water delivered to irrigation diversions 
is measured and recorded by Water District 37 from April through September—water deliveries that occurred after September 
were not measured. Water returned to the Big Wood River is also not measured by the Water District (Kevin Lakey, Watermaster, 
oral commun., October 22, 2014). 
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(A) North of Ketchum 
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(C) South of Gimlet and north of Hailey 
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(D) South of Hailey and north of Bellevue 
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Figure G2. Canal systems mapped to the model grid (A) north of Ketchum, (B) south of Ketchum and north of Gimlet, (C) south 
of Gimlet and north of Hailey, (D) south of Hailey and north of Bellevue, and (E) south of Bellevue. 
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(E) South of Bellevue 
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Table G1. Summary description of canal system attributes. [Canal No.: is an identifier used to locate the canal system on the 
map in figure G2. Total length: is the length of the canal system. Percent seepage loss: is the percentage of water diverted to 
the canal headgate that infiltrates the canal bed and banks and recharges the aquifer system. Abbreviations: km, kilometer; mi, 
mile] 

Canal Total length Total length Percent 
Name No. (km) (mi) seepage loss 

Aspen Hollow HOA 1 1.6 1.0 10 
Bannon 2 5.0 3.1 10 
Black 3 3.2 2.0 10 
Broadford 4 2.7 1.7 10 
Bypass Baseline 5 21.4 13.3 60 
Clear Creek J and C 6 0.2 0.1 10 
Clear Creek Jesinger 7 1.4 0.8 10 
Comstock 8 1.7 1.0 10 
Cove 9 4.8 3.0 10 
District 10 55.5 34.5 60 
Glendale 11 9.2 5.7 10 
Graff 12 1.9 1.2 10 
Hiawatha Hailey 13 13.5 8.4 25 
Hiawatha Other 14 9.6 6.0 25 
Hiawatha Valley Club 15 5.5 3.4 25 
Kilpatrick Iden 16 20.1 12.5 25 
Mid Valley Water Co 17 0.4 0.2 10 
Rinker 18 3.7 2.3 10 
Starweather 19 2.1 1.3 10 

Because the volume of water in the Bypass Canal is unknown, seepage from the Bypass Canal is represented differently than 
seepage from the other canals. A constant seepage rate of 24,466 m3/d (10 cfs) is applied to the 5.3-km (3.3-mi) reach of the By
pass Canal between the canal heading and the Bypass Extension. This seepage rate is based on seepage measurements observed 
by the USGS in August and October 2012 (Bartolino, 2014) and is uniformly distributed along its length. Seepage is represented 
in the model from the time of the first recorded diversion to the Bypass Canal, Dittoe Ditch, or Bypass Extension, through the 
end of October. 

Infiltration Beneath Bellevue Waste Water Treatment Plant Ponds 

Water applied to infiltration basins at the City of Bellevue wastewater treatment plant is uniformly distributed over the model 
cells intersected by the ponds (fig. G3). Recorded monthly volumes of water delivered to these infiltration basins are available 
from 1999 through 2010. The monthly volumes from 1999 were used as a proxy for unknown 1995 through 1998 monthly vol
umes. 

Excess Irrigation Water 
Aquifer recharge from infiltration of excess water applied to fields and landscaping is spatially distributed over areas de

lineated as ‘irrigated’ or ‘semi-irrigated’. Land use classification maps of irrigated lands are available for calendar years 1996, 
2000, 2002, 2006, and 2008 through 2010 (fig. G4). The proxy for calendar years with missing maps (1995, 1997–1999, 2001, 
2003–2005, 2007) is the land use classification map for the nearest calendar year where land use was available (table G2). Areas 
designated as wetlands by the U.S. Fish and Wildlife Service National Wetlands Inventory (Cowardin and others, 1979) (fig. G5) 
are assumed constant over time and re-classified as ‘non-irrigated’ areas. Some of the non-irrigated public lands north of Belle
vue were inadvertently designated as ‘semi-irrigated’ areas. These public lands are delineated by tax lots owned by the U.S. For
est Service or U.S. Bureau of Land Management (fig. G5), and re-classified as ‘non-irrigated’ areas. 
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(C) 2002
 

43°
18'

43°
24'

43°
30'

43°
36'

43°
42'

43°
48'

114°36' 114°30' 114°24' 114°18' 114°12' 114°6'

Base derived from U.S. Geological Survey National Elevation Dataset 10−meter digital elevation model.
Idaho Transverse Mercator projection; North American Datum of 1983.

0 10,000 m

Gimlet

Hailey

Picabo

Stanton Crossing

Bellevue

Clarendon Hot Springs

Gannett

Ketchum

Sun Valley

Triumph

Irrigated
Semi−irrigated

Figure G4. —Continued 



Excess Irrigation Water G15 

(D) 2006
 

43°
18'

43°
24'

43°
30'

43°
36'

43°
42'

43°
48'

114°36' 114°30' 114°24' 114°18' 114°12' 114°6'

Base derived from U.S. Geological Survey National Elevation Dataset 10−meter digital elevation model.
Idaho Transverse Mercator projection; North American Datum of 1983.

0 10,000 m

Gimlet

Hailey

Picabo

Stanton Crossing

Bellevue

Clarendon Hot Springs

Gannett

Ketchum

Sun Valley

Triumph

Irrigated
Semi−irrigated

Figure G4. —Continued 



G16 Groundwater-Flow Model for the Wood River Valley Aquifer System, South-Central Idaho 

(E) 2008
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(G) 2010
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Table G2. Applied land use classification maps of irrigated lands during the model simulation period (1995–2010). 
[Abbreviations: NA, not applicable] 

Year Proxy year Year Proxy year 

1995 1996 2003 2002 
1996 NA 2004 2006 
1997 1996 2005 2006 
1998 2000 2006 NA 
1999 2000 2007 2008 
2000 NA 2008 NA 
2001 2002 2009 NA 
2002 NA 2010 NA 

The WRV is subdivided into 88 irrigation entities (table G3, fig. G6), the resolution of these irrigation entities in terms of 
source water is consistent with available diversion and return flow data. For example, various diverters drawing from the same 
surface-water source could be grouped into a single irrigation entity. The basis for using irrigation entities is as follows: 

• Numerous surface-water diversions in the WRV provide irrigation water to multiple water users within a canal service 
area. Surface-water diversions are generally recorded by Water District 37 and 37M at the canal heading; however, field 
headgate deliveries to individual parcels are not available. 

• Numerous pumping wells provide irrigation water within community water system service areas, or to multiple irrigated 
parcels. 

• Some areas are irrigated by diversions from domestic wells without recorded water rights. 

Irrigation entities (fig. G6) are used in the calculation of monthly water supply, crop irrigation requirement, and incidental recharge. 
The properties of an irrigation entity are only applicable over areas designated as ‘irrigated’ or ‘semi-irrigated’ (fig. G4). For 
example, the irrigation entities mapped to irrigated lands in the southern part of the model grid during the 2008 growing sea
son (April–October) are shown in figure G7. Recall that the areas designated as ‘wetlands’ or ‘public lands’ (fig. G5) were re
classified as ‘non-irrigated’ land use. The water-balance model used to estimate incidental recharge from deep percolation of 
excess irrigation water is expressed for each irrigation entity as: 

Qincid = Divsw − Retsw − Canal + Divgw − WWTP − CIR (1) 

where 

Qincid is the incidental recharge rate from deep percolation of excess irrigation water, in cubic meters per month; 

Divsw is the surface-water diversions (including municipal springs), in cubic meters per month; 

Retsw is the surface-water return flows, in cubic meters per month; 

Canal is the canal seepage, in cubic meters per month; 

Divgw is the groundwater diversions, in cubic meters per month; 

WWTP is the municipal wastewater treatment plant discharge, in cubic meters per month; and 

CIR is the crop irrigation requirement, in cubic meters per month, calculated as ET minus precipitation. 

Irrigation entities are further subdivided by the irrigation water source type; ‘SW Only’ is exclusively surface-water sources, 
‘GW Only’ is exclusively groundwater sources, and ‘Mixed’ is a mixture of both surface-water and groundwater sources (ta
ble G3, fig. G8). 
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Figure G6. Irrigation entities (A) north of Ketchum, (B) south of Ketchum and north of Gimlet, (C) south of Gimlet and north of 
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(B) South of Ketchum and north of Gimlet 
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(C) South of Gimlet and north of Hailey 
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(D) South of Hailey and north of Bellevue 
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(E) South of Bellevue 
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Figure G7. Irrigation entities mapped to irrigated lands in the southern part of the model grid during the 2008 growing season 
(April–October). 
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Table G3. Irrigation entities and their respective water sources. [Entity No.: is an identifier used to locate the irrigation entity 
on the map in figure G6. Water source: is the water source classification for irrigated and semi-irrigated lands where: ‘GW 
Only’ indicates irrigation water exclusively from groundwater sources; ‘SW Only’ indicates irrigation water exclusively from 
surface-water sources; and ‘Mixed’ indicates a combination of groundwater and surface-water sources.] 

Name Entity No. Water source 

Adams Gulch 1 Mixed 
Aspen 2 Mixed 
Aspen Grove HOA 3 GW Only 
Aspen Hollow HOA 4 GW Only, Mixed 
Bannon 5 SW Only 
Berlow 6 SW Only 
Big Wood Golf 7 SW Only 
Black 8 Mixed, SW Only 
Broadford 9 Mixed, SW Only 
Buhler 1 10 Mixed 
Buhler 2 11 Mixed 
Bypass Baseline 12 Mixed 
Chalet Mobile Home Park 13 GW Only 
City of Bellevue 14 Mixed 
City of Ketchum 15 Mixed 
Clear Creek J and C 16 Mixed 
Clear Creek Jesinger 17 SW Only 
Cold Springs Water Co 18 GW Only 
Comstock 19 Mixed 
Cove 20 Mixed, SW Only 
Croy 21 Mixed 
Deer Creek Ranch 22 Mixed, SW Only 
Dip Creek 23 Mixed 
District 24 Mixed, SW Only 
Eagle Creek 25 Mixed, SW Only 
East Fork 26 Mixed, SW Only 
Flood Uhrig 27 SW Only 
Flying Heart Ranch II 28 GW Only 
GW Boradford Stone Cove 29 GW Only 
GW Cain Abv 20 30 GW Only 
GW Chaney 31 GW Only 
GW Croy 32 GW Only 
GW East Fork 33 GW Only 
GW Freedom 34 GW Only 
GW Gannett 35 GW Only 
GW Gimlet to Hailey 36 GW Only 
GW Glendale to Wood River Ranch 37 GW Only 
GW Hailey to S Broadford 38 GW Only 
GW Hulen Rd to Ketchum 39 GW Only 
GW Ketchum to Gimlet 40 GW Only 
GW Mud Abv 20 41 GW Only 
GW Nr Ketchum to Hulen Rd 42 GW Only 
GW S Broadford to Glendale 43 GW Only 
GW Silver Blw Sportsman 44 GW Only 
GW Silver North 45 GW Only 
GW Silver South 46 GW Only 
GW Stalker 47 GW Only 
GW Willow 48 GW Only 
GW Wilson Abv 20 49 GW Only 
Gimlet 50 SW Only 
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Table G3. Irrigation entities and their respective water sources.—Continued 

Name Entity No. Water source 

Glendale 51 Mixed, SW Only 
Golden 52 Mixed 
Graff 53 Mixed, SW Only 
Greenhorn Owners Assoc 54 GW Only 
Heatherlands HOA 55 GW Only 
Hiawatha Hailey 56 Mixed 
Hiawatha Other 57 Mixed, SW Only 
Hiawatha Valley Club 58 Mixed, SW Only 
Holiday Highway Subdivision 59 GW Only 
Hulen Meadows Water Co 60 GW Only 
Indian Creek 61 SW Only 
Industrial Park 62 GW Only 
Kilpatrick Iden 63 Mixed 
Lake Creek 64 Mixed, SW Only 
Loving Silver 65 Mixed, SW Only 
Lufkin 66 SW Only 
Mid Valley Water Co 67 GW Only, Mixed 
Misc Big Wood Div 68 SW Only 
Moore 69 SW Only 
North Fork Water System 70 GW Only 
Oregon 71 SW Only 
Purdum 72 Mixed, SW Only 
Quigley 73 Mixed, SW Only 
Rinker 74 SW Only 
River Lodge 75 SW Only 
Riverwoods HOA 76 GW Only 
Seamans Creek 77 SW Only 
Southern Comfort HOA 78 GW Only 
Springs Ketchum to Gimlet 79 Mixed, SW Only 
Starlite HOA 80 GW Only 
Starweather 81 GW Only, Mixed 
Stonegate HOA 82 GW Only 
Sun Tree Hollow Mobile Home Park 83 GW Only 
Sun Valley Water and Sewer District 84 Mixed 
Thomas 85 Mixed, SW Only 
Timberview 86 GW Only 
Willow 87 Mixed, SW Only 
Wynn 88 SW Only 
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Unmeasured Groundwater Diversions 

In the Wood River Valley, the availability of groundwater diversion records (Divgw in equation 1) is limited; therefore, many 
groundwater diversions (about 80 percent) must be estimated. Recall that groundwater diversions include groundwater that is 
diverted from the WRV aquifer system by means of either pumping wells or flowing-artesian wells. Groundwater diversion esti
mates are calculated using (1) available records of surface-water and groundwater diversions, (2) monthly crop irrigation require
ment (CIR) records, and (3) estimated values of irrigation efficiency. Irrigation efficiency is defined as the ratio between irriga
tion water actually utilized by growing plants and the total water diverted from sources in order to supply such irrigation water. 
To estimate groundwater diversions, the CIR (CIR in equation 1) is expressed in terms of the water-balance components: 

CIR = eff (Divgw + Divsw − Retsw − Canal − WWTP) (2) 

where 

eff is the irrigation efficiency, a dimensionless quantity. 

Groundwater diversions are the sum of measured and estimated pumping records for the irrigation entity, and expressed as: 

Divgw = Divgw,obs + Divgw,est (3) 

where 

Divgw,obs is the measured groundwater diversions, in cubic meters per month; and 

Divgw,est is the estimated groundwater diversions, in cubic meters per month. 

The CIR is defined as the sum of the CIR values for each water source in an irrigation entity (fig. G8): 

CIR = CIRgw + CIRsw + CIRmix (4) 

where 

CIRgw is the CIR for areas irrigated by only surface-water sources, in cubic meters per month; 

CIRsw is the CIR for areas irrigated by only groundwater sources, in cubic meters per month; and 

CIRmix is the CIR for areas irrigated by a mixture of surface-water and groundwater sources, in cubic meters per month. 

Rewriting equation (2) with the groundwater diversion components in equation (3) and the expanded definition of CIR in 
equation (4) gives the estimated groundwater diversions as: 

CIRgw + CIRsw + CIRmixDivgw,est = − Divgw,obs − Divsw + Retsw + Canal + WWTP (5)
eff 

Equation 5 is valid for non-negative values of estimated groundwater diversions and is an insurance that the CIR for areas 
irrigated by surface-water sources is exceeded. These constraints are expressed as: 

Divgw,est > 0 and eff (Divsw − Retsw − Canal) > CIRsw (6) 

If the calculated value for estimated groundwater diversions is negative (equation 6), then no additional groundwater diver
sions are needed and the estimated groundwater diversions are set to zero. This may occur when there is an abundant surface-
water supply during the stress period, or because the majority of groundwater diversions within an irrigation entity are measured. 
It also may occur when the estimated canal seepage is too low, the estimated irrigation efficiency is too high, or the diversion 
records or calculated crop irrigation requirements are inaccurate. 

If the surface-water supply is less than the calculated demand for surface-water only irrigated lands within an irrigation entity 
(equation 6), then no surface water will be available for irrigation of ‘mixed source’ areas in the irrigation entity, and all CIR on 
mixed source lands will need to be met with groundwater irrigation. This may occur early in the irrigation season when diver
sions are small or non-existent, and CIR is met by water stored in the soil moisture reservoir (represented as negative incidental 
recharge on ‘SW Only’ lands). It also may occur when the estimated canal seepage is too high, the estimated irrigation efficiency 
is too low, or the diversion records and calculated crop irrigation requirements are inaccurate. The water balance is maintained 
by applying the deficit as negative recharge on the ‘SW Only’ lands. 
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The initial estimate for irrigation efficiency (equation 2) was taken from the literature. The Food and Agriculture Organiza
tion of the United Nations (Brouwer, Prins, and Heibloem, 1989) stated that average field application efficiency (that is, irrigation 
efficiency) is about 60 percent for gravity irrigation, 75 percent for sprinkler irrigation, and 90 percent for drip irrigation. The 
U.S. Department of Agriculture (Howell, 2003) indicates that attainable field efficiencies can range from 75 to 98 percent for 
various types of gravity and sprinkler systems, with mean field efficiencies ranging from 65 to 95 percent. The University of Ne
braska Extension (Irmak and others, 2011) suggests that typical application efficiencies for gravity and sprinkler systems range 
from 45 to 90 percent. The University of California Davis (Sandoval-Solis and others, 2013) evaluated application efficiency for 
ten agricultural regions in California for the 2010 irrigation season. Sandoval-Solis and others (2013) reported application ef
ficiencies ranging from 50 to 95 percent for various types of gravity and sprinkler systems, with mean application efficiencies 
ranging from 68 percent to 83 percent. The mean application efficiencies within each of the ten regions ranged from 73.5 to 79.8 
percent. Based on the referenced literature, an average irrigation efficiency of 75 percent was used as the initial value in equa
tions (2), (5), and (6). 

Modeled irrigation efficiency represents the estimated irrigation efficiency only during stress periods when recorded diver
sions are not adequate to meet CIR on ‘GW Only’ or ‘mixed source’ lands, and is only used to estimate unmeasured groundwater 
diversions. Actual irrigation efficiencies varied with time. The modeled irrigation efficiency value does not represent irrigation 
efficiency during stress periods when recorded diversions are adequate to meet CIR. 

If surface-water supply is less than the calculated demand for surface-water only irrigated lands within an irrigation entity 
(equation 6), there will be no surface-water available for irrigation of ‘mixed source’ areas in the irrigation entity. This indicates 
either the initial irrigation efficiency estimate is too low, or input data (such as diversions, canal seepage, or ET) are incorrect. 
If surface-water supply and measured groundwater diversions are greater than the calculated demand for surface-water only and 
mixed source irrigation areas within an irrigation entity, estimated groundwater diversions will be zero. Unless the majority of 
groundwater diversions are measured, this indicates either the initial estimate of irrigation efficiency is too high, or input data 
(such as diversions, canal seepage, or ET) are incorrect. For irrigation entities where the data do not constrain the initial estimate 
of irrigation efficiency, the irrigation efficiency for each irrigation entity may be an adjustable parameter (within specified limits) 
during the model-calibration process. 

Ponds 

Evaporation from ponds located within irrigated and developed areas is included in the estimated ET values used to calculate 
CIR in equation (1). Evaporation from wetlands and ponds located outside of irrigated and developed areas is included in the 
estimated ET values used to calculate groundwater recharge and discharge on non-irrigated lands. 

Surface-water diversions to ponds may be recorded by the Watermaster as ‘non-consumptive’ (NCP) or as a ‘measured diver
sion and measured return’. Diversions recorded as non-consumptive were excluded from the surface-water diversion data. Where 
both diversions and returns were measured, both were included in the surface-water diversion and return data. 

Municipalities 

Recharge and groundwater diversions within municipal service areas are estimated using the water-balance model (equa
tions 1 and 2). Municipal diversions from springs and surface-water diversions for irrigation within municipal service areas are 
included in the surface-water diversion data compiled from municipal and Water District 37 records. Groundwater diversions 
recorded by municipalities are included in the groundwater diversion data. Precipitation that falls within the service area is ac
counted for in the calculation of CIR. Water supplied to the service area may return to a wastewater treatment plant, be applied 
for irrigation, or infiltrate into the ground via leaky water distribution system piping or stormwater disposal facilities (fig. G9). 
For a given municipal service area, the volume of water available for infiltration into the aquifer equals the total water supply mi
nus the sum of ET and wastewater treatment plant returns. The Sun Valley Water and Sewer District (SVWSD) delivers water to 
Dollar Mountain for snowmaking. This water is assumed to return to Trail Creek as snowmelt runoff and is deducted from the 
volume of water available for infiltration. Though all of the municipalities have provided diversion data, groundwater diversions 
for unmeasured non-municipal irrigation wells located within the municipal service areas must be estimated. Groundwater and 
spring diversions by the City of Bellevue, prior to 2006, also must be estimated. 
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Figure G9. Water supply and fate of water in municipal areas. 

Subdivisions with Centralized Water Systems 

Recharge and groundwater diversions within subdivisions with community water systems and on-site septic systems, are es
timated using the water-balance model (equations 1 and 2). Irrigation supplied by surface water is included in the surface-water 
diversion data. Groundwater diversions are generally unmeasured. Precipitation that falls within the service area is accounted for 
in the calculation of CIR. Water supplied to the service area may be applied for irrigation, or infiltrate into the ground via leaky 
water distribution system piping, stormwater disposal facilities, or septic systems (fig. G10). For a given subdivision, the volume 
of water available for infiltration into the aquifer equals the total water supply minus evapotranspiration. 

Single Home Domestic Systems 

Recharge and groundwater diversions within single home domestic systems located within subdivisions or agricultural areas, 
are estimated using the water-balance model (equations 1 and 2). Groundwater diversions are generally unmeasured. Precipita
tion that falls within the service area is accounted for in the calculation of CIR. Water supplied to the service area may be applied 
for irrigation, or infiltrate into the ground via infiltration of stormwater runoff or septic systems (fig. G11). For a given munici
pal system, the volume of water available for infiltration into the aquifer equals the total water supply minus evapotranspiration. 
Because most single home domestic wells pump water from model layer 1, water pumped for non-consumptive use generally re
turns to the same model layer in the same (or nearby) model cell via septic systems. Only consumptive water use, which is equal 
to ET minus precipitation, needs to be calculated to estimate the net groundwater discharge resulting from groundwater diver
sions in these areas. 

Apportioning Unmeasured Groundwater Pumping to Individual Wells 

Groundwater diversions reported by municipal providers and Water Districts 37 and 37M are modeled as a withdrawal in 
the model cell containing the appropriate well. Wells without measured diversions are grouped by irrigation entity and a portion 
of the remaining groundwater demand calculated using equation (2) is modeled as a withdrawal in each model cell containing 
an unmeasured well. Figure G12 shows the locations of groundwater points of diversion with and without measured diversions. 
Points labeled as measured diversions in figure G12 have diversion records for at least part of the model simulation period, but 
may not have diversion records for the entire simulation period. For 1995 through 2010, about 20 percent of the groundwater 
diversions (by volume) were recorded and about 80 percent were estimated. For months without recorded diversions, diversions 
from these wells are estimated with the other unmeasured wells as described below. 
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Because a substantial portion of groundwater rights in the Upper Wood River Valley are supplemental to surface water from 
the Big Wood River or Silver Creek, surface-water availability and water right priority dates were accounted for in the method 
used to apportion groundwater pumping to individual wells. Surface-water availability for each month is evaluated using annual 
reports prepared by Water District 37 and 37M, which list the watermaster’s historic priority cut dates for each irrigation season. 

Groundwater pumping calculated using equations (2 and 3) is apportioned and assigned to unmeasured wells within each 
irrigation entity based on: (1) groundwater right diversion rates, (2) the priority dates and diversion rates of any surface-water 
rights that share combined limits with a given groundwater right, (3) Water District 37 priority cut dates for the Big Wood River 
above Magic Reservoir, and (4) Water District 37M priority cut dates for Silver Creek and the Little Wood River. Groundwater 
pumping within each irrigation entity is apportioned to individual wells using the following calculation:   

QiDivgw,est ,i = Divgw,est (7)
∑ Q

where 

Divgw,est ,i is the portion of the estimated groundwater diversions that is assigned to well i, in cubic meters per month; 

Divgw,est is the estimated groundwater diversions for an irrigation entity (equation 3), in cubic meters permonth; 

Qi is the sum of diversion rates for groundwater rights diverted from well i that are not supplemental to surface-water 
rights that were in priority at the end of the month, in cubic meters per day; and 

∑Q is the sum of diversion rates for groundwater rights diverted within an irrigation entity that are not supplemental to 
surface-water rights that were in priority at the end of the month, in cubic meters per day. 

For groundwater rights that are supplemental to more than one surface-water right, the diversion rate is multiplied by the fraction 
of surface-water rights not in priority at the end of the month. 
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