Draft Design Document: Reach Gain
Calibration Targets for the Big Wood
River and Silver Creek

By Jennifer Sukow, IDWR

Table of Contents

Design document description @nd PUIMPOSE......ccuuiiiiiciiieeeectreseeiree e e siaee e i eteeeeeateeeesssseeesssseesessseeessssseeenan 4
Problem StatemMENT . ...coo i ettt ettt nr e st saneea 5
D = I 1= 11 =1 o111 4 N e 7
Continuous recording streamflOW SaES ........c.uviiiiiiiiei ittt eeee e ecreeeeere e e esvestaesa e eeesbreeessaaeeeeas 7
DAY= o To L O e S USRI OPPUR PP 9
REEUIN FIOWS ...ttt ettt e bbb e sbeesme s B et e b e bee s bt e smeeemeeenbeenneesbeesaeesanenas 9
EXCNANEE WEIIS ... dece et e e e b e adtte e e e e ttes s asese e o st e e e e e baeeeeebteeeeenbaeeeeenbaeaeeanseeeeennsenas 9
BB PAGE SUINVRYS .. eieieiieeetieeeeeeeeeeeeaieaaateraaaaasasasassssassastessessssasasssssssssssssssssssssssssssssssssssasssssesasesesssssssesesesans 10
Calculation of transient calibration targets for gaged reaches..........cccocvvieiiciiii e 10
T Yol s W=t [ W or=1 (o] 0] =L Lo 0 SRRSOt 12
COrrelation DETWEEN GaES .. i iicieeiiii it esr et e e etee et ettt e et e e sae e s e e esbee e s teesseeesseeeesseeessseesseeesseesseeanns 12
Contributions from uNgaged triBULArIES........ccviiii i e 16
Proposed transient reach ain tarZets.......ccuuiiiiciiii ittt e e e e et e e e st ae e e searaeeesanes 17
Big Wood River, near Ketchum to Hailey reach........cccccueiiiiiii it 17

Big Wood River, Hailey to Stanton CrosSing reach .........occccuviiiieee et 19
WIIOW CPEEK ...ttt ettt et st et s e s e e sab e e sabeeesmteesabeeesmreesareesneeesaneeanne 20
Silver Creek above SPOItSMaN ACCESS. ...cciiuiiiiiiireeeeciieeeeiireeeeeire e e eetreeeesabreeesstaeeesssseeessssaeesasseeeens 22
Calculation of calibration targets for SUBIreaches.........cccuvii i 23
SUbreach SEEPAZE SUIVEY MESUILS ....ciii i e e et e e e e e e et e e e e e e e e ennraaeeeeeeeanas 25

1

ReachGains.docx



Proposed calibration targets for SUDIEaChes..........oovi i 27
Silver Creek between Sportsman Access and the model boundary .......cccccovvcveiiiniiiii i 29

(RS =TT L= RS 31

APPENDIX A. 2012-2013 seepage survey data

List of Figures

Figure 1. Location of Big Wood River, Willow Creek, Silver Creek, and spring-fed tributaries. .................. 6
Figure 2. Continuous recording streamflow gaging stations currently in operation. .........cc.ccccecvveeeinneee.n. 8
Figure 3. River reaches with transient calibration targets..............ctiurieieiiiiei et 11

Figure 4. Comparison of correlations between streamflow in Big Wood River near Ketchum and Big
Wood River at Hailey, June 1948 to September 1971 and May 2011 to September 2013.............ccuuueee.. 13
Figure 5. Correlation between streamflow in Big Wood River near Ketchum and Big Wood River at
Hailey, June 1948 to September 1971 and May 2011 to September 2013, ..i.....cvvvvieiiieeiiiiiee e, 13
Figure 6. Correlation between streamflow in North Fork Big Wood River and Big Wood River at Hailey,
May 2011 through September 2013, ...t i sesibe et e e s e e e st e e e st ae e e e sabeeeeesabeeesesnbeeeeenarees 14
Figure 7. Correlation between streamflow in Warm Springs Creek near Ketchum and Big Wood River at
Hailey, February 2011 t0 March 2004 ..........ove ettt eetee e e sree e e s tte e e e s saba e e e ssabae e s ssabeeessnseeeeenaseeas 15
Figure 8. Correlation between streamflow.in Trail Creek at Ketchum and Big Wood River at Hailey,
December 2010 £0 March 2004, .o e eeee i ccee et esteeestte e st e et e e sste e esbeeessteeeteeeseeesnbeeenneeeasseesseeennees 15

Figure 9. Correlation between streamflow in East Fork Big Wood River at Gimlet and Big Wood River at

Hailey, November 2011 to.September 2013. ........ooo ittt e e et e et e e e e eaba e e s eeabaee e eeareeas 16
Figure 10. Transient reach gain target for Big Wood River, near Ketchum to Hailey.........ccccccecvveeenneen. 18
Figure 11. Average monthly reach gain for Big Wood River, near Ketchum to Hailey, 2000-2010........... 18
Figure 12. Transient reach gain target for Big Wood River, Hailey to Stanton Crossing. .........ccccceeeunee.. 19

Figure 13. Average monthly reach gain for Big Wood River, Hailey to Stanton Crossing, 2000-2010. .....20

Figure 14. Transient reach gain target for Willow Creek reach. .......ccceeeeeciiiiiiiiiee e 21

Figure 15. Average monthly reach gain for Willow Creek reach, 2001-2010. ........ccccccuveeeeirveeeecreeeeeennnen. 21

Figure 16. Transient reach gain target for Silver Creek above Sportsman Access reach............cccceeeunneeen. 22
2

ReachGains.docx



Figure 17. Average monthly reach gain for Silver Creek above Sportsman Access reach, 2000-2010...... 23

Figure 18. Subreaches and seepage survey measurement SiteS. ......ccviveercieeeeiiieeeeniiee e erieee e erreee e 24
List of Tables

Table 1. Period of record for continuous recording gaging stations. ........ccccceeeeciveeeeiiieececcieee e 7
Table 2. Reach and subreach gains calculated from seepage survey.measurements. ........cccceceeevveeeennen. 25
Table 3. Ratios of subreach gains to gaged reach gains..........c..cdtiieiiiie e 26

Table 4. Stress periods with reach gain values most similar.to reach gains measured during 2012-2013

SEEPALE SUINVEY ..iiiieeeeeieeeeeeeseeeeseeeeseseseeseeseeeeesesssssesessesssdonaensierseseseeesesesessesassestaeeeeeeeeeeeessseseeesesseeseeseeseseeennens 26
Table 5. Target ratios and equivalent 2000-2010 average subreach gain for the month of August......... 27
Table 6. Target ratios and equivalent 2000-2010 average subreach gain for the month of October....... 28
Table 7. Target ratios and equivalent 2000-2010 average subreach gain for the month of March.......... 29

Table 8. Silver Creek reach gains between Sportsman Access and near Picabo from Moreland (1977). .30

ReachGains.docx



Design document description and purpose

The U.S. Geological Survey (USGS), in collaboration with the Idaho Department of Water
Resources (IDWR), is constructing a numerical groundwater-flow model of the Wood River Valley aquifer
system in order to simulate potential anthropogenic and climatic effects on groundwater and surface-
water resources. This model will serve as a tool for water-rights administration and water-resource
management and planning. The study will be conducted over a 3-year period from late 2012 until model
and report completion in 2015. One of the goals of the modelingstudy is to develop the model in an
open and transparent manner. To this end, a Modeling Technical Advisory Committee (MTAC) was
formed to provide for transparency in model development and to serve as a vehicle for stakeholder
input. Technical representation was solicited by the IDWR and includes such interested parties as

water-user groups and current USGS cooperating.organizations in the Wood River Valley.

The design, construction, and calibration of a groundwater-flow model requires a number of
decisions such as the number of layers, model cell size, or methodologies used to represent processes
such as evapotranspiration or pumpage. While these decisions will be documented in a final USGS
report, intermediate decision documents will be prepared in order to facilitate technical discussion and
ease preparation of thereport. These decision documents should be considered preliminary status

reports and not final products.

ReachGains.docx



Problem statement

Reach gain calibration targets are needed to calibrate the interaction between the aquifer and
surface water within the model boundary. Interaction between the aquifer and surface streams will be
modeled along the Big Wood River, Willow Creek, Silver Creek, and spring-fed tributary streams shown
in Figure 1. Groundwater may discharge to gaining river reaches and springs, or be recharged from
losing river reaches. For the purposes of the groundwater-flow model, reach gain is defined as an
increase in streamflow resulting from aquifer discharge to the river: Reach loss is defined as a decrease
in streamflow resulting from seepage of surface water into the aquifer. Surface inflow and outflows,
including tributary streamflow, irrigation return flow, inflow from exchange wells, wastewater
treatment plant discharge, and surface water diversions need to be accounted for in the calculation of

reach gain calibration targets.
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Figure 1. Location of Big Wood River, Willow Creek, Silver Creek, and spring-fed tributaries.
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Data availability
The following data sources are available for use in calculating reach gain calibration targets for

the groundwater-flow model.

Continuous recording streamflow gages

Streamflow measurements are available from nine continuous recording gage stations operated
by the USGS or Idaho Power Company. Locations of streamflow gages are shown in Figure 2. The Big
Wood River near Ketchum gage and the North Fork Big Wood River gage measure inflow at the northern
boundary of the model. The Big Wood River is also measured with continuous recording gages at Hailey
and at Stanton Crossing, which is the southwest boundary of the model. There are also gaging stations
on three other tributaries to the Big Wood River with significant perennial flow (Warm Springs Creek,
Trail Creek, and East Fork). Willow Creek, a spring-fed stream tributary to the Big Wood River
downstream of the model boundary is gaged near the southwest boundary of the model. The Silver
Creek at Sportsman Access gage measures spring-fed Silver Creek approximately 7 river miles upstream

of the southeast model boundary. The period of record for each gage is shown in Table 1.

Station

Station Name Period of Record
Number

May 1948 to September 1971,

13135500 | Big Wood River near Ketchum April 2011 to present

13135520 | North Fork Big Wood River near Sawtooth-NRA HQ April 2011 to present
13137000 | Warm Springs Creek near Ketchum January 2011 to present
13137500 | Trail Creek at Ketchum November 2010 to present
13138000 | East Fork Big Wood River at Gimlet October 2010 to present
13139510 | Big Wood River at Hailey, total flow July 1915 to present
13140800 | Big Wood River at Stanton Crossing September 1996 to present
13140900 | Willow Creek near Spring Creek Ranch June 2000 to present

October 1974 to September 2006;

131504 il k A
3150430 | Silver Creek at Sportsman Access October 2007 to present

Table 1. Period of record for continuous recording gaging stations.
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Figure 2. Continuous recording streamflow gaging stations currently in operation.
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Diversions

Surface water diversions from the Big Wood River, Silver Creek, and spring-fed tributary streams
have been recorded by Water District 37 and Water District 37M since 1920. IDWR compiled monthly
diversion data for the model calibration period (1995 — 2010). Data are available for April through
September. Although the irrigation season extends through October 31, the Water Districts do not
record diversions that occur between September 30 and April 1. Diversions during the month of

October were estimated to be 25% of September diversions.

Return flows

Effluent from three municipal wastewater treatment plants is discharged into the Big Wood
River. The City of Ketchum /Sun Valley Water and Sewer District wastewater plant and The Meadows
wastewater plant discharge into the river between the near Ketchum gage and the Hailey gage. The City
of Hailey wastewater treatment plant discharges into the river between the Hailey gage and the Stanton
Crossing gage. Records of wastewater treatment plant discharge are available for various years (1995-
2012 for Ketchum and Sun Valley, 1996-2012 for Hailey, and 2000-2012 for The Meadows). Effluent
discharge during periods of missing data (1995 for Hailey and 1995-1999 for The Meadows) was

assumed to be similar to-the first year for which data were available.

There are few measured surface returns from canals in the model area. Water District 37 has
recorded surface.discharge from the District canal system to the Loving Creek area. In recent years,
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. Based on personal
communication with Watermaster Kevin Lakey (August 27, 2013), unmeasured surface returns from

irrigation canals are believed to be negligible in the model area.

Exchange wells

Water diverted from exchange wells is discharged into a stream in exchange for the right to
redivert water from the stream at another location. Water District 37M records of exchange well
diversions are available for nine exchange wells. Eight of these wells discharge into Silver Creek or its
tributaries above the gaging station at Sportsman Access. The other well discharges into Silver Creek

downstream of Sportsman Access.
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Seepage surveys

The USGS performed three seepage surveys of the Big Wood River, Silver Creek, and selected
tributaries. Each survey consisted of a single measurement of streamflow and diversions at 28 sites on
the Big Wood River and tributaries, and ten sites along Silver Creek and tributaries, made within a two
or three day period. Seepage surveys were performed in August 2012, October 2012, and March 2013.
Records of diversions and exchange wells not measured by the USGS are available from Water Districts
37 and 37M for the August 2012 survey. The seepage survey data.can be used to calculate reach gains
and losses for shorter subreaches of the river between continuous gaging stations. The surveys were
performed after the model calibration period and do not provide continuous data, but do provide
valuable insight into the distribution of reach gains and losses within the larger reaches defined by the
continuous gaging stations. The results of the USGS seepage survey will be published by the USGS in a

Scientific Investigations Report.

Moreland (1977) performed three seepage surveys of Silver Creek and tributaries in May 1975,
June 1975, and September 1975. The surveys were performed before the model calibration period and
do not provide continuous data, but do provide additional insight into reach gains and losses in Silver

Creek and spring-fed tributary streams.

Calculation of transient calibration targets for gaged reaches

Transient calibration targets were calculated for four gaged reaches (Figure 3). The near Ketchum to
Hailey reach and the Hailey to Stanton Crossing reach of the Big Wood River are each approximately 30
river miles in length. The Willow Creek reach includes Willow Creek and several spring-fed tributary
streams with a total stream length of approximately 19 miles. The Silver Creek above Sportsman Access
reach includes a portion of Silver Creek and several spring-fed tributary streams with a total stream
length of approximately 56 miles. There are not sufficient data to calculate a transient calibration target

for the approximately 7-mile reach of Silver Creek below Sportsman Access.
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Figure 3. River reaches with transient calibration targets.
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Reach gain calculations

Reach gains are calculated using Equation 1.
[ReachGain] = [Out] — [In] — [Trib] + [Div] — [Ret] — [Exch] — [WTTP] Equation 1.

Where [Out] = streamflow at downstream end of reach
[In] = streamflow at upstream end of reach

[Trib] = inflow from tributary streams

[Div] = diversions

[Ret] = return flow from irrigation canals or ponds
[Exch] = inflow from exchange wells

[WWTP] = inflow from wastewater treatment plant

Correlation between gages

Gaging stations at the Big Wood River near Ketchum, the North Fork Big Wood River, Warm
Springs Creek, Trail Creek, and East Fork were not in operation during the model calibration period
(1995-2010). These gaging stations are all located within the near Ketchum to Hailey reach. Streamflow
data collected at these stations outside of the model calibration period were correlated with streamflow
measured in the Big Wood River at Hailey. These correlations were used to predict historic streamflow

during the model calibration period.

The Big Wood River near Ketchum gaging station was operated prior to the model calibration
period between 1948 and 1971 and was reinstated in April 2011. Data “approved” by the USGS were
available through October 22, 2013 when data were compiled for this project. Figure 4 compares the
correlation of the 1948 through 1971 data with the correlation of the 2011 through 2013 data. The
correlation is very similar for both time periods. The correlation using all available data (Figure 5) was

used to predict historic streamflow during the model calibration period.

The North Fork Big Wood River gaging station began operation in April 2011. Data “approved”
by the USGS were available through October 22, 2013 when data were compiled for this project. Figure
6 shows the correlation between monthly average discharge in the North Fork Big Wood River and the

Big Wood River at Hailey.
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Figure 4. Comparison of correlations between streamflow in Big Wood River near Ketchum and Big
Wood River at Hailey, June 1948 to September 1971 and May 2011 to September 2013.
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Figure 6. Correlation between streamflow in North Fork Big Wood River and Big Wood River at Hailey,
May 2011 through September 2013.

The Warm Springs Creek-near Ketchum gaging station began operation in January 2011. Data
“approved” by the USGS were available through April 22, 2014 when data were compiled for this
project. Figure 7 shows the correlation between monthly average discharge in Warm Springs Creek and

the Big Wood River at Hailey.

The Trail Creek at Ketchum gaging station began operation in November 2011. Data “approved”
by the USGS were available through April 23, 2014 when data were compiled for this project. Figure 8
shows the correlation between monthly average discharge in Warm Springs Creek and the Big Wood

River at Hailey.

The East Fork Big Wood River at Gimlet gaging station began operation in October 2010. Data
“approved” by the USGS were available through October 22, 2013 when data were compiled for this
project. Figure 9 shows the correlation between monthly average discharge in Warm Springs Creek and

the Big Wood River at Hailey.
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Figure 9. Correlation between streamflow in East Fork Big Wood River at Gimlet and Big Wood River at
Hailey, November 2011 to September 2013.

Contributions fromungaged tributaries

There are several ungaged tributaries to the Big Wood River. Inflow from these tributaries is
negligible from fall to early spring (Bartolino, 2014), but can be significant during snowmelt runoff in late
spring ‘and summer. USGS StreamSTATS was used to evaluate the potential contribution of these
tributaries to Big Wood River streamflow during late spring and early summer. StreamSTATS data
indicate that these ungaged tributaries may contribute significant inflow during snowmelt runoff. While
StreamSTATS is useful for evaluating the potential contribution of these tributaries, it does not provide

the transient monthly data needed to estimate monthly values for inflow to the Big Wood River.

The baseflow separation filter in TSPROC (Watermark Numerical Computing and University of
Idaho, 2011) was evaluated as a potential tool for estimating the transient contribution of the ungaged
tributaries. The baseflow separation filter extracts the “quick response” flow from a time series of
streamflow data. The quick response flow is the portion of the streamflow that results from surface
runoff, and is the difference between the total flow and the baseflow, which is the portion of the

streamflow that results from groundwater inflow. The TSPROC baseflow separation filter uses the
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baseflow and recession analysis method described by Nathan and McMahon (1990). Unfortunately this
method is not suitable for this project, because peak flows in the Big Wood River are sustained by

snowmelt runoff, not short-term rainfall events.

Chemical hydrograph separation using specific conductance data has been used to quantify
baseflow in snowmelt-dominated rivers in other areas, but specific conductance data have not been

collected at USGS gaging stations on the Big Wood River.

Contributions from ungaged tributaries to the Big Wood River above Hailey were estimated to
be 3.9 cfs from October through March, based on the average of USGS measurements in August 2012,
October 2012, and March 2013 (Bartolino, 2014). Contributions from ungaged tributaries to the Big

Wood River below Hailey were estimated to be zero from October through March.
Proposed transient reach gain targets

Big Wood River, near Ketchum to Haileyeach

The reach gain between the near Ketchum gage and the Hailey gage was calculated using
Equation 1 from October through April. Because of apparent ungaged tributary streamflow in this
reach, the reach gain between May and September was estimated by interpolating between April and
October values. Outflows from the reach are the measured streamflow at the Hailey gage and recorded
diversions. Inflows to the reach arecorrelated streamflow at the near Ketchum gage, North Fork, Warm
Springs Creek, Trail Creek, and East Fork, streamflow from ungaged tributaries, and recorded
wastewater treatment plant discharge. The reach gain target is shown in Figure 10. The reach is gaining
throughout the calibration period. On average, the reach gain is lowest in February and peaks in April
(Figure 11). Between 2000 and 2010, the average annual reach gain was approximately 28,800 AF (40
cfs).
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Figure 10. Transient reach gain target for Big Wood River, near Ketchum to Hailey.
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Figure 11. Average monthly reach gain for Big Wood River, near Ketchum to Hailey, 2000-2010.
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Big Wood River, Hailey to Stanton Crossing reach

The reach gain between the Hailey gage and the Stanton Crossing gage was calculated using
Equation 1. Outflows from the reach are the measured streamflow at the Stanton Crossing gage and
recorded diversions. Inflows to the reach are measured streamflow at the Hailey gage and estimated
flow from ungaged tributaries. The reach gain target is shown in Figure 12. The reach is losing during
most of the calibration period. On average, the reach loss is greatest in October and lowest in August

(Figure 13). Between 2000 and 2010, the average annual reach gain was -66,200 AF (-91 cfs).

Seepage losses in this reach are affected by the use of the Bypass Canal, which was constructed
in 1920 to bypass the section of the river below Glendale Bridge known as the “Dry Bed” (Chapman,
1922). Chapman (1922) reported that use of the Bypass Canal during the 1921 irrigation season reduced

seepage losses by an average of 18 cfs.
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Figure 12. Transient reach gain target for Big Wood River, Hailey to Stanton Crossing.
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Figure 13. Average monthly reach gain for Big Wood River, Hailey.to Stanton Crossing, 2000-2010.

Willow Creek

Reach gain in the Willow Creek reach, which includes Crystal Creek and Spring Creek, was
calculated using Equation 1. Outflows from the reach-are the measured streamflow at the Willow Creek
gage and recorded diversions. There are no surface water inflows to the reach, which is fed by aquifer
discharge to springs. Discharge from uncontrolled flowing wells may also be included in the reach gain.
The reach gain target is shown in Figure 14. The reach is gaining throughout the calibration period. On
average, the reach gain is lowest in January and peaks in July (Figure 15). Between 2001 and 2010, the

average annual reach gain was 19,600 AF (27 cfs).
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Silver Creek above Sportsman Access

Reach gain in the Silver Creek above Sportsman Access reach, which includes Buhler Drain and
Stalker, Patton, Cain, Chaney, Mud, Wilson, Grove, and Loving Creeks, was calculated using Equation 1.
Outflows from the reach are the measured streamflow at the Sportsman Access gage on Silver Creek
and recorded diversions. Recorded inflows to the reach include inflows from exchange wells and return
flows from the District 45 Legacy Project. The reach is fed primarily by aquifer discharge to springs.
Discharge from uncontrolled flowing wells may also be included in the reach gain. The reach gain target
is shown in Figure 16. The reach is gaining throughout the calibration period. On average, reach gain is
lowest in October and peaks in March (Figure 17). Between 2000 and 2010, the average annual reach

gain was 99,800 AF (138 cfs).

300

250

N

o

o
I
—

Monthly reach gain (cfs)
=
ul
o

=
o
o

R )
\

0 T T T T T T
Jan-95 Jan-98 Jan-01 Jan-04 Jan-07 Jan-10 Jan-13

50

Figure 16. Transient reach gain target for Silver Creek above Sportsman Access reach.
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Figure 17. Average monthly reach gain for Silver Creek above Sportsman Access reach, 2000-2010.

Calculation of calibration targets for subreaches

Because the gaged reaches on the Big Wood River and Silver Creek are long, seepage surveys
were performed to provide additional information to discretize reach gains within the model boundary.
Subreaches. delineated based on seepage survey sites are shown in Figure 18. The seepage survey data
were not collected during the model calibration period, thus the results cannot be used directly as
model targets. The seepage survey results.can be used to determine if subreaches are generally gaining,

losing, or neutral,and to calculate ratios of subreach gains to the larger gaged reach gain.
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Figure 18. Subreaches and seepage survey measurement sites.
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Subreach seepage survey results

Measurements used to calculate subreach gains for August 2012, October 2012, and March

2013 are provided in Appendix A. Sites shown in Figure 18 were measured by the USGS. For August

2012, data for diversions and exchange well inflows that were not measured by the USGS were obtained

from Water District 37 and 37M records.

Measurement methods for diversions and exchange well

inflows reported by the Water District vary. These measurements may be less accurate than the

measurements performed by the USGS. Calculated gains for reachesand subreaches are shown in Table

2. For each seepage survey event, the ratio of subreach gain toreach gain is shown in Table 3.

August 2012 October 2012 March 2013
Reach or Subreach . . .
gain (cfs) gain (cfs) gain (cfs)
Big Wood River, near Ketchum to Hulen Road 18 13 21
Big Wood River, Hulen Road to Ketchum -6 -1 -3
Big Wood River, Ketchum to Gimlet 1 20 12
Big Wood River, Gimlet to Hailey 1 8 25
Big Wood River, near Ketchum to Hailey 15 39 55
Big Wood River, Hailey to N Broadford -20 -22 -22
Big Wood River, N Broadford to S Broadford -20 -17 -30
Big Wood River, S Broadford to Glendale -23 -20 -22
Big Wood River, Glendale to Sluder 0 -1 -26
Big Wood River, Sluder to Bypass Return/Wood
. 0 0 -17
River Ranch
Big Wood River, Bypass_ Return/Wood River 32 a1 11
Ranch to Stanton Crossing
Big Wood River, Hailey to Stanton Crossing -32 -101 -127
Willow Creek 52 43 30
Buhler Drain above Highway 20 4 1 1
Patton Creek above Highway 20 3 1 1
Cain Creek above Highway 20 4 1 2
Chaney Creek above Highway 20 12 11 14
Mud Creek above Highway 20 5 5 5
Wilson Creek above Highway 20 10 10 12
Grove Creek above Highway 20 43 35 36
Loving Creek above Highway 20 31 30 31
Silver Creek, Highway 20 to Sportsman Access 33 26 29
Silver Creek above Sportsman Access 145 121 132
Silver Creek, Sportsman Access to near Picabo 15 12 0

Table 2. Reach and subreach gains calculated from seepage survey measurements.
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Reach or Subreach August 2012 O;toolbzer March 2013

Big Wood River, near Ketchum to Hulen Road 1.23 0.34 0.39
Big Wood River, Hulen Road to Ketchum -0.39 -0.04 -0.06
Big Wood River, Ketchum to Gimlet 0.09 0.50 0.21
Big Wood River, Gimlet to Hailey 0.07 0.19 0.46

Big Wood River, near Ketchum to Hailey 1.00 1.00 1.00
Big Wood River, Hailey to N Broadford 0.64 0.22 0.17
Big Wood River, N Broadford to S Broadford 0.63 0.17 0.24
Big Wood River, S Broadford to Glendale 0.72 0.20 0.17
Big Wood River, Glendale to Sluder 0 0.01 0.20
Big Wood River, Sluder to Wood River Ranch 0 0 0.13
Big Wood River, Wood River Ranch to Stanton 099 0.40 0.09
Crossing

Big Wood River, Hailey to Stanton Crossing 1.00 1.00 1.00
Buhler Drain above Highway 20 0.03 0.01 0.01
Patton Creek above Highway 20 0.02 0.01 0.01
Cain Creek above Highway 20 0.03 0.01 0.01
Chaney Creek above Highway 20 0.09 0.09 0.11
Mud Creek above Highway 20 0.03 0.04 0.04
Wilson Creek above Highway 20 0.07 0.09 0.09
Grove Creek above Highway 20 0.32 0.28 0.28
Loving Creek above Highway-20 0.22 0.25 0.24
Silver Creek, Highway 20 to Sportsman Access 0.23 0.22 0.22

Silver Creek above Sportsman Access 1.00 1.00 1.00

Table 3. Ratios of subreach gains to gaged reach gains.

With the exception of the August 2012 seepage survey of the near Ketchum to Hailey reach of the Big
Wood River, the reach gains measured in the seepage survey were within the range of transient reach
gains measured during the model calibration period. Stress periods with the closest reach gain values

are shown in Table 4.

Stress period with reach gain value closest to reach
Reach gain measured in seepage survey
August 2012 October 2012 March 2013
Big Wood River, near Ketchum to Hailey none October 2001 March 2000
Big Wood River, Hailey to Stanton Crossing August 2010 October 2003 March 2002
Silver Creek above Sportsman Access August 2010 October 2004 March 2003

Table 4. Stress periods with reach gain values most similar to reach gains measured during 2012-2013
seepage survey.
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Proposed calibration targets for subreaches

The ratios of subreach gains to gaged reach gains calculated from the seepage survey results can
be used as calibration targets for the subreaches within the Big Wood River reaches and the Silver Creek
above Sportsman Access reach. The ratios from the months of August, October, and March could be
implemented as calibration targets by comparing a target ratio for the month of year to the average
modeled subreach gain for the month of year divided by the average modeled reach gain for the same
month of year. Average monthly reach gains for August, October,7and March, and calculated average

subreach gains for the period between 2000 and 2010 are provided in Table 5 through Table 7.

2000-2010 Average
Reach or Subreach August Target Ratio Reach or Subreach Gain
for August
Big Wood River, near Ketchum to Hulen Road 1.23 54.2
Big Wood River, Hulen Road to Ketchum -0.39 -17.1
Big Wood River, Ketchum to Gimlet 0.09 4.0
Big Wood River, Gimlet to Hailey 0.07 3.1
Big Wood River, near Ketchum to Hailey 1.00 44.2
Big Wood River, Hailey to N Broadford 0.64 -17.7
Big Wood River, N Broadford to S Broadford 0.63 -17.4
Big Wood River, S Broadford to Glendale 0.72 -20.1
Big Wood River, Glendale to Sluder 0 0.0
Big Wood River, Sluder to Wood River Ranch 0 0.0
Big Wood River, Wood River. Ranch to Stanton
. -0.99
Crossing 27.4
Big Wood River, Hailey to Stanton Crossing 1.00 -27.8
Buhler Drain above Highway 20 0.03 4.1
Patton Creek above Highway 20 0.02 2.3
Cain Creek above Highway 20 0.03 3.8
Chaney Creek above Highway 20 0.08 10.9
Mud Creek above Highway 20 0.03 4.1
Wilson Creek above Highway 20 0.07 9.3
Grove Creek above Highway 20 0.30 39.6
Loving Creek above Highway 20 0.22 28.8
Silver Creek, Highway 20 to Sportsman Access 0.23 30.4
Silver Creek above Sportsman Access 1.00 133.3

Table 5. Target ratios and equivalent 2000-2010 average subreach gain for the month of August.
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Reach or Subreach

October Target Ratio

2000-2010 Average
Reach or Subreach Gain
for October

Big Wood River, near Ketchum to Hulen Road 0.34 11.9
Big Wood River, Hulen Road to Ketchum -0.04 -1.3
Big Wood River, Ketchum to Gimlet 0.50 17.7
Big Wood River, Gimlet to Hailey 0.19 6.8
Big Wood River, near Ketchum to Hailey 1.00 35.2
Big Wood River, Hailey to N Broadford 0.22 -26.4
Big Wood River, N Broadford to S Broadford 0.17 -20.3
Big Wood River, S Broadford to Glendale 0.20 -24.4
Big Wood River, Glendale to Sluder 0.01 -1.2
Big Wood River, Sluder to Wood River Ranch 0.00 0.0
Big Wood River, Wood River Ranch to Stanton
Crossing 0.40 -48.9
Big Wood River, Hailey to Stanton Crossing 1.00 -121.2
Buhler Drain above Highway 20 0.01 1.3
Patton Creek above Highway 20 0.01 0.8
Cain Creek above Highway 20 0.01 1.7
Chaney Creek above Highway 20 0.09 10.6
Mud Creek above Highway 20 0.04 4.5
Wilson Creek above Highway 20 0.09 10.3
Grove Creek above Highway 20 0.29 34.5
Loving Creek above Highway 20 0.25 29.4
Silver Creek, Highway 20 to Sportsman Access 0.22 26.0
Silver Creek above Sportsman Access 1.00 119.2

Table 6. Target ratios and equivalent 2000-2010 average subreach gain for the month of October.
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2000-2010 Average
Reach or Subreach March Target Ratio Reach or Subreach Gain
for March
Big Wood River, near Ketchum to Hulen Road 0.39 11.6
Big Wood River, Hulen Road to Ketchum -0.06 -1.8
Big Wood River, Ketchum to Gimlet 0.21 6.3
Big Wood River, Gimlet to Hailey 0.46 13.6
Big Wood River, near Ketchum to Hailey 1.00 29.7
Big Wood River, Hailey to N Broadford 0.17 -22.9
Big Wood River, N Broadford to S Broadford 0.24 -31.2
Big Wood River, S Broadford to Glendale 0.17 -22.7
Big Wood River, Glendale to Sluder 0.20 -27.2
Big Wood River, Sluder to Wood River Ranch 0.13 -17.2
Big Wood River, Wood River Ranch to Stanton
Crossing 0.09 -11.4
Big Wood River, Hailey to Stanton Crossing 1.00 -132.6
Buhler Drain above Highway 20 0.01 1.3
Patton Creek above Highway 20 0.01 1.4
Cain Creek above Highway 20 0.01 2.2
Chaney Creek above Highway 20 0.11 17.1
Mud Creek above Highway 20 0.04 6.1
Wilson Creek above Highway 20 0.09 14.7
Grove Creek above Highway 20 0.28 44.5
Loving Creek above Highway 20 0.24 38.3
Silver Creek, Highway 20 to Sportsman Access 0.22 35.4
Silver Creek above Sportsman Access 1.00 160.8

Table 7. Target ratios and equivalent 2000-2010 average subreach gain for the month of March.

Silver Creek'between Sportsman Access and the model boundary

The USGS seepage survey measurements indicate that gains to Silver Creek between the
Sportsman Access and near Picabo sites ranged from zero in March 2013 to 12 cfs in October 2012.
Approximately 7 river miles of this 11-mile reach are located within the model boundary. Moreland
(1977) measured seepage in six subreaches between Sportsman Access and near Picabo. Five of these
subreaches are located within the model boundary and one subreach is downstream of the model

boundary. Reach gains measured by Moreland are summarized in Table 8.
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Date Gain (cfs) from Sportsman Gain (cfs) from model Gain (cfs) from Sportsman
Access to model boundary | boundary to near Picabo Access to near Picabo
May 1975 -2 -2 -4
June 1975 16 9 25
Oct 1975 24 -15 9

Table 8. Silver Creek reach gains between Sportsman Access and near Picabo from Moreland (1977).

For comparison, reach gains measured by the USGS between Sportsman Access and near Picabo
were 5.4 cfs (adjusted to account for diversions and exchange wells reported by Water District 37M) in
August 2012, 12.0 cfs in October 2012, and zero in March-2013." Because Water District 37M does not
operate during October, it is possible that the reach.gain measured in October 2012 was affected by
unmeasured diversions or exchange well inflows. -The USGS seepage measurements did not account for
irrigation return flows from the O Drain which enters Silver Creek shortly downstream of the model

boundary. Itis unclear whether Moreland (1977) accounted foriinflow from this drainage ditch.

Moreland (1977) noted the Sportsman Access gaging station was installed in 1974 as part of his
investigation. The site was selected near the area of assumed maximum flow. Moreland noted Silver
Creek generally gains water upstream of Point of Rocks (approximately 2 river miles downstream of
Sportsman Access), and may seasonally gain or lose water in the 2-mile reach downstream of Point of
Rocks, where water levels may be relatively close to ground surface during the irrigation season. From a
point approximately 4 river miles‘downstream of Sportsman Access, water levels in the basalt aquifer
drop steeply toward the Snake River Plain and the creek is perched above the aquifer. A shallow
perched aquifer apparently interacts with the creek in this area and contributes to measured gains and

losses (Moreland, 1977).

Recent groundwater level measurements and water level mapping (Bartolino, 2014) also
indicate Silver Creek is perched ‘above the aquifer between approximately Point of Rocks and the model
boundary. In October 2012, depth to water in the unconfined aquifer was 65 feet approximately % mile
north of Picabo, and 126 feet approximately % mile south of where Silver Creek leaves the model

boundary.

On October 16, 2014, Wylie and Owsley (2014) measured a discharge of 84.6 cfs in Silver Creek
at the Picabo Road bridge approximately % mile north of Picabo. The provisional average daily flow

measured at the USGS gaging station at Sportsman Access was 79 cfs. Because Water District 37 does
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not record diversions during October, it is not known if the Mill In 16P exchange well was injecting water
into the creek or if there were diversions from the creek that day. It is also not known if perched
irrigation return flow contributed to the calculated reach gain. The calculated reach gain of
approximately 6 cfs is also within the error of the downstream measurement. Based on available
information, the gain to or loss from Silver Creek between Sportsman Access and the model boundary
does not appear to be significantly different from zero with respect to the Wood River Valley aquifer,

and a calibration target of zero is recommended.
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