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Executive Summary

This hydrologic assessment provides a synopsis of scientific information pertaining to the
meteorology and hydrology of the Yankee Fork watershed that can be used to help plan
and evaluate how fish habitat improvement projects are addressing key limiting factors to
protect and improve survival of salmon and steelhead listed under the Endangered Species
Act (ESA).

The Yankee Fork watershed (5™ field Hydrologic Unit Code [HUC] 1706020105), located
in central Idaho, drains approximately 190 square miles with a topographic relief from
10,329 to 5,922 feet. The study area extends on the Yankee Fork of the Salmon River
from Pole Flat Campground (river mile [RM] 3.2) to the confluence with Eight Mile
Creek (RM 16.3) and includes Jordan Creek from its confluence with the Yankee Fork
upstream for approximately 4 miles.

Water rights for the diversion of surface and groundwater within the watershed consist of
38 domestic rights for a total of 1.3 cfs, ten mining and industrial water rights with a total
diversion rate of 17.9 cfs, six recreation and wildlife rights totaling 25.5 cfs, three water
rights aesthetic, stockwater, and irrigation uses for a total of 0.9 cfs, and three minimum
stream flow rights with a 2005 priority date.

Weather in the Yankee Fork watershed is characterized by long, cold winters and short,
cool, dry summers. In 1985, the USFS began operating a Remote Automatic Weather
Station (RAWS) in Bonanza, Idaho at elevation 6,410 within the Yankee Fork watershed.
The average annual precipitation is 15.9 inches with the highest precipitation months
between January and June. The annual average daily maximum and minimum air
temperature is 54.8 and 22.1 °F, respectively.

The Natural Resources Conservation Service (NRCS) began operating a Snowpack
Telemetry (SNOTEL) site in 1982 at Mill Creek Summit at elevation 8,800 feet within the
Yankee Fork watershed. The average annual precipitation measured at this site is 30.1
inches with the highest precipitation months between November and June. The annual
average daily maximum and minimum air temperature at this site is 45.7 and 18.6 °F,
respectively. Peak snow water equivalent occurs between mid-April and late-May
declining rapidly during the months of May and June.

The U.S. Geological Survey (USGS) operated a streamflow gage on the mainstem of the
Yankee Fork at RM 0.5 between May 1921 and February 1949. The mean annual
discharge and mean annual peak flow at the gage were 197 cfs and 1,538 cfs, respectively
with a maximum peak flow of 3,360 cfs recorded on June 12, 1921. The annual
hydrograph illustrates that annual peak flows occur during spring runoff from May
through June and base flows of approximately 30 cfs can extend from September through
March. The discharge exceedance curve illustrates a flow rate of 200 cfs in the Yankee
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Fork was equaled or exceeded 20 percent of the time and a flow rate of 500 cfs was
equaled or exceeded 10 percent of the time during the period of record. Peak flow and
low flow statistics determined by the USGS are summarized. In addition, flood
frequencies for ungaged sites on the Yankee Fork upstream of the USGS gage were
estimated using a ratio of drainage areas.

Regional trends in climate, stream discharge, and watershed condition with implications
for hydrology and aquatic resources are summarized from numerous sources.
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1. Overview

Established in 1902, the Bureau of Reclamation (Reclamation) is best known for the
dams, powerplants, and canals it constructed within the 17 Western United States. Today,
Reclamation is the largest wholesaler of water in the United States and the second largest
producer of hydroelectric power in the Western United States. Reclamation’s mission is
to manage, develop, and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public. Reclamation’s vision
is to protect local economies and preserve natural resources and ecosystems through the
effective use of water. This vision is achieved through Reclamation’s leadership, use of
technical expertise, efficient operations, and responsive customer service.

Reclamation and Bonneville Power Administration contribute to the implementation of
salmonid habitat improvement projects in the upper Salmon River subbasin to help meet
commitments contained in the 2010 Supplemental Federal Columbia River Power System
(FCRPS) Biological Opinion (BiOp) (NOAA Fisheries 2010). The BiOp includes a
Reasonable and Prudent Alternative (RPA), or a suite of actions, to protect listed salmon
and steelhead across their life cycle. Habitat improvement projects in various Columbia
River tributaries are one aspect of this RPA. Reclamation provides technical assistance to
States, Tribes, Federal agencies, and other local partners for identification, design, and
construction of stream habitat improvement projects that primarily address streamflow,
access, entrainment, and channel complexity limiting factors. Reclamation’s
contributions to habitat improvement are all meant to be within the framework of the
FCRPS RPA or related commitments.

2. Introduction

This hydrologic assessment provides a summary of existing information on the
meteorology and hydrology of the Yankee Fork of the Salmon River (Yankee Fork)
watershed, a tributary of the Salmon River in the State of Idaho. The data presented in
this assessment can be used to help future monitoring of fish habitat improvement projects
and evaluate how these projects are addressing key limiting factors to protect and improve
survival of salmon and steelhead listed under the Endangered Species Act (ESA).

The Yankee Fork Tributary Assessment (TA) area extends on the Yankee Fork from Pole
Flat Campground (river mile [RM] 3.2) to the confluence with Eight Mile Creek (RM
16.3) and includes Jordan Creek from its confluence with the Yankee Fork upstream for
approximately 4 miles.

This TA attempts to provide a detailed description of existing and historic physical
conditions of the Yankee Fork within the TA area such that a comprehensive
understanding of historic and existing conditions can be assessed with regards to ESA-
listed salmonid habitat conditions. Hydrologic inputs into the Yankee Fork and response
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hydraulics are primary drivers to physical processes. Therefore, an understanding of the
watershed hydrology and river hydraulics has been completed. This report summarizes
the watershed hydrology and provides an account of the available meteorological and
hydrological data and knowledge of the area. The report describes general watershed
characteristics, area meteorology, streamflow discharge, and watershed processes. Data
from this report was used in the hydraulic analysis contained in Appendix K.

3. Watershed Characteristics
3.1 General Description

The Yankee Fork, located in central Idaho in the upper Salmon River subbasin of the
lower Snake River subregion, is a large tributary to the upper Salmon River. The entire
Salmon River basin drains approximately 14,000 square miles from elevations exceeding
10,000 feet to approximately 900 feet at its confluence with the Snake River near
Lewiston, Idaho. The Yankee Fork watershed boundary within the upper Salmon
subbasin is shown in Figure 1. Additionally, subwatershed delineations, the TA area, and
stream names within the watershed are shown in Figure 2 and Figure 3 illustrates the TA
area with public and private property ownership boundaries, reach breaks, and river miles
along the Yankee Fork and Jordan Creek.
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Figure 1. Yankee Fork and upper Salmon River Watershed Location Map.
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Yankee Fork surface water hydrology is typical of the mountainous regions of central
Idaho, which is dominated by an annual spring freshet from snowmelt. High flows are
associated with snowmelt typically in late May through June and recede through the
summer falling to base flows from August through February. Temperatures are extreme
with the mean annual air temperature averaging 33 ° F with extremes reaching minus 50°
F in winter and 90 °F in summer. Soils are volcanic in origin and are described in
Appendix B. Watershed plants are represented by montane and subalpine Rocky
Mountain flora with some elements of the Intermountain flora near the eastern boundary.

The West Fork of the Yankee Fork is the major tributary to the Yankee Fork at
approximate RM 7. Jordan and Eightmile creeks are other major tributaries to the Yankee
Fork, entering at approximate RM 9 and RM 16, respectively.
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3.2 Area and Relief

The Yankee Fork watershed, draining approximately 190 square miles, is located entirely
within the Salmon-Challis National Forest. Elevations within the watershed range from
approximately 5,922 feet at the Salmon River confluence near Sunbeam, Idaho to over
10,000 feet. The highest mountain in the watershed, “The General” elevation 10,329,
named after the General Custer Gold Mine, has two peaks over 10,000 feet (Lopez 2000).
“The General” is located at the headwaters of Lightning Creek, a tributary to the West
Fork of the Yankee Fork.

Drainage gradients in the watershed range from approximately 1.0 to 10.0 percent.
Mainstem gradients range from 0.5 to 3.0 percent. Overton et al. (1999) identified the
mainstem of the Yankee Fork as a sediment transport channel in reaches with gradients
between 1.5 and 4.0 percent and a sediment response channel in reaches with gradients
less than 1.5 percent. Tributaries were identified as sediment source channels with
gradients greater than 4.0 percent. Source channels represent 73.1 percent of the
watershed, transport channels represent 16.2 percent, and response channels represent
10.7 percent.

3.3 Subwatersheds

The ldaho Watershed Boundary Dataset produced by the Idaho Department of Water
Resources (IDWR) and the Natural Resources Conservation Service (NRCS) defines the
5th and 6th field watershed boundaries
(www.idwr.idaho.gov\geographicalinfor\watersheds). The Yankee Fork watershed is in
the Pacific Northwest Region (1% field HUC 17), lower Snake subregion (2" field HUC
1706), Salmon River basin (3" field HUC 170602), and upper Salmon subbasin (4" field
HUC 17060201). The Yankee Fork watershed (5™ field HUC 1706020105) is divided
into the following five - 6™ field, 12 digit HUC subwatersheds with corresponding
contributing watershed areas:

Hydrologic Unit

Subwatershed Code (HUC) Area, acres Area, square miles
Upper Yankee Fork 170602010501 27,376 42.8
Middle Yankee Fork 170602010502 28,455 445
Jordan Creek 170602010503 10,643 16.6
West Fork Yankee Fork 170602010504 37,023 57.8
Lower Yankee Fork 170602010505 18,249 28.5
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3.4 Water Rights

A summary of the water rights in the Yankee Fork watershed are listed below in Table 1.
The purpose of use, source, and diversion rate is provided along with the water right
number, owner, and priority date. Water right information is publicly available from the
IDWR website at http://www.idwr.idaho.gov. A total of 38 domestic water rights with a
total diversion rate of 1.34 cfs divert from tributaries, groundwater, and springs within the
watershed. A total of 10 mining and industrial water rights with a total diversion rate of
17.86 cfs divert from Jordan Creek, Yankee Fork, groundwater, and tributaries. There are
six recreation and wildlife water rights with a total diversion rate of 25.5 cfs diverting
from the Yankee Fork and groundwater. The State of Idaho also holds minimum
streamflow rights with a 2005 priority date for Eightmile Creek, Lightning Creek, and
Yankee Fork. The list also includes one aesthetic water right, one irrigation water right,
and one stockwater right. The general locations of water right diversions are shown in
Figure 4.

Table 1. Water Rights within the Yankee Fork Watershed

Diversion | Water Right -
Purpose of Use Source Rate, cfs Number Priority Date
Aesthetic Jordan Creek 0.60 72-7388 10/7/1985
Domestic Ramey Creek 0.52 Multiple 13 Water Rights
Domestic Groundwater 0.28 Multiple 9 Water Rights
Domestic U””?‘med 0.23 Multiple 14 Water Rights
Springs
Domestic Unnamed 0.08 72-7505 7/23/1975
Springs
Domestic Puzzler Gulch 0.02 72-7094 1/3/1980
Industrial Swift Gulch 1.00 72-7423 4/27/1989
Creek
Industrial Adair Creek 1.00 72-7424 5/23/1989
Irrigation Preachers Cove 0.28 72-7140 5/30/1981
Creek
Minimum Eightmile Creek |  56.00 72-16665 4/1/2005
Streamflow
Minimum Lightning Creek |  59.00 72-16666 4/1/2005
Streamflow
Minimum Yankee Fork 702.00 72-16667 4/1/2005
Streamflow
Mining Jordan Creek 2.00 72-4053 1/1/1961
Mining Unnamed 0.62 72-4175 6/1/1932
Stream
Mining Yankee Fork 0.30 72-7044 8/2/1973
Mining Jordan Creek 4.45 72-7049 7/23/1975
Mining Yankee Fork 0.80 72-7093 1/3/1980
Mining Jordan Creek 0.17 72-7165 8/7/1981
Mining Adair Creek 0.16 72-7392 12/2/1986
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Purpose of Use Source DRi;/teer’s(i:(f)sn Wﬁltue;]ﬁght Priority Date
Mining Jor‘éargﬁdee"' 7.36 72-7511 3/22/1993
Recreation Yankee Fork 5.00 72-7400 5/28/1987
Recreation Yankee Fork 5.00 72-7401 5/28/1987
Recreation Yankee Fork 5.00 72-7404 5/28/1987
Stockwater Yankee Fork 0.02 72-10559 12/31/1879
Wildlife Ground 0.80 72-7399 5/28/1987
Wwildlife Ground 6.40 72-7402 5/28/1987
Wildlife Ground 3.30 72-7405 5/28/1987
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Figure 4. Yankee Fork Watershed Surface Water Right Diversions.
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3.5 Land Use Trends

Native Americans inhabited the Yankee Fork area prior to settlement by European
immigrants. The Yankee Fork was settled by placer miners in 1873 and hard rock miners
in 1876 with the discovery of the General Custer Mine. Early land use resulted in clear
cut timber harvest to supply building materials, fuel for heating and cooking, and fuel for
generating steam to power the Stamp Mill. Hydraulic mining also occurred during the
early settlement period (Wells 2002). The Custer Motorway, Forest roads 013 and 070,
from Sunbeam to Challis through the Yankee Fork watershed was the original supply road
from Challis to the mining district of Custer and Bonanza.

In 1940, a large floating dredge barge was built and dredging for gold proceeded up the
Yankee Fork until 1952, beginning about 3 miles from its mouth upstream to Jordan
Creek, a distance of approximately 6 miles (Dee 1988). This floating dredge moved the
channel substrate, consisting of gravels and large cobbles, into large piles along the
streambanks. A total of 626 acres of land is now covered in tailings piles that reach
heights of up to 20 feet. In some locations, these piles disconnect the Yankee Fork River
from its floodplain and tributaries by confining the stream channel. Mounds of
unconsolidated dredge tailings have replaced both riparian habitat and historic floodplains
(USFS 2001).

Logging and livestock grazing on U.S. Forest Service (USFS) lands within the watershed
occurred through the 1990s and has since diminished. Second growth forested stands in
areas cut over for mining activities have more, but smaller, trees per acre than were
present historically. These areas increase shade for the understory, resulting in decreased
grasses, forbs, and shrubs (USFS 2001).

In the 1990s, Hecla Mining Company developed the Grouse Creek Mine in the Jordan
Creek subwatershed. The Grouse Creek Mine was a bulk open pit gold and silver mine
which subsequently closed in 1996. Recent and historic mining practices have impacted
the drainages of the Yankee Fork with increased sediment loads, disruption of the
floodplain, and introduction of heavy metals (USFS 2001).

The Yankee Fork is mostly uninhabited; however, there is a small population of year-
round and seasonal residents within the basin. Additionally, some small scale mining
activities continue in the watershed. Currently, there are 113.2 miles of road in the
watershed with a relatively low road density, however, road location and construction
standards contribute to water quality degradation (USFS 2006). The USFS maintains
roadways within Forest Service lands and completed condition assessment survey in 1999
and 2000 which identified maintenance and improvement needs for the major roads in the
area (USFS 2001).
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4. Meteorology
4.1 Climate Summary

Emmett (1975) described the climate of the upper Salmon River as being influenced by
pacific maritime air borne eastward on the prevailing westerly winds. In the winter
months, the Aleutian low dominates the weather and produces cloudiness and abundant
precipitation. During the summer months, the Pacific high dominates with fair weather,
except when moisture-laden air from the Gulf of Mexico is brought in from the south at
high levels to produce thunderstorms.

Weather is characterized by long, harsh winters and short, cool, dry summers. The
majority of precipitation is in the form of snow between the middle of October to the
middle of May. Precipitation events during the winter can have a long duration,
continuing for more than 24 hours. Spring and summer thunderstorms of high intensity
and short duration (less than one hour) can also occur. Temperatures range from minus 50
°F to 95°F. Freezing temperatures may occur throughout the year.

4.2 Regional Precipitation Estimates

The mean annual precipitation isopluvial map for the Yankee Fork watershed is shown on
Map 10 of the Map Atlas. Climatological data used to develop the mean annual
precipitation isopluvial is from the period 1971 to 2000. The mean annual precipitation
near Bonanza and Mill Creek Summit, Idaho is 21.1 and 28.9 inches, respectively (OSU
2006).

Precipitation-frequency (PF) isopluvial maps for Idaho are available from the National
Weather Service website (http://www.nws.noaa.gov/oh/hdsc/noaaatlas2.htm).
Precipitation-frequency values near Bonanza and Mill Creek Summit, Idaho are shown in
Table 2. Methods used to prepare the PF isopluvials are described in Miller et al. (1973)
and data is from the period 1897 to 1970.

Table 2. Precipitation-Frequence Values near Bonanza and Mill Creek Summit, Idaho
(Miller et al. 1973).

Recurrence Interval, Duration Rainfall Depth, Inches Rainfall Rate, Inches/Hour
2 year, 6 hour 0.80 0.13
2 year, 24 hour 1.40 0.06
100 year, 6 hour 1.78 0.30
100 year, 24 hour 2.97 0.12
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Bonanza, Idaho Mill Creek Summit, Idaho
Recurrence RDaemIﬁ” Rainfall Rate, RDaemIﬁ” Rainfall Rate,
Interval, Duration pin, Inches/Hour pin, Inches/Hour
Inches Inches
2 year, 6 hour 0.80 0.13 0.94 0.16
2 year, 24 hour 1.40 0.06 1.67 0.07
100 year, 6 hour 1.78 0.30 2.03 0.34
100 year, 24 hour 2.97 0.12 3.43 0.14
4.3 Meteorological Data

Several meteorological data sources exist near or within the Yankee Fork watershed
including data from the National Weather Service (NWS), USFS, and NRCS as listed
below. Meteorological stations within the Yankee Fork watershed are shown on Figure 5.

4.3.1 NOAA National Weather Service

The NWS monitors weather at stations outside of the Yankee Fork watershed in Challis,
Idaho (101663) elevation 5,175 feet and Stanley, Idaho (108676) elevation 6,271 feet.
The Challis station is located approximately 25 air miles east northeast of Custer. The
Stanley station is located approximately 17 air miles southwest of Custer.

The period of record for the Challis station is from 1931 to the current year (2011). The
period of record for the Stanley station is from 1963 to the current year (2011).
Meteorological parameters measured at both stations include average maximum
temperature, average minimum temperature, average total precipitation, average total
snowfall, and average snow depth.

Average monthly data as calculated through 2005 for the Challis station (1931-2005) and
for the Stanley station (1963-2005) are shown in Table 3 and Table 4, respectively.

Table 3. NWS Average Monthly Data measured at Challis (Period of Record 1931-2005)

Oct Nov | Dec | Jan Feb | Mar | Apr May | Jun | Jul Aug | Sep | Annual
Ave Max 615 | 435 | 321 | 303 | 378 | 474 | 580 |67.6 | 757 | 855 |83.8 | 740 |58.1
Temp (F)
Ave Min 319 | 21.1 |12.0 |94 153 | 229 | 306 |38.6 | 454 |51.0 | 489 | 40.8 | 30.7
Temp (F)
Ave Total 0.44 | 043 | 052 | 047 | 034 |044 | 056 | 1.10 |1.18 |0.65 |0.60 | 0.44 | 7.40
Precip (in)
Ave Total 0.2 2.3 3.7 4.3 25 2.0 0.5 0.1 0.0 0.0 0.0 0.0 15.7
Snowfall (in)
Ave Snow 0 0 1 1 1 0 0 0 0 0 0 0 0
Depth (in)
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Table 4. NWS Average Monthly Data measured at Stanley (Period of Record 1963-2005)

Oct Nov | Dec | Jan Feb Mar | Apr May | Jun Jul Aug | Sep | Annual
Ave Max 56.7 | 38.0 | 25,9 | 27.0 | 335 | 424 |50.3 | 599 |684 | 78.7 | 784 | 68.6 | 52.3
Temp (F)
Ave Min 20.6 | 12.0 | -0.8 -0.4 0.1 9.7 20.3 | 28.3 | 339 | 36.0 | 340 | 27.2 | 18.4
Temp (F)
Ave Total 0.89 | 1.49 154 | 165 | 1.29 | 1.00 1.02 | 0.17 | 1.16 | 0.59 | 0.59 | 0.78 | 13.17
Precip (in)
Ave Total 1.7 10.6 146 | 17.4 | 13.0 | 9.9 3.4 0.9 0.2 0.0 0.0 0.4 72.0
Snowfall (in)
Ave Snow 0 1 8 18 20 15 6 0 0 0 0 0 6
Depth (in)
4.3.2 USFS Remote Automatic Weather Station

The USFS through the National Interagency Fire Center operates a Remote Automatic

Weather Station (RAWS) to track weather data. The station is located within the Yankee
Fork watershed at the Bonanza Guard Station approximately 2 miles southwest of Custer
at an elevation of 6,410 feet.

The period of record for this weather station is from May 1985 to the current year (2011).
Meteorological parameters recorded at this station include total precipitation, wind speed,
wind direction, average air temperature, and relative humidity. The two largest 24 hour

total precipitation depths in inches of water reported for the period of record at this station

have been 2.13 inches and 1.96 inches on January 1, 1997 and November 19, 1996,

respectively. Average monthly precipitation in inches of water measured at the USFS
Bonanza Guard Station reported at the Western Region Climate Center (WRCC) is shown
in Table 5 (WRCC 2011).

Table 5. USFS RAWS Monthly Total Precipitation Depth from measured data at Bonanza
in Inches of Water (Period of Record 1985-2011) (WRCC 2011).

Oct Nov | Dec | Jan Feb Mar | Apr | May | Jun | Jul Aug | Sep | Annual
Max | 3.3 5.3 3.9 4.5 2.2 3.5 2.7 4.6 4.0 28 |26 34 24.9
Ave | 1.3 1.7 1.1 1.2 1.0 1.4 1.3 1.7 1.6 0.8 0.8 1.0 14.7
Min | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.0 0.0 0.0 7.3

Average monthly air temperature statistics in degrees Fahrenheit are shown in Table 6 as

developed from measured data at the USFS Bonanza Guard Station (WRCC 2011).

16
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Table 6. USFS RAWS Monthly Average Daily Maximum and Minimum Air Temperatures
at Bonanza in degrees Fahrenheit (Period of Record 1986-2010) (WRCC 2011).

Oct Nov | Dec | Jan Feb Mar | Apr May | Jun | Jul Aug | Sep | Annual

Max | 56.3 | 39.7 | 314 | 339 |396 |456 |522 |59.7 | 686 |79.2 |787 | 70.0 | 548

Min | 235 | 13.3 | 4.2 5.8 6.3 151 | 246 | 298 |352 | 391 |36.7 |30.2 | 221

4.3.3 NRCS Snowpack Telemetry

The NRCS through the National Water and Climate Center operates a Snowpack
Telemetry (SNOTEL) site within the Yankee Fork watershed at the Mill Creek Summit.
The SNOTEL site is located at an elevation of 8,800 feet, approximately 13 air miles east-
northeast of Custer.

The period of record for this station is from October 1978 to the current year (2011).
Snow data prior to 1982 is estimated. Meteorological parameters measured at this station
include precipitation, snow depth, and snow water equivalent. Air temperature was added
to the record in 1990. For the period of record between 1982 and 2010 the average annual
total precipitation is 30 inches. For the period of record between 1990 and 2010, the
annual average daily air temperature is 33.4 °F and the annual average daily maximum
and minimum air temperatures are 45.7 °F and 18.6 °F, respectively. Statistics for
monthly precipitation and snow water equivalent at the Mill Creek Summit SNOTEL site
are shown in Table 7 and Table 8, respectively (NRCS 2010).

Table 7. NRCS SNOTEL Monthly Total Precipitation at Mill Creek Summit in Inches
(Period of Record 1982-2010) (NRCS 2010).

Oct Nov | Dec | Jan Feb Mar | Apr | May | Jun | Jul Aug | Sep | Annual

Max | 4.2 6.7 105 | 9.8 9.3 5.6 8.5 52 6.4 3.0 3.9 3.7 449

Ave | 2.0 3.4 3.5 3.6 2.6 3.1 3.1 29 2.2 11 11 1.4 30.1

Min | 0.0 0.7 0.6 0.4 0.4 1.2 1.0 0.8 0.2 0.0 0.0 0.0 19.3

Table 8. NRCS SNOTEL Actual Snow Water Equivalent at Mill Creek Summit in Inches
(Period of Record 1982-2009) (NRCS 2010).

Jan Jan Feb Feb Mar Mar Apr Apr May May Jun Jun
01 15 01 15 01 15 01 15 01 15 01 15

Max 20.6 24.8 28.4 20.1 29.8 315 32.9 34.7 35.6 33.3 27.4 145

Ave 9.2 11.1 13.0 14.3 16.1 17.6 19.4 20.7 20.4 19.0 |98 3.6

Min 3.3 55 57 6.8 8.6 9.3 10.2 11.1 8.4 2.2 0.0 0.0
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Monthly average daily maximum and minimum air temperatures in degrees Fahrenheit
measured at the NRCS SNOTEL site at Mill Creek Summit are shown in Table 9. The
period of record for temperature at this site is from 1990 to 2010. The annual average

daily air temperature from 2000 to 2009 increased 1.6 ° F over the period from 1990 to
1999.

Table 9. NRCS SNOTEL Monthly Average Daily Maximum and Minimum Air
Temperatures at Mill Creek Summit in degrees Fahrenheit (Period of Record 1990-2010)
(NRCS 2010).

Oct Nov | Dec | Jan Feb Mar | Apr May | Jun | Jul Aug | Sep | Annual

Max | 48,5 | 37.2 | 315 | 316 | 312 | 36.2 | 427 |495 |576 |63.6 |61.7 |57.3 | 457

Min | 16.4 | 5.8 0.5 2.6 3.5 9.7 16.7 | 23.4 | 30.7 | 431 | 40.8 | 30.5 | 18.6

4.3.4  Regional Climate Trends

The following is a summary of regional climate trends reported by Reclamation (2011).
Research specific to the Yankee Fork drainage is beyond the scope of this assessment.
For more information, the USFS Rocky Mountain Research Station Boise Aquatic
Sciences Lab (http://www.fs.fed.us/rm/boise/) is an excellent source for technical
information on the effects of climate change on aquatic habitat.

Over the course of the 20™ century, warming has been prevalent over the Columbia River
Basin. The basin’s average mean-annual temperature has increased by approximately 2
°F since the late 1800s. However, throughout much of this period, large variations in
annual temperature have been recorded. Warming within the basin has not occurred
steadily throughout the 20* century. The basin average temperature increased from the
late 1800s to the 1930s; but then from the 1930s to the 1980s, it generally remained
unchanged. However, since the 1980s, basin average temperatures again have been
steadily increasing.

Average annual precipitation over the basin is highly varied, but basin-wide ranges
between 20 to 25 inches. No apparent trend in precipitation over the period of record
exists. A small decrease in precipitation occurred in the early 1900s; but since the middle
of the 20th century, total precipitation generally has remained unchanged. Unlike
temperature, annual precipitation variability has been minor from year to year until
recently when temperature variation appears to have increased.

The basin-average mean-annual temperature is projected to increase by approximately 6 to
7 °F during the 21 century in the Columbia River Basin above The Dalles Dam and the
Snake River above Brownlee Dam. Mean-annual precipitation, averaged over the basin
and Snake River subbasin, is not expected to change significantly through the 21% century.
The baseline climate indicates that local climate varies considerably within the basin. For
example, temperatures are generally cooler in the north and along the mountainous rim.
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Warmer temperatures are observed in lower lying areas of the interior Columbia River
Basin and throughout the Snake River plain of southern Idaho. Likewise, precipitation is
generally greater in the north and at higher elevation. Addressing climate change,
temperature changes are generally uniform over the basin and steadily increasing through
time. For precipitation, similar results are found, with a trend toward wetter conditions
throughout the basin. These trends generally are greater towards the northern portion of
the basin.

5. Stream Discharge

Stream discharge data from the U.S. Geological Survey (USGS), Shoshone-Bannock
(Sho-Ban) Tribes, and Reclamation is summarized in the following sections. The USGS
collected continuous stream discharge measurements on the Yankee Fork between 1921
and 1949 and on the Salmon River below the Yankee Fork between 1921 through present
day at the stream gage locations shown on Figure 5.

The Sho-Ban Tribes have been collecting intermittent stream discharge measurements
since 2004 on the Yankee Fork and several tributaries at gage locations shown on Figure
6.

Reclamation collected instantaneous stream discharge measurements on October 12, 2010
at four locations on the Yankee Fork coinciding with the Sho-Ban Tribes gage locations at
Custer Bridge, Jordan Creek confluence, West Fork confluence, and Pole Flat
Campground.

The Sho-Ban Tribes, in collaboration with Reclamation, collected instantaneous stream
discharge measurements on June 8, 2011 at four locations on the Yankee Fork including
the Five Mile Bridge, Bonanza Bridge, West Fork confluence, and Flat Rock Bridge and
one location on Jordan Creek below the Jordan Creek Bridge.
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Figure 5. Yankee Fork Watershed Hydrologic Data Collection Sites.
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Figure 6. Yankee Fork Watershed Shoshone-Bannock Tribes Gage Locations.
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5.1 US Geologic Service - River Gaging Stations

5.1.1 USGS 13296000 - Yankee Fork Salmon River near Clayton, ID

The USGS operated a streamflow gage on the mainstem of the Yankee Fork between May
1921 and February 1949. The USGS Gage Number 13296000 — Yankee Fork of the
Salmon River near Clayton, ID (USGS Gage 13296000) was located on the left bank of
the Yankee Fork, 0.5 miles upstream from the mouth at RM 0.5 (USGS 2010).

The drainage area above the historic gage site is approximately 189 square miles.
Discharge statistics for the period of record of USGS Gage 13296000 include the
following:

Mean annual flow = 197 cfs

Mean annual peak flow = 1,603 cfs

Maximum daily average flow = 3,360 cfs (June 12, 1921)
Minimum daily mean flow = 10 cfs (December 5 and 6, 1927)

During the period of record for USGS Gage 13296000, all annual peak flows occurred
during spring runoff from early May through mid-June. For the period of record, the
mean daily mean, maximum daily mean, and minimum daily mean annual hydrographs
for the Yankee Fork are shown in Figure 7. The base flow can be estimated from the
minimum daily mean flow hydrographs as approximately 30 cfs.

A flow duration curve based on 34 class intervals of the average daily flow recorded at
USGS13296000 is shown in Figure 8. The flow duration curve is a cumulative histogram
of the average daily flows to indicate the amount of time a certain flow is equaled or
exceeded. From Figure 8, a base flow rate of 30 cfs is equaled or exceeded approximately
95 percent of the time and a flow rate of 800 cfs is equaled or exceeded 5 percent of the
time.

The mean monthly mean flow in the Yankee Fork at USGS 13296000 for the period of
record from 1921 to 1949 are shown in Table 10 (USGS 2010). Table 10 also shows the
mean monthly mean flow for the minimum mean annual flow year (1926) and the
maximum mean annual flow year (1943).
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Figure 7. USGS Gage 13296000 — Yankee Fork Salmon River near Clayton, ID — Min,
Max, and Mean Daily Annual Hydrograph (Period of Record 1921-1949) (USGS 2010).

Figure 8. USGS Gage 13296000 — Yankee Fork Salmon River near Clayton, ID - Flow
Duration Curve (Period of Record 1921-1949) (USGS 2010).
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Table 10. USGS Gage 13296000 — Yankee Fork Salmon River near Clayton, ID - Mean

Monthly Mean Flow in cfs (Period of Record 1921-1949) (USGS 2010).

Month

Low Flow Year

Mean Monthly Mean

High Flow Year

(1926) Flow (1943)
Jan 32.6 46 54.1
Feb 42.0 44 41.8
Mar 58.0 55 47.2
Apr 205.2 207 497.5
May 368.8 745 1,114
Jun 168.4 770 1,510
Jul 73.6 217 777.3
Aug 54.2 92 189.6
Sep 51.8 69 106.5
Oct 42.0 65 92.9
Nov 45.7 60 84.2
Dec 34.4 53 63.9

Peak flow frequency statistics for USGS 13296000 were estimated by Berenbrock (2002)
using the log-Person Type Il1 distribution with the annual peak flow record. Results of
this analysis are shown in Table 11.

Table 11. USGS Gage 13296000 - Yankee Fork Salmon River near Clayton, ID - Peak Flow
Statistics Estimated by Berenbrock (2002) (Period of Record 1921-1949, 1974).

Peak Flow Statistic Discharge, cfs

Recurrence Interval, years Probability of Occurrence, % '
2 50 1,470

5 20 2,240

10 10 2,780

25 4 3,490

50 2 4,030

100 1 4,590

200 0.5 5,160

500 0.2 5,940

Low flow frequency statistics for USGS Gage 13296000 were estimated by Hortness
(2006) using the annual minimum mean flows for a given period of days during the
climatic year from April 1 through March 31. The series of annual minimum period mean
flows were fit to a log-Pearson Type 111 distribution to determine the recurrence interval.
Results are shown in Table 12.
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Table 12. USGS 13296000 — Yankee Fork Salmon River near Clayton, ID - Low Flow
Statistics Estimated by Hortness (2006) (Period of Record 1921-1949).

Low Flow Statistic Discharge, cfs
1Q10 - 1-day, 10-year low flow 19.8
7Q10 — 7-day, 10-year low flow 29.2

7Q2 — 7-day, 2-year low flow 37.9
30Q5 — 30-day, 5-year low flow 34.9

5.1.2  USGS 13296500 — Salmon River below Yankee Fork near Clayton,
ID

The USGS has been operating a streamflow gage on the mainstem of the Salmon River
between October 1921 and October 1991, and from May 2000 to the current year (2011).
The USGS Gage Number 13296500 — Salmon River below Yankee Fork near Clayton, 1D
is located on the left bank of the Salmon River, 700 feet downstream from the Yankee
Fork, 18 miles upstream of Clayton at RM 366.9 (USGS 2010).

The drainage area above the gage is approximately 807 square miles with approximately
190 square miles contributing from the Yankee Fork. Discharge statistics for the period of
record of USGS Gage 13296000 include the following:

Mean annual flow = 970 cfs

Mean annual peak flow = 5,198 cfs

Maximum annual peak flow = 10,500 cfs (June 17, 1974)
Minimum daily mean flow = 160 cfs (November 25 - 30, 1929)

During the period of record for USGS Gage 13296500, all annual peak flows occurred
during spring runoff from early May through late June. For the period of record, the mean
daily mean, maximum daily mean, and minimum daily mean annual hydrographs for the
Salmon River below the Yankee Fork are shown in Figure 9. The base flow can be
estimated from the minimum daily mean flow hydrograph as approximately 300 cfs.

A flow duration curve based on 27 class intervals of the average daily flow recorded at
USGS13296500 is shown in Figure 10. The flow duration curve is a cumulative
histogram of the average daily flows to indicate the amount of time a certain flow is
equaled or exceeded. From Figure 10, a base flow rate of 300 cfs in the Salmon River is
equaled or exceeded 95 percent of the time and a flow rate of 3000 cfs is equaled or
exceeded 5 percent of the time.

The mean monthly mean flow in the Salmon River at USGS 13296500 for the period of
record from 1921 to 1991 and from 2000 to 2010 are shown in Table 13 (USGS 2010).
Table 13 also shows the mean monthly mean flow for the minimum mean annual flow
year (1977) and the maximum mean annual flow year (1974).
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Figure 9. USGS 13296500 - Salmon River below Yankee Fork near Clayton, ID — Min,
Max, and Mean Daily Annual Hydrograph (Period of Record 1921-1991 and 2000-2010)
(USGS 2010).

Figure 10. USGS 13296500 — Salmon River below Yankee Fork near Clayton, ID - Flow
Duration Curve (Period of Record 1921-1991 and 2000-2010) (USGS 2010)
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Table 13. USGS 13296500 — Salmon River below Yankee Fork near Clayton, ID - Mean
Monthly Mean Flow in cfs (Period of Record 1921-1991 and 2000-2010) (USGS 2010)

Month Low Flow Year Mean Monthly Mean High Flow Year
(1977) Flow (1974)

Jan 381.5 407 658.9
Feb 375.5 399 521.6
Mar 374.7 423 554.9
Apr 541.5 918 1,259
May 600.6 2,550 3,325
Jun 879.1 3,140 6,944
Jul 422.4 1,350 2,954
Aug 318.0 581 1,094
Sep 359.5 479 673.6
Oct 394.9 500 --

Nov 388.1 492 --

Dec 466.9 438 -

Peak flow frequency statistics for USGS 13296500 were estimated by Berenbrock (2002)
using the log-Pearson Type Il distribution with the annual peak flow record. Results of
this analysis are shown in Table 14.

Table 14. USGS 13296500 — Salmon River below Yankee Fork near Clayton, ID - Peak Flow
Statistics Estimated by Berenbrock (2002) (Period of Record 1922-1991).

Peak Flow Statistic )
Recurrence Interval, years Probability of Occurrence, % Discharge, cfs

2 50 4,970

5 20 6,810

10 10 7,960

25 4 9,320

50 2 10,300
100 1 11,200
200 0.5 12,100
500 0.2 13,200
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Low flow frequency statistics for USGS 13296500 were estimated by Hortness (2006)
using the annual minimum mean flows for a given period of days during the climatic year
from April 1 through March 31. The series of annual minimum period mean flows were
fit to a log-Pearson Type Il Distribution to determine the recurrence interval. Results are
shown in Table 15.

Table 15. USGS 13296500 — Salmon River below Yankee Fork near Clayton, ID - Low Flow
Statistics Estimated by Hortness (2006) (Period of Record 1922-1992 and 2000-2003).

Low Flow Statistic Discharge, cfs
1Q10 - 1-day, 10-year low flow 239
7Q10 — 7-day, 10-year low flow 262

7Q2 — 7-day, 2-year low flow 351
30Q5 — 30-day, 5-year low flow 318

5.2 Peak Discharge Probability

Peak discharges were estimated for USGS gages 13296000 and 13296500 using a Log
Pearson Type Il distribution with log transformation of the maximum annual
instantaneous peak flows for the period of record for each gage as described in USGS
(1981). The USGS computer program PeakFQ was used to develop estimates of
instantaneous annual-maximum peak flows having 99 percent to 80 percent exceedance
probabilities, recurrence intervals from 1.01 to 1.25 years, respectively. Results of the
PeakFQ analysis are shown in Table 16.

Correlating USGS 13296000 with USGS 13296500 for the purpose of extending the
period of record of flows in the Yankee Fork was beyond the scope of this assessment.
Correlation and analysis of flow data between the two gages could be done through future
efforts.

Table 16. Peak discharge frequency at USGS Gages 13296000 and 13296500 for Period of
Record in cfs.

Recurrence Probability of USGS Gage 13296000 USGS Gage 13296500
Interval. vears Occurrenc)(; % (Period of Record 1921- (Period of Record 1922-
Y ' 1948, 1974) 1991, 2000-2010)
1.01 99 423
1.05 95 617 2,455
1.11 90 751 2,887
1.25 80 947 3,490
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5.3

The Sho-Ban Tribes have taken periodic stream discharge measurements in the Yankee
Fork from 2006 to current year (2011). Stream gage locations used by the Sho-Ban Tribes
are shown in Figure 6. Stream discharge data provided by the Sho-Ban Tribes through
2010 is shown in Exhibits A through E.

Sho-Ban Tribes River Gaging Stations

5.4

Stream discharge measurements obtained by Reclamation at four locations on the Yankee
Fork on October 27, 2010 are shown in Table 17. The Yankee Fork discharge on October
27, 2010 was approaching base flow conditions of approximately 30 cfs. At this
discharge the flow contribution from the subwatersheds is not correlated (error >10%) to
the ratio of drainage areas.

Bureau of Reclamation Stream Discharge Measurements

Table 17. Reclamation October 27, 2010 discharge measurements.

Percent of
Percent of Flow Drainage
Site Discharge, cfs | Measured at Pole 9 Error
Flat Camp Area at Pole
Flat Camp
Yankee Fork at Pole Flat 70.7 100 100 0
Camp
Yankee Fork below the
Confluence with the West 41.7 59 89 30
Fork
Yankee Fork below the
Confluence with Jordan 26.7 38 56 18
Creek
Yankee quk at Custer 233 33 43 10
Bridge

Stream discharge measurements obtained by Sho-Ban Tribes and Reclamation at four
locations on the Yankee Fork on October 27, 2010 are shown in Table 18. The Yankee
Fork discharge on June 8, 2011 was slightly above the estimated 2-year recurrence
interval (50% probability) discharge of 1,470 cfs, At this discharge the flow contribution
from the subwatersheds is correlated (error <10%) to the ratio of drainage areas. Drainage
area correlations are discussed below in Section 6.1.
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Table 18. Sho-Ban Tribes and Reclamation June 8, 2011 discharge measurements.

Site Discharge, cfs Percent of Flow Percent of
Measured at Drainage Error
Flat Rock Area at Flat
Bridge Rock Bridge
Yankee Fork at Flat Rock 1549 9 100 100 0
Bridge
Yankee Fork below the
Confluence with the West 1356.9 88 88 0
Fork
Yankee For_k at Bonanza 677.8 a4 55 9
Bridge
Yankee For_k at Five Mile 460.5 30 37 ,
Bridge
Jordan Creek at Jordan
Creek Bridge 167.4 11 9 2

2.5 Regional Stream Discharge Trends

As discussed by Mote et al. (2005), winter and spring temperatures have increased during
the twentieth century, there is evidence of resulting changes in hydrology. The timing of
spring snowmelt driven stream flow has shifted earlier in the year. Snow extent and depth
has generally decreased in valleys and plains with substantial declines in April 1
snowpack dependent on elevation. Widespread declines in spring snowpack over the
northern Rocky Mountains during the last century are predominantly related to climate
changes. Some high elevation areas with colder temperatures and increased precipitation
show increasing spring snowpack. In areas with moderate temperatures, increases in
precipitation were insufficient to overcome warming-driven losses.

As summarized by Reclamation (2011), hydrology is expected to be affected by climate
change in various ways, including snowpack development. Warming is expected to
diminish the accumulation of snow during the cool season (i.e., late autumn through early
spring) and the availability of snowmelt to sustain runoff during the warm season (i.e., late
spring through early autumn). Although increases or decreases in cool season
precipitation could offset somewhat or amplify this impact on snowpack, it is apparent
that warming trends in the Columbia River Basin tend to dominate expected effects (e.qg.,
changes in April 1st snowpack distributed over the basin). Decreases in snowpack are
expected to be more substantial over the portions of the basin where baseline cool season
temperatures are generally closer to freezing thresholds and more sensitive to projected
warming. Decreased snowpack volume also could result in decreased ground water
infiltration, runoff, and ultimately decreased contribution to summer base flow in rivers.
Contrary to these effects, it is notable that the northern and higher-elevation eastern
portions of the basin are projected to experience net increases in April 1st snowpack,
generally reflecting a trend toward increasing precipitation in these regions with baseline
temperatures that are cool enough to experience the projected warming without loss of
snowpack.
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Reclamation (2011) reports the seasonality of runoff is projected to change. Hydrologic
changes throughout the Columbia River Basin will affect the availability of natural water
supplies in terms of changes to annual runoff and changes in runoff seasonality. For
example, warming without precipitation change would lead to increased
evapotranspiration from the watershed and decreased annual runoff. Warming is expected
to lead to more rainfall-runoff during the cool season rather than snowpack accumulation.
This logically leads to increases in December—March runoff and decreases in April-July
runoff. Precipitation increases may offset the warming effects and sustain April-July
runoff.

Stewart et al. (2005) identified runoff trends between 1948 and 2002 toward earlier onsets
of springtime snowmelt and streamflow throughout most of western North America.
Timing changes have resulted in increasing fractions of the annual flow occurring earlier
in the water year by 1 to 4 weeks. The observed hydroclimatic shift is linked to decadal
fluctuations of winter and spring atmospheric circulation over the North Pacific Ocean.
Uncertainty remains as to whether observed trends are a symptom of natural climate
variability or a signal of human influenced climate change. A sizable residual fraction of
the streamflow timing trend is not explained by decadal climatic variation and appears to
be related to temperature increases consistent with observed changes in global
temperature.

Reiman and Isaak (2010) discuss climate driven changes to low-flow events relevant to
ecosystem management objectives. Generally, stream flow variability over the basin is
expected to continue. Projections suggest that annual maximum-week runoff would
remain relatively stable or slightly increase for northern sub-basins. Annual minimum-
week runoff is projected to steadily decrease. Lower instream flows and increased
summer air temperatures may result in warmer channel flow and possibly significant
impacts on aquatic species and those species dependent on them.

0. Watershed Processes

6.1 Estimated Probable Discharges for Ungaged Locations
within the Yankee Fork

Using the guidelines specified by Berenbrock (2002), the peak flood discharge
probabilities for ungaged sites on the Yankee Fork upstream of USGS gage 13296000
were estimated using a ratio of drainage areas based on the following equation:

Qu=(DAu/DAg)** Qg (Eq. 2)
where Qu is the peak flow for the selected flood frequency at the ungaged site

Qq is the peak flow for the selected flood frequency at the gaged site

DA\, is the drainage area at the ungaged site

DAy is the drainage area at the gaged site

% is the exponent for drainage area
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For drainages in the central ldaho mountains, Berenbrock (2002) determined the exponent
to be 0.94. The estimated contribution of peak flows through Yankee Fork reaches and
tributaries based on the drainage area ratio Equation 2 is shown in Table 19.

Table 19. Probable Peak Flood Discharges for ungaged sites on the Yankee Fork (Based on
USGS Gage 13296000 with Period of Record 1922-1949, 1974).

Approximate Discharge, cfs
Location and RM Drainage Area, 111 2 10 50 100
mi? year year year year year
Reach 1 - Yankee Fork at
USGS13296000 Gage Location 189 751 1,452 | 2,674 | 3,776 | 4,248
RM 0.5
Reach 2 - Yankee Fork at Pole
Flat Camp RM 3.2 185 736 1423 | 2621 3701 4163
Ramey Creek at Mouth, Yankee
Fork RM 4.6 9.1 43 84 154 218 245
West Fork at Mouth, Yankee
Fork RM 6.8 57.8 247 477 878 1240 1395
Reach 3 - Yankee Fork above
West Eork RM 6.8 106 436 843 1553 2193 2467
Jordan Creek at Mouth, Yankee
Fork RM 9.1 16.6 76 148 272 384 432
Reach 4 - Yankee Fork above
Jordan Creek RM 9.1 86.9 362 699 1288 1819 2046
Reach 5 - Yankee Fork at
Custer Bridge RM 12.0 79.4 332 643 1183 1671 1880
Five Mile Creek at Mouth,
vankee Fork RM 13.3 5.8 28 55 101 143 161
Reach 6 - Yankee Fork above
Five Mile Creek RM 13.3 69.4 293 566 1043 1472 1656
Eight Mile Creek at Mouth,
Yankee Fork RM 16.5 14.7 68 132 242 342 385
Reach 7 - Yankee Fork above
Eight Mile Creek RM 16.5 43.9 190 368 678 957 1077
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6.2 Groundwater

Assessment of surface and groundwater interactions was beyond the scope of this
assessment. However, additional information on surface water — groundwater relations
may be found in Appendix J.

6.3 Erosion and Sedimentation

Land uses including mining, road building, and grazing have delivered elevated levels of
fine sediment to streams in the Yankee Fork, reaching levels detrimental to egg incubation
and rearing habitat (Overton et al. 1999, NPPC 2004). The upper Yankee Fork from
Jordan Creek to Eightmile Creek is currently listed for siltation on the 2002 303(d) list,
and Fivemile Creek is listed by Streamnet (http://www.streamnet.org/) as having high
sediment loads as a primary limiting factor to Chinook rearing. High turbidity levels are
often seen in the watershed during spring snowmelt (Overton et al. 1999). The Yankee
Fork watershed is also subject to periodic heavy summer thunderstorms that may cause
debris flows with corresponding high sediment loads. Streamnet lists streambank
degradation as the primary limiting factor for Chinook salmon rearing in Jordan Creek.
Bank instability has led to wide, shallow channels that do not provide high quality rearing
habitat due to lack of cover, increased sediment, and potential for high temperatures
(Overton et al. 1999).

6.4 Basin Wide Watershed Trends

Reclamation (2011) projected climate change impacts primarily associated with increases
in air and water temperatures and include increased stress on fisheries that are sensitive to
a warming aquatic habitat, potentially improved habitat for invasive species, and increased
risk of watershed vegetation disturbances due to increased fire potential. Other warming-
related impacts include northward shifts in the geographic range of various species,
impacts on the arrival and departure of migratory species, amphibian population declines,
and effects on pests and pathogens in ecosystems. Rising stream temperatures likely will
reduce the quality and extent of freshwater salmon habitat. The duration of periods that
cause thermal stress and migration barriers to salmon is projected to at least double and
perhaps quadruple by the 2080s.

Rieman et al. (2007) concludes salmonid spawning and initial rearing areas will be
constrained by temperature and define the spatial structuring of local populations or
habitat patches across large river basins. Habitat patches represent networks of thermally
suitable habitat that lie in adjacent watersheds and are disconnected by intervening stream
segments of seasonally unsuitable habitat. Changes in habitat patch size and distribution
are expected to have important effects on the persistence and dynamics of salmonid
species. The size and isolation of spawning patches may be more important than local
habitat quality for the persistence of Chinook salmon.
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Rieman and Isaak (2010) discuss climate change influences on channel structure and
forest and riparian communities through altered patterns and severity or intensity of
wildfire, inputs of sediment and large wood, and disturbances such as debris flows.
Although stream changes have been and are anticipated to be widespread, changes will
not necessarily occur at the same rates across the Rocky Mountain West. Some stream
systems are changing more rapidly than others, and some even show trends opposite to
general expectations.

7. Summary

This hydrologic assessment provides a synopsis of scientific information that is available
pertaining to the meteorology and hydrology of the Yankee Fork watershed. The Yankee
Fork watershed drains approximately 190 square miles from the highest mountain in the
watershed, “The General”, at elevation 10,329 to approximately 5,922 feet at the Salmon
River confluence near Sunbeam, Idaho.

Weather in the Yankee Fork watershed is characterized by long, harsh, snowy winters and
short, cool, dry summers. The majority of precipitation is in the form of snow between
the middle of October to the middle of May. Precipitation events during the winter can
have a long duration, continuing for more than 24 hours. Spring and summer
thunderstorms of high intensity and short duration (less than one hour) can also occur.
Temperature extremes range from minus 50 ° F to 95 ° F. Freezing temperatures may
occur throughout the year.

The USFS began operating in 1985 a Remote Automatic Weather Station (RAWS) in
Bonanza, Idaho at elevation 6,410 within the Yankee Fork watershed. The period of
record is from May 1985 to the current year (2011). The average annual precipitation is
14.7 inches with a maximum and minimum average annual precipitation of 24.9 and 7.3
inches, respectively. The highest precipitation months are between January and June.
The maximum and minimum average annual air temperature is 54.8 and 22.1 °F,
respectively.

The NRCS began operating in 1982 a Snowpack Telemetry (SNOTEL) site at Mill Creek
Summit at elevation 8,800 feet within the Yankee Fork watershed. The period of record is
from October 1982 to the current year (2011). The average annual precipitation is 30.1
inches with a maximum and minimum average annual precipitation of 44.9 and 19.3
inches, respectively. The highest precipitation months are between November and June.
The maximum and minimum average annual air temperature is 45.7 and 18.6 °F,
respectively. Peak snow water equivalent occurs between mid-April and late-May
declining rapidly during the months of May and June.
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The USGS operated a streamflow gage on the mainstem of the Yankee Fork between May
1921 and February 1949. The drainage area above the historic gage site is approximately
189 square miles. The mean annual discharge and mean annual peak flow at the gage
were 197 cfs and 1,603 cfs, respectively with a maximum recorded peak flow of 3,360 cfs.
The annual hydrograph illustrates that annual peak flows occur during spring runoff from
May through June and base flows of approximately 30 cfs can extend from September
through March. The flow exceedance curve illustrates a flow rate of 30 cfs in the Yankee
Fork is equaled or exceeded 95 percent of the time and a flow rate of 800 cfs is equaled or
exceeded 5 percent of the time. Peak flow and low flow statistics determined by the
USGS are summarized along with the determination of peak discharge frequencies
between 1 percent to 99 percent probability of occurrence. In addition, flood frequencies
for ungaged sites on the Yankee Fork upstream of the USGS gage were estimated using a
ratio of drainage areas.

Water rights for the diversion of surface and groundwater within the watershed consist of
38 domestic rights for a total of 1.34 cfs, 10 mining and industrial water rights with a total
diversion rate of 17.86 cfs, six recreation and wildlife rights totaling 25.5 cfs, three water
rights with aesthetic, stockwater, and irrigation uses for a total of 0.9 cfs, and three
minimum stream flow rights with a 2005 priority date.

Average temperatures are expected to increase in the basin. Annual precipitation is not
expected to change significantly; however, drier summers and wetter winters are
anticipated in the northern Rocky Mountains. Warming trends are expected to diminish
the accumulation of snow during the cool season and the availability of snowmelt to
sustain runoff during the warm season. The northern and higher-elevation eastern
portions of the Columbia River basin are projected to experience net increases in April 1%
snowpack, generally reflecting a trend toward increasing precipitation in these subbasins
with baseline temperatures that are cool enough to experience the projected warming
without loss of snowpack. Climate driven changes to low-flow events are relevant to
ecosystem management objectives. Projections suggest that annual maximum-week
runoff would remain relatively stable or slightly increase for northern subbasins. Annual
minimum-week runoff is projected to steadily decrease. Lower instream flows and
increased summer air temperatures may result in warmer channel flow and possibly
significant impacts on aquatic species and those species dependent on them.

Projected impacts to aquatic ecosystems are primarily associated with increases in air and
water temperatures and include increased stress on fisheries, improved habitat conditions
for invasive species, increased watershed vegetation disturbances due to increased fire
potential, shifts in the geographic range of species, impacts on the arrival and departure of
migratory species, amphibian population declines, and effects on pests and pathogens in
ecosystems. Rising stream temperatures will reduce the quality and extent of freshwater
salmon habitat.

January 2012 35



Hydrology Appendix — Yankee Fork Tributary Assessment

8. Literature Cited

Parenthetical Reference

Bibliographic Citation

Berenbrock 2002

Berenbrock, C. 2002. “Estimating the magnitude of peak flows at
selected recurrence intervals for streams in Idaho:” U.S. Geological
Survey Water-Resources Investigation Report 02-4170, 59 p.

Dee 1988

Dee, L.L. 1988. Gold Deposits of the Stanley Area. Idaho Natural
History Press. Twin Falls, Idaho.

Emmett 1975

Emmett, W.W. 1975. “The Channels and Waters of the Upper Salmon
River Area, Idaho.” U.S. Geological Survey Professional Paper 870-A,
116p.

Hortness 2006

Hortness, J.E. 2006. “Estimating low-flow frequency statistics for
unregulated streams in Idaho:” U.S. Geological Survey Scientific
Investigations Report 2006-5035, 31 p.

Lopez 2000

Lopez, T. 2000. Idaho, A Climbing Guide. Climbs, Scrambles, and
Hikes. The Mountaineers Books. Seattle, Washington. 397 p.

Miller et al. 1973

Miller, J.R., R.H. Frederick, and R.J. Tracy. 1973. NOAA Atlas 2,
Precipitation-Frequency Atlas of the Western United States, Volume V —
Idaho. United States Department of Commerce, National Oceanic and
Atmospheric Administration, National Weather Service, Silver Spring,
Maryland.

Mote et al. 2005

Mote, P. W., A. F. Hamlet, M. P. Clark, and D. P. Lettenmaier. 2005.
“Declining Mountain Snowpack in Western North America.” Bulletin
American Meteorological Society, January 2005, pages 39-49.

NOAA Fisheries 2010

National Marine Fisheries Service. 2010. Supplemental Consultation on
Remand for Operation of the Federal Columbia River Power System, 11
Bureau of Reclamation Projects in the Columbia Basin and ESA Section
10(a)(1)(A) Permit for Juvenile Fish Transportation Program. May 20,
2010, F/NWR/2010/0209.

NRCS 2010

Natural Resources Conservation Service. 2010. National Water and
Climate Center Mill Creek Summit SnoTel. Website
http://www.wcc.nrcs.usda.gov/snotel/ldaho/idaho.html

NWS 1994

National Weather Service. 1994. Hydrometeorological Report No. 57.
“Probable Maximum Precipitation — Pacific Northwest States.” United

States Department of Commerce, National Oceanic and Atmospheric

Administration, National Weather Service, Silver Spring, Maryland

OSU 2006

Oregon State University. PRISM Climate Group, Oregon State
University, http://prism.oregonstate.edu, created 16 June 2006.

Overton et al. 1999

Overton, K.C., M. A. Radko, and S.P. Wollrab. 1999. Watershed
Analysis Approaches for Chinook Salmon, Yankee Fork of the Salmon
River, Idaho: An Example. U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. Boise, Idaho.

Reclamation 2011

United States Department of the Interior Bureau of Reclamation. 2011.
SECURE Water Act Section 9503(c) — Reclamation Climate Change and
Water 2011. Prepared for: United States Congress. 226 p.

Rieman et al. 2007

Rieman, Bruce E., D. J. Issak, S. Adams, D. Horan, D. Nagel, C. Luce,
and D. Myers, 2007. “Anticipated Climate Warming Effects on Bull
Trout Habitats and Populations Across the Interior Columbia River
Basin.” Transactions of the American Fisheries Society 136:1552-1565.

36

January 2012



http://www.wcc.nrcs.usda.gov/snotel/Idaho/idaho.html�

Hydrology Appendix — Yankee Fork Tributary Assessment

Parenthetical Reference

Bibliographic Citation

Rieman and Isaak 2010

Rieman, Bruce E.; Isaak, Daniel J. 2010. “Climate change, aquatic
ecosystems, and fishes in the Rocky Mountain West: implications and
alternatives for management.” Gen. Tech. Rep. RMRS-GTR-250. Fort
Collins, Colorado: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 46 p.

Stewart et al. 2005

Stewart, I. T., D. R. Cayan, and M. D. Dettinger. 2005. “Changes
toward Earlier Streamflow Timing across Western North America.”
American Meteorological Society Journal of Climate Volume 18. Pages
1136 — 1155.

USFS 2001

Forest Service. 2001. Yankee Fork of the Salmon River Watershed
Analysis. U.S. Department of Agriculture, Salmon-Challis National
Forest, Yankee Fork Ranger District, Clayton, Idaho.

USFS 2006

Forest Service. 2006. Biological assessment for the potential effects of
managing the Salmon-Challis National Forest in the Yankee Fork
Section 7 Watershed on Snake River Basin Spring/Summer Chinook
Salmon, Snake River Steelhead, and Columbia River Bull Trout [Draft].
U.S. Department of Agriculture, Salmon-Challis National Forest, Yankee
Fork Ranger District, Clayton, Idaho. 126 p.

USGS 1981

Unites States Geological Survey. 1981. “Guidelines for Determining
Flood Flow Frequencies.” Bulletin 17B. 194 p.

USGS 2010

United States Geological Survey. 2010. “Stream Flow Data for Gages
13296000 and 13296500.” Website http://waterdata.usgs.gov/id/nwis/

Wells 2002

Wells, M.\W. 2002. Gold Camps and Silver Cities Nineteenth-Century
Mining in Central and Southern Idaho. University of Idaho Press.
Moscow, Idaho.

WRCC 2011

Western Region Climate Center. 2011. “Period of Record Monthly
Climate Summary for Bonanza, Challis, and Stanley, Idaho.” Website
http://www.wrcc.dri.edu/summary/climsmid.html

9. Glossary

TERM

bank

baseflow

basin

cfs

discharge

DEFINITION

The margins of a channel. Banks are called right or left as viewed facing in
the direction of the flow.

That part of the streamflow that is not attributable to direct runoff from
precipitation or melting snow; it is usually sustained by groundwater
discharge.

The drainage area of a river and its tributaries.

The flow rate or discharge equal to one cubic foot (of water, usually) per
second. This rate is equivalent to approximately 7.48 gallons per second.
This is also referred to as a second-foot.

The rate at which water passes a given point. Discharge is expressed in a
volume per time. Discharge is often used interchangeably with streamflow.
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TERM

diversion

dredging

duration curve

gcosystem

erosion

evapotranspiration

floodplain

gaging station

groundwater
headwaters

hydraulics

hydrograph

hydrology

intermittent stream
mainstem

meteorology

peak flow

perennial stream

DEFINITION

The taking of water from a stream or other body of water into a canal, pipe,
or other conduit.

The scooping or suction of underwater material from a harbor, or waterway.
Dredging is one form of channel modification. It is often too expensive to
be practical because the dredged material must be disposed of somewhere
and the stream will usually fill back up with sediment in a few years.

A cumulative frequency curve that shows the percent of time during which
specified units of items (e.g. discharge, head, power, etc.) were equaled or
exceeded in a given period. It is the integral of the frequency diagram.

An ecologic system composed of organisms and their environment. It is the
result of interaction between biological, geochemical, and geophysical
systems.

Wearing away of the lands by running water, glaciers, winds, and waves.

That portion of the precipitation returned to the air through evaporation and
transpiration.

That portion of a river valley, adjacent to the channel, which is built of
sediments deposited during the present regimen of the stream and is covered
with water when the river overflows its banks at flood stages.

A particular site on a watercourse where systematic observations of stage
and/or flow are measured.

That part of the subsurface water that is in the saturated zone.
Streams at the source of a river.

The branch of fluid mechanics dealing with the flow of water in conduits
and open channels.

A graph relating stage, flow, velocity, or other characteristics of water with
respect to time.

The applied science concerned with the waters of the earth, their
occurrences, distribution, and circulation through the unending hydrologic
cycle of: precipitation, consequent runoff, infiltration, and storage; eventual
evaporation; and so forth. It is concerned with the physical and chemical
reaction of water with the rest of the earth, and its relation to the life of the
earth.

A stream that flows periodically. Compare perennial stream.
The reach of a river/stream formed by the tributaries that flow into it.

The scientific study of the earth’s atmosphere, especially its patterns of
climate and weather.

Greatest stream discharge recorded over a specified period of time, usually
a year, but often a season.

A stream that flows all year round. Compare intermittent stream.
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TERM

precipitation

reach

Reclamation

recurrence interval

river mile (RM)

runoff

snow depth

SNOw TELemetry
(SNOTEL)

snow water equivalent
(SWE)

stream gage

subbasin

tributary
watershed

DEFINITION

The discharge of water, in a liquid or solid state, out of the atmosphere,
generally onto a land or water surface. It is the common process by which
atmospheric water becomes surface, or subsurface water. The term
"precipitation” is also commonly used to designate the quantity of water
that is precipitated. Precipitation includes rainfall, snow, hail, and sleet, and
is therefore a more general term than rainfall.

The distance between two specific points outlining a portion of the stream,
or river.

U.S. Department of the Interior, Bureau of Reclamation.

The average amount of time between events of a given magnitude. For
example, there is a 1 percent chance that a 100-year flood will occur in any
given year.

Miles measured in the upstream direction beginning from the mouth of a
river or its confluence with the next downstream river.

That part of precipitation that flows toward the streams on the surface of the
ground or within the ground. Runoff is composed of baseflow and surface
runoff.

The combined total depth of both the old and new snow on the ground.

An automated network of snowpack data collection sites. The Natural
Resources Conservation Service (NRCS), formerly the Soil Conservation
Service (SCS), has operated the Federal-State-Private Cooperative Snow
Survey Program in the western United States since 1935. A standard
SNOTEL site consists of a snow pillow, a storage type precipitation gage,
air temperature sensor and a small shelter for housing electronics.

The water content obtained from melting accumulated snow.

A site along a stream where the stage (water level) is read either by eye or
measured with recording equipment.

A subbasin represents the drainage area upslope of any point along a
channel network. Downstream boundaries of subbasins are typically
defined in this assessment at the location of a confluence between a
tributary and mainstem channel.

Any stream that contributes water to another stream.

The area of land from which rainfall and/or snow melt drains into a stream
or other water body. Watersheds are also sometimes referred to as drainage
basins. Ridges of higher ground form the boundaries between watersheds.
At these boundaries, rain falling on one side flows toward the low point of
one watershed, while rain falling on the other side of the boundary flows
toward the low point of a different watershed.
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Exhibit A — Discharge Measurements in cfs, collected by Sho-Ban Tribes in 2010



Exhibit B — Discharge Measurements in cfs, collected by Sho-Ban Tribes in 2009



Exhibit C — Discharge Measurements in cfs, collected by Sho-Ban Tribes in 2008



Exhibit D — Discharge Measurements in cfs, collected by Sho-Ban Tribes in 2007



Exhibit E — Discharge Measurements in cfs, collected by Sho-Ban Tribes in 2006
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