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Mr. Tony Grover
Fish and Wildlife Division Director
Northwest Power and Conservation Council
851 SW 6th Avenue, Suite 1100
Portland, Oregon 97204

RE: lnitial Response to ISRP Comments Regarding the Shoshone-Bannock Tribes, Master plan
for the CrystalSprings Hatchery Facility and Satellite Facilities, BpA project No. 200g-906-00

Dear Mr. Grover:

The shoshone-Bannock Tribes (sBT) received and reviewed the lndependent scientific ReviewPanel's (lsRP)comments on the proposed crystalsprings Fish Hatchery (FH) Master plan
(Master Plan)as part of step one of the Northwest Power and conservation council,s (Npcc)
three-step review process. The lsRP review of the Master plan was thorough, succinct, and willultimately help the Tribes refine the program and its goals and objectives as we move towardssteps Two and Three of the Review Process. ln the document that follows, we first provide asummary of our responses to the five key topics of concern identified by the lsRp for the crystalsprings FH Program. This is followed by detailed responses to the lsRp comments,
recommendations, and information requests.

(1) Program purpose - Harvest

First and foremost, we want to alleviate any misconception as to the purpose of the programs
in both Yankee Fork salmon River (Yankee Fork) and Panther creek. This confusion was likelythe result of the order that program goals and objectives were presented in the executive
summary and program descriptions. To clarify, the purpose of the programs is to produce:

Locally adapted hatchery population(s) that can produce the fish (broodstock)
needed to meet sBT harvest, cultural and future conservation objectives for
spring/summer chinook salmon in a manner compatible with recåvery and
long-term sustainability of chinook salmon in the upper Salmon River Basin.
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Managing the two subbasins for harvest is consistent with lnterior Columbia Basin Technical
Recovery Team (ICTRT) recovery recommendations for the Evolutionarily Significant Unit (ESU)
and ESA recovery planning. The ICTRT concluded that neither Yankee Fork nor panther Creek
populations were deemed necessary for recovery, but should be managed to a "maintained,,
status.

Underthe proposed programs, terminalfisheries will be established in both panther Creek and
Yankee Fork, allowing SBT fishing effort to be focused here and minimized in other areas of the
Upper Salmon River Basin. This strategy will reduce harvest impacts on other independent
populations of spring/summer Chinook that are essential for recovery of the Snake River
spring/summer Chinook ESU.

Because it is culturally important to the SBT to have fish - regardless of origin - spawning
naturally throughout their historical range, this program establishes adult escapement goals for
each basin' These escapement goals vary by program phase. Offspring of these spawners will
produce adults in future years, increasing total adult returns to the basin. The programs
therefore use a combination of hatchery and natural production to achieve adult production
goals.

(21 Conservation Objective

Conservation may become an objective in both streams if and when habitat conditions improve
sufficiently to produce sustainable natural production. Habitat improvements being
implemented by the SBT and others in the Yankee Fork and Panther Creek subbasins are likely
to take many years before substantial improvements in fish productivity and abundance are
observed. Natural-origin fish run-size to each system will act as management triggers to
determine when the populations may be sustainable.

However, whether or not the programs provide conservation benefits in regards to the
recovery of the Snake River spring/summer Chinook ESU is a policy decision for the National
Marine Fisheries Service (NMFS) (see below). The SBT are confident that the proposed program
and habitat improvement activities identified for each subbasin will result in sustainable natural
production in the long term.

(3) Broodstock Choice

After receiving ISRP comments on this topic, the SBT reinitiated discussions with NMFS staff as
to the appropriate broodstock to use for both Panther Creek and Yankee Fork. Based on these
discussions, Pahsimeroi and Sawtooth hatchery stocks were selected for panther Creek and
Yankee Fork, respectively (Appendix A).

Because of whirling disease concerns associated with the Pahsimeroi FH stock, it was deemed
inadvisable to plant adult hatchery fish directly into Panther Creek (the approach preferred by
the SBT). lnstead, certified disease free eggs from Pahsimeroi FH will be transferred to the
stream and placed in egg-boxes (or incubators) located throughout the watershed. Eggs will
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also be transferred to the Crystal Springs FH (once built) to start the -400,000 juvenile fish
rearing program. Egg plantings will occur both before and after the construction of Crystal
Springs FH' The success of egg and juvenile releases to Panther Creek will be determined
through genetic analysis following guidance of a detailed Research, Monitoring, and Evaluation
Plan to be developed by the SBT.

The Yankee Fork program will use fish from Sawtooth FH and returning adults to yankee Fork as
broodstock' The NMFS has declared our approach reasonable given current habitat conditions
and the fact that this population is not needed for recovery of the ESU (Attachment A). NMFS
will be reviewing the Biological Assessment required for the program and at that time will
confirm broodstock choice and identify what conservation role the program may be able to play
in the future.

(4) Monitoring and Evaluation of panther creek and yankee Fork

As suggested by the ISRP, additional monitoring and evaluation (M&E) activities are being
added to the Master Plan to ensure that effects of the programs on other independent
populations of Chinook salmon are minimized. M&E activities will include:

o Evaluation of competition and predation effects on naturally produced Chinook salmon
and steelhead from hatchery releases

o Tracking adult and jack stray rates into other independent populations of Chinook
salmon

o Evaluation of reproductive success of hatchery-origin (HOR) and natural-origin (NOR)
fish spawning naturally

o Conducting a size at release study to quantify juvenile survival rate to Lower Granite
Dam, percent transported, smolt-to-adult returns (SAR), adult age structure, production
of jacks and mini-jacks, etc.

Additionally, M&E activities in Yankee Fork and Panther Creek will be designed to determine
the effectiveness of both the egg-boxes and juvenile releases to reintroduce Chinook salmon to
the watershed. Data will be collected on juvenile production, habitat utilization, distribution
and reproductive success of returning adults.

(51 Yellowstone Cutthroat Trout (yCT)

Since receipt of ISRP comments on the proposed YCT hatchery production, the SBT has
performed both an internal and external review (with IDFG staff)of the proposed hatchery
program. Based on this review, it was apparent that the use of artificial production to provide
conservation benefits to the species was not appropriate at this time and therefore has been
eliminated from the Master Plan. Artificial production of YCTwillstill be used to meetthe need
for additional catch and harvest opportunities for both tribal and sport fishers. The program
will rear and release up to 5,000 catchable sized (5 to 6 inches) yCT into a spring-fed, isolated
L6-acre oxbow located on the SBT reservatión.
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Surveys indicate that the oxbow is moderately eutrophic and will provide excellent rear¡ng
cond¡tions for planted fish. These fish are expected to exhibit rapid growth rates and should
produce a trophy fishery within L-2 years after first stocking. The lake fishery will complement
the existing stream trophy fishery in place in the Fort Halls Bottom. The lake will be monitored
for water quality, fish abundance and condition factor each year to refine stocking densities
over time.

Theprogramwill haveacatchgoal of0.5fishperhouroffishingeffort. Tribal andsportfisher
access to the lake is excellent and fishing success will be simple to monitor. The fishery will
provide anglers the opportunity to catch YCT with no risks to native trout populations.

Conclusion

The SBT believe that these program changes address ISRP concerns regarding the scientific
merit of the proposed program. The review process has strengthened our program and will
lead to the attainment of the goals and objectives defined therein.

Because of the many changes made to the program, we would like to request a meeting with
the ISRP to formally present the updated programs and answer any questions the panel may
have. We believe such an approach will help speed up the review process and allow us to
complete Step L activities.

Sincerely,

Nathan Small, Chairman
Fort Hall Business Council, Shoshone-Bannock Tribes

cc: Erik Merrill, NPCC

Mark Fritsch, NPCC

Chad Colter, Fish and Wildlife Director
Daniel Stone, Policy Analyst

4































































































































January 2012 i 

Table of Contents 
 
Executive Summary ............................................................................................................. 1 
1. Overview ...................................................................................................................... 9 

1.1 Purpose .................................................................................................................. 10 
1.2 Methodology ......................................................................................................... 11 
1.3 Limitations and Data Gaps ................................................................................... 12 

2. Introduction ................................................................................................................ 13 
2.1 Geographic Location ............................................................................................. 13 
2.2 Demographics ....................................................................................................... 14 
2.3 Fish Species of Interest ......................................................................................... 16 
2.4 Chinook Salmon and Summer Steelhead Limiting Factors .................................. 18 

3. Regional Characteristics............................................................................................. 19 
3.1 Setting ................................................................................................................... 19 
3.2 Geology ................................................................................................................. 19 
3.3 Climate .................................................................................................................. 21 

4. Cultural Resources and History ................................................................................. 22 
4.1 Cultural Resources ................................................................................................ 22 

4.1.1 Prehistoric Overview ...................................................................................... 22 
4.1.2 Historic Overview .......................................................................................... 23 
4.1.3 Ethnographic Overview .................................................................................. 23 

4.2 Historical Chronology ........................................................................................... 24 
4.2.1 Gold Discovered in the Yankee Fork ............................................................. 24 
4.2.2 Charles Dickens Mine and Bonanza City ....................................................... 24 
4.2.3 General Custer Mine/Mill and Custer City .................................................... 24 
4.2.4 Yankee Fork Gold Dredge.............................................................................. 26 
4.2.5 Golden Sunbeam Group and Sunbeam Hydroelectric Dam ........................... 27 

5. Watershed Characteristics .......................................................................................... 28 
5.1 Geology ................................................................................................................. 28 
5.2 Hydrology ............................................................................................................. 31 
5.3 Soils ...................................................................................................................... 35 
5.4 Sediment Sources and Inputs ................................................................................ 35 
5.5 Vegetation ............................................................................................................. 36 

5.5.1 Historic Mining Disturbances ........................................................................ 36 
5.5.2 Present Species Assemblage .......................................................................... 37 
5.5.3 Wildland Fires ................................................................................................ 39 
5.5.4 Insect Infestations and Disease ....................................................................... 39 

6. Watershed Fish Usage and Supplementation ............................................................. 40 
6.1 Historic Fish Use .................................................................................................. 40 

6.1.1 Chinook Salmon ............................................................................................. 40 
6.1.2 Steelhead ........................................................................................................ 41 
6.1.3 Bull Trout ....................................................................................................... 41 
6.1.4 Westslope Cutthroat ....................................................................................... 41 
6.1.5 Pacific Lamprey ............................................................................................. 42 

6.2 Present Fish Use .................................................................................................... 42 
6.2.1 Chinook Salmon ............................................................................................. 42 













































































 Yankee Fork Tributary Assessment 
 

January 2012 31 

The Yankee Fork watershed has experienced at least two of the regional glacial cycles that 
occurred in the form of alpine glaciations during the Pleistocene (Mackin and Schmidt 
1956; Williams 1961).  The alpine glaciers deeply eroded parts of the watershed, sculpting 
U-shaped valleys, and constructing terraces and broad outwash plains.  Glacial erosion 
unearthed precious metals and transported them down valley where they were deposited 
as alluvium (Fisher and Johnson 1995).  These alluvial deposits (i.e., glacial outwash and 
terraces) are significant in that most of the gold recovered in the watershed was from these 
Pleistocene-age sediments. 

The Yankee Fork and some of its major tributaries have been reworking the Pleistocene 
sediments through fluvial processes including sediment transport and deposition.  In the 
broad, glacially-carved valleys of the Yankee Fork, West Fork, Jordan Creek, and 
Eightmile Creek, the modern streams are “underfit” in that they do not possess the 
necessary stream power to completely rework the valley bottoms that are filled with the 
Pleistocene-age alluvium that was deposited under higher precipitation and streamflow 
volume conditions. 

The alluvial valley fill (predominantly Pleistocene glacial outwash) contained placer gold, 
and its exploitation has significantly impacted physical and ecologic processes along the 
Yankee Fork between Jordan Creek and Pole Flat Campground, and along the lower 1.4 
miles of Jordan Creek.  Gold dredging and hydraulic mining activities have led to 
construction and re-routing of the stream channels, change in geomorphic valley bottom 
constraints that further confine the stream channels, and removal of vegetation along the 
valley bottoms that disrupts channel forming processes and ecological connectivity.  Also 
associated with the mining activities was the introduction of mercury and other chemical 
contaminants into the channel network. 

5.2 Hydrology 

This hydrology section is a summary of the Hydrology Appendix (Appendix F).  Some 
information from the USFS biological assessment report (USFS 2006) has been 
incorporated where appropriate. 

The Yankee Fork watershed is located within the Pacific Northwest Region 1st field 
hydrologic unit code (HUC) 17, lower Snake subregion (2nd field HUC 1706), Salmon 
River basin (3rd field HUC 170602), and the upper Salmon subbasin (4th field HUC 
17060201).  The Yankee Fork watershed (5th field HUC 1706020105) is divided into five 
6th field HUC subwatersheds including the upper Yankee Fork, middle Yankee Fork, 
lower Yankee Fork, Jordan Creek, and West Fork (Figure 9). 
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Figure 9.  Yankee Fork subwatershed locations. 
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Figure 24.  Yankee Fork Geomorphic Reach YF-5 in the middle Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

There are no anthropogenic disturbances within the canyon (Figure 25), but there are 
some disturbances below the canyon related to road embankments along the Custer 
Motorway adjacent to the channel, and the Custer Bridge crossing near RM 12.  The 
Custer Motorway was constructed, for the most part, along the valley walls in this reach, 
but does encroach on the channel near RM 11.7.  Modeling results suggest that the Custer 
Bridge creates backwater conditions by imparting hydraulic controls during the 10-year 
and higher recurrence flood event.  However, the overall impacts to reach-scale channel 
processes from these anthropoenic features are negligible. 

 

Figure 25.  View to the west near RM 13.2 showing bedrock channel.  The channel is in 
essentially a bedrock canyon and has developed predominantly a step-pool bedform.  Bureau of 
Reclamation photograph by Dave Walsh, September 2, 2010. 

 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach primarily as a migratory corridor and for 
spawning where small patches of gravel are retained.  Steelhead use it primarily as a 
migratory corridor to reach more suitable spawning habitat upstream.  These findings are 
based on a Habitat Work Session meeting conducted on April 12, 2011 in Challis, Idaho 
with fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey divided the geomorphic 
reach into two habitat reaches based on tributary inflows (Table 17).  Stream type 
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classification for the upstream habitat reach 7 between about RM 13.2 and 12.5 is a B-
stream type (Rosgen 1996) defined as a single-threaded channel that is moderately 
entrenched with a moderate width/depth ratio and sinuosity, and has bedrock as its 
channel material.  The downstream habitat reach 6 between about RM 12.5 and 11.2 is a 
C-stream type (Rosgen 1996) defined as a single-threaded channel that is slightly 
entrenched with moderate to high width-to-depth ratios, high sinuosity, and gravel channel 
material. 

 

Table 17.  Geomorphic Reach YF-5 stream inventory survey habitat reaches and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
13.2 – 
12.5 

Reach 7 Fivemile Creek to 
about Slaughterhouse 
Gulch 

B 29 feet 39 feet 57 feet 

RM 
12.5 – 
11.2 

Reach 6 About Slaughterhouse 
Gulch to Swift Gulch 

C 31 feet 41 feet 59 feet 

 

The number of pools per mile ranged from 23 to 36 with deep pools (greater than 3-feet 
depth) comprising 52 to 89 percent of pool habitat (Table 18).  Wood frequency for all 
wood measured ranged from 14 to 38 pieces of wood per mile. 

 

Table 18.  Geomorphic Reach YF-5 stream inventory survey habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per 
Mile 

Number of Pools > 
3 Feet Deep Per 
Mile 

Average 
Residual Pool 
Depth 

Total Number of 
Wood Per Mile 

Reach 7 Bedrock 
(>4096 mm) 

36.4 32.4 3.7 feet 38 

Reach 6 Gravel 
(2-64 mm) 

23  11.9 1.9 feet 14 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a confined, V-shaped canyon that has high energy and high 
sediment transport capacity.  Channel type is predominantly a straight, confined bedrock 
channel with a 3.8 percent gradient that transitions to a straight, alluvial channel with a 1.2 
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percent gradient.  Channel confinement, slope and little-to-no sinuosity suggests an A-
stream type that transitions into an F-stream type (Rosgen 1996) is more appropriate for 
this geomorphic reach.  Channel/floodplain interactions are connected where small 
floodplains have developed. 

The number of observed pools per mile ranged from about 23 to 36 based on the 2010 
Stream Inventory Survey.  Pool spacing in confined, predominantly bedrock controlled 
channels is variable (Montgomery and Buffington 1993) and the use of pool spacing based 
on channel widths is not applicable. 

Vegetation along the banks of the active channel is sparse between about RM 13.2 and 
12.8, and is comprised primarily of upland trees along the steep slopes.  Riparian 
vegetation becomes more prominent along the banks starting near RM 12.8 to the end of 
the reach. 

This geomorphic reach has a confined, bedrock channel that transitions to an alluvial 
channel with no anthropogenic features impacting reach-scale channel processes.  There 
are two natural waterfalls within the upper section that are passable by fish.  Since the fish 
of interest primarily use this geomorphic reach as a migratory corridor and no fish passage 
barriers are present, there is no need for further assessment. 

Geomorphic Reach YF-4 

Geomorphic Reach YF-4 (Figure 26) is located between RM 11.6 and 9.1 in a moderately 
confined valley segment.  Average channel slope is about 1.1 percent and the channel 
pattern is predominantly straight which indicates that a relatively low rate of lateral 
channel migration is occurring.  Channel type is a plane-bed, free-formed alluvial channel 
that has a gravel with cobble substrate. 

Hydraulic modeling shows that the channel is confined within its banks in the upper 
segment between RM 11.6 and 11.0 and flows begin to access adjacent floodplains 
between RM 11.0 and 9.1 during the 1.11-year recurrence discharge.  The average shear 
stress in the main channel during the 2-year recurrence discharge is approximately 1.0 
lb/ft2 which indicates the river is capable of transporting gravels up to 2.6 inches in 
dimension.  There are five locations where average shear stresses exceed 2 lb/ft2.  At RM 
11.3 and 10.5 the channel is constrained by the valley wall on river left, and at RM 10.1 
and RM 9.7 the channel is constrained by the Custer Motorway on river right.  Earth fill 
may have been placed at the dispersed camping site on river right at RM 9.5 that 
potentially constrains the channel in this segment.  The average flow velocity in the main 
channel of Reach YF-4 during the 2-year recurrence discharge is 4.6 ft/s. 

  



 Yankee Fork Tributary Assessment 
 

January 2012 85 

Local coarse sediment input is predominantly from lateral channel migration causing bank 
erosion and to a lesser degree from tributaries.  Bank erosion is occurring where the 
channel is in contact with alluvial fan deposits (RM 11.3 to 11.2 on river right), along the 
outside of meanders (RM 11 to 10.9 on river right and RM 9.2 to 9.1 on river left), and 
along unvegetated banks near dispersed campsites (RM 10 on river right).  There are three 
perennial tributaries that provide sediment pulses during high flow events and serve as 
conduits for episodic debris flows.  These tributaries include Swift Gulch near RM 11.2 
on river right; Adair Creek near RM 10.4 on river left; and Jordan Creek near RM 9.1 on 
river right.  Ephemeral drainages that show evidence of debris flows that can potentially 
provide sediment inputs include unnamed drainages near RM 11.3 on river right, and a 
few between RM 10 and 9.9 on river left. 
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Figure 26.  Yankee Fork Geomorphic Reach YF-4 in the middle Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

Past timber harvests removed trees from the valley bottom and adjacent valley walls to 
support the mining boom in the late 1800s and early 1900s.  For example, the General 
Custer Mill was located directly upstream of Custer townsite and operated between 1881 
and 1904.  The mill had the capacity to process 900 tons of ore per month and required 
over 300 cords of wood per month to fuel the steam engines that powered the mill.  
Following the closure of the mill, it was noted that the hills for miles around Custer were 
denuded of trees (LOYF Historical Association 2005).  The past removal of mature 
timber, and potentially fire suppression and insect kill, has changed the vegetation 
assemblage (and successional stages) that historically occupied this area prior to European 
settlement (Overton et al. 1999).  Vegetation strongly influences reach-scale processes 
such as wood delivery to the channel and bank reinforcement by roots that influence 
channel morphology and habitat arrangement.  Loss of mature vegetation along the active 
channel can result in channel widening, increased channel migration and loss of channel 
roughness, as well as the loss of nutrient inputs that drive aquatic production. 

Hydraulic mining occurred in the Adair Creek drainage probably in the early 1900s.  This 
mining activity must have delivered large sediment pulses to the Yankee Fork.  These 
sediment pulses have probably been transported through this reach with some sediment 
storage occurring where floodplain/channel interactions are connected.  After 70 or more 
years, the present channel appears to have reached a dynamic equilibrium between its 
current sediment and flow regimes. 

Other anthropogenic disturbances that have affected channel/floodplain processes include 
General’s Bridge near RM 10.9 that confines the channel and exerts hydraulic control at 
the 10-year and above recurrence floods; a levee placed near RM 10.3 to protect a mining 
operation disconnects channel/floodplain interactions; and a deflection berm that protects 
a mining operation placed near RM 10 that restricts lateral channel migration and confines 
the channel (Figure 27).  The overall impact of these anthropogenic features on channel 
processes and floodplain connectivity at the reach-scale is minimal, and rehabilitation of 
these areas probably would not significantly increase fish production in this reach. 
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Figure 27.  View to the southwest near RM 11.1 showing floodplain clearing associated with 
development.  Mining activities have been occurring along river left (left foreground in photo); 
the residential development is protected from overbank flow by a levee along river right (center of 
photo); and General’s Bridge that provides access to the mining site constrains the channel.  
Bureau of Reclamation photograph by Dave Walsh, September 2, 2010. 

 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon and steelhead use this geomorphic reach for spawning and juvenile 
rearing and as a migratory corridor.  These findings are based on a Habitat Work Session 
meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists from the 
Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified one habitat reach 
that covered most of the geomorphic reach between Swift Gulch and Jordan Creek (Table 
19).  Stream type classification for habitat reach 5 between about RM 11.2 and 9.1 is a C-
stream type (Rosgen 1996). 
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Table 19.  Geomorphic Reach YF-4 stream inventory survey habitat reaches and channel 
condition. 

River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
11.2 – 
9.1 

Reach 5 Swift Gulch to 
Jordan Creek 

C 34 feet 46 feet 58 feet 

 

Observed pool frequency was about 7 pools per mile with deep pools comprising about 33 
percent of pool habitat (Table 20).  Wood frequency for all wood measured was about 5 
pieces of wood per mile. 

 

Table 20.  Geomorphic Reach YF-4 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of Pools 
Per Mile 

Number of  
Pools > 3 Feet 
Deep Per Mile 

Average  
Residual Pool 
Depth 

Total 
Number  
of Wood Per 
Mile 

Reach 5 Gravel (2-64 
mm) 

7.2 2.4 1.8 feet 5 

 

Discussion and Potential Habitat Actions 
The channel in this reach is moderately confined with a slope of about 1.1 percent and the 
channel pattern is predominantly straight with an overall sinuosity of about 1.08.  Channel 
type is predominantly a plane-bed, free-formed alluvial channel with a low-to-moderate 
rate of lateral channel migration.  The stream inventory survey (2010) classified this 
geomorphic reach as a C-stream type (Rosgen 1996), but the moderate channel 
confinement, low sinuosity and low channel gradient indicates that a B-stream type 
classification (Rosgen 1996) is more appropriate. 

Channel/floodplain interactions are predominantly connected throughout the reach with 
minor exceptions.  These exceptions include a levee placed near RM 10.3 that disconnects 
a small area of floodplain, and a deflection berm placed near RM 10 that disconnects a 
small area of floodplain and slightly confines the channel.  The overall impact of these 
anthropogenic features on channel processes and floodplain connectivity at the reach-scale 
is minimal, and rehabilitation of these areas probably would not increase fish production. 
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Pool frequency for this reach was determined to be about 7 pools per mile based on the 
2010 stream inventory survey.  Moderately confined, plane-bed channels with gravel and 
cobble substrate typically form an “armor layer” as flows winnow out finer particle sizes 
(i.e., fines, sand and gravel) leaving behind a layer of coarser particle sizes (i.e., cobbles 
and boulders).  The armor layer inhibits pool development (scour) when flows are not 
sufficient to mobilize the armoring particles, or in the absence of channel-spanning 
structures or significant channel constrictions (Montgomery and Buffington 1997; Bisson, 
Buffington, and Montgomery 2006).  The pools observed in this geomorphic reach were 
primarily lateral scour pools located at meanders where flows are concentrated along 
vegetated streambanks with two exceptions.  The exceptions were (1) a mid-channel scour 
pool at General’s Bridge (approximately RM 10.9) and (2) landslide dam pool upstream 
of where coarse sediment entered the channel from a talus slope (approximately RM 
10.5). 

Wood frequency was determined to be about 5 pieces of wood per mile.  Wood, like 
sediment, is transported through this geomorphic reach or temporarily stored along the 
channel margins where it only interacts with the channel during channel forming flows 
and does not directly contribute to pool or side channel formation.  The vegetation along 
the active channel and small floodplain areas consist predominantly of riparian shrubs and 
small trees intermixed with upland trees that are in shrub/seedling and small tree 
successional stages.  Lodgepole pine, alder, and grass/forbs comprise the overstory and 
understory vegetation.  Historically, this reach probably had mature pines interspersed 
throughout the valley bottom that were available for channel recruitment.  The timber was 
cleared from the valley bottoms and margins during the mining boom in the late 1800s 
and early 1900s to be used in milling operations and building construction. 

Physical processes may have temporarily been impacted from past mining activities in this 
geomorphic reach.  Moderately confined, plane-bed channels generally represent a 
transition between supply- and transport-limited morphologies, and the degree to which 
these channels are confined influences their response to external factors (Montgomery and 
Buffington 1998).  For example, the hydraulic mining that occurred in the Adair Creek 
drainage (probably in the early 1900s) must have delivered pulses of sediment to the 
Yankee Fork.  The channel’s initial response to these pulses was probably channel 
widening during channel forming flows.  However, in confined and moderately confined 
channels stream energy cannot be dissipated across a floodplain during peak flows, so the 
stream energy is translated into increased basal shear stress resulting in an increase in 
sediment transport capacity.  After 70 or more years, the present channel appears to have 
reached a dynamic equilibrium between its current sediment and flow regimes.  

Presently, physical and ecological processes are negatively impacted primarily from past 
timber harvests along the valley bottoms and margins during the mining boom in the late 
1800s and early 1900s.  Similar to geomorphic reach YF-6, the riverine system appears to 
be on a recovering trend as vegetation progresses through varying successional stages.  
However, the recovering trend is probably occurring at a slower rate due to continued 
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recreational and private landowner usage.  Maintaining and actively managing a riparian 
corridor (i.e., 100-foot buffer zone) along both sides of the river in this geomorphic reach 
to insure proper species assemblage and to improve growth rates would be an appropriate 
approach for long-term rehabilitation.  This type of strategy would provide the following 
benefits:  (1) increased availability of wood for channel recruitment, (2) improved root 
reinforcement of stream banks and increased channel boundary roughness, (3) increased 
nutrient inputs that help drive macroinvertebrate production, and (4) ecological 
connectivity for aquatic and terrestrial species reliant on riverine systems. 

8.3 Lower Yankee Fork Subwatershed 

8.3.1 Geomorphic Reach Delineations 
The lower Yankee Fork is located between about RM 9.1 and the Yankee Fork/Salmon 
River confluence near the town of Sunbeam.  The lower Yankee Fork drainage area is 
about 29 mi2 and the drainage density is about 1.45 mi/mi2.  Bedrock geology consists 
predominantly of the Challis Volcanics except between RM 3 and the Yankee 
Fork/Salmon River confluence where the Idaho batholith crops out.  The valley has a 
north-south orientation except for the lower section where it trends north-northwest 
through the Idaho batholith downstream of a fault that separates the two geologic rock 
units. 

Three valley segments were delineated along the Yankee Fork mainstem (Table 21) based 
on cross-sectional valley forms:  (1) U-shaped trough with an alluvial valley type in the 
upper section; (2) U-shaped trough with an alluvial valley type in the middle section; and 
(3) V-shaped bedrock canyon with a bedrock valley type in the lower section.  Although 
the upper and middle sections have the same valley form, geologically they are 
significantly different and there is a change in channel slope near RM 6.9.  In the lower 
section there is a change from the Challis Volcanics to the Idaho batholith bedrock types 
near RM 3 and the channel slope steepens (Figure 28). 

The analysis showed that the valley segments and geomorphic reaches are coincident 
based on geologic history, geomorphic process, and channel morphology.  Figure 29 
shows the location of the geomorphic reaches and is an index map for each of the 
geomorphic reach maps. 

 
  



Yankee Fork Tributary Assessment 

92 January 2012 

Table 21.  Lower Yankee Fork geomorphic reach delineations and associated channel 
morphology. 
River 
Miles 

General 
Valley 
Location 

Geomorphic 
Reaches  

Valley 
Form1 

Valley 
Type2 

Valley 
Confinement3 

Valley 
Gradient 

Channel 
Reach 
Type2 

Channel 
Bedform 
Type2 

Channel 
Slope 

Dominant 
Substrate 
Size 
Class4 

RM 
9.1-6.9 

Upper 
Section 

Reach YF-3 U1:  U-
shaped 
trough 

Alluvial  Moderately 
Confined 

1.05 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed  

1.00 
percent 

Cobble 

RM 
6.9-3.0 

Middle 
Section 

Reach YF-2 U1:  U-
shaped 
trough 

Alluvial Confined 0.68 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed  

0.64 
percent 

Cobble  

RM 
3.0-0 

Lower 
Section 

Reach YF-1 V1:  V-
shaped 
moderate 
gradient 
bottom 

Bedrock Confined 1.17 
percent 

Bedrock 
channel 

Step-pool 1.13 
percent 

ND 

1Classification based on Naiman et al. (1992) as recommended in Hillman (2006) 
2Channel type classification based on Montgomery and Buffington (1993) 
3Monitoring Strategy for the Upper Columbia Basin (Hillman 2006) 
4From Stream Inventory Survey 2010 (Appendix K) and USFS (2006) 
ND – Not determined 

 
Figure 28.  Lower Yankee Fork subwatershed longitudinal channel profile with reach 
locations. 
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Figure 29.  Lower Yankee Fork subwatershed index map with geomorphic reach breaks. 
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Geomorphic Reach YF-3 

Geomorphic Reach YF-3 (Figure 30) is located between about RM 9.1 and 6.9 in a 
moderately confined valley segment that is artificially constrained by dredge tailings 
throughout most of the reach.  The channel type is a plane-bed, free-formed alluvial 
channel with a straight channel pattern and sinuosity is about 1.05.  Channel slope is about 
1 percent with a cobble-dominated substrate.  Prior to gold dredging in the 1940s, much of 
this geomorphic reach was moderately confined to unconfined and maintained a straight-
to-meandering channel pattern with a sinuosity of about 1.10 based on analysis of the 
1945 and 2010 channel alignments. 

In the early 1900s, the Yankee Fork and West Fork confluence area had a broad 
floodplain in which the two unconfined channels dynamically interacted.  The channels 
migrated across their floodplains which progressively changed where and how the 
channels converged.  The dynamic interactions resulted in varying hydraulic conditions 
that created and maintained a mosaic of habitat patches.  Gold dredging along the Yankee 
Fork in the 1940s and 1950s involved rerouting the Yankee Fork and disconnecting it 
from the broad floodplain; and on the West Fork the lower channel segment was rerouted 
and artificially constrained by dredge piles.  The Yankee Fork and West Fork confluence 
was relocated downstream of the unconfined channel segment (broad floodplain) to a 
moderately confined channel segment.  These new channel configurations and location of 
channel convergence are now static and the hydraulic conditions no longer create the 
mosaic of habitat patches.   

Hydraulic modeling shows that the present Yankee Fork is primarily confined within its 
banks by valley walls and dredge piles.  Overbank areas are small and the Yankee Fork 
begins to access adjacent floodplains during the 10-year recurrence flood.  A levee 
between RM 8.9 and RM 8.6 on river right protecting a gravel mining operation 
contributes to river confinement.  Fill placed at an abandoned road crossing at RM 8.0 
encroaches into the floodplain area on river left and river right.  Dredge piles disconnect 
floodplain areas from the river channel on river right resulting in channel realignment and 
potential scour between RM 7.8 and RM 6.9 above the confluence with the West Fork. 

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 1.5 lb/ft2 which indicates the river is capable of transporting large gravels 
up to 3.9 inches in dimension.  There are five peaks where shear stress is greater than 3 
lb/ft2.  At RM 8.6, the channel is constrained by levees on river right.  At RM 8.1 
downstream of Bonanza Bridge, the channel is constrained by the valley wall on river 
right and dredge piles on river left.  At RM 7.9 downstream of the abandoned bridge 
crossing, the channel is constrained by the valley wall on river right.  At RM 7.7, the 
channel is constrained by dredge piles on river right and a topographic constraint created 
by an earth fill embankment on river left.  At RM 7.5, the channel is constrained by 
dredge piles on river right.  The average flow velocity in the main channel during the 2-
year recurrence discharge is 5.1 ft/s. 
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Local coarse sediment inputs are primarily from two perennial tributaries and an 
ephemeral drainage.  The perennial tributaries are Jordan Creek near RM 9.1 on river right 
and Preachers Cove near RM 7.4 on river left, which are providing sediment pulses during 
high flow events.  An ephemeral drainage that is unnamed near RM 8.3 on river left is 
providing sediment primarily as episodic debris flows.  Other sediment sources include 
bank erosion occurring along river right near RM 7.9 where the river flows against a 
glacial terrace and near RM 7.4 on river left where the river flows against an alluvial fan 
and river right where it flows against dredge tailings. 
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Figure 30.  Yankee Fork Geomorphic Reach YF-3 in the lower Yankee Fork subwatershed. 
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Anthropogenic Disturbances 
The most significant anthropogenic disturbance in this geomorphic reach was from a 
floating gold dredge that worked alluvial deposits across the valley floor in the 1940s and 
early 1950s.  The dredging operation required the removal of woody vegetation within the 
limits of the placer claim.  Next, the channel had to be manipulated (i.e., impounded and 
rerouted) to keep the dredge afloat as it worked its way upstream and across the valley 
floor.  Finally, the separation process to extract the gold resulted in a bimodal particle-
sized distribution and the manner in which the spoils were ejected left finer particles 
stratified between coarser particles forming tailing piles. 

Historically (pre-dredging), the valley bottom constraints were from higher surfaces 
(comprised predominantly of glacial outwash), alluvial fans, and bedrock.  From about 
RM 7.5 to 6.9, the channel was unconfined and the river had developed a broad floodplain 
and channel/floodplain interactions were connected (Figure 31).  The river had a straight-
to-meandering channel pattern that indicates a low-to-moderate rate of lateral channel 
migration was occurring.  Channel type was a free-formed alluvial channel with some 
vegetated islands and wood complexes creating flow convergence and divergence.  The 
floodplain contained riparian shrub and upland tree species that contributed to the 
development of channel morphology and habitat structure. 

 

Figure 31.  View is to the north looking upstream from near RM 6.8 toward the Yankee 
Fork and West Fork confluence (Smith 1911).  Photograph taken by Maven Sawyer, winter of 1910. 
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In the 1945 aerial photographs, the channel flowed along the right valley wall between 
RM 9.1 and 8.4 and a new channel was constructed through the dredge tailings along the 
left valley wall by the 1966 aerial photographs.  Between about RM 8.3 and 7.5, the 
channel has essentially remained in the same location based on the 1945 to 2010 aerial 
photographic record; however, in order for the dredge to have operated in this location, 
the channel had to be at least temporarily impounded or otherwise manipulated to support 
the floating dredge.  From RM 7.3 to 6.8, the channel was rerouted away from the West 
Fork confluence and disconnected from floodplain areas by dredge tailings sometime 
between 1945 and 1952 (Figure 32 and Figure 33). 

Little to no channel change has occurred within this reach since the channel was 
constructed through the dredge tailings between 1945 and 1952.  The constructed channel 
alignment had slightly more sinuosity than the present (2010) channel alignment.  Channel 
confinement between the dredge tailings and the lack of channel/floodplain interactions 
constrain the flows to within the channel, translating stream power downstream and 
increasing sediment transport capacity resulting in simplification of in-stream structure 
and reduction of aquatic habitat.  Over the last 58-year time period, the channel has 
adjusted by slightly straightening to pass discharges and sediment more efficiently. 

Other anthropogenic disturbances that are less significant in the geomorphic reach include 
development in the lower section of Jordan Creek, a levee between RM 8.9 and 8.6, and 
Bonanza Bridge near RM 8.3.  There has been some development near the mouth of 
Jordan Creek where the gold dredge now resides and the creek has been channelized from 
the Jordan Creek Bridge along the Custer Motorway to the confluence with the Yankee 
Fork.  A levee has been placed downstream of Jordan Creek to protect a gravel processing 
operation that prevents flows from accessing the low bench upon which the operation is 
located.  Bonanza Bridge appears to create backwater conditions by exerting hydraulic 
control on the channel at the 2-year and above recurrence floods. 
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Figure 32.  1945 aerial photograph of West Fork and Yankee Fork confluence. 
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Figure 33.  2010 aerial photograph of West Fork and Yankee Fork confluence. 
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Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach for spawning and juvenile rearing, and as a 
migratory corridor.  Steelhead use this reach for juvenile rearing and as a migratory 
corridor.  These findings are based on a Habitat Work Session meeting conducted on April 
12, 2011 in Challis, Idaho with fisheries biologists from the Tribes, USFS, IDFG, and 
Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified one habitat reach 
that covered the entire geomorphic reach between Jordan Creek and West Fork (Table 
22).  Stream type classification for habitat reach 4 is a C-stream type (Rosgen 1996) 
defined as a single-threaded channel that is slightly entrenched with a moderate to high 
width-to-depth ratio, high sinuosity, and cobble channel material. 

 
Table 22.  Geomorphic Reach YF-3 stream inventory survey habitat reach and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream Type 

Average Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 9.1 
– 6.9 

Reach 4 Jordan Creek to 
West Fork 

C 40 feet 54 feet 90 feet 

 

The number of pools per mile was 4 with deep pool comprising about 33 percent of pool 
habitat (Table 23).  Wood frequency for all wood measured was less than 1 piece of wood 
per mile. 

 

Table 23.  Geomorphic Reach YF03 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of Pools 
Per Mile 

Number of  
Pools > 3 Feet 
Deep Per Mile 

Average  
Residual Pool 
Depth 

Total 
Number  
of Wood Per 
Mile 

Reach 4 Cobble (64-256 
mm) 

4.0 1.3 2.1 feet < 1 

 

Discussion and Potential Habitat Actions 

Prior to gold dredging in the 1940s and 1950s, this reach was moderately confined to 
unconfined and maintained a straight-to-meandering channel pattern with an overall 
sinuosity of about 1.10 based on analysis of the 1945 and 2010 channel alignments.  
Channel type was a free-formed alluvial channel with plane-bed to pool-riffle bedforms.  
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Some vegetated islands and wood complexes contributed to flow convergence and 
divergence.  Channel/floodplain interactions were connected and the floodplain was 
vegetated with riparian shrubs and upland trees.  Valley bottom constraints were from 
higher surfaces (comprised predominantly of glacial outwash), alluvial fans, and bedrock 
that moderately confined the channel except between about RM 7.5 and 7.1 where the 
channel was unconfined.  The Yankee Fork and West Fork confluence area located 
between about RM 7.3 and 7.1 had a broad floodplain in which the two unconfined 
channels dynamically interacted.  These interactions resulted in varying hydraulic 
conditions that created and maintained a mosaic of habitat patches that significantly 
benefited the fish. 

Presently, the channel in this reach is moderately confined with a channel slope of about 1 
percent.  Channel pattern is straight with an overall sinuosity of about 1.05 and has a very 
low rate of lateral channel migration.  Channel type is a plane-bed, free-formed alluvial 
channel with a cobble substrate.  The stream survey conducted in 2010 indicated that this 
was a C-stream type (Rosgen 1996), but due to the channel being artificially confined by 
dredge piles and low sinuosity, the stream is more characteristic of a B-stream type that is 
moderately entrenched with stable banks and has a riffle dominated channel.  The Yankee 
Fork and West Fork confluence has been relocated downstream of the unconfined channel 
segment (broad floodplain) to a moderately confined channel segment.  These new 
channel configurations and location of channel convergence are now static and the 
hydraulic conditions no longer create the mosaic of habitat patches. 

The anthropogenic features that artificially constrain the channel are primarily the 
rerouted and constructed channels through the dredge piles.  The following are locations 
and effects of these features: 

• Channel segment RM 9.1 to 8.3:  Channel constructed along left valley wall 
adjacent to dredge tailings.  The constructed channel is confined between the 
dredge tailings and left valley wall with small patches of accessible floodplain. 

• Channel segment RM 7.8 to 7.5:  Channel constructed near center of valley 
bottom.  Channel is constrained between dredge tailings (river right) and a high 
terrace (river left) adjacent to the 1945 (pre-dredge) channel alignment. 

• Channel segment RM 7.4 to 6.9:  Channel constructed along left valley wall.  
Channel is constrained between dredge tailings (river right) and alluvial fan (river 
left).  Historic channel alignment and floodplain areas present in 1945 have been 
disconnected by dredge tailings. 
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Other anthropogenic features that locally confine the channel and/or disconnect 
floodplains include the following:  (a) elevated road embankments (historic bridge 
approaches) near RM 8 confine the channel and disconnect small floodplain areas along 
both sides of the channel; and (b) dredge tailings near RM 7.8 confine the channel. 

Pool frequency for this reach was determined to be about 4 pools per mile based on the 
2010 stream inventory survey.  Moderately confined, plane-bed channels with cobble 
substrate are typically armored.  The armor layer inhibits pool development (scour) when 
flows are not sufficient to mobilize the armoring particles, or in the absence of channel-
spanning structures or significant channel constrictions (Montgomery and Buffington 
1997; Bisson, Buffington, and Montgomery 2006).  Pool types identified in this reach 
include: (1) pools scoured where the Yankee Fork and Jordan Creek converge near RM 
9.1; (2) lateral scour pools on the outside channel bends; (3) mid-channel scour pool 
downstream of a transverse bar comprised of boulders; and (4) a plunge pool scoured 
downstream of a bedrock outcrop. 

Wood frequency was determined to be less than 1 piece of wood per mile.  Wood, like 
sediment, is transported through this reach or temporarily stored on high bars along the 
channel margins where it only interacts with the channel during channel forming flows 
and do not directly contribute to pool or side channel formation.  The vegetation along the 
active channel and small floodplain areas consist predominantly of riparian shrubs and 
small trees that are in shrub/seedling and small tree successional stages.  Removal of the 
riparian and upland vegetation for the dredging operations, and the lack of suitable soils 
for regeneration, depleted the availability of wood for recruitment by the channel. 

Physical and ecological processes have been significantly impacted by the gold dredging 
along the Yankee Fork.  The dredging operation removed all woody vegetation in the 
claim area, rerouted the channels (Yankee Fork and West Fork) through dredge piles that 
artificially constrain the channels, disconnected relatively large floodplains from the 
Yankee Fork, and changed the interactions between the Yankee Fork and West Fork 
confluence area that historically was dynamic and created a mosaic of habitat patches to a 
static condition that no longer provides the complex habitats.  There are multiple options 
to significantly increase and/or improve the reach-scale processes that create and maintain 
habitat patches.  Therefore, a reach assessment is recommended to further refine and 
quantify present conditions versus historic (pre-dredge) conditions, changes to physical 
and ecologic processes, and the habitat potential for this reach.  At a minimum, a more 
thorough analysis is needed to determine the following:  (a) if the Yankee Fork and West 
Fork confluence processes and channel/floodplain interactions were rehabilitated to pre-
dredging conditions, what would be the benefits, and risks, to the physical and ecological 
processes and to the resource, and (b) conceptually, what are some viable alternatives, and 
their limitations, for reconnecting channel/floodplain interactions throughout the reach. 
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Geomorphic Reach YF-2 

Geomorphic Reach YF-2 (Figure 34) is located between RM 6.9 and 3 in a confined 
valley segment that is artificially constrained by dredge tailings throughout most of the 
reach.  The channel type is a plane-bed, free-formed alluvial channel with a straight 
channel pattern and sinuosity is about 1.07.  Channel slope is about 0.6 percent with a 
cobble-dominated substrate.  Prior to gold dredging in the 1940s, much of this geomorphic 
reach was moderately confined by higher surfaces (comprised primarily of glacial 
outwash), alluvial fans, and bedrock and maintained a straight channel pattern. 

Hydraulic modeling shows that the Yankee Fork is predominantly confined and there is a 
lack of overbank areas and side channels along the main channel due to valley wall and 
dredge piles.  Channel/floodplain interactions occur downstream of Jerrys Bridge at RM 
5.7 during the 10-year recurrence discharge. 

The average shear stress in the main channel through Reach YF-2 during the 2-year 
recurrence discharge is approximately 1.3 lb/ft2 which indicates the river is capable of 
transporting large gravels up to 3.4 inches in dimension.  There are six locations where 
shear stress is greater than 2 lb/ft2.  At RM 6.6 downstream of the confluence with the 
West Fork and Virginia’s Bridge, the channel is confined by the valley wall on river left.  
At RM 6.0, the channel is approaching Cabin Bridge with riprap placed on river right.  At 
RM 5.6, the channel is constrained by dredge piles on river left.  At RM 5.2, the channel is 
constrained by the valley wall on river right.  At RM 4.8, the channel is constrained by 
dredge piles on river right.  At RM 3.7, the channel is constrained by dredge piles on river 
left and a debris flow from an unnamed tributary on river right.  The average flow velocity 
in the main channel of Reach YF-2 during the 2-year recurrence discharge is 5.1 ft/s. 

Local coarse sediment inputs are primarily from bank erosion along the outside edge of 
meanders suggesting the channel is slowly migrating.  Other sources include three 
perennial tributaries and seven ephemeral drainages.  The perennial tributaries are West 
Fork near RM 6.8 along river right, Ramey Creek near RM 4.6 along river left, and 
Rankin Creek near RM 4.3 along river right.  Unnamed ephemeral drainages along river 
right that provide sediment inputs primarily as debris flows are located near RM 6.3, RM 
6.1, RM 5.1, RM 3.6, RM 3.3, RM 3.1, and RM 3. 

Two perennial tributaries along river left are presently disconnected from the Yankee Fork 
by dredge tailings and no longer supply sediment to the mainstem.  These tributaries 
include Jerrys Creek near RM 5.5 and Silver Creek near RM 4.2.  Cearley Creek near RM 
6.5 and an unnamed tributary near RM 6 are connected to a series of dredge ponds that are 
adjacent to and connected to the Yankee Fork, but the sediment is deposited in the ponds 
and does not reach the Yankee Fork mainstem. 
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Figure 34.  Yankee Fork Geomorphic Reach YF-2 in the lower Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

The most significant anthropogenic disturbance in this geomorphic reach was from a 
floating gold dredge that worked the alluvial deposits across the valley floor in the 1940s 
and early 1950s.  The dredging operation required the removal of woody vegetation 
within the limits of the placer claim.  Next, the channel had to be manipulated (i.e., 
impounded and rerouted) to keep the dredge afloat as it worked its way upstream and 
across the valley floor.  Finally, the separation process to extract the gold resulted in a 
bimodal particle size distribution and the manner in which the spoils were ejected left 
finer particles stratified between coarser particles forming tailing piles. 

Historically (pre-dredging), the channel was moderately confined based on valley bottom 
constraints from glacial terraces and outwash, alluvial fans, and bedrock (Figure 35).  The 
river had a relatively straight channel pattern that indicates a low rate of lateral channel 
migration was occurring.  Channel type was a plane-bed (USDC 1934), free-formed 
alluvial channel with a cobble-dominated substrate.  There were small-to-moderate sized 
patches of floodplain accessible to the river during high flows, but these floodplain areas 
were not extensive (Figure 36), and qualitatively appear similar to their present (2010) 
extent (Figure 37).  In addition, three perennial tributaries were connected to the Yankee 
Fork that included Cearley Creek, Jerrys Creek, and Silver Creek. 
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Figure 35.  View is to the north looking upstream from glacial terrace near RM 5.2 at Jerrys 
Creek alluvial fan (Smith 1911). 
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Figure 36.  1945 aerial photograph of Yankee Fork near Jerrys Creek.  Note the floating 
dredge in the lower center of the photograph and the dredge tailings deposited across the valley 
floor. 
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Figure 37.  2010 aerial photograph of Yankee Fork near Jerrys Creek. 
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The most significant impacts in this geomorphic reach are removal of vegetation and 
isolation of two perennial tributaries from the Yankee Fork due to dredge piles.  These 
tributaries include Jerrys Creek near RM 5.5 and Silver Creek near RM 4.2 both on river 
left.  The flow contributions from these tributaries to the Yankee Fork are probably similar 
to historic levels, however, the contributions are through subsurface flow because the 
porous dredge tailing bury the outlets of these tributaries.  The loss of sediment inputs to 
the mainstem from these tributaries may have reduced the availability of gravels to form 
spawning areas.  However, the primary impact is the loss of available habitat due to the 
dredge tailings creating a fish passage barrier into these drainages.  Prior to dredging, the 
lower reaches of these tributaries where they flowed over the Yankee Fork valley floor 
probably provided juvenile rearing habitat (USDC 1934).  Past fish usage in the upper 
sections of these drainages are unknown, but may have included spawning and rearing 
habitat for steelhead and bull trout. 

Parallel to the Yankee Fork are four series of dredge ponds.  Flow into the ponds is from 
tributaries, groundwater flow, and surface water diversions from the Yankee Fork.  
Ongoing efforts by multiple parties are exploring alternatives for improving connectivity 
between the pond series to the mainstem and tributaries to provide replacement of juvenile 
rearing habitat. 

Other anthropogenic disturbances that affect channel processes are from Custer Motorway 
bridge crossings.  The Custer Motorway crosses the Yankee Fork in four locations.  
Virginia’s Bridge at RM 6.8 appears to create a backwater condition by exerting hydraulic 
control at the 100-year recurrence flood.  Cearley Creek Bridge at RM 6.5 and Cabin 
Bridge at RM 6.0 impart negligible hydraulic controls during the 10-year and above 
recurrence discharge.  Jerrys Bridge at RM 5.7 appears to create a backwater condition by 
exerting some minor hydraulic control at the 2-year and higher recurrence floods.  Also 
associated with these crossings are the placements of bank protection (riprap) that is 
hydraulically “smooth” in that stream energy is not dissipated.  Typically, riprap 
concentrates the stream energy against the banks which effectively traps the flow and the 
energy is translated downstream.  The overall impact of these anthropogenic features on 
channel processes and floodplain connectivity at the reach-scale is minimal, and 
rehabilitation of these areas probably would not significantly increase fish production in 
this reach. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon and steelhead use this geomorphic reach for spawning and juvenile 
rearing, and as a migratory corridor.  These findings are based on a Habitat Work Session 
meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists from the 
Tribes, USFS, IDFG, and Reclamation. 
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The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified three habitat 
reaches that covered the entire geomorphic reach between the West Fork and Polecamp 
Creek (Table 24).  The stream inventory survey classified the reach as a C-stream type 
(Rosgen 1996) defined as a single-threaded channel that is slightly entrenched with a 
moderate to high width-to-depth ratio, high sinuosity, and gravel-cobble channel material. 

 
Table 24.  Geomorphic Reach YF-2 stream inventory survey habitat reaches and channel 
conditions. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 6.9 
– 5.4 

Reach 3 West Fork to Jerrys 
Creek 

C 46 feet 66 feet 100 feet 

RM 5.4 
– 4.3 

Reach 2 Jerrys Creek to 
Rankin Creek 

C 58 feet 92 feet 140 feet 

RM 4.3 
– 2.6 

Reach 1 Rankin Creek to 
about Polecamp 
Creek 

C 47 feet 72 feet 92 feet 

 

The number of pools per mile ranged from 6 to 9 pools with deep pools comprising about 
90 percent of pool habitat (Table 25).  Wood frequency for all wood measured ranged 
between 0 and 7 pieces of wood per mile. 

 

Table 25.  Geomorphic Reach YF-2 stream inventory survey habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average 
Residual Pool 
Depth 

Total Number of Wood 
Per Mile 

Reach 3 Gravel 
(2-64 mm) 

8.0 7.4 2.8 0 

Reach 2 Cobble 
(64-256 mm) 

6.4 5.3 1.8 1 

Reach 1 Gravel 
(2-64 mm) 

8.5 7.8 3.0 7 

 

Discussion and Potential Habitat Actions 

The channel in this reach is confined with a channel slope of about 0.6 percent and the 
channel pattern is predominantly straight with an overall sinuosity of about 1.07.  Channel 
type is primarily a plane-bed, free-formed alluvial channel with a low rate of lateral 
channel migration.  The stream inventory (2010) classified this geomorphic reach as a C-
stream type (Rosgen 1996), but the channel confinement, low sinuosity and low channel 
gradient indicates that a B-stream type classification (Rosgen 1996) is more appropriate. 
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Prior to dredging, the channel was moderately confined between glacial terraces, alluvial 
fans, and bedrock based on surficial geologic mapping, mining claim plat map, and aerial 
photography.  After the valley bottom was dredged, the constructed channel was confined 
between dredge piles, glacial terraces, alluvial fans, and bedrock.  There has been some 
lateral channel migration where the channel is less confined by the dredge piles.  
Relatively small floodplains have developed through lateral channel migration that have 
good channel/floodplain interactions and provide some high water refugia and rearing 
habitat for juveniles.  Where the channel is strongly confined by dredge piles, there has 
been almost no lateral channel migration and flows are contained within the channel 
resulting in an increase in stream power. 

Pool frequency was determined to be about 7 pools per mile based on the 2010 stream 
inventory survey.  Confined, plane-bed channels with gravel and cobble substrate 
typically form an “armor layer” that inhibits pool development (scour) when flows are not 
sufficient to mobilize the armoring particles, or in the absence of channel-spanning 
structures or significant channel constrictions (Montgomery and Buffington 1997; Bisson, 
Buffington, and Montgomery 2006).  Pools observed in this reach were (1) lateral scour 
pools located at meanders where flows are concentrated along streambanks that primarily 
have riprap, wood complexes, tailing piles or bedrock (i.e., RM 6.5, RM 5.7, RM 4.8 and 
RM 3.6); (2) mid-channel scour pool where flows are constrained by bridge abutments 
resulting in bed scour (i.e., Cabin Bridge near RM 6); (3) slow water pools upstream of 
channel constrictions (i.e., RM 3.7 and RM 3.5); and (4) a pool scoured where the Yankee 
Fork and West Fork converge near RM 6.8. 

Wood frequency was determined to be less than 3 pieces of wood per mile.  Wood, like 
sediment, is transported through this reach or stored where floodplains are connected to 
the channel.  The wood, especially wood complexes, do contribute to pool and side 
channel formation where it interacts with the channel during channel forming flows.  The 
vegetation along the active channel and floodplains consist predominantly of riparian 
shrubs and small trees intermixed with upland trees that range from small tree to large tree 
successional stages.  Lodgepole pine, Douglas fir, alder, saplings, and grass/forbs 
comprise the overstory and understory vegetation.  Historically, this reach had more 
mature pines interspersed throughout the valley bottom that were available for channel 
recruitment.  Timber was cleared from the valley bottoms and margins in the late 1800s 
and early 1900s during the mining boom.  In the 1940s and 1950s, all timber and woody 
plants were removed within the limits of the placer mining claim during the dredging 
operations. 

Anthropogenic features provide channel constraints throughout most of the reach.  
Primary features are the constructed channel through dredge tailing mounds that confine 
the channel.  The following are locations and effects of these features: 
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• Channel segment RM 6.7 to 6.5:  Channel constructed along left valley wall and 
adjacent to dredge tailings.  The constructed channel is confined between dredge 
piles on river right and the valley wall on river left with patches of accessible 
floodplain. 

• Channel segment RM 6.5 to 6:  Channel constructed along right valley wall and 
adjacent to dredge tailings.  The constructed channel is moderately confined 
between dredge piles (river left) and glacial terrace and alluvial fan deposits (river 
right) with patches of accessible floodplain. 

• Channel segment RM 5.7 to 5.4:  Channel constructed through dredge tailings.  
Channel is moderately confined by dredge piles with patches of accessible 
floodplain. 

• Channel segment RM 5.4 to 5.1:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is confined between dredge piles (river left) 
and glacial terrace and alluvial fan deposits (river right) with patches of accessible 
floodplain. 

• Channel segment RM 4.9 to 4:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is moderately confined between dredge piles 
(river left) and glacial terrace, alluvial fans, and bedrock (river right) with patches 
of accessible floodplain. 

• Channel segment RM 4 to 3.3:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is confined between dredge piles (river left) 
and glacial terrace, alluvial fans, and bedrock (river right) with patches of 
accessible floodplain. 

Other anthropogenic features that locally confine the channel and/or disconnect 
floodplains include the following:  (a) bridge crossings near RM 6.8, RM 6.5, RM 6, and 
RM 5.7, (b) the Custer Motorway road embankment along the valley wall that encroaches 
on the channel near RM 5.1, (c) a road embankment (historic bridge location) that 
transects the valley bottom, confining the channel and disconnecting small floodplain 
areas near RM 5, and (d) the Custer Motorway road embankment that disconnects a small 
floodplain area near RM 3.2.  Two perennial tributaries, Jerrys Creek and Silver Creek, 
have been disconnected from the Yankee Fork by dredge tailings. 

In addition, the dredging operations have left four dredge pond series that parallel the 
Yankee Fork.  Pond series 4 begins upstream of Virginia’s Bridge near RM 6.8.  A 
diversion structure on river right directs surface water into a series of dredge ponds and 
surface water returns to the Yankee Fork downstream of Cearley Creek Bridge near RM 
6.4.  Pond series 3 begins upstream of Cearley Creek Bridge at RM 6.5 with a diversion 
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structure on river left.  Flow from these ponds returns to the Yankee Fork downstream of 
Cabin Bridge near RM 5.9.  Pond series 2 begins with a diversion structure on river right 
near RM 6.0 upstream of Cabin Bridge and returns to the Yankee Fork downstream of 
Jerrys Bridge near RM 5.5.  Pond Series 1 begins downstream of Silver Creek with no 
surface water diversion and connects to the Yankee Fork on river left through a culvert 
under the Custer Motorway near RM 3.5.  Flow into these series of ponds is from 
tributaries, groundwater flow, and surface water diversions from the Yankee Fork. 

Physical processes have been impacted by past dredging activities in this reach.  Prior to 
dredging (1945 aerial photographs), the Yankee Fork was moderately confined primarily 
between glacial outwash terraces and alluvial fans with a straight, plane-bed channel 
morphology.  Presently, the Yankee Fork is confined primarily between dredge piles with 
a straight, plane-bed channel.  The increase in channel confinement has resulted in an 
increase in sediment transport capacity because the stream energy cannot be dissipated 
across a wider cross sectional area during peak flows which translates into increased basal 
shear stress and higher flow velocities.  However, there has not been a dramatic impact to 
channel processes because the straight, plane-bed channel morphology is similar to the 
pre-dredging condition and active lateral channel migration is occurring as evidenced by 
active bank erosion throughout much of the reach. 

Ecological processes have been significantly impacted as a result of the dredging 
operations.  Jerrys Creek and Silver Creek are disconnected from the Yankee Fork by 
dredge piles and fish can no longer access these drainages.  The dredging operations also 
removed all the vegetation within the placer claim area leaving behind mounds of 
unconsolidated alluvium.  Vegetation is recovering in areas where roots can intercept 
water primarily along the river and where fine sediments are accumulating on floodplains. 

The Tribes have worked with consultants and stakeholders on implementing habitat 
projects in this reach.  Alternatives should continue to be pursued to reconnect the isolated 
tributaries and improve channel/floodplain interactions.  In addition, the four dredge pond 
series have the potential to provide replacement of  juvenile rearing habitat that was lost 
when dredging obliterated the lower sections of some tributaries.  Increasing flows into 
these pond series would also reduce peak flows in the mainstem Yankee Fork resulting in 
a reduction in sediment transport capacity and lower flow velocities which would improve 
spawning gravel retention and juvenile fish movement.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 
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Geomorphic Reach YF-1 

Geomorphic Reach YF-1 (Figure 38) is located between RM 3.0 to the Yankee 
Fork/Salmon River confluence in a V-shaped canyon confined by bedrock and talus.  The 
river has a bedrock channel with a step-pool bedform and a slope of about 1.1 percent.  
Two perennial tributaries contribute flows to the Yankee Fork.  These tributaries include 
Polecamp Creek near RM 2.8 on river left and Blind Creek near RM 0.9 on river right.  
There are minimal overbank areas and most are accessible to the channel.  The road 
embankment does encroach on the channel in some locations and there is one bridge 
crossing, Flat Rock Bridge, near RM 1.9.  The bridge and road embankments do not have 
significantly impact channel processes in this reach. 

Chinook salmon and steelhead use this geomorphic reach primarily as a migratory 
corridor and for some juvenile rearing.  These findings are based on a Habitat Work 
Session meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists 
from the Tribes, USFS, IDFG, and Reclamation.  No fish passage barriers or habitat 
deficiencies have been identified for this geomorphic reach. 

The channel is in a confined canyon that has high energy and high sediment transport 
capacity.  No anthropogenic disturbances significantly impact channel processes.  The 
reach is utilized by Chinook salmon, steelhead, and bull trout as a migratory corridor, and 
provides very little juvenile rearing habitat.  No fish passage barriers or habitat 
deficiencies have been identified for this reach. 

Since the bedrock canyon is primarily a migratory corridor with no fish passage barriers 
and no real potential to change or develop additional habitat, there is no need for further 
assessments of this reach. 
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Figure 38.  Yankee Fork Geomorphic Reach YF-1 in the lower Yankee Fork subwatershed. 
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8.4 Jordan Creek Subwatershed 

8.4.1 Geomorphic Reach Delineations 

Two geomorphic reaches were identified along Jordan Creek in the TA area based on 
physical processes and channel morphology (Table 26).  The longitudinal channel profile 
(Figure 39) shows the geomorphic reaches within the channel network.  Locations of the 
geomorphic reaches are provided in Figure 40.  Details associated with each geomorphic 
reach are discussed in the following sections. 

 
Table 26.  Jordan Creek geomorphic reach delineations and associated channel morphology. 

River 
Miles 

General 
Valley 
Location 

Geomorphic 
Reaches  

Valley 
Form1 

Valley 
Type2 

Valley 
Confinement3 

Valley 
Gradient 

Channel 
Reach 
Type2 

Channel 
Bedform 
Type2 

Channel 
Slope 

Dominant 
Substrate 
Size 
Class4 

RM 
4.0-
1.4 

Middle 
Section 

Reach JC-2 V3:  V-
shaped 
bedrock 
canyon 

Bedrock Moderately 
Confined 

3.30 
percent 

Bedrock 
channel 

Step-pool 
to plane-
bed 

2.90 
percent 

Cobble -
gravel 

RM 
1.4 

Lower 
Section 

Reach JC-2 V4:  
Alluvial 
mountain 
valley 

Alluvial Moderately 
Confined 

2.62 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed to 
Pool-riffle 

2.50 
percent 

Cobble - 
gravel 

1Classification based on Naiman et al. (1992) as recommended in Hillman (2006) 
2Channel type classification based on Montgomery and Buffington (1993) 
3Monitoring Strategy for the Upper Columbia Basin (Hillman 2006) 
4From Stream Inventory Survey 2010 (Appendix L) and USFS (2006) 
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Figure 39.  Jordan Creek subwatershed longitudinal channel profile with reach locations. 
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Figure 40.  Jordan Creek subwatershed index map with geomorphic reach breaks. 
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Geomorphic Reach JC-2 

Geomorphic Reach JC-2 (Figure 41) is located between RM 4.0 and 1.4 in a moderately-
confined valley segment that is constrained by bedrock with colluvial, glacial, alluvial fan, 
and landslide deposits that further constrain the channel.  The channel type is 
predominantly a bedrock channel with alternating plane-bed and pool-riffle bedforms and 
has a straight channel pattern.  Channel slope is about 2.9 percent with a cobble-
dominated substrate with boulders and bedrock being very common. 

Hydraulic modeling shows that overbank areas (floodplain) are limited and Jordan Creek 
is generally confined within its channel banks through the reach.  There are floodplain 
areas where Jordan Creek begins to access during the 2-year recurrence discharge near 
RM 3.6 to 3.4, RM 3.2 to 3.0, RM 2.6 to 2.4, and RM 2.1 to 1.7. 

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 2.0 lb/ft2 which indicates the creek is capable of transporting cobbles up to 
5.2 inches in dimension.  There are three locations where shear stress is greater than 4 
lb/ft2, high enough to mobilize a median sediment size of 10.4 inches.  At RM 3.4 and RM 
2.8, the channel is constrained by the valley wall on river left and the Loon Creek Road on 
river right.  At RM 1.5, the channel is constrained by the valley wall on river right.  The 
average flow velocity in the main channel during the 2-year recurrence discharge is 4.8 
ft/s. 

Local coarse sediment inputs are predominantly from bank erosion along the toe of 
colluvial deposits that are underlain with bedrock and some alluvial fan deposits along 
outside meanders.  Very little lateral channel migration and meandering occurs in this 
reach due to bedrock and oversize materials (i.e., boulders) adjacent to the channel.  Other 
sources are episodic debris flows from ephemeral drainages that are in contact or 
connected by culverts with the active channel. 
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Figure 41.  Jordan Creek Geomorphic Reach JC-2 in the Jordan Creek subwatershed. 
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Anthropogenic Disturbances 

Significant impacts to geomorphic processes are road embankments and bridges that 
confine the channel.  Bridge JC5 appears to create a backwater condition by exerting 
hydraulic control during the 10-year and greater recurrence flood.  Bridge JC4 does not 
appear to exert hydraulic control at flows less than the 2-year recurrence discharge.  
Bridge JC3 appears to create a backwater condition by exerting hydraulic control during 
the 100-year recurrence flood.  Bridge JC2 appears to create a backwater condition by 
exerting hydraulic control at the 2-year and greater recurrence discharge. 

Other anthropogenic disturbances are related to mining operations.  The Grouse Creek 
Mine is located near RM 3.4.  A slope failure near the entrance of the mine near RM 3.3 
provided sediment to the stream.  It is unknown if the failure was the result of effluent 
from the mine.  The mine is currently in the process of closing and reclamation. 

There are active mining operations throughout the subwatershed and the mining activity 
along Jordan Creek has created topographic features that disconnect or impede 
channel/floodplain interactions.  In addition, vegetation has been removed where many 
ongoing mining operations are occurring and along their associated access roads. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach for some juvenile rearing where suitable 
habitat patches are present.  Steelhead use this reach for spawning where patches of gravel 
are retained and for juvenile rearing where suitable habitat patches are present.  These 
findings are based on a Habitat Work Session meeting conducted on April 12, 2011 in 
Challis, Idaho with fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified two habitat 
reaches that covered most of the geomorphic reach between about RM 3.6 and 1.8 (Table 
27).  Stream type classification is a B-stream type (Rosgen 1996) defined as a single-
threaded channel that is moderately entrenched with a moderate sinuosity.  Dominate 
substrate was cobble and gravel with boulders common. 

 
Table 27.  Geomorphic Reach JC-2 stream inventory survey habitat reach and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 3.6 
– 2.7 

Reach 4 Unnamed tributary to 
where valley opens-up 

B 14 feet 23 feet 44 feet 

RM 2.7 
– 1.8 

Reach 3 Where valley opens-up 
to end of dredge tailings 

B 12 feet 23 feet 69 feet 
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The number of pools per mile was about 26 with deep pools comprising about 1 percent of 
pool habitat (Table 28).  Wood frequency for all wood measured was about 20 pieces of 
wood per mile. 

 
Table 28.  Geomorphic Reach JC-2 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average Residual 
Pool Depth 

Total Number of 
Wood Per Mile 

Reach 4 Gravel (2-64 mm) 
/Cobble (64-256 
mm) 

27.5 0.9 1.5 feet 21 

Reach 3 Cobble (64-256 
mm) 

23.7 1.2 1.4 feet 18 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a V-shaped bedrock canyon that moderately confines the 
channel.  The channel type is predominantly a bedrock channel with alternating plane-bed 
and pool-riffle bedforms and has a straight channel pattern indicating a low rate of lateral 
channel migration.  Predominant substrate is cobble- to gravel-sized materials with 
boulders and bedrock common, and the channel slope is about 2.9 percent.  Channel 
confinement, slope and lack of sinuosity suggest that an A-stream type transitioning into 
an F-stream type (Rosgen 1996) is more appropriate for this reach.  Channel/floodplain 
interactions are connected where small floodplains have developed. 

The number of observed pools per mile ranged from about 24 to 28 based on the 2010 
stream inventory survey.  Pool spacing in moderately confined, predominantly bedrock 
controlled channels is variable (Montgomery and Buffington 1993).  In this reach the 
channel generally alternates between bedrock and alluvial channel segments, and about 7 
percent of pools were formed by bedrock and 68 percent were formed by boulders. 

Wood frequency was determined to be about 20 pieces of wood per mile.  Wood is 
delivered to the channel primarily from toppling trees along steep valley walls, especially 
where the stream erodes the toe of the slope, and from episodic debris flows originating in 
tributaries.  The wood is stored in the system as apex log jams on vegetated gravel bars 
and along the outside edge of meanders where it frequently interacts with the stream 
during channel forming flows. 

Vegetation along the banks of the active channel is comprised predominantly of alder and 
lodgepole pine in a small tree successional stage.  The vegetation is fragmented adjacent 
to the channel due to its removal in several locations near mining operations, along Loon 
Creek Road, and other access roads.  A continuous riparian corridor would improve 
channel processes by increasing channel boundary roughness and wood recruitment, and 
would improve ecologic connectivity for macroinvertebrate production. 
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Anthropogenic features that constrict the valley bottom are primarily the Loon Creek 
Road embankment, mine tailings, and spoil piles.  There are three bridge crossings that 
constrict the channel near RM 3.6, 3.2, and 2.1.  However, none of these anthropogenic 
features have a significant impact on reach-scale channel processes. 

Potential habitat actions could be implemented to improve channel processes by 
modifying road embankments and mine tailings that constrict the channel, and planting 
riparian vegetation in areas where it has been removed to improve channel boundary 
roughness.  However, it is unlikely these actions would result in significant reach-scale 
changes that would increase juvenile rearing habitat.  Essentially, the in-stream bedforms 
and structure, and resulting habitat, are within the range of variability that should be 
expected for the channel type and physical characteristics of this reach. 

A reach assessment is not necessary to address the localized anthropogenic impacts in this 
geomorphic reach.  Specific alternatives could be developed and evaluated to address the 
localized anthropogenic disturbances that constrict the channel constraints and/or affect 
channel boundary roughness and ecological connectivity.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 

Geomorphic Reach JC-1 
Geomorphic Reach JC-1 (Figure 42) is located between RM 1.4 and the Yankee 
Fork/Jordan Creek confluence in a moderately confined valley segment that is constrained 
by mine tailings, and by glacial and colluvial deposits.  Channel slope is variable and is 
about 5.5 percent between RM 1.4 and 1.3, about 2.4 percent between RM 1.3 to 0.4, and 
about 1.8 percent between RM 0.4 and the mouth.  Channel type is predominantly a plane-
bed, free-formed alluvial channel that has a straight channel pattern indicating a low rate 
of lateral channel migration.  Dominant substrate is cobble with gravel and boulders. 

Hydraulic modeling shows that overbank areas are small and Jordan Creek is confined 
within its channel banks through the upper segment of Reach JC-1.  The creek begins to 
access floodplains in the rehabilitated segment from RM 0.4 to RM 0.05 during the 1.11-
year recurrence discharge.  The hydraulic control upstream of Jordan Creek Bridge is the 
result of the habitat rehabilitation project and not the bridge itself.   

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 1.7 lb/ft2 which indicates the creek is capable of transporting small cobbles 
up to 4.4 inches in dimension.  There are two locations where shear stress is greater than 3 
lb/ft2.  At RM 1.3, the channel is constrained by dredge piles on both river right and river 
left, and at RM 0.4, the channel is constrained by dredge piles on river right and the Loon 
Creek Road on river left.  The average flow velocity in the main channel during the 2-year 
recurrence discharge is 5.7 ft/s. 
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Local coarse sediment inputs are predominantly from intermittent bank erosion along 
mine tailings between RM 1.4 and RM 0.4 that are comprised predominantly of cobbles 
with gravel and boulders.  These tailing piles become “self-armoring” as finer materials 
(i.e., sand and gravel) are eroded and transported downstream, leaving the coarser 
materials (i.e., cobbles and boulders) that are more resistant to erosion thereby restricting 
lateral channel migration.  Red Rock Creek, a perennial tributary near RM 0.5 on river 
right, does not appear to be a significant sediment source, but does contribute flows to 
Jordan Creek.  Almost all other ephemeral drainages are disconnected from Jordan Creek 
due to mine tailing piles or the Loon Creek Road embankment. 
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Figure 42.  Jordan Creek Geomorphic Reach JC-1 in the Jordan Creek subwatershed. 
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Anthropogenic Disturbances 

The most significant impacts to the channel processes in this geomorphic reach are from 
mining activities beginning in the late 1800s to the present.  Alluvial deposits have been 
dredged and/or hydraulically mined from about RM 1.4 to the mouth.  Following the 
dredging and hydraulic mining activities, Jordan Creek was constructed adjacent to and 
through the mine tailings.  Presently, dredging and hydraulic mining no longer occur 
along Jordan Creek, but there are some active placer mines still in operation. 

A thin riparian buffer zone (about 30 feet or less) exists from about RM 1.4 and 0.4 that 
somewhat improve bank stability and channel boundary roughness.  Between RM 0.4 and 
0.1 riparian vegetation density has significantly improved following the completion of the 
Grouse Creek Mine Wetland Mitigation Project in 1993.  This project included leveling 
and removing dredge tailings, seeding the rehabilitation area, and adding wood to the 
system in order to improve channel complexity.  The project was successful in re-
establishing channel/floodplain interactions, improving bank stability and 
channel/floodplain roughness, and the added wood contributes by forcing channel 
adjustments (i.e., scour, avulsion, and lateral channel migration).  From about RM 0.1, just 
above the Jordan Creek Bridge, to the Yankee Fork/Jordan Creek confluence, Jordan 
Creek is channelized and the riparian vegetation is sparse. 

Other anthropogenic disturbances include bridge crossings and road embankments.  
Bridge JC1 near RM 0.9 appears to access private land and exerts some minor backwater 
hydraulic control at the 2-year and above recurrence flood.  Jordan Creek Bridge on the 
Custer Motorway near RM 0.1 does not appear to exert hydraulic control.  At RM 0.4, the 
channel is constrained by dredge tailings on river right and the Loon Creek Road 
embankment on river left. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach primarily for juvenile rearing.  Steelhead use 
this reach for juvenile rearing and as a migratory corridor.  These findings are based on a 
Habitat Work Session meeting conducted on April 12, 2011 in Challis, Idaho with 
fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified two habitat 
reaches that covered all of the geomorphic reach (Table 29).  Stream type classification 
for habitat reach 2 is a G-stream type and habitat reach 1 is a B-stream type (Rosgen 
1996).  Both stream types are single-threaded channels, but the stream transitions from a 
G-stream type to a B-stream type as the channel becomes less confined in the downstream 
direction.  Measured substrate was predominantly cobble with gravel. 
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Table 29.  Geomorphic Reach JC-1 stream inventory habitat reach and channel condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
1.8 – 
0.4 

Reach 2 End of dredge 
tailings to about 
Red Rock Creek 

G 14 feet 23 feet 40 feet 

RM 
0.4 – 0 

Reach 1 About Red Rock 
Creek to mouth 

B 15 feet 19 feet 79 feet 

 

The number of pools per mile averaged about 19 pools per mile with deep pools 
comprising about 5 percent of pool habitat (Table 30).  Wood frequency for all wood 
measured ranged from 8 to 67 pieces of wood per mile with an average of about 38 pieces 
per mile. 

 

Table 30.  Geomorphic Reach JC-1 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average Residual 
Pool Depth 

Total Number of 
Wood Per Mile 

Reach 2 Cobble (64-256 
mm) 

25 1 1.1 feet 8 

Reach 1 Cobble (64-256 
mm) 

13 1 2 feet 67 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a V-shaped alluvial valley that moderately confines the 
channel.  Channel type is predominantly a plane-bed, free-formed alluvial channel that has 
a straight channel pattern indicating a low rate of lateral channel migration.  Dominant 
substrate is cobble with gravel and boulders.  Channel slope is variable and is about 5.5 
percent where the channel is confined by an alluvial fan between RM 1.4 and 1.3, 
decreases to about 2.4 percent where the channel is moderately confined by mine tailings 
between RM 1.4 to 0.4, and further decreases to about 1.8 percent where mine tailings 
have been partially removed and leveled, creating channel/floodplain interactions.  The 
stream survey conducted in 2010 showed that the stream type is a G-stream type that 
graded into a B-stream type (Rosgen 1996) as channel slope and channel confinement 
decreased in the downstream direction. 

Historically, Jordan Creek had a straight, moderately confined channel that was 
constrained by glacial, alluvial, and colluvial deposits upstream of RM 0.4.  The creek had 
a plane-bed, free-formed alluvial channel with gravel to boulder substrate based on the 
1934 stream survey (USDC 1934) and 1945 aerial photographs.  Channel gradients were 
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probably similar because of the grade controls provided by bedrock, boulders, and alluvial 
fans.  About 95 percent of the channel was comprised of riffles, and the few pools 
observed in this reach were formed by boulders with some lateral scour pools along 
outside meanders (USDC 1934). 

Jordan Creek has a moderately confined straight channel that has a higher gradient (5.5 
percent) which transitions to a lower gradient (1.8 percent).  These types of systems 
generally have a high sediment transport capacity and are efficient at transporting 
sediment, and wood, downstream that typically results in forming an armor layer that 
inhibits pool development in the absence of structures that force flow convergence, or bed 
scour (Montgomery and Buffington 1997; Bisson, Buffington, and Montgomery 2006).  In 
general, the steeper channel segments tend to have step-pool morphology, and as the 
channel slope decreases to 3 percent or less transitions to a plane-bed morphology 
(Montgomery and Buffington 1993). 

Pool spacing for step-pool channel segments is typically 1 to 4 channel widths, and for 
plane-bed channel segments there are no correlations associated with pool spacing 
(Montgomery and Buffington 1993).  The number of pools per mile observed during the 
stream inventory survey (2010) ranged from 25 pools per mile in the higher gradient 
segments to 13 pools per mile in the lower gradient segments.  Based on the physical 
characteristics of this system, the frequency of pools in this reach is within the expected 
range of variability for a transitional channel type (i.e., predominantly plane-bed). 

The number of pieces of wood observed during the stream inventory survey (2010) ranged 
from 8 pieces of wood in the higher gradient segments to 67 pieces in the lower gradient 
segments.  Wood is delivered to the channel predominantly from toppling trees along 
steep valley walls or is transported into this reach from upstream.  The wood is stored as 
log jams on vegetated bars and along the outside edge of meanders where it frequently 
interacts with the stream during channel forming flows.  The number of pieces of wood 
per mile retained in the system would be expected to increase as the channel decreases in 
gradient and becomes less confined, as is the case in this reach.  However, in the lower 
gradient section between RM 0.4 and 0.1, the higher number of wood pieces per mile also 
represents wood that was added to the system as part of the Grouse Creek Mine Wetland 
Mitigation Project (1993). 

Vegetation along the banks of the active channel is comprised predominantly of willow 
and lodgepole pine in a shrub/seedling to small tree successional stage.  Riparian 
vegetation has created a thin buffer zone (about 30 feet or less) along the active channel 
that is fragmented due to clearing in several locations near mining operations, along the 
Loon Creek Road, and other access roads.  A comparison between the 1945 and 2010 
aerial photographs shows that the riparian corridor was more robust and most likely 
provided small- to medium-sized trees to the channel.  There were patches of larger trees 
that appear to be growing above the active floodplain that may have been available to the 
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stream through lateral channel migration.  However, a majority of the larger wood in the 
system was probably recruited through mass wasting in tributary drainages. 

The Grouse Creek Mine Wetland Mitigation Project (1993) was located between RM 0.4 
to the Custer Motorway Bridge near the Yankee Fork/Jordan Creek confluence.  The 
project included the removal and/or modifications of mine tailings to improve 
channel/floodplain interactions.  The channel has a gradient of about 1.8 percent with a 
predominantly gravel and cobble substrate.  Wood and sediment are mobilized during 
channel forming flows and their interactions create areas of flow convergence and 
divergence that force lateral scour pools and deposition of riffles and bars. 

Anthropogenic features that constrain the channel are primarily dredge tailings, mining 
spoils, and road embankments.  There are two bridge crossings that do not significantly 
impact channel processes because they were built in locations where the channel was 
already constricted by dredge tailings near RM 0.9 and RM 0.1.  The dredge tailings 
impact geomorphic processes by confining the channel in many locations and providing a 
continuous sediment source.  Along the lower section of the reach, between about RM 0.1 
to the Yankee Fork/Jordan Creek confluence, the constructed channel is straight and 
confined between dredge tailings. 

Presently, there is a thin riparian buffer zone (about 30 feet or less) from about RM 1.4 
and 0.4 that provides some bank stability, channel boundary roughness, and ecological 
connectivity.  Riparian vegetation, in conjunction with improved channel/floodplain 
interactions, was significantly improved between RM 0.4 and 0.1 following completion of 
the Grouse Creek Mine Wetland Mitigation Project in 1993. 

Potential habitat actions could be implemented in localized areas to address past mining 
activities and the road embankments that result in channel constraints.  Replanting riparian 
vegetation to improve channel boundary roughness and ecologic connectivity could also 
be considered.  It is unlikely these actions would result in a reach-scale improvement that 
would significantly increase juvenile rearing habitat.  Essentially, the in-stream bedforms 
and structure and resulting habitat are within the range of variability that should be 
expected for the channel type and physical characteristics for the reach.  Also, it is 
unlikely that project implementation is feasible where placer mining activities continue (or 
are anticipated in the near future). 

A reach assessment is not necessary to address the localized anthropogenic impacts in this 
geomorphic reach.  Alternatives analysis could be conducted to address anthropogenic 
features affecting channel constraints and channel boundary roughness.  All relevant 
environmental parameters should be measured as part of any alternatives analysis to 
characterize environmental baseline conditions to predict potential effects of any action 
and for future effectiveness monitoring. 
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9. Conclusions 
The purpose of this assessment was to provide information that describes (1) the large 
scale geomorphic processes occurring within the watershed; (2) the basis for delineation 
of geomorphic reaches within the TA area; and (3) the geomorphic reaches that have the 
greatest potential for improving geomorphic processes, reconnecting isolated habitats, and 
improving habitat quantity and quality. 

Valley segments and geomorphic reaches were delineated along the Yankee Fork in the 
middle and lower Yankee Fork subwatersheds, and along lower Jordan Creek in the 
Jordan Creek subwatershed.  The geomorphic reaches were coincident with the valley 
segments and are located as follows: 

• In the middle Yankee Fork subwatershed, three geomorphic reaches were 
identified (upstream to downstream):  (1) Reach YF-6 from RM 16.5 to 13.3, (2) 
Reach YF-5 from RM 13.3 to 11.7, and (3) Reach YF-4 from RM 11.7 to 9.1. 

• In the lower Yankee Fork subwatershed, three geomorphic reaches were identified:  
(1) Reach YF-3 from RM 9.1 to 6.8, (2) Reach YF-2 from RM 6.8 to 3, and (3) 
Reach YF-1 from RM 3 to Yankee Fork/Salmon River confluence. 

• Two geomorphic reaches were identified in the Jordan Creek subwatershed:  (1) 
Reach JC-2 from RM 4 to 1.4 and (2) Reach JC-1 from RM 1.4 to Yankee 
Fork/Jordan Creek confluence. 

The following are summaries of each geomorphic reach: 

• Yankee Fork Reach YF-6:  Chinook salmon and steelhead use this reach for 
migration, spawning, and rearing.  The river is unconfined and has a 
predominantly straight, free-formed alluvial channel with good channel/floodplain 
interactions.  The most significant anthropogenic disturbance to physical and 
ecological processes have been from past timber harvests that supported mining 
activities in the late 1800s and from fire suppression efforts beginning in the 1900s 
that may have changed the species assemblage and successional stages from pre-
European settlement time (Overton et al. 1999).  The riverine system is on a 
recovering trend as the vegetation progresses through varying successional stages.  
Other anthropogenic impacts do not significantly affect physical or ecological 
processes that contribute to habitat quantity and quality at the reach-scale.  
Essentially, the in-stream bedforms and structure and resulting habitat are within 
the range of variability that should be expected for the channel type and physical 
characteristics for this reach. 
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• Yankee Fork Reach YF-5:  Chinook salmon, steelhead, and other fish species use 
this reach primarily as a migratory corridor.  The river is confined within a V-
shaped canyon and the predominant channel type is bedrock with a straight 
channel planform.  There are no anthropogenic impacts that negatively affect 
reach-scale processes, and the channel morphology and habitat structure are within 
the expected range of variability for a bedrock channel. 

• Yankee Fork Reach YF-4:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  The river is moderately confined with a 
predominantly straight, free-formed alluvial channel.  Channel/floodplain 
interactions are occurring in the lower section from RM 10.3 to 9.1.  Past timber 
harvests, mining, and development may have changed the species assemblage and 
successional stages from pre-European settlement time in this reach (Overton et al. 
1999).  Reach-scale processes are strongly influenced by the type of vegetation 
and successional stage which influences channel morphology and habitat 
arrangement.  There are localized anthropogenic impacts that affect physical 
processes and habitat quantity and quality that include:  (1) small floodplain areas 
disconnected by a levee and deflection berm and (2) a bridge crossing near RM 
10.9 (General’s Bridge) that slightly constricts the channel.  However, the overall 
impact of these features on reach-scale channel processes and floodplain 
connectivity are minimal. 

• Yankee Fork Reach YF-3:  Chinook salmon use this reach for migration, 
spawning, and juvenile rearing and steelhead use it for migration and juvenile 
rearing.  The river is presently confined by dredge tailings and has a 
predominantly straight, free-formed alluvial channel.  Prior to dredging, much of 
this reach was unconfined and maintained a straight channel pattern with some 
meandering channel segments and connected channel/floodplain interactions.  The 
dredging operations involved rerouting the Yankee Fork and disconnecting it from 
its floodplain; and on the West Fork, the lower channel segment was rerouted and 
artificially constrained by dredge piles.  Historically, the Yankee Fork and West 
Fork confluence area had a broad floodplain in which the two unconfined channels 
dynamically interacted.  The channels migrated across their floodplains which 
progressively changed where and how the channels converged.  These dynamic 
interactions resulted in varying hydraulic conditions that created and maintained a 
mosaic of habitat patches.  Presently, the new channel configurations and location 
of channel convergence are now static and the hydraulic conditions no longer 
create the mosaic of habitat patches. 

• Yankee Fork Reach YF-2:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  Presently, the river is predominantly 
confined by dredge tailings and maintains a straight, free-formed alluvial channel 
with a cobble dominated plane-bed.  Prior to dredging, this reach was moderately 
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confined by higher surfaces (comprised primarily of glacial outwash), alluvial 
fans, and bedrock, and maintained a straight, free-formed alluvial channel similar 
to the present channel.  The difference between the pre-dredge channel and the 
present channel is the degree of channel confinement.  By increasing channel 
confinement between dredge piles, the cross sectional area geometry of the 
channel and floodplain has a narrower width which must convey the same peak 
flows, resulting in increases to water depth, flow velocity, and sediment transport 
capacity.   

Other significant anthropogenic impacts include:  (1) tailing piles disconnecting 
Jerrys Creek and Silver Creek (perennial tributaries) from the Yankee Fork that 
most likely provided juvenile rearing habitat for both Chinook salmon and 
steelhead in the low gradient sections along the valley floor, and steelhead rearing 
and spawning habitat in the higher gradient sections along the valley wall (Bureau 
of Fisheries Stream Survey in 1934 that reported many fingerlings observed in the 
lower quarter mile section of Silver Creek);  (2) removal of vegetation and 
reworking of topsoil within the dredged area leaving behind tailing piles of mixed 
unconsolidated alluvium with the coarse fraction remaining at the surface;  (3) 
lateral channel migration into the tailing piles has been occurring at a very slow 
rate and is restricted because the tailings tend to be “self-armoring” as finer 
materials (i.e., sand and gravel) are eroded and transported downstream leaving 
behind coarser materials (i.e., cobbles and boulders) along the toe; and (4) the 
lower section of Ramey Creek has been channelized and peak flows are confined 
to within the channel and not dissipated across its alluvial fan resulting in 
increased water depth, flow velocity, and sediment transport capacity. 

• Yankee Fork Reach YF-1:  Chinook salmon, steelhead, and other species use this 
reach primarily as a migratory corridor.  The river flows through a V-shaped 
canyon and the channel is confined by bedrock and talus.  The river has a bedrock 
channel type with predominantly a step-pool bedform and high sediment transport 
capacity.  There are some anthropogenic impacts from road embankments 
encroaching on the channel and floodplain, and a bridge crossing that constricts 
the channel.  However, these anthropogenic disturbances do not significantly 
impact physical processes or habitat quantity and quality. 

• Jordan Creek Reach JC-2:  Steelhead use this reach for spawning and juvenile 
rearing, and there is very limited Chinook salmon juvenile rearing habitat.  The 
creek flows through a moderately-confined valley segment that is constrained by 
bedrock with colluvial, glacial, alluvial fan, and landslide deposits.  The channel 
type is predominantly a bedrock channel with alternating plane-bed and pool-riffle 
bedforms and has a straight channel pattern.  Channel slope is about 2.9 percent 
with a cobble-dominated substrate with boulders and bedrock common.  
Anthropogenic features that constrict the valley bottom are primarily the Loon 
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Creek Road embankment, mine tailings, and spoil piles.  There are three bridge 
crossings that constrict the channel near RM 3.6, 3.2, and 2.1.  However, none of 
these anthropogenic features have a significant impact on reach-scale channel 
processes.  Essentially, the bedform and in-stream structure and resulting habitat is 
within the range of variability that should be expected for the channel type and 
physical characteristics for this reach. 

• Jordan Creek Reach JC-1:  Chinook salmon and steelhead use this reach 
primarily for juvenile rearing.  The creek flows through a V-shaped alluvial valley 
that moderately confines the channel.  Channel type is predominantly a plane-bed, 
free-formed alluvial channel that has a straight channel pattern indicating a low 
rate of lateral channel migration.  Past dredging and hydraulic mining operations 
have resulted in the relocation of Jordan Creek.  Other anthropogenic impacts 
include:  (1) removal of vegetation along the valley bottom from mining 
operations and construction of the Loon Creek Road; (2) two bridge crossings that 
do not significantly impact channel processes because they were built in locations 
where the channel was already constricted by dredge tailings near RM 0.9 and RM 
0.1; (3) a wetland mitigation project that included the removal and/or modification 
of mine tailings to improve channel/floodplain interactions was completed in 1993 
between RM 0.4 and the Custer Motorway Bridge; and (4) channelizing the creek 
through mine tailings between about RM 0.1 to the Yankee Fork/Jordan Creek 
confluence. 

In conclusion, the geomorphic reaches, in order of their potential to improve geomorphic 
processes and habitat quantity and quality, along with their needs for further assessment 
are as follows: 

1. Yankee Fork Reach YF-3:  The physical and ecological processes have been 
significantly impacted by dredging operations in this reach.  Dredge piles 
artificially constrain the Yankee Fork and West Fork channel, disconnect relatively 
large floodplain areas from the Yankee Fork, and have changed the convergence 
between the Yankee Fork and West Fork from a dynamic interaction that created a 
mosaic of habitat patches to a static condition that no longer provides the complex 
habitat types.  A more detailed reach assessment, potentially involving a more 
complex hydraulic model, is needed to evaluate current physical and ecologic 
processes, and to evaluate the overall potential to improve these processes and 
their benefit and risks to the resource. 

2. Yankee Fork Reach YF-2:  The Tribes have worked with consultants and 
stakeholders on implementing habitat projects in this geomorphic reach.  
Alternatives should continue to be pursued to reconnect isolated tributaries and 
improve channel/floodplain interactions.  In addition, the four dredge pond series 
have the potential to provide replacement of juvenile rearing habitat that was lost 
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when dredging obliterated the lower sections of some tributaries.  If flows were 
increased into these pond series, it would also reduce peak flows in the mainstem 
Yankee Fork, resulting in a reduction in sediment transport capacity and lower 
flow velocities which would improve spawning gravel retention and juvenile fish 
movement.  All relevant environmental parameters, such as those used in NOAA 
Fisheries (1996) Matrix of Pathways and Indicators or U.S. Fish and Wildlife 
Service’s (1998) Matrix of Diagnostics/Pathways and Indicators, should be 
measured prior to implementation of any rehabilitation project to characterize the 
current environmental conditions.  This information provides an environmental 
“baseline” that can be used to predict the effects of rehabilitation actions, and to 
detect changes following implementation of the actions (i.e., effectiveness 
monitoring). 

3. Jordan Creek Reach JC-1:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this geomorphic reach.  Modifications to 
localized channel constrictions (i.e., mine tailing and road embankments) could be 
pursued on a case-by-case basis dependent on landowner cooperation.  Replanting 
riparian vegetation (i.e., 30-foot buffer zone) to improve channel boundary 
roughness and ecologic connectivity could also be considered.  It is unlikely these 
actions would result in a reach-scale improvement that would significantly 
increase juvenile rearing habitat.  Essentially, the in-stream bedforms and structure 
and resulting habitat are within the range of variability that should be expected for 
the channel type and physical characteristics for the reach.  Also, it is unlikely that 
project implementation is feasible where placer mining activities continue (or are 
anticipated in the near future).   All relevant environmental parameters should be 
measured as part of any alternatives analysis to characterize environmental 
baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 

4. Yankee Fork Reach YF-4:  Physical and ecological processes are negatively 
impacted primarily from past timber harvests along the valley bottoms and 
margins.  The riverine system appears to be on a recovering trend as vegetation 
progresses through varying successional stages, albeit at a slower rate due to 
continued recreational and private landowner usage.  Maintaining and actively 
managing a riparian corridor (i.e., about 100-foot buffer zone) along both sides of 
the channel to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Addressing localized 
constrictions along the channel (i.e., levee, deflection berm and bridge crossings) 
and identifying potential locations for large wood placements could be pursued on 
a case-by-case basis dependent on landowner cooperation.  All relevant 
environmental parameters should be measured as part of any alternatives analysis 
to characterize environmental baseline conditions to predict potential effects of 
any action and for future effectiveness monitoring. 
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5. Yankee Fork Reach YF-6:  Physical and ecological processes have been 
negatively impacted primarily from past timber harvest along the valley bottoms 
and margins.  The riverine system appears to be on a recovering trend as the 
vegetation progresses through varying successional stages.  Active management of 
these stands to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Potential short-term 
rehabilitation approaches to increase availability of wood to the system could be 
pursued on a case-by-case basis which includes:  (1) ensuring that wood and 
sediment inputs from tributaries are not impeded by obstructions (i.e., undersized 
culverts), and (2) wood placement along the channel and floodplain if the 
anticipated ecologic benefits outweigh the disturbances to the channel or 
floodplain.  All relevant environmental parameters should be measured as part of 
any alternatives analysis to characterize environmental baseline conditions to 
predict potential effects of any action and for future effectiveness monitoring. 

6. Jordan Creek Reach JC-2:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this geomorphic reach.  Specific alternatives 
could be pursued on a case-by-case basis to address the localized anthropogenic 
disturbances that constrict the channel and/or affect channel boundary roughness 
and ecological connectivity.  Essentially, the in-stream bedforms and structure and 
resulting habitat are within the range of variability that should be expected for the 
channel type and physical characteristics for the reach.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for 
future effectiveness monitoring. 

7. Yankee Fork Reaches YF-5 and YF-1:  These geomorphic reaches are primarily 
Chinook salmon and steelhead migratory corridors.  In these reaches the river 
flows through V-shaped canyons that have bedrock type channels with 
predominantly step-pool bedforms.  There are no anthropogenic features that 
significantly impact channel processes at the reach-scale.  Therefore, no further 
assessments are recommended. 
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12. Glossary 
Some terms in the glossary appear in this TA. 

TERM 
 

DEFINITION 
 

action Proposed protection and/or rehabilitation strategy to improve selected 
physical and ecological processes that may be limiting the productivity, 
abundance, spatial structure or diversity of the focal species.  Examples 
include removing or modifying passage barriers to reconnect isolated 
habitat (i.e., tributaries), planting appropriate vegetation to reestablish or 
improve the riparian corridor along a stream that reconnects channel-
floodplain processes, placement of large wood to improve habitat 
complexity, cover and increase biomass that reconnects isolated habitat 
units. 

alluvial fan An outspread, gently sloping mass of alluvium deposited by a stream, esp. 
in an arid or semiarid region where a stream issues from a narrow canyon 
onto a plain or valley floor.  Viewed from above, it has the shape of an open 
fan, the apex being at the canyon mouth.  

alluvium A general term for detrital deposits made by streams on river beds, 
floodplains, and alluvial fans; esp. a deposit of silt or silty caly laid down 
during time of flood.  The term applies to stream deposits of recent time.  It 
does not include subaqueous sediments of seas and lakes.  

anadromous fish A fish, such as the Pacific salmon, that spawns and spends its early life in 
freshwater but moves into the ocean where it attains sexual maturity and 
spends most of its life span. 

anthropogenic Caused by human activities. 

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

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

basin The drainage area of a river and its tributaries. 
bedrock The solid rock that underlies gravel, soil or other superficial material 

and is generally resistant to fluvial erosion over a span of several decades, 
but may erode over longer time periods. 

cfs Cubic feet per second; a measure of water flows 
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channel forming 
flow 

Sometimes referred to as the effective flow or ordinary high water flow and 
often as the bankfull flow or discharge.  For most streams, the channel 
forming flow is the flow that has a recurrence intermal of approximately 1.5 
years in the annual flood series.  Most channel forming discharges range 
between 1.0 and 1.8.  In some areas it could be lower or higher than this 
range.  It is the flow that transports the most sediment for the least amount 
of energy, mobilizes and redistributes the annually transient bedload, and 
maintains long-term channel form.  

channel morphology The physical dimension, shape, form, pattern, profile and structure of a 
stream channel. 

channel planform The two-dimensional longitudinal pattern of a river channel as viewed on 
the ground surface, aerial photograph or map. 

channelization The straightening and/or deepening of a stream channel, typically to permit 
the water to move faster, to reduce flooding, or to drain marshy acreage. 

control A natural or human feature that restrains a streams ability to move laterally 
and/or vertically.   

degradation Transition from a higher to lower level or quality.  A general lowering of 
the earth’s surface by erosion or transportation in running waters.  Also 
refers to the quality (or loss) of functional elements within an ecosystem. 

discharge The volume per unit of time of streamflow at a given instant or for a given 
area.  Discharge is often used interchangeably with streamflow. 

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

diversity Genetic and phenotypic (life history traits, behavior, and morphology) 
variation within a population.  Also refers variations in physical conditions 
or habitat. 

dredging The various processes by which large floating machines, or dredges, scoop 
up earth material at the bottom of a body of water, raise it to the surface, 
and discharge it back to the water body after removal of ore minerals. 

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

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

ethnographic The study and systematic recording of human cultures. 

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

fine sediment Sand, silt and organic material that have a grain size of 6.4 mm or less. 

floodplain 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. 
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fluvial Produced by the action of a river or stream.  Also used to refer to something 
relating to or inhabiting a river or stream.  Fish that migrate between rivers 
and streams are labeled “fluvial.” 

fluvial 
geomorphology 

The study of stream channel and floodplain pattern and geometry as well as 
the sediment, sediment sources and sediment transport regimes, and the 
analysis of how the stream channel and floodplain form and function 
interact. 

fluvial process A process related to the movement of flowing water that shape the surface 
of the earth through the erosion, transport, and deposition of sediment, soil 
particles, and organic debris. 

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

geomorphic reach An area containing the active channel and its floodplain bounded by vertical 
and/or lateral geologic controls, such as alluvial fans or bedrock outcrops, 
and frequently separated from other reaches by abrupt changes in channel 
slope and valley confinement.  Within a geomorphic reach, similar fluvial 
processes govern channel planform and geometry resulting from streamflow 
and sediment transport. 

geomorphology The science that focuses on the general configuraion of the earth’s surface; 
specif. the study of the classification, description, nature, origin and 
development of landforms and their relationships to underlying structures, 
and the history of geologic changes as recorded by these surface features. 

GIS Geographical information system.  An organized collection of computer 
hardware, software, and geographic data designed to capture, store, update, 
manipulate, analyze, and display all forms of geographically referenced 
information. 

gradient Degree of inclination of a part of the earth’s surface; steepness of slope.  It 
may be expressed as a ratio (of vertical to horizontal), fraction, percentage, 
or angle. 

groundwater That part of the subsurface water that is in the saturated zone. 

habitat connectivity  Aquatic and/or terrestrial conditions that are linked together and needed to 
provide the physical and ecological processes necessary for the transfer of 
energy (i.e., food web) to maintain all life stages of species that are 
dependent on the riverine ecosystem. 

habitat unit A segment of a stream which has a distinct set of characteristics. 

headwaters Streams at the source of a river. 

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

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

indicator A variable used to forecast the value or change in the value of another 
variable; for example, using temperature, turbidity, and chemical 
contaminents or nutrients to measure water quality. 

limiting factor Any factor in the environment that limits a population from achieving 
complete viability with respect to any Viable Salmonid Population (VSP) 
parameter. 

mainstem The reach of a river/stream formed by the tributaries that flow into it. 

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

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

reach A section between two specific points outlining a portion of the stream, or 
river. 

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

recurrence interval 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. 

redd A nest built in gravel or small substrate materials by salmonids where eggs 
are deposited; the nest is excavated by the adult fish and  the eggs are 
covered by the female after spawning. 

riparian area An area adjacent to a stream, wetland, or other body of water that is 
transitional between terrestrial and aquatic ecosystems.  Riparian areas 
usually have distinctive soils and vegetation community/composition 
resulting from interaction with the water body and adjacent soils. 

riprap Materials (typically large angular rocks) that are placed along a river bank 
to prevent or slow erosion. 

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

runoff 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. 

shear stress The combination of depth and velocity of water.  It is a measure of the 
erosive energy associated with flowing water. 
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side channel   A distinct channel with its own defined banks that is not part of the main 
channel, but appears to convey water perennially or seasonally/ephemerally.  
May also be referred to as a secondary channel. 

sinuosity Ratio of the length of the channel or thalweg to the down-valley distance.  
Channels with sinuosities of 1.5 or more are called “meandering.” 

smolt A subadult salmonid that is migrating from freshwater to seawater; the 
physiological adaptation of a salmonid from living in freshwater to living in 
seawater. 

SNOw TELemetry 
(SNOTEL) 

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. 

snow water 
equivalent (SWE) 

The water content obtained from melting accumulated snow. 

spawning and 
rearing habitat 

Stream reaches and the associated watershed areas that provide all habitat 
components necessary for adult spawning and juvenile rearing for a local 
salmonid population.  Spawning and rearing habitat generally supports 
multiple year classes of juveniles of resident and migratory fish, and may 
also support subadults and adults from local populations. 

subbasin  A subbasin represents the drainage area upslope of any point along a 
channel network (Montgomery and Bolton 2003).  Downstream boundaries 
of subbasins are typically defined in this assessment at the location of a 
confluence between a tributary and mainstem channel. 

terrace A relatively level bench or steplike surface breaking the continuity of a 
slope.  The term is applied to both the lower or front slope (the riser) and 
the flat surface (the tread). 

Total  
Maximum  
Daily Load (TMDL) 

TMDLs are written plans and analyses established to ensure that the 
waterbody will attain and maintain water quality standards.  The OAR 
definition is “The sum of the individual wasteload allocations (WLAs) for 
point sources and LAs for nonpoint sources and background.  If a receiving 
water has only one point source discharger, the TMDL is the sum of that 
point source WLA plus the LAs for any nonpoint sources of pollution and 
natural background sources, tributaries, or adjacent segments.  TMDLs can 
be expressed in terms of either mass per time, toxicity, or other appropriate 
measure.  If Best Management Practices (BMPs) or other nonpoint source 
pollution controls make more stringent load allocations practicable, then 
wasteload allocations can be made less stringent.  Thus, the TDML prcess 
provides for nonpoint source control tradeoffs.” 

tributary Any stream that contributes water to another stream. 
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valley segment An area of river within a watershed sometimes referred to as a subwatershed 
that is comprised of smaller geomorphic reaches.  Within a valley segment, 
multiple floodplain types exist and may range between wide, highly 
complex floodplains with frequently accessed side channels to narrow and 
minimally complex floodplains with no side channels.  Typical scales of a 
valley segment are on the order of a few to tens of miles in longitudinal 
length. 

viable salmonid 
population 

An independent population of Pacific salmon or steelhead trout that has a 
negligible risk of extinction over a 100-year time frame.  Viability at the 
independent population scale is evaluated based on the parameters of 
abundance, productivity, spatial structure, and diversity (ICBTRT 2007). 

watershed 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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