199401806 – Tucannon Stream and Riparian Protection, Enhancement, and Restoration

Sponsor:

Columbia Conservation District

Short Description:
Implement habitat protection, enhancement, and recovery strategies to support Subbasin Plan identified ESA focal, cultural significant and species of interest recovery within the Tucannon Subbasin.
Response to ISRP concerns:

Columbia Conservation District (CCD) appreciates the opportunity to respond to ISRP and Council comments on Project 199401806, Tucannon Stream and Riparian Protection, Enhancement and Restoration.
CCD acknowledges the support and interest in passive restoration activities of the past as presented by ISRP comments but request acknowledgment from the reviewers that the project implementation priorities targeted since the FY2002 Proposal review process are an expanded approach of project implementation from the original Tucannon Model Watershed Program and was a direct result of Adaptive Management resulting from the FY2002 Proposal review process.  The FY2002 review process in relation to in-stream habitat enhancement projects states “Bonneville funding for this effort needs to be justified in the Council’s subbasin planning process”.  Tucannon Subbasin Planning utilizing EDT analysis has identified in-stream quantity and quality as a primary limiting factor impacting salmonid recovery.  The NOAA adopted draft Snake River Salmon Reocvery Plan utilized the Tucannon Subbasin Plan for the Habitat section of the Recovery Plan. This plan has gone through the 30 day Federal Register Notice and will be finalized this fall.  This plan is also being utilized by the Washington Governor’s Salmon Office in addressing the BiOp response on habitat enhancement approaches.  It appears to CCD, historically and continues today, that various technical review processes have limited confidence in active in-stream enhancement activities.  We have acknowledged this and have proposed limited action in this area.  The FY2007-09 Project proposed budget identifies approximately 1/3 of total request for in-stream habitat enhancement projects with the remaining 2/3 of the budget for administrative, monitoring/evaluation, riparian enhancement/protection and environmental compliance (nepa, cultural resources).  With this approach CCD does not agree with the statement that the focus of the program has changed but is reflective of the direction provided by ISRP and Council in the FY2002 Proposal Review process and is a reintroduction of habitat enhancement activities responding to technically supported identified limiting factors impacting salmonid recovery.
The concern/question of is there an end in sight is dependent on the level of funding committed to identified recovery enhancement needs.  CCD purposely developed the FY2007-2009 proposal reflective of past investment levels and knowledge of limited funding availability and ability to complete all task within the project proposal time frame.  

CCD has been successful in the past leveraging BPA funding by securing additional funding to address Plan (Subbasin, Recovery and Watershed) identified resource concerns; Washington Conservation Commission (WCC) and USDA (CREP) for riparian fencing, livestock influenced water quality concerns; WCC/Washington Department of Ecology (DOE) for irrigation efficiency and riparian/livestock influenced water quality and irrigation diversion flow metering; and Washington Salmon Recovery Funding Board (SRFB) for diversion screen compliance enhancements.  These project types were co-funded with BPA monitory support in the past.  This supplemental funding approach supports BPA recovery efforts with identified resource and habitat enhancement recovery needs and allows CCD to focus BPA funding on Subbasin Plan priority identified enhancement actions.  CCD continues to seek additional resource enhancement/recovery funding with the expectation of expedited recovery.
Specific response requests:

1.  ISRP comment:  What information is available to help assess whether or not the work that has been completed under this project has made any progress in reaching its objectives?
Response:  In regards to in-stream projects (no implementation since summer 2001, only minor maintenance) please refer to the attached 2002 Tucannon River Instream Habitat Alteration Project Progress Report completed by WDFW.  USFS has also completed an Embeddedness Study, also attached, which is currently awaiting review by the Snake River Salmon Recovery Board, Regional Technical Team, they have been actively involved in developing and reviewing responses to the BiOp Remand.  CCD believes that this information provides an evaluation tool for assessing project implementation success in relation to Subbasin Plan objectives.  This is an on going process with initial assessments reflecting that past efforts are moving toward achievement of Plan biological objectives in multiple areas in incremental steps.  In summary the WDFW report demonstrates that the instream habitat structures have reduced channel width, improved habitat quantity and quality, and increase fish density and abundance in project sites.
2.  ISRP comment:  Can observed changes in the channel be attributed to project activities or did similar changes occur in other channels?

Response:  The project summary completed by WDFW identifies the increased habitat component quality and quantity, fish densities and utilization of project in-stream habitat enhancements and compares project sites with control sites that have been monitored over the years under the Lower Snake Comp. Plan utilizing the same WDFW staff.   Project implementation has expedited habitat structure recovery in elements of type, quality and quantity.  Subbasin areas that are recovering under natural conditions obviously do not have the same rate of recovery but more importantly do not have the quality/complexity (pool quality/quantity or LOD/LWD recruitment for recovery) as designed projects.  It is anticipated that a long term natural recovery process may produce beneficial habitat components, however, current pre-project implementation assessment of conditions continue to reflect limited quality and quantity of habitat structure available to support multiple species and life cycles in identified priority areas.  This is partially reflective of past human impacts on both public and private lands that we and others are addressing with conservation easements, CREP, livestock exclusion fencing and upland practices to reverse the degradation that has resulted in current conditions.    
3.  ISRP comment:  What assistance has been incorporated in the project from competent and experienced fluvial-geomorphologist?

Response:  The Tucannon Model Watershed Plan technical assessment identified alternative actions and preferred/recommended actions was completed by the NRCS Stream Recovery Team which included Dr. Barry Southerland, a fluvial geomorphologist, and a fish biologist,  an environmental specialist, a resource conservationist, and a rangeland conservationist.  This team joined with local WDFW fisheries biologists, USFS biologist and forest managers, tribal representatives, local citizenry, and when available technical representation from NMFS, USF&WS, and BPA.  CCD, when assessing and designing potential projects, currently utilizes WDFW fish and habitat biologists, invited tribal staff, local citizenry and the WCC Professional Engineer for the SE Cluster, Lance Horning.  Lance has completed Fluvial Geomorphology for Engineers, Dave Rosgen Wildland Hydrology courses.
4. ISRP comment:  What is the geomorphic basis for the projects that have been completed and proposed projects?

Response:  The various planning efforts (Subbasin, Recovery and Watershed) that have occurred in the Tucannon subbasin have identified working hypotheses, objectives and strategies.  NOAA/NMFS have identified Major (MSA) and Minor (mSA) Spawning Aggregations for Recovery enhancement actions.  CCD utilizes these identified priority areas to prioritize project location and type for all recovery enhancements, not just BPA funded actions. Site assessment, relationship to watershed conditions, assessment of potential unanticipated impacts, current and desired stream classification (Rosgen), review of potential corrective actions and relationship to desired outcomes are criterion used to evaluate site specific planned actions.

5.  ISRP comment:  What is the basis for the estimated probability that completed and proposed projects will attain desired channel conditions given the limitations imposed by alternative uses of the water and floodplain?

Response:  Past project effectiveness in producing and maintaining desired function/objective over time, pool quality and quantity, LOD/LWD recruitment, escapement and rearing cover and stream bank stabilization is reflected in the project assessment provided by WDFW.

CCD does not believe that the perceived “limitations of alternative uses” is in perspective.  CCD working cooperatively with landowners and funding entities, including BPA, over the last 4 years has installed on farm irrigation and conveyance enhancement Best Management Practices (BMPs) resulting in 10 cfs. & 670 ac. ft. of actual water placed in the Washington Water Trust program.  WRIA 35 is currently involved in DOE 2514 Watershed planning and minimum instream flows will be set as part of that planning process.  CCD working cooperatively with landowners and USDA has 34 CREP contracts encompassing 1,034.4 acres & 91.66 stream bank miles in riparian forest buffers.  Water withdrawal sites are screened to current WDFW, USF&WS, and NMFS standards and include DOE approved flow meters.
CCD’s management philosophy for recovery is a watershed, ridge top to ridge top approach.  Address the multiple identified resource concerns impacting recovery potential, working cooperatively with private and public landowners and managers while leveraging various funding opportunities to maximize coordinated efforts.    
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Introductiontc "Introduction"


The Tucannon River originates from a network of deeply incised streams on the slopes of the Blue Mountains of southeast Washington.  The watershed drains an area of 1,120 square kilometers that provide a mean annual flow of 175 ft3/s, with summer low flows between 60-80 ft3/s.   The geomorphology of the watershed exerts a strong influence on biologic conditions for fish within the stream.  Historic and contemporary land use practices have had a profound impact on the kind, abundance and distribution of anadromous salmonids in the watershed.  Fish habitat in the Tucannon River has been affected by agriculture development, grazing, tilling, logging, recreational activities, and flood control structures (Neilson 1950).  

Historically, the basin produced anadromous runs of both spring and fall chinook salmon, and summer steelhead.  Washington Department of Fish and Wildlife personnel have documented spring and fall chinook (Oncorhychus tshawytscha), and summer steelhead (O. mykiss) populations beginning in the mid-1980's.  Bull trout (Salvelinus confluentus) are also found in the Tucannon River.  Each of these naturally producing populations is listed under the Endangered Species Act (1973) as “threatened”, and considered to be well below historical levels (WDF and WDW 1993, Bumgarner et al 1998, Wargo et al 1999, Schuck et al 1997). 

The draft Tucannon River Model Watershed Master Plan was completed in 1997.  The Plan was developed by a landowner steering committee for the Columbia Conservation District (CCD), with technical support from various Federal, State and local entities.  Actions identified within the plan to improve the Tucannon River ecosystem fall into four main categories: 1) stream and riparian, 2) forestland, 3) rangeland, and 4) cropland.  Specific actions to be carried out within the stream and in the riparian area to improve fish habitat were: 1) create more pools, 2) increase the amount of large organic debris (LOD), 3) increase the riparian buffer zone through tree planting, and 4) increase fencing to limit livestock access.

All of these actions, in combination with other activities identified in the Plan, are intended to stabilize the river channel, reduce sediment input, increase the amount of available fish habitat (adult and juvenile) and protect private property.  Evaluation work described within this report was to document the success or failure of the program regarding the first two items listed (increasing pools and increasing LOD).  

Beginning in 1996 the CCD, with cooperation from local landowners and funding from Bonneville Power Administration, began constructing instream projects to improve fish habitat.  In 1998 the CCD identified the need for a more detailed analysis of these instream projects to fully evaluate their effectiveness at improving fish habitat.  Therefore, CCD contracted with WDFW’s Snake River Lab (SRL) to take pre- and post-construction measurements of the habitat (i.e., pools, LOD, width, depth) at each site, and to evaluate fish use within some of the altered sites.  These results have been published annually as progress reports to the CCD (Bumgarner et al. 1999, Bumgarner et al. 2000, and Bumgarner and Schuck 2001, Bumgarner 2002).  

The CCD also contracted with the WDFW SRL to conduct other evaluation and monitoring in the river such as:  1) conduct snorkel surveys at habitat alteration sites to document fish usage following construction, and 2) deploy temperature monitors throughout the basin to document summer water temperatures.

By 2002, the emphasis for habitat improvements to the streams had shifted away from the more aggressive instream projects (rock weirs, rootwad revetments) that had been completed in the past.  Rather, efforts were being directed to more passive processes (i.e. riparian plantings) to help the watersheds in bank stabilization, future woody debris recruitment, and stream shading to lower summer water temperatures.  These passive efforts, while being less visible and having no immediate direct results, generally impact a larger area compared to instream projects.  They are likely to provide greater benefits to the stream in the future.

Therefore, the need for the SRL to conduct pre- and post-habitat measurements has decreased.  Further, past evaluations have shown that the instream projects were providing additional fish habitat that was originally lacking from the stream (Bumgarner et al. 1999, Bumgarner et al. 2000, and Bumgarner and Schuck 2001, Bumgarner 2002).  However, the question remained as to the longevity of the instream projects.  Between 1997 and the spring of 2002, stream flows in the Tucannon River were relatively low.  Instream structures appeared to be functioning as planned.   During the spring of 2002, a relatively high water event from rain and snowmelt subjected the river to flows not observed since 1997, but more representative of spring bank full discharge.  Surveyors conducting steelhead spawning ground surveys during following that high flow noted that the river channel in some places shifted, and new gravel bars and large pools were formed.  Because of these events, the CCD and SRL were curious as to how the habitat within the instream projects changed under such high flow conditions.   It was believed that these higher flows would demonstrate the stability of the structures, and how they function in shaping the river channel.     

For the 2002 season, we selected 20 sites for evaluation.   Sites selected for evaluation were chosen by year, geographic location in the Tucannon River, and by the variety of different structures that were planned for each site.  Only 19 sites were completed, as stream flows were never low enough to complete the final site.  Of the 19 sites evaluated, five projects were completed in 1998, seven were completed in 1999, six were completed in 2000, and one 2000 project site was not completed in 2001.  The 2001 site was completed for contract obligations.

Methodstc "Methods"


Site Locationstc "Site Locations" \l 2
Local landowners and CCD personnel selected project locations with input and approval from WDFW fish and habitat biologists.  Before habitat measurements were collected, SRL biologists established upper and lower site boundaries that encompassed the proposed construction areas, and site boundaries were flagged so that measurements could be collected again from identical stream reaches in future evaluations.  SRL staff did not experience any problems in re-locating previous years’ construction site boundaries, as flags or other markers were still visible.  

Materialstc "Materials" \l 2
Two 2 m measuring rods (marked every 0.05 m), one 30 m measuring tape (marked every 0.01 m), one 5-gallon bucket, fluorescent dye, a stopwatch, and data forms.

Habitat Measurementstc "Habitat Measurements" \l 2
Habitat measurements were conducted so that the following could be derived from the data: 1) site length, 2) mean site depth, 3) mean wetted width, 4) mean and standard deviation (SD) of thalweg depth, 5) a quantitative and qualitative counts of woody debris, 6) pool number and quality, 7) pool depth, area, and volume, and 8) water velocity using a dye rate (water transit time through the site divided by site length in meters, as measured by movement of fluorescent dye).

From the top of each site, channel wetted width and water depths were measured along transects.  Because of limitations to our measurement techniques identified in 1999 (Schuck and Bumgarner 2001), transects were measured at no greater than 10 m intervals.  In short sites, intervals were established to ensure that at least 10 transects were measured within each project site.  At each transect, two people on opposite stream banks held a measuring tape perpendicular to stream flow; width was measured from wetted edge to wetted edge.  With the tape held in place, a third person measured depths to the nearest centimeter at 1 m intervals across the stream.  Surveyors then measured the appropriate distance downstream and repeated cross-stream measurements.  This process was repeated to the bottom of each site.  If the stream channel split, the width and depth measurements were made as described above, but islands were recorded as “dry”.  Each measurement recorded as “dry” was later subtracted from the total transect width, yielding the total wetted width.  The thalweg (point of greatest current velocity) depth at each transect was also measured along the entire length of the site at 1-3 meter intervals.  The thalweg measurement in split channels was taken in the channel with the largest volume of water.

Large Organic Debris (LOD) was measured if it: 1) touched or was within 30 cm of the water surface, 2) was greater than 15 centimeters in width, and 3) was stationary (held firmly in place).  Sections or pieces of LOD that extended outside the wetted stream area were not included in the measurements.

Pools were measured if: 1) they were greater than 30 cm x 30 cm in surface area, and 2) had a minimum depth of 15 cm.  Pools were measured for length, width, average depth, a maximum depth, and were assigned a pool rating (Table 1).

Table 1.  Pool quality ratings for streams between 20 (6m) and 60 (19m) feet in width (from Platts et al. 1983).

	Key
	Description
	Pool Rating

	1A

1B

1C

2A

2B
	If the maximum pool diameter (length or width) is within 10% of the mean stream width of study site.

If the maximum pool diameter (length or width) exceeds the mean stream width of study site by 10%.

If the maximum pool diameter (length or width) is less than the mean stream width of study site by   10%.

If the pool is less than 0.6 m (2 ft) in maximum depth.

If the pool is more than 0.6 m (2 ft) in maximum depth.
	Go to 2A, 2B

Go to 3A, 3B

Go to 4A, 4B, 4C

Go to 5A, 5B

Go to 3A, 3B

	3A

3B

4A

4B

4C

5A

5B
	If the pool is over 0.9 m (3 ft) in max. depth, or if pool is over 0.6 m in depth and has abundant fish cover 1
If the pool is less than 0.6 m in max. depth, or if pool is 0.6-0.9 m in max. depth and the pool lacks fish cover

If the pool is over 0.6 m in max. depth with intermediate 2 or better cover

If the pool is less than 0.6 m in max. depth but pool cover for fish is intermediate or better

If the pool is less than 0.6 m in max. depth and pool cover is classified as exposed 3
If the pool has intermediate to abundant cover

If the pool has exposed cover conditions
	Rate 5

Rate 4

Rate 3

Rate 2

Rate 1

Rate 3

Rate 2

	1  If cover is abundant, the pool has excellent instream cover and most of the perimeter of the pool has fish cover.

2  If cover is intermediate, pool has moderate instream cover and half of the pool perimeter has fish cover.

3  If cover is exposed, pool has poor instream cover and less than one-fourth of the pool perimeter has any fish cover.


The thalweg (generally the point of greatest current velocity and depth) was measured starting from the bottom of each site and taking a measurement every 1-2 meters as the surveyor moved upstream through the site.  The thalweg measurement in split channels was taken in the channel with the largest volume of water.  

Habitat alterations were expected to change portions of each site, including channel width and depth.  Also, river flow will deflect off objects placed within the stream, altering river shape and complexity.  These changes may affect (slow) water velocity (meters/second) within the site.  For a rough estimate of water velocity through the site, the rate at which a fluorescent dye traveled down the thalweg from upper to lower ends of the site was determined.  The dye was mixed in a five-gallon bucket of water, and then quickly poured from the bucket into the thalweg.  The dye was timed to a point when the dye in the water reached a consistent dark intensity at the lower end of the site.  This generally occurred 10-20 seconds after the first traces of dyed water reached the lower end.

Data were entered into the computer and summarized to describe site characteristics.  Wetted surface area and volume, and wetted width-to-depth ratios were calculated from transects.  The standard deviation (SD) of thalweg depth was calculated to represent the depth complexity of a site.  To further describe habitat complexity, the amount of LOD was reported as a percentage of the site’s wetted surface area and pool volume was reported as a percentage of the site’s volume.   An average pool rating for each site was also calculated to indicate the most common type of pool present within each site.

Snorkelingtc "Snorkeling" \l 2
Juvenile steelhead in the Tucannon River range from 0-2 years in age (Schuck et al. 1997), and juvenile spring chinook range from 0-1 years in age (Bumgarner et al. 1998).  Both species are found in most areas of the river, with the youngest age fish in the near shore areas.  Studies conducted by the SRL have shown that we cannot accurately count Age 0 steelhead by snorkel techniques (Schuck et al. 1996) during the time when our index sites are snorkeled for chinook.  However, Age 0 spring chinook can be accurately counted by snorkel techniques.  Therefore, only Age 0 spring chinook were used for evaluation purposes.  Densities of bull trout and Age 1+ spring chinook are typically not large enough for statistical tests, and fall chinook do not rear in the Tucannon River during summer.

Snorkel surveys (Griffith 1981, Schill and Griffith 1984) were conducted to evaluate fish utilization (fish/100 m2 of surface area) of altered sites.  Snorkeling techniques are as follows (Figure 1): 1) two snorkelers start at the bottom of each section (cutting the river channel approximately in half) and swim upstream in a zigzag pattern, 2) each snorkeler counts fish (chinook and steelhead) in their half of the river, 3) snorkelerstc "Figure 1.  Diagram showing possible snorkel routes taken by snorkelers in index sites or habitat alteration sites in the Tucannon River, 2000. " \f D  communicate counts to each other when fish are in the middle of the river channel (minimizes double counting), 4) counted fish are recorded and 3-5 steam widths taken.  From the total area snorkeled and fish counted, mean densities (fish/100 m2) were calculated for each altered and control site.  In 2002, SRL personnel snorkeled habitat structures from most of the previous construction sites above Marengo (rkm 40).  Depending on site length, and the number and type of alteration structures, multiple sections were snorkeled.  Fish densities from snorkel index sites established by WDFW were then used in comparison to the densities observed in the altered sites.  Statistical analysis (student t-test, Zar 1984) was performed to determine if there were significant differences in densities between treatment and control sites.  Statistical tests were conducted at the 95% confidence level.

Index site lengths were 50 meters.  This length was considered adequate to represent the general habitat available to fish in the river, and would generally include a representation of riffles, runs and pools present in the stream.  Snorkel site lengths at habitat alteration sites were typically shorter, as the purpose of the area snorkeled was to document fish density and usage within the hydraulic control of the alterations.  While entire habitat sites could have been snorkeled, it would have eliminated our ability to examine fish usage and densities at a variety of structures.

Temperature Monitoring

To document stream temperatures, SRL deployed data loggers (Onset Corporation: Optic StowAway ®, and Hobo ® data loggers; Ryan Instruments temperature logger ®) at various locations throughout the Tucannon River watershed (Appendix A).  Temperature data were exported into Quattro Pro © spreadsheets.  Daily minimum, maximum and mean temperatures were calculated using a Quattro Pro spreadsheet macro.
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Figure 1.  Visual representation of snorkel surveys conducted showing approximate areas snorkeled within index (control) and habitat altered (treatment) sites.

Results



Habitat Measurements

Site complexity as defined for this report indicates the amount of habitat variation in the site (e.g. riffles, runs, pools, LOD, boulders, surface turbulence, etc.).  The greater the site complexity, the greater the likelihood that juvenile and adult salmonids, and other fish species would utilize that space compared to a uniform, barren site (Everest 1986).  A large thalweg SD indicates more depth variation (i.e. riffles, pools and runs), whereas a small thalweg SD indicates less depth variation (e.g. stream site may be all a shallow riffle, or very uniform in depth).  The larger the percentage of either LOD or pools (compared to site area or volume), the greater the potential site complexity.

Tables in the following sections present pre- and post-construction habitat data and the percent change.  When interpreting these data it is important to note that a positive percent change is not necessarily good: Rather, for some habitat characteristics a negative percent change reflects improvement.  Although large percent changes do not necessarily equate to a corresponding increase in habitat quality, small percent changes are likely not meaningful.  It is possible too, that some changes - whether good or bad - were not caused by construction activities but resulted from natural river processes.  

One of the most important items to notice in the following tables is the comparison of stream flow between years.  To have consistent measurements, we carefully monitored Tucannon River flows on a daily basis (via USGS internet site) and tried to conduct post-evaluation measurements at the same flows as the pre-evaluations.  Overall, we were able to conduct our surveys within 7% variance or less of the previous year’s flow.

Pool Rating Evaluation

Pools were classified by Platt’s (1983) rating system.  All sites showed increased pool number and quality following construction (Table 2).  The increase in pools generally came in the form of additional class 2 and class 3 pools, which made up over 70% of the pools following construction.  Class 2 pools are suitable for juvenile salmonids as they are generally deeper than Class 1 pools, but they also have more complex cover providing protection for fish.  Moreover, Class 1 pools tend to be transient from year to year depending on spring river flow and freshet conditions.  Some Class 2 pools may also provide short term holding areas for adult salmonids.  Class 3 pools provide optimal rearing habitat for juvenile salmonids, but their main function is for providing holding areas for adult salmonids.  Compared to pre-construction measurements, changes in the number of Class 4 and Class 5 pools were less significant.  Further, Class 4 and Class 5 present pre-construction were generally lost or altered during construction activities.  Class 4 or 5 pools can only be created if maximum pool diameter is within 10% or greater than the mean stream width of the site, and very deep.  Since the Tucannon River is relatively shallow with wide stream margins, it is very difficult to create an artificial pool of that size which will not quickly fill in.  

Table 2.  Pool classifications at Tucannon River sites in 2002 from three different project years.

	
	Original Site Pool Classifications
	2002 Pool Classifications

	Site Name
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	Bishop #1A – 1998

Bishop #1B – 1998

Bosley/Howard – 1998

Cow Camp – 1998

Howard #2 – 1998

Russel’s – 1999

Marengo – 1999

Byers – 1999

Howard Br 10 – 1999

Tucannon Ranch 1A – 1999

Tucannon Ranch 2 – 1999

Tucannon Ranch 1C – 1999

WDFW Deer Lake – 2000

Howard #8 – 2000

Howard 7A – 2000

Howard 7B – 2000

USFS #4 – 2000

Camp Wooten #2 – 2000

Cow Camp Br - 2000
	2

1

13

18

16

5

1

8

3

7

2

1

2

3

1

0

35

1

5
	2

1

2

1

2

0

8

11

3

0

1

0

3

8

4

3

25

6

9
	3

0

0

5

0

0

6

0

0

0

0

1

4

3

0

0

2

1

1
	0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0
	0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0
	2

4

2

14

11

1

4

6

7

1

1

0

0

19

4

2

28

7

4
	13

2

6

46

12

9

4

23

11

2

2

4

0

24

5

2

24

2

15
	11

0

6

16

10

6

7

19

1

4

4

9

12

16

10

6

6

4

0
	0

2

0

0

0

0

0

0

0

0

1

0

1

0

0

0

0

0

0
	0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

	Total

Percent
	124

51.2
	89

36.9
	26

10.7
	1

0.4
	2

0.8
	117

24.6
	206

43.5
	147

30.9
	4

0.8
	1

0.2


Individual Site Evaluation

1998 Sites

At the Bishop 1A and 1B project sites, the intent of the projects was to prevent further bank erosion along the landowners pasture.  Vortex weirs and log/rock barbs were installed to direct the stream flow to the center of the channel.  It was hoped that these projects would eventually reduce the stream width of the entire reach.  Vortex weirs installed were to provide large resting pools for adult chinook and steelhead.   Because of temperature restraints in this reach during the summer months, juvenile salmonid utilization is expected to be minimal, except during spring outmigration.  

At Bishop 1A, we observed a decrease in the wetted width, and an increase in mean depth, indicating the site was deeper and narrower (Table 3), thereby fulfilling one objective.   The variation in the thalweg depth nearly tripled, indicating more site complexity as defined previously, and while LOD increased, it was still less than 1% of the total site area.  Also, the number of pools increased by over 300% (7 to 26) and overall pool rating increased.  Bank erosion at this site currently appears to have been halted.

Table 3.  Habitat measurement summaries of the Bishop 1A, Bishop 1B, and the Bosley/Howard habitat project sites as measured in 1998 and again in 2002. 

	
	Bishop 1A – 1998
	Bishop 1B – 1998
	Bosley/Howard – 1998

	Measurement
	1998
	2002
	%∆
	1998
	2002
	%∆
	1998
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	146.6

15.1

27.2

11.1

2206.3

599.0

55.4
	147.0

13.2

30.9

42.2

1936.2

597.4

42.7
	0.3

-12.6

13.6

280.2

-12.2

-0.3

-22.9
	57.0

14.4

23.0

10.0

820.8

188.9

62.6
	54.0

11.7

40.9

88.2

632.6

258.5

28.7
	-5.3

-18.8

77.8

782.0

-22.9

36.8

-54.2
	60.0

19.4

23.1

7.9

1,165.8

269.5

84.0
	60.0

14.7

32.9

52.9

882.9

290.5

44.7
	0.0

-24.2

42.4

569.6

-24.3

7.8

-46.8

	Number of LOD

LOD area (m2)

% LOD area
	3

1.8

0.1
	7

7.2

0.4
	133.3

300.0

300.0
	5

4.2

0.5
	1

1.6

0.3
	-80.0

-61.9

-40.0
	3

1.4

0.1
	4

10.2

1.2
	33.3

628.6

1,100.0

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	7

46.9

80.8

3.7

38.9

1.8

2.1
	26

51.4

61.9

3.2

29.1

4.9

2.3
	271.4

15.4

-23.4

-13.5

-25.2

172.2

9.5
	2

35.7

4.8

0.6

1.5

0.8

1.5
	8

49.7

98.6

15.6

99.1

38.3

2.0
	300.0

39.2

1,954.1

2,500.0

6,506.7

4,687.5

33.3
	15

29.2

24.4

2.1

7.6

2.8

1.1
	14

46.0

39.3

4.5

18.9

6.5

2.3
	-6.7

57.5

61.1

114.3

148.7

132.1

109.1

	Dye Rate

Flow (cfs)
	NA

68
	1.0

68
	NA

0.0
	NA

68
	0.8

68
	NA

0.0
	0.8

64
	1.1

68
	37.5

6.3


At Bishop 1B, mean wetted width increased slightly, but the mean depth nearly doubled, and the width/depth ratio showed this change (Table 3).  Again, the variation in thalweg depth increased, demonstrating that site complexity was enhanced.  However, the amount of LOD within the site decreased from what was originally present.   We speculate that unstable LOD previously measured was removed during high flows in spring 2002.  The number and percent of pools (as measured against site area and volume) increased considerably, as two Class 4 pools (excellent adult holding habitat) were added to the site (Table 2).
The project intent for the Bosely/Howard site was to add an offset vortex weir to direct the thalweg toward the right side of the channel to prevent any further erosion of the left bank.  The vortex weir would provide a large resting pool for adult chinook and steelhead, and provide a large rearing pool for juvenile salmonids.  Overall there were improvements in nearly every aspect of the measurements.  Mean wetted width decreased, and mean depth increased which led to a 46% drop in the width/depth ratio (Table 3).  While the number of LOD only increased by 33%,  LOD as percent of the site area increased over 600%.  The number of pools and class of pools also increased in similar magnitude as other sites within this area of river, mainly due to the creation of Class 2 and Class 3 pools (Table 2).  Most importantly, the offset vortex weir  performed as expected and had re-directed the river toward the right bank.

Project intent at Cow Camp (1998) was multifaceted, and construction took two years to complete.  Initially, a side channel (with steep eroding banks) was to be enhanced by addition of rootwad revetments that would prevent further erosion, but greatly add to the complexity with interstitial rearing spaces for juvenile salmonids.  Further, the top of the side channel was stabilized to maintain stream flow year round.  Two vortex weirs and additional rootwad revetments were added the second year in the main channel.  The vortex weirs were meant to consolidate the stream (deepen and narrow) toward the center of the channel that was wide and shallow, and the rootwad revetments were to stabilize an eroding bank along a sharp corner.   Habitat quality at this site has been greatly increased by the amount of LOD added, with more than 10% of the surface area of the site consisting of woody debris (Table 4).  Further, the LOD added has, for the time, stabilized the eroding banks and provided excellent rearing habitat for juveniles.  Moreover, numerous adult chinook and bull trout were observed in these structures during summer snorkel surveys in 2002.  The site has been enhanced further by an overall deepening of the site (pool formation) with the addition of 46 Class 2, and 16 Class 3 pools (Table 2).  
Table 4.  Habitat measurement summaries of the Cow Camp (1998),  Howard #2, and the Marengo habitat project sites as measured in 1998 and again in 2002.

	
	Cow Camp – 1998
	Howard #2 – 1998
	Marengo – 1999

	Measurement
	1998
	2002
	%∆
	1998
	2002
	%∆
	1999
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	130.0

12.0

24.8

18.3

1553.5

385.6

48.2
	130.0

12.9

32.0

59.6

1680.7

537.1

40.5
	0.0

7.5

290.3

210.9

8.2

39.2

-15.9
	70

17.0

23.4

9.8

1186.5

277.9

72.4
	70

15.6

25.5

35.7

1095.0

279.5

61.3
	0.0

-8.2

8.9

264.3

-7.7

0.6

-15.3
	70.0

17.0

25.9

29.9

1187.4

307.8

65.4 
	69.0

10.1

29.2

58.1

698.9

204.2

34.7
	-1.4

-41.2

12.7

94.3

-41.9

-33.7

-46.9

	Number of LOD

LOD area (m2)

% LOD area
	9

21.6

1.4
	30

182.0

10.8
	233.3

742.6

671.4
	5

12.3

1.0
	6

5.0

0.5
	20.0

-59.3

-50.0
	7.0

16.7

1.4
	13

46.2

6.6
	85.7

16.6

371.4

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	24

58.7

62.7

4.1

36.4

9.4

1.5
	76

41.3

286.3

17.0

139.0

25.9

2.0
	216.7

-29.6

356.6

314.6

281.9

175.5

33.3
	18

27.4

47.3

4.0

15.1

5.4

1.1
	33

33.9

68.0

6.2

22.0

7.9

2.0
	83.3

23.7

43.8

55.0

45.7

46.3

81.8
	8

46

50.5

4.3

17.5

5.7

1.9
	15.0

46.2

34.0

4.9

16.4

8.0

2.2
	87.5

0.4

-32.7

13.9

-6.3

40.4

15.8

	Dye Rate

Flow (cfs)
	NA

68
	NA

68
	NA

0.0
	1.0

64
	2.0

66
	100.0

3.1
	0.7

91
	1.1

95
	57.1

4.2


The project intent for the D. Howard #2 site was to add a vortex weir to direct the thalweg toward the center of channel to reduce stream width and decrease the width:depth ratio within this reach.  The vortex weir would provide a large resting pool for adult chinook and steelhead, and provide a large rearing space for juvenile salmonids.  The width decreased and depth increased slightly and the width/depth ratio decreased slightly (Table 4), fulfilling project intent.  The number of LOD increased, but overall percentage decreased by 50%.  However, addition of LOD was not a component of this project, so any increases or decreases are due to natural processes.  The number of pools increased, and pool area, volume and pool class increased.   Ten pools rated as Class 3 have greatly enhanced this site.  

At the Marengo project, the intent was to reduce the width:depth ratio and direct flow under the existing county bridge.  Overall the site has narrowed and deepened, which equated to a reduction in the width:depth ratio of 50%.  Because of the vortex, the river is now properly re-directed to the center of the county bridge.  Other factors such as LOD and pool quality changed for the better (Table 3), even though they were not the main intent for the site.  

1999 Sites

At the Russell project site, the intent was to incorporate J-hook vanes and LOD along a sharp corner bank to reduce velocities, reduce potential erosion during high stream flows, and provide additional pools and cover.  Site depth or width has changed little, yet the variation in the thalweg depth (increased complexity) changed by nearly 500%.  The percent of LOD decreased, even though large amounts of LOD were added.  This occurred because much of the LOD was outside the measurement criteria and could not be included in the site.  The most noticeable change was the large increase in the quality (Table 2) and number of pools (Table 5).  Pool area increased by over 200%, and pool volume increased by nearly 500%.  The dye rate calculation supports the project intent to reduce velocities, as velocity through the site was reduced by more than 50%. 

Table 5.  Habitat measurement summaries of the Russel’s, Howard Bridge 10, and the Byers habitat project sites as measured in 1999 and again in 2002.

	
	Russel’s – 1999
	Howard Br 10 – 1999
	Byers – 1999

	Measurement
	1999
	2002
	%∆
	1999
	2002
	%∆
	1999
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	90.0

10.4

34.2

11.9

939.6

321.1

30.6
	90.0

10.5

36.7

68.8

924.4

345.8

28.5
	0.0

0.9

16.1

478.2

-1.3

7.7

-6.9
	40.0

21.8

24.9

2.6

873.6

217.6

87.7
	40.0

19.3

35.3

57.7

772.6

272.9

54.7
	0.0

-11.5

41.8

2119.2

-11.6

25.4

-37.6
	190.0

13.0

23.6

18.3

2477.6

585.0

55.2
	197.0

12.5

30.5

57.4

2456.9

748.2

41.0
	3.7

-3.85

29.2

213.7

-0.8

27.9-25.7

	Number of LOD

LOD area (m2)

% LOD area
	5

18.7

2.0
	7

7.2

0.8
	40.0

-61.5

-60.0
	6

10.9

1.3
	4

9.1

1.2
	-33.3

-16.5

-7.7
	2

10.0

0.4
	39

217.3

8.8
	1,850.0

2,073.0

2,100.0

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	5

29.8

10.4

1.1

2.8

0.9

1.0
	16

47.1

34.5

3.7

16.4

4.7

2.3
	220.0

58.1

231.7

236.4

485.7

422.2

130.0
	6

35.6

22.1

2.5

9.2

4.2

1.5
	19

30.4

72.9

9.4

26.9

9.8

1.7
	216.7

-14.6

229.8

276.0

192.4

133.3

13.3
	19

31.6

36.4

1.5

9.7

1.7

1.6
	49

43.6

325.7

13.3

202.7

27.1

2.3
	157.9

37.9

794.8

786.7

1,989.7

1,494.1

43.8

	Dye Rate

Flow (cfs)
	3.1

113
	1.4

115
	-54.8

1.8
	1.4

95
	NA

95
	NA

0.0
	1.4

87
	1.1

83
	-21.4

-4.6


The intent for the Howard Bridge 10 site was to reduce the width:depth ratio by installing a vortex rock weir, which would also create a large pool for adult holding and juvenile rearing.  Prior to construction the site was a wide shallow riffle as indicated by the high width:depth ratio and low standard deviation of thalweg depth (Table 5).  Following construction, the site was narrower and deeper, and SD of thalweg depth increased over 2100%, fulfilling project intent.  Additional pools were created by the vortex weir, and pool area and volume more than doubled. 

Project intent at the Byers site was to reduce width:depth ratio by installing structures that would assist in scouring the river channel, add LOD and j-hook rock vanes to reduce stream bank erosion and provide complex fish habitat.  Construction was also to stabilize and add additional water flow down an existing side channel that had good riparian cover for off-channel rearing.  The side channel was not included in the original measurements, and therefore could not be re-evaluated in 2002.  However, staff on site during both surveys noted that substantially more water flows down the side channel in 2002, than in 1999.  As such, the volume of water in the measured river channel is not a direct comparison to 1999, even though river flows were done at near the same level.  Regardless, changes in the habitat (LOD and pools) can be assessed.   The percent of LOD increased greatly within the site by over 2000% (Table 5).  In addition, the number of pools, complexity, and percent area and volume within the site all increased, mainly resulting from LOD and j-hook rock vanes structures placed along the eroding bank.  So while the project intent to reduce width:depth ratios was not met, complex fish habitat caused by the LOD and j-hooks vanes were greatly enhanced, and appears to have stabilized the eroding bank at the same time.  The greatest challenge for this site in the future will be maintaining stream flow in the enhanced section of the project, and not down the side channel.  

At Tucannon Ranch 1A, project intent was to provide streambank stabilization though the use of an LOD barb, and increase complexity by increasing the depth.  While depth increased, so did the mean width of the site.  Little overall effect on the width:depth ratio (Table 6) was achieved.  Project intent appears to have been met as site complexity did increase (400% increase in SD of thalweg depth), and by an increase in the quality of pools (Table 2).    

The intent at Tucannon Ranch 1C was to provide streambank stabilization, but also add complexity to the stream bank for fish habitat.  From a visual inspection of the site, project intent to stabilize the eroding bank and add bank complexity appears to have been met.  However, other factors changed the overall quality of the site.  For instance, the site width increased, and mean depth decreased, thereby increasing the width:depth ratio by nearly 230%.  Following construction, LOD within site increased from 0% in 1999 to nearly 18% of the site area in 2000, which may eventually provide benefit.  While the number and overall rating of pools increased, both area and volume of pools decreased.  This resulted because of the loss of one large Class 5 pool originally present in the site.  Prior to construction, WDFW had recommended not securing this section of the stream because of habitat disturbance and the Class 5 pool present.  However, by not securing this section, the pool was lost and the river channel split, which effected the results in the Tucannon Ranch 2 site downstream.  

At Tucannon Ranch 2, project intent was to provide streambank stabilization, and add complexity to the stream bank for fish habitat.  The project has failed to measurably increase fish habitat (Table 6).  Overall the site was shallower, even though the width:depth ratio decreased slightly.  Although there was more LOD and more pools in the site following construction, all other aspects regarding pools (depth, area, volume) decreased.  Interestingly, water velocity through this site (based on the dye rate) decreased.  As with the previous site, the site changed dramatically because of the unplanned elimination of a Class 5 pool (Table 2).  Following construction activities, the river upstream changed direction and caused a large tree to fall into the river, which caused the Class 5 pool to fill in with gravels and fine sediment.

Table 6.  Habitat measurement summaries of the Tucannon Ranch 1A and 1C, and Tucannon Ranch #2 habitat project sites as measured in 1999 and again in 2002.

	
	Tuc Ranch 1A – 1999
	Tuc. Ranch 1C – 1999
	Tucannon Ranch 2 – 1999

	Measurement
	1999
	2002
	%∆
	1999
	2002
	%∆
	1999
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	30.0

10.5

18.8

9.1

313.9

58.9

55.8
	30.0

16.0

25.4

45.4

479.1

121.9

62.8
	0.0

52.4

35.1

398.9

52.6

106.9

12.5
	30.0

7.3

42.3

23.8

219.8

93.0

17.3
	30.0

14.9

26.4

51.7

447.9

118.2

56.6
	0.0

104.1

-37.5

117.2

103.8

27.0

227.2
	30.0

12.1

66.5

80.9

363.8

241.7

18.3
	30.0

6.9

58.0

77.8

208.0

120.7

11.9
	0.0

-42.9

-12.8

-3.8

-42.8

-50.1

-34.9

	Number of LOD

LOD area (m2)

% LOD area
	5

5.0

1.6
	1

6.1

1.3
	-80.0

22.0

-18.8
	0

0.0

0.0
	15

78.4

17.5
	NA

NA

NA
	0

0.0

0.0
	3

7.9

3.8
	NA

NA

NA

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	7

29.0

15.5

4.9

5.0

8.5

1.0
	7

45.3

24.6

5.1

11.5

9.5

2.4
	0.0

56.2

58.7

4.1

130.0

11.7

140.0
	2

43.1

65.1

29.6

45.8

49.2

2.0
	13

54.7

48.4

10.8

26.0

22.0

2.7
	550.0

26.9

-25.6

-63.5

-43.2

-55.3

35.0
	4

70.5

206.2

56.7

346.5

143.3

2.3
	8

56.6

41.2

19.8

32.9

27.3

2.6
	100.0

-19.7

-80.0

-65.1

-90.5

-80.9

13.0

	Dye Rate

Flow (cfs)
	0.9

82
	1.1

83
	22.2

1.2
	1.7

82
	0.5

83
	-70.6

1.2
	1.7

82
	1.0

83
	-41.2

1.2


2000 Sites

At WDFW - Deer Lake, the project’s intent was to minimize future stream braiding, reduce the width:depth ratio and create pools with adequate cover for adults and juveniles.  In addition, the project was also intended to redirect stream flow to the old river channel that supplies water to Deer Lake.  In order to accomplish this task, a long section of bank had to be re-inforced to prevent further cutting into a side channel.  Had the bank cutting been allowed to continue, flow of water to the lake would have been cut off.  Following construction, stream braiding was stopped, and the main river flow was directed down the old river channel.  The width:depth ratio was decreased (nearly 60%), and number and percent of LOD within the site increased (Table 7).  Much of the addition in LOD was from the re-enforced bank where rootwad revetments were placed to provide fish cover.  Pool number and mean quality increased, and even though pool area and volume increased, two large Class 3 pools measured in 2000 (total of 17.4 m2 and 0.5 m3), were partially filled in during construction activities.  This had been anticipated prior to construction, but was deemed necessary for the project actions to be successful.

The project intent at Howard #8 was to remove an old rock barb that was directing river flow in the wrong direction (causing further erosion of the stream channel).  The project also incorporated structures (J-hooks) to provide adult resting pools and increase shoreline cover with LOD along the stream bank.  Re-direction of the old rock barb was the first priority and completed with no adverse effects on habitat quality.  Other components added did not change the mean depth or width (Table 7), but site complexity, as measured by the variation in thalweg depth increased.  Prior to construction, LOD was absent from the site, where currently nearly 2.5% of the site has LOD.  Though overall pool rating remained essentially the same, the number of pools, especially Class 2 and Class 3 pools greatly increased.  This added to the habitat complexity of the site, and provided numerous holding and rearing areas for salmonids (adult and juvenile)

Table 7.  Habitat measurement summaries of the WDFW – Deer Lake, and Howard #8 habitat project sites as measured in 2000 and again in 2002.

	
	WDFW Deer Lake – 2000
	Howard #8 – 2000

	Measurement
	2000
	2002
	%∆
	2000
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	120.0

11.4

24.1

15.0

1,363.4

328.8

47.1
	117.0

8.0

40.9

69.9

939.3

383.9

19.6
	-2.5

-29.8

69.7

366.0

-31.1

16.8

-58.4
	170.0

11.1

33.3

17.8

1,880.4

626.9

33.2
	170.0

12.1

36.6

64.7

2064.3

754.7

33.2
	0.0

9.0

9.9

263.3

9.8

20.4

0.0

	Number of LOD

LOD area (m2)

% LOD area
	2

51.3

3.8
	27

79.9

8.5
	1250.0

55.8

123.7
	0

0.0

0.0
	15

50.5

2.4
	NA

NA

NA

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	9

45.9

30.9

2.3

16.5

5.0

2.2
	13

61.0

48.7

5.2

24.2

6.3

3.1
	44.4

32.9

57.6

126.1

46.7

26.0

40.9
	14

41.5

30.4

1.6

17.5

2.8

2.0
	59

38.3

133.5

6.5

57.1

7.6

1.9
	321.4

-7.7

339.1

306.3

226.3

171.4

-5.0

	Dye Rate (m/s)

Flow (cfs)
	0.9

73
	1.3

71
	44.4

-2.7
	1.0

78
	1.1

83
	10.0

6.4


At Howard #7A and #7B, the project intent was to reduce multiple erosions along the streambanks by incorporating LOD and vortex weir structures to prevent further erosion.  By doing this, the project would provide some additional instream cover and could also reduce the width:depth ratio, and provide adult pool habitat.  Structures used within each sub-section of this site (7A or 7B) were different and results documented reflect some of those differences.  At 7A, the most dramatic changes were observed in a large increase in SD of thalweg depth (Table 8), an increase in surface area of LOD within the site (compared to none previously), and substantial increases in pool area, volume, and rating; the width:depth ratio also decreased.  At Howard 7B (Table 8), LOD did not increase (LOD structures were not a component within the 7B site area), but the percent of pools and quality increased.  In conclusion, it appears that both of these projects were successful in meeting the original goals.    

The project intent for the USFS #4 site was to install adult resting areas (boulder placements), juvenile pool habitat, and gravel sorting areas (to consolidate appropriate spawning gravels), decrease the width:depth ratios, and increase bank complexity.  Unfortunately, our measurement techniques cannot assess all the project components.  The addition of LOD along the stream appears to have added complexity for rearing fish, and pools throughout the site did increase as well (Table 8).  However, the width:depth ratio increased.  Visually, the site appears more complex because of additional LOD and boulder placements.  However, success of the boulder placements and their function in gravel sorting for spawning is unknown.

Table 8.  Habitat measurement summaries of the Howard 7A and 7B, and USFS #4 habitat project sites as measured in 2000 and again in 2002.

	
	Howard 7A – 2000
	Howard 7B – 2000
	USFS #4 – 2000

	Measurement
	2000
	2002
	%∆
	2000
	2002
	%∆
	2000
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	30.0

17.0

26.0

8.3

510.0

132.4

65.5
	30.0

17.7

41.5

79.4

531.9

220.6

42.7
	0.0

4.1

59.6

856.6

4.3

66.6

-34.8
	30.0

18.7

17.9

5.2

561.8

100.5

104.6
	30.0

19.7

39.8

92.9

590.6

234.8

49.5
	0.0

5.3

122.3

1686.5

5.1

133.6

-52.7
	140.0

6.8

31.0

9.6

951.6

294.7

21.9
	140.0

11.3

29.2

48.8

1582.0

462.0

38.7
	0.0

66.1

-5.8

408.3

60.9

56.8

76.7

	Number of LOD

LOD area (m2)

% LOD area
	0

0.0

0.0
	6

22.0

4.1
	NA

NA

NA
	2

9.8

1.7
	4

6.7

1.1
	100

-31.6

-35.3
	3

12.0

1.3
	11

49.9

3.2
	266.7

315.8

146.2

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	5

32.9

17.1

1.0

6.3

4.8

1.8
	19

39.0

120.9

22.7

60.1

27.2

2.3
	280.0

18.5

607.0

2170.0

853.9

466.7

27.7
	3

30.6

4.1

0.7

1.2

1.2

2.0
	10

49.1

69.4

11.7

40.3

17.2

2.4
	233.3

60.4

1592.6

1571.4

3258.3

1333.3

20.0
	62

31.4

66.4

7.0

16.3

5.5

1.4
	58

42.5

112.3

7.1

53.9

11.7

1.6
	-6.5

35.5

69.1

1.4

230.7

112.7

14.3

	Dye Rate

Flow (cfs)
	0.8

73
	0.6

68
	-25.0

-6.8
	N/A

78
	0.6

83
	NA

6.4
	0.9

73
	1.0

70
	11.1

-4.1


At the Camp Wooten #2 project site, the project intent was to install a rock vortex weir to create an adult resting area, increase juvenile pool habitat, decrease the width:depth ratio, and  ultimately to maintain the river channel just upstream of the Camp Wooten Bridge.  Project results from this site were visually obvious.  However, our pool measurements did not reflect major changes as expected (Table 9), considering that the vortex weir consists of nearly half of the site area.  Based on results from other constructed vortex weirs, we would have expected pool area and volume to greatly increase.  We believe the difference here is that water velocity flowing through the vortex weir was great enough to disallow characterizing the area below the vortex as a pool.   The project intent appears to have been met for this site as the width:depth ratio has decreased, and the river channel (thalweg) is centered directly under the bridge to Camp Wooten.

The project intent at Cow Camp Bridge was to stabilize the bank along a private landowners property with the addition of LOD and rock.  The intent was to also keep the stream directed toward an existing bridge that crosses the river just below the project site.  The LOD was to be structured in such a manner to also provide complex juvenile fish rearing habitat.  Based on our evaluation, the greatest benefit from the project was the increase in LOD in the site.  Percent of LOD increased by over 400% (Table 9), which fulfilled project intent as the LOD stopped the bank erosion.  Site complexity also increased as indicated from the SD of thalweg depth.  However, overall site width nearly doubled which nearly doubled the width:depth ratio.  

Table 9.  Habitat measurement summaries of the Camp Wooten #2, the Cow Camp Bridge habitat project sites as measured in 2000 and again in 2002.

	
	Camp Wooten #2 – 2000
	Cow Camp Br – 2000

	Measurement
	2000
	2002
	%∆
	2000
	2002
	%∆

	Site length (m)

Mean wetted width (m)

Mean depth (cm)

St. Dev. thalweg (cm)

Wetted surface area (m2)

Wetted volume (m3)

Width : Depth ratio
	18.0

11.4

28.3

8.4

204.5

57.8

40.2
	18.0

13.2

37.1

73.5

237.1

88.3

35.7
	0.0

1.6

31.1

775.0

15.9

52.8

-11.2
	70.0

5.9

26.9

15.3

411.9

110.8

21.9
	70.0

11.2

26.9

48.6

785.0

211.5

41.6
	0.0

89.8

0.0

217.6

90.6

90.9

89.9

	Number of LOD

LOD area (m2)

% LOD area
	0

0.0

0.0
	0

0.0

0.0
	0.0

0.0

0.0
	2

4.0

1.0
	10

42.4

5.4
	233.3

960.0

440.0

	Number of pools

Mean pool depth (cm)

Pool area (m2)

% pool area

Pool volume (m3)

% pool volume

Mean Pool Rating
	8

34.7

23.0

11.2

8.2

14.2

2.0
	13

41.2

47.1

19.8

18.8

21.4

1.8
	62.5

18.7

104.8

76.8

129.3

50.7

-10.0
	15

30.3

46.9

11.4

20.2

18.3

1.7
	19

32.3

60.4

7.7

21.8

10.3

1.8
	26.6

6.6

28.8

-32.5

7.9

-43.7

5.9

	Dye Rate (m/s)

Flow (cfs)
	1.2

73
	1.1

70
	-8.3

-4.1
	2.1

73
	1.2

69
	-42.8

-5.5


Snorkelingtc "Snorkeling" \l 2
From 1999-2002, SRL biologists have conducted snorkel surveys to evaluate the utilization of juvenile chinook between habitat altered (treatment) and index (control) sites in the Tucannon River.  Results for each of the previous years can be found in Bumgarner et al (2000), Bumgarner and Schuck (2001), and Bumgarner (2002).

In 2002, WDFW snorkeled 50 index sites (Appendix A, Table 1) on the Tucannon River from King Grade Bridge (Rkm 34) to Sheep Creek (Rkm 84) during 12-13 August.  These index sites are sampled as part of our long-term monitoring efforts conducted under the Lower Snake River Compensation Plan to document spring chinook abundance (Gallinat et al.  2001).  Index sites   measured 50 m in length.  Within that area of the Tucannon River were 1998-2001 project alteration sites.  During the 2002 index snorkel surveys, SRL personnel counted spring chinook, whitefish and bull trout.  Juvenile steelhead were not counted due to the inability to accurately count Age 0 steelhead in the upper Tucannon River (Schuck et al 1996).  Overall densities observed in index sites were very low for bull trout and whitefish and considered too variable to be used for analysis here.  Regardless of that fact, at the habitat project sites spring chinook, bull trout and whitefish were counted, but only spring chinook would be use to compare against the index sites.  Data for white fish and bull trout are presented in Appendix A.  

Within each habitat alteration site, single or multiple habitat alteration types (vortex weir, LOD, J-Hook) were snorkeled.  Snorkel sites within the altered areas ranged from 5.7-30.0 m in length, with an average of 12.9 m (Appendix A, Table 2).  All habitat snorkel sites were snorkeled between 13-14 August, 2002.  All snorkel surveys were conducted within the Hartsock and HMA Strata (Figure 2) as defined by WDFW (Gallinat et al, 2001).  Major landmarks have been included to provide the reader with a reference point
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Figure 2.  Major landmarks within the HMA and Hartsock Strata Boundary areas of the Tucannon River.
Index Sitestc "Index Sites" \l 3
Juvenile chinook salmon (Age 0) were found in all Hartsock and HMA index sites in the Tucannon River in 2002.  Unlike previous years, densities in the lower reaches (below Tuc07) were relatively high (Figure 3).  This is reflective of the large number of spawners in 2001, and high stream flows in the spring of 2002 that likely displaced juveniles downstream.  Densities in the upper reaches (above Tuc26) were lower than other areas because redds were not found above there in 2001.  The general distribution of chinook salmon juveniles is only somewhat reflective of spring chinook spawning locations (Figure 3) from the previous year (Gallinat et al, 2002).  This demonstrates that a number of factors can influence changes in densities, and results presented are merely an indication of relative abundance or desirability of pools.  However, these populations should not be considered a direct result of the habitat restoration activities described within this report.    


[image: image3.wmf]0

5

10

15

20

25

30

1, 1A

2, 2A

3, 3A

4, 4A

5, 5A

6, 6A

7, 7A

8, 8A

9, 9A

10, 10A

11, 11A

13, 13A

14, 14A

16, 16A

17, 17A

19, 19A

20, 20A

21, 21A

22, 22A

23, 23A

24, 24A

25, 25A

26, 26A

27, 27A

28, 28A

Snorkel Index Site Name

Density (fish/100m2)

-1

1

3

5

7

9

11

13

Redds/KM

Mean Density

Redds/KM


Figure 3.  Densities (fish/100 m2) of spring chinook salmon in the Tucannon River, 2002, at WDFW index sites, and associated spring chinook redds/km as documented in 2001.

Index vs. Habitat Altered Sites tc "Index vs Habitat Altered Sites " \l 3
Habitat altered sites were mainly located in two distinct areas designated by WDFW (based on land management purposes; Bumgarner et al 2000) as the Hartsock Stratum, which encompasses the area between Marengo Bridge and WDFW Habitat Management Area (HMA) headquarters (Rkm 40-55.5), and the HMA Stratum, which encompasses the area between the HMA headquarters and Panjab Bridge (Rkm 55.5-74.5).  Densities of chinook salmon from habitat altered sites within each stratum were compared with index sites located in the same stratum.  Mean densities of chinook were significantly greater (p=0.001) in the habitat sites than in index sites within the Hartsock Stratum (Table 8).  In the HMA Stratum, densities of chinook between habitat and control sites were nearly equal (not statistically different).

Table 10.  Sample size, mean densities, standard deviations (SD), and statistical results between 1998-2001 post-altered habitat sites and index sites for spring chinook salmon in the Tucannon River, 2002.

	Stratum
	Treatment Sites
	Control Sites
	
	
	

	Data Level
	N
	Mean Density
	SD
	N
	Mean Density
	SD
	t-value
	p-value
	Test

	Hartsock
All

HMA

All
	27

24
	36.1

14.4
	31.6

9.5
	14

20
	14.0

12.6
	7.4

8.1
	3.45

0.7
	0.001

0.5


	 Significant

Not Significant


Densities by Habitat Structure Typetc "Habitat Alteration Sites" \l 3
The CCD was also interested if one particular structure type was preferred over another by fish.  Preferences have been documented for juvenile steelhead in Asotin Creek (Bumgarner 2002), but low numbers of chinook in recent years have not allowed a similar relationship to be explained for the Tucannon River.  Densities of chinook in 2002 were much greater than in previous years, allowing us to examine this possibility with better confidence.  A one-way ANOVA was preformed and determined that juvenile chinook densities between habitat structures (vortex, LOD, J-hook) and control sites were not significantly different (F=0.03, P=0.99).  The result is likely due to the sample sizes available, large variance observed between individual sites but of the same structure type, and very similar mean densities.  

While individual structure types were not statistically significant, densities within some of the habitat structure types were visually greater than others (Figure 4).   Preferences for J-Hooks and LOD structures by chinook, not vortex weirs, is the opposite of that observed for steelhead in Asotin Creek (Bumgarner 2002).  For implementation of new instream structures in the future, the target species and structures that contain the highest documented densities of the target species should be considered first when new projects are identified.  It should be remembered though, that vortex weirs are desirable to create large pools for adult salmonid holding, not juvenile rearing area.  This factor should also be considered when designing structures for sites.
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Figure 4.  Mean densities of Age 0 chinook salmon in three habitat structure types and index sites in the Tucannon River, 2002.

Temperature Monitoringtc "Temperature Monitoring" \l 2
In 2002, CCD provided SRL with water temperature monitors to document instream temperatures in the Tucannon River and Pataha Creek.  The SRL staff deployed 19 monitors in the Tucannon River from Rkm 2.8 to Rkm 77.8, and one in the mouth of Pataha Creek from 1 May to 30 October.  Depending on the model type of the temperature recorder, temperatures were taken every hour (24 data points daily) or every 1.2 hours (20 data points daily).  Data were then summarized for each day; calculating a mean, minimum and maximum temperature per day.  Deployment of the water temperature monitors in 2002 was to: 1) document river temperatures at various locations, and 2) identify areas of the Tucannon River that may be lacking in riparian cover.  Of the 20 temperature recorders deployed in 2002, all of the monitors had continual data throughout the monitoring months (See charts in Appendix B), except Panjab Bridge (removed from the water by a camper), and the smolt trap.  

Historical Documentation of Water Temperatures tc "Historical Documentation " \l 3
Since 1986, WDFW has monitored water temperatures in the Tucannon River.  Generally, between 9-12 monitors have been deployed, with their placement dependent on the studies or activities being conducted.  These long-term data sets are available upon request from WDFW’s SRL office.

Water Temperature – Influence of Pataha Creek

During 2002, the CCD was interested in documenting what influence, if any, water from Pataha Creek would have on downstream water temperatures in the Tucannon River.  Habitat along Pataha Creek has been badly degraded.  Little riparian vegetation remains in lower Pataha Creek, and temperatures were thought to exceed 80 oF during the middle of summer.  Data from 2002 (Appendix A) demonstrates that suspicions were correct, although maximum temperature in the creek exceeded 80 oF on only a few occasions during 2002.  Temperature monitors were placed upstream and downstream in the Tucannon River at Territorial Road (rkm 20.0) and at the Ducharme Ranch (rkm 17.5).  Pataha Creek enters the Tucannon River at rkm 18.1.

Water temperatures in Pataha Creek were substantially higher during May, June, and parts of July (Figure 5) compared to the two locations in the Tucannon River.  In August, temperatures in Pataha Creek were similar to temperatures in the Tucannon, and by September, they were lower than the Tucannon.  This phenomenon can be explained by the orientation of Pataha Creek to the sun, and the current geomorphology of the stream.  The lower ~50 river kilometers of Pataha Creek lies primarily in an East-West orientation.  The creek channel has been incised to such a degree over the years by the extensive habitat degradation, that in many places there is 10-15 ft vertical drop to the stream bottom.  As such, by mid-summer the sun is no-longer high enough in the sky to directly hit the water in the creek for extended periods of time.  By early fall, the rays of the sun may never hit water directly in many places.  Therefore, the water coming out of Pataha Creek can be relatively cool compared to the Tucannon River.

Based on the data collected, it does not appear that Pataha Creek significantly increases the water temperature in the Tucannon River.  While Pataha Creek is markedly warmer in May, June and July, the quantity of stream flow from Pataha compared to the Tucannon River is minor, and therefore cannot influence the temperature to any great degree.   
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Figure 5.  Mean daily water temperatures at Territorial Road, Ducharme Ranch, and the mouth of the Pataha Creek in 2002.

Water Temperature - Stream Reach Evaluation tc "Stream Reach Evaluation " \l 3
Prior to the summer of 1999, CCD asked whether water temperature data could be used to pinpoint locations within the Tucannon River lacking riparian cover.  They reasoned that if reaches of stream with the highest water temperature increase (ΔT) per lineal distance (oF/rkm) were identified, then re-vegetation efforts could be directed to those reaches.  Between 1999 and 2002, WDFW and CCD deployed enough monitors to cover the river in 3-4 rkm intervals as far down as Marengo.  The river section above Marengo (rkm 40) was chosen as the most critical as that is where the majority of spring chinook, summer steelhead, and bull trout rear during the summer months (when water temperatures reach their maximum).  In the areas below Marengo, temperature monitors were located further apart, but covered fairly equal distances down to the mouth of the Tucannon River (Appendix C).  For this analysis, the data was restricted to daily mean water temperatures for July (Figure 6) and August (Figure 7).   

To calculate the temperature increase, daily mean water temperatures from two adjoining locations were subtracted from each other.  Then the distance in river kilometers between the two locations was used to calculate the temperature change per distance (oF/rkm).  A baseline temperature increase/rkm for the Tucannon River was calculated from the highest to the lowest location in the river.  Based on those two locations (Lady Bug Flat C.G. = rkm 77.8 to Tucannon River Smolt Trap = Rkm 2.8), the mean baseline temperature increase was 0.24 oF/rkm for the month of July and 0.23 oF/rkm for August in 2002.  

In order to meet Washington State water quality standards (Class A River = 65 oF), the temperature increase should only be 0.19 oF/rkm.  River reach intervals that were higher than the baseline could be considered a priority for riparian re-vegetation.  On-the-ground inspection of these areas needs to occur to verify the results, as other factors such as groundwater springs, tributaries, or man made lakes can influence the results.  

Trends in the 2002 data were similar to those observed from data collected between 1999 and 2001 (Bumgarner and Schuck 2001, and Bumgarner 2002).  The two worst sections of river (warming the greatest per river kilometer) in the month of July were between Panjab and the Little Tucannon River (rkm 71.5-74.5, Figure 2), and Camp Wooten and Big 4 Lake (rkm 65.0-68.0, Figure 2).  These are identical results as observed in 1999-2001 (Bumgarner and Schuck 2001, Bumgarner 2002).
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Figure 6.  Mean temperature increase/river kilometer between various locations in the Tucannon River in July, 2002.
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Figure 7.  Mean temperature increase/river kilometer between various locations in the Tucannon River in August, 2002.

Discussion



"

Habitat Surveystc "Habitat Surveys" \l 2
Projects in previous years have generally been directed toward shallow, uniform stream channel sites, which had been damaged by a variety of natural and man caused actions.  Usually, large deep pools that provide adult fish habitat have been lacking.  Deep pools, where they did exist, were associated with lateral scouring of the channel against unstable banks and lacked complex in-pool structure (LOD, boulders, debris jams, or undercut banks) for fish.  These pools provided minimal habitat benefit to juvenile fish because of their poor quality, and only marginal value to adult steelhead.  Most non-scour lateral pools were associated with small to medium size boulders in the stream, which created “pockets” of calm water.  The 2000 projects not completed until 2002 for habitat alteration work in the Tucannon River also generally fit this description.  

Site selection has usually been driven by two primary purposes; 1) protection of personal property (pastures, houses, etc.), and infra-structure (roads and bridges), with fish friendly habitat engineering techniques, or 2) direct stream enhancement by fish habitat creation (channel reconstruction, riparian enhancement, pool development) with habitat engineering techniques.  The latter may occur concurrently with a Federal or State conservation program (e.g. CREP).  Both purposes are valid and represent the Conservation District’s attempt to balance multiple goals with a coordinated approach and consolidation of funding sources to accomplish maximum benefit for county residents and for fish.

As previously mentioned, project sites from 1998-2001, had not been seriously challenged with high stream flows.  The stability and function of the instream structures under such flow conditions were therefore untested, at least within the Tucannon River Basin.  The re-evaluation of the 1998-2000 sites provided some insights as to how high stream flow could affect project sites.  For all the sites, the instream structures seem to be performing as expected and to their original intents.  Some structures (vortex weirs and J-hooks) have filled with gravel, while others appear to have re-scoured from previous gravel deposition.  

The instream alterations completed in the past have increased the number of pools, pool quality and cover, and generally reduced water velocity.  The instream habitat alterations did create more complex and desirable fish rearing habitat (as documented through snorkel surveys), and will potentially create more long-term fish rearing habitat should they remain functioning and are not dewatered from channel movement.  Likewise, bank protection goals appear to have been achieved, and it was done in a more “fish friendly” manner than historical attempts at bank protection.  

As we have mentioned in previous reports, steelhead populations were shown to increase following similar type projects in Asotin Creek and the Tucannon River in the early 1980's (Viola et al. 1991).  As such, these current projects could play a key role in stabilizing, restoring, or rebuilding depressed populations of salmonids in the Tucannon River basin.  Long-term monitoring and evaluation of these habitat alteration projects into the future are critical in determining the value of such actions.  Beyond these direct benefits, there appears to be an increasing willingness by landowners to work with the management agencies to address habitat problems.  Attempts to ‘control’ streams and protect property have historically involved large amounts of riprap.  Innovative habitat engineering approaches, coupled with landowner willingness to dedicate more room for streams to meander, undoubtedly provide better short-term conditions for fish.  The long-term acceptance of these approaches by the public will, however, depend upon their effectiveness at providing acceptable protection for property.  Long-term monitoring and evaluation of these habitat alteration projects into the future are critical in determining the value of such actions.  

The nature and extent of pre and post-construction site characterization was limited by available time and funds.  Habitat surveys used in this study were designed to be low cost, yet provide a quick, quantitative assessment of habitat variables (depth, pools, LOD) within each site that would allow us to document the changes provided by the instream projects.  These assessments should not be considered a comprehensive analysis of habitat improvement on an ecosystem level, but rather as an indicator of the CCD’s ability to beneficially affect degraded habitat to help recover salmonid populations.

Snorkeling 

tc "Snorkeling " \l 2
As observed in 1998-2001, small sample sizes and large variation in densities between snorkel sites has limited our ability to measure significant differences that may exist between control and treatment sites.  In the past populations of spring chinook have been “patchy” from site to site, which increased statistical variance, making it difficult to detect significant differences.  During 2002, we were able to detect significantly higher densities within habitat sites in the HMA Stratum.  Further, densities of Age 0 Chinook were higher in all three different treatment types (Vortex, J-Hook, and LOD structures), indicating that chinook were probably drawn to the habitat-altered sites from other areas of the stream with poorer habitat.  

Consistent with previous years snorkel data, chinook densities in vortex weirs were less than expected, based on our snorkel results from Asotin Creek (Bumgarner 2002, Bumgarner and Schuck 2001).  For the sites sampled, the J-hook sites were the most preferred habitat sites, followed by LOD structures.  It is unknown why chinook would not prefer the vortex weirs in the Tucannon River to some of the other structures.  A possible explanation may lie in how the structures were originally constructed.  In some instances the rocks forming the vortex weirs have large spaces between them that allows water to pass through at relatively high velocity.  In addition, sometimes these spaces create more turbulence (bubbles) that extends the entire depth of the water column.  In those instances, rearing habitat appears limited, as we’ve documented little use by fish.  

Temperature Monitoring tc "Temperature Monitoring " \l 2
Temperature monitoring in the Tucannon River during 2002 was successful in meeting our objectives.  Summer rearing temperatures were documented throughout the entire Tucannon River, and we continue to identify possible problem areas (i.e. lack of riparian vegetation) in the upper Tucannon River.  However, as previously stated, on-the-ground inspection of these findings needs to occur before any actions are taken.

In addition to the standard monitoring, we also investigated what influences Pataha Creek may be have on water temperatures in the lower Tucannon River.  Results collected suggest that Pataha Creek has little influence on the water temperatures in the Tucannon River.  It would appear that the volume of flow from Pataha Creek compared to the Tucannon River is too insignificant to influence that Tucannon River.  However, monitoring stream temperatures from Pataha Creek for the next 2-3 years is recommended.        
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Appendix A

Juvenile summer steelhead densities from snorkel surveys at index and habitat sites in 2002



Appendix A: Table 1.  List of index snorkel sites, and Age 0 juvenile chinook salmon abundance and densities (fish/100 m2) estimated by snorkel surveys in the Tucannon River, August 2002.

	Site Name
	Date

Snorkeled
	RKM
	Age 0 Chinook Counted
	Whitefish Counted
	Bull Trout Counted
	Area

Snorkeled (m2)
	Age 0 Chinook

Density

	Tuc 01

Tuc 01A

Tuc 02

Tuc 02A

Tuc 03

Tuc 03A

Tuc 04

Tuc 04A

Tuc 05

Tuc 05A

Tuc 06

Tuc 06A

Tuc 07

Tuc 07A

Tuc 08

Tuc 08A

Tuc 09

Tuc 09A

Tuc 10

Tuc 10A

Tuc 11

Tuc 11A

Tuc 13

Tuc 13A

Tuc 14

Tuc 14A

Tuc 16

Tuc 15A

Tuc 17

Tuc 17A

Tuc 19

Tuc 19A

Tuc 20

Tuc 20A

Tuc 21

Tuc 21A

Tuc 22

Tuc 22A

Tuc 23

Tuc 23A

Tuc 24

Tuc 24A

Tuc 25

Tuc 25A

Tuc 26

Tuc 26A

Tuc 27

Tuc 27A

Tuc 28

Tuc 28A
	8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/12

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13
	34.5

34.6

37.5

37.6

39.8

39.9

41.0

41.1

43.3

43.4

45.1

45.2

48.9

49.0

50.9

51.0

53.4

53.5

55.5

55.6

55.9

56.0

58.9

59.0

60.0

60.1

61.6

61.7

64.0

64.1

65.4

65.5

67.0

67.1

69.0

69.1

72.9

73.0

74.5

74.6

74.7

74.8

76.0

76.1

79.0

79.1

82.0

82.1

84.2

84.3
	37

28

32

89

13

88

49

80

72

102

52

28

111

137

153

25

92

55

63

50

61

83

120

68

187

92

110

53

137

34

15

96

66

42

70

36

57

41

30

29

76

32

15

84

10

17

0

0

0

0
	0

1

0

0

0

1

0

0

1

1

1

2

0

4

24

0

0

0

3

0

0

0

0

2

2

0

4

1

4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
	0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

1

1

1

1

1

0

2

0

4

1

3

1

2

3

0

1

0

1

1

2

2

2

6

6

2

2

0

7

4

0

1

6
	423

336

656

556

520

482

423

498

574

404

620

574

995

773

484

570

575

567

381

483

753

583

631

638

552

575

415

553

615

755

606

495

544

571

648

656

512

486

584

599

599

387

365

290

341

481

390

366

287

649
	8.75

8.33

4.88

16.01

2.50

18.26

11.58

16.06

12.54

25.25

8.39

4.88

11.16

17.72

31.61

4.39

16.00

9.70

16.54

10.35

8.10

14.24

19.02

10.66

33.88

16.00

26.51

9.58

22.28

4.50

2.48

19.39

12.13

7.36

10.80

5.49

11.13

8.44

5.14

4.84

12.69

8.27

4.11

28.97

2.93

3.53

0.00

0.00

0.00

0.00

	Location
	Rkm
	Location
	Rkm
	Location
	Rkm
	Location
	Rkm

	King Grade Br

Marengo Br

Hartsock Gr
	34.1

39.9

49.0
	Cummings Creek Br

Hatchery Intake

Beaver/Watson 
	55.9

59.2

61.9
	Curl Lake

Camp Wooten Br

Little Tucannon R.
	66.0

68.1

71.6
	Cow Camp

Panjab Bridge

Sheep Creek
	72.9

74.5

84.2


Appendix A: Table 2.  Age 0 juvenile chinook salmon abundance and densities (fish/100 m2) estimated by snorkel surveys at post-construction habitat alteration sites in the Tucannon River, August 2002.

	Date

Snorkeled
	RKM
	Habitat Structure
	Age 0 Chinook Counted
	Whitefish Counted
	Bull Trout Counted
	Area (m2)

Snorkeled
	Age 0 Chinook

Density

	8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/14

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13

8/13
	40.0

40.0

42.5

42.5

42.5

42.5

43.0

43.0

43.0

43.0

43.5

44.0

44.0

44.0

44.0

45.0

45.0

50.0

50.0

50.0

50.0

50.0

52.7

52.7

52.7

53.5

53.5

60.5

60.5

60.5

60.5

60.5

66.8

66.8

66.8

68.1

68.1

68.1

68.1

73.0

73.0

73.0

73.0

73.0

73.0

73.0

73.0

73.0

73.5

73.5

73.5
	Vortex

LOD

Vortex

J-Hook

LOD

Vortex

J-Hook

J-Hook

J-Hook

J-Hook

Vortex

Vortex

Vortex

Vortex

Vortex

Vortex

Vortex

LOD

LOD

J-Hook

LOD

LOD

LOD

J-Hook

J-Hook

J-Hook

J-Hook

LOD

J-Hook

Vortex

Bortex

LOD

J-Hook

Vortex

Vortex

J-Hook

J-Hook

Vortex

Vortex

LOD

Vortex

LOD

LOD

LOD

LOD

LOD

Vortex

Vortex

LOD

Vortex

Vortex
	10

89

37

29

13

27

80

25

38

40

21

35

74

35

61

52

25

25

54

18

15

153

85

32

23

38

46

42

14

20

18

38

24

11

23

26

6

39

71

56

23

9

14

29

58

31

6

54

29

1

3
	0

0

0

0

0

0

0

1

0

0

0

0

4

1

0

0

0

0

6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
	0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

0

0

1

0

0

0

1

0

1

0

1

2

0

0

0

2

1

0

2

0

8

2

5

0

3

2

8

0

0

2
	11.3

10.3

9.6

8.8

113.5

86.9

134.0

147.5

107.8

93.9

235.2

143.8

129.3

256.9

238.9

200.8

144.2

59.3

139.6

47.1

178.8

104.7

81.9

43.9

42.7

143.3

134.3

238.2

99.2

93.3

121.7

322.4

213.8

84.3

112.6

129.4

62.6

152.7

143.1

7.4

11.3

8.7

11.7

6.9

10.8

7.6

14.1

11.6

133.5

90.2

84.0
	11.86

9.92

9.71

8.70

11.45

31.06

59.72

16.95

35.25

42.58

8.93

24.34

57.21

13.63

25.53

25.89

17.34

42.13

38.67

38.20

8.39

146.15

103.82

72.95

53.86

26.52

34.25

17.63

14.12

21.43

14.79

11.79

11.23

13.05

20.42

20.09

9.59

25.55

49.60

7.26

11.22

8.87

11.55

6.83

10.92

7.34

14.44

12.16

21.73

1.11

3.57




Appendix B

Average, minimum and maximum water temperatures collected in the Tucannon River in 2002
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Appendix B: Figure 1.  Average, minimum, and maximum water temperature in Tucannon River at kilometer 77.8 in 2002,  Lady Bug Flat.
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Appendix B: Figure 2.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 74.5 in 2002, Panjab Bridge.
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Appendix B: Figure 3.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 71.3 in 2002, Little Tucannon.
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Appendix B: Figure 4.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 68.4 in 2002, Camp Wooten.
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Appendix B: Figure 5.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 65.0 in 2002, Big Four.
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Appendix B: Figure 6.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 61.2 in 2002, Forest Service Sign.
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Appendix B: Figure 7.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 59.2 in 2002, Hatchery Intake.
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Appendix B: Figure 8.  Average, minimum, and maximum water temperature in Tucannon River at river kilometer 55.9 in 2002, Cummings Creek Bridge.
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Appendix B: Figure 9.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 51.5 in 2002, Bridge 14.
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Appendix B: Figure 10.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 47.1 in 2002, Bridge 12.
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Appendix B: Figure 11.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 43.3 in 2002, Bridge 10.
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Appendix B: Figure 12.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 39.9 in 2002, Marengo Bridge.
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Appendix B: Figure 13.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 34.1 in 2002, King Grade.
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Appendix B: Figure 14.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 28.0 in 2002, Enrich Bridge.
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Appendix B: Figure 15.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 22.0 in 2002, Highway 12 Bridge.
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Appendix B: Figure 16.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 20.1 in 2002, Territorial Road/Bridge.
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Appendix B: Figure 17.  Average, minimum and maximum water temperature in Pataha Creek at river kilometer 0.5 in 2002.
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Appendix B: Figure 18.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 17.5 in 2002, Ducharme Ranch.
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Appendix B: Figure 19.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 12.7 in 2002, Smith Hollow Bridge.
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Appendix B: Figure 20.  Average, minimum and maximum water temperature in the Tucannon River at river kilometer 2.8 in 2002, Smolt Trap.
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Appendix C: Table  1.  Location of Water Temperature Monitors in the Tucannon River Basin, 2002

	River/Stream/Outlet
	Location Description
	River Kilometer

	Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River 

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Tucannon River 

Tucannon River

Tucannon River

Tucannon River

Tucannon River

Pataha Creek
	Lady Bug Flat Campground

Panjab Bridge

Below Little Tucannon River

Camp Wooten

Below Big 4 Lake

USFS Information Sign

Tucannon Hatchery Intake

Cummings Creek Bridge

Bridge 14

Bridge 12

Bridge 10

Marengo Bridge

King Grade Bridge

Enrich Bridge

Interstate Highway 12 Bridge

Territorial Rd Bridge

Ducharme Property (upper end)

Smith Hollow Rd Bridge

Smolt Trap

HWY 124 Crossing 
	77.8

74.5

71.3

68.4

65.0

61.2

59.2

55.9

51.4

47.1

43.3

39.9

34.1

28.0

22.0

20.1

17.5

12.7

2.8

0.5


[image: image28.png]Washington Department of
\FISH AND WILDLIFE
|Fish Progmm

Science Division




The Washington Department of Fish and Wildlife will provide equal employment opportunities to all potential and existing employees without regard to race, creed, color, sex, sexual orientation, religion, age, marital status, national origin, disability, or Vietnam Era Veteran's Status.  The Department is subject to Title VI of the Civil Rights Act of 1964 and Section 504 of the Rehabilitation Act of 1973, which prohibits discrimination on the basis of race, color, national origin or handicap.  If you believe you have been discriminated against in any Department program, activity, or facility, or if you want further information about Title VI or Section 504, write to:  Office of Equal Opportunity, U.S. Department of Interior, Washington D.C.  20240, or Washington Department of Fish and Wildlife, 600 Capitol Way N., Olympia, WA  98501-1091.

 SEQ CHAPTER \h \r 1Cobble Embeddedness and Percent Fines Project 

Tucannon River and Tributaries

2005
[image: image29.jpg]



Report

Prepared by 

Del Groat and Bill Dowdy

Surveyors and Data Collection

Bryce Mckiernan, Larry Brown and Alexandra Amonette

Data Entry and Compilation
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Overview: The Pomeroy Ranger District conducts regular aquatic sampling surveys within National Forest lands.  The surveys include sampling for cobble embeddedness and percent fines.  During the summer of 2005, the District contracted with the Columbia Conservation District to conduct these monitoring protocols outside NFS lands on State and Private ground.  The attempt here is to establish a baseline for restoration/rehabilitation projects funded and/or promoted by the Conservation and the Snake River Salmon Recovery Board.  Site selection on private lands was based upon project locations and recovery planning reaches. Locations on State and Federal lands were derived from previous surveys.  Funding always drives the amount of detail and the number of samples collected during surveys.  For this reason simple, cheap and repeatable was part of the criteria selected for the protocols.  Currently there is no set survey methodology agreed upon by field personnel within the region.

The pebble count is a simple, inexpensive, replicable technique applicable to coarse materials, and can be done on exposed bars or beneath several feet of flowing water. Because little equipment is required other than a measuring tape and appropriately sized templates for classifying particle sizes, the technique can be quickly applied at a large number of sites to provide a representative sample of a stream reach 

The primary disadvantage of surface pebble count technique is the inability to account for fine sediment. Surface gravels that a pebble count indicates are relatively free of fine sediment could contain enough fines in the spaces between particles of the underlying gravel to limit salmon spawning success (Kondolf and Wolman 1993). However, if fine sediment is not a concern, and if a good fit between the bulk and pebble count particle size has been determined then pebble counts should be an acceptable future alternative to the more demanding bulk sampling method.

Since fine sediment is a concern and the location of sediment is also a concern, and cobble embeddedness is the limiting factor for salmonid spawning habitat another element needs factored into the monitoring protocol.  If the particle size distribution is to be used to evaluate spawning habitat, the depth of the excavation should be based on the maximum depth of the spawning nests.

The degree to which fine sediments surround coarse substrates on the surface of a streambed is referred to as embeddedness. Although the term and its measurement were initially developed to address habitat space for juvenile steelhead trout, embeddedness measures have been used to assess fish spawning, as well as substrate mobility. Embeddedness is an indicator of water quality.  In its simplest expression, increased embeddedness, or the intrusion of fines into a coarse streambed, decreases the living space between particles and limits the available area and cover. Embeddedness measures the degree to which larger particles are covered with finer particles – a length term representing a volume of fines surrounding coarser substrates, which is often placed in a relative proportion to rock height in the plane of embeddedness.  Fines are commonly not defined even though the nature and degree of impact depend upon the size and the character of the sediments filling interstitial voids.  Biologically direct impacts to spawning fish may be impacted by the lack of permeability of dissolved oxygen to reach incubating eggs because of increased fines.   Hence it may be practical to merge these two attributes (cobble embeddedness & percent fines) to simple indicate habitat significance to aquatic species.   

During data assessment CE, %fines, can be combined with other known parameters to assess aquatic habitat viability for any number of species.  This data when combined with other known factors, such as Rosgen channel features, flow, width-depth ratio, pool/rifle ratios, temperature, large woody debris, and other properly functioning channel attributes, may give an adequate picture of the habitat quality. 

Protocols: Wolman Pebble Counts - The methodology of pebble counting may be employed along each riffle cross-section to characterize substrate at the reach scale (Wolman 1954). One Hundred substrate particles are collected and measured along each cross-section. Data collection starts at a randomly selected point at one of the bankfull elevations along the cross-section. With an averted gaze, the sampler picks up the first particle touched by the tip of the index finger at the toe of the wader (Harrelson et al. 1994). The particle is measured along its b-axis. A substrate particle is 3-dimensional, with a long side, a short side, and an intermediate side. The b-axis is the intermediate dimension that determines if the particle would pass through a sieve of that size. The sampler then steps in the direction of the opposite bank, picking up and measuring another substrate particle. The procedure is repeated until 100 measurements are made. The measurements are assigned to the proper size class and tallied. From the raw data, D35, D50, and D84 values can then be calculated along with percent composition values for six classes of channel materials ranging from fines (silt, clay, and sand) to bedrock. If a “Rosgen” Level II classification is being performed in addition to the sediment protocol assessment, a separate pebble count analysis should be done to account for the larger bankfull widths, increased longitudinal distances, and multiple habitats used in various “Rosgen” protocols.

Protocols: Cobble Embeddedness - The methodology was a modified version from Burns (1984) and Burns and Edwards (1985).  In their original sampling procedure sampling was conducted at each location by randomly throwing a 60 cm diameter steel hoop into an area of the stream predetermined and the boundary delineated a representing one of the three geomorphological positions pool, riffle or run.  Samples were only taken if the area met the following criteria: 1) the hoop must fall in the inner two-thirds of the active channel and 2), the hoop cannot be part of an eddy caused from a pool or on a large boulder.  Particles lying inside a 60-cm-diameter steel hoop thrown randomly into specific habitat units are sampled. Particles with >50 percent of their surface lying within the hoop are counted.  The hoop determines particles to be measured.  Hoops are thrown into the specified unit until measurements have been taken on at least 100 particles. Although the count may exceed 100, all particles are measured in the last hoop.  Typically, 3 to 4 hoops constitute a sample of 100 particles.  Embeddedness is then measured on single matrix particles, and the entire population is averaged. For each sampled particle, the depth of embeddedness (to the nearest mm) is divided by the particle height.  Sampling was conducted on particles that were typically between 6mm and 120mm, those particles that fell within the cobble and gravels that salmonids use for spawning. 

The procedure requires the sampler to begin at one side of the hoop and work across it until each particle including free matrix particles is measured and discarded (free matrix particles are those without any sign of embeddedness).  Embeddedness of these particles by definition is zero, and therefore they are not counted unless the total rock count is included in the computational method. Starting back across the hoop, embedded particles are systematically removed. Rocks are generally picked up with the right hand and grasped with the thumb and fingers at plane of embeddedness. The particle is rotated so that the embedded portion is to the left. An index finger is placed on the side away from the eye, and the plane of embeddedness is held against one plate of the plexiglass frame and measured.  

As stated earlier the protocol used was a modification of the Burns and Edwards (1985) cobble embeddedness measurement.  The Pomeroy Ranger District had previously collected CE using the previously described methodology.  In 1997, when Wolmans became a mandatory assessment feature, the District combined the two procedures into one.  During the Wolman linear transect the rocks were measured for CE when the stones were found in the inner two-thirds of the wetted stream channel.  In that first season the crews also conducted CE using Burn and Edwards’s methodology. Nearly 25 stream reaches were sampled using both criteria. The two techniques were compared and the CE numbers were within 5% of each other respectively.  From that point forward the District has used that modified protocol measuring CE during linear transect of Wolman Pebble Counts. There still was a minimum of 100 stones measure and no transect could be started unless completed to fruition. 

Therefore during one transect, particle size, particle distribution, and cobble embeddedness could be measured.  Repeat surveys can be used to indicate potential habitat trends and bed load movement.  This data should not be used alone but in combination with other known attributes.  It must be remembered that there are limitations to the data use.  This data should be used only to characterize the habitat.  It should be used not as quantitative, but as a red flag indicating a more detailed study and assessment may be necessary. Cobble embeddedness is usually expressed as a percentage.  However, this value does not reflect the amount of exposed rock, which is the critical component of the habitat for aquatic organisms. Cobble embeddedness expressed as a percent is not as sensitive to changes in sediment over time.  Rocks that become completely buried in sediment are no longer part of the measurable population. Consequently, the lost “living space” is not reflected in the percent embeddedness figure.

Site Location Selection: Site locations were selected by the CCD and the Snake River Salmon Recovery Board Director.  These locations were determined by using local knowledge from Biologist and habitat managers and the Salmon Recovery Plans (i.e. EDT Models, Tucannon Subbasin Plan, Tucannon River Model Watershed Plan, WRIA 35 Limiting Factors Assessment and The Snake River Salmon Recovery Plan) that identified priority reaches for recovery, monitoring and assessment.  There is some existing data that can be used for some comparative analysis to assess past projects, however this survey is more to establish the baseline for future restoration and recovery projects.  Previous data comparisons may made if “like” data was recovered.  Therefore some trend factors maybe assessed.  This report is not the avenue for that analysis, which is better suited for the collective Regional Technical Team (RTT).    
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Wolmans Results:  The most recent survey of all the Tucannon River reaches of the Tucannon Watershed was undertaken from the headwaters to the mouth.  A sample of those representative surveys shown in Table 1, indicate that there are between 3% and 35% fines in the classes of pebbles of < 6mm.  The survey was completed sampling 26 sites, at three separate transects for each location, using the methodology previously described, in August 2005.   An average of those three transects is displayed in Table 1.  Shaded in yellow is public land and shaded in blue are tributaries to the Tucannon River.  The following table includes the site selection and the average results of the three samples.  Each sample is identified in detail in the attachments of this document, individually for each transect at the site location. 
The results indicate the sizes of the substrate observed.  This can be related back to the size class of the observation that is placed into the separate categories.  See Pebble Count Size Class worksheet.  To assess whether or not these gravels are suitable enough to be moved by a salmonid for the construction of redds, the size of the framework is of interest.  Typically the D values, the sizes at which the percent are finer than the value given (i.e., D15, D35, D50, D84) indicate the amount of the substrate and its size.  Example, If Chinook spawning typically occurs in habitat of 6mm to 102mm and the D50 indicated is 116, therefore 50% of the gravels observed were less than 116mm.  These values along with percent fines less than 6mm and those of the cobble embeddedness with begin to give you a picture of spawning habitat capability. 
	Table 1. Wolman’s Pebble Count Survey, conducted within the Tucannon Watershed 2005

	Site
	Date
	%Fines <6mm
	D15
	       D35
	D50
	D84
	% Bed rock

	Tucannon River at John Wood
	8/9/05
	11%
	26.8
	35.5
	63.9
	87.1
	0%

	Tucannon River at Mead/Smith Gagging Station
	8/9/05
	16%
	20.6
	30.9
	60.6
	107.5
	2%

	Tucannon River below Pataha Creek Confluence
	8/10/05
	6%
	34.6
	44.8
	75.2
	110.0
	1%

	Tucannon River above Pataha Creek Confluence
	8/10/05
	3%
	36.1
	46.0
	72.1
	89.1
	0%

	Tucannon River at Broughton Land Co. intake pump
	8/16/05
	9%
	33.2
	41.0
	70.8
	101.7
	0%

	Tucannon River at King Grade
	8/16/05
	2%
	52.0
	66.7
	115.9
	159.5
	0%

	Tucannon River at D. Howard 
	8/15/05
	11%
	48.2
	64.2
	121.4
	176.0
	0%

	Tucannon River at Marengo 
	8/15/05
	10%
	42.0
	55.5
	107.7
	152.1
	0%

	Tucannon River at M. Hall
	8/11/05
	6%
	50.9
	65.9
	132.9
	207.2
	2%

	Tucannon River at WDFW Quonset Hut
	8/11/05
	10%
	44.7
	57.2
	107.1
	163.8
	1%

	Tucannon River at Russell
	8/22/05
	9%
	47.8
	65.9
	138.8
	236.9
	0%

	Tucannon River below Cummings Creek Confluence
	8/23/05
	9%
	59.0
	78.4
	162.0
	268.8
	0%

	Cummings Creek
	8/24/05
	21%
	36.3
	59.0
	151.6
	307.2
	0%

	Tucannon River above Cummings Creek Confluence
	8/23/05
	6%
	52.1
	73.5
	151.0
	266.3
	0%

	Tucannon River at Fish Hatch Bridge
	8/24/05
	8%
	57.7
	82.4
	167.3
	336.6
	0%

	Tucannon River at USFS Boundary
	8/5/05
	6%
	50.9
	67.2
	136.0
	237.5
	0%

	Tucannon River at Beaver/Watson Lake
	8/25/05
	22%
	44.4
	69.4
	143.8
	269.1
	0%

	Little Tucannon 
	8/25/05
	11%
	55.9
	83.6
	190.8
	321.6
	0%

	Tucannon River Above Little Tucannon
	8/5/05
	10%
	54.6
	73.5
	147.1
	213.9
	0%

	Tucannon River Above Panjab Bridge
	8/1/05
	3%
	40.4
	55.1
	113.3
	173.0
	0%

	Panjab Creek
	8/1/05
	13%
	34.0
	44.8
	105.2
	171.8
	0%

	Sheep Creek
	8/3/05
	6%
	48.9
	61.3
	131.5
	252.1
	0%

	Tucannon River Above Sheep Creek
	8/2/05
	8%
	28.6
	40.7
	83.1
	120.8
	0%


Substrate Embeddedness - Table 2.  Summarizes Cobble Embeddedness (CE) for the mainstem Tucannon and some tributaries (highlighted in blue).  As stated earlier, each site location included three separate complete transects.  The table is an average for that particular location.  All transects are displayed in their entirety in the appendices. The table is displayed in ascending order from the mouth to the headwaters.  Public lands are shaded.  Embeddedness was taken during a Wolman’s Pebble count inventory on line transects within the wetted 2/3 of the stream channel.  Particles in the 6mm to 102mm range are often thought, as Chinook salmon preferred spawning habitat.

Cobble embeddedness is not excessive in most of the salmonid bearing reaches of the Tucannon River watershed.   Sand, gravel, and cobble tend to dominate the substrate sample locations of the mainstem Tucannon River.  This is expected in systems whose gradient is less than 2%.  The dominance of small boulder and cobble in the stream is common in most of the higher gradient streams within the upper reaches of this watershed.  The dominance of cobble and small boulder provides complex hiding cover in salmonid rearing areas. This would be opposed to those sections that are very low in gradient where embeddedness would be expected to be higher because these areas are naturally depositional.  While CE numbers area higher in these reaches, the desired future condition and expectation for CE is not as critical.  CE in the transitional zones may be the most critical area for spawning habitat and the desired condition would be less than those in a depositional zone.  Another way to recognize what size class the stream is best suited for, would be to use “Rosgen Stream Classification.”
	Table 2. Cobble Embeddedness Survey conducted within the Tucannon Watershed 2005

	Summary of Stream Site Location
	 
	Cobble Embeddedness (%)

	
	Date
	      All particles
	Particles 6mm-    102mm *

	Tucannon River at John Wood
	8/9/05
	45.5
	43.1

	Tucannon River at Mead/Smith Gagging Station
	8/9/05
	34.5
	32.4

	Tucannon River below Pataha Creek Confluence
	8/10/05
	32.2
	30.3

	Tucannon River above Pataha Creek Confluence
	8/10/05
	23.5
	22.1

	Tucannon River at Broughton Land Co. intake pump
	8/16/05
	21.4
	18.2

	Tucannon River at King Grade
	8/16/05
	17.1
	15.2

	Tucannon River at D. Howard 
	8/15/05
	27.3
	25.1

	Tucannon River at Marengo 
	8/15/05
	20.3
	16.3

	Tucannon River at M. Hall
	8/11/05
	30.1
	24.3

	Tucannon River at WDFW Quonset Hut
	8/11/05
	22.5
	15.4

	Tucannon River at Russell
	8/22/05
	18.9
	8.3

	Tucannon River below Cummings Creek Confluence
	8/23/05
	18.0
	9.3

	Cummings Creek 
	8/24/05
	20.0
	14.1

	Tucannon River above Cummings Creek Confluence
	8/23/05
	20.7
	12.6

	Tucannon River at Fish Hatchery Bridge
	8/24/05
	27.5
	21.6

	Tucannon River at USFS Boundary
	8/5/05
	30.1
	26.3

	Tucannon River at Beaver/Watson Lakes
	8/25/05
	25.2
	23.5

	Little Tucannon
	8/25/05
	36.3
	31.2

	Tucannon River Above Little Tucannon
	8/5/05
	26.1
	24.9

	Tucannon River Above Panjab Bridge
	8/2/05
	27.0
	21.2

	Panjab Creek 
	8/1/05
	22.1
	19.8

	Sheep Creek
	8/3/05
	24.9
	17.7

	Tucannon River Above Sheep Creek
	8/2/05
	24.9
	21.5


* Note – Particles of 6mm to 102mm are within known spawning habitat perimeters.

Preliminary Discussion: Mainstem Tucannon reaches within the public land are typically under 10% fines. However the tributaries often exceed and approach 20% fines.  This may be attributed to the alluvials observed at the mouth associated with grade change.   More than half the private land also had fines of less than 10%.  In 1992, Hankin and Reeves surveys indicated that cobble embeddedness exceeded 35% in two three of the lower reaches of the main stem. This was misleading in that only a few stones were measured.  More recent surveys (Table 2.) indicate that the embeddedness is less that 25% overall in the forested reaches and have maintained less than 25% average for more than five years.   Downstream reaches in the main stem below Forestland often exceed 25%, but this is significantly lower than a few years ago.  Lower numbers are probably attributable to the numerous restoration activities in the watershed.  

More recent surveys (Table 2.) indicate that the embeddedness is less that 25% overall in the forested reaches and have maintained less than 25% average for more than five years. 

Downstream reaches in the main stem below Forestland often exceed 25%, but this is significantly lower than a few years ago. Lower numbers are probably attributable to the numerous restoration activities in the watershed. 

Future Analysis: This information can be used as a snapshot in time for baseline conditions of the "Recovery Plan." These new facts could easily be used to replace numbers that were added to the EDT process. The program could then be rerun to observe potential "changes in condition". Some further analysis is needed to compare the CE numbers to those Wo1man statistics, which can give us the indication of spawning habitat viability in the areas selected for study. However, this data is only a small piece of the big puzzle. The other variables and limiting factors are significant. This project was inexpensive and can be completed on a regular basis, but it should only be intended to observe trends. A more detailed and more expensive survey of the reaches would be needed to make any judgments other than generalizations

	Inches
	Size Class
	Millimeter
	Inches
	Size Class
	Millimeter

	 
	Silt/Clay
	<0.062
	2.5-3.8
	Small Cobble
	45-64

	 
	Very Fine Sand
	0.062-0.125
	3.8-5.0
	Small Cobble
	90-128

	 
	Fine Sand
	0.125-.025
	2.5-3.8
	Large Cobble
	128-180

	 
	Medium Sand
	0.25-0.50
	7.6-10
	Large Cobble
	180-256

	 
	Coarse Sand
	0.50-1.0
	10-15
	Small Boulder
	256-362

	0.04-0.08
	Very Coarse Sand
	1.0-2.0
	15-20
	Small Boulder
	362-512

	0.08-0.16
	Very Fine Gravel
	2-4
	20-40
	Medium Boulder
	512-1024

	0.16-0.24
	Fine Gravel
	4-5.7
	40-80
	Large Boulder
	1024-2048

	0.24-0.31
	Fine Gravel
	5.7-8
	80-160
	Very Large Boulder
	2048-4096

	0.31-0.47
	Medium Gravel
	8-11.3
	 
	Bedrock
	 

	0.47-0.63
	Medium Gravel
	11.3-16
	 

	0.63-0.94
	Coarse Gravel
	16-22.6
	

	0.94-1.26
	Coarse Gravel
	22.6-32
	

	1.26-1.9
	Very Coarse Gravel
	32-45
	

	1.9-2.5
	Very Coarse Gravel
	45-64
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