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a. Abstract 
The lack of stable spawning habitat is considered the primary physical limitation on Grays River chum production today. Yet, data is lacking on how and where this problem can best be addressed. The Grays River Watershed and Biological Assessment project proposes to conduct a geomorphological and hydrological assessment of the Grays River and its tributaries to gain a better understanding the location, distribution, characteristics and stability of salmonid spawning habitat within the basin, with emphasis on chum and chinook salmon spawning reaches. The project will also include chum and chinook spawning surveys and the collection of data on the physical characteristics of preferred spawning sites to help define critical habitat features within chum and fall chinook salmon spawning areas in the Grays River.  Data from this assessment will be used to develop a prioritized list of actions to protect and restore critical chum salmon spawning habitat in the Grays River.

Currently, two genetic enclaves of  “threatened” Lower Columbia River chum salmon are recognized, a population in the Grays River and a constellation of stocks just below Bonneville Dam.  The stocks below Bonneville are subjected to adverse effects from the operation of the FCRPS and the BOR projects that results in their mortality or impaired fitness and that reduces the likelihood of the survival and recovery of the ESU. In light of these threats it is obviously extremely important to maintain and enhance the productivity of Grays River chum.   

The project will provide critical data to address the needs for chum salmon outlined in RPA Action  #157.  The project will also build on numerous restoration and protection efforts for listed salmonids within the Grays and lower Columbia Rivers. This assessment will become the first significant step of a comprehensive program to ensure the survival and recovery of Columbia River chum in its most productive system in the lower Columbia.
b. Technical and/or scientific background
The Grays River Watershed and Biological Assessment project proposes to conduct a geomorphological and hydrological assessment of the Grays River and its tributaries from RM 11 to the headwaters in order to gain a better understanding the location, distribution, characteristics and stability of salmonid spawning habitat within the basin, with emphasis on chum salmon spawning reaches (see Figure 1 in Appendix A). The project will also include chum and chinook spawning surveys and the collection of data on the physical characteristics of preferred spawning sites to help define critical habitat features within chum and fall chinook salmon spawning areas in the Grays River. 

The lack of stable spawning habitat is considered the primary physical limitation on Grays River chum production today (Roler 2001, Washington Conservation Commission Draft 2001; NWPPC 1990).  While a number of documents identify unstable spawning reaches as the major limiting factor on chum salmon production in the Grays River, data is lacking on how and where this problem can best be addressed (Roler 2001, Washington Conservation Commission Draft 2001; NWPPC 1990).  This assessment will gather the data necessary on various watershed conditions (slope stability, sediment inputs, sediment transport, hydrology, critical spawning reaches, and channel alterations) to develop a prioritized list of actions to protect and restore critical chum salmon spawning habitat in the Grays River.

Interchange between ground water and surface water appears to be important in the selection of redd sites by chum salmon and fall chinook salmon throughout most of their geographic range.  Chum salmon in the Kamatcha River, Russia, used temperature to locate spawning sites near ground-water discharge composed of both surface and ground water (Leman 1993).  Observations of chum salmon spawning areas in the Columbia River system also showed that groundwater upwelling was a common feature in spawning areas (Geist et al., in press; Dan Rawding, Washington Department of Fish and Wildlife, personal communication).   In addition, fall chinook salmon in the Hanford Reach of the Columbia River selected upwelling areas over non-upwelling areas (Geist 2000).  Upwelling into potential redd sites presumably provides physical (e.g., temperature and flow) and chemical (e.g., inorganic or organic constituents) cues that salmon species use to locate spawning locations.  

Additional information on the presence of the interchange of ground water and surface water at Columbia River chum salmon spawning sites is needed to better define critical habitat (NMFS 1999).  Habitat restoration efforts (e.g., development of spawning channels) require information on characteristics important for habitat selection.  We hypothesize that the physical and chemical features of the ground water – surface water interaction zone (i.e., hyporheic zone) within the areas where chum salmon and fall chinook salmon spawn in the Grays River will explain species-specific differences in redd site selection.  Ultimately the expression of these geomorphic features is a function of watershed-level processes (Geist et al. 1998; Dauble and Geist 2000).  The ability of chum salmon spawning areas to exist within the Grays River watershed is dependent on an ability to understand watershed processes including flooding and sediment transport.

Chum salmon in the Columbia River were distributed historically from the mouth of the river to the Walla Walla River. The annual historic chum run size in the Columbia River has been estimated at nearly 1.4 million fish (WDFW 2001a).  Present day annual run sizes are approximately 4,000, about three percent of the historic run size. The size of the Columbia River chum population dropped dramatically in the 1950s (NMFS 1997).   Minimum run sizes estimates since the 1950s have ranged from 300 to 5,700 chum.  

In March 1999, NMFS listed Lower Columbia River chum salmon as a threatened species under the auspices of the Endangered Species Act (ESA).  Currently, two genetic enclaves of Lower Columbia River chum salmon are recognized, a population that returns to the Grays River and a constellation of stocks that spawn just below Bonneville Dam (e.g. in Hardy and Hamilton Creeks and also adjacent to Ives Island)(WDFW 2000b).  Both stocks belong to the Lower Columbia fall chum ESU (Johnson et al.1997).  

The Gray’s River is a small tributary to the Columbia River in the Willapa Hills of southwest Washington (see Figure 2). The drainage area above the chum spawning areas comprises about 53,000 acres of low elevation (<2300' M.S.L.), seafloor uplift geology and volcanic flows.  The rocks are soft and highly weathered and the topography is very steep, up to 120%, with much of the watershed classified as unstable (Bicknell 2000).  

The Grays River was once noted for its large runs of chum salmon. In 1936, 6,286 spawning or spawned-out chum were counted below the falls at (RM 13), and an additional 1,388 chum were counted in the West Fork of the Grays River (Bryant 1949). Today the Grays River chum run is a fraction of its historic size. Peak fish counts for Grays River chum salmon for 1987 through 1988 ranged from 224 to 2,490 fish (Table 6).  Various land use activities on unstable ground  (logging, road construction, agriculture, and diking) in the watershed resulted in landslides, erosion and channel instability, loss of riparian function that have caused serious damage to salmon spawning habitat and have been largely responsible for the decline in chum stocks (Washington Conservation Commission Draft 2001; WDFW 2001a). The few stable spawning areas in the Grays that are still available are subject to extremely variable conditions that further threaten the chum and chinook stocks. 

Chum salmon are known to prefer to spawn in areas with low velocities that contain springs, seeps, or upwelling flows. Artificial spawning channels, with these types of conditions were constructed in the Gorley Creek area (RM12) to increase chum production in the Grays River.  Since the construction of the Gorley Creek spawning channels in 1985, approximately 38% of the chum spawning in the Grays River have spawned in this area (Keller 1996).  These channels proved successful in terms of spawning adult return increases (see Table 1)(Roler 2001).). However, in December 1999, an avulsion of the Grays River eroded a dike constructed upstream of these major chum salmon spawning channels, flooding them (see Figure 3 in Appendix A).  This one catastrophic event lead to the loss of approximately 20-25% of the remaining naturally reproducing chum in the Lower Columbia River (WDFW 2001a).  With only two populations centers remaining for chum in the Lower Columbia, this event emphasized the potential consequences of random catastrophic events on the continued existence of this ESU. There is a critical need to protect and restore chum-spawning habitat throughout the ESU, especially in traditionally productive areas like the Grays River.  

A number of solutions and projects have been proposed to both alleviate flooding problems and to provide productive, stable spawning areas for chum in the Grays River watershed. For example, a project to rebuild the dike and restore the Gorley Springs spawning channel was received by the Lower Columbia Fish Recovery Board for funding through Washington State’s Salmon Recovery Funding Board. The Grays River Subbasin Summary (Roler 2001) also notes that development of other spring-fed spawning areas such as Gorley Springs could help improve subbasin chum production. However, a recent Memo from the Washington Department of Fish and Wildlife (WDFW 2001a) states a complete geomorphic assessment is needed before any restoration projects should proceed, as the area is just “too unstable to consider any creation or enhancement of artificial spawning areas at this time”.  This assessment should include a sediment transport and deposition analysis of the affected river reach and the entire watershed and a comprehensive biological evaluation (WDFW 2001a).  Without this information, informed and appropriate decisions on actions to protect and/or restore high-quality spawning areas in the Grays cannot be made, and all attempts to address these problems are on hold. This project proposes to gather that critical information and provide guidance for future protective and restorative actions. 

Table 1. Peak counts of live and dead chum salmon in the Grays River subbasin, 1987-2000

	Year
	Mainstem
	West Fork
	Crazy Johnson
	Gorley
	Fossil
	Hull
	Klints
	Total

	1987
	711
	42
	2
	3
	0
	NC
	NC
	758

	1988
	342
	27
	289
	712
	NC
	NC
	NC
	1,370

	1989
	176
	16
	120
	21
	NC
	NC
	NC
	333

	1990
	166
	0
	100
	405
	2
	NC
	NC
	673

	1991
	93
	13
	204
	219
	NC
	NC
	NC
	529

	1992
	1,269
	289
	320
	611
	1
	NC
	NC
	2,490

	1993
	704
	39
	78
	256
	1
	NC
	NC
	1,078

	1994
	41
	18
	90
	75
	0
	NC
	NC
	224

	1995
	66
	0
	413
	293
	NC
	NC
	NC
	772

	1996
	415
	160
	396
	348
	0
	0
	NC
	1,319

	1997
	79
	55
	485
	185
	NC
	NC
	NC
	804

	1998
	154
	214
	145
	430
	0
	0
	0
	943

	1999
	69
	100
	927
	496
	0
	6
	NC
	1,598

	2000
	      1,124
	  833
	   249
	 NA
	  NC
	  NC
	 0
	2,206


Adapted from Grays River Subbasin Summary (Roler 2001)

A number of documents provide justification for this project.  In 1990, the Columbia Basin System Planning Production Plan (WDF et al. 1990) noted problems with excessive sediment inputs in the Grays River and recognized the need for a habitat risk assessment map for the Grays River watershed to be used by state and local agencies when reviewing and permitting forest practices.  It also called for identifying remedies for man-caused sources of sediment. 

The Grays River Subbasin Summary (Roler 2001) states, the lack of stable spawning habitat is considered the primary physical limitation on chum production in the Grays River today. Mainstem reaches where chum spawn are subject to frequent channel shifts and bedload deposition or scour, all of which reduce intragravel survival.  Seasonal low flows sometimes restrict access of chum to preferred off-channel spawning areas, confining them to less stable mainstem reaches (Roler 2001).  

According to the Limiting Factors Analysis for WRIA 25 (Washington Conservation Commission Draft 2001), the main spawning reaches for chum and chinook salmon in the Grays (Gorley Springs) represent the transition area between a confined stream channel with relatively high gradient and an unconfined stream channel with low gradient.  As such, the area is subject to substantial bedload deposition resulting in a braided channel.  This natural process has been accelerated by various land use activities (mainly logging and road construction), frequently on extremely unstable hillslopes upstream of the spawning grounds, and this large sediment load affects channel stability and spawning success (Washington Conservation Commission Draft 2001).  The few extant spawning areas in the Grays River are subject to extremely variable conditions that continue to threaten the chum, chinook, and steelhead stocks (Roler 2001, Washington Conservation Commission Draft 2001; WDF et al. 1993). 

Private timber companies that own large portions of the upper Grays River watershed and various state agencies have completed some assessment work in the watershed. In 1990, an interdisciplinary team of state resource specialists reviewed cumulative effects from land use activities in the upper Grays River basin (WDFW 1990).  They found that “An unquantified, but significant volume of mass-wasting material has entered the upper Grays Stream system.  This has put the Grays River watershed in a scenario of aggradation, potentially replicating a catastrophic natural scenario such as would be triggered by a fire followed by peak storm events” (WDFW 1990).  Some common impacts from channel aggradation include:

· Burial of good quality spawning gravel with fine sediments and/or rubble;

· Loss of redds due to channel shifting during high flows;

· Loss of summer rearing habitat due to subsurface flows through heavy gravel deposition; and

· Loss of riparian zones due to increased bank cutting and loss of channel capacity. 

Various land use activities along the chum spawning reaches (dikes, levees, past dredging, and loss of riparian cover) have also affected sediment deposition and transport, channel form, and bank stability. The dike at Gorley Springs was constructed in the natural deposition zone of the Grays, disconnecting the river from its floodplain and reducing sediment storage capacity. Michelle Cramer (2000: P.E. for WDFW) examined the area after the Grays River breached the dike and avulsed through Gorley Springs.  She determined that dike had exacerbated aggradation in the confined channel along this reach, resulting in the eventual overtopping of the dike and the avulsion. 

Only a comprehensive geomorphic assessment of both the watershed and the chum spawning reaches, combined with a biological and physical assessment of preferred spawning areas will provide adequate data to determine the best approaches to address these significant, ongoing impacts to chum spawning habitat. There is an immediate need to collect data to: 

· Better understand overall watershed processes in the Grays River, and how they have been affected by various land use activities;

· Characterize existing geomorphic and channel conditions;

· Develop a better understanding of where the system is headed; 

· Is the sediment supply increasing; decreasing, or steady?

· Has the river achieved “grade”, or will it soon on its present trajectory?

· Are there immediate threats to chum spawning habitat?

· Identify and map areas of high risk for mass wasting and erosion;

· Develop lists of prioritized actions to reduce sediment inputs (if needed) and help bring the river to a more stable, graded condition within critical chum spawning reaches; 

· Identify and map existing critical chum spawning areas and develop alternatives to protect those sites;

· Identify areas that can provide additional, quality chum spawning habitat through protection and restoration.  

· Monitor existing chum spawning areas to determine habitat characteristics that chum target and to assess survival within those areas;

· Establish stream gage stations to develop a better understanding of the hydrology of the basin.

c. Rationale and significance to Regional Programs
In March 1999, NMFS listed Lower Columbia River chum salmon as a threatened species under the auspices of the Endangered Species Act (ESA).  Currently, two genetic enclaves of Lower Columbia River chum salmon are recognized, a population that returns to the Grays River and a constellation of stocks that spawn just below Bonneville Dam (e.g. in Hardy and Hamilton Creeks and also adjacent to Ives Island).  Both stocks belong to the Lower Columbia fall chum ESU (Johnson et al.1997). 

According to the FCRPS Biological Opinion (2000: Chapter 8.11) the biological requirements of this ocean-type salmonid are not being met either in the FCRPS action area or at the life-cycle level.  Individuals of this species are subjected to adverse effects on spawning and rearing habitat in the Hamilton/Hardy creeks/Ives Island complex below Bonneville Dam that result in their mortality or impaired fitness. Continuing the proposed action for the long-term, coupled with the current prospects for survival and recovery across the range and life-cycle of the ESU, is likely to appreciable reduce the likelihood of both its survival and its recovery.  In contrast to the situation for LCR chinook, the Columbia River Chum ESU spawns in only two areas, meaning that FCRPS effects on habitat in one of these areas significantly affect the entire ESU (FCRPS 2000). Since the proposed operation of and configuration of the FCRPS and the BOR projects are likely to jeopardize the continued existence of this ESU and to adversely modify its designated critical habitat, it is obviously extremely important to maintain and enhance the productivity of the Grays River chum stock.   

The Grays River habitat assessment project will provide critical data to directly address the needs for chum salmon outlined in RPA Action  #157 of the NMFS Biological Opinion for the Federal Columbia River Power System (FCRPS), which states “BPA shall fund actions to improve and restore tributary and mainstem habitat for CR chum salmon in the reach between the Dalles Dam and the mouth of the Columbia River”.  The assessment of the Grays River watershed will provide baseline information that will 1) identify habitat factors limiting the quantity, quality and stability of salmonid spawning and rearing habitat, with emphasis on chum salmon and 2) identify habitat/watershed protection and restoration priorities. This assessment will become the first significant step of a comprehensive program to ensure the survival and recovery of Columbia River chum through the development of a prioritized list of protective and restorative actions in the most productive chum salmon area in the lower Columbia.
The Grays River project will also directly address needs outlined in the Statement of Fish and Wildlife Needs chapter of the Grays River Subbasin Summary (Roler 2001).  The Subbasin Summary identifies the need to “Conduct routine surveys for chum salmon in the Grays River subbasin, and to evaluate seeps and other potential spawning areas for chum production”. The monitoring of chum spawning distribution and the associated physical characteristics of spawning sites will provide critical data for the protection of existing productive spawning areas, and will help identify areas with the potential to provide additional spawning habitat. 
This proposal is also consistent with the Columbia Basin System Planning Salmon and Steelhead Production Plan for chum salmon in the lower Columbia Subbasin (WDF et al. 1990).  Planners recommended that a combination of natural and hatchery production would be the most likely way to produce the most rapid sustainable improvement in chum runs.  Specifically, it was assumed that improving habitat conditions would promote efficient natural production.  It was also assumed the most rapid way to rebuild the run would be to combine releases of an appropriate stock into the improved habitat (WDF et al. 1990).  

The biological and environmental data collected during the course of this assessment and monitoring effort will also be used to assess the success of this type of recovery strategy in the Columbia.  WDFW and ODFW staffs are currently surveying the Lower Columbia to ascertain the occurrence and abundance of chum salmon in this part of the river.  Additionally, the habitat attributes of the spawning sites found are being recorded.  These data will be used to examine the possibility of creating additional protected spawning sites in the Grays River watershed and for other locally adapted chum salmon populations (e.g. in the Elochoman, Lewis, Washougal and Cowlitz rivers plus Skamokawa, Mill, Germany, Abernathy creeks and elsewhere). Hence, this project is a vanguard effort to collect the baseline data necessary to evaluate the use of protected spawning locations and habitat restorations for chum salmon recovery in the Columbia River.      

A number of projects related to the Columbia River chum ESU have been funded by the various action agencies implementing the FCRPS BiOp (see the List of Habitat Projects in 2002 Implementation Plan for the FCRPS).  All of the previously funded projects have focused on the Columbia River mainstem and the Hamilton/Hardy chum stock near Bonneville Dam.  These projects provide important information and/or restoration actions that should benefit chum salmon.  However, nothing has been funded through these programs in the Grays River, the most productive system supporting the Columbia River chum ESU. The FCRPS 2002 Implementation Plan (under Habitat Strategy 2) identifies the need to “Improve and restore tributary and mainstem habitat for Columbia River chum salmon”.  According to the document “Project locations for this substrategy are still to be determined”.  Considering that the majority of Columbia River chum spawn in the Grays River, it would appear that a productive place to focus assessment and research dollars is within this basin.

Washington State’s Guidance on Watershed Assessment for Salmon (JNRC 2001) advises that watershed assessment work for salmon restoration needs to progress in three stages.  The guidance suggests a need to answer three key questions pertaining to these stages; 1) what habitat conditions are limiting salmon production? 2) what processes or land uses are causing the habitat conditions? And 3) what linkages exist between salmon and habitat conditions?  The Grays River Watershed and Biological Assessment project will gather the appropriate data to answer all three of these questions, and identify specific actions that will benefit salmon in the subbasin.  This information will provide the level of confidence Washington State and other agencies need to approve and fund future restoration actions in the Grays.  

d. Relationships to other projects 
 This proposed project is linked to the BPA funded project titled “Evaluate Spawning of Fall Chinook and Chum Salmon Just Below the Four Lowermost Columbia River Mainstem Dams” (Project #199900301).  The primary goal of that project is to collect data concerning fall chinook and chum spawning just below Columbia River mainstem dams so that the hydrosystem can be managed in a manner to protect and enhance these spawning populations.

In recent years, it has become apparent that fluctuating flows may be negatively impacting this population through redd dewatering and lack of access to prime spawning areas.  The federal agencies that operate or market power from the FCRPS, namely BPA, the U.S. Army Corps of Engineers, and the U.S. Bureau of Reclamation reinitiated consultation to consider the effects of the FCRPS on the six species listed during 1999.  Those species listed under the Endangered Species Act at that time included Columbia River chum salmon.  The objective of this consultation was to determine whether the operation of the FCRPS is likely to jeopardize the continued existence of any newly species or likely to destroy or adversely modify designated critical habitat.

During the consultation, NMFS informed the Action Agencies that currently available information would not be sufficient for determining whether any proposed long-term operation of the FCRPS will ensure the survival and recovery of Columbia River chum. NMFS informed the Action Agencies during consultation that it will be necessary to evaluate the contribution of the Ives Island spawning aggregation to the viability of the Columbia River chum salmon ESU in order to resolve uncertainties. 

NMFS anticipates using six types of information to determine whether the Ives Island spawners constitute an independent population.  That information includes genetic differentiation, environmental and habitat characteristics, life history and morphological traits, correlations in abundances, rate of exchange between spawning aggregations, and geographic distribution.

During consultation, NMFS informed the Action Agencies that this type of information would be critical to determining the appropriate long-term operation of the FCRPS to ensure the survival and recovery of Columbia River chum salmon.  So that the Action Agencies will have sufficient information to satisfy the Section 7 (a) (2) obligations, NMFS has proposed to estimate the numbers of chum salmon spawning in Oregon and Washington tributaries below The Dalles Dam.  

The spawning ground surveys are more intensive in terms of geographic coverage and level of effort than those currently performed.  This information will be required by NMFS to determine the importance of Ives Island spawners to the population structure of the ESU.  In addition, these surveys will provide preliminary information regarding chum salmon spawning habitat quality in lower Columbia River tributaries and opportunities for habitat restoration. 

This project proposal compliments the BPA funded project titled “Evaluate Factors Limiting Columbia River Gorge Chum Salmon Populations” (Project #200001200).  The primary purpose of that project is to evaluate factors limiting chum salmon production, spawning group relationships, population dynamics, and biological and ecological characteristics of chum in tributaries and the mainstem below Bonneville Dam.  That project examines factors limiting chum production in Hamilton and Hardy creeks and the adjacent mainstem Columbia River (including adult and juvenile abundance and egg-to-smolt survival), enhances and restores chum salmon production in Hamilton and Hardy creeks and nearby tributaries and evaluates the relationship between mainstem Columbia River and tributary chum salmon populations.  This proposal will expand the coverage to include Grays River.   

In addition, fry from the Grays River Broodstock program have been released into Chinook River.  Historically, Willapa Bay origin chum were released by Sea Resources Hatchery.  Those releases have been replaced by Grays River stock.  The attempt is to eventually develop a self-sustaining Chinook River natural spawning population of Columbia River origin.  If successful, reintroduction efforts can be attempted in other areas where chum occurred historically using production from the Grays River.  

The Grays River watershed and biological assessment project proposal fits well with other projects funded by the Lower Columbia Fish Recovery Board (LCFRB).  The 15-member Board, comprised of representatives from the legislature, city and county governments, the Cowlitz Tribe, private property owners, hydro-project operators, the environmental community, and concerned citizens, works on salmon and steelhead restoration and recovery in the lower Columbia. LCFRB has approved funding for two significant estuarine restoration projects in the lower Grays and Chinook Rivers. These major estuarine acquisitions and restorations (over 1,000 acres each) address a major limiting factor in the Grays River system (Washington Conservation Commission 2001: Draft).  Chum and chinook juveniles will now have access to high-quality floodplain and estuarine habitat as they move down the system and make the transition to salt water.  The Grays River watershed and biological assessment project will compliment this significant effort in the estuary by providing a prioritized list of actions to protect and restore chum spawning habitat; the primary limiting factor in the subbasin. The biological monitoring component of the Grays River Watershed and Biological Assessment project will also compliment an ambitious monitoring program planned by Ducks Unlimited for juvenile fish movement and growth within restored estuarine habitats. 

LCFRB has approved funding for over 62 habitat salmon and steelhead protection and restoration projects in the lower Columbia costing over $15 million.  Almost half of the funded or proposed projects the LCFRB has approved have direct benefits for chum salmon and many are focused specifically on chum protection and/or restoration projects (see Tables 2 and 3).  

WDFW chum restoration efforts in Grays River have focused on development of a broodstock program that would provide native fish to re-colonize historic habitat and on the construction of artificial spawning channels in Gorley Creek (Grays Rkm 20).  Chum progeny from the broodstock program have also been used to produce fry for release back into the Grays to offset the loss of production from the Gorleys Springs Spawning Channel. While this broodstock program may maintain current chum population levels in the Grays, at some point stable natural spawning areas need to be developed to accommodate any potential chum population increases due to supplementation. This proposal would identify and eventually help protect productive chum spawning sites for this increased production.

The artificial spawning channels in Gorley Creek proved successful in terms of spawning adult return increases (see Table 1).  However, in December 1999, an avulsion of the Grays River eroded a constructed dike upstream of these spawning channels, flooding them.  This event wiped all the production in these channels and meant the loss of approximately 25% of the remaining naturally reproducing Chum on the Lower Columbia River (Bicknell 2000).  This catastrophic event emphasizes the need to identify potential threats to chum spawning areas in the highly volatile Grays River system and to identify actions that can be undertaken to protect and restore these critical habitats.  Estuarine and floodplain habitats are being protected and restored in the lower Grays, now chum need stable and productive spawning grounds. 

	Table 2: Lower Columbia Fish Recovery Board Funded Projects

	Project
	 
	 
	Grant
	Sponsor
	Project

	Type
	Project Name
	Sponsor
	Amount
	Match
	Total

	Restoration
	Hardy Creek Spawning 

and Rearing Channel
	Washington Trout
	100,000
	132,958
	232,958

	Restoration
	Duncan Creek Dam Fish Passage
	Skamania Landing Owners Assn.
	126,480
	193,268
	319,748

	Restoration
	Duncan Creek Dam Fish Restoration
	Skamania Landing Owners Assn.
	148,344
	301,500
	449,844

	Acq/Rest.
	Lower Columbia River Estuary Grays River
	Columbia Land Trust
	83,000
	78,160
	161,160

	Acq/Rest.
	Lower Columbia River Estuary: Chinook
	Sea Resources
	375,000
	1,090,000
	1,465,000

	Acq/Rest.
	Chinook River Estuary
	Sea Resources
	400,000
	224,340
	624,340

	Acq/Rest.
	Grays River Estuary
	Columbia Land Trust
	615,505
	615,505
	1,231,010

	
	Total Projects Funded
	1,848,329
	2,635,731
	4,484,060


	Table 3: Lower Columbia Fish Recovery Board Projects Proposed for Funding (2001)

	Project
	 
	 
	Grant
	Sponsor
	Project

	Type
	Project Name
	Sponsor
	Amount
	Match
	Total

	Acq/Rest.
	Columbia Estuary: 

Deep River Phase I
	Columbia Land Trust
	693,465
	262,537
	956,002

	Acq/Rest.
	Columbia Estuary: 

Grays Bay Phase III
	Columbia Land Trust
	375,182
	466,211
	841,393

	Acquisition
	Wood’s Landing Chum 

Spawning Site 
	City of Vancouver
	576,341
	220,000
	796,341

	
	Total Projects Funded
	1,644,988
	948,748
	2,593,736


 A number of project partners will be able to use the data generated as part of this assessment. Biological data collected during the Grays River project will be incorporated into the StreamNet database. The assessment data along with a prioritized list of restoration and protection projects will identify priority projects for future Salmon Recovery Funding Board grant cycles.  The assessment data will add significantly to the recovery planning process that the LCFRB has begun for Lower Columbia River stocks. 

Discussions are underway to partner on watershed assessment and restoration activities with the major landowner in the upper Grays River watershed (the Campbell Group).  The Campbell Group is interested in sharing data they have already collected as well as participate in the watershed assessment project.  Columbia River Estuary Study Taskforce (CREST) staff  (Allan Whiting) will participate in the development of project priorities, and will use the information to help establish priorities across their region. Staff from the Washington Department of Ecology (Joanne Schuett-Hames) and WDFW will also provide technical guidance and review of proposed assessment methodologies and will help review and develop project priorities.

e. Project history (for ongoing projects) 

Not Applicable

f. Proposal objectives, tasks and methods
Goals:

This project has two primary goals: 1) Develop a prioritized list of actions that protect and restore critical chum and chinook salmon spawning habitat in the Grays River based on comprehensive geomorphic, hydrologic, and stream channel assessments; 2) Gain a better understanding of chum and chinook habitat requirements and survival within the lower Columbia River and the Grays River Subbasin.  The project has been divided into a series of tasks with each agency taking the lead on a task.  Pacific States Marine Fisheries Commission (PSFMC) will take the lead on assessing the biological characteristics of the chum and fall chinook salmon populations.  The Pacific Northwest National Laboratory (PNNL) will take the lead on measuring and mapping the physical habitat present within chum salmon spawning areas and providing an evaluation of the spatial extent of this habitat throughout key locations in the Grays River watershed. In addition, PNNL will provide the expertise to build and operate a hydrologic model for the watershed assessment. The Lower Columbia Fish Recovery Board (LCFRB) will provide overall coordination of the project and take the lead on the watershed assessment portion of the project.
Objective 1.  Conduct a watershed analysis of the Grays River Basin that includes a geomorphic, hydrologic, and stream channel assessment (PNNL, LCFRB, and Others).

Task a.  Characterize historic and existing geomorphic and stream channel conditions within the watershed.

The purpose of this task is to conduct a geomorphic and stream channel assessment for the Grays River Basin that incorporates both historical and current information.  We will employ a combination of methods from the Washington State DNR Standard Methods for Watershed Analysis and the Oregon Watershed Assessment Manual for characterizing geomorphic and stream channel conditions in the Grays River Basin. The assessment will use existing data, slope stability maps, aerial photos, road inventory data, mass wasting inventories, and field surveys where necessary to:

· Conduct a Level 2 mass wasting assessment consistent with protocols established in the Standard Methodology for Conducting Watershed Analysis Under Chapter 222-22 WAC Appendix A Mass Wasting.

· Conduct a landslide inventory with aerial photographs and other appropriate data to classify and map major landslides in the watershed.

· Identify and map Watershed Administrative Units (WAUs) with greatest sediment accumulation risk

· Identify and map major mass wasting units based on major landforms.

· Complete mass wasting inventory data sheet from “Standard Methodology”

· Conduct field reconnaissance to assess % of sediment generated during mass wasting to streams. 

· Identify and maps zones of sediment accumulation in stream channels

· Conduct a channel change analysis that describes historic and current channel mobility in critical spawning reaches, and that models the channel’s trajectory;

Task b.  Develop a hydrologic model of the Grays River Basin.  

The purpose of this task is to develop a hydrologic model for the Grays River Basin.  We will use the Distributed Hydrology Soil Vegetation Model (DHSVM) as the hydrologic model of the Grays River Basin.  DHSVM is a physically based distributed parameter model that provides an integrated representation of watershed processes at the spatial scale described by digital elevation model (DEM) data.  DHSVM has been utilized in a number of applied and research activities involving hydrologic analysis and modeling (Wigmosta et al., 1994; Haddeland and Lettenmaier, 1995; Kenward and Lettenmaier, 1997; Wigmosta and Lettenmaier, 1999; Westrick et al., 2000).  The model has also been used to study the interactions between climate and hydrology (Wigmosta et al., 1995; Arola and Lettenmaier, 1996; Nijssen et al., 1997) and the potential impacts of climate change on water resources (Leung et al., 1996; Leung and Wigmosta, 1999; Wigmosta and Leung, 2000).  There has been significant use of the model for basic and applied research concerning forest management activities on watershed processes (Storck et al., 1995, Lamarche and Lettenmaier, 1998; Storck et al., 1998; Storck et al., 1999; Bowling et al., 2000; Storck, 2000; Bowling and Lettenmaier, 2001; Wigmosta and Perkins, 2001).

To apply DHSVM, the modeled landscape is divided into computational grid cells centered on DEM nodes.  This characterization of topography is used to model topographic controls on absorbed shortwave radiation, precipitation, air temperature, and downslope water movement.  Vegetation characteristics and soil properties are assigned to each model grid cell.  These properties may vary spatially throughout the basin.  In each grid cell the modeled land surface can be composed of a combination of vegetation and soil.  At each time step, the model provides simultaneous solutions to energy and water balance equations for every grid cell in the watershed.  Individual grid cells are hydrologically linked through surface and subsurface flow routing.

Canopy snow interception and release is modeled using a one-layer mass- and energy balance model.  Snow accumulation and melt below the canopy (or in the open) are simulated using a two-layer mass- and energy-balance model that explicitly incorporates the effects of topography and vegetation cover on the energy and mass exchange at the snow surface.  Water evaporation and transpiration from vegetation is represented using a two-layer canopy model with each layer partitioned into wet and dry areas.  Unsaturated moisture movement through multiple rooting zone soil layers is calculated using Darcy's Law.  Discharge from the lower rooting zone recharges the local (grid cell) water table.  Each grid cell exchanges water with its adjacent neighbors as a function of local hydraulic conditions resulting in a transient, three-dimensional representation of surface and saturated subsurface flow.  Return flow and saturation overland flow are generated in locations where grid cell water tables intersect the ground surface.

The drainage network is represented as a series of connected reaches with each reach passing through one or more DEM grid cells.  As surface and subsurface water is routed downslope toward a stream channel it may be intercepted by a road network.  A road reach begins to intercept subsurface flow when grid cell water tables rise above the elevation of the associated road drainage ditches.  Surface water in roadside ditches is routed through the road drainage network until it reaches a culvert or stream channel.  If the road intersects a stream channel, the water is input to the appropriate channel reach and routed through the channel system.  The discharge from a culvert without a defined channel is allowed to reinfiltrate as it moves downslope below the culvert.  The active road drainage/channel network may expand and contract as grid cell water tables rise and fall below their channel beds. 

The Geographical Information System (GIS) ARC/INFO is used to automate model setup and facilitate the analysis of model output.  ARC/INFO is used to delineate watershed boundaries and build a DEM consistent with other hydrologic information, such as the stream network.  The GIS is used to assign spatially distributed model input parameters to DEM grid cells using overlays of soils, vegetation, roads (including culvert locations), and stream channels.  ARC/INFO macros are used to subdivide the road and stream network into reaches and calculate local slopes and flow directions for each segment.  ARC/INFO is also used to order reaches in the channel and road drainage networks for proper flow routing.

Task c.  Integrate results from geomorphic, stream channel, and hydrologic modeling.

The purpose of this task is to integrate the results from the geomorphic, stream channel, and hydrologic assessment into a series of scenario evaluations which provides an assessment of the overall state of the watershed.  The hydrologic model (DHSVM) will be used to provide simulations of stream discharge, stage, and velocity for each model time step, for every channel reach in the watershed.  These time series of information can be used to support channel sediment transport models and channel change analysis.  The model also provides the spatial distribution of soil moisture and water table elevations for every grid cell each time step.  This spatial-temporal information can be used to evaluate slope stability in mass wasting assessments.  In addition, the model provides surface overland flow depths and velocities for every grid cell each time step.  This information can be used as input to evaluate the potential for surface soil erosion.
Objective 2.  Define critical habitat features within chum and fall chinook salmon spawning areas in the Grays River (PNNL and WDFW).  

Hypothesis:  Geomorphic features, including hyporheic flows, are related to species-specific spawning locations.

Assumptions:

1.  Physical habitat features available for spawning are a function of the geomorphic setting of the watershed.  

2.  Depth, substrate, velocity, and slope determine the limits of where salmon can spawn but alone do not set production potential.

3.  The physical characteristics of the hyporheic zone will correlate with species-specific spawning areas.

Task a. Survey and map chum and chinook salmon spawning sites in the Grays River subbasin.

The purpose of this task is to locate and map chum and chinook salmon spawning sites in the Grays River Subbasin.  This task will be accomplished by using a GPS to record redd locations or active spawning.  The waypoints for the redds will be download onto a GIS map.  

Redd mapping is proposed to be conducted annually throughout this project to determine if spawning distribution changes over time or flows.  In addition, the following tasks will use this information to identify current areas of spawning and non-use and the habitat parameters associated with each.    

Task b.  Conduct limits analysis for depth, substrate, and velocity at representative habitat types/locations.

The purpose of this task is to identify areas within the Grays River watershed that would not be spawning habitat-limited due to constraints imposed by depth, substrate, and/or velocity (i.e., standard spawning habitat characteristics).  The Basin will first be stratified into zones according to geomorphic features of the channel (e.g., channel type, bar morphology and typology, and longitudinal gradient).  Areas within each zone will then be randomly selected for analysis of standard spawning habitat characteristics.  The size of each area will be consistent with the size of an average fall chinook salmon or chum salmon spawning area.  Standard spawning habitat characteristics will be analyzed by utilizing existing data where available, or collecting new data.  A hydraulic simulation model will be used to predict hydraulic conditions over a range of river discharges.  An appropriate model will be selected based on basin-specific conditions.  Once the data are summarized, a logistic regression model will be used to determine the importance of standard spawning habitat characteristics in determining spawning habitat utilization (Geist et al. 2000).  Spawning habitat utilization will be based on redd surveys provided by WDFW.  Measurements of preferred habitat characteristics will be made at existing spawning areas.  Areas that are deemed to be unsuitable from the limits analysis will be noted and excluded from further consideration.

Task c.  Select and describe appropriate geomorphic features and hyporheic zone characteristics in areas where limits analysis suggest spawning should occur.

The purpose of this task is to determine which geomorphic features are correlated with spawning.  In areas where the limits analysis suggests spawning should occur, geomorphic features at various spatial scales will be measured.  These features may include, but not be limited to, longitudinal slope, channel width/depth, bed form morphology and/or typology, and hyporheic zone characteristics.  Geomorphic features will be measured from aerial photographs and GIS maps.   

Characteristics of the hyporheic zone that will be measured may include: water surface elevation; electrical conductivity; dissolved oxygen; temperature; and substrate permeability.  Measurements of hyporheic water surface elevation, electrical conductivity, dissolved oxygen, and temperature will be made within internal drive-rod piezometers (Geist et al. 1998) or mini-piezometers (Lee and Cherry 1978).  Corresponding measurements of the same parameters will be made in the river adjacent to where hyporheic measurements are made.  Vertical hydraulic gradient between the hyporheic zone and the river will be calculated by subtracting the water surface elevation of the river from the hyporheic zone elevation and dividing by the distance from river bed to top of piezometer screen.  

We will develop a two-dimensional map of hyporheic upwelling within key study areas.  We will use temperature differences between the subsurface and river water as indications of upwelling areas.  This method has proven successful in mapping upwelling sites near chum salmon spawning areas downstream of Bonneville Dam (Geist et al., in press).  Sampling points will be spatially varied throughout the study area at a density of sufficient resolution to detect differences between and within spawning clusters (e.g., 3-30 m).  At each sampling point, a temperature sensor will be driven into the substrate to measure intragravel water temperature at varying depths consistent with egg pocket depths.  River water temperature data will be collected simultaneously at the same point.  This will be done within the spawning areas when they are potentially available for use by adult chums but wadeable.  Data loggers (head and temperature) will also be used to document long-term patterns in physical characteristics of hyporheic zone and river.

Substrate permeability will be measured using slug-tests.  Slug tests will be performed in a piezometer by displacing the hydraulic head, and then recording how long it takes the head to recover.  The shape of the hydraulic response curve provides insight into aquifer properties such as transmissivity, storativity, specific yield, and vertical anisotropy.

Task d.  Compare available spawning habitat to habitat actually used.

The purpose of this task is to determine the percentage of available spawning habitat that is actually being used.  Habitat characteristics at preferred chum salmon spawning areas using standard habitat characteristics (Task b) as well as geomorphic analysis (Task c) will be used to quantify the area of useable spawning habitat.  Quantitative predictions of available habitat will be based on hydraulic model runs and in-channel geomorphic analysis.  Input from watershed analysis and hydrologic model runs will be used to establish a relationship between watershed activities and site-specific habitat conditions. 

Objective 3.  Completion of final project report.  

Task a.  Prepare final report/paper.

The purpose of the report will be to integrate objectives 1 and 2 into a report that includes recommendations on actions to maintain, protect, and perpetuate chum salmon spawning habitat in the Grays River Basin.  The report/paper will include an introduction, methods, results (including statistical representations of the data analysis), and discussion.  GIS maps of redds, available spawning habitat using standard characteristics, and geomorphic features will also be included.  Specifically, we will identify areas where salmon habitat and spawning grounds are compromised because of sediment; identify and map existing critical chum spawning areas and provide recommendations, including prioritized strategies, to protect those sites; and identify and map areas that can provide additional high-quality chum spawning habitat through protection and restoration.   This report will ultimately provide a better understanding of where the Grays River system is headed, i.e., 

Is the sediment supply increasing; decreasing, or steady? Has the river achieved “grade”, or will it soon on its present trajectory? Are there areas where chum spawning habitat is immediately threatened?

g. Facilities and equipment
The Pacific Northwest Laboratory has been conducting similar types of research projects all over the Pacific Northwest.  Consequently, essentially all of the field equipment necessary to complete this project is available for use at no cost to the project.  This includes boats, vehicles, compressors, piezometer installation and monitoring equipment, pressure transducers and data loggers, measuring and test equipment, and computers/GIS work stations for data analysis and report preparation.  Various equipment and supplies that will be needed may include piezometers, liquid nitrogen for freeze coring, permits, video tapes, and other miscellaneous field/laboratory materials. 
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Dr. Wigmosta will serve as the technical lead in the development of the Hydrologic Model for the Grays River watershed.  He will also provide technical assistance in the evaluation of potential impacts of landslide management on in-channel processes.
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Twenty-one years of service for Washington Department of Fish and Wildlife/Pacific States Marine Fisheries Commission on fishery management and research programs.  Eighteen years experience on Columbia River data collection and fisheries management.  Extensive experience in data collection, coordination, summarization, and analysis plus designing and planning research activities.      
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1981-present:
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Mr. Hymer will serve as one of the studies principal investigators, and as Project Manager for PSMFC’s specific activities.  His primary responsibilities will be to ensure PSMFC project milestones are met on time and within budget; coordinate all activities with other participating agencies; and supervise staff in field work and data analysis.
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Mr. Wade has worked on identifying habitat limiting factors for listed salmonids in the lower Columbia River since 1998. From 1999 to 2001, Mr. Wade wrote Habitat Limiting Factors Analysis reports for four Water Resource Inventory Areas (WRIAs 25-28: stretching from Bonneville Dam to the mouth of the Columbia) in the lower Columbia River for the Washington Conservation Commission. He is now employed by the Lower Columbia Fish Recovery Board (LCFRB) as the Habitat Program Coordinator.  His duties involve coordination of all habitat restoration projects in the region, data management, coordination and oversight of all assessment projects, development of regional habitat strategies, and input into the habitat portion of both Watershed Planning (2514) and Recovery Planning in the lower Columbia.  
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