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project background
The Kittitas Conservation Trust (KCT) has identified the lower 3 miles (mi) of Gold Creek above Keechelus Lake near Snoqualmie Pass as a candidate location for habitat restoration (Figure 1).  The primary objectives of the Gold Creek Restoration Project (Project) are to restore perennial flow and improve instream habitat for threatened Gold Creek Bull Trout (Salvelinus confluentus).  The hydrologic, hydraulic, habitat, and geomorphic conditions within the project reach have been assessed to better understand the causal mechanisms contributing to seasonal dewatering, and the associated impacts to Gold Creek Bull Trout.  These findings will be used to develop conceptual designs that meet the primary objectives of the Project by restoring natural geomorphic and hydrologic processes.
Existing information relevant to the Project has been reviewed and compiled to guide the assessments and conceptual design development.  This information has been synthesized to describe the existing knowledge base related to the Project, and to identify key data gaps that need to be resolved to meet the objectives of the Project (NSD 2013a).  The 2013 and 2014 hydrologic monitoring studies describing hydrologic conditions related to seasonal dewatering of Gold Creek (NSD 2013b, NSD 2014) identified Gold Creek Pond, historic channel widening, Heli’s Pond, and the buried drainage system on the eastern floodplain, as potential contributors to dewatering.  This technical memo describes the historic condition of Gold Creek, disturbances that have altered natural processes, and the current geomorphic conditions to better understand the mechanisms contributing to dewatering, and identify potential restoration actions to restore perennial flow and improve instream habitat.
landscape setting
Gold Creek drains a 14.3 mi2 (9,122 acre) watershed in the Cascade Mountain range, flowing for approximately 8 miles before entering Keechelus Lake near Interstate 90 (Figure 1) (Craig 1997, Wissmar & Craig 2004, USFS 1998).  The drainage basin ranges from 2,507 to 6,933 feet (ft) above sea level with a total relief of 4,426 ft.  Average annual precipitation is 87.6 inches (in) and mean temperature ranges between 33 – 52 degrees Fahrenheit (Western Regional Climate Center 2013).  The lower reach of Gold Creek (river mile (RM) 0 – 1.85) is a low-gradient (1%), braided pool riffle channel flowing through a broad, alluvial valley of highly permeable sand and gravel (USFS 1998, Collins 1997).  The average bankfull width in this reach is 160 ft and valley width is 2000 ft.  The middle reach (RM 2.33 – 2.9) is more confined, with average bankfull and valley widths of 50 and 800 ft, respectively (Collins 1997).  This reach averages a 3% gradient, and is composed of pool-riffle segments dominated by cobble and boulders (USFS 1998, Collins 1997).  The upper reach (RM 2.9 - 7.1) is a high-gradient (5%) channel of step-pool segments underlain by boulders and bedrock (Collins 1997).  The upper reach is moderately confined, with an average bankfull width of 40 ft and a mean valley width of 250 ft.  Fish passage is impeded by a bedrock cascade segment and a waterfall at RM 5.3 and 7.1, respectively (Craig 1997, Collins 1997).  Stream discharge measurements in lower Gold Creek range from 12.3 cfs in mid-August to 19.9 cfs in late September and a peak flow of 331 cfs was measured in mid-June (Thomas 2001).   In recent years, channel dewatering in the lower and middle reaches has been observed between mid-July and late September (Craig 1997, Mayo 2003).  The dewatered segment has appeared to expand over time and directly impacts Bull Trout migration.
Geology
The Gold Creek watershed is formed by an unnamed normal fault following the axis of the valley, with the eastern side of the valley displaced downward relative to the western side (Tabor et al 2000).  The basement rocks are the Naches Formation (Eocene), with varying lithology on either side of the fault.  The eastern side of the valley are primarily basalts with clusters of large plagioclase phenocrysts (large crystals), and the western side a mix of volcanic and sandstone assemblages.  Intrusion of the granitic Snoqualmie Batholith (Miocene) can be found near Alaska Lake on the western side of the valley, and extends across the valley near RM 6.5. Pleistocene (Fraser-age) glacial Evans Creek Drift mantels the Naches Formation along the western valley margin up to near RM 3.5 and Quaternary alluvium forms the valley floor up to RM 6.5.  Several Quaternary landslide and talus deposits are mapped within the Gold Creek watershed, indicating mass wasting events have and are likely to continue to occur.
hydrology
Gold Creek is a high altitude snow dominated basin, exhibiting strong seasonality in precipitation and streamflows.  Heavy snows can fall from October to June, during which time streamflows are relatively low as moisture is stored in the accumulating snowpack.  In late spring as the winter snow melts, Gold Creek swells with a prolonged freshet that typically extends into July before flows begin to recede.  Little precipitation falls during the summer months, and streamflow gradually decreases until complete dewatering of the creek occurs.  In recent years, channel dewatering between RM 0.5 and 2.5 has been observed between mid-July through late September (Craig 1997, Mayo 2003, NSD 2013b, NSD 2014).  The dewatered segment has appeared to expand over time and directly impacts Bull Trout migration.  NSD completed a hydrologic assessment of Gold Creek in 2013 describing the spatial and temporal character of ground and surface water gradients, and the timing and extents of dewatering from July to October 2013 (NSD 2013b).  The 2013 (NSD 2013b) and 2014 (NSD 2014) hydrologic assessments were used to characterize the spatial and temporal character of dewatering in Gold Creek, identify potential contributors to seasonal dewatering, and develop restoration recommendations. 
geomorphic assessment 
A geomorphic assessment of Gold Creek was conducted to investigate potential mechanisms contributing to dewatering, and identify or further develop potential restoration actions (NSD 2013b) to restore perennial flow and improve instream habitat.  This assessment describes the natural historic condition of Gold Creek, disturbances that have occurred and how they have impacted natural processes, and the resultant current condition of Gold Creek. 
historic conditions
Few resources are available that describe the natural historic condition of Gold Creek prior to European settlement.  The earliest record is the 1911 land survey plat (Figure 2) that includes the lower Gold Creek valley and Lake Keechelus.  Several roads, cabins, a railroad line, and tramway are all depicted on the survey and demonstrate disturbances to Gold Creek date back over a century.  Given the lack of historic documentation of the pre-disturbance conditions in Gold Creek, the 1944 aerial photo was used as a proxy for evaluating historic conditions (Figure 3).  Several roads are present in the lower portion of the valley that cross Gold Creek in the 1944 aerial, however much of the valley above these roads appears to be largely undisturbed and thus is used to describe reference conditions in the valley.
The historic condition of the Gold Creek valley supported a variety of complex habitats that evolved over time to include instream, floodplain, side channel, and wetland habitats.  Gold Creek was a single thread channel with an active unvegetated floodplain averaging 168-ft wide and sinuosity of 1.28 (Figure 3).  Side channels and vegetated islands formed through channel migration and avulsion are evident on the 1944 aerial photo.  A mature riparian forest bordered the channel, recruiting large trees as the channel migrated over time.  Many of these trees would have been of sufficient size to act as key pieces that are stable under high flow conditions.  These larger trees would have provided stable hard points in the channel that accumulated mobile wood being transported downstream, forming large logjams capable of redirecting the channel.  The recruitment of these large trees would have maintained the active channel width by deflecting flows away from eroding banks, limiting further channel migration and widening of the active channel.  The formation of logjams in the channel would have provided complex instream habitat by forcing pool formation, providing cover from predation, sorting alluvial substrate, and disrupting flow creating local hydraulic (depth and velocity) complexity.
There are 2 large floodplain wetland complexes in Gold Creek valley, on the eastern floodplain between RM 0.7 and 1.1, and on the western floodplain between RM 2.1 and 2.4 (Figure 3).  The lower eastern floodplain wetland is a forested complex occupying much of the valley bottom fed through groundwater and tributary flow.  This wetland complex appears to be less forested on the eastern side of the valley where the wetland is at the toe of the valley wall where groundwater inputs are greatest.  Gravel extraction initiated in the 1970’s transformed this wetland into an open water pit, and was subsequently developed into the Gold Creek Pond recreation area.  The upper western floodplain wetland is a mix of open water, emergent, and scrub shrub wetland that has not changed significantly over the last 70 years.
These characteristics demonstrate that Gold Creek is a dynamic system naturally prone to channel changes in response to flood flows, incoming sediment and wood, and the formation large logjams.  The mature riparian forest lining the creek provided large wood to the system in response to these channel changes, helping to provide stability the system over the long-term.  Off-channel floodplain wetlands helped maintain higher groundwater elevations across the entire valley and baseflow in the creek during the dry summer months.
historic disturbances
Major human disturbance within Gold Creek valley began with early European settlement in the mid-late 1800’s (USFS 2011).  These early disturbances included logging, mining, and road and railway development in the vicinity of Gold Creek.  Logging camps and sawmills around Keechelus Lake coupled with the nearby railroad spurned growth in the region (USFS 2011).  Logging specific to Gold Creek valley is not documented during this time, however given its proximity to the railroad (Figure 2) it is likely some logging occurred.  Given the condition of the forest and creek in the 1944 air photo (Figure 3), any logging during this time would have been largely limited to the lower end of the valley.  Mining activities in Gold Creek valley begin around 1880 and included gold, silver, and copper extraction, peaking in the 1930’s until mining activities shifted primarily to gravel extraction (USFS 2011).
The US Bureau of Reclamation established the Yakima Project in the early 1900’s to provide irrigation for farming in the Yakima Valley (USFS 2011).  The Yakima Project consists of a series of dams, reservoirs, diversions, and canals built upon utilizing the three major natural lakes in the region (Keechelus, Kachees, Cle Elum).  Dams were constructed at each of these lakes to store water for controlled release during the summer months.  The Keechelus Dam was constructed between 1913 and 1917, increasing the level of Keechelus lake up to 60-ft from the pre-dam elevation (USFS 2011, USDOI 1901).  Lake levels fluctuate up to 60-ft annually as stored water is released for irrigation (USFS 2011).  The higher reservoir level results in Keechelus Lake extending up into Gold Creek valley up to near RM 0.5.  Because Keechelus Lake serves as the baselevel for Gold Creek, the timing of lake level fluctuations relative to high flows in the creek creates the potential for aggradation when lake levels are high.  Following the end of the irrigation season (late-summer) flow contributing to Keechelus reservoir is stored for the following irrigation season, with reservoir levels increasing throughout the winter and spring months until maximum capacity is reached (typically in the Spring).  This timing results in spring freshet flows in Gold Creek occurring when Keechelus is at high-stand and is backed up Gold Creek valley.  The freshet flows are sufficient to mobilize bed material down Gold Creek until it reaches the lake (near RM 0.5).  These high flows drop out bed material in transport once they reach the lake, creating a deposit of alluvium at this location.  The only way for this material to be transported further downstream is during high flow events during the fall when lake levels are low.  
Little documentation is available from the early 1900’s to 1944, the earliest available air photo.  While disturbances in and around Gold Creek valley had occurred as described above, most of the disturbance impacted the lower valley.  Much of the original forest and stream conditions appear to be intact in upper portions of the valley, with roads visible at the lower end (Figure 3).  A major road labeled Highway 10, located where the current frontage road is, crosses Gold Creek at RM 0.1 (Figure 3).  The road on the eastern side of the valley starting from Highway 10 due north (start of USFS Road 9080) turns across the valley where the current Gold Creek Pond parking area is located.   This road crosses Gold Creek near RM 0.6 and follows the western valley margin back to Highway 10.  The purpose of this road is unclear, however it may be related to mining activities in the valley.  It does not appear to be associated with logging as no major cuts are visible in the valley at this time (Figure 3).
Logging activity cleared much of the valley bottom and portions of the hillsides up to RM 2.6 by 1957 (Figure 4).  Clearing extended to the channel banks for much of its length up to RM 2.6, and several stream crossings are visible near RM 0.6, 0.85, 1.3, 1.5, 1.8 (Figure 4).  Gravel mining in the lower end of the valley appears to be related to a new rod alignment to the south of Highway 10 (from Figure 3) where I-90 is currently located.  Many of the trees in and around the eastern floodplain in the lower valley (Figure 3) where Gold Creek Pond is currently located appear to not have been logged by 1957 (figure 4), and the wetlands remain visible indicating this area was wet enough to discourage clearing and likely composed of alder and other less desirable timber.
Additional logging, primarily on the valley hillsides continued to 1970 (Figure 5).  Logging roads are shown extending up the valley walls  (Figure 5) from the roads blazed in the lower valley shown 1957 (Figure 4).  Gravel extraction for construction of I-90 had begun by 1970 in the lower valley, forming a series of pits that later became Gold Creek Pond (Figure 5).  
The first residential cabins were built in the valley in the late 1960’s (Bennett 2007).  By the 1990’s the Ski Tur development included a modest collection of cabins on the eastern floodplain between RM 1.4 and 1.9.  In February 1996 a large flood caused flooding and erosion along Gold Creek, prompting the Ski Tur Association to undertake actions to protect the community (Bennett 2007).  Prior to the 1996 flood, annual meeting minutes describe the need for projects for “shoring up the creek bank with logs and rocks”, and to address “Gold Creek erosion of banks, near existing cabins” (Bennett 2007).  During the summer of 1996 a pond (Heli’s Pond) was excavated as a source of gravel to resurface roads, and a flood diversion structure (berm) to protect the community from flooding.  An outlet channel from the pond to the river was excavated on the northern side of the flood berm.  This outlet channel is set such that the pond drains out the outlet channel until around late July, after which the pond drops below the invert of the channel and remains dry through the summer.  Barbs were installed along the riverbanks adjacent to the existing cabins, and remain largely in-place today (Figure 6) (Bennett 2007).
Several manholes were observed and mapped along Snowshoe and Gold Creek Roads from RM 1.1 to 1.3 (Figure 7), defining the location of a drainage line paralleling the roads.  No documentation was found describing when or why the drainage pipe was installed.  The drainage lines extend into the woods from the existing roads at several locations, partially encircling a parcel of land that appears to have been prepared for residential development.  Roads were established sometime between 1977 and 1979 into this parcel that have been overgrown subsequently but are visible on the air photo (Figure 7).  The drainage network terminates into a swale that flows into Gold Creek Pond.  The depth of the drainage pipe ranges between 6 and 9-ft below ground, and was observed to have flowing water during the summer months.  The impact of this drainage line on groundwater levels on the eastern floodplain are discussed in the following section.
terrain analysis
As part of the geomorphic assessment for the reach, a terrain analysis was performed to evaluate the elevations of the floodplains and side channels relative to the main stem channel (Figure 8).  The methods used for this analysis were adapted from Jones (2006), and utilized the LiDAR terrain surface (bare earth digital elevation model) (collected July 25th, 2012) for the analysis.  The resultant relative elevation map (REM) depicts elevations of floodplain and instream features relative to the water surface elevation of the channel at the time when the 2012 LiDAR was collected (Figure 8).  The results were field verified during the 2013 and 2014 field surveys by comparing the bank heights with that predicted from the terrain analysis, and were found to be accurate to within 1 ft.  The REM is useful in identifying side channels, potential avulsion (new channel) pathways, presence of terraces, and relic channel scars.  Avulsion is the rapid abandonment of a river channel and the formation of a new river channel.  Avulsions occur as a new channel forms creating a straighter path through the landscape, typically during large floods in areas where the new channel slope is greater than that of the old channel.  Active side channels (both perennial and intermittent) are shown as shades of blue, with darker blues more frequently inundated (lower relative elevation).  Similarly, floodplains that are inundated more frequently are shades of blue, with darker blues indicating more frequent inundation.  Floodplains that are shades of green are inundated less frequently, with lighter greens to light yellow only inundated during high flow events.  Areas of yellow to orange are higher alluvial areas lying above the 100 yr flood inundation.  Areas below the channel on the floodplain are depicted in purple.  The distribution of these features indicates areas where side channels are present and floodplains are relatively low (good floodplain connection), compared to areas where there are no side channels and floodplains are relatively high (disconnected floodplain).  
geomorphic history and process characterization
In addition to the terrain analysis performed historic air photos were reviewed to document natural geomorphic processes (channel migration, avulsion, incision, sinuosity, and planform changes) and response to anthropogenic disturbances within the project reach over the historic record.  Channel sinuosity was measured from RM 0.5 to 2.5 using historic channel alignments digitized from the air photos acquired.  Channel width and migration rates were measured from historic air photos.  Reach scale changes in active channel width and sinuosity between 1944 and 2013 are provided in Figures 9 and 10, respectively. 
Large logjams were common on the Gold Creek, due to the abundance of large conifers lining the banks of sufficient size to act as key logs once recruited into the channel.  These key logs captured mobile LWD, forming large logjams that initiated local channel adjustments (channel migration, avulsions, aggradation, pool formation) and created stable hardpoints within the channel migration zone.  Habitat conditions were maintained through these processes of recruitment of key logs, subsequent formation of large logjams, and channel response resulting in further recruitment of key logs.  A dynamic stability was maintained where large trees both induced (through flow deflection and avulsions) and limited (creation of stable hard points, partitioning shear stress, and bank stability from root cohesion) geomorphic processes.  Logging of the riparian corridor destabilized Gold Creek buy removing these large trees once recruited into the channel, resulting in significant widening of the active channel and more frequent avulsions that have reduced sinuosity over time.  Figure 9 depicts channel width measured along the active channel between RM 0.5 and 2.5 over time, and highlights sub-reaches of Gold Creek that have experienced significant widening since 1944.  Table 1 provides a summary of the changes to the active channel width from 1944 to 2013, highlighting the timing and magnitude of change over time.  The channel experienced accelerated widening from 1954 to 1970, peaking in the 1990’s.  This rapid expansion of the channel is attributed to the logging that occurred in the valley by 1954, with trees cleared up to the channel banks over much of Gold Creek.  Channel expansion has been greatest downstream of RM 1, and between RM 1.4 and 1.75 (Figure 9), forming large unvegetated gravel bars and a transient low-flow channel prone to rapid migration across the over-widened active channel.  Between 1944 and 1957 channel widening was focused between RM 1.25 and 1.75 (Figure 9), at a maximum rate of 29-ft/yr and representing a 6.6-fold increase in active channel width.  Between 1957 and 1970 expansion of the channel occurred between RM 0.5 and 1.1 (adjacent to the development of barrow pits), and between RM 1.3 and 1.5.   Widening of the active channel continues but at a slower rate up to the 1990’s, after which the average channel width fluctuates but is lower than during the 1990’s (Table 1).  Locations along the creek where the current active channel width is lower than that during the 1990’s (below Gold Creek Pond, and between RM 1.25 and 1.4), channel incision has occurred resulting in a narrower active channel (Figure 9).  While there was a general decrease in channel width since the 1990’s, channel expansion continued at RM 1.5, 1.9, and 2.25 (Figure 9).  The continued expansion of the active channel at these locations has resulted in local aggradation of eroded bank material.  This is most evident immediately upstream of RM 1.5 (Figure 8), and correlates to where dewatering in the channel initiates during the summer months (NSD 2013, 2014).  Over-widening of the creek at these locations results in increased infiltration capacity, reducing surface water depths for any given flow relative to a narrower channel with less infiltration area.  
Table 1 – active channel width and percent increase from 1944
	year
	average active channel width (FT)
	average increase in active channel width since 1944 (%)
	maximum active channel width measured

	1944
	96
	0
	233

	1954
	104
	7.8
	253

	1957
	123
	27
	446

	1970
	179
	86
	403

	1985
	179
	85
	373

	1991
	183
	90
	339

	1998
	183
	90
	315

	2003
	169
	75
	282

	2006
	158
	64
	318

	2011
	181
	88
	332

	2014
	168
	74
	290



In addition to channel widening, several channel avulsions of varying magnitude have occurred following logging activities in the valley.  These avulsions have resulted in rapid channel relocation, reduced sinuosity (Figure 10), and local incision. Between RM 1.7 and 2.3 the channel is anabranched in the 1944 and 1957 air photos (Figure 3 and 4), with more flow flowing down the eastern channel relative to the western channel flow path.  By 1970 (Figure 5) the western channel appears to be the primary flow path, however the eastern channel remains visible.  Sometime between 1970 and 1985 the channel completely avulsed into the western channel, and the eastern channel has become overgrown with vegetation and appears to only receive higher flows by 1985.  In 1996 Heli’s Pond and outlet channel were excavated in this relic channel flow path.  Bank heights are 4 to 5-ft higher through this avulsion (Figure 8), and the remaining portions of the abandoned channel 3-4-ft higher than the current channel (Figure 8), indicative of local incision resulting from the avulsion to the western channel.  A shorter avulsion between RM 1.3 and 1.4 occurred where the channel was bifurcated in 1944 (Figure 3).  Both channel flow paths expand in width from 65-ft (Figure 3) up to 120-ft by 1970 (Figure 5).  The eastern channel flow path captured most of the flow by 1985 (Figure 11), and by 1994 (Figure 12) the western relic channel is obscured by colonizing vegetation.  This western channel is currently 5 to 6-ft above the current channel (Figure 8), demonstrating the degree of local incision resulting from this avulsion.  The cumulative effect of these channel avulsions has been an overall reduction in channel length and sinuosity (Figure 10), loss of bifurcated channels and instream islands, and local incision of the creek relative to the adjacent floodplain.  All of these effects have resulted in a loss of instream habitat quantity, availability, complexity, and cover in Gold Creek.
current conditions
Field surveys and desktop analyses were completed to characterize the current geomorphic condition of Gold Creek.  Locations of pools, large wood, actively eroding banks, bedrock exposure, and bank protection, as well as channel character were all recorded during the field surveys.  Where pools were found, depth and character (forced vs. alluvial) were recorded.  Large wood dimensions were recorded to assess stable key size for individual snags found in the creek.  These field data are synthesized with desktop analyses to characterize the current geomorphic conditions.
The 2012 LiDAR (Watershed Sciences 2012) and historic aerial photos were the primary sources of information used in the desktop assessment.  A channel profile of Gold Creek derived from the LiDAR data shows the gradient decreases downstream from 0.86% to 0.45% between RM 2.5 and 0.17.  Below RM 0.17 the LiDAR reflected the wse of Keechelus Lake, which extended up valley to this point when the LiDAR was collected (July 2012).  The channel width ranges between 84 and 290-ft, averaging 168-ft wide between RM 0.5 and 2.5.  Channel expansion has been most dramatic (greater than 100-ft) between RM 1.4 and 1.75, and between RM 2 to 2.25 (Figure 13) since 1944.  These locations correspond with the initiation point of dewatering in the creek (near RM 1.5), and the upstream extent of dewatering (RM 2.05) in the creek.  A higher infiltration rate and loss of surface flow due to over-widening in these sub-reaches, and local aggradation of eroded bank material; both contribute to accelerated dewatering at these locations.  
Pools observed during field surveys were classified by type (alluvial, wood forced, rock forced) and the depth was recorded (Figure 14, Table 2).  Approximately 61% of the pools recorded were forced by instream wood, with alluvial and rock forced pools accounting for 26% and 14%, respectively.  Alluvial pools were the shallowest on average, and had the lowest maximum depth of the types observed.  Wood forced pools had the greatest average depth, and rock forced pools had the greatest maximum depth (Table 2).  Pool frequency and type varied throughout the project reach, and is largely reflective of the current channel condition.  A total of 133 pools were identified along the 2.5-mile reach of Gold Creek (Figure 14), with 20.3% (27) alluvial pools, 67.7% (90 pools) wood forced pools, and 12% (16 pools) rock forced pools, with an average of 53 pools/RM (Table 2).  The greatest concentration of pools occurs between RM 0.5 and 0.7 (95 pools/RM), followed by between RM 0.85 to 1.3 (82.2 pools/RM), and above RM 1.7 (60 pools/RM).  Within these subreachs with the highest pool frequency, most of the pools (68-76%) were wood forced pools.  In the subreachs with the lowest pool frequency, half or less of the pools were wood forced (Table 2).  On average, wood forced pools were the deepest (2-ft average depth), followed by alluvial pools (1.8-ft average depth), and rock forced pools (1.76-ft average depth).  The deepest pool observed was a bedrock forced pool (5.8-ft deep) recorded near RM 4.2 on the left bank.    
Table 2 – Pools within the project reach
	SUBREACH
	number of ALLUVIAL POOLS (%*)
	number of  WOOD forced POOLS (%*)
	number of ROCK forced POOLS (%*)
	TOTAL POOLS
	POOLS/RM

	RM 0 - 0.5
	4 (25%)
	8 (50%)
	4 (25%)
	16
	32

	RM 0.5 - 0.7
	1 (5.25%)
	13 (68.4%)
	5 (26.3%)
	19
	95

	RM 0.7 - 0.85
	1 (50%)
	1 (50%)
	0 (0%)
	2
	13.3

	RM 0.85 - 1.3
	8 (21.6%)
	28 (75.7%)
	1 (2.7%)
	37
	82.2

	RM 1.3 - 1.7
	2 (18.2%)
	5 (45.5%)
	4 (36.4%)
	11
	27.5

	RM 1.7 - 2.5
	11 (22.9%)
	35 (72.9%)
	2 (4.2%)
	48
	60

	TOTAL (RM 0 - 2.5)
	27 (20.3%)
	90 (67.7%)
	16 (12%)
	133
	53.2


* percentage of total within subreach
Bank conditions were observed during the field surveys to determine locations of active channel migration, associated tree recruitment, bedrock exposure, and locations where bank protection has been installed.  Relatively stable alluvial banks are present downstream of RM 0.53, where Keechelus Lake extends up the channel during high-stand.  Above RM 0.53 the right bank is exposed bedrock up to near RM 0.63, with several (3) rock forced pools along the channel (Figure 15).  330-ft of the left bank at RM 0.54 is actively eroding and has recruited several large trees (up to 26-in DBH and 120-ft long) into the channel forming a large logjam just upstream of the confluence of the Gold Creek Pond outlet channel and Gold Creek (Figure 15).  Upstream of this eroding left bank, the channel margin is protected by riprap up to the bridge across the Gold Creek outlet channel.  Additional riprap was observed on the left bank from RM 0.75 to 0.82 (Figure 15).  The channel abuts a high glacial outwash bank between RM 0.85 and 1.0 that is actively eroding contributing mostly fine material to the creek.  Trees recruited into the channel along this bank are mostly less than 1-ft DBH and are easily transported downstream during high flows (Figure 15).  At RM 1.1 approximately 250-ft of the left bank recently eroded (sometime between 2006 and 2009), recruiting a number of large trees into the channel, forming a large logjam with several associated pools.  Some of this wood recruited into the channel was re-arranged along the bank to further protect it from continued erosion (Figure 15).  Between 2003 and 2013 approximately 330-ft of the left bank has eroded back 35-ft at RM 1.3.  No large trees remain in the channel along this eroded bank, suggesting that tree recruitment associated with this erosion was of insufficient size to remain in the channel or form a wood accumulation.  Immediately upstream of this location on the left bank are several rock groins and revetment installed in 1996 (Bennett 2007) along an eroding bank adjacent to several cabins in the SkiTur development (Figure 6 and 15).  These groins are largely intact and have pools associated with them (Figure 14), however several individual rocks have become dislodged over time.  Between RM 1.5 and 1.6 active bank erosion has undercut the right channel banks, and recruited several large trees forming a logjam at RM 1.5 (Figure 15).  The bank material in this location is indurated at the toe and is more resistant to erosion than the overlying unconsolidated alluvium, however erosion of this layer does occur but at a lower rate.  Recent bank erosion was noted at RM 1.83 on the right bank across the channel from the confluence with Heli’s Pond outlet channel where several large trees were recruited into the channel, forming a large logjam forming several pools.  From RM 2.0 to 2.5 bank erosion was noted at several locations on both banks of the channel that recruited several large trees, some of which formed large logjams in the channel associated with pool formation (Figure 15).  Indurated bank material at depth including the bank toe was observed where channel banks were tallest, and correlate to locations where the channel is locally incised due to historic avulsions.
Drainage Line
An 8-in buried drainage line was identified during field surveys at manhole locations along Snowshoe Lane and Gold Creek Road.  The locations of the manholes and the pipe invert at each manhole were recorded (Figure 7) to create a map of the drainage line connecting the manholes.  The invert elevation of the drainage line was compared to the water surface elevation (wse) at groundwater well locations adjacent to the pipeline to evaluate if the pipe lies above or below groundwater during the summer months.  WSE was compared at GW 4 and GW 8 (NSD 2014) during the summer months, and was found to be 1 to 3-ft below the elevation of the drainage pipe.  Groundwater elevations are close to 3-ft below the pipeline on its northern end, but are closer to the pipeline further south along the alignment.  Water was observed flowing in the drainage pipeline at Manholes 1, 9, and 8 during the summer months, indicating that the invert is below groundwater elevation at the lower end of the drainage pipe.  The pipe terminates into a drainage ditch discharging directly into Gold Creek Pond from Manhole 8. 
This drainage system appears to function mostly during the winter and spring months when groundwater elevations are at their highest, but continues to function at the lower (southern) end into the summer months when the creek is dewatering.  No documentation pertaining to the rational for constructing the drainage line, or when it occurred, was found.  However, given its location we conclude that it is related to the planned development of the parcel of land immediately to the north and east of the drainage line, with several roads entering the parcel that have subsequently been overgrown.  Offshoots from the drainage line extend into the parcel, lending further evidence that draining this plot of land for development was the purpose of installing the drainage pipe.
conclusions
The historic condition of Gold Creek was a dynamic equilibrium mad possible by large riparian trees lining the channel banks.  As the creek eroded the channel banks during formative flood events, these large trees were recruited into the channel, forming large logjams that would grow in size over time and ultimately protect the eroded bank from further erosion.  This condition created a narrow, multi-thread channel with abundant habitat complexity and cover from instream wood.  Logging of the riparian corridor has destabilized the channel by disrupting the dynamic equilibrium set in place by the recruitment of large trees.  This has resulted in significant channel widening as the banks have continued to erode due to the lack of large tree recruitment forming large logjams that ultimately protect the eroding bank.  Channel widening was most pronounced in the decades immediately following logging, and has slowed as the riparian corridor has begun to re-establish and trees are starting to get large enough to form large logjams once recruited into the channel.  Over time these trees and associated logjams will form the foundation of future floodplain areas encroaching on the current channel, resulting in narrowing over time until the historic channel width is re-established.
Bank and habitat conditions are shown to be intricately linked, as locations where eroding banks are recruiting large trees correspond to areas with greater pool and cover frequency.  Pools were found to be primarily associated with instream wood, and their distribution is related to the floodplain riparian conditions where larger trees have been recruited into the channel forming large logjams.  Average pool depths are greatest in these wood forced pools, and provide abundant cover that is lacking in rock forced and alluvial pools found elsewhere.

recommendations
Historic disturbances within Gold Creek valley have altered natural geomorphic processes and hydrologic conditions, resulting in degraded habitat conditions.  The cumulative impact of these disturbances has resulted in an over-widened channel lacking instream complexity and cover, that dewaters annually for a significant reach during the summer months.  
The finding of this geomorphic assessment highlights the role of channel destabilization from historic logging of the riparian corridor contributing to habitat degradation in Gold Creek.  The over-widened channel has resulted from a loss of large riparian trees that once were recruited into the channel as the channel banks eroded.  These large trees formed large logjams, that over time helped to stabilize the channel by partitioning shear stress and reducing further bank erosion.   This dynamic equilibrium allowed for wood and sediment recruitment into the channel while providing a much more narrow and multi-thread channel with habitat and hydraulic complexity from instream wood.  Key to restoring habitat quantity and quality in Gold Creek is to narrow the active channel, increase the number to channel flow paths where possible, and increase wood loading and frequency of large logjams.
Restoration of the historic channel width and number of flow paths would have the greatest benefit in reducing infiltration area and the resultant loss of surface flow to groundwater during the summer months.  Given the length of channel impacted, targeted restoration of the most significantly over-widened reaches should be prioritized.  Key to restoring a narrower channel is the creation of a hardened floodplain along the margins of the current channel to mimic the historic role large logjams once provided.  The hardened floodplain would be composed of a matrix of large timber of varying width constructed on gravel bars and partially to completely backfilled and planted with trees.  The hardened floodplain will function by :
· Limiting bank erosion and further widening of the active channel
· Hardened floodplain to be constructed along current channel banks without large riparian trees along margin to limit erosion into these areas.  
· Moving banks inward from both sides to reduce channel width
· Roughen exposed gravel bars to promote formation of new floodplain
· Extend structure from current bank onto adjacent gravel bars
· Partitioning of shear stress due to roughened floodplain will reduce sediment transport capacity, and will fill-in and further bury wood over time creating new floodplain
· Formation of new channel flow paths where gaps in structure allow flow
· Gaps in structures will allow new channel formation at designed locations to provide flow conveyance during formative flow events lost from narrowing channel width
The proposed architecture, locations, and dimensions will be determined in the conceptual design phase of the project, however the overarching goal of narrowing the channel to reduce infiltration, and formation of multiple channel flow paths to provide conveyance lost by narrowing the channel and to improve instream habitat conditions will remain.  Installation of large logjams in the narrowed channel are proposed that will provide instream habitat complexity and cover, form and maintain pools, and if buried into the channel bed would help force hyporheic flow upward to help maintain perennial flow.  Buried log sills spanning the creek channel could be installed to further force hyporheic upwelling in the creek to further help maintain perennial flow during the summer months.  The locations, architecture, and dimensions of instream wood placements will be further evaluated during concept design development.
Based on a second year of surface and groundwater monitoring (NSD 2014), it is clear that Gold Creek Pond is a major contributor to seasonal dewatering of Gold Creek.  The primary influence of the pond is to lower groundwater elevations on the eastern side of the valley relative to the western side, modifying the natural gradient of flow toward the eastern floodplain and away from Gold Creek.  In addition to modifying flow direction, the pond decreases groundwater elevations up to 10-ft from what would be their natural elevation.  Both of these influences of the pond are a result of the orientation and size of the pond relative to the valley.
Restoring Gold Creek Pond back to the historic wetland complex (Figure 20) would provide the greatest benefit to maintaining perennial flow in Gold Creek.  This approach would include the following elements:
· Filling of the pond back to the historic floodplain elevation (using fill material of similar size to that removed) creating wetland mosaic
· Lowering berms surrounding the pond (use material to fill the pond)
· Removing riprap or other artificial barriers to channel migration
· Filling the outlet channel (using fill material of similar size to that used to fill the pond)
· Establishment of new tributary alignment
· Establishment of new ADA compliant trail around/through new wetland mosaic
· Establishment of new picnic area
· Planting of native vegetation appropriate for ecotone to be established (wetlands, streamside, uplands)
Several alternatives to completely filling Gold Creek Pond exist that would reduce the spatial extent and duration of dewatering in Gold Creek.  These alternatives would improve maintaining flow in Gold Creek, however they would likely not be as effective as complete filling of the pond and restoration back to the historic wetland complex that existed prior to excavation of the pond.  Some of the alternatives considered include:
· Partial fill of Gold Creek Pond
· focusing on the northeastern corner to re-align the northern shoreline more perpendicular to the valley axis
· restore northeastern corner of the pond back to the historic floodplain elevation creating wetland mosaic
· relocating the outlet channel to discharge into Gold Creek near the northwestern corner of the pond (near SG 2, Figure 2), raise the new inlet invert elevation of the outlet channel (relative to current invert elevation) to permanently raise the pond
· lowering berms surrounding pond and using material to fill pond and current outlet channel
· consider need to modify existing trail at northeastern corner of pond where filled.
· Permanently raising the wse of Gold Creek Pond using any of the following approaches
· relocating the outlet channel to discharge into Gold Creek near the northwestern corner of the pond, raise the new inlet invert elevation of the new outlet channel (relative to current invert elevation) 
· relocating the outlet channel to discharge into Gold Creek near the southwestern corner of the pond, raise the new inlet invert elevation of the new outlet channel (relative to current invert elevation)
· either raising the invert elevation of the current outlet channel inlet, or build structure in outlet channel to raise wse in the pond
· divide Gold Creek Pond into multiple smaller ponds (5-6) with varying wse, smaller ponds on northern side of current pond have higher wse than those on southern end.  Isthmus separating smaller ponds likely will need partial grouting to limit flow-through, or complete grouting with engineered spillway between smaller ponds.
To preserve the recreational access and use at Gold Creek, modifications to the ADA trail and picnic area would be required for each of these alternatives.  Modifications would include changing the location and elevation of these features to accommodate the higher wse of the pond.
In addition to Gold Creek Pond, we recommend restoration of Heli’s Pond to provide a similar benefit to that described for Gold Creek Pond (locally raise groundwater elevations).  Heli’s Pond was excavated in a relic channel flow path, however restoration of the site could include several options, including: 
· complete fill of pond and outlet channel, planting to restore the area to forested floodplain
· partial filling of the pond to establish isolated wetland mosaic, filling outlet channel
Restoration at Heli’s Pond would also include relocation of the existing trail around the pond to preserve that recreational benefit.  While the magnitude of anticipated response in Gold Creek is less than that for filling Gold Creek Pond, filling Heli’s Pond could reduce the upstream limit of dewatering in the creek, and/or reduce the duration of dewatering in the adjacent creek.  Restoration of Heli’s Pond could serve as a pilot project for restoration of Gold Creek Pond, due to the smaller scale but similar approach to that proposed for Gold Creek Pond.
These recommendations are consistent with those proposed in 2013 (NSD 2013), and build upon the concepts based on observation and assessments completed as part of this study.  Additional restoration actions recommended in 2013 (NSD 2013), including restoration of the historic channel width, large wood placements in Gold Creek to improve instream habitat conditions, and plugging existing drainage lines in the eastern floodplain will all be further assessed during the geomorphic assessment.
Limitations
We have prepared this report for Kittitas Conservation Trust, their authorized agents and regulatory agencies responsible for the Gold Creek restoration project.  Within the limitations of scope, schedule and budget, our services have been executed in accordance with generally accepted practices for geomorphology and hydraulics in this area at the time this report was prepared.  The conclusions, recommendations, and opinions presented in this report are based on our professional knowledge, judgment and experience.  No warranty or other conditions, expressed or implied, should be understood.
We appreciate this opportunity to be of service to Kittitas Conservation Trust for this project and look forward to continuing to work with you.  Please call if you have any questions regarding this report, or if you need additional information.

Sincerely,
Natural Systems Design, Inc. 
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Tim Abbe, PhD, PEG, PHG					Michael Ericsson, MS, PG
Principal Geomorphologist					Geomorphologist
Washington Hydrogeologist #1151				Washington Geologist #2942

Attachments:
Figure 1 – Project reach map
Figure 2 – 1911 GLO map
Figure 3 – 1944 Aerial photo
Figure 4 – 1957 Aerial photo
Figure 5 – 1970 Aerial photo
Figure 6 – Bank protection installed between RM 1.35 and 1.45
Figure 7 – Manholes with invert elevation and interpreted drainage line location
Figure 8 – Relative elevation map
Figure 9 – Active channel width (1944-2013)
Figure 10 – Channel sinuosity (1944-2013)
Figure 11 – 1985 Aerial photo
Figure 11 – 1994 Aerial photo
Figure 12 – Change in channel width from 1944 to 2013
Figure 13 – Pool locations and types
Figure 14 – Current bank conditions
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