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APPENDIX A 

Life Histories of Species of Concern 
 

The City of Kent is seeking an Incidental Take Permit (ITP) for nine fish species that could 

potentially be influenced by operations of their Clark Springs Water Supply System, Habitat 

Conservation Measures implemented under the City’s Habitat Conservation Plan, or City 

operations within the Clark Springs watershed.  The perennial headwaters for Rock Creek 

begin at RM 2.8 (262ndAvenue SE), located 0.2 miles to the east of the Clark Springs 

Watershed (Figure 1).  This appendix contains life history summaries for each of the nine 

fish species.  Eight of the species have anadromous life history forms, with three also 

exhibiting resident freshwater life history forms.  The anadromous salmonids include 

Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), sockeye salmon 

(O. nerka), chum salmon (O. keta), and steelhead trout (O. mykiss), and bull trout (Salvelinus 

confluentus).  Resident salmonids include rainbow trout (O. mykiss), cutthroat trout, and bull 

trout.  Other anadromous species proposed for coverage include the Pacific lamprey 

(Lampetra tridentatus) and river lamprey (L. ayresi). 

 

Chinook Salmon (Oncorhynchus tshawytscha) 
 

Chinook, also referred to as king salmon, are the largest of the Pacific salmon species 

(Wydoski and Whitney 2003).  They are differentiated into two juvenile behavioral forms, 

ocean-type and stream-type, based on their pattern of freshwater rearing.  Juvenile ocean-

type Chinook salmon migrate to the marine environment during the first year of life, 

generally within 3 to 4 months of emergence (Lister and Genoe 1970).  Juvenile stream-type 

Chinook rear in fresh water for a year or more before outmigrating to the ocean.  Within 

these two migrant designations many subtype variations have been described (Reimers 

1971).  Differences between these life history patterns are accompanied by differences in 

morphological and genetic attributes (Myers et al. 1998).  Chinook salmon classification is 
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Figure 1. Map of Rock Creek survey reaches from the mouth to the northern boundary of the Clark Springs Watershed.
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further divided by the timing of upstream migration (e.g., spring or fall/summer runs) 

(Beauchamp et al. 1983). 

 

The principal race of Chinook salmon present in the Cedar River is summer/fall ocean-type 

Chinook (WDF et al. 1994).  Adult summer/fall Chinook salmon enter freshwater at the 

Chittenden Locks between June and September with peak migration in mid-August (Warner 

and Fresh 1999). 

 

Spawning in the Cedar River has occurred from as early as mid-August to as late as mid-

November (Burton et al. 2004).  Peak spawning typically occurs during early- to mid-

October (City of Seattle 1999; WDF et al. 1994).  According to Burton et al. (2004) the 

majority of Cedar River Chinook use mainstem habitats for spawning with a small 

proportion using tributaries.  Adult Chinook salmon have been observed in the lower reaches 

of Rock Creek.  These fish are believed to be strays from the Cedar River as no recent 

(1999-2004) spawning activity has been observed in Rock Creek (MCS Environmental 

2003; R2 Resource Consultants 2004; R2 Resource Consultants 2005; Burton et al. 2004).  

Historical sources of Chinook distribution information do not agree on the upstream extent 

of utilization in Rock Creek.  However, they do suggest that Chinook passage may have 

been historically limited by the old (replaced in 2004) culvert at SE 248th Street or the 

culvert present at the Seattle Pipeline crossing at River Mile 0.25 (WDFW 2005 and 

Streamnet 2005). 

 

During upstream migration, pools greater than 3.3 feet in depth and instream cover are 

important habitat features utilized by adult Chinook and other anadromous salmonids for 

holding and resting (WFPB 1997).  Adult Chinook select spawning sites based on substrate 

composition, cover and water quality and quantity.  Owing to the larger size of Chinook 

salmon, larger gravels 0.75 to 4.0 inches (1.9 to 10.2 cm) in diameter are utilized for 

spawning (Raleigh et al. 1986).  Chinook spawn over a range of water temperatures varying 

from 5.6 to 13.9°C (42 to 57°F) (Bjornn and Reiser 1991).  Water velocity has been 

proposed as the most important variable in selection of spawning areas by Chinook salmon 
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(Raleigh et al. 1986), with an optimal range of approximately 1.0 to 3.0 ft/sec (Spence et al. 

1996).  Chinook salmon redds constructed in the Cedar River may be adversely affected by 

concurrent or subsequent spawning activity by sockeye salmon.  Burton et al. (2004) 

reported that superimposition of Chinook redds by sockeye redds was observed in all five 

survey years (1999-2003) with superimposition rates generally increasing with sockeye 

escapement.  However, impacts to incubating Chinook eggs and fry survival are unknown.  

In City of Seattle (2005), regional salmon experts suggested that sockeye competition was 

not likely to be an important factor affecting Chinook spawning success.  Similar to other 

Pacific salmon species, Chinook die after spawning. 

 

Incubation of Chinook eggs and yolk absorption by alevins (salmon larvae) in the redd 

require 4 to 6 months depending upon water temperatures (Healey 1991; City of Seattle 

1999).  Fry emergence and outmigration to Lake Washington usually begins in January.  

Based upon downstream trapping in the lower Cedar River, young-of-the-year Chinook 

demonstrate a bimodal outmigration to Lake Washington during the winter and spring 

(Seiler et al. 2005).  The first pulse of fry (less than 60 mm in length) migrates shortly after 

emergence between January and mid-April.  The second pulse of juvenile fish migrates as 

fingerlings (60 to 120 mm in length) between mid-April and July.  While the majority of 

Cedar River Chinook tend to migrate as part of the earlier pulse of fry, the proportion of the 

population that migrates during each of these pulses varies from year to year.  Flow appears 

to be an important factor influencing the two migration patterns (Seiler et al. 2005).  Years 

with higher winter flows tend to have a higher proportion of Chinook migrating as fry rather 

than fingerlings.  It has also been hypothesized that the availability of fry habitat has 

influenced the ratio of fry and fingerling migrants (WRIA 8 Steering Committee 2005).  A 

reduction in the amount of fry habitat from historical conditions may have increased the 

proportion of fish that migrate to Lake Washington as fry. 

 

Young-of-the-year Chinook may utilize a variety of water depths up to about 4.9 feet, but are 

more commonly found in shallower water approximately 0.8 to 2 feet in depth and 

associated with gravel, cobble, vegetation, and other debris that provides cover (Bjornn and 

Reiser 1991; Raleigh et al. 1986).  Pools and runs are preferred habitat types, but pocket 
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water and riffles may also be utilized (Bjornn and Reiser 1991).  Preferred substrate sizes 

depend upon the size of the fish, which utilize the interstices between substrate particles as 

cover.  Fry can utilize coarse gravel up to 2 inches in diameter while larger fish may need 

cobbles greater than 3 inches in diameter (Bjornn and Reiser 1991).  High levels of 

embeddedness from sand or silt, which fills the interstices, can make substrate unsuitable 

(Bjornn and Reiser 1991). 

 

Chinook salmon in WRIA 8 exhibit an unusual life history trait: lake rearing.  In contrast, 

most Chinook salmon spawn in rivers and streams that drain directly to the ocean.  

Consequently, patterns of lacustrine habitat use by young-of-the-year Chinook salmon are 

not completely understood.  Passage through the Hiram Chittenden Locks occurs between 

May and mid-July with initiation of migration correlated with the time of the lunar apogee, 

when the moon is farthest from the earth in its orbit (DeVries et al. 2004).  Neap (or 

minimum range) tides occur during apogee when the moon is at its farthest distance from the 

earth during its orbit; consequently this behavioral pattern may be an adaptation to increase 

the duration of fry presence in the estuary or reduce exposure to saline waters.  The 

evolutionary advantages to this behavior pattern may be related more to historic rather than 

current conditions.  Under a natural system, one without the locks, saline waters are able to 

extend further upstream during spring tides.  Whether this behavior pattern is important to 

survival under the current hydraulic configuration of the system is uncertain. 

 

An important feature of Chinook smolt passage at the Hiram Chittenden Locks is that the 

bimodal character of outmigration at the mouth of the Cedar River is not repeated.  This 

suggests that Chinook fry from the Cedar River have a significant period of rearing in Lake 

Washington while fingerling smolts migrate through the lake relatively quickly.  Studies by 

Fresh (2000) and Tabor et al. (2002) suggest that Chinook fry utilize the littoral zone 

through mid-May, but gradually utilize deeper waters further from the shoreline after this 

time.  Orientation is more towards surface waters during the day, but towards the bottom of 

the water column at night (Tabor et al. 2002).  In any case, it appears that the central portions 

of Lake Washington are little utilized by juvenile Chinook salmon (Fresh 2000). 
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Following entrance into the marine environment, juvenile Chinook disperse in nearshore 

waters and gradually into deeper portions of Puget Sound as they become larger; some 

Chinook may remain in Puget Sound through maturity while others eventually migrate to 

rear in the Straights of Juan de Fuca and Pacific Ocean (Kerwin 2001; Simenstad et al. 1982; 

Quinn 2005).  Little is known about the specific distribution of Cedar River Chinook salmon 

in the Pacific Ocean.  The City of Seattle (1999) suggested the distribution was likely to be 

similar to that of ocean-type Chinook of the region as described by Healey (1991).  Healey 

(1991) suggested that most ocean-type Chinook remain on the continental shelf within 1,000 

km of their natal stream. 

 

Cedar River Chinook are considered part of the Puget Sound Evolutionarily Significant Unit 

(ESU).  Overall, abundance of Chinook salmon in this ESU has declined substantially, and 

both long- and short-term abundance exhibit predominately downward trends.  One factor 

negatively affecting the Chinook population in the Cedar River basin is land use practices.  

Lack of pool habitat, bank hardening features, loss of floodplain connectivity and a reduction 

in forest cover are all examples of factors affecting Chinook salmon populations (Kerwin 

2001).These factors have led to this ESU being listed as threatened under the ESA in March 

of 1999 (64 FR 11481).  Based upon data provided by WDFW (Foley 2006, personal 

communication), the escapement run size averaged approximately 449 fish from 1988 

through 2005, while from 1964 to 1987 it averaged approximately 920 fish (Figure 2). 
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Figure 2. Estimated Chinook salmon escapement to the Cedar River 1964 to 2005.  Data Source: 

Foley 2006, personal communication. 
 

Bull Trout (Salvelinus confluentus) 
Bull trout, along with Dolly Varden (Salvelinus malma), are members of the char family.  

These two species are similar in coloration, morphology, and life history, making distinction 

between the two species difficult without the use of electrophoretic (i.e., DNA) samples or 

measurements of morphometric characteristics (WDFW 1998).  The State of Washington 

has established identical protective measures and management for the two species.  Within 

the Puget Sound region bull trout exhibit resident, anadromous, and adfluvial life history 

strategies (64 FR 58910).  Bull trout spawn in cold, clear streams with complex channel 

characteristics.  Juvenile rearing in streams occurs for 1 to 4 years.  The two migratory forms 

then begin to move downstream to take up residence in lakes (adfluvial) or nearshore marine 

areas (anadromous).  Maturity occurs at age 4 to 7 years with spawning migrations to the 

natal stream.  Unlike Pacific salmon, which spawn once then die, bull trout are iteroparous 

and repeat spawn annually or in alternate years. 
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Bull trout are native to the upper Cedar River Watershed upstream of Chester Morse Lake 

and Masonry pool.  However, bull trout have rarely been observed in Cedar River reaches 

downstream of Masonry Pool: 1) one bull trout has been documented near the powerhouse at 

Cedar Falls during 1997 (City of Seattle et al. 1999); 2) three adult bull trout were observed 

in the tailrace to the Cedar Falls powerhouse during July 2000 (64 FR 58910); and 3) three 

adult char assumed to be bull trout were found in the tailrace to the Cedar Falls powerhouse 

during August 2003 (64 FR 58910). 

 

There have been no reported observations of bull trout in Rock Creek.  However, the 

USFWS believes conditions in Rock Creek “may come close to suitable spawning 

temperatures and that may provide thermal refuge for rearing or foraging during warm 

summer periods” (64 FR 58910). 

 

Lake Washington, Lake Union, the lower Cedar River (downstream of Cedar Falls) and their 

associated tributaries are considered by the USFWS as part of the Lake Washington critical 

habitat subunit (CHSU) (69 FR 35768; June 25, 2004).  This area is considered critical 

habitat because of its ability to support bull trout foraging, migration, and overwintering 

behavior.  Core population areas such as the Stillaguamish, Snohomish, and Skykomish 

rivers are considered to be the most likely source of bull trout to utilize the Lake Washington 

CHSU.  Bull trout have been captured and observed within and below the Ballard Locks and 

within the associated fish ladder (Goetz et al. 2004). 

 

Bull trout in the Chester Morse CHSU utilize an adfluvial life history strategy.  There are no 

upstream passage facilities at Chester Morse or Masonry Dams and Cedar Falls is considered 

a natural barrier to bull trout.  Consequently, bull trout that actively migrate or are 

inadvertently washed downstream from the dams are considered lost to the Chester Morse 

population.  In contrast to the Chester Morse population, bull trout that enter the Lake 

Washington Watershed by passing through the Hiram Chittenden Locks utilize an 

amphidromous life history strategy.  Amphidromous bull trout home to and spawn in natal 

freshwater streams and rivers, but the adults then migrate to estuarine and nearshore marine 

areas for rearing or feeding.  Amphidromous bull trout may also enter non-natal freshwater 
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systems, such as Lake Washington, to overwinter and rear.  Reproducing populations of bull 

trout have not been confirmed in the lower Cedar River (Kerwin 2001). 

 

Spawning in most bull trout populations occurs in September and October, though it may 

occur in August at elevations above 4,000 feet in the Cascades and as late as November in 

coastal streams (Goetz 1989; Craig 1997).  Most anadromous populations spawn only every 

second year, while resident char may spawn every year (Armstrong and Morrow 1980; 

USFWS 1998).  Spawning habitat is characterized by low gradient, uniform flow, and a 

gravel substrate between 0.25 to 2.0 inches in diameter (Wydoski and Whitney 2003; Fraley 

and Shepard 1989).  Groundwater influence and proximity to cover are also reported as 

important factors in spawning site selection (Fraley and Shepard 1989).  Studies conducted 

throughout the species range indicate that spawning occurs in water from 0.75 to 2.0 feet 

deep (Wydoski and Whitney 2003; Fraley and Shepard 1989) and often occurs in reaches fed 

by streams, or near other sources of cold groundwater (Pratt 1992). 

 

Rieman and McIntyre (1993) indicate that optimum bull trout embryo incubation 

temperatures are between 2 and 4ºC.  These relatively cool incubation temperatures mean 

that bull trout generally require a long period of time from egg deposition until emergence.  

Embryos incubate for approximately 100 to 145 days, and often hatch in late winter or early 

spring.  The alevins remain in the streambed, absorbing the yolk sac, for an additional 65 to 

90 days and emergence from the streambed occurs in late winter/early spring (Pratt 1992).  

Long incubation times may result in higher susceptibility to fine sediment levels in 

spawning substrates, but the extent to which they reduce embryo survival and affect bull 

trout populations is not entirely known (Rieman and McIntyre 1993). 

 

Bull trout fry are usually found in shallow, slow backwater side channels and eddies, in 

close proximity to instream cover (Pratt 1984).  These characteristics are similar to that 

reported for other species of salmonids (Fraley and Shepard 1989).  Juveniles are primarily 

bottom dwellers and are found among interstitial spaces in the substrate (Fraley and Shepard 
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1989; Pratt 1992).  Sub-adults are often found in deeper stream pools or in lakes in deep 

water with temperatures less than 15°C (Pratt 1992). 

 

In the proposed rule for designating critical habitat (69 FR 35768), bull trout are described as 

opportunistic feeders that migrate between patches depending upon the available foraging 

opportunities.  Consequently, habitat utilization during rearing can be variable and 

dependent upon available food sources.  In a riverine or lacustrine setting, bull trout may 

forage on a variety a terrestrial and aquatic insects, zooplankton, and small fish.  In Chester 

Morse Lake an important forage fish are pygmy whitefish (Prosopium coulteri) and sculpin 

(Cottus spp.) (City of Seattle et al. 1999).  In marine nearshore areas, bull trout forage on 

Pacific herring (Clupea pallasii), surf smelt (Hypomesus pretiosus) and sandlance 

(Ammodytes hexapterus) (Goetz et al. 2004).  There are a number of potential forage fish 

species within Lake Washington for bull trout including longfin smelt (Spirinchus 

thaleichthys), juvenile salmonids, sculpins, perch (Perca spp), pumpkinseed (Lepomis 

gibbosus), and three-spine stickleback (Gasterosteus aculeatus).  However, contents from 

one stomach of a bull trout captured in Lake Washington contained longfin smelt (Berge 

2004, personal communication). 

 

Five Distinct Population Segments (DPS) of bull trout (Klamath River, Columbia River, 

Jarbidge River, Coastal-Puget Sound, and St. Mary-Belly River) were listed as threatened 

under the ESA by the USFWS on October 28, 1999.  These population segments are 

disjunctive and geographically isolated from one another with no genetic interchange 

between them due to natural and man-made barriers.  Bull trout populations in the Cedar 

River Watershed as well as all Pacific Coast drainages in western Washington are part of the 

Coastal-Puget Sound DPS.  Dolly Varden were likewise proposed as threatened under the 

ESA due to their similarity of appearance to bull trout (66 FR 1628).  The WDFW includes 

bull trout as a State Candidate species.  Candidate species include fish and wildlife species 

that the WDFW will review for possible listing as State Endangered, Threatened, or 

Sensitive. 
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Coho Salmon (Oncorhynchus kisutch) 
Coho salmon populations exist as far south as the San Lorenzo River, California and north to 

Norton Sound, Alaska (Sandercock 1991).  Coho salmon are one of the most popular and 

widespread sport fishes found in Pacific Northwest waters.  Rock Creek coho salmon appear 

to be typical of Puget Sound stocks with regard to their life history, which includes 

approximately eighteen months spent in freshwater followed by approximately eighteen 

months in saltwater (or up to three years; Weitkamp et al. 1995). 

 

Adult coho enter freshwater at the Hiram Chittenden Locks during late August to mid-

November (City of Seattle et al. 1999) and migrate up the Cedar River from early September 

through late January (Figure 3).  River flow and temperature have been found to be 

important factors in the timing of river entry (Weitkamp et al. 1995).  Spawning generally 

occurs in Rock Creek from late October to early March (WDF et al. 1994, R2 Resource 

Consultants 2004).  The duration of egg incubation and the early rearing of alevins is 

dependent upon water temperatures (Sandercock 1991).  Fry emergence timing in the Cedar 

River basin has not been specifically studied, but is believed to occur from early March 

through late May with peak emergence during April (City of Seattle et al. 1999). 

 

Sandercock (1991) has reviewed coho salmon life history and habitat utilization traits.  

Juvenile coho salmon generally remain in freshwater for one year, but may occasionally 

extend their freshwater rearing period for an additional year or more, usually as a result of 

poor growth.  Coho salmon fry are territorial while feeding during daylight hours on aquatic 

and terrestrial insects and their various larval stages.  Territories may occur in both riffle and 

pool habitats, but pools are preferred.  The size of a territory is dependent upon fish size, 

food density, and potential threats.  Territories are smaller when food density or the potential 

for threats from other fish and predators is higher.  In contrast, territories become larger as 

fish size increases.  Stream complexity increases the number of available territories.  This is 

especially true during the winter because juvenile coho move closer to cover in the form of 

logs, rootwads, debris and overhanging vegetation as water temperatures decrease (Bustard 

and Narver 1975).  Individual coho salmon that lose during competitive interactions or grow 
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Month
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Species Life Phase
Lake Migration

River Migration

Spawning
Sockeye

Incubation

Fry Emergence

Fry Outmigration  

Lake Migration

River Migration

Coho Spawning

Incubation

Juvenile Rearing

Smolt Outmigration

Lake Migration

River Migration

Spawning
Chinook

Incubation

Fry Rearing

Fry Outmigration

March November DecemberJuly OctoberSeptemberApril JuneMay AugustJanuary February

Figure 3. Likely freshwater life history periodicity of sockeye salmon, coho salmon, and Chinook salmon, in the Cedar River Watershed, 
Washington.  Source: City of Seattle et al. (1999) and Wydoski and Whitney (2003).
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Month
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Species Life Phase

Upstream Migration

Spawning
Chum

Incubation

Fry Rearing

Fry Outmigration

Resident Spawning
and

Coastal Incubation
Cutthroat

Rearing

Spawning
Rainbow

and Incubation
Steelhead

Rearing

Spawning
Bull Trout

Incubation

Rearing

March November DecemberJuly OctoberSeptemberApril JuneMay AugustJanuary February

 
 

Figure 3. (cont.) Likely freshwater life history periodicity of chum salmon, cutthroat trout, rainbow and steelhead trout, and bull trout in 
the Cedar River Watershed, Washington.  Source: City of Seattle et al. (1999) and Wydoski and Whitney (2003). 
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too large for the available habitat are often displaced, usually to locations farther 

downstream.  Consequently, a gradual movement of some individuals from upstream 

spawning grounds in tributaries (e.g., Rock Creek) to downstream or mainstem areas (e.g., 

the Cedar River) is a typical pattern. 

 

Coho salmon undergo smoltification during the spring, usually as one-year old fish.  At this 

time, juveniles begin to lose their parr marks and become silvery in color.  Territorial 

behavior and the tendency to hold position in the current diminish and are replaced by 

schooling behavior and downstream movement.  Goetz et al. (1997) observed coho smolts 

moving through the Hiram Chittenden Locks from late April to early July with peak counts 

during mid- to late-May. 

 

Coho spawning in Rock Creek occurs predominately in the upper reaches of the stream 

(Reaches 8 through 12- R2 Resource Consultants 2004) (Figure 1).  These reaches also have 

excellent juvenile rearing conditions with relatively low velocities and high levels of cover.  

WDFW has also reported observations of juvenile and adult coho use during early 2000 

within Georgetown Creek downstream of the culvert at Kent-Kangley Road (KCDNR 2001).  

Although no stream gage data were available for Rock Creek during this time period, based 

upon the results of stream flow modeling (Appendix E), average flows during the coho 

spawning period of October 1975 to January 1976 were the third highest of the of the 45 

year period simulated.  The available information suggests that the typical spawning 

distribution extends to just above the City of Kent’s Clark Springs System where Rock 

Creek begins to parallel the Kent – Kangley Road; adult coho salmon may occasionally 

migrate further upstream if flows are suitable.  It is unknown if migration of adult coho 

salmon upstream of the Clark Springs Watershed results in successful spawning that 

contributes to increased smolts outmigrating from the system. 

 

Rock Creek coho salmon are identified by the WDFW as part of the Lake Washington – 

Cedar coho stock.  Although the status of Cedar River coho salmon was determined to be 

healthy in 1992, due to recent downward population trends WDFW classified the stock as 

depressed in 2002 (WDFW 2002).  NOAA Fisheries includes Rock Creek coho salmon in 
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the Puget Sound/Strait of Georgia ESU.  Continued loss of habitat, extremely high harvest 

rates, and a severe recent decline in average spawner size are considered substantial threats 

to remaining native coho salmon populations in this ESU.  Currently this ESU is not listed at 

threatened or endangered under the ESA, but is considered a candidate.  Consequently, upon 

re-evaluation NOAA Fisheries may reconsider and propose to list the Puget Sound/Strait of 

Georgia population as threatened or endangered in the future (60 FR 38011). 

Sockeye Salmon (Oncorhynchus nerka) 
 

Sockeye salmon exhibit a great variety of life history habits and characteristically use 

lacustrine (lake) habitat more than other salmon species.  The Cedar River, one of the most 

productive salmon streams in the Puget Sound region, is home to the largest wild sockeye 

run south of British Columbia.  There is debate whether historically sockeye were present in 

Lake Washington prior to introduction of the Baker River stock in 1935.  Currently a 

“portable hatchery” has been operated at the base of the Landsburg Dam on the Cedar River 

since 1991 and the city of Seattle has plans to complete construction of a permanent hatchery 

facility in 2007 as part of its Cedar River Watershed HCP.  Sockeye fry releases from the 

temporary hatchery have averaged 9.7 million fish annually from 1995 to 2001 (WDFW 

2003).  However, there is debate as to whether increased sockeye production will negatively 

affect Chinook populations in the Cedar River basin. 

 

Sockeye salmon begin to enter the Cedar River during late August or early September, 

continuing into January.  Spawning takes place in mid-September to late December and 

occasionally through January.  Peak spawning takes place in mid- to late October (Gustafson 

et al. 1997; R2 Resource Consultants 2005).  The duration of sockeye egg incubation is 

temperature dependent, but is generally longer than other salmon species (Burgner 1991).  

Rock Creek is one of the tributaries most heavily utilized by spawning sockeye in the Cedar 

River (WDF et al. 1994).  Sockeye salmon have been observed to spawn up through Reach 

12 in the Clark Springs Watershed, however the majority of spawning occurs in the lower 

Reaches 1 through 4. 
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Sockeye egg incubation, fry emergence, and early rearing are believed to be similar to that 

described in City of Seattle et al. (1999).  Egg incubation occurs over a 2 to 3 month period.  

Following hatching, alevins remain in nest pockets for an additional 2 to 4 months prior to 

emergence.  Emergence begins in late January and continues through May with the peak of 

the migration occurring during late March and early April.  After emergence fry migrate 

quickly downstream.  Sockeye outmigration from an artificial spawning channel on the 

lower Cedar River peaked from 26 April through 10 May (R2 Resource Consultants 2000).  

Juvenile sockeye rear in Lake Washington for 12 to 14 months, undergo smoltification 

during early spring and migrate through the Ballard Locks to Puget Sound between April 

and June. 

 

In a 1969 letter co-signed by the directors of the Washington Department of Fisheries and 

Department of Wildlife, it was reported that 100,000 to 200,000 kokanee eggs were annually 

planted in Rock Creek, but the duration and outcome of the egg plantings was not described.  

Apparently the plantings were not successful because no spawning runs of kokanee have 

ever been reported for Rock Creek and no kokanee have been observed during recent 

spawning surveys sponsored by the City of Kent. 

 

The sockeye in Rock Creek are considered by the Washington Department of Fish and 

Wildlife (WDFW) to be part of the Cedar River sockeye run, a component of Lake 

Washington sockeye.  The Lake Washington sockeye escapement goal has been met two of 

the last four years.  Although adequate fish were counted at the Ballard Locks to allow a 

Lake Washington sport fishery during 2004, relatively low numbers of spawning sockeye 

were observed in the Cedar River and Rock Creek.  NOAA Fisheries does not consider the 

Cedar River sockeye stock to constitute an Evolutionarily Significant Unit (ESU) under the 

Endangered Species Act (ESA), and therefore it is not listed as threatened or endangered at 

this time. 

Chum Salmon (Oncorhynchus keta) 
Chum salmon, known for the large teeth and calico-patterned body color of spawning males, 

have the widest geographic distribution of any Pacific salmonid (Johnson et al. 1997).  In 
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North America, chum range from the Sacramento River in Monterey, California to Arctic 

coast streams (Salo 1991).  Adult Chum salmon typically return to freshwater in October and 

November and spawn in the lower reaches of rivers from early December to early February 

(WDF et al. 1994).  Preferred spawning areas are in groundwater-fed streams or at the head 

of riffles (Grette and Salo 1986).  In general, chum salmon are reported to spawn in 

shallower, low-velocity streams and side channels more frequently than other salmon species 

(Johnson et al. 1997).  The length of incubation of the eggs is influenced primarily by water 

temperature.  For example, eggs at 15EC hatch approximately 100 days before eggs 

incubated at 4EC. 

 
Juvenile chum salmon, like ocean-type Chinook, have a short freshwater residence and an 

extended period of estuarine residence, which is the most critical phase of their life history 

and often determines the size of subsequent adult returns (Johnson et al. 1997; Grette and 

Salo 1986).  Chum fry in the middle Green River, a nearby watershed, were found to be 

present starting from the middle of March (Jeanes and Hilgert 2000).  Peak abundance 

occurred during May, and continued through the end of the study in June.  However, peak 

abundance was most likely influenced by large hatchery releases.  Throughout the Jeanes 

and Hilgert (2000) study chum fry length remained fairly constant, indicating a short 

residence in freshwater. 

 
Simenstad et al. (1982) reports that in the estuary, eelgrass (Zostera spp.) habitats may be 

particularly preferred by juvenile chum salmon.  Juvenile chum may remain in the brackish 

water habitat of an estuary for several days to 2 months, moving offshore as food resources 

decline in the summer (Grette and Salo 1986).  Simenstad et al. (1982) found chum salmon 

generally moved offshore at a size of 50-160 mm FL.  Chum populations are often limited in 

Puget Sound river systems by the quantity or quality of available estuarine habitat because of 

their dependency on estuaries as rearing habitat.  Little suitable estuarine habitat remains in 

the Lake Washington drainage for rearing juvenile chum salmon (Kerwin 2001).  Chum 

salmon mature at 2 to 6 years of age, most commonly at 3 or 4 (Salo 1991). 
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Chum salmon have occasionally been observed in the Cedar River drainage, however native 

populations were all but extirpated in 1917 by the diversion of the river into Lake 

Washington.  Only seven chum fry were captured in the Cedar River screw trap during the 

2004 season (Seiler et al. 2005).  In comparison, over 6,000 Chinook fry were captured 

during the same period.  Adult chum salmon have been observed recently in Rock Creek and 

Mercer Slough, and possibly in Bear Creek and other tributaries, however the extent of any 

spawning is unknown (R2 Resource Consultants 2005; KCWLD 2004). 

 
The WDFW (1992) does not identify chum salmon spawning in the Lake Washington 

Watershed as a stock.  However, the Lake Washington Watershed is in the Puget 

Sound/Strait of Georgia ESU defined by NOAA Fisheries.  Commercial harvest of chum 

salmon has been increasing since the early 1970s throughout this ESU.  This increased 

harvest, coupled with generally increasing trends in spawning escapement, provides 

compelling evidence that chum salmon are abundant and have been increasing in abundance 

in recent years within this ESU (Johnson et al. 1997).  The National Marine Fisheries 

Service concluded that this ESU is not presently at risk of extinction, and is not likely to 

become endangered in the near future (63 FR 11778). 

Steelhead and Rainbow Trout (Oncorhynchus mykiss) 
Steelhead trout are rainbow trout that display an anadromous life history pattern.  Steelhead, 

displaying perhaps the most diverse life history pattern of all Pacific salmonids, reside in 

most Puget Sound streams.  Their historic native distribution extended from northern Mexico 

to the Alaska Peninsula.  Presently, spawning steelhead are found along the Pacific Coast 

from as far south as Malibu Creek, California (Busby et al. 1996).  As with Chinook salmon, 

runs of steelhead trout are generally named for the season in which they occur or peak.  

There are two types of runs of Pacific Northwest steelhead, winter run fish migrate into 

freshwater during the fall and winter, while summer run fish enter freshwater during the 

spring and summer (Pauley et al. 1986).  Within these groups, steelhead are further divided 

based on the state of sexual maturity when they enter freshwater.  Stream-maturing steelhead 

(summer steelhead) enter freshwater in an immature life stage.  Ocean maturing (winter 

steelhead) enter freshwater with well-developed reproductive tissues (Busby et al. 1996).  In 
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the Lake Washington system, no summer steelhead stocks and one winter steelhead stock 

have been identified (WDF et al. 1994). 

 

Adult steelhead are iteroparous (repeat spawners), and can spend a large percentage of their 

life (2-3 years) in saltwater (Emmett et al. 1991).  Winter steelhead return to the Lake 

Washington drainage from mid-December to mid-May and spawn generally from early 

March to mid-June (WDF et al. 1994).  Juvenile steelhead incubation rates vary according to 

numerous biotic and abiotic factors but generally require a relatively short incubation period 

compared to other salmonids.  Fry emergence typically occurs from 30 to 60 days after 

spawning (Pauley et al. 1986). 

 

Everest and Chapman (1972) found age-0 steelhead residing over cobbles in water velocities 

of less than 5ft/s and depths of 0.5 to 1.0 ft.  Bisson et al. (1982) reported fry inhabiting 

riffles associated with large woody debris.  In general, juvenile steelhead differ from 

Chinook and coho salmon in their extensive use of faster, shallower, and higher gradient 

locations in streams, although it is not clear that this habitat type is preferred (Everest and 

Chapman 1972).  Most steelhead juveniles reside in freshwater from 1 to 4 years before 

migrating to saltwater, with the majority of hatchery stocks migrating to the ocean at the end 

of their first year (Pauley et al. 1986). 

 

The Cedar River may be the only stream in the Lake Washington basin that is contributing 

natural production to the basin (City of Seattle et al. 1999).  Cedar River steelhead spawn 

and rear in the mainstem and tributaries below Landsburg Diversion Dam.  In particular, 

small perennial streams, like Rock Creek, contain good steelhead spawning habitat (City of 

Seattle et al. 1999).  However, no adult steelhead have been observed during fall spawning 

surveys (R2 Resource Consultants 2004), and spring surveys have not been conducted.  

During 1984 to 1992 steelhead spawner escapement has only met the WDFW goat of 1,600 

in one year, 1985.  Escapement has ranged from 474 to 1,816 wild steelhead in the Lake 

Washington basin (WDF et al. 1994). 

 



 APPENDIX A 
City of Kent Clark Springs Water Supply System HCP 
 
 

 
R2 Resource Consultants, Inc. A-20 
January 24, 2006 

Cedar River steelhead have been classified by NOAA Fisheries as part of the Puget Sound 

ESU (1 of 15 west coast steelhead ESUs).  Total run size for the major stocks of this ESU 

was estimated at 45,000; natural escapement was estimated at 22,000 steelhead (Busby et al. 

1996).  Upon review of the population, NOAA Fisheries indicated in 1996 that, in general, 

the entire Puget Sound ESU was not threatened at that time.  However, on April 5, 2005 

NOAA Fisheries accepted a petition to list this ESU under the ESA.  The agency received 

the petition September 13, 2004 and subsequent to their review, NOAA Fisheries found that 

the petition to list Puget Sound steelhead presented substantial scientific and commercial 

information indicating that the petitioned action may be warranted.  As a result, petition 

acceptance will re-initiate and update the prior status review.  In 1994 the Washington 

Department of Fisheries (WDF) classified the stock as ‘depressed’ (WDF et al. 1994).  This 

classification was made based on the short-term severe decline in spawner escapement and 

run size.  Many other regional stream systems have also displayed a steady decrease in 

winter steelhead populations since the mid-1980s (Kerwin 2001). 

Coastal Cutthroat Trout (Oncorhynchus clarki clarki) 
Natural coastal cutthroat trout (O. clarki clarki) habitat ranges from the Eel River of northern 

California to Prince William Sound in southern Alaska, rarely penetrating more than 100 

miles inland (Behnke 2002; Johnston 1982).  It is a common native species in western 

Washington, often referred to as sea-run cutthroat.  The coastal cutthroat trout exhibits four 

life history variations: sea-run (anadromous), resident stream populations, fluvial 

populations and lake-adapted (adfluvial) populations (Behnke 2002).  All variations may be 

exhibited within the same stream.  While it is likely anadromous populations once existed 

historically in the Cedar River they are most likely not present in the Lake Washington 

watershed today.  The cutthroat trout in Rock Creek are considered adfluvial fish from Lake 

Washington as there are no records of sea-run cutthroat use at the Ballard Locks (City of 

Seattle et al. 1999).  These adfluvial cutthroat trout reside in Lake Washington and migrate 

in late winter into tributaries, including the Cedar River and Rock Creek, to spawn.  Unlike 

salmon, cutthroat trout are iteroparous and do not necessarily die after spawning.  Coastal 

cutthroat trout have a lifespan of seven to nine years and may spawn multiple times (Behnke 
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2002).  Adult cutthroat trout will spawn in small streams, and fry tend to move to the stream 

margins after swim-up. 

 

Coastal cutthroat trout exhibit early life history characteristics similar to coho salmon, 

whereby juveniles spend time rearing in natal streams before outmigration.  Winter habitat 

for juveniles consists of pools and side channels in association with woody debris.  Overall, 

little is known about the habitat use of sea-run cutthroat trout during their freshwater 

residency (Johnson et al. 1999).  Coastal cutthroat trout are piscivorous in their feeding and 

may be one of the most important predators of sockeye and Chinook salmon fry in the Lake 

Washington watershed (WRIA 8 Steering Committee 2005; City of Seattle 1999). 

 

Within Rock Creek, adult adfluvial cutthroat trout have been observed from its mouth 

upstream to above the City of Kent’s Clark Springs System (Reach 12).  Adult adfluvial 

cutthroat trout have been observed in Rock Creek as early as the third week in November 

through mid-February; however, most observations tend to occur in late-December into 

January.  This periodicity corresponds more closely with the typical sea-run cutthroat 

spawning period described Wydoski and Whitney (2003) for western Washington. 

 

Information collated by the KCDNR Committee (2001), notes the presence of resident 

cutthroat trout in Lake 12, observations of juvenile cutthroat between 262nd Ave SE and 

268th Ave SE during March 1996, and adult cutthroat near RM 4.5 in 2000.  The reach 

between 262nd Ave SE and 268th Ave SE is located near the perennial headwaters of Rock 

Creek east of the upper boundary of the Clark Springs watershed.  In addition, reaches 

upstream and downstream of the wetlands associated with Rock Creek near RM 4.5 

regularly go dry on a seasonal basis.  This information suggests that the distribution of 

cutthroat trout, and perhaps other salmonids in Rock Creek, expands and contracts on a 

seasonal or annual basis depending upon the availability of suitable habitat conditions. 

 

Considerable information exists for Puget Sound cutthroat trout, though little of that has 

been collected in a standardized manner and over a long enough time period to establish 

trends in populations (Leider 1997).  However, the Lake Washington cutthroat trout is 
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considered by NOAA Fisheries to not warrant listing under the ESA at this time (64 FR 

16397). 

Pacific Lamprey (Lampetra tridentatus) 
Pacific lamprey inhabit coastal streams from southern California north to Alaska (Wydoski 

and Whitney 2003).  Pacific lamprey have been documented present in the Cedar River 

below Landsburg Dam (City of Seattle et al. 1999).  While no specific accounts of Pacific 

lamprey utilization of Rock Creek have been located, lamprey presence is considered likely.  

One lamprey was captured during electrofishing surveys in Rock Creek during August 2002, 

but its species was not identified. 

 

In the Pacific northwest, adult Pacific lamprey enter freshwater in July to October, and 

overwinter to spawn in May when water temperatures are between 10°C and 15°C (Close et 

al. 1995, Wydoski and Whitney 2003).  Both sexes construct a shallow nest in stream 

gravels (Morrow 1976), in flows 1.6 to 3.3 fps (Close et al. 1995).  During mating, the 

female attaches herself to a rock with her oral sucker while the male attaches to the head of 

the female.  The male and female coil together while the eggs and sperm are released.  

Fertilized eggs adhere to the downstream portion of the nest (Moyle 1976), which are then 

covered by the adults.  The process is repeated several times in the same nest site, with death 

of the adults occurring shortly thereafter (Moyle 1976).  Spawning Pacific lamprey are often 

observed during steelhead spawning surveys, and they frequently spawn in similar habitats 

(Jackson et al. 1996). 

 

Larval lamprey, termed ammocoetes, swim up from the nest and are washed downstream 

where they burrow into mud or sand to feed by filtering organic matter and algae (Moyle 

1976).  Ammocoetes have been shown to select substrates that contain high amounts of silt, 

and decaying organic material (Potter 1980).  The ammocoetes generally remain in 

freshwater for 4 to 7 years, moving from site to site (Wydoski and Whitney 2003).  Such an 

extended freshwater residence makes them especially vulnerable to degraded stream and 

water quality conditions.  Ammocoetes, similar to salmonids, are sensitive to dissolved 
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oxygen levels in streams.  In a study by Close et al. (1995) low oxygen concentrations (7-10 

mm Hg) caused ammocoetes to emerge from the substrate and die. 

 

Pacific lamprey larvae transform into juveniles from July through October (Close et al. 

1995).  During the transformation from a microphagous feeding habit to an adult parasitic 

mode, ammocoetes undergo several obvious external changes, including development of an 

oral disk, modification of gill opening structures, and development of teeth, eyes, and fins.  

Internal changes are slower and more variable in their onset, including changes in 

hemoglobins and plasma proteins, as well as development of a foregut (Hardisty and Potter 

1971). 

 

It is thought that temperature cues are responsible for the synchronous onset (3-4 weeks) of 

the transforming stage (Hardisty and Potter 1971), but it is not clear at what temperature 

Pacific lamprey begin their transformation.  After metamorphosis, macrophthalmia may 

remain in freshwater substrates for up to 10 months, then emerge and passively migrate 

downstream.  Based on available information of other lamprey species, and passage data at 

dams in the Northwest, it appears that downstream movement primarily occurs at night, and 

deeper in the water column than other anadromous fishes (i.e., salmon). 

 

Aside from sporadic accounts of juvenile lamprey attached to teleost (boney) fishes in 

freshwater environments, most information suggests that juveniles do not feed during 

downstream migrations.  As many anadromous lamprey spend some time in estuarine 

environments, it is possible that osmoregulatory capabilities to a full marine environment 

develop only gradually.  It has been noted that outmigrating Pacific lamprey near estuaries 

can attach themselves to salmon smolts (Starke and Dalen 1995). 

 

Adult lamprey are known to be parasitic on teleost fishes in marine environments, but 

stomach contents from several species have also indicated a carnivorous or scavenging 

habit, suggesting a more predatory existence (citations in Hardisty and Potter 1971).  They 

may remain in saltwater for up to 3.5 years (Close et al. 1995).  Pacific lamprey return to 

freshwater in the fall, overwinter, and spawn in the spring (Close et al. 1995).  They do not 
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feed during the spawning migration, and will die shortly after spawning.  The spawned out 

carcasses provide important nutrients to the stream system, as well as dietary items for other 

fish, such as white sturgeon (Close et al. 1995).  Pacific lamprey may reach a size of 

approximately 70-cm, or over 2 feet long, at maturity (Hart 1973). 

River Lamprey (Lampetra ayresi) 
River lamprey exhibit life history characteristics similar to the Pacific lamprey.  

Furthermore, river lamprey juveniles are morphologically similar to Pacific lamprey, making 

positive distinction between the two species difficult (Wang 1986).  The adult river lamprey 

is smaller than the Pacific lamprey, with a body length of only 30 cm, or slightly less than 

one foot (Hart 1973).  River lamprey remain in the ocean for only about ten weeks (Kostow 

2002).  They remain very close to shore, near the rivers that produced them.  The life span of 

river lamprey from metamorphosis to death after spawning is shorter than that of the Pacific 

lamprey, measuring approximately two years (Beamish 1980).  No specific documentation 

has been found concerning river lamprey in the project area.  However, similar to Pacific 

lamprey, it is likely the species may be present.
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Summary of Rock Creek Habitat Surveys 

Rock Creek, located southeast of the city of Maple Valley, Washington, is a tributary to the 
Cedar River entering at River Mile (RM) 18.  The creek is approximately 7.4 miles in length 
and has a drainage basin of about 15.7 square miles.  The perennial portion of the creek is 
spring-fed with its origin at approximately RM 2.8 in an area known as Clark Springs.  From 
RM 7.2 to around RM 2.8, surface flow is often completely lost to groundwater, thus the 
stream is largely dry except during high flow periods.  Median monthly discharge from 1986 
to 1998 ranged from a low of 1.4 cubic feet per second (cfs) in October to 20.7 cfs in March 
(as measured at the Parshall flume near Hwy 516).  Rock Creek has been described as 
having some of the highest quality aquatic habitat in the Cedar River drainage, and all of 
western King County (King County 1993).  It is an important stream for salmonid species 
utilizing the Cedar River, including sockeye salmon (Oncorhynchus nerka), coho salmon (O. 
kisutch), rainbow trout (O. mykiss), and cutthroat trout (O. clarki).  Chinook salmon (O. 
tshawytscha) have been infrequently observed in Rock Creek in recent years (R2 2004a). 
 
Rock Creek has historically been surveyed several times in order to characterize aquatic 
populations, habitat and channel morphology (Jones and Stokes 1993; May 1998; Pentec 
Environmental 2001; MCS 2003; Priest and Berge 2002; R2 2004a; and R2 2004b; Williams 
et al. 1975).  In particular, physical habitat surveys provide a basic understanding of the 
channel characteristics present that affect aquatic populations including salmon. 
 
This document summarizes three Rock Creek habitat surveys: Jones and Stokes and 
Associates (Jones and Stokes 1993), Pentec Environmental (2001), and R2 (R2 2004b).  All 
three of the habitat surveys were completed under similar environmental settings during fall 
low flow conditions.  Individual stream reaches varied slightly between surveys, but in 
general each survey began near the mouth of Rock Creek and continued at least into the 
braided channel/wetland section below Summit-Landsburg Road.  Different survey 
methodologies and objectives of the surveys’ results make precise quantitative comparisons 
difficult.  However, a qualitative comparison and discussion of results is presented. 
 
Jones and Stokes and Associates Habitat Survey (1993) 

Jones and Stokes and Associates, Inc. (Jones and Stokes) surveyed Rock Creek in November 
1991 as part of the Wilderness Retreat and Wilderness 50 environmental impact statement 
prepared for a proposed housing development (Jones and Stokes 1993).  The survey began 
just above the mouth of Rock Creek at RM 0.03 and continued upstream to RM 1.16 just 
downstream of Summit Landsburg Road (Figure 1; Table 1).  Jones and Stokes utilized a 
two-tier assessment approach including Level 1 and Level 3 survey protocols adopted by the 
King County Surface Water Management Division.  The Level 1 survey utilized a 
methodology modified from the U.S. Forest Service Stream Habitat Classification and 
Inventory Procedures for Northern California (which was the basis for future methodologies 
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reported in WFPB 1997) (McCain et al. 1990).  Specifically, Level 1 surveys consisted of 
the classification and measurement of individual habitat types or habitat units (HUs).  HUs 
were classified as one of eight different habitat types, including high and low gradient riffles; 
backwater, corner, dammed, lateral scour and mid-channel pools; and riparian wetland.  The 
length, average channel width and depth, and average wetted width and depth were 
measured for each classified habitat.  Other habitat characteristics assessed included 
dominant channel substrates, riparian vegetation, shade and large woody debris.  Large 
woody debris was tallied if it was a minimum of ten feet in length and had a diameter of at 
least ten inches.  Results were provided as cubic yards of woody debris per mile. 
 
Table 1. Stream survey reach lengths and breaks by surveyor in river miles (RM) and river 

kilometers (RK), Rock Creek, Washington, 2005. 

 RM RK 
Reach Length1 

(m) 

Jones and Stokes (1993)    
Downstream 0.03 – 0.32 0.05 – 0.51 464 

Proposed Development Area 0.32 – 0.90 0.51 – 1.45 931 
Upstream 0.90 – 1.16 1.45 – 1.87 421 

    
Pentec Environmental (2001)     

Reach 1-3 0.00 – 0.28 0.00 – 0.45 448 
4b-72 0.33 – 0.85 0.54 – 1.36 826 

8 0.85 – 1.52 1.36 – 2.45 1,088 
9 1.52 – 1.78 2.45 – 2.87 415 

10 1.78 – 2.74 2.87 – 4.41 1,540 
    
R2 (2004c)    

Reach 1-3 0.00 – 0.28 0.00 – 0.46 456 
4a 0.28 – 0.33 0.45 – 0.33 88 

4b-7 0.33 – 0.90 0.33 – 1.45 907 
8 0.90 – 1.52 1.45 – 2.46 1,005 
9 1.52 – 1.93 2.46 – 3.11 651 

10-13 1.93 – 2.75 3.11 – 4.43 1,312 

1.  These reach lengths were calculated directly from habitat survey data rather than a GIS. 

2.  R2 added the designation 4a to denote the portion of Reach 4 that could not be surveyed by Pentec 
due to landowner objections. 
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Jones and Stokes 
Survey Reach 

 
Figure 1. Map of Rock Creek habitat survey reaches utilized by R2 and Pentec, Washington, 2005.  Adapted from R2 2004a.
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The reach surveyed by Jones and Stokes downstream of the proposed development (near the 
mouth of Rock Creek to just above the Cedar River pipeline crossing) was classified as 
riffle-dominated.  Jones and Stokes reported 50.7 percent high gradient riffle habitat 
(measured by area) and 39.0 percent low gradient riffle habitat in this section.  The 
remaining 10.3 percent of the habitat consisted of pools.  The stream gradient in this 
downstream reach (average 3.3%) is greater than the other survey sections (average of 2.5% 
for the proposed development section; average of 0.7% for upstream reach) resulting in a 
higher stream velocity.  Some housing development had previously occurred along the 
stream banks, with removal of much riparian vegetation, lowering the density of large 
organic debris.  However, bank and channel stability were found to be good.  The substrate 
was a mixture of scattered embedded boulders with pockets of gravel/cobble substrates, with 
a particularly good patch of spawning gravel immediately upstream of Southeast 248th 
Street. 
 
In the proposed development area (just above the Cedar River pipeline into the wetland 
below Summit Landsburg Road), Rock Creek exhibited a greater proportion of low gradient 
riffles and pools than in the downstream section.  Jones and Stokes measured 52.1 percent 
low gradient riffle, 20.2 percent high gradient riffle and 27.7 percent pool habitat by area.  
This reach was described as having a good mixture of riffle and pool habitat.  There was less 
development in this reach, and large organic debris densities increased in comparison to the 
downstream reach.  Increased levels of large organic debris had caused some minor bank 
failure.  Substrate sizes found in the lower portion of the project reach were similar to the 
downstream section; however, smaller substrates became increasingly dominant in the 
upstream portions of the proposed development segment. 
 
Jones and Stokes classified nearly the entire habitat of the section above the proposed 
development (within the wetland below Summit-Landsburg road) as riparian wetland.  This 
section was a complex of pool and low gradient riffle habitat, exhibiting a highly braided 
channel.  The wide stream channel led to lower levels of streamside shading than within the 
proposed development reach and below.  The substrate primarily consisted of gravel and 
sand overlain with silt and detritus.  Areas of higher flows and the action of spawning 
salmon had uncovered the gravel in spots and Jones and Stokes identified this reach as some 
of the best coho spawning habitat in Rock Creek.  This was the only section in which aquatic 
vegetation was found to be present. 
 
The large organic debris density was reported by Jones and Stokes to be greatest upstream of 
the project area (1,983 cubic yards per mile of stream).  The downstream and project 
sections contained 750 and 405 cubic yards per mile respectively. 
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The Jones and Stokes Level 3 survey consisted of a detailed study of channel morphology 
and aquatic habitat at twelve stations, or transects, within the Level 1 survey area.  Level 3 
transects provided cross sectional channel elevations, detailed substrate information, specific 
riparian characterization, stream discharge and macroinvertebrate information particular to 
each transect.  Six of the transects were equally spaced within the project boundary and three 
transects each were located in the reaches upstream and downstream of the project site.  As 
opposed to the more general Level 1 surveys, Level 3 surveys provided habitat data specific 
to transect locations. 
 
Pentec Environmental (2001) 

Pentec Environmental (Pentec) surveyed Rock Creek between October and December of 
2000 (Pentec Environmental 2001 and Pentec unpublished data).  The survey began at the 
mouth of Rock Creek and continued upstream into the City of Kent watershed near RM 2.7 
(Figure 1; Table 1).  Pentec surveyors generally followed Washington State Watershed 
Analysis protocol as outlined in WFPB (1997).  Each reach was broken into units from 100 
to 500 feet in length.  Each individual unit was then described by the following metrics: 
channel type, percent pool, average substrate characteristics, and wetted and bankfull widths.  
These metrics were compared to the matrix of properly functioning habitat condition indices 
provided in WFPB (1997) to obtain overall habitat ratings of good, fair, or poor (Table 2).  
Large woody debris surveys followed protocol described in Martin and Benda (2000).  
Results included woody debris and key piece density measured in pieces per channel width. 
 
In Reaches 1 through 3 (from the mouth of Rock Creek upstream through the Cedar River 
pipeline crossing), Pentec reported Rock Creek as having good adult access to spawning 
gravel, spawning and incubation habitat, and winter rearing substrates (Table 2).  Dominant 
substrates were found to be gravel and cobble.  The section was rated poor overall for 
summer and winter rearing habitat because of the lack of pools (percent length and 
frequency), LWD (large woody debris), and off-channel habitat.  Habitat area in lower three 
reaches of Rock Creek consisted of only 17.3 percent pool.  Some residential housing and 
associated landscaping was present in this reach. 
 
Pentec reported 13.0 percent of the habitat as pool, with 49 individual pools counted in 
Reaches 4b through 7 (Cedar River pipeline crossing to below the wetland complex).  This 
section was rated overall as having good adult access to spawning gravel, spawning 
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Table 2. Fish habitat ratings, as ranked in WFPB 1997, for Rock Creek, Washington, 2000.  Source: Pentec Environmental (2001). 

             Winter Rearing  Adult Upstream  Spawning and Incubation 

  Summer/Winter Rearing Habitat  Habitat  Migration Habitat  Habitat 

  Pools  LWD/channel width      Spawning      

    

 Reach1 Percent Frequency   Debris Key Piece  Substrate 
Off-

Channel   

Holding 
Pools 

Gravel 
Access   

Gravel 
Presence 

Gravel 
Quality  Fines 

1 Poor Poor  Poor Poor  Good Poor  Poor Good  Good Good Good 

2 Poor Poor  Fair Poor  Good Poor  Poor Good  Good Good Good 

3 Poor Good  Good Good  Good Poor  Poor Good  Good Good Good 

4 Poor Poor  Good Poor  Good Poor  Poor Good  Good Good Good 

5 Poor Good  Good Good  Good Poor  Poor Good  Good Good Good 

6 Poor Fair  Good Good  Good Poor  Poor Good  Good Good Good 

7 Poor Fair  Good Good  Good Poor  Poor Good  Good Good Good 

8 Fair Good  Good Good  Poor Fair  Poor Good  Poor Fair Poor 

9 Fair Good  Good Good  Good Poor  Poor Good  Good Fair Fair 

10 Fair Good   Good Good  Poor Fair   Poor Good   Good Good Poor 
1 See Figure 1 for Reach locations
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and incubation habitat, and winter rearing substrate (Table 2).  Gravel was the dominant 
substrate, with some cobble and boulders.  This section was rated fair to good for summer 
and winter rearing habitat because the frequency of pools (percent length) was higher than in 
the lower reaches, and the section contained high levels of woody debris. 
 
The upstream-most survey section, Reaches 8 through 10 had 49.0 percent pool as measured 
by area.  In this reach, between Summit-Landsburg Road and the upstream end of the City 
watershed, summer and winter rearing habitat was rated as fair to good owing to high levels 
of woody debris and pool frequency, and because of the wetland-like characteristics of the 
channel (Table 2).  This reach also had good access to spawning gravels, but only poor to 
fair spawning and incubation gravels due to high substrate embeddedness. 
 
Large woody debris density was greatest in the middle reaches (4-7), measuring 532.7 pieces 
per mile.  Pentec identified 261.9 pieces per mile in the upstream section (Reaches 8-10) and 
203.6 pieces per mile in the lower section (Reaches 1-3).  In comparison to WFPB (1997) 
metrics, throughout its course, Rock Creek lacked pool habitat area, specifically holding 
pools and off-channel rearing habitat. 
 
R2 Resource Consultants (2004) 

The most recent survey of Rock Creek was performed by R2 Resource Consultants (R2) in 
November of 2004 to support an instream flow analysis (see Appendix F).  R2’s survey 
protocol was based on a modified Hankin-Reeves approach (Hankin and Reeves 1988).  
R2’s survey began at the mouth of Rock Creek and continued upstream to approximately 
RM 2.7, and utilized approximately the same stream reach breaks as Pentec 2001 with in 
some cases, additional subdivisions (Figure 1; Table 1).  R2 utilized the following habitat 
descriptions to delineate individual habitat units: 
 

• Riffle – relatively shallow section of stream containing turbulent flows and swift 
water velocities; 

• Run/Glide – area of slower moving water with little of no surface turbulence; 

• Braided Channel – area of multiple complex split-channels; 

• Pool – area exhibiting little or no velocity and no surface disturbance; and  

• Cascade – area of steep gradient and fast, turbulent flow. 

 
Each individual habitat unit was further quantified by length, width, depth and substrate 
characteristics.  R2’s protocol did not include a survey of large woody debris. 
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In Reaches 1 through 3, (the mouth of Rock Creek to the Cedar River pipeline crossing), the 
habitat in Rock Creek was primarily riffle (72.2%), followed by pool (8.8%), cascade 
(8.2%), braided channel (5.6%), and run/glide (5.2%).  Dominant substrates in this section 
were gravel (42.7%) and cobble (34.5%) with some boulder (23.7%).  Numerous sockeye 
salmon were observed spawning in this section during habitat surveys.  Residential housing 
and associated lawns have increasingly occupied areas of the east bank within this section.  
Overall the stream channel in this section was confined and shallow, with good bank 
stability. 
 
In Reaches 4 through 7, R2 calculated 86.7 percent riffle, 4.8 percent run/glide, 5.3 percent 
pool and 3.1 percent cascade habitat.  This section is primarily undeveloped, with no 
residential housing located along the stream banks.  Salmon fry were observed rearing in 
pools in this section.  Substrates in this section were predominately gravel (38.0%) and 
cobble (33.2%) with lesser amounts of boulder and sand. 
 
The upstream reaches (8-13) were lower gradient and exhibited slower stream velocities than 
the lower sections.  The primary habitat unit in the upstream reaches was run/glide (47.5%) 
followed by braided channel (26.8%) and riffle (13.3%).  Approximately 12.4 percent of the 
habitat was considered pool, and no cascades were present.  This section is an extended 
wetland complex with a highly braided, wide channel.  Portions of the braided habitat units 
had slow moving, pool-like qualities.  Substrates in this reach were comprised of nearly 
equal amounts of sand (33.3%), silt (31.7%) and gravel (24.8%) with lesser amounts of 
cobble and boulder. 
 
Discussion 

The above data provide a general characterization of the quality of habitat currently found in 
Rock Creek that should be useful for evaluating future conditions.  The results indicate there 
is excellent salmonid spawning and incubation habitat downstream of the wetlands below 
Summit-Landsburg Road and excellent coho-rearing habitat within and upstream of the 
Summit-Landsburg Road.  These conditions are maintained in part by the presence of 
forested riparian zones in Rock Creek, and their subsequent input of large organic debris, 
providing habitat and cover for salmonid species.  In contrast, the surveys suggest that adult 
holding, juvenile rearing, and overwintering habitat are in short supply from Reach 1 
through Reach 7 because of the general lack of large or deep pools and little off-channel 
habitat. 
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The habitat conditions in lower Rock Creek are in part a product of topographic features 
within the watershed.  Jones and Stokes (1993) reported that stream gradients downstream of 
the proposed Wilderness retreat/Wilderness 50 development averaged 3.3 percent, those 
within the development reach averaged 2.5 percent, and those above the proposed 
development were 0.7 percent.  In addition, much of the stream between Reaches 3 and 
Reach 7 was moderately to highly confined on one or both sides of the stream.  This type of 
topography would tend to promote riffles if no instream structures are present (Montgomery 
and Buffington 1993).  A number of events may have resulted in changes in channel 
morphology of Rock Creek between the surveys described above including flooding that 
occurred in November 1995 and a windstorm in December 2005 that added substantial 
amounts of large woody debris to Reaches 2 and 3 and initiated changes in the channel 
morphology and movement of channel substrate.  In addition, mitigation measures for the 
replacement of the box culvert at SE 248th Street also resulted in the addition of large 
woody debris to Reach 2.  The relatively high levels of large woody debris found in much of 
Rock Creek provide structure to the stream and have promoted the development of frequent, 
but relatively small pools. 
 
The majority of Rock Creek, from its perennial source at Clark Springs to the mouth of the 
creek is currently protected from urban or residential development.  This has resulted in a 
relatively pristine riparian corridor consisting of mature second-growth forest including 
Douglas–fir, western red cedar, western hemlock, big-leaf maple, red alder and black 
cottonwood (Jones and Stokes 1993).  The entire Clark Springs Watershed from RM 1.5 to 
2.7 is protected by the City of Kent as a water supply source.  Although the proposed 
Wilderness Retreat/Wilderness 50 development was not implemented, King County 
purchased and converted these and other adjacent properties into the Rock Creek Natural 
Area. 
 
There has been some residential development immediately downstream of the Summit-
Landsburg Road and from the Cedar River pipeline to the mouth of the creek.  Stream 
crossings occur at four locations within the perennial section of the stream: SE 248th Street, 
the Cedar River Pipeline, Summit–Landsburg Road, and Kent Kangley Road.  These types 
of activities have resulted in some modifications to the stream channel (riprap and 
straightening) and localized loss of riparian trees. 
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EXECUTIVE SUMMARY 
 
Analyses were conducted using the HSPF1 hydrologic model to examine and characterize 
the hydrology of the Rock Creek watershed and the effects of water supply withdrawals at 
the City of Kent’s, Clark Springs Water Supply System.  This report summarizes the 
development of the HSPF model, documents the final model configuration and presents 
the results of the model calibration.  
 
The HSPF model used in the study was originally developed by King County as part of 
the Cedar River Basin Plan2.  As part of the current study, the model was refined and 
updated several times as streamflow and augmentation data became available, and as the 
understanding of the relationship between the surface and groundwater flow in the vicinity 
of Clark Springs developed.   
 
Calibration is the process whereby model input parameters are adjusted until simulated 
and recorded streamflow match to the greatest extent possible.  Three time periods were 
used in the HSPF model calibration and represent a wide range of climatic and water 
withdrawal conditions; 
 

1. Water Years 1955-1965 
2. Water Years 1986-1998 
3. February 2002 – February 2003 

 
Model calibration results show close agreement between simulated and recorded 
streamflow for the more than 32-years of data used in the calibration indicating that the 
model accurately simulates Rock Creek streamflow for a variety of climatic, withdrawal, 
and streamflow augmentation conditions.  Simulated low flow discharge rates (less than 6 
cfs) were typically within 5% of recorded under natural conditions with low withdrawal 
rates from Clark Springs and within 8% of recorded under current conditions, which 
included streamflow augmentation.  Thus, the model is valid as a tool for examining the 
effects of water withdrawal and augmentation scenarios on streamflow.  Results of various 
water supply withdrawal and augmentation simulation scenarios will be presented in a 
subsequent report.  
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Rock Creek HSPF Model Calibration Report 
City of Kent Clark Springs Water Supply Operations  

in the Rock Creek Catchment  
 

INTRODUCTION 
 
The US EPA Hydrological Simulation Program Fortran1 (HSPF) is a conceptual, 
continuous, hydrologic model where surface, shallow subsurface (interflow), and 
groundwater flows can be simulated, lagged, and combined as discharge into a stream 
network.  In application, the watershed to be modeled is divided into a number of 
subbasins that are connected by channel reaches.  Subbasin delineations include 
information on land cover and geologic/soil type and are based on topography, hydrologic 
characteristics, the channel network, and locations where computed streamflows are 
desired.  The principal inputs to the model are hourly precipitation and evaporation 
timeseries and the primary model output is decades long, continuous, hourly timeseries of 
streamflows at each subbasin outlet that can be used to analyze Rock Creek streamflow 
and Clark Springs Water Supply System (CSWSS) operations. 
 
The analysis was performed to help the City assess aquatic habitat related to the operation 
of the CSWSS.  The HSPF model used in this study was developed and refined over 
several years as streamflow and augmentation data became available, and as the 
understanding of the relationship between the surface and groundwater flow in the vicinity 
of Clark Springs developed.  Preliminary model configurations and calibration results are 
presented in the reports: Hydrologic Analysis of the City of Kent Clark Springs Water 
Supply Operations in the Rock Creek Catchment Using the HSPF Model3 and Hydrologic 
Analysis of City of Kent Clark Springs Water Supply Operations in the Rock Creek 
Catchment Using the HSPF Model – Supplemental Analyses4.  The model configuration 
and calibration results presented in this report supersede the results presented in the 
previous reports cited above. 
 
Recently, streamflow data used in previous model calibration efforts for the 1986-1998 
period were found to be over-estimated by up to 2.5 cfs due to backwater effects at the 
Clark Springs flume.  The data were corrected and the HSPF model recalibrated.  This 
report summarizes the relevant findings of the pervious reports, documents the final model 
configuration, and presents the results of the model calibration. 
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HSPF MODEL APPLICATION TO THE ROCK CREEK CATCHMENT 
 
Relationship Between HSPF and MODFLOW Groundwater Model 
Surface water (HSPF) and groundwater (MODFLOW5) models were developed to analyze 
the hydrology of the Rock Creek watershed.  Development and calibration of these models 
was achieved using an interactive process whereby information developed from each 
model was incorporated into the other (Figure 1).  This approach allowed each model to 
take advantage of the strengths of the other.  
 
First, recharge to the aquifer computed using HSPF was used as input to the MODFLOW 
model.  Second, groundwater elevations simulated with MODFLOW were compared to 
water levels recorded at wells throughout the study area and model parameters adjusted 
until simulated and recorded levels matched.  Next, groundwater flow paths and amounts 
traveling through the watershed identified in the MODFLOW model were used in HSPF 
and the HSPF model parameters were adjusted until simulated and recorded streamflow 
data matched.  Estimates of groundwater recharge were then recomputed using HSPF and 
the process was repeated until close agreement between the modeled and recorded 
streamflows and groundwater levels was achieved.  MODFLOW model development and 
calibration is documented in the report, Rock Creek Catchment Groundwater Flow Model, 
May 20036. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Schematic of HSPF Surface Water and MODFLOW Groundwater Model 
Interactive Calibration Process 
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Subbasin Definitions 
For purposes of hydrologic analysis, the Rock Creek watershed was partitioned as shown 
in Figure 2.  A previous analysis of the watershed was performed by King County 
Department of Public Works using the HSPF model as part of the Cedar River Basin 
Plan2.  That model was adopted and refined for use in this study.  The nine subbasins used 
in the King County analysis were subdivided to provide a better spatial representation of 
the precipitation inputs and groundwater discharges in the watershed and to provide 
correspondence with the MODFLOW aquifer boundary.  This resulted in delineation of 22 
subbasins for the HSPF analysis presented here.  A detailed topographic survey prepared 
for the City of Kent by Triathalon was used to define the watershed and subbasin 
boundaries, which provides a more accurate representation of the watershed than was 
available previously. 
 
The area within each subbasin was classified into areas of common land cover and 
geologic/soil type called PERLNDS (short for pervious land segments).  The total surface 
area belonging to each PERLND type within each subbasin was computed using land use, 
geology, and topographic overlays in a GIS.  The HSPF model computes the hydrologic 
response of each PERLND within a subbasin on a per-unit-area basis and proportions the 
amount of surface runoff, interflow, and groundwater entering the stream of each subbasin 
consistent with the computed PERLND area totals.   
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Geology  
The geology of the watershed was based on information collected from various existing 
geologic map sources as described by Hart Crowser in their Hydrogeologic Report7 for the 
project.  For hydrologic modeling purposes, each geologic association was assigned to one 
of four categories (till, outwash, ice contact, or wetland) as shown in Table 1.   
 

Table 1 – Surficial Geologic Associations and Relationship to 
HSPF Geology Categories 

 

Geologic Association 
 

Geologic 
Code 

HSPF 
Category 

Advance Outwash Qva Outwash 
Recessional Outwash Qvr Outwash 
Till Qvt Till 
Bedrock Tbr Till 
Ice Contact Qvi Ice Contact 
Wetland Qlp Wetland 

 
Wetlands were also defined as a land cover based on the presence of wetland vegetation.  
Areas defined as wetland based on land cover were assigned to the wetland HSPF 
category regardless of the underlying geology. 
 
Land Cover  
Four land use scenarios were evaluated including historic (1944), 1968, current (1999), 
and future build-out.  Land use for 1944, 1968, and 1999 scenarios were derived by 
analysis of air-photo and GIS coverage of the watershed, prepared for the study by Hart 
Crowser7.  Land use for future build-out conditions was determined based on King County 
zoning maps. 
 
Five land cover categories were considered in analyzing the watershed hydrology; 
impervious, forest, urban grass, wetland, and pasture.  The percentage of each cover 
allocated to the mapped land uses are shown in Table 2.  The effective impervious surface 
areas were determined based on relationships with mapped impervious surface developed 
by Sutherland8.   
    
It was found that there was little difference in the runoff response from the watershed for 
the various land use scenarios examined3.  The reason for this is that the land use density 
in the watershed is mostly rural, and the runoff characteristics have changed little over the 
last 60-years.  In addition, under current zoning ordinances, runoff characteristics would 
be expected to change little in the future.  Another factor mitigating changes to the runoff 
characteristics with urbanization is the highly infiltrative glacial outwash deposits in the 
watershed.  Surface runoff from developed parts of the watershed infiltrates into the 
outwash deposit.  This greatly attenuates the runoff response from urban areas and 
provides some additional groundwater volume in the summer months. 
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Table 2 – Land use and Percentage of HSPF Cover Categories 

Land Use 
Effective 

Impervious Forest Grass Wetland Pasture 
Commercial/Industrial 85% 0% 15% 0% 0% 
Forest 0% 100% 0% 0% 0% 
Grass 0% 0% 100% 0% 0% 
High Density Residential 25% 0% 75% 0% 0% 
Medium Density Residential 10% 0% 90% 0% 0% 
Mixed Grass and Forest 0% 50% 50% 0% 0% 
Railroad and Rails to Trails 10% 0% 90% 0% 0% 
Arterial Roads 50% 0% 50% 0% 0% 
Rural Residential Forest 4% 96% 0% 0% 0% 
Rural Residential Grass 4% 0% 0% 0% 96% 
Wetlands/Open Water 0% 0% 0% 100% 0% 
 
 
Stream Definition/ Channel Routing 
Runoff computed by the HSPF model is routed through the stream system using a 
Kinematic Wave hydrologic routing algorithm.  The principal input for this routine is a 
stage-storage-discharge rating table, called an FTABLE, which is developed for each 
subbasin.  In general, channel routing has little effect on hydrograph shape in the Rock 
Creek watershed due to the attenuated nature of the groundwater-dominated discharge.  
FTABLES developed by King County as part of the model developed for the Cedar River 
Basin Plan2 were adopted for use in the current analysis with the exception of the 
FTABLE representing the diversion to the Green River near the Rock Creek headwaters.   
 
A diversion channel was constructed downstream of the outlet of subbasin R8 in the early 
1960’s and remained in operation until 1995 when it was dammed.  This channel 
discharged a maximum of about 3 cfs to the Green River basin with the diversion drying 
up during times of low flow.  The diversion was included in simulations for time periods 
when it operated historically.  The discharge characteristics of the diversion channel were 
based on field survey performed as part of this study  
 
Development of Precipitation Timeseries for Hydrologic Analyses 
Mean annual precipitation maps developed by Oregon Climate Service9 using a GIS 
analysis approach, called PRISM, were used to define the variability of precipitation over 
the Rock Creek watershed (Figure 3).  Mean annual precipitation varies from 52 inches to 
68 inches in an easterly direction across the watershed in response to the orographic 
influence of the Cascade Mountains.  The watershed mean annual precipitation was 
determined to be 59 inches using the PRISM information.   
 
Timeseries representative of the areas of the watershed with mean annual precipitation of 
56 inches and 60 inches were developed by scaling hourly precipitation data collected 
from 1954 through 1998 at the Landsburg Gage (station number 45-4486) using a series of 
scaling functions.  Evaporation timeseries for the same period were developed using a 
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stochastic computation approach whereby daily evaporation was generated in a manner 
that preserved the daily and seasonal variability while accounting for differences observed 
on rainy versus rain-free days.  Details regarding the development of the precipitation and 
evaporation timeseries can be found in the report; Extended Precipitation Time-Series for 
Continuous Hydrological Model in Western Washington, MGS Engineering Consultants, 
Inc., 200210,11. 
 
The majority of the hourly Landsburg precipitation record was missing for the February 
2002 to February 2003 calibration period.  Data from the daily gage at Landsburg was 
disaggregated to hourly and used as input to the model for this period.  The diaggregation 
was performed by distributing the daily data according to the observed hourly pattern at 
King County gage 31Z, which is located approximately three miles north of the Rock 
Creek watershed. 
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HSPF Model Representation of the Clark Springs Water Supply System 
A map of the Rock Creek watershed showing model subbasins and the location of the 
Clark Springs Water Supply System (CSWSS) is shown in Figure 1.  The CSWSS 
includes a structure called the infiltration gallery that is buried about 17 feet below the 
ground surface (Figure 4).  Flow enters the infiltration gallery by gravity (without 
pumping) effectively capturing a portion of the groundwater flowing in the aquifer 
through and above the gallery.  Capture of the groundwater results in a reduction of the 
groundwater head near the gallery leading to a reduction of the local base flow to Rock 
Creek.  Thus, the water withdrawn from the infiltration gallery is composed of surface 
flow in Rock Creek and groundwater flow in the gravels above the intake pipe.  The Clark 
Springs facility also includes three wells that draw water from a depth of 30 to 60 feet 
from the unconfined aquifer beneath the facility.  These wells are seldom used and the 
majority of water supply withdrawals are taken through the infiltration gallery.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Cross Section of Rock Creek in Vicinity of Clark Springs Infiltration Gallery 
Showing Contribution of Streamflow and Shallow Groundwater 

 
The hydraulic characteristics of the Shallow Groundwater Reservoir indicated in Figure 4 
were developed with essentially a bi-modal response depending on the amount of 
groundwater in the system.  Based on withdrawal tests it was found that during the wet 
season when the regional groundwater is high, the streamflow response to water supply 
withdrawals is relatively quick, with a lag of approximately 2 days between the time when 
a demand is applied and the full effect is observed in the simulated streamflow7,12.   
 
In the summer and early fall months, there is a much longer lag between the time when 
withdrawal is applied and the response is seen in the streamflow.  The longer lag is the 
result of the groundwater falling below the stream bottom and being less hydraulically 
connected to the creek.  Under this condition, a lag of more than 100 days was observed 
between a change in withdrawal and streamflow rate7,12.   
 

Streamflow
∇ 

Clark Springs Intake 

17 ft Regional 
Groundwater 
Reservoir 

Shallow 
Groundwater 
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HSPF Model Schematic 
Simulated streamflow in Rock Creek and groundwater in the gravels above the infiltration 
gallery were available for withdrawal by the Clark Springs infiltration gallery.  The 
remaining surface flow after applying the water supply withdrawals represented the flow 
in the perennial reach of Rock Creek through Subbasin R1, downstream of the CSWSS.  
Within this portion of the watershed, there was minimal additional runoff due to the 
predominant outwash deposits.  In addition, the groundwater recharge in Subbasin R1 
mainly appears to flow to the Cedar River, with very little entering Rock Creek.   
 
A schematic of the HSPF model representation of the Rock Creek watershed is shown in 
Figure 5.  Based on an examination of the catchment geology and the MODFLOW 
results6, several flow paths were identified that remove groundwater from the catchment 
upstream of the Clark Springs Watershed.  These included: 
 

• Subbasin R3E – All groundwater from this subbasin flows north to the Cedar River 
missing the Clark Springs Watershed, 

• Subbasin R3F – A portion of the groundwater flows north to the Cedar River 
through this subbasin, 

• Subbasin R4A – A portion of the groundwater flows southwest towards 
Ravensdale Lake through this subbasin. 

 
HSPF model calibration results are presented in the following sections. 
 
 
 
 
 
 
 
 
 
 



  
 

R
8 

R
R

1 

R
R

2 

R
6

R
5B

 

G
W

11
1

R
5C

G
W

11
2

R
5D

 

G
W

11
3 

R
4A

G
W

10
8

R
4B

 

G
W

10
9

R
5A

 

G
W

11
0

R
3C

G
W

10
5

R
3D

G
W

10
6

R
3F

G
W

10
7 

R
9A

G
W

11
6

R
9B

G
W

11
7

R
3A

G
W

10
3

R
3B

G
W

10
4

R
R

3 

R
R

6 

R
R

8 

R
R

9 

G
R

90
1 

R
2 

To
 G

re
en

 
R

iv
er

C
la

rk
 

Sp
rin

gs
 R
1 

45
%

 to
 L

an
ds

bu
rg

 
an

d 
R

av
en

sd
al

e 
C

ha
nn

el
s 

G
W

10
1 

C
ed

ar
 R

iv
er

 

10
%

 

90
%

 to
 C

ed
ar

 R
  

Fi
gu

re
 5

 –
 S

ch
em

at
ic

 o
f H

SP
F 

M
od

el
 R

ep
re

se
nt

at
io

n 
of

 R
oc

k 
C

re
ek

 W
at

er
sh

ed
 

P 

S,
I 

P

P 
P 

P 

P 
P 

P 
P 

P 

P 

P 
P 

P 

L
eg

en
d 

P 
P 

P 
P 

R
7D

R
7A

R
7B

 

G
W

11
5R

7C

P 

P 
P 

55
%

 

P 
P 

P 
P 

P 
P 

C
O

PY
 1

 

P 
P 

P 

R
3E

To
 C

ed
ar

 
R

iv
er

G
R

 9
00

 
P 

P R
8

R
un

of
f/R

ec
ha

rg
e 

Su
bb

as
in

 ID

R
R

1 
R

ou
tin

g 
R

ea
ch

 
 N

um
be

r 

G
ro

un
dw

at
er

  
Pe

rln
d 

N
um

be
r 

G
W

11
1

G
R

 9
00

 

C
la

rk
 

Sp
rin

gs
D

iv
er

si
on

  
(N

at
ur

al
 a

nd
 A

rti
fic

ia
l) 

G
ro

un
dw

at
er

 
R

ea
ch

Su
rf

ac
e,

 In
te

rf
lo

w
 

an
d 

G
ro

un
dw

at
er

 
C

om
po

ne
nt

s 

P 

G
ro

un
dw

at
er

 
C

om
po

ne
nt

 
G

W
 

Su
rf

ac
e 

an
d 

In
te

rf
lo

w
 

C
om

po
ne

nt
s 

S,
I 

C
O

PY
 1

 
Su

m
m

at
io

n 
of

 
Fl

ow

(N
ot

e:
  D

iv
er

si
on

 to
 

G
re

en
 R

iv
er

 
B

lo
ck

ed
 in

 1
99

6 )
 



 

 Page 12  
  

HSPF MODEL CALIBRATION 
 
Calibration of the HSPF model was performed to ensure that the hydrologic processes 
simulated by the model were representative of the conditions in the Rock Creek 
watershed.  In particular, the model must be capable of simulating withdrawals from the 
CSWSS and predicting low-flow conditions downstream.  Hourly precipitation data were 
used as input to the model and the model parameters adjusted until simulated and recorded 
flow rates matched as closely as possible.   
 
Calibration Periods/Data Availability 
Previous model calibration efforts3,4 utilized data collected over three periods (Table 3).  
Calibration of the HSPF model was performed separately on each time period based on 
the availability of flow data.  The same runoff parameter set was used for each calibration 
period with variations only for land use, the amount of withdrawals for water supply, and 
the presence or absence of the Green River diversion channel.  
 
Recently, it was discovered that the streamflow measurements used previously in the 
second calibration period (water years 1986-1998) were over-estimated by up to 2.5 cfs 
due to downstream backwater at the Clark Springs flume.  This streamflow information 
was corrected and the model recalibrated.  Model calibration results presented in this 
report reflect the corrected streamflow data. 
 

Table 3 – HSPF Model Calibration/Validation Data Summary 
Calibration 

Period 
Calibration 
Flow Gage 

Clark Springs 
Withdrawals 

Precipitation 
Input* 

Water Year 1955-1965 USGS 12118500, Mean Daily 
USGS 12118400, Mean Daily 0.0 cfs – 0.5 cfs Hourly Landsburg

(Station 45-4486) 

Water Year 1986-1998 Flume at Clark Springs, 
Instantaneous Daily Reading 

Withdrawal Records 
Used, Varied Daily, 

6.2 cfs Average 

Hourly Landsburg
(Station 45-4486) 

February 1, 2002 – 
February 28, 2003 

USGS 12118400  
(Flume at Clark Springs) 
Recorded at 15-Minute 

Timestep, Aggregated to 1-
Hour Timestep 

Recorded at 15-
Minute Timestep, 
Aggregated to 1-
Hour Timestep 

Daily Landsburg 
(Station 45-4486) 

Disaggregated 
Using King 

County Gage 31Z 
*Precipitation records were scaled to represent areas of 56 and 60 inches mean annual precipitation 
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Model Simulation of Clark Springs Pump Test  
An HSPF reservoir routing element was used to simulate the apparent storage in the 
regional groundwater table that could not be accounted for with the HSPF groundwater 
simulation routine.  When rain begins in autumn, there is a significant delay before the 
aquifer fills to the point it discharges to the creek.  This was simulated using a routing 
element with volume/discharge (FTABLE) characteristics computed using the HSPF 
groundwater routine then refined through calibration.  This approach added the flexibility 
to include more storage volume to provide the observed delayed response in the 
groundwater observed in the early fall. 
 
A second reservoir element was included to simulate the flow attenuation that occurs as 
groundwater is withdrawn through the gravel above the intake.  Water from the Regional 
Groundwater Reservoir and streamflow from Rock Creek are fed into the Shallow 
Groundwater Reservoir.  Water remaining in the Shallow Groundwater Reservoir after 
applying withdrawals from Clark Springs is discharged back to Rock Creek.  
 
The hydraulic characteristics of the Shallow Groundwater Reservoir used in the model 
were developed during the model calibration process.  The hydraulic characteristics were 
verified by simulating withdrawal tests performed during a time of moderate discharge in 
Rock Creek (May 2001) and low discharge in Rock Creek (August 2004).  The tests were 
performed by City staff by increasing the withdrawal through the Infiltration Gallery and 
monitoring the resulting change in streamflow at the flume for several days.  The 
depletion ratio was computed by Hart Crowser as the change in observed streamflow at a 
subsequent time (dQ) divided by the change in withdrawal rate (Q) (Hart Crowser, 
200412).  The depletion ratio varies with elapsed time as shown in Figure 6a, which was 
computed using data from the May 2001 and August 2004 tests.   
 
Model simulation of the withdrawal tests performed in May and August of a typical water 
year (1995) showed close agreement with the observed lag times (Figure 6b).  The 
simulated withdrawal responses shown in Figure 6b were computed using climatic data 
from water year 1995, because data from the hourly Landsburg precipitation gage used as 
input to the hydrologic model were not available for 2001 and 2004 when the tests were 
actually performed.  The simulated results shown in Figure 6b would be similar for other 
water years as well.  Simulation of the infiltration gallery tests showed that the model is 
accurately replicating the physical processes of the water withdrawal at the Clark Springs 
infiltration gallery.   
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Figure 6a – Clark Springs Infiltration Gallery Recorded Withdrawal Tests, 
May 2002 and August 2004 

Data points represent Recorded Streamflow Change Computed as dQ/Q 
Where: dQ=The Change in Observed Streamflow from the Start of the Test 

Q=The total Change Applied to the Withdrawal Rate 
(Figure Developed by Hart Crowser 7,12) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6b – Clark Springs Infiltration Gallery, HSPF Simulated Withdrawal Tests, 
May 1995 and August 1995 

(dQ= The Change in Observed Streamflow from the Start of the Test 
Q=The total Change Applied to the Withdrawal Rate)  

 

Figure 2 - Simulated Rock Creek Streamflow Depletion
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HSPF Model Calibration Approach 
Data from water years 1955-1965 and corrected data for the 1986-1998 period were used 
to calibrate the model.  A third period (February 1, 2002-February 28, 2003) was used to 
validate the calibration.  The 2002-2003 period represented a rigorous test for the model 
since it was one of the driest on record and included streamflow augmentation, a practice 
that did not begin until after the second calibration period. 
 
After the model was validated, the 2002-2003 validation period was used to further refine 
the model calibration.  This approach allowed for validation of the initial calibration 
parameter set and allowed for use of the validation data to further refine the accuracy of 
the model.  The sections that follow present the initial model calibration, validation, 
followed by the final calibration achieved using the validation period to further refine the 
model calibration. 
 
Initial HSPF Model Calibration Results Water Years 1955-1965 
The HSPF model was calibrated to data collected from the 1955-1965 period using mean 
daily streamflow information from USGS gage 12118400 located at SR 516 and gage 
12118500 located near the mouth of Rock Creek.  No withdrawals were simulated with 
the HSPF model prior to the development of the Clark Springs water supply system in 
1957.  Records documenting the quantity of flow withdrawn did not begin until 1968 so 
the quantities withdrawn were unavailable for this period and the withdrawal rate was 
estimated through calibration to range from 0.0 to 0.5 cfs. 
 
Calibration plots comparing simulated and recorded flows are shown in Figures 7-10.  In 
general, close agreement was achieved between simulated and recorded hydrograph shape, 
summer low flows, and timing of peaks.  In particular, very close agreement was achieved 
at USGS gage 12118400 located immediately downstream of Clark Springs (Figures 7-8).   
 
It should be noted that this period reflects essentially natural conditions.  The HSPF 
computational algorithms were quite successful in simulating the natural watershed 
conditions.  The construction of the infiltration gallery, withdrawals for water-supply, and 
initiation of low-flow augmentation, which were present in later calibration periods, 
increased the difficulties and uncertainties of modeling this interactive surface-water and 
ground-water system.    
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Figure 7 – Initial HSPF Model Calibration 
Rock Creek at SR 516 (USGS 12118400), Water Years 1957 through 1962 (mean daily discharge) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 8 – Initial HSPF Model Calibration 
Rock Creek at SR 516 (USGS 12118400), Water Years 1957 through 1962 (mean daily discharge) 
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Figure 9 – Initial HSPF Model Calibration 
Rock Creek Near Mouth (USGS 12118500), Water Years 1955 through 1965 (mean daily discharge) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 10 – Initial HSPF Model Calibration 
Rock Creek Near Mouth (USGS 12118500), Water Years 1955 through 1965 (mean daily discharge) 
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HSPF Model Calibration Results Water Years 1966-1973 
Streamflow data were available at USGS gage 12118500, located at the mouth of Rock 
Creek for the period 1966 through 1973.  This period was broken out separately because 
the withdrawals at Clark Springs increased, and a channel was constructed at the outlet of 
Subbasin R8, which diverted a portion of the surface flow to the Green River.  The 
calibration ended in 1973 because operation of USGS gage 12118500 was discontinued.  
Land use corresponding to 1968 conditions was used for the simulation of this period. 
  
Withdrawal rates simulated in the model for 1968 through 1973 were based on monthly 
records kept by the City of Kent.  Records of the quantity of flow withdrawn were not 
available prior to 1968, therefore the average quantity withdrawn was determined through 
calibration to be 2.0 cfs in 1966 and 2.5 cfs in 1967.   
 
Figure 11 shows that simulated summer low flows were typically higher than recorded for 
this period.  A scatter plot comparison between simulated and recorded mean daily 
discharge (Figure 12) shows a model over-prediction bias with the highest percentage 
error at low discharge rates (less than about 10 cfs).   
 
The over-prediction bias could not be corrected for this calibration period without 
introducing errors and bias into the simulations for the other calibration periods.  For 
example, if the parameters controlling the discharge from the outwash were changed such 
that the summer low flow values better matched the recorded for this period, then the 
model would underestimate summer low flows for 1955-1965 and 1985-1998 simulation 
periods. 
 
Annual withdrawal rates in the 1966 through 1973 period were roughly half of current 
levels with nearly average annual precipitation.  Given this input data, it makes no 
physical sense that the gaged minimum low flows would be lower for this period than the 
1985 to 1998 period when withdrawal rates were nearly double.     
 
After reviewing the calibration results for this period, and recognizing the likely sources 
of data input error, it was decided to utilize the calibration results from the 1955-1965 and 
1985-1998 periods where greater confidence could be placed in the basic data inputs.  The 
data from USGS gage 12118500 from 1966 through 1973 were not used for model 
calibration. 
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Figure 11 – HSPF Model Calibration 
Rock Creek Near Mouth, Water Years 1966 through 1973 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 – HSPF Model Calibration 
Rock Creek Near Mouth, Water Years 1966 through 1973 
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Initial HSPF Model Calibration Results Water Years 1985-1998 
Flow data collected at Clark Springs by the City of Kent were used to calibrate the HSPF 
model for the period from 1985 through 1998.  Discharge measurements were made once 
daily by the City of Kent using a Parshall flume located immediately downstream of the 
project and used as an estimate of the average streamflow for the day.  Data for this period 
used in previous model calibration efforts were found to be over-estimated by up to 2.5 cfs 
due to backwater effects at the flume.  The data were corrected for the model calibration 
presented in this report. 
 
The flume generally provides reasonable estimates at low discharge; however, the 
capacity of the flume was exceeded during many winter storms when the streamflow 
exceeded 35 cfs.  Periods of missing data also occurred from time-to-time, which made it 
difficult to compute meaningful runoff volume statistics for comparison with the 
simulated flows.  The 1999 land use coverage was used for this calibration period.   
 
In general, the timing and magnitude of simulated summer low flows matched the data 
recorded at the flume (Figures 13 and 14).  More variability between simulated and 
recorded was noted in this period relative to the previous calibration period.  This is likely 
due to the added uncertainty of the streamflow measurements which were taken once per 
day during this period, as compared with the continuous streamflow measurements used in 
the previous calibration periods and the higher rates of withdrawal that occurred from the 
CSWSS.



 

 Page 21  
  

0.1

1

10

100

0.1 1 10 100

Recorded (cfs)

S
im

ul
at

ed
 (c

fs
)

R2 = 0.70

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 – Initial HSPF Model Calibration 
Rock Creek at Clark Springs Flume, Water Years 1986 through 1998 

(Recorded Mean Daily Withdrawal was used in the HSPF model to Simulate  
Clark Springs Water Supply Operations) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 14 – Initial HSPF Model Calibration 
Rock Creek at Clark Springs Flume, Water Years 1986 through 1998 

(Recorded Mean Daily Withdrawal was used in the HSPF model to Simulate  
Clark Springs Water Supply Operations) 
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HSPF Model Validation Results February 2002-February 2003 
Model input calibrated to the previous periods (1955-1965 and 1986-1998) was validated 
using data collected from February 1, 2002 through February 28, 2003.  The 2002-2003 
period included streamflow augmentation, a practice that did not begin until after the 
second calibration period.  During times of low streamflow, the City diverts a portion of 
the flow from the infiltration gallery back to the stream to augment streamflow. 
 
The fall of 2002 was exceptionally dry and represented a rigorous test for the model.  
Figure 15 shows the cumulative departure from the mean precipitation beginning March 1, 
2002.  Precipitation in the fall of 2002 was well below normal with a maximum 
cumulative deficit of 10.6 inches reached by early December.  The precipitation that did 
fall during the autumn months resulted in little increase in streamflow.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15 – Cumulative Precipitation from March 1, 2002 
Expressed as Cumulative Departure from the Mean 

(Precipitation from King County Gage 31Z) 
 
The majority of the hourly Landsburg precipitation record, which was used as input to the 
model for the previous calibration periods, was missing for the February 2002 to February 
2003 period.  Data from the daily gage at Landsburg was disaggregated to hourly and used 
as input to the model for this period.  The disaggregated precipitation used as input for this 
period likely added additional simulation error relative to the previous calibration periods. 
 
Results of the model validation (Figures 16 and 17) shows that the streamflow 
augmentation practice is well addressed by the model, with a close match between 
simulated and recorded streamflow during the summer and fall months.  Model over 
simulation of streamflow near the end of the augmentation period is likely due to 
precipitation variability, with higher precipitation falling at the gage than over the Rock 
Creek watershed. 
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Figure 16 – HSPF Model Validation, Rock Creek at Clark Springs Flume  
February 2002-February 2003 

(Hourly Recorded Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17 – HSPF Model Validation Rock Creek at Clark Springs Flume 
February 2002-February 2003 

(Hourly Recorded Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 
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FINAL HSPF MODEL CALIBRATION RESULTS 
 
This section presents the results of the final model calibration achieved using the 2002-
2003 validation period to further refine the model predictions.  In general, the final model 
calibration was improved relative to the initial results presented previously.  Final 
calibration plots comparing simulated and recorded streamflows are shown in Figures 18-
25.  A comparison between simulated and recorded low-flow runoff volume for the 1955-
1965 calibration period is presented in Tables 4a and 4b.  Volumetric comparisons for 
later calibration periods were not included because of gaps in the streamflow record.  In 
general, the hydrograph shape, summer low flows, and timing of peaks were improved 
over the initial calibration.  Final HSPF runoff parameters are summarized in Tables 5a 
and 5b. 
 
The difference between simulated and recorded discharge varied among the three 
calibration periods with the earlier period (1955-1965) producing the closet match 
between simulated and recorded discharge, with simulated and recorded low-flow runoff 
volume within 5%.  This period represents essentially natural conditions with little 
withdrawal from Clark Springs.  The later calibration periods included withdrawal and the 
2002-2003 period included withdrawal and augmentation.  The withdrawal and 
augmentation data, which were used as model inputs, added additional variability to the 
calibration due to the inherent uncertainty in estimating these values.  
 
The model representation of the shallow groundwater interactions in the vicinity of Clark 
Springs also contributed to differences between simulated and recorded streamflow in the 
calibration.  Simulation of the groundwater/surface water interaction near the Clark 
Springs intake was difficult using HSPF, which was developed as a surface water model.  
The conceptualization of Clark Springs using the HSPF routing elements to represent the 
shallow groundwater reservoir replicated the approximate time lag of withdrawal 
curtailment tests; however, it is a simplified representation of the process by which water 
is withdrawn through the gravel by infiltration gallery.  Nonetheless, this approach does 
provide reasonable accuracy in simulating the Clark Springs Water Supply System as 
evidenced by the close fit between simulated and recorded low flows.  The emphasis of 
this analysis is on low flow periods and the model matched the gage record well during 
these times.  Simulated and recorded discharge rates were within 8% for rates less than 6 
cfs for the February 2002 to February 2003 period (Figures 24 and 25). 
 
In summary, model calibration results show sufficiently close agreement between 
simulated and recorded streamflow for the more than 32-years of data used in the 
calibration indicating that the model accurately simulates Rock Creek streamflow for a 
variety of climatic, withdrawal, and streamflow augmentation conditions.  Thus, the model 
is valid as a tool for examining the effects of water withdrawal and augmentation 
scenarios on streamflow. 
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Table 4a – Comparison of Simulated and Recorded Annual Low-Flow Runoff Volume 
Water Years 1957-1961 (Computed using Discharges Less Than 10 cfs) 

USGS Gage 12118400, Rock Creek Near SR 516 

Water Year 

Clark 
Springs 
Mean 

Withdrawal
(cfs) 

Simulated 
Runoff (inches) 

Recorded 
Runoff 
(inches) 

Percent 
Error*  

1957 0.1 2.11 2.24 -5.8% 
1958 1.3 3.05 3.16 -3.4% 
1959 0.8 1.84 2.05 -10.2% 
1960 0.6 1.46 1.52 -4.2% 
1961 0.5 2.28 2.45 -6.9% 

Average Percent Error -5.4% 
*Computed as (Simulated-Recorded)/Recorded 
 

Table 4b – Comparison of Simulated and Recorded Annual Low-Flow Runoff Volume 
Water Years 1955-1966 (Computed using Discharges Less Than 10 cfs) 

USGS Gage 12118500, Rock Creek Near Maple Valley 

Water Year 

Clark 
Springs 
Mean 

Withdrawal
(cfs) 

Simulated 
Runoff (inches) 

Recorded 
Runoff 
(inches) 

Percent 
Error*  

1955 0 1.87 1.92 -2.5% 
1956 0 2.19 2.23 -1.5% 
1957 0.1 2.10 1.98 6.0% 
1958 1.3 3.21 3.32 -3.3% 
1959 0.8 1.88 1.94 -3.2% 
1960 0.6 1.28 1.23 4.4% 
1961 0.5 2.34 2.44 -4.0% 
1962 0.9 2.62 2.76 -5.3% 
1963 0.4 2.22 2.31 -4.0% 
1964 0.7 1.60 1.81 -11.3% 
1965 0.8 2.07 2.07 -0.1% 
1966 1.9 2.93 2.95 -0.7% 

Average Percent Error -2.4% 
*Computed as (Simulated-Recorded)/Recorded 
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Figure 18 – Final HSPF Model Calibration 

Rock Creek at SR 516 (USGS 12118400), Water Years 1957 through 1962 (mean daily discharge) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 19 – Final HSPF Model Calibration 
Rock Creek at SR 516 (USGS 12118400), Water Years 1957 through 1962 (mean daily discharge) 
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Figure 20 – Final HSPF Model Calibration 
Rock Creek Near Mouth (USGS 12118500), Water Years 1955 through 1965 (mean daily discharge) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 21 – Final HSPF Model Calibration 
Rock Creek Near Mouth (USGS 12118500), Water Years 1955 through 1965 (mean daily discharge) 
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Figure 22 – Final HSPF Model Calibration 
Rock Creek at Clark Springs Flume, Water Years 1986 through 1998 

(Recorded Mean Daily Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23 – Final HSPF Model Calibration 
Rock Creek at Clark Springs Flume, Water Years 1986 through 1998 

(Recorded Mean Daily Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 
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Figure 24 – Final HSPF Calibration, Rock Creek at Clark Springs Flume 
February 2002-February 2003 

(Hourly Recorded Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 25 – Final HSPF Calibration, Rock Creek at Clark Springs Flume 
February 2002-February 2003 

(Hourly Recorded Flow Extracted was used as Input to HSPF to Simulate  
Clark Springs Water Supply Withdrawals) 
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Table 5a – Calibrated HSPF Parameter Set for Pervious Areas with 

(Strikeouts Indicate Changes From Original Parameter Set) 
Pervious Land Type FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC 

Till Forest 0.75 4.50 0.08 400 0.10 0.50 0.997 
Till Pasture 0.01 4.50 0.03 400 0.10 0.50 0.997 
Till Grass 0.01 4.50 0.06 400 0.10 0.50 0.997 
Outwash/Ice Contact 
Forest 0.75 5.00 2.00 400 0.05 0.50 0.997 

Outwash/Ice Contact 
Pasture 0.01 5.00 0.80 400 0.05 0.50 0.997 

Outwash/Ice Contact 
Grass 0.01 5.00 1.60 400 0.05 0.50 0.997 

Wetland 0.75 4.00 2.00 100 0.00 0.50 0.997 
Groundwater Aquifer 0.75 5.00 2.00 400 0.05 0.15 0.997 

                                   
Pervious Land Type PETMAX PETMIN INFEXP INFILD DEEPFR BASETP AGWETP 

Till Forest 0.0 0.0 2.0 2.0 0.0 0.0 0.0 
Till Pasture 0.0 0.0 2.0 2.0 0.0 0.0 0.0 
Till Grass 0.0 0.0 2.0 2.0 0.0 0.0 0.0 
Outwash/Ice Contact 
Forest 0.0 0.0 2.0 2.0 0.0 0.0 0.0 

Outwash/Ice Contact 
Pasture 0.0 0.0 2.0 2.0 0.0 0.0 0.0 

Outwash/Ice Contact 
Grass 0.0 0.0 2.0 2.0 0.0 0.0 0.0 

Wetland 0.0 0.7 10.0 2.0 0.0 0.0 0.7 
Groundwater Aquifer 0.0 0.0 2.0 2.0 0.0 0.0 0.0 

 
Pervious Land Type CEPSC UZSN NSUR INTFW IRC LZETP 

Till Forest  0.20 0.50 0.35 6.00 0.85 0.70 
Till Pasture 0.10 0.25 0.25 6.00 0.85 0.25 
Till Grass 0.15 0.40 0.30 6.00 0.85 0.40 
Outwash/Ice Contact Forest  0.20 0.50 0.35 0.00 0.70 0.70 
Outwash/Ice Contact Pasture 0.10 0.50 0.25 0.00 0.70 0.25 
Outwash/Ice Contact Grass 0.15 0.50 0.30 0.00 0.70 0.40 
Wetland 0.10 3.00 0.50 1.00 0.85 0.80 
Groundwater Aquifer 0.20 0.50 0.35 0.00 0.70 0.80 

 
Table 5b – Calibrated HSPF Parameter Set for Impervious Areas 

Cover Type LSUR SLSUR NSUR RETSC 
Impervious  500 0.01 0.1 0.1 

See Ref 1 for an explanation of the HSPF parameters and their application in the model. 
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CONCLUSIONS 
 
Analyses were conducted using the HSPF hydrologic model to examine and characterize 
the hydrology of the Rock Creek watershed and the effects of water supply withdrawals at 
the City of Kent’s, Clark Springs Water Supply System. 
   
Three separate periods were used to calibrate the HSPF model, which included different 
rates of withdrawal and flow augmentation.  The first period included natural flow 
conditions (essentially no withdrawals), the second included the largest withdrawal rates, 
the third moderate withdrawals with augmentation during an unusually dry autumn period. 
 
Overall, the model calibration results show close agreement between simulated and 
recorded streamflow for the more than 32-years of data used in the calibration indicating 
that the model accurately simulates Rock Creek streamflow for a variety of climatic, 
withdrawal, and streamflow augmentation conditions.  The HSPF model simulated the 
low-flow conditions well within the range of observed historical conditions.  However, it 
becomes increasingly uncertain to estimate low-flows for conditions more severe than the 
observed record. 
 
Thus, the model is valid as a tool for examining the effects of water withdrawal and 
augmentation scenarios on streamflow.  Results of various water supply withdrawal and 
augmentation simulation scenarios will be presented in a subsequent report. 
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PHABSIM / HSPF Linked Operations Analysis Tool 
 
INTRODUCTION 
 
The City of Kent obtains as much as 60 percent of its water supply from Clark Springs, 
located in the Rock Creek watershed.  The City of Kent owns approximately 320 acres of 
land surrounding Clark Springs.  Most of the 7.4 mile length of Rock Creek is intermittent 
and/or ephemeral.  The perennial portion of the creek begins at approximately RM 2.8, near 
the stream crossing at 262 Ave SE, which is upstream of the eastern extent of the City of 
Kent’s Clark Springs property (Figure 1).  The City of Kent withdraws groundwater from the 
Rock Creek basin for municipal water supply purposes on a year-round basis.  These 
groundwater withdrawals, at a minimum, result in a reduction in the level of surface flows in 
Rock Creek during some portions of the year (Hart Crowser 2003a; Hart Crowser 2003b, 
MGS Engineering 2005).  It is widely accepted that changes in surface flows can also result 
in changes in the amount of fish habitat in a stream (Milhous et al. 1984; WDFW and 
WADOE 2003). 
 
The Physical Habitat Simulation (PHABSIM) System is a modeling approach developed by 
the Instream Flow Group of the U.S. Fish and Wildlife Service (USFWS) that relates fish 
habitat to water flow levels (Milhous et al. 1984).  An operations analysis tool that combines 
the output from the Hydrologic Simulation Program Fortran (HSPF) model (MGS 
Engineering 2005) and the PHABSIM system was chosen as the method for assessing the 
effects of the City of Kent’s withdrawals on fish habitat and as a tool for comparing the 
potential effects of alternative flow mitigation measures.  The PHABSIM system is based 
upon species and lifestage specific utilization of three habitat features: water depth, water 
velocity, and substrate type.  It utilizes three models: the Water Surface Profile Program 
(WSP), the Q-V (Flow-Velocity) Hydraulic Simulation Program (IFG-4), and Physical 
Habitat (HABTAT) model.  WSP provides detailed information on depth and transverse 
velocity across a stream cross-section.  It predicts the horizontal distribution of depth and 
mean column velocity over a range of streamflows with one set of field data.  The IFG-4 
model develops the depth and velocity data required by the HABTAT program.  The 
HABTAT program utilizes the species and life stage specific habitat suitability curves.  
Output from the model provides an index of the amount of suitable habitat, called the 
weighted useable area (WUA) that is provided at different flows.  The units for WUA are 
usually reported in square feet per 1000 feet of stream length, but may also be reported as 
the total WUA for a given stream reach. 
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The PHABSIM/HSPF Linked Operations Analysis Tool (PHLOAT) utilizes the daily mean 
flow output from the HSPF model to calculate flow statistics.  A variety of flow scenarios 
were run in the HSPF model including baseline (existing) conditions, no-withdrawal 
conditions, and flow augmentation conditions proposed by the City of Kent as part of the 
HCP.  In turn, the simulated flow statistics allow the calculation of a WUA time series for 
each species and lifestage of interest under each flow scenario.  An overview of the 
PHABSIM/HSPF operations analysis tool is depicted in Figure 2. 
 
METHODS 
 
The PHABSIM system requires depth, mean column velocity, and substrate data along 
cross-sectional transects representative of the habitats found in the stream.  Depth and 
velocity data were collected at three flow levels to use in the calibration of hydraulic models.  
Transects were located at 6 sites between RM 0.2 and RM 2.0 (Figure 1).  PHABSIM site 
information is provided in Table 1.  Data for Sites 1, 2, and 3 were collected during late 2001 
and early 2002.  A review of the sites during the spring of 2004 suggested that the sites were 
representative of run type habitats present within the Clark Springs watershed boundary and 
riffle and run habitat within the Rock Creek Natural Area (Table 2).  However, it was 
determined that supplemental sites would be needed to represent pool habitat and to ensure 
the presence of one site downstream of the City of Seattle’s water pipeline, reaches that are 
heavily utilized by spawning sockeye salmon and have the highest likelihood of utilization 
by spawning Chinook salmon.  The supplemental sites (A, B, and C) were selected to 
include one pool, one run (pool tail-out), and one riffle habitat type. 
 
As indicated earlier, WUA-flow relationships were developed for specific species and life-
history stages of concern.  These species and life-history stages were: 
 

• Chinook salmon spawning, fry, and juvenile; 
• Sockeye salmon spawning; 
• Coho salmon spawning and juvenile; 
• Cutthroat spawning, juvenile, and adult; 
• Bull trout spawning, juvenile, and adult; 
• Steelhead spawning, juvenile; 
• Rainbow trout spawning, juvenile, over-wintering, and adult. 

 
Table 3 describes the source of habitat suitability curves utilized in the analysis.  The 
Washington Department of Fish and Wildlife (WDFW) and Department of Ecology 
(WDOE) have developed a set of recommended habitat suitability curves, known as the 
“Fallback curves,” for use when stream-specific suitability curves are not available, as is the 
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situation for Rock Creek (WDFW and WDOE, 2003).  Two alternative WUA-flow 
relationships were developed for Chinook spawning based upon different habitat suitability 
curves.  One WUA-flow curve is based upon the WDFW and WDOE (2003) Fallback 
curves.  However, Caldwell, et al. (1990), the source for the WDFW and WDOE (2003) 
Fallback curves, note that the depth and velocity curves were based upon curves from the 
Yakima and Sandy rivers, which are much larger than Rock Creek, that were adjusted to 
have a higher suitability for lower velocities and depths using professional judgment.  In 
contrast, the depth and velocity curves known as the “Douglas” curves are based upon 
unpublished data collected by R2 Resource Consultants at a number of smaller streams 
closer in size to Rock Creek.  A comparison (Figure 3) of the curves indicates a higher 
suitability for lower velocities and shallower depths and lower suitability for higher 
velocities under the Douglas curves relative to the Fallback curves.  For completeness, both 
sets of curves were used in the analysis. 
 
The Conservation Plan for WRIA 8 (WRIA 8 Steering Committee 2005) considers Chinook 
fry and their associated habitat to be a critical life stage in the Cedar River and its’ tributaries 
that provide suitable spawning habitat.  However, WDFW and WDOE (2003) do not include 
habitat suitability curves for Chinook fry.  Consequently, fry suitability curves for depth and 
velocity were modified from a recently completed PHABSIM study in the Snake River 
Basin of Idaho (R2 unpublished data).  In that study, suitability curves were established 
following an exhaustive review of available suitability curves and discussions with experts 
in Chinook biology, instream flow studies, and PHABSIM studies in particular.  All 
substrates and all depths over 0.7 feet were considered suitable for fry because the relatively 
narrow water velocity suitability was considered the key factor driving habitat suitability.  
These suitability curves are provided in Figure 4. 
 
The PHABSIM system allows for the calculation of a species and life-stage specific WUA 
versus flow relationship for each transect or for each site, which is a composite of each 
transect within the site.  In addition, composite WUA versus flow curves were developed by 
habitat type (run, riffle, pool; Table 2).  The result is a single WUA versus flow curve that 
represents the entire amount of habitat for a species and life history stage in a stream 
segment of interest.  With this approach, each WUA versus flow curve is weighted by the 
proportion of stream habitat the transect represents.  For example, Site B Transect 3 
represented 20 feet of a pool and the total pool habitat represented by transects was 111.9 
feet.  Consequently, the WUA versus flow curve from this transect had a weight of 0.18. 
 
To complete the composite WUA versus flow curve, the proportion of each habitat type in 
the stream segment of interest was used to weight each composite habitat WUA versus flow 
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curve.  A number of fish habitat surveys have been conducted in Rock Creek (Jones and 
Stokes 1993; May 1996; Pentec 2001).  However, only summary data that were not suitable 
for the current analysis were available.  Consequently, a habitat survey was conducted by R2 
on November 9 and November 10, 2004 when Rock Creek flow levels were approximately 
5.0 cfs at the mouth of Rock Creek and approximately 3.9 cfs at the flume near Kent-
Kangley Road.  Table 4 presents the results of this survey by stream reach.  Cascades were a 
rare habitat and accounted for only about 1.5 percent of the stream length.  Consequently, 
the cascade habitat lengths were combined with the riffle habitat type.  The augmentation 
pipe voluntarily utilized by the City of Kent during low flow periods is located at the break 
between Reach 9b and Reach 10.  Because flow mitigation scenarios are an important part of 
the operations analysis for the HCP, those portions of Rock Creek downstream of the 
augmentation pipe were considered the most critical for the analysis.  Furthermore, operation 
tests have demonstrated that the effect of withdrawals declines rapidly within about 1000 
feet upstream of the infiltration gallery (Hart Crowser 2003a). 
 
The July 2004 operations test also suggested that augmentation flow losses would occur if 
augmentation occurred near the clear well.  During the test approximately 2.0 cfs was 
augmented, but the increase in surface flow at the flume was 1.4 cfs, suggesting 
approximately 30 percent of the augmentation flow was lost to groundwater prior to reaching 
the flume.  An additional test during September 2005 and examination of historical data 
suggests that the amount of loss is variable, but ranges between approximately 30 to 50 
percent of the amount augmented.  As a result of this finding, the City of Kent is planning to 
relocate the outlet of the augmentation pipe during 2006 to a location closer to the flume in 
order to minimize any losses to groundwater near the water supply facilities.  Therefore, 
only Reaches 1 through the Parshall Flume (i.e., includes all but the upper 495 feet of Reach 
9b) were considered when developing a composite WUA versus flow curve for each species 
and life history stage of interest.  A total WUA versus flow curve was calculated by 
multiplying the composite curve (in square feet of WUA per 1000 feet of stream) by the 
length of stream (9,697 feet) divided by 1000. 
 
Figures 5 and 6 provide total WUA versus flow curves for species and life history stages of 
interest.  To provide context to the range of WUA depicted in Figures 5 and 6, the maximum 
amount of surface area of Reaches 1 through 9b using the average bankfull width (29.1 ft) is 
2821,183 ft2.  While the WUA versus flow curves were generated for flows up to 50 cfs, 
some life stages for species of interest may rarely or ever experience flows over some 
portion of the curve during periods when they are present in Rock Creek.  For example, 
Chinook salmon spawning in the Cedar River is generally completed by the end of 
November.  However, based upon the results of HSPF modeling, flows greater than 10 cfs in 
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Rock Creek would be rare prior to November 12, and then with a probability of only 1 in 5 
years even if there were no water withdrawals at Clark Springs. 
 
INCORPORATING HSPF MODELING INTO THE TOOL 
 
As described in MGS Engineering (2005), the HSPF model allows the simulation of mean 
daily stream flows over a 45-year period under different operational scenarios that include 
current baseline operations using mean monthly withdrawal rates, no withdrawals, and a 
scenario consistent with Kent’s flow mitigation proposal (i.e., 3 cfs as a minimum flow 
target during October, November, and December that utilizes flow augmentation as needed 
to meet the target).  Exceedance flow values for these three scenarios are provided in Figure 
7.  Using the total WUA versus flow curves, a daily WUA value can be calculated from the 
simulated daily flow, which in turn allow the calculation of habitat duration (exceedance) 
curves on a monthly basis for each species and life history stage of interest.  Knowledge of 
the periodicity for the different life stages (Table 5) was used to focus the analysis on critical 
months.  For species with life history stages that may be found in Rock Creek throughout the 
year, four representative months (October, January, April, and July) were chosen for 
reporting purposes. 
 
RESULTS 
 
The following describes the results of the analysis under three scenarios: no withdrawals, 
mean monthly historical withdrawals, and the City of Kent’s proposed flow augmentation 
program that targets a 3 cfs minimum flow (provided by up to 2 cfs of flow augmentation) 
during October, November, and December.  Results are presented by species. 
 
CHINOOK 
 
Chinook salmon spawning for the Cedar River system primarily occurs during the months of 
October and November.  Chinook salmon fry typically begin emergence from the gravel as 
soon as late January.  Chinook fry have generally completed outmigration from the Cedar 
River by early June. 
 
The historic distribution of Chinook salmon in Rock Creek is uncertain.  Different sources 
(primarily GIS-based) have placed the upper extent of Chinook spawning at RM 1.3, RM 
0.65, RM 0.27, and RM 0.20.  Documented rationale for these locations is limited (WDFW 
and WWTIT 1994, SSHIAP 2005, Streamnet 2005, and WRIA 8 Steering Committee 2005).  
The latter two locations are in the approximate locations of the SE 248th Street culvert and 
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the Seattle Pipeline culverts.  Both culverts have been cited as partial barriers to anadromous 
fish (Chinook Engineering 2002; King County et al. 1999).  Neither of the culverts are 
considered complete barriers to adult salmon, but instead are cited as partial barriers at some 
flow levels.  However, the SE 248th Street culvert has been recently replaced.  The RM 1.3 
location was based upon the upper extent of the WDFW spawning survey index reach 
(Summit-Landsburg Road; primarily for coho) and not necessarily observations of Chinook 
salmon at that location.  RM 0.65 was the extent examined using the EDT model in the 
WRIA 8 Conservation Plan.  A GIS-based analysis of Chinook spawning habitat in WRIA 8 
suggested that potential use of Rock Creek by Chinook salmon was very unlikely because 
Rock Creek was too small (NOAA Fisheries 2005, personal communication). 
 
Habitat duration curves for two Chinook salmon life stages, two alternative spawning HSI 
curves, and four alternative distributions were modeled.  These were spawning and fry 
through Reach 3 (RM 0.28), Reach 5 (RM 0.67), Reach 8 (RM 1.58), and Reach 9b (RM 
1.85).  The end of Reach 8 was chosen as the end of one alternative distribution because RM 
1.3 occurs in the middle of Reach 8.  The WDFW index reach ends at Summit-Landsburg 
Road (Steve Foley, personal communication), which is an obvious access location, and we 
assumed that river mile discrepancies resulted from different measuring methods (e.g., GIS 
versus a topographic map and map-wheel).  As described earlier, spawning HSI curves 
included the Washington State Fallback curves and the Douglas curves.  Habitat duration 
curves for these life stages through Reach 9b are presented in Figure 8. 
 
The PHLOAT suggests that under current operations the median amount of Chinook salmon 
spawning habitat through Reach 9b is approximately 168 ft2 of WUA during October and 47 
ft2 of WUA during November using the Washington State fallback HSI curves (Table 6).  
Under the Douglas HSI curves, which are believed to be more appropriate for small streams, 
the median amount of Chinook spawning habitat is approximately 2,977 ft2 of WUA during 
October and 1,756 ft2 during November.  Under the proposed flow mitigation, Chinook 
salmon spawning habitat would increase to 1,307 ft2 during October and November using 
the Fallback curves and 9,139 ft2 using the Douglas curves.  These represent a 7.8 to 27.7-
fold increase over Baseline Conditions using the Fallback curves and 3.1 to 5.2-fold increase 
using the Douglas curves. 
 
An analogous analysis for the alternative Chinook distributions indicates the primary 
difference is scalar (i.e., the shorter alternative reach lengths have less total WUA) (Table 7, 
Figure 9).  Under the proposed flow mitigation the amount of total WUA would increase on 
a proportional basis in a similar fashion for each alternative distribution.  Compared to 
Baseline conditions, under the fallback curve the proposed flow mitigation would increase 
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total WUA 7.8 to 8.2-fold during October and 27.7 to 30.8-fold during November depending 
upon the distribution.  Under the Douglas curve, the WUA increase would be 2.9 to 3.1-fold 
during October and 4.7 to 5.2-fold during November. 
 
The analysis also illustrates how differences between the Douglas and fallback HSI curves 
may affect the potential availability of spawning habitat in different reaches.  With the 
Douglas curves, under Baseline conditions over 40 percent of the total WUA downstream of 
the Parshall Flume is accounted for in Reaches 1 through 5 (to RM 0.67) compared to 
approximately 21 percent under the Fallback curves.  In contrast, under the Fallback curves 
Reaches 9 and 9b (up to the Parshall Flume) account for a relatively high proportion 
(approximately 31%) of the total WUA downstream of the augmentation pipe compared to 
approximately 13 percent under the Douglas curves.  This difference results primarily from 
the fact that the Fallback curves have a deeper optimal depth range compared to the Douglas 
curves and consequently reaches with a higher proportion of pool habitat are modeled as 
having more Chinook spawning habitat.  These distinctions are important because there is a 
higher likelihood of Chinook accessing and utilizing the lower reaches in Rock Creek 
because of its proximity to the Cedar River. 
 
Under current operations, the PHLOAT suggests that under median conditions fry habitat 
ranges from approximately 67,024 ft2 of WUA during May to about 75,739ft2 of WUA 
during February (Figure 10).  These amounts represent 91.3 (May) to 99.6 (February) 
percent of the available habitat under the no-withdrawal scenario.  Consequently, the 
analysis tool suggests that withdrawals under the current project operations and the proposed 
HCP have a relatively small effect on fry habitat.  The proposed minimum flows during 
October, November, and December will not affect Chinook fry because they are not present 
during that time period. 
 
During the month of March the median amount of Chinook fry WUA was 9,243 ft2 in 
Reaches 1 through 3, while Reaches 4 and 5 accounted for 12,192 ft2, Reaches 6 through 8 
accounted for 37,118 ft2, and Reaches 9 and 9b up to the Parshall Flume accounted for 
16,166 ft2 (Figure 11).  The trends in WUA over time were similar among the different 
distributions with February having the highest median WUA and May having the lowest.  
Similar to spawning habitat under the fallback curve, the distribution of Chinook fry habitat 
WUA was disproportionate to stream length.  Reach 1 through Reach 3 accounted for about 
16 percent of the stream length, but about 12 percent of the total fry WUA downstream of 
the augmentation pipe.  Similarly Reaches 4 and 5 accounted for about 22 percent of stream 
length and 16 percent of fry WUA.  Reaches 6 through 8 accounted for about 50 percent of 
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the length and about 50 percent of the WUA.  Reach 9 and 9b up to the Parshall flume 
accounted for about 14 percent of the stream length, but about 22 percent of the fry WUA. 
 
COHO SALMON 
 
Coho salmon are present in Rock Creek throughout the year.  Adult salmon may enter Rock 
Creek in late-October, but more generally the spawning migration begins in mid- to late-
November with peak spawning from the second week in December through mid-January (R2 
2003, 2004).  Juvenile coho salmon may rear in Rock Creek for about a year, migrating as 
smolts during the spring following their emergence from the gravel.  Some coho juveniles 
may also emigrate over the year and undergo smoltification within the Cedar River.  The 
availability of coho salmon fry habitat is assumed to be similar to that of Chinook salmon 
fry. 
 
The PHLOAT suggests that under Baseline conditions, the median amount of coho salmon 
spawning habitat is approximately 1,549 ft2 of WUA during November and approximately 
17,917 to 21,628 ft2 of WUA during December to January (Figure 12).  Under the proposed 
flow mitigation, the median amount of coho salmon habitat would increase to 1,868 ft2 of 
WUA during November, but no changes would occur in the median amount of WUA during 
December through February.  These represent a 2.2-fold increase over Baseline conditions 
during November.  Only during years when flows are low (e.g., habitat duration value of 
80% exceedance or greater), the proposed minimum flows during December would increase 
the amount of spawning habitat from approximately 1,549 ft2 of WUA to about 3,417 ft2 of 
WUA or about a 2.2-fold increase over Baseline conditions. 
 
The amount of habitat for juvenile coho salmon is relatively stable throughout the year 
(Figure 13), regardless of the withdrawal scenario.  The PHLOAT indicates that total habitat 
WUA would range between about 9,151 ft2 under drought conditions and 9,988 ft2 under wet 
conditions.  During the high flow winter months, water supply withdrawals result in a small 
increase (e.g., about 281 ft2 during January) in median coho juvenile habitat relative to the 
no withdrawals scenario.  The flow mitigation proposal would provide a small increase (e.g., 
about 469 ft2 during October) compared to the Baseline Conditions. 
 
SOCKEYE 
 
Sockeye salmon spawn in Rock Creek from October through December (R2 2003, 2004).  
Sockeye salmon have been observed to spawn up through Reach 12 in the Clark Springs 
Watershed, however the majority of spawning occurs in Reaches 1 through 4.  Similar to 
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Chinook salmon fry, emergence begins in late January and continues through May with the 
peak of the migration to the Cedar River and Lake Washington occurring during late March 
and early April.  The availability of sockeye fry habitat in Rock Creek is assumed to be 
similar to that of Chinook salmon. 
 
The PHLOAT suggests that under Baseline conditions the median amount of sockeye 
salmon spawning habitat during October is approximately 4,042 ft2 of WUA, while 
November has approximately 2,561 ft2, and December has approximately 52,333 ft2 (Figure 
14).  Under the proposed flow mitigation, the median amount of sockeye salmon habitat 
would increase to about 12,012 ft2 of WUA during October and November, but no changes 
would occur in the median amount of WUA during December.  These represent a 3.0-fold 
increase over Baseline conditions during October and a 4.7-fold increase during November.  
Similar to coho, during years with low flow conditions (e.g., habitat duration value of 80% 
exceedance or greater), the proposed minimum flows during December would increase the 
amount of sockeye spawning habitat from approximately 2,561 ft2 of WUA to about 12,012 
ft2 of WUA or about a 4.7-fold increase over Baseline Conditions. 
 
CHUM 
 
The migration period of chum salmon spans a three-month period from October through 
December.  Chum fry tend to outmigrate to estuarine areas shortly after emergence from the 
gravel (Salo 1991), so it is not expected that chum fry would extensively use Rock Creek for 
rearing if any successfully spawn in the creek. 
 
The PHLOAT suggests that under baseline conditions the median amount of chum salmon 
spawning habitat during October is approximately 5,718 ft2 of WUA, while November has 
approximately 4,985 ft2, and December has approximately 41,657 ft2.  Under HCM-1, the 
median amount of chum salmon habitat would increase to 9,985 ft2 of WUA during October 
and November, but no changes would occur in the median amount of WUA during 
December.  These represent a 1.7-fold increase over baseline conditions during October and 
a 2.0-fold increase during November.  During years with low flow conditions (e.g., habitat 
duration value of 80% exceedance or greater), the proposed minimum flows during 
December would increase the amount of chum spawning habitat from approximately 4,496 
ft2 of WUA to about 9,985 ft2 of WUA or about a 2.2-fold increase over current conditions. 
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STEELHEAD TROUT 
 
Steelhead trout were historically present in Rock Creek, but the current level of utilization is 
uncertain.  If steelhead trout utilize Rock Creek, the population level is likely to be relatively 
low.  The distribution of steelhead trout would likely be similar to coho salmon; i.e., 
approximately near the eastern boundary of the Rock Creek Watershed (RM 2.75).  Rainbow 
trout, the resident life history form of O. mykiss, is present throughout Rock Creek where 
suitable habitat is available.  Steelhead trout in the Cedar River Watershed spawn from late-
January through early-June.  Juvenile rearing occurs throughout the year.  The availability of 
steelhead trout fry habitat in Rock Creek is assumed to be similar to that of Chinook salmon. 
 
Steelhead trout spawning habitat was modeled during April, May, and June using the 
PHLOAT.  During this period the available amount of spawning habitat declines 
concurrently with declines in flow (Figure 15).  Under Baseline conditions, PHLOAT 
estimated the median amount of WUA was 6,937 ft2 for April, 3,015 ft2 for May, and 823 ft2 
for June.  The proposed flow mitigation is not expected to affect the amount of habitat 
available to spawning steelhead trout. 
 
Similar to coho salmon, steelhead trout juvenile habitat is depicted graphically during four 
representative months over the year (October, January, April, and July).  Under Baseline 
conditions, PHLOAT estimated the median amount of WUA was 715 ft2 for October, 7,325 
ft2 for January, 5,375 ft2 for April, and 1,651 ft2 for June (Figure 16).  During the proposed 
flow mitigation period a moderate increase over Baseline conditions is expected during 
October and November (e.g., an additional 613 ft2 of WUA during October). 
 
BULL TROUT 
 
There are no documented observations of bull trout utilizing Rock Creek.  However, rare 
observations of bull trout have occurred in the Cedar River and bull trout are known to enter 
Lake Washington from nearshore areas through the Ballard Locks.  In the upper Cedar 
River, bull trout spawn during October and November and rearing occurs year-round.  The 
PHLOAT estimated the median amount of bull trout spawning WUA was 27,549 ft2 during 
October and 24,825 ft2 during November under Baseline conditions.  Under the proposed 
flow mitigation spawning habitat would increase to 41,117 ft2 of WUA during both October 
and November (Figure 17). 
 
Similar to other salmonids that might reside year-round in Rock Creek, juvenile habitat is 
depicted graphically during four representative months over the year (October, January, 
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April, and July).  Under Baseline conditions, PHLOAT estimated that the median amount of 
bull trout juvenile and adult WUA was 1,952 ft2 for October, 18,597 ft2 for January, 13,837 
ft2 for April, and 4,207 ft2 for June (Figure 18).  During the proposed flow mitigation period 
a moderate increase over Baseline conditions is expected during October and November 
(e.g., an additional 1,474 ft2 of WUA during October). 
 
CUTTHROAT TROUT 
 
Adfluvial and/or fluvial cutthroat trout are known to utilize Rock Creek.  A portion of the 
cutthroat population in Rock Creek may be a resident form that does not migrate to the 
Cedar River or Lake Washington, but there is no documented evidence of both life history 
forms being present.  Cutthroat trout spawn during January and February.  Juvenile and adult 
cutthroat trout may be present in Rock Creek year-round.  The PHLOAT estimated the 
median amount of cutthroat trout spawning WUA was 36,384 ft2 during January and 37,132 
ft2 during February under Baseline conditions (Figure 19).  The proposed flow mitigation is 
not expected to affect cutthroat trout spawning habitat.  During the high flow winter months 
when cutthroat trout spawning occurs, water supply withdrawals result in a small increase 
(e.g., about 2,749 ft2 during January and 4,508 ft2 of WUA during February) in median 
cutthroat trout spawning habitat relative to the no withdrawals scenario. 
 
Similar to other salmonids that might reside year-round in Rock Creek, juvenile habitat is 
depicted graphically during four representative months over the year (October, January, 
April, and July).  Under Baseline conditions, PHLOAT estimated the median amount of 
cutthroat trout juvenile and adult WUA was 325 ft2 for October, 3,722 ft2 for January, 2,782 
ft2 for April, and 920 ft2 for June (Figure 20).  During the proposed flow mitigation period 
the available habitat is expected to more than double over what would be provided under 
Baseline conditions during October and November (e.g., an additional 403 ft2 of WUA 
during October). 
 
RAINBOW TROUT 
 
Resident rainbow trout are present in Rock Creek year-round.  Spawning occurs during late-
February to early-June.  Rainbow trout spawning habitat was modeled during February, 
March, April, and May using PHLOAT.  During this period the available amount of 
spawning habitat declines concurrently with declines in flow.  Under Baseline conditions, 
PHLOAT estimated the median amount of WUA was 34,254 ft2 for February, 30,474 ft2 for 
March, 25,885 ft2 for April, and 17,148 ft2 for May (Figure 21).  The proposed flow 
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mitigation is not expected to affect the amount of habitat available to spawning rainbow 
trout. 
 
Similar to other salmonids that might reside year-round in Rock Creek, rainbow trout 
juvenile habitat is depicted graphically during four representative months over the year 
(October, January, April, and July).  Under Baseline conditions, PHLOAT estimated the 
median amount of WUA was 598 ft2 for October, 4,705 ft2 for January, 3,620 ft2 for April, 
and 1,308 ft2 for June (Figure 22).  During the proposed flow mitigation period, an 
additional 479 ft2 of WUA over Baseline conditions would occur during October. 
 
Overwintering habitat was also modeled for rainbow trout during the months of December 
through March.  The amount of overwintering habitat estimated by PHLOAT during this 
period ranged from 20,297 ft2 to 22,886 ft2 under Baseline conditions (Figure 23).  During 
the high flow months of January, February, and March, water supply withdrawals result in a 
small increase (e.g., about 994 to 1,660 ft2 of WUA) in median rainbow trout overwintering 
habitat relative to the no withdrawals scenario. 
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Figure 1.  Map Rock Creek from its confluence with the Cedar River through the City of Kent Watershed at Clark Springs. 
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Figure 2.  Overview of the PHABSIM/HSPF Linked Operations Modeling tool. 
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Figure 3. Comparison of the Washington Fallback and Douglas County Habitat Chinook Suitability Curves for 
Depth and Velocity. 
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Figure 4. Chinook fry velocity and depth preference curves derived from the Snake River Basin Adjudication 
project (R2, unpublished).  The source of the velocity curve is Beak Consultants (1985) from 
Oregon.  The source of the ascending limb of the depth curve is Raleigh et al. (1986). 
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Figure 5.  Total weighted useable area versus flow in Reaches 1 through 9b of Rock Creek for Chinook salmon 
(top), coho salmon (middle), and bull trout (bottom). 
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Figure 6. Total weighted useable area versus flow in Reaches 1 through 9b of Rock Creek for sockeye salmon 
(top), Steelhead trout (middle), and rainbow and cutthroat trout (bottom). 
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Figure 7. Median (50%), 10%, and 90% exceedance flow values at the outlet of model Reach 2 (Flume) from 

the HSPF model.  “Min3 OND” indicates minimum 3 cfs flows during October November and 
December.  The Min3 OND lines are identical to the Baseline scenario except during those months. 
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Figure 8. Habitat duration curves for Chinook salmon spawning Reach 1 to Reach 9b downstream of the 
Parshall Flume under the state Fallback curves (top) Douglas curves (middle).  The lower graph 
depicts median habitat amounts. 
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Figure 9. Chinook salmon median spawning WUA under three alternative distributions.
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Figure 10. Total weighted usable area for Chinook fry from Reach 1 to Reach 9b downstream of the Parshall 
Flume.  Exceedance values (top); median values (bottom). 
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Figure 11.  Chinook salmon median fry WUA under three alternative distributions. 
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Figure 12. Total weighted usable area for coho spawning from Reach 1 to Reach 9b downstream of the 
Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 13 Total weighted usable area for coho juveniles from Reach 1 to Reach 9b downstream of the Parshall 
Flume.  Exceedance values (top); median values (bottom). 
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Figure 14. Total weighted usable area for sockeye spawning from Reach 1 to Reach 9b downstream of the 
Parshall Flume.  Exceedance values (top); median values (bottom). 



 Appendix F 
City of Kent Clark Springs Water Supply System HCP 
 

 
R2 Resource Consultants, Inc. F-30 
January 24, 2006 

 
Steelhead Trout Spawning

0

5000

10000

15000

20000

25000

30000

35000

10% 20% 30% 40% 50% 60% 70% 80% 90%
Exceedance Value

To
ta

l W
U

A
 (s

q 
ft)

Withdrawals (Baseline)/Apr Withdrawals (Baseline)/May Withdrawals (Baseline)/Jun
No Withdrawals/Apr No Withdrawals/May No Withdrawals/Jun
Min 3 OND Proposal/Apr Min 3 OND Proposal/May Min 3 OND Proposal/Jun

Steelhead Trout Spawning

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

April May June
Month

M
ed

ia
n 

To
ta

l W
U

A
 (s

q 
ft)

Withdrawals (Baseline) Min 3 cfs OND Proposal No Withdrawals

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. Total weighted usable area for steelhead trout spawning from Reach 1 to Reach 9b downstream of 
the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 16. Total weighted usable area for steelhead trout juveniles from Reach 1 to Reach 9b downstream of 
the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 17 Total weighted usable area for bull trout spawning from Reach 1 to Reach 9b downstream of the 
Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 18. Total weighted usable area for bull trout juveniles from Reach 1 to Reach 9b downstream of the 
Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 19. Total weighted usable area for cutthroat trout spawning from Reach 1 to Reach 9b downstream of 
the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 20. Total weighted usable area for cutthroat trout juveniles and adults from Reach 1 to Reach 9b 
downstream of the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 21. Total weighted usable area for rainbow trout spawning from Reach 1 to Reach 9b downstream of the 
Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 22. Total weighted usable area for rainbow trout juveniles and adults from Reach 1 to Reach 9b 
downstream of the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Figure 23. Total weighted usable area for rainbow trout overwintering from Reach 1 to Reach 9b downstream 
of the Parshall Flume.  Exceedance values (top); median values (bottom). 
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Table 1.   PHABSIM Site Information. 

Field Collection Dates 
Mean Measured Flow 

(cfs) 

Site 

Approximate 
Site Location 

(RM) 

Number 
of 

Transects Low Medium High Low Medium High

1 0.4 10 10/30/01 11/16/01 1/24/02 3.8 10.8 29.1 

2 1.6 9  11/16/01 1/30/02 4.5 6.9 34.0 

3 2.0 9  11/19/01 1/28/02 2.1 7.1 29.4 

A 0.2 3 8/11/2004 5/5/2004 6/3/2004 2.7 5.6 10.7 

B 0.6 3 8/11/2004 5/5/2004 6/3/2004 2.6 6.3 10.6 

C 0.7 3 8/11/2004 5/5/2004 6/3/2004 2.8 6.3 10.9 
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Table 2.  Transect Habitat Type. 

Site Transect(s) Habitat Type 
Stream Length 

Represented (ft) 
1 1 Riffle 3.4 
1 2 Riffle 8.2 
1 3 Riffle 7.4 
1 4 Riffle 7.5 
1 5 Riffle 10.0 
1 6 Riffle 7.9 
1 7 Riffle 5.8 
1 8 Riffle 6.7 
1 9 Riffle 5.9 
1 10 Riffle 2.1 
2 1 Run 7.4 
2 2 Run 12.0 
2 3 Riffle 9.5 
2 4 Riffle 9.3 
2 5 Run 13.8 
2 6 Riffle 16.4 
2 7 Riffle 10.4 
2 8 Riffle 7.7 
2 9 Riffle 4.3 
3 1 Run 7.2 
3 2 Run 12.1 
3 3 Run 12.3 
3 4 Run 13.4 
3 5 Run 12.9 
3 6 Run 13.4 
3 7 Run 18.1 
3 8 Run 18.9 
3 9 Run 7.4 
A 1 Pool 13.5 
A 2 Pool 40.5 
A 3 Riffle 108.0 
B 1 Riffle 11.5 
B 2 Riffle 19.9 
B 3 Pool 20.0 
C 1 Pool 10.0 
C 2 Pool 27.9 
C 3 Riffle 17.9 
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Table 3.  Habitat Suitability curves Used in the PHABSIM Analysis.  

Species 
Life-History 

Stage Depth Velocity Substrate 

Spawning Douglas County, 
WDFW Fallback 

Figure 1a 

Douglas County, WDFW 
Fallback Figure 1b 

WDFW Fallback Generic 
Salmon Table 2 

Fry Snake River Basin 
Adjudication 

Snake River Basin 
Adjudication 

Snake River Basin 
Adjudication 

Chinook 

Juvenile WDFW Fallback 
Figure 2a 

WDFW Fallback Figure 2b WDFW Fallback Generic 
Salmon and Trout Table 3 

Sockeye Spawning WDFW Fallback 
Figure 9a 

WDFW Fallback Figure 9b WDFW Fallback Generic 
Salmon Table 2 

Spawning WDFW Fallback 
Figure 17a 

WDFW Fallback Figure 17b WDFW Fallback Generic 
Native Char Table 8 

Bull Trout 
Juvenile/Adult WDFW Fallback 

Figure 18a 
WDFW Fallback Figure 18b WDFW Fallback Generic 

Trout Table 7 

Spawning WDFW Fallback 
Figure 4a 

WDFW Fallback Figure 4b WDFW Fallback Generic 
Salmon Table 2 

Coho Juvenile WDFW Fallback 
Figure 5a 

WDFW Fallback Figure 5b WDFW Fallback Generic 
Salmon and Trout 

Table 3 

Spawning WDFW Fallback 
Figure 10a 

WDFW Fallback Figure 10b WDFW Fallback Table 5 

Steelhead 
Juvenile WDFW Fallback 

Figure 11a 
WDFW Fallback Figure 11b WDFW Fallback Generic 

Trout Table 7 

Spawning WDFW Fallback 
Figure 15a 

WDFW Fallback Figure 15b WDFW Fallback Generic 
Trout Table 6 Cutthroat 

Trout Juvenile/Adult WDFW Fallback 
Figure 16a 

WDFW Fallback Figure 16b WDFW Fallback Generic 
Trout Table 7 

Spawning WDFW Fallback 
Figure 12a 

WDFW Fallback Figure 12b WDFW Fallback Generic 
Trout Table 6 

Juvenile/Adult WDFW Fallback 
Figure 13a 

WDFW Fallback Figure 13b WDFW Fallback Generic 
Trout Table 7 

Rainbow 
Trout 

Overwintering WDFW Fallback 
Figure 14a 

WDFW Fallback Figure 14b WDFW Fallback Generic 
Trout Table 7 

 



 Appendix F 
City of Kent Clark Springs Water Supply System HCP 
 
 

 
R2 Resource Consultants, Inc. F-42 
January 24, 2006 

 

Table 4.  Length (ft) of Rock Creek in each of five habitat types. 

 HabitatType  

Reach 
Braided 
Channel Cascade Pool Riffle Run/Glide 

Grand 
Total 

Reach 1  17  342  359 

Reach 2   78 390 31 495 

Reach 3  106 54 435 47 642 

Reach 4a   63 196 30 289 

Reach 4b   60 600 39 699 

Reach 5   32 904 58 994 

Reach 6  101 18 570 32 721 

Reach 7    560  560 

Reach 8 1,131  535 950 682 3,298 

Reach 9     158 158 

Reach 9b1 979  66  932 1,977 

Reach 10    216 503 719 

Reach 11   195 34 235 464 

Reach 12 241  258 42 781 1,322 

Reach 13 254  152 55 1,338 1,799 

Grand Total 2,689 224 1,511 5,206 4,866 14,496 

 

                                                      
1  Upstream of the Parshall Flume, Reach 9b included 289 feet of Run/Glide and 206 feet of Braided 
Channel. 
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Table 5. Species and life stage periodicity information used in the PHABSIM/HSPF Linked 
Operations Analysis Tool. 

Species Lifestage Months of Interest 

Chinook Spawning October November   

Chinook Fry February March April May 

Coho Spawning November December January February 

Coho Juvenile September November February May 

Bull Trout Spawning October November   

Bull Trout Juvenile September November February May 

Bull Trout Adult September November February May 

Sockeye Spawning October November December  

Cutthroat Spawning January February   

Cutthroat Juvenile September November February May 

Cutthroat Adult September November February May 

Steelhead Spawning March April May  

Steelhead Juvenile September November February May 

Rainbow Trout Spawning February March April May 

Rainbow Trout Juvenile September November February May 

Rainbow Trout Adult September November February May 

Rainbow Trout Winter December January February March 
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Rock Creek HCP 

Operational Constraints White Paper 

 

I.   Introduction 

In January 2001, as a measure to solidify certainty and reliability of its Clark Springs 

water supply system, the City Council directed staff to prepare a Habitat Conservation 

plan (HCP) with the intention of acquiring an Incidental Take Permit (ITP).  To date, the 

City, with the assistance of its consultant teams, has performed and completed an 

abundant amount of technical studies and analysis surrounding the Rock Creek 

Watershed and operations of the City’s Clark Springs water supply facility. 

 

Negotiations surrounding the HCP and ITP are currently underway with the NOAA 

Fisheries and US Fish and Wildlife (herein after Services).  At the January 6, 2005 

negotiation meeting, a number of questions were raised by the Services which pertained 

to the constraints of the City’s Clark Springs water supply system, and the Kent water 

system as a whole.   

 

Although operational constraints are present within the City’s water supply system, as 

detailed within this paper, the City has been proactive in utilizing its current water supply 

system, to the most efficient extent practicable, to meet its primary obligation of ensuring 

and providing a sufficient supply of water to meet its health and life safety demands 

while also being stewards of the environment.  Stewardship efforts have included, but 

have not been limited to, conservation, education, wellhead protection, re-drilling wells 

to reclaim lost productivity, reducing unaccounted for water, voluntary flow 

augmentation, and participating in regional water supply efforts such as the Tacoma 

Second Supply water project.  In addition, the City has been stewards of the Clark 

Springs property to help maintain the habitat for aquatic and terrestrial species within the 

watershed. 

 

II.   Description of the Watershed 

A. Location 

The Rock Creek Watershed is located southeast of Maple Valley on the eastern portion of 

the Covington Uplands within the southeastern portion of the Puget Sound lowland where 

it merges into the glaciated foothills of the Cascade range.  The watershed lies between 

the Cedar River to the north, and the Green River to the south.  The mouth of Rock Creek 

enters the Cedar River on the left bank of River Mile (RM) 18.15.  The watershed is 

approximately 15.68 square miles based on maps created at 5-foot contour intervals 

commissioned by the City of Kent.   

 

B. Shallow unconfined aquifer 

The unique geologic history of the Rock Creek watershed has played a significant role in 

shaping the watershed and creating complex conditions.  To understand the aquifer, one 

must also understand the geology.  This is an extremely brief overview of the geology.  
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For a more detailed description, please refer to the Hydrology of Rock Creek Report, 

dated May 1, 2003, completed by Hart Crowser. 

 

The geology of the watershed consists of consolidated Tertiary bedrock overlain by 

unconsolidated sediments deposited during the Quaternary period (the last 750,000 

years).  The small hills that surround the watershed are made up of the Tertiary (approx. 

1.6 to 65 million years before present) bedrock.  Approximately 15,000 years ago, the 

Vashon glacial advance deposited sediments within the watershed (Hart Crowser, 2003).  

These deposits generally included till on the bedrock hills surrounding the watershed and 

recessional outwash deposits in the valley.  These recessional outwash deposits in the 

valley comprise the aquifer in which Clark Springs is located.  Generally the aquifer is 

highly transmissive, shallow, and unconfined. 

 

C. Precipitation driven system – variability  

1. Clark Springs System 

The temperate climate of the Puget Sound Lowland, exemplified by generally mild 

temperatures with wet winters and dry summers are typical of the watershed area. 

Recently there have been some notably dry years (e.g., 2001 and 2002), with rainfall 

substantially below normal.   

 

While other water purveyors in the region who have secured HCP’s have water sources 

that are dependent on snow pack, Kent’s aquifers are dependent on winter precipitation in 

the form of rain.  The typical wet season in the Puget Sound region lasts from 

approximately October to March.  The foothills surrounding the Rock Creek watershed 

are not high enough in elevation to accumulate any sustainable snowpack to recharge the 

aquifer later in the year.  The tallest foothill in the watershed is Sugarloaf Mountain at 

1483 ft, located on the eastern boundary of the watershed. 

 

A review of precipitation data from the Landsburg Area identifies a wide range in 

potential precipitation.  The recorded data at Landsburg (1934-2004) shows a large 

variation in monthly and seasonal precipitation totals.  For example, the maximum 

amount (17.5 inches) of precipitation in the month of January has a great deal of 

variability from the minimum amount of precipitation (1.84 inches).  December has an 

even greater variability with 22.63 inches (max) and 2.03 inches (min), a variability of 

20.60 inches.  This information was collected from the Washington Regional Climate 

Center.  

 

Drastic fluctuations in seasonal and annual precipitation totals also occur in the Rock 

Creek Basin, which is adjacent to Landsburg.  Since the Rock Creek aquifer is dependent 

on frequent rainfall for recharge, it is important to analyze the rainfall record for seasonal 

variation when analyzing the reliability of both surface water and groundwater quantities.  

Aquifer levels in the Rock Creek basin are difficult if not impossible to predict in any 

given year until aquifer levels are at a point where it is safe to assume that the aquifer is 

completely recharged, and then evaluate the duration and quantity of the surface and 

groundwater flows for the remainder of the year. Unseasonable dry periods in late 
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summer, fall and even winter months can easily skew the actual quantities that are 

available, making the actual amount or water available in the aquifer much different from 

the predictions year to year. 

 

2.  Other Kent Water Sources  

Kent’s other sources are a mixture of shallow and deeper aquifers, several of which have 

seasonal variability and precipitation influenced levels similar to Clark Springs. The other 

deeper aquifers are generally less susceptible to seasonal rainfall. However they are 

located in areas of significant development within the urban growth area, and appear to 

be influenced by these external factors such as declining recharge rates and other users 

withdrawing significant amounts of water from the aquifer, lessening the reliability of 

those groundwater sources. 

 

D. No reservoir 

The City of Kent does not have the ability to construct a reservoir in the Clark Springs 

vicinity.  Any water that is available for storage passes through the Clark Springs via the 

groundwater system.  When higher flows are present in the winter, there is no possibility 

for storage in the Clark Springs area due to the high transmissivity of the shallow 

unconsolidated aquifer.   

 

E. Hydrogeology 

1. split system (Cedar/Green) variable 

Groundwater discharges from upper Rock Creek catchment via two major avenues:  The 

Clark Springs Watershed, which flows to the Cedar River, and the Ravensdale valley, 

which flows to the Green River via Ravensdale and Covington Creeks.  Both discharge 

points consist of valleys filled with recessional outwash.  The high transmissivity of the 

sediments allow a substantial amount of groundwater flow to leave the upper catchment 

along these discrete aquifer channels (Hart Crowser, 2003).  It is important to note this 

hydrologic anomaly since not all water that falls within the Rock Creek drainage actually 

flows to the Cedar River.  It is estimated that flow through the Ravensdale channel is 

slightly less in quantity (by 5 to 15 percent) than groundwater flow through the Clarks 

Springs watershed channel (Hart Crowser, 2003). It is also useful to note that some 

quantity of water leaves the basin via other channels, one being the northerly outwash 

channel near Hidden Lake which appears to travel towards the Cedar River drainage.  

 

The groundwater divide between the Cedar River basin and the Green River basin is 

located just west of 268
th

 Avenue SE.  The basin divide actually moves back and forth 

seasonally depending on the level of the water table.   

 

2. High transmisivity 
The outwash plain aquifer above, or east, of Clark Springs has very high transmissivity.  

The amount of water available in the aquifer for surface and groundwater flows is very 

sensitive to recharge by rainfall.  Water flowing through the aquifer is generally water 

that falls during the wet winter months, although summer rainfall can help prolong the 

aquifer decline that occurs every summer.  The system drains relatively rapidly and water 
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stored by the aquifer is gradually released in the following few months, rarely carrying 

over or being stored through the following year.  It should be noted that more water flows 

through the aquifer, and Rock Creek, during the wet winter months than in the summer 

months, primarily due to the rainfall that occurs in the late fall and winter.  

The City of Kent does not have the ability to capture and store the higher flows of winter 

water at the present time.  The highly transmissive aquifer in the Clark Springs area is not 

useful for storing water that could be used during low flow periods.  Any groundwater 

not used for supply remains in the aquifer and continues on in a westerly direction, or 

surfaces as surface flow and travels to the Cedar or Green River.  

3. Variable, limited, and undefined amount of water through Clark 

Springs – not stored, pass through  

As described above, despite significant analysis and study of the Rock Creek basin, there 

remains some level of uncertainty about the aquifer in the area, and the influence that it 

has upon surface and groundwater flows in the basin.  This is due to a number of factors 

that create significant variability and uncertainty in predicting exactly how the aquifer 

will react to certain conditions.  The modeling and analysis performed by Kent has 

certainly helped to better understand this variable and often misunderstood drainage, and 

has provided more certainty in understanding and predicting the response to different 

changes and variations in the areas environment.  The continued collection and analysis 

of data may enhance the ability to better forecast response and effects of changes in the 

environmental conditions in the basin.   

 

F. Kent has no jurisdictional control in watershed except for Clark Springs 

The City owned parcel in which the Clarks Springs water source is located is the only 

part of the watershed where the City has jurisdiction.  The remainder of the watershed 

falls under the jurisdiction of King County, except for a small portion on the west side of 

the watershed located within the City of Maple Valley.  Anything that occurs outside of 

the Clarks Springs property may also fall under the jurisdictions of a state agency 

depending on the proposed activity.  The City of Kent has been, and will continue to 

comment on projects that may have an impact on groundwater resources in which the 

City has a vested interest. 

 

III.   Description of Clark Springs Property 

A. Ownership 

The City of Kent formally purchased the property known as Clark Springs on November 

9, 1954.  On March 18, 1969, the property was annexed into the city for municipal 

purposes by ordinance number 1590. 

 

B. Boundaries/Location 

The Clark Springs source is approximately 320± acres in size and is located near the 

Kent-Kangley Road, just east of the Maple Valley-Black Diamond Road in the 245
th

 

block.  Generally the property is located in the South ½ of Section 25, Township 22 

North, Range 6 East, W.M.  The site is segregated by Kent Kangley Road and by Rock 
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Creek.  Rock Creek flows through the property in a westerly-northwesterly direction.  

The water intake facilities which are located in the mid westerly part of the property 

consist of 3 wells and an infiltration gallery.  The combined production capacity thereof 

is about 7.71 MGD which corresponds to the rights granted under Certificate No. 7660-

A. 

 

C. BPA/easements 

The Bonneville Power Administration obtained two easements across the property in 

1942. The easements run nearly diagonal from the northeast corner to the southwest 

corner. The width of the easement is 375 feet. The BPA actively maintains the property 

within the easement as needed. This maintenance is primarily to control trees and 

vegetation that will have an impact on the safety and integrity of the high voltage 

transmission lines.  Through negotiations with the City of Kent, the maintenance is 

usually done mechanically or by hand and BPA has been amenable to not using 

chemicals for vegetation control within the City of Kent watershed properties.  Another 

easement also runs on the western edge of the property from Kent Kangley to the north 

property line.  This easement is for residential access and sanitary sewer. 

 

IV.   Water Demand Forecast  

As a matter of law, Kent has an on-going responsibility to plan for and develop the water 

supplies necessary to meet its projected demands, as well as to maintain and protect the 

viability of its existing sources.   

 

Water purveyors are required to update their Comprehensive Plans every six years and 

submit them to the Washington State Department of Health, the local regulatory agency 

responsible for the oversight of water systems.  The comprehensive planning process 

includes an evaluation of projected water demands over the next 6 years and a forecast 

for the next twenty years.  Projected water demands are influenced by a wide variety of 

factors, and can often have dramatic changes over just the 6 year period, and certainly 

over a 20 year period.  

 

Realized demand within the Kent water system has been volatile over the last decade for 

a number of factors, some of which include watering restrictions imposed during a 

drought period, an economic downturn which resulted in an eight percent vacancy rate of 

Kent’s commercial core, and the loss of two of its largest water customers.  Although 

these factors have resulted in a short-term decrease in demand, over the long term these 

demands may be realized again.  Furthermore, with Kent’s strong commercial / industrial 

core, and excellent water quality, additional large water users may locate in Kent.  It is 

the City’s responsibility to plan for and develop water supplies necessary to meet these 

potential demands. 

 

Water Efficiency and Conservation 

The City has placed considerable monetary efforts on water efficiency and conservation.  

Both of these areas are key, and should be considered, when projecting for future water 

demands.  The efforts the City has expended to date on conservation is the sole reason the 
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City has not entered into a development moratorium prior to the Tacoma Second Supply 

water being available. 

 

Conservation 

The Kent City Council formally adopted a conservation program in 1993.  However, the 

City’s commitment to conservation has been demonstrated as far back as 1978.  The 

Table below provides a brief description of known conservation activities that have been 

performed to date.   

 

YEAR DESCRIPTION 

2004 - 

Present 

Continued on-going water conservation programs including conservation 

reminders in City utility bills in 2007 and 2008. 

2003 The Kent City Code was amended with Ordinance No. 3656 which includes 

a ten percent (10%) discount on storm and surface water utility charges for 

commercial properties utilizing a rainwater harvesting system. 

2003 The City completed its Conservation Potential Assessment and submitted it 

to the Department of Health, approved by DOH July 14, 2003. 

2001 Best Management Practices (BMP’s) were adopted for the Water 

Department to promote the conservation and protection of endangered 

species. 

2001 Ordinance No. 3553 was adopted by the City Council which limited the use 

of water for landscaping irrigation and lawn sprinkling to odd/even dates 

and any new water meters greater than three inches in diameter would not 

be activated for use until after October 21, 2001.  The ordinance was only in 

effect until October 1, 2001. 

2000 The Water Department began an annual leak detection program.  With the 

said program, approximately $10,000 dollars annually will be allocated for 

consultant leak detection services.  It is the Departments goal to have the 

consultant complete monitoring regularly in order to minimize water losses. 

2000 The City Council adopted a new conservation rate structure that consisted of 

a two-tiered escalating block rate structure.  The rate ordinance also 

included increased water system development charges.  For example, the 

new 1-inch service connection fee is $1,100 and a 10-inch service 

connection fee is $195,558.  These new rates were effective January 1, 

2000. 

2000 The City participated in funding and staffing a one day Water Festival for 

1,400 5
th

 and 6
th

 grade students from South King County.  The event was 

co-sponsored by South King County Regional Water Association purveyors 

and the Covington Water District and has been sponsored by Kent in 

subsequent years. 
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2000 75 low flow toilet rebates were processed. 

2000 56 low water use water rebates were processed. 

2000 24,000 summer watering calendars were mailed. 

2000 48,000 water conservation brochures were mailed. 

2000 The City performed water audits on 22 City facilities.  Retrofits were 

implemented in 2002. 

2000 The City is preparing a water audit for the top 20 commercial water users. 

1999 Leak detection tests were performed on the Kent Springs Transmission 

Main.  The tests identified a leak of approximately 55 gpm.  The repair 

methods are currently being evaluated.  Once the repair is completed, it will 

produce an approximate water savings of 0.079 MGD (88 Acre-feet per 

year) or equivalent to approximately 311 average day demand residential 

connections (79,200 gal / 254 gal per residential connection). 

1999 24,000 summer water calendars were mailed. 

1999 48,000 water conservation brochures were mailed. 

1999 31 low flow toilet rebates were processed. 

1999 51 low water use washing machine rebates were processed.  An additional 

32 low water use washing machine rebates were processed for commercial 

water users. 

1999 An in-concert with the environment program was presented to 1,800 Junior 

High students at three local schools. 

1998 24,000 summer water calendars were mailed. 

1998 48,000 water conservation brochures were mailed. 

1998 Conservation videos were purchased for the conservation library. 

1998 The City, along with Covington Water District, designed and purchased a 

“water drop” costume for fairs, parades, and special events. 

1998 The City developed a rebate program for low flow toilets and low water use 

washing machines. 

1998 Conservation presentations were made at 4 local schools. 

 

1998 The City co-sponsored an in concert with the environment program to 1,800 

Junior High students. 

1998 The City started including water usage history on customer’s water bills. 

1998 The City landscape code was revised to include use of native, low water use 

vegetation and landscaping water requirements, irrigation system design, 
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and performance requirements. 

1997 Seams in the Guiberson Reservoir were resealed.  The leakage was reduced 

from 140+ gpm to 10 gpm or less.  This produced an approximate savings 

of 0.187 MGD (210 Acre-feet per year) or equivalent to approximately 735 

average residential connections (187,200 gal / 254 gal per residential 

connection). 

1997 The Water Department repaired a leak on the Kent Springs Transmission 

Main estimated to be 200 gpm.  This produced an approximate savings of 

0.288 MGD (323 Acre-feet per year) or equivalent to approximately 1,130 

average day demand residential connections (288,000 gal / 254 gal per 

residential connection). 

1997 Mailed 60,000 conservation newsletters to residents and businesses. 

1997 24,000 summer water calendars were mailed. 

1997 48,000 water conservation brochures were mailed. 

1997 Conservation videos were purchased for the conservation library. 

1996 The Kent Springs Transmission Main from Armstrong Springs to Kent 

Springs was replaced with 24-inch ductile iron pipe.  This was the final 

replacement of the original aged and leaking concrete cylinder pipe installed 

in the 1920’s/1930’s. 

1996 Mailed 60,000 conservation newsletters to residents and businesses. 

1996 20,000 summer water calendars were mailed. 

1996 20,000 water conservation brochures were mailed. 

1996 Conservation videos were purchased for the conservation library. 

1996 Conservation presentations were made at 6 local schools. 

1996 The City distributed 200 conservation kits. 

1995 The City and Covington Water District held a two-day conservation 

workshop for 28 Kent School District teachers. 

1995 Mailed 60,000 conservation newsletters to residents and businesses. 

1995 20,000 summer water calendars were mailed. 

1995 20,000 water conservation brochures were mailed. 

1995 Conservation videos were purchased for the conservation library. 

1995 The City co-sponsored a Water Festival with King County in which there 

were 2,000 participants. 

1995 The City distributed 500 conservation kits. 

1994 Conservation program presentations were made to 4,200 students (K-6).  
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1994 18,000 summer watering calendars were mailed. 

1994 18,000 water conservation brochures were mailed. 

1994 The City distributed 1,000 conservation kits. 

1993 The City Council adopted the conservation program. 

1993 Conservation program presentations were made to 4,200 students (K-6). 

1993 18,000 summer watering calendars were mailed. 

1993 18,000 water conservation brochures were mailed. 

1993 The City distributed 1,000 conservation kits. 

1992 The City adopted ordinance #3043, which restructured its water rate to 

reflect a summer surcharge. 

1992 The Kent Springs gallery transmission pipe was slip lined with HDPE pipe. 

1991 Utility Services Association performed a leak study in the downtown area.  

After a complete and thorough survey of the downtown area, the consultant 

found the City system to be in good condition.  The leaks found were 

corrected.  This produced an approximate water savings of 10,080 gpd (3 

Acre-feet per year). 

1990 Replaced 3,578 feet of the Kent Springs Transmission Main with 24-inch 

ductile iron main from 168
th

 Pl. SE to 200 feet west of Armstrong Springs. 

1988-1990 Replaced 20,000 feet of the Kent Springs Transmission Main with 30-inch 

and 36-inch ductile iron main from SE 274
th

 Street to 132
nd

 Avenue SE. 

1986 The Kent Springs Transmission Main was replaced with 2,384 feet of 36-

inch main and 1,070 feet of 30-inch main from 104
th

 Avenue to South 274
th

 

Street. 

1985 The Kent Springs Transmission Main was replaced with 6,665 feet of 24-

inch and 220 feet of 30-inch water main between 152
nd

 Avenue and 132
nd

 

Avenue. 

1983 A new policy providing for connection fee for water service outside the City 

limits was adopted. 

1983 The Kent Springs Transmission Main was replaced with 4,100 feet of 24-

inch ductile iron main from 164
th

 Avenue SE to 152
nd

 Avenue SE. 

1983 The Kent Springs Transmission Main was replaced with 8,000 feet of 24-

inch and 2,000 feet of 36-inch ductile iron main between the Guiberson 

Street Reservoir and 104
th

 Avenue SE. 

1982 The City increased its water rate to $1.64 per 100 cubic feet.   It should be 

noted that said rate was one of the highest in the State of Washington at that 

time. 
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1981 The City adopted Ordinance #2298, which increased the water rate along 

with establishing a new rate structure (switching from a declining block 

structure to a flat rate of $0.82 per 100 cubic feet), established a system 

development charge on new water service connections, and set new permit 

fees. 

1978 The Kent Springs Transmission Main was replaced with 152 feet of 18-inch 

and 781 feet of 24-inch ductile iron main from 164
th

 Avenue SE to 170 

feet west of 167
th

 Pl. SE. 

 

Kent also recognizes the continued need for long term conservation planning to meet 

future water demands.  The City is a partner in Tacoma’s Second Supply Project and 

entered into a multi-agency agreement with the Department of Health to reduce water 

demand by 10 percent by the year 2010.   

 

 

Unaccounted for Water 

The City has gone to great efforts, and takes pride in the results that have been obtained 

in lowering the amount of unaccounted for water.  As can be seen in the table below, the 

percentage of unaccounted for water has been reduced from almost thirteen percent in 

1993 to below five percent in 2008.  At some point in time, a point will be reached where 

the percentage of unaccounted for water bottoms out, which will be above zero, for 

reasons such as human error and/or inaccurate meters.  None-the-less, Kent will continue 

to strive to maintain a low percentage of unaccounted for water. 

 

 

Unaccounted for Water 

Year Percentage 

1993 12.89 

1994 10.17 

1995 12.63 

1996 12.18 

1997 8.60 

1998 8.00 

1999 6.80 

2000 6.53 

2001 4.52 

2002 3.80 

2003 3.37 

2004 3.90 

2005 3.53 

2006 3.11 

2007 4.55 

2008 4.36 
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V. Operational Constraints 

A. Long term constraints based on demand 

The City has evaluated 12 plus years of supply data from the recent past, with data from 

1992 to 2004, to produce a history of reliable or proven water supply from the City of 

Kent Water System.  By analyzing the 12 plus years of supply data, Kent has been able to 

develop a record of monthly variations in water supply, and estimate the reliability of 

those groundwater sources of supply.  This period of time included cyclic weather 

patterns and variability in water system demand, as well as aquifer changes and response 

to withdrawls.   

 

The monthly and annual reliable supply estimate was then compared to the monthly and 

annual demand projections from Kent’s 2002 Comprehensive Water System Plan, 

beginning with demand projections for 2005 and progressing yearly through 2043.  This 

is the estimated date of build out for the City of Kent water system as it exists today using 

a number of factors and estimates in the planning and projection of City growth. Also, it 

should be noted that because of Kent’s large commercial/industrial base of customers, 

growth in the commercial/industrial area can increase demand significantly as new large 

customers connect to the water system, or existing customers add new processes and 

increase demands on the water system. Importantly, it should also be understood that 

demand and growth will not stop in 2043, but changing business demands and elevated 

construction/density of buildings will cause continued increases in demands, albeit at a 

slower rate than earlier projections up through 2043. 

 

This comparison has shown that in 2005, the Kent water system supply is lagging behind 

projected demands by approximately 10 to 20%, spread evenly throughout the year. 

Reoccurring years of drought, declining aquifers, well failures, water right limitations, 

and other constraints have limited the system supply in the past five to ten years. Through 

aggressive conservation, mandatory watering restrictions, and careful management of 

existing water supplies, as well as an unanticipated downturn in the economy and the 

resultant commercial building vacancy rates, Kent has been able to meet the system needs 

without the purchase of emergency water in all but the worst years of drought.   

 

Over-Pumping 

One concern with using the analytical approach cited above is that there have been years 

when deep aquifers have been over pumped to meet the system demands. Often it is 

necessary to rest or lessen the pumping from these aquifers for one to several years to 

allow them to recover, shifting the demand to other sources. In other instances, wells 

have been historically pumped harder in the summer months and then allowed to recover 

through the winter and spring months to be recharged for the next summer months 

demands. To meet the future demand needs by shifting water supply timing and also to 

meet the proposed mitigation measures, it may be necessary to pump a well harder in the 

fall and winter months and then again in the next year spring season, not allowing full 

recharge of the aquifer, with the resultant lessening of water supply reliability.   
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Tacoma – Second Supply Project 
The City of Kent is planning for the completion of the Second Supply Project (SSP), 

which began construction in 2000, with the final installation of the associated 

transmission pipeline, water treatment; water storage and up-stream fish passage 

components, in 2008, at which time the SSP partners in the project will be able to store 

their share of project water in the reservoir behind the Howard Hansen Dam. Kent’s share 

of storage and transmission capacity is approximately 3,850 acre feet, or 12.64 mgd in 

the period from June through September.  Because the down-stream fish passage facility, 

the facility required to move fish through the dam, has not been completed by the US 

Army Corps of Engineers, the partners have a practice of providing half of their stored 

water (1,925 acre-feet for Kent) to the resource agencies for the benefit of fish.  It is 

anticipated that this practice will continue until the down-stream fish passage facility is 

completed and operational.  However, this is a negotiated agreement each year, and there 

is no certainty that the arrangement will continue indefinitely. Also, the US Army Corps 

of Engineers has determined that it will need additional funds ($172 million) for 

completion of the downstream fish passage facility, and is seeking a source for those 

funds at the present time. 

 

In January 2009, during a high pool behind the dam, multiple depressions were 

discovered on the abutment.  An analysis needs to be performed by the Corps to identify 

necessary repairs to the dam/abutment.  The US Army Corps of Engineering has made 

preliminary estimates   of 10 years to make permanent repairs to the dam infrastructure. 

 

An analysis of more than 20 years of historical turbidity levels in the Green River system 

by Tacoma has shown that the months of July and August never have had turbidity events 

that would make this supply unusable because of turbidity levels above 3.5 

Nephelometric Turbidity Units (NTU). The months of June and September are more 

marginal, with periodic instances of unusable water supplies because the turbidity levels 

are high enough to create uncertainty about the effectiveness of the disinfection, or cause 

customer concerns due to turbidity levels. 

 

For the benefit of Tacoma’s direct end customers, the Tacoma Green River Supply 

System, under Tacoma’s first diversion water right, is designed to mix highly turbid 

surface water from the Green River when it exceeds 3.5 NTU before it enters Tacoma’s 

water distribution system.  The Department of Health has set an MCL threshold of 5 

NTU for water entering a distribution system, and the 3.5 NTU trigger that Tacoma uses 

allows a safety cushion for the water system to prevent them from becoming non-

compliant and being required to issue a boil water notice to their customers. In contrast to 

the City of Tacoma’s customers, the water supplied to Kent as part of the SSP does not 

have access to the water used for dilution and/or blending by Tacoma (under its first 

diversion water right), therefore Kent can only use water from the SSP and second 

diversion water right system when turbidity levels stay below 3.5 NTU.  The months of 

October through May are historically much more likely to have significant turbidity 
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above 3.5 NTU, that will preclude the use of SSP water by Kent as a reliable source of 

supply during those months. 

 

Although turbidity levels have not historically been an issue during the month of August 

for the Green River supply, taste, odor, and color issues have been realized in recent 

years.  Storing water behind the dam in the late winter and spring to create a usable water 

supply during the summer is the desire of Kent to receive summer water and meet its 

peaking demands.  When the pool was filled behind the dam over the last several years, it 

has been a reoccurring issue that the increase in water temperature, stratification of the 

pool, and flooding vegetation around the edges of the pool cause an increase in organic 

material in the water resulting in taste concerns and an increase in the level of 

manganese.  The manganese causes the water to appear yellow in color and has exceeded 

the secondary maximum contaminant levels at times.  These taste, odor, and color issues, 

depending on the severity, are often unacceptable to Kent customers, and have caused 

Kent not to use Green River water during the months of August and September at times.   

 

B. System wide constraints – timing sources to provide more water at Clark 

Springs.  
As described in earlier paragraphs, the City of Kent supply demands are based on annual 

yield projections from Kent sources based on historical supply quantities. All water rights 

and claims in the State of Washington are based on annual and instantaneous 

consumption, beginning with each new year. As such, many of Kent’s sources are 

constrained by the annual yield of water up to the water right quantity of the individual 

source.  As more of the source water is used to meet demands earlier in each year, less of 

the remaining water can be used for fall and winter demands.  In a similar fashion, 

sources with a limited quantity of water available, constrained by source capacity, would 

be used to meet the initial demands of the water system, and then be allowed to rest and 

recover their capacity for the following season. Without careful analysis and data 

gathering over a number of years to predict what effects will be under adverse conditions, 

there is inherent risk with attempting to shift water withdrawals to periods that are 

unproven and have the potential to reduce reliability and yield of any given source. A 

factor noted earlier is that the other deeper aquifers are generally less susceptible to 

seasonal rainfall variations. However they are mostly located in areas of significant 

development within the urban growth boundary, and appear to be influenced by growth 

related external factors. These factors would include issues such as declining aquifer 

recharge rates exacerbated by paving and other impervious surfaces created by 

development and growth, and by other users withdrawing significant amounts of water 

from the aquifer, lessening the reliability of those groundwater sources over the long 

term.  

 

C.  Clark Springs constraints 
As described in 2.E Hydrology, the Clark Springs is dependent upon rainfall recharge in a 

specific pattern to produce the yield that would allow for flow augmentation.  A unique 

characteristic of the Rock Creek aquifer that constrains the Clark Springs operations is 

the very high aquifer transmissivity which does not allow storage of groundwater. Peak 
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annual precipitation leaves the aquifer in a matter of months, though Rock Creek is a 

perennial stream from approximately the eastern boundary of the Clark Springs property.  

Another constraint is the unique groundwater divide that shunts a significant portion of 

the groundwater out of the basin to drainages other than Rock Creek. Each of these 

reduce or constrain the quantity of water available in a reliable fashion for the operation 

of the Clark Springs supply and future flow augmentation facilities. 

 

VI.   Meeting Demands 

As a matter of law, Kent has an on-going responsibility to plan for and develop the water 

supplies necessary to meet its projected population growth, as well as to maintain and 

protect the viability of Kent’s existing sources.  Within recent years, however, meeting 

these responsibilities has become a significant challenge due to a combination of factors 

that include: the seasonal and development-based impacts on source aquifers; the 

increasingly stringent and dynamic regulatory environment governing water supply, 

water quality, and water rights, and the implementation of the Endangered Species Act in 

an urbanized setting.  The State’s Growth Management Act also limits development by 

requiring cities to have adequate water supplies prior to additional development. 

 

In 2003, the Municipal Water Law (MWL) was passed by the Washington State 

Legislature.  The MWL had several objectives which included: 

 

 Providing greater certainty to municipal water suppliers regarding the legal status 

and use of their certified water rights; 

 Resolving past regulatory ambiguities regarding the definition of municipal water 

suppliers and municipal purpose water rights; 

 Revising and prescribing the manner in which municipal water supplier service 

areas are to be described in water system plans; 

 Defining the scope of duties and obligations of municipal water suppliers within 

their retail service areas; 

 Providing greater flexibility to how much municipal purpose water rights may be 

used within the service areas of municipal water supply systems; and  

 Prescribing new water conservation and water use efficiency responsibilities and 

reporting requirements. 

 

In June 2008, portions of the MWL relating to the definitions section (RCW 90.03.015) 

(3)(4), and the status of inchoate certificated municipal rights (RCW 90.03.330)(3) were 

struck down by King County Superior Court.  This action occurred pursuant to a facial 

constitutional challenge brought by Tribes and environmental groups. This King County 

Superior Court decision was appealed by all parties in July, 2008 to the Washington State 

Supreme Court.  Given this situation, Kent’s ability to meet its current and future 

projected demands is in jeopardy.   

 

In its efforts to meet the challenges posed by both the natural and regulatory 

environment, Kent has made, and will continue to make, significant investments in 

conservation, source rehabilitation, and the development of new sources of supply as 
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summarized below.  It is expected that the development of new sources will not change 

the City’s reliance on the Clark Springs system for their water supply needs.  

 

A. Surface Water 

The Green River and Cedar Rivers are subject to minimum instream flow rules and/or 

agreements that effectively preclude all new surface water withdrawals beyond those 

occurring during high flow winter months.  Since the City of Tacoma secured a flow-

restricted, seasonal water right on the Green River for its Second Supply/P-5 project in 

the 1980’s, no further surface water applications have been approved by Ecology due to 

on-going concerns relating to flow levels, cumulative impacts, and tribal treaty rights.  

Moreover, because streams tributary to the Green and Cedar Rivers have been closed by 

administrative rule to further appropriation, Ecology has not entertained the issuance of 

new primary rights for these surface waters for several years.  Due to the foregoing 

factors, and the Endangered Species Act, development of new surface water rights is not 

considered a reasonable or viable supply alternative. 

 

B. Acquisition of Existing Rights 

State water law allows the transfer of existing rights to new places of use and purposes of 

use if such actions do not impair existing rights and do not create new, adverse effects 

upon pre-existing aquatic habit, flow, and water quality conditions.  Given the difficulty 

in securing new ground and surface water sources within the Green River basin, Kent has 

explored the potential of securing existing water rights within the vicinity of its service 

area that are still valid and could provide water of sufficient quality and quantity to be of 

value to the system.   

 

With the exception of a defunct trout farm with a highly questionable water right, no 

water rights could be identified within a reasonable distance of Kent's service area which 

were still active and/or not subject to relinquishment due to lack of use.  This alternative 

is therefore not considered a reasonable or practicable alternative to Kent's supplyneeds. 

 

C. Water Right Changes 

Water right changes include a variety of options, including changes in place of use, 

purpose of use, and to the point of diversion or withdrawal of water, as well as the 

addition of points of diversion or withdrawals. Although Kent has evaluated several 

options for water right changes, they are uncertain at best, and none of them are 

considered a reliable source of future water supply. 

 

D. Regional Supply Purchases 

Assessing the viability of acquiring water supply from adjacent and regional supply 

systems has been a constant feature of Kent's water supply planning and system 

operations.  In the past the City has acquired firm, annual supply, via existing interties, 

from the cities of Tukwila and Renton, and Highline Water District (Water District 75).  

However, because of demand occurring within the respective service areas of these 

cities/systems, the provision of supply has been suspended or limited to emergency 

supply.   
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Aside from the systems described above, Kent has examined opportunities with other 

regional purveyors to acquire new, firm, annual supply.  That investigation has focused 

on the City of Auburn, City of Tacoma, City of Seattle and the Cascade Water Alliance. 

 

Seattle Public Utilities (SPU) 

In the past, SPU has approached Kent to discuss the opportunity and terms under which 

Kent could secure a  bridge supply of water that could assist Kent in meeting its summer 

peaking needs until the P-5 project is on-line and providing water to the Kent water 

system.   In addition, Kent constructed an emergency intertie with Soos Creek Water and 

Sewer District that provides the opportunity to receive Seattle water via bridging across 

Soos Creek’s distribution system.  However, the Seattle water supply is heavily 

dependent upon snowpack, which may be influenced by future climate change; and with 

long term obligations to existing Seattle customers and other water purveyors, Kent does 

not anticipate an opportunity for long term supply from Seattle. There may be potential 

for Kent to partner with Seattle and others in future regional supply development 

projects, as partnerships are able to determine that the projects are necessary and cost 

effective, and funding becomes available.  

 

Cascade Water Alliance 

The Cascade Water Alliance (CWA) is a consortium of King County cities and water 

districts.  Its members include the City’s of Bellevue, Issaquah, Kirkland, Redmond, 

Tukwila, Covington Water District, Sammamish Plateau Water and Sewer District, and 

Skyway Water and Sewer District.  The CWA was formed in response to SPU’s notice 

that it would not renew its current agreement to existing customers in 2012.  Shortly after 

its inception, the CWA commenced negotiations with SPU to assume responsibility for 

the distribution of SPU water to the purveyor community post – 2012.   

 

The CWA is pursuing the Lake Tapps water right currently held by Puget Sound Energy.  

This transfer of water right ownership and use is currently being challenged in the court 

system.  Even if the CWA is successful in obtaining the water right, no domestic water is 

anticipated from this source until the mid 2020’s.  With the CWA’s dependence of 

purchasing water from other utilities, it is not considered a potential source of supply. 

 

In October of 2005, the CWA executed a wholesale water agreement with Tacoma Public 

Utilities.  The agreement contains provisions whereby CWA is obligated to take or pay 

for volumes of water from Tacoma starting January of 2009.  CWA deferred construction 

of their regional supply pipeline that was to move the Tacoma water and approached the 

City of Kent in the fall of 2008 to wheel its Tacoma water through the Kent system to the 

City of Tukwila.  No wheeling agreement has been reached between CWA and Kent. 

 

City of Auburn 

The City of Auburn is located directly south of Kent. Based on its Water System Plan 

(1995) Auburn has sufficient water supplies to meet projected demand until 2015.  In 

1996, Auburn executed interruptible supply agreements with two adjacent systems 
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(Covington Water District and Water District 111) totaling 1-5 mgd.  Under the terms of 

this agreement, should Auburn succeed in securing new primary water rights, the 

interruptible supplies may be converted to firm supply.  If, however, Auburn fails to 

secure new rights, the water may be called back in 2010 or earlier to meet the City’s 

projected municipal demand.  

 

Unfortunately, Auburn’s pursuit of acquiring those new, primary water rights in its 

Valley Production Aquifer has proven to be unsuccessful.  As such Auburn’s ability to 

meet its own future water demand needs, independent of those of its contracting Districts, 

is in jeopardy.  

 

City of Renton 

Negotiations had taken place with Renton to acquire 1-2 mgd of interruptible “bridge” 

supplies.  The need for such “bridge” supplies was necessary because the proposed P-5 

Tacoma project was not expected to deliver supply on either an annual or seasonal basis. 

No agreement was reached and negotiations with Renton are no longer underway. 

 

City of Tukwila 

The City of Tukwila has recently contacted Kent to discuss the possibility of Kent 

supplying water to Tukwila with the potential to wheel some of the water to other CWA 

members.  Therefore, water availability from Tukwila is not considered a viable option 

by Kent. 

 

Lakehaven Utility District 

The Lakehaven Utility District and City of Kent discussed a “bridge” supply through a 

potential intertie that would provide Kent with an interim supply of up to 2 mgd.  The 

supply would have remained interim until 2008 when flows from Tacoma’s second 

supply pipeline would be available to the City.  No action was taken as result of the 

discussions.  However, Kent has submitted a letter of interest in participating in the 

development of its OASIS aquifer storage project over the next 20 years. 

 

City of Tacoma: Second Supply Pipeline Project (P-5) 

The P-5 project would provide Tacoma with a second supply pipeline and divert water 

from the Green River for local as well as regional benefit.  The P-5 water right is subject 

to strict instream flow limitations and other requirements set through negotiations with 

the state and federal agencies and the Muckleshoot Indian Tribe.  Accordingly, it can not 

presently provide reliable, firm annual supply.  Kent executed its final agreement to 

receive P-5 supply in 2000.   In 2008, the City of Kent tested metering and conveyance 

facilities connected to the Second Supply Project.  However, use of this source is 

constrained due to those factors stated in Section V of this appendix, Tacoma – Second 

Supply Project. 

 

In 1985 Kent contracted with Tacoma Public Utilities (TPU) to purchase 7.2 mgd of 

summer peaking water from the proposed Pipeline 5/Second Supply project.  This 

volume was increased to 12.64 mgd in 2002 when Kent agreed to purchase ¼ of Seattle’s 
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share after Seattle was no longer a participant in the project.  The remaining portion of 

Seattle’s share was purchased by other participants in the project.  To this end, and in 

reliance on the Ecology-approved water right and place of use documents issued to 

Tacoma, Kent has expended substantial financial resources on the P-5 project.  The P-5 

source of supply is considered critical to Kent’s ability to meet near and long-term 

demand needs, with some constraints that may limit the availability of the water supply at 

times.   

 

E. Conservation 

 Enhanced Conservation Measures 

Kent’s Conservation Program Demand Management (DM) practices, including water 

conservation, inclining rate structures, public education, distribution of water saving 

devices (e.g. low flow shower heads and sink aerators), program incentives and leak 

detection can play an important role in prolonging use of existing water supplies and 

delaying the time when new source is required.  To that end, in 1993, Kent and other 

South King County water systems adopted and implemented an aggressive and 

comprehensive conservation program to prolong supply and mitigate peaking demands 

that place stress on available sources.  The program includes the following components. 

 

   block rate structure 

   seasonal rate pricing/summer conservation rates 

   water shortage emergency/regulation which authorize the Mayor to restrict 

non-essential public uses and levy fines during drought condition 

   public education/promotional materials 

   single/multi-family conservation kits 

   metering for all customers 

   distribution of water efficient plumbing fixtures 

   leak detection 

   water efficient irrigation technology 

   conservation specialist 

 drought tolerant landscaping 

 rebate programs 

 

To determine the opportunity to secure further conservation gains, Kent examined the 

costs and feasibility of installing low flow toilets and shower flow restrictors in all 

residential connections.  The number of residential connections for the year 1991 was the 

figure used as it was prior to the date the water efficient fixture/plumbing code went into 

effect.  Based on 7,422 residential connections in 1991, at a savings of 33.5 gallons/day 

per residential connection, the daily reduction in water productions from installing the 

efficiency measures cited above was estimated to be 248,637 gallons/day and/or 90.753 

mg/yr.  Using an estimate of $1,000 per connection for retrofit, the cost of such a 

program was calculated to be approximately $7.5 million.  While such a program offers 

further benefits, it is not considered cost-effective at this time. 
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As alternative enhanced conservation measures, Kent developed a commercial/industrial 

customer water audit program of the top 20 users and adopted a revised inclining block 

rate structure. Kent believes that the new rate structure should increase water use 

efficiency on an annual basis, including summer peaking months.  As a result of the audit 

findings, the City implemented a commercial/industrial rebate program for replacing old 

inefficient equipment and facilities. 

 

Kent is a nineteen point four percent (19.4 %) partner in Tacoma’s Second Supply 

Pipeline Project.  When the Department of Ecology extended the Second Diversion water 

right, a ten percent (10 %) reduction (conservation) in water demand by 2010 condition 

was placed on all of the project participants (Tacoma, LakeHaven Utility District, 

Covington Water District, and Kent).  Kent is committed to reducing water demand by 

ten percent (10%).  Reports are given to the Department of Ecology and Department of 

Health every two years by the project partners to provide updates on the status of meeting 

this requirement. 

 

In an effort to meet the 10% water conservation goal identified in the Tacoma Second 

Supply Project, the City of Kent in June 2003, through its consultant Economic and 

Engineering Services, Inc., completed a Water Conservation Potential Assessment that 

analyzed the potential water savings and associated costs for conservation measures that 

could be undertaken between the year 2003 and 2010.  The conservation measures 

identified in the report are in addition to those measures the City had already been 

implementing.  For additional information on the water conservation in the City of Kent, 

please refer to the attached Water Conservation Potential Assessment. 

 

F. Aquifer storage and recovery   

The viability of ASR is subject to many factors, not least of which is the presence and 

availability of suitable aquifers. In the Puget Sound area, these characteristics are: 

 

   High aquifer transmissivity to permit rapid recharge and recovery; 

  Deep aquifer, to provide storage capacity and hydraulic separation from surface 

waters; 

         Good aquifer confinement by aquitards to reduce the loss of stored water; 

  Aquifer storativity and depth to water, to provide sufficient aquifer storage      

capacity; and 

         Compatible water quality between aquifer and recharge waters. 

 

A primary limitation in the Puget Sound area in general, and around the City of Kent in 

particular relative to ASR, is the limited presence of aquifers that are suitable for 

recharge and recovery. In general, most groundwater resources in the region are drawn 

from aquifers of shallow or intermediate depth (typically less than 200 feet below the 

surface).  

 

The contrast in precipitation and recharge between winter and summer means that many 

shallow or intermediate aquifers are heavily drawn-down during the peak demand periods 
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of the summer months when groundwater levels naturally decline. However, these 

shallow aquifers are seasonally replenished through natural recharge and are typically 

discharging to surface water via springs and streambeds by the late spring. Any additional 

water artificially recharged during the winter months would merely hasten the natural rise 

in groundwater levels to the point where the aquifers overflow, new seeps and springs 

emerge, and the bulk of the recharged water is lost as winter runoff through local surface 

water discharge. 

 

Due to winter precipitation, this increased aquifer discharge would occur around the time 

of the spring runoff, when streams are already swollen (Ecology et al., 1995). The 

potential benefit of artificial recharge during the winter months, that is to raise aquifer 

levels in summer, or to help offset impacts to minimum instream flows, would thus not 

be realized. The artificial recharge of shallow or intermediate aquifers in the area of Kent 

will therefore achieve very little in terms of increased water supply. Winter groundwater 

levels elevated by artificial recharge would also pose an increased threat to the stability of 

sensitive potentially unstable slopes in the area. 

 

Soos Creek Well Artificial Recharge 

Kent has determined that a small opportunity for ASR may exist at the site of its Soos 

Creek Well. This well, which is drilled to a depth of 431 feet (approximately sea level), 

taps into one of the deeper Qc(3) aquifers which are confined but of unknown lateral 

extent. Production rates from the well have been limited within recent years to only half 

of the original permitted amount. The main factor in the impaired yield is a long-term 

lowering of the static water level within the aquifer, which has reduced the available 

drawdown at the Soos Creek Well. 

 

The aquifer may be affected by additional extraction wells, which are causing an 

overdraught. Recharge to the confined aquifer is also limited by the hydraulic 

characteristics of the confining layers, which may impair the aquifer's ability to fully 

recover from each period of groundwater pumping during the summer months. 

 

To address this problem, Kent budgeted $80,000 to study the feasibility of restoring the 

aquifer's production capacity by diverting and injecting winter flows from its Clark 

Springs source. If successful, this action could potentially increase Kent's supply by 

approximately 0.5 MGD. While this amount is not insignificant, it falls short of the 

amount required to enhance overall system reliability. 

 

Lakehaven Utility District 

In 2004 the City of Kent submitted copies of the majority of its water rights to 

LakeHaven Utility district to be included in LakeHaven’s Optimization of Aquifer 

Storage for Increased Supply (OASIS) project on the Mirror Lake aquifer.  Water stored 

from Kent’s sources in the aquifer would be available to Kent in the future when the 

demands required. 

 

G. Desalination 
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The following information on desalination was prepared for the City by Kennedy/Jenks 

Consultants in March of 1998. 

 

Desalination is a water supply alternative that is becoming more widely used as high 

quality fresh water supplies grow increasingly scarce.  Desalination makes available a 

nearly unlimited source of water by treating seawater for potable use.  Use of seawater 

from the Puget Sound does not require a water right.  Therefore, ample seawater is 

available to meet the long-term demand or reliability standard as long as the treatment 

process is designed to handle the flow. 

 

Two different membrane processes are applicable to desalination: pressure driven and 

electrical driven.  Pressure-driven processes include RO, nanofiltration, ultrafiltration, 

and microfiltration.  Electrical-driven processes include electrodialysis and its variant, 

electrodialysis reversal.  Generally, RO is the preferred process for desalination (AWWA 

Water Resource Conference Readings 1997).  Filtration processes cannot remove 

dissolved solids (e.g., chlorides) nearly as effective as RO.  Electrodialysis system do not 

provide barriers for dissolved organics and microbiological contaminants, nor are these 

systems as efficient as RO at treating water with a high amount of total dissolved solids 

(e.g., seawater from the Puget Sound).  For these reasons, it was assumed that 

desalination would be accomplished with RO. 

 

The treatment scheme for desalination includes seawater pumping, pretreatment, 

filtration, prefiltration, RO, and product water treatment, followed by distribution 

(Desalination 1989).  Seawater could be pumped directly from Puget Sound for 

treatment.  A desalination plant could potentially be located within Redondo or Salt 

Water State Park, both which are adjacent to Puget Sound.  Pretreatment consists of 

screening, coagulation, and flocculation to reduce the turbidity of the feed water.  

Filtration and prefiltration involve the use of multi-media filters are microfiltration, 

respectively, to decrease the total suspended solids in the feed water, thereby preventing 

undue fouling of the membranes.  The RO process employs high pressure pumps [up to 

850 pounds per square inch (psi)] to remove dissolved solids by passing the feed water 

through semi-permeable membranes.  Following reverse osmosis, the product water is 

disinfected to kill pathogens that were not removed by RO.  If necessary, additional 

product water treatment may be included to improve taste and odor.   

 

Although Desalination could meet the future demands with a continual supply not limited 

by contracts or regulations, this alternative is simply too expensive to justify further 

consideration. 

 

H. Water re-use 

 Wastewater Reuse 

The following excerpts on wastewater and stormwater reuse were prepared for the City 

by Kennedy/Jenks Consultants in March of 1998. 
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The City of Kent currently disposes of over 3 mgd of wastewater (based upon projected 

population of 50,416 for 1998 and typical water use of 60 gallons per capita per day) to 

King County Metro’s East Division Wastewater Treatment Plant in the City of Renton 

(Renton WWTP).  In addition to the high cost of this alternative, there is serious question 

as to its feasibility.  Although enough reclaimed water may be available for injection  into 

the City’s Clark and Kent Springs aquifer systems to meet demand, it is uncertain 

whether the same quantity of water could be withdrawn from the aquifer.   

 

A significant amount of reclaimed water injected into the aquifer systems is likely to leak 

out of the capture zone of the springs.  In short, there is no way to ensure that recharging 

the aquifers would allow increased withdrawal to meet demands.  The viability of this 

alternative is largely dependent upon the suitability of the aquifer for water storage and 

extraction.  Because of the high cost of this alternative and the uncertainty with the 

suitability of the aquifer, this alternative is not considered feasible. 

 

 Stormwater Reuse 

Stormwater runoff and overflow was evaluated as a source of potable water to meet 

future demands.  The City of Kent operates a large stormwater treatment system that 

collects runoff from approximately 830 acres of developed area within the City and 

overflow from Mill Creek to control flooding and erosion downstream.  The City’s 

stormwater treatment system consists of constructed wetlands designed to remove urban 

pollutants, followed by a detention lagoon.  Treated runoff and overflow are then 

discharged back to Mill Creek under controlled release rates.   

 

Effluent from the stormwater treatment system would be viewed as surface water in 

regards to treatment for potable water.  DOH regulations require that surface water be 

coagulated, filtered, and disinfected to meet the appropriate water quality criteria 

(Chapter 246-290 WAC).  Because these are essentially the same treatment requirements 

as reclaimed water for non-potable use (with additional disinfection for a greater 

reduction of pathogens), there would be little savings in cost by treating water separately 

for potable and non-potable demands.  Furthermore, the added cost of a separate 

distribution system would far exceed any treatment cost savings.  Therefore, it was 

assumed that all water would be treated for potable use and discharged into the existing 

distribution system. 

 

 System Requirements 

Kent’s existing stormwater treatment system relies on wetland vegetation to remove 

pollutants from stormwater runoff.  Many waterfowl also rely on the wetlands as a 

wildlife refuge.  Therefore, impact on the wetlands must be minimized to maintain an 

effective treatment system and a stable wildlife habitat.  The vegetation and wildlife 

cannot be subjected to large fluctuations in the water level of the wetlands.  

Consequently, it would not be possible to withdraw water directly from the stormwater 

treatment system because wide variations in demand, which are common with potable 

water, could significantly impact the water level.  In addition, the City’s stormwater 

treatment system has insufficient storage to meet the reliability standard under any of the 
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scenarios.  Therefore, a separate stormwater detention basin would need to be constructed 

to provide in excess of 5,000 acre-feet of storage for the collected stormwater in order to 

protect the wetlands and meet the reliability standard.  

 

I. Education 

The City of Kent provides environmental educational opportunities to our citizens.  

Though not all educational programs and opportunities provided by the City of Kent are 

directly related to water, they do foster greater environmental awareness and stewardship 

of environmental resources.  Educational opportunities provided by the City include but 

are not limited to: 

 

- Annual water festival for over 2000 4
th

 – 6
th

 grade students which exposes 

students, teachers and parents to various issues related to water resources.  

This include but is not limited to: supply, wastewater, wetlands, water cycle, 

conservation and habitat for aquatic and terrestrial species. 

- The City of Kent has completed newsletters and the annual Consumer 

Confidence Report for the water supply.  These include information on water 

conservation and protection of groundwater resources. 

- The City is in the process of developing a comprehensive environmental 

resources document which will describe natural resources in Kent and the 

importance of those resources to the community.  This will include a brief 

natural history, water resources and habitat related issues. 

- City staff have in the past have visited classrooms to discuss natural resources.  

These visits have included potting and planting 2000 trees throughout the city 

and school yards.  Staff presentations to classrooms have also included topics 

related to groundwater, development, salmon and the Green River Natural 

Resources Area. 

- The City provides opportunities for citizens to volunteer throughout the city 

where they also learn about water resources, conservation and habitat.  These 

volunteer projects are typically associated with a planting event at the Green 

River Natural Resources Area, along a stream or in a park within the City. 

- Departmental planting events have occurred in the past where staff plants 

trees along a riparian corridor to provide a net gain for water resources in the 

City.  Often times citizens inquire about the projects giving staff a chance to 

educate the citizens. 

- Staff has appeared on the government access channel to discuss various topics 

related to the environmental issues including water conservation, rebate 

programs and stormwater. 

- The City of Kent Parks Department also provides volunteer planting and 

education opportunities. 

- The City participates in regional watershed education/public involvement via 

the WRIA process in the Green and Cedar River basins. 

- Staff provides comments during the development process to jurisdictions 

within the City’s Wellhead Protection Areas.  These comments request that 

the jurisdiction require a note to be placed on the face of plats and short plats 
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that they are located within a Wellhead Protection Area and provides numbers 

to call for additional information. 

 

The City is dedicated to continuing public education regarding environmental and natural 

resources issues. 

 

J. Wellhead Protection 

The City of Kent completed a Wellhead Protection Plan (WHPP) in 1996 for the Clark, 

Kent and Armstrong Springs Sources.  This plan was completed in conjunction with the 

Covington Water District and King County Water District #111 who simultaneously 

completed WHPPs.  The Plan has been adopted by Kent City Council via Resolution 

1563 on February 15, 2000.   

 

The City of Kent hired a Wellhead Protection Engineer in 1999 to implement the plan.  

Since that time the City has been actively implementing the program and establishing 

relationships with various regulatory agencies throughout the area to protect the regional 

water supply.  Activities have included notification to potential contaminant sources, 

commenting on the proposed development within wellhead protection areas, review of 

Landsburg Mine and beginning the development of an Integrated Pest Management Plan.  

Ongoing plan implementation and updates to the WHPP will continue in the City of 

Kent. 

 

K. Drilling replacement wells 

The City’s water department has been and will continue to monitor production for all the 

City’s production wells.  Due to the general use of wells over time, they have a tendency 

to decrease in the production as a result of becoming clogged with finer materials.  To 

maintain production levels of the wells, the City has in the past re-drilled wells.  Re-

drilling wells helps to maintain current levels of production and reliability but does not 

result in a significant increase of well yields. 

 

VII. Flow Augmentation Constraints 

A. Impact of increased augmentation through another pump or a larger pump 

The option of installing larger capacity pump(s) and other infrastructure at Clark Springs 

was evaluated as an option for increasing the capacity of the flow augmentation 

infrastructure presently in operation at the Clark Springs facility.  However, through 

careful evaluation and based on the modeling performed of the surface and groundwater 

availability in the area of the Clark Springs facility, any flow withdrawn from the 

infiltration gallery reduces the quantity of water available to the City for supply by an 

equal amount.  Therefore the limiting factor in the augmentation quantity is available 

supply and not the mechanical equipment capacity. 

 

B. Finite amount of water through Clark Springs 

As described previously in section 2.E Hydrology, the quantity of water available for 

flow augmentation in the fall and winter months of October, November and December is 

constrained by precipitation timing and quantity, which affect aquifer levels and 
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groundwater flows.  The “flow through” aquifer found at Clark Springs is highly 

transmissive and has no storage capacity, and as withdrawal methods do not remove all 

of the water passing through the aquifer in that area, a significant percentage of the water 

remains in the aquifer and passes on through to the aquifer west of Clark Springs.  

 

C. Precipitation driven system 

As described previously in section 2.E Hydrology, and above, the precipitation of the 

Rock Creek basin directly influences the quantities of water available as groundwater, for 

supply withdrawals and any augment withdrawals.  

 

VIII. Conclusion 

Maintaining the Clark Springs source is vital the public health and safety of Kent’s 

customers in addition to maintaining the economy of the City.  To help meet these needs 

the City has been proactive in maximizing efficiency of the existing system as 

demonstrated by the extremely low unaccounted for water, re-drilling of replacement 

wells to regain lost productivity and intense water conservation, educational and wellhead 

protection programs.  Kent will need to continue to maximize the use of its present water 

sources while exploring other potential sources of reliable water supply to meet future 

demands. 
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APPENDIX H 

 

 

 

Rock Creek Flow Mitigation Proposal 

HCM-1 

 

 

I.  Introduction 

As a part of mitigation measures for the HCP, the City of Kent is proposing to augment 

stream flows during the critical low flow period of October through December.  The City 

has been voluntarily augmenting flows since 1998.  To develop a flow augmentation 

proposal for Rock Creek, the City of Kent used a scenario that analyzes the two-month 

antecedent precipitation period relative to the specific augmentation months. 

 

II.  Justification for the Antecedent Precipitation Period 

There is no direct surface runoff in the upper basin during the summer, so all streamflow 

is derived from groundwater discharge leaving the aquifer east of Clark Springs.  

Available streamflow at Clark Springs in the critical fall months is strongly dependent on 

the amount of precipitation occurring within the upper basin during the preceding (or 

antecedent) period of one to three months.  As a result, the relative natural flow occurring 

in Rock Creek at Clark Springs at a given time can be estimated based on the total 

precipitation occurring in the previous two-month antecedent period.  This provides 

Kent’s primary predictive tool for anticipating flow conditions.  The two-month period 

relates to timing and intensity of precipitation, and the time it takes for water to move 

through three key parts of the hydrologic cycle related to groundwater flow that control 

natural surface flows in Rock Creek:   

 

1) Summer rainfall must first meet the moisture deficit for surface soils before effective 

infiltration of significant amounts can occur into the subsurface.  Thus the initial rains 

may only serve to wet the surface soils and must be followed soon by more rain that will 

provide sufficient excess moisture to drive water downward from the upper soil layers.   

 

2) Within the upper Rock Creek Basin, where the water table is typically between 15 and 

50 feet deep, the percolation of moisture down to the water table takes a finite amount of 

time (hours to a few days).   

 

3) Once moisture reaches the water table and recharges the groundwater, it causes the 

water table to rise.  As the water table rises, it increases the hydraulic gradient towards 

the Georgetown/Ravensdale area, which in turn increases flows into Rock Creek and 

through Clark Springs.  In the unconfined outwash aquifer in the upper Rock Creek basin, 

this process takes a few days to a few weeks for the effect of up-basin recharge to 

become manifest as a change in flow at Clark Springs. 
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Combining each part of this process, and correlating local precipitation data with 

streamflow for the historic records available, results in a cumulative time-lag of one to 

three months between precipitation events and their effect on streamflows at Clark 

Springs.  Conversely in dry periods when there are few if any recharge events in those 

preceding months, the absence of recharge results in declining flows at Clark Springs as 

the upstream water table falls and the aquifer drains at a progressively decreasing rate.   

 

III.  Precipitation Data  

The evaluation of precipitation in the Rock Creek basin was completed using 74 years of 

data (1931-2004).  Monthly and annual precipitation data was available from the WA 

Climate Data Center, and daily precipitation was available from the Western Regional 

Climate Data Center, all of which was collected at Landsburg.  The data is currently 

being collected by the City of Seattle Public Utilities (SPU).  Landsburg is located 

approximately one mile north of the northern boundary of the Rock Creek basin near the 

Landsburg Road crossing of the Cedar River.  The close proximity of the data collection 

point to the Rock Creek basin, and the length of time that the precipitation has been 

collected, allowed for a significant analysis of precipitation and recharge trends.  This 

assisted in the development of a means to correlate above or below normal precipitation 

patterns in the basin (i.e. wet, normal, dry, and drought) with the functional patterns of 

Rock Creek and the Clark Springs water supply.  

 

IV.  Methodology 

The Landsburg monthly and annual total precipitation data was transferred into a 

spreadsheet which allowed the data to be easily viewed and evaluated on a mid-month, 

monthly and annual basis for the 74 year period (see Table A).  The data gaps in the table 

during the months of July through November were evaluated for the possible impact 

upon the results of the analysis.  The months with missing data from the WA Climate 

Data Center and the Western Regional Climate Data Center were identified by letters, as 

indicated in the included description on Table A.  For those data gaps larger than 5 days 

in a month, the monthly data has been eliminated by the City from the available database, 

and Kent chose to eliminate those periods from their analysis as well in order to prevent 

shifting of the data averages (see Table A for months that were eliminated).  

 

The two months of antecedent precipitation data were added together to identify values 

for precipitation periods of July 16-Aug. 15, Aug. 1-Sept. 30, Aug. 16-Oct. 15, Sept. 1-

Oct. 31, Sept. 16-Nov. 15 and Oct. 1-Nov. 30  The antecedent precipitation period is 

defined as the two month combined precipitation total prior to the monthly periods 

proposed for augmentation, based on the most recent precipitation information (wet/dry 

periods).  Based on the 74 year precipitation record at Landsburg, and removing the 

months within the antecedent precipitation periods where more than five days of data was 

missing, a mean precipitation was developed for each antecedent precipitation period (see 

Table A).  A two week lag has been built into the precipitation and augmentation analysis 

sequence to allow for data collection and decision-making coordination among staff and 

outside agencies.  The lag would be between the antecedent precipitation period and the 

beginning of the semi-monthly augmentation period. 
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RCW 43.83B.400 – states that a “drought condition” means that the water supply for a 

geographical area or for a significant portion of a geographical area is below 75% of 

normal, and a water shortage is likely to create undue hardships for various water uses 

and users.  The Rock Creek basin, for municipal water supply purposes and for instream 

flows, is dependent on recharge from precipitation.  The City is proposing the use of 50% 

of normal precipitation as the criteria to identify a drought, which is a more conservative 

or onerous criteria than the definition in the RCW, and thus is proposing a higher 

commitment for instream flows during drought conditions.  

 

Hydroclimate probabilities used by HDR in the final draft of the Transmission and 

Supply Plan (TSP) prepared for the Cascade Water Alliance were also compared in the 

analysis.  Within the TSP, three hydroclimate scenarios were considered when evaluating 

the reliability for the Lake Tapps supply– normal, dry, and drought.  The dry scenario 

was defined as having a percent exceedence of precipitation with a range of 75% (1 in 4) 

to 85% (1 in 6.5) and the drought scenario was defined as having a percent exceedence 

with a range of 90% (1 in 10) to 99% (1 in 100).  The normal, dry, and drought 

probabilities proposed by Kent are comparable to those proposed by the Cascade Water 

Alliance. 

 

Kent proposes to use the two month antecedent precipitation value compared to the 

average precipitation as follows:  >125% will be classified a wet period, 75%-125% a 

normal period, 50%-75% a dry period and <50% a drought period.  The type of 

antecedent precipitation as defined above will determine the augmentation flow 

commitment within the HCP.  Using the mean precipitation for each two month 

antecedent precipitation period from Table A, wet, normal, dry and drought precipitation 

ranges were calculated.  The data is shown in Table B.   

 

Table B – Precipitation Ranges (in inches)  
 

Antecedent                    Years   

Precipitation   Wet Normal       Dry   Drought of Augmentation 

Period Mean (>125%) 75%-125% 50%-75% <50% Data Period 

July 16-Sept 15 3.61 >4.51 2.70 - 4.51 1.80 - 2.70 1.80 70 Oct 1 - Oct 15 

Aug 1-Sept 30 4.80 >6.01 3.60 - 6.01 2.40 - 3.60 2.40 72 Oct 15-Oct 31 

Aug 16-Oct 15 6.17 >7.71 4.62 - 7.71 3.08 - 4.62 3.08 68 Nov 1-Nov 15 

Sept 1-Oct 31 8.25 >10.32 6.19 - 10.32 4.13 - 6.19 4.13 70 Nov 15-Nov 30 

Sept 16-Nov 15 10.69 >13.37 8.02 - 13.37 5.35 - 8.02 5.35 69 Dec 1-Dec 15 

Oct 1-Nov 30 13.24 >16.55 9.93 - 16.55 6.62 - 9.93 6.62 69 Dec 16-Dec 31 

 

Precipitation ranges from Table B were applied to antecedent precipitation periods to 

create Table C (attached).  Those periods represented by values greater than 125% of the 

mean were color coded green for wet periods, those between 75% and 50% of the mean 

were color coded yellow for dry periods, and those with less than 50% of the mean 

precipitation were color coded red for drought periods.  All other precipitation values 

were considered “normal” periods for precipitation, within the range of 75% of the mean 

up to 125% of the mean.  Table D identifies the number of times a wet, dry and drought 

has occurred since 1931 for each antecedent precipitation period.   
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Table D – Frequency of Drought, Dry and Wet Antecedent Precipitation Periods  

 

Antecedent            Total 

Precipitation   Wet Normal Dry Drought Years 

Period Mean >125% 75%-125% 50%-75% <50% of Data 

July 16 - Sept 15 3.61 21 22 15 12 70 

Aug 1 - Sept 30 4.80 17 29 15 11 72 

Aug 16 - Oct 15 6.17 21 24 16 7 68 

Sept 1 - Oct 31 8.25 18 36 9 7 70 

Sept 16 -  Nov 15 10.69 12 42 10 5 69 

Oct 1 - Nov 30 13.24 17 37 10 5 69 

Note:  Years of data are slightly different due to missing data from the WA Climate Data Center as noted 

above.  To see months with missing data, reference Table A or C. 

 

The probability of occurrence of a normal antecedent precipitation period at Landsburg 

was calculated by dividing the number of occurrences of wet, normal, dry and drought 

years by the number of years of data for each antecedent precipitation period (Table E).   

 

Table E – Wet, Normal, Dry and Drought Probability 
 

Antecedent  >125% 75%-125% 50%-75% <50% 

Precipitation Wet Normal Dry Drought 

Period Freq/Total =% Freq/Total =% Freq/Total =% Freq/Total =% 

July 16 - Sept 15 21/70 - 30.0% 22/70 - 31.4% 15/70 - 21.4% 12/70 - 17.1% 

Aug 1 - Sept 30 17/72 - 23.6% 29/72 - 40.3% 15/72 - 20.8% 11/72 - 15.3% 

Aug 16 - Oct 15 21/68 - 30.9% 24/68 - 35.3% 16/68 - 23.5% 7/68 - 10.2% 

Sept 1 - Oct 31 18/70 - 25.7% 36/70 - 51.4% 9/70 - 12.9% 7/70 - 10.0% 

Sept 16 -  Nov 15 12/69 - 17.4% 42/69 - 60.9% 10/69 - 14.5% 5/69 - 7.3% 

Oct 1 - Nov 30 17/69 - 24.6% 37/69 - 53.6% 10/69 - 14.5% 5/69 - 7.3% 

Total 106/418-25.7% 190/418-45.5% 75/418-17.9% 47/418-11.2% 

Note: Years of data reflected in Table E are slightly different due to missing data from the WA Climate 

Data Center and the Western Regional Climate Data Center as noted above.   

 

This comparison showed that since 1931, approximately 1 in 4 (25.7%) of the antecedent 

periods (total row in Table E) of the combined two month antecedent precipitation 

periods from mid-July through November would be classified as wet, approximately 1 in 

2 (45.5%) antecedent precipitation periods would be classified as normal, slightly more 

than 1 in 6 (17.9%) periods of the antecedent precipitation as dry, and 1 in 9 (11.2%) of 

the combined two month antecedent precipitation periods considered a drought.   

 

V.  Stream Flow Augmentation Goals 

The City of Kent is proposing to augment Rock Creek flows during the months of 

October, November, and December with maximum augmentation commitments and 

minimum stream flow targets.  The maximum flow augmentation will be based on two-

month antecedent precipitation as measured at Landsburg, with a specific minimum 

stream flow target.  The City will commit to augmenting the stream up to the minimum 

stream flow target, but not more than a maximum augmentation amount.  At the City’s 
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discretion, the City may provide augmentation even though the stream flow may be 

above the stream flow targets shown in Table F (below). 

 

When the type of antecedent precipitation period is determined, maximum flow 

augmentation and the minimum stream flow target will be determined from Table F.  The 

mean precipitation data will be re-calculated on a five year basis adding in the most 

recent years’ data.  This will require updates to Tables A through E. 

 

Table F – Minimum Stream Flow Targets and Maximum Augmentation 

 

Antecedent    Maximum  

Precipitation Stream Flow Augmentation 

Period Target Commitment 

Wet Periods 3.5 cfs 2.5 cfs 

Normal Periods 3.0 cfs 2.0 cfs 

Dry Periods 2.75 cfs 1.75 cfs 

Drought Periods 2.5 cfs 1.5 cfs 
Note:  Minimum stream flow target to be measured at USGS Gauge No. 12118400 on the Clark Springs 

property.  The augmentation commitment flow rate shall be measured at the flow meter on the 

augmentation pipe from the City’s clear well.  

 

VI.  Precipitation Data Collection for the HCP  

Precipitation data is currently being collected at Clark Springs and is available in real 

time (15-minute increments) concurrent with USGS Gauge No. 12118400 located on the 

Clark Springs property.  Because this precipitation has only been collected since 2003, 

determination of wet/normal/dry/drought years will be determined by the antecedent 

precipitation period as measured at Landsburg.  During the HCP implementation period, 

the City of Kent will compare data collected at Landsburg with the real time data 

collected at Clark Springs.  With additional data collection, the City may, in the future, as 

a part of the adaptive management and monitoring element of the HCP, alter the location 

of the precipitation monitoring point with concurrence from the Services. 

 

The City is also attempting to secure access to a monitoring well located approximately 

½ mile east of Clark Springs which was installed as a part of the hydrogeologic study for 

the recent McCann boundary line adjustment.  Access to this well would provide the City 

of Kent a water table measurement from a non-production well in the upper basin south 

of Kent Kangley Road and west of 268
th

 Avenue SE.  Being able to collect water table 

data from a monitoring well would provide a means for the City to measure available 

groundwater and determine mean groundwater levels over time.  This data, combined 

with precipitation data in the watershed, could be used as a tool in the future as a part of 

adaptive management. 

 

Ten years after the implementation of the Incidental Take Permit and the HCP, the City 

of Kent proposes to meet with the services to re-evaluate the location for the collection of 

the precipitation information and the aquifer level collection data within the watershed.  

For the first ten years of the HCP, the source for precipitation data will be the gauge at 
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Landsburg.  However, in the future, after the City has evaluated the additional data 

available from the USGS precipitation gauge at the Clark Springs facility, the City may 

propose to change the location for the collection of precipitation information to be the 

Clark Springs site.  The City may also propose changes to methodology of determining 

wet/normal/dry/drought antecedent precipitation periods based on additional aquifer level 

and/or precipitation data. 
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Table C
Year 7/16-9/15 8/1-9/30 8/16-10/15 9/1-10/31 9/16-11/15 10/1-11/30 10/16-12/15 ANNUAL Comments

1931 4.20 5.78  6.99 11.72  10.73 10.65  11.62  58.14
1932 2.32 3.08  4.55 7.45  17.12 18.90  18.24  63.68
1933 6.36 10.27  8.10 13.96  15.01 12.57  23.63  75.98
1934 4.79 5.17  6.52 14.91  19.40 20.58  20.39  61.68
1935 na * 3.97 5.67 8.63  7.51 8.59  9.10  * 26+ days missing data in July
1936 4.53 4.83  �� * �� * �� * �� * �� * * 6 days missing data in October
1937 1.16 �� * �� * 5.95 13.76 18.45  19.86  * 26+ days missing data in August
1938 2.35 2.84  4.13 6.16  7.96 9.66  9.95  42.01
1939 3.90 3.77  5.65 6.31  7.08 8.72  12.11  51.59
1940 5.06 4.25  6.56 10.63  11.46 12.93  12.53  52.83
1941 6.41 7.68  9.84 8.88  9.47 9.12  9.69  47.10
1942 2.77 1.94  2.70 5.45  9.62 14.44  16.92  46.98
1943 1.85 2.21  4.61 8.51  8.96 10.26  9.43  40.13
1944 2.77 5.13  5.57 7.04  8.68 9.63  10.77  41.35
1945 5.32 9.29  �� * �� * �� * �� * �� * * 9 days missing data in October
1946 1.72 3.00  3.97 8.16  7.71 12.93  21.18  * 9 days missing data in January
1947 3.55 5.34  9.31 15.63  19.00 19.43  17.52  62.77
1948 4.92 7.53  8.56 8.12  10.10 12.82  16.78  68.42
1949 3.97 3.42  6.69 7.78  9.98 13.67  12.21  49.70
1950 4.09 6.17  8.47 12.43  14.17 18.24  17.62  72.54
1951 2.66 5.47  8.68 10.55  14.51 14.23  13.19  56.03
1952 2.68 1.44  1.36 2.12  2.92 2.94  6.37  32.93
1953 2.77 5.35  8.35 9.35  12.49 15.03  18.15  71.73
1954 5.23 6.85  7.26 6.32  7.13 9.22  10.68  53.00
1955 4.41 3.39  7.71 12.14  12.77 17.22  17.95  63.07
1956 2.04 4.19  5.93 12.25  12.84 12.13  16.20  52.39
1957 2.52 3.19  3.82 6.76  10.14 10.76  10.28  50.38
1958 1.76 3.20  5.20 6.81  12.56 16.34  19.48  57.71
1959 4.76 9.80  11.85 13.13  11.77 15.37  19.79  66.72
1960 4.60 5.25  6.62 9.16  12.46 19.00  19.44  57.99
1961 2.23 3.37  5.61 6.25  7.69 9.26  8.82  59.29
1962 5.21 6.73  8.63 8.19  10.36 16.28  15.25  54.89
1963 3.50 2.82  3.88 8.03  12.49 16.46  18.22  55.83



1964 5.94 8.67  9.65 8.53  11.13 13.67  14.07  70.26
1965 4.85 4.45  5.74 5.52  8.07 10.45  10.61  48.09
1966 1.78 3.21  4.13 7.25  10.10 12.75  16.74  54.89
1967 2.34 2.80  6.44 10.63  11.00 11.50  10.50  51.40
1968 7.96 9.99  11.28 9.03  12.40 13.59  15.59  66.26
1969 0.95 7.69  8.99 9.51  11.69 6.26  9.88  52.91
1970 4.17 4.51  5.89 8.51  10.03 11.43  15.44  55.94
1971 5.26 7.29  8.52 10.94  11.23 11.61  14.98  64.36
1972 3.13 8.07  7.63 8.60  9.64 7.14  9.22  71.13
1973 1.22 4.19  6.66 8.87  13.62 15.00  18.05  52.99
1974 na * 1.21 1.38 2.49  4.79 11.62  15.21  * 26+ days missing data in July
1975 5.62 5.17  8.34 11.31  16.01 19.72  23.09  76.39
1976 5.77 5.90  3.37 3.93  3.69 4.83  6.36  43.73
1977 4.41 8.04  8.34 7.43  11.17 10.96  19.55  50.19
1978 7.80 9.83  9.09 8.54  7.96 9.49  12.01  47.57
1979 3.88 4.28  4.37 7.98  5.37 6.17  16.15  54.16
1980 3.47 4.37  5.54 5.10  11.31 20.10  25.03  68.87
1981 1.06 4.52  9.65 11.14  12.42 11.98  12.46  * 26+ days missing data in March
1982 4.62 5.65  5.46 9.15  8.21 11.49  15.49  58.57
1983 6.51 6.86  5.91 7.40  11.05 13.75  17.50  59.20
1984 1.02 1.68  �� * �� * �� * �� * �� * * 26+ days missing data in Oct. and Nov.
1985 4.08 4.68  3.74 11.79  14.67 16.55  17.52  * 26+ days missing data in January
1986 1.99 4.45  4.45 8.33  9.56 16.72  17.85  54.79
1987 1.30 1.73  1.34 1.64  2.82 3.67  11.03  39.60
1988 0.78 3.83  5.13 7.45  13.24 14.84  15.34  53.73
1989 2.31 1.97  2.75 4.00  8.99 10.49  14.29  50.24
1990 3.40 3.23  6.67 9.99  17.59 24.37  24.33  71.03
1991 2.41 1.95  1.78 2.20  6.23 11.78  15.16  54.32
1992 1.90 3.21  3.32 5.59  9.42 11.58  14.05  47.91
1993 3.21 0.98  3.36 4.35  4.52 7.11  9.47  45.00
1994 3.81 3.53  3.93 8.92  8.59 14.26  15.48  52.91
1995 3.61 4.52  8.22 8.25  13.74 19.98  19.72  56.76
1996 3.65 4.27  6.38 11.80  13.25 18.46  20.07  72.48
1997 2.13 5.00  8.90 11.37  11.81 12.61  9.70  * 26+ days missing data in January
1998 �� * �� * na * 5.29 9.21 17.23  20.02  * 26+ days missing data in Jan, Apr, and Aug
1999 3.14 2.29  3.59 5.08  12.19 17.86  20.63  63.28



2000 2.63 4.06  �� * �� * �� * �� * �� * * 26+ days missing data Mar. Apr. May and Oct.
2001 na * 4.84 6.77 7.21  13.11 18.38  22.66  * 26+ days missing data in July
2002 1.53 1.25  2.50 2.24  �� * �� * �� * * 26+ days missing data in November
2003 1.57 2.76  4.21 12.94  12.38 17.74  20.38  58.66
2004 10.77 12.29  13.01 8.66  7.71 10.59  13.95  56.68

Mean 3.61 4.80 6.17 8.25 10.69 13.24 15.41 56.52
Max 10.77 12.29 13.01 15.63 19.40 24.37 25.03 76.39
Year 2004 2004 2004 1947 1934 1990 1980 1975
Min 0.78 0.98 1.34 1.64 2.82 2.94 6.36 32.93

Year 1998 1993 1987 1987 1987 1952 1976 1952
Years �� �� �� �� �� �� �� ��

2 month period- < 50% percentage of average for all years
< 75% percentage of average for all years
> 125% percentage of average for all years

	
��������
�������
����
���
������
�����

���
����
�����
���
�������
����
���
�������
��������
�������
������
���
����
���� 

!�������
����
��
���������
��
���
���
�������
�����
�����
"�����
��
�����
#
"���$�������
#


%�����&
"���$�������
'�������
#
%�����&
������ http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?waland



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 



 APPENDIX I 
City of Kent Clark Springs Water Supply System HCP 
 
 

 
R2 Resource Consultants, Inc.  

 
 
 
 
 
 
 
 
 

APPENDIX I 
Identification and Evaluation of Habitat Enhancement 

Opportunities for Rock Creek 
 
 

 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 



 
 
 

FINAL 

Identification and Evaluation of  
Habitat Enhancement Opportunities 

for Rock Creek 
 
 
 
 
 

Prepared for: 

City of Kent 
 
 
 
 

Prepared by: 

R2 Resource Consultants, Inc. 
15250 NE 95th Street 

Redmond, Washington 98052-2518 
 
 

June 2005 
 
 
 
 
 
 
 
 
 
 
 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. ii June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

 
CONTENTS 

 

1. INTRODUCTION .....................................................................................................................1 

2. METHODS ................................................................................................................................2 

3. RESULTS ..................................................................................................................................4 

3.1  REACH 1...............................................................................................................................4 

3.2  REACH 2...............................................................................................................................5 

3.3  REACH 3...............................................................................................................................5 

3.4  REACH 4...............................................................................................................................7 

3.5 REACHES 5, 6, AND 7 ...........................................................................................................7 

3.6 REACH 8 ..............................................................................................................................9 

3.7 REACHES 9 AND 9B ............................................................................................................10 

3.8 REACHES 10, 11, 12, AND 13 .............................................................................................10 

3.9 ROCK CREEK UPSTREAM OF THE CITY OF KENT WATERSHED...........................................11 

4. RECOMMENDATIONS FOR HABITAT RESTORATION AND ENHANCEMENT........12 

4.1 R1-1.  PASSAGE IMPROVEMENT AT THE MOUTH OF ROCK CREEK .....................................14 

4.2 R1-2.  CONNECTION/ENHANCEMENT OF REACH 1 WETLAND COMPLEX ...........................18 

4.3 R8-1.  SUMMIT-LANDSBURG ROAD CULVERT REPLACEMENT...........................................21 

4.4 R12-1.  LWD PLACEMENT IN REACH 12 ...........................................................................22 

4.5 R10-1.  LWD PLACEMENT IN REACH 10 ...........................................................................24 

4.6 FENCING AROUND LOWER PORTION OF CITY OF KENT WATERSHED PROPERTY...............25 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. iii June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

4.7 R2-1.  ENHANCEMENT OF REACH 2 POND/WETLAND COMPLEX........................................25 

5. LITERATURE CITED ............................................................................................................28 

 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. iv June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

FIGURES 
 
Figure 1. Map of the Rock Creek Drainage.  Washington, depicting stream reaches 

surveyed during spawning surveys completed in 2003-2004.................................3 

Figure 2. Looking downstream at a large log jam located in Reach 3 of Rock Creek 
at a flow of approximately 16 cfs on February 3, 2005..........................................6 

Figure 3. Small bank failure that has introduced both fines and gravel to Reach 5 of 
Rock Creek, February 2, 2005................................................................................8 

Figure 4. Profile of Rock Creek bed and water surface elevation at the confluence 
with the Cedar River on February 3, 2005. Rock Creek flow of 16 cfs; 
Cedar River flow of 382 cfs..................................................................................15 

Figure 5. Looking upstream at the confluence of Rock Creek from the Cedar River 
on at a flow of 3.1 cfs.  Photo from video footage. ..............................................15 

Figure 6. Conceptual plan view design sketch of a series of Rock weirs that could be 
constructed at the mouth of Rock Creek to improve low flow fish passage. .......16 

Figure 7. Conceptual section-view design sketch of the general configuration rock 
weirs that could be constructed at the mouth of Rock Creek to improve low 
flow fish passage...................................................................................................16 

Figure 8. Photograph of the pond adjacent to Reach 1 of lower Rock Creek on 
February 3, 2005.  Photo taken looking southeast across the pond and 
elevated trail towards Rock Creek........................................................................18 

Figure 9. Section (a) and plan view (b) sketches of the suggested Rock Creek Reach 
1 pond connection project.....................................................................................19 

Figure 10. Looking upstream at the Summit Landsburg Road crossing on Rock Creek, 
February 3, 2005 at a flow of 15 cfs. ....................................................................22 

Figure 11. Looking upstream in Reach 12 of Rock Creek, at suggested location of 
LWD enhancement, February 3, 2005 at a flow of 15 cfs....................................23 

Figure 12. Section (a) and plan view (b) sketches of the suggested Rock Creek Reach 
12 LWD enhancement. .........................................................................................24 

Figure 13. Existing pond wetland complex adjacent to Reach 2, looking east from 
Rock Creek on February 3, 2005. Rock Creek flow of 15 cfs..............................26 

Figure 14. Conceptual plan view design sketch of the suggested reconfiguration of the 
pond and wetland complex associated with Reach 2 of lower Rock Creek. ........26 

 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. v June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

TABLES 
 
Table 1. Summary and prioritization of potential restoration and enhancement 

opportunities identified on Rock Creek................................................................13 

 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. 1 June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

1. INTRODUCTION 

The City of Kent is developing a Habitat Conservation Plan (HCP) covering the Clark Springs 
Water Supply Facility.  The plan will be submitted to the U.S. Fish and Wildlife Service and 
NOAA Fisheries (the Services) for purposes of obtaining an Incidental Take Permit (ITP) to 
cover the City’s activities related to the facility.  The Services requested that the City evaluate, 
and to the extent possible, identify potential habitat enhancement/restoration projects that could 
be used as mitigation for project operations.  This evaluation focuses on opportunities for 
enhancement/restoration of physical habitats.  Instream flow issues are being assessed separately 
and are not addressed by this report. 
 
The Clark Springs Water Supply Facility is located in the Rock Creek basin; Rock Creek is a 
tributary to the Lower Cedar River and is considered by many to provide some of the best 
remaining tributary habitat in the Cedar River Watershed (WRIA 8 Steering Committee 2004).  
The HCP Action Area will include the 320-acre City of Kent watershed property that surrounds 
the Clark Springs Water Supply Facility and the entire length of Rock Creek extending from the 
eastern end of the watershed property (at RM 2.7) to the confluence with the Cedar River. 
 
In response to the Services request, the City of Kent contracted with R2 Resource Consultants 
(R2) to complete a habitat enhancement feasibility evaluation in the Rock Creek basin.  On 
February 3, 2005 R2 completed a reconnaissance survey of Rock Creek with the goal of 
identifying potential restoration actions that could be implemented to restore or improve fish 
habitat for covered species (Chinook, coho, and sockeye salmon and steelhead, cutthroat, and 
resident trout) in Rock Creek.  The survey was intended to be “ownership blind” and aimed at 
identifying all potential restoration opportunities rather than just those that could be directly 
undertaken by the City of Kent as part of the HCP.  However, the importance of ownership was 
acknowledged when prioritizing potential restoration activities to ensure that actions proposed as 
potential conservation measures under the HCP have a reasonable expectation of being 
successfully implemented. 
 
This report describes the results of the reconnaissance survey.  Section 2 describes the survey 
methods.  Section 3 provides a brief description of potential restoration opportunities by reach.  
Section 4 presents recommendations and design concepts for restoration and enhancement 
projects that could be implemented under the HCP.  This information is intended solely to 
support a preliminary evaluation of the technical feasibility and relative biological benefits of the 
recommended projects and does not represent complete project design. 
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2. METHODS 

 
The reconnaissance survey was conducted by a fluvial geomorphologist and fish 
biologist/engineer with experience in developing habitat restoration plans and projects.  
Biologists familiar with the Rock Creek system and an engineer specializing in the design and 
implementation of projects aimed at restoration of fish passage provided additional support. 
 
The survey initiated at the mouth of Rock Creek and continued upstream through the City of 
Kent watershed property.  Spot checks of channel conditions were conducted at stream crossings 
at 262nd Avenue SE and 268th Avenue SE, and at the location where SR 516 (Kent-Kangley 
Road) crosses Georgetown Creek.  Information on restoration opportunities was collected by 
reach using reach designations developed for spawning surveys (Figure 1). 
 
During the survey, information on general habitat conditions, potential fish passage concerns and 
potential habitat restoration opportunities was recorded.  Where necessary, basic survey data 
were collected using a hand level or auto level and stadia rod.  The location of each feature of 
interest within the reach was recorded based on the measured distance from the nearest 
downstream reach break as recorded using a hip-chain.  Photographs were taken to document 
restoration opportunities and areas of concern, and to support development of design concepts. 
 
Physical habitat conditions were evaluated qualitatively for this assessment, and focused 
primarily on the general influence of anthropogenic activities.  Several reports that provide a 
more quantitative evaluation of habitat conditions in some or all of the survey are available 
(Jones and Stokes 1993; Pentec 2001).  A detailed barrier assessment at each crossing structure 
was beyond the scope of this assessment.  The evaluation of fish passage relied on limited survey 
data and a visual assessment by individuals familiar with state passage criteria to determine 
whether existing passage structures appeared to be in compliance with current WDFW passage 
criteria (WDFW 2003).  The survey was conducted at a relatively high flow (15 cfs), thus 
identification of areas where physical habitat conditions gave rise to low flow passage concerns 
relied on general channel configuration and information and photos provided by biologists who 
had seen the areas at low flow. 
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Figure 1. Map of the Rock Creek Drainage.  Washington, depicting stream reaches surveyed during spawning surveys completed in 
2003-2004. 
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3. RESULTS 

 
Habitat conditions and restoration opportunities identified during the reconnaissance survey are 
reported below for each reach.  The distribution of reaches and other key infrastructures are 
depicted in Figure 1. 
 
3.1  REACH 1 
 
Reach 1 is a roughly 330-foot-long segment of channel that has an overall gradient of 
approximately 2 to 4 percent.  Reach 1 of Rock Creek flows across alluvial sediments deposited 
by the Cedar River, thus the channel bed consists primarily of rounded gravel and cobble size 
material with occasional boulders.  Historical evidence concerning the alignment of the mouth of 
Rock Creek is mixed.  USGS topographic maps constructed in 1973 suggest Rock Creek flowed 
east from Reach 2 joining the Cedar River approximately 1,500 feet upstream of the current 
confluence.  However, maps from 1897 and 1900 suggest the current location is similar to its 
location during that early time period.  Given the valley configuration and direction of flow in 
the Cedar River, the 1973 alignment appears unlikely and would most likely have occurred only 
if Rock Creek had intersected a former side channel of the Cedar River.  Natural channels rarely 
flow upstream into mainstem rivers.  Regardless of its historical alignment, the channel in Reach 
1 is quite steep at its confluence with the Cedar River (approximate gradient 7 percent), and 
upstream passage is a concern at low flows. 
 
Four potential restoration/enhancement opportunities were identified in Reach 1: 

R1-1. Improving low flow passage at the confluence with the Cedar River. 

R1-2. Connecting a small pond wetland on the west bank to the Rock Creek mainstem to 
provide winter rearing habitat. 

R1-3. Riparian and stream bank restoration on the private property located on the east 
bank. 

R1-4. In wide shallow areas with a uniform bed cross-section, countersink logs that 
partially span the channel to concentrate low flows and promote thalweg scour while 
not significantly affecting high flow water levels. 
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3.2  REACH 2 
 
Reach 2 is a 450-foot-long segment of channel that extends from the footbridge to the box 
culvert at the SE 248th Street stream crossing.  The gradient of Reach 2 is approximately 2.0 
percent.  As for Reach 1, this section of Rock Creek flows across alluvium deposited by the 
Cedar River, and has bed substrate that consists primarily of gravel and cobble.  Just above the 
footbridge, the channel splits around a small mid-channel island.  An open water wetland that 
remains connected to the channel at most flows is located on the east bank.  The substrate in this 
wetland currently consists of at least 2-feet of organic muck. 
 
Upstream of the wetland there is a series of recently constructed habitat enhancement features.  
Most of the wood associated with these features is elevated above the channel.  Additional large 
woody debris (LWD) was delivered to the channel by a major windstorm in 2003; LWD is 
abundant in most of Reach 2.  Where LWD is absent, the channel tends to be straight with 
relatively coarse substrate.  Large woody debris that was level with the channel bed could 
enhance sediment storage, although such measures would need to carefully consider the potential 
for increased flooding to ensure protection of private property. 
 
Two potential restoration opportunities were identified in Reach 2: 

R2-1. Enhancement of the existing off-channel habitat/open water wetland located on the 
east bank of Rock Creek just upstream of the footbridge. 

R2-2. Placement of countersunk logs or rock weirs to trap gravel and enhance spawning 
habitat where flow diverges downstream of narrow runs. 

 
3.3  REACH 3 
 
Reach 3 is a 656-foot-long segment of channel that extends from the SE 248th Street stream 
crossing to the Seattle Pipeline stream crossing.  An old culvert at the SE 248th Street crossing 
that was perceived to be a potential fish barrier at some stream flows was replaced in 2003.  The 
new crossing structure culvert is a bottomless concrete box and appears to meet current WDFW 
passage criteria.  Reach 3 represents an area of transition from the Cedar River floodplain to a 
narrow ravine cut through quaternary glacial sediments.  The overall gradient is approximately 
2.2 percent, however several short sections with significantly higher gradients in association with 
large logjams were noted (Figure 2).  Individual large logs and jams were noted to have 
accumulated extensive deposits of mobile gravels, however the majority of this reach is 
characterized by cobble to small boulder-size framework materials. 
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The WRIA 8 Conservation Plan (WRIA 8 Steering Committee 2004) recommended that riparian 
enhancement be implemented in Reach 3 to offset trees blown down during the 2003 windstorm.  
Recent plantings were observed in Reach 3 during the survey, primarily associated with the slope 
below the Seattle Water Pipeline.  No additional restoration opportunities were identified in 
Reach 3.  Large woody debris is abundant due to the recent blowdown.  Wood clearly functions 
to store sediment, however even very large pieces of LWD are not observed to form large deep 
pools.  Wide, shallow areas where low flows could interfere with upstream passage were noted, 
although most covered short-distances (less than 100 feet).  Such areas form naturally in 
response to changes in hydraulics and sediment storage that result from LWD entering the 
channel, thus treatment of any individual site would provide a temporary fix at best, and would 
likely require ongoing maintenance. 
 
 

 
Figure 2. Looking downstream at a large log jam located in Reach 3 of Rock Creek at 

a flow of approximately 16 cfs on February 3, 2005. 
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3.4  REACH 4 
 
Reach 4 is an 830-foot-long segment of channel that extends upstream from the Seattle Water 
Pipeline stream crossing.  This crossing consists of a box culvert and two circular overflow 
culverts that convey a small amount of water even at low flows.  The box culvert has baffles and 
is probably passable by adult and juvenile salmonids under most flows; however, splitting the 
flow into multiple culverts may limit passage at low flows. 
 
Reach 4 has an overall gradient of about 2.0 percent.  Short areas with locally higher gradients 
were observed.  Overall, LWD was abundant, and has functioned to store sediment, although as 
for Reach 3 it was not observed to form deep pools.  Reach 4 is semi-alluvial, with substrate 
consisting of stable sub-angular cobble and small boulders.  Smaller sediments are mobile, and 
numerous patches of gravel are present.  However, large accumulations of gravel and cobble 
deep enough to support Chinook spawning were less common than downstream. 
 
With the exception of potential passage issues associated with the Seattle Pipeline culvert at the 
beginning of the reach, no restoration opportunities were identified in Reach 4.  Habitat and 
riparian vegetation are in good condition.  The City of Seattle is currently evaluating whether or 
not improvements are necessary at the pipeline crossing (Chinook Engineering 2004), thus that 
action was not identified as a restoration opportunity that could be undertaken by the City of 
Kent as part of the Clark Springs Water Facility HCP. 
 
3.5 REACHES 5, 6, AND 7 
 
Habitat conditions in Reaches 5, 6 and 7 are similar to those described for Reach 4.  The primary 
difference is valley configuration, which is narrow with steeper sideslopes in Reaches 5 and 7, 
and moderately confined in Reach 6.  Increased levels of sand and very fine gravel were noted, 
and a number of localized input sites consisting of eroding banks or small failures were 
identified (Figure 3).  The riparian zone is intact, thus these features represent natural sites of 
sediment input, and are not considered an impact that should be rehabilitated.  Such features 
were also noted to be sources of small gravel that formed some of the better spawning patches 
with identifiable redds from recent spawning of sockeye or coho salmon.  No obvious restoration 
opportunities were noted in Reach 5, 6 or 7. 
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Figure 3. Small bank failure that has introduced both fines and gravel to Reach 5 of Rock 

Creek, February 2, 2005. 
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3.6 REACH 8 
 
Reach 8 consists of a long low gradient forested wetland complex.  Reach 8 flows across the 
broad flat glacial outwash deposit characteristic of the upper Rock Creek valley, and has an 
overall gradient of less than 1 percent.  The outwash deposits are glacial rather than alluvial in 
nature and thus naturally contain a high proportion of sand and fine sediment as compared to 
downstream reaches.  Deep deposits of fine sediment supporting aquatic vegetation were 
common.  Spawning areas consisting of gravel to small cobble were observed frequently, 
although they appeared somewhat finer than is typically preferred by Chinook salmon.  Because 
of the high levels of fine sediment, spawning gravels typically occur where localized flow 
obstructions concentrate flow and develop swift enough velocity to flush and throughput fines. 
 
Habitat conditions in the lower portion of Reach 8 are good, with an intact riparian zone.  
However, residential development along the upstream part of this reach does affect habitat and 
offers some opportunities for restoration or enhancement.  Reestablishment of riparian vegetation 
along the right (east) bank would increase cover and shade as well as providing bank 
stabilization.  Banks are currently hardened with a variety of materials including hand placed 
cobble, timbers, and small boulders (see cover photo).  Several pieces of LWD were observed to 
increase the habitat complexity in the upstream end of Reach 8.  However, this material 
consisted largely of 8-12 inch diameter alder recruited during the 2003 windstorm and is not 
expected to persist in the stream for more than a few years. 
 
Reach 8 ends at the Summit-Landsburg Road.  The existing crossing structure consists of three 
24-inch diameter culverts embedded in masonry/concrete.  At a flow of approximately 15 cfs 
during the survey, the culvert outlets were perched approximately 6 inches above the water 
surface on the downstream side of the crossing.  Although the structure is passable for adult 
salmonids, as evidenced by spawning coho and sockeye observed in upstream reaches, it does 
not meet WDFW passage criteria and could represent a barrier at low flows due to shallow 
depths and high velocities that result from splitting the flow through three culverts. 
 
Three potential habitat restoration opportunities were identified in Reach 8: 

R8-1. Replacement of the crossing structure at the Summit-Landsburg Road. 

R8-2. Re-establishment of native riparian vegetation, including shrubs or small trees on 
residential properties bordering the stream. 
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R8-3. Strategic placement of wood structures to concentrate flow and enhance localized 
flushing of fine sediments to improve spawning in the same section of channel as 
Measure 8-2. 

 
3.7 REACHES 9 AND 9B 
 
Reaches 9 and 9b extend from Summit-Landsburg Road upstream past  SR 516 (Kent-Kangley 
Road) to the flow augmentation pipe and are located entirely within the City of Kent watershed 
property.  Reach 9 represents a continuation of the forested wetland habitat first encountered in 
Reach 8.  The channel is multi-threaded with abundant fine sediment except in areas where 
locally high gradient or flow obstructions result in velocities that are sufficient to keep the bed 
clear of fine sediment.  Riparian zones on both sides of the stream are intact but consist primarily 
of young deciduous trees and shrubs.  The complex channel offers excellent rearing habitat for 
all species of salmonids.  Reach 9b is upstream of Reach 9, and consists of a steeper gradient 
single channel flowing from a lower gradient, split channel wetland complex upstream. 
 
No opportunities for enhancement of physical habitat were noted in Reach 9.  However, due to 
its location between two heavily used local roads, littering and illegal dumping have introduced 
trash to Reaches 9 and 9b.  Actions to reduce introduction of trash to Rock Creek would improve 
habitat appearances in Rock Creek and help protect it from potentially serious water quality 
impacts. 

R9-1. Fence watershed property in the vicinity of Reach 9 to reduce littering and illegal 
dumping. 

 
3.8 REACHES 10, 11, 12, AND 13 
 
Reaches 10 through 13 traverse the City of Kent watershed property upstream from the 
augmentation pipe, extending for approximately one mile to the eastern property boundary.  
Habitat in these reaches is similar, consisting primarily of a multi-threaded channel that flows 
through scrub-shrub wetlands interspersed with short stretches where the channel is bordered by 
mixed forest on one or both sides.  A portion of the riparian corridor is affected by the presence 
and maintenance of transmission lines owned by the Bonneville Power Administration. 
 
Substrate is a mixture of loose, unconsolidated sand and gravel.  Areas of dense shrubs provide 
abundant cover where water flows around and through roots and trailing branches.  In areas 
where shrubs are absent the channel is approximately 30 feet wide with a fairly uniform cross 
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section.  Clean gravels occur only where local flow obstructions result in velocities that are 
sufficient to keep the bed surface clear of fine sediment.  Habitat complexity in these areas is 
provided primarily by LWD. 
 
Two restoration opportunities were noted in reaches 10-13.  Both focused on portions of straight 
uniform channels that would benefit from LWD placement. 

R10-1. Addition of individual pieces of LWD to the section of channel immediately 
downstream of the footbridge would enhance spawning and rearing habitat by 
increasing hydraulic complexity and cover. 

R12-1. Addition of individual pieces of LWD to the section of channel immediately near 
the maintenance road and monitoring wells would enhance spawning and rearing 
habitat by increasing hydraulic complexity and cover.  Existing fallen conifers 
spanning the channel in this area could be cut and dropped into the stream. 

 
3.9 ROCK CREEK UPSTREAM OF THE CITY OF KENT WATERSHED 
 
Spot checks were made of habitat conditions upstream of the City of Kent watershed property.  
At 262nd Avenue SE, located at RM 2.8, approximately 0.10 miles upstream of the eastern 
watershed boundary, flows were noticeably lower than within the surveyed reach.  At 268th 
Avenue SE (RM 3.36) flows in Rock Creek were just a trickle.  Inflows in Georgetown Creek 
just upstream of the confluence with Rock Creek were also low. 
 
As a result of the intermittent nature of flow in the upstream reaches, direct manipulation of 
physical habitat in the upper watershed would provide minimal benefits for covered species.  
Instead, efforts should focus on protection and restoration of critical watershed functions such as 
riparian zones, sediment inputs, water quality and groundwater recharge.  Several recent 
documents contain recommendations for both general strategies and specific actions (Friends of 
Rock Creek 2004; WRIA 8 Steering Committee 2004). 
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4. RECOMMENDATIONS FOR HABITAT RESTORATION AND ENHANCEMENT 

 
The specific goal of this assessment was to identify habitat enhancement or restoration activities 
that could be undertaken by the City of Kent as part of the Clark Springs Water Supply Facility 
HCP.  To this end, potential habitat restoration opportunities identified in Section 3 were 
prioritized based on the potential benefits to species covered under the HCP as well as the level 
of certainty that such projects could be implemented as Conservation Measures under the HCP.  
Overall, a total of 12 potential specific habitat restoration opportunities were identified for Rock 
Creek. 
 
Restoration opportunities were prioritized based on a combination of biological benefits and land 
ownership (Table 1).  Criteria used to prioritize biological benefits were: 

• Projects that would benefit multiple species and lifestages, including ESA-listed Chinook 
salmon, or that improved access to a large extent of stream (i.e., greater than 1-mile) for 
one or more salmonid species were assumed to have high benefits. 

• Projects that would benefit at least one species or lifestage proposed for coverage under 
the HCP, or that improved access to a moderate length of habitat (500-feet to 1 mile) 
were assumed to have moderate benefits. 

• Projects that would result in localized improvements within a relatively short section of 
stream (i.e., less than 500 feet) were assumed to have limited benefits. 

Criteria used to assign certainty are as follows: 

• Projects located on lands owned by the City of Kent were assigned a high level of 
certainty. 

• Projects located on other public lands (County, State or Federal) were assigned a 
moderate level of certainty. 

• Projects located on privately owned lands were assigned a low level of certainty. 

 
Design concepts were developed for each potential opportunity that was assigned a high or 
moderate level of certainty.  Those design concepts are presented below.  In addition, a design 
concept is included for one project that would have high benefits, but that is located on private 
lands and was thus assigned a low level of certainty.  No design concepts were developed for 
projects deemed to have only moderate or localized beneficial effects and assigned a low level of 
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Table 1. Summary and prioritization of potential restoration and enhancement opportunities identified on Rock Creek. 
 

Reach 
Project 

# Priority Title Ownership 
Potential 
Benefits 

Level of 
Certainty Cost Range 

1 R1-1 1 Upstream passage at mouth King County-west 
Private - east 

High Moderate $15,000-$30,000 

1 R1-2 2 Connect Reach 1 wetland King County High Moderate $30,000-$50,000 

2 R2-1 7 Improve Reach 2 wetland King County Localized Moderate $15,000-$25,000 

8-9 R8-1 3 Culvert replacement at 
Summit-Landsburg Road 

City of Kent; 
County Road Right of Way? 

Moderate High $600,000-$1,000,000 

12 R12-1 4 LWD placement in Reach 12 City of Kent Localized High $10,000-$15,000 

10 R10-1 5 LWD placement in Reach 10 City of Kent Localized High $15,000-$25,000 

9 R9-1 6 Fence watershed property City of Kent Low High $10,000-$20,000 

1 R1-3 8 LWD to concentrate flow Private Localized Low – 

2 R2-2 9 LWD to trap gravel Private Localized Low – 

1 R1-4 10 Riparian restoration Reach 1 Private Localized Low – 

8 R8-2 11 Riparian restoration Reach 8 Private Localized Low – 

8 R8-3 12 LWD placement Reach 8 Private Localized Low – 
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certainty.  Such projects could be supported by contributing funds to a general watershed 
enhancement fund that provides grants to other entities.  However, given the low level of 
certainty that such actions could be implemented under the HCP, they are not considered viable 
options for specific conservation measures at this time. 
 
Design and approximate costs for seven opportunities are presented below.  Opinions of probable 
costs included in this document are intended for planning purposes only and assume that 
landowner support is readily obtained and that limited consultation will be required during the 
permitting process.  Additional site reconnaissance and design efforts are recommended to refine 
the costs shown.  Costs are presented in 2005 dollars, based on an Engineering News Record 
Construction  Cost Index of 7297.58 for February 2005 (http://env.construction.com). 
 
Restoration opportunities located on private lands were identified where they were encountered 
and ranked based on their perceived benefits to covered species.  However, no design concepts 
were developed for those sites because the City of Kent cannot ensure that such projects would 
be implemented as part of the HCP. 
 
4.1 R1-1.  PASSAGE IMPROVEMENT AT THE MOUTH OF ROCK CREEK 
 
The mouth of Rock Creek is currently perched approximately 3 feet above the confluence with 
the Cedar River at lower flows, resulting in a 40-foot long section composed of large cobble and 
boulders that has a gradient of 7 percent (Figure 4).  Although the area is passable at moderate to 
high flows, during low flows water from Rock Creek flows through and around the boulders, 
potentially impeding the upstream passage of adult and juvenile fish due to shallow depths, lack 
of jumping pools, and high velocities (Figure 5). 
 
Improvement of passage at the mouth of Rock Creek could be accomplished by constructing a 
series of low rock weirs with a center slot that concentrates flow, especially during low flow 
periods.  Concentrated flow would provide sufficient depth for fish to move upstream, while the 
weirs will act to slightly pond water and provide resting areas for upstream migration.  Swift 
velocity in the concentrated flow path is not anticipated to be a concern because of the relatively 
short length of the section. 
 
Figures 6 and 7 present conceptual design sketches of the recommended approach for improving 
upstream fish passage at the mouth of Rock Creek.  Construction of the weirs would require 
imported boulders with a diameter of approximately 1.5- to 2-feet.  The actual number of weirs 
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Figure 4. Profile of Rock Creek bed and water surface elevation at the 

confluence with the Cedar River on February 3, 2005. Rock 
Creek flow of 16 cfs; Cedar River flow of 382 cfs. 

 

 
Figure 5. Looking upstream at the confluence of Rock Creek from the Cedar 

River on at a flow of 3.1 cfs.  Photo from video footage.
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Figure 6. Conceptual plan view design sketch of a series of Rock weirs that could be 

constructed at the mouth of Rock Creek to improve low flow fish passage. 
 

 
Figure 7. Conceptual section-view design sketch of the general configuration rock weirs that 

could be constructed at the mouth of Rock Creek to improve low flow fish passage. 
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constructed may vary from four to six; each weir should provide approximately 6-inches of lift.  
Weirs should be located at the mouth and at the bend approximately 30 feet upstream. 
 
Boulder placement could be accomplished using a small rubber-tired track hoe and hand 
adjustment.  Access to the site is available on the King County property on the west bank of 
Rock Creek via a footpath from SE 246th Street.  Permission to access the site via the private 
property on the west bank would be helpful, but not critical.  Minimal vegetation clearing would 
be required for access and construction.  Cleared areas (if any) would be reseeded using native 
plants. 
 
Estimated design, construction and permitting costs for this project are approximately $15,000-
$30,000.  This opinion of cost assumes that implementation of the project is supported by King 
County (the west bank landowner) and that a conservation easement or acquisition of additional 
real estate on the east bank and in the channel is not required.  Costs for temporary construction 
and maintenance easements are also not included.  For the purposes of this report, it was 
assumed that King County would grant easements for actions identified as desirable by the 
WRIA 8 Steering Committee. 
 
The proposed project would likely require at least some level of ongoing maintenance.  Rock 
weirs should be checked annually prior to the time when fish movement into Rock Creek 
generally commences to ensure that the center slots are clear and function to concentrate flow.  
Rock weir configuration could be affected by high flow events in either Rock Creek or the Cedar 
River, thus it is anticipated that extensive maintenance may be required at a frequency of 
approximately 10 years.  Potential maintenance costs could be reduced by using larger rock or by 
grouting placed material in place.  However, use of these techniques could increase permitting 
and construction costs. 
 
An alternative to the use of rock weirs would be to construct similar structures using notched 
logs.  Notched logs would need to be anchored and at least partly buried in the bank, thus this 
approach would require increased site disturbance, as well as access to the east bank property.  
Log weirs may require less frequent maintenance, but would eventually have to be replaced 
when the wood decays (assume replacement interval of approximately 10 to 25 years depending 
on rate of bedload corrasion). 
 
Improvement of low flow fish passage at the mouth of Rock Creek would benefit all species that 
use or potentially use Rock Creek for spawning.  Passage improvement would be particularly 
beneficial for Chinook salmon, large bodied fish that migrate upstream in the Cedar River basin 
to spawn during August and September when flows are typically low.  Sockeye salmon also 
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begin spawning in the late summer and are known to heavily utilize the entire perennial length of 
Rock Creek. 
 
4.2 R1-2.  CONNECTION/ENHANCEMENT OF REACH 1 WETLAND COMPLEX 
 
The pond and wetland complex on King County land adjacent to the west bank of Rock Creek in 
Reach 1 currently lacks a direct connection to Rock Creek (Figure 8).  Pond and stream water 
surface elevations (WSE) were surveyed on February 3, 2005 at a flow of 15 cfs in Rock Creek 
and approximately 380 cfs in the Cedar River.  At that time the pond WSE was approximately 
1.5 feet lower than the WSE of Rock Creek (Figure 9a).  A subsequent visit indicated there are 
no overflow points on the downslope berm isolating the pond from the Cedar River.  No 
information on seasonal variations in the relationship between pond WSE and Creek WSE were 
available for this analysis.  However, a staff gage and PVC pipe with an apparent data logger 
were noted in the pond during the site visit. 
 

 

Pond Rock Creek 

 
Figure 8. Photograph of the pond adjacent to Reach 1 of lower Rock Creek on February 3, 2005.  

Photo taken looking southeast across the pond and elevated trail towards Rock Creek. 
 
Based on the limited available information, it appears that a connection could be maintained 
between the pond and Rock Creek during winter periods to provide winter and summer off-
channel rearing habitat.  A general plan view of this suggested habitat enhancement project is 
provided in Figure 9b. 
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Figure 9. Section (a) and plan view (b) sketches of the suggested Rock 

Creek Reach 1 pond connection project. 
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Connection of the pond could be accomplished by excavating 1- to 2-foot wide inlet and outlet 
channels.  If desired, access along the footpath could be maintained by installation of small 
footbridges.  The 2 to 4 percent gradient in Rock Creek provides enough drop in head that the 
pond inlet and outlet would not need to be very far apart (Figure 9).  Existing pond habitat could 
be enhanced by placement of LWD to provide hiding cover for juvenile salmonids.  Based on the 
observed pond surface elevation and the bed elevation and WSE in Rock Creek, it appears likely 
a structure controlling inflows and outflows, such that inflow to the pond is cut off during low 
flows in Rock Creek, will be required in order to avoid dewatering the stream. 
 
Substantial additional data are required to confirm feasibility before developing final project 
designs and cost estimates.  Information from the existing pond WSE gage recorder should be 
obtained to evaluate seasonal changes in the relationship between pond WSE and stream WSE.  
A detailed topographic survey of the pond configuration, depth and inlet and outlet connectivity 
should be completed in support of project design to ensure that implementation of the project 
does not capture additional flow from Rock Creek during the summer and for locating the inlet 
and outlet.  Finally, temperature and DO should be monitored through at least one summer to 
confirm that conditions within the pond are suitable to support salmonid rearing year round. 
 
Access to the pond for excavation can be accomplished via the existing footpath.  A small rubber 
tired track hoe would likely be sufficient to complete the required excavation.  Minor vegetation 
clearing would be required. 
 
Estimated monitoring, design, construction and permitting costs for this project are expected to 
require between $30,000 and $50,000.  This opinion of cost assumes that implementation of the 
project is supported by King County (the landowner), any amount of fill needed to control the 
pond outlet elevation is available on-site, and that acquisition of additional real estate is not 
required.  Costs for temporary construction and maintenance easements are not included.  This 
project was previously identified as a potential habitat enhancement opportunity by the WRIA 8 
steering committee and it is assumed that King County would support these efforts. 
 
Enhancement of pond habitat will improve off-channel rearing habitat available to juvenile 
salmonids in Rock Creek.  Given the proximity of this site to the Cedar River (175-ft travel 
distance), it is also possible that juvenile fish originating from the Cedar River could access the 
site, particularly during high flows.  Off-channel habitats are preferred by coho salmon, but are 
also sometimes used by juvenile Chinook salmon in the nearby Green River (Jeanes and Hilgert 
2000). 
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4.3 R8-1.  SUMMIT-LANDSBURG ROAD CULVERT REPLACEMENT 
 
Replacement of the existing stream crossing structure at the Summit-Landsburg Road would 
ensure unrestricted passage by all species at all flows, including movement of juvenile salmonids 
upstream into the wetland complex associated with Reach 9.  The existing culverts at the Summit 
Landsburg Road do not meet current WDFW fish passage criteria, which require uninhibited 
upstream and downstream passage of all species and life stages, including resident trout and 
juvenile salmonids (WDFW 2003).  The culvert outlets were perched approximately 6 inches 
above the water surface on February 3, 2005 at a flow of approximately 15 cfs in Rock Creek 
(Figure 10).  The culverts may also be undersized; water backed up behind the crossing during 
the February 1996 flood reportedly overtopped the road and caused localized flooding 
(Burlingame 2005).  Because of the low stream gradient and concerns about localized flooding, 
raising the tailwater such that the culvert outlets are backwatered at all flows is not a viable 
option over the long-term.  However, installation of structures to raise the tailwater might be an 
option in the short-term provided landowner cooperation was obtained and potential flooding 
issues were addressed. 
 
Recommended WDFW culvert passage criteria are intended to size crossing structures such that 
natural stream processes will take place within the structure.  These processes include a natural 
graded streambed, capable of passing bedload as well as other terrestrial and aquatic species 
other than fish.  The required “span” of the structure is typically about 1.2 times the bankfull 
channel width.  The bankfull width of Rock Creek at the crossing site is approximately 25-feet, 
thus a span of around 30-feet will be required.  The road surface at the crossing site is only about 
3 feet above the bankfull stream elevation, allowing little freeboard.  As a result, the cover depth 
available to meet structural requirements of American Association of State Highway 
Transportation Officials standards for corrugated metal culverts is limited.  Our preliminary 
assessment suggests that as a result of the limited freeboard, a pre-cast bottomless concrete box 
culvert or bridge will probably be required. 
 
The cost of replacing the structure will depend not only on the type of structure used, but on 
future anticipated traffic volumes and ancillary safety features such as sidewalks and guardrails 
that may need to be incorporated into the design.  At a minimum, replacement of the existing 
structure with an improved design that passes fish and has a road width and safety features 
comparable to what exists on site today is approximately $600,000.  Actual costs may vary 



City of Kent Habitat Enhancement Opportunities for Rock Creek 
 
 

 
R2 Resource Consultants, Inc. 22 June 2005 
1497.01/HabitatEnhancement_RockCreek_Final_062905  FINAL 

substantially from this estimate and could be as high as $1,000,000.  Project plans will also need 
to identify how flows and fish will be passed during construction. 
 
 

 
Figure 10. Looking upstream at the Summit Landsburg Road crossing on Rock Creek, 

February 3, 2005 at a flow of 15 cfs. 
 
 
If the culvert replacement project is undertaken, it should be done in close cooperation with city, 
county and state road and transportation departments.  The likelihood of future road upgrades or 
needs in light of local growth projections and ranking on the City and/or County CIP list should 
be investigated prior to committing resources to specific design and construction approaches. 
 
4.4 R12-1.  LWD PLACEMENT IN REACH 12 
 
A portion of Reach 12 currently consists of a uniform channel with a bed composed 
predominantly of sand, and scarce instream cover (Figure 11).  Addition of individual pieces of 
LWD to this area would provide hiding cover for adult fish and increase the hydraulic 
complexity, causing local increases in flow velocity that could potentially enhance spawning 
habitat for sockeye and coho salmon by maintaining areas of cleaner gravel. 
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Figure 12 presents a plan and section view of LWD placement that could be implemented to 
enhance habitat in Reach 12.  The high permeability soils of the upper Rock Creek watershed 
give rise to a flow regime that is fed predominantly by groundwater flow, thus peak flows tend to 
be lower and rise and fall gradually in comparison with the flashier flows of basins fed primarily 
by surface water runoff.  As a result, LWD placed in Reach 12 is expected to remain relatively 
stable, and would not require extensive armoring.  Logs could be stabilized by wedging them 
against trees on site, and strategic hand placement of several one to two-man boulders sized 
sufficiently to counteract drag and buoyancy forces.  However, if placed LWD were to move 
during high flows it would likely deposit in the multi-thread section of channel located 
immediately downstream. 
 
 
 

 
Figure 11. Looking upstream in Reach 12 of Rock Creek, at suggested location of 

LWD enhancement, February 3, 2005 at a flow of 15 cfs. 
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  Bankfull flow  

  Base flow  

a.  Plan View

Large woody debris provides 
cover and concentrates flow

b.  Cross Section

 
Figure 12. Section (a) and plan view (b) sketches of the suggested Rock Creek Reach 12 

LWD enhancement. 
 
Three recently recruited conifers that span the channel are currently available on site (Figure 11).  
These logs could be cut and re-oriented as depicted in Figure 12, using a come-along/pulley 
system, resulting in minimal site disturbance.  The work would require an HPA, but could 
potentially be permitted using the streamlined Joint Aquatic Resource Permit Application 
(JARPA) process if the activity is part of an approved watershed restoration plan sponsored by 
the City of Kent (RCW 89.08).  Total estimated cost, including development of final designs and 
permitting, is anticipated to be approximately $15,000. 
 
4.5 R10-1.  LWD PLACEMENT IN REACH 10 
 
A portion of Reach 10 located immediately downstream of the footbridge currently consists of a 
uniform channel with a bed composed predominantly of sand, and scarce in-stream cover, 
similar to that identified in Reach 12.  Addition of several individual pieces of LWD to this area 
would provide hiding cover for adult fish and increase the hydraulic complexity, causing local 
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increases in flow velocity that could potentially enhance spawning habitat for sockeye and coho 
salmon by maintaining areas of cleaner gravel.  The same conceptual design approach described 
for Reach 12 could be implemented in Reach 10.  No LWD was identified on-site at this 
location, thus LWD would have to be purchased or obtained from elsewhere on the watershed 
property.  Importing LWD to the site could require minimal site clearing and post-construction 
re-planting. 
 
Implementation of this project would require final design, and potentially clearing and grading 
plans and a revegetation plan.  Permitting could again be potentially accomplished using the 
streamlined JARPA process.  The total anticipated cost including design, permitting and 
purchase of logs would be approximately $15,000 to $25,000. 
 
4.6 FENCING AROUND LOWER PORTION OF CITY OF KENT WATERSHED 

PROPERTY 
 
An abundance of trash was observed in the stream channel of Reach 9 during the February 28th 
reconnaissance survey.  The majority of the material appeared to be inert, but the possibility 
exists that materials which would cause substantial adverse impacts to water quality and fish 
could be introduced.  Fencing the remaining watershed property would reduce, but not 
completely prevent this risk.  Conducting periodic patrols and removing trash would also 
improve watershed conditions. 
 
4.7 R2-1.  ENHANCEMENT OF REACH 2 POND/WETLAND COMPLEX 
 
The pond and wetland complex adjacent to the east bank of Rock Creek in Reach 2 just upstream 
of the SE 246th Street footbridge is currently connected to Rock Creek at all but the lowest 
flows, and thus functions to provide off-channel rearing habitat.  However, pond substrate 
consists of a thick layer of organic muck that reduces rearing area and could contribute to anoxic 
conditions.  Overhead canopy cover is currently sparse on the east and south sides, thus the pond 
is exposed to solar radiation that may elevate water temperatures in the summer. 
 
Existing pond habitat could be improved by excavating the organic material to a depth of around 
2-4 feet, constructing an island in the center of the pond that would support trees and shrubs and 
provide increased shade, and by placement of LWD in the excavated pond to provide hiding 
cover.  Minor excavation of the pond inlet could be completed to provide access at all flow 
levels.  Figures 13 and 14 show the existing pond and a conceptual design sketch of suggested 
reconfiguration. 
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Figure 13. Existing pond wetland complex adjacent to Reach 2, looking east from Rock 

Creek on February 3, 2005. Rock Creek flow of 15 cfs. 
 
 

Flow

Island (constructed & 
planted w/ trees)

Gravel Bar Island 
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Excavate organic 
sediments, 2-4 ft

 
 

Figure 14. Conceptual plan view design sketch of the suggested reconfiguration of the 
pond and wetland complex associated with Reach 2 of lower Rock Creek. 
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A detailed topographic survey of the pond configuration, depth and inlet connectivity should be 
completed in support of project design to ensure that implementation of the project does not 
capture additional flow from Rock Creek during the summer.  Monitoring of pond water surface 
levels, temperature and DO during the summer should also be conducted prior to final design and 
implementation of this project. 
 
Access to the pond for excavation can be accomplished via SE 246th St and 244th Place SE.  
The existing pond is small enough that an excavator can likely reach much of the area to be 
excavated; however, some vegetation clearing and use of equipment in the wetland may be 
required.  The pond is located on King County land and thus this project will require landowner 
support and consent. 
 
Estimated design, construction and permitting costs for this project are approximately $15,000 to 
$25,000.  This cost estimate assumes that the landowner supports implementation of the project 
and that acquisition of additional real estate and easements is not required.  The pond may 
gradually refill with organic material over time, thus maintenance in the form of re-excavation of 
organic matter may be required in the future.  Pond filling is anticipated to occur over multiple 
decades however, thus no major maintenance is anticipated over the term of the HCP.  Minor 
maintenance to maintain inlet connectivity could be accomplished with hand tools when needed. 
 
Enhancement of pond habitat will improve off-channel rearing habitat available to juvenile 
salmonids in Rock Creek.  Given the proximity of this site to the Cedar River (425-ft travel 
distance), it is also possible that juvenile fish originating from the Cedar River could access the 
site, particularly during high flows.  Off-channel habitats are preferred by coho salmon, but are 
also sometimes used by juvenile Chinook salmon in the nearby Green River (Jeanes and Hilgert 
2000). 
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APPENDIX J 
Analysis of Water Depths at PHABSIM Transects 

Introduction 
Water flow and depth during the fall and late summer are important issues for the Habitat 
Conservation Plan under preparation for the City of Kent’s Clark Springs Water Supply 
located within the Rock Creek basin because low flows have the potential to limit the 
upstream passage of adult salmon.  NOAA Fisheries and US Fish and Wildlife Service 
(Services) requested that an analysis of water depth under different flow conditions be 
conducted at transects utilized for the Physical Habitat Simulation (PHABSIM) 
methodology.  The following reports the methods and results of the analysis, including a 
brief discussion. 
 
In general, the main criterion for successful upstream passage at low flows is depth.  Many 
minimum depth criteria can be found in the literature for salmonids, varying with species 
and investigation.  Table 1 lists depth criteria from several studies.  The majority of studies 
have focused on the design of fish ladders, culverts, spawning channels, and other man-made 
structures, emphasizing not only the conditions within the structure, but also at the entrance 
and exit (e.g., Chambers et al. 1955; Thompson 1970; Slatick 1970, Slatick 1975; Weaver et 
al. 1976; Evans and Johnston 1980; Bell 1991).  Some studies have aimed at evaluating 
passages conditions in natural channels (e.g., Mosley 1982; Thompson 1972). 
 
As can be seen from Table 1, various investigators have suggested different criteria for the 
minimum depth.  It is useful to consider two principles when examining minimum depth 
criteria.  First, Powers and Orsborn (1985b) emphasized that flow depth should be greater 
than body depth for the fish to make full use of its propulsive power.  Second, Evans and 
Johnston (1980) emphasized that fish passage structures must be designed for the successful 
passage of all fish, not just the most fit.  However, in stream systems, locations that do not 
meet depth criteria under natural conditions at a specified time do not necessarily result in a 
complete barrier to the upstream migration of fish.  Depending on the actual depth of water 
and the length of stream containing shallow depths that must be traversed to reach the next 
deeper segment of stream, adult salmonids can successfully migrate upstream in water 
shallower than their body depth. 
 
For the analysis of Rock Creek we concluded that optimal passage for Chinook salmon 
would generally occur at depths of 1.0 feet or more following the recommendations of Bell 
(1991) (Table 1). 
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Table 1. Depth criteria reported for salmonid upstream passage. 

Author(s) 
Depth 

(ft) Comments 

Ziemer (cited in Orsborn and 
Powers, 1985b) 

0.5-1.0 Weir design values for salmon and 
shad 

Rizzo (cited in Orsborn and Powers, 
1985b) 

1.0 Weir design, unknown salmonids 

Thompson (1970) 1.0-1.25 Weir design for salmon and 
steelhead 

 Minimum for: 

0.8 Chinook salmon 

0.6 Coho salmon, steelhead, and large 
trout 

Thompson (1972) 

0.4 Trout 

 Minimum for coho and fall run 
Chinook salmon, and steelhead 
(weir passage): 

1.0 3 foot high sill 

Weaver et al. (1976) 

2.0 4 foot high sill 

Dane (1978) (cited in Orsborn and 
Powers, 1985b) 

0.75 Culvert design minimum for 
Pacific salmon 

 Culvert design minimum for: 

0.5 Trout 

Evans and Johnston (1980) 

1.0 Salmon 

 Minimum design values for: 

0.5 Trout 

Bell (1991) 

1.0 Salmon 

Powers and Orsborn (1985a) 0.4 Minimum chute depth for coho 
salmon (will not pass all fish) 
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There are few studies on the minimum width over which a depth criterion should be applied.  
Thompson (1972) concluded that minimum depth criteria would be needed over a minimum 
of 10 percent of the channel width. Powers and Orsborn (1985a) observed that depths of 0.4 
to 0.6 feet were adequate for coho and chum to pass through a chute 1.25 feet in width; 
however their study was designed to examine depth criteria rather than width.  WDFW 
(2000) recommends a minimum orifice width of 1.5 feet for fish ladders in their draft 
fishway guidelines, but indicate that widths of 1.0 foot are occasionally used.  WDFW 
(2000) also recommends a minimum bar separation width of 1.5 feet for trash racks to allow 
adequate fish passage.  Taken together, one can conclude that applying the minimum depth 
criteria over a minimum 1.0 to 1.5 feet width of channel appears adequate for complete 
passage. 
 
Within the WRIA 8 Draft Conservation Plan (WRIA 8 Steering Committee 2005), the 
results of the Ecosystem Diagnosis and Treatment (EDT) model suggested that under current 
conditions the availability of adult holding habitat in Rock Creek was a limiting factor 
relative to template conditions.  The EDT model utilizes twelve environmental attributes 
(flow, embeddedness, 5 attributes related to the presence of different habitat types, riparian 
function, instream large woody debris, gradient, natural confinement, and 
hydromodification) to calculate 3 of the 10 survival factors (flow, habitat diversity, and key 
habitat) in its evaluation of adult holding habitat conditions (MBI 2003).  While it is not 
possible to use the current analysis to directly evaluate the EDT results regarding adult 
holding habitat because the attributes to be evaluated are different, it is possible to utilize 
depth data to evaluate pool depths along the transects relative to depth criterion for holding 
pool habitat.  The Washington Department of Natural Resources Watershed Assessment 
Manual (WADNR 1995) utilizes a minimum pool depth of 3.3 feet as a criterion for holding 
habitat. 
 
DEPTH ANALYSIS METHODS APPLIED TO ROCK CREEK 
 
The PHABSIM analysis conducted in Rock Creek utilized 37 cross-sections measured at 
low, medium, and high flows.  MCS Environmental collected data for 28 cross-sections and 
R2 Resource Consultants (R2) collected the data for the remaining nine cross-sections.  The 
nine cross-sections collected by R2 are the focus of this analysis because they were in a 
format easily amenable to assessing water depth at different flows and they were generally 
representative of the other 28 cross-sections.  Tables 2 and 3 list the nine cross-sections 
considered in this analysis. 
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Table 2. PHABSIM Site Information. 

Field Collection Dates 
Mean Measured Flow 

(cfs) 

Site 

Approximate 
Site Location 

(RM) 

Number 
of 

Transects Low Medium High Low Medium High 

A 0.2 3 8/11/2004 5/5/2004 6/3/2004 2.7 5.6 10.7 

B 0.6 3 8/11/2004 5/5/2004 6/3/2004 2.6 6.3 10.6 

C 0.7 3 8/11/2004 5/5/2004 6/3/2004 2.8 6.3 10.9 

 
 
Water velocity and depth are measured at each station along the cross-section (typically 
every 0.5 to 1.0 foot).  Water surface elevation is measured at the channel edge and several 
locations across the cross-section.  Elevations are measured relative to a local benchmark 
that was arbitrarily assigned an elevation of 100 feet.  Hydraulic modeling using data 
collected at the measured flows allow the development of a water surface elevation versus 
flow relationship.  A graphical example from Site A Transect 1 is provided in Figure 1. 
 
 
Table 3. Transects utilized in the flow-depth analysis. 

Site Transect Habitat Type 
A 1 Pool 
A 2 Pool 
A 3 Riffle 
B 1 Riffle 
B 2 Riffle 
B 3 Pool 
C 1 Pool 
C 2 Pool 
C 3 Riffle 
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Water Surface Elevation - Flow Relationship
Site A Transect 1

97.40

97.50

97.60

97.70

97.80

97.90

0 5 10 15 20 25

Flow (cfs)

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(fe
et

)

 
 
Figure 1. Example water surface elevation versus flow relationship. 
 
Water depths at each station were calculated by subtracting the average elevation of the 
channel bottom from the water surface elevation at four selected flow levels representing a 
range of conditions from approximately baseline to natural (1.5 cfs, 3 cfs, 4 cfs, and 7 cfs).  
This range of flows was selected for illustrative purposes only as a means to document the 
sensitivity of depth across the transects to incremental changes in flow.  The baseline 
condition was considered to be the water surface elevation at 1.5 cfs. Average channel 
elevations were used because of potential measurement error and small changes in the 
channels that may have occurred between surveys. 
 

RESULTS 
 
Figures 2, 3, and 4 display the average cross-sectional profile and water surface elevations at 
three of the four flow levels (1.5, 3.0, and 7.0 cfs) for the nine transects.  Table 4 
summarizes the increase in water surface elevation at 3.0, 4.0, and 7.0 cfs relative to the 
baseline flow level.  The mean increase in water surface elevation over the baseline (1.5 cfs) 
flow level was 1.1, 1.7, and 2.7 inches at the 3.0, 4.0, and 7.0 cfs flow levels.  With the 
exception of Site B Transect 3 and Site C Transect 3, transects were all relatively close to the 
mean values. 
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Figure 2.  Transect cross-section profiles and water surface elevations for Site A. 
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Figure 3.  Transect cross-section profiles and water surface elevations for Site B. 
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Site C - Transect 1
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Figure 4.  Transect cross-section profiles and water surface elevations for Site C.
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Three depth statistics were also calculated for each transect at the four flow levels: 
maximum depth, mean depth, and mean depth of the primary channel (the portion of the 
channel with the greatest depth most likely to be utilized by an adult salmon) (Tables 5, 6, 
and 7).  Examination of the maximum water depths (Table 5) indicates that in 6 of the 9 
transects maximum depths are less than the 1.0 foot minimum depth criterion even at flows 
of 7.0 cfs.  Consequently, Chinook passage based on water depth could be considered 
suboptimal at many stream locations in Rock Creek even under a no withdrawal flow 
scenario.  Of the three transects that meet the 1.0-foot minimum criterion (Site A Transect 2, 
Site B Transect 3, and Site C Transect 2), two would also meet the criterion at the 1.5 cfs 
flow level. 
 
It should be noted that during the previous three years of spawning surveys conducted by the 
City of Kent, flows during the fall spawning period have been voluntarily maintained at a 
minimum flow of 3.0 cfs.  While few Chinook salmon have been observed in the stream 
during these years, substantial numbers of sockeye and coho salmon appear to migrate to the 
upper reaches without any apparent passage delay. 
 
Regarding the availability of adult holding habitat, all of the transects located in pools were 
considerably shallower than the 3.3 feet criterion in WDNR (1995) under the 7.0 cfs, or 
lower, flow scenarios.  The deepest pool evaluated, Site B Transect 3, was a maximum of 
23.7 inches deep under the 7.0 cfs flow scenario.  Flows of slightly over 50 cfs would be 
required to result in a 3.3-feet deep pool at this location.  Habitat mapping suggested this 
pool was fairly representative of pools found in Rock Creek; about 31 percent of the pools 
(ten pools) had a greater residual depth (greater than 1.6 feet) over the 2.75 miles of stream 
surveyed, and the deepest pool measured during the habitat survey had a residual depth of 
2.5 feet (R2 Resource Consultants 2004, unpublished data).  The analysis confirms the EDT 
model result that pool habitat in Rock Creek is sub-optimal for Chinook adult holding 
habitat under current conditions.  However, it also suggests that adult holding habitat would 
be sub-optimal under natural flow conditions and not substantially better than current 
conditions.  Given the size and length of Rock Creek, plus its proximity to the Cedar River 
where deep pools are more likely to be available, it seems reasonable that adult Chinook 
salmon would utilize the Cedar River for holding habitat until ready for spawning in 
tributaries. 
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Table 4.  Summary of water surface elevation (WSE) changes over baseline at three flows. 

  Change (increase) in WSE (inches) over baseline 

Site Transect 
1.5 cfs WSE 

 (ft) 3.0 cfs 4.0 cfs 7.0 cfs 

1 97.465 1.1 1.7 2.8 
2 97.465 1.3 1.7 2.6 A 
3 99.160 1.1 1.6 2.8 
1 94.335 1.1 1.7 2.9 
2 94.810 1.1 1.6 2.5 B 
3 94.950 1.4 2.2 3.6 
1 96.490 1.3 1.8 3.0 
2 96.495 1.3 1.9 2.8 C 
3 96.735 0.4 0.8 1.3 

 Minimum  0.4 0.8 1.3 
 Maximum  1.4 2.2 3.6 
  Mean   1.1 1.7 2.7 
 
Table 5.  Summary of maximum water depth at four flows. 

  Maximum Depth (inches) 

Site Transect 
1.5 cfs 

(Baseline) 3.0 cfs 4.0 cfs 7.0 cfs 

1 8.2 9.3 9.9 11.0 
2 16.1 17.4 17.8 18.7 A 
3 3.5 4.6 5.1 6.3 
1 6.7 7.9 8.5 9.7 
2 4.4 5.5 6.0 7.0 B 
3 20.1 21.6 22.3 23.7 
1 8.5 9.8 10.3 11.5 
2 9.2 10.4 11.0 12.0 C 
3 5.1 5.5 5.9 6.3 

 Minimum 3.5 4.6 5.1 6.3 
 Maximum 20.1 21.6 22.3 23.7 
  Mean 9.10 10.22 10.76 11.80 
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Table 6. Summary of mean water depth at four flows. 
  Mean Depth (inches) 

Site Transect 
1.5 cfs 

(Baseline) 3.0 cfs 4.0 cfs 7.0 cfs 

1 5.3 6.5 7.1 8.2 
2 7.2 8.4 8.9 9.7 A 
3 1.6 2.7 3.2 4.4 
1 4.0 5.1 5.7 6.9 
2 1.6 2.7 3.2 4.1 B 
3 11.0 12.4 13.2 14.6 
1 4.3 5.6 6.1 7.3 
2 5.9 7.1 7.7 8.7 C 
3 2.5 3.0 3.3 3.8 

 Minimum 1.6 2.7 3.2 3.8 
 Maximum 11.0 12.4 13.2 14.6 
  Mean 4.82 5.95 6.48 7.52 
 

Table 7. Summary of mean water depth of the primary channel at four flows. 
  Mean Depth (inches) of Primary Channel) 

Site Transect 
1.5 cfs 

(Baseline) 3.0 cfs 4.0 cfs 7.0 cfs 

1 5.9 7.1 7.7 8.8 
2 8.4 9.7 10.1 11.0 A 
3 2.4 3.5 3.9 5.1 
1 3.8 5.0 5.6 6.8 
2 2.9 4.0 4.5 5.4 B 
3 14.3 15.8 16.5 17.9 
1 5.3 6.6 7.1 8.3 
2 5.9 7.1 7.7 8.7 C 
3 2.8 3.2 3.6 4.0 

 Minimum 2.4 3.2 3.6 4.0 
 Maximum 14.3 15.8 16.5 17.9 
  Mean 5.74 6.87 7.40 8.44 
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Table 8. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects 

located within Site A. 
  Site A   Site A 
  TR-1 TR-2 TR-3   Transect 1 
  Calibrated CalibratedCalibrated  Baseline     
Q WSE WSE WSE   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
(cfs) (ft) (ft) (ft)  Station Water Surface Elevation (ft) 

1 97.42 97.42 99.12 -10 97.465 97.56 97.61 97.7 
2 97.51 97.51 99.20 0 97.465 97.56 97.61 97.7 

2.7 97.55 97.55 99.24 50 97.465 97.56 97.61 97.7 
3 97.56 97.57 99.25  Change in WSE (inches) from Baseline
4 97.61 97.61 99.29   1.1 1.7 2.8 
5 97.64 97.65 99.33 Max Depth (inches) 8.2 9.3 9.9 11.0 

5.6 97.66 97.67 99.35 Mean Depth (inches) 5.3 6.5 7.1 8.2 

6 97.67 97.68 99.36 

Mean Depth (inches) of primary 
channel (Station 8.5 to 28, 46.7% of 
total channel width at Baseline flow) 5.9 7.1 7.7 8.8 

7 97.7 97.71 99.39      
8 97.72 97.73 99.42  Transect 2 
9 97.74 97.76 99.44  Baseline    

10 97.76 97.78 99.46  Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
10.6 97.77 97.79 99.48 Station Water Surface Elevation (ft) 
11 97.78 97.79 99.49 -10 97.465 97.57 97.61 97.68 
12 97.79 97.81 99.51 0 97.465 97.57 97.61 97.68 
13 97.81 97.83 99.52 50 97.465 97.57 97.61 97.68 
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Table 8. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects 
located within Site A. 

14 97.82 97.84 99.54  Change in WSE (inches) from Baseline
16 97.85 97.87 99.58   1.3 1.7 2.6 
18 97.87 97.89 99.61 Max Depth (inches) 16.1 17.4 17.8 18.7 
20 97.89 97.92 99.64 Mean Depth (inches) 7.2 8.4 8.9 9.7 

    

Mean Depth (inches) of primary 
channel (Station 17 to 32.0, 68.2% of 
total channel width at Baseline flow) 8.4 9.7 10.1 11.0 

         
     Transect 3 
     Baseline    
     Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
    Station Water Surface Elevation (ft) 
    -10 99.160 99.250 99.290 99.390
    0 99.160 99.250 99.290 99.390
    50 99.160 99.250 99.290 99.390
     Change in WSE (inches) from Baseline
      1.1 1.6 2.8 
    Max Depth (inches) 3.5 4.6 5.1 6.3 
    Mean Depth (inches) 1.6 2.7 3.2 4.4 

    

Mean Depth (inches) of primary 
channel (Station 7 to 17.7, 32.4% of 
total channel width at Baseline flow) 2.4 3.5 3.9 5.1 
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Table 9. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects located 
within Site B. 

  Site B   Site B 
  TR-1 TR-2 TR-3   Transect 1 

  Calibrated Calibrated Calibrated   Baseline     
Q WSE WSE WSE   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7

(cfs) (ft) (ft) (ft)  Station Water Surface Elevation (ft) 

1 94.29 94.77 94.90  0 94.335 94.43 94.48 94.58 
2 94.38 94.85 95.00  5 94.335 94.43 94.48 94.58 

2.6 94.41 94.88 95.05  40 94.335 94.43 94.48 94.58 
3 94.43 94.90 95.07   Change in WSE (inches) from Baseline
4 94.48 94.94 95.13    1.1 1.7 2.9 
5 94.52 94.98 95.17  Max Depth (inches) 6.7 7.9 8.5 9.7 
6 94.55 95.01 95.21  Mean Depth (inches) 4.0 5.1 5.7 6.9 

6.3 94.56 95.02 95.22  
Mean Depth (inches) of primary channel (Station 5.5 
to 15, 46.9% of total channel width at Baseline flow) 3.8 5.0 5.6 6.8 

7 94.58 95.04 95.25        
8 94.60 95.06 95.28   Transect 2 
9 94.63 95.09 95.31   Baseline     

10 94.65 95.11 95.34   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
10.6 94.66 95.12 95.35  Station Water Surface Elevation (ft) 
11 94.67 95.13 95.36  0 94.810 94.9 94.94 95.02 
12 94.69 95.15 95.39  5 94.81 94.9 94.94 95.02 
13 94.70 95.17 95.41  50 94.81 94.9 94.94 95.02 
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Table 9. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects located 
within Site B. 

14 94.72 95.18 95.43   Change in WSE (inches) from Baseline
15 94.73 95.20 95.45    1.1 1.6 2.5 
16 94.75 95.22 95.47  Max Depth (inches) 4.4 17.2 17.7 18.6 
18 94.78 95.25 95.51  Mean Depth (inches) 1.6 8.2 8.7 9.7 

20 94.80 95.27 95.54  
Mean Depth (inches) of primary channel (Station 2.1 
to 7.0, 18.2% of total channel width at Baseline flow) 2.9 9.5 10.0 10.9 

22 94.82 95.30 95.57        
24 94.85 95.32 95.60   Transect 3 
26 94.87 95.35 95.63   Baseline     
28 94.88 95.37 95.65   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
30 94.90 95.39 95.68  Station Water Surface Elevation (ft) 
35 94.94 95.44 95.74  0 94.950 95.070 95.130 95.250 
40 94.98 95.48 95.79  5 94.950 95.070 95.130 95.250 
45 95.02 95.52 95.84  50 94.950 95.070 95.130 95.250 
50 95.05 95.56 95.88   Change in WSE (inches) from Baseline

        1.4 2.2 3.6 
      Max Depth (inches) 20.1 21.6 22.3 23.7 
      Mean Depth (inches) 11.0 12.4 13.2 14.6 

         

Mean Depth (inches) of primary channel (Station 3.8 
to 17.6, 65.1% of total channel width at Baseline 

flow)  14.3 15.8 16.5 17.9 
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Table 10. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects located 

within Site C. 
  Site C   Site C 
  TR-1 TR-2 TR-3   Transect 1 

  Calibrated Calibrated Calibrated   Baseline     
Q WSE WSE WSE   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7

(cfs) (ft) (ft) (ft)  Station Water Surface Elevation (ft) 

1 96.44 96.45 96.72  0 96.49 96.6 96.64 96.74 
2 96.54 96.54 96.75  5 96.49 96.6 96.64 96.74 

2.6 96.59 96.59 96.77  40 96.49 96.6 96.64 96.74 
3 96.60 96.60 96.77   Change in WSE (inches) from Baseline
4 96.64 96.65 96.80    1.3 1.8 3.0 
5 96.68 96.69 96.80  Max Depth (inches) 8.5 9.8 10.3 11.5 
6 96.71 96.72 96.82  Mean Depth (inches) 4.3 5.6 6.1 7.3 

6.3 96.72 96.73 96.83  

Mean Depth (inches) of primary channel (Station 
3.9 to 22.0, 63.3% of total channel width at 

Baseline flow)  5.3 6.6 7.1 8.3 
7 96.74 96.75 96.84        
8 96.77 96.77 96.86   Transect 2 
9 96.79 96.79 96.88   Baseline     

10 96.81 96.81 96.90   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
10.6 96.83 96.83 96.91  Station Water Surface Elevation (ft) 
11 96.85 96.85 96.93  0 96.495 96.6 96.65 96.73 
12 96.88 96.88 96.96  5 96.495 96.6 96.65 96.73 
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Table 10. Water surface elevation (WSE) versus flow relationship, WSE at four flows, and water depth at three transects located 
within Site C. 

13 96.89 96.90 96.97  50 96.495 96.6 96.65 96.73 
14 96.91 96.91 96.99   Change in WSE (inches) from Baseline
15 96.92 96.92 97.00    1.3 1.9 2.8 
16 96.93 96.94 97.01  Max Depth (inches) 9.2 10.4 11.0 12.0 
18 96.95 96.95 97.02  Mean Depth (inches) 5.9 7.1 7.7 8.7 

20 96.96 96.96 97.04  

Mean Depth (inches) of primary channel (Station 
2.7 to 24.5, 100% of total channel width at 

Baseline flow)  5.9 7.1 7.7 8.7 
22 96.98 96.98 97.06        
24 97.00 97.00 97.08   Transect 3 
26 97.02 97.02 97.10   Baseline     
28 97.04 97.04 97.12   Flow = 1.5 Flow = 3 Flow = 4 Flow = 7
30 97.05 97.06 97.13  Station Water Surface Elevation (ft) 
35 97.09 97.09 97.17  0 96.735 96.770 96.800 96.840 
40 97.13 97.13 97.21  5 96.735 96.770 96.800 96.840 
45 97.15 97.16 97.24  50 96.735 96.770 96.800 96.840 
50 97.18 97.19 97.27   Change in WSE (inches) from Baseline

        0.4 0.8 1.3 
      Max Depth (inches) 5.1 5.5 5.9 6.3 
      Mean Depth (inches) 2.5 3.0 3.3 3.8 

         

Mean Depth (inches) of primary channel (Station 
24.5 to 41.0, 67.3% of total channel width at 

Baseline flow)  2.8 3.2 3.6 4.0 
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HYDRAULIC PROJECT APPROVALWashington
Department of
FISH and
WILDLIFE

16018 Mill Creek Boulevard
Mill Creek, WA 98012-1296
(425) 775-1311

North Puget Sound

RCW 77.55.021 - Appeal pursuant to Chapter 34.05 RCW

Project Expiration Date: October 09, 2011

Control Number:

FPA/Public Notice #:

Issue Date: October 10, 2006 107070-1

N/A

ATTENTION: Kelly Peterson

400 West Gowe St.

Kent, WA 98032

253-856-5547

PERMITTEE AUTHORIZED AGENT OR CONTRACTOR
Kent City Of Public Works Department

Project Name:

Project Description:

Manage Beaver Dams

Remove or modify beaver dams at the Clark Springs facility on Rock Creek
upstream of SE Kent-Kangley Road

1. Management of beaver dams below the ordinary high water line (OHWL) may begin immediately
and may occur until October 9, 2011.

2. Work shall be accomplished as discussed with and approved by the Washington Department of
Fish and Wildlife (WDFW) Area Habitat Biologist (AHB).  This includes lowering the elevation of an
existing upstream beaver dam to no less than two inches above the base flow elevation and the
removal of a notch no greater than three feet wide and no lower than six inches above the base
flow elevation in a blown out downstream beaver dam.  This Hydraulic Project Approval (HPA) may
be subsequently modified to address future beaver dam issues at the site.

3. Woody material which is embedded in the streambanks or streambed shall not be removed.

4. Dam removal shall occur in a manner to release water at a slow, controlled rate to prevent
downstream erosion and sedimentation.

5. Removed beaver dam materials shall be disposed of so they will not be available for re-use by
beavers.

6. Disturbance of the streambed and banks and their associated vegetation shall be limited to that
necessary to perform the project.  Affected streambed and bank areas shall be restored to
preproject or improved habitat configuration. Prior to December 31 of the year of project
performance, the disturbed areas of vegetation shall be revegetated with native or other woody
species approved by the WDFW Area Habitat Biologist (AHB) listed below. Vegetative cuttings
shall be planted at a maximum interval of three feet (on center). Plantings shall be maintained as
necessary for three years to ensure 80 percent or greater survival of each species or a contingency
species approved by the AHB.

PROVISIONS
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7. If it is necessary to use equipment for this activity, the equipment shall be free of external
petroleum-based products while working around the stream. Accumulation of soils or debris shall
be removed from the drive mechanisms (wheels, tires, tracks, etc.) and undercarriage of equipment
prior to its working below the OHWL. Equipment shall be checked daily for leaks and any
necessary repairs shall be completed prior to commencing work activities along the stream.

8. If at any time, as a result of project activities, fish are observed in distress, a fish kill occurs, or
water quality problems develop (including equipment leaks or spills), immediate notification shall be
made to the Washington Emergency Management Division at 1-800-258-5990, and to the AHB.

9. Erosion control methods shall be used to prevent silt-laden water from entering the stream.
These may include, but are not limited to, straw bales, filter fabric, and/or immediate mulching of
exposed areas.

10. Extreme care shall be taken to ensure that no petroleum products, hydraulic fluid, fresh cement,
sediments, sediment-laden water, chemicals, or any other toxic or deleterious materials are allowed
to enter or leach into the stream.

Location #1 Manage Beaver Dams

WRIA: Tributary to:

1/4 SEC: Range:Section: Township:

08.0338 Cedar River
Latitude: Longitude:

SW 1/4 26 22 N 06 E N 47.36137 W 122.00831

Rock Creek
County:

King

WORK START: WORK END:October 10, 2006 October 09, 2011
Waterbody:

Location #1 Driving Directions

PROJECT LOCATIONS

NOTES

APPLY TO ALL HYDRAULIC PROJECT APPROVALS

This Hydraulic Project Approval pertains only to those requirements of the Washington State Hydraulic Code,
specifically Chapter 77.55 RCW (formerly RCW 77.20).  Additional authorization from other public agencies may be
necessary for this project.  The person(s) to whom this Hydraulic Project Approval is issued is responsible for applying
for and obtaining any additional authorization from other public agencies (local, state and/or federal) that may be
necessary for this project.

This Hydraulic Project Approval shall be available on the job site at all times and all its provisions followed by the
person(s) to whom this Hydraulic Project Approval is issued and operator(s) performing the work.

This Hydraulic Project Approval does not authorize trespass.
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The person(s) to whom this Hydraulic Project Approval is issued and operator(s) performing the work may be held
liable for any loss or damage to fish life or fish habitat that results from failure to comply with the provisions of this
Hydraulic Project Approval.

Failure to comply with the provisions of this Hydraulic Project Approval could result in a civil penalty of up to one
hundred dollars per day and/or a gross misdemeanor charge, possibly punishable by fine and/or imprisonment.

All Hydraulic Project Approvals issued pursuant to RCW 77.55.021 (EXCEPT agricultural irrigation, stock watering or
bank stabilization projects) or 77.55.141 are subject to additional restrictions, conditions or revocation if the Department
of Fish and Wildlife determines that new biological or physical information indicates the need for such action.  The
person(s) to whom this Hydraulic Project Approval is issued has the right pursuant to Chapter 34.04 RCW to appeal
such decisions.  All agricultural irrigation, stock watering or bank stabilization Hydraulic Project Approvals issued
pursuant to RCW 77.55.021 may be modified by the Department of Fish and Wildlife due to changed conditions after
consultation with the person(s) to whom this Hydraulic Project Approval is issued:  PROVIDED HOWEVER, that such
modifications shall be subject to appeal to the Hydraulic Appeals Board established in RCW 77.55.301.

APPEALS INFORMATION

If you wish to appeal the issuance or denial of, or conditions provided in a Hydraulic Project Approval, there are
informal and formal appeal processes available.

A. INFORMAL APPEALS (WAC 220-110-340) OF DEPARTMENT ACTIONS TAKEN PURSUANT TO RCW 77.55.021,
77.55.141, 77.55.181, and 77.55.291:   A person who is aggrieved or adversely affected by the following Department
actions may request an informal review of:
   (A) The denial or issuance of a Hydraulic Project Approval, or the conditions or provisions made part of a Hydraulic
Project Approval; or
   (B) An order imposing civil penalties.  A request for an INFORMAL REVIEW shall be in WRITING to the Department
of Fish and Wildlife HPA Appeals Coordinator, 600 Capitol Way North, Olympia, Washington 98501-1091 and shall be
RECEIVED by the Department within 30 days of the denial or issuance of a Hydraulic Project Approval or receipt of an
order imposing civil penalties.  If agreed to by the aggrieved party, and the aggrieved party is the Hydraulic Project
Approval applicant, resolution of the concerns will be facilitated through discussions with the Area Habitat Biologist and
his/her supervisor.  If resolution is not reached, or the aggrieved party is not the Hydraulic Project Approval applicant,
the Habitat Technical Services Division Manager or his/her designee shall conduct a review and recommend a decision
to the Director or his/her designee.  If you are not satisfied with the results of this informal appeal, a formal appeal may
be filed.

B. FORMAL APPEALS (WAC 220-110-350) OF DEPARTMENT ACTIONS TAKEN PURSUANT TO RCW 77.55.021
(EXCEPT agricultural irrigation, stock watering or bank stabilization projects) or 77.55.291:
A person who is aggrieved or adversely affected by the following Department actions may request a formal review of:
   (A) The denial or issuance of a Hydraulic Project Approval, or the conditions or provisions made part of a Hydraulic
Project Approval;
   (B) An order imposing civil penalties; or
   (C) Any other 'agency action' for which an adjudicative proceeding is required under the Administrative Procedure
Act, Chapter 34.05 RCW.
A request for a FORMAL APPEAL shall be in WRITING to the Department of Fish and Wildlife HPA Appeals
Coordinator, shall be plainly labeled as 'REQUEST FOR FORMAL APPEAL' and shall be RECEIVED DURING
OFFICE HOURS by the Department at 600 Capitol Way North, Olympia, Washington 98501-1091, within 30-days of
the Department action that is being challenged.  The time period for requesting a formal appeal is suspended during
consideration of a timely informal appeal.  If there has been an informal appeal, the deadline for requesting a formal
appeal shall be within 30-days of the date of the Department's written decision in response to the informal appeal.

C. FORMAL APPEALS OF DEPARTMENT ACTIONS TAKEN PURSUANT TO RCW 77.55.021 (agricultural irrigation,
stock watering or bank stabilization only), 77.55.141, 77.55.181, or 77.55.241:  A person who is aggrieved or adversely
affected by the denial or issuance of a Hydraulic Project Approval, or the conditions or provisions made part of a
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Hydraulic Project Approval may request a formal appeal.  The request for FORMAL APPEAL shall be in WRITING to
the Hydraulic Appeals Board per WAC 259-04 at Environmental Hearings Office, 4224 Sixth Avenue SE, Building Two -
Rowe Six, Lacey, Washington 98504; telephone 360/459-6327.

D. FORMAL APPEALS OF DEPARTMENT ACTIONS TAKEN PURSUANT TO CHAPTER 43.21L RCW:  A person
who is aggrieved or adversely affected by the denial or issuance of a Hydraulic Project Approval, or the conditions or
provisions made part of a Hydraulic Project Approval may request a formal appeal.  The FORMAL APPEAL shall be in
accordance with the provisions of Chapter 43.21L RCW and Chapter 199-08 WAC.  The request for FORMAL APPEAL
shall be in WRITING to the Environmental and Land Use Hearings Board at Environmental Hearings Office,
Environmental and Land Use Hearings Board, 4224 Sixth Avenue SE, Building Two - Rowe Six, P.O. Box 40903,
Lacey, Washington 98504; telephone 360/459-6327.

E. FAILURE TO APPEAL WITHIN THE REQUIRED TIME PERIODS results in forfeiture of all appeal rights.   If there is
no timely request for an appeal, the department action shall be final and unappealable.

for Director
WDFWLarry Fisher 425-649-7042

ENFORCEMENT: Sergeant Chandler (34) P3

Habitat Biologist

CC:
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PUBLIC WORKS OPERATIONS 
STANDARD OPERATING PROCEDURES 

 
 
 
16.0 WATER QUALITY 
 
16.1 Personal Protective Equipment (PPE) 
 
PURPOSE:  The City of Kent is responsible for providing adequate facilities, equipment, 
instruments, supervision, and instructions to control safety hazards and comply with 
applicable state and federal regulations. 
 
SCOPE:  The City of Kent is committed to providing a safe working environment for all 
employees and visitors.  As part of this commitment, personal protective equipment 
(PPE) is provided to help mitigate the hazards inherent to particular tasks or 
environments at city facilities. 
 
16.1.1 Eye Protection 
 

a)  Eye protection shall be worn when performing or observing any of the 
      following or similar tasks:  

• Working with chemicals either in a liquid or solid state, using compressed 
gas including air 

• Working with corrosive or toxic material 
• Working with infectious or potentially infectious materials 
• Repair of mechanical equipment 
• Milling, sawing, drilling or any type of machining of any material 
• Custodial or grounds keeping activities that reasonably could be injurious 

to the eye 
• Any other operation that reasonably could be injurious to the eye 

b)  Safety glasses must be ANSI Z87.1 approved 
c)  Chemical goggles must be worn when there is a liquid splash, spray or mist  
      hazard. 

 
16.1.2  Hearing Protection 
 
 a)  Hearing protection shall be worn in areas deemed to have noise levels above 
                 limits established by OSHA for the expected exposure frequency. 
 b)  Hearing protection is to be inspected before each use for tears and  

     contamination.  If deficiencies are noted, the hearing protector should be   
     cleaned, repaired, or replaced before use. 

 
 
 
 



 

16.1.3  Respiratory Protection 
 
 a)  Respiratory protection shall be worn to prevent breathing of air contaminated 
                 with harmful dusts, fogs, fumes, mists, gases, sprays, or vapors when the issue 
                 cannot be eliminated by engineering control measures. 
 b)  Respiratory protection equipment is to be inspected before each use for tears, 
                 cracks, contamination and proper fit.  If deficiencies are noted, equipment  
                 should be repaired or replaced before use. 
 c)  Respiratory protection equipment shall be stored and maintained per 
                 Manufactures recommendations. 
 d)  Employees assigned respiratory protection equipment shall complete an annual    
                 fit test performed by a certified tester. 



 

PUBLIC WORKS OPERATIONS 
STANDARD OPERATING PROCEDURES 

 
 
16.0 WATER QUALITY 
 
16.2 Chlorine Handling Procedures 
 
PURPOSE:  The purpose of this document is to provide standard operating procedures 
for personnel when working with chlorine gas. 
 
OVERVIEW:  Chlorine is a toxic, corrosive gas that can cause severe burns if inhaled or 
upon skin contact.  It is a greenish-yellow nonflammable liquefied compressed gas, 
packaged in cylinders under its own pressure.  Inhalation may cause coughing, choking, 
nausea, vomiting, headache, dizziness, difficulty breathing, and delayed pulmonary 
edema, which can be fatal.  Chlorine can be detected by its odor below the permissible 
limit; however, because of olfactory fatigue, odor may not always provide adequate 
warning of the harmful concentrations of this substance.  Chlorine is an oxidizer and will 
support combustion.  Products of combustion are toxic. 
 
16.2.1 Hazard Communication 
 

a)  Entrance doors to chlorine storage and chemical feed facilities must be clearly  
     marked, warning of the danger present.  Signs should read “DANGER  
     CHLORINE GAS”. 
b)  NFPA signs shall be posted on buildings visible from the street with the code; 
     HEALTH 4, FLAMMABILITY 0, REACTIVITY 0, SPECIAL OXY. 
c)  “NO SMOKING” shall be posted both outside and inside of chlorine storage  
       rooms. 
 

16.2.2 Material Safety Data Sheets (MSDS) 
 

a)  Review material safety data sheets (MSDS) prior to working with chlorine gas. 
     Current MSDS must be posted in or near room containing chlorine gas  
     Cylinder(s). 
b)  In the event that transportation of chlorine from one site to another is  
     necessary, an MSDS must be located in the vehicle during transport.  All other  
     Department of Transportation requirements must also be met (proper tie  
     downs, placards).  Review hazardous materials transportation guide prior to 
     the transportation of any hazardous material. 

 
 
 
 
 
 



 

16.2.3  Handling 
 
 a)  No work with chlorine gas will be performed alone.  A second person familiar 
                 with the dangers and emergency procedures for handling chlorine must be  
                 present at all times while operations with chlorine gas are being carried out. 
 b)  Proper personal protection equipment (PPE) should be worn at all times to  
                 prevent eye and skin contact (review current MSDS for requirements). 
 c)  Respiratory protection; use NIOSH approved acid gas cartridge (P100) full  
                 face respirator for routine work purposes. 

d) Use proper exhaust ventilation when working around chlorine gas. 
e) Secure cylinder(s) at all times while in use. 
f) Follow individual chlorine feed facility change-out procedures 

 
16.2.3 Storage 
 

a) Do not exceed maximum chemical storage capacity posted at each facility. 
b) Visually inspect cylinder(s) on a routine basis (daily during normal station   

visit). 
c) Do not allow storage temperature to exceed 125 degrees F. 
d) Chlorine leak sensors will be located in all chlorine storage rooms with an 

audible alarm loud enough to alert personnel prior to building entrance.  In 
addition, a red warning light will illuminate above storage room door when 
leak sensor is activated. 

e) Chlorine is extremely reactive.  Do not store any items in chlorine storage 
room not related to chlorine operation.  See MSDS for complete list of 
incompatibility. 

 
16.2.4 Emergency Procedures 
 

a)  In case of an accidental release of chlorine gas, such as a leaking cylinder or  
     fittings, evacuate the area immediately (moving up wind and to higher ground)  
     and close the door. 
b) Implement the emergency spill response plan immediately and call 911. 
c) For first aid procedures (if needed) reference MSDS  
d) Contact Water Supervisor as soon as possible. 



 

PUBLIC WORKS OPERATIONS 
STANDARD OPERATING PROCEDURES 

 
 

16.0 WATER QUALITY 
 
16.3 Spill Response Procedures 
 
PURPOSE:  To establish guidelines and procedures to follow in the event of a chemical 
or other spill/release.  Should an incident occur, personnel safety is of utmost importance, 
DO NOT attempt to mitigate or clean-up a spill you are not trained to handle.  For 
chlorine gas release handling procedures, review SOP 16.2 
 
SCOPE:  The City of Kent is committed to providing a safe working environment for all 
personnel and visitors.  Prior to working with any hazardous material, personnel should 
review and be familiar with MSDS for safety precautions, proper PPE selection and 
accidental release measures. 
 
16.3.1 Definitions 
 

• Minor Spills:  small quantities (< 300ml) of agents that may be neutralized or 
readily contained via spill kits located onsite. 

• Medium Spills: moderate quantities (300ml – 5 liters) of agents that may be 
contained via spill kits located on site. 

• Large Spills:  Larger quantities (> 5 liters) of agents that are not readily contained 
via spill kits located on site. 

 
16.3.2 Minor Spills 
 

A) Identify substance spilled and approximate quantity. 
B) Stop leak if you can do so without risk. 
C) Contain material per MSDS recommendations utilizing spill kits located 

within the facility or on the service vehicle.  Prevent entry into waterways, 
sewers, basements or confined areas. 

D) Clean-up spilled substance per MSDS recommendations.  Neutralize, absorb 
or cover with dry earth, sand or other non-combustible material and transfer to 
an approved hazardous waste container for disposal.  Container should be 
labeled as hazardous waste and identify spilled material contained within. 

E) Decontaminate the surface where spill occurred using mild detergent and 
water where appropriate. 

F) Notify Water Quality or Water Facilities Supervisor of the incident and action 
taken. 

G) Document procedures taken and follow-up with a written report which shall 
be reviewed by the appropriate Water Supervisor and submitted to the Water 
Superintendent.  In the event of injury, property damage or environmental 
release, a City of Kent Incident Report must be completed. 



 

 
 
 
16.3.3 Medium Spills 
 

A) Identify substance spilled and approximate quantity. 
B) Stop leak if you can do so without risk. 
C) Contain material per MSDS recommendations utilizing spill kits located 

within the facility or on the service vehicle.  Prevent entry into waterways, 
sewers, basements or confined areas. 

D) Clean-up spilled substance per MSDS recommendations.  Absorb material or 
cover with dry earth, sand or other non-combustible material and transfer to 
an approved hazardous waste container for disposal.  Container should be 
labeled as hazardous waste and identify spilled material contained within. 

E) Decontaminate the surface where spill occurred, using mild detergent and 
water where appropriate. 

F) Notify Water Quality or Water Facilities Supervisor of the incident and action 
taken. 

G) Document procedures taken and follow-up with a written report which shall 
be reviewed by the appropriate Water Supervisor and submitted to the Water 
Superintendent.  In the event of injury, property damage or environmental 
release, a City of Kent Incident Report must be completed. 

 
16.3.4 Large Spills 
 
In the event of a spill which involves the release of a type or quantity of a chemical that 
poses an immediate risk to health; or involves an uncontrolled fire or explosion: 
 

A) Evacuate the building. 
B) Identify substance spilled and approximate quantity. 
C) Initiate emergency response – Call 911 and give details of the incident, 

including location, types of hazardous materials involved, and whether there is 
a personal injury.  If first aid is necessary, refer to MSDS for proper first aid 
measures for substance released. 

D) Notify Control Center of situation (253) 856-5611.  A decision must be made 
whether substance affects water quality or distribution of water, and whether 
source should be shutdown.  Control Center Operator will contact all other 
relevant local, state and federal agencies (DOH, DOE, EPA, Department of 
Fish & Wildlife, DOT, etc.) depending on the location and nature of material 
released.  Control Center will also be responsible for contacting Water 
Supervisor, Water Superintendent and City Environmental Engineer and 
apprise of the situation. 

E) Stop leak and/or contain material if you can do so without risk.  Every effort 
should be made to prevent the spill from entering storm catch basins, water 
ways, and ground water in the vicinity of wells and springs. 



 

F) Refer to appropriate state agency or environmental engineer for proper clean-
up and disposal. 

G) Document procedures taken and follow-up with a written report which shall 
be reviewed by the appropriate Water Supervisor and submitted to the Water 
Superintendent.  In the event of injury, property damage or environmental 
release, a City of Kent Incident Report must be completed. 

 
16.3.5 Emergency Response Contacts 
 
Local Emergency Aid   Dial 911 
 
CHEMTREC    1-800-424-9300 
 
Department of Health   1-877-481-4901 
 
Department of Ecology  1-425-649-7000 
 
Environment Protection Agency 1-800-424-8802 
 
Department of Fish & Wildlife 1-800-477-6224 
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16.0 WATER QUALITY 
 
16.4 Sodium Fluoride Handling Procedures 
 
PURPOSE:  The purpose of this document is to provide standard operating procedures 
for personnel when handling or working with sodium fluoride. 
 
OVERVIEW:  Sodium Fluoride is a toxic, white to off-white crystalline material that can 
cause severe eye irritation with burns and skin or respiratory irritation.  Skin irritation 
may be delayed.  Inhalation of sufficient quantities may cause the swelling and retention 
of body fluid in the lungs (oedema).  Repeated overexposure to fluorides may have long-
term health effects. 
 
16.4.1 Hazard Communication 
 

a) Entrance doors to fluoride storage and chemical feed facilities must be clearly  
Marked, warning of the danger present.  Signs should read “DANGER 
SODIUM FLUORIDE” 

b) NFPA signs shall be posted on buildings visible from the street with code; 
HEALTH 3, FLAMMABILITY 0, REACTIVITY 0. 

c) “NO SMOKING” shall be posted both outside and inside of fluoride storage  
rooms. 
 

16.4.2 Material Safety Data Sheets (MSDS) 
 

a) Review material safety data sheets (MSDS) prior to working with or around 
sodium fluoride.  Current MSDS must be posted in or near room containing 
sodium fluoride. 

b) When transporting sodium fluoride to various treatment sources, an MSDS 
and hazardous materials transportation guide must be in the vehicle and within 
operator reach. 

c) All other Department of Transportation requirements must be met. 
 
16.4.3  Handling 
 

a) Do not eat, drink, smoke, apply cosmetics or store personal items in work and 
      storage areas.       
b)   Use proper PPE which includes wearing impervious protective clothing, 
       including boots, gloves, lab coat, apron or coveralls, as appropriate, to  
       prevent skin contact. 
b) Respiratory protection;  use NIOSH approved full-face air purifying 
       respirator with NIOSH type N100 filters or better. 



 

c) Use proper ventilation when loading saturator’s, and be careful not to load too  
      quickly so as to reduce the amount of particulates introduced into the  
      atmosphere. 
d) Wash thoroughly after handling, before meals and breaks and before leaving 

the work area. 
 
16.4.4  Storage 
 

a) Do not exceed maximum chemical storage capacity posted at each facility. 
b) Store in a cool, dry, well-ventilated area away from incompatible substances, 

such as acids and oxidizing materials (see MSDS for complete list of 
incompatibility). 

c) Keep material off floor, stored on pallets, and protect from physical damage. 
d) Do not store partial bags.  When loading a saturator, use an entire bag. 
e) Dispose of empty bags appropriately, ensuring that entire contents of bag 

have been emptied. 
f) Storage area should be kept in a clean and orderly condition. 

 
16.4.5  Emergency Procedures 

 
a) Ventilate area of leak or spill. 
b) Evacuate all personnel from affected area and deny entry to unauthorized or 

unprotected individuals. 
c) Wear appropriate personal protective equipment as specified in section 16.4.3 
d) Pick-up and place in a suitable container for reclamation or disposal, using a 

method that does not generate dust. 
e) Do not walk through or otherwise scatter spilled material. 
f) For first aid procedures (if needed) reference MSDS. 
g) Contact Water Supervisor as soon as possible in the event of a large release. 



Water Quality Division 
 

General Water Sampling Procedures 
 
 
Overview: 
 
This guide is intended to assist Water Quality Personnel with decision making tools for 
daily water quality sampling (pH, chlorine, fluoride, etc.) in the event of an abnormal 
parameter (higher or lower than normal result).  In the event of an abnormal residual or 
parameter, please use the following recommendations to help determine the cause and 
corrective action to be taken to remedy the situation: 
 

Sample OK Yes 

Collect New 
Sample from 

original location 
Sample OK 

Notify WQ 
Supervisor 

No 

Check Chemical 
Feed Rate at 
Source and 

Adjust as needed

Re-Sample Done 
 

No 

Re-run 
Sample 

High/Low 
Residual 



 APPENDIX O 
City of Kent Clark Springs Water Supply System HCP 
 
 

  
R2 Resource Consultants, Inc.  
Administrative Draft – Subject to Revision 

 
 
 
 
 
 
 
 
 

APPENDIX O 
Implementing Agreement 

 
for the 

 

CITY OF KENT 
 

for 
 

CLARK SPRINGS WATER SUPPLY SYSTEM 
HABITAT CONSERVATION PLAN 

 



 

 



 

 

 
 
 

 
 
 
 
 IMPLEMENTING AGREEMENT 
 
 for the 
 
 CITY OF KENT 
 

for 
 

CLARK SPRINGS WATER SUPPLY SYSTEM  
HABITAT CONSERVATION PLAN 

 
 

________________________ 
  
 
 



 

 

 
 



 

 CONTENTS 
 
1.0 PARTIES............................................................................................................................1 
 
2.0 RECITALS AND PURPOSES .........................................................................................1 
 

2.1 Recitals ..................................................................................................................1 
 

2.2 Purposes ................................................................................................................2 
 
3.0 DEFINITIONS...................................................................................................................2 
 

3.1 Terms defined in Endangered Species Act.........................................................2 
 

3.2 “Changed Circumstances” ..................................................................................2 
 

3.3 “Covered activities” .............................................................................................2 
 

3.4 “Covered lands” ...................................................................................................2 
 

3.5 “Covered species”.................................................................................................2 
 

3.6 “HCP” ...................................................................................................................2 
 

3.7 “Listed species” ....................................................................................................3 
 
3.8 “Permit” ................................................................................................................3 

 
3.9 “Permittee” ...........................................................................................................3 

 
3.10 “Take” ...................................................................................................................3 

 
3.11 “Unforeseen Circumstances” ..............................................................................3 

 
3.12 “Unlisted species” .................................................................................................3 

 
4.0 OBLIGATIONS OF THE PARTIES ..............................................................................3 
 

4.1 Obligations of Permittee ......................................................................................3 
 

4.2 Obligations of the Services...................................................................................3 
 

 
  O-iii 



 

4.2.1  Permit coverage ..........................................................................................3 
 

4.2.2  “No surprises” assurances .........................................................................3 
 

4.3 Interim obligations upon a finding of unforeseen circumstances ....................4 
 
5.0 INCORPORATION OF HCP ..........................................................................................4 
 
6.0 TERM.................................................................................................................................4 
 

6.1 Initial term ............................................................................................................4 
 

6.2 Permit suspension or revocation .........................................................................4 
 

6.3 Relinquishment of the permit..............................................................................4 
 

6.3.1  Generally .....................................................................................................4 
 

6.3.2  Procedure for relinquishment ...................................................................5 
 

6.4 Treatment of unlisted species ..............................................................................5 
 

6.5 Extension of the permit........................................................................................5 
 
7.0 FUNDING ..........................................................................................................................5 
 
8.0 MONITORING AND REPORTING...............................................................................5 
 

8.1 Planned periodic reports......................................................................................5 
 

8.2 Other reports ........................................................................................................6 
 

8.3 Certification of reports ........................................................................................6 
 

8.4 Monitoring by Services ........................................................................................6 
 
9.0 CHANGED CIRCUMSTANCES ....................................................................................6 
 

9.1 Permittee-initiated response to changed circumstances ...................................6 
 

9.2 Service-initiated response to changed circumstances .......................................6 
 

 
  O-iv 



 

9.3 Listing of species that are not covered species ...................................................6 
 
10.0 ADAPTIVE MANAGEMENT.........................................................................................7 
 

10.1 Permittee-initiated adaptive management .........................................................7 
 

10.2 Service-initiated adaptive management .............................................................7 
 

10.3 Reductions in mitigation......................................................................................7 
 

10.4 No increase in take ...............................................................................................7 
 
11.0 LAND TRANSACTIONS.................................................................................................7 
 

11.1 Acquisition of land by Permittee.........................................................................7 
 

11.2 Disposal of land by Permittee..............................................................................8 
 
12.0 MODIFICATIONS AND AMENDMENTS....................................................................8 
 

12.1 Minor modifications .............................................................................................8 
 

12.2 Amendment of the permit....................................................................................9 
 
13.0 REMEDIES, ENFORCEMENT, AND DISPUTE RESOLUTION..............................9 
 

13.1 In general ..............................................................................................................9 
 

13.2 No monetary damages..........................................................................................9 
 

13.3 Injunctive and temporary relief ..........................................................................9 
 

13.4 Enforcement authority of the United States ......................................................9 
 

13.5 Dispute resolution.................................................................................................9 
 
14.0 MISCELLANEOUS PROVISIONS ..............................................................................10 
 

14.1 No partnership....................................................................................................10 
 

14.2 Notices .................................................................................................................10 
 

 
  O-v 



 

 
  O-vi 

14.3 Entire agreement ................................................................................................11 
 

14.4 Elected officials not to benefit ...........................................................................11 
 

14.5 Availability of funds ...........................................................................................11 
 

14.6 Duplicate originals..............................................................................................11 
 

14.7 No third-party beneficiaries ..............................................................................12 
 

14.8 Relationship to the ESA and other authorities ................................................12 
 

14.9 References to regulations...................................................................................12 
 

14.10 Applicable laws...................................................................................................12 
 

14.11 Successors and assigns .......................................................................................12 
 
 
 



 

1.0 PARTIES 
 
The parties to this Implementing Agreement are the City of Kent, Washington, a municipal 
corporation (“Permittee”); the United States Fish and Wildlife Service (FWS); and the National 
Marine Fisheries Service (NMFS).  In this agreement, FWS and NMFS are collectively referred 
to as the “Services.” 
 
2.0 RECITALS AND PURPOSES 
 

2.1  Recitals.  The parties have entered into this agreement in consideration of the 
following facts: 
 

(a) The Clark Springs Water Supply System (“Clark Springs System”) has 
been determined to provide, or potentially provide, habitat for the 
following listed species: 
 
THREATENED SPECIES 

 
Chinook salmon (Oncorhynchus tshawytscha) 

Bull trout (Salvelinus confluentus) 

Steelhead (Oncorhynchus mykiss) 

(b) The Clark Springs System has also been determined to provide, or 
potentially provide, habitat for the following unlisted species:  

SPECIES OF CONCERN 
 

Coho salmon (Oncorhynchus kisutch) 

Sockeye salmon (Oncorhynchus nerka) 

Chum salmon (Oncorhynchus keta) 

Coastal cutthroat trout (Oncorhynchus clarki clarki) 

Pacific lamprey (Lampetra tridentata) 

River lamprey (Lampetra ayresi) 
  
 (c)  Permittee has developed a series of measures, described in the habitat 

conservation plan (HCP), to minimize and mitigate to the maximum 
extent practicable the effects of take of covered species incidental to 
Permittee's covered activities. 
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2.2  Purposes.  The purposes of this agreement are: 
 

(a) To ensure implementation of each of the terms of the HCP; 
 

(b) To describe remedies and recourse should any party fail to perform its 
obligations as set forth in this agreement; and, 
 

 (c) To provide assurances to Permittee that as long as the terms of the HCP, the 
permit, and this agreement are performed, no additional mitigation will be required of Permittee, 
with respect to covered species, except as provided for in this agreement or required by law. 
 
3.0 DEFINITIONS 
 
The following terms as used in this agreement will have the meanings set forth below: 
 

3.1 Terms defined in Endangered Species Act.  Terms used in this agreement and 
specifically defined in the Endangered Species Act (ESA) or in regulations adopted by the 
Services under the ESA have the same meaning as in the ESA and those implementing 
regulations, unless this agreement expressly provides otherwise. 

 
3.2 “Changed circumstances” means changes in circumstances affecting a Covered 

Species or the geographic area covered by the HCP that can reasonably be anticipated by the 
permittee and that can reasonably be planned for in the HCP (e.g. the listing of a new species, or a 
fire or other natural catastrophic event in areas prone to such event.)  Changed circumstances and 
the planned responses to those circumstances are described in  Section 2.1.2.3 of the HCP.  
Changed circumstances are not Unforeseen Circumstances. 
 

3.3 “Covered activities” means certain activities carried out by Permittee on 
covered lands that may result in incidental take of covered species described in Section 1.6 of the 
HCP.   
 

3.4 “Covered lands” means the lands upon which the permit authorizes incidental 
take of covered species and the lands to which the HCP's conservation and mitigation measures 
apply .  These lands are described in Section 1.5 of the HCP.  
 

3.5 “Covered species” means the following species, each of which the HCP 
addresses in a manner sufficient to meet all of the criteria for issuing an incidental take permit 
under ESA § 10(a)(1)(B) All covered species are listed in Section 2.1 of this agreement. 
 

3.6 “HCP” means the habitat conservation plan prepared by Permittee for the Clark 
Springs Water Supply System, related property, and activities identified in the HCP. 
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3.7 “Listed species” means a species (including a subspecies, or a distinct 
population segment of a vertebrate species) that is listed as endangered or threatened under the 
ESA. 
 

3.8 “Permit” means the incidental take permit issued by the Services to Permittee 
pursuant to Section 10(a)(1)(B) of the ESA for take incidental to covered activities on [project 
name/site], as  it may be amended from time to time. 
 

3.9 “Permittee” means the City of Kent, Washington, a municipal corporation of the 
State of Washington. 
 

3.10 “Unforeseen circumstances” means changes in circumstances affecting a 
species or geographic area covered by a conservation plan that could not reasonably have been 
anticipated by plan developers and the Services on the effective date of this agreement, and that 
result in a substantial and adverse change in the status of the covered species. 
 

3.11 “Unlisted species” means a species (including a subspecies, or a distinct 
population segment of a vertebrate species) that is not listed as endangered or threatened under 
the ESA. 
 
4.0 OBLIGATIONS OF THE PARTIES 
 

4.1 Obligations of Permittee.  Permittee will fully and faithfully perform all 
obligations assigned to it under this agreement, the permit, and the HCP. 
 

4.2 Obligations of the Services. Upon execution of this agreement by all parties, 
and satisfaction of all other applicable legal requirements, the Services will issue Permittee a 
permit under Section 10(a)(1)(B) of the ESA, authorizing incidental take by Permittee of each 
listed covered species resulting from covered activities on covered lands. 
 

4.2.1  Permit coverage.  The permit will identify all covered species.  The 
permit will take effect for listed covered species at the time the permit is issued.  Subject to 
compliance with all other terms of this agreement, the permit will take effect for an unlisted 
covered species upon the listing of such species. 
 

4.2.2  “No surprises” assurances.  Provided that Permittee has complied with its 
obligations under the HCP, this agreement, and the permit, the Services can require Permittee to 
provide mitigation beyond that provided for in the HCP only under unforeseen circumstances, 
and only in accordance with the “no surprises” regulations at 50 C.F.R. §§ 17.22(b)(5), 
17.32(b)(5), 222.22(g).   
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4.3 Interim obligations upon a finding of unforeseen circumstances.  If the 

Services make a finding of unforeseen circumstances, during the period necessary to determine 
the nature and location of additional or modified mitigation, Permittee will avoid contributing to 
appreciably reducing the likelihood of the survival and recovery of the affected species.  
 
 
5.0 INCORPORATION OF HCP 
 
The HCP and each of its provisions are intended to be, and by this reference are, incorporated 
herein.  In the event of any direct contradiction between the terms of this agreement and the HCP, 
the terms of this agreement will control.  In all other cases, the terms of this agreement and the 
terms of the HCP will be interpreted to be supplementary to each other. 
 
6.0 TERM 
 

6.1 Initial Term.  This agreement and the HCP will become effective on the date 
that the Services issue the permit.  This agreement, the HCP, and the permit will remain in effect 
for a period of 50 years from issuance of the original permit, except as provided below. 
 

6.2 Permit suspension or revocation.  The Services may suspend or revoke the 
permit for cause in accordance with the laws and regulations in force at the time of such 
suspension or revocation.  (See 5 U.S.C. § 558; 50 C.F.R. §§ 13.27 - 13.29,  222.27; 15 C.F.R. 
Part 904.)  Such suspension or revocation may apply to the entire permit, or only to specified 
covered species, covered lands, or covered activities.  In the event of suspension or revocation, 
Permittee’s obligations under this agreement and the HCP will continue until the Services 
determine that all take of covered species that occurred under the permit has been fully mitigated 
in accordance with the HCP. 
 

6.3  Relinquishment of the permit. 
 

6.3.1  Generally.  Permittee may relinquish the permit in accordance with the 
regulations of the Services in force on the date of such relinquishment.  (These regulations are 
currently codified at 50 C.F.R. §§ 13.26, 220.31.)  Notwithstanding relinquishment of the permit, 
Permittee will be required to provide post-relinquishment mitigation for any take of covered 
species that the Services determine will not have been fully mitigated under the HCP by the time 
of relinquishment.  Permittee's obligations under the HCP and this agreement will continue until 
the Services notify Permittee that no post-relinquishment mitigation is required, or that all post-
relinquishment mitigation required by the Services is completed.  Unless the parties agree 
otherwise, the Services may not require more mitigation than would have been provided if 
Permittee had carried out the full term of the HCP. 
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6.3.2  Procedure for relinquishment.  If Permittee elects to relinquish the 

permit before expiration of the full term of the HCP, Permittee will provide  notice to the Services 
at least 120 days prior to the planned relinquishment.  Such notice will include a status report 
detailing the nature and amount of take of all covered species, the mitigation provided for those 
species prior to relinquishment, and the status of Permittee's compliance with all other terms of 
the HCP.  Within 120 days after receiving a notice and status report meeting the requirements of 
this paragraph, the Services will give notice to Permittee stating whether any post-relinquishment 
mitigation is required and, if so, the amount and terms of such mitigation, and the basis for the 
Services' conclusions.  If the Services determine that no post-relinquishment mitigation is 
required, all obligations assumed by the parties under this agreement will terminate upon the 
Services' issuance of such notice.  If Permittee disagrees with the Services' determination, the 
parties may choose to use the dispute resolution procedures described in Section 13 of this 
agreement.  Permittee will continue to carry out its obligations under the HCP until any such 
dispute is resolved.  If the parties are unable to agree, the Services will have the final authority to 
determine whether Permittee is required to provide post-relinquishment mitigation. 
 

6.4 Treatment of unlisted species.   For purposes of paragraph 6.2 and 6.3, unlisted 
covered species will be treated as though they were listed species in determining the amount of 
take and the mitigation required.  
 

6.5 Extension of the permit.  Upon agreement of the parties and compliance with all 
applicable laws, the permit may be extended beyond its initial term under regulations of the 
Services in force on the date of such extension.  If Permittee desires to extend the permit, it will 
so notify the Services at least 180 days before the then-current term is scheduled to expire.  
Extension of the permit constitutes extension of the HCP and this agreement for the same amount 
of time, subject to any modifications that the Services may require at the time of extension.   
 
7.0 FUNDING 
 
Permittee warrants that it has, or shall obtain and shall expend such funds as may be necessary to 
fulfill its obligations under the HCP.  Permittee will promptly notify the Services of any material 
change in Permittee's financial ability to fulfill its obligations.  In addition to providing any such 
notice, Permittee will provide the Services with a copy of its annual budget for implementation of 
the HCP each year of the permit, or with such other reasonably available financial information 
that the parties agree will provide adequate evidence of Permittee’s ability to fulfill its 
obligations. 
 
8.0 MONITORING AND REPORTING 
 

8.1 Planned periodic reports.  As described in Chapter 5 of the HCP,  Permittee 
will submit periodic reports describing its activities and results of the monitoring program 
provided for in the HCP.  

 
  Page O-5 



 
 

8.2 Other reports.  Permittee will provide, within 30 days of being requested by the 
Services, any additional information in its possession or control related to implementation of the 
HCP that is requested by the Services for the purpose of assessing whether the terms and 
conditions of the permit and the HCP, including the HCP's adaptive management plan, are being 
fully implemented. 
 

8.3 Certification of reports.  All reports will include the following certification 
from a responsible company official who supervised or directed preparation of the report: 
 

I certify that, to the best of my knowledge, after appropriate inquiries of all 
relevant persons involved in the preparation of this report, the information 
submitted is true, accurate, and complete. 

 
8.4 Monitoring by Services.  The Services may conduct inspections and monitoring 

in connection with the permit in accordance with their regulations. (See 50 C.F.R. §§  13.47, 
220.47.) 
 
9.0 CHANGED CIRCUMSTANCES 
 

9.1 Permittee-initiated response to changed circumstances.  Permittee will give 
notice to the Services within seven days after learning that any of the changed circumstances 
listed in Section 2.1.2.3 of the HCP has occurred.  As soon as practicable thereafter, but no later 
than 30 days after learning of the changed circumstances, Permittee will modify its activities in 
the manner described in Section 2.1.2.3 of the HCP, to the extent necessary to mitigate the effects 
of the changed circumstances on covered species, and will report to the Services on its actions.  
Permittee will make such modifications without awaiting notice from the Services.   

 
9.2 Service-initiated response to changed circumstances.  If the Services 

determine that changed circumstances have occurred and that Permittee has not responded in 
accordance with Section 2.1.2.3 of the HCP, the Services will so notify Permittee and will direct 
Permittee to make the required changes.  Within 30 days after receiving such notice, Permittee 
will make the required changes and report to the Services on its actions. Such changes are 
provided for in the HCP, and hence do not constitute unforeseen circumstances or require 
amendment of the permit or HCP. 
 

9.3 Listing of species that are not covered species.  In the event that a non-covered 
species that may be affected by covered activities becomes listed under the ESA, the Services will 
work with Permittee to identify measures necessary to avoid take of, jeopardy to, or adverse 
modification of the critical habitat of, the species as a result of covered activities.  Permittee will 
implement these measures until the permit is amended to include such species, or until the 
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Services notify Permittee that such measures are no longer needed to avoid jeopardy to, take of, 
or adverse modification of the critical habitat of, the non-covered species. 
 
10.0 ADAPTIVE MANAGEMENT 
 

10.1  Permittee-initiated adaptive management.  Permittee will implement the 
adaptive management provisions in Chapter 5 of the HCP, when changes in management 
practices are necessary to achieve the HCP’s biological objectives, or to respond to monitoring 
results or new scientific information.  Permittee will make such changes without awaiting notice 
from the Services, and will report to the Services on any actions taken pursuant to this section.  
 

10.2 Service-initiated adaptive management.  If the Services determine that one or 
more of the adaptive management provisions in the HCP have been triggered and that Permittee 
has not changed its management practices in accordance with Chapter 5 of the HCP, the Services 
will so notify Permittee and will direct Permittee to make the required changes.  Within 30 days 
after receiving such notice, Permittee will make the required changes and report to the Services 
on its actions.  Such changes are provided for in the HCP, and hence do not constitute unforeseen 
circumstances or require amendment of the permit or HCP, except as provided in this section. 
 

10.3 Reductions in mitigation.  Permittee will not implement adaptive management 
changes that may result in less mitigation than provided for covered species under the original 
terms of the HCP, unless the Services first provide written approval.  Permittee may propose any 
such adaptive management changes by notice to the Services, specifying the adaptive 
management modifications proposed, the basis for them, including supporting data, and the 
anticipated effects on covered species, and other environmental impacts.  Within 120 days of 
receiving such a notice, the Services will either approve the proposed adaptive management 
changes, approve them as modified by the Services, or notify Permittee that the proposed changes 
constitute permit amendments that must be reviewed under Section 12.2 of this agreement. 
 

10.4 No increase in take.  This section does not authorize any modifications that 
would result in an increase in the amount and nature of take, or increase the impacts of take, of 
covered species beyond that analyzed under the original HCP and any amendments thereto.  Any 
such modification must be reviewed as a permit amendment under Section 12.2 of this agreement. 
 
11.0 LAND TRANSACTIONS 
 

11.1 Acquisition of land by Permittee.   Nothing in this agreement, the HCP, or the 
permit limits Permittee's right to acquire additional lands.  Any lands that may be acquired will 
not be covered by the permit except upon amendment of the permit as provided in section 12.2 of 
this agreement. 
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11.2 Disposal of land by Permittee.  Permittee's transfer of ownership or control of 

covered land will require prior approval by the Services and an amendment of the permit in 
accordance with section 12.2 of this agreement, except that transfers of covered lands may be 
processed as minor modifications in accordance with section 12.1 of this agreement if: 
 

(a)  The land will be transferred to an agency of the federal government and, 
prior to transfer, the Services have determined that transfer will not compromise the effectiveness 
of the HCP based on adequate commitments by that agency regarding management of such land; 
 

(b)  The land will be transferred to a non-federal entity that has entered into an 
agreement acceptable to the Services (e.g., an easement held by the state fish and wildlife agency 
with the Services as third-party beneficiaries) to ensure that the lands will be managed in such a 
manner and for such duration so as not to compromise the effectiveness of the HCP; or 
 

(c)  The Services determine that the amount of land to be transferred will not 
have a material impact on the ability of the Permittee to comply with the requirements of the HCP 
and the terms and conditions of the Permit.   
 
12.0 MODIFICATIONS AND AMENDMENTS 
 

12.1 Minor modifications. 
 

(a) Any party may propose minor modifications to the HCP or this 
agreement by providing notice to all other parties.  Such notice shall include a statement of the 
reason for the proposed modification and an analysis of its environmental effects, including its 
effects on operations under the HCP and on covered species.  The parties will use best efforts to 
respond to proposed modifications within 60 days of receipt of such notice.  Proposed 
modifications will become effective upon all other parties' written approval.  If, for any reason, a 
receiving party objects to a proposed modification, it must be processed as an amendment of the 
permit in accordance with subsection 12.2 of this section.  The Services will not propose or 
approve minor modifications to the HCP or this agreement if the Services determine that such 
modifications would result in operations under the HCP that are significantly different from those 
analyzed in connection with the original HCP, adverse effects on the environment that are new or 
significantly different from those analyzed in connection with the original HCP, or additional take 
not analyzed in connection with the original HCP.  
 

(b) Minor modifications to the HCP and IA processed pursuant to this 
subsection may include but are not limited to the following: 
 

(1) corrections of typographic, grammatical, and similar editing 
errors that do not change the intended meaning; 
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(2) correction of any maps or exhibits to correct errors in mapping 

or to reflect previously approved changes in the permit or HCP;  
 

(3) minor changes to survey, monitoring or reporting protocols; and  
 
(4) Other types of modifications that are minor in relation to the 

HCP, that the Services have analyzed and agreed to.  
 

(c) Any other modifications to the HCP or IA will be processed as 
amendments of the permit in accordance with subsection 12.2 of this section. 
  

12.2 Amendment of the Permit.  The permit may be amended in accordance with all 
applicable legal requirements, including but not limited to the ESA, the National Environmental 
Policy Act, and the Services' permit regulations.  The party proposing the amendment shall 
provide a statement of the reasons for the amendment and an analysis of its environmental effects, 
including its effects on operations under the HCP and on covered species. 
 
13.0  REMEDIES, ENFORCEMENT, AND DISPUTE RESOLUTION 
 

13.1  In general.  Except as set forth below, each party shall have all remedies 
otherwise available to enforce the terms of this agreement, the permit, and the HCP. 
 

13.2  No monetary damages.  No party shall be liable in damages to any other party 
or other person for any breach of this agreement, any performance or failure to perform a 
mandatory or discretionary obligation imposed by this agreement or any other cause of action 
arising from this agreement.  
 

13.3  Injunctive and temporary relief.  The parties acknowledge that the covered 
species are unique and that their loss as species would result in irreparable damage to the 
environment, and that therefore injunctive and temporary relief may be appropriate to ensure 
compliance with the terms of this agreement. 
  

13.4  Enforcement authority of the United States.  Nothing contained in this 
agreement is intended to limit the authority of the United States government to seek civil or 
criminal penalties or otherwise fulfill its enforcement responsibilities under the ESA or other 
applicable law. 
 

13.5  Dispute resolution.  The parties recognize that disputes concerning 
implementation of, compliance with, or termination of this agreement, the HCP, and the permit 
may arise from time to time.  The parties agree to work together in good faith to resolve such 
disputes, using the informal dispute resolution procedures set forth in this section, or such other 
procedures upon which the parties may later agree.  However, if at any time any party determines 

 
  Page O-9 



 
that circumstances so warrant, it may seek any available remedy without waiting to complete 
informal dispute resolution.    
 

13.5.1  Informal dispute resolution process.  Unless the parties agree upon 
another dispute resolution process, or unless an aggrieved party has initiated administrative 
proceedings or suit in federal court as provided in this section, the parties may use the following 
process to attempt to resolve disputes: 
 

(a) The aggrieved party will notify the other parties of the provision that 
may have been violated, the basis for contending that a violation has occurred, and the remedies it 
proposes to correct the alleged violation. 
 

(b) The party alleged to be in violation will have 30 days, or such other time 
as may be agreed, to respond.  During this time it may seek clarification of the information 
provided in the initial notice.  The aggrieved party will use its best efforts to provide any 
information then available to it that may be responsive to such inquiries. 
 

(c) Within 30 days after such response was provided or was due, 
representatives of the parties having authority to resolve the dispute will meet and negotiate in 
good faith toward a solution satisfactory to all parties, or will establish a specific process and 
timetable to seek such a solution. 
 

(d) If any issues cannot be resolved through such negotiations, the parties 
will consider non-binding mediation and other alternative dispute resolution processes and, if a 
dispute resolution process is agreed upon, will make good faith efforts to resolve all remaining 
issues through that process. 
 
14.0 MISCELLANEOUS PROVISIONS 
 

14.1 No partnership.  Neither this agreement nor the HCP shall make or be deemed 
to make any party to this agreement the agent for or the partner of any other party. 
 

14.2 Notices.  Any notice permitted or required by this agreement shall be in writing, 
delivered personally to the persons listed below, or shall be deemed given five (5) days after 
deposit in the United States mail, certified and postage prepaid, return receipt requested and 
addressed as follows, or at such other address as any party may from time to time specify to the 
other parties in writing.  Notices may be delivered by facsimile or other electronic means, 
provided that they are also delivered personally or by certified mail.  Notices shall be transmitted 
so that they are received within the specified deadlines. 
 

Assistant Regional Director 
United States Fish and Wildlife Service 
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911 N.E. 11th Ave. 
Portland, Oregon  97232-4181 
Telephone:  503-231-6159 
Telefax:  503-231-2019 

 
Regional Administrator  
National Marine Fisheries Service 
7600 Sand Point Way N.E.  
Seattle, Washington  98115-0070 
Telephone:  206-526-6150 
Telefax:  206-526-6426 

 
 

Public Works Director 
City of Kent 
400 West Gowe Street 
Kent, WA 98032 
Telephone:  253-856-5500 
Telefax:  253-856-6500 

 
14.3 Entire agreement.  This agreement, together with the HCP and the permit, 

constitutes the entire agreement among the parties.  It supersedes any and all other agreements, 
either oral or in writing, among the parties with respect to the subject matter hereof and contains 
all of the covenants and agreements among them with respect to said matters, and each party 
acknowledges that no representation, inducement, promise or agreement, oral or otherwise, has 
been made by any other party or anyone acting on behalf of any other party that is not embodied 
herein. 
 

14.4 Elected officials not to benefit.  No member of or delegate to Congress shall be 
entitled to any share or part of this agreement, or to any benefit that may arise from it. 
 

14.5 Availability of funds.  Implementation of this agreement and the HCP by the 
Services is subject to the requirements of the Anti-Deficiency Act and the availability of 
appropriated funds.  Nothing in this agreement will be construed by the parties to require the 
obligation, appropriation, or expenditure of any money from the U.S. Treasury.  The parties 
acknowledge that the Services will not be required under this agreement to expend any federal 
agency's appropriated funds unless and until an authorized official of that agency affirmatively 
acts to commit to such expenditures as evidenced in writing.    
 

14.6  Duplicate originals.  This agreement may be executed in any number of 
duplicate originals.  A complete original of this agreement shall be maintained in the official 
records of each of the parties hereto. 
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14.7 No third-party beneficiaries.  Without limiting the applicability of rights 
granted to the public pursuant to the ESA or other federal law, this agreement shall not create any 
right or interest in the public, or any member thereof, as a third-party beneficiary hereof, nor shall 
it authorize anyone not a party to this agreement to maintain a suit for personal injuries or 
damages pursuant to the provisions of this agreement.  The duties, obligations, and 
responsibilities of the parties to this agreement with respect to third parties shall remain as 
imposed under existing law. 

 
14.8 Relationship to the ESA and other authorities.  The terms of this agreement 

shall be governed by and construed in accordance with the ESA and applicable federal law.  In 
particular, nothing in this agreement is intended to limit the authority of the Services to seek 
penalties or otherwise fulfill their responsibilities under the ESA.  Moreover, nothing in this 
agreement is intended to limit or diminish the legal obligations and responsibilities of the 
Services as agencies of the federal government.  Nothing in this agreement will limit the right or 
obligation of any federal agency to engage in consultation required under Section 7 of the ESA or 
other federal law; however, it is intended that the rights and obligations of Permittee under the 
HCP and this agreement will be considered in any consultation affecting Permittee's use of the 
covered lands. 
 

14.9 References to regulations.  Any reference in this agreement, the HCP, or the 
permit to any regulation or rule of the Services shall be deemed to be a reference to such 
regulation or rule in existence at the time an action is taken. 
 

14.10 Applicable laws.  All activities undertaken pursuant to this agreement, the HCP, 
or the permit must be in compliance with all applicable state and federal laws and regulations. 
 

14.11 Successors and assigns.  This agreement and each of its covenants and 
conditions shall be binding on and shall inure to the benefit of the parties and their respective 
successors and assigns.  Assignment or other transfer of the permit shall be governed by the 
Services' regulations.  
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IN WITNESS WHEREOF, THE PARTIES HERETO have executed this Implementing 
Agreement to be in effect as of the date that the Services issue the permit. 
 
 
BY __________________________________________  Date ________ 

Regional Director 
United States Fish and Wildlife Service 
Portland, Oregon 

 
BY __________________________________________ Date ________ 

Regional Administrator  
National Marine Fisheries Service 
Seattle, Washington 

 
BY __________________________________________ Date ________ 
  Mayor 
 City of Kent, Washington 
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