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I. INTRODUCTION 
 
The following Biological Assessment (BA) is to outline Leavenworth National Fish Hatchery’s 
(LNFH’s) proposed Water Supply System Rehabilitation Project and to disclose the potential effects of 
the project on federally listed, proposed, and candidate species and designated critical habitat.  It is 
intended to ensure that proposed management activities will not likely jeopardize the continued 
existence of the aforementioned species nor adversely modify critical habitat.   
 
 
II. LISTED SPECIES IN THE ACTION AREA  
 
Steelhead trout (Oncorhynchus mykiss), Upper Columbia River ESU 
 
Spring Chinook Salmon (Oncorhynchus tshawytscha), Upper Columbia River ESU 
 
 
III. PROJECT LOCATION 
  
A. Legal Description 
       
Township 24N, Range 17E, Section 23 & 26 
 
B. General Location 
 
LNFH is located three miles south of Leavenworth, Washington, near the mouth of Icicle Canyon 
(Figure 1). LNFH withdraws surface water from Icicle Creek at river mile 4.5 and returns water to the 
creek at approximately river mile 2.8. 
 
  
 



 8

IV. AFFECTED ACTION AREA (ICICLE CREEK) 
 
Icicle Creek is a fourth order tributary to the Wenatchee River. It is 31.8 miles long, with 85 tributaries, 
and drains a 136,759 acre (211 mi2) basin containing 14 glaciers and 102 lakes. The U.S. Forest Service 
(USFS) manages 87%, with 74% in the Alpine Lakes Wilderness Area, of the Icicle Creek catchment 
and manages it as a Tier 1 key watershed under the Northwest Forest Plan (USFS 1994a). Therefore, 
public lands in the Icicle Creek drainage are managed for at risk salmonids and other fish species. Icicle 
Creek is rated Class AA (extraordinary) surface water by the Washington State Department of Ecology.  
 
Icicle Creek is primarily snowmelt fed. About 21% of the flow in a hot, dry summer is estimated to 
originate from glacier melt (Mullan et. al. 1992). The measured flow in Icicle Creek ranges from a 
minimum of 44 cfs to a maximum of 14,100 cfs according to readings taken from the USGS gauging 
station (rm 5.8) located above all major water diversions. The discharge of Icicle Creek is altered by 
water diversions which can reduce the flow in the lower reaches to very low levels during the summer 
and early fall (WRWSC 1998). The City of Leavenworth and the Icicle Irrigation District divert water 
above the Snow Lakes trailhead (rm 5.7) and LNFH and Cascade Irrigation Company divert water 
below the trailhead (rm 4.5). Irrigation diversions can remove 48% and 79% of the mean August and 
September flows, respectively (Mullan et al. 1992). To assure cold water for LNFH in dry summers, a 
supplementary water supply (16,000 acre feet) was developed in Upper Snow Lake, about seven miles 
from LNFH and one mile above it in elevation.  Without the water release of approximately 25 to 30 cfs 
from Upper Snow Lake, the downstream reaches of Icicle Creek may go dry in some years.  
Additionally, water diversion dams in Icicle Creek upstream from LNFH may present fish passage 
problems during low flows. LNFH’s regulating and diversion dam (intake) may block fish passage at 
low flows. There are also several natural fish passage obstacles in Icicle Creek above LNFH (Figure 3). 
However, none have been proven to be year-round fish migration barriers. 
 
Upstream fish migration in Icicle Creek is currently blocked at LNFH (approximately rm 2.8) by an 
energy control dam at the base of a by-pass canal and holding dams and weirs in the historic creek 
channel (Figure 2). However, since 1999 to the present, the USFWS at the request of NOAA Fisheries 
has been capturing steelhead that have entered the LNFH adult return ladder and releasing them 
upstream of the hatchery. In the future, fish passage through LNFH will be addressed through the Icicle 
Creek Restoration Project. Implementation of Phase II of this project is scheduled to begin August 1, 
2005 which will provide year around, upstream and downstream passage through LNFH for native fish 
species.  
 
The Icicle Creek watershed has a long history of human impacts beginning with sheep herding and 
mining in the late 1800's. Recent uses include timber harvest, road building, fire suppression, 
campground development, private residences, commercial development, and recreation. Five percent of 
Icicle Creek’s watershed, outside of the wilderness boundary, has been directly impacted by logging 
(USFS 1994a). Road building has occurred for development, recreation, and timber harvest. Over 11% 
of the vegetation along lower Icicle Creek has been removed from private property (WRWSC 1998). 
The Icicle Creek watershed is a popular recreation area for hikers, rock climbers, fishermen, and many 
others. Natural disturbances such as fires and landslides are prevalent in the watershed. Recently, the 
1994 forest fires burned 12% of the watershed (USFS 1994a). In 1999, a landslide introduced a large 
quantity of sediment into the Icicle just above Snow Creek. 
 
Water quality concerns in Icicle Creek and the mainstem Wenatchee River include not meeting 
Washington State 303(d) standards for water temperature, dissolved oxygen, pH, in-stream flow 
(WRWSC 1998), and total PCB’s (WDOE 2004). 
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V. FORESEEABLE FUTURE ACTIONS IN THE ICICLE CREEK WATERSHED 
 
A. Icicle Creek Restoration Project 
 
The original design of the Leavenworth National Fish Hatchery, built between 1939 and 1941, involved 
diverting the majority of Icicle Creek’s flow through a canal with an energy control dam at the base and 
construction of holding dams and weirs in the historic creek channel (Figure 2). Migration of 
endangered steelhead, threatened bull trout, and many other fish species are affected. To address this 
issue the USFWS in cooperation with the USFS and Bureau of Reclamation identified and partially 
implemented a proposed action, the Icicle Creek Restoration Project (USFWS 2001b, 2001c, 2002a, 
2002b, & 2004). The Icicle Creek Restoration Project was separated into two phases. Phase I was 
implemented and completed in 2003. Phase I included removal of Structure 2 except the headgate and 
removal of all of Structures 3 and 4. Implementation of Phase II is scheduled to begin August 1, 2005. 
Phase II will include: (1) rehabilitation, mechanical and structural, of the headgate at Structure 2; (2) 
construction of a vertical slot fishway at the headgate to provide fish passage; (3) modification of 
Structure 5 to incorporate a seasonal fish barrier with a sorting facility and bypass structures; (4) 
rehabilitation of existing parts of Structure 5 including the bridge; (5) increasing stream flows in the 
historic channel up to a maximum of 2,620 cfs; and (6) natural flushing of sediments within the historic 
channel. With the completion of Phase II of the Icicle Creek Restoration Project, upstream and 
downstream fish passage through the LNFH will be provided year-round for native fish species. 
 
 
VI. LNFH’S CURRENT WATER SUPPLY SYSTEM 
 
Stream flow of Icicle Creek is withdrawn by four different water users (3 consumptive and 1 (LNFH) 
non-consumptive) at two principle locations. The City of Leavenworth and the Icicle-Peshastin 
Irrigation District (District) divert water above the Snow Lakes trailhead (rm 5.7) and LNFH and 
Cascade Irrigation Company (Cascade) divert water below the trailhead (rm 4.5). The upstream water 
withdrawal operations are discussed in Appendix A. The downstream diversion is discussed below. 
 
The surface water diversion at rm 4.5 has been maintained and operated by LNFH as part of a 1939 
contract between the United States and Cascade Irrigation Company. Through this contract the intake 
diversion dam and its associated intake structures were rebuilt by the United States so as to supply both 
the existing 1905 water right held by Cascade and the new water right for the hatchery.  The intake 
withdraws a maximum of 54.4 cfs of water from Icicle Creek and conveys 12.4 cfs to Cascade's water 
delivery system and a maximum of 42 cfs through a buried pipe system to LNFH.  
 
The hatchery's water delivery system consists of three major components and conveyance systems: (1) 
the gravity intake on Icicle Creek (rm 4.5), (2) the Snow Lake supplementation water supply project, 
and (3) the well system on hatchery property.  LNFH's water rights for each component are shown in 
Table 1. Each of these three major components and conveyance systems are described individually 
below.  
 
A. LNFH's Gravity Intake 
 
The hatchery's gravity intake facilities (Figure 4) are composed of a number of components. Primary to 
the system is the original low rubble masonry diversion dam with concrete spillway crest across Icicle 
Creek. Comprised of a concrete base with flash boards on top, the dam raises water elevations several 
feet allowing a portion of the flow to be diverted through a grizzly rack (bars spaced at about 6 inches) 
and into a concrete water conveyance channel. In the late 1980's, the diversion dam was rehabilitated 
and a fishway constructed at the entrance to the conveyance channel. Because of high bed and 
suspended sediment loads present in the creek during portions of the year, the pool and weir design of 
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the fishway proved to be unsuccessful for passing fish.  Currently, the fishway has been abandoned as a 
means of passing fish around the dam.  All stop logs have been removed from the fishway chute and it 
has been operated periodically as a sluiceway to flush accumulated sediment away from in front of the 
conveyance channel’s entrance.  Water in the conveyance channel is transported a short distance from 
the coarse grizzly rack to a small building which houses a fine rack (1 ½ inch bar spacing), an overflow 
spill section, and a sediment sluicing section.  Neither the course nor fine racks qualify as up-to-date fish 
screening measures. A discharge channel guides the spilled water and sluiced material back to the creek 
downstream of the building. Water retained in the system is transported from the fine rack into a 33 inch 
diameter buried pipeline.  A slide gate is located at the pipe entrance to regulate flow into the pipe.  
Normally this gate is left fully open.  Approximately 1,260 feet down gradient from the beginning of the 
pipe system is a gate valve that controls flow into Cascade's pipeline system. Cascade's pipe leads to a 
small drum screen that provides a means of bypassing fish from Cascade’s diversion flow back to the 
river (rm 4.2). The drum screen has been updated, however the fish bypass system as a whole is 
presently not up-to-date. Cascade may withdraw surface water from May 1st through October 1st and 
returns excess “carrying” water to the Wenatchee River.   
 
A maximum of 42 cfs of river water that does not enter Cascade's irrigation system is transported 
through a 31 inch diameter buried pipeline approximately 5,200 feet to the main hatchery complex. 
Before water enters the hatchery it is either be routed into a sand settling basin (normal operation) or 
directly to the hatchery. The sand settling basin has a fish bypass system which empties into the 
pollution abatement pond. Fish depart the pollution abatement pond volitionally through an overflow 
weir and pipe which discharges into Icicle Creek at the northern edge of the main hatchery complex 
(approx. rm 2.7). From the sand settling basin water is transported through the main pipeline to one of 
two separate screen chambers, the “outside” and “inside” screen chambers. These screens, which are 
composed of vertical static screen panels, are used to filter fish and debris from the hatchery water 
supply. Both screen chambers meet the National Marine Fisheries Service (NMFS, NOAA Fisheries) 
1994 standards for fish screening. Screened fish and debris exit the outside screen chamber into an open 
bypass ditch which discharges back into Icicle Creek at rm 3.8.  Screened fish and debris exit the inside 
chamber into the hatchery's discharge system which either empties into Icicle Creek at the base of the 
adult return ladder (rm 2.8) or the pollution abatement pond. Screened river water exiting the two 
chambers is used in the hatchery's raceways and then enters the discharge system or is re-used in the 
adult holding ponds before entering the discharge system. Water exiting through the hatchery's 
discharge system may enter Icicle Creek at four locations: (1) through the open bypass ditch (rm 3.8), 
(2) at the base of the adult return ladder (rm 2.8), (3) through the adult return fish ladder (rm 2.8), or (4) 
through the pollution abatement pond (rm 2.7).  The majority of river and well water used for hatchery 
operations returns to Icicle Creek at the base of the adult return ladder except during pond cleaning and 
maintenance activities when all water is routed through the pollution abatement pond. All, minus any 
leakage and evaporation, of the river water and groundwater used at the hatchery is returned to Icicle 
Creek. 
 
B. Snow Lake Supplementation Water Supply Project 
 
During construction of the hatchery, it was recognized that surface flow and temperatures in Icicle Creek 
might at times be insufficient to meet production demands.  A supplementary water supply project in 
Snow Lake and Nada Lake was therefore developed and a water right to 16,000 acre feet of Snow Lake 
was obtained.  These lakes are located approximately 7 miles from the hatchery and about 1 mile above 
it in elevation. A ½  mile tunnel was drilled through granite to the bottom of Snow Lake and a control 
valve was installed at the outlet end of the tunnel. Snow Lake is accessed by helicopter twice a year to 
operate the control valve. Operation of the control valve is determined by Icicle Creek flow and water 
temperature. The control valve is typically opened mid-July or as soon as the creek water consistently 
reaches 58 0F. The control valve is closed at the end of September or when water temperatures in Icicle 
Creek reach 55 0F (Davies pers. comm. 2002). Water drained from Snow Lake enters Nada Lake which 
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drains into Snow Creek, a tributary to Icicle Creek that enters at rm 5.5. Thus, supplemental flows, 
ranging from 25 to 30 cfs, from Snow Creek enter Icicle Creek one mile above LNFH's intake system. 
The supplemental flows enter Icicle Creek downstream of the USGS gauging station (rm 5.8) and are 
therefore not reflected in the station's flow data.  However, Snow Creek's flow is measured by a static, 
stilling well flow recorder installed and maintained by the USFWS. The USFWS also has discharge 
estimates from gauging stations located at Snow and Nada Lakes.  An average year hydrograph for 
Snow Creek was developed by ENSR (2000) from data collected at these gauging stations (Figure 5). 
Snow Creek's flows may also be removed by the District directly into their irrigation canal, as they 
possess a competing and priority water right to 600 acre feet of bottom storage water from Snow Lake 
(Appendix A).   
 
C. LNFH's Well System  
 
Groundwater provides the third major component of LNFH's water delivery system (Figure 4). The 
LNFH operates seven wells, which produce the quality of water needed to sustain the current fish 
production program (Table 1).  The wells are located on the west bank of the hatchery's bypass canal. 
These wells draw water from two aquifers, one deep and one shallow.  The deepwater aquifer is not 
influenced locally by surface water.  Well 5 delivers water from this aquifer while Well 6 has the 
capacity to draw water from both aquifers. The shallow aquifer is influenced by surface water. Wells 1-4 
and 7 draw water from the shallow aquifer. Recharge of the shallow aquifer is affected by how much 
water is present, and thus percolates into groundwater, in the historic channel and the bypass canal. 
Water pumped from wells 4, 5, and 6 passes through an aeration chamber before entering the hatchery's 
pipeline system. Water from wells 1, 2, 3, and 7 directly enter the hatchery's pipeline system at the 
inside screen chamber. Well water is used to supplement and temper river water to meet production 
goals. Hatchery production could not be sustained year-around or for long periods of time on either river 
water or well water alone. When sufficient water is not available for hatchery operations, water may be 
re-used several times and flow rates in the rearing raceways may be reduced for a limited period of time. 
These emergency measures may sustain fish production for short periods of time, however, rearing 
conditions fall below optimum levels. For a typical example of LNFH's combined use of river water, 
groundwater, and water re-use see Table 6. 
 
 
VII. PROPOSED ACTION: LNFH’S WATER SUPPLY SYSTEM REHABILITATION PROJECT 
 
The purpose and need for LNFH’s Water Supply System Rehabilitation Project is to provide year-round 
fish passage past the low head dam at its gravity intake facility, update fish screens at the intake’s point 
of diversion, and replace structural components of the gravity intake facility and water delivery system 
that are degraded and failing (Figures 10 to 69). The proposed actions will only affect structural 
components of the gravity intake facility on Icicle Creek. The structural components of the Snow Lake 
supplementation water supply project and the well system on hatchery property will not be changed. 
LNFH recognizes that baseline flow conditions, which include operation of four water withdrawal 
systems, within Icicle Creek may not provide adequate stream conditions for fish during August and 
September from river mile 2.8 to 4.5. The hatchery has voluntarily included a pump-back system 
component to its proposed project. The pump-back system will allow the hatchery to return up to 20 cfs 
of water to Icicle Creek at river mile 4.5. Individual components of the proposed project are described 
below. 
  
A. Fish Passage at Low Head Dam 
 
Structural components (concrete and steel) of the low head dam will be reconditioned and reinforced as 
needed. In the area adjacent to the intake, approximately 42 feet of dam crest (height = 1189 ft without 
flashboards installed) will be demolished and reconstructed with a new crest height of 1188.5 feet in 
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elevation (Figure 13). This will direct water to the area in front of the new intake and provide for 
sweeping flows that will direct floating debris past the intake and down river. When the forebay is at or 
below 1189.0 feet in elevation, the majority of the dam (approximately 145 feet) will be dry except for 
this lowered section. The lower crest area discharges to the new fish ladder. The new fish ladder will be 
located adjacent to the original fish ladder (Figures 18, 32, & 34). The original fish ladder, built in the 
early 1980’s, was a concrete pool and weir ladder that filled with debris, rocks, and gravel after just one 
season. Shortly, thereafter, it was converted to a sediment sluice. This sediment sluice will be 
lengthened to meet the length of the new fishway and its side walls will be raised in height (Figure 32). 
The new fishway will be configured as an approximately 100 foot long by 40 foot wide roughened 
stream channel with a 5% slope. The fishway will be composed of grouted and loose boulders and 
cobbles. The fishway will include a series of grouted rock weirs and will have loose boulders, smaller 
rocks, and gravels placed between the grouted weirs that will operate more like a natural stream channel 
with pools and riffles along its length. The head of the ladder will be at the new lowered dam crest 
(1188.5 El.). The head of the ladder will feature a shallow pool approximately one foot lower than the 
upstream dam forebay. A notch will be located in the weir to allow slot passage in addition to jumping 
over the weir crest. With no flow over the lowered crest, this notch will discharge approximately 6 cfs. 
When the forebay is at El. 1189.0 (flow through the lowered crest area of the dam), the discharge 
through this lowered crest section and consequently down the ladder, will be approximately 53 cfs 
(including notch flow). A supplemental water supply will be built in at the head of the ladder for use 
during extreme low flow conditions in Icicle Creek when the pump-back system is operating (Figures 
25, 32, & 34). 
 
B. Replacement of Intake Structural Components Including Fish Screen 
 
Replacement of structural components at the intake will occur within the original footprint of the facility 
and all demolition work will be conducted without explosives. The intake at the point of diversion will 
be reconfigured so that debris and sediment will pass parallel to the face of the entrance rather than 
perpendicular, as it is currently (Figures 13, 18, & 32). Flow into the intake will be controlled by an 
electrically actuated headgate which discharges to a conveyance channel leading to a new screen 
building. All components of the current screen building will be replaced because the existing structure 
does not meet current federal building codes (Figures 13 & 33 to 39). The fish screens in the new 
building will be Coanda screens (Figure 47) designed through consultation with NOAA Fisheries 
(Nordlund 2002 pers. comm.). A Coanda fish screen offers the potential for high-capacity, low 
maintenance screening of fish and fine debris from water diversions where sediment loads are 
significant. These structures make use of an inclined wedge wire screen panel installed in the sloping 
downstream face of an overflow weir. The diverted flow is drawn by gravity and the hydraulic Coanda 
effect through the screen into a conveyance channel beneath the weir structure, while bypass flow, fish, 
and debris are carried off at the toe of the screen. This type of screen is substantially self cleaning for 
most types of debris due to the high sweeping velocity along the screen face. The Coanda screen design 
was selected because it essentially eliminates the need for direct maintenance vehicle access to the 
screen building required for more complex mechanical/electrical screen systems; the reduction in the 
frequency of flooding common with other screen systems; and its projected superior performance with 
the frazil ice conditions commonly encountered at the intake. The headgate will be operated to maintain 
a water surface downstream in the conveyance channel at approximately 1188.5 El., critical for the 
proper performance of the Coanda screens. At this surface elevation, the head on the Coanda screens 
would be about 115 inches. The headgate maintains the water surface elevation by taking input from a 
water level sensor reading the water level in the screen building in front of the Coanda screens. During 
low flow periods, the headgate can no longer control the downstream water surface elevation, the 
control of which becomes a function of total creek flow and screen settings. The Coanda screens will 
prevent fish from entering the hatchery’s pipeline and guide them efficiently and safely back to Icicle 
Creek. A fish bypass pipe will lead from the screen structure to an outlet channel located at a point on 
the creek downstream of the sediment sluice (Figures 18 & 38). The maximum estimated time of 
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potential fish entrapment from the point of diversion at the intake to the outlet channel, assuming a free 
floating body, is 70 seconds over a distance of approximately 160 feet. 
 
C. Water Supply Pipeline and Pump-back Pipeline 
 
The water supply pipeline from the intake to the main hatchery facilities is deteriorating rapidly and is 
no longer efficient or reliable. This section of pipeline, approximately 6,500 feet of 30 to 33”pipe, will 
be replaced with 6,500 feet of 30 to 36” pipe (Figures 13 to 29). Additionally, a second pipeline for the 
pump-back system will be placed parallel to this new pipe. The pump-back pipeline will extend from the 
head of the new fish ladder to the main hatchery grounds, approximately 7,300 feet of 24” pipe. All pipe 
except for approximately 200 feet of the pump-back pipeline, section connecting to the head of new fish 
ladder, will lie above the ordinary high water elevation (Figure 32). However, this section of pipe will be 
in areas that were significantly altered during the construction of the original water delivery system. 
Also, all pipe will lie within the current pipeline location on hatchery grounds and within easements. 
The entire length of the water supply pipeline corridor lies above the ordinary high water elevation. The 
current pipeline and intake structure for Cascade will also be abandoned or removed and replaced 
(Figures 12, 14, & 29). One 18” pipeline will tie into the hatchery’s main supply pipeline and one 18” 
pipeline will tie into the pump-back line. The tie in will occur near the south end of the Icicle RV Park at 
approximately Sta. 13+50. These two pipes will be able to carry water from the hatchery’s main lines to 
Cascade’s existing irrigation ditch, an approximate distance of less than 50 feet. The intended operation 
of these two pipelines is that Cascade’s priority water right will be delivered to their conveyance system 
through the hatchery’s main supply pipeline. Water will only be delivered to Cascade’s conveyance 
system by the pump-back pipeline upon their voluntary request and agreement with LNFH. All work 
conducted on Cascade’s water supply system will occur within the original footprint and within all 
easements.  
 
D. Operation of Pump-back Pipeline and Other Components of the Water Supply System 
 
As stated earlier, LNFH recognizes that baseline flow conditions, which include operation of four water 
withdrawal systems, within Icicle Creek from river mile 2.8 to 4.5 may not provide adequate stream 
conditions for fish during August and September. The hatchery has voluntarily included a pump-back 
system component to its proposed project. The pump-back system will allow the hatchery to return up to 
20 cfs of water to Icicle Creek at river mile 4.5. The hatchery also has the option to use its Snow Lake 
supplementation water supply and well system to alleviate low flow conditions in Icicle Creek (rm 2.8 to 
4.5). These three systems will be operated, within current water rights and with the primary goal of 
meeting production responsibilities, to supplement flows in Icicle Creek during August and September. 
Additional water will be added to ensure that total flows between rm 4.5 and 2.8 do not fall below 20 
cfs. 
 
 
VIII. PROJECT IMPLEMENTATION 
 
All construction activities will take place on hatchery grounds or within its easements. Construction will 
occur from March to December 2005 and again from February to December 2006. All in-stream work 
will occur within the window of time determined by the Washington Department of Fish and Wildlife 
(WDFW), which typically begins August 1st. Construction will require LNFH to operate on a temporary 
water supply to maintain and meet production (reduced) goals during both construction time periods. 
The temporary water supply will be operating from August 1st through December 31st of the first year 
(August = setup, September = testing, October – December = full operation) and August 1st through 
December 31st of the second year (August through November = testing and full operation, December = 
testing and finalizing intake system). While the main water supply is shut down, the temporary water 
supply system will involve pumping up to a maximum of 54.4 cfs (LNFH & Cascade; dependent on 
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time of year) from the spillway pool (rm 2.8) to the hatchery’s sediment setting basin. However, the 
hatchery expects to reduce the amount of water pumped to 20 cfs by operating under re-use conditions 
and potentially reducing production.  Pumps will be properly screened and cleaned as necessary to 
prevent entrapment of fish and sediment and to ensure a reliable water source to the hatchery. All 
construction activities will occur above ordinary high water except in the following four areas: (1) 
screen building and bypass outlet channel, (2) point of diversion and sluice area, (3) new fishway 
(Figure 70), and (4) spillway pool (temporary water supply intake). All these areas have been 
significantly altered by the original construction of and maintenance of hatchery facilities. Backfill will 
be placed below ordinary high water in three of the above four areas. In the area of the screen building 
and bypass channel 130 cy, at the point of diversion and sluiceway 150 cy, and at the new fishway 100 
cy of material will be placed. All in-stream work will occur within the window of time determined by 
the WDFW, which typically begins August 1st. The majority of in-stream work is proposed for the 2006 
work window. Coffer dams made of clean fill material will be used to isolate the immediate vicinity of 
in-stream work areas (Figure 18). The area of impact will be snorkeled for fish presence before 
cofferdams are placed. Coffer dams will not span the entire channel width allowing for flows and fish to 
bypass them. Water trapped within the dammed work areas will be pumped back (properly screened) 
into the main channel. If any fish are inadvertently trapped within the sectioned off work areas, they will 
be removed by dip-netting or through electrofishing and placed in the main creek channel prior to water 
removal. As water is drained from the work areas, the areas will be monitored to ensure that no fish are 
left stranded. All in-stream work will be conducted in the dry, sectioned off stream areas except for the 
placement of coffer dams. Access to work areas will occur via existing roads and along the pipeline 
easement.  Access to the intake area by Icicle Road may require the need to lower equipment and 
materials over the steep road embankment. All pipeline removal and placement will occur within the 40 
foot wide pipeline easement/corridor. In the past, the pipeline easement has not been honored or 
maintained. Non-governmental structures that lie within the pipeline easement will be demolished and 
removed (Figures 13 to 17). Additionally, all vegetation within the easement boundaries will also be 
removed (clearing and grubbing). Approximately 36 mature (dbh > 20”) deciduous and evergreen trees 
will be removed within the entire project area during clearing and grubbing. Once the pipelines are in 
place, a minimum of 5 feet of fill (required), from on-site or imported as necessary, will be placed over 
the pipe for protection. Once construction is complete the pipeline easement will be maintained as a 
maintenance corridor. This corridor will remain clear of non-governmental structures and vegetation and 
the pipeline will be protected as necessary. All construction work will occur within the footprint of the 
current water delivery system and hatchery facilities.   
 
 
IX. SPECIES/CRITICAL HABITAT DESCRIPTION 
 
Steelhead trout (Oncorhynchus mykiss) 
 
Status 
Three steelhead evolutionarily significant units (ESUs) are listed as threatened (Snake River and Lower 
Columbia River) or endangered (Upper Columbia River) and one ESU is proposed for listing (Middle 
Columbia River). Threats to steelhead trout include: grazing, water diversions, hydroelectric 
development, forestry and associated road building (Yee and Roelofs 1980; Platts 1981; Chamberlin 
1982) which contributes to habitat degradation (Busby et al. 1996); plus failure of natural stocks to 
replace themselves, genetic homogenization due to hatchery supplementation, and high harvest rates on 
steelhead smolts in rainbow trout fisheries. On April 30, 2002, the U.S. District of Columbia approved a 
NMFS Consent Decree withdrawing a February 2000 critical habitat designation for the Upper 
Columbia River ESU and for 18 other ESU’s. Currently, critical habitat is under development. 
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Range 
Steelhead trout are found from central California to the Bering Sea and Bristol Bay coastal streams of 
Alaska.  Most streams in the Puget Sound region, and many Columbia and Snake River tributaries have 
populations of steelhead trout present (Pauley et al. 1986).  Winter steelhead populations have been 
documented to occur in the following Washington rivers: Soleduck, Bogachiel, Hoh, Humptulips, 
Chehalis, Willapa, Cowlitz, Toutle, Kalama, Lewis, Washougal, Nisqually, Puyallup, Green, 
Snoqualmie, Skykomish, and Skagit (Pauley et al. 1986).  Summer steelhead populations have been 
documented to occur in the following Washington rivers: Elwha, Queets, Wynochee, Cowlitz, Toutle, 
Kalama, Lewis, Washougal, Wind, White Salmon, Klickitat, Walla Walla, Snake, Yakima, Columbia, 
Wenatchee, Methow, Green, Skykomish, Stillaguamish, and Skagit (Pauley et al. 1986).   
 
Habitat Requirements 
O. mykiss exhibit a great diversity of life history patterns, and are phylogenetically and ecologically 
complex.  O. mykiss exhibit varying degrees of anadromy, differences in reproductive biology, and 
plasticity of life history between generations (Busby et al. 1996).  Different life history forms include 
anadromous or non-anadromous, winter or summer, inland or coastal groupings, and half-pounder 
strategies.  Steelhead along with cutthroat trout can spawn more than once (iteroparity), all other species 
of Oncorhynchus spawn once and then die (semelparity).  North of Oregon repeat spawning is relatively 
uncommon and more than 2 spawning migrations is rare.  Iteroparity occurs predominantly in females 
(Busby et al. 1996).  Anadromous forms can spend up to seven years in freshwater and three years in the 
ocean prior to their first spawning (Busby et al. 1996).   
 
In North America, O. mykiss is split into two phylogenetic groups, inland and coastal (Busby et al. 
1996).  These two groups both occur in Washington, Oregon, and British Columbia (Busby et al. 1996) 
and are separated in the Columbia and Fraser River systems in the vicinity of the crest of the Cascade 
Mountains (Reisenbichler et al. 1992).  Coastal steelhead occur in a diverse array of populations in 
Puget Sound, coastal Washington, and the lower Columbia River with modest genetic differences 
between populations (Busby et al. 1996).  Inland steelhead are represented only by populations in the 
Columbia and Fraser River basins and consistent genetic differences have been found between 
populations in the Snake and Columbia Rivers (Busby et al. 1996).  Inland and coastal forms apply to 
both anadromous and non-anadromous forms, which means that rainbow trout east of the Cascades are 
genetically more similar to steelhead from east of the Cascades than they are to rainbow trout west of the 
Cascades (Busby et al. 1996).  Large genetic differences between coastal and inland groups have been 
demonstrated for both anadromous and non-anadromous forms (Busby et al. 1996).  In Washington, 
total age of coastal populations at maturity is typically 4 years, with 2 years in freshwater and two years 
in the ocean.  For Columbia River Basin inland populations, total age at maturity is 4 years with 2 years 
in freshwater, 1 year in the ocean, and 1 year in freshwater as an adult prior to spawning (Busby et al. 
1996).  Steelhead with different run timing (summer or winter) in the same geographic area may be 
more genetically similar to each other than to fish from another area with similar run timing (Busby et 
al. 1996). 
 
O. mykiss have two basic reproductive ecotypes based on the state of their sexual maturity at river entry 
and the durations of the spawning migration (Burgner et al. 1992).  These reproductive ecotypes are 1) 
stream maturing or summer steelhead, and 2) ocean maturing or winter steelhead (Busby et al. 1996).  
Summer steelhead enter fresh water from May to October in a sexually immature state, migrate 
upstream during the spring and summer, and hold in areas of protected cover such as deep pools, 
undercut banks, overhanging vegetation or large woody debris or boulder structures until they become 
sexually mature.  These summer steelhead hold over fall and winter in freshwater and spawn the 
following spring (Pauley et al. 1986). 
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Inland steelhead from the Columbia River Basin, and especially the Snake River Basin, are split into two 
groups, A- and B-run steelhead.  This split is based on a bimodal migration of adult steelhead at 
Bonneville Dam and differences in age at return and adult size (Busby et al. 1996).  Adult A-run 
steelhead enter freshwater from June to August and have predominantly spent only one year in the ocean 
before returning to spawn (IDFG1994).  A-run steelhead occur throughout steelhead bearing streams in 
the Snake and Columbia River basins (IDFG 1994).  Adult B- run steelhead enter freshwater from late 
August to October, and have predominantly spent two years in the ocean before returning to spawn 
(IDFG 1994).  B-run steelhead are thought to reproduce only in the Clearwater, Mid-fork Salmon, and 
South Fork Salmon rivers in Idaho (IDFG 1994).     
 
Winter steelhead enter their natal stream in various stages of sexual maturation from November to April 
and spawn within a few months of entering the river between late March and early May (Pauley et al. 
1986).  Winter steelhead are the most widespread of the two reproductive types.  Coastal streams are 
dominated by winter steelhead, and there are only a few occurrences of inland winter steelhead 
populations (Busby et al. 1996). 
 
Some basins have both summer and winter steelhead present.  Where they both occur, they are often 
separated by a seasonal hydrologic barrier such as a waterfall (Busby et al. 1996).  It appears summer 
steelhead occur where habitat is not fully used by winter steelhead, and summer steelhead spawn further 
upstream than winter steelhead (Withler 1966; Roelofs 1983; Behnke 1992).  Almost all inland 
Columbia River Basin steelhead are summer steelhead. Winter steelhead may have been excluded from 
the inland Columbia River Basin by a seasonal barrier at Celilo Falls or the great migration distance 
from the ocean (Busby et al. 1996).  
 
Steelhead also exhibit a “half-pounder” life history strategy.  Half-pounders are immature steelhead that 
return to freshwater after only 2-4 months in the ocean (Busby et al. 1996).  These steelhead over-winter 
in freshwater and out migrate again the following spring.  Occurrence of half-pounder steelhead has 
been reported to occur in southern Oregon and northern California rivers (Barnhart 1986).   
 
Non-anadromous forms of O. mykiss have been called rainbow or redband trout.  For example, the 
inland non-anadromous form is typically called the Columbia River redband trout (Busby et al. 1996).  
Non-anadromous and anadromous forms co-occur more frequently in inland populations than coastal 
populations (Busby et al. 1996) In coastal populations where they co-occur, the forms are usually 
separated by a migration barrier, either natural or manmade (Busby et al. 1996).  Where the two forms 
co-occur, offspring of resident fish may migrate to sea, and offspring of anadromous steelhead may 
remain in streams as resident fish (Burgner et al. 1992; Shapolov and Taft 1954).  In the Methow River, 
Mullan et al. (1992) found evidence that due to very cold stream temperatures, juvenile steelhead had 
difficulty attaining size for smoltification.  He concluded that most of the juvenile fish present that do 
not emigrate downstream early in life, do not grow enough due to the cold temperatures and are hence 
restricted to a resident life history, regardless of anadromous or non-anadromous parents.   
 
After hatching and emergence, steelhead move to deeper parts of the stream, establish territories, and 
change their diet from microscopic aquatic organisms to larger organisms such as isopods, amphipods, 
and aquatic and terrestrial insects that are primarily associated with the stream bottom (Wydoski and 
Whitney 1979).  During rearing, streamside vegetation and submerged cover (logs, rocks and aquatic 
vegetation) are important. Densities of juvenile steelhead are highest in areas containing in-stream cover 
because cover provides food, temperature stability, and protection from predators (Narver 1976; Reiser 
and Bjornn 1979; Johnson 1985). Juvenile steelhead remain in freshwater for 1-4 years before 
smoltification. In areas where anadromous and non-anadromous forms co-occur in sympatry, habitat 
partitioning occurs (Allee 1981). Smoltification may be initiated by environmental factors such as 
photoperiod, water temperature, and water chemistry (Folmar and Dickhoff 1980; Wedemeyer et al. 
1980). Steelhead remain in the ocean for 2-3 years, occasionally for 4 years (Shapolov and Taft 1954).  
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Distribution in the ocean is hard to track due to a lack of school formation and steelhead do not use areas 
where commercial harvest of other Pacific salmon stocks occur (Pauley et al. 1986). Distribution at sea 
appears to be influenced by surface water temperature and conforms closely to the 50C isotherm on the 
North and the 150C isotherm on the south (Sutherland 1973). 
 
Upper Columbia River Steelhead Trout ESU 
This ESU occupies the Columbia River Basin upstream from the Yakima River, and includes the 
Wenatchee, Entiat, Methow, and Okanogan River basins (Busby et al. 1996).  This ESU also includes 
Wells Hatchery stock. All upper Columbia River steelhead are summer steelhead (Busby et al. 1996).  
Streams of this region drain the northern Cascade Mountains of Washington and flow is provided by 
glacial runoff or snowmelt.  This results in extremely cold water temperatures that can retard growth and 
maturation of juveniles, hence some of the oldest smolt ages, up to 7 years, are reported within this ESU 
and residualization of juvenile steelhead that fail to smolt also occurs (Busby et al. 1996).  The 
relationship between anadromous and non-anadromous O. mykiss is unclear in this geographic area. 
NMFS is listing only the anadromous life forms of O. mykiss in this ESU (NMFS 1997).  However, on 
May 28, 2002 NOAA Fisheries (formerly NMFS) proposed to change UCR steelhead, whose population 
includes resident rainbow trout, from endangered to threatened. Only naturally spawned populations of 
steelhead and their progeny that are part of the biological ESU residing below long-term, natural, and 
man-made impassable barriers (i.e. dams) are listed (NMFS 1997).  The Wells Hatchery stock of 
steelhead is included in this ESU because it is essential for recovery, as it probably retains the genetic 
resources of steelhead populations above Grand Coulee Dam that are now extinct from their native 
habitats (NMFS 1997). 
 
Icicle Creek Steelhead  
Evidence suggests that historically Icicle Creek produced wild steelhead (Brennan 1938, Fulton 1970, 
Mullan et al. 1992). However, the present population size of wild steelhead native to this creek is 
unknown. In 1941, the first release of hatchery steelhead occurred in Icicle Creek. LNFH raised summer 
steelhead from 1940-1951 and from 1977-1995 with the last release in 1997. The brood stock for the 
program was collected at Rock Island Dam and in low return years, supplemental eggs from Wells State 
Fish Hatchery were used. The program was ended at LNFH and moved to Winthrop National Fish 
Hatchery because of an inadequate water supply, low adult returns, and concern over using non-
Wenatchee River stocks (USFWS 1998). Between 1978 and 1997, a total of 1,372,789 steelhead were 
released into Icicle Creek. All releases occurred below the hatchery. Also, since 1982, the Washington 
Department of Fish and Wildlife (WDFW) has released 331,657 hatchery summer steelhead into Icicle 
Creek, either at or below LNFH and approximately 3.7 million into the Wenatchee River Basin. All 
hatchery produced steelhead since 1986 have been marked by adipose clipping before release. The 
percentage of wild steelhead in the adult returns to LNFH for the years 1987, ‘88, ‘91, and ‘93 averaged 
21% (range = 4-41%) (USFWS 1998).  In 1999 and 2000, thirty-two and twenty-three, respectively, 
steelhead were captured in the ladder at LNFH. Four (‘99) and one (‘00) of these were not adipose 
clipped and may have been wild steelhead. In both years several steelhead redds were observed in the 
lower Icicle below LNFH. Additionally, in 2000, one radio tagged female steelhead from Icicle Creek 
was identified by the Chelan Public Utility District in the vicinity of Rock Island Dam approximately 10 
days after release. This steelhead may have been a kelt returning to the ocean (USFWS 2001a). In 2000, 
WDFW conducted a steelhead spawning ground survey from March 3rd to May 20th in the lower Icicle, 
downstream of LNFH.  Twenty redds and twenty adults were observed with an estimated total number 
of adult steelhead ranging from 40 to 50 (Viola pers. comm.). In 2001, WDFW recorded 19 steelhead 
redds between April 2nd and June 4rth in lower Icicle Creek (Viola pers. comm.). 
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Chinook Salmon (Oncorhynchus tshawytscha) 
 
Status 
Three Chinook salmon ESUs are listed as threatened (Snake River fall and spring) or endangered (Upper 
Columbia River) and two ESUs are proposed for listing (Lower Columbia River and Puget Sound). On 
April 30, 2002, the U.S. District of Columbia approved a NMFS Consent Decree withdrawing  critical 
habitat designations established in February 2000. Threats to the Chinook salmon ESUs include 
watershed development such as forest practices, mining, agricultural land use, urbanization, hydropower 
development, and water manipulation and withdrawal. Over fishing, artificial propagation, and 
introduction of non-native species has also impacted Chinook salmon ESUs.  Forest practices, mining, 
agricultural land use, urbanization, hydropower development, and water withdrawal have resulted in 
increased sedimentation, changes in flow regimes and channel morphology, decreases in water quality 
and quantity, loss of riparian habitat, loss of large woody debris and recruitment, higher water 
temperatures, decreased gravel recruitment, reduction in pools, reduction in spawning and rearing areas, 
rerouting of stream channels, degradation of stream banks, and loss of estuarine rearing areas (Bishop 
and Morgan 1996, Myers et al. 1998).  These changes have impacted the spawning and rearing 
environment of Chinook salmon.  Harvest and hatchery practices and the introduction of nonnative 
species have also impacted the expression of the varied life history strategies of Chinook salmon within 
these ESUs.  
 
Range 
In North America, the historical range of Chinook salmon extends from the Ventura River in California 
to Point Hope, Alaska.  In northeastern Asia, the historical range extends from Hokkaido, Japan to the 
Anadyr River in Russia (Scott and Crossman 1973).  
 
Habitat Requirements 
The generalized life history of Pacific salmon involves incubation, hatching and emergence in 
freshwater, migration to the ocean, and subsequent initiation of maturation and return to freshwater for 
completion of maturation and spawning (Myers et al. 1998).  Chinook salmon exhibit two generalized 
freshwater life history types, “stream-type” and “ocean-type” (Gilbert 1912). There is further life history 
variation within each type which allows full utilization of freshwater, estuarine, and ocean environments 
(Spence et al. 1996).  In order to successfully complete these life history strategies, Chinook salmon 
need access to freshwater, estuarine, coastal and open ocean environments.  In these environments they 
require adequate: water quantity, quality, temperature, and velocity; substrate, cover and shelter, food 
resources, riparian vegetation, space, and safe passage conditions.  The range of ocean residence for 
Chinook salmon is from 1-6 years.  A small proportion of yearling males, called “jacks” mature in 
freshwater and return after 2-3 months in saltwater (Myers et al. 1998; Spence et al. 1996).  In general 
Chinook salmon spawn in small to medium-sized rivers, however they may also spawn in larger river 
systems such as the main-stem Columbia River (Spence et al. 1996).   
 
Stream-type Chinook salmon, which is characteristic of spring fish (Spence et al. 1996), reside as fry or 
parr in freshwater for a year or more before migrating to sea.  They perform extensive offshore oceanic 
migrations and return to their natal river during the spring and early summer, several months prior to 
spawning. (Healey 1991).  Stream-type Chinook salmon tend to enter freshwater as immature or 
“bright” fish, migrate far upriver, and use upper watersheds for spawning in late summer and early 
autumn (Myers et al. 1998).  Stream-type juvenile Chinook salmon exhibit downstream dispersal and 
utilize a variety of freshwater rearing environments during their one to two years of freshwater rearing 
before migration to the ocean (Meehan and Bjornn 1991). Stream-type juvenile Chinook salmon fry feed 
on drift insects (Rutter 1904, cited in Allen and Hassler 1986) but zooplankton are more heavily preyed 
on in main river systems and estuaries (Allen and Hassler 1986).  As Chinook salmon grow they move 
from shallow littoral habitats into deeper river channels and their prey base changes from shallow 
epibenthic prey to larger pelagic species (Allen and Hassler 1986).  Cool, clean water and diverse habitat 
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that provides pools, riffles, off-channel habitat, undercut banks, and large woody debris or boulder 
structures that provide cover and shelter from predation and storm events are important habitat elements.  
Riparian vegetation provides the following to Chinook salmon rearing: shade for temperature regulation, 
vegetation inputs for food resources, stream bank stabilization from roots and large woody debris 
recruitment.  Stream-type life history strategies may be adapted to watersheds or parts of watersheds that 
are more productive and less susceptible to dramatic changes in water flow, since the long rearing period 
requires more stable less degraded habitats (Miller and Brannon 1982, Healey 1991).  ESUs with 
stream-type life history strategies are: upper Columbia River spring ESU; and the Snake River 
spring/summer ESU (Myers et al 1998). 
 
Upper Columbia River spring Chinook salmon ESU 
This ESU includes stream-type Chinook salmon spawning above Rock Island Dam in the Wenatchee, 
Entiat, and Methow Rivers.  All Chinook salmon in the Okanogan River are considered ocean-type and 
are considered part of the Upper Columbia River summer and fall ESU (NMFS 1998a).  Only naturally 
spawned Chinook salmon are proposed for listing at this time. The brood stock returning to LNFH is not 
listed. Additionally, Icicle Creek does not support listed UCR spring Chinook salmon (NOAA Fisheries 
2003). 
  
Icicle Creek Spring Chinook 
Spring Chinook entering Icicle Creek are primarily adults returning to LNFH. One wild stray from the 
Chiwawa River stock entered LNFH in 1994. LNFH has raised spring Chinook since 1940. The original 
Leavenworth stock was collected at Rock Island Dam (1940-1943) and supplemental eggs have been 
imported from other Columbia River hatcheries, mainly Carson, Cowlitz, and Little White Salmon NFH. 
Since 1985, no eggs or fish have been imported to LNFH (USFWS 1998). The production goal for the 
hatchery is 1,625,000 fish. The average adult return to LNFH from 1980 to 1997 is 3,425 (range = 462-
7,232). From 1984-1997, LNFH’s contribution to the Wenatchee sub-basin spring Chinook run averaged 
49% (range = 28.8-69%)(USFWS 1998).  Spring Chinook returning to Icicle Creek not only provide the 
broodstock for LNFH but also allows for a sport and tribal fishery.  
 
The Leavenworth spring Chinook stock is not listed under ESA, however, wild strays may enter Icicle 
Creek. Wild, ESA listed spring Chinook spawn in Nason Creek, and in the Chiwawa, Little Wenatchee, 
upper main Wenatchee, and White Rivers (Chapman et al. 1994). Spring Chinook also spawn in the 
lower Icicle.  From 1989 - 1993 an average of 41 (range = 24-53) and from 1994-1999 an average of 14 
(range = 6-33) spring Chinook redds were counted in lower Icicle Creek below LNFH (Mosey and 
Truscott 1999; Mosey pers. comm.).  These naturally spawning spring Chinook are thought to be of 
LNFH origin (Peven and Mosey 1996). 
 
  
X. CURRENT CONDITION OF HABITAT 
Following is a discussion of the current habitat conditions in Icicle Creek from its confluence with the 
Wenatchee River to its headwaters located at Lake Josephine.  The current condition of habitat has been 
evaluated in terms of the USFWS Matrix of Diagnostics/Pathways and Indicators. For a summary of 
baseline habitat conditions see Table 2.  
 
A. Water Quality 
 
1. Temperature 
High and low temperature extremes occur in all reaches of Icicle Creek.  Icicle Creek is on the 
Washington State 303(d) Clean Water Act list for not meeting temperature criteria (WRWSC 1998). 
Water temperatures in summer months can exceed 150C (590F) and during the winter temperatures can 
fall below 10C (340F) (WRWSC 1998). Temperatures as high as 210C (700F) have been recorded in 
Icicle Creek (Mullan et al. 1992). The USFS 1994 stream survey conducted from August 13 - October 
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17 reported a maximum temperature of 180C (640F) and a minimum of 80C (470F) with temperatures in 
river miles 4.8 to 17 not meeting Forest Plan standards. The USFS stream temperature monitoring 
(1997) information indicates that temperatures in Icicle Creek exceeded the Wenatchee National Forest 
and Washington State Water Quality standards on 15 days for the maximum temperature and 37 days for 
the seven day average temperature.  This happened in 1997 when low flows were relatively high all year 
due to the extensive snow pack that was received the previous winter.  Water temperatures are highest in 
August.  
 
High water temperatures can reduce the biotic potential of a stream by reducing the amount of dissolved 
oxygen and increasing metabolic reactions (Horne and Goldman 1994). For example, as temperatures 
increase, fish growth decreases. High temperatures decrease salmonid production (Bjornn and Reiser 
1991). Bull trout distribution is limited if temperatures exceed 54.5 0F (15 0C) and optimum 
temperatures for bull trout incubation are 35.6-39.2 0F (2-4 0C) and for rearing are 44.6-46.4 0F (7-8 0C) 
(Rieman and McIntyre 1993). The temperature regime of Icicle Creek has not been fully documented. 
However, available data shows that overall Icicle Creek does not meet the water temperature 
requirements for bull trout incubation, rearing, or spawning and could limit bull trout production. 
Steelhead prefer temperatures of 50-55.4 0F (10-13 0C) and their lethal limit is 75.2-86 0F (24-30 0C) 
(Bjornn and Reiser 1991). Temperatures during steelhead spawning are well within the accepted range 
but are often exceeded for migration and rearing. Fish may migrate downstream to the Wenatchee River 
to avoid unfavorable conditions; however, this river is also on the state’s 303(d) list for not meeting 
temperature standards. Water temperatures in the mainstem Wenatchee River may fall below 10C during 
the winter and rise above 150C during the summer (WRWSC 1998). 
 
This criteria is rated, from the available data, as Not Properly Functioning. 
 
2. Sediment/Turbidity 
 
Data on fines (<0.85mm) in gravel has not been collected in Icicle Creek. Related information is 
presented below. 
 
High sediment loads occur and historically occurred in Icicle Creek.  All of the dominant land types in 
the Icicle Creek watershed have high sediment delivery hazards and background hill slope erosion rates 
for the watershed are high and estimated to total over 4,500 tons/year (USDA 1995).  Sediments are 
filling pools and embedding channel substrates. USFWS biologists conducted five Wolman (1954) 
pebble counts in the stream restoration project below LNFH in 1998 and 1999. Salmon have been 
documented spawning in the restoration project area. The amount of substrate less than 2mm in size 
ranged from 13 to 32% with an average of 24% in 1998 and 6-26% with an average of 18% in 1999. 
Additionally, pebble counts were conducted in spawning gravel patches in the lower reach. Substrate 
less than 2mm in size in these patches ranged from 3 to 9%. Sediment in spawning gravels was not 
assessed during the USFS 1994 stream survey. However, high sediment delivery rates were reported in a 
majority of the upper reaches surveyed. The surveyors also reported that sedimentation appeared to be a 
problem throughout the system. USFWS biologists conducted four pebble counts in the upper reaches of 
the Icicle in 1999 during a spawning gravel survey. The amount of substrate less than 2mm in size 
recorded in these counts ranged from 0 to 15 percent. 
 
Sediment loading is mainly due to urbanization, clearing of riparian zone vegetation, recreational use, 
road building, logging, landslides, fires, and flooding. Eleven percent of the riparian vegetation along 
the lower portion of Icicle Creek, below LNFH, has been removed for housing developments (WRWSC 
1998). Approximately 12% of Icicle Creek’s watershed was burned by forest fires in 1994 (USFS 1994). 
These forest fires have and will continue to increase sedimentation in Icicle Creek (WRWSC 1998). 
Approximately 5% of the Icicle Creek watershed, outside of the Wilderness boundary, has been 
impacted by logging (USFS 1994). Also, natural landslides often occur in this drainage. Recently, in 



 21

June 1999, a landslide occurred in the watershed on a flanking slope of the draw that descends from 
Icicle Ridge. The failure was approximately 120 feet wide and 300 feet long with a slide plane that was 
10-15 feet below the pre-failure surface. The slide began at an elevation of 4800 feet. Consequently, the 
resulting volume of material delivered to the valley bottom (Icicle Creek) was many times greater than 
the initial failure. The main body of the failure remains unstable (Karrer pers. comm.). 
 
This criteria is rated, from the available data, as Functioning at Risk. 
 
3. Chemical Contamination/Nutrients 
 
Icicle Creek is on the Washington State 303(d) Clean Water Act list for not meeting temperature, 
dissolved oxygen, pH, in-stream flow (WRWSC 1998), and total PCB concentration (WDOE 2004) 
criteria. Water quality standards for Icicle Creek, a Class AA stream, are listed in Table 5. Water quality 
data for Icicle Creek has been collected over the years as a component of the Wenatchee Watershed 
Planning Project.  Water quality samples were collected from Icicle Creek (rm 1.5 & rm 9.3) on the 
same day and at least once per month. The data for 1992 - 1993 and 1995 - 1996 indicates similar 
profiles with respect to dissolved oxygen, pH, and temperature between both stations.  Minimum 
dissolved oxygen levels (> 9.5 mg/L) were met 69% of the time at the upper station and 72% of the time 
at the lower station.  The standard range of pH (6.5 - 8.5) was achieved 28 of 30 times (93%) at both 
stations.  Temperature standards (< 16 0C) were met in all samples (WRWSC 1996).   Between 1997 and 
1999, the Environmental Protection Agency and WDOE sampled fish tissue from Icicle Creek spring 
Chinook salmon and mountain whitefish for contaminants (WDOE 2004). Total PCB concentrations in 
fish tissues exceeded criteria. DDT analogs were also detected but concentrations did not exceed criteria. 
The contaminant source in unknown and under investigation. 
 
This criteria, it is rated as Functioning at Risk.  
 
 
B. Habitat Access 
 
1. Physical Barriers 
 
The original design of LNFH involved diverting the majority of Icicle Creek’s flow through a canal with 
an energy control dam at the base and construction of holding dams and weirs in the historic creek 
channel (Figure 2). These structures effectively block fish passage (at approximately rm 2.8) to the 
upper Icicle and are no longer needed for hatchery production operations. During several months of the 
year, downstream fish passage to the lower Icicle may also be hindered by structures in the historic 
channel and little to no flow in the canal. Upstream and downstream fish passage through LNFH for 
native species will be provided once the Icicle Creek Restoration Project is complete. Completion of this 
project could occur as soon as December 2005. However, completion is dependent upon securing 
funding and permits.  
 
Two water diversions in Icicle Creek upstream from LNFH at river mile 4.5 and 5.7 may present fish 
passage problems. LNFH’s intake (rm 4.5) may block fish passage at low flows. There are also several 
natural fish passage obstacles in Icicle Creek above LNFH (Figure 3). However, none have been proven 
to be year-round fish migration barriers. 
 
This criteria is rated, from the available data, as Not Properly Functioning.  
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C. Habitat Elements 
 
1. Substrate  
 
High sediment loads occur and historically occurred in Icicle Creek.  All of the dominant land types in 
the Icicle Creek watershed have high sediment delivery hazards, and background hill slope erosion rates 
for the watershed are high and estimated to total over 4,500 tons/year (USDA 1995).  Sediments are 
filling pools and embedding channel substrates.  Visually assessed substrate embeddedness in the lower 
reaches of Icicle Creek is greater than 30%. The USFS 1994 Icicle stream survey of the upper Icicle 
reported that all reaches had embedded substrate with the percentage of units embedded per reach 
ranging from 31 - 100%.   
 
From the available data and professional judgment, this criteria is rated as Not Properly Functioning. 
 
2. Large Woody Debris 
 
In the winter of 1998, USFWS biologists surveyed the lower 2.8 miles of Icicle Creek. In this section, 
woody material is limited with only 4-10 pieces of wood observed. Urbanization, livestock grazing, and 
road building in the lower part of Icicle Creek has reduced the riparian zone in structure and function. 
Eleven percent of the riparian vegetation along the lower portion of Icicle Creek, below LNFH, has been 
removed for housing developments (WRWSC 1998).  Thus, sources for short and long-term recruitment 
of large woody debris are lacking. Stream reaches in upper Icicle Creek do not meet Northwest Forest 
Plan standards for large woody debris per mile (USFS 1994). Higher elevation stream reaches contain 
more woody debris. However, these reaches are in the Alpine Lakes Wilderness and must meet west 
side criteria (USFS 1994). In the USFS 1994 stream survey, LWD was measured in terms of Northwest 
Forest Plan standards. From information presented in the survey report, it appears that three of the six 
reaches surveyed meet the matrix criteria for LWD. Sources for short and long-term recruitment have 
been reduced by human and natural activities in the upper Icicle. 
 
Woody material plays an important role in defining stream habitat characteristics. Woody material in a 
stream functions to provide cover and refuge for stream inhabitants, creates deeper areas, dissipates 
energy, protects stream banks, captures substrate, provides nutrients to the stream, and slows the 
movement of organic matter.   
 
This criteria is rated as Functioning at Risk. 
 
3. Pool Frequency  
 
The wetted width of lower Icicle Creek falls within the range of 40 to 65 feet.  Recommended pools per 
mile for streams this wide is 23 to 26. This criteria is not met. The pools that do exist are deep, > 1 
meter, however, there is no cover for fish other than depth. Lower Icicle Creek lacks features such as 
woody debris and large boulders that function in pool creation and maintenance. Pool volume has been 
reduced by deposition of fine sediments. Summer pool water temperatures are not known but 
temperatures in excess of 21oC have been reported for Icicle Creek (Mullan et al. 1992). The pool 
frequency and quality in the upper Icicle does not meet  Forest Plan standards (USFS 1994). 
Additionally, a review of the 1994 stream survey data shows that all reaches of the upper Icicle do not 
meet the matrix criteria for pool frequency. Portions of the upper Icicle lack in woody debris which 
promotes pool creation and maintenance. Pool water temperatures are not known, but low and high 
temperatures have been recorded in the watershed. 
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Pools play an important role in dissipating stream energy in addition to providing habitat for stream 
organisms. The limited number of pools may be a problem for stream inhabitants, especially young fish, 
during the winter. However, adult fish could be affected all year long by the lack of pools because of 
their size. Suitable habitat such as low velocity areas with adequate in-stream cover is the main factor 
regulating fish populations in the winter. Fish select over-wintering habitat based on minimizing energy 
expenditure and avoiding adverse physicochemical conditions such as ice, mid-winter flood events, and 
low dissolved oxygen (Cunjak 1996). Juvenile fish can utilize a wide range of in-stream cover such as 
woody debris, substrate, vegetation, undercut banks, and depth to avoid adverse conditions. For example 
juvenile cottids, cyprinids, centrarchids, and several salmonids including Chinook salmon and rainbow 
trout utilize cobble/boulder in-stream cover for shelter where substrate diameter is directly proportional 
to fish size (Rimmer et al. 1984, Cunjak 1988). Adult fish, because of their larger body size, are limited 
to using depth for in-stream cover. Thus, deep pools are important over-wintering habitats for adult fish. 
The amount and complexity of winter habitat in a stream determines its carrying capacity for resident 
fish populations. Consequently, Icicle Creek’s fish production may be limited by the number of 
available over-wintering habitats. 
 
This criteria is rated, from the available data, as Not Properly Functioning. 
  
4. Pool Quality 
 
Even though Icicle Creek does not meet pool frequency standards (see above), the available data shows 
that all reaches of Icicle Creek contain a few large pools with residual depths greater than 1 meter deep.  
 
Icicle Creek is Functioning at Risk for this indicator.  
 
5. Off-channel Habitat 
 
In lower Icicle Creek there are few backwater areas and low energy off-channel areas. Off-channel 
habitat in the lower Icicle is limited mainly by residential development and road building. For example, 
there are several off-channel areas along East Leavenworth Road that are no longer connected to the 
stream.  USFS stream survey data (1994) shows that 72% of upper Icicle Creek contains an adequate 
and diverse amount of off-channel habitat. Many side-channels, backwater areas, ponds, wetlands, and 
oxbows occur. 
 
Overall, this criteria is rated as Properly Functioning. However, in lower Icicle Creek, below rm 2.8, 
this criteria is Not Properly Functioning. 
 
6. Refugia 
 
This criteria is directly related to the off-channel habitat indicator above. This criteria also considers 
human impacts and habitat connectivity within the watershed. In the lower Icicle off-channel habitat is 
limited in quantity and connectivity and there is a high rate and potential of human impacts. In the upper 
Icicle there is an adequate and diverse quantity of off-channel habitat. Distribution and connectivity of 
high quality habitat is moderate and the level of human activity, mainly recreation, is high.  
 
Overall, this criteria is rated as Functioning at Risk. However, in lower Icicle Creek, below rm 2.8, this 
criteria is Not Properly Functioning.  
 
 
 
 



 24

D. Channel Condition and Dynamics 
 
1. Width/Depth Ratio 
 
Data on width/depth ratios has not been fully documented in Icicle Creek. Related information is 
presented below.  
 
Rivers and streams act as indicators of environmental stress when sediment supply and channel 
adjustments occur due to deforestation, changes in vegetation composition, urbanization, road building, 
and other watershed activities that create their cumulative impacts on river and stream systems. For 
example, in the lower reach of Icicle Creek, channel features are not being maintained over time and 
deposition and erosion are occurring causing it to be in a state of flux. This instability is a result of Icicle 
Creek adjusting to natural and human impacts to achieve a stable dimension, pattern, and profile that are 
in equilibrium with its gradient, sediment supply, and discharge.  Channel width/depth ratios in lower 
Icicle Creek are increasing and entrenchment ratios are decreasing in response to increases in sediment 
supply and bank instability, decreases in riparian vegetation structure and function, and changes in flow 
regime. Consequently, the creek is becoming shallower and wider.  Reaches in upper Icicle Creek are 
functioning adequately except in areas where roads and bridges confine the stream channel and where 
riprap has been placed. Five site specific areas, at road mile 4.6-5.1, 9.9-10.1, 10.7-10.8, 13.6-14.1, and 
Ida Campground, exist where the road system has confined the stream channel and has cut off the 
floodplain.  
 
From the data available and professional judgment, this criteria is rated as Functioning at Risk. 
 
2. Stream Bank Condition 
 
Urbanization, livestock grazing, and road building in the lower part of Icicle Creek has reduced the 
riparian zone in structure and function. Eleven percent of the riparian vegetation along the lower portion 
of Icicle Creek, below LNFH, has been removed for housing developments (WRWSC 1998). Many 
large areas of the stream’s banks were eroded during the 1995/96 winter floods (WRWSC 1998). In 
upper Icicle Creek, bank erosion ranges from minimal in most reaches to 11% in one reach (USFS 
1994a). 
 
From the available qualitative and quantitative data, this criteria is rated, overall, as Properly 
Functioning. However, in lower Icicle Creek, below rm 2.8, this criteria is Not Properly Functioning. 
  
3. Floodplain Connectivity 
 
This criteria is strongly related to the off-channel and refugia indicators.  
 
Off-channel habitat in the lower Icicle is limited mainly by residential development and road building. 
For example, there are several off-channel areas along East Leavenworth Road that are no longer 
connected to the stream. In several areas of the lower reach, riprap has been placed on stream banks and 
berms have been built to confine the stream and limit flood damage. Additionally, in several areas of the 
lower reach, wetlands have been reduced either through draining and/or filling them. Floodplain 
connectivity is limited in upper Icicle Creek in areas where roads and bridges confine the stream channel 
and where riprap has been placed. Five site specific areas, at road mile 4.6-5.1, 9.9-10.1, 10.7-10.8, 
13.6-14.1, and Ida Campground, exist where the road system has confined the stream channel and has 
cut off the floodplain.  
 
Overall, this criteria is rated as Functioning at Risk.  
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E. Flow/Hydrology 
 
1. Change in Peak/Base Flows 
 
Icicle Creek is listed under the Washington state 303(d) Clean Water Act for not meeting in-stream flow 
standards (WRWSC 1996). In-stream flow standards for Icicle Creek, a Class AA stream, are listed in 
Table 5.  Information in the Watershed Ranking Project shows that measured flows did not meet surface 
water quality standards contained in Chapter 173-201A of the Washington Administrative Code (WAC) 
almost 45% of the time. The assessment found that WAC in-stream flow levels are not met for 66 days 
on average from August to October.  However, these flow standards were set in 1983 and priority water 
right holders, which includes LNFH, Cascade, City of Leavenworth, and the District, are not constrained 
by these requirements.  The WAC in-stream flow standards were established as the basis from which 
future (post-1983) water acquisition request would be evaluated.  
 
Surface flows of Icicle Creek are continuously measured at a USGS gauge station (# 12458000) located 
at rm 5.8. This gauging station is located above all water withdrawal operations in the watershed. This is 
the only consistently monitored flow data available for Icicle Creek. Daily mean flow data for water 
years 1936 to 1971 and from 1993 to present are available from the USGS office in Spokane.  Real-time 
data are currently not available.  There is no gauging station data available for the 1971 - 1992 water 
years.  The available data from water years 1937-1999 show the annual mean flow of Icicle Creek, at the 
gauging station, to be 630 cfs. The lowest daily mean flow at this location was 44 cfs, recorded on 
November 30, 1936, and the highest daily mean was 14,100 cfs, recorded on November 29, 1995. In 
general, lowest daily flows are experienced during September and October although daily mean flows of 
less than 100 cfs have occurred September through February. Most high flow events occur in May-June 
(95%) with 5% in late fall (USFS 1995).  For the monthly maximum and minimum flows in Icicle Creek 
based on the average water year see Figure 6.   
 
The discharge of Icicle Creek is altered by water diversions, which can reduce the flow in the lower 
reaches to very low levels during the summer and early fall (WRWSC 1998). The City of Leavenworth 
and the Icicle-Peshastin Irrigation District divert water above the Snow Lakes trailhead (rm 5.7) and 
LNFH and Cascade Irrigation Company divert water below the trailhead (rm 4.5). Irrigation diversions 
can remove 48% and 79% of the mean August and September flows, respectively (Mullan et al. 1992). 
To assure cold water for LNFH in dry summers, a supplementary water supply (16,000 acre feet) was 
developed in Upper Snow Lake, about seven miles from LNFH and one mile above it in elevation.  
Without the water release of approximately 25 to 30 cfs from Upper Snow and Nada Lakes, the 
downstream reaches of Icicle Creek may go dry in some years. The District may also supplement Icicle 
Creek flows from other storage lakes in the watershed (see Appendix A). A key point to remember is 
that discharge data from the USGS station represents flow in Icicle Creek before any substantial 
consumptive use occurs and in fact, during some summer months, may reflect some level of water 
supplementation from storage lakes. In addition, the USGS gage data does not reflect natural and 
supplementation flows from Snow and Nada Lakes which enter Icicle Creek through Snow Creek at rm 
5.4, downstream of the gauging station. All water diversions and supplementations in Icicle Creek have 
occurred since 1942 (Cascade Orchards 1905, District 1910, City of Leavenworth 1912, LNFH 1942).  
 
In Icicle Creek there is a potential change in peak/base flows due to increases in surface runoff from 
residential development, roads and trails, logging, landslides, and fires. Some change in flow is likely to 
have occurred due to recent forest fires (44,500 acres burned in the Icicle Creek watershed during July, 
1994), but flow data from the USGS gauging station shows no greater variation in flow during the two 
years following the fires than has occurred since 1936.    
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Overall, this criteria is rated as Not Properly Functioning in Icicle Creek. 
 
2. Increase in Drainage Network 
 
No data is available describing increases in the drainage network of Icicle Creek. Related information is 
presented below. 
 
There is a strong correlation between increases in roads and other hard surfaces (i.e. buildings, parking 
lots, roof tops etc.) and increases in drainage network (Leopold pers. comm. 1997). In Icicle Creek 
commercial and residential development and road and trail building has likely increased the drainage 
network.  
 
This criteria is rated as Functioning at Risk. 
 
 
F. Watershed Conditions 
 
1. Road Density and Location 
 
Currently, the open road density in the Icicle Creek watershed averages 0.4 road miles per square mile 
(Driscoll pers. comm. 2001), which is better than the desired condition of 1 mile per square mile. 
However, in the lower Icicle the road density is much higher than the watershed average. There are 
many valley bottom roads in all reaches of Icicle Creek.  
 
From the available data and professional judgment, this indicator, at a watershed scale, is rated as 
Properly Functioning. 
 
2. Disturbance History 
 
The Icicle Creek watershed has a long history of human impacts beginning with sheep herding and 
mining in the late 1800's. Recent uses include timber harvest, road building, fire suppression, 
campground development, private residences, commercial development, and recreation. Five percent of 
Icicle Creek’s watershed, outside of the Wilderness boundary, has been directly impacted by logging 
(USFS 1994). Road building has occurred for development, recreation, and timber harvest. Over 11% of 
the vegetation along lower Icicle Creek has been removed from private property (WRWSC 1998). The 
Icicle Creek watershed is a popular recreation area for hikers, rock climbers, fishermen, and many 
others. Natural disturbances such as fires and landslides are prevalent in the watershed. Recently, the 
1994 forest fires burned 12% of the watershed (USFS 1994). In 1999, a landslide introduced a large 
quantity of sediment into the Icicle just above Snow Creek. In the Icicle Creek watershed, land 
development, road and trail building, natural disturbances, and the majority of recreation occurs within 
riparian reserves and along side Icicle Creek and its tributaries. 
 
Overall, this criteria is rated as Functioning at Risk. 
 
3. Riparian Conservation Areas 
 
This criteria is related to several habitat elements already discussed such as large woody debris, refugia, 
road density and location, and habitat connectivity. These elements are functioning between 
appropriately and at risk within the watershed.  
 
The structure and function of the riparian zone has been reduced throughout the watershed. Riparian 
vegetation has been reduced and removed from urbanization, commercial development, roads and trails, 



 27

timber harvest, campground development, and other human impacts. Natural disturbances such as fires 
and landslides have also impacted the riparian zone. In impacted areas, cover from shade and large 
woody debris recruitment as been reduced (USFS 1994). In many impacted areas, especially along 
roads, invasive weeds (ex. knapweed) have been established. 
 
At a watershed scale, this criteria is rated as Functioning at Risk. 
 
4. Disturbance Regime 
 
In the Icicle Creek watershed natural disturbances are prevalent. In 1994, forest fires burned 12% of the 
watershed (USFS 1994). From 1996 to 1999, five landslides/avalanches occurred in the watershed. The 
flow regime of Icicle Creek is variable and flashy. Floods and droughts occur frequently. The measured 
flow in Icicle Creek ranges from a minimum of 44 cfs to a maximum of 14,100 cfs according to readings 
taken from the USGS gauging station located above all the major water diversions. Pool habitat is 
limited in Icicle Creek and off-channel habitat is limited except in the upper reaches. Natural processes 
are unstable in the lower reaches and in several areas of the upper Icicle.  Icicle Creek has a long and 
continuing history of human impacts in the watershed. 
 
At a watershed level, this criteria is rated as Functioning at Risk. 
 
 
XI. ANALYSIS OF POTENTIAL EFFECTS  
 
A. Steelhead trout (Oncorhynchus mykiss), Upper Columbia River ESU 
 
Potential effects, positive and negative, to steelhead may occur during the rehabilitation and operation of 
the LNFH’s surface water supply system. During the use of the temporary water supply, steelhead  
encountering the pump screens may be injured or entrained in the system. This possibility is unlikely as 
the pumps will be properly screened according to current federal and state regulations and will be kept 
free of debris. During in water work at the intake area, steelhead may be affected by the placement of 
cofferdams and removal of water from the work areas. These potential effects will be minimized or 
eliminated in many ways. The area of impact will be snorkeled for steelhead presence before cofferdams 
are placed. Cofferdams made of clean fill material will isolate work areas but will not span the entire 
channel width allowing for flows and fish to bypass them (Figure 18). Water trapped within the dammed 
work areas will be pumped back (properly screened) into the main channel. If any fish are inadvertently 
trapped within the sectioned off work areas, they will be removed by dip-netting or through 
electrofishing and placed in the main creek channel prior to water removal. As water is drained from the 
work areas, the areas will be monitored to ensure that no fish are left stranded. All in-stream work, 
except for the placement of cofferdams, will be conducted in the dry, sectioned off stream areas. 
Additionally, all in-stream work will occur within the window of time determined by WDFW. 
Construction activities below ordinary high water may increase turbidity and may affect steelhead in the 
immediate vicinity of those activities. Effects due to an increase in turbidity are unlikely as in-stream 
work will be conducted in the dry and sediment controls such as silt fencing will be used as necessary. 
Rehabilitation of the point of diversion and updating fish screens will significantly minimize fish 
entrapment in the system and virtually eliminate fish entrapment in the main surface water supply to the 
hatchery from current conditions. The Coanda screens will prevent fish from entering the hatchery’s 
pipeline and guide them efficiently and safely back to Icicle Creek. A fish bypass pipe will lead from the 
screen structure to an outlet channel located at a point on the creek downstream of the sediment sluice 
(Figures 18 & 38). The maximum estimated time of potential fish entrapment from the point of 
diversion at the intake to the outlet channel, assuming a free floating body, is 70 seconds over a distance 
of approximately 160 feet. Steelhead migrating downstream that do enter the surface water supply 
system at the point of diversion will encounter the Coanda screens. If water elevation levels at the 
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Coanda screens are not met, steelhead may be harmed (descaled, injured) on dry sections of the screen. 
It is highly unlikely that this will occur. The proposed Coanda screens have been designed to meet 
current fish screening criteria and water levels at the screens will be monitored through sensors. 
Construction of the new fishway will be conducted in the dry as mentioned above. The new fishway will 
provide low flow passage which currently may be unavailable. Thus, efficient upstream and downstream 
fish passage will be possible year-round by the headworks of the hatchery’s surface water supply. 
Additionally, water piped during low flow times (August and September) of low water years to the head 
of the new fishway through the proposed pump-back system will provide fish passage and increase 
habitat in the stream reach affected by all water diversions. The quality of habitat in this reach may be 
improved through the combination of cooler water being supplied from Snow Lake and the pump-back 
system.  
  
In previous consultations with the NOAA Fisheries (NMFS: Upper Columbia River steelhead and spring 
Chinook ESU’s) and USFWS (bull trout) on hatchery operations, both agencies concluded that LNFH's 
current operations, including its water intake system, are not likely to jeopardize the continued existence 
of ESA listed steelhead, spring Chinook salmon, or bull trout. In the Upper Columbia River draft 
Biological Opinion issued by the NMFS on October 27, 2000, it was the opinion of NMFS that the 
LNFH current fish screening system functions adequately to reduce the risk of injury and mortality, or 
other harm to anadromous fish that may be entrained, and that the risk of significant adverse effects to 
listed Wenatchee Basin salmon and steelhead is minimal. The NMFS judged that the current LNFH 
water intake system at the diversion dam may adversely affect listed steelhead. However, the current 
water intake system is not likely to jeopardize the continued existence of listed Upper Columbia spring 
Chinook or Upper Columbia steelhead ESUs. In a memorandum dated March 31, 1999, the USFWS 
concurred that the continuation of current operations at LNFH may effect, but is not likely to adversely 
affect the bull trout subpopulation in Icicle Creek. The proposed project will improve current conditions 
by providing year-round fish passage past the intake’s low head dam, updating fish screen’s at the point 
of diversion, supplementing flows through the pump-back system, and replacing structural components 
of the gravity intake facility and water delivery system that are degraded and failing. 
 
Proposed construction activities may effect steelhead in the short-term. However, these potential effects 
will be minimized through best management practices. In the long-term steelhead will benefit from 
implementation of the proposed project through the rehabilitation of the point of diversion, updated fish 
screens, new fishway, and operation of the pump-back system. Therefore LNFH’s Hatchery Water 
Supply System Rehabilitation “may effect, is likely to adversely affect" steelhead. 
  
 
B. Spring Chinook Salmon (Oncorhynchus tshawytscha), Upper Columbia River ESU 
 
The spring Chinook salmon brood stock returning to LNFH is not listed. Additionally, Icicle Creek does 
not support listed UCR spring Chinook salmon and no adverse impacts are expected to result from the 
operation of the hatchery facilities on UCR spring Chinook salmon (NOAA Fisheries 2003). Therefore, 
LNFH’s proposed Hatchery Water Supply System Rehabilitation project will have “no effect” on UCR 
spring Chinook salmon. 
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XII. ANALYSIS OF POTENTIAL EFFECTS TO THE CURRENT CONDITION OF HABITAT 
 
A. Water Quality 
 
1. Temperature 
 
Icicle Creek water temperatures have not been fully documented. However, since 1999, the USFWS has 
collected hourly temperature readings from spring through fall at four locations in Icicle Creek. The four 
locations are: (1) below LNFH's final outflow (rm 2.7); (2) middle of historic channel (rm 3.4); (3) at the 
intake (rm 4.5); and (4) near Chatter Creek campground (approx. rm 16). This data has not yet been 
fully analyzed, however, information collected during 2001 (a low flow year) is displayed in Figures 7, 
8, and 9. The mean daily temperature difference between water entering the intake and water below the 
outflow (rm 2.8) ranged from 0 to 1.9 degrees. Additionally, the mean daily temperature difference 
between water at the Chatter Creek location and water below the outflow ranged from only 0.2 to 6.2 
degrees with an average difference of 3.2 degrees. Operation of the LNFH intake system has no net 
effect on water temperatures below rm 2.8. The effect of water diversions on water temperatures in the 
reach between rm 2.8 and 4.5 is unknown. However, it is possible that a reduction of flow in this reach 
causes water temperatures to be higher in the summer months and lower in the winter months as 
compared to unaffected reaches.  
 
Water temperatures in Icicle Creek naturally fall well below 50-57 0F during steelhead spawning and fall 
within 57-64 0F and sometimes reaching higher temperatures during rearing times, as seen at the Chatter 
Creek temperature station. Also, temperatures at this site do not consistently meet requirements for bull 
trout incubation, rearing, spawning, or migration and may limit bull trout production. The Chatter Creek 
temperature station is located more than 10 miles upstream of all water diversions. Thus, Icicle Creek 
naturally Functions at Unacceptable Risk in regards to the temperature criteria. In the past, operation of 
LNFH’s water delivery system potentially aided to maintain and may have exacerbated this indicator in 
the stream reach between rm 2.8 and 4.5 during low flows periods.  However, with the use of the 
proposed new pump-back system during August and September, this indicator would be Restored in the 
stream reach between rm 2.8 to 4.5. Operations have no net effect on water temperatures below rm 2.8. 
Overall, this indicator would be Maintained in Icicle Creek. 
 
2. Sediment/Turbidity 
 
The LNFH intake system and withdrawal of 42 cfs year-round does not increase the sediment input into 
Icicle Creek or affect factors which contribute to sedimentation. Reducing flows may increase the 
amount of sediment settling out in these areas, however, this is unlikely as sediment moves through this 
system at high flows. However, operation of LNFH's intake system does decrease the amount of 
sediment entering areas below rm 4.5 as the water entering the intake flows through a sediment settling 
basin and potentially a pollution abatement pond before re-entering Icicle Creek. Proposed construction 
activities may temporarily increase sediment entering Icicle Creek, however measures such as the use of 
cofferdams and working in the dry and revegetating all disturbed areas will reduce this potential. 
Implementation of the proposed project, especially the operation of the intake system, will Restore this 
indicator in Icicle Creek below rm 4.5. The project will have no effect on areas in Icicle Creek above the 
intake. Overall, this indicator would be Maintained in Icicle Creek. 
 
3. Chemical Contamination/Nutrients 
 
Proposed construction activities and the operation of the LNFH intake system will have no effect on the 
occurrence of chemical contamination or nutrient loading in Icicle Creek. Activities will not change the  
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creeks Clean Water Act 303(d) water quality designations. Therefore, this indicator would be 
Maintained. 
 
 
B. Habitat Access 
 
1. Physical Barriers 
 
Currently, upstream and downstream fish passage at all flows does not occur through the main hatchery 
complex beginning at rm 2.8. If fish passage is provided through the main LNFH property, migration 
under current conditions may be blocked during low flows at the LNFH intake's low head dam. 
However, implementation of the proposed project will provide year-round fish passage past the intake’s 
low dam. Thus, the proposed project will Restore this indicator at the intake. However, until fish passage 
is provided through the main hatchery grounds (see Foreseeable Future Actions above) this indicator 
will be Maintained.  
 
C. Habitat Elements 
 
1. Substrate  
 
Proposed construction activities and operation of the intake system have no effect on this indicator. 
Therefore, this indicator would be Maintained.  
  
2. Large Woody Debris (LWD) 
 
LWD recruitment may be reduced in the lower Icicle by being caught behind the intake's low head dam 
and then being removed from the creek. This is unlikely as LWD movement would occur at high flows. 
Construction activities and operation of the intake system would not likely have an effect on LWD 
recruitment or abundance in Icicle Creek. Therefore, this indicator would be Maintained. 
 
3. Pool Frequency  
 
Currently, the removal of 42 cfs by LNFH during low flow times of the year may be, in addition to 
many other factors, reducing the number of and quality (depth, temperature, size) of pools in the stream 
reach from rm 2.8 to 4.5. However, with the new proposed pump-back system this potential effect will 
no longer be likely. Thus, the proposed project may Restore this indicator in the project area. Overall, 
this indicator would be Maintained in Icicle Creek. 
 
4. Pool Quality 
 
The proposed project may Restore this indicator in the project area (see above). Overall, this indicator 
would be Maintained in Icicle Creek. 
 
5. Off-channel Habitat 
 
The proposed project will have no effect on this criteria. Thus, this indicator is Maintained. 
 
6. Refugia 
 
The proposed project will have no effect on this criteria. Thus, this indicator is Maintained. 
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D. Channel Condition and Dynamics 
 
1. Width/Depth Ratio 
 
The bankfull discharge does the work (formation and maintenance) that results in the average 
morphological characteristics (dimension, pattern, and profile) of channels under the modern climatic 
regime and its importance should not be underestimated (Dunne and Leopold 1978; Rosgen 1996). The 
bankfull stage corresponds to the discharge at which channel maintenance is most effective. The 
proposed project will not affect bankfull flow in Icicle Creek. Therefore, this indicator will be 
Maintained in these reaches.   
 
2. Stream Bank Condition 
 
Implementation of the proposed project may Degrade the stream bank within the vicinity of the intake 
through the removal of vegetation within the pipeline corridor. Overall, this indicator would be 
Maintained in Icicle Creek.   
 
3. Floodplain Connectivity 
 
The proposed project will have no impact on floodplain connectivity or other factors influencing 
floodplain connectivity in Icicle Creek. Therefore, this indicator would be Maintained.   
 
 
E. Flow/Hydrology 
 
1. Change in Peak/Base Flows 
 
Operation of LNFH's intake system has a direct and cumulative effect on base flows in Icicle Creek 
from rm 2.8 to 4.5 (Table 4). From January through April and from October through November, LNFH 
(42 cfs) along with the City of Leavenworth (City) (3 cfs) removes on average 13.8% (range: 6.7-
18.4%) of the mean monthly flows for water years 1937 through 2000 (USGS). From May through 
September a total of 174.4 cfs (LNFH - 42, City - 3, Cascade - 12.4, District - 117) is removed from 
these sections of Icicle Creek. However, from mid-July through the beginning of October, LNFH 
supplements Icicle Creek flows with 25-30 cfs from Snow Creek. The District may also supplement 
flows from other high elevation lakes (see Appendix A). Without supplemental flows (worst case 
scenario), the cumulative effect of water withdrawal reduces the mean monthly flows in May through 
July 10, 8.9, and 19 percent, respectively. The most effect to stream flow occurs in August and 
September. During August 63.3% of the mean and potentially 144% of the minimum monthly flow and 
in September potentially 107% of the mean and 196% of the minimum monthly flow is cumulatively 
removed from Icicle Creek. The proposed project will Restore this indicator between rm 2.8 and 4.5 
through the construction and operation (August and September) of the pump-back system. Overall, this 
indicator will be Maintained. 
 
2. Increase in Drainage Network 
 
The proposed project will have no effect on this criteria. Therefore this indicator would be Maintained. 
 
F. Watershed Conditions 
 
The proposed project will have no affect on overall watershed conditions. Therefore, the indicators Road 
Density and Location, Disturbance History, Riparian Conservation Areas, and Disturbance Regime 
would all be Maintained. 



 32

 
 
XIII. EFFECT DETERMINATIONS AND RESPONSE REQUESTED 
 
Steelhead trout (Oncorhynchus mykiss) 
 
Determination:     Response Requested: 
 
         No Effect              *Concurrence 
 
        Is Not Likely to Adversely Affect            Concurrence 
     
                                                                                             *Formal Consultation 
           
 
     X    Is Likely to Adversely Affect             Formal Consultation 
 
 
Spring Chinook Salmon (Oncorhynchus tshawytscha) 
  
Determination:     Response Requested: 
 
    X   No Effect              *Concurrence 
 
         Is Not Likely to Adversely Affect            Concurrence 
     
                                                                                             *Formal Consultation 
           
 
       Is Likely to Adversely Affect             Formal Consultation 
  
 
XIV. RELEVANT REPORTS, STUDIES, OR MEETINGS 
 
Sverdrup Civil, Inc. 2000.  Icicle Creek Fish Passage Restoration and Intake Alternatives Study at the 
  Leavenworth National Fish Hatchery.   
Jacobs Civil, Inc. September 2003. Final Environment Assessment for LNFH’s Water Supply System 
  Rehabilitation Project. 
Montgomery Water Group, Inc. 2004. Draft Icicle Creek Target Flow Report for USFWS Leavenworth 
 National Fish Hatchery.  
 
Additionally, several related meetings have been held including: December 14, 2000, between USFWS 
and NMFS; February 1, 2001, between USFWS and USFS; February 12, 2001, between USFWS , 
USFS, and NMFS; March 7 , 2001, between USFWS, NMFS, Icicle-Peshastin Irrigation District, 
Cascade Orchards Irrigation Company, and the City of Leavenworth; on April 4, 2001 with technical 
representative’s from USFWS, NMFS, USFS, WDFW, and WDOE; and on August 31, 2004 between 
USFWS, Montgomery Water Group, WDOE, and NOAA Fisheries.    
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XVI. TABLES AND FIGURES 
 
 
 
A. Tables 
 
 
 
 
 
 
 
 
Table 1: Leavenworth National Fish Hatchery's Water Rights 
 
CERTIFICATE # PRIORITY DATE SOURCE AMOUNT 
1824 03/26/1942 Icicle Creek 42 cfs (18,851 gpm) 
1825 03/26/1942 Snow & Nada Lakes 16,000 acre feet 
    
016378 08/01/1939 Groundwater (1 Wells) 1.56 cfs (700 gpm) 
016379 06/01/1940 Groundwater (1 Wells) 2.01 cfs (900 gpm) 
3103-A 10/16/1957 Groundwater (1 Wells) 2.67 cfs (1200 gpm) 
G4-27115C 10/20/1980 Groundwater (4 Wells) 8.69 cfs (3900 gpm) 
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Table 2: Checklist For Documenting Environmental Baseline And Effects Of Proposed Action(s) On Relevant Indicators. 
Diagnostics/ 
Pathways: 

Population & Environmental Baseline Effects Of The Action(s) 

Indicators Properly 
Functioning  

Functioning at 
Risk 

Not Properly 
Functioning  

Restore Maintain Degrade 

Subpopulation Characteristics: 
Population Size 

  X  X  

Growth and Survival   X  X  
Life History Diversity and 
Isolation 

  X  X  

Persistence and Genetic 
Integrity 

  X  X  

Water Quality: 
Temperature 

  X  X  

Sediment  X   X  
Chem. Contam./Nutrients  X   X  
Habitat Access: 
Physical Barriers 

  X  X  

Habitat Elements: 
Substrate Embeddedness 

  X  X  

Large Woody Debris  X   X  
Pool Frequency    X  X  
Pool Quality  X   X  
Off-channel Habitat X    X  
Refugia  X   X  
Channel Cond. & Dynamics: 
Wetted Width/Max. Depth 
Ratio 

 X   X  

Streambank Condition X    X  
Floodplain Connectivity  X   X  
Flow/Hydrology: 
Change in Peak/Base Flows 

  X  X  

Drainage Network Increase  X   X  
Watershed Condition:  
Road Density & Location 

X    X  

Disturbance History  X   X  
Riparian Conservation Areas  X   X  
Disturbance Regime  X   X 

 
 

Integration of Species and 
Habitat Conditions 

  X  X  
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Table 4: % of Stream Flow Withdrawn from the USGS Monthly Mean Data  

  for Water Years 1937-2000 (not including supplemental flows) 
 

MONTH 
FLOW 
TYPE CFS % LNFH

% 
CUMULATIVE

January Mean 277 15 16 
January Maximum 813 5.2 5.5 
January Minimum 72.4 58 62 
February Mean 297 14 15 
February Maximum 994 4.2 4.5 
February Minimum 72.5 58 62 
March Mean 284 15 15.8 
March Maximum 669 6.3 6.7 
March Minimum 112 37.5 40 
April Mean 668 6.3 6.7 
April Maximum 1099 3.8 4.1 
April Minimum 275 15.3 16.4 
May Mean 1728 2.4 10 
May Maximum 2798 1.5 6.2 
May Minimum 984 4.3 17.7 
June Mean 1953 2.2 8.9 
June Maximum 3429 1.2 5.1 
June Minimum 779 16.9 22.3 
July Mean 915 4.6 19 
July Maximum 2292 1.8 7.6 
July Minimum 269 15.6 65 
August Mean 275 15.3 63.3 
August Maximum 764 5.5 22.8 
August Minimum 121 35 144* 
September Mean 162 26 107* 
September Maximum 380 11 45.8 
September Minimum 89 47 196* 
October Mean 245 17.1 18.4 
October Maximum 703 6 6.4 
October Minimum 74.5 56.4 60.4 
November Mean 382 11 11.8 
November Maximum 1992 2.1 2.3 
November Minimum 66.2 63.4 68 
December Mean 350 12 13 
December Maximum 1062 4 4.2 
December Minimum 72.9 57.6 61.7 
 
*Although the numbers show that Icicle Creek surface water is 
  over allocated, the creek may only go dry on extremely low water 
  years as not all diverters use their entire water right at all times.
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B. Figures 
 
Figure 1: LNFH Location 
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Figure 3: Icicle Creek Obstacles (all) 
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Figure 7: Icicle Creek Minimum Daily Temperatures 2001 
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Figure 8: Icicle Creek Maximum Daily Temperatures 2001 
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Figure 9: Icicle Creek Mean Daily Temperatures 
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XVII. APPENDICES 
 
Appendix A: Upstream Water Withdrawal 
 
The upstream-most diversion dam on Icicle Creek is maintained and operated by the Icicle-Peshastin 
Irrigation District. Surface waters are withdrawn at this location to supply the City of Leavenworth 
(City), the Icicle Irrigation District, and the Peshastin Irrigation District.  The Icicle Irrigation District 
and Peshastin Irrigation District (District) share ownership of some canals and water rights to storage 
lakes and surface waters of Icicle Creek. An agreement between the two irrigation districts governs 
operations. The District and City divert Icicle Creek surface water from opposite sides of the creek, at a 
diversion dam (rm 5.7) upstream of the Snow Lakes trailhead. The City has a surface water right of 3 cfs 
and withdraws water year-round (Valentine pers. comm. 2001).  The District holds a combined water 
right to Icicle Creek flow of nearly 118 cfs.  In general, the District diverts creek water from April to 
October, although operations may begin as early as mid-March and last until mid-October in some years 
(Teeley pers. comm. 2001 & 2002). Peak irrigation use is from June through August (Leonoff 1992).  
 
The District's water delivery system takes water from behind the diversion dam and conveys it through a 
gravity-run open canal system. The ability of fish to migrate both upstream and downstream past this 
diversion dam is unknown. A rotating drum screen is located near the top-end of the irrigation canal and 
provides for fish screening. The drum screen does not meet current fish screening criteria, however the 
District is actively researching upgrading options. Any fish or debris encountered at the drum screen is 
shunted back into Icicle Creek.   
 
The District normally operates with natural flows in Icicle Creek. However, the District may release 
supplemental water from storage lakes in the upper watershed, now a part of the Alpine Lakes 
Wilderness Area. The District holds a 1929 adjudicated water right for 2,500 acre feet each on 
Colchuck, Eight Mile, and Klonaqua Lakes.  However, the recharge capacity of the storage lakes may 
not be as large as the water rights that are assigned to them (Leonoff 1992). Additional water rights were 
granted to the District for Square Lake (2,000 acre feet) and Snow Lake (600 acre feet) subsequent to 
the 1929 adjudication (Leonoff 1992). The District typically begins release of water from one upper 
basin lake (Colchuck, Eight Mile, Klonaqua, or Square Lake) in the beginning of August and releases 
from a second lake towards the end of August. The District will rotate usage between all four lakes, 
using no more than two lakes in a single year to ensure sufficient storage for the following year (Teeley 
pers. comm.). Water released from these upper basin lakes is eventually diverted into the District's water 
delivery system at the diversion dam or directly into their irrigation canal. Water released from the lakes 
are used to satisfy the District’s water rights in Icicle Creek and the rights are not in addition to the 118 
cfs water right currently held (Leonoff 1992). The District returns excess “carrying” water to the 
Wenatchee River at several locations. 
 
 
 


