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FINAL  
 

LAKE CREEK AND TAILRACE SLOUGH 
SPAWNING SURVEYS, 2004 

 
 

SECTION 1: INTRODUCTION 
 

As part of the relicensing of the Packwood Lake Hydroelectric Project (FERC No. 2244 - Project), the 
agencies and tribes requested spawner surveys for anadromous salmonids in lower Lake Creek and in the 
slough below the tailrace.  Per the Cowlitz River Project settlement agreement of August 10, 2000, 
anadromous fish are being reintroduced into the upper Cowlitz River above Barrier, Mossyrock, and 
Cowlitz Falls dams via trap-and-haul of adults.  The target species under this agreement are Chinook and 
coho salmon and steelhead trout (City of Tacoma 2000).  With this reintroduction strategy, there is the 
potential for these species to utilize lower Lake Creek and the tailrace slough.  Because there is no current 
data on species using either lower Lake Creek or the tailrace slough, electrofishing, snorkeling, and/or 
spawner surveys are being conducted to verify the presence and relative abundance of anadromous 
salmonids as well as rainbow trout, cutthroat trout, lamprey, and sucker.  This report summarizes the 
results of spawner surveys conducted through December 2004. 
 
Lake Creek is located at the outlet of Packwood Lake and flows to the northwest approximately 5.3 miles 
to the upper Cowlitz River where it enters at approximately River Mile (RM) 129.2.  Water used to 
produce power for the Project is diverted from Lake Creek at approximately elevation 2857 ft MSL and 
delivered to the powerhouse at about elevation 1057 ft MSL.  Generation water is then returned to the 
upper Cowlitz River via a tailrace, which carries water about 6,700 ft from the powerhouse to where it 
joins the Cowlitz River at approximately RM 125.2. 
 
The lower end of the tailrace was washed away in floods in the late 1970’s, and the slough has been 
reconfigured several times as the Cowlitz River has changed its course through the area.  Prior to the 
latest flood events, when the Cowlitz River was at a medium to high level, the Cowlitz River flowed into 
the slough and was the main control for this area; when the Cowlitz River was low, water flows and levels 
in the tailrace slough were controlled by Project flows.  The latest reconfigurations occurred on December 
11, 2004 when the daily mean stream flow was 9,650 cfs as measured at the USGS gage on the Cowlitz 
River at Packwood (No. 14226500), and January 18, 2005 when the daily mean stream flow was 13,800 
cfs.   
 

SECTION 2:  METHODS 
 
EES Consulting, Inc., on behalf of Energy Northwest, has conducted twice-monthly anadromous spawner 
surveys of Lake Creek and the tailrace slough since the latter part of July 2004.  For each survey, the 
following information was collected: 
 
�  Date 
�  Time 
�  Water temperature 
�  Water visibility conditions 
�  Gage height (Lake Creek lower gage, or both gages in the tailrace slough) 
�  Number of live salmonids observed 
�  Number of carcasses observed 
�  Number and location of redds  
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If new redds were found, they were marked and flagged along the nearest shore.  Detailed notes were 
taken of location so that redds would not be double-counted on subsequent surveys.  If fish were observed 
actively working on redds, depths and velocities were recorded at both the left and right sides of the redd 
as well as the substrate utilized. 
 
Lake Creek spawning surveys were conducted up to a potential lower barrier at RM 1.03.  When safe to 
do so, surveys were extended upstream to below the acknowledged anadromous barrier at RM 1.95 
[Note: An assessment of this barrier will be conducted per the Revised Fish Barrier Study Plan].  In the 
tailrace slough, surveys were conducted from the confluence with the Cowlitz River upstream to the 
tailrace and down the left side channel (looking in the downstream direction) several hundred feet until 
the substrate and hydraulics of the stream channel changed.  
  
In addition, Energy Northwest researched the history of anadromous fish in the watershed as well as the 
life stage history and timing in the upper Cowlitz River, as included in the Pre-Application Document 
(Energy Northwest 2004).  Existing information on fish surveys and salmon and steelhead released near 
Packwood as a result of the trap and haul operation from Tacoma’s Mayfield Dam to the Skate Creek 
Bridge was summarized.  
 

SECTION 3:  RESULTS  
 
3.1 Spawner Surveys 
 
Spawner surveys commenced on July 26, 2004 and continued through the end of December 2004.  
Surveys will continue in 2005 for late-run coho and winter steelhead.  Table 1 summarizes survey results; 
complete information is provided in Appendix A.  Twelve and thirteen surveys were conducted in the 
tailrace slough and Lake Creek, respectively.   
 

Table 1 
Anadromous Salmonid Surveys in Lake Creek and Tailrace Slough, 2004 

Location Date Species Spawners Redds Carcasses Comments 
Lake Creek 07/26/04  0 0   

 08/11/04  0 0 2  
 08/25/04 Chinook 1 1  Unidentified; possible 
 08/29/04  0 0   
 09/16/04  0 0   
 09/28/04  0 0   
 10/16/04  0 0   
 10/28/04 Coho 4 3   
 11/11/04 Coho 6 5   
 11/28/04 Coho 7 13   
 12/09/04 Coho 0 7 2  
 12/21/04 Coho 6 5   
 Total Chinook 1 1 2  
 Total Coho 23 33 2  
       

Tailrace 
Slough 

07/26/04 
 0 0   

 08/11/04 Chinook 0 12  Approximate 
 08/25/04  0 0   

 09/02/04  0 0   
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Table 1 (continued) 

Anadromous Salmonid Surveys in Lake Creek and Tailrace Slough, 2004 
Tailrace 
Slough 

09/16/04 
 0 0   

 09/28/04  0 0   
 10/28/04  0 0   
 11/11/04 Coho 3 3   
 11/23/04 Coho 11 7 1 Main channel 

 11/23/04 Coho 0 3 1 
Side channel below lower 
gauge 

 11/23/04 Coho 0 1  
Below side channel at 
mouth of Cowlitz 

 12/09/04 Coho 12 34 0 Main channel 

 12/09/04 Coho 0 10 1 
Side channel below lower 
gauge 

 12/09/04 Coho 2 1 0 
Below side channel at 
mouth of Cowlitz 

 12/20/04 Coho 2   
Stream blown out and 
reconfigured 

 Total Chinook 0 12 0  
 Total Coho 30 59 3  

 
More spawning activity was observed in the tailrace slough than in Lake Creek.  Twelve Chinook redds 
were noted in the slough during surveys, all of which were aggregated immediately below the tailrace 
terminus.  The estimate of redds in this area is an underestimate due to poor visibility and the inability to 
distinguish individual redds in an area where multiple spawning had occurred.  Another area with mass 
spawning activity was on the left side channel below the tailrace; individual redds were noted at the 
confluence of the tailrace slough (main channel) and the upper Cowlitz River (See Figure 1).  [Note:  
Figures are for illustrative purposes only and are not drawn to scale].  
 

 
Figure 1.  Location of Chinook and coho redds, Tailrace Slough. 
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Coho salmon were more abundant in the slough than in Lake Creek, with 59 redds observed during 
surveys and 30 adult coho salmon present in this reach.  The peak of the spawning run in 2004 appeared 
to be from the latter part of November through early December, when 23 coho were present and 41 redds 
were counted.  Figure 1 shows the location of the coho and Chinook redds in the tailrace slough.  Most 
spawning occurred immediately below the tailrace terminus, with the areas so heavily spawned that it was 
difficult to accurately estimate actual numbers of redds.  
 
In Lake Creek, no confirmed live Chinook salmon were observed during spawning surveys, although 
several were noted while Energy Northwest was conducting other studies on the creek.  Coho salmon 
were much more abundant, with 23 adults observed and 33 redds noted.  Unlike the tailrace slough, the 
coho appeared to enter the stream and spawn over a more protracted time (late October through late 
December).  Most of the spawning occurred not at the mouth but in the more confined portions of Lake 
Creek above RM 0.4; much of the spawning was in the vicinity of the Forest Service Boundary at RM 
0.7.  The lack of good spawning substrate near the mouth of Lake Creek is also noted by John Serl 
(WDFW) in e-mail correspondence to Ms. Lauri Vigue when he states that, “While we were in the area 
last week, we walked Lake Creek from the mouth to the old highway bridge and did not observe any signs 
of spring Chinook spawning.  At least in this area, there did not appear to be much suitable spawning 
gravel for Chinook” (personal comm., October 1, 2004).  Fishing activity for salmon appears to be 
concentrated near RM 0.6 – 0.7; a gutted female coho was found here as well as fishing line and some 
tackle.   
 
Spawning in Lake Creek continued until about 500 ft below the chute at RM 1.03; no spawning was 
observed above this point, although several surveys continued above the chute to the area of the 
confirmed anadromous barrier.  This is consistent with the results of the physical habitat survey, which 
indicated a lack of suitable spawning materials above the chute.  
 
Trap and haul records of Chinook and coho salmon for the 2004 season released in the upper Cowlitz 
River and at the Skate Creek Bridge in Packwood are listed in Table 2.  
 
Table 2.  Summary of Chinook and Coho Salmon Released in Upper Cowlitz River, 20041/ 
Dates Species Location Number 
June 28 - July 4 Chinook/jack Skate Creek Bridge 112/6 
July 12 – July 18 Chinook Skate Creek Bridge 83 
Sept 29 – 30 Coho Cispus 2810 Site 14 
Sept 16 – 17 Coho Franklin Site 131 
Sept 3 – Dec 29 Coho and jacks Scanewa Day Use Site 1173 
1/ Source:  Southwest Washington Fish Report 2004 (http://wdfw.wa.gov/fish/reg5/creel04.htm) 
 
3.2 Historic Utilization and Timing of Anadromous Salmonids in the upper Cowlitz River 
 
Historically, spring Chinook, fall Chinook, and coho salmon and winter steelhead trout had access to the 
upper Cowlitz River as well as other species such as lamprey and sucker.  The construction of Tacoma’s 
Mayfield Dam blocked access to the Cowlitz River and tributaries located upstream of the dam site.  A 
variety of strategies have been employed since then to reintroduce anadromous salmonids to the upper 
Cowlitz River.  
 
The Cowlitz River Project had been required to plant spring Chinook and coho salmon fry and fingerlings 
in tributaries of the upper Cowlitz River.  Records show that 24,500 coho were planted in Lake Creek in 
1976; 297,500 spring Chinook were planted in 1977, and 107,800 coho were planted in 1982 (Stober 
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1986).  Spring and fall Chinook were passed over the dam from 1962-1966.  From 1974-1980, spring 
Chinook were hauled to the upper Cowlitz, while small numbers of fall Chinook were hauled to the Tilton 
and upper Cowlitz River from 1967 - 1980.  A returning adult trap and haul program for all of these 
species and races began in 1994 (Energy Northwest 2004). 
 
3.2.1 Spring Chinook 
 
Spring Chinook enter the Cowlitz River from March through June (Northwest Power and Conservation 
Council 2004b).  Natural spawning for spring Chinook occurs between late August and early October; 
with spawning primarily occurring in the main stem upper Cowlitz River above Packwood and in the 
Cispus River between Iron and East Canyon creeks (Northwest Power and Conservation Council 2004a).  
Fry emerge between November and March, depending on time of egg deposition and water temperature.  
Spring Chinook fry spend one full year in fresh water and emigrate in their second spring as age-2 smolt 
(Northwest Power and Conservation Council 2004b).  
 
3.2.2 Fall Chinook 
 
Fall Chinook enter the Cowlitz River from early September to late November.  Natural spawning occurs 
between September and November; the peak is usually around the first week of November.  Fry emerge 
around March or April, depending on time of egg deposition and water temperature.  Fall Chinook fry 
spend the spring in fresh water and emigrate in the summer as subyearlings (Northwest Power and 
Conservation Council 2004b).  
 
3.2.3 Coho Salmon 
 
The majority of coho salmon returns are from late stock which spawns from late November to March.  
Natural spawning occurs in the main stem and tributaries of the upper Cowlitz, Cispus, and Tilton rivers.  
Juvenile rearing occurs upstream and downstream of spawning areas.  Juveniles rear for a full year before 
migrating as yearlings in the spring (Northwest Power and Conservation Council 2004a). 
 
3.2.4 Winter Steelhead 
 
Known spawning areas include the main stem Cowlitz near Riffle and the reach between the Muddy Fork 
and the Clear Fork and the lower Ohanapecosh River.  Adult migration timing for Cowlitz winter 
steelhead is from December through April (Northwest Power and Conservation Council 2004b).  
Spawning time is generally March to June.  Juvenile rearing occurs both downstream and upstream of the 
spawning areas (Northwest Power and Conservation Council 2004a).  Wild steelhead fry emerge from 
March through May.  Juveniles generally rear in fresh water for two years; juvenile emigration occurs 
from April to May, with peak migration in early May (Northwest Power and Conservation Council 
2004b).  A returning adult trap and haul program was begun in 1994 (Northwest Power and Conservation 
Council 2004b).  
 
Tables 3 – 5 summarize the transport of Spring Chinook salmon, coho salmon and steelhead trout above 
the Cowlitz Falls Dam by year, respectively [Note:  data provided by John Serl, WDFW].  
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Table 3 
Spring Chinook Adults Transported Above Cowlitz Falls Dam by Year 

Year Unsexed Female Male Jack Total 

1996  2 4 0 6 

1997  0 25 26 51 

1998  0 0 0 0 

1999  53 38 177 268 

2000  98 106 0 204 

2001  68 60 0 128 

2002 1,465 119 179 50 1,787 

2003  4,482 4,089 18 8,589 
2004 through 

6/9/04  3,143 3,595 305 7,043 
 

Table 4 
Coho Adults Transported Above Cowlitz Falls Dam by Year 

Time Period 
UM-

Female 
UM-
Male 

UM-
Jack 

AD-
Female 

AD-
Male AD-Jack Total 

1996-97    932 594 629 2,155 

1997-98    2,774 1,262 464 4,500 

1998-99    4,128 4,140 3,154 11,422 

1999-2000 2,398 2,383 120 10,594 11,635 7,197 34,327 

2000-01 514 778 284 14,653 16,674 9,566 42,469 

2001-02 1,150 1,644 96 15,504 21,564 1,497 41,455 

2002-03 3,661 4,688 416 23,698 30,490 6,300 69,253 

2003-04 3,477 4,511 484 9,526 11,169 6,143 35,310 
 

Table 5 
Steelhead Adults Transported Above Cowlitz Falls Dam by Year 

Time 
Period 

UM-
Female 

UM-
Male 

UM-
Jack 

RV-
Female 

RV-
Male 

RV-
Jack 

AD-
Female 

AD-
Male 

AD-
Jack Total 

1996-97 22 12 0 5 14 0 0 1 0 32 

1997-98 6 5 0 5 1 0 26 23 0 60 

1998-99 15 24 13 10 29 3 6 49 8 142 
1999-
2000 108 107 0 28 73 0 19 77 0 304 

2000-01 133 125 37 71 122 20 70 124 27 596 

2001-02 346 419 1 174 492 1 453 898 3 2441 

2002-03 316 205 2 335 241 0 933 497 3 2216 

2003-04 146 146 4 100 167 0 214 619 1 1251 
 
UM = Unmarked     AD = Adipose-clipped 
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3.3 Previous Investigations 
 
3.3.1 Physical Habitat Surveys 
 
In 1993, the Forest Service conducted physical habitat surveys of Lake Creek from the outlet of 
Packwood Lake downstream to its confluence.  The Forest Service determined that Lake Creek has 
1.9 miles of potential anadromous habitat and 5.4 miles of resident rainbow habitat.  As part of the Lake 
Creek instream flow study, an additional physical habitat survey of Lake Creek was conducted in 2004 
and identified a potential anadromous barrier (chute complex) at River Mile (RM) 1.03 (EES Consulting 
2004).  An additional study is being conducted to evaluate the efficacy of that barrier. 
 
3.3.2 Salmonid and Spawner Surveys 
 
WDFW conducted a coho spawner survey in December 1997 on Lake Creek from its confluence with the 
upper Cowlitz River to the Highway 12 Bridge.  No anadromous salmonids were observed during this 
survey.  Both the Forest Service and WDFW have electroshocked and snorkeled Lake Creek for resident 
trout in the past.  In 1996, WDFW identified coho salmon, and steelhead and cutthroat trout in the lower 
reach; both WDFW and the Forest Service captured both rainbow and cutthroat trout above the barriers in 
upper Lake Creek.  EES Consulting Inc. observed and identified both coho salmon and rainbow trout 
juveniles below the barriers in lower Lake Creek in 2004.  
 

SECTION 4:  DISCUSSION 
 
Chinook and coho salmon have been observed occupying habitat and spawning in lower Lake Creek and 
the tailrace slough in 2004.  Lake Creek appears to have limited production for Chinook salmon, but coho 
abundance has been relatively high in both areas, indicating suitable spawning habitat.  Spawner surveys 
in the tailrace slough did not encompass all areas in both right and left channels, as well as the nearshore 
area of the Cowlitz River downstream of the confluence of the slough.  Surveys for these areas have been 
included in the Anadromous Salmonid Habitat and Spawning Survey study plan, commencing in June 
2005.  Flows in lower Lake Creek appear to be sufficient to attract salmon upstream as evidenced by the 
presence of fish and successful redd construction.  Actual production potential for the area at this time is 
unknown; additional information will be available once the instream flow study is completed.  
 
The tailrace slough appears to have potential to produce anadromous salmonids as well.  In 2004, 
however, events occurred that significantly changed the production from this area, including Project 
shutdown for maintenance and two major storm events that reconfigured the slough below the tailrace.  
 
4.1 Project Maintenance 
 
Every October, the Packwood Lake Hydroelectric Project is shut down for annual maintenance.  Prior to 
the shutdown, Packwood Lake is drawn down to its lowest level (potentially 2849.0 ft MSL) after which 
the flows to the turbine are shut off.  Flows to the tailrace channel cease at this time, and eventually, the 
tailrace and tailrace slough are dewatered.  During the October 2004 outage, the tailrace slough was 
mostly dewatered from the site of the lower gage down to the confluence with the Cowlitz in both side 
channels when the Cowlitz River was low and Project flows were controlling the water flows and levels 
in the tailrace slough (see Figure 2).  However, a deep standing pool remained that extended from 
immediately below the tailrace terminus to downstream of the upper gage.  The majority of the Chinook 
salmon spawning in the tailrace slough occurred in this area, which was still wetted.  However, the 
balance of the slough was dewatered with the resulting loss of any Chinook salmon production in the side 
channels.   
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Figure 2.  Tailrace slough prior to December 11, 2004 flood event. 
 
4.2 Winter Storm Event 
 
Flows in the upper Cowlitz River at Packwood increased by over an order of magnitude from December 9 
(when Energy Northwest conducted a spawner survey) to December 11, 2004, when river flows were 
increased from 1,050 cfs to 12,800 cfs.  As a result of this event, the Cowlitz River changed course in the 
vicinity of the tailrace slough and reconnected a previously dormant side channel below the tailrace 
terminus (See Figures 2 and 3; Photo 1).  The side channel appears to be contributing between 30 and 40 
cfs to the tailrace flow when examined on December 27, 2004.  Subsequently, another high flow event 
occurred in January 2005.  Preliminary analysis is indicating that about 20% of the upper Cowlitz River 
has been diverted to immediately upstream of the tailrace terminus.  
 

 
Photo 1.  Tailrace terminus (right of photo) and new Cowlitz River side channel (center of photo) after 
December 11, 2004 flood event. 
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Figure 3.  Tailrace slough after December 11, 2004 flood event. 
 
Although Energy Northwest was not present to witness the actual event, subsequent examination indicates 
that the flood flows appeared to have been sufficient to scour out many of the existing redds in the side 
channels, and deposit silt over some of those that remained.  The flood also changed the dynamics of the 
slough, with more water now flowing through the left channel than had prior to the storm event.  New 
gravel deposits were found in the channels below the lower gage, and large woody debris (LWD) that had 
previously been situated in the lower mainstem of the slough now was in the main channel of the Cowlitz 
River.  Those redds situated immediately below the tailrace terminus were again spared, since the new 
channel cut in immediately below the major depositional area.   
 
The most productive area for spawning in the tailrace slough is the area immediately below the tailrace 
terminus.  Given its location upstream of the new Cowlitz side channel and with the area that stays 
inundated during plant shutdown, this area most likely remains viable under most conditions.  
 
Redds in other downstream areas are susceptible to changes in river course resulting in potential 
dewatering or scouring.   Another area that has potential to support larger numbers of anadromous 
salmonids is the left channel of the tailrace slough downstream of the tailrace terminus.  Habitat 
assessments and surveys of this area will be conducted as part of the relicensing studies.  
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PACKWOOD SPAWNING SURVEYS 

Date Location Destination Gage (feet) 
Water 

Temperature 
(oF) 

Visibility 
Spawner 
Presence 

Redds Comments 

7/26/04 Tail Race 
upper gage-mouth 
/side channel 

2.4 gage 1 60 clear none none lower gage 

7/26/04 Lake Creek 
mouth-above study 
site 2 7.0 50 clear none none   

8/11/04 Tail Race 
upper gage-mouth 
/side channel 

N/A 59 clear none ~12   

8/11/04 Lake Creek mouth-chute 6.8 57 clear 
2 Chinook 
carcasses 

none 
flagged, one above Transect 3, 
one ~100 yds below chute 

8/25/04 Tail Race 
upper gage-mouth 
/side channel 

3.95 gage 1, 
2.26 gage 2 

59 
Very 
turbid 

none none upper gage 

8/25/04 Lake Creek mouth-chute 8.0 51 
slightly 
turbid 

1 
unidentified 

1 possible 
possible abortive redd on 
Transect 1 Study Site 1, 
measurement taken 

9/2/04 Tail Race 
upper gage-mouth 
/side channel  N/A clear none 

no new; 
some old   

8/29-
9/02/04 

Lake Creek 
Study Sites 
1,2,3&4 

 N/A 
clear-
turbid 

none none   

9/16/04 Tail Race 
upper gage-mouth 
/side channel 

2.2 gage 1, 
1.1 gage 2 

57 
Very 
turbid 

none none   

9/16/04 Lake Creek mouth-chute 7.6 50 clear none none   

9/28/04 Lake Creek mouth-mile 2 1.69 50 clear none none   

9/28/04 Tail Race 
upper gage-mouth 
/side channel 

1.85 gage 1, 
1.76 gage 2 

60 
slightly 
turbid 

none none   

10/16/04 Lake Creek mouth-chute 1.67 56 clear none none   

10/28/04 Lake Creek mouth-chute 1.78 42 clear 4 coho 2 definite above gage, flagged 

10/28/04 Lake Creek mouth-chute 1.78 42 clear none 1 possible flagged 

10/28/04 Tail Race 
upper gage-mouth 
/side channel 

0.88 gage 1, 
0.75 gage 2 42 clear none none 

tailrace dewatered, side channel 
dry 
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PACKWOOD SPAWNING SURVEYS 

Date Location Destination Gage (feet) 
Water 

Temperature 
(oF) 

Visibility 
Spawner 
Presence 

Redds Comments 

11/11/04 Lake Creek mouth-above chute 1.86 42 clear 6 coho 
4 definite, 
1 possible 

flagged 

11/11/04 Tail Race 
upper gage-mouth 
/side channel 

1.84 gage 1, 
1.74 gage 2 46 

slightly 
turbid 3 coho 3 definite flagged 

11/18/04 Lake Creek Study Site 4        

11/23/04 Lake Creek mouth-chute 1.86 43 clear 7 coho 
5 definite, 
7 possible flagged 

11/23/04 Tail Race 
upper gage-mouth 
/side channel 

1.52 gage 1, 
1.40 gage 2 

45 
slightly 
turbid 

14 coho 
9 definite, 
1 possible 

flagged 

12/9/04 Lake Creek mouth-chute 2.15 40 
slightly 
turbid 

2 coho 
6 definite, 
1 possible 

flagged 

12/9/04 Tail Race 
upper gage-mouth 
/side channel 

1.73 gage 1, 
1.61 gage 2 

42 turbid 14 coho 
45 

definite 
flagged 

12/21/04 Lake Creek mouth-chute 2.07 41 clear 6 coho 
2 definite, 
3 possible 

flagged 

12/21/04 Tail Race 
upper gage-mouth 
/side channel 

2.19 gage 1, 
2.10 gage 2 

41 turbid 2 coho   

 
 

 


