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1.0 INTRODUCTION 

Energy Northwest operates the Packwood Lake Hydroelectric Project (Project) near the town of 
Packwood in Lewis County, Washington.  On November 12, 2004 Energy Northwest filed a 
Notice of Intent (NOI) to file an application for a new license to operate the hydroelectric 
project.  Energy Northwest also concurrently filed with the Federal Energy Regulatory 
Commission (FERC) and the resource agencies, a Pre-Application Document (PAD), containing 
existing, relevant, and reasonably available information describing the existing environment and 
the potential effects of Project facilities and operations.  Additional studies of the potential 
effects of drawdown on lake tributaries and other natural resources were requested to supplement 
information contained in the PAD (WDFW 2005, USFS 2005). 
 
Energy Northwest, in consultation with tribes and agencies, developed and implemented a study 
to evaluate the potential effects of drawdown on tributaries to Packwood Lake as part of Project 
operations (EES Consulting 2005a).  This report provides results for the stream connectivity in 
Packwood Lake tributaries. 

1.1 Project Area and Study Area 

1.1.1 Project Area  

Energy Northwest’s Packwood Lake Hydroelectric Project, FERC No. 2244, received its initial 
license in 1960.  The majority of the Project is located in the Gifford Pinchot National Forest, 
east of the town of Packwood (Figure 1.1).  The Project consists of an intake canal, a concrete 
drop structure (dam) and intake building on Lake Creek located about 424 feet downstream from 
the outlet of Packwood Lake, a 21,691-foot system of concrete pipe and tunnels, a 5,621-foot 
penstock, a surge tank, and powerhouse with a 26,125 kW turbine generator.  
 
The source of water for the Project, Packwood Lake, is a lake that pre-existed the Project, 
situated at an elevation of approximately 2,857 feet above mean sea level (MSL), about 
1,800 feet above the powerhouse.  Water discharged from the Project is released to the Cowlitz 
River via a tailrace channel.  Power from the Project is delivered over an 8,009-foot 69 kV 
transmission line to the Packwood substation.  
 
The total area drained by Lake Creek and Packwood Lake is approximately 19.2 square miles.  
The natural lake elevation (El.) is 2,857.0 ft Mean Sea Level (MSL).  The Project seasonally 
regulates the lake level so that it is at El. 2,857.0 ft ±0.50 ft in summer recreation months and 
drawn down to no lower than El. 2,849.0 ft MSL during the winter months.  This provides 8 ft of 
vertical storage usable by the Project.  The Project is operated to achieve a lake elevation of 
2,857 +0.50 ft by May first of each year.  This level is maintained until September 15 when 
drawdown may begin.  When lake level rises above the drop structure crest elevation (El. 
2858.52 ft), the flow passes over the drop structure into Lake Creek downstream of the lake.  The 
influence on lake level exerted by the Project is approximately one-half inch per hour at 
maximum capacity (260 cfs), assuming no inflow.  This effect can be easily reduced or offset by 
large inflows. 
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Figure 1.1.  Project Location 
(source Energy Northwest 2004) 

1.1.2 Study Area  

The study area encompasses the channels of tributaries to Packwood Lake from El 2846 ft MSL 
and a distance up each tributary until a permanent grade control or geological nick point is 
encountered with the exception of Upper Lake Creek and Mueller Creek.  For Upper Lake Creek 
and Mueller Creek, the study area extends 300 feet upstream from the upper limit of headcutting 
(limit of headcutting based on a field evaluation of the channel condition as described in 
Section 3 and Castro 2003).  Tributary streams included in this study are (Figure 1.2): 
 

·  Osprey Creek 
·  Trapp Creek 
·  Small tributary Southeast of Trapp Creek 
·  Mueller Creek 
·  Upper Lake Creek 
·  Crawford Creek 
·  Beaver Bill Creek 
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Beaver Bill Creek was not surveyed in detail because the end of project-related headcutting on 
Upper Lake Creek ended downstream of this tributary.  However, a reconnaissance of Beaver 
Bill Creek was made to investigate reports of downcutting.  Fish surveys are being conducted in 
Beaver Bill Creek under the Fish Distribution and Species Composition Study and results will be 
included in that report.  
 

 
 

Figure 1.2.  Tributary Streams to Packwood Lake Showing Limits of Incision and 
Permanent Grade Control Features 

1.1.3 Report Synthesis 

The fisheries reports that will be submitted to the agencies in late 2006 and early 2007 are 
closely related and provide supplemental data that are useful to completing the overall objectives 
of the associated studies.  Given this, it is Energy Northwest’s intention to submit a synthesis 
report in the late Spring/early Summer of 2007 that will synthesize the findings from the various 
fisheries investigations into a single document.  

2.0 STUDY GOALS AND OBJECTIVES 

The goal of the study is to evaluate the connectivity of Packwood Lake tributaries to the 
reservoir considering the seasonal drawdown and fluctuating water level of the reservoir and the 
erosive potential of the stream channel and reservoir shoreline.   



Draft Report Stream Connectivity in Packwood Lake Tributaries Study        Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

4 

The objective of this study is to determine if the periodic drawdown of reservoir water surface 
elevation between 2857 ft MSL and 2849 ft MSL modifies aquatic connectivity and transport 
potential to the tributaries of Packwood Lake.  The study evaluates the capacity of the channels 
to pass fish, transport sediment, and provide functional habitat for aquatic organisms. 

3.0 METHODS 

Tributary streams were evaluated for evidence of channel incision (potentially related to 
drawdown of Packwood Lake) and the potential for fish passage problems and erosion in the 
drawdown zone.  A reconnaissance evaluation of each of the six tributary streams was made 
during field visits on September 28-29, 2005 and July 10-12, 2006 to assess indicators of channel 
incision.  Following the reconnaissance evaluation, a topographic survey of each stream was 
made.  The September field survey was conducted during drawdown of Packwood Lake (at 
approximately El. 2850 ft MSL) and included the area of each tributary stream in the drawdown 
zone.  A supplemental field visit to upper Lake Creek and Beaver Bill Creek with USFS 
personnel (Karen Thompson) and a botanist (Kathy Smayda of Smayda Environmental 
Associates, Inc.) occurred on October 25, 2006.   
 
The reconnaissance evaluation consisted of walking each stream upstream from the confluence 
with Packwood Lake and noting channel geomorphology and any indicators of channel incision: 
 

1. Headcuts or nick points – vertical drop or off-set in the channel bed  
2. Channel incised into floodplain  
3. Young terraces 
4. Steep, unstable and eroding stream banks as a result of channel incision 
5. Deposition of large masses of sediment in a widened channel causing localized channel 

braiding and instability of stream banks  
6. Reduced pool frequency  
7. Riparian or floodplain vegetation indicators –dead, dying or loss of riparian vegetation 

due to lowering of shallow aquifer or inundation by braided or aggrading channels  
8. Upland plant species encroaching into floodplain.  

 
The topographic survey of each of the six streams in the drawdown zone was made during the 
September field visit using a laser range finder, rod, and tape.  The topographic survey of each 
stream above the drawdown zone was made using a Topcon laser level, tripod, and stadia rod 
with an attached laser sensor.  Vertical measurements were made to the nearest hundredth of a 
foot and horizontal stationing was made to the nearest foot.  A tape was strung longitudinally 
along the stream channel to measure distance from the mouth of the creek, and additional tapes 
were strung across the channel to measure the cross sectional station of any terraces, the stream-
side edge of the floodplain, bankfull, water’s edge, and thalweg to determine channel widths and 
depths.  Spacing between each cross section station was approximately 4-5 bankfull widths 
(approximately 50 feet apart in smaller tributaries and 100 feet apart in Lake Creek and Mueller 
Creek).  Transects were chosen to be representative of channel conditions in areas with evidence 
of channel incision, and were placed at relatively uniform spacing in upstream reaches to avoid 
sampling bias.   
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The topographic survey extended upstream until a permanent grade control or geologic nick 
point was encountered, or in the case of Upper Lake Creek and Muller Creek, more than 300 feet 
upstream of the point where field evidence indicated the channel was not incised.  Dominant and 
sub-dominant substrate sizes were noted based on a visual assessment of substrate size at each 
cross profile section, and digital photographs were taken.   
 
The survey information was entered into an Excel spreadsheet, and used to plot the longitudinal 
profile of each tributary across the drawdown zone and upstream surveyed area and to plot 
channel cross section profiles at each station and determine wetted and bankfull widths and 
depths.  Note that the floodplain and bankfull elevations are not included for stations within the 
Packwood Lake drawdown zone on the longitudinal profiles since these features are not present 
within the drawdown zone.   
 
During the field reconnaissance and surveying of Upper Lake Creek and Mueller Creek, 
geomorphic and vegetation evidence indicated that the area had a much more complex history of 
aggradation and vegetation change than could be depicted by a simple topographic survey of the 
creeks.  It was hypothesized that the current creek conditions could be due in part to the high 
sediment load from upstream glaciers, the past glacial history of the valley (wide, U-shaped 
valley) and the relatively low gradient of the stream.  Historic aerial photographs (9/6/58, 
7/19/73, 7/20/94, 8/9/98) of the stream valley were obtained from the USDA Forest Service, the 
University of Washington map library, and Terraserver.com and used to look at timing of 
vegetation and geomorphic changes in the valley.   

4.0 RESULTS AND DISCUSSION 

Packwood Lake is situated in a glacially carved, U-shaped valley (Figure 1.2).  As a result, the 
majority of small tributaries entering from the sides of the reservoir (e.g., Trapp Creek, tributary 
SE of Trapp, Crawford Creek) are steep to the confluence with Packwood Lake (Figure 4.1).  
Osprey Creek, a larger stream, enters on a gentler bench, and is moderate gradient for 
approximately 1,000 feet upstream of the lake before encountering the steep valley wall.  In 
contrast, Upper Lake Creek and Mueller Creek flow into the head of Packwood Lake through the 
floor of the broad, U-shaped valley.  Mueller Creek and Upper Lake Creek have a very gentle 
gradient for approximately 1.5 miles upstream of Packwood Lake, then gradually increase in 
gradient as they continue upstream.  Average gradients of each stream over the length surveyed 
are: 

·  Osprey Creek – 2-5% (2% gradient for first 400 feet; then gradient increases) 
·  Trapp Creek – 9% 
·  Small tributary Southeast of Trapp Creek – 15% 
·  Mueller Creek – 1% 
·  Upper Lake Creek – 1% 
·  Crawford Creek – 4% 

 
All tributaries to Packwood Lake except Upper Lake Creek have groundwater, rainfall, and 
snowmelt as their source.  Upper Lake Creek includes runoff from several glaciers on Old Snow 
Mountain, resulting in relatively higher summer flows and a much higher sediment load.   
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Figure 1.2 shows the permanent grade controls and upper limits of potential current Project-
related incision noted in the field for each tributary as discussed in the following sections.  Fish 
distribution is currently being determined under the Fish Distribution and Species Composition 
Study, and the limits of fish distribution will be presented in that report.  Information on each 
stream follows. 
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Figure 4.1.  Longitudinal Profile of Tributary Streams to Packwood Lake  

(Source:  USGS Topographic Maps) 

4.1 Osprey Creek 

Osprey Creek enters Packwood Lake on the western shore.  Average gradient over the survey 
reach is 4%; gradient increased from 2% in the lower 400 feet to 5% in the upper 300 feet 
surveyed.  A permanent grade control consisting of a major large wood jam complex was located 
between 796 and 835 feet from the mouth.  Photos of the creek are included in Appendix A.   
 
Figure 4.2 shows the surveyed longitudinal profile of the thalweg, waters’ edge, bankfull, and 
floodplain.  Figure 4.3 shows the cross-sectional profile of these same stream indicators at each 
station from downstream to upstream.  All cross sectional profiles are plotted on the same graph 
to show relative width, depth, and elevation.  Figure 4.4 shows the upstream change in bankfull 
width and depth.  Table 4.1 lists dominant/subdominant substrate noted at each upstream station, 
thalweg depth at the time of the survey, and notes from the field survey on stream characteristics 
relative to channel incision.  Substrate is shown graphically on Figure 4.5.  Water depths within 
the drawdown zone of Osprey Creek ranged from 0.10 ft – 0.98 ft (Table 4.1).  Mean water depth 
in the drawdown zone was 0.44 ft. 
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Figure 4.2.  Longitudinal Profile of Osprey Creek 
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Figure 4.3.  Cross-Sectional Profiles of Osprey Creek 
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Figure 4.4.  Bankfull Width and Depth of Osprey Creek 
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Figure 4.5.  Substrate in Osprey Creek 
Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed.   
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Table 4.1.  Substrate, Thalweg Depth, and Notes from Osprey Creek 

Upstream 
station (ft) 

Dominant/ 
subdominant 

substrate 

Thalweg 
depth (ft) Comments 

-100 Sand/sand 2.46 Drawdown lake level (water depth in lake) 
-95.7 Sand/gravel 0.48  
-89 Gravel/gravel 0.12  
-77.2 Gravel/gravel 0.66  
-76.3 Gravel/gravel 0.66  
-66.8 Gravel/gravel 0.8  
-62 Gravel/gravel 0.34  
-60.7 Gravel/gravel 0.21  
-53.2 Gravel/gravel 0.52  
-51 Gravel/gravel 0.76  
-41.4 Gravel/cobble 0.98  
-39.9 Sand/gravel 0.28  
-37 Sand/gravel 0.39  
-31.4 Gravel/sand 0.54  
-30.7 Gravel/cobble 0.5  
-23 Gravel/gravel 0.37  
-8.5 Gravel/gravel 0.37  
0 Gravel/sand 0.1 At full pool lake level 
21 Gravel/sand 0.58  
69.5 Gravel/sand 0.32  
113.3 Gravel/sand 0.4  
192 Gravel/sand 0.3  
275 Sand/gravel 1.2  
387 Gravel/sand 0.4  
485 Gravel/cobble 0.2 Valley walls closing in 
597 Gravel/cobble 0.4  
671 Gravel/cobble 0.5  
761 Gravel/cobble 0.3  

796 to 835   
Permanent grade control – very large woody 
debris complex (too big to be washed out by 
this size stream) 

 

Current Channel Condition and Risk of Future Headcutting 

The Osprey Creek channel had the following characteristics and indicators of channel incision: 
 

�  Headcuts – There were no headcuts observed.   
�  Substrate changes/deposition zones – The channel upstream of Packwood Lake was 

dominantly gravel except for station 300 (sand/gravel).   
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�  Incised channel/bank erosion – Figure 4.2 shows that the Osprey Creek channel is 
graded to the high lake level and does not show evidence of thalweg downcutting 
below the normal high lake level.  This suggests that downcutting has not occurred.  
However, the bankfull depth is higher in the lower 113 feet of channel (resulting in 
lower width:depth ratios); this could be an indicator of incision possibly due to lake 
fluctuations, but also possibly due to the stream cutting through its alluvial fan to 
the lake level.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact, and upland 
species were not encroaching into floodplain.   

 
Osprey Creek will continue to cut down through its delta deposits in the drawdown zone during 
low lake levels.  Downcutting will result in sediment transport from the upper delta area into the 
lower delta in the lake.  There could be very minor local increases in turbidity during the 
downcutting; the majority of sediment exposed in the delta is gravel and sand which does not 
contribute to increased turbidity.  The channel across the delta will be wide and shallow.   
 
There is a low to moderate risk of future headcutting in the Osprey Creek channel upstream of 
Packwood Lake.  Osprey Creek has a larger watershed, and therefore more flow than many of 
the small tributaries to the lake.  The channel substrate is primarily gravel and sand, which could 
be moved during large storms.  However, during peak flows necessary to erode the channel, the 
lake fills rapidly, limiting the potential for channel degradation (see discussion in Section 4.7).  
The limited extent of current channel incision upstream of Packwood Lake and low risk of future 
headcutting poses a low risk of future loss of aquatic, riparian, or terrestrial habitat.   

4.2 Trapp Creek 

Trapp Creek enters Packwood Lake on the western shore.  Average gradient in Trapp Creek is 
9% over the length surveyed.  The section of Trap Creek surveyed has the geomorphic form of 
an alluvial fan; numerous old channel features were found across the fan from former creek 
positions.  A very large woody debris complex is located 296 feet from the mouth of the creek 
and is a permanent grade control.  Photos of Trapp Creek are included in Appendix A.   
 
Figure 4.6 shows the surveyed longitudinal profile of the thalweg, waters’ edge, bankfull, and 
floodplain.  Figure 4.7 shows the cross-sectional profile of these same stream indicators at each 
station from downstream to upstream.  All cross sectional profiles are plotted on the same graph 
to show relative width, depth, and elevation.  Figure 4.8 shows the upstream change in bankfull 
width and depth.  Table 4.2 lists dominant/subdominant substrate noted at each upstream station, 
thalweg depth at the time of the survey, and notes from the field survey on stream characteristics 
relative to channel incision.  Substrate is shown graphically on Figure 4.9. 
 
Water depths within the drawdown zone of Trapp Creek ranged from 0.10 ft – 0.30 ft (Table 
4.2).  Mean water depth in the drawdown zone was 0.16 ft.   
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Figure 4.6.  Longitudinal Profile of Trapp Creek 
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Figure 4.7.  Cross-Sectional Profiles of Trapp Creek 
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Figure 4.8.  Bankfull Width and Depth of Trapp Creek 



Draft Report Stream Connectivity in Packwood Lake Tributaries Study        Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

16 

2

3

4

5

6

-150 -100 -50 0 50 100 150 200 250 300

Distance from Lake (ft)

S
ub

st
ra

te

P
er

m
an

en
t 

G
ra

de
 C

on
tr

ol

S
ilt

S
an

d
G

ra
ve

l
C

ob
bl

e

 
Figure 4.9.  Substrate in Trapp Creek 

Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed. 
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Table 4.2.  Substrate, Thalweg Depth, and Notes from Trapp Creek 

Upstream 
station (ft) 

Dominant/ 
subdominant 

substrate 

Thalweg 
depth (ft) Comments 

-125 Sand/gravel 2.0 Drawdown lake level (water depth in lake) 
-100 Gravel/gravel 0.1  
-80 Gravel/gravel 0.1  
-46 Gravel/cobble 0.1  
-25 Gravel/cobble 0.2  
0 Gravel/cobble 0.1 Full pool lake level 
41 Gravel/cobble 0.2  
96 Gravel/cobble 0.2  
140 Gravel/cobble 0.3  
210 Gravel/cobble 0.5  
260 Gravel/cobble 0.2  

296   
Permanent grade control – very large woody 
debris complex (too big to be washed out by this 
size stream) 

 

Current Channel Condition and Risk of Future Headcutting 

The Trapp Creek channel had the following characteristics and indicators of channel incision: 
 

�  Headcuts – There were no headcuts observed.   
�  Substrate changes/deposition zones – The channel upstream of Packwood Lake was 

dominantly gravel/cobble.   
�  Incised channel/bank erosion – Figure 4.6 shows that the Trapp Creek channel is 

graded to the high lake level and does not show evidence of thalweg downcutting 
below the normal high lake level.  This suggests that downcutting has not occurred.  
However, the channel cross sections at Station 19 and 41 are deeper and narrower 
than upstream cross sections (Figure 4.7); this could be an indicator of incision 
although it is not likely since bankfull width:depth indicators do not suggest 
incision and channel substrate is consistent throughout the length of the surveyed 
reach.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact, and upland 
species were not encroaching into floodplain.   

 
Trapp Creek will continue to cut down through its delta deposits in the drawdown zone during 
low lake levels.  Downcutting will result in sediment transport from the upper delta area into the 
lower delta in the lake.  There could be very minor local increases in turbidity during the 
downcutting; the majority of sediment exposed in the delta is cobble and gravel which do not 
contribute to increased turbidity.  The channel across the delta will be wide and shallow.   
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There is a low risk of future headcutting in the Trapp Creek channel upstream of Packwood 
Lake.  Trapp Creek has a small watershed, and therefore limited flows.  The channel substrate is 
primarily gravel and cobble, which could only be moved during peak flows.  During peak flows 
necessary to erode the channel, the lake fills rapidly, limiting the potential for channel 
degradation (see discussion in Section 4.7).  In addition, there are abundant log jams in the 
stream that limit grade changes.  The limited extent of current channel incision upstream of 
Packwood Lake and low risk of future headcutting poses a low risk of future loss of aquatic, 
riparian, or terrestrial habitat.   

4.3 Small Tributary Southeast of Trapp Creek 

A small tributary southeast of Trapp Creek (referred to as SE of Trapp) enters Packwood Lake 
on the western shore.  This tributary also has the geomorphic form of an alluvial fan with old 
channel features across the fan from former creek positions.  A permanent grade control 
consisting of a geologic nick point/waterfall is located 213 feet from the mouth.  Photos of SE of 
Trapp Creek are included in Appendix A.   
 
Figure 4.10 shows the surveyed longitudinal profile of the thalweg, waters’ edge, bankfull, and 
floodplain.  Figures 4.11a and 4.11b show the cross-sectional profile of these same stream 
indicators at each station from downstream to upstream.  All cross sectional profiles are plotted 
on the same graph to show relative width, depth, and elevation.  Figure 4.12 shows the upstream 
change in bankfull width and depth.  Table 4.3 lists dominant/subdominant substrate noted at 
each upstream station, thalweg depth at the time of the survey, and notes from the field survey on 
stream characteristics relative to channel incision.  Substrate is shown graphically on 
Figure 4.13. 
 
Water depths within the drawdown zone of tributary SE of Trap Creek ranged from 0.05 ft – 
0.30 ft.  Mean water depth in the drawdown zone was 0.2 ft.   
 

Table 4.3.  Substrate, Thalweg Depth and Notes from SE of Trapp Creek 

Upstream 
station (ft) 

Dominant/ 
subdominant 

substrate 

Thalweg 
depth (ft) Comments 

-32.7 Sand/gravel 0.2 Drawdown lake level 
-21.5 Sand/gravel 0.05  
0 Gravel/cobble 0.25 Full pool 
25 Cobble/gravel 0.1 Incised to approx. station 50, then large log jam – 

not incised upstream from jam 
72 Gravel/sand 0.6  
124 Gravel/sand 0.3  
175 Gravel/sand 0.6  
213   Permanent grade control – geologic barrier, 

waterfall 

 



Draft Report Stream Connectivity in Packwood Lake Tributaries Study        Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

19 

2845

2850

2855

2860

2865

2870

2875

2880

2885

2890

-40 10 60 110 160

Distance from Lake (ft)

E
le

va
tio

n 
(ft

)

Thalweg RB Water Edge RB Bankfull RB Floodplain

LB Water Edge LB Bankfull LB Floodplain

Low Lake

High Lake

P
er

m
an

en
t 

G
ra

de
 C

on
tr

ol

 
 

Figure 4.10.  Longitudinal profile of SE of Trapp Creek 
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Figure 4.11 a.  Cross-Sectional Profiles of SE of Trap Creek 
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Figure 4.11 b.  Cross-Sectional Profiles of SE of Trap Creek (Drawdown Zone) 
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Figure 4.12.  Bankfull Width and Depth of SE of Trap Creek 
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Figure 4.13.  Substrate in SE of Trap Creek 

Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed. 



Draft Report Stream Connectivity in Packwood Lake Tributaries Study         Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

24 

Current Channel Condition and Risk of Future Headcutting 

The SE of Trapp Creek channel had the following characteristics and indicators of channel 
incision: 
 

�  Headcuts – There were no headcuts observed.   
�  Substrate changes/deposition zones – The channel upstream of Packwood Lake was 

dominantly gravel and cobble.   
�  Incised channel/bank erosion – Figure 4.10 shows that the SE of Trap Creek 

channel is graded to the high lake level and does not show evidence of thalweg 
downcutting below the normal high lake level.  This suggests that downcutting has 
not occurred.  Field observations suggest that the channel may be incised into the 
alluvial fan deposit to a large log jam at approximately station 50; however 
measurements of bankfull width and depth do not show this.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact, and upland 
species were not encroaching into floodplain.   

 
SE of Trapp Creek will continue to cut down through its delta deposits in the drawdown zone 
during low lake levels.  Downcutting will result in sediment transport from the upper delta area 
into the lower delta in the lake.  There could be very minor local increases in turbidity during the 
downcutting; the majority of sediment exposed in the delta is gravel and sand which do not 
contribute to increased turbidity.  The channel across the delta will be wide and shallow.   
 
There is a low risk of future headcutting in the SE of Trapp Creek channel upstream of 
Packwood Lake.  SE of Trapp Creek has a very small watershed, and therefore limited flows.  
The channel substrate is primarily gravel, with gravel and sand upstream of log jams.  During 
peak flows necessary to erode the channel or move the log jams, the lake fills rapidly, limiting 
the potential for channel degradation (see discussion in Section 4.7).  In addition, the abundant 
log jams in the stream limit grade changes.  The limited extent of current channel incision 
upstream of Packwood Lake and low risk of future headcutting poses a low risk of future loss of 
aquatic, riparian, or terrestrial habitat.   

4.4 Mueller Creek and Upper Lake Creek 

Mueller and Upper Lake creeks flow in a wide glacial valley upstream of Packwood Lake.  Their 
geomorphic histories are intertwined, much like their present channels.  Mueller Creek has a very 
gentle gradient (1%), and in fact only flows for approximately 1-1.25 miles upstream of 
Packwood Lake under the present valley configuration.  Some time prior to 1958, aerial 
photographs show that the Upper Lake Creek channel split approximately 3 miles upstream from 
Packwood Lake (at the point where the valley narrows) and flowed into the upper Mueller Creek 
channel.  Upper Lake Creek continued for approximately 1 mile in the old upper Muller Creek 
channel on the southern side of the valley, then flowed north across the valley and joined the 
northern Upper Lake Creek channel, continuing along the northern side of the valley.  This 
condition continues to the present day, with Upper Lake Creek carrying all of the large sediment 
load from the upstream glacier and upper watershed and the majority of the water from the 
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valley.  Mueller Creek carries flow from only a small portion of the southern slope of the lower 
valley under current conditions, and relatively little sediment load.   
 
The field reconnaissance of the Upper Lake Creek and Mueller Creek valley suggests that there 
are multiple areas of historic large-scale sediment accumulations.  Field evidence included:  
multiple, large stands of even-aged alders with no other tree species present, 2-3 feet of silt/clay 
overbank deposits burying large downed logs (under the even-aged alder stands), and stands of 
dead or dying large cedars (2-4 ft dbh) caused by inundation by gravel and sand deposits.  A 
sequence of historic aerial photographs was examined to try to determine the extent and age of 
these features (Figure 4.14).   
 
General vegetation patterns that could be indicative of geomorphic changes were mapped from 
the aerial photographs.  There are several stands of mature cedar trees near the mouths of Upper 
Lake Creek and Mueller Creek, and also along the northeastern and upper parts of the valley.  
The two large areas of alders (A and B) were present as young alders (area A) and a more open 
meadow (area B) on the 1958 aerial photographs.  These areas show evidence of large-scale 
inundation by sediment in the past; the aggradation in these areas likely forced the path of Upper 
Lake Creek and the former upper Mueller Creek drainages to the northeastern edge of the valley.  
Field reconnaissance of the stream channels through the alder stands shows that the streams are 
cutting through these deposits to re-establish grade.  Cutbanks in these areas reveal 1-3 feet of 
small gravel and silty/sandy overbank deposits underlain in some places by downed logs 
(Figure 4.15 and Appendix A).   
 
Gravel has continued to move down the Lake Creek channel, and field evidence suggests that 
recent large flow events have continued to result in aggradation and changing vegetation 
patterns, but on a smaller scale.  Gravel accumulations are inundating and killing some of the 
large old cedars along the northeastern edge of the valley (current Upper Lake Creek channel; 
Figure 4.15) between 1,400 and 2,500 feet upstream from the lake.  Field surveys show at least 
2 feet of sediment has buried the base of the cedar trees, killing the trees (K. Smayda, personal 
communication during field visit).  These areas can also be seen on the more recent aerial 
photographs; an area of dead cedars was evident on the 1994 photos, and recently killed cedars 
just upstream were seen on the 1998 photos (following the large 1996 flow event).   
 
The large volume of sediment (2-3 feet deep over nearly 60 acres of stream valley) and the age 
of the deposit (present on pre-Project aerial photos; alders are at least 50 years old based on 
coring) show that this is not related to Project effects.  The two creeks are currently cutting down 
through these sediment deposits as they try to reach their former stream level.   
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Figure 4.14.  Geomorphology and Vegetation Patterns in Upper Lake Creek/Mueller Creek Valley 
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Figure 4.15.  Photos of Upper Lake Creek Channel  

Photos shows single-aged alder stand, recent gravel accumulations, and past sediment accumulations 
that killed cedars.  Note:  red line in lower right hand photos marks line of sediment accumulation that 
has been cut through by Lake Creek to expose cedar roots and former ground surface.   
 

4.4.1 Mueller Creek 

Mueller Creek enters Packwood Lake from the wide valley at the head of the lake.  A 
reconnaissance of the stream was made on July 11, 2006 from Packwood Lake upstream 
4,600 feet.  The channel appeared to be deep and incised for the first few hundred feet upstream 
of the lake, then abundant log jams provided grade control and structure.  Steep cutbanks through 
the older single-aged alder stands were present between 900-1200 feet from the lake.  Upstream 
of that point the stream became smaller and very low gradient with ponds and boggy areas to 
approximately 3,000 feet from the lake.  The stream was small with a wide floodplain up to the 
end of the survey, 4,600 feet from the lake.  Photos are included in Appendix A.   
 
The field reconnaissance suggested incision extended a few hundred feet up Mueller Creek; 
profiles were surveyed 855 feet up the stream.  Figure 4.16 shows the surveyed longitudinal 
profile of the Mueller Creek thalweg, waters’ edge, bankfull, and floodplain.  Figure 4.17 shows 
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the cross-sectional profile of these same stream indicators at each station from downstream to 
upstream.  All cross sectional profiles are plotted on the same graph to show relative width, 
depth, and elevation.  Figure 4.18 shows the changes in bankfull width and depth.  Table 4.4 lists 
dominant/subdominant substrate noted at each station, thalweg depth at the time of the survey, 
and notes from the field survey on stream characteristics relative to channel incision.  Substrate 
is shown graphically on Figure 4.19.  Water depths within the drawdown zone of Mueller Creek 
ranged from 0.2 ft – 2.6 ft.  Mean water depth in the drawdown zone was 1.05 ft.   

Current Channel Condition and Risk of Future Headcutting 

The Mueller Creek channel showed several indicators of channel incision, some related to lake 
level fluctuations and some related to pre-Project geomorphic changes: 
 

�  Headcuts – There were no headcuts observed.   
�  Substrate changes/deposition zones – Substrate in the drawdown zone is gravel and 

sand.  Channel substrate is finer (silt/clay) between the lake and approximately 
station 400 (Figure 4.19).   

�  Incised channel/bank erosion – The longitudinal profile of Mueller Creek 
(Figure 4.16) shows that the thalweg meets the high lake level approximately 
250 feet upstream from the mouth.  This suggests that the channel has incised at 
least this far upstream.  Wetted and bankfull depths (Figures 4.16 and 4.18) are 
deep up to approximately 500 feet from the mouth.  Channel incision and cutbanks 
were noted between station 900-1,200 during the reconnaissance survey; these are 
not related to lake level fluctuations but are a result of prior large-scale sediment 
deposition in this area.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact in the lower 
500 feet of channel, and upland species were not encroaching into the floodplain.  
Upstream of approximately station 500 the even-aged stands of alder dominated the 
floodplain and riparian zone.   

 
Mueller Creek will continue to cut down through its delta deposits in the drawdown zone during 
low lake levels.  Downcutting will result in sediment transport from the upper delta area into the 
lower delta in the lake.  There could be minor local increases in turbidity during the downcutting; 
the majority of sediment exposed in the delta is gravel and sand which do not contribute to 
increased turbidity.  Downcutting in the stream channel upstream from the lake could entrain silt 
and clay which could cause minor local increases in turbitidy.  The channel across the delta will 
be wide and shallow.   
 
There is a moderate risk of future headcutting in the Mueller channel upstream of Packwood 
Lake.  At the present time, Mueller Creek has a small watershed which limits flows.  The 
channel substrate consists of silt, sand, and gravel.  These substrate sizes could be eroded during 
peak flows.  However, the abundant log jams upstream of approximately station 600 reduce the 
risk of incision progressing rapidly upstream (the log jams would need to be disrupted before 
downcutting can occur).  During peak flows necessary to erode the channel or move the log 
jams, the lake fills rapidly, limiting the potential for channel degradation (see discussion in 
Section 4.7).  Non-Project related downcutting through the old deposits between station 900-
1,200 will continue during peak flow conditions.   
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Figure 4.16.  Longitudinal Profile of Mueller Creek 
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Figure 4.17.  Cross-Sectional Profiles of Mueller Creek 
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Figure 4.18.  Bankfull Width and Depth of Mueller Creek 
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Figure 4.19.  Substrate in Mueller Creek 

Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed. 
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Table 4.4.  Substrate, Thalweg Depth, and Notes from Mueller Creek. 

Upstream station (ft) 
Dominant/ 

subdominant 
substrate 

Thalweg 
depth (ft) Comments 

-250 Sand/sand 2 Drawdown lake level 
-200 Sand/gravel 1  
-150 Gravel/sand 0.8  
-100 Gravel/sand 1.2  
-86 Gravel/gravel 1.2  
-82 Gravel/gravel 0.4  
-80 Gravel/gravel 2.5  
-58 Sand/gravel 0.8  
-52 Gravel/sand 1  
-30 Gravel/gravel 2.6  
-29 Gravel/gravel 0.7  
-14 Gravel/gravel 1  
-8 Sand/gravel 0.7 Below full pool 
42 Sand/gravel 1.3  
61 Gravel/sand 0.9  
66 Gravel/sand 0.4  
75 Silt/clay 1.2  

150 right bank channel Silt/clay 1.2 Big old cedars in this area 
150 left bank channel Silt/clay 1.2  

250 Silt/sand 1.7  
350 Sand/silt 2.0  
450 Sand/gravel 1.3  
550 Sand/gravel 1.1  
650 Gravel/sand 0.6  
750 Gravel/sand 1.0 Big log jam downstream of transect 
855 Gravel/sand 0.7 End of survey 

 
The moderate risk of future project-related downcutting may affect the aquatic, riparian, and 
terrestrial habitat as follows:   
 

�  Potential for lost instream and terrestrial habitat – During low lake levels, instream 
habitat in the lower 500 feet of Mueller Creek includes pools, riffles, and runs.  
During full lake level, the incised portion of the channel is pool habitat.  There is 
abundant woody debris.  There does not appear to have been much of a loss in 
terrestrial habitat in the past; and there is little risk of much habitat loss in the 
future since major channel widening is not occurring.   

�  Loss of riparian vegetation – There does not appear to have been much loss, if any, 
of riparian habitat.   

�  Downstream flooding – there is no risk of downstream flooding since the channel 
changes are so close to the mouth.   
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�  Channel widening – there is limited past channel widening (only station 150 is 
wider than upstream station).  Limited future channel widening upstream of the 
lake is expected.  The channel in the drawdown zone will likely widen during the 
course of each drawdown season.   

�  Increased turbidity and suspended sediments – there is a potential for minor local 
increases in turbidity during high flow events during drawdown if clay and silt 
deposits in the lower 300 feet of the stream channel are eroded.   

�  Mid-channel bar formation due to increased sediment load – there is low potential 
for mid-channel bar formation since the eroded sediments are silt and clay size.   

�  Decreased bank stability – there may be some local bank erosion, but the silt and 
clay banks are cohesive and quite stable (stand vertically unless undercut).   

�  Loss of wetlands – effects of drawdown on wetlands are still under investigation 
and will be reported in the Packwood Lake Drawdown Study Report.   

 

4.4.2 Upper Lake Creek 

Upper Lake Creek enters Packwood Lake from the wide valley at the head of the lake.  A 
reconnaissance of the stream was made on July 11, 2006 from Packwood Lake upstream 
4,260 feet.  The channel was deep and predominantly silty up to station 150.  Upstream of this 
point there were gravel deposits in the channel, and several log jams that provided grade control.  
The channel was narrow and deep with steep banks between station 700-1000 feet in the even-
aged alder stands.  From approximately station 990 to station 2500 the channel was braided, full 
of gravel, with gravel inundating the alders and cedars on the floodplain.  The large old cedars in 
this area were dead but still standing, and there were younger alder stands developing on the 
gravel accumulations.  Between station 2500 and station 3400 there was abundant gravel and 
large wood in the channel, with only a few areas of gravel overbank deposits.  Upstream of 
station 3400 there was abundant wood and gravel, and the gradient increased gradually.   
 
The reconnaissance suggested Project-related channel incision extended a few hundred feet up 
Upper Lake Creek; the profile was surveyed 1,460 feet up the stream.  Figure 4.20 shows the 
surveyed longitudinal profile of the Upper Lake Creek thalweg, waters’ edge, bankfull, and 
floodplain.  Figure 4.21 shows the cross-sectional profile of these same stream indicators at each 
station from downstream to upstream in the channel upstream of full pool (4.21a) and in the 
drawdown zone (4.21b).  Cross sectional profiles are plotted on the same graph to show relative 
width, depth, and elevation.  Figure 4.22 shows the upstream change in bankfull width and depth.  
Table 4.5 lists dominant/subdominant substrate noted at each upstream station and notes from the 
field survey on stream characteristics relative to channel incision.  Substrate is shown graphically 
on Figure 4.23.  Pool lengths and locations are shown on Figure 4.24.  There were fewer but 
longer pools in the first 500 feet of stream; many shorter pools between station 500 and 2100, 
few pools between station 2100 and 3000, and many pools upstream of station 3000.  The 
majority of pools were associated with large wood (either local fallen trees or buried logs) in the 
channel.  Water depths within the drawdown zone of Upper Lake Creek (right channel) ranged 
from 0.1 ft – 0.6 ft.  Mean water depth in the drawdown zone of the right channel was 0.32 ft.  
Water depths within the left channel of Upper Lake Creek ranged from 0.5 ft – 1.4 ft, with a 
mean water depth of 0.87 ft.   
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Figure 4.20.  Longitudinal Profile of Upper Lake Creek 
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Figure 4.21a.  Cross-Sectional Profiles of Upper Lake Creek 
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Figure 4.21b.  Cross-Sectional Profiles of Upper Lake Creek (Drawdown Zone) 
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Figure 4.22.  Bankfull Width and Depth of Upper Lake Creek 
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Figure 4.23.  Substrate in Upper Lake Creek  

(Right Channel in drawdown zone and main channel upstream of lake) 
Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed. 
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Figure 4.24.  Pools in Upper Lake Creek 
Note:  Upper solid red line depicts location of pools along the stream channel.  Length of line = length of pool.  Diamonds in lower part of graph show the same 

data; diamonds are located at the station (distance from mouth) of the downstream end of each pool and are graphed as pool station vs. pool length (ft).   
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Table 4.5.  Substrate, Thalweg Depth, and Notes from Upper Lake Creek 

Upstream 
station (ft) 

Dominant/ 
subdominant 

substrate 

Thalweg 
Depth (ft) Comments 

Left Channel (drawdown zone) 
-401 Sand/sand 0.9 Drawdown lake level 
-325 Sand/gravel 0.5  
-270 Sand/gravel 0.65  
-220 Sand/gravel 1.2  
-176 Sand/sand 1.1  
-151 Sand/sand 0.81  
-120 Gravel/gravel 0.9  
-85 Gravel/gravel 0.65  
-65 Gravel/gravel 0.9  
-7 Gravel/gravel 0.8  
Right Channel (drawdown zone) and Main Channel (upstream of Packwood Lake) 
-400 Sand/sand 2 Drawdown lake level (in lake) 
-300 Gravel/gravel 0.75  
-100 Gravel/gravel 0.15  
-50 Gravel/gravel 0.3  
10 Sand/sand 0.25 High lake water level 
123 Sand/silt 3.9  
242 Sand/silt 2.7  
336 Sand/gravel 3.7  
417 Gravel/sand 1.8  
552 Gravel/sand 1.6  
650 Gravel/gravel 1.9 Big log jam; large cedars downstream from here 
748 Gravel/gravel 2.2 Alders upstream from here (6-10” dbh) 
870 Gravel/sand 2.1  
980 Gravel/sand 2.3  
1071 Gravel/sand 1.8  
1163 Gravel/sand 2.8  
1267 Gravel/gravel 1.1  
1303 Gravel/gravel 1.0  
1367 Gravel/gravel 3.2 Channel full of fresh gravel 
1460 Gravel/sand 1.9 Very young alders upstream from here 

 

Current Channel Condition and Risk of Future Headcutting 

The Upper Lake Creek channel showed several indicators of channel incision, some related to 
lake level fluctuations and some related to pre-Project geomorphic changes: 
 

�  Headcuts – There were no headcuts observed.   
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�  Substrate changes/deposition zones – Substrate in the drawdown zone is gravel and 
sand.  Channel substrate is finer (sand/silt, some gravel) between the lake and 
approximately station 400 (Figure 4.23).   

�  Incised channel/bank erosion – The longitudinal profile of Upper Lake Creek 
(Figure 4.20) shows that the thalweg meets the high lake level approximately 
400 feet upstream from the mouth.  This suggests that the channel has incised at 
least this far upstream.  Wetted and bankfull depths (Figures 4.20 and 4.22) are 
deep up to approximately 350 feet from the mouth.  Channel incision and cutbanks 
were noted between station 700-1,200 during the reconnaissance survey; these are 
not related to lake level fluctuations but are a result of pre-Project large-scale 
sediment deposition in this area.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact in the lower 
400 feet of channel, and upland species were not encroaching into floodplain.  
Upstream of approximately station 550 the even-aged stands of alder dominated the 
floodplain and riparian zone.  Several stands of large cedars were inundated with 
gravel deposits and were dead or dying between stations 1,000-2,500.  These 
vegetation changes were not related to Project effects.   

 
Upper Lake Creek will continue to cut down through its delta deposits in the drawdown zone 
during low lake levels.  Downcutting will result in sediment transport from the upper delta area 
into the lower delta in the lake.  There could be minor local increases in turbidity during the 
downcutting; the majority of sediment exposed in the delta is gravel and sand which do not 
contribute to increased turbidity.  Downcutting in the stream channel upstream from the lake 
could entrain silt which could cause minor local increases in turbidity; however, Upper Lake 
Creek is influenced by glacial runoff and has high turbidity and suspended sediment levels 
during periods of glacial melt and peak flow conditions.  The channel across the delta will be 
wide and shallow.   
 
There is a moderate risk of future headcutting in the Upper Lake Creek channel upstream of 
Packwood Lake.  The channel substrate consists of sand, silt, and gravel.  These substrate sizes 
could be eroded during peak flows.  However, the abundant log jams upstream of approximately 
station 700 reduce the risk of incision progressing rapidly upstream (the log jams and buried 
wood would need to be disrupted before downcutting can occur).  During peak flows necessary 
to erode the channel or move the log jams, the lake fills rapidly, limiting the potential for channel 
degradation (see discussion in Section 4.7).  Non-Project related downcutting through the old 
deposits to the former channel depth (depth of buried wood) between station 700-1,200 will 
continue during peak flow conditions.   
 
The moderate risk of future Project-related downcutting may affect the aquatic, riparian, and 
terrestrial habitat as follows:   
 

�  Potential for lost instream and terrestrial habitat – During low lake levels, instream 
habitat in the lower 500 feet of Upper Lake Creek includes pools, riffles, and runs.  
During full lake level, the incised portion of the channel is pool habitat.  There is 
abundant woody debris.  There does not appear to have been much of a loss in 
terrestrial habitat in the past.  A maximum of 5,000 square feet of loss could have 
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occurred if it is assumed that the channel widths were similar to upstream reaches 
(10 feet wider channel x 500 feet long).  There is a low risk of substantial terrestrial 
habitat loss in the future due to Project-related effects because major channel 
widening is not occurring.  There is terrestrial habitat loss in upstream reaches due 
to non-Project-related channel aggradation between station 1,000-2,500 feet.   

�  Loss of riparian vegetation – There does not appear to have been much loss, if any, 
of riparian habitat due to Project effects.  There are riparian habitat changes in 
upstream reaches due to non-Project related channel aggradation between station 
1,000-2,500 feet.   

�  Downstream flooding – there is no risk of downstream flooding from Project-
related changes since the channel changes are so close to the mouth.   

�  Channel widening – there is limited past channel widening.  Widening up to 10 feet 
may have occurred in the lower 500 feet of channel as a result of reservoir 
operations based on a comparison of downstream and upstream bankfull widths on 
Figure 4.22.  Some limited future channel widening upstream of the lake would be 
expected if any additional downcutting occurs.  The channel in the drawdown zone 
will likely widen during the course of each drawdown season.  The channel in the 
non-Project related aggradation zone between station 1,000 and 2,500 is likely 
widening (Figure 4.22).   

�  Increased turbidity and suspended sediments – there is a potential for minor local 
increases in turbidity during high flow events during drawdown.  Upper Lake 
Creek is naturally turbid during high flow events, so these increases will likely not 
be noticeable.   

�  Mid-channel bar formation due to increased sediment load – there is a high 
potential for mid-channel bar formation in the Upper Lake Creek channel as a 
result of non-Project related sediment loads.  Mid-channel bars are forming under 
current conditions throughout the channel due to the high load of gravel from the 
upper watershed.   

�  Decreased bank stability – there may be some local bank erosion, but the silt and 
clay banks are cohesive and quite stable.   

�  Loss of wetlands – effects of drawdown on wetlands are still under investigation 
and will be reported in the Packwood Lake Drawdown Study Report.  

 

4.5 Crawford Creek 

Crawford Creek enters Packwood Lake on the eastern shore, just northeast of Upper Lake Creek.  
Crawford Creek is an alluvial fan in the area surveyed.  At times in the past, Crawford Creek has 
flowed into Upper Lake Creek instead of its present configuration (directly into Packwood 
Lake), and in a channel northeast of its present location.  Crawford Creek shows evidence of past 
debris flows or torrents, with deposit features (debris flow levees) and multiple channel locations 
in a fan configuration extending from the mouth of the confined canyon.  Photos of Crawford 
Creek are included in Appendix A.   
 
Figure 4.25 shows the surveyed longitudinal profile of the thalweg, waters’ edge, bankfull, and 
floodplain.  Figures 4.26a and 4.26b shows the cross-sectional profile of these same stream 
indicators at each station from downstream to upstream.  All cross sectional profiles are plotted 
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on the same graph to show relative width, depth, and elevation.  Figure 4.27 shows the upstream 
change in bankfull width and depth.  Table 4.5 lists dominant/subdominant substrate noted at 
each upstream station and notes from the field survey on stream characteristics relative to 
channel incision.  Substrate is shown graphically on Figure 4.28.  Crawford Creek is an 
intermittent stream and was dry at the time of the survey; as a result, there are no depths recorded 
in the drawdown zone.  

Current Channel Condition and Risk of Future Headcutting 

The Crawford Creek channel did not show any indicators of channel incision.  A large log jam at 
the mouth is a grade control.   
 

�  Headcuts – There were no headcuts observed.   
�  Substrate changes/deposition zones – The channel upstream of Packwood Lake was 

dominantly gravel and cobble.   
�  Incised channel/bank erosion – Figure 4.10 shows that the Crawford Creek channel 

is graded to the log jam (above the high lake) elevation and does not show evidence 
of thalweg downcutting below the normal high lake level.   

�  Riparian/upland vegetation changes – Riparian vegetation was intact, and upland 
species were not encroaching into floodplain.   

 
Crawford Creek will continue to cut down through its delta deposits in the drawdown zone 
during low lake levels.  Downcutting will result in sediment transport from the upper delta area 
into the lower delta in the lake.  There could be very minor local increases in turbidity during the 
downcutting; the majority of sediment exposed in the delta is gravel, cobble, and sand which do 
not contribute to increased turbidity.  The channel across the delta will be wide and shallow.   
 
A very large log jam at the mouth of Crawford Creek has resulted in no channel incision and 
little future risk of downcutting.  If the Crawford Creek channel moves to a different location, 
future downcutting may occur.   
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Figure 4.25.  Longitudinal Profile of Crawford Creek 
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Figure 4.26a.  Cross-Sectional Profiles of Crawford Creek 
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Figure 4.26b.  Cross-Sectional Profiles of Crawford Creek (Drawdown Zone) 
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Figure 4.27.  Bankfull Width and Depth of Crawford Creek 
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Figure 4.28.  Substrate in Crawford Creek 

Substrate was visually estimated as dominant/subdominant substrate and is shown graphically by assigning the dominant substrate a value of 2-5 (silt=2, sand=3, 
gravel=4, cobble=6) and sub-dominant substrate a value of 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gravel=0.75, cobble=0.9).  The dominant and subdominant 
values were summed to produce a single numerical value that was graphed. 
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Table 4.6.  Substrate and Channel Notes on Incision From Crawford Creek 

Upstream 
station (ft) 

Dominant/ 
subdominant 

substrate 
Comments 

-126 Sand/gravel Drawdown lake level 
-121 Sand/gravel  
-117 Sand/gravel  
-78 Gravel/gravel  
-58 Gravel/gravel  
-49 Gravel/gravel  
-44 Cobble/gravel  
-41 Cobble/sand  
-37 Cobble/sand  
-30 Sand/sand  
-25 Sand/cobble  
-23 Sand/cobble  
-19 Cobble/sand  
-15 Sand/gravel  
-10.8 Sand/gravel  
-7 Sand/gravel  
-3 Gravel/sand  
0 Gravel/sand  
59 Gravel/cobble Big log jam at mouth (grade control) 
100 Gravel/cobble  
151 Gravel/cobble  
200 Gravel/cobble  
250 Cobble/gravel  
300 Cobble/gravel Big log jam 
350 Cobble/gravel Trail crossing 
394 Cobble/gravel  
454 Cobble/gravel  
527 Gravel/sand Major log jam 
563 Gravel/cobble  
651 Gravel/cobble  
710 Cobble/gravel Confined by valley walls from here upstream 
754 Gravel/cobble  
871-925  Permanent grade control – boulder cascade complex 

 

4.6 Beaver Bill Creek 

Beaver Bill Creek flows into Upper Lake Creek approximately 1 mile upstream of Packwood 
Lake.  Agency representatives who had visited the creek noted that it showed signs of incision.  
Beaver Bill Creek was not included in the detailed field survey measurements since it is 
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thousands of feet upstream of the Project-related downcutting on Upper Lake Creek.  However, a 
reconnaissance visit to Beaver Bill was conducted on October 25, 2006 to look at the creek.   
 
Beaver Bill Creek is a high gradient (average 24%) step-pool stream that flows off the steep side 
of the Upper Lake Creek valley into the flat valley bottom where it joins Upper Lake Creek.  
Beaver Bill Creek has formed an alluvial fan as it exits the steep, confined hillside and flows 
onto the flat valley floor.  There is evidence of several old channel positions across the fan.  
Beaver Bill shows many signs of downcutting and channel instability in the alluvial fan portion 
of its current channel, including fresh channel widening and bank erosion in the upper portion of 
the fan, deposition of the eroded sediment and inundated trees in the lower portion of the fan, 
and channel filling resulting in sub-surface flow in the lower portions of the fan (see photos in 
Appendix A).  The cause of the channel instability is not known; however it is well upstream of 
any Project-related incision in Upper Lake Creek.  Alluvial fans are very active geomorphic 
environments, and channel change occurs frequently.   

4.7 Timing of High Flows and Drawdown 

Operation of the Packwood Lake Hydroelectric Project results in fluctuations of the water levels 
in Packwood Lake.  During the summer months (May 1 to September 15), lake levels are held at 
2,857 ft MSL plus or minus 0.5 foot.  After mid-September, the lake level may be drawn down 
8 feet, to no lower than 2,849 ft MSL.  During times when the lake is drawn down, tributaries 
entering the lake temporarily experience a lower base level.  If tributary flows are high during 
drawdown, erosion and headcutting in the tributaries upstream of the lakeshore could occur.   
 
In order to determine how frequently tributary flow is high when lake levels are low, data on 
mean daily lake levels and total daily lake inflow were obtained from Project operators.  
Currently available data covered the January 2000 – April 2006 time period.  These data were 
graphed for each water year (Figure 4.29).  Figure 4.29 shows daily lake level (solid line), full 
pool (upper bold line), maximum lake drawdown (lower bold line) and mean total daily inflow 
(dashed line).  All years are graphed on the same scale for comparison.  Note that there are 
missing data in several years.  Spill occurred when lake levels were greater than 2858.52 feet 
MSL.   
 
For the majority of days when inflow is high, lake levels are also high.  It is not possible with 
available data to determine inflows that may result in headcutting because the contribution of 
each tributary to the measured total inflow is not known (and likely varies seasonally).  
However, inflows would need to be high enough to mobilize bed material in the different 
tributary channels, and would likely be on the order of a few hundred cfs.  For discussion 
purposes, a solid diamond is shown for each day when total inflow was over 200 cfs (high flow 
conditions) in combination with lake levels that were less than full pool (lower than 2857 ft 
MSL).  These conditions occured 0-5 days/year during the time period with available data.  
Actual flows that are capable of mobilizing substrate may be higher or lower than 200 cfs.  
However, days with a combination of high flows and low lake levels do not occur very 
frequently.   
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Figure 4.29.  Daily Packwood Lake Levels and Total Inflow 
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Figure 4.29.  Daily Packwood Lake Levels and Total Inflow (cont’d.) 
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Figure 4.29.  Daily Packwood Lake Levels and Total Inflow (cont’d.) 



Draft Report Stream Connectivity in Packwood Lake Tributaries Study        Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

55 

2005-2006

2848

2850

2852

2854

2856

2858

2860

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Date

R
es

er
vo

ir 
le

ve
l (

ft.
 M

S
L)

0

100

200

300

400

500

600

In
flo

w
 (

cf
s)

Lake Level Total Inflow Inflow >200 cfs + Lake < 2857

Full Pool

Max. 

 

 
Figure 4.29.  Daily Packwood Lake Levels and Total Inflow (cont’d.) 

 

5.0 FISH PASSAGE 

Fish passage can be affected in two different manners when evaluating these tributaries: 
1) stream profile and gradient, and 2) stream flow and depth of water for passage.  
 
When SE of Trapp Creek is drawn down below full pool level, the steep gradient of the creek, 
especially where it enters Packwood Lake, presents a barrier to upstream migration.  Unlike most 
of the other creeks, there is no delta formed at the mouth of the SE of Trap Creek and the creek 
enters the lake at a steep angle.  Passage into this creek requires nearly full pool.  All other 
creeks do not have physical barriers which preclude access.   
 
Stream depth does pose an impediment to fish passage in some of these streams, however.  
Methods to estimate preferred stream flows for salmon and trout were reported by Thompson 
(1972) after 10 years of research on depth and velocity in streams in Oregon.  Thompson 
concluded that the depth over “the shallow bars most critical of adult passage” was the feature 
that determined the likelihood of successful migration.  Thompson’s recommended minimum 
depths of 0.8 feet for Chinook and 0.6 feet for large trout to achieve successful passage, have 
been used by biologists in the Northwest since the 1970’s.  The “Oregon method” as it is now 
commonly called, concludes that the passage flow is adequate when the depth criteria is met on 
at least 25% of the transect width and on at least a 10% continuous portion.   
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The Oregon Department of Fish and Wildlife (ODFW) established criteria for fish passage 
(2004).  Under these criteria for bridges with supports (which most closely simulates the stream 
conditions for Packwood Lake tributaries), minimum water depth for fish passage is 8 inches 
(0.7 feet) for trout under 20 inches in length, kokanee, and juvenile steelhead and salmon.   
 
Using these criteria, Packwood Lake tributaries often do not meet minimum depth requirements 
naturally due to low flow conditions in some of these tributaries in the fall (see Table 5.1).  
Figure 5.1 shows mean monthly Packwood Lake levels and inflow from 1999 – 2003.  The 
lowest flow conditions during the year typically exist during the fall period (late September – 
early November).  Physical measurements taken during October, 2005 indicate minimum water 
depths in the lower reaches of SE of Trapp, Crawford, Osprey, and Trapp creeks did not meet 
minimum depth criteria even in the stream reaches immediately above the drawdown zone that 
are continuously inundated.  In addition, Crawford Creek was observed to dry up in its lower 
reaches during the 2005 and 2006 summer field seasons, and was not observed to begin freely 
flowing until the fall rains began.  SE of Trapp Creek, although presenting a physical barrier to 
upstream migration during the drawdown, also has the smallest volume of flow of all the creeks 
evaluated.  Even at full pool, depths would not be adequate to allow passage based on the criteria 
established above.  Thalweg depths immediately above the drawdown zone ranged from 0.25 ft 
to 0.30 ft.  Lake level is not a determining level for this creek; however, because low stream 
flows and minimum depths preclude fish passage under natural conditions during this time of 
year.  
 

Table 5.1  Water Depth Characteristics of Tributaries that Empty Directly into Packwood 
Lake (drawdown zone and area above drawdown zone) 

Stream 
Mean 

Depth (ft) 

Number 
of 

measure-
ments 

Min. 
Depth (ft) 

Max. 
Depth (ft) 

 
Max 

Elevation 
(ft) 

Max Depth 
above 

drawdown 
zone (ft) 

Osprey Creek 0.44 23 0.10 0.98 2858.23 0.32 
Trapp Creek 0.16 9 0.10 0.30 2859.60 0.20 
Tributary SE of Trapp 
Creek 

0.20 5 0.05 0.30 2860.00 0.25 

Mueller Creek 1.05 23 0.20 2.60 2858.90 1.00 
Upper Lake Creek – Right 
Channel 

0.32 11 0.10 0.60 2858.1 0.10 

Upper Lake Creek – Left 
Channel 

0.87 19 0.50 1.40 2858.04 0.20 

Crawford Creek (dry) N/A N/A N/A N/A N/A N/A 
Note:  measurements taken in late October 2005.   
 
Fish species composition and distribution surveys are currently ongoing.  No fish were observed 
in SE of Trapp or Crawford creeks during Summer 2006; Crawford Creek was dry.  Surveys 
noted that all fish had vacated all of these tributaries by late summer.  Additional information 
will be provided in the Fish Distribution and Species Composition Study results.  
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Mueller Creek is an important contributor to Packwood Lake rainbow trout spawning, averaging 
182 spawners per year (1979 – 2005) or 35% of the overall spawners noted in Packwood Lake 
tributaries (see Table 3-3 of Packwood Lake Fish Distribution and Species Composition Study 
Plan, 2005).  Lake drawdown and the resulting depths in the drawdown zone do not cause an 
impediment to movement to or from Mueller Creek to Packwood Lake.  
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Figure 5.1.  Mean Monthly Packwood Lake Levels and Inflow, 1999-2003 

(Source: Watershed GeoDynamics 2005) 

6.0 SUMARY AND RECOMMENDATIONS 

Operation of the Packwood Lake Hydroelectric Project results in fluctuations of the lake levels.  
During the summer months, lake levels are held at the license-requirement of 2,857 ft MSL plus 
or minus 6 inches.  From May 1 to September 15, the Project operates with Project generation 
flow adjusted to match lake inflow to hold the lake elevation relatively constant.  After mid-
September, the lake level may be drawn down 8 feet to a level no lower than 2,849 ft MSL.  The 
8 ft of vertical storage allows the Project to store and utilize winter runoff for power generation.  
When seasonal high runoff exceeds the Project capacity and the ability of the lake to absorb peak 
discharges, the drop structure is overtopped (at elevation 2,858.52 feet MSL) and excess runoff 
is directed down Lake Creek.  During times when the lake is drawn down, tributaries entering the 
lake temporarily experience a lower base level.  During drawdown, the tributaries could incise 
into the deltas and lake bed.  If tributary flows are high during drawdown, erosion and 
headcutting in the tributaries upstream of the lakeshore could occur.  The data collected for this 
report evaluates evidence of existing headcutting in streams and the potential for future 
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headcutting as well as the potential for fish migration concerns in the drawdown zone if streams 
become wide and shallow as they flow across the drawdown area.   
 
Key Question 1.  How does lake drawdown influence fish passage? 
 
Fish passage to Packwood Lake tributaries during the summer and the drawdown period is 
impeded by low flows and associated minimum depths in SE of Trapp, Trapp, Crawford, and 
Osprey creeks that do not meet criteria standards for fish passage.  These low flows and 
associated minimum depths are not related to Project operations.  A barrier to upstream passage 
exists in the drawdown zone on SE of Trapp Creek due to the high gradient of the stream 
entrance; however, passage would be impeded even without the drawdown due to the low natural 
flows that exist during this time of the year.  Fish passage surveys indicated that fish were no 
longer present in these tributaries by late summer; EES Consulting posits that because these 
creeks have historically dried up in the late summer months, the rainbow trout in these tributaries 
have adapted a strategy of emigrating from these creeks to the lake in the late summer before 
flows decrease drastically or dry up completely. 
 
Key Question 2.  How much aquatic habitat is affected by lake drawdown? 
 
During drawdown conditions, the total area of lacustrine aquatic habitat is reduced.  The Project 
is operated to maintain a lake elevation of 2,857 ft + 0.5 ft in summer months.  Beginning in 
mid-September, the lake is drawn down to no lower than 2,849 ft.  The lake level rises with 
natural inflow during the Project shutdown period in October.  If the lake is lowered to the 
minimum allowed elevation of 2,849 ft MSL at the beginning of the Project annual outage, this 
results in 30 acres being temporarily dewatered (adjusting for slope had no significant difference 
in area).  This is a 7% reduction in surface area of the lake relative to the surface area at 2,857 ft.  
The daily rate of change in aquatic lake habitat during the 2005 drawdown period averaged an 
increase of 0.6 acres/day with the maximum 1-day change being 1.6 acres.   
 
There are minor effects to fluvial aquatic habitat as a result of headcutting since the extent of 
headcutting is limited.  The longest extent of headcutting is in Upper Lake Creek and Mueller 
Creek (up to a total of 1,000 lineal feet between the two tributaries).  The headcutting has 
changed aquatic habitat in these areas at full lake levels to pool habitat.   
 
Key Question 3.  What are the locations and types of natural and artificial barriers to fish 
passage in the upper Lake Creek basin? 
 
Barrier identification and locations of these barriers are being undertaken as part of the Fish 
Distribution and Species Composition Study Plan and further details will be provided there.  
Preliminary data are provided below for each of the creeks of interest.  Additional information 
will be provided in the Fish Distribution and Species Composition Report, due in 2007: 
 

�  Crawford Creek:  Flow barrier (goes dry throughout reach in late summer);  
�  Upper Lake Creek:  No barrier within the project-affected reach.  Stream goes dry 

approximately 1000 ft above Beaver Bill Creek) 
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�  Trapp Creek:  No barrier within the project-affected reach.  Vertical barrier at 617 
ft (0.12 RM) above confluence with Packwood Lake 

�  Tributary SE of Trapp Creek: Project-affected barrier below full lake level.  
Vertical barrier at approximately 650 ft  (0.124 RM) above confluence with 
Packwood Lake 

�  Mueller Creek:  No barrier within project-affected reach.  Vertical barrier to be 
determined in the Fish Distribution and Species Composition Study, due in 2007. 

�  Beaver Bill Creek: No barrier within project-affected reach.  Vertical barrier to be 
determined in the Fish Distribution and Species Composition Study, due in 2007. 

�  Osprey Creek. No barrier within project-affected reach.  Vertical barrier to be 
determined in the Fish Distribution and Species Composition Study, due in 2007. 

 
Key Question 4. .  How are stream processes and function impacted by fluctuation? 
 
A detailed discussion of channel degradation, stream processes, and aquatic, terrestrial, and 
riparian habitat changes as a result of lake fluctuations is included with the discussion of each 
tributary stream in Section 4.0.  The following summarizes Project-related effects to these 
resources.   
 
Field evidence and survey data show that the small tributaries (Osprey, Trapp, SE of Trapp, and 
Crawford creeks) entering Packwood Lake from the steep valley sides may be incised to a point 
approximately 0-125 feet upstream from full pool level (Table 6.1).  These streams are all graded 
to the high lake level, suggesting that incision has not occurred.  However, other channel 
indicators (higher bankfull depths) indicate that there may be minor incision, influenced either by 
fluctuations in lake levels due to Project operations or the streams cutting down into their alluvial 
fans to meet the lake.  Large woody debris jams are associated with the upward limits of incision 
in the streams; most of these streams are small enough that it is unlikely the debris jams will 
wash out in anything but a very large flow event or debris torrent.  Additional woody debris jams 
are located throughout the channels upstream of the current limit of incision that could help to 
limit any further upstream incision if the current wood washes out.   
 

Table 6.1.  Limit of Incision and Location of Permanent Grade Control in Packwood 
Lake Tributaries 

Tributary Approximate limit of incision 
(feet upstream from full pool) 

Permanent grade control  
(feet upstream from full pool) 

Osprey Creek 0-125 796-835 
Trapp Creek 0-100 296 
SE of Trapp 0-50 213 
Mueller Creek 500 n/a 
Upper Lake Creek 400 n/a 
Crawford Creek 0 871-925 

 
These small streams are located in alluvial-fan type environments resulting from a rapid decrease 
in gradient as the streams flow off the steep valley walls into the lower gradient valley.  Evidence 
of past alternate channels on these fans was noticed in the field; it is likely that these streams will 
switch channel locations at some time in the future (the timing of channel switching could be on 



Draft Report Stream Connectivity in Packwood Lake Tributaries Study        Energy Northwest Packwood Lake Hydroelectric Project 
November 2006  FERC No. 2244 
 

60 

the order of centuries).  Permanent grade control features such as falls, large boulder cascades, or 
major log jams are located at the point where each of the small tributaries enters the confined, 
higher-gradient steep valley wall.   
 
As a result of the limited channel changes upstream of the lake in each of these small tributaries 
and low risk of substantial future incision, there has been little affect on instream, terrestrial, and 
riparian habitat or wetlands.  There is likely some minor, localized increases in turbidity and 
suspended sediment during high flows under drawdown conditions as each tributary cuts across 
the delta deposits in the drawdown zone.  The stream channel in the drawdown zones are 
relatively wide and shallow.   
 
Upper Lake and Mueller creeks are located in a broad, low-gradient valley.  Field evidence and 
the stream survey suggest these two creeks are incised approximately 400-500 feet upstream 
from full pool.  This incision is likely the result of drawdown of Packwood Lake during the fall 
and winter.  Incision upstream of the drawdown zone results in deep pools during full pool.  
There do not appear to be any changes to riparian vegetation or disconnection from the 
floodplain in Upper Lake or Mueller creeks because backwater from the lake at full pool fills 
these channels during the growing season, and during very large flow events Packwood Lake 
fills with water, bringing water levels up in the floodplain.  Abundant large woody debris in 
Upper Lake and Mueller creeks has resulted in numerous log jams that act as grade control 
features and also trap gravel coming from upstream.  Upper Lake Creek carries the majority of 
the water and sediment from the upper valley, and has numerous gravel aggradation zones, 
particularly 1,000-2,5000 feet upstream of the lake resulting from the large sediment sources 
upstream.  Mueller Creek only extends about one mile up the valley and carries comparatively 
little water or sediment.   
 
Mueller and Upper Lake Creek will continue to cut down through the delta deposits in the 
drawdown zone during low lake levels.  Downcutting will result in sediment transport from the 
upper delta area into the lower delta in the lake.  There could be minor local increases in 
turbidity during the downcutting, however Upper Lake Creek is influenced by glacial runoff and 
has high turbidity and suspended sediment levels during periods of glacial melt and peak flow 
conditions so the increased turbidity would likely not be noticeable.  The channels across the 
delta will be wide and shallow.   
 
There is a moderate risk of future headcutting in the Mueller and Upper Lake creek channels 
upstream of Packwood Lake.  However, the abundant log jams upstream of approximately 
station 700 reduce the risk of incision progressing rapidly upstream (the log jams and buried 
wood would need to be disrupted before downcutting can occur).  During peak flows necessary 
to erode the channel or move the log jams, the lake fills rapidly, limiting the potential for channel 
degradation.   
 
The moderate risk of future project-related downcutting may affect the aquatic, riparian, and 
terrestrial habitat as follows:   
 

�  Potential for lost instream and terrestrial habitat – During low lake levels, instream 
habitat in the lower 500 feet of Mueller and Upper Lake creeks includes pools, 
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riffles, and runs.  During full lake level, the incised portion of the channels is pool 
habitat.  There is abundant woody debris.  There does not appear to have been 
much of a loss in terrestrial habitat in the past.  There is a low risk of substantial 
terrestrial habitat loss in the future due to Project-related effects because major 
channel widening is not occurring.   

�  Loss of riparian vegetation – There does not appear to have been much loss, if any, 
of riparian habitat due to project effects and little risk of future loss.   

�  Downstream flooding – there is no risk of downstream flooding from project-
related changes since the channel changes are so close to the mouth.   

�  Channel widening – there is limited past channel widening.  Widening up to 10 feet 
may have occurred in the lower 500 feet of the Upper Lake Creek channel as a 
result of reservoir operations.  Some limited future channel widening upstream of 
the lake would be expected if any additional downcutting occurs.   

�  Mid-channel bar formation due to increased sediment load – there is a high 
potential for mid-channel bar formation in the Upper Lake Creek channel.  Mid-
channel bars are forming under current conditions throughout the channel due to 
the high load of gravel from the upper watershed.   

�  Decreased bank stability – there may be some local bank erosion, but the silt and 
clay banks are cohesive and quite stable.   

�  Loss of wetlands – there are no wetlands in the vicinity of the Lake Creek channel, 
and no loss of wetlands from channel incision near the Mueller Creek channel.  

 
Key Question 5.  What are the impacts to water quality resulting from downcutting or other 
erosional processes? 
 
Project-related downcutting and erosion in Packwood Lake tributaries includes: 
 

1. Annual downcutting through delta deposits during low lake levels (can occur any time 
lake levels are below full pool) 

2. Possible headcutting in tributary channels above full pool.  This could occur during high 
flows if the lake levels is low.  The past extent of headcutting has been limited (0-500 
feet upstream), and the abundant wood forming grade control structures in tributary 
channels suggests that the future risk of continued headcutting is low.   

 
Potential effects on water quality from headcutting are short-term increases in total suspended 
sediment or turbidity during drawdown (case 1) or peak flow events (case 2).  Water quality 
measurements have been made in Packwood Lake to assess total suspended sediment and 
turbidity.  Both total suspended sediment and turbidity levels were low in all measurements 
coinciding with case 1 (EES 2005b, 2006), indicating that downcutting through delta deposits 
has not measurably affected suspended sediment or turbidity levels during drawdown.  Turbidity 
in tributaries during high flows, when case 2 could occur, is naturally high.  High turbidity in 
Packwood Lake was documented coinciding with the spring snowmelt runoff.  The limited 
extent of past and future downcutting is not expected to measurably affect water quality.  
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