
 
 
Hat Creek Restoration Project: Final 
Geomorphic Report, Woody Debris 
Restoration 
 
 
January 2, 2014 
 
 
 
 
Prepared for:   
California Trout 
 
 
 
 
 
 
Prepared by:   
 

 
 
 
In Association With: 
 
Waterways Consulting, Inc. 
 
.

 
 
 
 
 

River Run Consulting 
P. O. Box 362 
Cedarville, CA  96104 
530.279.2400 
matt@wildrc.net 



Hat Creek Geomorphic Assessment   

River Run Consulting  January 2014 

 
 
 
Table of Contents 
 
 
 

1. Introduction .............................................................................................. 1 

2. Overview of Geomorphic and Ecosystem Processes .................................... 2 

2.1 HYDROLOGY .................................................................................................................................. 2 
2.2 SEDIMENT .................................................................................................................................... 2 
2.3 CHANNEL FORM ............................................................................................................................. 4 
2.4 WOODY DEBRIS ............................................................................................................................. 6 
2.5 CONCEPTUAL MODEL OF CHANNEL FUNCTION ...................................................................................... 7 
2.6 ECOLOGICAL EFFECTS OF CHANNEL CHANGES ........................................................................................ 7 

3. Large Wood in Hat Creek Restoration ......................................................... 8 

3.1 EXISTING CONDITIONS ..................................................................................................................... 8 
3.2 LARGE WOOD PILOT PROJECT ........................................................................................................... 9 

3.2.1 Site Selection ..................................................................................................................... 9 
3.2.2 Site Design ...................................................................................................................... 10 
3.2.3 Access and Construction .................................................................................................. 11 

3.3 MONITORING RECOMMENDATIONS .................................................................................................. 11 
3.3.1 Structure Cross Sections .................................................................................................. 12 
3.3.2 Reach Cross Sections ....................................................................................................... 12 
3.3.3 Fish Observations ............................................................................................................ 12 
3.3.4 Angler Surveys ................................................................................................................. 12 

4. References and Literature Cited ............................................................... 12 

5. Figure 1 ................................................................................................... 14 

6. Appendix A:  Channel Characteristics in Areas With and Without Large 
Wood .......................................................................................................... 15 

7. Appendix B: Large Wood Pilot Project ...................................................... 16 

 

 



Hat Creek Geomorphic Assessment  Page 1 

River Run Consulting  January 2014 

1. INTRODUCTION 

Hat Creek has been an important fishery and a destination for flyfishers for many years. The 
lower portion of the stream is designated as a Wild Trout Area (WTA) by the California 
Department of Fish and Wildlife (CDFW) and is managed for natural reproduction. However, for 
a number of reasons, the area is seen as declining in habitat and fishing quality, leading to calls 
for restoration. A guidance document for restoration prepared for the Hat Creek Resource 
Advisory Committee (HATRAC) (Channel and Habitat Restoration for the Hat Creek Wild Trout 
Area: Background and Guidelines for Development of Effective Restoration Plans) summarizes 
the history of the Hat Creek WTA fishery, documents technical background information on 
physical and biological characteristics and function of the system, and provides 
recommendations for the development of restoration plans. 
 
This analysis supports a portion of the restoration plan development. Waterways Consulting, 
Inc. and River Run Consulting have been retained by California Trout (CalTrout) to develop 
restoration implementation plans for two components of the overall restoration plan: 1) 
improvements of the Carbon Bridge fishing access and construction of a foot bridge across Hat 
Creek in the Carbon area; 2) placement of large woody debris to improve instream habitat. This 
analysis provides information to guide the design of large woody debris placement, and contains 
a preliminary plan. 
 
The project area for this study is the WTA from Highway 299 upstream to the Powerhouse Riffle 
(Figure 1). This area has been intensively studied; only limited amounts of new data were 
collected for this studt. The scope of this study consisted of the following: 
 

 A review of existing information. The objective of this review was to provide 
geomorphic, ecological and biological background information for the design. 

 Stream walk survey. Our geomorphologist and engineer walked the reach, evaluating 
channel characteristics such as bar development, streambank stability, and location of 
existing wood. They also qualitatively evaluated the current tendency of the channel in 
terms of vertical stability (stable, aggradational or depositional). 

 Topographic surveys. Several channel cross sections were surveyed in the Carbon Reach, 
both to support engineering of the bridge and for analysis of woody debris placements. 

 Field surveys of existing large wood. Depth and velocity around existing instream wood 
were measured, and also in locations where wood could potentially be placed. 

  Review of an instream wood inventory provided by CalTrout. 
 
This analysis was used to develop a strategy for introducing large wood to the WTA. We believe 
that the best approach for the design of restoration measures is to replicate natural processes 
as closely as possible. This approach is advocated by numerous authors, (e. g. Kauffman et al. 
1997; Spence et al. 1996), and has two distinct advantages over techniques that are focused on 
enhancement:  
 

 The target species are likely to show a positive response. The proposed measures are a 
typical part of their natural habitat, and they are therefore adapted to the proposed 
conditions. 
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 Restoration measures which mimic natural processes are less likely than more artificial 
techniques to have unintended consequences. They tend to look like a natural part of 
the landscape. 

 
Implementing process-based restoration requires an understanding of both current conditions 
and pre-disturbance function. Within this analysis, critical components of the geomorphic and 
ecologic function of the Hat Creek WTA were identified and described to the extent feasible 
given existing information.  
 

2. OVERVIEW OF GEOMORPHIC AND ECOSYSTEM PROCESSES 

In this section, a brief overview of geomorphic and ecological processes pertinent to this 
restoration design is provided. Potential effects of human disturbance are discussed. Within the 
context of ecosystem restoration, the primary focus of analysis of human disturbance is typically 
the high intensity, large-scale modifications of the ecosystem wrought by European immigrants. 
However, it is important to note that native American people likely modified the environment 
also, well prior to immigration of Europeans. Their activities are typically considered less 
disturbing to the ecosystem because they tended to work with natural processes such as fire 
and results were usually positive. European immigrant activities that could have negative effects 
on the environment include grazing and other agricultural activities, timber harvest, including 
roading, and hydropower development 

2.1 Hydrology 

Flow is fairly constant in Hat Creek, and is derived from both large springs issuing from the base 
of a Cenozoic basalt flow along the north slope of Mt. Lassen, and from spring sources on the 
Rising River and Crystal Lake (Kondolf et al. 1994). In the WTA, average flow is about 470 cfs. 
Even during significant hydrologic events (snowmelt, rain, 20-year recurrence) discharge does 
not exceed 1,500 cfs, due to highly fractured, infiltrative recent volcanic flows that cover much 
of the basin.  
 
Rarely, however, volcanic eruptions can result in large floods in lower Hat Creek. On May 19, 
1915 a Mt. Lassen eruption created a major lahar which flowed into Hat Creek (Vestra Resources 
2010). Flooding was extensive in the lower reaches of the creek, forcing residents to move to 
higher ground. 
 
Human development in the watershed has had some influence on the magnitude and patterns 
of discharge in the project area, primarily due to agricultural diversion above Cassel. Snowmelt 
discharge is typically diverted, although it is unknown how much of this water may have flowed 
to the WTA prior to development. Small amounts of urbanization in the watershed have likely 
had minimal hydrologic influence, as have wildland activities such as forestry practices and road 
construction. The hydropower project on the creek is run-of-river and likely has only minimal, 
short-term effects on discharge in the WTA.  

2.2 Sediment 

The historic pre-disturbance Hat Creek system was clearly one with low rates of sediment supply 
and transport. Most discharge is derived from spring sources rather than overland flow or other 
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processes that can mobilize sediment. However, the upper portion of the watershed and 
tributaries likely yielded some sediment. Periodically, rare events such as volcanic eruptions or 
large rain-on-snow floods appear to have delivered significant amounts of sediment to upper 
Hat Creek, well above the project area, which were eventually transported downstream. Cook 
(2000) notes that the lahar caused by the 1915 eruption of Mt. Lassen created sedimentation 
problems just upstream of the Rising River confluence, only a few miles upstream of the project 
area.  
 
Not all sediment produced by such events would necessarily have reached the WTA in historic 
conditions. Wider valley bottoms along the stream corridor may have stored sediment either 
temporarily or permanently. For example, the valley bottom upstream of Cassel through the 
Rising River to Doyle’s Crossing was historically very swampy. At the upstream end of this valley, 
Hat Creek exits a narrower, steeper, more confined valley. Sediment deposition is common at 
such locations, and may account for the highly developed wetlands. 
 
In the late 1970’s to early 1980’s, observers began to note an increase in sediment, mostly 
sandy material transported as bedload, in the WTA. Several studies were conducted to evaluate 
sediment transport and deposition (Kondolf et al. 1994, Cook and Ellis 1998, Cook 2000). 
Although the source of the sediment was never conclusively identified, the most likely candidate 
was sediment transported through sinkholes in Lake Baum to springs in the Hat 2 bypass reach, 
and mobilized from there into the WTA (Cook 2000).  
 
This sediment may have ultimately been derived from the 1915 eruption and subsequent lahar. 
Hat Creek was channelized upstream of Cassel by the Army Corps of Engineers in the 1950’s to 
provide flood relief, presumably because lahar-derived sediment had caused aggradation (Cook 
2000). Cook (2000) suggests that the straightened channel allowed lahar sediments to be 
transported more rapidly and efficiently to the Cassel forebay, and that high rates of sediment 
supply were substantiated by Pacific Gas and Electric dredging records. It is also possible that 
the straightened channel, with a higher slope, was highly erosive and much of the sediment that 
reached the Cassel Pit 1 Forebay was derived from channel erosion. 
 
Whatever the source, it appears that over the course of several decades, a large amount of 
sediment, predominantly sand, was transported into and through the WTA, beginning sometime 
around the later 1970’s. Supply of this material was either episodic or high over a span of 
several years, as the material in the channel appears to have moved as a wave (Cook and Ellis 
1998; Cook 2000), likely causing an aggradation-degradation event (ADE) as it passed (James 
2010).  
 
The behavior of the sediment as it moved through the WTA was a function of the muted 
hydrology of the system and the low slope. Hat Creek in the WTA is not capable of significant 
transport of sediment coarser than sand. However, it is capable of moving sand particles at any 
discharge and time of year, though likely almost entirely by saltation (rolling along the bed) 
rather than suspended. During the transport of the wave, much of the bed may have been in 
motion at some times at any particular location. 
 
Cook (2000) concludes that the wave was at its height in the upper half of the WTA in the 
1990’s, and had reached the Carbon area at this time. By the time of his study in 2000, the crest 
of the waved seemed to be downstream, near Wood Duck Island. He predicted that the wave 
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will mostly exit the WTA in next 10-30 years following his study (2010-2040). Total sediment 
volume in the wave may have been as much as 60,000 cubic yards (Kondolf et al. 1994). 
 
Observations made during our field surveys are consistent with a sediment wave of sand-sized 
material, as well as the general timing of its movement. From the Carbon fishing access 
upstream to the powerhouse riffle, the bed is scoured in most places to coarse, gravel to cobble 
size material, suggesting that the sediment wave has moved through. Some evidence of its 
passing may remain, however. A long, narrow bar of sand remains along the left bank (looking 
downstream) just downstream of the powerhouse riffle (Figure 1). Madej et al. (2009; as cited in 
James 2010) found that channels do not necessarily reestablish the same morphology but may 
return to a new stable condition balancing sediment load and transport capacity. A similar but 
larger bar is found along the left bank downstream of the former Carbon Bridge site (Figure 1).  
 
We noted lighter streaks of sand on the channel bed from approximately Wood Duck Island 
downstream to the 299 bridge. The lighter color indicates that the the sand is in motion, as it 
has not acquired a darkening coating of algae. Sand in motion suggests high rates of bedload 
transport in the lower half of the project area, consistent with the continued presence of the 
sediment wave. 
 
Hat Creek also transports suspended sediment, but in small quantities; the creek is clear most of 
the year (Cook 2000). Suspended sediment is generally smaller than sand and includes very 
small clay particles, which only settle in very still water. Transport of suspended sediment has 
very little geomorphic significance, but may settle in areas where water velocity is low (e. g. 
inside of bends) and form mucky deposits, which were common in our field surveys. Emergent 
vegetation was often found in these deposits. Vegetation likely strongly influences the process 
of suspended sediment deposition, as thick stands of aquatic or emergent plants significantly 
reduce water velocity. While the suspended sediment transport rate is low, it has probably been 
significantly increased by agricultural and ranching development, timber harvest, and other 
human activities. 

2.3 Channel Form 

Slope is uniformly low throughout the project area, with the exception of the Powerhouse Riffle 
at the upstream end. Kondolf et al. (1994) reported that width averaged about 125 feet, but is 
significantly higher in three distinct reaches; through the powerhouse riffle, in the Carbon area 
just downstream of the old Carbon Bridge site, and in a straight reach just upstream of the 
Highway 299 bridge. All of these locations are associated with long, narrow instream sediment 
bars. At the Carbon area, widening may have been caused by erosion downstream of the 
relatively narrow Carbon Bridge. At the other two sites, widening may be a response to 
depositional processes, where assymetrical deposition in lateral bars caused increased stress 
and erosion on streambanks. The distinct break in channel slope downstream of the 
powerhouse riffle may cause deposition downstream, and either the Highway 299 bridge or 
backwater from the top of the riffle reach may induce deposition and widening upstream of the 
bridge. 
 
Depth is relatively uniform across most cross sections, generally between about 2.5 and 5 feet. 
Average depth has apparently been highly variable over the last three decades, probably due to 
the ADE caused by the sediment wave. Kondolf et al. (1994) note that average depth during 
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their surveys was 2.2 to 3.5 ft. They cite reports from 1975 of depths from 4-5 ft. Anecdotal 
reports from fisherman also suggest that average depth was greater than the 3.5 feet measured 
by Kondolf et al. in most locations. During our surveys, we frequently encountered unwadeable 
areas, generally greater than 4.5 ft in depth, suggesting that depth has likely increased since the 
Kondolf et al. surveys in 1994. These observations are consistent with the passing of a sediment 
wave and ADE over the last two to three decades. 
 
The channel cross-sectional form is distinctly rectangular. Most streambanks are nearly vertical. 
Height of the streambanks above the normal low flow elevation varies, with three distinct types 
of streambanks: 
 

1. Low-lying streambanks, typically one to two feet above the water in height. A low 
floodplain of varying width from a few to as much as one hundred feet borders these 
banks. They are generally vegetated with wetland plants such as sedges and rushes.  

2. The second type of bank is higher above normal low water (around 2-5 feet) and is 
bordered by a terrace-like surface, which is typically narrower (<10 feet). These banks 
are vegetated with a more mesic plant community dominated by grasses.  

3. The third type of bank is found where the stream is directly adjacent to the valley sides, 
and the hillslide is coincident with the streambank. These banks often several feet high. 
In some places, like near Wood Duck Island, they are unvegetated, but do not appear to 
be rapidly eroding. In others, these streambanks are forested. 

 
Materials composing the banks are variable between the three types. Hillslope streambanks are 
generally composed of soils derived from upland parent geologic materials. The terrace-type 
banks have a strong mineral component. The low-lying banks have a very interesting 
composition. They tend to consist mostly of organic materials with a matrix of finer inorganic 
sediments, and strongly resemble peat. 
 
Cook (2000), in an extensive examination of historical aerial imagery of the creek, noted areas of 
open water (backwater sloughs or side channels) associated with the low-lying streambanks and 
floodplains in photographs taken in 1973. These areas were not visible in earlier photos, 
although the photographic record prior to this time was limited and photographs were generally 
of poor quality. Open water in these areas was not apparent in subsequent years. He also noted 
a gradual decrease in size of the Powerhouse Riffle island, possibly due to increased erosion 
resulting from sedimentation in the riffle. 
 
Streambank erosion usually tends to be very low in this type of geomorphic setting, where slope 
is low, banks are highly vegetated, and large floods are rare or absent. However, several sources 
note significant streambank erosion due to muskrat activities (Kondolf et al. 1994; Cook 2000). 
We found bank erosion due to extensive muskrat burrowing throughout the study area, most 
prevalently in the low banks. During our field surveys, we noted mucky terraces about two to 
three feet below the water surface extending from one or two to as many as five or six feet from 
the face of these banks in many areas. These features were likely created by bank retreat due to 
erosion resulting from muskrat burrows. Available information suggests that muskrats were not 
native to the project area, even though they are native to northern California. Bank erosion may 
have been exacerbated by grazing, although grazing has not occurred recently. 
 



Hat Creek Geomorphic Assessment  Page 6 

River Run Consulting  January 2014 

2.4 Woody Debris 

Woody debris is a relatively common component of instream habitat. Our surveys, as well as 
those conducted by CalTrout, found wood throughout the project area. Of these, most were 
relatively small; branches and limbs of larger trees. However, in at least five locations, we found 
larger, single trees. Although maps were not available of wood located during the CalTrout 
surveys for the draft of this report, they located three pieces of wood over 100 feet in length. 
Debris from both deciduous and coniferous trees was found. 
 
Processes influencing the recruitment, transport and distribution of small and large wood in the 
channel differ. Small wood is probably mostly recruited to the channel by limbs breaking from 
large trees near the channel. It may be transported by the creek away from the location where it 
entered, and may float into accumulations, often in association with larger trees that have fallen 
into the channel. 
 
Large wood (100 ft in length or more) however, is only recruited to the channel by tree throw 
from near the streambank. It is unlikely to be moved by floating in the creek; large trees are 
therefore found in the creek near the site of recruitment and are not floated into the project 
area from upstream. Upon entering the creek, large pieces may float enough to pivot slightly 
downstream. 
 
For large wood to enter the creek, therefore, large trees must grow near the channel. Currently, 
only the lower half of the project area is forested to or near the edge of the channel. This is in 
part due to the landforms bordering the creek. In the lower half of the project area, the creek is 
highly confined by adjacent, forested hillslopes, while the upper half is bordered by broad, 
gently sloping landforms that are currently meadows.  
 
However, timber harvest and livestock grazing have altered vegetation communities in these 
meadows, which in many areas are currently dominated by invasive weeds. In the past, they 
may have had more tree cover, including larger pines. During our surveys, we located a large 
piece of woody debris (3-4 ft in diameter), probably a conifer, just downstream of the 
Powerhouse Riffle. Several large tree stumps, probably oaks, are located on the left bank 
downstream of the former Carbon Bridge. This evidence suggests that the areas which are 
currently meadows may have formerly contained some trees. 
 
Through direct removal of larger wood, as well as through these changes in the vegetation 
communities, timber harvest and subsequent grazing have likely significantly reduced the supply 
of large wood that could be recruited to the channel over the past 150 years, in both the 
currently forested and the meadow reaches. Not all portions of the project area are likely to 
recruit large wood, however. Low floodplains associated with the low banks are not suitable for 
the growth of large trees due to a high groundwater table and peaty soils.  
 
Rates of recruitment of large wood to the channel were likely highly variable both in space and 
time. Intense fires or disease may have left numerous dead trees vulnerable to subsequent wind 
throw in a relatively short time. Rare, intense wind storms may have resulted in large-scale, 
rapid recruitment of trees to the channel, especially when dead trees were common. 



Hat Creek Geomorphic Assessment  Page 7 

River Run Consulting  January 2014 

2.5 Conceptual Model of Channel Function 

The following is a highly generalized model of channel function, derived from our analysis of 
available data. Much of the analysis here is speculative by nature and solely the opinion of the 
author, but it nonetheless provides a useful background for understanding the role and function 
of potential restoration actions. 
 

 Infrequent, large-scale volcanic or climatic events result in high rates of sediment supply 
to the WTA, probably occurring on century time-scales. These events, which might recur 
on the order of hundreds or thousands of years, result in an ADE throughout the WTA, 
causing increased bed elevation and decreased depth followed by degradation. 
Aggradation-degradation events may last decades. 

 During ADE cycles, reduction of channel volume by deposition may cause high rates of 
bank erosion (as may have occurred in the Powerhouse Riffle during the last event) or 
even channel avulsion, resulting in side-channels or backwater sloughs. Rapid growth of 
emergent and aquatic vegetation then subsequently fills in the backwater areas. Such a 
process would account for erosion of the Powerhouse Riffle Island, open water areas 
noted in the 1973 aerial photographs, and the low-lying floodplains with peaty soils. 

 Areas of the channel that widen in response to aggradation may not export all of the 
sediment that accumulates. Instead, instream bars may remain following subsequent 
degradation, reestablishing the approximate dimensions of the channel prior to 
widening. This process would account for instream bars that remain downstream of the 
Powerhouse Riffle and upstream of Highway 299. The Carbon area may have widened in 
response to a narrow historic bridge, and has a similar instream bar. 

 Introduction of muskrats has contributed to bank instability and increases in channel 
width. 

 Timber harvest and grazing have likely reduced the supply of large wood available for 
recruitment to the creek, and the amount of large wood in the creek today. 

2.6 Ecological Effects of Channel Changes 

Both the sediment slug and bank destabilization by muskrats have had negative effects on 
aquatic habitat. As noted above, the channel in the WTA has probably shallower than it was 
historically due to aggradation caused by the sediment slug. It is probably wider as well; Kondolf 
et al. (1994) note that their cross sections suggest that average width had increased since 1975. 
Bank erosion, the cause of increased width, was probably due both to the destabilizing effects of 
muskrats and channel aggradation resulting from sedimentation. The wider and shallower 
channel provides lower quality habitat for fish, especially larger trout. 
 
Perhaps even more importantly, the continual transport of sand has likely had significant effects 
on the ecology of aquatic vegetation. Aquatic plants, especially Zannichellia palustris (horned 
pondweed or Z grass), historically were the primary form of cover for trout, and probably very 
important for food production. They even strongly influence water depth through backwater 
during the summer growth season. A study on the Fall River (California DWR 1998) found 
significant differences in aquatic vegetation density between portions of the river with different 
sediment characteristics. Several mechanisms for these differences were hypothesized, 
including lower nutrient value of introduced sediment, burial of seeds or young plants in 
aggrading sediment, or substrate instability. These mechanisms may have reduced Z. palustris 
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density in the Hat Creek WTA, resulting in poorer habitat for trout and aquatic 
macroinvertebrates. 
 

3. LARGE WOOD IN HAT CREEK RESTORATION 

This analysis suggests that the current load of large woody debris in Hat Creek is probably lower 
than would have occurred in the absence of human disturbance, and that adding wood will 
promote natural channel function. Additional wood will have ecological benefits, including an 
increase in habitat complexity for fish, substrate for aquatic macroinvertebrates, and loafing 
habitat for turtles. The following section briefly describes our recommendations for introducing 
large wood to the WTA. 

3.1 Existing Conditions 

Existing woody debris in Hat Creek was inventoried by a field crew as part of the California Trout 
Hat Creek Youth Initiative. Upstream of the Highway 299 bridge in the WTA, about 153 discrete 
pieces of wood were identified (California Trout, unpublished data). However, less than 10 of 
these pieces were over 50 ft in length, with three over 100 ft in length. 
 
To evaluate the function and geomorphic characteristics of wood, we measured channel 
topography and water velocity at two locations where wood currently exists (EW1 and EW2, 
Figure 1) and one location in the Carbon area where wood does not exist (XW1, Figure 1). At site 
EW1, about 500 ft downstream of Wood Duck Island, we surveyed a total of six cross sections 
upstream and downstream of the wood, as well as a number of point measurements where 
topography or velocity were highly variable. At the other two sites, three cross sections were 
surveyed with supplemental point measurements. Cross section and point measurements were 
aggregated to develop site topographic and velocity maps (see Appendix A: Figure 1 is site EW1; 
Figure 2 is EW2; Figure 3 is site XW1). 
 
Site EW1 consists of an accumulation of approximately four larger alder logs that fell in from the 
left bank of the channel (looking downstream). A mid-channel sediment deposit, composed 
mostly of sand with some finer material in locations, has built up around the wood, with water 
depths during the survey ranging from about 1.75-2.5 ft over the bar. Deeper flow paths are 
found on either side of the bar; the right bank channel is 25 ft wide and typically four feet in 
depth. The left bank flow path is 15 ft wide with a maximum depth of around three ft (Appendix 
A, Figure 1). 
 
Scour around the logs, and small deposits of sediment, have created highly variable localized 
depths in the vicinity of the large wood. Deeper scour pockets were found directly downstream 
of the wood, while sediment deposits in some locations resulted in shallower water. Velocity 
was highly variable as well. About midway through the water column, measured velocity was 
lowest in the immediate vicinity of the large wood and higher in the adjacent channel. Velocity 
at 0.5 ft above the bed was highly variable due to the presence of aquatic vegetation in the right 
bank channel. 
 
Similar variability in depth and velocity were measured around the woody debris at site EW2, 
though the wood at this site was significantly smaller, about 15 ft long (Appendix A, Figure 2). A 
small patch of sediment has been deposited near the bank between these logs and both depth 
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and velocity were low in this location. However, higher velocity near the ends of the logs has 
created scour and increased depth. 
 
Site XW1 is representative of the depositional areas identified earlier in this report that do not 
currently contain wood but are good candidates for wood introduction. It is located at the 
downstream end of the lateral bar on the left bank in the Carbon Reach. This area is typical of 
conditions in the Carbon Reach, which is overwide and has a high degree of uniformity 
(Appendix A, Figure 3). Transitions in both width and depth are far more gradual than at the 
woody debris sites, and velocities overall are lower. 
 
These site investigations suggest that, at a reach scale, wood introductions are likely to promote 
deposition when the area is already trending toward deposition. In those areas where the 
channel is overwide due to past impacts larger wood may therefore benefit the long-term 
process of channel narrowing. 
 
At the scale of the individual woody debris site, the wood tends to promote local scour even 
though deposition may be the dominant process further upstream and downstream. Depth and 
velocity are therefore highly variable, and habitat is heterogeneous. The wood provides 
overhead cover for fish, and loafing areas for turtles and birds. It also improves the angling 
landscape by providing obvious places where fish hold. The addition of wood in areas that are 
currently highly uniform with little aquatic vegetation will improve habitat and provide fishing 
opportunities. 

3.2 Large Wood Pilot Project 

Discussions among stakeholders in several venues, including a presentation of the draft 
geomorphic assessment to the Hat Creek Resource Advisory Committee (HATRAC), developed 
support for introducing large wood to Hat Creek in a limited area as a pilot project. The 
following section describes the design of the pilot project. 

3.2.1 Site Selection 

In collaboration with the California Department of Fish and Wildlife (CDFW), we selected the 
Carbon area as the best location for a woody debris pilot project. Several factors led to the 
selection of this area, including: 
 

 This reach is overwide and a left bank lateral bar has formed. The long-term trend is 
likely toward channel narrowing, which would improve habitat by increasing depth. 
Wood placed from the left bank would assist in the narrowing process by generally 
promoting sediment deposition in the reach on the lateral bar. 

 Habitat in the reach is highly uniform, especially on the left bank bar. Wood presents an 
opportunity to increase habitat heterogeneity through local scour and overhead cover. 

 Fish surveys done by CDFW have found very low levels of fish use of this reach. 
 Due to excellent access on the Carbon road, fisherman use of the reach is relatively high 

even though catch rates are low. 
 Equipment access is good, and construction disturbance will be minimized. 

 
From the Carbon area downstream to the Highway 299 bridge, stakeholders generally agreed 
that the benefits of wood introduction are not justified by the cost and effort. Forest 
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development in the reach is such that natural large wood supply and recruitment to the channel 
are likely to be high in the future. Several potential sites for wood exist upstream of Carbon to 
the Powerhouse Riffle. Monitoring of the pilot project performance will inform potential future 
projects for wood placement in this reach. 

3.2.2 Site Design 

Stakeholders generally supported a conceptual design to mimic, to the extent feasible, the 
natural process of large trees falling into the creek. In addition, CDFW recommends that 
overhead cover for fish is maximized to the extent feasible.  
 
The pilot project preliminary design shown in Appendix B was developed using these guidelines. 
The specific objectives of this design are: 
 

 Increase habitat heterogeneity 
 Increase overhead cover 
 Promote reach-scale deposition and channel narrowing 
 Increase fishing opportunities 

 
Six larger trees are grouped into three clusters downstream of the Carbon bridge location (see 
Appendix B). Smaller trees with limbs attached are pinned to the larger logs to provide 
additional overhead cover for fish. Larger trees are designed to reach the edge of the lateral left 
bank bar. 
 
In addition, a single large tree is located upstream of the bridge. The primary objective of this 
tree is to help direct flows to the right bank through the Carbon area, where the channel is 
deeper, promoting better habitat conditions. This tree will also provide, to a lesser extent, the 
other benefits described above. 
 
Design of the structures downstream of the bridge location was guided by stability analysis 
based on buoyancy calculations. To remain stable during a 50-year flood without ballast, the 
rootwad of larger trees would need to be above the 50-year water surface elevation. The left 
bank in the Carbon area typically has a narrow lower floodplain surface. To get the root wad 
above the 50-year water surface elevation, it would have to be placed fairly high and well back 
from the edge of the creek. The angle between the tree and the water surface would be 
relatively high, reducing the overhead cover benefits, and very long trees would be required to 
reach the edge of the lateral bar. These factors make the use of unballasted trees in the 
downstream portion of the Carbon area infeasible. 
 
The recommended design for the structures downstream of the bridge therefore includes rocks 
as ballast. To make the structures look as natural as possible, the rocks will be buried under the 
rootwad of the tree. The trees will be placed such that the trunk of the tree just above the 
rootwad rests on the existing bank of the channel. No excavation of the streambank will be 
necessary. Placing the larger trees in pairs and pinning the ends together also helps provide the 
stability necessary to prevent movement given the additional flotation and rotational force 
generated by the smaller trees. Because the channel is narrower upstream of the bridge, the 
single tree there can be placed with its root wad above the 50-year flood and no ballast will be 
required. 
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To promote channel narrowing, we recommend that the placed large trees extend to 
approximately the instream edge of the existing lateral bar (see the cross section on the design 
sheet in Appendix B). This will require trees approximately 100 ft in length. At average annual 
flow level, the unobstructed channel width will be about 115 ft, consisting of a smaller channel 
along the left bank and the larger right bank channel. This width is similar to functional areas of 
the channel upstream of the Carbon reach, which indicates that the structures will not promote 
substantial erosion on the right bank. Additionally, the right bank in this area was highly 
stabilized with larger rock during a previous restoration project. 
 
Approximately 40-50 ft of the channel will be mostly obstructed by wood at base flow level. This 
will likely promote deposition on the lateral bar upstream of each of the structures. Over time, 
water depths will likely become shallower, and the left bank channel will probably fill in. 
Additional channel adjustments may then include some erosion of the instream edge of the 
current bar as the right bank channel widens in response to deposition on the bar. 

3.2.3 Access and Construction 

Transport of large trees to the site and placement in the creek will likely be most effectively 
accomplished by helicopter. Trees of this size, with the root wad attached, would be difficult to 
transport by ground, and would require a large excavator for placement in the channel. 
Placement by helicopter will eliminate the need for ground transport to the site and will 
significantly reduce ground disturbance at the site. 
 
An excavator will be required, however, for placement of the ballast rocks at each of the sites 
downstream of the Carbon Bridge. Heavy equipment will also be needed for construction of the 
bridge in this area, and equipment access for the wood placement will follow the same access 
route. From the bridge, a couple of passes by the excavator will be required to each of the tree 
installation locations to transport rocks. Because excavators have relatively low ground 
pressure, ground disturbance connected with access will be minimal. 
 
Excavation for the ballast rock placement will occur back from the streambank. The excavated 
area will be separated from live flow, such that water quality impacts are not anticipated. 
Excavated material should be placed around the ballast rocks or the rootwad, and covered by 
sod obtained from excavation, or transported to upland areas for disposal.  
 
We recommend that construction be supervised by someone with experience in placing woody 
structures for fish habitat. The drawing shown in Appendix B is typical in nature; adjustments for 
site conditions will be required. For example, one Class 2 log may be placed further instream to 
provide cover along the edge of the right bank channel rather than in the left, as shown. Also, 
the log placed upstream of the Carbon Bridge should be placed to provide cover, but should not 
substantially increase right bank erosion. These adjustments are best made during construction 
in response to field conditions. 

3.3 Monitoring Recommendations 

As noted above, the primary objectives of the large wood pilot project are to: 
 

 Increase habitat heterogeneity 
 Increase overhead cover 
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 Promote reach-scale deposition and channel narrowing 
 Increase fishing opportunities 

 
Recommended monitoring to evaluate progress toward these objectives is described below. 

3.3.1 Structure Cross Sections 

Channel cross sections at approximately three locations in each structure are recommended. 
These channel cross sections should be done prior to structure placement, and yearly post-
placement. We recommend that the sections are surveyed during base flow, and should be 
done at the same time each year. At regular intervals, velocity should also be measured at 0.6 
total depth (average velocity of the water column). These cross sections would be used to 
evaluate changes in habitat heterogeneity and, to a lesser extent, evaluate channel depositional 
reponse at a reach-scale. 

3.3.2 Reach Cross Sections 

To evaluate reach-scale deposition response, cross sections should be established between the 
structures and one hundred feet upstream and downstream of the sites. The primary purpose of 
these cross sections would be to evaluate changes in streambed elevation. Timing and 
frequency of the surveys would be similar to the cross section surveys at individual structures. 

3.3.3 Fish Observations 

During fish population surveys conducted by CDFW, we recommend that observations of fish 
use of overhead cover provided by the large wood be conducted.  

3.3.4 Angler Surveys 

We recommend that a question be added to the existing angler survey form to assess fishing 
opportunities associated with the large wood structures. 
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5. FIGURE 1 
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6. APPENDIX A:  CHANNEL CHARACTERISTICS IN AREAS WITH AND 

WITHOUT LARGE WOOD 
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7. APPENDIX B: LARGE WOOD PILOT PROJECT 
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