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V.  Problem Statement & Relevant Issues  
Water quality problems within the lower VDR basin are in some ways fairly straightforward and 
are for the most part, the result of unregulated logging practices.  The lower basin has not as yet, 
experienced heavy urbanization, and does not exhibit severe problems resulting from toxic 
waste.  With the exception of gravel mining in the lower reaches of the main stem Van Duzen 
River (which degrades channel integrity), most of the negative side effects of upslope mining, 
such as mine tailings do not appear to be severe problems.  The overriding cause and existing 
state of decline resulting in the loss of salmon in the lower basin has been the result of high rates 
of sedimentation from hillsides into the streams, and the secondary effects stemming from that 
sediment, including decreased oxygen, elevated stream temperatures, chronic turbidity, siltation 
of spawning areas, and loss of habitat.    
 
While some proportion of sediment loads in local rivers and streams may be the result of natural 
(non-management related) causes, the timing of declines of salmonid populations can be closely 
correlated to the onset of logging activities in these watersheds. The primary natural sources of 
suspended sediment are earthflow landslides and erosion of melange streambanks, which are 
more typical of the upper and middle basins than in the lower basin (USEPA 1999). The ratio of 
suspended sediment to bedload is thus substantially different in the lower basin, which is 
characterized as having more stable sandstone terrain than in the middle and upper domains 
(Kelsey 1977).   
 
Therefore, as logging has occurred extensively and continuously throughout the lower basin over 
the last century (as well as in much of the Eel River Hydrobasin), management-related sediment 
has undoubtedly contributed to the impairment of these streams and demise of these populations, 
and has also played a greater role relative to natural sources of sediment than in the middle and 
upper portions of the basin.   Major land uses today (in terms of acreage) include timber harvest 
(mostly industrial timber), farming (in the lower floodplain), ranching, gravel mining, and 
residential.  The largest land owner in the lower basin is the newly formed Humboldt Redwood 
Company (formerly PALCO) which purchased the land and timber operations in 2008 from the 
Pacific Lumber Company.   
 
Overwhelming evidence indicates that the single most important source of pollution in the Lower 
Van Duzen River Basin (as well as the Eel River Basin) is sedimentation from the hillsides into 
the streams which leads to a variety of problems facing cold water species in these waterways.   
Over the last 50 to 100 years, the relationship between government and the lower Van Duzen 
River Basin has been predominantly, one of neglect.  Due to the recent attention given to the 
issues of the Headwaters Forest (primarily Freshwater Creek and Elk River Watersheds that are 
adjacent the Lower Van Duzen Basin to the north), and the HCP/SYP process of Pacific Lumber 
Company, the Lower Van Duzen Basin has been largely overlooked by regulatory agencies.  
While it was involved with the challenges and litigation involving the Headwaters issue, the 
Pacific Lumber Company, on the other hand, seems to have focused attention and timber harvest 
activities in the Lower Van Duzen River watersheds.  
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Now, years after the 1964 flood, it is difficult to find visible improvement in the status of cold-
water fisheries in the Van Duzen River system.  After two years of monitoring turbidity and 
suspended sediment during our project, virtually all of the streams in the lower basin exhibit a 
high level of impairment.  But the ultimate testimony is that numbers of coho and Chinook 
salmon continue to reflect a precipitous decline from earlier years of abundance, and in some 
populations, hover near extinction.  This impaired status is substantiated in some streams by high 
water temperatures in the summer months and in all streams by the progressive decline of 
returning salmon.  While the focus of this project is water quality, one of the primary indices of 
water quality listed in the original proposal is habitat for cold-water aquatic species, including 
fish and other vertebrates, and macro invertebrates, such as aquatic insects.  The status of the 
major streams within the lower basin will be described in detail within this document.   
 
High levels of sedimentation in north coast streams result in several conditions that adversely 
affect survival and reproduction of cold water species.  One of the most obvious effects of 
excessive sediment is loss of stream habitat.  Virtually all of the streams within the lower VDR 
Basin, including the main stem itself, exhibit a dramatic accumulation of sediment (aggradation) 
that has resulted in the filling in of deep pools, and loss of depth and channel integrity.   
 
Filling of streams with silt typically results in the loss of clean gravel habitat, which is vital for 
successful spawning of salmon and steelhead.  Annual accumulation of fine sediment and silt in 
the lower tributaries has resulted in a marked inability of these streams to achieve healthy 
thresholds for spawning (USEPA 1999).  A direct relationship has been shown between 
increased quantities of fine sediment (particles less than 0.85 mm diameter) and a reduction in 
salmon embryo survival and emergence (Chapman 1988).  Silt in the stream beds inundates 
salmon redds, depriving salmon eggs and fry of necessary oxygen (Burns 1970, Barnard 1992, 
NMFS 1996, CDFG 2004).  Siltation of redds fills the interstitial spaces within spawning 
gravels, reducing permeability and trapping fry from entering the water column (USEPA 1999).  
Loss of spawning habitat is undoubtedly a major factor in the decline of these species over the 
last 30 years.   
 
High sedimentation rates are also associated with high levels of turbidity.  Numerous studies 
have shown a positive relationship between moderate to high chronic turbidity (suspended 
sediment) and inability of young salmonids to feed effectively and survive (Sigler et al. 1984, 
Newcombe and McDonald 1991, Trush 2005).  Loss of feeding efficacy results in smaller smolt 
size when these young fish enter the ocean, and thus severely reduces their chances of survival, 
therefore fewer fish returning to the streams.   
 
For several decades the Eel River system has experienced excessively high summer temperatures 
that have resulted from excessive sedimentation and the filling of deep pools.  These high 
temperatures have created conditions favorable for blue-green algae.  Over the last 2-3 years 
especially, stories of dogs dying after drinking river water have appeared in local newspapers, 
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and warnings have been issued to avoid the water during late summer months due to toxic levels 
of algal blooms.  During the summer of 2009, for the first time, a warning was issued to avoid 
the Van Duzen River due to algal blooms, subsequent to an earlier report of dog death due to the 
drinking of river water.   
 
 
VI.  Project Goals 

Short Term Goals 

Our Short Term Goals are perceived as those that will be achieved in the next five to twenty 
years, as opposed to long term goals that could reasonably be expected in the next 20 to 50 years.  
Short term goals are obviously more easily and readily attained than long term goals, and consist 
primarily of achieving improved policies with respect to timber harvest, placement of monitoring 
equipment into streams, calculations of upslope conditions, and placing habitat improvement 
mechanisms into key streams of importance.   

Questions that were addressed during the preliminary conversations regarding the Van Duzen 
River, gave rise to three primary goals that the Van Duzen Watershed Project should address. 
These three goals were as follows: 
 

• Provide information that will lead to improved water quality in the Lower Van Duzen 
River and its tributaries, and provide for improved habitat for native salmonid species. 

 
• Involve the local community in water quality and biotic sampling activities, in order to 

increase awareness in the community regarding the conditions of local watersheds. 
 

• Develop a management plan for watershed recovery within the Lower Van Duzen River 
Basin. 

 
 
Objectives 

Formulation of questions and project goals gave rise to the subsequent development of project 
objectives – what the project should accomplish.  The overall objective of this project was to 
develop and improve our understanding of the ecological dynamics of the watersheds within the 
lower basin.  Quantifying baseline conditions, as well as specific natural and management related 
effects both in the streams and on the hillslopes will help to define threats to the integrity of the 
system and promote development of an effective restoration strategy. 

• Establish key locations for monitoring sites along the main stem of the Van Duzen River 
and its tributaries.   
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• Train members of the community and students in procedures and protocols for taking 
turbidity samples during the rainy season, especially during storm events. 

 
• Sample and quantify physical data including turbidity, suspended sediment, temperature, 

flow rate, and stream habitat, as well as biological data such as macro invertebrates.     
 

• Develop a rigorous ArcView and/or ArcGIS project documenting all stream and upslope 
conditions, such as vegetation, geology, land use, timber harvest history, etc.   

 
• Distribute information including maps through an official web site (www.fovd.org), and 

to the Water Quality Control Board, whereby all results will be presented and discussed. 
 

• Bring together staff, stakeholders, and members of the community at regular intervals (bi-
annually) for updates and review of project accomplishments, and ultimately to formulate 
and complete a watershed management plan for the Van Duzen River Basin.   

 
• Describe management measures that promise to provide the most effective outcomes in 

terms of load reductions and improvement in watershed health. 
 

Restoration strategies will seek to identify load reductions that could reasonably be expected 
from proposed management measures and Best Management Practices (BMPs).    Specific 
objectives of these strategies are as follows:  

• Maintain and enhance water quality to support cold water fisheries, and work toward 
achieving TMDL targets. 

 
• Improve instream habitat throughout the lower basin, and foster increases in overall 

numbers of salmonids within each species, and especially support efforts to restore those 
classified as endangered species (i.e., coho salmon). 

 
• Enhance the function of critical ecosystem processes to increase watershed resiliency and 

health in order to improve water and habitat quality. 
 

• Promote use of and improvements in Best Management Practices (BMPs) in order to 
encourage ecologically sound use of forests, and development of greater forest 
complexity, stability, and sustainability.   
 

• Establish a timeline for reaching milestones and mechanisms for tracking compliance. 
 

• Establish monitoring protocols to adapt watershed management and restoration efforts to 
most effectively quantify water quality conditions in the lower basin.   
 

• Foster and expand the role and involvement of the community in restoration activities. 
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• Highlight the economic benefits of a healthy salmonid fishery within the lower basin. 

 

Long Term Goals 
Long Term Goals would relate more to the ecological and economic benefits of a new paradigm 
established through pursuing the strategies of the watershed management plan, including 
significantly reduced levels of siltation and sedimentation, deeper pools and stream channels, 
adequate shade and sufficiently cool microclimates around streams owing in large part to a 
vigorous riparian zone and canopy, intact multi-aged redwood forests that promote greater tree 
maturity which adds to forest complexity and ecological stability, and finally, renewed and 
vigorous runs of salmon, steelhead, and cutthroat trout in the streams and tributaries of the lower 
basin.   
 
It is unlikely that any real improvement in stream conditions could be accomplished in the short 
term.  However, the establishment of strategies and connectivity among concerned citizens, 
private industry, and state agencies can immediately begin building the framework necessary to 
assure that the anticipated long term goals become a reality.   
 
 
VII. Project Description 
 
Project Type  

The Van Duzen Watershed Project was designed to collect information on water quality 
throughout the Lower Van Duzen River Basin that would augment the development of an 
implementation project, and as such falls within the category of a planning grant project.   

  
Project Costs – total costs; matching funds & fund sources;  

Our project was funded by the California Water Quality Control Board in the Amount of 
$340,200.  Additional Matching Funds from the Environmental Sciences Research Institute 
(ESRI), Adopt-a-Watershed Project, Science in the Schools Project, Van Duzen Firesafe 
Council, and Staff and Contractor Contributions, for a total budget of $472,030. 
 
 

1. Methods 

Turbidity Threshold Sampling (TTS) Station 
Undoubtedly, the question of re-assessing conditions in the basin must inevitably ask whether a 
project like the TMDL study adequately provides a reasonable method for addressing maximum 
daily load in a timely and cost-effective manner, while allowing for repeatability of methods.  
While the PWA (1999) study openly did not address the impact of surface erosion, it also clearly 
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did not attempt to quantify sediment and turbidity levels in the streams.  Many methods have 
been proposed for sampling water quality within streams, especially for sediment and turbidity 
(Guy & Norman 1970, Davies-Colley & Smith 2001, Klein 2003, Lewis 1996, Lewis 2003, 
Lewis et al. 2007, Lewis & Eads 2008).   
 
In our study, the methods of Eads & Lewis (2002), Lewis (1996, 2003), and Lewis & Eads 
(2008) were applied to a Turbidity Threshold Sampling (TTS) station to monitor turbidity and 
suspended sediment concentration (SSC) in Cummings Creek.  This station was constructed and 
operated by the organization known as Salmon Forever over the course of the two-year sampling 
program (Figures 1-1 & 1-2).  Cummings Creek was an appropriate choice for placement of the 
TTS station, because it was private property and secluded from public view, thus minimizing the 
chances of vandalism.  This site was also appropriate because it was situated on a suitably flat 
area alongside the creek and the landowner was an interested participant. 
 
Most of the other streams sampled throughout the two-year duration of the project were deemed 
inappropriate for placement of a TTS station.  Some of these reasons were inaccessibility 
(Wolverton Gulch), inordinately swift current (Van Duzen Main Stem – two sites), and exposure 
to public perusal and high risk of vandalism (Yager Creek, Wilson Creek, Fox Creek, Hely 
Creek, and Grizzly Creek).  In retrospect, Flanigan Creek also offered an optimal site for 
establishing a TTS station, but was overlooked during the design of the project.   
 

 
Figure 1-1.  Installing the data logger for the TTS station at Cummings Creek.  
Photo by C Fenton. 

 

Final Report 6 Agreement No. 06-149-551-0 
 



Van Duzen Watershed Project 
 

Various kinds of physical and statistical problems are associated with nearly every type of 
sampling device.  However, when conditions are appropriate, the TTS station offers an accurate, 
consistent, and convenient way to monitor sediment in streams.  Although more expensive (both 
in collecting the data and analyzing the sample) compared to hand (grab) sampling, the amount 
and quality of data obtained from a TTS station make it useful and cost-effective.   
 
For example, chronic turbidity can be defined as fine (suspended) sediment over background levels 
to stream networks, including elevated turbidities and suspended sediment concentrations for 
extended periods, both during and between winter storms.  Over time, chronic turbidity can have 
dramatic effects on young salmonids, and can only be adequately quantified through continuous 
samples taken at short, regular intervals, such as those occurring at a TTS station (Klein et al. 
2008).  The TTS station at Cummings Creek, automatically measures stage using a pressure 
transducer that has been calibrated to a stage or gauging plate (Lewis 1996, Lewis & Eads 2008). 
 
 

 
Figure 1-2. TTS station at Cummings Creek, with data logger and ISCO 
pump sampler.  Photo by P. Trichilo.   

 
The TTS station also includes a continuous turbidity probe, stage recorder, and an ISCO 
automatic pump sampler capable of collecting 24 samples. Sample collection is controlled by the 
rate of change of turbidity and stage.  Turbidity is sampled with an in-stream turbidimeter every 
ten minutes, and these data are entered into the computer database (data logger) along with 
current conditions (time, date, turbidity, water level, discharge, etc.).   When a change in 
turbidity surpasses a given threshold (either up or down), an ISCO pump sampler withdraws a 
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sample of suspended sediment from the stream, which is then linked to the turbidity reading in 
the computer database (see Standard Operating Procedures - SOPs 5, 6, and 7).   
 
Raw turbidity data from the field was reviewed and corrected and/or sanitized by our TTS 
analyst prior to being considered acceptable for analysis. All of the raw data files provided by 
collecting entities for this analysis have been reviewed and corrected for problems that are 
inevitably encountered during automated collection of field data.  According to Klein, et al. 
(2008), suspect turbidity values consist of two types: 1) gradually ascending values that reflect 
fouling of the turbidimeter by algae on the sensor optics (extended fouling), and 2) abruptly 
rising values that result from either true spikes in turbidity or blockage of the sensing optics 
when leaf or other debris cling to the sensor housing (‘instantaneous spikes’).  The technician or 
analyst must first decide whether suspect data are erroneous, and if so, decide how to make 
corrections.  Corrections may involve cleaning of the sensor in the field (if the problem is recognized 
early on), or interpolation and/or synthesizing data to replace erroneous data prior to analysis. 
 
Using proven standard techniques and methods, it is possible to collect data on turbidity, 
suspended sediment, stage, and discharge automatically, once the relationships between stage 
and discharge, and pressure and stage have been established.  Because turbidity grab samples are 
collected in association with stage readings, it was possible to estimate discharge for the samples 
at Cummings Creek based on the discharge rating curve that was developed for that stream in 
HY07 and HY08.  
 
Stream discharge is the volume of water passing a cross-section per unit of time and is generally 
expressed as cubic feet per second or cubic meters per second.  Discharge is velocity by cross-
sectional area.  These values are obtained by measuring flow at predetermined intervals along the 
width of the stream (see Standard Operating Procedure [SOPs], SOP_3 and  SOP_12, for use of 
Pygmy Flow Meter]) at a given stream height as measured on a staff plate, such as that pictured 
below (Figure 1-3).  Flow measurements at one foot intervals allow for the calculation of 
discharge for the stream at each measured stage or level, which is directly proportional to 
volume.  The purpose of discharge measurements is to create a rating curve, a graphical 
representation of the relationship between stage (water depth) and discharge.   
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Figure 1-3.  Recording flow rates at regular (one foot) intervals across 
Cummings Creek.  Note the staff (gauging) plate in the background.  Photo by 
S. Steinberg. 

 
Stream discharge is not a metric that can be calculated directly, but rather must be estimated 
based on a given set of criteria.  The most common estimate of discharge is based on the 
development of a discharge rating curve, which requires recording the stage or volume, and then 
measuring stream flow in incremental units across the stream to establish the stream profile in 
cross section that allows calculation of area (square feet), and the average rate of stream flow (in 
feet per second) for that particular stage or volume of water as measured on gauging plate.  Thus, 
the product of area and flow will provide discharge given in units of cubic feet per second (CFS) 
(ft2 x ft/sec = ft3/sec).  This process is repeated at several different stages of stream volume so 
that a rating curve or function of stage to discharge can be developed.  Once the function is 
considered valid and acceptable, discharge can be estimated for any given stage.   
 
Hydrologic Year 2007 

In HY07, it was determined that the discharge - stage relationship could best be described with 
duel exponential equations, one for lower part of the curve, and one for the upper part (Figure 1-
4).  The discharge-stage relationship allows the calculation of discharge values for all recorded 
water levels throughout the winter season.  These plots subsequently provide the opportunity to 
plot sediment and/or turbidity and discharge simultaneously, which was estimated from January 
26 through the rest of the HY07 season. 
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Figure 1-4.  Discharge rating curve developed for Cummings Creek TTS station. 
 
All data from the TTS (turbidity threshold sampling) station at Cummings Creek (CC) for 
hydrologic year 2007 (HY07) were recorded, analyzed, and adjusted for instrument variability 
and/or unexplained fluctuation.  Results were analyzed for overall turbidity, flow, suspended 
sediment, and discharge.  During the course of the rainy season plotting turbidity and stage 
showed a proportional relationship.  Plotting suspended sediment versus turbidity values 
collected at the CC TTS station produced a relationship describing a power function, with an 
associated correlation coefficient (R2) of 0.77.  However, to achieve greater precision, individual 
turbidity-SSC functions were developed for each storm event after using the software ttsAdjuster 
to correct for unexplained fluctuations.  Suspended sediment concentration (SSC) was estimated 
for each event, and the sum for all events used to estimate total suspended sediment for the year. 
 
The total sediment load estimated for HY07 at Cummings Creek was 2,560 tons, which translates 
into 636 tons per square mile.  The highest flow and estimated sediment load occurred during 
analysis period six. Between February 20 at 17:10 and February 24 at 13:00 an estimated 
811,926 kg of sediment passed by the station, which was 70% of the total load for the year. 
 
Hydrologic Year 2008 

Discharge in HY08 was estimated using a different discharge-stage algorithm than was used in 
2007 at Cummings Creek.  In HY08, several additional transects of the creek were made at 
various stage and volume levels where flow was measured at regular intervals across the stream.  
Using cross sectional area and flow rates allowed for calculation of discharge which was then 
calibrated to stage.  These additional points allowed for a more standardized and more acceptable 
curvilinear description of the discharge-turbidity relationship (Figure 1-5) than that which was 
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used for HY07.  The rating curve function was used to estimate discharge for all stage levels 
recorded at the TTS station, and also for all turbidity readings obtained from grab samples.  
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Figure 1-5.  Rating curve function developed for estimating discharge, based on stage at 
Cummings Creek TTS station. 
 
All data from the TTS (turbidity threshold sampling) station at Cummings Creek (CC) for 
hydrologic year 2008 (HY08) were recorded, analyzed, and adjusted for instrument variability 
and/or unexplained fluctuation.  Results were analyzed for overall turbidity, flow, suspended 
sediment concentration, and discharge.   The discharge-stage relationship allows the calculation 
of discharge values for all recorded water levels throughout the winter season.  Suspended 
sediment concentration (SSC) was estimated for each event, and the sum for all events used to 
estimate total suspended sediment for the year.  The total estimated load of sediment at station 
VDC during hydrologic year 2008 was 7,945 tons, which translates into 1,975 tons per square 
mile.  
 
Sediment Yield and Sediment Delivery (Load) 
 
In the TMDL report published by PWA (1999) and reviewed by the EPA (USEPA 1999) annual 
loads were calculated for each of the three sections of the Van Duzen River Basin (Upper, 
Middle, and Lower).  Based on ground reconnaissance and analysis of aerial photography, the 
amount of sediment delivered in the lower basin was estimated to be about 1,257 cubic yards, 
which translates to 2,036 tons per square mile per year.    As these values represent all forms of 
sediment (fine and course) they cannot directly compared with data from the TTS station, which 
are calculated based on suspended (fine) sediment.   
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Grab Sampling 
During this phase of the project water was collected for measuring turbidity via the grab 
sampling method.  Each turbidity sample consisted of dipping three Hach cell replicates 
simultaneously into the stream, for an estimate of sample accuracy and precision. Approximately 
709 turbidity grab samples were collected during the 2007 hydrologic year (HY), and as it 
appeared to be a dry year, it was hoped that significantly more samples would be collected in 
HY08.  However, as the amount of rainfall during the second year was not a marked increase 
over the first year, the total number of samples was similar to the first year with a total of 727 
collected by the end of HY 2008. 
 
Volunteers collected turbidity grab samples during the rainy seasons of HY07 and HY08 at each 
of the monitoring sites, with increased frequency during storm events.  In agreement with 
USEPA Handbook standards, turbidity grab samples were transported to a laboratory setting and 
measured using a USEPA-approved portable Hach turbidimeter (2100P) usually within 48 hours 
after collection.  In HY08, stricter handling of samples was introduced, and grab samples were 
put on ice from the moment they were collected in the stream until the time they were either read 
upon returning, or placed in a refrigerator until they could be transported to the lab manager for 
processing.   
 
Ten monitoring sites within the Lower Van Duzen River Basin were sampled during the 
Hydrologic Year 2007 (HY07).  During HY08, an eleventh site (Lower Cummings Creek) was 
added to the original group for a total of 11 monitoring sites sampled in HY08 (Figure 1-6).  
These sites included Wolverton Gulch, Yager Creek, Wilson Creek, Cummings Creek, Fox 
Creek, Main Stem VDR Weares, Flanigan Creek, Hely Creek, Grizzly Creek, and Main Stem 
VDR Rainbow Bridge.  Three of these sites (Wilson, Lower Cummings, and Flanigan) were 
located on ephemeral or virtually ephemeral streams that run dry in summer months.  While 
technically perennial, Fox Creek runs extremely low during summer months.   
 
Turbidimeters were calibrated and checked for accuracy before, during, and after each sampling 
season using Formazin standards newly purchased from the supplier.  Calibration methods 
followed standard methodology and conformed to standard operating procedures (see SOP 2 
HACH Turbidity 05.doc).  The 2100P turbidimeters read samples as NTU or Nephlemetric 
Turbidity Units, which while not identical, are comparable to FNU, the units read by the DTS-12 
in-stream turbidimeter used at the TTS station at Cummings Creek. 
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Figure 1-6.  Eleven monitoring sites within the Lower Van Duzen River Basin sampled in HY07 
and HY08 of the Van Duzen Watershed Project.  Map Composition: P. Trichilo.   
 
Calculation of Discharge 

Stream discharge is not a metric that can be calculated directly, but rather must be estimated 
based on a given set of criteria.  The most common estimate of discharge is based on the 
development of a discharge rating curve, which requires recording the stage or volume, and then 
measuring stream flow in incremental units across the stream to establish the stream profile in 
cross section that allows calculation of area (square feet), and the average rate of stream flow (in 
feet per second) for that particular stage or volume of water as measured on a gauging plate.  
Thus, the product of area and flow will provide discharge given in units of cubic feet per second 
(CFS) (ft2 x ft/sec = ft3/sec).  This process is repeated at various stages of stream volume so that 
a rating curve or function of stage to discharge can be developed.  Once the function has been 
validated, discharge can be estimated for any given stage.  This method was used to provide 
discharge estimates for grab samples and a TTS station at Cummings Creek. 
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At most of the other monitoring sites, the orange peel float method was used to estimate stream 
flow.  This method consists of measuring the rate at which an orange peel floats from one point 
to another (usually 10 or 20 feet apart).  Calculation of discharge with this method depends 
implicitly upon knowing the area of the water column in cross-section.  This was possible by 
measuring the cross-sectional profiles of all of the streams with engineering equipment (rod and 
transit) prior to the winter season.  Using an algorithm developed by the U.S. Forest Service 
Redwood Sciences lab at Humboldt State University, the area of the stream cross section was 
then calculated for each stage recorded during the grab sampling process.  Thus, it was possible 
to use the product of the orange peel float method (feet per second) and the stage-cross-sections 
(square feet), to estimate discharge (CFS). 
 
The third method of estimating discharge was by downloading data from the USGS/DWR 
gauging station at Rainbow Bridge.  The identification code for this station is BRI, as it is near 
the town of Bridgeville, CA.  These data, in the form of stage and discharge, are provided on the 
internet at 15-minute intervals in near real-time format, and offer a unique opportunity to 
quantify turbidity and suspended sediment as a function of discharge.  Values provided on the 
website, are estimated based on a similar discharge rating curve function as described above.   
 
 
Data Processing and Analysis 

All sampling, measurements, and analysis were conducted according Standard Operating 
Procedures (SOPs).  Grab samples from at least 10 monitoring sites were collected in HY07 and 
HY08.  Time of day was recorded by our volunteers, members of the Van Duzen Community 
Monitoring Group (CMG), was considered a factor in reviewing the grab sample data with 
respect to peak discharge and turbidity (see Figure 3-1, Appendices F & H).    However, timing 
of samples primarily depended upon when volunteers were able to visit the streams and, except 
in the case of Cummings Creek and Fox Creek, usually did not exceed once per day.   

 
Stream grab samples were processed at four different facilities under laboratory-like conditions, 
established at the residences of the Lab Manager and three Lab Assistants who have been 
certified in the reading of turbidity using USEPA approved turbidimeters.  The maximum value 
that the portable 2100 P turbidimeter model can register is 1000 nephlemetric turbidity units 
(NTU).  Samples with turbidities higher than the maximum trigger a blinking mode in the 
turbidimeter, and were subsequently run through a standard serial dilution technique to measure 
and calculate the actual turbidity levels of these high concentration samples.  Quality Assurance 
Protocol developed by Salmon Forever was used, which requires rapid processing of samples to 
avoid the complications of algae growth within the samples.  Placing samples on ice immediately 
after collection served to further insure the integrity of the sample and the subsequent 
measurements for turbidity.  Samples that were processed after the 48 window were flagged as 
late, but as most were not more than 24 hours late, nearly all were included in the analysis.   
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Each Hach cell bottle from the grab sample was gently shaken several times and then 
immediately placed in the turbidimeter and read for turbidity.  The sample was then removed, 
and the process repeated two more times for a total of three readings per bottle replicate, and 
three replicates per sample. 
 
Turbidity grab sample measurements were copied onto a paper record that also contained 
supplemental information regarding the sample date including weather, stage, and flow (see 
Appendix D).  Data sheets were later photocopied and entered into a computer (spreadsheet) 
database, where they were reviewed and checked by the analyst prior to data analysis. Regular 
analyses of data occur with review by appropriate project personnel. Technical Advisory 
Committee (TAC) members have provided recommendations with regard to timely detection of 
errors and/or the need for modification of protocols.   
 
During the second year, stream bed morphology at several sites changed sufficiently to 
dramatically alter the accuracy of the stream gauges that had been placed there.  Thus, the staff 
plates at Flanigan Creek and Hely Creek read in the negative number range when the streams 
were at moderate flow, suggesting that stream bed morphology is continually dynamic.  To best 
accommodate this alteration of the relationship between stage and water volume, and in order to 
stay consistent with data collected last year, it was decided to continue reading the staff plate in 
situ, which required recording negative numbers for stage.   
 
The morphology of these streams was reassessed at the end of the season (HY08), with respect to 
water volume and location of the staff plate.  This modification was applied to the estimates of 
cross section areas that were calculated to determine stream discharge in the analysis of turbidity 
and suspended sediment data.  A direct measurement of discharge, or a measurement of stage 
plus measurement of stream velocity (see SOP 3, Discharge Measurements and SOP 13, Flow 
Float) must be recorded at the time water samples are collected. When possible, position on the 
storm hydrograph (rising, peak, or falling limb) was also noted.  These measurements included 
stream discharge or stage at the sites where a rating curve or cross section had been established.     
 
 
Suspended Sediment Concentration (SSC) 

Additional measurements to evaluate the impact of suspended sediment were performed during 
HY08.  At given intervals, grab samples for turbidity were supplemented with samples for 
suspended sediment.  Suspended sediment concentration (SSC) grab samples were collected 
simultaneously to standard turbidity grab samples, at designated times during storm events, in 
order to provide suspended sediment measurements that would correspond to a range of turbidity 
values.  Samples were collected using large-mouth 500 ml Nalgene plastic bottles (one bottle per 
sample date).  Suspended sediment bottles were dipped into the streams and typically allowed to 
fill about half way.  These SSC grab samples were transported to the Water Quality Laboratory 
in the Department of Fish & Wildlife, Humboldt State University (HSU) for determination of 
suspended sediment concentration.   Samples were treated with a small titer of Nitric Acid to 
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prevent growth of algae, and kept refrigerated until they could be processed.  A sufficient 
number of SSC measurements covered an acceptable range of turbidities to provide estimates 
and facilitate the development of a suspended sediment–turbidity function for each creek. 
 
Suspended sediment grab sample measurements were recorded in the laboratory at HSU on 
paper hardcopies, which were subsequently transferred to electronic spreadsheets and emailed to 
the VDWP project director.  Data on suspended sediment concentration measured at the Salmon 
Forever Lab in Elk River were also entered into electronic spreadsheet format and delivered to 
the VDWP project director. 
 
Suspended sediment concentration (SSC) data were also collected using ISCO pump samplers at 
the MS Weares (Figure 1-7) and Rainbow Bridge monitoring sites, as well as at the TTS station 
at the Cummings Creek site.  These data contributed information allowing total sediment loads to 
be estimated for all streams sampled in the lower basin.  Stage, turbidity, and sediment for HY08 
were recorded by the TTS station at Cummings Creek from October 2007 through April 2008.   
 
Suspended sediment grab samples were 
collected in HY08 at each monitoring site, 
which helped quantify the relationship between 
turbidity and suspended sediment, and 
ultimately facilitated a comparison of streams 
based on SSC derived from sediment grab 
samples, average turbidity, and catchment area.  
Grab samples collected for SSC and turbidity 
simultaneously, were used to derive SSC-
turbidity functions for each stream at each 
monitoring site, based on results of suspended 
sediment estimates of grab samples processed 
in the water quality laboratory housed in the 
Department of Fish & Wildlife at Humboldt 
State University.  Prior to analysis, suspended 
sediment samples were treated identically to 
turbidity samples. Figure 1-7.  ISCO pump sampling station at 

MS Weares on the Main Stem Van Duzen 
River. 

 
Bi‐Monthly Sampling 

Water quality data collected on a bi-monthly basis over the 2007-2008 hydrologic years included 
temperature, conductivity, pH, and dissolved oxygen, as well as additional measurements on 
discharge, suspended sediment, turbidity, and water levels.  Some water samples were 
transported to the laboratory at Humboldt State University Wastewater Laboratory, where they 
were analyzed for turbidity and suspended sediment.  Several of the parameters sampled bi-
monthly in this part of the study (i.e., temperature, turbidity, and suspended sediment) relate to 
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data that were preliminary and/or supplemental to similar data collected throughout the project 
on a more continuous basis.  Bi-monthly samples represent estimates of conditions within the 
watershed that were later substantiated with further and more continuous sampling. 
 
Water temperature was measured in situ using Yellow Springs Instruments (YSI) Dissolved 
Oxygen Meter, Model 55 (Digital) with a precision of +/- 0.5 degrees.  Values for pH were 
recorded in situ using a Hanna Instruments HI 98127 Waterproof pH Meter (accuracy +/- 0.1 pH 
unit).  The meter was calibrated with 7.00 and 4.00 buffer solutions prior to sampling.  Specific 
conductance was measured in situ using a Hanna Instruments HI 8033 Portable Conductivity 
Meter, which registers an accuracy of 0.1 μS/cm.  Dissolved oxygen was measured in situ using 
Yellow Springs Instruments (YSI) Dissolved Oxygen Meter, Model 55 (Digital) with a precision 
of +/- 0.3 mg/L.  Discharge rate was measured with a Global Water Flow Probe when conditions 
were safe for wading in the stream.   
 
Grab samples were collected in 500 ml Nalgene bottles, stored on ice and transported to the 
Wastewater Laboratory at Humboldt State University. Water samples were refrigerated at 4oC 
when processing could not be completed promptly. Turbidity measurements were taken within 
48 hours of collection with a Hach 2100 P Turbidimeter, calibrated according to manufacturer’s 
specifications. Total suspended solids were measured within 7 days of collection following 
Standard Method 2540 D (APHA, 1998).  
 
Data were summarized using descriptive and statistical programs (e.g., ANOVA).  Microsoft 
Excel was used to generate descriptive statistics including range, mean, and standard deviations 
of water-quality parameters. Number Cruncher Statistical Software was used to display 50% 
range of the data, 25th and 75th percentiles, median, and the 5th and 95th percentile. ANOVA was 
used to determine significant differences between the seven sampling locations and the 
parameters measured. Statistical significance was determined using a 95% confidence level 
(alpha=0.05). It should be noted that a true comparison of the seven sampling sites is difficult 
due to vast differences among the streams at each of the seven sites. The streams differ 
dramatically in terms of size, orientation, discharge rate, riparian canopy, and habitat. 
 
 
 
Macro Invertebrates 
Macro invertebrates were sampled during the spring and fall of 2007.  Sampling was conducted 
by Jon Lee once during the spring and once in fall of 2007 for a total of two complete sampling 
excursions, and 14 uniquely identifiable samples.  Benthic macro invertebrates (BMIs) were 
collected from seven sites in the Lower Van Duzen River Watershed on June 9 and September 
21, 2007.  These sites corresponded to the same seven sites as the water quality indices described 
above (Figure 5-14).  BMI sample collection followed the California Stream Bioassessment 
Procedure (CDFG 2003a), a modification of the Rapid Bioassessment Protocol (Barbour et al. 
1999).  At each site a 300 foot reach was marked off.  Three riffles within each reach were 
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randomly selected for sampling.  BMI samples were collected at randomly selected transects 
across the selected riffles. 
 
Three one ft2 areas of substrate were sampled along each transect using a D-framed aquatic net 
with a 0.5 mm mesh size.   
 
A consistent collecting effort was maintained at each sample area.  The three collections along 
each transect were combined to make one “composite” sample.  Each sample was preserved in 
95% ethanol.  This procedure was repeated at each selected riffle resulting in 3 (three ft2) 
samples collected at each site 
 
In the laboratory the three samples from each site were combined and evenly distributed in a 
gridded tray.  Grids were randomly selected and all BMIs were picked from each selected grid 
until a total of 500 specimens were removed from the sample.  BMIs were identified to a targeted 
level of taxonomic determination, in this case SAFIT Taxonomic Level 1:  most BMIs to the 
genus taxonomic level (Richards and Rogers 2006).  Various metrics (biological measures) were 
calculated for each site in order to evaluate the sites. 
 
 
2. Review of Existing Data 

The Van Duzen River and Yager Creek Total Maximum Daily Load for Sediment (Van Duzen 
TMDL) (USEPA 1999) set quite modest goals: 
 

A primary mission of the TMDL program is to protect the health of impaired aquatic 
ecosystems by ensuring attainment of water quality standards, including beneficial uses 
(USEPA 1998). The development of this TMDL provides a unique and valuable 
opportunity to look at the entire Van Duzen River basin, not just discrete projects or 
ownership specific projects, to determine the major sediment delivery mechanisms which 
influence the attainment of applicable state water quality standards (WQS). The results of 
this TMDL provide a basin-wide framework from which to establish sediment reduction 
measures to attain WQS. 

 
The following is a summary of attributes and short comings of the Van Duzen TMDL:  
 

• Fisheries discussions are thorough and the decline of salmon and steelhead 
acknowledged, but extinction risk for species such as coho and cutthroat trout is not 
discussed and has increased since 1999 with continuing intensive land use. 

• Targets for attainment of water quality are scientifically derived and suitable for gauging 
long term recovery of salmon and steelhead habitat, but no systematic monitoring has 
followed to determine trends. 
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• There is no projected trajectory for recovery of fisheries or water quality or schedule for 
compliance.  

• The TMDL upland sediment reduction strategy is insufficient and lacks discussion of 
prudent risk limits for watershed disturbance to reverse water pollution and to prevent 
damaging cumulative effects. 

• The narrative tone emphasizes “past land use” practices as yielding the most sediment, 
and downplays the significance of logging-related damage since 1985 on Middle and 
Lower Van Duzen tributaries, including Yager Creek.   

• Changes in flow caused by roads and logging is ignored despite potential for more 
frequent damaging floods and decreased summer base flows. 

• Elevated water temperature is not addressed despite the known relationship of excess 
sediment, channel changes and stream warming. 

• The EPA makes clear that it has no authority to create an implementation plan, but nearly 
a decade after the technical TMDL the State has not yet created one. 

 
The Van Duzen TMDL calls for road related erosion control and quite a bit of work on 
recommended projects has likely been carried out since 1999.  However, additional roads have 
been built and extensive timber harvest conducted.  The real prospects for recovery of Pacific 
salmon in the Van Duzen River rely on slowing the rate of logging, and reducing road networks 
and crossings, not just improving road drainage.   
 
This report assesses fisheries, aquatic habitat, and upland data.  Sources of information include: 
 

• Historic press accounts (Van Kirk 1996) 
• Pacific Lumber Company (PL 1998) Habitat Conservation Plan (HCP) 
• California Department of Fish and Game (CDFG) file reports  
• California Department of Forestry (CDF) timber harvest planning data 
• Humboldt County Resource Conservation District (RCD) Eel River temperature 

monitoring project (Friedrichsen 1998, HCRCD 1999, 2000, 2001, 2002a, 2003), and 
• Van Duzen Watershed Project citizen monitoring data  

 
The Van Duzen Watershed Project initiated a two-year monitoring program which could serve as 
initial data in a trend monitoring program that would useful for a TMDL implementation plan.  
With the bankruptcy of the Pacific Lumber Company, there is a specter of a major shift in land 
ownership. Implementation of a community forest management model in HRC holdings in the 
Van Duzen River Basin would help to attain Clean Water Act objectives. 
 
 
TMDL Sediment Budget for Van Duzen Sub Basins 

Pacific Watershed Associates (PWA 1999) estimated sediment sources and a sediment budget 
for the Van Duzen TMDL (USEPA 1999).  The sediment analysis, however, did not include 
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estimates of surface erosion and bank erosion triggered by cumulative effects, which are likely 
significant.  The significance of surface erosion is addressed in this section, but bank erosion is 
included in Cumulative Effects discussions.   
 
The greatest sources of landslides and sediment delivery were underlain by unstable sandstone 
assemblages (4265 yards3/mi2), followed by active earthflows (3937 yards.3/mi2), and dormant 
earthflows (2368 yards.3/mi2) (Figure 2-1). Stable sandstones yielded the lowest sediment (190 
yards.3/mi2), which is just slightly less than that coming from stable mélange terrain (PWA 
1999). 
 
The Upper and Middle Van Duzen River basins have much more mélange and earthflow terrain 
and deliver more sediment per square mile than the Lower basin. The Upper basin (98 square 
miles) encompasses the headwaters of the mainstem Van Duzen River, upper South Fork and 
West Fork Van Duzen River.  The Middle basin is defined as the mainstem Van Duzen from 
Grizzly Creek to the South Fork, the lower South Fork, and the upper North, Middle and South 
Forks of Yager Creek.  
 
Although the large size of the Middle basin (202 square miles) partly explains its ranking as the 
top sediment producer, huge inner gorge failures along the mainstem in this reach are the largest 
source in the entire Van Duzen watershed.  The Lower basin (129square miles) extends from 
Grizzly Creek to the Eel River with the addition of lower Yager Creek and Lawrence Creek.  
Figure 2-2 shows the gross estimate of sediment coming from each of the three sub-basins with 
the relative amount coming from five different source categories: 1) undisturbed watershed 
areas, 2) mature second growth landscapes, 3) road related, 4) skid trail related, 5) tractor 
clearcut, 6) cable clearcut, and 7) partial cut.  The Lower basin has the highest component of 
management related sediment with the most landslides triggered by tractor clear cuts (PWA 
1999).   
 
In the PWA (1999) study, 80 forty-acre plots (3200 acres) were used as representative samples of 
the whole basin (274,560 acres or just over 1%). Methodologies between various northwestern 
California TMDLs vary greatly, but technical studies for the Noyo, Big, and Ten Mile rivers 
(GMA 1999 2000, 2001) include a complete history of road construction and timber harvests by 
decade to better understand the relationship of the history of land use to sediment yield.  The 
GMA approach would seemingly have achieved more accurate results than the method that was 
used.   
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Figure 2-1. According to PWA (1999), the largest contribution of sediment from landslides in 
the Van Duzen River watershed is from unstable sandstone terrain, followed by active and 
dormant earthflows, stable mélange and stable sandstones, respectively. 

 
The EPA stated, “Estimates of surface erosion and sediment yield along roads and their cut 
banks (i.e. road and skid trail surface lowering) were not quantified within the 80 field sample 
plots due to time constraints and, therefore, are not included”  (USEPA 1999).  The omission of 
data or discussion of surface erosion is a major problem when judging land use impacts on 
recently logged lands of the Lower Van Duzen River Basin, including Yager Creek.  Elsewhere 
in the TMDL it stated that “approximately 22% of timberland road miles presently are 
hydrologically connected in lower basin.”  This means that fine sediment was being deposited 
into water courses. 
 
Extensive logging roads, temporary roads, and skid trails have created pathways for sediment to 
enter streams from clear cut areas on Pacific Lumber Company lands in Yager Creek, Lawrence 
Creek and a number of Lower Van Duzen basin tributaries. The Corner Creek watershed (Figure 
2-3), which is within the Lawrence Creek and Yager Creek basins, is exemplary of the potential 
for sediment delivery through surface erosion.  Progressive increases in fine sediment in 
Lawrence Creek and other Van Duzen River tributary reflect this land use.  PWA (1999) also 
fails to properly calculate bank failures triggered by increased peak flows and sediment transport 
(see Cumulative Watershed Effects).   
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Figure 2-2. The Middle Van Duzen sub-basin had the highest overall sediment yield, followed 
by the Upper basin, but management related sediment from landslides was highest in the Lower 
basin.  Data from PWA (1999) and USEPA (1999). 
 
 
 
Natural versus Human Caused Damage: Pulse and Press Disturbances   

The natural patch disturbances caused by cyclic fires, earthquakes and floods were characterized 
by Yount and Niemi (1990) as “pulse” disturbances, which are limited in extent.  They send 
pulses of sediment and large wood into streams that later serve as spawning gravels and provide 
habitat complexity as streams recover.  Collison et al. (2003) contrasted the less frequent 
“pulse”, disturbances with “press” disturbances caused by more frequent and extensive human 
patterns of disturbance as follows:   
 

Pulse disturbances occur infrequently, and there is typically sufficient time between 
disturbances to enable ecosystems to recover to pre-disturbance conditions. Pulse 
disturbances allow ecosystems to remain within their natural historic range of states and 
conditions. Press disturbances, on the other hand, are characterized by frequent or 
continuous events (like industrial forestry, intensive agriculture, or urbanization) 
interspersed with insufficient recovery time to allow ecosystems to return to pre-
disturbance conditions. Press disturbances reduce the resiliency of ecosystems, and may 
ultimately impose new regimes of variability that are outside the natural historic range of 
variability of a watershed or ecoregion. 
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Figure 2-3. Logging roads and skid trails in the Corner Creek basin, including red arrows that 
point out unprotected stream course. Photo by Doug Thron, April 1995. 
 
After PL was taken over by the Maxxam Corporation in 1985, logging in the lower Van Duzen 
and Yager Creek watersheds were known to remove as much as 50 to 100% of the timber from a 
sub-basin within a decade.  In combination with road networks, this activity profoundly altered 
the hydrology and sediment budgets with which Pacific salmon had co-evolved.  No intact 
watersheds within PL ownership were protected as refugia for salmonids and there is no nearby 
public land watersheds to provide that role.  Reeves et al. (1995) caution that “alteration or loss 
of habitats as a result of changes in the disturbance regime can bring on extirpation of some 
species, increases in species favored by available habitats, and invasions of exotic organisms.”  
This appears to be the case in the lower Van Duzen and Yager Creek where native species such 
as cutthroat trout and coho salmon have disappeared and the non-native California roach and 
Sacramento pikeminnow appear to be increasingly dominant during low flow periods.   
 
 
TMDL Upland Targets for Sediment Reduction  

While the Van Duzen TMDL chooses appropriate instream targets, those chosen for hillslope 
and watershed protection are insufficient and have been ineffective.  Measures called for are 
worthwhile steps, but they do not represent a comprehensive, nor adequate approach.  Table 2-1 
is a sub-set of Table 3.2 in the TMDL, and includes indicator targets, existing conditions and 
needed actions.  We have added a column with a note on sufficiency of the action to abate 
sediment pollution. 
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The targets for instream indicators in the TMDL are quantitative and measurable, while those for 
hillslope targets are not.  For example, the target of eliminating diversion potential at stream 
crossings would reduce catastrophic failures and sediment yield, but there are no data for two 
thirds of the basin, and the Lower Basin is at an extreme level of risk with 63% of crossings 
having potential for diversion. There is neither timeline for completing an inventory nor a 
mechanism for tracking compliance.   
 
Collison et al. (2003) noted that the concept of hydrologic disconnection is theoretical and that 
no monitoring results have demonstrated the effectiveness of these methods.  They had particular 
reservations when land use remained active with expanding road networks and continued timber 
harvest, which defines the situation in the Van Duzen River Basin, irrespective of the TMDL.  
 
While reducing fill failures on the hundreds of miles of logging roads would reduce sediment 
yield, the cumulative effects from roads will continue as long as road densities are too high and 
roads cross unstable slopes. Even the TMDL measure to increase culvert size is insufficient as 
pipes should be capable of handling 100-year interval size storms. 
 
The Van Duzen TMDL recommends that road construction cease on unstable slopes and that 
existing road segments on such slopes be decommissioned.  Disturbance of unstable slopes has 
likely continued with extensive harvests in the Van Duzen River since 1998 (see Cumulative 
Watershed Effects), yet timber harvest receives very little discussion, and potential logging limits 
are never adequately addressed.  The Van Duzen TMDL indicated that monitoring called for 
under the PL Habitat Conservation Plan will “provide information on the effectiveness of 
management actions to reduce sediment delivery ……in the future.”    
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Table 2-1.  Upland erosion prevention and remediation measures, with an added column regarding sufficiency for abating sediment 
pollution. Taken from Table 3.2 (USEPA 1999).   
 
Indicator Target Existing Condition 

 
Improvement Needed Sufficiency 

No stream crossings 
with diversion potential 
 

Roads in lower basin have 
63% diversion potential at  
stream crossings. Upper and  
middle basins unknown. 
 

Reduction of 100% of 
existing stream 
diversion potentials along 
roads. 
 
Inventories needed on 
middle and upper 
basin to determine reduction 
needs. 

Good to prevent catastrophic road failures, but 
no mechanism for tracking or compliance. All 
crossings should be fixed regardless of location. 

Less than <5% of road 
surfaces and ditches are 
connected to streams 
 

Approximately 22% of timberland 
road miles presently are 
hydrologically connected in lower 
basin. No upper and middle. 
 

95% reduction from existing 
level baseline inventories 
needed on middle and 
upper to determine reduction 
needs 
 

Experimental (Collison et al. 2003).  Not a 
substitute for quantitative limits to road 
densities.  Substantial variability in 
implementation.  PL has not followed up on 
implementation and monitoring and 
professional oversight from PWA is limited 
since 1998. 

Reduced fill failures from 
roads, skid trails and 
landings  

60% of road-related sediment 
delivery in the Lower Eel Study 
was associated with fill failures 
(PWA 1998) 
 

Lower: 90% reduction from 
existing level. middle and 
upper: 80% 
 

Even if you treat 1,000 cut banks with potential 
fill failure, the cumulative disturbance is too 
great to mitigate.  Need to reduce road miles 
and densities. 

Reduced stream crossing 
failure/washout 
 

12% of road-related sediment in 
the 
Lower Eel Study was associated 
with crossing failures (PWA 1998) 

Lower: 90% reduction from 
existing level. middle and 
upper: 80% 

Should have recommended that all culverts be 
sized for 100 year flood events. Why wouldn’t 
you want to prevent all failures? 

Reduction in management 
associated mass wasting 
from inner gorges, steep 
slopes and unstable areas 
 

Roads located on inner gorges, 
stream side slopes (>50%), and 
headwall swales accounted for 
43% of the total road-related 
sediment delivery in the lower 
basin (PWA 1998). 

Lower: 90% reduction from 
existing level. 
middle and upper: 80% 
 

TMDL did not suggest use of SHLSTAB model 
or any method to limit further disturbance on 
unstable slopes. Known huge problem in Lower 
Eel (PWA 1998). 
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Cumulative Watershed Effects: Land Use Components 

The Van Duzen TMDL fails to adequately address cumulative watershed effects (CWE) 
including damage to streams, and consequently, fails to set prudent risk limits on future land use 
in order to prevent these effects and allow aquatic recovery.  Problems involving cumulative 
effects include increased bank failure, increased bedload mobility, depletion of large wood, and 
destructive impacts to watershed hydrology.   
 
Land use activities that contribute to these problems in the Van Duzen River watershed are 
principally timber harvest and road building. Ranchland management, gravel mining and rural 
residential development also have the potential to add to cumulative effects, but are largely 
beyond the scope of this discussion.   
 
Dunne et al. (2001) evaluated the adequacy of California Forest Practice Rules (FPR), and the 
relationship of timber management to cumulative watershed effects, which they described as 
follows: 
 

Generally speaking, the larger the proportion of the land surface that is disturbed at any 
time, and the larger the proportion of the land that is sensitive to severe disturbance, the 
larger is the downstream impact. These land-surface and channel changes can: increase 
runoff, degrade water quality, and alter channel and riparian conditions to make them less 
favorable for a large number of species that are valued by society. The impacts are 
typically most severe along channels immediately downstream of land surface 
disturbances and at the junctions of tributaries, where the effects of disturbances on many 
upstream sites can interact. 

 
The junction of Yager Creek and the Van Duzen River exhibits extreme cumulative effects of 
increased sediment from the tributary resulting in very wide gravel bars (Chapter 1 of the 
Watershed Management Plan, Figure 1-8).  Dunne et al. (2001) also demonstrated that 
destructive cumulative effects cannot be managed without first minimizing risk: 
 

Inevitably, the institutional aspects involve decisions about how much environmental and 
other risks are acceptable in a project. Before the institutional evaluation can be made, 
however, the risks of cumulative watershed effects need to be identified in some 
transparent manner. 

 
 
Timber Harvest  

The Van Duzen TMDL (USEPA 1999) does not quantify timber harvest and, while 
acknowledging that logging caused increased sediment yield, the contributions of logging to 
cumulative effects are ignored. 
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Reeves et al. (1993) found that streams draining watersheds cut in over 25% of their area within 
a 30 year period were usually dominated by one Pacific salmon species, while basins with less 
disturbance maintained several species.  Swanson et al. (1998) reported that logging in 20-30 
percent of an Oregon Cascade watershed caused catastrophic channel changes that were 
“substantially influenced by vegetation conditions in watersheds at the time of the flood." The 
latter study was conducted on U.S. Forest Service lands where some intact sub-basins remain, 
while all of PL’s holdings in the Lower Van Duzen basin are homogenously disturbed with 
logging rates as high as 80% in some sub-basins (Figure 2-4).   
 

 
Figure 2-4. Timber harvest plans (THP) from 1991-2003 in the Lower Van Duzen sub-basin 
showing Cummings Creek, Cuddeback Creek, and Fox Creek watersheds. CA Department of 
Forestry (CDF). 
 
Dunne et al. (2001) described the problems that arise when timber harvests are perceived as 
isolated events, and not in conjunction with other activities in a watershed:  
 

The concern about cumulative effects arises because it is increasingly acknowledged that, 
when reviewed on one parcel of terrain at a time, land use may appear to have little 
impact on plant and animal resources. But a multitude of independently reviewed land 
transformations may have a combined effect, which stresses and eventually destroys a 
biological population in the long run.   

 
The above paragraph is an apt description of the process of timber harvest oversight in the Van 
Duzen River basin, with timber harvests still continuing despite overwhelming signals of 
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cumulative effects problems for over a decade.  Coho salmon are one of the casualties of this 
failure.   
 
Timber harvest plan (THP) data were not available for a quantitative analysis by PWA (1999) 
and USEPA (1999), but harvests beginning in1991 have since been converted to digital format 
by the California Department of Forestry (CDF). The available electronic maps still do not 
include extensive logging from 1980 to 1990 that are likely still contributing to cumulative 
effects.  Even with a restricted window on approved timber harvest plans (THP) of 1991-2003, 
one can see that prudent risk limit of 25% over 30 years noted by Reeves at al. (1993) have been 
greatly exceeded at a sub-basin scale such as in Cummings Creek, Cuddeback Creek, Fox Creek, 
and Fielder Creek (Figure 2-4).   
 
Historic press accounts in the Humboldt Times (HT) describe an increase in logging in Yager 
Creek in 1940 (HT Oct. 4, 1940).  Subsequent angler reports noted increased turbidity: “All we 
know is that the Van Duzen was about olive drab Wednesday at the 101 Highway Bridge, but 
that may have come from Yager creek logging” (HT Jan. 6, 1949).  However, problems with 
cumulative effects in the 1955 and 1964 floods were not as catastrophic in the Yager sub-basin 
as they were in the upper Van Duzen River (Kelsey 1980). Logging in Yager and Lawrence 
Creek in the 1940’s included construction of 23 miles of railroad and extensive use of cables, 
similar to logging in Freshwater Creek in the period just prior.  Because road networks were less 
extensive in this previous logging period, watershed recovery was probably relatively rapid. 
 
Accelerated logging began in the Yager sub-basin in 1985 and potential for cumulative 
watershed effects from logging were already well advanced by 1994 (Figure 2-5).  Changes in 
downstream channels from this level of disturbance were apparent in early 1990’s habitat typing 
reports (see WQ Pool Frequency, Pool Depth, Embeddedness). Although PL’s logging in the 
Lower Van Duzen basin is the most extensive, the rate of harvest in other sub-basin areas are 
high enough to warrant concern (Figure 2-6).   
 
The Van Duzen TMDL does not express concern over logging in the riparian zone or its 
potential for cumulative effects potential.  Spence et al. (1996) described the effects of 
streamside logging on salmonids: 
 

Riparian logging depletes large woody debris (LWD), changes nutrient cycling and 
disrupts the stream channel. Loss of LWD, combined with alteration of hydrology and 
sediment transport, reduces complexity of stream micro- and macrohabitats and causes 
loss of pools and channel sinuosity. These alterations may persist for decades or 
centuries.  Changes in habitat conditions may affect fish assemblages and diversity.  

 
The prevention of timber harvest on steep unstable ground is recommended for the Van Duzen 
River Basin (USEPA 1999).  Reeves et al. (2003) demonstrated that more wood is delivered by 
landslides in unstable headwater and inner gorge areas than from areas immediately adjacent to 
streams (see Large Wood). 
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Roads 

Hagans et al. (1986) estimated that 50 to 80% of the sediment that enters northwestern California 
streams stems from road-related erosion.  Roads that parallel streams have the highest chronic 
sediment delivery (Spence et al. 1996), but road-stream crossing failure during large storm 
events yields more sediment volume episodically (Hagans et al. 1986).  High road densities are 
also recognized as altering watershed hydrology by essentially extending stream networks and 
intercepting ground water flows (Jones and Grant 1996). 
 

 
Figure 2-5. Lawrence Creek watershed with extensive clear cutting, road networks and skid 
trails on PL lands in fall 1994. Lawrence Creek is in the center of the photo (red arrow) and is 
flowing toward Yager Creek. Photo by D. Thron.  
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Figure 2-6.  The middle reach of the South Fork Van Duzen River (also known as the Little VD) 
with yarding techniques from THPs approved between 1991 and 2003. Approximately half the  
Dairy Creek Calwater Planning Watershed was logged with tractors during that period. 
 
The Van Duzen TMDL (USEPA 1999) acknowledged the presence of “high road and skid trail 
densities and high road mileage located directly adjacent to streams in Yager Creek and 
Lawrence Creek.”  Their estimate of road densities includes only main haul roads and not 
temporary roads and extensive skid trail systems (Figure 2-7), but passages describing the work 
done by PWA (1999) clearly indicated high cumulative effects risk. 
 

• 63% of stream crossings had diversion potential,  
• 22% of the road ditch length was poorly constructed resulting in sediment delivery to 

streams (9 mi. out of 43 mi.), 
• 60% of the total sediment delivery from roads came from fill failures, and  
• 27% stream crossings had a history of actively eroding. 

 
As noted above, surface erosion from road surfaces, road cuts, and road fills were not calculated 
for the TMDL. The TMDL also noted that “Roads located on inner gorges, stream side slopes 
(>50%), and headwall swales accounted for 43% of the total road-related sediment delivery in 
the lower basin (PWA 1998).”  
 
Road Density 

Armentrout et al. (1998) used a threshold of 2.5 miles of roads per square mile of watershed area 
(mi./mi.2) as a watershed management objective to maintain hydrologic integrity in Lassen 
National Forest watersheds harboring anadromous fish. Regional studies from the interior 
Columbia River basin (USFS 1996) show that bull trout do not occur in watersheds with more 
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than 1.7 mi./mi.2.  The road density ranking system shown in Figure 2-8 was developed based on 
the Columbia basin findings.   
 
NMFS (1995) required that road mileage be reduced with an emphasis on "road closure, 
obliteration, and re-vegetation" where road densities exceed 2 mi/mi2 on USFS and BLM land in 
the interior Columbia River basin in order to protect Pacific salmon species. Other National 
Marine Fisheries Service guidelines for salmon habitat characterize watersheds with road 
densities greater than 3 mi./mi.2 as "not properly functioning" while "properly functioning 
condition" was defined as less than or equal to 2 mi./mi.2, with few or no streamside roads 
(NMFS 1996). Major haul roads parallel many streams in the Lower Van Duzen River basin, 
such as Yager and Lawrence Creeks.  Figure 2-9 shows a close up of a near stream road and 
crossing in a headwater stream of Lawrence Creek, just one example of an epidemic problem 
with chronic surface erosion as well as potential for failure. 
 
 

 
Figure 2-7.  Road densities as calculated for the PL HCP show that road densities are all above 
levels recognized as properly functioning watershed condition even though they do not include 
temporary roads or skid trails (IFR 1998).   
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Figure 2-8. The USFS (1996) Interior Columbia River basin criteria for ecological and hydraulic 
risk from road densities are displayed here.  Most Lower Van Duzen sub-basins fall into the 
Extremely High (>4.6 mi/mi2) category.   
 

 
Figure 2-9. PL logging road crossing a Lawrence Creek ephemeral tributary. The road provides 
a direct pathway for sediment. Notice also that logging and equipment operation has taken place 
up to the active channel. (Photo by D. Thron. January 1997).   
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Road Stream Crossings 

Failure of road-stream crossings poses a major risk of catastrophic sediment yield to streams.  
Although the Van Duzen TMDL categorized many crossings as at risk for failure, it did not 
recommend reducing the number or restricting the future construction of these crossings when 
associated with logging.  Armentrout et al. (1998) recommended a limit of 1.5 crossings per 
stream mile to reduce risk of catastrophic cumulative effects damage related to failure of 
multiple crossings on one stream.  
 
 
Changes in Flow Regimes  

Jones and Grant (1996) estimated that, when 25% of the area of a basin was impacted by timber 
harvest and roads, flow increases of 50% resulted.  They explained this phenomenon as resulting 
from interception of subsurface ground water flows by road cuts.  This causes roads to act as 
extension of stream courses and can result in major flow increases that can be very damaging to 
stream channels.  Groundwater interception also decreases sub-surface storage that supports 
summer baseflows (Montgomery and Buffington 1993). McCammon (1993) and Satterlund and 
Adams (1992), as cited in Spence et al. (1996), had similar findings that showed increased peak 
flows resulting from alteration of 15-30% of a watershed’s vegetation and concluded “that no 
more than 15-20% of a watershed should be in a hydrologically immature state at any given 
time.”   
 
Increased peak flows flatten channel profiles, reduce pool frequencies, blow out large woody 
debris, increase scouring of redds and cause bank erosion and inner gorge failure (Spence et al. 
1996).  While the Van Duzen TMDL treats most bank erosion as natural, it is likely that 
increased peak flows and sediment transport are contributing to the frequency and magnitude of 
these failures (Figures 2-10 & 2-11).  The combination of reduced base flows and extreme 
aggradation has actually caused many basin streams like Yager Creek to lose surface flow 
entirely in later summer and fall, the worst case scenario for fish.  This includes the lower 
mainstem Van Duzen River just upstream of its convergence with the Eel River. 
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Figure 2-10.  Yager Creek 1997 aerial photo shows streamside landslide likely triggered by high 
flows and excess sediment transport at bend at upper center of photo. Other arrows denote CWE 
from timber harvest activity in riparian zones. (Photo by D. Thron).   
 

 

Figure 2-11.  Mainstem Van Duzen River bank failure at a county park is a symptom of 
aggradation. (Photo by P. Higgins, July 2003).   
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Large Wood Recruitment 

Large trees that fall into coastal streams play a dominant role in forming pools, metering 
sediment, trapping spawning gravels and creating a more complex stream environment that 
promotes use by multiple salmonid species (Sedell et al. 1988). Redwoods are particularly 
valuable because a large tree may not decay for several hundred years (Kelly et al. 1995). The 
Van Duzen TMDL made the following statement regarding large wood in the Lower basin: “PL 
(1998) acknowledges that historic logging of streamside trees in the Yager Creek watershed has 
led to low canopy levels and consequently LWD recruitment problems in the near term.”  In fact, 
PL logged extensively in the riparian zones of all streams within its holdings in the Lower Van 
Duzen basin, including tributaries of Yager and Lawrence Creek (Figures 2-12 & 2-13).  
 
Large quantities of wood may also enter streams from unstable inner gorge areas or steep 
headwater swales that periodically fail naturally (Reeves et al. 2003).  Reeves et al. (2003) 
studied fourth order Oregon coastal streams and found that “about 65% of the number of pieces 
and 46% of the estimated volume of wood were from upslope sources.”  If these unstable areas 
are logged, failure rates increase but no large wood is delivered with sediment, as would 
normally be the case.  PWA (1998) found that lack of large wood in debris torrents on logged 
hillslopes of Bear Creek in the Lower Eel River allowed much greater “runout” distance and; 
therefore, much greater length of damaged stream habitat. 
 

 

Figure 2-12.  Headwaters Forest at top is over the divide in Elk River, but Corner Creek, 
tributary of Lawrence Creek, is in the foreground. Red arrows show almost no large tree 
retention in the riparian zones greatly reducing potential large wood recruitment and sediment 
buffer capacity. Photo by D. Thron, summer 1994.  

 35



Van Duzen Watershed Project 
 

 
Figure 2-13. Timber harvest has removed 
almost all large conifers from the riparian 
zone of the lower North Fork Yager Creek 
on PL ownership, thus reducing large wood 
recruitment for at least 50 years.  Harvest 
extends upslope in inner gorge areas where 
landsliding might deliver whole trees to the 
stream.  This type of harvest would not be 
permitted on Federal lands (FEMAT 1993) 
 
Removal of streamside trees at the streams 
edge and within two site potential tree 
heights leaves the stream open to direct sun 
and opens up airflow over the stream, 
making it subject to warming (FEMAT  
1993, Poole and Berman 2000).  The red 
arrows highlight streamside landslide, 
which typify features triggered by 
cumulative effects. Photo courtesy of Doug 
Thron. June 1997. 

 
 
Aquatic Habitat Conditions 

The CDFG approach to restoration of placing instream structures in Lower Van Duzen River 
tributaries has not met with success because cumulative watershed effects have caused shifting 
bedload and increased peak flows that dislodge them or bury structures in place.  Hopelain 
(1995) found that only 23% of Grizzly Creek structures remained intact after storm damage and 
failure rates on Hely Creek and Stevens Creek were over 40% (Figure 2-14).   
 
Temperature pollution in the basin is driven by cumulative effects from logging.  Turbidity is not 
addressed in the TMDL, but the science of turbidity and relationships to land use has advanced 
considerably since the TMDL was written (Klein 2003) and turbidity data have been collected in 
the current project.  This parameter has significant potential in on-going trend monitoring related 
to TMDL implementation and adaptive management. 
 
PL Habitat Conservation Plan 

The Pacific Lumber Company Habitat Conservation Plan (PL 1998) supplied a wealth of data on 
aquatic habitat that are analyzed below, including aquatic macro invertebrates, bulk gravel 
samples, and median particle size (D50) distribution of the stream bed.  The Van Duzen River 
TMDL used fine sediment but not macro invertebrates or D50. 
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Figure 2-14. CDFG surveys of failure rates of instream structures in the early 1990’s showed a 
very high failure rate for Lower Van Duzen basin tributaries (Hopelain 1995).  
 
Aquatic Macro Invertebrates 

Because macro invertebrates inhabit stream gravels, their diversity and abundance can be 
significantly impacted if fine sediment or bedload mobility increases due to cumulative effects. 
Aquatic macro invertebrates are also an important food source for salmonid fry, juveniles and 
smolts. PL collected aquatic macro invertebrate data in lower Van Duzen River and Yager Creek 
tributaries from 1994-1996 following California RAPID Bioassessment protocols (Harrington 
1999).  
 
The EPT Index is the number of species from the pollution intolerant orders Ephemeroptera 
(mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies). The presence of more than 25 
taxa is indicative of high water quality, while fewer than 15 species signify an impaired 
condition (Kier Associates and NMFS 2007). The Richness Index is simply the number of macro 
invertebrate species present in a sample, with very good health equating with 40 or greater 
species.  Impaired conditions are reflected by values lower than 25.  Van Duzen tributary EPT 
Index values range from moderate health to impaired (Figure 2-15) and the Richness Index 
varies similarly (Figure 2-16). Reference values for relative aquatic health of southern Oregon 
and northern California streams were set for two diversity indices of macro invertebrate diversity 
by Kier Associates and NMFS (2007) as part of coho recovery planning, which are adopted for 
this analysis.   
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Figure 2-15. EPT Index values range from 12 to 23 indicating that most streams were in 
moderate health at the time of the surveys in 1994-1996, however, Lawrence, Root, Shaw and 
Yager creeks were impaired at that time (PL 1998). 

 

 
Figure 2-16. Richness Index values range from 21 to 41, indicating good stream health for Butte 
Creek (41 taxa) at the time of the survey, moderate health for many, but impaired conditions at 
some stations in Hely Creek, Lawrence Creek, Root Creek, and Yager Creek (PL 1998). 
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Results of macro invertebrate diversity scores for the Van Duzen and Yager tributaries show 
striking similarity to changes in Freshwater Creek as part of the PL Freshwater Creek Watershed 
Analysis (PL 2001).  Years of sampling extended from 1994 to 1999 in Freshwater Creek and 
showed significant reduction in EPT and Richness as well as increased fine sediment levels 
following logging.  
 
Fine Sediment 

PL collected bulk gravel samples from Van Duzen and Yager Creek tributaries and published 
results as part of their HCP.  Samples were analyzed for particles smaller than 0.85 mm, which 
are known to infiltrate salmon and steelhead nests (McNeil and Ahnell 1964). Data were also 
presented for sediment less than 4.7 mm, which represents sand sized particles and tiny gravel 
that may infiltrate substrate above redds and lead to capping that prevents fry emergence 
(Kondolf 2000).  
 
The Van Duzen TMDL sets targets of less than 14% fine sediment less than 0.85 mm and 30% 
for sediment smaller than 6.4 mm.  McHenry et al. (1994) found that, when fine sediment (<0.85 
mm) comprised 13% or greater of the substrate inside redds, it caused nearly 100% mortality of 
steelhead and coho salmon eggs. Kondolf (2000) found that 30% fine sediment 6.4 mm caused 
50% mortality of salmonid eggs. 
 
PL shovel sample results are displayed in Figure 2-17 and 2-18, showing fine sediment less than 
0.85 mm, and less than 4.7 mm, respectively.  Figure 2-19 combines data for fines less than 0.85 
mm (Winzler and Kelly 1980), and PL shovel samples for Lawrence Creek.  A major increase 
was observed following logging and road building from approximately 10% fine sediment to 
nearly 20% between 1980 and 1994.   
 
Van Duzen River and Yager Creek tributaries show striking similarity to those in Freshwater 
Creek as part of the PL Freshwater Creek Watershed Analysis (PL 2001).  Barnard (1992) 
collected baseline information before recent wave of logging activity in Freshwater Creek using 
freeze core sampling. He found fines <1 mm in 1988, after about 40 years watershed rest from 
logging, ranged from 6-10% at mainstem locations. The overall average was 13% fine sediment 
outside redds and 7% inside redds due to cleaning action of salmon.   
 
Samples collected from South Fork Yager Creek between 1967and1969 (Burns 1970) are cited 
in the Van Duzen TMDL, with levels over optimal for both fines less than 0.85 mm (16-22%) 
and 6.4 mm (39-55%).  Burns (1970) attributed the high level of fine sediment to the “release of 
sediments following collapse of the upstream Barrier.”  Barnard (1992) found 16% fines less 
than 1 m in the SF Freshwater Creek and 26% fines in Little Freshwater, which may be owing to 
weak sandstone bedrock geology or could represent a legacy from the previous disturbance 
regime of railroad logging. 
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Figure 2-17.  Fine sediment less than 0.85 mm is well over TMDL targets of less than 14% 
except in early 1990’s and earlier samples (PL 1998).  
 

 
Figure 2-18. Sand and fine gravels (<4.7 mm) at PL sampling sites show levels well above those 
recommended by EPA and known to cause decreased salmon survival. Note that historic 
samples, except for the South Fork Yager, show much less sediment than recent ones (PL 1998). 
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Figure 2-19.  Fine sediment in Lawrence Creek less than 0.85 mm prior to 1991 (Winzler and 
Kelly 1980), and 1991-1994 (PL 1998). Fines rose from approximately 10% in 1980-81 to nearly 
20% in the mid 1990s.  
 
Median Streambed Particle Size 

Knopp (1993) studied 60 northwestern California streams and found a relationship between the 
median particle size (D50) of a stream bed and watershed conditions.  Control watersheds, or 
those that had recovered from disturbance, had a D50 of 52-88 mm.  Values of less than 38 mm 
were correlated with recent, intensive timber harvest.  Reduced median particle size often 
indicates increased fine sediment (Montgomery and Buffington 1993) and increases likelihood of 
bedload mobility that can cause egg and alevin mortality (Nawa and Frissell 1993).  
 
If peak flows are elevated due to cumulative watershed effects, then shear stress may also lead to 
an increase in median particle size.  The U.S. Forest Service (Gallo et al 2001), as part of aquatic 
and riparian assessment under the Northwest Forest Plan, uses median particle size for judging 
stream health through their EMDS model.  Figure 2-20 shows the model rating curve where +1 is 
optimal habitat and -1 is completely unsuitable.  The range of optimal gravel size for salmonid 
spawning is 65-95 mm and useable gravels extend from 45-128 mm. 
 
Van Duzen River and Yager Creek tributaries (Figure 2-21) show a high degree of variability of 
D50, although many fall within healthy ranges defined by EMDS.  Root Creek, Hely Creek, and 
Yager Creek (Site #1) all show impairment recognized by Knopp (1993) as coincident with 
intensively logged landscapes (<42 mm), with values also often well below the threshold for 
salmonid spawning (<45 mm).  Indication of increased peak flows can be seen in larger stream 
channels like Yager Creek (#1 & #2) and Lawrence Creek (Site #1), with mean particle size 
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showing extreme variability and sometimes considerably larger than can be used by salmonids 
for spawning (>128 mm).  
 

 
Figure 2-20.  EMDS rating curve for D50 with optimal for salmonids between 65-95 mm and 
unusable below 45 mm and above 128 mm.   
 
 

 
Figure 2-21. While many D50 values from Van Duzen and Yager Creek tributaries fall within 
the optimal range for salmonid spawning, values from Hely, Lawrence, Root and Yager Creek 
showing indications of impairment (PL 1998). 
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Habitat Typing Data 

Pool frequency, pool depth, and embeddedness are three metrics useful for habitat analysis Van 
Duzen TMDL.  Habitat typing data is useful for a snapshot for the 1990’s, but conditions have 
likely changed since then because of continued logging and road building and higher rainfall 
since 1995.   
 
Pool Frequency 

Coho salmon juveniles prefer pool habitat formed by large wood (Reeves et al. 1989), and 
yearling and older age steelhead juveniles also reside in pools (Barnhart 1986).  Peterson et al. 
(1992) used 50% pool frequency by length as a reference for good salmonid habitat and 
recognized streams with less than 38% as impaired. CDFG (2004) recognizes having greater than 
40% primary pools by length as a benchmark for healthy salmonid habitat.  Surveys of Yager 
Creek and Lower Van Duzen tributaries (Figure 2-22) showed that pool frequencies ranging 
from 9-34% by length indicated severe to moderate impairment.   
 
Reeves et al. (1993) found that pools diminished in Oregon coastal streams as the extent of 
timber harvest increased.  Basins with less than 25% of their watershed area harvested over 30 
years had 10-47% more pools than did streams in high harvest basins (>25%). The flattening of 
stream profiles and loss of pools in the Lower basin is consistent with cumulative watershed 
effects resulting from the widespread disturbance from logging and extensive road networks in 
these watersheds. 
 

 
Figure 2-22.  Pool frequencies in lower Van Duzen River and Yager Creek tributaries are very 
low reflecting advanced cumulative watershed effects and significantly compromised habitat for 
salmonids (CDFG 2004).   
 

 43



Van Duzen Watershed Project 
 

Pool Depth 

Greater pool depth provides more cover and rearing space for juvenile salmonids and better 
shelter for migrating or spawning adults (Spence et al. 1996).  Pool depths of three feet or one 
meter are commonly used as a reference for fully functional salmonid habitat (Overton et al. 
1993, USFS 1998a, Bauer and Ralph 1999, Brown et al. 1994).  Lower Van Duzen River and 
Yager Creek tributary pools (Figure 2-23) are almost all less than three feet as a result of 
advanced cumulative effects and are, consequently, very poor salmonid rearing habitat (CDFG 
2004).  Tributaries that are small are cool enough for salmonids, but lack depth and while larger 
tributaries have deeper pools they are too warm in summer for rearing juveniles. 
 

 
Figure 2-23. Pool depth in lower Van Duzen River and Yager Creek tributaries falls below 3 
feet in all but the largest tributaries indicating significant limiting factors for coho and steelhead 
juvenile production (CDFG 2004). 
 
Pool Volume 

Pool volume is a good indicator of juvenile coho rearing space and stream carrying capacity 
because of the species’ recognized preference for pools (Reeves et al. 1989).  Hilton and Lisle 
(1993) devised a method to quickly assess the ratio of the volume of sediment and water in a 
pool to the volume of sediment alone, to determine the residual volume of pools, and termed the 
measure V-star or V*.  Knopp (1993) found a high correlation in northwestern California 
between the intensity of land use and residual pool volume as reflected by V*, with highly 
disturbed watersheds having values greater than 0.21.  Regional TMDLs (USEPA 1998) and the 
NCRWQCB (2006) both use a V* score of 0.21 as a target for fully functional conditions. 
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Using a plumb line to test depth of mainstem Van Duzen River pools may be a much less 
expensive method of gauging channel recovery than cross sections, although use of both for 
trend monitoring would be optimal.  The VDWG should also consider exercises similar to those 
conducted in the Elk River in Oregon (USFS 1998a), where projected riparian re-growth and 
temperature recovery were modeled. 
 
 Embeddedness 

The degree to which cobble or gravel at pool tail crests is buried in fine sediment or sand is 
known as embeddedness, a measurement made routinely in habitat typing surveys (CDGF 2004).  
Pool tail crests are often chosen as locations for salmon and steelhead redd construction so 
embeddedness is a measure of spawning habitat quality. Elevated embeddedness is indicative of 
high fine sediment supply that makes redd excavation more difficult and decreases egg and 
alevin survival.  Juvenile salmon and steelhead may hide within interstitial spaces of a cobble-
bedded stream, and therefore, embeddedness is also an inverse index for available cover.  CDFG 
(2004) rates embeddedness scores of less than 25% as good, while NMFS (1996) rated anything 
greater than 20% as not properly functioning. 
 
Embeddedness in lower Van Duzen River and Yager Creek tributary pool tail crests ranged from 
an average of 40% in Stevens Creek to a high of 83% for the mainstem Yager, according to 
CDFG habitat typing surveys (Figure 2-24).  These values reflect significant impairment with 
regard to supporting Pacific salmon spawning, which is a specifically recognized beneficial use 
under the Clean Water Act.  High embeddedness is a reflection of an excess supply of sediment 
and cumulative effects processes described above.   
 

 
Figure 2-24. Embeddedness in lower Van Duzen River and Yager Creek tributaries shows very 
poor spawning conditions for salmonids (CDFG 2004). 
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Turbidity 

The Van Duzen TMDL does not address turbidity, but regional studies of land use and turbidity 
(Klein 2003) have made this parameter much more useful for understanding cumulative effects 
and the rate of recovery of sediment impairment.  The Van Duzen Watershed Project monitored 
turbidity as part of the water quality monitoring program in a partnership with Salmon Forever, a 
non-profit organization with experience in this field. 
 
Turbidity is a measure of the ability of light to pass through water and the data are reported in 
nephelometric turbidity units (NTU). Turbidity affects the ability of juvenile salmonids to find 
food, and consequently can reduce growth rates and survival of these young fish (Sigler et al. 
1984).  Higher levels of turbidity can be directly injurious to coho at all life stages (Newcombe 
and McDonald 1991). The Oregon Department of Environmental Quality’s (ODEQ 2005) 
exhaustive review of literature on turbidity concurs with Newcombe (2003) that while the 
duration of exposure is important, 25 NTU should be a benchmark for impairment of salmonids: 
 

This is not out of line with the Newcombe (2003) assessment model regarding clear water 
fishes which predicts that a long-term turbidity level of 25 NTUs would be at the 
threshold for ‘severely impaired’ or ‘poor’ water quality conditions. 

 
Klein (2003) demonstrated a strong relationship between watershed disturbance rates and the 
level and duration of turbidity in northwestern California streams (Figure 2-25). He  
analyzed data from undisturbed watersheds and those with varying timber harvest rates and road 
densities and found logarithmic increases as timber harvest rates rose from 1% of inventory (1% 
of a watershed per year or 25% in 25 years) to 2% and 3% POI, respectively.  
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Figure 2-25.  Turbidity Durations for Eight North Coast Streams: WY2002 (October through 
May).  Freshwater Creek is most heavily logged and Little Jones Creek, Upper Prairie Creek, and 
Godwood Creek are control streams (Klein 2003).   
 
 
 
Temperature 

For the most part, the Van Duzen TMDL avoids the subject of water temperature, despite the fact 
that sediment from logging and roads is linked to recent major water temperature rises in the 
Lower basin, including Yager Creek and its tributaries. The Van Duzen TMDL acknowledges 
this historic linkage (post-1964), but not changes since 1985 resulting from recent logging: 
 

Aggradation from the 1964 event resulted in the filling of formerly incised channels, 
channel widening, loss of riparian vegetation, increased bank erosion, loss of deep pools, 
and consequently increased water temperatures.  

 
Coho juveniles are only found in northwestern California streams where the maximum floating 
weekly average water temperature (MWAT) is less than 16.8o Celsius (C) (Welsh et al. 2001, 
Hines and Ambrose 1998).  Optimal growth for steelhead occurs in the range between 10-16 o C 
(Sullivan et al. 2000). Temperature data are those collected by PL and the Humboldt County 
Resource Conservation District as part of the Eel River Temperature Study (Friedrichsen 1998, 
HCRCD 1999, 2000, 2001, 2002a, 2003).  
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Figure 2-26. The maximum floating weekly average water temperature (MWAT) calculated 
from continuous data for Van Duzen River tributaries. Streams with MWAT’s cooler than 16.8 C 
are suitable for coho, while those with an MWAT over 20 C are stressful or lethal for salmonids. 
 
When all Van Duzen basin sites are analyzed for MWAT (Figure 2-26), major problems for coho 
salmon and other salmonids become apparent.  All mainstem Van Duzen River and Yager Creek 
locations are in the range of stressful to highly stressful for salmonids.  Larger tributaries that 
used to support coho salmon (Hallock et al. 1952) are now too warm to do so, including Yager 
Creek, Lawrence Creek, and Grizzly Creek.  Very small tributaries still maintain water 
temperatures suitable for coho, but they lack sufficient pool frequency, pool depth, and spawning 
gravel quality to support them.  
 
Welsh et al. (2001) noted that while using MWAT provides a good cumulative stress index, it 
may mask transitory peaks that indicate severely stressful or lethal conditions for salmonids.  
Sullivan et al. (2000) considered 25 o C the lethal temperature for all Pacific salmon species and 
Figure 2-27 shows that the mainstem Van Duzen River now routinely attains this temperature 
during summer.  As a consequence, the mainstem Van Duzen River is dominated by invasive 
warm-adapted species like the California roach and the Sacramento pikeminnow. 
 
 
Fish Population History, Status, and Trends 

Both the EPA and California State Water Resources Control Board recognize salmon, steelhead, 
and trout as beneficial uses (COLD), and their spawning habitats are afforded specific beneficial 
use protection (SPAWN) under the Clean Water Act.  The following discussion of historical 
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fisheries of the Van Duzen River, recent population trends, and risk of extinction, are all relevant 
to the TMDL process.  
 

 
Figure 2-27.  The daily minimum, average and maximum water temperature of the Van Duzen 
River above Root Creek shows that highs exceed lethal for salmonids. 
 
The Van Duzen has long been famous for its sport fishing, particularly its runs of salmon and 
steelhead.  While there are no hard data on historic or recent fish run trends, it is clear  
from early press accounts and recent surveys that what was once a dynamic fishery has 
collapsed, and that some species have disappeared.  In its undisturbed condition, the Van Duzen 
River was teaming with anadromous species, including coho salmon (Oncorhynchus kisutch), 
Chinook salmon (Oncorhynchus tshawytscha), coastal cutthroat trout (Oncorhynchus clarkii), 
summer and winter steelhead (Oncorhynchus mykiss), green sturgeon (Acipenser medirostris) 
and the Pacific lamprey (Lampetra tridentata).  All these fish reach maturity in the ocean and 
spawn in freshwater. Historical information is presented below followed by a description of what 
is known regarding the present status of each species and relative risk of extinction.   
 
Potential for Salmonid Recovery 

The Van Duzen TMDL preceded by four years the final report of the Independent Scientific 
Review Panel (Collison et al. 2003) for the North Coast Regional Water Quality Control Board.  
Hare et al. (1998) described decadal cycles in ocean and climate that profoundly affect Pacific 
salmon.  Collison et al. (2003) stated that if freshwater habitat is not restored when ocean 
conditions become less favorable and dry on-land climatic cycles return sometime between 2015 
and 2025, the prospect for extinction of species like coho salmon will be very high.  There is a 
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need for prompt action, if the salmon and steelhead of the Van Duzen River are to survive, and 
Van Duzen River TMDL implementation should reflect this urgency.   

 
The Van Duzen Watershed Group should continue to assemble a geographic information system 
(GIS) for TMDL implementation and adaptive management support as suggested by Dunne et al. 
(2001).  This should include a 10 meter DEM based shallow landslide stability (SHALSTAB) 
model.  This tool should be used to explore where disturbance, such as road building and timber 
harvest, has occurred and whether such areas yielded excess sediment through landsliding 
subsequent to management. 
 
Digital timber harvest data from CDF should continue to be updated and PL timber harvest back 
to 1985 should be captured from the National Geographic Redwood Transect project and used in 
CWE assessment. Studies in the future should also use hydrologic models to judge changes in 
flow regimes and the likely period for recovery.  
 
The RAPID CWE technique (Grant 1988) should be employed in response reaches to gauge 
channel recovery and continuing problems with high flows and excess sediment yield.  
 
 
Yager‐Lawrence Habitat Data Trends 

The Yager-Lawrence Watershed Analysis (HRC 2009) provides information on aquatic habitat, 
but the conclusion that these streams are “on a recovery path towards more complex and higher 
functioning conditions” is questionable.  Some data analysis methods do not follow standard 
protocols or are newly applied so that trends cannot be assessed.  Aquatic habitat data from the 
WA that are standard, and for which previous data are available for comparison, are discussed 
below.   
 
 
Median Particle Size Distribution 

Knopp (1993) demonstrated that the median particle size (D50) distribution of stream gravels at 
pool tail crests were a reflection of watershed conditions. Values of D50 less than 38 mm were 
associated with recent, intensive watershed management, while undisturbed watersheds or those 
that had recovered from management, had D50 values in the range of 52-88 mm.  Adding values 
from Knopp (1993) to the HRC (2009) median particle size chart (Figure 2-28), suggests that 
only four of 15 sites fall within the recovered range and that half the sites are in the high 
disturbance range (<38 mm).   
 
Inter-annual trend data for Franciscan Formation tributaries (Figure 2-28) and those having 
Yager Formation geology (Figure 2-29) both show high variability, indicating active bedload 
transport.  Such bed mobility indicates cumulative effects problems (Dunne et al. 2001) are 
continuing with additional sediment coming from hillslopes and/or being mobilized from 
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upstream reaches during storm events.  Such changes in bed size indicate that salmon and 
steelhead eggs deposited in stream gravels would likely be washed out or buried too deeply for 
successful incubation. 
 
For example, the D50 of Lawrence Creek (#47) dropped from a 160 mm in 1998 to just above 20 
mm in 1999 (Figure 2-29).  Despite coarsening to 110 mm in 2000, the 2004 value again 
dropped to around 40 mm near Knopp’s impaired range value.  Similar erratic trends are 
exhibited at Middle Fork and North Fork Yager Creek monitoring locations with all showing 
declines in D50 in 2004, indicating a likely incursion of fine sediment in that year.  Bell Creek 
has an impaired range of values throughout the time series (<38 mm) and is not showing a trend 
of recovery from intensive logging in the late 1980s and 1990s.   
 
Median particle size data for streams flowing from the Yager Formation (Figure 2-30) show 
similar trends.   The South Fork Yager Creek (#68) D50 dropped from 80 mm in 1998 to 
approximately 25 mm in 1999, below impaired range (<38 mm) of Knopp (1993).  Although 
D50 showed an increasing trend through 2002 at this site, by 2005 it had fallen again to less than 
40 mm.  Similarly, Corner Creek and Strawberry Creek likely experienced large incursions of 
fine sediment with a large reduction in D50 resulting.  The D50 of Shaw Creek was in impaired 
range of Knopp (1993) and remained there throughout the time series, showing no discernable 
trend towards recovery.   
 

 
Figure 2-28.  Median particle size (D50) from Figure D-9 of the HRC (2009) Yager-Lawrence 
WA and reference values from Knopp (1993) for impaired (<37 mm) and recovered (52-88 mm).  
Only four sites have values indicating recovery.   
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Figure 2-29.  Median particle size (D50) at aquatic HRC monitoring sites in Franciscan 
Formation geology. Taken from Yager-Lawrence WA (HRC 2009) , Figure D-13. Note high 
degree of change annually and throughout the time series indicative of shifting bedload.   
 
 

 
Figure 2-30.  Median particle size (D50) at aquatic HRC monitoring sites in Yager Formation 
geology (HRC 2009).  Note high degree of change annually and throughout the time series 
indicative of shifting bedload.   
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Elevated peak flows due to land management can also increase bed shear stress (Montgomery 
and Buffington 1993) resulting in very large D50 values that can range above a size that can be 
used for salmon and steelhead spawning (>128 mm).  Two sites had D50 values in at least one 
year that were too large for salmonid use with one value of 250 mm at Yager Creek site (#5) and 
Lawrence Creek site (#47) ranging up to 160 mm. 
 
Fine Sediment 

Data are provided by HRC (2009) for fine sediment classes of less than 0.85 mm and less than 
6.3 mm.  These data are for dry sieve results; therefore, conversion factors must be used to adjust 
them for comparison with PL wet sieve samples that were collected in the 1990s and those by 
Winzler and Kelly (1980) from an earlier period.  Shirazi and Seim (1979) found that a dry sieve 
to wet sieve conversion factor of 0.739 was appropriate for fines less than 0.85 mm and one of 
0.866 should be applied for comparison of dry and wet sieve samples of sediment less than 6.4 
mm.  Van Duzen TMDL (USEPA 1999) thresholds of no more than 14% fine sediment less 
than 0.85 mm and 30% fines less than 6.4 mm can, therefore, be adjusted for comparison to 
10.3% and 26%, respectively.    
 
Results from HRC (2009) showed fine sediment less than 0.85 mm to range between 5 and 10%, 
which would seemingly meet the TMDL adjusted standard of 10.3% fines after dry sieve 
conversion.  These values seem inconsistent, however, with previously summarized data and 
other sediment transport signals.  For example, the rapid decrease of stream bed median particle 
size (D50) described above for a number of locations should be accompanied by increased fine 
sediment in stream gravels.   
 
Fine sediment less than 6.3 mm from HRC (2009) at various locations in the Yager-Lawrence 
watershed (Figure 2-31) are above the Van Duzen River TMDL adjusted target at 10 of 14 
monitoring sites, when the Shirazi and Seim (1979) conversion factor is applied.   This also 
indicates levels are at or above those known to decrease salmon spawning success (Kondolf 
2000).  The South Fork Yager Creek has the highest value of over 40%, but two Yager Creek 
sites were between 35-40% and one Lawrence Creek location (#9) had 35% fine sediment (<6.4 
mm).  These are not values that reflect aquatic recovery.  Additionally, results of annual fine 
sediment less than 6.3 mm showed significant shifts between years, such as in the North Fork 
Yager Creek, where values rose from approximately 15% in 2002 to over 50% in 2003 (Figure 
2-32).  This is consistent with the D50 indicator that sediment transport remains high in the 
Yager-Lawrence basin.  The values for dry sieve fine sediment of less than 6.3 mm from HRC 
(2009) more closely relate to previous PL samples that were for fines less than 4.7 mm.  
Monitoring recommendations include doing some scientific comparisons in the future of wet and 
dry sieve sampling methods to improve understanding of aquatic habitat trends. 
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Figure 2-31.  Dry sieve samples of fine sediment less than 6.3 mm (HRC 2009). Reference lines 
are added from the Van Duzen TMDL for wet sieve samples (30%) and an adjusted value of 
26% for dry sieve samples, according to methods recommended by Shirazi and Seim (1979).   

 

 

 

Figure 2-32.  Dry sieve samples of fine sediment less than 6.3 mm (HRC 2009).  Coverage 
extends from 2002 to 2004 and represents four sampling locations in Franciscan Formation 
watersheds.  
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Pool Data 

HRC (2009) used pool area and pool spacing criteria that do not allow for trend analysis, but data 
provided on residual pool depth is useful (Figure 2-33).  The reference line of three feet on the 
average residual pool depth chart is the threshold recognized by HRC (2009), which is similar to 
the one meter recommended by Brown et al. (1994) as the minimum optimal depth for coho 
salmon juvenile rearing.  Data from Shaw Creek, the stream where coho salmon were most 
recently seen in the Yager-Lawrence watershed, indicates pools are an average of less than 2 feet 
deep and small tributaries Bell, Strawberry and Corner creeks have even more restricted pool 
depths.  An equally clear signal of bedload aggradation is the shallow pool depths in all 
mainstem reaches of Lawrence Creek as well as upper Yager Creek, the Middle and North Fork 
of Yager Creek.   
 
Parts of Yager Creek (HRC 2009) can be characterized as confined transport reaches where 
scour energy is very high, but the excess bedload stored in compartments on the terrace as well 
as within the pool depicted is compromising pool depth (Figure 2-34).   
 
 
 

 
Figure 2-33.  Average residual pool depth at 14 HRC locations taken from the Yager-Lawrence 
WA.  Note that depths fail to meet 3 foot deep criteria except in mainstem reaches of Yager 
Creek and SF Yager.  From Figure D-37 (HRC 2009). 

 
Although average residual pool depths in the reach of Yager Creek below Lawrence Creek 
exceeded two meters, it is likely that pools were substantially deeper before disturbance.  
Although an increase in average residual depth at the lower Yager Creek site (#164) from 0.6 m 
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to 0.95 m (3.1 ft.) from 2000 through 2006 was noted, this still represents significantly 
compromised depth for a stream of its size.  The diminished depth is as a result of a very large 
sediment pulse shown in an aerial photo (Figure 2-35).  Confinement of the Yager Creek channel 
is evident from a levee in Figure 2-36, and channel constriction is a contributing mechanism to 
sediment being deposited at this location.   
 
Just as with D50 and fine sediment annual trend data, residual pools in both Franciscan and 
Yager Formation watersheds fluctuate widely (Figure 2-36).  This is a cross confirmation of 
active sediment transport processes as average residual pool depths dropped from approximately 
0.75 m to 0.35 m between 2000 and 2001 in the South Fork Yager.  Although South Fork depths 
recovered to nearly a meter deep in 2004, Bell Creek dipped from 0.8 m in 2000 to 0.4 m in 2001 
and had only risen to 0.6 m average residual depth in the same period. 
 
 
 

 
Figure 2-34.  Yager Creek (HRC 2009).  Red arrows are added and show bedload in excess of 
transport capacity.   
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Canopy 

The amount of canopy over the stream is an indicator of aquatic habitat quality because shade 
helps maintain cool water temperatures for salmonids.  The CDFG-recommended target of 80% 
shade (CDFG 2004) is only evident on Shaw Creek and Bell Creek, and recovery from past 
logging operations does not seem to have occurred (HRC 2009).  HRC (2009) stated that shade 
potential is limited on larger streams like Yager Creek and Lawrence Creek because of their 
width, and relative potential at all locations is displayed in Figure 2-37 in light blue.  However, 
larger order tributaries have widened as a result of cumulative effects and sediment loading and 
prime growth redwoods or old growth in the future might attain 300-400 feet in height.  It is 
unknown whether HRC (2009) potential shade calculations include these factors. Canopy closure 
values do not reflect whether riparian trees are conifers or hardwoods.  Also, canopy is not 
necessarily representative of riparian function, which is judged on tree size and stocking on the 
order of one or two site potential tree heights (FEMAT 1993, Spence et al. 1996). 
 
 
 
 

 
Figure 2-35.  Aerial image of the mainstem of Yager Creek at HRC #164 with red arrow 
highlighting fine and coarse sediment plug just upstream of Highway 36, indicating major 
aggradation (HRC 2009).   
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Figure 2-36.  Average residual pool depth trends by year in both Yager and Franciscan 
Formation watersheds from Figure D-40 from HRC (2009).  Fluctuations such as at site #68 and 
#117 indicate active bedload transport. 

 

 

 
Figure 2-37. Canopy closure at 13 HRC monitoring locations in the Yager-Lawrence watershed 
showing existing levels in dark blue and potential in light blue (HRC 2009).  CDFG (2004) 
target for canopy closure is 80%.  
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Water Temperature 

HRC (2009) supplied floating weekly average water temperature data that allows for trend 
analysis with earlier samples (Figure 2-38). The pattern remains consistent and small streams 
have water temperatures cool enough for coho salmon (16.8o C MWAT) (Welsh et al. 2001), but 
mainstem temperatures are stressful or lethal.  Exceptions are upper Lawrence Creek (#47) and 
South Fork Yager (#68), where both of these reaches are accessible to steelhead, but not coho or 
Chinook salmon, because of barriers and/or stream gradient. 

 
Large Wood 

Although HRC (2009) found that large wood loading in Strawberry Creek was increasing, 
elsewhere in the Yager-Lawrence watershed they found very low levels of large wood in 
streams.  The upper site on Lawrence Creek (#47) had better than average wood levels as did 
lower Yager Creek (#164), but annual survey values at the latter site “oscillate between very high 
numbers and low numbers”.  This indicates wood is highly mobile in this reach, which is 
characteristic of streams that experience increased peak flows and that have unstable bed 
conditions.  Low large wood levels are also consistent with the open canopy conditions described 
above.  “The diameter and length of wood pieces is small throughout the watershed, reflecting 
the relative immaturity of most of the riparian forests that border the streams” (HRC 2009). 

 

 
Figure 2-38. Maximum floating weekly average (MWAT) water temperature at 13 HRC (2009) 
monitoring locations in the Yager-Lawrence watershed indicates that only small tributaries are 
cool enough for coho salmon, which require an MWAT at or below 16.8 o C (HRC 2009). 
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Conclusion 

The Van Duzen TMDL made the following recommendation regarding monitoring:  
 

The development of a basin-wide monitoring plan would likely improve the efficiency 
between entities conducting monitoring and render the results of an agreed upon 
monitoring strategy more meaningful. A vital step in the development of a 
comprehensive monitoring strategy for the VDR is for a local agency (such as DFG or 
NCRWQCB) or group to play a leadership role in pulling together all the interested 
parties to develop a monitoring plan for the VDR. A comprehensive monitoring program 
will provide the basis for adaptive management. 

 
Nonprofit organizations will need to continue filling the niche of trend monitoring to support 
adaptive management.  The Van Duzen Watershed Project should continue monitoring, and work 
cooperatively with the North Coast Regional Water Quality Control Board and the EPA to make 
meaningful progress toward abatement of sediment and temperature pollution.  The VDWP 
should also continue with public education to inform their neighbors and Van Duzen River 
stakeholders about the need for further action.  The current extremely low ebb of Pacific salmon 
populations exemplifies the urgent need for action before 2015-2025 due the PDO.   
 
 
 


