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New Data (Graphs & Tables) and Photos 

3. The TTS Station 

Annual Sediment Loading 

As several months of the rainy season were missed in 2007 due to the timing of the grant award, 
only data from HY08, which represent a full year, are presented here.  Plotting turbidity and 
stage showed a proportional relationship (Figure 3-1).  These plots subsequently provide the 
opportunity to represent sediment and/or turbidity as a continuous function of discharge, which 
was estimated throughout the entire HY08 season.  Regressing HY08 SSC data on turbidity 
produced an improved relationship between suspended sediment and turbidity, as observed in a 
higher R2 for HY08 (0.83) than for HY07 (0.54). 
 
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 0.76 
(Figure 3-2).  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 (Table 3-1). 
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Figure 3-1.  Plot for turbidity (in red) and stage (in blue) at Cummings Creek TTS station during the hydrologic year 2008 (HY08), 
adjusted for instrument and sampling inconsistencies. 
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Figure 3-2.  The relationship between suspended sediment and turbidity (y = 1.1709x, R2 = 
0.76), using data recorded at the Cummings Creek TTS station during HY08. 
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Table 3-1.  Summary of sediment load estimates for station VDC, water year 2008. 
Each estimate is given one of five grades: excellent, very good, good, fair and poor. 
Grading is based on the quality within the following categories: 
a) Number of sample bottles within the period and the coverage of bottles across the entire period. 
b) The strength of the relationship between the surrogate variable (usually turbidity) and ssc, as measured by CV and r2. 
c) The complexity of the models used, and the number of objects which were necessary to calculate the estimate for the period. 
d) The quality of the surrogate variable data (turbidity, flow, or sample bottle/time).  
An estimate cannot receive a high grade if the quality of the underlying data is questionable. 
 

Period Dates and Times 
Sediment 
Load (kg) Surrogate Variable Model(s) CV % r2 Grade 

% of Total 
Sediment 

Load 
1 071019,0930,071202,1400 3,011 flow power 34.49% 0.919 fair/poor 0.04%

2 071202,1410,071216,1430 29,516 flow, turbidity power 8.11% 
0.917, 
0.969 fair/poor 0.41%

3 071216,1440,080103,0750 37,099 flow, time, turbidity 
power, na, 

linear na na poor 0.51%

4 080103,0800,080108,0400 4,906,417
turbidity, flow, time, 
turbidity linear na na good 68.05%

5 080108,0410,080125,1400 94,040 turbidity  power 5.91% 0.87 good 1.30%
6 080125,1410,080130,2130 120,445 turbidity power 7.71% 0.972 good 1.67%
7 080130,2140,080206,1700 1,965,004 flow linear 4.60% 0.79 fair/good 27.25%
8 080206,1710,080223,1200 16,095 flow power 3.73% 0.978 fair 0.22%
9 080223,1210,080228,0000 23,044 turbidity power 8.24% 0.919 good 0.32%
10 080228,0010,080312,1920 1,092 flow power 62.35% 0.7 poor 0.02%

11 080312,1940,080419,0320 12,380 flow, turbidity, flow 

power, 
linear, 
power 7.83% na good 0.17%

12 080419,0330,080422,1700 data missing 

13 080422,1710,080530,1650 2,341 flow power 78.73% 0.66 poor 0.03%

7, 210, 484 
7,945 

TOTAL LOAD (kg) 
TOTAL LOAD (tons) 
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Cumulative (Chronic) Turbidity 
Turbidity and suspended sediment are certainly among the most quantifiable physical variables 
for estimating cumulative effects within the watershed, and are each conveniently time-sensitive 
direct physical measurements of how cumulative effects impact biotic and abiotic aspects of the 
watershed (Trush 2005).  Evidence indicates that increased suspended sediment (which can also 
be measured as turbidity) results in reduced growth and smaller size class distribution of juvenile 
salmonids (smolts), which in turn results in lower survival of these species.  These effects 
subsequently reduce the probability of attaining an adult population capable of sustaining the 
species.  Increased chronic turbidity is directly related to increasing rates of timber harvest, and 
scientists and agencies can predict the loss of adult steelhead with varying rates of timber harvest 
(Trush 2005, Klein et al 2008).   

 
As mentioned earlier, one advantage of a TTS continuous recording station is an ability to 
quantify cumulative hours, otherwise known as chronic turbidity.  An earlier study (Klein et al. 
2008) compared chronic turbidities of streams throughout the North Coast of California, as 
recorded with TTS stations at 28 different locations.  In that study, turbidity was quantified based 
on 1) the number of hours that turbidity surpasses a given level or threshold (chronic turbidity), 
and 2) turbidity exceedence, which is the percentage of time that chronic turbidity is recorded 
above a given turbidity threshold.  As expected, turbidity durations and exceedences varied 
widely among the streams sampled.   
 
In HY05, turbidities at the 10% exceedence probability ranged from 3 FNU at the low end to 116 
FNU at the high end (Klein et al. 2008).   At the 0.1% exceedence level, they ranged from 72 to 
1662 FNU.  South Fork Elk River, which is typically high in sediment, registered 10% 
exceedence of 116, and a 0.1% exceedence of 1245 FNU.  In terms of cumulative turbidity, this 
stream registered 1565.6 hours above 25 FNU, and 11.3 hours above 1000 FNU in HY05, 
making South Fork Elk the most impaired stream of the 28 stream sites sampled.  Of those 28 
sites only 5 registered more than 1000 cumulative hours above 25 FNU, and each of these 5 sites 
(comprising three streams) had an FNU value of 57 or greater at the 10% exceedence level.  
Thus, these streams most likely represent the 3 most chronically impaired streams (NF Elk River 
and Freshwater Creek were each sampled at two sites) of the 28 stream sites in the cumulative 
turbidity study during 2005.   
 
Turbidity duration (chronic turbidity) data provide an index of relative stream health, and an 
opportunity to compare the conditions of streams within the Lower Van Duzen River Basin to 
other streams along the Pacific North Coast.  Obviously, the validity of comparing different 
streams based on data collected in 2 different years could be suspect.  However, there are very 
little data available upon which such comparisons can be made, and these data offer the best 
opportunity to do this.   A turbidity-exceedence curve was developed for Cummings Creek based 
on a given set of known values, which basically describes the proportion of time a given 
turbidity threshold was exceeded during the time period.  The number of hours above specific 
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exceedences (25, 50, 100, 200, 500, 1000, and 2000 FNU) was calculated.  These values were 
then plotted and a power function fit to the data (Figure 3-3).  Using this function, corresponding 
turbidities were estimated for a range of exceedences from 0.10% through 10% (Table 3-2). 
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Figure 3-3.  Turbidity-Exceedence function used to estimate turbidities at specific exceedences. 

 
During the same months as those used in the Klein et al. (2008) study (December through May), 
in 2007/2008 (the only hydrologic year in which a complete set of data were recorded), 
Cummings Creek registered 55 FNU at the 10% exceedence probability and 1,556 FNU at the 
0.10% exceedence probability (Table 3-2, Figure 3-4).  It also registered 1,106.7 hours above 25 
FNU, and 6.8 hours above 1000 FNU during that same year (Table 3-2, Figure 3-5).   
 
Based on exceedence at the 10% level, Cummings Creek could be reasonably ranked as the sixth 
or seventh most impaired stream monitoring site of the 29 stream sites in the comparison 
(original 28 sites plus Cummings Creek).  Considering the other metrics available for 
comparison, such as cumulative hours above 25 FNU tends to support placement of Cummings 
Creek as the sixth most turbid stream among the 29 North Coastal stream sites included in this 
comparison.  However, Cummings Creek would actually rank as the fourth most turbid stream, 
as North Fork Elk River and Freshwater Creek were each sampled at two separate sites.   
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Table 3-2.  Turbidity levels at specified exceedences and cumulative hours of turbidity at Cummings 
Creek, HY08, compared to 28 North Coastal sites in HY05 (Klein et al. 2008).   

  Hydrologic Year 2005 

  Turbidity at Specified Exceedence Cumulative Hours Above Specified Turbidity 
Site 0.10 1.0 2 5 10 1000 500 200 100 50 25
SF Elk 1245 551 370 185 116 11.3 54.3 195.3 512.8 936.3 1565.6
NF Elk 1 766 376 271 161 93 1.3 25.2 157.2 399.0 809.8 1538.3
NF Elk 2 1416 483 303 144 76 13.2 41.3 150.2 319.7 677.6 1290.1
Freshwater 1 620 281 197 107 67 1.2 8.5 84.8 238.2 669.8 1413.5
Freshwater 2 675 254 167 87 57 0.5 7.8 66.7 183.8 550.5 1363.1
Canoe 1 509 225 152 92 56 0.0 5.7 56.0 185.7 484.7 936.0
Jacoby 1 794 307 205 96 53 0.7 14.2 89.7 211.0 469.8 1016.5
Corrigan 785 249 148 78 50 0.8 13.7 56.3 140.3 439.8 1057.8
Jacoby 2 1662 293 167 75 42 7.7 23.3 71.0 149.8 349.3 859.6
SF Caspar 258 110 77 48 37 0.0 0.0 10.5 51.8 197.0 909.3
18 additional 
streams <600 <200 <110 < 50 < 35 < 1 < 10 < 45 < 100 < 210 < 850 

  Hydrologic Year 2008 

Cummings 
Creek 1556 294 178 92 55 6.8 18.5 76.7 211.5 559.7 1106.7

1 Data for Canoe Creek recorded in different units (FBU) than the other sites (FNU), and may not 
be directly comparable.   
 

 
The most turbid stream site in terms of hours above 25 FNU was South Fork Elk River (1565.6 
hours), which was 41.5% higher than Cummings Creek (1106.7 hours).  North Fork Elk River, 
which was the second highest ranked turbid stream site (1538.3 hours) in the Klein et al (2008) 
study, was 39.0% higher than Cummings Creek.  At 10% exceedence, South Fork Elk River (116 
FNU) was 110.9% higher than Cummings Creek (55 FNU), and the North Fork Elk River stream 
site (93) was 69.1% higher than Cummings Creek.  For brevity, the 18 least turbid stream sites of 
the 28 in the Klein et al. (2008) study are not listed by name in Table 3-2.  The original 
document should be used for more detailed information.   
 
The implications and usefulness of the above comparisons can help quantify or at least estimate 
the relative conditions of sedimentation in the streams of the Lower Van Duzen River Basin, and 
are discussed later (see Grab Samples).   
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Figure 3-4.  Comparison of Cummings Creek with 10 other North Coast streams, based on a 
range of turbidity exceedences.   
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Figure 3-5.  Comparison Cummings Creek with 10 other North Coast streams, based duration 
(hours) above a designated turbidity threshold.   
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4. Grab Samples 

Turbidity 

As the project strongly emphasizes the relationship 
between water quality and the survival of salmon, m
factors of concern are those that affect habitat and 
influence salmonid reproduction and survival, inclu
suspended sediment and turbidity, temperatur
dissolved oxygen.  Secondarily, we are also concerned
with the physical makeup of stream habitats (habitat 
types), physical recognition of course sediment in 
stream cross-sections and the degree of embeddedness, 
macro invertebrate populations as indicators of water 
quality, and other conditions that convey information 
about the state and health of the watersheds, such as 
geology, vegetation types, canopy cover, landuse, 
riparian and instream habitat, road density, timber 
harvest, and many other indices of landscape 
conditions.  This part of the report focuses on results of 

the turbidity and suspended sediment grab sampling 
program (Figure 4-1) during two years of sampling 
throughout the lower Van Duzen River Basin (HY
and HY08).   

ajor 

ding 
e, pH, and 

 

07 

Figure 4-1. Grab sampling for turbidity in 
the Van Duzen River.  Photo S. Steinberg. 

 

 
The site named Main Stem Van Duzen at Little Golden Gate was abandoned early during the 
first year of sampling, primarily due to our inability to communicate with that particular 
volunteer, and the difficulty in obtaining timely and a sufficient number of samples from that 
site.  However, for the remainder of HY07 and all of HY08, the role of that site was adequately 
replaced by monitoring at Rainbow Bridge, which is located several miles downstream from the 
original site.  During the second year, the volunteer, who also sampled Grizzly Creek, collected 
more samples than were collected the first year, and was also employed as a technician to read 
the samples collected at both sites, one of the four Hach 2100P turbidimeters used during the 
study.   
 
Hydrologic Year 2007 

Precision of the turbidity samples was estimated from three replicate bottles (Hach cells) dipped 
into the stream simultaneously.  Determination of the degree of precision was based on the 
calculation of the Coefficient of Variation (V), which is calculated as the Standard Deviation 
divided by the Mean.  Using the mean in the equation eliminates the possibility of larger samples 
registering higher levels of variability (and thus, lower precision).  Samples were considered to 
have adequate precision if V was less than 0.10, and less than adequate precision if V was 
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greater than or equal to 0.10.  The number of samples with V values < 0.10 was compared to 
those => 0.10 for each monitoring site over the sampling season (Table 4-1.).   

 
Data in Table 4-1 represent the number of sample events (e.g., trips to the monitoring site), each 
comprised of 3 replicates.  Total number of replicates would equal Number of Records times 3.  
The precision of turbidity samples varied considerably between monitoring sites in the frequency 
of adequate V values, with some sites showing high precision, as demonstrated by having a low 
proportion of V values => 0.10, and others showing substantially poorer precision with a much 
higher proportion of V => 0.10.  Although the vast majority of values ranged between 0.00 and 
0.10, a few samples collected early in the sampling program, were substantially higher.  When 
viewed as a whole, these data suggest that precision may be unacceptably low when 20% or 
more of the samples exhibit V greater than 0.10.   
 
Table 4-1.  Use of the Coefficient of Variation (V) as an index of variability about the mean.  

Number of records equals the number of three-replicate samples obtained in HY07.   

Stream Site 

Variability Estimates 
Number of  

Records 
Coef. of Variation    

(V) => 0.10 
Percentage        
V => 0.10 

Wolverton Gulch 64 3 4.69 
Yager Creek 66 6 9.09 
Wilson Creek 28 2 7.14 

Cummings Creek 120 17 14.17 
Fox Creek 78 2 2.56 
MS Weares 77 9 11.69 

Flanigan Creek 20 3 15.00 
Hely Creek 94 15 15.96 

Grizzly Creek 38 7 18.42 
MS Rainbow Bridge 52 12 23.08 

Total 632 76   
Average 63.2 7.6 12.20 

Grab sample turbidity-by-discharge-by-time, was plotted for all monitoring sites that recorded at 
least 25 samples per season in hydrologic year (HY) 2007 (Appendix F).  In general, all streams 
showed similar as well as unique features.  Plotting turbidity and discharge over time produced 
figures that depicted nearly all of the same storm events at each monitoring site, and both 
turbidity and discharge exhibited relatively parallel behavior for all of the streams, when plotted 
over time (i.e., date).  In general, most streams exhibited a moderate to tight correlation between 
turbidity and discharge as exemplified by Cummings Creek (Figure 4-3), suggesting a reasonable 
likelihood of developing a satisfactory algorithm to estimate cumulative suspended sediment 
based on discharge.   
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Figure 4-3.  Turbidity (NTU) recorded from grab samples in relation to discharge (CFS) at 
Cummings Creek, HY07. 
 
There was a special interest in estimating total suspended sediment loads in the main stem Van 
Duzen River, where regulate discharge readings were available on-line from the Rainbow Bridge 
USGS-DWR gauging station.  Therefore the discharge-turbidity relationship is especially 
important for estimating annual sediment loads in the Main Stem Van Duzen (Figures 4-4, 4-5).  
Plots of turbidity versus discharge allowed functions to be developed specific to each stream 
with R2 values ranging from 0.55 to 0.92 (Table 4-2, Appendix G).   
 
Based on the maximum turbidity (average for 3 replicates) recorded for HY07, all streams 
sampled can be ranked according to relative health, or the converse, relative impairment 
(turbidity) (Table 4-3).  During HY07, of all the tributaries, Wolverton Gulch registered the 
highest average turbidity levels and also the highest single reading (2,352 NTU) of any other 
stream.  Fox Creek registered the second highest value (1,533 NTU), and Yager Creek the third 
highest (1,370 NTU).  Highest turbidity levels on the mainstem were moderately high relative to 
the tributaries.   
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Figure 4-4.  Turbidity (NTU) in relation to discharge (CFS) at Main Stem Weares, HY07.   
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Table 4-2.  Average turbidity (NTU) as a function of discharge (CFS) within the Lower Van 
Duzen Watershed Project Area during Hydrologic Year 2007 (HY07). 

Stream Site 

Variability Estimates 
Number of  
Records 

Turbidity-Discharge 
Function 

R2 (Coefficient of 
Correlation) 

Wolverton Gulch 64 y = 3.4559x1.138 0.79 
Yager Creek 66 y = 0.0003x1.6388 0.82 
Wilson Creek 28 y = 1.0205x1.3381 0.82 
Cummings Creek 120 y = 1.8869x1.1765 0.92 
Fox Creek 78 y = 11.759x 0.55 
MS Weares 77 y = 2E–5x2 + 0.0115x 0.82 
Flanigan Creek1 20 y = 0.731e16.136 0.62 
Hely Creek 94 y = 0.0208x2 + 0.2025x 0.87 
Grizzly Creek 38 y = 0.0744x1.2241 0.74 
MS Rainbow Bridge 52 y = 4E-6x2 + 0.0414x 0.55 
        
Total 675     
Average 67.5   0.75 

1 Flanigan Creek was not adequately sampled for velocity to allow calculation of discharge.  
Therefore, the equation shown represents turbidity versus stage.   

 
 
The ranking relationship changes if we use the amount of suspended sediment per unit time, but, 
during HY07, insufficient SSC grab samples were taken to allow conversion of turbidity NTUs 
to suspended sediment.  However, a proxy statistic (NTU_CFS) can be calculated, and used 
instead to assess and quantify the amount of sediment carried by each stream.  This metric is the 
product of turbidity (NTU) by discharge (CFS), which translates into cubic feet of turbid 
material transported per second (Table 4-4).  Because of its size, volume of water, and catchment 
area, Yager Creek was observed to carry more sediment than any of the other tributary streams, 
which was an order of magnitude greater than the second highest, Grizzly Creek (10 million 
NTU_CFS to 1 million NTU_CFS).  Wolverton Gulch, ranked third, still very high for such a 
small stream.  The amount of turbid material carried in Yager Creek was surpassed only by that 
amount recorded for the main stem Van Duzen River at MS Weares.     
 
However, the most critical variable to assess stream impairment should be consistent with the 
amount of suspended sediment being transported per unit time per unit catchment area.  If that 
becomes the metric of greatest importance, it can also be indirectly estimated based on the above 
data.  Assuming that the volume of water transported by a given stream is proportional to its 
catchment area, then the amount of material being transported per unit time per unit area can be 
estimated by removing CFS from the NTU_CFS variable, which once again highlights the data 
in Table 4-3.  Therefore, once again, Wolverton Gulch would appear to be the most impaired 
stream of all those monitored during HY07, with a maximum value of 2,352 turbid units of 
material per unit time per unit catchment area, followed by Fox Creek and then Yager Creek.   
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Table 4-3.  Maximum turbidity (NTU) point recorded for all monitoring sites within the 
Lower Van Duzen Watershed Project Area during Hydrologic Year 2007 (HY07).   

Stream Site 

Variability Estimates HY07 
Number of  
Records 

Maximum Turbidity 
(NTU) 

Severity Ranking : Percent 
of Highest Recorded Value 

Wolverton Gulch 64 2,352                  1 
Fox Creek 78 1,533                  2 :   65% 
MS Weares 77 1,517                  3 :   64% 
Yager Creek 66 1,370                  4 :   58% 
Flanigan Creek1 20 1,191                  5 :   51% 
Hely Creek 94 1,000                  6 :   43% 
Grizzly Creek 38 1,000                  6 :   43% 
Cummings Creek 120 840                  8 :   36% 
MS Rainbow Bridge 52 810                  9 :   34% 
Wilson Creek 28 695                 10 :  30% 
        
Total 675     
Average 67.5 1,231   

1 Flanigan Creek was not adequately sampled for velocity to allow calculation of discharge. 
 
Table 4-4.  Turbidity (NTU) and Discharge (CFS) recorded for 10  monitoring sites within 

the Lower Van Duzen Watershed Project Area during Hydrologic Year 2007 (HY07). 

Stream Site 

Variability Estimates HY07 

Number of  
Records 

Maximum 
Turbidity 

(NTU) 

Maximum 
Recorded 

Discharge (CFS) NTU - CFS 

Severity Ranking : 
Percent of     

Highest Value 
Wolverton Gulch 64 2,352 201 472,752          5 : 3.7% 
Fox Creek 78 1,533 105 160,965          8 : 1.3% 
MS Weares 77 1,517 8,420 12,773,140          1 : 100% 
Yager Creek 66 1,370 7,426 10,173,620          2 : 79.6% 
Flanigan Creek1 20 1,191                  --- 
Hely Creek 94 1,000 194 194,000          7 : 1.5% 
Grizzly Creek 38 1,000 1,051 1,051,000          4 : 8.2% 
Cummings Creek 120 840 372 312,480          6 : 2.4% 
MS Rainbow Bridge 52 810 8,420 6,820,200          3 : 53.0% 
Wilson Creek 28 695 95 66,025          8 : 0.5% 
            
Total 675         
Average 67.5 1,231 2,920 3,558,242   

1 See Table 4-3.   
 
With additional analysis, the next phase that was addressed in HY08 was to quantify the 
relationship between average turbidity and suspended sediment concentration (SSC), and 
ultimately a comparison of streams based on SSC per unit time and catchment area. 
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Several generalizations can be made with regard to turbidity grab sampling during HY07. 

1. Grab samples can provide good information with respect to water quality conditions in 
streams.  In general, data provided a good description of turbidity throughout the hydrologic 
year, as well as the relationship between turbidity and discharge over time.  The turbidity-
discharge relationship closely resembled the turbidity-stage relationship (May, 2007 Monitoring 
Report), and in some cases (i.e., Hely Creek) produced a better fit than the turbidity-stage 
relationship when plotted over time.  During HY08, grab samples for suspended sediment will 
also be collected at all of the monitoring sites, thus allowing for a rigorous comparison of all of 
the streams based on suspended sediment per unit time (e.g., per year) and per catchment area 
(per square mile). 
 
Although the data showed a range in the precision in which samples reflected actual turbidity 
levels, precision should generally improve as volunteers gain more experience and confidence in 
their ability to take samples.  Some of the samples exhibited extremely good precision, while 
others, markedly less.  Instructors and advisors need to be clearly aware of the necessity to stress 
the importance of a) clean samples, b) timing of samples, and c) frequency of samples.   
 
2. High sampling frequency provides more information and in more detail on the individual 
behavior of turbidity in streams, and results in better estimates of stream conditions, than low 
sampling frequency.  This effect is exemplified in Figure 4-3, where Cummings Creek had 
dramatically more samples taken over the hydrologic season than at any other monitoring site.  
This higher frequency of samples is reflected in a curve that is smoother than those from other 
sites, and shows greater detail with respect to the timing and therefore, the dynamics of turbidity 
in the stream with respect to stage.  Higher sampling frequency also provides a more accurate 
estimate of the true turbidity levels of a stream.  Data similar to that from Cummings Creek 
should more accurately reflect true suspended sediment loads per unit area over time than less 
detailed data.  
 
3. Different streams show similar as well as unique responses to storm events.  Results showed 
that all streams (creeks and the main stem Van Duzen River) responded similarly to storm 
events, and plots of stage and turbidity versus date provide a reasonably good estimate of the 
number and timing of storm events that occurred in the lower basin during the 2007 hydrologic 
year.  However, the levels of turbidity in response to the storm events varied and were unique to 
each stream.  Wolverton Gulch produced some of the highest turbidity levels of the season, with 
a maximum of 2,320 NTU.  These data are interesting, as Wolverton Gulch is one of the smallest 
catchment areas of the monitoring sites within the project study area.  Further monitoring data 
and GIS analyses may shed additional information as to why this site produced such a high 
maximum turbidity value, although, as will be shown subsequently, maximum turbidity and 
average turbidity are not equally representative of stream conditions.   
 
4. Dynamics of turbidity closely mimic the dynamics of stage and/or water level, as observed in 
all of the figures (Appendices F & H).  However, it is apparent that this relationship varies from 
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stream to stream.  Regression analyses add additional information as to the dynamics of this 
relationship, on a stream by stream basis.  Further analyses will also include correlations and 
regression analyses between turbidity, discharge, suspended sediment, and upslope conditions.   
 
Hydrologic Year 2008 

Frequency of turbidity grab samples during both seasons was inconsistent at several of the 
monitoring sites during the season, especially, Wilson Creek, Lower Cummings Creek, and 
Flanigan Creek, giving rise to disparate representation of the turbidity-discharge relationship 
over time.  Infrequent sampling often misrepresented the shape of the relationship between the 
rising limb, peak, and falling limb, basically presenting the data as artificially high due to the 
spread of the data points, as in the case of Flanigan Creek (Figure 4-6).  Thus, in order to better 
represent the actual levels of turbidity and discharge over time, in 2008, supplemental data points 
were artificially introduced in those cases where sampling frequency was insufficient.  In these 
cases, values were added to the data to bring the curve down to a level more reflective of actual 
stream behavior (Figure 4-7).   
 
While no points were removed, some numerically low (artificial) values were added, to correct 
for missing data, and better represent the behavior of the stream before and after storm events.  
This procedure was also used for Wilson Creek, Lower Cummings Creek, Fox Creek, and 
Flanigan Creek.  Figures with corrected data, show much more agreement with the behavior of 
the other streams in the lower basin.   
 
With more experience comes a greater familiarity with possible cause and effect relationships.  
However, the observed precision (i.e., coefficient of variation, V) of the grab samples in HY08 
did not significantly improve over HY07.  From the observed behavior of inter and intra turbidity 
sample replications, another paradigm does seem to offer a very plausible explanation of the 
perceived variability.  As all samples are run through the turbidimeter three times, it became 
evident that a turbidimeter itself, as a recording instrument, shows considerable variability, as 
observed in the variation of reading the same sample three different times.   
 
This within-bottle variation at times was often observed to be as great as the variation between 
bottles or replicates, therefore suggesting that the variability inherent in the instrument 
contributes (possibly strongly) to the variability observed among the replicate samples.  This 
effect, in turn, suggests at least the possibility that some proportion of the variation in the 
readings is not present in the water samples, but is rather the result of unavoidable noise inherent 
in the instrument itself.  Another source of within-replicate variation is the shape and 
composition of the Hach cell in which the turbidity is measured.  On several occasions, the 
variant bottle, which had different markings than the first two, gave readings outside of the 
accepted 10% coefficient of variation (V) threshold.   
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Figure 4-6. Plot of Turbidity (NTU) and discharge (CFS) over time at Flanigan Creek, HY08, 
using uncorrected data.  
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Figure 4-7. Plot of Turbidity (NTU) and discharge (CFS) over time at Flanigan Creek, HY08, 
with data corrected for missing points before and after storm events.   
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All turbidity, stage, and discharge data for HY08 were evaluated with respect to date and 
location.  The turbidity-discharge relationship was plotted for all monitoring sites that recorded 
at least 30 samples over the hydrologic season, in order to show similarities as well as 
characteristics of uniqueness on a stream by stream (and catchment area by area) basis.  For 
Plotting turbidity and discharge over time for each monitoring site produced graphs that depicted 
nearly all of the same storm events, and both turbidity and discharge exhibited relatively similar 
shapes when plotted over time (date).  All of the streams showed similar behavior in HY08 
(Appendix H) as well as in HY07 described earlier.   
 
Although some streams were sampled through the month of April of each year, average 
turbidities were calculated based on all grab samples collected through a given date (April 12 in 
HY07 and March 15 in HY08) at each monitoring site each year (Table 4-5).   Based on this 
calculation for average turbidity, all of the monitoring sites can be ranked from most turbid to 
least turbid.  For purposes of comparison, averaging across both years seems to be more reliable 
for portraying stream conditions than using data from a single year alone.  As the turbidity 
threshold continuous sampling (TTS) station was established on Cummings Creek, and as 
Cummings Creek was compared to a number of other streams on the North coast (see section on 
TTS station), all streams were compared to this monitoring site.  Flanigan Creek with an average 
of 224 NTU, proved to be the most turbid of all the streams sampled in the Lower Van Duzen 
River Basin over the two-year period of HY07 through HY08, and was 61% higher than 
Cummings Creek.  Other streams exhibiting high turbidity included Fox Creek (196), Wolverton 
Gulch (183), Yager Creek (171), Hely Creek and the mainstem at Weares (each at 167), and 
Cummings Creek (139).   
 
Table 4-5.  Average turbidity (NTU) calculated for each stream where grab samples were 

taken during each of two years (HY07 and HY08), and the two years combined.   

Stream Site 

Turbidity Estimates for HY07 & HY08 
Average 
Turbidity 

(NTU) HY07 

Average 
Turbidity 

(NTU) HY08 

Average 
Turbidity (NTU) 
HY07 & HY08 

Rank        
Both Years 
Combined 

Compared to 
Cummings 

Creek 
Flanigan 140 294 224 1 161.15% 
Fox 173 219 196 2 141.01% 
Wolverton 171 196 183 3 131.65% 
Yager 149 192 171 4 123.02% 
Hely 100 258 167 5 120.14% 
MS Weares 99 261 167 6 120.14% 
Upper Cummings 92 237 139 7 100.00% 
MS Rainbow 71 191 136 8 97.84% 
Grizzly 89 160 133 9 95.68% 
Wilson 91 123 106 NA 76.26% 
Lower Cummings 1   148 NA NA NA 

1 Lower Cummings Creek not sampled in HY07.   
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Estimating Suspended Sediment Concentration (SSC) in Tributaries 

The linear SSC-turbidity function derived for Grizzly Creek in HY08 (Figure 4-9) is an example 
of the type of function derived for Suspended Sediment collected as grab samples, and the 
relatively good fit that was observed for all of the streams in the study.  Slopes and R2 values for 
the SSC-turbidity function were derived for each stream at each monitoring site (Table 4-6).   
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Figure 4-9.  Suspended Sediment – Turbidity (SSC-T) Function for Grizzly Creek HY08. 

 
 
Turbidity depends strongly upon particle size of the suspended sediment (Lewis et al. 2007).  
The amount of turbidity in a stream varies depending on the relative amounts of clay and silt 
versus sand that make up the suspended sediment component.  Higher levels of clay and silt tend 
to greatly increase turbidity, while having less effect than sand on the total amount of suspended 
sediment (i.e., clay particles are relatively light and stay in suspension a long time, but add less 
to the overall sediment weight compared to sand that falls out relatively quickly).  Sand 
therefore, contributes less to the turbidity component than do clays and silt.  Consequently, the 
SSC – Turbidity function will vary from stream to stream, depending on the clay and silt to sand 
ratio.  As the amount of suspended sediment varies for a given turbidity, the information 
provided in Table 4-6 allows an estimation of SSC to be made for each of the streams based on 
turbidity measurements.  The ratios of the SSC-T slope of each stream to the SSC-T slope of 
Cummings Creek were also calculated (Table 4-6).   
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Table 4-6.  Slopes for the SSC-Turbidity (SSC-T) function derived for each stream 
monitoring site within the VDWP study area in HY08.   

Stream Site 

Variability Estimates 

SSC - T Slope R2 
Number 

Samples (n) 
Slope Ratio to 

Cummings Creek 
Wolverton Gulch 1.550 0.994 17 0.83 
Yager Creek 1.128 0.995 15 0.60 
Wilson Creek 1.595 0.977 8 0.85 
Cummings Creek 1.869 0.958 20 1.00 
Lower Cummings Creek 1.253 0.940 8 0.67 
Fox Creek 1.670 0.993 17 0.89 
MS Weares 1.020 0.915 18 0.55 
Flanigan Creek 2.402 0.995 11 1.29 
Hely Creek 1.806 0.934 15 0.97 
Grizzly Creek 1.768 0.927 22 0.95 
MS Rainbow Bridge 1.267 0.989 17 0.68 

 
Without the presence of a TTS station on each stream, there is no way to directly calculate total 
sediment load for these streams.  However, the suspended sediment-turbidity (SSC-T) function 
can be used to generate estimates of total loads for most of the streams, based on average grab 
sample turbidity, and sediment load calculated for Cummings Creek at the TTS station.  
 
In order to account for differences in the sediment-turbidity ratio (clay and silt to sand) among 
the various streams, it is necessary to use the ratio of the SSC-T slope of each stream compared 
to the SSC-T slope at Cummings Creek (CC).  This ratio can then be incorporated into the 
calculation of total sediment load for any given stream within the lower basin, as follows: 
 
 L = LCC x (S / SCC) x (T / TCC) x (CTCH / CTCHCC) (1) 
 
where L is annual sediment load (in kg, lbs, or tons), CC is Cummings Creek, S is the slope of 
the SSC-turbidity function, T is average turbidity (NTU), and CTCH is catchment area in square 
miles.  Variations in the effects of geology, vegetation, and human activity between the 
catchment areas throughout the Lower Basin, are absorbed in the turbidity and SSC-T slope 
ratios between each stream and Cummings Creek.  On a per unit area (e.g., square mile) basis the 
calculation becomes: 
 
 LUA = (LCC / CTCHCC) x (S / SCC) x (T / TCC)  (2) 
 
where LUA is load per unit area (e.g., per square mile).  Catchment (drainage) areas were 
calculated for each monitoring site (Figure 4-10, Table 4-7).  Areas for MS Weares and MS 
Rainbow are true catchments that extend to the VDR headwaters.  
 
The TTS station report provided by the sediment analyst estimated total annual sediment load for 
HY07 at Cummings Creek to be 2,560,951 lbs, or 1,280 tons.  This translates to 636,577 lbs per 
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sq. mile, and 318 tons per sq. mile.  However, it must be noted that data collection did not begin 
at the TTS station until 1/24/07.  By that time, at least 50% (probably closer to 75%) of all storm 
events had occurred, thus underestimating by at least half, the amount of turbidity, discharge, and 
therefore sediment that the station was able to record during HY07.  The number of days in 
which significant turbidity was recorded in HY07 occurred from 24 January through 30 May, for 
a total of 127 days.   
 

 
Figure 4-10.  Catchment areas for monitoring sites in the Lower Van Duzen River Basin. 

 

During HY08, data collection occurred from 19 October through 30 May, for a total of 224 days, 
resulting in a difference of 107 days between HY07 and HY08.  Moreover, a major portion of 
the storms in the first season occurred in the first 90 days (October through December 2006).  
Therefore, in order to compensate for lost days and missed storm events during HY07 (at least 4 
or 5 events), the total annual sediment load estimated for Cummings Creek in HY07 was 
multiplied by a correction factor of 2.0, giving a value of 5,121,902 lbs, or 2,560 tons of 
sediment per year.  Based on the load calculation for Cummings Creek in HY07, annual 
sediment loads for the other streams were then estimated using Equations 1 & 2 (Table 4-8).   
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Table 4-7. Catchment areas for each monitoring site on each stream in the study area. 

Monitored Tributaries to 
the Van Duzen River 

Variability Estimates 
Area (Sq. Km) Area (Sq. Mi) Area Ratio to CC 

Wolverton Gulch 4.730 1.826 0.454 
Yager Creek 347.490 134.166 33.350 
Wilson Creek 4.574 1.766 0.439 
Cummings Creek (CC) 10.420 4.023 1.000 
Lower Cummings Creek 11.830 4.568 1.135 
Fox Creek 2.490 0.961 0.239 
Flanigan Creek 1.690 0.653 0.162 
Hely Creek 9.333 3.604 0.896 
Grizzly Creek 49.110 18.961 4.713 

Tributaries Not Part of 
Monitoring Program 

  
Area (Sq. Km) Area (Sq. Mi) Area Ratio to CC 

Root Creek 12.617 4.871 1.211 
Fiedler Creek 2.803 1.082 0.269 
Cuddeback Creek 2.283 0.881 0.219 
UnNamed Stream 1 0.865 0.334 0.083 

Sites on the Main Stem     
Van Duzen River 

  
Area (Sq. Km) Area (Sq. Mi) Area Ratio to CC 

MS Rainbow Bridge 572.410 221.008 54.936 
MS Weares 677.268 261.493 65.000 

 
The TTS station report provided by the sediment analyst estimated total annual sediment load for 
HY08 at Cummings Creek to be 15,896,394 lbs, or 7,945 tons.  This translates to 3,951,378 lbs 
per sq. mile, and 1,975 tons per sq. mile per year.  Based on the load calculations for Cummings 
Creek in HY08, estimates for the other creeks were then calculated (Table 4-9).  
 
Estimates of suspended sediment for HY07 suggest that the greatest total loads were carried in 
the main stem of the Van Duzen River at the MS Weares monitoring site, followed by the 
tonnage of sediment carried in Yager Creek.  However, relative to catchment area Yager Creek 
carried more sediment for its size (622 tons/mile2/year) than the main stem at Rainbow Bridge 
(330 tons/mile2/year).  Sedimentation rates were lower at Rainbow Bridge than at MS Weares 
(12.5 miles downstream), which in general, has higher average turbidity than Rainbow Bridge 
(374 tons/mile2/year) (Table 4-8).  Therefore, the increase downstream is logical.   
 
Compared to results in HY08, estimates for HY07 appear low, probably due to the unavoidable 
underestimate of suspended sedimentation rates at Cummings Creek in HY07.  In HY08, 
estimates of suspended sediment delivery among these three sites were reasonable (Table 4-9).  
In HY08, the highest sediment loads were carried at MS Weares, with a maximum of 310,375 
tons of suspended sediment per year.  This was followed by MS Rainbow Bridge (MSRB) with 
238,454 tons and Yager Creek with 129,550 tons per year.  Note that in HY08 the main stem 
showed higher sedimentation per unit area than Yager Creek.  The higher total levels of sediment 

Final Report  82 Agreement No. 06-149-551-0 
 



Van Duzen Watershed Project 
 

and higher estimated sediment per unit area at MS Weares versus MS Rainbow in both years, 
substantiate that 1) sediment increases as water moves downstream, 2) between MSW and 
MSRB, the river receives additional runoff and is fed by several streams with very high 
sedimentation rates (i.e., Grizzly Creek, Root Creek, and Hely Creek), resulting in substantially 
more sediment 12.5 miles downstream, and 3) sedimentation rates are dramatically higher in the 
Lower VDR Basin (VDWP study area), than in the upper basin.  On a per unit area basis this 
translates into 1,079 tons/mile2/year at Rainbow Bridge and 1,187 tons/mile2/year at MS Weares. 
 
 
Table 4-8.  Estimates of Sediment Loading at 10 stream sites in the Lower VDR Basin 

(HY07).  Values are based on SSC estimates at Cummings Creek TTS station, and 
Equations 1 & 2 above. 

Stream Site 

Variability Estimates for HY07 

Estimated 
Load in tons 

Estimated Load 
in kilograms 

Estimated Load 
(tons) per sq. mi 

Estimated Load 
(kg) per sq. mi 

Wolverton Gulch 1,785 1,620,232 978 887,312 
Yager Creek 83,467 75,748,402 622 564,587 
Wilson Creek 948 860,043 537 487,001 
Cummings Creek 2,560 2,323,256 636 577,493 
Lower Cummings Creek 1       
Fox Creek 1,025 929,865 1,066 967,601 
Flanigan Creek 809 734,622 1,240 1,124,995 
Hely Creek 2,399 2,176,815 666 604,000 
Grizzly Creek 10,976 9,961,251 579 525,355 
MS Rainbow Bridge 72,986 66,236,161 330 299,700 
MS Weares 97,839 88,791,455 374 339,556 
Tributaries to VDR 2 103,969 94,354,485 

1 Lower Cummings Creek not sampled in HY07 
2 Sum of all values except main stem Van Duzen River (MS) 
 
Of the smaller streams, the highest suspended sediment loading during both years occurred in 
Grizzly Creek (10,976 tons in HY07 and 23,914 tons in HY08), primarily because of its larger 
size than the other streams (Tables 4-8 & 4-9).  However, on a per watershed area (catchment) 
basis the highest sedimentation rate occurred in Flanigan Creek during HY07 (1,244 
tons/mile2/year) and HY08 (3,149 tons/mile2/year).  In HY08, where estimates are probably 
more accurate than in HY07, the rate for Flanigan Creek was followed by Hely Creek (2,077), 
Upper Cummings Creek (1,975), Fox Creek (1,631), Wolverton Gulch (1,354), and Grizzly 
Creek (1,261).  For their size, these small streams appear to carry more sediment (per unit area) 
than either Yager Creek or the Main Stem Van Duzen River.   
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Table 4-9. Estimates of Sediment Loading at 11 stream sites in the Lower VDR Basin 
(HY08).  Values based on SSC estimates at Cummings Creek TTS station, and Equations 
1 & 2 above.   

Stream Site 

Variability Estimates for HY08 

Estimated 
Load in tons 

Estimated 
Load in 

kilograms 
Estimated Load 
(tons) per sq. mi 

Estimated Load 
(kg) per sq. mi 

Wolverton Gulch 2,473 2,244,633 1,354 1,229,262 
Yager Creek 129,550 117,573,525 966 876,329 
Wilson Creek 1,545 1,401,888 875 793,821 
Cummings Creek 7,945 7,210,484 1,975 1,792,315 
Lower Cummings Creek 3,777 3,427,643 827 750,360 
Fox Creek 1,567 1,422,135 1,631 1,479,849 
Flanigan Creek 2,056 1,865,908 3,149 2,857,440 
Hely Creek 7,487 6,794,836 2,077 1,885,360 
Grizzly Creek 23,914 21,703,022 1,261 1,144,614 
MS Rainbow Bridge 238,454 216,408,699 1,079 979,189 
MS Weares 310,375 281,680,955 1,187 1,077,203 
Tributaries to VDR 1 180,314 160,216,430 

1 Sum of all values except main stem Van Duzen River (MS).   
 
Data were also averaged over the two-period from HY07 through HY08 (Table 4-10) and were 
ranked from the most sediment-impaired to the least (Table 4-11).  Similar to results of average 
turbidity, Flanigan Creek ranked as the most sediment impaired stream with an average of 2,197 
tons per square mile per year.  Flanigan was followed by Hely Creek (1,373), Fox Creek (1,350), 
Cummings Creek (1,306), and Wolverton Gulch (1,168).  These data should be useful in a 
statistical comparison of the monitoring sites and their associated streams in terms of sediment 
delivery, and serve as a useful dependent variable similar to average turbidity when developing 
the relationship between upslope conditions and water quality within the lower basin.   
 
Estimates of suspended sediment relate primarily to fine sediment, and do not represent delivery 
rates of course sediment as has been often described in earlier reports (see Kelsey 1977, Pacific 
Watershed Associates 1999, Kramer et al. 2001, NCRWQCB 2002).  Estimates of total sediment 
delivered, including course sediment, would be considerably higher than estimates of in-stream 
suspended sediment.  Even the less extreme estimate of annual sediment delivery to the Van 
Duzen River (Kramer et al. 2001) places sediment loads at about 2,232 tons/mile2/year, which is 
still considerably higher than our estimate of annual suspended sediment loading (884 tons per 
square mile per year).   
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Table 4-10.  Estimates of Sediment Loading at 11 stream sites in the Lower VDR Basin (average 
of HY07 & HY08 combined).  Values based on SSC estimates at Cummings Creek TTS station, 
and Equations 1 & 2 above.   

Stream Site 

Variability Estimates for HY07 & HY08 Combined 

Estimated 
Load in tons 

Estimated 
Load in 

kilograms 
Estimated Load 
(tons) per sq. mi 

Estimated Load 
(kg) per sq. mi 

Wolverton Gulch 2,132 1,935,050 1,168 1,059,721 
Yager Creek 106,501 96,653,488 794 720,402 
Wilson Creek 1,247 1,131,384 706 640,648 
Cummings Creek 5,253 4,766,870 1,306 1,184,904 
Lower Cummings Creek     
Fox Creek 1,297 1,177,303 1,350 1,225,082 
Flanigan Creek 1,434 1,301,706 2,197 1,993,424 
Hely Creek 4,948 4,490,424 1,373 1,245,956 
Grizzly Creek 17,478 15,861,692 922 836,543 
MS Rainbow Bridge 156,015 141,590,233 706 640,657 
MS Weares 204,048 185,182,484 780 708,174 
Tributaries to VDR 1 140,289 127,317,917 

1 All streams except the main stem Van Duzen River (MS). 
 
The estimate of 884 tons was obtained by dividing the total average load for HY07 and HY08 
(140,289 tons) by the sum of the catchment areas above each monitoring site of all tributaries 
sampled (166 square miles, see Table 4-7).  This value increases substantially to 1,086 tons per 
square mile per year, if only the data from HY08 are used.  Data from HY08 were believed to be 
more reliable than data from HY07.  Therefore, the latter metric is most likely closer to the true 
value.    However, this value is also an underestimate because not all of the tributaries within the 
lower basin were sampled, and they were all sampled some distance above the point of their 
convergence with the Van Duzen River.  Thus, only that portion of the lower basin that was 
sampled (ca. 166 out of 244 square miles) is represented by these data.   
 
The most impaired stream, which received a ranking of 1 (Table 4-11), was Flanigan Creek 
(Figure 4-11).  This was the smallest stream and the smallest catchment area of any stream 
sampled during the project (0.65 square miles – only 16.2% of the area of Cummings Creek) 
(Figure 4-10, Table 4-6).  The second most impaired stream (Rank 2) was Fox Creek, also a 
small stream and catchment area compared to others sampled during the course of the project 
(0.96 square miles – 23.9% of the area of Cummings Creek).  The third most impaired stream 
(Rank 3) was Hely Creek, which is similar in catchment area to Cummings Creek (3.60 square 
miles – 89.6% of the area of Cummings Creek).  The fourth most impaired stream was 
Wolverton Gulch, which is virtually tied with Wilson Creek as the third smallest stream and 
catchment area of those sampled in the project (1.83 square miles – 45.4% of the area of 
Cummings Creek).   
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Table 4-11.  Comparison and ranking of 10 monitoring sites in the Lower Van Duzen River 
Basin, based on sediment loading estimates (tons/mile2/year) during HY07 and HY08.   
 

Stream Site 

Sediment Estimates for HY07 & HY08 
Estimated 

Load (tons) 
per sq. mi 

HY07 

Estimated 
Load (tons) 
per sq. mi 

HY08 

Estimated 
Load (tons) 
per sq. mi 

HY07-HY08 

Rank Based 
on Average 
Load (HY07-

HY08) 

Rank 
Based on  
turbidity 

(NTU) 
Flanigan Creek 1,240 3,149 2,197 1 1 
Hely Creek 666 2,077 1,373 2 5 
Fox Creek 1,066 1,631 1,350 3 2 
Cummings Creek 636 1,975 1,306 4 7 
Wolverton Gulch 978 1,354 1,168 5 3 
Grizzly Creek 579 1,261 922 6 9 
Yager Creek 622 966 794 7 4 
MS Weares 374 1,187 780 8 6 
Wilson Creek 537 875 706 9 10 
MS Rainbow Bridge 330 1,079 706 9 8 

 

The trend among these tributaries to the Van Duzen River is that the smaller streams seem to be 
more susceptible to high turbidity and reach higher intensities of turbidity than the larger streams 
(Table 4-7).  Given that road densities are high and that timber management practices have, in 
general, been equally intense throughout the entire lower basin, it is reasonable that these smaller 
streams are more quickly inundated by sediment during storm events, and show greater increases 
in turbidity for a given storm event than would a larger stream.  This relationship appears to be 
primarily a result of the physical relationship between rainfall, sediment, and stream size, with 
smaller streams becoming turbid faster, and reaching higher average levels of turbidity than 
larger streams (Tables 4-6, 4-7, 4-8, 4-9).  The only contradiction to this relationship is Wilson 
Creek, a small stream with low recorded turbidity, which was so poorly sampled that the data 
cannot be considered valid.   
 
Cummings Creek, which because of the TTS station located there, was a reference creek for the 
project, and as it recorded one of the lowest average turbidities with a rank of 7 (Table 4-7), 
could also be considered a reference creek in that sense as well.  The utility of Cummings as a 
reference creek takes on even greater importance as data from the TTS station allows comparison 
of this stream with other stream sites throughout the North Coast of California, where TTS 
stations are located (Klein et al. 2008, Table 3-2).  While cumulative turbidity effects cannot be 
calculated for any of the other streams in the current study, Cummings Creek does provide a link 
between the streams in the Lower Van Duzen Basin and the streams described in the Klein et al 
(2008) study.   
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Figure 4-11.  View of the staff plate at Flanigan Creek, after a brief Spring rain in 2010.  Photo 
by P. Trichilo.  

 
Cummings Creek was ranked as about the fourth most impaired stream of all the 23 streams in 
the previous study, with respect to cumulative or chronic turbidity.  If we assume that chronic 
turbidity is in some way related to average turbidity, then a comparison of sorts can be made 
between the streams monitored in the lower basin and the 23 streams portrayed in the Klein et al. 
(2008) study.  In the previous study, the most impaired stream (highest chronic turbidity) was 
South Fork Elk River, which was 41.5% higher than Cummings Creek.  This was followed by 
North Fork Elk River, which had 39.0% higher chronic turbidity than Cummings Creek.  In the 
current study, Flanigan Creek recorded 65.2% higher average turbidity than Cummings Creek, 
which was followed by Fox Creek at 36.8% higher than Cummings Creek.   
 
Highly turbid creeks in the Lower VDR Basin ranged from 12.0% to 65.2% higher average 
turbidity than Cummings Creek.  These data suggest that at least Flanigan Creek and Fox Creek 
are as turbidity impaired as the South and North Forks of Elk River, and that at least seven of the 
nine streams in the current study (78%), including the main stem Van Duzen River, can be 
ranked as at least having higher turbidities than 20 out of 23, or 87% of the streams reported in 
the Klein et al. (2008) study.  It is suspected that Grizzly Creek and Wilson Creek, streams with 
the two lowest reported average turbidities would also fall into this high ranking if samples had 
been collected during peak discharge and turbidities as discussed earlier, and average recorded 
turbidity for these two streams would have been dramatically higher.  The above comparisons 
provide evidence that streams within the Lower Van Duzen River Basin are among the most 
turbidity and sediment impaired streams of any found throughout the Pacific Northwest, and 
deserve maximum attention by Federal and State agencies, and non-profit organizations for 
restoration and conservation strategies. 
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Several observations and/or generalizations can be made with regard to the turbidity and 
sediment data.  Lower Cummings Creek was insufficiently sampled to adequately represent the 
turbidity and/or sediment load at that location.  These data values are dramatically lower than 
those recorded for Upper Cummings Creek, a relationship that defies logic.  If adequately 
sampled, turbidity and suspended sediment at Lower Cummings should be higher than for Upper 
Cummings.  Because of this anomaly, it can only be concluded that samples collected at Lower 
Cummings missed peak discharge and peak turbidity during the major storm events.  Samples 
were intermittent, infrequent, and were only collected in the morning, which was not necessarily 
at peak turbidity.  Morning sampling would perhaps have sufficed, if sample frequency had been 
higher, but as it is, results from Lower Cummings Creek are invalidated by data from Upper 
Cummings, and therefore, should probably be omitted from further analysis.   
 
While the relationships of turbidity and suspended sediment among the monitoring sites changed 
somewhat from HY07 to HY08, these changes were not dramatic.  The higher level of sediment 
at MS Rainbow compared to MS Weares was slight in HY07, compared to the higher level 
estimated for MS Weares over MS Rainbow in HY08.  Average sediment over the two-year 
period was higher at MS Weares than at MS Rainbow.  However, it must be noted that these are 
estimates only, based on sediment loads recorded at the Cummings Creek TTS station.   
 
Average turbidities at all monitoring sites were higher in HY08 than in HY07.  It was initially 
suspected that this increase was, to some degree, due to a greater focus to sample storm events in 
HY08 than in HY07.  However, this increase certainly suggests that HY08 could have been a 
more intensive year for turbidity and sediment throughout the lower basin, even though rainfall 
was only slightly greater than in HY07.  Increased turbidity and rates of sedimentation could 
have been the result of the number of storm events that occurred and their relative intensities.  
Less frequent, yet more intense storms could cause greater physical action on the land, allowing 
for greater build up of sediment on the surface during the longer periods between storms, yet 
greater sediment runoff when the more intense storms did occur, than would occur under a 
different set of circumstances.   
 
Data must be viewed in light of the method used to estimate sediment load, which was based on 
data collected by the TTS station at Cummings Creek.  While these estimates are believed to be 
relatively accurate, especially for streams similar to Cummings Creek, the degree of error in the 
estimate is unknown.   
 
Placing a TTS station at every monitoring site was unfeasible, as only Cummings Creek seemed 
to offer the security of private property, reasonable accessibility, and an acceptable level of 
safety for the necessary equipment.  All other sites were deemed either too easily accessible by 
the public and therefore subject to vandalism, inaccessible for access with equipment, or too big 
and turbulent, giving rise to safety concerns for the equipment (e.g. our original option to place a 
station on the main stem Van Duzen River at MS Weares).  Therefore Cummings Creek was 
considered to be the only reasonable option within the study area.   
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In hindsight, the Flanigan Creek site, which is also on private property, would have been a likely 
option for a TTS station or at least a continuous turbidity monitoring device, especially in light 
of the results of the past two years.  Flanigan Creek, while a small drainage system, recorded the 
highest average turbidities during each of two years (HY07 & HY08).  Moreover, during each of 
the sample seasons, the volunteer at Flanigan was not able to take enough samples necessary to 
provide an adequate level of information about the stream.  The presence of a continuous 
sampling station at this site would have resolved both situations.  However, in developing the 
plans for the project, Flanigan Creek, believed to be an ephemeral stream, was considered too 
small to warrant the expenditures necessary to establish a station.  In fact, Flanigan Creek was 
never considered a candidate for a TTS station.  Our results suggest that future projects should 
consider Flanigan Creek for the placement of at least a continuous turbidity monitoring device.   
 
 
Estimates of Sediment Loading in the Van Duzen River 

The original plan to place a complete TTS station on the main stem Van Duzen River at MS 
Weares was abandoned when the representative from Salmon Forever judged the site and 
location to be too problematic.  During winter storm events, the current in the river is too strong 
for the equipment necessary for the station (Figure 4-12).  Coupled with the likelihood of large 
woody debris floating rapidly downstream and impacting the instruments, the probably of 
successful station deployment was deemed too low to risk the expensive set up.  Moreover, 
obtaining sufficient cross-sectional measurements of river flows at the range of levels necessary 
to produce a discharge rating curve was also virtually impossible at this spot in the river.    
 
As a compromise to these logistical problems, it was decided to install an ISCO suspended 
sediment concentration (SSC) sampling device at two places on the main stem Van Duzen River, 
one approximately 1 mile upstream from the Bridgeville (BRI) USGS gauging station, identified 
as MS Rainbow Bridge, and a second approximately 12.5 miles downstream from the gauging 
station at a site identified as MS Weares (MSW).  These devices were set to draw a suspended 
sediment sample once every four to six hours during storm events.  Theoretically, these data 
should allow estimation of continuous suspended sediment concentration (SSC) based on 
corrected discharge measured at the USGS gauging station.  All suspended sediment samples 
from the TTS station at Cummings Creek, as well as the ISCO pump samples on the main stem 
Van Duzen River, were transported to the Salmon Forever laboratory at Elk River, where they 
were processed according to protocol and standard operating procedures for SSC samples.  
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Figure 4-12.  Main Stem Van Duzen River at MS Weares monitoring site after a storm event in 
February 2007.  Photo by K. Bromley. 
 
For larger streams (i.e., the Main Stem Van Duzen River) estimates of sedimentation based on 
data from the TTS station at Cummings Creek may have been overestimates, as the main stem 
differs substantially from Cummings Creek in size, terrain, and origin.  Analyses using data from 
the ISCO pump samples collected at MS Weares and MS Rainbow Bridge combined with 
discharge data obtained from the USGS-DWR gauging station at Rainbow Bridge (identified as 
BRI, Bridgeville, CA) suggests that previous calculations (Tables 4-8 & 4-9) may have 
overestimated sediment loads in the main stem Van Duzen River.  Plotting values of suspended 
sediment (obtained from ISCO pump samples) versus discharge, produced functions for the 
SSC-discharge relationship at each of the two monitoring sites (Figures 4-13 & 4-14).  Data 
collected by ISCO pump samplers at the MS Weares and Rainbow Bridge sites contributed 
additional information on total sediment loads estimated for the main stem Van Duzen River.  
 
Data from the USGS station are provided in real time 15-minute intervals.  As MS Rainbow 
Bridge (MSRB) samples were collected approximately 1 mile upstream from the station, each 
discharge value corresponded to 1/2 hour after the actual time the sample was taken, and 
likewise, as MS Weares (MSW) samples were collected approximately 12.5 miles downstream 
from the station, to account for water velocity, discharge data corresponded to 2 hours before the 
actual time the sample was taken.  Correction factors to account for water velocity are constants, 
while velocity obviously changes with discharge.  However, use of a constant produced better 
correlation with suspended sediment and turbidity than using a variable based on discharge.   
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Figure 4-13.  Derivation of the Suspended Sediment – Discharge (SSC-CFS) Function for MS 
Rainbow Bridge HY08 (70 samples).   
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Figure 4-14.  Derivation of the Suspended Sediment – Discharge (SSC-CFS) Function for MS 
Weares HY08 (70 samples).  
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Several hundred samples were pumped at each ISCO station over the course of the HY08 season 
(224 samples at MSRB and 216 samples at MSW).  All samples were measured for turbidity 
(NTU) using a Hach 2100 P, or if the samples registered over 1000 NTU, a 2100 AN.  However, 
during this form of triage, samples were only passed on for suspended sediment analysis if they 
showed a significant change in turbidity from the previous sample (taken either 4 hours or 6 
hours earlier).  Thus, out of several hundred bottles, a total of about 70 samples per ISCO station 
were processed for suspended sediment. 
 
Once the SSC-discharge functions were developed, each function was used to estimate 
suspended sediment rates at each respective site, based on individual discharge values recorded 
at BRI.  Although approximately 70 samples were collected at each station, it is apparent that 
data from the Rainbow Bridge samples (Figure 4-13) were tighter and provided a better fit of the 
function than data from the samples collected at MS Weares (Figure 4-14).  Some of the samples 
from MSW had pumped sediment from the bottom, giving rise to overestimates of suspended 
sediment for a given discharge (CFS), and were therefore discarded, which resulted in a better 
fit, yet less satisfactory than MSRB.  However, given the difficulty of sampling sediment in the 
main stem Van Duzen River, which reaches high velocities and turbulence, these data obtained 
using ISCO samplers are the best estimates possible.   
 
Using the functions derived in Figures 4-13 & 4-14, concentrations of suspended sediment (SSC) 
were estimated for each discharge measurement recorded at the USGS Bridgeville sampling 
station (BRI).  Using the liter to cubic foot conversion factor of 28.31685 l/cu. ft., cell values (in 
mg/l) were converted to kg/cu. ft as follows:  
 

kg/cu ft = (mg/l x 28.31685 l/cu ft) / 1,000,000 mg/kg 
 
Cell values in kg/cu ft. were then converted to kilograms by multiplying each value times 
discharge (CFS), times the factor necessary to convert 15 minute intervals to seconds (i.e., 900 
seconds = 15 minutes x 60 seconds / minute), as shown below.   
 

kg = kg/cu ft x cu. ft/sec x 900 seconds 
 
In the calculations for MSW an additional correction factor of 1.18 was included to account for 
the increased discharge expected to occur as a result of the additional catchment area associated 
with MSW compared to MSRB (Area MSW = 1.18 x Area MSRB), as follows:  
 

kg = kg/cu ft x cu. ft/sec x 900 seconds x 1.18 
 

Values in each cell were then summed over the entire season to produce an estimate for total 
load per season (Table 4-12).   
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Table 4-12.  Estimates of suspended sediment load at each of two ISCO monitoring sites on 

the Van Duzen River: Main Stem Rainbow Bridge 1 mile upstream of the USGS 
Bridgeville sampling station, and Main Stem Weares 12.5 miles downstream of the 
station.  

Stream Site 

Variability Estimates for HY08 
Estimated Load 

in tons 
Estimated Load 

in kilograms 
Estimated Load 
(tons) per sq. mi 

Estimated Load 
(kg) per sq. mi 

MS Rainbow Bridge 171,820 155,874,364 777 705,288 

MS Weares 252,912 229,440,637 967 877,426 

 
 
The estimates in Table 4-12 are in relative agreement with expectations based on calculations 
made using comparisons with Cummings Creek annual total suspended sediment, and with an 
initial presumption that those calculations were moderate overestimates (Table 4-13).   
 
Table 4-13.  Comparison of estimating suspended sediment load based on ISCO sampler 
monitoring sites on the Van Duzen River versus turbidity-SSC and catchment area 
relationships with respect to the Cummings Creek TTS station.   
 

Stream Site 

Variability Estimates for HY08 
Estimated 

Load in tons 
Estimated Load 

in kilograms 
Estimated Load 
(tons) per sq. mi 

Estimated Load 
(kg) per sq. mi 

MSRB (ISCO Sampling) 171,820 155,874,364 777 705,288 
MSRB (CC comparison) 238,454 216,408,699 1,079 979,189 
MSW (ISCO Sampling) 252,912 229,440,637 967 877,426 
MSW (CC comparison) 310,375 281,680,955 1,187 1,077,203 
Underestimate for MSRB 27.9% 28.0% 27.9% 28.0% 
Underestimate for MSW 18.5% 18.5% 18.5% 18.5% 
Average for MSRB 205,137 186,141,531 928 842,239 
Average for MSW 281,644 255,560,796 1,077 977,314 
Percentage Increase 
from MSRB to MSW 37.30% 37.29% 16.04% 16.04% 

 
 
There are several noteworthy and key processes described in the above table.  Firstly, the process 
of using ISCO samples and the turbidity-SSC relationship derived from lab analysis of 
suspended sediment, underestimated the amount of suspended sediment at MS Rainbow Bridge 
(MSRB) to a greater degree than at MS Weares (MSW) (31.1% versus 18.4%).  The difference 
in the estimates for the two locations is not trivial, but there is also no immediate explanation for 
the substantial discrepancy, other than either sampling error or laboratory analytical error.  A 
major weakness of the turbidity-SSC estimate is that this method of estimation relied upon 
numerous steps from collection of the sample to measurement of the suspended sediment, and of 
course, substantial opportunity for errors throughout the process.  Therefore, to avoid as much 
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bias as possible, the final estimate of total annual load in the main stem Van Duzen River was to 
take an average of both methods.  Thus, we arrive at a total of 953 tons per sq. mile per year for 
MS Rainbow, and 1,076 tons of suspended sediment per square mile, per year at MS Weares.  
 
Another noteworthy relationship is that suspended sediment was consistently lower at MS 
Rainbow Bridge than at MS Weares, which is 12.5 miles downstream from MSRB, and that the 
difference between the two sites is exaggerated when comparing total load versus load per unit 
area (Table 4-11).  Thus, a reasonable estimate of the amount of increase in sediment load from 
MS Rainbow Bridge (near the upper part of the study area) down to MS Weares (roughly 
midway into the lower basin) (Figure 4-13), is about 12.8%.  This increase (1,583,265 kg) over a 
relatively small area (40.5 square miles) compared with the total area above Rainbow Bridge 
(221 square miles) suggests a dramatic increase in sediment loading in the lower basin versus the 
upper basin.  Actual figures suggest that this roughly represents 224% increase in sediment 
delivery in the lower basin between MS Rainbow Bridge and MS Weares compared to the upper 
basin (above MS Rainbow Bridge).  How much of this additional sediment is from major streams 
is difficult to quantify, as Root Creek, a major tributary, could not be accessed in the winter.   
 
 
Additional Estimates of Suspended Sediment 

Obviously, not all sediment coming off the hillsides is continually suspended in the water 
column.  Large cobble and rocks are rarely suspended, and for the most part, generally are 
pushed along the bottom of the stream.  Nonetheless, one could ask, how much suspended 
sediment is being delivered to the Van Duzen River within the lower basin in total?  While 
addressing this question was not part of the objective of this project, suspended sediment 
entering the Van Duzen River from lower basin tributaries can be roughly estimated from the 
available data, albeit not directly, but through a series of connected steps and assumptions.  
Sediment loads from the eight streams in the study have already been presented (Tables 4-8, 4-9, 
and 4-10).   

 
However, catchment areas for four additional streams were excluded from the monitoring 
project, and therefore, they were not part of the analysis for turbidity and suspended sediment.  
These catchments include Cuddeback Creek, an unnamed creek, and Fiedler Creek north of the 
van Duzen River, and Root Creek south of the Van Duzen River, which runs east-west.  The 
addition of these four areas and a calculation of their annual sediment load would allow for a 
reasonable estimate of most of the suspended sediment delivered to the Van Duzen River from 
the major tributaries within the lower basin (Figure 4-15).  Estimates for Cummings Creek are 
considered First Order, the other sampled creeks, Second Order, and the four not sampled 
represent Third Order estimates of sediment delivery. 
 
To make these kinds of estimates it must be assumed that streams within the lower basin all have 
similar geology, elevation, slope, etc., and have experienced similar, if not identical management 
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practices, such as timber harvest including clear cuts, and identical road densities.  As was 
demonstrated in Chapter 4 of the Watershed Management Plan, road densities in all catchment 
areas were ranked as extremely high, and therefore could reasonably be considered identical.  On 
the other hand, timber harvest practices vary widely in intensity, and silviculture and yarding 
methods between the different watersheds.  Likewise, geomorphology and lithology vary widely 
across watersheds.  Thus, it is a very large stretch and assumption to use proportion of catchment 
area as the sole criterion for estimating annual sediment delivery for these additional watersheds.  
However, these calculations are strictly base line estimates, intended to provide only rough 
approximations of actual suspended sediment delivery rates in these streams.  The only method 
available in the present study to quantify annual sediment loads for these four streams is to use a 
straight proportional function related to area of the catchment zone in question, relative to the 
area and suspended sediment load of Cummings Creek, all of which are known for hydrologic 
year 2008 (Tables 4-7 and 4-9).   
 
For example, the (upper) Cummings Creek catchment is about 4.023 square miles in area, and 
produced about 7,945 tons of suspended sediment in HY08.  Knowing that the Fieder Creek 
catchment is about 1.082 square miles in area, will allow for an estimate of 2,127 tons of annual 
suspended sediment using proportional area, and assuming identical conditions, which are 
unlikely, but possibly reasonable.  Estimates for the other tributaries can be similarly calculated. 
 

 
Figure 4-15.  Catchment areas for monitoring sites in the Lower Van Duzen River Basin, 
including four additional areas that were not monitored for turbidity or suspended sediment 
(Cuddeback Creek, Unnamed Creek, Fiedler Creek, and Root Creek).   
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The greatest stretch of assumptions must be made for Root Creek, which is considerably farther 
away from Cummings Creek than the other three streams.  However, for consistency, annual 
suspended sediment loads were calculated in the same manner for all four streams.  Topology, 
management practices, and turbidity are indirectly estimated through the metrics recorded for 
MS Weares, which encompasses Root Creek in its catchment area (Figures 4-10 & 4-15).  Total 
sediment delivery for all of the major tributaries within the lower basin has also been estimated 
(Table 4-14).  From these data, a clear picture emerges with regard to sediment delivery in the 
lower basin.  While the major tributaries contribute a large portion of the sediment in the main 
stem Van Duzen River, a considerable proportion of the sediment enters the river through other 
means, which include surface runoff and earth flows of various sizes ranging from small slides to 
very large and dramatic landslides directly into the river.  These slides have been observed in 
numerous places along the river, and continue to be a major source of sediment into the main 
stem Van Duzen River (Figure 4-16).   
 
 
Table 4-14.  Annual sediment loads estimated for all major tributaries within the Lower 

Van Duzen River for HY08.   

Stream Site 

Variability Estimates for HY08 

Area  (square 
miles) 

Estimated Load in 
tons 

Estimated Load in 
kilograms 

Wolverton Gulch 1.826 2,473 2,244,633 
Yager Creek 134.166 129,550 117,573,525 
Wilson Creek 1.766 1,545 1,401,888 
Cummings Creek 4.023 7,945 7,210,484 
Fox Creek 0.961 1,567 1,422,135 
Flanigan Creek 0.653 2,056 1,865,908 
Hely Creek 3.604 7,487 6,794,836 
Grizzly Creek 18.961 23,914 21,703,022 
Fiedler Creek 1.082 2,137 1,939,723 
Cuddeback Creek 0.881 1,741 1,579,874 
UnNamed Stream 0.334 660 598,594 
Root Creek 4.871 9,621 8,731,175 

Total for Tributaries 
to the Lower Van 
Duzen River 1 

173.129 190,696 173,065,797 

* Lower Cummings omitted from calculation. 
 
The catchment area for Root Creek differs from the other three additional streams in that the 
amount of sediment delivered was indirectly measured by the samples taken at the main stem 
Van Duzen River at MS Weares, which is downstream from where Root Creek enters the main 
stem.  As the main stem was not sampled below the entry points of Fiedler Creek, Cuddeback 
Creek, and the Unnamed Creek, the sediment contribution from these streams could not be 
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measured nor quantified, either directly or indirectly.   
 
The contribution from Root Creek (as well as Grizzly Creek and Hely Creek) undoubtedly 
contributed in a major way to the increase in turbidity and sediment observed at MS Weares, 
when compared to the mainstem upstream at MS Rainbow Bridge, which is above the entry 
points of these three tributaries.     
 
 

 
Figure 4-16.  Severe earthflow (landslide) on the main stem Van Duzen River approximately 
one half mile upstream from Cheatum Grove, between MS Rainbow Bridge and MS Weares in 
September, 2008.  Photo by P. Trichilo. 
 

In overview, the dramatic differences in turbidity and suspended sediment between MS Rainbow 
and MS Weares (12.5 mile downstream) were a combination of sediment delivered by major 
tributaries, as well several other minor unnamed tributaries, and direct sediment delivery such as 
surface erosion and earthflows (i.e., movement) in unstable terrain from the adjacent hillslopes 
into the river (Figure 4-16).   
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5.  Water Quality, Temperature, and Biotic Factors 
Bi‐Monthly Sampling 

Information on discharge, temperature, dissolved oxygen, pH, and conductivity were collected 
twice per month from November 06 through May 08 at seven monitoring sites that were 
considered to be the most critical, based on stream size, perennial nature, catchment area, and 
ease of access.  These sites included Wolverton Gulch, Yager Creek, Cummings Creek, Main 
Stem (MS) Weares, Hely Creek, Grizzly Creek, and MS Rainbow Bridge (Figure 5-1).  
 

 
Figure 5-1.  Map of the Lower Van Duzen River Basin showing the seven primary monitoring 
sites of water quality and macro invertebrate sampling for the Van Duzen Watershed Project.  
Map Composition: P. Trichilo. 
 
In several of the following charts, MS Weares is referred to as its River Mile (RM) 11 and MS 
Rainbow Bridge is referred to as RM 18, even through the distance between MS Weares and 
Rainbow Bridge is 12.5 miles.  Water quality parameters were sampled and measured on site, 
using appropriate meters and/or instruments that were described in full in the standard operating 
procedures (SOPs).   
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Temperature 
Bi-monthly water temperature records 
showed that while all sites were roughly 
equal at the low end temperatures, the Van 
Duzen River and Yager Creek recorded the 
highest water temperatures overall (Figure 
5-3).  Wolverton Gulch, Cummings Creek 
and Hely Creek had the lowest temperature 
fluctuations during the period of sampling 
with ranges of 10.4, 10.7, and 8.5 C, 
respectively (Table 5-1, Figure 5-4).  Yager 
Creek, MS Weares (referred to in the figures 
as RM 11), and MS Rainbow Bridge 
(referred to as RM 18) had the highest 
fluctuations in temperature with ranges of 
17.5 C, 16.2 C, and 17.5 C, respectively.  
The lowest water temperature measured was 
4.7 degrees Celsius on January 28, 2007, at 
Grizzly Creek.  The highest water 
temperature measured was 23.7 degrees 
Celsius on July 15, 2007 at MS Rainbow 
Bridge (RM 18).   Clearly, temperatures in 
the main stem and in Yager Creek reach 
unacceptable and near lethal levels during 
summer months of 2007.   

 
Figure 5-2.  Recording water temperature 
on the main stem VDR.  MS Rainbow 
Bridge.  Photo by S. Steinberg. 
 

 
High summer water temperatures recorded in Van Duzen River and Yager Creek are, in part, due 
to these streams having wide stream channels that cannot be effectively shaded by riparian 
canopy thereby increasing the amount of solar radiation.  Other factors possibly influencing 
water temperatures are groundwater, stream depth, and flow.  The mainstem has experienced a 
dramatic shallowing over the last 40 to 50 years.  Pools are infrequent and shallow.  Riffles and 
runs are also too shallow to support adequately cool temperatures required by salmonids.   
 
Wolverton Gulch, Hely Creek, Cummings Creek, and Grizzly Creek have narrow stream 
channels with sufficient riparian canopy covering the channel which minimizes solar radiation 
thus maintaining cooler water temperatures during the warm summer and early fall months. 
These tributaries to the Van Duzen River offer cold-water refuges for salmon and other 
organisms that require cooler water temperatures during the summer. High water temperatures 
occurring during the summer months in the Van Duzen River and Yager Creek can cause 
strenuous conditions for salmonid species. Efforts to maintain cool water in tributaries should be 
a priority in order to protect aquatic species in the lower Van Duzen River.   



Van Duzen Watershed Project 
 

 

0.0

3.6

7.1

10.7

14.3

17.9

21.4

25.0

Wolverton Yager CummingsVDR_RM11 Hely Grizzly VDR_RM18

Te
m

pe
ra

tu
re

 (C
el

si
us

)

 
Figure 5-3.  Monthly water temperatures in the lower VDR Basin, October 2006 - April 2008. 
Boxes represent 50% of the range, horizontal line the median, vertical lines the 5th and 95th 
percentiles. Green dots are mild outliers.  RM11 = MS Weares, RM18 = MS Rainbow Bridge. 
 
Dissolved Oxygen 

Dissolved oxygen concentrations ranged from a low of 8.23 milligrams O2/liter (mg/L) at the 
Van Duzen River (RM 18) site to a high of 13.23 mg O2/L at the Van Duzen River (RM 18) site 
(Table 5-2).  Fluctuations in dissolved oxygen throughout the sampling period were greatest at 
the Van Duzen River sites and Yager Creek (Figure 5-5).  Cummings Creek and Hely Creek had 
the least amount of fluctuation in dissolved oxygen concentration. Because water temperatures 
directly affect dissolved oxygen, warmer streams had the lower dissolved oxygen measurements 
than cooler streams. The highest concentrations of dissolved oxygen occurred during the high-
flows when colder water and more turbulent discharge allow for a greater amount of oxygen to 
enter the water column (Figure 5-6).  Dissolved oxygen concentrations decreased during low-
flows when warmer water temperatures hold less oxygen and lack of turbulent conditions results 
in a reduction of oxygen replenishment.   
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Table 5-1. Descriptive statistics for monthly water temperatures (C) recorded in the lower 
Van Duzen River Basin during the period of October 2006 to April 2008 (N=32).   

Site 
Minimum Maximum 

Mean Range St. Dev. Date Date 

MS Weares 
6 23.5 

13.2 17.5 5.38 1/28/2007  7/15/2007  

MS Rainbow Br 
5.8 22 

12.5 16.2 5.09 12/22/2007  7/15/2007  

Wolverton Gulch 
5 15.4 

10.9 10.4 2.45 1/28/2007  7/15/2007  

Yager Creek 
6.2 23.7 

13.5 17.5 5.44 1/28/2007  7/15/2007  

Cummings Creek 
5 15.7 

10.64 10.7 2.55 1/28/2007  7/15/2007  

Hely Creek 
6.1 14.6 

10.65 8.5 2.2 1/28/2007  7/15/2007  

Grizzly Creek 
4.7 18.5 

10.8 13.8 3.46 1/28/2007  8/10/2007  
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Figure 5-4.  Monthly temperature results for the lower Van Duzen River (VDR) Basin for the 
time period of October 2006 to April 2008.  RM11 = MS Weares, RM18 = MS Rainbow Bridge.   
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The North Coast Regional Water Quality Control Board (NCRWQCB) has determined that 
dissolved oxygen concentrations in the Van Duzen River Basin should be greater than 10.0 mg 
O2/L for 50% of samples, and no samples should be less than 7.0 mg O2/L (NCRWQCB 2007). 
Dissolved oxygen concentrations were well above 7.0 mg O2/L at all of the sampling sites in the 
lower Van Duzen River Basin (Table 2, Figure 5-5).  At least 50% of the dissolved oxygen 
values from each sampling site were above 10 mg O2/L (Figure 5-7).  All monitored locations in 
the Van Duzen River Basin met the NCRWQCB dissolved oxygen objectives for good water 
quality. Comparison of the dissolved oxygen data between the seven sampling locations found 
that there was no significant difference (p-value =0.78) between any of the streams and all sites 
had similar concentrations of dissolved oxygen (Figure 5-7). 
 
Table 5-2. Dissolved oxygen concentrations (mg O2/L) for sampling sites in the lower Van 
Duzen River Basin during the period of October 2006 to April 2008 (N=32).   

Site 
Minimum Maximum 

Mean Range St. Dev. Date Date 

MS Weares 
8.53 12.9 

10.86 4.37 1.17 7/15/2007  12/22/2007  

MS Rainbow Br 
8.23 13.23 

10.83 5 1.51 10/8/2006  4/24/2008  

Wolverton Gulch 
8.38 12.49 

10.61 4.11 1.29 11/25/2007  4/24/2008  

Yager Creek 
8.52 12.84 

10.77 4.32 1.24 7/15/2007  12/22/2007  

Cummings Creek 
9.53 12.75 

11.02 3.22 1.04 9/21/2007  1/28/2007  

Hely Creek 
9.31 12.62 

10.87 3.3 0.99 8/10/2007  4/24/2007  

Grizzly Creek 
9.02 13.21 

11.09 4.1 1.2 10/8/2006  4/24/2008  
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Figure 5-5.  Dissolved oxygen, lower Van Duzen River (VDR) Basin from October 2006 to 
April 2008.  See Figure 5-3.   
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Figure 5-6.  Dissolved oxygen concentrations (mg O2/L) in the lower Van Duzen River (VDR) 
Basin during the time period of October 2006 to April 2008.  See Figure 5-4.   
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Figure 5-7.  Percent of samples from streams in the lower VDR Basin with dissolved oxygen 
concentrations above 10 mg O2/L.  Thick, black line at 50% signifies water quality objective for 
samples above 10 mg O2/L.  RM11 = MS Weares, RM18 = MS Rainbow Bridge.   
 
pH 
The pH of water is a measure of its hydrogen-ion activity and in rivers and streams typically 
ranges from 6.5 to 8.0 standard units (Hem 1985). The pH values in the lower Van Duzen River 
Basin ranged from a low of 6.0 at Yager Creek to a high of 8.4 at the Van Duzen River (RM 11). 
The NCRWQCB water quality objective for pH is a range of 6.5 to 8.5 for the Van Duzen River 
Basin. There were no occurrences of pH values greater than 8.5 at any of the seven sampling 
locations (Figure 5-8). However, most sites, with the exception of Cummings Creek, had at least 
one pH value of less than 6.5 (Table 5-3 and Figure 5-9).   
 
 The low pH values occurred following significant storm events which produced increased 
discharge that diluted the concentration of base minerals causing a lower pH. The highest pH 
values occurred during the summer and fall months when discharge rates are low and there is a 
greater concentration of base minerals resulting in increased pH values (MacDonald et al. 1991).  
 
Overall the pH values for all the sites were within the range of 6.0-8.5 that salmonid species and 
most aquatic organisms require for survival. Comparison of pH values between the seven 
sampling locations indicated that all sites had similar ranges of pH values and were not 
significantly different (p = 0.57). 
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Figure 5-8. Plot of pH values recorded from streams in the lower Van Duzen River (VDR) Basin 
from October 2006 to April 2008. See Figure 5-3.   
 
 
Table 5-3.  Descriptive statistics for pH values from sampling sites in the lower Van Duzen 
River Basin for the period of October 2006 to April 2008 (N=32).   

Site 
Minimum Maximum 

Mean Range St. Dev Date Date 

MS Weares 
6.4 8.4 

7.5 2 0.62 12/10/2006 8/10/2007  

MS Rainbow Br 
6.2 8.2 

7.5 2 0.57 12/10/2006  10/12/2007  

Wolverton Gulch 
6.2 7.9 

7.3 1.7 0.46 2/10/2007  7/30/2007  

Yager Creek 
6 7.9 

7.3 1.9 0.52 2/10/2007  8/10/2007  

Cummings Creek 
6.6 8.1 

7.4 1.5 0.46 2/10/2007  7/30/2007  

Hely Creek 
6.2 7.8 

7.3 1.6 0.48 11/15/2007  11/15/2007  

Grizzly Creek 
6.4 8.2 

7.3 1.8 0.55 12/10/2007  8/10/2007  
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Figure 5-9.  pH values in the lower Van Duzen River (VDR) Basin from October 2006 to April 
2008.  See Figure 5-4.   
 
 
Conductivity 
Conductivity is a measure of the ability of water to conduct an electrical current and is an 
indication of the number of dissolved ions in the water.  As the concentration of ions decreases 
or increases, so does the electrical conductance of water.  The water quality objectives for 
conductivity in the VDR Basin state that 50% of recorded values should not exceed 175 
microsiemens per centimeter (µS/cm) and 90% of values should not exceed 375 µS/cm 
(NCRWQCB 2007).  Most sites, with the exception of Wolverton Gulch and Hely Creek, had 
50% of values less than 175 µS/cm.  Conductivity levels in Wolverton Gulch and Hely Creek 
exceeded 175 µS/cm for 90% and 43% the of samples, respectively.  
 
The high conductivity readings at Hely and the clearly significantly high readings at Wolverton 
could be due to the geology of the watershed, contributing to the leachates dissolved in the water 
column, and are not necessarily an indication of poor water quality. Conductivity levels at all 
sites were highest during low-flows and lowest during high-flows (Table 5-4, Figure 5-10). Low 
summer/fall base flows typically have a higher concentration of ions and therefore a higher 
electrical conductance. High winter/spring flows have a lower concentration of dissolved ions 
and a corresponding low electrical conductance (MacDonald et al. 1991). None of the 
monitoring sites exceeded 375 µS/cm.  There was a significant statistical difference among the 
sites (p-value <0.001), due to the conductivity in Wolverton Gulch which was higher than the 
other sampling locations (Figures 5-10 & 5-11).  
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Table 5-4.  Descriptive statistics for Conductivity (µS/cm) in streams of the lower Van 
Duzen River Basin for the period of December 2006 to April 2008 (N=30).   

Site 
Minimum Maximum 

Mean Range St. Dev. Date Date 

MS Weares 
86.1 280.1 

157.7 194 72.2 12/4/2007  9/21/2007  

MS Rainbow Br 
72.8 238.8 

141.7 166 58.7 2/25/2007  8/24/2007  

Wolverton Gulch 
112.2 364.9 

269.6 252.7 64.1 2/24/2007  11/15/2007  

Yager Creek 
57.6 263.8 

145.6 206.2 71.3 2/24/2007  8/10/2007  

Cummings Creek 
74.8 283.4 

151.3 208.6 63.4 12/10/2006  4/24/2008  

Hely Creek 
84.8 296 

191.9 211.2 65.9 2/25/2007  9/21/2007  

Grizzly Creek 
64.3 278 

150.1 213.7 74.1 2/25/2007  9/7/2007  
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Figure 5-10.  Conductivity recorded bi-monthly at seven sites in the lower Van Duzen River 
(VDR) Basin during the time period of October 2006 to April 2008.  See Figure 5-4.   

Final Report  107 Agreement No. 06-149-551-0 
 



Van Duzen Watershed Project 
 

 

50.0

100.0

150.0

200.0

250.0

300.0

350.0

400.0

Wolverton Yager CummingsVDR_RM11 Hely Grizzly VDR_RM18

C
on

du
ct

iv
ity

 (m
ic

ro
si

em
en

s/
cm

)

 
 
Figure 5-11.  Average conductivity recorded at seven sites in the lower Van Duzen River (VDR) 
Basin from October 2006 to April 2008.  See Figure 5-3.   
 
 
Turbidity and Suspended Sediment 
Turbidity and suspended sediment measurements registered above acceptable levels for all 
streams sampled during storm events.  In the lower Van Duzen River Basin turbidity values 
ranged from 1 NTU at all sites to a high of 600 NTU at the Van Duzen River sites (Table 5-5). 
Turbidity levels were high following winter storm events but levels decreased to less than 30 
NTU between storm events. Furthermore, turbidity levels were less than 10 NTU during the dry 
summer and fall months. Wolverton Gulch had the highest turbidity values overall and 
Cummings Creek had the lowest turbidity values (Figure 5-12). The NCRWQCB has determined 
that turbidity in the Van Duzen River should not exceed 20% of background levels. However, 
natural background levels have not been established for the Van Duzen River and therefore it is 
not possible to determine if levels exceeded 20% of background levels. The Clean Water Team 
Guidance Compendium for Watershed Monitoring and Assessment for California State Water 
Resources Control Board expects turbidity levels to be between 20-1000 NTU for creeks and 
rivers in California (CWT 2004). 
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Table 5-5. Turbidity recorded bi-monthly from streams in the lower VDR Basin, from 
December 2006 to April 2008 (N=18).   

Date 
Wolverton 

Gulch  
Yager 
Creek 

Cummings 
Creek 

MS 
Weares

Hely 
Creek 

Grizzly 
Creek 

Rainbow 
Br 

12/10/2006  397 345 148 252 130 138 184 
12/24/2006  14 14 10 30 13 18 29 
1/28/2007  5 2 2 1 5 2 2 
2/10/2007  403 308 284 254 440 403 314 
2/25/2007  416 427 227 386 241 198 274 
3/25/2007  7 7 7 7 8 5 6 
4/14/2007  262 52 41 20 90 101 77 
4/27/2007  12 9 9 8 13 9 7 
5/11/2007  9 3 4 3 7 4 3 
6/29/2007  2 1 1 1 2 1 1 
8/24/2007  10 2 1 3 3 1 2 
10/19/2007  291 166 29 22 82 300 104 
11/15/2007  3 5 4 10 2 2 5 
12/22/2007 16 31 21 37 23 32 29 
1/12/2008  40 105 39 144 56 119 181 
1/26/2008  500 600 209 600 290 416 600 
3/8/2008 13 11 10 8 11 9 8 

4/24/2008  23 29 15 46 19 34 42 
 
 
Levels of total suspended solids (TSS) in the lower Van Duzen River Basin ranged from <5 
mg/L at all sites to a high of 948 mg/L at the Van Duzen River (RM 11) (Table 5-6). Yager 
Creek and the Van Duzen River at Rainbow Bridge had the highest level of TSS. Cummings 
Creek had the lowest levels of TSS (Figure 5-13). No water quality objectives are provided by 
the NCRWQCB for TSS in the Van Duzen River. Research has shown that levels greater than 
400 mg TSS/L can be deleterious to salmonid species when they are exposed to these levels for 
an extended period of time (Caux et al. 1997). All sampling sites had TSS results that were 
greater than 400 mg/L. High levels of TSS occurred following large storm events. It is not 
possible to determine from the data the amount of time that TSS levels exceeded 400 mg/L.  
 
Future studies in the lower Van Duzen River Basin should evaluate the number of hours that 
suspended sediment levels exceed 400 mg/L.  Continuous turbidity and suspended sediment 
levels can only be accurately assessed using specialized instruments like those associated with 
turbidity threshold sampling stations, such as that used on Cummings Creek.  These data support 
the need for, and importance of continuous sampling devices to assess chronic turbidity and 
suspended sediment.   
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Figure 5-12. Turbidity levels recorded from streams in the lower VDR Basin, from December 
2006 to March 2008.  See Figure 5-3.  Red dot represents a major outlier.   
 
 
Table 5-6. Total suspended solids (mg/L) recorded for streams in the lower Van Duzen 
River Basin, measured during storm events from November 2006 to April 2008 (N=13).   

Date Wolverton 
Gulch  

Yager 
Creek 

Cummings 
Creek 

MS 
Weares

Hely 
Creek 

Grizzly 
Creek 

Rainbow 
Br 

11/5/2006  50 50 <5 50 <5 <5 50 
12/10/2006  600 700 100 300 100 100 200 
12/24/2006  <5 <5 <5 40 <5 <5 40 
2/10/2007  750 700 572 300 900 550 600 
2/25/2007  500 346 250 440 300 200 320 
4/14/2007  200 36 18 18 80 276 145 
5/11/2007  80 40 40 38 38 55 36 
10/19/2007  175 234 24 19 90 290 84 
1/12/2008  52 92 29 157 46 84 146 
2/24/2008 476 708 207 537 394 731 799 
3/22/2008  14 14 18 21 15 15 30 
4/24/2008  17 30 13 48 15 26 37 
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Figure 5-13. Total suspended solids (mg/L) collected in the lower Van Duzen River (VDR) 
Basin during the time period of November 2006 to April 2008. See Figure 5-3.    
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Figure 5-14.  Sampling for macro 
invertebrates in a riffle on the main stem VDR 
near Rainbow Bridge.  Photo by P. Trichilo. 

Macro Invertebrates

Taxa Richness 
Taxa richness is the total number of distinct taxa 
in a sample.  This metric reflects health of the 
community through measurement of the variety 
of taxa present, and generally increases with 
increasing water quality, habitat diversity, and/or 
habitat suitability (Plafkin et al. 1989).   
 
EPT Taxa Richness 
EPT is a measure of the total number of 
Ephemeroptera (Mayfly), Plecoptera (Stonefly), 
and Trichoptera (Caddisfly) taxa present.  These 
orders are considered generally sensitive to 
disturbance, and are expected to decrease with 
human induced disturbance.   

Percent Sensitive EPT Taxa 
Percent sensitive EPT reflects the proportion of 
sample composed of Ephemeroptera, Plecoptera 
and Trichoptera taxa that have been assigned a 
tolerance value of 0 to 3, and are expected to 
decrease progressively as the habitat is degraded 
 
Percent Dominant Taxon 
A Tolerance/Intolerance measure.  Percent contribution of the most numerous taxon present in a 
sample.  A community dominated by relatively few taxa would indicate environmental stress 
(Plafkin et al. 1989).  Expected to increase with stress. 
 
Tolerance Value 
Tolerance value is a biotic index that evaluates tolerance of benthic macro invertebrates to 
organic enrichment.  Taxa tolerant of organic enrichment are also generally tolerant of warm 
water, fine sediment, and heavy filamentous algal growth (Wisseman 1996).  Scale is 0 through 
10 with 0 being highly intolerant and 10 being highly tolerant of organic enrichment.  The 
tolerance value is calculated as: 
 
 TV=∑(ni ti)/N      
 
where ni is the number of individuals in a taxon, ti is the tolerance value for that taxon, and N is 
the total number of individuals in the sample.  Value expected to increase with stressed 



Van Duzen Watershed Project 
 

environment.  Tolerance values are from California Department of Fish and Game listings 
(CDFG 2003b), and are subject to modification as more data are gathered.  
 
Shannon’s Diversity Index (H) 
A diversity index is a mathematical measure of taxa diversity in a community.   Shannon’s index 
accounts for both abundance and evenness of the taxa present.  The proportion of taxa i relative 
to the total number of taxa (pi) is calculated, and then multiplied by the natural log of this 
proportion (lnpi).  The resulting product is summed across taxa, and multiplied by -1: 
 
 H=-∑pi ln pi  
 
Diversity is expected to decrease with disturbance. 
 
In addition to the metrics, relative abundance was estimated for each sample based on the 
subsample data.  The number of specimens picked from each grid in the subsampling tray was 
used estimate the relative abundance of macro invertebrates in the sample. 
 
June 8, 2007 

Figure 5-15.  Stonefly (Order Plecoptera) 
adult on a leaf – one of the EPT Orders, and 
good fish food.  Photo by J. Lee. 

The mainstem Van Duzen River BMI samples 
displayed a surprisingly high number of EPT 
taxa (25 and 28), a positive attribute.  Some 
spring emergers remained in the river with the 
developing summer taxa at the time of 
sampling, contributing to the relatively high 
EPT taxa richness. 
 
Grizzly, Hely and Cummings Creeks displayed 
somewhat similar taxa, with Grizzly Creek taxa 

having more similarity to the mainstem taxa 
than did Hely or Cummings Creek taxa.  
Cummings Creek had the highest number of 
taxa typical of a high quality, summer cool, 
medium sized creek, among all the sites sampled. 
 
Yager Creek had a relatively high number of EPT taxa (23) but also had the highest number of 
the generally tolerant midge family Chironomidae and the ubiquitous and tolerant mayfly Baetis 
(Baetidae) of the sample sites.  These two groups made up over 60% of the individual BMIs 
collected at Yager Creek, contributing to the lowest diversity index score among the sites and 
suggesting an imbalance. 
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Wolverton Gulch had the lowest taxa richness and EPT taxa richness of the sample sites.  This 
can be expected from a small, low order creek.  One would expect a higher number of intolerant 
taxa from a small creek, though, than were found in the Wolverton Gulch samples.  A deviation 
from similar sized, high quality creeks on the north coast is suggested.  If this is not an artifact of 
the watershed, impairment is suggested by the BMI sample. 
 
 
North Coastal Index of Biological Diversity 

The California Department of Fish and Game has produced a draft version of an index of 
biological diversity for northern coastal California (Rehn et al. 2005).  Several metrics were 
evaluated to determine if they could discriminate between minimally disturbed reference sites 
and sites that had experienced known stressors.  Eight metrics (indicated in the table) were 
chosen for use in the IBI.  Though it is emphasized this is a draft, it should be informative as a 
measure for comparing streams.  The following table shows the scoring used in this IBI applied 
to the Van Duzen Watershed BMI samples.  The metric scoring range is 0 (very poor) to 10 
(very good).   
 
Table 5-7. North Coastal Index of Biological Diversity scores for BMI samples collected 
from streams in the Lower Van Duzen River Basin on June 8, 2007.   
 

Category VDR1 
(MSRB) 

Grizzly 
Creek 

Hely 
Creek 

VDR2 
(MSW) 

Cummings 
Creek 

Yager 
Creek 

Wolverton 
Gulch 

EPT Taxa 9 7 8 10 10 9 6 
Coleoptera 5 10 7 7 10 9 5 

Diptera 7 10 7 7 6 7 8 
% Intolerant 7 6 7 6 8 3 4 
% Scraper 4 9 8 5 3 3 8 
% Predator 8 10 9 6 10 6 7 
% Shredder 2 4 4 3 6 4 4 

% Non-Insect 8 8 8 8 8 9 9 
Total * 62.5 80 72.5 65 76.25 62.5 63.75 

* Multiplied by 1.25 to fit a 100-point scoring system.   
 
Total score categories: 
0-20: very poor 
21-40: poor 
41-60: fair 
61-80: good 
81-100: very good 
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Grizzly and Cummings Creeks scored near the upper end of the “good” category.  Hely Creek 
fell in the middle of the “good” category, while the remaining samples fell in the lower range of 
the “good” category. 
 
VDR1 = Rainbow Bridge 
VDR2 = Mainstem Weares 
 
September 21, 2007 
The mainstem Van Duzen BMI samples showed a marked difference between the upstream 
(Rainbow Bridge) and downstream (M.S. Weare) sites.  While the M.S. Weare site showed 
higher Taxa Richness and EPT Taxa Richness it also had a much lower Sensitive EPT Index and 
a resultant higher Tolerance Value.  Many of the taxa found at these sites are typical of open 
canopy, larger streams and can tolerate elevated water temperatures.  The relatively sensitive 
mayfly Rhithrogena was the dominant taxon at the Rainbow Bridge site while the generally 
tolerant midge family Chironomidae was the dominant taxon at the M.S. Weare site.  The BMI 
samples suggest the downstream site to be more influenced by warmer temperatures and possibly 
organic enrichment. 
 
The Grizzly Creek BMI samples contained taxa typical of summer cool, medium sized creeks 
with a few exceptions.  Several taxa found in the Grizzly Creek sample are known to occur 
mainly in larger streams.  A possible explanation for this is the close proximity of the sample site 
to the Van Duzen River.  The overall metrics suggest the Grizzly Creek site is one of the least 
impaired among the sample sites.  
 
Hely Creek also contains many taxa typical of a small, cooler creek but the more riverine taxa 
found in the Grizzly Creek samples were not found in the Hely Creek samples.  The large 
percentage of the shredder functional feeding group in the Hely Creek samples suggests a large 
amount of terrestrial input to the creek.  The overall BMI metrics suggest Hely Creek to be more 
impaired than Grizzly or Cummings Creeks, the sampled creeks most similar in size. 
 
Cummings Creek displayed the highest overall metric scores with respect to the September 
samples.  Sensitive EPT Taxa, % Dominant Taxon, Shannon’s Diversity, and Tolerance value 
scores were among the best compared to other sample sites.   Cummings Creek also had a high 
number of both scrapers and shredders, suggesting a balance among functional feeding groups. 
 
The Yager Creek samples shared many taxa with the Van Duzen River samples, however had 
lower metric scores for EPT Taxa, Sensitive EPT Index, and Tolerance Value.  Although Yager 
Creek had a relatively high Taxa Richness (42) the samples also displayed the highest number of 
non-insect taxa, which suggests disturbance.  It is also surprising to have found no stoneflies 
(Plecoptera) in the Yager Creek samples.  This was the only site sampled in which stoneflies 
were not found.  Additionally, no adult winter stoneflies were collected at Yager Creek during a 
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February 8, 2008 collecting trip, which seems unusual for coastal streams of this size.  Four 
species of winter stoneflies were collected from the Van Duzen River at the Grizzly Creek Park 
during the same collecting trip.  Although obviously anecdotal information, this may suggest a 
problem in Yager Creek. 
 
While the Wolverton Gulch sample contained more taxa one would expect to find in a small, 
cool, well-canopied creek, than the June sample, the overall metric scores suggest some form of 
impairment in the watershed.   
 
 
 
Table 5-8.  North Coastal Index of Biological Diversity scores for BMI samples collected 
from streams in the Lower Van Duzen River Basin on September 21, 2007.   
 

Category VDR1 
(MSRB) 

Grizzly 
Creek 

Hely 
Creek 

VDR2 
(MSW) 

Cummings 
Creek 

Yager 
Creek 

Wolverton 
Gulch 

EPT Taxa 7 9 9 10 9 7 7 
Coleoptera 5 10 7 3 7 9 1 

Diptera 7 9 7 5 9 9 7 
% Intolerant 10 6 8 4 8 3 7 
% Scraper 10 7 3 3 9 5 9 
% Predator 7 9 3 7 8 9 4 
% Shredder 4 5 7 4 8 3 6 

% Non-Insect 7 8 9 7 9 7 8 
Total * 71.25 78.75 66.25 53.75 83.75 65 61.25 

 
* Multiplied by 1.25 to fit a 100-point scoring system. 
 
Total score categories: 
0-20: very poor 
21-40: poor 
41-60: fair 
61-80: good 
81-100: very good 
 
Cummings Creek scored in the “very good” category, Grizzly Creek scored near the upper range 
of the “good” category, and the Van Duzen Rainbow Bridge (Van Duz 1) site scored in the 
middle of the “good” category.  The Van Duzen M.S. Weare (Van Duz 2) sample was the only 
sample to score in the “fair” category. 
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Overall, the BMI metrics suggest the Cummings Creek and Grizzly Creek sites are the least 
impaired of the seven sample sites.  The remaining sites show varying degrees of impairment, 
based on the BMI metrics. 
 
Relative abundance was much higher in the September samples than in the June samples.  At 
most sites relative abundance at least doubled from June to September.  At the Van Duzen M.S. 
Weare and Yager Creek sites relative abundance increased over four fold.  Abundance would be 
expected to increase due to lack of scour from large rain events over the summer and, 
particularly in open canopied streams, an increase in autochthonous (within stream) production.  
The high increase in the Yager and M.S. Weare sites may, however, suggest an increase in 
nutrient input and resultant algal growth. 
The September sample metrics suggest that within the mainstem Van Duzen River the upstream 
site is less impaired than the downstream site.  The upstream reach possessed a series of riffles 
while the downstream reach consisted of just a single riffle.  Further investigation would be 
helpful in determining whether the differences between the sites was a function of different 
habitats being sampled or whether the downstream site was indeed more impaired. 
 
The BMIs collected are generally in line with what would be expected in the northcoast region.  
Although none of the streams would be categorized as outstanding based on the BMI samples, 
none would be categorized as poor, either.   Although relative abundance of BMIs was not 
extremely low at the sample sites, a higher relative abundance could be expected.  A moderate to 
high level of embeddedness exists at the sites sampled, reducing the available habitat compared 
to a non-embedded stream site, and possibly reducing relative abundance.  The BMI data does 
not suggest poor water quality within the watershed however habitat degradation is suggested by 
the less than optimal metrics.   
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Continuous Temperature 

Figure 5-16. Site of temperature data logger 
in Wolverton Gulch (Summer 2007). 

HOBO temperature data loggers (thermographs) 
in water tight containers were placed in streams a
the same seven monitoring sites where water 
quality indices and macro invertebrate samples 
were taken, as described above (Figure 5-1). 
Thermographs were placed in run or pool h
in the shade in as deep a part of the stream as
possible within the sample site area (Figure 5-1
In 2007, thermographs were set to record 
temperature in degrees Celsius at hourly interval
and two temperature probes were deployed 
each site.  In 2008, temperatures were recorde
two-hour intervals, with two probes deployed a
Yager Creek, MS Rainbow Bridge, and MS 
Weares.  A single temperature probe was 
deployed at each of the four other sites in 2008.  
Data loggers were placed in the streams in early 
June, and retrieved at the end September or early 
October, depending on year, for a deploym
four months.   
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Prior to the field season, an accuracy check of the temperature probes was performed according 
to the guidelines set forth by the manufacturer, Onset Computer Co.  The units are launched on a 
short duration (15 second) interval. A gallon of water is placed in a cooler overnight along with 
frozen ice bottles to bring the temperature of the bath close to freezing. In the morning, the 
bottles are removed and 20 pounds of crushed ice is added creating a slushy mixture. The loggers 
are placed into the water bath to equilibrate to the conditions for a half-hour before the units start 
recording. The cooler is covered and the probes are removed after 40 minutes. At this time the 
probes are then placed in a room (ambient) temperature circulating water bath for another 20 
minutes. The units are removed and the data offloaded and analyzed.  Accuracy must be within 
0.2 C of the ice bath (0 C).   
 
Results were obtained for average weekly temperatures at each sample site.  Maximum weekly 
average temperatures (MWAT) were calculated using a seven-day moving average of daily 
average temperatures. Water quality criteria developed by the Environmental Protection Agency 
(USEPA 1986) recommends that the MWAT threshold should not exceed 18 C (64.4 F) during 
the summer months for coho salmon and 19 C (66.2 F) for steelhead/rainbow trout.  Whenever 
two thermographs were used at a sample site, data represent the average of the two records.   
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Water temperature data collected hours during the summer of 2007 showed that Hely Creek had 
the lowest daily average temperatures and that MS Rainbow Bridge had the highest daily average 
temperatures (Figure 5-17).  
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Figure 5-17.  Average of daily water temperatures recorded from streams in the lower VDR 
Basin during the summer of 2007.  See Figure 5-3.    
 
The Van Duzen River had weekly average temperatures and MWAT (maximum weekly average 
temperature) that exceeded the recommended 18 C threshold for all 15 weeks of data collection 
and Yager Creek exceeded the threshold for 14 weeks (Figures 5-18 & 5-19).  Grizzly Creek, 
Hely Creek, Cummings Creek, and Wolverton Gulch did not exceed the recommended threshold 
at any time during data collection (Figure 5-18).  The highest MWAT (22.9oC) was recorded on 
the main stem VDR at Rainbow Bridge.  
 
Comparison of the monthly and continuous water temperature data from the seven sampling sites 
verified that there was a significant difference in temperatures between the sites (p-value = 0.005 
and <0.001). Water temperatures in Yager Creek and the Van Duzen River were significantly 
higher than temperatures in Wolverton Gulch, Cummings Creek, Hely Creek and Grizzly Creek. 
The significant difference in temperatures between the seven sampling locations was associated 
with the high summer water temperatures occurring in the Van Duzen River and Yager Creek, 
which surpass the listed MWAT threshold of 16.8 C for juvenile coho salmon (Welsh et al 2001, 
Hines and Ambrose 1998).   These temperatures also surpass the optimal range of temperatures 
(10 – 16 C) for growth of steelhead (Sullivan et al. 2000).   
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Figure 5-18.  Weekly average temperatures for streams in the lower VDR Basin during the 
summer of 2007.  Horizontal black line represents the MWAT threshold of 18oC for coho 
salmon.   
 
In the summer of 2008, temperature data were recovered from nine of the ten HOBO temperature 
canisters.  One of the two canisters deployed at Rainbow Bridge leaked slightly, which was 
enough to destroy the recording unit inside.  However, the second data logger at that site was 
recovered successfully.  Results were converted to average weekly temperatures at each of the 
seven monitoring sites in the lower basin.   
 
Similar to 2007, in 2008 each sampling site on the Van Duzen River registered weekly average 
temperatures that exceeded the recommended 18 C threshold throughout the period of data 
collection, and Yager Creek exceeded the threshold for nearly the entire sampling period as well 
(Figure 5-20).  Grizzly Creek, Hely Creek, Cummings Creek, and Wolverton Gulch did not 
exceed the recommended threshold at any time during data collection.   
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Figure 5-19. Maximum weekly average temperature (MWAT) for streams in the Lower VDR 
Basin during the summer of 2007.  Horizontal black line represents the MWAT threshold of 
18oC for coho salmon. 
 
In results that were nearly identical to 2007, the highest MWAT in 2008 (22.8 C) was recorded 
on the main stem VDR at Rainbow Bridge (Figures 5-20, 5-21).  Similar to the previous year, in 
2008 the lowest MWAT was registered in Hely Creek (14.6 C), which was followed by 
Wolverton Gulch (15.1 C) and Cummings Creek (15.4 C).  As in 2007, the seven streams again 
fell into the same two groups, and those with MWATs below the 18-degree Celsius EPA 
recommended threshold (Hely, Wolverton, Cummings, and Grizzly) and those that exceeded the 
threshold (Yager, MS Weares, and MS Rainbow Bridge) were the same each year.   
 
Temperature data from the two summer seasons were similar in max/min and average values, as 
well as in the relationships among the seven streams.  Data clearly demonstrated that 
temperatures in the larger streams (main stem and Yager Creek) were dramatically higher than in 
the smaller streams, and surpassed safe levels for salmonids.  Whether these differences were 
simply the result of channel size and canopy cover, or were a function of more complex 
relationships, such as habitat, pool depth, sedimentation rates, etc., cannot be determined from 
these data.  These differences in temperature and their underlying causes should be studied 
further in order to advance our understanding of how human activity affects the health of these 
streams.  Salmon runs in all of these streams are severely impaired, and temperature is an 
important influencing factor.   
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Figure 5-20.  Weekly average temperatures for streams in the lower VDR Basin during the 
summer of 2008.  Horizontal black line represents MWAT threshold of 18oC for coho salmon.  
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Figure 5-21. Maximum weekly average temperature (MWAT) for streams in the Lower VDR 
Basin during the summer of 2008.  Horizontal black line represents the MWAT threshold of 
18oC for coho salmon.   
 
 
6. Data Evaluation 

Seasonal Effects, Storm Events, and Project Timing 

Results from the TTS station at Cummings Creek would suggest that sediment loading was 
dramatically higher during HY08 than HY07.  Total load jumped from 1,161,628 kg in HY07 to 
7,210,484 in HY08, a 6.2-fold increase from the first year to the second.  Even when results from 
HY07 are corrected for the shortened duration of the sampling season (i.e., multiplied by 2.0), 
sediment load for HY08 was still greater than HY07.   
 
The reason for these differences and their magnitudes does not appear to be directly the result of 
rainfall, as both years were similar and below normal.  Turbidity and sediment were higher in 
HY08, at a magnitude that cannot be reasonably explained by rainfall alone.  Therefore, the 
logical explanation is that at least several major storms during the early part of HY07 were 
missed due to the delayed operation that year.  Even though the time lost was about half of the 
hydrologic year in 2007 (October through January), these storms undoubtedly accounted for 
more than half of the rainfall (which was missed) that year.  Early winter months in Humboldt 
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County typically receive the most intense storms and account for a large proportion of the 
rainfall during the rainy season.   
 
It is difficult to fully estimate the consequence of the late start (mid-late January) during the first 
season of operating the TTS station.  This late start was mostly unavoidable, due to the month in 
which grant funding was allocated to the project (mid-November 2006), and that project 
personnel were dependent upon availability of the organization Salmon Forever to install and 
explain the operation of the station.  By mid-November, the rainy season was well underway, 
and the grab sampling program had actually been running (without funding) for over a month.  
Of course, equipment and instruments necessary to establish the TTS station could not be 
purchased until funding became available.  Therefore, the lag time necessary to order and receive 
the equipment (in a holiday season), as well as to construct and outfit the station put the project 
back several additional months.  Thus, it was not until mid-late January that the station became 
operational, resulting in the loss of at least two months worth of data.   
 
The constraints on the original project specified completion by the end of August 2008.  This 
limitation restricted the program to a maximum of two winter seasons of monitoring Cummings 
Creek, and thereby obligated the operation of the station to the hydrologic years ‘07 and ‘08.  In 
hindsight, requesting a year extension on the project and starting in HY08 would have resulted in 
two complete years’ worth of data, but at the time, we were unaware of the availability of this 
option.  Moreover, although HY07 and HY08 experienced below normal rainfall, HY09 
experienced even less rainfall than either of these previous years.  Coupled with the interruption 
of our funding in 2009, it would have been very difficult to produce a better outcome.  
 
Changes in turbidity and SSC from year to year suggest that a complex set of factors influence 
the conditions in these watersheds, which complicates the effort to understand cause and effect 
between rainfall, landuse, and sedimentation rate.  However, after considerable review of the 
data, one of the most important factors that influenced these differences was actually because of 
the late start in HY07, which caused the program to lose two to two and a half months of 
valuable data, during one of the wettest times of the year, when a major portion of total annual 
rainfall is received.  As previously described, turbidity and concentrations of suspended sediment 
(SSC) are significantly and proportionately correlated to the amount of rainfall received within a 
given year.  Therefore, the inability to collect data during two heavy rainfall months would seem 
to adequately explain the differences in turbidity and SSC between HY07 and HY08. 
 
 
Sampling Precision 

High variability between the three replicate grab samples is not easily explained, as all three are 
taken from the same water at the same time.  It was observed however, that at least in several 
cases, some of the bottles were older and visibly scratched, which could lead to an artificially 
high reading.  It was also noticed than in several of the replicate samples, slightly different Hach 
cells were used, which lead to slightly, possibly significant, differences in the turbidity 
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measurement.  Finally, sampler error was undoubtedly a factor during this first year of sampling.  
Although instructors were specific about the necessity to take “clean” uncontaminated samples, 
it’s possible that some samples may have been contaminated.   
 
As of about November 20, 2006, a more streamlined process of reading turbidity was adopted, 
and most all samples were subsequently read within 24 to 48 hours after being collected.  
Although this change in procedure does not logically suggest that an improvement in precision 
would necessarily follow, it was also about this time that a flush of new bottles was added to the 
collection of Hach cells in use at that time, and this could have resulted in greater precision.  
Also, a greater awareness of the importance of precision may have developed within the 
community of volunteers collecting the samples.  In any case, variability visibly dropped after 
that point, and precision proportionately increased.  As there was no definitive reason to separate 
sample results before and after November 20, the above table only reflects totals and averages 
for the entire sampling season. 
 
In general lower sampling frequency during the year resulted in lower levels of correlation 
between turbidity and discharge (or stage).  Future monitoring efforts should be focused on the 
need for greater sampling frequency (at least 80 to 100 grab samples per year) to better describe 
the hydrologic behavior of these streams.  Lower sampling frequency also provides a less 
accurate estimate of the true condition of a stream.  A good example of this is the estimate to 
quantify turbidity on the main stem Van Duzen River at Rainbow Bridge (Tables 4-3 & 4-4).  
These data also provide a clear example of why using maximum turbidity (especially with grab 
samples) does not accurately reflect true conditions.  If peak turbidity is missed by the sample, 
which can easily happen with only one sample per day at best, then this metric will vastly 
underestimate the level of impairment of that particular stream.  For example, MS Rainbow 
Bridge, while probably less turbid than MS Weares downstream, is undoubtedly not 46% lower 
as is indicated in Table 4-3).   
 
 
Inherent Variability and Sampling Error 

Data obtained from turbidity grab samples were processed and analyzed statistically for several 
variables, including maximum turbidity and average turbidity for each of two seasons, and for 
HY07 and HY08 combined.  Several generalizations can be made with regard to turbidity grab 
sampling.  As stated earlier, grab samples provided good information with respect to water 
quality.  The advantage of these types of samples is that they can be obtained from stream sites 
where a turbidity threshold sampling (TTS) station would be subject to vandalism and a high 
probability of losing very expensive equipment.  Threshold sampling stations necessitate being 
located in very secluded and protected areas, where private property offers the best chance for 
success.  These favorable conditions are rarely available for all streams of interest.  Grab 
sampling can be facilitated relatively easily and quickly, with no more of an investment than a 
staff plate to provide information on stage (water level or volume).    
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However, the two-year sampling program conducted during the course of this project 
demonstrated some distinct weaknesses with using these types of samples as the sole source of 
information on turbidity.  While there are no inherent flaws with sampling by hand, the dates and 
times the samples are taken can give rise to extraordinary variation in the representation of peak 
turbidities throughout the season, especially during dry years as occurred during both years of 
this project.  Typically during dry years, storm events are few and relatively brief compared to 
conditions in rainy years, giving rise to sharp increases and decreases in discharge and turbidity 
in a very short period of time.  Thus, it is especially difficult to capture the profile of the stream 
during the rising limb and peak discharge periods during these dry years.   
 
Grizzly Creek, Wilson Creek, and Lower Cummings Creek are good examples of this type of 
problem.  Grizzly Creek runs very muddy during storm events, but in general, peaks and falls 
very quickly.  Grab sampling of Grizzly Creek in HY08 was done by a new volunteer who, other 
than on weekends, sampled primarily on the way home from work.   Although this volunteer 
actually collected more samples than his predecessor, the process of sampling at approximately 
the same time each day (evening) probably caused several peaks to be missed (in particular, 
January 4 and January 31), during which very high turbidities were registered in other streams.  
The situations with Wilson Creek and Lower Cummings Creek were similar to Grizzly, except 
that the volunteer sampled the creeks on his way to work in the morning.  However, this 
volunteer took considerably fewer samples than the person at Grizzly Creek (See Appendix G).   
 
A testimony to how data quality suffers when sample frequency is low and peak turbidities are 
missed can be seen in the relationship between the original site at (upper) Cummings Creek and 
Lower Cummings Creek.  Normally, turbidity increases from upstream to downstream as 
additional sediment flows into the stream.  However, average turbidity recorded at Upper 
Cummings Creek was actually higher than that recorded for Lower Cummings Creek, 
undoubtedly due to insufficient number of samples taken at the lower site, which was, in part due 
to, and compounded by missing peak times of turbidity and discharge.   Each of these three 
situations provides a good example of how difficult it is to derive consistency, and therefore 
precision, when comparing data from different streams that are sampled by different individuals 
who are often volunteers trying to fit sampling of the stream into their regular work schedules.    
 
Missing the peaks at Grizzly Creek, Wilson Creek, and Lower Cummings Creek stream sites 
(Grizzly and Wilson during both seasons and Lower Cummings during HY08) undoubtedly 
resulted in a lower overall estimate of average turbidity than that which, in all probability, 
actually occurred.  Moreover, the volunteer at Grizzly Creek during HY08 noticed that there was 
considerable runoff from Highway 36 directly into the Creek just upstream from where the 
sample was taken, which could have resulted in a dilution of the sample, as the runoff was 
virtually pure rainwater.  Unfortunately, he failed to consider the option of sampling upstream 
above the runoff entry point, and thus contributed even more error into these data.  The average 
turbidities recorded for Grizzly Creek were substantially lower than would have been predicted 
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by regression analysis of all steams (presented later), and given the amount of timber harvest in 
the upper watershed and the muddiness regularly observed after storms (Figure 6-1).   
 

 
Figure 6-1.  Grizzly Creek near its convergence with the main stem Van Duzen River (seen in 
the distance) after a storm event on February 25, 2007.  Photo by K. Bromley.    
 
Grab sample data provided a good description of turbidity at most of the monitoring sites 
throughout the hydrologic year, as well as the relationship between turbidity and discharge over 
time.  However, as mentioned above, this method is especially vulnerable to missing the times of 
peak turbidity, which in the case of very high turbidity levels, occurs very briefly.  As these 
turbidity and discharge peaks are brief, if missed, the data may dramatically underestimate the 
level of disturbance and intensity of the storm event.  Missing the peaks of one or two storm 
events can severely misrepresent the overall turbidity and thus suspended sediment in a stream.  
For example, severely underestimating two of five storm events can result in a significant 
underestimation of average turbidity for the entire year.  This is very likely what happened at 
Grizzly Creek during both HY07 and HY08.   
 
Although grab sample data showed a range of precisions in which samples reflect actual turbidity 
levels, it was hoped that this metric would improve as the project proceeded and volunteers 
gained more experience and confidence in their ability to take samples.  In one case, when a new 
volunteer was brought onto the project, sampling frequency increased, and provided a better 
representation of overall stream behavior at that monitoring site.  Some of the monitoring sites 
exhibited a good relationship between turbidity and discharge, while others did not (i.e., Wilson 
Creek, Lower Cummings Creek, and Grizzly Creek).  Although the project leader spent more 
time with the volunteers describing the importance of a) clean samples, b) timing of samples, and 
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c) frequency of samples, the quality and quantity of data (e.g., number of samples) did not 
substantially improve in the second year when compared with the first year for a given volunteer.   
 
 
Grab Sampling Program 

Problems encountered during the sampling program do not negate the importance or validity of 
the project.  Firstly, both years experienced lower than normal rainfall, which influenced the 
timing and frequency of samples.  After the first year, which was drier than normal, the project 
would have greatly benefited from a return to normal or greater than normal rainfall, which did 
not occur (HY08 had just slightly more rainfall than HY07).  Unfortunately, the degree to which 
lower than normal rainfall impacted the project may never be fully understood.   
 
Secondly, the intent of the project was to involve the local community in the sampling program, 
and thus allow interested individuals an opportunity to learn about their local streams and the 
fundamentals of sampling procedures.  However, the relative interest and commitment of the 
community varies widely among different individuals.  Some of the volunteers collected 
frequently and thoroughly during storm events, as recommended by project leaders, while others 
were not sufficiently motivated to maintain the level of sampling frequency that the project 
required.  Thus, the quality and validity of the data vary to some degree.   
 
High sampling frequency provides more information and in more detail on the individual 
behavior of turbidity in streams, and results in better estimates of stream conditions, than low 
sampling frequency.  During hydrologic year 2007, dramatically more samples were collected at 
Cummings Creek than at any other monitoring site.  However, the same volunteer took fewer 
samples in HY08 than HY07, possibly because of the TTS station located at the same site.  
Higher frequency of samples is reflected in a smoother curve than those with fewer samples, and 
show greater detail with respect to the timing and dynamics of turbidity in the stream with 
respect to discharge.  Data collected at higher frequencies would more accurately reflect true 
suspended sediment loads per unit area and time than other less detailed data.   
 
A review of the data suggests that undoubtedly one of the major problems with the 
aforementioned monitoring scheme was the use of multiple samplers (volunteers) and the 
variation in sampling techniques inherent in using different individuals in sampling different 
streams.  This problem could have been avoided had a single individual been employed to collect 
water samples, and a single individual employed to measure turbidity (using the Hach 2100P) for 
all of the streams throughout the season, had community outreach not been a priority.  A single 
sampler would have provided much greater consistency in the number and timing of samples 
taken throughout the season, and a single individual operating the turbidimeter would have 
eliminated a large amount of the error that was incurred by having several people measuring the 
turbidity levels.   
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While it is an indicator of some level of severity, the maximum turbidity point probably does not 
provide the best estimate of stream impairment from suspended sediment, and does not provide 
enough information about the behavior of the stream throughout the season.  Therefore, with 
respect to grab samples, quantifying turbidity over at least most of the season should offer a 
better way to estimate the level of impairment and comparison among the different streams 
within the lower basin, than using a maximum point for the entire year.   
 
Different streams show similar as well as unique responses to storm events.  Results showed that 
all streams, including the main stem Van Duzen River, responded similarly to storm events, and 
plots of discharge and turbidity over time provided a reasonably good estimate of the number 
and timing of storm events that occurred in the lower basin during the 2008 hydrologic year.  
However, the levels of turbidity varied considerably and were unique to each stream.  Although 
Flanigan Creek produced some of the highest turbidity levels of the season, the highest 
maximum (3,888 NTU) was recorded on the mainstem at the Weares monitoring site.  These 
data are interesting, as Flanigan Creek is one of the smallest catchment areas of any of the 
monitoring sites within the project study area, and MS Weares is the largest.  The dynamics of 
turbidity closely mimic the dynamics of discharge and/or water level (stage).  However, it is 
apparent that this relationship varies from stream to stream.   
 
 
VIII.  Public Outreach 

Volunteer Monitoring Program – The Citizens Monitoring Group 
In continuation with the volunteer monitoring program initiated at the beginning of the planning 
project, the implementation program will also rely greatly on the contributions of the local 
community and other interested individuals.  Members of the community will be encouraged to 
participate in the Citizens Monitoring Group that was an important part of the VDWP grab 
sample monitoring program.  Some grab sampling will continue throughout the monitoring part 
of the implementation project, but as stated earlier, most of the sampling for turbidity and 
suspended sediment will be accomplished using turbidity threshold sampling (TTS) station.  
However, as the implementation project is so much more vast and involved than the planning 
project, there will be exceptional opportunities for public participation, both as staff and 
volunteers, depending upon individual preferences.  As always, project staff will continually 
interact with the public and welcome new members from the community at large into the 
program to find useful and rewarding opportunities for anyone wishing to participate.  These 
opportunities will not only benefit the project and the watersheds, but also serve to educate 
members of the community and they seek ways to become involved in the Community 
Monitoring Group.   
 
Community Outreach 

The implementation project represents a much expanded version of the planning project, and as 
such, will have a substantial group of stakeholders that will be interested in the program and the 
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outcome of the projects.  Landowners and stakeholders, including industrial concerns such as 
Humboldt Redwood Company, as well as individual members of the community, will be able to 
contribute opinions and suggestions to the development of ideas for accomplishing goals and 
objectives.  All members of the public will be encouraged to attend semi-annual meetings and 
workshops.  These events will update information on the progress of the project and the various 
programs underway within the overview of the project.  Public participation will be encouraged 
at these meetings, which will also feature guest speakers with specific expertise on various and 
pertinent topics relating to the implementation project.   
 
Other ways in which outreach programs will be used to encourage community involvement will 
include 1) arranging public meetings to discuss water quality and watershed issues, 2) set up 
community workshops for the Salmon Watch project, 3) set up workshops with demonstrations 
for citizens monitoring, 4) produce reports on watershed issues, and 5) publish reports on 
program activities in local journals such as the Eel River Reporter (newsletter of Friends of the 
Eel River).   
 
 
Internet 

Friends of the Van Duzen Website has been instrumental in presenting all of the latest 
information in the form of documents, tables, photos, and maps, relating to the planning project 
over the last 3 years.  This website (www.fovd.org) will also be instrumental in posting all 
announcements, including dates and times of stakeholder meetings and workshops, and all other 
information relating to the implementation project.  Therefore, the website with in multiple web 
pages becomes a bulletin board and a source of vital information on the state of the Van Duzen 
River Basin.   
 
 
Education  
The Watershed Science in the Schools Program was very successful because it brought together 
teachers, administrators, students, and members of the community in a mutual concern for 
common goals, which include preservation and restoration of watersheds, forests, and clean 
water, and the wildlife that depend on them.   

The implementation project will be structured to provide a chance for volunteers from the local 
community to work with students and provide, in a sense, extended educational opportunities for 
the students to become exposed to concepts not normally covered in the classroom.  Some of 
these concepts would include: 1) the inter-relatedness between geological processes and 
vegetation, 2) the impact of timber harvest management on forest complexity and stability, 
sedimentation, riparian zones, and the channel migration zone, 3) the impact of introduced 
species such as the pike minnow not only on salmonids but on other life forms (amphibians, 
reptiles, insects, etc.) that use the river and streams during their life cycles, 4) the relationship 
between forest complexity and ecological stability and economic sustainability, 5) the 
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importance of the redwood forest not only in conferring stability in the watershed and clean 
water in the streams, but the important role in carbon sequestration, and the importance of 
adopting realistic methods to offset global climate change. Some of the other programs that will 
be supported by the project will include the following.   

• Conduct workshops at local schools regarding salmon migration. 
• Employ place-based learning (a process that uses the local environment as a context for 

learning) in the Adopt-a-Watershed model. 
• Encourage local schools to adopt a local stream for study. 
• Conduct macro invertebrate sampling in the field with students. 
• Conduct gravel experiments in the field with students. 
• Take turbidity samples in the field with students. 
• Train students to use a turbidimeter. 
• Encourage students to use their power of observation. 
• Train students to use proper protocol in recording data. 
• Train students in the use of GPS devices. 
• Encourage science fair projects related to the watershed. 
• Facilitate high school students from the Fortuna Creeks Project to mentor elementary 

school students. 
• Implement the Science in the Schools program where scientists share information about 

careers in science, daily life experiences, and education. 
• Model scientific procedures and management practices with students and scientists 

working in streams, observing, collecting, and analyzing data. 
• Encourage members of the community to participate in events sponsored by local 

watershed groups, including Friends of the Eel River, Friends of the Van Duzen River, 
and Humboldt Watershed Council. 

 
 
IX.  Conclusions 
 
7. Project Evaluation and Effectiveness 

Planning, Research, Monitoring, and Assessment  

The first group of performance measures involved Planning, Research, Monitoring, and 
Assessment (Table 7-1).   

As the draft Watershed Management Plan has been submitted to the Water Quality Control 
Board, the project goals as listed in Table 7-1 have been met.  Recommendations for 
improvements in water quality throughout the Lower Van Duzen River Basin have been 
developed, described, and prioritized based on critical conditions in the planning watersheds and 
the streams that flow within them.  These recommendations are now associated with specific 
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streams and watersheds, and as just stated, are listed within the watershed management plan (or 
plan for watershed recovery) that has been recently submitted.   
 
The output and outcome indicators for the two project goals have been fully met.  With respect to 
Goal #1, all of the Output and Outcome indicators have been met.  Our project has produced 
abundant data on water quality including turbidity and suspended sediment from all 10 
monitoring sites described in the proposed project.  Our literature review and field data 
collecting have provided abundant data on stream habitat inventories for eight of the most critical 
streams within the lower basin, plus additional habitat data on the main stem Van Duzen River.  
GIS analyses have resulted in the development of a spatial database for all 22 planning 
watersheds within the lower basin, including new and improved data on roads throughout the 
lower basin, at a scale greater than 1:24,000.  These indicators helped in the development of 
options for reductions of sediment, stream restoration, and improved policies for land use, 
including best management practices, within the Lower Van Duzen River Basin.   
 
With respect to Goal #2, all of the Output and Outcome indicators have also been met.  Our 
project has produced monthly summary reports, which have been filed with the WQCB on a 
regular basis.  Our project involved scheduling and holding regular semi-annual stakeholders 
meetings and watershed workshops throughout the duration of the project.  Early-on we 
published an article about the project in the Eel River Reporter and anticipate publishing another 
article shortly.  A comprehensive digital GIS database and ArcGIS project has been compiled 
and developed, and will be submitted on DVD as well.  A Watershed Management Plan has now 
been completed.  Within the Watershed Plan are included rankings of all 22 planning watersheds 
with respect to a variety of conditions, such as road density, vegetation, timber harvest, etc.  The 
Watershed Plan also contains a thorough discussion of the TMDL and recommendations for 
compliance with sediment, landuse practices, and rehabilitation of salmonid stocks.   
 
In discussions with members of the Technical Advisory Committee, there has been mutual 
agreement with regard to the proposed targets, including identification of problem areas, 
acceptance of project findings, and recommendations for implementation projects.  However, as 
our project was a planning rather than an implementation grant, the targets for Project Goal #2 
cannot yet be addressed, although these points are a fundamental part of the Watershed Plan. 
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Table 7-1. Performance Measures Table: Planning, Research, Monitoring, and Assessment.   
 

Project 
Goals 

Baseline 
Measurements 

and Information 

Output 
Indicators 

Outcome 
Indicators 

Measurement Tools  
and Methods 

Targets 

1. Provide 
recommendations 
that will lead to 
improved water 
quality in the Van 
Duzen Basin. 
 

1. Kelsey, H. 1978. 
Geologic survey of 
Van Duzen Basin. 
2. CDFG Stream 
Inventory Reports 
(1991- 2003) 
3. Current land use 
4. Current USGS 
road & stream data 

1. Water quality 
(turbidity) database 
2. Stream habitat 
inventories 
3. GIS database of 
all watersheds 
4. Upslope road 
inventories 
 

1. Options for 
sediment 
reduction. 
2. Options for 
stream restoration. 
3. Recommen-
dations for 
sustainable land 
use. 

1. http://www.waterboards.ca.gov/  
swamp/qapp.html 
2. Handbook for prioritizing watershed 
protection and restoration to aid 
recovery of native salmon. Ad hoc 
workgroup. Oregon State University. 
3. K. J. Brennemen. 2006. Water 
quality analysis protocol. 

1. Acceptance by 
the TAC of 
identified 
problem areas. 
2. Acceptance by 
the TAC of 
summary and 
final report 
findings.   

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

1. VDR TMDL for 
Sediment (USEPA 
1999). 

2. Summary of Three 
Years of a 50 Year 
Van Duzen Water 
Quality Monitoring 
Project (Harkins, 
2004). 

1. Monthly 
summary and final 
reports. 
2. Workshop/ 
conference 
proceedings & pubs 
3. Digital map 
products & 
ArcView project 
4. Watershed 
Management Plan 

1. Relative & 
absolute rankings 
of watersheds. 
2. Recommenda-
tions for com-
pliance with sedi-
ment TMDL 
3. Protocols for 
landuse practices. 
4. Priorities for 
rehabilitation of 
salmonid stocks. 

1. http://www.dfg.ca..gov/nafwb/ 
manual.html 
2. Analysis and planning modules 
http://www.epa.gov/watertrain/ 
3. Duggan S. & T. Mueller. 2005. 
Guide to the CA Forest Practice Act. 
Solano Press. 
4. EPA Pub #841-B-05-005. Handbook 
for Developing Watershed Plans to 
Restore & Protect our Waters. 
5. California Watershed Assessment 
Manual. http://cwam.ucdavis.edu  

1. Implementa-
tion of 50% of 
watershed plan 
recommendations 
within 10 years of 
plan completion 
(e.g., riparian 
planting) 
2. Integration of 
watershed plan 
recommendations 
with TMDL.   
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Education, Outreach, and Capacity‐building 
The second group of performance measures involved Education, Outreach, and Capacity-
building (Table 7-2).   
 
Nearing the completion of the Van Duzen Watershed Project, it can be stated with a great degree 
of confidence that the project goals as listed in Table 7-2 have been met.  Our Community 
Monitoring Group (CMG) was comprised of many local residents and other individuals who 
were interested in watershed issues and the conditions of their local streams.  All interested 
members of the community were welcomed into the group and all interested individuals were 
provided an opportunity to participate.   Meetings and workshops for stakeholders and other 
interested members of the community were scheduled on a semi-annual basis, and provided an 
opportunity for these groups to learn about the activities and results of the Van Duzen Watershed 
Project.  Participants were encouraged to ask questions regarding their specific interests and 
concerns, thereby increasing their awareness of watershed issues and the conditions of the 
watersheds within the lower basin.   
 
As the project progressed, additional volunteers were regularly recruited into the monitoring 
program.  It was also quite apparent that the expertise and confidence of these volunteers 
increased with time, so that near the end of the two-year sampling period, veteran volunteers 
were easily able to demonstrate sampling techniques and protocols to new arrivals.  Nearly all of 
the participants showed an increased ability to perform sampling tasks, and an increased 
awareness of protocol required to obtain good samples.  Virtually all of the participants showed 
an excellent understanding of watershed concepts and the conditions that lead to watershed 
impairment within the lower basin. 
 
Throughout the duration of the project, communication with local schools continued, especially 
through projects such as “Salmon Watch” which was held at Cuddeback Elementary School 
during several evening in the Fall Season.  School-sponsored science and watershed projects, 
such as the recent outing involving students engaged in willow planting for riparian habitat along 
the Van Duzen River, continue to be a part of school curricula.   
 
As meetings and workshops were held at regular intervals, it was also clearly evident that a 
greater number of individuals continued to attend these events, so that while the first 
Stakeholders meeting had about 12 to 14 in attendance, our first Watershed Workshop (and 
second Stakeholder meeting) had about 20, the third stakeholders meeting had about 25 in 
attendance, and our final Watershed Workshop (and fourth Stakeholders meeting) approximately 
40 people were in attendance.  Observations of public participation in our meetings and 
workshops, as well as written comments from the attendees strongly suggested that these 
participants were increasing more aware of watershed problems that have occurred in the area, 
and possessed a strong desire to support the rehabilitation of watersheds and streams within the 
lower basin.  Overall, our Community Outreach and Educational Programs were very successful, 
and although attendance may have been small relative to events held in larger communities, 
participants were well informed and strongly committed to the beneficial uses of water, and 
principles of sound watershed and water quality management. 
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Table 7-2.  Performance Measures Table: Education, Outreach, and Capacity-building. 
 

 
Project Goals 

 
Desired Outcomes 

 
Output Indicators 

 
Outcome Indicators 

Measurement Tools  
and Methods 

 

 
Targets 

1. Involve the 
local community 
in water quality 
sampling, sched-
uled meetings, 
conferences, and 
workshops. 
 

1. Increased number 
of residents and  
volunteers able to 
perform proper 
turbidity sampling 
procedures 
2. Increased number 
of volunteers able to 
sample for macro 
invertebrates and 
operate a GPS. 

1. Number of 
excursions to streams 
by staff and 
community members. 
2. Number of 
residents/volunteers 
participating in field 
excursions. 
 

1. Increased number of 
school projects devoted 
to local stream, river, 
and watershed issues. 
2. Increased attendance 
at biannual project 
meetings and second 
annual workshop 
(project culmination). 
 

1. Annual Workshop 
Presentations and follow-
up questions. 
 
2. Staff-led discussion 
group on watershed/water 
quality issues – level of 
group participation.  
 

1. A majority of 
participants that grasp 
concept of grab sample 
technique. 
2. A majority of 
participants that grasp 
the concept of a 
watershed and its 
importance with regard 
to stream and upland 
habitat health. 

2. Increased 
community 
awareness  
regarding the 
conditions of 
watersheds in the 
VDR Basin. 
 

1. Increased number 
of local residents 
aware of watershed 
issues. 
2. Schools in VDR 
Basin expand 
watershed science 
curricula. 

1. Number of 
residents attending  
meetings/workshops 
2. Number of 
residents attending/ 
participating in annual 
conferences. 
3. Number of events 
geared to community 
outreach and 
technology transfer. 
 

1. Increased general 
knowledge of watersheds 
and environmental 
conditions in the VDR 
Basin. 
2. Increased attention paid 
to local watershed issues 
in school curricula. 
3. Increased knowledge 
about the importance of 
land use with regard to 
watershed health. 

1. Final Community 
Watershed Workshop 
Presentations and follow-
up questions. 
 
2. Staff-led discussions on 
watershed/water quality 
issues – level of group 
participation 
 

1. An increased 
number of attendees 
that that are able to 
describe a watershed 
and its importance to 
the community. 
2. An increase in 
community interest 
and desire to partici-
pate in improving 
watersheds. and will-
ingness to implement 
recommendations. 
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Our Project was interrupted and appeared to be closed out at the end of 2008 due to financial 
problems with the State of California.  However, it was reinstated near the end 2009, and is being 
brought to full completion.   
 
Next Steps – Recommendations for Implementation 

Sustainable Forest Management and Policy  

Naturally, recommendations directed at modifying logging practices and the management of 
timber harvest would primarily involve changes in policy at both the industry and state agency 
(CDF) levels.  Modifications and improvements in Best Management Practices need to be 
adopted by the timber industry as a whole, but regulations and incentives through the State of 
California need to be in place for these improvements to be adopted.  Some of the 
recommendations listed below have already been adopted by the Humboldt Redwood Company, 
bringing it more in line with the practices that were in place in the original company (Pacific 
Lumber Company) before the Maxxam/Hurwitz take over in 1985.  However, these and the other 
recommendations listed below need to become state policy and adopted by the industry, if clean 
water and watersheds are to return to healthy conditions in the lower basin. 

1) Eliminate the cutting of old growth forest – this will promote greater overall forest and 
watershed health, greater forest complexity and stability, reduced sediment yields and 
delivery to streams, and more sustainable and economically rewarding timber harvest 
management practices than exist currently. 

2) Eliminate clear cutting from all timber harvest practices, and transition (strongly favor) 
multi-aged harvest plans.   

• Encourage timber companies and operators to discontinue clear cutting by enacting state 
policies that would reward operations (possibly with tax incentives) that shift from clear 
cutting to multi-aged harvest plans.  

3) Restrict and eventually phase out tractor yarding methods of timber harvest throughout 
Northern California, especially the Lower Van Duzen and Yager-Lawrence sub basins.   

• As with clear cutting, phasing out tractor yarding in favor of aerial yarding (e.g., 
helicopter, balloon, or cable) could be encouraged with tax-based incentives coupled with 
gradually greater regulatory safeguards.   

4) Restrict timber harvest (especially of redwood) on steep slopes and/or unstable geology, 
such as Wildcat formations. 

• More thorough regulations would require greater levels of vigilance, more on-the-ground 
observations, and a stronger commitment by both industry and state agencies to improve 
best management practices. 
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5) Establish at least 300 foot buffers around fish-bearing (Class I) streams, and 150 foot 
buffers around Class II streams. 

• Buffers will represent a healthy riparian zone that will be comprised of both hardwoods 
(initial colonizers) and conifers that will come in after hardwoods have become 
established. 

• A healthy riparian zone with adequate shade from both hardwoods and conifers will 
create an appropriate microclimate, and maintain cool water temperatures in the streams 
– highly beneficial for cold water species like salmon, steelhead, and trout. 

6) Extend re-entry time into the forest system (especially redwood) by timber harvest 
operations to at least 40, and more appropriately, 60-year intervals.   

• Repeated entry into forest habitats compacts the soil, interferes with water absorption, 
damages tree roots and growth processes, and interferes with the ability of forests to 
return to a more ecologically balanced and sustainable condition. 

• Watersheds need to rest and require time to return to a more stable condition, so that 
they are better equipped to absorb water during heavy storm events and release water to 
streams during the dry months. 

 
7) Use objectives from the Garcia Forest Management Plan (The Conservation Fund 2006) 

as a guide for BMP recommendations, as follows. 

a) Under proper intensive management, a long-term growth rate of at least three percent 
is realistic and attainable when carrying appropriate inventories. 

• For the first eight decades, beginning in 2006, harvest less than the periodic growth 
increment, allowing surplus volume and in growth to accumulate and add to the 
growing stock (until the inventory goals are attained) 

• During initial entry, thin forest stands from below to adjust spacing, maximizing light 
and space to allow crop trees to attain "target" size. 

• At each entry, remove selected low quality and slower-grow trees, consistent with 
aesthetic and wildlife goals. 

• Reduce hardwood component on sites where conifer was historically dominant. 

b) Silviculture will be primarily uneven-aged (multi-aged), to develop and maintain a 
range of tree sizes and ages within a stand, with the goal of producing valuable timber 
and utilizing natural regeneration. 

 
c) Harvest levels will be significantly less than growth rates over the next few decades so 

as to increase the timber inventory (growth rates expected to double in 25 years). 
 

d) Provide for increased riparian buffers on Class I streams so as to improve riparian 
habitat conditions and provide late-seral connectivity across the landscape. 
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e) Special attention will be given to critical wildlife habitat features, such as snags, down 

wood, and trees of significant size. 

While our specific recommendations will vary from the above plan for forestry management 
(#7) as put forth by the Garcia River Conservation Fund (2006), the Garcia plan is an 
example of how to structure an economically viable forest plan that is also ecologically 
sound with the strong likelihood of sustainability, and many of its features are reproducible.     

 
8) The California Department of Fish and Game’s Recovery Strategy for coho salmon 

specifically recommends that continued economically sustainable management of forest 
and agricultural lands be encouraged in the range of coho salmon to reduce the potential 
for conversion to residential or commercial development. 

• In other words, timberlands are important, and should be reserved for the harvesting of 
timber, but in an ecologically sound and sustainable manner, similar to the 
recommendations described above. 

 
Upland Management 

Virtually all actions to remediate and improve forest practices directly relate to an upland 
management plan, as forests within the Van Duzen River Basin are uphill from the river and 
streams.  As with the instream and riparian restoration effort, much of the upland 
management project would be accomplished in cooperation and jointly with ERWIG, as this 
organization has developed considerable skill and experience in the restoration of hillslopes 
including the decommissioning of roads and culverts.  As most of the logging roads are on 
HRC lands, road and culvert decommissions will also involve working cooperatively with 
this company and reaching agreements on all decommissioning projects.  A good guide for 
construction, reconstruction, maintaining, and closing wildland roads is included in the 
handbook on forest and ranch roads published by Mendocino Resource Conservation District 
(MRCD 1994).   

Additional efforts to improve uplsope conditions with respect to roads in the lower basin 
would thus include the following.   

1) Decommission all inactive and failed roads, wherever possible, especially adjacent 
streams (e.g., within 30 meters of a stream, and 90 meters of any fish-bearing stream).   

2) Redesign and modify problematic roads to eliminate the channeling of water and 
sediment into streams, and promote ground water infiltration.  

3) Repair, replace or decommission failed or problematic culverts, and where possible 
replace with concrete and/or steel bridgework.   
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In‐Stream and Riparian Habitat 

Riparian habitats are generally rich in biological diversity.  Regeneration of early successional 
vegetation communities is an important process in maintaining the habitat heterogeneity required 
for healthy riparian systems (Naiman, et al. 1993).  Fully functioning riparian ecosystems have 
been shown to improve groundwater and stream quality by removing undesirable constituents 
such as nutrients and pesticides (Lowrance et al.1985).  Results from other studies suggest that 
horticultural approaches (e.g., planting native species) to restoration are advancing conservation 
goals, but that considerable additional benefit may be gained from implementing strategies that 
area compatible with natural processes (Golet et al. 2003).   
 
On several occasions members of the Van Duzen Watershed Project have met with the Eel River 
Watershed Improvement Group (ERWIG), which over the years, has gained a great deal of 
experience in upslope and instream rehabilitation projects.  This group has been successful in 
receiving funding for restoration projects, and works diligently in the area stream and hillslope 
restoration.  ERWIG would be a major participant in the implementation efforts.  Much of these 
efforts towards stream restoration would be done in cooperation with ERWIG.  Some 
recommendations are as follows: 
 

1) Implement an instream monitoring program where turbidity threshold sampling (TTS) 
stations can be established to collect data on turbidity and suspended sediment on an annual 
basis (see Action 10 for listing of candidate streams). 

2) Engage in the planting of hardwoods and conifers within stream riparian zones to increase 
the shading and microclimate moderating capacity, as well as enhancement and deepening of 
the channel over time.   

3) Inventory and map sources of stream bank erosion (e.g., landslides) and prioritize 
according to present and potential sediment yield, to identify sites that should be treated to 
reduce the amount of fine sediment entering streams. 

4) Establish a program for placement of large wood into streams with historic or present 
occurrence of salmonids, especially coho salmon, to promote development of deep pools in 
streams slated for temperature monitoring (see Action 2, Water Quality). 

5) Where appropriate, provide support for stream banks with bouldering, cabling, and wing 
diverters to prevent loss of soil and encourage stream meandering. 

6) Eliminate or strictly regulate gravel mining in the lower river alluvial plain, especially 
near and adjacent the river channel, in order to foster the return of a healthy riparian zone, 
deepening of the channel, and cooler stream temperatures. 
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7) Locate and remove instream barriers to fish passage.   

• All impacted and problematic culverts should be modified or replaced with improved 
mechanisms such as concrete bridges, or in appropriate situations (e.g., where roads are 
being decommissioned), removed entirely. 

• Collect comprehensive information on blockages to fish passage, with on-the-ground 
reconnaissance, some of which could be accomplished through cooperation with the Van 
Duzen Firesafe Council. 

• Where blockage is severe (i.e., steep drop offs on downstream side of culverts that 
completely block fish passage), rehabilitation of stream segments would be required. 

- For example, blockages of fish passage have been reported on Wolverton Gulch and 
Fox Creek at the overpass of Highway 36.  These culvert systems should be replaced 
with boulder stepping in the stream and concrete bridgework over the stream at the 
highway locations.  All culverts associated with Highway 36 should be replaced with 
concrete bridges. 

• Other barriers, including those that are natural in origin such as log jams, could be 
remediated with less cost by their physical removal or modification in situ. 

 
 
Water Quality 

1) Water temperatures, especially in July and August, suggest that maximum temperatures in 
the main stem Van Duzen River and Yager Creek, as well as some of its tributaries are above 
the acceptable range for juvenile salmonids.  Therefore maintain and expand instream 
continuous monitoring of stream temperatures throughout the summer months using HOBO 
temp data loggers. 

 
• Expand the number of temperature recording sites from seven to a total of at least 

29 sites. 

Stream sites will include the original seven monitored during our project, which include 
Wolverton Gulch, Lower Yager Creek (downstream from the Lawrence Creek 
convergence), Cummings Creek, Hely Creek, Grizzly Creek, and two sites on the main 
stem Van Duzen River.  

• Additional stream sites will include Lawrence Creek, Yager Creek (above the 
Lawrence Creek Confluence), Bell Creek, Fish Creek, Alan Creek, Booths Run, Shaw 
Creek, Cooper Mill Creek, Blanton Creek, Corner Creek, North Fork, Middle Fork, and 
South Fork Yager Creek, Barber Creek, Wilson Creek, Cuddeback Creek, Fiedler 
Creek, Fox Creek, Flanigan Creek, Stevens Creek, Grizzly Creek (above the confluence 
with Stevens Creek), and Root Creek. 
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2) For streams listed above (#1), sample for V* and D50 (sediment and particle size, 
respectively). 

 
• All streams will be monitored a minimum of three to five consecutive years during 

summer months 
 
3) Streams will also be monitored year-round for dissolved oxygen, pH, and conductivity for 

each of three consecutive years.  The number of streams that are sampled will be doubled 
over those that were sampled in the current project, which will include Lawrence Creek, 
Booths Run, Shaw Creek, Corner Creek, Cooper Mill Creek, Blanton Creek, Upper Yager 
Creek, Cuddeback Creek, Fiedler Creek, Fox Creek, Flanigan Creek, Hely Creek, Stevens 
Creek and Grizzly Creek.   

 
4) The amount of water in the streams is a limiting factor for cold water species. 

• More effort will be made to monitor and record flow rates, or discharge, on an annual 
basis, in order to show the relationships between flow rates in the wet season versus the 
dry season, and the influence of intact forest vegetation on seasonal flow rates. 

• Intact, healthy watersheds with forests of increasing age structure and complexity will 
have a greater water holding capacity than impaired watersheds, where forests are of a 
single dimension and lack complexity.  Greater water holding capacity will reflect intact 
forests that facilitate sustainability in timber harvest management. 

• In those streams where TTS stations are installed (8 sites), stream discharge should be 
monitored continuously, and therefore should be part of the cumulative data base.   

• Flow rates will also be monitored in at least 10 other streams throughout the year.  
These streams will include: Bell Creek, Fish Creek, Alan Creek, Booths Run, Shaw 
Creek, Cooper Mill Creek, Blanton Creek, Corner Creek, Cuddeback Creek, Fiedler 
Creek. 

 
Monitoring Efficacy of Restoration Efforts (Element 9) ‐ Tracking 
Objectives and Reaching Milestones 
Ultimately, the success of an implementation project will be recognized by how well it achieves 
its goals and objectives.  The best way to determine their achievement is to accurately and 
precisely quantify the environmental conditions that signify the health and well-being of the 
areas being targeted by the project.  Therefore, it is mandatory that a thorough and well-tested 
system for measuring these environmental conditions be in place for the duration of the project.  
Below is a list of monitoring projects geared to thoroughly track and measure water quality and 
how upslope conditions, including road densities, etc., change with time, and how these 
condition interact and affect conditions in the streams. 
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1) Phase out the use of grab sampling to where it will only be necessary where placement of a 
TTS station is extremely difficult or unfeasible.   

2) Establish eight turbidity threshold sampling (TTS) stations over a ten-year period on 
appropriate streams throughout the lower basin, including HRC lands, to record suspended 
sediment annually and track the degree to which project short and long term goals (e.g., 
sediment reduction, habitat rehabilitation) are being achieved.  These stations will be located 
on streams that are deemed to have the highest priority with respect to the level of 
impairment (anticipated amount of sediment yield in the watershed), but also the greatest 
potential for restoration and successful reintroduction of salmonid stocks (Table 7-3).   

 
Table 7-3.  Streams within the Van Duzen Watershed Project area of highest priority for 
Action Plans, based on potential for habitat restoration, water quality, and accessibility.   

Sub Basin 

    

Planning Watershed Stream 

Lawrence Creek Corner Creek Lawrence Creek (above confluence with Yager) 

Yager Creek Blanton Creek Yager Creek (above confluence with Lawrence) 

Lower Van Duzen River Cummings Creek Cummings Creek 

  Hely Creek Flanigan Creek 

  Hely Creek 

  Root Creek Root Creek 

  Grizzly Creek Stevens Creek 

    Grizzly Creek 
 

3) Likely candidates for placement of TTS stations in the Lawrence - Yager Creek sub 
basins (see Chapter 3 for map of planning watersheds, Fig. 3-1) include: 

• Lawrence Creek and Yager Creek, above (upstream of) their confluence. 

4) Likely candidates for placement of TTS stations in the Central Lower Van Duzen River 
Basin (see Chapter 3 for map of planning watersheds, Fig. 3-1) include: 

• Cummings Creek, Flanigan Creek, Hely Creek, Root Creek, Stevens Creek, and Grizzly 
Creek, all of which represent direct tributaries to the Van Duzen River and historically 
important streams for salmonid habitat.   
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• Root Creek is problematic as it is located on the south side of the Van Duzen River and 
access may be difficult to reach in the winter season during severe storm events.  
However, this watershed is a critical tributary to the main stem Van Duzen River, and if 
provided access by Humboldt Redwood Company, information on this stream would be 
extremely valuable.  This is the only north running stream of significance on the south 
side of the river within the lower basin.    

 
5) On-the-ground reconnaissance of sediment information collected during a second TMDL 

type of study will also be used to mark and record attainment of anticipated milestones. 
 
6) Initiate a series of habitat typing studies of the streams of established priority within the 

study area, and include all streams with established TTS stations, those that are listed as high 
priority with regard to salmonid habitat potential. 

 
7) Collect, manage, maintain, and update a complete GIS database on the most current 

environmental conditions that relate to upslope, instream habitat, and water quality 
conditions within the Lower Van Duzen River Basin.   

 
 

Action 5: Cost Effectiveness (Budget and Sources) 

The funding of our project by the CA Water Quality Control Board marked the first milestone in 
our ability to recognize the impaired conditions that exist in the Van Duzen River Basin.  
Funding through the State of California represents a great opportunity for non-profit 
organizations, as well as municipalities, to obtain support for much needed monitoring, research, 
analysis, and restoration of local streams and watersheds throughout the Pacific Northwest.  
While extremely involved, this process serves to assure state officials and their constituents that 
projects approved for funding will provide the greatest opportunities for successful improvement 
in water quality throughout the state.   
 
Attempting to determine the cost of implementing the entire series of recommendations 
throughout the Lower Van Duzen River Basin is a daunting task and one that, by necessity, 
inevitably involves best estimates.  Based on estimated stream miles, sediment reduction targets 
proposed in the TMDL (USEPA 1999), and the area of the planning watersheds deemed to have 
potential for salmonid returns and in need of restoration, a general budget of costs for the most 
reasonable implementation plan within a duration of ten years was developed (Table 7-4). 
 
Streams with the very highest priority would be those deemed to be good candidates for 
placement of TTS stations throughout the lower basin (see Monitoring Efficacy).  Planning 
watersheds considered good candidates based on earlier descriptions of priorities are 
recommended for upslope rehabilitation, including decommissioning of roads and culverts and 
instream habitat improvement.   
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Table 7-4.  Draft Budget for Implementation of Recommended Actions over a ten-year 
period.1 

Project Units 
Approximate 
No. of Units

Average  
Unit Cost

Cost per 
Year 

Total Expenses 
for 10 Years

Water Quality Instrumentation 29 500 15,000 150,000

Instream Habitat Stream Miles 30 6,100 183,000 1,830,000

TTS Monitoring Stations 8 14,000 112,000 1,120,000

Load Reductions yds3/mi2 12,000 12 144,000 1,440,000

Total 454,000 4,540,000
  
1 Some average unit costs are based on estimates as listed in the Mattole Integrated Coastal 
Watershed Plan (2009).  Load reductions are based on 50% improvement, which results in a 
reduced load of 630 yds3/mi2, times 190 mi2 of critical watersheds, which roughly equals 
120,000 units for a ten-year period, or 12,000 units per year.  TTS monitoring includes initial 
costs of construction plus annual data collection, processing, and analysis, spread across ten 
years.   
 
 
Technical and Financial Assistance  

This above plan is ambitious and probably represents the largest budget in terms of funding and 
time commitment ever recommended for a restoration project in the Van Duzen River Basin.  
However, our preliminary evaluations of the lower basin suggest that the timing of such a project 
may be nearly ideal, as we are seeing greater innovation both in recent timber harvest 
management, and in agency (state and federal) support of these types of projects.  We envision a 
project of this magnitude to be funded through many different sources, including private 
industry, and state and federal sources of support.   
 
Knowledge of funding sources will be fundamental to establishing a viable implementation 
program in the future.  Sources of funding exist at a variety of levels, and are often suitable and 
geared for non-profit organizations.  Many of these sources are described in Table 7-5, originally 
listed in the draft Salmon Creek Integrated Coastal Watershed Management Plan (Gold Ridge 
RCD 2010).   
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Table 7-5.  List of Funding Sources for Watershed and Water Quality Programs 
throughout California and the U.S. (Gold Ridge RCD 2010).     

Funding Entity Funding Program 
State Agencies   

  

319(h) Nonpoint Source. Funding is through the USEPA and is intended to 
result in improved water quality through projects that address TMDL 
implementation or problems in streams, bays, rivers, and lakes that have 
been listed as impaired. 

State Regional 
Water Board 

Small Community Wastewater Grant Program. The program provides 
assistance for planning, design, and construction of publicly owned 
wastewater treatment and collection systems. 

  

Clean Water Revolving Loan Fund. Provides low-interest loans for 
stormwater and wastewater treatment, and implementation of projects to 
reduce nonpoint source pollution. 

  

Integrated Regional Water Management Grant Program. The intention is to 
integrate sustainable and reliable water supply, better water quality, 
stormwater management, environmental stewardship, and a strong economy. 

CDFG 

Fisheries Restoration Grant Program. This is a long-standing competitive 
grant program funded by both state and federal sources. Funding can be used 
for planning, barrier removal, habitat restoration, monitoring public 
involvement, maintenance, and education for projects consistent with current 
CDFG priorities. 

State Coastal 
Conservancy 

Funding is primarily through voter-approved bond funds. Provides funding 
for projects to purchase, protect, restore, and enhance coastal resources. 

  
Groundwater program. Includes a range of grants for groundwater 
monitoring and management. 

Department of 
Water Resources 

(DWR) 

Integrated Regional Water Management Grant Program. DWR administers 
IRWM grants through Proposition 84. DWR also manages many other grant 
and loan programs. 

  
Fire Prevention Program. Fire-safe landscaping for homeowners and 
communities. 

Cal Fire California Forest Improvement Program (CFIP). Provides cost-share 
assistance to private landowners, RCDs, and non-profit groups for planning, 
planting, fish and wildlife habitat improvement, and land conservation 
practices. 

Department of 
Public Health 

Safe Drinking Water State Revolving Fund. Provides funding to correct 
public water system deficiencies. Selection is based upon a prioritized 
funding approach that addresses public health risks, compliance with 
requirements of the Safe Drinking Water Act, and need on a per household 
affordability basis. 
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Funding Entity Funding Program 
Federal Agencies   

USEPA 

The USEPA website features an extensive catalog, sorted by keyword (e.g., 
invasive species, monitoring, land acquisition, watershed management), of 
federal funding sources for watershed protection 
(http://cfpub.epa.gov/fedfund/keyword_list.cfm).   

U.S. Fish and 
Wildlife Service 

Cooperative Conservation Initiative. Provides cost-share assistance to 
private landowners to restore natural resources and establish or expand 
wildlife habitat. 

  
Open Rivers Initiative provides funding and technical expertise for 
community-driven, small dam and river barrier removals. 

NOAA Fisheries 

Multi-year regional habitat restoration partnerships including watershed-
scale projects that yield significant ecological and socioeconomic benefits.  
National Association of Counties and NOAA are partners in the Coastal 
Counties Restoration Initiative (CCRI). CCRI encourages innovative, county 
led or supported projects that restore important marine and coastal habitats 
and living resources. These projects also develop the capacity of county 
governments, citizens groups and other organizations to conduct community-
based restoration that will enhance local watershed-based resource 
management and promote stewardship. 

  

NRCS manages a suite of programs (shown below) that provide technical 
and cost-sharing assistance to implement conservation practices, primarily 
for owners of land in agricultural production. 
http://www.ca.nrcs.usda.gov/programs/ 

Natural Resources 
Conservation 
Service (NRCS) 

A single, voluntary conservation program for farmers and ranchers to 
address significant natural resource concerns. Nationally, it provides 
technical and financial assistance to address natural resource concerns. 
Reauthorized in the 2008 Farm Bill and awards cost share assistance to 
projects which provide significant environmental benefit. Eligible farmers 
and ranchers may apply for EQIP program benefits at any time. 

  

The Healthy Forest Reserve Program is a voluntary program established for 
the purpose of restoring and enhancing forest ecosystems. It can provide 
cost-share for conservation practices, a conservation easement in exchange 
for market value, and Safe Harbor from future regulatory restrictions under 
the Endangered Species Act. 
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Funding Entity Funding Program 

  

The Agricultural Water Enhancement Program (AWEP) is a voluntary 
conservation initiative that provides financial and technical assistance to 
agricultural producers to implement agricultural water enhancement on 
agricultural land for the purposes of conserving surface and ground water 
and improving water quality. As part of the Environmental Quality 
Incentives Program (EQIP), AWEP operates through program contracts with 
producers to plan and implement conservation practices in project areas 
established through partnership agreements. 

Natural Resources 
Conservation 
Service (NRCS) 

The Conservation Stewardship Program encourages land stewards to 
improve their conservation performance by installing and adopting 
additional activities, and improving, maintaining, and managing existing 
activities on agricultural land and nonindustrial private forest land. 

  

Through the Conservation Stewardship Program, financial and technical 
assistance is offered to eligible producers to conserve and enhance soil, 
water, air, and related natural resources on their land.  Eligible lands include 
cropland, grassland, prairie, improved pastureland, rangeland, nonindustrial 
private forest, agricultural land under the jurisdiction of an Indian tribe, and 
other private agricultural land (including cropped woodland, marshes, and 
land used for the production of livestock) on which resource concerns related 
to agricultural production could be addressed. 

Other Sources   
National Fish & 
Wildlife 
Federation 
(NFWF) 

NFWF has a number of programs that could apply including: 
Native Plant Conservation Initiative supports projects that protect, enhance, 
and/or restore native plant communities. 

 
 
As the majority of these projects will be on Humboldt Redwood Company (HRC) lands, there 
will be a joint and cooperative effort to work with the company at each step of the process, from 
the initial layout of the individual projects to the actual work and collection of data.  As HRC 
personnel will be contributing time and energy to the restoration effort, it will be considered 
match funding on the part of the company.  We also anticipate as our project and funding are 
demonstrated, HRC will contribute cost-sharing (either in the form of grants or on-the-ground 
help) to many of the different aspects of the restoration effort.  If the goals of the project are 
shared by the company, then mutual commitments to the end result will benefit all stakeholders.   
 
It will also be imperative to acquire federal support of these projects, mostly in the form of 
competitive grants.  The Van Duzen Firesafe Council has been very successful in being 
repeatedly funded by the Bureau of Land Management.  Therefore, a consortium of groups (all 
of which have successfully sought external funding) including the Firesafe Council, Friends of 
the Eel River, Eel River Improvement Group, and Humboldt Watershed Council, will be brought 
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together to strategize and jointly develop proposals for the funding of such an implementation 
project.  Federal funding agencies would include the Environmental Protection Agency, the Fish 
& Wildlife Service, and the Bureau of Land Management.   
 
State agencies will also need to be involved in many aspects of a project of this magnitude, both 
as sources of funding and as advisors on the direction and level of progress made through the 
course of the project.  We are indebted to the Water Quality Control Board for funding this 
planning grant, and would expect that Water Board would be a major participant and influence in 
the operation and direction of the continuing project.  Other state agencies that would be likely 
sources of funding for the project would include CA Department of Fish & Game and the CA 
Fire Safe Council.  Other potential sources of funding would include companies in the private 
sector that are committed to environmental quality and the perpetuation of salmon and steelhead 
in the Pacific Northwest.   
 
Our planning project was funded for about two years, and was geared to collect water quality 
samples throughout the lower basin for two years.  However, because of the time that these funds 
were awarded, and the limit set on the duration of our project, monitoring during the first year 
was unavoidably limited and incomplete.  It is recommended that the Water Quality Control 
Board re-evaluate the time of the year that funding is awarded, and set up the proposal deadlines 
so that funding could be awarded sufficiently early to allow organizations enough time to acquire 
the necessary materials and be ready for the onset of the next hydrologic season.  In our case, 
materials could not be purchased until approval of funding (mid November of 2006), thus 
making it impossible to receive and set up the equipment in time to begin monitoring prior to the 
first storm event.  Our Turbidity Threshold Station was not operational until mid January, and by 
then fully one-third to one-half of the largest storm events had already taken place.   
 
We also strongly recommend that the Water Quality Control Board consider funding projects for 
longer durations than the typical two year project, or at least provide a streamlined opportunity 
(possibly a simplified project description and funding request) for project renewals of up to 2 to 
3 years.  A two-year project is not enough time to adequately acquire the amount of information 
necessary to formulate a valid watershed plan, or to even begin to understand the behavior of 
these streams.  The literature is full of publications that demonstrate the need to monitor most 
watersheds over extended periods of time (e.g., decades), in order to characterize the variability 
and fluctuations that occur from year to year.  Although we were unaware of it at the time, our 
project was initiated at the beginning of a 3-year dry spell, and during each of the two years of 
sampling for water quality, rainfall was dramatically below normal.  As turbidity and suspended 
sediment yields are proportional to discharge, which is in turn proportional to the severity of 
storm events (i.e., rainfall), our results do not represent typical levels of impairment for these 
streams.  Had our monitoring program occurred during average or greater than average rainfall, 
our project would have been a better predictor of the conditions of impairment within these 
watersheds.   
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Action 7:  Schedule and Implementation Prioritization  

As with developing a ten-year budget, attempting to determine the specific timing of projects and 
how they will play out over a ten-year period throughout the Lower Van Duzen River Basin is 
also a challenging task and one that, by necessity, inevitably involves some estimates.  The 
following schedules roughly estimate timelines for projects recommended in this plan. 
 
 
Forest Practices and Policy 
 

Sustainable Forest Management 
and Policy 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

A.  Push for state-wide elimination of the cutting of old growth trees, especially Redwood.   

1.  Work with CDF and industry (including 
small operators to cease cutting old growth 
trees, especially Redwood.                  

B.  Eliminate clear cutting from all timber harvest practices, and transition (strongly favor) 
multi-aged harvest plans. 
1.  Encourage timber companies and 
operators to discontinue clear cutting by 
enacting state policies that would reward 
operations (possibly with tax incentives) 
that shift from clear cutting to multi-aged 
harvest plans.  

               

C.  Work with agencies and timber managers to phase out tractor yarding methods of timber 
harvest throughout Northern California, especially the Lower Van Duzen and Yager sub basins. 

1.  As with clear cutting, phasing out tractor 
yarding in favor of aerial yarding (e.g., 
helicopter, balloon, or cable) could be 
encouraged with tax-based incentives 
coupled with gradually greater regulatory 
safeguards.  

     
          

D.  Restrict timber harvest (especially of redwood) on steep slopes and/or unstable geology, 
such as Wildcat formations. 

1.  More thorough regulations would require 
greater levels of vigilance, more on-the-
ground observations, and a stronger 
commitment by both industry and state 
agencies to improve best management 
practices. 
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Sustainable Forest Management 
and Policy 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

E.  Establish at least 300 foot buffers around fish-bearing (Class I) streams, and 150 foot buffers 
around Class II streams. 
1.  Work with CDF and industry (including 
small operators to cease cutting on slopes 
greater than 40% and slopes on Wildcat 
geology 

               

F.  Extend re-entry time into the forest system (especially redwood) by timber harvest 
operations to at least 40-year intervals. 

1.  Work with CDF and industry (including 
small operators to extend times of re-entry 
into cut areas to at least 40-year intervals                

G.  Use objectives from the Garcia Forest Management Plan (The Conservation Fund 2006) as a 
guide for BMP recommendations 
1.  Use a long-term growth rate of at least 
three percent, which is realistic and 
attainable when carrying appropriate 
inventories 

            
2.  For the first six decades, harvest less 
than the periodic growth increment, allowing 
surplus volume and in growth to accumulate 
and add to the growing stock 

            
3.  Use uneven-aged (multi-aged) harvest 
to develop and maintain a range of tree 
sizes and ages within a stand, with the goal 
of producing valuable timber and utilizing 
natural regeneration 
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Upland Management 
 
 

Upland (and Upslope)     
Management 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

A.  Engage in an assessment of road conditions in planning watersheds where road densities 
are greater than the average density of 6.24 miles per sq. mile. 
1.  Work with the Van Duzen Firesafe 
Council to assess logging roads and other 
dirt roads in critical planning watersheds 
where densities exceed the average of 6.24 
mi. per sq. mi. (Wolverton Gulch, Booths 
Run, Chalk Rock, and Bell, Shaw, Corner, 
Cooper Mill, Blanton, Cummings, Hely, 
Root, & Stevens Creeks). 

                    

2.  Work with Van Duzen Firesafe Council 
to assess dirt and paved roads for presence 
of hazardous fuels, and to prioritize road for 
fuels hazard reduction.  Primary candidates 
are those listed in #1 above.  

                    

B.  Decommission all inactive and failed roads, wherever possible, especially adjacent streams 
(e.g., within30 meters of a stream, and 90 meters of any fish-bearing stream). 

1.  Decommission failed roads, especially 
near fish-bearing streams and in 
watersheds where densities exceed the 
average of 6.24 mi. per sq. mi. (Wolverton 
Gulch, Booths Run, Chalk Rock, and Bell, 
Shaw, Corner, Cooper Mill, Blanton, 
Cummings, Hely, Root, & Stevens Creeks). 

 

  

 

              

2.  Decommission logging roads within 30 
meters of any perennial stream, including 
the Main Stem Van Duzen River, Upper 
Lawrence Creek, and other streams listed 
in #1 above. 

                  

3.  Decommission logging roads within 90 
meters of any fish-bearing stream, 
especially Lawrence Creek, Shaw Creek, 
Corner Creek, Cooper Mill Creek, Root 
Creek, Stevens Creek, and Grizzly Creek. 

                    

4.  Redesign roads to avoid channeling of 
water, build water diverters to the 
downslope sides of roads, especially in 
watersheds with fish-bearing streams, & as 
listed in #1 above. 

                    

5.  Remove/replace failed culverts, 
especially on fish-bearing streams, & as 
listed in #1 above. 
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Upland (and Upslope)     
Management 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

6.  Where fall-away has occurred creating 
barriers to fish migration, construct 
rockwork step or ladders and replace 
culverts, especially on Wolverton Gulch, 
Cummings Creek, and Fox Creek. 

                    

7.  Replace culverts under major haul roads 
and over fish-bearing streams with concrete 
bridge work, including Wolverton Gulch and 
Fox Creek. 

                    

 
 
Instream and Riparian Habitat 
 

Instream Habitat and              
Riparian Zone 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

A.  Engage in the planting of hardwoods and conifers within stream riparian zones to increase 
the shading and microclimate moderating capacity, as well as enhancement and deepening of 
the channel over time. 
1.  Locations within the Lawrence Creek 
sub basin include Lawrence Creek, Shaw 
Creek, Corner Creek, Blanton Creek, Fish 
Creek, Alan Creek, and Cooper Mill Creek. 

          
 

  

  

    

2.  Locations within the Yager Creek sub 
basin include Yager Creek (above the 
Lawrence Creek Confluence), North Fork, 
Middle Fork, and South Fork Yager Creek, 
Barber Creek, and Wilson Creek. 

                    
3.  Other sites in the Lower Van Duzen 
River sub basin will include Cuddeback 
Creek, Fiedler Creek, Fox Creek, Flanigan 
Creek, Stevens Creek, Grizzly Creek 
(above Stevens Creek), and Root Creek.   

          

  

        

B.  Inventory and map sources of stream bank erosion (e.g., landslides) and prioritize 
according to present and potential sediment yield. 
1.  Identify sites that could be modified to 
reduce the amount of erosion near streams.                     

C.  Establish a program for placement of large wood (LWD) into streams with historic or 
present occurrence of salmonids, especially coho salmon, to promote development of deep 
pools in streams slated for temperature monitoring. 
1.  Placement of LWD should be based on 
sections A and B in the above projects.                     
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Instream Habitat and              
Riparian Zone 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

D.  Provide support for stream banks with bouldering, cabling, and wing diverters to prevent 
loss of soil and encourage stream meandering. 
1.  Placement and location of cabled 
boulders should be based on Section B 
above. 

                    

E.  Locate and remove instream barriers to fish passage.  
1.  Modify or replace all impacted and 
problematic culverts on fish-bearing 
streams with improved mechanisms such 
as concrete bridges, or where roads are 
being decommissioned, removed entirely. 

            

 

      

2.  Collect comprehensive information on 
blockages to fish passage, with on-the-
ground reconnaissance, some of which 
could be accomplished through cooperation 
with the Van Duzen Firesafe Council. 

                    

3.  Where blockage is severe (i.e., steep 
drop offs on downstream side of culverts 
that completely block fish passage), 
rehabilitation of stream segments would be 
required. 

                    

4. Blockages of fish passage have been 
reported on Wolverton Gulch and Fox 
Creek at the overpass of Highway 36.  
These culvert systems should be replaced 
with boulder stepping in the stream and 
concrete bridgework over the stream at the 
highway locations.  All culverts associated 
with Highway 36 should be replaced with 
concrete bridges. 

                    
5.  Remove other barriers, including those 
that are natural in origin such as log jams 
with less cost by physical removal or 
modification in situ. 
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Monitoring Restoration Efficacy 
 

Monitoring Efficacy of        
Restoration Efforts 

Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

A.  Phase out the use of grab sampling to where it will only be necessary where placement of a 
TTS station is extremely difficult or unfeasible.  
1.  Use grab samples initially, but only 
where  data cannot be obtained with TTS 
stations.    

              

B.  Establish eight turbidity threshold sampling (TTS) stations over a ten-year period on 
appropriate streams throughout the lower basin 
1.  Stations will be located based on 
sediment yield and the with potential for 
restoration and reintroduction of salmonid 
stocks: Lawrence Creek, Yager Creek, 
Cummings Creek, Flanigan Creek, Hely 
Creek, Root Creek, Stevens Creek, and 
Grizzly Creek 

   
              

2.  Initiate and continue monitoring for 
flow/discharge, continuous turbidity, and 
suspended sediment at all operational TTS 
stations throughout each rainfall season 

            
C.  On-the-ground reconnaissance of sediment information collected during a second TMDL 
type of study will also be used to mark and record attainment of anticipated milestones. 

1.  Engage in a second (and possibly third 
TMDL study similar to PWA (1999)   

            

  
D.  Initiate a series of habitat typing studies of the streams of established priority with regard to 
TTS stations. 
1.  Habitat studies should be done in 
connection with CA Department of Fish & 
Game. 
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Monitoring Water Quality 
 

Water Quality 
Implementation Schedule 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

20
20

 

20
21

 

A.  Maintain and expand instream continuous monitoring of stream temperatures throughout 
the summer months using HOBO temp data loggers & recruit volunteers. 
1.  Expand the number of temperature 
recording sites from seven to a total of at 
least 29 sites.             
2.  Stream sites will include the original 
seven monitored during our project, which 
include Wolverton Gulch, Lower Yager 
Creek (downstream from the Lawrence 
Creek convergence), Cummings Creek, 
Hely Creek, Grizzly Creek (below the 
confluence with Stevens Creek), and two 
sites on the main stem Van Duzen River.  

            

3.  Sites within the Lawrence Creek sub 
basin will include Lawrence Creek, Bell 
Creek, Fish Creek, Alan Creek, Booths 
Run, Shaw Creek, Cooper Mill Creek, and 
Corner Creek. 

            
4.  Sites within the Yager Creek sub basin 
will include Yager Creek (above the 
Lawrence Creek Confluence), North Fork, 
Middle Fork, and South Fork Yager Creek, 
Barber Creek, and Wilson Creek. 

            
5.  Other sites within the Lower Van Duzen 
River sub basin will include Cuddeback 
Creek, Fiedler Creek, Fox Creek, Flanigan 
Creek, Stevens Creek, Grizzly Creek 
(above the confluence with Stevens Creek), 
and Root Creek.   

            
B.  Sample for V* and D50 (sediment and particle size, respectively). 
1.  Monitor streams listed in A1 and A2 a 
minimum of three to five consecutive years 
during summer months             
C.  Monitor streams year-round for dissolved oxygen, pH, and conductivity for each of two 
consecutive year groupings. 
1.  Streams will include Lawrence Creek, 
Booths Run, Shaw Creek, Corner Creek, 
Cooper Mill Creek, Blanton Creek, Upper 
Yager Creek, Cuddeback Creek, Fiedler 
Creek, Fox Creek, Flanigan Creek, Hely 
Creek, Stevens Creek and Grizzly Creek 
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D.  Place increased emphasis on flow and water availability in streams that contribute to the 
main stem Van Duzen. 
1.  Monitor and record flow rate or 
discharge - annually in all streams with TTS 
stations             
2.  Flow rates will also be monitored in at 
least 10 other streams throughout the year.  
These streams will include: Bell Creek, Fish 
Creek, Alan Creek, Booths Run, Shaw 
Creek, Cooper Mill Creek, Blanton Creek, 
Corner Creek, Cuddeback Creek, Fiedler 
Creek. 

            
 
 
Public Outreach 
 

Outreach 
Implementation Schedule 
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A.  Recruit volunteers for help with numerous projects that are scheduled for implementation within the 
lower basin. 
1.  Recruit volunteers to help collect 
samples (bottles) from the TTS stations, 
download data from station data loggers, 
transport samples (bottles) to laboratory 
facilities, and participate in developing 
protocols for analyzing data. 

            
2. Recruit volunteers to help collect data on 
stream habitat and other physical conditions 
such as pH, dissolved oxygen, conductivity, 
and temperature 

   
  

  
  

    
3.  Recruit volunteers to participate in 
riparian habitat restoration, such as planting 
of willows, alder, and cottonwood.             
4.  Encourage participation and public 
contribution to special events such as 
"Salmon Watch" in which members of the 
community report sighting of spawning 
salmon. 

   
  

  
  

    
5.  Recruit volunteers to help remove 
barriers, such as log jams that involve 
physical removal or modification in situ. 
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Potential for an Expanded Monitoring Program 

During the past year (2010) our group has increased the level of communication with Humboldt 
Redwood Company (HRC) over that which existed with Pacific Lumber Company.  These 
projects are far reaching in scope and range from restoration of riparian areas to placement of 
monitoring equipment for temperature and suspended sediment.  Many of the streams and 
proposed monitoring sites as well as many of the restoration projects are on HRC lands, and 
therefore implementation of these projects will require the help and cooperation of Humboldt 
Redwood Company.  Conversations with HRC have indicated that the company would be willing 
to cooperate in many of our proposed projects on lands that belong to HRC, and suggested that 
the company may also consider sponsoring some of our projects or at least contribute in various 
ways to helping conduct these projects.  Some of these projects include the addition of large 
wood to augment stream habitats and planting riparian vegetation along streams within HRC 
ownership boundaries. 
 
 
Chances for Success 

There is a high probability that these watersheds will return to normal functioning systems with 
healthy streams that serve as vibrant habitat for salmon and steelhead and cutthroat trout, but 
only if recommendations for regulatory strategies that could benefit the watershed such as 
ordinances, permits, land conservation practices, site design, and improved best management 
practices are observed and enforced by state regulatory agencies.  Moreover, success will only 
occur if reviews of future harvest plans follow rigorous guidelines for management strategies 
that adhere to recommended BMPs and clearly foster a philosophy of restoring and maintaining 
properly functioning ecosystems.  The California Department of Forestry needs to adopt a new 
paradigm away from rubber stamping industrial requests backed by corporate pressure and 
mandates, and move towards a greater responsibility for watershed health by focusing on 
stewardship of the land, forests, and streams rather than corporate profitability.  Whether these 
goals actually become realized will depend upon the commitment of all aspects of society, from 
the local communities at the grass roots level through private industry, and up through and 
including our governmental agencies.  With a unified commitment among all branches of 
society, maybe these goals will come to pass. 

 


	Once the SSC-discharge functions were developed, each function was used to estimate suspended sediment rates at each respective site, based on individual discharge values recorded at BRI.  Although approximately 70 samples were collected at each station, it is apparent that data from the Rainbow Bridge samples (Figure 4-13) were tighter and provided a better fit of the function than data from the samples collected at MS Weares (Figure 4-14).  Some of the samples from MSW had pumped sediment from the bottom, giving rise to overestimates of suspended sediment for a given discharge (CFS), and were therefore discarded, which resulted in a better fit, yet less satisfactory than MSRB.  However, given the difficulty of sampling sediment in the main stem Van Duzen River, which reaches high velocities and turbulence, these data obtained using ISCO samplers are the best estimates possible.  
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