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INTRODUCTION 
In the fall of 2016 GMA Hydrology, Inc. (GMA) installed a surface water monitoring station for the 
Humboldt County Resource Conservation District (HCRCD) on Williams Creek near Ferndale, CA (Figure 
1) for operation during the wet season of water year 2017 (October-April). The purpose of the 
monitoring station was to produce continuous streamflow and sediment records. In June, 2017, GHD, 
Inc. (GHD) requested that GMA continue to operate the monitoring station with the assistance of the 
HCRCD for water year 2018 (October – April).  Data collection included: continuous stage and turbidity, 
streamflow measurements, suspended sediment samples and bedload samples, during significant storm 
events. Objectives for the project included computation of streamflow, suspended sediment discharge, 
and bedload discharge. Objectives are more clearly described in the task descriptions below. 

 

Figure 1. Location map for Williams Creek near Ferndale, CA. North is toward top of page. 

Scope of Work Defined 

Project Management 
• Oversee and schedule gage maintenance and field data collection efforts; 
• Coordinate with HCRCD staff; and 
• Provide monthly progress reports and invoices to GHD. 

Monitoring Station Re-occupation and Maintenance 
• Re-install a data collection platform (Campbell CR850), Design Analysis H-310 pressure 

transducer, OBS3+ turbidimeter and cellular telemetry equipment; 
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• Conduct a site survey of: gage datum, reference marks, and sampling cross section and rebar 
pins. 

Sediment Sampling and Streamflow Measurements 
• GMA will collect data during an anticipated two high flow events; 
• HCRCD staff will collect additional low to mid flow data as advised by GMA. 

Streamflow, Bedload and Suspended Sediment Discharge Computations and Reporting 
• Data entry and QA of streamflow and sediment sample data; 
• Evaluation and correction of continuous stage and turbidity records; 
• verify and update existing stage-discharge rating and develop shifts and new ratings when 

necessary; 
• Develop suspended sediment and bedload rating curves; 
• Compute continuous suspended and bedload discharge and sum into annual loads; 
• Develop detailed station analyses for streamflow and sediment computations; 
• Produce data summary report. 

Laboratory Sediment Sample Analyses 
• Suspended sediment and bedload samples will be analyzed in GMA’s laboratories. 

METHODS 

Continuous Monitoring: Stage and Turbidity 
The Williams Creek near Ferndale surface water monitoring station was re-occupied on October 18, 
2017. Monitoring equipment included three staff plates, a Campbell Scientific (CS) CR850 data collection 
platform, a CS OBS3+ turbidimeter, a WaterLog H-310 pressure transducer and a Sierra Wireless AirLink 
RV50 cellular gateway (Figure 2). Devices are powered by a common 12 volt solar supported system. An 
FTS DTS-12 turbidimeter was used when the OBS3+ was removed due to equipment failure.  

The site surveys were conducted using an auto level, following the methodologies outlined in Harrelson 
et. al. (1995). 



 

 Page 5  
  

 

Figure 2. Upstream view of sampling section, turbidimeter boom on cable, gage house and solar panel. 

Streamflow Measurement 
Streamflow measurements were generally collected according to standard USGS protocols and as 
described in the GMA Surface Water QA Plan (GMA 2002). Stream channel wading techniques for lower 
flows and bridge techniques for high flows were employed using Price Pygmy or AA current meters.   

All discharge measurements were entered and catalogued using a modified USGS-type 9-207 discharge 
measurement summary form.   

Sediment Data Collection 
Low to mid-range suspended sediment data were collected by wading the stream channel using a US 
DH-48 handheld sampler. High flow data were collected from the land owner’s bridge using a rope 
deployed DH-76 suspended sediment sampler. Bedload samples from water year 2017 indicated that 
significant bed mobility occurred above a stage of 9.4 feet. Therefore bedload samples for water year 
2018 were to be collected when stage exceeded 9.4 feet. Sediment sampling protocols followed 
standard USGS procedures (Edwards and Glysson, 1999) for Equal Width Increment (EWI) sampling. 
Information recorded for each sample included: time, date, site, stage, bottle #, pass#, method, 
equipment used, etc. The GMA suspended and coarse sediment laboratories processed the sediment 
samples.  

Computations 

Streamflow 
Stage-discharge relationships (rating curves) were developed and applied to the adjusted continuous-
stage records to generate 10 minute streamflow records.  streamflow records were computed in the 
WISKI software suite, a comprehensive hydrologic time-series database management system developed 
by Kisters AG.  The WISKI Suite incorporates complete USGS standards for surface water streamflow 
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computations which utilize methods according to WSP 2175, Measurement and Computation of 
Streamflow vols.1 and 2 (Rantz 1982).   

Suspended Sediment  
Turbidity was employed as a surrogate for suspended sediment concentration (SSC). In order to develop 
continuous suspended sediment concentration, suspended sediment-turbidity transport curves were 
developed for the <0.063mm and the >0.063mm size classes. SSC values for the transport curves were 
obtained from the depth-integrated suspended sediment samples whereas the turbidity values were 
pulled directly from the continuous turbidity record.  SSC-turbidity transport curves were applied to the 
corrected continuous turbidity record in order to develop continuous SSC for each size class. Continuous 
SSC for each size class was transformed into continuous suspended sediment discharge (SSD) using the 
standard equation: 

Q (cfs) * SSC (mg/l) * 0.002697 = SSD (tons/day) 
 
Continuous SSD was then summed over the computational period to compute the load for each size 
class. Total suspended sediment load was computed by summing the partial loads. For detailed 
information on suspended sediment discharge computations see the Station Analysis in Appendix A. 
Transport curves utilized in the computation of fine (<0.063mm) and coarse (>0.063mm) suspended 
load are provided in Appendix B.  

Bedload 
Bedload transport curves were developed from discharge-bedload sample pairs from water year 2017 
and continuous bedload discharge was estimated as a function of stream discharge for total bedload (no 
partial loads were computed as was done for suspended sediment).  

RESULTS 

Continuous Monitoring 
The data collection platform and pressure transducer system functioned properly throughout the 
monitoring period. The OBS3+ turbidimeter experienced two equipment failures requiring the probe to 
be replaced with a DTS-12. The DTS-12 was installed for the periods: 12/21/2017 08:40 to 1/11/2018 
10:30; and 4/4/18 11:00 to 5/2/2018 10:50. The upper range of the DTS-12 was exceeded during a few 
high flow events. Low flow turbidity data were removed when the probe was too close to the stream 
bed or when the probe was out of the water. Gaging details can be found in the Station Analysis 
(Appendix A). 

Streamflow 
The low water control at the site is a downstream riffle.  The low water control is prone to shifts.  At 
high water, channel control dominates and was stable through the computational period. Twenty four 
discharge measurements were collected during the computational period.  Measured streamflow 
ranged from 0.34 to 249 cfs (Appendix C) and computed instantaneous discharged ranged from 0.32 cfs 
to 433 cfs (Appendix A). Rating 1.1, developed for use in water year 2017, was continue in use for the 
current computational period. Discharge measurement 20 taken on October 18, 2017, indicated that the 
low end of rating 1.1 needed to be extended.  The low end of Rating 1.1 was extended and the rating 
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was renamed Rating 1.1 to indicate the modification (Figure 3). Four stage variable shifts were identified 
in water 2018 which are detailed in Appendix A. The hydrograph and the continuous trace for turbidity 
are provided in Figure 4. Cross section surveys conducted at the sampling cross section are shown in  
Figure 5. 

 

Figure 3. Rating 1.2 and streamflow measurements collected during the computation period for Williams Creek near 
Ferndale.  
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Figure 4. Computation period hydrograph and continuous turbidity for Williams Creek near Ferndale. 

 

Figure 5. Cross section surveys of the sampling section at the Williams Creek near Ferndale. 
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Suspended Sediment Sampling 
Twelve one-pass samples were collected during the computational period (Table 2). Sampled 
concentrations ranged from 133 to 8730 mg/l. 

Table 1. Williams Creek Water Year 2018 Suspended Sediment Sampling Summary. 

 

Bedload Sampling 
No bedload samples were collected during the computation period.  Bedload sampling was to be 
conducted over 9.4 feet and only 1 event, January 24, 2018 met this threshold (9.41 feet). 

Sediment Loads 
Table 2 shows the computed sediment loads for the computation period. Bedload comprised a very 
small proportion of the total load on Williams Creek (0.07%) during the computation period. 

Table 2. Computational period sediment load totals for Williams Creek near Ferndale, CA. 

 

Sample Number Date & Mean Time Average Average Average Average Average
Discharge SSC SSC SSC SSD

<0.063mm ≥0.063mm Total Total
(cfs) (mg/l) (mg/l) (mg/l) (tons/day)

2018-01 1/19/2018 12:34 28.5 150 9.3 160 12.3
2018-02 1/19/2018 12:50 28.9 126 7.3 133 10.4
2018-03 1/24/2018 11:27 390 6960 1000 7960 8300
2018-04 1/24/2018 14:20 225 3510 869 4380 2650
2018-05 1/24/2018 15:56 199 3100 927 4030 2140
2018-06 1/24/2018 16:19 190 2830 676 3500 1790
2018-07 3/9/2018 12:14 93.0 1700 335 2030 503
2018-08 3/9/2018 13:33 82.0 798 415 1210 266
2018-09 3/9/2018 14:33 76.4 1210 250 1460 297
2018-10 3/22/2018 8:01 177 7720 1000 8730 4180
2018-11 3/22/2018 10:11 141 4230 723 4960 1840
2018-12 3/22/2018 11:44 111 2710 582 3290 975

Values Rounded According to Porterfield (1972)

Williams Creek near Ferndale, CA
Suspended Sediment Sampling Summary -- WY2018

Bedload Total Load

<0.063 
mm

(tons)

≥0.063 
mm

(tons)

Total 
Suspended 
Sediment

(tons)

Total 
Bedload 

(tons)

Total
(tons)

10,249 2,769 13,018 9.41 13,027

Suspended Sediment
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