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Section A. PROJECT MANAGEMENT 

 
A.1 DISTRIBUTION LIST 

 
The following individuals will receive a copy of the approved final report: 
 

 Steve Bulthuis, Executive Director, Macatawa Area Coordinating Council 
 

 Mary Fales, Watershed Coordinator, Macatawa Area Coordinating Council 
 

 Mike Walterhouse, Michigan Department of Environmental Quality, Project 
Administrator 

 
 Dr. Graham Peaslee, Ph.D., Hope College 

 
 Sarah Brokus, Hope College and MACC intern 

 
 Jennifer Soukhome, Zeeland West High School teacher and student supervisor 

 
 Dan Callam, Hope College Field Coordinator 

 
 

A.2 PROBLEM DESCRIPTION  

Lake Macatawa in Southwest Michigan is a 1780-acre drowned river mouth which 
empties into Lake Michigan (Figure 1).  The Macatawa watershed, in southern Ottawa 
and northern Allegan counties, covers 114,560 acres (179 mi²) and includes Lake 
Macatawa, the Macatawa River and numerous small tributaries.  Lake Macatawa and 
nearly all its waterways are included on the state’s 303(d) list for not attaining water 
quality standards. In every instance, the cause of the impairment is listed as 
sedimentation/siltation and total phosphorus. Turbidity, color, settable solids, suspended 
solids, and deposits were identified by the MDEQ as properties that contributed to non-
attainment of designated uses in Lake Macatawa.  In 1998, the MDEQ completed the 
Total Maximum Daily Load (TMDL) for phosphorus for Lake Macatawa, which was 
approved by EPA in 2000. The MDEQ reported that the total amount of phosphorus 
contributed to the Macatawa Watershed by nonpoint sources, primarily during storm 
events, was ninety one percent of the total phosphorus load.  The phosphorus 
concentration in Lake Macatawa has ranged from 127 micrograms/Liter (g/L) in 1997 
to 470 g/L in 2000 and is strongly dependent on spring precipitation totals. The most 
recent water quality monitoring data available from the MDEQ (Walterhouse 2009) 
showed the average spring phosphorus concentration was 250 g/l. The goal set by the 
TMDL is 50 g/l.  
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A watershed management plan, entitled Nonpoint Source Phosphorus Reduction Plan for 

the Macatawa Watershed, was developed, approved as meeting Clean Michigan Initiative 
(CMI) requirements and began implementation in 2000. Currently, the watershed plan is 
being updated to meet U.S. EPA Nine Key Elements. Although watershed-wide 
phosphorus sampling was completed in 1996 and 1997, suspended sediment sampling 
has never been conducted until now. Sampling of suspended sediment is important for the 
watershed because the majority of phosphorus does not occur in the dissolved state. 
Instead, it commonly sorbs to fine soil particles and is transported to waterways via soil 
erosion and sediment inputs. As part of the watershed management plan update, the 
MDEQ completed a hydrological study of the watershed. The hydrology model included 
an estimate of annual sediment loading for each of the 55 subwatersheds that have been 
designated from topographic analysis. Since suspended sediment load sampling had 
never been conducted in this watershed, it is important that we developed a way to verify 
the results of the hydrology model. In addition, the development of a reproducible 
sediment sampling method allows the MACC to have the capacity to periodically 
measure suspended sediment in the future. 
 
This new data is crucial for development of a watershed management plan that better 
identifies priority subwatersheds that are contributing a large percentage of sediment, and 
therefore phosphorus, to the watershed. This new method of sediment sampling allows us 
to more easily generate before and after sediment loads to assess the impact of future 
implementation projects within our watershed. 
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Figure 1.  Macatawa Watershed located in Southwest Michigan.   
 
A.3 SCHEDULE OF INDIVIDUAL TASKS  

During the summer of 2009, the MDEQ completed a hydrology study for the watershed 
(Fongers 2009) in which an estimate of annual sediment loading rates for each 
subwatershed within the larger Macatawa Watershed, were made.  This model was based 
on annual runoff, soil type, slope and land use. In order to make full use of the powerful 
hydrological modeling capability provided, we proposed to develop a method for directly 
sampling suspended sediments in the Macatawa Watershed building on work that has 
already been published (Phillips et al. 2000 and Russell et al. 2000).  The main tasks and 
description of the project are listed, with status, below. 
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Task 1:  Construction and laboratory testing of a suspended sediment trap 

(COMPLETE) 

 
Hope College was responsible for the construction and laboratory testing of a simple 
sediment sampler that was the key component for the beginning of this study.  The 
system was housed at Hope College (Appendix A).  The system was designed to measure 
the sampler efficiency, which consisted of a trough that had water pumped through it to 
represent streamflow.  The rate of flow could be adjusted to various speeds to determine 
how efficiency would vary with respect to velocity.  A special sampling tube was 
constructed with a clear plastic exterior to allow for observing conditions within the tube.  
Efficiency testing was performed with both dyed water and suspended sediment.  One 
change in tube design that resulted was the addition of a pair of vent tubes on the top of 
the sampler, which allowed for air to escape from within the tube, resulting in more 
uniform filling patterns.  These vent tubes were designed to be long enough to have the 
sampler fill with water well before the vent tubes themselves would become inundated.  
Sediment testing involved mechanically suspending sediment, ranging in size from 
coarse  to fine sand (4.8-0.08 mm) , into a reservoir of water, which was then pumped 
through the representative stream.  Testing proved inconclusive, as sediment did not 
remain suspended upon entering the trough, settling out before reaching the sampler.  For 
efficiency calculations, values were taken from the literature that reflected the appropriate 
stream velocities and mean sediment size of what was collected in field testing (Phillips 
et al. 2000).  See Appendix B for further details on testing. 
 

 

Task 2:  Field testing of a series of suspended sediment traps during rain events 

(COMPLETE) 

 

After laboratory testing and construction of several new sediment stations for the field 
were complete, Hope College began field testing the stations under actual wet weather 
events. At each of the three selected sites (Figure 2, including sites 2, 10, and 11), a 
sediment station was installed by anchoring to the stream bottom using fence posts. The 
three sampling tubes were vertically arranged to sample the suspended sediment load as a 
function of height above the streambed.   
 
The sediment samplers (with appropriate signage) were installed after a dry period of at 
least 4 days, determined by local meteorological records for base flow stream conditions.  
After the occurrence of a wet event, the sampler devices were retrieved, and the collected 
sediment was transferred to collection beakers.   
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Figure 2.  Field tested sites for preliminary data located on the South Branch of the 
Macatawa River. 
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Task 3:  Construction and installation of a network of suspended sediment traps 

(COMPLETE) 

 

From field testing, Dr. Peaslee was able to work with Jen Soukhome to develop and 
finalize installation, sample collection and sample testing procedures for the remainder of 
the sampling sites.  There were fourteen sampling devices constructed and installed in 
tributaries of the Macatawa River, mostly located in Allegan County (3 sites are located 
in Ottawa County), during the 2009-2010 sampling seasons (Figure 3).  Laboratory and 
field testing of the sediment stations appeared to be reliably functional as predicted 
(Phillips et al. 2000, Huisman 2010, and Russell et al. 2000) during this time.   
 
The additional sites were selected based partly on the results of the MDEQ’s hydrology 
results (the site’s estimated sediment load) as well as site access and stream morphology.   
Analysis of the data was done at Hope College and is discussed later in Section B.6.  Cost 
analysis for these samplers is provided in Appendix C. 
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Figure 3.  Extended sampling sites covering a wider reach of the southwest portion of the 
watershed. 
 

 



12 
 

Task 4:  Data collection and analysis from the sediment trap network 

(COMPLETE) 
 
During the Fall of 2009-Spring of 2012 sampling seasons, Hope College provided 
students to collect and analyze the sediment samples after rain events.  The data collected 
from this network is used by the MACC in assessing the suspended sediment load during 
rain events in critical areas of the Macatawa Watershed. These data are used to “ground-
truth” the sediment load predictions of the hydrology model, both in absolute sediment 
loads and relative sediment loads between adjacent sub-watersheds. This data can now be 
used to refine the model predictions before critical areas of concern are identified for 
remediation in the future.   
 
Workers followed the Standard Operating Procedure for collection and analysis of 
sediment from each sediment stations, outlined in the QAPP.  Data was managed by the 
MACC intern and Hope College field coordinator, who monitored, organized, and 
summarized the sampling results.  The data was compiled with USGS stream gauge data 
and meteorological data into a master spreadsheet (included on the attached CD).   
 
Task 5: Develop website data portal for reporting monitoring data (COMPLETE) 

 
Originally, the MACC proposed that a digital data portal be created by WorkSighted, an 
outside IT vendor.  That process proved to be cost-prohibitive. Instead, the project team 
decided to utilize GoogleDocs, which is free of cost, as the chosen portal to streamline 
the information regarding collection of suspended sediment data, along with weight 
analysis data from numerous workers.  The Secchi Disk Volunteer Monitoring group, 
also associated with the MACC, utilized the GoogleDoc portal as well.  By doing so, 
additional data is made accessible quickly and efficiently to the public, where emphasis is 
put on community awareness goals and public education efforts.   
 
Appropriate volunteers and workers were instructed on the user-friendly form, which is 
accessible via direct link from the MACC website at (www.the-macc.org).  This data was 
only accessible by appointed individuals, with username and password access.  There 
were no encounters with false data input.   
 
Task 6: Information dissemination (COMPLETE) 

 

This study will be available to other watershed groups for future modeling efforts.  After 
results are communicated with all current parties, and improvement to the modeling 
capability for the entire watershed is complete, the study will be presented in ways to 
unite other watersheds that may be having excessive sedimentation rates.  This includes a 
written implementation manual (Appendix D) and a presentation July 2012 at the 
National Soil and Water Conservation Society Conference in Dallas, Texas. 
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The MACC’s Watershed Coordinator also reported on the project to the Watershed 
Planning Committee and the Agricultural Outreach Committee at monthly stakeholder 
committee meetings as appropriate. Project updates were features in the MACC’s 
quarterly newsletter as appropriate as well. In March of 2012, the Watershed Coordinator 
was invited to speak about the project and the sediment sampling methodology at the 
Watershed Summit, an annual conference sponsored by the Michigan Water Environment 
Association. 
 
Dr. Graham Peaslee, Hope College presented the project at the following venues: 
 

 Suspended Sediment in the Macatawa Watershed", Graham Peaslee, MACC 
Watershed Project meeting, Holland, MI, Mar 18, 2011 

 
 "Macatawa Watershed Water Quality Research Project Update",  Graham Peaslee, 

Outdoor Discovery Center/Macatawa Greenway MRG meeting, Holland, MI, Oct 
7, 2011 

 
 "Sediment Fingerprinting in the Lake Macatawa Watershed" Daniel Anderson, 

Kristen Hasbrouck, Kyle Alexander, Sarah Brokus, Daniel Callam, Adam Maley, 
Lauren Zandstra and Graham Peaslee, Geological Society of America, Annual 
meeting, Minneapolis, MN, Oct 9, 2011 

 "Macatawa Watershed Water Quality Research Project",  Graham Peaslee, 
Michael Pikaart, Ottawa County 6th Annual Water Quality Meeting, West Olive, 
MI, Nov 4, 2011 

  
 "PIXE Analysis of Lake Macatawa Sediment" Kyle Alexander, Graham Peaslee, 

Midstates Consortium Undergraduate Research Conference, Chicago, IL, Nov 5, 
2011. 

  
 "Microbial Source Tracking to Identify Fecal Contaminants in the Macatawa 

Watershed", Michael Pikaart, Annis Water Resources Institute, GVSU, 
Muskegon, MI, Nov 11, 2011 

 
 "Macatawa Watershed Water Quality Research Project",  Graham Peaslee,  State 

of Michigan Steam Team monthly meeting, Lansing, MI, Nov 9, 2011  
  

 "Macatawa Watershed Water Quality Research Project",  Graham 
Peaslee,  Michigan Dept. of Environmental Quality, Annual All Hands Training 
Day, Lansing, MI, Feb 8, 2012 

  
 "Do More Good: Apply your Knowledge", Graham Peaslee, TED-X Macatawa, 

Holland, MI, Mar 8, 2012 
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 "Macatawa Watershed Water Quality Research Project Update",  Graham 
Peaslee,  Daniel Callam, MACC Watershed Project meeting, Holland, MI, Apr 
26, 2012 

 
Task 7: Grant administration (COMPLETE) 

  

The MACC completed all tasks related to grant administration which included: 
 Oversight on each task and management of sub contractors. 
 Attend and report progress to MACC Policy Board members at monthly meetings. 
 Integrate data where appropriate into the watershed management plan revisions. 
 Develop and submit quarterly status reports following WB guidance.  Reports are 

submitted within 30 days of the end of each quarter. 
 Develop and submission of the Quality Assurance Project Plan (QAPP) to DEQ 

for review and approval before monitoring. Monitoring began after DEQ 
approval. 

 Provide draft and final products and deliverables in both hard copy and electronic 
format. A minimum of five hard copies and one electronic copy of all final 
products and deliverables will be submitted to the DEQ. 

 Develop and submittal of the final report following WB guidance within 30 days 
of the end of the grant. 

 Submit a release of claims statement on letterhead with the final report. 
  
A.4 TRAINING REQUIREMENTS  

All Hope College students and Jennifer Soukhome completed annual chemical hygiene 
and safety training before being allowed to do field collection or lab work. All fieldwork 
was conducted with a minimum of two individuals after training by appropriate personnel 
on installation of sediment stations, sediment collection, and sample analysis.  
 
B. MEASUREMENT/DATA ACQUISITION 

 

B.1 STUDY OBJECTIVES 

In summary, the overall project objectives were to: 
1. Develop and test a low cost method for suspended sediment testing; 
2. Use the new suspended sediment testing method to quantify sediment loading in 

key locations within the watershed and  
3. Use the actual sediment load monitoring results to verify model-based sediment 

loading predictions. 
 

The main objectives were to develop and implement procedures for field sampling, 
chain-of-custody, laboratory analysis, and reporting which provide reliable field data for 
comparison to a hydrological model prediction for the Macatawa Watershed.  Specific 
procedures for sampling, chain-of-custody, laboratory instrument calibration, laboratory 
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analysis, reporting of data, internal quality control, preventative maintenance of field 
equipment, and corrective action are described in other sections of this final report.  The 
purpose of this report is to address the specific site selection criteria and methods, and 
objectives for precision, accuracy, completeness, representativeness, and comparability, 
of measurements made during the course of the study.  Results and discussion are 
provided, along with supplementary data in the appendices following.     
 
B.2  STUDY  DESIGN DESCRIPTION 

B.2.1  SITE SELECTION  

Traditionally, the 14 sites selected were believed to be priority areas within the 
watershed.  The North Branch (sites 1, 3, 5, 6) and South Branch (sites 2, 4, 7-11) of the 
Macatawa River were modeled by Fongers (2009) to have two significantly different 
sediment loading potentials.  The Noordeloos Creek junction (sites 12-14) with the 
Macatawa River received a large wetland restoration project installed during the course 
of the project, resulting in preliminary outcomes of this change, as well as the advantage 
of the close proximity to the USGS gauging station, which is used extensively for stream 
flow measurements.  For these reasons, the chosen sites are representative of a 
manageable area for the watershed, considering up and down stream sections of the 
branches, providing the ability to measure sediment load in each subwatershed and 
subbasin along the path of each stream.  Permits for installation were filed for compliance 
with drain commissions in Ottawa County (sites 12-14).  All sites were chosen with the 
consideration of easy and safe access by roadways and are at least 50 feet away from the 
roadway for reduced possibility of human interference or interference from the overpass.  
There has been no reported vandalism of these sites during the course of study. 
 
B.2.2  SAMPLE COLLECTION METHODS 

After a significant wet event (as determined by the USGS gauging station exceeding 100 
cfs), we wait until the water levels recede to a level below 100 cfs, more near baseflow 
conditions, before collection begins. The sediment samplers (as shown in Figure 4; 
constructed based on the published work of Phillips et al. 2000), are then cleared of any 
debris that may have accumulated during the event. All three samplers on a station have 
rubber pipette bulbs placed over both inlet tubes to prevent spillage while the band 
clamps holding the sample tubes are loosened.  Each of the six air venting tubes are 
compressed with a temporary hose clamp. One sealed sample tube at a time is removed 
from the site, and carried to the nearest flat surface close to the stream bank, and held 
vertically while the upstream end cap is carefully removed. The tube is inverted over a 
labeled 5-gallon plastic bucket to collect the sediment and water within. A small wash 
bottle is used to rinse any residual sediment out of the tube with local stream water (we 
do not anticipate that the wash water will introduce any significant “extra” sediment to 
the sample since there are only milligrams of suspended sediment per liter of river water 
at baseflow conditions, there is at least 1000 times as much sediment in the sample tube 
in comparison and only 1-2 liters of river water is used during the rinsing process, as care 
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is taken to collect water above any disturbed sediment from foot movement). After 
rinsing, the end cap is re-attached to the sample tube, the temporary pipette bulb caps and 
hose clamps are removed.  This process is repeated for each of the three sample tubes per 
site, where the contents are emptied into a separate labeled bucket. After the clamps and 
pipette bulbs are removed, the tubes are then remounted in the stream while the plastic 
buckets are covered with tight fitting lids and returned to the laboratory for analysis.   
 

 
   

Figure 4. A typical sediment sampler site during a low-flow period. 
 

The number of samples to be collected per event is 42 discrete data points (14 sites x 3 
replicate samples, unless any given tube or entire station is damaged, it will be omitted 
upon further analysis). The samples will be collected after every distinguishable “wet” 
event during the course of study.  During the winter months, when some streams are 
frozen, the sediment samplers were removed and housed indoors until the first snow-melt 
event of the spring is anticipated.  The typical sampling season runs from early March 
until late November. 
 
The samples collected are labeled with their respective sampling site and a letter that 
corresponds to the position of the sample tube within the stack of three (C closest to the 
water, B in the middle and A approximately one foot above the “dry” level). In addition, 
the date of collection will be recorded for each sample retrieved.  
 
B.2.2.1  SAMPLE COLLECTION METHODS:  PROBLEMS ENCOUNTERED 

 
After initial field testing, one major modification was made to the sampling procedure.  It 
was discovered that not all tubes were inundated during periods when flow was at or 
above 100cfs at the USGS gauging station.  Particularly among those stations located 
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farther upstream, no sediment was found in several locations.  While not a huge 
watershed, the Macatawa Watershed is large enough to have precipitation and flow 
conditions that will inundate samplers on some stream branches but not others.  During 
the 2011 sampling season, we determined through field observations that during 
conditions where the USGS gauging station reached 300cfs, almost all samplers would be 
ensured of being inundated.  For periods of flow where the rain gauge peaked between 
100 and 300cfs, the samplers would be inspected once flow returned to levels safe for 
field work.  The samplers would be examined, emptied (if necessary) and reset for future 
rain events.   
 
Maintenance of sites was also challenging at times.  It was not uncommon for debris to 
become stuck on, cover, or even wash out sampling sites (see Appendix E for 
photographs).  When a tube or station was blocked or plugged by debris, this was noted 
in notebooks – and subsequently in the GoogleDocument – and if possible, photographs 
of the sites were taken.  Sediment data from stations that had been blocked or damaged 
were removed from further analysis.  Stations that were washed out or knocked out of 
alignment by debris were reset and moved short distances (generally < 20 m) to another 
area of the stream to improve collection chances for subsequent events.   
 
B.2.3  PARAMETERS MEASURED 

Meteorological Data 

 
The NOAA and Plymouth State University online databases for meteorological records at 
Holland Tulip City Airport were utilized for obtaining precipitation values for events.   
 
Stream Discharge Values 

 
Monitoring of the USGS gauging station for representative stream flow measurements 
(downstream of the gauging station) were kept on a regular basis.  Level loggers were 
also utilized on the North and South Branches of the Macatawa River, as well as one on 
the Noordeloos Creek branch.  These level loggers, provided another point for directly 
measuring how tributaries flow changed as a function of time and what the differences 
were between branches. 
 
Concentration of Sediment 

 
Multiple measurements were taken with the federally approved (USGS) DH-59 hand 
sampler, as well as a gurly flow meter, to measure both concentrations of sediment and 
flow of water on a given stream transect.  These stream transects correspond to each site 
with the sediment sampler and a more detailed explanation can be found in Appendix F. 
 
 
 
 



18 
 

Sediment Weight 

 
The primary measurement in this study was the mass of the sediment collected in each 
sample tube after a sampling event.  For comparative and load-calculating purposes, the 
highest value from among the three tubes (that was not blocked or plugged) was taken for 
the mass for that event (available in the master spreadsheet).   
 

Grain Size Distribution  

 
Analysis was performed on the grain size of samples to ensure that samples were 
repeatable between tubes and representative of the entire suspended sediment load.  This 
analysis was performed on sediment from replicate stations at two sampling sites.  For 
further details, see Section B.3.2. 
 
B.3  DATA QUALITY OBJECTIVES 

B.3.1  ACCURACY 

Several measurements were made during this study to focus on the accuracy of our in 
stream sampling technique.  The federally approved (USGS) US DH-59 depth integrated 
hand held sampler, was utilized for measuring hydrologic flow and stream depth profile.  
Using these measurements the total sediment flux past the location sampled was 
determined.  This result only reflects an estimate of a fraction of the total sediment flux in 
comparison to the sediment sampler measured mass.  The ratio of masses observed by the 
hand sampler and the sediment station were not observed because the hand sampling 
occurred during a dry event.  Hand sampling occurred during wet events in which our 
sediment stations were also utilized.  The measurements made in baseflow conditions 
resulted in range for normal stream conditions.   
 
B.3.2  PRECISION 

To better measure the precision of our sediment stations, we obtained triplicate 
measurements from each sediment station, from which the highest value was used for 
load analysis.  Since inundation time was not of concern (our streams are so flashy, a 
difference in inundation time of the tubes is less than 15 minutes), the multiple tubes 
were used to check reproducibility among tubes.  Several samples were reweighed 
periodically to insure gravimetric measurements were controlled for precision. 
 
The issue of precision was addressed by installing a replicate station at two sites (1 and 
14).  Weight and grain size distribution curves were created (Supplementary Figure 1).   
 
 
Replicate samples were successfully collected from the replicated samplers during two 
events during late 2011, while a third had to be taken out of consideration due to the 
samplers being blocked.  Of the four replicate samples (two events at two sites), only 
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once did the highest mass collected at each sampler fall within 10% of each other.  
Additionally, replicate stations in the same stretch of stream tended to increase the 
chances of having debris caught at the front.   
 
B.3.3  COMPARABILITY 

The data that was collected in this study was able to be compared to previously published 
data and models.  Results from this study, are compared to such data reported in previous 
work from Phillips et al. (2000), Russell et al. (2000), Walling et al. (2008), and Huisman 
(2010).  Our results have shown that the sampler is effective, and has collected 
considerably larger sample amounts than the Huisman (2010) study, occasionally two 
orders of magnitude greater.  This is not surprising due to the extent of the sedimentation 
problems in the watershed. 
 
B.3.4  REPRESENTATIVENESS 

Although the Macatawa Watershed is fairly small, comprised of 55 total subbasins 
(Fongers 2009), a total of 10 were examined in this study which included those on the 
South and North Branches of the Macatawa River, and those on the downstream end of 
Noordeloos Creek.  These 10 subbasins represent just over 25% of the predicted sediment 
load of the entire watershed.  On a side note, this project has since been expended upon. 
An additional 12 stations have been added (funded through the MDEQ) and another 17 
stations have been added (funded through private donors), for a total of 46 stations that 
extend across the watershed and represent 39 of the 55 subbasins (71% of the watershed).   
 
The sampling sites for this study were chosen to represent typical rural subwatershed 
locations.  Rural areas were the focus of this study as no anthropogenic or natural features 
are located by the sampling sites to create a unique sample weight. 
 

B.3.5  COMPLETENESS  

The amount of sediment that was expected to be obtained under normal conditions is 
provided from the Fongers (2009) model.  Several considerations need to be taken when 
understanding the completeness of this study.  Precipitation variability occurs under 
normal meteorological conditions throughout the course of the study.  During the spring 
and fall, the total 20 events in the timespan on the study give different pictures when 
comparing where sediment is coming from.  If one event covered only one part of the 
watershed and not another, then it is likely that some of the data would present a false 
idea of sedimentation for that event.  Issues of seasonal variability among a number of 
years is also a small consideration.  Equipment failure was something else that 
compromised the completeness of the study.  However, this was unavoidable.  
Misaligned, blocked and dislodged samplers create a false sense of sediment weight.  
While this is tracked carefully by workers and documented after sampling, it is still of 
concern.  Human error also compromised the completeness of the study:  it too was well 
documented if sample loss occurred during sampling.  While we strived to meet a goal of 
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90% sampler completeness, in some cases (ex. event 3 from 2011) it was unavoidable.   
 
B.4 SAMPLE/DATA COLLECTION AND ANALYSIS PROCEDURES 

A total of 14 significant weather events were captured during the extent of the study, 
which is significantly more than expected.  Previous hopes were to collect approximately 
6-8 wet events at each of the 14 sites.  The 2010 sampling season produced a total of 
seven wet events, as the 2011 sampling season produced a total of eight.    After 
following the described sampling procedure, data was transcribed from laboratory 
notebooks into the Sediment Sampling and Sediment Weight forms on Googledocs.  This 
data was transferred, after thorough inspection by appropriate staff, into a master 
electronic spreadsheet that was backed up nightly on Hope College servers.   
 
Laboratory notebooks were kept for each sampling team and each weight analysis 
personnel.  These notebooks were checked by appointed staff including Dr. Peaslee, 
Sarah Brokus, and/or Dan Callam.  This ensured relevance and authenticity of the data 
that was collected.  GPS coordinates of each site were also collected (found in Appendix 
G, the site fact data).   
 
B.5 QUALITY CONTROL MEASUREMENT 

With many multiple gravimetric measurements made, the QA/QC issues related are 
minor for laboratory analysis.  Standard masses were measured monthly on each balance 
used in the project, testing accuracy and +/- 1.0 mg precision.  Field work was controlled 
by training and oversight of appropriately trained staff members, and data collection from 
students and volunteers was completed in compliance with this training.   

Any issues with QA/QC results from the occasional damage at a sampling site from 
receiving large amounts of debris that wash along each stream during a wet event.  With 
sufficient amounts of precipitation, large trees, branches, and debris can damage or 
dislodge the sampling tubes, or a station as a whole.  Any observations of such an event 
were recorded in field notebooks and addressed through conversation of the sampler and 
the field staff coordinator.  Upon consideration of damaged tubes or stations, data points 
were excluded and repairs were immediately made as needed.   

B.6 DATA ANALYSIS AND INTERPRETATION 

As the master electronic spreadsheet was populated with event and sample data, the data 
was analyzed by the leadership team.  Utilizing ArcGIS, estimates of each subwatershed 
area were made.  With this estimation, level logger data, and the normalized efficiency of 
each sediment sampler, the total solids per wet event in lbs/surface area (acres), have 
been made.  From each of these events, an annual total could be calculated by including 
all events sampled and estimates of those that were not collected based on the recorded 
flow totals.  These values were then compared with the modeled load completed by 
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Fongers (2009).    See Appendix H for further details. 

B.6.1 SEDIMENT LOAD  

The bulk of the data that has been collected during the sampling seasons has been for 
quantifying suspended sediment that has been collected in the sediment samplers.  This 
data has been inspected to ensure that it is representative and that it does not include any 
data that may have been affected or damaged by debris.  The highest mass among the 
three tubes is selected for loading calculations, since this represents the maximum 
amount of sediment that was collected.  
  
There are two main avenues of analysis that can be undertaken with this data.  The first is 
a strictly comparative study of the highest suspended sediment mass from site to site.  
This is a simple but effective method for comparing stream branches and subwatersheds.  
While this is somewhat dependent upon weather patterns and the amount of precipitation 
that each subwatershed received, similar flow patterns, inundation times, and stream 
conditions between sites, allows for easy comparison.  However, these results do 
fluctuate from event to event, meaning that simply measuring differences between sites 
during a single event will not necessarily provide an accurate indication of annual trends.   
 
The second method is to develop an annual load, which takes into account several factors 
and events that occur over the span of at least a year.  This allows for more data to be 
considered, leading to a more complete understanding of the loading problems, which can 
be used for remediation considerations.  These values were calculated for comparison 
purposes with those that were modeled by the MDEQ (Fongers 2009).  To assist in the 
calculation, data from the USGS gauging station on the lower river, along with data from 
level loggers that were installed near the mouth of each major branch of the river (most 
importantly for this study, the North Branch, South Branch, and Noordeloos Creek), 
allowed for a more detailed picture of stream conditions during flood stage.  This was 
combined with stream profile data from each site to provide an estimate of the water that 
flowed through each site over the course of an event, and subsequently, the entire year.   
 
The amount of sediment that was collected in the tube represents a small fraction of what 
went through a reach of stream during a rain event. We can extrapolate from that small 
area to an estimate for the entire streamload.  By knowing the inundation time and size of 
the transect, an estimation can be made as to the entire load during an individual event.  
This process can be repeated for each event where flow data and good sediment data 
were collected.  Based on the amount of events that were covered, an annual estimate was 
calculated by adding what suspended solids that would have been collected during other 
periods of high flow.  This provides an annual load estimation, from which a pounds per 
acre value can be calculated using acreage values from ArcGIS®.  Direct comparison to 
Fonger’s values required further calculations, since our samplers are not all at the end of 
specific subwatersheds, which were the values given in his study.    
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B.6.2 REPLICATE SEDIMENT STATION MEASUREMENTS 

Replicate stations were installed during the 2011 sampling season to ensure that samples 
collected in one location of a given stream could be reproduced in weight at another.  
Sites 1 and 14 were selected because of the wide channel length and ease of access.  
While the weight measurements were not within the desired 1.0± range, the distribution 
of sediment grain size was remarkably so (Supplementary Figure 1).  In considering the 
range of sediment weight between replicate stations, several things need to be taken into 
consideration.  Due to the variability in stream channel width throughout the watershed, it 
makes sense that wider channels could likely have increased variability of velocity 
changes, profile changes, gradient changes, etc.  While smaller stream widths have less of 
these changes and could be more fairly consistent.   Changes from one side of the stream 
to another could influence sediment amount, and it may be good to study later on those 
effects in a stream in which several stations could withstand debris flows and velocities 
that could create damage. 

B.6.3  DH-59 RESULTS AND DISCUSSION 

The USGS DH-59 depth-integrated hand sampler was used at two sites during the course 
of a rain event.  The purpose of these measurements is to compare the sediment loads 
collected with the federally approved sampler with those gathered by the low-cost 
sediment sampler.  Water concentrations were collected following the procedure included 
in Appendix F.  Collections took place for the final two rain events of 2011 and the first 
event of 2012.  Concentrations were measured on the rising limb, near the peak, and 
falling limb of the flow curve during the rain events.  Samples were also collected on the 
rising limb of several smaller rain events in the second half of the 2011 and first half of 
the 2012 sampling seasons that did not reach levels high enough for collection from the 
sediment samplers.  Several samples that were collected late in 2011 did not have 
reproducible results, and the procedure was changed to include a different filter 
membrane that produced better results.  Sample concentrations did fluctuate as expected 
throughout the course of each rain event, with higher concentrations occurring during 
higher flow periods.   
 
B.7 EQUIPMENT CALIBRATION, TESTING AND MAINTENANCE 

Analytical balances used in this study were calibrated bi-annually and checked monthly 
against a standard of known mass.  Sampling stations in the field were maintained with 
regular inspections, with worn or damaged parts replaced as needed.  Sampler tubes were 
removed and installed after freeze conditions were a possibility.  Metal posts were left in 
situ for the winter months, ensuring exact replacement of the sediment station for the 
following sampling season.  The posts showed no ice damage at the beginning of the 
Spring 2011 sampling season.  Site 4 was removed by the Allegan County Drain Office, 
sometime after the 2010 sampling season, and before the 2011 sampling season, for 
drainage work.  Posts were reinstalled at the same location. 
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B.8 DATA ACQUISITION ACTIVITIES 

USGS real-time surface monitoring results were kept weekly, then per event, to 
determine stream conditions.  A copy of these records were kept in the master log book, 
as well as an electronic copy, along with meteorological records obtained from Tulip City 
Airport, located in Holland near the North Branch.  These results were recorded and 
maintained in the master spreadsheet.  

C    DATA VALIDATION AND REPORTING 

C.1 DATA REVIEW, VALIDATION AND VERIFICATION 

Review of data occurred as collected, by Hope College staff members.  Data was 
discussed by appropriate workers and Dr. Peaslee monthly.  High and low results, outliers 
(resultant from misaligned sediment tubes, blocked tubes, etc.) or incomplete records 
were audited for errors as needed. 

C.2 RECONCILIATION OF DATA WITH DQOS 

Data was reviewed as needed, and at least monthly due to the variability of an event.  
Comparison between sites, sediment loads by event, and precipitation trends was 
reviewed during these meetings.   

C.3 DATA MANAGEMENT 

Laboratory notebooks were filled with site observation, sediment sampler details, and 
sampling efforts.  The collected information was then transferred to an online form 
through the MACC’s Watershed Research web page.  The form was electronically 
transcribed to a Microsoft® excel spreadsheet that only appropriate staff members were 
allowed access to through a provided sign-in (username and password).  Photos were 
taken of sediment samplers and land area around the site during spring, summer, and fall 
months of the sampling season (Appendix E).   

Gravimetric data was transferred from the laboratory notebooks to the Google form 
provided on the MACC’s research page, and then incorporated into the master 
spreadsheet.  The spreadsheet is stored on a shared drive on the Hope College campus 
which is backed up every night.  Only sediment project workers have access to the data 
through username and password activated network.  
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Data for each sampling site includes three data points (minus any outliers or missing 
collected data), with a maximum mass used as the point in data analysis.  The 
interpretation of using the highest mass is that, it is the largest collected and the least that 
can be collected for that time.  

C.4 DATA REPORTING 

All data collected was compiled by Hope College staff member, Dan Callam, and MACC 
Intern Sarah Brokus, with all results reviewed by Dr. Peaslee and Mary Fales.  Estimates 
of sediment lbs/acre for each subwatershed are compared to the hydrological model 
predictions (Fongers, 2009), where discrepancies and agreements are illustrated with 
explanation.  Recommendations to continue monitoring these stream channels will be 
made by Mary Fales at a subsequent date.  

Maps are typically an effective way to report the copious amount of data that was 
collected (by mass, by mass per upstream area and by event). These maps are included 
for review in Appendix I. 
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TABLES AND SUPPLEMENTARY FIGURES 

Table 1.  QA/QC Measurements on Samples. 
 
Replicate site measurements by site, tube, date, event number (ex: 1A 8/10/11 E6).   
1A 8/10/11 E6 3.75 14A8/8/11 E6 14.99 
1B 8/10/11 E6 15.04 14B8/8/11 E6 25.08 
1C 8/10/11 E6 17.14 14C8/8/11 E6 38.37 
1AX 8/10/11 E6 19.63 14AX8/9/11 E6 23.3 
1BX 8/10/11 E6 25.11 14BX8/8/11 E6 10.91 
1CX 8/10/11 E6 6.93 14CX8/8/11 E6 55.94 
    
1A 12/3/11 E8 2.05 14A 12/3/11 E8 7.51 
1B 12/3/11 E8 Tube Blocked 14B 12/3/11 E8 2.62 
1C 12/3/11 E8 11.89 14C 12/3/11 E8 2.13 
1AX 12/3/11E8 3.13 14AX 12/3/11 E8 4.11 
1BX 12/3/11 E8 2.99 14BX 12/3/11 E8 4.35 
1CX 12/3/11 E8 7.23 14CX 12/3/11 E8 7.34 
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Figure 1.  Sediment Site Replicate Station Measurements. 
Replicate stations (indicated by X next to tube letter) of Site 14 and Site 1 for Event 6 (2011).   
Although weights are not reproducible, the general trend for the size fractions of particles are 
consistent.   
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Suspended Sediment Capture and Analysis Project  

for the  

Macatawa River Watershed 

 

Summary from October 1, 2009 to December 31, 2009 

 

By: Andy Vander Yacht 

 

 The construction of a laboratory based stream simulator in which to test sediment 
trap performance continued. Any leaks in the system were located and sealed. A harness 
to hold the sediment trap in place within the trough during test trials was designed and 
installed. The harness was designed to be adjustable with respect to the depth at which 
the trap sat in the trough. Using the adjustable inflow and outflow spigots of the trough, 3 
different flow speeds of the entire system were found and marked on the spigots using 
permanent marker. These speeds were found by careful adjustment of inflow and outflow 
rates until a consistent level of water was observed within the trough for trial lengths. 
These three speeds will be used in sediment trap performance trials. The volume of water 
held by each part of the system was determined (Figure 1). 
 The design of the actual sediment trap was also worked on and improved. Air 
tubes were added to the top of the sediment trap tube to help in releasing air bubbles and 
allow for more consistent filling with water and flow through the trap. Inlet and outlet 
tubes were straightened to line up better with water flow direction within the stream 
simulator system (Figure 2). 
 The water content of the stream simulator system was dyed with green food 
coloring. The sediment trap was filled with clear tap water and lowered into its harness 
within the trough, and water flowed through the system at the fastest predetermined 
speed. Samples of the water within the trap were taken over time by blowing into one air 
tube which forced water out of the other and into a sample vial. The absorbance of the 
samples at 605 and 620 nm was recorded. Absorbance vs. time graphs showed a gradual 
filling of the trap, tap water being replaced with dyed water (Figure 3). The results of 
multiple trials was used to make adjustments to trap position in the water column, the 
way spectrophotometer readings were taken, and overall trough shape. The trough was 
made shallower by adding a plywood support underneath the plastic trough and 
shortening the plastic. This will hopefully increase flow rates through the sediment trap. 
Standards made from green dye will also be used to better compare each trial with other 
trials. 
 Future work will continue to perfect the lab based stream simulator and eventually 
yield performance data on how well the sediment trap design works, using dyed water 
trials as well as suspended sediment trials. Eventually the trials will be moved into the 
field and new problems addressed.  
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Figure 1. The laboratory set up of the stream simulator. Water is pumped into an 
elevated reservoir and let out at three different controlled speeds through a spigot into the 
trough that forms the stream. Water travels down the trough, through the sediment trap, 
and out a spigot marked with three corresponding marks to control flow. The water is 
caught in a basin and pumped back up into the elevated reservoir. Water shown is dyed 
green during a test trial. 
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Figure 2. The sediment trap design. The main part of the trap is made from a 1 meter 
length of 4 in diameter clear polycarbonate tubing to enable observation of air bubble 
formation within the tube. Field traps will be constructed from cheaper PVC pipe. The 
ends are capped with standard PVC caps tapped and fitted with 130 mm length of steel 
tubing forming inlet and outlet tubes. Flexible plastic tubing was fit over plastic fittings 
sealed into holes drilled through the main tube to form air vents.  
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 3. A sample Absorbance vs. Time graph of a trial to determine a fill rate for the 
sediment trap design. 
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Original Sampler Protocol Instructions 

 

 

 
Figure 1:  Design for in-stream sediment sampler site.  Three PVC tubes with modified 

end-caps are band-clamped to two fence posts that are pushed a few feet into the stream 

sediment. 

 

 

Installation 

 
1.  At a site location in a stream channel during a low-water time, two - foot u-channel 
steel fence posts are installed using a manual post driver.  Posts are driven approximately 
3 foot deep into the sediment to give stability.  Posts are positioned approximately 36 
inches apart and parallel to stream flow – determined by using a surface flow indicator (a 
string) attached to the upstream fence post.  
  
2. Three samplers are affixed to the u-channel steel posts using 4 stainless steel band 
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clamps. Two 4.25” band clamps are attached towards each end of a sampler tube, and 
then two 3.5” band clamps are attached to the fence post and though the band clamps 
around the tubes. The three sampler tubes are positioned at intervals of approximately 1, 
7, and 13 inches above the average dry-period stream height as measured from the metal 
inlet and outlet tubes.  A level is used temporarily on each sampler to ensure proper 
horizontal alignment while tightening the band clamps.   
 
3. The top sampler is labeled A, the middle B, and the bottom C with a marker.  The ends 
of the sampler are labeled accordingly as to upstream and downstream. The downstream 
end cap is permanently attached to the sampler tube with PVC cement.  
 
4. Once in position, the plastic air vent tubes are weaved through the post and left with 
the open end above the height of the tube.  Finally, a sign for the site is attached to the top 
of one post.  
 
Sample Collection 

 

Once the samplers are set up, they are left until a large rain event occurs in the area.  The 
online USGS gauging station for the Macatawa Watershed is used to estimate the stream 
height at each sampling site.  Empirically, after a rain event raises the USGS gauging 
station flow rate to above 100 cfs, the bottom sampler is typically submerged.  Depending 
on location, all three samplers are submerged with the USGS gauging station exceeds 600 
cfs.  Three to four days later - after water levels have receded below the bottom sampler 
(~100 cfs on the USGS gauging station), collection can begin. 
 
1. Upon site arrival, observations of tube blockage, water level relative to the sampler and 
any apparent damage are noted in a field notebook.  Digital pictures are taken of the 
sampler site and surrounding vegetative cover, including shots of the samplers and any 
collected debris or damage.  Upstream and downstream shots are also captured to provide 
a library of erosion and vegetation.   
 
2. Once all observations are recorded and pictures taken, three 5-gallon buckets are 
labeled with site number, the letter corresponding to each tube and the date collected with 
a sharpie marker.  Rubber pipette bulbs are placed on the ends of the metal inlet and 
outlet tubes and pinch clamps are placed on the vent tubing to prevent water or sediment 
escape during collection.  Any debris is removed from the apparatus before removing the 
samplers.  The top sampler is detached first by loosening the band clamps that secure it.  
The sampler is carried to the nearest appropriate riparian location for emptying.  The 
sampler is placed vertically into a Plexiglas stand as to not damage the inlet and outlet 
tubes, with the upstream cap pointed upwards.  The top pipette bulb is removed and the 
upstream end cap is removed using a wrench.   
 
3. The contents of the end cap are rinsed into the appropriate 5 gallon bucket as well as 
the sediment water mixture contained in the sampler.  Pouring must begin slowing to 
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prevent spillage.  Rinsing consists of using clear stream water until all visible sediment 
has been transferred.  The bucket is covered with a lid and set aside on the bank.  The end 
cap is replaced on the sampler and it is also set aside on the bank.  This process is 
repeated with the remaining two samplers at each site.  After all three samples are 
collected; the bottom sampler will be reattached to the posts following the same protocol 
outlined under installation and the samples will be transported back to the lab for 
analysis.  
 
Data Collection 

 

Approximately 75 mL of commercial bleach is added to each sample to eliminate 
organisms such as algae.   The buckets are left undisturbed for three to four days for 
settling.  When the supernatent water is clear, it is siphoned off and the sediment 
quantitatively transferred to an 800 mL pre-weighed beaker.  The beaker is placed in a 
drying oven at 120 degrees Celsius and left to dry.  Once drying is complete, the dried 
sediment is weighed.  The mass of sediment collected from the sampler is determined by 
calculating the difference using the pre-weight of the beaker and the mass of the dried 
sediment and the beaker.  This procedure is repeated for each sampler / bucket for each 
location. The gravimetric data are recorded in both a laboratory notebook and an 
electronic spreadsheet. 
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APPENDIX C 

 

 



Parts Materials Part

Posts (2)* $110 End caps $26

PVC Pipe (4') ~$12 Tubing $11

Pipe Caps (2) $25 Band clamps (small) $6

Al Inlet Tubes (3') $3 Band clamps (large) $6

Brass Nuts (2) $8 Air tubing $2

Vent Tubes (3') $2 Brass barbs $8

Band Clamps $12 Inlet/outlet tube plus replacements $3

Buckets and lids $15

Total $159 Total $76

*$30.44/ 6 foot, $56.40/8 foot)

Labor Other Items 

(Labor costs at $10/hr) Waders (1 pair) $60

Construction 1 man-hour $10 Drying Oven $500

Installation 2 man-hours $20 Post Driver --

Sampling 2 man-hours per rain event $20 Sampling Stand --

Service 1 man-hour per non-event $10 Analytical Balance $1,800

Repair 2 man-hours $20

Removal 2 man-hours $20
±
 Optional

Total Dependent on needs

Supplies

Notebooks

Bucket Opener 
±

$2

Buckets and Lids4 buckets+ 3 lids $15

Beakers Pack of 6 ~$30

Pipet bulbs/balloons $2

Pipe cleaners $2

Nut-Drivers 2 req. $10

Superglue $2

Wrench $5

Clips for vent tubes $2

Total

Sampler Site 
Cost Estimate as of May 2012
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A. PROJECT ORGANIZATION AND DESCRIPTION 
 
A.1 INTRODUCTION 
 
This manual is designed to help watershed groups, concerned citizens or students’ organizations 
implement a suspended sediment sampling program in their home watershed. Watersheds that would 
be appropriate for such a sampling program would likely be experiencing ongoing concerns with 
suspended sediment and nutrients transport.  The original project was designed for the Macatawa 
Watershed in Southwestern Michigan, a predominantly agricultural region with some urban concerns 
as well.  Therefore, this manual is intended for the implementation in similar agricultural dominated 
watersheds, although it is possible that other watersheds could gain valuable information found in this 
manual to adapt for use in their own unique watershed. 
 
This text is intended as a beginning guide for a wide range of audiences that are interested in 
addressing suspended sediment concerns within their watershed.  Any further consideration of 
implementing such a plan will need further guidance and planning depending on your area’s 
regulations and determined funding agencies.   
 
This project was designed by the Macatawa Area Coordinating Council (MACC) and Hope College, in 
Holland, MI with funding provided by the Michigan Department of Environmental Quality (MDEQ) 
Water Quality Division under a Water Quality Monitoring Grant (TC #481141/09).  This project was 
conducted under parameters set by the Quality Assurance Project Plan (QAPP) required by the MDEQ, 
and may not fit the needs of your watershed. Any additional information can be acquired by contacting 
the MACC or the MDEQ. 
 
A.2 CONTACT INFORMATION 
 
For any additional information or questions on this project, contact info@the-macc.org.  Information 
on the Macatawa Watershed and the efforts made by the MACC can also be found by visiting 
www.the-macc.org and selecting the menu Watershed.  
 
A.3 PROBLEM DESCRIPTION AND BACKGROUND INFORMATION 
 
Lake Macatawa, located in lower Southwestern Michigan, is a 1780-acre drowned river mouth, which 
empties into Lake Michigan (Figure 1).  The Macatawa watershed covers 114,560 acres (179 mi²), and 
includes Lake Macatawa, the Macatawa River, and numerous small tributaries.  Lake Macatawa and all 
of its major tributaries are included on the state’s 303(d) list for not attaining water quality standards. 
The cause of impairment is listed as sedimentation/siltation and total phosphorus. Turbidity, color, 
settable solids, suspended solids, and deposits were identified by the Michigan Department of 
Environmental Quality (MDEQ) as properties that contributed to non-attainment of designated uses in 
Lake Macatawa.  In 1998, the MDEQ completed the Total Maximum Daily Load (TMDL) for phosphorus 
for Lake Macatawa, which was approved by the EPA in 2000. The MDEQ reported that the total 
amount of phosphorus contributed to the Macatawa Watershed by nonpoint sources, primarily during 
storm events, was 91% of the total phosphorus load.  The phosphorus concentration in Lake Macatawa 
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has ranged from 127 micrograms/liter (g/l) in 1997 to 470 g/l in 2000 and is strongly dependent on 
precipitation totals. In 2010, the average spring phosphorus level was 227 parts per billion (ppb) which 
was lower than levels in 2008 but higher than levels in 2005 and 2006. The phosphorus levels in 2010 
were 4 times greater than the TMDL goal of 50 ppb (Walterhouse 2011). 
 
Although watershed-wide phosphorus sampling was completed in 1996 and 1997, sediment load 
sampling had never been conducted until recently (this project started in late 2009). Sediment load 
sampling is important for the watershed because the majority of phosphorus does not occur in the 
dissolved state. Instead, it commonly adsorbs to fine soil particles and is transported to waterways via 
soil erosion and sediment inputs. The MDEQ has recently completed a hydrological study of the 
watershed in which a hydrology model was developed to include an estimate of annual sediment 
loading for each of the 55 subwatersheds that have been designated from topographic analysis. Since 
suspended sediment load sampling has never been conducted in this watershed, it was important to 
develop a way to verify the results of the hydrology model. In addition, the development of a 
reproducible sediment load sampling method allows for the appropriate entities to have the capacity 
to periodically measure sediment loads in the future. 
 
The data collected from this study is crucial for development of identifying priority subwatersheds that 
may be contributing a large percentage of sediment load, and therefore phosphorus load.  Employing a 
new method of sediment load sampling allowed us to more easily generate before and after sediment 
loads to assess the impact of future implementation projects within the watershed.   
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Figure 1.  The Macatawa Watershed, located in Southwest Lower Michigan.   
 
A.4   DECIDING:  IS THIS PROJECT RIGHT FOR YOUR WATERSHED?  

Knowledge of suspended sediment loads in your watershed is valuable information essential to 
understanding its water quality problems.  High levels of sedimentation and erosion can affect not only 
land owners, but all those wishing to utilize the waterways that are distressed.   Suspended sediment is 
a potential carrier of pollutants, including trace elements, total carbon (TC), total phosphorus (TP) or 
total nitrogen (TN).  More specifically, the suspended sediment is usually a result of nonpoint source 
pollution.  By determining where the network of sediment stations will be in your watershed, a general 
understanding can be made of where the likely sedimentation problems are originating. Understanding 
where the majority of the sediment is coming from can be a vital piece of information that can help 
watershed managers determine where to focus future watershed restoration and remediation efforts. 
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B. IMPLEMENTATION 
 
B.1  STUDY DESIGN DESCRIPTION 

The low cost, easy to mount sediment collection system (Figure 2) requires low to moderate 
maintenance after installation.  Three plastic tubes are supported in-stream by durable metal posts 
that remain in situ during normal increased flow events.  The posts are driven down at least 1.5 ft into 
the stream bed.  During an increase in flow, resulting from precipitation, the tubes become inundated 
and fill with sediment-rich water.  After the water recedes, the tubes slowly empty, allowing the 
sediment to settle out in the bottom of the tube.  After stream conditions are safe, the tubes are 
temporarily removed and emptied for analysis.  A detailed schematic of construction design and cost 
analysis are provided in Appendix A and B. 
 

 
 
Figure 2. A typical sediment sampler site during a low-flow period.  Two fence posts hold three 
sampling tubes with a sign for contact information regarding the project. 
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B.2  CHOOSING SAMPLE LOCATIONS 

Sample locations should be selected carefully. The following factors may be considered when choosing 
sample locations: 

 Sample sites should be located along or near public road right of ways or public property. 

 Sample sites should be readily accessible with abundant room for parking and safe access. 

 Sample sites should be located in areas that are suspected to priority areas within the 
watershed or areas with little data or where suspended sediment levels are unknown. 

 Sample sites may be located in areas where there are computer modeling predictions for 
sediment load that you may want to ground truth. 

 Sample sites may be located upstream and downstream of stream branches to differentiate 
sediment loads coming from different subwatersheds. 

 Sample sites may be located upstream and downstream of past or future restoration projects in 
an attempt to measure impact from best management practices. 

 
Refer to Figure 3 for a map of the 45 sample locations that we included in the Macatawa Watershed’s 
2012 Sediment Sampling Program. 
 
 

 

Figure 3. Sediment sampling locations in the Macatawa Watershed. 
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Utilizing historical data or walking several tributaries themselves is very valuable in determining these 
areas of interest.  Depending on the size of your watershed and your budget, there may be many high 
and low priority areas, but you may need to minimize site selection to the areas that will most benefit 
the goals of the study.  Once you have determined several areas that work for your study area, you 
may want to choose up and down stream locations.  This will provide branch points from different 
subbasins (Figure 4).  It was helpful in our study to find areas in the stream that were low visibility from 
road crossings, to help deter human interference and complaints from nearby land owners.   

 
 
Figure 4:  Different branch points provide individual and composite sediment comparisons for regions 
throughout watershed. 
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B.3  INSTALLATION, SAMPLE COLLECTION, AND PROCESSING METHODS 
 
Installation of the monitoring system is easy and maintenance is relatively low.  Further details are 
provided in the instructions below.  Each site installation requires teams of two or three people for 
safety and efficiency.  Average site setup takes roughly an hour with sample collection and station 
resetting taking roughly an hour.  Sample processing will be performed over a span of four days.   
 
Installation 
 
1.  At a selected site location in a stream channel during base flow conditions, two 6 foot steel fence 
posts are driven into the stream bed using a manual post driver.  Posts are forced approximately 1.5 
feet deep into the sediment to provide stability and are positioned approximately 36 inches apart, 
parallel to stream flow in the thalweg (the most continuous flowing part of the stream).  This ensures 
that the maximum amount of sediment will be suspended and captured in the sampler tubes. 
 
 
2.  Three PVC sample tubes are affixed to the posts using 4 stainless steel band clamps on each tube. 
Two 4.25” band clamps are attached toward each end of a sampler tube, with two 3.5” band clamps 
attached to the fence post, looping them though the band clamps around the tubes. The three sampler 
tubes are positioned at intervals of approximately 1, 7, and 13 inches above the average base flow 
stream height (simply making sure the inlet and outlet tubes on the bottom sample tube are above 
water at this time).  A level is used temporarily on each sampler to ensure proper horizontal alignment 
while tightening the band clamps.  
  
3.  The top sampler is labeled “A”, the middle sampler is labeled “B”, and the bottom sampler is labeled 
“C” with a marker to ensure they are replaced the same way they were removed.  The ends of the 
sampler are labeled accordingly as upstream and downstream, where the downstream end cap is 
permanently attached to the sampler tube with PVC cement. 
 
4.  Once in position, the plastic air vent tubes are weaved through the post and left with the open end 
above the height of the tube.  Finally, a sign for the site is attached to the top of one post.  
 
Sample Collection 
 
Once the samplers are set (Figure 5, Left), they are left for a significant rain event.  The online USGS 
gauging station for the Macatawa Watershed is used to estimate the stream height at each sampling 
site.  USGS gauging station information can be accessed online at http://waterwatch.usgs.gov/. 
 
Depending on your watershed, the critical value at which your samplers are submerged is dependent 
on how your watershed responds to precipitation.  Note:  For instructional purposes, the value of the 
Macatawa Watershed discharge rates will be included for reference.   

http://waterwatch.usgs.gov/
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Figure 5.  Workers install a new sample station (Left); Student clearing debris after a large precipitation 
event before collecting samples (Right).   
 
 
After a rain event causes the USGS gauging station flow rate to exceed 100 cubic feet per second (cfs), 
the bottom tube to the sampling station is typically submerged. Depending on location in the 
watershed, all three samplers are submerged with the USGS gauging station exceeds 600 cfs (Figure 6).  
Three to four days later, after water levels have receded below the bottom sampler (~100 cfs on the 
USGS gauging station), collection can begin. 
 
 

 
 
Figure 6.  A partially submerged sediment station during a precipitation event as the USGS gauging 
station approaches 600 cfs.   
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1.  A site investigation should be conducted upon site arrival (Figure 4, Right), noting water relative to 
the sampler, any tube blockage or damage.  This is useful if you have a sediment weight that is 
abnormal, and can possibly be explained by false cause.  Digital pictures can be taken of the sampler 
site and surrounding vegetative cover, including shots of the samplers and any collected debris or 
damage.  Upstream and downstream shots are also captured to provide a library of erosion and 
vegetation of your site.  Removal of debris is recommended at this time, carefully making sure not to 
disturb the sediment tubes. 
 
2.  Three 5-gallon buckets are labeled with the site number and tube letter.  Rubber pipette bulbs are 
placed on the ends of the metal inlet and outlet tubes and pinch clamps are placed on the vent tubing 
to prevent water or sediment from escaping during the collection process.  The top sampler tube is 
detached by loosening the band clamps that secure it and is carried to the nearest flat and clear 
riparian location for emptying.  The sampler is placed vertically into a plexiglass stand as to not damage 
the inlet and outlet tubes, with the upstream cap pointed upwards (Figure 7).  The top pipette bulb is 
removed and the upstream end cap is removed using a wrench, hammer, or other appropriate tool. 
 

 
Figure 7. Sampler being handled carefully as it is being prepared for emptying. 
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3. The contents of the end cap are rinsed into the appropriate 5 gallon bucket as well as the sediment 
water solution contained in the sample tube.  The contents must be poured slowly into the bucket to 
prevent spillage and loss of sample water.  Rinsing consists of using clear stream water until all visible 
sediment has been transferred from the bottom of the tube to the bucket.  The bucket is covered with 
a lid and set aside on the bank.  The end cap is replaced on the sampling tube and it is also set aside on 
the bank.  This process is repeated with the remaining two samplers at each site.  After all three 
samples are collected, the bottom sampler will be reattached to the posts following the same protocol 
outlined under installation and the samples will be transported back to the lab for analysis.  
 
Processing and Data Collection 
 
The buckets are left undisturbed for three to four days for the settling of sediment.  When the 
supernatant water is clear, it is siphoned off and the sediment is quantitatively transferred to an 800 

mL pre-weighed beaker.  The beaker is placed in a drying oven at 120 C and left to dry.  Once drying is 
complete and the beakers have cooled, the dried sediment is weighed.  The mass of sediment collected 
from the sampler is determined by calculating the difference using the pre-weight of the beaker and 
the mass of the dried sediment and the beaker together.  This procedure is repeated for each sample, 
for each location. The gravimetric data is recorded in both a laboratory notebook and an electronic 
spreadsheet. 
 
 
B.4  OTHER ITEMS TO CONSIDER 
 
Although every watershed is unique, there are general guidelines to follow when pursuing this project.  
Several items that should be considered are outlined below:   
 

 Development and implementation 
o The project needs to be well defined and planned with your watershed’s concerns in 

mind.  Once a plan is modified and developed to fit your needs, implementing it 
becomes much easier. 
 

 Permits 
o Placing the sampling equipment in the stream does require local and state level permits. 

Contact your local county drain office to find out if local permits are required before any 
installation activities take place. The sampling equipment requires a permit under the 
Inland Lakes and Stream Program through the MDEQ because it qualifies as a “scientific 
measuring devices” under Part 301. Contact your local MDEQ office for more 
information.  
 

 Field sampling procedures and training 
o Training the appropriate personnel how to correctly install, collect samples, and monitor 

the sediment traps is crucial for properly quantifying the amount of sediment moving 
throughout your waterways.   
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 Equipment 
o Field sampling equipment is a relatively low expense (Appendix B).  Once you have 

obtained the required equipment, maintaining and calibrating it properly will affect your 
results and costs in the future.  Common laboratory equipment can be utilized from 
local high schools or universities.  
 

 Timeline 
o Creating a realistic timeline will help keep you on track with obtaining the end results 

you desire.  Remember that collecting sample results is weather dependent. Depending 
on your source of funding, a local, state or federal grant may require you to complete 
your study in a specific timeframe.   
 
 

 Research 
o Researching historical data (local, state, or federally collected data, university or 

Metropolitan Planning Organization (MPO), volunteer, other scientific based 
organizations conducting possible research) to compare, refute, or add to your 
knowledge base.   
 

 Plans for data analysis and group communication 
o Is there a large network of volunteers and staff working on the project?  Even if the 

geographical distance isn’t large, it is still helpful to be able to combine the data and site 
observations at one common place.  Utilizing an online form (such as one provided by 
Google Documents) keeps everything efficiently organized in one place.  The 
information is secure by username and password login, available to appropriate 
members of the team. 
 

 Site selection and monitoring 
o Careful consideration of the site locations need to be done through use of maps and on 

ground site investigation.  Monitoring the sites is an ongoing task of its own.  Noting any 
stream morphology is important during the course of study as changes to station 
orientation may need to be made over time. Your site selection criteria should be based 
on several important factors including areas of high concern for erosion and increased 
sedimentation, ease and safety of access, and approval of access (appropriate land 
owners; local government for waterway laws, etc).   

 

 Funding 
o Depending on the funding acquired to do the study, you may need to consider special 

requests, including standard operating procedures, chain of custody, laboratory 
instrumentation calibration, analysis with precision and accuracy, reporting data 
(through quarterly reports or final reports), maintenance of field equipment, etc. 
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 Determining your end goal 
o Do you want data to remediate the problem, to better understand the watershed, to 

refute past historical/outdated data, to apply for another grant? 
 

 Staffing 
o Determining who will do the work:  volunteers, high school and college students, or paid 

staff.  This can greatly affect your costs on the project. 
 

B.5       PARAMETERS MEASURED 

Sediment Mass 
 
The primary focus of this study is quantification of suspended sediment moving through its respective 
waterway.  If you only need the amount of sediment, then you don’t necessarily need to include the 
following other parameters in your study.  However, if you need a better understanding of how and 
why the sediment is transported, there are several other things you can analyze to better understand 
the process of sedimentation in your watershed. 
 
Precipitation 
 
The amount of precipitation recorded during the course of a sampling season is crucial to 
understanding size of rain events needed to move the recorded amount of sediment.  Typically, a 
municipal entity or university will record this data.  It is easy to collect precipitation throughout the 
watershed and keep a measurement yourself as well. 
 
Discharge 
 
The discharge of a waterway is, in part, proportional to the amount of precipitation received during an 
event.  The discharge values (Figure 7) of major streams throughout the United States are monitored 
by the United State Geological Survey (USGS). To find out if the water bodies in your watershed have a 
gauging station, access http://waterdata.usgs.gov/nwis/rt and search for your state.  Use of this 
information is key to understanding how the tributaries and rivers in your watershed respond to 
precipitation, as well as when to expect a sampling event. 
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Figure 7.  USGS gauging station used for discharge rates and as a guide for stream height in sampling 
events. 
 
Stream Profile 
 
Identifying your waterway’s profile will help understand the way water travels throughout the entire 
watershed.  Each waterway is confined by a stream bed and channel banks that control sediment load.  
Monitoring these for changes during the course of your study is beneficial in understanding sediment 
load results. 
 
C.  OTHER CONSIDERATIONS 

C.1  DATA MANAGEMENT 

Having one person who manages the data is helpful, especially if there are multiple workers, or 
volunteers working in different geographical areas. A helpful way to put all documentation in one 
place, with appropriate staff having secure access, is utilizing an electronic form, such as a Google 
Document.   
 

 For each sampling site, there are typically three important data points: maximum sediment 
weight, the average weight (with outliers excluded) and the sum.  Outlying gravimetric data is 
cross referenced with observational data to maintain integrity.  Outlying data is most often 
caused by debris blockage.  Factors affecting the sediment data will include: the flashiness of 
the watershed, how much debris collects at a site over the course of a precipitation event, and 
possible damage to equipment.  These will need to be considered during analysis. 
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APPENDIX A 

Sampler Design 
 

Construction Instructions 

 
 



 
Figure 1:  Design for in-stream sediment sampler site.  Three PVC tubes with modified end-caps are 
band-clamped to two fence posts that are pushed a few feet into the stream sediment. 
 
Note:  With two attached schematics for dimensions. 
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Parts Materials Part

Posts (2)* $110 End caps $26

PVC Pipe (4') ~$12 Tubing $11

Pipe Caps (2) $25 Band clamps (small) $6

Al Inlet Tubes (3') $3 Band clamps (large) $6

Brass Nuts (2) $8 Air tubing $2

Vent Tubes (3') $2 Brass barbs $8

Band Clamps $12 Inlet/outlet tube plus replacements $3

Buckets and lids $15

Total $159 Total $76

*$30.44/ 6 foot, $56.40/8 foot)

Labor Other Items 

(Labor costs at $10/hr) Waders (1 pair) $60

Construction 1 man-hour $10 Drying Oven $500

Installation 2 man-hours $20 Post Driver --

Sampling 2 man-hours per rain event $20 Sampling Stand --

Service 1 man-hour per non-event $10 Analytical Balance $1,800

Repair 2 man-hours $20

Removal 2 man-hours $20
±
 Optional

Total Dependent on needs

Supplies

Notebooks

Bucket Opener 
±

$2

Buckets and Lids4 buckets+ 3 lids $15

Beakers Pack of 6 ~$30

Pipet bulbs/balloons $2

Pipe cleaners $2

Nut-Drivers 2 req. $10

Superglue $2

Wrench $5

Clips for vent tubes $2

Total

Sampler Site 
Cost Estimate as of May 2012
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APPENDIX E 



 

   
 

   
 
Photos of Site 1 (clockwise from top left): The original and replicate sediment sampler 
following a November event; the top tube of the sampler station barely sticking out of the water 
as the water recedes; a moderate amount of debris caught on the front of the station; view of 
channel and floodplain near peak flow during a May event. 



   
 

   
 
Photos of Site 2 (clockwise from top left): view from the top of the culverts overlooking the site 
during flood stage in early April; students at the listing sampling station six days after the peak 
flood height; a volunteer checking the site during early May; view of the culverts and the 
migration of the sandbar during early summer.  



   
 

   
 
Photos of Site 3 (clockwise from top left): stream bank conditions upstream of site in 2010; the 
finished site with the view of the highway in the background; the site facing downstream in late 
May, 2010; the site in May, 2011 after an event (note the bank work done resulting from 
construction on the bridge immediately downstream of the site).   
 



   
 

   
 

   
 
Photos of Site 4 (clockwise from top left): view of the site facing downstream in May, 2010; 
duckweed and algae growth; bank-full stream flow in May, 2012 – note the banks have had trees 
removed due to dredging and straightening work done on the stream late in 2010; the corn height 
in a surrounding field in late July; debris and film caught at the station front in May, 2011; view 
of area immediately downstream of the sampler site during flood conditions. 



   
 

   
 

   
 
Photos of Site 5 (clockwise from top left): the site in mid-March, facing upstream towards the 
neighboring dairy farm; the sampler facing upstream in May (note the debris caught on the 
electric fence spanning the stream); a bent inlet tube; heavier debris caught on the sampler front 
in June; vegetation growth in mid-July; the neighboring equestrian center across the street from 
the site. 
 



   
 

   
 

   
 
Photos of Site 6 (clockwise from top left):  view of the sampler station in mid-March with light 
debris; an adjacent field in late May; facing downstream towards the culvert under the road; the 
stream in late June; a close-up of the inlet tubes on the sampler after a June rain event; a view 
from the culvert in late July facing northeast. 
 



   
 

   
 

   
 
Photos of Site 7 (clockwise from top left):  a view looking downstream from the sampler site; an 
inlet tube severely bent by debris; an adjacent cornfield in early June; flood conditions upstream 
of the site in early May; a large amount of debris caught at the trap front in late May; murky 
water conditions at the time of collection. 



   
 

   

 
 
Photos of Site 8 (clockwise from top left): a heron downstream from the station on the opposite 
side of the culvert; a view of the stream channel during peak flow; heavy debris buildup after an 
event in late May, 2011; the sediment station at baseflow, facing downstream; the underside of 
the bottom tube later in the season, with a large amount of algal and biofilm growth. 



   
 

   
 

   
 
Photos of Site 9 (clockwise from top left): the sampler site in mid-March after installation, 
facing north; the inside of a sampler tube that has partially frozen, making sample collection 
more difficult; debris caught on an overhanging branch approximately six feet above the level of 
base flow; facing upstream from the sampler site in mid-June; view of the area near the site 
during flood conditions from the shoulder of the road; debris that had collected at the posts over 
course of the winter.   



   
 

   
 

   
 
Photos of Site 10 (clockwise from top left):  view from the sampler station facing upstream 
towards the culvert; view downstream from sampler, with an extensive sand bar on the left bank; 
a large tree limb that caught on the front of the sampler; the sampler after removing the tree limb; 
the sampler station early in the 2011 season with residual dirt and growth on the underside of the 
tubes; a view of the stream channel from the road in late July. 



   
 

  
 
Photos of Site 11 (clockwise from top):  a view of the sampler site in early May, 2011 from the 
culvert on the road; the sampler station in late 2011, after straightening and dredging work had 
been performed – note that the station is now out of alignment with flow; the view from the 
station facing downstream with thick vegetation on the banks a student cleaning off the sampler 
station during late June;. 
 



   
 

   
 

   
 
Photos of Site 12 (clockwise from top left):  the view from the bank looking upstream on the 
main branch of the Macatawa River; a professor collecting water samples during flood stage; the 
same railing two days later, not quite at base flow; a volunteer repairing the station in early May; 
a close-up of the damage; posts being removed from the stream bed in order to be reset.   



  
 

  
 

 
 
Photos of Site 13 (clockwise from top):  a view of the sampler station on the main branch of the 
Macatawa River, facing downstream toward the former Holland Country Club site; students 
installing the sampler tubes; the floodplain upstream of the site in early May; an example of bank 
erosion near the site; students hauling posts to install for the site. 



  
 

  
 

  
 
Photos of Site 14 (clockwise from top left):  students installing posts at the site; students 
inspecting the original and replicate samplers prior to collection in late fall; view of the site from 
the nearby bridge during the beginning of a rain event; a volunteer removing debris from the site 
in early May; a close-up of the sampler site – note the relative clarity of the water at this site; a 
view facing upstream. 
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Sampling Procedure – DH-59 Hand Sampler 
 
2-3 people required 
 

Equipment List 

 
 DH-59 Hand Sampler Kit 

o Brass Casing 
o Nozzles 
o Rope 
o Foam O-rings 
o Filling Time Chart and Instructions 

 Milk bottles (in rack) 
 Bridge Board  
 Drill and battery packs  
 Flo-Mate flow meter or Gurley meter 
 Tape Measure 
 Work Gloves  
 Stopwatch/Clock 
 Cooler 
 Extra Nalgene bottles (for optional storage) 

 
Setup 

 
The goal of hand sampling is to calculate the amount of suspended sediment that is in a 
stream at a given point.  Data will need to be collected to determine the stream profile at 
the sampling location, along with stream stage height and water samples.  All work 
should be able to be completed safely from a bridge.  Based on the width of the stream, 
determine the number of sampling points needed (10-12 is usually a good number).  
Calculate the distance between each location along the bridge to be sampled from by 
dividing the width of the stream by the number of desired transects.  Collect the first 
sample half of the transect distance from one of the banks.    
 
The DH-59 kit comes with several different sized inlet nozzles.  In order to determine the 
nozzle size to be used, the velocity of the water will need to be calculated.  Use either the 
Gurley meter or the Flo-Mate flow meter to determine an average velocity in the middle 
of the stream.  Using the drill and bridge boards, drop the sensor into the water at 6/10 of 
the depth and record the flow in feet per second.  This is the first factor needed to 
determine nozzle size; the next, submersion time, will vary by transect.   
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When using the hand sampler, you can operate it using either the bridge board and drill, 
or it can be raised and lowered by hand.  If collected by hand, the hand sampler will need 
to be lowered and raised at a constant rate throughout, as an uneven pace will not provide 
a representative sample.  Using the drill and bridge board is certainly easier and has a 
more constant rate of motion, but the speed is not adjustable, so a proper filling time may 
not be available with one of the provided nozzles.  First, measure the depth at the transect 
location and record it using either the bridge board cable or the rope.  After the depth is 
recorded, raise and lower the sampler (without the bottle in it) a couple of times to record 
the amount of time the sampler is submerged.  Combine this time with the stream 
velocity to find the proper nozzle size on the Filling Time Chart.  Attach the proper 
nozzle to the front of the brass casing.  Be sure that when a submersion time has been 
selected that the sampler is not in the stream for longer than this time.  The milk bottle 
should be barely full or not quite full when it is retrieved; if it appears to be overflowing, 
this means that it did not take a representative sample, skewing the collected water and 
sediment toward the material carried near the bottom. 
 
Once flow and depth have been determined, take an empty milk bottle from the rack and 
place it inside the housing in the brass casing.  In order to ensure a good fit, pull back the 
ring at the base of the tail when inserting the bottle and carefully release after it is in 
place.  Position a foam O-ring at the top of the bottle’s mouth so that a water-tight seal 
will be formed when the sampler is in the water, ensuring sample quality.  After the bottle 
is secured, attach the brass housing to either the end of the rope for sampling by hand, or 
attach it to the bridge board cable.   
 
Collection 

 
Lower the sampler to a position where it is barely touching the surface of the water.  
Begin lowering the sampler at a constant rate into the stream, while one person keeps 
track of the time.  Be sure to immediately bring the sampler back up when it reaches the 
bottom, maintaining the same rate as the descent.  Note at what time the sampler comes 
out of the stream and bring the entire housing back to the top.  The milk bottle should not 
be overflowing.  If the sample appears to have been collected correctly, label the bottle 
and note the time, flow, transect location and depth.  Samples should be kept in a cooler 
until they are returned to the lab, and refrigerated upon arrival. 
 
Lab Work 

 
Once the samples are removed from the refrigerator, they should be re-suspended using a 
magnetic stir bar for at least five minutes.  After this is completed, 50 mL or 100mL 
should be extracted for analysis (want to obtain 2.5-200 mg residue while still allowing 
filtration in less than 10 min).  To extract the sediment, the sample should be vacuum 
filtered through Whatman Grade 934-AH glass microfiber filters.  Weigh the paper first 
before anything is pumped through. Replicates are run every 10 samples.  Once the 
sample has been pulled through wash it with distilled water on the vacuum set-up and 
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place it on an aluminum weigh boat in a drying oven at 103-105°C for approximately 1 
hour. After 1 hour remove the sample and let it cool for 5 minutes before placing in a 
dessicator to reach equilibrium. Equilibrium has been reached when the filter mass 
changes less than 4% of the previous weight or the mass change is less than 0.5mg, 
whichever is less. The difference in the weight is due to whatever suspended sediment 
was in the water, giving a concentration from which the parts per million value can be 
calculated.  
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Site 1 
GPS Coordinates:  N 42

o
 44' 50.44996", W 86

o
 4' 25.24526"  

County Allegan 
Subwatershed North Branch 
Location 75 meters downstream of intersection of M-40 and Cabill Dr 

Major Land Uses Agricultural/Industrial 

Major Soil Types (from USDA) Sandy Loam 42%, Loamy Sand 25%, Loam 17% 

Downstream from  3 

Upstream from 37 

Subbasin Area (km
2
) 5.472 

Total Upstream Area (km
2
) 26.53 

Number of Events Collected 13 
  

Highest Mass (g)  

(2010) Event 1 42.18 

Event 2 49.95 

Event 3 29.18 

Event 4 10.23 

Event 5 51.22 

Event 6 -- 

Event 7 -- 
  

(2011) Event 1 26.67 

Event 2 23.19 

Event 3 63.25 

Event 4 15.55 

Event 5 33.05 

Event 6 17.14; 25.11 

Event 7 -- 

Event 8 11.89;7.23 
 
(2012) Event 11 42.36; 27.19 

 

 
 
Sampler Site                        Stream                        Subbasin Boundary                 1km



Site 2 
GPS Coordinates:  N 42

o 
44' 34.58981",  W 86

o
 2' 13.53505"  

County Allegan 
Subwatershed South Branch 

Location 20 meters downstream of 50th Street north of 144th Avenue 

Major Land Uses Agriculture 

Major Soil Types Loam 60%, Loamy Sand 16%, Silt Loam 9% 

Downstream from  9 

Upstream from 10 

Subbasin Area (km
2
) 3.822 

Total Upstream Area (km
2
) 28.645 

Number of Events Collected 16 
  

Highest Mass (g)  

(2010) Event 1 33.95 

Event 2 67.02 

Event 3 47.84 

Event 4 1.93 

Event 5 67.00 

Event 6 102.29 

Event 7 45.42 
  

(2011) Event 1 30.06 

Event 2 28.98 

Event 3 101.96 

Event 4 22.39 

Event 5 61.72 

Event 6 26.14 

Event 7 1.26 

Event 8 1.14 
 
(2012) Event 11 83.25 

 

 



Site 3 
GPS Coordinates:  N 42

o 
45' 5.90313", W 86

o
 7' 1.54713"  

County Allegan 

Subwatershed North Branch 

Location 25 meters upstream of 58th Street near US-31 

Major Land Uses Agriculture 

Major Soil Types Sandy Loam 43%, Loam 20%, Loamy Sand 18% 

Downstream from  5 

Upstream from 1 

Subbasin Area (km
2
) 6.341 

Total Upstream Area (km
2
) 21.058 

Number of Events Collected 12 
  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 26.94 

Event 4 -- 

Event 5 66.88 

Event 6 64.11 

Event 7 49.45 

  

(2011) Event 1 36.30 

Event 2 28.63 

Event 3 59.18 

Event 4 20.30 

Event 5 54.76 

Event 6 25.26 

Event 7 -- 

Event 8 3.17 
 
(2012) Event 11 41.32 

 
 

 



Site 4 
GPS Coordinates:  N 42

o 
43' 7.43094", W 86

o
 3' 46.80300" 

County Allegan 

Subwatershed South Branch (Kleinheksel Drain) 

Location 50 meters upstream of 141st Avenue west of 52nd Street 

Major Land Uses Agriculture 

Major Soil Types Loam 76%, Silt Loam 19% 

Downstream from  (none) 

Upstream from 9 

Subbasin Area (km
2
) 9.234 

Total Upstream Area (km
2
) 9.234 

Number of Events Collected 11 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 28.33 

Event 4 -- 

Event 5 45.98 

Event 6 103.87 

Event 7 22.85 

  

(2011) Event 1 -- 

Event 2 23.41 

Event 3 -- 

Event 4 19.19 

Event 5 50.12 

Event 6 24.61 

Event 7 9.31 

Event 8 12.56 
 
(2012) Event 11 38.8 

 
 

 



Site 5 

GPS Coordinates:  N 42
o 
44' 8.22586", W 86

o
 8' 43.69819"  

County Allegan 

Subwatershed North Branch 

Location In stream 30 meters east of end of 61st Street 

Major Land Uses Agriculture 

Major Soil Types Sandy Loam 46%, Loamy Sand 18%, Sand 15%, Loam 11% 

Downstream from  6 

Upstream from 3 

Subbasin Area (km
2
) 8.441 

Total Upstream Area (km
2
) 14.717 

Number of Events Collected 12 
  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 -- 

Event 5 76.51 

Event 6 67.70 

Event 7 69.15 
  

(2011) Event 1 24.23 

Event 2 79.66 

Event 3 66.76 

Event 4 38.33 

Event 5 66.53 

Event 6 28.76 

Event 7 5.71 

Event 8 10.43 
 
(2012) Event 11 63.05 

 
 

 



Site 6 
GPS Coordinates:  N 42

o 
42' 44.42687", W 86

o
 8' 8.04054"  

County Allegan 
Subwatershed North Branch 
Location 40 meters upstream of 60th Street (Graafschaap Road) between 

140th and 141st Avenues 

Major Land Uses Agriculture 

Major Soil Types Sandy Loam 66%, Loamy Sand 15%, Loam 13% 

Downstream from  (none) 

Upstream from 5 

Subbasin Area (km
2
) 6.276 

Total Upstream Area (km
2
) 6.276 

Number of Events Collected 12 
  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 -- 

Event 5 123.41 

Event 6 56.07 

Event 7 31.96 
  

(2011) Event 1 32.11 

Event 2 30.32 

Event 3 64.11 

Event 4 43.00 

Event 5 81.29 

Event 6 14.12 

Event 7 4.14 

Event 8 5.25 
 
(2012) Event 11 72.67 

 
 

 



 
Site 7 
GPS Coordinates:  N 42

o 
43' 5.91106", W 86

o
 4' 17.5511"  

County Allegan 

Subwatershed South Branch (Jaarda Drain) 

Location 20 meters downstream of 141st Avenue east of 54th Street 

Major Land Uses Agriculture 

Major Soil Types Loam 59%, Muck 11%, Loam Sand 11%, Sandy Loam 11% 

Downstream from  (none) 

Upstream from 9 

Subbasin Area (km
2
) 9.011 

Total Upstream Area (km
2
) 9.011 

Number of Events Collected 9 
  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 2.11 

Event 5 79.76 

Event 6 -- 

Event 7 43.08 
  

(2011) Event 1 22.65 

Event 2 21.62 

Event 3 -- 

Event 4 11.79 

Event 5 58.15 

Event 6 20.52 

Event 7 -- 

Event 8 2.98 
 
(2012) Event 11 -- 

 
 

 



Site 8  

GPS Coordinates:  N 42
o 
43' 42.50674", W 86

o
 4' 34.49311"  

County Allegan 

Subwatershed South Branch 

Location 25 meters upstream of 54th Street south of 143rd Avenue 

Major Land Uses Agriculture 

Major Soil Types Loam 42%, Loamy Sand 28%, Sandy Loam 14% 

Downstream from  (none) 

Upstream from 9 

Subbasin Area (km
2
) 3.806 

Total Upstream Area (km
2
) 3.806 

Number of Events Collected 12 
  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 5.20 

Event 5 30.29 

Event 6 31.17 

Event 7 15.05 
  

(2011) Event 1 10.49 

Event 2 22.20 

Event 3 -- 

Event 4 17.53 

Event 5 40.44 

Event 6 3.47 

Event 7 1.33 

Event 8 2.69 
 
(2012) Event 11 43.26 

 
 

 



Site 9 

GPS Coordinates:  N 42
o 
43' 42.19101", W 86

o
 3' 23.64628" 

County Allegan 

Subwatershed South Branch  
Location 40 meters upstream of M-40 between 143rd Avenue and 52nd 

Street 

Major Land Uses Agriculture 

Major Soil Types Loam 60%, Loamy Sand 19%, Silt Loam 9% 

Downstream from  4, 7, 8 

Upstream from 2 

Subbasin Area (km
2
) 2.772 

Total Upstream Area (km
2
) 24.823 

Number of Events Collected 13 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 4.69 

Event 5 113.50 

Event 6 83.57 

Event 7 18.51 

  

(2011) Event 1 41.31 

Event 2 34.87 

Event 3 88.95 

Event 4 18.74 

Event 5 70.85 

Event 6 11.33 

Event 7 19.31 

Event 8 12.87 
 
(2012) Event 11 12.87 

 

 



Site 10 
GPS Coordinates:  N 42

o 
45' 14.91629", W 86

o
 1' 25.97008"  

County Allegan 

Subwatershed South Branch  
Location 75 meters downstream from 146th Avenue east of River Ledge 

Drive 

Major Land Uses Agriculture 

Major Soil Types Loam 54%, Loamy Sand 20%, Silt Loam 10%, Sand 10% 

Downstream from  2, 11 

Upstream from 36 

Subbasin Area (km
2
) 3.79 

Total Upstream Area (km
2
) 41.526 

Number of Events Collected 13 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 2.92 

Event 5 92.10 

Event 6 105.13 

Event 7 53.40 

  

(2011) Event 1 36.52 

Event 2 21.29 

Event 3 110.23 

Event 4 29.94 

Event 5 61.72 

Event 6 31.87 

Event 7 3.46 

Event 8 4.58 
 
(2012) 97.24 

 

 



Site 11 

GPS Coordinates:  N 42
o 
44' 25.03742", W 86

o
 1' 48.17272"  

County Allegan 

Subwatershed South Branch (East Fillmore Drain) 
Location 25 meters downstream from 144th Avenue between 50th and 

48th Streets 

Major Land Uses Agriculture 

Major Soil Types Loam 40%, Silt Loam 19%, Sand 18%, Loamy Sand 17% 

Downstream from  (none) 

Upstream from 10 

Subbasin Area (km
2
) 9.091 

Total Upstream Area (km
2
) 9.091 

Number of Events Collected 10 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 0.87 

Event 5 120.46 

Event 6 97.86 

Event 7 68.13 

  

(2011) Event 1 17.46 

Event 2 17.35 

Event 3 94.32 

Event 4 16.47 

Event 5 46.42 

Event 6 12.61 

Event 7 -- 

Event 8 -- 
 
(2012) Event 11 -- 

 

 



Site 12 

GPS Coordinates:  N 42
o
 48' 3.14", W 86

o
 3' 38.4"  

County Ottawa 

Subwatershed Lower Macatawa River 

Location 150 meters downstream from Paw Paw Street Bridge 

Major Land Uses Residential, agriculture 
Major Soil Types Loam 47%, Sandy Loam 20%, Sandy Loam 10%, Silt Loam 

10% 

Downstream from  13, 14 

Upstream from (none) 

Subbasin Area (km
2
) 2.583 

Total Upstream Area (km
2
) 245.371 

Number of Events Collected 8 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 -- 

Event 5 -- 

Event 6 -- 

Event 7 -- 

  

(2011) Event 1 38.57 

Event 2 61.58 

Event 3 -- 

Event 4 116.30 

Event 5 105.16 

Event 6 30.94 

Event 7 6.06 

Event 8 12.26 
 
(2012) Event 11 69 

 

 



Site 13 

GPS Coordinates:  N 42
o
 47' 33.490", W 86

o
 2' 53.440" 

County Ottawa 

Subwatershed Lower Macatawa River 

Location 250 meters northeast of Sunrise Drive 

Major Land Uses Residential, agriculture 

Major Soil Types Loam 48%, Loamy Sand 17%, Silt Loam 13% 

Downstream from  34, 35, 36, 37 

Upstream from 12 

Subbasin Area (km
2
) 10.922 

Total Upstream Area (km
2
) 191.88 

Number of Events Collected 9 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 -- 

Event 5 -- 

Event 6 -- 

Event 7 49.10 

  

(2011) Event 1 76.97 

Event 2 28.27 

Event 3 129.00 

Event 4 64.45 

Event 5 117.36 

Event 6 72.43 

Event 7 12.75 

Event 8 18.12 
 
(2012) Event 11 -- 

 

 



Site 14 

GPS Coordinates:  N 42
o
 47' 58.80", W 86

o
 2' 42.660" 

County Ottawa 

Subwatershed Noordeloos Creek 

Location 50 meters upstream of 106th Avenue south of Paw Paw Drive  

Major Land Uses Residential, agriculture 

Major Soil Types Loam 41%, Loamy Sand 29%, Sandy Loam 24% 

Downstream from  15 

Upstream from 12 

Subbasin Area (km
2
) 1.189 

Total Upstream Area (km
2
) 50.908 

Number of Events Collected 9 

  

Highest Mass (g)  

(2010) Event 1 -- 

Event 2 -- 

Event 3 -- 

Event 4 -- 

Event 5 -- 

Event 6 -- 

Event 7 29.16 

  

(2011) Event 1 50.96 

Event 2 49.11 

Event 3 75.82 

Event 4 29.04 

Event 5 38.09 

Event 6 38.37; 55.94 

Event 7 -- 

Event 8 7.51;7.34 
 
(2012) Event 11 44.72; 33.21 
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Site Fongers Pollutant Load (lbs) Hope/MACC Pollutant Load (lbs) 

1 1,720,000 937,677 

2 1,255,546 783,870 

3 944,450 1,074,004 

4 451,309 859,204 

5 498,224 1,446,825 

6 212,459 1,238,794 

7 357,147 621,245 

8 159,676 414,789 

9 1,143,470 854,280 

10 1,758,568 692,636 

11 355,219 630,400 

12 11,226,001 1,567,619 

13 8,569,111 1,268,422 

14 2,262,000 536,122 
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Site Fongers TSS per acre Hope/MACC TSS per Acre 

1 192.4 104.9 

2 153.4 95.8 

3 161.9 184.1 

4 179.2 341.2 

5 136.9 397.8 

6 137.0 798.8 

7 160.4 279.0 

8 124.7 323.9 

9 157.9 117.9 

10 149.9 59.1 

11 147.0 260.9 

12 152.2 21.3 

13 154.0 22.8 

14 145.9 34.6 



 
Figure 1.  The MDEQ modeled annual suspended solid loads at the sampler sites, which are overlaid upon the MACC’s Critical Agricultural Area 
scoring system.  Black spots represent subsequent sampling sites that were not originally included on this grant. 



 

Figure 2.  The modeled annual suspended solid loads based on sediment collected at the sampler sites.
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