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Background and Project Location

The project location is the Nemadji River, with a 1,130 km2 watershed that drains to Allouez Bay in Lake Superior. The entire Nemadji watershed was included in the St. Louis River Area of Concern due to excessive sedimentation observed in the river (See Fig. 1). The lower portion of the Nemadji watershed is situated in extremely clay-rich glaciolacustrine soils (Lake Superior Red Clay Plain) that are naturally prone to erosion and mass wasting. The upper third of the basin is situated in interbedded glacial tills and beach and outwash sands and gravels. Land use changes in the past two centuries have resulted in hydrologic alterations and accelerated erosion rates in similar rivers in Wisconsin situated in the Red Clay Plain (e.g. Fitzpatrick et al 1999, Fitzpatrick and Knox 2000). The Nemadji watershed was logged extensively in the late 1800’s and early 1900’s, and subsequently drained and converted to agriculture. In the 1950’s, agriculture accounted for 50% of the land use in the basin. Increased water yields during peak agriculture resulted in incision and entrenchment of Nemadji and its tributaries, and disconnection from the floodplain (Riedel et al. 2001). Since the mid-1900s, many lands have been converted back to forests. Today, the watershed is approximately 69% forested 18% agriculture, and 11% wetlands and lakes.  Sedimentation issues related to historic land use changes are very difficult to distinguish from normal processes in this naturally sediment-rich system, and an increase in precipitation event intensity due to a changing climate compounds the problem further.  Significant data gaps prevent a complete understanding of the basin’s impairments. The Nemadji Basin Plan (NRCS 1998 and Robertson, 1996) estimated the average annual sediment load at the mouth of the Nemadji to be about 130,000 tons based on sediment data collected at a USGS streamflow gauge on the Nemadji from the early 1970’s, and flow data through the late 1990’s. Since that data has been collected, the size of frequent and infrequent floods has changed significantly (Fig. 2). However, a modern suspended sediment load and bedload have not been calculated.
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The Wisconsin Department of Natural Resources (WDNR) was funded by the USEPA in 2015 to conduct an assessment of the Excessive Loading of Sediment and Nutrient beneficial use impairment (BUI 6) in the Nemadji River basin. As part of that 2-year grant, the US Geological Survey (USGS) will collect suspended sediment concentration (SSC) and bedload data, develop a sediment/discharge rating curve, review historical sediment data, and provide a report summarizing modern average sediment loads on the Nemadji River compared to historical loads. A modern ongoing suspended sediment dataset collected by the Minnesota Pollution Control Agency (MPCA) includes 6 years of event-based total suspended solids (TSS) sampling with approximately 25 samples each year. However, suspended sediment loads based on TSS data are likely underestimating the actual suspended sediment load (Ellison et al., 2014). In order to be able to use the contemporary TSS dataset, the USGS will collect suspended sediment concentration data and develop a calibration relation with TSS data and calculate a modern suspended sediment load as well as bedload and total sediment load.  These modern loads can be compared to previous loads calculated in the 1990’s in the Nemadji Basin Plan using sediment monitoring data from the 1970’s (NRCS 1998). The results from the comparison will be used to identify if sediment loading is increasing, decreasing, or similar to the late 1900’s. 
Methods for Sediment Collection and Analyses
A QAPP will be completed by WDNR Staff with assistance from USGS Staff by May 2015. Sediment samples will be collected by the USGS at the existing USGS streamflow gauge (USGS ID 04024430, See Figure 1) along with ongoing discharge measurements that are made during approximately 10 runoff events from May 2015 through April 2016. Discharge measurements are routinely collected as part of existing funding from Wisconsin Department of Natural Resources and the USGS Cooperative Water Program to run the realtime streamflow gauge (http://waterdata.usgs.gov/usa/nwis/uv?site_no=04024430). During each sampling, suspended sediment, bedload, and bed material samples will be collected using standard methods in Edwards and Glysson (1999). For suspended sediment sampling, the equal-width increment (EWI) equal transit rate (ETR) method is used with a depth-integrating model D-74 sampler (Fig. 3). Water is collected at multiple verticals across a channel cross section and at the Nemadji gauge the distance between verticals will be about 5 ft for about 15-20 total verticals). The composite sample is an integration of the horizontal and vertical variability that naturally occurs across the channel. It is especially important to use EWI-depth integrating techniques in streams with a high sand load because of the potentially uneven vertical and horizontal distribution of fine sand through the water column depending on the particle size shown in Figure 4. 
[image: image9.jpg]Water columr sampled by
suspended sediment sampler

Suspended
Sediment sampler

Bedload sampler

Lover limitofsusperrled sedimentsampler

Ursampledzane




 [image: image2.png]Discharge

0.01 (100-yr recurrence interval)

60000
50000 /,
40000 /
30000 » —o—Mean
—#—Est. Confidence Lower
20000 == Est. Confidence Upper
10000 Mean Period of Record
0
>
A
& \d ¥ el
A 5\ Ko oS





Figure 2: Trends in 30-yr moving averages of flood frequency characteristics for Nemadji River near South Superior, WI USGS ID 04024430 for frequent small floods and floods with a 1 percent probability of occurring in any given year. The decrease in the size of small frequent floods for the 1985-2014 period compared to previous periods reflects a regional drought conditions. The increase in the size of floods with a 1% probability for the same period is affected by the extreme flooding that happened in the Duluth area in 2012 (Czuba et al., 2012).
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Figure 37. Equal-width-increment vertical transit rate relative to sample volume, which is proportional to
water discharge at each vertical.





Figure 3: Example of Equal Width Increment equal transit rate (Edwards and Glysson, 1999). 
[image: image4.emf]0.062 mm 2 mm 0.002 mm

Sands Silts

Clays


Figure 4: Discharge-weighted concentration of suspended sediment for different particle-size groups at a sampling vertical in the Missouri River at Kansas City, MO (Guy, 1969). 

There is an un-sampled zone near the bed that is not sampled by the depth-integrating suspended sediment samplers, usually in the range of 10 cm (Fig. 5). Some of this zone is captured by the bedload sampler. 


[image: image5]
Figure 5: Diagram showing the sampling zone for suspended and bedload samplers.
Detailed methods for collected suspended sediment samples are as follows:

a. Insert clean pint bottle into sampler and check to make sure that nozzle and air exhaust are clean.

b. Lower the sampler into the water. (Make sure the sampler is oriented to the flow before lowering nozzle below water surface.)

c. Traverse the full depth and return to the surface with a constant transit rate.  Immediately reverse the sampler when the sampler touches the bottom. Make sure to use the same rate at all verticals. Test deepest/fastest vertical first to make sure transit rate is not too fast or slow. The sampler can be lowered more slowly than raised, as long as the same lowering/raising rates are used at all the verticals.
d. A bottle can be used for more than one vertical but be sure not to overfill. Overfilled means the water surface in the bottle is above the nozzle or air exhaust (see Fig. 6). If the bottle is overfilled, discard the sample and redo all the verticals included in that bottle.

e. Glass pint bottles can be composited into larger plastic jar, being sure to remove all material from the pint bottles. It is of utmost importance that no water is lost from this transfer process. 

f. Label composite bottle(s) with site, date, and mean time. Mark water line on bottles with grease pencil. Make sure lid is tight (secure with lab labeling tape or electrical tape) and put in ziploc bag for extra insurance if needed.
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Figure 6. Example of filling of pint water bottles for suspended sediment samples (from Edwards and Glysson, 1999)

The SSC samples will be used to calibrate the TSS samples collected by the MPCA at a single point and depth in the cross section.  The USGS and MPCA will coordinate to the extent possible to collect SSC samples at the same time as the MPCA collects TSS samples. If the coordination of sampling is not possible, the USGS will collect a grab sample using a weighted open-bottle sampler. The USGS will collect the sample from approximately 0.3 to 1 m below the water surface in the centroid of flow, depending on the total flow depth.
The SSC samples will be composited into a single sample for the cross section and analyzed for suspended-sediment concentration and particle-size determinations at the Kentucky Water Science Center Sediment Laboratory using standard methods (Guy, 1969) and under a quality assurance plan (Shreve and Downs, 2005). The exact particle size determination used will depend on the concentration of the sediment and the minimum amount needed for analyses.

The instantaneous discharge at the time of sampling will be used with the results from the suspended sediment concentration analyses to calculate an instantaneous daily suspended sediment load (tons/day). These daily loads will be used to develop a load/discharge regression relation, which will be used, along with mean daily streamflow data, to calculate an annual suspended sediment load (Guy, 1969).  
Bedload samples will be collected with a BL-84 sampler, which has a nozzle expansion ratio of 1.4  (which helps reduce an oversampling of sand problem observed with an older model Helley-Smith with a nozzle expansion ratio of 2.33) (Edwards and Glysson, 1999). Bedload samples will be collected at the same verticals as the suspended sediment samples. The single equal-width-increment (SEWI) method is used (Edwards and Glysson, 1999). A sample bag mesh size of 0.25 mm will be used. Mesh size will be recorded in field notes. A tetherline/stayline will be used to help secure the position of the sampler on the bottom, if needed.  Care will be used to position the sampler on the bottom without dropping it or digging it into the bottom, or having it skewed by rocks or large wood. Sampling times per vertical are usually 30 seconds. The sampler is raised carefully so that no sediment is lost out the nozzle. The mesh sampling bag is emptied when about half full otherwise it may become clogged. Samples are composed into containers. Two passes at the transect are done. Bedload samples are transferred from a large tub, tray, or bowl into plastic containers with tight fitting lids. Containers are labelled and put into sealable plastic bags. The bedload sampling techniques are more exploratory, are potentially more problematic, and more dependent on site conditions than the suspended sediment techniques.

The composited bedload samples will be dried at 105 deg C, weighed, and sieved for sand and gravel sizes at the USGS Kentucky Sediment Laboratory or the Wisconsin Water Science Center to obtain bedload mass and sand and larger particle sizes.
For calculating bedload, the “total cross-section method” is used (Edwards and Glysson, 1999). This method requires that (1) the sample times at each vertical are equal, (2) the verticals were evenly spaced across the cross section, and (3) the first sample was collected at ½ the sample width from the starting bank or edge with active bedload transport. These requirements are met with the sample collection methods used in the Nemadji. The following formula is used to calculate bedload:

QB = K*(WT/tT)*MT

QB = bedload discharge, as measured by bedload sampler, in tons per day;

WT = total width of stream from which samples were collected, in feet, and is equal to the increment width (Wi) times n (n = total number of vertical samples);

tT = total time the sampler was on the bed, in seconds, computed by multiplying the individual sample time by n: 

MT = total mass of sample collected from all verticals sampled in the cross section, in grams; and

K = 0.381 = conversion factor for a 3-inch nozzle (BLH-84).

Example of a bedload calculation from a small sandbed stream in west-central Wisconsin:

WT = 2.8 ft

n = 11 verticals

tT = 11 * 20 = 220 seconds (sampler was left on the bed for 20 seconds at each vertical)

MT = 20 g

QB = 0.381 * (2.8/220)*20 =  0.09 tons/day = 175 lbs/day

Bed material samples will be collected using a BMH-54 and BMH-60 a subset of 5 verticals used for the suspended and bedload samples using techniques in Edwards and Glysson (1999). Samples from each vertical will be kept separate and analyzed for particle size (full sand/gravel sieving and sand/fine determinations) at the USGS Kentucky Water Science Center (Guy, 1969). These data will be used, along with the suspended sediment concentration data to estimate a total sediment load using the Modified Einstein Procedure (Einstein, 1950; Colby and Hembree, 1955; http://ponce.sdsu.edu/onlinemodifiedeinstein.php) 
At the same time the sediment samples are collected field measurements of water temperature, specific conductance, transparency (100-cm Secchi disk tube), and turbidity (portable turbidimeter) will be made by USGS staff. 

In addition to turbidity, additional ancillary data collected during the simultaneous discharge measurement with an acoustic Doppler current profiler can be used to develop surrogates for suspended sediment concentration and particle size and bedload. Specifically acoustic backscatter from the ADCP can be used to develop rating curves for suspended sediment concentration and particle size (Gray and Gartner, 2009). Moving bed tests (2 loops) will be done to begin to develop a surrogate relation between bed velocity and bed-load transport rates (Gray et al., 2010). Ancillary data for the ADCP discharge data are available for historical discharge measurements as well as future discharge measurements.
Additional data analyses methods by USGS staff will include a review of historical concentration and load data. The historical data will be compared to the data collected during this study. A statistical comparison will be done for the suspended sediment rating curves.  Additional statistical procedures will be done if possible for total sediment loads and bedload but there will likely be too little data to complete more than a qualitative visual comparison.
Lastly, the historical record of stage discharge rating shifts for the USGS gaging station will be analyzed for channel bed elevation changes related to large waves of sand that pass through the channel following major events or upstream landslides using methods in Juracek and Fitzpatrick (2009). Significant shifts have been observed in the Nemadji River gaging station record (Fig. 7). 
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Figure 7. Example of one stage shift from the Nemadji gage. 
Project Timeline & Deliverables

· Sediment Sampling during 10 events: July 2015 – June 2016
· Suspended Sediment Concentration
· Bedload 
· Bed material

· TSS (usually by MPCA), turbidity, temperature, specific conductance

· Ancillary acoustic data related to sediment surrogate development
· Develop Sediment Transport Relations

· Suspended, Bedload, Total Load 
· Calculate annual and event loads

· Review historical relations

· Quantitatively and qualitatively compare shifts in relations  
· Develop relation between SSC and TSS
· Reports

· Quarterly Reports will be due October 15 2015, January 15 2016, April 15 2016, July 15, 2016, and October 15 2016. 
· Project budget and amount of the funds expended to date.

· Activities completed this quarter.
· Problems/Issues: any issues or concerns for completing the project on time or within budget will be noted.

· Activities planned for next quarter will be noted.

· A Final Report will be due by December 31, 2016 and will include:
· Modern sediment load and comparison to historic load calculated in Nemadji Basin Plan
· Comparison of modern bedloads to historic bedloads with assessment of different bedload monitoring methods in order to better interpret historic data.

· Describe any differences in loads in terms of possible variations in climatic patterns, using context from regional and Lake Superior streamflow trends (Fitzpatrick and others, in prep), analyses of floods for the period of record at the Nemadji gage. 
· Presentation of final results to WDNR, SLR AOC BUI 6 Team, and AOC Coordinators by December, 31 2016.
Budget

	Sponsor:
	Wisconsin Department of Natural Resources

	Project Title:
	Sediment Loading Assessment in the Nemadji Basin

	Project Period:
	Begin: July 1, 2015  

	
	End: December 30, 2016

	Principle Investigator:
	Faith Fitzpatrick

	
	Year 1
July 1, 2015 – 
June 30, 2016
	Year 2
July 1, 2016 – December 31, 2016
	Cumulative

	Salaries & Wages
	$10,318
	$3,439
	$13,757

	Fringe Benefits
	NA
	NA
	NA

	Equipment & Other Capital 
	0
	0
	0

	Supplies
	$700
	0
	$700

	Travel – Domestic
	$923
	$308
	$1231

	Travel – Foreign
	0
	0
	0

	Other Direct Charges (Laboratory)
	$8,039
	0
	$8,039

	Other Direct Charges (Publishing)
	0
	$2,000
	$2,000

	Sub-Agreements
	0
	0
	0

	Direct Costs
	$19,980
	$5,747
	$25,727

	MTDC Costs
	
	
	

	Indirect Costs
	$7,978
	$2,295
	$10,273

	Total Costs
	$27,958
	$8,042
	$36,000


Budget Justification:

Salaries and Wages and Fringe:  Includes cost for USGS staff from the Wisconsin and Minnesota Water Science Center to collect sediment samples, develop regression relations between sediment concentration and discharge, calculate loads, make comparisons between total suspended solids and suspended sediment concentrations, and write report.
Supplies: Includes cost for monitoring supplies including sample containers and subsampling equipment, routine replacement hardware for sampling equipment  

Travel: Cost for travel to and from USGS offices in Rice Lake, WI and Mounds View, MN to the Nemadji River USGS gauge for event-based sampling and for staff from Middleton, WI to attend an informational meeting with WDNR and others.  The costs includes lodging if the team needs to stay overnight in Superior. 
Other direct costs:  Direct charges include $8,039 to USGS laboratories for sediment analyses and $2,000 USGS internal standard voucher for report editing and electronic online publishing that meets federal standards for accessibility to people with disabilities (http://www.usgs.gov/laws/accessibility.html).
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Figure 1: Map of Nemadji River Watershed in the St. Louis River Area of Concern. 
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