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ABSTRACT 

 
          Soil Water Assessment Tool was implemented in the Rapid River watershed to determine 
sources and sinks of sediments.  STATSGO soil data and 2006 era land cover extracted from 
Landsat Thematic Mapper imagery was used to develop the model.  Results from the 
uncalibrated model suggest that the following subbasins are the largest sources of sediment in 
descending order of importance: Rapid River at Kellog Rd (subbasin 16), 735 tons/yr/km2, 
Rapid River at Rapid City Rd (subbasin 17), 220 tons/yr/km, Rapid River at Underhill Rd 
(subbasin 15), 163.6 tons/yr/km2.  All three of these subbasins include the urbanized/agricultural 
corridor around the main river and Valley Rd that stretches from Underhill to Rapid City Rd.  
Their high yields were due to the type of soil in them, which has poorer infiltration 
characteristics and slightly higher soil erodibility than other soils in the watershed.  Subbasins 8, 
1 and 3 were also significant sources of sediment at 107.8 tons/yr/km2, 99.4 tons/yr/km2 and 76 
tons/yr/km2, respectively.  The former includes a large area of farmed land around Wood Rd. 
NW, while subbasin 1 includes the farmed and slightly urbanized corridor around Rte 131 
Subbasin 3 includes the urban development associated with the intersection between Rte 131 and 
Seeley Rd.  Downstream of the Rapid City Rd, sediment in the river is sequestered in the reaches 
associated with subbasins 19 and 20 so that the average sediment load at the outlet is reduced by 
75% to an average value of 1,040 tons/yr.  This sediment load is equivalent to 613.8 cubic 
meters/yr.  Further work will calibrate and validate the model using stage and discharge data 
being collected at a gage site at Rapid City Rd that was installed by volunteers of the Elk-
Skegemog Lakes Association (ESLA) and staff of the Tip of the Mitt Watershed Council.   
 

INTRODUCTION 
 

      Rapid River is an important tributary to the Torch River.  This modeling study was 
commissioned by The Grand Traverse Bay Watershed Center, Elk Skegemog Lakes Association, 
Kalkaska Soil and Water Conservation District, Tip of the Mitt Watershed Council to identify 
sources of sediment in the watershed that may be increasing the load to the Torch river.  The 
hydrologic model chosen for this study is Soil Water Assessment Tool (SWAT, Arnold et al, 
1998).   SWAT is a popular distributed parameter chemical load model for predicting nutrient 
and sediment fluxes from land use information and has been used successfully in several 
previous studies of watershed sediments and nutrients (Bingner et al, 1997; Fitzuh and Mackay, 
2000; Spruill et al, 2000; Reunsang et al, 2005; Larose et al, 2006; Geza and McCray, 2007; 
Barlund et al, 2007; Easton et al, 2007; Hu et al, 2007; Tolson and Shoemaker, 2007; Wu and 



Johnson, 2007; Bosch, 2008; Kliment et al, 2008).  Besides traditional hydrologic 
paramaterizations for estimating runoff, dissolved and particulate nutrients (soil curve numbers, 
Green and Ampt equation, and Modified Universal Soil Loss Equation), SWAT also incorporates 
parameterizations for in-stream nutrient processes, crop modeling, groundwater flow, snow melt 
and three different evapotranspiration schemes.  The model also applies the USGS build up and 
wash off equations for urban land cover.  SWAT also forms the basis of EPA-BASINS, the EPA 
hydrologic model used in many watershed TMDL and sedimentation studies.  While there are 
other hydrologic models available that can be used to predict sediment fluxes (HSPF, SWMM, 
GWLF, AGNPS), these other models are either too data intensive (HSPF, SWMM), simplistic 
(GWLF) or obsolete (AGNPS).  SWAT was implemented to predict sediment loads for land use 
patterns of current day (2006) land use.   
 
Channel Network Definition 
 
  The digital elevation data used to create the model are the USGS 1/3 second topographic 
elevation data extracted from USGS seemless data server.  A hydrography network from 
Michigan Resource Information System (MIRIS) was used to modify the digital elevation model 
(DEM), a mathematical representation of the topography, to insure that channel elements of the 
model closely approximate the observed streams.  This hydrography network was edited to 
remove wetland boundaries and reservoirs (which created triple-line streams).  A suite of 
experiments were run to determine the best channel forming area thresholds.  The threshold that 
best reproduced the observed channel network without creating spurious channels was 2200 ha.  
A road database was used to locate additional outlet sites so that the model will predict flow at all 
stream/road culverts in the watershed.  Observed data will be used to quantify flows once the 
tributaries have been calibrated for water balance.  Table 1 summarizes the contributing area, 
elevation, channel statistics and reach ids of the outlets. 
 
Table  1   Model reach characteristics. The area is the sum of all upstream contributing areas 
that pass through the reach.  It is not the area of the subbasin associated with the reach. Sites 
are listed approximately in downstream order.  
 
Stream / Road Intersection Sub. 

ID  
Branch Area 

 (km2) 
Length 
(m) 

Slope 
(%) 

Width 
(m) 

Dep. 
(m) 

Elev 
(m) 

Model 
reach 

Rapid River at Priest Rd. 
NE 5 

 
North 25.9 1044.5 0.36 9.1 0.48 327.3 RCH05_OUT	  

Rapid River at Day Rd. 
NE (use culvert 6) 6 

 
North 38.1 5242.9 0.64 11.5 0.56 298.1 

RCH06_OUT
*	  

Rapid River Wood Rd. 
NE 7 

 
North 75.6 2600.3 0.63 17.3 0.73 274.5 RCH07_OUT	  

Unnamed Tributary Beebe 
Rd NW (no equivalent) 3 

 
     302.6 Subasin03*	  

Little Rapid River at 
Beebe Rd. NW 12 

 
Little 28.6 1602.4 0.58 9.7 0.50 304.8 RCH12_OUT	  

Little Rapid River at Old 
M72 NW 11 

 
Little 30.0 1512.3 0.47 9.9 0.51 297.7 RCH11_OUT	  

Little Rapid River 
downstream at Old M72 
NW 9 

 
 

Little 39.4 2843.1 0.79 11.7 0.57 275.3 RCH09_OUT	  
Little Rapid at Seely Rd. 10 Little 47.0 1871.6 0.59 13.0 0.61 264.4 RCH10_OUT	  



NW 
Hill Rd. NW (use culvert 
4) 4 

 
Little 49.2 1714.4 0.73 13.4 0.62 255.4 

RCH04_OUT
*	  

Proxy for Hill Rd. NW 4 Little 49.2 1714.4 0.73 13.4 0.62 251.9 RCH04_OUT	  
Rapid River at Wood Rd 
NW 13 

 
Main 141.9 1336.6 0.82 25.2 0.94 242.2 RCH13_OUT	  

Rapid River at Dundas Rd 
NW 14 

 
Main 155.3 1488.9 0.45 26.6 0.98 235.8 RCH14_OUT	  

Rapid River at Under Hill 
Rd NW 15 

 
Main 163.6 3226.4 0.65 27.5 1.00 214.8 RCH15_OUT	  

Rapid Rd at Kellog rd NW 16 
 

Main 167.4 3117.0 0.57 27.8 1.01 197.7 RCH16_OUT	  
Rapid River at Rapid City 
Rd NW 17 

 
Main 169.1 2271.2 0.57 28.0 1.01 184.8 RCH17_OUT	  

Rapid River at Aarwood 
Rd NW 19 

 
Main 171.9 2341.8 0.21 28.3 1.02 180.0 RCH19_0UT	  

* Load adjusted to fraction of watershed area. 
 
 Land Use / Soil / Climate Data 
 
  The most recent land cover data was used to develop the model. This data is classified 
2006 Landsat satellite imagery and has a resolution of 30 meters.  Much of the watershed is 
covered with forest and forested wetland (Figure 1).  Some areas of low density urban 
development are located on the western part of Rapid River, along the route 131 highway 
corridor, and in the vicinity of the intersection of Seeley Rd and route 131.  STATSGO soil data, 
a soils GIS data layer available for the entire Country, was used to extract the soil parameters 
required for the model.  ST-MUID codes were used to link this information (Figure 2).  Multiple 
hydrological response units (HRUs) were created for each subbasin using a 5/10% overlap for 
landuse and soil type respectively.  The resulting model has 165 individual hydrological response 
units spread among 20 subbasins.  Daily precipitation and temperature data required to calibrate 
the model was obtained from the Kalkaska climate station located just south of the Rapid River 
watershed. This station has an elevation of 315.3 m and has a COOP-ID of 204257.  All other 
meteorological parameters were obtained from long term statistics of solar radiation, relative 
humidity, and wind speed of the Fife Lake State Forest climate station located 31 km southwest 
of the centroid of the watershed.   
 
Field Assessment 
 
     A water level logger and temperature recorder was installed in the Rapid River at Rapid 
City Rd to collect stage data for calibrating the model (Figure 3).  Data are collected at 30 
minute intervals.  Volunteers are collecting discharge data at this site to develop a rating curve to 
convert the stage data into discharge data.  A field assessment of road/stream intersections was 
undertaken to look for evidence of erosion and to collect ancillary discharge data to help 
calibrate the model.  Parameters collected included temperature, electroconductivity, dissolved 
oxygen, pH and discharge.  Culverts were described and measured.  Instances of channel bank 
erosion were documented and photographed. 
    
           RESULTS 
 



         Tables 2, 3, and 4 provide the sediment yields and loads by subbasin, by outlet, and by 
tributary predicted by the model for the period spanning Jan 1, 2006 thru Dec 31, 2010.  Figure 
4 provides a graphical representation of table 2, which can be used to compare individual 
subbasins in their propensity for producing sediment loads.  Please note, that these values are 
expressed per unit area, so that a subbasin with a greater yield may not necessarily be 
contributing more sediment than a subbasin with a lower yield, but which is much larger in size.  
Figure 5 graphically represents loads from individual reaches (Table 3) which demonstrates that 
there are significant sources and sinks of sediment within the stream network.  If we assume a 
dry bulk density of 1.7 g/cm3, appropriate for a fine sand, this is equal to 614 cubic meters each 
year.  Sediment fluxes start increasing in the main river downstream of Wood Rd (subbasin 13) 
and peak at the upstream end of the river in subbasin 16 (Kellog Rd); see Figure 6.  Some 
sediment is sequestered in the reaches of subbasins 17 and 19, but the sediment load in the river 
is still fairly large.  Once it enters subbasin 20, deposition in the channel increases markedly, so 
that by the time it reaches the outlet at the Torch River, the sediment load is greatly reduced.  
These modeling results are due to the very low slope of the channel in subbasin 20, which is 
0.005.  Table 7 shows the percentage reduction of sediment load downstream of Rapid City Rd. 
to the outlet for each of the years of the simulation period.  On average the model predicts a 75% 
reduction of sediment before it reaches the outlet.  Please note that while sequestering is taking 
place, a significant load (613.8 cubic meters per year) still makes it to the Torch River.  So 
watershed planners should still consider addressing sedimentation issues in this watershed.     
        
Comparison to Observed Data 
  
  Much of the study area is covered by forest or forested wetland.  Modeled sediment flux 
rates were compared to observed sediment fluxes from similar landuses (Uris, 1965; Chang et al, 
1982).  These two studies were conducted using waterquality measurements and Parshall flumes 
to measure the precise runoff and sediment loads from forested watersheds undergoing different 
management treatments.  SWAT modeled sediment fluxes rates in subbasins 5, 12 and 14, which 
are dominantly forested (77, 60 and 86% forest cover respectively) fall within the range of loads 
observed in managed and unmanaged forested land uses, which vary between 1.1 to 22.4 
tons/year/km2 (Table 6).  Unfortunately we do not yet have an observed discharge data to assess 
the model, however we can evaluate SWAT in this setting by examining its performance for 
Cold Creek in the Grass River watershed.  This watershed has similar land uses, soil types and 
groundwater characteristics to the Rapid River.  Table 8 compares observed Cold Creek 
discharge from April to September 2006 with the model discharge over the same period.  The 
Grass River SWAT model underpredicts the observed monthly flow by an average of 26% 
during the months of April through June.  This error increases to 75% during the drier months of 
July through September.  Inspection of the observed flow data shows that Cold Creek discharge 
is remarkably stable despite the history of precipitation during that period.  This is probably due 
to groundwater inputs.  This would explain the discrepancy in the model, the model does not 
account for groundwater inputs coming from outside the watershed.  If groundwater influxes are 
as important in Rapid River as they are in the Grass River watershed, The Rapid River SWAT 
model probably underpredicts the actual discharge and sediment load.  Thus whatever 
conclusions this study draws on sedimentation, the truth is probably much, much worse. 
          .    
Table 2    Sediment, Organic Phosphorus (Org P), Organic Nitrogen (Org N), Mineral 



Phosphorus (Min P), Soluble Phosphorus (Sol P), Total Nitrogen (TN), and Total Phosphorus 
(TP) yields by subbasin.  Sediment is in tons/yr/km2, all others are in kg/yr/km2.  The table also 
shows important subbasin input parameters, Subbasin averaged curve number (CN), % slope, 
and slope-length factor (SL). Bold records indicate those subbasins that are significant sources 
of sediments.  Note that subbasins with high sediment yields are commonly associated with high 
curve numbers(CN) and % slope. 
 
Subbasin 
(id) 

Area 
(km2) Sediment Org N Org P Sol P Min P CN % slope 

SL 
factor 

1 29.8 99.4 201.7 30.0 0.8 5.7 44.7 0.043 91.5 
2 0.9 7.7 23.2 4.2 1.7 0.8 45.9 0.045 91.5 
3 6.9 76.1 167.8 25.1 1.6 4.8 46.8 0.053 61.0 
4 2.2 9.0 29.4 3.7 1.2 1.1 49.9 0.072 61.0 
5 25.9 3.2 12.2 1.5 0.8 0.4 43.1 0.055 61.0 
6 12.2 4.5 17.0 2.2 0.8 0.6 43.5 0.058 61.0 
7 6.8 3.1 11.8 1.5 0.8 0.4 43.8 0.034 91.5 
8 8.8 107.8 220.7 32.8 0.8 6.2 45.7 0.053 61.0 
9 9.4 4.3 15.5 2.4 1.3 0.6 43.1 0.039 91.5 

10 7.6 5.6 18.3 2.3 1.0 0.7 45.7 0.063 61.0 
11 1.4 7.9 27.1 5.1 3.0 0.9 45.7 0.035 91.5 
12 28.6 2.0 7.6 1.0 0.9 0.3 35.6 0.024 91.5 
13 1.5 10.5 31.5 4.0 1.1 1.2 49.4 0.122 24.4 
14 13.3 3.0 11.3 1.4 0.8 0.4 45.4 0.059 61.0 
15 8.3 163.6 191.9 28.3 1.1 5.9 51.0 0.114 36.6 
16 3.8 735.2 450.9 70.2 1.7 17.6 63.4 0.111 36.6 
17 1.8 220.4 209.0 33.0 2.9 9.0 65.1 0.081 61.0 
18 7.9 4.8 10.8 1.9 1.6 0.6 45.9 0.038 91.5 
19 2.8 3.5 9.3 2.0 1.9 0.4 45.0 0.029 91.5 
20 0.3 5.9 7.4 3.3 2.0 0.2 58.8 0.021 91.5 

 
 
Table 3    Sediment and nutrient fluxes by outlet.  In kg/year (averaged over the simulation 
period, 1/1/2006-12/31/2010) except as noted.  Sites listed in downstream order for the major 
branches. 
 
Culvert location Sub. 

ID 
Branch Sediment 

(tons) 
Org N 
(kg) 

Org P 
(kg) 

NO3 
(kg) 

Min P 
(kg) 

Rapid River at Priest Rd. NE 5 North 83.7 316.1 49.9 15,250 22 
Rapid River at US131 6 North 138.1 522.8 82.4 21,050 32.5 
Rapid River Wood Rd. NE 7 North 1,469 6,630 1,153 36,000 73.7 
Little Rapid River at Beebe Rd. 
NW 12 

Little 
57.7 218.9 35.4 9,880 27.9 

Little Rapid River at Old M72 
NW 11 

Little 
68.5 256.0 43.4 10,520 32.4 

Little Rapid River downstream at 
Old M72 NW 9 

Little 
109.3 402.5 70.5 14,730 46.5 

Little Rapid at Seely Rd. NW 10 Little 151.5 541.0 92.7 19,130 55.2 
Proxy for Hill Rd. NW 4 Little 171.3 605.7 102.9 20,500 58.2 
Rapid River at Wood Rd NW 13 Main 2,132 10,367 1,805 64,200 158.3 
Rapid River at Dundas Rd NW 14 Main 2,172 10,516 1,829 72,820 170.5 
Rapid River at Under Hill Rd NW 15 Main 3,276 12,115 2,111 78,780 183.4 
Rapid Rd at Kellog rd NW 16 Main 4,162 13,817 2,437 81,220 195.1 



Rapid River at Rapid City Rd NW 17 Main 4,306 14,186 2,510 82,280 202 
Rapid River at Aarwood Rd NW 19 Main 3,278 14,211 2,516 83,190 207 
 
 
Table 4    Sediment fluxes in tons/yr from the Rapid River.  Sediment load volume calculated 
                based on a fine sand with a dry bulk density of 1.7g/cm3. 
 

Tributary Sediment load (tons) Sediment load (cubic meters)  
 
Rapid River 

 
1040.0 

 
613.8 

Little Rapid River 151.5 89.1 
 
Table 5    Results of stream / road survey. Data collected on July 19 and 20, 2011.  Flow  
measured by a Marsh McBirney Flow meter.   
 
Site name ID Culvert 

description 
temp DO EC pH Flow 

(cfs) 
Comments 

Priest Rd. Culvert 

 
 
5 

 
 
2 ft round 20.9 5.08 317.4 7.5 10.4 

Severely undersized, 
water backed up, 
killing trees 

Rapid River at Day 
Rd. 

 
 
 

2.5 by 11 ft 
rectangular 
cement culvert 19.4 8.46 316 8.1  

 

Rapid River at 
Railroad 
Causeway 

  
 
5 ft round      

 
Water backed up to 
form pond 

Rapid River at 
US131 

 
6 

 
20.3 8.39 322.2 8.35 25.7 

 

Rapid River at 
Wood Rd NE 

 
 

6 ft round, top 
4.25 ft open 17.5 9.02 331.7 8.34  

Erosion and 
undercutting 

Rapid River at 
Wood Rd NE, 
below dam site 

 
 
13 

6.5 by 20 ft 
ellipsoidal 
culvert 19.3 9.08 359.6 8.54 83 

 

Little Rapid River 
at Beebe Rd 

 
12 

No culvert 
     

Wetland at upstream 
side (spring ?) 

Little RR at Old 
M72 NW 

 
11 

2 ft round 
culvert 12.0 9.06 441.3 8.24  

 

Little RR at old 
M72 downstream 

 
9 

4 ft round 
culvert, top 
3.45 ft open 15.6 8.59 453.3 8.31  

 

Little RR at Seeley 
Rd 

 
10 

5 ft round 
culvert 19.0 8.47 423.5 8.33 21.2 

Erosion and 
undercutting  

Rapid River at 
Dundas Rd. 

 
14 

 
2 bridges 9.6 8.99 361 8.44  

Dual channel system 

Rapid River at 
Underhill 

 
15 

 
2 bridges 19.5 8.94 361 8.4  

Dual channel system 

RR at Kellog 
 
16 

 
1 bridge 19.5 9.06 361.3 8.43 98.0 

Dual channel system 

Rapid River at 
Gibson Bridge 

  
1 bridge      

 

Rapid River at 
Rapid River City 
Rd. 

 
17 

 
 
1 bridge 19.8 9.08 362.6 8.46 119.9 

 
Gage site 



Rapid River at 
Aarwood Rd. 

 
 
19 

 
 
1 bridge 21.5 9.67 362.1 8.47  

Evidence of 
deposition, 
wide shallow channel 

 
 
Table 6    Observed sediment erosion rates from forested land uses compared with SWAT  
  sediment erosion rates from dominantly forested subbasins.   
 
Ursis (1965) 
Land cover 

Observed 
tons/km2 

Chang et al (1982) 
Land cover 

Observed 
tons/km2 

Rapid River SWAT 
 

Modeled 
tons/km2 

Forest 
(undisturbed) 

 
4.5 

Forest 
(undisturbed) 

 
1.1 

 
Subbasin 5 

 
3.2 

Forest 
(depleted) 

 
22.3 

Forest 
(thinned) 

 
1.7 

 
Subbasin 12 

 
2.0 

Forest 
(abandoned fields) 

 
29.1 

Forest 
(managed *) 

 
15.6 

 
Subbasin 14 

 
3.0 

Pasture  
360.9 

Forest 
(clear cut and cultivated) 

 
324.3 

  

 
Cultivated row crops 

 
4875 

    

* Forest managed by removing all marketable-sized trees, leaving undergrowth intact 
 
 
Table 7 Sediment sequestering expressed as a percentage of the sediment flux at the Rapid  
     City Rd gage site. 
 

Year Load at gage site 
tons/yr 

Load at outlet 
Tons/yr 

 
% Reduction 

2006 5633 1427 74.7 
2007 2658 622 76.6 
2008 3920 973 75.2 
2009 6951 1522 78.1 
2010 2366 674 71.5 

 
Table 8   Modeled versus observed flow in Cold Creek.  Data from Endicott (2007) 
 

Month Monthly averaged 
Observed Flow (cfs) 

Monthly averaged 
Modeled Flow (cfs) 

April, 2006  29.6 21.9 
May, 2006 29.0 20.8 
June, 2006  28.1 21.8 
July, 2006 28.4 10.4 
August, 2006 28.3 6.9 
September, 2006 28.5 4.4 

 
 
          DISCUSSION 
 
   The area-averaged sediment fluxes from dominantly-forested subbasins in the model are 
comparable to observed sediment fluxes from forested watersheds.  This suggests that the model 
is providing reasonable estimates for sediment erosion rates from the landscape.  However, based 



on the Grass River Model comparison with observed data collected by Endicott (2007), which is 
a comparable watershed with similar groundwater inputs, the Rapid River SWAT model also 
probably underestimates the flow.  Based on that analysis, the Rapid River SWAT model 
probably under predicts flow and sediment flux in the summertime.  So while the model is 
providing reasonable estimates of sediment load to the stream network, its in-stream water 
balance still needs to be fine-tuned in order to determine how much of this sediment load is 
transported down the Rapid River.  Sediment loads predicted by the model should therefore be 
considered lowball estimates.  That the model still predicts significant sediment loads from this 
watershed suggests that watershed planners should take action to reduce sedimentation. 
  
       SWAT uses the SCS runoff equation to predict surface runoff (SCS, 1986) and the MUSLE 
equation to predict soil erosion.  The equations are applied onto hydrologic response units 
(HRUs) which are areas of unique combinations of soil and land use.  The SCS runoff equation 
uses a curve number, derived from soil hydrologic group, land cover and management, to predict 
potential abstraction.  Runoff is then predicted from potential abstraction and rainfall.  Curve 
numbers range from 0 to 100 with lower numbers having the greatest values of potential 
abstraction (and the least amount of runoff).  As the curve number increases, runoff will increase.  
A curve number of 100 has no potential abstraction and is impervious, causing all of the 
precipitation to runoff .  The MUSLE equation uses soil erodibility, raindrop erosivity, slope , 
slope-length factor and management to estimate the amount of soil that erodes.  Since the model 
assumes a uniform raindrop erosivity throughout the watershed and there are few areas of 
agriculture where management factor may be less than 1, sediment erosion is controlled mainly 
by soil type, slope and slope length factor.  As soil erodibility, slope and length-slope factor 
increases, sediment erosion should increase. 
          
         Results from the model bear out these relationships.  Subbasins with high sediment yields 
are located in the main branch of the river and are associated with the Emmet-Montcalm series 
(MI107); subbasins 16 and 17.  Soil types included within this series have poorer infiltration 
characteristics (soil hydrological group of B, Emmet, Omena and Charlevoix and A, all others).  
Area-weighted soil erodibility for this series is 0.20.  In contrast, the other five soil series 
(MI117, MI116, MI119, MI125, MI132) contain soils with hydrologic group of A predominantly 
and have lower soil erodibilities (0.15, 0.17, 0.13, 0.11 and 0.12, respectively).   This led to 
higher runoff curve numbers and greater soil erosion.  Subbasins 16 and 17 had the highest 
sediment yield within the Emmet-Montcalm soil series because the former has considerable area 
of agriculture (13%) and because the latter has a relatively high urban land cover (7.2%).  This 
led to higher curve numbers.  Subbasin 15 had significant sediment erosion because it also 
includes a significant area of Emmet-Montcalm soil and contains 13% agricultural land use.  
Subbasins 8, 1 and 3 had high sediment loads despite being located on MI116 and MI125 soil 
series.  The cause was land use in these subbasins.  In subbasin 1 a large area of agriculture 
exists along the Rte 131 corridor (see figure 1).  This subbasin had 8 and 5 % agriculture and 
urban land use respectively.  In subbasin 8, a large area of agriculture exists around Wood Rd. 
NW.  Agriculture composed 9% of this subbasin.  In subbasin 3, a large urban area exist around 
the intersection of Rte 131 and Seeley Rd NW.  This subbasin had 10% urban and 7% 
agriculture.  
     
           The resolution of the original land cover data (30 by 30 meters) means that many of the 



roads will not be assigned as developed land cover.  This will be exacerbated by the assumed 
percentage of landcover and soil type, used to develop hydrological response units. The values 
used were 5 and 10% respectively.   Only subbasins where urban development contributes more 
than 5% of the subbasin area will contain a HRU unit that is assigned as urban landcover in the 
model.  In this watershed, subbasins 2,3,9,11,17,18 and 19 all had HRUs with urban landcover.  
Note that in subbasin 1 the model did not have a urban HRU despite, the presence of urban 
ladncover along the Rte 131 corridor.   The question is to what extent is runoff and sediment 
from roads not being captured by the model.  It should be noted that curve numbers for 
undeveloped land use classes have been assigned values that assume 3% of the area is 
impervious (to incorporate the effects of roads). 
  
   The field assessment identified many sites where runoff from unpaved roads could be 
introduced into the stream network (see Table 5 and Figure 7).  There were also undersized 
culverts with erosion associated with them. Previous studies by Reid and Dunne (1984) and 
Madej (2001) suggest that unpaved forest roads can be major sources of sediment.  This is 
especially true for dirt roads that undergo high vehicular travel rates.  The former study 
determined that a dirt road undergoing heavy traffic can produce 130 times the sediment from 
the same road with no traffic.  Many of the roads in this watershed are unpaved and experience 
traffic all year round from people that live in the watershed.  Recreational use of these roads 
probably increases dramatically in the summertime. Road stream intersections should be 
managed better.  Increases in road density or the recreational use of roads could cause an 
increase in sediment erosion over time.   
    
      
           FURTHER WORK 
 
        The next step in this study is to calibrate the model for water balance and to validate it using 
our field observations.  The following are known weaknesses of the model which ought to be 
addressed.   
 
1)    The land cover used is coarse resolution (30 by 30 meter pixel) and does not pick up the 
smaller roads in the watershed.  Aerial photography should be used to produce a new landcover 
that reflects all anthropogenic imperviousness in the watershed.  Bear in mind the resolution of 
the DEM (10 by 10 meters) puts a limit to how accurate we can be.  One advantage of doing this 
is that the model will use the USGS build up and wash off algorithms for predicting sediment 
loading over a larger portion of the watershed.  However if the areas of development are small 
relative to the subbasin it may not matter.   
   
2)    The current model does not include the Rug Pond reservoir.  The question is what will the 
impact of this feature be to sediment transport.  One possible interpretation is that this feature 
will sequester a significant quantity of sediment.  Field assessment showed it to be choked with 
invasive plants.  It could also enhance erosion downstream of the feature, because the reservoir 
does not reduce the energy of the water.  The result is probably a net reduction of sediment 
transport past this feature.  Fluxes estimated by the model will probably overestimate the 
sediment load just downstream of Rug Pond since it is not included. The question is should this 
feature be incorporated as a reservoir in the model.  A considerable amount of work would be 



required to parameterize it.  This work would include surveying the reservoir volume at the 
spillway elevation and the emergency spillway.  Routine estimates of the sediment concentration 
above and below the spillway would also be desirable. 
   
3)   Course resolution STATSGO soil data was used to developed hydrologic response units in 
this study.  At this resolution, there are only six soil mapping units in the watershed.  SSURGO 
soil data would greatly increase the number of soil mapping units and HRUs as well as the 
spatial variability of curve number, soil erodibility and other soil-related variables used by the 
model.  This increase in spatial variability comes with a significant increase in time and 
resources required to calibrate the model.   
   

CONCLUSIONS 
 
      A hydrologic model developed for the Rapid River suggest that much of the sediment 
that makes it to the outlet comes from the urban/agricultural corridor surrounding the main river 
downstream of Underhill Rd.  This stretch of river however does sequester some sediment and is 
braided and double channeled in places.  Sediment flux peaks at Kellog Rd (the outlet of 
subbasin 16) and then decreases toward the outlet.  Based on our five years simulation, on 
average 75% of the sediment is sequestered by the time the flow reaches the outlet.  The average 
flux of sediment at the outlet is 1040 kg/year.  This is equivalent to 613.8 cubic meters of 
sediment.  If Rapid River has groundwater inputs like Grass River, it is likely the actual sediment 
loads from these tributaries are probably higher, as this model does not account for groundwater 
inputs.  Based on field evidence and that the model does not parameterize the reservoir at Rugg 
pond, this site may sequester more sediments than what is estimated by the model.  Further work 
should collect additional field data in order to improve the model for water balance and 
sediment.  A reservoir may need to be added at Rugg pond in order to improve the accuracy of 
the model to predict sediment in this part of the watershed.  Field assessments of stream road 
intersections in the watersheds associated with the tributaries suggest that there is erosion 
occurring around culverts, and that erosion from unpaved roads may be occurring.  These are 
sites of concern which should be addressed watershed planners in order to reduce the sediment 
loads coming from these tributaries.  The high sedimentation rates predicted by the model in the 
main branch downstream of Rapid City Road may have implications on the quality of stream 
habitat from the standpoint of fish and macroinvertibrates.  Watershed planners may wish to 
consider additional work to explore this possibility.   
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Figure 3 Photograph of stage and temperature recorder installed to gage the flow in the 
       Rapid River.  Stage measurements are made with a barometrically  
        corrected pressure transducer.  The data logger collects data at 30 minute  
                        intervals.  The device should be downloaded at least once a month. 
      An emergancy gage is painted on the side of the boardwalk. 
     
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 



 
 



 
 



 


