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Introduction 
Skagit County Department of Public Works has asked Northwest Hydraulic Consultants 
(nhc) to review the performance of an existing sediment basin located downstream from 
Minkler Road (Figure 1).  The basin was constructed in 1985 to capture and allow for the 
removal of sediment that was creating chronic flooding problems in the vicinity of 
Minkler Road.  The County is actively working with the Washington State Department of 
Fish and Wildlife to improve the performance of the basin and has agreed to modify their 
sediment removal maintenance plans.  However, no engineering analyses have been 
completed to determine if the new maintenance plans will prevent the chronic flood 
problems the basin was designed to solve.  This report contains the results of nhc’s 
engineering performance review and recommends several modifications to improve the 
reliability of the system.  

Background Information 
Bridge and Basin Construction 
The existing Minkler Road Bridge No 40159 and Sediment Basin were designed in April 
1984 and constructed in the summer to fall of 1985.  The original plans, which are 
attached as Exhibit A, show the original stream channel confined to a ditch that flowed 
west along the north edge of Minkler Road then turned south to pass under the road 
through a culvert along the extension of Sims Road.  The project moved the crossing to 
its current location, raised Minkler Road up to 5 feet, and installed a 29-ft wide single 
span concrete slab bridge supported on vertical concrete wall abutments which rest on 
spread footings.  Exhibit A shows the bottom of the footings eight feet below the low 
chord of the bridge and a concrete slab covering the entire floor of the bridge waterway 
four feet below the low chord.  Immediately upstream and downstream from the bridge 
the plans show 350 yd3 of light loose rock riprap lining the bed and banks of the stream 
channel.  The plans are not identified as “As-Built” so features may not have been 
constructed as shown in Exhibit A; however, for this investigation we have assumed they 
were constructed as shown. 
 
The sediment basin is approximately 900 feet long by 250 feet wide.  It was constructed 
by excavating 13,000 yd3 of material and surrounding the excavated area with an earthen 
dike that is 2 to 7 feet high.  The dike ties into Minkler Road at the bridge and a concrete 
weir outlet structure at the downstream end.  The weir has a four-foot wide low flow 
notch that joins the floor of the sediment basin to the bed of the existing downstream 
channel.  The depth of the basin as shown on the original plans was 5 to 7 feet as 
measured from the top of the dike.   The slopes of the basin floor were set to 1.4% for the 
first 300 feet downstream from the bridge, and then about 0.35% for the next 600 feet to 
the basin outlet.   
 
Basin Maintenance and Sediment Removal 
Records provided by the County indicate that significant quantities of sediment have been 
removed from the basin four times since 1985.  The first cleaning occurred in 1991 and 
as shown by the plan in Exhibit B, called for the removal of approximately 21,000 yd3 of 
sediment (27,300 yd3 assuming 30% swell).  The intent was to restore the basin to the 



 2

original 1985 configuration.  It is likely that between 1985 and 1991 sediment gradually 
filled the basin, but a large portion of the material was probably deposited by two large 
floods that occurred in November 1990.  
 
The second cleaning took place in 1996, apparently as an emergency action.  County 
records indicate that a contract was approved to remove 15,000 yd3 of sediment.  The 
emergency cleaning was likely initiated following a large November 1995 storm that 
impacted many local streams and most likely would have deposited significant quantities 
of sediment in the basin.   
 
In 2005, the County developed a plan to remove material from the basin which is 
illustrated in Exhibit C.  It is our understanding that the plan was approved by the 
Washington State Department of Fish and Wildlife (WDFW) but approval came just 
three days before the in-stream work window closed.  The County only had time to 
remove a limited amount of vegetation and “small” amount of sediment.  Exhibit C 
shows a profile and contour map of the basin which represents 2005 ground levels.  
These can be used to estimate the volume of material that accumulated between the 
previous cleaning in 1996 and 2005.  Assuming that the 1996 excavation restored the 
original 1985 basin ground elevations (something that we cannot confirm), then 
approximately 30,000 yd3 of sediment accumulated within the basin between 1996 and 
2005.   It is likely that a significant amount of this material was delivered to the basin 
during a major storm that occurred in October 2003.  
 
In 2006, the County again applied for an HPA permit to clean the basin, but due to 
concerns by WDFW, the scope of the cleaning was scaled back significantly.  Exhibit D 
illustrates the general concept that was approved.  It called for removing approximately 
3,500 cu yds of material from the upstream 1/3 of the basin, leaving the remaining two-
thirds of the basin untouched.  The permit approves sediment removals of approximately 
3,500 cu yds each of the next five years, but requires the County to monitor conditions 
within the basin and modify the plan as necessary to avoid harming fish.  The permit, a 
draft copy of which is attached as Exhibit E, also called for the removal of the 
downstream concrete outlet weir by October 1, 2008.   
 
In 2007 the County removed approximately 3000 yd3 of material from the basin as 
allowed by the HPA permit.  The excavated area covers roughly the upstream one-half of 
the original basin, which extends slightly further downstream than is called for in the 
HPA.  However, this modification was coordinated with WDFW personnel.  

Sediment Transport and Type 
The average annual amount of sediment transported to and deposited within the basin can 
be estimated from the volume estimates above. Actual transport rates are slightly higher 
because some material currently passes through the basin outlet and deposits 
downstream.  Table 1 lists the total volume of sediment deposited within the basin as 
calculated from the estimates above.   Dividing these estimates by the number of years 
between cleanings provides an estimate of the average annual volume of sediment 
deposited within the basin.  This is listed in the right column of Table 1.   
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Table 1:  Sediment Volume and Deposition Rate in the Existing Basin 

Period (Years) 

Estimate of 
Total Volume of Sediment 

Deposited within Basin 
(yd3) 

Estimate of  
Average Annual Volume of 

Sediment Deposited within the 
Basin (yd3/year) 

1985 to 1991 21,000 3,500
1991 to 1996 15,000 3,000
1996 to 2005 30,000 3,300

 Total = 66,000   Average = 3,150
 
Table 1 indicates that in most years, approximately 3,000 yd3 of sediment accumulates in 
the basin.  During moderate and extreme floods, delivery may be several times the 
average or up to 6,000 to 9,000 yd3.  Allowing the County to remove up to 3,500 yd3 

annually is reasonable; however, if the basin is to continue to operate properly the HPA 
permit should be modified to allow the County to remove more material following a 
winter in which floods deliver above average volumes to the basin.  If this flexibility is 
not allowed, the basin will eventually become filled with sediment and the chronic 
flooding problems will return.    
 
The material that is depositing within the basin is a relatively uniform mixture of coarse 
sand and gravel.  Figure 2 shows four sediment curves that were developed from samples 
collected by nhc within the basin in November 2007.  Based on the average of four grain 
size distributions curves, the sediments are approximately 6% silt and clay (<0.08 mm), 
47% sand (0.08 to 2 mm), and 47% gravel (>2 mm).  Near the bridge the sediment 
includes a larger fraction of coarse gravel (50 to 75 mm) (see Photos 1 to 4). The orange 
grid shown in the photographs is two feet square with six-inch square interior grids.  
Velocities within the channel upstream from Minkler Road tend to be high enough to 
transport these larger particles to the bridge; however, they deposit under the bridge and 
at the head of the sediment basin because velocities slow as the channel expands into the 
bridge waterway and sediment basin. 

Functioning of the Current System 
The sediment basin has two primary functions: 1) to keep the Minkler Road bridge 
waterway open to reduce flooding and improve public safety; and 2) to limit the supply 
of sediment delivered to the channel downstream from the basin.  If the basin did not 
exist, an alluvial fan would form downstream from Minkler Road.  The apex would be 
located at the bridge and the sediment would fan out across the neighboring fields.  
Numerous chronic flooding and erosion problems would develop on the downstream 
property and the bridge waterway would fill with sediment.   
 
The sediment basin is a critical and essential feature of the existing system because Coal 
Creek is an efficient conveyor of sediment.  As shown by the longitudinal profile in 
Figure 3, Coal Creek is steep upstream from State Highway 20, but the slope flattens as 
the stream approaches the highway and Minkler Road.  As a result, sediment deposits 
downstream from the highway.  As shown in the aerial photograph in Figure 4, a natural 
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alluvial fan once existed immediately downstream from the highway crossing.  Remnants 
of the fan and numerous channel scars are visible in the photograph.   Evidently, to stop 
the flooding and erosion problems created by this fan, land owners confined Coal Creek 
between earthen levees from the highway to Minkler Road.  Confining the stream 
between levees has intensified the energy and now most of the sediment is transported 
downstream to Minkler Road.  As mentioned in the previous paragraph, if the existing 
sediment basin did not exist or was not maintained, a large alluvial fan similar to the one 
visible in Figure 4 would form immediately downstream of Minkler Road. 
 
Existing Hydraulic Characteristics and Sediment Basin Performance 
To examine the hydraulic characteristics of the stream and sediment basin, nhc created 
an HEC-RAS water surface profile computer model.  HEC-RAS is a popular computer 
code that was developed and is maintained by the U.S. Army Corps of Engineers 
(USCOE 2005).  The model allows the user to estimate hydraulic characteristics for a 
range of discharges or flood events.  The geometry of the stream channel and sediment 
basin is represented in the model by 17 cross sections which were surveyed by nhc in 
November 2007.  The location of each cross section is illustrated in Figure 5.  To ensure 
that a model is producing accurate results, the developer will typically attempt to 
calibrate the model.  This involves refining Manning’s “n” values, expansion and 
contraction coefficients, and adjusting ineffective flow areas until the model accurately 
reproduces an observed flood water surface profile. Unfortunately, no observed high 
water marks are available for Coal Creek; therefore, model parameters were selected 
based upon experience, engineering judgment and reference to classical publications 
(Barnes 1987, Chow 1959).  This is typical when no calibration data are available. 
 
The flood events that were examined using the HEC-RAS model are listed in Table 2.  
No stream gaging records are available for Coal Creek and no useful records exist for 
neighboring streams; therefore, flood frequency discharges were estimated using 
published regional regression equations (USGS 1997).   
 
Table 2.  Annual Instantaneous Peak Discharges from USGS Regression Equations 

Event Annual Instantaneous Peak Discharge (cfs) 
2-year 110 
10-year 200 
25-year 250 
50-year 300 
100-year 335 

 
The HEC-RAS model was used first to examine the hydraulic characteristics of the 
existing basin, as represented by the surveys collected by nhc in November 2007.  The 
resulting flood profiles are presented in Figure 6.  The profiles suggest that the bridge can 
currently convey the 2- and 10-year floods, but not the larger events.  It is likely, 
however, that sediment will clog the water way during both the 2-year and 10-year 
floods; thus even these events may create flooding problems.   HEC-RAS assumes that 
the bed of the stream channel is fixed and thus it cannot account for changes in the bridge 
waterway due to sediment deposition during a flood.  Even with this shortcoming, the 
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model does provide hydraulic data that is useful in evaluating the performance of the 
basin. 
 
The model reveals that velocities begin to slow significantly at the bridge.  As mentioned 
previously, between Highway 20 and Minkler Road the channel is narrow and is confined 
between levees.  The floor of the channel is approximately 10 ft wide, the toes of the 
levees are about 18 feet apart and the interior slopes are covered with thick vegetation.  
Add to this a relatively steep slope of about 2% and you have a channel that is an 
efficient transporter of sediment.  At Minkler Road, the channel widens, velocities slow, 
and the sediment deposits.  The bridge waterway opening is 27 feet wide, but the 
effective width is about 24 feet because the bridge is skewed about 25 degrees to the 
channel.  Immediately downstream from the bridge, the channel is about 30 ft wide for a 
short distance then it expands into the basin.    
 
This hydraulic information reveals that sediment will continue to deposit within the 
bridge waterway and in the channel immediately downstream.  Therefore, the current 
configuration as agreed to with WDFW will not meet the stated objectives and therefore, 
needs to be modified.   

Recommendations 
Basin Refinements 
The recommendations below are to address a better functioning sediment basin so that 
the frequency of flooding at Minkler Road is reduced and the flood and habitat benefits to 
the downstream channel are preserved.  The proposed modifications, which are described 
below, are illustrated in Figures 7 and 8.   
 
The key to reducing flooding at Minkler Road is to keep sediment from depositing at or 
near the bridge.  This requires maintaining velocities through the bridge and in the 
channel immediately downstream.  Currently velocities slow significantly in the vicinity 
of the bridge which causes sediment to deposit.  To maintain velocities a new channel 
needs to be constructed downstream from the bridge and minor modifications are needed 
at the bridge.   As shown in Figure 7, the proposed new channel downstream from the 
bridge will be approximately 200 feet long.  The bottom of the channel will be nominally 
15 feet wide, but reduced to an effective width of 10 feet by placing clusters of large 
wood in key locations.   The concept is to create a channel that is narrow enough to keep 
velocities sufficiently high to transport sediment downstream to the collection area.   
Using wood to narrow the channel is not ideal for sediment transport because the wood 
will create turbulence which will reduce energy and thus may slightly reduce sediment 
transport.  However, if the wood is placed correctly, the impact to sediment transport 
should be relatively minor while the fish habitat benefits will be significant.  Figures 9 
and 10 illustrate the velocities within the modified channel and basin during the 2-year 
and 100-year floods.  Velocities will remain relatively high within the constructed 
channel which should transport most sediment downstream to the sediment collection. 
These figures were created using a two-dimensional computer model that was created 
using a relatively new software code known as River2D.  The code was developed by 
researchers at the University of Alberta, Canada (U of A 2002).   
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The bridge waterway needs to be modified slightly to keep sediment from depositing at 
the bridge.  The effective width of the bridge is about 24 ft, or 14 ft wider than the 
effective width of both the existing upstream channel and the proposed downstream 
channel.  To keep velocities high enough so that sediment moves through the bridge, the 
effective width of the floor of the waterway needs to be reduced.  We propose to do this 
by placing manufactured cement ecology blocks at each of the four corners of the 
waterway as shown in Figure 7.  Cement blocks were selected because they can be easily 
installed by setting them on top of the concrete slab that lines the floor of the waterway.  
They shouldn’t require mechanical anchoring and can easily be adjusted if refinements 
are needed in the future.  We suggest placing them to create a 15-ft wide opening which 
is slightly wider than the 10 foot wide channel upstream and downstream.  We do not 
want to constrict the waterway too far, for it needs to be able to safely pass woody debris.   
If, over time, sediment transport performance can be improved by narrowing the 
waterway further, the ecology blocks can be adjusted.  We considered using LWD to 
narrow the waterway, but it would be difficult to anchor and if it breaks loose it could 
jam under the bridge which could create significant problems.    
 
As shown in Figure 8, the floor of the basin and the channel will need to be lowered 1 to 
2 feet from the elevations that were surveyed in November 2007.  This must be done to 
increase the depth of the opening under the bridge, to maintain a channel slope steep 
enough to keep the sediment moving past the bridge, and to provide adequate storage 
capacity in the sediment collection area.  The existing peninsula access road that 
currently extends into the basin will need to be removed.  Note also that a slope of 0.5% 
is called for across the floor of the sediment collection area to prevent fish stranding.  
This is less than the 2% called for in the existing HPA, but should be adequate to prevent 
fish stranding while providing ample space to store sediment within the collection area.  
A 2% slope will not.   
 
The existing concrete weir at the downstream end of the basin is critical to the 
performance of the basin and should not be removed as called for in the existing HPA.  
As shown in Figure 12, the weir ponds the water upstream in the proposed sediment 
collection area, reducing velocities and causing sediments to deposit within the intended 
collection area.   If the weir is removed, velocities within the basin will increase and 
significant sediment will pass through and deposit in the downstream channel.  This will 
eventually create serious flooding problems downstream.   
 
Maintenance and Monitoring Requirements 
Although the proposed refinements should improve the performance and function of the 
sediment basin, additional refinements may be needed.  We also expect that WDFW will 
be very interested in the performance of the basin for if it is successful, this application 
may be appropriate in other locations.  Therefore, we recommend that the County closely 
monitor performance of the facility as follows. 
 
During significant floods a County employee should travel to the site and collect a short 
video to document hydraulic conditions in the vicinity of the bridge and within the 
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sediment basin.  After the flood recedes the employee should return to the site and video 
tape the floor of the stream channel and the sediment collection area to document 
sediment deposition patterns.  Each summer, cross sections should be surveyed within the 
stream channel and basin at monumented locations.  The survey information should be 
used to develop a tailored sediment removal plan to restore the system to the design 
condition.   
 
The system will likely need minor refinements, thus we encourage the County to retain a 
river engineer to review the performance of the system for at least two to three years.  
The engineer would help develop the annual sediment removal plan and would identify 
refinements.  The goal should be to have an efficient system within two or three years. 
 
Immediately following construction we expect a head cut (< two feet) to propagate 
upstream from Minkler Road.  The stream bed sediment in the upstream channel contains 
relatively high percentage of large gravel stones (2 inch to 3 inch).  We expect some of 
these large particles to deposit within the bridge waterway and in the new channel 
downstream. Therefore, it may be necessary to remove these sediments during the annual 
cleaning until the upstream channel has achieved a new equilibrium and the supply of 
large stones is reduced. 
 
Large floods will occur which will transport and deposit above average quantities of 
sediment within the basin.  If the quantities are exceedingly large it is likely that sediment 
will deposit within every part of the system.  Wherever the deposits are significantly 
thick, cleaning will be required to return the system to it design condition.   Specific 
cleaning needs will be determined upon review of the monitoring surveys and would 
have to be coordinated with WDFW.  To minimize the potential impact that sediment 
removal equipment will have on the stream, we suggest establishing a haul road on top of 
the right bank between the  bridge and sediment collection area and on top of the existing 
embankment that runs along the right bank of the channel between the sediment 
collection area and the downstream weir.  The haul road should be wide enough from 
which to operate an excavator and run a dump truck. 

Conclusion 
Based upon this engineering investigation, it is our belief that with the modifications 
proposed above it is likely that the performance of the basin can be improved 
significantly.  This will reduce flooding problems at Minkler Road and preserve the flood 
capacity and habitat quality of the downstream channel.  Annual monitoring will be 
needed to determine if additional refinements are needed. 
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Figure 4.  Remnants of an Historical Alluvial Fan Upstream from Minkler Road. (1978 County Aerial Photograph). 





 

HEC-RAS Flood Profiles,  Existing Conditions 
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Proposed Coal Creek Sediment Basin – River2D Velocity Distribution for 2-Year Flood 
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Proposed Coal Creek Sediment Basin – River2D Velocity Distribution for 100-Year Flood 
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HEC-RAS Flood Profiles,  Proposed Conditions 
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PHOTOS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Photo 1.  Viewing upstream to Minkler Road bridge from within the sediment basin (May 
2007). 
 

 
Photo 2.  Viewing upstream within the sediment basin (May 2007). 



 
Photo 3.  Bed surface material in just downstream from the Minkler Road bridge. 
(The frame is 2 ft X 2 ft with 6 in X 6 in. grids) (November 2007) 
 

 
Photo 4.  Typical material that covers the floor of the sediment basin.  This is typical of 
the material represented by the grain size distribution curves shown in Figure 2 
(November 2007). 
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