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In 2008 the Watershed Based Plan for Mill Creek was accepted by EPA and identified fecal 
coliform bacteria and sediment as impairments to Mill Creek of the Opequon Creek watershed, 
Berkeley County, WV (Figure 1).  Nonpoint sources of fecal coliform addressed in the Potomac 
Direct Drains TMDL and the Watershed Based Plan for Mill Creek include failing septic 
systems, pasture, cropland, and residential/urban land.  The largest reductions prescribed by the 
TMDL are from failing septic systems.  Nonpoint sources of sediment in this watershed include 
streambank erosion and upland sources such as cropland, pasture, and residential/urban/roads 
areas.   
 
The Mill Creek 319(h) project was developed to reduce a portion of the fecal coliform loads 
primarily through septic system upgrades and incentives for pumping septic systems as well as 
agricultural and urban BMPs. During the grant period, 31 septic systems were pumped and 13 
failing systems were replaced or repaired, accounting for a reduction in fecal coliform of 
7.67E+13 counts/year.  An additional 4.49E+11 counts/year were reduced through agricultural 
and urban practices such as buffer plantings, livestock fencing and stormwater management 
(Table 1).   
 
Reductions in sediment loads were achieved primarily through a single natural stream design 
project near the headwaters of Mill Creek.  Residential practices were also employed to achieve 
reductions of both pollutants.  Two workshops were held regarding septic systems to educate 
residents and professionals about proper function and maintenance of septic systems.  Rain barrel 
workshops and stormwater demonstration projects were performed to educate residents about 
stormwater management. 
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Figure 1:  The Mill Creek (of Opequon) Watershed, located in Berkeley County, WV 
 
 

Practice Units 
Installed 
units 

Baseline 
load per 
unit 

% 
efficiency 
for fecal 

Fecal load reduced 
(counts/yr) 

Septic Systems           

Upgrade/fix failing systems systems 13 5.90E+12 100.00% 7.67E+13 

Cropland/Pasture           

Forest buffer establishment acres 3 1.68E+10 57.00% 2.86E+10 

Fencing acres 16 1.68E+10 70.00% 1.88E+11 

Alternative water system animal units 50 1.68E+10 22.00% 1.84E+11 

Urban/Residential           

Stream Buffers acres 3 1.09E+10 57.00% 1.86E+10 

Raingardens acres 3 1.09E+10 90.00% 2.94E+10 

Total         7.71E+13 
 
Table 1: Fecal coliform reductions achieved as part of this project 
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Septic Systems 
 
Fecal coliform from septic systems was addressed through two programs:  a septic system pumping 
coupon program and a septic system repair/replacement program.  Although the septic system pumping 
program was quite successful, the septic system upgrade program had a much slower response from 
homeowners.  This was despite many outreach efforts on behalf of the Opequon Creek Project Team, CVI 
and WVDEP.  Outreach efforts included articles in the local newspaper, the Journal; the creation and 
distribution of a pamphlet; targeted mailings of the pamphlet to watershed residents; an item on the local 
radio station, and door-to-door distribution of grant applications and information.  CVI also met with all 
licensed Berkeley County septic installers to promote the program through word of mouth. 
 
Despite these efforts, participation in the program remained inactive.  When local residents were asked 
the reason for the lack of interest, they reported that the 50% homeowner match requirement made 
voluntary participation undesirable.  A similar program in the Sleepy Creek Watershed in Morgan 
County, WV required a relatively small monetary contribution from homeowners and participation was 
abundant.  Although the Mill Creek program was presented in conjunction with the Onsite System Loan 
Program, residents were not willing to incur a new expense.   
 
The Berkeley County Health Department also explained that much of their knowledge of failing septic 
systems in the Mill Creek Watershed came from inspections the Health Department performs as part of a 
property transfer. Since the decline of the housing market, the number of inspections dropped 
dramatically. In addition there are many empty homes and septic inspections cannot be performed until a 
house has been occupied for 30 days. However banks have been reluctant to hold down-payments in 
escrow for 30 days to wait for the inspection, further slowing the sale of homes and the number of 
inspections.  The Berkeley County Health Department also reported that the few septic repairs that have 
been permitted in the county in recent months have required Elgin drains, drip irrigation or some 
alternative to traditional technology as the soil conditions in this area are inadequate for traditional 
treatment.  When we focused efforts on addressing projects of this type, and increased the grant cost-share 
to 80% enrollment increased and we were able to fund the replacement of 13 failing septic systems on lots 
draining to Mill Creek.   
 
Cropland/Pasture 
 
The reduction of 7.20E+10 counts/year from agricultural practices was exceeded through the installation 
of 35,455 feet of fencing, the construction of one stream crossing and the installation of one alternative 
watering system.   
 
Urban/Residential   
 
Although the original proposal did not include a reduction of bacteria from urban sources, addressing this 
load by installing stormwater projects at Musselman High School and the South Berkeley County 
Recycling Center provided the added benefit of educating the local community on alternative stormwater 
management options. CVI collaborated with the Cacapon Institute to assist students in the installation of a 
raingarden in a swale which receives storwater runoff from a parking lot of approximately 10 acres.   
 
The Berkeley County Solid Waste Authority identified the South Berkeley County Recycling Center as 
high priority for addressing stormwater runoff.  Standing water in the driveway area of the site (Figure 2) 
impeded the transportation of shipping trailers provided no treatment of the stormwater from an upland 
driveway area of approximately 3 acres.   
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Figure 2:  Standing water at the shipping container loading area of the South Berkeley County Recycling Center 
 
This area was excavated to a depth of 5 feet and a drainage trench was dug to allow flow to a downhill 
treatment area (Figure 3). The excavated area was then filled with a layer of gravel, amended soil and 
mulch to allow for infiltration at the site (Figure 4, Appendix A).  A final inspection of the site was 
performed the day following a 5 inch rainfall event (Appendix B) and the site was completely drained.  

 

 
 
Figure 3:  Drainage trench to downhill treatment area at the South Berkeley County Recycling Center 
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Figure 4: Excavation of the area of standing water at the South Berkeley County Recycling Center 
 
The stormwater project at the South Berkeley County Recycling Center will serve as an educational 
outreach opportunity for the estimated 200 customers who access the center daily.  The recycling center is 
located within the commercial area along route 51 in Inwood which could benefit from some stormwater 
management practices. This area consists of a large percentage of impervious surface, including major 
intersection at routes 51 and 11. It is recognized as a problem area because even small amounts of rain 
cause the intersection to flood and it regularly becomes a traffic problem. An educational display will be 
designed and installed with the purpose of demonstrating alternative stormwater management options and 
may have the added benefit of bringing landowners together to talk about a larger stormwater projects in 
the region with additional benefits. 
 
Sediment 
 
The sediment reduction of 85 lbs/year was achieved through a single natural stream restoration project 
near the headwaters of Mill Creek. Steep eroding banks along roughly 830 linear feet of Mill Creek were 
stabilized by cutting back the banks to a less erosive angle, and protecting them with bioengineering.  A 
floodplain and riparian corridor were reestablished with a variety of native tree and shrub species.  An as-
built report was prepared for the site (Appendix C) and a final inspection was performed (Appendix D).     
 
Project Costs 
 
This table summarizes total project costs including 319 Program funds and non-federal match. 

Total 319 Funds Total Match Total Project Costs 
Salaries $35,078 $24,690 $59,768 
Fringe $9,656 $9,656 
Supplies $17,887 $690 $18,577 
Contractual $147,925 $37,183 $185,108 
Travel $7,451 $7,451 
Other $2,842 $2,842 
Total Direct $220,840 $62,563 $283,402 
Indirect $23,153 $23,153 

Total $243,993 $62,563 $306,555 
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Description 
This project is intended to reduce sediment loads in Mill Creek a tributary of Opequon Creek watershed, Berkeley 
County, WV.  The site was impacted by debris blockages and vertical stream banks that prevented the stream to access 
the floodplain and allow for erosion preventing vegetation to become established.  The restoration type was a priority 4 
which is defined as stabilize in place.  This type of restoration allowed us to limit impacts and the land needed for the 
restoration, reduce the volume of excavated material, and reduce the cost of the overall restoration.  Overly high banks 
were cut back to a less erosive bank angle and were protected with bio‐engineering.  The bio‐engineering was 
comprised of brush mattress, live fascines, and live stakes.  The riparian corridor was planted with a wide variety of trees 
and shrubs to provide a wider range to the current species which was made up of a large number of green ash which has 
become a species of concern due to the emerald ash borer persistence. 
 
There were 6 types of restoration done at this restoration location and is broken out as stated below: 

 320.5 linear feet of banks were laid back to a more appropriate bank angle and protected with brush 
mattress, live fascines, and live stakes 

 104.6 linear feet of banks were stabilized with brush mattress and live fascines, equipment was not 
used limiting impacts to the site. 

 198.7 linear feet of live fascines and live stakes were installed, equipment was not used to limit impacts 
to the site. 

 327.5 linear feet of heavy live stakes, no equipment was used to limit impacts.  The entire site was 
sporadically live staked below the bankfull elevation to help provide bank stability throughout the reach 
length an estimated 830 linear feet. 

 An inner bench or berm feature was constructed at an area of scour with an area of 246.6 sq. ft. 
 9835.1 sq. ft. of riparian area was replanted with trees and shrubs, tubed, and staked. 

 
Materials were purchased from reportable suppliers, these materials included: 

 3,500 sq. ft. of Brush Mattress 
 650 Live Stakes (Buttonbush, Silky Willow, Pussy Willow, Elderberry, Silk Dogwod) 
 155 Live Fascines or Wattles (4”‐5” diameter – 6 ft. length) 
 835 Dead Stakes 
 150 Potted Plants #1 ( Red Chokeberry, Redosier Dogwood, Winterberry 
 200 Tree Tubes 4 ft. (tubes, ties, oak stake, bird net) 
 150 Bare Root Seedlings (Black Chokeberry, Redosier Dog wood, Winterberry) 
 75 Shagbark Hickory (Bare Root) 
 25 Boxelder (1 gallon) 
 50 Red Maple (band pot) 
 50 American Sycamore (Bare Root) 

 
Priority 4 restoration was chosen because of multiple factors: 

1) Land owner requested that we limit our impacts. 
2) The cost and available funds prevented realignment. 
3) The stream had a stable longitudinal profile with a proper riffle pool sequence. 
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Above: (Photo A) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes. 

Below: (Photo B) Area was stabilized with live fascines and live stakes.  No excavation was 
done due to limited access.  Impacts by mobilization were avoided.    
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Above: (Photo G) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes. 

Below: (Photo H) Area was planted with additional bare root seedlings to add to the riparian 
corridor.  Each seedling was protected by tree tube and hard wood stake. 
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Above: (Photo I) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes.  Upland area was replanted with bare root seedlings 
and protected with tree tubes and hard wood stakes.  Photo I taken after construction 
completion. 

Below: (Photo J) Same area shown in photo I (above), this photo was taken 6 weeks after 
construction was completed. 
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Above: (Photo K) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes.  Upland area was replanted with bare root seedlings 
and protected with tree tubes and hard wood stakes.  Inner berm was constructed at the toe 
of the excavated slope.  Photo K taken after construction completion. 

Below: (Photo L) Same area shown in photo K (above), this photo was taken 6 weeks after 
construction was completed. 



 

 

 

 

 

[20] 
 

 

Above: (Photo O) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes.  Upland area was replanted with bare root seedlings 
and protected with tree tubes and hard wood stakes.  Photo I taken after construction 
completion. 

Below: (Photo P) Same area shown in photo I (above), this photo was taken 6 weeks after 
construction was completed. 



 

 

 

 

 

Above: (Photo S) Area was graded to a less steep bank angle and protected with brush 
mattress, live fascines, and live stakes.  Upland area was replanted with bare root seedlings 
and protected with tree tubes and hard wood stakes.  Photo S taken after construction 
completion. 

Below: (Photo T) Same area shown in photo S (above), this photo was taken 6 weeks after 
construction was completed. 

 

 

[22] 
 




	Final Report Appendix C.pdf
	Map of As-built Project Locations
	As-built Project Length Table
	Map of As-built Project Photos
	Project As-built Photos
	Project Drawing Typical








