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Abstract 
 
Storm water runoff and sediment transport from construction sites is a major concern as it is a 
major contributor to non-point source (NPS) pollution. Sediment control and stormwater 
management is typically implemented by applying Best Management Practices appropriate to the 
source, location and climate. There is a need for more research in this field since current BMPs 
installed on construction sites have been demonstrated to be relatively ineffective in retaining a 
significant portion of sediment during runoff events.  
 
To determine the cost effectiveness of erosion and sediment control measures two parameters 
were estimated. The first parameter concerns the environmental effectiveness of the control 
measure, for which we used the reduction in the rate of sediment transported off the construction 
site in tons per studied site per year. The second parameter is the cost of the control practices. To 
simulate the sediment retention of erosion and sediment control measures for specific test sites 
we used a previously calibrated process-based model WEPP/GeoWEPP. For the cost assessment 
we used data from four sources: bids data from the North Carolina Department of 
Transportation; the National Management Measures Guidance to Control Non Point Source 
Pollution from Urban areas (EPA); a URS Greiner, Woodward & Clyde report, and SedSpec, an 
on-line tool for selection of control measures that estimates cost based on the US Army data.  
 
The case study (NCSU's Centennial Campus) results confirm findings by other experimental and 
modeling studies that the current standard design of sedimentation basins does not provide 
adequate sediment control. The model predicts a 50-60% trapping efficiency and sediment yields 
that are more than 10-times higher than those predicted for the pre-construction state. In North 
Carolina sedimentation basins should capture at least 70% of sediment, but that does not prevent 
high sediment yields and turbidity levels that exceed the state required 50 NTU.  
 
The results of modeling and analysis suggest a need for (1) re-evaluation of the assumptions 
underlying the existing rules for sediment basin design, and (2) consideration of measures to 
bring the site conditions closer to the assumptions (e.g., mandatory baffles; further reduction in 
the time allowed for exposed bare soil). Alternative approaches were tested to improve the 
sediment control effectiveness with the approaches that integrate sediment control with 
stormwater control measures emerging as the most cost effective and least complex in terms of 
management and planning.  
 
In addition, simulations for phased construction demonstrated that the effectiveness of this 
approach is highly site specific. The number and type of measures required is greatly dependent 
on configuration of terrain and grading. Phased development may well require the same number 
of structures as without phased development along with the additional costs due to scheduling of 
the construction.  
 
The study also found that emerging process-based simulation systems and interactive solid 
terrain interfaces have a potential to evaluate various sediment control alternatives by taking into 
account the changing topography on the construction sites and optimizing the entire system 
integrated with post-construction storm water control. 
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Summary and Conclusions 

 
This study compares the environmental effectiveness and the economic costs of sediment control 
measures and explores alternatives that can improve effectiveness without significant increase in 
cost.  
 
Data from previous and on-going experiments at SECREF (McLaughlin et al., 2000, 2001) and 
construction sites were analyzed to compare control measures on their impact on runoff and 
sediment loads. Data from published sources, including the DOT bids, were used to estimate the 
cost of individual measures. Next, process-based models were employed to study the impact of 
various combination of measures. The models were applied to an actual construction site: NCSU 
Centennial Campus middle school.  
 
Based on the analysis presented in this report, the following conclusions can be reached with 
respect to sediment and turbidity control systems: 

•The results confirm findings by other experimental and modeling studies that the current 
standard design of sedimentation basins does not provide adequate sediment control;  

•These results suggest a need for (1) re-evaluation of the assumptions underlying the 
existing rules for sediment basin design, and (2) consideration of measures to bring the 
site conditions closer to the assumptions (e.g., by achieving quiescent flow using 
mandatory baffles);  

•If feasible for a specific site, integration of sediment control measures with stormwater 
control and the implementation of this integrated system at the beginning of 
construction can be the most cost effective approach to improving the environmental 
effectiveness of the current practices; 

•The capture of 70% of sediment as a measure of sediment control effectiveness has been 
shown inadequate, because smaller, more favorable sediment yields can lead to higher, 
less favorable  % sediment capture. 

 
Spatial simulation for phased construction demonstrated that the effectiveness of this approach is 
highly site specific. The number and type of measures required is greatly dependent on 
configuration of terrain and grading. Phased development may require the same number of 
structures as without phased development along with the additional costs due to scheduling of 
the construction. 
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Recommendations 
Current standard design of sediment ide adequate sediment control. For 

• science behind the current design needs to be revisited and the assumptions underlying the 

• m ld be introduced, 

• in explored, feasibility of this 
fers 

• th  should be 

 
Phased development and sediment control planning in general could be greatly improved if a low 

els 

 

ation basins does not prov
this situation to improve, we recommend: 
 

existing rules for sediment basin design should be re-evaluated (e.g., compared with the 
experimental results and observations on the actual construction sites); 
easures that will bring the site conditions closer to the assumptions shou
such as mandatory baffles - to ensure quiescent flow; 
tegration with stormwater control measures should be 
approach for a wide range of site conditions should be further investigated, as it of
substantial reduction of sediment pollution with minimum increase in cost; 
e capture of 70% of sediment as a measure of sediment control effectiveness
replaced by a more suitable measure, such as sediment yield. 

cost, comprehensive planning software tools were widely available to support next generation 
design and site management. These tools should integrate simulation of systems of structures 
(such as in SedCAD or extended WEPP/GeoWEPP) with process-based spatially distributed 
modeling and with design and cost estimate tools such as SedSpec.  The technologies and mod
are available; their integration, preferably as web-based tool with access to GIS data, would 
greatly improve the tool's accessibility and impact. Emerging flexible and interactive solid 3D
models of construction sites can further enhance the capabilities for creative and effective 
solutions at specific sites. 
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1. Introduction 
 
Storm water runoff and sediment transport from construction sites is a major concern as it is a 
major contributor to non-point source (NPS) pollution. Although construction sites generate a 
wide range of potential pollutants, sediment overshadows all the other construction site 
pollutants in total ecological and economic impacts on receiving water. When land is disturbed 
for construction, soil erosion rates are typically 10 to 500 times greater (EPA 2005; Owens et al., 
2000) and sediment concentrations several magnitudes higher than under preconstruction 
conditions (Goldman et al., 1986; Owens et al., 2000). Without effective sediment control, 
eroded sediment is transported off-site and as a result, damage to adjacent water bodies in the 
form of sedimentation, habitat loss, reduced stormwater conveyance capacities, and reduced 
recreational value is common (Owens et al., 2000).  
  
North Carolina established an erosion and sediment control program in 1973 under the Sediment 
and Pollution Control Act. The program requires anyone who intends to disturb1 one acre or 
more of land to file an erosion and sediment control plan. Despite this ambitious erosion and 
sediment control plan, sediment is still a significant problem in North Carolina. The most recent 
assessment suggests that urban runoff and storm sewers are one of the largest sources of 
impairment and that sediment is a major cause (NC DENR, 2004). In addition, the need for water 
quality controls keeps increasing with the establishment of final rules for Phase II of the federal 
National Pollutant Discharge Elimination System (NPDES) program for stormwater. In 1990, the 
EPA established rules for Phase I that address discharges from construction activities disturbing 
5 acres or more of land. Phase II of the NPDES stormwater program became final in 1999 and 
covers small construction activities disturbing between 1 and 5 acres. With the enforcement of 
the Phase II standards for US census defined urbanized areas, alternative measures might be 
required to improve water quality in construction site discharges. BMPs used for controlling 
pollutants in stormwater discharges for small construction sites may vary from those used for 
large sites since their characteristics can differ in many ways. Small sites may have less space 
and funds for installing and maintaining BMPs. Also, operators of small sites may have limited 
access to qualified design personnel and technical information. The need for more effective 
controls will also keep increasing with the propagation of other stringent regulation, e.g., 
watershed specific rules2 and standards for Total Maximum Daily Loads (TMDLs). 
  
Sediment control and stormwater management is typically implemented by applying Best 
Management Practices appropriate to the source, location and climate. Best Management 
Practices (BMPs) are a group of techniques that have been found to be the most effective and 
practical means of reducing the amount of pollution generated by nonpoint sources to a level 
compatible with water quality goals. There is a need for more research in this field since current 
BMPs installed on construction sites have been demonstrated to be relatively ineffective in 

                                                 
1 Agriculture, mining and silviculture are exempted activities.  
2 For example, the Neuse stormwater rule targets 10 cities and five counties in the Neuse Rive Basin, NC.  
This rule requires a 30% nitrogen reduction goal for new developments-achieved through the use of best 
management practices (BMPs). 

 1  



 

retaining a significant portion of sediment during runoff events. For example, sediment traps 
commonly used for sediment retention on the edge of construction projects have been shown to 
retain only 50-60% of sediment entering them (Line and White, 2002). BMPs are increasingly 
being used without sufficient research base to establish (a) the most effective placement of the 
practice, and (b) the overall effectiveness of BMP combinations (Gitau et al., 2004). In addition, 
part of the problem can be attributed to insufficient enforcement; with more frequent inspections 
and more severe penalties there is significantly less degradation of nearby streams (Reice and 
Andrews, 2000). 
  
For this project, we used experimental data on sediment control systems to evaluate the potential 
reduction in off-site movement of sediment using a modeling approach on an actual construction 
site.  The results provide better understanding of the functioning of individual measures and their 
combined effects within a landscape, especially under changing topography and land cover 
conditions and identify approaches that provide the greatest benefit for water quality in adjacent 
streams and lakes.   
  
A second, integral part of our project is the economic evaluation of the private costs of 
implementing different individual measures and control systems and the reduced sediment loads. 
Particularly as more stringent control measures may be required in view of pending of state and 
federal regulation, the environmental benefits of these alternative potentially more expensive 
measures should be fully assessed. Estimates of the cost-benefits of standard and alternative 
control systems allow improved decision making both for developers and legislators. 
 
 
 
2. Theoretical basis for environmental-economic decision making 
 
The most effective method of water quality improvement from an environmental standpoint 
would be to ban all economic activities. This option may make sense in some sensitive 
environmental areas if the cost of water quality degradation includes loss of unique ecological 
assets, but in general this is not a serious option. This option however does serve to illustrate the 
simple principle that the set of options to consider should be the "best" set according to economic 
as well as environmental criteria. The cost of achieving water quality goals must be balanced 
with the benefits. That is, the 'best" option should be expected to achieve the greatest 
environmental benefit per dollar spent or achieve a target level of water quality at least cost 
(Marra and Zering, 1996).  
There are two ways to build environmental caring into economic analysis. One way is to assign 
monetary values to environmental attributes and include them in monetary analyses. This 
approach is known as cost and benefit analysis (CBA). The other way is to examine tradeoffs 
between environmental attributes and costs. This approach is known as cost-effectiveness 
analysis (CEA). 

Cost and benefit analysis (CBA) is the identification, economic evaluation and quantitative 
comparison of the advantages and disadvantages of public policies and public sector projects 
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based on their net contribution to society's overall well being. A program is deemed to be 
efficient when the present discounted value of all benefits is greater than the discounted value of 
all costs. Studies that use CBA for an economic analysis of stormwater control on construction 
sites in NC are Paterson et al. (1993) and Cherry et al. (1998). 

Critiques of CBA are manifold and point to the difficulty of putting values to public goods like 
water quality (see e.g., Gregory and Slovic, 1997; Sagoff, 2003). Sediment pollution has both 
short term direct impact and long term direct and indirect impacts. Short term impacts include 
siltation of off-site stormwater BMPs such as basins, bio-retention systems, swales (Lloyd et al., 
2001) and infrastructure (roads, parking lots, pipes). While the cost of cleanup of the short term 
impacts can be readily quantified using the cost of silt excavation, it is challenging to estimate 
the cost of long term impacts. Long term direct and indirect impacts such as siltation of larger 
water reservoirs (with cumulative effect over many years from many sites), loss of habitat, 
stream degradation, fish kills, often result from processes that involve several critical physical, 
chemical and biological linkages (Cherry et al., 1998). As a consequence the relationship 
between erosion, sediment yield and economic damages is complex and it is difficult to estimate 
the economic impact on for example recreation, commercial and sport fishing and habitat. 
Because of a lack of relevant data, many studies give a description of the benefits of sediment 
control efforts but monetarize only a single impact category (Paterson et al., 1993) or provide no 
monetarization at all (Cherry et al., 1998).  

The inherent shortcomings of CBA have led to new or revised evaluation methods (see e.g., 
Nijkamp et al., 1991). These other evaluation methods can particularly be more appropriate when 
the ecological and environmental impacts of decisions as such are also important to decision-
makers. In the context of storm water BMPs, the decision is which BMP to choose for a specific 
location. In that case information on the trade-off of costs and environmental effectiveness in situ 
is most relevant.  

Environmental-economic trade-off analysis involves two measures: an environmental one and a 
profitability one. Usually the environmental measure is in physical units (e.g., mass or density 
units), while the profitability one is in monetary units (e.g., revenues, costs, or net returns). 
Environment-economic trade-offs can offer two useful kinds of results. First, mapping 
alternative practices by these two criteria can show which ones are "efficient" in the sense of 
giving the best economic performance for a given level of environmental performance, or the 
best environmental outcome at a given cost level. In Figure 1, the "least-cost" solution gives 
lower costs but also lower emission reductions than the other alternatives. The alternatives 
indicated in grey are not efficient because they would create more emissions or higher cost than a 
mix of two of the efficient alternatives (illustrated by the connecting line). Efficient choices will 
lie on a frontier, where there is a trade-off between improving economic and environmental 
performance.  
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Figure 1.   Optimality Trade-off Curve 
 
3. Methods  
 
Determining the cost effectiveness of erosion and sediment control measures requires estimating 
two parameters. The first parameter is the cost of the control practices themselves. The second 
parameter concerns the ecological effectiveness of the control measure, that is the amount of 
sediment that each practice is expected to retain on-site. The methodology consists of four steps: 
(1) model calibration and simulation of sediment retention, (2) economic data collection, and (3) 
trade-off evaluation. 
 
 
3.1 Selection of an Environmental Measure 
 
To compute the Optimality Trade-off Curve (Figure 1) an environmental impact measure needs 
to be defined. This measure quantifies the impact of increased erosion and sedimentation 
processes due to construction activities and effectiveness of the control measures. There is a 
wide range of diverse measures that are currently used. For example, North Carolina defines the 
following criteria to measure the effectiveness of erosion and sediment control (NC DENR, 
1988):  
 
- sedimentation basins should capture at least 70% of sediment, 
- all sediment entering buffers should be contained within the first 25% width, 
- turbidity of water leaving the site should not exceed 50 Nephelometric Turbidity Units (NTU),  
- peak water flow velocity in receiving stream must not exceed pre-construction peak velocity 

or maximum non-erosive velocity, 
- control measures should provide protection from 10 year peak runoff. 
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The NC measures of effectiveness combine quantification of the performance of the plan as a 
system (turbidity, receiving stream velocity) but they also define required effectiveness for 
selected plan components that are treated as independent of each other (70% efficiency of 
basins). This approach makes it difficult to evaluate the effectiveness of an entire plan that often 
represents a complex system of interconnected measures. For example, the basin could be 70% 
efficient, but turbidity can still exceed the 50 NTU requirement (Haan et al., 1994; Moore, 2004). 
While the individual measures can be designed according to the manual, their combined effect 
and spatial distribution (location on the site) may not provide adequate erosion prevention and 
sediment control. As an example of an alternative, relatively simple approach, Dane County, WI 
targets erosion rates (not to exceed 15 ton/acre over the construction period), with the erosion 
rates estimated for a given site using USLE (Balousek et al., 2000). However, this approach 
neglects the fact that a substantial portion of eroded sediment can be captured on the site (using 
basins, silt fences) and that most erosion is caused by concentrated flow that is not represented 
by USLE. 

For our trade-off analysis, we use the rate of sediment transported off the construction site in 
tons per year3. The amount of sediment that each practice is expected to retain on-site is 
commonly expressed as a proportion of the total amount of soil disturbed. This amount (in ton or 
%) is difficult to estimate due to a wide range of climatic, topographic and geological conditions 
encountered at construction sites. Changes in ground cover, slopes, and runoff flow paths during 
construction make estimating erosion and sediment yield from construction sites particularly 
complex. Additionally, the effectiveness of sediment trapping devices varies with a variety of 
factors. Conducting a sufficient number of monitoring studies for state as diverse as North 
Carolina and for different sediment control alternatives would be cost and time prohibitive. Thus 
the use of model is the only feasible option.  

 
3.2 Sediment and erosion control modeling  
To simulate the sediment retention of erosion and sediment control measures for specific test 
sites we use a previously calibrated process-based model WEPP/GeoWEPP (NSERL, 2005). The 
spatial aspects of control measures such as suitability of their location, can be investigated using 
a GIS-based model SIMWE (Mitas and Mitasova, 1998; Mitasova et al., 2004). Modeling is 
described in more detail in Moore (2004) and Mitasova et al. (2004). Monitoring data collected 
at the NC State's Sediment and Erosion Control Research and Education Facility (SECREF) and 
on construction sites were used to calibrate and validate the models (Moore, 2004).   

The Water Erosion Prediction Project (WEPP) model is a process-based, continuous simulation, 
erosion prediction model applicable to hillslope erosion processes (sheet and rill erosion), as well 
as simulation of the hydrologic and erosion processes in small watersheds. It simulates daily 
changes in soil and vegetation (crops) and when rainfall occurs, the plant and soil characteristics 
are used to determine whether surface runoff will occur. If runoff is predicted, then the program 

                                                 
3 Monthly data should be used if seasons are important, but for most of North Carolina rainfall is 
relatively evenly distributed throughout the year, see Appendix 1.  
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will compute estimated sheet & rill detachment and deposition, and channel detachment and 
deposition. The model thus simulates impact of climate (rainfall, temperature, solar radiation), 
hydrology (infiltration, depressional storage and runoff), water balance (evapotranspiration, 
percolation and drainage), vegetation growth (cropland, rangeland and forest), erosion (interrill, 
rill, channel), deposition (in rills, channels and impoundments). The watershed version, designed 
for small and topographically simple watersheds, was used to estimate hillslope erosion and 
sediment transport and deposition through a system with channel and an impoundment.  

Prediction of basin effectiveness for sediment control using WEPP significantly differs from the 
approach used for the basin design (NC DENR, 1988) in that it averages the impact of many 
storms and includes change in the soil properties due to changes in temperature during the days 
when it does not rain. Although it is difficult to predict exactly the sediment loads for a given 
storm (due to the fact that many parameters are only estimated), it provides valuable results for 
comparison of different scenarios based on relative sediment yield estimates. 

SIMWE is a process-based, spatially distributed model for simulating impact of steady rainfall 
event. It is a research oriented tool for analyzing spatial patterns of shallow overland water flow, 
sediment transport and erosion/deposition. It does not explicitly simulate sedimentation basins, 
channels and other structures, although they can be approximated through the terrain 
modification and proper selection of parameters. The model has been implemented in GRASS 
GIS, but it requires further development for routine application at construction sites. There are no 
comparable tools currently available that would produce spatial detail similar to the SIMWE 
model. 

These models were used to simulate the sediment retention and downstream impact for different 
erosion and sediment control systems at a specific test site. The data needed for modeling was 
acquired from web-based sources, local governments, other agencies and contractors in the form 
of GIS data layers and geo-referenced CAD data. Alternative scenarios were then created by 
changing the properties of the individual sediment control measures and by creating new 
combinations of measures using GIS tools. The input parameters for the models were then 
estimated using topographic analysis, spatial query, map algebra and reclassification of raster 
maps. 
  
 
3.3 Economic Data Collection 
 
Private sector costs of erosion and sediment control practices include cost of design, materials, 
implementation, maintenance and inspection. Construction costs will occur when the control 
practice is installed. The other costs may occur through the life of the practice to maintain it (cf. 
Wossink and Hunt, 2003). 
 
The cost of implementation and maintenance of erosion and sediment control measures was 
estimated using the following sources:  
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•North Carolina Department of Transportation bids (available online at 
http://www.doh.dot.state.nc.us/construction/ps/contracts/letting.htm). 

•National Management Measures Guidance to Control Non Point Source Pollution from 
Urban areas (EPA, 2005).  

•URS Greiner, Woodward, Clyde (2003). 
•SedSpec, an on-line tool for selection of control measures that estimates cost based on the 

US Army data (Engel and Sullivan, 2005).  
 
The NC DOT cost is given per unit (length, volume, area, etc.) computed as an average from 
several recent DOT bids. It includes implementation and maintenance cost and provides the most 
up-to-date and relevant cost estimates for NC conditions. The EPA cost is based mostly on the 
USEPA (1993) report with costs adjusted for inflation. The cost data for most of the approved 
measures are presented in Table 1 along with the data on effectiveness, which are based on the 
literature and experiments (EPA, 2005; McLaughlin 2002).  
 
 
3.4 Trade-off Evaluation  
 
The costs are to be related to the removal effectiveness of the specific control practices to assess 
the most cost efficient measures. It is relatively easy to try various combinations of controls and 
locate the efficient frontier, provided the right algorithms are in place for determining how 
environmental benefits of individual BMPs combine to determine the tradeoffs of a BMP system 
as a whole. The cost of a BMP system is basically just the sum of the value of the individual 
controls. Where the number of alternatives is large, nonparametric efficiency analysis software 
(ONFRONT) can be employed to assess the frontier (Färe and Grosskopf, 1998).
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Table 1 Costs and effectiveness data for erosion and sediment control measures 
Practice Unit Estimated Installation and 

Maintenance Cost 
in $ per unit 

Effectiveness 
 for reducing 

sediment  
   NCDOT, EPA*, GWC**, PC# Literature&

Vegetative/Covers       
Preserve natural vegetation ACRE         0 90-99% 
Wood fiber ACRE   8,000** 85-90% 
Straw ACRE   1,600 90-95% 
Mulching (hydraulic) ACRE   5,000** 50-60% 
Seed + Mulch ACRE   2,300 90-100% 
Perm. Vegetation ACRE   1,250 80-94% 
Sod ACRE 17,000 98-99% 
Degradable blankets ACRE   6,000 90-95% 
Blankets/Matts ACRE 26,000 90-95% 
Polyacrylamide PAM ACRE     140 77-93% 
      
Structural     
Filter bag  N/A   600 na 
Check Dam stone TON 40 or 100 per structure* 77% 
Construction Exit/Entry   2,400/3,600 incl. washbasin na 
Diversion LF, YD3 4.5*, 13 na 
Riprap stone TON     45 90-99% 
Sediment Basin Open CF            0.5  42-90% 
Sediment Basin Skimmer   1,000# 83-90% 
Sediment Basin Baffles  1,000# na 
Sediment Trap CF        1.30 50-70% 
Silt fence LF        3 40-90% 
Inlet protection EA    200 90% 

YD2      45 na Turbidity curtain 
    
Off site cost     
Reforestation ACRE    726  
Streambank reforestation ACRE 3,380   
Wetland reforestation HA 2,220   
Silt excavation (ponds, ditches) CY        4   
 
*   Cost based on EPA (2005)  
** Cost based on Greiner, Woodward, and Clyde (2003). 
#   Cost based on personal communication 
&    Effectiveness based on EPA, 2005; McLaughlin 2002 
na  Insufficient data to establish effectiveness
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4. Application and results 
 
This study compares the environmental effectiveness and the economic costs of two types of 
control measures (Table 1): 
 
 a)  measures that require implementation of temporary or permanent structures (basins, ponds, 

checkdams, etc.)   
 b) measures that focus on minimizing the temporal and spatial extent of disturbance (phased 

development), but present challenges for planning and execution of construction.  
 
Data from previous and on-going experiments at SECREF (McLaughlin et al., 2000, 2001) and 
construction sites are analyzed to compare control measures on their impact on runoff and 
sediment loads. These include tests of basin size, basin outlets (skimmer, rock), baffles (silt 
fence, jute/coir), ditch check dams (rock, manufactured), and inlet protection (silt fence, stone). 
Data from published sources are also included.  
 
Next, process-based models, calibrated using the experimental data, are employed to study the 
impact of the monitored measures and to explore the impacts of various alternatives in their 
location, size and properties. Through the use of process-based models, we investigate the 
mechanism/physical processes that are critical for effectiveness of the control measures, and 
identify the potential for improvements.  The models are run using an actual construction site: 
NCSU Centennial Campus.  

 
 
4.1 Standard and exploratory combinations of control measures 
 
Based on the analysis of the current sediment control practices we investigate the issues of cost 
and effectiveness using the following general scenarios: 

 
1. Pre construction 
2. Construction with no control measures 
3. Standard Measures 
4. Combined sediment and water quality measures 
5. Combined standard measures + reduced disturbed area (e.g.,phased construction)  

 
Scenario 1:  Pre-construction erosion and sediment transport is simulated to establish baseline 
values for undisturbed site. This is the least environmental impact / highest cost option. 
 
Scenario 2: Construction with no erosion and sediment control measures. This is the highest 
impact /  no cost option. 
 
Scenario 3: Standard measures include combinations of sediment basins, silt fences, diversion 
ditches with checkdams and covers. We use an actual design based on the NC Erosion and 
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Sediment Control Planning and Design Manual (NC DENR 1988)  implemented at a study 
construction site by contractors. 
 
Scenario 4: Sediment control is integrated with water quality control by re-scheduling the 
implementation of storm water control measures at the beginning of construction rather than 
after the construction. The water quality measures have significantly higher water capacity than 
the structures for sediment control: 
 

•sediment control measures protect from 10 year design storms with runoff generated from 
disturbed soil areas;  

•water quality measures protect from 25 year design storms with runoff generated partially 
from impervious areas;  

  
The storm water control measures would not replace the standard sediment control measures, but 
they enhance the effectiveness of standard measures and may help to achieve the 50 NTU. They 
would also serve as a backup if the standard measures fail (due to higher rainfall intensity or 
structural problem). Cost of potential cleanup of sediment from the stormwater control measure 
needs to be considered, but that will also serve as an incentive to keep the standard sediment 
control effective. 
 
Scenario 5. Measures based on reduction of disturbed area are investigated using the following 
approaches: a) phased construction; b) site fingerprinting, and c) effectiveness of increasing the 
width or spatial extent of buffers. Increase of buffer area applies mostly to larger sites with 
topography that includes concave forms with concentrated flows and streams and was the focus 
of the studies by Moore (2004) and Mitasova et al. (2004). Phased construction also applies to 
larger sites where the development can be split into phases. According to the Center for 
Watershed Protection (CWP, 1997) up to 42% reduction in sediment export can be achieved in a 
phased project. There are additional advantages: a) no change in regulation required, and b) 
minimization of liability exposure and protection from shutdown of the entire project if there is a 
violation (Deering, 2000). Site fingerprinting (only areas essential for construction are cleared) 
may be challenging right now, but with GPS controlled grading this may become very cost 
effective (see e.g., https://jrac.erdc.usace.army.mil/demo.html) - again, the regulations can stay 
the same as they are largely based on the size of disturbed area. However, it would  only apply to 
sites where preservation of the original vegetation (forest, meadow) is desirable and suitable for 
the project use. 
 
4.2 Centennial Campus case study 
 
The construction site (1998-2000) of a middle school, located in the SW section of NCSU 
Centennial campus in Raleigh, NC (Figure 2), was used as a case study to illustrate the impact of 
proposed scenarios. Preconstruction land cover was mostly tall grass and weeds with forest along 
the edges of the site (Figure 3a). Soils were mostly sandy loams (Figure 4) that were eroded 
during the area's use as a farm. The disturbed area was 16.45 acres draining into two small 
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subwatersheds A and B divided by a ridge cutting through the center of the site (Figure 5). 
Preconstruction average slope was 10% (ranging between 0-17%). 

 
 

 
 

Figure 2.  Location of Centennial campus middle school construction site 
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a 

 

b  

c 

 

Figure 3. Aerial photos showing changes in land cover for (a) pre-, (b) during, and (c) post-
construction phases. Stormwater control measures (wetland and checkdams) can be identified in 

the post construction image (c). 
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Figure 4. Spatial pattern of soils in relation to the sediment control basins (blue line) and a 
wetland (black outline). 

 
•ApC2  Appling sandy loam, 6 to 10 percent slopes, eroded 
•CeF Cecil sandy loam, 15 to 45 percent slopes 
•CeD Cecil sandy loam, 10 to 15 percent slopes 
•CgB2 Cecil gravelly sandy loam, 2 to 6 percent slopes, eroded 
•CgC2 Cecil gravelly sandy loam, 6 to 10 percent slopes, eroded 
•Cn Colfax sandy loam 
•LoD Louisburg loamy sand, 10 to 15 percent slopes 
•WyE Worsham sandy loam 
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Table 2  Stages in construction schedule, associated impacts and controls  

Stage Impact Control 

Clearing: removal of 
vegetation, soil and terrain 
remains unchanged 

increased runoff, soil 
detachment and  
sediment transport 
 

sediment and erosion control 
plan implemented 

Grading: removal of topsoil, 
change in topography and soil 
properties 

further increased runoff,  
soil detachment and  
sediment transport: 
most sensitive time period 
 

sediment and erosion control 
maintained 

Stabilization: soil compaction, 
cover on disturbed areas, 
foundations for structures 

change in soil properties  
and cover: 
increased runoff, 
decreased soil detachment 
 

sediment and erosion control 
maintained, sewers installed, 
permanent water quality 
control installed 

Structures, landscaping: 
impervious areas, added 
topsoil and vegetation 

decreased runoff compared to 
previous stage but larger than 
before construction, minimum 
soil detachment 

sediment and erosion control 
removed or transformed to 
permanent 

 
 
The school construction (Figure 3b) required grading that reduced the slope to an average of 8%, 
but increased the range of slopes to 0-55%. Erosion and sediment controls included four  
sedimentation basins with surface areas from 2,000-3,000 square ft, 335 ft of silt fence and 2,300 
ft of diversion ditches (Figure 6). Table 3a lists the control measures, their parameters and cost 
estimates based on the cost data in Table 1. The storm water management measures - a 
constructed wetland and 3 large checkdams - were installed after the construction (Figures 3c 
and 6, Table 3b).  
 
Subwatershed A was monitored after the construction and the data were used to calibrate the 
WEPP model (Moore 2004). Significant post-construction sediment delivery was observed, 
indicating insufficient stabilization and inadequate landscaping. 

 14  



 

Table 3a Construction site subwatersheds and specifics of standard erosion and sediment control 
plan: Centennial Campus case study  

Measures Technical specifics Costs 

Sedimentation basins: Q1 

[cfs] 
Disturbed area 

[acre] 
Volume 

 [cft] 
Area  
[sft] 

 
[$] 

Aa 13.65 3.25 5,850 71x36=2556 2,925 

Ab 23.18 5.52 9,936 77x40=3080 4,968 

Bc 22.26 5.30 9,540 68x48=3264 4,770 

Bd 9.99 2.38 4,284 51x38=1938 2,142 

Total basins     14,8052

   Number Length [ft]  

Silt fences    335 1,005 

Diversion dikes    1,800 8,100 

Rock checkdams   32  3,200 

Site entrance     2,400 

 Temporary Stabilization    not used 

Total     29,510 
1  Peak rate of  runoff for a 10-year storm computed according to NCDENR  (1988) 
2 Excavation cost. Outlet adds $1000 to each basin. 

 

Table 3b Specifics of storm water control plan: Centennial Campus case study  

Technical specifics  
Measures 

Drainage 
area [ac] 

Runoff 
vol .[cf] 

Reservoir vol. [cf] Total surface area 
[sf] 

 
Costs 

 
[$] 

13,2511Pond for wetland in B 22.53 26,174 26,503 13,653 
Checkdams   Stone volume [cf] Stone weight2 [t]  
A1   1,750 140 5,600 
A2   1,850 148 5,920 
A3   1,100 88 3,520 

Total     28,290 
1 The cost for the pond is derived as excavation cost, same as for an open basin, riser would add $3000. 
2 Based on stone specific weight 0.08t/cf 
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4.2.1 Modeling effectiveness of sedimentation basins using WEPP 
 
The watershed option of the WEPP model was used to investigate the effectiveness of various 
sizes and combinations of sedimentation basins. Overland flow, soil erosion and sediment 
transport were modeled using spatially averaged values of input parameters for each 
subwatershed and the outputs were mean annual runoff, erosion rates and sediment yields. Table 
4 provides an overview of the scenarios modeled, including the cost and predicted effectiveness 
of measures. Volker (2005) has investigated sediment control strategies for subwatershed B with 
focus on use of sedimentation basins (Figure 5, Table 4). Sedimentation basins in the 
subwatershed A were evaluated by Moore (2004).  
 
Sediment delivery before and during construction of the Centennial Middle School campus, 
watershed B, was modeled using the WEPP model watershed option with channels and 
impoudments. Two sediment basins (Bc and Bd) and a wetland pond were modeled in various 
scenarios to investigate sediment control design efficacy. For each scenario, average annual 
discharge and sediment yield were computed based on 5 year simulation. The predicted 
effectiveness of the scenarios was then measured as the Sediment Delivery Ratio (SDR).  
Parameter values were taken from work by Moore (2004, p. 66-78).   
 
Land cover was generalized as 'tall grass' vegetation for pre construction and 'bare soil' for the 
construction period. Hillslopes in the model represent percent soil type draining to each basin, 
and were estimated to be about 60% Cecil and 40% Appling.  Impervious areas (pavement) were 
not included. Following Moore (2004), the A horizon for each soil was removed during the 
construction phase. Climate conditions were generated by the WEPP climate generator CLIGEN, 
and were the same conditions as used by Moore (2004).  The time period for each scenario was 
five years to obtain representative annual averages.  
 
The modeling results confirm findings by other experimental and modeling studies that the 
current standard design of sedimentation basins does not provide adequate sediment control. 
Similar to the field measurements by Line and White (2002), the model predicts only 40% 
trapping efficiency and sediment yields that are more than 5-times higher than those predicted 
for the pre-construction state. Although the basins reduce the potential sediment load from 
construction site with no control measures by almost a half, this reduction is not sufficient 
because the construction has a potential to increase erosion and sediment yield more than 8-times 
on this site  (Table 4).  
 
Sediment retention in the ponds can be improved by using baffles and a skimmer. According to 
the study by Thaxton (2004), jute/coir baffles can significantly reduce the transverse variance of 
flow in the sedimentation basin leading to rapidly diffused and stable mean flow across the full 
width of the pond - a condition important for effective settling. Incorporation of jute baffles into 
sediment basin design can increase the captured sediment volume by 10%, however, this 
reduction is based on a small experiment and observations indicate that the reduction on 
construction sites might be higher. According to Thaxton et al. (2004, Fig. 3.18) the volume of 
sediment captured increased from 40% to 50%, reduced TSS by 25% and turbidity (NTU) by 
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25%. Baffles also capture smaller sediment (Thaxton et al. (2004) demonstrated 108 micron for 
free flow versus 45 micron for jute). However, more experimental data are needed to accurately 
assess the effectiveness of baffles. The WEPP model does not include simulation of baffles, 
therefore we have estimated the sediment yield from basins with baffles by reducing the 
sediment yield from standard basins by 10%.  
 
Installation of a much larger pond instead of the two smaller basins provides improved efficiency 
of 60%. A pond of this size was excavated after the construction for a storm water control 
wetland. The pond has 2.6-times larger surface area than the basins Bc and Bd combined and it 
reduces the sediment yield, from 83 t/yr to 49 t/yr compared to 2 small basins. Its installation at 
the beginning of construction along with the sedimentation basins would further increase the 
efficiency to 73% and reduce the sediment yield to 36 t/yr. The additional cost of this scenario is 
only the maintenance of the pond, its cleanup at the end of construction and a conversion to 
wetland. In the Table 4 the construction of a larger pond is considered as a Scenario 3c where 
this pond would replace the two smaller ponds and a wetland would be build after the 
construction; Scenario 4a where this larger pond will be converted to wetland after construction, 
reducing the cost of installing the sedimentation and water quality measures separately, and as 
Scenario 4b that includes both the sedimentation basins and the larger pond. 
 
 
4.2.2 Modeling effectiveness of phased construction using WEPP 
 
Effectiveness of phased construction was investigated using the Centennial Campus study site. 
Although this site is too small for comprehensive analysis of the phased construction approach, it 
is sufficiently complex to illustrate the issues that can arise when this approach is used. On this 
site, realistic options include two phases that split the disturbed area approximately in half in 
either an East-West or North-South direction (Figure 7). 
 
The East-West (EW) option includes the following two phases (Figure 7a): 
 

•   Phase I. Construction of western section that includes sports facilities while the rest of 
the site remains undisturbed. This section includes subwatersheds Aa and Bc. 

•   Phase II. Construction of eastern section with school building and a parking lot to be 
build after phase I is stabilized. This section includes subwatersheds Ab and Bd.  

 
The North-South (NS) option includes: 
 

•   Phase I. Construction of southern section that includes baseball facilities and the school 
building while the rest of the site remains undisturbed. This section includes 
subwatersheds Bc and Bd. 

•   Phase II. Construction of northern section with tracks and a parking lot to be built after 
phase I is stabilized. This section includes subwatersheds Aa and Ab.  
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Figure 5. Watersheds, streams, constructed wetland (blue outline) and sediment and erosion 
control plan. White lines are boundaries of soil types shown in Figure 4. 

 
 
 
 
 
 

 
 
 

 18  



 

 

 
 
 

Figure 6. Sedimentation basins and boundaries of their drainage areas (red), wetland and 
checkdams displayed over simulated preconstruction flow: the site design and control measures 

aim to preserve the natural flow pattern. 
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Figure 7.  Phased construction options: (a) I. east (sports facilities) – II. west (school and 
parking); option (b) I. south (baseball and school) – II. north (tracks and parking).  
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Table 4. Sedimentation basin scenarios investigated using the watershed version of WEPP: Centennial Campus case study 

Scenario 

 alternatives 

Contrib. area 
 [acre] 

Pond size 

Area/Volume 

[sqft/cf] 

Est. cost 

[$] 

 

Q1  

[cft/yr] 

Sed. Yield  

[T/yr] 

SDR/ 

Effect. % 

1. Preconstruction       
Bc 5.32 na na 94,386 5 na 
Bd 2.37 na na 43,437 2 na 
Forest 14.81 na na 300,448 10 na 
Total 22.5 na na 438,271 17 na 
2. No measures       
 Bc 5.32 na 0 252,788 86 1 
 Bd 2.37 na 0 114,205 38 1 
Forest 14.81 na 0 300,448 10 na 
Total 22.5 na 0 667,441 134 1 
3a. Standard       
Basin Bc 5.32 3,264/9,540 4,770 201,364 49 0.57/43% 
Basin Bd 2.37 1,938/4,284 2,142 100,389 24 0.63/37% 
Forest 14.81 na 0 300,448 10 na 
Other2   (5,320)    
Total 

With pond for wetland*  

22.5 5,202/13,824 6,912 

20,163 

602,201 

83 

0.62/38% 

3b. Standard with baffles       
Basins Bc+Bd+baffles +Forest 
With pond for wetland* 

22.5 Same as 3a 7,912 

21,163 

Same  as 3a 

72 

0.54/46%6

3c. Standard single basin        
Basin 2.6*(Bc+Bd)+Forest 
With pond for wetland* 

22.5 13,525/26,500 13,251 
26,503 

349,268 
49 

0.37/63% 

4a . Storm water pond        
Single basin from 3c conv. to 
wetland after constr. 
With pond for wetland* 

22.53 13,653/26,503 1,5024 

14,752 

349,268 

49 

0.37/63% 

4b.Combined 4a+3a       
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Scenario 

 alternatives 

Contrib. area 
 [acre] 

Pond size 

Area/Volume 

[sqft/cf] 

Est. cost 

[$] 

 

Q1  

[cft/yr] 

Sed. Yield  

[T/yr] 

SDR/ 

Effect. % 

 Pond+Bc+Bd 
With pond for wetland* 

22.5 See above 8,0705 

21,321 

 0.27/73% 

36 
1  Average annual discharge for simulated storms predicted by WEPP 
2 Cost of 760 ft of dikes, 19 small checkdams, for subwatershed B, installed to direct water into the basins; these structures were not included in the model as the 

cost and effect is the same for each basin-based scenario. The  site entrance and silt fences  are not included because they are in subwatershed  A.  
3  Area of entire watershed draining into the pond 
4 Cost of cleanup assuming that 63% of 134 ton will get trapped in the pond, that is 84 t converted to 1803 cf  assuming that soil density of 1.5 g/cc is 0.0468 t/cf 

and $600 for conversion. 
5 Estimated as cost of excavating 63% of 83 t, that is  52.3 t converted to 1117 cf added to the cost of 2 basins and $600 conversion. 
6 Estimate based on Thaxton et al. (2004) 
 * The (excavation) cost for the pond is given separately as this is in fact a cost that should not be attributed to  sediment control but to stormwater control 

on the site. 
Using the soil density of 1.5g/cc we estimate that the basins will be filled by 0.3-0.6 ft of sediment per year. 

 



 

The analysis of these options demonstrates that the effectiveness of the phased construction is 
highly dependent on the size and location of each phase in relation to the site's subwatersheds 
and on the ability to keep the construction on schedule. For both options the phases are aligned 
approximately with watershed boundaries, therefore all sedimentation basins need to be built as 
in the standard case. In the case of the NS option basin Bd will be replaced by two smaller 
basins. Total sediment delivery will be reduced if each phase is disturbed for a shorter time than 
for the standard case. In our computations we assume that the entire construction will take 1 year 
for both the standard and phased construction, but for the phased construction, each phase will be 
disturbed only for half a year (Table 5). Under such conditions, the total sediment delivery can 
be reduced to 50% of the sediment delivery for the standard scenario which is close to the 
estimates given in the report by CWP (1997).  
 
The additional cost for this approach includes a more complex network of diversion ditches 
needed to direct flow into the basins, idle time or re-mobilization cost of the heavy equipment 
and longer maintenance of the finished phase. There are also numerous site-specific issues 
related to this approach, such as balance in cut and fill for each phase, however, for our site, cut 
has exceeded the fill significantly and an off-site storage was established that could have been 
used for the phased approach too. 
 
 
4.2.3 Effectiveness versus costs for basin-based measures 
 
In line with the discussion in section 2, we map the alternative measures by their cost and 
effectiveness to show which ones are "efficient" in the sense of giving the best economic 
performance for a given level of environmental performance, or the best environmental outcome 
at a given cost level. The following alternatives for the subwatershed B are considered: 
 

1. Pre construction 
2. Construction with no control measures 
3. Sediment basin measures: standard, baffles, larger basins 
4. Combined sediment and water quality measures 
5. Phased construction 

 
In Figure 8 (see also Tables 4 and 5), alternative 2 reflects construction without any sediment 
control. Alternative 3a indicates standard sediment basins, alternative 3b improves the basin 
efficiency using baffles and 3c replaces the two smaller basins by a single large one. Alternative 
4a  is similar to 3c, however the cost is significantly reduced by converting the pond to storm 
water control wetland (or, in other words, building the pond at the beginning of construction 
rather than at the end). Alternative 4b combines the large pond (future wetland) with the two 
sedimentation basins. Phased construction is presented by alternatives 5a and 5b. 
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Table 5. Phased construction scenarios: impact for the subwatershed B, Centennial Campus case 
study. Each phase contributes sediment for 6 months. 

Scenario option Contrib. 
area  
[acre] 

Pond size: 
area/vol 

[sft/cf] 

Est. cost

[$] 

Disch. 

[cft/yr] 

 

Sed. Yield 

[T/yr] 

(total for 6mo) 

SDR/ 

Effect. % 

5a. Phased EW in B       
Constr., basin in Bc 5.32 3,264/9,540 4770 201,364 49  
Undisturbed  Bd 2.37 na na 43,437 2  
Phase I total 7.69  4770 244,800 51 (25.5)  
Stabilized, Bc converted 5.32 na 5004 100,0003 153  
Constr., basin in Bd 2.37 1,938/4,284 2142 100,389 24  
Phase II total 7.69  2142 200,000 39 (19.5)  
Phase management   4,0001    
Phase I+II total 
With wetland pond* 7.69  10,912 

24,163 222,400 45 per year 0.33/67% 

5b. Phased NS in B       
Constr., basin Bc 5.32/2.5 3,264/9,540 4770 201,364 49  
Constr., basin Bd 2.37/1.2 1,938/4,284 2142 100,389 24  
Phase I total   6912 301,753 73 (36.5)  
Stabilized, Bc converted 5.32/2.8 3,264/9,540 500 100,0003 153  
Stabilized,Bd converted 2.37/1.1 1,938/4,284 500 50,0003 53  
Phase II total   1000 150,0003 20 (10)  
Phase management   5,0002    
Phase I+II total 
With wetland pond*   12,912 

26,163 225,876 46 per year 0.34/66% 
1 includes cost of additional ditches and re-mobilization/idle time of heavy equipment 
2 higher cost reflects need for more ditches or split of Bd into 2 smaller basins 
3 rough estimate based on the values for undisturbed conditions 
4 cost of maintenance (mowing, watering) 
* the additional (excavation) cost for the pond is given separately as this is in fact a cost that should not be attributed  
to  sediment control but to stormwater control on the site. 
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Figure 8.  Effectiveness-costs trade-off curve for scenarios - Centennial Campus case study, 
subwatershed B. Cost includes the cost of sediment control measures and the cost of larger pond 
to be used for a constructed wetland as a storm water control measure. 
 
 
The results in Figure 8 take on additional significance when the reduction in off-site impacts is 
taken into account. Sediment that ends up in off-site storm water ponds and in streams and lakes 
leads to ecological damages. Little is known about the monetary value of ecosystem related 
problems and as a proxy we use the cost that would be incurred under the assumption that in an 
urban setting the majority of the sediment not retained on construction sites will eventually end 
up in storm water ponds or water reservoirs downstream from the construction site. Under 
normal conditions, storm water wetlands and ponds need to be dredged every 5 to 20 years. The 
costs for dredging and sediment removal is site specific and varies depending upon the size and 
depth of the facility, the volume of sediment trapped, ease of access and whether or not on-site 
disposal of the dredged sediments is possible.   

A large fixed cost of dredging is the mobilization and demobilization of the required machinery 
and personnel. For smaller wet ponds which can be drained or dredged from shore, a perimeter 
or dry operation will usually suffice. In this case, a backhoe or crane can scoop out the sediment 
and the costs of mobilizing and demobilizing will range from $5,000 to $7,000. Large wet ponds 
will often require a waterborne operation during which an excavator or a crane must be mounted 
to a floating barge and moved into position. The cost associated with such an operation is usually 
around $30,000. The costs of physically dredging sediment once mobilization has occurred 
depend on the total volume of sediment removed. The cost per cubic yard is largely influenced 
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by the depth of the water and the distance between the excavation area and the "staging area" 
where sediment is transferred to trucks for removal. A further consideration is whether the 
equipment can easily access the bottom. Dredging costs range from $6 to $15 per cubic yard 
($0.5 per cf).  

Disposal costs are mainly made up of transportation costs and thus depend particularly on 
whether on-site disposal is available. Cost may range form $3 per cubic yard where a single 
truck is used to dispose of the material on-site to $30 per cubic yard for large wetlands  requiring 
a fleet of trucks to haul the material to an off-site location. 
 
We assumed that 85 % of sediment not retained on the building site will settle in off-site storm 
water ponds and wetlands. For scenario 3a this would be 70 ton of sediment. This amount of 
sediment is equal to 55 cy (1,496 cf assuming soil density of 1.5 g/cc or 0.0468 t/cf and 27 cf = 
1cy). Assuming dredging costs of $15 per cubic yard and disposal cost of $15 per cubic yard, 
total off-site cost for the standard scenario 3a would be $7,650. Under scenario 4a and 4b, with 
sediment retention of 85% and 94 % respectively, cost for off-site dredging and removal 
operations will obviously be less. Notice that in calculating the off site costs, mobilization cost 
were not included. 
 
Table  6.  Estimated private and off site cost of the scenarios, Centennial Campus case study 
 

Scenario Estimated cost for 
developer* 

Estimated off site costs# Total 

3a: Standard basins $6,912 $1,650 $ 8,562 
3b: Standard with baffles $7,912 $1,307 $ 9,219 
4a: Use storm water pond for

sediment control $1,502 $876 $ 2,578 

4b: Combine 3a and 4a $8,070 $641 $ 8,741 
5a: Phased development  $10,912 $812 $11,724 
* includes cost relevant only to sediment control, storm water control cost is excluded.  
# mobilization cost were not included. 
 
 
5.   Discussion 
 

The use of modeling has provided an opportunity to explore a wide range of different 
alternatives for improvement of current sediment control practices and obtain valuable insight on 
how these practices compare in terms of their cost and effectiveness. Although the WEPP model 
was calibrated using post-construction data, not all features of the site were included in the 
modeling. Therefore the estimates of discharge and sediment yield are relative and serve for 
comparison of different approaches rather than a prediction of the actual sediment yields for the 
given year. It should be also noted that erosion and sediment control is highly site specific and 
some of the conclusions for the presented test case may not apply to sites with significantly 
different conditions. 
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5.1 Basins 
 

The modeling confirms results of previous observations that the current size of sediment basins 
is not adequate for controlling the sediment transport from disturbed areas. The possible 
explanation may be in the assumptions that were used for the development of the current 
guidelines. For example, the design may be based on the concept of overflow rate (Haan, 1994) 
which assumes steady state, quiescent flow, a condition that is hard to achieve during storms for 
relatively small basins. Also, the design is based on 10 year design storm derived from long term 
data, while the WEPP model uses data from the closest climate station to generate series of 
storms (in our case for 5 years, so we may be actually underestimating rainfall intensity) - it is 
possible that the 10 year design storm underestimates the intensity of the storms occurring in the 
study area. Underestimation of 10-year discharge (Q10) can be also caused by inadequate C-
factor (in our case C=0.6 for bare soil). To better understand the current guidelines for basins and 
suggest realistic improvements, it is important to analyze the original assumptions of the design 
and adjust the guidelines so that these assumptions are met, or the basin size, shape, outlet, 
baffles are adjusted to reflect the realistic conditions on NC construction sites. 
 
The "real world" sediment yield from the site may be even higher than the models indicate, 
because the predicted increase in sediment yield was smaller than the increase observed for 
construction sites (5-times versus 10-500-times, see EPA 2005, Owens rt al., 2000). The WEPP 
model does not include several phenomena that may increase the sediment yields, such as:  
 
• potential erosion of the basin banks (EPA 2005), commonly observed at construction sites; 
• impact of unstable, turbulent flow within the basin that reduces the deposition rate (Thaxton 
et al., 2004) 
 
Turbulent flow impact can be addressed by mandatory incorporation of baffles into the basin 
design and further investigation of the optimal basin depth, length-to-width ratio, as well as the 
number and distance between baffles. 
 
The concept of overflow rate only minimally reduces the runoff from the site and the runoff rates 
are mostly controlled by the incoming flow rate. However, it reduces the sediment in the runoff 
by reducing the flow velocity within the basin. This may have an unintended consequence of 
significant runoff (compared to pre-construction) with reduced sediment concentration (and thus 
increased capacity to erode) flowing out of sedimentation basin, downstream off the site. Thus 
the modeling (and monitoring) of impacts should be performed beyond the construction site to 
assess the possibility of increased bank erosion. While the rules require keeping the runoff rates 
at the pre-construction levels (or below erosional levels), the design manual does not sufficiently 
show how to achieve it - this should be put in line with the sedimentation basin design. 
Integration with storm water control (its implementation at the beginning of construction) can 
provide a cost effective solution. 
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5.2 Phased construction 
 
Phased construction limits the area that is disturbed at any given time resulting in reduced 
erosion and sediment transport. However, our case study demonstrates that the effectiveness of 
this approach is highly site specific and greatly depends on spatial patterns of disturbed areas in 
relations to watersheds. The capability to stay on schedule also plays an important role in 
reduction of total sediment delivered from the site. There are additional issues related to the 
construction management, such as idle time or re-mobilization of heavy equipment for each 
phase and spatial pattern of cut and fill that can make the phased construction complex, 
especially for smaller sites. Guideline for design of effective phased construction requires further 
study that will address the following issues: 

-  what is the size and type of construction site where phased construction would be the most 
beneficial 

-  what is the optimal size, shape and location of phases in relation to the site subwatersheds, 
cut and fill requirements and type of construction (e.g. impervious versus landscaped 
areas) 

Phased construction would particularly benefit from the availability of GIS-based simulation 
tools that could help to optimize the phases in terms of their cost and effectiveness. Some of 
these issues are covered by Deering, (2000). 
 
 
5.3 Importance of spatial aspects 
 
In the WEPP model, the complex hillslopes and watersheds are approximated by tilted planes 
with rectangular shape. Sheet and rill erosion is modeled over these planes. We have found that 
the shape of the rectangle that is used to approximate the contributing area can significantly 
influence the modeling results. Wider, shorter rectangles produce less sediment than the same 
area approximated by a square (Table 7). In reality, the shape of the contributing area and spatial 
pattern of sediment transport over it can be quite complex and apparently needs to be taken into 
account when designing the control measures. There are no simpler rules currently available that 
would adjust the size of the basins based on the shape of contributing area and further research is 
needed to understand its impact. 
 
The computational experiment with different shapes of hillslopes also highlights that basin 
effectiveness is not a very good measure for evaluating performance of a sediment control 
measure, as explained by Haan et al., (1994) and demonstrated by Moore (2004), because 
effectiveness can be high for high loads and lower for small sediment loads as in the case shown 
in table 7. 
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Table 7. Impact of hydrologic unit shape on sediment yield. Note that the efficiency for lower 
yields is lower, than for higher sediment yields. 
 

Scenario Contrib. 
area 

square SDR 

efficiency

wide 
rectangle 

SDR 

efficiency 
2. No measures      
 Bc 5.32 179 1 86 1 
 Bd 2.37 51 1 38 1 
Total 7.69 230 1 124 1 
3a. Standard      
Basin Bc 5.32 82 0.5/50% 49 0.6/40% 
Basin Bd 2.37 20 0.4/60% 24 0.6/40% 
Total. 7.69 102 0.4/60% 73 0.6/40% 

 
 
The results in Table 7 highlight some of the problems with spatially aggregated models and the 
need to take into account the hydrologic unit shape for proper calibration of the model. It also 
indicates the need for spatially distributed models that provide a more realistic incorporation of 
terrain influence on spatial distribution of erosion and deposition and sediment transport. Figure 
10 illustrates various approximations of the study site in the WEPP, GeoWEPP and SIMWE 
models and the value of spatially distributed modeling at least for analysis of spatial patterns of 
sediment transport. While the research of spatially distributed, process based models is very 
active, additional features such as basins need to be incorporated to make the models fully 
applicable for the construction sites. 
 
 
6. New technologies for design: Interactive solid landscape models 

 
Design of various sediment control alternatives is supported by the use of CAD and GIS tools or 
a specialized software, such as SedCAD or SedSpec (Engel and Sullivan, 2005). The specialized 
software provides good capabilities for design of individual measures or systems of well defined  
structures. Spatial distribution of the measures on the site within the context of its watershed can 
be studied using GIS; however, our previous experience shows that this can be a tedious process, 
especially in complex landscape conditions and when larger number of alternatives needs to be 
explored. Recently, new systems were developed that allow the users to interact with landscape 
models in a more intuitive way. While these systems are still experimental, the first commercial 
versions are becoming available. 
 
Several alternative systems have emerged recently (Figure 9), including: 
 
1. GIS2Map3D: Solid surface with printed imagery and interactive display of GIS layers using 

projectors (Coucelo et al., 2005, Figure 9a). The advantage of this system is that it enables a 
high resolution and a large format if desired. The disadvantages are that the system is static 
(once carved, it practically cannot be changed, but objects can be added) and its high costs. 
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2. Xeno Mark III: Pin based system where the landscape surface is represented by movable pins 

covered by latex sheet. The main advantage of this system is its dynamic surface; different 
sites (or in case of a construction - terrain for different stages of construction) can be 
represented by the same system (it takes only minutes to change the surface). The 
disadvantages are the high cost of the hardware and maintenance requirements. 

 
3. Tangible GIS: The Tangible Infoscape system called "Illuminated Clay" (Ratti et al., 2004), 

consists of a flexible terrain model that can be modified by hand, a laser scanner and a 
projector. The laser scanner scans the modified surface and the impact of the modification on 
a selected parameter (e.g. slope, water flow pattern) is then projected as a color map on the 
surface in real time. The prototype system is located at the Media Laboratory at MIT and we 
have recently established a collaboration with its development team. If the system proves 
useful and effective we plan to seek federal funding to establish it as a research and education 
tool at NCSU. The support for this collaboration is leveraged by funding from U.S. Army 
Research Office. An illustration this system’s application for an area around SECREF (Lake 
Wheeler NCSU experimental farms) is described by Mitasova et al. (submitted) and at a web 
site http://skagit.meas.ncsu.edu/~helena/wrriwork/tangis/tangis.html
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Figure 9. Spatial representation in a) SIMWE water flow shows the complexity of water flow 
after construction that controls the spatial pattern of erosion b) GeoWEPP (Moore et al. 2004), 
erosion/deposition maps for different scenarios in the entire area shown in Figure 5, red is high 
and green is low erosion; hillslopes are represented by pixels along flowpaths; c) watershed 
version of WEPP approximates hillslopes by tilted planes and water is further routed through 
channels and basins (Bd, 71% cecil (red),  29% appling (pink)); d) different representation that 
replaces the squares with wider and shorter rectangles, but also lowers the sediment yield 
estimates. 
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Figure 10a. Solid terrain model  
 

 

 
Figure 10b XenoMark: pin-based dynamic soild terrain model  
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Figure 10c Illuminated clay that is being developed into a Tangible GIS. The two lower images 
show manipulation of a solid model of an area around SECREF that included creation of a basin 

and addition of a checkdam. The impact of modification on the flow direction pattern is 
projected in real-time on the surface, color shows the slope. 
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Figure 10d Clay model of area near SECREF placed in the Illuminated Clay environment. Lower 
two images show water flow pattern and slope map computed for the modified clay model after 
the scanned elevations were imported into GRASS GIS. 
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7. Conclusions and further research 
 

Based on the analysis presented in this report, the following conclusions can be reached with 
respect to sediment and turbidity control systems on construction sites in North Carolina: 
 

•The results confirm findings by other experimental and modeling studies that the current 
standard design of sedimentation basins does not provide adequate sediment control.  

 
•This results suggest a need for (1) re-evaluation of the assumptions underlying the e

rules for sediment basin design, and (2) consideration of measures to bring the site 
conditions closer to the assumptions (e.g., mandatory baffles);  

xisting 

•Integration with storm water control measures emerged as the most cost effective 
approach for improving the environmental effectiveness of the current sediment control  

 
•Spatial simulation for phased construction demonstrated that the effectiveness of this 

approach is highly site specific. The number and type of measures required is greatly 
dependent on configuration of terrain and grading. Phased development may well 
require the same number of structures as without phased development along with  
additional costs due to scheduling of the construction. 

 
Further future work will: 

•Investigate the optimal sedimentation basin design that incorporates realistic conditions, 
such as turbulent and unstable flow, erodible banks. Compare effectiveness of increased 
depth, baffles, length-to-width ratio in terms of minimizing flow turbulence 

•Investigate the most effective approach to enhance enforcement. Based on the results of 
Reice and Andrews (2000), the cost effectiveness of enforcement can be improved by 
creating an erosion potential map for areas with potential for development (RUSLE and 
USPED may be enough for this). Enforcement can then target construction sites in the 
high risk areas in particular. 
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