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Project Title: Peters Creek Restoration Design Package 

Abstract:  

The City of Roanoke, Virginia identified an approximately 1,700 linear foot long stretch of 

Peters Creek impaired from upstream residential and commercial development. The stream is 

degraded and experiencing excessive bank erosion, such that local infrastructure and ecological 

conditions are negatively impacted. With an estimated budget of 1.2 to 1.4 million dollars provided 

by the City of Roanoke, and working around spatial constraints of an urban setting, a conceptual 

design package was created for the restoration of Peters Creek. The package includes cost 

estimates, conceptual design drawings, and a design narrative. Design decisions were based on the 

project goals of prioritizing a reduction in sediment loading from the banks to the stream, increasing 

floodplain storage capacity, promoting ecological uplift, and creating a positive impact on the local 

community. This package will contribute to a Virginia DEQ Stormwater Local Assistance Fund 

(SLAF) application which, if granted, would split the cost of the project between the DEQ and the 

City of Roanoke. If implemented, this design plan set will be used as the basis for further technical 

design work and construction plans for the development of a healthier, more functional stream 

channel.  
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Site Selection and Background 

 

Background 

The Environmental Protection Agency has identified the Roanoke River and 11 of its 

tributaries as impaired under the 303d section of the Clean Water Act (Roanoke Government, 

n.d). The Virginia Department of Environmental Quality (DEQ) created Total Daily Maximum 

Load (TMDL) plans for sediment, bacteria, and polychlorinated biphenyls (PCBs) (Roanoke 

Government, n.d.). In order to meet the requirements for Municipal Separate Storm Sewer 

System (MS4) permit issued by the DEQ, the City of Roanoke must show steps taken to reduce 

pollutant loading to reach these TMDLs. Roanoke County has a sediment Waste Load 

Allocation of 1,680 tons per year (Department of Development Services, 2020). A two-phase 

project has been proposed for a 2,400 LF stretch of Peters Creek which is considered a nested 

segment inside the TMDL plan. 

 Phase 1 is a traditional stream restoration with floodplain reconnection, minor channel 

realignment, installation of in-stream structures, and riparian buffer planting. This phase would 

incorporate 1,700 linear feet of the site. Phase 2 focuses on excavation of floodplain material 

with additional habitat and stabilization features as needed. This phase would incorporate the 

rest of the identified stretch, at 700 linear feet.  This design package is for Phase 1 of the 

project.  

 

Site Selection 

  The City of Roanoke commissioned an assessment of two possible sites, 

Garnand Branch and Peters Creek, for application to the Virginia Department of Environmental 

Quality’s Stormwater Local Assistance Fund (SLAF). Wetland Studies and Solutions, Inc. 

(WSSI) conducted a series of assessments including bulk density sampling, nutrient 

concentration sampling, bank condition surveys, and an estimation of sediment loading. 

Preliminary bank condition assessment performed by WSSI (Appendix A) utilized the Bank 

Assessment for Non-point Source Consequences of Sediment (BANCS) and calculated the 

Bank Erosion Hazard Index (BEHI) and the Near Bank Stress (NBS). Comparing the two 

streams, although Peters Creek is the shorter section at 2,800 feet to Garnand Branch’s 3,120 

feet, Peters Creek has an estimated sediment loading of 1,618 ton/year while Garnand Branch 



   
 

 
 

3 | P a g e  
 

has only 644 ton/year. Assuming a stream restoration efficiency of 85%, Peters Creek has the 

potential to show load reductions of 1,444 lbs./year total phosphorous, 3,136 lbs./year total 

nitrogen, and 2,750,600 lbs./year total suspended solids. All of these reductions exceed those 

possible at Garnand Branch assuming an equivalent restoration efficiency of 85%. In addition, 

WSSI identified that within Peters Creek, approximately 80% of the credit generation possible 

through the SLAF grant is from an approximately 1,500 linear foot stretch. Most of the proposed 

stream restoration design is within this extent.   

 

Project Scope and Current Conditions 

The chosen site is approximately 1,700 linear feet long with a 7.66 square mile 

contributing watershed. The headwaters are largely undeveloped, with more residential and 

commercial land use farther downstream before the project location. The watershed has an 

overall impervious surface coverage of 20%. Directly upstream from the site is a shopping 

center with a large parking lot and a medium-density neighborhood. Surrounding the project 

reach are two major roads and a church with a parking lot, detention pond, and a large grass 

lawn (Figure 1). Directly constraining the stream banks are sanitary sewer infrastructure and an 

apartment complex. The pipes are Western Virginia Water Authority gravity mains made out of 

ductile iron on stream right and HDPE on stream left. At several spots along the upstream 

portion of the reach, the banks around the sewer pipes and manholes have been eroded and 

the infrastructure is fully exposed. Near Westside Blvd. NW, a large drainage pipe empties into 

the creek, and the apron needs repair. Overall, the banks are in poor condition. The WSSI 

assessment has BEHI ratings for most of Peters Creeks’ banks ranking as high to extreme, and 

the NBS revealing 33 out of 43 sections rated with moderate stress or higher.  
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Figure 1. Peters Creek site location and pictures of current conditions 
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Goals and Objectives 

The goal of this project is to develop a conceptual design plan, a cost estimate, and a 

design narrative, in order to complete a Virginia Department of Environmental Quality (DEQ) 

Stormwater Local Assistance Fund (SLAF) application. If the submission is chosen, the cost of 

the project including additional planning, designing, permitting, inspection, and construction will 

be split evenly between the City of Roanoke and the DEQ. Considering the ranking criteria for 

the application and the established issues of the stream, the objectives of this project include: 

• Reduce sediment loading 

• Increase floodplain connectivity 

• Create a positive community impact 

• Provide ecological uplift 

Criteria and Constraints 

To best meet the objectives and to work within the site, this design was created to meet 

certain criteria and constraints. The constraints include keeping the project budget in the range 

of $1.2-1.4 million, which was based on a preliminary project assessment provided by the City 

of Roanoke. Additionally, since the stretch is located in a highly urbanized setting, the design 

must work around pre-existing structures in the stream and around lateral limitations of the 

apartments and the road. In order to design a stable stream geometry, the WVWA sewer pipes 

will have to be relocated at least 50-100 feet away from the current location along the channel.  

Measurable criteria were established to meet project objectives. To make the SLAF 

application competitive, the design will aim to minimize costs per lb. total phosphorus reduction. 

Considering the estimated budget and the potential nutrient reductions, the design will aim to 

keep costs less than $600/L.F. of stream. The project should also reduce nutrient loads and 

sediment loading in alignment with the TMDL.  

Methods 

Potential Technologies and Methods 

As there is not one widely accepted stream restoration method that will produce the best 

results in all situations, there are many different methodologies used in the design of stream 

restoration projects. The fundamentals of these methods differ depending on the scope of the 
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project, the desired outcomes, and the complexity of the project. Some of the methods analyzed 

by the team were Threshold Channel Design, Two-Stage Channel Design, Alluvial Channel 

Design, and Natural Channel Design. Although these methods did have similarities, the 

differences between the methods presented the opportunity to achieve specific project goals 

and the team was tasked with choosing the method that would best cater to the needs of Peters 

Creek. As the team summarized the different restoration methods and technologies, some of 

the methodologies were realized to be more viable options. From these promising methods, the 

team discovered how the viability of a given stream restoration method is highly dependent on 

the reference reach from which it was created. Therefore, the practicality of a methodology is 

dependent on the similarity between the project and the references reaches.  

Along with a specific methodology, stream restoration projects require the 

implementation of structures, in-stream and outside of the stream, to execute the design. The 

team reviewed many different structures that were categorized by stream bed, bank 

stabilization, and floodplain structures. Some of these structures included loose rock structures, 

weirs, toe wood, and riparian buffers. In the same vein as the methodology selection, the team 

eventually had to choose structures that would benefit the stream in ways that would help 

correct the major issues of concern. The team also took care to locate and evaluate industry 

standards from section 654 of the National Engineering Handbook that would be of use when 

developing the design for Peters Creek (USDA, 2007).  

Analysis of Potential Solutions 

In order to choose the best approach for Peters Creek, four different design scenarios 

were developed that ranged in project scope and intensity. The extent of the solutions was 

based on stream restoration condition as determined by the BEHI rating assessment completed 

by WSSI. The first solution focused on armoring only “very high” and “extreme” bank conditions 

with hard engineering structures such as riprap, boulder walls, and grouted gabion baskets. 

Approximately 35% of the banks would be considered. The second solution addressed the 

same banks but uses more natural and woody structures both in-stream and on the banks. Hard 

stone structures would be considered for the bank stretches contributing the most sediment as 

marked by “extreme.” The third solution considered banks ranked as “extreme,” “very high,” and 

“high,” which is approximately 93% of the site, and placing natural, woody structures will be 

favored except in the most vulnerable stretches. Finally, the fourth option considered was a 

complete and comprehensive Natural Channel Design involving channel shape design, grade 
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control, and floodplain reconnection. This would involve the entire project reach as the 

relocation of the channel bed would occur throughout.  

Criteria were identified and ranked based on the project goals and objectives. This was 

summarized into the factors of bank stabilization, floodplain reconnection, ecological benefit, 

cost, robustness, and aesthetics. Each criterion was weighted on a scale adding up to 100% to 

better represent their relative importance. Bank stabilization refers to the design solutions ability 

to reinforce the channel bank and reduce sediment loading due to bank erosion. The central 

objective of this project was to reduce sediment and nutrient loading to meet TMDL 

requirements and to be competitive for the SLAF application. It was weighted at 25%, the most 

important criteria. Floodplain storage refers to the ability to retain and manage high flows. This 

was weighted at 20% due to the importance of energy dissipation, protecting infrastructure, and 

sediment transport. Ecological benefit is to show overall uplift of flora and fauna in the 

ecosystem in the long term. This is also ranked at 20% because it is important for both wildlife 

and the local community. The project is visible from the road and to the apartment residents and 

showing a healthy habitat example will contribute to community uplift. Cost is one of the most 

important considerations, as the price needs to be competitive to be funded through the SLAF 

grant. It is weighted at 20%. Robustness refers to the longevity and durability. The design 

should be able to withstand predicted flows of large storms, and the lifespan needs to be long 

enough to allow the riparian vegetation to mature. It is ranked at 10%. Finally, aesthetics is 

more subjective, but overall, is about the natural look and feel of the design. As stated, the 

project is visible to many people, so having it look pleasing is important. However, it does not 

relate directly to any unaddressed objectives, so it is weighted at 5%. Using the team’s and 

professional advisor’s judgment, the solution alternatives were ranked and are provided in Table 

1 shown below.  

 

 

Table 1. Decision matrix of potential solutions 
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Solution 3 ranked the highest overall at 3.35. This is mainly due to its capabilities for 

bank stabilization, ecological benefits, and robustness. The team moved forward with this 

general approach to address most of the banks, while heavily favoring woody structures over 

rock hard armoring when possible. More considerations were made for stream relocation later 

on when more detailed work for channel geometry stability was being completed. 

Data Collection 

Two site visits were conducted to gather necessary information for design work. In 

October 2021, the team conducted a preliminary site walk to take pictures and discuss options. 

The second site visit was in November 2021, during which a laser level and GPS handheld 

device were used to survey cross-sections, a longitudinal profile, and GPS points of major 

landmarks. A reach-wide and two riffle pebble counts were also taken.  

One characteristic riffle (Figure 2) and one pool cross section were surveyed. The sites 

were identified by the team as being representative of the entire reach. The longitudinal profile 

was approximately 848 ft long, and elevation data of the thalweg and of the water surface 

elevation data were surveyed at every major feature change.  

 

Figure 2.  Surveyed cross section of a characteristic riffle in Rivermorph 

 

In addition, information was compiled using online databases such as Virgnia LiDAR 

downloads (VGIN, n.d.), USGS StreamStats (USGS, n.d.), and City of Roanoke GIS (City of 
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Roanoke, n.d.). The recurrence interval flow estimates for Peters Creek were retrieved from the 

USGS StreamStats website in a scenario flow report. The drainage area for the project reach 

was calculated by StreamStats by specifying the downstream end of the reach as the outlet for 

the drainage area. Then StreamStats used this drainage area in regression equations 

developed from previously collected urban peak flow data to calculate the recurrence interval 

flows (Austin, 2014). These estimates included event flows for the 2-year, 5-year, 10-year, 25 

years, and 100-year recurrence intervals which were 798 cfs, 1350 cfs, 1840 cfs, 2650 cfs, and 

4300 cfs respectively. The estimate for the drainage area was also included in the report. The 

estimated value was 7.66 square miles which was approximately equal to a previously 

calculated value calculated by the project team. More information is provided in Appendix B. 

Design Process 

After gathering data, the next steps involved data analysis to assess current conditions 

of the project site. LiDAR data was processed using ArcGIS to create 2 ft. contours with 

associated elevation data. An existing stream channel alignment was created in AutoCAD Civil 

3D. Sinuosity was measured using aerial photography with the Google Earth measuring tools as 

1.08 by dividing the length of the channel over the length of the valley. The quality of the 

photography did not allow for measuring other planform dimensions. 

Stream flow data was not available for the project reach of Peters Creek. This 

information is useful to obtain bankfull stream flows and channel dimensions, which occur 

during storms of 1-to-2-year recurrence intervals. Relevant values include cross-sectional area, 

width, depth, and flow, and they need to be accurate because they are central to both stream 

classification and design work. Preliminary estimations were found using the USGS Regional 

Curves for Streams in the Non-Urban Valley and Ridge Physiographic Province (Keaton et al., 

2005). The Rosgen worksheet 2-2 (Figure 3) shows various methods for estimating bankfull 

velocity and discharge (USDA-NRCS, 2007a). Using the information from the surveyed riffle 

cross sections, the calculated flow ranged from 142 cfs to 218 cfs, depending on the method. 

Considering the urban setting and the regional curve results, a design flow towards the high end 

of the estimates was chosen at 200 cfs. 
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Figure 3. Velocity and bankfull discharge calculations using WS 2-2 from Rivermorph 

 

From the pebble count analysis, the riffles had a D50 of approximately 44.6 mm and a 

D84 of 73.2 mm. Sediment competence is a measure of the maximum size of particles that a 

stream can transport at bankfull. It can be determined using either the critical dimensionless or 

dimensional shear stress which is calculated with characteristic bed material sediment 

variables, mean velocity, and hydraulic radius of a riffle cross section. In this case, since a point 

bar pebble count was not taken, the Dmax could not be determined. Instead, the D84 of the 

riffle was used in place as a conservative estimate. Sediment competence assessment is a 

good predictor for the state of the stream as stable, aggrading or degrading. Currently, the 

exsisting dimensional shear stress is 0.508 lbs/ft2  while the level needed to initiate movement of 
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Dmax (riffle D84) is 0.370 lbs/ft2 . The existing shear could potentially move a 92 mm particle 

size, so in the current state, the channel is considered degrading.  

In the last major analysis step, using the Rosgen stream classification method and 

RIVERMorph software, the stream was classified as a F4 type channel (Figure 4)(USDA-NRCS, 

2007a). This is based on the compilation of surveyed and researched data about the stream, 

resulting in values such as entrenchment ratio, width to depth ratio of the characteristic riffle 

cross section, channel sinuosity and slope of the channel. F4 is described as having riffle/pool 

sequences and being an entrenched meandering channel with low slope relief. 

 

Figure 4. Rosgen WS 2-3 Stream Classification from Rivermorph 

In the early assessment of the drainage basin, the valley was characterized as an alluvial 

type. The valley is primarily composed of fine clays, silt, sand, and gravel with a hillslope 

relatively distant from the stream. The instances of bedrock in the channel bed is likely a result 

of the heavy stream incision rather than being indicative of a bedrock valley type. Continuing the 
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Rosgen Natural Channel Design process, the channel type sequence was considered to 

understand the most likely natural evolution of a stream with characteristics of Peters Creek. 

The channel evolution from C4 -> G4 -> F4 ->C4 was chosen. Other sequences were 

considered, but ultimately, this decision was based on pertinent factors such as the valley type, 

similarities to stable reaches within this physiographic province, and professional judgment. The 

existing stream is of the F4 type, and following the natural progression, the channel should 

eventually become a C4 stream type. This stream restoration design will use characteristic 

ratios and geometries to achieve this stable stream configuration. 

The Natural Channel Design process requires finding a stable reference reach from which 

dimensionless ratios and design parameters for a given stream type can be determined. Ideally, 

the reference reach would be part of the same stream or in the same watershed to ensure 

similar valley, climate, and land use conditions. There were no readily accessible reaches to 

survey in the Peters Creek watershed, so instead, data was gathered from Neabsco Creek in 

Prince William County, Virginia. The Neabsco Creek watershed exhibits similar characteristics 

to the Peters Creek watershed, such as rates of urbanization, valley type, and slope. 

Dimensions from a stable C4 section of Neabsco Creek were used as the basis of the design 

and are provided Appendix C.  

Design Results 

The next steps of the design process involved creating a new stream alignment, 

developing common cross-sections, and placing reinforcement structures.  

Developing the alignment geometry was a balance between considerations for existing 

constraints such as keeping large trees and stormwater discharge pipes with the design 

dimensions derived from the reference reach such as riffle/pool spacing, radius of curvature, 

and meander belt width. The new length of the stream is 1,766 ft. long, which is an increase 

from the existing length of 1,700 ft. Field observations showed that in the downstream section of 

the project (beginning at a stationing of 1529 ft on the proposed alignment), the channel bed 

becomes dominated by bedrock. The elevation cannot be raised to meet the ideal design slope, 

so the location of the channel will not be manipulated here. Instead, changes will be minimized 

to just grading the banks to a stable geometry to prevent sediment erosion and create additional 

floodplain storage. For the rest of the project reach, the channel bed was redesigned to meet 

the stable reference reach specifications as closely as possible. From the reference reach, the 
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target pool dimensions would range from 141 to 151 ft. long and riffles would be 87 to 117 ft, 

and the final design has an average pool length of 139 ft. and an average riffle length of 79 ft.  

The cross-section dimensions were designed based on the chosen dimensionless ratios 

gathered from the Neabsco Creek reference reach in conjunction with the selected design flow. 

The typical riffle can convey approximately 200 cfs at bankfull flows with a velocity of 4 ft/s and 

maximum depth of 3 ft. The riffle includes outer edges that gradually slope to bankfull elevation 

in order to establish a more stable bank geometry (Appendix D, page 7 of the CAD sheets). This 

also provides an adequate surface to plant vegetation which will further reinforce the banks as 

the root systems mature (USDA-NRCS, 2007a). The narrower inner berm slightly constricts the 

channel, increasing shear stresses and facilitating the transport of sediment during lower flows. 

The small depression in the middle of the riffle acts as a low flow channel, preserving some 

depth of water during periods of drought, allowing for fish passage and thermal refugia for 

aquatic wildlife. These practices – planting vegetation on the banks and creating a low flow 

channel – further assist in achieving the goal of ecological uplift. Typical pools include a gradual 

point bar slope on the inside of bends to encourage sediment deposition, steeper slopes on the 

outside bend, and maximum depths approximately 10 in. greater than the riffles to maintain 

sufficient depth of water in these sections.  

Structure placement was based of the objectives outlined including reducing sediment 

loading, creating ecological uplift, and increase floodplain storage. J-hooks and log vanes were 

placed in an effort to redirect flow away from outer banks in meander bends and create scour 

pools. Root wad revetments and wood toe protection were placed in areas where banks need 

extra reinforcement due to infrastructure or large bends in the stream. Heavy stone structures 

were minimized, however stone toe protection and rock deflectors were placed along the banks 

directly behind the apartment buildings and close to the drainage pipe apron. These banks are 

not allowed to move, so these more substantial structures were used. An example, placement 

can be seen in page 4 of the CAD drawing sheets located in Appendix D.  

The standards used were derived from the National Engineering Handbook (NEH) Part 

654 – Stream Restoration Design (USDA-NRCS, 2007b). These standards cover Rosgen 

stream classification techniques, developing regional relationships for bankfull discharge using 

bankfull indices, scour calculations, grade stabilization techniques, and streambank soil 

bioengineering. The Rosgen classification techniques covered important guidelines on the 

various measurable parameters related to the Rosgen stream classification system. This was 
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useful when analyzing and interpreting data obtained from field measurements. The procedures 

and guidelines for developing regional relationships were helpful in identifying the proper 

characteristics necessary for choosing and comparing reference reaches. Standards for scour 

calculations and grade stabilization techniques provided insight on structural implementation 

and placement to reduce shear stresses and erosion on the streambanks. The techniques 

outlined for streambank soil bioengineering were useful in deciding the placement, installation, 

and maintenance of natural vegetation as well as their benefits to streambank stabilization and 

water quality.  

Cost Estimate 

 

The cost of implementing this design is equal to $877,927.05 which is $585.28 per linear 

foot as shown in Table 2. This cost per linear foot meets design requirements by being 

approximately $15 less than the minimum cost of $600 per linear foot. The unit costs for 

structures which include j-hooks, a rock deflector, log vanes, toewood and rootwad revetments, 

and stone toe protection were calculated and provided by advisor Ben Bradley. The unit costs 

for the temporary wood bridges, grading, and topsoil were also provided by Ben Bradley. The 

costs for mobilization and contingencies were calculated as 5% of the total cost. All other unit 

costs were adapted from a draft SLAF application for the Garnand Branch Stream Restoration 

located in southeast Roanoke with a 3% increase to adjust for inflation (City of Roanoke, 2021). 
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Table 2. Peters Creek Stream Restoration Cost Estimate 

 

Conclusion 

A conceptual stream restoration design plan was created to achieve the original goals of 

reducing sediment loading from the banks to the stream, increasing floodplain storage capacity, 

promoting ecological uplift, and creating a positive impact on the local community. Should this 

design plan be implemented, sediment loading will decrease by at least 50% (industry standard) 

or 154 tons per year. The stream will have better access to the floodplain given that the bed 

elevation has been raised and bank slopes have been graded back. Ecological uplift will be 

achieved in the form of a new riparian buffer and woody debris being added to stream. A 

positive community impact will be created implicitly through the achievement of the first three 
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goals. Locals will be able to visualize the benefits through a more stable channel and riparian 

growth, and they will have the knowledge that water quality and ecological health are improving 

as a result. 

Given more time, improvements could be made to the to the current design and design 

process. Initially, the amount of survey data collected was somewhat limited. Due to the team’s 

inexperience, the nature of the field work, and the location of the site, it was difficult to allocate 

an appropriate amount time to conduct a comprehensive survey. Furthermore, an ideal 

reference reach would have been located within the same watershed or nearby. However, 

because of the reasons mentioned above, a reach in Nothern Virginia was selected as the 

primary reference from which the design channel geometry was based. This reference reach 

may not be fully representative of a stable channel that would exist in this location due to 

differences in watershed characteristics such as climate and geology. In the later stages of the 

design, engineering plan sheets were created to visualize the changes being made to the 

existing project site. The team lacked experience in using the AutoCAD Civil 3D software, and 

although the sheets are satisfactory in conveying necessary information, design elements could 

be made clearer.  

The final steps in completing the design package require finalizing the SLAF application 

including compiling nutrient reduction calculations, a cost estimate, and other administrative 

details. The submitted design work will give the SLAF review board a clear understanding of the 

cost efficiency and the potential water quality improvements made by choosing this project. 

Based on the ranking system which prioritize criteria such as cost efficiency, phosphorous 

reductions, providing conceptual engineering work, and the site being under a TMDL or MS4 

permit, the team believes this project will be very competitive. Should the funding for this project 

be awarded, the City of Roanoke may choose to move forward with the stream restoration and 

will be able to use this conceptual design plan as a basis for further technical engineering work.  

 

 

 

 

 



   
 

 
 

17 | P a g e  
 

References 

Austin, S. H. (2014). Methods and Equations for Estimating Peak Streamflow Per Square Mile in 

Virginia’s Urban Basins: U.S. Geological Survey Scientific Investigations Report 2014-

5090. https://doi.org/10.3133/SIR20145090 

City of Roanoke. (n.d.). City of Roanoke | Real Estate GIS. City of Roanoke. Retrieved from 

https://gisre.roanokeva.gov/js/ 

City of Roanoke. (2021). Garnand Branch Stream Restoration Draft SLAF Grant Application. 

Roanoke. 

Department of Conservation and Recreation (2004). The Virginia stream restoration & 

stabilization best management practices guide. Retrieved from 

https://www.deq.virginia.gov/home/showpublisheddocument/7085/63752193860677000

0 

Doll, B. A., Grabow, G. L., Hall, K. R., Hailey, J., Harman, W. A., Jennings, G. D., Wise, D. E. 

(n.d.). Stream restoration: A natural channel design handbook. North Carolina Stream 

Restoration Institute and North Carolina Stream Grant. 

https://semspub.epa.gov/work/01/554360.pdf 

 

Keaton, J. N., Messinger, T., & Doheny, E. J. (2005). Development and analysis of regional 

curves for streams in the non-urban valley and Ridge Physiographic Province, Maryland, 

Virginia, and West Virginia. Reston, VA: USGS. Retrieved from 

https://pubs.usgs.gov/sir/2005/5076/sir05_5076.pdf 

 

Rosgen, D. L. (2011). Natural channel design (NCD): Fundamental concepts, assumptions & 

methods. Stream Restoration in Dynamic Fluvial Systems: Scientific Approaches, 

Analyses, and Tools, Geophysical Monograph Series, 194, 69–93. 

USDA-NRCS. (2007a). National engineering handbook, Stream restoration design Part 654, Ch. 

11 Rosgen channel design. Washington, DC: USDA Natural Resource Conservation 

Service. 

USDA-NRCS. (2007b). National engineering handbook, Stream restoration design Part 654. 

Washington, DC: USDA Natural Resource Conservation Service. 

https://doi.org/10.3133/SIR20145090
https://gisre.roanokeva.gov/js/
https://www.deq.virginia.gov/home/showpublisheddocument/7085/637521938606770000
https://www.deq.virginia.gov/home/showpublisheddocument/7085/637521938606770000
https://semspub.epa.gov/work/01/554360.pdf
https://pubs.usgs.gov/sir/2005/5076/sir05_5076.pdf


   
 

 
 

18 | P a g e  
 

USGS. (n.d.). StreamStats. United States Geological Survey. Retrieved from 

https://streamstats.usgs.gov/ss/ 

VGIN. (n.d.). Virginia LiDAR Downloads. Virginia Geographic Information Network. Retrieved 

from 

https://vgin.maps.arcgis.com/apps/Viewer/index.html?appid=1e964be36b454a12a69a3ad0

bc1473ce 

Virginia DEQ. (2019). Stormwater local assistance fund. Retrieved from 

https://www.deq.virginia.gov/water/clean-water-financing/stormwater-local-assistance-fu 

nd-slaf 

Yochum, S. E. (2017). Guidance for stream restoration (USDA). Retrieved from 

https://efotg.sc.egov.usda.gov/references/Public/CO/TN-102.3_Yochum_106p_2017_sm. 

Pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://streamstats.usgs.gov/ss/
https://vgin.maps.arcgis.com/apps/Viewer/index.html?appid=1e964be36b454a12a69a3ad0bc1473ce
https://vgin.maps.arcgis.com/apps/Viewer/index.html?appid=1e964be36b454a12a69a3ad0bc1473ce
https://www.deq.virginia.gov/water/clean-water-financing/stormwater-local-assistance-fund-slaf
https://www.deq.virginia.gov/water/clean-water-financing/stormwater-local-assistance-fund-slaf
https://efotg.sc.egov.usda.gov/references/Public/CO/TN-102.3_Yochum_106p_2017_sm.pdf
https://efotg.sc.egov.usda.gov/references/Public/CO/TN-102.3_Yochum_106p_2017_sm.pdf


   
 

 
 

19 | P a g e  
 

Appendices 

Appendix A: WSSI Preliminary Assessment 
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Appendix B: StreamStats hydrology reports 
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Appendix C: Design Parameters 

 

Appendix D: Conceptual Design Plans 
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