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1. INTRODUCTION

The Virginia Department of Transportation is proposing to perform a reconfiguration of 
Richmond Highway (US Rt.1) in Arlington County, VA., from 12th. Street to 23rd Street in 
Crystal City. The study to perform this reconfiguration proposes 2 alternatives: 

Alternative #1 consists of keeping the existing grade separated condition with some slight 
changes in the vertical alignment. This alternative includes the rehabilitation or 
reconfiguration of the of the drainage systems and other existing roadway features along 
the existing horizontal alignment. The project includes the redesign of the 20th & 15th 
Street intersections. 

Alternative #2 consists of a vertical and horizontal realignment of the existing roadway, 
lowering the vertical alignment to create at-grade intersections at 18th & 15th Street. This 
alternative includes a total redesign of the drainage systems along the length of the 
project.  

Athavale, Lystad and Associates, Inc. (ALA) has prepared this Report which analyzes 
the SWM/BMP requirements to satisfy the Commonwealth of Virginia regulations for 
water quantity and quality control. The area covered by this Report includes Richmond 
Highway from Sta.12+00 on the South side to Sta. 46+00 on the North side for the 
grade separated Alternative #1, and from Sta. 12+00 on the North side to +/- Sta. 47+00 
on the North end for the at-grade Alternative #2. 

The typical section of the roadway is a closed section with curb and gutter. The 
drainage is through a closed drainage system featuring curb inlets along the entire 
alignment and it is connected to inlets and pipes draining that serve large offsite 
areas. 

2. METHODOLOGY

At the location of the proposed Richmond Highway, the US Route 1 classified as “Urban 
Principal Arterial”. Stormwater discharges for pipe and roadside ditch analysis are the 
flows generated by a 10–year storm. 

The drainage areas were delineated using the survey of the corridor provided by VDOT 
as well as large scale GIS contours from Arlington County, VA GIS website. For the 
purposes of this study the following assumptions were considered:  

• All existing roadways in the corridor were assumed to be crowned.

• The corridor survey provided by VDOT was not 100% complete as it seems
limited to the project corridor. To completely assess the Adequacy of Outfall
requirements more data for the storm sewer network will be necessary especially
downstream from the identified Points of Outfall (POA). Drainage areas coming
from the side streets within the project area are mainly based on the GIS
contours which may not be accurate at this scale.
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• The level of accuracy was assumed to be enough for a macro assessment of the 
adequacy of the drainage systems within the corridor.

• Soils information of the drainage areas were collected from the Web Soil Service, 
National Cooperative Soil Service of the USDA Natural Resources Conservation 
Service and are included in Appendix C of this Report.

3. STORM WATER MANAGEMENT / BMP REQUIREMENTS.

Commonwealth of Virginia and VDOT’s Stormwater Management Regulations require 
that measures be provided for quality and quantity controls in any project that includes 
land disturbing activities. These regulations are contained in the Virginia Stormwater 
Management Handbook, First Edition, 1999 and in the VDOT Drainage Manual, 
Chapter 11, April 2002 Edition as well as in the VDOT IIM 195.1X.  

3.1 Water Quality Management 

Section 11.4.1 Part IIB Design Criteria of the VDOT Drainage Manual details the 
different requirements for linear development project. 

In order to protect the quality of state waters and to control the discharge of 
stormwater pollutants from regulated activities, the following minimum design 
criteria and statewide standards for stormwater management shall be applied to 
the site. 

1. New development. The total phosphorus load of new development projects
shall not exceed 0.41 pounds per acre per year, as calculated pursuant 
to 9VAC25-870-65. 

2. Development on prior developed lands.

a. For land-disturbing activities disturbing greater than or equal to one acre that
result in no net increase in impervious cover from the predevelopment 
condition, the total phosphorus load shall be reduced at least 20% below the 
predevelopment total phosphorus load. 

b. For regulated land-disturbing activities disturbing less than one acre that
result in no net increase in impervious cover from the predevelopment 
condition, the total phosphorus load shall be reduced at least 10% below the 
predevelopment total phosphorus load. 

c. For land-disturbing activities that result in a net increase in impervious cover
over the predevelopment condition, the design criteria for new development 
shall be applied to the increased impervious area. Depending on the area of 
disturbance, the criteria of subdivisions a or b above, shall be applied to the 
remainder of the site. 
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d. In lieu of Subdivision C of this subsection, the total phosphorus load of a
linear development project occurring on prior developed lands shall be reduced 
20% below the predevelopment total phosphorus load. 

e. The total phosphorus load shall not be required to be reduced to below the
applicable standard for new development unless a more stringent standard 
has been established by a locality. 

B. Compliance with subsection A of this section shall be determined in accordance 
with 9VAC25-870-65. 

C. Upon completion of the 2017 Chesapeake Bay Phase III Watershed 
Implementation Plan, the department shall review the water quality design criteria 
standards. 

D. Nothing in this section shall prohibit a locality's VSMP authority from 
establishing more stringent water quality design criteria requirements in 
accordance with § 62.1-44.15:33 of the Code of Virginia. 

The Richmond Highway Project contains a mix of existing commercial and high-
density residential development. For water quality purposes, for the most part, the 
project consists mainly of refurbishing or replacing the existing pavement 
footprint. This is considered routine maintenance and does not add loads to the 
requirements for water quality control. The project proposes some decrease in 
impervious area by the horizontal reconfiguration of the intersections. The water 
quality requirements will be analyzed using the Re-development VRRM 
spreadsheet provided by the Department of Environmental Quality (DEQ). A 
preliminary calculation of the BMP requirements is shown in Appendix B of this 
Report. The results of these preliminary calculations show that the project is 
required to reduce the phosphorus loads by 3.59 lbs/yr for the grade-separated 
Alternative and 1.23 lbs/yr for the at-grade alternative. Given that these amounts 
are under 10 lbs, the project is proposing to meet the requirement with offsite 
credits obtained from a nutrient bank per VDOT stated policy.   

3.2 Water Quantity Management 

The Channel Protection criterion of Part IIB of the SWM Regulations (9VAC25-
870-66 Water Quantity) as listed in section 11.4.2 of the VDOT Drainage manual 
requires that: 

• Concentrated stormwater flow must be released into a Manmade, Restored, or
Natural Stormwater Conveyance System and must meet the criteria established 
for each to the limits of analysis as described in the regulations. 

• "Natural stormwater conveyance system" means the main channel of a
natural stream and the flood-prone area adjacent to the main channel. 

• When stormwater from a development is discharged to a natural storm water
conveyance system, the maximum allowable peak flow rate from the one-year 
24-hour storm following the land-disturbing activity must be calculated either 
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using the Energy Balance method or another methodology that is demonstrated 
by the VSMP authority to achieve equivalent results and is approved by the 
board. The energy balance Equation is listed below. 

QDeveloped = I.F. × [ QPre-Developed × RVPre-Developed]/ RVDeveloped

Under no condition shall QDeveloped be higher than QPre-Developed nor shall 
QDeveloped be required to be less than that calculated in the following equation: 

QDeveloped = [ QForest × RV Forest]/ RV Developed

Where: 

I.F. (Improvement Factor) = 0.8 for sites > 1 Acre LDA or 0.9 for sites ≤ 1 Acre 
LDA 
QDeveloped = the allowable peak flow rate of runoff from the developed site for the 1- 
yr 
24-hour storm. 
RVDeveloped = the volume of runoff from the site in the developed condition for the 1- 
yr 24-hour storm. 
QPre-Developed = the peak flow rate of runoff from the site in the pre-developed 
condition for the 1-yr 24-hour storm. 
RVPre-Developed = the volume of runoff from the site in pre-developed condition for 
the 
1-yr 24-hour storm. 
QForest = the peak flow rate of runoff from the site in a forested condition for the 1-yr 
24-hour storm. 
RVForest = the volume of runoff from the site in a forested condition for the 1-yr 24- 
hour storm. 

• Limits of analysis for channel protection (9VAC25-870-66. 9VAC25-870-72C)

Channel protection analysis is carried to a point where: 

• The site's contributing drainage area is less than or equal to 1.0% of the
total watershed area draining to a point of analysis in the downstream
stormwater conveyance system; or

• Based on peak flow rate, the site's peak flow rate from the 1-year 24-
hour storm event is less than or Limits of Analysis (Channel Protection
Flow) equal to 1.0% of the existing peak flow rate from the 1-year 24-
hour storm event prior to the implementation of any stormwater quantity
control measures.

For this project, discharges from the points of analyses (POA) outfall into 
closed underground systems. These systems will be analyzed to a point in the 
watershed where the site’s contributing area is less than 1.0% of the total 
watershed area. A drainage area map showing all points of analysis 
schematic is included in Appendix A of this report. The area of the Project is 
outside of the Floodplain of the Potomac River as shown in the FEMA FIS 
map shown on Appendix A   
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Impervious and disturbed areas because of the project were measured using 
MicroStation CAD software. Computations pertaining to this analysis are 
included in Appendix A. Input for the hydrologic model was determined by the 
following methods. 

a. Using the photogrammetric mapping and field investigation data, the
areas draining to the study points were delineated. The drainage areas
were then measured using MicroStation. For existing drainage area
delineation, large scale GIS mapping were obtained from available
County records.

b. The map of the soils present in the project site were identified using the
NRCS soils map survey. A report of the survey is included in Appendix
C of this Report.

This project will be utilizing as much of the existing closed system as possible and will 
be only adding or changing pipes or structures due to changes in the roadway 
configuration specially near the intersections within the Project limits. Adequacy of 
Outfall is expected to be met by demonstrating  either the flow reduction at the POA or 
the adequacy of the existing system for the expected flows in the proposed conditions, 
given that at some of the POAs the flow is slightly increased . Overall, the net 
impervious area for the project is being reduced, but a more detailed hydraulic analysis 
of the receiving network will have to be developed for those situations. 

4. CONCLUSIONS

After performing the required calculations to analyze the proposed improvements to 
Richmond Highway (US-1) through Crystal City in Arlington County, we have 
concluded that the existing system is adequate to drain the area of the project. This 
assessment is based solely on the changes in the pervious/impervious areas 
between existing and proposed conditions, but this will have to be verified through a 
more detailed hydraulic analysis of the existing storm sewer network downstream 
from the POAs. See Drainage Area Maps and Calculations and a Summary Table  
presented on Appendix A of this Report.    

The project is required to comply with Part IIB of the VSMP regulations of the 
Commonwealth of Virginia. SWM/BMP requirements are calculated using the Re-
Development VRRM spreadsheet provided by the Virginia DEQ. The Tp reduction 
requirement are different for the at-grade (1.23 lbs/yr) vs. the grade-separated 
alternative (3.59 lbs/yr), with the at-grade alternative requiring fewer credits than the 
grade-separated one. Calculations and a Summary Table are presented on Appendix 
B of this Report.   
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7. APPENDIX  A

OUTFALL ADEQUACY 
CALCULATIONS 
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OUTFALL ADEQUACY 
CALCULATIONS 

 AT-GRADE ALTERNATIVE 
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OUTFALL ADEQUACY 

CALCULATIONS 

 GRADE-SEPARATED 

ALTERNATIVE 
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Is Outfall Adequate
Managed Turf (ac) Impervious (ac) Total (ac) Managed Turf (ac) Impervious (ac) Total (ac) Managed Turf (ac) Impervious (ac) (Yes or No)

POA 1 1.36 3.90 5.26 2.21 3.06 5.27 0.85 ‐0.84 Yes
POA 2 0.68 3.13 3.80 0.94 2.86 3.81 0.26 ‐0.26 Yes
POA 3 1.73 2.58 4.31 2.41 1.90 4.31 0.68 ‐0.68 Yes
POA 4 0.08 3.84 3.92 1.51 2.41 3.92 1.44 ‐1.43 Yes
POA 5 0.00 0.57 0.57 0.01 0.56 0.57 0.01 ‐0.01 Yes
POA 6 0.07 0.12 0.19 0.02 0.17 0.19 ‐0.05 0.05 TBD

TOTAL (ac) 3.92 14.13 18.05 7.10 10.95 18.06 3.18 ‐3.18

Is Outfall Adequate
Managed Turf (ac) Impervious (ac) Total (ac) Managed Turf (ac) Impervious (ac) Total (ac) Managed Turf (ac) Impervious (ac) (Yes or No)

POA 1 1.36 3.90 5.26 1.37 3.89 5.27 0.01 ‐0.01 Yes
POA 2 0.68 3.13 3.80 0.61 3.19 3.81 ‐0.07 0.07 TBD
POA 3 1.73 2.58 4.31 2.19 2.12 4.31 0.46 ‐0.46 Yes
POA 4 0.08 3.84 3.92 1.49 2.44 3.92 1.41 ‐1.41 Yes
POA 5 0.00 0.57 0.57 0.00 0.57 0.57 0.00 0.00 Yes
POA 6 0.07 0.12 0.19 0.00 0.19 0.19 ‐0.07 0.07 TBD

TOTAL (ac) 3.92 14.13 18.05 5.66 12.39 18.06 1.75 ‐1.74

Outfall Adequacy of Existing & Proposed Conditions ‐  Outfall Drainage Area Within LOD

Net Land Use Change

Net Land Use Change

Table 3A

Comparison of Land Uses within LOD

At‐Grade ‐ Proposed Condition

Outfall ID
Grade‐Separated ‐ Existing Condition Grade‐Separated ‐ Proposed Condition

Outfall ID
At‐Grade ‐ Existing Condition

Route 1 Multimodal_VDOT (At‐Grade Alternative)

Outfall Adequacy of Existing & Proposed Conditions ‐  Outfall Drainage Area Within LOD

Table 3

Comparison of Land Uses within LOD

Route 1 Multimodal_VDOT (Grade‐Separated Alternative)
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