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INTRODUCTION 

The Baltimore County Department of Public Works requested to prepare a hydraulic model of 

Jones Falls from Lake Roland to south of Fairfield Avenue. Jones Falls extends from its point of 

discharge from Lake Roland towards thee Patapsco River running parallel along I-83. The 

portion of Jones Falls being modeled from Lake Roland to south of Fairfield Avenue is 

approximately 0.7 miles in length. Hydraulic analyses were prepared for the 2, 10, 50, 100, and 

500-year storms. This report may be used as the basis for the FEMA 100-year floodplain 

boundary along Jones Falls. 

PROJECT HISTORY 

Various hydrologic studies have been prepared for the Jones Falls watershed. In 1980, Purdum 

and Jeschke prepared a study of the watershed that was later updated in 2010 by Dewberry. The 

2010 update incorporated the 2006 NOAA Atlas 14 rainfall data. A copy of the 2010 study, 

signed and sealed by a profession engineer, is not available. Due to concerns regarding the 

hydrology, Baltimore County has requested to use the USGS Maryland StreamStats program to 

determine the current hydrology from Lake Roland to south of Fairfield Avenue. Due to the 

absence of an official hydraulic study, Baltimore County has also requested to prepare the 

attached, signed, and sealed hydraulic analysis to accompany the accepted hydrology. 

LOCATION AND SITE DESCRIPTION 

Jones Falls is located in the south-central region of Baltimore County, Maryland, just south of 

Lake Roland and parallels the Maryland Transportation Authority light rail tracks between Lake 

Roland and the Interstate-83 overpass. Jones Falls crosses beneath two bridge structures. The 

most upstream point within this section is the Lake Roland Dam as shown in Figure 1 below. 

The northern upstream bridge structure is a pedestrian bridge shown in Figure 2 and the southern 

downstream bridge structure is an arch bridge under Falls Road shown in Figure 3. A vicinity 

map is provided in Figure 4 at the end of the project narrative showing the overall location. 
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Figure A- Lake Roland Dam  (Bottom)    Figure B- Lake Roland Dam (Top)  

  

Figure C- Pedestrian Bridge Looking Up      Figure D- Pedestrian Bridge Looking Down 

 

   

Figure E- Arch Bridge Looking Up               Figure F- Arch Bridge Looking Down 
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The pedestrian and arch bridges are both single span bridges and have been modeled accordingly 

based on their geometry and surveyed elevations. The county roadway crossing is Falls Road 

defined by the high bridge supported by piers as shown on the upper left corner of Figure 3B. 

The drainage area at the upstream and downstream portion of the project is 37.3 and 37.9 square 

miles respectively. For more detailed hydrologic information on Jones Falls, please see 

Appendix A. 

The Jones Falls hydraulic model produced by the Constellation Design Group study will develop 

the ñofficialò 100-year floodplain boundary as recognized by Baltimore County and will serve as 

the basis to update the FEMA FIRM Map.  

The drainage area for Jones Falls consists of an urban environment conveyed through residential 

and commercial neighborhoods. The channel varies from approximately 35ô to 70ô wide, with a 

natural channel bed generally consisting of gravels, cobbles, and small boulders with little 

vegetation. Channel overbanks are mostly wooded to open space at the northern portion of the 

project and varies from vegetated to paved at the southern portion of the project. Maintained 

grass areas are present in the downstream residential and commercial developments. 

The main features present within this section of Jones Falls are the building obstructions, parking 

areas, and wood piles. The main building obstructions along this section of Jones Falls are the 

Davey Tree Service buildings located upstream of the arch bridge at Falls Road, the Long and 

Foster Real Estate buildings located upstream of Fairfield Avenue, and the Eastern Sales and 

Engineering Company located downstream of the arch bridge at Falls Road. The area between 

the Davey Tree Service buildings and the Foster Real Estate buildings were modeled as 

ineffective flow area.  The assumed building top elevations were estimated from aerial 

topography. The parking areas generally surrounding the building locations were incorporated 

into the model through their manningôs roughness coefficient values for paved regions. The 

wood piles were incorporated into the model as blocked obstructions, defined by the surveyed 

station limits on the northern end of the Davey Tree Service parking lot. Please see the 

referenced vicinity map at the end of the report narrative for the locations of the main building 

obstructions and wood piles. 
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HYDROLOGY 

The hydrology that was used for this study was taken from the USGS StreamStats website for the 

state of Maryland. Existing conditions discharges were obtained for the 2, 10, 50, 100, and 500 

year design storms at 6 different locations along Jones Falls. For each location, basin and flow 

characteristics were obtained along with images of their corresponding drainage areas as shown 

in Appendix A. 

HYDRAULICS 

The floodplain hydraulic model of Jones Falls was obtained using the US Armyôs Corps of 

Engineers water surface profile program HEC-RAS, version 5.0.1, dated April, 2016.  The 

hydraulic model of Jones Falls consists of approximately 3,600 linear feet of stream, 19 surveyed 

cross sections, 2 cross sections consisting solely of aerial survey with composite field data 

incorporated, and 2 bridge structure crossings. Please refer to Appendix B for the HEC-RAS 

input and output data. The reach analyzed was from downstream of Lake Roland to the 

Baltimore City property line, identified as ñDS of Lake Rolandò in the HEC-RAS model. 

The hydraulic modelôs geometric input was produced using geoRAS in arcMAP 10 to project 

both the Baltimore County aerial survey and the field survey data into each cross section. The 

positions of the ineffective flow areas, blocked obstructions, and manningôs roughness 

coefficient distributions were drawn as polygons in geoRAS and incorporated into the HEC-RAS 

geo-referenced geometric input. The components of the hydraulic model include the following: 

(1) cross section data, (2) manning roughness coefficient values, (3) structural modeling for the 

two bridges, (4) contraction and expansion coefficient values, (5) steady flow data, and (6) 

downstream boundary conditions.  

CROSS-SECTIONS 

A total of twenty-one (21) cross sections were used to develop the Jones Falls hydraulic model. 

Of the twenty-one (21) total cross sections, nineteen (19) were field surveyed and two cross 

sections (2) were aerial surveyed. Cross section numbers 2 and 15A was aerial surveyed only, 

while the other cross sections were a composite of field survey within the limits of the overbanks 

and aerial survey for the surrounding surface outside the limits of the overbanks. The purpose of 
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the added aerial surveyed cross section was to obtain an accurate representation of the hydraulic 

characteristics of an existing levee between Fairfield Avenue and Appleby Avenue.  

The GIS software application GeoRAS was used to geospatially orient the field surveyed cross 

sections. To do this, cross section spatial coordinates were developed in GIS using the available 

Baltimore county 2 foot LIDAR-based DEM and then exported to HEC-RAS geometric input.  

The field survey vertical coordinates (elevation values) were then incorporated into the program 

through the cross section geoRAS editor. A triangulated irregular network (TIN) DEM was 

synthesized from the field survey elevation file. The synthesized TIN was then used an input to 

the geoRAS program to project the elevation field survey elevations onto each cross section.  

The field survey elevation values for each cross section were then supplemented with aerial 

survey elevation values within HEC-RAS in order to extend the limits of each cross section to be 

above the 500-year water surface elevation.  

The values were entered up to certain station limits to allow for mapping consistencies when the 

backend RAS Mapper Analysis was performed to generate the spatial floodplain boundary after 

HEC-RAS obtained output. The cross sections were extended since the 500 year water surface 

elevation went beyond the field survey limits. Overall, this approach maximized hydraulic model 

accuracy regarding channel topography by systematically capturing the data points within a 

batch process that LIDAR cannot. 

Cross sections were placed at locations of changes in flow, slope, land use, and at bridge 

structure crossings. For the two bridge structure crossings, the cross sections are labeled 1 

through 4 from downstream to upstream to match the bridge modeling approach documented in 

the HEC-RAS user manual. Cross section locations and floodplain maps for the100-year design 

storm are included in Appendix C and HEC-RAS generated stream cross sections and profile 

plots for the 100-year design storm are included in Appendix D. 

Although the main source of cross section information came from surveyed data, adjustments 

were required to input elevation values for ineffective flow areas and blocked obstructions for 

the two bridge structures. For these locations, the topography directly upstream and downstream 

form the structure crossings were different than the topography shown through the structure. 

Thus, for both bridge sections, the elevation values were input into the internal bridge cross 



Hydraulic Report for Jones Falls from Downstream of October 2017 
Lake Roland to the Baltimore City Line 

8 

section function manually in the HEC-RAS program in order to match the surveyed bridge 

approach low chord elevations and stationing given in the January 2016 field survey sections. 

The reach lengths for the centerline, left overbank, and right overbank have been verified to be 

consistent with the actual surveyed lengths documented in the January 2016 field survey 

sections. 

MANNING ROUGHNESS COEFFICIENT (N) VALUES 

Manning roughness coefficient distributions were incorporated into the HEC-RAS geometric 

input data through the geoRAS arcMAP10 editor by drawing polygon regions and then by 

assigning manning roughness values to each polygon. The geo-RAS program then read the 

polygon regions through each cross section in order to obtain the cross section station limits and 

manningôs roughness values for the horizontally varying distributions. 

The manningôs coefficient values were determined via correlation with field visit photography 

data and using the Manningôs n value tables obtained from the Maryland State Highway 

Administration (SHA) Highway Drainage Manual. The manningôs roughness coefficient values 

for the overbanks of Jones Falls were estimated based on supplemental aerial topography in 

regions where field photography was not available. Please see Appendix E for field photography 

for all twenty of the Jones Falls cross sections modeled. 

Overall, a consistent Manningôs n value of 0.035 was used for the wetted perimeter of the stream 

channel along the entirety of Jones Falls. This was based on a natural channel bed free of 

vegetation with a largely consistent presence of small gravel and sparse, small boulders. A 

manningôs n value of 0.013 was used for overbank regions containing paved surfaces. A 

manningôs n value of 0.025, 0.05, and 0.08 were used for overbank areas containing open space, 

lightly wooded areas, and heavily wooded areas respectively, and an  value of 0.065 and 0.013 

for residential and impervious areas respectively.  

Extents of the channelôs roughness coefficient have been verified to match the main channel 

length values exactly. 
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STRUCTURE MODELING APPROACH 

Dimensions of the two existing structures along Jones Falls, the pedestrian bridge at Robert E. 

Lee Park and the arch bridge below Falls Road, were developed based on verified field 

measurements and sections. For low flow unsubmerged condition, the energy-only method was 

used to compute the flows through the structures. For high flow condition submerged condition, 

the pressure flow method was used because the bridge deck is a large obstruction to the flow 

when the bridge is overtopped when the water going over top of the bridge is not highly 

submerged by the downstream tail water. The piers at Falls Road were modeled as obstructions 

and modeled according to the surveyed low chord elevation for each pier. 

Ineffective flow boundaries were input into the HEC-RAS program at both the upstream and 

downstream bounding bridge cross section. The elevations of the ineffective flow boundaries 

were set to contain flows that do not overtop the roadway. An approximate ten foot area beyond 

the edge of the existing bridge structure on each side of the stream was modeled as ineffective.  

The bridge cross sections were coded into the model to match the spatial survey data and cross 

sections enclosed in Attachment 1 of this report. 

CONTRACTION AND EXPANSION COEFFICIENTS (K) VALUES 

The contraction and expansion coefficients were modified to 0.3 and 0.5 at the cross section 

directly upstream and downstream of both bridge structures (designated as BR 2 and BR 3) as 

recommended by the HEC-RAS user manual to represent the irregularity of the stream channel 

through the bridge structure. The other cross sections retained the default contraction and 

expansion coefficient values of 0.1 and 0.3 respectively. Additionally, the coefficients of the 

cross sections upstream of the bridge structures designated as (BR 4) were also modified to 0.3 

and 0.5 respectively to take into account the irregularity of the channel geometry upstream of the 

bridge openings.  

STEADY FLOW DATA 

The StreamStats and geoRAS program is capable of providing flow rates at any location along 

the length of Jones Falls. Considering this, cross sections were placed in the HEC-RAS hydraulic 

model where significant flow or slope increases occurred or at existing bridge structures where 
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manual HEC-RAS modeling inputs are required. Table 1 below shows the locations of change in 

flow along Jones Falls hydraulic model along with the associated cross section number. 

 

The HEC-RAS model was run using sub-critical flow regime. As the purpose of the model is to 

analyze Jones Falls upstream of the Baltimore City line, a sub-critical flow regime was used.  

DOWNSTREAM BOUNDARY CONDITIONS 

The downstream boundary condition for the model was determined using known water surface 

elevations at the Baltimore City line for the 2, 10, 50, 100, and 500 year design storms, obtained 

from a detailed Baltimore City study obtained by AMEC- Foster Wheeler. The known water 

surface elevations were used as a basis for the steady state evaluation and computation. 

RESULTS 

The 100-year water surface elevations from the HEC-RAS model are shown in Table 2 shown on 

the following page: 
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The tabular and plot results of the hydraulic analysis for both the stream profile and each cross 

section for the 2, 10, 50, 100, and 500 design storms are shown in Appendix B and Appendix D 

respectively. These results were then projected into RAS-MAPPER to the correct coordinate 

plane to convert each floodplain boundary into georeferenced shapefiles. The shapefiles were 

generated by using the raster to point conversion tool in arcMAP 10 to accurately represent the 

floodplain boundary extents for each design storm analyzed. 

Note that the downstream bridge section in the HEC-RAS model is the Falls Roadway shown in 

Figures E-F of the report narrative. Bridge cross sections #1-4 correspond to HEC-RAS cross 

sections 7 through cross section 10 respectively. The upstream bridge section in the HEC-RAS 

model is the pedestrian bridge shown in Figures C-D of the report narrative. Bridge cross 

sections #1-4 correspond to HEC-RAS cross sections 16 through 19 respectively. Cross section 

20 represents the Lake Roland Dam which is shown in Figures A-B of the report narrative. 
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SUMMARY AND CONCLUSIONS 

Constellation Design Group Inc., as sub-consultants to Wallace Montgomery, was tasked to 

prepare a hydraulic model for Jones Falls to develop the hydraulic model to formulate the 100-

year FEMA floodplain boundary. Hydraulic modeling was prepared using surveyed 

measurements and sections dated January, 2016. Tabular and plot results from the 2, 10, 50, 100, 

and 500 year water surface elevations are included in Appendix B and Appendix D respectively. 

The 100-year floodplain boundary and cross section locations are shown in Appendix C. The 

field photography of each cross section is shown in Appendix E. 
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APPENDIX A 

StreamStats Analyses
(2-yr, 10-yr, 50-yr, 100-yr, and 

500-yr STORMS) 





Drainage Area & Flow Rate Location Maps 
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