
Section 6 
Remaining Sub-Basin Investigations 
 
6.1 Introduction 
The City of Concord has been separated into 12 sub-basins by topography. The two 
sub-basins discussed in Section 4 and 5 had different approaches for the sub-basin 
analysis. Both the hydraulic modeling of the Terrible Trapezoid sub-basin and the 
field inspections in the Washington Street sub-basin revealed valuable information 
about the drainage problems and issues facing the City in those areas.  However, the 
methods used in these sub-basins were time consuming and rather labor intensive.  
Although detailed inspection of the rest of the City’s stormwater system may be an 
ultimate goal, in the short term the City and CDM together developed a different 
approach for evaluating the remaining sub-basins.  

The approach used for the remaining basins is a more standardized approach across 
all of the basins. The more developed areas containing existing drain pipes were the 
focus of each sub-basin. Smaller diameter drain networks and outlying areas were not 
investigated. A spreadsheet model using the “Rational Method” to evaluate sub-basin 
physical characteristics and existing stormwater collection systems. The method and 
model used for the evaluation are described in detail in Section 6.2. 

The sub-basins established in this section, along with the corresponding subsection 
number in parentheses, are: 

• Heights (6.3) 

• Turkey River (6.4) 

• Penacook (6.5) 

• Fisherville (6.6) 

• Oak Hill (6.7) 

• Hospital (6.8) 

• Horseshoe Pond (6.9) 

• Turkey Pond (6.10) 

• West Concord (6.11) 

• Hoit (6.12) 

A map showing all twelve (12) of the drainage basins are shown on Figure 9-1. 
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6.2 Rational Method Spreadsheet Model 
The Rational Method is a widely accepted method of calculating peak rainfall runoff.  
The method, in widespread use since the 1900’s, is applicable to small areas, but is 
seldom used for areas greater than 1 to 2 mi2.1The Rational Method predicts the peak 
runoff according to the formula:  

Q=CiA 

where C is a runoff coefficient, i is the rainfall intensity (inches/hour), and A is the 
subcatchment area (square feet).  The Rational Method was used, where appropriate, 
to calculate the peak discharge from sub-basins in Concord.  Sub-basins Hoit, West 
Concord and Turkey Pond contain subcatchments larger than 1mi2, so a USGS 
method was used instead of the Rational Method.  This is explained in more detail in 
Sections 6.10 and 6.12. 

The Rational Method spreadsheet model is described in further detail below.  A 
sample sub-basin spreadsheet is used as an example case.  The spreadsheet model 
workbook consists of two linked spreadsheets, “Tc Calcs” and “Project Area”. 

Table 6.2-1 shows the “Tc Calcs” spreadsheet and Table 6.2-2 shows the “Project 
Area” spreadsheet.  Both are completed for the sample drainage sub-basin. 

6.2.1 Characterization of Sub-Basin 
Major manholes or junction points in the stormwater collection network are 
represented in the model by “nodes.”  Nodes accept flow from overland runoff and 
are connected by a pipe to other nodes in the network. The connectivity and timing of 
flow between these nodes is described in the model. 

Within a drainage sub-basin, streets, neighborhoods and city blocks drain to 
individual nodes (catch basins) by gravity. The sub-basins were delineated into 
subcatchments, which is defined as a small area draining to a common location.  
These subcatchments get numbered and are listed in column 1 of the example sub-
basin in Table 6.2-1.  Each subcatchment is associated with a node in the model. The 
node represents the point of entry for that subcatchment area to the stormwater 
collection network. 

6.2.2 Travel Time through Subcatchment (Tt) 
Column 2 of Table 6.2-1 presents the pipe length (feet) between the point of entry 
node and downstream node.  Column 3 presents the velocity (feet/second) between 
nodes. A conservative velocity value (5 ft/s) was agreed upon by CDM and the City. 
The velocity chosen falls between minimum flushing velocity (3 ft/s) and scouring 
velocity (10 ft/s). Column 4 calculates the travel time through the subcatchment, from 

 
1 Lindeburg, Michael R. Civil Engineering Reference Manual for the PE Exam. 8th Edition. Professional 
Publications, Inc.  Belmont, CA.  2001. 
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the node at the upstream end of the subcatchment, to the node to which the 
subcatchment contributes.  The formula in Column 4 is:  Length/Velocity or 
Column2/Column3.  The travel time is given in hours. 

Some of the lengths are given as zero in Column 2.  Subcatchments at the upstream 
end of the stormwater collection network have no node-to-node travel time, so the 
travel time is given as zero.  If more than one node is upstream, the longer distance is 
used. 

6.2.3 Time of Concentration for Subcatchment (Tc) 
The Time of Concentration for a subcatchment is the time that it takes for a drop of 
water to flow from the farthest most point to the downstream end of the 
subcatchment.  Generally, the path taken by this drop of water will consist of two 
phases: 
Â Overland flow – travel over the ground as runoff – Tc (1) 

Â In pipe flow – travel within the stormwater network pipes or impervious surface 
(roadways, driveways) – Tc (2). 

The time taken during each of these two phases of travel is calculated separately. 

Overland Flow 
The length in Column 5 of Table 6.2-1 is from the farthest point in the subcatchment to 
the point where the flow enters the stormwater collection network or begins traveling 
on an impervious surface.  Rain falling into the subcatchment will, at a maximum, 
travel the overland distance listed in Column 5 to enter the stormwater network. 

Column 6 presents the elevation difference between the farthest point in the 
subcatchment and the location where the flow enters the stormwater collection 
network or begins traveling on an impervious surface.  Slope, in Column 7, is then 
calculated as d(elev) (Column 6) divided by Length (Column 5), and is presented in 
units of feet per feet. 

Using the slope from Column 7 and the known type of land use, the velocity is read 
from Figure 6.2-1.  As an example, the first subcatchment H1 has a slope of 
approximately 0.005 ft/ft, or 0.5%, found along the lower left edge of Figure 6.2-1. 
Assume the example sub-basin is largely dense residential and urban land use; the 
line from the graph can be selected to be a grassed waterway and paved area sheet 
flow.  Moving towards the right along the 0.5% line until approximately midway 
between grassed waterway and paved area, we find a velocity of 1.2 ft/sec. The rest 
of the subcatchment velocities are found in the same way.   

Time of concentration for the overland flow, Tc(1), is calculated as the Length 
(Column 5) divided by the Velocity (Column 8), and is given in hours in Column 9. 
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Pipe Flow 
Upon reaching the stormwater collection network, stormwater may still have a length 
of pipe or impervious surface to travel before reaching the downstream node of the 
subcatchment.  The length (feet) from Column 10 may be greater than the length in 
Column 2 if the overland flow within the subcatchment reaches a secondary pipe 
before reaching the main trunk pipe.  Node-to-node length in Column 2 only 
measures the distance along the main pipe from the upstream node to the 
downstream node. 

Again, as in Column 3, the velocity in the pipe is assumed to be 5 ft/sec.  The time of 
concentration or Tc(2) for in-pipe or impervious surface flow, is calculated as length 
(Column 10) divided by Velocity (Column 11) and given in hours. 

The total time of concentration (Tc) of the subcatchment (Column 13) is calculated as 
the sum of overland flow (Column 9) and pipe flow (Column 12), in hours. 

6.2.4 Runoff Coefficient and Area 
The runoff coefficient is also based on the subcatchment land use.  Coefficients used 
are related to land use of a particular subcatchment and are given in Table 6.2-3.  
These numbers serve as guidelines only.  Subcatchments were assigned a number 
based on individual characteristics, which may fall between categories given below. 

The area of each subcatchment, listed in Column 15 (acres), is measured digitally from 
the electronic subcatchment delineation in Autocad.   

The final column, number 16, is the runoff coefficient (C) multiplied by the area 
(Column 15).   
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Figure 6.2-1 

 Runoff Coefficients by Land Use.  
Source: Civil Engineering Reference Manual, Eight Edition, Professional 

Publications. 
Appendix 20-A, Page A-43.  

Michael Lindeburg 
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City of Concord, NH
Stormwater Master Plan
Sample Area Drainage Calcs.

0206-45204
Checked by:  CHC

Check date: 9 Nov 05

Calculation by:  CMH
Calculation Date:  8 Nov 06

Page 1of 1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sub Tc of Runoff Area "C"*Area

catchments Subcatchment Coefficient
Length Velocity Tt(sub) Length d(elev) slope V Tc(1) Length Velocity Tc(2) Tc(t)=Tc(1)+Tc(2) "C"

(ft) (ft/s) (hrs) (ft) (ft) (ft/ft) (ft/sec) (hrs) (ft) (ft/s) (hrs) (hrs) (Acres) (acres)
S1 0 5 0.00 55 0.3 0.005 1.20 0.01 1618 5 0.09 0.10 0.40 20.8 8.32
S2 1335 5 0.07 1288 20.6 0.016 2.10 0.17 1249 5 0.07 0.24 0.40 13.4 5.36
S3 0 5 0.00 1158 55.7 0.048 3.60 0.09 3412 5 0.19 0.28 0.40 50.5 20.20
S4 2825 5 0.16 607 29 0.048 3.60 0.05 1988 5 0.11 0.16 0.40 10.1 4.04
S5 2292 5 0.13 544 29.4 0.054 3.90 0.04 2131 5 0.12 0.16 0.40 58.3 23.32
S6 415 5 0.02 993 83 0.084 4.90 0.06 168 5 0.01 0.07 0.40 8.2 3.28
S7 0 5 0.00 733 60 0.082 4.90 0.04 1234 5 0.07 0.11 0.40 19.7 7.88
S8 938 5 0.05 826 42.5 0.051 3.70 0.06 1514 5 0.08 0.15 0.40 18.8 7.52
S9 0 5 0.00 410 24 0.059 4.00 0.03 590 5 0.03 0.06 0.40 13.8 5.52
S10 0 5 0.00 255 13 0.051 3.70 0.02 1665 5 0.09 0.11 0.40 15.8 6.32
S11 1775 5 0.10 620 46 0.074 3.50 0.05 1140 5 0.06 0.11 0.20 14.6 2.92
S12 1249 5 0.07 800 40 0.050 3.40 0.07 2026 5 0.11 0.18 0.20 34.5 6.90
S13 0 5 0.00 2310 132 0.057 3.60 0.18 220 5 0.01 0.19 0.20 44.6 8.92

NULL1 10 5 0.00 0.000 0.00 5 0.00 0.00 0.00
NULL2 873 5 0.05 0.000 0.00 5 0.00 0.00 0.00
NULL3 2658 5 0.15 0.000 0.00 5 0.00 0.00 0.00
NULL4 1334 5 0.07 0.000 0.00 5 0.00 0.00 0.00
NULL 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0

Travel Time Thru Subcatchmnt
Pipe FlowOverland Flow

Time of Concentration for Subcatchment
(Node-to-Node Travel)

workbook:  Tbl 6.2-1 & 6.2-2.xls
worksheet:  6.2-1 Tc Calcs

Table 6.2-1
Sample Model Output - "Tc-Calcs" Spreadsheet

Time of Concentration Calculations



City of Concord, NH
Stormwater Master Plan
Sample Area Drainage Calcs.

0206-45204
Checked by:  CHC

Check date: 9 Nov 05

Calculation by:  CMH
Calculation Date:  8 Nov 05

Page  1   of   1 

A B C D E F G H I J C D E F G H I J
Sub Node Adj. Sub Sub Adj Node Tc Tc Node Adj. Sub Sub Adj Node Tc Tc Node

Basin Sub Tc(sub) Tt(sub) C*A Node (Adj Node) (subarea) C*A Sub Tc(sub) Tt(sub) C*A Node (Adj Node) (subarea) C*A
(hrs) (hrs) (acres) (hrs) (hrs) (acres) (hrs) (hrs) (acres) (hrs) (hrs) (acres)

S A NULL1 0.00 0.00 0.00 B 0.10 0.10 8.32 NULL2 0.00 0.05 0.00 C 0.58 0.63 96.82
B S1 0.10 0.00 8.32 NULL 0.00 0.10 0.00 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
C S4 0.16 0.16 4.04 D 0.28 0.44 20.20 NULL3 0.00 0.15 0.00 E 0.43 0.58 72.58
D S3 0.28 0.00 20.20 NULL 0.00 0.28 0.00 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
E S5 0.16 0.13 23.32 F 0.13 0.26 11.16 NULL4 0.00 0.07 0.00 H 0.36 0.43 38.10
F S6 0.07 0.02 3.28 G 0.11 0.13 7.88 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
G S7 0.11 0.00 7.88 NULL 0.00 0.11 0.00 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
H S9 0.06 0.00 5.52 J 0.36 0.36 18.74 S8 0.15 0.05 7.52 I 0.11 0.16 6.32
I S10 0.11 0.00 6.32 NULL 0.00 0.11 0.00 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
J S11 0.11 0.10 2.92 K 0.26 0.36 15.82 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
K S12 0.18 0.07 6.90 L 0.19 0.26 8.92 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00
L S13 0.19 0.00 8.92 NULL 0.00 0.19 0.00 NULL 0.00 0.00 0.00 NULL 0.00 0.00 0.00

A B K L M N O P Q R S T U V W X
Sub Node Minimum Tc used Intensity C*Area Q Q Slope of Pipe Pipe Dia. Pipe Dia. Pipe Dia. Velocity in Current % under

Basin Tc of Node Tc of Node for Node (10 yr) for Node Flow to NodeFlow to Node From Node Required Required In Place Pipe Max Flow required
(hrs) (hrs) (hrs) (in/hr) (acres) (cfs ) (mgd) (ft/ft) (ft) (in.) (in.) (ft/sec) (cfs) capacity

S A 0.63 0.25 0.63 2.31 105.14 243.18 157.17 0.005 5.55 67 60 12.39 184.49 32%
B 0.10 0.25 0.25 3.77 8.32 31.39 20.29 0.005 2.58 31 36 4.44 47.25 -51%
C 0.58 0.25 0.58 2.44 96.82 236.24 152.68 0.005 5.49 66 60 12.03 184.49 22%
D 0.28 0.25 0.28 3.60 20.20 72.71 46.99 0.005 3.53 42 30 14.81 29.06 60%
E 0.43 0.25 0.43 2.90 72.58 210.83 136.26 0.005 5.26 63 60 10.74 184.49 12%
F 0.13 0.25 0.25 3.77 11.16 42.10 27.21 0.005 2.88 35 24 13.40 16.03 62%
G 0.11 0.25 0.25 3.77 7.88 29.73 19.21 0.005 2.52 30 24 9.46 16.03 46%
H 0.36 0.25 0.36 3.20 38.10 122.00 78.85 0.005 4.29 51 48 9.71 101.75 17%
I 0.11 0.25 0.25 3.77 6.32 23.84 15.41 0.005 2.32 28 18 13.49 7.44 69%
J 0.36 0.25 0.36 3.20 18.74 60.01 38.79 0.005 2.53 30 24 19.10 32.05 47%
K 0.26 0.25 0.26 3.71 15.82 58.71 37.95 0.005 3.26 39 24 18.69 16.03 73%
L 0.19 0.25 0.25 3.77 8.92 33.65 21.75 0.005 2.64 32 24 10.71 16.03 52%

A

Table 6.2-2
Sample Model Output - "Project Area" Spreadsheet

Connectivity and Flow Calcuations
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Figure 6.2-2 
 Upland method velocities for estimating time of concentration.  
Source: National Engineering Handbook, Section 4: Hydrology. 

Chapter 15: Travel Time, Time of Concentration and Lag.  
Kenneth M. Kent.  1972. 
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6.2.5 Connectivity 
Table 6.2-2 is the second spreadsheet in the model workbook.  Portions of this 
workbook are shown for each subbasin in the following sections, including all of the 
columns numbered at the top.  The columns marked with a letter at the top are not 
included in the discussion of each subbasin, but are included here for further clarity 
on how the workbook operates. 

Column A lists the subbasin code, here “S” for Sample basin.  When the priority sites 
are listed together in one table, this column will help determine site location. 

Column B lists the nodes in the subbasin.  Nodes can connect to adjacent 
subcatchments and to adjacent nodes.  All subcatchments and nodes directly 
connected to a node are listed in the same row of the spreadsheet. 

Column C lists one adjacent contributing subcatchment.  Subcatchments including the 
word “NULL” in their name are placeholders, used where no surface runoff reaches a 
node.  Columns D, E and F refer back to the time of concentration table (Table 6.2-1) 
for the Tc, Tt and C*A, respectively, of the given subcatchment.   

Column G lists a second adjacent contributing node, a node that is directly connected 
to the node listed in Column B.  Column H lists the time of concentration (Tc) for the 
node in Column G.   

Column I presents the greater of either: 

Â the subcatchment time of concentration (Column D), or  

Â the sum of the node time of concentration plus the subcatchment time of travel 
between nodes for the subcatchment (Column E plus Column H). 

Additional columns C through F are repeated for additional subcatchments directly 
attached to the node listed in Column B.  Columns G through J are repeated for 
additional nodes directly attached to the node listed in Column B. 

6.2.6 Final Calculations 
Column K is the maximum of all Column I’s, which represents the maximum time of 
concentration calculated for each node. 

Column M calculates the time of concentration to be used, either the maximum time 
of concentration calculated for the node (Column K) or 0.25 hours, whichever is 
greater.  Fifteen minutes or 0.25 hours was selected as the shortest time of 
concentration used for these calculations.  A smaller time of concentration would 
result in unreasonably sized drawing pipes.  

Column N represents the intensity of the storm.  The design storm selected by the 
City of Concord and CDM for analysis in this Section is expected to occur once every 
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10 years with duration equal to the time of concentration.  This storm was selected 
because it provides reasonable protection from the majority of rain events, new 
designs require small diameter pipes than large storms (25, 50, 100-year), smaller 
pipes are more cost effective and smaller pipes are less disruptive to existing utilities.  

A 10-year return frequency, 15-minute peak (hourly) precipitation rate design storm 
predicts an intensity of 3.77 inches/hour. The rainfall intensity is calculated from an 
empirical formula based on rainfall and duration data published by the National 
Oceanic and Atmospheric Administration (NOAA)2. 

A storm with duration equal to or greater than the time of concentration allows the 
flow from the farthest point in the watershed to reach the downstream end before the 
storm ends.   

Column O sums each of the C*A columns for contributing subcatchments.  Using the 
Rational Method, the flow in Column P is then calculated as 

Q=c*i*A 

Where c is the runoff coefficient, A is the area (c * A from Column O) and i is the 
intensity (Column N).  Column P gives the flow (Q) estimated at the node from 
Column B for the 10-year return period storm, in cubic feet per second.  Column Q 
gives this same flow in million gallons per day. 

Column R gives the slope of each pipe.  Note that a constant slope of 0.005 ft/ft was 
assumed for all of the pipes.  This can be modified in future refinements of the model 
if desired. 

Column S calculates the diameter of pipe required, at the given flow and slope, to 
pass the calculated storm for the given node.  The formula used is:  

Diameter = (2.16*Q*n/Slope1/2)(3/8)

This formula is an alternate form of the Manning equation, for pipes flowing full, 
where n is the Manning roughness coefficient.  Typical n values for cast iron or 
concrete are 0.013.  This value is used in the spreadsheet.  Column T converts the 
diameter required to inches. 

Column U gives the actual diameter in place, where known.  This number can be 
compared to the values in Column T to determine which pipes are undersized. CDM 
and the City reviewed existing plans and historical data to determine all existing pipe 
diameters listed in this column. 

 
2 NOAA Technical Memorandum NWS HYDRO-35. Five- to 60-Minute Precipitation Frequency for 
the Eastern and Central United States. Silver Spring, MD.  June 1977. 
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Column V shows the velocity (ft/sec) for the existing pipe in place.  Velocities which 
are larger than 10 ft/s can cause scouring in the pipe.  

6.2.7 Summary 
To determine if the size of the existing pipes are adequate, Column W calculates the 
maximum flow for the existing pipe at the determined storm intensity and slope. 
Column X calculates a ratio of expected pipe flow (Column P) versus existing pipe 
flow capacity (Column W).  The City and CDM decided that any pipe ratio exceeding 
50% of the existing pipe capacity should be listed as a problem area. 

Figure 6.2-2 highlights the nodes which have an expected pipe flow exceeding 50% of 
the existing pipe capacity.  Those nodes are D, F, I, K, and L.  

The following chapters in Section 6 detail the 10 remaining drainage basins in the City 
of Concord that will identify these highlighted nodes as potential problem areas. 
Those problem areas will be summarized in Section 9 and 10. These nodes, along with 
identified problem areas from the City will comprise a complete list of future studies 
and projects in a Capital Improvements Plan.  
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Figure 6.2-2: Sample Drainage Basin - Connectivity Diagram
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6.3.1 Drainage Basin Description 
Location 
Figure 6.3-1 shows the Heights Drainage Basin located on the east side of the City of 
Concord.  The drainage basin is bounded to the north by I-393 (Robert H. Whitaker 
Highway) and the Oak Hill Drainage Basin, to the west by the Merrimack River, and 
to the east by the Soucook River and the Town of Pembroke.    

This drainage basin includes the Concord Municipal Airport, Concord’s commercial 
district and Steeplegate Mall, the State Offices on Hazen Drive, and the New 
Hampshire National Guard State Armory on Pembroke Road. 

Surface Water Drainage 
The main surface water bodies in the Heights Basin are the Merrimack River, to the 
west, and the Soucook River, to the east.  Several unnamed brooks and drainage 
ditches drain to these rivers.  The basin is quite developed and there is an extensive 
stormwater pipe network.  

The City requires new developments to manage stormwater on site in detention 
ponds.  As a result, many neighborhoods in the Heights Basin contribute low 
stormwater flows to the collection system.   

Drainage Sub-Basins 
The Heights Basin is very large, and can be divided into several independent sub-
basins. See Figure 6-3.1 for more details on the existing pipe network and 
subcatchment basins. 

Â Loudon – Along Loudon Road, from approximately Woodcrest Heights Drive to 
the west, including several neighborhoods on the north and south of Loudon Road.  
This sub-basin drains to the Merrimack River. 

Â Mall – Along Loudon Road, from approximately Woodcrest Heights Drive to the 
east, including the Steeplegate Mall and other shopping centers.  This sub-basin 
drains ultimately to the Soucook River. 

Â Soucook – South and east of the Mall Sub-basin, the neighborhoods draining 
directly to the Soucook River, including much of Sheep Davis Road. 

Â Airport – South of the Loudon Sub-basin, including the National Guard facility and 
the Airport.  
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Major Drainage Pipes 
Loudon 
The main stormwater collection pipe for the Loudon area runs west along Loudon 
Road.  The pipe is 30” diameter until just west of the intersection with Airport Road, 
after which it is 36” diameter to the outlet across from the eastern end of Gully Hill 
Road.  Much of the drainage that would discharge to this main pipe is collected into 
detention ponds north of Loudon Road. 

Mall 
There is a 48” pipe just west of the mall that runs along Loudon Road and discharges 
into the detention basin on the east side of the mall.  A network of pipes throughout 
the commercial area around the mall feeds the detention pond and the 48” pipe.  
Additionally, there is a 42” pipe that discharges to the Soucook River under Sheep 
Davis Road.   

Soucook 
The roads and neighborhoods in the Soucook Sub-basin, such as Sheep Davis Road, 
are close to the river resulting in no major drainage pipes in this sub-basin.   

Airport 
The main pipe through the airport sub-basin is a 54” diameter pipe running along 
Regional Drive and Regional Drive Extension.  Approximately 670 feet northwest of 
Airport Road, along Regional Drive Extension, the 54” pipe joins with a 30” pipe.  
From this point to the discharge location off Old Turnpike Road the stormwater main 
is a 60” diameter pipe. 

Known Problems and Issues 
Table 6.3-1 summarizes the known problems and issues as presented from the City to 
CDM. 

Table 6.3-1: Known Problems and Issues 
Sub-Basin Street Location Pipe Description 

Mall Woodcrest Heights Road at 
Loudon Road to Demante 
Dr. 

12” 
outflow 

from 
pond 

Flow from Loudon Road 
occasionally backs up into 
detention basin on Woodcrest 
Heights Road. 

Mall Southwest of intersection of 
Loudon Road & Branch 
Turnpike 

18” 30” pipe discharges to an 
open channel with an 18” 
outlet at a higher elevation at 
Branch Turnpike Rd. 

Loudon Fort Eddy Road, street 
crossing near Shaws 

18” Snow melt can overwhelm 
this pipe.   
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6.3.2 Model Development 
Connectivity 
Figure 6.3-2 shows the node connectivity for the spreadsheet models developed for 
the sub-basins of Heights Drainage Basin.  

Detention/Storage 
A number of detention ponds have been constructed in the basin to moderate storm 
flows.  Although small to medium sized ponds are certainly beneficial, only the larger 
ponds have a noticeable effect on the stormwater system as a whole.  These are 
summarized in Table 6.3-2. 

Table 6.3-2 – Detention Ponds 
Subbasin Location Max Discharge Rate 
Mall Woodcrest Heights 

Road 
Approx: 3 ft/s 

(12” discharge pipe) 

Mall Large Detention Basin 
east of the Steeplegate 
Mall on Loudon Road 

Approx: __ ft/s 

(Controlled 
discharge to 
wetlands) 

Mall Intersection of Loudon 
Road & Branch 
Turnpike 

Approx: 7 ft/s 

(18” discharge pipe) 

Mall Intersection of 
D’Amante Dr & Triangle 
Park Rd 

Approx: 3 ft/s 

(12” discharge pipe) 

6.3.3 Recommendations 
The existing pipes from Table 6.3-3 that are more than 50% under capacity are 
summarized below.  The larger diameter pipes on this list are the highest priority for 
replacement.  The City may also wish to pursue additional detention/storage basins, 
additional discharges of clean stormwater to local streams, or other reduction in 
inflow to the undersized drainage pipes. 

Replace Pipes 
The pipes in the Heights area which are most severely under capacity are 
summarized in Table 6.3-3.  The larger diameter pipes should receive higher priority 
because a larger area and greater number of people could be affected.  For example, a 
36”-diameter pipe which is 50% undersized is a higher priority problem than an 8”-
diameter pipe 50% undersized. 

A  6.3-3 
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