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The quantitative and qualitative impacts of storm water runoff have become a key 
issue in urban development design. Traditional methods of addressing the 
quantitative impacts of increased peak flows and increased runoff volumes, 
through stormwater detentioniretention, have used above ground structures 
such as stormwater management ponds. Insufficient space, high land values, 
topography, maintenance, aesthetics and liability issues are reasons why under­
ground detention is being considered more frequently. 

This chapter presents the development of a computer program for designing 
underground stormwater detention tanks. The program was developed by the 
Corrugated Steel Pipe Institute (CSPI) as a tool to simplify the hydraulic design 
of corrugated steel pipe (CSP) detention tanks. 

The program has four main functions: 
'" develop or allow the direct input of an inflow hydrograph, 
'" size the structure and develop a stage-storage relationship, 
• design the release structure and develop the stage-discharge rela­

tionship, and 
'" route the inflow hydrograph through the structure 

The design methodology is the same as that used to design above ground 
systems, tailored to underground tanks. Two design examples are presented. 
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13.1 Introduction 

The quantitative and qualitative impacts of stormwater runoff have become a key 
issue in urban development. The design of stormwater management facilities has, 
therefore, become an increasingly important part of most projects. Few devel­
opment projects are exempt from some form of stormwater management 
regulation. 

From the qualitative perspective, the constituents of storm water runoff can 
have negative effects on receiving bodies of water. These pollutants accumulate 
on impervious surfaces and are washed off during rainfall events. 

Development causes increased peak flows and increased runoff volumes. 
Resulting flooding and erosion have unacceptable impacts on our environment. 
Flooding can include downstream bodies of water as well as connections to 
storm sewer systems. Erosion, in particular, causes increased stress on the 
receiving body of water. Limiting the volume of runoff has a positive impact. 

Above ground facilities have a common method of addressing the impact 
ofland development runoff. Thesefacilities have typically taken the form of either 
wet or dry ponds. A wet pond, where the runoff is permanently retained, is an 
example of stormwater retention. A dry pond, where the runoff is detained and 
allowed to discharge at a predetermined rate, is an example of stormwater 
detention. 

Disadvantages of above ground facilities are that they take up valuable 
property that could be put to a more economical use, they are a liability concern, 
they may become an "attractive nuisance", and they require frequent mainte­
nance. 

Underground stormwater facilities offer many benefits. Like above ground 
storage, they can operate as pure detention facilities or their design can be 
modified to allow their use for infiltration (groundwater recharge), filtration 
(quality treatment), or a combination of an three. The further benefits of 
underground detention include concealment and the discouragement of unautho­
rized access, and the more efficient use of both above and below ground space 
available on the site. 

The approach to stormwater quantity control, in many jurisdictions, is to 
limit the outflow from the site to the pre-developed flow rate. This ensures, in 
theory, that the resulting volume or rate of runoff does not adversely affect 
downstream users. 

The challenge for the designer, once the hydrologic characteristics of the 
site are known, is the sizing of the structure and it's components, and routing the 
flow through the structure. The detention tank must be designed to provide 
enough storage and release capacity so that the system does not surcharge and 
flood upstream connections. 
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To determine the detention tank storage requirements, the designer uses the 
pre-development and post -development hydrographs forllie site. The hydrographs 
can be obtained though the use of a variety of methods and computer programs. 
An estimate of the differential volume of runoff that must be stored, under the 
"no increase in runoff rate" design philosophy, can be obtained by taking the 
difference in areas under the pre-development and post-development inflow 
hydrographs. This volume estimate can be refined by determining the difference 
in areas between the post-development hydrograph and an estimated outflow 
hydro graph, where the outflow hydro graph has a maximum flow rate equal to 
the maximum discharge of the pre-development hydrograph. 

13.2 Underground Detention Design System 
Software 

The Underground Detention Design System software is a tool to simplify 
calculations associated with the design of underground detention systems. A 
companion manual entitled Design of Underground Detention Systems for 
Stormwater 1"1tfanagement is also available from CSPI. The manual describes, in 
detail, all aspects of the design of underground detention tanks and their 
components. 

The main purpose of this chapter is to present an overview of the design 
methodology used in the development of the computer program. It uses the input 
screens to demonstrate the methodology and hardcopy output to demonstrate the 
results. 

The program is written in Vi"uai Basic®. It uses standard Windows® 95 
conventions such as pull-do'h'11 menus, minimizing the screen, and exiting. The 
program provides a brief description of each input field if the mouse pointer is 
held over the field. More detailed descriptions can be found in the online Help. 

The main modules of the program, presented as pun-down menus on the 
opening screen are: 

'I> File management - create a new project, open and save projects 
(files), print select portions of the output or aU the output, and start 
the Storm water Detention Expert 

.. Project data - project specific information, as well as data common 
to other modules 

.. Hydrograph - develop or allow the direct input and editing of an 
inflow hydrograph 

.. Storage - size the structure and develop a stage-storage relationship, 
or allow the direct input and editing of a stage-storage relationship 



206 Underground Detention Tank Design Software 

• Discharge - design the release structure and develop the stage­
discharge relationship, or allow the direct input and editing of a 
stage-discharge relationship 

• Results - quick view of the results of the routing, and 
• Help - online help. 

The Stormwater Detention Expert acts as a guide through the various 
modules of the program. It walks a new user through the steps in a logical 
manner, giving a more detailed description of the options available and requesting 
the necessary information for each module. It is one of the options automatically 
made available to the user when the program first starts, as shown in the New 
Project Options. It can also be started from the File pun-down menu. 

Other utilities, that are accessed through the File pun-down menu, include: 
• the creation of a new (blank) project 
• open existing files, 
• save the current file (with the current file name or a new name), 
• print select portions of the output (hydrograph, stage-storage and 

stage-discharge data), and 
• print all of the output. 

13.2.1 The Project Information 

The Overall Project Options screen includes the project name, project number, 
designer name and project description. The input of this information is optional. 
The screen also contains the stage increment for the stage-storage and stage­
discharge calculations. The stage increment must be the same for each set of 
calculations, which is why it is set as an overall project option. The stage 
increment defaults to 0.1 m, and must be either accepted by clicking the mouse 
with the pointer over the OK button or changed for the program to proceed. 

13.2.2 The Hydrograph 

The inflow hydro graph can be either entered manually, if it has been developed 
using other software, or developed using the features provided by the program. 
Once it has been input or developed, it can be edited. 

Manual input will require the inflow, in cubic metres per second, for each 
time increment. A number of methods to estimate the rate and amount of runoff 
are available. They range from the widely used rational formula, developed in the 
late 1800s, to the more recently developed computer models that are being 
continuously upgraded. The method used should be based on the size of the 
drainage area, the data available, and the degree of sophistication warranted by 
the design. Summaries of hydrologic computer models and runoff estimation 
methods are presented in Modern Sewer Design and Handbook o/SteelDrainage 



13.2 Underground Detention Design System Software 207 

& Highway Construction Products by the CSPI, and the Ministry of Transpor­
tation of Ontario Drainage Management Manual. 

The program allows the user to develop inflow hydrographs using the 
modified rational method. This method is claimed by some to be generally 
applicable to sman highly-developed watersheds, which encompasses the typical 
application range of underground detention systems. 

As previously discussed, a designer can develop pre-developed and post­
developed hydrographs for a site. Under a no increase in runoff rate design 
philosophy, the pre-developedhydrograph can serve as the allowable release rate, 
or outflow hydrograph, for the purpose of estimating the required storage 
volume. The difference in areas under the two hydrographs serves as an estimate 
of the differential volume of runoff that must be stored. 

The modified rational method results in a triangular or trapezoidal-shaped 
hydrograph. Figure 13.1 shows typical pre-developed and post-developed 
hydro graphs derived by this method. This straight line representation simplifies 
the mathematics involved in calculating the area between the two hydrographs. 
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Figure 13.1 Pre- and post-developed hydro graphs 

An estimate of the area between the two hydrographs can be determined 
from the equation: 

where: 

V. = Q T _ Q T _ Q T + a QA Tp + QA 
2 Tp 

S P dAd A P 2 2Qp 

Vs = volume of storage (m3) 
T d = duration of precipitation (seconds) 
Op = post-development peak discharge (m3/s) 
OA = pre-development peak discharge (m3/s) 
T p = post development time to peak (seconds) 
a = ratio of pre-development time to peak to 

post-development time to peak 

(13.1) 
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As suggested by the above discussion, the program generates both the pre­
developed and post-developed hydrographs. The required input, as shown in 
Figure 13.2, includes: 

.. storm duration (minutes) 

.. rainfall intensity (mm/hr) 

.. drainage area (hectares) 

.. hydrograph duration (minutes) 

.. time increment (minutes) 

.. pre-developed and post-developed runoff coefficients 

.. pre-developed and post-developed times of concentration 

G]O h:: .0.95 
O:ro .. M5 

0.75 t ... 0.95 

Q.1:)toG.17 
0.18 tv 1),22 
0.25 to 0.35 

Figure 13.2 Screen for modified rational method hydrographs. 

It is assumed that the user will have some proficiency in hydrology and that 
the terms and input data will be familiar (these are discussed in CSPI, 1999). 
Typical runoff coefficients are shown on screen for a variety of area and surface 
types. The estimated storage volume is shown, based on the calculation detailed 
above, as well as pre-development and post-development peak discharges and 
runoff volumes. 

The program generates the outflow hydrograph, during the routing proce­
dure, for the hydrograph duration supplied by the user. When entering a 
hydrograph manually, the required hydrograph duration must be considered 
when entering the number of ordinates. 
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13.2.3 The Stage-Storage Relationship 

The stage-storage relationship can be either entered manually, if it has been 
created by the user, or developed using the feature provided by the program. 
Once it has been input or developed, it can be edited. 

Manual input requires the user to enter the total amount of storage available 
in the system for each stage increment. Minimum and ma.."{imum stage elevations 
are required so that an input table is created. Tabbing (rather than pressing enter) 
creates the table. The stage increment is set in the Overall Project Options screen. 

The module of the program that helps the user develop the stage-storage 
relationship uses simple geometry to perform the necessary calculations. The 
fIrst step in the development of the stage-storage relationship involves sizing of 
the detention tank so that it will accommodate an estimated storage requirement. 

If the llser entered an inflow hydrograph manually, the storage requirement 
can be calculated by some other means or estimated graphically, or the user can 
use a trial-and-error approach to size the detention tank through repeated trials. 

If the program was used to generate the inflow hydro graph, the estimated 
storage requirement is already calculated. Note that the method used underesti­
mates the required storage volume by up to 25%. This is the result of the 
trapezoidal shape of the pre-development hydrograph. In reality, the discharge or 
outflow hydrograph will have a different shape. The target volume estimate, 
which is shown as a reminder in the storage computations screen includes a 
safety factor to allow for the underestimation. This is only a guide to aid in the 
initial sizing of the tank. The final tank size can be adjusted to optimize design 
economics. 

Several site parameters affect the possible size of the detention tank. Site 
topography and land use win int1uence the plan location of the system. The tank 
invert elevation can depend on the elevation of a receiving body or of a storm 
sewer into ,-vhich the tank will empty. The presence of other infrastructure 
services or bedrock will also influence the location of the tank invert. The 
proposed site plan elevations and minimum cover requirements will affect the 
maximum elevation of the tank obvert The combination of these elevation 
limitationswiH dictate the maximum allowable rise or height ofthe detention tank. 
To allow access and room for maintenance, a minimum pipe diameter of 
1500mm should be considered. 

Clicking the mouse with the pointer over the Add Pipe button will add a new 
pipe. The same type of feature is available for removing pipes from the list. 

A pipe number is applied to the new pipe and the user is required to input 
the size, invert elevation and length. The Storage Computations screen, as shown 
in Figure 13.3, contains a pull-down menu which will provide a selection list of 
standard round and pipe-arch shapes in CSP and structural plate corrugated steel 
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pipe (SPCSP). This procedure is repeated until the number of pipes required have 
been chosen. The program can handle multiple pipe diameters with different 
invert elevations. 

Figure 13.3 Screen for storage volume calculations showing pull-down menu of 
standard pipe sizes. 

The storage volume for each pipe is displayed as shown in the screen. The 
cumulative storage volume provided by a number of pipes is also displayed. 

The current version of the program assumes that the pipes will be level. 
Sloped pipes are not as efficient for storage. Small slopes, to accommodate 
drainage, will not have a significant impact on the results of the program. 

It is recommended that the first trial be based on a single pipe. This will give 
an indication of the overall pipe length required. 

13.2.4 The Stage-Discharge Relationship 

The stage-discharge relationship can be either entered manually, if it has been 
created by the user, or developed using the features provided by the program. 
Once it has been input or developed, it can be edited. 

Manual input requires the user to enter the discharge from the system for 
each stage increment. Minimum and maximum stage elevations are required so 
that an input table is created. The maximum elevation defaults to the maximum 
pipe obvert elevation. Tabbing (rather than pressing enter) again creates the table. 
The stage increment is set in the Overall Project Options screen, but is shown 
on this screen as information to the user. 

The module of the program that helps the user develop the stage-discharge 
relationship uses well-recognized flow formulae for the release structures. The 
software provides two possible release structures to provide the outflow control 
for the detention tank system: an orifice and a weir. These can also be combined. 
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For instance, an orifice can be used as the primary release structure and a weir 
can provide emergency overflow release. 

Orifice 

The program uses the basic orifice equation: 

(13.2) 

where: 
Q == discharge through orifice (m3/s) 

Cd ::: coefficient of discharge 
A ::: cross sectional area of the orifice (m2) 

g ::: acceleration due to gravity (9.81 m/52), and 
h == head measured from the center of the orifice (m) 

The discharge through the orifice is accurate, using the above equation, 
when the orifice is small in comparison to the depth of water. The program is not 
set up, in its current format, to accurately handle flows through an orifice as a 
weir when the head elevation is within the orifice. When the head is less than about 
two or three times the diameter of the orifice, severe vortex action can develop 
which causes inaccuracies which are not accounted for in the program. 

The coefficient of discharge can vary significantly, depending on the 
configuration of the bulkhead and the design of the orifice. The coefficient for 
a sharp-edged orifice with complete contraction varies from 0.59 to 0.66. For 
orifices with partially suppressed contractions, the coetlicient ranges from 0.62 
to 0.71. For orifices with fully round edges (the contraction of the jet is fully 
suppressed), the coefficient ranges from 0.94 to 0.95. If a hole is cut through a 
steel or concrete bulkhead and the surface and edges of the hole are left rough, 
the coefficient could be 0.4. A nominal value of 0.61 is often used for the types 
of orifices and range of heads normally used for detention tank outlet structures. 

The equation assumes that the outlet is not submerged and there is, 
therefore, no back pressure. If the outlet is submerged, h should be taken as the 
difference in \vater elevations or head on either side of the orifice. If that is the 
case, the stage-discharge relationship must be calculated and input manually. 

The Calculate Stage Discharge orifice screen, as shown' in Figure 13.4, 
requires the user to enter an orifice coefficient and orifice invert elevation. There 
are two ways that this screen can be used. The user can input the size of orifice 
and a maximum head elevation, in which case the program calculates the 
maximum discharge. The other option is for the user to input the maximum head 
elevation and a maximum discharge, in which case the program calculates orifice 
size when the user clicks the mouse with the pointer over the Size Orifice button. 
The pre-developed maximum discharge rate is shown, for reference, only if the 
modified rational method was used for the hydrograph development. 
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Figure 13.4 Screen for orifice design. 

Weir 

The program uses the general equation for a horizontal-crested weir: 

where: 
Q =CLh3 / 2 

Q :::: discharge over the weir (m3/s) 
C ::: coefficient of discharge 
L :: effective length of the weir crest (m), and 
h ::: head above the weir crest (m) 

(13.3) 

The discharge over the weir can be calculated using the above equation 
when the weir has no end contractions. The measuremcnt of h, for a sharp 
crested weir, is made a distance of 2.5*h upstream of the weir crest. The 
discharge coefficient for a sharp-crested weir can be represented by: 

C = 1.81 + 0.22~) (13.4) 
where: 

C == coefficient of discharge 
h = head above the weir crest (m), and 
P :::: height of the weir crest above the tank bottom (m) 

For hiP values up to 0.3, a constant value of 1.84 is typically used for C. 
The equation assumes that the weir nappe is fully aerated and is not 

submerged. In other words, the tail water elevation on the downstream side of the 
bulkhead is below the weir crest. If the tail water elevation approaches the weir 
elevation, the nappe is not fully aerated and a partial vacuum develops under the 
nappe in which case the flow over the weir increases. The flow becomes unstable 
and undulating. 
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The program is based on the assumption that, if an overflow weir is 
provided, an internal bulkhead forms part of the design. In that case, both an 
orifice and a weir are included. The designer must consider the discharge 
capacity of the outlet from the tank. The outlet would typically be a pipe located 
in the end waH of the tank, and would be located and sized to ensure that flow 
through the orifice and weir are not affected. 

The weir crest does not always extend completely across the tank. This 
would be a weir with end contractions. In this case, the length of the weir needs 
to be corrected to account for flow contractions at each end of the sharp-crested 
weir. The effective weir length is calculated using: 

L =L'-(O.lnh) (13.5) 
where: 

L := effective length of the weir crest (m) 
L' == measured length of the weir crest (m) 
n :::: number of end contractions, and 
h ::::: head above the weir crest (m) 

A single weir length value is required for the program input, so a 
representative value should be used. 

The discharge formula and coefficient described above are for a sharp­
crested weir. However, broad-crested weirs are often used as the overt1ow 
release structure in detention tanks. The equation for a horizontal-crested weir 
can be slightly modified, so that it applies specifically to a broad-crested weir: 

Q=CLHt ,12 (13.6) 

V2 
(13.7) H =h+-

t 2g 

where: 

and: 
Q == discharge over the weir (m3is) 
C :::: coefficient of discharge 
L == effective length of the weir crest (m) 
h ::: head above the weir crest (m) 
V :::: approach velocity (m/s), and 
g :::: acceleration due to gravity (9.81 mis2) 

The approach velocity is measured at a distance 3*h upstream of the crest. 
For detention tanks, the approach velocity is often taken to be negligible, in which 
case the equation is the same as that for a sharp-crested weir. 
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The discharge coefficient for broad-crested weirs has been determined 
experimentally to range between 1.48 and 1.71. A typical value of 1.705 is often 
used for the design of detention tank overflow structures. If the upstream edge 
of the weir is well rounded, the coefficient of discharge is often taken as 1.67. 
Discharge coefficients are covered in a number of references including MTO, 
1998; Streeter & Wylie, 1979; CSPI,1999. 

The Weir Design screen, as shown in Figure 13.5, requires the user to enter 
a weir length, weir elevation, weir coefficient and maximum head e!.evation. The 
maximum discharge over the weir, for the input variables, is shown. 

Figure 13.5 Screen for weir design. 

One of the facilities provided by the program allows the user to click the 
mouse with the pointer over the Calculate Maximum Weir Width button to 
calculate the width of a round pipe at a specific elevation. The user must input 
the diameter of the pipe in which the weir is located and a minimum desired 
freeboard. The freeboard is the distance from the maximum water level in the tank 
to the top, or obvert, of the tank. This feature has been set up this way under the 
assumption that the maximum water elevation will be at or below the top of the 
weir side walls. If it is above this elevation, calculation of the discharge will be 
inaccurate since the curved pipe side walls will interfere with the flow. 

The program calculates the discharge for each stage for each of the 
discharge structures, and combines them if there is both an orifice and a weir. 

The current version of the program performs the calculations for only one 
orifice and one weir. If the proposed outlet structure contains more than one weir 
or orifice, the user must develop the stage-discharge relationship for each, 
combine them and enter the values manually. 

13.2.5 The Routing Procedure 

Once all of the information has been provided in the hydrograph, stage-storage 
and stage-discharge screens, the program automatically performs the routing 
calculations using the storage indicator method. The result is an outflow 
hydrograph. 
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Routing using the storage indicator method is based on the concept that: 

Storage:::: Inflow - Outflow 
therefore, the change in storage over a time increment will be the difference in 
the volume of water flowing in and the volume of water flowing out during that 
time increment. Or: 

The routing equation could then be written in the form: 

11+12 °1+°2 S2- S1 

where: 
2 2 !It 

I1 = inflow at time 1 (m3js) 
12 == inflow at time 2 (m3js) 

01 == outflow at time 1 (m3js) 
02 == outflow at time 2 (m3js) 

Sl :::: storage at time 1 (m3) 
S2 == storage at time 2 (m3), and 
At = time interval 

This equation can be rearranged so that it is now written as: 

II + 12 Sl 01 S2 02 --"--=-+---=-+-
2 I1t 2 !It 2 

(13.8) 

(13.9) 

(13.10) 

In it's final form, which is how the routing procedure is set up, the equation is: 

.~~ ~ 12 + (~~ + ~L ) _ 01 = ~~ + ~2 (13.11) 

The inflows are known, as they have been provided in the hydrograph 
module. The initial storage and outflow are known, and are zero, assuming that 
the tank is empty when the rainfall event begins. That leaves two unknowns. The 
storage indicator method treats the two unknowns, the storage at time two and 
the outflow at time two, as a single number. This number, which is the right side 
of the above equation, is known as the storage indicator number. 

The storage and discharge are known for each stage (eleva tion) as they were 
developed in the stage-storage and stage-discharge modules. Note that the time 
increment used must be the same as that used to develop the inflow hydro graph. 

The program performs a check of the storage indicator curve (plot of the 
storage indicator number against discharge). If the slope is too steep (greater than 
unity) the program advises that the results will likely be inaccurate and that 
consideration must be given to refining the stage or time increment. 
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Figure 13.6 shows how the storage routing proceeds. At time 0, the inflow, 
storage and outflow are aU 0 . In other words, the values a and bare O. These 
values become the time 1 values in columns 2 and 3 on the next line. The value 
c in column 4 (the storage indicator number) is calculated by adding the values 
in columns 1 and 2 and subtracting the value in column 3. This value is then used 
to obtain, through interpolation, the discharge "d" from the storage indicator 
table. The process continues in this manner to the end of the hydro graph duration 
as input by the user in the hydro graph screen. 

2 3 4 

Time Inflow (11 +12 ) Sl 0 1 °1 Sz 02 °2 -+- -+-
12 2 A.t 2 At 2 

0 ! 0 a b 

At 1M iA,/2 
I 

a b c d 

-1 2M 12M (I"" +'/2/J/2 c d 

Figure 13.6 Routing procedure. 

13.2.6 The Results 

The program provides two methods for viewing the results. The View 
Results option from the View pull-down menu only displays the storage indicator 
table and the storage routing table in a numerical grid format. The Print option 
from the File pull-down menu shows the fun formatted output for all steps of the 
design, induding both numerical and graphical representations. The fully 
formatted output can be previewed on-screen before printing. 

While the fully formatted output is on-screen, the user can continue to make 
changes to the various design input screens and preview the effects of these. 

The fully formatted output is not very legible when it first appears on the 
screen. The user can more closely examine the data by clicking the left mouse 
button to zoom in (the right mouse button will cause the view to zoom out). 

To move forward or backward through the pages of output, the user must 
dick the mouse with the pointer over the left and right arrows on the preview 
screen toolbar. 

To print the output, the user must dick the print button on the toolbar. 
Examples of hardcopy output are provided in Figures 13.7 and B.S. 

13.3 Examples 

Example 1 details a simple design using the modified rational method for 
hydro graph creation, pipe definition for the storage calculations, and an orifice 
as the release structure. 



13.3 Examples 217 

The fonowing data were used for this example: 
Hydrology 

Location: Toronto Pearson International 
Airport area 

Design storm frequency: 1 in 10 years 
Storm Duration: 60 minutes 
RainfallIntensity: 34 mm/hr 
Drainage Area: 1 hectare 
HydrographDuration: 250 minutes 
Time Interval: 5 minutes 
Pre-Developed Runoff Coefficient: 0.30 
Post-Developed Runoff Coefficient: 0.70 
Pre-Developed Time of Concentration: 15 minutes 
Post-Developed Time of Concentration: 10 minutes 

Pipe Size 
Based on site parameters, the maximum allowable pipe diameter is 1600 mm. 
There are no site plan restrictions. 

The resulting hardcopy is shown, reduced, in Figure 13.7. Note that the 
length of pipe exceed that required by the estimated storage requirement. A weir 
will be added in the next example as a demonstration of providing emergency 
overflow. It is estimated that the weir elevation will be at about 1.3 m elevation, 
so the intention here is to provide a design in which the orifice provides the 
maximum allowable discharge with a maximum water level not exceeding 1.3 m. 

As shO\VTI in the storage routing table, the maximum discharge is 0.028 m3/s 
and the maximum stage is 1.286 m. 

Example 2 takes the first example and adds a weir for emergency overflow under 
a more intense rainfall event. The fonowing data were used: 
Hydrology 

Design storm frequency: 1 in 100 years 
RainfallIntensity: 51 mm/hr 

Release Structure 
In addition to the orifice provided in the first example, a weir will be provided to 
provide emergency overflow. Based on the results of the first example, the weir 
could be placed at an elevation of 1.29 m without affecting the results of the 
analysis. It will be located at an elevation of 1.3 m. A check of the weir width, 
using the Calculate Maximum Weir Width feature, suggests that a weir width of 
1000 mm will result in a top of weir side waH to top of pipe dimensional difference 
of about 175 mm (top of wall elevation of 1.425 m). 

As shown in the Storage Routing Table, the maximum stage is 1.415 m. 
Since this is below the top of wall elevation of 1.425 m, the top of the pipe will 
not impact the flow. 
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Figure 13,7 continued Hardcopy output for Example 1. 
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Figure 13.7 continued Hardcopy output for Example 1. 
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224 Underground Detention Tank Design Software 

Not aU pages have been included with the results of this example, as shown 
in Figure 13 .8. The slope of the Storage Indicator Curve suggested that the results 
may be inaccurate. This was, in fact, a result of the introduction of the weir. In 
order to correct this potential problem, the time increment was reduced to Imin. 
The inflow and outflow hydrographs, therefore, contained a large number of data 
points. 

13.5 Summary 

The Underground Detention Design System software simplifies the calculations 
associated with the design of underground detention systems. 

This chapter presented an overview of the computer program, and provided 
worked examples to demonstrate results obtained from the program. 

Designers can use the software to quickly perform the calculations 
associated with the design of underground stormwater detention facilities. 
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