
I.) INTRODUCTION 

In today’s engineering community, storm water management is a design issue which never goes away.  

First, environmental regulations allow only a certain level of pollutants to be present in discharged storm 

water.  Second, continued urbanization of land dramatically increases storm water runoff.  This increase in 

runoff can cause problems in areas where recharge of aquifers is necessary in order to maintain a steady 

groundwater supply.  This is especially a problem in coastal regions where seasonally low water table 

levels may cause lateral intrusion of salt water into the adjacent aquifers.  In this case, storm water 

retention systems, which hold runoff in a defined area until the surrounding soil can accept it, are a 

necessity. 

Another design constraint of storm water collection systems is the allowable rate of discharge.  Most 

undeveloped land drains via overland flow into local tributaries or collection ponds and can naturally hold 

or convey only a certain rate of discharge from upstream systems.  Runoff rates during a rainfall event 

which exceed that of the maximum allowed at the outfall must be detained and released through an outlet 

pipe at a controlled rate until the storm subsides.  These storm water detention systems are common to 

storm water management practice. 

Storm water retention and detention systems are present in the industry as either above-ground ponds or as 

subsurface piping.  The former is the least expensive method, though it is the most inefficient use of 

developable land, is prone to early siltation and clogging, and poses long-term aesthetic problems such as 

insect breeding, weed growth and odor and refuse control issues.  By comparison, subsurface 

retention/detention systems use available land efficiently while introducing low maintenance costs and 

posing little or no aesthetic problems. 

This report covers the design of subsurface retention/detention systems utilizing ADS corrugated HDPE 

pipe and manifolds.  This paper will provide the designer with a simplistic step-by-step approach to 

designing and sizing an efficient subsurface system.  Additionally, a design aid, which computes the 

required system size based on the required storage volume and user defined constraints, has been added to 

assist in sizing underground pipe systems. 

II.) DESIGN METHODOLOGY – TRADITIONAL SYSTEM 

A) Overview:  Most design engineers use the rational method to determine design flow rates, 

although many feel that the TR-55 (SCS) methodology becomes more realistic for watershed 

larger than 40 acres.  Since our experience has generally been with smaller watersheds, we will 

concentrate our efforts here exclusively on the rational method. 

B) Design Steps Using the Rational Method:

1) Determine Watershed Area: A watershed is defined as the surface area that contributes 

runoff to a common point.  This is usually determined from local surveys, although it is 

common practice to utilize locally available United States Geographical Survey (USGS) 

quadrangle sheets as a reliable source of topographic information. 
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2) Layout Your System: This includes shaping topography to develop adequate drainage 
patterns to catch basins or drain inlets, dividing the watershed into subwatersheds, and 
strategically placing storm drainage pipe and structures where required. 
 

3) Determine Time of Concentration (tc): Time of concentration is defined as the measure of 
time it takes the entire watershed to contribute to runoff at the outlet.  It is influenced by 
surface roughness and slope, channel slope and flow patterns.  Time of concentration 
increases with increasing slopes and when flow patterns become more defined through 
urbanization. 
 
Where local equations do not govern, use of the time of concentration nomograph given in 
Figure 1 is a convenient method of determining time of concentration for a drainage system.  
Overland flow is characterized as shallow sheet flow across a given area, while channelized 
flow allows for significant depth of flow to convey runoff off-site; this occurs in swales, 
ditches, natural and improved channels, and pipe systems. 

 
Figure 1: Time of concentration nomograph 
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As illustrated in Figure 1, Manning’s “n” values play a significant role in determining time of 
concentration.  The higher the roughness value, the longer it takes runoff to travel across the 
watershed or through a channelized system.  Typical Manning’s “n” values for various flow 
regimes are summarized in Table 1.  Although laboratory Manning’s “n” values for various 
pipe materials fall on the low end of the range given in Table 1, the designer should 
incorporate all parameters which may inherently affect the flow capacity of the system during 
its design life.  This includes, but is not limited to debris, bends, junctions, offset and 
misalignment of joints, and lateral connections.  These parameters tend to increase Manning’s 
“n”, bringing the design “n” up to the higher end of the range given in Table 1.  
 

Table 1: Typical Values of Manning’s “n” Coefficients 
Description Typical Values 

Unlined Open Channels 
Earth, uniform section 
     With short grass, few weeds 
     In gravely soils, uniform section, clean 

 
0.022-0.027 
0.022-0.025 

Earth, fairly uniform section 
     No vegetation 
     Grass, some weeds 
     Dense weeds or aquatic plants in deep channels 
     Sides, clean, gravel bottom 
     Sides, clean, cobble bottom 

 
0.022-0.025 
0.025-0.030 
0.030-0.035 
0.025-0.030 
0.030-0.040 

Dragline excavated or dredged 
     No vegetation 
     Light brush on banks 

 
0.028-0.033 
0.035-0.050 

Rock 
     Based on design section 
     Based on actual mean section 
          - Smooth and uniform 
          - Jagged and irregular 

 
0.035 

 
0.035-0.040 
0.040-0.045 

Channels not maintained, weeds and brush uncut 
     Dense weeds, high as flow depth 
     Clean bottom, brush on sides 
     Clean bottom, brush on sides, highest stage of flow 
     Dense brush, high stage 

 
0.08-0.12 
0.05-0.08 
0.07-0.11 
0.10-0.14 

Roadside channels and swales with maintained vegetation (for velocities of 2 and 6 ft/s) 
Depth of flow up to 0.7 ft 
     Bermuda grass, Kentucky bluegrass, buffalo grass: 

- Mowed to 2 in. 
- Length 4 to 6 in. 

     Good stand, any grass: 
- Length about 12 in. 
- Length about 24 in. 

     Fair stand, any grass: 
- Length about 12 in. 
- Length about 24 in. 

 
 

0.045-0.07 
0.05-0.09 

 
0.09-0.18 
0.15-0.30 

 
0.08-0.14 
0.13-0.25 

Depth of flow 0.7-1.5 ft 
     Bermuda grass, Kentucky bluegrass, buffalo grass: 

- Mowed to 2 in. 
- Length 4 to 6 in. 

     Good stand, any grass: 
- Length about 12 in. 
- Length about 24 in. 

     Fair stand, any grass: 
- Length about 12 in. 
- Length about 24 in. 

 
 

0.035-0.05 
0.04-0.06 

 
0.07-0.12 
0.10-0.20 

 
0.06-0.10 
0.09-0.17 

Natural Stream Channels 
Minor Streams 
     Fairly regular section: 

- Some grass and weeds, little or no brush 
- Dense growth of weeds, depth of flow materially greater than 
weed height                     
- Some weeds, light brush on banks 
- Some weeds, heavy brush on banks 
- Some weeds, dense willows on banks 
- For trees within channel, with branches submerged at high stage, 
increase all values by 

 
 

0.030-0.035 
0.035-0.05 

 
0.04-0.05 
0.05-0.07 
0.06-0.08 

 
0.01-0.10 

Table 1 (continued) 
Mountain streams, no vegetation in channel, banks usually steep,  
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trees and brush along banks submerged at high stage: 
- Bottom of gravel, cobbles, and few boulders 
- Bottom of cobbles, with large boulders 

 
0.04-0.05 
0.05-0.07 

Floodplains (adjacent to natural streams): 
Pasture, no brush: 

- Short grass 
- High grass 

     Cultivated areas: 
- No crop 
- Mature row crops 
- Mature field crops 

     Heavy weeds, scattered brush 
     Light brush and trees: 

- Winter 
- Summer 

     Medium to dense brush: 
- Winter 
- Summer 

 
 

0.030-0.035 
0.035-0.05 

 
0.03-0.04 

0.035-0.045 
0.04-0.05 
0.05-0.07 

 
0.05-0.06 
0.06-0.08 

 
0.07-0.11 
0.10-0.16 

Major streams (surface width at flood stage more than 100 ft) 0.028-0.033 
Closed conduits flowing partly full 

Metal Pipe 
Brass, smooth 0.009-0.013 
Steel 
     Lockbar and welded 
     Riveted and spiral 

 
0.010-0.014 
0.013-0.017 

Cast iron 
     Coated 
     Uncoated 

 
0.010-0.014 
0.011-0.016 

Wrought iron 
     Black 
     Galvanized 

 
0.012-0.015 
0.013-0.017 

Corrugated metal 
     Subdrain 
     Storm drain 

 
0.017-0.021 
0.021-0.030 

Nonmetal Pipe 
Lucite 0.008-0.010 
Glass 0.009-0.013 
Cement 
     Neat surface 
     Mortar 

 
0.010-0.013 
0.011-0.015 

Concrete 
     Culvert, straight and free of debris 
     Culvert with bends, connections and some debris 
     Finished 
     Sewer with manholes, inlet, etc., straight 
     Unfinished, steel form 
     Unfinished, smooth wood form 
     Unfinished, rough wood form 

 
0.010-0.013 
0.011-0.015 
0.011-0.015 
0.013-0.017 
0.012-0.014 
0.012-0.016 
0.015-0.020 

Polyethylene 
     Corrugated 
     Corrugated, smooth interior 
     Smooth wall 

 
0.021-0.030 
0.010-0.015 
0.010-0.015 

Wood 
     Stave 
     Laminated, treated 

 
0.010-0.014 
0.015-0.020 

Clay 
     Common drainage tile 
     Vitrified sewer 
     Vitrified sewer with manhole, inlet, etc. 
     Vitrified subdrain with open joint 

 
0.011-0.017 
0.011-0.017 
0.013-0.017 
0.014-0.018 

Brickwork 
     Glazed 
     Lined with cement mortar 

 
0.011-0.015 
0.012-0.017 

Sanitary sewers coated with sewage slimes, with bends and connections 0.012-0.016 
Paved invert, sewer, smooth bottom 0.016-0.020 
Rubble masonry, cemented 0.018-0.030 

Time of concentration for the entire watershed can be computed using Equation 1 by summing 
overland and channelized time of concentration values determined from Figure 1. 

 
(1) 

c(CH)c(OL)c ttt +=
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   where  tc = total time of concentration for the watershed (minutes) 
       tc(OL) = overland flow time of concentration (minutes) from Figure 1 
       tc(CH) = channelized flow time of concentration (minutes) from Figure 1 
 

4.) Establish a Return Period (T): A return period is an average number of years between 
rainfall events which will equal or exceed a specified statistical average amount of rainfall 
over a specified time.  The probability that a design storm will occur once in any given year is 
equal to its inverse, or 1/T.  Therefore, the probability that a 10-year storm will occur once in 
any given year is 1/10 or 10%.  Most cities and municipalities have standards for storm sewer 
design return periods and allowable discharge rates based on capacities of existing systems 
and outfall constraints. 
 

5.) Plot Intensity-Duration-Frequency (IDF) Curves: These are available through local 
sources such as the State Highway Department or State Climatologist and illustrate the typical 
storm intensities (in inches/hr) for certain durations of storms (see Figure 2).  Intensities are 
commonly derived by these agencies through Equation 2. 
 

(2) 
 

               
         where  tc = time of concentration (minutes); shown as “DURATION” in Figure 2 
             a, b, c = best-fit parameters that vary with return period. 

 
Figure 2: Intensity-Duration-Frequency curve example 
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                                  These curves can also be created using the Rainfall Frequency Atlas for the Eastern 
United States or the NOAA Atlas 2 for the 11 Western States. 

 
6.) Determine Runoff Coefficient (C): The runoff coefficient (C) is the least precise variable of 

the rational method and is equal to the ratio of rainfall reaching the drain inlets to the total 
rainfall experienced during a rainfall event.  C increases with increasing slopes and decreasing 
surface roughness; it is also a function of soil conditions (i.e. moisture content, degree of 
compaction, permeability, and depth to water table).  Urbanization tends to dramatically 
increase C and, in turn, total runoff. Typical values of runoff coefficients are listed in Table 2. 
 
 

Table 2: Rational Coefficients 
Area “C” values 
Business 
     Downtown 
     Neighborhood 

 
0.70-0.95 
0.50-0.70 

Residential 
     Single family 
     Multiunit detached 
     Multiunit attached 
     Suburban resident 
     Apartment 

 
0.30-0.50 
0.40-0.60 
0.60-0.75 
0.25-0.40 
0.50-0.70 

Residential (1.2 acre lots or more) 0.30-0.45 
Industrial 
     Light 
     Heavy 

 
0.50-0.80 
0.60-0.90 

Parks and Cemeteries 0.10-0.25 
Playgrounds 0.20-0.35 
Pavement 
     Asphaltic and concrete 
     Brick 

 
0.70-0.95 
0.70-0.85 

Drives and Walks 0.75-0.85 
Roofs 0.70-0.95 
Lawns, sandy soils 
     Flat, 0-2% 
     Average, 2-7% 
     Steep > 7% 

 
0.05-0.10 
0.10-0.15 
0.15-0.20 

Lawns, heavy soils 
     Flat, 0-2% 
     Average, 2-7% 
     Steep > 7% 

 
0.13-0.17 
0.18-0.22 
0.25-0.35 

Railroad Yard 0.20-0.40 
 
Most watersheds are nonhomogeneous in nature, and a variety of runoff coefficients may exist 
over the area to be drained.  In this case, the runoff coefficient must be averaged over the entire 
area based on varying surface conditions across the watershed.  This weighted “C” value can 
be calculated from Equation 3. 
 
 

                   (3) 
 
 
 
 

              where  Aj = area for land cover j 
                  Cj = runoff coefficient for area j 
                  n = number of distinct land covers in the watershed 
                  Cw = weighted runoff coefficient 
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7.) Calculate Peak Flow Rate (qp): Once watershed areas, rainfall intensities and runoff 
coefficients have been determined, design flow rate is easily calculated using the rational 
equation (Equation 4). 

(4) 
  

          where qp = peak flow rate (ft3/s) 
              Cw = weighted rational coefficient 
              i =rainfall intensity (in/hr) 
              A = watershed area (acres) 
 
For retention and detention systems, a common procedure is to set the allowable pre-
development discharge, or flow rate, equal to the maximum pre-development flow rate for a 
given design storm (i.e. 10-yr, 25-yr, etc.).  Given these conditions, outlet piping must be 
sized according to pre-development flow rates.  Figure 3 illustrates flow capacities for 
corrugated polyethylene pipe (CPEP) with a smooth interior. 

 
Figure 3: Flow capacities of corrugated polyethylene pipe (CPEP) 

 

iACq wp =
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8.) Construct Storm Water Hydrographs: This is a plot of flow rate (Q) versus time during a 
rainfall event.  Although there are a variety of methods used to estimate retention or detention 
volume, we will focus our efforts on the Abt and Grigg Method (Figure 4). 

 
Figure 4: The Abt and Grigg Method 

 
The Abt and Grigg method gives an estimation of retention or detention volumes required 
because it measures the difference between the runoff volume resulting from the rainfall 
occurrence and the outflow capacity of the storm sewer.  As evidenced in Figure 4, it is 
assumed that the inflow hydrograph follows the outflow hydrograph until the capacity of the 
outlet is reached.  The difference in area shown by the shaded portion equals the storage 
volume required; this can be calculated using Equation 5. 

 
 

(5) 
 
               where Vst = storage volume required (ft3) 
                   m = ratio of hydrograph recession to time of peak (usually 1) 
                   tca = after-development time of concentration (min) 
                   qpa = after-development peak discharge (ft3/s) 
                   α = qpb/qpa 
                   qpb = outflow peak discharge (ft3/s) 
 

9.) Size Your System: A design aid to assist in sizing underground piping systems is included on 
this CD using the following methods for detention and retention systems. 
 
a.) Detention Systems: Once you have calculated the storage volume required, subsurface 

detention systems can be sized to use standard ADS manifold components and pipe.  The 
most efficiently sized systems can be obtained from Equation 6 when Ad is equal to DAF 
times Vst. 

 
Design is adequate when    (6) 

  
where  Ad = detention surface area (ft2) 
    DAF = detention area factor (ft2/ft3) from Table 3 

 
          The amount of pipe is calculated as follows: 
 
                  Detention pipe required (ft):          (7) 
 
                 where  Ld = length of detention pipe required (ft) 
                     SC = pipe’s storage capacity (ft3/ft) from Table 3 
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Table 3: Storage Capacity of Retention/Detention Systems Using ADS N-12 Pipe 
Nominal 
Diameter     
in (mm) 

 Average 
Outside 

Diameter      
in (mm) 

Pipe Storage 
Capacity (SC)   
ft3/ft (m3/m) 

Detention Area 
Factor (DAF) 
ft2/ft3 (m2/m3) 
(maximum) 

Retention Area 
Factor (RAF)a 
ft2/ft3 (m2/m3) 

Minimum Trench 
Height (H)       

ft (m) 

12 (300) 14.45 (367) 0.81 (0.02) 2.79 (9.15) 1.24 (4.10) 2.04 (0.62) 
15 (375) 17.57 (446) 1.22 (0.03) 2.11 (6.92) 1.05 (3.44) 2.30 (0.70) 
18 (450) 21.20 (538) 1.78 (0.05) 1.76 (5.77) 0.91 (2.98) 2.60 (0.79) 
24 (600) 27.80 (706) 3.16 (0.09) 1.16 (3.80) 0.69 (2.26) 3.15 (0.96) 
30 (750) 35.1 (892) 4.91 (0.14) 0.98 (3.21) 0.62 (2.03) 3.43 (1.05) 
36 (900) 41.7 (1059) 7.07 (0.20) 0.80 (2.62) 0.52 (1.71) 3.98 (1.21) 

42 (1050) 47.7 (1212) 9.35 (0.26) 0.65 (2.13) 0.44 (1.44) 4.48 (1.37) 
48 (1200)  53.6 (1361) 12.36 (0.35) 0.53 (1.74) 0.38 (1.25) 4.97 (1.51) 

  60 (1500) 65.5 (1664) 19.31 (0.55) 0.41 (1.34) 0.30 (0.98) 6.02 (1.84) 
a Based on soil porosity, η = 0.29; if a different η is used (ηm) then use a modified retention area factor: 

RAFm = DAF – 3.45ηm(DAF-RAF)  (see Table 4 for typ. η values) 
 
 

   Table 4: Typical Porosity Values for Various Soil Types 
Soil Description Typical porosity (η) 
Loose uniform sand 0.44 
Dense uniform sand 0.31 
Loose angular-grained silty sand 0.39 
Dense angular-grained silty sand 0.29 

 
b.) Retention Systems: The minimum footprint for a retention (or recharge) system)is a 

function of the in situ soil’s ability to accept the storm water flow.  Thus, the required 
surface area can be calculated using Equation 8. 

 
 

(8) 
 

 
               where Ar = retention surface area needed (ft2) 
                   k = coefficient of permeability of native soil (ft/s) 
                   hg = hydraulic gradient = ∆h/L (see Figure 5) 
 
         Notes: 

• The coefficient of permeability (k), given in Equation 8, should be obtained through in 
situ or laboratory percolation tests, as values can range from less than 3.33 × 10-8 ft/s 
for clay to as much as 3.33 ft/s for clean gravel!  In order to calculate accurate 
recharge rates and required retention volumes, an average k over the length of soil, L, 
should be used in Equation 8. 
 

• If Ar is not available, i.e. the permeability is too slow, the engineer will have to set    
Ar = Aa, where Aa = available area (ft2).  A storage volume must be created to handle 
the difference. 
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str VRAFA ⋅≥

Figure 5: Illustration of hydraulic gradient 
 

          Sizing of the system is confirmed using Equation 9. 
 

Retention design is adequate when       (9) 
 
where  RAF = retention area factor (ft2/ft3) from Table 3 
     Vst = storage volume (ft3) from Equation 5. 

 
          Finally, Equation 10 can be used to calculate the quantity of retention pipe required: 
 
 

(10) 
 

 
            where  Lr = length of retention pipe required (ft) 
                 η = porosity of backfill = Vv/V (see Table 4 for typical values) 
                 Vv = volume of voids in backfill (ft3) 
                 V = total volume of backfill (ft3) 
                 H = minimum trench height (ft) from Table 3 
 

10.)  Select Manifold Components and Appurtenances 
 
a.)   Manifold Components: The following structures are available for 12”-60” ADS N-12 

pipe.  Table 5 illustrates laying length and maximum storage volume for each of these 
parts: 
 
• 90° bend (12”-60”) 
• Single Lateral (12”-60”) 
• Double Lateral (12”-60”) 
• Triple Lateral (12”-36”) 
• Reducers: Available in all sizes (12”-60”x 4”-48”) 
• End caps:  Used on the end of laterals or manifolds 
• Standard Pipe Lengths:   (Plain End N-12 Non-Perforated)   
                                             12”-18”φ: 10’, 13’ and 20’ 

                                                                          24”-60”φ: 10’, and 20’ 
 

)-(1SC
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Table 5: Storage Volumes of Standard Manifold Components and Related Parts, ft3 (m3) 
Description Nominal Diameter, in (mm) 
  12 (300) 15 (375) 18 (450) 24 (600) 30 (750) 36 (900) 42 (1050) 48 (1200) 60 (1500) 
90° bend 1.81 (.05) 3.16 (.09) 5.57 (.16) 11.61 (.33) 23.60 (.67) 40.21 (1.14) 56.61 (1.60) 81.14 (2.30) 154.48 (4.37)
Single lateral 2.23 (.06) 3.85 (.11) 6.78 (.19) 13.76 (.39) 28.22 (.80) 48.03 (1.36) 66.34 (1.88) 94.11 (2.66) 178.38 (5.05)
Double lateral 4.47 (.13) 7.69 (.22) 13.55 (.38) 27.52 (.78) 56.44 (1.60) 93.06 (2.72) 132.68 (3.75) 188.22 (5.33) 356.75 (10.10)
Triple lateral 6.70 (.19) 11.54 (.33) 20.33 (.58) 41.28 (1.17) 84.66 (2.40) 144.10 (4.08) N/A N/A N/A 
10’ pipe length 8.10 (.23) 12.20 (.35) 17.80 (.50) 31.60 (.89) 49.10 (1.39) 70.70 (2.00) 93.50 (2.65) 123.60 (3.50) 193.10 (5.46)
Reducers (all 
sizes) 

.62 (.02) 1.29 (.04) 1.88 (.05) 4.08 (.12) 8.43 (.24) 12.11 (.34) 16.11 (.46) 21.63 (.61) 38.62 (1.09) 

End caps .78 (.02) 1.32 (.04) 1.99 (.06) 3.32  (.09) 5.06 (.14) 9.13 (.26) 12.13 (.34) 16.22 (.46) 28.97 (0.82) 
 
For your convenience, AutoCAD drawing blocks of the ADS standard manifold components 
shown in Figure 6 can be obtained upon request from ADS.  All drawings are in Release 
2000 format. 

 
Shop drawings to be used for submittal purposes can be found in Appendix A; these include 
laying dimensions and product numbers of all ADS manifold components and related parts. 
 

 
(a) 12"-60" plain end N-12 manifolds and appurtenances (soil tight) 



 12

 (b) 12”-36” N-12 Pro-Link WT manifolds and appurtenances (water tight joint)  

 (c) 42”-60” N-12 Pro-Link ST manifolds and appurtenances (soil tight joint) 
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Figure 6: Typical laying schedules for (a) 12”-60”φ soil tight, (b) 12”-36”φ water tight and 

(c) 42”-60” φ soil tight                                          
 

b.)  Couplings and Lateral Connections: 
• Split Couplers:   Available with soil tight performance for diameters up to 60” 
• Bells and Spigots: Available with soil tight performance (12”-60”) and water tight 

performance (12”-36”) 
• Laterals: Fabricated saddle tees up to 36” or Inserta-Tee® up to 15” can be used to 

field tap laterals into an ADS storm sewer 
 

c.)    Perforation Configurations:  All perforation patterns shall meet Class 2 requirements 
of AASHTO M294 latest edition.  12”-60” N-12 perforated pipe shall be manufactured in 
accordance with Table 6 and Figure 7. 

 
Table 6: AASHTO Perforation Patterns for 12”-60” ADS N-12 Pipe 

Nominal Diameter AASHTO  Perforation  Diameter, max. Perforation  
in (mm) Specification Type in (mm) Configuration 
12 (300) M294 Circular 0.375 (10) E 
15 (375) M294 Circular 0.375 (10) E 
18 (450) M294 Circular 0.375 (10) E 
24 (600) M294 Circular 0.375 (10) F 
30 (750) M294 Circular 0.375 (10) H 
36 (900) M294 Circular 0.375 (10) H 

42 (1050) M294 Circular 0.375 (10) H 
48 (1200) M294 Circular 0.375 (10) H 

             60 (1500) M294 Circular 0.375 (10) H 
 

 
 
 

 
 

Figure 7: Perforation configurations 
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d.)  Risers and Cleanouts: These access ports are often required for periodic inspections or 
cleaning due to siltation  resulting from sedimentation at low hydraulic velocities.  
Recommended placement and details of these structures are shown in Figure 8. 

 
 

(a) Typical riser and cleanout detail (plan view) 
 

Typical riser detail (section A-A) 
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Typical cleanout detail (section B-B) 
 

Figure 8:(a) Plan view of typical riser cleanout; detail of typical (b) riser and (c) cleanout 
 

11.)  Installation 
a.) Minimum Cover Requirements: 

• Non-traffic installations: up to 48” φ: 12” of cover (top of pipe to top of grade) 
60” φ: 24” of cover (top of pipe to top of grade) 

• Traffic installations: 
Flexible Pavement: 

     Up to 36”φ: 12” (top of pipe to bottom of bituminous pavement section) 
    42”-60”φ:  24” (top of pipe to bottom of bituminous pavement section) 
    Rigid Pavement: 
    Up to 36”φ: 12” (top of pipe to top of pavement) 
    42”-60”φ:  24” (top of pipe to top of pavement) 

 
b.)  Backfill Requirements: All retention and detention systems shall be installed in 

accordance with ASTM D2321 “Standard Practice for Underground Installation of 
Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications” and as illustrated in 
Figure 9.  Acceptable backfill material for the pipe embedment zone shall be Class I or II 

as predicated in ASTM D2321. 
Figure 9: Typical installation detail for retention/detention systems 
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Table 7: “X” and “S” Values for 12”-60” N-12 Pipe (re: Figure 9) 

Nominal Diameter, Minimum X, S, ft (m) 
in (mm) ft (m) Minimum Required Actual 
12 (300) 0.70 (0.20) 0.9 (0.28) 0.9 (0.28) 
15 (375) 0.70 (0.20) 1.0 (0.30) 1.0 (0.30) 
18 (450) 0.80 (0.23) 1.1 (0.34) 1.1 (0.34) 
24 (600) 0.80 (0.25) 1.1 (0.34) 1.1 (0.34) 
30 (750) 1.50 (0.46) 1.5 (0.46) 1.5 (0.46) 
36 (900) 1.50 (0.46) 1.8 (0.56) 1.8 (0.56) 

42 (1050) 1.50 (0.46) 2.0 (0.61) 2.0 (0.61) 
48 (1050) 1.50 (0.46) 2.1 (0.64) 2.1 (0.64) 
60 (1500) 1.50 (0.46) 2.0 (0.61) 2.0 (0.61) 

 
 

Migration of surrounding fine soils into the backfill envelope may become a design issue 
where filter fabric is not used to wrap the trench.  This so-called “piping action” between 
the backfill material and the native soils can be mitigated by meeting the criterion 
suggested by Terzaghi in Equation 11. 
 
                                
     (11) 
 
 

where  D15 (of backfill) = sieve size in which 15% of the backfill material (by weight) will pass 
 D15 (of soil) = sieve size in which 15% of the native soil (by weight) will pass 
 D85 (of soil) = sieve size in which 85% of the native soil (by weight ) will pass 
 
D15 and D85 values for the native soils can be determined from a grain size distribution 
curve produced from a sieve analysis. 

 
In retention systems, there may be some concern that the surrounding backfill will “wash 
away” through the perforations.  In order to prevent this from occurring, the following 
criteria developed by the Army Corps of Engineers (1955a) and the U.S. Army et al. (1971) 
for gradation of backfill material is suggested: 
                      (12) 

 
 

c.)  Filter Fabric: This is used primarily in retention design to minimize piping action.  The 
following criterion is suggested when selecting filter fabric: 

 
                               (13) 
 
        where O95 = average opening size (A.O.S.) of filter fabric 
 

O95 values are available through the fabric manufacturer.  Geotextiles used for these 
applications are of the non-woven variety; all ADS geotextiles meet AASHTO M288 
“Geotextile Specification for Highway Applications,” latest edition. 

 
d.)  Slope: Retention and detention systems are normally constructed with minimal slope, 

allowing system surcharge to follow the path of least resistance without causing surface 
flooding.  Siltation can usually be avoided if a minimum hydraulic velocity of 2.0 ft/s is 
achieved.  This self cleaning velocity can be checked versus Manning’s equation below: 

 
                         (14) 
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          where V = flow velocity (ft/s) 
              A = wetted cross-sectional area (ft2) 
              Rh = hydraulic radius = A/pw (ft) 
              pw = wetted perimeter (ft) 
              s = slope of hydraulic grade line (ft/ft) 
              n = Manning’s roughness coefficient (see Table 1) 
 

Where design velocity falls below the self cleaning velocity, cleanouts should be included 
as part of the system design (see Figure 8).  Other design options may include installing 
sediment traps or other energy-dissipating devices at inlet points upstream to the retention 
or detention system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV) DESIGN EXAMPLE 
 

A)   Detention System 
An existing 5-acre parcel of land in Baltimore, Maryland is to be paved with an asphalt overlay.  
Existing runoff is conveyed off-site via overland flow into an adjacent ditch along a roadway and 
collects in a 20 year-old 18” RCP trunk sewer within the city’s right-of-way.  The RCP is in poor 
condition and needs replacement; it was originally designed to handle 10-year design flows from 
previously undeveloped land immediately upstream, but has reached its hydraulic capacity due to 
urbanization.  In order to prevent system surcharge, the city will only permit the owner to 
discharge the capacity of the existing system into the 18” RCP.  The owner of the property would 
like to collect runoff with new drain inlets in the proposed parking area and connect into the 
existing 18” RCP with a new ADS storm sewer; he understands the need for a detention system, 
and decides to get the most out of his land by incorporating a subsurface system.  He has asked 
you to design the system using 48” ADS pipe and manifolds based on the following information: 
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heavy soils 
cultivated area with no crops 
watershed area = 5 acres 

 
Figure 12: Existing parcel (pre-development) for design example 

 
watershed area = 5 acres 
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Figure 13: Proposed parking lot for design example  
 

1.) Determine Watershed Area: From the given parameters, we can see that the area is self-
contained; that is, it is its own unique watershed, with no additional upstream systems 
contributing to discharge rates.  Therefore, A=5 acres for pre- and post-development 
conditions. 
 

2.) Layout Your System: The owner has decided on the layout illustrated in Figure 13.  The 
diameter of the proposed storm sewer runs will be determined later in this example. 
 

3.) Determine Time of Concentration: 
 
a.)  Pre-development: We must first determine the longest flow path (L) from one point of 

the watershed to the first drain inlet.  In this case, L=663.17 ft as illustrated in Figure 12. 
 
Next, pre-development time of concentration (tcb) can be approximated from Figure 1 and 
existing topography: 

 
             where  ∆y = elevation difference across the watershed 
         n = 0.040 (from Table 1) 
 
         ∴ tcb = 12 minutes (from Figure 1) = pre-development time of concentration 

%8.0008.0
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b.)  Post-development: Here, time of concentration calculations are a little more difficult 
because both overland and pipe travel times must be accounted for.  These can be 
summarized in Table 8. 
 

4.) Establish a Return Period (T): As stated in the problem statement, the 10-year design storm 
intensities will be used to size the system. 
 

5.) Plot IDF Curves: For the purpose of this example, we will use the IDF curves shown in 
Figure 2.  10-year design storm intensities can be found when duration is assumed to be the 
time of concentration. 
 
a.) Pre-development: For tcb = 12 minutes, ib = 6.0 in/hr 

 
b.) Post-development: Here, time of concentration equals the sum of overland and pipe flow 

time of concentration values (see Table 8 for results). 
 

6.) Determine Runoff Coefficient (C): 
 
a.) Pre-development: From Table 2 for heavy soils with flat slope, Cb = 0.17. 

 
b.) Post-development: Since the proposed surface will be a mixture of asphalt and grass, 

runoff coefficients must be “weighted” using Equation 3.  These values are summarized in 
Table 8. 
 

7.) Calculate Peak Flow Rates (qpa and qpb): 
 
a.) Pre-development:  Using Equation 4:  qpb = CbibA = (0.17)(6)(5) = 5.1 ft3/s 

 
b.) Post-development: Flow rates for each contributing area are summarized in Table 8.  A 

contributing area is an area within the entire watershed that contributes runoff to a certain 
point (in this case, proposed D.I.s).  The areas defined in Table 8 were determined based 
on proposed topography shown in Figure 13. 
 
In conjunction with design flow rates for each contributing area, the proposed storm sewer 
must be hydraulically capable of conveying the runoff off-site.  Required pipe diameters 
can be estimated from Figure 3 and are summarized in Table 8. 
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Table 8: Calculations for Design Example 

Overland Flow Pipe flow  
D.I. tt(OL) 

(min) 
run tc(CH) 

(min)a 
tc 

(min)b 
Rainfall 
Intensity 
(in/hr)c 

Contributing 
Area (acres) 

Rational 
Coefficient 

Weighted 
Coefficient 

(Cw) 

Design 
flow 
(cfs) 

Pipe 
diameter 
req’d (in) 

1 4.5 P-1 0.70 4.5 8.0 0.30 
0.03 

0.95 
0.15 

0.87 2.3 12” @ 0.5% 

2 6.3 P-2 0.70 6.3 7.5 0.87 
0.12 

0.95 
0.15 

0.85 8.6 18” @ 0.5% 

3 7.5 P-3 0.80 7.7 7.0 0.87 
0.12 

0.95 
0.15 

0.85 14.5 24” @ 0.5% 

4 9.5 P-4 0.3 e 10.0 6.5 0.57 
0.10 

0.95 
0.15 

0.83 18.1 24” @ 0.5% 

5 10.3 P-5 0.3 e 10.3 6.4 1.81 
0.21 

0.95 
0.15 

0.87 29.3 24” @ 1.5% 

  P-6 0.3 e 10.6 - - - - 5.1 d 15” @ 1.0% 
a From Figure 1 
b tc = greatest of:  tc(OL) at D.I. in question 
                              (tc(OL) at D.I. in question) + (Σtc(CH) of upstream runs) 
c For i < 5 minutes, 5-minute intensities were used 
d Although the proposed system will produce 29.3 cfs peak flow rate for a 10-year design storm, discharge cannot exceed the  
  pre-development flow rate of 5.1 cfs. 
e Minimum tc(CH) = 0.3 minutes (see Figure 1) 

 
8.) Construct Storm Water Hydrographs: 

Required storage volume can then be calculated from Equation 5: 

 
Size the System: 
 
a.)  Determine Adequacy: 

 
Since we will be using 48” N-12 here, DAF = 0.53 ft2/ft3 (see Table 3) 
 
Therefore, design is adequate when  Ad ≥ DAF⋅Vst  or  Ad ≥ (0.53)(12,712) = 6737 sf 
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b.)  Detention Pipe Required: 
 
From Equation 7 and Table 3: 

 
9.) Select Manifold Components and Appurtenances: 

 

a.)  Layout and construct detention system: 
 
By using AutoCAD blocks available through ADS, Appendix A and Table 5, a 48” N-12 
detention system with storage volume Vst can easily be constructed. 
 

b.)  Check actual detention surface area (Aact) versus required surface area (Ad): 
 
From the laying schedule above, Aact = (37.3’)(183’) = 6826 > 6737 sf  OK 
 
The system can be placed in the designated detention storage area shown in Figure 13. 
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B)  Design a 48” retention system for the same property based on the following parameters: 
 
•  coefficient of permeability of native soil:  k = 3.33 x 10-4 ft/s 
•  porosity of backfill:  η = 0.39 
•  hydraulic gradient:  hg = 1 
 
1.) Determine Adequacy: 

 
Required storage volume, pre- and post-development peak flow rates remain unchanged: 
 
        Vst = 12,712 ft3         qpb = 5.1 cfs       qpa = 29.3 cfs 
 
Since η = 0.39, we must use a modified retention area factor (RAFm): 
 
        RAFm = DAF – 3.45ηm(DAF - RAF) 
                   = 0.53 – (3.45)(0.39)(0.53 – 0.38) = 0.33 
 
Therefore, design is adequate when  Ar ≥ RAF⋅Vst  or  Ar ≥ (0.33)(12,712) = 4195 sf 
 

2.) Retention Pipe Required: 
 
From Equation 10 and Table 3: 
  
  
  
  
Similar to the detention system in this example, AutoCAD blocks, Appendix A and Table 5 
can then be used to determine the most feasible system configuration. 
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