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Chapter 8

DESIGN OF DRAINAGE CONVEYANCE S

I. INTRODUCTIO N

A typical urban drainage system has two separate and distinc t com-
ponents, the major and the minor systems. Storm sewers, a part of the
minor system, often have been the only planned portion of these drain-
age works . Whe n thei r capacity i s exceeded, th e exces s ofte n flow s
overland, causing damage and losses. Th e purpose o f the majo r drain -
age system i s to accommodate th e runof f tha t exceeds th e capacit y of
the minor system .

The storm drainag e syste m uses the energy available fro m th e dif -
ference between its upstream and downstream elevations, or the energy
added b y pumps . Th e total available energy normally is used t o main-
tain prope r flo w velocities, includin g sufficien t velocitie s t o insur e a
self-cleansing system, wit h minimu m head loss. The design o f storm
drainage systems therefor e involves th e balancing of hydraulic losses,
which must be kept within the limits of available energy, with the need
for adequate energy to maintain self-cleansing velocities. The wider the
variations i n th e rate s o f flow, th e mor e difficul t i t i s t o mee t bot h
requirements (ASC E 1969).

This chapter focuse s o n the design o f conveyance facilities common
to the major and minor systems, including storm sewers, streets, open
channels, culverts , an d bridges. Detail s on thei r hydrauli c design ar e
presented i n Chapter 6 , an d on e should b e completely familia r wit h
that Chapter (and with Chapter 5, Hydrology and Introduction t o Water
Quality) befor e proceedin g wit h an y design . Al l o f th e facilitie s de -
scribed closely interrelate, an d majo r an d mino r system plannin g an d
design shoul d b e conducted concurrently .

The designer should trea t th e design effor t a s an iterative process
involving the developer, regulators , planner s and landscape architects ,
the general projec t civil engineer, an d other s (Nationa l Association of
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Homebuilders 1991; Urban Land Institute 1975). All of these individuals
have much to contribute, an d optimu m drainage solutions usuall y are
those generated b y various parties wit h differen t point s o f view (Spirn
1984; American Society of Civil Engineer s 1985).

II. FREQUENC Y OF DESIGN RUNOFF

Historically, stor m drainag e system s wer e designe d solel y fo r th e
rapid remova l o f stormwater , an d hydrologica l considerations wer e
largely restricted to sizing conduits (American Society of Civil Engineers
1985). The performanc e criterion was how effectivel y th e land had been
drained. I t i s common now , however , t o requir e tha t thes e system s
meet severa l regulator y criteria , includin g containmen t o f flow s an d
their pollutan t burdens. The designer therefor e i s faced no t only with
the problem  of assuring tha t floodin g will be minimized, bu t also tha t
the syste m will meet established limit s on the discharge o f pollutants .

The selection o f a  frequenc y o f design runoff , commonl y (and erro-
neously) calle d th e "design storm/ ' t o satisfy  th e variou s regulator y
criteria mus t be carefull y done . A s noted i n Chapter 5, i t can be easily
shown (McPherson 1978; WPCF 1989) that , fo r a  given rainfal l event ,
the retur n frequencie s of peak runof f flow , flo w volum e and th e pol -
lutants associated wit h tha t flo w will probably be differen t fro m eac h
other, as well as differen t fro m the retur n frequency o f the rainfal l itself .

The normal level of protection expected fro m the minor system ranges
from onc e i n tw o year s t o onc e i n te n year s (use d i n mos t citie s i n
North America) . Typical retur n frequencie s were presente d i n Table
5.1. I t mus t b e recognized tha t site-specific conditions ca n justif y de -
viations fro m Table 5.1, an d "blind" acceptance of these values is not
appropriate. As noted in Chapter 1, there has not been, over the years,
any adequat e rational e developed fo r th e selectio n o f an y particula r
design retur n frequenc y for either th e mino r or the majo r system .

The retur n frequenc y o f design runof f use d fo r th e majo r syste m
typically range s fro m 25 - to 100-years, an d shoul d b e selected base d
on a n evaluatio n o f th e specifi c projec t unde r consideration an d an y
local o r regulator y requirements . Onc e th e overal l design retur n fre -
quency has been set , th e system should b e examined for points wher e
deviation ma y be justifie d or necessary. I f this analysis reveals serious
problems with the existing major system, then remedial measures should
be considered (Denve r Urban Drainage and Flood Control District 1984),
such as over-designing the minor system to compensate for deficiencies
that may exist in the majo r system . The margina l economic benefits to
be obtaine d shoul d b e calculated, i f possible, t o provide informatio n
for th e economic (political) decisions tha t inevitably follow .
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