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STORM SEWER SYSTEM
DESIGN

Introduction

The term storm sewer system as 1Jtilized in thi s de sign
manual refers to the systern of inlets, conduits, and oHler
appurtenances which are designed to collect and convey storm
runoff frOID roadways and adjacent contributory drainage areas to
a convenient outlet.

The prim.ary purpose of storn1 sewer systern design is to
limit the amount of water £lowing in the streets and highways or
ponding in sags to an amount that will not interfere with or present
a hazard to traffic flow.

The proper stonn sewer systenl design for highways and
streets traversing urban and developed areas is generally a
complex engineering problern and nurnerous factors are to be
considered. The following design factors will have to be analyzed.

Design Criteria

The Arizona Highway Department, Hydraulics Branch has
developed the following design criteria that are to be followed in
storm sewer systern design:

Design Frequency: The design frequency to be used for stonn
sewer systenl design is described in E:...I •

l

Design Discharge: The design discharge for storm sewer
system design will be calculated by the Rational Equation
which is described in E:...I and in the following sections.

Ponding Width: The allowable spread of wate l' T on the
pavement should be limited to a width that will generally
not interfere with or pre sent a hazard to traffic flow.
The pavernent spread criteria to be used is described in

b/.

al Hydrologic Design for Highway Drainage in Arizona
bl Office MerrlO: Allowdble Flooded Width Used in the Design of Curbed

Roadway Drainage, 8-29-70
F-l
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Clogging Factors: The· capacity of grate, curb opening and
combination inlets is subject to appreciable reduction due
to debris that tends to clog the waterway opening. Clogging
factors are therefore used to reduce the theoretical

capacity of the inlets to the actual or street capacity. The
clogging factors to be applied to grate, curb opening and
combination inlets are described in c/.

Hydraulic Capacity Charts: Hydraulic capacity charts have not
been developed for the standard inlets used by the AHD.
The general equations for determining the capacity of the
inlets are given in a following section.

Design Data Sheets

Storm Sewer System calculations should be shown on the
three standard design forms and submitted with each design.

Runoff Calculation Sheet: All design data and hydrologic
calculations should be shown on this form.

Inlet Calculation Sheet: All inlet design data and
calculations should be shown on this form.

Stornl Sewer Calculation Sheet: All storm sewer design data
and calculations should be shown on this sheet.

The above forms should be adequate for all but the most
complex design problems.

c / Office Merna: Catch Basin De sign Effective Areas 2-1- 72
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Hydrology

The design discharge for storIn sewer systenl design will be
calculated by the Rational Equation.

The Rational Equation relates rainfall intensity, a runoff
coefficient, and drainage area size to the direct runoff from the.
drainage area. The relationship is expressed~by the equation: :

Q=CIA

where Q == the runoff in cubic feet per second (cis)

C == a coefficient representing the ratio of rainfall to runoff

I == the rainfall intensity in inches per hour

A == the drainage area in acres

The Rational Method is described in detail in a/ and will not
be discussed here again.

al Hydrologic Design for Highway Drainage in Arizona

F-3
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Flow in Gutters

The capacity of a gutter depends on its eros s- section, the
longitudinal pavement grade and the roughness of the pavement. The
capacity of a gutter is calculated with the modified Marining equation
of the following form:

..
Q = . 56 ~ i:!d8/3

n

Where Q =discharge in ds
Z = reciprical of the cross- slope (l/Sx )
n = Mannings roughness coefficient
So::; Longitudinal pavement slope ft. 1ft.
d ::; depth of flow in gutter, ft.

The spread of flow T on the pavement,
spacing is defined as:

T::; zd

which is a criteria for inlet ,;:..
,', / ,,' fJ .o'. ' /

/;' ~'\" /rl'?~;'
f ,I 'ii l'~} l ./ / <, ) , Ct / (t! ' ) 10/, . \ _

Find: Depth of floYl at curb and spread on pavement.

The capacity or the depth of flow in a gutter with either a straight
or a composite cross-section (two or more cross-slopes) can be
determined from Chart 1. Roughness coefficients (Mannings 11.) for
pavements and gutters are also shown.

The procedure used to determine the discharge in a triangular
channel with uniform cross - slope is illustrated in Chart 1.

The trial and error procedure required to solve for the depth
of flow in a gutter with a composite cross-section consists of
assuming a depth at the curb and comparing the capacity of the

, composite cross- section with the design discharge. If these do not
agree, a new assumption is made and the procedure is repeated. The
following example .illustrates the procedure used:

Given: Combined Curb and Gutter, Type A
Standard C-5. 01
;

Pavement Cross-slope S = .02x
Longit:u,dinal Slope So = . 01
Discharge Q ::; 5.0 cfs

Za ::; 16. 1
Zb ::; .50

From Standard C-5. 01:
Gutter Gross-slope =" 062
Pavement cross-slope = • 02
Gutter width X ::; 2. 0

F-4
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2. 2 ds

.21

o :::: .9 ds

F-5

the depth at the pavement~dge of the gutter.

The discharge for d' = . 21 is

The total flow in the channel at the assumed curb depth
of .33 ft. and with a continuous slope of Za = 16. 1 from
Chart 1 is :::: 3. 1 cis.

The flow beyond the gutter width on the assumption of a
continuous slope of Za = 16.1 is computed as for the
total flow us

The flow in the gutter width is then 3.1 - .9 =
at the assumed d = .33 ft.

From Chart 1 n= .015

:::: 16. 1 :::: 1073 Zb :::: 50' = 3- 77
j..J ..J

.01~ n . 015

Assume a depth at the curb. As a guide, use Chart 1 for
a straight slope equal to the gutter cross-slope and £lnd
d :::: . 39 foot. This d must be decreased stightly to aitow
for the greater spread on the flatter pavement or in this
case, assumed d :::: .39 - .06 = .33 foot.

c.

b.

d.

The spread on the pavement T = Zbd1 = 50(.21) :::: 10.5 feet.
The total width of flow measured from the curb is 2.0 + 10.5 ::::
12.5 feet.

If the assumed depth is correct, the difference in the design
discharge (0 = 5.0 ds) mus t be carried in the overflow section
on the pavement. This flow is computed on Chart 1, by
instruction 1, using d t :::: O. 21 foot and the Zb of the pavement

n

section (3333). The 0 in the pavement section is 2. 8 ds and
the total 0 = 2.2 + 2.8 = 5.0 which checks the design 0 and
also the assum.ed value of d = 0.33. Failure of the total Q

to equal the design 0 would require a new assurnption of d
and a recomputation of steps 4 and 5.

3.

2.

4.

5.

01
1',

0'11::1,>.,

1.',1
AI ~I>J'J~
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PaveIT1ent Inlets

The hydraulic capacity of paveIT1ent inlets depends on the inlet
geoIT1etry and on the characteristics of flow in the gutter and on the
paveIT1ent. The inlet capacity governs both the rate of water reIT10val
froIT1 the gutter and the aIT10unt of flow that can enter the storIT1 sewer.
Thus, inlet capacity and sewer capacity are based generally on a
balanced design. In SOIT1e cases the systeIT1 IT1ay be unbalanced i. e ...
the sewer pipes may be designed for a different frequency than the
inlets to provide for additional capacity at a future tiIT1e.

PaveITIent inlets are generally divided into three IT1ajor classes
each with ITIany variations. These das ses are:

1. Grate inlets: These inlets consist of an opening in the gutter
covered by one or more grates.

2. Curb opening inlets: These inlets consist of a vertical
opening in the,curb through which the gutter flow passes.
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3. COIT1bination inlets: These units consist of both a curb
opening and a grate inlet acting as a unit.

Because of the great range of conditions encountered in desigc
and the large number of inlet types and variations used by the Arizona
Highway Department, capacity charts have not been developed; raUle r
the basic equations are given froIT1 which the de signer can cOIT1pute the
capacity. The basic equations as well as the text describing them are
taken froIT1 FHWA Hydraulic Engineering Circular 12.

Capacity of Grate Inlets in a Sag

A grate inlet in a sag operates first as a weir having a crest
length roughly equal to the outside periIT1eter (P) along which the
flow enters. Bars are disregarded and the side ~g.g.jn§.Lth.e_..~.urbis..--
not included in cOIT1puting P. Weir operation continues to a depth (d)
of about 0.4 foot above the top of grate and the discharge intercepted
by the grate is:

where Qi = rate of discharge into the grate opening, in cubic feet
per second

P = perimeter of grate opening. in feet, disregarding bars
and neglecting the sid e against the curb.

d = depth of water at grate, in feet

F-6



When the depth at the grate exceeds about 1. 4 feet, the
grate begins to operate as an orifice and the discharge intercepted

by the grate is:

Qi = 0. 67A (2gd)0. 5 = 5. 37AdO. 5

d ;:; depth of ponded water above top of grate, in feet

2
g = acceleration of gravity, 32.2 feet per second

A = clear opening of the grate, in square feet

where Qi;:; rate of discharge into the grate opening, in cubic f~et

per second

depth at Q ;:; 3. °cis
depth at Q ;:; 20. ° ds

Find:

BetWeen depths over the grate of about 0.4 and about 1.4 feet
the operation of the grate inlet is indefinite due to vortices and other
disturbances. The capacity of the grate is somewhere between that
given by the above equations. Because of the tendency of de bris and
trash to collect on the grate, the perimeter and the area of opening
should be corrected for clogging as described in c/.

Solution: 1. Compute perimeter of grate opening ignoring
the bars and omitting any side over which
water does not enter.
p;:; 2(2' -1 1/2 11

) + 3' - 711

= 7' - 10"
~ . .-,- , ..

1he following example will illustrate the IlHC of the above l'(jua!inns.

Given: Grate Inlet in a Sag
Standard C-15. 04 Type 4 Catch Basin
Standard C .. 15. 06 Type LW -1. 2 Grate

r"ll.Ll..; - I.....
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2. Multiply by clogging factor to determine
effective perimeter.
P e ;:; (P) (1/2);:; 7' - 10" (1/2);:; 3.92 ft.

3. Compute depth over grate by the weir equation for:

a. Q;:; 3. °cis and P ;:; 3. 92 ft.

d-[ Qi ]2/3 _ [3.0 ~2/3 = ,40

l0. 0) (P) J L~3. 0) (3. 9~1

The depth over the grate is at the weir control depth, therefore
the weir control equation will give the correct answer.

:::..1 Office Memo: Catch Basin De sign Effective Areas - 2 -1- 72
F-7
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b. Q::: 2.0.0 cis and P ::: 3.92 ft.
.~ 2. / 3 2/3

d - [ Qi "I -- [ 20. 0 '-~II

U3. 0) (PU ~. 0) (3. 9~

Since the depth over the grate exceeds 1. 4 ft., the orifice
equation should be used to calculate the depth over the grate. ..

4. Detennine net area of the grate from'
Standard C-15. 06, Table 1
An = 5. 01 sq. ft.
Reduce net area to effective area due to
clogging
A ::: 5.01::: 2.5 ft. 2

2

5. Calculate depth over grate by the orifice

\'
equation fa r

2.Q ::: 20. 0 ds and A ::: 2. 5 ft.

G _2
2

d - Qi ~ 20.0 3 1. 7 it.
- 5.37AI

::: :::

(5.37) (2.5)

If the grate has appreciable cross-slope so that the side away
from the curb is higher than the curb side, the inflow over the side
should be determined separately from that over the ends. In weir
control use the depth at the mi ddle of the grate for end inflow and the
depth away from the curb for side inflow.

For depths between. 4 feet and 1. 4 feet the depth should be
computed by both the weir and the orifice equations and the higher of
the two used for design.

Capacity of Curb-Opening Inlets in a Sag

The capacity of curb-opening inlets in a sag depends upon the
depth of water at the inlet and the inlet geometry. The inlet operates
as a weir until the wate l' subme rges the entrance. When the wate r
depth excee ds about 1. 4 times the height (h) of the curb-opening
entrance, the inlet operates as an orifice. Between weir-type
operation and orifice-type operation the capacity is indeterminate.
Chart 2 gives the minimum height (hm ) of opening required for weir
type operation. 1£ the opening height (h) equals or exceeds h m (Chart
2), Charts 3-4-5 will give the depth of ponding measured at the curb,
just above the depressed area. The use of these charts is explained
in a following example.

Charts 3-4-5 apply only to depressed curb-opening inlets

with a height of opening equal or exceeding the appropriate h m from
Chart 2. When the inlet is not depressed, the approximate capacity
can be computed by the weir equation:

F-8
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Qi = 3. 0 Lidi

where

Qi = capacity of the inlet, in cubic feet per second

di = depth of water above inlet lip, in feet

Li =length of clear opening, in feet

When the depth at the opening exceeds 1.4 times the height (h) of the
curb-opening entrance, the capacity may be computed by the following
orifice equation:

Qi = 0.67 l\ [ 2g (di

where

I A = area of opening, in square feet (hLi)

The foLlowing example illustrates the procedure for computing
the capacity of depressed curb-opening inlets:

II
'1·.;"1j
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h = height of opening, in feet

Qi' di, andLi are the saIne as in the previous equation.

Given: Curb-Opening Inlet in a Sag
Standard C-15. 03 with 2-3 ft. wings
Li = 10' - III

W = 2. 0' (Gutter width)
a = 2.0" (Inlet depression)
h = 7 11

Sx = .02

Find: depth of ponding for Q = 14 cfs

S~lution: 1. Use Chart 2 to check the adequacy of the
opening height to maint~in free fall in the inlet.
For Q = 14 cfs

Li = 10' - 1"
h m = .45'

F-9



Capacity of Grate Inlets on a Continuous Grade

Capacity of Combined Grate and Curb-Opening Inlets in a Sag

d
From Chart 4 the maximum depth of ponding
at the curb, just above the depressed area and
the spread of water is:
dm == • 60 ft. and
T == zffi== (50){. 60) ==. 30 ft.
~ACTUAUY~ d J

The opening height h == 7" exceeds the
requirement for free fall and the charts can be
used to determine the depth of ponding.

2.

When the curb-opening inlets are not depressed, the
approximate capacities should be computed with either the weir or
the orifice equations. The procedure is similar to the procedure
used for computing capacities of grates in a sag.

Combination inlets are desirable in a sag because the curb
opening provides a relief opening if the grate becomes clogged.
The capacity of combination inlets, when the grate and the curb
opening are approxirrlately the SalTIe length, is determined by
computing the capacities of the grate only ~i:~.h-q~L9:.SJgggi!J,g_factQr.

The curb-opening provides a reli~{operli~g for the debris that
would normally clog the grate. When the curb-opening can be much
longer than the grate (C -15. 05) the capacity of the curb-opening
with the approriate clogging factor should be calculated. The
capacity of the grate should not be computed. I The grate will pro
vide an additional safety factor.

Grate inlets are recommended where clogging due to debris
and traffic interference is not a problem.

Grates with bars parallel to the direction of flow are much
rnore efficient than grates with bars transverse to the direction of
flow especially when longitudinal pavement grades exceed 1%. As
the grade increases, longitudinal bar grates becorne increasingly
superior to transverse bar grates both in regard to capacity and
decrease in tendency to catch debris. Thus, longitudinal bar grates
should be used whenever possible .

L~I1,
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... An efficient grate inlet on a continuous grade will intercept

all the flow within a width equal to that of the grate. For grates
over 3 ft. long on flat slopes « 1.0%) or for depressed grates the
inilow along the longitudinal edge may be estimated by treating this
edge as a curb-opening. The required length of grate to intercept
all of the flow over it should be computed by the following equation:

F - 10
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where Lb = length of clear opening of grate, ft.

v = mean approach velocity in the width of the grate opening, fps

d = depth of flow at the curb, ft.

db = depth of the bar, ft.

The capacity of an undepressed efficient grate inlet can be
determined by computing the flow in the section occupied by the
grate width and then determining the length of grate required to
intercept all the flow. The appropriate correction for clogging should

be made.
The following example illustrates the design procedure for an

undepres sed gra.te:

Given: Grate Inlet on Continuous Grade
Standard C-15. 04 Type 4 CB, Single
Standard C-15. 06 LW -1.2 Grate
Length of Grate - 3' - 5 1/4"
Width of Grate = 2. 0
So = . 01
Sxl (Pavement) =. 02
Sx2 (Gutter) = .062
n = .015
db =31/2" = .29 1

}"ind: Spread on pavement and discharge intercepted by the
grate inlet for Q = 5.0 ds.

Solution: 1. Calculate depth of flow and pavement spread
from Chart 1 as explained in the gutter flow example.
d = • 33 ft.
T = 12. 5 ft.

2. The depth of flow d f at outer edge of the grate
(X = 2.0) is: (See previous example. )
d l = .21 ft.

3. Calculate the flow beyond the edge of the grate
from. Chart 1: (See previous example. )
with d:::. 21

Q =2.8ds
Then the flow into the grate equals
Q = 5. 0 - 2.

= 2.2 cfs
provided that the grate is long enough.

F- 11
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The charts presented are for the following three standard
depres sian configurations:

4. Check required length of grate
a. The mean velocity in the 2.0 ft. section over

grate is

The capacity of a curb-opening inlet dEpends upon the length of
opening (Li), the depression of the inlet lip (a), the depth of flow
at the curb line in the gutter (d), and both the crO$s slope (Sx) and the
longitudinal slope of the gutter (So). Capacity charts prepared by the
FHWA will be used for determining inlet capacities.

then is

2
= .54ft.

= 1. 6 ft.

clear opening of 2rate
=l (d + db)1/

2

=4.1 (.33+.29)1/2
2

and V ::: 2.2 ::: 4. 1 fps
.54

Q
V = 

A

The
L

where the area is

A = • 33 +. 21 (2)
2

Because of possible clC!lgging the actual length of the grate should be
twice the required lengtb as described inc/.
The actual grate length shculd therefore be about 3.2 ft . .;,;ince the

/ "Standard C-15. 06 grat(e is 3 ' -5·{!, the design is satisfactory. The 2.8 ds
outside of the grate will have to be intercepted by a grate further downstream.
Capacity of Curb-Opening Inlets on a Continuous Grade

Charts 6 through 14 show the ratio of disc-harge intercepted
(Qi) to the total discharge (Q) for a given inlet geometry (Li, W, and a)
and n ::: O. 016. The figure contains two familie s of curve s, one fa r--------=----
longitudinal slope and one for cross slope. To use the capacity charts,
select the appropriate chart for the inlet geometry. Then from the
spread on pavement, in the lower left horizontal scale, move vertically
to the curve representing the longitudinal slope. From this point rnove
horizontally to the curve representing the pavement cross slope. Then
rnove .vertically to the~ scale, in the upper right horizontal scale
and read the interception ratio. The discharge intercepted by the curb
opening inlet is the product of this ratio and the gutter discharge.
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The following example illustrates the use of these charts:

Find: Discharge intercepted by the inlet.

Approximate capacities for inlets with different depression geometries
may be obtained by applying the following relationships:

Effect on Qi/Q
from Graph

Reduc~by one-fourth

Increase by one-:-fourth
Reduce by one-fourth
Increase by one -fourth

1
2
3

Gutter flow depth
Pavement spread

gutter flow

Depression Width, Feet

A ctual Dimension
of Depression

W ::: 2'. a::: J-'.'
W:::l' a::: 2 11

, -
W:::l', a:::?"
W=2' a=1", .

1. From Chart 10 with T = 12.5 ft.
a. extend So:::. 01 line to T::: 12.5 ft.

b. interpolate between Sx =. 015 - . 03
c. read Qi/Q ratio at . 60

2. Discharge intercepted is
Qi ::: (. 60)(5.0)
.~ ::: 3.0 ds

Becaus e of cloggi'ng the actual inlet capacity
will be 2.4 cis, or the inlet may be increased
to 12.5' to intercept 3.0 ds.

F-13

From the previous
example

d = .33
T = 12.5

1
2
3

...

Solution:

Depression Depth, Inches

Dimension from Graph
W =2', a =2"
W = I', a ::: 1"
W ::: 2', a ::: 2"
W = I', a ::: 1"

Given: 10 ft. long curb-opening inlet on a continuous grade.
Pavernent and gutter geometry are given in the exampl e
on gutter flow.~ curb-opening depression::: 2.0 11

Discharge Q = 5.0 ds

Interception by curb-opening inlets of lengths other than for which
charts are given may be computed by interpolating between the given lengths.

The spread of water T shown on the charts is limited to 10ft. and
15 ft. The charts should not be extended beyond 12 ft.±. ..

~

'I';,],
'"'~

,~';I

~I

jl
''fj

II
,.......-:'..

IJI
.'W

41
jlt

BI
']1
jLI
I

1

.~ I
dl

:1

.~ I
II
;·1.,



':il
11',
]1
01
;~ 1

~I

:~ I
n,-,~ 1
~:j

jl
jl

;':<:,1:: ;

I!III

I
',i,lI 1[
[,.,

rnl

1

11
J~
n, 1I.i

Capacity of Combination Inlets on a Continuous Grade

The capacity of a combined curb-opening and grate inlet will
be computed by ignoring the capacity of the curb-opening and
computing the capacity of the grate opening alone without a clogging
factor. The curb-opening will provide the required safety factor
against clogging.

Inlet Spacing

Generally, the spacing of inlets will depend on the type of
roadway to be drained.

In the spacing of inlets on a limited access type of roadway
where only on-site runoff win be encountered the fult permissible
flooding width of the gutter and pavement should be utilized. The
depth of flow along the curb will be greatest under these conditions
and the inlets will operate under maximum efficiency.

The first inlet will be located by determining the length of
roadway necessary to generate the discharge that will occupy the
Yllaxirnurn permissible pavement spread. The second and successive
inlets will -be located at a distance which is just long enough to
generate the discharge intercepted by the previous inlet.

Thus, at the design discharge the pavement will be flooded
to its maxirnum perrnissible spread along the section under design.

The last inlet must intercept both the flow that bypassed the
previous inlet and the discharge gene rated by the length of the last
pavement reach. The last inlet must therefore be designed for
100o/c inte rception.

On urban type roadways where cross-roads and off-site
drainage areas contribute flow, inlets may have to be located before
the maximum pavement spread is utilized.

Inlets may have to be located at intersections to prevent gutter
flow from crossing traffic lanes of the intersecting roads, at major
points of off- site drainage inflow or located due to other than
hydraulic considerations. Since the rnaximum permissible pavernent
spread and gutter flow depth cannot be utilized, inlet interception will
not ~e very efficient a~nd a greater number of inlets will be required.

It should be emphasized that gutter inlets are not efficient
for intercepting off-site drainage. Every effort should be made to
inte rcept off- site drainage with open channels or special inlet
structures before the flow gets on the pavement.
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Sewer Design

After the inlets have been located and proportioned the sewer
runs will be located and the quantity of flow to be carried by each
pipe and the gradient and size of each pipe must be determined.

The following factors must be considered:

Sewer Run Location: The location of sewer runs, including
inlets, leterals, main lines, and outfalls must be
determined.

Generally, medians offer the most desirable storm
sewer location. In the absence of medians, a location
beyond the edge of pavement or under sidewalks may
be desirable. It is generally recommended that when
a storm sewer is placed beyond the edge of pavement
that one main line with connecting leterals be used
instead of running two trunks, one down each side of
the road.

Outfalls: The tailwater depth in the outfall channel may
significantly affect the sizing and operation of the
sewer runs. The outfall pipe may empty into an open
channel or another pipe; in each case, the depth of
flow in the outfall channel must be determined.

Sewer Run Discharge: The design discharge carried by
any particular section of pipe is not necessarily the
SUIn of the inlet design quantities of all inlets above
that ·section of pipe. A s a general rule the sewer
di~charge is somewhat less than the sum of the inlet
discharge~.

In determining the discharge for. each sewer run the
rainfall intensity used in the Rational Equation is
based on a tirne of concentration that is made up of
two parts:

a/ Hydrologic Design for Highway Drainage in Arizona.

°.•'...·.11
~

1
'~I

]~

..

inlet tirne: Which is the tilne required for water to
flow from the hydraulically most distant point of
the drainage area to the inlet. Generally, inlet tim.e
can be determiRed from the appropriate figure in !:!:../
if the drainage area is off the roadway. The time of
concentration for pavement flow can be detennined as
described previously or a minirnum time of concen
tration of 10 min. may be used.
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sewer time: Which is the tirne required for the water
to flow through the sewer line from the upstream inlet
to the point of the sewer line under design. The sewer
time can be determined by calculating the sewer flow
velocity with the Manning equation (V = 1.;9 R 2 / 3S 1 / 2 )
and the time can be calculated by:

11
\

11
r"·····11i··;
ii.J t = L

V

~I

11
lfil~:-:::~

i;j;

,1
n·....···1~

1
11
."....,..• ~I
j

[:'1",1
~

where t = time of flow
L = length of the sewer run
V = velocity of flow

Thus the design time of concentration for any point on a sewer
line is the inlet time for the inlet at the uppe r end of the
line plus the time of flow through the sewer from the
upper end of the sewer to the reach under design,
unless the thne for another branch or inlet at that
point is greate t. The _mir~im1,ll.ILtime of concen-
tration of 10 minutes should be used.

Sewer Profile: A tentative sewer crown profile will be
required for the calculation of pipe sizes. The
crown line profile is drawn to indicate the inside
top of the pipe s. The inve rts of the pipe s will be

.established after the required pipe diameters have
been computed. At changes in size of pipe the top
insides should be placed at the same level rather
than placing the flow lines at the same level. Where
flow lines are placed at the sarne level, the s1'naller
pipe will discharge against a head and it will be
necessary to plot a hydraulic grade line.

Pipe s should be placed on such a s lope that the
velocity of flow will not be less than 3 fps .

.----

When profiles are comparatively flat, it is
desirable that the sewer sections and slopes be so
designed that the velocity of flow will increase
progressively. Thus, sedin1.ents washed into the
sewer will be carried on through and will not be
dropped at some point due to a sharp decrease in

: velocity ...
Pipe Size Reduction: Generally, pipe sizes should not

be reduced in the downstream direction. In
special cases a downstream pipe may be reduced
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in size if the grade and capacity are sufficient to
carry the flow. To determine the amount of drop
(hi) of the %, of the manhole the following method
should be used:

--
INV(RT

U, It::: VELOCITY _~

q.1 :::: RA T[ 0,.. FLow

a I b

I I I
uz- T~""----+---I- I
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ENERGY AND HYDRAULIC GRADE LINES AT TRANSITIONS IN SIZE OR GRADE
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HI d l + y2/ Y :: full flow velocity::
1 2g

H 2 d Z + V
2

; "h " is always po sitive::
t.. Zg e

he K
.6. yZ

::
2g

Where 6y2 is the algebraic difference between the velocities.

The value of llKl1 is 0.1 if Y2 > VI and O. Z if YI> Y2

Therefore, the drop (hi) is equal to

11
If 11hi l1 is positive the drop is required otherwise the inverts
will be at the same elevations.

I
Pipe Junctions: The crowns of pipes at the center of manholes or

catch basiY1S should be at the saIne elevation. If a lateral must
be placed.so its flow is directed against the main flow through
the manhole or catch basin, the lateral invert should be

.• raised to ITlatc1) the crown of the inlet pipe ...

I],
The angle in the direction of flow between pipes at junctions
should be less than 900 to prevent excessive turbulence and
head loss.
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Minimum Pipe Diameter: The minimum pipe diameter shall
be 12 inches for laterals and 18 inches for trunk lines.-

Manholes: Manholes are generally required for maintenance
and cleanout purposes. They should be provided at changes
in pipe gradient, cha~1.ges in pipe size, changes in direction,
and at 300 ft. intervals in long runs of constant grade,
direCtion, and size unless access through catch basins or
junction boxes is provided.
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Sewer Calculations

For most conditions the sewer runs should be sized on the
assumption that they will flow full 01' practically full under the design
discharge but will not 1:>~Y.l..?,ceq.l,l.l}stQ.:l;..pressurehead. The capacity
of pipes should be calculated with the Manning equation. Chart 15
can be used to determine the capacity of corrugated metal or con
crete pipes at either part full or full flow.

-----
The hydraulic gradient is the locus of elevations to which the

water would rise in successive piezoD1.eter tubes if the tubes were
installed along a sewer run. The difference in elevation for the water
surfaces in the successive tubes represents the friction loss for that
length of sewer, and, the slope of the line between water surfaces is
the friction slc;>pe. Therefore, if a sewer run were placed on a cal
culated friction slope corresponding to a certain quantity of water,
cross-section, and roughness factor, the surface of flow (hydraulic
gradient) would be parallel to the top of the conduit, and the sewer
run would not be under pressure. This is desirable as previously
stated. 1£ there is reason to place the sewer run on a slope le s s than
friction slope, then the hydraulic gradient would be steeper than the
slope of the sewer run. Depending on the elevation of the hydraulic
gradient at the downstream end of the run under design, itis possible
to have the hydraulic gradient go above the top of the conduit which
would rnean that the sewer is under pressure until, at some point
upstream, the hydraulic gradient is once again at or below the top of
the gradient.

It will not be necessary to COrnp'llte the hydraulic grade line
of a sewer run, where the slope and the run sizes are chosen so that
the slope is equal to or greater than friction slope and the top sur
feces of successive runs are lined up at changes in size rather than
the botton1. surfaces, and the surface of the water at the point of
discha rgc does not lie above the top of the outlet. In such cases the
plpe will not operate under pressure and the slope of the water sur
face uncleI' capacity discharge will approximately parallel the slope
of the invert of the pipe. There will be small head losses at inlets,
m;i.nholes, etc., but if these are properly designed these losses may
be negle cted. .____----.-

'Whenever all of these conditions do not exist however, and
pC1rticularly in those instances where the inverts in the pipes are
pLtccd on the same grade at changes in pipe size (which forces the
fm1atler pipe to discha~rge against head) or when it is desired to check
th" .iewer systeln against a larger flood than that used in the pro
purtioning of the pipes, it will be necessary to compute the hydraulic
grztde line of the entire sewer systern.
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Sewer Calculations

For most conditions the sewer runs should be sized on the
assumption that they will flow full or practically full under the design
discharge but will not)J~_.pJ?,ce_<:l.:etl)gC_:J,·..p.l'essurehE)ad. The capacity
of pipes should be calculated with the Manning equation. Chart 15
can be used to determine the capacity of corrugated metal or con
crete pipes at either part full or full flow.

--------
The hydraulic gradient is the locus of elevations to which the

water would rise in successive piezoDl.eter tubes if the tubes were
installed along a sewer run. The difference in elevation for the water
surfaces in the successive tubes represents the friction loss for that
length of sewer, and, the slope of the line betweenVlater surfaces is
the frictionsl,?pe. Therefore, if a sewer run were placed on a cal
culated friction slope corresponding to a certain quantity of water,
cross-section, and roughness factor, the surface of flow (hydraulic
gradient) would be parallel to the top of the conduit, and the sewer
run would not be under pressure. This is desirable as previously
stated. If there is reason to place the sewer run on a slope less than
friction slope, then the hydraulic gradient would be steeper than the
slope of the sewer run. Depending on the elevation of the hydraulic
gradient at the downstreaDl end of the run under design, it is possible
to have the hydraulic gradient go above the top of the conduit which
would ITlean that the sewer is under pressure until, at some point
upstream, the hydraulic gradient is once again at or below the top of
the gradient.

It will not be necessary to compute the hydraulic grade line
of a sewer run, where the slope and the run sizes are chosen so that
the slop~ is equal to or greater than friction slope and the top sur
idces of successive runs are lined up at ch~nges in size rather than
the bottorn. surfaces, and the surface of the water at the point of
discharge does not lie above the top of the outlet. In such cases the
pIpe will not operate under pressure and the slope of the water sur
face under capacity discharge will approximately parallel the slope
of the invert of the pipe. There will be small head losses at inlets,
InCinholes, etc., but if these are properly designed these losses may
be neglected. _-------

Whenever all of these conditions do not exist however, and
p:lrticularly in tbosc instances where the inverts in the pipes are
placed on the saIne grade at changes in pipe size (which forces the
snlaller pipe to discha~rge against head) or when it is desired to check
the .iewer systern against a larger flood than that used in the pro
portioning of the pipes, it will be necessary to compute the hydraulic
grade line of the entire sewer system.
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The hydraulic grade line is computed by starting with the
tailwater elevation at the point where the sewer is finally discharged
and working back up the length of the sewer, computing the friction
loss for each run and plotting the elevation of the total head at each
pipe junction, manhole and inlet.

The friction slope or the friction loss for each run can be
calculated from Chart 15 by the following procedure:

Given: 36 11 diameter concrete pipe
discharge Q = 50 ds

Find: Friction slope Sf and head loss hL for a 500 ft.
reach

Solution: Chart 15
a. Lay a straight edge on pipe diameter D =36 11

and diD ratio at full flow. Mark the intersection
of the straight edge on the turning line.

b. Lay straight edge on intercept on the turning line
and on the discharge line at Q = 50 ds.

c. Read friction slope Sf on slope line Sf = . 005.

d. Calculate head loss
hf = SfL

= (. 005 )(500)
== 2. 5 ft.

The head loss thus calculated is added to the tailwater elevation
thus defining the hydraulic grade line.

The calculations are continued in the upstream direction by
calculating the head loss for each reach. and plotting the total head at
each pipe junction, manhole and inlet.

If the hydraulic grade line as thus plotted does not rise above
the top of any manhole or above the lip of any inlet the sewer system
is considered satisfactory. Wherever it does rise above these points,
however, blow-outs through inlet slots and manhole covers will occur
and pipe sizes or gradients should be increased as necessary to
eliminate such blow-outs.

,~

.. Note that any hydraulic gradient must have an original base
elevation no lower than the outlet tailwater elevation. Therefore, the
backwater effects of a significant tailwater elevation should be checked
very carefully.
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II Inlet Calculation Sheet:

I Runoff Calculation Sheet:

III The hydraulic design of the sewer runs.

Calculations:
Delineate contributing drainage areas, assign a
reference number to each and indicate Station-Station liITlits
of the drainage areas. It may be necessary to layout a
preliminary inlet location plan before the drainage areas can
be delineated.
Measure the contributing drainage areas.
D~termine the runoff coefficients for each drainage area.
It may be possible to use an average runoff coefficient
for the total area or it may be necessary to subdivide each
drainage area according to the runoff coefficient. A table
of C values is given in a/.
Compute and summate the CA values.
Calculate the time of concentration as outlined in al or as
described in previous sections. Use a minimum time of
concentration of 10 minutes.
Dete rITline rainfall intensity as outlined in :::..1.
Calculate design discharge by the Rational Equation.

4.
5.

2.
3.

6.
7.

Design Data:
1. Select the recornrnended sewer design frequency from !!:..I.
2. Obtain 6-hour and 24-hour precipitation values for the

project area from Precipitation Maps 1- 6 in !!:..I.
3. Calculate I-hour precipitation value as described in ::::..1.

Location Data
1. The required input is self-explanatory.

I The calculation of the design discharge.

II The sizing and spacing of the inlets.

Runoff
1.

Design Procedure

The design procedure for storm sewer system design is divided
into the following three parts:

The recommended design procedure usin'g the appropriate
design calculation sheet is as follows:

I
J1";1-v,-,~

11
it
[I

I
tl

11'
~

II
FI~
11
'11
II
fwl

I
,J~
nwi

Location Data
1. The required input is self-explanatory.

::::..1 Hydrologic Design for Highway Drainage in Arizona.

F-21



Thus indicate the actual and the corrected inlet
dimension (length Li, perimeter P, or area A) in the
appropriate column.

8. Calculate the interception rate Qi/Q and the discharge
intercepted Qi for depressed curb-openings from Charts
6-14.

9. Calculate the intercepted discharge Qi for grate inlets and
combination inlets from the appropriate equations.

10. Calculate the carry-over flow Q c
where

Data
Determine the allowable pavement spread Tall from b/.
Obtain the appropriate Mannings n value for the gutter
and pavement frorn Chart 1.

Design
1.
2.

Inlet Calculations
1. A ssign a reference number to each inlet and list its

location.
2. List the reference number of each drainage area that

contributes flow to the inlet under design.
3. Indicate the type of inlet to be used.
4. Show the discharge Q for the inlet. This is the discharge

obtained from the runoff calculation sheet.
5. Calculate the depth of How D and pavement spread T for

the given Q, the given gutter and pavement cross-slopes
Sx' and the longitudinal slope So' If the depth of How or
the pavement spread exceeds the all.owable limits, inlets
at more frequent intervals will be required.

6. Indicate the inlet depression I'a" to be used.
7. Calculate the inlet capacity. The preferred manner of

calculating inlet capacity is to select a standard inlet,
correct its length, perimeter, or area for clogging and
compute its capacity. If the capacity thus calculated is
not adequate, additional grates or curb-opening may be
used, the inlet depression may be increased or a different
type of inlet may be selected.

~·····JIlit,!

]1 ',
)1
~I

I
~I ..

11.

A t the first inlet the total discharge QT is equal to the
discharge Q from the contributing drainage area. At aU
other inlets the total discharge QT is equal to the dis
charge Q from the contributing drainage area plus the
carry-over" discharge Q c from the previous inlet.
Thus Q T = Q + Q c
Continue with the inlet calculations. There should be no

carry-over discharge at the last inlet.
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III Sewer Calculation Sheet:

Location Data
1. The required input is se l£-explanatory.

Design Data
1. Generally, the design frequency and the precipitation

values will be identical in both the Runoff-Inlet
Calculations and the Sewer Calculations. If for some
reason the design frequency for the inlets and the
storm sewer is not identical, the appropriate frequency
and precipitation values should be determined as pre
viously outlined.

2. Calculate the depth of flow in the sewer outfall channel.
3. Determine the coefficient of friction for the sewer pipe.

A table of friction factors is found in HEC #5. If
alternate types of pipes will be specified on the final
plans, a separate storm sewer de sign will be required
for each type of pipe.

Sewer Calculation:

Location
1. Select a line reference number such as:

Lateral 1
Trunk Line 1

for each line and indicate its station to station location.

Drainage A rea
1. Indicate the reference number of the drainage areas

contributing flow to the upstream end of the sewe r run
under design.

2. Show the incremental CA value of the drainage areas
contributing flow to the inlet at the upstream end of the
sewer run under design. The incremental CA values
should be obtained from the Runoff Calculation Sheet.

3. The L CA value is the total of all the CA value s of the
contributing drainage areas at the upstream end of the
sewer run under design.

Ti,-ne of Flow

.. 1. Calculate the inlet time of concentration or use the time
of concentration determined previously for the runoff
calculations.

2. Calculate the sewer flow time. There is no sewer time
for the first sewer run. For all subsequent runs the
sewer tirne should be calculated as previously outlined.
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Design time: For the first run the design time will be
equal to the time of concentration of the first inlet.
For all successive runs the design time will be the inlet
time plus the time required for flow through the sewer
to the reach under design. The minimum time of
concentration of 10 min. should be used.

3.

..

a. the full flow capacity (Qfull) of the selected pipe

Sewer Profile
1. Plot a tentative sewer crown profile and determine the

inlet and outlet elevations for each run.
2. The length of each sewer run is the length from center

to center of inlets or manholes. This length is used in
determining the time of flow from one inlet or manhole
to another.

3. Calculate the slope of each run.

Sewer Design
1. Select a trial pipe diameter and calculate its full flow

capacity from Chart 15. The size and gradient of the
pipe must be chosen in stich manner that the pipe when
flowing full, but :pot ':lnder head, will carry an amount
of water approximately equal to or greater than the
computed discharge, Q. In other words, Qful1 must be
approximately equal to or greater than Q. If the first
trial pipe diameter is too srnall, continue checking
successive pipe siz~s until an adequate pipe size is
found.

2. Calculate the velocity for the design discharge and the
selected pipe with the Mannings equation (Chart 15) and
Table 2 as follows:
a. determine diD ratio (depth of flow/Diameter)

from. Chart 15 for the actual flow conditions.
b. determine C a value from Table 2 for the above

diD ratio
c. determine area of flow where

a =C a D2

d. calculate velocity by
V = Q/A

Hydraulic Grade Line
Whenever one of the following conditions occurs,

Calculate the design discharge by the Rational Equation with
previously determinedL:CA and the rainfall intensity 1.

Calculate the rainfall intensity for the design time of
concentration which was previously determined.
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is less than the design discharge Q.

b. a pipe of a larger diameter discharges into
a pipe of a smaller diameter

c. where it is impossible to line up the crowns
of pipe runs at changes in pipe size

d. whe re the tailwater at the outlet of the sewer
run submerges the sewer pipe

t he hydraulic grade line should be calculated to be sure that the
backwater head created by such a design is not large enough to cause
blowouts at inlets or manholes above the run. The following procedure
can be used to calculate the hydraulic grade line:

1. Calculate the friction slope Sf from Chart 15 and the head
loss for each .reach as previously outlined.',

2. Plot the hydraulic grade line by adding the headloss to the
tailwater elevation and continue upstream.

If the hydraulic grade line is sufficiently below the inlets
and manholes, the de,sign is satisfactory. If the hydraulic
grade line is at or above the inlets and manho les, blowouts
will occur and the design should be revised.

..
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Texas
Highway
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AHD
Structures Section
Hydraulics Branch
10-15- 72
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~ .
Clear No. Frame Opening - Net Grate Opening

Type Spacing Bars X Sq. Ft. Sq. Ft.

LW or LB-l. 0 I" 16 5/16" 6.17 4.11

LW or LB-l. I I 3/8" 12 I 1/4" 6. 17 4.63

LW or LB-l. 2 2 '1 9 I 9/16 '1 6. 17 5.01

LW or LB-2. 0 I" 12 5/16" 4.63 3.08

LW or LB-2. 1 I 3/8" 9 1 1/16" 4.63 3.47

LW or LB-2. 2 2" 7 1 1/16 11 4.63 3.73
._-

.._-
Clear No. Frame Opening Net Grate Opening

Type Spacing Bars X Sq. Ft. Sq. Ft.

TW or TB-l. 0 I" 27 7/8" 5.59 3. 70

TW or TB-l. I 1 3/8" 22 Il/16'1 5.59 4.08

TW or TB-l. 2 2" 16 I 5/8" 5.59 4.53

TW or TB-2. 0 III 27 7/8" 4.05 2.68

TW or TB-2. I I 3/8" 22 II /16" 4.05 2. 96

TW or TB-2. 2 2" 16 1 5/8" 4.05 3.28
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REVISED GRATE OPENING AREAS
Standards C-15. 06 & C-15. 07

R e vi sed 0 c t. 15 , 1 9 72

CATCH BASIN GRATE C-15.06

..

CA TCH BASIN GRATE C-I5.07

ARIZONA HIGHWAY DEPARTMENT ROADWAY CONSTRUCTION STANDARDS

CATCH BASIN GRATES

Table I

F-41



For Determining the A rea II a II of the Cros s Section
of a Circular Conduit Flowing Part Full

..

.482.472

Handbook of Hydraulics
H. W. King

.462.453.443

F-42

Table 2

.433.423

depth of water
diameter of channel

AHD
Structures Section
Hydraulic s Branch

10-15-72

Let = D and C a = the tabulated value. Then a = C a d 2 .
d

i;l ! I.'~ r--r--'I-------------r---.'1-------1
,d . I 0" I 0 L_ .~_ 05 I . I - .,. \ c.:

.0534 .OGOO .OGG8 .0739 .0811 .U)::Ci

.2 II, .1118 : .11.99 I .1281 .LiG5 .1449 .1535 .1623 I .1711 I .180C: i .J,0:)i)
I. I , I I :

.3[.1982 I .2074 ,.215'1 .2260 .23% .~450 .2546 .26,12 1 .2739 i .283G

1.4 ,1. 2934 1 .3032 I .3130 .3229 .3328 .3428 .3527 .3627 .:1727 1 .3827

I Ii I !
.5

1

,.393 I' .403 .413

.6 .492 .502 .512 .521 I .5:31 .540 .550 .559 .569 .578

.7 1.587 I .596 .605 .614 .623 .632 ;640 .649 .657! .666

.8 .647 I .681 I .689 .697 .704 .712 .719 .725 •7321'738

J .M~~_6_~_.7_6_1_~_.7_6_6_~_.7_7_1_~_.7_7_5_~_.7_7_9_~_.782 .78~~
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The following requirements supplement and are in addition to
the existing Hydrologic Manual.

Hydraulic Reports must be submitted in duplicate (one each for
Plans Division and Bridge Division) bound in an 8~11 x lIlt folder, and
must cQI1tain, bui: need not be limited to, the follOWing:

1969August 4~

6.· A general area map of the entire proj ect a~c a small
(reduced) scale showing topographic features and drainage
areas.

4. A narrative describing the topographic feat-ures and
hydi."'ologic history of the project area, no-ting general
drainage pattel"'ns, "the history and effect of known flood
ing in the area, and recurring problem areas. The history
of man-made developments and their effect upon natural
drainage patterns, including an estimate of the effect
the proposed highway construction might be expected to have
upon maj 01" drainage flows. ArId finally, a proj ec"ted
estimate of future development in the project area ~~hich

might affect the characteristics bf future drainage flows
and ultmlately the performance of the hydraulic structures
on the project.

2 . Let'tel"' of Transmittal.

S. An outline of the Scope of the Study, incluG.ing "the cri
-teria, assump"i:ions, and methoG.s used in the design pro
cedure, listing all references.

ARIZONA HIGHWAY DEPARTlVIE:t~T
PHOENIX, ARIZONA

Consulting Engineers

Hydraulic Reports

Pre-Engineering (Consultants) Division

3. Index or Table of Conten-i:s.

1. Cover and title Sheet shOWing Projec~ Name and Nu~ber,

Title of P-eport, Authorship (Firm Name), and Date of
Submittal.

Re:

From:

To:

~
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e. Natural stage-discharge and veloci-ty computa°l:ions when
applicable.

a. A copy of ~{ydraulic Survey ~eport rClrm ..,/
CA. H.n. 66-4-51).

7. A structure summary sheet listing all pipe and box cul
ver'cs by station, and including the following:

Sta-tion.
Drainage Area.
Discharge (Design Q).
Type and Size of Structure) including length.
Inlet and Outlet trea~ent (headwall) end section, etc.)
Invert Elevation at centerline.
Invert slope in %.
Subgrade elevation.
Allowable Headwater Elevation.
Design Headwater Elevation.
Natural Channel Velocity.
Culvert Outlet Velocity.
Outlet protection (Type).
~IJ-,.L',,\ D,;J. ,'.l 0-../ W (tA" (j, P~

each culvert) channel) or diversion, the following:

-2-

Hydraulic -computations fOl" all culverts) channels,
diversions, etc., including culver~ extensions of
sufficient leng~h ~o affect the hydraulic character
is°i.:i~s of the structure.

b. A copy of the drainage area map) aerial pho'co, or
other source used) delineating and identifying con
tributing drainage area(s). One copy may be submi~ted

for entire report, if feasible, with individual drain
age areas identifiec. (See No.6).

c. All hydrologic computations on applicable Arizona
Hizpway DeIJartnl~nt )-Iydrologic.Design Data Sheets.

[
The Rational t<iethod shall be used for ALL drainage-'"',
f!.!.'eas under 0.1 sq. mile (6L~ acres). SL-~('A-,,-T l'~,",",- .\ C" l,uD

'- ....._.... .' ........ ..._. ,. • ".>(.~ PI\ (l T ll- ~U> I .j.... I D <.> 0

d. Stream or channel cross sections and profile neces
sary to develop natural stage-discharge relationships
and velocity computations. The proposed culvert or
bridge structure should be shown on the profile in
its proper location along with the outline of the
roadt'lay prism. This data should be plotted '1:0 a
reduced scale corrmensurate with the size of the re
port· folder.

: f.
•

a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
1.
m.
~,
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Culvert computations should be submitted on A.H.D.
Culvert Computa"i.:ion Sheets in accordance wit:h the
suzzested :~draulic Design ~~ocedures (Green Cover)
available from the Plans Division.

~oadway cross sections of each culvert should be plotted to a
10:10 scale and submitted in roll or sheet form with the Plans Division
I:-epor-c only. These sections should include the roadHay prism, 'the cul
vel"t profile, and na-i:ural ground line extended to the rie;ht of way line
downstrea~ and the right of way line or limit of ponding upstream,
'.-lhichevel." is greater. The design hiZh water line should be indicated
as IlJell as the culvert length, slope, and inlet, outlet and center line
elevations.

Soil characteristics should be considered when designing channels,
ditches, and dykes. Unlined or unprotec-ced slopes should be fla-c
enough -co Hithstand hydros-c:a-tic forces wi'chout excessive sloughing or
erosion. Actual sJcability analysis may be required for dykes, levees,
cii"cches, and channels. Analysis may include a slip circle analysis of
slopes for rapid draw down condition, and allowable velocities pro
cedure (Soil Conserva-tion Service) for stability ag-ainst erosion. The
c..a"ca compiled, if any, should be included in the report.

h. A concise summary of results and reco~mendations

for each structure. ~Vhere a choice between a pipe
culvert and a concrete box culver";: is possible within
t:he limits of the hydraulic analysis, a cost compari
son should be submitted, includinZ an annual cost
based upon Jche estimated structure life, consider
ing local acidity and abrasive characteristics and
-their effect upon the st:ruc·ture.

/[ ( ;~7/ //A.//..<:~~.
DON P:-fELPS j Asst-t. Coordinator
Engineering Consultants

•

g. ~Vhen a culvert is located in an area of high damage
po'cential (i. e., urban, suburban or industrial area),
it will be necessary to include a site sketch locating
the various man-made improvements which may be af
fected by ponding or discharge. ~Vhere ponding exceeds
the proposed right of way, the inundated area must be
delineated by the limiting contour on the site ske'cch,
and a recommendation for acquisition of additional
right of way included in -che report.
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RE: HYDRAULIC STUDY

ARIZONA HIGHWAY DEPARTMENT

Phoenix, Arizona

April 10, 1972

J~~.~'
Foster B. Allen
Coordinator
Engineering Consultants

..

1. Hydraulic design work for new contracts and change orders will
be authorized to begin only after a predesign conference is held.
This conference will be scheduled through the Engineering Consul
tants Division at a time when the consultant's engineer, in charge of
design and preparation of the hydraulic study, can be present.

n. Ponding beyond right of way.

2. Item #7 of the memo dated August 4, 1969 is amended to include
the following:

ENGINEERING CONSULTANTS DIVISION
INFORMATIONAL BULLETIN NO. 44

The following procedures regarding hydraulic study are, now in effect:

3. Structure summary sheets submitted after May 1, 1972 should
indicate "yes" or "no" for Item "n" on each pipe or box culvert listed.
If ponding occurs beyond the right of way line, a map showing the
ponding in relation to the drainage structure(s) should be submitted
with the hydraulic report.

4. Hydraulic reports should be re'viewed, checked and signed by a
qualified designer other than the person who prepared the report.

FBA:kgill,
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June, 1972

DRAINAGE AREAS (Square Miles):

GUIDELINES FOR DETERMINING SIGNIFICANT FIGURES
FOR HYDRAULIC DATA ON CONSTRUCTION PLANS

3250
252

52. 8
52.0
2.75
.757
• 076
.070
.008

Use
Use
Use
Use
Use
Use
Use
Use
Use

3251
251. 6

52.75
52. 01
2.754

.7566
• 07566
.0704
• 00756

Calculated ValuesExamples:

ARIZONA HIGHWAY DEPARTMENT
Structures Section
Hydraulics Branch

Use three significant figures for values 0.1 square miles and greater.
U::;e two significant figures for values from. 011 square mile to .099
~,quare mile.

Use one significant figure for values of . 001 square mile to .009 square
mile.

DISCHARGES (Cross Drainage Structures):

Use three significant figures for values greater than 99 cis.
Use two significant figures for values from 10 to 99 cfs.
Use one significant figure for values from 1 to 9 cfs.

. ...
DISCHA.RGES (Favement Drainage):

Use three significant figures for values from 10.0 to 99.9 cis.
Use two significant figures for values from 1. 0 to 9.9 cfs.
Use one significant figure for value s from. 1 to . 9 cfs.
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SLOPE (Cross Drainage Structures and Channel Reaches Less than 1,000
Feet in Length):

Guideline s - Continued
June, 1972

Use three significant figures for value s greater than. 10/0.
Use two significant figures for values from. 01 to .10/0.
Use one significant figure for value s from. 00 1 to . 010/0•

Calculated Values

Page

65.7
7. 6
O. 8

10,400
3,250

252
53

3

Use
Use
Use

(Cross Drainage Structures)
10,430 Use
3,251 Use

251.6 Use
52.75 Use
2.754 Use

(Pavement Drainage)
65.66

7.62
.77

Examples:

-~jl
~

I~

'.1
I)

11

•'-
ft,
01.•....\ I/".'.W...'.'."'• w.)

r....
JI
~t1,

":J

~I

~I

11
~,:

~I

01

SLOPE (Channel Reaches I, 000 to la, 000 Feet in Length):

Use four significant figures for values gr.eater than. 10/0.
Use three significant figures for values from. 01 to .10/0.
Use two significant figures for values from. 001 to . 010/0.
Use one significant figure for values from. 0001 to • 0010/0.

SLOPE (Channel Reaches Greater Than 10, 000 Feet in Length):

Use five significant figures for values greater than. l%.
Use four significant figures for values from. 01 to .10/0.
Use t~ree significant figures for values from. 001 to .010/0.
Use ~o significant figures for values from. 0001 to . 0010/0.
Use one significant figure for values from. 00001 to • 00010/0.



Use closest O. 1 foot.

DESIGN HEADWATER (DHW):

Page _

12.5%
2.62%
.362%
• 0460/0
.001%

12. 51%
5.432%
.7246%
.0655%
.0012%

23.695%
4.2370%

.35422%

. 09653%
• 00124%

3251.3

2526.32
4126.10

10,000 Feet in Length):

10, 000 Feet in Length):

Use
Use
Use
Use
Use

Use

Use
Use

1, 000 Feet to
.12511
• 054321
· 0072463
• 00065483
• 00001234

.236954 Use

.0423697 Use
· 00354218 Use
.00096527 Use
.0000123753 Use

3251. 26

2526.321
4126.1

Calculated Values

(Cross Drainage Structures and Channel Reaches Less
Than 1, 000 Feet in Length):

• 1251 Use
• 02624 Use
• 003622 Use
.0004621 Use
.00001211 Use

(Channel Reaches

(Channel Reaches Greater Than

Calculated Value

Calculated Values

Guidelines - Continued
June, 1972

ExaIT1ples:

ExaIT1p1e:

CENTERLINE INVERT ELEVATIONS:

Use clooest 0.01 foot.

ExaIT1ple s:
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R. C. Brechler

RCB/;w
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ARIZONA HIGHWAY DEPARTMENT

OFFICE MEMO

.I

R. C. BRECHLER
Bridge Engineer - Design

November 1, 1971

FOREST JENNINGS
A ssistant State Engineer - Location

Survey Requirements.,. Hydraulics
Stream Cross Sections and Profiles

FROM:

TO:

SUBJECT:

We are attaching a copy of the August 4, 1969 memoranduITl from
Engineering Consultants Division to Consulting Engineers which
contains a resume of the information required for hydraulic reports.

The requirements concerning stream or channel cross sections and
profiles listed under Item Sd of the memo should be amended to include
the following additional sentence:

Stream cross sections and profiles will, generally not be required
for drainage areas of less than O. 1 square mile for range Land and
undeveloped areas within publicly owned lands.
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bee: M. Sheldon



ARIZONA HIGHWAY DEPARTMENT

OFFICE MEMO
August 24, 1970

Below is a recommended tabulation of the requested

The Hydraulics Section has requested issuance of
a memo providing criteria for allowable water spread on pavement
as related to catch basin or inlet spacing determination for curbed
road'v'iays.

lO-years

IO-years

la-years

la-years

""Storm
Frequency

Gutter and / or shoulder,
parking or distress lane
width.

Max. Water Surface
Width

Lt. -Gutter width plus any
shoulder width.
R t. -Shoulder, parking or
distress lane width plus
1/2 adjacent traffic lane
width.

Lt. -Shoulder width
Rt. -Shoulder width plus
1/2 adjacent traffic lane
width.

Shoulder, parking or distress
lane width plus 1/2 adjacent

_ traffic lane width.

MARTIN TONEY
Engineer of Bridges & Dams

JAMES P. OXLEY
Assistant Engineer of Plans

Allowable Flooded Width used in the Design of
Curbed Roadwa y Drainage

4 or 6-lane
undivided

Urban 4 or 6-1ane
divided by raised
median

Rural 4-1ane divided

Roadway Type

2-lane undivided

FROM:

TO:

SUBJECT:

infonna tion:
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>:<50-years for underpasses or other depressed roadways where ponded
water can be removed only through a storm drain system.

:11
]1

UI
11
11
11
f1"1-Co,
t.J

,"")
~

Martin Toney

22' or 24' ramps
(Inc'l, accel. &
decel. lane)

JPO:DG:sd

Lt. -2'
Rt. -8'

- 2 - August 24, 1970

10 -years
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2. Continuous grade conditions:
a. Actual length of opening = 2. a x .required length or greater

Grates:
1. Sump Conditions:

a. Orifice Flow: Actual Area = 2. a x required area
b. Wei r Flow: Actual Perimeter =2. a x required perimeter

Effective February 15, hydraulic reports for an projects that have not been
submitted for Highway Department review must use the following factors
to increase the computed clear areas or perimeters oi catch basins to allow
for possible clogging. (Actual catch basin capacities "vill be computed on
the basis of required area or perimeter. )

Curb Opening Inlets:

'··lV··i?r';i~Mfl)p:C9npiti().Ils: ,••.. '
'... '. a/>'A~tual··lerlg~r8J.PP.~~ihg~:1..z?~£~q~il'~~iJ~~gi~;,'R·~7J~~a.~~,~!

'2~'··:'9·gritirit{oh~gl'a~~/<::oh4iti6hs:.~
a; Actuallength'dfoperiing = 1. 25 x req\lired·length,or. gre~te;r

" ":, _ ': i. '.' " '. ',' '.. . ' ':,' . '.:-,' <:':. ',< :'j; .. - ,", ' ~iI:'
'·:t",

February 1, 1972

R. C. BRECHLER
Bridge Engineer - Design

ARIZONA HIGHWAY DEPARTMENT

OFFICE f.,\lEMO

F. B. ALLEN
Coordinator
Enginee'ring Consultants

". Catch:,Basip'De'sign '0

"Effec:ti~~'X'r~i~':;'/ .. ,;:

'"."

FROM:

TO:

SUBJECT:

II
~.',I
lI!::'

'1
~I

[I

11 ~.:.'

11
ul
JI
]1

]1
~1.·;1
:~,i

11
:'~I f',I

:t.•<.• ~.·~1'1;~ ~'j

.~

~.!

111'
~_;:;IJ,1iP""

]1

DI

Combination Grate and Curb Ouening:
1. Surnp Conditions: '""

a." Orifice Flow: Actual area = 1. a x required area of grate only
b. Weir flow: Actual perimeter = 1. a x required perimeter of grate only

2. Continous grade conditions:
a. Actual length of opening = 1. a x required length of grate only
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AHD Standard C-l5. 05 Catch Basin:
1. Continuous Grade Conditions:

a. Actual curb opening length upstream from catch basin = 1. 25 x
required length

b. Actual length of grate = 1. 0 x required length of grate only
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ARIZONA DEPARTMENT OF TRANsPORTATION

CULVERT COMPUTATION RECORD
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GUTTER FLOW SPREAD,T(FT)

Figure 5.13 Curb Inlet Capacity Chart for General Condition (FHWA)

W = 2' a > 2' n = 0.016

NOTE: SL (in text) = So (this chart)

ST (in text) = S (this chart)
~

~

Length of opening, L. = 15'
l

Minimum height of curb opening, h = T S
m x

V1
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Figure 5.12 Curb Inlet Capacity Chart for General Condition (FHWA)

W=2' a>2" n=O.016

NOTE: SL (in text) = So (this chart)

Sr (in text) = Sx (this chart)

~

Length of opening, L. = 10'
1

HinimtL'T\ height of curb opening, h '" T S
m x
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Figure 5.11 Curb Inlet Capacity Chart for General Condition (FHWA)

vI == 2 I a > 2" n == 0.016

NOTE: 5l (in text) = 5 (this chart)
-- 0

5T (in text) = \ (this chart)

Length of opening, L, = 5'
1

~linL':!lUn height of curb opening, h = T Sm x
v~



~.

t

Q
['

t

'f. ,.j

1+ hJ"04,, ,"t·,..

t·t .. \.

~""'. 

·t··· ...1.·.·.· •.
1

'I'

" "1" ... '" ".

, ,.r '.'"
f

Ono foot III 0.3048m

7

·.. ·1 ' ,

6

,.
':1- + .. '... ..

i' t + f:' rTrtf itltli1t [i It+1l' I·' ..
0.4

0 Itm,"tfmttmmtttn.'l.i:ft"lil~. Ht,~~~tr,ml~.t!11iml~W,m.·,: ~I,:!'lm:j,ffi. .m
1

,1$,.m·ttJ...ml
II '1+11 II ~J ... .... .,. +

GRATE INLET DESIGN CURVES

5-59

It ! . r ',.rltt· Hit rH~d
0

0 2 4 6 8 10 12 /4

O. J 5 1'.ll;' , .. , .,,' -''it'ml':' '~n'" ."t 1'11)' 'J'" ii-tId.,-r:r fj'. 'I·t .'.' +1. I'\. ' H·'· '.':. ~.,:,t, I;; 'I .:\.. ' .. :': !r'l''-
,1+· , 'i-t- I';' .. H· -t' •. 1-1-- +, ... --, H:·

ItH: It f± "1·' l'ttji±±"': '" '-; ,!T., '. 'j' 'lJ"" "i:j:tt ;:ttl!
Irr~ .11+ 'r: 't,lt +, :tif " :, t.: d 'Tt:+ 'Tl 'IT' j,r,!

0.loUF·1Jl· lr . ··~1 . ,,.Jl>}; ~T ';'. rH
o 0 5ll$tfE:f$:fff8H1f'H-j tt:HffiIHft+l-.+~·:. ~ffil±:H+'·mh:ft" H:1".it'~m~~Jr.&·r~ff+IT-!'"±j:''itH:E'rn

' IH '~.'.'. 't .. : ' ,.. , t.'!' [:t· ti-l 'J
t .-An.!. lh"1

0.45 ., . u FH~!I:II'lf :' .,., T ','H- [{If' .:.
.. " l{' tt.. +H+ [.. 1+,,· ,·1.... ::r-;. ·1

-~ 0.25 ~."tt ., " l . t .. ,,1' l
<J

J ; '! ±t 'r" . t . 1f. tf
0.

20
I~:to; j."-1; :::: ,: -...\, ,... <. _.. , +1. T .1It r ,.. .. ... , ,r " .,. ,. , . .," + ,-HIT'ii:

@'¥l"·"11 T'·..·I.. ,".; '+ "11' .... ".. 1'1' ~It t ' d.r t. '.': .,,! ... ' "'I. : 1:1:1.j..:' ...'.', " ':':'td:" '.', , : :1'... ·{fl. .. . ..~ . .. +. -.. H·~~' ." +t '-"i' q~..., ~TT'"'

FIG. 5-27(0) a (b) P-I 7/8"_ 4" Grato

,-
I.

"
"•-
.'
.'.,
II
II
Ii
11

II
11

I'
I~

I'
II
II
Ii



d~ __
,;

T:<~b d 1+ X:=:. Ie

FRONTAL AREA=_--,~··
L

FRONTAL Q ;:: __ !~ ..
; ...

FRONTAL V ~ w

o)C. =- ___

~ b=-Slx. c._

PAVEME~

Sx=_
I

CQ.~Sx. :-

GUTT'E.'R.

I
I~

I
I
I INLET LOCATION STA.____ S\-\T OF fi
I LONGITUDINAL SLOPE . DESIGN DISCHI\RGE_r

;,;

GUTTER FLOWI E ~\AL 1. TRiAL 2 TR1A.L 3
ASSUM d~

I d/:: d-ia. -

I )SlN6 z:o) Wi ~

I USIN6 co.-) Qb 1. =

]T.1-Qb1.= Qo. :

I J5lNG r b) Qb2:;I

I )0.+002 ~ Qr2 =

I ~~~~~H cO~~R~:~~~~=¥ (d r ~A=: :HICKNE5S CFT)l2 --§t
I OVERFLOW==- Or-Qp = _

I COMMENTS:

I
I

I Dooley -Jones consulting engineers ),11
& Associates,Inc."

I
Project_-------- ~~~c~o. ~~~..-- ~~C-hk-.- ,.

...---_GR~~ ~te f
~ )(;, --1~ r~

T L: u
d


