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Section 6

Culvert Design

The function of a drainage culvert is to pass the design storm flow under a
roadway or railroad without causing excessive backwater and without creating
excessive downstream velocities.

6.10 Design Criteria

The design flow shall be determined by the Rational Method or the CoTorado
Urban Hydrograph Procedure as set forth in Section 2.

Design Frequency

Culverts shall be designed to pass the 10-year runoff with a two-foot

freeboard and no flow over the roadway. The drainage system shall
accommodate a 100-year flood, including provision for limited overflows at
bridges and culverts without loss of 1ife or major property damage. At the
option of the appropriate agency the des1gner may design culverts as storm
sewers with a 10-year design frequency. Under this option the proposed
culvert shall be p1aced on line and grade to permit connection to the future
storm sewer. The major storm impacts shall be investigated for both the
culvert configuration and the proposed storm sewer configuration. The major
storm analysis of the storm sewer shall include upstream and downstream
reaches sufficient to show that provisions for the major storm can be made
when the storm sewer is constructed.

In areas where an official floodway exists, increases in the 100-year
water-surface elevation shall not be greater than 1 foot above the natural
100-year water-surface elevation. ‘
Culvert Discharge Velocities

The velocity of discharge from culverts should be limited as shown in Table

6-1.. Consideration must be given.to the effect of high velocities, eddies.

or other turbulence on the natural channel, downstream property and roadway
embankment.

TABLE 6~1

Culvert Discharge Velocity Limitations

Maximum
Downstream Allowable Discharge
Condition _ Velocity (fps)
Earth 6 fps
Seeded or Sodded Earth B fps
Paved or Riprap Apron - 15 fps

It is recommended that a minimum ve]ocify of 2.5 feet per second at the
design flow be maintained in all drainage structures to -prevent siltation.
Where doubt exists concerning silt or scour, protection commensurate with
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the value of the structure and surrouhding property shall be installed to
insure that damage to or failure of the structure will not occcur. -

6.20 Culvert Types.

~ Culverts shall be selected based on hydraulic principles, economy of size
and shape, and with a resulting headwater depth which will not cause damage
. to adjacent property for the 100-year storm, It is essential to the proper

design of a culvert that the conditions under which the culvert will operate
are known. Five types of operating conditons are discussed below.

Type I Flowing Part Full with Outlet Control and Tailwater Depth Below
Critical Depth. '

HWSI.zﬂ
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Figure 6-1
_CONDITIONS

The entrance is unsubmerged (HW < 1,2D}, the s1obe 'at design
discharge is sub-critical (S¢ < S¢), and the tailwater is below
critical depth (TW < d¢). '

The above cbndition is a common occurrence where the natural chanhels are on
flat grades and have wide, flat floodplains, The control is critical depth
-at the outlet. ' . :

In culvert design, it 1is generally considered that the headwater pool
maintains a constant level during the design storm. If this level does not
- submerge the culvert inlet, the culvert flows part full.

If critical flow occurs at the outlet the culvert-is said to .have "Outlet
Control". A culvert flowing part full with outlet control will require a
depth of flow in the barrel of the culyert greater than critical depth while
passing through critical depth at the outlet.




The capacity of a culvert flowing part full with outlet control and
tailwater depth below critical depth is governed by the following equation
when the approach velocity is considered zero. ‘

2 ' '
HW = d¢ + %c + hg + hg - Sgb (6-1)
g .

where:

HW . = headwater depth above the invert of the upstream end of the
culvert in feet. Headwater must be equal to or TJess than
1.2D- or entrance is submerged and Type IV operation will
result.

de =  critical depth of flow, in feet (Figure 6-25 or 6-26);

D = diameter of pipe or height of box, in feet;

Ve = critical velocity, in feet per second, occurring at critical -
depth;
he = entrance head loss, in feet, where:
2
he = ke gg, (6-2)
ke = entrance loss coefficient (Table 6-2, page 6-54);
he =  friction head Toss, in feet = Sel;
S¢ = friction slope or slope that will produce uniform flow. For
: Type I operation the friction slope is based upon 1.1 dg;
So =  slope of cu]vért; in feet per foot; and
L e length ofrcu1vert, in feet.



- Type II  Flowing Part Full with 0ut1et Control and Tailwater Depth Above
_ Critical Depth,
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Figure 6-2

CONDITIONS

The entrance is unsubmerged (HW < 1.2D), the slope at
- design discharge is subcritical < Se¢)y and the
tailwater is above critical. depth ?TN >de).

The above condition is a common oceurrence where the channel is deep,
narrow, and well defined.

If the headwater pool elevation does not submerge the culvert inlet, the
slope at design discharge.is subcritical, and the tailwater depth is above
critical depth, the control occurs at the outlet, The capacity of the

culvert is governed by the following eguation when the approach veloc1ty is
considered zero. :



2

HW = TW + VT + ha + hf = SpL _ (6-3)
7

where:

HW = headwater depth above the invert of the upstream end of the

TW

VTW

culvert, in feet. Headwater depth must be egual to or less
than 1.2D or entrance is submerged and Type IV operation will
result; _

tailwater depth above the invert of the downstream end of the
culvert, in feet;

culvert discharge velocity, in feet per second, at tailwater
depth;

entrance head loss, in feet, where;

he = ke  VTW: (6-4)
%4 |

entrance 1oss coefficient (Table 6-2, page 6-54);

friction head Toss, in feet = S¢lg

friction slope or slope that will produce uniform fiow, in

feet per foot. For Type II operation the friction slope is

based upon TW depth; :

slope of culvert, in feet per foot; and

Tength of culvert, in feet.



Type 111 Flowing Part Full with Inlet Control.

Hw=1.20D

CONTROL

Figure 6-3

CONDITIONS

The entrance is unsubmerged (HW < 1.2D) and the slope
at design discharge is equal to or greater than
critical slope (supercritical) {Sq 2 Sc).

This condition is a common eccurrence for culverts 1in rolling or wmoun-

tainous country where the flow does not submerge the entrance The control
is critical depth at the entrance.

If critical flow occurs near the inlet, the culvert 1is operating under
"Inlet Control". The maximum discharge through a culvert flowing part full
occurs when flow is at critical depth for a given energy head. To assure
that flow passes through critical depth near the inlet, the culvert must be
laid on a slope equal to or greater than criticat slope for the design
discharge. Placing culverts which are to flow part full on slopes greater
than critical slope will increase the outlet velocities but will not

increase the discharge. The discharge is limited by the section near the
inlet at which cr1t1ca1 fiow occurs.



The capacity of a culvert flowing part full with control at the inlet s
governed by the following egquation when the approach velocity is considered
Zero, ‘

2 2

W = do + Vo + ke ¥ (6-5)
2g 29

where:

Hi = headwater depth above the invert of the upstream end of the
culvert, in feet, Headwater depth must be equal to or less
than 1.2D or entrance is submerged and Type IV operation will
result, :

d. = critical depth of flow, in feet (Figure 6-25 or 6-26).

Vo o = critical velocity at entrance of culvert, in feet per second.
The velocity of flow varies from critical velocity at ‘the
entrance to uniform velocity at the outlet provided the
culvert is sufficiently long, Therefore, the outlet velocity
is the discharge divided by the area of flow in the culvert.

ke = entrance loss coefficient (Téb1e 6-2).



Type IVA - Flowing Full with Submerged Outlet.
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Figure 6-4

CONDITIONS
(Submerged Qutlet)

The entrance is submerged (HW > 1.2D). The tailwater
completely submerges the outlet.

Most culverts flow with free outlet, hut depending on tapography, a
tailwater pool of a depth sufficient to submerge the outlet may form at some
installations. For an outlet to be submerged, the depth at the outlet must
be equal to or greater than the diameter of pipe or height of box. The
capacity of a culvert flowing full with a submerged outlet is governed by
the following equation when the approach velocity 1is considered zera.
“Outlet velocity is based on full-pipe flow at the putlet.

HW = H+ T - St - (6-6)



where:

HW = headwater depth, in feet, above the invert of the upstream
end of the culvert. Headwater depth must be greater than
1.2D for entrance to be submerged.

H = head for culvert flowing full, in feet.
TW = tailwater depth, in feet. |
S¢ = slope of culvert, in feet per foot.
L = . length of culvert, in feet.
Type IVB Flowing Full with Partially Submerged Outlet.
HW > 1.2D

l
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Figure 6-5

CONDITIONS
(Partially Submerged Outlet)

The entrance is submerged (HW > 1.2D). The tailwater
depth is less than D (TW < D).
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The capacity of a culvert flowing full with a partia11y submerged outlet s

governed by the following equation when the approach velocity is considered
zero.  Outlet velocity is based on critical depth if TW depth is 1less than

critical depth. If TW depth is greater than critical depth, outlet velocity.

is based on TW depth. - ,

jHH = H+P-5L : ‘ (6-7)
where:
HW ~ = headwater Depth, in feet, above the invert of the upstream

end of the culvert. Headwater depth must be greater than
1.2D for entrance to be submerged. :

H = head for culverts flowing full, in feet,

p = ‘:pressure line height = Ek;%}JQ’ in feetf
dc =  critical depth, in feet.
D = diameter or héight of structure, in feet.
S = slope of culvert, in.feet per foot.
L = length of culvert, in feet.

6.30 | End Treatments

The normal functions of properly désigned headwalls and endwalls are to
anchor the culvert to- prevent moverient, to control erosion and scour
resulting from excessive velocities and turbulence, and to prevent adjacent
s0il from sloughing into the waterway opening. A1l headwalls shall be
constructed of reinforced concrete and may be either straight parallel
headwalls, flared headwalls, or warped headwalls with or without aprons as
may be required by site conditions.

Conditions at Entrance

It is important to recognize that the operating characteristics of a culvert
may be completely changed by the shape or condition at the inlet or
entrance. Design of culverts must involve consideration of energy Tlosses

that may occur at the entrance. The entrance head losses may be déetermined
by the following equation,

he = ke V.~ ' (6-8)
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where:

he = ‘entrance head Toss, in feet.
) = velocity of flow in cu1vert, in, feet per second.
ke = entrance loss coeff1c1ent (Tab]e 6 2, page 6- 54)

- In general the following guidelines should be used in the selection of the
‘type of headwall or endwalls:

. Parallel Headwall and Endwall

1. Approach velocities are low (below 6 fps).

2.  Backwater pools may be permitted.

3. Approach channel is undefined.

4, Ample right-of-way or easement is available.

5. Downstream channel protection is not required.

Flared Headwall and Endwall

1. Channel is well defined. :
2. Approach velocities are between 6 and 10 fps.
3 Medium amounts of debris exist.

Warped Headwall and Endwall

1. Channel is well defined and concrete lined.
2. Approach velocities are between 8 and 20 fps.
3.  Medium amounts of debris exist.

These headwalls are effective with drop-down aprons to accelerate flow
through culvert, and they are effective endwalls for transitioning flow
from closed conduit flow to open channel flow. This type of headwall
should - be used only where the drainage structure is Targe and
right-of-way or easement is limited. _

Improved In]ets'

Several types of improved inlets have been developed. The use of these
inlets may provide substantial savings by a reduction in the barrel size of
the proposed structure. The use of these inlets is optional and should ' be
based on an economic analysis by the designer. For box culverts, reinforced
concrete structures, and structures using headwalls the use of beveled
inlets or tapered inlets is strongly recommended., For more information, the
+ designer js referred to Hydraulic Design of Improvements for Culverts,
- Hydraulic Engineering Circular No. 13, August 1973, by the Federal Highway
Adm1n1strat1on. :

6.40 Culvertrnesign with Standard Inlets

The information and pub11catﬁons necessary to design culverts according to
the procedure given in this section can be found in Hydraulic Charts for the
Selection of Highway Culverts, Hydraulic Engineering Circular No. 5, March
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1965, and Capacity Charts for the Selection of Highway Culverts, Hydraulic
Engineering GCircular No. 10, March, 1965. Both of which are publications of
the FHWA. Some of the charts -and nomographs, from these publications,
covering the more common requirements are located in the Design Charts at
the end of this Section.  For special cases and Tlarger sizes, the FHHWA
publications should he used, :

Culvert Sizing

Each chart, Figures 6-13 to 6-20, contains a series of curves which show the
discharge capacity per barrel in cfs for each of several sizes of similar
type culverts for various headwater depths in feet above the culvert invert
at the inlet. The invert of the culvert is defined as the low point of its
cross-section. ‘ ' _ '

Each culvert size is described by two lines, one solid and one dashed. The

numbers associated with each 1ine are the ratio of the Tength, L, in feet,
"to the slope, 100 Sy, in percent. The dashed lines .represent the max imum
L/(100Sy) ratio for which the curves may be used without modification, The
solid 1ine represents the division between outlet -and inlet” control., =~ For
values of L/{100Sy) less than that shown on the solid line, the culvert 1is
operating under inlet control and the headwater depth is determined from-the
L/{100S,) value given on the solid Tline. The solid-line .inlet-control
curves are plotted from model test data. The dashéd-Tine outTet-control
curves were computed for culverts of various lengths with relatively flat
sTopes. Free outfall at the outlet was assumed, therefore, tailwater depth
is assumed to not influence the culvert performance.

For culverts flowing under outlet control, the head loss at the entrance was

computed, and the hydraulic roughness of the various materials used in
culvert construction was taken into account in computing resistance loss for
full or part-full flow. The Manning's "n" values used for each culvert type
ranged from 0.012 to 0.032, ‘ ;

Except for large pipe sizes, headwater depths on the charts extend to three
times the culvert height. Pipe arches and oval pipe show headwater up to
- 2.5 times their height since they aré generally used in areas of low fill.
The dotted line, stepped across the charts, shows headwater depths of about
twice the barrel height and-indicates the upper 1imit of restricted use of
the charts. Above this Tine the headwater elevation should be checked with
"the nomographs found in Figures 6-21 through 6-33.

The headwater depth given by the charts is actually the difference in
elevation between the culvert invert at the entrance and the total head,
that is depth plus velocity head, for flow in the approach channel. In-most
cases, the water surface upstream from the inlet is close to this level and
the chart determination may be used as headwater depth for practical design
purposes. Where the approach velocity is in excess of 3.0 feet per second,
the velocity head must Dbe subtracted from the curve defermination of
headwater to obtain the actual headwater depth.
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" Proper use of the capacity charts (Fﬁgures 6-~13 thru 6-20) will minimize

problems of scour or sedimentation. The procedure for sizing the culvert is
suymmarized below. Data can be tabulated in the Design Computation Form,

" Figure 6-6.

1. List design data: Q{cfs), L(ft), allowable HW (ft}, Sg(ft/ft},
. type of culvert barrel and entrance.

2. - Compute L/(100Sq). |
3. Enter the appropriate capacity chart with the design discharge, Q.

4, Find the L/{100Sq5) value for the smallest pipe that will pass the
design discharge. If this value is above the dotted Tine in
Figures 6-13 to 6-20, use the nomographs to check headwater
conditions.

5. If the computed L/(100S,) is less than the value of L/(100Sp)
given for the solid line then the value of HW. is the value
obtained from the solid line curve, If the computed L/(100S) is
larger than the value for the dashed outlet-control curve, then
special measures must be taken, and the reader is referred to the
FHWA publications. ' ,

Check the HW value obtained with the allowable HW.  If the
indicated HW is greater than the allowable HW, then try the next
larger pipe size.

The use of the nomographs on Figures 6-21 to 6-33 is limited to cases where
tailwater depth is higher than the critical depth in the culvert. The
advantage of the capacity charts over the nomographs is that the capacity

charts are direct where the nomographs are trial and error. The capacity
-charts can be used only when the flow passes through critical at the outlet,

When the critical depth at the outlet is less than the tailwater depth, the
nomographs must be used; however, both give the same results where either of

. the two methods are applicable. The procedure for design requires  the use

of both nomographs and is as follows:

1. List design data: Q(cfs), L{ft}), invert elevations at an inlet and
outlet (ft), allowable HW(ft), mean and maximum flood velocities
in the natural stream (ft/sec), type of culvert, and entrance type
for first selection. '

2. Determine a trial size by assuming a maximum average velocity
based on channel considerations to compute the area, A = Q/V. -

3. Find HW for trial .size culvert for inlet control and outlet
~ control, For inlet control use Figures 6-27 to 6-33, connect a
straight line through D and Q to Scale 1 of HW/D scales and
project horizontally to the proper Scale (2 or 3). Compute HW
and, if too large or too small, try another size before. computing

HW for outlet control. -
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Next, compute the HW for outlet control with Figures 6-21 to 6-24.

Enter the graph with the length, the entrance coefficient for the
entrance type, and the trial size., Connect the Jength scale and
the culvert-size scale with a straight line, pivot on the turning
line, and draw a straight line from the design discharge on the
discharge scale through the turning point to the head scale (head
loss, H). Compute HW from the equation: .

HW = H + hg = LSg

For TW greater than or equal to the top of the culvert, ho = TW,
and for TW less than the top of the culvert: :

ho = {de + D) or TN

whichever is the greater., If TW 15 less than de, the nomographs
cannot be used. See Figures 6-25 and 6-26 for critical-depth
charts. _ :

4. Compare the computed headwaters and use the higher HW to determine
if the culvert is under inlet or outlet control. If outlet
control governs and the HW is unacceptable, select a larger trial
size and find another HW with the outlet-control . nomoraphs.
Since the smaller size of culvert had been selected for allowable
HW by the inlet-control nomographs, the inlet control for the
larger pipe need not be checked. '

Design Procedure

Due to problems arising from topography and other considerations, the actual
des1gn of a culvert installation is more difficult than the simple process
of sizing culverts. The procedure is a guide to design since the problems
encountered are too varied and too numérous to be generalized. However, the
actual process presented should be followed to insure that some special
problem is not overlooked. :

Design Computation Form

The use of a design computation form is a convenient method to use to obtain
consistent designs with a minimum of culvert cost. An example of such a
form is Figure 6-6.

Invert Elevations

After determining the allowable headwater elevation, the tailwater
elevation, and the approximate length, invert elevations must be assumed.
When considering ponded and non-ponded inlets, either for the design
discharge or for some lesser storm which will not cause ponding, scour is
not 1ikely to occur in an artificial channel, such as a roadside ditch or a
major drainage channel, when the culvert has the same slope as .the channel.

To reduce the chance of failure due to scour, invert  elevations
corresponding to the natural grade should be used as a first trial. For
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natural channels, the flow velocity in the channel upstream from the culvert
should be investigated to determine if scour will occur.

Culvert Diameter

After the invert elevations have been assumed and using the design
computation forms, the capacity charts, and the nomographs, the diameter of
pipe that will meet the headwater requirements should be determined. The
smallest diameter that appears in the nomographs. and capacity charts is 12
inches. Since smaller diameter pipes are often closed by si1t, it s
recommended that pipe smaller than 18 inches not be used for any drainage
where this manual applies. Since the pipe roughness influences the culvert
diameter, both concrete and corrugated metal pipe should be considered in
design, if both will satisfy the headwater requirements.

Limited Headwater

If there is insufficient headwater elevation to obtain the required
discharge, it is necessary to oversize the culvert barrel, lower the inlet
invert, use an irregular cross section, or use any combination of the
preceding.

If the inlet invert is lowered, special  consideration must be given to
scour. The use of gabions or concrete drop structures, riprap, and
headwalls with aprons and toe walls should be investigated and compared to

obtain the proper design. '

Culvert Outlet

The outlet velocity must be checked to determine if excessive scour will
occur downstream. 1f scour is 4ndicated, then riprap, an expanding
end-section, or a more sophisticated energy dissipating structure should be
used as discussed in Section 8 of this manual.

Minimum Slope

To prevent sediment from plugging the culvert, the culvert slope must be
equal to or greater than the slope required to maintain a minimum velocity
of 2.5 feet per second. The slope should be checked for each design, and if
the proper minimum velocity is not obtained, the pipe diameter may be
decreased, the slope steepened, a smoother pipe used, or a combination of
these may be used.

6.50 Culvert Design with Improved Inlets

The objective of this design procedure is the hydraulic design of culverts,
using improved inlets. This design procedure hinges on the selection of a
culvert barrel based on its outlet-control performance curve, which is
unique when based on elevation. The culvert inlet is then manipulated using
_ edge improvements and adjustment of its elevation in order to achieve
inlet-control performance compatible with the outlet-control performance,
The resultant culvert design will best satisfy the criteria set by the
designer and make optimum use of the barrel selected for the site.
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Design Procedure

The flow chart shown in Figure 6-7 outlines the steps of the design
procedure, and each step is discussed in detail bhelow, Design calculation
forms and design charts and tables that are included are located at the end
of this section,

Step 1, Determine and Analyze Site Characteristics.
Step 2. Perform Hydrologic Analysis.
Step 3. Perform Outlet-Control Calculations and Salect Culvert.

Outlet-control calculations are performed before inlet-control calculations
in order to select the smallest feasible barrel which can be wused without
the required headwater elevation in outlet control (HW,) exceeding the
allowable headwater elevation (AHW EL.). For use . in this procedure, the
equation for headwater is in terms of elevation. '

The full-flow outlet-control performance curve for a given culvert (size,
inlet edge, shape, or material) defines its maximum performance. Therefore,
inlet improvements beyond the beveled edge or changes in inlet invert
elevation will not reduce the required outlet control headwater elevation.
This makes the outlet-control performance curve an ideal limit for improved
inlet design.

When the barrel size is increased, the outlet-control curve is shifted to
the right, indicating a higher capacity for a given head (see Figure 6-8).
Also, it may be generally stated that increased barrel size will flatten the
slope of the outlet-control curve.

6 - 18




FALL
Excassive?

STEP 1 STEP 2
Detarmine and - _ Perfotm_
Analyze Site o Hydroiogic
Charactaristics Analysiy
STEP 4
Perform Inlet
Control Cales,
for Square and
Beveied Edges
- : Outlat
* Yas Controi?
STEP 6 )
Analyze Min.
Effacts of FALL FALL
and Design Excessiva?
Bavelad . Inlet

\

STEP &
Perform
Throat Control

Cales, for
Tapersd Inlets

L 4

STEP 8
Complete

Documentation

Figure 6-7 Culvert Design Flow Chart

6-19

STEP 3
Select Culvert
Barrel by
Qutist Control

4

Qutlet
Control ?

STEP 6
Apalyze Effects
of FALL

STEP 7
Design
Tapered

Inlet




The outlet-control curve passing closest to and below the AHW EL for the
design Q. on the performance-curve graph defines the smallest possible
barrel which will meet the hydraulic design criteria. However, that curve.
may be very steep (rapidly increasing headwater reguirements for discharges
higher than design), or the use of such a small barrel may not be pract1ca1
The proper cu1ver selection procedure is:

d. CaTcu1ate HWy at design djschargé for trial culvert sizes,
entrance conditions, shapes, and materials.

b. ' Calculate headwater elevations at two additional discharge values
in the vicinity of design Q in order to define outlet- control
performance.

¢.. Plot outlet-control performance curves For trial culvert sizes.
d. Select barral siza, shape, and material.

This selection should not be based solely on calculations which indicate
that the required headwater at the design discharge is near the AHW EL., but
should also be based on outlet velocity as affected by material se1ect1on

the designer's evaluation of site characteristics, and the poss1b1e

consequences of a flood occurrence in excess of the estimated design flood.
A sharply rising outlet-control performance curve may be sufficient reason

to select a culvert of different size, shape, or material.

AHW EL.

HEADWATER ELEVATION

BOX CULVERT
OUTLET CONTROL
PERFORMANCE CURVES

DESIGN Q

DISCHARGE

‘Figure 6-8
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In order to calculate the barrel size required in outlet control, the
applicable outlet-control nomograph may be used as follows:

a. Intersect the "Turning Line" with a line drawn between Discharge
and Head, H. To estimate H, use the following equation:
H = AHW EL, - EL. Outlet Invert - hg

where h, may be selected as a culvert height. Accuracy 1is
not critical at this point.

b. Using the point on the "Turning Line", ko, and the barrel Tlength,
draw a line defining the barrel size,

This s1ze g1ves the designer a good first estimate of the barrel size and
more precise sizing will follow rapidly.

Step 4.  Perform Inlet-Control Calculations for Conventional and
Beveled-Edge Culvert Inlets

The calculation procedure is similar to that used in HEC No. 5, except that
headwater is defined as an elevation rather than a depth, a FALL may be
incorporated upstream of the culvert face, and performance curves are an
essential part of the procedure. The depression or FALL should have
dimensions as described for side-tapered inlets.

a. Calculate the required headwater depth, Hf, at the cu]vert face at
design discharge for the culvert selected.

b. Determine required face invert elevation to pass design discharge
by subtracting Hf from the AHW EL.

C. If this invert elevation is above the stream bed elevation at the
face, the invert would generally be placed on’the stream bed and
the cu]vert will then have a capacity greater than des1gn ¢ with
headwater at the AHW EL.

d. If this invert elevation is below the stream bed elevation at the
face, the invert must be depressed, and the amount of depression
is termed the FALL.

e. Add Hf to the invert elevation to determine HWg. ~ If HWr is lower
than HW,, the barrel operates in outlet control at design Q.
Proceed to Step 8, Figure 6- 7

f. If the FALL is excessive in the designer's judgment from the
standpoint of aesthetics, economy and other engineering reasons, a
need for inlet geometry refinements is indicated. If square edges
were used in Steps 3 and 4 above, repeat with beveled edges. If
beveled edges were used, proceed to Step 5.
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g. If the FALL 1is within acceptable 1limits, determine the (i

inlet-control performance by calculating required headwater
elevation using the flow rates from Step 3 and the FALL determined

above. HWf = Hf + EL. face invert.

h. Plot the inlet-control performance curve with the outlet-control
performance curve plotted in Step 3. A

i. Proceed to Step 6.

~— INLET CONTROL

- ‘

Q| 4

i: A.'lW EL.

5 .

11}

: ctiot

e (
. = -
{ a |

P
1] W
H T /

P
,/’ < - INLET
e > MODIFICATIONS
- 2] TO ATTAIN MINIMUM
7 g REQUIRED PERFORMANCE
DISCHARGE
Figure 6-9

Step. 5 Perform Throat-Control Calculatfons for Side- and Slope-Tapered
Inlets ' ' (i
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The séme concept is involved here as with conventional or beveled-edge
culvert design.

a. Calculate required headwater depth on the throat (Ht) at
design Q for the culvert selected in Step 3.

b. Determine required throat elevation to pass design discharge
by subtracting Ht from the AHW EL.

c. . If this throat invert elevation is above the stream bed
elevation, the invert would probably be placed on the stream
"bed and the culvert throat will have a capacity greater than
the design Q with headwater at the AHW EL.

d. If this throat invert e1evation is below the stream bed
elevation, the invert must be depresesed, and the elevation
difference between the stream bed at the face and the throat
invert is termed the FALL. [If the FALL is determined to be
e?cissive, a larger barrel must be selected. Return to Step
5(a).

e. Add Hi to the invert elevation to determine HWp. If HWg is
" lower than HW,, the culvert operates in cutlet control at
design Q. In th1s case, adequate performance can probably be
gch1e£ed by the use of beveled edges with a FALL. Return to
tep 4. ‘

f. Define and plot the throat-control performance curve,

Step 6. Analyze the effect of FALLS on Inlet-Control Section
Performance

It is apparent from Figure 6-9 that eijther additional FALL or inlet
improvements would increase the culvert capacity in inlet control by
moving the inléet-control performance curve to the right toward the
outlet- -control performance curve. If the outlet-control performance
curve of the selected culvert passes below the point defined by the AHW
EL. and the design Q, there is an opportunity to optimize the culvert
design by selecting the inlet so as to either increase its capacity to
the maximum at the AHW EL. or to pass the design discharge at the
lowest possible headwater elevation.
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Some poésibilities are illustrated in Figure 6-10. The minimum .inlet-
control performance which will meet

inlet improvements and/or FALL is incurred and the inlet will pass a flood

in excess of design Q before performance js governed by outlet control.

This performance is adequate in many lecations, including those Tocations
where headwaters in excess of the AHW £L, would be tolerable on the rare
occasion of floods in excess of design Q.

Curve B illustrates the performance of a design which takes full advantage
~of the potential capacity of the selected culvert and the site to pass the
maximum possible flow at the AHW EL, A safety factor in capacity is thereby
incorporated in the design. This can be accomplished by the use of a FALL,
by geometry improvements at the inlet or by a combination of the two.
Additional inlet improvement and/or FALL will not increase the capacity at
or ahove the AHW EL.
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There may be reason to pass the design flow at the lowest possible headwater
elevation even though the reasons are insufficient to cause the AHW EL. to
be set at a Tower elevation. The maximum possible reduction in headwater at
design @ is illustrated by Curve C. Additional inlet improvement and/or
FALL will not reduce the required headwater elevation at design Q.

The water-surface elevation in the natural stream may be a T1imiting factor
in design, i.e., it is not productive to design for headwater at a Tlower
elevation than natural streamflow elevations. The reduction 1in headwater
elevation illustrated by Curve C is Tlimited by natural water surface
elevations in the stream. If the water surface elevations 1in the natural
stream had fallen below Curve D, this curve would illustrate the maximum
reduction in headwater elevation at design Q. Tailwater depths calculated

by assuming normal depth in the stream channel may be used to estimate
natural water-surface elevations in the stream at the culvert inlet., These

may have been computed as a part of Step 3.

Curve A has been established in either Step 4 for conventional culverts or
Step 5 for improved inlets. To define any other inlet-control performance
curve such as B, C, or D for the same control section:

a. Select a point on the outlet-control performance curve.

b. Measure the vertical distance from this point to Curve A. This is

- the difference in FALL between Curve A and the curve to be

established, e.g.,, the FALL on the control section for Curve A

plus the distance between Curves A and B 1is the FALL on the
control section for Curve B.

For conventional culverts only: _ : ' .
c. Estimate and compare the. costs incurred in FALLS (structural
excavation and additional culvert 1length) to achieve various
levels of inlet performance.

d. Select design with increment in cost warranted by increased
‘capacity and improved performance. :

e. -If FALL required to achieve desired performance is excessive,
proceed to Step 5.

f. If FALL .is acceptable .and performance achieves the design
objective, proceed to Step 8.

Step 7. Design Side- and/or STope-Tapered Intet (Figures 36 through 39).
Either a side- or slope-tapered inlet may be used if a FALL 1is required on

the throat by use of a depression {FALL) wupstream of the face of a
side-tapered inlet or a FALL in the inlet of a slope-tapered inlet.
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The face of the side- or the slope-tapered inlet should be designéd to be
compatible with the throat performance defined in Step 6. The basic
principles of selecting the face design are illustrated in Figure 6-11.

2
<
&
- - _
w "ame w—= NATURAL W.S.
i ELEVATIONS
E —— et s —— Throat Control,
E _ Taperad Iniet
) o - Outet Control
' k,=0.2}
x = )
Q
n
i _
_ FACE DESIGN
SELECTIONS
DISCHARGE
Figure 6-11

The minimum face design is one whose performance curve does not exceed the
AHW EL. at design Q, However, a "balanced" design requires that full
“advantage be taken of the increased capacity and/or Tower headwater
requirement gained through use of wvarious FALLS. This suggests a
face-control curve which intersects the threat-control curve: (1? at the
AHW EL., (2) at design Q, (3) at its intersection with the outlet-control
curve, or (4) other. These options are illustrated in Figure 6-11 by points
a through e representing the intersections of facé-control curves with the
throat-control curves. The options are explained as follows: (1)
Intersection of face- and throat-control curves at the AHW EL. ~(Point a or
b): For the minimum acceptable throat-control performance (Curve A), this is
the minimum face size that can be wused without the required headwater
elevation (HWf) exceeding the AHW EL. at design @ (Point a). For
throat-control performance greater than minimum but equal to or less than
Curve B, this is the minimum face design which makes full use of the FALL
placed on the throat to increase culvert capacity at the AHW EL. (Point b).
(2) Intersection of face- and throat-control curves at design Q (Points a,
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‘"¢, or d): This face design results in throat control at discharges equal to

or greater than design Q. It makes full use of the FALL to increase
capacity and reduce headwater requirements at flows equal to or greater than
the design Q. (3) Intersection of the face-control curve with
throat-control curve at its intersection with the outlet-control curve
{Points b or e): .This option is the minimum face design which can be used
to make full use of the increased capacity available from the FALL placed on
the throat. It cannot be used where HWs would exceed AHW EL. at design @
e.g., with the minimum acceptable throat-control curve. (4) Variations in
the above options available to the designer. The culvert face can be

-designed so that culvert performance will change from face control to throat

control at any discharge at which inlet control governs. Options (1)
through (3), however, fulfill design objectives of minimum face size to
achieve the maximum increase in capacity possible for a given FALL, or the .
maximum possible decrease in the required headwater for a given FALL for any -
discharge equal to or greater than design Q.

Figure 6-12 illustrates the optional tapered-inlet designs possible. Note
that the inlet dimensions for the side-tapered inlet are the same for all
options. This is because performance of the side-tapered inlet nearly
parallels the performance of the throat, and an increase in headwater on the
throat by virtue of an increased FALL results in an almost equal increase in
headwater on the face. Each foot of FALL on the throat of a culvert with a
side-tapered inlet requires additional barrel length equal to the fill
slope; e.g., if the fill slope is 3:1, use of 4 ft of FALL rather than 3 ft
results in a culvert barrel 3 ft longer as well as increased culvert
capacity and/or reduced headwater requirements.
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INLET STRUCTURE DIMENSIONS

Side-Tapered Slope-T apered
Point FALL Bg x Ly(Ft,) By x LqlFt)
a s 120 x 8,0 135 x 11.0
o | B 8.0 17.0 x 20.0
& c 8.0 _ 27.5'x 39.0
d 10.0 _ 52,5 x 89,0
a

22,5 x 29.0

ELEVATIONS

HEADWATER ELEVATION, ft,

INLET DESIGN
OPTIONS
8 X 6’ REINFORCED
CONCRETE BOX CULVERT

190

y ) r— et
800 900 1000 1100 1200
DISCHARGE, cfs

Figure 6-12

Face dimensions and inlet length increase for the slope-tapered inlet as the
capacity of the culvert is increased by additional FALL on the throat. No
additional head is created for the face by placing additional FALL on the
throat. On the other hand, use of a greater FALL at the throat of a culvert
with a slope-tapered inlet does not increase culvert Tength.

The steps followed in the tapered-inlet designs are:

a. Compute Hf for side- and slope-tapéred inlets for various FALLS at

design Q and other discharges. Side-Tapered Inlet: Hf = Hy - 1.0 '

(approximate). Slope-Tapered Inlet: Hf = HW EL. - Streambed EL.
at face. ' :
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b. Determine dimensions of side- and slope-tapered inlets for trial
options.

c. For S1ope—tapered inlets ‘with mitered face, check for crest
control. - '

d. Compare construction costs for various options, including the cost
of FALL on the throat.

e. Select design with incremental cost warranted by increased
capacity and improved performance.

From the above, it is apparent that in order to optimize culvert design,
performance curves are an integral part of the design procedure, At many
culvert sites, designers have valid reasons for providing a safety factor in
designs. These reasons include uncertainty in the design discharge
estimate, potentially disastrous results in property damage or damage to the
highway from headwater elevations which exceed the allowable, the potential
for development upstream of the culvert, and the chance that the design
flood will be exceeded during the life of the installation.
Dimensional Limitations
Side-Tapered Inlets (See List of Symbols.)

1. 6:1 2 Taper > 4:1

Tapers greater than 6:1 may be used but performance will be
underestimated. '

2.  Wingwall flare angle from 15 degrees to 26 degrees with top edge
beveled or from 26 degrees to 90 degrees with or without bevels.

3. If FALL is used upstream of face, extend barrel slope upstream
from face a distance of D/2 hefore sloping upward more steeply.

4, For pipe cu1vert§, these additional reguirements apply:
a. D E< 1.1D |
"b. Length of square to round transition 2 0.5D
c. FALL 2 D/4
d. P 23T

e, wp = B¢ + T or 4T, whichever is larger.
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STope-Tapered Inlet (See List of Symbols.)

1.

6:1 > Taper > 4:1
Tapers > 6:1 may be used, but pefformance w111 be underestimated.
3:1 > S¢ 2 2:1
If S¢ > 3:1, use side-tapered design
Minjmum L3 ='0.SB
1,50 > FALL > D/4
For FALL < D/4, use side-tapered design

~ For FALL > 1.5D, estimate friction 1losses .between face and

throat.

Wingwall flare angle from 15 degrees to 26 degrees w1th top edge

beveled or from 26 degrees to 90 degrees with or without bevels.

For pipe culvert, these additional requirements apply:

- a. Square to circular transition length > 0.5D.

b. Square-throat dimension equal to barrel diameter. ‘It is not
necessary to check square-throat performance.
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Given:

Example 1

Box Culvert

Design Discharge, Q = 1,000 cfs, for a 10-year recurrence interval
S1ope of stream bed, Sq = 0.05 ft/ft

Allowable Headwater Elevation = 200.0 ft msl]

Elevation Qutlet Invert = 172.5 ft msl

Culvert Length, Ly = 350 ft

Downstream channel approximates an 8-ft wide trapezoidal channel
with 2:1 side slopes and a Manning's "n* of 0.03.

Reqguirements: This box culvert will be Tocated in a rural area where' the

Allowable Headwater Elevation is not too critical; that is,
the damages are 1low due to exceeding that elevation at
infrequent times., Thus, the culvert should have the smallest
possible barrel to pass design Q without exceeding AHW EL.
Use a reinforced concrete box with n = 0.012,
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S

STATION:

CULVERT INLET CONTROL SECTION

DESIGN CALCULATIONS

DESIGNER:_.&MN

OATE: 12 -)0~73
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Inlet
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THROAT CONTROL SECTION
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Angle =
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OESIGNER: L PLTY_

STATION:
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STATION: DESIGN CALCULATIONS
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AW EL.Z200 g L,- 350

pATE: 12 —10 -73

El. Streom .

bed ot crest 2271, ) f END——/
. SECTYON

El stceam :

TAPER »4_11 (41 to 6:1)
Sea_Z_ 1023 j0 31)

bed af face _£2C |-‘—Le .
TAPER

By

‘Barrel Shope
and Material LBe8 . npro. oz

inlet Edge N I“‘“—"—“‘

; 45° Beyels SYMMETRICAL FLARE
Description B - ANGLES FROM 15° TO 90"
/g T _no_“ VERTICAL : MITERED
(L jiz) {3)
EL, El. a Min.
Throot oce _Q By . Comments
Q Hwe | lovert Invert He % By pv2| o*2 Bt 5

Jooolaar|/82.8 | /88.6 1107 |/ 68 s s5 |47 735 | /9.0 0029 By 072 -

Trial |

(fered face ot 2.2

_ =
062| zo0 | 2.8 | 88 | 9 |r90| ses |47 |s2.8| 8.0 p0o2g] BO2:

Trial 2

Mileted foce _/mm/ 2o 3

Note: Use only throat designs with FALL >0.25D
(1) EL foce invert: Vertical » Appron. stream bed elewation

Mitered = £, Crest —y, where y = 0.4D {Approx.), but higher
than thraat invert elevation.

{2.) Hf = HWg—El. foce invert

(3 Min. Br =Q/H0%2) Q/8y072)

(4) | 82 | &) | (™ 8y | 9 | uo | (0 {i2) GEOMETRY

Min. Check” | Adj | Adj- Q Mox, | BT —f LT

L3 La CLa - L2 - Lz |TAPER | Li. W [ He CrEels_l Lis—ft  Lg= ft

|~ L fL d=—in.

35 |78 | &¢ | ros |54 | — 12¢28|/72 5591 74 [/9/3 ‘ b In
: TAPER* .|

3.5 |78 |8.¢c | 85 | — |tos:il/o9 /681233 |79 |/92./

{4.) Min. Ly=0.5NB (9} 11 (6)X7} Adj.TAPER =(Lz+ Ls)/E%NBJ

{5.) Ly=Sty+ D/St

(6 Ly =(E1. Face (Crest) Invart-EL A= Lo+ Lav Ly

Throat lnvert) S1-Ls (L) Mitersd: W=NB+2 TAPEB
(7) Chock L= [BENB ] 1apER-Ly

{|2.)Max.Crest Ei, v H¥= He

{8) H (T)>(6}, Adj. Ly B’;"B TAPER-Lg
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Example 1

Conclusion

Since the requirements called for the smallest possible reinforced
concrete box culvert, the barrel should be a single 7 ft x 6 ft.

Selection of the inlet would be based on cost. The additional 1.3 ft
of FALL gains 62 cfs at AHW EL. = 200.0, but this is not significant
at this site. It appears that a side- or slope-tapered design meeting
the Q and HW requirements of point 1 would be adequate and the Teast
expensive.

Examination of the outlet control curve shows that a discharge of 1,200
cfs (20% above design) results in an AHW EL. 5.5 ft above design. At
this site, no serious flooding of upstream property or the roadway will
be caused by such a headwater, and no larger barrel is required.

The dimensions of several alternate inlet structure designs are
presented, based on points 1, 2, and 3 on the culvert performance
curves. Note that the side-tapered inlets remain about the same size
for all FALL values, while the slope-tapered inlets increase in size as
FALL increases. However, the side-tapered inlets . require an
increasingly larger upstream sump as FALL increases. Which design will
be more favorable will be a matter of economics and site
considerations, '
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Given:

Requirements:

' Pipe Culvert

Design Discharge, Q10 = 150 cfs

Allowable Headwater Elevation = 100.0 ft ms]
Elevation Outlet Invert = 75.0 ft msl
Culvert Length, Ly = 350 ft

‘Downstream channel approximates a 5-ft-wide trapézoidal

channel with 2:1 side slopes, a Manning's “n" of 0.03, and
S = 0.05.

This pipe culvert is Tocated in a suburban area where the AHW

EL. may be exceeded by 2 to 3 ft without extreme damage.

However, headwater elevations greater than 103.0 ft should be
%voided for flows significantly higher than the design Q of
50 cfs.
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PROJECT: Sxamelz No. 2

OUTLET CONTROL

DESIGN CALCULATIONS

DESIGNER: oMY

STATION: DATE: S2-/0-75%
INITIAL DATA:
Al * 252 oty SKETCH
AHW El » _..029 #,
Spn Q.08
Loe_ 350 AHWEL 200
2
El Outiat
Invert 78t
Stream Data:
™
First Approximation La \_J
QeLED  cfs Ky 0 2:25 |1, 350 1, El Outlet
e HzAHW E[—Ei Outlet Invert—h, Invent 25|
— wodo . 75" 5. 2o’
Barrel Shape - o
and Materiai _Cigular  CHP Borretn=_2-0Z4 | s, a» 2 or 0r_2C” 0 Try_“2Z
» m (2) .| {3 (4) (5}
o Q 4D COMMENTS
Q N NE de 2 Qn TW hg Hwo | Vo
Triat No._ /£ ,Na_f ., Ba_ = , D= '5-5", kyr 225
T _ .
/50 |\sso) wy |ss0 | >335 85 | — |Ad )| 3.5 /009 75+ 3/~ 8.5 = /095
HWe > AWW & Try 487
Trial N0 &, Ns _£ ,Bx___ =, D= 9’ | Ryr_O-Z5
/50 |/8D |/56i/5D |36 (58| — |/e |28 744 Ol — Check sguare cdye
Ed A rd
oo t/oo | 70 |10 | 8. |35 | — | /f4 35 855
200 |zoo |27.8 200 |>4 |40 | T | /9 | 4.0 /068
Trial No._. 2 Na__ 7 B =, D% L ket 2.5
/52 | 450 | 42 /% |3.8 | 950 Sram ket Contral _3ecdion
“ . -
/00 100 | 7.2 pe an kel ¥2|, 4 3¢ 257 Colewtatians  Free req'd
L4 ¥
200 | 200 23§ 2D | 4o |78 /s e ,fn?pmreel .H?/ef‘
MNotes and Equations: SELECTED " DESIGN
{1} d¢ cannot excesad D _ )
(2) TW bosed an dn in natural channel, Ne_ ! At Design Q¢
or other downstream control. 8 _ “
z dgtD  whi [N | §
(3)hy Eﬂa— or TW, whichevar is larger, . , f Hwee 2% 1
(4) HWo = H+ ha+ E1. Outlet Invert. he= 2250705 Vs A
(5) Outtet Veiocity {VarQ/Aren defined by de
- or TW, not greater than D . Do not compute 2902, | Vz
until control section is known. ’ - H= |+u.+—R|_-_‘3-———- E"q
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--PROVECT: LXample M. -2 —

CULVERT INLET CONTROL SECTION

Bed at Face  2Z-3 11,

STATION:_ : DESIGN CALCULATIONS OATE: _1Z-/0 - 73
INITIAL,_DATA: !
Q2 ___=_t50 cfa
700
ey " AHW EL_£DO_ AHW £1.£02__
Las D50 44
EL Siream

s FAL:L
Borrel Shope |, ™ . -
and Mufari?l Cure. CAHPBarrel ne2-224 lhlé?/rf_ 5
; Structuré Ly Tneoat Inverd
Nz BT )
P €. Face tavert _ TAPERED INLET
D= JNBOM2 . CONVERTIONAL of BEVELED THR(OAT CONTROL S)ECTION
, v (Tasle ¥} INLET: FAGE CONTROL SECTION Lowér Heodings
{Pipa) I'ﬁlDl,E -.______3?- {Upper Headings)
DEFINITIONS OF INLET CONTROL SECTION
(n (2) t3) {5) | Nats: Use Upper Headings for
& Hy ElL EL Coventional or Beveled Face;
NB ) H Face Stream Lower Headings for Topered
: t Inveit | Bed _Hw' | Inlet Theoat,
At :
a” | H ThEoI;:t Face
o | Bl T | W e FALL | HW, Vo COMMENTS
Triod No.—-4 Inlet. and Edge Description 5‘3 vare cdoes
150 |50 1z.07)| 8.3 | 9,7 925 0.2 |r000l0 0258 | FALe required, vse bevels
Trial No._2___ Inlet and Edge Description _2¢veled edges
— ) . ) T — T
/80 |sg0 | /92177 (2238|925 |~ P |/00 |pax| /& Check Lapered 1mlet
00 | /00 |sz25 | S0 973 - throa’
o | 200 290 |/ & _ ~J/03.9 : ol
Triol No._3__ Inlet ond Edge Oescription _Zaoered inlet Phroal, rovgsh
/50 | 4.7 | /65| 6.6 |925 | 225 | a | 99./|8.05| /16 | Thcreases Q__alt Axw
00 | 3.7 |s2¢ |28 973 &L Lrow _faa % 70 oL
Zoo | 6.2 | z22| 89 07 4

Noles dand Equations:

{2) FALL=EL Stream Bed of Face—-El. face

invert , where EL tace{or 1

{4) 5#=5,-FALL/Lg

{1} EL. Face(or throat) invert = AHW El.- Hy (or Hy)

{or throot) invert

(33 HWf {or HWy } = Hy (ar Hy) + EL face {or throat)

hroat)

invent should not eiceed EL stream bed.

{5} Outlet Velocity =Q/Area defined by dn at S

SELECTED 'OESIGN

Inted Description: Heveled
FALL = [~ . "Jg‘fi
Inverf El.= 285 ¢

Beveals:

Angle s 45"

b= ___.in., d= 2
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PROJECT: Example No 4
SIDE-TAPERED INLET
_ DESIGN CALCULATIONS

DESIGNER: /A A/

STATION: DATE: _/2-/0-73
|NITIAL DATA SKETCH
0.8 n_#50 cis So1 2. OF T
AHW ElL = /99 _ f, Loz 380 1y, )
TAPER= __F __:| Theoat
Barrel Shape c
and Material_Garewlar  CH1pP Tﬁf (T
Face Edge L D
Dascription 95° Bevehs } LS
Cres|
'
Neeod _, Ba= 51, et By j‘-‘_'“ B B
Taper Taper
tn a (2} 3} (4) {8) | Upper Headings for Box
B s . Cuiyerts, Lower Heodings for
El i £l Pipes
Theoat He q , Min, Faée COMMENTS
Q  flwert | E aE'S E%2 A By Ly 5 LS | lnvert
Tral No._/ Q= 75D HWa_ 29/ (i fse lower colomn heachngs)
750 925 /4 | 4.9 2o |88l .0 40 |ooesl oz | 92.7 ?‘&’E"%E'@=ﬁ£

5td. deslgn s BeosiSD

=6 . Std. design QK.
Trial No. V@ HWye
B0 ') -
Trial No Q= , HWr=
L

Notes ond Equufims:(g,.j ~92.5 ._,)/4 = /.4

(1Y Hy/D{or Hi/E] = (HWy ~ EL Throat invert— [}/ D[or E]
DSE=LID

i E Q
(2) Min. Bt a{(o’kl s @]

Min,Ag= QIE"Z)ATQ%]

By-NB ,
(3L TAPER -
"[a J [5%112]4 - 4.0

{4} From throat design

(3}El.Face Invert—E 1. Throat Invert = | ft., recompute.
Face and Throat may be |owared ta better fit site, but do rot rame,

SELECTED DESIGN

& a2 ﬁ. o f.
L|'_..._f.:.9__ﬂ.

Bevels: Angle__#5_ °

d= In,bs_2 _in,
Crest Chack .
HWee22- 11 ona
Hea _ &0 1t ./

3L 0 (Chary iy
Minw=_2% 1t
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Exaﬁgle 2
Conclusion

From the performance curves, beveled edges meet the AHW EL. of 100 ft
and Q = 150 cfs, while the use of a side-tapered inlet would increase Q
to 170 cfs at AHW E1. = 100 ft. In both cases, the FALL = O. It
appears that the beveled-edge inlet would be sufficient and the Jleast
costly in this case, since the culvert performance curve does not
exceed 103.0 ft until Q is 186 cfs. '

For additional examples consult Appendix A of Reference 4.

Design Figures

Capacity charts and nomographs covering the range of applications commonly

encountered in urban drainage are contained in this section. These charts
are from Federal Highway Administration publications. For situations beyond
the range covered by these charts reference should be made to the original
publications.
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‘o o - 20 30 R 50 - 80
' DISCHARGE-Q ~CF3
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| - REFER TO UPPER GRAPM FOR ‘ _ _ !! \_1, SOr—| .
. | oREATER 56F, vaLuES - A ] ~A
| AR AP
7 V : 1 R
e _ . AL LV A &l
H - ) ¢ ] i o
E AAe~— / 1A A PAEd 18
L, L4 7 V' A
- L [ r’ - A < "/ | i
B 5 - . .J . ’ "‘—“-."- e @“‘ <." PP - i
i ] AT A A T 1TH
'E - 7 2 T [ .
o ﬁ-l' | _ w/-j"‘-',ﬁua AL o | |1 B
< 4 — ! v 7 — 7 -
g .'l ol /‘,"/ ) A ) A ! - . 7
q " ] # " / ” , :
% 3 "'“'é"“'- )A//' /‘C < — ’I’/l:::ﬂ //rﬂolr-l 'a!'nt. PAVED cuwi'm:s -
14 A A A/L/ P ey REDUCE LENGTH TO OT8 ACTUAL L
] T A T ' © TO COMPUTE ===
\ ¥ /1/}4/_4;1,/)‘,../ _ . 150
A |
.//j? T !
/) 1. _ - e
o “ .o 20 . 30 40 50 60 .
: ) DISCHARGE -Q~ CFS ‘ ’
EXAMPLE - . i :
® S CF: anwaasrT o ' STANDAR D :
LATZFT; % 20000 CIRCULAR CORR. METAL PIPE

(@ SELECT 3¢°  UNPAVED

e . HEADWALL ENTRANGE.
IR L 18"To38" O

Figure 6-13 ‘Cu1vert Capacity
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7
o
30

REFER TO UPPER GRAPM FOR

L=120 FT; 950 0025

130 CFS; AHW 162 FT.
- @ SELECT 34" UNPOVED .

© HWE38 FT

o o i ] < ey

L334~ MH-HILVMQY3IH

0
. EXAMPLE-
@ GIVEN:

36" T0 66"
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TABLE 6-2
Entrance Loss Coefficients

Qutlet Control, Full or Partly Full

Type of Structure and Design of Entrance Coefficient ke

Pipe, Concrete

Projecting from fi11, socket end (groove end)
Projecting from fill, square-cut end
Headwall or headwall and wingwalls
Socket end of pipe (groove end)
Square-edged
Rounded (radius = 1/12D)
Mitered to conform to fill slope
*End section conforming to fill slope
Beveled edges, 33.7-degree to 45-degree bevels
Side- or slope-tapered inlet

. . L

DO OoOOOOO [ e
. . s e
RN~ N [ B

-

Pipe, or Pipe-Arch, Corrugated Metal

Projecting from fill (no headwall) , 0.9
Headwall or headwall and wingwalls square-edge 0.5
Mitered to conform to fill slope, paved or
unpaved slope 0.7
*End section conforming to fill slope 0.5
Beveled edges, 33.7-degree to 45-degree bevels 0.2
Side-~ or slope-tapered inlet 0.2
Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)

Square-edged on 3 edges ' 0.5

Rounded on 3 edges to radius of 1/12 barrel
dimension, or beveled edges on 3 sides 0.2

Wingwalls at 30 degrees to 75 degrees to barrel
Square-edged at crown 0.4
Crown edge rounded to radius of 1/12 barrel
dimension, or beveled top edge 0.2
Wingwall at 10 degrees to 25 degrees to barrel
Square-edged at crown 0.5
Wingwalls parallel (extension of sides)
Square-edged at crown ' 0.7
Side- or slope-tapered inlet 0.2
*Note: End sections conforming to i1l slope are the sections commonly

.available from manufacturers. From limited hydraulic tests they
are equivalent in operation to a headwall in both inlet and outlet
control. Some end sections incorporating a closed taper in their
design have a superior hydraulic performance.
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Y. PROJECT:

STATION:

_ OUTLET CONTROL. ~ © - : DESIGNER:
. DESIGN CALCULATIONS - :

-DATE:

INITIAL DATA: N
Q;_,______,' : ciy
AHW EI = ———ﬂ
Spx .
Elouttet i AT

Sr_réum. Datg:

Barrel Shape
ond Materiol .

SKETCH -

First Apprommahon

o on T ets ke ,Lu-‘-—-\nf\‘lar.obﬂe}.;”

H=AHW EL—EL Oullet Ivert—h, - © - Invert

- o T R T '_(z)

zlo
o
i

A Af.f_.z.or_ Ds_ . fid Try
31| @ | s o '

‘ COMMENTS .
ho | HWe | Yo .

Trial No

[ =k.E=

Trial N0, M= B

- L I A

Trial _Nﬂ, . UN= L . . Bf . B R

‘Notes gnd Egugpgng
{1} .d¢ canngt exceed 0

{2) TW based on di ln nafural chqnnel. a
’ o ‘other downstream control. . :

N REL ho-flcé‘_D or TW, whichever- is Iurqe,r,:
1(4) Hiwo - i+ o+ EL Qutlet lavert.
[5) Outlat Velocity (VarQ /Area defined: by de

or TW, nol greater than D . Do not compufe
until contral secnon is known,

SELECTED. DESIGN -

Nel__ . At Dasign Q¢ -
BT

Do 4, HWox_

|'|.¢=—..... . MNo=® -

ST
t4

o P B
H= I‘-k.fﬁ[n—'—.‘ -{g

--Fi_r:-ur-? 6-40 Desigh"'Comput:ﬁation-Fd__frh F'o_r'-_ '_Imp_royed Culver‘t's-'
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T. DESIGNER!
PROJEC GULVERT INLET CONTROL SECTION .
DESIGN CALCULATIONS .
STATION: . DATE:
{MITIAL DATA:
Q LR 3 { _
AHW £, = ft. AHW EI ARW EL
So= ;
oo 1
El Streom .
Bed at Face t.
Barral Shope : :
and Material Barrel n= Inlet C S
: Structure L_g) Throgt Invart
N= Ba= '
Al €1, Foce |nvert TAPERED iNLET-
o=  NBDM23_ CONVENTIONAL or BEVELED THROAT CONTROL SECTION
. % INLET FAC £ CONTROL SEGTION (Lower Haadings)
(Pipa} ND™2 = {Upper Headings}
DEFINITIONS OF INLET CONTROL SECTION
{1} 2y 3 | (4 (5} Note: Uss Upper Headings for
Q El. El Coventional or Beveled Foce:
_NB T H Face [ Stream . Lowar Headings for Tapered
° t vt | Bed | M Inlét Throot, - -
' Q N A S Foe ' ' $
+ . Lo COMMENTS
Q 6’2 o Hy {nvert FALLL | HW 8 Vo
Trial Nao, Iniet and Edge Description
Trial No, inlet and Edge Description
Trial No. Inlet and Edge: Du_scnpticm

Notes and Equotions:

(1) EL Face( ar throat) invert = AHW E1.- Hg (or Hy)

(2) FALL*E!. Straam Bad a1 Face-EL foce {or throat) i rvert

{3 HWy (or HW,y )= Hy {or Hy) +EL face {or throat)

invert , whare Ei.
invert should not
(4) S ™ 54~ FALL/Lg

face (or throot)
exceed El stream bedt |

(5) Quflet Valactty 3Q/Aréa defined by dn of S

SELECTED DESIGN

.inlet Deseription:

FALL 2 £,
lnvert El.= 1,
Bevais:

Angle *

b= n, d=

in

Figqure 6-41 Deéiqn Computation Form for Improved Culverts
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| provECT

R L DESIGNER: _ S :

. . SIDE-TAPERED INCET . = - RS - _ (

o 7 'DESIGN CALCULATIONS = . : - |

STATION! o . = D - : DATE: _ .
' ' SKETCH. -

INITIAL DATA
Q- ofs o %,
1 AHW El = _ LI La=
TAPER® - oosl o
‘Barrel Shape
and Muferigl
Face Edge .-
“Dascription -

—ft

Ne—, Bai #t, Dsmnify

| o | . @ | ] @ [t [T e [Userreodingstordor

He | —-."2——5 - Min." . | - 0 ] ) B I Culverts, Lower Heodings for
o, BB Dl“z By o S : ; Pipes L

El, T - : . El. COMMENTS

o ATheot | M| 070 e Min. _ ] | Face - o

_Q 1 Iavert . s E A"Elﬁ' e Eé | . Ag '_ - B[ Ly o S ‘:'Lf|5‘ Invert |

Triol No.— =, 0=, HWs

‘ st/zﬁ}'p,E'/ﬂ'=———

Trigl No. ., Q= . HWg=_

Bfa_h&”‘f.tla‘—m—'—.. — | o (

Trial N, QT HW

Notes_and Equuﬂons . _ SRR - SEL£¢TED DESIGN . ©
1) Hys D[or He /E] = [HW’FEI Throaf lnvert I)/ D[orEJ K o ) R <t
D=ESIID - , . : , B R T
CE)MIan S RN ‘ _ v
3’2,10 / h:] 0312 . . . _KBB\’e'S MU"G_._...._T_. :

|'¢-

’ qQ uo n, bx__ . in,
.M_in.'A_f= (is 1_.{2].‘0_,. AfE-‘-;“J Crest Check-

.(3_).L,:E‘2'JTAPER' L e S Hem S

(Chart 17}
"o

A . - N : S Q/we.
(4) Fram throat. design S S B " T

RTINS ER ' S Minw=
(5} E|Fote tavert - £l Throat Inwn:- lﬂ mcornpuie . i - i o 1. )
-Face and Throur may be Iowered to bener fit. sute I:-ui do:not rcnue

F.igure 6-42 Design Computation Form: for "I_'mpm:v'ed'CuTverts S . ' o (




: ,

PROJECT: SLOPE~ TAPERED INLET DESIGNER:
STATION: : DESIGM CALCULATIONS DATE:
: .- g
Q ] cfy So s
AHW EL, 1 Ly~ .
€1, Streom. : }
bed al crast 1 N t
. BECTICN
El stream : ) .
bed at face ft ) I“"—a“}
CTAPER »___*1 (4i] to €11} ’ ) .
Sg=— i {21 to 31} : By 'rrm . E
Borrel Shape |
and Materlal .
Inlat. Edge . : : Li
i : SYMMETRICAL FLARE
Descripilon_ - vy les ts'eroso'
N= 8a i, 0= . VERTICAL. MITERED
] (2) (x)
ﬂsﬂl}. ; E;c . a | Min.
0 1] : L a, ' Col t
Q | Hw | Ivert | lnvert | e % soveloe| ® | & | s | mments
BOY2a_ .
i
=
gy0Ma
™~
3
€
.—
Note: Use only throat designs rin'fh FALL »0.25D )
(1.} El. fdce invert: Vartical=Approx, stream hed elevation at face
Miterad = EI. Crest —y, where y » 0,40 (Approx. ), but higher
_{han throat invert alevation
(2.) Hf = HWs~E|. face imvert ) ’
(3)M1n.Eh"= a. -
310 1 8,0%%
@ | (@ | @ | @ | ]| iz} GEOMETRY
Min, Check | Adj | Adj : [} Max, | T —ft iE—ft
3 La | Lz la | Lz |TAPER | L W W He jCrest | Lgeft LgefL
' gt dein,
[ — Y
' A TAPER=___ il
(4)Min, Ly=05NB (9] 11 69T} AQTAPER (g L,)/[‘-_Etzaﬂﬁ]
(8] Lg=Sw+ D/5t {Mitered only) QL . las
{8.) Lg={El, Faca (Crest) Invert~El, ) = Let Lav Le L .
Throaf vart) St- L4 (1) Mirerad : W= NB+ 2 o ‘
(T) Chack L = [BfN8 TAPER~Ls )
. : 2 )Mae Crest EL s HW - He
~NB i '
L (B IH{TI>8); Ad). L;%H TAPER-Lp

Figure '6-43 Design Computation Form for Improved Culverts
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Area of bend section of §1ope-tapered inlets

Area of inlet face section

Area of inlet throat section

Allowable headwater elevation at culvert entrance
Width of culvert barrel of diameter of pipe culvert
Dimension of side be bevel

Width of bend section of slope-tapered inlets

Width of face section of improved inlets

Discharge coefficient based on bend section control
Dischafge coefficient based on face section control
Discharge coefficient based on throat section control
Height of box culvert or diameter of pipe culvert
Dimension of top bevel

Critical depth of flow

Height of side-tapered pipe-culvert face section, excluding

Approximate depression of control section below the stream
Acceleration of gravity = 32.2

Head or energy required to pass a given guantity of water
through a culvert flowing in outlet control

Depth of pool, or head, above the bend section invert
Depth of pool, or head, above the crest
Depth of pool, or head, above the face section invert

Depth of pool, or head, above the throat section invert

6.70 List of Symbols
Symbol  Units Description
Ab sq ft
Af sg ft
At sq ft
AHW EL. ft
B ft
b in,
Bh ft
Bf ft
Cd
Cf
Ct
D it
d in.
de ft
E ft
bevel dimension
FALL ft
bed
g ft/sec?
H ft
Hp ft
He ft
Hf ft
Hy ft
HG Line ft

Hydraulic gréde line
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Headwater elevation; subscript indicates  control section

(HW, as used in HEC #5, is a depth and is equivalent to Hsf
Headwater elevation required for f]ow..to pass crest in
Headwater elevation fequired for flow to pass face  section
Headwater elevat1on‘required for culvert to pass flow 1in
Headwater elevation requiréd for flow to pass throat
section in throat control :

Elevation of equivalent hydraulic grade line referencéd ta

Entrance energy loss coefficient

A dimensionless effective pressure term for bend section
A dimensionless effective pressure term for inlet throat

Approximate total 1engthr0f culvert, including inlet facge

Dimensions relating to the improved dinlet as shown in
sketches of the different types of inlets

Manning's roughness coefficient

Hydraulic radius = -Area
Wetted Per1meter

Slope of cu1vert barrel

Symbol Units Descriptions
HW ft
in this Manual)
HW ft
crest control
Hig ft
: in face control
Hig ft
' outlet control
HUW¢ ft .
he ft
the outlet invert
'ke
Kp
“control
3
control
La ft
section control
L1, L2,
L3, Lg  ft
N Number of barrels
n
ft Length of depression
Q cfs Yolume rate of flow
R ft
S ft/ft
Se ft/ft  Slope of embankment
' Sf ft/ft

Slope of FALL' for slope-tapered inlets (a ratio of
horizontal to vertical)
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Symbo1

Units Description

Taper

W

ft/ft Slope of natural channel
ft Depth of the depression

ft/ft  Sidewall flare angle (also expressed as the cotangent of
the flare angle)

ft ~ Tailwater depth at outlet of culvert referenced to outlet
invert elevation

ft/sec Mean velocity of flow

ft Width of weir crest for slope-tapered inlet with mitered

face
ft Top width of depression

ft Difference in elevatjon between crest and face section of a
: slope-tapered inlet with mitered face

Bibliography
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Sectfon 7
Open-Channe] Flow

Open channels for use in the major drainage system, have significant
advantage in regard to cost, capacity, multiple use for recreational and
aesthetic purposes, and potential for detention storage. Disadvantages
include right-of-way needs and maintenance costs. Careful planning and
design are needed to minimize the disadvantages, and to increase the
benefits.

The ideal channel is a natural one carved by nature over a Tlong period of
time. The benefits of such a channel are that:

Velocities are usually low, resulting in a Tonger time of concentration
and lower downstream peak flows.

Channel storage'tends to decrease peak flows.

Maintenance needs are usually Tlow because the channel fis somewhat
stabilized.

The channel provides a desirable green belt and recreational area
adding significant social benefits.

Generally speaking, the natural channel, or the man-made channel which most
nearly conforms to the character of a natura1 channel, is the most efficient
and the most desirable.

In many areas facing urbanization, the runoff has been so minimal that
natural channels do not exist. However, small trickle paths nearly always
exist which provide an excellent basis for Tlocation and construction of
channels. Good land planning should reflect even these minimal trickle
channels to reduce development costs and minimize drainage problems. In
some cases the prudent utilization of natural water routes in the
development of a major drainage system will reduce the requ1rements for an
underground storm sewer system.

Channel stability is a well recognized problem in urban hydrology because of

the significant increase in low flows and peak storm runoff rates. A
natural channel must be studied to determine the measures needed to avoid
future bottom scour and bank cutting. Erosion control measures can be taken
at reasonable cost which will preserve the natural appearance without
sacrificing hydraulic efficiency.

7.10 Channel Discharge

Manning's Equation

Careful attention must be given to the design of drainage channels to assure
adequate capacity and minimum maintenance to overcome the results of erosion

and silting. The hydraulic characteristics of channels shall be determined
by Manning's equation. !



qQ = Tm A RY/3 sl | BRNeAY

Whefe
@ =  discharge in cfs
n = coefficient of roughness
A = cross—Secfion&T area of channel in sq. ft.
R- =  hydraulic radius of charirel, A , in feét;
-
P = wetted perimeter, in feet; &nd
s = s1oﬁe of the frictiondl gradient, in feet per foot.

Uniform Flow

For a given channel cond1t1on of roughness, d1scharge, and slope, there is
only one possible depth for maintaining a un1f0rm flow: This depth is the
normal depth. When roughness, depth, ahd slgpe dre known at & charinet
section; there can only bé one d1scharge for maintaining a uniform flow
through the section. This discharge is the normal discharde.

If the channel is uniform and resistance and gravity forces are .in exact
balance, the water surface will be parallél to the bettom of the channel,
this is the condition of uniform flow.

Uniform flow is more often a theoreticdl abstraction than an actua11ty. True
uniform flow is difficult to find in the field or to Gbtain in the
Taboratory. Channels are sometimes de91gned on the assumption that theay
will carry uniform flow at the normal depths, but becausé of conditions
difficult if not impossible to evaluaté and hencé nét taken into account,
tha fiow will actua11y have depths c¢onsiderably different from uniform
depth. The engineer must be aware of the fact that uniform flow computation
provides only an approximation of what will occur.

Normal Depth

The normal depth s computed so frequently that it is cenvenient to use
nomo?raphs for various types of cross sectioris to eliminate the need for
trial and error solutions, which are time consuming. Nemographs for uniform
flow are given in Figures 7-1 and 7-2.
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7.20 Design Considerations

Man-made channels should have trapezoidal sections of adequate
cross-sectional areas to take care of uncertainties in runoff estimates, .
changes in channel coefficients, channel obstructions and silt
accumulations. Figure 7-3 shows several typical cross sections used for
urban drainage channels with grass cover.

Accurate determination of the "n" value is critical in the analysis of the
hydraulic characteristics of a channel. The "n" value for each channel
reach should be based on experience and judgment with regard to the
individual channel characteristics. Table 7-1 gives a method of determining:
the composite roughness coefficient based on actual channel conditions.

Where practicable, unlined channels should have sufficient gradient,
depending upon the type of soil, to provide velocities that will be
self-cleaning but will not be so great as to create erosion. Lined
channels, drop structures, check dams, or concrete spillways may be required
to control erosion that results from the high velocities of large volumes of

-‘water. Unless approved otherwise by the appropriate agency, channel

velocities in man-made, unlined channels should not exceed 6 fps.

Maximum permissible design velocities are shown in Table 7-3 for seed
mixtures recommended for use in the Casper area.



L 6T08 TIMES D OR MORE |

| FLAT BOTTOM WITH TRICKLE CHANNEL

. EOTTOM SLOPED To CENTER
AT | TO 2 PERCENT

OVAL OR SLOPED BOTTOM WITH TRICKLE CHANNEL

CHANNEL CAPACITY, AREA FOR BICYCLES -
FOR INITIAL RUNOFF OR FOOTPATH

INITIAL DRAINAGE CHANNEL WITH OVERFLOW

AREA FOR MAJOR DRAINAGE RUNOFF

INITIAL
RECREATIONAL AREA DRAINAGE
CHANNEL

FOR THAILS

RIPRAPPED INITIAL DRAINAGE CHANNEL WITH

OVERFLOW FOR MAJOR DRAINAGE RUNOFF

Figure'7-3 Typical Channel Sections



TABLE 7-1

Composite Roughness Coefficients for Channels

(ng + np +np +n3 +ng)m

Channel Conditions Value
Material Involved Earth 0.020
ng Fine Gravel 0.024
Coarse Gravel 0.028
Degree of Smooth 0.000
Irregularity Minor 0.005
ni Moderate 0.010
Severe 0.020
Variation of Channel Gradual. 0.000
Cross Section Alternating
ng Occasionally 0.005
Alternating
Frequently 0.010 - 0.015
Relative Effect _ Negligible 0.000 '
O0f Obstructions Minor 0.010 - 0.015
n3 Appreciable 0,020 - 0.030
: Severe 0.040 ~ 0.060
Vegetation | Low 0.005 - 0.010
_ Medium 0.010 - 0.025
ny High 0.025 - 0.050
Very High 0.050 - 0.100
Degree of Minor 1.000 -~ 1.200
Meandering Appreciable 1.200 - 1.500
m ‘ Severe 1.500



TABLE 7-2

Roughness Coefficients for Channéls

Type of thannel and description Minimum Normal — Maximum

EXCAVATED OR DREDGED

d, Earth, straight and uniform N _
1. Clean, recently completed 0.016 0.018 0.020 -

2: Gledn, after weathering 0.018  0.022  0.025
3. Gravel, uniform section, clean 0,022 0.025 0.030
4, With short grass, few weeds 0.022 0.027 0.033

b. Earth, winding and sluggish ) _
1 No vegetation 0.023 0.025 0.030
2 Grass, some weeds 0.025 0.030 0.033

3 Derise weeds or aquatic plants _ S
in deeE channels 0.030  0.035  0.040
4, Earth bottom and rubble sides 0.028 - 0.030  0.035
5. Stony bottom and weedy banks 0.026  0.035  0.040
6. Cobble bottom and clean sides = 0,030 0.040 0.050

c. Dragline-excavated or dredged B '
1. No vegetation 0.025 0.028 0.033

2. Light brush on banks 0.035  0.050  0.060
d. Rock cuts | . ' o
1. Smooth and unifarm 0,025  0.035  0.040
. 2. Jagged and irregular 0.035 0.040 0.050

e. Chahne]s not maintained, weeds and
brush uncut , L ‘ .
1. Dense weeds, high as flow depth 0.050 0.080  0.120

2. Clean bottom, brush on sides =  0.040  0.050  0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4

. Dense brush, high stage 0.080  0.100 0.140




TABLE 7-2 (continued)

Roughness Coefficients for Channels

Type of channel and description Minimum  Normal  Maximum

NATURAL STREAMS

Minor streams (top width at flood stage
100 ft)

a. Streams on plain
1. Clean, straight, full stage,

~ - no rifts or deep pools 0.025 0.030 0.033
2. Same as above, but more _ '
" stones and weeds 0.030 0.035 0.040
3. Clean, winding, some pools
and shoals 0.033 0.040 0.045
4, Same as above, but some '
weeds and stones 0.035 0.045 0.050

5. Same as above, lower stages,
more ineffective slopes and

sections 0.040 0.048 0.055

6. Same as 4, but more stones 0.045 0.050 0.060
7 Sluggish reaches, weedy,
deep pools ‘ 0.050 - 0.070 0.080

8. Very weedy reaches, deep
pools, or floodways with

heavy stand of timber and
underbrush o 0.075 0.100 0.150

LINED OR BUILT-UP CHANNELS

- a. Corrugated Metal : 0.021 0.025 0.030
b. Concrete

1. Trowel finish C 0.011 0.013 0.015
2. Float finish j 0.013 0.015 0.016
3. Finished, with gravel on bottom 0.015 0.017 0.020
4, Unfinished 0.014 0.017 0.020
5. Gunite, good section 0.016 0.019 0.023
6. Gunite, wavy section - 0.018 0.022 0.025
7. On good excavated rock 0.017 0.020
8.

On irregular excavated rock 0.022 0.027
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TABLE 7-2 (continued)

Roughness Coefficients for Channels

1 Velocity in fps.

2 Annuals:

use only as temporary protection unti] permanent  vegetation

established.

NR. - Not recommended,

Type of channel and description  Minimum  Normal Maximum
¢. Concrete bottom float finished

with sides of '

1. Dressed stone in mortar 0.015 0,017 0.020

2, Random stone in mortar 0.017 0.020 0.024

3.  Cement rubble masanry,

plastered 0.016 0.020 0.024

4, Cement rubble masonry 0.020 0.025 0.030

5. ~Dry rubhle or riprap 0,020 "0.030 0,035 -
d, Gravel bbttgm'with sides. of

1. '~ Formed concrete 0,017 0,020 0.025

2. Random stone in martar 0.02Q 0.023 0.026

3. Ory rubble or riprap 0.023 0.033 0.038
e. Asphalt |

1, Smooth 0,013

2. Rough 0,016
f. Grassed 0.030 0,040 0.050

TABLE 7-3
Maximum Permissible Design Velocitiesl
Slope (percent)

Cover_ . _0-5 6-10Q >10
Kentugky bluegrass. 8 5 4
‘Wheatgrass ' 6 5 4
Smooth brome | § 5 4
Tall fescue ' 6 5 4
Reed canarygrass ' '4.5 3.5 NR
Annuals? 2.5 N NR

Rye '
Oats
Ryegrass

is



2.30 Channel Cross Seétions

The channel shape may be almost any type suitable to the location and to the
environmental conditions. Often the shape can be chosen to suit open space
and recreational needs to create additional benefits.

Side Slope 3
Except in horizontal curves the flatter the side slope, the better, g
Normally slopes shall be no steeper than 3:1, which is also the practical
1imit for mowing equipment. Rock or concrete-lined channels or those which
for other reasons do not require slope maintenance may have slopes as steep
as 1.5:1.

. Depth

Deep channels are difficult to maintain and can be hazardous. fonstructed
channels should therefore be as shallow as practical.

Bottom Width

Lhannels with narrow bottoms are difficult to maintain and are conducive to
high velocities during high flows. It is desirable to design open channels
such that the bottom width is at least twice the depth with 6 to 8 times the
depth desirable.

Trickle Channels

The Tow flows, and sometimes base flows, from urban areas must be given
specific attention. If erosion of the bottom of the channel appears to be a
problem, Tow flows shall-be carried in a ripraped trickle channel which has
a capacity of 5 percent of the design peak flow. Care must be taken to
insure that low flows do not create an erosion problem, Water-tolerant
vegetation such as Reed canarygrass may be used in Tlieu of riprap for
low~-velocity channels.

Freeboard

For channels with flow at high velocities, surface roughness, wave action,
air bulking, and splash and spray are quite erosive along the +top of the
flow. Freeboard height should be chosen to provide- a suitable safety
margin. The height of freeboard shall be a minimum of one foot, or provide
an additional capacity of approximately one-third of the design flow. For
deep flows with high velocities one may use the formula:

Freeboard (in feet) = 1.0 + 0.025 vd0-33 (7-3)
where:

v = velocity of flow, in fps; and

d = depth of flow, in ft.
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For the freeboard of a channel on a sharp curve, extra height must be added
to the outside bank or wall in the amount: ‘

v2 (T +B) -
H' = TT2qR - (7-4)
where:

H |

AL

additional height on outside edge of channel, in ft;

v = velocity of flow in channel, in fps;

T = width of flow at water surface, in ff;
B = bottom width of channel, in ft;

R - centerline radius of turn, in ft; and

a = aceeleration of gravity, 32.2 ft/sec 2,

If R is equal or greater than 3B additional freebodrd-is not required.
7.40 Channel Drops |

The use of channel drops permits adjustment of channel gradients which are
too steep for the design conditions. In urban drainage work it ‘is often
desirable to use several low head drops in lieu of a few higher drops.
Special attention must be given to protecting the channe] from erosion in
the area of channel drops. _

Section 8, Structures, should be consulted when cons1der1ng drops 1n gither
open- channe1 or closed- condu1t flow.

7, 50 Supercr1t1ca1 Flaw

The specific energy for open-channel flow may be expressed by the following
equation:

v? - _
H = d+73 (7-5)

H = -tota1 energy head, in feet;

d = depth of flow, in feet;
v = velocity of flow, in fps; and _
g = acceleration of gravity, in feet/sec 2.

Then depth of flow is plotted against specific energy for a given channel
and discharge, the resulting curve shows that, at a given specific energy,
there are two possible depths. At minimum energy, only one depth of flow
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exists, known as the critical depth. At critical depth, the following
relationship applies:

2
d = g (7-6)

‘The Froude Number, F, is defined as:

v , , g
F = + gd (7-7)
If can be shown that F = 1 foh critical flow. If the Froude Number is

greater than 1, the flow is subcritical, but when the Froude Number is less
than 1, the fliow is supercritical. :

Supercritical flow in an open channel in an urbanized area creates certain
hazards which the designer must take into consideration. From a practical
standpoint it is generally not possible to have any curvature 1in such a
channel. Careful attention must be taken to insure against excessive
oscillatory waves which may extend down the entire length of the channel
from only minor obstructions upstream. Imperfections at joints of lined
channels may rapidly cause a deterioration of the joints, in which case a
complete failure of the channel can rapidly occur. In addition,
high-velocity flow entering cracks or joints creates an uplift force by the
conversion of velocity head to pressure head which can damage the channel
lining. It is evident that when designing a Tined channel with
supercritical flow the .designer must use utmost care and consider all
relevant factors. Section 8, Structures, should be consulted when designing
channels for supercritical flow.

7.60 Maintenance of Grassed Waterways

Because of the irregular and generally sparse precipitation in the Casper .
area (10-12 inches annually), irrigation of seeded areas 1is necessary

depending on the time of planting. Seedings between May 1 and August 15
will require sprinkler irrigation. Seedings after August 15 may not become
established before the first frost. Irrigation should continue until an
adequate grass cover has been established to protect against erosion (a
stand at Teast 3 inches high).

After preparing the site by removing debris and providing at least 4 ‘inches
of topsoil, at least 20 pounds per acre of nitrogen fertilizer ~should be
applied and incorporated to a depth of 3 inches. Seeding rates shail be
proportioned by percentage of species in the mixture according to the
following table:

7 - 14



Table 7-4
Seeding Rates for Grassed Waterways '

Raté (pounds per acre)

Seed - Dryland Trrigated
Spring grainsl ' T e . 40-60
Streambank wheatgrass2 10 20
Thickspike wheatgrsss 12 24
Western wheatgrass . : 12 24
Intermediate wheatgrass 10 20
Kentucky bluegrass 6 , 12
Pubescent Wheatgrass 14 24
Reed canarygrass 12
-Smooth brome : 14 28
Tall fescue 10 20
Tall wheatgrass - 16 - 32

1 Annuals = use on s]opes less than 5 pe¥cent or as temporary protect10n
‘until permanent cover is established.
2 Native grasses

- At ledast 50 percent of any permanent seeding mixture shall consist of native
grasses. The seeding depth is determined by the species requiring the
shallowest depth and should be drilled in rows perpendicular to the flow
direction. In addition, mulching is recomnended on slopes exceeding b
percent, ' ' ‘ '

Timely maintenance is important to keep a watérway in good condition.
Fertilizing and mowing or spraying for weed control should be done
frequently enough to keep vegetation 1in vigorous condition. Grassed
waterways are not permanent measures; they should be inspected and repaired
after major storm events if necessary.
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Section 8
Structures

‘Hydraulic structures include energy dissipators, channel drops and

transitions, baffle chutes, riprap, and many other specific drainage works.
Their shape, size, and other features vary widely depending upon the
function to be served.

8.10 Energy Dissipators

Energy dissipators are often necessary at the end of outfall sewers,
culverts or channels. Stilling basins, a type of energy dissipator, are
useful at locations were the designer wants to convert supercritical flow to
subcritical flow downstream from a high velocity channel or conduit.

Impact Stilling Basin

Generally, this type of basin lends itself to use with pipes. It 1is an
effective stilling device even with deficient tailwater where the discharge
is relatively small. This basin can be used with either an open chute or a
closed conduit structure. The design shown in Figure 8-1 has been used for
discharges up to about 400 cfs, for larger discharges multiple basins could
be placed side-by-side,

The general arrangement of the basin and the dimensional requirements for
various discharges are shown on Figure 8-1 and Table 8-1. This type of
basin is subject to large dynamic forces and turbulences which must be
considered 1in the structural design. The structure must be made
sufficiently stable to resist sliding against the impact load on the. baffle
wall. The entire structure must resist the severe vibrations inherent in
this type of device, and the individual structural members must be
sufficiently strong to withstand the large dynamic loads.

Riprap should be provided along the bottom and sides adjacent to the
structure to avoid the tendency for scour of the outlet <channel downstream
from the end sill when a shallow tailwater exists. Downstream wingwalls
placed at 45 degrees may also be effective in reducing scouring tendencies

and flow concentrations downstream.
Plunge Pools

The plunge pool is a free-failing overflow which drops vertically into a
- pool.



Type Sti11ing Basins

-

Figure 8-laDimensional Criteria for Impact
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The pool must be heavily protected with large riprap 6r reinforced concrete.
The approximate pool depth is given by the following equation:

de =  1.32 Hy 0.225 q 0.54 ‘ (8-1)
where:

dg - = the maximum depth of scour below tailwater Tlevel, in feet;

Hr = the head from the reservoir to tailwater levels, in feet; and
q = the unit discharge, in cfs per foot of stilling basin.width.

A plunge pool may only be used with a continuous low flow present in the

channel because of the health and safety hazards which could be created by a
stagnant pool.

Drops

The function of drop structures is to convey water from a higher to a Tlower

‘elevation and to dissipate excess energy resulting from its drop. A canal

along this same terrain would ordinarily be steep enough to cause severe
erosion in earth canals or disruptive flow in lined canals. The water must:
therefore be conveyed with a drop structure designed to safely dissipate the
excess energy. Different kinds of drops that may be used are vertical,
baffled apron, rectangular inclined, and pipe drops.

Vertical drops are often the most economical for small drops of less than
three feet. They consist of a simple weir above a vertical retaining wall
structure and a splash-pool-type energy dissipator that are consolidated in

a single inexpensive structure. These structures can be constructed from

sheet pile- and riprap, -gabion retaining walls and channel mats, or
reinforced concrete.

Baffled apron drops may be used for nearly any decrease in water-surface
elevation where the horizontal distance to accomplish the drops  is
relatively short. They are particularly adaptable to the situation where
the downstream water-surface elevation may vary because of such things as
degradation or an uncontrolled water surface. A further discussion on
baffled aprons may be found in References 1 and 2.

Rectangular inclined (RI) drops and pipe drops are used where the decrease
in elevation is in the range of 3 to 15 feet over a relatively short
distance. Economics dictate if it is more practicable to use a pipe drop or
an RI drop. Usually a pipe drop will be selected for the smaller flow and
an RI drop will be selected for the larger flows. If the drop crosses
another waterway or a roadway it will probably be more economical to use a
pipe drop.

Chutes are usually used where the drop in elevation is greater than 15 feet
and where the water is conveyed over long distances and along grades that

" may be flatter than those for drops but yet steep enough to maintain

supercritical velocities. The decision as to whether to use a. chute or a
series of drops should be based upon a hydraulic and economic study of the
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two alternatives. Drops should not be so closely spaced as to possibly
preclude uniform flow between outlet and inlet of consecutive structures,
particularly where checks or control] notches are not wused at the inlets.
The -danger is that sufficient tailwater depths may not exist to produce
hydrualic jumps in the pools, and thus shooting flow may develop through the
series of drops and possibly damage the canal, ‘Also, with drops too closely
spaced on a steep slope, problems of excavation and backfill may make such
construction undesirable or prohibitive. About 200 feet of canal should be
the minimum distance between the inlet and outlet of consecutive drop
structures. The economic study should compare costs of a series of drops
and a chute considering advantages and disadvantages pertinent to the
specific conditions. Since the mairtenance costs for a series of drops s
usually considerably more than for a chute accomplishing the function, 1t is
sometimes economically justifiable to spend considerably more for a chute
than for a series of drops, A more complete discussion on chutes will be
found in References 1, 2, and 4. -

8.20 Flow Transitions

A flow transition is a change of cross section designed to be accomplished
in a short distance with.a minimum amount of flow disturbance. The types of
transitions are shown in Figure 8-2, Of these the abrupt (headwall) and the

straight line (wingwall) are the most common. :

Special inlet transitions are useful when the tonServation of flow energy is
essential because of allowable headwater considerations. . -

Outlet transitions (expansions) must be considered in the design of all
culverts, channel protection, and energy dissipators. The standard
wingwall-apron combinations and expansions upstream of dissipator basins are
most common. . :

8.30 Riprap

Preventing bank damage caused by surges from a stilling basin and
forestalling possible undermining of the structure caused by erosive
currents passing over the end sill usually requires placing riprap on the
channel bottom and banks downstream.

Experience has shown that the primary reason for riprap failure is
undersized individual stones in the maximum size range. Failure bhas
occurred because of an underestimation of the required stone size, and a
general tendency for the riprap in place to be smaller than specified,
despite guality-control procedures,

The curve in Figure 8-3 gives the individual minimum stone size (diameter
and weight -of a spherical specimen) for a range of bottom velocities up to
17 feet per second.

A well-graded riprap layer containing about 40 percent of the rock pieces
smaller than the required size is as stable, or more stable, than a
uniformly-graded layer consisting entirely of stones of the required size.




Fiqure 8-2 Transition Types. .
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Most of the mixture should consist of stones having nearly symmetrical
dimensions and of the size shown in Figure 8-3 or larger; else the stones
should be of curve weight as shown in Figure 8-3 or more (weight is computed
on the basis of 165 pounds per cubic foot) and should not be flat slabs.

The riprap layer sﬁou]d be a minimum of 1.5 times as thick as the diniension
of the large stones (curve size) and should be placed over a  gravel or
reverse filter layer, -

A minimum of 12 1inches of granular bedding or suitable filter fabric
covered with 4 inches of sand shall be provided as a filter layer . beneath
the riprap layer. For noncohesive soils the 15-percent size (dig) of the
grariular bedding or filter material should be less than 4 to 5 times the
85-percant size (dgg) of the adjacent soil laygb. The 15-percent size of
the filter materia? should also be at least 4 to 5 times the 15-percent §ize
of the protected soil. For cohesive soils such as highly plastic clays, the
15-percent size of the filter material may be as great as 0.4 mm so long as
the material is well graded with the ratio of the &0-percent size to the
10-percent size (coefficient of uniformity) not exceeding 20. Section 11
“should also be consulted regarding erosion control practices utilizing
riprap lining, , :
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Section 9
Storage

On-site detention of runoff is an alternative to other methods of urban
stormwater management. Storage, which involves collecting excess runoff
before it enters the main drainage system, can often be an effective and
economical means of reducing peak flowrates and mitigating problems of
flooding, pollution, soil erosion, and siltation.

The purpose of this Section is to introduce the design procedures and
methods of application of on-site detention facilities. This dincludes
rooftop storage, parking lot storage, recreational area storage, and small
detention basins and ponds constructed within the 1limits of development
areas.

On-site detention of stormwater generally refers to storage of excess runoff

~on the site of a development prior to its entry into a sewer system and the

gradual release of the stored runoff after the peak flow has passed.
Generally, detention facilities will not reduce the total volume of runoff,
but will redistribute the rate of runoff over a longer time period.

9.10 - Upstream Storage

Upstream storage utilization is usually controlled by the planner in the
early stages of development. However, architects, engineers, home builders,
land developers, and governmental officials all have a responsibility to
work towards more upstream storage. It is with upstream storage that the
greatest potential exists for reducing the cost of urban drainage.

Rooftop Ponding

In the Casper area building codes require the design of roofs for a snowload
of 30 pounds per square foot. In terms of equivalent water this equals 5.8
inches. Thus, most existing buildings are already designed to carry the
Joad which would be imposed by rooftop rainfall ponding.

The drainage outlet from the rooftop storage should be sized to release
approximately 0.5 inches per hour. During most storms, no water will be
stored because it will runoff as quickly as it falls. Only in the 1larger
storms will water accumulate. For instance, in a heavy thunderstorm lasting
30 minutes having a precipitation rate of 2 inches per hour, the maximum
depth of ponding will be about 0.75 inches. About 90 minutes after the
storm all water will have drained off the roof. ' :

Parking Lots

There are two general forms of stormwater detention on parking lot surfaces.
One form involves the storage of runoff in depressions constructed at drain
locations. The stored water is drained into the sewer system slowly, using
restrictions, such as orifice plates, in the drain. Proper design of such
paved areas would restrict ponding to areas which would cause the Tleast
amount of inconvenience to the users of the parking areas. For example, the
parking lot of a shopping center would have the ponding areas located in the
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least-used portions of the lot, allowing customers to walk to their vehicles
in areas of no ponding, except when the entire lot is filled with vehicles.
Drainage of ponded water would be fairly rapid as compared to rooftop
ponding, to prevent customer inconvenience. In most cases, the water would
pond to a depth not to exceed 12 inches and the ponding area would most
1ikely be drained within 30 minutes or less after the rainfall. Computation
of the amount of storage needed would be similar to the analysis used in
designing detention basins on ground surfaces. ' o

Another type of stormwater detention on parking lots consists of using . the
paved areas of the 1lot to channel the runoff to grassed areas or
gravel-filled seepage pits. The flow then infiltrates into the ground,
Soil conditions -and the effects of siltation in reducing infiltration must
be considered.

Minimum slopes of 1,0 percent are recommended in  parking. Tot detention
areas. Magimum slopes should not exceed 4 percent to avoid gasoline
spillage from tanks and to minimize vehicle traction problems on icy paving.

The use of parking lots for the storage of rainfall, if done properly, can
be accomplished without inconvenience to the parking Tot users and without
_interfering with the 1layout and functioning of the parking Tot,
Furthermore, controlled rates of release are generally large enough so that
water is ponded only during the larger storms.

Recreational Areas

Recreational areas generally have a substantial area of grass cover which
often has a high infiltration rate, Storm runoff from such fields is
generally minimal. The best use of such recreational fields can be made by
providing for the ponding of runoff from adjacent areas. Grassed
recreational fields can be utilized for the temporary detention of the storm
runoff without adversely affecting their primary function.

Most urban areas contain parks, both the neighborhood type and the large

central type, Parks, like recreational fields, create 1ittle runoff of
their own; however, parks provide excellent detention storage potential for
the storage of runoff from adjacent areas.

Property—Line Swales

Subdivision planning and layout requires adéquatelsurface drdinage away frrom

buildings. This is obtained by sloping the finished grade at approximately
1 percent in all directions away from the buildings. The layout often calls
for a swale to be located along the back property line, which then drains
longitudinally through the block. The final grading plan for the lot layout
can readily be done in such a manner as to cause up .to six finches of
temporary ponding along the property line.

Temporary p0ndfng‘fdc11ities along the rear Tot 1line may include small
controlled discharges or, if the subsoil conditions are favorable, such
water may be percolated into the ground.




Road Embankments

The temporary detention of storm runoff behind road embankments is a good
practice and is encouraged. The reader is referred to Sections 5 and 6 of
this Manual dealing with inlets and culverts for design criteria relative to
the use of ponding behind road embankments. It is, of course, necessary to
review the damage potential to upstream property.

The design criteria to be used for the temporary detention of water behind
road embankments should include consideration of the major storm runoff,
i.e., the runoff to be expected once each 100 years.

The use of roadway embankments to help reduce. downstream peak flows is
encouraged in the Casper area. Planning for such use of embankments must
avoid unnecessary damage to the embankment, structure, and adjacent
property.

On-Site Ponds

The construction of on-site ponds which have recreational benefits provides
significant detention benefits when properly planned and designed. The use
of such ponds is particularly encouraged in planned unit developments where
large areas of grass and open space are common.

Controlled outlets for the surcharge storage can be wused, and it s
suggested that such outlets be designed to release at a rate that does not
exceed the rate estimated for natural condtions for the 10-year storm.

Porous Pavements

The use of porous pavements as a method of storing or attenuating storm
runoffs is in the development stage. However, porous pavement used in
parking and other areas can reduce flood peaks by allowing water to
infiltrate.

Combinations

In many instances, one on-site detention wmethod cannot conveniently or
economically satisfy the required amount of stormwater storage. Limitations
in storage capacities, site development conditions, soils Tlimitations, and
-other related constraints may require that more than one method be utilized.
For example, rooftop, parking lot, and surface pond storage might all be
required to compensate for increases in runoff due to development of a
particular site. Whichever combinations are suitable should be incorporated
into the site development plan.

9.20 Design Criteria

Design Storms

The 10-year, 2-hour storm hydrograph. {or in the case of the Modified
Rational Method, the 10-year storm of the critical duration) shall be routed

through the storage area with a maximum release rate which does not exceed
the peak discharge for the same storm under natural conditions. Either a
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constant release rate or the actual discharge for the principal outlet
structure obtained from a rating curve may be utilized. The maximum storage
volume and water-surface elevation for the initial storm routing shall be
indicated. : S

The 100-year, 2-hour storm hydrograph is then routed through the storage
area with a starting water-surface elevation equal to the maximum elevation
obtained from the initial storm routing. Either a riser pipe or spillway
shall be used to convey the routed outflow from the 100-year, 2-hour. storm.
The crest of the riser pipe or spillway shall be established at the starting
water-surface elevation. Site conditions will determine whether a riser
pipe or spillway is selected. '

Principal Outlets

Either corrugated metal or reinforced concrete pipes may be utilized for the

principal outlet, The minijmum pipe diameter shall be 18 inches unless a
waiver is obtained from the Wyoming State Engineer, The principal outlet
shall be able to completely drain the storage area. '

To prevent the formation of vortices at the inlet, a hood or anti-vortex
baffle shall be installed. Vortices can significantly reduce the discharge
for a given headwater because of energy losses.

Depending on the geometry of the outlet structure {either drop-inlet riser
or hood-inlet pipe) discharge for various headwater depths can be controlled
by the inlet crest (weir control), the riser or barrel opening (orifice
control), or the riser or barrel pipe (pipe control}. Each of these flow
- controls shall be evaluated when determining . the rating curve of the
principal outlet. In general, the riser pipe diameter is at least 6 finches
greater than the barrel pipe diameter. Therefore, the minimum riser pipe
diameter shall be 24 inches.

- Weir flow may be computed by the following equation:

Q = CLyl.5 : , (9-1)
where:
Q discharge, in ¢fs;

weir coefficient. For riser pipes, C = 3.1 may be used; _
Tength of the weir; in feet, For circular riser pipes, L 1is the
pipe circumference; and

the depth of flow over the pipe crest, in feet.

iwonon
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Orifice flow may be computed by the following equation:

Q = CA(ZgH)O'S | ' . (9-2)



where:

orifice coefficient. For sharp edged or1f1ces, C = 0.6;
~cross~sectional area of the pipe, in fte;

gravitational acceleration, 32.2 ft/se02 and

head above the centerline of the pipe, in feet.

T O
WMo

Pipe flow may be computed by the_fo]]owing equation:

= A\2g(H-S£L)/ (1+kptke) | - (9-3)
where:
H = the difference between headwater and tailwater elevations, in
feet;
ky = bend loss coefficient;
ke = entrance Toss coefficient;
S¢ = friction slope, in feet per foot; and
L = length of pipe, in feet.
Spillways

Spillway velocities shall be limited by the criteria 1listed 1in Section 6

(Open-Channel Flow). At least 5 feet of freeboard shall be provided between

the top of the embankment and the crest of the spillway or riser pipe.
Also, at least 1.5 feet of freeboard shall be provided between the top of
the embankment and the maximum 100-year water- surface elevation for the
major storm routing.

The outlet channel slope should be greater than critical slope for
one-fourth of the peak outflow to assure that flow will be controlled at the
spillway section. Otherwise, both weir control and open-channel control

~should be evaluated over the range of headwater depths,

‘Retention of Stormwater

Retention storage is prohibited by the Wyoming State Engineer, A1l storage
areas shall be drained within 72 hours of the end of the storm by gravity
flow through the pr1nc1pa1 outlet.

Site Conditions

The Geologic Hazard Map of the site shall be consulted to determine the
suitability for impoundment of surface water. Groundwater Tlevel increases
downstream of the storage area are to be avoided. A Geologic Hazard Map may
be obtained from the Natrona County Planning Department.

Embankments
Proposed embankment slopes shall not be steeper than 3:1 on the upstream

face. The sum of the upstream and downstream slopes shall not be Tless
{steeper) than 5:1. The width of the top of the embankment shall not be
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less than the fi11'he1ght divided by 5 plus 4 feet, or 8 feet,
whichever is greater. -

Design Plans .
A1l design plans shall be submitted to the State Engineer's Office for

approval. Variances from the above criteria must be obtained in writing
from the State Engineer. : _

.9.30 Hydrau]iq Design Methods

The two methods suggested far predicting the valume of runoff over'time and
the peak flow are the Modified Ratianal Method and the Colorado Urban
Hydrograph Pracedure. ' ' :

Modified Rational Method Analysis

The term Modified Rational Method Analysis refers to a procedure for
manipulating the basic Rational Method to refleect the fact that storms with

durations greater than the normal time of concentration for a basin will

resylt in a larger volume of runoff even thoygh the peak discharge is
reduced. This greater volume of runoff produced by longer storm durations
myst pe analyzed to determine the correct sizing for detention facilities,

The approach hecomes mare valid on progressively smaller basins, eventyally
reaching a size so small that watershed modeling 1is. approached. The
procedure should, therefore, be 1imited ta relatively small: areas such as

“rooftops, parking Tots, or other upstream greas with tributary basins less

than 20 acres. This would minimize major damage which could result from

_ overtopping or failure of the proposed detention facility.

Figure 9-1, Modified Rational Method Hydrographs, -presents a family of
curves for a theoretical basin. These hydrographs are developed by using
the basic Rational Method assumptions of censtant rainfall intensity, time
of concentration for the longest flow path, and the coefficient of runoff.
The typical Rational Method hydrograph with the peak discharge coinciding’
with the time of concentration for the basin (T¢) is first calculated wusing
the normal formula Q = CiA., Following this, a family of hydrographs
representing storms of greater duration are developed. The peak runoff rate
for each hydrograph is equal to CiA where i is the rainfall intensity for
the storm duration in question. The rising Timh and falling 1imb of the
hydrograph are, in each case, equal to T for the basin. The basic
assumption of this method is that the area under the assumed trapezoidal
hydrograph equals the volume of runoff from the theoretical rainfall. The
area under the hydrograph is also equal to the peak discharge rate for that
particular rainfall multiplied by the duration of the rainfall.
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The following example presents the calculation method for a typical two-acre
~ basin,

Example 1

Given: Area: A = 2.0 acres _ ,
Type of development: commercial parking lot, fully paved, € = 0.9
Time of Concentration: T. = .8 minutes
Design Frequency = 10 years
Use Rainfali-Intensity Duration Curves in Figure 2-1.

Required: Develop family of curves represent1ng Modified Rational .Method
hydrographs for the 8-, 10-- 15-, 20-, 30:= and 40-minute rainfadll

durat10ns.

Rainfall Rainfall Peak
Duration Intensity Runoff
(min) (in./hr) Rate (cfs)
8 3.5 6.3

10 3.2 5.8

15 2.6 4.7

20 2.3 C4;1

30 1.8 3.2

40 1.5 2.7

Answer: The resultifg storm hydrographs are depicted in Figure 9-1,

It is recommended that a coefficient bé added to the Rational Method 1o
account for antecedent precipitation conditiohs for major storms with
recurrence intervals greater than 10 years, These coefficients are
presented in Table 2-3, Under .thesé conditions, the Rational Formula
becomes Q = CfC1A Although this approach doés not totally reconicile the
difficulties 1in répresenting volume of runoff by the Rational Method, it
does attempt to prédict more realistic hydrograph volumes characterist1c of
high-frequency storms.

The next step in determining the necessary storage volume for the detention
facility is to set a release rate and determine the vo]ume of storage
necessary to accomp11sh this release rate.

To determine the storage volume required, a reservoir trouting procedure

should be accomplished for each of the hydrographs with the critical storm
duration and required volume being deterfined. The 1mportance of the.
particular project should govern the type of routing utilized. For small
areas requiring repet1t1ve cdlculations; such as in bays of a park1ng lot,
an assumed release curve is normally satisfactory. For larger areas, such
as a pond in a small park with 20 acres or more of tributary area, a
" resérvoir routing procedure would be in order.

Figure 9-1, Modified Rational Method Hydrographs, represents a method for
small area detention analyses. The assumed reledse curve approximates a
formal reservoir routing in much the samé way the Rational Method Hydrograph
approximates a true storm hydrograph. The curve dllows for the Tow release
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rate at the beginning of a storm and an increasing release rate as the
storage volume increases.

In normal flood routing, the maximum release rate will always occur at the
point where the outflow hydrograph crosses the receding Timb of the inflow
hydrograph. For this reason, the design release rate is forced to coincide
with that point on the falling 1imb of the hydrograph resulting from the
storm of duration equal to the time of concentration for the basin, The
release rate is held constant past this point. The storage volume is then
found by determining the area between the inflow and release hydrographs.
Example 2 continues the calculations initiated in Example 1 to deterpine the
required storage volume. The equation for storage volume, Vg, in ft3, is as
follows:

V¢ = 60 D(Qp - Q) - (9-4)
where:
D storm duration, in min;

Qp peak discharge of the inflow hydrograph,
' in cfs; and
Qg = maximum release rate, in cfs.
Example 2
Given: Drainage basin and other hydrologic information présented in
Example 1,

Allowable release rate: Qp = 2.5 cfs

Required: Determine the critical storage volume.

Storm Storm Release Required
Duration  Runoff Flow Storage
(min) Volume Volume Volume
(ft3) - (ft3) (ft3)
8 : 3020 1200 1820
10 3480 1500 1920
15 4230 2250 1980
20 4920 3000 1920
30 5760 4500 1260
- 40 6480 ~ 6000 480

The critical storage volume is then 1,980 ft3 occurring for a 15-minute
rainfall duration. '

The limitations in the assumptions behind this method are evident. The
approach becomes more valid on progressively smaller basins. The procedures
should, therefore, be Timited to relatively small areas where no major
damage would result from over-topping or failure of the proposed detention

facility. Care should be used when applying this method to areas in excess
of 20 acres.
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The Colorado Urban Hydrograph Procedure for Storage Analysis

The Colorado Urban Hydrograph Procedure (CUHP) develops a hydrograph which
provides a reliable solution for détention storage effects. Procedures for
the CUHP provide the designer greater flexibility for the representation of
actual conditions to be modeled. :

The development of the runoff hydrograph is presented in Section 2 of this
Manual. A flood routing procedure may be used to determine required volume
of the detention basin. Several flood routing procedures are availahle in
published texts. The data needed for. the 'routing computations are the
inflow hydrograph, the physical dimensions of the storage basin, the maximum
outflow allowed, and the hydraulic characteristics of the outlet structure
or spillway. This method is referred to as the Modified Puls routing
procedure, :

After the inflow hydrograph, depth-storage relationship, and depth-outflow
relationship have been determined, they are combined in a routing routine.
The results of the routing are the ordinates of the outflow hydrograph, the

depths of storage, and the volumes of storage at each point in time of the
flood duration. :

The routing period, or time interval, & t, is selected small enough so that
 there is a good definition of the hydrograph and the variation in the
hydrograph during the period &'t is approximately Tlinear. This can be
accomplished by setting &t = 5 minutes, or the same time interval as in
the CUHP. : :

Several assumptions are made in this procedure and 1nc1ude‘the fallowing:
1. The entire inflow hydrbgraphlis known.

2. The storage volume is known at the beginning'of the routing.

3. The outflow rate is known at the beginning of.the routing.

4. The outlet structures ake such that the outflow is uncontro11ed and the
- outflow rate is dependent only on the headwater.

The derivation of the routing equation begins with the conservation of mass
which states that the difference between the average inflow and average
outflow during some time period t, is equal to the change 1in storage
during that time period. This can be written in equation form -

as;
1-0= oS 6t (9-5)

If inflow during the period is greater than outflow, then &S s positive
and the pond gets deeper. If inflow is Tless than outflow during the period,
then &S is negative and the pond gets shallower. Using the assumptions
made previously, this eguation can be rewritten as: ' '
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[1 +Ip - 01 +02 = 52 -5 (9-6)
2 2 Ot

Multiplying both sides by two and separating the right-hand side yjelds:

Ltz - 01-02 = 225 (9-7)

Rearranging so that all the known terms are on the left-hand side and aTll
the unknown terms on the right-hand side yields the final routing equation:

(In + Ip) + (257 -01) = (257 + 0p) (9-8)
At ot

However, the last equation has two unknowns, S» and 05. We need a second
equation which relates storage and outflow. If outflow is a direct function
of reservoir depth (as it is with uncontrolled outflow), there is a direct
relationship that exists between reservoir elevation, reservoir storage, and
outflow. Therefore, for a particular elevation, we have an answer for
storage and outflow (S and 0). A relationship between 0 and (25/ A t)+0 s
determined for several elevations and plotted on TJogarithmic graph paper.
The routing equation is solved by adding all the known terms on the
left-hand side. This yields a value for {25/ & t)+0. This value is found
on the Tog-log plot of (2S/ & t)+0 versus 0 and the value of 0o is obtained
from the graph.

The (2S/ A~ t)+0 versus O relationship is derived by combining the depth-
storage relationship and the depth-outflow relationship, as previously
discussed. This is shown in Table 9-1. Columns 1, 2, and 3 are tabulations
of the depth-storage and depth-outflow relationships for a specific
detention facility.

In column 4, the units of 25/ At and 0 must be the same. If 0 is 1in cfs
then 25/ & t must be changed to cfs. For a routing time interval of 5
minutes:

25 ac-ft x 1 cfs-day x 1440 min = 2915
5 min 1.98 ac-ft 1 day

Thus, 25 +0 = 291S +0 for &t = 5 min,
Ot

where: S has units of acre-feet, 0 has units of c¢fs, and 25/06t has
units of cfs.
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TABLE 9-1
Development of a {25/ at) + 0 vs. O Relationship

Depth Storage,S Outflow,0 (2S/ & t) + 0
(ft) {ac-ft) {cfs) {cfs}
(1) (2) (3) _ (4)

0 0.0 0 0
2 0.1 40 69
4 0.6 138 313
6 3.0 274 1,147
8 11.0 426 ' 3,627
10 32.0 . 560 9,872
12 72.0 671 : 21,623
14 131.0 765 s 38,886

The sizing of the outlet works for detention ponding is a matter of judgment
* depending upon the actual ‘conditions for the specific case. - The dasigner
may approach the sizing of the outlet works on a trial- and-error basis with
the objective being the optimum use of the available storage capacity of the
ponding area, In addition all ponding areas must be carefully analyzed in
regard to the major storm runoff conditions, In many cases it will be found
that the initial storm runoff should be routed through the outlet works with
only minimal ponding. The storage would then be wutilized to reduce the
major runoff, If other provisions are made for the major runoff the
designer may be primarily concerned with the initial drainage system. The

- outlet capacity would then be substantially less than the inflow from the

initial runoff. It cannot be overemphasized, however, that the use  of
downstream channel storage requires competent planning and design to avoid
the creation of an unnecessary hazard. :
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Section 10
Flood Proofing

Flood proofing is defined by Federal Insurance Administration as any
combination of structural and nonstructural additions, changes or
adjustments to structures which reduce or eliminate flood damage to real
estate or improved real property and sanitary facilities, structures, and
their contents. The Federal Insurance Administration has pub11shed ‘several
references to provide detailed criteria and des1gn ~procedures  for
flood-proofing structures. These references are listed in the bibliography
of th1s Section and should be consulted for detailed design information.

10.10 F]ood Proofing Requirements

Any proposed structures located within the 100—year floodplain should either
have the lowest floor elevated to one foot above the 100-year fiood
elevation or should be flood-proofed to that elevation. The 100-year
floodplain and correspond1ng elevations of the 100-year flood can be
determined by reviewing the Flood Hazard Boundary Maps and Flood Insurance
Rate Maps pub11shed by the Federal Insurance Administration and ~available
for review in the office of the appropriate agency.

10.20 Types of Flood Proofing

There are two basic systems for flood proofing for residential "and
commercial -structures. One system consists of the use of conventional
construction methods along with a total drain, sump, and pump operation to
keep water away from the lower portions of the structure. This type of
system is feasible 9in regions with soils having low coefficients of
permeability (clay soils). This system is termed the Drain or Sump ‘System
and is the more economical method. This system accepts the inevitability of
some infiltration from a high head of water into a reasonably economical
basement construction via the sump. The sump type basement protection
system is adaptable to Tow and medium volumes of inflow of flood waters
within the capability of its drainage and pumping system. This system fis
only applicable to structures having a grade line above the 100~year flood
elevation on a11 sides.

The other system utilizes a watertight wall and slab treatment for all
portions of the structure beneath the 100-year flood elevation. This type
of system is required for soils having a high coefficient of permeabi1ity
{sandy soils). This is termed an Undrained or Barge System and js required
where inflow is beyond the capacity of a sump drain system or where the
grade line of the proposed structure cannot be located above the 100-year
flood elevation. An undrained structure is designed to be watertight. All
openings below the 100-year flood elevation are equ1pped with flood-proofed,
watertight c]osures

Both these systems will allow flood proofing of structures up to 5 feet
above the bottom of the lowest floor slab. This height restriction is due
mainly to buoyancy considerations. Special design features will allow flood
proofing to higher elevations.

10 - 2



10.30 Proceduras

‘Several general procedures to achieve flood proofing are discussed- in this
Section. Some of these procedures, such as laying out sites and raising
buildings, are intended primarily for new construction which would represent
a proper use of floodplain sites. Other procedures such as those to keep
the water out or those to minimize losses if the water gets in, would apply
to both new and existing structures. - '

Site Layout

The practice of "clustering -buildings is prevalent in ~ planned unit

. developments. This clustering permits buildings to be attractively grouped

on parts of a site which are above flood levels and reserves 'the Tow-lying
sections as landscaped green areas and parking faci]ities.

Where natural high ground does not exist, sites can be raised by filling,

providirg the fill does not interfere with the flow of flood waters. {i.e.,

the structure is not Tocated within the "floodway").

Flood-proofing measufes'can be designed to blend with the overall appearance
of a structure. When this is done, a structure's appearance can he
preserved and in some cases even enhanced by flood-proofing.

Elevated Structures

The practice of elevating a building on "stilts" to provide an "open" effect
at ground level can also reduce the flood hazard. If some means of access
is maintained and utilities can continue to function, activities would not
be interrupted during floods.

Where land is at a premium, as in central business districts, buildings are
often placed on stilts with parking facilities on the ground level.

Waterproofing Structures

The design techniques discussed above either achieve flood-proofing through
site planning and development or incorporate flood-proofing in the initial

construction of the buildings. The Tocation and environment of structures-

in urban areas may make these solutions ‘impractical. In these circumstances
the building owner, architect, or engineer is faced with a job of designing
flood-proofing measures - for existing conventional buildings which are
exposed- to flood water. These flood proofed buildings can incorporate many
contemporary design features such as large window areas, pedestrian arcades,
open floor space, and curtain wall panels.

In designing new structures, or in altering existing ones, thought should be
given to the use of recessed flood shields which are normally hidden from

view, but can be easily lowered or slid into place upon the receipt of a

flood warning. Such shields also escape the danger of being misplaced.
When flood shields must be mounted on the street side of an opening, the

brackets to which they would be bolted can be concealed with easily removed
aluminum strips or "skins."
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Internal Flood-Proofing Measures

Owners of buildings which are subject to flood but cannot be easily altered
to keep the water out can consider the use of water-resistant construction
materials to reduce flood damage. Even owners of flood-proofed structures
generally able to withstand flooding would also be well advised to consider
the use of such materials to reduce Tosses when flooding exceeds the
protection level. ,

10.40 Engineering. Aspects

Flood-proofing to keep the water out of buildings falls, in part, within the
province of the structural engineer. When flood waters surround a building
they impose loads on the structure and substructure beyond those it normally
is designed to withstand. A determination of these loads is a prerequisite
of flood-proofing efforts.

The following paragraphs discuss some of the more common structural problems
that could be encountered. Because of the complexity of these problems,
building owners who are contemplating flood-proofing should engage the
service of a professional engineer who has a working knowledge of structures
and who has had experience with hydraulic structures or flood-proofing.
This is necessary to insure that the flood-proofing does not worsen the
problem by creating structural damages such as ruptured walls and floors in
addition to the damages resulting from water contact and disruption.

Structural Problems

~ The forces which would act upon a typical building under conditions varying

from normal {nonflood) to partial submergence (flood with and without
subsurface or foundation drainage) are graphically presented in Figures
10-1, 10-2, and 10-3. The building cross-section shown is considered
representative of that which would be commonly encountered in a
flood-proofing program.

Loading from Structure and Contents

The weight of the building itself (masonry, concrete, steel, wood, etc.),
known as dead load, together with the weight of its live Tload {furniture,
machinery, merchandise, occupants, etc.) will normally  be transmitted
through the roof and floor systems to supporting columns and walls and
thence to the foundations. These loads generally are transmitted directly
to the supporting soil.or bedrock under the foundation. Loads of this type
will normally be unaffected by flooding and will have the same value for
both flood and nonflood conditions. o ' '

Restraint from Floor and Roof Systems

Flooding produces large lateral forces on the structure. These forces will
be resisted by the building walls, floor, and roof systems. Many commercial
and industrial buildings are designed and constructed in a manner to provide
adequate connection and anchorage between these systems for support and
structural unity, but each building must be individually evaluated and
strengthened where necessary.
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Most residential and many 1ight commercial and industrial buildings,
however, do not have the necessary anchorage and would require modification
to provide it. This would involve adequate transverse bridging in addition
to anchorage into the walls around the entire perimeter. Steel angles
bolted into both the floor system and the walls at their juncture would be
one method of anchorage.

Resultant of Nonf]ood'and'F100d Loading

The nonflood loading is the force exerted by the soil backfill upen the
wall. These pressures depend upon the physical characteristics of the soil
particles, the degree of compaction, the moisture content, and the movement
of the wall caused by the backfill and foundation deformatfon, if any.
Where the top of the zone of saturation (water table) is at an etlevation
above the base of the foundation, the pressure on the wall and floor slab is
due to the bugyant weight of the soil plus the full hydrostatic pressure of
the water. When a workable subdrainage system 13 provided to Tlower the
elevdtion of the water table, the pressure on the wall will be reduced. The
degree to which the water table can be Tlowered will depend upon the
permeability of the soil and the efficiency of the subdrainage system.

Flood loading without subdrainage is the force of the full ~ hydrostatic
pressure of the water above as well as below the -ground Tline plus the
buoyant weight of the soil. As schematically illustrated in Figure 10-2,
the magnitude of this force can be considerably Tlarger than the force
developed under nonflood conditions (shown in Figure 10-1 for comparison).

When subdrdinage is provided, the flood loading is reduced. However, in the
case of an existing building with anm existing. unmodified subdrainage
system, prudence would dictate that no load -reduction be  assumed.
Subdrains, where already installed, are generally provided only to intercept
seepage and control uplift on basement floors due to groundwater. If such a
subdrainage system were to be modified to attain a known degree of
effectiveness, a load reduction could be determined. Obviously, for new
construction the subdrainage system can be designed and constructed to
afford a predetermined degree of reduction of flood loads.

The magnitude of the flood-induced forces that will be encountered is
indicated by the fact that a one-story brick building (3-5/8 inches of brick
over wood frame) can be expected to withstand no more than two feet of water
above the ground line providing the wall is in good condition. For brick
with concrete-block backup, this height would be somewhat greater.

Subsurface Drainage

Groundwater conditions may adversely affect the stability of a building or
structure either through uplift which tends to “float" the building or by
erosion which can undermine the support. Investigation and analysis of the
factors involved at any specific building and the design of control or
corrective measures are endeavors requiring the attention of a professional
engineer. ' _ _

Groundwater problems can be controlled by the 1nsta11atfon of subdrainage
systems (Figures 10-1 and 10-3) to reduce the Tlateral forces on the
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foundation walls and floor slabs. Experience has shown that the composition
of s0ils in a particular area can vary widely with extreme ranges of
permeabjlity existing in areas of similar geological origin. Such ranges in
permeability call for careful investigation and analysis. The design of a
subsurface drainage system must be based on the results of soil
investigations of permeability and analyses of structural strength.

A sump and pump system can be employed to help protect the subsurface part
of a building. The pump could be designed to accept storm and seepage flows
and pump them to a point above the flood waters. The sump should be open to
the soil at the bottom and to atmospheric pressure at the top within the |
basement. This would provide a fail-safe feature, in that power or pump
failure woyld allow water to flood the basement and thereby tend to balance
the outside flood-induced pressures upon the basament walls and floor slab.
As an alternative, a prearranged program of deliberate flooding with clean
water could be employed to minimjze the cost of clean up after a flood.

Seepage Control

Foundation walls can be - made watertight to minimize water infiltration
through cracks and crevices in the walls. In buildings under construction,
this can be accomplished through the use of waterproof membranes and seals.
Construction joints can be protected by the use of a neoprene or other
similar waterstop. Existing masonry or stone foundations are more difficult
to waterproof, particularly if the mortar joints have deteriorated with age.
" Sealing of walls to prevent seepage can be accomplished 1in many cases by

coating them, preferably on the exterior, with hydraulic cement, epoxy
paint, or other similar waterproofing materials. :

It must be recognized that sealing and waterproofing of walls increases the
hydraylic forces acting on the walls unless the drainage through the walls
which is afforded by the cracks and crevices prior to sealing is provided by
other means. Sometimes the wisest course would be to permit the seepage
through the wall and then contrel it by a floor drain and sump pump.
Existing cracks and leaks in walls sometimes can be the most practical form
of drainage to reljeve pressure. In some cases this drainage can be
supplemented by holes drilled through the walls. Structural and hydraulic
analyses of alternative designs and associated cost estimates will enable
the designer to choose the most suitable means of controlling seepage at a
given building. ' -

Sewage Backup

Most existing subdrains, whether connected to sewerage systems or not, are
subject to backflow and high pressures during floods. Since these high
pressures could burst the wusually encountered clay pipe subdrains and
endanger basement walls and floors, some device such as a gate valve must be
provided for isolating the subdrains around the building from these high
pressures.

There are several alternative methods for controlling backflow throtgh
sewers. One method would be to install a main valve at a location where the
sewer is strong enough to resist the flood-induced pressure and where all
possible reverse flows can be stopped. See locations "A" and "B" in
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Figure 10-4. This valve should be designed to accommodate grit and other
materials which could Todge in it. .

If the pipe is of sufficient strength, an alternative would be to ‘install
separate valves on all basement fixtures and floor drains (Figure 10-4).
These valves could be inflatable rubber plugs or a similar type of
mechanically expandable rubber plug. Valves designed for low pressure (20
psi or less) could be installed in drain lines of fixtures which are below
design water levels. In either of the above alternatives, it would be
necessary to provide adequate sump pumps to handle any leakage.

Figure 10-5 presents another alternative for controlling sewer backup. This
alternative provides for conveying all floor drainage, applicance drainage,
drain-tile flow, and any seepage that might enter the building to a sump
pump. The pump would 1ift the drainage up to an elevation above the design
flood on a permanent basis. By thus eliminating all gravity sewer drains,
the problem of flooding backflow can be eliminated and a subsurface area
permitted to function during floods.

Structural Engineering

The highly technical and thorough nature of the investigations and analyses
required in the design of effective, safe, and reliable flood-proofing
~measures for both new and existing facilities cannot be overstressed.
Construction or modification of subdrainage systems without such
investigation and analysis . can result 1in a situation potentially more
dangerous to life and property than no flood-proofing program at all.

The large number of factors and the potential magnitude of the forces
involved make it impossible to design flood-proofing measures by intuition.
Such an approach can lead to loss of property and even life during a flood.

10.50 Flood-proofing Operations

Any 1individual or organization undertaking a contingent or emergency
protection program must have a standard operating procedure to carry out the
flood-proofing measures when the need arises. Some buildings can be secured
in a short time while others may take considerably longer.

The flood-proofing system should be designed so that it may be put into
operation as quickly and as simply as possible. Flood shields, doors and
hatches may have to be handled during the most adverse weather conditions
{perhaps during the storm which causes the f]ood) S0 Jightweight metals
should be used wherever possible.

Flood-proofing items 1nc1ud1ng bolts, gaskets, caulking, timbers, and flood
shields should be stored for easy access. The larger items should be stored
close to the point of insertion and in such a manner that they can be easily
s1id or dropped into position. One lost or improperly mounted flood shield,
or the failure to isolate a sewer can defeat the best flood-proofing system.
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.BaseMent Rooms

Newly designed buildings may have machinery located on upper floors but most
older structures have the electrical machinery and the heating and pumping
equipment on lower floors. It is these lower, subsurface floors which first
experience flooding problems from seepage and sewer backup. Flood-proofing
systems requiring pumps, electrical equipment, and emergency generators as
an essential part of the operation must be kept in working condition
throughout the crisis.

When buildings have entrances to subsurface levels from ground level, these
entrances should be adjusted to prevent the entry of overland flow.

Utilities

When flood-proofing a building, provision should be made to eliminate the
- threat of flooding by way of gas mains, sewers, conveyor systems, and water
pipes or drain tiles which enter the building. Check valves can be
installed in utility pipes to protect against this source of flooding.

If sewers are to be jsolated, they should be constructed of pressure pipe.
Otherwise the pressure in the line could cause a rupture.

Fuses and circuit breakers servicing flooded areas should be clearly marked
and easily accessible. Electrical circuits serving lower levels should be
designed or modified so that they can be cut off if flooding begins. This
will protect against fires and Toss of life due to electrical shocks. As
another precaution, valuable electrical appliances which cannot be moved
should be disconnected at the unit to prevent short circuiting and damage to
their power components. :

Wall Openings

Windows and vents both above and below the surface should be sealed to
prevent the entry of flood waters. They may also need to be reinforced.
The walls should be strong enough to support the pressures added by vent and
window reinforcements. The wall should also be treated or constructed to
prevent large amounts of water from passing through it.

Residential Homes

Residential construction does not Tend  itself readily to flood-proofing
because of the extensive use of materials that do not impede the passage of
water. Moreover, houses are seldom des1gned to withstand any significant
horizontal pressures.

In most cases in which an owner has purchased a finished house in an area
subject to flooding, his success with flood-proofing will depend on whether
flood stages are low on his property and whether the outer walls of the
structure are reasonably impervious. Under these conditions flood shields
can be designed to restrict the entry of water through openings in the
walls, providing the walls are strong enough to resist flood-induced
pressures. An effective flood-proofing program must also include measures
to cope with sewer backup and groundwater seepage.

10 - 12
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EXPLANATION

OO~ P WR

Permanent closure of opening with masonry
Thoroseal coating to reduce seepage

Valve on sewer line :

Underpinning
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Machinery protected with polyethylene covering
Strips of polyethylene between layers of cartons
Underground storage tank properly anchored
Cracks sealed with hydraulic cement

Rescheduling has emptied the loading dock

Steel bulkheads for doorways

Sump pump and drain to eject seepage

Figure 10-6 Flood-Progfed Building
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Homeowners who have suffered severe basement flooding should consider the
relocation of furnaces, hot water heaters, washers, dryers, air
conditioners, freezers, refrigerators, power shop equipment, and other
appliances as a permanent flood-proofing measure.

The flood-proofing of a structure is analogous in many respects to making a
ship watertight and seaworthy. Flood-proofing involves not only adjustments
to the foundation and substructure but also modifications of those parts of
the superstructure that are below anticipated flood levels (Figure 10-6).
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Section 11
Erosion and Sediment Control
Erosion and sediment control are discussed 1in a manual -published under

separate cover. Please refer to the current version of the City of Casper
Erosion and Sedimentation Control Manual.
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Section 12
Design Examples

The following examples represent a simplified version of a typical
Subdivision Drainage Design. The examples are intended to demonstrate the
specific design method presented in Sections 2 through 11. These examples
also show the interrelationship between the various methods in design
applications. For a detailed discussion of these methods, consult the
appropriate sections of this manual and their respective bibliographies.

12.10 General

A developer owns 300 acres which he intends to develop in segments over the
next 10 years. The first area to be developed will be a 30 acre tract
containing 20 acres of single family residential Tlots of approximately
11,250 square feet and a 10 acre shopping center,

Due to limited resources, the developer intends to use stormwater management -
techniques to 1imit runoff and minimize his overall expenditures for
drainage facilities.

Figure 12-1 shows the drainage basin, the proposed development, and drainage
facilities. The drainage plan utilizes a detention pond to reduce the peak
runoff from the majority of the basin, thus reducing the size of required
trunk sewer through the proposed development. The proposed shopping center
will utilize parking lot detention and roof storage to reduce peak runoff,

Figure 12-2 shows the proposed residential development layout, with
appropriate dimensions and design street grades.
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PROJECTS

SUBJECT

COMPUTED_________ CHECKED DATE PAGE_ {2~ /4o

Ikt ina 9o  Coerditior

lritial  Storm  Grevie rled
' Katie Way
Cofvezr Ao ners ks Condo e PE sy 2i1id
erterry (0037
Toter/ ::“//1-"7,’//'7&7\.:7 e £ = =R S A
Te% to firet il

Find o ket Fop e el Srze
I Total  jrornaof
C’? = C//ll
= OBZX F.02 X B2
- 3.8 c//) o 2.7 cts for 7[ /r
2. Capmc/ﬁ/ of (24" 48") groate /'f"?/él'/f}
R =20 x prd "’

EBpo o x x 0.3 °F

&/ = ./ cfs (OK')

ft /

S

iy

A et



PROJECTS

SUBJECT - | C

__} COMPUTED . CHECKED.,.. DATE__ PAGE/Z-/B _oF

nitial  Storm  Cort- Operrirg /el
/. Capacity oFf curb -opening inlet, W= “Z"; a=2"
Iry standara 4/ et

Ge .0 L, "7 gy co.4e’ (o34 2")

i

B.o(4)(0.48) "%

= 4‘:07 cts (Ok)

Mo  jOr Sform

|, Provide for the passoge of the /00y r,
Food CQroo) From Sag Arca

Qreo= (CY (1Y CAY (cF)

Ruwe = (052)&e36) /'?JZ)(.l-'Q%)?”?-C; etfs  eqg1z-)
Z, Bubtract otorm  mewer oSesin  aapanity
1.6 C{‘) - =, & C’Ff) g ‘3‘.7 :'_.'7‘0 o=, | M L/f;:.'[‘ YO c;ve/*/qm/j

3. Try Froperky Line swale with z' bottorr c?r)c:/
B | side elogpe and | foot depth. ‘
for c/ &7 52 0,01/ Hh= G027 ‘ ( -
A= 11566 r= 03k s b
R A N e T
' = &1 e ( gzhc:mme/ Qﬁf_) CC? (7-1)



PROJECTS

! SUBJECT

i
f

COMPUTED CHECKED

DATE PAGELZ=LE OF

L JL 40 Storm sewer design

Given: /Inlet |ocatlons as previously defermined
Buprof¥ coetficiernt @82 r%0.0/03

Crainage areds a3 ghewn below
JT " Ml rmurn fOE SrEe
/o= tyear 0/63’/"9/2 ﬁ’egaeﬂa/

End: FHorm sewer sizes For Michgelrs Eoad

L

//— —T T \ \\
/ \ /g2’ \ | 8o’ \ /80’
/ AZCac ©rbbae 060 ac 0:68 ac- \
/ -‘ 2% \ 2% z% 5
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417y faterats ;| 5= 7 2% |
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N /o L -
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ELLISE =w.2l  ggv2ee W,z | €bH'vIse=uUl .27

F0' BZec=+0 '/132,G5/
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PROJECTS
1 susJeCT _
COMPUTED_._____ CHECKED DATE PAGE/2-/ 2 OF

1250 Detertion Basin Design by 74 Colorade Urbas
/%rf.?/ra > 7t o7 Frvcedyre.

b ardes To lonh the ameount of runof? £ /::w/:nj
Fhrovgh Ao rfanred deelompment, P s 722152177/ 00
He size of the Frunk Sewer, Fhe developer Aas
aéﬂcxi:?éo/ 7. busss o sverrt HETerr Biom /:xwﬂa*" @ e
Fhe  subabvision,

7he q/e'ye’ré/m’r SIS ﬁpp/‘ﬂ,{’/}?m?fé’/?’« oo acrvs  of e
T)E ACre a&ﬁ/ﬂﬁ;yp AT o) ﬂ#/ﬂ /}/; f/ _{5,? >j/r'e’ U’é’?’i;/ﬂ r’é.’;:m
pond, A of he wrea S5 cwrenily devpled o

L gra3 /‘/7,5/ SV e, A Ak Hhe /f»ﬂf:“: SO gears,
e develower prll Lo s Frue 7 g D Fatrrrer e
Avsiamrs,  beY wy /7 o Frermps?  Fo puaie fuin K

t?k‘/-EF'?ﬁf‘fﬂ 0}1?‘»’»”7;",'7 & D LEEE S Fhe s f;&»;?ﬁ//zar/’/’ e oy Fress,

A &I ff /‘-*Hcﬂ’/éy);w/‘? I PRy ’
chansng, and Yy ?‘/Mﬁ ol moderale chapne/ vege Ao
ey ﬁ‘a;}-ﬁafecﬂ

fowever, 5/0 @ares o/ e A, '/?4:7:? ST FE o
apwfsfec?/ é‘y };//&? 02?’%%}5:{-'/-: , 7)‘3«7?/??7‘2;/&3 e # ;r.g-aa‘f'%‘

/ﬁe .f?éi/é/mf)p/;”f@‘?/ /(}f’/;?j’/#'& ez o Lo s [ ol ¥ Hpee
.ﬁf’M?)"{gf ,4%“79: e 6;’ s/ ar u,’/ 7“‘7@9’? Alese /,'7,:'47/:-7,;:‘{

/7[ /8 /é'«.w'};’f’:/ 7%:&::‘74 cid FOHE S e Fopod Cl'/ P ‘
ﬁ?‘zme /ﬁ,};;‘x"&??n:ﬂi?#'/ I o Suilar Fo Aisce arﬂf’xf’,')“-;, c‘)’é; Vé’/é})/:@(.r.?;
Thuethe enlice acew v considere. for LTMA cenidenial
dendagment condilivn.




Project __ : . Computed o
/219
Subject Date Sht. Of

-

Given: Drainage Area = 7/0 acres (111 mi %)

| Length = [ 94 miles |
L@Hq'/"h 7['4? (.:f:n'/‘r"oid = CD*?? J:Jwr/@.g;.
S/o}je, = O-04E, ﬁ_/(.lu

Lamﬁ’ wse within p/am':ec/ developrent
~t HOCO acres
a. Residential 55 % (12,000 s.F. avg. sige)
L, Commercial "5 % o
¢, Streets | 5 %%
d. Openy space 25%

Find : Developme nt irmperviouspess -
Natural and ultimate (O- year peak disahmrqag
U/'IL/'”’JQ'H'@a IOO-“yeQr pfakd df’%hdfseo £
Unit-and <terml hyd rocyro phe
Require d =torn gé | (

L s o srieo, A

-
kS

L e Talle &4

Kes, BLE % » BO% =  J4-5%
Corn. 5% x 5% = 437
o /59 /A = [50%
Cj}&!g,&; S f;’é, " f; ::’: = /3 %_

Ultinate 10-year and (00-year peak dlscharges, uniT
h yc/r“o\g raph, and storpy hydrographs .
f = Gy les | |
Lp= 099 rifies

S OOq4E o
e / v
A= IS i |
T= 37 % __ (

2. From F}g.Z*-ﬁ =047 fr I=37%.



/0.

Project . ‘ Computsd

Subject Date sre 2400
Adjust G Ffor C= 0045 £/
L, = 048 (0-47) (0 045) o
C, = 042
Find to. t,= O 42 [(1-94)(0-99)] o3
t, = O 5/ hrs
Find Co. Cp=089(042) o9&
Cp# OGO
Find Gp. |
Qo = CFC(Cec)()1))/ 051/
9, = B3F cfs
Find Tp. o= O5//+ O0#2
o= 0553 4= |
Find #. z = 0992 (060)(0553)/0-5//
z = 0 GHd “
Ff?:m-f /:/9 276, =277 for == O o -

Vse =23,

Eind unit Aydregraph .

/= JT/T;D)LL)

7 = ?P(T/Tp>w@ ‘



rrojee Computed

/2-2 1

Subject : , ___Date______ Sht. Of (
Tlmn) T/Te  9/9p g (cfe)
@) O-00 - OO0 _ O
5 Ol 5 O-O4 26
/o 030 022 B4
/5 045 047 29 ¢,
20 06O 072 598
25 075 089 45
20 090 098 g2/
35 |05 |00 830
40 1-21 094 787
45 126 085 712
50 151 075 622
B 1o O.03 527
0 1.8 052 435
5 196 042 353 | .
Jo 201 034 280 (
75 226 026 220 |
B0 241 020 170
A5 256 016 | 30
aoc 270 02 98
a5 2.8 009 74
(OO - 30  O0O7 55
05 316 005 40
(1O 332 OO03 29
15 347 003 2|
120 362 OO2Z 15
1265 2777 O-Of [/
120 292 OO0l &
125 407 OO/ 7
40 4-22 OO0 4
|45 4.37 000 O

/). Find ultiziate [0-gear and 100-gear rqinfall xcess an e
57%19/’ Iz /?}/(/ Iy &j /"‘,:7/5 AT i |
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Project

Somputed

Subject

1724
Date Sht.

of

M’wj the method cutlined i fz/é/f 2N
(Itirnate Conricd s 21o v <

Tlmind 2= Year (.Ccfs)  lap-year QLcf?
g | O | O
A O /
10 3 7
/5 9 /7
20 2/ 42
25 45 T
30 /07 2720
35 /95 402
40 294 O/
45 284 777
50 45/ G 3
55 FBE D
&0 47%- 973
&5 474 30
70 435 5 B
75 SEC “]57
&0 332 052
55 Z79 547
q90 729 250
95 /|85 263
[CO )+ 285
105 / /5 2o
/10 BE /74
/15 =5 /33
120 51/ /O)
/125 A& VL%
/Z0 25 5
/35 z/ 4/
/40 /5 1%
/46 /)] 22
/50 5 S
/55 & //
/60 4 =
/65 Z 4
/70 / 2
/75 -/ /
/BO /



Project : i Computed

1z~ 25

Subject Date .___ ... Sht.

Na%a/zy/ 1O~ year: ak diecharge cmz;‘h 7ls /4 47,
- and /%@f‘f}? (//a m* F) g 4 4 /p
/L= / ? Yon A= ) )l o=

L, = OFT7 /’)’)//cf(

= 004"‘ ) FS

_Z: =5 CD 0

2. From F?y, 2-F (= /12 fr IO %
Adjust Gy Aor ©=0.095 FHFF
o= 0:98(/12)(0-025) O

W\

o4&
4 Find Cp. Cp= O-89(1-00)

5 Find t,. t,= 100J(1-99)097)] "
:/2/) = [ 216 Jirs
& Find gp. G = @tO(O-B7)111)/ /216
Dp = 520 cfs
7 Find To.  Te =26 +0.042
Tp = /258 hrs
B. Find #. # = 0992 (0 89)(1258)/ /216
7z = 0912 | | |
T From | Fig 26, w =59 for z=09/3

| (e (= 5



Project i : Computed
1226

Subject Date She.___ OFf

0. Find c‘m_/%, Y yc/ ragé'-w/w//;’ .
- w (=T T ) e

7 90 (T/70"

Tlmn) T/7e. 4/90

o} 0.00 Q. OO0 o
5 0.07 O.00 O

] O O3 Q.00 /
/5 O.20 0,02 7
20 0.26 0.05 25
25 O.33 0.1/ 5HE
20 OR 0,2 ] [ O
35 O.4¢ .3 / 5
40  O0.53 O. 44 2285
4.5 O. 60 O8] 277
50 O.¢¢ .69 256
A5 .73 O.E0 4/ &
&0 C.79 0.88 457
&5 O.86 . 095 475
70 095 0.9 513
75 o.99 .00 520
£0 /. OG .99 5 (&6
&4 /. /3 0.96 500
9 . /.19 09z 480
75 /.26 0.87 450
{00 /. B2 0.8/ 47/
/05 /. 39 0. 74 583
/7O /.46 067 246
/15 /.52 O- 0 313
/20 /.59 0.53 277

Since the duration of ramnfall excess /s
only 25 minutes, 1hic shiculd be
adéquate 1o define the peak of the
stofm o, +rodcy? a /1)// . Find siaturr! / &‘“fff?’(?;’r""
raintall excess and peak discharge .
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Projsct Computed

/2-28
: Of

Vé/ﬁﬂ the method sutlined in Table 210 -
| Tloiny.  Matwal Cuditions a0 year & (c7s)

75 ~ ]55
EO | )59
&5 - /59
90 | /56

7774/'67[0/':3 Hhe  patural //)*yfﬂ/’ /Oc%é' /%ffﬁ:f-/f’d/gj&
5 (59 ctfs This willT be Hhe farge#‘pmé'
0[//71’75/00-3 ffam cdeterytier 6‘7(”-1"&9&5’; .



Project Computed

/2-29
Subject i Data Sht. Qf ( g

| Detention Ba=irn Outlet Werkes - ((Ka;r‘/g ke ?

£l 5529 Top" of dam

£l 5524 5p|'Hwélg C;r‘efnf .

£l 5518

/. .'/Dr/'n.m?aq/ outlet 487 o p
o | = 005 /E = 5855/8

2. Eﬁ?zr“ge:ncy S/Ul'//way . b=/2 /E#""'ﬁZ“}L . (
. | S z-5
= 0 -O4 From Tab/@ T2 Az

ptznf"/y mamﬁamcd. grass channe |
2. Shiﬂe” chrcslgc., doﬁq .

LG msl) Aveatac) sty Depth (8] Vol ) %wa_z&f

5518 / ' . 0
_ /5B -2 3
5520 2 5
| 35 2 7 |
5h2.2. 5 | [0
, 75 Z. 15
5524 1O 25
15 2. 30
5526 20 hey
35 2 70



Project

Computed

12-30
.Date . Bht.

SBubjact Of

4. ~)7’ﬂgc: - dffér//mv)@ gata
A M/@/r .w/z//o/ ﬁf mn’/ﬁ/ /J//JC 07‘ E/ 5520

Qu * cou'C e =31, P 2 fp (Hective.

/o.frmlcﬁjc?r) du:/ /é/ 2 ‘f? (4?-*/)
Gy = 17 fs | |

B. Orifice control gt oullet plpe 7%}‘ £f > 5522

R, = CAVIGH, wherc: C=(11+ 0-026L.47"%) " Z o
for bevele d- Cz/g?rf Ref; A= 477’5
| and 4 =£/ - 5520, €@ (F- Zi
R, = E5 VH, : ,

C. (p/pﬁ centrol a? éy‘/’/@?‘ /D//bgz,. for E/. 2 5522
Qo= AVAgH/ (1 + ket ky t kL) cg(9-3)
w/)t?fe ; /{ 477{1 7[/‘ f *’0? ;:_’Jf"‘
beveled - edged ﬁ:’cf kéwO

kfz /55;72.:/‘/33« 0005/, Grc!
H o= EL — Tallwater E/

T
.-: 22 V /‘/ ] {A%ummj tailwater does /M?‘ Cn/)ffﬂ/)
D, Cr/f/ca/ Flow at Q/Q////UQJ Sy £/, = 55‘34“

Qg -—5087(64 Z//eC)He(

'J'

~/ 33

u.z/.é’rc : /‘/s/(/v“ 4315 °L. Hec );
Hs = r/ m55z4) b= /2J gnd Z=3,

V, = 463 VHee and S &t /[Q/(b+ 2 He.)]

where: Ve = critical ve /ac/%/ (Hrs) 7 andg

S, = critical skpe in ex/?
charnnel (v‘?’/fﬁ)

a22



Project i i Computed
/-3¢
Subject . Date Sht. Qf (

Assume exit channel 15 at critical slpe for the
upper range of spi //Lb’d\tj 4 z'fj@ﬁ'c:zrﬂﬂ_s,

ZMWW@ Qus L) Qalels) @5 lchs) “Gupms (efs)

5516 0 | - o
BE20 VZ | /4

55’2.2 /20 _ /20
5524 N 0 170

5526 | 2i0 130 34O

5528 - u40 550 - 790

5. fmﬁcﬁ the wltimate O~year Auydrs, rg/c')/? ‘/Alr()oi?/)
the basin, Cogygja’er'a/;/j the.. outle i pe. drsch rge..

Results i Feak discharge = /63 cfs = /5T ¢fs (oK)
| feak elevation = 55237 < 56524 (o< :

See tabular Fou#‘fnﬁ. Pz -33

6. Route 1he wultimate 0-year % (fr&jmy)}: ﬁma.ﬁ/y
- Jhe basin starting at El 5524Y This is dore
by 6{1&“/??7(7‘//7\7 20 acrz-feel Fom each Storage
value.. Assume that the outlet pise /g clo g(/y o
with debris [{fj CONT??K/W“!?@ cfw/cj fhe. ﬁﬁ‘x’//mm Y
df:—f;d/mrqe. o | -
Kesults :  Feak dischariqe = 265 «fs | o
feak Elevalidn = 55266 < 55275
' . - COK) ( |
See tabiular /zfmr/“//-;:c]. R /12-33 o .



Project Computed .
/2-32

Subject Date Shit, af

7. Mow That bert e 570///%;;;7 crest and 7op-oF -dan
ERVATIONS fave Lecy) ofTecked, route he
ultimate l00-gear hydrodgra /)A through 1he
5/;4/0%}/ basin.” Use belh' e outlted pipe

and 6/:7////,wzy dise i e <,

Kesults - feak discharqge = 30/ «f<
feak elevatisry v E575.5

This peak discharge /s bsed 4 fhe downstrecn
Zha e/ a/f?f:’i/j/’?- |

See tabular fc?cx*/’ihg—- R /2 -3F

8. Determine sSlepe of et channel . Use V4 of
7he peak discharge frem Slep e (45 <f3).

QR =265/ = el oI5

L 067
o 66 ,
Hﬁ(_ = [ 23 ff = [3-0&&(/2««3(/-23)) (éy f'rm/dmc-/ermr)
, g |
214 (Go® = 0025 fH/ft

S :[Q@ 12+ 3(123)] 577
7. Check critical veie /“/{,/ at 265 cfs .

07

_ ’ ‘ ,_ 2@5 : . YT ..
/%c: 2:@5 4t [ BOBG(12 473 (2-05)) (bﬂ trialewd ero27

Yampamassaord

\, = 4-63VZG5 = 75 fpe |
( lg—liﬁh,. but 1o very. unti kel Y “i'_ao mmr)
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FLOOD ROUTING EY N
NDDIFIED PULS

THPULMOME T | KATI FLOCD ROUTING BY
: E PARK MODIFIED PULS
DISoHRRFGECDES & ITORASD RS T T e
T INPOUNDMEHNT - KATIE PARK
Bom £ 3 :
14 a 14 DISCHARGE (CFS) GTGPHFEfHFﬁ
P20 & 12 .43 @ @ meme e
179 69 2E 0
ER TS e 5 @ 0@ 6. @
TAn | AR 105 0 130 68 3.6
. S50 .00 166 .8
OISOHREGECIF: - ToaAT+RM : )
e DL DISCHARGE(CFS Y c/uT+nf2
i, B
14 3@ @, a0 g.000
CER G 136 .69 4422 743
RRTCETE S50 . 89 14806.610
Iio R _
40 Ga T(MIN> INFLOWCCFS) OUTFLOW(CFS)

e e —— y —  — — — —— T b vt i —— s e

TS e a B G.Sa
) L& S

) 6.8 e.a 19 G 1
3 2.0 0n.a 15 2. I
1@ Q.6 .2 zZ0 : o4
15 21.09 LT 25 a 4
2@ 45.6 1.8 30 e PR
25 197 .9 4 2 35 2 g0
28 135.8 o8 48 £ T
33 294 @ 211 45 &l TE4
48 384 .6 92 .6 S VB T
43 451 .8 88.7 5 ] ey= T
=] 488 . @ 121.5 L) i I
55 433 .2 128.9 55 LA S VIR
R 474 .8 137 .9 Ta et tRT.A
55 - 435.8 1453 .1 7o FEY .9 Zilon
74 386.9 151.1 26 [T IR
7o 332.8 155.8 8s S47 B ok L
ga 279 .8 159 .2 ag 4508 ala :
385 2292.8 151 .3 a5 eI A SRS E
o@ 185.6 162 .4 186 & 264 T
25 146 .4 162.5 165 : | a4 4
led - 11%5.@ 161.7 116 IV B mEl &
185 g88.9 158 4 115 1332 .@ 257 d
118 8.4 158 .5 12¢ 181 e 2= T
115 51.@ 156 .2 12 T It
124 3g. @ 33.7 1328 SE LA 257 @
12 28.9 151.8 135 41 A 2
128 21.4 149 1 148 a0 i
13 15.8 145 .2 145 ERC i
148 11.8@ 142 .2 15 16 & SEe g
145 - 8.a 139 .1 155 11,4 - B
158 .8 136 .1 168 2 A TR @
155 4.0 133.2 165 4.8 1ET 5
160 2.4 13a_2 178 2.8 1ve =
165 1.8 127.3 175 1.8 1wa |
178 1.8 124 4 ige 1.4 lez 7
175 Aa.8 121 .6 185 i 185 5

VOLUME STORED =. 22.8 (AF)
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FLOOD ROUTING BY 0 - routin y2-39
MODIFIED FULS /10 yYr J

IMFOUNDOMENT - KRTIE FRRE
DISCHARGE (CF G STORACECAF

CBE & @
. BB 2.8
.BA 1@ @
.a@ 25 .6
.aa S50

L = o e
Rl 1

i fa b

b
B, 88 125 4

ODISCHARGECFE: SoLTAR 2

T e e e

: 8. Ba B.aGa
l 14 . 88 342 209
1 128 &/ 1312 006
1749 . aa V15 . 666
I8 @i S1S€ . oo
=t 123545, 884

TCHTIHY THFLOWSCES QUTFLOWCCFS

&= G . & o
bl 1./ (5
ik V. a 1
15 19 & L5
2R dz @ i s
o) S5 .A 28
) ZrB . A
] 482 .9 2.8
40 91 6 T
45 FYY A 127 4
S A3 B 1722 .7
59 FEE . B I
EA ATI @ 126 4
6 3TE .8 2RSS
A L S 236 A
Pl FEF B Z5V .2
Sl R ICE =74 3
a5 D4 F R 2a8F . 4
QR 3] S G L |
25 3 5] 293 7
1a: ; s ZBEBE 7
[as 26 =99 Q@
- 114 - o
115 122 & ZEE s
iza 11 & RE
125 e B 275 .7
e QE B ZeT T
123 41 .4 259 3
194 8.6 il &
145 2E 0 Z42.1
158 g R 2ET S
155 11.6 229 .2
1enm & B Zic 9
155 1.8 288
1715 R el s |
17 1 6 123 .37
186 1.6 le8s @
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PROJECTS - (
SUBJECT,

COMPUTED

CHECKED, DATE PAGELL=B5 OF. :

/2 0 Q:'Jear”; channe! des f'gn

Uging peak discharge data genem:r?"eaa/ 1n SBectron
1280 , design a charnel To convey Yhe discharges
trorn the  dotertior: cell through the p/c?‘f?r:fcaa’
development

Siver, Gy, = 30/ lcﬁa o
cliamed 5/0/:8 < 09 % or 009 oz
?3'/' de )dapee = B horizontal to [ vertical
Z= 3
Firid Ditnengioris  of “f"m;,;-e;’:"za/m[w/ chanrel  Ho
corvey [bo-year a’/-'e-c#wrrge From cel)

L &= 009 /FF
n= 030 fom Table 72 tor well-mamntuned
gl o hgmm .e/ |

Gn= Bo/l (003) = G0

2. Fom Figure T4 Find bottorn width
for chiannel stct Hhat  Wd zZ 6
Lodw S o

3 Ty We257
adw = 0.068
d= diw (w) ,
= 0.068(25) |70

4. Check Witis Mﬂmmimq ‘= F"Df‘mru/aj

n=o-03
g

:O“f"/r Y + ,
3o T ) d/
R

o




PROJECTS
SUBJECT.

CHECKED DATE PAGESL 3G OF

| - compuTED

e + 2d7*

26(170) + 3( 1.70) 2
5/
Y

>
It

o4

+2 59+

r=
= A —
o+ zTgz+(ed)*

= 512
25+ 2 V(1o ({1700 1%

= 142
V=41 r7r sk
1
= e (149) 7 (0,007)k
‘ | 0,080 '
| |
= 598 ft/sec, (oK)
&= VA
= 598 (5/.2)
= 306 cf=
5. Mllnf}'num F}'@'ebaf.w'?:r/ = /7€DE+
S use d= B
b= 25
7 = Z
5 = 0009 YFt
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Praject

/2-37
. Subject Date Sht. of
e - . - . . ) . ; ) o
12:70  Trunk Sewer .&95/9.9? {ij She Colorads Lrbar
#7@"}?37} tffz/{;?/) ﬁ’b(:c‘i'd/afzﬁf\ ' ,
A pajer Friml S e wn'l! e ri Ef’?’d»ﬁ/‘@?cf{ﬁ <
rEsult of s /.?f'(?/f}d?‘q Since +the clraai 0ag s -
Orea  CACecds 200 ACres., e Colorade //f'fié-'ff?
//@dmymph Foce /'//1’/( will be wosd. ~p  JETEr T E. |
riniotf . | e
— < o
o dnset A ;4/ -{5’3* & Lnlat ‘
[ . ] Mo W
W a3ee7 '\ 3300’ T €
~ 0'2% ~ O k : /
@2% N | o« y
R

‘ N Z " { J i , 2
Hrea 100 ac /50 ac /B0 ac
L. .55 mf o8 B i
L 28 mi 35w/ 35 mi
5 /5% 207 2:0 %
A 60 % L CO% . 0%

) Leveler a 10-gear w/timate Aydrvgraph
for éza/:/? cub-"basiri (See 6&7’73‘; /2-%5@5

A 8" _c’

Cg L 32 ,32. B2
ZlJP 11O iy /25 mie 125 mi
& 53 53 53
Dp 290 cfs 282 efs 382 ofs
57;: S5 g ) 150 min /50 70
Z TS o3 L, &3
W 3 25 25

150 cfs 217 cfs 217 fs

0
3



Praject Computed

. |7-38
Sublect ; Date Sht. of

.' 2, 5/’3@ /D_-‘;)bﬁ, From " + “5.»
Sewer grade = 0005 /s
von = 0o0/3 (FEFD
Ry = 217 «¥s
C

7,:5 - ”95 (Cc?pﬁc/'vzj = 287 57{5.‘,)
From Flgues5-lmd 5-3: /D= 075
| Vo = /- 3tps (oK)

/7
BR2OO

lravel +ime = yy - (60) = ‘% ? riat 47

3. Lag bydrograph at C by 5o and add "/c)
hitograph o B T :

PO TSP}

4. 613(;', ' p/'pe from B 4o A

56;05%‘ ﬁf'ddﬁ- = O-O02 1/
| , 5= OB

| 77”3 -/ 692//?5 | (Cﬂpda/rfy =479 gfs)
From F/:guf"e.-f’s G-/ apd 53 C//D = O 75
V= 950 (a5)

/‘02 ﬂ¢

" , . B3ce )
7;"4(/(3/ | ‘f{//}fc‘j = ?’5 ((}(,\) = 5‘@ 4108
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Subject Date Sht;. oOfF }_/
£ +7 o
2 /ﬁ /#/f ¢ 71 AL 577" e ("/ A)/ A2 sr70s,
//// T e L 7 v / 274 aded e

PO ]
AR

f//cf; K”Ji ("’/J/’ e

Fﬁm %54/ (/pﬁ

A7

b, Siae pipe below A

e

Seier aqr ade.

no= 0073

Try

O D2 .{’f}/,sz.

JOR" P (¢ 4/944:/39 = D558 ‘74:-;,\1

Hesirie /S ! //7//#1 o Tow becaize o Faywr i

V

/08”?,‘

Ee frs

(k) {
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SUBJECT.

COMPUTED

1 PROJECTS

CHECKED

DATE

/2 -
LT OF

/_2,80 .&7%/77{/0/7 éﬁS//? dé’sy/? éy &ﬁma‘/ /Céf/}ru/cz

Determine 1€ rg;ga/ﬂe/ voldime 76

Hhe [0-year s Sovry an & aere ,m/*.é'm.g-
Assvrre Hhe Jof is e inte & colts oA

é’dcl;/ agnd. Hea?  Phe .:%:/96’.5 aoe & “%.
oo Tor eseh <o/l te S mindes,

6/5/(4’/7 H

Aind:

Area = & acres
(' < & 9
T 5w

Ff'? = /O yr

e ly o copes for Mo fred tora! fBrmila
Cortieal velome

/. Cupve Amz/y

QP) ‘/5

o ¢, Vb

) £ 8 - 15.89
/2 7.0 /Z, 60
/5 5,4 /0,44
20 s.0 9,00
8o A 2,02
0 33 5.94
50 z,8 = 04
60 2.9 4,32

Volome = Rg ¢f /Msrc [ dor, mip

Jex

Y

c‘ar)ﬁ’a/ /’(//4’4/ / d/‘

Feocres

The il
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DATE. PAGE. __OF

Z. (é’// 474;775/;5/@? s

g Cties/ volvme

el velume = 1 (22:X856X 7 2)
3

: 63888 of

dssyme pefevse rafe = 3.8 /s
0 57 vol ef | Bl vol £ Steruge of.
& g752 fO B0 Fro0z
70 7960 A s5d60
Vel 9394 F/en 624e
&e ;70806 A0 SHLo0
I /26306 @300 6355
7 /92 S0 BF00 5856
K] /Sl 20 /OF Y620
éo /D55E /2600 sz
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SUBJECT
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COMPUTED CHECKED DATE PAGE_____OF
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vooo of = 1 Ad
3
Ay o & 50 FF
A= B0
V= 750c/?
rﬁ-;, dr o4
A= /97088 sF.
Ve 4789 of | |
~ i:."':- % ’ . /*70#1%70:/ /s /_{;_’_f_ e lose
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/2.90  Colvert desizr

A new col ‘”/ witl e o et ypaer Hhe arteris!
e T which Lorgers s A DS e A’W/\/’ ceSor
a0 e ST AP ‘"”,’-’7,: 7 v‘ff,

SHINATE AT Do
““/’”E’ N ‘//V?“’/ AR / / & FEIES, M*/"a/ )%.g 72//)71? ,"4/' NI }5@7/,{:9/7

S5 Pv] /7?"/“’.—-"7{!‘&’5, 7%@ {'(?;‘)’/”/'J'\ lﬁw £ /zeﬂ/j‘{l’ O 7{/('/{?)“'7‘" S
d. 8,

A / '
Cownsteeam  of The  outvers

e 2roppel s beerr regro oo
AT PG T el Fn g AT e 0T Do o / /’ <

putlet “@lepstion wotl e wlys o S5 O matorel

J/r'é4m owe 7/%9@/ FAa e R F” %,

773? /Of’c)/.?c:- w-'(/
et f’//' e i e S s s

e d%‘-‘" ¥ 4 / g 73’*&; L7
Y, ( .

Lot gt s S SO e s ete 75@ r 5516, The

. r A . . - o

/3/0’ AT ST ,m;/,f 7 "/ S P T e SEE G,

. , P # y : . o s
‘-’:r"%?:;f?ﬁ’ A S VES 7 ,;r?/ﬁ/ ‘ w /q;‘.ff:;f,,:«t” I ).aé,,,raﬁ, -

Sloard sortlont —xceed s o e 7‘}%,; oF road elounion.
D‘ef";t?f?ﬁmé’ /%é’ (‘J/ V’E‘x‘f 5/ Pl re’(ﬂ?’d’ P R TR P n;y r'e /4:?’2’{ Lol ;”»’o".
Aler  deterrnine fthe Culyert
/mpraVeC‘/ ik
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(1) ¢ connot exceed D

{2) Tw bosed on dn in natural channel.
of ather downsiream control.

(3)rn=$_£° o TW, whichever is lorger,
(4)HWo  Hohat €1 Outie? lrwert,
(%) Outel Valocity (Vo Q/Ares defined by de

o TW, nol greater thon 0. Do not compule
until control saction iz knowe,

PROJECT: OUTLET CONTROL DESIGNER: e
DESIGN CALCULATIONS
STATION: DATE: e
INITiAL DATA:
QL2 o BED o1y SKE TCH
AHW EL« FE5ZE _n, 3 4
Sga - C.a0f d/s
Las {52 __n,
EL Quitet
lnver+: ,;_51?_“" f
;;‘utuum Data’ AN —
L ' S ‘L'w
o5 Fust Approwmation ol . ‘J T
Eﬁ?- Wg "2 Lge Léi’ P EIG\J'%
Inygry ~sf a.._
a H+AHW E| ~Et Outtel Invert— h, 7
— -55'&-—.55/0 "75‘.'__$____ o
Barrel Shape
ond :plqlenui__.___/eéf?______ﬂaurmn-?ﬂ_z'm Fo Ao 1t% o D- 1, Tey
[ im (2) i3} (4) {3}
Q Q 40 COMMENTS
Q N H NB de pis Qn TwW ha MWy Vo
e L e 0B wepS GO QP W Sguare adge
T 77 7T T ) ’ N
Joo 1 400| /3 |400 |75 | 5 (20 |38 |5 s ekgeeds affewelte W
Trial Mo _ & Ne. L Be ", oo bole, uan largesd goope w/ beveled edye
qo0 |40 | 7 |00 5.3 |54 |20 | 3.0.| 3.5 et \p By V6 ke DK But o> 15755
450 350 |55 |350|5,7 |53 | | |5/ @ Qo — 50
g n]@’ﬁo 5.8 o |755|55 58 7.3 Qw"""g"aa&
Trigl No W N= , B= , D= . kgt
Notes_and Equations’ SELECTED DESIGN

N f

Bt
ﬁin_

| RIS

At Daugn Q'

HWn"ﬁMl
Vor L 23 1

J——

290 . |,
LI R L 1% ).

/=

Y
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fe OJECT CULVERT IMLET CONTROL SECTION

| ATIONS
STATION: | , DESIGN CALCULATI OATE:

INITIA] QAT%.:
Y= =2 cfs

::\: F_Io';'&f&_"' anw (8524 nrw e. 9529

DESIGNER:

El Streom

Bed at Fuoce M._ﬂ.

TALLI
Barret Shope . JOR Bt
ond Moterial _ﬁCLBomIn-Q’_?E: Inlet
) Structure Lgy Yneoat Inven
N= ' B
” | - E.Faouioen TAPERED INLET
0+ B4 npoMe- CONVENTIONAL or BEVELED THROAT CONTROL SECTION
o /] 9 INLET: FAGE CONTROL SECTION {Lower Headings )}
W'P"}(D '.—L—' {Upper Headings) . \

DEFINITIONS OF INLET CONTROL SECTION

{n 2) (3) {4} (%) Note: Use Upper Headings for
Q He El El ) Coventional or Beveled Foce;
N —6- e Face Stream HWy Lower Headihgs for Topered
nvert | Bed ‘ Inley Throat.
— - e -1 2
El f
Q.1 M Thoat | COMMENTS
Q so%| "D Hy Invert FALL | HW 5 Vo

Trial No —£—. Inlet and Edge Description Beveled /';’/ff’i 7'}/-’5 =3
to0 | 900 | 2] |/1.6 (5704 B0 |26 _gu. [6:8 |l Foo borge s doy |

~

e

N el tgpered _nfel
! ' 1 .\\ /ﬂ: <

‘1 _ . Trial No Z Intst and Edge Description ﬁ;*ﬁfﬂ/ 7%(‘04/' J/)’M’ﬂ'/_é__

Z- 32 D
400 |5.69] 1.8 9.9 g4, /1556 |/.9 | 952¢ /6. d/é,j cale. F&"f/.. cUrves
350 19,94 |/:65) 7./ | ] N By O I
~ . . -
¢50 1635 220002,/ | ] Tl SJBrer|
Triot No _.._. Inlet and Edée Deserplion. ... o e e e o e
- R B L SO (VTS VS AU AEUEVY SN
e NN \.\\ A I B ]
! Notes and_Equotigns ‘ ‘ ‘ SELECTED DESIGN .
{1) EI Foce{or throat} inverl » AHW Ei - Hy (or by} ]
{2} FALL* EI. Streom Bed o1 Foce—El. toce {or throot) invert . _1n1el[)es—cr|$l&
{3) HW {or Wiy J» My Cor Hy) + EI foce Lor throat) . FALL= . LT __tt
inveri , where Ef foca (or Vhroal) : . invert €1+ ZVZL 1
wrvert should not escesd EI stream bad. Bavels:
(4) S % 5~ FALL/La Arglas A
(%) Dutist Yelocily =Q/Area definad by dn 15 by ol | I L |}

} 2 - A



PROJECT. DESIGMER: .
SIDE -TAPERED INLET
DESIGN CALCULATIONS
STATION: DATE: e
INITIAL DATA SKETCH
Qle . » FEO oty Sy __‘_.LL )
AHwW B S5Z4 L= £32 1
TAPER = t
oo _ 0 RCP
Face Ed
bescrption... 457 bevels
N- {8 022 n
m 2} 3 [ @ (51 | Upper Headings for Box
H — M Culvarts, Lower Heodings for
Ei b El Fipes 4
Tr-&m " a M ch';e COMMENTS
0 nverd AMES £'% A, B Ly S LS | tven
Triol No ._/ ww.Qn .:?."?2. HW,I&,?:..?
G-XD B 2
qoo Vsl re2 | 9.c |225(87 |70 | 9 |ofl ot (@84 6t il £2 22
;’ia I A Zf . _"?'¢5 \\\. ...‘._‘.\.,,,.\ 1\.\‘.._.‘,\\;& e - N 61&;__._ - 5-WJQ'¢7 -
400 \ (381 394 7.6 55294
Trial M__/_.Q'ﬂ.,kiwl-m_a "
B e . FB 20
e N ko k ) o - ) i
N 2 P E N AN N N N N N N AL Lt
\ . . - |~ - e :
Triol Ne . Q. LMW )
By C?“E)r aEY|a
- \\J . —
\\ - ~.
HNotes and Equetiond _SELECTED DESIGN
Zﬁ?
{1} Hes Dfor Ri/€] = (HWy - EL Throot lnveri- 1)/ Dfer €} A
CsEatlD . / v
) Sinee e HWof #He | WF—"
(2) Mn Ber a3 a7z : g : Agle ST
w0 807" ngraral strean /6 :av;-_.lgglu Ty
Q . 2 . agd ‘=d I8 b &/ in
Minas (g VTEy 07 ApE 77, MELEZO ﬁfdﬁlgﬂdz Creat Chach !
By -NE) e s design 16 4L ng v, <At
(:m..{ . ]mps.n fhis d 5j ?D Her B .1
. Gy @ ﬂ___ (Fuj 6*3(’)
{4)From thiool design Min We é 75 ,.ﬂ.‘{ﬁf
(S) £ Faca lnvart - E4.Throat Invert = | &, , racompule (a@
Face ond Throol may be fowared ta better fab site, but do (0t rowe :

P 4 —:/
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