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This publication provides the program documentation, user instructions,
and sample problems for the "Wyoming Culvert Design System."

As an engineering tool, this system allows either the hydraulic design
of a culvert or hydraulic review of an existing or proposed culvert
size. The design or review process for drainage culverts is
accomplished by routing a hydrograph through the culvert, thereby
taking advantage of temporary upstream pond storage which attenuates
the flood peak and allows for smaller size structures.

The system can be used in any gdeographical region provided the flood
hydrographs are available or by incorporating hydrographs obtained
from the United States Geological Survey's small watershed studies.
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. The contents. of this report and the related computer' system were developed

. for‘use by’ the ‘Wyoming Highway Department Hydraulics:Section.: The contents
- of .either: the report or the computer system do not necessarily ireflect the:
- official+views -or policy of the U. S. Department of Transportation.. This-
material should not be used for any specific application without  indepen-
dent:examination and verification of its accuracy and suitability for such
application by professionally qualified personnel. The Wyoming lighway
Department assumes no liability or responsibility for and makes no repre-
sentations or warranties as to applicability or suitability of this report
and related computer system and anyone making use thereof or relying there-
on assumes all risk and liability arising from such use or reliance.

This report does not constitute a standard, specification, or regulation.



PREFACE

As an englneerlng tool, this system can either hydraulically de51gn
a culvert or hydraullcally review an existing or proposed culvert size.
The design or review process for drainage culverts is accomplished by
Touting a hydrograph through the culvert, thereby taking advantage of
temporary upstream pond storage. Analy51s employing the irrigation design
alternative uses only the peak discharge. Various hydrograph relation-
ships, culvert shapes, material, and inlet types can be investigated. The
system provides certain environmental and flood hazard data in addition to
‘the culvert hydraulics. The system can be used in any geographical region
provided discharges, hydrographs, and flood volumes can be identified.
Although not part af the system, these practices better enable the engineer
to identify any "safety factors''-and related cost benefits associated with
the culvert design.

The system consists of 39 computer programs for computations and
plotting and an executive program which controls the flow of the user
designated execution of the program segment.

! All programs are written in FORTRAN IV with the exception of one
assembler routine ("'GEN4') used in plotting. The plotting programs re-
quire either a Xynetics, Calcomp, or similar type of software plotting
package. The system requires approximately 278 K bytes of core storage.
The original system was developed on an IBM 370/155 with OS/MVS operating
system and an off-line Xynetics 1100 flatbed plotter. If the system is
used with a Calcomp plotter, medifications must be made to the plotting
routines. A list of these changes made by Kansas is shown on page 176.

The authors of this system in a desire to further the use of the com-
puter to reduce laborious hand computations and improve the quality of
hydraulics design through more precise analysis and the ability to rapidly
evaluate different alternatives, are willing to answer questions related
to this system. Any comments, criticism, suggestions for improvement,
etc., would also be welcome. ' _

Contact either::
Mr. A. Mainard Wacker, Hydraulic Engineer
or 5

Mr. Dan A. Glandt, Data Processing Engineering Manager

307 - 777-7682

ii
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Documentation Program

Al

Ap

Aty

a‘j-

ay

LIST OF SYMBOLS

Units

CI(1) Dimensionless

ARAIND
PONDAR

A&k

A**

A**

AR

TA

A**

CI(2)

Acres

ft?.

ft?

ft2

ft2

ft2

ft2

ft2

ft2

- ft

e

Definition
Coefficient from Tables 3 to 7.

Total surface area of pond. ARAIND
is variable used for printing pur-
poses, whereas PONDAR is used for
internal control during routing
analysis.

A rectangular area synthesized at
the culvert outlet corresponding to
culvert width, B, and tailwater
depth » Tw.

Culvert outlet area corresponding to
Y.

i
Critical area of waterway corres-

ponding to critical depth is defined
as de.

Cross sectional area of a culvert
barrel flowing full.

Cross sectional area of a culvert

barrel flowing partially full.

A channel's waterway cross sectional
area or 1i9
! a = ajg
i=1l

- Cross sectional end area correspond-

ing to a given incremental stage
elevation.for 1<j<9, where j is the
nurber of cross section.

The total natural channel waterway
area, a, is equal to the sum of its
incremental waterway areas, ai.

A culvert barrel width being evalu-
ated at a given point in time for a
specific discharge.

Dimensionless Coefficient from Tables 3 to 7.

viii




LIST OF SYMBOLS (continued)

Documentation Program Units | Definition
Bg * Conversion factor changing cubic’
feet to acre-feet or 43,560 ft3/A-F.
ct | CI(3) Dimensionless Coefficient from Tables 3 to 7.
D D - ft The culvert barrel height being

evaluated at a given point in time
for a specific discharge.

D! DI(4) Dimensionless Coefficient from Tables 3 to 7.

Dhw DHW ft This is the input design headwater .
which is the maximum upstream pond
depth to be tolerated for a specific

: frequency of flood event. -

Din RUNOFF Minutes An optional input value to indicate
‘ the maximum acceptable outflow hydro-
graph time base. This 1s a general
measure of acceptable inundation
time for a specific frequency of
flood event (same as for Dhy).

PONDSZ Acres An- optional input value to indicate
the maximum acceptable inundated
pond area, Ap. This is for a speci-
fic frequency of flood event (same
as for Dpy).

po

d ‘ DN ft Flow depth that would occur within
a culvert barrel assuming uniform
flow and .exclusive of inlet/tail-
water/culvert length.

da ft Average flow depth in a natural
channel cross section for a specific
discharge. This would be the aver-
age of all incremental flow depths
within a subsection of Figure 1.

dc 7 DC ft Critical culvert flow depth for a
specific discharge. This depth can
oo not exceed the barrel's vertical
height.

dy Dx# ft This is the flow depth within a
natural channel cross section incre-
ment within a subsection (1-9) for
a given water surface (reference
Figure 1).

ix



LIST OF SYMBOLS (continued)

Documentation Program Units Definition
dp LEL ft Hydraulic depth corresponding to the
‘ culvert's partial water area, Ap or
dp =Ap 3 Tp.
E' CI(5) Dimensionless Coefficient from Tables 3 to 7.
-] L g Base of the natural logarithm or

2.718281828.

F KEX ' - A regression value derived from

Equation 48c for use in Equation 48b.

Er CI(6) Dimensipnless‘ Coefficient from Tables 3 to 7.

Fy "FR** Dimensionless The Froude number is a dimensionless
measure of gravity's effect on the
state of flow and is expressed as
the ratio of inertial forces to
gravity forces or F, = viv/ghy

Fr FR** Dimensionless The average Froude number for a
natural channel cross section based
on the incremental Froude numbers
(reference Figure 1).

Frp " FR** Dimensionless Froude number occurring at the cul-
' : ' vert outlet,

Ay FR** Dimensionless Similar to Fy, this symbol is for
‘ the Froude number in each increment
within a subsection of a channel
- cross .section.

Gyd - - GVD - fr The maximum allowable inside verti-
cal culvert dimension that will fit
under the rcad commensurate with
available cover, culvert thickness,
and the streambed elevation. This
is a program control value only and
not necessarily the vertical culvert
dimension that will be established
by the design. This value prevents
the program from selecting a culvert
that has insufficient cover for in-
stallation.

g * ft/sec? Gravity on earth or 32.2 ft/sec?.



Documentation Program

H

H

L3 3]

£ 3.1

HI

hk%

H

LIST OF SYMBOLS (continued)

Units

ft

ft

ft

ft

ft

ft

o ft

X1

Definition

Head required just to overcome cul-
vert barrel friction, entrance
losses, and to develop the cutlet
velocity head when a culvert is in

‘barrel or outlet control. The

reader 18 cautioned that in the com-
puter logic, H is used to define
two separate data elements through
the initialization process (see Il).

The channel's cross section hydrau-
lic depth is a function of the water
surface top width, T, and cross sec-
tional area, a, of a waterway or

Hq = a ¢ T. |

Approximate distance from outlet
flow line to the energy line at the
outlet. This is defined as {d. + D)
+ 2 or T, whichever is greater.

Friction loss head due to the cul-
vert boundary.

'This -is the inlet headwater which is

caused only by the culvert inlet
geometry and is measured from the
culvert's inlet flow line to the
pond surface.

Entrance loss head due to the up-
stream pond contracting in order to
enter a culvert barrel.

This is the outlet headwater due
only to barrel, outlet, and inlet
effects., It is noteworthy that in
terms of the computer logic symbols;
it first identifies the foregoing
friction/entrance/velocity head as
H. Later in the program logic, H is

re-initialized to be-H ++0 - L(S0),

or the outlet headwater which addi-
tionally considers energy and eleva-
tion heads. Eguations 11, 12, and
13 in the text better explain this
confusing aspect of the program
logic is measured from the cul-
vert's 1n?et flow line to the pond
surface.



LIST OF SYMBOLS (continued)

Documentation Program Units " Definition

H, *Ekx ft Velocity head due to some velocity,
v; i. e., H, = v¥/2g

H, HWC** ft H, is termed headwater (as opposed
to the allowable or design headwater
H,c.) and is the upstream pond depth
that occurs at a point in time dur-
ing the flood routing due to a
specific discharge, Qq4.

Hye HWC** ft Hyc 1s the computer term for the
greater value of H; (inlet headwater
for Qq) or H, (outlet headwater for

Q4).

Hof QFHI ft This is the headwater corresponding
to that unique full barrel discharge,
Qg, necessary for the culvert barrel
to just reach full flow conditions

(see Q¢).

1 k%% acre-feet Average hydrograph inflow to pond
during incremental time period, At.

Iy HQ acre-feet Instantaneous inflow at the begin-
' ning of the incremental time period,
At.

I, acre-feet Instantaneous inflow at the end of
the time period, At.

Iat TOTIN acre-feet Total volume flowing into .the up-
stream pond over a predetermined
incremental time interval, At, on
the hydrograph TOTIN = Q4at.

i kkk Dimensionless Counter to identify the number of
the cross section (10 maximum).

Ke CE Dimensionless Entrance loss coefficient for a spe-
cific type culvert entrance. Refer-
ence Tables 8, 9, and 10.

L CL ft Culvert length.

LS, kxk ft Elevation difference between inlet
and outlet.

ij *hk ft Horizontal distance between cross

sections (A stationing in feet) for
1<j<9 where j is the number of the
cross section. -

xiq



LIST OF SYMBOLS (continued) .

Documentation Program Units ' Befinition

1 This 1s culvert length, L, divided
by the culvert's vertical dimension,
D, or L/D = 1,

‘In o Natural logarithm or loge.

Mrw TWM 1bs Specific force at outlet due to
tailwater, Ty,.

Mp PM 1bs Specific force at culvert outlet.

N NPIPES each Number of barrels in a given culvert

installation.

Nhr kkk N/A A parameter used in identifying Type

V, VI, and VII flow on Figure l0a
(reference quation 48d).

n IN Dimensionless Manning's friction value for a
waterway or culvert.

0 - QOUT acre-feet Average outflow from pond during
‘ time period, at. i
01 *kk acre-feet Instantaneous outflow at the begin-
ning of the incremental time period,
At,
0, LA cfs Instantaneous outflow at the end of

the incremental time period, At.

0at TOTUT acre-feet Total volume flowing out of the up-
3 stream pond over a predetermined
incremental time interval, aAt, on
the hydrograph.

P *hk ft Wetted perimeter of a natural chan-
nel cross section boundary for a
waterway area corresponding to a

given.depth. This is the part of a

. waterway in actual contact with the

water,

Ps kEk ft Similar to P, except this is the
wetted perimeter for a full culvert
barrel. '

P : bl ft Similar to P, except this is the

wetted perimeter for a'partial full
culvert barrel.

Xiii



LIST OF SYMBOLS (continued)

Documentation Program Units - Definition
Q4 QouT cfs Average discharge being routed

through a culvert occurring over a
predetermined time interval, At;
i.e., this is the actual discharge
entering and leaving the culvert
outlet at a given point in time. In
routing a flood through a culvert,
an outflow hydrograph is generated.
QOUT for various time intervals, at,
are these outflow hydrograph dis-
charges. Qg = QOUT.

Qs . QF cfs The minimum discharge required to
cause a culvert barrel to flow full
considering only the barrel slope
and roughness in accordance with
Manning's equation.

Qi HQ cts Average rate of "'inflow" flood dis-
charge from the watershed occurring
over a predetermined incremental
time interval, At, on the hydrograph;
i.e., this is the natural discharge
entering the upstream pond and ex-
cept at a unique point in time dif-
fers from Q4, which has been influ-
enced by upstream pond.storage.

Qp DRQ cfs This is the peak discharge occurring
on a watershed and its relationship
to a hydrograph is illustrated in
Figure 5. :

q cts Total discharge occurring within
cross section of area or
1-9
q: z = Zqi
1

q1-9 cfs That portion of the total channel
discharge occurring within a sub-
divided portion of a cross section
(Figure 1).

a; cfs This is the incremental discharge
‘occurring within an increment of
each subsection of the natural
channel's cross section (Figure 1).
The total cross section discharge
q, is the sum of these incremental
discharges, or q = Iq;

Xiv




LIST OF SYMBOLS (continued)

Documentation Program Units
R © R¥%® ft
R. R** ft
R RE ft
Rn RN ft
Ry, RN ft
T khk ft

) S ft/ft

XV

Definition

Hydraulic radius of a waterway or
waterway area divided by wetted
perimeter.

This is the hydraulic radius corres-
ponding to critical depth, d., in
the culvert barrel critical waterway
or critical area divided by critical
wetted perimeter,

Hydraulic radius of a culvert barrel
flowing full or (Af):(Ps). The
wetted perimeter, Pg, in this unique
case would be the inside circumfer-
ence of the culvert (an exception
was made with box culverts, the in-
side top width was omitted to pre-
clude a discontinuity in the logic).
Also, see text to see how this defi-
nition was handled due to use of
regression equations.

Rp is the hydraulic radius used to
compute outlet control headwater.
Rc < Rn < Rf and Rn = Rf at full
flow.

Hydraulic radius of partial waterway
area; partial waterway area divided
by partial wetted perimeter.

This 1s the geometric radius applied
to streamline the inlet edge of a

‘culvert in order to improve its hy-

draulic performance: (see Figure 10,
inset sketch). Programdopes not use
T as such, but obtained values of
r/D from Tables 8, 9, and 10.

Downstream natural channel slope.
For natural channels, the hydraulic
gradient of the channel is often
assumed to equal the average stream-
bed slope in uniform channels. In
Wyoming, 1000 feet of streambed pro-
file closely approximates the ‘hy-
draulic gradient in reasonably uni-
form channels.



LIST OF SYMBOLS (continued)

Documentation Program = Units Definition

51 VSTORD** acre-feet Storage volume in the pond at the
beginning of the incremental time
period, At.

So VSTORD** acre-feet ~ Storage volume in the pond at the
' end of the incremental time period.

Se SC ft/ft Critical slope of the culvert as
‘ computed from Manning's equation
using Re, Ve, and an appropriate n
value for the culvert type.

S; SO ft/ft . Culvert slope.
Sol EQNA ft/ft This is a computed slope used to
or compare against the actual culvert
EQNB slope, Sy, to determine if Type V

or Types VI and VII flow are occur-
ring according to Figure 8. Syl is
the dependent regression variable of
Figure 10a or 10b (references Equa-
tions 47a and 48a).

Sy UPSTSL - fr/ft Upstream channel slope used to com-
: ; pute the storage table when cross
sections are input.

T - TTH* ft Top width for a waterway's water
‘ surface.
Te | TT ft Critical top width of waterway cor-

responding to critical depth, d..

Th Minutes Total time base of inflow hydro-
graph; the total duration of the
runoff from the watershed into the
culvert site is defined as Ty
(see Figure 5).

Tp TT** - ft ‘ The top water surface width ina °
. culvert barrel flowing part full.

Xvi



LIST OF SYMBOLS (continued)

Documentation Program Units Definition
Tw TW ft Maximum depth of flow occurring in

the natural channel just beyond the
culvert outlet due to the discharge
released by the culvert but exclu-
sive of any other culvert effects
such as may be caused by. the outlet
jet. The tailwater must reflect

any changes imposed by existing
(pre-construction) conditions down-
stream of the culvert (existing cul--
verts, channel modifications, etc.).
This is also the flood depth for a
given discharge that occurs prior to
any proposed construction. In
tractive shear computations, t, this
is the depth at the point of inter-

est.
Time Unit TIMEUN - Minutes Reference time unit definition in
' ‘ ‘ Equation 8. "
o S ft Water surface top width for cross
i ' section at ends of prism for 1 j 9
’ where j is the nmumber of the cross
section.
' V% ft/sec The weighted average of all incre-

mental velocities in a natural chan-
nel cross section (Figure 1).

' VFUL ft/sec This stbol represents the various

, B " .
VR "~ outlet velocities that could exist
VF , ‘ at a culvert outlet in order to sim-

plify Equation 16 notation.

Viw VS ft/sec Maximm velocity that occurs in the
natural channel downstream of the
culvert outlet, exclusive of culvert
effects.

Vy Vex ft/sec ~ Velocity occurring just as the dis-
: ‘ ' charge, Qq, leaves the culvert bar-
rel., This velocity corresponds to
the culvert brink depth Yy and cor-
responding area, Ay.

\Y% Vya ft/sec The velocity corresponding to criti-
cal depth, d., in the culvert barrel.
Critical velocity can not be less
than the full velocity in the culvert
barrel.

Vg VFUL- ft/sec Velocity where.the barrel is flowing
- full for a given discharge.
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Documentation Program

Vo

Vi

X1, X2-Xn

VF

*%
, VYV

VSTORD

TOTIN

Vh

VA%

X(n)

khk

LIST OF SYMBOLS (continued)

Units

ft/sec

ft/sec

acre-feet

acre-feet

ft/sec

ft/sec

N/A

ft

ft

xviii

Definition

Vy is a unique velocity used to com-
pute outlet control headwater and is
similar to V, but is constrained
such that V, 2V > V.,

This is the part full velocity
cccuring inside a culvert exclusive
of inlet and outlet conditions.

Volume of flood stored upstream from
a culvert at a given point in time
(zat).

This is the total volume of runoff

for a given flood event and is based

on the time discharge relationship
(hydrograph) arriving at the site
(Figure 5).

Weighted average velocity occurring
within cross section of area a.

The velocity occurring within each
increment within a subsection (1-9)
of the cross section (Figure 1} is
the incremental velocity.

Qq/N3/2 for circular pipe and
Qd/D3/2B for box and arch pipe.

This is Xi (where i = 1, 2,...n) or
transverse cross section coordinate
points measured horizontally from

furtherest survey point on the left.

This is the independent regression
variable of Equations 47a and 48a
and is defined by Equations 47b and
48b.

This is the brink depth occurring at
a culvert outlet. Table 3 identi-
fies the best estimate of brink
depth for a given flow type.



LIST OF SYMBOLS (continued)

Documentation Program Units Definition
Yy, YooY Y(n) ft This is Y; (where i = 1, 2,...n) or

vertical cross section coordinate
points measured above lowest point
in entire cross section. Y corres-
ponds to Xj distance (where i =1,
2,...0). '

o QI** Dimensionless This is the non-uniform velocity
: coefficient as defined in hydraulic
textbooks (5).  _ jvi’ai

via
B P ‘ This is the non-uniform momentum
correction coefficient as defined in
hydraulics textbooks (5).B i Fvitai
va
B1 BETA1 . Non-uniform pressure distribution
factor (16).
B2 Ak Non-uniform velocity distribution
factor (16).
T SIM 1bs/ft? Maximum aétual tractive shear occur-

ring’ on the bed or a measure of
force exerted by moving water against
the streambed; © = wTyS,.

I SH 1bs/ft? The force exerted on the streambed
within each increment of a subsec-
tion on Figure 1 is the incremental
of tractive shear; © = wdiSp.

w * 1bs/ft? Unit weight of water which is assumed
to be 62.4 1bs/ft? regardless of
sediment concentrations and water

temperature.

AS | acre-feet Change 1in pond storage during time
period, At.

At DELTAT -  minutes Optional input time interval selected

to subdivide hydrograph time, Ty,
into finite elements, At, for pur-
poses of flood routing as desired by
User. If not input, At becomes an
internal variable based on Time Unit
multiplied by Ynit of Time (reference
Table, Figure 6}.
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LIST OF SYMBOLS (continued)

Documentation Program ‘Units Definition
m * Dimensionless 180° (not radians).
£ CLB Dimensionless As used in Equation 48, this is the

culvert length, L, divided by the
culvert height, D. times 0.01; 1i.e.,
£ = 0.01(L/D).

[o 3

*Used as a constant in tﬂé_program, no variable name assigned.

**Variable used more than once in program.
*%x*Value calculated as needed or stored in a table of values, no variable

name assigned. ‘

XX



Chapter 1
ENGINEERING DOCUMENTATION
INTRODUCT ION

In the past, highway engineers have used different assumptions in
designing highway culverts. These include identification of the design
flood, the hydraulics of culverts, and the storage effect of temporary
ponding. Until now, these assumptions were sufficient to satisfy highway
drainage design requirements.

The escalating cost of highway drainage construction, the advent of
environmental concern, recent Federal flood hazard regulations, the possi-
bility of malpractice litigation combined with growing legal awareness by
the public all imposes a need for more exacting drainage design and docu-
mentation. This need was first recognized when most states unkiertook
research directed at better identification of flood magnitudes and their
related risks. About the same time, extensive research on culvert hydrau-
lics quantified many aspects of culvert hydraulics; research is also
continually updating and improving culvert hydraulics. Evaluating the
effect of temporary storage has historically been confined to dams, major
rivers, and reservoirs; i.e., the methodology to evaluate temporary ponding
upstream from a culvert has existed for many years, but was dependent on
research to identify flood characteristics--particularly on the smaller
watersheds. In Wyoming, the flood research necessary to identify the
necessary hydrograph shapes and volumes was completed in 1974 (1).

Use of the flood routing technique is too time consuming to be applied
manually to most culverts, For this reason, a computer system was devel-
oped to accomplish this task. The system has been constructed in a modular
fashion to facilitate changes and enhancements. Several practical enhance-
ments have already been identified. The logic to estimate silting problems
(both upstream and in the barrel) ihas been investigated by Wacker (2), but
requires further study and programming. It is hoped the Federal Highway
Administration's (FHWA) logic for an improved inlet program can be modified
and incorporated into this system (an attempt has been made to provide for
this linkage). The value of an approximate culvert cost estimating routine,
plus special formats that re-order the output to conform to acceptable
flood hazard documentation in accordance with Wyoming's practices is under
study, A lirkage with the culvert outlet protection program (3,6,7) is
also contemplated. ‘ '

Hydraulic engineers have long recognized the value of temporary
storage as a ''safety factor" in their culvert designs. However, without
employing a tedious flood routing procedure, they did not know the

1



magnitude of this safety factor which could vary from zero to a very large
and costly value. The practice of flood routing through a culvert must not
be considered as one that eliminates the engineer's ''last safety factor.”
Rather, flood routing practices allow the engineer to better identify the
magnitude of this "'safety factor' so more intelligent decisions can be made
in selecting a cost effective culvert size. " With flood routing practices
in culvert design, a ''safety factor' can be included in several ways such
as by limiting the headwater, increasing the design discharge by one or
more standard deviations (if known), and arbitrarily increasing the culvert
size (perhaps by a certain dollar amount based on a percentage of the
required culvert size). These alternatives are not intended tc be all
inclusive. The point is that the cost benefits of a safety factor can be
best determined only when the engineer has reascnable kmowledge of the
significant variables involved in the design.

SYSTEM OVERVIEW

The system provides four distinct types of analysis that can be
classified into two broad options: design and review. The design option
selects a culvert size and number of barrels compatible with the engineer-
ing data, environmental constraints, and site geometry. With this option,
the User can request the program to consider any or all of the following
culvert types: round concrete, round metal, arch concrete, arch metal,
oval concrete (horizontal placement only), and concrete box. There is an
upper limit of six barrels for commercial culverts or five for concrete
box culverts. This limit could easily be changed with a minor program
modification. ' :

The review option provides hydraulic performance data for a specific
culvert identified by the User. In this option, the User identifies the
culvert type (in accordance with those llsted above), size, inlet -type,
slope, and number of barrels.

Within the design option, the User must select one of two methods of
design: trrigation design or drainage design. The irrigation design
method ignores any upstream pond storage and selects a culvert capable of
passing the peak discharge. Irrigation ditches in western states operate
for long periods at full or near full capacity, thereby precluding any
available pond storage. The drainage desigrn method uses any temporary
upstream pond storage by routing a hydrograph through the site.

The review option uses the same equations as the design option.
Again, Users must indicate whether they want a specific culvert reviewed
using the irrigation design method or the drainage design method, where a
hydrograph is routed through the system.

Provision has been made in the design option for the User to obtain
data for manually plotting a culvert performance curve (Figure 5). This is
accomplished by the User identifying the design discharge and five other
performance discharges deemed suitable to define a performance curve. With
these discharges, the system will first size a culvert using the design



option and then review this design culvert size using the five performance
discharges. This satisfies FHWA requirements (4) for a culvert performance
curve and assists in making a flood hazard assessment provided the basic
flood (100-year event) is one of the five performance discharges. It is
not necessary to input the five performance discharges in order to secure

a culvert design, however.

The review option can also be used to obtain a culvert performance
curve for a predetermined culvert size and geometry. With this option, the
program reviews the specified culvert size, type, and geometry using the
discharges provided (six maximum}.

The system has a choice of two hydrograph alternatives in both the
design option or review option. The first alternative allows the User to
input a hydrograph of his choice for a given discharge. Each of the six
discharges that can be input to the system will also require input of their
own unique hydrograph. The second alternative is where the User does not
elect to input a hydrograph. With the second alternative, the system
generates a hydrograph internally based on Wyoming's flood studies (1).
These studies are for semiarid regions having watersheds ranging from 0 to
about 15 square miles. In Wyoming's snowmelt regions, urbanized watersheds
and any watershed greater than 15 square miles, it is necessary to input a
hydrograph for the design to be valid. An alternative in Wyoming's snow-
melt reglon would be to specify the irrigation design option as snowmelt
hydrographs tend to ‘have relatlvely long duration hydrographs.

These systems also have a plotting capability. The DESCRIPTION OF
OUTPUT describes the plotter output which is shown in Figure 23. Basic-
ally, the output consists of a culvert performance curve, channel perfor-
mance curves, and inflow/outflow hydrograph relationships (where it is
applicable). The various plots are also integrated with the flood-
frequency projections for the site.

SYSTEM OPERATION

The system develops tabular data for either manual or automated A
plotting of the stage-storage relationship and for plotting a stage-storage
relationship to define the tailwater (T,) (Figure 4). The stage-discharge
relationship is sometimes reterred to as a rating curve and it identifies
flood stages prior to any new construction. The User can override these
internally computed stage-storage and stage-discharge tables by inputting
his own tabular relationships. This might be necessary in order to define
complex upstream storage gecmetry or to reflect complex tailwater situa-
tions (backwater from existing culverts, bridges, etc.). When deemed
advisable, a flow distribution can alsc be provided by this system (dis-
cussed later). Having quantified the hydraullc site conditions, the
system selects an initial trial size and type! culvert when in the design

!

IThe minirum size is used as the initial trial size only for the first
culvert type specified for analysis. Subsequest culvert.types for which an
analysis 1is requested at a given site have their initial trial size selected
on the basis of the required cross sectional area for the previous culvert
found to be satisfactory. This logic was required to minimize computeriza-
tion.
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option (both drainage and irrigation methods of design). This initial
trial size is an 18" round or equivalent size commercial (factory manu-
factured) culvert. Notably, the minimum bex culvert size is a 4 foot
square opening in accordance with Wyoming practices. The User may select
an incremental hydrograph time interval (flood routing period), At, in.
accordance with the USER INSTRUCTIONS, or use the internally generated at
based on the hydrograph shape, thereby allowing the program to compute an
incremental volume for routing. With this incremental volume selection,
the system computes an average discharge, Q4, over the selected time inter-
val. Those not familiar with engineering terminolcogy should remember that
volume is just that, volume; whereas discharge is a volume per unit of
time; i.e., cubic feet as opposed to cubic feet per second, With this
average discharge, the system interpolates a tailwater, Ty, (Figure 4)
using the tabular stage-discharge relationship and then computes a trial
culvert headwater, H,., (upstream pond depth, Figure 4) necessary to force
this average discharge through the culvert. This computation considers
both inlet and outlet control parameters and selects the governing control
(8). Having determined a trial headwater, the system can identify the
amount of storage volume generated upstream using the stage-storage
relationship. From the foregoing hydrograph time interval, At, an incre-
rmental flood volume arriving at the site during the selected time interval
or routing period can be identified. The product of the average discharge,
Q4, used to identify the tailwater, Ty, and the selected time interval, at,
provide an estimate of the flood volume passing through the culvert during
the incremental time interval. The améunt of incremental flood volume
input to the site must equal the amount of flood volume temporarily stored
plus the amount of flood volume passed through the culvert and on down-
stream. This is a verbal description of the basic flood routing equation
used in this system (5). Mathematically, the basic flood routing equation
is: - :

or
S1

2 3

-01+ I +I2=2 %%—+ 02 -=--mmmmme e 1b

 The basic flood routing equation as used in this system considers the
accumulation of storage in a culvert's pond as depending upon the differ-
ence between the rates of inflow and outflow. For an interval of time,
At, the basic flood routing equation can express this relationship by
Equation 1lc which evolves from Equation la as: ‘

85 = QIBt - QIAL ====m-mmemmeemmeee B T

These equations can be shown to be

On the initial trial for a giveh culvert size and type,? the system
assumes Qq = (Qi + Qi-1)/2 and then selects a tailwater, T, commensurate

21bid.



with this assumed outflow discharge. This discharge is routed through the
upstream pond and culvert. The balance indicated in Equation 1d-dbviously
can not occur if there is any storage. This failure to balance Equation 1d
tells the system to (1) decrease the previously assumed outflow discharge,
and (2) select a new lower tailwater, T , commensurate with this new

9131 outflow discharge, Q The balanc1ngwprocedure is repeated. This -
‘time the flood volume passgd through the culvert will be reduced since the
outflow discharge, Q,, was reduced. As such, Equation 1d may balance; if
not, -the foregoing 18g1c is iterated until a volume balance is reached
within. the . greater of the following limits:

*+.6(Time Unit)Qi or (60 cfs) (Time Unit)

The second value was needed because Q. can be zero while the system is st111
_ discharging the stored runoff. If thé program does not balance within 30
iterations, the program will force a balance by picking a headwater that
corresponds to the amount of stored volume required. This is acceptable
because Q, and thus the volume out will have become almost constant and the
volume in is also fixed so volume stored can be directly calculated. This
should only happen if there is an extremely large amount of storage avail-
able or if a discontinuity exists in the logic. A message 1s printed out

-. whenever this forced balance is required.

After an incremental volume balance is reached, the time is advanced
another increment, At, on the hydrograph. Each subsequent incremental
.volume balance must necessarily consider the amount of pond'storage, SZ’
occupied by the previous incremental volume balance. - Each time the inlre-

-+ mental time interval, At, is advanced along the hydrograph base, it identi-
.« fies another increment of flood volume, Q.At, a new average inflow discharge,

+ Q,, and the foregoing balancing procedurells repeated. Again, the system
. keeps track of the total storage volume being created or depleted in the

~upstream pond through each incremental time interval, At, in accordance -
with the logic set forth in Equation 1d. .

This processing of the hydrograph through successive time increments,

At, continues until the outflow hydrograph drops below 0.5 cfs. The system
monitors the increase in upstream pond depth to insure it does not exceed a
design maximum termed design headwaier, Dh . The design headwater is por-
trayed in Figure 4 and is an input value. YIf the design headwater is
exceeded, the system increments the culvert opening, returns to the begin-
ning of the hydrograph and repeats the flood routing process until a
culvert size is obtained that precluded the upstream pond from exceeding
the design headwater. In addition, the system also monitors the pond's
surface area, Dpg, and inundation time, Di,, and similarly increments the
culvert size should these input constraints be exceeded.

The system will increase the number of culvert barrels if it can not
satlsfy the design headwater (D), surface area (D,,), and inundation time
o) limitations with a culvert having the greatesg allowable vertical
cuiv rt dimension, G4, specified for the site. The G_, is an input value
to prevent the system irom selecting a culvert that is'not compatible with
embankment cover requirements (see Figure 4). The system dincrements the

number of barrels, N, when it reaches the upper limit for the greatest



vertical dimension established by the available structure geometries.
These maximum vertical barrel dimensions for each culvert type are con-
tained internally in the system (10 feet for boxes, 21 feet for round
metal, 8 feet for round concreté, 158 inches for metal arches, 54 inches
for concrete arches, and 116 inches for concrete ovals). When the number
of barrels is incremented, the program adds one more pipe and searches
for a size with a larger combined equivalent area than the last pipe(s)
it checked before incrementing. Once this size is found, the program
selects the next smallest size and returns to the beginning of the
hydrograph and repeats the flood routing process. D? po or Din

is exceeded the program will increment the pipe size. ¥ o OT Din
is not exceeded, the pipe size will be decremented until a 51ze ghat ex-
ceeds one of the constraints is found and then the program will return

to the next larger size that was already found to be satisfactory.

Once a culvert size comensurate with the design headwater D) 5
pond surface area (D,,), and inundation time (D4,), and cover limitations
have been determined, the system proceeds to 1dent1fy the flow type in
accordance with Figure 8 which then allows the system to identify the out-
let conditions (velocity, flow type, Froude number, brink depth;
see Figures 4 and 8).

Sa




Having completed the design, the system then reviews the culvert size
selected in the design process. This is done using the other input dis-
charges (five maximum), This review process provides the performance
curve. Obviously, in the review process, there is no need to keep the up-
stream pond depth below the design headwater nor to limit pond surface area
and inundation time so these constraints are bypassed. Also, where the
User selects the review option by inputting a specific culvert and request-
ing a review, these constraints are also bypassed.

When the irrigation method is selected, the system omits the flood
routing process and only seeks to satisfy the design headwater limitation,
Dhws for the peak dlscharge Qp. With the review option, the design head-
water limitation 1s agaln bypassed as the system is working with an input
culvert size.

The system logic can be subdivided into six general engineering cate-
gories. These are: (1) stage-discharge, (2} stage-stcrage, (3) hydrograph,
(4) headwater, (5) flow types and outlet conditions, and {6) flow distribu-
tion. These categories are discussed in an engineering sense to facilitate
understanding of the system by the engineer.

Stage-Discharge

A unique site feature affecting a culvert's performance is the stage-
discharge relationship (often termed ''rating curve'). This relation is
portrayed graphically by plotting flow depth vs. discharge. From this
relationship, the program can obtain the various tailwater, Ty, values
necessary in evaluating flow characteristics immediately downstream of the
culvert outlet (often termed ''getaway' conditions by laymen; see Figure 4).
Hence, the cross section and profile slope used to compute the stage-
discharge relationship must be typical of downstream conditions. This
relationship predicts the natural flow depth of a flood for any particular
discharge within the capacity limits of the channel cross section submitted
to the program. A sample cross section is shown in Figure 1, whereas
Figure 2 reflects the profile slope. Figure 4 also illustrates this con-

- cept. In passing, it should be mentioned that natural flow depth and stage
are often used synonymously. Flow depth is measured above the streambed
and stage is the corresponding elevation.

In addition to providing the discharge at various stages (for flow
depths), the flow distribution logic also identifies other hydraulic
characteristics unique to that particular cross section. These include
dlscharge qi; velocity, v; Froude number, Fy; and tractive shear, 17, at
various points across the cross section. The flow dlstrlbutlon is dis-
cussed in detail later.

Provision has been made in this system so the User can subdivide a
cross section into a maximum of nine subsections with one subsecticn being
the minimum requirement. Figure 1 reflects a cross section having five
subsections. This provision provides considerable flexibility for the User
- in identifying different flow depths (geometry) and variable channel

friction values due tc soil and vegetation that may occur on a given cross
section (Manning's n).
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The various depth-discharge relationships necessary in defining the
stage-discharge or rating curve are computed using Manning's equation and
the equation of continuity. More complete discussion of these equations
are found in various texts (5,14).

_l.?l86 R2/3 5,1/2 (Manning's equation) ----==s-=-=-=--- 2

q = va (Continuity equation) -------v-==--==-==-seoonmonoo- 3

The stage-discharge and flow distribution logic uses the channel cross
section in one of two ways to compute hydraulic properties and the stage-
discharge relationships.

1. With a homogeneous channel crdss section (only one subsection),
the program provides hydraulic characteristics for the entire
cross section; i.e., the output reflects only average values for
the entire cross section. A homogeneous cross section is defined
as having uniform friction, n, and geometry across the entire
cross section. Hence, the entire cross section is considered as
one subsection; i.e., the cross section is not subdivided.

2. When the cross section is subdivided to reflect irregular shapes
or different vegetal and friction patterns, the output will
reflect the hydraulic properties from each individual subsection.
As stated before, the program can accommodate up to nine subsec-
tions per cross section. In the analysis, the system logic sub-
divided each subsection further into relatively equal increments
as reflected on Figure 1. This is discussed later in more detail
under Flow Distribution.

The computational procedure is similar for both of the above appli-
cations; i.e., the latter application differs only in that it requires
logic to sum discharges from each subsection for a given elevation level
(stage). Both applications use Equations 2 and 3 for the discharge and
velocity relationships. .The application of Equations 2 and 3 is accom-
plished by starting at the lowest point within a subsection and using
simple geometry to compute the initial incremental cross sectional area
and wetted perimeter, compute an incremental discharge, and then -increment
the depth to the next higher elevation level (coordinate point X1+Xp,
Y1+Yn). The various incremental hydraulic properties are computed every
0.3 feet between elevation levels and at each elevation level as identified
by the cross section coordinate points. Note the program makes use of
Equations 2 and 3 elsewhere” in the program (their variables may be alge-
braically interchanged making them somewhat obscure).

The Froude number is computed using:

v

Fr = Veig CTTTTTTTTTTrUTomTmmTmrmmmmmmommeoooes e e 4

The Froude number evaluates.the gravitational and momentum effects on
the flow. Again, this is discussed in detail in hydraulic texts by Chow

(5).

LT -
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The program evaluates the streambed stability by estimating the trac-
tive shear, v, occurring on the bed. This is a gross estimate found in
most texts and is computed using Equation 5:

Comparing the tractive shear, 1, with allowable values for various
streambed materials as found in modern open channel texts provides the User
with an estimate of the channel stability.

The foregoing hydraulic properties for each increment within a sub-
section of a cross section are optionally available. The program can, on
request, provide this information within the range of the six input dis-
charges used to develop the culvert performance curve. This is accomplisheéd
through the program option, Flow Distribution (discussed later).

The User should be alerted that the stage-discharge relationship and
related hydraulic properties are, at best, only approximate. The entire
computational process presumes a uniform channel (uniform shape, friction,
and hydraulic gradient). When this assumption is grossly in error, the
User may wish to obtain additional cross sections reflecting the various
channel irregularities identified above and compute a stage-discharge curve
and related hydraulic properties using a water surface profile type analy-
sis (not part of this program, see Reference 5). For this reason, provi-
sion has been made for the User to input a table of stage-discharge values,
thereby overrldlng the internally computed stage-discharge relationship.
Reservoirs or other unique downstream conditions affecting-the culvert
outlet may also necessitate inputting a table of stage-discharge values.

‘

Stage-Storage

Routing flood hydrographs through a culvert requires quantification
of upstream storage. The program accomplishes this by generating an inter-
nal stage-storage table. In this case, "'stage" is the upstream pond depth
above the culvert inlet flow line and not the natural flow depth discussed
under Stage-Discharge. Storage is the volumetric storage occurring up-
stream from the culvert for a given stage or pond depth (culvert headwater
H,;, see Figure 4). This program provides two alternative means of comput-
ing the stage-storage relationship. One method uses a cross section and
channel slope such as shown on Figures 1 and 2 that are input to the pro-
gram. Provision has been made for the User to include ten or more cross
sections in order to define the upstream stage-storage characteristics.
The other method uses an externally computed stage-storage table which can
be input to override the internally computed stage-storage table computed
by the cross section altermative,

When the User does not specifically identify a cross section at the
culvert entrance for the upstream stage-storage relationship, the program
will internally assume the first upstream cross section that is provided
also defines the cross section at the culvert inlet. The stage-storage
relationship is then computed using the assumed cross section at the cul-
vert inlet, the first upstream cross section at its indicated upstream
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location, and then any cother upstream cross sections (Figure 3). A down-
stream cross section may be input to serve as the cross section reflecting
upstream storage provided the elevations are adjusted accordingly. The
User 1s cauticned that in this simplistic solution, the downstream section
must be typical of upstream storage capacities.

‘ "Humps™ or islands in a cross section introduce a unique problem in
the internal stage-volume definition. If only one cross section is used to
define upstream pond storage and it reflects an island or 'hump,' the
program necessarily must assume this island or "hump' has no length! - With
large, permanent islands, this assumption could introduce a significant
error in the stage-storage relationship. Where '""humps' are small or
reflect temporary or mobile bars, this assumption may be acceptable. The
problem of permanent islands can be alleviated in one of two ways. The
first way is to provide several upstream cross sections sufficient to
define the island length; say one cross section across both ends and
another across the center of the island. The second way is to compute and
input a stage-storage table as discussed earlier.

The internal logic procedure for computing the stage-storage relation-
ship is based on the average end area method commonly associated with
earthwork computations. This method makes use of the foregoing cross
section(s) and is illustrated in Figure 3. In equation form:

v, d : ,
(‘a‘j_'.'-—iﬂ} Lv':'Bs‘ """""""""""""""" 6

Vg = A 5

Il 10

J
Equation 6 is internally incremented through the elevation levels

(stages) identified on the cross section, thereby resulting in a table of
stage-storage relationships. Whether any given upstream cross section 1is
used to define the storage prism depends on whether the ponded water will
be sufficiently deep so as to reach upstream to that cross section. This
is done by having the program search and determines that portion, if any,
of a cross section which is within the pond. Upstream from the last cross
section and still within the incremental storage prism for any incremental
depth, the program assumes a triangular-shaped prism by projecting the up-
stream stream slope (input) to where it intercepts the incremental pond
level. This projection identifies the length, Ly, and computes this
volume by setting the last upstream cross section end area to zero. That
portion of the upstream pond storage lying above the roadway fill slope
is excluded from the pond storage (reference Figure 4).

The surface area for any incremental level of ponding (inundated area),
Ap, is computed in a similar manner using the cross section top widths, t',
for a given depth (stage) of pond and the distance, Ly, between cross sec-
tions (Figure 3). In equation form:
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The pond's surface area for the remaining triangular portion on the upstream
end of any incremental prism assumes one of the top widths to be zero.

If it is believed the upstream stage-storage relationship can not be
reasonably identified with cross sections, then the User should manually
compute a separate stage-storage relationship. This might be necessary
where there are complex reservoirs, chamnel confluences, etc. The proce-
dure is to manually develop a table of incremental values for storage vs.
stage (depth) for inputting to the program, Contour mapping facilitates
identification of complex upstream storage areas. Planimetering the area
at various elevation levels provides areas in the horizontal plane as ‘
opposed to the vertiecal plane (see Figure 3) that can be used to manually
Corpute a stage-storage relatlonshlp using logic similar to Equation 6.

The stage vs. area inundated is tabulized manually and input to the system
to define this relationship.

The User can do several things to improve the accuracy of the stiéé?
storage relationships: ‘

1. When using the downstream cross section to define the upstream
storage pond is justified, be sure to raise all cross section
elevations so they are relative to the streambed elevation at
the culvert entrance.

2. The storage existing above -the upstream fill slope w111 be
ignored (see Figure 4). At present, this program does not:
account for this storage; consider this a safety factor in the
design. This storage could be significant with high fills and/
or wide cross sections, thereby justifying inputting a manually
computed stage-storage and area inundated tables.

3. When the downstream cross section (or the upstream cross section,
if one is available) does not adequately reflect the cross
section at the culvert entrance, then consider using the road's
centerline cross section as the initial cross section used in
computing the stage-storage relationship. Again, be sure to
adjust the elevations to agree with the culvert's inlet elevation
and also adjust the lateral distances to normalize a skewed or
curved centerline section.

4, Always use the average channel slope occurring upstream from

" the culvert to compute the stage-storage relationship (see
Figure 4). This slope can often vary from the average slope
through a site.

5. The User should be aware of inaccuracies arising from '‘humps"
or islands in the cross section. Small, mobile and temporary
islands should not introduce significant errors, whereas large
islands could result in a gross under-design. Input at least
three cross sections when a permanent island or "hump' will
significantly affect the storage; .consider developing and
inputting a stage-storage and area inundated table as an alter-
native. It may be possible to synthesize the necessary cross
sections where none are available by assuming an island length
(distance between cross sections) using the survey plan View

~or aerial photographs.

6. Use the stage-storage table input alternmative on very complex
sites. This added design cost should be weighed against the
site's importance, however.
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7. Use average distance rather than survey station distances
between upstream cross sections for storage areas hav1ng a
sinuous shape.

ﬂzdrograph

In order to route floods through the culvert, roadway, and site geo-
metry, it is necessary to define a hydrograph (time vs. discharge relation-
ship for flood). The example of Figure 6 displays a typical, single peak
hydrograph common to small, semiarid watersheds. Research conducted by
the United States Geological Survey in Wyoming (1) has defined such hydro-
* graph relationships for watersheds ranging from zero to 15 square miles
shown in dimensionless form on Figure 5., The dimensionless data from
Figure 5 is contained within the system as reflected in Table 1; i.e., this
particular dimensionless relationship is stored and used internally within
the program to compute hydrographs. This particular hydrograph relation-
ship can be suppressed as noted later.

The total volume contained under the hydrograph curve for a given
frequency is identified by the same U.S. Geological Survey report in terms
of drainage area (1). The standard error of estimate for the volume
Trelationship can be significantly improved by also including such watershed
parameters as maximum basin relief, basin slope, and channel slope in the
expression used to compute the hydrograph volume. Therefore, because of
these many alternmative values of flood volume consistent with different
projections of risk accuracies, the User must identify and input the
desired volume in units- of acre-feet. The simplistic form of these volume
equations appear in the DESCRIPTION OF INPUT, but the User is cautioned -
that these are simplistic equations and that reference should be studied
before they are used.

From the U.S. Geological Study (1), it was possible to identify a
simple hydrograph shape that provided a reasonable simulation of the time/
discharge relationship for watersheds in semiarid regions of Wyoming under
15 or more square miles in contributing area. This shape is a function of
volume, Vg, and peak discharge, Qp. The relationship between these vari-
ables is shown in the following equations:

‘Minutes per Time Unit = 726 AL . 8

Cubic Feet/Second per Flow Unit = gf =-=--==-n-==--==--- -

The example of Table 2 and Figure 6 illustrate the use ‘of these equationms.
In the example of Table 2, the peak dlscharge Qp, is 168 cfs and the
corresponding volume, Vy, is 7.03 acre-feet. The time "and flow uniits of
Table 1 correspond to these defined by the research and for convenience
are also displayed in.Figure 5.
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Table 1

Dimensionless Hydrograph
Flow/Time Units

0
3
5 13
7 25
10 49
11 57
12 60
’ 13 59
14 55
18 38
23 23
30 12
40 5.
50 2.
60 0.
70 0

17

‘Minutes _ 226 V/970
T.U. Q/60

2
E.U. 60

T.U.= Time Unit

F.U.= Flow Unit




Sample of Computed Hydfograph

Table 2

(Reference Figure 6)

Units Minutes Units cfs
of “Time Minutes of Flow cfs
Time Unit . Flow ~ Unit
0 1.88 0 0 2.80 0
3 ”T// 6 so | A | 1
5 9 13 | 36
7 13 25 70
10 19 49 137
11 21 57 160
12 23 60 168
13 24 59 165
14 26 55 154
18 34 38 106
23 43 23 64
30 56 12 34
40 75 5.2 15
50 94 2.0 5.6
60 ,/l” 113 0.5 - 1.4
70 132 0 2.80 0

1.88




Discharge Units
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Time Units

Figure 6

Dimensionless Hydrograph
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The foregoing described how the program computes the hydrograph inter-
nally. When drainage areas are larger than about 15 square miles in semi-
. arid regions, they frequently exhibit complex characteristics; multiple
peaks, broad time bases, delayed peaks, and possibly other characteristics
that preclude such simple generalization as afforded by research by Craig
and Rankle (1). As such, drainages of this size are considered outside
the research limits. For this reason, provision has been made whereby the
User can suppress the internal hydrograph computation. This alternative
is done by inputting a hydrograph of the User's choice. Input data con-
sists of a series of incremental discharges, Qi, and their corresponding -
incremental time values, At. Obviously, three would be the minimum number
of discharge and time values needed to describe.a hydrograph (the commonly
used "triangular' hydrograph). The maximum number of discharge and time
values is 200 (67 cards). This particular alternative makes this culvert
design system technically usable in any geographic region in the world,
provided a reasonable hydrograph can be synthesized.

Headwater

This logic determines the upstream pond depth, H,, (Figure 4), identi-
fies flow types, and computes the culvert barrel's outlet properties
(velocity, depth, Froude number). The governing headwater within Zone 1
of Figure 7 is identified by first comparing the headwater that would
result if the culvert were in inlet control, Hj, to the headwater that
would result if the culvert were in outlet control, Ho. (8,2). The greater
of the two headwaters governs within Zone 1. Either inlet or outlet con-
trol can occur within Zone 1 depending on the culvert geometry, discharge,
and other site characteristics.

As the discharge, Qg, is increased, the headwater increases to where
the inlet becomes submerged (about a headwater over vertical culvert dimen-
sion of Hw/D = 1.2). When 1.2 < Huw/D < 1.5, the culvert headwater, Hy ,
tends to fluctuate, vortexes form to introduce air into the culvert, and
the discharge capacity varies (shaded region of Figure 5). This phenomenon
occurs as the culvert approaches and reaches its full flow capacity, Qf.
Zone 2 of Figure 7 reflects this graphically.

This fluctuation created a discontinuity in the program logic. This
program avoids this fluctuating process by considering only the "‘worse
case.”" This is done by computing the full barrel headwater, Hyf, associ-
~ated with the full barrel discharge, Qf. This establishes point b on

Figure 7. Line bc is the minimum headwater used in Zone 2 of Figure 7.
Zone 3 is recognized by the computer as that region where the computed
headwater, H,, exceeds the full flow headwater, Hyf. These three zones
are not to be considered specific blocks or segments of logic within the
system but rather as a means whereby this portion of the documentation can
simply describe the technical solution used in linking part full barrel
{low to full barrel flow without incurring a discontinuity in the program's

ogic.
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In Zone 1, -the inlet control headwater, i, for various culvert and
inlet types is defined by Equation 10. These headwater equations were
obtained through regression of data generated by laboratory studies con-
ducted by the National Bureau of Standards between 1955 and 1967. Refer-
ence Tables 3, 4, 5, 6, and 7 for coefficients used in Equation 10.

= (A" + B'X + C'X2 +D'X3 + E'X% + F'X5)D  ----cmomemme- 10

The headwater for outlet control is computed using a form of
Bernoulli's equation. Specifically:

Ho =H+ He - (LSo) T T T T TS TS TS ST s T 11

The reader is cautioned that in the culvert logic, the system has by
initialization procedures, defined the-term H as two different but related
items. Initially, it defines H in Equation 11 in accordance with this
documentation. Further on in the program logic, it redefines H, in Equa-
tion 11 as H. :

The energy line for part full flow at the outlet, Hg , has been
approglmated by using the larger of tailwater, Ty, [8) or the hypothetical
value

This situation is considered to be tailwater control which is one type of
outlet control.

When the culvert reaches full flow, the outlet energy line is defined
by using the larger of tailwater, Ty, or the outlet energy which is ex-
pressed only as the vertical culvert height, D, as the velocity head is
contained in Equation 13. This situation is considered to.be barrel con-
trol, another form of outlet control.

In the transition between the outlet control and barrel control
values a discontinuity exists. The following value

Q - &
" PCrg,

is used to bridge the discontinuity.

The product of culvert length and slope,LS,, defines the elevation
difference in Bernoulli's equation. As such, it reduces the resultant
outlet headwater, H by providing elevation head in accordance with
Equation 11.

INormally, this expression is considered to be (d. + D): 2. The nor-
mal culvert depth (d) was used in lieu of vertical culvert height (D) in
order to-avoid program errors and gross inaccuracies when very small hydro-
graph discharges are being routed through the culvert.
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Any time the flow, Qg, is equal to or greater than the full barrel
flow, a full barrel condition is used. This latter criteria may be slightly -
in error as there are certain unique situations where a full barrel develops
beyond the inlet, whereas in the vicinity of the entrance due to flow con-
traction, full flow does not occur (reference Figure 7). The error is
assumed to be insignificant as it would occur primarily with very short

culvert barrels. :



Circular Concrete

Table 3

and Elliptical Concrete Inlet Control Coefficients (10)

Inlet Type

Code* A’ B c' D' E' F'
Socket-end Projecting 1 0.108786 | 0.662381 | -0.233801 | 0.0579585 -0.0055789 | 0.000205052
Square Edge Projecting 2 0.167287 | -0.558766 | -0.159813 | 0.0420069 | -0.0036925 .000125169
Socket-end Headwall 3 0.114099 | 0.653562 | -0.233615 | 0.0597723 | -0.0061634 | 0.000242832
Square Edge Headwall 4 0.087483 | 0.706578 | -0.253295 | 0.0667001 | -0.0066165 | 0.000250619
End Section 5 0.120659 | 0.630768 | -0.218423 | 0.0591815 | -0.0059917 ( 0.000229287
Bevel (A) R/D = 0.067 6 0.063343 | 0.766512 | -0.316097 | 0.0876701 | -0.0098369 .000416760
Bevel (B) R/D = 0.033 7 0.081730 | 0.698353 | -0.253683 | 0.0651250 .| -0.0071975

.000312451

*Note: This is first digit of computer code in Table 9.

¢



Table 4

Concrete Arch Inlet Control Coefficients (10)

Inlet Type - Code* . A’ B’ c' D E' F!
Socket-end Projecting . 1. 0.089053 0.712545 | -0.270921 | 0.079250 | -0.0079805 | 0.000293213
Socket-end Headwall 3 _0.111281 0.610579 | -0.194937 | 0.051289 | -0.0048054 | 0.000168547

_Mitered 8 0.083301 | 0.795145 | -0.434075 | 0.163774 | -0.0249139 | 0.00141066
*Note: This is first digit of computer code in Table 9.
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Circular

tetal Inlet Control

Table §

Coefficients (11)

Inlet Type Code* Al B? c' D E' F'
Projecting 2 0.187321 | 0.567719 | -0.156544 | 0.0447052 | -0.0034360 | 0.000089661
Headwall 4 0.167433 | 0.538595 | -0.149374 | 0.0391543 | -0.0034397 | 0.000115882
End Section 5 0.120659 0.630768 | -0.218423 0.0591815 | -0.0059917 | 0.000229287
Bevel (A) R/D = 0.067 76 0.063343 | 0.766512 | -0.316097 | 0.0876701 |} -0.0098369 | 0.000416760
Bevel (B) R/D = 0.033 7 ~0.081730 | 0.698353 | -0.253683 | 0.0651250 | -0.0071975 | 0.000312451
Mitered (or Step Bevel) 8 ©0.107137 | 0.757789 | -0.361462 | 0.1233932 | -0.0160642 | 0.000767390

*Note: This is first digit of computer code in Table 8.

S¢



Metal Arch Inlet Control Coefficients

Table 6

Inlet Type Code* A’ B' c' D' E' Pt
Projecting 2 | 0.089053 | 0.712545 | -0.270921 | 0.0792502 | -0.0079805 | 0.00029321
Headwall 4 | 0.111281 | 0.610579 | -0.194937 | 0.0512893 | -0.0048054 | 0.000168547
Mitered (of Step Bevel) 8 | 0.083301 | 0.795145 0.1637740 | -0.0249139 | 0.00141066

-0.434075

L

*Note:

This is first digit of computer code in Table 8,

9z



Concrete Box Inlet Control Coefficients (12, 13)

Table 7

Inlet Type Code* A' B’ C' D' E' F'
Wingwalls = = 30° to 75° 1 .072493 0.507087 -0.117474 .022170 -0.0014896 0.000038013
- Square top edge
Wingwalls « = 90° and 15° 2 .122117 0.505435 -0.108560 .020781 -0.0013676 | 0.000034564

Square top edge ,
Wingwalls parallel (= = Oﬁ) 3 .144138 0.461363 -0.092151 .020003 -0.0013645 0.000035843
Square top edge '
Wingwalls « = 18° to 33.7° 4 .0695633 | 0.4412465 | -0.0743498 .01273183 | -0.0007588 0.00001774
15:1 top bevel ‘ "
Headwalls « = 90° inlet 5 .122117 0.505435 -0.10856 .0207809 -0.00136757 | 0.00003456
Skewed to 45°
Square top edge
Headwalls « = 90° inlet 6 .1566086 | 0.3989353 |. -0.0640392 .01120135 | -0.0006449 0.000014566
Skewed to 45° «
1:1 top bevel
Headwalls = = 90° inlet 7 .0967588 | 0.4551575 | -0.0812895 .0125577 -0.00067794 | 0.0000148
Skewed 90° 1%:1
Top bevel
. S}
*Note: This is fitrst digit of computer code in Table 10, ~
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The head or energy, H, required to pass a given quantity of water

through a culvert operating in barrel control and ignoring outlet condi-

tions (tailwater, Ty) consists of three major parts. These three parts

usually express energy in feet of water and include a velocity head, Hy;

an entrance loss, Hg; and a barrel friction loss, Hf. This energy is

‘obtained through ponding water at the entrance and can be expressed as:

H=Hy + Hp + Hf =-==-=cmmmmmmmmmm oo ----- 13

When the barrel is full the velocity head, Hv, is deflned by Equation
14 with V¢ being the full Flow velocity.

If the barrel is not flowing full, the velocity head, H , is computed using
partial flow area to generate a unique velocity, V. With part full flow,
it was necessary to develop a constraint in the computer logic in order to
preclude the high velocities often generated by steep culverts operating in
inlet control from erroneously forcing the culvert into outlet control due
to the high velocity head being generated. This was done by limiting the
marimum part full velocity, V, to that velocity corresponding to critical
depth or V. (the minimem part full velocity is of course that velocity
corresponding tg.full flow, Vg¢); i.e., Vo >V > Vg, The logic for this
‘constraint is simple. Minimum energy corresponds to that energy associated
with critical filew conditions, and when the velocity exceeds critical velo-
city, the culvert is sufficiently steep as to have its velocity and velo-
city head generated solely by the culvert slope (gravity) and not by an
upstream pond depth (elevation). Naturally, this presumes tailwater
control is not. affectlng the ability of the culvert slope to generate ‘this
velocity.

If the tajlwater momentum is greater than the pipe momentum, the veloc-
ity head, Hy, Lawcomputed using the velocity associated with the tailwater
depth or D, whxﬁpgwer is less. The same limits on velocity are used as in
the precedlng paragraph with one additional restraint. If tailwater momen-
tum governs andsthe tailwater depth is less than d,, the velocity associated
with d, is used:to ‘compute H,.

The entrance-loss 1s expressed in terms of the veloc1ty head and an
entrance loss ceefficient, Ke, that is unique for various types of commonly
used culvert entrances. These coefficients can be found in Tables 8, 9,
and 10. For a full barrel, the velocity head is the same-as-defined in
Equation 4. Using this velocity head, the following expression is used to
compute that portion of the head, H,-in Equation 13 that is attributed to
entrance losses.

As explained previously with part full barrels, the critical velocity, V
is the maximm velocity used to compute the velocity head portion of
Equation 15 with the full flow velocity being the minimum velocity that
can ever be used for this velocity head.

The barrel friction loss, Hf, shall be defined for Equation 16 as:

2/3 (V)2
—7%— o mmmmmemmomo-oooomsoseeee 16

Vf

- ’29.1 n2L
T Rpt 33| Vo




Table 8

Metal Pipe Inlet Codes (10, 11)

| 0.024

0.032

0.026

Circular ' Pipe-Arch
Entrance
Inlet Type , Structural” Coefficient
: Riveted Structural . Plate - Ke

. Riveted | 25% Paved Plate - 25% Paved | Unpaved | 25% Paved
Projecting 21 22 23 24 23 24 0.9
Headwall 41 - 42 43 44 43 44 0.5
End Section 51 52 53 54 -- -- 0.5
Bevel (A) R/D = 0.067 61 62 63 64 -- -- 0.2
Bevel (B) R/D = 0.033 n 72 73 74 - - 0.2
Mitered (or Step Bevel) 81 82 83 84 83 84 0.7
Manning's n 0.021 0.026 0.032

6¢



Table 9

Concrete Pipe Inlet Codes (10, 11)

Inlet Type Circular | Arch | Ellipse | . oe?’fﬁf‘;ﬁi ‘.
Socket-end Projecting 11 11 11 0.2
Square Edge Projecting 21 -- 21 0.5
Socket-end Headwall 31 31 31 0.2
Square Edge Headwall 41 - 41 0.5
End Section 51 -- 51 0.5
Bevel (A) R/D = 0.067 61 - 61 0.2
Bevel (B) R/D = 0.033 71 -- 71 0.2
Mitered -- 81 0.5

30



Table 10

Box Culvert Inlet Codes (12, 13)

Inlet Type Concrete Coe%?EZ?gﬁi K
» e
Wingwalls « = 30° to 75° 11 0.4 -
Square top edge (R/D = 0)
Wingwalls = = 90° and 15° 21 0.5
Square top edge (R/D = 0)
Wingwalls = parallel (= = 0°) 31 0.7
Square top edge (R/D = 0)
Wingwalls = = 30° to 75° 41 0.2
1%:1 top bevel (R/D = 0.083)
Headwalls « = 90° 51 0.5
Inlet skew 90° to 45°
Square top edge (R/D = 0)
Headwalls =« = 90° 61 0.2
Inlet skew 90° to 45°
1:1 top bevel (R/D = 0.042) s
Headwalls « = 90° 71 0.2

Inlet skew 90°
1%:1 top bevel (R/D = 0.083

31
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Equation 16 is obtained from the familiar Darcy-Weisbach equation (14),
which has been manipulated by others to make use . of the friction value, n,
in Manning's euqgation (15). Note that for this system, Equation 16 has
been modified by the term (Ve ¢ Vo)2/3 and by using V, in lieu of the full
flow velocity normally assoclated with the Darcy-Weisbach equation. This
was an arbitrary modification used by the Wyoming Highway Department in
attempting to more closely approximate the true friction losses for part
full flow. Also noteworthy is that this equation is continuous between
part full and full flow conditions; i.e., at full flow, the true Darcy-
Weisbach equation exists in accordance with accepted theory as Vg = Vr£.
Similar to Vy, the value used for the hydraulic radius in Equation 16, Ry,
is that corresponding to the barrel flow conditions but constrained be-
tween critical and full flow conditions or Rc < Rnp < Rf.

Admittedly, the friction loss in part full flow is not computed with
any great exactness by this system. Ideally, a water surface profile
through the barrel is required to best identify the losses. To circumvent
a sophisticated water surface profile procedure, the foregoing approxima-
tion offered by modifying Equation 16 was used. :

Program problems were encountered when the head, Hp, was being com-
puted for small design discharges, Qg, that had small flow depths in the
barrel. To resolve this problem, the lower limit on outlet control head-
water, Hp, was limited to the normal culvert flow depth, d, as a minimum,
There was no upper limit constraint,

Flow Types and Outlet Conditions

- The program has a routine to identify the flow types presented in
Figure 8. Once the flow types have been identified, the program then
estimates the hydraulic properties existing at the outlet. These proper-
ties include outlet flow depth (brink depth, Yp; velocity, Vb; specific
force, Mp; and Froude number Fyp. These are the essential properties
necessary to input into a separate culvert outlet protection program (6,7).

These flow types not.only serve to identify the outlet flow charac-
teristics, but also aid the engineer in sketching or visualizing the water
surface profile through the culvert. Identification of the water surface
profile serves several useful purposes among which is a visual check on
the analysis (does the profile look valid in light of the site conditions,
tailwater, etc.), sultability of various outlet protection devices, whether
the structure is in inlet or outlet control and hence the suitability of
inlet improvements. The engineer will undoubtedly ideritify other uses for
these flow profiles.. It should be noted that while these flow profiles are
similar to those used by the U.S. Geological Survey, they should not be
congtrued as implying that the U.S. Geological Survey culvert equations are
used in this system, with the single exception of differentiating between
Types V, VI, and VII flow as shown on Figure. 10 and related discussion
regarding Figure 10,



Figure 8

Culvert Flow es
(also reference Ta le 3)
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The routine for identifying the various flow types uses the criteria
shown on Figure 8 and Table 11. Once the flow type is identified, the
necessary culvert outlet properties are computed using the following
expressions. Froude number and specific force equations are familiar
expressions commonly found in hydraulic textbooks (5,14) as is the continu-
ity equation used to compute outlet velocity, Vi.

Froude Number:

SV |
e 18

Culvert Outlet Specific Force:

Mp = BlmAbYTb- + B‘zg Qq Vb -==-====mmmmmmmmmmmmmmme oo 19

Tailwater Specific Force:

R 20

Culvert Outlet Velocity:

. _

The specific force equations (19 and 20) do not use the centroid of
the outlet area, Ap, as recommended in the literature by Chow (5). This
complexity has been eliminated through research by Simons (16) which has
shown that the specific force at culvert outlets of different geometric
shape varies in accordance with correction factors, g)-and A2. These
coefficients have been identified for circular and rectangular culverts
only. It was, therefore, assumed that the B; and B8; values for rectangular
shapes are sufficient for arch and oval culverts. The 8; and 8, coeffi-
cients are defined by Equations 22 and 23 and by first assuming B% is as

1

defined in Equation 23; i.e., the control term 68p, uses B; as defined by
Equation 23.
Round Culverts
' J
If  681<dy , use 8; = 0.82666+ 0.75654(T, * Yp) -
0.10305(Qq + BS/2) ~wrmmmmmmmm e 22
If 6815505 , use B1 = 0.46452 + 0,35468(Tw: Yp) +
0.02237(Qq + B5/2) =mommmmmm oo 23



| Table 11

Flow Type Variables*

?;gg Ho/D  d/de  Qa/Q¢  (Sol#D)/Ty  So/Se  Tu/D Mpy/Mrw  d/D  do/Ty  do/D Yy,
IA <15 <1.0 <1.0 . >1.0  <1.0  »1.0 <l.0 - <1.0 d
IB <1.5 <1.0 <1.0 >1.0 . >1.0 <1.0 <l.0 - <1.0 D
IC <1.5 <1:0 <1.0 >1.0 >1.0 1.0 »1.0 <1.0 - 1.0 d
ID >1.5 <1.0 <1.0 - >1.0 <1.0 >1.0 <1.0 <1.0 d
IE <1.5 <1.0 <L.0 >1.0 >1.0  >1.0  <1.0 <1.0 <1.0  <1.0 D
IF >1.5 <1.0 <1.0 >1.0 51,0 »1.0 1.0 <1.0 <1.0  <1.0 d
IG <i.5 <1.0 <1.0 : >1.0  <1.0  <1.0 <1.0 >1.0  <1.0 T
IH >1.5 <1.0 <1.0 ] >1.0  <1.0  <1.0 <1.0 1.0  <L.0 T,

ITA <1.5 >1.0 <1.0 - <1.0 <1.0 - <1.0 >1.0 <1.0 de
IIB >1.5 >1.0 <1.0 ; 1.0 <L.0 - <1.0, »1.0  <1.0 de
IIIA  <1.5 >1.0 <1.0 - 1.0 <l.0 - <1.00 <1.0  <1.0 T, .
II1B >1.5 >1.0 _<1.0 - <1.0 <1.0 - <1.0 <1.0 <1.0 Tw
IVA >1.5 >1.0 <1.0 <1.0 <1.0 >1.0 - - <1.0 <1.0 D
IVB <1.5 >1.0 <1.0 >1.0 <1.0 >1.0 - - <1.0 <1.0 D

v >1.0 ) : 1.0 - ] : <1.0 de

VIA >1.0 ; . <1.0 - 10 - >1.0 D

VIB >1.0 - - >1.0 >1.0 >1.0 - >1.0 D

VII >1.0 - - <1.0 - 51.0 »1.0  <1.0 say (de+Tw):2

*Figure 8 illustrates these criteria for identifying flow typés
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Headwater pond, feet

Vertical culvert helght feet

Normal flow depth in culvert without tailwater influence, feet
Critical flow depth in culvert, feet '

Barrel discharge, cfs -

Discharge when barrel is full, cfs

Culvert slope, feet/feet

Culvert length

Flow depth in natural channel downstream

Critical culvert slope, feet/feet
Specific force at culvert outlet, 1bs
Specific force at culvert outlet due to tailwater, lbs

Brink Depth, feet
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Rectangular Culverts

Assume these coefficients are valid for arch and elliptical shapes
also. B can not be greater than 1.0 or less than zero;‘i.e., 0 < B] <
1.0. If So < S¢, and Ty < Yp, then

g1 = {i}—ﬂz [3- zdﬂ -------------------------------------- 25
Otherwise,

B] = 1.00 == =mmmmmmm s 26a

By = 1.00 =-=mn=mmmmmcmmmmmeimomaeoos S 26b

In accordance with Figure 8, the outlet (brink) depth, Yp; corresponds
to either the taillwater, Ty; the culvert's critical depth, d¢; the culvert's
normal depth, d; or the culvert's vertical dimension, D; for full flow. As
such,- the appropriate depth applicable to a culvert operating under certain
identifiable conditions is also identified in Table 11. The remaining
geometric variables in Equations 18 through 21 are then identified in
accordance with the- appropriate brink depth, Yy, as indicated in Table 11.

The geometric properties of culverts flowing partially full are com-
puted using the following equatiOns. The properties include culvert water-
way areas, Ap; wetted perimeters, ; hydraulic radius, Rp; top width of
waterway, Tp; and hydraulic depth gp.

Several flow types in Table 11 are so complex that only estimates can
be used to define the outlet depth and related variables. These are Flow
Types V and VII. The User may question whether certain flow types of Table
11 can physically occur. In answer, some of the flow types of Figure 8
were devised primarily in hopes of precluding program stoppages should the
system ever encounter certain unique combinations of flow type variables.
The questionable flow types are generally those associated with very high
tailwaters with hydraulic jumps confined to the culvert barrel and are
.admlttedly unllkely to occur. ‘

Exact geometrlc propertles for czrcles were computed u51ng equatlons
obtained from Marques' computer program (13}, o .

. . 2 -1 , :
A, = {Yb - %}/TﬁTT?ETTT?ETT'+ D" |n:2 + Sin [E%R - 1}' ——-- 27
N - -1 ' )
Pp = D|7/2 + Sin [3%2 - ]i ------------------------------ 28
Vg >
Tp = 2“%r - ﬂg - Yb} S S 29

Geometric data by Zelensky (17) for riveted metal arch culverts having
2 2/3" x 1/2" corrugations (18" x 11" through 72" x 44' sizes) was regressed
by the Wyoming Highway Department in order to obtain the following expres-
sions used in estimating the geometric properties. The related statistical
properties are included for reference.
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BD(-0.03824 + 0.98591(YpsD) - O. 15924(Yb SES [P 1)

' Multiple Regression Coefficient = 1,0000

Standard Error = 00,0010

D(-0.02894 + 1.01687(¥p:D) - 0.66163(Yp:D)2) -----=--- 31
Multiple Regression Coefficient = 0.9989

‘Standard Error = 0.0040

B(0.98406 - 0.80765(Yp:D)4) -mnmmmmmmsmomomommmen - 32
Multiple Regression Coefficient = 0.9923 |

Standard Error = 0.0284

.- Similarly, regression techniques were again applied to data by Zelensky
'(17) for structural plate pipe arch culverts (SPPAJ having 6" x 2" corru-
gations (73" x 55" through 247" x 158") resulting in the following expres-
sions and related statistical properties. Again, these equations provide
an estzmate of the geometry properties and not an exact solution,

Ap

BD(-0.04938 + 0.99059 (Yp:D) - 0.15349 (YpiD)5) --=-=-= 33

Multiple Regression Coefficient = 1.0000
Standard Error = 0.0011

D(-0.03385 + 1.00955(Yo:D) - 0.65458 (Yp:iD)2) =--cvrnnv 34
Multiple Regression Coefficient = 0.9988"
‘Standard Error = 0.041 ‘
: B(O 9636 - 0.82876 (Vb T T
' Multlple Regre551on Coefflclent = 0.9896 ”‘

' Standard Error = 0.0324

For the concrete ellipse (oval)" culvert with the 1ong axis horlzontal
the regression analysis prov1ded the following equations using the same

"data source,

tric properties.

Ap

it

These’ expre551ons also prov1de only estzmates of the geome-

_BD(-0.07462 + 0.96631(Yp:D] = 0.07636 (Yp:D)9) -------- 36

Multiple Regression Coefficient = 0.9998
Standard Error = 0.0049

D(0. 01645 + 0.59206 (Yy* D) - 0.28286 (Y3 :D)5) ~--~-nnnn- 37

Multiple Regression Coefficient = 0.9989
Standard Error = 0.0047

= B(0.47603 + 2:31817(Yp:D) - 2.59557(Yp:D)2...

.+ 2.60422(Yp:D)7 - 2.70755(YpD) 9 ~--memmmaanmana- - 38 -

Multiple Regression Coefficient = 0.0075
Standard Error = 0.0165
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The geometry of rectangular shapes result in relatively simple and
exact geometrical relationships. These equations are:

Ap = BYf =m-emeremcmeeeeemeeee e ceeeeeeeeeeaeneees 39
Pp = 2Yb + B =-=m-mecmmmmmmmonn e 40
MR S |

Geometric properties for concrete arch culverts were unavailable for
a regression analysis. As a temporary expedient, the concrete ellipse
equations (Equations 36-38) were arbitrarily substituted.

Ap = currently unavailable, use Equation 36 ------------- -- 42

Multiple Regression Coefficient = NA
Standard Error = NA

Rp = currently unavailable, use Equation 37 --------------- 43

Multiple Regression Coefficient = NA
Standard Error = NA

Tp = currently unavailable, use Equation 38 ------~-------- 44

Multiple Regression Coefficient = NA
Standard Error = NA

" From the foregoing geometric relationships, it was possible to identi-
fy the hydraulic depth, dj, as

Where the hydraulic radius is not reflected in the foregoing equations
for a specific geometric. shape, it was computed using the following:

A
RP=F§'

The foregoing expressions for hydraulic depth and hydréulic radius are
commonly found in hydraulics texts (5,14). .

By using regression equations to identify the geometric properties
such as line abc on Figure 9 for circular culverts, it was necessary to
set upper and lower limit controls. This was necessary for only arch and
oval culvert types to preclude computing values less than zero and values
greater than the maximum geometric properties which can occur due to the
regression equations providing only a 'best fit estimate.” This limit
control was accomplished by interpolating linearly between Yp+D = 0 and
(Yp:D) = 0.1. Geometric limits corresponding to full barrel conditions
were established as the maximum full barrel values.
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At this point, discussion is warranted concerning a particular problem
encountered in transpesing the foregoing culvert geometry theory into com-
puter logic. This can be illustrated by considering the curves of Figure
9. As the depth of flow increases in a culvert, the various geometrical
properties increase in magnitude also. -This process reverses for the part
full hydraulic radius, R,, in circular culverts at about the 80 per cent
full point (d/D = 0.81) and a decrease occurs. Because the format of the
foregoing regression equations reflect a statistical best fit of these geo-
metricaleproperties, this reversal did not occur (see Figure 9). Instead,
as an example, line gbc on Figure 9 would represent the part full hydraulic
Tadius, Rp, relationship for a circular culvert. However, when a culvert
was at or exceeding the full flow condition, the system used the true geo-
metrical culvert properties (point f on Figure 9). This resulted in a
discontinuity-in the program-that precluded the system from operating. The
solution incorporated into the system logic was to allow the part full
hydraulic radius, R,, to increase in accordance with the regression equa-
tions until the culvert depth, d, exceeded 81 per cent of the culvert's
vertical height (d/D > 0.81 on Figure 9). At this point, the part full
hydraulic_radius,”Rp, was held constant_at.its maximum value; the part full
cross sectional culvert area, Ap, continued to increase, however, avoiding
computation of a constant discharge according to Manning's equation (Equa-
tion 2) in the region between 0.81 < d/D < 1.0, This introduced some com-
putational error into the system (about 0 to 10 per cent) as the part full
hydraulic radius, Rp, now follows line ade which results in a full flow
hydraulic radlus Rf, at point e which is a compromise betwéen the true
value at point f and the regression equation value at point c.

Two equations were developed for differentiating between the Type V
and Type VI or VII flows found on Figure 8. These equations were derived
from the graphs shown on Figure 10. Two egquations were necessary; one for
metal and one for concrete barrels (regardless of shape). Discussion of
variables in this equation can be found in the report by Bodhaine (18) from
which Figure 10 was obtained. The following two equations and related
statistics were obtained through a regre551on analysis by the Wyoming
nghway Department

Concrete Culverts”

Sol = 0.01490 + 0.05168 In (Y+1) --=-----r-n=mmmm- SR 47a

Multiple Regression Coefficient = 0,7017
Standard Error = 0.0103 ‘

The value of Y is defined by Equation 47b to be

1.012-11.14022 + 102.008r/D

¥ = {169-T5T8076-55-5173085,/5) = 1356, 890 7466=F9-T0 79I55

Metal Culverts

Sel = -0.01139 + 1,52602Y - 85.20076Y3 + 2201.45435Y>

Multiple Regression Coefficient = .9591
Standard Error = 0.0068
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The value of Y in this polynominal is defined by Equation 48b and the
constant F is defined by Equation 48c.

Y = 0.03789 + 0.98469% - 2.00115 Sm[%rg%-]
in[CoBn
0.6466(NHR)81n[70_2F ] 48b
F = (9.65420 - 28.65714T4D) - (13.80714 +
52.571431/D) (Npg) =--=n=mmnnnmnmmmmmm o mmmmmmcmmeme e a8c
o
N r zgnf(HW) ____________________________________________ 48d

The system computes a value for Syl using the foregoing equations

- depending on whether a concrete or metal culvert is being analyzed. . The
value of D is the.greatest vertical dimension which may introduce some
error with arch and oval culverts. The true culvert slope, S,, is compared
against Sol to determine if Type V or Types VI and VII flow are occurring;
i.e., So > Spl results in Type V flow, whereas S5 < Spl, then either Type
VI or Type VII flow is probably occurring. Flgure 8 shows Types V, VI, and
VII flow and Figure 10 graphically portrays this selection process.

This system makes use of the critical flow properties of the culvert
barrel. Critical flow properties of open channels are presented in detail
in hydraulic texts (5,14) and will not be discussed here. This system

‘uses an iterative process for all culverts except boxes to satisfy Equation
49 in order to determine the critical depth, d., corresponding to a given
discharge, Q4.

The system selects a trial critical depth, de. With this trial value,
the top width, T, and area, Ac, are computed using Equations 27 to 41,
With these values of T¢ and A., Equation 49 can be solved. If the indi-
cated identity does not result, the trial depth, d¢, is iterated until the’
balance indicated in Equation 49 occurs.

Rectangular shapes are unique in that the critical depth can be deter-
mined directly. This is done with Equation 50:

de = [(gdéB)2}1/3 _________________________________ —ememee 50

With all culvert shapes, the critical depth, d,, was necessarily
limited to a maximum value equal to the culvert's vertical dimension, D.

Once the critical depth is determined, it is possible to determine
other culvert properties corresponding to critical depth; i.e., algebrai-
cally manipulating Equation 2, Manning's equation, it is possible to
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compute the critical slope, S.. Should the User encounter expressions in
the program that are not presented in the foregoing, it is suggested an
‘attempt be made to see if they are some form or combination of Equation 2
or 3. Hydraulic engineers use these two expressions quite frequently and
they are not limited in this system to only the stage-discharge computation.

Flow-Distribution

N

The flow-distribution is a natural extension of the information gener-
ated by the stage-discharge analysis. At the outset, it must be stated
that' flow-distributions are not normally used or required in designing
culverts. As such, this option may be used very seldom. In fact, the
primary reason the flow-distribution option is in this system is to faci-
litate implementation of long range planning for hydraulic computer systems
in the Wyoming Highway Department, At present, Wyoming uses flow-distri-
bution to obtain-input for hydraulic bridge analysis. '

Flow-distribution data generated by this system allows the User to
manually plot a flow-distribution. Figure 1 illustrates how this flow-
distribution can be manually developed. - Briefly, the stage-discharge
analysis generates and accumlates incremental discharges across the typi-
cal cross section. These accumulated incremental discharges are plotted
on a vertical scale vs. a lateral cross section distance on the horizontal
scale as shown on Figure 1. Actually, it is less time consuming to plot
the accumulated subsection discharges, qj-g. No accuracy is sacrificed by
this "shortcut,” This vertical scale is then subdivided into equal parts
{usually 20 for 5 per cent increments on the flow distribution). By pro-
jecting these subdivisions, horizontally from the vertical scale until
intercepting the plot of accumulated discharges and then proceeding verti-
cally, a flow-distribution is generated. This system forestalls the need
to manually plot the flow-distribution by providing flow per cents at
intervals horizontally across the typical section.

Other information provided with the flow-distribution option for each
of the incremental segments used in computing the stage-discharge relation-
ship include Froude number, fy; tractive shear, r1; velocity, vi; and dis-
charge, qi. It should be remembered these are the hydraulic properties for
each individual increment within a given subsection of the cross section
(Figure 1). The flow-distribution also sums the incremental discharges,
qi, to obtain .the total subsection and hence channel discharge, gq. A little
manual manipulation of this data will also provide the subsection discharge,
qj-9. In addition, the flow-distribution provides the average depth, dj;
average velocity, V; and average Froude number, Fr, for the channel, The
non-uniform velocity coefficient, o, and non-uniform momentum coefficient,
B, for the cross section are also provided by this option. In addition,
flow-distribution option also identifies the maximum velocity occurring
within the cross section, the specific forces of the cross section, and
the cross section'’s specific head. Chow (5) discusses these variables'in
more detail. ‘
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designing or reviewing a culvert. However in determlnlng erosion protec-
tion requirements according to Schllllng (3) and Wacker (7), it will be
necessary to know the hydraulic properties of the natural channel--parti-
cularly the maximm values, In addition, the data on the flow-distribution
provides some insight into the environmental aspects surrounding the
stability of a channel (incremental tractive shear and velocities)--
although similar information is available from the stage-discharge analysis.
Another possibility would be to use the flow-distribution for identifying
what portion of the approach flow should be allotted to culverts used for
relief openings on wide floodplains. Experience with the system will best
determine when the flow-distribution option can prove valuable to an
individual User.

OUTPUT FORMATS

This system was developed to provide the User with a choice of four
different printer outputs.and a plotter output. Not all output formats
are operational at this time. The User can select only one of the opera-
tional output formats plus the plotter output for a site with each computer
run. The following will assist the User in determining which combination
of outputs will best suit his needs for a given site.

As mlght be expected, the output formats vary from limited output
to extensive output. Option 0.0 does not provide a printout. Option 1.0
provides a short summary, whereas Option 2.0 provides extensive information.
Option 3.0 is a specialized form of output being considered by the Wyoming
Highway Department to facilitate permanent file documentation of each
drainage design and currently is not operational,

The reader i1s cautioned to read the following before selecting a
design output format as different formats are necessary for different
cireunstances; t.e., flood hazards, whether the design is preliminary or
final, envirommental problems, outlet erosion economics, ete. It ts
possible to "gemerate a lot of paper” if care is not taken in wisely
‘selecting the necessary output.

Plotter Outbut

- This is not a printer plot, but actually a plotter operation. The
most economical time to use this output format is-after the site geometry
is firm and the suitable culvert types have been reduced to one or two.
Output consists of: (1) culvert performance curves (headwater and outlet
velocity vs, discharge flows), (2) stage-discharge and velocity-discharge
curves, and (3) inflow/outflow hydrograph. An information block will also
be printed which will hdve to be filled out by the User. The plotter out-
put is optional and may be requested with any of the following printer
options by coding *he proper values in the work option and printer option
entries. Figure 23 reflects the plotter output.
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Option Q. 0 No.Printout

If thedesign is completed and only a final plotter output is requlred
then this option should be used.

Option 1.0 Culvert Performance

The most commonly used output format will probably be the culvert -
performance option because it provides the concise hydraulic summary that
1s necessary to evaluate a site. This option should be used in studying
site geometry alternatives and eliminating unsuitable culvert types. Quite
often, this output option will be suff1c1ent for selecting the flnal design
for 51mple uncomplicated sites.

Where the engineer feels a need to look more closely at the culvert's
performance throughout the passage of a flood, it will be necessary to
obtain the flood routing option. Sample Problems 1, 3, and 4 reflect
typical Option 1.0 output.

‘dption 2.0 Flood Routing

This output is for drainage design only and should not be used for
irrigation design.

Option 2.0 provides the maximum available flood routing detail.
Sample Problem 2 shows this output format. The flood routing option pro-
vides the essential hydraulic data throughout the routing of a flood through
a culvert site for each time interval.

In design, this format will be found useful when there are sensitive
upstream improvements as it provides a detailed analysis of immdation
depths, duration, and extent (area inundated). This format also allows
the engineer to look more closely at outlet erosion problems; i.e., it may
be considered uneconomical to provide erosion protection for the maximum
‘outlet discharge, but by looking in more detail at what can be expected to
occur at the outlet, it may be found that these severe outlet conditions
occur only briefly. Under such circumstances, the engineer may wish to
provide outlet protection for a less severe outlet condition. As an exam-
ple, this might be for conditions occurring during 80 or 90 per cent of the
time during the passage of a flood, or another example might be to acco-
mmodate the conditions occurring durlng all but a 15-20 minute period. .
during the passage of the highest discharges. Debugging requirements also
make this output useful. : ‘

Option 3.0 Design Summary

This is an optional output designed to facilitate documenting the
essential hydraulic data at each site. This documentation format is used
by the Wyoming Highway Department. Figure 22 shows the format used on the
Flood Hazard Summary which is similar to the format appearing on the Wyoming
Highway Department's E-65 drainage survey form,
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The User should not request this output format when doing preliminary
type designs. The proper time to request this output format is when pre-
liminary analysis has reduced the culvert type selection to one or two and
the site geometry has been firmly established.

Only part of this output format is completed by the system and in-
cludes station: culvert type, size, inlet type (for each culvert type on’
which a design or review is requested); hydrolcgy (all items); design head-
water; pond depth, structure velocity; natural channel depth; maximm velo-
city. This hydraulic information is provided for each of the review dis-
charges input -o the system (five maximum) and for the design discharge.
These five review discharges are entered in one of the six column headings
along with its corresponding frequency. The specified design discharge and
frequency is entered in the remaining column heading and can be identified
as such by the checkmark within the parenthesis found in each colum head-
ing.

The remaining output must be completed manually. A future enhancement
that is being contemplated is to link the culvert erosion system into the
culvert design system, thereby allowing the erosion protection portion of
this output to be completed by the computer.

ENGINEERING USE OF THE SYSTEM

Sometimes a better appreciation of a system can be gained by under-
standing how the system may be used. Such discussion can also serve to
generate new ideas on system use and enhancement.

The first and most obvious use of the system is that it designs cul-
verts or reviews a predetermined culvert size. There are other more subtle
uses that must not be overlooked.

The system was also designed for use in assessing flood hazards that
might otherwise be overlooked. Besides the design discharge which sizes
the culvert, it is possible to input five additional discharges to be used
in reviewing this culvert size. Hydraulic engineers can be guilty of
"tunnel vision"; i.e., the design flood is selected, the culvert sized to
meet a design headwater, and the design is concluded. Federal Highway
Administration directives (4) and current Wyoming Highway Department prac-
tices require the resulting culvert design be reviewed using a ''super
flood" commonly termed the basic flood. This flood has been arbitrarily
selected as the 100-year event (5). This review is used to expand the
engineer's vision and force him to consider what hazards may have been:
overlooked should a "super flood" occur. The procedure allows the engineer
to consider not only upstream property damage, but property damage due to
floodwaters being diverted to other previously unaffected areas. If the
infiltration properties of the fill are available and knowing the pond
duration, it may be desirable in some instances to determine if the highway
fill could fail (through piping) and release a flood wave. Large, tempor-
ary impoundments miglit be subject to this type of rigorous analysis. If a
"super flood" is noted to cause a severe flood hazard or catastrophic
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damage, then it may be prudent to redesign the culvert for a larger flood
(but not necessarily the basic flood).

Several of the review floods input to the system should be smaller
than the design flood. The mean annual flood (Q = 2.33 years) should
always be used as it is often considered the bank full, ''channel forming,"
or "dominant" discharge. Highways in the River Environment (19) pursues
the use of the channel-forming discharge and its relationship to channel
stability. While the larger design flood may satisfy an acceptable design
headwater, a ''nuisance" caused by smaller floods that occur more frequently
may also justify a larger culvert. This may be particularly true in urban
areas or adjacent .to agricultural lands supporting high value crops.

Environmental assessments are possible with this system., The system
provides not only the maximum temporary upstream pond depth, but incremen-
tal pond depths as the hydrograph is routed through the system. In addi-
tion to pond depths vs. time, the system also estimates theé size of the
inundated area occurring at each time increment. The User is cautioned
against over-reacting to this particular printout. In many instances, the
User will immediately envision a tremendous pond, deep and covering many
acres for a long pericd of time. The User is urged instead to consider the
resulting pond depths and inundated areas as a function of time. It may be
that the envisioned pond occurs very briefly and that the average pond
depth and inundation is relatively small. Similarly, while the total time
to develop and then drain the pond may scometimes seem excessive, it may be
the pond is quite shallow or unobtrusive for much of this time. These
factors should be considered before rejecting a design. The plotter rou-
tine where the outflow hydrograph is displayed is particularly useful in
evaluating this situation. The User has complete control of the pond
through his input of Dhw, Din, and Dpo.

Another environmental impact is the effect of reducing the flood
discharge released downstream. This could provide a very positive impact
in the form of flood control benefits to downstream development. Conversely,
in certain instances, it may be demonstrated that this reduced flood peak
(not volume) may adversely affect charmel morphology (19). 'In these latter
instances, the User may wish to provide a culvert capable of passing the
channel-~forming discharge (about a 2-3 year event) with no significant
ponding and storage.

This system provides the User with a wide choice of inlet types. In
comparing the performance of different types of culvert barrels, the User
should compare inlets having similar inlet losses, Ke, even though the
inlet geometry may differ.

Another feature that should not be overlocked is the system's ability
to evaluate beveled inlets. Before resorting to a larger culvert, constder
using a beveled or an improved inlet. As an example, when a conventional
culvert is operating in inlet contrcl and the basic flood is creating an
unacceptable flood hazard.

Through the internal stage-discharge logic, this system will also
estimate certain environmental impacts on the chamnel. This evaluation is
simplistic in nature as it only estimates the tractive shear a given flood
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5

exerts on the cross section bed within the limits of a specified subsec-
tion. Comparing this value with known values of tolerable tractive shear
allows the User to determine what erosive impact a flood has on a channel
bed and floodplain before a culvert is installed (the 'before construction"
case}. This may aid in judging the necessity for extensive outlet pro-
tection.

This system currently does not provide an assessment of what will
occur to the downstream channel bed after the culvert is constructed. This
can be readily determined, however, by using this system in conjunction
with the culvert erosion system (3,7). This culvert design system provides
output compatible for use with this culvert erosion protection system

, The User may be surprised to find the culvert outlet veloc1t1es are

~ lower than anticipated. This should not be surprising if the User realizes
that pond storage had reduced the inflow discharge, Q;, to a smaller dis-
charge, Q4, with a corresponding reduction in outlet velocity, V;,. This
may not hold true, however, where very high heads can be tolerated with a
correspondingly small culvert size. By identifying the true outlet condi-
tions, thé User can usually provide less outlet protection than would have
been required if storage were ignored. :

It is emtpemely important that the User be cognizant of sediment prob-

lems when using this culvert design system. Streams discharging clear
water (unlikely} or containing only silt and clays will present less sig-
nificant problems than discharges in the sand size range (particle size >

.05+ mm). This system will, where considerable upstream storage is availa-
ble and relatively high headwaters are tolerable, select very small culverts,
as being hydraulically acceptable. The culvert may be sufficiently small

as to incur blockages from drift, debris, or sediment (either water or wind
borne). An internal Wyoming nghway Department file report by Wacker (2)
identifies a rationale for evaluating sediment problems at .a culvert site
and may be the source of a future enhancement. In any event, the User may
clect to recommend a larger culvert to preclude sediment problems. This
currently must be a judgement dec151on S
While intended primarily for highway culvert locatlons, the system can
also evaluate flood retention ponds and other similar reservoir facilities
commonly found on a highway system. The only requirement is that the
"spillway" consist of a culvert type structure, and the temporary storage
and stage-discharge relationships be quantified in accordance with the
system's requirements.
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Chabter 2
USER DOCUMENTATION
INTRODUCTION f

As this computer program can perform several functions, either one
at a time or grouped together, the following definitions will be used in
this section:

Card - one line of data on the C-16 coding form which may be keypunched
onto a computer card a diskette, a magnetic tape, or a remote
terminal . . \

Deck - the lines of data which go together to prov1de 1nput for a’
specific functlon

¥

Group - a comblnatlon of decks which prOV1de the input for a 1og1ca1
sequence of fumctions

Run - one or more groups input to the computer at the same time under
one work order .

The following describes the input requirements for each of the four
data decks which constitute the culvert (hydrograph) program: STAGE-
DISCHARGE DECK, STAGE-STORAGE DECK, CULVERT DECK, and FLOW-DISTRIBUTION DECK.
All or comblnatlons of the decks w111 be necessary depending upon the out-

put de51red as described in thlS documentatlon

" The universal coding form, C-16 (Figure 11), should be used in coding
all data for this program. All decimal points must be .coded in Fntries 1
to 6 when using form C-16. As indicated on the form, the first card of

- each run must be the 100 or COMMENT CARD.. Additional 100 COMMENT CARDS

may be added at the beginning of the run or in front of any card which has
work code, HF, HS or HC. For example, the user may-add one or more

100 cards in front of the stage storage deck to describe.the situation
modeled. These comments will be printed on a page in .front of the stage
storage output -to document what the user was doing. Also, the last card
of each run must be the 999 or TRAILER CARD. -

A schematic drawing show1ng each card type within each deck is pro-
vided in Figure 12. See Sample Prcblem section for examples.
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BEGIN SECCND GROUP WITH .
\camamcm :

-

/(999

OPTIONAL --SEE DESCRIPTICNS OF INFUT I FLOW-DISTRIBUTION
DISCHARCE/ELEVATION CARD

L — — = J

PROGRAM CONTROL CARD

TLOW-DISTRIBUTION
SYSTEM CONTROL CARD

( FLOW-DISTRIBUTION

CULVERT DESIGN AND REVIEW
INPUT HYDROGRAPH CARD

CULVERT DESICN AND REVIEW
WORK OPTION 4 CARD

CULVERT DESIGN AND REVITW
WORX OPTION 3 CARD . -

[ FLOW-DISTRIBUTION
DECK - REQUTRED
ONLY FOR
FLOW-DISTRIBUTION
(MUST BE LAST DECK
IN CARD GROUF)

\/" CULVERT DESIGN AND REVIEW
WORK OPTION 2 CARD

CULVERT DESIGN AND REVIEW
WORK OPTION 1 CARD

CQULVERT DESIGN AND REVIEW
FREQUENCY CARD

CULVERT DESIGN AND REVIEW
VOLUME CARD

CULVERT DESTGN AND REVIEW
DISCHARGE CARD

CULVERT DESIGN AND REVIEW
CULVERT TYPE CARD

CULVERT DESIGN AND
PROGRAM CONTROL AND
INITIAL _DATA CARD

[ ‘CULVERT DESIGN AND REVIEW
- SYSTEM CONTROL CARD

[ curverT oeck - rEquIRED |
ONLY FOR CULVERT DESIGN

STAGE- STORAGE
STORAGE TABLE CARD(S)
|
AGE-STORAGE
STORAGE CROSS-SECTION : ' ‘ . o
COORDINATE CARD(S) S
* STAGE - STORAGE
STORAGE CROSS-SECTION
\ STATION CARD
STAGE-STORAGE
PROGRAM CONTROL CARD

STACE - STORACE

p . . ‘SYSTEM CONTROL CARD STAGE- STURAGE DECK - REQUIRED FOR CQULVERT 7ESIGN AND

- STAGE- STORAGE

STAGE-DISCHARGE
MANNING NUMBER CARD(S)
STAGE-DISLHARGE
CROSS-SECTION COURDINATE
CARD(S)
" STAGE-DISCHARGE
TABLE CARD(S)

STACE-DISCHARGE
' PROCRAM OONTROL CARD

STAGE-DISCHARGE STAGE-DISCHARGE DECK - REQUIRED FOR ALL FUNCTIONS INCLUDED
SYSTEM CONTROL CARD . IN THIS DOCUMENTATICN EXCEPT STAGE-STORAGE

Figure 12

Card Sequence
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Job Card Groups

The most common and simplest function.in this program is the genera-
tion of the stage-discharge relationship from a typical cross section.
Figure 13 indicates the necessary data group if this function is to be
executed independent of a culvert design or review.

r&999 TRAILER CARD ' o 1

V4
F a
y 4

rr STAGE-DISCHARGE DECK .ﬂ

(,100 COMMENT CARD ‘

Figure 13

Stage-Discharge Function

To determine the volume of storage upstream of a culvert (independent
of a culvert design or review) or behind a dam, the stage-storage deck is
used according to Figure 14.

r/999 TRAILER CARD : | l

Y -
A
y 4

£

r, STAGE-STORAGE DECK
(100 COMMENT CARD | I

Figure 14

Stage-Storage Function
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The design or review of a culvert with upstream storage (the drainage
design altermative) requires a stage-discharge deck, a stage-storage deck,
and a culvert deck, respectively, as shown in Figure 15. The irrigation
design or review does not require -a stage-storage deck. ‘

_/999,‘TRAILER‘CARD' : | '

£
£

y A—
£

(// FLOW-DISTRIBUTION DECK o : ’

Y s
) At

/ STAGE-DISCHARGE DECK | |

/999COI\/MENTCARD ' ’

Figure 15

Culvert-Fuhction

‘ To obtain the flow-distribution functloﬁ independent of a culvert
design or review requires that the stage-discharge deck precede the flow- -
distribution deck according to Figure 16, '

/)99 TRAILER CARD I

[CULVER_T DECK m

/ STAGE-DISCHARGE DECK | ’

r//iOO COMMENT CARD |

Figure 16

Flow-Distribution Function
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The four main functions discussed in Figures 13, 14, 15, and 16 may be
joined in any of the combinations illustrated in Figures 17, 18, 19, and 20.

[9979 TRAILER CARD '

y 4

/ STAGE-STORAGE DECK ]‘H

=
fo—
Y desuiit

/' STAGE-DISCHARGE DECK l
ﬁo COMMENT CARD ' |

Figure 17

Stage-Discharge and Stage-Storage Function

999 TRAILER CARD - , I

( FLOW-DISTRIBUTION DECK

F s
y 4

(' STAGE-STORAGE DECK -
£ 7 "
( STAGE-DISCHARGE DECK

(EbO‘C@Wﬂ%H’CARD

Figure 18

Stage-Discharge, Stage-Storage, and
~Flow-Distribution Function



r/g99 TRAILER CARD

¥ 4

-
L
y -

Jr/ FLOW-DISTRIBUTION DECK

F 4
p 4
Y s

(/'CULVERT DECK

W\nw

r/ STAGE-STORAGE DECK

y 4
p 4

Vs

(/ STAGE~DISCHARGE-DECK

r/100 COMMENT CARD I

Figure 19

Stage-Discharge, Stage-Storage, Culvert

(drainage design or review), and

Flow-Distribution Function

_(//999'TRAILER CARD

‘(/, CULVERT DECK

(/r-STAGE-DISCHARGE DECK : I

r//loo COMMENT CARD

Figure 20

Stage-Discharge and Culvert Design or Review

Without Upstream Storage Function

(Irrigation Design)
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r/;99 TRAILER CARD w}

r/CULVERT REVIEW #2 - ‘ l
r// CULVERT REVIEW #1 1

| . STAGE-STORAGE

iz
a
Y o=

( STAGE-DISCHARGE . ﬂ

( 100 COMMENT CARD l

Figure 21

Reviewing More Than One Culvert Function

DESCRIPTION OF INPUT

Stage-Discharge

The Stage-Discharge deck must-be included for all functions of this
program except the Stage-Storage function.

1. SYSTEM CONTROL CARD: Always include this card.

WORK CODE

DATA CODE

- Code HF

- Code 002

2. PROGRAM CONTROL CARD: Always include this card.

DATA CODE
ENTRY 1 -

ENTRY 2
ENTRY 3

ENTRY 4 -

- Code 001

Printout option: Code 1.0 if a printed listing of the stage-
discharge relationship is desired. Code 0.0 if no printed
listing of the stage-discharge is desired.

Blank

Code 0.0 if a cross section will be input. Code 1.0 if a
stage-storage table will be input. :

Code the natural channel slope in feet/feet.

3. TABLE CARD(S) - Inelude this card only when a stage-discharge relation-

ship is input (Entry 3 of Program Control Card is 1.0).

Do not ineclude Cross Section Coordinate or Manning's n
- Cards when this card is used.

26
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DATA CODE - Code 010
ENTRY 1 - Code the depth in feet of the'firstlstage (flow depth)

ENTRY 2 - Code the discharge in cfs associated with the first stage in
Entry 1. .

ENTRY 3 - Code the maximum channel Velocitf in fps associated with the
first stage in Entry 1.

ENTRY 4 - Code the dépth of the second stage Ve
ENTRY 5 - Code the second discharge , o

ENTRY 6 - Code the second stage's maximum channel velocity.

CONT (Continuation) - Code 1 if another Table Card foliowsL

Use up to 183 Table Cards (or 366 stages) as necessary remembering all
data codes are 010 and a 1 is required in the continuation column (66)
for all but the last card.

CROSS SECTION COORDINATE CARD(S) - Include this eard only when inputting
a eross section (Entry 3 of the Program Control Card is
0.0). Do not inclgde Table Cards when this card is
used.

DATA CODE - Code 020

ENTRY 1 - Code the X coordinate of the left-most point in the cross
section (X;). See Figure 1 for a schematical explanation.

Code the Y coordinate of the left-most point in the cross
section (Y;). Y coordinates may be either elevation or
distance in feet above the lowest point in the Cross section.

ENTRY 2

ENTRY 3 - Code the X coordinate of the second point in the cross sec-
tion (X,).

ENTRY 4 - Code the Y coordinate of the second p01nt in the cross sec-
tion (Yz)

ENTRY 5 - Code Xj3.
ENIRY 6 - Code Yj.

CONT (Continuation) - Code 1 if another Cross Section Coordlnate Card
—£0110ws, .

Use up to 21 Cross Section Coordinate Cards (63 p01nts) remembering that
data codes are 020 and a 1 is required in the continuation colum (66)
for all but the last Cross Section Coordinate Card. The<last Y is the
only elevation value that may exceed Yi.
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5. MANNINF'S NUMBER CARD(S) - Include this card only when inputting a
erogs section (Entry 1 of the Program Control Card is
0.8). Do not include Table Cards when this card is
used. "

DATA CODE - Code 030
ENTRY 1

Code the right-most X coordinate associated with the first
Manning's n from the left. (Each X coordinate on a Manning's
Number Card must match an X coordinate on a Cross Section
Coordinate Card.) See subsection 1 on Figure 1 for a
schematical explanation.

ENTRY 2 - Code the Manning's n that corresponds to the left-most
roughness section which is bound on the right of Entry 1 of
this card.

ENTRY 3 - Code the right-most X coordinate associated with the second
. Manning's n from the left.
ENTRY 4 - Code the Manning's n that corresponds to the section bound
by the coordinate in Entry 3 of this card.

ENTRY 5 - Code the right-most X coordinate of the third Manning's n
from the left.

ENTRY 6 - Code the Manning's n associated with Entry 5 of this card.
CONT (Continuation) - Code 1 if another Manning's card follows.

Use up to three Manning's n cards {or 9 n values) with all data codes
030 and a 1 is required in the continuation column (66) for all but the
last Manning's n cards.

Remember that X coordinate points identifying Manning's n subsections
must coincide with X coordinate points used to code the cross section
in item 4 above. When the cross section being input has a small low
flow channel and a large, flat floodplain, it is advisable to have a
slightly different Manning's number for the floodplain than for the low
flow channel, even if they have the same vegetation cover to prevent
digscontinuities in the stage-discharge relationship.

Stage-Storage

This. section describes the input parameter requirements of the storage
portion of the program. The Stage-Storage deck must be included after the
Stage-Discharge deck and before the Culvert deck when obtaining a culvert
drainage design or review. This deck is not required for the irrigation
design or review,
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SYSTEM CONTROL CARD: Always include this card.
WORK CODE - Code HS
DATA CODE - Code 001
PROGRAM CONTROL CARD: Always include thié eard.
DATA CODE - Code 001

"ENTRY 1 - Code 1.0 if cross sections of the upstream storage pond will

follow. Storage Table Cards are not required with this option.
Code 2.0 if a table of the storage capacity will follow.

Cross Section Station and X-Section Coordinate Cards ares not
required with this option,

ENTRY 2 - Printout option: Code 1.0 if a printed listing of the storage
table is desired. Code 0. 0.0 if a printed storage table is not
—desired+

ENTRY 3 - Blank

ENTRY 4 - Leave blank if a storage table will be input (using Storage
Table Cards and entering 2.0 in Entry 1 of this card). If
cross sections will be input (using Cross Section Station and
X-Section Coordinate Cards and entering 1.0 in Entry 1 of
this card), then enter the channel slope upstream from the
last cross section in feet/feet.

CROSS SECTION STATION CARD: Include this card only when Entry 1 of the
Program Control Card is 1.0.

DATA CODE - Code 005

ENTRY 1 - Code the station of the first cross section in feet from the
culvert inlet, If the first cross section is not at Station
0.0, then the program will assume that the section at Station
0.0 looks like the first cross section upstream of the toe of
the fill.

X-SECTION COORDINATE CARD(S) Include these cards only when Entry 1 of
the Program Control Card is I. 1.0.

DATA CODE - Code 010 on each X-Section Coordinate Card. Entries 1 to 6
are similar to the coding procedure in item #4 of the Stage-
Discharge deck.

ENTRY 1 - Code the X coordinate of the first point from the 1eft of the
cross section in feet (Xj).

ENTRY 2 - Code the Y coordinate of the flrst point from the left of the
cross section in feet (Yj).
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ENTRY 3 - Xp
ENTRY 4 - Y,
ENTRY 5 - X3
ENTRY 6 - Y,

CONT (continuation) - Code 1 if another Cross Section Coordinate Card
follows. Use up to 21 Cross Section Coordinate Cards (or 63
points).

Note: A maximum of 10 eross secttons may be input.

5. STORAGE TABLE CARD(S): Imclude this card type only when Entry I of the
Program Control Card is 2.0.

DATA CODE - Code 020 on each Storage Table Card

ENTRY -1——Enter—the-depth-(feet) of the first level -of the storage
depression. If the first level is not coded at zero depth
and zero volume, then the program will add an initial level
at zero depth with zero volume and zero area inundated.

ENTRY 2

Enter the storage volume (acre-feet) below the first level.

ENTRY 3 - Enter the area inundated (acres) at the first level.

ENTRY 4 - Enter the depth of the second level of storage (includes the
depth of the first level).

ENTRY 5

Enter the cunulative storage volume below the second level.
ENTRY 6 - Enter the area inundated at -the second level.

CONT (confinuation) - Enter 1 if more levels follow on the next card.
Use as many Storage Table Cards as necessary up to 32 cards  (or 64
levels) remembering data codes are always 020 and a 1 is required in
the continuation -colum (66) for all but the last Storage Table Card.
Include enough storage values so that at small “depths the storage 1is

‘mmu

Culvert Design and Review

The following describes input for the culvert design and review option
of the program. When designing or reviewing drainage structures, this deck
must be preceded by the Stage-Discharge and Stage-Storage decks as indicated
in Figure 15. When designing or reviewing irrigation structures, the deck
must be preceded only by the Stage-Discharge deck according teo Figure 20,
The flow distribution. input need not be included to obtain a culvert design.
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SYSTEM CONTROL CARD: Always include this card.

WORK CODE - Code HC

DATA CODE - Code 001

PROGRAM CONTROL AND INITIAL DATA CARD: Always include this card.

~ DATA CODE - Code 001

ENTRY 1 - Code 10.0 if a culvert design by the irrigation design method

ENTRY 2

ENIRY 3

ENTRY 4

ENIRY 5

ENTRY 6

is desired.

Code 20.0 if a culvert review by the irrigation design method
is desired.

Code 30.0 if a culvert is to be designed for a drainage
crossing using the drainage design. The internally genera-
ted hydrograph is considered valid for watershed areas of
less than 15 square miles in semiarid regions of Wyoming.
For larger watersheds or watersheds dissimilar to semiarid
regions of Wyoming, it is necessary to input a hydrograph

(Work Option 3 Card, Entry 4).

Code 40.0 if an existing or known culvert size is to be re-
viewed for a drainage crossing using the drainage review

- method. The limitations listed above for Code 30.0 are
" applicable to this code.. R

[f the optional plotter output is desired, add 1 to each
of the above codes; i.e., 11.0, 21.0, 31. 0 41.0.

Printout opticn: Code 0.0 if no printed culvert output is
desired. :

Code 1.0 to obtain the short form printout showing juét the

© time Increment when the headwater is at its maximum. “Refer

to the output descrlptlon (culvert performance optlon) See

j‘-.131gure 25a.

s R
k]

Code O to obtain prlntout 51mllar to Flgure 25b (flood

routlngi

Code 3.0 (not available at this tzme) Referrto output des-
cription (design summary). See Figure 25c.

Blank

Code station of culvert site in feet (example: Station 214+31

‘would be coded as 21431.0).

Code length of culvert in feet.

Code slope of culvert in feet/feet.
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CULVERT TYPE CARD: Always include this card.

DATA CODE - Code 002

ENTRY 1 -

ENTRY 2 -

ENTRY 3

ENTRY 4 -
ENTRY § -
ENTRY 6 -

NOTE: At
ful Tun.

Code the desired inlet code from Table 9 if the design or
review is for a circular concrete culvert (RCP).

Code the desired inlet code from Table 8 if the design or
review is for a circular metal pipe (CMP).

Code the desired inlet code from Table 9 if the design or
review is for an elliptical concrete pipe (ECP).

Code the desired inlet code from Table 8 if the design or
review is for a corrugated metal pipe arch (CMPA).

Code the desired inlet code from Table 9 if the design or
review is for a concrete pipe arch (RCPA).

Code the desired inlet code from Table 10 if the design or
review is for a concrete box (RCB).

least one of the inlet codes must be included for a success-
If an entry is left blank, the program will ignore that

particular culvert type. For reviewing a culvert (Work Option 4), only
one entry should be coded for each culvert deck, with one exception:

if the RCP and Q4P pipes to be reviewed are the same size and require
the same number of barrels, they both can be entered in the same Culvert
Type Card in Entries 1 and 2.

DISCHARGE
DATA CODE

ENTRY 1 -

ENTRIES 2

CARD: Always include this card.
- Code 004

If Entry 1 of the Program Control and Initial Data Card is
10.0 or 30.0, code the design peak discharge or irrigation
water right (Qp) in cfs..

If Entry 1 of the Program Control and Initial Data Card is
2.0 or 4.0, code the peak discharge or 1rr1gat10n water right
(Qp) to be reviewed in cfs. :

to 6 - Code optional discharges in cfs to be reviewed regard-
less of the code in Entry 1 of the Program Control and
Initial Data Card. Specifically, if Entry 1 of the Program
Control and Initial Data Card is 10.0 or 30.0, then the pro-
gram will size the culvert for the design discharge (Entry 1
of this card) and then review that design size using the
discharges provided in Entries 2 to 6 of this card., Also, if
Entry 1 of the Program Control and Initial Data Card is

20.0 or 40.0, the program will review the specified culvert
size for discharges in all entries of this card.
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-Leaye Entries 2 to 6 blank if a hydrograph will be input
(using Input Hydrograph Cards).

NOTES: 1. Entries 2 to 6 may be omitted if no additional discharges
are to be reviewed.
2. If Entries 2 to 6 are used, the program will provide data

for plotting a Performance Curve (Figure 7) and if one of
the entries is the basic flood (100-year event), a flood
hazard evaluation is obtained.

VOLUME CARD: Always include this card except for irrigation design cor

DATA CODE
ENTRY 1 -

review.
- Code 005

Code the volume, Vg (in acre-feet), of runoff which corres-
ponds to the peak discharge in Entry 1 of the Discharge Card.
For semiarid drainage areas in Wyoming umder 15 square miles
and in USGS Regions 2 or 3, the following formulas give
approximate values for 2, 5, 10, 25, and 100-year events.

Vs = 9.618 A0.689 Va5 = 34.71 A0.739
Vg = 18.08 AD:713 - Vsg = 42.82 AD-748
Vip = 24.87 AC.727 Vioo = 51.58 AC.756

ENTRIES 2

FREQUENCY

DATA CODE
ENTRY 1 -

ENTRIES 2

Use Reference 1 to obtain more precise volume formulas for
sites that are flood hazard sensitive and require more exact
estimates. For watersheds over 15 square miles and/or not.
in semiarid regions, it is necessary to determine a more
applicable flood volume and hydrograph shape. ‘

to 6 - Code volumes of runoff which correspond to-the per-
formance discharges on the Discharge Card. Details listed
under Entry 1 of this card apply to Entries 2 to 6.

‘Leave Entries 2 to 6 blank if a hydrograph will be input.

CARD: Always tnelude this card except for irrigation design
and review.

- Code 006

Code the frequency in years that corresponds to the discharge
in Entry 1 of the Discharge Card.

to 6 - Code the frequencies which correspond to the discharges
in Entries 2 to 6 of the Discharge Card, if any.

Leave Entries 2 to 6 blank if a hydrograph will be input.
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WORK OPTION 1 CARD: Include this card only for designing a culvert by
the irrigation design method, Only one of the work
optzon cards should exict for each group.

DATA CODE - Code 010

ENTRY 1 - Code the design headwater in feet, if known. If left blank,
the computer will calculate the tailwater, add 0.1 feet and
set that value to be the design headwater.

ENTRY 2 - Code the greatest allowable culvert height in feet.
WORK OPTION 2 CARD: Inelude.this card only for reviewing a culvert by

the irrigation review method. Only one of the work
optiton cards should exist for each group.

DATA CODE - Code 020

ENTRY 1 - Code thé number of barrels that comprise the culvert_to_be
reviewed. Any number of barrels is allowed.

ENTRY 2 - Code the width of a single barrel in feet.
ENTRY 3 - Code the height of a single barrel in feet.

- Refer to Figure 21 and the note under 3. Culvert Design Review for
reviewing more than one culvert per run. ‘ .

WORK OPTION 3 CARD: Inelude this card only when designing a culvert
that has upstream storage (dratnage deszgn method) .

DATA CODE - Code 030
ENTRY 1 - Code the maximum allqwéble hégdwater in‘feet;
ENTRY 2 - Code the greatest allowable éq1vert height in feet.

: ENTRY 3 - Leave blank unless a .very detailed printout is required, or
: -an-input hydrograph is used, in which case code the desired
time increment to be used in routing the flood through the
culverts. The number of time increments from beginning to
end of the inflow hydrograph must not exceed 200 and from
beginning to end of the ocutflow hydrograph must not exceed
500.

The total length of time for inflow-runoff of the computed
hydrograph on Figure 5 only can be found by:

70 x 726 x Vol1/970
G760

For drainage areas less than 16 square miles, refer to
Equation 8 and Table Z when selecting At to insure the
output includes a value close to the peak. .
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ENTRY 4 - Optional Input Hydrdgraph: Code 1.0 if a hydrograph will be

input on Input Hydrograph Cards (for drainage areas larger
than 15 square miles and/or not in semiarid regions of

Wyoming) .

Code 0.0 if the program's internal hydrograph is to be used
(for dralnage areas less than 15 square miles and in a semi-
arid region of Wyoming). :

"ENTRY S - (Optional) Code the maximum allowable pond size in acres.

ENTRY 6 - (Optlonal) Code the maximum’ allowable outflow rumoff time
"~ in minutes. '

WORK OPTION 4 CARD Include this card only for reviewing culverts

where there.is upstream pond storage (drainage design
method).,

DATA CODE - Code 040

ENTRY 1 - Code the number of barrels that comprise the culvert to be
reviewed. Any number of barrels is allowed.

Code the width of a single barrel in feet.

ENTRY 3

Code the height of a single barrel in feet:

Leave blank unless a very detailed printout is required, in.
which case code the time increment to be used in routing the
flood through the culverts. The number of time increments
for the inflow hydrograph must not exceed 200 and for. the
outflow hydrograph must not exceed 500. For drainage areas
less than 15 square miles, refer to Equation 8 and Table 2
when selectlng At to 1nsure that the output includes a value
"to the peak. Code if input hydrograph is used.

ENTRY 4

Optional Input Hydrograph: - Code 1.0 if a hydrograph will be
input-on Input Hydrograph Cards (for drainage areas larger
‘than 15 square miles and/or not in semlarld regicns of

,‘¢  %@mny

Code - 0 0 if the program s internal hydrograph is to be used
(for 3?§inage areas less than 15 square miles and in a semi-
arid region of Wyoming). Refer to Flgure 21 for rev1ew1ng
more than one culvert per run.

INPUT HYDROGRAPH CARD: Include this card only when Entry 4 of Work
. Option_3_Card or Entry 5 of Work Option 4 Card is 1.0.

DATA CODE - Code 050
ENTRY 1 - Code 0 0 as the beginning t1me of the 1nput hydrograph (t1).
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ENTRY 2 - Code g;g_és the beginning flow rate of the input hydrograph
Qi1).

ENTRY 3 - Code the second time along the hydrograph in minutes (t;).

ENTRY 4 - Code the flow rate corresponding to t in Entry 3 (Qg).

ENTRY 5 - t3

ENTRY 6 - Qi

CONT (Continuation) - Code 1 if another hydrograph card follows.
Use as many Input Hydrograph Cards up to 66 cards (or 198 points) as.

necessary remembering that all data codes are 050 and a 1 is required
in the continuation column (66) for all but the Ilast card.

Flow-Distribution

This section describes the input requirements of the flow-distribution
option of this program. Flow-distribution relationships can be obtained
for either known discharges or known elevations as detailed in item 3. A
Flow-Distribution deck need be included only when it is desired to obtain
the flow-distribution for a channel. (This option is not essential to
obtain a culvert design or review.) Whenever the deck for this option is
used, it must be placed at the end of the data set for a site and just in
front of the 999 card (see Figure 12). This option will not function with-
out a Stage-Discharge deck somewhere ahead of this deck.

1. SYSTEM CONTROL CARD: Always include this card when obtaining a flow-
distribution.

'WORK CODE - Code HF
DATA CODE - Code 005

2. PROGRAM CONTROL CARD: Always include this card when obtaining a flow-
distribution.

DATA CODE - Code 001

ENTRY 1 - Printout option: Code 1.0 if a printed flow-distribution
output is desired. Code 0.0 if no printout is desired.

ENTRY 2 - Blank

3. -DISCHARGE ELEVATION CARD: Always.include this card when obtaining a
flow-distribution.

DATA CODE - Code 002

ENTRIES 1 to 6 - To obtain the flow-distribution relationship for a
particular discharge, code a minus sign (-) before the



- 67

charge in cfs. To obtain the flow-distributicn relationship
for a particular elevation, code a positive elevation. This
elevation should never be equal to or greater than the highest
elevation in the cross section. (The elevation must be
relative to the cross section elevations in the Stage-
Discharge deck.) Any combination of ten discharges and/or
elevations can be input.

NOTE: See Sample Problem section for examples.
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DESCRIPTION OF QUTPUT

See the output from the Sample Problem section for examples of optioﬁs
listed in this sectiomn.

Stage-Discharge

If a 1.0 was coded in Entry 2 of the Program Control Card for the
stage-discharge routine, the first page of the printer output for the stage-
discharge program following the information listed above would consist of
the title, the User's comment, the channel slope, and the stage-discharge
input verification. A space has also been set aside for the designer's and
checker's initials. If the stage-discharge table option was chosen, the
input ‘verification will consist of three colums containing the depth,
discharge, and maximum velocity which were input. See Sample Problem 1.

If a cross section was input, the input verification will consist of the
distance (X), elevation (Y), and Manning's number associated with each
coordinate point in the cross section being analyzed. Also a note may be
-printed: ***NOTE***LAST POINT WAS INTERPOLATED, or ***NOTE***LAST POINT
WAS EXTRAPOLATED, which means that the last point in the cross section was
either above or below the starting coordinate and the computer has either :
interpolated or extrapolated to make the elevations of both the same. I&. 7
the last point was extrapolated, .the real cross section should be checked
as it may not be adequate to convey the 100-year discharge, in which case
it should be determined how much will overflow and where it goes to see if
this is a prcblem or not.

\

When a cross section is input, there will be a second page of printout
containing the stage-discharge table. The standard title, User comment,
and channel slope are at the top of the page followed by the calculated
table. The table contains the elevation (stage), depth, discharge, average
velocity, and the maximum velocity for the channel from the bottom of the
Ccross section to the top at approximately .3 feet increments. See Sample
Problem Z. :

If a 0.0 was coded in Entry 2 of the Program Control Card, there will
not be a stage-discharge printout. This is for use if the User already has
a stage-discharge printout from a previous run and another. copy is not
needed..

Stage-Storage

If a 1.0 is coded in Entry 2 of the Program Control Card for the stage-
storage routine, the stage-storage input verification will be printed.
This consists of the date the run was made, the title, the User's comment,
the input verification, and a space for the designer's and checker's
initials. There are two possible forms of input to be verified; the cross
section table inp.* or the depth storage area table input.
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The cross section input verification consists of the upstream slope
followed by the cross section station ({distance upstream from the roadway),
and a table of the distance (X) and elevation (Y) coordinate listings for
each cross section used. This is followed by a page consisting of the
date, the title, the User's comments, and a table of the computational
results showing the storage and the area inundated associated with various
depths incremented from zero to the maximum depth of the cross section.

See Sample Problem 2.

The depth storage area table input verification consists of a printed:
statement (Depth Storage Area Table Input) followed by a page with the date,
the ‘title, the User's comment, and the depth storage area table that the
User input. See Sample Problem 1.

Culvert Design and Review

Printout Options 1, 2, and 3 will all have a common heading followed -
by a .table as described in the subsections below. The heading will include
a title on the first two lines followed by the printout option on line
three; the station and User's comment on line four; the culvert descrip-
tion (number, size, type of pipe, and inlet details) on line five; the
analysis type (work option), design Q, frequency (years or the water right)
and the design headwater on line six; and the barrel geometry (length,
slope, and.BVD) on line seven.

Option 1.0 Culvert Performance. This option will be the one most
often requested for culvert design and review. It contains a culvert
performance table for the design/review discharge and up to five perfor-
mance discharges. The table will include a summary of all important

“hydraulic performance data and corresponding natural channel conditions.
.See Sample Problems 1 and 3 for examples of this printout table. ’

1. Hydraulic Performance Properties

Colum 1: DES/REV Discharge (Qp), the design/review or
- - performance discharge

Colum 2: FLOOD FREQUENCY) the flood frequency in years if a
drainage design/review or blank if an irrigation -
design/review

Column 3: OUTFLOW DISCHARGE (Qg), the maximum discharge -passing
through the culvert and 1nt0 the downstream channel
section

Column 4: HEADWATER (H;,), this is the maximum headwater (feet)
reached above the flow line of the culvert inlet

Colum 5: OUTLET VELOCITY (Vy), this is the average velocity at
the culvert outlet for the outflow discharge

Colum 6: FROUDE NUMBER (Fy), this is the Froude number corres-
ponding to the outflow discharge



Column 7:
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BRINK DEPTH (Yb), the depth in the culvert at the

- outlet when it is carrying the outflow discharge

Colum 8:
Column 9:
Colum 10:

2. Downstream

Colum 11:

Column 12:

Colum 13:

Column 14:

Column 15:

FLOW TYPE (see Figure 8);-the flow‘type at the time
the culvert is carrying the maximum outflow discharge

POND AREA CAP), the maximm area in acres inundated by
the water being stored behind the roadway fill

POND DURATION, the length of time that water is being
stored

Channel Performance

TAILWATER (T,), the depth of flow in the downstream
channel section corresponding to the outflow discharge

VEL MAX (Vpy,), the maximum velocity in the downstream
channel seCtion corresponding to the outflow discharge

VEL AVE (V), the average velocity in the downstream
channel section corresponding to the outflow discharge
NOTE: If stage discharge table was input, this value
will be #**% since it can not be calculated without a
Cross section. :

BED SHEAR (Ti)’ the bed shear in the downstream channel
section corrésponding to the outflow discharge NOTE:
If stage discharge table was input, this value will be
%*%%k* Since it can not be calculated without a cross
section.

OUTFLOW DISCHARGE (Q_), the maximum discharge passing
through the culvert Bnd into the downstream channel
section

Option 2.0 Flood Routing. This option will be used only on hydro-

graph design or review where some special problem exists that requires a
more detailed printout than Option 1.0. It will give-the flood routing

properties at each

incremental hydrograph discharge for the design or

review discharge and the performance discharges, if any are requested.

See Sample Problem

Colum 1:
Column 2:

Column 3:

2 for an example.

ROUTING TIME, the flood routing time (minutes) is the
accumulative total of the incremental routing time (at)

DISCHARGE- INFLOW (Qi), the incremental inflow discharge
Q (cubic feet per second)

DISCHARGE-OUTFLOW (Q4), the incremental outflow dis-
charge Q (cubic feet per second)




Colum 4:

Colume 5:

78a

VOLUME- IN (12' I,), the incremental volume (acre-feet)
of water coming to the site

VOLUME-OUT (0,, O,), the incremental volume (acre-feet)
of water going through the culvert
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Colum 6: VOLUME-STORE (Vg), the volume (acre-feet) of water
stored behind the roadway fill. This is equal to the
VOL IN - VOL-OUT plus the VOL STO from the previous
incremental time increment,

Colum 7: HEADWATER (H,), the headwater (feet) reached above
the flow line of the culvert inlet.-

Colum 8: OUTLET VELOCITY (Vy), the average velocity (feet per
second) at the culvert outlet corresponding to the
outflow discharge.

Column 9: FLOW TYPE, the flow type corresponding to the hydraulic
properties at the outlet (see Figure 8).

Column 10: BRINK DEPTH (Yy), the depth (feet) of flow in the
culvert at the outlet corresponding to the outflow
discharge.

Colimn 11: FROUDE NUMBER (Fr), the Froude number corresponding to
"~ the outflow discharge.

Column 12: TAILWATER (Ty), the depth of flow in the downstream
channel section corresponding to the outflow discharge

Colum 13: POND AREA (Ap), the incremental area (acres) inundated

by the volume of water being stored behind the roadway
fill. -

Colum 14: ROUTING TIME, the flood routing time is the accumula—
tive total of the incremental routing time (At).

At the end of the table, there is a line with fhé VOL IN and VOL OUT
totals followed by a line containing the time to peak, the time to maximum
outflow, and the time to maximum headwater.

Option 3.0 Design Summary. (Not available at this time.) This option
is a design summary table for use in conjunction with the Wyoming Highway
Department's drainage survey form (E-65). It will contain three parts:
hydrology and hydraulics, erosion protection, and cultural and environmen-
tal. This output will provide a brief but complete, permanent documentation
of the selected culvert design or review formatted so as to be microfilmed
along with the drainage survey details and "as built" geometry. See Figure
22, ;

1. Hydroloﬂy and Hydraulics

The hydrology and hydraullcs section is a table with the
design/review discharge and the performance discharge across the
top (a total of six colums) and four performance sections
(hydrology, structure, natural channel, and channel change) on the
left side. The four performance sections contain several proper-
ties related to them. These properties are located in the second
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SECTION 9. DESIGN SUMMARY
- (To be completed by the Designer)
A." HYDROLOGY § HYDRAULICS *1 Q2.3300 0100 Q25 0 050 U0 Qoo 3 | g O
1. HYDROLOGY *2pSCHARGE TN :
DISCHARGE OUT
POND DURATION
AREA INUNDATEN .
POND DEPTH
2. STRUCTURE  [aroeity
AHW = STAGF ELFEV.
1 NATURAL NATURAL DEPTH
R MAXTMM VEL.
CHANNEL STABILITY *3.
NATURAL DEPTH
4. CHANNEL MAXTMUM VEL .
(HANGE STABILITY *3
5. DESCRIBE INUNDATION DAMAGE VS. DEPTH ON TEMPLATE (THIS SHEET
B. EROSION PROTECTION *1 ‘TYype | Al Bl c|D | E|F{cln|1 ]| J|x]|L |M VOLUME
1. PERMANENT INLET
dmean:__IN OUTLET . . . .
C. CULTURAL & ENVIRONMENTAL CTNONE [JSTOCK LILAND USE LJ AQUATIC [J FISHERY [J GAME
1. REOUIREMENTS: ‘

%1

*2

.3

.

*5

Indicate all units of measure.
Check design discharge and indi-
cate in plan view the reason for
selection. .

Stability is based on Section §
and tractive shear § velocity
compariscns. Indicate allowable
and actual S, T, and V compari-
sons on corresponding profiles.
Plot any channel change sections,
lining, etc., on survey sheet.
Designer will complete the appropri-
ate items in Section 9 for the
permanent files, Indicate inappro-
priate items as 'Not Applicable” or
"None Provided",

Figure 22

Design Summary

08
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colum from the left. The hydrology section contains the dis-
charge in, discharge out, pond duration, and area inundated. The
structure section contains pond depth, velocity (average velocity
in the structure), and stage elevation. The natural channel
section contains the natural depth, maximum velocity, and stabi-
lity. The last section is for channel changes. It contains the
natural depth (in the channel change section), maximum velocity,
and stability. The computer will print out values for these
properties across the table for the design/review discharge and '
all performance discharges requested except for the stage eleva-
tion, the natural channel and chamnmel change stabilities, and
~either the natural channel properties or the channel change
properties will be left blank depending on which cross section is
.coded in the stage-discharge input. These values will have to be
filled in manually. To the right of the table is a colum for .
remarks where additional information can be manually entered.
The design headwater will alsc be printed out in the first column
under structure. The hydrology and hydraulics section also con-
tains an inundation damage table. This is located at the bottom
of the printout page following the erosion protection and culvert
and environmental sections. The inundation damage table contains
colums for .depth, time, delta depth, and damage descriptions
which are also completed manually.

2. Erosion Protection

The erosion protection table contains dimensions and quanti-
ties for inlet and/or outlet protection structures or riprap.

3. Cultural and Environmental
The cultural and environmental table is to be filled in by

the User. It contains a checklist of land and water uses and a
section for any special requirement.

Flow—Distribdtion

If a 1.0 was coded in Entry 1 of the Program Control Card for the
flow-distribution routine, the flow-distribution will be printed. It con-
sists of the following statements {1) an error statement which-indicates
that there is an error in the input data (see Error Messages), or (2) the
User's flow-distribution which contains a title with the User's comment at
the top of the page. The next two lines contain the elevation (or stage),
the discharge for the stage, the starting and ending distance coordinates,
and the maximum depth of the stage. Following this heading, the flow-
distribution is printed for the User's selected elevation or discharge.
The first two colums list the X and Y coordinates of the cross section.
The following colums contain the Froude number, the average velocity and
discharge in the incremental area between the X coordinates of the cross
section, the accumulated discharge, and accumulated per cent of the total
discharge (which may be slightly greater or less than 100 per cent due to
rounding of numbers), and the tractive shear for the incremental area.
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Below the flow-distribution is another set of values for the total accumu-
lated discharge, average depth, average velocity, average Froude number,
kinetic energy factor, a; momentum factor, B; specific head, total specific
force for the whole cross secticn, and the maximum channel velocity. Sec
Sample Problem 1.

Plotter Output

The program will output a plot if an 11.0, 21.0, 31.0, or 41.0 was
coded in the work option entry of the Program Contrel and Initial Data Card
of the Culvert Design and Review deck. This plot will provide graphic
display of several characteristics of the drainage site and culvert under
consideration. The plot also provides a data block where additicnal infor-
mation about the site may be written manually. These curves and data can
be used to document final culvert designs in the permanent file and to make
‘'various interpretations of the drainage design for the site. Some of these
1ntggprg§at10ns_argé;ggluded in the following plot descriptioens. The
engineer using this plot may ‘discover others not included in the following.
The plot descriptions are in the order normally used in designing a cul-
vert. A reduced, black and white copy of the two-color 2'x3' plot is shown
in Figure 23. For legibility, Figures Z24a and 24c have been included to
facilitate their description. :

The first block (Figure 24a) shows two characteristics of channel
reach through the site and in particular the downstream channel, depth, and
maximum velocity plotted vs. discharge. It also marks the flood frequency
so that the discharge, depth, and maximum channel velocity are readily
found for a particular frequency.

These curves show the flood depth and maximum velocity occurring at
the sité prior to any highway construction. By including the frequency
scale, it was also possible to illustrate the frequency or risk relation-
ship. This type of information is valuable in ascertaining existing flood
hazards prior to construction of a new highway and drainage: facility.
Having this type of information in the permanent file could be extremely
important in the event of future legal actions due to alleged flood damage.

The second block (Figure 24b) of the plot is output for each type of
culvert requested to he designed or reviewed. Therefore, the plot may °
contain from one to sic of these blocks. The left portion of this block-
shows performance curves for the type of culvert plotting peak hydrograph
‘discharge in cfs vs. outlet velocity and headwater. A point for outlet
velocity and headwater is plotted for the peak of each hydrograph called
for by the designer. Note the headwater and velocity are still those
maximums resulting from the hydrograph routing procedure even though they
are plotted against the peak discharge for a given hydrograph.

These curves illustrated in Figure 24b show how the 1nd1cated culvert
will affect the stage/velocity/discharge relationship in Figure 24a. Using
both Figures 24a and 24b together allows the engineer to evaluate the risks
caused by the selected culvert size. This is done by comparing the head-
water with various discharges (which are related to frequency on Figure )
to see if the design causes any unacceptable flood hazards. Additionally,

¢
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comparing the outlet velocity-discharge relationship of Figure 24b with the
maximum natural channel velocity using the same discharge on Figure 24a
will qualitatively indicate the need for outlet erosion protection.

The right portion of the second block (Figure 24b) plots the inflow
and outflow hydrographs for each requested hydrograph. In the upper right
is the type, size, and number of the culverts for which the hydrographs -
are plotted. These culverts were selected using the design discharge and -
not necessarily the largest discharge that was input. For convenience, it
also prints the peak discharge, inflow hydrograph time base, and outflow
time base (in minutes). As the outflow time base may be very long in some
cases, 1t 1s not plotted past the end of the inflow hydrograph. Therefore,
the printed time base, either in the computer printout, Option 2, or on the
plot will tell how long the outflow hydrograph lasts. By comparing the -
inflow and outflow hydrographs, the engineer can determine the storage
volume generated at the site. A comparison of the inflow and outflow peaks
also indicates the degree of ''flood control' afforded by the selected cul-
vert size. 'Flood control'" may prove beneficial to downstream_property
owners, however, if the culvert significantly influences floods in the mean
annual range (bank full), there could be some unacceptable environmental
effects such as adverse morphological and fish migration problems.

It is also possible to estimate the increase in time the upstream
lands will be subjected to inundation for a given discharge from the
hydrograph plots. By entering the stage/discharge/frequency curve (Figure
24a) and performance curve (Figure 24b) with the discharge from a given
hydrograph occurring at a given point in time, it is also possible to
identify the depth increase as caused by the selected culvert on the flood-
plains immediately upstream. These types of information allow for various
environmental evaluations such as whether the increased time-depth would
damage certain agricultural or natural vegetation, deny the use of certain
facilities for long periods of time (including the selected drainage
culvert which may also serve as a stockpass), etc.

The third block on the plot [Flgure 24c) is to be used by the de51gner
to document additional information about the drainage site and is self-
explanatory for the most part. The Wyoming Highway Department currently
uses this table to document certain essential design and site data for the
permanent file. The actual data values must be entered manually. This
table will be changed from time to time to reflect current documentatlon
requirements,

NOTES AND ERROR MESSAGES

Stage-Discharge

***EXPECTING DATA CODE = 001, FOUND XXX RUN ABORTED

This message tells'you that the Program Control Card has a Data Code
of other than 001 or is missing. Solution: Either change Data Code to
001 or have a Program Control Card inserted if it is missing.



88

***EXPECTING DATA CODE = 010, FOUND XXX.RUN ABORTED

This means that-one of the Stage-Discharge Table Cards has a Data Code
other than 010 or is missing. Solution: Check all of the Stage-Discharge
Table Cards and if one has a code other than 010 or is in the wrong place,
change it. If the last card is missing, have the card inserted in its
proper place. If all the cards have the proper Data Code and none are”
missing, there is probably a 1 coded in the 66-CONT column on the last
Stage-Discharge Table Card. This column should be blank on the last Stage-
Discharge Table Card.

*%*EXPECTING DATA CODE = 020, FOUND XXX RUN ABORTED

This means that one of the Cross Section Coordinate Cards has a Data
Code other than 020 or the last one is missing. Solution: Check all of
the Cross Section Coordinate Cards to see if one has the wrong Data Code.
If another card is in the wrong place, change it. Also the last Cross
Section Cocrdinate Card could be missing or the 66-CONT colum on the last
card could have a 1 coded in it; if so, either insert the missing card or.
change the last coordinate card so that the 66-CONT column is blank.

***MORE THAN 63 SETS OF COORDINATES, FOUND XX RUN ABORTED

This means you-have exceeded the maximum of 63 allowable coordinate
points. Solution: Remove enough coordinates so that you have only 63 or -
less remaining.

***EXPECTING DATA CODE = 030, FOUND XXX RUN ABORTED

This means that one of the Manning's Number Cards has the wrong Data

Code, another card is in the wrong place, the last Manning's card is
missing, a 1 was left out of the 66-CONT colum on one of the Cross Section
Coordinate Cards, or a 1 was coded in the 66-CONT column on the last
Manning's card. Solution: Check for Manning's cards with the wrong Data
Dode or any cards that are out of order. If those are okay, check to see
if the last Manning's card is missing or if it has a 1 coded in the 66-CONT
colum. If so, insert the missing card or change the last colum so it

1s blank. If all of the above are okay, check the Cross Section Coordinate
Cards to see if a 1 was left out of the 66-CONT column (except the last
card): if so, code it in.

*&AMAXIMUM OF NINE MANNING'S NUMBERS EXCEEDED, FOUND XXX RUN ABORTLD

This means that there are too many Manning's numbers coded. Solution:
Remove enough Manning numbers so that there are only nine or less remaining.
This may require redefining the subsections on the channel cross sections.

*%%COULD NOT FIND A MATCH FOR ALL X COORDINATES PERTAINING TO MANNING'S
NUMBERS, RUN ABORTED

- This means that one of the X coordinates on a Manning's Number Card
does not match with any of the X coordinates in the cross section inputted
on the Cross Section Coordinate Card. Solution: Either insert an addi-
tional point on the Cross Section Coordinate Card or change the X coordinate
on the Manning's Card to match one of the X coordinates in the cross section.
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**%xBAD CROSS SECTION, RUN ABORTED

This means that one or more of your Y coordinates other than the
first one is over 90 feet greater than your lowest Y coordinate point.
Solution: Change any points whose Y coordinate is over 90 feet greater
than the lowest point.
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***OVER QO'FEET DIFFERENCE IN ELEVATION BETWEEN POINT NO, 1 AND XX

This means your cross section is too deep. Solution: Remove enough
cross section points so that the difference between the first and lowest
Y coordinate 1s 90 feet or less.

#*%POINT NO. XX IS GREATER THAN POINT NO. XX ON X SECTION

This means that one of the cross section points is greater than the
starting or ending point and the cross section can not be extrapolated or
interpolated to get a point higher than this. Solution: Change cross sec-
tion so that the first point is higher than any other point except the last
and the last point must have either a positive slope preceding it or be
higher than all other points except the first. The first and last can be
equal. ‘

***FOUND HUMP IN X SECTION THAT PERTAINS TO A MANNING'S NUMBER AND
CAN NOT ADJUST

This means that one or more points in your cross section are higher
than the end points and the computer has truncated the hump and lost any
associated Manning's numbers. Solution: Either make thé end points _
higher than the hump in the cross section, change the Manming numbers on
. the hump so they are the same (if possible), or check to see if an eleva-
tion was coded wrong.

***SLOPE BETWEEN LAST TWO POINTS OF X SECTION IS VEGATIVE EXTRAPOLA-
TION IMPOSSIBLE, RUN ABORTED

This means that your last coordinate point was lower than the point
preceding it and was also lower than your first coordinate point so that
the computer would not extrapolate out to make the two end point elevations
equal. Solution: Make your last coordiante point higher than the one pre-
ceding. it.

**%ONLY ONE POINT IN CROSS SECTION COORDINATE IS IN ERROR, RUN ABORTLD

This means that the cross section input consists of only one point or
the first coordinate point is lower than all the others. Solution: Cross
section must have at least three points and the first point should be
higher than all but the last point.

Stage-Storage

***PROGRAM WAS EXPECTING A 001 CONTROL CARD BUT READ A XXX CARD *
ERROR JOB FLUSHED -

This means that the Program Control Card is either missing, out of
order, or has the wrong Data Code. Solution: Place a Program Control
Card in the proper place or change the Data Code if it is wrong.
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*%%NO PROPER CONTROL CARD FOUND, ALL DATA FLUSHED

This means that the Work Code on every System Control Card is blank.
Solution: There must be a proper System Control Card for every part of
the program requested. Place proper System Control Cards where needed.

##% INPUT DATA CARDS NOT IN PROPER ORDER, FLUSHED

This means that your Data Cards are out of order. Solution: Put the
cards in their proper place.

#*%CONTROL CARD HAS IMPROPER CODE FOR DATA TYPE SWITCH

This means that you coded either a cross section to be input or a
storage table to be input and you used a 020 instead of 010 Data Code or
010 instead of 020. Solution: Change Data Code so that it matches the
option selected.

**%%PROGRAM CAN NOT HANDLE OVER 63 DEPTHS, JOB FLUSHED

This means the Storage Table that was input has more than 62 depths.
The computer adds one more set with all values initialized to zero for a
total of 63. Solution: Remove as many cards as required to bring the
total number of depths to 62 or less (31 cards).

**%*RAN OUT OF DATA CARDS

This means that the computer did not find another Control Card or a
999 card, so it stopped. Solution: Check for the missing Control Card
or 999 card. :

***NO UPSTREAM SLOPE INPUTTED, JOB FLUSHED

This means that.Entry 4 in the Program Control Card is blank and a
1.0 was coded in Entry 1 (cross section input). Solution: The upstream
channel slope must be entered in Entry 4 if a cross section is input.

*#%PROGRAM CAN NOT HANDLE OVER 10 CROSS SECTIONS, FLUSHED

This means that more than 10 cross sections have been input. Solution:
Remove as many cross sections as are required to bring the total number
down to 10 or less.

Culvert Design and Review
#%%* INVALID CODE FOR INLET TYPE OR MANNING'S NUMBER

This means that one of the values in the Culvert Type Card is impro-
per. Solution: Either the inlet code for one of the pipes was coded in
the wrong columm or one of the inlet codes used does not exist and must be
changed.
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#%%Q = XXX NOT IN RANGE OF DCPDIS TABLE, RUN STOPPED

. This means that your Design/Review/Performance discharge is larger
than the capacity of your cross section coded in the Stage-Discharge sec-
tion. Solution: Input a larger cross section. If the terrain physically
does not provide a larger cross section, then part of your flood is escap-
ing the channel upstream and probably does not arrive at the site; re-
evaluate your hydrology analysis to better identify the range of discharges
arriving at the site,

#**FRROR PIPE SIZE AND NUMBER AT MAXIMUM

This means that the required pipe installation is larger than the
allewable. Solution: Try increasing the GVD and allowable headwater if
possible. If this does not work, either a bridge desipgn is required or
more barrels than the system considers. If a culvert design or review is
still desired, reduce the design/review discharge a specific amount (say
half as an examplej, then proportionately increase (double) the number of
requ1red barrels.

***OUTFLOW HYDROGRAPH HAS QVER 500 VALUES

This means that the outflow hydrograph has exceeded 500 time incre-
ments. Solution: Change the time increment for flood routlng in Work

Option 3 or 4 to a larger value.

*%*DELTA T = XXX WILL NOT ALLOW HYDROGRAPH TO FIT IN 200 ENTRIES,
RUN STOPPED

This means that your inflow hydrograph has used more than 200 entries.
Solution: Change the time increment for flood routing in Work Option 3 or
4 to a larger value.

***DELTA T = XXX WILL NOT WORK FOR‘INTERPOLATION,'RUN STOPPED

' This means that your time increment is greater than the flood hydro-
graph. * Solution: Change the time increment for flood routing in Work
Option 3 or 4 to a smaller value.

***DATA CODE = XXX WAS NOT A 050 CARD W
" This medns that there is an improper Data Code or a mistake in the-

66-CONT colum. Solution: Check the input hydrograph card to see if

its Data Code is 050 and change it if it is not. If you did not want to

input a hydrograph, you may have coded a 1.0 in Entry 4 on the Work Option

card or Entry 5 on the Work Option 4 card by mistake. This should be

coded 0.0 if you are not inputting a hydrograph. Another possibility

is that you coded a 1 in the 66-CONT colum .on the last Input Hydrograph

Card. This should be left blank, otherwise the computer will attempt to

read another 050 card.



92
***ERROR ENCOUNTERED NERROR = XXX

This means that you have error number XXX in a routing routine. This
is usually printed at the end of the printout for the culvert being analyzed
along with the last values calculated. It will be accompanied by another
error message detailing the error.

***MORE THAN 30 ITERATIONS NEEDED TO BALANCE THE INFLOW-OUTFLOW
STORAGE EQUATION A HEADWATER WAS CALCULATED TO MATCH THE QD

This is a warning statement. The program has forced a volume balance
because, either the available storage is so large that even small changes
in headwater result in large fluctuations in volume stored preventing the
program from balancing within 30 iterations (See Chapter 1, SYSTEM
OPERATION) or a discontinuity exists in the program logic. Check the
storage table to see if there is a large amount of storage available at
the headwater computed. If so, there is no problem. If'not, bring this
problem to the attention of the Data Services Division.

***RAN OUT OF DATA CARDS, RUN STOPPED

This means that you probably left out a 999 card at the end of the
job. Solution: Your results should be all right, but put a 999 card at
- the end of the deck if you are going to run the deck again.

***DATA CARDS OUT OF SEQUENCE, CHECK CARD WITH CODES XXX

 This means that one or more cards is missing or out of place. Solution:
Add the missing XXX card or put the cards in the proper order.

~ #XXINVALID WORK OPTION

This means that the work option coded was other than a 1, 2, 3, or 4.
Solution: Check input documentation for proper work option and change the
card accordingly.

***APPROXIMATE OUTFLOW DISCHARGES OF XXX TOO LARGE FOR STAGE-DISCHARGE
TABLE

This means that your downstream cross section coded in the stage-
discharge section is too small. Solution: Code some additional higher
elevation points to each end of your cross section.,

***ERROR CHANGED KAPPA AND N WAS EQUAL TO 1
***FERROR KAPPA OUT OF RANGE
**2ERROR N WAS NOT 0 or 1

The error statements indicate that an internal switching error was
made. Solution: See Data Services Division as something could be wrong
with the program itself.




93

*%%STAGE DISCHARGE TABLE INPUTED, AVERAGE VELOCITY AND BED SHEAR
CAN NOT BE CALCULATED

The program can not calculate average velocity and bed shear, without
a cross section. If these values are needed a cross section will have to
be input.instead of a table for the stage discharge.

Flow-Distribution

***[ IMIT OF 10 DISCHARGES OR ELEVATIONS, FOUND XX RUN ABORTED

This means that more than 10 discharges or elevations were asked for in
the Flow-Distribution Section. Solution: Remove as many discharges or
elevations as required to bring the total to 10 or less. A second run will
be required for the ones removed.

***WAS*EXPECTING—DATAWEODE*=40017*F8UND'XXX~RUN ABORTED

This means that a card is in the wrong place or the Program Control
Card is missing or has the wrong Data Code. Solution: Put a Program:
Control Card in the proper place or correct the Data Code if it is other

than 001.
*%**WAS EXPECTED DATA CODE = 002, FCUND XXX RUN ABORTED

This means that the Discharge/Elevation Card is missing or has the
wrong Data Code. Solution: Correct the Data Code or insert the Discharge/

Elevation Card in the proper place. ‘

#%% [NSUFFICIENT CROSS SECTION TO CONTAIN DISCHARGE OF XXX CES*#*

This means that the cross section coded in the Stage-Discharge section
was too small. Solution: Add some higher points to each end of the cross
section if possible. : ¥
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Chapter 3
'SAMPLE PROBLEMS
INTRODUCT ION

. The four examples in this chapter were chosen to illustrate each
of the possible functions of the program. There is a brief description
followed by the coded input on Form C-16. Following this are copies of
the actual -program output. , :

No attempt was made to provide interpretations of the design data
“provided as output in these examples. Interpretation of data from this
system and the accuracy of this system in providing this data is the
responsibility of the User and the Wyoming Highway Department assumes no
liability or responsibility for either.

Example No. 1 - Culvert Design with Upstream Storage

This example uses a specified design flood, six culvert types, five
performance curve floods, upstream and downstream cross sections and their
profile slopes, culvert slope, allowable headwater, and maximum allowable -
culvert barrel height to determine six acceptable culvert sizes (one size
for each specified type). The output consists of the stage-discharge -
relationship for the downstream cross section, available storage in the
upstream cross section, and acceptable sizes and hydraulics for all six
culvert types. The flow distribution alternative for the downstream cross
section was selected for the requested discharges. The long form output
format was selected which displays the flood routing properties at each
- - incremental hydrograph dlscharge for the requested design - and performance
;. curve dlscharges
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HWAY DEPARTMENT

WYOMING WIG

Pagco~srnucrxow DIVISI

HYDRAULICS SECTION

CHANNEL STAGE DISCHARGE RELATIONSHIP

(EXAMPLE

STATION 366455+«

CHANNEL SLOPE

NO,.1)

DRY CREEK

0,00940FT/FT

=
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WYOMING HIGHWAY DEPARTMENT

PRECONSTRUCTION DIVISION

HYDRAULICS SECTION

CHANNEL STAGE DISCHARGE RELATIONSHIP

(EXAMPLE NO,1)

STATION 366455+e

CHANNEL SLOPE =

DRY CREEK

~

0,00940FT/FT

DISCHARGE"

ELEVATION

VELOCITY
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YELOCITY

DEPTH
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WYOMING HIGHWAY DEPARTMENT PaGE 1
ENGINEERING DIRECTORATE wessaass HYDRAULICS SECTION v2s3rsa
STAGE STORAGE
DRY CREEK - QTATION 366455+ (EXAMPLE NO,1)
INPUT VERIFICATION
INPUT VERIFIED 7
DESIGNER —eeee  CHECKER wee
UPSTREAM SLOPE w  0,01060 FEET/FDOT

CROSS SECTION STATION = 0,0
X (DISTANCE=FEET) Y (ELEVATION=FEET)
-113.00 5389.19
:?;:oo Egel:ég
<1200 3378.
0%0 5311040
26100 782010
500 538280
45100 538780
100200 5388510
134200 5389160
CROSS SECTION STATION = 100,00

X (DISTANCE=FEET) Y (ELEVATION=FEET)

113,00 89,10
.éi:oo 3331: 0
35500 §388.20
.15.00 33;9.30

26:80 79213
55,00 5382,80
85.00 5357.30
100,00 5388010
134,00 5389.60

00T



WYOMING HIGHWAY DEPARTMENT PAGE
ENGINEERING DIRECTORATE awwawssa HYDRAULICS SECTION
STAGE STORAGE

DRY CREEK STATION 366+55+~ (EXAMPLE NO,.1)
COMPUTATIONAL RESULTS
DEPTH (FT) STORAGE (ACRE=FT) AREA INUNDATED (ACRES)
0,0 : 0,0 ' 0,0
0,70 0,02 0,06
é.xo 0:06 0209
T40 1:.52 054
10430 . 6.80 1.74
10040 6.96 é-“&
10780 7037 40
1170 10:18 %:ge

2
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HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
ARARKNAANR

ENGINEERING OIRECTORATE

CULVERT FLOOD ROUTING

2

PRINT OPTION NO,
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CULY SIZE1 la—T,0X. 2.0 ROUND CONCRETE/,SOCKET END PROJECTING INLET

(EXAMPLE NO,1)
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HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT'
A2 X2 FE 2]

DIRECTORATE

ENGINEERING

CULYERT FLOOD ROUTING

-STATIONT 36635500

2

PRINT OPTION NI,

(EXAMPLE NO,1)

STATION 366455+«

DRY CREEK

PROJECT:
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HYDRAULJCS SECTION

WYOMING HIGHWAY DEPARTMENT
KEANAANN

ENGINEERING DIRECTORATE

CULVERT FLOOD ROUTING

STATIONI _366+55.00

2

PRINT OPTION NO,

PROJECTS

(EXAMPLE NO,1)

STATION 366455+w

DRY CREEK

CULV S1Z2Etia__Z,0X__ 7.0 ROUND CONCRETE/,SOCKET END PROJECTING INLEY
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BARREL GEOMETRY: LENGTHI_1O03F] SLOPE1).00000X GVD: . R 0FT

& & 2 & x & k x o & & ACULVERTY FLOOD ROUTING#* » »

FLODODOD RDUTING
AraVOLU
|

CULVERT

A aDISCHARGESA# x|

A A AR kA

FROUDE |
NO,

IN

I OUTFLOWI

INFLOW

NG/
|

2222722222 222222Z222Z222222
.t et
FEFIEXTEEEIXIITIIIIYIEIXXEEIIETX
OO LT O ~dNOI O MO T —aC T I —L0 CONC O
—AUAZ FEUNL D C O OT ON TN O I TN
et o v\ OO DY

LLULUVV UV OOLOLVVLLLOLDOLL LULV O
LA L & L L a8 -L& & 4C&L- ¢ ¢ &4
CS—UMIN PO O DAL DTN AV — O O
" e s ea0s sSSP ET eSS CTESTGEENSE SR TS
COCODOOLOOCOOCCOOOODOoOOCOTCOOCOOD

S B e b = e B e e B e e B e e B b
Lhbabbbbut bbb bawsu
SOV IO PDO COCO L NMO OF e O i L

© et NI PPN, IF IF IF SN PPANUNT O vttt o © O

[LICILE S € O & €& 0 & &8 L& LIL LG LICILYLY
) Ll o e o]

Pt B B B b e B B b b B B B e e b b B B B e b
YN TN T T T T T T TR R T T T N T T T T
OND T NG AT I T MIC NN O o O O
a8 ® 80 O e 08 0 a v eAes S e e

Ottt PSP AR LA A PN A o e e © ©

HANO D LD L-00 L 0-0-C L0 00 0Wn T~ O I
Ceacmsecen YL eneute Reeae
SO0 C ot 1OOC OoOO0OooO

GNENEENO79) U &) GDUN O U XN 0N QUL DT (NN ANON O
[ ¥V.4. 0.0 W §.§.8. 0. 0.9. 0. 0.0. 8., 0. 0. 0. 0. 0.0 .9 . . . &
LLhbhbhabisubibbbuububbbbbialb
OO0 O N0 F O3 7 MO N N =N LN O O I~
CSu P eANUSGRCatasERR TSR asebae

ONST OM I N £ 0 0 00NN M SN NN — O
——

NG —2N 3 DM O® O~ LNMNO BONINONUN w0 wi o=
/eseaceseasncacssssanncacnernsscae

1 Oeter=PIT NN O OO O 0O O ONTIMNANI NI~ —C O

CrdNPeert SUD OO0 WU =T =0 A TN~ C O

SO0 © rer it NN M NY A =t O OO0 SO O C O

ONTOMPINOL0C T ONOC NI O —C

O CC v twrit ot gyt vt bt vt ¢4 ety P\ [\ =t ot Ot OO O

Ps P escsssavestacaccsrans s e o

OO o) o=t N N\ vt o= ot oY) ot NN et D OO O

QXN VXTI I T EIUD TN ¢} CITIONT XD DA THND D
hbbbGbbbhobbbbUbub bl bbb
LLLLOUL UUOO VL0 DLLULOLV LLLLV L
AT VLLEN D ONIT T AUNCNOM O NI NS
AP OINGO OO DO M3 = NO =N T

S alNSAGINAG PVMNINY OU NS o o

/

GITIT U T UKD T O 0 DN T 0N NDANTO O
e dabhlote babbe biiata b bbbl Wb W
COVLOLUUUOLOLLULOLLOLLL LUV UL
OPVIFT OO0 ~ - NMMNE T G0 OO JOM O
N D OT F MO MO T AKX U N

D d Lo ol T g TV VTN, P R

Z222LZT2IZTX22Z2T222Z2T2222222
[l e ol ol el alad ol
EEFXYXIIETIIIIIIETIIIIEIIEIZIT X
OO 0TI -0 =N ST O MG Y —D O T =0 SOINO O
> OPAT FUHN O -0 O D00 ONTIN-O I IN

. het et wmt o=\ T\ PPN

36

36
TIME TO MAX QUTFLOm

TOTAL VOLUMES

TIME TO PEAKe

TIME TO MAX MWz 66MIN,

66MIN,

SIMIN,

104



HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
LI TR ]S

ENGINEERING DIRECTORATE

CULVERT FLOOD ROUTING PRINT OPTION NO, 2

STA

(EXAMPLE NO,1)

STATION 366455+«

DRY CREEK

SIZTEtolan T 0X 2.0 ROUND CONCRETE/,SOCKET END PROJECTING INLET

ION1 28645500 PROJECT1

T
cuLJ

ANAL

YSIS TYPE: PEREQRM DISCHGE. . (1_S30CES FREQS_JOYE DHWiL2_DOET

l

BARREL GEOMETRY® LENGTHI_LO3EL SLOPE311,00000% GVD! 9 0EL

R W R R R AR N oK tCULVERT?FLOOD RDUTING® & &

FLOOD ROUTING

CULVERT

LN B R BEE BN DR B

CZ22Z2Z222222ZZL2Z2 272222222
L e L —
E¥FEIXrY¥Y¥FIFTEFIIIEIITIIIEIIIEXX
O L0 T = M~ N\ O MNP =TT O O M TN O
= UMD T QD NN N D OP-EMO © T NN O
vt e e e ) PPN

L0 LLOULULL ULUO UL LHO OO UL O
AL A ICI LI LA LA L (I LT <L AT 2 LT
SN\ T 0D © T VI I CP DU T MIFN o O
- & ®» O % P @ ® ® ¢ o0 PO OO e O O DD

COOOOO Mmetriert st e irisien O O C OO OO O OO

b e e e e e e B e b e B G B e e b e

TN T T T TR T PR TR R T T R T T TR TR PR T TR T T " T

ST O DO —MNNO -L-CUHNFNALC DA O NI M Y

AN IITIITIIITIIIFT NN U — OO

LILE 2 & LT E LSS & ILTLLILIL L)
DD $Ltmf] QB P P

e e e e e e e e e e b e e B b e e e
[T T VR P T T TR P T P T T PN T VI T T T P T T TR Y T
O O —OAUUNE ~—N M =0 OO T O NN
o ® P & o6 S S0 0" B0 e e A ES S s

© == Y NNRNINPN D 3 3 T D JOMNMNNYAYOUN N — OO

O~ OO0 SN ININ 0 0 O £ £ M~ Oy

® 0 8 05GPS SNGS TP RS P CRS R
[={=Z=] O OCO OO

OGO TN UG 0D T UXD OND O) O OOAN AN TN UDY)D
cooadodbdcantofacoaaonoonon
bbb e bbb bbby bia
CSVRN~O 0 NOD O OO SN M IO NO — i

® ‘e ® ® & ® ® & S 066 S0 a WG 00 e s e
OMUAN TFUN O P PP P P e O-0 N AU 0 TN O

0 ] et e =t Tt et et e et et =t ey ot S
y

OTJ U =D DO OO M-I O M- O NI~ O

O=NMNO DD DDV O ONT MM A — OO

O (N O DN M0 MY I N >DN DO OM &M O o OO
L N N T A N N LR

COO—+—AIMI I NN ITIMAUN -~ ~COO0OC OO

OM O I OMEG M NJ PUNT O a0 O —d~ et IO
e 9 # &4 ® 6 pe s e 080 e as v e" o8 asase

OO O vt o we N NN TN N\ o= VO OO

OTIO M LO OD DINCOI N O O OX L —C
o % ® @ ¢ ¢ v e P S eSS O PO >SS e B B

© O O IR AN NN NN M o ot ot © ©O

D U LN O NN VN T TR 0D IR WD OO 0D D UND
BRUbbbUubbUu bbb Batu
LOULLOOLLUVULVLLLU LUV VUL UL LLL OO
O G I MO~ OO0 O ON ML I O MO
= ™ AP =N PN et~ MO MYV =D DM o

Cala VATl Lghs B 85 = 5 B foal gl N1, VRS

G ) VI T T3 0XT) ) U) 06N D1 U3 TN ) U 030N O D
WhbhbutUwhicbubt b uh W Gul i
LLOLVOOVVLLLLVVVULLU UL UL UOU UL
O TANMO @ OW MO NI RO U B LNt o IO
N DN D —NO ONO N~ DD O I "
P T Y Y e L T PLYP, VA,

ZZZ2ZZZ2ZZZZ22ZZZ 222222222
bt et Yt ——t

FXIIIITIEIIIIIFIFNITITISEITIITIEZ |

OO0 0T =M~ AN O M - T O O M TN O
=M I3 33 AN -0 OO0 O NS o MU O
——— et vt ot e P

%0
TIME 7O MAX QUTFLO=

50

TOTAL VOLUMES

TIME T0 PEAKa

TIME TO MAX HWe  6IMIN,

_ 6IMIN,

. 49MIN,

105



WYOMING HIGHWAY DEPARTMENT

DIRECTORATE

HYDRAULICS SECTION

LER S SR 2]

ENGINEERING

CULVERT FLOND ROUTING

STATION: __38A455,.00

2

PRINT OPTION NO,

DRY CREEK

CULY SIZEt. la__ 10X 2,0 ROUND CONCRETE/,SOCKET END PROJECTING INLET

(EXAMPLE NO,1)

STATION 366+S5¢»

PROJECT?

ANALYSIS TYPE: RERFORM DISCHGE .. Q313080CFS FRFQOILSOYR DHWIL12 00E]
BARREL GEOMETRY! LENGTHt.103F] SLOPE1J.00000X GVD1.Q QEY

A & k R A K 0 &

ZRT FLOOD ROUTING* # =

2 2 & & & & & & & & k- & wCULV

FLODD ROUTING

CUL VERT

222222222222 22222222 X222
—— ——

FYIYFYIXI¥F¥YIIEFIIFIIEIIIITIEZIIXIZ

OUNT P I =T D0 0 MDD O —FNNG I O

O M T WU O O OO = NIRN O NI

- ote-te UM

VU OLUULULLLILLL UL VLLO CLLVLLOL

e O e O e e o o

ONI CONI AN Do OO T O PN N O

" & &6 " PO " S De s e s oS asaass o

COOC—AIFUWNMO OO CO U UN— OOCOCO0O
——t ot

b b e e e e e e e
(T R T T PR T T Y T T P TR T T T TR TR T T TR TS
O P COP-OF MM 3T 3 3 T 3 NANONN ST - OM

© w1 I J AN NN NN N I M0 1ot O

[LE £ ¢ -4 {alalalstalalalaTalaYaTa al g - (L1114 U
— L el ]

——— e e e e e e e e e
Wbt bbbt wtaielba
CM P OOTOC NI O ~CI UL O ~NI TN
® ® & & D 08 @ O s e e s e e DS S S

© e =PI T JUUNN 00 O -C O AT FN AN e O

OOL OO IITI ITMITITIT IO OO OIN

" e e eecedecrsresas et ERSVES
OO ——— ot D OO

20 O U0 O ORENEN UGN O 0D U & NODD) EDENONE a0
(V-9 N-4. 4.0 .0.0.5.0V.0.9.0.0.4. 0.9 .§. 4.9 .N.0.0.H.¥-§
whbhbbbubbbbbicbnocbol bbb bn
C© I NT®M —LXL 000 00 OO O O "M NI~ MUNF-
e ® ® 5 66 hsFee e e "0 dDes e
© NN O a0 €0 QO a0 S0 a0 <0 OC @0 A0~ T O IO

" et @t =t POt gt gt WS et el et =t Bt @ g

C@DPEXMI O TN FYUN DAL TN N CDO
- 8 D@ s e adesee s e e " o8 SeeeeS
O =M~ O © =N Z T I T T M NOM DT et D

. et O Pt ot Wt St e

OM O OLW OO LO =0 DD N SN FIMOO
- o ® ® ® & @ & P S0 TEe B8 " SO S PEeS
OCOONMUND ONJ OO AT N O OO0

e et et et et @t Gl w$ W

OV OMINT L O —=NATNN O MNPt i T U T O

© © — AN A NV PN MA@ O-D TN OO
-

O~ DM e 0 —N\1O O MO N MM I M DN —~NIO
e 8 o5 @ &0 e eV ®a oo s ePe SPe e ace

© © v MNTT LN T U NI T MIMNIN T MO At ®? e O

DU NG U UANED DO ) T} 030N O NN NETIN NG

Lhbbuubiobuioh bbb bt bbu

QUULLLOULOVLLLU LU UL OLLL LVLLLUL

Ot LO AN O OMeT O OWEL - 0O

IO M QMNP OMYN D P P 0 T Ol DN
=AU T N0 0 0 8 0 0 D0 -0 D o

@I O VA YTHN S TIUXN OO U0 00D T 0N SIHDUIN) O
Whbbbabbuwiob biaui b aadbal
LOULLLOOLULUL L UL UL LLOLOO
OO NI I I M DAUIND NI O N0 IMINTO
U0 T NP N U ORNP O NPT LN NSO IO N
—SFUNPG OO OO WO P~ I O 37 MW or esoe

—

2222222222722 72Z222222 222
L landan Lo ——
IFIIXIIIFEIIIYIFTIEIIXIIZIXETIYY
QNI - N~ GT P =T v=-0 NI O —+ W0 F O
= ONUPMMST T FUUNN D O OO == NPRNO NaD

- gmaumted oI

é8

88
TIME TO MAX QUTFLO=

TOTAL VOLUMES

TIME TO PEAKE

TIME TO MAX MW= 63IMIN,

63MIN,

42MIN,

106



HIGHWAY DEPARTMENT
AAKARA AR

NG
TE

“WYOMI
ENGINEERING DIRECTORA

CULVERT FLODD ROUTING

STATIONT 36645500

HYDRAUL1CS SECTION

e

PRINT OPTION ND,

(EXAMPLE NO,1)

PRY CREEK

CuLv SlZEl_i:__lqﬂi__l.n'ROUND CONCRETE/,SOCKET END PROJECTING. INLET

STATION 366+55+=

PROJECT?

ANALYSIS TYPE: BEREOBM QISCHGE. .. O0:1390CES FREQG:LOQYR OHWIL2 QOFET
BARREL GEOMETRYS {ENGTHILOIEL SLOPE$L.00000X GVDI S DET

A & &k k a ok hox & s & *CULVERT FLOOD ROUTING® % =«

CULVERT FLOODD ROUTING

*44DISCHARGES##ax |

INFLOW

LR T I

BR INK
DEPTH

FROUDE |
NO,

TL |
STORF I HW,FTIVELOCITY!

S(AF)saww| HEAD | OUTLET
T Loctr

ME
I au

aaaxVOLU

IN

OUTFLOWI

NG|
!

22222222222 2Z2 ZZZT22ZZ222Z
ey
E¥ XTI ITYTI Y IIIIITIIXIYIIIFIIX
O IMOUNOI L~ TWO eI WD Mt NN O~ O MO DO
=M MY T T NS O OO © =N\ = O T
vt ey ] P\

LCOLOUOUOLLULLUULO LCLLLVULUULLLOL
dq I qdd <M dd ddCqIC dqC I <C<ICCqq <
ONIT MY I NT OTF MO NINALOVIO I NI~ C O
" P e FSSE S S Ooes sepe eSS se
COCO~ NI NCOMNLII N0 N M- COoOoOCO

W et gl v Pt - et

Pt e B b e e e b et e b e e e e
CGhe W lalatods b by idle Wb lalaid Llatalh b la b e ia
OO OOMNC —MI IND O CO O ONMNOOVCOo NI O

© =AM JNNIF NN DN NN I I N v C O

[LE £ C - fa'alalalalolololy ool valalal § g JUILICE
ittt bt
>3 I e —

P e e e B e - e b e e e e b
[ TN T T T VI T TR TN VWY PN TN T T T VO T 7R T T T T T " TR TR TR TS
OO NIMN=O N O~ NP 0 AL OO0 =N — O N T
- e % o ® 08 " e e e S ePe G e 0 s e e

Cw=NMT HNINLD 00 00 000 ODWNN TN —— OO

© 00 -OWHNT A T FINNUN DN 3 N N0 0 DNt
- o3 S0 aQae S0 D ¢S S ¢S e ¢S aAacE e
O ) vt bt et et Tt et Tt el S Tt et vt Pt vt (OO OO

T R0 DDA O] N ) NUT) URDDT) DU T NS

acacocnaoacaanoadnoacoadaacadacnanaan

Gubibibbubbuihbobs Chub bt bick

SO~ O LUO O O~F LN 0DV MO O~ OIT 0 OO oM

s e eEBEPE Be NGO FTOeEsSeEbOSES

© 3 M\ O~ a0 0C Q0 o€ ~«NUNE NN OMODAD 0 OO O O
vt omtt ot o= OO PURLNY v ot vt oot et

CONII - OMININNIN O w0 LN = CNAHN a0 vt w=U Py o

ONIT OO NI N0 O P00 DM =0 0TI A= OO

T T Gt et U Pt et Pt

© T+ LA O T O I N LN o= =N = T OO

OO eNJT L= T~ ST IIMN NI~ OO O T

= et PO O AU (o

COPIN DA O —~ NN O © OOM AN I O~ OO —O
@6 9 e8P eSS SSCAESBES SREBODEGEERE

CO—=NFUMNINMN M INT T3 00 UN0 L - TN NOC OO

—

SO0 OO0 0O NM O NMMIT N ODI® —NNOMVMOO

CONIT OV OO0 VNNT I LN TOLMPNMN—~OC OO

TN D URDOTHAT N O DAL OO DD DDNI DD
Wbbbbuubbbublbobbh bhbb il b
CLLLLLUULLLLOLOULOL LLLVULLLLL LY
COIJIOCTCICORCIUPVNOC FMONINOIMPTOVIVNCO
FHAPRO M NI © w0 DN NI NN T OIY ST =
(U UM D0 M~ (C 100 QG0 T P~ 00N T M o

IO UNNUNT O O T IO N OD O OB N
Ludbuusibbbbhbibsbbubovuebb bt
CULOOLLULLLLOLLOLLV LLUOVLUVLLLOOLLL
O TN GO O N0 SN0 O ~ONCINM TN OO
O T =L~ AN L O O - O T
NI O PN —O OO NI NN

o el o) et ot

ZZ222ZZ22ZZZ22222Z222T2ZZ2222ZT2ZTZZ
[ Ll o)

EIIEFIIZIZIITIXIIIIFIFTIEEZIIIELE

OIMONOT W e TP T WAKD MY N OO N D OO

— YV PN T 3NN SO T © ©—O0%

-t et ot o) PP

107

107
TIME TO MAX QUTFLO=

TOTAL VOLUMES

TIME TQ PEAKs

SOMIN,

TIME TO MAX Hwe

S9MIN,

I9MIN,

107



HYDRAULICS SECTION

WYDOMING HIGHWAY DEPARTYMENT
ARk Rad

DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

2

PRINT OPTION NO,

(EXAMPLE NO,1)

STATION 366455+=

DRY CREEK

STATIONI __3A8455,00 PROJECTS

INLET

COMMERICAL END(FE)

ANALYSIS TYPE! DRAINAGE_DESIGN.., Q1_.BLOCES FREQGI.25YR DHWil2 00ET
BARREL GEOMETRYS: LENGTHI_L0JEY SLOPEtL . 000D0X GVD!I_Q OEL

Y/

SPP

(

CULY STZE!. le B,5X__ AR .3 ROUND METAL

& & & ¢ x & % a & & & aCULVERT FLOOD ROUTING® x =

FLOOD ROUTING

CULVERT

AR A Rk A kX

X0

kxanVOL U
IN

G PR R
INFLOW | NUTFLOW

NG| #*#»aDISCHARGES
| TF

Z2222222Z22T22Z22222222222222
B Pt it L
EYXYFIFIIEIIIIFITEIIIIIEIIIIIER
OUWN NIO N0 M- =2 Q0 ARO - FINUO O NN © aD DM
SN J N DO OO~ NI~ OTO

— ot o o= P\ PN

LVOLOOUQLLUUOULLVULLOLULOLLLLOUO
dadadEdgqIA g ddId qId I II I I qqC T
O NN OM LMW O vt —OPM O = NT PN = O
> e ® F6CeEESED eeLsEPRCe e e

COC OO NINIMM PN — G OO OO0 00O

e e e
[T TN TR T T P T TR T TRV TR TR TRV T R T TR Ty " TR TR TR T
SN T CINE T © menil\I ot SWCUNG T O O — N0 N
® % ® 02 &v&o s Ss avO " S et sane v e e

O =\UM T I I I IO NN T I OO

QL IILILID>DDD>DAqdgdIddqq <

Pt B Gt ot Pt e ot Ll ot e e L]
Dbt Pt b Gt o el ol ol e e
s Ll alal o ol o

e e b e b b e e Pt e b e e e e e
b biebibolole tolols Winhs b i b bt st U
CUHAN T P CN-D 0 O U O W D NN T OO N0 M
" & a8 5 20> 0 50 e 60 et Ee Do a S PES

O I J NN 0 D 0 O OINNINT YN — OO

SUN-C 00T COOC OOOD 0 000 ~-C UMW
« 8 P @ & a8 00 aAa a8 " " DSOS OO a9
OO OO OO ittt mtertemi O OO OO OO OO0

VU IO OO O U U VNN 0] QT U U TN N TN OB T
acaococanoococgonnoooccanocooanaacadband
PR TR T M TP T TR TE T PR T TR TR T TR TR T TR TR T T T 'Y
OT =T O T L0 T L0 OLNO DM 4~ OO MO N
& # & ®» ® P " " DS DS E SES 6 e e PDaDN
COMN OO0 © —=AJAI MMM MRAMNMIN oD O O M= O

- ot o

© QOO0 @ T NG O AUNL BINND O C a0t M OO0 N
L I N A N N L
O\t J O WO O totot it o= O 0 TN = OO

" ot et Pt ot v

SN0 T 00N 0T MONIMCON OO
" e s e cecascccssanesrseE RGBS

COO—NMIOr DO COOLIN——COoOOOD

OIJI OMNGN LA C ot vt =N T P O T J L —O
- 6 ¢ & ¥ & n s b S OT S 0ae S sEs e 8o eSS

S OONNMNIAIAUMMEN MPIN T T OL N =N OO

OO~ =N OPT —@NT =TI U OO
e & & » ¢ ¢ 0 ¢ O aasa 8t ano " 0e s e d

CO=NMIMNF I I AT AT I AN~ OD

EHOH W) DD O NN NN AT DA AN DD ND N

Lhbbhobupeuebhunabb i bbb

LLLLLOULUOLLLOLOVLDUOOLLLUULOLOUV

CIMNTI I OMNTI—O OISO NI I —=LO

N OO Mo I ™00 QO OMO N O MNO NN
I I T UONUNDO ONY I TRy e

N DD NP DO TRNTTI O BN TN DO DN D)
Uhbbthbbbhibbubbbiibubicicubuunw
LLUULLLULLUOLU LLLUUOLULOUUULR
O 0 & OO MO T3 O O AN —J O I~ CUNa OO
MU =@ D C OO TP = IO J —D T
S OUTT U P @O PP G DT T PN e

Z22222222222222222222222222
——
TIIIXIFIIIXIIIXTIIITXTITIZIITIEIIZS
SN N0 U O MNP o=t IO OURD =~ MIN0 O NN S O O
—=NINMMN T I MR OO OO —MNI M OTO

. ot ot ot ot (Y N

B Dot Bt

T

g
TIME 10 MAX OQUTFLO=

TOTAL VOLUMES

TIME TO PEAK=

TIME TD MAX HWa  64MIN,

64MIN,

4SMIN,

108




HIGHWAY DEPARTMENT

' WYOMING
ENGINEERING DIRECTORATE #xasaaws HYDRAULICS SECTION -

CULVERT FLOOD ROUTING

PRINT OPTION NOD, 2

STATION 366455+

CEXAMPLE NO,1)

" DRY CREEK

STATIONT  364a85.00 PROJECTH
CULV SIZEl. i B BX__A S ROUND METAL

COMMERICAL END(FE) INLET

ANALYSIS TYPE: BEBENRM DISCHGE.. Qt_LZ0CES FREGH—2YR DHWIL2,00F]
BARREL GEOMETRY: LENGTHt_103FI SLOPE11,00000% GVD1_Q DEIL

)/

spp

{

* sCULVERT FLOOD ROUTING% & »

k & kK & X &k k & & & @

VERTY FLOOD ROUTING

L

cu

K k kK &k kK Kk h &

ME
ou

waaRVOLU
IN )

2222222222222 27222222222222

IIXIX¥IIIYXIIIIIIIIIIIIEIIIITX

SO TIOI IO FONCINMN =M T NON
=AM IVIN NSO S0 O C —M N DX v O —=C
ot vt o s A P

UOOOULLLOLOUOVOUUL DL LLLVLLV OUHOIU
L LS B Lt il sl €& & & & 4
CretrtNAMNI T I I JFII I NUN e et et O
CRC R BB BN BB BRI B B S S I N

COoOO0O0OOCOOOCOOCOOOCOOOOOCOCCO

et e e e e e e e e e e e e e e e
[T VI TN T Ty YW TR VI PO VW TN PO TS T P TN T P T PR TR i T TR T T
COIOC NGO C reet e OO DI NO MO I —~ NN
- % @ ® @ 0@ ¢ 00O >eE O Ea s s e e ae

© © =AM FFRNMAININININININ e = O O ©

dad<aq dd I qad g qCIC LT C L LA LT

g Pt St bt Pt Bt Bt

L e L o e e e e o el ol e et et
whabubbbbbibbbbihsbboal babls
CLIOCMLO © =1t GO O~ LT NG OO T — TN
- ® ® & 5 8" ¢ 8 eSS OSC a8 e e e e

© O ==t A AUNP PN FANAUNIAIN AN e et et e O O O

OMIN L~ P~ O € XX T WM P~ 0O NN 3 NN

® @ " o0 PP S C eSS EeEESs oS sEeBuEeSaZsaSe
COOTCOOCOOOOOCODOOODOOOOOOODO
3

€T OT O OO TCAN@OAOCHEN AT D HOD RO EE
cgoocoanGoacncodpoaaoconnoooan
bbb uwbicbhabuobhuvibhubbebhbuws
O CIT OMNO TINOMITONO I M~ —~JNIN Lo
*® = & ® ¢ S ST o PR ESTaeseas S s e

O 1T N OO T DX 0 LUNT IV O

SN © DRI~ O AN~ O CT =N — O P NN D -
® & & & & 820 O 6O OB e O SO s e 9 s e

O e NN T T T IV AMIAUNIN o et et e O O

O\ I LXO © vt O OO X~ O T PR e e OO
- @ ® » a 50 0 0 as Oe S s S e s s e B

COOCOODO miriewm - OOOOOCOOCOOODO0O

C=AINM OO O—CCONOCO MM LI MM—C
@aeestesscrtocoevenencascssenasns
COOOCO O v rirteiet OO et e OO0 OO0 0O

A0 UO = —+rO G O —~ O DN~ N T O O
" e P e @6 68 0a BS S 0O &S e e s
COOCOO ettt vttt QOO OO v COOOOCO

DN I U DDA DO OO D O DD A DD
Laubbibbbivsbbbubububbubbhubul
LCOLLLOLLVLVOULOOOLLOLDLLLOOVL
CTIXONOIDLOD=INIICITOIMIIO—IT—O
=370 ONT MO T FINICO O O T NI~

o ot bt gt ot e ot

@) OO A UG T DDA TN T D N &) DO D NS
GhvuobUbblduubbbbseibhwo e
LCOLLLU VLU LLVLLLLLULVLVOLOLULVLLLLL
OM DM~ —~OINT =0 NMO OO NI O T OMC O
AN AL L O TN O UN T N e

, Tt . bt atwt w—wnta]

Z222Z2222222Z22222222222222

FIYEXIFIIIFITIEIIIIIEIZIIIEX
OO O IOT 0T O T OMNOPN I M M T IO
UM U DO O P TG0 O © v LN L 0O w0 ==

b vt et e O PVY

19

19
TIME TO MAX QUTFLO=

TOTAL VOLUMES

TIME TO PEAK=

TIME TO MAX HWe  66MIN,

b6MIN,

STMIN,

109



(EXAMPLE NO,1)

COMMERICAL END(FE) INLET

STATIDON 366455+~

HYDRAULICS SECTION
2
SPP )/

REABARAR
(

WYOMING HIGHWAY DEPARTMENT
DRY CREEK

ENGINEERING DIRECTORATE

CULVERT FLOOD ROUTING

PRINT OPTION NO,

—~206858,00 PROJECT!

1S TYPE: PEREORM DISCHGE . 01 _350CES FREQ3..SYR DHWIL2 0QFT
BARREL GEOMETRYt LENGTHI_103EI SLOPE11,00000X GVD3.Q,0EL

'

STATIONG

CULY SIZE1 e B8.5X..B5 ROUND METAL

ANALYS

110

o 2222222222222 22222222222

L EXEXXI¥IIYIIZIIIEIIIIZIIIITIXEITX
—F OV LI—AO—NCOCTOMNTT —DO JF —~DCOVO O
p ] =N T T D00 O~ 0 OO0 OO TN
Or — o v ot YN M

L0LULOLLUV OO LU OO ULLOLOULU LLOLU
Od dddddddd A A d ddd A dLQAqITIIT
Zl O —O\IM IO OO S SWNT I MU~ e O
Cx @« s 8 ® 00 e 0 ea0e PP EeE CEEBRSESEENRSS
A9 OOCOCOCOOOOOOCOOOOOCOCOCOOOOCOO

b b e - e e e e b e -
[ ST TN T T T T T TR R T T TR T PR T T T P T R T T T T P T
© D U DO © OO OO0 W INC DM —~C INCON
—— - ® @ 9 @ 0FO O e OG0 s e e

A O wref\ PN ST 2 27 TJECIA AN it O O

®# & & k & & & & & & w & *CULVERT FLOOD ROUTING% « »

-=
X i
oca L L C g ¢ & & ¢ & - &€ & ¢ - ¢ & &4 £ & ¢ ¢ €9
- [l
ar—
’ L ol [l e Tt ST T
— -
= e e b b b B b B e e e e B e e e e e -4
¥T Lbbbhbubbobbbbatubbbbblbbbubun -
L OO OO CNNMNIT T PN =0 WD LMo Ny X
0 " S e5 B EEEErSsSEeRSESEOSSERS o
“M © wetemef\ G FWN T3 I T T T DI IO Ao D © L ]
~
7Y “
0O e OIPNMVOCOCOCOD 0000 0VITNOONI™MN X
20 ® 5 60 U OB ASE PSS E SEFPESPBSOSTOERRES T
0Z OO0O0COOCOOCOOCOCOOOOOODOOOOOCO
[ 8 ko
W -
X
> GO QU VXD W O DTN AN O O O 0G0 O 02 D00 D OO0 [}
ol ol 9N N N.9.9.4.0:N.0. 0.0: 4. §. | .¥. 0. 0. 9. 0. 4.5.9.8.§. § -
W= pubbubbchubbbuobbosbabubsus
B O IFN— O MOMND O VYN P =N O 0P =T 7 MNIN wh
-0 ® ® 2" av s e PO OCES S EDSEECEORESERRES x
Dl ONNTIOMN COOOC COO0 O SININTIMN—~C -
U Ow ot oyt eyt vt . -
' >
Z ——
-
- O OMOO COLONMMAICKT QMM M O DMK — -
- = > o " S0 85 08O S Se BES S SeS S B b4
> ' R LA T}
—— ) D
O 4u) O« OFW—=I N INONMNOD LU I N—S O
L ¥4 > ® &6 "8 5 8 e 6 VRS S6S e o e e
X «AC OOCO et NN NNIN A e OO0 OO0 o0 O
"« . o
~tn o
[= TS -
. - . [T
T " o8 ac 00 cee e eE SEsBsEGcssswE M D
(=] Em © OO v vtvtvt ot ot ortgmt wrtypmt vtf\] #4 +=1TUMNY) ot v O 1 OO O f)
X
- D >
- <
uw O- . X
> O I N0 OO O INSONNAIMOAMTI—O O
-« " ® 99 00 s s serERSTEsaeress Y
- 42 O OO =Nt ANt st ) e o= ) o1 = O OO O -
u—t -
x = V3]
x
i e—— ' —
X OO IERNANNTUTO DN NLODDONHDNONT @) -
> AC bbbt bbabbsbbbs bbb babisbicbe W
% QLLULOUULVLLLULUOUULLLULLOULLLLLLLL I
- Du OCSHM AT MNI~NC NN O L =N =N NG D 4
ad— O T AN Ot OO IF - OMO LN I N - Z
D > = PUNING PN PR UM ot o ot . O =
[+ g] > X
0 )
p o ) -
O WO W VXD WD N DT NN DTLOORNDANT «a
¥ O vulbbubibbsubbbibbbbblbbubulbbbebbh -
=2 QLLLLLLLLLLDLLLLLLLLLULVLLUL O
¥ QO COTICCOC—-ADMNLCITOMNCCOMOLON—=O — i
«l i e TN O F I MO TN M O T OUD LU TNy x
x %xZ e UMM P W0 AN o ot <
-« w
x o
® O Z22Z2Z22 222222222222 2222222 [
[ — L - -
*« = EIFEIIIXIIIITTIXIIIIIIIEIEZEIIEXI
—E OO JD—ANCOT NMNODT ~D O F L OO O wl
L T ] =0\ MY FWNUN O 0 O~ 0 OO OTIT NSO TN X
Ti— it o ot S PG MY (]
*« o -




{ROUTY

POND

) |
w # # & & & & & & & ACULVERT FLOOD ROUTING # #
|
|
|

(EXAMPLE NO,1)

B
D

FRDgDE’

COMMERICAL END(FE) INLET

Q1_530CES FREG1.LOYR NHWIJ2 00FT

BARREL GEOMETRY] LENGTH!.LO3EY SLOPE1{.00000X GVDt .2 _QET

STATION 366455+«
NG » »
| DUTtET
TIVELOCTT

T1
EAD
W,F

HYDRAULICS SECTION
2
SPP )/
R OU’

AAAkAkER
DRY CREEK
(
FLOODOD
waaaYOLUME

WYNMING HIGHWAY DEPARTMENT
RT

PRINT OPTION NOJ,
UL VE

RGES«#

oUYFLO

ENGINEERING DIRECTUQQTE
c
[

CULVERT FLODOD ROUTING

CULY SIZEt la 8,5 A5 ROUND METAL

ANALYSIS TYPE1

STATIONI __366455,00 PROJECTI

* kK & & A &

IR

111

Z222T2ITI2LIZ2ZZ222Z222T2222Z2
—

—
IFIFXIFIIIIITIIYESIIYIIIIEIIIIIEZX
OO0OI PPN \NO P - FCOTOTINC @

UMM I NN L0 © =N O N

ot s mtema VY M

RN

(S 5.8 8,8 305 BSOS 0 S8 6 E SIS 0 G5 & S16)
LA & & CE ¢ e i L .8 0 .00 & 2 &4
O IJW-0 O — NI N O O DN T MISAIN = ©
®e'®" S 80006 S a0t eSO Sssemace
OOOOOOO rmrtrtet et O O OOC COOOOOC

ARE 2

e e e e B e b e e b e e e e e
LS L S N NS Y TR T T T T TR W T W T T T TR T T
CIN G WNO 00 T O I 1~ O LU N =0 (N s N0 T N

OedUNFIMI T I T T ITINVMNAUNAL—— OO

L E L O & L-2-E-E. 8 CE L LE-EL L& & &8 4
— ~—

P — L —
SOt Wt gt Dbt ek

el anl el et et el el o R S o S o S S S S e S e ol
[T T T T TN PRI T T P PR T TR T T TR T T T T VI PR T TR TN T
O O ONHO NPT P o (T UE U~ ~— LN N M
e &6 apeen as oee oS e b e o s

ST ST W NN NN ST 3 T AN —C O

Y R
bIMIN,

OCI VWO C OO0 O OO0 B-DUNIMN—

[= = elale o ofolelalofalalalels]alelelalelaofole)]

N

TRDWE WD OO OO N D WERI WD QDD DD N
cagcananaosoooaadoooanonocasdan
(T8 T TN P Ty Ty TN TN TN T T TR VW T T T VU PO T I T P P T TR T
OO N TFMOUNT 0\ O N DM T = ONT —~ -0 T

Y

R O Ottt I et ot et © SO DI DUNT N ©

W o et ) Bt g et g, e et 1

TIME YO MAX Hhz

OIS — O MUC e OX W CHUN O = IO IO O

CwdtNMUND O O TP O LN TPV S O

61MIN,

CARNG TN O T I M NI =T =D NN O O

CQOCC—NINMITIITAIIJIMNMMNOANN—~COCOOCO

H
TORE! M

OO DN O OUN OO NN O I I OLNO DN O

OO === UMMM NN UN UMMM AL = N O O O

g(AF;¢¢-a|

ou
S0

i

OJOCOMAIDOCOCOT O INCOTINL—ODN O L—O

OOO—NPUNIMN AU NN UNM M e e i e S O O

50
TIME TO MAX QUTFLO=

IN

XTI T DXV T LI DA N T DU NGO
Qhalduvublbubhbhbubisbuivuubuubwonaw
LWLV LUV OULUULOUOLOLOLLUOLLOLY
OVNO-NTI I CI —~O QOO IMNIHNO
G\ e T O N TN e O NKD N Y OO M =
NPT T T IT I

CHeLAN !

4oMIN,

GAN; ) NN T T N O U DD D DTN KR TN
LWhbblbibbbbhbvbUbuubbadbbobhawu
QLVULLOVOUOLV OV LLLULVLLOLVVLVL L
OJINN-MNO @ -CLN M O N MO INTUM SINN e~ =N O
AUD-OPM-P- -0 —N\ S L O N~ DTN NP
Lo db ol s V0 YalTols S50 gl gl ol VA VRO Lo

TOTAL VOLUMES

L |

DISCH

oBR""
PEAKa

XZPTZITZTIZZI2ZI2ZTI2IZ2Z72ZTZ22Z2T22
—— — - —

XFFXXIFIIIIISIIETIIIXIIIIIETY
OV OI == N M it FTOOIFTOMTINL
< \PNNT JUNNIN OO 00 O = N0 N-ON

——r ot et PN P

?UT%NG] TT]
IME 1 INF
TIME (0O



HYDRAULICS SECTION

WYDOMING HIGHWAY DEPARTMENT
ARRKEAAK

DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

STATIONI _3646455,00

PRINT OPTION NN,

PROJECT?

CULV SIZEt_la A,SX__B_S ROUND METAL

ANALYSIS TYPE1

2

(EXAMPLE NO,1)

STATION 366+455+=

DRY CREEK

INLET

COMMERICAL END(FE)

)y,

SPP

(

G11QBOCES FREQISOYR DHW112 00FT

A K % % & & & %k & & & % «CULVERT FLOOD ROUTING® # =

BARREL GEOMETRY?® LENGTH3_LO03EY -SLOPE11.00000% GVDI_Q_QFET

4

FLOODD ROUTING

CuL VERT

" R & Kk A & & &

Z222Z222222222222222222222Z
—
FYXYXEIIIFEXIIEIIXIIEIIIIIEIEIX
CHANT O G 3 P = T O 0 XD OO0 —NIN0 I O N
UM A D FINWCEN OO SO0 NN O N
-t et ot e Y

LLOUVULOULUOOULVDDLOULCLLUOVUUDOL
AL (A I qC I q A C A qqqLC LTI
OUM D0 IF —O DI OMOIND —OMCIN I —C
"B 6 ®esccccatecanssEDSSEEee
COOOCO—NAMJI O VXL BNN—COOCOOCO

Ll ol ot o e e e e e e e S ol ot ot o o o e o o o
[TRTUN PR VU TNy VO I TA T TR PR T IV T P P T T T T PR T T 7Y
O~ 00 O N J N OO DN N D =0 OMI I~ OM
-e o =9 0o se s s eEe PO REAc® P s e

O UMIJ I T PN NN NN IR NN N I = O

CqALCLI>DOD>ODDID0D>dqC dqCqT

Wt g Dt Dbl Ot Bttt S Bt 0t Pt
Pt Ptpg P [l b LT T Y
et By, [ L LT )

bt b 0 B e e e e e e B e e e e e B e e
[T TN T VA VO T T TN PR T PR T T YO T PW TR TR T T T T T PP
CH P S D =T O T O SN oM oM
e @ &0 ¢ 0o e e 8> ST e e de

eI F NN O 0 0D 00 L0 OO0 ONIMNANY e e O

A0 000 OO0 OO0OOOCOOO0 0T O NIN
®* 5 a S s &S e aEPeE 0e eSS
OO OO OO rirtrist siotutet it = O QOO QOO O

RN DD D AW G THAD T DA RO DD HD NS
[(4:9:9:N.4. 9. 4. 9: 4. 4.9, 4.N.¥-9.0.4.0. 0. 8. 4.4.0:. 5. §..§
LWhbbbbwiaboubbabs bbb bba
OO0 OO0 —NDON DO —NNONTITDUN DO NO

OMI O = NNPNT I JNUNINN IJ N O0 NN O

T O Pt et it Wl o e (ot PmCd w

O I 00 © LU0 MO T OI MDA - ON
P sese S CRAaSCGESECCOEREOE RSSO
O =N O 0 © =N NIM PP MM MY oD DN o o~ O

@t et ot ol gt et Ol byt vt ot

OME I~ T DI N T DO COMNC DM O

COO—MN O —MIJNNINT MO TNU——C OO0

W o ot et e bt Wt

AN O L OOCNTNLCOLOIIIIMNMNLITIIO

"e s ecescsnsscsasesseatseeaas
O —=NNIMNNMMMM MM IIN O M AUM — OO
’

O~ DM = O =1 S O MO MM D TS DN =N O

O Ow=MJ N TJNWHNT I NN TAURANA =N~ O O

TN IO T 6 DU O DD DD DD RGN OHOD T
bbbl lbobusaubbbbbboobs bbb
LCOLLLOULUOLOLOOVLUOCOUOULLLOLO
Ot e PO I TN - DO L= T L OMO VO
M= OO N T QO =M PANY NN NI T N
=M ST U O O P OO 0P ST PN —

U O Y TWT) 0N T NN T LD DN TN DT DD NN &)

LhthublUlUubbubsbu e mibh b

UL OQLULOLLLULLLLOCLLOUOLLVLULOO

SO T T M= DN AXD OO =~ OTATINT O

YO T LN NN PO M NS - O = D 0
RN 0 © © OO WM -0 T P ot vt

———

2 ZZXT2T2222T22222222222Z 2
D G Bt Py
ITIXTEFIIIXYYIIIFIRTIIIZIEIITXYI
N T - NP~ O T P =T WD =0 NI OO —~FNNO T O N

= N\JNIMPA T 3 3NN D0 PP = PIN O NICD

et et et et YA

a8

TOTAL VOLUMES 88

TIME TO PEAKSE

60MIN, TIME TO MAX HWs 60MIN,

TIME TO MAX QUTFLO=

42MIN,

112




i

" . WYOMING HIGHWAY DEPARTMENT
DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

STATIONS._366455.00

HYDRAULICS SECTION

Reddhdad

PRINT OPTION NO,

PROJECT?

2

(EXAMPLE NO,1)

COMMERICAL END(FE) INLET

ANALYSIS TYPE) REREQRM DISCHGE . Q1J390CES FREQILOAYR DHWIl2,00ET
BARREL GEDMETRYS LENGTH$.L03EX SLDPE:L,Annﬂnz GVDI . Q 0EX

STATION 366455+=

DRY CREEK

CULY S1ZE1 la__B,.SX__B.5 ROUND METAL

)/

SPP

(

FLOOD

L AN TN S SR BEE R B

ROUTING

CULVERT

* & & ® & & a2 & &« & & « *CULVERTY FLOOD ROUTING% » &

2222222222222 2L2 222222222

EEEIXTXIXIIEEEXIXEIIIIXEIEIIEIEFIIEZIEEXX
OT MO UNO N W vT A »<TWNLDO M N O~ M DD
— e\ PN T I JFUWNN-0 O 00 © — T —O0I
o ot o v NN

LULOVVULLLUVLUUUO LU ULUUOU DU O QU
dddqddqadd dddd LA CSC T <L C T QT
O I NN NN T OU-TFNTI OO T C O —O O
- . e e e e as S Pe e S8 e Pe e e SR
COOCWMLO —MIJIWPUWNSN TNNDOM —~ OO O OO T

et Gt b bt i ot

e e e e e e e e e e e -
TR R TR T T W O N TR TR TR T T TR T TS T T
SO OCOHONNODO OO OND IO G —T S

O =M T2 TN INININD OO NN T I A — —O O

AL II>OODDDIDD> > Dd L d Lqq

Ot et Ot Ot Pt e B Bl et
e O Pt St St
il Ot Ot bmeid

e e e e e e e e e e e e e e
Gl bbbt G bota tate Lida Gabh ot daba kodibo iblata
SO OMING NO0 =M NN OO O T —J —
- - P ®® 0 e " eV OR a9 PE g9 80 e " SeD

© =PI NN O L OP-P PP PP OO TN o= =S O

COLO 0O O OOt Attt et S S O O O~ -0 TN
> 5 @ 8 8 8 ¢ G G GG OO e o8 PE a0 e s
COOOOOOCO

COTCOOO e

0D O RO U) 0D 0NN N N RN 8000 O & VTN DN T2 NN WD

[ 9. 8. 0.4 9.9 4.0 .. 0.8-V.4.9.0.0.§.0.0. 6, 9.5 .0.0.E.§.§

Lt bt

CMON SO 00T OINO 0D O—AIO 00 OC M-

m e s sevmssemsEnss anassae s

OIT WONNIMIINOPO OO OO DO MNAINI—ODIT NIOO
-t

ot o

©C ONC M@0 OO M ONPANID @D O M T M O —J e

ONT OM © =T IOV DLW N SN, —O O |
-— .

O OIORN T I NI O DU T O DT OO

OO NI OMLE O NINMN = NC OM—C O OCO

ot ot ol W OISO MY o oo -

SO —-0 TARN0- COOTMI AT OO T WS
- % & & 9 e 906 0 9e e S e de as S e
CO = IMMANMIMIAMNII IO OO0 O DOTI = SO

———— .

o - .
SO OO0 O VNMe= DN NN 0T C —~NDOM MO O
” 2 08068 EE DS SOSY SO s seses sas

CONT I DOV -ONNI FIONT OO MMM — COC

@3N U D DI D OMNODTITNS) 01N 0 0D ) TN
Lt lalatatiaai o bbb bbb
LOLOLUOLLLLVLOLULIDVLUIVL OOULL UO0O LLO
COMAMC MOIMNE MO OMND AN O I IE —OC
T I OIN—FUNOMNODON—TINNOCO OO —
=N T U O OG0 00 Q00 €00 &0 I~ O AN T MU

I N THA VI 03 TN T TXN YT TUN OO D THOD DD D DN G
GhuboUobb bbb bbbl bbbl wis i
COLLLLLULULLLLILULOLVLOUL VUL O
O© T N SX O M INE O O+ 0 O IO NG INOC O
O =T = O TN NN GO M INNO T Oy
ALY M~ O~ AN SO0 O U T PN ot

-t ot s o et

ZZ22Z2Z2Z2222X22222FT2222T222TZ222
— et

FFXIYIFIIII¥YXIXEXFIXIIIYIIITIIITIEZIT
O T MO LNO M T D »<TDADOM =t N0 ~0-M OO0
AN NN 3 S ST -0 O~ D0 © — NI @ =0
Baldatal ot oTal b gl

107

107
TIME TO MAX NUTFLO=

TNTAL VOLUMES

TIME TO PEAK=

TIME TO MAX HWz  SOMIN,

SYMIN,

J9MIN,

113



WYOMING HIGHWAY DEPARTMENY

HYDRAULICS SECTION

AARNAKARARK

DIRECTORATE

PRINT OPTIUN ND, 2
PROJECTS

ENGINEERING

CULVERY FLOND ROUTING

STATION! . 364455,00

(EXAMPLE NO,1)

STATION 366455+=
CULV SIZE¢.lm_B.9X_ 5.7 CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INLET

DRY CREEK

ANALYSIS TYPEt DRAINAGE QESIGN . Qt_B10CES FREQGS.25YR DHW1l2 NQFT
BARREL GEOMETRY: LENGTH1_103EI SLOPE11,00000% GVDt S, 0ET

CULVERT FLOOD ROUTING

&k & A & kK K %

A * &k & kA A K & & kx x % aCULVERT FLDQD ROUTINGwa. » *

IN

NNNNNNNNNNNNNNNNNNNNNNNNNN
——

MMMMMMMMHMMHMHMMMMMMHMMMHM

COUNNID BN NP~ w3 O O — M A0 0 NO-m OtN

—OUOUFYN I I WU O O OO —MI~O IO

—t = et o ] M

QL ULOL LOVOOUL QLU0 ULV OVVULOL
ddddddddd I dd I I d A ddd << QI
Q= MI P~ O O C U GG P-M P-F OO0 T M — OO0

llllllllllllllllllllllllll

Pt b e e e e e B e b e e e b e e e b e e
[P TN T T N PO U T P PO P TR T P R P PR TR W TR T TR T Y
065“0“79112??2106ﬂ93961582
-------------------------

012‘3&““05§5ﬂ€:2550ﬂti:‘ﬁtioo

GGAAAADDDDDDDDDDﬂAGGGGGGA
L

-
-

= e e
[ FEUTN TR TIN TR PO TS TS TR T TR VIR N POV P TR TR TR T Y TR T P T T
SO NP AN C vt ot omt o~ S DD w0 PN O O 4N 0
............. »” ® B0 0 & o e e

O NINOUMM PPN DY I3 33 7 7T FENFWUIN AN - OO

O T U PP PP P P e P el O-OWN ST bt
e " & 008 0 e s Sa e P TEe SO SeS S

0200 O 0N 0K O) N T0N O UGN 0N XD TXNTD TN TN ooD
- 9. 9.9.5.9.9.9.0.0.9.9.7.9-5.4.0. . .. 9. N. W.W. 9. ¥ . &
Wi bbbt te b Wb ulbbb
0788032813333320“353128“03

ol . et vt Gt 5wt ot ot ] P

012“57qu1111100875412210°

et vt g vt o=t oy

02621“7132811885237197“100
llllllllllllllll

000123“678899876531‘000000

OJ O 4N NUNIC © =t (UM = DT NIO © Mgl NI NO
© C ONNIMNINPNINIAMFN PN 3 T OB Ny o OO

06373571207“‘82“1“35155920
smeescsasvece e eosuc ssesassce

0012}“3“““3332“33““2212000

0N BN T T) O TN V) 0N TN DA DI NDUT)

Labhhbbbbbbobnbbbl bbb bs

LVOOUOUOOLLOOLULUOLLL GLOLOULOLVLOUUVUWL

O F T MNP NN O INRN N NI NSO

NDO v SHMI-0 © © O OO NG MO NNONN
=M T F NN D0 0 0 O N T PN o o

I U D T U N T TN TN &) O TR TN T NN DO
| TR T PR TN T T T TR T TR T TR TR P T T T T TR TR T TS
LLULOLLULOLOLU UL LL LLLULLLLL
OSPND O CNC O T DO (U T I OUND O MO
FOUN =0 o0 O -0 N0 TP =3 P OT =aTT o
=T UG P DU (0 ST MO

NNNNNNNNNNNNNNNNNNNNNNNNNN
P e e o
HMMMHMMMMMMMHMMMMMMMMMMMHM
OHNINNIC N O o3 DN O T NND0 AN OO O
NS I DN O OO0 O~ O IO

D e 414" 2a]

71
TIME TO MAX OUTFLO=

1A

TOTAL VOLUMES

TIME TO PEAKN

TIME TO MAX HWe 60MIN,

6OMIN,

4SMIN,

114




NG HIGHWAY DEPARTME
TE YDRA

Y
T

WYOMI
ENGINEERING DIRECTORA

ARTMENT
xkxasake  HYDRAULICS SECTION

- ‘CULVERT FLOOD ROUTING PRINT OPTION NO, 2

N1—3860£55.00 PROJECT:

(EXAMPLE NO,1)

STATION 366+5S+=

DRY CREEK

CULY SIZ2E1la_B.0X 5.2 CONCRETE- ELLIPSE(HORIZ AXIS)/,S0CKET END PROJECTING INLET

STATI

ANALYSIS TYP¢y PEREOBM _DISCHGE . G1.170CES FREQI.2YR NHWIL2 Q0FT
BARREL GEOMETRY! LENGTH:.1OJE] SLOPE:L.00000X GVDs QR 0QFET

POND
ARE A

ZZ22222222FTZT2222T22222222

EFEXEYIXIFIIXIIIIIIYXSXIEIIIIIX
OO0 O~ JOIO FC IO MOP- UM o P ITNNON
NI JUIUN L O D00 O tNN 0D 0 =D

vt ot vt et PN UMY

LOLUULLDLLL VL UL DLW LDOLL UL O 0O
qdadCdSddId A ddqd dd IC(Mq A AT q S
O et NP T 33 TF X 2133 NP MINN ot st et ee O O
fe e messes R seFee RRESReanoew

OO0V COOOOOO0ODOCOD COO0OOCODOOO0C

FLOOD ROUTING

CULVERT
NG! ##*DISCHARGESw#ax| wwanVOLU

'SR tr; AR A E AR #CULVERT FLODD ROUTING® » %

LI N I B AN B B

"nx
~d s
-
<
-3

=
j1. §
-
("N g

xX
Z—

INFLOW | OUTFLOW!I IN

S e e e e e e e -
Gl bbb debife totabe ba bile b bbiiate i lotsleis
OO MNOV L0 woet ot OO D8 TNOWD DN =0 T —

- e 008 60e S0 SS Cse A e0sSS

OB I LA LI OO NI a <

=g
——o—t

Pt e e e 0 e B B i b e - e
Wit bfe fafatols bbo b bbb Utainisbibish
COMONN L0 o vt et OO O~ O INOE RN v J v

© O v iU AUNFNIN PPN AU U AU o= et ot O OO

OMNT FN VORI PP D 0 00 NT T IMMIMNNIN

CO00DOOO0O0OCOO0O0OCODOOCOOOOD
5

@A) TX) NN T 0D DO T DTHYD TN O T OO
aoancaoocanoaoacocaanocaaanocang
Wi b bade fo bi ol Lo foda o lala b Gibe o lo o e Bals bo bn
OINT VIO OO O\ NN N = N O — DI O MN
aes recsacs ssee seessssanmEnae

SCDNDI CUNCVO OO 1O T 0 OO O INOTT
» & ® a0 & P 5O 2P SO>S s &S e eSS0

i Ot O\ PPN ST PO P MINNY (N vt o et O OO O

SO—MINMI OO OO OO0 M NP ANINOOOO

OO0V CO ™ttt OO0 O OO0 OCOOODOO

O AN U GO O o v © SO NI C ONIND OO
» &6 ® Qa0 e Pe AP eSS ae e 8o aasee

OO0 OO v mt ot vt 94 i © O vt vt Ot O OO O O OO

SN0 NIO vt ot o+ O O 10 P o0 DN = NTFT-NO O

COOOOQ wtrtem st ot QO O et © QoD OO QOO0

XTI N DTN O O) O30 G0 N SN DN TINUT
Woiddatab b bobe b balade b be e b beboalebobobals
LOLUULULLLL LLLO LWL LULL LLLOOVV
QOO0 0K 0 OI NI N0 T OITIINPOOMCO
N TOONTIN BN FMNOO OO TN e
Ll o ol ol ol ol ol o) o)

G0N O 0300 N W3 UNON 0 O) 0D U0 0D Ul D D NN NN T)
Lubbnbububuubtubbbhabnbubuu
LOOOLOUOLL VOO0 LUL LULVOLLOOLU
OO MP- —~ N =0 I~ N MO 0 NDNO I OMO O
AULNGD NN 00 0 1 MU e O PN T M DYor ot

Tt w58 Gl Gl S0 TS bt

Z2222Z22ZZZ2Z2 222 22Z2ZZZZ2ZTZZ

19

19
TIME TO MAX OUTFLO=

TOTAL VOLUMES

TXFIXIIFIIITIITIEIIIEITETIE

OO0 FTO IO JF O T © MO NP~ M e s3I YON
== O\ I NN O DI DO O O NN OX0 o 2D
, ettt et PN

TIME TO MAX HWs  6&6MIN,

66MIN,

STMIN,

TIME 10 PEAKs

115



YOMING HIGHWAY DEPARTMENT
TORAT

WYOMING
ENGINEERING DIRECTORATE saxsaaran  HYDRAULICS SECTION

CULVERT FLOOD ROUTING

2

PRINT OPTION N0,

(EXAMPLE NO,1)

STATION 366455+

DRY CREEK

STATIONI . 3646455.00 PROJECT!

CULV SI1ZE1 Ja_ B, 3X_.5,1 CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INLET

ANALYSTS TYPE: PEREORM DISCHGE . Q1. 350CES FREQUI..SYR DHWIL2 OQ0ET
BARREL GEOMETRY! LENGTH1.L103F] SLOPE11,00000% GVD1.Q QET

# x4 a4 & % 4w & & & xCULVERT FLOOD ROUTING® & =

FLOOD ROUTING

CULVERT

A A A & A& A K N

222222222 22Z222222222222ZZ22
L L Lol o e Lo P et =
W XYY rXIXIXXIXIIFISIIIXIIFIFIEZIXIIXEEX
Y OO0 =L NOoOITOCMOI—TO T—~DOOND O
- AN I I DL O DO ORI N~ C 2O
- et e O U MY

{RDUT INGI

(S {86 &J8S 8 S48 S{ElE &5 . &18 66 S SIS[S]S SIS
O0d daaaddaddd dddddddTqq T < Lo L I
Z i O\ NN O 0 NI IMFININN O O
O - e e 0a aves eosesEesccasPesaBEEs
09 COOCOCOCOOOOoODOOOOOCOOCOOCOOCOCO

\

[ o= S S o oy S e o ol o o Sl ol o o o o o o Y Sl S e
X bbb winis G o bbb e
S OANDINOIND OO «+— O MO O DM~ [NC O
| d * = ® 8 0 v e e A sSSP SE tane S on ere
qd Qe PUINIMIMIIT T I MMMAMINININAIN o O O
-1

X W

oo [LICILILE S E S @O OO L SLILILILILTLILYCIL Y - o
- ) g [l ]
w— -

—

P e e e b e e b e e e e e
XTI wibhlibe bboboh Giabe bt bbabolaidnleal
Z = NN O AN S~ I N e NG D8 = O 1N © D —
=0 @ o @ " e e e SN SO0 eV OSSP EeESS

W O AR AN NN AU AU MINUAN o O ©

- .

O & OMITUE- PP PP Dt PP O ORI T I NN
o0 ® ®» 860 8 0,fa s BPES SEPIEREBate
T2 OOOCO ——triricrtet st it = SO OC DO O OO0
2 4 .

[* S

> TNONY)UHN &) T TRN 0NN O N AN O AN N D OO o)
~r aQdcdc0cgsatatoannaoacatcaanoacnna
Wit Ll il it oo bbelebhbdisistl b
S0 CONTUNNIMM O OO ONITIP O =TI O AN
-0 ® s Bee CcCa"e EPS AaRSS SRS eEEa.

D OMNMIT O ITNWNL QO VTN OO0NT MO — = O

O i ot ot o bt s bt ot

Cu QORI CO T LHNAT CUNO I —O MO T o

< « " @ ® e va F"a'ne s e e S S0 eEaves

WE O M NN SN EIN I T IPNNAINI =~ OO0

A OO0 MNK O v MMM O NNTM = OO0
L Ned ® @ ® ® o @B T a 8 O 2O 0 PS 00O ee e

AT COOOO et ~NINNU— et et et O OO0 OO O OO O

~ CSNNCOM OO OO0 0 COMO T NN NN —C
I " € ® O A PO S e A A 800" e 0eAans b a
WD OCOO etrt\vri ot et O om vt vt v= N et O = O D O

-

S

> QDMNEP~TF N0 o= OO~ OF NI DN O N T O
-

X272 OOOC=etN\rNUNNlietet otrtf\iort = AUN et O = O OO
o«

«

X NONNUIN G T} URD T T O FXHN THA DU D O O

2C anidbbububb bbbl tbbbuebea
® 5 VUOLOCLLLLULLLLUOVULOLLLLOLLLUULOL
D OO —LAINAU —~CTVNOC O NN O
i =ND T Ot e O O OO OO N T Y

o -t O\ O\ UM PN AU o emeos

acC

«

-

(& ] I ) NG} U] &) THD T D OO THND DO D THD D D XN D
00 wWLhbhkUbbUbubbbubbuuudab bbb
— 0 UOLLLLLLOL OVLLUULLOLLLOULLULLY
Od COIOCCO0 =~ NDMOIT O OMNMOLOM O
® —N—@ N OT I MOEM@ MO~ TINO-LUNMNN,

-2z bl atLaatad al L Ty VRV NT, VRS

o D

D 2Z22T2222222T22TT2222222222
< —
—W FITI¥XIIIIIJIXIIIITIEIIITETIY YT
Y OPMOT =D OIO0 MDIT =0T~ LODNC O
Do =N 3 JUW 000 00 O © TTo N
O~ et s (AL ND
@ .

36
QUTFLO=

TOTAL VOLUMES 36

TIME TO PEAKm

TIME TO MAX HWs 62MIN,

62MIN,

TIME TO Max

SIMIN,

116




HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
ARARRRAR

DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

2

PRINT OPTION NN,

CEXAMPLE NO.1)

STATION 366+55+~

DRY CREEK

STATIONI . 366455,00 PRNJECT:

CULV S1ZF1_laB.9X _S.7 CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INLETY

ANALYSIS TYPE: BEREQRM QISCHGE

Q1 S530CES FREQ! . 1OYR DHWIL2 OO0FT

BARREL GEOMETRY: LENGTHI_LO3EI SLOPE:1,00000X GVD1_Q 0EL

X & A N & & kK & 4 kx & & xCULVERT FLOOD ROUTING* # =

FLOOD ROUTING

CULVERT

L I BN DR B B BN R

FROUDE |
ND,

2222222222222 ZT222TZ222272
St S S—ld D4

IXIEXIYXIIFFEIXISTISZIYEIZEIIYIIIIEYX
C OO == AN M FJOOT M-I INOD
UMM T UM O O~ 00 © — AT Nad N O

———t oot ot s AYOUMY

(Bl 5 .0 16 S/8]E. & & BI0 5.5 .8 /6 WIS &I8 8(5 S18)]
LEC LIl st &1
O =NMIN ODO o DO D N T M OO

® 8% 0P PE R ASESSeS GRS PO CD BEO
OOCOOCOOO0 rmrtei e~ v tO OO0 0O 0000 OO0

= e b b e e e e e e e e P
Wbl istots ioieialobe o boos bia b bote biala
© T O N ONT ND 0 O NP LN © AN OUD P o

O YNMNJII T TITIJ I IIIIMMANNN— — OO

——r =t by

—
—

e e b e e e e e e - e
ol bele bafafe bobetole bibe b bote bola bate oo lola s
© T =0 N0 ~— AN PPN C EAC N O N NTE M
- 2 & 0 ¢S OO O PSS SE S e e

© =S NNY YN KNP BN AN NN N oo = OO

OMU DI PP PP P P PP B DN NS 2NN
" o 68 89 BSOS Ve e O SO OGESS
OO OO v etorot vtrtot ot st 0=t o1 o=t O OO OO OO O

O N U0 OGN 0NN 0) O OH TN OB U U0D U0 O 000N N ) 0NN TN
9. 4.9-§-5.0.9.4.4.§.-¥.4.¥-§. 0. 0. 0.9 . 9.4 9 -W.§ . ¥.§-§
OMO OM 0 ON OO O FINO I P =N N0 e OTIM
" eco o rse s nccsOROESsREBRPOSEECD PES
O NN OTJ INOM PP O T O NI TN O

—

OAI~ T~ DT +— DO OO0 I DARD DD ~¢~.0 O
/@ oo o0 coem soeesoce0accns seosase

" ae s P ees sERGERESERTEOAEBSGEN RO

O OO —AINM FEY I I TN e OO0 OO OO0

OO T O OON TUUNY TN O 0 O ODNC TS
® & & 6 0 PEO G ae s ses e ss s e @00

© O O == AINUN AU IR FN N\ o el © OO

CICOMAILC OTOI NCOIN—OTIN OW®M L
® 6 & &6 56 508 S0 S OS eB "E s RS

© O O = NIMHUIN MU NN ANIM M et et ot O OO

) VD) TR 0T 0F TR T AN TN 0N T) TN TN ONOHIOD
Gubbiubblbubuubbabisbbiabibhbul
QOO OUL CLLUULOLLULVOL UV LOLOLUL
O©0 N0~ 0NN DT OUN I PN G O YN IO
AN OGS ART NS Mot o= 33 O00 OPN o=
S PUMPAPN J3F T T TP o

Lubbbbubhbbabibhbbbbbbvoetany

A O P~ G = NO-DNOMN —~ OO N O - W o
UMLT LN U T 3 NP NANUN e .

Z22T222XZ222222LX2ZTX2IT222222
—

TEIXIIIIXIYEIFYIIIIEIIEIEIITEET
© 00 =P, NPt T OO NPT INDO D
= OUMIINT T UNO OF- P00 © =T Nad DN
ot ot ot s P YT

50

50
TIME TO MAX QUTFLO=

TOTAL VOLUMES

TIME TO PEAK»

TIME TO MAX HWm  61MIN,

61MIN,

49MIN,

117



HYDRAULICS SECTION

[Z X3 R X Z]
PRINT OPTION NO, 2

WYOMING HIGHWAY DEPARTMENT

ENGINEERING DIRECTORATE

CULVERT FLOOD ROUTING

-

STATIONS . .366455,08 PROJECT}

" STATION 366455+«

(EXAMPLE NO,1)

DRY CREEK
CULV SIZEs_lm _B,9X _S_7 CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INLET

ANALYSIS TYPE: REREORM_OLSCHGE

O110B0CES FREQ3I_SOYR DHW3IL12 _Q0FT

BARREL GEOMETRY) LENGTH:_103EL SLDPflL;ﬂﬂﬂﬂQl GVD1 3 QFL

sCULVERT FLOOD ROUTING* # »

* & & A R & *F A N K K K

FLODD RDUTING
itttV?LU

CUL VERT

LR B T T B

NO,

ZZ2TIZ2I222222222222227 222272
St

FXIFEXYXEIFTIIIEIEZEEIIZIEXEIEET
O NI = P C T o= I D o~ O NI & T NN O TO N
O AU ST 3 T (AN O O - O O S AN O
——— I

LOUOLLLLLLODUULOLLLUULVLLOLOLLUL
e O L C O CE L OO R G e B L L L g L &

C N O NDLPN—I T NN O MY I —m S -

CCOOCO—NITC L NONUNN~CC OO OO

Lol ol ol ol ol o o ol o ol ol ol ol ol ol o ol ol Sl ol ool ol ol ol ol o
[T T T T T T T TR T TR T T PR T T T TRTY T TR SV R VR
O© AT~ @ *A0 = NI T NN N T ST D ALO TGN
- & ® ® a3 > 5 e e e eSS e s e e S e

S =M I J NN NSO NN N T IO e O

(UL & {afalala alalala’afalalalaFal £ gl 1L ]L UL 4
~—

-
(]

e e b e b e e b e e e e e i
Lo bbbt tateie bbisiiuis
SN OW O —PIIN L L O INT — N M- O
‘' seues vsevrersrscencsevsesacencsscssae

C e YN MBYA T I T I DT T I LI MINIO — ©

OJI LN LCOLCLLOLOOMNAS DTN
" @ @ ¢ a ¢ " sa a2 e eaws s e v GEaER
COC e T bt vt oot vt et b et et et et DO OO O

‘
;

U2 9N 0 0NN O3 NN AN N NN T N N NN
acacqoaacoconoanaooaoscaasnosaon
Wb bislsbotsaiicdnniiiok oo
O =LONOCM =T NO PO O LCLC OO0 TMLCIT MUNDTOM
® = a8 &as s ce eSSt seoa s s
oMM DT OO0 000 LT OIN—O

Wt @t it =t e et e et Pt s et @t =t Tt et Tt ot

S OAMP QT —C M OL IC O M~ T TDO DN~

| Ot O © NI YMPMINMMA PN, walC £ WY —=C O
. ——

CSNNDINC OO —MOMAND I IMO OMoONNOO
- & » & o a e b sas e e as O 0 te s ess
C OO NAND T —MI NN INC NN~ CO OO0

" s e " cesPEseEesE ROeCEEsERDRAECETS

© O o=\ NI MNP PPN NN IC O N AN O O

O M OM o O =N OO MO N M FNAD I MDD W —NIO
" ee e seacescencscss s IO aCRaaRES

COAN TN IUNINT I APUNT PN~ ~ O O

GOV TXN U D UXNY) DU D ODUN N NR NN
Lhbbibbbsuvsbuwblbbbbosuwbbusa
LQLUUOCCLOLOLULLUVLOLLLLOLULLOLVOOL
SN SI~CN0 L OMOT A OO DNE O
M OO OO0 O OO0 TN OO I NSO
NI LOOOL LN O LOLOIMNN—

OIOHN ) O ) WX URN V) V) OHN 00 IUNTN O DD WD N NN
bbb bbbuudbbbbbhbUuabebiln
UOLOCLLULLOULLLULLLLUOCLLLLL
COrRNTIIM—~LANG U WS —N\I 0T NI NI O
WO L LN NN 0 UM I N~ O U = O N
Emiadt 'k e TToTo . o] ol SN o I TARS R g o VE ot o o]
—————

2222222222 22222222222222227
—

TIZEXISFSIIXIIZTIEFIITIXEIZIESIIEITS
NI~ AT~ O T =T D =L NIT OO —*NNOTO O
N NPT 3 2 UNOW O O O O —ONMN NN

-t et e O

88

" 88

TOTAL VOLUMES

TIME TO MAX QUTFLO=

TIME TO MAX HWs  &3MIN,

63MIN,

42MIN,

TIME 10 PEAKs

118




HYDRAUL 1cS SECTION

WYOMING HIGHWAY DEPARTMENT
Ahkhk ki

DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

PRINT OPTION NO, 2

STATION 366455+

CULV SIZEt dm _B,9X__5.7 CONCRETE ELLIPSE(HORIZ AXIS8)/,SOCKET END PROJECTING INLET

ANALYSIS TYPEs REREQRM DISCHGE.

DRY CREEK

STATIONI _1464aS5.00 PROJECT!

(EXAMPLE NO,1)

G11l39QCES FREGILOQYR NPHW312 QQFT

BARREL GEOMETRYI LENGTHt.L1Q3EL SLOPE1l.00000X GVDEI S 0FL

* & & & k& & k& a » 2 % & *CULVERT FLOOD ROUTINGA % =%

G

FLOOD ROUTIN

CULVERT

LS BN SN B BN SN S |

*xxwVOLU
IN |

2222222222222 F2TT22TZ2LLTIT2

EXXIXIEIIIIFIEIXIIIFIIIITIIIIEIIXIX
OIM O N O O w—Tad =T WD N O =N 0 0 1.0 0
et AN T T MU O 0 0 O NIT 0 — 0
D d {4 ]

VLUULLLLLUUL O UUL DLOU O OOV U
e e e L e S T ]
Oau71911290673“7381“163210

OO O —wiN DO |Iu DO O 0 N CO OO O

Ll al ol ot ool o]

e e e e b P e e
(PR T TR T TR T P T A PR R PR PR TR T T T T Ty
090161245677768876“1607613
-------------------------

Ot N3 usssssssgsggz IO

[ULE - dalalalalalalNE L £ & {(Walalal £ qLILILE
et Pttt Gt B 5t Pt Pt 33 53 T3 3B et 0t it e ot Bl 0t
' ——tp—it—d -

L

e e e e e
bbb bole bobalafa bolnbe o id labs b latslalh
090739207913777739“0367513
............ -« ¢ e 0@ PP e e

ipiuuuusssggu“ I~ — O

QAP OO O T 2T THN-DO-P-O TP
........ -8 & @ & 2 4 ¥ A& ae e s sesEan
€D KD vt v tvt vt st o=t st ot o= o=t =l ol 4 T webgmd et ) (D OO

XD O N U0 SO0 U0 02 0N 0) N VT NN G0N )
[¥. NN 440N .W. 4. N .N-0. 0. 0.0 0.0.0.V.0.V.4. 4.9 . §
s il bt b lalale batafans fafabti o balobe o bbb ds la
ST D =<3 D0 0 0 O MHNUN MO O 0 NSO PN 3

asessseennsres sevseenonacsas
oMo O~0- o0 0000000 0 O O - NN~ O

Tt Tt 9t @l S O et Tt O @it SO Gt @St

SO T OO0 O N0 0D Pt D =
................. - 8 8 G 8. a0 8

013570173“56667 DVOIFINCO-IN—O O

CINO — O D SN O LN -0 N0 0 — DO O

- r e e sa e ®® ® oo eousenw e

CON IO MO ONMNT I TNNOM T ~O OO0
Ll ko aVIaVIANT N VTV PR T

O-OMO OO © O TN O DMK o= wetems OND NG DN O
lllllllllll XA EEEEE YRR N ]

SN MNP OUD ONEOO IT —O O
——

OO OO0 DM — O AT D OT D-EDMMO
llllllllllll "eescessecseacsvae

CONIIONLCLOLNNIT I ONT SO0 0

XN T0) DN TSEIN) ) NN T5 ) NN INDN NN )
Ll bbbbictb il

=P SN O O P PP O 0 PP - O UNST N

XY &N TN Q) O) TX0N O 073 0NN 0N 0} NN 0N THTHNTI NN 0D
LWhlbb bbb ubibhboubuuatu
CLOLOCLLOLLULLLULVLLULLCULLULVL
SN OQO O~ NG SN0 C o B =0 O DM ©
NDv= T = AN NN U OO0 PNUEO- O N
au79§3~‘188 NI A

—
¥F¥IZITIXXTIITIIIEYITIIXXIIXIXIIIIZIZEX
OSIMO U OT D =TI W —T ON OV~ OO0 "M D O
e NPT T FUNIUNO O 0 0 ©— T 0 — D

P e 3 1 1aY]

107

107
TIME TDO MAX QUTFLO=

TOTAL VOLUMES

TIME TO PEAKs

TIME TO MAX HWz  6SMIN,

6SMIN,

S9MIN,

119



(EXAMPLE NO,1)
" A % & % ko x & x n n #CULVERT FLDOOD ROUTING®: = =

STATION 366455+~
/ UNPAVED /MITEREDeBTEP BEVEL INLET

HYDRAULICS SECTION
ROUTING

2

AEANRRRR
DRY CREEK
FLOODD

WYOMING HIGHWAY DEPARTMENT .
METAL PIPE ARCH

ENGINEERING DIRECTORATE

CULYERT- FLOOD ROUTING PRINT OPTION NO
CULVERT

YSIS TYPE: DRALNAGE.DESIGN.. O1.ALOCES FREQ1.ASYQ DHWILR. DOEL
EL GEOMETRYS LENGTHI.L03EY SLOPE$4.00000X GVDI.SOEL

I0N1 . 38A255,00 PROJECT!

& % * & N R

|
sTaT
CUL+ 81261 le 930 5.3
ANA
et
* J

120

(L] 2222222222 2FT2T2T222ZT22222
—

= EXIXY¥YEXF¥FIFEIXIIIIIEIIIXIIIIIYY
=—E OWANG N0 MW =¥ COND =MD O NN O 0 M
UT. 122334“555667789013470“0
OT
R

> et = Y Y P

CLOLUULOUOLOCLUULOLLLVLVOVLULLUVUL O
<@ dadd<dgq <AL ALCAIAL A I AL LILCAICI I
W O=NICTIMMNOMWO SOOI NN —~O O
oo P e 8O PS8 Se NG LN 00eesEeeS
Ad OCOOC—Im mUMMMIMMFPAN—OOO0OCOOC

et L it et o o SRy o S Sy Sy Y S

—tp &6 essessacesassaacesacBdDessD S

dd O—dYMI I T IIOWNINCNINT I TN~ OO

-x
Tl
oa ALALID>DD223> 222> qddddgdd <<
- ) [l o T St $d ol P el Dt Omet
[T g e PP P P g Gt P i o Bt G
Pttt Bk Bt Bt D et Bt 0t 0t
-—— .
= e e = e e - e - e z
WY bbbt nisieb Lol
2 OOMIOMMI IO OOOOO NN C O~ NN X
- G 60 Ea e s GO O SO ERe G0 SEsee S =
XL OCetNMIIIIIINNINNI IIITIINMNAUNA~CO O -
@mo
) L
O o oMo O SO O T O x
o220 ® 9 8 ®e0ee s e SESTESSERESRSAaAECSOSEODn x
T2 OO0 Ow OO0 O0CO0O00O.
[+ 4 »
[T b
b 3
> N AT D GG O T DTN TIURD NN &) DTN o
lonadil Y'Y Y9 0. 0.90.0.0,4.9.0.0.94.0.V.0.4.94.0. 0. 0. 0. 6.0 . & -
W LULbbbLLlbbdbuvuibubobbicbhae
“H) OMNOTI MO OO —=ANNINO MO M- O MO0 — W
-C 59 0SS0 SNEIDEIPEETEREO RSSO x
Do ONIO ONMMINT I I TN NTMINOC O L]
Dul -t -—
>
-
oL OIMNC WO MOIM 000 DO ING ONLD — - .
< = " 8 5 5B &8 6 50 e He s eSS0 8ve e N
WE O-NUIUID O vt vt e=temt v-tumt =X O T MY = O O —
IXx g =t =t gt et TPy x
=
- 0
ik ONON— MO ITNINDG DO O TMO T OO
.R - a 68 e 8 Fee O Sea S eSS Be D e PE S S
X0 OCO-NMIIN VNV COOCTOMNN~OOOOOC
® - -— et ot =t ]
-~ o
'S -
- [T
~ OIFIO < NONDVLC O COOODNTNOOTIDNNDS «— -
o0 "6 @8 B0 sSsAee OO ORPESPSEROCERSSE M D
Ew COONNNINNININNINNMMYN T T O — N = O O c
X
2 >
- | -t
O- . X
> COMMNI~ N OP T =D NI —=TMUN NP O NS =
« P ee o0 ec0 9 DB eensesvesesase s T
€2 OCO—NMIMIIIMMMNTIMMITIINN—NOOS -
-«
L] W
) o
- L)
XX NDONONDADDNNONAOOTNODNOAONNT ) -
«C WhbbubUbbbbhab bbb w
U OOULOLLLVLULLVLVULOLUOLLULULLLULU X
M CSOVIMFUNCMAUNNITS AULONMNIM e~ INT O D L
i AND 0 =0 PO MIN O PP 0 Y A PO NN -4 Z
oD AN I3 JUDUON LD NN TN — O =
xC > X
- un
Ir—- - T
o4 @IV NN O D DIOO D DDODDNNNNMNN
MWT buLulbbbbbublubutbbbbsubbbuune -
—=C CUOOLULULULDOLLDLLLOLLLLLLLLC
Qo OV ONC MO T D0 N —~TOIM~OWNTLOMO — H
L PANESN = I o~ @0 O D »= NG T P~ TP O o0 I o x
L 4 ST U 0O P DN T I PN e -
o« (Y]
o
o Z2Z22T2222 T 222 722TTTITTITZZZTZ (]
b 4 [l ] [ od
—Lu FEIFIXIFZIIXIFFIXIIXIFIIXIIIXIXIINYIIX
D NI TN UND OP- D0 O NI O T O x
O et vt = e P\ N —
x ' [



HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT

ENGINEERING- DIRECTORATE

CULYERT FLOOD ROUTING

STATION: _366455,00

RAdhRARR

PRINT OPTION NO, 2

(EXAMPLE NO,1)

STATION 366455+~
/ UNPAVED /MITERED=STEP BEVEL INLET

DRY CREEK
METAL PIPE ARCH

PROJECT!

CULY SI12E1te 9. 3X _63

ANALYSIS TYPE: BEREQRM DISCHGE . 031_120CFS FREGI__2YR DHWILl2 QDET
BARREL GEOMETRY! LENGTHt.1Q3EY SLOPE1J1.00000X GVDI. S Q5T

A h 4 & A R A R

IFLOOD RDUTING® # =

A & & & A A & & a & » o aCULVERTY

FLOOD ROUTING

L VERT

cu

o REIZ2Z2Z2222222I22Z2222222Z22T 2L
——

N P Bt Pofii] B S-chid
u ETIFIIYFIXIIIIXIIIXIIEISIIZIIIZEIXX
—F OMCONIOROCTIOITIOMMOMINIM PN O
D AT NN O OO0 0 C N O o O T
Te —— ot o vt =\ N M
2 4

LOOLLULOLLLVUOLLLULU UL LU ULV
Cd 494 IdddddddddddId A <L qT < qL
Zw O AN PN I T T T RN AN v et oo ot OO
Cax ® " e PN S PEeOs COIRPOE CESE COGE NG
Od COCoOOOCCOOOCOCOOOCCOOCoSCOOC

e e e e e e e e e e e e e e e

I wdhuwab b v ol b b we ts b

S COWMOMPO —rN e~ COONDITIANOXD O T Fe=
o - ® 2 ae A & 0800 s o0 a0 a0 0D
Cd OO = =\ UMMM UL U 93 ot oo © OO
-

E XY

oa LEE L LT L LT e g L
-4 > [ oniond Bty kD Pt Bt Dt
w - Pt Py Sl Pt BBt D] Bd Bt Pf

[l [ Tl e o )

e e e e e -
XTI bbb blbe b b pilhli Gt o ia it he fn wla
Ze— COUNCMPOO =N\ COEM DI NOEL I~ I
-0 ® ® 0 e P OOCE S OCTEOSSs Ve DS BSOS e
XL OO NININMMIMAFIOUNICUAL DU v ot ot © ©O
o ;

SN IJNOLLOL 0 OLLEINHN T I MMNENINY =

CODOO0OOOTOOOOLCOCOOCOODOOO OO

FROUDE |
NO,

> 0NN T 0NN O NN O &) DD N N UM 1D LA T 0N 0N N 0D
~+- gooacananfooaooagcoadaacacaacanonacana
W wihunubbhbbbobicbbetasia dwlalos
dO OmO@M T 0NN DM O N = O o= OM ST D Mo
-0 % 5 Ca FEEssEErEeelDe 0 e ee

D O INMITINN OO ONIUNIITI I MMNAININ—C OO

Ow

>

-
Clh ©OANMO IO 0 OOUM IO MO O T NG O Mo
«{ = a " @ e a P & ¢ &6 SO SDESS gp e PP O
WX OO et =\ PN NIV P U N vt ot o S © OO
IxT
€ CO—YWNNELO COOTO DM OINMNN —C O OO
L §: 4 e« @ ® @ » 5P B R P S O6EsSE Ce e a0 a SN
KT COOCOOOOOrm = rCOOO0OOOOOOOTCO O
-
- !
(™S
- .
~— C-MIINM O E O v GO0 MNOC MMM IC O I\ O
oD — ® % ® @5 ¥ E S0 5 OCEE DO OGP EPP RS
WD OOCOCOOmO et rrCO O et SO OO O OO
£EQ ’
]
-
O -
> OAMPMO O =t OO =0 0 =P LN I N OO
= ® 0§ P 6 5O SE0 0S0SSSP e OSSOSO RS
EZ OCOO0O00Cr = rmeriOO00 OO0 =—0O0COO T
« -
L3

XX DTN V) DU O )N TH U 0T O (D TN DD O U
4 Lubbubbbbosbebbubbuunicd b ialh
* J LOLLUULULLVLOLUOCOOLLL LU UL ULO VL
N OLANORCND C—IIMNNTO I OOM OO
wh— NI LOMNNT OOWIFUCOO O O T PN N

o> o ettt St ot

xo

A

-

[ =] €N 0 @) UNON U TRHOHN ) DIXD O TN TN D) GITD 0N N OND

NT pubuUunbLbbbutblbUucoteb ol Wil v
=T LLULLLLCOCLLOLLULULLLDLLOULLLLL
O O OMI~—~ONO—~F P~NMOONONIOIT O OO
(A AU OULN O 0 0 I PN o OIC P LN ST PO oot

=2 vt ol ot o ettt

e

L] Z2ZZ2ZZ222222222 722 22Z2ZZ222
4 e Ty o ]
~u FEIIIIFIIXIIIFIITIIIEFITIEIITIITIZ
- OrNOCONTIOITIOIOIOMCI UM MY Ny OO0
Do =N T WOWN N O D00 0 O © +=#N N 0 Tt O =0
O " ottt vt U PP
[+ 4

19

19
TIME TO MAX OUTFLO=

TOTAL VOLUMES

TIME 10 PEAK=

H6MIN,

TIME TO MAX Hws

66MIN,

STMIN,

121



HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
AAhARA AR AN

DIRECTORATE

ENGINEERING

CULVERT FLOOD ROUTING

2
DRY CREEK

PRINT QPTION NO,

STATIONS .366455,.00 PROJECTS

(EXAMPLE NO,1)

STATION 36645S5+=
/ UNPAVED /MITERED=STEP BEVEL INLET

ANALYSTS TYPEW RERENRM DISCHGE . 63 3SQCES FREG:..SYR DHWIl2 00FT
BARREL GENMETRY® LENGTHI.LO3EL SLOPE1L,.00000% GVD1.S.0FL

METAL PIPE ARCH

CULV SIZEi. e 9,.3X 4.3

CULVERT

* 4 4 & & 2 & a4 x % & «CULVERT FLOOD ROUTING# w «

FLOOD ROUTING

L I I B B O A

ZZI2ZT2ZZTTZ22 222 22222XT2L22222

EXIIESISEFIFEIIFYFEEEISEETE
OV DI =B —ANCIO MNP J —C I —DOCOINC O
=N\ NN L0 O D00 O N C 2 DN
ot ot ot MNP

VO LLULOULLOLVL LLLULOULLLLOVUO
dadaddd dddq<d < dd I <I(qqq I ad

i O eI NN O 0 O UMN T I PN AN e e OO

[=f=f-tadalolelotalelodalagodaladdoladute ~fa] ol -

[ o ol ol ol o ot Tl Sl o ol SR o ol ol el St ol o e o o o o
Mth babebiba bbb s e o bt bbbl iaia
ossgeoo}ngUBQ.b] NN O O

- 8 *® 06 PO e . o 8 a6 >0 e - o0

Ot sl AN TII I T 033553222211100

d<dddd<dqdddd dd dd dd T qCqqC I
L

[ o]
Lol o —— bt

[ e o o e e R e e e e e e e o ot a] et
ke b bie bl fe bbb fa b bofe bate bo balate b beds
02950580011098602963105061
> ® & 0 6 e e s e ra 0 e "o ® 0%

© vt MMM I T }33‘\3\- AUNINA oot = OO

M TN O A0 00 O O W 0O ™M OUN T J TPAAY o
on es s esrscseveasa " avsevsenees
[=d=y~ladeselelreda wlelalaolafelalawlefe =falal, =

) &) ST T3 O ) OH5) &) 8D NN DN NO DO 0
[ N-H.W.4.4.9.7.§.4.4.5. 0. §.0-N. 0 .0.0.0.0. 0. -0 .4.§. 8
L hbbbidbbuoo bbbt bbbl
O OI-NDINLO SN T I NOWN OO MINOT T O NN

MG sc e mene s sEG NG ARSRES.

O NI UV W00 00 O DM 0O INT MM NN = OO

O OMI LM OO D LOMNEC IO TO 3 =eOMND Moy
® & &9 6 v e e ®Op s -0 *as e e s

,O‘lé}agbgss T I MNNUN O e O OO

O SO0 UMD C wet OMINMNC ONN TM O OO |

O OOO O st tNUININH\Y o ot ot ot ot OoOCOOCOOOoO

- 9 2 & P a a9 ® @ 9 » ® aE & 6O o0 9eas
O OO vt s\ vttt wmremt =t o=t 0=t () ot ot P ot 20D 0t O OO

O IO et OO I~ L T N O NN SN T O
eesassccsasessscsancacensnens

OO Q vttt U ot ot ot ot U 2 oA o O O OO

NG &) U DA TN DTN O TYEXN N T DO N TN
i bububbngicnbt b bt b
CLOULOUUOOLOUUUV OLLL VLV LLDLOLL
OMID M T AUNYD © O T O O NION 0N — NIRRT O
UL T e O ot e OO - IO O IO - LNT Y
= OUNINPNPIN N N N v ot e

D) 0) ) U0 @) HUXT 0) U ©) 1D 0N TN NN NTH0)
[T TR TR T TR TR TR TR TR T VN T TE TR T T " T T TR TS
L0OOLLLULLLOLOOLLU LLLDLVLLLL
O F OO0 —-NIN VD T L0 MM OPDOM O
1318500“3085307“563
et | PP MR NS 1 o vt o

L222TF7FT722T7 2L TXXTZZITZZ2Z

Y¥YXXIIYIEIIIYIIIIEIIIIIIIEIEIX
OO DVI =D —ANOITO MO I «~D O F —~- DO O
=N\IPNT U OO -OF- P00 O O ONUST WO T LN
—teme o=t wmtanfy | PN

16

36
TIME TO MAX QUTFLOm

TOTAL VOLUMES

TIME TO MAX HWe 62MIN,

62MIN.

SIMIN,

TIME TO PEAK=

122



123

ZZ2Z2ZZ222T222Z2Z2Z2 2222222222
—_—
ZI¥FXIITXIFIFIIIISFEXITIIXIIIXX
CLL TN e NO M ey COITIOCMITNO @
= OFNMNIY DU OO O O eI IO

L adialalatalalaVaVl gi

VLLVLOLVOLL OULL OOUL LULULVLLULVLLU L
AL LA I ICIq ddqq qqq T (LT LD L q

i CedNFIN-O0 ONM T I I MNC FNTIMNMAN - —OC O

(EXAMPLE NO,1)
BRINK
| DEPTH

# & & & & x & & #CULVERT FLOOD ROUTING% # x

FROUDE |
NQO,

STATION 366455+=
* .i‘l
|
|

HYDRAULICS SECTION
_/-UNPAVED /MITERED«STEP BEVEL INLET

ROUTING

STORE I

°

HIGHWAY DEPARTMENT
ouT

AhAhARRAN
FLODD
ek VOLUMES (AF ) aaxn|

DRY CREEK

G
£
METAL PIPE ARCH

WY
PRINT OPTION NO,
IN

OMIN
ENGINEERING DIRECTORAT

CULVERT FLOOD ROUTING
OUTFLOWI

CULVERT
AAADISCHARGES#w w4 |

INFLOW

TIME

ANALYSIS TYPE: REBEORM OISCHGE . - Q1.830CES FREGI_LOYR DHW:l2,00F1
BARREL GENMETRY: LENGTH1..103EL SLbP;:L,nnnnnx GVDI S 0ET

31ATIUN:,_$bb;ss.nn PROJECT
CULY S1Z€t.le _2,.3X__Ah 3

N
IROUTINGI

OO0 OCOQrtristrmi ot smemiom OOCOCODODOODO

T U g PSSy
[T N TE Iy T T TN 'RV T TR T T TR TN T T T T T 'y Ty
O F AN OSNUMM NINININ T MM e o~ ENUID N o
- & » 5O " 0P S Ee s 00" &R e " as e

CmUNMNIITIITI I III AT IAAUNN— OO

dqIqIICIqAEC>DO>D>32>qAdddqa<adag
Dt ot St Pt Pt Sl Pt ot Bt P mnd B fnd Sl
il o o] Ll e L o T e T
Dot P D bt Bt ey [l L d ol e T o g

e e o e B e P e b e b e e b e e e e P B e -
[T "R T T T PR TR TR TR TR T T 7 g 'S T YR P T " TE T 7 T
OV = N UM C AN O P =P P PONTD N
- ®» P &S ® 5506 00 O S OeS RS S Se e e

CetUMNPNTI X ITIIIMNT IMMPAINN—~ =D

65MIN,

,03“678990000000987655“3311

OOOOOOOOmmemiviet et OOOOOOCOOCO

DON O DNN XD T AN ADD TR N DDA TN O
0000000000000 000000000QGLG 0
bbbt lbbb bbbt bhbbbbbabn
©OMTUNNOMIT M C OO NP NG OO (D0 O —
- 8 @ & 6 6 » 0 &P s aaer e ese aas o0 0
SN0 O C = AN o ot S O O T IV O ©

Dl e b e ban o]

TIME TO MAX Hwz

O TN O GO NON NIOP o~ NJL OT o=

® 9 ® 9" O 8O0 Vs SPE CEEANSGERRSES

© = OUHNI N0~ © 10 @ O @ DV~ NN = O O

65MIN,

01“83075“9221835““076“2000
s s s escecen s ReEs VaLDBABSE RS S |

COOO=NMIMI JIINININIIMN~—OOCOC OO0

0064960115a0335321006?0820
" e ® oP" 4O PO OO S G SO SASBGESET S

© OO e NAININ NN A NP NS MY e O O ©

50

TIME 10 MAX OUTFLO=

OJFOOMALOTOVNLINOCT N ODMINOWM T
s s e soemesE EsAaN *RE SRS ERERSE S

© OO —NMMNUNMN NINLNL NN O e e = SO

50

TITHA U ) NN O &) TN DB N DNV NN o
(TR TN PR T PR T TS TR TR T P T TR TR TR T T T 7S T T P T
QLLLULLLLL LLOU VLU VUOLLLLUV O
© NPT P AUSUN OPYIN OO0 0L T = N MM ML
AUN NI OTF O~ O NN — O OO "7 IN S0 DM o
—UMPAMIM 3 T D D TN M e

UgMIN,

DADDTVDDN T 0 DNANDT AT DO NOTN O 7

LubbbbUubbbobobbe be bbb

LULLUULLLOLOLLL OUUL OVLVLLLLOLL L

O TJI AN @ O MNP0 MU T N0 VNN QM e U ©

AU O P 0 =\ O L OO LN w0 NIQDMIO NV o
PRI OO U0 T T AP D o

TOTAL VOLUMES

TIME TO PEAKa

2222222222222 IZ22222222Z222
—

IIXIIIIIIIIITIIEIIIIIEIITIZINX
©0 0 T -MPars O PP ey OO T O M-I DD O
O 2 ININLG O a0 00O U TN NG N\

et ot s s (VS P\ MY



124

L2222 PPZIT LR IZTZ2T2222222Z222

- EXFEFEXXEEIFIEIIYIIIIEIFNIEXIXIEIY

" (EXAMPLE NO,1)
4 % & & & 2 & & % & % #CULVERT FLOOD ROUTINGa # #

 STATION 366455+«
/ UNPAVED /MITEREDeSTEP BEVEL INLET

ANALYSIS TYPE: BERENRM DISCHGE G1i0AQCES FREQI_SQYR DHWIl2,00EL
BARREL GEOMETRY: LENGTH:_L03EI SLOPET1,00000% GVDI. S 0EY

HYDRAULICS SECTION

ROUTING

2

ARANANRRE
"DRY CREEK
FLOODPD

WYQMING HIGHWAY DEPARTMENT
METAL PIPE ARCH

DIRECTORATE
PRINT OPTION NO,

PROJECT
CULVERT
ROUTING| 4 eDISCHARGESesa| #aauVDLU 5$gfr '

ENGINEERING

CULVERT FLOOD ROUTING

STATION! .. 364455.00

CULV SIZEt.da.9.3X _6,3
T
ME | INFLOW | OUTFLOWI IN |

LIS JNE NN BN 2NN IR B

ONT o - NI~ CF P T D= OAI DO D —NN O TN
PGP 332 TN NS0 O 0 O =AM N O NS
o vt =\ O

LOLLUL UL UL OULJLO0L0LLOLLOLLLL
ddqdd I A< I < Tqaq< T
0135942?03855706199?642110
..... -0 Ow e "> O & B ® 6600 e

00000123573900098011000000

[l o o o e e O e o oY Sy
Lubbbbbhub bobbbabbbbiboutthe
ODODAN HO OANWNLTY JT 3 I Nt O O T M O

- o e & 0 "G A O Pa s b S>e S e e

O CUMNT I T HUN UMD VNN NN T I TR = ©

A CA>>D>DDD>>22>D2O0>addda<

Pt Sty Ot ot et Dt Pt
[l o] Sttt o et
Ll o ot Ot e Pt bt Ot

-

| om o ol oo oo o ol oot ool oo ol ol ol ol o ol ool ol o o o ol ool ol o ol 4

bt bl o i lalbate botaealsbalsaislla -t

CSUUAC O IALD e (UM P AT PR AU O ORI - CRY x

SePECOEPOCOESE SISO SPNSITIOSIOERNRBDROIEOSEPTEROSTTOS ”

C =IO T FURD AN N TN NN TN N oS R ]

. n

OFUNMG O e 1o NI NINIOUNS vt = SWPO L N MN— x

"o e a9 Os0s o> 0sas e e »o aés H
(==l (={=J=1-1=1-]

b9

L

x

AN 0592 D GXT) CHO) DU N TXN O ) &N NN D (=

(9. X0 W ¥ N.V.0.4.0.0.90:. 9. 0. 4.0.0.0.0.0,. 9 -9.6.9§ -
il latale b folats ala ba b bala o b b lathba b ba bl

0605!2“06l“78°86‘§23130“21 ('Y

B0 NS00 ARG IS SEGe"aB - n e x

0253023“"55555555“319602‘0 -

-

062!70165282“5“15350795“6‘h [

s eces sSene enmevoa soasnseees =z

01§56901233auauasaoasszloo. Ll

- x

L ”»

! R ]

H 02859“60337806450823905200;

esemeescce assveaevEaasse e swe

0001257oaa5677755174110000
Sl vt et T Gl g gy TS ',
' o
. - |
: 'S
SN DL NN =N VP D MO0 OO DONTO @ =
llll.ll..illll.lllli!lllli.e e |
O O tUU NN NI MY DD NN — OO o
_ B
el
. . z

OOt J v OO M NN G I MAI DD N\ N0 ©

Ss e a0 asos 6ot sesvsenssansaeasssese O O
OIS PVT IUNNT T MITUN T FUNINMAN =M —C O [t
) T W
. . - x
. —
I 000N G E) I TXN D IIOI DT DN WNTID 0N NN D -

[T9 PN TN T TP T P N PR T T T T P T T TS
VOLUOULOLLUU ULV DOLLLLLVLLLUOVL
© OND =M Al D M ALN —0 CO NI I~ O
4t B0 N - B0 T O PPN N0 O D OO N
=N U 00 0 000 O -OINUNMM o=

NN 8NN TGN TN 00D LN TN W IN T NTXN ) OO DN
L bbb bbb bbbl

TOTAL VOLUMES -
42MIN,

TIME TQ PEAKS

2057&:&759230_\7795162
. A PO OO OO M P~ O UN T i vt

-t oy

NNNNNNNNNNNNNNNNNNNNNNNNNN

XZIIXZXIIXITITITIIXIIZIXITIXEIZIXITTY
OUNT =~ NI O<F P e D= O N VOO =N O IO U
—AUNININIT T T UNN U0 O D O~ NI NN O~ NID

- bt ot =DM




(EXAMPLE NO,1)

STATION 366455+=

HYDRAULICS SECTION

HIGHWAY DEPARTMENT
RAARARER

YOMING
TORATE
DRY CREEK

WYOM]
ENGINEERING DIRECTORA
FLOOD ROUTING PRINT OPTION NO, 2

ON1366455,00 PROJECT:

CULV&RT
STAT*

125

(L) Z22X222222Z2LZII2ITTIXIZIZZZZZ 2

L XXIIXEIIIYTIXEIIIXEIIXIIZIEIIIZ
—E OJIMO N OIW «<FA v IAWNID M = MUN-Or- 0 MO O
D= - LMW J Z WD OO0 O ST =0
Or ot o=t e\ Y

QOLOOL LLL OULLULLQUU OO UL LLLU WL
Nua dadqadagdaddgddddadadddad<gagqaATa
Zuw ONIE-NMNO N IMNAI T==TOPNN0 OO N —O
jm [ 4 e " e e® ceeCESOVPIOGESTESTEDODTSEBEEDS
A d OCOOC=NFN\ O OO TIOMN~OO0OCO

gt ot oSyt b o= ot

e e P P e o e b bt e e e e e e
I lisbhb bbb beicnistbbwnan
didl OO0 © =t O ot JYLO D PP N Pt il PO O et

-
-«
-«
o
4
-
-
2
(=]
x
[=]
Q
o
-4
TRET
[
o =t " eses seccesesEBtRE RSSO SR
W dd O—=MIIY FUWN NN NIV I T A = O
> -X . .
L ——
)
o Xw .
« Oa L C £ 2 2 - 3 2 53 o 3 2 2 b B o T ¢ ¢ ¢ & 9
- o ] L il Vet Dt Dt Pt et
w « - Pt bt Pt bt Dt el
— St bt Pt e B Bl et
z ®« — . -
« NI wlautbsbtod bbb iintlibhbto Lond
-} Z- OO0 C—OXCHANMMNOOOLLONINCOMNE O —M p 4
w ®« -0 ® 09O B0V EBIPOGEASROECPADENOSOGDTE wn
> Xw O« II JTIN VNN VN NN T I Nivem O o
7Y « o
[}
A, =
a Y] n
w € O s OJOT O~ NG WBNAUN N o0 0T O =
| o . 20 ® E 8 0O PN O VEOPASGESRN TS OSEESS DO X
(2] « 0Oz ocooco coooCc ‘
[ 4 @ >
[=] « W <
T3] b 4
[: 4 o
1Y) > O MN O NAT MR DAONO DL T TN D NNT) C
- « =y Qoanandcoococaaccsaocacaocoananagsacaaa -
[l W~ LhabLibusubvabbouiobnbubaba-
X o « ) OO0 II INOONOIRDC U INDFUNDIN - ad
- X -0 ® o0 8 000 Se00aAaTON BN OSEBDBIE S b 3
I Dl OFfING —METN WO P DN INOINN O -
[~ =] O Ow -
ad >
> Z ==
- - - .
a - Qb OO0 —QONIIMNOMONCON00 W FNWxC— -
4 « = " e 20 ¢0 9 EEsCAaBDSCRaEGESRSEEBES z
> - WX O~MMIND O~ INOCLOMNI NN OM—OO -
= O Ix —_— I
N o > > , wn
w o — , o 0
@ O dw OME —ITXW v TN —~FMOM T <O MO MOO -
. [T «ax ® *o 2 O " 300 QOGS 6O OPONSans e e
X «4C COOoONINOITIFRONINODN I ~NOCLOMNOOOO
I - st SOOI CUOUOUNNI Y o= o 3
(%) —~ c
ox o . -
. - - - . Y
- [= OO0 000 ~MNITNINO -0 0 O ~INNOoINS ~ -
w - - 2680 GG OPREOSEVTOIOOEDPOSSEBDRSIRSINOSEES RO D
a w D WD OC—NNMNINMMIMMMMOUNN O =D N0 —~O0  «— C
a © a J 2 ' : . >
o 2 < - -«
-4 -4 b O-— X
S [ > OO0 OO0 O ON M DT ARD O T D =NNOMMNO I~
[ o3 « ® om0 E SsmseessePrTOeEsasesave» O O
“u.— - 2 OONII OO OOVIWITTONT O DMMNNIMN—~OO = -
®« . kY
x « . U
b 4
Wi -~ ¢ -
| XX OONMNDNNNDDBAORODNTODAOD O DOHONNNDT @ -
e > 4«40 Lhubbbukbbubwbbbibbuuwbhbbbobebh w
X ®« 4 LQOLLL ULV LVULOLOLULLULLOLOLULVUUL X
- o MO OCTON™JTIN O TNCITNORITILCNO—OD D -
(L) - T = NN OMWNA RO O N ST P O AT - Z
' Z D W2 PPN D O PP PP s DN T PN =
: Aad xC > X
- D o o
I- —_ =
o o IR TG DD V) DD NNDONDRO N OINTHIOINT <
> & MO kRhbuvhauububublbbblbbubobLihbhubtew -
- o =~ LOLLLLULLLLLLOCLLULOLULLLLUL O
w ¢~ ¥ 04 OTNOD ONTONTQO 0~ ONINMONCS - ®
a w « O = ST O AU B AN IO O - NN T DY x
> E % &2 OIP O UMY NN e OO DN T AN it ome -
- o o —— St v o ad
W w o
~N OO O -
| o ] ® O ZIZZ222222IT2T222TXX2ZT222Z22 o
N N g Z -
—— % v TYFITIIITFEIYIXEIIIIFIFIIIIEXIIZ
> 4 =X OJIMONOIWM ~I0 «TWNDM =" YN Or- M OO W
-2 €« & &« D = NP I ZFINUINL O™ 0 O © ~ T @ 0 X
D Z = [ T2 -t ot et =\ ) —t
O 9 M « -



WYOMING HIGHWAY DEPARTMENT
AAEAEAAR

DIRECTORATE

CULVERT FLUOOD ROUTING PRINT OQPTION NO,

STATIONI —366255,00 PROJECT?

- CULV SIZ2Et2a_.1,.3X. U5 CONCRETE AécH /+SOCKET END PROJECTING INLETY

ENGINEERING

HYDRAULICS SECTION

2

(EXAMPLE NO,1)

DRY CREEK

STATION 366+455+~=

ANALYSTS TYPE: DRAINAGE DESIGN .. O$_BlO0CES FREQI_25yR DHWil2 00FT
BARREL GEOMETRY: LENGTHI_L03EY SLOPE1_00000X GVDI.Q OEY

‘% % % % & # % # & & & «CULVERT FLOOD ROUTING® % #

CULVERT

* N &k K & A kN

FLODD.ROUTTINGEG

*axaVOLU
|

Z222Z7222Z22222ZXT222222Z22222

IZIIIXIXTTIITEIIEFEEIEIIIIIIXIFIIIEX
S NN N O LN O M =D N O —~ IO O NINS OO
lZ:ﬁJ)ﬂﬂ‘EﬂSbvalBQn¥1307nﬁnu
et et AN S

QUL ULULRRD VO VLO0OLO LUV ULOL
Cdgdddddqddd LA AT LI I I T
C = OUMINCOM G OO M NNIO 0T PN = C O
" a0 S s eEPEOPONEeS PP EAESPESICERETES
COOOOCOmermerdifileri =t = OC OO OO OO O

e e e e e et b e b e e e
[ Y T T T T T T R T T " T TN TR T T TR T T
© IOV AD T ONEPALNN = S L I I~ GO Do TTC —
- & ® & &N » P 08 DE SOE FESS s e asa

S = TJ T INNETUN NN N T I MNAIN —C ©

LCOOWLRLLL LLLL ULWOOOLLOLOOVO

-—
-t

——— e e e e e e e e e e e
Whbbhbbtbbbsbbbbhbbububbouula
C PO ALNNAD © v erwmi o= =1 C* WA I P O Dot D =
® @ ® & S0P 8O SN DE OE A" OO e e

© M T I FAPRRNNINNINGT I PPN —C ©

SOMMIN OGO 00 0000 DM OV T3 M N\
" sessecsemwnecsTesvansREsDS
O OO0 OO0 st emivtvtet ot vt et O OO OO OO OO C

[ 9.%.%.4.8.4.N.N.V- N0 0.0. 0. N.-0.8.0.9.0. 4. §.9. 1.9 . }
Lol bl b te b dadole b baba s b L in G b be e o b s

QPO O P D —INIT P P PO P SN N O N

O =NT LDONOL OO0 LONC NI —C O

Lalaialalal o lol ol ol

C et =TF T DU O UMIIN O O CAN N DN S
" & ® @ & & O a8 A0S =" 0 e s s e
O~ UFINONT 0 ©COOO O © ™ N FAMNIN— CO O

oot el v

O IO T OO CNMN— - OISO NTOLUOOO

COWNONM I OO — MM ANINM S OXTN OO\ O
S ss NG EGENOEOIRNOEGCEOSRRNSERTAEBRQROGTERE TS

ngzgillsshn.ﬂ LN OUN o\ o= ©

O DN I~ MR e O 53 += 0 N T = TN =N OO
S sscescceesseECTOIRTRSTEOERERGESS

© O MY MTINT IO T T VN -NJ OO O

@GN T} NG NN A N TN NADWNN NN @
BhbbGhbhbhbbobisboobubtabistbbauw
LLOLOVLOLUVLLVLLLULOLLOLLULLOLLL
SO NDLORNITNNNCH LI MNI MM O
D =t 3T MO O NPAPNFN NICD T O C M ON NN —
PN IO O 00 DN T MY oot

OGN T CXDONT) T O TITD 0D 0D IO D NN NN DD
Wb bbb tetaba s batin b b la it tals
OCLULOLPVVLLVODLLOLLOLOOL CULOLLLUL
OM N0 OO PO I OO0 NHD — TV I OINTCON O
WY =0 o OO+ tNO TP ot TP O LT o=
=P ST U PO P O N ST ST MUY et

Z2222Z2ZLTITTITTZTILITZ2Z2I2ZZ22222
-

ITIIIFTYFYFIEXIIZIITXIIITISIIIIIIIITI
SN G N0 M =T DN O =M OO0 NNO Do ™M
=y AN IR0 O T O =M I OI O
s ot s YN Y

1

T
TIME TO MAX QUTFLO=

TOTAL VOLUMES

TIME TO PEAKa

TIME TO MAX HWa  6OMIN,

60MIN,

4SMIN,

126




HIGHWAY DEPARTMENT
AANNRAAR

G
€

WYOMIN
ENGINEERING PDIRECTORAT

HYDRAULICS SECTION

PRINT QPTION NN, 2.

STATION: _3464455,00 PROJECT:

CULVERT FLOOD ROUTING

(EXAMPLE NO,1)

STATION 366455+~

DRYVCREEK‘

CULV SIZE1.2a_2,3% 4.5 CONCRETE ARCH ./,SOCKET END PROJECTING INLET

Qt_L20CES FRFGI__2YR DHW112 0QF1

BARREL GEOMETRY: LENGTHI_L03ET SLOPF11,00000% GVDI.9 0FL

ANALYSIS TYPEt BEREQRM DISCHGE .

R EEEEE QCULVERT FLODD ROUTINGw» « &

ROUTING

CULVERT

& ok A A & R &

FLOOD

2Z2Z227Z2 2222222 ZT2ZTZ22222

EXIXIITYXFXIIIIEXIITIIIIYIIXIIIEXEEY
OO~ TO N0 JO FOMNOIN-M M-I NICN
=S TUMETNEUN O O - 00 © —ANIN-O X0 = Lo O

. ot et e w=af\ | PN P

LOLLOUOLULOOULOLUOOV LLOLOLULLO

L E O L O L L L & 4
© vt = FURPN PP PN I Y NS UL o ot vt et e O O O
Se v s sPEsEBPEsER BRSO OROCDESCES
OO0 OCOOOOOOOOOCOOCOOOOOO0O

e o e L = o o e e

O OO OO0 —NIMN — CO DM OTFNOM 0T o P3T
cuseasesornsevecscensnacennea

© wtmmt A PO MW PN PN U NI UG AN i et st O O ©

LCOCOLICOCLOLOOLOOLOVLVLA I
—

Pt i
" Tt Py
\ .
et e e e e e e e e e
TR TR TH TR T 7O TN T T T T T T TY T Y T TR TR T TS
OOV OF-0 —~ N~ CO TP~ LINCI O T T o
> o & ® e s e e PP SoaS e e e

© et P AU WA P UGN wremt et et S O ©

s e s s Eemmcsc s s acecs e RERBEOS

[ele elajele o iolafalalofalafelalelclalafele]e el o]

VM) O XL () @ 0D O @D T U UKD O UMD U 808N O
accaddooocnaacacoocoancncnoanacacacan
(MR T TR TR TN T PR TR T W T T T T TR T " T T T T
O®I OVNNI P = — O @ LINNUOIJ OMNMOINN
» e ® 0 260 PeasaAaFPPOoER s sSSP REe

O Ce= NI NN T I I MININMNPMINGNIN etemt et OO O

S EOMDINO 0 O OO T OUM —0 DM -0 @O —O

0001le62332?222?1111000000.

0001356171T6655“}2‘1000000
CICRC RN RN B B A I BN BB R A IR SRR I BN O )
00000000000000000000000000

C N O OO O —O O DA OO ANI-O T~ m O
..........'.....,...........
OO O Ow D smiei viomt 040 O et et O vt CO OO OO O

ONFN- O O et O O MM =P M N N T ANO O
l..'.'ll....l..l'....lll..l
COC OO T ettt et OO Ot OO e CO OO OO S

U ) XD OO D 0 S L) U 0D R DD T NN )

Lubibwvbblbuvbevibbobsbubobuuw

COLLLLULULLOLOLLLLODODLLLULLLL

O OF O NN NN N I A = O N NSO TNDOMNC O
ANT P~ OM N O OWN TMNANO O O F M) omevme

et ot et o gt et et gt

I U2 TG NI O DT DD @D ) D ND N LN D
Luhubublbbulbinbbbubbbbbbulw
LLUUOCQOLLLLULDLLULOULLULLOVUVLL

O DM O N =0 N O OO NIOI-OMO O

C AUNEOARN O 0 O T MV o= OO LNT NN o

Tt i Pt et et et |

Z222Z2222222222222222222222
-

EFXIXIX¥IIIIZIIITIIIILIXEEXIEYIIIIIIX
OO OTIO IO T O T@MMNOMUNISM —-MT IO N
= OFTUOIN O O 00 OO © N (N0 00 0 e D
ot ot s et ] A Y

19

. 19,

TOTAL VOLUMES

OUTFLO=

TIME TO MAX

TIME TO MAX HWz 62MIN,

62MIN,

SIMIN,

TIME TO PEAKs

127



HYDRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
ARRAkRAK

DIRECTORATE

ENGINEERING

CULYERT FLOOD ROUTING

2

PRINT OPTION NO,

\

(EXAMPLE NO,1)

STATION 366+¢55+=

DRY CREEK

STATION| wmdhbdBS5,00 PROJECTS

CULV S1ZEr 2a.. 2. 3X. 4.5 CONCRETE ARCH /,SOCKET END PROJECTING INLET

01.3S0CES FREQI..5YR DHW1Ll2,00EL

BARREL GEOMETRY! LENGTHILO3EL SLOPE1L.00000% GVO!_Q 0FL

ANALYSIS TYPE?

W &4 & & & h w & & & & » oCULVERT FLOOD ROUTING® « =

FLOOD

CUL VERT

N kK & K % A K

ROUTING

ZZZT22Z2ZZT222 22T TZT2222 2222
—— -
FXYYIXYXIIIYFIIXIESTXIXEEXEIETIXYIX
ODF- O =0 =NC I OMDT O T —~L OO0 O
=SAMTIURN OO O oo O I TN

B T Y o VR o Y1 . V)

(S EIE SISSISIS/SIRIE S STES B W &' RIS SIS/S]E)
AICLCAIA LI A IACCIILC L S L L AL
Ot ot UMY I ML NN T X' T MINUNIN = ot = OO
o0 @ a8 5 BT 8 OO SaaseE B sase

OO0 OO0OCCOCOCOOOOODOOO0OO00CO

e e e e e e e e - -
[ T T T T T N Ty N L'
OO — L O vt = OO PN N0 O~ INO L
-e 56 0 e s P OE O eSS FE S S e e

O eJOMI MM 33 33 33 7 IPAMIRFPNUININNL = O O

GGGGGGGGGGGGGGGGGGGGGGGGA
[l el o) —t

~—
—

e e e e e e e e e
U T TR TH A T T N P T W N TS TR TR T T TR TR T T W TR T
CMOUN = LT vt it SO PAN N0 DM = O N O O
e O e & @66 P EEe SO OOSER P ee s s
O UMM M =T I3 ST 37 I MMM ANOINUN v o= v O O

OAHAM I PN N D OAN NN NN T I TP NN e
e sese s as e o sacsaEREseaEPEeES

COO0OO0ODCODOOOLODOO0OODODOOCDODOD

G IR ) 0) D THOD O ) XN T NI DNO R ANNO 0N
[¥:§.8.0.9.0.§.N.9.9.0.¥.%.0. 4 .5: .. N, §.9.54..§.§. 4
Lbhuiubbbbbbou b bbb
O w=O0 O O NANNMY O MO IN—LONNO T T LN
" e @@ a e s 8BGO0 9SS S a0 " a6

O v NNIMINLN O 0 O D GHNT I I MANINI—— OO O

O~ D0 O N0 O WO OO D =N 0 O —O

OO =NAINMT T I T I ITMIMAUNAIN—~ et OO OO

OO MO AN OO D~ DT M~ O OO O
csse memsessvsensceccaacsesssacance
COOOCO e rmiot etot wbet =D OO OO C OO0OOCOOO

CMN O =T O~ 0 o= = O O TN T T =D MO
cSe ss eecee PERNSEReNSEEsR0OECS

OO O et UM +iat Y it Y e et O e S O D

O~ TIPNO = OO O I LONNFN TN T —O
J'.I.......'...II.'..Il.l.
OO vt et o=t U U oot bt =ttt N o o O = D O C

IO 0D 2O N O D NN DN NTROONDE RN T
GQhbbuUbubhhbbhbnabiovbubbiabsb b
LLOLOOOLOLOLOLLVLOUULOLLUOLOLOLLOUV
CTLC—=NINY I ICH NV ITIOF IO =
IO N NP a O P T DO O N T NG

et POV M PO U UMY oot o

W DU DN 4N 0N SISO M I 0NN 0NN TN )
Ghububbibbsbbhbbbbbbbiibbbuvul
VOLOLLOULLULLLVLLLUVLUOLOULOLOULOLL
OP T OO CO v~ N0 YD 7 OO OO O PO~ —O
N =@ Y O T T MO OUN MO ST NG GV NN

=t et CUNA FPNL PPN UM IS et ot

2222222222222 2T2T22T222Z222

-
EXIXIIXIIXIXIITFIIIXEZITIZITIEIEX
SOOI =L ANOIFOMNDI ~COTF—LHOOUINC O

=M T UMD 00 O P~ 000 ONTIN - O J OIN
o ot O T AUPR

36

36
TIME TO MAX (UTFLOs

TOTAL VOLUMES

PEAKZ

TIME TO MAX HWs STMIN,

STMIN, -

S3IMIN,

TIME TO

128



HYDRAULICS SECTION

HIGHWAY DEPARTMENT
[EE X RN ]

Y NG
T TE

: WYDMI
ENGINEERING DIRECTORA

CULVERT FLOOD ROUTING

STATIONt . 366455,00

2

PRINT OPTION NO,

STATION 366+5S+=

CULY SIZE8.2m ..2o3X_ 4.5 CONCRETE ARCH /,SOCKET END PROJECTING INLET

(EXAMPLE NO,1)

DRY CREEK

PROJECT:

ANALYSIS TYPE: REREQRM _DISCHGE .. 031.830CES FRFOI_JOYR DHWi1L2 00EL
BARREL GEOMETRYS LENGTH!.103EL SLOPE1.00000% GVD1._9 0FT

® X & f % & & # & & % # «CULVERT FLOOD ROUTING#* a #

FLOODD

* A

® Ak & ® &

ROUTING

CULVERT

FROUDE |
NQ,

2222222222722 222272222ZZ

———t -
EFXEXrEXYIEXIIFITISTIEIXEFIXEINIT
00T = NP =N M . JO S F O M-TTUN D
=M 3 IS UNN OO D0 O AT NS A O
"t et O\

CLLOWOLLULUDUJLLOUOLOUOOLOLOLLLOLLU LV
dqaddaddaddd I dd dd (I
C=NMIT N LT OO T SN T MMNOUN ot ot OO
® & B ® S e e as e eSS e e s oS D

CCOCOoOOQCOOOoOCCOoOOCOOODOOCOD OO

—t— b e e e e e e e O b
[V TOR TN THE TR VIV VIl VA T T VI TR TV PO TS PO P T I VI T PR Vi T P
OO O =IO PO N S 3 O T WD AL O
- ® @ 5 a3 e 6 e dPee e P e e e e @0

CeNMIIIJIIIVITITII IMAMAINAN—— CO

COUCVOEWWLILILWDDOGOVLUOLO OBV O
— L o d

—
-

— e e e e
G lotaia b iabi b ba a6 éa b detata ke Ba 6a ba Ao faba Wba
CINN OO = T NN NN N G 3 O T NG O
® U @ o 8 @ 9 " S S S SE SO De s P eGP 0O 0 @0

CefUMMI I I I TIIIII IMNMOUNIN~— CC

ONIMISHN O O P o O-0 NN T P PNAMININY e—te

COOOCTOOOOTOVOCODOOTCOOOOOD

@) 0N 0N U @) TR ) 0D 00N 01U THAD N R A O o)
aacoaacaocdanonacncacooaacaannocaca
hoohe G liba obatela aba o baia be U Gl b b fala b la
QT AN M O OINAIDAI—~M 00 NID T O 0N
e ® ® » 8 U DS S PO T © S O PO BD OGSO

Q= NIPUN O M P00 D 0 O PP DN T AN NNt OO

COPMO N —~NOECM T i OO0 N MO O D

SO —=NIMNT I OO 00 00O INAYN — et © OO

DONDOICMNTL OO OO CT IO OO
- o & 0 @ & 6O 8 " ST Pe O G v E OO SO @O

SO O Ottt IOt 1 1 D O D OO S OO

O T F-NCD NTUN OO GNT DO T NN O D =S O

© 0 O = NININNANNNIUNENNPIIAN — =y O O

OICOMANIOC OV O INOCO TN ODMUN OO D

O C O NUM NIUPINNNNUNPARYNSM N ot vt e e © O

)N U UM UN ) 0N DT UNN ONY) 03 0D U} 0 0D ANAN TN U
[ PSTTNY TN T TR VU P TN TN T TR PR T PN T TR TR R T T T T T P TR T
V0O LOLLOUOUULUULLOVLLOOLUUDLLLY
ON T~ NN—MEK —OUNO OO I O F NN v =T = IO
NOMIMIMNO AT O OUNT - OTFT -3 O DM~

. —OUMIVMAY 7 T X TN e

020) (N GY) 00N 0N VTN 0NN 20N DA 03 0N ARG (NI 0N UNEN

LLhbbbbububbbhiUbewbhubbbUiod uw

L0UOULLUOUULC LLULOLLVLULLLVLUL LY

OF =M 0 O SN M0 NSO LN U DN N v 0O

0N A0 O™ O e O O NG N DNID M O~ P W o=
=M F SO ST MMM AL e

ZZ22ZZ22TZZT22T222Z222T222222
et gt < Bt b (]
FIIXIXZIIIIXIIIIIIITIXIZIIIEZT
OD 0T =M —ANO W — P T O O I O N-T N DD

NPT IO NN OO~ D O © =AU T IO N 0N

-t ot vt ot i) A

50
TIME TO MAX QUTFLOs

50

TOTAL VOLUMES

TIME 7O PEAK=

;

TIME TO MAX HWs

61MIN,

61MIN,

49MIN,

129



" WYOMING FIGHNAV,DEPARTMENT .

DIRECTORATE

HYDRAULIES SECTION ~ .~

kR ANRAK

ENGINEERING |

(EXAMPLE NO,1)

STATION 3664¢55+e

—2a_1.3X 4.5 CONCRETE ARCH /,SOCKET END PROJECTING INLET

n
x
. W
C w
Z
)
2
D>
[l * 4
-0
a
o
. .
-
z .
- L
ax =
a O
[: 4
o
=3 .
z
—
-
>
(=) .
[+ 4
[a]
o
o
-t .
[
-
- 2
x o
-
. ]
D -
v m

CULY SIZE:

ANALYSIS TYPE: REREORM DISCHGE ., " Q1lABOCES FRFO$.SQYR DHW112 Q0EY
" BARREL GEOMETRY! LENGTHILL03EY SLOPE1L,.00000X% GVDt_S 0EI

LR N BN i?ﬁ ncULVERT fLUQD\RDUTIN;t P

FLOOD

CULVERT

iiliillﬂi

ROUTING

222222 2Z22T LT ZIT2IX2ZZ22TITT 2L
———

EXXIXYEXIEIEFIIIXEXIIEXIIXIEIIXEXX
OINT i A O P @ w0 (YD L@ = WNC- I O
=S FNM 3F 33 TUUNN O D M- 00 — SN0 D

it b s ]

V0L LLULLUULLVLODLLLLLOLVOU DOUL VL
dddddd LI LI I AL LLCLLL qd gL
012“7%3%“77!&823“ "IN~ OO
® 8 o a8 o8 eaese - e oD e8> esee e

(==t =fal] ligbb DO MeeO O COCOCO

TG Wiy i P Sy SO P S

B bttt bt da et e e ke ta- b b dacta - -

T
——

< o
-

GESnan)| =
UTFLOWI

099291\—“36;!“",’033691

0‘23“ TP DN 2 T PN —~ OO

COGCWWL WL L U dC Tl B B GO B
>

Gl PP Pt

P—

e e e e e e e e e e
b bth b bbale falilefe b ta fo bodo e idlala e
OO OO0 1N N O =T NN A O © MO O Or

| © NN IMP AP F T TN I MOUN— OO

OMNT NV DO OO0 OO ottt 0 D DY IF PN oveme
PE s e CasseaRRetEDecEa RRas e

OOoODO0O0 O et QO OO0 OO

@002 DN AT CHNET) NN N DN WA DD NN DN
[-9-N-9 0.9-%.9.1.4,.6-9-0.0.8-§.0.0.-§.0.9.C. 4 .N- 0.9, §
Ghbulbvubbbbbbhabbbhbbbbbonnul
SO O TOINN I ONI O JFUWIN N

llllll " e vseUNBNGOeECEEESCeBE O

O = NNM- O O 00 OO P D BXO O I OO

OMMAMSHD T DO NOO0 OO OO ANC IS

0112“6790152.\—!22196“ 318

Tt eyt ot ortwd v o

C=iN - N\ —~NO DI OMNOLOCDVOITONTOHM—CO

"o escoacnssae CeeecEeCs avas s
© OO I TWNFO =M o © DN~ CO QOO0

e R

| CONMOT@ O AINIVINNING W O O DL OIS

© O AN RN N 0T PTUMN — OO

O O i 0 U OO PAC NN TN DD —~NIO

LhbbuLbbb e biabe bbb bhw vl
LLOLULVOLOULVILLOOLLO LML LV UL LOUL OO
O NI OO0 NODL DM~ D NI CLOOY T

) IO o= O IO =N N - O P =N D TN
xd .

TN N OO O D DT o

90 N NI NOINW NG I DD NDD DD DN
L bbb LU bt bt anl bbbt

O TN LN MY NAN-0 AT N0 W~ ON
U O SO OF O~ I~ DU T P o e
bl o=

22222222Z22ZZZ2Z22Z2 2T 222222
g Pl

TXIFYXYIIIIITIZTXIIZTIEZTIYXIIINIX
O T e N~ OF P =P D w0 AMD DD == FNG-I OO
= NN T TN D O P~ 0~ PN Nt

- o o o= U

© O —MJ T NN NI I FAMGN T FHALNIN (st OO

L3 TN

88
TIME TO MAX QUTFLOs

TOTAL VOLUMES

TIME TO PEAKs

HWs  63MIN,

TIME TO MaX

6IMIN,

42MIN,

130



WYOMING HIGHWAY DEPARTMENT

"ENGINEERING

CULVERTY FLOOD ROUTING

HYDRAULICS SECTION

ARRARNAA

DIRECTORATE -

2.

PRINT. OPTION NN,

STATIONI _366355.00 PROJECT!

. STATION 366455+

(EXAMPLE NO,1)

DRY CREEK

CULY STZE1_2mo_Y.3X__4.S CONCRETE :ARCH /,SOCKET END PROJECTING INLET

ANALYSIS TYPE: PEREORM DISCHGE._. 011390CES FREGIJ0OYR DHW142,00FT
BARREL GEOMETRY! LENGTHI_LO3EI SLDPESL.nﬂﬂnﬂl GVDI S 0EL

CULVERT

A4kDISCHARGES##x |

N R aCULVERT:FLbDD ROUTINGA &« & .

ROUTING

A#a A VOLUMES (AF Y # % a4 |

* A K & A & k A

IROUTINGI
tT1 |

FLODD

FROUDE I
NO,

|
Yi:

STNREN

TNFLOW

1]
ME

oy

IN

OUTFLOWY

Z2ZZ22L22TZTZ2Z22TT2LITITIXZZIIZ2Z22

; EXS I FFII¥FIZTTIIIIIIXEIIIXEIXIEIEXE

S IMIOUN OF T @ — T AW Mt (1L L0 0 O
UMM T T U INO-O D0 © ~ T T ~D
— ot 0V U

LULLLUUULLLOUOU OV ULOOUOVLLVLL

P e e e e e e e e e L e e LT

© ~=PNNO NO P L vt = O N © ON UND =M SN —O O

e 8 &® P& O 8 S 0 >0 8 ¢ 0O S0 e dDae o

COCCOCONI™ ONM I T DM o~ SO0 OO
et ol gl gt el O

b b b e b b e B b e B e et b e e e
U N TR T T TRTE N Y "R T TH TR T "R TR T T T T T "R Ty e
C ot - ATV O- OO OO D POIFTOINL DO
* ® " e e ®eGs s 9 PET Sse s eseFeR

CNM I I W NN NN N NN DN TN O

OULLLLbL M IS d I Gy L OVDOOCA
St Pt 0Ct > > 3 3> 33 3310 3 30 Dbt 0 ety bt it
gy —

—

et b B b e e e e b B e e e
P T A N N A T N T N T T R TR TR T R T TS
© = ARN CAFNRON NN NN WNAIC TN 0 0T o
> @ » 68 @0 ae " A eSO E ¢ d»den e e

ONMIIJIMAMNIIITIIIITIIN FIINON IO

T O~ L0 L —OI NP PN AUNLO - O St o

- & ® 66 See PSS a S raATPeeS SN e
QOOoOoC o=t gl a=l=f=lala]

U AANTHA TN WU 02 ) G0 TN O IDCNTD DO TN T o)
[%.9.9,7.4.9.4:¥.4.8: 4. 9. 9.0 .8, §.4. 8. 4. 0.0, 4. 9. 4.9 . §
Loubbaints i Gosiasbi oo isiia
O NI »N P~ 1) P = M T 3 Y DO L0 WHC O TN
” ® @ " e P eSS seLS S es O Ess sSe s
O OO L O O I NN IT DN =S O

et gt i ] Pt Gt Tt el P, Pt Glartamt o

SN AN~ UM OO O v RO~ TN = T S
” 6 @ 0 & " & P e G e S OSSO eBE " s ae

O =Y UNO O = UM 3 NN D OO NN D W — O ©

Y =8 et Gt ey Sy gt rrt =t et oy

ON~INIC D DN ~CNNC 0~ OO0 I ~CO

OO0t N@M T O C o o= NN OO OCO

ot =\ IS OUNINS vty

OM NN =D ST N O 00 0 X © NS I NP S -

S O VNI PN N0 L DONT ONT —O O
: Lol N

OO OGO O BNM = QUL N DT @ N0 IS
® » &6 & ® PO O e SO s S e S DS S v EeE BB IE

COONII WO LONNTITOWN n—bb-\.g]oo

o

QI T DAY AN T) DD NG TN ) WD DI TDUN O D
Lhbubbhbbubutibbubutububobbue
LLOLLLOLLLOLVLLLLLOOVOVLUOLLUO
SNO D—HNO OO MO N~ O~ OMINIC MM O D ©
WIS 00 0 ©OM PO O = NN — O U~ UN O —O M
T OO P @D OC Q00 - DU MY

DN OO IO T N D) N DITHN DHOYNDT) XD O
Luubbbbuvbibubuuilbbbbububian il
LLUOLULLOOULLOLOULLCLLUOLOLLULODULLOU
O FJiNOWM OND O © O D —~CONO NN TN ©
O ==t F o O NN NN PO O NN O I Y
NI P O NP (Ut OO0 NI O it '

. Gt e et e

Z2Z2ITZTZ22Z2ZTZZ22ITLT2Z2Z2ZT222Z
——t
FIFSIFFIIXIYXIIXIIIXIZEXXITIIIIIIE
© JHOUN OT W =TI O == F DN M—atMN OO0 M0 O
e YMPAMNT T TN O DO © ~ T T O
et v\ 1\

i07

107
TIME TO MAX QUTFLO=

TNTAL VOLUMES

TIME TO PEAK=

TIME TO MAX MWE  SOMIN,

S9MIN,

39MIN,

131



H‘IGH,WAY DEPARTMENT
TEIIIYE

WYOMING
RATE

) 1
ENGINEERING DIRECTORA

CULVERT FLDOD ROUTING

STATIONI _366455.00

HYRRAULICS SECTION

2

PRINT OPTION NO,

STATION 366455+

(EXAMPtE NO,1)

. DRY CREEK
CULV SIZ2Et lal1,0X_ 5.0 CONCRETE BOX/30 =75 DEGREE WINGWALL INLET 8 NO BEVEL

PROJECTS

ANALYSIS TYPE: DBAINAGE DESIGN 01 BIOLFS FREQIL25YR DHWIL2_00ET
BARREL GEOMETRYt LENGTHI1. 103EX SLOPE11,00000X GVDI1 2,0EX

* R Ak kAR AR AN -VtCULvERT FLOOD ROUTINGs & »

CULVERT FLOOGO

* & & K & & N X

ROUTING

FROUDE |
'NO,

ZZZ2T2222222222TZ222XZT222ZT2T2

FEXEIFIIIXIIIIIEFNFIXTIZINEIIIIETZX
=Y NIFI N T I NN DO D0 O-MNIOTIO
ot ot o=t P M

(ETE78 SIS IS S SIE E SIS § ST 8 8 SIS 8T8 S15 & 5
I A A I I C I q LA L L LT T L
© = a\BN O NI O ot O N O~ I~ OO
® & @ P G5O 00 PP OIE DO OEE D S aan
© OO O v e+ U IIANA) et O OO O O O OO

b b B e e O e e B e b B e e e B e e e
wubhGbbishubbbahbhbhtasbowah
OMNT O IO © sttt viet ot OO O TF O D = N
. & o ® 88 > 00 006 0S>OGOSCTE P eSS

© —a\ N T T I I WO NTNIN I T I OO

[LL L & 8 & (atala alala a alalal £ C O (LICIL C1 4

i
—

Pt e e e e b e Bl e e e e e
b de b dalels bt bolatebetstolnint bisbiais
SO T M AHN O DM D O T =N 0 O o= 0
® P8 @ 8" OO S0 s OO POEPE SRS SO S

C et SN I T IF D DI OO

O I, O DN NN WVWAN N0 O PP OtN A N
R R E R E R E R RN N
OO wtwm - OO0 O00O

NN V) V) 01 )0 0N GG ST TN OO NI
anonaocaoncoocncocaaanoooanan
labhtain bbbt b st
O LTI — D0 Ovtvt ot OO WNOMN O F (D 0 =
® o P9 & 56 0O oPE PSS EAES BSOS

OAOMIN O M~ DX ODMP-OINMNNM 0 OO
-t

CMYYN © T O CTNT O S OO OO0 O
o a e e o et 0ose PN OEEBDe DS e s
O v \F OO0 © O onetot ctotreD O P O MM o =~ O O

) Ot ot Tt Pt ot

s e cescecessesreNccacETE Reosoa

COCOC—NMNOM OO0 000 OIN~OOoOCOO

SN OTI —T M0 Ovtos owitee D INI NI I 0 —NIO
P evsere 0o NVESOLENROERsasOeDD

© COMNNIMNAN AN RN T T -0 0NN =N\ OO

© O AP ~ N\ O T =DINET =N (NN O O

© O v UM T MNT I TN FNYI AT I N NI O OO

O TN O O 010 0O 0N 0) 00N R TRNTI 0) 000) O 1D 0HN 0D
Geihint bt b e e tufatobefabelnle bota i n
OUULLLVOVLVLUL OLLLLLLLUULODOOOLOLUL
QeI OCOONTINO> N O OITIMN N =IO
S0 © O NN OO OO0 0 MO NN
=AM F NNV VNN D T O oeee

IO TN O DI HOY PN T UNTIW 0N ) NN N 0D
ViibbusaububbibsiabbbulUubh okl
LVLLLLOLLVO LCLL LLLLLDLULUUL OO OOV U
OPNY @ OO M 0T O ONNID »~T DI ™~OIND OO
AN =) 0 OD N O FP oI O T =D TF v
I T UNP A O PP O PN T ST WA e

2222222ZL22ZZ2XQLXT2XZTIZZ2Z

TYXIITIZIIIFIEXITIIYIEIXIIIIIIIED
OO N0 M~ o413 W0 NGO =~ PO 0N O 0 O M
=\ JIYMI AT F NN OO DO OITO
et ot P PN

71

71
TIME 10 MAX OUTFLOs

TOTAL VOLUMES

TIME 10 PEAK®

TIME TO MAX HWa  64MIN,

6UMIN,

4SMIN,

132



WYOMING HIGHWAY DEPARTMENT

DIRECTORATE

AARAARA AR

ENGINEERING

CULVERT FLOOD ROUTING

STATIONS 366455,00

HYDRAULICS SECTION

2

PRINT OPTION NO,

pRUJECTr}
CULV SIZEt.im . 2.0X 6.0 CONCRETE BUX/30 =75 DEGREE WINGWALL INLET & NO BEVEL

STATION 366455¢=

DRY CREEK

(EXAMPLE NO,1)

ANALYSIS TYPE: REREOAM DISCHGE. . Q1 LI0CES FREGI..2YR DHWILl2 00FT
BARREL GEOMETRYS LENGTHI.LO3EL SLOPE11.00000% GVDI.Q QET

N EEEERERE. tCULVERT FLOOD ROUTING® & *

*

RN

 * & &k K &k * %

‘FLOOD ROUTING

CULVERT

S (AF
nb? %3

aVOLUM

22222 NNNNN.N”.NNNNNNNNNN 2222

EXFXZEXIXIXIIIIIIEXEFTIIIIIEIIIEXE
OrMC O JOICICICMNOP NN =M INION
=AU TJUNL NOL P00 0 © =M i O » 0 —D
—— et ot P MY N

QUULUUOULLLLDLOLULOLOLLUULLLO

I I M (I LTI

CetetemNIFPNT JTA I IMNMMPIAUAIN e e OO C
*T " 9 ® DSOS SO O 0" e O PO SO S eS
COOCOOO0 COOCOCOOOOOOOODCO0

= e e b e e e e b e e e
Rhwbhovihbhubbbbuwbaonbblebwowsbu
SOUNO M O C et QOO DA SO O O T o 3T e
" & 0 a8 &9 8 P06 FSe e " s S s e e e

© O 1 =N AN AR NINUINL U — et e OO ©

[LILILE L& - {CIL L@ (LRI TOILTL IR
Pt Bt Dot Pt et Pt
—
-—

e e e e e e e e
Lubbbbbbbasubobbbuusbnobooab
Co N OO~ OO OO LT oo T o
- ® & @0 ®O0 ¢ S 0O e O P a s e e e s 00
O O ot ot ot [\ o vt arioto ol oio=t\ ) ot gt ] ot ol ot e O S O

SN D P O P PP PP GO0 B ST 3 N O et ot e

O OO Ot Cvtot ottt et i O O C OO O OO O

acftocaacanonanoaacaansocnocacaacnaocaaaa
b Gl oo nicbisbcbns
CONMMMND I MONT T MNIT DI TOIT N

O =N O N\ INUNINI NN OO MYAININ = O OO -

Tt Tt o e -—

CO—CNOU T ——C O FINNOU = TN —

§ OO e\ YN T I I MM o et et O OO ©

, SO NI MO O e CO LN TN~ O 00O
. e s e e s csEeceEemRceOENERNETOOEAsS

COCOD OO —teerirt COCOCOOOOOOCOOC

T OOOCOO0OCT wivtvrt i OO G —= O OO OCO00O

OAIMH O NIO o et T DO o O N~ NT ANO S
® & ® B & F & O ¢ O PP e oG ae e 9P E S

CCOOC rmr— reri e C OO OO~ — SO0 0000

© BTIOITRND DN DN N RND OO DN N THINN

Vbbb bhsbhubbbbboubouebubbe

LCOLO LOLVOLLOLULLUOLLVLLLLLOVULO

COMAUN IMNOCO TN IV~ OMC o
AT O ONT RN T MNO O @ O I N o=

et Gttt ot et ot

@ DVINT DA T IONT DO N0 TN 0 T NN O XN
Luubu bbbt bUicbabiobboisaisu
LUU0UOLLULLLLULLOULLOLLLLUOUULLDOLL
Ot OMIP —~CUN D O NN C ONON O T - OMMC O
AN LN O LO T AU O LN T N\ o

D e e ]

ZZ22ZT2222T222222222222222
— —t— —

ITXIITXIIFIIIIIIIIIFIIIIIEIIIII
OO O IOT O T ITOMONUNIPM =M T ONON
=AM TN NO OO0 O © =N O @ v O =@
-t vt ot (Y PN

LR

19
TIME 10 MAX QUTFLO=

TNTAL VOLUMES ', -

TIME TO PFAKs

TIME TO MAX HWs 66MIN,

66MIN,

STMIN,

133



WYOMING HIGHWAY DEPARTMENT
KRR A AN

DIRECTORATE

ENGINEERING

" CULVERY FLDOD ROUTING

HYDRAULICS SECTION

PRINT OPTION NO, 2

(EXAMPLE NO,1)

_DRY CREEK

CULY SIZEr_da_2,0X— 56,0 CONCRETE BOX/30 =75 DEGREE WINGWALL INLET & NO BEVEL

STATION 366455+«

STATIONI . ..3b4s55,00 PROJECT!

ANALYSTIS TYPEs PEREORM_DISCHGE... 01.350CES FREQI_.SYR DHWtl2,00FT
BARREL GEOMETRY! LENGTHI_1O3EI SLOPE:1.00000% GVDI.9 DEL

RODUTING

CULVERT

AN R kR R K K

£ & & & & A & & & & & & xCULVERT FLODOD ROUTING® # @

FLOOD

Z2222222222222272ZL22ZT 222

EEYFIXITEXEXISEXIXIIFIIEIIIEETEZY
OO0 3O +=-NOT MG Y =R F ~DHOOINC £
AT I N OO0 O~ 0 00 ONI N OTITU
ot vt et TN PN

LOULOLLVLLAIVLL QOULDLULULOLLL
daqaddddqadadq I dqddqdCT qd ST
0112936677717655““32211‘60

lllllllll fesesuveeOPvresTES
0000 COCOOOOO0O0OOOOCO0O0C0OOOD

el kot Y ol S e e e e o o et S S e e
[T TR T T T PR PO TR TR T TN TN T T T T P TR T TR T
039528908886“86“&5061

........ ® ® o o8 O PGSO Ve 9 ses e

0121\{!3““ I I FPNPNMININI NN e e O O

(LD S O O L8 @ & 0 & & & & ¢ 4L (LICIL LILE

-
—

P D et e e B o e e B B B e B e e e e e
e e be it b b la b tils da fo A Ga s Rabae b Gidata ba
MO AU ONUN P~ TO O O OM 0 0 O —+0 INCO

> & o o ve e ® 9 8 @500 ® O eoee

C vt ot U NN TN U o o L ot oot O ©

OMIT P~ 0 0 000 0L L OP~--0F (NTF NN eme o
llllll s s s cssaeve0stseanve
O~ OO0 O

010X O) D) T OGN T30 &0 € ) &) DN O DU
aacaonoccaoannatcacangcanconnana
Aol fa b bobe bafatantodnts tadsfoteis iatote bhinials
© O =T NO ATV TN OO0 OMN GO NN T

e s 0 sac 0TS Ea PR NREDBCSEasns

© =N O AUMNT AN NN N 3 UL O PN —O ©
- — -

0855 7858 O O PN OND OTND L PN~

0 01.23“.55 0000 NN T T PNl et = OO O

© ONUN O MNP ONTTI NO @ TNV P ANMIN = OO O

OO0 O CewtNUNNINININY o= et vt OO O C O OOOC O

0}303639998;97““39 astlo .

[~ Y="=T"1 1‘(1!111211.51!01000

SN T PO e OO D X A-D NN OP- N T~ O
a ®6® 060 8" as0eD 66" ESae anes

© SO o i\l O\t et iy U v e O = O O O

LRUI0N LD TN TN 0D O DDED SHEN G300 @) AT ANV
s o bh e da G bobh bo ke do ln oo o bo ba b lp do o ba i
COULUL UL VLUV OLUL LOLOOL LLLL UOULL
O =T POMNP-MerOMNO TN PO T OO O~ O
T Mt D ) O s O IS DM O DT Y
=\ NN PN PR vt ot v

0NN TNTT TNNN O TN 0X0) 01 0D @ D @ 0O 00D DD VXN
R bb bbbt badbicsu
(IS8 85 SIE SRS EFA(ElS 58 SIS SS WIS S/EE
© LT O OO~ -ND M0 F D0 CDMOPD O =T
—~N = YO T IO WU IO~ T UD DN
o e\ F BTN OIS AN s ot e

2222222222222 TTILITZZZZ22Z

EZEXISSYIFEIFSEIIIEEIEEIIIEIIEXEE
© O O F o0 AN OI O-M (G T v O~ F =D O OHNT O
—=UPNT T NN 0D DI 1D -0 ON TN~ O U
et ettt AU

36
TIME T0 MAX QUTFLO=

TOTAL VOLUMES

TIME 7O PEAKS

Huz 62MIN,

TIME TO MAX

62MIN,

SIMIN,

134




HYDRAULICS SECTION

HIGHWAY DEPARTMENT

AAkA AN

Y
1

WYOMI
ENGINEERING DIRECTORAT

FLOOD ROUTING

CULV&RT

NG
TE
PRINT OPTION NO, 2

(EXAMPLE NO,1)

STATION 36645S+w

DRY CREEK

|

STATIONS . 3A6455.00 PROJECT?S

CULV{3!2El—il——l-ﬂl—_b.ﬂ~CbNCRETE 80X730 =75 DEGREE HINGNALL_INLET & NO BEVEL

ANALYSIS TYPE: REREDRM DISCHGE .. 01_.530CES FREQI_LOYR DHWi1L2_0D0ET

BARREL GEOMETRY! LENGTHI_1Q3EL SLOPE:).00000% GVOI. 9 0FET

LOOD ROUTING® & =

% % % & & & A % & & & *CULVERT

FLOOD ROUTING

CULVERT

L2NE INN TR NN NN BN IR

Z22ZZ222222 22222222272

FTEIIEIEIYEIIEIZIIEEEIIEISEETD
OOV M PO M o TOOITMAI N O
~AUMNT N UNIUN DO C0 © —NFUO N O N

- ot et et A (P

LLIUVOLLOUO LUUL CLLL ULLUULVLLO
AALLIALA AL AL ALTI AL AL LA LI A
C o MU0 Co N PN o~ O IO N TNt = O O
e e B8 e " OO e Dae P e aPereEsae
OO OO vttt it et OO O OO0 OO COO

o o Y e e Y e o X Y e ] o e ) ot e el

PETRTRT TR T T TR TR TRy T TR T T W P T PR T T T
SN DN TN -0 0 -0 -OUNMN OO P NNID0 NI —

O T I A JFTIII IO

_
LI L0 O e € & ¢ &8 L &€ (LEC {4 TLILTE

[
-

et e e b e e e e e e
[P P T T P TR TR T TR T PO PR TR T T TR T Y P T P
CUN NI v PO P I P DU oD 00 P P\ O P o
* 5 0O e S S8 e F SO PSS OO se P RS

O watf\J = N PN A M M P PAFIAIN o=\l et otomt = O O

AN OO0 OO INNIN DO O 0 OO P LT N v o
e a6 e s e e a&S s eass a0 ES0 e
OO O vt otartvt vmivt v o=t 7= ot 5=t ot vt o=t ot (D) ot O OO

NN V) NN D 0N U O SIUDTD 60 D DO 4D NN N TN 0D
ngngcaanonaaGaoaOcaOdaCOOnDOODO
T T T T N T P PR T T T TR
OGO IO O O M~ MO A st~ AN O
- e b o0 080 a8 8 bS8 e G e e D OB eSS
OO~ TN 00 O 000 LN T NHNOO NI —O O

"t ot ot Srrpt ot ot ot e el gl et et

QOO C--LMO NI M N DOOC N —T DM

O ottt THOD I (0 00 -~ D O MUt O O O

OO M0 N O T —=iND—=J oM PANDSCO

COOO—NNMIT T IIIMINNNA~OOoOCODO0O0

QI ™~T OO ST INNEN I P10 0 O T OMNIOM O

OO =t \Je= TN NN NN AP PN o = U O O O

OTOC IO O DO TNOS TN O CD O~
e e o9 983 00" " & a0 " O S P aaD PO

OO =AU UM AU N NN M it et e O O O

NG T3 URN T VN0 D DCOD D DD DN N DN

LWhblbbobbUu b Gibte Lot uwh s
CAOUUOLVVLOUL LOOUUL LLLLLUOOLLLL
Ot = OO OO N OTF O IO
RN w0 I O vt T I A o= J O NN OO DN o
=AUARN T T T I TS o

0N TN 0N XN 0D U 0D T N 0N BN NN NN I D NN
LG bbGbGbbbbn e bbb bbb
LLULOLLLVLOLOLLLOLVLLOLLULLULOVL
OO O DN M O AT ML O NP SN LN ot IO
SOOI 0 0\ O O MO LN o= QN0 MO - NN
Daa Vil 472 Tal TARS B 4 alogs 4TV AT D o Dol

Z2222222Z222222 222222222222

IYIITIZFTFIFTIZITIIFIZITIIITIITYNXES
OO0 VT = ANP-tsiNO NP =1 T OO T O M- N OO
=OUNEAT AU OO DO © —JTIND N0
ot ot o=t PY NN

50
TIME TO MAX QUTFLO=

50

TOTAL VOLUMES

TIME TO MAX HWa  6IMIN,

61MIN,

PEAKE  49MIN,

TIME TO

135



HYNRAULICS SECTION

WYOMING HIGHWAY DEPARTMENT
RRAAAARK

DIRECTORATE

ENGINEERING

CULVERT FLDOD ROUTING

STATION: _366455.00

e

PRINT OPTION NO,

(EXAMPLE NO,1)

STATION 366¢55¢°

PROJECT1

DRY CREEK

CULY SI1Z2E1.da T 0X 6,0 CONCRETE BOX/30 =75 DEGREE WINGWALL INLET & NO BEVEL

ANALYSIS TYPE1

Q110RQCES FREQ!.SOYR DHWIL2 QQET

BARREL GEOMETRYs LENGTHI AOQJEIL SLOPFtl.00000% GVDI 9 OFET

A A x & k 5 &£ a & & a & *xCULVERT FLOOD ROUTING= #»

FLOOD ROUTING

CULVERT

ﬁl‘iii&.

Z2222222222222222222222222
—

EX¥¥I¥FIFIIIIIIIEIIIIEIIEIIIXEXES
SN P~ AU~ O T P = T X 0 OO DO~ NN T O
UMM I 3 I3 U D OO0 Mo T

et ot ot = (L O

VULLUL UL DU LULLULLOOUU VLUV U
d<qMIdaad<<dI I da <AL CqI<<
SN GO T O OO0 @ et~ O N DO O DN TAU—CO
G o & ae e se s 0Fe 89S E RS vas e w

OCCCOC—UMI LD O MN~OCO0DOC

Bt b e 0 e e b e e e e e b
N A T TN T T T T T Y T e TR T T T YT TS
COMTNAFO =M I ITIAMNMNONOCI~O N
o & O o0 PO oD aGEe e eSS o

O UM IO IR NN NN T AR~ O O

[SALL b g dalalalafals alalals alolal C g € (LILE

-
>

e e e e e e e e e e e
ile Udn ke o U b b ba o Bl bp ba ba ks b b ot bo ba ta U W
CELEANNG I OX C o U O AN P = O OV
®® G U e s SO e S 69 e e e S eSS e s e

C=MNNMMN I I I NN ININN I I — = C O

COILLOONNNININ T I I NN OO~ R

OO [alal=t=d-—}

gsssssssssss&wsssssgsssss
asoococacanocaon0aoanngooconann

bbb bbubbabattabbab Lokl

OO0 C AN —MIWN O~ NN T OO0 O
Ss s s oeevrsacUcEOROEeERS DRSS

OMUN T O~ €000 a0 @0 60 &0 a0 &C- 400 O~ DT VO — O

-t ———r -

OUVUND O O LN G B o~ U= IC N C T O MU 2 ot
*® e & a0 ass e D SPaee ePESeS as e e
Ot W1 OIQD O w=NIMM NI D I D N PIA = O O

o s ot gt Lot gt Gt W

NG LH—MM GO OODDING DOMPON—=OO
- e & ® 6 ¢S e s S8 "eS S eSS o & e
COO— NN —~MINO L OONMNOLM——O0OC O

Tt et S S et ot

OVCON LI 0 © = UMMM g NUT CD O MM MO
" @ s se s R eE S GECECRSERECGECEESES

OO NI NIMMMN NI NN NI M C O

O DM st O =N\ OO MO NM G IMAUD DN =N O,

SO N\IJ N NNIN T I MEN IAPUNFAN =M = O O

TN DO TN &) O OI0) &) FHNDNG) TITHNAN UMD D IOHN O
Ubh Gl Ui atelsdtiiiobbiob bbput s
LOLOULLUOLLOLLVOLLOLVLOVLOLL ULOC D
CLX~OI —O O I O OO D — NP~ ONC O C
MO P~I T~ T LD DT OODN I M
MUY O 0 O D8 0000 0NN —

Ghubbuobibwbibbbhuabibbbubuaoa b

DTN NS ARNE-0 AN NP 0N — o0
PN O © O O O WM™ PO N MY vt =

———

T2IZT2Z22TZZ2T 2T F2TZ222T2Z222Z22
—_— —

IXTIITIITITITITITIIIIZIIITIIIIIZEX
OUNT v~ N O P~ = TWD =0 KD QDO NG IO N
NN T 3 T UNENNN O -0 00 —NIMINO (VD

w—— e et =t (L O

a8 -

88
TIME T0O) MAX DUTFLOs=

TOTAL VOLUMES

TIME 10 PEAK=

TIME TO MAX HWe 63MIN,

63MIN,

42MIN,

136




YOMING HIGHWAY DEPARTMENT
TORAT

“WYOMI
ENGINEERING DIJRECTORATE awaxaawd HYDRAULICS SECTION

CULVERT FLOOD ROUTING -

‘PRINT OPTION NO, 2

STATIONt _346455,.00 PROJECTS

" (EXAMPLE NO,1)

STATION 366455+~
CULY SIZ2E1 le.T.0X Aol CONCRETE BOX/30 =75 DEGREE WINGWALL INLET & NO BEVEL

DRY CREEK

ANALYSTS TYPE: REREQBM _DISCHGE. . Q31i390CES FREGILOOYR DHWIL2,.00E]
BARRE|L GEOMETRYS LENGTH:.103FI SLOPE11.00000% GVDt_Q OFI

* & x & & & & % & 2 & & «CULVERTY FLOOD RQUTING® & #*

FLOOD ROUTING
anxaVOLU
1

CULVERT

A K & A * A N &

IN

Z22Z2Z22T2222L2TLTIT222T2T2T 22
O Dt et Sy Sty
EXYZFIXYIXIIEITIIITIITITIFIIIZIIXEIYE
OIJXMONN O T M T W T A AD " =M O ~0-M OO0
— NPT I TN O O D0 © — NI —O

-t ot et U

N

LLULL LLUL LLLL LLLLLLLL LULUL
ddCICqC I IL AT IR AL T AL LI dd QX <T
ONIF IOV LONDOMNOT OO O T DMt O
",l......'.“"..‘..'....J.
OO O ONUM OO0 I TI-OXWM OM M~ OO OO

-t et et gl et vt ot

e e e e e e e e -
[TH PRV T TR PRI TV TR T PO TN T P T T W VI P P PR T PP T
© O COU ONMTIU OPPP P PP 0 Y = OO =N
a & ® 2 &5 P o s® 69 e s S0 S®p 0O e e

O NN T I NN DN NN DINN INUNIONIN T TN O

Gaaa DDDDDDDDDDDDDDDA L (TGRS
e e L L e —_—
-
—

e e e e bt b b e b e e b b
LaUbisbobidobhu bbbt uis b
COLEMO I CNI OMNLAOKC KM =00 CUNT —on
® m ® 80 690 ve o8 O U D RSS9 e S e a0

O NI AN T U NTHMD NN T 7 s e

CTMOONPNTIIIIIIII IO O~T NS
® O & e & s a8 09 e O6 S 0 et e e v B
OO e O OO

O WD 0N UN O 0D O O O TN NED DT T A0 000N NV ED O
cooa0o00O0OQGAROAAGAOLONAGONODOG
bl bleisbdicta bbb tatnls it tlatabaly
© T NAITD O W O = NN N O O =N\ OP-N\ Mo
s B0 a8 806 0 e as e e s s e aee B0
0325678588999999995875‘31&0

apee - Ll el ol ool o ]

OP GO D OO O AT I NI QT O D
® o« ¢ &0 e G 8T 0600 B> e ™ e s> e
O =L LWL © TN O O P OINMN = O~ OO

P gt Ty ) Syt Syt P @k g wd Pl

O AN T M O NI~ STTINOWND O —iNN NN OC

® ® @ O 9 P o G668 DS oS O G s " e ® e a9 0

OC—AI~OMPD O —=MNNIMOoO I NNICO CO
o ot G U O N ot

S oeP S e CcOoaAabNeEECReERNSNOGOEETS BSOS OS

-

OO0 OO 00 NM DO~ TON OO0 TXD —~ TN NO

CONTI DN LVLOONWNITIIOUNT O OO~ OO

DI TN O DT ) ) TXN DINTII N &) DD U0 O I
ubbbUbbabbbubbubbbbbubb Bl
OLLOUL COUU DUOUUOLUOVUUL DLUOU
O™ O Mt o= 0 T O WP TP~ F 0 = O~ —O O ©
TN OANNO T W T O™ I O ONHND B Nl T
—HPTT U O DO P Pt P PP P e OUN T M

0 0N TNT) U O TN €N 0 0N T 02 0NN 0D O D) AN T aNO))
Lhbbibubvebbhbbbbbub bbb
COLULULOLUULULLOLDLLLLLLLOCULCLLDVLL

L VA ] 923332109875"43211

2222222222222 222222222222
Ll

IXIXIXIIFIIIIIIIIIIIIIIIIIXEIX
O T MAONN O T D —eJ @0 =T NIO N = MYUN D 0™ 00
AN J Z DN OO0 O © NI D =0

-t e ot PN\

107

107
TIME. TO MAX DUTFLO=

TOTAL VOLUMES

TIME 70 PEAKa:

TIME TO MAX HWe 6SHMIN,

65MIN,

J9MIN,

ALL CULVERT TYPES REQUESTED HAVE BEEN DESIGNED

137



(EXAMPLE NO,1)
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(EXAMPLE NO,t)

CREEK

DRY
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(EXAMPLE NO,1)
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STATION 366+¢55¢= (EXAMPLE NO,.1)
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(EXAMPLE NO,1)

DRY CREEK

CHANNEL FLOW DISTRIBUTION FOR
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X \ Fnouog' VELOCTITY DISCHARGE ACCUMULATED
COORDINATE COORDINATE NUMBE . ' BFSCHARGE -
27,3 $378,0 0,3816 1,31 0,5 1388,5
DISCHARGE AVERAGE VELOCTTY FROUDE. ALPHA BETA
- DEPTH NUMBER
1199 3,6 7.1 0,6622 1.1784 1,0642
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‘Example No. 2 - Culvert Design for Irrigation (Peak) Discharge

This example uses a specified design discharge, a downstream cross’
section and profile slope, culvert slope, allowable headwater, and maximum
allowable culvert barrel height to determine six acceptable culvert sizes
(one size for each type). ‘The cutput shows the stage-discharge relation-
ship for the downstream cross section and culvert sizes and hydraulics for
all six culvert types. The short form output format was selected which
displays only the culvert performance data for the requested design and
performance curve discharges.
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HYOMING HIGHWAY DEPARTMENT

PRECONSTRUCTION DIVISION

MYDRAULICS SECTION

CHANNEL?STAGE DISCHARGE RELATIONSHIP

(EXAMPLE. NO,2)

0,00560FT/FY

STATION 3624¢55+»

ODRY CREEK

CHANNEL SLOPE =
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WYOMING HIGHWAY DEPARTMENT

HYDRAULICS SECTION

CHANNEL STAGE DISCHARGE RELATIONSHIP

PRECONSTRUCTION DIVISION

(EXAMPLE NO,2)

0,00560FT/FT

STATION 362+455¢=

DRY CREEK

CHANNEL SLOPE =

VELOCITY

MAX,

VELOCITY

DISCHARGE

DEPTH

ELEVATION
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WYOMING HIGHWAY DEPARTMENT

ENGINEERING DIRECTORATE #aswwsaxx HYDRAULICS SECTION
-CULVERT PERFORMANCE '

PRINT OPTION NO, 1
STATION 362455+=

STATIONS .362455,00 PROJECTt DRY CREEK

(EXAMPLE NO,2)

CULY SIZE$.2e__5,5X__5.5 ROUND CONCRETE/,SOCKET END PROJECTING INLET
ANALYSIS TYPEs LRRIGAIION DESIGN 0O1_4BSCES FREGI.__yR DHW1._.B,00FT
BARREL GENMETRY! LENGTHI._Q0E] SLOPE1Q.25000% GVD1_Z 0EL

* % an & k4 & CULVERT PERFORMANCE & « a8 # # 2 & 88 a#*x aDOWNSTREAM CHANNEL
INFLOW IFLOODY DUTFLOW 'HEAD | OQUTLET IFROUDEIBRINK JFLOW|®aaxaPONDadwnas | TAILe | oVEL(FPS)#n |
DISCHARGE!FREQ IDISCHARGE IMW,FTIVELOCITY! NO, IDEPTH (TYPE! AREA |DURATION | WATER 1| MAX | AVE |
4BS CFS 29YR_ 485 CFS T.2 13,7FP8 1,2 3,8F7 JAnasacACananoasMIN 4,7F7 7,6 5,2
120 CFS 2YR 120 CFS8 2,9 4,6FPS 0,9 3. 0FT 1GaencnaCaceanaaMIN 3,0FY B89 do1
aafns RENIEN B B 2b0 7&&:&&& - o o , . . o .
260 CFS SYR 260 CFS 4,9 T, UFPS 0,7 "3,8FT  IGaanaaACassnsaaMIN 3.8FT 6,6 4,4
ByanA BEMIEN.Q = 395 gasan
395 CF8 10YR 395 CFS 6,3 13,2FPS 1,3 3,3FT JTAsannaACanaapnarMIN 4 urv 7.2 4,9
i Saanx BEMIEW A = 705 asaap
705 CF8 50YR 705 CFS 10,0 15,5FPS 1,2 S,0FT VITreanwACananaaaMIN 5. 4FT 8,3 %8
2anpa REMIEW.Q 2 970 spsas _
970 CFS 100YR 970 CFS 14,6 20,4FPS 1,5 5.,5FT VIBroaseACaoranaaaMIN 6,1FT 9,0 6,4

PERFORMANCE a2 o
8ED I DUTFLOW |
SHEAR IDISCHARGE!
1,59P8F u485,0 CFS8
0,99P8F 120,0 CF3
1.28P8F 260,0 CFS$
1,48PSF 395,0 CFS
1,83P8F 705,0 CFS
2,07PSF  970,0 CFS

0ST



WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE awxwarad HYDRAULICS SECTION

CULVERT PERFORMANCE PRINT OPJION NO, 1 .
STATIONI.;;AZ¢SS,QQ PROJECTs DRY CREEK STATION 362455+«  (EXAMPLE ND,2)
CULY SIZE1.2a__h,5X_ 4,5 ROUND METAL ¢ SPP )/ COMMERICAL END(FE) INLET
ANALYSIS TYPE: JBRIGATION DESIGN QI 4ASCES FREQI iR DHWI_A_DQET

BARREL GEDMETRY! LENGTH!.-20E] SLOPE1Q,25000X GVDI. Z QEY

# # & 4 4 2 s CULVERT PERFORMANCE * % a & ¢ 2 4 # 4%« xDOWNSTREAM CHANNEL PERFORMANCE#wx

| INFLOW IFLOOD| QUTFLOW (HEAD | QUTLET |FROUDE|BRINK L OW{ax4&«POND#**#aws | TAILe | -VEL(FPS)- | BED | DUTFLOW |

IDISCHARGE {FREQ IDISCHARGE IHW,FTIVELOCTITY! NO, IDEPTH ITYPE! AREA [DURATION | WATER | MAX | AVE | SHEAR IDISCHARGE|
485 CFS  25YR 485 CFS 8,0 10,BFPS 0,9 4,2FT Vasnsa s ACannansaaMIN 4,7FT 7,6 5,2 1,59PSF  485,0 CFS

Atxgs BENIEW Q & 120 satik
120 CFS - 2YR 120 CFS 2,9 4,1FP8 0,4 3,0FT TIIAaasanACuannnnsMIN 3,0FT 5,5 4,1 0,99PSF 120,0 CFS§

. Aaass BEVMIEW Q ® 260 sasas .
260 CFS§ SYR 260 CFS 4,% 6 ,UFPS 0,6 J,8FT TIIAmannnpACanannanMIN 3. 8F7T 6,6 4,4 1,gBP3F 260,0 CFS

, Aakxa BEVIFW Q = 395 s&sas :
3195 CFS  10YR 395 CFS 5,8 B,IFPS 0,7 U 4FT TTIIA#waanACarsnsarMIN 4,4FT 7,2 4,9 1,4BPSF 39%,0 CFS

akaan BEVIFW Q = 705 agask
705 CFS S0YR ~ 705 CFS 10,4 12,8FP3 1.0 5.0FT Vasaaa ACoaassnaMIN S,4F7 8,3 5.8 1,83PSF 705,0 CFS

, . Asagy REVIEW Q 3 970 Adkkax
970 CFS 100YR 970 CF8 14,4 15,6FP3 1.1 S.8FT Vanrs s AChanraxaMIN 6,1FT -9,0 6,4 2,07PSF 970,0 CFS

15T



WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE wawnanzas HYDRAULICS SECTION

CULVERT PERFORMANCE PRINT OPTION NO, 1 ,

STATION1 - 362455,08 PROJECTt DRY CREEK STATION 362+45S+e (EXAMPLE NO,2)
CULY SIZE . ia 9. 4X __h Q3 CONCRETE ELLIPSE(HORIZ AXIS)/,S0CKET END PROJECTING INLEY
ANALYSIS TYPE: JRBIGATION.DESIGN Q1 UARSLES FREQIemmidB DHWI A O00FEL

BARREL GEOMETRY3 LENGTMI,..Q0E] SLOPEQ,2S000X GVDI X OEL .
*a a (A x x a8 CULVERT PERFORMANCE * % a s & & % & # ~ wwnkDOWNSTREAM |CHANNEL pERronnANcsgnaa‘

Lo l8ERDhce | FRES 1o 78ThkREe [NEaRs |V EUGETTy I TRREOE IBRANE ITVRE *AReaPTO0RATIAN | TARER | MM “"" * | sREaR 10TSCHERCE!
M1

485 dFS 25YR 48s cF8 1,9 16,4FP8 1,8 3,7F7 TAMRAnRACH ARAAA N 4,7FT7 7.6 5,2 1,59PSF 48%,0 CFS

S082A REMIEW. 0 8 120 pasan
120 qra' '2YR 120 CFS 3,3 S, 3FPS 0,5 3,0F7 I1GenaanACasananaMIN 3,0FT  S,5 4,1 0,99PSF 120,0 CFS

S . SMARABEVIEW.Q 5 260 apaas 00 S o : :
260 CFS SYR 260 CFS 5,1  13,5FPS 1,5 2,6FT  IAwcaaaACasesasaMIN 3, 8FT 6,6 4,4 1,28PSF 260,0 CFS

AxsaA BENIEN Q & 395 sxsk
395 CFS 10YR 395 CFS 6,7 15,5FP8 1.5 3.3FT TArannwACarantaaaMIN 4,4rF7 7.2 4,9 { ,48PSF 395,0 CFS

. Shspx BEVIEW O 3 705 asssixk .
705 c%s 50YR 705 CFS 12,1 17,7FPS 1,4 4,.9FT IDAaR s ACRAARAGWMEN S,UFT 8,3 5,8 - 1,B3PSF 705,0 CFS

saksk REVIEW Q = 970 gaass .,
970 CFS 100YR 970 CFS (4,9 21,1FPS 1,5 6,0FT VIBaxauxACannmnnaMIN 6,1FT 9,0 6,4 2,07PSF 970.,0 CFS

¢

ZST



WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECYORATE ##awmwax HYDRAULICS SECTION

CULVERT PERFORMANCE _PRINT OPTION NO, 1.

STATIONI_-362455.00 PROJECTS DRY CREEK STATION 362455+~ (EXAMPLE NO,2)
CULY SIZEl_2a--2,0X 5.1 METAL PIPE ARCH / UNPAVED /MITERED=STEP BEVEL INLET
ANALYSIS TYPE: JIBRIGATION DESIGN OI_UASCES FREQ:.__WR PHWI_A,0Q0ET

BARREL GEOMETRYt LENGTH!_9QEI SLOPE10,2S000% GVDt.Z OEL

* & x x & & 2»» CULVERT  PERFDZO 3 M ANCE & & & & % & % & & A aaDOWNSTRE AM [CHANNEL PERFORMANCEax#a
I INFLOW 1FLQOODI OUfFLON IHEAD | OUTLET IFROUDEIBRINK (FLOW|Axa&#aPONDawanaa | TAILe | tVELﬂFPS)i Y BED | DUTFLOW |
IDISCHARGEIFREQ IDISCHARGE IHW,FTIVELOCITY! NO, IDEPTH ITYPEI AREA [DURATION | WATER | MAX | AVE | SHEAR IDISCHARGE)
48% CFS 25YR u8sS CF$S 7.8 11,1FPS 1,0 3.5F7 VaradkACannanaaMIN 4, 7F7 7.6 5.2 1,59PSF uBS,0 CFS
Axxax BEVIEW Q = 120 a&sap
120 CFS 2YR 120 CFS8 2,7 3,3FPS 0,3 T,0FT IITAnanaaACannannaMIN 3,0FT 5.5 4,1 0,99PSF 120,0 CFS
28428 REVIEW O = 260 akiad
260 CFS 5YR 260 CFS$S 4,5 5.,6FPS 0,5 S.B#T TITAnnanaACananaxaMIN 3.8FT 6,6 4,4 1.,28PSF 260,0 CFS
Ak BEVIEW O = 395 asxaax -
39S CFS 10YR 395 CFS 6,7 . 10,1FPS 1,0 3.,2F7T Vaass2ACanaanasMIN 4,47 7,2 4,9 1,48P3F 395,0 CFS

Asask REVIEW.Q = 705 sakaxa

705 CFS SOYR 705 CFS 11,9 12,6FPS 1,0 Se1FT VIBaawanxACamuinaaMIN S,UFT 8,3 5.8 1,83PSF 705,0 CFS
| wwsempusddc 970 s

970 CFS 100YR 970 CFS 19,0 17,3FPS 1,4 S,4FT VIBaawasACuaxwasaaMIN 6,1FT 9,0 6,4 2,07PSF 970,0 CFS

€91



WYOMING HIGHWAY DEPARTMENT

ENGINEERING DIRECTORATE
CULVERT PERFORMANCE "PRINT OPTION NO, i

STATIONIo382455,00 PROJECTE DRY CREEK

[ A AT ERE]

" STATION 362455+e

HYDRAULICS SECTION

(EXAMPLE NO,2)

CULY STZ2E1.2a 2,3X 4.5 CONCRETE ARCH /,SOCKET END PROJECTING INLET
ANALYSIS TYPE1 lRRLEAanN_DESLEM QI.U4BSCES. FREOS__-HR DHWI BL00ET
BARREL GEOMETRY1 LENGTHI—9OELl SLOPE10,25000% GVDI. 2, 0EL

a & & &« A a ax CULVERT

I INFLOW (FLOODI OUTFLOW: 1HEAD | DUTLET IFROUDE IBRINK L0u|.----Po~o------ | TalLe
{DISCHARGE | FREQ IDISCHARGE IHW,FTIVELOCITY! NO, IDEPTH ITYPE! AREA IDURATION | WATER
485 CFS aSYR 485 CF8 7,2 9,0FPS. - 0.7 G,BFT  JExawasACanaaanaMIN 4,7FT
sasaa BEVIEN 8 % 120 aasas
120 CFS 2YR 120 CFS = 2,5 - S'arps-r 0, 3' 3,0FT  JGansawAChhnaraaMIN 3,07
astas BEVIEW O % 260 assas S
260 CFS SYR 260 CF3 4,0 S.HFPS 0.5 3.,8F7 IGhrananACakannaaMIN - 3,8F7
ssaxs BEVIEW Q = 395 gasas
395 CF$  10YR 395 CFS 5,7 T,4FPS 0,6 U 4FT IGANAARACARRROAAMTIN 4, 4FT
;44;;,3&&1;1;31- 705 FYTTPON 7 ,
705 CFS  SOYR 705 CFS. 12,4 13, 1FPS 1.1  4,SFT IVAKasasACananaraMIN 5 4FT
sxaag REVIEW G ® 970 sddns -
970 CFS 100YR 970 CFS 4,5FT VIBaanaxAChananaaMIN 6, 1FT

14,7

"

PERFORMANCE

18,0FP3

LUNE BN BN BN BN BN BN BN ]

1.5

sVEL (FPS)»
MAX | AVE
7.6 5.2
5,5 4,1
6,6 4.4
7,2 4,9
8,3 5,8
9,0 6,4

BED
SHEAR

1,59PSF

0,99PSF

1,28PSF

1,48PSF

1,83PSF

2,07PSF

«%4«DOWNSTREAM CHANNEL PERFORMANCEx®4s

OUTFLOW |

48%,0
120,0
260,0
395,0
705,0

970,0

IDISCHARGE!

CFs

CFs

CFs9

CFS§

CFs

CFs

¥ST



: WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE awamawan HYDRAULICS SECTION

CULVERT PERFORMANCE PRINT OPTION NO, 1 :

STATIONt —.362455,00  PROJECT: DRY CREEK STATION 362455¢= (EXAMPLE ND,2)
CULY SIZEt.lm _9.0X 5.0 CONCRETE. BOX/30 75 DEGREE WINGWALL INLET & NO BEVEL
ANALYSIS TYPE: 1EBIGATION DFSIGN Q1_4BSCES FREG1.—_WR DHWI_B_00ET ’
BARREL GEOMETRYS LENGTHI._QQEL SLOPE10,25000% GVDI.Z_QET

a4 & & x xa % CULVERT PERFORMANGCE & & 2 ¢ # & 8 444 *DOWNSTREAM CHANNEL PERFORMANCE##44

I INFLOW 0OD| QUTFLOW ° [HEAD | OUTLET IFRUUDE!BR;NK FLOWI 2 aadaPOND AR &2 A | ;k | tVEL(FPS)t | _BED I OUTFLOW
|DISCHARGE|F EQ IDISCHARGE IHW,FTIVELOCITY! NO, | TH ITYPE! AREA (DURATION 1| NA R I MAX | AVE | SHEAR IDISCHA GEI
485 CFs 25YR 485 CF8 7.8 15,5FPS ~ 1,5 3,5F7 IDanaanACKsawaanMIN 4,7F7 7.6 5.2 1,59P8F - 485,0 CFS

Akagk REVIEW O = 120 s88ARK

120 CFS 2YR 120 CFS 2,8 4,5FPS 0,5 3,0FT - IGhaswxACanntruaaMIN 3,0FT 5,5 .4,1 0,99PSF 120,0 CFS
saska REVIEW 0 = 260 xdkiik

260 CFS 5YR 260 CFS 5,4 12,9FPS 1,5 2,2F7 TAsxax®ACawkaxaaMIN 3,8FT 6,6 4.4 1,2BPSF  260,0 CFS
-&x;jx_ﬂlezu;n'= 395 ARLRX : : : ,

-395 CFS 10YR 3195 CFS8. 6,7 - 14,6FPS 1.9 - 3,0F7 TAamana ACanananaMIN 4,4F 7 7,2 4,9 1.,48PSF 395,0 CFS

e ML BEVIEL D = 705 asasa’ .
705 CFS  SOYR 705 CFS. 12,7  17,1FPS 1,4  4,6FT  IFsssashCasassssMIN  5,4FT 8,3 5,8 1,83PSF 705,0 CF$

970 CFS 100YR 970 CFS. i6,% - 21,6FPS 1,7 S,OFT VIBaaranAChaanaeaMIN 6,1FT 9,0 6,4 2,0TPSF 970,0 CFS
ALL CULVERT TYPES REQUESTED HAVE BEEN ‘DESIGNED :

SST
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Example No. 3 .- Culvert Design from Stage-Discharge and Stage-Storage Tables

This example is similar to Example No. 1 except that a stage-discharge
relationship table and stage-storage table were input to override the
system's internal logic for using the downstream and upstream cross section
to compute these relationships. The output consists of a stage-discharge
relationship, a stage-storage table, and acceptable sizes and hydraulics
for all six specified culvert types. The short form output format was
selected which provides the culvert performance table for the requested
design and -performance curve discharges.



WYOMING STATE HIGHWAY DEPARTMENT
CHEYENNE  WYOMING'
BRIDGE DIVISION
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|_COMMENT _CARD : 64

["GIS -1 1 1 1 N Y R T T e, 1 | 11 1 1 ‘ 1 1 [ | Ll i1 l_ e el T 1 1
|1 2 3 S
wc| [D ¢ ¢
00 A O “ENTRY 1 ENTRY 2 ENTRY 3 ENTRY 4 ENTRY 5 ENTRY 6 Ol
The: ) T | ~
6 15 25 35 45 55 : 6s|’
‘ 0b14 B0 O 11y (4200000 1 B0 0 300 Oy 4 11 /paLonflol L1 Y 312:0,.0 1
L M 68 .32 1 1 1 [/ EBLO8 Ly 207850 1 0 |EB R g 9 2E s 03 R
! bO_Lé_ L I I AR I < TN ~J I I I B ST 10 vy 1 OO '1 L O\ 1O L 1y 1 (/OO O 1
1 1300|101 11y 11 9.0 il TS T VO T S N O T T % A TS T Y O WS U T T T Y
1 L1 |l| L1411 |’1'l [ I T T | 1_4 IR S I S N N N T | N T U VA U TN T T TN Y A U T W T WO M [T S T U A M T N
1 It R A 1-"‘"1' | N T I | ;'u L TS I N N I N N T | U S T T T W U e I WS U T N S | I T U U U W S B |
[N A N N T N T O O T TS U S Y W T T W N TN GG T U T S M O g 11 11 | W S N O OO B O | [T T 00 T MY % Y
1 11 IS U S A U A B B [ T M S B I I I S T W N T U B T N TS O Y T O O T T S N T N O O | T U U B T A I B |
1 1. 1 1 1 1 ] 1 1 1 1 i 1 ] ] 1 1 1 ) 1 i TOUUE T W R T | 1 i 1 1 1 1 1 | U W S 1 | - 1 I 1 1 N 1 1 1 1 1 1 ) 1 1
4 11 | (S T W N T T I I ICES W S B B N B | | N D U TN TN T W W | | U I AU N W S o | j N N S I TR N T W | | I I W W T S S T
] 1 1 1 1 11 1 | - ) I Y T W S SN P B | L1 1. 1 1 1 1 1 1 S IO N R T N I I | 1 1 [ | 1 1 1 1 11 L1 11 1 3 1 1
1 1L Y S T O S WS TR T W N S 1O O W | TN U S ST Y Y Y T Y T Y T U TS U N S A S T U N A S S B
1 [\ L1111 1 TR T W U (Y TR N WO U (U0 N S G VU PR G G I | | T T T I I I [ T A N A T | S T W B T A B B |
L L1 | T T T R e B TS T S LA B A N T | TS T N U N T W TN T N WA N SN SO0 U0 UG W0 M AN T W S S T S ) AN W N M NN N N A A |
1 11 N T T S S IO O | T N N N W W B B | N TR A T N TG TN T TN NN T T S WO IO S (O W | TR W W W S S B W | NS I A
1 L1 N W W N N T N | | I IO N SO N S Y I | ) I D W S W U I O | 1 1 1 3 1 11 3 | | IS U VRS U U U W | | W T U N T B S .
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WYOMING HIGHWAY DEPARTMENT

PRECONSTRUCTION DIVISION MYDRAULICS SECTION
CHANNFL . STAGE DISCHARGE RELATIONSHIP
ORY CREEK STATION 366435+ (EXAMPLE NO, V)

CHANNEL SLOPE & 0,00940FT/FT

STAGE DISCHARGE INPUT VERIFICATION

INPUT VERIFIED?
DESIGNER——  CHECKER——__

DEPTH DISCHARGE ~ MAX, VELOCITY |
8:%0 §:go §:%0
R }3:149 3180
i:?o , §09:58 £:00
120 08160 bu4o
T 852030 7,30
3.8 3f6g: 18 §:%0
10430 3149,40 10130

6ST



DRY |[CREEK

WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE #akaaans

STATION

STAGE STORAGE
166455+

HYDRAULICS SECTION

(EXAMPLE NO,3)

INPUT VERIFICATION

DEPTH STORAGE AREA TABLE INPUTED

PAGE 1

12/731/79

o INPUT VERIFIED ?

DESIGNER s

CHECKER e

09T



WYOMING HIGHWAY DEPARTMENT ll’
ENGINEERING DIRECTORATE Aresnwasr HYDRAULICS SECTIODN
STAGE STODRAGE

DRY CREEK STATION 366455¢e (EXAMPLE NO,3)
, COMPUTATIONAL RESULTS
"DEPTH (FT) STORAGE (ACREeFT) AREA INUNDATED (ACRES)

0,0 0,0 0,0
0.70 0,02 0.06
%.10 0.06 0,09

140 1,52 0.54
T ! By
18:70 915a 5:20
10,80 7.7 2:30
11,70 10,18 3,26

191



CULVERT PERFORMANCE

WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE edananas

'PRINT”OPTION NOL, YT

STATIONt XhhaS55.00 PROJECTS DRv CREEK
CULY SIZEt la_T.0X_ 2.0 ROUND. CONCRETE/ SOCKET END PROJECTING INLET
ANALYSIS TYPE: DRAINAGE OESIGN... on.ﬂxnnia FREQI_25YE DHW1l2 DDEI

BARREL GEOMETRY! LENGTHI_L03EY SLOPE11,00000% GVD!_Q OEY

A k& K & A A A &

CUL VERT PERTF

HYDRAULICS SECTION

STATION 3664¢5S5¢e

ORMANTECE

I DN DN B N ]

* A * &

lol8EhRRce | FREGC 1o P8ChERSe [HRIPT1VELSETT, IPFREDE IBEAYS (VB I *RRERTTBBRRTION

599 CFS

161 CF8

308 CFs

467 .CFS

722 CFS

930 CFS 1t
wanhx NOTES

25YR

aYR

" SYR

10YR

SOYR

00YR

STAGE

578 CFS 12,0 18,8FP8 -

1.5 5.,2F7

ASASA RENIEN § 5 170 asspa

189 CFS - 4,7 13,8FP8

Ashan BEVIEW G = 350 aassa o
: 1,6  3,4FT

303 CFS 6,8  16,4FPS

1,8 2,4r?"

Asass BEMIEW O 2 S30 seaas

439 crs .o.o 17, erﬁsr

1,58 4,3FT

AMaAA_REXIFH.Q = 1080 aana;

589 CFS 15,0 18,9FPS

1,3 6,3FT

Asdna RENIEW Q2 1390 sasaa

8714 CFS 17.1 . 22,9FPS

DISCHARGE TABLE INPUTED,

AVERAGE VELOCITY AND BED SHEAR CAN NOT BE CALCULATED

1D 4,0AC
1A 0,5AC
1A 0,7AC
1A o,ch
1D 12,1AcC
VII 17,6AC

~

J4OMIN

429MIN

4OIMIN

J69M]IN

ISSMIN

J99MIN

(EXAMPLE NO,

#aaaDOWNSTREAM CHANNEL PERFORMANCEa##x

TatkR | 3t | SBESs

5, 4FT
3. 37
42FT
4,9FT
5,8FT

6, UF1

1)

AVEL(FP

MAX 4
6,6 Anha
4,6 wakn
B4 asea
"6l Aann
6,9 Asan
Ted wawa

ananaPSF
12X T1.3.14
;t;tQ§Sk
anxanPSF
kaanaPSF

aaranaPSF

o P8EhEREE ]

578,3

159,95

- 304,0

" 439,6

689,13

874,1

CFS

CF3

CFs

CFS
CFS

CF3

291



WYOMING HIGHWAY DEPARTYMENT

ENGINEERING -DIRECTORATE
" CULVERT PERFORMANCE
STATIONt 366455,.00 PROJECTY

N A Ok Kk & & kK

I INFLOW |FLOODI DUTFLOW  |HEAD
IDISCHARGE IFREQ IDISCHARGE IHW,FT
$99 CFS 25YR 600 CFS 11,6 °
!
Aiksak BENIEW. Q
161 CFS$S 2YR 160 CFS - 42 7
.
332.CF8 . SYR 312 CFS° 6,3
Aaaxa REVIEW O
467 CFS 10YR 457 CFS - 8,1
, sxsax REVIEW Q
799 CFS  SOYR 756 CFS 14,0
asxss BEVIEMW G
930 CFS 100YR. -~ 880 CFS 16,3
*anas NOTEL T
STAGE DISCHARGE TABLE

CULVER.T

AR AAA N AN

< PRINTFOPTION NO, 1
.DRY CREEK ,
CULV STZEt_ls _B,SX__B.S ROUND METAL ( SPP )/

| OQUTLET
IVELOCITY!

1'3,6FPS 1,0

z 170 asesa
“7,9FPS 0,8

T 350 aksxk
10, 6FPS "

2 S30- AksAK -

‘12,2FPS 10,9

= 1080 asass .

“15,4FPS 1,0
31390 sadss
16,9FPS 1,1

INPUTED, AVERAGE

STATIDON 366¢55+=

" PER¥ORMANCE

| FROUDE IBRINK
NO, IDEPTH
F

6,2F1

3LAFT

4,.4F7

S,4FT -
6.9FT

o T,3FT

HYDRAULICS SECTION

COMMERTCAL END(FE) INLET
ANALYSIS TYPEs DRAINAGE DESIGN.., Q1. ALO0CES FREQI.2SYR DHW1L2 00EL
BARREL GEOMETRY! LENGTHI_LQ3EL SLOPE$1,00000% GVD1,.Q,0ET

LIS N BEE BEE DN BN BN S

1FLOW
I TYPE
v

1114

114

v

.'V

| Ak aPONDRE Ak h w

I AREA
" 3,1AC

0,4aC

0,8AC

9,4AC

15,6AC

0,6AC

IDURATION
S40MIN

429MIN

4OIMIN

369MIN

ISSMIN

399MIN

*# 2% aDOWNSTREAM CHANNEL PERFORMANCE %

| TAI%- | I BEO |
I- WATER | N

5,5F1

3.3F7

4,2F7

4,9F 7

6,0FT

6,UFT

(EXAMPLE -NO, 3)

AVEL(FPS)»

MAX
6,6

7.4

| AVE

LES 2|

LER £}

LE2 R |

AkhK

LR

LER 8

VELOCITY AND BED SHEAR CAN NOT BE CALCULATED

I SHEAR
nhkaaPSF

*haanPSF

AxnARPSF

kaan2PSF

axxnaPSF

whkaaPSF

QUTFLOW |
DISCHARGE

600,2

160,93

512,5

457,7

756,04

B880,6

CFs
CFs
QFS
CFS
CFS

CF3

£o1



ERRET I oL

: . i WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE #aansand« HYDRAULICS SECTION'

CULVERT PERFORMANCE PRINT  OPTION NOI, 1

STATIONI -366455.00 PROJECTs.  ORY CREEK STATION. 3664554  (EXAMPLE NO,3)
CULY STZEtlm B,3X_S_Z CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PRUJECTING INLET ,
ANALYSIS TYPEy DRAINAGE DESIGN . 01_B10CES FREG1.254R DMWIL2,00ET

BARREL GEUMETRY? Leucrnu.xnszx sLopsux.nnnnnx GVD1.8,0E]

*# 4 x ka8 CULVERT " PERFORMANCE % a & & & & & 2 «aaaDOWNSTREAM CHANNEL PERFORMANCEwawa
NFLOW 0001 _OUTFLOW-  |HEAD | OUT FRDUDEIBR NK aarasPONDAanx#s | TAILe | AVEL(FPS)« | BED . |
|D{SCHARGE|F €EQ IDISCHARGE LHW, ?TlVELOt%TY' {DEPTH gsl AREA TDURATION | $tR I MAX AVE | SHEAR lo?g RGEI
656 CFS 25YR 605 CFS 11,3 19,3FPS 1.7 1FT ID 2,.8aC JYOMIN S,5FT 6,7 #*ata axxaxPSF  605,8 CFS
sdass BEVIEW'Q = 170 ssxsas
161 CF8 2YR 160 CFS- 4,0- 6,6FPS ' 0,6 3,3FT 16 0,4AC 429MIN 3.3FT 4,6 *aex  axxaaPSF  161,0 CFS

, s  s8san BEVIFW'Q =' 350 amAsg . , o , o o S o
332 CFS SYR 118 CFS 6,0 * 16,1FP8 1.7 S 1FT 1A 0.6AC. QOIMIN 4, 37T S,9 anka  anxaaxPSF 318,8 CFS

‘axssa REVIEW Q = 530 stkss ,
467 CFS 10YR 450 CFS 8,0 17,9FPS 1.7 3.4FT IA  0,B8AC 369MIN 4,9F7 6,1 waxsr asreunPSF 4S0,2 CFS

, asses BEVIEW Q = 1080 Axaas
722 CFS  SOYR  T13 CFS 14,2  19,6FP8 1,6 G,7FT IF 9,98C  3SSMIN  S,9FT 6,9 wsas  sasasPSF  713,1 CFS

' - assas BEVIEW-Q = 1390 sasss
821 CFS 100YR- BO3 CFS 17,0 19,5FP8 1,4 S5,7FT IVA 17,44C 299MIN 6,1FT 7,2 «#xe anaxaPSF B03,6 CFS

axhdx NOTE? ’ . !
STAGE DISCHARGE TABLE INPUTED, AVERAGE VELOCITY AND BED SHEAR CAN NOT BE CALCULATED

¥91



WYOMING HIGHWAY DEPARTMENT
ENGINEERING DJIRECTORATE asnwecans HYDRAULICS SECTION

CULVERT PERFORMANCE PRINT OPTION NO, 1

STATIONI-346455.00 PROJECT:  DRY CREEK STATION 366455+« - (EXAMPLE NO,3)
CULV'SIZEI.ll__Soll_-h.J METAL PIPE ARCH . / UNPAVED /MITEREDeSTEP BEVEL INLET
ANALYSIS TYPE: DRAINAGE DFSIGN.. G3_AL0CES FREQ:~25YR DHWIL2 00ET '

BARREL GEOMETRY$ LENGTHI.LQ3EL SLOPE$4.00000% GVDI S 0EL

R & & & & » a# o CULVERT 7 "PERFORMANCE * *# & & & & & & # ttttDOWNSTREAI CHANNEL PERFORMANCEwnan

- INFLOW _|FLOODY QUTFLOW HEAD | QUTLET .IFROUDEIBRINK |FLOW|aax#aPONDAnasda | TAIL= | #VEL(FPS)% | BED I DUTIFLOW |

IDISChARGElF EQ IDISCHkRGE HN.FTIVELUEETYI NO, IDEPTH ITVQEI AREA IDURATION | NAT&R I MAX|l AVE | SHEAR IDISCHARGE|
SOQ(CFS 25YR 574 CFS 11,9 14,2FPS 1.1 S.OFT vV 3,9AC S40MIN S.4FT 6, waaw  wnexaP8F S74,5 CFS

~

\ assas BEVIEW.Q = 170 sasas
161 ICFS - 2YR 161 CFS 3,9 S,9FPS° 0,6 3,3FT IIIA 0,4AC 429MIN 3.3FT 4,4 #ana  aeaakPSF  161,4 CFS

aatss BEVIEW.Q 3 350 asass : .
332 CFS ~ SYR 37 CFS 6,0  9,0FPS . 0,8 4,2FT IITA 0,6AC ~ 4OIMIN  4,2FT 5,5 w#wese waeanPSF 317,4 CFS

asass BEVIEW Q & S30 sssas
UZQWCFS {OYR - 423 CFS 8,9 12,0FP8 1,0 4,3F7 V 0,9AC J69MIN - 4,8FT b,d aeta annesP8F 423,2 CFS

Axsss REMIEM -Q = 1080 akaxa
722 CFS  SOYR 690 CFS 14,9 16,2FPS . 1,2 S,4fT V 11,94C  3SSMIN S,8FT 6,9 #asa  seauaPSF 690,08 CFS

AsAsx BEVIFU.G = 1390 aAxaxs
821 CFS 100YR - 784 CFS - 17,7 17,9FP93 1.3 . 'S,6FT vV 19,3AC 299MIN 6,1F7 7.1  a%ea  awaasPSF 784,1 CFS

aunte NOTE?S - .
e - STAGE DISCHARGE TABLE INPUTED, AVERAGE VELDCITY AND -BED SHEAR CAN-NOT BE CALCULKYFD*~

S91



WYOMING HIGHWAY DEPA TMENT N
ENGINEERING DIRECTORATE ssseanus HYDRAULICS SECTION
CULVERT PERFORMANCE  PRINT OPTION NO, 1 '
STATIONI386455,00 PROJECTT  DRY CREEK STATION 366¢55¢e (EXAMPLE NO, %)

CULY SI1ZE1.2m. 23X 4.5 CONCRETE ARCH /,SOCKET END PRDJECTING INLEST
ANALYSIS TYPE:! DBAINAGE DESIGN . Q1.8S0CFES FREQI_25YR DHWi1L2_ 00EL
BARREL GEOMETRY:® LENGTHILOZE] SLOPE1.,000008Z GVDIQ_0EL

Ak A e A% 4DOWNSTREAM CHANNEL PERFORMANCE&*#s

* x'x & x x x x C UL VER T,' PERFORMANCE =«
| _INFLOW 1FLOOD! OQUTFLOW IHEAD | OUTLET |FROUDEIBRINK IFLOWIa###*PONDa###ss | TAILe | *VEL(FPS)* | BED | QUTFLOW |
IDISCHARGEIFREQ 1DISCHARGE IWW,FTIVELOCITY! NO, IDEPTH ITYPE! AREA IDURATION | WATER | MAX ? Ay | SHEAR 1DISCHARGE!
656 CFS 25YR 638 CFS 10,6 11,9FP3 1.0 4,5F7 IVA 2,0AC SUOMIN S.6FT 6,7 nana  xawaxpPSF 38,7 CFS

aaass BEVIEW D 3 170 sased |
168 CFS  2YR 162 CFS 3,0  3,9FPS 0,4  3,3FT 16 0,3AC  G29MIN 3, 3FT 4,6

Askss REVIEW Q = 350 sassx 7
347 CFS SYR 3135 CFS 4,9  6,3FPS 0,5 4,3FT 16 0,5AC 4O0IMIN 4,3FT 5,6

st REVIFW Q = 530 asaxs

467 CFS 10YR 462 CFS 6,8 8,6FPS 0,7 4,SFT 1E  0,7AC 369MIN S, 0FT 6,2
AsAxx BEVIEW O = 1080 Asadd ) .
799 CF8 SOYR 739 CFS 13,3 . 13,7FPS 1.1 4,567 1va 7,7AC ISSMIN " 5,9FT 7,0

, 42234 REVIEW G = 1390 sassd
930 CFS 100YR 827 CFS 16,1 15,4FPS 1,3  4,5FT 1VA 15,08C  299MIN  6,2F1. 7,2

aaxte NOTED S ‘ .
STAGE DISCHARGE TABLE INPUTED, AVERAGE VELOCITY AND BED SHEAR CAN NOT BE CALCULATED

La B2

AhkR

LR &

LR 2 8

| & & &

anxaaPSF

t;tl;ﬁSFr

waahaPSF
lltttPSF

Ak aaPSF

163,0
35,4
462,7
73%9,2

827.6

C%S
CFs
CFS8
CFS

CFSs

991



WYOMING HIGHWAY DEPARTMENT
ENGINEERING OIRECTORATE sasssxs HYORAULICS SECTION

CULVERT PERFORMANCE  PRINT nPTION NO, 1‘7“
STATIONT . 366455,00 PRNJECT:  DRY CREEK

STATION 366+55+=

CULY ST1Z2€: . tlm T . 0X 6.0 CONCRETE BOX/30 =7% DEGREE WINGWALL INLET & NO BEVEL
ANALYSIS TYPE: QRAINAGE DFSIGN . Gt .ALQCES FREGE_25YR DHWIL2 O0ET

BARREL GEUMETRYt LENGTH!.LO3EL SLOPE1,00000X GVD:.&,nEL

* & &a x ok xa CULVERT . PERFORM AN [l 3
| _INFLOW DODI ouerou IHEAD | QUTLET |FROUDE IBRINK
loi8ckance FRES 1o T8IhkRee IHW,FTIVELOCITY! NO, (DEPTH

599 CFS  2SYR 591 CFS 11,6 18,1FP5 1,8 7F7

. , Aaasxs BREVIEW.B = 170 saaxs

161 CFS$ 2YR 1S9 CFS . 4,2 12,8FPS . 1,7 1 ,8FT
asaxs REVIEW.O 2 350 axzas

332 CF8 SYR 313 CFS 6,3 15,5FPS 1,6 2,9FT
sxias BEVIEW B = 530 sadks

467 CFS  1OYR 444 CFS 8,4 17,0FPS 1.5 3. 7FT

* AMMga BENIEM O = 1080 aAsss

722 CFS  SOYR 699 CFS- 14,6 18,8FPS 1.4 S, 3FT:-
Anasa REXIEW @ 3 1390 shusa

821 cF8 100YR 788 CFS 17,4 19,3FPS 1,4  5,8F7

RANRY NUfEl

ALL CULVERY TYPES REQUESTED HAVE BEEN DESIGNED

A &k Ok AR

LOWIasa s aPONDA Ak R a

YPE | AREA
10 3,1aC
14 0,4aC
14 o,ofc

1A 0,84C

10 11,04¢
IF 18,64AC

IDURATION
J4O0MIN

ﬂ?éMiN
golﬂIN
369MIN
ISSMIN

299MIN

(EXAMPLE ND,3)

#2#aDOWNSTREAM CHANNEL PERFORMANCE###4

S.5F7
3, 3F T

4, 2FT

4,9F 7

S,8FT

6, 1F7

TAIt
| WATER

aVEL
MAX

6,6

6,9

7.1

(FPS)#
il AVE

LS} ]

L EE R

LER 2]

L RS}

LA R3]

L2 EE ]

STAGE DISCHARGE TABLE INPUTED, AVERAGE VELOCITY AND BED SHEAR CAN NOT BE CALCULATED

) BED
| SHEAR

tttttPSk

ananaPSF

ankaaPSF

titttPSFV

aannaPgF

AnanaPSF

: OUTFLOW |

DISCHARGE |

$91,8
159,6
3y;?7
wuy,2
699,9

788,2

CFs

CFs

CFS

CFS

CF3

CFs

LOT
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Example No. 4 - Culvert Review with Upstream Storage
|
This example reviews two specified culvert sizes for a designated
discharge. The input consists of the same type of site data used in .
Example No. 1. The output is similar to Example No. 2. The short form -
output format was selected which displays the culvert performance data for
the requested design and performance'cuer discharges.




FORM C-16 WYOMING STATE HIGHWAY DEPARTMENT i
Rev.3/11/69 CHEYENNE  WYOMING SHEET NO /____ OF "z
BRIDGE DIVISION BY_TEX DATE _&/19/78
, CHECKED _2 & T
DESIGN SYSTEM
|_COMMENT CARD 64
Lodl vay, crean .\, sTATION Zeptsst o ((EXBMPLE HO A D 1
|1 2 3 ) 66
wcCl |D C ‘ C
88 % 8 ENTRY | ENTRY 2 ENTRY 3 - ENTRY 4 ENTRY 5 ENTRY 6 3
K12 Bl 15 25 35 45 55 65"
£ 002 T S S R I N A ) L4ttt A U A R | T S T N S U0 SN S A N NS N N A N B T | [ A A A
o ltvvon v 00 oo a0 000009 0 L v s e
Lol -2 st 0, OS8R 0 27070000 0 ) 1) 38R =380 888V 4
RO| FR01.101 ) 1 1 1 B F7161-051 1 ) STt 1) 1) BeRZeie P 1 1©1eO a1 AV ! |
1 b_é.lg 1.0 0 1 E7R S (T 210y 0 FTEO: ¥ 1 B0 10 | 38 % P, b
ROl PO0 1 EEBBAG VYRR O0, 0 ESBS T b e Lo i
L JO| =301 3 O 0A s 0100 g ) (0O ) P eRe Oy 1 104037
S o/ O I AT AT R AT RN BN U ST BUUN AT AP AT ST AR S S A
4 O/ v i g Y Py 00Oy s OSSOy g Ly s Ly
! 004 OO -G 11 PURE TR OO W W T WY N TN U O Y T WO O | TN U S T B W WO TN WU W G Y T U S O N W U WA SO S A W U
N lovol buvsio  is389 0 s 8387 0 S e 5I8E8 2, o |
P O (= 1V 27 B XV~ T - TR A SR R - N =174 - s R R N B [~ 1O~ T AR S A B 377 F 1 6,19, lJ;il W B3Z8- /0 1 4
I v 10 Lo 1 101 3828 1 1 BS.0  11 11 BI387: 8 i1 P00 1 T TEE i 1
ool U101 1 1y BT8P er a1 ] g b ey 11y RIS N U UNS N0 N N A0 N U N S U WS N O
HC 0/ FIRE NS TN S0 TS A S W A W VO SN U0 MY M B R T N M N DA T T U U U VU U (N AU A U W U U U TR WA W (NN NN UG WA W M N WO N0 W
4 % OL 1 10 1 (04,101 1 11 1 TS0 71030101 1 1 1 1L O O s a1
T TR 1O a4 a0 1 0Oy 1@y 100000y 3y v 108

L ool 2
TRAILER CARD

J i)

| 3

NOI-E.;A trailer card must follow the last structure card containing dato

691



FORM C-16 WYOMING STATE HIGHWAY DEPARTMENT
Rev.3/11/69 CHEYENNE  WYOMING SHEET NO___ & oF _&
BRIDGE DIVISION BY J£EK DATE 61/2,&26_
CHECKED 0B

DESIGN SYSTEM

| COMMENT CARD 64
[.. 1 1 i i el 11 L suf S| . ﬁj
I 2 3 5 66
wcl|p ¢ (S
88 % 61 ENTRY 1 ENTRY 2 ENTRY 3 ENTRY 4 ENTRY S ENTRYVG '(3
1A El e 15 25 35 45 55 65"
) 0.0, 81,0000 v 4 44 170000y 4 3y 1350000 1y g 53000 1 10800 4 ) [131900,-,00 4
L Q0,5 PIQI: B2 a0 0 (EO8 13 S S e ) 28 03B 12
Y 006 125.Q 4 0 a0 12009 1y 3 1540 10 g 3 3 W0 g 5Oy 0 (400100 1y
1 210 VTS« I I A ER I IS VPR AN U AN AN SN N VAT S o NN RN AN I R A A AU AN A AU A AU B S i A AU SN SR AR AR 1 AR S SRR AT A
Cl oo/ PN T A T W O A Ll PO U S VA S U S ATV U VW T VAT UL W W A W S UG WO U T Y S SN S S MO S O
Ll oo a0 0 O 0000 1 13668 S0 0 o 1030 0 (0@
O1- 1O 1000 0 B3 10y 0,01 v 4y 1 1 0O vy oy (OO a g g O 4 4oy 1 L
17 " Olola-’ 81 IOQQIVJ_I L L7000 1 4 1 350 1 gy 153101100 3y 1080300 3 0 ) {H390G0 1
1 o) 68.-32 .,  48-08 ,,, . 83425 ., 48-4) 1 8498 o 0O LB L
] O 2510 4 44 01 2000 v oy g 0 0 (SO 0 s OOy gy (50O g v gy OO e D
L 40l {/-0 v 00 8O [P © TN U VT W W WA U AW U WO W S T ST W U T W T A A A A B O B
1 [ D N W T T T T A S W S L W ST T S A Y Y T T ) W Y T S S
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WYOMING

"PRECONSTRUCTION DIVISION

HIGHWAY DEPARTMENT

HYDRAULICS SECTION

STAGE DISCHARGE RFLATIUNSHIP

CHANNEL.

(FEXAMPLE ND,4)

0,00940FT/FT

DRY CREEK

STATION 366455+«

SLOPE

CHANNE |

STAGE DISCHARGE INPUT VERIFICATION
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WY(JMING HIGHWAY DEPARTMEN?Y

* PRECONSTRUCTION DIVISION

HYNDRAULTCS SECTION

CHANNEL STAGE DISCHARGE RELATIONSHIP

(EXAMPLE NO,4)

0,00940FT/FT

STATION 3456455+

CHANNEL SLUPE

DRY CREEK

VELOCITY

MAX,

VELOCTTY

DISCHARGE

DEPTH

ELEVATION
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VELDCITY

MAX,

VELOCITY

DEPTH

ELEVATION

DISCHARGE
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WYDMING HIGHWAY DEPARTMENT PAGE 1
ENGINEERING DIRFCTORATE eaannnise HYDRAULICS SECTION 01/03/80
STAGE STORAGE
DRY CREEK STATION 366455+ (EXAMPLE NO,4)
INPUT VERIFICATION
INPUT VERIFIED ?
DESIGNER CHECKER e

UPSTREAM SLOPE = 0,01060 FEET/FOOT
CH{1SS SECTION STATION = 0,0
X (DISTANCE=FEET) Y CELEVATION=FEET)
-1%3.00 S389,10
«57.00 23R7.70
-35;00 IR8,20
«12,00 5378.50
0.0 53771@0
26,00 _ 53’8'§° )
55,00 518280
A5,00 SIRTIAD
100,00 53IABL10
134,00 S3R9. 60
CROSS SECTION STATINN = 100,00 _
X (DISTANCFFEET) Y (ELEVATION=FEET)
-113,00 ¢ 5389,10 .
«57.00 SIA7170
«35000 538R120
12100 537850
- 0.0 §377.40
26.00 5378010
55.00 - 5382.80
,.“g-°° 2%27.50
138:88 23a8:498
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WYOMING HIGHWAY DEPARTMENT PAGE
ENGINEERING DIRECTORATE wasaaasex  HYDRAULICS SECTION 0170
, : | STAGE STORAGE )
DRY CREEX STATION 366455+= (EXAMPLE N.[J,ll)

COMPUTATIONAL RESULTS
DEPTH (FT) - STORAGE (ACRE=FT)  AREA INUNDATED (ACRES)

0.0 - : 0,0 : 0,0

o.?g>‘ 0402 g:og
%:uo '?:23 oigu
10,30 6,80 1,74
10,40 6.96 5.81
10,70 7254 2,20
10,80 7,77 2,30
11.70 10,18 3,26
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. ENGINEERING DIRECTORATE
CULVERT PFRFNRMANCE
STATION; 366455,00 PROJECT:

R A R X kA K

| INFLOW
1DISCHARGE IFREQ

599
161
»303
467
722

930

CFS

CFS

CFS

CFS

CFS

CFS

25YR

2YR

SYR

10YR

SOYR

WYOMING HIGHWAY DEPARTMENT
HYDRAULTICS SECTION

AR ARRA RN
PRINT OPTION NO, 1
DRY CREEK

CULVERT:

STATION 366455+
CULVY SIZEt_lm _2.0X_ 2.0 ROUND CONCRETE/,SOCKET END PROJECTING INLET
ANALYSIS TYPEs DRAINAGE BEVIEW . G1_810CES FREQI_25YR DHW: 0,0 ET
BARREL GEOMETRY1 LENGTHi_L03EI SLOPE$l,00000% GVD3:.0 0FT

PERFORMANTCE

IFLOOD! QUTFLOW 1HEAD | DUTLET 1FROUDE IBRINK
IDISCHARGE IHW,FTIVELQCITY! NO, IDEPTH
578 CFS 12,0 18,8FFP8 1,5 S.2FT
Axxka BENIEW G = 170 xaaks
159 CFS 4,7 . 13,BFP8 1,6  2,4FT
Axgas REVIEW O = 350 skkssk
304 CFS 6,8 16,4FPS 1,6  3,4FT
Asxxs BEVIEW . Q = S30 aasak
439 CFS 9,0 . 17,9FPS 1.5 U, 3FT
Ahixx BEMIEW Q = 1080 asnsk
674 CFS 14,6 18,9FP8 1,3 6,1FT
AaxAx RENIEN.Q = 1390 ssaix
6,8FT

100YR

873 CFS 17,1  22,9FPS

1,5

ALL CULVERT TYPES REQUESTED HAVE BEEN REVIEWED

(EXAMPLE NO,4)

* A & kX A& & x & N

IFLOW
ITYPE
10

1A
1A
IA
10

V1T

Iaawx aPOND® k& & k%

ARE A
3,94C

0,5AC

0,9AC

1,4AC

11,0AC

17,6aC

IDURATTION
J40MIN

U429MIN

4O0tMIN

369MIN

318MIN

399MIN

TAILe
WATER

S.IFT

3,1FT

4,0FT

4,6FT

S5,4F T

6,0FT

AVEL (FPS)*

MAX
7.5

AVE
5,7

BED
SHE AR

2,91PSF

1,76P3F

2,27PSF -

2,61P9F

3,09PSF

3,41PSF

|
|

xanaDDOWNSTREAM CHANNEL PERFUORMANCEamwa

QUTFLOW I
DISCHARGE |

578,0

159,5

304,80

439,6

67U, 6

873,6

CFs

CFSs

CFs

CFs

CFS

CFS

9LT



WYOMING HIGHWAY DEPARTMENT
ENGINEERING DIRECTORATE wawssaaw HYDRAULICS SECTION

CULVERT PERFORMANCE PRINT-OPTION NO, 1-..

STATIUN1 . .364455,00 PROJECT: DORY CREEK STATION 36645S+e (EXAMPLE NOD,4) -
CULV SIZEt da B 0X__B.0 ROUND METAL ( SPP ")/ MITERED=STEP BEVEL INLET
ANALYSIS TYPE: DRAINAGE BEVIEW .. 0Ot _B10CFS FREQ:_2S5YR DHWI D O BT

BARREL GEOMETRYt LENGTH!_LO03EY SLOPE11,00000% GVD:. O DEIX
* 2 x ¥ ¥ x + « CU| VERT PERFORMANCE #* % a & & & & # » akkaDOWNSTREAM CHANNEL PERFORMANCE wnax

NELOW 1ELOOD| OUTFLOW | HEA ouTL FROUDE IBRINK [FLOW|#*a*2PONDawasaw | TAILe | #VEL(FPS)a | RED | QUTFLOW 1
|olSEHRRee | FRES lo79¢hiRee 18 SR veeSET Ty Ng? IBFAYN 1TVREI"ARea"OR0RATION | AARER © MXEHITRILY ) shERe IDISCHARGE I
- 599 CFS  25YR 568 CFS 12,2 13,9FPS 1,0  6,1FT Voo4,7aC 34OMIN S.4FT 7,4 8,7 2,89PSF 568,8 CFS

. . sxAxx BEVIEW Q = 170 aszax
161 CFS 2YR 159 CFS 4,6 8,7FPS. 0,9  3,1FT I1IA 0,5AC 4R9MIN 3IFT 5,3 4,1 1,76PSF  159,7 CFS

ARAAA _RENIEM O = 350 AfAARX
108 CFS . 5YR 306 CFS 6,7  10,7FPS 0,9 u.hrt I11A 0,BAC 4O0IMIN 4,0FT 6,3 4,9 2,27PSF  3086,4 CFS

Aaxsx RFNIEW Q = S30 saa2k . ‘
429 CFS {0YR 421 CFS 9,0 .jz.lFPS, 0,9  S,2FT I11A 1,4AC J6OMIN 4,5FT 6,9 5,3 2.57PSF 422,0 CFS

asaxs REVIEW.Q = 1080 skaxa
722 CFS  S0YR 688 CFS 14,7  15,4FPS 1,1 6,6FT V 11,2AC°  31BMIN  5,4FT 7,8 6,0 3,11PSF 688,5 CFS

Asxsgn REVIEW Q = 1390 aniAk ) .
821 CFS 100YR B0B CFS 17,6 17,2FPS§ 1,1 T F1T vV 19,04AC I99MIN S5.8FT 8,1 6,2 3,31PSF  808,6 CFS

ALL CULVERT TYPES REQUESTED HAVE BEEN REVIEWED

LLT
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APPENDIX A
XYNETICS TO CALCCMP PLOTTER CONVERSION

Modifications made to Wyoming's Culvert/Design/Plot program by Kansas to
use Calcomp software and hardware for plotting.

1. Replaced CALL DIMIAB with CALL PLOTS in subroutine H8OPLT.

2. Modified CALL GRID in subroutines H80P1T and H80GBT due to the fact that

CALCOMP looks for different arguments than XYNETICS

3. Modified CALL SYMBOL in subroutines H80OPLT, H80PLI, H80GBT, and H8OTTB
because CALCOMP spaces its lettering differently than XYNETICS.

4. Modified CALL DASHLN extensively in subroutines H80PLT, H8OPLI, HBOTTB
and H80TTI. Due to spacing before using CALL DASHP, we had to CALL PLOT
to set coordinate. Arguments passed were totally different.

5. Commented CALL MESAGE in subroutine H80GBT. CALCOMPS CALL OPMES dif-
ferent, didn't modify, relay message via PLOT request sheet.

6. Modified CALL PLOT in subroutines H80TTB and H80TTI to adjust spacing.

7. Modified the variable PLOTS to PLOTTS due to inserting a CALL PLOTS.

8. Modified plot routine to move pen to new coordinate if second plan
sheet is to be plotted, subroutine HBOGBT. Second sheet was plotting
on top of first sheet. 1 :

9. Split out a BAL subroutine called GEN4 and placed it in SUBRTLIB and
renamed it HYRD30. It modified alphabetic characters for plotting
plan sheet title. ; ,




Length

Area

Volume

Velocity

Acceleration

Flow Rafe

Weight.

Pressure

Density

APPENDIX B

UNITS CONVERSION

inch = 25.4 mm

ft = 0.3048 m

mile = 1.609 km

£t2 = 0.09290 m?

acre = 4047 m2

miZ = 2,590 km?

gallon = 0,003785 m3 = 3,785 liters = 0,1337 ft
acre-ft = 1233.53 m3 -
ft/sec = 0.3048 m/sec

mph = 1.609 kn/hr = 0.4470 m/sec
ft/sec? = 0.3048 m/sec’

ft3/sec = 0.02832m3/sec

oz = 28.35 g

11b =453.6 g

ton = 2000 1bs

1b/ft2 = 47.88026 Pa

1b/£t3 = 16.01846. kg/m>

*U.5. GOVERNMENT PRINTING OFFICE :

3

1 gallon/min = 0.003785 m3/min = 3.785 liters
MGD = 11.57 gallons/sec = 1.55 ft3/sec

1981 0-725~260/1068
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