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GENERAL DISCLAIMER 

This document may be affected by one.or more of the following statements 

• This document has been reproduced from the best copy furnished by 
the sponsoring agency. It is being released in the interest of making 
available as much information as possible. 

• This document may contain data which exceeds the sheet 
parameters. It was furnished in this condition by the sponsoring 
agency and is the best copy available. 

• This document may contain tone-on-tone or color graphs, charts 
and/or pictures which have been reproduced in black and white. 

• This document is paginated as submitted by the original source. 

• Portions of this document are not fully legible due to the historical 
nature of some of the material. However, it is the best reproduction 
available from the original submission. 





UNITED STATES GOVERNMENT 

Memorandum 

Transmittal of Report 
sueJm, No. FHWA-TS-80-245 

"Wyoming Culvert Design Systemll 
Chief, Implementation Division 

FroM Office of Development 
Washington, D.C 

To Regional Federal Highway Administrators 
Regions 1-10; and Direct Federal 
Division Engineers 

{) 

DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

DATE, J.N 22 1981 
In reply 
refer to, HDV-21 

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 geographical region provided the flood 
hydrographs are available or by incorporating hydrographs obtained 
from the United States Geological Survey's small watershed studies. 

The FHWA Bridge Division agrees that the Wyoming Culvert Design 
approach of using a flood routing and storage method, although 
limited to conventional inlet culvert design, will complement FHWA's 
conventional and improved inlet culvert design methods. 

The computer program can be obtained for a nominal fee from the 
Wyoming Highway Department's Hydraulic Branch. 

Distribution of this design manual is being made in accordance with 
the procedures developed by the Implementation Division in cooperation 
with the field offices. A limited number of extra copies will be 
available from the Implementation Division (HDV-21). 

Please refer any questions concerning this publication to 
Mr. Robert C. Wood at (202) 426-9205. 

~~~.~ 
Robert J. Betsold 

Attachments 
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PREFACE 

As an engineering tool, this system can either hydraulically design 
a culvert or hydraulically review an existing or proposed culvert size. 
The design or review process for drainage culverts is accomplished by 
routing a hydrograph through the culver:t, thereby taking advantage of 
temporary upstream pond storage. Analysis 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 of 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 ("GENA_") 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 IBVI 370/155 with OS/MVS operating 
system and an off-line Xynetics 1100 flatbed plotter. If the system is 
used with a Calcomp plotter, modifications 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:· 

or 

Mr. A. Mainard Wacker, Hydraulic Engineer 

Mr. Dan A. Glandt, Data Processing Engineering Manager 

307 - 777-7682 

ii 



TABLE OF CONTENTS 

PREFACE 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF SYMBOLS 

Chapter 

1. ENGINEERING OOCUMENTATION 

INTRODUCTION .. 

SYSTFM OVERVIEW 

SYSTEM OPERATION 

Stage-Discharge 

Stage-Storage 

Hydro graph 

Headwater 

.. 

Flow Types and Outlet Conditions 

Flow-Distribution 

OUTPUT FORMATS . 

Plotter Output 

Option 0.0 No Printout 

Option 1.0 Culvert Performance 

Option 2.0 Flood Routing 

Option 3.0 Design Summary 

ENGINEERING USE OF THE SYSTEM 

iii 

Page 

ii 

V 

vi 

viii 

1 

1 

2 

3 

6 

10 

15 

20 

32 

43 

44 

44 

45 

45 

45 

45 

46 



Chapter 

2. USER OOCUMENTATION 

INI'RODUCTION . . 

Job Card Groups 

DESCRIPTION OF INPUT 

Stage-Discharge 

Stage-Storage 

Culvert Design and Review 

Flow-Distribution 

DESCRIPTION OF OUTPUT 

Stage-Discharge 

Stage-Storage 

Culvert Design apd Review 

Flow-Distribution 

Plotter Output 

ERROR MESSAGES. 

Stage-Discharge 

Stage-Storage 

. , 

Culvert Design and Review 

Flow-Distribution 

3 • SAMPLE PROBLB'·1S 

INTRODUCTION . 

. , . 

Culvert Design with Upstream Storage 

Culvert Design for Irrigation (Peak) Discharge 

Culvert Llcsign from State-Discharge an<l Stage-
Storag? Tables . . . . . . . . . . 

Culvert Review with Upstream Storage 

REFERENCES CITED 

APPE~IX A - Xynetics to Calcomp Plotter Conversion 

APPEl~DIX B - Units Conversion ... 
iv 

Page 

49 

49 

52 

56 

56 

58 

60 

66 

.- 76 

76 

76 

77 

81 

. , . 82 

87 

87 

89 

90 

92 

94 

94 

94 

144 

154 

164 

174 

176 

181 



LIST OF TABLES 

Table 

1. Dimensionless Hydrograph Flow/Time Units 

2. Sample of Computed Hydro graph 

3. Circular Concrete and Elliptical Concrete Inlet Control 
Coefficients ....... , ... · ... , 

4. Concrete Arch Inlet Contro1 Coefficients 

5. Circular Metal Inlet Control Coefficients 

6. Metal Arch Inlet Control Coefficients 

7. Concrete Box Inlet Control Coefficients 

8. Metal Pipe Inlet Codes . . 

9. Concrete Pipe Inlet Codes 

10. Box Culvert Inlet Codes 

11. Flow Type Variables 

V 

Page 

17 

18 

23 

24 

25 

26 

27 

29 

30 

31 

35 



LIST OF FIGURES 

Figure 

1. Cross Section 

3. 

4. 

5. 

6. 

7. 

8. 

Profile Slope of Streambed 

Upstream Storage Prism. 

Typical Culvert Profile 

Computed Hydrograph 

Dimensionless Hydrograph 

Schematic Culvert Performance Curve 

Culvert Flow Types 

9. Geometric Elements of a Culvert Section 

10. Type V, VI, VII Flow Differentiation 

11. Fann C-16 

12. Card Sequences 

13. Stage-Discharge Function 

14. Stage-Storage Function 

15. Culvert Function ... 

16. Flow-Distribution Function 

17. Stage-Discharge and Stage-Storage Function 

18. Stage-Discharge, Stage-Storage, and Flow-Distribution 

19. 

20. 

Function . . . .' . . . . . . . . . . . . . . . . 

Stage-Discharge, Stage-Storage, Culvert, and Flow-
Distribution Function . . . . . . . . . . 

Stage-Discharge''·and Culvert Design or Review Without 
Upstream Storage Fw1etion (Irrigation Design) ..• -

vi 

.Page 

7 

8 

12 

13 

16 

19 

21 

33 

40 

42 

so 

51 

52 

52 

53 

53 

54 

54 

55 

55 



LIST OF FIGURES (continued) · 

Figure 

21. Reviewing More TI1an One Culvert Flll1ction 

22. Design Summary 

23. Plotter Output 

Page 

56 

80 

83 

24. a. Depth/Velocity vs. Discharge/Frequency Curves Plot 84 

b. Culvert Performance Curves Plot 

c. Design Documentation Plot 

vii 

85 

86 



LIST OF SYMBOLS 

Documentation Program Units Definition 

A' CI(l) Dimensionless Coefficient from Tables 3 to 7. 

Ap ARAINIJ Acres Total surface area of pond. ARAIND 
PONDAR is variable used for printing pur

poses, whereas PO)'JDAR is used for 
internal control during routing 
analysis. 

Arw *"'* ft 2 . A rectangular area synthesized at 
the culvert outlet corresponding to 
culvert width, B, and tailwater 
depth, Tw. 

Ab A** ft 2 Culvert outlet area corresponding to 
Yb. 

a 

B 

B' 

\ 
J 

A** ft 2 

AE ft 2 

A** ft 2 

TA ft 2 

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 1-9 

a= l a1 
i=l 

AREAS ft 2 . Cross sectional end area correspond-
ing to a given incremental stage 
elevation.for 1~2-9, where j is the 
number of cross section. 

A** ft 2 The total natural channel waterway 
area, a, is equal to the sum of its 
incremental waterway areas, a1, 

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

CI(2) Dimensionless Coefficient from Tables 3 to 7. 

viii 



Documentation Program 

C' 

D 

D' 

Din 

d 

* 

CI (3) 

D 

DI(4) 

DHW 

RUNOFF 

PONDSZ 

DN 

DC 

D** 

LIST OF SYMBOLS (continued) 

Units Definition 

Conversion factor changing cubic· 
feet to acre-feet or 43,560 ft 3/A-F. 

Dimensionless Coefficient from Tables 3 to 7. 

ft The culvert barrel height being 
evaluated at a given point in time 
for a specific discharge. 

Dimensionless Coefficient from Tables 3 to 7. 
r 

ft This is the input design headwater , 
which is the maximum upstream pond 
depth to be tolerated for a specific 
frequency of flood event. " 

Minutes An optional input value to indicate 
the maximum acceptable outflow hydro
graph time base. This is a general 
measure of acceptable inundation 
time for a specific frequency of 
flood event (same as for Dhw). 

Acres An optional input value to indicate 
the maximum acceptable inundated 
pond area, Ap. TI1is is for a speci
fic frequency of flood event (same 
as for Dhw). 

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

ft 

ft 

ft 

ix 

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. 

Critical culvert flow depth for a 
specific discharge. This· depth can 
not exceed the barrel's vertical 
height. 

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). 



LIST OF SYl'.ffiOLS (continued) 

Documentation Program Units Definition 

dp *** ft Hydraulic depth corresponding to the 
culvert's partial water area, Ap or 
dp = Ap + Tp. 

E' CI (5) Dimens:i,qri_less Coefficient from Tables 3 to 7. 

Base of the natural logarithm or 
2.718281828. 

F 

F' 

Frb 

g 

* 

*** 

CI (6) 

FR** 

FR** 

FR** 

FR** 

GVD 

A regression value derived from 
Equation 48c for use in Equation 48b. 

Dimensionless Coefficient from Tables 3 to 7. 

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 Fr= v+ ✓ghd 

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

Dimensionless Froude number occurring at the cul
vert outlet. 

Dimensionless Similar to Fr, this symbol is for 
the Froude number in each increment 
within a subsection of a channel 

ft 

ft/sec 2 

X 

· cross section. 

The maximum allowable inside verti
cal culvert dimension that will fit 
under the road commensurate with 
available cover, culvert thiclmess, 
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. 

Gravity on earth or 32.2 ft/sec 2 • 



Documentation Program 

H H 

1-k) 

HI 

H 

LIST OF SYMBOLS (continued) 

Units 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

xi 

Definition 

Head required just to overcome cul
vert barrel friction, entrance 
losses, and to develop the outlet 
velocity head when a culvert is in 
barrel or outlet control. The 
reader is cautioned that in the com
puter logic, His used to define 
two separate data elements through 
the initialization process (see lfo). 

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 
Hd =a• T. . 

Approximate distance from outlet 
flow line to the energy line at .the 
outlet. This is defined as (de+ D) 
• 2 or Tw, whichever is greater. 

Friction loss head due to the cul
vert bomdary. 

This ,is the inlet headwater which is 
caused only by the culvert inlet 
geometry and is measured from the 
culvert's inlet flow hne 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 clue 
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, His 
-re-init-ialized to be--H +-HO - L(SO), 
or the outlet headwater which addi
tionally considers energy and eleva
tion heads. Equations 11, 12, and 
13 in the text better explain this 
confusing aspect of the program 
logic. H9 is measured from the cul
vert's inlet flow line to the pond 
surface. 



Documentation Program 

*** 

HWC** 

1-IWC** 

QFIII 

I *** 

HQ 

Iz 

Itit TOTIN 

J 

CE 

L CL 

LIST OF SYMBOLS_(continued) 

Units 

ft 

ft 

ft 

ft 

acre-feet 

acre-feet 

acre-feet 

Definition 

Velocity head due to some velocity, 
v; i. e., llv = v2/2g 

Hw is tenned headwater (as opposed 
to the allowable or design headwater 
Hwc) and is the upstream pond depth 
that occurs at a point in time dur
ing the flood routing due to a 
specific discharge, Qd. 

1-lwc is the computer tenn for the 
greater value of·Hi (inlet headwater 
for Qd) or H0 (outlet headwater for 
Qd). 

This is the headwater corresponding 
to that unique full barrel discharge, 
Qf, necessary for the culvert barrel 
to just reach full flow conditions 
(see Qf). 

Average hydrograph inflow to pond 
during incremental time period, lit. 

Instantaneous inflow at the begin
ning of the incremental time period, 
lit. 

Instantaneous inflow at the end of 
the time period, lit. 

acre-feet Total volume flowing into the up
stream pond over a predetennined 
incremental time interval, lit, on 
the hydrograph TOTIN= Q16t. 

Dimensionless Counter to identify the.nLDTiber of 
the cross section (10 maxinrum). 

Dimensionless ~trance loss coefficient for a spe
cific type culvert entrance. Refer
ence Tables 8, 9, and 10. 

ft Culvert length. 

ft Elevation difference between inlet 
and outlet. 

ft 

xii 

Horizontal distance between cross 
sections (LI stationing in feet) for 
l_:j.:_9 where j is the nLDTiber of the 
cross section. 



Documentation ,Program 

1 

ln 

n 

0 

Oz 

Olit 

p 

PM 

NPIPES 

*** 

ZN 

Q)UT 

*** 

*** 

TOTIJT 

*** 

*** 

*** 

LIST OF SYMBOLS (continued) 

Units Definition 

'I11is is culvert length, L, divi<leJ 
by the culvert's vertical dimension, 
D, or L/D = 1. 

Natural logarithm or loge. 

lbs Specific force at outlet due to 
tailwater, Tw. 

lbs Specific force at culvert outlet. 

each Number of barrels in a given culvert 
installation. 

N/A A parameter used in i<l~ntifying Type 
V, VI, an<l VI I flow on Figure lOa 
(reference Equation 48<l). 

Dimensionless ~tanning's friction value for a 
waterway or culvert. 

acre-feet Average outflow from pond during 
time period, lit. 

acre-feet Instantaneous outflow at the begin
ning of the incremental time period, 
lit. 

cfs Instantaneous outflow at the end of 
the incremental time period, lit. 

acre-feet Total volurne flowing out of the up
stream pond over a predetermined 
incremental time interval, lit, on 
the _by~rograph. 

ft Wetted perimeter of a natural chan
nel cross section boun<lary for a 
waterway area corresponding to a 
given.depth. This is the part of a 
waterway in actual contact with the 
water. 

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

ft Similar to P, except this is the 
wetted perimeter for a·partial full 
culvert barrel. 

xiii 



Documentation Program 

Qi HQ 

q 

LIST OF SYMBOLS (continued) . - . 

Units 

cfs 

cfs 

cfs 

cfs 

cts. 

cfs 

cfs 

Definition 

Average discharge being routed 
through a culvert occurring over a 
predetennined time interval, 6t; 
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. 
Q)lJT for various time intervals, 6t, 
are these outflow hydrograph dis
charges. Qd = (pUT. 

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

Average rate of "inflow" flood dis
charge from the watershed occurring 
over a predetennined incremental 
time interval, 6t, 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 Qd, which has been influ
enced by upstream pond.storage. 

'This is the peak discharge occurring 
on a watershed and its relationship 
to a hydrograph is illustrated in 
Figure 5. 

Total discharge occurring within 
cross section of area or 

1-9 
q = L = i:qi 

1 

That portion of the total channel 
discharge occurring within a sub
divided portion of a cross section 
(figure 1). 

This is the incremental discharge 
occurring within an increment of 
each subsection of the natural 
channel's cross section (Figure 1). 
TI1e total cross section discharge 
q, is the SLDTI of these incremental 
discharges, or q = l:qi 

xiv 
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R R** 

R** 

RE 

RN 

RN 

r *** 

s 

LIST OF SY!.ffiOLS (continued) 

Units 

ft 

ft 

ft 

ft 

ft 

ft 

ft/ft 

xv 

Definition 

Hydraulic radius of a waterway or 
waterway area divide<l by wetted 
perimeter. 

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

Hydraulic ra<lius of a culvert barrel 
flowing full or (Af)7(Pf). TI1e 
wetted perimeter, Pf, 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. 

Rn is the hydraulic ra<lius used to 
compute outlet control headwater. 
Re< Rn< Rf and Rn= Rf at full 
flow. 

Hydraulic radius of partial waterway 
area; partial waterway area divide<l 
by partial wetted perimeter. 

This is 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). Programdoes not use 
r 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 

S1 VS'IDRD*"' acre-feet Storage volume in the pond at the 
beginning of the incremental time 
period, tit. 

S2 VSTORD** acre-feet Storage volume in the pond at the 
end of the incremental time period. 

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

So so ft/ft Culvert slope. 

S0 1 EQNA ft/ft This is a computed slope used to 
or compare against the actual culvert 

EQNB slope, S0 , to determine if Type V 
or Types VI and VII flow are occur-
ring according to Figure 8. S0 1 is 
the dependent regressi~n variable of 
Figure 10a or 10b (references Equa-
tions 47a and 48a). 

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

T IT11* ft Top width for a wate:rway's water 
surface. 

Tc IT ft Critical top width of waterway cor-
responding to critical depth, de• 

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 Th 
(see Figure 5). 

Tp TT** ft The top water surface width in a 
culvert barrel flowing part full. 

xvi 



DoclDllentation Program 

Tw 1W 

Time Unit TIMEUN 

t' j 

V 

V 

Vrw 

V** 

VRJL, 
W** • 

VF 

vs 

V** 

W** 

VRJL 

LIST OF SYMBOLS (continued) 

Units 

ft 

Minutes 

ft 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

xvii 

Definition 

~1aximt.nn depth of flow occurring 1n 
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~ ,, this 
is the depth at the point of inter
est. 

Reference time unit definition in 
Equation 8. 

Water surface top width for cross 
section at ends of prism for 1 j 9 
where j is the number of the cross 
section. 

The weighted average.of all incre
mental velocities in a natural chan
nel cross section (Figure 1). 

This symbol represents the various 
outlet velocities that could exist 
at a culvert outlet in order to sim
plify Equation 16 .. notation. 

Maximlll!1 velocity that occurs in 'the 
natural channel downstream of the 
cuivert outlet, exclusive of culvert 
effects. 

Velocity occurring just as the dis
charge, Qd, leaves the culvert bar
rel. This veloc~ty corresponds to 
the culvert brink depth Yb and cor
responding area, Ab. 

111e velocity corresponding to en t1 -
cal depth, de, in the culvert barrel. 
Critical velocity can not be less 
tha'"l the full velocity in the culvert 
barrel. --

Velocity where,the barrel is flowing 
full for a given discharge. 
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V5 . VSTORD 

V9., TOTIN 

v V** 

X 

X(n) 

y TERM 

LIST OF SYMBOLS (continued) 

Units 

ft/sec 

ft/sec 

acre-feet 

acre-feet 

ft/sec 

ft/sec 

N/A 

ft 

ft 

xviii 

Definition 

V0 is a tmique velocity used to com
pute outlet control headwater and is 
similar to Vp but is constrained 
such that Ve ~ V

0 
~ Vf. 

This is the part full velocity 
occuring inside a culvert exclusive 
of inlet and outlet condHions. 

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

This is the total volume of nmoff 
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. 

Qd/n5/ 2 for circular pipe an<l 
Qd/D3 / 2B for box an<l 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 outiet. Table 3 identi
fies the best estimate of brink 
depth for a given flow type. 



LIST OF SYMBOLS (continued) 

Documentation Program Units Definition 

Y1, Y2+Y Y(n) ft This is Yi (where i = 1, 2, ... n) or 
vertical cross section coordinate 
points measured above lowest point 
in entire cross section. Y corres
ponds to Xi distance (where i = 1, 
2, ... n) . 

a QI** Dimensionless This is the non-uniform velocity 

p 

BETAl 

S2 *** 

,: SliM lbs/ft2 

lbs/ft2 

w * lbs/ft 3 

acre-feet 

DELTAT minutes 

coefficient as defined in hydraulic 
textbooks (5). a= Jvi 3ai 

v3a 

This is the non-uniform momentum 
correction coefficient as defined in 
hydraulics textbooks (5). Jvi2ai 

i3 = va 

Non-uniform pressure distribution 
factor (16). 

Non-uniform velocity distribution 
factor (16). 

Maximum actual tractive shear occur
ring~on the bed or a measure of 
force exerted by moving water against 
the strearnbed; ,: ~ wTwS0 • 

The force exerted on the streambe<l 
within each increment of a subsec
tion on Figure 1 is the incremental 
of tractive shear; i: = w<liS0 , 

Unit weight of water which is assumed 
to be 62.4 lbs/ft 3 regardless of 
sediment concentrations and water 
temperature. 

Change in pond storage during time 
period, t.t. 

Optional input time interval selected 
to subdivide hydrograp}-i: tirrie-;-1h; 
into finite elements, t.t, for pur
poses of flood routing as desired by 
User. If not input, t.t becomes an 
internal variable based on Time Unit 
multiplied by IJni t of Time (reference 
Table, Figure 6). 
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LIST OF SYr-1BOLS (continued) 

Documentation Program Units Definition 

TT * Dimensionless 180° (not radians). 

i CLB Dimensionless As used in Equation 48, this is the 
culvert length, L, divided by the 
culvert height, D. times 0.01; i.e., 
i = O.Ol(L/D). 

*Used as a constant in the program, rio variable name assigned. 
**Variable used more than once in program. 
***Value calculated as needed or stored in a table of values, no variable 

name assigned. 

xx 



Chapter 1 

ENGINEERING OOCUMEN'TATION 

INfRODIJCT 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 undertook 
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) ~as been investigated by Wacker (2), but 
requires further study and programming. It is hoped the Federal Highway 
Administration's (FHWA) logic fo: an improved inlet program can be modifietl 
and incorporated into this system (a.q 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 confonn to acceptable 
flood hazard documentation in accorda"'lce with Wyoming's practices is under 
study. A lir.kage 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 
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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 b.etter identify the 
magnitude of this "safety factor" so more intelligent decisions cai, 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 lmown), and arbitrarily increasing the culvert 
size (perhaps by a certain dollar amol.Illt based on a percentage of the 
required culvert size). These alternatives are not intended to be all 
inclusive. The point is that the cost benefits of a safety factor can be 
best detemined only when the engineer has reasonable h.-nowledge of the 
significant variables involved in the design. 

SYSTFJllf OVERVIEW 

The system provides four distinct types of analysis that can be 
classified into two broad options: design .:..~d 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 perfonnance data for a specific 
culvert identified by the User. In this option, the User identifies the 
culvert type (in accordance with those listed above), size, inlet type, 
slope, and number of barrels. 

Within the design option, the User must select one of two methods of 
design: irrigation 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 design method uses any temporary 
upstream pond storage by routing a hydrograph through the site. 

TI1e 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 
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option and then review this design culvert size using the five performance 
discharges. This satisfies FHWA requirements (4) for a culvert perfonnance 
curve and assists in making a flood hazard assessment provided the basic 
flood (100-year event) is one of the five perfonnance discharges. It is 
not necessary to input the five perfonnance discharges in order to secure 
a culvert design, however. 

The review option can also be used to obtain a culvert perfonnance 
curve for a predetennined 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 tmique 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 Oto 
about 15 square miles. In Wyoming I 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 region would be to specify the irrigation design option as snowmelt 
hydrographs tend to 'have relatively long duration hydrographs. 

TI1ese 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 perfonnance 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. 

SYSTFM OPERATION 

The system develops tabular data for either manual or automated 
plotting of the stage-storage relationship and for plotting a stage-storage 
relationship to define the tailwater (Tw) (Figure 4). rne stage-discharge 
relationship is sometimes referred to as a rating curve ancl 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 geometry or to reflect complex tailwater situa
tions (backwater from existing culverts, bridges, etc.). When deemed 
advisable, a flow distribution can also be provided by this system (dis
cussed later). ttaving quanti£ied the hydraulic site conditions, the 
system selects an initial trial size and type 1 culvert when in the design 
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1The minirn.IITI size is used as the initial trial size only for the first 
culvert type specified for analysis. Subsequest culvert.types for which an 
analysis is 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. 



' option (both drainage and irrigation methods of design). This initial 
trial size is an 18" rotmd or equivalent size commercial (factory manu
factured) culvert. Notably, the minimum box 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), lit, in. 
accordance with the USER INSTRUCTIONS, or use the internally generated lit 
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, Qd, over the selected time inter
val. Those not familiar with engineering tenninology should remember that 
volume is just that, volume; whereas discharge is a volume per wiit of 
time; i.e., cubic feet as opposed to cubic feet per second. With this 
average discharge, the system interpolates a tailwater, Tw, (Figure 4) 
using the tabular stage-discharge relationship and then computes a trial 
culvert headwater, 1-lwc, (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 
amotmt of storage volume generated·upstream usfng the stage-storage 
relationship. From the foregoing hydrograph time interval, lit, an incre
mental flood volume arriving at the site during the selected time interval 
or routing period can be identified. The product of the average discharge, 
Qd, used to identify the tailwater, Tw, and the selected time interval, lit, 
provide an estimate of the flood volume passing through the culvert during 
the incremental time interval. The amotmt of incremental flood volume 
input to the site must equal the amount of flood volume temporarily stored 
plus the amotmt 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 (S). Mathematically, the basic flood routing equation 
is: 

or 

I - 0 s 
t la 

2 §1. - 01 +It+ 12 = 2 ~ + 02 --------------------------- lb ll t lit 

· 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, 
tit, the basic flood routing equation can express this relationship by 
Equation le which evolves from Equation la as: 

tiS = Qillt - Qillt ------------------------------------------ le 

These equations can be shown to be 

It + 12 
2 

01 02 
= llS + 2 + 2 ------------------------------------ ld 

On the initial trial for a given culvert size and type, 2 the system 
assumes Qd = (Q1 + Q1-1)/2 and then selects a tailwater, Tw, commensurate 

2 Ibid. 
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with this assumed outflow discharge. This discharge is routed through the 
upstream pond and culvert. The balarwe indicated in Equation ld,6bviously 
can not occur if there is any storage. This failure to balance Equation ld 
tells the system to (1) decrease the previously assumed outflow, discharge, 
Q, and (2) select a new lower tailwater, T, commensurate with this new 
t~ial outflow discharge, Q. The balancingwprocedure is repeated. This 
time the flood volume passgd through the culvert will be reduced since· the 
outflow discharge, Qd, was reduced. As such, Equation ld may balance; if 
not, -the foregoing logic is iterated until a volume balance is reached 
within the.greater of the following limits: 

±.6(Time Unit)Q1 or ±(60 cfs) (Time Unit) 

5 

The second value was needed because Q. can be zero while the system is still 
discharging the stored nmoff. If tht 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 Qd 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 is printed out 
whenever this forced balance is required. 

After an incremental volume balance is reached, the time is advanced 
another increment, 6t, on the hydrograph. Each subsequent incremental 
volume balance rust necessarily consider the amount of pond·storage, s2, 
occupied by the previous incremental volume balance. , Each time the incre
mental time interval, 6t,_ is advanced along the hydrograph base, it identi
fies another increment of flood volume, Q.6t, a new average inflow discharge, 
Q1, and the foregoing balancing procedure1 is repeated. Again, _the system 
keeps track of the total storage volume being created or depleted in the 
upstream pond through each incremental time interval, 6t, in accordance 
with the logic set forth in Equation ld. 

This processing of the hydrograph through successive time increments, 
6t, 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 headLJater, Dh. The design headwater is por
trayed in Figure 4 and is an input value. wlf the design headwater is 
exceeded, the system increments the culvert opening, returns t~ the begin-· 
ning of the hydrograph arid 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, Dpo• and inundation time, Din• and similarly increments the 
culvert size should these input constraints be exceeded. 

The system will increase the mnnber of culvert barrels if it can not 
satisfy the design headhlater CDtiw), surface area (Dp 0 ), and-inundation time 
(D

1
.) limitations with a culvert having the greatest allowable vertical 

cu Oert dimension, ~d• specified for the site. The Gd is an input value 
to prevent the system from selecting a culvert that isvnot compatible with 
embankment cover requirements (see FiguTe 4). The system increments 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 dimensi<;ms for each culvert type are con
tained internally in the system (10 feet for boxes, 21 feet for rolllld 
metal, 8 feet for rolllld concrete, 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 folllld, the program 
selects the next smallest size and returns to the beginning of the 
~ydrograph and repeats th~ fl<;>od routing pro~ess .. If ~l.'Z' Dpo or Din 
is exceeded the program will increment the pipe size. It Di-iv, Dpo or Din 
is not exceeded, the pipe size will be decremented until a size that ex
ceeds one-of the constraints is found and then the program will return 
to the next larger size that was already.folllld to be satisfactory. 

_Once a culvert size corrnnensurate with the design headwater CI\iw), 
pond surface area (Dp0 ), and inundation time (D1n), and cover limitations 
have been determined, the system proceeds to identify 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 
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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 maximlDTI). This review process provides the pcrfonnance 
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, 
Dtiw, for the peak discharge, Qp,• With the review option, the design head
water limitation is again bypassed as the system is working with an input 
culvert size. 

6 

The system logic can be subdivided into six general engineering cate
gories. 111ese are: (1) stage-discharge, (2) stage-storage, (3) hydrograph, 
(4) headwater, (SJ 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, Tw, 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 
discharge, qi; velocity, v; Froude number, Fr; and tractive shear, i:, at 
various points across the cross section. The flow distribution is dis
cussed in detail later. 

Provision has been made in this system so the User can subclivide a 
cross section into a maximum of nine subsections with one subsection being 
the minimlDTI 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 to soil and vegetation that may occur on a given cross 
section (Manning's n). 
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The various depth-'discha:rge 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 (S,14). 

v = 1
·~86 R2/3 s0

1/ 2 (Manning's equation) ---------------- 2 

q =_va (Continuity equation) -------··--------------------- 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 cross 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 homog~neous cross section is defined 
as having unifonn 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 th.e 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➔Xn, 
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 -~ -------------------------------------•--------- 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). 
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The program evaluates the streambed stability by estimating the trac
tive shear, 1, occurring on the bed. This is a gross estimate found in 
most texts and is computed using Equation 5: 

T = wS0 (Tw) ----------------------------------------------- 5 
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Comparing the tractive shear, 1, with allowable values for various 
streambed materials as folilld in modem 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 infonnation within the range of the six input dis
charges used to develop the culvert performance curve., This is accomplished 
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 (lilliforrn 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 overriding 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 
Wlder Stage-Discharge. Storage is the volumetric storage occurring up
stream from the culvert for a given stage or pond depth (culvert headwater, 
Hw, 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 alterr1adve. 

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 sect'ion at the cul
vert inlet; the first ups•tream cross section at its indicated upstream 
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location, and then any other 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 
UseP is cautioned 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 o:. "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 pennanent 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: 

I raj + a'j+l] Lv .; Bs ------------------------------
j=l l 2 

6 

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 is 
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 inoremental storage pPism 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, Lv, 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 (inwidated 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, Lv, 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, channel 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 vertiaal plane (see Figure 3) that can be used to manually 
compute a stage-storage relationship using logic similar to Equation 6. 
The stage vs. area intmdated is tabulized manually and input to the system 
to define this relationship. 

The User can do several things to improve the accuracy of the stage
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 streanlbed elevation at 
the aulvert entranae, 

2. The storage existing above-the upstream fill slope will be 
ignored (see Figure 4). At present, this program does not 
accotmt 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 
s~gnificantly_ 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 alternative on very complex 
sites. This added design cost should be weighed against the 
site's importance, however. 



7. Use average distance rather than survey station distances 
between upstream cross sections for storage- areas having a 
sinuous shape .. 

Hydro graph 

15 

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 colTDllOn 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 teTIIIS 
of drainage area (1). The standard error of estimate for the volume 
relationship can be significantly improved by also including such watershed 
parameters as maximum basin relief, basin slope, and channel slopy in the 
expression used to compute the hydrograph volume. Therefore, because of 
these many alternative 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 DESCRIPfION OF INP!Jf, 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, Vi, and peak discharge, Qp• The relationship between these vari
ables is shown in the following equations: 

Minutes per Time Unit= 726 ~6 f_
97o~ ------------------- 8 p. 60 

Cubic Feet/Second per Flow Unit=~ --------------------- 9 

,The example of Table 2 and Figure 6-illustrate the use:of these equations. 
In the example of Table 2, the peak discharge, Qp, is 168 cfs and the 
corresponding volume; Vi, is 7.03 acre-feet. The time•ana flow units 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 

Min 1 Unit rlr.2 T.U. Min. of 
Flow 

'.) 

5.6 

13 

25 

49 

57 

60 

59 

55 

38 

23 

12 

5.2 

2.0 

0.5 
0 

Q 

1Minutes 
T.U. 

17 

= 726 (V /970] 
Q/60 

2_q__ = _Q_ 
F.U. 60 

T.U.= Time Unit 

F.U.= Flow Unit 
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Table 2 

Sample of Computed Hydrograph 
(Reference Figure 6) 

Minutes Units 
Time Minutes of 
Unit Flow 

cfs 
Flow 
Unit 

'• . ••l,.,. ••• 

1.88 0 0 2.80 

/ 6 5.6 / 

9 13 

13 25 

19 49 

21 57 

23 60 

24 59 

26 55 

34 38 

43 23 

56 12 

75 5.2 

94 2.0 

v 113 0.5 v 
1.88 132 0 2.80 

18 

cfs 

0 

16 

36 

70 

137 

160 

168 

165 

154 

106 

64 

34 

15 

5.6 

1.4 

0 
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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, ~t. Obviously, three would be the minimum number 
of discharge and time values needed to describe a hydrograph (the corrnnonly 
used "triangular" hydrograph). The maximum number of discharge and time 
values is 200 (67 cards). This particular altePnative makes this culvert 
design system technically usable in any geographic region in the world~ 
provided a reasonable hydxaograph can be synthesized. 

Headwater 

This logic determines the upstream pond depth, Hw (Figure 4), identi
fies flow types, and computes the culvert barrel's outlet properties 
(velocity, depth, Froude number). The govePning headwater within Zone 1 
of Figure 7 is identified by first comparing the headwater that would 
result if the culvert were in inlet control, Hi, to the headwater that 
would result if the culvert were in outlet control, Ho. (8,9). 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, Qd, is increased, the headwater increases ~o where 
the inlet becomes submetged (about a headwater over vertical culvert dimen
sion of Hw/D " 1. 2). When 1. 2 < Hw/D < 1. 5, the culvert headwater, Hw , 
tends to fluctuate, vortexes forin 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, Hwf, associ=
ated with the full barrel discharge, Qf. This establishes point b on 
Figure 7. Line be 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, Hw, exceeds the full flow headwater, l-lwf• 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 
flow to full barrel flow without incurring a discontinuity in the program's 
logic. 
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In Zone 1, the inlet control headwater, Hi, 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 t~e National Bureau of Standards between 1955 and 1967. Refer
ence Tables 3, 4, 5, 6, and 7 for coefficients used in Equation 10. 

Hi = (A' + B'X + C'X2 + D'X3 + E'X4 + F'X5 )D ------------- 10 

The headwater for outlet control 1s computed using a fonn of 
Bernoulli's equation. Specifically: 

22 

Ho = H + He - , (LS0 ) --------------------------------------- 11 

The 1'eade1' is cautioned that in the culvert logic, the system has by 
initialization procedures, defined the-tenn Has two different but related 
items. Initially, it defines Hin Equation 11 in accordance with this 
documentation. Further on in the program logic, it redefines. flo in Equa
tion 11 as H. 

The energy line for part full flow at the outlet, He , has been 
appro1irnated by using the larger of tailwater, Tw, (8) or the.hypothetical 
value 

de + d 
2 ------------------------- ------------------------- 12 

This situation is considered to be tailwate1' cont1'ol which is one type of 
outlet contl'o l. 

h'hen the culvert reaches full flow, the outlet energy line is defined 
by using the larger of tailwater, Tw, 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 ba1'1'el con
t1'ol, another fonn of outlet control. 

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

is used to bridge the discontinuity. 

The product of culvert length and slope,LS0 , defines the elevation 
difference in Bernoulli's equation. As such, ic reduces the res.ultant 
outlet headwater, H, by providing elevation head in accordance with 
Equation 11. 0 

3Norrnally, this expression is considered to be (de+ 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, ~. 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 
assuned to be insignificant as it would occur primarily with very short 
culvert b11rrels. 



Table 3 

Circular Concrete and Elliptical Concrete Inlet Control Coefficients (10) 

Inlet Type Code* A' B' C' D' E' 

Socket-end Projecting 1 0 .108786 0.662381 -0.233801 0.0579585 -0.0055789 

Square Edge Projecting 2 0.167287 -0.558766 -0.159813 0.0420069 -0.0036925 
-

Socket-end Headwall 3 0.114099 0.653562 -0.233615 0. 0597723 -0.0061634 

Square Edge Headwall 4 0.087483 0.706578 -0.253295 0.0667001 -0.0066165 

End Section 5 0.120659 0.630768 -0.218423 - 0. 0591815 -0.0059917 

Bevel (A) R/D = 0.067 6 0.063343 0.766512 -0.316097 0.0876701 -0.0098369 

Bevel (B) R/D = 0.033 7 0.081730 0.698353 -0.253683 0.0651250. -0.0071975 

*No~e: This is first digit of computer code in Table 9. 

F' 

0.000205052 

0.000125169 

0.000242832 

0.000250619 

0.000229287 

0. 000416 76.0 

0.000312451 

N 
c_,.:i 



Table 4 

Concrete Arch Inlet Control Coefficients (10) 

Inlet Type Code*.· A' B' C' D' 

Socket-end Projecting 1. 0.089053 0.712545 -o·. 270921 0.079250 

Socket-end Headwall 3· 0.111281 0.610579 -0.194937 0.051289 

Mitered 8 0.083301 0.795145 -0.434075 0 .163774 

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

E' 

-0.0079805 

-0.0048054 

-0.0249139 

F' 

0.000293213 

0.000168547 

0. 00141066 

N 
~ 



Table 5 

Circular Metal Inlet Control Coefficients (11) 

Inlet Type Code* A' B' C' D' 

Projecting 2 0.187321 0. 567719 -0.156544 0.0447052 

Headwall 4 0.167433 0.538595 -0.149374 0.0391543 
-

End Section 5 0.120659 0.630768 -0.218423 0.0591815 

Bevel (A) R/D = 0.067 6 0.063343 0.766512 -0.316097 0.0876701 

Bevel (B) R/D = 0.033 7 0.081730 0.698353 -0.253683 0.0651250 

Mitered (or Step Bevel) 8 . 0.107137 0.757789 -0.361462 0.1233932 

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

E' 

-0.0034360 

-0.0034397 

-0.0059917 

-0.0098369 

-0.0071975 

-0.0160642 

F' 

0.000089661 

0.000115882 

0.000229287 

0.000416760 

0.000312451 

0.000767390 

N 
u, 



Table 6 

Metal Arch Inlet Control Coefficients 

i 
Inlet•Type Code* A' B' C' 

. 

Projecting 2 0.089053 0.712545 -0.270921 

I:Jeadwall 4 0.111281 0.610579 -0.194937 

Mitered (o~ Step Be~el) 8 0.083301 0.795145 -0.434075 
I 

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

D' E' 

0.0792502 -0.0079805 

0.051289.3 -0.0048054 

0.1637740 -0.0249139 

F'--~ 
-

0.00029321 

0.000168547 

0.00141066 

N 

°' 



Table 7 

Concrete Box Inlet Control Coefficients (12, 13) 

.. 

Inlet Type Code* A' B' C' D' 

Wingwalls oc = 30° to 75° 1 0 .072493 
. Square top edge 

0.507087 -0.117474 0.022170 

Wingwalls ~ = 90° and 15° 2 0.122117 0.505435 -0.108560 0.020781 
Square top edge 

I 

Wingwalls parallel (oc = 01) 3 0.144138 0.461363 -0.092151 0.020003 
Square top edge 

I 

Wingwalls oc = 18° to 33.7° 4 0.0695633 0.4412465 -0.0743498 0.01273183 
1½:1 top bevel 

Headwalls oc = 90° inlet 5 0.122117 0.505435 -0 .10856 0.0207809 
Skewed to 45° 
Square top edge 

Headwalls oc = 90° inlet 6 0.1566086 Q.3989353 . -0. 0640392 0.01120135 
Skewed to 45° \ 

1:1 top bevel 

Headwalls oc = 90° inlet 7 0.0967588 0.4551575 -0.0812895 0.0125577 
Skewed 90° 1½:1 
Top bevel . 

*Note: This is first digit of computer code in Table 10. 

E' 

-0.0014896 

-0.0013676 --

-0.0013645 

-0.0007588 
,-

-0.00136757 

•, 

-0.0006449 

-0.00067794 

. 

F' 
I 

0.000038013 

0.000034564 

0.000035843 

0.00001774 

0.00003456 

0.000014566 

0.0000148 

N 
--.J 



' 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, Tw) consists of three major parts. These three parts 
usually express energy .in feet of water and include a velocity head, Hv; 
an entrance loss, Hi; and a barrel friction loss, Hf. This energy is 
obtained through pondi~g water at the entrance and can be expressed as: 

H = Hv +Hi+ Hf------------------------------------------ 13 

28 

l~1en the barrel is full, the velocity head, Hv, is defined by Equation 
14 with Vf being the full flow velocity. 

Hv = Vf2/2g -------------~--------------------------------- 14 

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. 111is was done by limiting the 
maxirrrwn paI't full velocity, V, to that velocity corresponding to critical 
depth or Ve (the minirrrwn part full velocity is of course that velocity 
corresponding t~, full flow, V f); i.e. , V c .::_ V .::_ V f. The logic for this 

·constraint is s:i.mple. Mininrum energy corresponds to that energy associated 
with critical fl~ conditions, and when the velocity exceeds critical velo
city, the culv~. is sufficiently ste_ep as to have its velocity and velo
city head generltlted solely by the culvert slope (gravity) and not by an 
upstream pond <ktflth (elevation)" Naturally, this presllllles tailwater 
control is nota;tfecting the ability of the culvert slope to generate this 
velocity. · 

If the t;!i~ter momentlllll is greater than the pipe momentlllll, the veloc
ity head, Hv, i.iiicpmputed using the velocity associated with the tailwater 
depth or D, whi~yer is less. The same limits on velocity are used as in 
the preceding pgiliragraph with one additional restraint. If tailwater momen
tum governs ~,·,the tailwater depth is less than dn, the velocity associated 
with dn is use~'to compute Bv· 

The entrance Joss is expressed in te~ of the velocity head and an 
entrance loss cQefficient, Ke, that is unique for various types of collllllOnly 
used culvert entrances. These coefficients can be found in Tables 8, 9, 
and 10. For a full barreZ, 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. 

v2 
Hi= Ke 2g -------------·--------------------------------- 15 

As explained previously with part full barrels, the critical velocity, Ve, 
is the maximlllll 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: 

H = j 29.1 n21j jVfj 2/3 (\!)2 ------------------------------ 16 
f Rnt.33 Vo 2g 



Table 8 

Metal Pipe Inlet Codes (10, 11) 

Circular 

Inlet Type Structural 
Riveted Structural Plate 

<.. Riveted 25% Paved Plate - 25% Paved 

Projecting 21 22 23 24 

Headwall 41 ·42 43 44 

End Section 51 52 53 54 

Bevel (A) R/D = 0.067 61 62 63 64 

Bevel (B) R/D = 0.033 71 72 73 74 

Mitered (or Step Bevel) 81 82 83 84 

Manning'· s n 0.024 0.021 0.032 0.026 
. '" 

Pipe-Arch 

•. 

Unpaved 25% Paved 

23 24 

43 44 

-- --

-- --

-- - -

83 84 

0.032 0.026 

Entrance 
Coefficient 

Ke 

0.9 

0.5 

0.5 

0.2 

0.2 

0.7 

N 
\0 
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Table 9 

Concrete Pipe Inlet Codes (10, 11) 

Inlet Type Circular Arch Ellipse Entrance 
Coefficient, Ke 

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 -- I 71 0.2 

Mitered -- 81 -- 0.5 
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Table 10 

Box Culvert Inlet Codes (12, 13) 

Inlet Type Concrete Entrance 
Coefficient, Ke 

Wingwalls « = 30° to 75° 11 0. 4 , 
Square top edge (R/D = O) 

Wingwalls « = 90° and 15° 21 0.5 
Square top edge (R/D = 0) 

Wingwalls « parallel (« = 0°) 31 0.7 
Square top edge (R/D = O) 

Wingwalls « = 30° to 75° 41 0.2 
1½: 1 top b_evel (RID = 0.083) " 

Headwalls~= 90° 51 ,) . 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) 

Headwalls«= 90° 71 0.2 
Inlet skew 90° 
1½:1 top bevel (R/D = 0;083 
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Equation 16 is ob.tained from the familiar Darcy-Weisbach equation (14), 
which has been manipulated by others to make use of the friction value, n, 
in Manning's euqation (15). Note that for this system, Equation 16 has 
been modified by the tenn (Vf f Vo) 2/ 3 and by using V0 in lieu of the full 
flow velocity normally associated 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 V0 = Vf. 
Similar to V0 , the value used for the hydraulic radius in Equation 16, Rn, 
is that corresponding to the barrel flow conditions but.constrained be
tween critical and full flow conditions or Re.::_ Rn.::_ Rf. 

Admittedly, the friction loss in part full flow is not computed with 
any great exactness by this system. Ideally, a water surfac~ profile 
through the barrel is required to best identify the losses. To circLD11vent 
a sophisticated water surface profile procedure, the foregoing approxima
tion offered by modifying Equation 16 was used. 

Program problems were encoun.tered when the head, Ho, was being com
puted for small design discharges, Qd, that had small flow depths in the 
barrel. To resolve this problem, the lower limit on outlet control head
water, H0 ;was limited to the normal culvert flow depth, d, as a rninimLDll. 
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, Yb; velocity, Vb; specific 
force, Mb; and Froude nwnber Frb• 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.), suitability 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 identify other uses for 
these flow profiles. It should be noted that while these flow profiles are 
similar to those used by the U.S. Geologiaal Survey, they should not be 
construed as irrrplying that the U.S. Geological Survey culvert equations are 
used in this system, with the single exaeption of differentiating between 
Types V, VI, and VII flow as shown on Figure 10 and related discussion 
regarding Figure 10. 
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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 (S,14) as is the continu
ity equation used to compute outlet velocity, Vb. 

Froude Number: 

Frb = ;~?b ----------------------------------------------- 18 

Culvert Outlet Specific Force: 

Mb= 8lwAbyb + 82~ Qd Vb---------------------------------- 19 2 g 

Tailwater Specific Force: 
TW w -

Mrw = wArw-y- + g (Qd)V ------------------------------------ 20 

Culvert Outlet Velocity: 

-Vb. '-- (2~) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 21 

I 

The specific force equations (19 an~ 20) do not use the centroid of 
the outlet area, Ab, as reconnnended in the literature by Chow (SJ. 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 eorrection factors, 131 · and 82. TI1ese 
coefficients have been identified for circular and rectangular culverts 
only. It was, therefore, assumed that the 81 and 82 values for rectangular 
shapes are sufficient for arch and oval culverts. The s1 and 82 coeffi
cients are defined by Equations 22 and 23 and by first assuming 81 is as 
defined in Equation 23; i.e., the control term 681, uses 81 as defined by 
Equation 23. 

Round Culverts 

If 681<B~9 2 , use 81 = 0.82666+ ~.75654(Tw + Yb) -

0.10305(Qd + B5
/

2
) --~---------~---------------------- 22 

If 6S1>B19z , use 81 = 0.46452 + 0.35468(Tw+ Yb)+ 

0.02237(Qd + B5/z) ----------------------------------- 23 

Bz ~ 1.02 -------------------------------------------- 24 



··•~ Table 11 

Fiow Type Variables* -

Flow Hw/D d/dc Qd/Qf (S0 L+D)/Tw So/Sc Tw/D Mb/MTW d/D dc/Tw de/D Yb Type 
--

IA <1.5 <1.0 <1.0 - >1.0 <l.O >l.O <1.0 - <LO d 
IB <1.5 <LO <1.0 >1.0 - >1.0 <LO <1.0 - . <LO D 
IC <1.5 <l:O <LO >1.0 >1.0 >LO >LO <1.0 - <LO d 
ID >L5 <LO <LO - >1.0 <1.0 >LO <1.0 <LO d 
IE <1.5 <1.0 <LO >1.0 >1.0 >1.0 <1.0 <1.0 <1.0 <LO D 
IF >1.5 <1.0 <1.0 >1.0 >1.0 >1.0 >1.0 <1.0 <l.O <1.0 d 
IG <1.5 <LO <1.0 - >1.0 <1.0 <1.0 <1.0 >1.0 <1.0 Tw 
IH >1.5 <1.0 <1.0 - >1.0 <1.0 <1.0 <1.0 >1.0 <1.0 Tw 

IIA <1.5 >1.0 <1.0 - <1.0 <1.0 - <1.0 >1.0 <1.0 de 
IIB >L5 >1.0 <1.0 - <1.0 <1.0 - <1. 0, >1.0 <1.0 de 

IIIA <1.5 >1.0 <1.0 - <1.0 <1.0 - <1.0 <1.0 <1.0 Tw. 
IIIB >1.5 >1.0 . <1.0 - <1.0 <1.0 - <1.0 <1.0 <LO 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 <LO D 
V - - >1.0 - - <1.0 - - - <1.0 de 

VIA - - >1.0 - - <1.0 - >1.0 - >LO D 
VIB - - >LO - - >1.0 >1.0 >LO - >1.0 D 
VII - - >1.0 - - <1.0 - >1.0 •>1.0 <1.0 say (de+Tw).,.z 

*Figure 8 illustrates these criteria for identifying flow types 

I-Iw.·. = Headwater pond, feet 
D = Vertical culvert height, feet 
d = NonnaL flow depth in culvert without tailwa ter influence, feet 
de = Critical flow depth in culvert, feet 
Qd = Barrel discharge, cfs 
Qf = Discharge when barrel is full, cfs 
S0 ·=Culvert slope, feet/feet t.,.I 

V, 

L = Culvert length 
Tw = Flow depth in natural channel downstream 
Sc = Critical culvert slope, feet/feet 
Mb = Specific force at culvert outlet, lbs 
Mrw = Specific force at culvert outlet due to tailwater, lbs 
Yb = Brink Depth, feet 



also. 
1.0. 

Rectangular Culverts 

Asswne these 
81 can not 

If So < Sc, 

coefficients are valid for arch and elliptical shapes 
be greater than 1.0 or less than zero;'i.e., 0 < 81 < 
and Tw < Yb, then 

B 1 = [ ~~] 2 
[ 3 - 2~~] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 5 

OtheTh'ise, 

81 = 1.00 ------------------------------------------------- 26a 

82 = 1.00 ------------------------------------------------- 26b 

36 

In accordance with Figure 8, the outlet (brink) depth, Yb; corresponds 
to either the tai-lwater, Tw;. the culvert's critical depth, de; the culvert's 
nonnal 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, Yb, 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 per~meters, P2; hydraulic radius, Rp; top width of 
waterway, Tp; and hydraulic depth, dp. . 

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 

· ll 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 jwnps confined to the culvert barrel and are 
admittedly unlikely to occur. 

·' 
Exact geometric properties for circles were computed using equations 

obtained from Marques' computer program (13), or 

I '! . - 1 
[2Yb ] I . Pp= D ~ 2 + Sin D - 1 ------------------------------ 28 

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 1'/yoming Highway Department in order to obtain the following expres
sions used in estimating the geometric rroperties. The related statistical 
properties are included for reference. 



Ap = BD(-0.03824 + 0.98591(YbtD) - 0.15924(YbtD) 2 ) ------- 30 

Multiple Regression Coefficient= 1.0000 
Standard Error= 0.0010 

Rp = D(-0.02894 + l.01687(YbtD) - 0.66163(Yb.;-D) 2) --------- 31 

Multiple Regression Coefficient= 0.9989 
'Standard Error= 0.0040 

Tp = B(0.98406 - 0.80765(Yb+D) 4 ) -------------------------- 32 

t'1ultiple Regression Coefficient= 0.9923 
Standard Error= 0.0284 

37 

Similarly, regression techniques were again applied to data by Zelensky 
· (17Y for structural plate pipe arch culverts (SPPA) 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 estimate of the geometry properties and not an exact solution. 

~fultiple Regression Coefficient= 1.0000 
Standard Error= 0.0011 

Rp = D(-0.03385 + l.00955(Yb.;-D) - 0.65458(YbtD) 2 ) --------- 34 

Multiple Regression Coefficient= 0,9988 
Standard Error= 0.041 

Tp ~ B(0.9636 - 0.82876(Yb.;-D) 5) --------------------------- 35 · 

Multiple Regression Coefficient= 0.9896 
Standard Error= 0.0324 

For the concrete ellipse (oval) culvert with -the 'long axis horizontal, 
the regression analysis provided the following equations using the same 

·data source. These expressions also provide only estimates of the geome
tric properties; 

Ap =_BD(-0.07462 + 0.96631(YbtD) = 0.07636(YbtD) 9 ) -----~-- 36 

~fultiple Regression Coefficient= 0.9998 
Standard Error= 0.0049 

Rp = D(0.01645 + 0.59206(Yb.;-D) - 0.2_8286(Y.b.~l))-~) ---------- 37 

Multiple Regression Coefficient= 0.9989 
Standard Error= 0.0047 

Tp = B(0.47603 + 2;31817(YbtD) - 2.59557(Yb.;-D) 2 ••• 

• • • + 2.60422(YbtD) 7 - 2. 70755(YbtD) 9 ---------------- 38 

Multiple Regression Coefficient= 0.0075 
Standard Error= 0.0165 



TI1e geometry of rectangular shapes result in relatively simple and 
exact geometrical relationships. These equations are: 

Ap = BYb ------------------------------------------------- 39 

Pp= 2Yb + B ---------------------------------------------- 40 

Tp = B ---------------------------------------------------- 41 

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 

38 

From the foregoing geometric relationships, it was possible to identi
fy the hydraulic depth, dp, as 

A . 
d - ~ -------------------------------------------------- 45 P Tp 

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

A 
Rp = ~ 

p 

TI1e foregoing expressions for hydraulic depth and hydraulic radius are 
commonly found in hydraulics texts (S,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 proper-ties which can occur due to the 
regression equations providing only a ''best fit estimate." This limit 
control was accor.tplished by interpolating linearly between YbiD = 0 and 
(Yb~D) :=· 0.1. Geometric limits corresponding to full barrel conditions 
were established as the maximtmt full barrel values. 
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At this point, discussion is warranted concerning a particular problem 
encountered in transposing 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, Rp, 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
metrical0properties, this reversal did not occur (see Figure 9). Instead, 
as an example, line gbc on Figure 9 would represent the part full hy<lraulic 
·radius, 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, Rp, 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 maximt.nn 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 O. 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 radius, Rf, at point e which is a compromise between 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 equations 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 regression analysis by the Wyoming 
Highway Department. 

Concrete Culverts-

S0 1 = 0.01490 + 0.05168 ln (Y+l) -------------------------- 47a 

Multiple Regression Coefficient= d.7017 
Standard Error= 0.0103 

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

l.OH-11.14022 + 102.008r/D 
y = £(l69.151892e-65,51 l308r/DJ 1356.899746e-69.941B91r/D 

------- 47b 

Metal Culverts 

S0 1 = -0.01139 + l.52602Y - 85.20076Y 3 + 2201.4543SY5 

Multiple Regression Coefficient= .9591 
Standard Error= 0.0068 
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The value of Yin this polynorninal is defined by Equation 48b and the 
constant Fis defined by Equation 48c. 

_ . [(J1.-F)11) Y - 0.03789 + 0.98469J1. - 2.00115 Sin ?O-ZF -

0.6466(NHR)Sin(~~=~i
11J -------------------------------- 48b 

F = (9.65429 - 28.65714.E6D) - (13.89714 + 

52.57143r/D)(Nhr) ------------------------------------- 48c 

_ 29n2 (Hw) 
Nhr - Rf4/3 -------------------------------------------- 48d 

The system computes a value for S0 1 using the foregoing equations 
. depending on whether a concrete or metal culvert is being analyzed •. The 

value of Dis the.greatest vertical dimension which may introduce some 
error with arch and oval culverts. The true culvert slope, S0 , is compared 
against S0 1 to detennine if Type V or Types VI and VII flow are occurring; 
i.e., S0 .:. S0 1 results in Type V flow, whereas S0 < S0 1, then either Type 
VI or Type VII flow is probably occurring. Figure 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, de, corresponding to a given 
discharge, Qd. 

Qd2Tc 
g.,\C3 ---------------------------------------------------- 49 

The system selects a trial critical depth, de: With this trial value, 
the top width, Tc, and area, Ac, are computed using Equations 27 to 41. 
With these values of Tc and Ac, Equation 49 can be solved. If the indi
cated identity does not result, the trial depth, de, 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 SO: 

de= [(Qd~B)2]1/3 ----------------------------------------- SO 

With all culvert shapes, the critical depth, de, was neoessa.rily 
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, Sc, 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 Z 
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 

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 accumulates 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, ql-9• No accuracy is sacrificed by 
this "shortcut." This vertical scale is then subdivided into equal parts 
(usually 20 for 5 per cent increT!lents on the flow distribution). By pro
jecting these subdivisions, hor:_:;ontally 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, fr; tractive shear, ti; velocity, v1; and dis
charge, q1, 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, q. A little 
manual manipulation of this data will also provide, the subsection discharge, 
ql-9· In additionL the flow-distribution provides the average depth, da; 
average velocity, V; and average Froude nlUllber, Fr, for the channel, The 
non-uniform velocity coefficient, a, and non-uniform momenturn 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 1 in 
more detail. 

) 
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As stated previously, the flow-distribution is not commonly used in 
designing or reviewing a culvert. However, in detennining erosion protec
tion requirements according to Schilling (3) and Wacker (7), it will be 
necessary to know the hydraulic properties of the natural channel--parti
cularly the maximum values. In addition, the data on the flow-distribution 
provides some insight into the environmental aspects surrollllding 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 
detennine 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 fonnats 
are operational at this time. The User can select only one of the opera
tional output fonnats plus the plotter output for a site with each computer 
nm. The following will assist the User in determining which combination 
of outputs will best suit his needs for a given site. 

As might be expected, the output fonnats 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 is cautioned to read the following before selecting a 
design output fol'mat as different·formats are necessary for different 
cirawnstanaes; i.e., flood hazards, whethe.r the design is preliminary or 
firiczL environ.mental problems, outlet erosion eeonomias, etc. It is 
possible to "generate a lot of paper" if aare is not taken in wisely 
·seleating the neaessaI"y out;put. 

Plotter Output 

. This is not a printer plot, but actually a plotter operation. The 
most economical time to use this output fonnat 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 infonnation block will also 
be printed which will have 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 Z:, reflects the plotter output. 
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Option 0.0 No Printout 

If the-design i.s completed and only a final plotter output is required, 
then this option should b.e used. 

Option 1.0 Culvert Perfonnance 

The most conunonly used output format will .probably be the culvert 
performance option because it provides the concise hydraulic summary that 
is necessary to evaluate a site. This option should be used in studying 
site geometry altematives and eliminating unsuitable culvert types. Quite 
often, this output option will be sufficient for selecting the final design 
for simple, 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. 

Option 2.0 Flood Routing 

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

Option 2.0 provides the maxinn.on 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 inundation 
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 
outlef"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
rronodate the conditions occurring during 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 0utput 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); hydrology (all items); design head
water; pond depth, structu'l"e velocity; natural channel depth; maximum velo
city. This hy, lraulic infonna tion is provided for each of the review dis
charges input :o the system (five maximum) and for the design discharge. 
These five revLew discharges are entered in one of the six collllllll headings 
along with its corresponding frequency. The specified design discharge and 
frequency is entered in the remaining collllllll heading and can be.identified 
~s such by the checkrnark within the parenthesis found in each collDIIJl 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 TIIB SYSTFM 

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 ~eviews 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" connnonly termed the basic flood. This flood has been arbitrarily 
selected as the 1OO-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 might be subject to this type of rigorous analysis. If a 
"super flood" is noted to cause a severe flood hazard or catastrophic 



47 

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. Hi hwa sin the River Environment (19) pursues 
_the use of the channel-forming 1sc arge an its relat1ons1ip 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 maximwn 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 the 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 period 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 sometimes 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 channel 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 conrpare inlets having similar inlet losses, Ke, even though the 
inlet geometry may differ. 

Another feature that should not be overlooked is the system's ability 
to evaluate beveled inlets. Before resorting to a larger culvert, consider 
using a beveZed or an improved inZet. As an example, when a conventionai 
culvert is operating in inlet control 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 channel. This evaluation is 
simplistic in nature as it only estimates the tractive shear a given flood 
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exerts on the cross section bed within the limits of a specified ~ubsec
tion. Comparing this value with lmown values of tolerable tractive shear 
allows the User to detennine 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 velocities are 
lower than anticipated. This should not be surprising if the User realizes 
that pond-storage had reduced the inflow discharge, Qi, to a smaller dis
charge, Qa, with a corresponding reduction in outlet velocity, Vb. 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, the User can usually provide less outlet protection than would have 
been required if storage were ignored. 

It is extremely 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.::_ 
• OS± nim). 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 Highway 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 eve~t, the User may 
elect to recommend a larger culvert to preclude sediment.problems. This 
currently must be a judgement decision. 

Wh:ile intended primarily for highway culvert locations,-the system can 
also evaluate flood retention ponds and other similar reservoir facilities 
torninonly 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. 



Chapter 2 

USER IXlCUMENTATION 

INTRODUCTION 

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

' 
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Card - one line of data on the C0 16 coding fonn which may be keypunched 
onto a computer card, a diskette, a magnetic tape, or a remote 
tenninal 

Deck - the lines of .data which go together to provide input for a· 
specific fIB1ction 

Group - a combination of decks which provide· the input for a logical 
sequence of flll1ctions 

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 combinations of the decks will be necessary depending upon the out
put desired as described in this documentation. 

The IB1iversal coding fom, C-16 (Figure 11), should be used in coding 
an data for this program. All decimal points must be coded in·Entries 1 
to 6 when using fonn C-16. A;; indicated on the fom, 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 niay add one or more 
100 cards in front of the stage storage deck to describe the situation 
modeled. These corrnnents 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 nm must be the 999 or TRAILER CARD. 

A schematic drawing showing each card type within each deck 1s pro
vided in Figure 12. See Sample Problem section for examples. 
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OPTIONAL - •SEE DESCRIPT!ctlS OF INPUT 

BEGIN SECCNIJ GROUP W!TII 
DJM-IENf CARD ~- . - - - - -

- l 

VERT DESIGN AND REVIEW 
SYSTEM CONTROL CARD 

STORAGE CROSS-SECTION 
axJRD !NATE CARD S 

· STAGE-STORAGE 
STORAGE CROSS-SECT!ctl 
STATION CARD 

· ----.,, CCM-1ENT CARD 

FLOW-DISTRIBUTION 
PROGRAM CONTROL CARD 

CULVERT DESIGN AND REVIEW 
INPUI HYDROGRAPH CARD 

LULVERT DESIGN AND REVIEW 
l'IJRK OPTION 4 CARD 

7 

- ., 
I 

I 

51. 

FLOW-DI STRI BUIJON 
DECK - REQUIRED 
ONLY FDR 
FLOW· DISTRIBUIION 
(Ml;ST BE LAST DECK 
IN CARD GROUP) 

CULVERT DECK - REQUIRED 
ONLY FOR CULVERT DESIGN 

STAGE-STORAGE 
SYSTEM OONTROL CARD 

STAGE-STORAGE DECK - REQUIRED FOR CJJLVERT DESIGN AND 
· STAGE-STORAGE . 

STAGE-DISCHARGE 
PJU:RAM DJNTROL CARD 

co+tENr CArul 

STAGE-DISOlARGE DECK - REQJIRED F-OR ALL RJNCT!ctlS INCLUDED 
IN 11HS IOOJMENTAT!ctl EXCEPT STAGE-STORAGE 

Figure 12 

Card Sequence 



Job Card Groups 

The most common and simplest fllllction.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 fllllction is to be 
executed independent of a culvert design or review. 

999 TRAILER CARD 

STAGE-DISCHARGE DECK 

10 0 COMMENT CARD 

Figure 13 

Stage-Discharge Fllllction 
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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. 

999 TRAILER CARD 

STAGE-STORAGE DECK 

100 COMMENT CARD 

Figure 14 

Stage-Storage Function 
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The design or review of a culvert with upstream storage (the clPainage 
design alte:t'11.a.tive) requires a stage-discharge deck, a stage-storage <leek, 
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 . 

( FLOW-DISTRIBUTION DECK 

( STAGE-DISrnARGE DECK 

999 CO!+IENT CARD 

Figure 15 

Culvert Function 

To obtain the flow-distribution function independent of a culvert 
design or review requires that the stage-discharge deck precede the flow
distribution deck according to Figure 16 . 

. (C/99 TRAILER CARD 

( STAGE-DISCHARGE DECK 

10 0 COMMENT CARD 

Figure 16 

Flow-Distribution Function 



54 

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

(999 TRAILER CARD 

( STAGE-STORAGE DECK 

( STAGE-DISCHARGE DECK 

100 COMMENT CARD 

Figure 17 

Stage-Discharge and Stage-Storage Function 

(999 TRAILER CARD 

( FLOW-DISTRIBUTION DECK 

( STAGE~STORAGE DECK 

( STAGE-DISCHARGE DECK 

100 COJ\MENT CARD I 
Figure 18 

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



(999 TRAILER CARD 

, ( FLOW-DISTRinUTION DECK 

( CULVERT DECK 

( STAGE-STORAGE DECK 

( STAGE-DISGIARGE-DECK 

100 COMMENT CARD 

Figure 19 

Stage-Discharge, Stage-Storage, Culvert 
(drainage design or review), and 

Flow-Distribution Function 

(99g·TRAILER CARD 

'( CULVERT DECK 

( STAGE-DISrnARGE DECK 

100 co~ CARD 

Figure 20 

Stage-Discharge and Culvert Design or Review 
Without Upstream Storage Ftmction 

(Irrigation Design) 
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(999 TRAILER CARD 

( CULVERT REVIEW #2 

( CUL VERT REVIEW #1 

(. STAGE-STORAGE 

( STAGE-DISCHARGE 

100 COMMENT' CARD 

Figure 21 

Reviewing More Than One Culvert-Functfon 

DESCRIPTION OF INPlJI' 

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. 

¾QRK CODE - Code HF 

DATA CODE - Code 002 

2. PROGRAM CONTROL CARD: Always include this card. 

DATA CODE - Code 001 

ENI'RY 1 - 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-. -

ENI'RY 2 - Blank 

ENI'RY 3 Code 0.0 if a cross section will be input. Code 1.0 if a 
stage-storage table will be input. 

ENI'RY 4 - Code the natural channel slope in feet/feet. 

3. TABLE CARD(S) - Include this card only when a stage-discharge relation
ship is input (Entry J of Program Control Card is 1.0). 
Do not include Cross Section Coordinate or Manning'sn 
Cards when thfs card is used. 
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DATA CODE - Code 010 

ENTRY 1 Code the depth in feet of the first stage (flow depth) 

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

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

ENTRY 4 Code the depth of the second stage 

ENTRY 5 - Code the second discharge 

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

CONf (Continuation) - Code_!_ if another Table Card follows_._ 

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:-

4. CROSS SECTION COORDINATE CARD(S) - Inalude this aard only when inputting 
a aPoss seation (EntPy 3 of the Pr>ogPam ContPol Card is ' 
0,0). Do not inolude Table Cards when this aard is 
used. 1 

DATA CODE - Code 020 

ENTRY 1 - Code the X coordinate of the left-most point in the cross 
section (X1). See Figure 1 for a s,chematical explanation. 

ENTRY 2 - Code the Y coordinate of the left-most point in the cross 
section (Y1), Y coordinates may be either elevation or 
distance in feet above the lowest point in the cross section. 

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

ENTRY 4 - Code the Y coordina·te qf the second point in the cross sec-
tion (Yz) •. 

ENTRY 5 Code X3. 

ENTRY 6 - Code Y3. 

CONf (Continuation) - Code 1 if another Cross Section Coordinate Card 
--f-0Uows. 

Use up to 21 Cross Section Coordinate Cards (63 points) remembering that 
data codes are 020 and a 1 is required in the continuation column (66) 
for all but the last Cross Section Coordinate Card. The last Y is the 
only elevation value that may exceed Y1. 



S. MANNING'S NUMBER CARD(S) - Include this card only when inputting a 
· cross section (Entry 1 of the Program Control Card is 

0.0). Do not include Tahle Cards when this car>d is 
used. 

DATA CODE - Code 030 
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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 botmd 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 botmd 
by the coordinate in Entry 3 of this card. 

ENTRY S - 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 S of this card. 

CONT (Continuation) - Code l_ 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 collUll!l (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 ahove. When the cross section being input has a small low 
flqw 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 
discontinuities 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-Dis~harge deck and before the Culvert deck when obtaining a culvert 
drainage design or review. TI1is deck is not required for the irrigation 
design or review. 
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1. SYSTEM CO!ITROL CARD: Always inf!"lude this card. 

½\JRK CODE - Code HS 

DATA CODE - Code 001 

2. PROGIW1 CONTROL CARD: Always include this card. 

DATA CODE - Code 001 

ENTRY 1 - Code 1.0 if cross sections of the upstream storage pond will 
follow. Storage Tab "le 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 are not 
required with this option. 

ENfRY 2 - Printout option: 
table is desired. 

-desi-red. 

ENTRY 3 - Blank 

Code 1.0 if a printed listing of the storage 
Code 0.0 if a printed storage table is not 

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. 

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

DATA CODE - Code 005 

B\JTRY 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. 

-

4. X-SECTION COORDINATE CARD(S): Include these cards only when Entry 1 of 
the Program Control Card is i. 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 left of the 
cro.ss section in feet (X1). 

ENTRY 2 - Code the Y coordinate of the first point from the left of the 
cross section in feet (Y 1) . 



ENTRY 3 - X2 

ENTRY 4 - Y2 

ENTRY 5 - X3 

fJJTRY 6 - Y3 

CONT (continuation) 
follows. 
points). 

- Code 1 if another Cross Section Coordinate Card 
Use up to 21 Cross Section Coordinate Cards. (or 63 

Note: A maximum of 10 cross sections may be input. 
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S. STORAGE TABLE CARD(S): Include this card type only when Entry 1 of the 
Program Control Card is 2.0. 

DATA CODE - Code 020 on each Storage Table Card 

E.t\/TRY-1---Ent-er~t--he-depth-(feet) of the first l-evel 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 volLUlle 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 cumulative storage volume below the second level. 

ENTRY 6 Enter the area inundated at-the second level. 

CONT (continuation) - 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-column (66) for all but the last Storage Table Card. 

Include enough storage values so that at small.depths the storage is 
small. 

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 to Figure 20. 
The flow distribution input need not be included to obtain a culvert design. 



1. SYSTEM CONTROL CARD: Always include this card. 

¼ORK CODE - Code HC 

DATA CODE - Code 001 

2. PROGRAM CONTROL Al\JD INITIAL DATA CARD: Always include this card. 

DATA CODE - Code 001 
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ENTRY 1 - Code 10.0 if a culvert design by the irrigation design method 
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 
cross~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
viewecf'Tor a drainage crossing using the drainage review 
method. The limitations listed above for Code 30.0 are 
applicable to this code. 

If the optional plotter output is desired, add 1 to each 
of the above codes; i.e. , 11. 0, 21. 0, 31. 0, 41. 0. 

ENTRY 2 - Printout option: Code 0.0 if no printed culvert output is 
desired. 

Code 1. 0 to obtain the short form printout showing just the 
time Increment when the headwater is at its maximum. 'Refer 
to t.he output description (culvert perfonnance option). See 

: Figure 25a. 

Code· 2. 0 to obtain printout similar to Figure. 25b (floo<l 
routing). 

Code 3.0 (not available at this time). Refer to output des
cription (design summary). See Figure 25c. 

ENTRY 3 - Blank 

EiWRY 4 Code station of culvert site in feet (example: Station 214+31 
would be coded as 21431.0). 

EiWRY 5 - Code length of culvert in feet. 

ENTRY 6 - Code slope of culvert in feet/feet. 



3. CULVERT TYPE CARD: Always inolude this card. 

DATA CODE - Code 002 

E'JTRY 1 - Code the desired inlet code from Table 9 if the design or 
review is for a circular concrete culvert (RCP). 

ENI'RY 2 - Code the desired inlet code from Table 8 if the design or 
review is for a circular metal pipe (CMP). 

ENTRY 3 - Code the desired inlet code from Table 9 if the design or 
review is for an elliptical concrete pipe (ECP). 

Ei'JTRY 4 - Code the desired inlet code from Table 8 if the design or 
review is for a corrugated metal pipe arch (CNPA). 

ENI'RY 5 - Code the desired inlet code from Table 9 if the design or 
review is for a concrete pipe arch (RCPA). 

ENI'RY 6 - Code the desired inlet code from Table 10 if the design or 
review is for a concrete box (RCB). 
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NOTE: At least one of the inlet codes must be included for a success
ful run. 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 CMP 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. 

4. DISCHARGE CARD: Always include this card. 

DATA CODE - Code 004 

ENTRY 1 - 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 irrigation water right 
(Qp) to be reviewed in cfs. 

ENI'RIES 2 to 6 - Code optional discharges in cfs to be reviewed regard
less of the code in Entry 1 of the Program Control an,d 
Initial Data Card. Specifically, if Entry 1 of the Program 
Control and Initial Data Card is 10. 0 or 30. O·, 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. 



Leave Entries 2 to 6 blank if a hydrograph wiil he :i_nput 
(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. 
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5. VOLUME CARD: Always include this ca:,:,d except for irrigation design or 
review. 

DATA CODE - Code 005 

ENTRY 1 - Code the volume, Vt (in acre-feet), of nmoff which corres
ponds to the peak discharge in Entry 1 of the Discharge Card. 
For semiarid drainage areas in Wyoming 1IDder 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 AD.689 

v5 = 18.08 A0 • 713 

V10 = 24.87 A0 - 727 

V25 = 34.71 A0,739 

V50 = 42.82 A0.748 

V100 = 51.58 AD.756 

Use Reference 1 to obtain more precise volume fonnulas 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. 

ENTRIES 2 to 6 - Code volumes of nmoff 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 hydr_ograph will be input. 

6. FREQUENCY CARD: Always include this card except for irrigation design 
and review. 

DATA CODE - Code 006 

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

ENTRIES 2 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 -,:,,ill be input. 
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7. WORK OPTION 1 CARD: Incl,ude this eard only for designing a culvert by 
the irrigation design method. Only one of the work 
option cards should exist fo~ eaeh group. 

DATA CODE - Code 010 

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

Ei\1TRY 2 - Code the greatest allowable culvert height in feet .. 

8. WORK OPTION 2 CARD: Include this eard only for_ reviewing a eul_vert by 
the irrigation review method. Only one of the work 
option cards shou'ld exist for eaeh group. 

DATA CODE Code 020 

ENTRY 1 - Code the 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 nm •. 

9. WORK OPTION 3 CARD: Include this eard only when designing a eulvert 
that has upstream storage (drainage design method). 

DATA CODE - Code 030 

ENTRY 1 - Code the ~irrium allowable headwater in feet. 

Ei"\JTRY 2 - Code the greatest a.llowable culvert height in feet. 

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

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

70 x 726 X Vol/970 
Qp/60 

For drainage areas less than 16 square miles, refer to 
Equation 8 and Table 2 when selecting 6t to insure the 
output includes a value close to the peak. 
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ENI'RY 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 semiarid regions of 
Wyoming). 

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

ENI'RY 5 - (Optional) Code the maximum allowable pond size in acres. 

ENTRY _6 - (Optional) Code the maximum allowable -outflow runoff time 
in minutes. 

10. 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. 

ENTRY 2 - Code the_ width of a single barrel in feet. 

ENTRY 3 - Code the height of a single barrel in feet; 

ENTRY_ 4 - Leave blank unless a very detailed printout is required: rn. 
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 selecting ~t to insure that the output _includes a value 
to the peak. Code if input hydrograph is us.ed. · 

ENTRY 5 - Optional, Input Hydrograph: - Code 1. 0 if a hydrograph will be 
input-on Input HydrographCards (for dr:ainage areas larger 
than_lS_square miles and/or not in semiarid regions of 
Wyoming). · 

Code-0.0 if the program's internal hydrograph is to be used 
(for drainage areas less than 15 square miles and in a semi
arid region of Wyoming) . Refer to Figure 21 for reviewing 
more than one culvert per nm. ·. 

11. INPUT HYDROGRAPH CARD: Include this ea.rd only when Entry 4 of Work 
Option 3 Car>d or Entry~ 5 of Work Option 4 Card is 1. 0. 

DATA CODE - Code 050 

ENTRY 1 - Code O. O as the beginning time of the · input hydro graph ( t 1) . 



ENTRY 2 - Code 0.0 as the beginning flow rate of the input hydrograph 
(Qi).-

ENTRY 3 Code the ?econd time along the hydrograph in minutes (t2). 

ENTRY 4 - Code the flow rate corresponding tot in Entry 3 (Qz). 

ENTRY 5 t3 

ENTRY 6 - Q3 

COITT (Continuation) - Code l_ 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 last cara. 

Flow-Distribution 
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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 filllction with
out a Stage-Discharge deck somewhere ahead of this deck. 

1. SYSTIM COITTROL CARD: Always include this ca:t>d when obtaining a flow
distribution. 

WORK CODE Code HF 

DATA CODE - Code 005 

2. PROGRAM CONTROL CARD: Always include this ca:t>d when obtaining a flow
distribution. 

DATA CODE - Code 001 

E.t\JTRY 1 - Printout option: 
output is desired. 

ENfRY 2 - Blank 

Code 1.0 if a printed flow-distribution 
Code 0.0 if no printout is desired. 

3. ----DL£C!WlGE ELEVATION CARD: .. Always __ ix1o_l.ude this ca:t>d 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 
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charge in cfs. To obtain the flow-distribution 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. 



~r 
er: 
E--< z 
C,J 

Lr\ 

>--
0: 
E--< 

~ 

~ 

>--
0: 
8 

~ 
-

"" >< 
0: 
e-, 
z 
i:.:i 

(\J 

>--
0: 
~ w 

,-I 

>< 
0: 

~ 
4<l 
~ 
~ 

I -

I . 

I . 

I : 
-

l -

I : 
~ 

I 

N System Control Card 
0 

0 

µ_. 

Code 1 if another Table Co<le·1 if another coordinate 
. .---,- ··- ·n card follows -----------A-card follows 

Max. Channel Ve loci ty2 ; -' 

j 3 fps · j ~ -

-

-
-
J Natural Channel Slope 

j ft/ft 
--
-
~ Stage-Discharge Table 

coded 

1.0 - yes 
~ 0.0 - no_ 

Optional Subroutine 
:1 Printout 

~ 
1. 0 - yes 
0.0 - no (always) 

· (debuggin__g_ only) 

~ Printout Option 
. 
j 1. 0 - yes 
~ 0.0 - no 
. 

,-,~ Program Control Card 
·o 
0 

t--

-
-
-

-

-

-
-

,. 

1Jischarge2 

cfs 

Depth2 

ft 

Max. Channel Velocity1 

fps 

Discharge 1 

cfs 

Depth1 

ft 

Nonnally not used 

Y3 
-

-

X:3 

-

Y2 

-

X2 

---
Y1 

. 
-
- Xl 

. 

0 _ Stage-Discharge Table 0 • X-Section Coordinate Card 
,-,_ Card N_ Limit 21 cards. (Use 

1£ Limit 182 cards. (Use 2.. only when Entry 3 of the 
only when Entry 3 of Pro- Program Control Card is. 

>-< z 
~ 
U) 

~ 
C) 
tTJ 

I 

t::l 
>-< 

~ 

~ - tTJ 

~ 
co 1::r: 
30 L--~4-----------~--J_L____ -gram Control Card is l.O) - 0.0) 

,..~·.-_; 

(J\ 
00 



Code 1 if another Manning's. 
~ card follows -••..➔ 

-
'° - - - . --
>o - ' n3 .-
i::r: - ', -, ·-E-< . . 
fJ _, 

- ' 
x coordinate associated I 

: 

with n3 !,-
It', :-- ,• 
>o - ·r- "i i::r: ,_ 
E-< ·- . ;_ 

ffi - -
. . . 

~- . 
>o - n2 -
i::r: ·- . 
E-< -t1 -· . 

x coordinate associated -. - . 
with n2 . 

"" 
>o . 
IZ . 
E-< . -&1 - -- -

. Manning's Number' - -
C\I . -. n1 ->o . -i::r: - -~ - -w - --

Rightmost x coordinate - . 
associated with the left -

r-i 
subsection's Manning's -

>o 
.i::r: . number 
~ --. 

- . - -------·- -· --- ----
4il 0 Manning's Nwnber Card -E-0 .,., Limit 3 cards. (Use only -0 
'~ 0 when Entry 1 of the Pro- >----

~ 
gram Control Card is 0.0) . 

CX) _J ~ L ____________ -----30 -
:.-._- -----~~------------------ -

-
- ,_-
. . . 
-----. 

. , 

' . 

-----
. 

---
-------- ·----
----
-

' . 
--
---------
--------

-
-
-

---- __________ , _______ 

-
--
~ 

- -· - ' 

-
,;. 

. 

. 

. 
-

\ ------. 
-. 
-- . 
-. . 
-
---
. 
. 

--
·------
--

. 
-. 

-
---

- . 

Q\ 
<.D 

.. 

~ 
C/l 

~-

C) 
tTl 

I 

t::! 
>--< 
C/l n 

!' 
C) 
h1 

,.--. 
n 
0 
;:, 
rt 



-~ 

- -- -\,C) - . 
>< -·p:; -E-, -z - -~ - . 

- a 

- -- -
ll'\ - -- -
>< - . 
i:x: . . 
8 . -ra - . 

. 
- Channel slope upstream . _ from last cross section ~ . 

>< - - (ft/ft) 
i:x: - : Leave blank· if storage E-, . 
fJ : table is input. 

. Optional Subroutine 

"' Printout 
>< . 
0:: - 1.0 - yes 
8 - : 0.0 - no (always) fJ -- - (debu2:2:ing only) 

- - Printout Option -
"' - -- ->- - - 1.0 - yes 
i:x: - : 0. 0 - no ~ -
f;j - -- -

_ Code 1. 0 - cross section 
.-4 input ->- Code 2 .0 - storage table 
i:x: . input ffi -

~ 
rl System Control Card rl Program Control Card . 

~ 0 0 -Q.) 0 0 ..._ 

~ 
(/) 

. 
a:> :c 
30 

---- ·-- ------

Code 1 if another coordinate - _ --------A card follows 
I ... 
; -. -

- - Y3 - - -- --- ' 

- -- -- -- -- - X3 . -. -- -- -
- . 
- -. -. -- - Y2 - -
- -- -- -
- -- -- -- -- - x2 - -- -- -- -
- -- -- -- -- - Y1 - -- -- -- -
- Station 
- -- -ft - Xl 

--
LI:?_ Cross Section Station o_ X-Section Coordinate Card 
C?. Card (Use only when rl Limit 21 cards. (Use 

..2. Entry 1 of the Program i-::2. only when Entry 1 of the 
Control Card is 1.0). Program Control Card is 

· Must be followed by X - 1.0) 
C::<>r-t-irm rnnrrlin,:,-t-<> re1..-,lc -----

..-·Repeat for up to ten cross sections.--------
--..J 
0 

H z 
~ 
C/} 

~ 
C) 
tT1 

I 

~ 
~ 
tT1 



Code 1 if another storage 
u:l."f--< rl card follows 

- Area Inundated 

'° --
>< - acre 
p:; 
E-< z . , 
w 

- Storagez 
-

II\ ac-ft 
>< p:; 
E-< 

fJ 
Depth2 

..:t 

>< ft 
p:; -E-< 
r3 

. Area Inundated 
~ 

>< - acre 
p:; . 
E-< -&i 

Storage1 
N . ac-ft >< p:; 

~ -f,j 

Depth1 
,-1 . ft >< p:; 

~ . . 

Storage Table Card 
------

qzl 0 

~ N Limit 32 cards. (Use 
l Q) 0 only when Entry 1 of the 

~ 
Program Control Card is 

- 2.0) - - --cc 
3IU 

- -

-
- -
- -- ---
- -- -- -- -- --- -- -- -

---- -- -- -- -- --
- -- -- ---- -- -- -- -

-- -- -- -- -- -- -- -- -
- -- -- -
-
-

-

- -
-- ~ 

- ' 

'""•" 

-· 
--.. -------
---------
---------
-
----. 
--
---------
. 
-

-
--------

-
--

-·--------------- --- . 

·-

-..J ..... 

... 
z 
~ ....., 
Cf) 

~ 
C) 
tT1 

I 
Cf) 

I 
tT1 

,-.,. 
n 
0 
;::1 
rt 



' / 

--------~------------ ---R--- ----- ------- --- ---- -------- ----n---------------~ 
Culvert Slope :, ~ RCB Culvert : -~ Perfonnance Discharges 'j 

1 ~ Code an inlet code from 1 • 

C028 r-----+-- +--- ------- --------TT ---
'-D 

>< 
p:; 
E-< 

t5 

Lf\ 

>< 
0:: 
E-< 

fJ 

~
>< 

:~ 
ra 

"' >< 
ll:; 
E-< 

fJ 

(\J 

>< 
0:: 
E-< 
~ 

.-4 

>< p; 

~ 

~ 
~ 

-

-

-

-

-

-
-

-
-

:;'.4 System Control Card 

0 

I Table 10 if the design or cfs 1 · 

review of this culvert 

1

. 
- ft/ft 

Culvert Length 

ft 

-
Culvert Station 

- ft 

~Optional Subroutine 
Printout 

1.0 - yes 
0.0 - no (always) 

~(debugging only) 

~ 
Printout Options 

-

~

1.0 
to 
3.0 

- see user documenta
tion for printout 
option codes 

-

!
Work Option 
10.0 - design irrigation 
20. 0 - review irrigation 

- 30. 0 - design to hydrograpr 
41l. 0 - review to hydrograpr 
Code 11.0 for plotter op. 

....,JProgram Control and 
0 lrnitial Data Card 
0 

t--

type is desired. (Optional) 

~ 
RCPA Culvert Perfonnance Discharge4 ! 

-Code an inlet code from 
Table 9 if the design 
review of this culvert 
type is desired. 

or I • 

-

~ 
CMPA Culvert 
Code an inlet code from 
Table 8 if the design or 
review of this culvert 

. type is desired. 

::t ECP Culvert 
~Code an inlet code from I 

Table 9 if the design or 

-

3 review of this culvert 
type is desired. , --

~ 
CMP Culvert 
Code an inlet code from 
.Table 8 if the design or 
review of this culvert 
type is desired. 

-
~ RCP Culvert 
jCode an inlet code from 

Table 9 if the design 

3 review of this culvert 
type is desired. 

-

or· 

-

-
-

-

cfs 

(Optional) 

Performance Discharge3 

c~ 

(Optional) 

Perfonnance Discharge2 

cfs 

(Optional) 

Perfonnance Discharge1 

cfs 

(Optional) 

Design/Review Discharge 

cfs 

0--~ Culvert . Type Card 
0 

-s:1-~ Discharge Card 
0 

0 
I-- ~ 

I 
I 
I 

11 l~j I i I i ---:----~------------
----J 
N 

>--< z 

~ 
n 
c::: 

~ 
~ 



~~ 

'° >< 
0:: 
~ 
c3 

II\ 

>< 
P:: 
E-< 

f5 

4-

>o 
P:: 
E-< 
fj 

""" >o 
r:z; 
E-< 
f;j 

-

-
-

-

. 

-

-

Perfonnance Volumes 

ac-ft 

(Optional) 

Performance Volume4 

ac-ft 

(Optional) 

Performance Volume3 

ac-ft 

(Optional) 

Perfonnance Volurne2 

· ac-ft 

(Optional) 

,--

-
-

Performance Frequencys 

yr 

(Optional) 

j Performance Frequency4 

-

yr 

(Optional) 

Perfonnance Frequency3 

yr 

(Optional) 

~ Perfonnance Frequency2 

yr 

- (Optional) 

- r--

-

- -

-
- -

- -

-
-Performance Volume 1 Performance Frequency1 -l Greatest Allowable 

C\J =l Culvert Height 
>- ac-ft yr -
0:: -
E-< -

~ ~ (Optional) (Optional) : 

rl 

>-
0:: 

~ 
4-l 
E-P. 
~ q_, 

Design/Review Volume ~ Design/Review Frequency 

ac-ft - yr 

-
-

-
-

Design Headwater 

ft 
eave blank if standard 
rrigation design (DHW = 
V+ .1 

-
-

--- -- - ID Frequency Card a Work Option 1 Card ~-
0 rl (Use only when Entry 1 of ~ 
o o the Program Control and o 

Lf)' Volwne Card 
0 

'o 

Culvert tleight 

ft 

Culvert Width 

ft 

Number of Culverts 

Work Option 2 Card --
(Use only when Entry 2 of 
the Program Control and 
Initial Data Card is 20.0 

~ 
0:) 
3C 

-
r Initial Data Card is 10. 0 

or 11. O) ~ or 21.0) 
i i ·-•·-- ·•-·- - -- -· ·-- --- ··-• --•-...L-- ·---~----~-.--.--- --------

--.J 
c.,., 

..... 
z 

~ 
8 
~ 
~ 

,--.. 
n 
0 
::i 
.rt 

'-' 

~ 



-
c..x:J2f-< 

Optional Max: Allowable 
: Runoff Time -

'° -
>< - -
Cl; min 
E-< z w -

- Optional Max. Allowable Optional Input Hydrograph 
: Pond Size : Code 1. 0 - yes 

lf"\ - 0.0 - no 
>< acres 
p:: 
E-< 
fj -

Optional Input Hydrograph - Time Increment l'lt for 
Code 1.0 - yes : Flood Routing 

~ 
0.0 - no -

>< -
p:: - - min 
E-< -
~ --

- Time Increment l'lt for - Culvert Height 
f'(\ Flood Routing . 
>< - (Optional) - ft 
p:: min E-< - -z 
w - -- -

Greatest Allowable Culvert Width -
"' 

Culvert Height -- - ft >< -p:: - ft -
~ - -
f;j --

Design Headwater - Number of Culverts -
,; 

ft -
>< -p: 

~ -
-

4<l 
0 Work Option 3 Card o_ Work Option 4 Card 

E-A tri (Use only when Entry 1 of ""1" (Use only when Bntry 1 of 
~ 
~ 0 the Program Control and' 0 the Program Control and >--

~ 
Initial Data Card is 30.0 Initial Data Card is 40.0 

- or 31.0) , or 41.0) CD 
30 ---- -- ~ 

Code 1 if another hydrograph 
~ ca"!'_d followk-~. ________ -+J --

- Disc arge3 
1 

-~ · 

' I -- cfs -
-

I ~ --

- Time3 -- -
- -- min -- -- -- -- -- -
- Uischargez -- -- -- cfs -- -- -- -- -- -
- Timez --- -- -- min -- -- -- -- -
- Discharge1 -- -- -- cfs -- -- -

Q --
~ -
- Time1 

-- . · min 

-- -- -
~ Input Hyclrograph Card . -
~ Limit 66 cards. (Use only -
0 when Entry 4 of Work Op-..._ -tion 3 Card or Entry S of 
· Work Option SCard is 1.0 -

-~ 

' 

---.I 
.i:,. 

I 
I 

H 
z 

~ 
8 
~ 
~ 

,-., 
n 
0 
:::: 
rt 



tXr.f-1 

'° >< 
0. 
E-< 
tJ 

U"\ 

>< 
i:i; 
E-< 

~ 

..;f" 

>< 
0. 
E-< 
~ 

r<"I 

>< 
i:i; 
E-< 

&1 

(\J 

>< p,: 

~ 
G°j, 

..--4 

>< p,: 

~ 
<4il 
f.Q 
cl() 
A.) 

~ 

-

-

-

. 

-

-
cn1 System Control Card 
0 

0 

µ:... 

-

,-
_/ 

. 

-

-

-

-

Optional Subroutine 
jPrintout 
-

~

1.0 - yes 
0.0 - no 
(debugging only) --

jPrintout Option 

j 1. 0 - yes 
~ 0 .0 - no 

~~ Program Control Card 
0 

0 -
~--r=.\_- .----------- ~ ----- --__ .. ---- _____ ,,_ 

Code 1 if another <lischarge/ 
r;::n elevation card follows 

Code minus values for 
discharge, cfs 

.--

~ 
Code plus values for 
'[ation, ft 

(Optional) 

ele-1 : 

. 

-

~ 
Code minus values for 
discharge, cfs 
Code plus values for 
vation, ft 

ele- I -

_ (Optional) 

~ 
Code minus values for 
discharge, cfs 
Code plus values for ele
vation, ft 

(Optional) -
~ Code minus values for 
j discharge, cfs 

Code plus values for ele-

3 vation, ft 
(Optional) -

l
Code minus values for 
discharge, cfs 
Code plus values for ele
vation, ft 

(Optional) 
-
~ Code minus values for 
j discharge, cfs 

Code plus values for ele
vation, ft 

~ (Optional) 

-

~ 
Code minus values for 
discharge, cfs 
Code plus values for ele
vati9n, ft 

(Optional) -

~ 
Code minus values for 
discharge, cfs 
Code plus values for ele
vation, ft 

(Optional) -

~ 
Code minus values for 
discharge, cfs 
Code plus values for ele
vation, ft 

(Optional) 
-
~ Code minus values for 
~ discharge, cfs 

Code plus values for ele
vation, ft 

(Optional) 

Ir-~ Discharge/Elevation Carel I r-<l Discharge/Elevation Carel 
0 

~ 

. 

0 

0 - (Optional) 

--...] 

V, 

>--< 

~ 
"11 
r' 

~ 
t::l 
~ .... 

~ 
::,;:, 
>--< 

§ 
>--< 

~ 



76 

DESCRIPTION OF OUTPUT 

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

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 sp2cce 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 columns 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 aml the computer has either 
interpolated or extrapolated to make the elevations of both the s<;1me. ',I-i.... i 
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 problem 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. 11,e table contains the elevation (stage), depth, discharge, average 
velocity, and the maximum velocity for the channel from the bottom of the 
cross section to the top at approximately .3 feet increments. See Sample 
Problem 2. 

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 1s coded in Entry 2 of the Program Control Card for the stage
storage routine, the stage-storage input verification will be printed. · 

- 11,is 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 qre two possible fonns 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 e_levation (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 maximl.Dll depth of the cross section. 
See Sample Problem 2. 

TI1e depth storage area table input verification consists of a printed 
statement (Depth Storaee 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 wil 1 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.BYD) on line seven. 

Option 1. 0 Culvert Perfonnance. 'Thi~ 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 Perfonnance Properties 

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

Column 2: FLOOD FREQUENCY, the flood frequency in years if a 
drainage design/review or blank if an irrigation 
design/review 

Column 3: OUTFLOW DISCHARGE (Qd), the maximum discharge passing 
through the culvert and into the downstream channel 
section 

Coll.Dlln 4: HEADWATER (Hw), this is the maxiffil.Dll headwater (feet) 
reached above the flow line of the culvert inlet 

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

Column 6: FROUDE NUMBER (Fr), this is the Froude number corres
ponding to the outflow discharge 



Column 7: BRINK DEPTI-l (Yb), the depth in the culvert at the 
outlet when it is carrying the outflow discharge 

Column 8: FLOW TIPE (see Figure 8), the flow type at the time 
the culvert is carrying the maximum outflow discharge 

Column 9: POND AREA (Ap), the maxillll.llll area in acres inundated by 
the water bemg stored behind the roadway fill 

Column 10: POND DURATION, the length of time that water is being 
stored 

2.. Downstream Cjlannel Perfonnance 

Column 11: TAILW'\TER (Tw), the depth of flow in the downstream 
channel section corresponding to the outflow discharge 

Column 12: VEL MAX (Vrw), the maximum velocity in the downstream 
channel section corresponding to the outflow discharge 

Column 13: VEL AVE (YJ, 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. 

Column 14: BED SHEAR (1-), the bed shear in the downstream channel 
section corr~sponding 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. 

Column 15: OlITFLOW DISCHARGE (Q ), the maxinrurn discharge passing 
through the culvert ~d into the downstream channel 
section 

~tion 2.0 Flood Routing. This option will be used only on hydro
graph esign 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 perfornance discharges, if any are requested. 
See Sample Problem 2 for an example. 

ColUIIlll 1: 

Column 2: 

Column 3: 

ROUTING TIME, the flood routing time (minutes) is the 
accumulative total of the incremental routing time (6t) 

DISCHARGE-INFLOW (Q.), the incremental inflow discharge 
Q (cubic feet per s~cond) 

DISCHARGE-OUTFLOW(~), the incremental outflow dis
charge Q (cubic feet per second) 
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CollDID'l 4: VOLUME-IN (Iz, I1), the incremental volt.nne (acre-feet) 
of water corning to the site 

Colume 5: VOLUME-Our (02, 01), the incremental volt.nne (acre-feet) 
of water going through the culvert 
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Column 6: VOLUME-STORE (V 8 ), 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. 

Column 7: HEADWATER (Hw), the headwater (feet) reached above 
the flow line of the culvert inlet.• 

Coll.ll1ll1 8: OUTLET VELOCITY (Vb), the average velocity (feet per 
second) at the culvert outlet corresponding to the 
outflow discharge. 
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ColW!Ul 9: FLOW TYPE, the flow type corresponding to the hydraulic 
properties at the outlet (see Figure 8). 

Column 10: BRINK DEPTH (Yb), the depth (feet) of flow_in th~ 
culvert at the outlet corresponding to the outflow 
discharge. 

Col11mn 11: FROUDE NUMBER (Fr), the Froude number corresponq.ing to 
the outflow discharge. 

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

Column 13: POND AREA(~), the incremental area (acres) inundated 
by the volume of water being stored behind the roadway 
fill. 

Column 14: ROUTING TI~1E, the flood routing time is the accumula
tive total of the incremental routing time (tit) . · 

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

~tion 3.0 Desi~ Summary. (Not available at this time.) This option 
is a es1gn summary tale 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 docLDTientation 
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. Hydrology and Hydraulics 

The hydrology and hydraulics section is a table with the 
design/review discharge and the performance discharge across the 
top (a total of six columns) 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 



SECTION 9. DESIGN SUMMARY 
(To be completed by the Designer) 

A .. HYDROLOGY & HYDRAULICS *l Qz. 33 □ . Ql0 [) Q2S □ osoD QI00 □ 

HYDROLOGY *2 
DISOiARGE IN 

1. DISQ-IARGF our 
POND DURATION 
AREA INUNDATED ' 

POND DEPTI-1 
2. STRUCTURE VELOCI1Y 

AHW = STAGF ELEV. 

NATIJRAL DEPT!-! 
3. NATIJRAL MAXIMlTM VFL. 

rnANNEL STABILllY *3 · 
NATURAL DEP'Il-l 

4. GiANNEL MAXIMUM VEL. 
CRANGE STABILI1Y *3 

s. DESCRIBE INUNDATION DAf\lAGE VS. DEPTH ON ID-1PLATE THIS SHEET) 

B. E!l0SION PROTECTION *l · 1YPE A B C D E F G H I J K L M 

1. PERI-IANENT INLET 
d:nean= IN OUTLET 

C. CULTURAL & ENVIRONMENTAL D NONE osmCK □ LAND llSE □ AQUATIC D FISHERY D ,AME 

1. RFDUTREMENTS: 

Figure 22 

Design Swnmary 

Q □ 

VOLUME 

· *1 Indicate all units of measure. 
*2 Check design discharge and indi

cate in plan view the reason for 
selection. 

*3 Stability is based on-Section S 
and tractive shear & ve_loci ty 
compariscns. Indicate allowable 
and actual S 0 , T, and V compari • 
sons on corresponding profiles. 

*4 Plot any channel change sections, 
lining, etc., on survey sheet. 

*5 Designer will complete the appropri• 
ate items in Section 9 for the 
pennanent files. Indicate ina~ro
priate i terns as "Not Applicable ' or 
"None Provided". 

00 
0 
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column from the left. TI1e 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, maximtnn 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 perfonnance discharges requested except for the. stage eleva
tion, the natural channel and channel 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 column for 
remarks where additional information can be manually entered.· 
The design headwater will also be printed out in the first column 
under structure. The hydrology and hydraul1cs 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 
columns 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-Distribution 

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 columns list the X and Y coordinates of the cross section. 
The following columns 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. 



82 

Below the flow-distribution is anothex set of values for the total accumu
lated discharge, average depth, average velocity, average Froude number, 
kinetic energy factor, a; momentum factor, s; specific head, total specific 
force for the whole cross section, 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 Control 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 
co,nsideration. The plot also provides a data block where additiona,l infor
mation about the site may be written manually. These curves and data can 
be used to document final cuivert designs in the permanent file and to make 
·various interpretations of the drainage design for the site. Some of these 
inte!J)retations are included in the following plot descriptions. The 
engineer using this plot may aiscover others not -included in the foTfowing. 
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 24a 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, aml 
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 maximt.nn velocity occurring at 
the site 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 co~ld be extremely 
important in the event of future legal actions due to alleged flood tlamage. 

. The second block (Figure 241:i) of the plot is output for each type of 
culvert requested to be 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 plot"ted for the peak of each hydrograph called 
for by the designer. Note the headwater and velocity are still those 
maximt.nns 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 indicated 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. 

111e r:ight 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 mnnber of the culverts for which the hydrographs 
are plotted. 111ese 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, it is 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 detennine 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 downs_tream_proper_t)'_ 
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 
hy<lrograph 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 b.lock on the plot (Figure 24c) is to be used by the designer 
to document additional infonnation about the drainage site and is self
explariatory 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 documentation 
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. 
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***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 Coordinate Card could be missing or the 66-CONT column 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 

TI1is means you-have excee9ed the maximum of 63 allowable coordinate 
points. Solution: Remove enough coordinates so that you hq.ve only 63 or 
less remaining. 

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

This means that one of the MaJllling'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 column 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 
colUJ1l1l. If so, insert the missing card or change the last column so it 
·is 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 colllllll1 (except the last 
card): if so, code it in. 

***MAXIMUM OF NINE MANNING'S NUMBERS EXCEEDED, FOUND XXX RUN ABORTED 

This means that there are too many Manning's numbers coded. Solution: 
Remove enough Manning numbers _so that there are only nine or less rema1n1ng. 
This may require redefining the subsections on the channel cross sections. 

***COULD NOT FIND A MATCH FOR ALLX 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 sec.tion. 



***BAD 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. 

88a 



***OVER 90 FEET DIFFERENCE IN ELEVATION BETWEEN POINT NO. 1 AND XXX 

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 is 90 feet or less. 

***POINT NO. XX IS GREATER TJ-IA,'J POINT NO. XX ON X SECTION 
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TI1is 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 A.ND 
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 the end points 
higher than the hump in the cross section, change the Manning 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 NEGATIVE, EXTAAPOLA-
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 ABORTED 

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 CA.RD 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. 



***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 

TI1is means that your Data Cards are out of order. Solution: Put the 
cards in their proper place. 

***CONTROL CARD HAS IMPROPER CODE FOR DATA TIPE SWITCH 

TI1is 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. 

***PROGMTI.I 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 SLO~E INPlITTED, 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 
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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 colunm or one of the inlet codes used does not exist and must be 
changed. 
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***Q = XXX NOT IN RANGE OF DEPDIS 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 
docs 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. 

***ERROR PIPE SIZE AND NUMBER AT MAXIMUM 

This means that the required pipe installation is larger than the 
allcwable. Solution: Try increasing the QJD and allowable headwater if 
possible. If this does not work, either a bridge design 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 example), then proportionately increase (double) the number of 
required barrels. 

***OlITFLOW HYDROGRAPH HAS OVER 500 VALUES 

TI1is means _that .the outflow hydrograph has exceeded 500 time incre
ments. Solution: Change the time increment for flood routing 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 mote 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 INTERAJLATION, 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 

This means that there is an improper Data Code or a mistake in the. 
66-CONT colunm. Solution: Check the input hydrograph card to see if 
its Data Code is 050 and change it if it is n~t. 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 l in the 66-CONT colunm .on~the_J_a_s_t Input_ 1-!ydrograph 
Card. This should be left blank, otherwise the computer will attempt to 
read another 050 card. 
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***ERROR Et\JCOUNTERED 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 TI-JA.N 30 ITERATIONS NEEDED TO BALAi\JCE THE INFLOW-OUTFLOW 
STORAGE EQUATION A HEADWATER WAS CALCULATED TO MATCH TIIE QD 

This is a warning statement. The program has forced a volurne balance 
because, either the available storage is so large that even small changes 
in headwater result in large fluctuations in volllllle 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. 

***INVALID 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 
discharge section is too small. Solution: 
elevation points to each end of your cross 

section coded in the stage
Code some additional higher 

section. 

***ERROR CJ-W-lGED KAPPA AND N WAS EQUAL TO 1 
***ERROR KAPPA OUT OF RANGE 
***ERROR N WAS NOTO or 1 

The error statements indicate that an internal switching error was 
made. Solution: See Data Services Di vision as some·thing could ·be wrong 
with the program itself. 



***STAGE DISCHARGE TABLE INPlITED, AVERAGE VELOCITY AND BED SHEAR 
CAN NITT 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 

***LIMIT OF 10 DISCHARGES OR ELEVATIONS, FOUND XX RUN ABORTED 
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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-EXPEeTINS-DA-TkeODE -= _.001,-F0!:JND XX'X 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, FOUND 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. 

***INSUFFICIENT CROSS SECTION TO CONTAIN DISCHARGE OF XX:XX CFS*** 

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. · 



Chapter 3 

.SAMPLE PROBLEMS 

INTRODUCTION 

The four examples in this chapter were chos.en to illustrate each 
of the possible functions of the program. There is a brief description 
followed by the coded input on FonnC-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 
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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 dowristrearn 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 discharge for the requested design and performance 
curve discharges. ' 
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X : • 1 1 0 Y • 82 1 1 MANNINGS NUMBER ■ 40 

'l ii: :J!:8 11 l!: ~i;1:~ MANNIN8i NUMBER. :84~ MANN N NUMB R ' ■ i 
x si • •. o v 5 ■ ~i12 1 a MANN NGS NUMBER: 0 

X( ~ ■ ~•O Y~ b : 71 1 1 MANNINGS NUMBER• 0 0 ~ 
X( 7) • 1 0 Y~ 7 • 5374 MANNIN~S NUMBER ■ :055 
x~ t~ = 11:0 Yl a~ ■ ~3~o:s MANNJN S NUMBER ■ 0~~ 
X ■ so.o y' q • I 1.1,4 MANN NGS NUMBER= :o 
:HB : 1H:r nivi ; ; i~:t MANNIN2s NUMBfR ■ oi~ MANN NS NUMB_R ■ :o 

---
***NOTE*** LAST POINT WAS INTERPOLATED 

t.O 
...... 



WYOMING HIGHWAY DEPARTMENT 

PRECONSTRUCTI □N DIVISION HYDRAULICS SECTION 

CHANNEL STAGE DISCHARGE RELATIONSHIP / 

DRY CREEi< STATION \bb+SS+• CEXA"1PU. Nn,l) 

CHANNEL SLOPE• 0,00Q40FT/FT 

EL EVA T ION DEPTH DISCHARGf' VELOCITY MAX, VELOCITY 

iHf :~ 8·~ o,} o.o 0.9 
?· 0,7 0 I 

Q It, t I 3 l I 5 
5372:0 o"q 5 

1
5 t,7 ~·A 53~2,4 t : 3 H:1 1·3 B 1:6 !•b ·$ i:J ,Q 

537J, 3 ,2 bl
1

2 1:1 4,1 
5373,b 2,5 efq 3,5 U,'5 
115373,Q 2 I 8 t ~ : q 3,8 4, Q 
5374,2 3,1 l l 7 QI t 5,, 
5J7'J,5 J·~ l q : 8 a,3 '5 I b 
5 1a 8 2Ub,5 a,b &,0 
'5 H"i: l a'o 30 2, b u,Q b,J 
5375,4 (I: 3 3bf>, t '!i I I b,b 

~ni:6 IJ,t 4 37 ., 5 I \ ~-q 
.Q 5 u,. '5 I b ·2 

Hlt:f f2 tip '5 I 8 7: '5 •a b J:b '§IQ 7,8 

HH:i 5'6 in-, t·2 R:~ b • .u 

HH:i fl I J rr=- b,b 
i e • S 

b • t i q. 1 ~-8 1 11
2 f, I 0 41 .o 

5378:3 1°2 t11f2 7,1 ·q•u 

5fA•t 1·3 1511 : 4 1 ·" 
q'7 

5 111.. 1· 1b4 I.I 7,b 10:0 
'HH,~ e't r~47: l 7,8 18:~ 5 3 7'J ■ a:4 141 4 8,0 
B1q.e ~.6 ~~:i:i A,~ H:i 80 t Q,, 8, 
53AO: Q,u 2qot,: lhb 11 I J 
H80,8 Q,7 r s1.1 8,8 U:~ -Al l -10 ~ a 4 • 0 Q,y 

A : 4 10: b } II q, 
5 38 l , 7 t 0 , b Jq8 : q CJ.~ 12,J 
sJ82,i l l 1 0 4UJQ 1 4 CJ I 12,b 
'Bl:\2 1 111 3 4808 1 U Q,U 1~,8 
~382, 1 11 1 b 520Q,5 Q,S ii: 1 383 ~ U:~ "i&U,,7 Q,~ 
5383: 1)10 S «., \,Q 

5 38 J, ti 12,5 bb01:'5 Q,8 11, 7 co 

"i 38 J, Q 12,8 11uo 1 u tn,o l JI q 
5384,2 1 3, ~ 77~8,g 10,1 I u. , 
53841, tJ 1 3, 81 b, 1 QI a. J 



► ,_ 
u 
□ 
...l 
l.&J ir,,-...c,,o_ 
> 

. ----)( .., 
:,: 

,► 1,:-

~ ,.,..!"1:::JU"I 
u 
C 0000 
....I ..., 
> 

... 
~ -o-,,.,,. 
◄ •••• 
x c,--2,.,,m 
u ,.....g_,._ 
0) In.NOV' 

G:10' 00 
0 

X: ... 
Q.. ll'CD-':", 
LI.I •••• 

0- ""'"'.::7::7 

z· 
0 .... -CO'l"U::7 ... . ... .., !::,'::,-&r,U, 
> coa,a::,c, ... ,it't~r,f'\ .... 

...l 11'111'1 "'"' w 

99 



WYOMING HIGHWAY DEPARTMENT 

ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 
STAGE STORAGE 

DRY CREEK STATION lbb+SS+• (EXAMPLE NO,l) 
INPUT VERIFICATION 

PAGE l 
1·2/ll/711 

INPUT VERI,IED? 

DESIGNER_ 
UPSTREAM SLOPE• 0 1 0l0b0 FEET/FOOT 

c~oss SECTION STATION. 
X CDISTANCE•FEET> 

•ltl,00 
-s1 1 00 
•15 I 00 
-12,00 

0 0 
2ti:oo 
55 00 ss'oo 

100:00 
1 JQ ■ 0 0 

0,0 

CROSS SECTION STATION= 100,00 

Y CELEVATION•FEET) 

53811,!0 
BU· 0 

s11e: 8 5177 ,uo 
Cj 78 10 
5 e2:ao 
5387,M 
5388,10 
Sl8Q 1 t,O 

X CDISTANCE•FEET) Y (ElEVATION•FEET) 

-11i,oo •5 ■ 00 
•l 1 00 
-12.00 

2g:80 
55,00 
8S 00 

100:00 
1111, 0 0 

. 5 3AQ 1 O 
531.11:10 
'5388,20 

11
78,50 
11.1.1g 
78,1 

5382,AO 
5187 1 AO 
5lA8,10 
53AQ 1 t,O 

CHECKER -

f-" 
0 
0 



WYOMING HIGHWAY DEPARTMENT 

ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 
STAGE STORAGE 

DRY CREE~ STATION 3&b+55+• (EXAMPLE N0 0 1) 

COMPUTATIONAL RESULTS 

PAGE 2 
12/11/7'9 

DEPTH (FT) STORAGE CACRE•FT) AREA INUNDATED (ACRES) 

0 0 
0°70 
1 • 10 
5°40 

10: 30 
10.uo 
10.10 
10.80 
11 • 7 0 

</ 

o.o 
0.02 
0 • Ot, 
1 • 5? &.so 
t,. qt, 
1.st1 
7 77 

10:18 

0 0 
0°0& 
o"oq 
o:st1 
1 • 7 /J 

~-~A 
i:ig 

f--' 
0 
f--' 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATIONI )bb ♦ $5 1 0Q PROJECTI DRY CREEK STATION 3bb+55t• (EXAMPLE N0 1 t) 

CULV SIZEI le 1.0¥ 1,Q ROUND CONCRETE/,SOCKET END PROJECTING INLET 
ANALYSIS TYPEI DRAINAGE DESIGN_ . ·01 8IACE$ FREQI~ DHW1tZ.AAft 

BARREL GEOMETRYI LENGTHI IAlEI SLOPE1l 1 AQOAPX GVDI 90 0ft 
* * • • * * * • CULVERT FLOOD ROUTING • * t t * t • t t * t • •C~LVERT FLOOD ROUTING•** 

IROUTINGI ·••DISCHARGES•••I ··••VOLUMES(AF)••••I HEAD I OUTLET I FROUDEI BRINK 
I TIME INFLOW I OUTfl.OWI IN I OUT I STOREI HW,t:TIVELOCITYI NO, I DEPTH 

OMIN 
5"'IN 

1'5MIN· 
22MIN 

iqMfN S~! N 
<fMIN 

1n,!IN 
IJ7MIN 
51 MIN 
5/.IMJN 
58111JN 
b.'i1JN 
bl'v~ IN 
711'1 N n~rn 
q2MIN 

lObMJN 
ll!JMIN 
1 l2MJN 
t45MJN 
170MIN 

I08MIN 
4bMJN 
03"1IN 

OCFS 
HCFS 

125CFS 
25bCFS 
"1"'E~; 

· 1t~CFS 
zsgcFS 
~UEa 
7il.lCFS o oCFS 
5 'ICFS 
542CFS 
IJ78CFS 

~UE~~ 
278CFS 
20/.ICFS 
tlJ7CFS 
11 &CF 9 
85CFS 
IJ8CFS 
11E~~ 

OCFS 

OCFS 
2/JCFS 
78CFS 

188CFS 
~t~Er; 
450CFS 
spcFs 
~5iHi 
57ovs 
~ta~~; 
~75CFS 
:ib/JCFS 

~f~E~i 
1.119. CFS 
lOl'lCFS 
f!ZEa 
l01CFS 
5SCFS 
2iE~i 

OCFS 

o.o 
o,i 
~:1 
l·~ 
l 1 7 
4°1 
IJ:?. 
;-~ 
1"1.1 
1°1 
2"s 
". 2 1"a 
1:1 
IJ. 4 
ij I 3 
~-5 
1: ~ 
2 ,5 · 
0,9 
0 .2. o.o 

o.o 
g-g 
2:0 
~-~ 
~•3 
2°7 
2'a 
2°9 
J:o 
J,O 
l, 0 
l,O 
5,0 
4 • b 
"• b b,b 
b,l 
l,8 
2,b 
l , 7 
2.9 

A:i o.o 
TOTAL VOLUMES 71 71 

o.o 
g-~ 
1 : 4 

~-~ s•t 
7 ° 1 s's 
~: b 

10 0 3 
10.e 
10,11 
1 0, 7 
q,q 
8,8 
7,2 
5,0 
1.0 
1 1 7 
l, 2 
0 • q 
0,5 
8·~ 
o:o 

0,0 

\•~ 
s:1 

~-~ 
9:2 

10,5 
ll •1 
1 t ·-~ 
11°9 
12'0 
11'q 
1 t : t, 

lg:~ 
b 

O 
7 5. t, "I /J 

l:b 
2,S 

A·1 
0: 1 

TIME TO PEA~= /.ISMIN, TIME TO MAX OUTFLO• o4MJN, 

O,OFPS 
l,11FPS 
6 1 7FPS 

t1J 1 /.IFPS 
lt:Q:~; 
ie,SFPS 
18,SFPS 
18,t,FPS 
t8,7F'PS 
18,8FPS 
t~ 1 8FPS 
lo 1 8FPS 
18,8FPS 
18,7FPS 
18,7FPS 
18,SFPS 
17 • 7FPS 
lb,I.IFPS 
15,1FPS 
t3,4F'PS 
7,bFPS 
5,7FPS 
J, BF.PS 
2 • 1 FPS 
O,SFPS 

o.o 
0,5 
0,8 
1, b 

l:i 
1,5 
l:~ 
1.~ 

l: ~ 
l,S 
l • S 

l: ~ 
1,5 
1,b 

i • b 
• b 0,8 

0,7 
g.s 

• IJ 
0, 1 

O,OF'T 
l • t,F T 
2 4FT 
2:bFT ~:,n 
d,JFT 
4,8FT 
IJ 0 11FT 
5,tll'T 
'5,~FT 
'5 1 '2FT 
5,?FT 
'5,2FT 
S, 1 FT 

i:HH 
IJ • t FT 
l,"FT 
2,BFT 
2, JF T 
2,t,FT 
2 1 1 FT 

A:~H 
0,JFT 

TIME TO MAX HW~ bCIMIN, 

FLOW ITAIL• I POND IROUTINGI 
TYPE IWATf.:R I AREA I TIME I 

JG 
I~ 
B 
IA 
IA 

18 
ID 

18 
to 
ID 

18 
I A 
IA 

H 
IG 
JG 

18 
IG 

0, OFT 
1, bFT 
2,I.IFT 
J, JFT 

J:1H 
Cl• b P: T 
IJ • qf' T 
~:&n 
~. lFT 
5 • l FT S 1 FT 
5, IF T 
5,0FT 
S,OFT 
C1 1 9FT 
",5FT 
IJ • OFT 
l, SF T 
l, OFT 
2,t,FT 
2, 1 FT 
1 1 SF T 
0 1 <>FT 
0. JF'T 

O,OAC 
O,lAC o, HC 
O,SAC 
O,BAE 
l: ~:c 
i,•uc 

• b AC 
oOAC 

3, I.IAC 

l:S:E 
3,8AC 
l,2AC 
2,7AC 
?,OAC 
I, lAC 
0,9AC 
O,bAC 
0,IJAC 
O,IJAC 
0,2AC o,1•c 0, AC 
0 0 0AC 

OMIN 
SMIN 

15MIN 
22MIN 
~i~rn, 
JqMJN 
LI 3MIN 
IJ7MIN 
St MIN 
SLIMIN 
58MJN b2M N 
t,t,MIN 
7!MIN 
77MJN 83M N 
92MIN 

10bMIN 
11qMIN 
132MIN 
145MIN 
170MlN ~af~rn 
30lMIN 

I-' 
0 
N 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •******* HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATlON1 lbbtSS,QQ PROJECT: DRY CREEK STATION 3oo+S5+• (EXAMPLE ND, 1) 

CULV SIZEI ,, z.a¥ z.o ROUND CUNCRETE/,SOCKET END PROJECTING INLET 

ANALYSIS TYPEI 2ERFPRM D!SCHGF 
BARRFL GEOMETRYI LENGTHI 103ft 

* • • • * • • * C U L V E R T 

QI 170Cf5 F~fQI~ DHWt!?,QOEI 

SLOPE11.aaooax GVDI 9 Qfl 

F l O O D R O U T I N G • * * * * • • * • * • 
IROUTINCI •••DISCHARGES•• .. •! ****VOLUMES(AFl••••I HEAD I OUTLET I FROUOEI B~INK. 
I TIME I INFLOW I nUTFLnWI IN I OUT I STORE! HW,FTIVELOCITYI NO,\ I DEPTH 

9~m 
\

9MJN 
8MIN 
7MJN· 

44MIN 
SOMJ',J 
54MIN 
S9MIN 
t,4MII-J 
t,9M I r-i 
7"Ml r-J 
78MIN 
83r-<IN 
QOMIN 
97MIN 

t0SMIN 
11 7M IN 
1 HMJ"-J 

1i~~rn 
183MIN. 
214MIN 
2ti2MJN 
l10MIN 
J82MIN 

9e~~ 
26CFS 
5JCF'S 
87CFS 

121CFS 
150CFS 
1o5CFS 
11,SCF-'S 
lb!CFS 
l49CFS 
1 HCFS 
12'5CFS 
11 3CF S 
l00CFS 
8oCFS 
72CF'S 
58CFS 
42CFS 

Jae~~ 
I 7CF S 
l0CFS 

3CFS 
0CFS 
0CF'S 

gE~; 
1RCFS 
38CFS 
$~~~~ 

I 22CF"S 
I LILICF S 
1'57CFS 
t59CFS 
15£1CFS 
14'iCFS 
I 35CFS 
12llCFS 
109CFS 

9SCFS 
81CFS 
oSCFS 
LIRCFS 

J~E~j 
21 CF 
llCF 

JCFS 
!CFS 
0CFS 

g,q 
o'\ 
0:1 
0,9 
1,2 
l , 0 
l , 1 
1 , 1 
1 , 1 
1 • 0 
0,9 
0,8 
o,7 
1 , 1 
0,9 
o.e 
l. 2 

I 1 

8:~ 
8,4 

• 7 
0.2 
o.o 
0,0 

o.i 0. o, 
0,5 
0 • f, 
0,9 
0,8 
0.9 
1 , 0 
1 , 0 
1, 0 

A·8 
o:s 
1,2 
1 IQ 
0,9 

l : I 
8,8 ,o 
8·~ 
0°3 
0 I 1 
o:o 

TOTAL VOLUMES 19 19 

TIME. TO PEAK;a 57Ml~, TIME TO MAX OUTFLOm 

o,~ o, 
8°0 
0°b 
o'Q 
1 I 0 
1 : 2 
1 • 3 
1 I 3 
l , 2 
1. 2 
I , 1 
1 I 1 
1 I 0 
o,q 
0,7 
0, b 
o.r; 
0,3 
O,J 
O,? 
0 1 1 
0,0 
0,0 o,o 

o,g 
1 I LI 
2°0 
2°7 
J'4 
o:o 
a,u 
ll,b 

. /JI 7 
ll,b 
a,IJ 
4,2 
ll,O 
3,7 
1·4 
2·t z• 

I 
1 I q 
l , 7 
1 I'S 
1,2 
0 I q 
0,5 
0, I 

t,6MIN, 

i,OFPS 
,0FPS 
,4FPS 

ll,l\FPS 

~:!~~~ 
12,BFPS 
I 3, LIFPS 
1J,7i;p5 
13,8FPS 
1 l, 7FPS 
1J,4FPS 
13,;.>FPS 
12,CIFPS 
12,4FPS 

7,LIFPS 
&,qrps 
b, tFPS 
S,3FPS 

~=i~~~ 31 FPS 
2, FPS 
l,7FPS 
1,0FPS 
0,7FPS 

g.g 
o:s 
0,o 
0,7 
0,8 
1,o 
1 , b 
1 1 0 
1 • t, 
, I b 
1 I I, 
1 1 0: 
1, b' 
I • & . 
0, II 
0 II' 
0°1· 
0:1 

8,o 
• b 

8:~ 
0,3 
0. J 
0,3 

TIME TO "1AX Hi,,J:' 

8:8H 
1,4FT 

!,~FT 

:~~t 
\FT 

~: 3F T 
~,OFT 
2, IJF T 
2, JFT 
2, 3F T 
2, ?FT 
2,!FT 
2,0F'T 
2,bFT 
2,4FT 
2,2FT 
2,0FT 

I :~n 
1,5FT 
1, 2F T 
0,BFT 
0,5F'T 
0, IF T 

bbMIN, 

* •CULVERT FLOOD ROUTING••• 

FLOW !TAIL• I PONO JROUTINGI 
TYPE li,,JATfR I A~O I TtMf.. I 

u 
IH 
H 
IA 
IA 
IA 
IA 

B 
IA 
IG 
JG .G 
IG 

12 
IG 
IG 

rn 
IG 

8:~n 
1,'IFT 
l,8FT 
2,2FT 
2,on 
2,BFT 
3,0FT 
J,\FT 
J,1FT 
3,1FT 

J·Sn 
2:9n 
2, 7F T 
.? I bFT 
2,LIFT 
2,2FT 
2,0FT 

l:~H 
1,sr:-r 
1,2FT 
0,BFT 
0, '5FT 
0, 1 FT 

O,OAC 
0, 1 AC 
0, l AC 
0,2AC 
0, 3AC 
0, 'UC 
O,LIAC 
O,LIAC 
O,SAC 
o,SAC 
O,SAC 
O,LIAC 
0,'IAC 
O,LIAC 
0, LI AC 
o, HC 
0, 3AC 
0 • JAC 
0,2AC 

8:~:E 
0, t AC 
O,lAC 
0, lAC 
O,OAC 
0,0AC 

OMIN 7M N 
19M N 
28MlN 
HMIN 
/J'IMIN 
50MIN 
5l1Mllll 
r,qMIN 
bllMIN 
t,qMJN 
7/JMtN 78M N, 
BJM N 
90MIN 
97MIN 

lOSMlN 
117MIN 
1 BM I Ill 

l6J~rn 
18 3"1 I Ill 
214"1IN 
2b2MIN 
JIOMIN 
382MIN 

f-' 
0 
V, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION N0 0 2 

STATION I 3bb11;SS, O_Q. PROJECT I DRY CREEK STAT tON 3,M:1+55+• (EXAMPLE NO,\) 
-

CULV SIZEI te J,0¥ 1,0 ROUND CONCRETF/,SOCKET ENO PROJECTING INLET 

ANALYSIS TYPEI eEBE □i~ CISC~GE ~ (H 35ACES FRfQ1--5.X.i DHWtS?,AQEJ, 

BARREL GEOMETRY, LENGTHI 103Et SLOPE11.ooooox GVDr..Jl.PEt 

* * • • * • * * C U L V E R T F L O O D R O U T I N G * • • • • •*•*••••CULVERT FLOOD ROUTING••• 
I ROUTING I •••DISCHARGES***I ••••VOLUMES(AFl•***I HEAD I OUTLET I FROUOEI BRINK I FLOW 'ITAIL• I POND I ROUTING I 
I TIME I INFLOW I OUTFLOlll!I IN I OUT I STORFI HW,FTIVELOCITYI NO, I DEPTH I TYPE- !WATER I AREA I TIME I 

,=rn d!fl i~fi g:} g·i 
8:1 

o;] j:8~~1 g·~ 1=1n PH o·rf OMfN 

n 
0 1 A 9M N 

. ib=p 
tit n 

I" i·, ,t,,P • b I FT 
0 1 A~ l Mr r 'I l~i I:~ [1 

:1 'TF'PI f8 I IIFT ,OFT &·l~ ~f,M N 
4M N ,gc~ -- t :~FP It, rr ·iH QM N 
1"' N 

1,9 lj IQ 14, FP 1:t, ~: FT o:,A ml~ i MJN 8~Hl -l ' l 15 5
1

8 t~ 1 4FPS 1 It, OFT 

H 
1:t,FT O,&A~ 

~MN i•g~a 
I 1 • b b I l 1 •JFPS l, t, 1:iFT 8FT 0 8A ~~~ ~ MJN ;1E~B 2°1 1.8 b • t, lb1 FPR 1 , b 3, FT 3:9FT o:;Af ttgM N 2:0 1 • i l,O b • 8 lb,OFP 1 • t, 1: 4FT 11,0FT 0, A bOM N 

t, "11 N ~i1fa 04ri 1,; 1,g ti's b,:tFPS 1, b 3, I.IF T lA 4,0FT 0,9Af t,(1"1r t,9t-4 IN 98 F 1 I 1:e 2, b 
1 

7 1 b • lF PS 1,& 30 4F T IA IJ,OFT 0,9A 69M N 
7!MlN '58CFI 287 Fi l , b 1,8 2,8 b • '5 tb,,FPI 1 • f, l 1 lFT IA 1,QFT 0,8AE 73M N 
7 MJN p11cF f~CF }·" }·7 ~•s t, • l l ~. FP I· b i,2FT IA ,8FT 0,8A 78"1 N 
!4MIN ObCFS 

4 rs r~ • b • l b:O 1 '5FPS ,b ,OFT ]A 7FT 0,7AC 8QMIN 

A~rn tiiE~I 2r Fi 
2,~ 1:4 ~-i U:1~~1 I . " i:~n Ii ~:1fl 8:UE '1MIN t 7 F ,b • t, q M N 

1rMIN 1igc~ 5 1 i F •j ~•s A·~ ". 1/•~FP A:g ~ 1 9FT g,1uc l~qMIN I.IMJN 
~~E~i u~h :4 1· I FP, t,FT IG bFT , lAC QMr 

111LMIN l I l l:~ o'l rq ~:i~~) g,B ~: lFT JH ~:1p O,JAf 1111M N 
15 MN :o o: :s • 1 ,tFT , 1 T 0, A 15 MN 
f OMIN l&EFS l.llEFS o,~ o,<> 0.1.1 2,1 1,gFPS o.~ l, qFT 12 l ·9P 0,2Af 170"'fN OOM N 20 FS 211 FS l I 1 I '5 0,2 I • , FPS o, 1 • ';FT 1 5 T 0, I A OOM N 
245MIN 7CFi ;Hi 0, II O,b 0, 1 1,! 2,bFP; 0,4 I I IF T rn I, IF T 0 1 1Af 211'5MJN 
289"1JN tCF 0, 1 0, 1 0,0 o. l, JFP 0,3 O,t,FT O ,fiFT O,OA 2R9M N 
35t!MIN OCFS OCFS ·o,o o.o 0,0 Q 1 1 0 1 7FPS 0 1 J 0, I FT IG O,tFT O,OAC l'5bMIN 

TOTAL VOLUMES lb lb 
TIME TO PEAKsi SlMIN, TlME TO MAX OUTFLOm t,bMIN, TIM£ TO MAX HW• t,bMIN, 

I-' 
0 

""' 



I 

I 

WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 

CUL~ERT FLOOD ROUTING PRINT OPTION NO, 2 

STAf/IONI lbbtSS,OQ PROJECTI DRY CREEK STATION lbb+SS+• CEXA,-.PLE NO,1) 

CULV,
1

. SIZEI 1 ■ 1,0¥ 1:0 ROUND CCJNCRETE/,SOCKET END PROJECTING_ INLET 
ANALYSIS TYPEI fEREORM D-LSCHGE QI 530CES FREQI~ DHW1J-Z 0Af1. I . u 
BAR~EL GEOMETRY I ~ENGTH1 IOlfl SLOPE~! OOAOOX GVDI 9 Otl 
* • * • * * * * C U L V E R T F L O O D R O U T I N G * • * • • • • • • • 

. I ROUTING I 
I TIME I 

OMIN 
6"'IN 

ibMIN 
4MIN 
lMIN 
7MIN 

43MIN 
117MIN 
SlMIN 
'55MIN 
5qMIN 
b1=1~ h:rn 
84MIN 
'10MIN 

lOOMIN 
14MIN 

12qMIN 
1 ZI 3M IN 
I ii~rn. 
hsMtN 
iU~rn 

•••DISCHARGES•••I 
INFLOW I OUTFLOW! 

OCFS OCFS 
21lCFS . 17CFS 
82CFS '51CFS 

tb7CFS l 20CFS 
73CFS ICF 1qc,s Hie,~· 

llb8CFS 321l~FS 
Stt,CFS l7J FS 
52'5CFS IJlO FS 
5 0 JC F S 4 31 ~ r: S 
1Jb7CFS 4jQ FS 
42'1CFS iJ 7 F'S 
JQ2cr:s 11 1 rs 

1511CFS 410CFS 
t JCFS 37bCFS 
&QCFS nqcrs 

22'5CFS 2QbCFS 
182CFS 23bCF'S 
l'HCFS lb2CFS 
;~Ea 1UEa 
55CFS biJCFS 
,1CFS lbCFS 
l1CFS 1c;CFS 

~E~~ ~U~ 
TOTAL VOLUME.S 

••••VOLUMESCAF)****I 
IN I OUT I STORE! 
0,0 0." o,q 

!.q 
, 3 
,2 

2. t, 
i?,Q 

1:i 
21:t ,2 

.o .o 
2,IJ 
2,2 
3,1 
J,O 
1, 8 
t,5 
1 , 0 
1,8 
0 • t, 
0, t o,o 

50 

0,0 
0,3 
O,b 
1,IJ 
t I 8 
2,3 
l • 8 
2,~ 
~:11 
2,5 
i?,5 

f:1 
3'& 2:1 
4,0 
J,7 
2, 1 
I , 7 
1 I 2 
2,1 
0,8 
0,2 o,o 
so 

o,o 
0,t 
0,'5 
1 I 0 

l:~ 
3,J 
4 I t 
lJ,8 
5,2 
s,a 
'5,3 

"·t II I 

4 I 3,$ 2, 
2.0 
I , 3 
l , 0 
0,8 
0,6 
0,3 
0 1 t o.g o, 

HEAD I OUTLET I 
HW,FTIVELOCITYI 

0,0 O,OFPS 
1 ,4 l, 5FPS 
2,11 S 0 SFPS 
J,q 12,7FPS 
5,5 14,qFPS 
b,3 _t'., 0 qFPS 
7,t 16,7FPS 
7,8 17,2FP$ 
8,IJ 17,bFPS 
8 1 8 17,8FPS q,s 17.qFP~ 
i:1 H:n~§ 
8,4 t7,,FPS 7,q 17. FPS 
7 3 lb FPS 
b: 7 1 b: 3F PS 
5,8 15,4FPS 
a• 7 13,q,-p5 
3,8 12 0 'SFPS 
3,2 7,0FPS 
2,7 6,lFPS 
1,q ll 1 7FPS 
1,3 3,1FPS O,t 1,7FPS 
Q, 0,5FPS 

F ROUDf I BR I NI< 
NO, I DEPT!-1 

8·i 
0:1 
I • b 

l,b 
,b 

I,& 
1 I '5 
l,'5 
1,5 
1,5 

l·~ I:~ 
1 I b 
1 It, 
l,b 
1 I I, 
1 I I, 
0,8 
0.1 
O,b 
0,5 
0,3 
0,2 

o,oFT 
1,lffT 
2,0f'T 
2, 1 FT 

_2,8FT 
3,2FT 
3,5FT 
3,flFT 
4,tFT 
4,2FT 
a, ]FT 
II I JFT 
U,2FT 
IJ, 1 FT 
},qFT 
3:i~f 
2,qFT 
2,4FT 
2,0FT 
2,SFT 
2,2FT 
I ,8FT 
1 , lF T 

s:~n 

• * •CUL VERT 1FLOOD ROUTING• * • 
FLOW ITAi~• I POND IROUTINGI 
TYl'E I WATER I AREA I TIME I 

IG 
IG 
H 
IA 
IA 
B 
IA 
IA 
B 
H 
B 
H 
la 
rn 
IG 

I& 

0 1 0FT 
1 , 4F·T 
2,0FT 

i' 8F.T 
0 '5FT 
,8FT 

ti• iF·T iJ I F.T 
IJ I FT 
4,&FT 
IJ,&FT 
4 1 6FT 
4 SFT 
IJ:5M 
iJ, 3F T "I ?FT 4,0FT 
3,bFT 
l,2FT 
2,8FT 
2,SFT 
2 1 2FT 
l,8FT 
1, 3F T 

8:~H 

O,OAC 
0,lAC 
0,2AC 
O,UAC 
O,&AC 
0,8AC 
1 , OAC 
1, I AC 
1, 3AC 
1,UAC 
I ,UC 

l,UAC 
,aAC 

1 I JA~ 1, IA 

A:S: 
O,bAC 
0, «:;AC 
o,aAC 
0, JAC 

8:1:f 
0 • 1 AC 
8:Hf 

OMJN bM N 
lbMIN 
21JMJN 
iJ~i~ 
113MIN 
aTMIN 
'51MlN 
55"1IN 
5qMlN 
63MIN 
b7MIN 
H~rn 
84MfN QOM N 

IOOMJN 
11/JM N 
12qMJN 
14 3M N 
157MIN 
!84MIN 
225MIN ~u~rn 

TIM~ TO PEAK3 QqMJN, TIME TO MAX OUTFLU= blMIN, TIM£ TO MAX HW= blMIN, 

.... 
0 
u, 



WYOMING HIGHWAY D~PARTMENT 
ENGINEERING DIRECTORATE * * **. * * * HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION Nn, 2 
STATIONr 3ba.ss,aa PROJECTS DRY CRfEK STATION 366+5':i+• (EXAMPL.E NO, t) 

CULV SIZEI J. Z • Ill z,a ROUND CONCRETE/,SOCKET ~ND PROJECTING INLET 

ANALYSIS TYPEI PEREORH OJSCHGE Q,Jaancrs FRfGs-5.Qn oHw,12,aaEt 

BARRH GEOMETRYI LENGTHS lll3fl SLOPE11,oooaox. GVDI -9.llll 

* * * * * * * * CULVERT F L O O D R O U T I N G • • * * * tt • * • * *· * ttCULV::RT FLOOD ROUT ING• • * 
IROUlINGI •••DISCHARGES•••! ••••VOLUMF.SCAF)••••I Hf.AO I OUTLET I FROUDEI BRINK I FLOW ITAIL• I POND I ROUT ING I 
I TIME I INFLOW I OUTFLOW! IN I OUT I STORE! 1-0,i,,-TIVELOCITYI N0 0 I DfPTI-I I TYPE !WATER I AREA I TIME I 

OMJN OCFS OCFS o.o o.o o,o o,o O,OFPS o,o 0,0FT O,OFT O,~AC OMIN 
5MIN 'SOCFS 3\CFS 0.1 0,'5 0 1 3 I • 8 4 1 11FPS 0,6 t,7FT JG I, 7FT 0, AC '5MIN 

l'H•IN 167EFS 10. ~FS I , 6 1,0 0 • q 3,b 12,2FF'S I • b 1 , q,- T 1A 2, 7FT 0 ,,uc 14MIN 
j}~I~ ~~~c~~ Jib FS 3,3 ~-3 ~-g '5,8 1'5,IIFF'S I I~ 

J,OFT H 3, bFT 0,6AC ~}~I~ 
i~1-1I N 

9CFS 4 • 1 • I§ 7,l . 16,8FPS 3,t,FT 11 1 ,?FT l,OAC 
3?.Mh 7711CFS llb?CFS '5,7 3,11 s:s 9,11 18,IFF'S 1 : lj II I IIF T 4 1 7FT l ,'HC 

MIN 9'511CF; '5 32CFi ll,b 2,b l~:i 10,9 18,bF'Pj l,i ll,9FT ID ll 1 9FT 2,llAC 37MJN 
llflMIN I 8Hc~s 57~r ~-1 ~-8 H:: 18,P.FP I I ~-t~l IO ;-in ~,IIAC 11gM N 
4 MIN ,Q A,9FF' ID ,7AC 4 MIN 
ll7MIN 1~(6lFS :io ~j s:o i·1 1 ll If, n:J 18,9~~, } • II ~:in rn ;: !~T 7,bAE ll7Mr.J 
~1MJN 2ni f:, OEF 11 • b u,, 0 18,9 :a 

'5:aFl 
QI I A '51M N 

4M N 87~CF t:,f:, J i: 1·~ i:i H·l 14.~ 18 1 9FP i • t t:,:oFT IO }O•)AC 54M N 
1§8 "I IN 1q p·s. b7lfFS 111 8,9FPS b,tFT rn S,4FT 0, AE SBMIN tt~ N 722 FS b74 FS 1:s 3:3 11:9 I 4: t:, t8,9FPS 1 : J t:,, !FT '5,IIFT 11 1 0A t,\M N 

' ~rn ~i~ea l:i71~Fi '5,3 '5 I b' 17, b · 111,5 !8,9FP~ 1 , II l, 1 lFT rn 5,IIFt 1 o, 7AC bbMIN 

7iMIN 
bbO F 11,3 ~:i 1 t, I 8 111,2 tR,qFP 1.11 b,oFT S IIF 9,qAC 7,MJN 

45QCFS 640CFS 3,8 1'5,3 3,6 t8,9FP5 1 I II '5,8FT ID s: 3FT 8,IIAC 7 MIN 

83~1~ nun nun ,,4 1i•I l~•i l~:i ig,9FPI I · II 5,~F"T I~ S,,FT ~:}1~ u~1~ :J .~FP 4 FT 
Q 'l llr N 

: 1 4: ! 7 • 3FP 1:i 3: 9F T II: 3F 1, A 11 1 "1 N 

11 ~rn 1n~n 'U~U i:I 1:1 f·4 ,., 1::n~1 !•b j:tH u J:!~t ~:U~ IH~rn ., 'o :a • FT ,4FT 
) llMIN A·! ~-~ g:~ rs 11:rPS 8·t I, 7F T l • 1n 0,2AC rQMIN 2n:rn 3E~I qEFS I lj 'o 2, FPI ~,OFT rn OFT o,AAE 2JMIN O FS o:o .o o:o : 1 0, F P 0:2 1 3F T 0: 3F T 0, A 8 M N 

TOTAL VOLUMES 88 88 

TIME TO PEAK ■ ll2MIN, TIMf TO MAX OUTFLO= 6 3M IN 1 TIME TO ..-Ax MW: 6 3M IN 1 

.... 
0 

°' 



WYOMING HIGH~AY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HY()IHIJL ICS SECTI,ON 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATION1--3&&•SS,0Q PROJECT I DRY CREEi< STATION 3&&+5S+• (EXAMPLE NO,t) 

CULV SIZEI I, 2 I Q.X 2,Q ROUND CONCRETE/,SOCKET END PROJECTING INLET 

ANALYSIS TYPE1 PERFORM DISCHGF QI.U90CES FREQl.1J1.D..:!.i DHW•IZ,00£I 
BARREL GE.flMETIHI LENGTHS, 103ft SLOPEIJ ,Q00Q.Ql GVDI 51 0 0£,l 

* * • * * * * * C U L V E R T F L O O D R O U T I N G * • * * * * * • * * • * •CULVERT FLOOD ROUTING••• 
IROUTINGI •••DISCHARGES•••! ••••VOLUMES(AFJ••••I HEAD I OUTLET I FROUDEI BRINK I FLOW ITAIL• I PONO I ROUT! NG I 
I TIME. I INFLOW I OUTFL □ ~I IN I OUT I STORFI HW,FTIVELOCITVI NO, I DEPTH I TYPE IWATER I AREA I TI Mf: I 

OMIN OCF~ OCF~ o.o 0,0 o,o o,o o,oFPS 0, 0 0 OFT o.oFT O,OAC OMIN 
LIMIN &LICF' r~CF ~ I q o.s 0, LI 2,0 L1 0 8FPS O,& rqFT IG 1,qn 0,2AC I.IMIN 

1 3M IN 215CFS 1 Llrs .o 1 1 2 1 , l Ll,2 13,lFPS l, b 
0

2FT u I qF T 0 0 LIAC 1 JMIN 
1qMIN a4gcF~ 2iq F~ g,ij S·k . ~-t ~-~ l~ 1 0FP~ l It, 3:2FT - J, ;Ff 0,8A~ ~qMr SM N- 71 CF LI II F t I bFP I:~ Ll,tFT LI I F >.'3A '5M N 
10MIN ~q~CFS ~diE~j f9 1:t a'A l~:Z U:~~~i ~,QFT 

rn 
LI ,Qp u:1: u~ ~ I.IM N l 2 CFS :6 l 1 : ,2FT 5, 1 T 

~8MJN . 1 i,~CFS &fCF &,~ i·q 14. 4 U:~ 111,qFPS l • u '5,t,FT ~•tT 7,1AC Jt\MIN 
lMIN 1 CFS & OCFS 6, I 1 7,& a,qr:ps I II 6,!FT I FT 10, AC ZitMIN 

411Mf N 1 32gc~s 705CF] ". 1 3,~ · 20, LI 15,~ 111,qfpi 1 I 3 b • ~r:T vH 5,~FT 1~,SAE U4MJN Ll8M N 122 C S 8i2CF I§ I 3, 22,J 16, ~ • IJF p 1.s b • F' T '5, FT I ,LIA Ll8M N 
51MIN 112!CFS 8 QCFS '5. 2 ,.q ~i:i tb.7 2 ,~FPS l:~ & 1 8FT VII ~,qFT 1b,bAC ~4MIN S'IMIN 102 CFS 8 qCFS 4.7 4,0 17 .o 2 1 FPS b,8FT VI I ,qFT 17 ,4AC MIN 
158MIN q3ors ~7J~~s i-~ i,g ji•l U•i 2~ 0 9FPj l·~ t•:n ~II ~:SH H:,~~ i1~1~ 6i~M N 8?1 Fi A~2 Fi 

2 ,8FP 
b M N 7 0 F s:2 o:3 3:1 u,:s 22,UFP I: 5 o:AFT 5 ,9F T 1b,2A t, M N 1rr ~1A~~i u~~a 4 ,b ~·i ~~-1 lti lf•~f~i l·j f:t~l In ~=iP I}:~~~ !f~I~ b,b 

10 ~ ~ 3~0 F; b~/J F~ ". 4 11:1.1 11.1 • 'qFp 1 • &FT ,2A q M N 
2. 2CF 5 7 F 1,8 I 

q: 1 1 , la:1FP; 1: 5 s:,n s:oFt 3,0A 105M N 

lf?~rn ti~t~~ 41HfFS J·t Z·9 1'5 Q,1 18,0FP; f,5 4,iFT B 4,&FT 1, ~AE lH~rn 3~8 FS • I b • 1b,4FP -b J F'T 4,sn 0, A 
1 9MIN 8 JCFS I &CFS 3: I§: 8 J I 1 LI• 1 12,qFPS 1:& :!FT IA 2 1 FT 0,LIAC 14qt,IJN 
) 8 }MIN 2~g~~ LIJCFS A:i 5:g 0, II 2,) 5,ijFPS o,~ I I QF T rn ,,QFT 0,2AE 1 A 3Mf N 1 b'M N 12CFS 0, l t • 2, FPS o. l ,2FT ,2FT o, 1A i&M N 
2b&MIN gcFS OCFS o,o 0 l 0,0 Q I.? 0,8FPS 0,2 0, I.If T JG 0 1 /JFT o,oAg 2bbMJN 
}4'QMIN CFS ocrrs o.o o:o 0,0 0, l O,JFPS 0,2 0, IF T I1 A O,OFT O,OA JIJqMlN 

TOTAL VOLUMl:S 107 107 
TIME TO PEAK= JQMJN, TIME TO MA~ OUTFL□ m '59MIN 1 TIME TO MAX l-4W11 59MlN, 

..... 
0 
'-l 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAUL.ICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATIONt \bt,.+55.ll..Q PROJECT: DRY CRfEK STATION 3bb ♦ 55+• (EXAMPLE NO,t) 

CUL V SJ ZE I 1 e - a.S.X.-A.,S. ROUND Mf TAL C SPP ) / COMMERICAL fNO(FEl INLET 

ANALYSIS TYPEI DRAINAGE OfSIGtil.
BARR[L GEOMETRYI LENGTHS ,a,ri SLOPE1J.OOPPP¥ GVDI 9,Pfl 
• • • • * • * • C lJ L V E R T F L O O D R D U T I N G • • • • * * • • •- * 

IROUTINGI •••DISCHARGES•••! ••••VDLUMFS(AF)****I Hf.AD I OUTLET I FROUDEI BRINK 
I TIME I INFLOW I OUTFLOW! IN I OUT I STnRFI HW,FTIVELOCITYI NO, I DEPTH 

g~rn 
t5MIN 
22MIN 
2qMIN 
35MJN 
3q-.,p,1 
4 3MIN 
IJ ?PAIN 

it 1.1 IN 
4MIN 
8MIN 

t~~I~ 
7 1 MIN 
77MIN 
BJMIN , zb~ rn 

tlQMJN 
132M N 
l!ISMJN 
t70MJN 
208MIN 
21.ibMJN 
30 3M IN 

39E~§ 
12SCFS 
256CFS 
4t8CFS 
S80CFS 
7t5CFS 
78qCFS 
80 3CFS 
7bQCFS 
7t"CFS 
6SbCFS 
~QQCF~ 
ii~iErs 
tJttCFS 

111/JCFS 
78CfS 
OIJCFS 

\tJ7CFS 
1 I 6C F S 
85CFS 
U8CFS 
1\E~i 

OCFS 

TOTAL 

OCFS 
2/JCFS 
8 3CFS 

IQSCFS 
2Q8CFS 
IJOI.ICFS 
"8/JCFS 
"%CFS 
SIJ '\CFS 
57/J~FS 5Q1 F S 
bOO FS 
~8qc~i 
~&qtfS 
r;J7CFS 
!1~6CFS 
!12'5EFS i?BQ F S 
\Q',CFS 
t 3111'.: F 5 
Q7CFS 
SIJCFS 
21ea 

OCFS 

VOLUMES 

o,o 
0 1 0 
t , 3 
2,7 
3, 3 
IJ,5 
3, 7 
IJ • l 
ti, 2 
IJ. 0 
1,7 
3, IJ 
j·1 LI: 2 
3,a 
3,t IJ,i IJ I 

2 I· 
2,t 
l, 5 
2 Ir; 
0,Q 
0,2 o,o 

71 

0,0 
o.a o,q 
2,0 
2,J 
3,2 
2,5 
2.6 
2,8 

l,o 
I 1 
• 1 

i:l s I 1 
ti, 5 
U,IJ 
E,. 7 
b,O 
3, ti 
2, IJ 
1 I 7 
2,R 
J I 1 
O,J o,o 

7 l C 

o,~ 0. 
o. 
1 I ;\ 

2, 3 
3,7 
tl,q 
b, ti 
7 IQ 
8 I q 
q I 'i 
q, I) 
q,q 

~·t 
7°7 
6: 3 
/JI 0 
2,2 
1, 3 
1 , 0 
0,8 
0 I '5 
0,2 o,o 
0,0 

o,o 
~-t 
a'e 
&:1 
7, IJ 
8, 5 
q,q 

10,8 

l I, 2 
1 I 5 
l,b n :~ 

10,i 
Q,8 
7,7 
b,O 
IJ,8 
J 1 8 
3, 2 
2,3 
I I b o,q 
0,2 

O,OFPS 
3,l,IFPS 
&,!FPS 
q, HPS 

\0,4FPS 
11, bFPS 
12,IIFPS 
12,&FPS 
13,tFPS ti 1 4FPS 
1 ,6FfS 
\ ,&F,..9 
11 1 6FPS 1 • oF P s 
1 , 3F PS 
13, OFF'S 
12,oFPS 

ll,8FPS 
0, 3FPS 
Q,tFPS 
7,7FPS 
6,bFPS 
S,OFPS 
3,JFPS 
1,QFPS 
O,SFPS 

o.o 
0 I '5 
0,7 
o,q 
Q I q 
o,q 
o,q 
o,q 
1 I 0 
1,0 
l : 8 
l: 8 
o·S 
g:i 
o'q 
o's 
0°7 
o:a 
0 I 'i 
0 I 3 
0,2 

0,0Ff 

~:~~' 3, (If T 
a, ~FT 
S,OFT 
S,'5FT 
'5,bFT 
c;,qFT 
&,OFT 
6, 1fl 
b,2FT 

t:in 
&,OFT 
S 1 8FT 
5,&FT 
'5,2FT 
4,lFT 
3,IJFT 
2,QFT 
2,bFT 
2, t FT 
l,5FT 
O,QFT 
0, 3FT 

• • •CULVERT FLOOD ROUTING• • • 
FLOW IUIL• I POND IROUTINGI 
TYPE I WATER I ARf f. I TIME I 

O,OFf O,OAC OMIN 1 IA ,SF , AC MN rlrA l,sFT 8,!Ac t~M N 
IIA 3,IJFT O,SAC 22MJN 
IIA 1.1,0FT 0,7AC 2QMIN 
IIA IJ,5FT t,OAC 3SMIN 
llA IJ 1 AFT 1,3AC JQM N 
IIA a,BFT 1,bAC 43M N 

V 5,0FT 2,3AC IJ7MIN 
V 5,lFT 2,8A~ 5tMIN 
V 5,1FT 3,0A 'SI.IM N 
V '5,2FT l,lA 'i8M N 
V 5,,FT 3,tAC 62MIN V 5, Ft J,OAC b&M N 
V '5 1 FT 2,7AC 71M N 
V ~,OFT 2,3AC 77MIN 

llA IJ,8FT 1,bAC 83MIN 
IIA 4,SFT l,lAC q2MIN 
IIA 3,qfT 0,7AC lO&MJN 
IJA 3,IJFT Oi5AC llQMIN 

II A 2,QFT o,aAC 132MJN 
IIIA 2,bFT 0,3AC llJ'SMJN 
lllA 2,IFT 0,2AC 170MIN 

IIIA 1,5FT O,IAC 208MIN 
A 0,QFT O,lAC ll,IE,M N 

IIIA 0,3FT O,OAC 30JMJN 

TIME TO PEAK: IJ5MIN, TIMf TO MAX OUTFLO= o4MIN, TIME TO MAX HW ■ 64M p,1, 

I-' 
0 
00 



' 

WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION J 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATIONI Jbbt55 00 PROJECTI DRY CREEK STATION Jbb+55+• (EXAMPLE NO,l) 

CULV SIZEl,,.be e.sx a 5 ROUND MEHL c SPP )/ COMMERICAL END(FEl INLET 

ANALYSIS TYPEI PERE0Rt;1 OlSCtiGE • Q1,JZQCU FREQI~ DHWIJi?,AAEJ. 

BARRfL GEOMETRYI LENGTHI IA'\FI SLDPE1,l, 1 0.A00AX. GVDI 9 0 Q£1 

******"* CULVERT FLOOD ROUTING••••• * * * * * • 
I ROUTING I 
I TIME I, 

•••DISCHARGES•••! ••••VOLUMES(AF)••••I HEAD I OUTLET I FROUOEI BRINK 
INFLOW I OUTFLOW! IN I OUT I STORE! HW,FTIVELOCtTYI NO, I DEPTH 

• •CULVERT FLOOD ROUTING••* 

FLOW. ITAIL• I POND IFHJUTINGI 
TYPE IWATE~ I ARfA I TIMf. I 

OMIN 
7MIN 

lqMIN 
28MIN 
J7MIN 
44MII\I 
50MIN 
54M1N 
5q114p,1 
b4MIN bq,_. N 
74MIN 
76MIN 
8 3MIN qoM N 
q?MIN 

10'5MJN 
l17MIN 
l HMIN 
151MIN 
lb7MJN 
183M N 
214MJN 
2b2MIN 
310MIN 
382MIN 

OCFS 
7CFS 

2bCFS 
- 5 lC F S 

87CFS 

Ube~§ 
1 &'5CF'S 
tb8CFS 
tblCFS 
l4qCFS 
1 HCFS 
U1~~§ 
100CF§ 
8bCF'S 
72CF'S 
58CFS 
42CFS 
30CFS 
24CFS 
l7CFS 
lOCFS 

3CFS 
OCFS 
OCFS 

OCFS 

.~Hi 
40CFS 
b7CFS 

t~iE~§ 
l4&CFS 
u,~~~ 
154fFS 
145~FS na Fj 121! F 
108 F 

q11CFS 
80CFS 
b4CFS 
1.17CFS 
ncFS 
20E~~ 
11 CFS 

4CFS 
lCFS 
OCFS 

TOT AL VOLUMES 

0,0 
0,2 
0 I 3 
0.1 
0.9 
1.2 
1 1 0 
l • t 

l • i 
1 • 0 0: q 
0,6 
0.1 
l • 1 o.q 
0,6 
l, 2 
1 • 1 
0,7 
o.s 
0,4 
0,7 
0,2 
o.o o.o 

1q 

o.o 
QI 1 
0.2 
0,5 
0,7 
1 , 0 
0 1 8 
1, 0 

l:? 
1 1 0 
1.0 
o.9 o.a 
1,2 
1 • 0 
0,9 
1 I 3 
1 I 3 
0,8 
0,6 
0,1.1 
0,7 
0,3 
0, I o,o 

19 

TIME TO PEAK: 57MIN, TIME TO MAX OUTFL□= 

0,0 
0 I 1 
0,2 
o,u 
O,b 
0,8 
o,q 
l , 0 

l : l 
l , 1 
I , 0 

A·S 
o:a 
0,7 
O,b 
0,5 
0 1 4 
0,3 
0.1 
0,2 
0 1 1 
0 • 1 o.o o.o 

o,o 
1,2 
11 5 
2,0 
2.b 
i:~ 
ll 1 0-

a • i 
ll 

I 
l 

4°0 

l's 
• I:, 

: 4 

1:1 
2 I '5 
2, l 
1,q 
1 I 7 
1 I 5 
1 • 1 
~-1 
0: 1 

bbMIN, 

O,OFPS 
1, 7FPS 
l,OFPS 
ll, llFPS 
'5,bFPS 

~:~~~i 
8,0FPS 
8,4FPS 
8,IIFPS 
8 2FPS 
e:OFPS 

l1 7FPS 
0 4FPS 
0 0FPS 

b,'5FPS 
&,Of PS 
'5,UFPS 
II, 7FPS 
U,1FPS 
.J,bFPS 
l 1 2FPS 
2,5FPS 
t 0 hFPS 
1,0FPS 
0, 5FPS 

o,o 
0 1 3 
0,5 
O,& 

· 0 7 
0°7 o'e 
o:A 8-: 
o'e 
0°A 
o's 
0 'fl 
0

1
7 

0°7 
0:1 
O,b 
O,b 
o.s o.s 
0. r; 
0,4 
0,3 
0,2 
0,2 

TIME TO MAX HW• 

o.oFT 
0,8FT 111A 
l,IJFT I A 
1 qFT IIIA 
2: 3F T II I A 

2. 1 bF T 111 A 1,QFT A 
· 31 0FT IlA 
J·lFt IIIA 3:Jr HI: 
3,0FT IIJA ~:in l 1~ 2.7FT t IA 
2,bFT IIIA 
2,aFT 11 A 
2,2FT IIIA 
2, OFT I II A 
t, 8FT I I I A 1,bFT II A 
1,UFT II A 
t,lFT IIIA 
0 1 8F.T I I I A 
O,SFT IJIA 
0,2FT I IA 

b&l"1N, 

O,OFT 
0,8FT 
l I llF T 
1,qFT 
2, 3F T 
2 1 bFT 
2,qFT 
3, OFT 

· i: 1H 
3°AFT 
2:qn 
2,9FT 
2,7FT 
2,t,FT 
2,UFT 
2,2FT 
2, OFT 
l 0 8fT 
1 1 bF T 
1, llF T 
1 0 t FT 
0,8FT 
0,5FT 
0,2FT 

O,OAC 
o,1Ac 
0, AC 
0,2AC 
0,2AC 
o, :uE 
O,UA 
O,llAC 

8,aAC 
1 LIA~ o,aA 

0,4A 
0 UA 
o:llAC 
0 • }AC 
0, lAC 
0,3AC 
0 0 i!AC 
0,2AC 
0,2AC 
0,2AC 
0, l AC 
0, I AC 
O,lA~ 0, l A 
O,OA 

OMIN 
7MlN 

lqMJN 
28MIN 
37MIN 
44MJN 
50M N 
5UMIN 
'59MIN 
b4MJN 
fi9M Ill 

74MIN 78~ Ill 
a,M N 
qQM N 
qfMIN 

105"' IN 
l17MIN 
I HMIN 
tSIMIN 1b7M N 
1 A 3M Ill 
214MIN 
2b2MIN 
310MJN 
382M N 

f--' 
0 
I.O 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATt ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINl OPTION NO, 2 

STATIONI 3bbt55,0Q PROJECTI ORY CREEK STATION 3bb+55+• (EXAMPLE N0,1) 
I 

CULV SIZEI J ■ 6,5. 8,5 ROUND METAL ( SPP )/ COMMERICAL ENO(FE) INLET 
I -

ANALY~IS TYPEI PFREDRH DlSCHG~, Q1 lSAC(S FREQ1_.5.X.i OHW 1 J?,0Af! 
' . 

BARREL GEOMETRYI LENGTHI IA1EI SlOPE1J 0 QQOOAI GVO•~S.Att 

*••I*,**•* cu L v ER T FL o □. o Ro u r ING * • • • • ••••••••CULVERT Flooo ROUTING••• 
IROUTI~GI ***DISCHARGES•••! ••••VOLUMESCAF)••••t HEAD I OUTLET I FROUOEI BRINK I FLOW ITAIL• I PONO IROUTINGI 
I TIMEj t INFLOW I OUTFLOW! IN I. OUT I STORE! HW,FTIVELOClTYI NO, I DEPTH I TYPE IWATER I •REA I TIME I 

OMIN OCFS OCFS 0,0 0,0 0,0 0,0 O,OFPS 0,0 0,0FT O,OFT O,OAC OMIN 
bMIN 1bCFS 1ocFs o,3 g,2 o,} t,3 2,4FPS g,u ,,tFT 111• l'iFT g,1Ac &MIN 7M1 N '54 FS 37 FS 0,7 '5 0 1 9 4,2FPS FT A , FT ,2A 7M N 

lbMIN 110EFs a1EFs 1,4 1:0 o: 2:9 b,lFPS o:9 :;FT I A ,_FT o,JAf I&~ N 

14 ~1~ 1~8E~i iurE~s 1:I I:~ 1:8 ~:Z ~:l~~s 8:8 J:2~l 111: J:~rf 8:~:E ia~!~ 
41MIN 09CFS 2~7CFS 1,9 t,o ,8 . '5,b 9,9FPS 0,9 4,0FT fIA l,8FT O,bAC u!MIN 
,1MIN 41CFS 284CFS 2,1 1,7 ,1 b,O 10,lFPS o,q a,2FT IA l,9FT 0,7AC 5tMIN 
55MIN 347CFS i03~FI f·g 1,q ~-4 &,i t0,'5FPi 0,9 4,JFT II' ll,OFT 0,7A~ 5 MIN &OM N 332CFS J2 F I q 5 & 18 bFP 8 q a QFT A 4 8Fl o 8A b MN 
b4MIN 308CFS l F : :q :is o: :bFP :q 4:QFt IA a: F o:8A b MN 
91~1~ ~;iEf; Ji~E~~ l:Z 1:i 5:1 t:~ 18:1~~i 8:~ , ~:~~; 11: 1:8~1 8~J:E ~1~1~ 
78MIN 234CFS 272CFS l,ll 1,7 2,0 5,8 10,lFPS 0,9 11,tFT IlA 3,BFT O,bAC 78MIN 
84MIN 20bCFS 242CFS 2,2 2,5 t,5 · 5,ll q,7FPS 0,9 3,BFT IIA 3,7FT 0,5AC 84MIN 
91MIN 111cFs t9BCFS 1,1 1,q 1,1 a,a 9,lFPs o,q l,SFT flA l,4FT o,s,c 9IMIN 
98MIN 14qCF tb5CF l,b ,7 1,2 4,l 8,SFP 0,8 l,2FT A 3,2FT O,llAC 98M N 

109MJN 120CF; 130CF~ 2,? t4 1,0 3,8 7,&FP~ O,R 2,CJFT I A 2,9f'T, o,oc 10qM N 
124MIN 88CFS 9bCFS 2,2 2,ll 0,8 3,t b,bFPS 0,7 2,bFT If IA 2,bFTi 0,3AC t24MlN 
llltMIN tilCFS 11cFs 1,3 1,s o,ti 2,7 '5,YFPS 0,1 2,lFT If' 2,3FT

1 
o,~A~ t4tMfN 

t56MJN 50CFS 55CFS t,O t,2 0,5 2,3 '5,IFPS 0 1 & 2,tFT A 2,IFT: O,t:A l'SbM N 
17iM N lbCFS lltCFS 0,7 0,8 0,4 2,0 4,4FPS g,b 1,9FT II A 1,~FT' ·0,2A 170MIN 
20 MIN 20~FS 23CFS 1,l 1,4 0,2 1,, 3,4FPS ,5 l,~FT fllA t,5FTI· O,IAC 200MIN 
24 MIN 7 FS qCFS O 4 0 o 8 I t 2 1FPS 8 4 l OFT A l OFT 8 lAC ~45M N 
28 MIN l FS ZCFS 0:1 0'2 :o · ,o: 1:2FP~ 'l 0 1 6FT A o:on' :uc 28~M N 
lSbMIN OCFS oci:-s ·-o,o o:o. 0,0 0,1 O,SFP§ 0:2 o:2n I A 0,2FTI O,OAC 3'5bM N 

TOTAL VOLUMES lb 3b 

TIME TO P(AK• 53MtN, TIME TO MAX OUTFLO: b2MIN, TIME TO MAX HW: b2MIN, 

f--' 
f--' 
0 



wvnMtNG HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRJNT OPTION NO, 2 

~TATtONI 3bbt55,.DJl PROJECT! ORV CREEK STATION 3bbt55t• (EXAMPLE NO 1 t) 

CULV SIZEI Le 8,SK 8 5 ROUND METAL ( SPP )/ COMMf.RJCAL END(F[) INLET 

ANALYSIS TVPE1 PERFORM QJSCHGE QI 5\Acts fR[QI~ nHW•J?,00Et 

BARREL GEOMETRY I LENGTHI 1Alf1 SLOPEIJ ,QQOAQX GVOI 9 QEJ 
I 

• * • • • • * * C U L V E R T F L O O Q R O U T J N G • • • • • • • * * * • • •CULVERT fLOOD ROUTING• • • 

I ROUTING I 
I TIMF,: I 

IROUTJNGI •••DISCHARGES•••! ••••VOLUME8(AF)••••I HEAD I OUTLET I 
I TtME I INFLOW I OUTFLOW! IN I OUT I STORE! HW,FTIVELOCITYI 

g~rn 
ibMIN 

IJM N 

~:rn 
4JMJN 
IJ7MIN 
51M N 
55MIN 
5Q~qN 
b 31,41 N 
b7M N 
71MIN 
77MIN 
84MIN 
QOMJN 

!DOMIN 
114 MI 'II 
12QMIN l II 3M N 
157M N 
!84r•qN 
225'-'IN 
?bbMIN 
328"'1N 

~8E~I iE'I 
l"'~~s itHs \~~Hi c\ 1H~ 
llb8EFS ll~~FS 5th FS 3qe fS 
525 FS IJ3ll FS 
503CFS U51JCFS 
lll:i7CFS 457CFS 
IJ,?qCF S IJIJQCF S 
3()2CFS ll31JCFS 
351JCFS 111 !CFS 
31 lCFS 3b8CFS 
2bqCFS 32RCFS 

· .?2',CFS 28/JCFS 
I 82CFS 220CF 5 
I BCF'S 1uqcFS 
%EFS 1 0QCF S 
75 FS 81JCFS 
55 FS b3CFS 
31CFS 35CFS 
llCFS l<ICFS 

2CFS JCFS 
OCFS oc~s 

TnTAL VOLUMES 

R0 8 

i
o:i 

• 3 
'2 
'o 

2'q 
3: 0 
2,8 
2,b 
2,IJ 
2,l z.o 
3, 0 
2, ll 

·2. 2 
3 I 1 
·l, 0 
I , 8 
l,5 
l , 0 
1,8 
O,b 
0 t t 
0,0 

50 

R:q 

l
o:~ 

- I 8 ,s 
I 0 

i:~ 
2. t, 
2,b 
2,5 
2,5 
2,'\ 
3,5 
3,0 
2,7 
3 I 7 
3,4 
2,0 
l • 6 
1 I 2 
2,0 
0 I 8 
0.2 
0,0 

so 

~=i i:8 o"q •f 
I IJ I 1•2 0

11 

2:9 o:9 
3, b 1 0 3 
4,1 7,A 
IJ,IJ 8,1 
IJ I IJ A I I 
u,3 R,O 
a,J 7,8 
3,A 7,'5 
3,2 7,o 
?, 7 &,s 
2,1 b,O 
1 , ll S, I 
1,1 4,1 
0 I 8 3 I IJ 
0,7 2,Q 
o,s 2,5 
0, 3 l • q 
0,2 1.11 
0,0 0 1 Q 
o,o 0,2 

i:s:~§ 
I FPS 
.!FPS 

q IJFPS 
10: JFPS 
11,0FPS 
11,SFPS 
11,C>FPS 
12, !FPS 
12,2FPS 
12,1FPS 
11,QFPS 
11, 7F'PS 
11,2FPS 
t0,8fPS 
10, 3FPS 

Q,llFPS 
8,IFPS 
7,~fPS 
~:11~~§ 
4,1FPS 
2,7FPS 
1 1 bFP$ 
O,IJFPS 

FROU0EI 
NO, I 

~-8 
~ • b 
o's 

8
•q 
•q 
"q 

o'q 
o:q 
0 I q 
o,q 
0,9 
0,9 
0 I q 
0 t q 
0 I 9 
o,q 
O,Q 
0,8 
0 1 7 
0 I 7 
0 I 0 
0,5 
o,a 
0,3 
0 • 1 

TIME ro PfAK• llQMtN, TIME TO MAX OIJTFLO:: &!MIN, TIMf HJ MAX Hl'l:i 

i 
BRINK 
O!PT!'f 

FLOW IUIL•i I 
TYP! WAtERI I 

? =~n t 'I~ l•qn t A 3:in I A I.I FT I A 
11: FT IIA 
5,QFT I A 
c;,2FT l A 
5, JF T I IA 
5,llF'T IIA 
5 1 3FT 11A . 5,?FT A 
5, !FT 1 A 
u,eFT IIA 
11,•;FT IIA 
a,2FT I A 
3,7FT A 
3,tFT IIIA 

~-~n •11: 
2: 2FT f tA 
l 0 8FT IllA 
1 , '3F T I I I A 
0,flFT IIIA 
0, 3FT I I I A 

blMIN, 

? :i~f 
i·iH 
i:~H 
a :2n 
4,4ft 
4. t,F r 
IJ,7FT 
4,7FT 
II, bf T 
a I bF T 
a,5Ft 
4, 3FT 
/JI IF t 
i•;n 1: 1n 
2, 7F T 
? 'SFT 
2: 2F T 
1, BF T 
1, 3F T 
0 8FT 
0: 3F T 

PONO 
AREA 

~:Hi O,IJA o.sA 
0,7A 
0,9AC 
l I OAC 
1 , 1 AC 
1,?.AC 
I , 2AC 
1,2AC 
1,lAC 
l,0AC 
0,9AC 
0,8AC 
0 1 7AC 
0,SAC 
O,IIAC 
0 1 3AC 
0, JAC 
Oo2AC 
0,2AE 
0 ■ IA 
0, 1 A 
O,OAC 

g~rn 
lbMIN 2llM N 

~l~ ~ 
4 ~t,1 N 
IJ7MIN 
51MIN 
551-11 N 
'59MIN 
&3Ml N 
&7MIN 
71MIN 
77M IN 
81JMIN 
qoMIN 

l00MlN 
I 1 IJ MIN 
l2qMIN 1 IJ 3M N 

157M N 
81JMIN 

225MIN 
?bf.MIN 
128MIN 

1--' 
I-' 
1--' 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLObD ROUTING PRINT OPTION Nn. 2 
STATIONI 3bbtSS 0 00 PROJECTS DRY CREE~ STATTON lbb ♦ S5+• (EXAMPLE NO,l) 

CULV SIZEI 1 ■ J,5¥ e.s ROUN~ METAL r SPP )/ COMMfRICAL ENDCFE) INLET 

ANALYSIS TYPEI eEifPRM QISCHGE Qs,LQ,60CES FREa1....s.o.x.a. DHW1J.2.0otx 

BARREL GEO~ETRY I LENGTHI..J..C..lEl. SLCJPE 1,l, 1 00000.1 GVD L,9, 0 0EI 

• * * * * • • • CUL VERT FLOOD .ROUTING * • • 
IROUTINGI •••DISCH~RGES•••I ••••VOLUMESCAFf••••I HEAD I OUTLET I 
I TIME I INFLOW I nUTFLOWI IN I OUT I STOREI HW,FTIVEL □CITYI 

~~rn 
l"~J~ 
2tM1N 
32M N 
J7MJN 
LIOMIN 
(IQMJN 
a7MIN 
SlMlN 
'5LIMIN 58M N 
blMJN 
b6MJN 

J~~rn 
8bMIN 
~8MIN 

ttlMIN 
123MlN 
13':iMJN \SQM N. 
tQLIMIN 
22QMJN 
282MJN 

s~E~g 
~

b7CFS 
Ll2CFS 
58CFS 

17/JCFS 
9511CFS 

I 05 3CF S 
107lCFS 
10,?.bCFS 

952CFS 
87SCFS 
H9CFS 
722CFS 
6J8CFS 
~~SE~i 
lHfa 
19bCFS 
t5LICFS 
t I lC F S 
b'ICFS 
22CFS 

LICFS 
OCFS 

3~~~~ 
111 ci:- s 
25bCFS 
3b2CFS 
L19c;CFS 
52LICF~ 
59 3CF S 
bLIACFS 
&86CF"S 
715CFS 
73!CFS 
737Cl='S 

H8~~~ 
t~~E~i 
''HbCFS 
Ll81~FS 328 FS 
22t, FS 
lLIOCFS 

7JCFS 
29CFS 

8CFS 
OCFS 

TrHAL VOLUMES 

o,o 
0.1 
1 • t, 
J,3 
LI I t s.7 
LI• b 
5,1 
5,2 s.o 
LI I b 

~-J 
3 I 5 s: J 
LI 1 3 
J,8 
s,a 
5,J 
3,2 
2 0 0 
l, 8 
J,2 
l I l 
0,2 o,o 
88. 

o.o 
0,5 
l I 1 
2,5 
2. ti 
3 I ti 
2, b 
2,9 
3,2 
JI LI 
3,5 
3,b 
3 0 b 
3, t, 
b. 0 

' ~: ~ 
8 I /J 
q • LI 
~- I 3 
, I 7 
2 I 3 
3 It, 
1 , LI 
o,a 
0,0 

88 

o.o 
0 ,·3 
0,8 
t I 7 
1.1 
!i I 2 
7, LI 
q • b 

l I I '7 
11.3 
I LI 1 5 

l~:~ 
t 5, LI 
1 a ,7 · 

U:~ 
z.g 
2°7 I: 5 
1,0 
O,b 
0,3 
0 I 1 
0,0 

o,g 
~: LI 

~-$ 
a:e 

l O I 0 
11 I 'i 
12,l 
12,q 
13, 3 
J 3 1 (:, 

13 7 

B:i 
U:8 
1A·l 
o's '5: 2 
3,9 
2,7 
I, 7 
1 I 0 
0,2 

~:8~~; 
7 0 0F"PS 
q,qFPS 

11, l FPS 
12,SFPS 
12,8FPS 
13 0 bFPS 
!Ll,2FPS 
1a 1 t,FPS 
111,QFPS 
15,lf"Pi 15,2FP 

1
'5,2FP 
S,OFPS 

ILl,7FPS 
t1J 1 2FPS 
1 3, LIFPS 
12,IIFPS 
I0,8FPS 

q,SFPS 
7,QFPS 
5.8FPS 
3,8FPS 
2,2FPS 
O,tiFPS 

* • • • • • * 
' F ROUDE I BR I NI< 

N0 0 I· DEPT!-! 

o,~ o • 
0 o'q 
o"q 
o:9 
0,9 
1 1 Q 
1.0 
1 I 0 
1 1 0 
1 I 0 
1 I 0 

l• 0 
• o 

l:8 
A:8 
o,q 
o,q 
0,8 
0,7 
o.s 
0 • LI 
0,2 

9:9H 
t1n 
IJ, OFT 
a 1 7F"T 
5,bFT 
S,7FT 
b 1 !FT 
b 1 11FT 
&,t,FT 
&,'7FT 
&,8FT 
& 1 8FT 
t,,8FT 
b,7FT 

t:8~+ 
~:~n 
LI 1 5F T 
3,7FT 
3,0FT 
2, JfT 
I 1 7FT 
1 • OFT 
0 1 JFT 

• • •CULVE'T FLOOD ROUTING•*• 
FLOW llAIL• I POND !ROUTING! 
TYPE lwATER I AREA I TIME I 

I II A 
JIIA 

JIA 

IH 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

IIA 

IB 
Hi: 
IIIA 
IIIA 
IIIA 

?:QH 
2 1 7FT 
3,8FT 
LI, VT 
II, 8F T 
Q 1 9FT 

5
5,tF"T 

, 3F T 
5,IIFT 
5,5FT 
~ ,&fT -,,bFT 
5,oFT s,sn 
~:1~ l 
5, t FT 
4 1 8FT 
~• l FT ,.,6F T 
3, OFT 
2 1 JF T 
1 1 7F T 
1,0FT 
0 1 3FT 

8:~:E 
0, 3AC 
O,bAC 
O,qAC 
1 , LI AC 
2.tAC 
3,0AC 
1J 1 8AC 
b 1 1JAC 
7,bAC 
8 1 JAC 
8,t,AC 
8,5AC 
7,8AC 

~:BE 
2,8AC 
I, 3AC 
0,8AC 
0,'5AC 
O,LIAC 
0, 3AC 
O,i>AC 
0, tAC 
O,OAC 

~~rn 
111 =rn 2lMJN 
32"1IN 
J7MIN 
II0MIN 
LIIIMIN 
117M N 
StMIN 
CjllMIN 
58MIN 
&tMIN 
b6MJN u~1~ u=I~ 

lH~rn 
l 35Mll\l 
l '5qMJN 
tQIIMIN 
22QMIN 
282MIN 

TIME TO PEAl<s; Q2MIN, TIME TO MAX OUTFLO= t,OMIN, TIME TO MAX HW• bOMIN, 

..... ..... 
N 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SEC~ION 

CULVERT FLOOD ROUTING PRINT OPTION Nn. 2 

STATIONI 3bbt55.0Q PROJECTS DRY CREEK STATION 3bb+55+• CEXAMPLE N0,1) 

CULV SIZEI ,, a.sx a.s ROUND METAL ( SPP )/ COMMERICAL ENDCFE) INLET 
ANALYSIS TYPEI PFREORH OISCHGE Ql)39QCU FREQIJ...n.O.a DHW1JZ,00ft 

BARREL GEOMETRY! LENGTHI 103ft SLDPEIJ noaoox GVD1.s.otI 

• * * * * * * * C U L V E R T F L O O D R O U T I N G • • • * * * * * • * 
IROUTJNGI •••DISCHARGES***! ••••VOLUMES(AF)****I HEAD I OUTLET I FR□UDEI BRINK 
' TJMf: ' INFLOW I nUTFLOWI IN ' out ' STOREI HW,FTIVELOCITYI NO. I DEPTH 

OMIN 
IH11N 

l JMJN 

iqMIN , 
5MJN 
OMJN 

31.1"41N 38M N 
1.11 M N 
1.14MJN 1.18M N 
~A~rn 
58MIN b2M N 
b8MIN 
73MJN 
81MIN 
HMIN 

'1 0 'SM IN 
1lbMIN 
127MJN 11J9M N 
t83MIN 

~it~i~ JIJQM N 

OCFS 
bl.lCFS 

2t'5CFS 
I.II.IOCFS 
7t8CFS 
QQt,CFS 

1j27CFS 1 ~if~I 
l 2Sf'S 
t~hEn 
ellE~~ ;s,f~~ 
1178CFS 
350CFS 
2'52CFS 
1QQCFS 
ll.lSCFS 
83CFS 
2ACFS 
6~~i 
O~FS 

OCFS 
40~FS 11.1 l FS 

30,? Fi 4/.IJCF 
52q[F 
b1l~FS 
ro~F§ 
si;~:s 83CJ FS 

oi ~• 
n1H1 85 CF 
8 t CF 
742CFS 
b22CFS 
SOOCFS 
40JCFS 
2bllCFS , 
1 OI.ICFS 

38CFS 

10~~! 
OCFS 

o.o 
0. q 
2.0 
4.0 
IJ.Q 
t,. q 
5. t, \,_ 
t,. 2 

I
t,: l 

If, ., 
4

1
1 

t,"4 
s"2 
1.1:6 
f,. t, 

. t,. I.I 
J,8 
3 • I 
2.2 
l. 8 
l • 3 

8:~ 
o.o 

o,o 
O,& 
1 • 3 
2.e 
J • l 
J,t, 

i·8 
i·~ "7 :q 
IJ. 8 ". IJ. 0 
&.e 
t, • _l t,. 4 

10.2 
1111 4 
7.b 
t,. 3 
11.0 
IJ.8 
l, 8 

8·r o:o 
TOTAL VOLUMES 107 107 

0,0 
0, I.I 

1·R 
1J'2 
1:s 

IO• 4 

· 113: 1 
0:1.1 

i:i 
~=~ 

2, 1 1 
l • l 
15.7 
10,7 

b • 8 
. 3. 7 
1.q 
0,8 
O,LI 

8·o 
o:o 

o.o 
2,0 
l.j Ii b, 

16:1 
11 • 8 
12 • q :·s '5. '5. i:i ti. 

ti. 
15°8 
1'5

1 
I 

l l: 8 
t.Q 

10,l 
7.IJ 
5,7 
~ • l 
?,O 

A·l 
0: l 

o.oFPS 
4,JFPS 
e.oFPS ti, 5F PS 

I ,OFPS 
l ,9FPS 
13,8FPS 
14,bF'PS 
15.I.IFPS 
U,,OFPS 
l&,4FPS 

li:;~~1 
b 1 9FP o1 81'P 

lt:b~~I 
1s.hPs 
1J,9FPS 
12 0 0FPS 
tl 0 &FPS 
10,0FPS 

0 0 QFPS 
IJ,JFPS 

~:;~Ci 
O,I.IFPS 

o.o 
0 1 0 
0,8 o,q 
o.9 o.q 
l.o ,o 
1,0 

t • 1 

HI 
l I l 
1,1 
1 • 0 
1 I 0 
O,Q 
o.q 
o.q o.r 
O,b 

8·~ 
0:2 

o,oFT 
l , qF T 
l,OFT 
IJ I JFT 
5 '.'\FT 
s:aFT 
ti,2FT 
6,t,FT 
&1 C1FT 
7,tFT 
?,2FT 

f •in 1: FT 
7,. FT 
7,2FT 
7 1 I FT 
t, I P.,F T 
b, JFT 
5 0 t,FT 
'5 1 OFT 
I.I I OF" T 
2,7FT 
l I SF T 

A:Hl 
0, IF T 

•••CULVERT FLOOD ROUTING•*• 
FLOW IUIL•/1 POND !ROUTING! 
TYPE I WAHR I AREA I TIME I 

I I IA qu 
tH 

V ·v 
V 
V 
V 
V 

~ 
V 
V 

~ 
V 
V 
V 

!IA 
IIA 

IlIA 
llIA 

PB tu 

O,OFT 
1, qF T 
l,Of'T 
Ll,OFT 
IJ,&FT 
4,QFT 
5,2FT 
'i,5FT 
'io&FT 
5 0 8FT 
5 1 C1FT 

Z:"H ti,8n 
"·SFT i:en 
'5 0 &FT 
5 0 2FT 
4,8FT 
IJ,I.IFT 
3,8FT 
2, 7FT 
1,en 
A:Hl 
O,OFT 

O,OAC 
0,2AC 
O,IJAC 
0,7AC 
l,2AC 
2,2AC 
J,'5A8 &,SA 
q, I.IA 

H: 8U 

mii~ 
11J,2AC 
12,I.IAC 
8,8AC 
l,8AC 
I, 8AC 
1,0AC 
O,&AC 
0, JAC 
0,2AC 
8:o:~ 
O,OA~ 

OMIN 
IJMIN 1:~,~ 

1,;1-1lN 
~OMIN 
J4MIN J8M N 
l.ltM N 
1.14MIN 
1.18MIN 

11~1~ 8M N 
2M N 

t,8MIN 
73MIN 
81MIN 
q 3M IN · 

10'5MIN 
11 &"1 IN 
127MlN 
1Ll9MIN 
18JMIN 
~&t~J~ 
3LIQMtN 

TIME TO PEAK• JqMIN 0 TIME TO MAX OUTFL □ = 5qMJN, TIME TO MAX HW: '5QMIN, 

I-' 
I-' ,.,, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT nPTIU~ Nn, 2 

STATIUNI 1bbt55,ll.Q. PROJEcTI DRY CREEK STATION 3bo ♦ 55+• CEHMPLE NOil) 

CULV SIZEi 1 ■ 8,9¥ 5,Z CONCRETE ELLlPSECHORIZ AXIS)/,SOCKET END PROJECTING INLET 
ANALYSIS TYPEI DRAINAGE OfSlGN QIJ\J0CES FREQI~ DHW•J?,00EI 

BARREL GEOMfTRYI LENGTHI l01fl SLOPE1J,00Q00l GVD1,9.0EI 

• • • * • • • • C U L V E R T F L D O D R O U T I N G * * * * * * * * * * 
IROUTJNGI 
I TIME I 

0MIN 
5"1JN 

i~~rn 
29MJN 
JSMIN 
l9MIN 4 3M N 
IJ7M N 

~i=1~ 
58MIN 
b2MIN 
bbMJN 
7tMIN 
h~rn q,M1N 

10 MN 
11 MIN 

u~~'~ 
170~dN 
208MIN i3,:rn 

•••DTSCHARGES•••I ••••VOLUMESCAF)••••I HEAD I OUTLET I FROUDEI BRINK 
INFLOW I OUTFLOW! IN I OUT I STOREI HW,FTIVELOCITYI NO, I DEPTH 

l~E~; 
l~~E~~ 
4t8CFS 
58iCFS 71 CFS 
78 CFS 
80 3CF S 
Hi'>CFS 
7l4~FS 

So FS 
.tqq FS 

l~~E~i 
·iuE~; 
fSE~i 181c,s 
1uc~i 

l&~~i JCF 
0CF 

OCFS 
28CFS 
84~FS 1q8 FS 

314 FS 
40 3CFS 
47tCFS 
SBCFS 
57':iCF'S 
5q;:,CFS 
bOtCFS b0 CFS 
bO CFS 
~g~H§ 
l~~Hi 
n~Hi 
1 77CF S ,~;~a 
54~FS 
22CFS 

3Hi 

o,o 
O,b 

\:l 
1.1:~ 
3,7 
4,1 
IJ,2 

1·9 
3'4 
3

1
I 

2'a 
IJ:2 
l,4 
l • 1 
4 ,l IJ, 

Iii 
8:~ 

o,o 
0,4 
0,9 
2.1 
2,5 

~-~ 
2°R 
3°0 
i:1 
3°2 1:z 
3,1 
S,2 
4, b 
/,I. 4 
&,2 
&,0 
l,O 

i:l 
1,2 

8:~ 
TOTAL VOLUMES 71 71 

o,o 
0,2 
O,b 
1 I 2 
2 I 1 
3, 4 
4, 7 ,-~ 
e'2 
a'e 
q'1 
q. 1 
a'e 
1:e 
t:~ 
?·J 
1 : 1 

8·1 
0°4 
0:1 

8:8 

o,o 
1 , 4 

~-~ r;'q 
1'2 
8' 4 
q'b n:~ 

11 
1 

l 
t 1: l 
11,2 
10,8 
ig:A 
~-1 4'2 
l=~ 
l ' 1 
8:l 

0,0FPS 
2,7FPS 
4,8FPS 

t3,8FPS 
H,,OFPS 
1 7, 3FPS 
.18,2FPS 
18,8FPS 
1 q • 1FPS t9, FPS 
lq, FPS 
lq, FPS 
1 q, 'PS 
I q • JFPS 
t<,,2FPS 
19,0'PS 
t8,4Ft:IS 

1~:U~i 
· FPS l'iFPS 
: FPS 
,IJFPS 

1,UFPS 
0, 3FPS 

0,0 
o.u 
~-1 
1: 7 
1, 7 
1,7 
1 • 7 
1 't I · 1 
1 • 7 
1:1 
1, 7 
1,7 

l:i 
l ·} o' 

-~:; 
o:4 
8:l 

0, OFT 
t , t,F T 
2,l§FT 
2 I FT 
2:1n 
3,tF'T 

j SFT 
:7FT 
I qf T 

4. oF T 
4 1 1 FT 
IJ, 1 FT 
4 1 1 FT 
'I• 1 FT 
IJ •OFT 
J,8FT 
J,t,FT 

~:LH 3, JF' T 

j ,9FT 
• t,FT 

tFT 
1 :sn 
8,8fT 

,2Ff 

• * •CULVERT FLOOD ROUTING••* 

FLOW ITAIL• I PUND IROUTINGI 
TYPE !WATER I AREA I TIME I 

IG 

Ii 
B 

u 
ID 

18 
18 
18 
u 
12 
rn 

IIIA 

0, 0~ T 
1, &FT 
2, 5F. T 
J,4FT 
4,0FT 
IJ I IJF T 
4, 7F T 
a,qFT 
~: in sJn 
'5,2fT 
'5,UT 
s,2n 
5,IFT 

~:an 
1:in 
J, JF T 

j ,IJFT 
• t,f' T 
I l FT 

1 1 '§FT 
0,8Fl 
0,2F 

0,0AC 
0 • 1 AC 
0, lAC 
0,4AC 
0,7AC 
t,0AC 
1. :uE 1 , o A 
2,0A 
2,'5AC 
2,7AC 
2,8AC 
2,8AC. 
2,7AC 
2, JAC 
l, 7AC 
1,4AC 

A:i:E 
0,4AC 
8: l!~ 
O,~Af 
O,IAC 

8:8!E 

0MIN 
5MlN n~1~ 211M N 

Jl§M N 
3qMIN 43M N 
IJ7M N 
51M N 
54MIN 
58MIN &2M N 
&&MIN 
7tM N 
77MIN 
83M N 
q21-11N 106M N 

1111M N 
ll~~I~ 
170MIN 
208MIN ~g~=rn 

TIME TO PEAK ■ 4'5MJN, TIME TO MAX OUTFLO• t,OMIN, TIME TO MAX HWs &0MIN, 

\_ 

I-' 
I-' 
.i:,. 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE **"***** HY_ORAULICS SECTION 

-cuLVE~T ~LOOO ROUTING PRINT OPTION NO, 2 

STATtpN1 0 lbbt55,AQ PROJECTS DRY CREEK _ STATION l66+55+• (EXAMPLE 
CULV !IZE1 I ■ 8,9¥ 5,Z CONCRETE ELLIPSECHORIZ AXIS)/,SOCKET END PROJECTING INLET 

NO,l) 

I 

ANALYSIS TYP1!1 PEBE08H DJSCHGE !H PACES FREQl--l,l.i DHW1J,.2..00fI 
BARREL GEOMETRYI LENGTHl-103Et SLOPE1& 1 A0A0OI GV0•,9.AEl 
*. • *.* • • • * CULVERT FLOOD ROUTING * * * * * • • * • * • 

!ROUTING! ***DISCHARGES•••! ••••V□LUMESCAF)****I HEAD I OUTLET I FROUDEI ~RINK 
I TIME I INFLOW I OUTFLOW! IN I OUT I STORE! HW,FTIVELOCITYI N0 1 I DEPTH 

OMIN OCFS OCFS o,o 0,0 o.o o,o O,OFPS o,o o,oFT 
7MIN 7CFS 6CFS 8•2 0,1 0 1 0 0,8 l.SFPS 0,3 0,9FT 

12MIN 26CFS 21CFS ,l 0,3 0,1 11 2 2 1 4FPS 0 1 4 11 5FT 
n~rn UHi g9E~~ 8:' 8:~ 8:i ):a 1:i~~i . 8:~ l:1H 
Q4MIN }21cFs qqcFS I 2 1 o g 7 Jo s.JFPs g 6 i bFT 

!OMfN so~Fs 126CFS :o o:e :q J:s 6,0FPs :b :qFT 
4M N 65 FS 148CFS 1 I l O 1 0 J 8 b16FPS O 7 !FT 
qM N 168 FS t5qCFS 1:1 1:1 1:0 1:q 6.QFPS 0:1 :1FT 

64MIN l61CFS 1bOCFS 1•1 1,1 11 0 4 1 0 6,qFPS 0,7 J 1 tFT 
6qMIN 14qCFS t54CFS ,0 1 1 0 1,0 J,q 6,7FPS 0,7 l,1FT 
74MJN 1l7CFS 145CFS O q l 0 1 0 J,7 6 1 5FPS O 7 l 1 0FT 
78M N 125CFS 114CFS o:e o:q o:q 3,6 b.2FPS o:b 2,qFT 
8~MIN lllCFS 122~FS O 7 0 8 0 8 3 4 i,qFPS O 6 2 8FT 
q MIN OOCFS toe FS - 1:1 1:2 o:a 1:1 .sFPS o:b 2:1,T 
q MIN 86~FS q4 FS o,Q 1.0 0.1 2.~ •l'Ps o,6 2 1 &FT 

V:i 1:1 8:1 j:, a:i~=t 8:~ -
1,1 , o, 1,q l,6FPS o.a 
0,1 • o, t,6 l,tFPS o.a 

_ 
1

.. --~- ~ --~- _ j:3 R:i- 8:f 1:J f:liCI 8: 41 __ _ t4M N 10 ,~ 10 'I ,7 ~. . g,o o, t,BFPs o, 1,1,, 61M N J FS 3 F ,2 0 1 ,O 0 1 1,4,PS 0, 0,8FT 
M· N O FS OF 0 1 0 0 0,0 0,4 0,9FPS 0, UFT AM N oc,s o ,s o,o o:A o,o 0.1 0.1,Ps o. 8:1FT 

TOTAL VOLUMES lq 1Q 
TIME TO PEAK• 57MIN 1 TIME TO ~AX OUTFLO~ b6MIN 1 TIME TO MAX HW~ bbMlN 1 

• •CULVERT ,LooD ROUTING••• 
FLOW ITAlL• I POND IROUTINGI 
TYPE IWATER I I\RfA I TIME I 

o.oFT o,oAc OMIN G o,qFT 0, AC 7M N IG t,5FT o.lAc lqM N 

Jg i:1rt 8:~:~ ~,~1~ 

IG 2 1 6FT g,lAC QQMIN 
G 2 QFT lAC ,O~JN 
2 l:l~t 8:tt:E 5~:t~ 

IG l,lFT 0,4AC bQMlN 
C 3,lFT 0,4AC 6QM N 

18 l:SH -g,g~f tg:rn 
18 j•9~t git~ ~~~1~ 
IG 2:bFT · 0 JAC q7M N 

I~ ~=i~f 8 ~:~ 11~=1~ ~ -~ FT O )A· 1 3M N 
G 1: FT 0 IA 1 tM N 

·11 1~t~i 8 1:~- 1aI:1~ 1:1,T O lA · 14~ N 
0,8FT O 1A blM N 

lllA 0,4FT O OA 310M N 
IIIA 0,1FT O OAC 382M N 

I-' 
I-' 
(.fl 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO. 2 

STATtONI 3bb ♦ 55 AA PROJECTI DRY CREEK STATIUN Jbb+55+• (EXAMPLE NO,1) 

CULV SIZ~I le 6 1 9¥ S.l CONCRETE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INL~T 

ANALYSIS TYPE1 EfRf □RH QtSCHGE CH.JSACES FRH11---5.:Li DHW1J?,00fT 

BARREL GEOMETRYI LENGTHI lA3EI SLOPE•l,AA00AX GVDI 9.Afl 
I 

~ • ~ * • • • • C U L V E R T F L O O D R O U T I N G t * * • • * • * t * **•CULVERT ~LUDD ROUTING•** 

IROUTINGI •••DISCHARGES•••! 
I TIME I INFLOW I nUTFLOWI 

0MIN 0CFS 0CFS 
&MN !bCFS lJCFS 

t7MIN '54CFS J8CFS 
bM N 1 0CF 8JCFS 
4M N 1AocF~ 1a2cFs 

41MIN 250CFS 215CFS 
l.lbM N l0qCFS 27\CFS 
51MIN J41CFS 2qbCFS 
55MIN J47CFS J12CFS 

~8:1: 1~,E~i 1l~~f~ 
bqMIN 28JCFS JOS~FS 

~1~1~ ~~a~~; ~:ic~i 
84M N 20oCFS 2~4~FS 
QlM N 177CFS 1~2~FS 
98MIN 14qCFS 1b2CFS 

109MIN 120CFS 129EFS 
124MIN 88CFS qb FS 
1U1MIN bJCFS 71 FS 
15b~IN S0CFS 55CFS 
170MIN JbCFS 41CFS 
200M N ?0CFS 23CFS 
245MIN 7CFS ACFS 
28q~IN lCFS 1CFS 
JSb~JN 0CFS 0CFS 

TOTAL VOLUMfS 

••••VULUMFS(AFJ••**I HEAD I OUTLET I 
IN I OUT I STOREI HW,FTIVEL □CITYI 

o,o 

8:1 
1 • 4 
1 1 7 
2,J 
1. q 
2.1 
2 ■ 1 
2.0 
1.q 
1 , 7 

i:t 
1:~ 
~=~ 2,2 
I • 3 
1 • 0 
0.1 
I • 3 
0.4 
0 • I o.o 

o.~ o. o. 
l: i 
2.0 
1 1 7 
1.8 
1,q 
2.0 1,q 
1,9 

!=~ I: J 
1 • 7 2,4 
2. I.I 
1,5 
1.? 
o.9 
1,5 
0,5 
0 • 1 
0,0 

Jb 3b 

o.o 
0 • 1 
0. J 
0 • b 
0.9 
1 • J 
1.s 
1 , 8 
2.0 

~:i 
1 • 

I·~ 
I : S 
1, 2 
1 • 0 
0.9 
0,7 o.s 
0,4 
O,J 
0 1 1 
o,o 
o,o 
o.o 

0,0 

I • 9 2°7 
3 

1 
7 

4°7 
5°4 '5. 7 
'5: q 
~ .·g 
s:e 
~:~ 
4, 8 
4,4 

i ■ g 
2:9 
~." 1:1 
1. J 
0,9 
0 .1.1 
0, t 

0,0FPS 
2,0FPS 
J 0 2FPS 
L.1 1 8FPS 
b,SFPS 

14 0 2FPS 
15, 3FPS 
1S,7FPS 
1b,0FPS 

lo,lFPS 
b 0 0FPS 

1S.9FPS 

l~:~~~i 
11.1.I.IFPS 
13,7FPS 
b 0 9FPS 
b, lFPS 
S,2FPS 
4 1 1.!FPS 
J 1 9FPS 
3 1 JFPS 
2,SFPS 
1,7FPS 
1,2FPS 
0,3FPS 

FROUDEI 
NO, I 

0,0 
0, 3 
0,4 o.s 
0,7 
1,7 
1 , 7 
1 · 7 
1 : 7 

l · l 
I: 7 

l·t 
1 '7 
1 : 7 

8·Z 
0

1
0 o:s 

0 • '5 0." 0,1.1 
0,3 
0,3 
0,2 

TIME TO PEAK11 5JMIN. TIME TO MAX UUTFL□ = o2MIN, TIME TO MAX HW11 

BRINK 
DEPTH 

0,0FT 

I •in 
2:sn 
3,oFT 
2,2FT 
2,SFT 
2,t,FT 
2.?FT 

i1 7F'T 
1 7FT 
,7FT 

~:~n 
2, JFT 
2,JFT 

i:~n 
j,t,FT 

1 3F T 
, IF T 

11 9F T 
1, 'SF T 
1,0FT 
0, t,F T 
0,lFT 

b2MIN, 

FLOW ITAIL•il POND IROUTJNGI 
TYPE I WATER i' AREA I TIME I 

0,iFTI 0,0AC 0MJN 
I G l • F T1 0 .1 AC I:, ti. N 

IG , F~ 0 1 2AC 17MIN 
G 2,sFTI o,JAC 2oMIN 
G 31 0F~ 0 1 4AC 34M N 

IA J,SFTI 0 0 '5AC 41MJN 
IA 3,BFTI 0,SAC l.l&M N 
IA 'l,0FTI 0 0 bAC St MIN 
IA 1.1,0FT/ 0,7AC 'l5MIN 

IA 4.tFTI g,7AC b0MIN A u,tFTI ,7AC &QM N 
IA 4,0F~ 0,bAC t,qMJN 

IA 3.9FTI g,bAC 73MIN A 3,8FT: 1 '5AC 78M N 
A 3 bFTI 0,SAC 84M N 
A 3:4FTI 0,4AC 91MIN 

IG 3,2FT g,I.IAC 9AMIN 
IG 2,~FTI ,3AC t0qMJN 
IG 2,bFT 0 0 lAC 121.!MiN 
IG 2,JFT 0,2AC 11.11M N 
IG 2,IFT 0,2AC 1SbMIN 
IG 1,qFT 0 1 2AC 170MIN 
IG t 0 5FT 0,lAC 200MIN 
JG t,0FT 0 0 1AC 21.!'SMIN 
IG 0,bFT 0,0AC 28QMIN 

IIIA 0,tFT 0,0AC 3'5bMIN 

f--' 
f--' 

°' 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO 0 2 

STATIONI lbbtSS.QQ PROJECT: DRV CREEK STATION 3bb+~S+• (EXAMPLE NO 0 t) 

CULV SIZEI I ■ 8,9X S,Z CONCRETE ELLIPSf(HORIZ AXIS)/,SOCKET END PROJECTING INLET 

Al'-4ALYSIS TYPEI PfREPRM DlSCHGE QI S\OCES FRfQ1-1,..0,:LB, DHWll?,Q0El 

BARREL GEOMETRY! LENGTH! !01EI SLOPE11,ooooox GVDI 9,0EI 

• * • * • • • • C. lJ L V E R T F L fl O D R O U T I N· G * • * * • • • • * • * 
IROUTJNGI **•DJ.SCHARGES•••I ••••VOLUMES(AFl••••I H. EAD I OUTLET I FRDUDEI BRINK 
I TJME I INFUJW I OUTFLOW! IN I OUT I STnRfl 1:4_w,n1VELDCITYI NO, I DEPTH 

0MJN 
bMIN 

tbM N 
4M N 
lMIN 

l?~rn 
'11MtN 

H=I~ b3M N 

f~I~ 1lM N 
8'1MJN qoM N 

100MIN 
lt'IM N 

12lMIN 14 MN 
15 MIN 
tB'IMIN 
225MIN 
2bbMIN 
328MIN 

0CFS 
2'1CFS 
82CFS 

1b7CFS 
273CFS 
~u~a 
Stb~FS ~ilea II ~FS 
'I ~FS 
l~ifa 
J13CFS 
~~;HB 
t82CFS 
1 HCFS 
1~E~B 
nE~I 
'~f:~ 

0CFS 

TOTAL 

0CFS 
lq~FS 5'5 FS 

12b FS 
22tCFS 

Hi~~! 
g~t~a aso FS 
a '1'3 F S 
4HCF§ 
'114EF s 
lUEh 
210CFS 
l4&CFS 
1HE~g 
~~Hi 
1~E~3 

OCFS 

VOLUMES 

o,o 
0,4 
0 • q 

l·t 
1

·2 
:t 
l:i 
j: 4 

~-~ 
3°0 

l
•a :2 
• 1 

1.0 
1 • 8 
1 • '5 
1 • 0 
1 1 e 
0 1 b 
0 I 1 o.o 

50 

o.o 
0.1 
O,b 
1 • a 
1 • q 

~-8 
2:2 
~-~ 2:~ 
2. '5 
2.a 
2.1 
J•b 2:1 
3,b 
~.3 
2.0 
1 • t, 
1 • 2 2.0 
o.s 
8:~ 

'50 

0,0 
0 • 1 
0. Q o.q 
t • 3 
2,0 
2 0 b 
3.3 

i·j a" 
a" • 1-g 
f:o 

• Q 
,8 

1. 2 
1 • 0 
0,7 
0 • b o.s 
0.2 
0 • I 

8,0 ,o 

0 0'0 .. 
· 1 2 

2:1 
3, Q 
4. 7 
5 • 8 
6.4 
7 • 1 

l·t e"o 
1:q 

l·I 
b • 8 
& • 2 
s:b 
'I• b 
3,8 

3·~ 
2°3 
1:b 
1 ■ 0 
0.1.1 
0.1 

TI~E TO PEAK ■ 1.1,MIN 0 TIME TO MAX OUTFLO• blMIN 0 

0,0FPS 
2 • 3FPS 
J,qFPS 
b,0FPS 

t4 0 3FPS 
tS.qFPS 
lb 0 t,FPS 
t7 0 2FPS 
lt:~~:; 
i7 ,9FPS 
17,9FPS 

l7,7FPS 
7 0 5FPS 

17 • OFPS 

l~:~~CB 
t'l 1 lFPS 

b 0 5FPS 
5 0 5FPS 
a 0 8FPS 
1.1,tFPS 
3.1FPS 
2 0 0FPS 
1 1 4FPS 
0 • 3FPS 

o.o o.3 o.s 
0 0 b 
1 • 7 
l·1 
1 : J 
l•l 
1 • 7 
1:1 
l·l 
1 '7 

l:J 
1.1 
0.1 
8·~ o's 0: I.I 
0,1 o. o. 

o,oFT 
l,4FT 
2 1 1 FT 
2,qFT 
2,2FT 

10 7FT 
0 QFT 
1 t FT 

~:~H 
3.4FT 
l, 3FT 

~:i~i 
3,0FT 
2,8FT 
2 0 ~FT 
2 0 2FT 
3 0 0FT 
2,7FT 
2.5FT 
2 0 2FT 
l 18FT 
1, JF T 
0,7FT 
0 • t FT 

TIME TO MAX HW• b1MlN 1 

* •CULVERT FLOOD ROUTING•** 
FLOW ITAIL• I POND IROUTJNGI 
TYPE IWATER I AREA I TIME I 

rn 
IG 
IA 

H 
H u 
H 
It 
18 
rn 
rn 

I I IA 

o.oFT 
l 0 4FT 
2, t FT 
2 0 qFT 
lo5FT 
4 0 0FT 
4o2FT 
a 1 aFT 

t:Ul 
tJ,bFT 
a 0 0FT 
II I t,F T 
4 0 5FT 
11 o 3F T 
t1,2FT 
3, 9F T 
3 0 5FT 
3.0FT 
2. 7FT 
2.5FT 
2,2FT 
1 o8FT 
1 • 3FT 
0 • 7FT 
0, 1 FT 

"'-.. .... 

o.oAc 
o. UC 
0,2AC 
0 • 3AC 
0oSAC 
8:~:f 
i:iiic 1 • ~A 
1 • I A 

l:o~ 0,qA 
0 1 7AC 
O,&AC 
0.SAC 
0,<IAC 
0, 3AC 
0 • 3AC 
0.2,c 
0 0 UC 
0. uc o.oAC 
0 0 0AC 

0M!N 
bMlN 

it,"4JN 
4MlN 

t
MtN 

l ~rn 
4 MIN 

~~~1~ ~qM N 
b3M N 
f:17MIN 71M N 
77M N 
84MIN 
q0MlN 

100"'1N 
114"4 N 
12qMIN 
14 3M IN 
t57MIN 
t84MIN 
22'5MIN 
2bbM 1\1 
328MIN 

I-' 
I-' ___, 



-, 
' 

WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ~OUTING PRINT OPTION NO, 2 

STATIONl 4 lbh ♦ SS,00 PROJECTS DRY CREEK STATION 3bbt5St• (EXAMPLE NO,l) 

CULV SIZEI I• S,9¥ 51 1 CONCRE)E ELLIPSE(HORIZ AX!S)/,SOCKET END PROJECTING INLET 

ANALYSIS TVPEt .E1,E.Rf □ RM P.1$CHGE Q1SQ/iOCES FREQ1-5.0..U DHWtJ,?.oou 

BARREL GEnME TRY I Lf NGTH :..J.D.Jf..L SL.OPE I j_ ooaaox GVO I _s.,ot1.. 
t • • * • ~ • • CUL V f RT FLO b O ROUT ING * * • t * **••*•*•CULVERT FLOOD ROUTING•** 

IROUTINGI ***DISCHARGES•••! ••••VOLUMES(AFJ••••f HfAD I OUTLET I FRUUDfl BRINK I rLOw ITAIL• I POND IROUTINGI 
I TIME I tNFL □ W I nuTFLOWI IN I OUT I SlOREI H~,FTIVfL □CtTVI NO, I DfPTH I TYPE IWATfR I AREA I TIME I 

OMIN 
SMJN 

t4MIN 
21MIN 
27MlN 
32MlN 
J7MIN 
I.IOMIN 
IJIJMJN 
a7MIN 
51 '-'IN '54M N 
",8M N 
61MIN 
obMIN 
72MIN 
78MIN 
86MIN 
Q8t,ql\J 

lllMJN 
123M N 

l 3SM 1 N 
SqMI"I 

lQI.IMIN 22qM N 
282MJN 

OCFS 
SOCFS 

167CFS 
51J2CFS 
''58CFS ,71.1CFS 
Q51.1CFS 

1053CFS 
1071CFS 
1026CFS 

95iCFS 87.CFS 
79 CFS 
72ZCFS 
o38CFS 
'51.18CFS 
45QCFS 
371CFS 
272CFS 
l'~oCFS 
154CF'S 
11 JC F S 

bl.lCFS 
2 ~E~i 

0CFS 

OCFS 
35CFS 

111CFS 
?.67CFS 
370CFS 
1.181JCFS 
Sb7CFS 
60bCFS 
gg~E~~ 
b79CFS 
1,QtCFS 
bqACFS 
700CFS 
b93CFS 
6BOCFS 
6SACFS 
bOBCFS 
1.18bCFS 
31'9CFS 
?.27CFS 
138CFS 

72CFS 
21H~ 

OCFS 

TOTAL VOLU"'1fS 

o,o 
0,7 
1,6 
3, 3 

~=~ a , b 

~-1 
s:o 
I.I • b 

1·~ 
3:s 
5,3 
ll, 3 
3,8 
s,a 
5,3 
3,2 
2,6 
1,8 
3,2 
1 , 1 
0,2 o,o 
. 88 

0,0 
0 5 
I 

O 

1 
2:0 

j:j 
1:0 
i•! 
3'\ 
3. I.I 
1:a 
3,IJ 
S,7 
S,3 
5,4 
e,q 
q,5 
5,6 
3,B 

i:~ 
1 1 II 
0,1.1 
o,o 

88 

o,o 
0,2 
0,8 
1, S 

~-i b: q 
q. t 

11 , 3 
13,0 
I lJ, 3 
15,2 
15,7 
15,Q 
1 '5 I I.I 
14, IJ 
12,7 
q,3 
5,0 
2, b 
t , 3 g,; 
8·2 :o 
0,0 

TIME TO PEAK:11 1.12MIN, TIME TO MAX □UTFLO: 

o,o 
, ~ b '2 

: 3 
6,7 
8 b 

1 Q I :1 q: 3 

l~·t\ 
3:3 

13,o 
1 3, B 
J 3, B 
13,b 
13,3 
1?,7 
1!·1 
o'u 
a'e 
i:~ 
1

1
5 

0:1 
0 I 1 

b 3M JN, 

O,OFPS 

~:i~:1 
15,2F'PS 
1~:lH~ 
iQ,tFPS 
1Q,llFPS 
l~:6Hi 
lq 1 6FPS 
lq 1 0FPS 
JQ,bFPS 
!9,6'-"PS 
tq,bFPS 
tq 1 0FPS 
t9,6FPS 
tq,IJFPS 
18,JFPS 
16,6F'PS 
11.1,4FPS 
b,3FPS 
1.1,SFPS 
2,8FPS 
1 I OF° p S 
0 1 3F PS 

0,0 
0,4 
0 1 b 
I 1 7 
1.? 
I·+ --.1: ~ 
1:6 
1, o 
1 • t, 
1 • t, 
1 1 b 
1,0 
1,6 
l,b 
I , 7 
I, 7 
1 I+ 1 I 

8·~ 
0°4 o'3 
0:1 

TIME TO MAX HWi:r 

o;oFT 
l,~FT 
2,7FT 
2,'5FT 
3,0FT 'I t;FT .>,QFT 
IJ I l fT 
IJ 3F' T 
a:un 
4 0 5FT 
I.I I t-,FT 
a,M'T 
4, 7F T 
IJ,bFT 
IJ, 5F T 
IJ I UF' T 
IJ I IF' T 
3,SFT 
2,QFT 
2 1 Jl'°T 
J-q~~ 
l :1n 

,OFT 
0, 3F T 

b3MJN, 

u 
It 
ID 
IO 

18 
IO 
ID 
Jg 
IO 

18 
ID 
ID 

B 
IG u 

IIIA 

0, OFT 
1, 8F T 
2 7FT 
1:an 
4 1 JF T 
IJ I BF T 
5,tFT 
"i 1 21" T 

~: l~f 
5, I.IF'T 
5,SFT 
5,5FT 
, 1 5FT 
'5,SFT s, aF T 
'5 1 1JFT 
'5,2FT 
4,8FT 
I.I, 2F T 
J,oF·r 
1 1 OFT 
2 1 JF T 

l ,7FT 
I OFT 

0, JF T 

O,OAC 
0, I AC 
0, JAC 
0,'5AC 
0,9AC 

l • 3AC 
,BAC 

2,8AC 
/JI JAC 
b, I AC 
7 1 I.I A~ 8, JA 
R 1 8A 
8,9A 
B,5AC 
7,5AC 
5,8AC 
2,9AC 
1, 3AC 
0,8AC 
O,"iAC 
o,aAc 
0,2AC 
0 1 1A~ 0,1A 
O,OA 

OMIN 
'5MIN 

I I.IM IN 
21M N H~rn 
i~MIN 
I.IOMIN 1.14M N 
a7M N 
51MIN 
'51.iMIN 
"i8MIN 
blMJN 
6(:,MIN 72M N 
78M N 
86MIN 
Q8MJN u~~rn 

I J5MJN 
15qMlN 

H~~t~ 
;>82MIN 

I-' 
I-' 
co 



WYOMING HIGHWAY OfPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 
STATIONI lbfailiSS.Q.C PROJECT I DRY. CREEK STATION Jbbt55t• (EXAMPLE N0,1) 
CULV SIZEI le B,9l S.Z CONCRETE ELLIPSECHORIZ AXIS)/,SOCKET END PROJECTING INLET 
ANALYSIS TYPE1 eEaE □a~ CISC~GE Qll39QCES FREQI~ DHW1l? 0 QQEl 
BARREL GEOMETRY I LENGTHI LQ3E.t SLOPE• I ,AQO.OQ\ GVDI 9 0 QE,.,I 

• * * * * * * * CULVERT F L O O D R O U T I N G * * • * * ••••***•CULVERT FLOOD ROUTING•** 

IROUTINGI •••D~SCHARGiS•••I •••~VOLUMfS(AFl••••I HEAD I OUTLET I FRDUDEI BRJN~ I FLOW !TAIL• I PONO IROUTINGI 
I TIME I INfL_W I OU FLOWI IN I OUT I STORE.I HW,F'TIVfLOCITYI NO, I DE TH I T,YPE. !WATER I AREA I .TIME I 

s~rn b~E~j 4i~~~ ~-8 i :~ o.o o.g i:~~~I o,g i:8n IG 1:SH o,~AE a~rn 
IQ i·~ \·1 8·1 0, A 

l~MIN 2 t CF tJ.I FS OFT JG ,OFT O,tlAC 1 3"1 IN 
1 M N aagcFs Jr FS a:o 2:q : 1 5'q tb.lFPS 1 : 7 2:7FT A ti, 1 FT 01 7AC 1qMr 
fMJN 44 e~t ~ iHi a.q j·S 1•0 7°7 i7,8FPi 1 • f i·~H I~ a,oFT 

i:H~ f"' N 8M N 
1 r;!~CFS 

b • q .g 11:i q,AFP 1 • '5 • lFT 8~1~ "'r blb~FS 5,& '8 19, FPS 1 • a:2FT ro 5, FT , 1 A 
l8M N 1 ~iCFS bb2 FS' l,.) J. ~ t J: i 1 1 8 19,bFPS 1, b a.an 10 '5,4FT 8:}:€ J8Mr 41M N 1 CF; :HEa &, J: 1 b, 1 • q 1q 0 &FPS 1 11 b 4,TFT D 5,SFT 41M N 
IJ4MIN 

}lj~c~s 
b, I J. 4 18, l Q • q 19.bFPS l,b 1,1,qFT 0 ,, I &FT 11,'HC tl4M N 

Q8MJN 
I I f~FS 

7~3fFS s,o l,'5 0,9 '5 • 7 1q 1 t,FPS 1.5 '5,trT 10 '3,7FT 111,0AC 118MIN 
51MJN 1 ~ FS ~-~ 3,b ~2 I '5 to.l 19,bFPS 1 I c; '5 tT IF '5, 7FT 15,&AC ~tMIN 
S4MfN '~ g~~I 1CI EF! 3,b 3 b lb,7 tCl,~FPf 1,4 '5: FT PA ~ 17FT 1b,7AE QMIN '58M N 

al1cFs g8!~~s IJ: 3 3,i Jg:i lt:Z f1• FP 1 , ti ;,1FT VA ,8FT I 7, JA '58M N 
b2MJN &,IJ b • CJ,5,PS 1,4 ,TFT PA S 1 8FT t7,4AC &2MIN. 
~8MIN 78bCFS 7li FS 'i I 2 '5,8 H:i lb,7 r~, lFPS 1 I~ ~- in v~ ~-1n l~: UE hiMP.j 3M N. S 1cF1 7 FS (I I b &,I b • ~ CJ,&FPj l I 7 M N 
8!Mrn i~oc;s 7lSCFS b,& U·f 18,i l/,1· ,q,t,FP l • b a:qn f D ;:bFT 11 1 8AC 8\MIN 
Cl MIN m~rl ,,m; b,U 11, 2,7 q,&FP ,o 4,4FT D , 4F T ,tAC q MIN 

1n~rn J,8 2:1 i:i 19,J H:,~;1 )·J 1: i~f Ii ~:1H f• 0 E. tp=rn ~:, I I A 1n~1~ 14JCF f~;~~ 4.~ 1;I ,;,u~ f1 ~:9~, It a,9Ft 8:)~~ I ,=1~ 8 ~F 4, : b 2, F 
183M N 28 FS CJ FS t I l 1,8 g:~ t I 7 1:2FPi 0,4 1,8FT Jg t 18FT 0, A 183"1 N 2!bMIN '5CFS 10 FS o: l 0, 15 o:e l 1 8FP 0,3 I I FT l,tFT o, 1A t&M N 
2&bMIN OCFS OCF"S 0,0 0,0 o:o 0, l 0 1 4F"PS 0, I o: JFT II IA 0,3FT O,OAC 2bbMIN 

TOTAL VOLUMES 107 101 

TIME TO PEAK• 3CJ"1IN, TIME TO MAX OUTFLO• bSMIN, TIME TO MAX HW= b5MIN, 

..... ..... 
\0 



\ 

WYOMING HIGHWAY DEPARTMENT. 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

I 

CULVERT-FLOOD ROUTING PRINT OPTION NO, 2 
STA~IONI lbb♦ 5$.0A PROJECTI DRY CREEK STATION 36&+55+• (EXAMPLE NO,1) 

I _-

CULr SIZEI Je 9 1 3¥. b 1 METAL PIPE ARCH / UNPAVED /MITERED•BTEP BtVEL INLET 
ANA~YSIS TYPE1 QR ♦ INt6l 6 DE,IGN QI IJOCIS FREQl.u.xi DHWPli DOU 
BARREL GEOMETRYI LENGTHI, IAlfl SLOPE•J AOOAOX GVDI 9 Oft 
••I*•**** CULVERT FLO~ D R OrU T l

9

N G * * * * * *•*****•CULVERT FLOOD ROUTING•** 
IROUTINGI ***DISCHARGES•••! ****VOLUMES(AF)****I HEAD I OUTLET I FROUDEI BRINK I FLOW ITAIL~ I POND !ROUTING! 
I TJ~E I INHOW I OUTFLOW! IN I OUT I STORE! HW,FTIVELOCITYI NO 0 I DEPTH I TYPE IWAfEi I AREA I TIME I 

~~I~ j9E~S 2SE~B 8:2 j0:8 °g:j ?:8 q:q~~~ g0:j !0:2~l IIIA !0:f t 0g:?:E 2~1~ ~MIN 5 FS 84 ,s q & 2 7 4 ~FPS 5 FT I A 5 T 3A ~MN 
!2M N l.&EFs 1q7~Fs l:1 :1 1:2 4:s 1:oFPS 0:1 :!FT I IA :4 T o:4A~ !2MIN 
~QM N ~l8CFS 313eFS ~.3 5 2 1 q q 4FPS. 0 8 4 OFT I A ,OT 0 7AC 2qMlN 
JiM N 580CFS 3&3CFS 4,5 2:8 3:8 l:s 10:JFPS o:q u:1FT I IA a,JFT 1:oAC 35MIN 
J9MIN 715CFS 425CFS 3,7 2,2 ~.3 e,q 12,0FPS 1,0 4,JFT V a,5~T 1,4AC 3qMIN 
4~MIN 78qcFs aqqcFs 4,1 2,& &,e 10,1 tJ,1FPS 1,1 u,1FT v a,8 T 1,7AC 43MJN 
afM N 803CFS 5J3CFS a,2 2,8 8,J 1,0 13,6FPS 1, 4,8FT V 4.q T 2,5AC 47M N 
51M N 7&qcFS 552CFS a,o z,q q,4 11,4 1J,qFPS 1,1 4,qFT V s.o,T J,0AC 51M N 
SUMIN 714CFS 565~FS 3 0 7 3,0 10,2 11,7 l4,1FPS ,1 5,0FT V 5,1 T 3,JAC S4MIN 
58MIN &56CFS 572 FS J,4 1.0 10,1 11,q 14,2FPS 1,1 s,oFT v ~.1 r ~,SAC 58MfN 
&2M N 5QqCFS ~74 FS 3,1 3,0 10,8 11,q 1U,2FPS 1 1 SOFT V 5,1 T ~,qAC &2M N 
&&MN sa2cFs 572 FS 2,s 1,g 10,& ll•q 14,2FPS 1:1 s'oFT v ~.1 T 3,7AC &&MN 
71MIN 478~FS 560~FS 4,2 5, q,q ,6 14,0FPS ,1 4:9FT V 5,0 T J,1A~ 7tMIN 
77M N u11 FS 542 FS 3,4 a,s 8,8 1~,2 13,jFPS 1·1 4,9FT V 5,0 T 2,7A 7 MN 
8iM N 34q FS 513 FS 3 1 4 6 7 3 1 6 3 FPS 1 a 7FT V 4 q T 2 0A 8 MN 
q MN 278 FS 4 4 FS 4:4 &:s s:1 : 11: FPS :o 4: FT V 4:5 T 1:4A · q2M N 
0 ~ N 20U S J J FS 4, 7,0 2 4 & q,7FPS 8 4 FT I A 4, T 01 7A 106M N 

11 MIN 1a1E~s 211E,s 2.~ J,& 1:1 4:1 7,JFPs 0:1 1:f,T 1lfA 1,I T o,sAf 11qMJN 
132MIN 116CFS 137CFS 2,t 2 1 4 0,9 3,5 5,7FPS Ob 3 OFT IIIA J,0 T 0 JAC 1l2MIN 
145MIN escFS q1c,s 1,5 1,1 o,7 2,9 4,&FPS o:s 2:&FT flIA 2,& r o:JAC l45MIN 
170MIN aecFs sac,s 2.~ 2,e o.4 2,0 J,3FPS 01 4 2,tFT IA 2,1 T o,2AC t70M N 
208MJN 16CFS 22CFS 0,q 1,2 0,1 1,2 2,0FPS 0 1 3 1,SFT A 1,5 T 0,1AC 208M N 
24&MIN JCFS aCFS 0,2 0,2 o,o 0,5 o,qFPS 0,2 0,SFT IIIA 0,8 T 0,0AC 246M N 
J0JMIN 0CFS 0CFS 0,0 0,0 0,0 0,1 0,1FPS ~,l 0,2FT IIIA 0,2 T 0,0AC J0JMIN 

TOTAL VOLUMES 71 71 
TIME TO PEAK: 45MIN 1 TIME TO MAX OUTFL □= 64MIN, TIME TD MAX HW: &4MJN, 

f-' 
N 
0 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING OJRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION r,m. 2 

STATION! \bbt55 0 0.Q. PROJECTI ORY CREEK STATION 366+5':>+• (EXAMPLE N0,1) 

CULV SIZE 1 ..J,e 9, \)( b,3 METAL PIPf ARCH / UNPAVED /MITfRED•STEP BEVE.L INLET 

ANALYSIS TYPEI £EREOR~ QJSCHGE QI +zocE& FREQ1--2l'..R, OHW•IZ,OOEt 

BARREL GEOMETRY! LENGTH! 101ri SLOPE11 000001 GV01 s.oti 

* * • 11 • • * " C U l V E R T F L O O D R O U T I N G * * " " * 111 " * • " * * "CULVERT iFLOOO ROUTING" * * 
IROUTINGI •••DISCHARGES•••! ••••VOLUMESCAF)••••I HEAO I OUTLfT I FROUOEI BRINK I FLOW ITAIL~ I PONO IROUTINGI 
I TIME I INFLOW I OUTFLOW! IN I OUT I STOREI I-IW,FTIVH □CITYI NO, I DEPTH I TYPE IWATERi I AREA I TIME I 

I 

OMIN OCFS OCFS o,o 0,0 0,0 0,0 O,OFPS o,o o,oFT O,Of[T O,OAC OMIN 
7MIN 7CFS bCFS 0,2 0,1 0,0 0,7 l,IFPS 0,2 o,qFT IIIA O,QF~ . O,lAC 7MIN 

1qMIN 2bCFS 22CFS O,] 0,3 - 0,1 1,2 2,0FP5 0,3 1,5FT IlIA l,'SF!T 0,1AC lqMIN 
287MIN S]CF'S QOCF'S 0,7 0,'5 0,3 1,7 Z,8F'PS O,LI 1,q,r IIIA 1,qFlT 0,2AC 28MIN 
l MIN 87CFS b7CFS o,q o,7 o,s 2,3 3,7FPS O,LI 2,]FT JI A ?,]F~ 0,2AC ]7MIN 
Ll4MIN l21CFS IOOCFS 1,2 1,0 0,7 3,0 Q,7FPS 0,5 2 bFT IIIA 2,bF~ O,]AC LILIMlN 
SOMIN 1SOCFS l27~FS 1,0 0,8 0,8 3,4 S,LIFPS 0,b 2:QFT 111A 2,QF~ O,]AC 50MIN 
SLIM N 165CFS lLIQ F'S 1,1 1,0 O,q 3,7 S~QFPS 0,b 30 tFT IA 3,1F~ O,LIAC 5LIM N 
5qMIN lb8CFS lbO FS 1,1 1,1 1,0 l q b,2FPS g,b 3 tFT I IA 3,lF~ 0 4AC 5qM N 
b4MJIII b1CF'S lb!CFS 1,1 t, ,O :'S:Q 6,2FPS ,b 3:2FT IIIA 3,2FiT o:uc b4MIN 
6QMIN 14QCFS 1'54CFS 1,0 \,0 l,O l,8 b,1FPS O,b 3.1,1 IIIA 3,IFT 0,4AC bqMIIII 
7LIM III t37CFS tQLICFS o,q 1,0 o,Q ,b s,AFPs 0,b i•oFT l A 3,0FJ o,LIAC 7LIM N 

8M N 25CFS I JCFS 0 8 O,Q 0,q 5 bFPS b QFT A 1 QFT • AC 8M N 
i1MIN lt3CFS 1l2~Fs 8,1 o,a o,a :3 ~:JFPS 8:b :eFr lfA ~.eFr 8,JAc l1M 111 
qoM N lOOCFS 107 FS 1,1 1,2 0,7 ,1 4,QFPS o.~ ,7FT A 2,7FT 0,3AC QOM N 
q7M N ~bCFS q3 FS 0,9 1,0 0,7 2,8 Ll,5FPS 0,5 1 bFT I A 2,bFT 0 0 3AC q7M N 

IOS~IN 72CFS 80CFS 0,8 o,q O,b 2,b 4,JFPS O,S 2,4FT IIIA 2,QFT 0,2AC tOSMJN 
l17~IN 58CFS 6LICF'S 1,2 1,3 0 0 5 2,3 3 0 bFPS O,LI 2 2FT lIIA 2,2FT 0 0 2AC 117MIN 
133t,,1JN 42CFS Ll7CFS 1,1 1,3 0,3 l 0 Q 3,IFPS 0,4 2:oFT IIIA 2,0FiT 0,2AC lBMlN 
151MIN JOCFS 35CFS 0,7 o,e O,? 1,b 2,bFPS 0~] 1,8FT 111A 1,8F~ 0,1AC 151MIN 
1b7~IN 2LICFS 27CFS O,S 0,6 0,2 1,4 2,JFPS 0,3 1,bFT II A 1,bFT OolAC lb7MIN 
18lt-1JN J7CFS 20CFS 8 LI 8 LI 8 l 1 2 2 OF'PS O 3 I QFT IIIA l t!FT 8 lAC 1/HMfN 21LI~ N OCFS lOCFS :1 :1 :o o:Q 1:4FPS o:? :1FT A :,,, :1AC 21LIM N 
2b2MIN 3CFS 3CFS 0,2 0,2 0,0 O,b 0,8FPS 0,2 O,AFT IIIA 0,8FT 0,1AC 2b2MIN 

jA~~I~ 8f~~ 8E~~ 8:8 8:A 8:8 8:? 8:?~~i 8:1 8:f~l 111: 8:t~l 8:8:E ~A~~I~ 
TOTAL VOLUMES 19 IQ 

TIME TO PEAKa 57MIN, TIME TO MAX OUTFL□ = bbMIN, TIME TO MAX HWm bbMIN, 

f-' 
N 
f-' 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRlCTORATE **•***** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION N0 0 2 

STATIONl-3bb+55,AQ PROJECTS DRY CREEK STATION lb6+5S+• (EXAMPLE NO,t) 

CULV SIZEI I• 9,3X b.l METAL PIPE ARCH ✓ -0NPAVED /MITf~ED•STEP BEVEL INLET 
ANALYSIS T'l'PEI 2EREORH DJSCttGE 01 350CES FREQI--S,U OHW1J? 1 00EJ 

BARREL GEnMETRYI LENGTH I t Q3Et SLOPE ,.i-.oa.ooo\ GVDl..i.,,QEI 

* * * * * * * * C U L V E R T F L O O D - R O U T I N G * • * * * * * * * * * 
IROUTINGI •••DISCHARGEStttl ••••VOLUMES(AF)****I HfAD I OUTL[T I FROUDEI BRINK 
I TIME I INFLOW I OUTFLOWI _ IN I OUT I STORE! HW,'11VE'LOCITYI N0 1 I DEPTH 

0MJN OCFS . 0CFS 0,0. 0,0 0 1 0 0 1 0 O,OFPS 0 1 0 0,0FT tiM N 1eicFs 11c,s o.l · o,l o,l !'l !.e,,Ps 0.1 i.zn 17MIN sqc,s s~,s 0,1 o,s o. • ,1,Ps o,q ,e,T 
2bM N OCFS l FS t,4 1.0 o. , ■ FP 0,5 .~FT 
J4MIN l1ocFs tQ4 ,s 1.1 t,l o,9 3,b s.i,p! 

8
.e, 1,0,, 

4IMIN ~50CFS 212 FS 2,3 2ai 1,l 4,7 7,3FPj ,7 l,SFT 
4bMIN 109~FS 272~FS 1,q ,. 1,5 ,,l 8,bFPS ·1 3,SFT 51M N Ql F 29b FS 2.1 l· t.B ., 9.0FP 8· 4.0FT 
55M N 47 F 310 F 2, • 2,0 .q q,JFP , a,oFT 
b0M N 132 ,; lib F~ 2,0 l·q · j·l ba0 q.4FPj g.a a.tFT 
b4MIN l08CFS J 4~FS t 9 q 5 9 9,4FPS 8 4 tFT 
bqM N 26}CFS J b FS 1:1 1:q :o ~:a 9,2FPS o:a a:oFT 
7lM N 25oCFS 2 J FS lab l,8 10 8 5,b q 0 0FPS 0 0 8 J,QFT 
78MIN 2l4CFS 270CFS t.4 1,7 1.s s.J 6,SFPS 0,8 l,8FT 
84MIN 20&CFS 222CFS 2,2 2,3 1,l a.e 7,bFPS 0,7 l,&FT 
91MIN 177CFS 190CFS 1.1 1,9 1,2 a,a b,qFPS 0,7 l,UFl 
q8MIN t49CFS 165CFS l•b t.7 1,0 J.q b,lFPS O,b la2FT 1i:=1~ 1~aE~I 1~~~ri ~·~ ~-ft 8·9 l·~ ~·~~~; 8·~ ~-:~; 

141M N blCFS 7t~FS 1:1 1:a o:s 2:4 1:9FPS o:a 2:1,, 
l5bMIN ·10CFS SiCFS 1,i 1,! g,Q 2.i ,,UFPS g,a f•IFT 70MJN bCFS 4 CFS 0, 0 1 0 l 1 0 ,9FPS •J 0 4FT 

00M N OCFS 2 CFS 1, 1, 0,1 la ,lFPS 0, ,5Ff 
2aSMIN 7CFj BCFj o,a o, o o o e 1,JFPS o, 1 OFT 
28qM N lCF lCF g.1 3,1 g:g g:1 g,sFPS -8•1 o:&FT JSbM N oc, oc, ,o ,o , ,1 ,tFPs , o,tFT 

TOTAL VOLUMES lo ]b 

TIME TO PfAKo SJMIN, TIME TO MAX OUTFL □• b2MIN. TIME TO MAX HW• b2MJN 0 

• •CULVERT FLOOD ROUTING•** 
FLOW !TAIL• I PONO IROUTINGI 
TYPE IWAfER I ARf.6 I TIME I 

O,iFT 01 0AC OMfN IIIA 1, FT 0, AC MN 

lfl
A 1, FT o,AA~ 1~MIN A 2 SFT o,\A 2bMlN 

I A · 1:oFT 01 4A ]4MIN 
l A l,5FT 0 1 5A atMIN 

IIIA l,8FT 0,SA~ q6MIN A 4 0 0FT g,bA 51M N 
A U 0 0FT •J' SSK N A a, FT 0, A b MN IIJ' a.l,T o. AC &8MIN l A a OFT 0,bAC b9M N 

I A l:9FT 0abAC 7lM N 
IIIA l 0 8FT 0 0 5AC 78MIN 
IIIA 3,bFT 0,SAC 8QMIN 
IJIA l,UFT 0 1 4AC 9tMJN 
I IA l,2FT o.aAC 98M N 

111: i·:~+ 8·!:E lii:1~ 
IIIA 2:lFT o:?AC 14tMIN 

'
11~ f·4~l 8:i:~ ,~s=1~ ti A 1:sFT o,tA~ 00M N 

111A 1,0FI 0,lAf 45M N 
I~ 8:t~+ 8:8~c ;:: ~ 

I-' 
N 
N 



--.._ 

WYOMING ~I~HWAY DEPARTMENT 
ENGINEERING DIRECTORATE ~******* HYDRAULICS SECTION 

PRJNJ OPTION. NO, ? CULVERT FLOOD ROUTING 

ST AT ION: \bb ♦ SS.n.n. 

CULV SIZEI le 9.U 

PROJECT; DRY CREEK 

b.,l METAL PIPE ARCH 

STATION 3bb+55+• (EtAMPLE ND,!) 

/-UNPAVED /MITERED•STEP BfVEL INLET 
ANALYSIS TVPE1 2EREPR~ OTSCHGE Q1 53ACES FREQl-1.Jlli DHW11,2

9
QQfl 

BARREL GEOMETRY: LENGTHl-1.Jl..1£.l SLDPEr1.oooooi GVD•..9,QE,l 

* * * * * * * * C U L V E R T F L U O D R O U T I N G * * * * * * * * * * * 
IROUTJNGI 
I TJME I 

OMJN 
b"1IN 

I b"4I N ~l.l~rn 3},., IN 
I.I 3"11N 1.17M N 

·'ilMJN 
55MJN 
5QM N 
b3MIN 
b7MIN 
?J~J~ 
84MfN 

10 MN Q8MIN 
114M N 
129M N 
I I.I 3M IN 
t57MIN 
184M N 
225MJN 
2bb~• IN 
328MJN 

***DISCHARGES••*! 
IN~LOW I □UTFLOWI 

OCFS OCFS 
24CFS 20CFS 
82CFS 55CFS 

1,?f~; 1~IEP 
:H~CFS 307CFi 
4b8CFS 347CFS 
5tbCFS 3o2CFS 
525CFS 37:5CFS 
503CFS 1.105CFS 
l.lb7CFS IJ20CFS 
1.129CFS IJ2JCFS 
JQ,?CFS IJ!SCFS 
154VS 1.1og~FS 
2Uc~~ i~2~a 
f ,~Eri 1i1ea 
lBCFS l52CFS 
%CFS 1 OBCFS 
7'iCF'S 83CFS 
55CFS bJCFS • 
3!CFS 3SCFS 
1 lE~~ 1 }E~§ 
ocr:; ~iCFS 

TOTAL VOLUMES 

**••VOLUMES(AF)••••I HEAD I OUTLET I FROUOEI BRlNK 
IN I OUT I STORf(HW,FTIVELOCITYI NO, I DEPTH 

o,o 
O,IJ 
0,9 

1·1 
3°2 
2°b 
2"9 
3:o 
2,8 
2, b 
2,4 
2,2 . I 0 "o 

"4 

~:f 
3:0 
I• 8 
1 I c; 
1 O 0 
I , 8 
0,b 
0 I 1 
0,0 

50 

o,o 
O,IJ 
0,b 
I I" 1 i q 

~·8 z. I 2: 
2,3 
2 0" 
2 O Q 
2,3 

i:i 
l:f 
3,4 
2,0 
t,b 
1 i 2 
2,0 
0,8 
0,2 
0,0 

so 

0,0 

8·A 0:1 
!:9 
3°5 
4:u 
1.1,9 
5,2 
'5. 2 
r; I 1 
/,j I 8 
IJ,3 
3,5 

f•a 
1 I 0 
0°1 
0 ° b 
0°4 
0:2 o,o 
0,0 
o,o 

o,o 
l·f 
3°4 
4°7 
s"a 
o"s 
7°2 
a:o 
8,b 
R,8 
8,9 
8,7 
8,5 

1:~ 
~·~ 3:7 
3,} 
i·2 1: b 
1 o 0 
0,4 
0 i 1 

i,OFPS 
,0FPS 
, 3FPS 

5,lffPS 
7 'SFPS 
9:2FPS 

10,0FPS 
10, JFPS 
I I ,4F'P$ 
11 , 8FPS 
12,0FPS 
12,0FPS 
11, QF'PS 
1 ! , 7FPS 1 , 3F PS 
1 , 3F PS 

Q,7F'PS 
7,QFPS 
b,OFPS 
1.1,QFPS 
IJ,2FPS 
3,bFPS 
2,&FPS 
1,bFPS 
0,7F'PS 
O,tFPS 

o,o 
8,3 

,4 

8·~ 
8'8 

o:i 
l 

O 
0 

I : 0 
1,0 
1,0 
I i Q 
t,o 
A:8 
8:9 
0,b 
0,5 

8·~ 
0:1 
0,3 
0, I 
0 I 1 

o,oFT 
1,IJFT 
2,tFT 
2,QFT 
l, '5' T 
4, OFT 
IJ,2,-T 
LI I JF T 
IJ,OFT 
I.I, 2F T 
IJ,2FT 
1J, 3F· T 
IJ I ?.FT 
4 1 IF' T 
l QFT 
4: JFT 
I.I I I FT 
3,7FT 
1, IF T 
2, 7F T 
2,SFT 
2 2n 
1 :an 
I, 2F T 
O, 7F T 
O,IFT 

TIME TO PEAK• 49MJN, TIME TO MAX OUTFLD: &SMJN, TIME TO MA)( HW: bSMIN, 

* •CULV~RT FLOOD ROUTING••* 
FLOW ITAIL• I POND IROUTJNGI 
TYPE IWATfR I ARfA I TIME I 

I IIA 
I I IA 

11u IH 
V 
V 
V 
V 
V 
V 
V 

IIIA 

PH IIIA 
I II A 
II I A 

HB 
UH 
II I A 

·o,OFf 1, I.IF 
2,IF 
~:in 
4.0FT 
I.I 2F T 
I.I: 3F T 
I.I, .\FT 
11,SFT 
4,SFT 
IJ • SF T 
LI, 5F T 
IJ ,·4F T 
4, 3F T 
IJ I JF T 
4,lFT 
3, 7F T 
3, 1 FT 
2,7F'T 2,iFT 2, r T 
t I FT 
1 , 2F T 
0, 7F T 
0, 1 F' T 

O,OAC 
0,lAC 
0,2AC 
0,3AC 
0,5AC 
8,bAC 

,8A~ 1,0A 
1,2A 
1, JAC 
l, I.IAC 
1,IJAC 
1,UAC , .HE 1, 2A 
! • 0 A 

8:~~c 
0,4A~ 
0, 3A~ 
0, 3AC 
0,2AC 
0, 1/aC 
0,tAC 
O,OAC 
O,OAC 

OMJN 
bMIN 

lbMJN 
i4~J~ 
3lMtN 
4 3MIN U7M N 
51M N 
5'5MJN 
59MIN 
b 3MIN 
b 7M IN· 
7}=J~ 
A1.1MtN 
Q8MlN 

10 MIN 
·t 14"11N 
129M N 
143M IN 
IS?MJN 
18QMJN 
225MJN ?b&M N 
J;>8MIN 

I-' 
N 
l,J 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION ~n~ 2 

STATtON1 lbbt55 00 PROJECTS ORY CREEK STATION lbbt55+• (EXAMPLE NO,l) 

CULV SIZEI I ■ 9,1¥ b 1 METAL PIPE ARCH / UNPAVED /MITERED•STfP BEVEL INLET 
' ANALYSIS TYPEI e.EREOR~ DISCHGE a•1naocES FREQ•~ DHW1t2.00EI 

BARREL GEOMETRY I LENGTHL--!QlEX SLOPE•! ~OOMO:X GVDI 9 Oft 

* * * * * * * * CULVERT FLO O O :ROUT ING * • * * * * * * • * 
IROUTINGI •••DISCHARGES•**I ••••VOLUMES(AF)****I HEAD I OUTLET I FRDUDEI BRINK 
I TIME I INFLOW I OUTFLOW! IN I OUT I STnREI MW;FTIVELOCITYI NO, I DEPTH 

•*•CULVERT FLOOD ROUTING•** 
I FLOW ITAIL• I POIIIO IROUTINGI 
I TYPE IWATER I AREA I TIME I 

2MfN 

liI=1~ lM N 
7M N 

t:rn 
"2~rn '17MIN 
SlMIN 
5'1MIN 
'58MIN blM N 
bbM N 
72M N 
78MIN 
8bMIN q8f,II 

t t \M ~ 
U(=I~ 
l5qMIN 

tqQMIN 
2qMp,1 
82MJN 

\z9fU 
~;1~~1 
7ioc,s q 'ICFS 

I g lE~R 
18itHi 

81SCFS 
JqqCFS 
oi,~~i 
548CFS 
45qcFS 
HlCFS 
272CFI tq&cF 
1'51.!CF 
ttJCFS 

bl.lCFS 
22CFS 

I.ICFS 
0CFS 

TOTAL 

dim 
ulEFs 
ihE~R 
t~~~f~ 
bb~CFS 

u~~~i b7t FS 
b'S~ F'S 
bJ8CFS 
5qo~FS soq FS 
Jt,q FS 
1g1cFS 
t 4CFS 

7UCFS : 
2qCFS 

7CFS 
0CFS 

VOLUMES 

o:i h Q: b 

;:i 
?:2 
4 1 l 

I=~ 
":¾ ~-8 

·. '5. 3 
3°2 
2 ° b 
1°8 
1:2 

A:t o.Q 
88 

o.? 
? : b I·,, 
1

1
2 2's 

2°7 
2:q 

3:1 
1.2 

I: J 
'5 It, 
'5. t 
'5,l 
8.& q q 
s:q 
s. 0 , 
2 • o 
l,b 
i.s 
0. (j 
o.o 

88 

8:i ·l:~ 
t•i ,,., 

'•Q q' :b 10:9 
U:i U:t 
l~:l B:~ u,,e 1".2 

H·t U·~ 11:11 111:11 11:,.i; 11 0 1 
p.g U·~ 
7°2, 10°5 4:~ a:~ 
l: o l:4 
o.'5 2.s 
0,2 '·" 80 0 O,b 
,o 0.1 

i.OFPI ,,FP 
■ FP .a. FPS 

10, ,Ps 
1.2,2,11s 
1 3, 4f'PS 
1::g~~I 
t;:A~;; 
t'5,7FPS 

11 ,8FPS 
0 qFPS 

t ,8FPS 
1'5,oFPS 

U:~~~B 
I~: i~~I 

~,1FPS 
bolFPS 
4.0FPS 
2,IIFPS 
t,2FPS 
O~lFPS 

o.q 
8·~ 
8"8 

: q 

I·? 
11 l 

: 1 

I:~ 
t. 2 
I·~ l: j 
l:f 
1 I 1 

A·i o:b 
QI '5 
0.1 
0.2 
0 • 1 

i
0

:iU 111: 
,8FT IJ A , ,, T I A 

U, 1FT V 
a,aFT V 
5,0FT V 
'5,tFT V 

· ;:in ~ 
5, 3F T V · 

i • !FT V 
I.IFT V 

: JFT V 
5, ]FT V 
S 0 2FT V 
5 0 tFT V 
ll 0 7FT V 
l 0 qFT V 
4 0 0FT IIU 
l,2FT IIIA 
2 0 UFT IIIA 

J: 7H II H 6JFT IIIA 

TIME TO PEAK• 42MJlll 0 TtME TO MA~ OUTFLO• bJMIN 0 TIME TO MAX ~W~ olMIN 0 

o.oFT o.oAc OMIN 
,8FT • AC M Ill l.eFT 8,!A~ ~~M 111 

3,8FT 0,'5A tMJN 
a.1,T o,9A 7M N 
4,b,T t,QAC 32MfN 
U,qFT 2,2AC 37M N 

. 5,0FT l 1 2AC 40MfN 
'5,2FT s.aAC QQM N 

~=J~l !:~te "I~I~ '5,UFT q 0 8AC ~QM N 

~-tt~l l8·~:c i1~1~ 
~:ufT io 1

4AE obM 111 
~,UFT . q:bAC 72M N 
S,3FT 8 0 IAC 78MIN 
s.tFT u.qAC 8bMlN 
a,qFT 1 0 qAc Q8MI111 
ll 0 3FT 1,?AC 111M N 
U0 0FT 0 0 bAC t2JM N 
3,2FT 0 0 4AC 115MIN 
2 0 IIFT 0,2AC 15qMJN 
t.7FT o,tAC 1quMlN 
t~OFT 0 0 1AC 22qM N 
0 0 2FT O,OAC 282M N 

I-' 
N 
.i,. 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVtRT FLOOD ROUTING PRINT OPTION NO, 2 . 

STATfON1 1•++55,00 PROJECTS DRY CREEK STATION 3bb+SS+• 

CULV,SIZEI I ■ 9,1¥ b,3 METAL PIPE ARCH / UNPAVED /MITERED•STEP 
ANALYSIS TYPEI PEREDRH DlSCHGE Qlll90CES FREQ1.\,.Q.A;t& OHW11a OOEl 
BARRlL GE0METRY1 LENGTH, Jo1r1 SL □PE1J,ooooox Gvo,.,,,,s.or1 
* * * * * * * C U L V E R T F L O O O R O U T I N G * * * * * • * 

!ROUT NGI •••DISCHARGES•••! ••••VOLUMESCAF)****I HEAD I OUTLET I FROUDEI 
I TIM I INFLOW I OUTFLOW! IN I OUT I STORE! HW,FTIVELOCtTYI NO, I 

O~IN 0CFS OCFS 0,0 o.o 0,0 0,0 0,0FPS 0,0 
4MJN b4CFS 44CFS o,9 o,b o,J 1.s J,OFPs o.4 

ll~ N 215CFS 146CFS 210 111 0,9 3,7 5,9FPS O,b 
l9~IN 440CFS llSCFS 4,0 2,9 2,1 S,9 9,aFPS 0,8 
25~IN 7\8CFS l71CFS a,9 2.6 4,4 8,1 11,aFPS 1,0 ~g=,~ ,iJt~~I ~,~~~i t:: J:t 1i:a 19:8 1,:if~i f:1 
ia~tN 11sscFs 625CFS 6,2 2,9 a,1 ~.2 tS,OFPS .~ 
4,~IN fj78CFI !71~,s i'l j•1 i7.4 fg.a ff'8FPS f• 4 MIN j~CF 09 FS 1 ,1 0,2 5.4 ·gfPS 1 4 MN CF 7 FS 1 ,4 2 u &, 1 FPS 
SIM N II CFS ~8 FS ,2 3,5 a:1 16 1~ 1 1 FPS 1: 
i~:r~ 18~8c~I ?i~c~s :•I i•i 1i•~ f~•l lf•i~~I f• 
&2MIN s21~Fs 784~FI &:a b:1 b:J 11:1 1 :9FPS : 

8M N 706CF 77CF 5 5 7 ~ 7 17 5 1 8FP 
•J~ N 59tcFJ J&2cFi . a:l . s:9 a:a 11:0 11:sFP~ · l: 
81MJN 478CFS 720CFS &,6 q,Q 21,1 15 18 lb,7FPS l, 
93MJN 350CFS 647CFS b 1 4 1l~q 15 1 7 ll,7 15,4FPS 1,2 

105MJN 252CFS 574CFS J,8 8,7 10,8 11 1 9 14,2FPS 111 
ll6MIN lQ9CFS 478CFS 3,1 7,5 &,3 Q,9 l2 1 8FPS 1,1 

127~IN 145CFS 3b2CFS 2.2 s.s 3.0 b,8 ,o.JFPS o,q 
4qMIN 83CFS 110CFS 3,8 &,O 0,9 l,4 5,5FPS O,& 

183MIN t'8CFS 41CFS J,3. 1,9 O,l 1,7 Z1 8FPS 0,4 
216MIN SCFS 10CFS 0,3 0,5 0,0 0,8 1,5FPS 0,2 
26bMJN OCFS OCFS 0,0 0,0 . 0,0 0,1 O,lFPS 010 

TOTAL VOLUMES 101 ··161:. 

(EXAMPLE NO, l) 

BEVEL INLET 

***•*•CULVERT jL□OO ROUTING•** 
BRIN.K I FLOW ITAIL• I POND IROUTINGI 
DEPTH I TYPE IWATER I AREA I TIME I 

0,0FT O,OF O,OAC OMIN 
1 9FT flJA t 1 9F 0,2AC 4MfN 
1:oFT I A J10FT 0,4AC llM N 
41tFT IIIA 4,1FT 0,7AC 19MIN 
4,0FT V 4,3FT i•2AC 25MJN 
4 18FT V 4,9Fl 1 lA~ jOMJN 5 OFT V 5 lFT qA 4M N 
~:2,r V s:1FT :2A 8MIN 

!,,FT v j"!F 1,•1•~ atMIN 1 FT V I F I A 44M N 
, FT V , F , A 48M N 
,bFT V ,bF l , AC 51MIN '·t.:., ~ ~-,~ •8• 4:1 ~3~ ~ 

~
1 bFT V ~:7f l9 1 AA 62M N 

s:bFT V S,7F 1e:aA 68M N 
S 1 6FT V 5,7F 17 1 5A 71M N 
S15FT V 5,SFT 14,2AC 8tMIN 
S,1FT V 5,JF1 8,7At 9JMIN 
s.oFT v s,1Fl 3,9AC 105MJN 
4,bFT V 4,1F 2,&AC 116M N 
4 1 3FT IIIA 4,JFT 0,9AC 127MIN 
2,qFT IIIA 2,9Fl O,lAC 149MIN 
l,9FT JIIA l 1 9F 0,2AC t83MlN 
1,tFT IIA 11IF O,IAC 2lbMJN 
O,JFT IIIA 0,3FT O,OAC 2&6MIN 

TIME TO PEAKs 39MIN, TIME TO MAX OUTFLn= b5MIN, TIME TO MAX HW= 65MIN, 

I-' 
N 
u, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYORAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STAT IONI ·3ota•SS. DQ PROJfCTI DRY CREEK STATION ~bb+S,5+• (Ell AMPLE NO, I) 

CULV SIZEI ? ■ z. 31 4 5 CONCRETE ARCH /,SOCKET END PROJECTING INLET 

ANALYSIS TYPES DRAINAGE DESIGN QI RIACES fRfQI~ DHW1,l,2 1 QQEI 
BARR~L GEOMfTRYI LENGTHI 1A3fl SLtiPEsJ,QQQQQ~ GVDI 9,QEX 

* * • * * * * * C U L V E R T F L U O D R O U T I N G ·• * • * * ••••*•••CULVERT FLOOD ROUTING•** 
IROUTINGI •••DISCHARG~S•••I ***•VOLUMESCAF)·••••I HEAD I OUTLET I FRUUDEI BRiNK I FLOW ITAIL• I POND I.ROUT I NG I 
I TIME I J-NFLOll,t I OU FLOWI IN I rJUT I STnREI HW,FTIVELOCITVI N0 0 I OE Tl-t I TYPE IWATER I AREA I TIME I 

OMIN 0CFS OCFS o.o o.o o.o o.o 0 0 0FPS 0,0 o.oFT o.oF·T O,OAC 0MIN 

1~~rn .~~~a ~~Ea ?·~ ?:~ 8·A 1:1 !·7FPI 8·i 1:Zn I~ l·l':r 8:l:E 1 ~=rn ,0FP • F;J 
2MIN 2~bCFS 210 FS 2:1 2.2 0: q 4,8FPS o:s 3,5FT IG 1,'5F[T 0,3AC 22MIN i;~rn 4Asi:1 i4qe:1 3.j 2.1 i· 4 ~-A ~:1~:1 o,t 4,r f 1~ 4, l"" 0:i:e rMr l1tr u~ie' i· ,.4 -~ r4 8·9 IJ, F 

Qi '1 
tiAE 

'SM N q"'r' • b 4, FT F.: ;T qM N 41M N h~ h '55 F!I u'! n 4: 9 '5 1;:s~: 

r· 2,8FT F r,i; 4JM N 
598e'R 4' t·9 q" l2:}~CI r! ,~ ;, FT jA~I~ br F 1~4 1s=i 

• b I FT h~I~ 7~4fFS t t~~I 1"i lb FPS 'b 
, tFT r ~• FT ,OA 

8"'41111 b $ FS 3' 7• 0 1 
b lb:IIFPI • b ,tFT F I f',T SA &2M N ~q CFI 6 4 FS 2:1 3°3 7°1 10:s 1&,4FP • b I tFT . , 5 1 FT 1: A UMN 

t,bM N 5/J,CF op FS 3:2 t,: 7 1S·i tb 0 ]FPS 1 : b ,tFT F '5, 2F;f l ,71\ t,f,M N 

7l~rn 47 CFS '5 '5CFS 11.2 '5,2 s.1 tb,0FPS 1 , b 2,qFT IF 5, I F:T t,5AC 71"11111 

~3MIN 
l.l!ICFS '540CFS 1,4 .4 I '5 4 , b e'3 15,7FPS 1,7 2,8FT IF 'i,OFT 1,2A~ 71MIN 
31.14CF S 118 :SCFS 3, I u.:s 3.4 1:2 9,0FPS 0.1 u.c:;FT IE 1.1 1 8FT 1,0A 83MIN 

q2"1IN 278CFS ]8bCFS 4 i I.I b,O I • 7 '5 • b 7, lFPS 0 • b IJ • uF T G 11 .1.1,r O,bAC q2MIN 
10bMIN 204CFS 238CFS 4,3 s.o 1 , 0 1.e 5,2FPS o,s 3,7FT iG 3, HT 0 0 4A~ IObMIN 
I! qM N l47CFS I blEF s ~-5 ~-8 0.1 3:~ 4,tPS 0,4 J ~FT G 3,~FT O,JA 1!9M N 1 2MIN - I bCFS 124 FS I I . .2 0,5 3, FPS O,LI : FT IG 2 0 FT 0 • A 1 2MlN 1n~rn BSCFS UCFS 1:~ }•b 0,4 i?. ~ l·~FPS 8:J J,t,FT IG ~•bFT g,2AC lllSMIN 48CFS CFS •8 0.?, I I I FPS ,tFT IG ,lFT ,IAC 70M N 
~a~~rn 1~E~I 1lE~§ 8 q A:~ g,o g.e A:lf~~ g.2 A:;n rn A·3FT 8·AAC ~ai~rn : i? • 0 ,2 I I I FT I AC 
lOWIN OCFS oci:s o,o o.o o.o o.o o.ZFPS 0 • 1 O,!FT IIIA 0 0 tFT O,OAC :sovqN 

TOTAL VOLUM~S . 71 7 1 

TIME TO PEAK:11 4SMJN, TIME TQ MAX OUTFLO: bOMIN, TIME TO_ MAX HW11 bOMIN, 

I-' 
N 

°' 



ENGINEERING 

CULVERT FLOOD ROUTING 

STATIONI lbb ♦ SS,00 

WYOMING HIGHWAY DEPARTMENT 
~IRECTORATE •••••••• HYDRAULICS SECTION 

PRINT OPTION Nn, 2 .. 

PROJfCTI ORY CREEK STAT ION lob+55 ♦• 

CULV srze:1, ?, z,u Q 5 CONCRETE: "ARCH ./,SOCl<ET END PROJlCTING INLET 

ANALYSIS TYPE-I &RfORH OJSCHGE (H ,1-iaCfs FRFQI~ DHW112.00EJ 

BARREL GEOMETRY I LENGTH I IO JE t SLCJPf 1,1- 1 QQQQQ)'. GVD I 9 OU 

(EXAMPLE NO,t) 

• ~ • • • • • * CUL V f RT FLO O,D RO U. T ING • • • • • ••••••••CULVERT FLOOD ROUTING••• 
IROUTINGI •••DISCHARGES•••! ••••VOLUMES(AF"l••••I HEAD I O_UTLET I FROUDfl BRINK I FLOW ITAIL• I POND IROUTINGI 
I TIME I INFLOW I OUH'L!7WI · IN I OUT I STORfl HW,FTIVELOCITYI NO, I DEPTH I TYPE IWAfER I AREA I TIME I 

~MIN ~CF§ oEF§ o,q o,o 0 1 0 o.o o,oFP§ 0 1 0 o,oFJ _ o,OFJ 0 1 0AE 9MJN 
14= ~ 2bE~s 2tc~§ 8:1 8:~ 8:8 8:t ?:t~:s 8:1 l:g~,, J~ l:g~,: 8:Bc l9=t~ 
2BMIN 5lcFs aocFs o,7 0 1 0 0,1 1,1 2,oFPs o.j 2,oFr tG l.o,, o,1Ac 2BMIN 
UMIN a1cF 7 EF 0 1 9 0,1 - o.~ ,e ,oFP o, • Fr •l't . AE 7M N 
50=1~ l~Af~i - Hie~! I:~ A:8. 8:o ~:l i:~~~i 8: i:ln u i:q~r ~:i~c h= ~ 
54MIN t&5CFS t5ZCFS l·l 1,0 0.1 2,9 3,9FPS g,4 31 1FT IG 3,tFT o,JA~ ~4MIN 
'5qMIN u,BCFS lb2CFS I l,1 0,7 - 3,0 4.1FPS ,4 3.2FT IG 3,2J"T o,JA 59M N 
b4M1N 1blCFS 162CFS 1.1 1.1 o.7 l,O 4,lFPS 0,4 1.2FT IG 3,2FT o,JA bUMIN 
b9MIN 14QcFs t53CFS 11 0 1.0 0.1 2,q u.oFPS o,4 J 1 tFT IG J,tFT o,lAC &9MIN 
74M N l37CFS 1aucFs o.q 1 o ob 2 a 1•8FP! o u 1 oFT IG J OFT o 3A~ 74MJN 78M N 2'5CFS 132CFS o.8 · o:q' o:o 2:0 · .&FPS - o:u 2:9FT · G 2:9Fif o:JA 78M N 
8JMIN 113CFS l21CFS 0,7 o.e o.s 2.s ,SFPS "0,4 2,8FT G 2,8FT 0,2A 83MIN 
qOMIN 100CFS tOoCFS t,l 1,2 0,5 2.1 ,2FPS 0.1 2,7FT IG 2.7FT 0,2AC qoMIN 
97~IN e&cFs 92CFS o,q 1.0 o,u 2 1 3,0FPs o I I bFT IG 2 bFT o 2AC q7MIN 

10S7ti1IN 72CF'S 78CF.S o.e 0,1:J · Oil 1:Q 2,7FPS o: :an IG' 2:an- o:2AC lOSM N 
11 MIN 58CFS o2CFS 1,2 1~2 0.2 1.b 2.uFPS o, .2FT IG 2.2Ft g,1AC 117M N 
133MIN 42CF5 4bCFS t,1 l,2 0.1 1,3 2,0FPS o. .OFT IG 2,0FI ,lAC tJ3MIN 
1s1MIN locFs 1a~Fs g.1 3.1 ·3.1 1.1 t,7FPj o.l l•7FT IG 1,1F g,1Ac 1s1M N 1b7M N 24CFS 25 FS ,S ,& 0 0 O,q 1,'5FP O, 1 bFT G 1,bF ,lAC 1&7MIN 
183MIN t7CFS le FS 8•4 8•4 8•8 3,e l•JFP 8• 1,uFT G l•4F o,tAC t83MIN 
2t4MIN 1ocFS oc,s ,7 ,7 • ,b .• oFPs • 1,1FT IG ,IF o.tA~ 214MIN 

b2MIN lCF 3CF 0 1 2 0 1 2 0 0 0 ~ 0 1 FP O 1 0 7FT G O 7F O OA 2&2M N 
i10M1N oc,i ocFi o.o. 0.1 o:o 0:1 o,IFP~ 0:1 o:uFr r1IA o:uFl o!oA 110~ N 
382MIN OCFS OCFS 0,0 0 1 0 0,0 0,0 0,2FPS 0,1 O,!FT IIIA O,tF1 O,OAC 382MIN 

TOT AL VOLUMES 19, , _ ,l 9 

TIME TO PEAl<s 57MIN, TIMF, TO MAX OUTFLD~ t,2MIN 1 TIME TO MAX HW• b2MJN, 

...... 
N __, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STAT ION I _ 3ibta•5S • .Q..Q PROJECT1 ORV CREfK ST H JON 366+'l5+• (~XAMPLE NO, I) 

CULV SIZEI 2s Z.,ll--'l..,S CONCRETE ARCH /,SOCKET END PROJECTING INLET 

ANALYSIS TYPEr fEREORH OJSC~Gf. IH 35ACES FREQI~ DHWsl?,AAfI -

BARREL GEnMETRYI LENGTH1....ul.Jf.l. SLOPE'! ,QQQQ.0.1 GVDI 9 Qf..l 

* • * * • * • * CULVERT F L O O D ROUT.ING • • • • • ••*•••••CULVERT FLOOD ROUTING••* 

IROUTINGI ·••OISCHARGyS•••I ··••VOLUMES(AFi****' HEAD I OUTEET I FROUDEI BRiNK I FLOW ITAiL• I POND I ROUT ING I 
I TIMt I INFLOW I OU FLOWI IN I nuT I TORfl HW,FTIVELO ITYI NO, I Df TH ' TYPf IWA ER I AREA I TIME I 

g~rn ~ie~~ 13f~i 8·1 0 i 8:8 8:9 O,OF~i o,j ;:in JG i:~n o,?AE g~rn o: 1 I 1 F o, 0 • A 
17MJN "EFS 46eFS o' 0, b 0 t · 1,1 ,OFPS o, ,~FT JG g,1AE 17MJN 2bM N 11 0 F S 90 FS 1°4 1 , I 0•4 

2:1 
2,QFPS 

g: 4 
I FT G 2:'5FT 1 2A 6M N 

JIJMIN 1BOCFS lSiCFS l : 7 l , 4 0:1 J,QFPS l, I FT IG 31 IF T O, JAC JIJMJN 
IJ!MIN 2',~CFS ~~~~~~ f·~ 2,9 0 IQ 3, b s.oFPS o,~ 3,6FT IG 3, 6F T O,IJAC 41 twl N 
4 MIN 10 CFS 1 • I I I tj I 2 S,7FPS o. 3,QFT IG l, 1HT 0 ,IIAC IH,MIN 

~~=rn ~~~E~~ HlE~i ft }·q I: i u,i &,~FPS 0,5 IJ,IFT JG IJ I IF T O,~AC ~~~rn : 1 • 1 4 I &. F'PS 0,6 IJ,tFT G 4 1 IF T 0, AC 
&O"!IN pic,s Hac,I ?,0 ~-t t I l IJ. 9 b,SFPS O,b 4.1FT JG 1J 1 1FT 0,'5AC bOMIN 
t:,~"!It.i 0 CFS 14acF l • q ,o 1.J 4.7 b,lFPS 0,5 4,tFT IG 4 • 1 FT O,SAE 64MIIIJ 
rMJN ~U~~I I 1EFS I· 7 1 I 9 l: 1 3·3 1•9~~5 o,; i·SH i8 ",sn g,u 6!1Mr 3M N 7~ FS ,6 1. o, l FT e I.I.A 7JM N 
78MIN pacFs '19CFS 1·" l:J A·~ f9 s: tpl g-~ 1:m r 1:~H gel.lAC 78M N 
84Mr 06rS rrs "6 4 FP 

LIA~ 84=1~ . . u~ ~ lU ~I l ~ ~j l: f 8:9 1:~ a:s~Pj 0°4 1:m I 1:Ul 8: i: i:1 "·! p 
o'a QCM N 

1~QM N i~gf~s 1~7 F ~:i :1 0,6 ~•b l· FP 0°4 0,2A 10 M IIJ l 4MIN LIEFS 0,4 I • l ,gFPS 0°3 :6FT rn j:eFT Oi2AE t2'1Mr 41M N 6 J FS t,q FS I : I , 4 O,J 2 FPS 0: 3 ~• JFT JFT 0 2A 14bM N 15bMIN 50CFS StiCFS 1 • 0 t , I 0,2 1:s 2:2FPS 0,3 ,!FT IG 2: !FT o: tAC t5 MN 
170MIN 36CFS llOCFS 0,7 0,8 0 1 1 1, 2 1,qFPS 0,2 l,QFT IG 1,QFT O,IAC I 70MIIIJ 
200MIN 2~CFS 2}CFS I I J l , 3 0,0 0 , q 1,'IFPS 0.2 t,5FT JG I I SF T O,lAC 200MIN 
24SMIN CFS CFS 0,4 o.s o.o 0 • b 0,8FPS 0,2 l,OFT lG 1,0FT O,IAC 21J5MlN 
i?89MlN !CFS tCFS 0 • 1 0 • I · o.o 0 • 1 O,SFPS 0, 1 O,t,FT JG 0, &~ T O,OAC 2fll1MlN 
3'5&MJN OCFS OCFS o.o o,o 0,0 o,o 0,2F~S 0 I 1 O,!FT JllA O,tFT O,OAC J':H,MJN 

TDTAL VOLUMES Jb Jo 

TIME TO PEAlol11 '53MIIIJ, TIME TO MAX OUTFLO~ 57MIN, - TIMF TO MAX Hw= 57MIN, 

...., 
N 
00 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE *****•1-1•* HYORAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATIONS 3b6iSS,0C PROJECT: DRY CREEK STAT ION 3bb+'55+• (EXAMPLE NO, t) 

CUL\/ SIZEI ?e :z .u 0,5 CONCRETE ARCH /,SOCKET END PROJECTING INLET 
ANALYSIS TYPE1 ef.REDRM Dl$CHGE Ql•SlOCfS FRfQI.....\.JUa DHW11z.ao.fl 

BARREL GEOMETRY I U:NGTHI JOlfJ. SLDPE1J,,OQOOOJ. GVDI ,Jl,9 Q.E.l, 

* * * * * * * * C U L \I E R T f L O O D R O U T I N G * * * * * •***•**•CULVERT FLOOD ROUTING•** 
I ROUT ING I ***DlSCHARGES•**I ••••VOLUMES(AF)•***I HEAD I OUTLfT I FROUDEI BF1INK I FLOW ITAIL• I POND I ROUT ING I 
I TIME I JNFLOW I OUTF"LOW I IN I OUT I STnRE I HW,FTIVELOCITYI NO, ' DEPTH I TYPE I WATER ' ARE A I TIME f 

OMIN OCFS OCFS o,o o,o o,o 0,0 O,OFPS o,~ o,oFT 0, OFT O,OAC OMIN 
bMIN 24CFS 22CFS o,a 0,4 0,0 0,9 1 I 1.j,:' p s o. 1 ,SFT lG I , '5F T 0,1AC bl>IIN 

rMJN 8~CFS bllEFS 0,9 0,7 0,2 
\·7 

2,IJFPS 0,3 2 1 2FT IG 2,2FT 0,2AC \&MIN 
LIMIN 16 CFJ lUca 1·1 1,s 0,6 • 7 ~,7FP~ 0. !I J, OFT rn 3, OFT 0,3AC i"~rn lM IN 73CF 

3°2 2:& l Ii ,7 ·t" o.s J,bFT J,6F T 0, IUC 
:slMlN J MJN J79CFS H2CFS 4,9 b, F'P S O,b I.I, IF T IG LI, 1 FT O,SAE 

I.I ~MIN U68CFS 39!CFS fo i,2 1:a 5,7 7 1 ~FPS O,b a,11F·T IG IJ 1 1.1P:.T O,bA IJtIN 4 M N H~~a 423f F§ '9 • I.I b, 1 0,7 Ll,iFT I~ a 1 5FT 0,7A~ IJ MIN 
S~M N LILl8 F J:o 2. '5 2:~ b • S i:3~~i 0,7 I.I. F1 I . a,&FT 0,8A r;t N 
s MIN '503~ FS Ll"i~i:-s ~-: 2,b J.O b,8 8,bFPS 8·~ Ll,5FT rn 4 7FT 0,9AE 5 MIN 59M N 1Jb7 FS Ub FS 2-, b 3,0 6 1 8 8,bFPS a,r;;rr u:1n 0 1 9A 59M N 
bjMfN i~iE~~ 455fFi fLI ~=~ i·q b,1 8,5F~l &:~ IJ '5Fl If u.zn 0,9AE bJMJN b M N IJLIO F '2 ,b b,U 8,iF a: 5F· u, FT 0,8A b M N 

H~rn 1?1Ea tll9EFS f o i·I.I 1:i ~=~ JI FPS 0 t 4,1n · i~ I.I SF T o. 7Af 7V4JN l 9 FS 'o ,b 0 2FPS o: a, FT 1.1: U- T 0, ti A 7 M N 
84MIN 2b9CFS io7CFS 2'L1 j,8 1.2 LI I t, b,tFPI 0,5 LI• ~FT rn I.I I OFT 0,5Af 84MfN 
90MJN 225CFS 1.1aci:-s z:2 .a 1 1 Q l.9 5, 3F'P 0,5 l, FT J,7FT o,aA 90M N 

100MIN 18iCFS 1quci:-s 3 t l 3,3 0,8 J. 3 1J 1 bFPS O,LI l,aFT IG 3,LIFT 0,3AC tOOMlN 
I 1 I.IMIN 1 l CFS llJ2CFS l,O l,2 O,b 2,7 l 1 8FPS o,u 3,0FT IG 3, OFT o, :uc !lLIMJN 
t29MIN %CFS lOSCFS 1 t 8 2,0 o,s 2 0 3 3,2FPS 0, l 2 1 7FT IG 2, 7F T 0,2AC 129MlN 
t 4 ll-l IN 75CFS 8tCFS 1,s 1 • b 0.1 l • q 2 0 8FPS. O,l 2 • I.IF T IG 2,IIFT 0,2AC l 4 lM IN 
li7MiN rsfFS ~A~a 1, g !:~ 0.2 l • b 

2,4FPS g.3 f •iFT u 2,iF T 0 1 lA~ !57Mr 1 LIM N 1 FS 0.1 o:~ l, 7FPS 1 FT 1 FT 0, A ~8LIM N 
225MIN 11 CFS 11 F S o:& o, o,o 1,0FPS 0:2 1 1 2FT 1:2FT 0,1A 25M N 

~~t~rn ~f~i SEa 8:A 8:A 8·8 8:~ o,tPI 8: l 8:Hl nix 8: t~ f 8•8AC ~u~rn • 0 0 FP I AC 
TOTAL VOLUMES 50 50 

' TIME TO PEAIO 49MTN, TIME TO MAX OUTFLOs blMIN, TIME. TO MA)( HW: b1MIN, 

\ 

1--' 
N 
<D' 



WYOMING ~IGHWAY DEPARTMENT 
E~GINEERING DIRECTORATE.*~*****~ HYDRAULICS SECTION 

CUL~ERT FLbOD ROU~ING PRINTOPTibN NO, 2 

STA~IONI lbbtSS,00 ¥ROJEtT1 DR~ CREEK STATION 16&+55•• I . . . . . - (E)(AMPLE NO, I) 

CULV SIZEI ?■ 2,3¥ A,5 CONCRETE ARCH /,SOCKET END PROJECTING INLET 
.··ANAJvs1s TYPE1 PEREPRM OISCHGt,,,, :a 1 1geocEs FRras_s.o.u DHw11·;, aau -

BARREL GEOMETRY I LENGTH I 103ft SLOP.E•J .oaoou GVD1-S-.OEI 
**I*•~ t t * CULVERT FLOOD ROUT ING * * * 

IROUTINGI •••DJSCHARGES•••I ****VOL~MESCAF)~***' HEAD. I OUTLET I. 
I TIME I INFLOW I OUTF"LOWI IN I OUT _I STOREI HW,FTIVELOCITYI 

OMIN 
5MtN· 

l4MIN. 

~➔ ~rn 
l2MIN 
37MIN as~rn 
fMIN 

d=rn 
blMIN &bM N u:rn 
u:1~ 

l 11 M N 

fif='~ 
1i11MIN 
~U~I~ 

OCFS ocF• 0,0 o.o o.o o,o O,OFPS 
S0CFS 42CFS 0,7 0,6 0,1 - 1,l l,9FPS 

167CFS 124CFS 1,6 \,2 0,5 2 0 5 J,SFPS 
ll~~~i _4fg~:1. 1:l \:i. 1:1 ::a l:9~~1 
774CFS 515CFS 5 1 7 3,8 Q,1 7 0 8 9,6FPS 

. q5q~FS sqo~FS 4,& 2,Q 5,8 9.4 1&,1FPS 
l8~ 3 ~ ·g 2~~ ~:I ~:i i:i lY:~ lt::~~I 
18~1 :i 9lec~J i:g 1:l l}:i ff:f 16 :~~Ci 
9;$~~; ;tf~:i -":~ :; 11:l . t:i 1J:;:~; 
7l2CF§ 727~,s 1,5 ,5 13,6 1],0 l ,5FPS 
638CF9 ·718 FS ~.l · .~ 13,0 2,7 l ,4FPS 
548CFS 702 FS ~,3 ,, 11,8 ll 0 l t6 0 7FPS 
459CF8 · 678CFS J,8 5,. 10 1 0 11,6 1&a6FPS 
l7!~FS 6i2CFS · S,4 8,9 6,4 9 1 9 lb,2FPS 27 FS 4 4CFS 5 3 8,8 2 9 & 6 a,aFPS 
19 FS 2 7CFS 3:2 4,~ 1:2 a:s · &,OFPS 

111~~1 -l!g~:§· ?:~ .. 1:8 8:2 · l:~ 't:!Hi 
&a FS o FS . ~ 2 3 4 o J I 7 2 FPS 
2 2 F S 6 F S 1 : I . r: 3 0: I : 0 1 : FPS 

4CFS a;cirs . g,2 'g.:s g,o. 8·3 g,7FPS 
OCFS OCFS ,.0 .. · 1 0 ,O ,0 ,2FPS 
TOTAL VOLUMES 88 88 

* * •*••*~*•CULVERT FLOOD ROUTING•** 
FROUDH BRINK I FLOW :ITAILf I POND IROUTINGI 

NO, I DEPTH. I TYPE: IWATf~l!I I AREA I TIME I 
O,O O,OFT O,O T O,OAC OMIN 
0,2 1,9FT IG 1,9,T 0,1AC 5MIN 
0 0 4 2,9FT IG 2~9,T 0,2AC 14MlN 
8,5 l,9FT JG J,9 T 0,4AC 21MIN . ,& 4,5FT . E 4,'5 T 0,7AC 27M N 
0,8 i,5FT IE a,9 r· · ,.!AC l2M N 
t,o ~,oFT JF s.1 r ,SA~ 37MIN 
l:t 1:i~; t~ ;:JI i: 3

:~ ~g: ~ 
l,b 1. FT IF • T Q,iA QrM N 

1 6 3, FT IF , T 5,~A 5 MN 

l•f 4,5FT IVA i,i T &0 aA~ SQM N 
, 4,5FT IVA ~~6 T &,7A8 58M N 

1.1 4.5FT fYA 1~· T &,7Ai blMIN 1,1 a,5FT VA ~~ t 6 1 A bbM N 
1,b 1.1,, I' -~I, 4,1A 72M N 

l,& lalFT ' '5~4~T l,lA · 78MIN 
, 3, T ,. '5"i I' , A 6M N .t a,g~, IE 4,f r A,3A 8aMIN 

o,s a,oFT c 4,0 T 0,4A tttMlN 
8:a l:~~l l:t J 8:1: I~:~ 
o.J 2,JFT ft 2.JfT o,2AE 1\)N 
0,2 1,&FT IG 1,6 T o,1A~ 1~aMIN 
8 I 8 9FT JG 8 9 T 8 OAC 229MIN : :1FT JI A :1~T. :oAC 282MJN 

TIM£ TO PEAK• 42MIN, TIME TO MAX OUTFLO~ oJMJN, TIME TO MAX HW• 6JMIN, 

I-' 
t,.I 
0 



~ .. ,.-.: 

WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DJRECTORATl · ******** HYORAULIC& SECTION 

CULVERT FLOOD ROUTING 
STAT ION I lbbtSS,0O 

PRINT. OPTION Nn 0 2 .

PROJECT~ DRY CREEK STATION 3ob+55+• 

END PROJECTING, INLET 

QIJ.l~0CES FRfQl.uJU.i DHWt.P,OAEl 

(EXAMPLE NO, I) 

CULV SlZEI 2 ■ z.,~ 
ANALYSIS TYPE1 eLREOR~ PJSCHGE 
BARREL GEOMETRY I lENGTHt 103EI SLOPE:J ,00000\ GVOr,,,,9.0fl 

. . . , . 
****.·**** CULVERT F_LOOD ROUTING*********** 

IROUTJNGI .***DISCHARGES***I 
I TIME I J~FLOW I OUTFLOWI 

OMIN OCFS OCFS 
UM N bUCFS 52CFS 

1lMIN 215CFS l59~FS 
l~M N UUOCFS 351 FS 
2SM N 718CFS 47 FS 
38MIN 99~CFS 59 CFS 
l MIN l227CFS- bbOCFS 
38M N 135SCFS 700CFS 
QlMIN 1378CFS 738CFS 
1.14MJN 1320CFS 7b9CFS 
U8MIN · 122SCFS 793CFS 
51MIN ll27CFS 8IOCFS 
SUMJN 1028CFS 822CFS 
58MJN 9JOCFS 827CFS 
b2M N 821CFS 82oCFS 
b8MIN 70bCFS 817CFS 
i}MIN ~9ACF§ 198CF§ 
9}~1= J~Of~§ b,~e~~ 

to~MIN 252CFS SSACFS 

ll~MlN l99CFS J99CFS 
u4~1~ g1E~I iiE~~ 

183MIN 28CFS 3bCFS 
2lbM N . SCFS bCFS 
2bbMIN OCFS OCFS 

TOTAL VOLUMES 

****VOLUMfSCAF)****I 
IN I 'btiT I STnREI 

o,o 0,0 0,0 
0.9 0,7 0,2 
2,0 t,"> 0,7 
u,o 3,J 1,u 
u,9 3,2. 3,2 

- b,9 1.1 1 1 5,9 
S,b 3,0 8,b 
b,2 3,2 11,b 
b,3 3,1.1 14 1 5 
b,l 3,5 17,1 
S,b l,b 19~0 
S,2 3,7 20,5 
1.1,1 1,8 21,s 
1.1,3 3,8 21,9 
b,U b,U 21 1 9 
'5,2 b,O 21,l 
~-t .. 18~i 1~·1 

-b:U 12:IJ q:7 
1.8 8,5 s.o 
l•! ~-~ A•i 
\•~ 1.1•~ o"u 
1:3 1:1 o:, 
o.3 o.3. o,o 
0 0 0 0 o o. 0 ■ 0 

107 107 

HFAD I OUTLET I FRDUOEl BRINK 
·HW,FTIVELOCITYt· N0 1 l,,OEPTH 

o.o 
l·i 
~:~ 
q's 

l 1 I 1 
12:2 
ll,3 
1a 0 3 
1 'SI 0 
1'5,b--
15,9 
10.1 1~:A n-, 
1 1 

1 
'5 e:1 

J
,8 
I '5 
• 1 

1 • 2 o.u 
0,0 

O,OFP5· 
2,2FPS 
I.I• 1 FPS 
b,AFPS 
8,@FPS 

tb 1 1FPS 
lb 1 SFPS 
1b,7FPS 
13,7FPS 
14, 3FPS 
14,7FPS 
1'5,1FPS 
1 '5, JFPS 
IS.I.IFPS 
15,£1FPS 
1'5,2F'PS 

tg•SH§ 
b:bFPS 

1S,8F'PS 
7,'5FPS 
4,8FPS 
3,0FPS 
l.8FPS 
0,8FPS 
0,2FPS. 

o,o 
O,J 

. 0 I.I ' 

8:~ 
l • b 

• b· 
1, b 

t·~ 
1°2 
1 : 3 
1 , 3 

l · ~ l: J 

l ·~ "b 
l : 7 

8•t 
0:1 
0.2 
0, 1 
0, l 

0,0FT 
2, 1FT 
3 iFT a: FT 
I.I, FT 3,iFT 3, FT 
J 0 f T 
I.I I - FT 
U 1 r;FT 
U, 'Sf T 
U 1 t;FT 
a 1 ,;FT 
4,SFT 
a t;FT 
a:i;FT 
~-~H 
1:2n 
2,8FT 
u,uFT 
l,'5FT 
2,oFT 
l 1 6fT 
l 0 0FT 
0, I FT 

TIME TU PEAK:: JqMI~, TIME TD MAX OUTFLOa 5qM 1N ■ TIME TO MAX HW: 5qMJN 0 

• •CULVERT FLOOD ROUTING•*•· 
FLO~ ITAIL• I POND .IROUTINGI 
TYPE IWATER I A~U I_ TIME I 

IG 

n 
I~ 

IVA 
IVA 

IVA 
VA 

IVA 

IVA 
VA 
VA PA Yr 
IF 

fa 
rn 

I I IA 

0, 0~ T 
2, !FT 
J 1 IFT 
u.2,r 
a, 7F T ~-~n 
'5:'5FT 
5,bFT 
'5 1 7FT 
'5, 7FT 
'5 0 8FT 
S,8FT 
'5,8FT 
'5,8FT 
'i,8FT 

i,8Ff 
, bF if 
, I.IF ,T 

'5,0FT 
I.I I UF T 
3, ':iFT 
2,bFT 
I• 8P: T 

1 0FT 
0, tFT 

O,OAC 
O,lAC 
0 1 JA~ s:a~ 
l I '5 A 
2,bA~ U,7A 
7,bA 

l O, lAC 
12. 1AC 
13,bAC 
1U,'5AC 

l~:8~E 
11.1,2AC 
1i•i~~ 

3!tA~ 
l, 3AC 
O,~AC 
8:i~E 
8:A~E 
o.OAC 

OMIN 
UMIN 

t3MIN 1QM N 
25M N 
JOM N 
]UMIN 38fl'I N 
UIM N 
41.!MJN 
U6MIN 
5tMJN 
t;q,-.JN 
58"11N b2M N 
b8M N 

1~~,~ 
9!M N 

10'5M N u~=i~ 
ta4MtN 
18 3M l N 
2lbMIN 
2bbMIN 

I-' 
vi 
I-' 



WYOMING HIGHWAY DEPARTMENT 
ENGINfERJNG OIRtCTORA1E •••~•••• HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION Nn, 2 

STATJONI lbbtSS 00 PROJECTS_. DRY CREEK STATION Jbb+55+• <EXAMPLE NO,t) 

CULV SIZEI Se 1 0 9¥ ~.A CONCRETE BOX/JO •7~ DEGREE WJNGWALL INLET & NO BEVfL 

ANALYSIS TYPE1 QRAJNAGE DESIGN 01 BiAtES F~fQ1.,2!ili OHW1JZ 0 00FI 

BARREL GEOMETRYI LENGTHI 103£1. SLOPftl,00000.l GVDI 9 0 0.LI. 

• • • • • • • * CUL 1/.E RT FLOOD ROUT 1 NG • • • • • • • 

IROUTJNGI •••DISCHARGES•••I ••••VOLUMES(AF)••••I HFAD I OUTLEJ I 
I TIME I INFLOW I OUTFLnWI IN I OUT I STOREI HW,FTIVELOCITYt 

OMIN OCFS OCFS 0,0 0,0 0,0 0,0 O,OFPS 
~MIN ~~CFS ltCFS o.t o,~ 8•! t,} ~.&FPS 

)~~I~ )§&~~I tQ~~~~ }:1 ~:o 1:2 4:~ l~:~~~i 
2qMIN Q18CFS lOOCFS 3,3 2,4 2,2 &,O 1S.3FPS 
35MIN S80tFS 3qocFS 4 1 5 3,1 3,7 7.a 1& 1 4FPS 
J9M N CFS 4~8CFS 3,T 2 4 5,0 8,b t ,lFPS 
43M N ~Aic,s s22cFs a.1 2:1 &,a 10,0 1!,bFPs 
41MIN 803CFS 519CFS a.2 2,9 7,8 10.e 17.9FPS 
i1:1~ Jb:~~, , z~~: 4 ·9 1- 0 8•; 11·i tR:?~pi 
~&MtN blb~Fs , t~Fs l:a 1:l 9:e 11:& t8,tF~s 
tl:1~ 1,1;~1 ;:i ii i:1 ~=! !:i 11:' lf

8

:
1~:I JJMIN 011 'I ;lu 'I J•i u. Y.~ 1 ., .8,P 

8 MN 44 F ~ b F • 4e5 ba 9 1 , • ,p 
q MN 78 F 7 F b 4 4 7 7 ,p · 

IOJMIN lou FS Jib FS u:l b:2 2:~ b:o 11:IFPI it~~ l1Ie~i l9
~ ~i I:~ 3:~ A:l ":' 11:t:~a 

145MIN escFs l1cFs 11 1 t.7 g,1 l,o '5,UFPs 
TOMIN 48CFS 5'5CFS 2,5 2,9 ,3 11 9 3,8FPS 

208MIN lbCFS 21CFS O,q 11! O,l l.O 2otFPS 
24bMlN JCFS QCFS 0.2 o. g,o o.J g,8FPS 
30JMJN OCFS OCFS 0,0 O, 1 0 0 1 1 1 lFPS 

TOTAL VOLUMES 71 71 

FROUDEI 
·NO, I 

0,0 
o.a 
l:1 
l 1 b 
1 1 b 
1 • r; 
1 • '5 
1 , 5 

I·~ 

ili 
l's 

• b 
"b 

1
1

7 
1 '7 
0 'b 
o:s 
0,l 
8·f • 

* • • 
BRINK 
DEPTH 

o,oFT 

l• 7FT 
,2FT 
1 0FT 

2,~FT 
J,4FT 
J,8FT 
4,2FT 
a,SFT 
4 1 bFT 
4,&FT 
4,7frT 
U o 7FT 
4 1 1,FT 
0 1 1,,r a,u,t 
i:l:r 2,~FT 
2, '," 11 b T 
2,&FT 
2 1 I FT 
l 1 SFT 
o.eFT 
0, tFT 

•••CULVERT FLOOD ROUTING•*• 
FLOW ITAIL• I POND IROUTINGI 
TYPE' IWATE:R I AREA I TIME t 

IG u 
IA 
IA 
IA 
18 
rn 
~ 
0 
0 
A 
A 
A 
A 

·II 
IIlA 

0,0FT !•~n 
\:4n 
4, OFT 
4,4FT 
a 1 7FT 
4 1 9FT 
5,0FT 
5 • l FT t;, FT 
'i,1,, 

i:tU ~:on 
U AFT u:sn 
a.oFT 

i,4FT 
,9FT 

bFT z:1,r 
t, SF T 
0,8FT 
O,lFT 

O,OAC 
8•!~C o:~AE 
0,7AC 
1 1 0 AC 
t I JAC 

ii: 1:~ 
,OA~ .tAC i:u~ 

j 2A~ 

HJ:E 0, AC 
0, AC 
0, 3AC 
0o2AC 
0,1A~ 
8,0A 

,OA 

OMIN 
'MlN ~~=rn 

29MIN 
l5MIN 39M N 
43M N 
47M N 
SIMIN 'SQM N 
58M N 
ti:~ 
TtM N 
71M N 
81M N fJ M N 

10 = ~ 
1 i2M N 
145MJN 
170MJN 
208MIN 
24&"1 N 
'J03MIN 

TIME TO PEAK ■ 45MIN. TIME TO MAX OUTFLO• b4MIN, TIME TO MAX HW ■ b4MIN, 

I-' 
t,.> 
N 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING P.~HH OPTION NO, 2 

STATJONt 1hbt55,00 PROJECT! DRY CREEK 

CULV SIZEt.J ■ 7,0¥ &.Q,CONCRETE BUXFJO 

STATION Jbb+~S•• (EXAMPLE NO,1) 

•75 DEGREE'wJNGWALL INLET & NO BEVEL 

ANALYSIS TVPEI fUWBH 0.ISCHGf Qr UOCES FRfQI~ OHWII? AOEI 

BARREL GEIIMfTRY I LE.NGTHt..JJl.lf,l SLOPE j1 000001 GVD I. 9..,0tt 

• • • • * * • * CULVERT Fl O OD ROUT ING • * • • • •••••*••CULVERT FLOOD ROUTING•** 
IRQUTJNGI ·••DISCHARGES•••I ··•~VOLUMES(AF)****' HEAD I OUTLET I FROUDEI BRINK 
I TIME INFLOW I ClUTFLflWI IN I ntJT I STnREI HW,FTIVELOCITYI NO, I DEPTH 

OMIN 
7"4JN 

1 qM IN 
28MJN 
J7MJN 
Ll"MIN SOM N 
SLIMJN 
Sql-lIN 
bllMIN 
bqMIN 
7LIMJN 
78"4IN 
8 JMJN 
qQMJN 
q7MJN 

105M N 
I l 71-1 l N 
1 H"'IN 
ISIMJN 
lb7MJN 
I 8 3MJN 
21LIMIN 
2b2MIN 
ll OM N 
l82MJN 

OCFS 
7CFS 

2bCFS 
SlCFS 
87CFS, 

l~AE~~ 
lbSCFS 

l68CF-S tiE~~ 
1 HCFS 

l2SCFS 
1 lCFS 

100CFS 
8&CFS 
72CFS 
58CFS 
a~CFS 
lOCFS 
211CFS 
17CFS 
10CFS 

lCFS 
OCFS 
OCFS 

OCFS 
b~FS 21 FS 

112 FS 
b7CF S 

1~1E~~ 
14'5CFS 

1
~8CFS 
~q~F~ 

1Ll~f~S 
l 3'5CF S 
12JCFS 
108CFS 

qi:;CFS 
84CFS 
b5CFS_ 
Ll8CF S 
Jc;CFS 
27CFS 
MCFS 
IOCFS 

~~a 
OCFS 

o.o 
0.2 
o.3 
0.1 o.q 
I:~ 
I O 1 

I • ' 
I

O 6 o:q 
8 8" • 7 
1 I 1 
o:Q 
o.s 

. '1 I 2 
1 0 I 
0.1 
o.s 
0 1 11 
0.1 
0,2 
o.o 
0 1 O· 

o.o 
0.1 o.3 
0 1 b 
0.1 

8:3 
I• 0 

l:? 
• 0 
• 0 o,q 

o.s 
I• 2 
1 I 0 
0 I q .. 
1 I 3 
1 •. , 
0.8 
O,b 
0,4 
0.1 
0.2 
0.1 
o.o 

TOTAL VOLUMES · 1q • ·rq 

TIME TO PFAKs '57MJN 0 TIME TO MAX OUTFLO= 

o.o 
0,0 
0,1 
0,2 
0,tl 

8:i 
1,0 

I : ! Lo 
0 ,·q o,q 
0,8 
0,7 
0,5 
0 -II 
0:1 
0,2 
0 I 1 
0, I 
0,0 
o.o 
0,0 o,o 

o,o 
O,b 
I , I 
1 • b 
2,2 

i·~ 
1:q 

Q • i LI• II l: q 

j. 7. ,s 
3•~ 
2°5 
2°r 
I: 7 
1 , LI 
1, 2 
I • 0 
0,7 
o.~ 
0 • ., 
0,1 

t,t,MJN, 

0 1 0FPS 

t• OFPS 
,2FPS 

2FPS 
q:7FPS 
5 !FPS 

11:arPs 
t2,IIFPS 
1~,7FPS 
l2:9H~ 
12,I.IFPS 

11:1~:i 
I ¥FPS 
I !FPS 

10,l.ll="PS 
tJ,t,FPS 
3 1 I.IFPS 
2,qi:-p5 
2 1 1.il="PS 
2,0FPS 
1,LIFPS_ 
0,7FPS 
0 1 \FPS 
0 0 lFPS 

0,0 
0,2 
0 I 3 
0, II 
1 I 7 

Y·~ 
1:1 

l·t I 7 
1 : 7 
1, 7 
11 7 
0 It, 
0,& 
1 1 7 
1,7 
0 I Lj 
0, II 
0. ::s 
0,3 
0,2 
o, I 
0 I 1 
0,1 

TI ME TO MAX HW: 

o,oFT 
O,qFT 
l , CSF T 
1 1 CJFT 
t. oFT 

~:~~t 
1,7FT 

l ,8FT 
,~Ft 
,1FT 

1 • 7F T 
1,bf.T 
I O '5F T 
2 1 7fT 
2,t,FT 
l, 2F T 
1,0FT 
2,0FT 
l,8FT 
1 1 bF T 
l,IIFT 
1,!FT 
0,7FT 
0 1 11FT 
O,!FT 

t,t,MJN 1 

FLOW ITAIL• I 
TYPf IWATfR I 

rn 
I~ 
u 
IA 

H 
I! 
IG 
Ix 
IA 
IG 
IG 
IG 
IG 
IG 

rn 
I II A 

O,OFT 
0 9FT 
1: 5F T 
1, qf T 
2, JFT 
2,&FT 
2,AFT 
3 1 OFT 

l· in 
::s: tn 
3,0FT 

~

• qF T . FT :9n 
2,bFT 
2 SFT 
2:2FT 
2,0FT 
1,8FT 
1, bF T 
1,LIFT 
1 1 1 f T 
0,7FT 
0,I.IFT 
0 1 1 FT 

POND 
AREA 

O,OAC 
0,1AC 
0,tAC 
0.IAC 
0,2AC 

8:UE 
0,I.IAC 

8,IIAC 
QAC o:uc 

O,IIAC 
O,ilAC 
0, 3AC 
0, lAC 
0 1 3AC 
0,2AC 
0 1 2AC 
0,2AC 
0, I AC 
0, lAC 
0 1 tAC 
O,lAC 
O,OAC 
O,OAC 
0,0AC 

I ROUT ING I 
I TI Hf. _ I 

OMIN 
7MIN 

lqMtN 
28MIN 
HMIN 
LILIMIN '50M N 
'iLIMlN 

5qMlN bLIM N. 
f)qM N 
7tlM N 
78M N 
8lM N 
qOM N 
1HMIN 

l 0'5M N 
1171-llN 
1:HMIN 
lSIMIN 
1&7MIN 
\ 81M IN 
21LIMIN 
2b2MlN 
310MIN 
382MJN 

..... 
c.,, 
c.,, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE. ******** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION NO, 2 

STATIONI lbbtSS,0-0 PROJECTI DRY CREEi< STAT ION 366 ♦ 55+• Cf XAMPLE NO, I) 

CULV SIZEI I ■ 1,0¥ b9 Q CONCRETE BOX/30 •7~ DEGREE WINGWALL INLET & NO BEVEL 
ANALYSIS lYPEI PEREORH DlSCHGE QI JSQCES FRfQI~ OHW112 OOEX 
BARREL GEOMETRYI LfNGTHI IQlfI SLOPE~J,Q0Q0Q\ GVDl-9 Oll 

* * • * * * * * C U L V E R T F L O O D R O U T I N G * * • * • * • * • * • 
IROUTtNGI ***DISCHARGES•••I ••••VOLUMES(AF)****I HEAD I OUTLET I ~ROUOEI 
I TIME I INFLOW I CllJTFl.OWI IN I OUT I STORF:I HW,FTIVELOCITYI NO, I 

OMIN 
1,=i~ 
2oMiN 
a4~rn 
4!MIN 
SlMlN 
SSMIN bOM N 
b4M N 
bqM N 
73M N 
7llMIN 
84M!N 

u=1~ 
lOqM N 
l4MIN 
!"1~ ~ loM N 

09MIN ~~q= ~ 
3S6M N 

OCFS 
lbCFS 
S4CFS 

l\OCFS 
1~~Hi 
\o~cFS 
14}CFS 

UiEfl suh; 
i!l4CF'8 
20b~F'S l TT FS 14q, 
120 Fl 

88CFS 
b3CFS 

UEn 
29H~ 

lCFS 
OCFS 

OCFS 
lU~FS ll 1 F S 
84 FS 

P"HH ~HcFs 
287CFS 
~OlEF§ 
ilA,~s· 
)8~~~-11;ca 
hdn 

qt,~FS 
7•J fl Sb F 
qj:! F 
2JE~i 
AEa 

o.o 
8:1 

i
i:~ 

I l 
,q 
I l 

~-1 
1°8 I: l 
}•" 

l:f ,b 

·I 
1 • :s 
A:9 
A·l 
0:1 o,o 

o,o 
8:~ 
I• 0 
1: ~ l.o 
1,8 

l. q 
,C> 
.q 

l: 3 
l:t 
l •" 

ii 7 
,4 
I 4 

'•i I I o, 
l •" o:? 
o.o 

TOTAL VOLUMES lb lb 

o,o 
8·i 

l
o: ij 

• 3 
• b •o 

~:~ 
~•4 j:~ 
1,8 
l • 4 
l·l o•4 
0

1
7 

o's 
0°3 
0:2 
0, I 

8·8 
o:o 

o.o 

l:i 
~-1 s's 
,, : 8 

&,i &, 
&. 
t:i 
l:I 
a•s 1: & 

2:J 
l:ti 
l • t o. 
8:1 

o.oFPS 
t.t,FPS 
3,IFPS 

l0,4FPS 
l~=~~~i ld.e,.Ps 
1S.2FPS 

U:i~U 
U:~~~-
l-s.1,Ps 4, ,PS 

11• :~s 
1 :oFPI 

I :SFPS . 
lQ,g=~§ 

i:2FP§ 
2,2FPS 
A•U;t 
o:1FPS 

0,0 
0,3 
0,4 
1 , 7 

l:! 
l,& 

l • b ,& 

I·: : I, 

l·t 
1:~ 
l • T 
0 • b 
i:1 o:~ 
8·1 
QI 1 
0:1 

BRINK 
DEPTH 

O,OFT 
I :~n 
1, 2F" T 

1:Sn 
~.5FT 
2,7FT 

j .s,l , qF 
,qFT 

~:9H 
2,&FT 
2 0 ]FT 

f:An 
lobFT 
2,bFT 
l I IFT 
2 1 FT 
1 :QFT 

I -~n 
O!t,FT 
0, 1FT 

TIME TO PEAK ■ 53MIN 0 TIME TO MAX OUTFL □• b2MJN, TIME TO MAX HW• b2Mll'J, 

• •CULVERT FLOOD ROUTING•*• 

FLOW ITAlL•I POND 
TYPE I WATER I aR[A 

n u 
ll 
IA 
IA u 
tG u 

Iln 

O,OFl 

l • JF T 
I qf T 

2, 5fi T 

}:~H 
'.i_eFT 
l,qFT 
1.1,0FT " gn 11: FT 
4,0FT 
3.qFT 
l,8FT 
3,fllFT 

J
e4FT 

2FT 
:CJFT 

l,bFT 
2,4FT 
2 1 FT 
1 !QFT 
t 0 5FT 
1,0FT 
O,&FT o, ,,., 

O,OAC 
8:1:E 
0,2AC 
~:~~E 
O,&AC 
0 ■ bAC 
O:?:E 
8.7AC 
0,7AC 
0,7AC 
O,bAC 
O,'SAC 
0,5AC 
0,4AC 
0,4AC 
0, UC 
O,fAE 0 • A 
0 • A 00 !A~ 0 1 A 
0 • A 
0,0AC 

I ROUTING I 
I TIME I 

OMJN 

1t=t~ 
2bMll'J 

1"=1~ 4iM N 
51 MI "'I 
"i'5MIN (,QM N 
&4M N 

n~rn 
78MIN 
84MIN q1M N 
qeM N 

u:: ~ 
14lMIN 

l
'SbM N 
7QM N 

n~1·~ 
3~&M N 

I-' 
vl 
~ 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DI REC TOFl ATE •••••••• HYDRAULICS SECTION 

CULV~RT FLOOD ROUTING PRINT OPTION NO, 2 
I 

STAT~ON1. Jb~•SS 1 DQ PROJECTI DRY CRE.EI< STATION Jt,t,+55+• (EXAMPLE NO, l) 
I 

CULV !SIZE1 le z Ill K b,0-CONCRETE BOX/30 •75 DEGREE WJNGWALL INLET & NO BEVEL 
I . 

ANALYSIS TYPEa 2EBECi~ ClS~~,E Q1 S3DCES FREQl-l..Q.,XJl DHW,JZ,AAEl 
I 

BARREL GEDMETRYI LENGTHI JQ~Et SLOPE1l,AAAAAl GVD•.--i,Ofl 

* * * * * * * * CULVERT FLOOD ROUT ING * * * * * *•*****•CULVERT ILOOD ROUTING••* 

1R9urfNG1 •••DISCHARG~,•••1 ••••V □LUMEf<AF>••••1 HFAD, ouT~ET , FR□uoft BRJNK I FL~w tTAJk• , P □No 1RourtNG1 
I JM I INFLOW' OU Lnw, IN I OU I STORF! HW,FTIVELO ITYI NU, I DE TH I TYE IWA R!I AREA I TIME I 

I g~rn rl o~~l ~-8 o.g 0,1 
o,o i:i~~~ &:! i:~H lg 0 -~~i 8

,0Af g:rn I FS l FS 8°1 8· t·S l:1r ,iA 
~bMJN lt FS fi 1 FPS f"'' 4M N r h, 1 : I.I o: :s 11,7FPS 1 :sn A 2 8F 'l LIMN 

H~I~ 7 CFi -t4~fa I l 1·! ~ • l LI 1 9 lLI, rp1 1•7 i-,n 1: i:sn 0 1 AC t~rn 7 CF :l :A ?•i 1 ~, FP :t, u:irr 0, AC b8rS I.I Or S l • 1 , FPS • b : 1FT A 0, AC · 
IJ7MIN ~i~ a in a (9 j:~ 3, ~ 1·~ lt,·"'~i l·t, )· 3FT I A u • I.IF if t,?AE 117MJN 
S~M N :o I.I. 7• b,7F • b ,t,FT A a,5Fif' 11 ·A 51M N 
5 MIN SOJCFS I.IJt,CFS ~-8 2,5 I.I• b 8:;, H,,9FPS 1 I '5 J,7FT 1A a ,bF ir 1,2AC 55MIN 
59rN I.lb CFS Ill.I 3CFS • b 2,5 a,1 e,a t7 I OFPS 1,5 J, 7FT 1A ",bf if l, 3AC 59MJN 

bJ r 42qcrs LIIIQrS ~ 1 ti j · 'i 11 1 7 e.1 lb,9FPj l,S ),7FT IA a 1 bFil' 1 • lAf t,r'IN t, N l92CFI Ll2q F~ ,2 .a a•" ;-1 b,8FP I• t, t,FT A a,bF1T l • A b M N 
7}~ N 351.iCF 2,0 i•l a, I lt1,7FP 1,b 1: '5FT A a,5F1T I• I AC 7t N 7 Ml",! Jl l~FS iuc:s J,O • b 3,5 1:2 it,, 3FPS l • b 3, JFT r ti 1 3Fif l,OAC 

7 Mr S""'IN jb9 FS JtlOfFS I IJ, l•i ~-8 b • b 1~o9FPS l·t l·AP : u, 2FIT o,9•c 84M N 
01-1 N f5CFI 297 F~ . :2 

I : A b • 0 1 , lFP~ 
2: JFt A 

4,0FT 0 Af 90M N 
IOOM N 1 2CF 221.iCF 

JI A J: 8 Cj. 0 14,tP 1°7 ,...,, o:5A lOOM N 
'}""'IN 1flCFS 150rS :5,11 l I g JI 9 12, FPS n l O 7FT r •}'IT '·"'! rr l 9M N tCFS 1g9 FS 1·a 2,~ o. 1,2 '5,7FPS 2,JFT G :}ii! O,JA I 9M N 
ll.llMfN 7 CFS 7 FI i's I • 0 , b • b l~,5FPS 1, FT A 0 1 A 1 JM N 
u7M N 1sc t S ~4 F 1:3 2'2 8 • a f·A ,~FPS l ·3FT A 8:i: 1~7M N 4MIN lCF"S '5CFS I 0 ,2 2, FPS • FT I G, 4M N 

iii~rn 'lCFS 1iJCF S 0 b 0,7 0,0 o:s l,5FPS 0:2 I 2FT G 1 : 2Fit O,lAC 225MIN 
CFS 2CFS 0 ° 1 0,1 0,0 O,J O,bFPS QI 1 O: 7FT IG 0, 7F;T O,OAC 2bbMIN 

,28MIN OCFS OCFS o:o o.o 0,0 0 I 1 O,lFPS 0 I 1 O,lFT IIIA O,lFIT O,OAC \28MlN 

TnTAL 1/0LUMF S 50 50 

TIME TO PEA1<11 119MIN, TIME TO MAX OUTFL □ 11 t,lMJN, TIME TO MA)! HWll blMIN, 

-' 
I-' 
l,-l 
u, 



WVOMJNG HIGHWAV DfPARTM~NT 
ENGINEERING DlR[CTORATf * *" * * * *-* HVORAULlCS SECTION 

CULVERT FLOOD ROUTING PRINT OPTION Nn, 2 

STA TJONI 3DC•S.S..jLQ. PROJECT I DRV CREEK STATION 3bb ♦ '55+., (EXAMPLf. NO,t) 

CULV SJZEI I ■ Z • Oll b,A CONCRETE BDX/30 •75 DEGREE WINGWALL JNLET & NO BEVEL 

ANALYSIS TYPEI ~EBE □i~ CISC~GE Q I J, A 6D C ES FREQ I -5JU:.i OH W I I? 0 0 A f I 

BARREL GEOMFTRVI LENGTH1...,Lil.lf.i SLOPE1J,OOOAO% GVDs.,,9..QEI 
' 
" * * * * * " * C U L V E R T F L U O D ROUTING • • • • • ••••*•*•CULVERT FLOOD ROUTING••* 

IROUTINGI ***DISCHARG~Su111 uuVOLUMES(H)HHI HEAD I IJUlL\T I FRUUDEI BRiNK I FLOW ITAILa• I POND I ROUTING I 
I TIME I INFLOW I OU FLOWI IN I OUT I STORE! HW,FTIVfLDC TYi NO, I DE TH I TVPE IWATER I ARO I TIME I 

~~rn sijE~i J2E~i 8:9 ~:g o,~ o,~ ~:p~; 8·8 i:gn IG t: g~ f o,IAE ~~rn o. \· 0, A r1~ \b EFS ~07rS !·i • 0 o.e • FPS o'o 7FT I G 7FT 0, AC 14Mr 
}MIN 4~ FS ~O FS .s ~•b 5•~ 14,EIFPS t

1
b 2:c;FT A J:sn O,bAC 21M N 

5'5 CFS 3 I.I Fi 4•l 2 0 b I 1 b • lb,OFP; 1: b 30 ?FT JA 1.1.uT 0, qAE 27M N 
~MIN 774CFS 47~ F s: 3,4 '5,1 a•q 17,2FP l. ~ J. qn A u, 71:.y 1,I.IA n~I~ MIN q54ffS SIi EFS 11 0 b 2,7 1.1 10:0 17,8FPS 4,IIFT 10 5, OFT ,OAC 

llOMIN t 053 FS l:j87 FS s,i 2.q q.b '1·5 18,~FPS i's "•t' ID 
'5,tFT 3,gAc 40M N 

IHH-1IN 1011c,; &1qEFS s. 3,0 1 l 1 8 t I J t8 0 FPi 1°s tl 0 FT 10 c:i 0 2FT 4, AC 411MJN 
47MtN IO~&c, mr s.o ~-1 13. 7 n.~ 18,SFP 1: 5 s. on ID 5, JFT t, 1 8AC U7M N 
SHUN q 2rs 4, b 1s.o 1 1. 18,&r.Ps 1.s 5,tn ID 5, 4f'T 8,lAC SlMr u~rn ni ~1 u, p a• a i:~ I b, 0 P·q 18,rPi I . " '5,jFT 18 ~•4~T q,,AC 4M N 

l, bob 

1:=1 
I 8 • FP .a '5, FT 1 a :T q, A~ ;8M N ·iT a1Fs fl8b Fi ~:1 ~:, l&.e 18, FP / I. 4 

~:iH r ; am q,qA "tr b M N b8t F b,4 8 1 ll'PS .a : llFT q,'§A f, M N 

u~ ~ l~ ~I tu fl 4,~ ~-2 11:~ B: U:~~~; I·~ ~: 9n B ~·i~l 9:~~~ 1~~ ~ 1:1 .4 
u~~ f ~cr.s ~He: $·: 10.0 l~•s 1e.~r.Ps I I 5 II, FT D 5:rr 3,flA · 

&Mr 
IH~I~ 1 E's 1~1~~~ 

& • 0 17 • FPS •s ll,lFT 0 4 FT 1. bAE q8M N 
\qt, Fi 3:f '5. q 1.J ro Jb•~FP~ l. b 3,~FT A 4: ~FT 0,qA 11~~ ~ 1 '540- (I: 1 1 • b :a ll 0 FP : & 2, FT A 3. Ft 0, 'SA 

l 35M IN I 13EFS 14"E"s I, 8 2,3 1 • 0 J,q l2,4FPS 1 , 7 l,7FT IA ],OFT 0,4AC 1 lSM IN 
15qM N b4 F S 75 F S 1.;, 1.1 0,5 2,3 10 0 0FPS 1 • 7 1·V' IA 2 0 IIFT 0,2AC 15qMIN 
lq4MIN 22CFS 30CF S 1 • 1 1 • '5 O,t 1 • 3 2 0 bFPS 0,4 1 0 r.r G 1,7FT O,IAC 1q4M N 
22qMIN 4CFS &CF=" S 0.2 0.1 o.o o.a t 0 0FP$ 0,2 o,qFT IG o,qFT O,OAC 22qMJN 
282MIN ocr.s OCFS o.o o.o o.o 0.1 o.1r.Ps 0 • 1 0 • 2F T I I IA 0 • 2F T O,OAC 282MIN 

TOTAL VOLUMES 88 88 

TIME Tn PEAl<a t12MIN, TIME TCI MO OUTFLO: blMI N • T JMf TO MAX HWa b]MIN 0 

...... 
(.,,l 
O'-



WYOMING HIGHWAY DEPARTMENT 
ENGINfERING DIRECTORATE ...... * ** HYDRAULICS SECTION 

CULVERT FLOOD ROUTING· PRINT OPTION NO, 2 

STAT ION r ]bbt55.0Q PROJECTS DRY CREEi< ST AT ION 3bb+S5t• (EXAMPLE NO, I) 

CULV SJZEI le z.0~ b,Q CONCRETE BOX/JO •75 DEGREE WlNG~ALl INLET & NO BfVEL 
ANALYSIS TYPEI ~BECB~ ClSC~GE a,ll90CFS FRfQIJJUl..:LB. DHWll? QQEl 

BARREL GEOMETRY& LENGTHl-103El SLOPE,),AOOAO\ GVDl4.PEX 

* • * Ir * * * •· C U l I/ E R T F L O D D R O U T I N G * * • • • •**•**••CULVERT FLOOD ROUTING••* 
IROUTINGI •••DISCHARGES•••! ••••V□LUMES(AF)••••I ~EAD I OUTLET I FROUDEI BRINK I FLOW 1,TAJLo I POND I ROUTING I 
I TIME I INFLOW I OUTF'LOWI IN I OUT I STOR[I HW,FTl\/e:LOCITYI N0 0 I DEPTl-t I TYPE IWATfR I ARE,\ I TIMF. I 

OMIN OCF'S OCF'S o.o o.o 0,0 o,o o.oFPS 0,0 0,0FT 0 •OFT o.oAC OMIN 

""T'' &LICFS Ll7CFS o,q 0 0 b 0,3 1 , 7 3 UFPS 0,4 2,0FT JG 2,0FT 0 0 2AC LIMIN 
l ;M N 2l'5CFS \3'1CFS 2.0 l • 3 1 , 0 3.8 12:2FPS 1 , 7 l,&F'T A 3, OFT 0, LI AC l 3MIN 1 MJN nHH~ "~rEa "·8 ~:S 2,~ ~:A 1s,1u-:~; 1 , b i•8FT JA LI ·HT 0:i:E ii~rn M N a, 4, Hi• 8F l, b 1 t,F T A a, T 

OMIN qqt,CFS '5'51CFS b • q 3.8 7,4 10.& 17,qFPS , • '5 Ll,4FT ID 5,0FT Luc OMIN 
3LIMIN 1227CFS sqsrs s.& 2.7 IO• 3 1 1 , 7 !8,2FPS I• '5 Ll,7FT ID s,2n J,4AC 31AMIN 
38MJN 1 3;5EF i &411 F~ b,i }•O n.~ 13,0 18,fFP; 1. '5 ~ I OFT ID '5, JF T 8·7AE isMfN 4 ~M N 13 8 F &85 F b, 1&, Ill,~ 18, FP l • 4 ,2FT 0 s I IAF T ,8A tM N 
ll MJN 112~E,s 7lq~FS be l 3:! , q. '5 ! '5. 18,qFPS • ll '5,4FT TO '5,5FT 12,bAE , 44MJN 1.18MJN 122 FS 745 FS '5,ti 

i'll 
21,7 lb, 0 lq,lFPS 1:: '5,bFT 10 '5, bF T 14,8A IA8M N ~A~rn 1111m H~En 5. ~ ,5 
r·4 U·b lq,rpi ~:iH f8 ~:tH l~e5AE itMfN 4, ,& 4,'5 I 7 • i 

1'1, FP • I.I l ,bA MN 
· 58Mr q OCFS 781.iri "· J • b d:i 1q FPS 0 I.I 1,8FT JD '5,7FT 18 0 3A~ !}Mr b'M N 8 !CFS ~87 F b, 4 ~:l 7°4 1q:lFPS ,LI ,AFT JD S,7FT 18,bA b~M N 

f:, M N 7 CFf 8 l F 'S. 2 7•, 1q, FPS 1,1.1 "FT D '5, 7FT 18,0A b MN 
73'1IN '5 ACF 7bt:,CF 4, b &,g p,b u,' lq,2FPS l • 4 i:tFT IO 5,7FT lb,bAC 1JM!N 
81MIN 47 p•s 7rf·FS b, & 1 0 I O,l 15:4 1q 1 0FPS • 4 ,'5FT 1D S ,bF T 1l,2A~ 81MIN 
q~MIN 15~ FS - b 1 FS &.4 l,:~ · I IA S 13, 3 18,bF'PS l, 5 '5, tFT ID S,llF'T 70 bA qJMJN 

10 MIN 2'5 CF~ 5 5EFJ 3,8 q's 11 • 4 18,lFPi 1,S 4,&FT ID s.vT J,OA 10'5MIN 
ll&MIN lqqcF l.lb7 F 3, l 7,3 s:2 .a t7, 2FP 1, 5 J,qFT IA 1J 0 FT 1,4AC llbMIN ui~rn 1gJEa ?U~~i i·~ ll, ~ ~-i ,.a 11•rPS l: ~ 2.rT I A 4,AFT 8:1~E ui~J~ s. , FPS l Fr A 2, FT 
18 3M IN 2 CFS 42 FS 1 : J 2.0 0:2 I : b • FPS 0 0 4 1: lt'T IG l,qFT O,IAC 181M N 
u&MJN '5CFS i~~~ o.~ 8:6 8:8 g,& A. JFPf 8:S A:in Iln A·!' T s~H~ ~u~rn 6MIN · OCFS 0. • 1 0 IFP , FT 

TOTAL VOLUMES 107 107 
TIME TO PEAK11 JqMIN, TIME TO MAX OUTFLOu b'5MIN, TIME TO MAX HW11: b5MIN, 

0 

ALL CULVERT TYPES REQUESTED HAVE BfEN DESIGNED I-' 
v,l 
-..J 



CHANNEL FLOW DISTRIBUTION FOR DRY CREEK 

ELEVATION DISCHARGE 

'517'5,3 35 0, 0 
X y FRO~D, VELOCITY 

COORDINATE COOROINATE NUM E 

•1'1,9 5l7S, l o.3117 0 1 58 
• l J, 8 5574,8 0 , 38 1 4 l , 3 1 
•12,6 c;371.1,s 0,4222 l , 9 7 
• 11, 5 'i3t"·~ 0,1.149; i-6~ •10,4 53 3, O,IJt,9 
•9,J s1p,& 0,4863 3' 4 7 
-8. r; 3 ~ :s o,soi4 31 89 
-1. •,37 :o 0 51 9 4'29 
•b,i Sf~• 7 o:5H9 a'f 
·i· 5 7 , 4 0 '5 9 r IJ - • 4 1:iir2.9 o:~459 '1J7 
- ,3 5. 71, o, S'l8 1 88 

·A:A c;Fl· 11 g,%J5 6
1

2\ 
5 7 .1 ,5706 6°5 

!·i Sf I ,'I 0,5718 b: '5Q 
I§ 7! 7 0 1 '!§64 7 b,2~ 

l:\ -;37 :o 0,'5'5+0 ~ 8 
'537 .4 0,'54 1 s'ae ,.l ;1~1:i 8:UU ~:n 

8:9 ', 7 I J 0,5151 /JI l I 

U=! HU=, 8,'5026 l~H ,4181.1 
• 4 I 7 11: 5H4:5 O,IJ51!1 2, 54 

1 5, 0 snu,a O,!l~io I , 98 
u,.1 5 '5, I 0,3 3 I, '.H 

DISCHARGE AVERAGF. 
OEPTH 

VELOCITY FROUD~ NUMB£ 

350 2.1 
MlX!MU~ CHANNEL ~ELOCITYc 

5,03 
b,5/J 

0,6092 

C) 

STATION 36b+SS+• CE.XAMPLf: NO,l) 

STARTING X ENDING X DEPTH 

•1'5,7 17,0 4,2 

DISCHARGE ACCUMULATED 
DISCHARGE 

PERyENT 
OF OT f.L 

0 ■ t 0, l o.o 
0,5 0 If, 0,2 
l, 6 2,1 0,6 
2,7 4, 6 1·~ ti, 2 9,0 
5,9 1s,o 4°3 
1 9 2 q o's 

10: 1 n:o 9. I.I 

l~·r 45,1 n:~ · t~• b 26°9 i5 :9 21'1 110:e 1t· l ~b • l 37 1 b 
0:1 167,9 48: J' I 0 

199,9 '57 .1 
2 , 2 28, I 65,2 
J4,6 nr:~ U:i 8,4 

l\:S rt· 0 U·f 
11, 3 } :~ en:" a,e jU:9 91J,9 

b 1 b U·? 
"· 7 

,n. 3 
3,0 rb• 3 

99'0 
i,1 ii:i 9f5 

,b 9 : 6 

ALPHA BfTA SPE5IFJJ 
Hf A ( F 

1,1807 1,0650 4,676 

TRACTI~E 
SHEA 

O,Ob42 
0,2~54 
0, l 61.1 
0,1111.1 
o, 5~5 
0,9~ 7 
1 0 98 
1 :21:sq 
l,4~81 1,3 2 
l· i96 

.o 69 

~:UH 
i?,J8Si? 
2 I I l 1 
f:Uto 
\•UP 
1 :2n4 . g·rq~ : ~15 0,57 4 s:nt~ 

SP~~,FIC F(l . CLB) 

9725. 

I-' 
'-" ex, 



CHANNEL. FLOW DISTRIBUTION FOR DRY CREEi< ST AT ION 3&6~55~., CE.XAMPLE N0 0 I) 

HE VAT JON DISCHARGE STARrING )( END I NG 'x DEPTH 

s:na.o 12811.J .. 21.1.q 27 0 1.! b.q 
)( y FROWfE VELOCITY DISCHARG~ A8CUMULAT~D PERCENT TRACTIVE 

CO□RDHJAH COORDINATE NUM R I SCHARG " OF TOT AL SHE. R 

... ~1.1.a ~H8 0 0 0. r~qi, 0,~0 o.o ~ o.o o.o 0.0011& 
G J.q 37J.7 o Jrs 0, b 0,1 0 • 1 o.o 0 0 09&2 
.. 22.q 537 • .:i o:3qJa I • 52. 0.1 o.a 0,1 0.2101.1 .. 21.q 'B77.A 0 1.12 8 2. 1 1 l Db 2,3 o. 0.1.11.11.15 
:jb:8 Htt: s 8:~1H i·H 2.7 ~•o g.1.1 s:,ut I.I. 1 • 1 ,7 
.. 1q·f ~Ht:~ 0,487Q i:ia LI• S P·" 1·+ 0,9'1lJ~ ., 1 8 • o,~001 1 9 1.s 1,09', 
"'1 7 • 0 '5 f 5 • 7 8:sHi 4: ?,8 if 1 31 , ':'i 04 1.2691.1 
•·1'5.9 s 1s.1.1 4,66 ls:? 4 LI• 0 J: 4 lo'ILl/5 
"'1 LI• 9 •n1s.A o.c.;n1 15 • 0 3 5q·~ I.Io b 1 0 64 b "'1 3. 8 5 F" o.sq2q r;. 3e, 1 7: H, • b • 0 1.7 18 
.., 1 2 • ~ s ~1.1:s o.ss1~ 5 • 7 LI 22.\ 99,5 ~ . ., 1.q7 8 ., 1 1 

0 S 3 I.I 2 O • S'5Q &.oq i? II • 123.8 ob 2.1 15!8 
•1~.11 sri: 9 o,r.,4 b 1 t1 ~ 27 -~ 15~.u 11 • 8 1.12r1 .. • J ~ ~ : ~ 8: u4 

b,7 U:s ~8 b 14 2 .so~ 

:1:! 7,0 11:4 b: 9 .676 

~r1= 9 8=~~r t. r' 38.J pft:li. r·9 i:8}8i .. i,. 
~~•q l· ij :\· ~ 7 .11 0,'59 9 7. l ll'S 1 8 3 A 86 7 .o O,bO 5 e:2 1s:e 1121,b 2°7 1: 059 ... z·A Utl:f &:tin t-~~ bg,~ ll8i•i ir~ i:Hn • l: 
~o"& '54 • o • Hh:~ O,b ~O 9 • 1 b bl • ll : 0 ,qb1b 

)·2 8:H 1 i:i8 7fb r~-s. ;~,8 ~=1~,a • 4 • l t, : 2 b O 0 • 1 3. () '5372,0 O,b128 8,63 b4,0 826,0 64 I 1 3,bt 33 s.1 · 5372,tJ O,bObll 8, JO 80,1 900 I 1 70,3 3,IJ059 

~·1 537Z. 7 0,b0Qi; 7,9b i;2 • 2 958,4 t4,11 l,198b 
1nn.o o.5'149 7, b 1 /J 7, 6 1006,0 8,1 l,0244 e"9 '537i, l 0,'589i 7, 37 ti l· I 1049,i 81,4 2,850} 1 0: l '537 .6 0,'582 7,07 3 , 8 1087, 811, ll 2,b7b · l~•t HH• 9 · 0,57$/J 6,76 ]4,~ ll§i·t, U:~ i:1iU 1 • 
sn11:~ 

0 Sb 5 b,44 3~ • . 1 • 3 
1~. o:'5622 t·H 2 , 0 .1 8~,3 9t,b 
1 • 0 53711,8 0,551.10 25,~ 120 ,5 9 3, b l _4720 
I f.i. \ ~H~·h 0,'5111.1i r 110 18 u24,II 95,0 l·79JB 17, 0 ,Sll.l 'o4 1 '5: 9 40,l 9b, 3 • 61 b 18,ll ~n~:6 8:~f~l I.I. 6 i 11,2 1~53,5 97,3 l,llllfi 190 b u 0 2 10,6 1 b4,1 98,1 1 • 20 4 
20,7 '5J7b·~ o,soi1 r 89 8 I J 127j,II 98,8 1,g9s2 I-' 21,0 S 7& 0,48 0 0 52 u,A 127 .2 99,i 0 • 4/JO v,l 2i.1 5 !76:8 0,IJ750 .· 3: I 3 4, 9 1282,1 q9 0,7928 <O 

2 , 9 '15377, 1 o.4'5'58 2,bb 3,2 t?AS,3 q9'a 0 1 b186 
.'.fii5. 0 c;377 ·" o,1np · 2.p i,8 1287.i 99:9 0 • /Jlll.!5 
21,.2 5 377 • 7 0, 39 0 1 , l . • fl 1287, 100,0 o.nou 



)( V ~ROWDE VELOCITY 
COORDINATE COORDINATE UM ER 

27.3 s11a.o 0 0 ll42 o. 77 

!DISCHARGE A\IEIUGE VELOC I TV FROUDE 
DEPT"l "!UMBER 

1288 l 5 1.04 o.&58& 
MAXIMUM CHANNEL 0EL □CITV= .1a 

DISCHARGE ACC~MUkA 'i'ED DI CM RGE 

0 o l 1288.t 

AlPHA BET/I 

1.17'17 1,0647 

PER~ENT 
OF OTAL 

10000 

SP~CIFIC 
HEAIO(FT) 

l1.ao1 

TRAcpvE 
SH AR 

o.oqe,2 

SPfCIFIC 
FORCECLB) 

'1'521Q. 

f---' 
.I>, 
0 



CHANNEL FLOW DISTRIBUTION FOR DRY CREEK STATION lbb+55+• CEXAMPL£ ~O,l) 

ELEVATION DISCHARGE STARTING )( ENDING X DEPTH 
537&, q 810,0 •21,2 21,0 5,8 

X y FROUF' VELOCITY DISCHARGE ACJUMULAT~D P[R~E,NT TRACTIVE 
COORDINUE COORDINATE NUM8 D SCHARG OF TAL SHEAR 

•21,0 'il7b,8 0,2b5A O,J} 0,0 0,0 o,o 0,02~2 
-20.0 537b,5. 0, Jc; I 0 q 0,2 0,2 0,0 0,13 5 
•19,2 'iJ7b, l 0,400/J 1°59 0, 6 0, 9 o,} 0,2887 
•18,t 5J7b,O 0, JJ2<H, 2 

1 
I 1 1 7 2 • b o • 0 ,4:§99 

•17,0 'iJ75,7 O,IJ54I 2°b4 J. 0 . 5,b {:z O,bA41 
•15,9 5375,4 0 1 IJ 7 Jtj J • 1 I 4°5 l O, 1 0,7 82 
•\4·3 ~p~:A 0,481" i:i~ fl U:1 • o 0,%21 
- J. 0,50 2 • (I 

4:~ I·! lb •12,6 '5_ 71J,'5 o.s1s1 4°39 11:s • 17 
:l~:i; iUi~t 8:~it1 IJ:78 

}i=i 
49,, ~-1 1,49s5 i ·, IJ U· i:~zb, .. j 0,5456 ,49 !0°4 .a, o.sr;1a 83 d~I 106:i n: 1 ,0209 

•7·! 1Pf :i 8:iUl b
0 Ab Ut:t 11:f ~:HU -~- &" q 

• • &0 80 
-1,4 ~ t :9 8·~~1~ 1:~e n:a ~4'1, 7 i~:t ~:,~Rt ., I J 7 q 66,1 
• 1 I 1 r;371,1J o:s111~ 7 ° 8 J IJ 7: 7 :ns,a 4~,r; J,p21 o,o 5371, 1 o,&02 a: I 2 52,2 388, 0 4 , 9 l, Ob 

i·z "ifl,4 0, bO 38 ,-i~ ':,5,2 44 l, 2 '54,t J, l~& l 
• IJ 5 11,1 0,5981J 5~,4 IJQ],6 bO, J:t5~A ,6 517 , O O,'il127 7°55 IJ IQ 539,S bb,6 

5,l 5372,4 0,5856 7°20 '5b I I r;q5 • b 73,5 2,750& ,,1 'iJ7i,7 0,5780 b 
O 

8 J 35 , b bl}, l 11,q 2,su,1 
'517 ,0 0,5712 t,''5t ll,7 bb , 9 ei:'i 2, lt 2 a:q 5J7J,J 0,564~ b: I 27,9 b90,8 2. 1 50 

10,\ 'i 37 b g 55& 5,8b S4·~ 715,g 88 ~ · 2,0209 

'f 5iB:9 :~IJ80 ~,52 19°1 pb• qf t,84b7 
I :~ 'i 7U i o, 390 9 I 4 t:Uf~ 5374: o,52qz 4•A~ 1 4: 8 &l:s q4' 
1 .o SHU, 0,5180 U

1 1Jl 1 2 1 q 81 q cu,:~ 11 31 5 
lb,i "iF~·' O,'iOIJIJ r98 s.9 7qo:~ q~,b A ·Pbl5 17, 5 7 ·" o,uqob :s1 b • 79b, q ,4 , b2l 
18,11 c;3p, 7 0 1 1J745 l,12 4,8 801,7 99,0 0,7882 
1q,t, 'Sl b,O 0 I 45 15:? 2,&4 l,2 804,q . qq." O,b14l 
20,7 537b, l 0 1 IJ 306 2,12 I ,8 806,7 qq,b 0 1 4 Jqq 
Zl,b 'i37b,5 O,IJ014 1 , b 0 0,7 807,4 '19,7 0,2887 
22,7 'SJ7b,8 0, l'SIH o,q1 0,3 807,b 9'1,7 0,1375 

DISCHARGE AVERAGE VELOC't TY FROUOE ALPHA BE.TA SPECIFIC SPECIFiC I-' 
DEPTH NUMBER HEAD(FT) FORCE(LB) ""' I-' 

s10 2 9 
M •l~UM CHANNEL ~fLOCITY: 

b,22 
8,ll 

O,b40l 1,tau, 1,0b'54 b,4'12 2b084, 



CHANNEL FLO~ DISTRIBUTION fOR ORY CREEK STATION 3bb+55+• CEXAMPU N0, 1) 

ELEVATION DISCHARGf Sl'ARTING X ENDING X DEPTH 

5382,5 UQSO,q •82,q in. 7 11 I a 
X y FROUDE. VELOC l TY DISCHARGE ACCUMULATED PERCENT TRACTIVE 

COIJRDJNATE COORDINATE NUM8Ei:i DTSCHARGE OF TOTAL SHEAR 

•81,J SJ8~ 1 I.I 0 I 3881 0,51 o,o o.o 0,0 o,oJoq 
•77,0 5 J" , I 0,501.!J I, 41.1 l , b ~8:i o,o 0,11.189 
.sq,q 5)81, 7 0 ,s8r i·~8 2b,. 0, b 0,~55! 
-a~.s '5 81,1.1 0,bJ 0 

a:1i 
IJ t I l , IJ 0 b1 

• J • 0 '5 381 , l 0,b5qo bS,5 1 JS, I.I 2,7 o:nss 
• ~IJ I 0 ~U8·~ o,1.1a2~ ~-:i ~-~ 1~9:1 i·S i:i~gt ,. J, 1 0 a b 
•lb·~ 5 iij~: 1 8:~\U 4'J tf7 lb\• i=~ • J I r; 7 ,8 h~ I , O 17 ,2 1: ,ls ·r·J su~·s s:11Jn ! I.I. I.I !87., 

J. 8 1:a:r - 8, r; I 2 U·l i4. 1.1 '~ 
• 7,7 '5 8,9 0, St I.I a, a' .n 1 
•~b,8 HU:~ 8:~ib? 

b,Ab ~~:~ ~~~:l ;:~ ~:iH~ • 5,8 b, 8 
•21.1,8 'B78,0 0, 5 728 fJ. 79 28,7 JO l, 0 b,l 2,1b~b •2J,<J '5177,7 0,5791 7,10 JZ, 1 · JB,O b, 2, J 8 
•22,9 HH:~ o,~851 t· 39 -n:s lb9•t !·~ i·qg99 •2 I, Q 0, QO t,Q 40, 0 40 
•jl,O 537b,8 0,5Qb2 7'97 IJ2J aso,b 9:1 l:2s82 
• 0,0 537b,5 O,&OIIJ e:~~ IJb,8 49~,4 10,0 1,1.112l 
•19,f '537b, J O,b09~ i•1q 

111.s 
U9:i 

l O, q l,5 l. 
•18, 537b,0 O,bll b0,7 12,1 I· n1.11 -1~,o 5175, 7 0, b I 2 Q1 0b b-5 •~ bb~,4 1 l, • 9osq 
- I I 9 5375,4 0,b2f q•r 70, 7 l , 9 I I.I, 9 1.1,0830 
•llJ,Q 537s, 1 f q ~i • ~ . Ul·~ U:~ 4,211~ 
•IJ,8 Sf lJ s:ti~l I 5 a • 4 t 
• I 2 ,t:i s 1a:s 0 ,bl IO:~ I en:\ 95s:1 \9,9 4,b12l 
•li,s s1n,2 0, bJ9b · . 10 8 92,} 1077,IJ H:f 1.1,7933 
• l , IJ SJ 9 O,blJ/1.1 10:t2 97 111s.~ a,Qb14 
•9,J 5373:b O,ba l 10 7 l O 1:s l 78, 25,8 5, \"ib •8, '5\B,J 0,bS0 11 : I 2 1oq,1.1 1387,9 28,0 5, 1 7 
•7,2 SJ7l,0 0,b'51J?. 11, Jb 115, a 1501,l 30,4 5,4Aq8 
•b, I Sl72,7 0,bS7b 11,b0 121 , b lb24,9 32,8 t;,bbll0 
•'5,0 5372,1.1 0,bbl0 11, 8 l 127,Q · 11r.e 35,4 5,8381 

:3.:1 ~jH:9 8:t9~~ U=H rn ·~ r o.o 3q,a t:~~ii 
1~1:1 h~:~ 4~, II 

•1,1 '5 71,11 0,&731 II , b b,112 0 
o,i HH~! O,bf'l 1p! i'i:1 r-·· 49,i b, &OH 

0 b b ~~- b,bg 
t:1.1 0°b I.lb t I l hi:1 b 4 

• b o!&7r ,b '5 : l &:2s2e I-' 

?·~ ~ni·~ 8 ,b& 7 · l ·U fSj:a Hi:i tl:j ~-ii~7 +'-
,bb q N 

7°7 •rn1 :o O,bb05 11 :b'5 
1
1 l • 4 3412,2 t,8 I s:&bao 

a"q Sf I· l O,b57l u ,1.11 U?:i J51.1~,7 H:i S,4898 
10: 1 r; 7 ,b 0, &S lb , 1 & bb ,5 5,11!57 



\ . 

" 

)( '1 FROUDf VEL □C ITV COORDINATE COORDINATE "IUM0ER 

1 t • ~ 5373,q 0,6£1qq 10,•n 
12. 'B711,2 O,f>Q62 10,67 13.1 5 ]7tJ • 5 O,b"f' 10,IJ2 s,o 5:57£1,8 0 I 6 J 3 10,16 u,. \ 5375,1 0,6328 Q,87 
17, 5375,4 0 1 b286 q,bl 

!8·" ~it~~6 8:~fH ~-g~ o:• 5 76::s 0,6150 8 1 t 

ii=! ~pt:g 8:tAg~ ~:u 
~ H:h . 8:t8H 8

194 2 : 0 7: 5 

n=i ;ui·' ~:iip J,tJb 
Cj. : ~ e,•U 57 5 

ii:t l§f 8• b o:~1~e b '•n 
'5 78,9 · 0 • b b &"21 11.q •n1q.z O,'SSbg '5. 8 

3 • 0 5:\79, i 0 ,54 7 i;:5Q 

3~:i '5FQ· o,'5JS9 s. r~ 5 80, I o, 5. 2 4 3 
H,O '5380,5 O,'Sl5q IJ I \b 
JB.O SJR0,8 O,ilQ71 r 81J 39,0 "i 381, ! 0,0827 'o I 
IJO,O '5381 IQ o·. 1J 6'58 2'qt, 

IJ i · 0 
'5 .§811 7 0,IJ45J . 2 ° a 1 

IJ • l ,;~s2,1 · 0, IJFb 't I 82 
IJ • 5 Fl2, o.1 t,q . I: 02 

DISCHARGE AVERAGE !VELnc I TY FR(')UDE 
DEPTH NUM8E'R 

qq51, q,2 9 I tj 1 0 1 8 t :Sil 
MAXIMUM CHANNEL VELOCITY: 12.90 

DISCHARGE A8CUMULAT(D 
JSCHARG 

IA~:~ UIZ:~ 
102,5 3qaq,o 
1 Q J 1 7 40Q2,8 

85,£1 IJ178,t 
7q,q £1258,0 1s, ~ , gJ6f :i b • bU,2 IJUbb,(I 
IJIJ,i a~i~:4 il:, gu:s:, 
/Ji· 4 IJ706,\ 

I" ·i :Hi:l, 
ig:~ aeoq,g 

"als· ;n,o 08 q,J 
20,2 IJl!7Q,5 17,\ IJ896 1 b 
14, IJ910,Q 
10,J /J927 1 2 
7,0 IJQJil. 3 

l·J IJ9 ~q, b 
IJ9/J~, '\ 

2°3 IJ9/J ,b 
I: 5 a9a1,k 
QI~ U91J7, 

ALPHA Bf'TA 

l,25ti5 11 oq J3 

PERlENT 
OF OTAL 

~l:~ 
80,b 
82,7 
A Q, 4 
86,0 

U•i. 
qo:2 
~1:t 
i~:2 
q;. ,\ 
~b''i 
q7•, 
97' 
98°1 
98

1
& 

98'9 qq'z 
99

1
5 

99
1

7 
99

1
8 

qq'a 
qq'q 
qq'q 
qq:q 

SPECIFIC 
HF: Ao(n > 

t~.129 

TRACTI~E 
SHE.A 

5, 44.b 
ti, b U 
IJ • 7ql3 
4, 61 l 
IJ,£1313 
£112571 

"•88 l8 l:1~a1 
1:11n J:o uo 
~-pqq , 158 
2. &r, J· 8 5 

2~ 3 2:g qz 
1. 651 
\•bqgq 

,51 8 
1 , JO to 
1.osbA 
0 9\0 
0:1 55 
0,5614 
0 I J'55 t o, 1'18 

SPECIFIC 
FORCECLB) 
2176B, 

I-' 
-1'>
r.,, 



CHANNEL FLOW DISTRlijUTION FOR DRY CREEK STATION Jbb+55+• (EXAMPLE NO,l) 

E.LE\IAT ION DISCHARGE STARTtNG l( ENDING X DEPTH 

5378,2 1 HO,O •25,S 28, 1 7. l 
)( y FROUDE VELOC JTY DISCHARGE. ACCUMULATED PERCENT TRACT! VE 

COORDINATE COORDINATE NUM8ER DISCHARGE OF TOTAL SHEAR 

•24,8 5178,0 O,J08Q 0,57 o,o o,o 0,0 0,0630 

·11·q 'ir7,7 0,378tl !,29 0,5 0 , 5 0,1 8:jH! • • Q '5 77. I.I 8:~u1 • 9 3 1·i 4'6 o, 
- ,9 ~ H·A ti 7 o, O bll.l 
•21, ~ 0 tlb5 r9b ~:b 7°b 8:~ o: n~r; 
•20, s ho: s o:1.1s20 I 1.1 l 

I I 12:1 0,90 & 
•19, 5370, 3 0,497tl 3'eo 5,5 18,2 1·3 1,0608 
•18,1 SH&,O 0,'508b I.I' 15 9,3 27,5 • 0 1,2121 
• 17 1 0 H~~-i 8:~i8~ 1.1'54 14,t, ~9,2 i·8 1 , ~8b~ 
• 5, 9 4 • 9l l,,•ij J,J ,8 1 bO 
• 14, 9 5175:\ o.•nqq 5

1
2 7 0, '.\ s I l 1 :nus 

• 1 J, 8 '5flJ,8 0,5t.186 5
1

b2 1 Q: 8 90 I 1 o,S 1,908b 
•12,6 5. 7t1,S 0,~5b9 '5°97 24,9 115,i 8,3 2,089f, 
•11 ,s 5374,~ 8:s~H b' JO 2b,5 141 , 10,i 2,270b 
•10,4 'i'.HJ, &"t,2 JO, 0 I 7 1 , 12, 2, 1.14U8 
-9,i 5:\73,b o,~1al b

0
93 B,b tg!:! l ti, 8 2,&t89 

-e. 'i37i,J O, Bl.I 7 1 21J 37 I.I r·IJ 2 7 '.\0--

·z· Ht ·9 o,~905 rs4 4r4 1 I I.I ~:9~7i 
• ,l 0, 9o1 0 83 £1 "s i . l 3•h~" •5,0 'B7f4 0,001~ g:u 1J9'~ 3!9:2 
-:s, 1 Ht1 :~ 

o.&o so' I.I_ 9 I I.I fo l: ~~ -2. 0,6148 A
0 80 0J:a 523,2 :b 

•1,1 si71,t:1 0,6195 9'01 &8,9 592,1 IJ~,b J,901J3 
0,0 S 71,l O,b240 9'34 7 IJ, I b6b,2 4 IQ 4,07811 
1,2 -=i371,4 0,&253 9'•3t 1e,i 7£14,5 .,l,6 u,i7811 

,4 5371 I 7 0,&201:1 9°0 n .• P.17,3 5 , B J, 04 '.\ 

~:i H~~:8 8:tl81 g:~~ ~4•g BA4,8 U·~ ~:Ui~ qt,9,b 
0 I 5 '537 ,7 0, &OIi 1 a'1s 55: '5 1025,0 73:1 JI 11 IJ 

7,i Htj:~ o,~917 t:~i sg.1 lf ~i:l H·~ l:~tH 1~:~ 0 Q 0 ~r' 517 b o:s81A 7°2 1 b , 5 81: 7 rr~:~ 11 , 531:s:9 0, 58 0 6'9b 3 I /,j 1200,9 8b 1 1J l~·, ;w-i g,s11.12 b
0

b'5 1~:4 1p1:~ 86,8 1 I.I 1.18 
,5b72 b

0 33 ji:1 
90,9 ,2 gb 

1 •o S 11 1 8 ·o,SS94 5'99 9 1 I Cj 92,9 ,iB b u,:i 5 S • l 0,'5499 '5: 6 3 
1 :S t \2 5 94,4 1, ~8& 

17, s 1s't1 0,51112 5,28 13 o: 4 95,7 1, 7 us 
18.4 '5fl5:7 0,'5117 11,92 t5,0 l J4 s. 1.1 9b,8 t ,%03 
19 • b S. 76 0 0,52111 tJ I '5'5 12,3 57,7 97,7 t, 1662 
~0,7 ~nt=~ o.sg9e "·Ab 9,a IJH:'i 98,11 l :~Ha ,_. 

21:~ 
0,4 8b }• ai 5, 98,8 +'-

517b: 6 0,48b0 6 •} 1379,4 99,2 0,909b +'-

~~:i ~IH·A 8·""9A f 98 I.I. 1 iU· l 99,S 8·UJ~ .t11.18 • 1.19 f:s 99,7 
2b,2 '5177:7 0.1.1215 1: 91.1 1 387: 9 99,8 0: 38 2 



X y FRouDg VEL□qTY 
COORDINAT! COORDINATE NUMBE 
I 

27.3 5378.o 0 0 38lb l • 31 
DISCHARGE AVERAGE VELOCITY FROUDE . DEPTH NUMBER 

13QO 3 b 7 • l 5 O,bb22 
MAXIMUM CHANNEL 0ELOCITY~ Qo lb 

DISCHARGE ACCUMULATED 
DISCHARGE· 

o.5 1388,5 

ALPHA 8£TA 

1,1784 1 0 0642 

PER~E'NT 
Of' OTAL 

qQ,CJ 

SPECIFIC 
HqD(FT) 

8,035 

-< 

TRACTIVE 
SHEAR 

0,2131 

JPECiFJC 
□~C (LB) 

4QtlOCJ, 

I-' 
.i,. 
(Jl 
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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 maximtnn 
allowable culvert barrel height to determine six acceptable culvert sizes 
(one size for each type). The output 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. 



FORM C-16 
Rev. 3/11/69 

WYOMING. STATE HIGHWAY DEPARTMENT 
C~HEYENNE WYOMING 

BRIDGE DIVISION 

DESIGN SYSTEM 

SHEET NO I OF__!_ 
BY :Te I( DATE (p -/~ - 78 
cHECKEb-L..l&~B~·~e,L_ _____ _ 

64 

S, 7ihl i. I .0 ~ ,to ,.2, -I- 1S";S. ~ E, ,IY,01. ,2 

2 
WC 
0 0 
R D 
K E 

3 5 
oc 

A 0 
T D 
A E 

ENTRY I 

6 15 

' ' I ' ' ' 
/,, 0 0 I ' 
-8,o .. ,n I I I I 

-,I ,.z,. ,O, I I I I 

57 S,,, , , I I 

/J,4,.,0 I I I I 

-1"1141, 101 I I I I 

I I I I I I I I 

I/,. 0 ' I ' 
/,/., 101 I I I I I 

48 S-, • ,0 I I I I I 

B,.,O, I I' I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I ' ' I I 

I ' ' I 

TRAILER CARD 

9.9 

ENTRY 2 ENTRY 3 

25 35 

' ' ' ' ' ' ' ' ' I ' ' ' ' I 

0 .,o ' ' ' ' ' 
l,i, ,,..,, , , I ' 

l5":"s,;z.,:r, • ..z, ' ' - 9,1/,. ,0, ' ' I o 

~ .3' ,/ ,-,, • ,s; I I I - .:J I • ,O I I I ' I I 

,..,. , I ,5, . ,4, , , , /,I .. ,o, ' I ' o I 

5':3..2 4,. ,G,, , ' ' ' ' ' ' ' ' ' ' 

010 1013"13'1 I ' ' ' - ,~ .. ,..,, ' ' ' ' 

, I , , , , , , I I o O I ; o o o I 

/,. ,0, ' ' ' ' 0. I"), ' ' ' ' ' 
S3 .. .o, , , , , , /,/,. ,0, l__l___j__J____l_ 

/.,;/,0,, 101 I I ,:;,ta,O,. ,o, I I I I 

7,,101 IO I' ' I I ' I I I ' 

I I I I I I I I_ I , , , I I I I 
I ' 

I I I I I I ' ' ' I I ' ' I I I O ' 

• I I , • I I I I I I I I I O I , I 

' ' ' I 
, I I 

' I ,. ' ' ' ' ' ' 

' ' ' 

I 3 1
NOTE: A trailer cord must folio-. the last structure cord containinQ data 

ENTRY 4 ENTRY 5 

45 55 

• ' • • • O I I I I I I < I I I , I 

~ o ,00.:'l,to, I I I I I I I , I I , 

~.$,;l.,'f' '• ,O, I I I -3101, 101 I I < I 

-57$1/1/,, 171 I I I O,. ,o, I I I I I I 

~,.Y,/ 19 •• •"I I I I ~01, 101 I I ' 

' ' ' • I I I I I I I I I 1 I I I 

0,, ,O,.,,L<, , , I /1/1, 111".)1 I I I I 

• ' ' • • I I I I I I I I I I I I I 

l3 ,(o • ,2. ,.;: "\., 0 I I I 90 .,o, ' ' 
8;!1,, 101 I I I I I /1/ I• 101 I I I I I 

'3'.~.o:. ,o, I l?,O~ P, I I ' 

I ' 
, I I I I I I I 

' I I I I I I I I I I I I I I ' ' ' 

I I I I I I I I I I < < I < I 
0

1 I 

I I • , , I I I _l_ 
I ' ' 

I , , o o I I I I I I I ' 

' ' I I I I I 

66 
C 

ENTRY 6 0 
N 

65 T 

I I , < < I I I 

I < o I I I o < 0 

.5'"3,l,"1-,.,",,,, 

.5""31/1.:/1o 101 I I I 

l:,,.5 ,/ 1 9 • • 9 I I I I 

I I 
I ' ' ' 

o .. o,4 
' I ' 

I I I I I I I I I 

o, .,ao 7,.S-. o I I 

/,/,. ,o I I I I < 

9,70,. ,0 

I 

I I 

I 

I I I I 

' ' 

I ' ' . 
' I I I I I 

• 
I I I I I I 

I 

I-' 
+. 
'-Cl 

1. 
J 
1 



wyoMING HIGHWAY DEPARTMENT 

PR£CONSTRUCTI0N DIVISION HYDRAULICS SECTION 
CHANNEL 1STAG£ DISCHARGE RELATIONSHIP 

DAY CREEK STATION 362+55+• (EXAMPLE N0.2) 
CHANNEL SLOPE• o.o0560FT/FT 

STAGE DISCHARGE INPUT VERIFICATION 

X( 1) c •80,0 
xi 2) = •114 1 0 )( l) II •JO,O 
)( 4) II •12o0 
X( 5) n .. 2,0 
)(( b) Ill o,o 
XC 7) z S,5 

~~ 8~ : ~A:8 
xctO) Iii 1oq,o 

- t~• NOTE o•• LAST POINT ~lS INTFRPOLATED 

~ ~ 1~ : BB:~ 
V( J) • 5314,b 
Y( 4) :: 'Bt1J 0 5 
Y( S) 11 5311.7 
Y( b) 11 1B12.o 
Y( 7) : 5315 0 4 

P 8~ : HI~:$ 
y ~ 1 0) : 5 323. 2 

MANNINGS 
MANNINGS 
MANNINGS 
MANNINGS 
MANNINGS 
MA"JN NGS 
MANNINGS 
MANNJr-JGS 
MAl\lNir-JGS 
MANNINGS 

NUMBER: 
NUMBE.R II 
NUMBER= 
NUMBER: 
NUMBER: 
NU,..BER :i 
NUMBER :i 
r-JUMBER II 
NUMBER :s 
NUMBER 11 

INPUT VE.RIF H.D? 
DESIGNER_ CHECKER_ 

.on OB :o4S ,oas 
,oao 
0 0/JO ,oao 
.oag 

04 
:oao 

I-' 
-I'> 
00 



WYOMING HIGHWAY DEPARTMENT 

PRECONSTRUCTJON DIVISION HYDRAULICS SECTION 

CHANNEL STAGE DISCHARGE RELATIONSHIP 
DRY CRHK STAT ION 3b2+55+• (EXAMPLE N0,2) 

CHANNEL SLOPE = 0 1 005bOFT /FT 

fl EVAT ION DEPTH DISCHARGE. vnnc I TV MAX, VELOCITY 

5311,7 0,0 o.o o.o o,o 
5312,0 o.3 0. IJ o,8 0,8 
5312, J 0 1 b 2,IJ I , I§ l,b 
c;i12,& 0 I q b • IJ ?. • 0 2,3 
5 12.q 1,2 12.1 2,tl 2,8 

1i1i:~ l:i U:f j·8 ~-: 
313,8 :~ (I: 3 

~u~:~ t·" 181:i a:, ~·I ,8 
; IJ b ,q a.A 5' 4 u•q 

i:~ 
1A :b u. 5:e ~u;=~ !U:? IJ,~ b,2 u, b,4 

S 5,7 4°0 u. b • 8 
Hit:~ IJ'J l~ I· 0 IJ,8 ~:~ IJ I b 4 • 0 5 • I 
'53lb,b IJ :9 '5 39, 1 '5, l 7.8 
531b,9 '5,2 b35, 0 '5. e.1 
'5317,2 '5. 5 1la.1 '5. 9 8,4 
531~-i '5. 8 e 8•2 bo2 8,7 
'531 0 , b • 1 Qb •" b • Cl 9.0 
5::U8 0 1 b • IJ 1090.3 6.7 q. 3 
5118, I.I b 0 7 IP~:~ boq :·$ 5318.7 7,0 1.2 
1;J19.0 1.1 2 3 • l 1 0 u 10:2 
SJr•J 7 0 b 1680.8 ., 0 7 10.i 'SI q.& 7 D Q }87i 0 q 7.9 10. s q.q Bo( 

2 ~~ D ~ ~-s fl :L '5 0 ~ ' 8 D '5320: ,,., . 8
0

8 2489: 8:o 11 ob 
si~o. 8 q • l i7"~•s a.o 1~.q 5 1 0 1 q. I.I 02 8 a.o 1 u 1 
'H2t 0 11 q. 7 :n11:1 e.} 12 0 I.I 
5321 D 7 10.0 3bb 0 7 @. 12.1 

. 53~2.0 10.1 402~ 0 & A 0 3 12.9 
53 2.1 10 D t, UIJO 0 Q B 0 a 13.2 

~ii~:~ H:~ /JB!Q•~ Ae1 t~:3 51J 8 a. 
SJ 3 0 2 57q1:1 I'.\ 0 8 1.q I-' 

+> 
lO 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATf •••••••• HYDRAULICS SECTION 

CULVERT PERFORMANCE PRINT OPTION NO, 1 

STATJUNI 3b?t55 1 QQ PROJfCTI ORY CREEK STATION 362 ♦ 55+• (EXAMPLE N0,2) 

CULV SIZEI ?, s.s~ s...s ROUND CONCRETE/,SOCKET END PROJlCTING INLET 

ANALYSIS TYPE1 Li.lUGAIION DESIGN 01-'8rn FREOl---d DHW1~8 1 00EI 
BARREL GEnMETRYI LENGTHS 90El SLOPt1A 1 ZSQOQI GVDI Z,OEl 
• * • * * * * • C U L V E R T P E R ~ 0 R M A N C E • • • • • • • • • 

I INFLOW IFLOODI OUTFLOW !HEAD I OUTLET IFROUDEIBRINK IFLOWl•••••POND****** 
IDISCHARGEIFREQ !DISCHARGE IHW,FTIVELOCITYI N0 0 IDEPTH ITYPfl AREA !DURATION 

485 CFS 25YR 485 CFS 7,2 13,7FPS 1 0 2 3,8FT IA•••••AC•••••••MJN 

MMP @fYJfW A A 120 ~ 
UO CFS 2YR U0 CFS 2. q !1 0 &1!:'PS o.s 1.on IGoo•ceACoooo•••MIN 

UMP REVIfw...B ~ 2b0 ~ 
21:10 CFS 5YR 260 CFS ". q 7 0 4FPS 0 0 7 ·J 0 8FT IG•••••AC•••••••MIN 

ztMl'.U REYJE:JIL.a ~ 3q5 ~ 

JQS CFS 10YR 3q5 CFS & • 3 11. u·i:is 1 0 l 30 3FT IA•••••AC•••••••MJN 

705 ~ 
705 CFS 50YR 705 CFS tO,O 15 0 5FPS 1.2 s.oFT VII••·••AC••···••MIN 

AMA@ ifVIf~.Q ~ 970 ~ 

'HO CFS lOOYR Q70 CFS 14 0 & 20 0 4FPS 1.s 5,SFT VIB•••••AC•••••••MJN 

••••DOWNSTREAM CHANNEL PERFORMANCE•••• 
TAIL• I •VEL(FPS)o I BED I OUTFLOW I 
WATER I MAX I AVf I SHEAR IDISCHARGEI 

Ll.7FT 7,6 s.2 t.59PSF '185.o CFS 

3 0 0FT '5 ·• '5 ti.I o.99PSF 12000 c~s 

J.@FT bob "." l 0 28PSF 26000 CFS 

L1 0 4FT 1.2 "0 q 1,48PSF 395 0 0 CFS 

5.4FT s.J 5.8 1.aJPSF 705.o CFS 

6 0 1FT 9,0 t,." 2 0 07PSF 970.0 CFS 

I-' 
t.n 
0 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 

CULVERT PFRFORMANCE PRINT OPJION NO, 1 

STATION& - ,&2.~s.00 PROJECT& ORY CREEK STATION 3b2+55+• (EXAMPLE N0,2) 

CULV SIZE&?• b.SX boS ROUND METAL C SPP )/ COMMERICAL END(FE) INLET 
ANALYSIS TYPE& XRRIGAILDN DESIGN Q1J65CES FRfQl___,111,,i DHW1pa.ooil 

BARREL GEOMETRY& LENGTH& 90EI SLOPE1~.z50001 GVD•...I.oEi 

* * • • * * • • C U L V E R T P E R F O R M A N C E • * * • • • • • • 
I INFLOW IFLOODI OUTFLOW IHEAO I OUTLET IFROUDEIBRINK IFLOWt•••••POND•••••• 
IDISCHARGEIFREQ !DISCHARGE IHW,FTIVELOCITYI N0 0 !DEPTH ITYPfl ARFA !DURATION 

485 CFS 25YR 485 CFS 8,0 l0 0 AFPS o,q 4,2FT V••••\AC•••••••MJN 

UUt RE VIEW Q !a: 120 u..a.&& 

120 CFS 2YR 120 CFS 2.q 4~1FPS 0, 4 1.on IIIA•••••At•••••••MIN 

aaaaa BEMIE~ Q 1;i 2b0 ~ 
2b0 CFS '5YR 2b0 CFS 4,'5 b,I.IFPS O,b 3,8FT IIIA•••••AC•••••••MIN 

••••• BEMIEDI Q = 3q5 ~ 

3q5 CFS IOYR 3q5 CFS '5,8 8. lFPS 0,7 4, 4F T IIIA•••••AC•••••••MIN 

••••• SEMI~~ Q ~ 705 AU.&& 

705 CFS '50YR 705 cu 1 0 .1.1 12 0 8FPS 1 • 0 s.oFT V•••••AC•••••••MIN 

••••• BEMIEII Q • q70 ~ 
q70 CFS tOOYR cno CFS t 4 1 'I 1'5 0 bFPS 1 • l 5 0 8FT V•••••AC•••••••MIN 

••••DOWNSTREAM CHANNEL PERFORMANCE•••• 
TAIL• I •VEL(FPSl• I BED I OUTFLOW I 
WATER t MAX I AVt I SHfAR IOlSCHARGEI 

4 0 7F T 7 IC '5,2 1, 5qp5F 48'5,0 Cf'S 

30 OFT S,5 4 , 1 o,qqpsF 120,0 CFS 

3.an b,b 4 1 LI 1,28PSF 2b0,0 CFS 

4 0 4FT 7,2 4,q t,48PSF 3qt;,O CFS 

5 0 4FT 8,3 5,8 1,8JPSF 705,0 CFS 

b 0 1FT - q. 0 f:1 1 4 2 0 07PSF q10.o c·Fs 

>-' 
l/1 
>-' 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••* HYDRAULICS.SECTION 

CULVE;T PERFORMANCE 
STAT1 Nt lb?t55,0Q 
CUL~ IZEI 1• 9,QX 

I 

PRINT OPTION NO, t 

PROJECTI ORY CREEK STATION lb2+55+• (EXAMPLE N0,2) 

~ CONCRETE ELLIPSEC'HORIZ AXIS)/,SOCKFT END PROJECTING INLET 

BARRE GEOMETRYI LENGTHI _90El SLOPE1.01 ISOQQI GVD~ J,QEI 
ANALYjIS TYPEI JRBIGUION Pf'SIGtii Q1 485Cf'S FREQt_....lal,,l DHW1 8 AAU 

• • • • * * * • C U L V E R T P E R F O R M A N C E. * * o o ·• * • • • ***•DOWNSTREAM [CHANNEL 
I INFL W IFL □so1 OUTFLOW 'HEAD I OUTLET IFROUDE18RINK IFLOWl•••••POND•••••• I TAIL• I •VEL~FPS>• I 
IDISCl-i~RGEIFRE DISCHARGE 11w,FT VELOCITvt NO, IDEPT11 1TYPf1 AREA !DURATION I WAfER I MAll II AV£ 1 

485 ~FS 25YA 485 CFS 7,9 to,4,PS 1.s 1,1,T IA••·••AC••···••MIN 4,7FT 7,& 5,2 

aaau HIUilll Iii • 120~. 
uo c:,a 

I 
'lYR 120 CFS 3,3 5, lFPS 0,5 J,OFT IG•••••AC•••••••MJN l,OFT s.s 4,l 

··-·~·- ~-~~-J~-~ j • 
2&0,...._.,... 

2&0 CFS SVR 2b0 CFS 5,1 13,SFPS l. 5 2,bFT IA••••~AC•••••••MJN 30 8FT b • b 4,4 

••••• SEM1£.111 Q • 3q5 u..&&4 

3q5 CFS IOVR 3q5 CFS . "· 7 l '5 ,.SFPS 1.s 3 • 3F T IA•*•••AC•••****MIN ll,4FT 1.2 4. q 

•••aa &E~lill Iii• 705,A,&,U& 

705 crs 50YR 705 CFS 12, l 17,7FPS I • 4 4 0 qF T ID••***AC•••••••MtN 5 0 4F T 8,1 5 • 8 · 

aaaa• &EMIEW Q = q70..........., 

q70 CfS lOOVR q70 CFS 14,q 21,IFPS l,S o,OFT VIB•••••AC•*****•MIN o,lFT q,o &,4 

PERFORMANCE•••• 
BED I OUTFLOW I 

SHEAR IOISCHA~GEI 

t,59PSF 485,0 CFS 

0 ,99PSF 120,0 CFS 

l,28PSF 2&0,0 CFS 

1,48PSF 3,q'5,0 CFS 

l,83PSF 705,0 CFS 

2,07PSF 970,0 CFS 

I-' 
u, 
N 



WYOMING HIGHWAY DEPARTMlNT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 

CULVERT PERFORMANCE _PRI~i-~~~ION NO, l 

STATION1 3b?t5S OQ PROJECTI ORY CREEK STATION 3b2t55t• (EXAMPLE N0,2) 

CULV SIZEI 2 ■ 2,ux s.i METAL PIPE ARCH / UNPAVEO /MITERED•STEP BEVEL INLET 

ANALYSIS TYPEI JRRIGAitPN DESIGN Qi Q8SCE-S FREQ:---,WB OHW1 &.ooft 
BARREL GEOMETRYI LENGTHI 90ft SLOPE 1 Q1 ISOOOl GVDI I.Oft 

* * • • • * * * C U L V E R T P E R F O ~ M A N C E * * * * * • • * • 
I INFLOW IFLOOOI OUTFLO~ IHEAO I OUTLET IFROUDEIBRIN~ IFLOWl•••••POND•••••• 
IDISCHARGEIF'REQ !DISCHARGE IHW,FTIVELOCITYI NO, IDEPTH ITYPfl AREA !DURATION 

118'5 CFS 25YR 118'5 CFS 718 11,tFPS 1,0 3,SFT V•••••AC•••••••MIN 

ttttt REVIEW A 5 120 ,U.&.U, 

120 CFS 2YR 120 CF'S 2.7 3, JFPS o.3 3, OF l IIIA•••••AC•••••••MIN 

a.au.a REIIIEl!j (ii = ZbO ~ 

2f>O CFS SYR 260 CFS lj I '5 5,bFPS 0,5 J, BF T IIJA•••••AC•••••••MIN 

••••• BEWIE~ Q = 3qlj A,UI..&. 

Jq5 CFS lOYR 3q5 CFS b 1 7 . 10,lFPS l • O 312FT V•••••AC•******MIN 

***•* BiWl~li .Q = 705 .t.&U..\ 

70'5 CFS 150YR 705 CF'S I t I q 12 1bFPS 1 1 0 5, tFT VIB•••••AC•••••••MIN 

aataa BEMJElii lit: q 7 ·o .u.a..u. 
q;o CFS lOOYR q70 CFS l q • 0 17, JFPS 1 • lj s. tFT VIB•••••AC•••••••MJN 

••••DOWNSTREAM CHANNEL PERFORMANCE•*** 

TAIL• I •VEL FPS>• I 8ED I OUTFLOW I 
WATER I MA~ AVE I SHEAR IDISCHARGEI 

II 1 7F T 7 1 b 5,2 1,5qp5f 118'5,0 CFS 

310FT 5,'5 II I l o,qqpsF 120 1 0 CFS 

3,8FT b, b ti I II 1,28PSF 2t,0 1 0 CFS 

II, 4F T 7.2 11. q l 1U8PSF 3q5,o CFS 

5,4FT 8,3 5,8 l 183PSF 705,0 CFS 

b1lFT q,o b14 2 107PSF q70,o CFS 

f-' 
u, 
c.,., 



. WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT PERFORMANCE PRINT OPTION NO~ l 
STATIONI lb2t55,QQ PROJEc'n ·oRY"CREEK · ., STATION :u,?+55+• CEl<AMPLE N0,2) 

CULV SIZEI i!e 28 1¥. M,5 C_ONCRETE ARCH /,SOCKET END PROJECTING INLET 
. . 
- - ' 

ANALYSIS TYPEI lBRIGAJION PESJQI _QI M85CES FREQl___,kiB DHW1 8 DOIL - f. '-· . ·-•··,, 

BARREL GEOMETRYI LENGTHI 90ft SLOPE•0,750.00J GVD1_z.A.Et 

* * * * * * * * C U L V E R T P E R F O R M A N C E * * * * * * • * * 
I INFLOW !FLOOD I OUT now· !HEAD ' OUTLET I FROUOf I BRINI< I FLOW I ****•POND****** 
IDISCHARGEIFREQ !DISCHARGE IHW,FTIVELOCITYI NO, IDEPTH tTYPfl AREA !DURATION 

485 CFS 25VR 1185 CFI 7,2 q,o,PS· - 0,·1 q,5,-r IE*****AC*******MIN 

u•ee AfVJUA • 120 &&&U. 

120 CFS 2VR 120 CFS 2,5 3,2FPS· 0 0 } l,OFT IG•••••AC•••••••MJN 

•uo REVIEW A • 2&0 _U,LU. 

2ti0 CFS 5VR 2b0 CFS 11,0· 5,4FPS. 0.5 1,8FT IG•••••AC*******MIN 

Ut*t BFYJU Q • -Jqs ...U.U. 
3CJ'5 CFS IOYR JCl5 CFS '5. 1 1,4FPS 0 ~-b 4 0 4FT IG•••••AC*******~IN 

tit*~ RFYIE~ A~ 705 u.a.&& 

705 CF.S 50YR 705 CFS l 2, lol 11.tFP~ I.I ". sn IVA•••••AC•******MIN 

••••• 8EWIE-_Q • :'J70 &4&&& 

'J70 CFS lOOYR q10 CFS u. 1 18,0FPS 1.s "•5FT VIB•••••AC•••****MIN 

****DOWNSTREAM CHANNEL PERFORMANCE•*** 
TAIL• I •VEL(F'PSl• I 8ED I OUTFL0"4 I 
WA-TER I MA)( I AVE I SHF.AR I OISCl-4ARGE I 

4,1FT 7 • b 5,2 l 0 51JPSF 118'5,0 CFS 

3,0FT 5,5 "al o,qqpsF 120,0 CFS 

1,8FT b, b "·" l,28PSF 2fl'0,0 CFS 

II• lff T 7,2 11,q t 0 48PSF 3Cl'5,0 CFS 

'5 0 4FT 8 • l '5a8 l 0 8}PSF 105a0 CFS 

&. IFT q. 0 "." 2,01PSF q70,o CFS 

I-' 
r.,, 
.i:,. 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 

CULVERT PERFORMANCE PRINT OPTION NO, t 

STATIONS 3b?tSS;oo. PRUJtct:-bRY CREEK STATION 3b2+55+• (EXAMPLE N0,2) 

CULV SIZEI I• 9,AK 5 A CONCRET~ ~OX/30 •75 DEGREE WINGWALL INLET & NO BEVfL 

ANALYSIS TYPE1 lRRIGAIIPN DESIGN IH Q85C.ES FREQl__w.i DHW1 8,A0El 

BARREL GEOMETRYI LENGTH•-9AE1 SLOPf'10, 0 75AAA1. GVD1 Z.Atl 
• * • • • • • • C U L V E R T P e· --R - F O R M A N C f • • • • • • * * • 

I INFLOW IFLOODI OUTFLOW IHEAO I OUTLET IFROUOEIBRINK IFLOWl•••••PONO•••••• 
IOJSCHARGEIFREQ IOISCHARGE IHW,FTIVELOCITYI NO, IDEPTH ITYPfl AREA IDURAT!ON 

485 CFS 25YR 485 CFS 7,8 15,SFPS 1,5 3~5FT ID•••••AC•••••••MJN 

tt••t REYIEW A= 120 ~ 

••••DOWNSTREAM CHANNEL PERFORMANCE•••• 

TAIL• I •VELCFPS)• I 8lD I OUTFLOW I 
WAfER I MAX I AV[ I SHEAR IDISCHA~GEI 

4,7FT 7 It, 5,2 1,sqPSF 485,0 CFS 

120 CFS 2YR 120 CFS 2,8 4~5FPS 0,5 3,0FT JG•••••AC•••••••MTN 3,0FT 5 1 5 . 4,l o,qqpsF 120,0 CFS 

t*ttt REYIEW A: 2&0 ~ 

2&0 CFS 5YR 2&0 CFS '5~4 12,qFPS 1,5 2 1 2FT IA•••••AC•••••••MIN 3,8FT b,& 4,4 l,28PSF 2&0,0 CFS 

·•••e't REV-Xf W ·g · ::a 3~5 &&&.U. 

3q5 CFS lOYR 3q5 CFS 6,7 t4,bFPS l~S 3 1 0FT IA•••••AC•••••••MIN 4,4FT 7,2 4,9 l,48PSF 3q5,o CFS 

ttt•t REYtfW Am ios .a.a.a.&.\ 

705 CFS SOYR 70'5 CFS. J2,7. p,lFPS l_,4 4,bFT JF•uuACtuuuMJN 5,4FT 8,3 5,8 t,83PSF 705,0 CFS 

U*t* REYIEW Q·111 ·cno .u.a.a.t. 

q70 CFS lOOYR 1no CFS'- i"6 1 5 21·0 t,FPS 1,7 S,OFT VIB****flAC*******MIN b 0 lFT q.o t, 1 4 2,07PSF 1170,0 CFS 

ALL CULVERT TYPES REQUESTEb ~~VE ~EfN·DESIGNED 

f-' 
u, 
u, 
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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 fonn output fonnat was 
selected which provides the culvert perfonnance table for the requested 
design and•pertormance curve discharges. 
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WYOMING HIGHWAY DEPARTME~T 

PAECONSTRUCTION OIVISIO~ HYDRAULICS SECTION 
CHANNFL STAG£ DISCHARGE RELATIONSHIP 

DRY CREEi< SUTION Mtt,+'55+• (EXAfolPLE NO,]) 

CHANNEL SLOP[• 0,00940FT/FT 

STAGE DISCHARGE INPUT VERIFICATION 
INPUT VERIFIED? 

DESIGNER- CHlCKER_ 

DEPTH DISCHARGE MAX, VELOCITY 

8•jo l~:i& 8•9o 
I 0 2°LIO . i=~g f8o ~of:~8 :oo :20 . 08,bO b,40 

b,iO 652,10 7, lO 
. 1 8 ni;:u 8:i8 q:o 
10, JO :u1.1q,110 · 1 0 I 3_0 

0 

/ 

'""' u, 
<D 



WYOMING HIGHWAY DEPARTMENT 

ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 
STAGE STORAGE 

DRY I CREEK STATION lM,+55+• (EXAMPLE NO, l) 

INPUT VERIFICATION 

PAGE l 
l 2/ll/7CJ 

o INPUT VERIFIED? 

DESIGNER - CHECKER -DEPT* STORAGE AREA TABLE INPUTED 

I--' 

°' 0 



WYOMING HIGHwAY DEPARTMENT 

ENGINEERING DIRECTORATE •••••••• HYDRAULICS SECTION 
STAGE STORAGE 

DRY CREEK STATION lb&t55t• (EXAMPLE NO,l) 
COMPUTATIONAL RESULTS 

PAGE 2 
1211111q 

DEPTH (FT) STORAGE (ACRE•FT) AREA INUNDATED (ACRES) 

o.o 
0,70 
1 , 10 
5,110 

1 0, JO 
13.110 
l 70 
10:ao 
tt,70 

0,0 
0,02 
O,Ob 
I , '52 
b,80 
b I <H, 
1,511 
7 I 77 

10,18 

o,o 
0,0& o,oq 
O,':>IJ 
1,0IJ 
1 I 8 \ 
2,20 
2, lo 
l,2& 

...... 
a, 
...... 



WYOMING HIGHWAY DEPARTMENT 
ENGINf[RING DIRECTORATE *~****** HYDR•ULICS SECTION 

CULVERT PERFORMANCE PRHH OPTION. NO, t 

STATIONS lbbt55 OQ, PROJECT& ORY CREEK STATION lM1+55+. (EXAMPLE NO, l) 

CULV SIZfl 1 ■ 1 1 0¥ Z.Q.~OUN~ CONCRETE/,SOCKET ENO PROJECTING INLET . ,... . . , . 

ANALYSIS TYPE1 DBAJNAG[ DESJG~ 4 GI 810CE$ FREQl-2.S.X,i DHWJ1l,00fl 

BARREL G[OMETRYI LENGTH~ ,n,ty SLOPf•J_OOOOOI GVDI ~.oft 
* • • * • t * * CUL V-E RT PERFORMANCE·** t * * * t * * 

I INFLOW IFL08D1 OUTFLOW IHEAO I OUTLET IFROUOEIBRINK tFLOWltttt•ll'OND••···· 
D SC~ARGEtFRE IOISCHARGE H~~FT VELOCITY NO, DEPTH tTYPfl ARlA !DURATION 

~ 

5qq CFS 25YR 578 CFS 12,0 t8 1 8FPS'· 1,5 5 • 2FT ID 4,0AC l40MIN 

..... RfYJf W Q • 170· .........,.. 

tflt c,s 2YR \t;9 CFS .. I 7 t 3~8,,S , .. i! • "n IA 0,5AC 1129MIN 

a•t•t RfYJfw Q • 150 .u.&& 
J08CFS 5YR JOl CFS b,8 l t,ilff PS I It, l,4FT IA 0,7AC IIOlMJN 

ltttt RfYJFW g • 530 ~ 
IH,7 -CFS lOYR 41 Jq CFS q_o 17,'9FPS l,;5 4 1 lFl IA o_qAc lb9MJN 

ttttt RfVJ[W A• 1080 •.♦••••••. 

72Z CFS 50YR t,89 CFS l!l,O l 8, C1F_PS l I l b, lFT ID 12,IAC l55MIN 

..... RfVlfli :A' • n4'o ~ 
910 CFS 1 OOYR 8711 CFS 17,l .22,9FPS .1~5 b 1 8F~ VII 17,bAC 3'qf'IJN 

***•DOWNSTRfA~ CHANNEL PERFORMANCE•*** 
TAIL• I tVfL(FPS)t 
WATER I MAX I AVf 

BED 
SHEAR lo1~t~~~~EI 

5 0 4FT t, 0 & •••• •••••PSF 578,3 CFS 

1. 1,1 q_b **** •••••PS, lS._5 c,s 

·11 0 2FT 5 0 4 **** •••••PSF 104,0 CFS 

4,9FT 'b,I **** •••••PSF 43q,6 CFS 

5 0 8FT &,CJ **** •-•••PSF b8C1 1 l CFS 

6,IIFT 7iJ **** •••••PSF 874,1 CFS 

***** NOlEI STAGE DISCHARGE TABLE IN,UTED, AVERAGE VfLOCITY ANO BED SHEAR CAN NOT 8[ CALCULATED 

I-' 

°' N 
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WYOMING HIGHWAY DEPARTMfNT 
ENGINEERING DIRECTORATE ****••·· HYD~AU(Ics SECTION 

CULVERT PERFORMANCE ~it~~~OPfION N□ ,ut 

STAlHlNl-\bhtSS,0-Q PROJECTS .DRY CREEK. STATION ]bbt55+• (EXAMPLE NU,J) 
' ~ . 

CULV SlZEI ,_ a.sx 6,S ROUND METAL C SPP ~>I COMMERJCAL END(FE) INLfT 

ANALYSIS TYPEI DRAXNAGE DESIGN QI BIOCES FREQ1..2S,;ti DHW1~?.PQFI 
BARREL GEOMETRY I LENGTHl-f0'\El SLOPEit',ooooox "GVDl,.,S,0tl 
**."Ir Ir** c· u L"V e:·R-.T' ,! p E"R:'F·o'·R·M AN CE **Ir Ir**** Ir ****DOWNSTREAM CHANNtL PlRFORMANCf•*** 

I INFLOW IFLOODI OUTFLOW !HEAD I OUTLET IFROUDEIBRINK IFLOWl•••••P□ND****** I 
IDISCHARGEl~REQ !DISCHARGE IHW,FTIVELOCITVI "10, '!DEPTH ITYPEI AREA IDURATlOt.1 I 

5qq CFS 25YR b00 CFS 11 ~b ·! n,bFPS - . ,~o b,2FT V l, lAC J40MJN 

-1 : 11 0 ~ &.a.a&• BEWIEltil Q : 

lb1 CFS 2YR lb0 CFS.·: 4~2 7,9FPS 0,8 1, ]FT I I I A 0, 4 AC 42qMIN 

a.a.11aa BEMIE.lrll.Q = ]SO ,a.U.U. · 
H2- CFS c;yR 112 CFS b,; J_ •- t0_~bFPS. 0 ,-q .. 4,4FT IIA 

' 
0,bAC 401 MIN 

.a.a.a.u. R E ~ I E ill Q = 5 JO •,&..U.ai. ., 

4b7 CFS 10YR 457 CFS - 8 ~ 1- - 12,2rPs ' o.9 5,4FT JI A 0,8AC JbqMIN 
;-

Utt* REyX_EW Q s 10~0 .&.&U& , ... ,, ... 
7qq CFS 50YR 75& CFS 11-1,0 15,I-IFPS 1 , 0 b,9FT V q, I-IAC 3'55MJN 

uo• REVIEW A ·1, nqo ~ 
HO CFS t00YR 880 CFS l&,,·3 lb,qF'PS ld 7 1 ]F' T V 1'5,&AC JqqMtN 

TAIL• I •VEL(FPS)• 
WATER I MAX I AVE 

5,5FT b,b *•** 

1, 1Fl 4,b •••• 

I.I ,2FT '5 I ', •••• 

4, 9F T b,2 •••• 

&,OFT 7,0 • *. * 

b,ilFT 7 I 4 •••• 
**,.** NOTEI 

STAGE DISCHARGE TABLE INPUTED, AVERAGE VELOCITY AND B~D SHEAR CAN NOT RE CALCULATED 

SED I OUTFLOW I 
SHEAR -IDISC:HARGE.1 

*****PSF b00,2 CFS 

•••••PSF lb0,1 CFS 

•••••PSF :512,5 CFS 

•••••PSF 1.157,7 CFS 

•••••PSF 75&,4 CFS 

•••••PSF 880,b CFS 

f-' 

°' t,.J 



, : ~ 1 ' : ,1; . -; '~:·_ . ,: ~ . 

WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DI~ECTORATf ***~**** HYDRAULICS SECTION 

CULVERT PERFORMANCE PRINT'··oPTION Nn. ·1 

ST,A!IONI . Uta+SS 1 QQ PROJECT& DRY CREEt,; SHTlON 3&&+'5'5 ♦- (HAMPLE NO,J) 

CULV SJZEI 1, 8,9¥ 5,Z CONCRElE ELLIPSE(HORIZ AXIS)/,SOCKET END PROJECTING INLET 
ANALYSIS TVPE1 08tJNlGf 0EIJyN 
BARREL GEOMETRYI LENGTH I I Ol'f:E 
* * * * * * * * C U L V E R T 

Ot 81QCES FREQ1....2.!ln DHWIJ?,OAEI 

SLOPi•J:abOAOI ~VOi A,o£i 
. P E R F O R M A N C E • * • • • • • * • 

I ·INFLOW I FLOOD I OUTFLOW- !HEAD , OUTLET, IFROUDEIBRIN.K IFL □W1•··••POND••···· 
DISC~ARGEtFREQ IOISCHARGE tHW,FTIVELOClTY NO~ tDEPTH tTYPf ARfA !DURATION 

&5b CFS 25YR b05 CFS 1·1,3 1q 1 JFPS' 1,7 4,tFT ID 2,8AC 340MIN 

. ' ' &•1a1 8EMIE1ff'Q a: 170 .a.&.UA 

l&l CFS 2YR 1&0 CFS 4 I() b,bFPS O,b J, JF T IG 0,4AC 4'2C1MJN 

11111 iEYIEW'.Q m' J50u..&.u. 

H2 CFS 5YR 318 CFS b, 0 '. 1&~1FPS . 1 1 7 2.1n IA 0,6AC 40lMIN 

••••• BEMlEli Iii= 510 .&.UU. 

4b7 CFS tOYR 450 CFS a;o 17,qFPS 1 I 7 J, 4F T JA 0,8AC JbqMJN 

uua iFYIEW Q a;_ 1080 .t&U4 

722 CFS 50YR 713 CFS 14,2 lQ,bFPS 1.6 4,7FT IF q,QAC 3'5'5MIN 

..... RfYIEW Q II lJQO ~ 

821 CFS IOOYR 803 CFS 17,0 IQ,'SFPS I • II 5, 7FT IVA 17 ,4AC 2QqMIN 

***** NOTE.I 

••••DOWNSTREAM CHANNEL PERFORMANCE•*** 

TAIL• I •VEL(FPS)• I BED I OUTFLOW I 
WATER I MAX I AVE t SHEAR tOISCHARGEI 

5. '5FT t, 0 7 **** •••••PSF &0'5 1 8 CFS 

J. JFT 4 , b **** •••••PSF lbl,O CFS 

4, JF T '5 1 5 •••• •••••PSF 318,8 CFS 

4, QF T b, 1 **** •••••PSF 1150,2 CFS 

'5,QFT I) I q •• * • •••••PSF 7 ll.1 CFS 

6, 1 FT 7,2 **** •••••PSF 803,b CFS 

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

I-' 

°' .i:,. 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT PERFORMANCE PRINT OPTION NO, 1 
STATfoN1-'=3bb ♦SS,OQ PROJECTS DRY CREEK STATION 3b6+55+• (EXAMPLE N0,3) 
CULYISIZEI ,, 9,3¥ b,l METAL PIPE ARCH / UNPAVED /MITERED•ST[P BEVEL INLET 

ANALYSIS TVPEI 0RUN♦GE PESIGbl . QI 61QCES FREQl..,2SU DH•uu.oon 

BARRiL GEOMETRYI LENGTHS, 101EI SLOPE11,ooooox GVDI s.,ou 
• ~ * * * • * • CULVERT 'pt RF ORMAN CE * * * * * * * * * 

I. INFLOW IFLOODI OUTFLOW IHEAD I OUTLET IFROUDEIBRINK IFLOWl••·••POND•••*** 
DISC~ARGEIFAEQ !DISCHARGE HW,FTIVELOCITYI NO, IDEPTH ITY~fl AREA !DURATION 

5q9(CFS 25YR 574 CFS 11,9 l4,2FPS 1,l 5,0FT V 3,9AC l40MJN 

u•u REYIEli' Q a: 170 ~ 
161 ICFS 2YR 1b1 CFS },9 S 1 9FPS. 0,6 l,JFT IIIA 0,4AC 42qMJN 

t•••• REVIEW.Q = 350 &&&.a& 

112 !cFs 5YR ]17 CFS 6.0 9,0F'PS 0,8 4,2FT IIIA 01 6AC ~ 401MJN 

U*** BfVTEW Q • 530 .u.&U 
ti29 ICFS 10YR ·423 CFS 8,9 · 12,0FPS 11 0 4 1 JFT v o,qAc l6C1MJN 

••••• REVIEW Q • 1080 ~ 
722 CFS. 50YR UO CFS 14,q 16,2FPS 1,2 S,4FT V tl,qAC 355MJN 

***** REVIEW Q.■ lJqo .a..u.&A. 

Bil 
1

CFS l 00YR 7 8 4 CFS · l 7,, 7 17,qFPS 1,3 5,6'1 V l q, :SAC 2qC1MJN 

••••DOWNSTREAj' CHANNEL PERFORMANCE•••• 
I TAIL• I *VE (FPS)• I BfO I OUTFLOW I 
I WATER I MAX I AVE I SHEAR IOISCHARGEI 

5,4FT 6 1 **** •••••PSF 57U,5 CFS 

l. Jf T II,~ **** •••••PSF 161 1 4 CFS 

4,2FT 5 1 ~ **** •••••PSF 317,11 CFS 

'l,8FT 6,~ **** ***••PSF 423,2 CFS 

5,8FT 6,~ **** •••••PSF 6q0,8 CFS 

6, lF T 7,ll **** **•**PSF 7811,l CFS 

***** NOTEI 
· STAGE 1>1SCHARGE usu· INPUTED, AVERAGE ·vnoc1n ANO ·8[0· S+tE,\R CAN> "!OT BE CALCULATED 

I 

I-' 

°' u, 



ENGINEERING 
WYOMING HIGHWAY -DEPARTMENT 

DIRECTORATE •••••••• HYDRAULICS SECTION 
CULVERT PERFORMANCE . PRINT OPTION NO, 1 

STATION1· _ lU.S5,0Q PROJECTI ORV CREEi< STATION 3bb+55+• (EOMPLE N0 1 l) 

CULV SIZEI ?r %.}¥ "·' CONCRETE ARCH ,,s□tKET £ND PROJECTING INLET 
ANALYSIS TYPEI DiAINAGE DESIGN QI 8JO(ES FREQI~ DHW11z.ooft 

BARREL GEOMfTRYI LENGTHI 103[1 SLOPE1l.A4000~ GVD1-S1.0fl 
• * ·• * * * * * C U L I/ E R T P E R F O R M A N C E • * • ,. • • • * * 

' ' ' 

I INFLOW IFLDODI OUTFLOW !HEAD I OUTLET IFROUDEIBRINK IFLOWl"****POND****** 
IOISCHARGEIFREQ !DISCHARGE IHW,FTIVELOCITYI NO, IDf.PTH ITYPfl AREA !DURATION 

&Sb CFS l'5YR bl6 CFS_ \O,b 1\,QFP~ 1,0 q,SFT IVA 2,0AC 140MIN 

aaaaa iEMIE- Q :a 170 l.,&.&.,U. 

to8 CFS 2VR lo2 CFS JI Q J 0 qfp5 0 • ti JI JF T IG O,lAC 1.12QMJN 

aaaaa BEMIEII _.Q = 1'50~ 
Jq 7 CFS '5VR HS CFS QI Q 0 0 JFPS 0 .'i q I Jf' T IG 0,'5AC I.IOlMIN 

uua BEli!Iflll Iii = 'HO~ 
Qt,7 CFS 10VR tlt,2 CFS o,a 8 1 t,FPS 0.1 I.I I S_F T IE 0,7AC Jt,QMJN 

uua Qfli!JEW A = ioao .&&&.U. 

7qq CFS '50VR 73Q CFS 11 0 l 11 0 7FPS 1 • 1 t1 0 5Fl IVA 7,7AC l'5'5M IN 

-U*.U REII_IEW A, 11 1 JQO, U,.&.&.A 

cno CFS 100YR 827 CFS 1 t> • 1 l '5 0 4,FPS ' . ~ _ I.I, 5F T IVA 1'5,0AC 29QMlN 

* u•• NDTf I 

.****DOWNSTREAM°CHANNEL PERFORMANCE•*** 

TAIL• I •VEqFPSl* I 8EO I OUTFLOW I 
WATER I MAX ! AV I SHEAR IDISCHARGEI 

5,bFT b,7 **** •••••PSF bl8,7 CFS 

l 0 JFl II, b **** •••••PSF 11:tl,0 CFS 

1.1, lF T '5,b **** ****•PSF H'!i I I.I CFS 

s.on 0 0 2 .. * ** •••••PSF Qb2,7 CFS 

· S 0 QFT 1.0 **** •••••PSF BQ.2 CFS 

b 0 2FT. 1.2 **** •••-•PSF 827.ti CFS 

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

I-' 

°' °' 



ENGINHRING 

CULVERT PERrORMANCE 
STATIONt - · \hot55. 

CULV SilEI le Z,QX 

WYOMING HIGHWAY DEPARTMENT 
DIRECTORATE ******** HYDRAULICS SECTION 

PRINT OPTION NO, 1 
PROJECTS DRY CREEi< STATION 366+55+• (EXAMPLE NO,l) 

ti..,A CONCRETE BOX/JO •75 DEGREE WINGWALL INLET & NO BEVEL 
ANALYSIS TVPEI DRAINAGE PESJli";,. CH AIO:CLS FRfQI~ OHIIIIJ.i.AAE-I 

BARREL GfDMETRVr LENGTHI IOlFJ SLOPf,J ,OOAAQ1 GVD•-----R.OU 

• * * • • • • * C U L V E R T P E R F O R M A N C E • • * • • • • • * ****DDWNSTREA_M 'CHANNEL PERFORMANCE**** 
I 

I INFLOW IFLOODI OUlFLOW !HEAD I OUTLET IFROUDEIBRINI< IFLOWl•****POND****** I TAIL• I •VH(FPS)• I BED I OUTFLOW , 
IDISCHARGflFREQ IDtS HARGE IHW,FTIVELOCITYI NO, IOF:PTH ITYPEI A_Rt.A IOURH_r □ N I WATE.R I MAX II AVE I SI-IEAR IOISCHARGEI 

5qq CFS 2SYR 591 crs 11,6 18,lFPS _ 1,5 4,7FT ID l,1AC JI.IOMJN S,'iFT b,b •••• •••••PSF ~91,8 CFS 

aaaaa &EMEJII_ Q = .I 7 0 ~ 
161 CF'S ZVR 11§9 CFS 4,Z. 12,l!FPS . l , 7 l,l!FT IA o, iuc 1.129MJN J, JFT I.I• b •••• ••••-PSF 159,b CFS 

••••• BE~li- g ~ 350 &,U.U._ 

nz CFS 'iYR 111 CFS 6,J t5,'5FPS 1 1 6 2,qFT IA 0 1 6AC 1.101 MJN 4,2FT 'i,5 * * ** •••••PSF lll,7 CFS 

i&l&a• iEMl~li Iii s ~JO &&&U.-

467 CFS lOYR 4414 c,s . : _8, 1.1 I 7 1 _OFPS~, _ l I ';i J, 7F_T IA 0,8AC J69MJN 4, 9FT 6, l "'*** •••••PSF 441.1,2 CFS 
I 

....... lfl(Ifl!! Q • 1080 ........ 

1li c,s 50YFI flfJfJ CFS- 11.1,., . . u.ef'PS r.11 . 5. ],T'·- IO ll 1 0AC ]55MJN 5,8f'T fl. q •••• *"*••PS,- flCJfJ 1 9 CFS 

MM* lf¥~0 Q II l J'IO U.,..U. 

821 c,s lOOYR 788 CFS l7. 4 19,lFPS l, 4 5,8FT IF 18,&AC 299,.,JN fl, l ,- T 7 • l •••• ..... ,s, 188 1 i CFS 

"**** r.t0T£1 . . . ' 
STAGE DISCHARGE TABLE INPUTED, AVERA&[ VELOCITY AND BED SH-fAR CAN NOT 8E CALCULATE~ 

ALL CULVERT TYP[S REQUEST[O HAVE SEEN O[SJGNEO ,_. 
°' ...._, 
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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 curve discharges. 

' 



FORM C-16 
Rev. 3/11/69 

I COMM 

1,(1101 C::C I 

I 2 3 5 nm A 0 
T D 

K E A E, ,
6 

,t", 

ENTRY I 

15, 

WYOMING STATE HIGHWAY DEPARTMENT 

ENTRY 2 

25 

CHEYENNE. WYOMING 
BRIDGE DIVISION 

DESIGN SYSTEM 

-1-,S",S-,:t" 

ENTRY 3 

35 

0 

· ENTRY 4 

45 

SHEET NO _ __._ __ OF _± 
BY :T £ If DATE ~//9/78 

' , 
CHECKED '2 B . 

64 

66 
C 

ENTRY 5 ENTRY 6 IO 
N 

55 65'T 

0 I,, . I t 
/,. ,/ l 
.,,, ,9-, l 

0,.,0,3,·z 

o, 
' I I I L, .5 BB,. ,2.. . I I 11 

o, I ' I ' I l-'371:J,.,I, ' I ' it 
. ,o 

E ' I I I ~3,B.8,., I, . I I ,1 

l______L_ 

0 Q..u I 10J,. 1o 1 

Q o,. o,. ,0, I I 

TRAILER CARD 

I 3 
N~ A trailer card must follow the last structure card containing data 

I I I 

I I I 

I Fc' o, 
I Q,.~ 

I-' 
C]\ 

'-D 



FORM c- 16 WYOMING STATE HIGHWAY DEPARTMENT 
Rev. 3/) 1/69 CHEYENNE WYOMING SHEET NO 2 OF_Z,_ 

BRIDGE DIVISION BY JEk DATE 6,/ l't./..28. 
~ . 

CHECKED OB 
DESIGN SYSTEM 

I COMMENT_ CA8D 64 

lwl ~ • I 1 :::r:::G:).,,I +-:-t::G::i: I 
I 2 3 
WC~-

5 
D C' 
A 0 0 

R D 
K E 

T 
A 

ENTRY I ENTRY 2 

15 25 

/,8,. 

2,. 10 

z,; 

ENTRY 3 ENTRY 4 

35 

-3 

3('1_,. 

s,.,Q 
z,,10 

ENTRY 5 

45 55 

6§ 
C 

ENTRY 6 IO 
N 

65'T 

, , I YI I I I ,v,. I\ ,ll I I IL.I I• IV l ' I l I I I I I I I I , I ) I ] I I I I ___L..j____ I I I I 

1---.__..__.._..__~--L---L-...,__,_-+-__._~__,___,__,__,__,__,___,._-t~~-~'---''--''--'--'--~~+-.,___...._...,_J_J___,__L_L_L I I I I 

TRAILER CARD 

9.9 
I 3 

NOif._: A trailer cord must follow the lost structure card containing data f-' 
-.._J 

0 



••• NOH 

WYOMING HIGHWAY DlPARTMfNT 

. PRfCONSfRUCTION DIVISION HYDRAULICS SECTION 

f)RY CREEK 

)( ( 1 ) 
l( ( ~l )( ( 

: ~ ~! 
)( ( 6) 
)( ( 7) 
X( 8) 
X( Q) 
X CI O l 
X Cl I) 

CHANNEL STAGE DISCHARG~ RFLATilJNSHIP 

STATJflN 361:>+">5+• noMPLE N(l.lJ) 

CHANNEL SLOP~ = o.ooq/JOFT/FT 

STAGE DISCHARGE INPUT VERJFJCATIUN 

= .. 1;,s.o y ( I > :: 5 385, /J MANNINGS NUMBE.R 
= •71,0 y ( ~l :: r., VI.?• I MANN[NGS·NUM'◄ ~R 

= • 35, 0 y ( :: . S l8 I , I MAIIINJ"JGS NU~~I-IJ=:Q 
= •20 • 0 y ( lJ ) : ':d7t,,5 MANNINGS NlJMBE~ 
= •5,0 V ( ',) = ",37,?,IJ MANNINGS NUMflFR 
= . o,o YC o) : '5371,l MANNT"JGS NU"'RER 
= l 5 • 0 y ( 7) : 53711,8 ."1ANNJI\JGS NU'-IH[R 
= :n .o y ( 8) = ':i ~8 0, 5 MANNTlllG~ NLJ~H~f:R 
= 50,0 y ( q) : 'i381J,£1 MANNII\IG, N!J~'AfR 
= Qo o Y C 1 0) : 5 .~8/J • o MANt-JINGS NUMBfR 
= I 1 \: J Y CI I ) :: 53A5,IJ MANNINGS NlJMRFR 

••• LAST POINT WAS INTERPOLATED 

lNPUT VE.RlFJiD? DESlGN R_ CH CK~R ___ 

.0110 
,OIJO 
• 0 /J 0 
,055 
,05"> 
• 0 ">5 
,055 
,0">5 
• 0 'i'i 
• 0 3 7 • 0, 7 

tr 

1--' 
---1 
t-' 



WYOMJNG HIGHWAY DEPARTMENT 

· PR[CUNSTRUCTION DIVISION HYO~AULICS SECTION 

CHANNEL STAGF DISCHARGl RELATJONSHIP 

DRY CRHK STATIQN 36b+55+.. (llCAMPLE. NO,LI) 

CHANNfL SLUP~ = o,ooq'IOFT/FT 

fLEVATt(lN Of PT H DISCHARGE VELOCyTY MAX, VE LDC I TY 

'5371,1 0,0 o,o o,o o,o 
'5371,11 0, 3 0,3 IJ,7 0,7 
'i371 7 O,b 1,8 t, 3 1,5 
<;372'0 o.q 5 ,-"i I , 7 2, I 
537.?:a 1 I 3 1 5 1 , ?,3 ? I II 
5372, 7 1 , b 26,3 2,fi 3, 3 
r:,,13,0 I I q tit. '5 ?,Q 3.7 
537\,3 2,2 bl,2 3,2 ti, I 
5373,b 2. c; !1'5,Q 3. 'i a,c; 
'5H3,q 2, II '!5,Q 3, A a,q 
537t1,?. J 1 1 1 1 7 a, t 5. ' 5371J,5 3, LI 1 q J: 8 ti, 3 5,6 

HJ~·? J·~ ~Gib, 5 a,a I,. i 02,h IJ, I, I 
5H'5:tl a • 3 36b, t 5, t 6, b 
', J 7_5 I 7 /JI b LI 3 7, 2 c; I .\ h I q 
t;J7b,O 11:q ",tb,J 5,b 7 2 
'B7b,~ ~·~ "P c; I A 1:s 
5f 6, t, 3:t, llj IQ 7,A 
5 7o,A ,'7 17b,.? "·? ;: \ 5377,1 & I 0 887,Q b, GI 
''n77 1 4 b:3 ·100Q,O ,, • I:, A,b 
'5177, 7 I,• b 113q,7 b, A A,q 
5378 0 b,Q 1280,11 7,(1 Q,2 
'i37fl 

1 
3 7,2 1£131,2 7,2 CJ,a 

'537A
0

b ~-i 15cn, 'I 7 I /J q,7 
'i37i:1

1
C/ 17bU,a 7,b IO, 0 

537q:2 8' t 1Q/17 I J 7,8 10,2 
C:i37CJ,5 A

1
ll 1 at, a 8 I,, 10,5 

~ui:f A
1

7 ~~iz-~ p,, 2 10,7 
q'o A, IJ 1 f I 0 

HR8:i i:, ~1ij\:l A,b I 1, 3 
fl, A 1 1 , b 

;j~l: A 10'! 3U~7:o q. 0 1~,8 10 I J$e~:~ q • 1 1 ·i s s1 1 1 10: C/,3 1 I 

'518 • 1 11 ,0 /1(139, ti CJ, 12,b 
5382,11 11, l 11808,(1 91(1 12·8 '5362, 7 11 I 520C/,5 q. s 3,0 
5183, 0 11 • 9 '5bLl2,1 Q,b 13. l f-' 

5 Jfl JI J 12,2 01oe 1 5 q. 7 13,5 __, 

H~~:t U·~ bb01,'5 q. 8 p,1 N 

1~t1g,u 10,0 3,Q 
'5J8U,2 1 3: t 7 Q IQ t O, 1 1 ti , 1 
'531111,11 13,J 8156,9 I O, 2 IIJ,3 



ELEVATION 

'5381',& 
SJ~Q,q 
5 385, 1 
53si;,11 

DEPTH 

1 \, 5 
I J, 8 
1 LI• t 
1~,J 

OISC.HARGE 

sr;7q,1 
92&1',q 

100!'5,9 
10578,9 

VfLOCITV 

1 0, J 
10,J 
10 1 LI 
10,s 

MAX, VfLOC I TV 

14 t '5 
111, 7 
111, 9 
1'5, 0 

I-' ___, 
V, 



WYOMING HIGHWAY DEPARTM~NT 

E.NGtf\lHRING DIRFCTORATf. ******** HYDRAUl ICS SECTION 

STAGE STORAGE 

Ol-ly CREEK STATION 3M,+'>5+• (EXAMPLE N0 0 4') 

Tf\lPUT VERIFICATIOf\l 

PAGE I 
01/03/80 

INPUT VERIFIED'? 

DESIGN~R 

UPSTREAM SLOPE : 0 0 0\0b0 FEET/FOOT 

ClolflSS SfCTl(l"-1 STATION= n,o 
X (OJSTANCE•FEET) 

• l 1 3. 00 
-57,00 
-1s.oo 
-12.00 

o.o 
20.00 __ 
ss.oo 
1\5.00 

I Cl 0 • 0 0 
t JIJ, 00 

CROSS SECTION STATION: 100,00 

Y CELfVATION•FfET) 

538Q.10 
5 3p, 7 • 7 0 
sv,8.20 
5378,50 
5377,110 

.. 5378,\0 
'5382 • 80 
53A7,A0 
53M, I 0 
">3AQ,b0 

X (DISTANCF•FffTl Y CEllVATION•FlEl) 

• l I 3 • 0 0' '· 
•57,00 
-35,00 , 
-12.00' 

o.o 
2b 0 00 
55,00 
P.5 0 00 

l~Z:88 

5J8Q,\0 
53"'7. 70 

. 53AA, 20 
5378,50 
5377,!I0 
s:.H8,to 
5382 0 80 
'5387,A0 

~i:8:l,8 

CHfCKfR 

I-' 
--.J 
.c,. 



WYOMING HlGHWAY DEPARTMENT 

ENGINEERING DIRE.CTOR~Tf ******** HYDRAULICS SECTION 

STAGf STORAGE 

DRY CREfK STATION Jbo+55+• (EXAMPLE N[J,tl) 

.C □~PUTATIONAL RFSULTS 

PAGE ? 
01103/80 

DEPTH (FT) STORAGE (ACRE•FT) AREA INUNDATED (ACRES) 

0. 0 , 
0.10· 
1 1 0 s:uo 

IO O JO 
10,40 
10,70 
10,80 
t 1 • 7 0 

0 1 0 , 
0.02 
o,~~ l • . 
b,80 
b,1 qb 
7. lj IJ 
7,77 

IO, 11'1 

0, 0 
O,Ob 
o oq 
o:su 
t,71J 
I• 8 I 
2,20 
C 1 30 
3,?6 

f-' 
'-I 
u, 



WYOMING HIGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVflH PfRFrJRMANCE PRINT OPTION N[). l -

ST AT JON t-Sbbt5S, QQ PR0Jf:CT I DRY CREEi< STAT ION 3bbt55+• (f_XAMPLE N0,1O 

CULV SIZES~ z,ax z,a ROUND C0NCRETE/,S0CHT END PRIIJECTING INU:T 
ANALYSIS TYPE! L)QAJNAGE RfYJfW Ql,..B.:.UU,.S. FRfQ1...2.5..:t.i DHw1 0,0 EI 

BARREL GEIIMETRYI LENGTHS !QUI SLOPE1J,00A0Q~ GVDI --A.PEI 

• * • • * • • * C U L V E R T P E R F 0 R M A N C E • * • * * * * * • 
I INFLOW IFL00DI OUTFLOW IHEAD I OUTLET IFR0UDEIBRINI< IFL0Wl•••••P0ND****** 
IDISCHARGEIFREQ !DISCHARGE IHW,FTIVEL0CITYI NO, IDEPTH ITYPEI AREA IDURATJ0N 

ic;qq CFS 25YR 578 CFS 12,0 18,arPs 1,5 5,2FT ID 3,qAC JilOMIN 

ttti.t REVIE;W A= 170 &&&.&4 

1b1 CFS 2YR !5q CFS il,7 1J,8FPS _ 1, b 2,ilFT IA O,SAC t12QMJN 

-.uu BEYIEW Q = 350~ 

J08 CFS SYR 304 CFS b, 8 lb,ilFPS 1, b 3, ilFT IA o,qAc il01MIN 

aaaaa&EWIEII_Q~ 'HO u.&.U 

ilb7 CFS lOYR 43q CFS q,o - 17 1 QFPS I • '5 4, JF T IA I, ilAC JbqMIN 

ttttt REVIEW Q ~ 1080 ~ 
722 CFS SOYR 674 CFS 1 ii, b 18,qFPS I I J 6 1 tFT ID 11,0AC Jl8MIN 

uua REYlE,!r/._,Q = 1:sqo ~ 

q JO CFS 100YR 87:S CFS I 7, 1 22,qFPS 1 • '5 6,BFT VIJ 17,&AC JQqMIN 

ALL CULVERT TYPES R~QUfSTED HAVE BEEN REVIEWED 

••••00WNSTREAM CHANNEL PERFORMANCE•*** 

TAIL• I •VEL(FPS)• I 8F.O I OUTFLOW I 
WATER I MAX I AVt I SHEAR IDISCHARGEI 

5.1 FT 7. ic; 5, 7 2,q1PSF 578,0 CFS 

3, 1FT 5,3 ti , 1 1,76PSF 1sq,5 CFS 

tl,OFT b,3 il,q 2,27PSF · JOi1 1 8 CFS 

4,6FT 7,0 S,J 2 0 b!PSF i1Jq 1 b CFS 

S, LIFT 7,8 s.q J,oqPSF 67/J,b CFS 

6 0 0F-T 8, 3 b • /J J 1 i11PSF 873,6 CFS 

I-' 
-.J 

°' 



WYOMlNG HtGHWAY DEPARTMENT 
ENGINEERING DIRECTORATE ******** HYDRAULICS SECTION 

CULVERT PERFORMANCE 

STATIUNI 3bbt55.AO 

CULV SJZEI le 8,U 

PRINT OPTION_NO. 1 

PROJECT! ORY CREEK STATION 3bb+'55+• (EXAMPLE NO,il) · 

a.,D. ROUND METAL C SPP )/ MlTERED•STEP BEVEL INL~T 

ANALYSIS TYPEI DRAINAGE RFYifW QI 810CES ~Rfa:-2.5.:Li DHWr_o.a Ft 
BARREL GEOMETRY! LENGTH: 103El SLOPE11,0QQQQ! GVDt.A.OLI 

• • • • • • * • C U l V E R T P E R F □ R M A N C E • • • • • • • • • 

I INFLOW IFLOODI OUTFLOW !HEAD I OUTLET IFRDUDEIBRINK IFLOWl••·••POND••···· 
OISCHARGEl~REQ IDISCHARGE IHW,FT VELOCITY NO, IDEPTH ITYPEI A~EA !DURATION 

5qq CFS 25YR 5b8 CFS 12 0 2 13 0 qFPS l,0 b,tFT V 4,7AC 340MtN 

,U;..U.& REYIEW Q = 170 ~ 

lbl CFS 2YR 15q CF'S 4 0 b 8 0 7FPS. o.q 3 0 1f T II A 0 0 SAC 42QMJN 

.a.A.A.&A REYIEIII...Ll = 3'50 1-U.U. 

308 CFS 5YR 30& CFS b,7 10,7FP5 o,q 4 0 uFT IIA 0.8AC 401MJN 

aaaaa BE~IEII Q ~ '530 ~ 

U2Q CFS lOYR 42 l CFS q.o .t2 0 lFPS. o,q s,2n I I A l 0 4AC 3bQM(N 

uo• REYIE W A = 1080 .a.&,t.U. 

722 CFS 50YR b88 CFS 14.7 t5,4FPS l I I b, &FT V tl,2AC· 3!8MJN 

•••te REYIFW Q a 13QO ~ 
821 CFS lOOYR 808 CFS 1 7 I b t7 0 2FPS I • 1 7, IF l V IQ,OAC 3QQMY,,.J 

ALL CUL.VlRT TYPES REQUESTED HAVE BEEN REVIEWED 

••••DOWNSTREAM CHANNEL PERFORMANCE•••• 

TAIL• I •VEL(FPS)• I ~ED I OUTFLOW I 
WATER I MAX I AVE I SH~AR IDJSCHARGEI 

S. lFT 7.4 r.; I 7 2,8qPSF ~68,8 CFS 

3, IF"T 5.3 4, I I O 71:>PSF t5Q,7 CFS 

4 0 0FT b 0 3 4,Q 2 0 27PSF 30b,4 CFS 

U0 5FT b • q S,3 2,S7PSF 1.122,0 CFS 

S 0 4FT 7,8 b,O 1. 11 p·sF t,88,5 CFS 

5 0 6FT 8 1 \ b,2 3,31PSF 806,b CFS 

f-' 

" " 
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APPENDIX A· 

XYNETICS TO CALCOMP PLOTTER CONVERSION 

Modifications made to Wyoming's Culvert/Design/Plot program by Kansas to 
use Calcomp software and hardware for plotting. 

1. Replaced CALL DIMTAB with CALL PLOTS i~ subroutine HSOPLT. 

2. Modified CALL GRID in subroutines HSOPLT and HSOGBT due to the fact that 
CALCOMP looks for different argwnents than XYNETICS. 

3. Modified CALL .SYMBOL in subroutines HSOPLT, HSOPLI, HSOGBT, and HSOTTB 
because CALCOMP spaces its lettering differently than XYNETICS. 

4. Modified CALL .DASHLN extensively in subroutines HSOPLT, HSOPLI, HSOTTB 
and HSOTTI. Due to spacing before using CALL DASHP, we had to CALL PLOT 
to set coordinate. Arguments passed were totally different. 

5. Connnented CALL MESAGE in subroutine HSOGBT. CALCOMPS CALL OPMES dif-
ferent, didn't modify, relay message via PLOT request sheet. 

6. Modified CALL PLOT in subroutines HSOTTB and HSOTTI 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 HSOGBT. Second sheet was plotting 
on top of first sheet. 

9. Split out a BAL subroutine called GEN4 and pla~ed it in SUBRTLIB and 
renamed it HYRD30. It modified alphaoetic characters for plotting 
plan sheet title. 

f 



Length 

Area 

Volllllle 

Velocity 

Acceleration 

Flow Rate 

Weight 

Pressure 

Density 

APPENDIX B 

UNITS CONVERSION 

1 inch= 25.4 nun 

1 ft = 0.3048 m 

1 mile = 1.609 km 

1 ft2 = 0.09290 m2 

1 acre = 4047 m2 

1 mi 2 = 2.590 1cm2 

1 gallon = 0.003785 m3 = 3. 785 liters 

1 acre-ft = 1233.53 m3 

0. 3048 m/ sec 1 ft/sec = 

1 mph = 1.609 km/hr= 0.4470 m/sec 

1 ft/sec 2 = 0.3048 m/sec2 

1 ft3/sec = 0.02832m3/sec 

= 0.1337 ft 3 

1 gallon/min= 0.003785 m3/min = 3.785 liters 

1 MGD = 11. 5 7 gallons/ sec = 1. 55 ft 3 / sec 

1 oz = 28. 35 g . 

1 lb = 453.6 g 

1 ton= 2000 lbs 

1 lb/ft2 = 47.88026 Pa 

1 lb/ft3 = 16.01846.kg/m3 

•u.s. GOVERNMENT PRINTING OFFICE : 1981 0-?25-260/1068 
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