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PREFACE 

The THYSYS hydraulic system which was implemented in· 1970 has 

had several modifications and enhancements supported only by revi-

sions and supplements to the original user manual. This 1977 edition 

of the THYSYS user manual is completely NEW and is designed to 

REPLACE the original manual and its various revisions and supple-

ments. 

The major changes incorporated in this manual include the 

following: 

1. New USGS method of computing design discharge 
2. WATERWAY option for solutions to Manning's formula 
3. CARRYOVER option for inlet design 
4. 100 year flood analysis computations 
5. COST analysis option 

All of these except the USGS method have previously been made avail-

able for use. Utilization of THYSYS for computing design discharge 

by the USGS method may be implemented with the receipt of this man-

ual. Input data for this method must be coded on the revised HYDRO 

input form (Form 1306-1,2 Revised 12/76). The forms to be used with 

the other THYSYS subsystems must have the following numbers and revi-

sion dates: 

HYDRA 
CULBRG 
SEWER 
PUMP 

1307-1,2 
1308-1,2 
1309-1,2 
1310-1,2 

Revised 8/74 
Revised 8/74 
Revised 9/75 

Additional general changes in the user manual have been made in 

the alphanumeric referencing of error messages, card use check lists 

for each subsystem, and the preparation of sample problems to illus-

trate the various system applications. The format for explaining 

data entry has been changed so that the pertinent portion of the 

input form accompanies the explanation for each entry. 
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THYSYS SUBSYSTEM OPTIONS 

The THYSYS hydraulic system is designed to enable the user to spec
ify various options to tailor the system to almost any hydraulic problem. 
However, due to this versatility, it is possible for the user to select 
an invalid combination of options. All the options given in the user 
manual for the HYDRO, HYDRA and PUMP subsystems may be selected. For the 
CULBRG and SEWER subsystems, only the combinations of options listed in 
the tables below can be used. 

VALID CULBRG OPTIONS 

OPENING! PROFILE 
DESIGN OR BRIDGE OR SINGLE OR CONFIGU- PIPE INLET 

ANALYZE CULVERT MULTIPLE RATION SHAPE CONDITION 

DESIGN BRIDGE SINGLE 
DESIGN BRIDGE MULTIPLE 
DESIGN CULVERT SINGLE STRAIGHT BOX NORMAL 
DESIGN CULVERT SINGLE STRAIGHT ARCH NORMAL 
DESIGN CULVERT SINGLE STRAIGHT CIRCULAR NORMAL 
DESIGN CULVERT SINGLE STRAIGHT CIRCULAR FLARED 

ANALYZE BRIDGE SINGLE 
ANALYZE CULVERT SINGLE STRAIGHT BOX NORMAL 
ANALYZE CULVERT SINGLE STRAIGHT ARCH NORMAL 
ANALYZE CULVERT SINGLE STRAIGHT CIRCULAR NORMAL 
ANALYZE CULVERT SINGLE STRAIGHT CIRCULAR FLARED 
ANALYZE CULVERT SINGLE BROKEN BK. BOX NORMAL 
ANALYZE CULVERT SINGLE BROKEN BK. CIRCULAR NORMAL 
ANALYZE BRIDGE ( 100 YEAR FLOOD) 
ANALYZE CULVERT ( 100 YEAR FLOOD) 

COST OPTIONS 

VALID SEWER OPTIONS 

RUNOFF, 
DESIGN OR INLET OR PIPE INLET 

ANALYZE SEWER SHAPE TYPE 

RUNOFF 
DESIGN INLET (CARRYOVER) 
DESIGN INLET CURB ON GRADE 
DESIGN INLET CURB AT SAG 
DESIGN INLET GRATE ON GRADE 
DESIGN INLET GRATE AT SAG 
DESIGN SEWER BOX 
DESIGN SEWER CIRCULAR 

ANALYZE INLET 
ANALYZE INLET CURB ON GRADE 
ANALYZE INLET CURB AT SAG 
ANALYZE INLET GRATE AT SAG 
ANALYZE SEWER BOX 
ANALYZE SEWER CIRCULAR 

GRAPHS 
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PART I - INTRODUCTION 



TEXAS HYDRAULIC SYSTEM (THYSYS) 

INTRODUCTION 

The 1exas H~draulic ~§tem (THYSYS) is an integrated system of 

computer programs for highway hydraulic design and analysis. It is 

composed of five major programs or subsystems (Figure 1-1). They are 

as follows: 

HYDRO 

HYDRA 

(abbreviation of hydrology) - which computes peak flow 

for surface runoff; 

(abbreviation of hydraulics) - which computes channel 

flow characteristics; 

CULBRG (abbreviation of culvert/bridge) - which designs or 

analyzes hydraulic structures; 

SEWER 

PUMP 

which designs or analyzes storm sewer networks; and 

which designs or analyzes pump stations. 

THYSYS is designed so that computed data from one subsystem may 

be automatically passed on to other subsystems and used as input. In 

addition, it is also designed so that any one of the subsystems can 

be used independently of the others if the necessary input is given. 

(Each of the subsystems has its own input form.) 

The ability to pass computed data from one subsystem to another 

provides additional flexibility in hydraulic design. Figure 1-2 is a 

diagram of the exchange of data within the system. The procedure for 

designing a pipe culvert using the THYSYS system, for instance, is a 

good example of this flexibility and Figure 1-3 illustrates three of 

the methods. In Method A the user enters sufficient data into the 

HYDRO subsystem to compute the peak flow surface runoff. The surface 

runoff (peak flow) is then passed on to the HYDRA subsystem which in 

turn will compute the water surface elevation in the given channel. 
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HYDRO 
Subsystem 0 

Q 

w 
HYDRA 

Subsystem 

Q 8 TW 

w 
CULBRG 
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SEWER 

Subsystem 

Q = Peak Flow PUMP 

TW = Tailwater Elev. Subsystem 
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Q 

FIGURE 1-2. PATHS OF DATA EXCHANGE WITHIN THYSYS 
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I 
.c 

METHOD A 
HYDRO FORM 

Variables to 
HYDRO 

compute a r----- Subsystem 
computes a 

c 
"'0 
c 
IJI 
IJI 
CD 

HYDRA FORM 
Q. 

0 
:::1 

Variables to HYDRA 

compute TW ____, Subsystem 
(except a) computes TW 

"'0 
c 
IJI c 
IJI 
CD g> 
Q. 

-4 

:ULBRG FORM 
0 
:::1 

~ 

Vor iables to CULBRG 
design or an-

f---. 
Subsystem 

olyze culvert. designs 
(except a 8TW) culvert 

Answer 

' 
' 

I 

METHOD B 
HYDRO FORM 

[:S}KI 
NOT USED 

HYDRA FORM 

Variables to 
HYDRA 

compute TW ~ 
Subsystem 

including a computes 
TW 

"'0 c c 
IJI 
IJI g> 
CD 
Q. -4 

ULBRG FORM 0 ~ 
:::1 c 

Variables to CULBRG 
design or on-

-----
Subsystem 

olyze culvert. de signs 

(except a 8 TW) culvert 

L Answer 

METHOD C 
HYDRO FORM 

~ ~ 
NOT USED 

HYDRA FORM 
.. --- -· -------

[5}§] 
NOT USED 

CULBRG FORM 

Variables to CULBRG 
design culvert 

f-----4 
Subsystem 

including designs 
a 8 TW culvert 

Answer 

FIGURE 1-3. THREE METHODS FOR DESIGNING A PIPE CULVERT USING THE THYSYS SYSTEM 



The tailwater elevation computed in HYDRA and peak flow computed in 

HYDRO are passed on to the CULBRG subsystem ready for use in design

ing the actual structure. In Method B, the HYDRO subsystem has been 

bypassed by entering the surface runoff peak flow directly into the 

HYDRA subsystem for computation of tailwater elevations. In Method 

C, both the HYDRO and HYDRA subsystems have been bypassed by entering 

the peak flow and tailwater elevation directly into CUL~RG. Another 

option available to the user in this problem is to compute a dis

charge in HYDRO and bypass HYDRA, supplying a tailwater elevation 

directly in CULBRG. SEWER is the only subsystem that is independent. 

Data entered into or computed by HYDRO, HYDRA or CULBRG cannot be 

passed on to SEWER. Options for all subsystems are more fully 

described later in the manual. 

A more complete description of each of the subsystems is given 

in the following paragraphs in this section. 

HY!!RO_~ubsyste]! 

The HYDRO subsystem is used to calculate and/or modify a peak 

flow for surface runoff. The user may select one of three methods 

for computing runoff: the rational method which uses features such 

as area, slope and runoff coefficient to determine peak flow; the 

~ed g~alysis method which employs major runoff history on a stream 

to determine peak flow; and the usg~ method, which employs equations 

derived by regional analysis of the hydrology of the State of Texas. 

The input for the last method is the drainage area and information 

concerning the flood region. 

Calculated peak flows may be modified by adding a base flow. 

HY.QRA_~.YJ2.§Y§te]! 

The HYDRA subsystem is used to compute water surface elevations 
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and cumulative conveyance at stream cross-sections. It offers the 

user three methods for computing water surface elevations. The 

one=section method analyzes stream flow based on the characteristics 

of the channel and an assumed input water surface slope. The 

1~2=§~tiQn method is a variation of the one-section method in which 

two adjacent cross-sections are analyzed and a water surface slope is 

determined from the interacting properties of the two sections. The 

!any=§~ctioQ method analyzes the properties of a number of stream 

cross-sections to compute a water surface profile by the step back

water method. The many-section option is useful in the calculation 

of reservoir backwater curves. 

The HYDRA subsystem provides added capability for translating 

and rotating existing cross-section data to fit the design location. 

It also performs the function of storing cross-sections to be used in 

the design or analysis of bridges. 

The output from this subsystem includes water surface 

(tailwater} elevations and;or cumulative conveyance at the given sec

tions. Graphic output of cross-section and conveyance data may be 

reouested by the user. 

The HYDRA subsystem may also be used to calculate solution(s) to 

Hanning's formula covering a specified range of incremental eleva

tions and "n" values for a given cross-section. For each elevation, 

a table of "n" values and the resulting area, wetted perimeter, 

hydraulic radius, velocity and K-factor are printed. Total area, 

discharge and Q/A are also printed. This feature may be requested 

through the WATERWAY option of the HYDRA subsystem. 

fQ1BRQ_~ub§ystem 

The CULBRG subsystem, using previously determined or specified 
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peak flow and water surface elevation, performs a complete design or 

analysis of hydraulic structures under highways. For a given loca

tion the user can design a bridge and/or culvert to satisfy certain 

criteria. The system may also be used to analyze existing struc

tures. The first two subsysteas (HYDRO and HYDRA) may be bypassed by 

inputting the required design data; however, if cross-sections are 

required, they must be entered and stored in the HYDRA subsystem. 

Por culverts, three types of barrel sections may be defined. 

They are circular, arch and rectangular. The user has flexibility in 

specifying roughness factors for various materials. Two types of 

profiles are available for culverts: straight and broken-back. 

Broken-back may be specified only for analysis of circular and box 

culverts. Two types of inlets are available. These are the noraal 

and flared (improved) inlets. Flared inlets aay be specified only 

for design or ·analysis of straight, circular, single-opening cul

verts. Depending on the options selected, the user must then specify 

the parameters required for coaputations. 

Por bridge structures the user must provide bridge header slopes 

and flow divide information. 

The output from the subsystem will be a complete hydraulic 

design summary for the type of structure specified. Any number of 

alternate designs can be made for comparison purposes. Two optional 

outputs are a cost analysis and a summary of culvert designs for the 

entire project. The latter is designed for direct application to 

plans. The cost analysis feature computes the cost of the barrel 

using (1) the latest "Statewide Average Low Bid Price", (2) prices 

inserted by the user, or (3) a combination of these two. The cost of 

headwalls, excavation and miscellaneous costs is not computed but can 
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be entered to obtain a total cost. The total cost is printed for 

each culvert tried in the solution. 

~1!1! Subsystem 

The SEWER subsystem is independent of the other subsystems. It 

accomplishes complete design of a storm sever network including run

off calculations, inlet design, and sewer network design. It may 

also be used for analysis of existing systems. 

Analysis of runoff flow to each inlet will be by the rational 

method with option to specify subareas of the drainage area and to 

add base flows or other non-runoff contributed flows. 

Several types of inlets may be specified and the subsystem will 

determine the size of inlet required to satisfy the surface runoff. 

If ponding is allowed, it will analyze gutter flow conditions at the 

inlet site. If carryover is allowable, excess gutter flow will be 

computed and directed to a specified inlet. 

The storm sewer network may be composed of any combination of 

circular or box selections. The maximum size network that can be 

designed or analyzed may have up to 100 junctions, 99 runs and 26 

lines. A line is defined as a run or set of runs which make up a 

complete branch of the network. The input for the system is exten

sive and flexible. It includes all of the necessary data and option 

selections to accomplish runoff, inlet and network design. 

The output which is called a report covers a network design or 

analysis. Hydraulic data, configuration data, inlet data, and net

work stationing are included in the report. Graphic output of pipe 

flow-lines, hydraulic gradient lines and stationing of junctions is 

available as an option. 
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fQMP Subsyste~ 

The PUMP subsystem is used for design or analysis of pump sta

tions used to lift storm drainage. 

When used for design, this subsystem makes use of input data 

describing runoff volumes, storage volume, and allowable pump sizes 

to determine the most efficient combination of pump sizes to handle 

the runoff. The output will always list at least two pumps. The 

program also computes available storage, starting sequence and start

ing storage for each pump such that the storage is fully utilized 

without being exceeded. Storage may consist of any combination of 

one sump (either rectangular or circular), any number of manholes 

and/or inlets, and submerged barrel lengths. 

When used for analysis of an existing pump station, any number 

up to ten pumps of known size, starting sequence and starting storage 

volume may be analyzed. The program will compute the storage volume 

for each minute of a given storm. 

Up to five storms may be specified for design or analysis in one 

pass (computations for one set of data) if storm volume information 

is supplied by the user. Data for an unlimited number of storms may 

be transferred from the HYDRO subsystem by returning to that 

subsystem for each storm. 

Qutput 

The printed output for each of the subsystems is designed to 

present a neat and orderly representation and documentation of the 

problea and the solution. It is referred to as a report. A more 

general description of the report is in Part II. Each subsystem has 

a detailed explanation of its output. 
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~~llY~l_Q~~Di~~ti~D 

Part II of this manual provides a more general description of 

the input forms and the output listings. Parts III through VII 

describe the operations of each subsystem, the methods used to input 

data into each of the subsystems, a more detailed explanation of each 

subsystem's output, and an explanation of messages which may appear 

in the output. In the Input Section for each subsystem, each line of 

the input form is shown along with explanations of data entry. In 

addition, a Card Use Checklist, in tabular form, is included to pro

vide a quick check of the necessary lines of input required for each 

option. Part VIII contains sample problems for each subsystem. 

Appendix A contains a glossary of terms used in this manual; Appendix 

B contains maps for determining USGS region and annual precipitation; 

and Appendix C contains a discussion on reasons for Two-section 

Method failures. 
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PART II - INPUT/OUTPUT 



I. 

II. 

Input/Output 

Input ••••••••••••••••• ., • n 0 •• b ........ - ... n Cl Q " • ., ..... " CJ •• • , n - 41 ....... 0 0 ..... 

Input Form.,. ... ., .... ..,.o ... u.., .. .,. •• n 

Control CardSuu•••n•••n 
Endata Cards." ........ . 
c 0 m men t s •• b • n 0 ... u ... n 

Problem 

• u n • c1 ,., n • • • c.- • •• • • ,., •• o n • •• o n o ., • n n •• 

• • •• o a .. o •• •• • fl •• • n u • n o • •• • CJ •• on • •• • CJ 

.., •• •• •• n •• •• o n , u ,, • n .,. •• •• n ta o c-. .. •• oft n n •• u 

• t'l •• 1.1 •• n • •• u o • • D • tt ~ tJ u ,,. e.» It oCt • a o ._ 0 

e Ill I II 4.1 111 n II f.l Q 0 0 •• t't IJ f) II .,_. Ill) • t:t I) ott CJ Ct n CJ Ct 

Data En tc y ....... ., o •• G ............... ,, ... .,. o o ...... ~ ... ,, ....... u .............. , .., ....... ., •• ., o ... o •• 

Blank s pacese ._, n 0 tl .. ~ .... , •• u ...... 0 ..... n •• ,, #) Ct ,, ••• , ..... 9 ........ Ct •• ",, ••• 0 •••• ,. .. 

Data Order., .. ,, •••.... n '"' n u u ...... u ,, n ... "' ..... 0 u •••••• 0 Cl ........... u Q ,,, , ....... u n •• 

Decimal Points, Numeric Entries ....................... " ................... .. 
Alphabetic EntrieSauo••••nnnau ......... '".,unnu••••, .. n••qunvuuuuDo• 

Justifying (Left. or Right) .... .no•t .... ., ...... " .......... ., ..... ou ..... ., •• 

5 tat ion Number Sn u ..... , 0 n ... n u n .... u II) .... Q .... n u n n. ft 10 • - .. C'J u • 0 Q ll't ,., 0 ~., 
p r 0 b 1 em s u biD. iss ion., ...... n t) •• u 0 .......... ~ .. n u ... u ft ........ u ., 4} .., .. .., "'u n .... ., .... CJ n 

H y d r a u 1 i c Man u a lu ., '" .... " •• o .. • o ., ~ a ., ~ ................ ., ... .., '" ., ft ~ ...... o • Q u u 

0 u t pat •••• a • •• 0 0 <U CJ CJ ... IJ 0 41 .--, IJ ..... e • C't ... Cl II Q n C11 n 0 CJ ort n 0 f'l a. •• Q Ill II ct U 0 0 ft Q 0 0 - 0 U I') 

2-i 

2- 1 

2- 1 
2- 4 
2- 4 
2- 5 
2- 8 
2- 8 
2- 8 
2- 8 
2- 9 
2-10 
2-10 
2-10 
2-11 
2-11 
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INP UT/0 UTPUT 

IM.!!!_l:Qrm 

A typical input form for THYSYS is shown in Fiqure 2-1. The 

form is for the CULBRG subsystem and it has been completed for a 

sample problem. Each subsystem has a separate form. The input forms 

for THYSYS are based on a punched card format with each card contain

ing 80 columns. It is important that the user recognize that each 

horizontal line on the input form represents one punched card. 

Within this manual, reference is made to cards as a matter of conven

ience; however, it should be emphasized that THE USER WORKS ONLY WITH 

FOR MS. 

Most of the lines (cards) on the form have preprinted words fol

lowed by several blank spaces which require entry of data. Other 

lines on the form contain preprinted words which reflect options 

which the user must select. The selection is indicated by crossing 

out those words that do not apply. The words that have been crossed 

out will not be keypunched into the card. Each card (or line) on the 

form is identified by code numbers in the left hand margin of the 

form. The code numbers are used to identify each type of card. 

Throughout this manual cards will he referred to by these code 

numbers. For instance Card C-1 in Figure 2-2 identifies this card as 

containing the variables of peak flow (Q), tailwater elevation {TW), 

and flood frequency. On Card C-2 the user must fill in a culvert 

identification in the field CLVRT ID and must cross out all but one 

of the words: CIRCULAR, ARCH, BOX. In addition, on that card he may 

choose to specify the culvert barrel material by crossing out all but 

one of: CONCRETE, CGMP, PLATE; or he may choose to enter the "n" 

2-1 



1\J 
I 

1\J 

* 
Comments I 

I 
0 

cc~~~~' 

C-11 

C-21 

C-31 

C-41 

C-5 0 

C-61 

C-7 0 
e-el 

C-9 0 

C-10 D 

C-11 0 
D 
0 

C-15 0 

C-121 

C-131 

C-14 U 

* Note 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO.----
COUNTY ____________ __ 

•

- I STATE DEPARTMENT OF HIGHWAYS 
AND PUBLIC TRANSPORTATION 

' / 
. HYDRAULIC SYSTEM 

CULVERT I BRIDGE SUBSYSTEM ( CULBRG) 

PREPARED BY ___ _ 
DATE _____ __ 

SHEET __ OF __ 

I 2 3 4 5
1
6 7!9 9 10 II 121314:15 16'17 11819!2021!22232425

1
2627128293031323334353637383940414243444546474849505152535455565758596061 62636465666768697( 71727374757677787980 

$ I<:;IT ,q 151.31~T J~ I I ·-H--- -+--t-+-+-+-+--+-t-lf--+-t---t-+--t-+-+--+-+---f--+-+-t-+--t-+-+--+-+-t--+-+-+--
$ ; I I I I I I 

$ I ' I i 1 I I I ! ! I 

Design: Cross out one or neither Specify opening configuration. Cross out one. 
Cross out one Prob. No. Analysis: Cross out one Number 

CULBRG O'ESLQNI . - J IIIICULVEHTII I ISIIINtGiLIElll t. ·t~~~:t~!l-'tl?lir~-·ltl~Q.~1 
This card IS necessary only for values not supplied from other subsystems. (HYDRO ar HYDRA) • ;J:_-" U 

SU~PPL Y Q= 171~81 CFS 1 TW ELEV = ZZIZI?I·I/81 JFREQUENCYI=t ll5K>L YIFiSf~f" 17~ 1l3 
Clvrt ID Select ~1pe shape. Cross out all but one. Select 11 0

11 vak.le. Cross out all but one. 11 n" value ---~;;-
C LV R T 1513PI 18 CJ XI I I I I I I C CJ N C R E T E I I I I I I I t.;f I 1'/ .c q. ~ 3 

Clvrt 10 Select prof1le configuration. Cross out all but one. Select inlet condition. Cross out all but one. 11 Ke .. value -_ [---,~, ::~:!__:_0~ 

""C:~o-L+.-V;t;.P..,t,. T..t--T'I S...,.._,3'1~~oi~S·iTTRIRTIJ GT H\TI I ··I I I I I N\ CJ R Ml ALL K\ E1 = f s o o r1 ~ f.t1 1 
H-+-+--1-f-ll_..._l'---'11-t Design: Station at toe along t. of structure Design: Elev. at toe Design• Station at toe along t. of structure Design: Elev. at toe ·' 

Clvrt ID Analysis: Stotion at end of structure along t. of structure Analysis• Elev. of culv. F.L. Analysis• Station at end of structure along t. of structure Analysis• Elev.of culv. F. L. )· 1!1: y !"1:' !"'" •· 

C L:V1R T l5"13K'I Cl U1T1UT S TR L?111S" E LiZIZ 21/ ·1/81 I NTTITT 5 T R 715 2i E LIZ~IZ~ ·101/f< ; 1": 17~~ tl~ 
I Clvrt ID Station1ng along centerline of structure Break elevation Stationing along centerline of structure Break elevation F~' 

Cl LV R T 1 B R E RTK 51 T R ITT 1 E L B R E R K 5 T A .1 E L ~'i :' ;¥" 
I I Clvrt ~~-~ <T~ ~~~';/, heodwater._l!l'_strea~~lvert Elevation Maximum allowable outlet velocity from culvert 

C'LV'R T 15!:f~t M1R'Xr 1HiE1RTDiWfRITTEIRI 1E10BV Z.ZZS" .[5):) M R X Cl U T L E 1 VEL Cl CITY B~F TIS 17 I~ l1 
Clvrt ID Required entry for th1s card C_u"'.,~\t ~~e!_J.in.J Culvert rise T Culvert span No. of culvert barrels !\:' ~:::. .!!' · 

CLVRT I DIM:EN5ICJNS. DI:AIMI=I I i 1 HIGHt= I WIDE= I IIBRRRELSI:::t.:l::l 
R ( Ri[ J5l1bl UIPJ5 T R.MI 15151 I i I . I i61 I JIN;51TIRIM 15151 I I I I ~I I MIHIX llJIEIPIT HI= I I ~IIt~l•t':lfJ I"ICICJ'I'I'~ 

B R D G Subsec ID M Ffixnwv'E"R' Ri
1
Gtle VVE"l oecTt.Youah bridae MniNI RIVinEiR Al1QE'e VeEL 51c'l Tr~ah bridae T .~•.tilF TIs : k\ t 

BIRD G lubsec 
10 

L E F 1 ffiS!.l~rJ9_deylrlr j r r mRTiltfHTTTI~T:lsfTYirpr 1 11 IL ~]Cll~f!ffirGrrT-osDt RE'FH~ Oria.~:c.ID If skewed l:. 

flu- D v Subsec ID s E'cix- section! ID IW M X D I s - Distance cion -r~s- sxctiono I 5 T ' ;£ ~. :.: : .. ~£ - -

FL-DV 5EC1X [FIRM X DIS TCJ X DI5T ...,, ••• 
F1 L - D V · S E C X F R M X D I S T CJ X D I 5 T t: , I::Y: ":~ ":: t': 1 -· 
I Delete if Statewide Averages not desired •: !l!i •. 

c, CJ S T 5 T R T1E W I DE I · " -
.. I ~ !!fl!ll/;2 Supply job number for culvert if pion summary desired • f:, ,. ·. •.· 

Ji CJ B Nl CJ I -If.~ 3 \ " f': ~ . rq. '+ '3 
IFNDRTR ~ ~ ~~~~~~ 

PL H N 51U MM RRY t; '':'!t.....,...~H-""'-4-+-
'2·3 4 5 617 a 91011 1213141516!17181920212223 4 5 627 e 9 03132i33134:35 6'37'3e139.04142 3 4 5 647 e49 o51 152 354 556 7 a 9 06162 364 s 6676869 o71 2 3 4 576lni78179ao 

I Mark box as shown bes1de each line used. 
FORM CONTINUED ON BACK 

FORM 1308-1 
(Revised 8/74) 

FIGURE 2-1. TYPICAL INPUT FORM FOR THYSYS; COMPLETED FOR A SAMPLE PROBLEM 
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I 
w 

C-11 

.. (f~44:~: 
44 ~: '?"£44:~; 

::::: :~:- E Irr·~ :~;:·rF ·r,1 -~- ~ f. -P1A';:< T:FF,-J-~::= -..:· "7E44~' 
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value in the field "n" value. The shaded portions of the form are 

not y~g; the field Prob. No. should be completed. 

In some problems not all the cards (lines) are used. For ready 

identification the user should indicate which cards he intends to use 

by markinq the box in the left hand margin of the form adjacent to 

the line. only those cards preceded by a box which has been marked 

will be keypunched. The cards necessary to solve each type of prob

lem are listed and explained in the Input sections for each of the 

five subsystems. 

~Qntro1 Cafds 

Access to each one of the subsystems in THYSYS requires a spe

cial card containing the name of the subsystem. This is called a 

Control card and it has the name of the subsystem as the first entry 

beginning in column 1. The Control card is located near the begin

ning of each input form for the subsystem. Many of the subsequent 

cards shown on the input forms are optional, depending upon the type 

of problem the user wishes to solve. The Control card, however, is 

usually required each time the subsystem is used. The use of this 

card will be explained later in the discussions of input for each 

subsystem. 

~nd!t!~rd! 

An Endata card is required at the end of each set of data for 

each subsystem. This card signals the end of the input for a partic

ular problem and starts the computations. If the Endata card is 

inadvertently omitted the computation will be skipped and the input 

data for the next problem will be read in. In general, each Control 

card must be matched by at least one subsequent Endata card prior to 

the next Control card. The use of the Endata card is explained in 
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further detail in the discussions of input for each subsystem • 

.Q2ll§.Dt! 

THYSYS is designed to allow the user to insert comments concern-

ing the problem. The comments will be printed along vith the output 

data in the exact sequence that the user specified on his input form. 

Coaaent cards are identified by a dollar sign in coluan 1. The 

actual aessages are entered in coluans 2 through 80 and aay be made 

up of any letter of the alphabet, the nuabers 0 through 9 and the 

syabols 1 + • ( ) S • , • t in the fora of a aessage. There are 

three Coaaent cards at the beginning of each input form for each of 

the subsystems although an unlimited nuaber may be used. It is 

recoaaended that the first three Coament cards be used for problem 

identification. The aessage or messages in these first three cards 

on each of the subsystea input foras will be printed out at the 

beginning of each subsystea output listing. 

In the event the user desires to insert coaaents within the data 

portions of any fora, a supplemental coaaent form entitled "Addi

tional Coaaents" is used and it is shovn in Figure 2-3. Each Comment 

card is nuabered in the left margin. There is also a small box in 

the left margin which aust be marked to indicate that the aessage on 

that Coaaent card is to be keypunched. The nuaber of the Comment 

card aust be written in the left margin of the subsystem input form 

along vith a directive arrow indicating where this particular Comment 

card should be inserted as shovn in Figure 2-4. If a blank line is 

desired, the user aarks the box preceding the line and makes the 

notation in the margin of the subsystea input form vhere it is to 

appear. comment nuabers 1 and 4 are blank lines vhich appear as 

blank lines in the output (Pigure 2-4). 
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~£obl~m_M~ 

Columns 76-80 on all cards are assigned by the user for the 

problem identification number. It is recommended that the first two 

digits (columns 76-77) represent the District number and the last 

three columns, 78, 79, 80, be used for sequential problem numbers. 

Non-duplication of THYSYS problem numbers within a District will aid 

in properly identifying the problem at a later time. It is suggested 

that each District issue to each of its offices a series of 

three-digit sequential problem numbers to use. The problem number 

may have either alphabetic characters or numbers. 

~~!a En!£~ 

The user should be very careful when completing the form. Those 

cards on the input forms requiring the entry of a numerical or alpha

betic character should be done neatly, boldly, and within the allot

ted space. In addition, all items that require marking out should be 

done clearly and boldly. Figure 2-1 is an example of a satisfac

torily marked input form. 

~1~nk_~£Ce§ 

Blank spaces in input data for this program may default to zeros 

or indicate no entry. It will be noted in the ensuing discussion on 

each subsystem when entries must be made. 

~£!£_Q£de£ 

Between the Control and Endata cards for each subsystem, the 

other data cards do not have to be in any specific order. However, 

the user may find that it is more convenient to maintain everything 

in its form order. When more than one subsystem is used per problem, 

~he subsystems must be in the order they are discussed in the manual. 



Q~£imal_foint~L-Numeric Entries 

In the explanation of input for each subsystem frequent refer-

ence is made to decimal number entries. Where a number is called 

for, the following types of entries may be made when a decimal point 

is not shown on the form: 

1. A decimal number may be entered anywhere within the allotted 

columns with the decimal point occupying a space. 

For entering 123 

I I I It lzl31·1 I I I 

For entering 47.7 

I 14171·171 I I I I I 

2. A whole number may be entered without the decimal point by 

placing it in the rightmost columns when a decimal point is 

not indicated on the form. This is termed "right iusti-

fying". 

ffilllll112l31 

Any numeric entry which is not specified as a decimal must 

be right justified. 

When a decimal point is already printed on the form, the following 

types of entries may be made: 

1. Whole numbers and decimal numbers may be entered by using 

the preprinted decimal point. 

For entering 123 

For entering 41.7 

ltlll71 • 
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2. The user may override the preprint~ d~imal as shown below. 

For entering 6.2978 Preprinted decimal 

-----user inserted decimal. 

NOTE: When overriding a preprinted decimal point the user 

must place the new decimal in one of the spaces and not on a 

line between them. Decimal points which the user enters 

should be placed in the middle of the allotted space {as 

shown above) and they should be larger than average size to 

preclude misinterpretation. 

A!~habetjc Entri~~ 

Alphabetic entries should be capital letters. The alphabetic 

letter o should be marked ~ to differentiate it from zero. The 

letter z should be written ~ to differentiate it from the number 2. 

The letter I should be written with a line at the top and bottom to 

differentiate it from the number 1. 

Ju~tifying_J1~f! or~ight} 

When "left justifyinq" is specified, the leftmost columns in the 

allotted spaces for the field must be used first: 

lii.IlPIEI=ICiuiRIBI I 

When "right justifying" is specified, the rightmost columns in 

the allotted spaces for the field must be used first: 

FIAIEJQIU!EIN!CIYH lz.ltiRI 

Station Numbers 

This program is not designed to recognize stationinq notation in 

the form familiar to engineers. It will accept only a decimal 
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number. Therefore, station 22+56.31 aust be entered on the form as 

2256.31 (the plus sign would not appear and the deciaal point occu-

pies a space). 

Problem Submission 

The user may subait several probleas in the saae run (entry into 

the THYSYS system) subject to limitations which are discussed in the 

sections pertaining to the individual subsysteas. 

flydraylic Manual 

References made to the Hydraylic nanual refer to the manual pre

pared and compiled by the Bridge Division of the State Department of 

Hiqhvays and Public Transportation. 
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II. OUTPUT 

Figure 2-5 is an example of a typical output listing which is 

also referred to as a report. Additional examples are shown in the 

sample Problems (Part VIII). All printout has been positioned so 

that the paqes may be trimmed to 8 1/2" by 11". In addition, one 

title paqe is provided for each set of problems. As an optional fea

ture in the CULBRG subsystem, the user may request a plan summary 

sheet to provide a summary of all culverts that are run under the 

same Job No. and that meet the design criteria. 

The input data is duplicated on the output listings exactly as 

it is entered in order to facilitate checking and to provide complete 

documentation. This is called an "echo" print. In each case the 

echo print precedes the computed output. 

Ext~nsive error checking is incorporated into the TRYSYS pro

gram. Inputs are checked for consistency, completeness, and reason

ableness. Error conditions which can be ignored are flaqged and the 

problem solution continues. When errors are encountered that cannot 

be ignored, checking continues on the remaining data before the prob

lem is terminated. In each case a descriptive message is printed in 

the echo print of the input which is the first portion of the output 

listing. The messages which are called Error Messaqes indicate the 

errors or describe action taken by the program as a result of errors 

or omissions in the input data. The possible error messages that may 

appear on the output listings for each subsystem are listed in an 

alphanumeric code order. The alphabetic characters denote the 

subsystem to which the error message applies. Within each subsystem 

each error message has a sequential number. Section IV of each 

subsystem contains the Error Messages with additional explanations. 
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HYDROLOGY SUBSYSTE~ (HYDRO) 

I. DESCRIPTION 

The primary function of the HYDRO subsystem is to calculate a 

peak flow of surface water runoff. Three computational procedures 

are available for determining the peak discharge: 

1. u.s. Geological survey Procedure (USGS) 

2. Rational 

3. Gaged Analysis 

~ethod 1 is a computational procedure tailored to the hydrology of 

the State of Texas. Methods 2 and 3 are more general in application. 

Method 3 (Gaged Analysis) employs the Log-Pearson Type III statisti

cal distribution for computation. 

The calculated peak flows or a peak flow supplied by the user 

can be modified by adding a base flow. Only one peak flow is com

puted per pass in this subsystem and this peak flow will be reflected 

in the HYDRO report. In addition, the peak flow may be used as the 

first discharge to be considered in the HYDRA subsystem or it may be 

used in the CULBRG subsystem. The PUMP subsystem may also use the 

peak discharge computed in HYDRO. 

The calculated peak flow for a 100 year flood is automatically 

computed and output if either the USGS or Gaged Analysis methods are 

specified. This 100 year discharge is passed on to HYDRA and CULBRG 

for possible use in 100 year analysis computations. 
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II. INPU! 

The data form for the HYDRO subsystem is printed on the front 

and back and is shown in Figures 3-1 and 3-2. 

The HYDRO Control Card is ~guired for entry into the HYDRO 

subsystem. Drainage area is required entry on this card. The unit 

of measurement to be used (acres or square miles) must be indicated 

by marking through the one that is not applicable. 

Required selection. Delete one. 

Required entry for drainage area in either acres or 
square miles (decimal). 

The METHOD card (A-1} is a required entry for each HYDRO run and 

provides the user several options to specify runoff computational 

methods. The first two methods on this card (USGS and RATIONAL) are 

best suited to problems involving a limited range of drainage area 

sizes. 

For drainage areas of about 200 acres or less the user should 

specify the RATIONAL method. For natural, rural areas greater than 

about 200 acres but less than 3,000 square miles, the USGS method 

should be used. However, it should be noted that the USGS method is 

not applicable for urban developed areas. If the USGS method is se-

lected, the user must provide additional information on the USGS card 
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0 1~181~1il~ bJ 

0 !ATD]A]T[A -P·l ~hv:fjf 
0 

A-7 0 ~~~8~~~~A ~ 
.. , 

' 

I n·n· 11'tJ>t·:S!:t.· tcf'il'..l:~:];.J; u:J.:f'J':I{]:I' 
I' 1•1 + l5 l•l,l•l•l'oH" ,.,, J~•J"I' •1"1"*' lzzfz>F•I,~•Izrlzal2913of31 l>rf>•l>~•of41 j42~>144~5fool47 ~·~•joe f5115zlo>j5•15515~57 joe j59 ~•l•rjs •l••lrolli j 

Note 
I ~ork bo• 1111 thown bt~IIOI eoch liM us ell. 

FORM 1306 -I (Revised 12 I 76) 

FORM CONTINUED ON BACK 

FIGURE 3-1. FRONT SIDE OF THE HYDROLOGY SUBSYSTEM (HYDRO) INPUT FORM 



HYDRO ( Continued ) 
BACK, SHEET ---OF---

123]456 r]e 9 10 11 12113114 15 16 17 16 19lzcjz1122 23 2.j25 zsiz7lz~zg 3 3113~33(3~3~[3.[37 3~3914cl41 4d4~4.,j45 4d47 46 •• ;;[5~],2 5~-54 55 56T57 ;;,r59 6 61 6 6 6 6 6 67 6 69 7 71 72 7 74 75 76 77 76 79 ec 

I I I I I I Weighted "C" coefficient determination Time of concentration determination 

Rational Subarea 
"c" Coefficient 

Enter Sublength 8 Velocity ; OR Tc ' Subarea (acres) 
Ooto ID Sublength (fl) Veloc•ty {ftlsec) Tc {minutes) 

·-· 0 RA DA TA 
0 RA DA TA 
0 RA DA TA 
0 RA OA TA 
0 RA OA TA 
0 RA DA TA 
0 RA DA TA 
0 RA DA TA 
0 RA DA TA 
0 RA DA TA 

Gaged data for analysis Required entry for this cord Stationino Station name 

A-5 0 GIA G EIDI I I I I A NIAll YIZIE Q ISITIATIIILIN II I I I j I I I II II I I I I 
Annual peak flow data Water year Date of event Peak Discharge (cfs) Water year Dote of event Peak Discharge (cfs) 

w ·-· 0 
I 0 

GA GED CFS 
GA GED CFS I 

.c:: 0 GA GED CFS ' 
0 GA GED CFS 
0 GA GED CFS 
0 GA GED CFS 
0 GA GED CFS 
0 GA GED CFS 
0 GA GED CF S· 
0 GA GED CFS 
0 GA GED CF S· 
0 GA GE o. CFS : 

0 GA GE 0 CFS -
0 GA GE 0: CFS 
0 GA GED CFS 
0 GA GED CF S· 
0 GA GE 0 CFS 
0 GA GED CFS 
0 R 0 CF 

A-7 0 NO ATA 
I 2 3 4 56 7 8 910 II 1213141516171619 0 I 2 3 4 56,7 8 9 0 I 2 3 4 56 7~ 9 0 I 2 3 4.5~6 7 8 9 0 I 2 3 4 56 7 8 9 0)61 62 3 4 5 6~7 8 9 0 I 2 3 4 56 rh_Jrg 0 

FORM 1306-2 (Revised 12/76) 

FIGURE 3-2. BACK SIDE OF THE HYDROLOGY SUBSYSTEM (HYDRO) INPUT FORM 



(A-3}. If the RATIONAL method is selected, RADATA cards (A-4) for 

all subareas are required. 

If USGS is 
specified 
card {A-3) 
is required .. 

Required. Right 
justified. 

This statement specifies the 
first discharge for HYDRA 
computations which may be 
used in CULBRG. This value 
replaces in computer storage 
any previous discharge 
generated in HYDRO. See 
discussion under HYDRA Con
trol Card. This value mav 
not be used in conjunction 
with PUMP subsystem. 

If GAGE ANAL is specified cards (A-6) and 
(A-7) for the span of water years to be 
considered are required. 

RATIONAL is specified a card (A-5} for each subarea 
is required. 

The third procedure which may be specified on the METHOD card 

(A-1) is GAGED DATA ANALYSIS. If GAGE ANAL is specified it must be 

accompanied by a GAGED data analysis {station description) card (A-5) 

and Gaged CFS cards (A-6) for the span of years to be considered in 

the analysis. This procedure employs the Log-Pearson Type III sta-

tistical method of analysis. 

Under certain circumstances it may become necessary for a dis-

charge to originate in the HYDRO subsystem for use in other 
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subsystems even though that discharge is already known. In such 

instances the discharge may be entered with the SUPPLY Q option on 

the METHOD card. This discharge (Q) can then be passed to other 

subsystems as having originated in HYDRO. This is necessary only 

under special conditions which will be discussed more fully in HYDRA. 

The SUPPLY Q option may not be used in conjunction with the PUMP 

subsystem~ (Refer to METHOD card discussion in the PUMP Input 

Section .. ) 

Regardless of the option selected, the flood frequency must 

always be provided on the METHOD card (A-1) .. 

The BASEFLOW card (A-2) permits the user to make adjustments in 

the computed flows.. With the BASE FLOW option, a flow in addition to 

the calculated flow may be included in the results of the calcula-

tions. Prior to using the BASEFLOW card, the Hydraulic Section of 

File D-5 should be consulted. 

Base flow that is to be added to peak discharge. (decimal) 

The USGS card (A-3) is used when USGS is specified on the METHOD 

card (A-1). The following input is required on the USGS card: 

1. Region number 1 through 6 which can be obtained from a map 
in Appendix B .. 
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2. Slope if Region number equals 1. 2. 4. or 5. Slope is 
defined as the average slope in feet per mile between points 
10~ and 85% of the drainage area length (the distance from 
the site to the basin divide). 

3. Total Annual precipitation if Region number equals 6. Pre
cipitation can be obtained from a map in Appendix B. 

Select proper area number from map. 

Total annual Precip
itation in inches 
per year must be 
supplied if the 
Region number is 6. 

Slope in feet per mile must 
be supplied if the Region 
number is 1, 2. 4, or 5. 

Region number 1 through 6 must be supplied. If 
Region number is 3 no additional data will be re
quired on this card. Region numbers can be deter
mined from map in Appendix B. 

The RADATA cards {A-4) are used when RATIONAL is specified on 

the METHOD card {A-1) • One RADATA card must be supplied for each 

subarea considered in the drainage area. The user must assign a 

unique name to each subarea and enter it in the spaces provided for 

SUBAREA ID. This identification may consist of any combination of 

four letters and/or numerals. 
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A-4 0 
0 
0 

-'"~t.:.r-11 [\iJ'ft.',E' Weighted 'C coefficient determination T1me of concentration determination Constants from SDHPT 

Rational Subarea 
"C" Coefficient Subarea (acres) 

Enter Sublength 13! Velocity ; OR Tc Hydraulic. Manual 

data ID Sub length (ft) Velocity (ft /sec) Tc ( m1nutes) e b d 

IRIAIDAITIA 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 II I I I I I I I I I I I 1 I I I I I I I J I I .l 
RIAIDAliJA J 1 I 11_Ll 1 I l I I I I I I I 1 I I I I I I I I I I I I I I I I I ll I I I I I I I I I Ll I I If I I I I I I 
RIAIDAJT1A 1 I I 1111 I I I IJJ 1 I I I I I J 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 

--subarea size in acres 
(decimal). sum of sub-
areas must equal drain-
age area on HYDRO Control 
card. 

'-Runoff coef. from "e", "b" and "d" 
.Hydraulic Manual factors from the 
(decimal). _tlydrau_!i£_11~nuf!! 

(decimal) • 

-Any alphanumeric REQUIRED ENTRY FOR 
name. EACH2UB1REA TO DEFINE 

RUN-OFF COEFFICIENTS 

Card ID 

Each RADATA card must also contain entries for the "C" 

coefficient and size of each subarea. The "C" coefficient is gov-

erned by the nature of the terrain within the subarea and may be 

obtained from the B~raulic Manual. The subarea total should exactly 

equal the drainage area entered on the HYDRO Control card. If it 

does not, the subarea total will be used. 
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RADATA card Continued 

Weighted 'C coefficient determination Time of concentration determination 
Enter Sublength S Veloc1ty ; OR Tc 

Constants from SDHPT 

Hydraulic Manual 

TC in minutes for 
the sublength. 
Determined as set 
forth in the 
JiyQ.raulic Manual 
(decimal) • 

Include sublength and velocity only if 
TC for the sublength is not known. 
Sublength in feet and subvelocity in 
feet;sec determined as set forth in 
the Hydraulic Manual (decimal). 

The program does not have the capability of determining the 

longest route for time of concentration where two or more adjacent 

subareas contribute to the total discharge of the drainage area. In 

these instances it will be the responsibility of the user to deter-

mine which is the longest route and provide time of concentration 

data for that path only. In each subarea where time of concentration 

data is required, the user may enter either the sublength (feet) and 

the velocity (ft;sec), or the time of concentration, TC (minutes), if 

it is already known. For each frequency only one set of rainfall 

intensity factors {e,b,d) found in the Jiy~~Allic MaB~~l is used; and, 

therefore, it must be entered on only one RADATA card. If conflict-

ing factors are entered on separate cards, the last values entered 

will be used. The program can accept a total of 20 RADATA cards. 
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Q!QED~!RQ_JA-~l and GAGED CFS CARD (A-61 

The GAGED card (A-5) and the GAGED CFS cards (A-6) are required 

only when GAGED is specified on the METHOD card (A-1). (The stream 

qage data for this method is usually obtained from "Water Resources 

Data for Texas" available from USGS.) 

Alphanumeric 

~----Numeric ID (decimal) 

On the GAGED card {A-5) the numeric gaging station description 

must be entered as a decimal number in the STATIONING field. (Sta

tion 08-2515.05 is entered as 82515.05). The user may supply any 

further description he desires in the field STATION NAME. This 

description will be reproduced on the output exactly as entered. The 

user must supply enough GAGED CFS cards to allow entry of data for 

each water year to be included in the analysis. A maximum of 100 

water years may be considered and they must be entered in sequence 

with two per card, where the first card contains the first and second 

years, etc. Columns have been provided for both water year and date 

of event. A water year extends from october 1 through September 30, 

and the year is that of the month of January. Therefore, a flood (or 

event} which occurred on November 23, 1940, would be catalogued in 

water year 1941. The peak discharge to be entered for each year is 

the momentary maximum for that water year expressed in CFS. The user 
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A-6 0 
D 
0 
D 

should ordinarily not enter less than 10 consecutive years of record 

when using this option. 

Annual peak flow data Water year Date of event Peak Discharge (cfl) Water year Date of event Peak Oisct1aroe (cfl) 

GA GEO CFISI I I II II 1 I I I I I I I I I I I 11 j 
CA GEO CFISI I I I I I I I I I I I I I I I I I I I I 
GA GEO C FiSI I I I I I I I I I I I I Ill! If I I I 
GA GED .rF't I 

t J T • 
Lrd ID ~r previous 

water year. 

'- ~omentary maximum flood for the 
given event in CFS. 

L..-- For example, 12/18/69 or DEC181969. 

Water year extends from Oct. 1 - Sept. 30. 

~NQ!!A CARD (A-71 

An ENDATA card is required at the end of the data for each prob-

lem. For example, if the flow computed in a HYDRO problem is to be 

used in another subsystem then the input data for the second 

subsystem must be placed immediately following the ENDATA card for 

the HYDRO subsystem. 
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card use Checkli§i 

A tabulation of the required and optional cards for each of the 

HYDRO options is shown in Figure 3-3. This may be used to check the 

completed input form for possible omissions prior to submission. 

CARD 
IDENT. 

CONTROL 
CARD 

A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

HYDRO 
CARD TYPE METHOD OR APPLICATION 

OR GAGED 
REFERENCE USGS RATIONAL ANALYSIS SUPPLY Q 

HYDRO YES YES YES YES 

METHOD YES YES YES YES 

BASEFLOW= OPTIONAL1 OPTION ALl OPTION ALl OPTIONALl 

USGS YES 

RADATA YES2 

GAGED YES 

GAGED CFS YES3 

EN DATA YES YES YES YES 

1 Required if adiustments to computed flow are needed. 
z A RADATA Card for each sub-area. 
3 Include enough GAGED CFS Cards to enter all wate~ 

years to be considered, two per card. 

FIGURE 3-3. CARD USE CHECKLIST 
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III. OUTPUT 

Output for the HYDRO subsystem may consist of one of four 

different reports depending upon the procedure used. 

Y~~Q~Ql~al Survey (USGS) Procedure 

The report for this procedure consists of the following informa-

tion: 

1. Region (1 through 6) - given 

2. Frequency (yrs) - given 

3. Drainage Area (sq mi) given 

4. Slope {ft/mi) - given 

5. lnnual Precipitation (in;yr) given 

6. Baseflov (cfs) - If given, otherwise omitted 

7. Peak flov - computed 

8. Q1 oo - computed. 

Rationtl_i£2~g~ 

The report for this procedure prints the following information. 

1. Rainfall intensity factors (e, b, d) - given 

2. For each subarea: 

a. Subarea identifications given 

b. "C" coefficient - given 

c. Area (acres) - given 

d. Length (ft) - given 

e. Velocity (fps) - given 

f. Time of concentration (minutes) given or computed 

3. Total CA coaputed 

4. Total time of concentration (minutes) - computed 

5. Rainfall intensity (inches per hour} - computed 

6. Frequency - given 
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7. Total drainage area - given 

8. Base flow If given, otherwise omitted 

9. Peak flow - computed. 

§~ged_!Mlysis P!Qffi.ll§ 

This is the only procedure in the THYSYS system that suppresses 

the direct printing of input cards as a part of the output to the 

user. Printing of the formal report for this procedure starts when 

the first GAGED CPS card (A-7) is read. Following the station number 

and station description the report contains the given water year, 

date of event and peak discharge for each year as they are read from 

the cards. Following this list of annual peak flows the report con

tains: 

~y.IU?.!Y_Q 

1. Frequency - given 

2. Drai~age area (sq mi) - given 

3. Base flow (cfs) - If given, otherwise omitted 

4. Peak flow - computed 

s. 0 1 oo - co•puted. 

All values for this report are supplied by the user and include 

the following: 

1. User supplied flow (cfs) 

2. Frequency (yrs) 

3. Drainage area (in units as given by user, either acres 

or sg •i) 

4. Base flow - If given, otherwise oaitted 

5. Peak flow ~fs). 
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MAR 14, 1977 
**************** E R R 0 R M E S S A G E S ***************** 
************** T E X A S H Y D R A U L I C S Y S T E M *************** 

ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH 
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP. 
'EXPL' DENOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE. 
(FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE 
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD 
ENGINEER FOR YOUR DISTRICT.) 

****************************************************************************** 

HY00001--NO DRAINAGE AREA DIMENSION GIVEN 
EXPLo ON THE 'HYDRO' CONTROL CARD NEITHER 'ACRES' NOR 'SQMI' WAS 

SPECIFIED. FATAL ERROR IF 'USGS' OR 'RATIONAL' WAS SPECIFIED. 

HY00002--NO DRAINAGE AREA GIVEN 
EXPLa ON THE 'HYDRO' CONTROL CARD NO 'DA' IS ENTERED. 

HY00003--FREQUENCY GIVEN NOT EQUAL TO 2, 5, 10, 25, 50, OR 100 
EXPLo THE ROUTINE CAN ACCOMODATE HYDROLOGY COMPUTATIONS FOR ONLY THESE 

6 FREQUENCY VALUES. 

HY00004--NO FREQUENCY GIVEN 
EXPLo ON THE 'METHOD• CARD {A-1) NO FREQUENCY WAS INDICATED. FATAL 

ERROR IF 'USGS OR GAGED ANALYSIS' WAS SPECIFIED. 

HY00005--UNIOENTIFIED COMMAND CARD IGNORED 
EXPLo THE CARD IMMEDIATELY PRECEDING THIS MESSAGE IS NOT RECOGNIZED BY 

THE PROGRAM AS AN INPUT CARD FOR THE 'HYDRO' SUBSYSTEM. THE 
PROBLEM WILL BE COMPUTED IF THE OTHER CARDS CONTAIN THE INFORMA
TION REQUIRED FOR THE SOLUTION. NON-FATAL. 

HY00006--PROBABLE BLANK CARD 
EXPLo THE CARD IMMEDIATELY PRECEDING THIS MESSAGE HAD NO ENTRIES IN 

POSITIONS SCANNED BY THE PROGRAM. THE CARD WAS ASSUMED TO BE 
BLANK, AND CONSEQUENTLY WAS IGNORED. THE PROBLEM WILL STILL BE 
COMPUTED IF NECESSARY INFORMATION IS PROVIDED ON OTHER CARDS. 
NON-FATAL. 

HY00007--INVALID USGS REGION GIVEN 
EXPLo ON THE 'USGS' CARD (A-3) A HYDROLOGIC REGION OTHER THAN ONE WITH 

A NUMERAL 1 THROUGH 6 WAS ENTERED. FATAL ERROR IF 'USGS' WAS 
SPECIFIED. 

HY00008--FOR HYDROLOGIC REGION * * A SLOPE VALUE MUST BE PROVIDED 
EXPLo FOR REGIONS 1,2,4,&5 THE USGS PROCEDURE REQUIRES A GIVEN SLOPE 

VALUE. 

HY00009--TOO MANY RADATA CARDS READ. PROGRAM CAN ACCEPT NO MORE THAN 20. 
EXPLo IF MORE THAN 20 SUBAREAS ARE TO BE CONSIDERED, THE USER MUST 

COMBINE SUBAREAS HAVING THE SAME RUNOFF COEFFICIENTS. FATAL 
ERROR. 

HY00010--FOR HYDROLOGIC REGION 6 A PRECIPITATION VALUE MUST BE PROVIDED 
EXPLo USGS PROCEDURES REQUIRES A PRECIP.VALUE IF REGION 6 IS SPECIFIED. 

HY00011--THE (A-ll CARD (METHOD) IS MISSING 
EXPLc EITHER THE 'METHOD' CARD (A-ll WAS NOT COMPLETED OR THE METHOD 

SELECTED WAS NOT PROPERLY ENTERED ON THE CARD, CAUSING THE 
PROGRAM TO BE UNABLE TO RECOGNIZE THE DESIRED PROCEDURE. FATAL 
ERROR. 

HY00012--NO METHOD SPECIFIED ON METHOD CARD A-1 
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"'AR 14, 1977 
EXPLo A METHOD CARD WAS PROVIDED BUT METHOD WAS NOT PROPERLY SPECIFIED. 

HY000l3--USGS PROCEDURE MAY NOT BE USED FOR A DRAINAGE AREA OF * * SQUARE MILES 
EXPLo USGS PROCEDURE MAY BE USED ONLY FOR DRAINAGE AREAS GREATER THAN 

200 ACRES AND LESS THAN 3000 SQUARE MILES. 

HYOOOl4--USE OF RATIONAL METHOD IS NOT RECOMMENDED FOR DRAINAGE AREAS IN EXCESS 
OF 200 ACRES. 
EXPLo 'RATIONAL' WAS SPECIFIED BUT 'DA' WAS GREATER THAN 200 ACRES. 

HY00015--RATIONAL COEFFICIENT MISSING. 
EXPLo THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'RATIONAL' 

METHOD BUT FOUND AT LEAST ONE SUBAREA WITH NO 'C' COEFFICIENT 
ENTERED. FATAL ERROR. 

HY00016--TOTAL ACRES ON RATIONAL METHOD INPUT CARDS DISAGREES WITH DRAINAGE AREA 
ON HYDRO CARD. 
EXPLo THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'RATIONAL' 

METHOD AND FOUND A DISCREPANCY BETWEEN THE SUM OF THE SUBAREA 
SIZES AND THE DRAINAGE AREA SHOWN ON THE 'HYDRO' CONTROL CARD 
AND IT ASSUMED THE SUM OF THE SUBAREA SIZES WAS CORRECT. NON
FATAL ERROR. 

HY00017--COEFFICIENTS E, B, OR D MISSING 
EXPLo THE PROGRAM ATTEMPTED TO WORK THE PROBLEM WITH THE 'RATIONAL' 

METHOD BUT FOUND AT LEAST ONE OF THE RAINFALL INTENSITY FACTORS 
IE, B, OR Dl MISSING. FATAL ERROR. 

HY000l8--STATION IDENTIFICATION NOT GIVEN FOR GAGED ANALYSIS 
EXPLc THE PROGRAM ENTERED THE 'GAGED ANALYSIS' PROCEDURE AND FOUND NO 

GAGING STATION IDENTIFICATION. THE PROGRAM WILL PROCEED IF OTHER 
GIVEN GAGED DATA IS ADEQUATE. NON-FATAL. 

HY00019--NO GAGED DATA GIVEN 
EXPLD THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'GAGED ANALY

SIS' PROCEDURE BUT FOUND NO GAGED DATA. FATAL ERROR. 

HY00020--0NLY * * YEARS OF DATA SUPPLIED. A MINIMUM OF * * CONSECUTIVE YEARS OF 
RECORD SHOULD BE SUPPLIED FOR A FREQUENCY PERIOD OF * * YEARS. USE OF 
THIS METHOD IN THIS INSTANCE SHOULD BE COORDINATED WITH D-5 BRIDGE 
DIVISION. 
EXPLc IN A GAGED ANALYSIS, 

CHARGE DETERMINATION 
FREQ. 

5 
10 
25 
50 

100 

HY00021--NO Q CFS DATA SUPPLIED 

STATISTICAL REQUIREMENTS ARE THAT THE 
COMPUTATIONS CONFORM TO THE FOLLOWING 

MIN. YEARS OF GAGED DATA 
5 

10 
15 
20 
25 

DIS-

EXPLo SUPPLY Q WAS SPECIFIED ON THE 'METHOD' CARD (A-lJ BUT NO VALUE 
WAS ENTERED FOR 'Q'. FATAL ERROR IF 'SUPPLY Q• WAS SPECIFIED. 

HY00022--RATIONAL SUB-AREA MISSING. 
EXPLc THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'RATIONAL' 

METHOD BUT FOUND AT LEAST ONE SUBAREA SIZE MISSING. FATAL ERROR. 

HY00023--ABSOLUTE VALUE OF SKEW COEFFICIENT EXCEEDS 4.1 - M= * * 1 S= * *• 
G= * * • 
EXPLc IN THE 'GAGED ANALYSIS' PROCEDURE THE CALCULATED ABSOLUTE VALUE 

OF THE SKEW COEFFICIENT EXCEEDS THE MAXIMUM ALLOWABLE OF 4.1. 
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MAR 14, 1977 
VALUES OF M,S AND G ARE GIVEN TO AID IN LOCATING THE PROBLEM. THE 
USER SHOULD CONSULT THE D-5 HYDRAULIC SECTION WHEN THE OUTPUT 
CONTAINS THIS MESSAGE. FATAL ERROR. 
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PART IV - CHANNEL ANALYSIS SUBSYSTEM CHYDRA) 



I. 

II. 

III. 

Description. 

Input ..•• •.•••..••••.•.•... "~ .••••••••.•••••.••••...•.•••• 

HYDRA 
HYDRA 

Control Card. 
Input Form ••• 

Methods of Computation. 
ONE SECT Card (8-1) •• 
WATERW~Y Card (B-1a) 
TWO SECT Card (8-2) ••• 

for Two-Section Failures.n Reasons 
MANY 
SEQUENCE 
SECX Cards 
CNVY Card 

SECT Card (B-3) ............... . 
Card (8-4) and SEQ CONT 

(B-6) and SECN Cards 
( B-8) • 

Card (8-9). MOVE 
GRAPHS 
ENDATA 
card 

card ( 8-1 0) 
Card (B-11) 

Use Checklist. 

Card (B-5) 
( 8- 7) ••• 

Output ••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cumulative Conveyance ••• 
One Section. 
Waterway •••• 
Two Section •• 
Many Section •••••• 
Error Messages ........ . 

4-i 

. ... 

4- 1 

4- 2 

4- 2 
4- 3 
4- 7 
4- 7 
4- 8 
4-11 
4-13 
4-14 
4-15 
4-16 
4-22 
4-25 
4-26 
4-27 
4-27 

4-29 

4-29 
4-29 
4-30 
4-31 
4-31 
4-33 



CHANNEL ANALYSIS SUBSYSTEM {HYDRA) 

I. DESCRIPTION 

The function of the HYDRA subsystem is to calculate water sur-

face elevations and/or the cumulative conveyance across a cross-

section and/or store cross-sections for use in the CULBRG subsystem. 

Three methods of determining water surface elevations are available: 

1. One Section Method 
2. Two Section Method 
3. Many Section Method 

In the One Section method calculations are based on a single cross-

section. The Two Section method bases its calculations on two 

cross-sections with the option of interpolating or extrapolating 

results to a third cross-section. In the Many Section method. calcu-

lations are based on as many as 50 cross-sections with 25 starting 

tailwaters. For each of the three methods as many as four different 

flows may be considered in one pass. 

The user may stack problems for any of the above methods by 

entering all the data on each card he wishes to change and following 

each set of revised data with an ENDATA card. The first solution 

following the last HYDRA card will be retained for use in CULBRG. 

Several move operations and;or several cumulative conveyances can be 

processed in one pass using this procedure. 

HYDRA also has the capability of translating and;or rotatinq an 

existing cross-section to create a new cross-section. The maximum 

number of points to describe a cross-section is 100. Each cross-

section may be divided into a maximum of 10 subsections with differ-

ent "n" coefficients in each. Additionally, each subsection may be 

further subdivided at a specified elevation and two different "n" 

values assigned. 
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II. INPU! 

The data form for the HYDRA subsystem is printed on the front 

and back and is shown in Figures 4-1 and 4-2. 

The HYDRA Control Card is required for entry into the HYDRA 

subsystem. This subsystem is designed to use a peak discharge (com-

puted in HYDRO or entered directly in HYDRA) to compute a tailwater 

which in turn may be used in the CULBRG subsystem. If the user 

intends to use a HYDRO supplied peak discharge in HYDRA, he may omit 

the entry for drainage area on the HYDRA Control card and it will be 

assumed to be the same as that used in the preceding HYDRO problem. 

Otherwise, the drainage area should be entered on this card although 

it is not necessary for computations in HYDRA. 

Up to 2 discharges (Q) and fre
quencies may be entered. See 
HYDRA INPUT discussion if you 
wish to link this computation 
with output from HYDRO or use 
the results of this computation 
in CULBRG. 

~---Required when DA specified. Delete One. 

Not used in HYDRA computations but should be entered to 
aid in identifying output. If a HYDRO problem precedes, 
the DA from HYDRO will be assumed if there is no entry 
here. 
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It is expected that only one discharge will usually be consid-

ered per problem; however, the user may wish to compute tailwaters 

for several discharges at the same site although only one may be 

passed on for use in CULBRG. Therefore, spaces have been provi~ed on 

the HYDRA Control Card for entry of three optional sets of discharge 

and frequency with one set (the rightmost) being reserved for entry 

of 100 year flood frequency discharge. If a discharge has been com-

puted using HYDRO prior to entry into HYDRA, then this discharge will 

be considered before those entered on the HYDRA Control Card; and it, 

along with its computed tailwater, will be passed to the CULBRG 

subsystem. 

Provisions have been made in HYDRA for computing a 100 year 

flood (basic flood) frequency. The tailwater is calculated in HYDRA 

and passed on to CULBRG for further basic flood calculations. This 

feature is entirely separate and is in addition to the normal 

computations carried out and passed on to the rest of the system. 

The Q for the 100 year (basic flood) frequency is entered on the 

HYDRA Control Card. This computed tailwater is only available for 

use in 100 year flood frequency calculations. 

The following is a summary of the options available for entering 

a peak discharge into HYDRA for computation of tailwater. The sum-

mary also shows the values of peak discharge and tailwater which are 

passed on to CULBRG. 

Q1 , Q2 (From HYDRA Control Card) 
TW 1 , TW 2 - computed 
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Q1 and TW 1 used in CULBRG 
calculations 



Q1 - computed Q 1 (From HYDRO) 
02r Q3 (From HYDRA 

control card) 
TW 1 , TW 2 , TW 3 - computed 

Q1 and TW 1 used in 
CULBRG caldulations 

If several HYDRO problems precede HYDRA, the last HYDRO computed 

discharge will be used. If a HYDRO problem precedes a HYDRA run and 

the user wishes to enter HYDRA with a different known input discharge 

for use in CULBRG, it will be necessary for the known discharge to be 

entered through the HYDRO subsystem by entering it under SUPPLY Q on 

the ftETHOD card (A-1) and as a separate HYDRO problem immediately 

preceding the entry into HYDRA. 

Q - computed 
(Not for use 
in HYDRA 
and/or CULB RG) 

0 1 - computed or 
entered under 
SUPPLY Q {For use 
in HYDRA and/or 
CULBRG) 

Q 1 (From HYDRO) 
02, O:t (From 
HYDRA Control 
card) 
TW 1 , TW 2 , TW 3 
computed 

Q1 and TW 1 used 
in CULBRG calcu
lations 

If no discharge was previously determined using HYDRO or if a 

previous HYDRA computation has used the discharge computed in HYDRO, 

then the first discharge entered on the latest HYDRA control card and 

its computed tailwater will be passed to the CULBRG subsystem. 

!ii~RO 

Q1 - computed 

HYDRA 

Ot (From HYDRO) 
02r Q3 (From 
HYDRA Control 
Card) 
TW 11 TW2, Ti:t 
computed 
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o., Os (From 
HYDRA Control 
card) 
TW 4 , TW s 
computed 

Q4 and TW 4 used 
in CULBRG cal
culations 



~ethod.§_QL£.Qmput~tio.n 

The HYDRA subsystem gives the user the choice of three 

computational methods for TW elevation determination depending upon 

the amount of information qiven. Regardless of the option selected, 

the user must always supply data describing the referenced 

cross-sections. This data must contain information concerning the 

shape of the channel and the Manning's roughness coefficient ("n" 

value). These values will be entered on SECX cards (B-6) and SECN 

cards (B-7) which will be discussed later. 

ONE SECT CARD j]-11 

The ONE SECT card (B-1} is required when the user wishes to 

employ the ONE SECTION method {a routine for computing a 

stage-discharge or rating curve) or to request WATERWAY computations 

for a specified channel cross-section. With the ONE SECTION method 

or WATERWAY request, the user must supply the cross-section data for 

one section (usually a typical cross-section for the stream reach} , 

the slope of the channel and the position of the structure site rela

tive to the given section. This structure position should normally 

be given at a stream station in the vicinity of the downstream end of 

the culvert or the centerline of the bridge. The value for slope 

must be entered in ft/ft. The cross-section identification entered 

in the field SECTION ID may be any alphanumeric identification which 

the user wishes to assign to the cross-section being defined. The 

stream station must be a decimal number. The stream station at the 

job site must be entered in the field STATION and the position of the 

site relative to the input section must be given in the field UPSTM, 

DNSTM {upstream, downstream). 
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Water surface slop 
in ft/ft (decimal). 

Position of the site 
relative to the input 
section upstream or 
downstream. 

Station at the site where water surface 
elevation is required (decimal). 

Station of the input section (decimal). 

Section ID must exactly match section identification on 
cards (B-6), {B-7), and (B-9) used to describe this 
section. 

For the problem illustrated in Figure 4-3, the entry for the 

position of the site should be DNSTM. If the input cross-section is 

at the site, either UPSTM or DNSTM may be entered. If neither is 

entered, DNSTM is assumed. 

The WATERWAY card (B-1a) is optional and is used in coniunction 

with the standard input required for a ONE SECTION method applica-

tion. WATERWAY provides a solution(s) to Manning's formula covering 

a specified range of incremented elevations and "n" values for a 

given cross-section. For each elevation, a table of "n" values and 

the resulting area, wetted perimeter, hydraulic radius, velocity and 

K-factor are printed. Total area, discharge and Q/A are also 

printed. The output produced is described in Section III, Output. 
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Specify increments of elevation for 
which WATERWAY ouput will auto
matically be supplied. If speci
fied on more than one card~ only 
the first specification will be 
used. 

Supply up to 25 specific elevations other 
than the automatically selected incremental 
elevations at which WATERWAY output is 
desired. Use as many of this type of card as 
required. 

Output from the WATERWAY computations will be printed if WATER-

WAY is punched on card B-1a. If the user does not enter on this card 

optional specific elevations and elevation increments, then the 

system will print the data listed above for each one foot of eleva-

tion beginning with the lowest even foot in the given cross-section 

and proceeding in one foot incremente to the highest possible water 

surface elevation in the cross-section. If the highest possible 

water surface elevation does not occur on an even increment, then an 

extra output is produced for that elevation. 

If increments other than one foot are desired, the user may 

specify the increment of elevation in the INCR ELEV. field on the 

WATERWAY card (B-1a). Increments may be specified no smaller than 

0~1foot. (If smaller increments are specified, the program defaults 

to 1.0 foot increments.) If small increments are specified, care 

should be exercised to prevent exceeding 250 elevations, the maximum 
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number allowed. Only one increment size may be specified in each 

run. If more than 250 water surfaces are indicated, the program will 

accept only the highest 250 elevations. 

If the user wishes WATERWAY output at specific elevations that 

may not occur at even increments, he may indicate up to 25 such 

elevations on successive WATERWAY cards (B-1a). These additional 

cards should reflect only the WATERWAY entry and the desired specific 

elevations in the two W.S. ELEV fields. These given elevations will 

then be inserted by the program in their proper order within the 

incremental elevations. 

The WATERWAY option permits the user to specify "n" value bound

aries at points other than at breaks in the cross-section and also 

permits a change in "n" value within a subsection at a given eleva

tion as described in SECN cards {B-7). (See Figure 4-6.) Wh~n such a 

change is specified, the program arbitrarily establishes a linear 

transition from one "n" value to the other covering .5 foot above to 

.5 foot below the change elevation. This transition will cause the 

output to contain some "n" values which were not specified. 

1~Q-~~f1_CAli~-~=ll 

The TWO SECT card (B-2) is required for the TWO sECT ION met hod. 

This method employs the interaction of the respective conveyances of 

each section to determine a hydraulic slope and water elevation. 

This method requires more information for its use but the results 

obtained are considered to be more accurate than those from the ONE 

SECTION method. If the TWO SECTION method is used, the cross-section 

aata and stream station for the downstream section and the upstream 

section must be provided in addition to the stream station at the 

structure site. on the B-2 card, fields are provided for entering 
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the cross-section name (ID) and correspondinq station for the down-

stream and upstream sections. The stream station at the structure 

site must be entered in the WATEL~STA field. 

Stationing of the downstream sec
tion, the upstream section and the 
site is required (decimal). 

Section ID's for downstream and upstream 
cross-sections are required and must exactly 
match the ID's for these cross-sections on 
SECX and SECN cards used to describe them. 

Normally the structure site should be located between the 

upstream and downstream sections; however, the program will accept a 

site which lies outside the two sections if the distance from the 

nearest section does not exceed the distance between the input sec-

tions. For example, in Figure 4-4, any site from Station 200.0 to 

Station 800.0 would be acceptable but, preferably, the design site 

would lie between Station 400.00 and Station 600.00. It should be 

noted that if extrapolations from the two input sections are neces-

sary, a certain amount of reliability is lost in the final answer. 

Reasons For Two-Section Failures 

Computations in this method are based on the premise that dis-

charge is continuous and unchanged and the water surfac~ __ §1Q£~ __ i§ 

Therefore, conveyance at the upstream section necessarily 
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equals conveyance at the downstream section since conveyance (K) is 

equal to the discharge {Q) divided by the square root of the water 

surface slope. But conveyance is also equal to (1.486 X ARZ 3) "n" 

which yields conveyances that are a direct function of the 

cross-sections and ''n" values supplied. This can then result in com-

puted water surface slopes that will not physically fit between the 

two cross-sections with the specified design discharge. (RefPr to 

Appendix c for a more detailed explanation of the TWO SECTION METHOD 

failures.) 

Stationing of site (struc
ture location) at which 
final calculated w.s. ELEV 
is desired. If no station 
is given, backwater pro
files will be calculated 
but no tailwater determi
nation will be made. 

Water surface elevation at the cross
section farthest downstream. Up to 25 
starting W.S. ELEV may be considered. 
These may be entered on subsequent 
MANY SECT cards containinq only the 
CARD ID and W.S. ELEV. 

Stationing of the profile of the cross
section farthest downstream. 

The MANY SECTION method requires more input data than either the 
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ONE SECTION or TWO SECTION method, but the results are usually hiqhly 

reliable. This method employs the step-backwater procedure and may 

use up to 50 sections downstream of the site. Reference is made to 

chapter 3 in the !!YQ£~yli£_]1anu~l for further discussion of this 

me t hod • 0 n t he f i r s t M A NY s E c T c a r d ( B- 3) t he user must enter ( 1 ) 

the stream station of the cross-section that is farthest downstream 

in the water surface profile, (2) the first assumed water surface 

elevation, and (3) the stream station at the structure site. Up to 

25 assumed water surface elevations may be entered on subsequent MANY 

SECT cards (B-3) by entering only P!ANY SECT and W. S. ELEV. This 

feature allows the designer to examine the convergence of profiles 

for the various backwater curves generated if the starting elevation 

is considered to be unreliable. The starting stream station and site 

stream station are required on only the first MANY SECT card. 

~]QQ~~~]-~~B~_J]=11-AB]~Q_~Q~1_f!RD_J]=2l 

In addition to the MANY SECT card, the P!ANY SECTION metho1 

requires a single SEQUENCE card (8-4) and as many SEQ CON'l' cards 

(B-5) as needed to show the stream stations of the cross-sections to 

be considered for the MANY SECTION procedure. section ID's and 

stream stations of all cross-sections consinered in the MANY SECTION 

procedure must be entered on these cards with as many as three 

entries per card. Up to 50 cross-sections can be stored in the pro

gram. It is not necessary to fill all blanks on these cards but the 

entries must proceed from left to right across the card. The proqram 

checks the cards from left to riqht and qoes to the next card when it 

encounters a blank Section ID. The section identifications must 

exactly match section identifications for these sections on SECX and 

SECN cards used to describ€ them. 
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CROSS-SECT ID's and stream stations {up to three 
sections per card). The first two section names and 
stationing must be entered in the proper sequence 
to establish the direction of stationing. 

The SECX cards (B-6) and SECN cards (B-7) are required in all 

HYDRA runs to enter data describing each cross-section named in any 

of the methods being used. The SECX cards (B-6) may also be used to 

describe the road profile along the crown line of the road which is 

required for a 100 year flood analysis. When using SECX cards (B-6) 

for defining the road profile, the identifier fiiW1 must be entered in 

the CROSS-SECT ID field. Otherwise the CROSS-SECT ID on each card 

must exactly correspond to the cross-section names given on the B-1, 

B-2, B-4 or B-5 cards referring to the cross-section being described. 

The SECX cards are used to describe the shape of the cross-section by 

using a coordinate system in which the X COORDINATE represents the 

point location across the section in feet and the Y COORDINATE repre-

sents the elevation in feet. The entry for X must never exceed 

~ 99999.99. Each card allows space to enter three points. The pro-

gram will accept a maximum of 100 points per section. Points (X,Y) 

may be input in any order, except for the provision that the first 

two X values input must be in the proper order to establish 

orientation of the cross-section. The other points will then auto-

matically be arranged by the program in their proper order throughout 

the cross-section, regardless of the order in which they are entered. 
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.. Cross-teet. 
.. - 10 

X '· IX 
X IX 

ex X 
ex v 

t 

Card ID 

Coordinate point Coordi'late point Coordinate_ ~int 
- ------

X Coonlinete ( Diat) 

I I I I I I 
I I I I I L 
II I l l L 

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

Y Coor4inott ( Eltv) X Coordinate ( Dist) Y Coordinate (Eitv.) X Coordinate ( Dist) Y Coordinate ( Elev.) 

'rl I I i I I I I X i i r ' l X I I I I I i I 'rl I I I i 
Yl I I I I I I I X I I r l I IX I II I I I I Yl I I i I 
'rl I I I I I I I X I I y I I X I II I I II Yl L I I I 

V I I y I I v 

! The X COORDINATE refers to the d1stance of the 
point across the section traverse and the Y COOR
DINATE refers to tne elevation of the points. 
These points may be entered, 3 per card, to a 
maximum of 100 points per section. All coordi
nates must be entered in feet as decimal numbers. 
Stationing of X COORDINATES may be arbitrarily 
increasing or decreasing, positive or negative. 
The absolute value of the X COORDINATE must never 
exceed 99999.99 .. 

CROSS-SECT ID must exactly match the section identi
fication of the referenced section on previous cards 
for the method used. Enter HIWY if these cards are 
used to describe the road profile for 100 year flood 
analysis .. 

An undercut bank at x.,Y. as illustrated in Figure 4-5 cannot be 

handled by the program. Therefore, x. must be shown as identical to 

x~. In this instance the program will accept these two points in the 

order in which they are given when arranging the point sequence. If 

the user attempts to describe an undercut, the points will be 

reversed by the proqram. Therefore, the closest description 

approximatinq an undercut would be a vertical face. 
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Lard ID ~atio can 
be used only when des
cribing a section used in 
MANY SECTION method. See 
further discussion of the 
use of this feature in 
the SECN cards in HYDRA 
INPUT. 

'-The values in SUBSECTION DEFINITION and "n" VALUE 
SPECIFICATION are entered accordinq to the follow
ing: 

1. If one "n" value applies to the entire 
section, no X DISTANCE, ELEVATION or "n" 
ABOVE ELEV is necessary. Only the 
"n" value in the field "n" or "n" BELOW 
ELEV is required. 

2. If one "n" value applies to a subsection, 
X DISTANCE information is required but no 
ELEVATION or "n" ABOVE are necessary. 

3. If "n" ABOVE and "n" BELOW values apply 
to the entire section, no X DISTANCE 
information is required, but ELEVATION, 
"n" ABOVE and "n" BELOW are required. 

4. If "n" ABOVE and "n" BELOW values apply 
to a subsection, all information is 
required. 

~cROSS-SECT ID must exactly match the section 1dent1ficat1on 
of the referenced section on previous cards for the method 
used. 

The SECN cards (B-7) describe the Manninq's "n" values across 

the section. Each cross-section may be divided into a maximum of 10 

subsections with different "n" coefficients in each. There are 
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several possibilities concerning these subsections and the options 

are outlined below: 

1. If there is one "n" for the whole section then FROM X DIS
TANCE, TO X DISTANCE, ELEVATION, and "n" ABOVE ELEV need not 
be entered on the SECN card. Only the CROSS-SECT ID, "n" or 
"n" BELOW ELEV. and DRAINAGE AREA RATIO (only for MANY 
SECTION) need to be entere~. 

2. If there is more than one subsection in the section and a 
particular subsection has only one 11 n", the ELEVATION and 
"n" ABOVE ELEV may be left blank. In Figure 4-6 the subsec
tion from x. to x~ is of this type. The DA ratio is entere~ 
if used in a MANY SECTION problem. 

3. In some situations the "n" value may change at a particular 
elevation within the subsection. This can happen when there 
are trees, brush, or other similar obstacles in the flood 
plain. When the water surface elevation attains a height 
such that is clears the tops of the brush or when it reaches 
the tree limbs, then the "n" value for the subsection will 
be affected. Thus, the "n" value for the subsection when 
the water surface is below a certain elevation will be 
different from the "n" value for the subsection when the 
water surface is above that elevation. (See Figure 4-6.) 
When such a change in "n" value is indicated, the program 
will automatically make a linear transition from 0.5 ft 
below the given change elevation to 0.5 ft above. If these 
conditions are the same all the way across the section, then 
it is not necessary for the FROM X DISTANCE and TO X DIS
TANCE to be entered. Only the "n" BELOW ELEV, ELEVATION, 
and "n" ABOVE ELEV. are required plus DRAINAGE AREA RATIO if 
using the MANY SECTION method. 

4. If there is aore than one subsection in the section and a 
particular subsection is of the type described in (3) above, 
then all the information on the SECN card must be provided 
(including the DRAINAGE AREA RATIO if this section is use~ 
in a MANY SECTION problem). 

The boundaries of the subsections on SECN cards need not nee-

essarily coincide with any X COORDINATE on the SECX cards. 

In the use of the MANY SECTION option in HYDRA, provision bas 

been made to vary the discharge along the reach of stream being 

considered. This is done by means of the DRAINAGE AREA RATIO. The 

design discharge is applied to a reference section in the reach by 

assigning the value of 1.000 to the DRAINAGE AREA RATIO of that 

section. If the designer wishes to vary the discharge along the 
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reach length such as at the inflow of a tributary, those sections 

downstreaa from the reference section should ordinarily have DRAINAGE 

AREA RATIO (DAR) values greater than 1.000 and those sections 

upstream from the reference section should ordinarily have DRAINAGE 

AREA RATIO values less than 1.000. The user must assure that no 

upstream value is greater than any downstream value since this con

stitutes an error condition. The discharge is adiusted by the arbi

trary hydrologic method Q = Q (DlR)07. If no entry is made the 

value of 1.0 will be assumed for this section. It is necessary to 

enter the DRAINAGE AREA RATIO on only one card per section. If con

flicting values are entered on separate cards for the same section, 

the last value read will be used. 

A further function of the HYDRA subsystem is its use as a stor

age vehicle for cross-section configuration and characteristics for 

subsequent use in the CULBRG subsystem. No HYDRA option need be 

specified for this function but SECX and SECN cards should be com

pleted and should follow the HYDRA Control Card. An~ section stored 

in HYDRA, whether or not accompanied by a computations specification 

{such as ONE SECT, CNVY, etc.), may be subsequently used in CULBRG. 

CN!!_~ARQ_(B-~l 

The cumulative conveyance feature of HYDRA is an option the 

designer may select if his purpose is to determine flood plain flow 

divides for use in designing main and relief structures. This is an 

independent calculation, the results of which are not available for 

other routines. Analysis of the relative carrying capacity char

acteristics of a section is possible with this feature. The convey

ance is calculated from left bank to right bank of the designated 

cross-section and an accumulated total conveyance is kept and subse-

4-22 



quently plotted with the accumulated total conveyance as the ordinate 

and the section stationing as the abscissa. Care should be taken by 

the designer to supply the section which appears to have the most 

control over the flow divide at flood stages. An automatic plot of 

accumulated conveyances versus section stationing is included in the 

output from this option. 

Two types of input on the CNVY card are given below: One for 

bridge type structures and one for multiple culvert type structures 

requiring flow divides directly upstream. 

A PLUS value may be added to T.W. 
ELEV to simulate bridge headwater 
(decimal). If blank, 0.5 is assumed. 

If T.W. ELEV (W.S. elevation at section) is not 
supplied here, the T.W. elevation calculated at 
the structure by HYDRA (see HYDRA INPUT discus
sion) will be assumed (decimal) • 

SECTION ID must exactly match the section identification 
on SECX cards and SECN cards describing the referenced 
section. 

The conveyance option is not used in conjunction with any other 

design or determination procedure contained within the THYSYS system. 

As in other procedures, the SECTION ID on the CNVY card must exactly 

agree with the CROSS-SECT ID on the SECX and SECN cards used to 

describe the section. The T.W. ELEV may be supplied on this card or 
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it may be computed in HYDRA in which case the T.W. ELEV space should 

be left blank. The T.W. ELEV entered on this card will be used for 

bridge type structures only. The PLUS value is usually an estimate 

of possible backwater which is to be added to T.W. to simulate bridge 

headwater. If T.W. ELEV is given and a value for PLUS is not given, 

the PLUS is arbitrarily assigned the value of 0.5 ft. 

la£Yl-_fQ!_~ylti~l~_Culvert _1~~~!~£ture§ _ _]gggi£ing __ f12~ 
~iYides_Qi£gctly_~~stream. 

MINIMUM H.W. to ce applied to the 

MAXIMUM H.W. to be applied to the section. 

INCR designates increments of headwater 
elevation from minimum to maximum. Each 
will have a cumulative conveyance curve 
computed. 

SECTION ID must exactly match the section identification 
dn SECX and SECN cards describing the referenced section. 
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If the structure is to be multiple culverts rather than a 

bridge, and flow divides are required upstream of the multiple cul-

verts, then MINIMUM H.W. ELEVATION, MAXIMUM H.W. ELEVATION and INCRE-

MENT are required instead of T.W. ELEV and PLUS. When these a.re 

given, cumulative conveyance curves will be computed and plotted for 

each increment from minimum headwater to maximum headwater. Convey-

ance curves may be plotted for any number of sections by providing a 

CNVY card (B-8) and an ENDATA card (B-11) for each desired curve plot 

immediately following the ENDATA card (B-11) of any HYDRA problem. 

Statiomng of new 

For realignment of a 
skewed section, the 
degree of skew from a 
line perpendicular to 
the water flow must be 
entered here. 

For changing datum the direction 
and amount of change, in feet, 
must be entered here. The direc
tion must be left justified. 

The station of the new cross-section should be 
relative to the reach stationing. 

In addition to supplying the name of the original sec
tion, the user must provide a new name for the section 
that is to be created by the requested move. 

CROSS-SECT ID must exactly match the section identifica
tion on the SECX and SECN cards describing the referenced 
section. 
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The MOVE card (B-9) is used to normalize a skewed section and/or 

chanqe a datum and/or change stationing. The CROSS-SECT ID must be 

the name of the cross-section to be modified. A new name for the 

modified section must be entered in the field CROSS-SECTION IDENTIFI

CATION and the corresponding reach stationing of the new section must 

be entered. This stationing should be relative to the rest of the 

stationing of the reach. The vertical direction of change in datum 

is entered in the VERT field if a change is necessary. This entry 

must be entered as UP or DOWN and it must be left justified. The 

amount of vertical change, in feet, must be entered as a decimal 

number. The angle or skew, in degrees, must be entered in the SKEW 

CORR field. 

The ~OVE operation may be performed for any number of sections 

by providing a MOVE card (B-9) and an ENDATA card (B-11) for each 

desired section immediately following the ENDATA card (B-11) of any 

HYDRA problem. 

gR!~H2-~!RD JB-1Ql 

The GRAPHS card (B-10) is provided to allow the user to list the 

cross-sections he wishes plotted. Up to 50 plots may be requested 

with two given on each card. The user may specify the size in inches 

of each cross-section to be plotted by entering the section ID in the 

SECT field and the length (maximum 100 inches) and height (maximum 14 

inches) in the X and Y fields. If the X and Y fields are left blank 

the plots will be 8 1/2 by 11 inches. 
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B-loO~~.ti-it><llli 
0 l>*;:l*.ti-il-?~ 
0~~~~~~~~~~~~ .. ~~~~~~~~~~~~~~~ .. ~~~~~~~~~~~ 

Same as corresponding 
fields to left 

Desired height of plot along Y-axis. 
Max. 14.0 inches. If blank 8.5 inches 
assumed. one and one-half inches of 
the height are used for labeling. 

Desired length of plot along the X-axis. Max. 
100.0 inches. If blank 11.0 inches assumed. 
One inch of this length is used for labeling. 

The identification of sections for requested plots must 
be listed, 2 per card. The section identification must 
exactly match the section identifications on the SECX 
and SECN cards describing the referenced sections. 
Plots may be requested for as many sections as desired 
up to the maximum of 50. 

ENDATA CARD ~-111 

The ENDATA card (B-11) is required at the end of each HYDRA run. 

Card Use Checklist 

A tabulation of the required and optional cards for each of the 

HYDRA options is shown in Figure 4-7. This may be used to check the 

completed input form for possible omissions prior to submission. 
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I 
tv 
Cl) 

CARD 
I DENT. 

CONTROL 
ClBD 

B-1 

B-1a 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 

B-8 

B-9 

B-10 

B-1, 

HYDRA 
CARD TYPE ONE 11TEB1flY TWO !!AMY 

OR SECTION CALC. SECTION SECTION CONVEilliCE 
BEFERENCE !IETHOD ONLY !lET HOD !lET HOD CALC. 

HYDRA YES YES YES YES YES 

ONE SECT YES YES 

lflTERiAY OPTIONAL YES 

TWO SECT us 

!llNY SECT YES 

SEQUENCE YES 

SEQ CONT YESS 

SECX YESl YESl IESl IESl YESl 

SECN YESZ IESZ IESZ YESZ YESZ 

CNVY OPTIONAL OPTIONAL OPTIONAL OPTIONAL YES 

!lOVE OPTIONlLl OPTIONAL:! OPTIOIAL3 OPTIONAL:! OPTIONAL3 

GRAPHS OPTIONAL• OPTIONAL• OPTIONAL• OPTIOIIAL• OPTIONAL• 

EN DATA YES YES YES YES YES 

1 Include enough SECX Cards to enter all points describing the section. 
z Include one for each subsection. 

ADD'L. CIVY 
CALC. 

lliD/OB !lOVE 

YES 

OPTIOJlL3 

OPTIOilL• 

YES 

3 Required only for normalizing a skewed cross-section and/or changing a datum. 
• Required if plots of named cross-section is needed. 
s Include enough DEQ CONT Cards to list all remaining sections. 

FIGURE 4-7. CARD USE CHECKLIST 

CROSS-SECT 
STORAGE 

YES 
J 

YESl 

YESZ 

OPTIONAL3 

OPTIONAL• 

YES 



III. OUTPUT 

The HYDRA subsystem output consists of two reports. The first 

report describes the given section of the channel under consider-

a tion. It is printed regardless of the method used. A second report 

contains information which varies with the method used. The output 

for the first report is given below. The output for the second 

report is given under the title for the method used. 

1. Name of section- given 

2. Stationing of section given 

3. Drainage area ratio significant only in the MANY SECTION 
method procedure when it is used to relate the flow at each 
section to the flow at the given reference section. This 
ratio is described more fully in the HYDRA INPUT section 
under the SECX and SECN card discussion. - given 

4. X and Y coordinates showing respectively the distance across 
the reach of the stream and the elevation of each point 
describing the section configuration relative to a fixed 
datum. - given 

5. The "n" value data for each subsection across the reach of 
the stream. - given 

When this option is specified by CNVY card (B-8) , the program 

will produce a table of X distances and computed cumulative convey-

ance and percentages. In addition, a line plot of conveyance versus 

X distance will automatically be generated along with a plot of the 

section showing the H.W. elevation. 

The output for the ONE SECTION method consists of: 

1. Slope (ft;ft) - given 

2. Name of the described section - given 

3. station of the described section - given 

4. Station of the section at which answer is needed - given 
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5. A table beginning with the first even .25 ft. above the low
est point in the section and then for each .25ft. increment 
to the highest possible water elevation of the given 
section. This table will reflect: 

a. Elevation (ft above datum) - computed 

b. Flow at elevation - computed 

c. Average velocity of flow {Q/A) at elevation - computed 

6. Tailwater elevation at the described section - computed 

7. Tailwater elevation at required site - computed 

8. Design flow {cfs) - given or computed in HYDRO 

9. Q100 - given or computed in HYDRO (if requested) 

10. TW 100 -computed (if requested). 

The output for the WATERWAY option used in coniunction with the 

ONE SECTION method consists of: 

1. Name and station cf the described section- given 

2. Station of the section at which the answer is needed 

3. Slope (ft;ft) - given 

4. A table beginning with the first even foot above the 
point in the section and for each given increment 
including the highest possible water elevation of the 
section. This table will reflect for each elevation: 

a. Elevation - given 

b. Table for each subsection indicating: 

( 1) Subsection number - computed 
( 2) "n" value - given 
( 3) Waterway Area - computed 
( 4) Wetted Perimeter - computed 
( 5) Hydraulic Radius - computed 
(6) Velocity - computed 
(7) K-Factor (conveya nee) - computed 

c. Total Discharge - computed 

d. Total Area - computed 

e. Q/A - computed 
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5. Tailwater elevation at the described section - computed 

6. Tailwater elevation at required site - coaputed 

7. Design flow (cfs) - given or computed in HYDRO 

The output for the TWO SECTION method consists of: 

1. Name and station of the described upstream section given 

2. Name and station cf the described downstream section given 

3. Station of the site where tailwater is needed - given 

4. Design flow (cfs) - given or computed in HYDRO 

5. Slope (ft/ft) - computed 

6. Downstream velocity (ft;sec) - computed 

7. Upstream velocity (ft;sec) computed 

8. Tailwater elevation at the required site - computed 

9. Q100 -given or computed in HYDRO (if requested) 

10. TW 100 -computed (if requested). 

For the MANY SECTION method the program lists the following: 

1. Discharge (or flow) at the designated base section (cfs) 
given or computed in HYDRO 

2. A table listing for each section 
considered in the solution: 

a. Name of the section - given 

b. Stream station - given 

(proceeding upstream) 

c. water surface elevation 
section) 

computed (given for first 

d. Contributing drainage area - computed 

e. Drainage area ratio given 

f. Discharge (or flow) at the section - computed (given for 
first section) 

g. Q100 - given or computed in HYDRO (if requested) 
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h. TW 100 -computed (if requested). 

This procedure usually requires that several beginning water 

surface elevations be considered and the table in Item 2 above will 

be repeated showing the results at each elevation. A graphical plot 

will then be automatically printed shoving the profile of water sur

face elevations computed in Item 2c above. 
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MAR 14. 1977 
**************** E R R 0 R M E S S A G E S ***************** 
************** T E X A S H Y D R A U l I C S Y S T E M *************** 

ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH 
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP. 
'EXPL' DENOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE. 
(FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE 
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD 
ENGINEER FOR YOUR DISTRICT.) 

****************************************************************************** 

HYAOOOl--TOO MANY SECTIONS. PRESENT LIMIT IS 50. 
EXPLc ON THE CARD IMMEDIATELY PRECEDING THIS MESSAGE A NEW SECTION NAME 

WAS ENTERED WHICH BROUGHT THE TOTAL OF DIFFERENT SECTIONS NAMED 
IN THIS RUN TO MORE THAN THE ALLOWABLE MAXIMUM OF 50. FATAL ERROR 

HYA0002--STATIONING TOC LARGE fOR VERTICAL BANK. 
EXPLc AN INTERNAL ADJUSTMENT IS MADE WHEN IDENTICAL STATION VALUES ARE 

ENCOUNTERED. A MINOR DISTANCE OF 0.07 FEET IS ADDED TO THE SECOND 
VALUE TO APPROXIMATELY DEPICT A VERTICAL BANK. IF THE ORIGINAL 
VALUE IS LARGER THAN 99999.92, ITS PROPER VALUE IS DESTROYED WHEN 
THE 0.07 FEET IS ADDED. 

HYA0003--SECTION * * IS NOT A VALID SECTION. 
EXPLc IF THERE IS NOT AT LEAST ONE ELEVATION WHICH IS LOWER THAN THE 

TWO ADJACENT ELEVATIONS, NO USABLE CROSS-SECTION IS DEPICTED. AND 
IT IS NOT A VALID SECTION FOR THE PURPOSE OF HYDRAULIC CALCULA
TIONS. 

HYA0004--SUPERFLUOUS CROSS-SECTION POINTS HAVE BEEN DELETED FROM SECTION * *· 
EXPLD WHERE THERE ARE POINTS OUTSIDE OF A VALID SECTION WHICH WOULD NOT 

DEPICT VALID SECTIONS.THEMSELVES,THESE POINTS ARE CONSIDERED 
SUPERFLUOUS. 

HYA0005--SECTION * * DOES NOT HAVE AT LEAST 3 X STATIONS. 
EXPLc WHEN THE ENDATA CARD {B-lll FOR THIS PROBLEM WAS ENCOUNTERED, THE 

PROGRAM SCANNED THE DATA AND FOUND THAT THE NAMED SECTION DID NOT 
HAVE THE MINIMUM OF THREE POINTS REQUIRED FOR A VALID SECTION. 
FATAL ERROR. 

HYA0006--X COORDINATES WITH ABSOLUTE VALUES GREATER THAN 99999.99 CANNOT BE 
ACCEPTED. 
EXPLc X VALUES OF GREATER THAN 99999.99 EXCEED THE SIGNIFICANT DIGIT 

CAPABILITIES OF THE PROGRAM. 

HYA0007--MINIMUM ALLOWABLE W.S. ELEVATION INCREMENT IS 0.10 FOOT. ONE FOOT 
INCREMENT IS ASSUMED. 
EXPLa ANY INCREMENT LESS THAN 0.1 FOOT WOULD YIELD INSIGNIFICANT 

DIFFERENTIAL RESULTS. 

HYA0008--GIVEN INCREMENT PERMITS MORE THAN THE ALLOWABLE 250 ELEVATIONS. ONLY 
THE HIGHEST 250 ELEVATIONS WILL BE CONSIDERED. 
EXPLD SELF-EXPLANATORY. 

HYA0009--SECTION * * AS GIVEN DOES NOT HAVE ENOUGH DEPTH FOR USE IN THIS 
WATERWAY SOLUTION. 
EXPLo ANY DEPTH LESS THAN 0.1 FOOT WOULD YIELD RESULTS THAT PROBABLY 

APE NOT VERY REALISTIC. 

HYA0010--NO SOLUTION POSSIBLE FOR DISCHARGE = * *· 
EXPLc GIVEN DISCHARGE IS GREATER THAN All CALCULATED DISCHARGES. 

HYAOOll--THE WATERWAY AS GIVEN CANNOT ACCOMODATE A DISCHARGE OF * *· 
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MAR 14, 1977 
EXPLc THE GEOMETRIC CHARACTERISTICS AND ROUGHNESS CHARACTERISTICS OF 

THE CROSS-SECTION AS GIVEN WILl ACCOMODATE LESS THAN THE GIVEN 
DISCHARGE (Q PEAK) AS A MAXIMUM. 

HYA0012--DESIGN FLOW * * IS LESS THAN THE LOWEST CALCULATED FLOW WHICH 
WILL BE ASSUMED DESIGN FLOW FOR THIS PROBLEM. 
EXPLc IN THE 'ONE SECTION' METHOD COMPUTATIONS,THE PROGRAM FOUND THAT 

THE GIVEN DESIGN FLOW IS LESS THAN THE FLOW AT THE LOWEST WATER 
SURFACE ELEVATION CONSIDERED. THE PROGRAM WILL USE THE FLOW AT 
THE LOWEST POINT CONSIDERED AS THE DESIGN FLOW AND WILL PROCEED 
ON THAT BASIS. THE NEW ASSUMED FLOW AND THE CORRESPONDING T.W. 
ELEVATION WILL ~OT BE KEPT FOR LATER TRANSFER INTO THE 'CULBRG' 
SUBSYSTEM. NON-FATAL. 

HYA0013--DESIGN FLOW * * IS GREATER THAN THE HIGHEST CALCULATED FLOW wHICH 
WILL BE ASSUMED DESIGN FLOW FOR THIS PROBLEM. 
EXPLc IN THE 'ONE SECTION' METHOD COMPUTATIONS,THE PROGRAM FOUND THAT 

THE SECTION AS GIVEN DID ~OT HAVE A LARGE ENOUGH WATER-CARRYING 
CAPACITY TO ACCOMODATE THE GIVEN DESIGN FLOW UNDER THE SPECIFIED 
CONDITIONS. THE PROGRAM WILL USE THE HIGHEST FLOW WHICH CAN BE 
CALCULATED FROM THE GIVEN SECTION AS DESIGN FLOW AND WILL PROCEED 
ON THAT BASIS. THE NEW ASSUMED FLOW AND THE CORRESPONDING T.W. 
ELEVATION WILL NOT BE KEPT FOR LATER TRANSFER INTO THE 'CULBRG' 
SUB-SYSTEM. NON-FATAL. 

HYA0014--SECTION * * AS GIVEN DOES NOT HAVE ENOUGH DEPTH FOR USE IN THIS 
PROGRAM. 
EXPLc IN PERFORMING THE TAILWATER COMPUTATIONS THE PROGRAM FOU~D THAT 

THE NAMED SECTION WAS TOO SHALLOW TO ALLOW CALCULATION OF ANY 
FLOWS. FATAL ERROR. 

HYA0015--NUMBER OF COMPUTED WATER SURFACE ELEVATIONS EXCEEDS MAXIMUM OF 250 
ALLOWED. NO VALUE GREATER THAN * * WAS CONSIDERED. 
EXPLc IN PERFORMING THE TAILWATER COMPUTATIONS,THE PROGRAM FOUND THAT 

THE DEPTH OF THE GIVEN SECTION WAS GREATER THAN THE ALLOWABLE 
MAXIMUM OF APPROXIMATELY 62.5 FEET. THE HIGHEST CALCULATED FLOW 
WITHI~ THE ALLOWABLE DEPTH WILL BE INDICATED AND THE COMPUTATIONS 
WILL CONTINUE. IF THE DESIGN DISCHARGE HAS NOT BEEN REACHED, THE 
NEW ASSUMED FLOW AND THE CORRESPONDING T.W. ELEVATION WILL NOT 
BE KEPT FOR TRANSFER INTO THE 'CULBRG' SUBSYSTEM. NON-FATAL. 

HYA0016--IN GIVEN DATA, UPSTREAM BED IS LOWER THAN DOWNSTREAM BED. DIFFERENCE OF 
AVERAGE ElEVATIONS WILL BE USED AS THE BASE. 
EXPLc IN PERFORMING THE 'TWO SECTION' METHOD CALCULATIONS,THE PROGRAM 

FOUND THAT THE LOWEST POINT IN THE DOWNSTREAM SECTION WAS HIGHER 
THAN THE LOWEST POINT IN THE UPSTREAM SECTION. THE PROGRAM MUST 
USE A REFERENCE SLOPE INDICATIVE OF THE OVERALL CHANNEL SCOPE. 
SINCE THE BED SLOPE IN THIS CASE DOES NOT PROVIDE AN ACCEPTABLE 
REFERENCE SLOPE, THE DIFFERENCE OF AVERAGE ELEVATIONS WILL BE 
USED TC DETERMINE THE REFERENCE SLOPE. THE AVERAGE ELEVATION 
DETERMINATION IS BASED ON THE WEIGHTED AVERAGE OF ALL THE POINTS 
USED TO DESCRIBE EACH SECTION. NON-FATAL. 

HYA0017--AVERAGE UPSTREAM ELEVATION WAS LOWER THAN AVERAGE DOWNSTREAM ELEVATION. 
PROGRAM WILL ATTEMPT TO USE HIGHEST POSSIBLE WATER SURFACE ELEVATIONS 
IN GIVEN SECTIONS AS A BASE. 
EXPLc THIS MESSAGE IS ONLY PRINTED AFTER MESSAGE NUMBER HYA0016 WHEN IT 

IS FOUND THAT THE AVERAGE ELEVATIONS DO NOT PROVIDE AN ACCEPTABLE 
BASE SLOPE. A FURTHER ALTERNATIVE FOR BASE SLOPE DETERMINATION 
WILL BE EMPLOYED. HOWEVER, IF THIS MESSAGE IS RECEIVED, ONE OR 
BOTH OF THE SECTIONS UNDER CONSIDERATION SHOULD BECOME SUSPECTED 
AS BEING NOT TYPICAL. A FINAL ANSWER MAY FOLLOW BUT POSSIBLY IT 
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MAY NOT BE RELIABLE BECAUSE THE SECTIONS MAY NOT HAVE BEEN 
'TYPICAL' AS DEFINED IN THE 'HYDRAULIC MANUAL'. IT IS SUGGESTED 
THAT THE SECTIONS BE RE-EXAMINED TO DETERMINE WHETHER OR NOT THE 
ANSWER RECEIVED SHOULD BE ACCEPTED. NON-FATAL ERROR. 

HYA0018--MAXIMUM WATER SURFACE ELEVATIONS IN GIVEN SECTIONS FAILED TO PROVIDE A 
USABLE SLOPE. PROBLEM ABANDONED. 
EXPLc THIS MESSAGE INDICATES THAT All AVENUES HAVE BEEN EXHAUSTED IN 

ATTEMPTING TO USE THE CROSS-SECTION DATA PROVIDED IN A 'HYDRA TWO 
SECTION' SOLUTION. THE PROGRAM COULD NOT FINO A VALID BASE SLOPE 
FROM WHICH TO BEGIN CALCULATIONS. FATAL ERROR. 

HYA0019--COMPUTED CONVEYANCE CURVES DO NOT OVERLAP. NO SOLUTION POSSIBLE FOR 
Q= * *· 
EXPLc IN COMPUTATIONS FOR THE TWO-SECTION METHOD, THE UPSTREAM AND 

DOWNSTREAM CONVEYANCE CURVES MUST HAVE SOME COMMON CONVEYANCE 
VALUES, OTHERWISE, FURTHER COMPUTATIONS ARE NOT POSSIBLE. 

HYA0020--THE CONVEYANCE CURVES CROSSED CAUSING AN INVALID SOLUTION FOR Q = * *• 
LAST U.S. ELEVATION = * *• 
LAST D.S. ELEVATION = * *• 
EXPLo IN CALCULATIONS FOR THE TWO-SECTION METHOD, THE UPSTREAM 

CONVEYANCE CURVE MUST HAVE HIGHER ELEVATIONS THAN THE DOWNSTREAM 
CONVEYANCE CURVE FOR ALL VALUES OF CONVEYANCE. 

HYA0021--LIMITS OF THE CONVEYANCE CURVES ARE INSUFFICIENT FOR A PROPER SOLUTION 
WHEN DISCHARGE = * *• 
EXPLo SELF-EXPLANATORY. 

HYA0022--LAST UPSTREAM ELEVATION = * *• 
LAST DOWNSTREAM ELEVATION = * *· 
EXPLc THIS IS SUPPLEMENTAL TO TROUBLE-SHOOT THE SPECIFIC CAUSE OF 

FAILURE OF THE TWO-SECTION METHOD. 

HYA0023--THE ABOVE TABULATION INDICATES A FAILURE IN THE TWO-SECTION METHCD. IF 
FURTHER INFORMATION IS REQUIRED REFER TO THE SECTION OF THlS MANUAL 
TITLED 'REASONS FOR TWO-SECTION FAILURES'. 
EXPLo THIS MESSAGE IS TO SUMMARIZE FAILURE AS SPECIFICALLY DESCRIBED IN 

ONE OR MORE PRIOR MESSAGES. 

HYA0024--SITE IS LOCATED TOO FAR FROM KNOWN SECTIONS TO PERMIT A VALID SOLUTION. 
EXPLD IN THE 'TWO SECTION' METHOD PROCEDURE, THE STATION AT WHICH THE 

ANSWER IS NEEDED LIES OUTSIDE OF THE TWO GIVEN STATIONS BY A 
DISTANCE GREATER THAN THAT SEPARATING THE GIVEN STATIONS. FATAL 
ERROR. 

HYA0025--NO 'N VALUE' INFORMATION IS STORED FOR SECTION * * AND IT WILL NOT BE 
CONSIDERED IN THIS SOLUTION. 
EXPLo IN ORDER FOR A CROSS-SECTION TO BE INCLUDED IN CALCULATIONS FOR 

BACKWATER ELEVATIONS OR PROFILES, IT MUST INCLUDE AN 'N' VALUE 
SPECIFICATION. HOWEVER IT IS NOT NECESSARY TO SPECIFY 'N' VALUES 
IF THE CROSS-SECTION IS TO BE USED ONLY FOR BRIDGE DESIGN OR 
ANALYSIS. 

HYA0026--DRAINAGE AREA RATIO FOR UPSTREAM SECTION IS GREATER THAN FOR DOWNSTREAM 
SECTION. SECTION * * NOT CONSIDERED. 
EXPLc AN UPSTREAM CROSS-SECTION USUALLY SERVES A SMALLER DRAINAGE AREA 

THAN A DOWNSTREAM SECTION AND SINCE A DRAINAGE AREA RATIO OF LESS 
THAN l. IS USED TO REDUCE THE DRAINAGE SERVED IT IS NOT REALISTIC 
FOR THE UPSTREAM RATIO TO BE GREATER THAN THE DOWNSTREAM RATIO. 

HYA0027--COMPUTED UPSTREAM WATER SURFACE AT SECTION * * IS LOWER THAN DOwN
STREAM WATER SURFACE. 
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EXPLc AN INSTABILITY IN THE COMPUTATIONS IS INDICATED BY THIS MESSAGE. 
A VARIABLE SET OF CIRCUMSTANCES CAUSES THE ENERGY EQUATION TO BE 
BALANCED ONLY IF THE UPSTREAM WATER SURFACE ELEVATION IS LOWER 
THAN THE DOWNSTREAM WATER SURFACE ELEVATION. SINCE THE 'MANY
SECTION' ROUTINE IS NOT DESIGNED TO ACCOMODATE THAT SITUATION, 
THE QUESTIONABLE SECTION IS IGNORED. 

HYA0028--COMPUTED WATER SURFACE EXCEEDS HIGHEST POSSIBLE WATER SURFACE IN 
SECTION * *· 
EXPLc THE CROSS-SECTION IN QUESTION IS INADEQUATE IN CAPACITY TO 

PERFORM ENERGY BALANCE COMPUTATIONS. 

HYA0029--FROUDE NUMBER * * NOT ACCEPTABLE. SECTION * * IGNORED. 
EXPLc THE •MANY-SECTION' ROUTINE IS DESIGNED TO ACCOMODATE SUB-CRITICAL 

FLOW ONLY. IF THE FROUOE NUMBER IS GREATER THAN 1.0, THERE IS AN 
INDICATION OF SUPERCRITICAL FLOW. THE SECTION IN QUESTION IS 
IGNORED. 

HYA0030--ENERGY BALANCE NOT ACHIEVED AT SECTION * * SECTION IGNORED. 
EXPLc AFTER A REASONABLE NUMBER OF ITERATIONS, THE ROUTINE WAS 

UNSUCCESSFUL IN BALANCING THE ENERGY EQUATION. THE SECTION IN 
QUESTION IS IGNORED. 

HYA0031--NO SOLUTION FOR BEGINNING WATER SURFACE = * *• 
EXPLc IF TWO SECTIONS IN SUCCESSION ARE IGNORED FOR REASONS HAVING 

PRIOR EXPLANATION, NO FURTHER COMPUTATIONS ARE MADE FOR THE 
CURRENT VALUE OF BEGINNING WATER SURFACE ELEVATION. 

HYA0032--MOST UPSTREAM SECTION GIVEN IS BELOW SITE. 
NO SOLUTION POSSIBLE. 
EXPLc T~E SITE AT WHICH A WATER SURFACE ELEVATION IS DESIRED IS 

UPSTREAM OF THE liMIT OF 'MANY-SECTION' CALCULATION. SINCE NO 
EXTRAPOLATION OF THE WATER SURFACE PROFILE IS POSSIBLE, NO 
ULTIMATE SOLUTION IS POSSIBLE. HOWEVER, PROFILES ARE VALID. 

HYA0033--USER SHOULD EXERCISE DISCRETION IN ACCEPTING ANSWER DUE TO CONDITIONS 
NOTED. 
EXPLc WHEN IT IS NECESSARY TO IGNORE CNE OR MORE CROSS-SECTIONS IN THE 

PROCESS OF THE MANY-SECTION COMPUTATIONS, THE FINAL RESULT MAY dE 
QUESTIONABLE. 

HYA0034--NUMBER OF WATER SURFACES COMPUTED AT STATION * * NOT SUFFICIENT TO 
AUTOMATICALLY DETERMINE DESIGN WATER SURFACE ELEVATIONS. 
EXPLc SINCE A STATISTICAL PROCESS IS USED TO CALCULATE THE DESIGN WATER 

SURFACE ELEVATION, A MINIMUM NUMBER OF PROFILES AND INTERIM wATER 
SURFACE ELEVATIONS MUST BE AVAILABLE TO THIS ROUTINE. 

HYA0035--WATER SURFACES AT STATION * * FAILED TO ACHIEVE AN ACCEPTABLE 
CONVERGENCE. 
EXPLc THE VARIOUS PROFILES MUST CONVERGE IN ORDER TO BE CLASSIFIED AS 

LEGITIMATE. IF ACCEPTABLE CONVERGENCE IS NOT ACHIEVED THE DESIGN 
WATER SURFACE AT THE DESIRED LOCATION IS NOT COMPUTED. 

HYA0036--NO Q CALCULATED IN HYDRO--WILL USE ONLY HYDRA DATA. 
EXPLc EITHER THE 'HYDRO' ROUTINE ~AS NOT USED OR THE LAST Q CALCULATED 

IN A 'HYDRO' PROBLEM HAS BEEN PREVIOUSLY USED IN A 'HYDRA' 
ROUTINE AND IS NO LONGER STORED. UP TO TWO T.W. ELEVATIONS wiLL 
BE CO~PUTED USING Q AND •FREQ' DATA FROM THE 'HYDRA' CONTROL CARD 
AND ThE FIRST ONE WILL BE SAVED FOR POSSIBLE USE IN 'CULBRG'. 
NON-FATAL. 
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HYA0037--NO Q AVAILABLE. 
EXPLa NO PEAK DISCHARGE HAS BEEN SUPPLIED TO 'HYDRA' EITHER FROM HYDRO 

OR FROM THE HYDRA CONTROL CARD. FATAl ERROR. 

HYA0038--SLOPE NOT GREATER THAN ZERO. 
EXPLa ON THE 'ONE SECT' CARD (B-ll, NO SLOPE WAS ENTERED OR A NEGATIVE 

SLOPE WAS ENTERED. FATAL ERROR. 

HYA0039--SECTION IDENTIFICATION NOT GIVEN. 
EXPLa NC SECTION NAME WAS ENTERED ON THE CARD PRECEDING THIS MESSAGE 

WHICH WAS ONE OF THE FOlLOWINGa 
(A) ONE SECT CARD lB-1) 
lBl TWO SECT CARD (B-21 
(Cl SEQUENCE CARD (B-4l 
( 0) SECX CARD ( B-6' 
l EJ SECN CARD l B-7) 
(f) MOVE CARD (8-9) 
FATAL ERROR. 

HYA0040--NO CROSS-SECTION STATION GIVEN. 
EXPLa NO STATION VALUE WAS ENTERED ON THE CARD PRECEDING THIS MESSAGE 

WHICH WAS ONE OF THE FOLLOWINGc 
lA) ONE SECT CARD (B-1) 
(8) TWO SECT CARD (8-2) 
(C) SEQUENCE CARD (8-4) OR A SEQ CONT CARD (8-5) WHERE A SECTION 

NAME HAS BEEN SUPPLIED. 
FATAL ERROR. 

HYA0041--NO STATION GIVEN WHERE ANSWER IS REQUIRED. 
EXPLa NO STATION VALUE WAS GIVEN IN THE FIELD 'STATION AT WHICH WATER 

ELEV. IS NEEDED' FATAL ERROR IF OMITTED ON THE 'TWO SECT' CARD. 
NON-FATAL FOR ONE SECT OR MANY SECT. IF NO ANSWER STATION IS 
GIVEN FOR ONE SECT THE ANSWER WILL BE COMPUTED AT THE INPUT 
STATION. IF NO ANSWER STATION IS GIVEN FOR MANY SECT, BACKWATER 
PROFILES WILL BE CALCULATED BUT NO T.W. DETERMINATION WILL BE 
MADE. 

HYA0042--NO UPSTM/DNSTM GIVEN. ASSUME ONSTM • 
EXPLc ON THE ONE SECT CARD lB-ll NO INDICATION WAS GIVEN AS TO WHETHER 

THE STATION AT WHICH THE ANSWER IS NEEDED IS UPSTREAM lUPSTMl OR 
DOWNSTREAM lDNSTMl FROM THE INPUT STATION. THIS IS A NON-FATAL 
ERROR SINCE IN THE ABSENCE OF ANY INDICATION 1 0NSTM 1 IS ASSUMED 
AND THE CALCULATION PROCEEDS ON THAT BASIS. 

HYA0043--0NLY 25 GIVEN WATER SURFACE ELEVATIONS ARE ALLOWED FOR WATERWAY. 
EXPLa DUE TO THE LENGTHY NATURE OF THE WATERWAY OUTPUT FORMAT, THE 

NUMBER OF GIVEN WATER SURFACE ELEVATIONS IS LIMITED TO 25. 

HYA0044--TOO MANY WATER SURFACES SPECIFIED. PRESENT LIMIT IS 25. THIS VALUE 
IGNORED. 
EXPLa THE W.S. ELEV. SPECIFIED ON THE PRECEDING 'MANY SECT' CARD lB-3) 

BROUGHT THE TOTAL NUMBER OF WATER SURFACES TO MORE THAN THE 
MAXIMUM ALLOWABLE OF 25. THE COMPUTATION WILL PROCEED WITHOUT 
THIS VALUE. NON-FATAL. 

HYA0045--NO STARTI~G STATION GIVEN. 
EXPLc ON 'MANY SECT' CARD (8-3) NO STATION WAS GIVEN TO INDICATE THE 

DCWNSTREAM POINT WHERE THE WATER SURFACE PROFILE IS TO BEGIN. 
FATAL ERROR. 

HYA0046--NO WATEP SURFACE ELEVATION GIVEN. 

4-37 



MAR 14, 1977 
EXPLD ON 'MANY SECT' CARD (B-31 NO WATER SURFACE ELEVATION AT THE 

STARTING STATION WAS GIVEN. FATAL ERROR. 

HYA0047--NO SECTION IDENTIFICATION. CARD IGNORED. 
EXPLc NO CROSS-SECTION IDENTIFICATION WAS GIVEN ON 'SEQ CONT' CARD 

(B-5) OR ON 'GRAPHS' CARD (B-101. SECTION NAMES ON THESE CARDS 
MUST ALWAYS BE ENTERED IN THE FIRST FIELD. ANY ENTRIES TO THE 
RIGHT OF THE FIRST BLANK SECTION NAME WILL BE IGNORED. THE 
COMPUTATION WILL PROCEED WITHOUT THE DATA FROM THIS CARD. 
NON-FATAL. 

HYA0048--NO INITIAL COORDINATE. REST OF CARD IGNORED. 
EXPLD ON THE 'SECX' CARD (B-61 IMMEDIATELY PRECEDING THIS MESSAGE, 

THERE WAS NO ENTRY FOR THE FIRST X COORDINATE. THE PROBLEM WILL 
BE COMPUTED WITH NO CONSIDERATION OF ANY ENTRIES ON THIS CARD. 
NON-FATAL. 

HYA0049--Y COORDINATE MISSING. THIS SET AND REST OF CARD IGNORED. 
EXPLc ON THE 'SECX' CARD lB-6) IMMEDIATELY PRECEDING THIS MESSAGE, 

THE PROGRAM ENCOUNTERED AN X COORDINATE THAT HAD NO MATCHING 
Y COORDINATE. WHEN THIS OCCURS NO VALUE IS STORED FOR THIS SET 
OF COORDINATES OR ANY SET TO THE RIGHT OF THIS SET ON THE CARD. 
NON-FATAL. 

HYAOOSO--TOO MANY POINTS DESCRIBING SECTION. PRESENT LIMIT IS 100. 
EXPLD ON THE 'SECX' CARD lB-61 PRECEDING THIS MESSAGE, A SET OF 

COORDINATES WAS ENTERED WHICH BROUGHT THE TOTAL NUMBER OF 
COORDINATES FQR THAT SECTION TO MORE THAN THE ALLOWABLE MAXIMUM 
OF 100. FATAL ERROR. 

HYAOOSl--NO 'N' VALUE SPECIFIED. 
EXPLD ON THE 'SECN• CARD lB-71 PRECEDING THIS MESSAGE NO VALUE WAS 

ENTERED FOR 'N' OR 'N BELOW ELEV.' NON-FATAL ERROR. 

HVA0052--'N' VALUE ABOVE ELEVATION MISSING. ASSUME 'N' VALUE BELOW APPLIES FOR 
ALL ELEVATIONS. 
EXPLD ON THE 'SECN' CARD (B-7) PRECEDING THIS MESSAGE, AN 'ELEVATION' 

WAS ENTERED BUT NO 'N ABOVE ELEV.' WAS ENTERED. THE PROBLEM WILL 
PROCEED ASSUMING THE 'N' OR 'N BELOW ELEV.' TO APPLY AT ALL 
WATER SURFACE ELEVATIONS IN THE SECTION. NON-FATAL. 

HVA0053--'TO X' DISTANCE MISSING. 
EXPLc ON THE 'SECN' CARD (B-71 PRECEDING THIS MESSAGE, A VALUE WAS 

ENTERED FOR 'FROM X DISTANCE' BUT NO 'TO X DISTANCE' WAS ENTERED. 
IF THE 'N' VALUE CHARACTERISTICS ARE THE SAME ACROSS THE ENTIRE 
SECTION, THEN NEITHER 'FROM X DISTANCE' NOR 'TO X DISTANCE' 
SHOULD BE ENTERED. FATAL ERROR. 

HYA0054--TOO MANY SUBSECTIONS. PRESENT LIMIT IS 10. 
EXPLD THE 'SECN' CARD (B-7) PRECEDING THIS MESSAGE BROUGHT THE NUMBER 

OF 'SECN' CARDS FOR THE CROSS-SECTION NAMED ON THE CARD TO A 
TOTAL GREATER THAN THE ALLOWED MAXIMUM OF 10 PER SECTION. 
FATAL ERROR. 

HYA0055--CONVEYANCE SECTION IDENTIFICATION MISSING. 
EXPLc ON THE PRECEDING 'CNVY' CARD (~-81, NO SECTION IDENTIFICATION WAS 

ENTERED. FATAL ERROR. 

HYA0056--PLUS MISSING. 000.50 ASSUMED. 
EXPLc ON THE PRECEDING 'CNVY' CARD (B-8), A VALUE WAS STORED FOR •r.w. 

ELEVATION' BUT NO 'PLUS' VALUE WAS ENTERED. 'PLUS' IS AN 
ESTIMATED VALUE, OFTEN LESS THAN 1.0 FT, WHICH IS ADDED TO THE 
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T.W. ELEVATION TO SIMULATE BRIDGE HEADWATER. IF IT IS OMITTED THE 
PROGRAM WILL CONTINUE THE COMPUTATION WITH AN ASSUMED 'PLUS' OF 
0.5 FT. NON-FATAL. 

HYA0057--TAILWATER ELEVATION BLANK. ASSUME COMPUTATION VALUE PRESENT. 
EXPLc ON THE PRECEDING 1 CNVY 1 CARD {8-8) NEITHER 1 T.W. ELEV' NOR 

'MINIMUM H.W. ELEVATION' WAS ENTERED. THE PROGRAM WILL ASSUME 
THE 1 T.W. ELEV' STORED FROM THE PREVIOUS 'HYDRA' CALCULATION AND 
PROCEED WITH THE CONVEYANCE COMPUTATIONS. NON-FATAL. 

HYA0058--MAXIMUM HEADWATER MISSING. 
EXPLc ON THE PRECEDING 'CNVY 1 CARD !B-8), A VALUE WAS ENTERED FOR 

'MINIMUM H.W. ELEVATION' BUT NONE WAS GIVEN FOR 'MAXIMUM H.W. 
ELEVATION'. FATAL ERROR. 

HYA0059--INCREMENT MISSING. 
EXPLc ON THE PRECEDING 1 CNVY 1 CARD ( B-8), VALUES FOR BOTH 'MINIMUM 

H.W. ELEVATION' AND 'MAXIMUM H.W. ElEVATION' WERE ENTERED, BUT 
NO VALUE WAS ENTERED TO INDICATE INCREMENTS OF ELEVATION AT WHICH 
CUMULATIVE CONVEYANCE CURVES ARE DESIRED. FATAL ERROR. 

HYA0060--'MOVE TO' STATION MISSING. WILL ASSUME STATION OF ORIGINAL SECTION. 
EXPLo A POSSIBLE SPECIFICATION ON THE 'MOVE' CARD (B-9) IS BLANK. IT 

IS ASSUMED THAT THE STATION VALUE WILL REMAIN THE SAME. THIS 
WOULD BE COMMON WHERE A SECTION IS JUST TO BE NORMALIZED. 

HYA0061--VERTICAL DISTANCE SPECIFIED, BUT NO DIRECTION GIVEN. ASSUME UP. 
EXPLc ON PRECEDING 'MOVE' CARD (8-9), AN ENTRY WAS MADE INDICATING THE 

DISTANCE OF A VERTICAL MOVE, BUT NO DIRECTION WAS GIVEN FOR THE 
MOVE. THE PROGRAM WILL ASSUME THE MOVE TO BE UP AND WILL 
PROCEED. NON-FATAL. 

HYA0062-- 1 MOVE TO' SECTION IDENTIFICATION MISSING. 
EXPLo ON THE PRECEDING 'MOVE' CARD !B-91, NO NEW SECTION NAME WAS 

PROVIDED TO IDENTIFY THE MOVED SECTION. FATAL ERROR. 

HYA0063--NO VERTICAL DISTANCE OR SKEW CORRECTION SPECIFIED. 
EXPLc ON THE PRECEDING 'MOVE' CARD (B-9) NEITHER VERTICAL DISTANCE NOR 

SKEW CORRECTION WAS GIVEN. FATAl ERROR. 

HYA0064--GRAPH REQUESTED FOR MORE THAN 50 SECTIONS. THIS REQUEST IGNOR~D. 
EXPLc ON THE PRECEDING 'GRAPHS' CARD (8-10) ONE OF THE SECTIONS 

REQUESTED BROUGHT THE TOTAL NUMBER OF GRAPHS TO MORE THAN THE 
MAXIMUM ALLOWABLE OF 50. ALL GRAPHS UP TO 50 WILL BE PRODUCED. 
IF THE SECOND GRAPH REQUESTED ON THE 'GRAPHS' CARD WAS THE 
FIFTY-FIRST, ONLY THE FIRST ONE WILL BE PRODUCED AND THE SECOND 
REQUEST WILL BE IGNORED. NON-FATAL. 

HYA0065--PROBABLE BLANK CARD. CARD IGNORED. 
EXPLo ON THE CARD PRECEDING THIS MESSAGE, NO ENTRIES WERE FOUND IN 

POSITIONS NORMALLY OCCUPIED BY CARD IDENTIFIERS. THE CARD IS 
IGNORED AND THE PROGRAM WILL PROCEED TO THE NEXT CARD. 

HYA0066--ERRORS PRECLUDE COMPUTATIONS. 
EXPLo THIS MESSAGE USUALLY APPEARS AFTER THE INPUT LISTING AND 

INDICATES THAT ONE OF THE ERRORS NOTED IN THE LISTING HAS 
CAUSED THE PROBLEM TO BE UNWORKABLE. 

HYA0067--NO 'N' VALUE SPECIFIED FOR * *• 
EXPLo THE USER HAS FAILED TO SUPPLY AN 'N' VALUE FOR THE NAMED SECTION. 

THEREFORE, NO TAILWATER CAN BE COMPUTED FOR THIS SECTION. FATAL 
ERROR FOR 'HYDRA' PROBLEMS INVOLVING THIS SECTION EXCEPT IN 
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'MANY SECTION' PROBLEMS WHERE THIS SECTION WOULD BE DROPPED FROM 
THE SEQUENCE. HOWEVER, THE GIVEN CROSS-SECTION COORDINATES HAVE 
BEEN STORED AND ARE AVAILABLE FOR USE IN 1 CULBRG'. 

HYA0068--PRECEDING -TO X VALUE CHANGED TO AGREE WITH FOLLOWING- FROM X - • 
EXPLa DUE TO A DISCREPANCY IN SPECIFICATION OF ADJACENT TO X AND FROM X 

VALUES, THE ROUTINE ARBITRARILY MAKES THE DESCRIBED CORRECTION. 

HYA0069--THE 1 N1 VALUE SPECIFICATIONS FAILED TO MATCH SECTION LIMITS. 
EXPLa THIS MESSAGE IS A NOTIFICATION THAT THE SPECIFIED 'N' VALUE 

LIMITS ARE NOT COMPATIBLE WITH THE CROSS-SECTION LIMITS. 
SUBSEQUENT ACTION TAKEN BY THE ROUTINE DESCRIBED IN MESSAGE 
NO HYA0070. 

HYA0070--THE 1 N1 VALUE LIMIT OF * * HAS BEEN ADJUSTED TO * *• 
EXPLc DUE TO A DISCREPANCY IN 1 N1 VALUE LIMITS, ARBITRARY ADJUSTMENT OF 

THESE LIMITS IS MADE BY THE ROUTINE. 

HYA0071--SECTION * 
EXPLc THIS 

WHEN 
THAN 

* IMPROPERLY SPECIFIED. NO COORDINATE TABLE WILL BE PRINTED. 
MESSAGE WILL BE PRINTED IN THE SECTION SPECIFICATIONS OUTPUT 
THE PROGRAM FINDS THAT THE SECTION BEING DESCRIBED HAS LESS 
THREE STATIONS. NON-FATAL. 

HYA0072--NO METHOD SPECIFIED, NO CONVEYANCE, NO GRAPHS. 
EXPLa THIS MESSAGE FOLLOWS AN 1 ENDATA 1 CARD (B-11) WHEN NO METHOD (ONE 

SECTION, TWO SECTION, OR MANY SECTION) HAS BEEN SPECIFIED AND 
NO 1 CNVY 1 CARD (B-8), 'MOVE' CARD (B-9), OR 'GRAPHS' CARD (B-101 
HAS BEEN INSERTED PRIOR TO THE 'ENDATA 1 CARD. THIS MESSAGE IS FOR 
THE USER'S INFORMATION AND THE PROGRAM WILL READ THE NEXT CARD, 
PROCEED TO THE NEXT PROBLEM OR CONTINUE TO READ DATA FOR THIS 
ONE DEPENDING UPON THE TYPE OF CARD NEXT ENCOUNTERED. THIS 
MESSAGE WILL BE GENERATED IF THE USER INTENDS ONLY TO USE 'HYDRA' 
AS A STORAGE VEHICLE FOR A CROSS-SECTION TO BE USED SUBSEQUENTLY 
IN THE 1 CULBRG' SUBSYSTEM. NON-FATAL. 

HYA0073--NO COORDINATES SPECIFIED FOR SECTION * * REQUEST FOR GRAPH IGNORED. 
EXPLc IN PLOTTING THE GRAPHS REQUESTED ON 1 GRAPHS 1 CARDS (B-10), THE 

PROGRAM ENCOUNTERED A SECTION NAME FOR WHICH NO COORDINATES HAD 
BEEN STORED. THIS SECTION PLOT WILL NOT BE ATTEMPTED AND THE 
PROGRAM WILL PROCEED WITH THE NEXT REQUESTED PLOT. NON-FATAL. 

HYA0074--CONVEYANCE SECTION IMPROPERLY SPECIFIED. REQUEST FOR CONVEYANCE IGNORED 
EXPLa THE SECTION FOR WHICH A CONVEYANCE WAS REQUESTED ON THE 1 CNVY' 

CARD (B-8) DID NOT HAVE A MINIMUM OF THREE POINTS STORED. THE 
PROGRAM WILL IGNORE THE REQUEST FOR CONVEYANCE CURVES AND WILL 
PROCEED TO CHECK FOR A GRAPHS REQUEST. NON-FATAL. 

HYA0075--NO ENDATA CARD PRESENT. HYDRA NOT PROCESSED. 
EXPLc SELF-EXPLANATORY. 

HYA0076--NO Q AVAILABLE 
EXPLa THE DISCHARGE (QI FOR USE IN 1 CULBRG 1 COMPUTATIONS MAY BE 

SUPPLIED FROM EITHER A PREVIOUS 'HYDRO' OR 'HYDRA' COMPUTATION 
OR IT MAY BE SUPPLIED ON 'SUPPLY' CARD (C-11. THIS MESSAGE 
INDICATES THAT THE PROGRAM FOUND NO Q VALUE AVAILABLE FROM ANY 
OF THESE SOURCES. FATAL ERROR. 
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CULVERT/BRIDGE SUBSYSTEM (CULBRG} 

The function of the CULBRG subsystem is to design or analyze 

culverts and bridges. More specifically, it will: 

1. Design 

a. Single opening culverts (one or more barrels) as in 
Figure 5-1. 

b. Single or multiple opening bridges as shown in Figures 
5-2 and 5-3. 

c. A bridge and;or culvert for a given cross-section if 
either is feasible. 

2. Analyze 

a. Single opening culverts (one or more barrels). 

b. Single opening bridges. 

c. Bridges or culverts for the effect of a 100 year flood. 

For defining the geometries and design criteria of culverts the 

following options are available: 

1. Shape: circular, arch, oval, and box 

2. Material: concrete, corrugated galvanized metal pipe, and 
structural plate 

3. Profile: straight and broken back 

4. Inlet: flared and norm~l 

5. Cost: none, statewide basis and/or local basis. 

In using this subsystem, a design flow may be supplied by the 

user, calculated in HYDRO, or obtained from HYDRA. The design water 

surface elevation may be supplied by the user or calculated in HYDRA. 

The maximum allowable headwater is the basis for culvert design 

calculations. In order to be compatible with the HYDRA subsystem, 

the values of tailwater and maximum headwater used in CULBRG are in 

terms of elevation and not in absolute values. 
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FIGURE 5-3. MULTIPLE OPENING BRIDGE INSTALLATION (TWO OPENINGS) 



A 100 year flood analysis can be obtained for a DESIGN or ANALY

SIS submission if the required data for the analysis is provided. 

Specifically HYDRO will compute Q100 • HYDRA will compute the Q1 oo 

tailwater elevation if the 100 year peak discharge is computed in 

HYDRO or supplied in HYDRA. CULBRG will compute headwater elevation 

at the structure and depth of flow over the roadway if (1) the 100 

year peak discharge is computed in HYDRO or given in HYDRA or CULBRG; 

(2) the Q100 tailwater elevation is computed in HYDRA or given in 

CULBRG; (3) the Road Profile is given in HYDRA or CULBRG; and (4) the 

"clear elevation" (in the case of bridges) is q i ven in CUL BRG. The 

user may also request cost comparision information by supplying a 

request indicating whether to use a statewide or local cost base. 
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II. INRQ1 

The data form for the CULBRG subsystem is shown in Figures 5-4 

and 5-5. Discharge, tailwater elevation, and frequency used in 

CULBRG problems will be assumed from previous calculations in HYDRO 

and;or HYDRA if these values are not specified by the user on the 

CULBRG input form. 

Gen~~~l 

The CULBRG subsystem is capable of handling a large variety of 

problems concerning culverts and bridges. There are, generally, 

three ma;or categories in which the user must make choices in order 

to select the proper procedure for his problem. They are 

DESIGN/ANALYSIS, BRIDGE AND/OR CULVERT, and SINGLE/MULTIPLE (open

ings) • 

If both BRIDGE and CULVERT are specified (allowed in DESIGN 

problems only), the program will first attempt to desiqn a bridqe 

that will satisfy the given conditions and tabulate the results if a 

feasible design is found. The program will then attempt to desiqn a 

satisfactory culvert if feasible and tabulate the results. Ordinar

ily only one of BRIDGE or CULVERT will be specified. 

The specification of SINGLE or MULTIPLE openings refers to the 

number of flow divides rather than the number of culvert barrels or 

bridqe spans. The MULTIPLE option may be used only in con;unction 

with BRIDGE problems since the program does not handle CULVERT prob

lems with flow divides. (Refer to Fiqures 5-1, 5-2, and 5-3.) 

On all CLVRT, ROAD, ERDG and FL-DV cards, reference is made to 

CLVRT ID and SUBSEC ID. This is the conveyance subsection identif~

cation which in BRIDGE problems identifies the portion of the total 

section of flood plain that the individual structure is to serve. rt 
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presently bas no bearing on CULVERT designs and is for the engineer's 

structure identification in culvert problems. It may be used to 

relate culvert design criteria to the proper ROAD card. 

In BRDG problems the SUBSEC ID is required and has a definite 

bearing on the problem since, for aultiple opening bridge design or 

analysis, flow divides and their associated conveyances must be 

matched and, in design, the conYeyances for each bridge are balanced 

to match discharges resulting from indicated flow divides. 

Several solutions to the same basic problem may be secured by 

using the following procedure: 

1. Input all data necessary for the first solution including a 

CULBRG Control Card and an ENDATA card (C-13}. 

2. Then the user should input only the cards containing items 

he wishes to change for the next solution, entering all data 

for the cards used. As long as a CULBRG Control card is not 

included with the subsequent sets of data, only cards with 

new values need to be entered. After all changes for the 

second solution have been entered, another ENDATA card must 

be inserted. This procedure is termed "stacking" and may be 

repeated for as many solutions as the user desires. 

CULBRG CONTROL CARD 

The CULBRG Control Card is required for entry into the CULBRG 

subsystem. A major function of this card is to specify the desired 

procedure. Either DESIGN or ANALYSIS must be specified by crossing 

out the one not used. If ANALYSIS is specified it is necessary for 

either BRIDGE or CULVERT to be designated; but, if DESIGN is speci

fied, it is permissible (but not usual) to designate both BRIDGE and 

CULVERT when the user wishes to compare the two designs. MULTIPLE 
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OPENINGS MUST NEVER BE INDICATED when CULVERT has been specified 

(regardless of whether BRIDGE has also been specified). When a 

MULTIPLE opening BRIDGE is specified, it is necessary for the number 

of openings to be indicated in the field NUMBER of this card. 

Number of 
openings for 
MULTIPLE 

Choose One.----~ 
Choose one. "OPENING CONFIGURA
TION" does not refer to culvert 
barrels or bridge spans, but to 
the number of flow divides. 

If ANALYSIS, then choose one. If DESIGN, choose one 
or both. Include (C-1) for data not passed from 
HYDRO or HYDRA. 

This card is used to supply values for DISCHARGE and/or 

TAILWATER ELEVATION and/or FREQUENCY if these values have not previ-

ously been determined for this problem in HYDRO and/or HYDRA. If all 

of these values have been previously supplied, then this card may be 

omitted. If some of the values have been supplied previously or if 

the user wishes to supply values other than those supplied previ-

ously, this card may be used to enter the needed values. Only those 

items with values entered on this card will be altered. 
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Card ID-Required 
only if Q is to 
be supplied. 

Frequency value if differ
ent from value used in pre
ceding HYDRO, HYDRA or 
CULBRG problem. Not 
required, but should be 
entered if card is used. 

Tailwater elevation if different from 
value used in the preceding HYDRA or 
CULBRG problem (decimal). 

~-------Flow if Q is different from value used in 
the preceding HYDRO or HYDFA (decimal} • 

This card is required when CULVERT DESIGN or ANALYSIS is speci-

fied and is used to supply information relative to the shape and 

friction factor applicable to the culvert barrels. An entry for pipe 

shape must be made. If BOX is selected, then no further information 

is required on this card. The material will automatically be assumed 

to be CONCRETE with a friction factor of 0.012. If any other shape 

is indicated, the standard friction factor ("n") for the material 

used will be automatically selected when the material is designated 

as concrete, CGMP or Plate by marking out all but one. The standard 

values which will be assumed are: 

concrete 

CGMP 

Plate, Arch 
6'-1" X 4'-7" 

20'-7" X 13'-2" 

5-11 

0.012 

0.024 

0.0327 (maximum) 
0. 0298 (minimum) 



Plate, Circular 
5. 0' diam. 

15.0' diam. 
0. 0328 (maximum) 
0. 0302 (minimum) 

NOTE: The variation of "n" factors for plate diameters between 5' 

and 15' and arch sizes between 6'-1" X 4'-7" and 20'-7" X 13'-2" is 

logarithmic. For further information contact the Bridge Division, 

Hydraulic Section. 

Culvert ID 
(Alpha numeric) 

Enter desired "n" value 
here if different from 
value implied by material 
selection or box culvert. 

Manning's Coef. determined here 
by culvert material selection. 
One may be chosen. 

Choose one. If BOX specified, "n'' will be 
0.012 unless otherwise indicated in the 
field "n" VALUE of this card, and no mate
rial type need be indicated. 

If the configuration is specified ARCH and the material is 

specified PLATE, the standard "n" value may be overridden by specify-

ing the desired "n" value in the field "n" VALUE. For other 

configurations and materials, a non-standard "n" value may be speci-

fied by the user. However, the entry for material ~Y§l be omitted by 

marking out CONCRETE, CGMP and PLATE. This should not usually be 

done if DESIGN has been specified but may be a very useful option if 

ANALYSIS has been specified. This would be true if an existing cul-

vert (to be analyzed) is old or, for some reason, has an "n" value 

other than the standard. 

5-12 



This card is required when CULVERT DESIGN or ANALYSIS is speci-

fied. It is used to define the profile along the culvert as well as 

the inlet conditions. One of three culvert profiles (STRAIGHT, 

BROKEN BACK, or STEPPED) must be chosen. A STRAIGHT profile is one 

in which the flow line subtends a straight line from the upstream 

elevation to the downstream elevation. If BROKEN BK or STEPPED is 

specified, then break stations and elevations must be provided on 

CLVRT cards (C-5). As many as two break stations are allowed for 

BROKEN BK. The user must specify the inlet condition (FLARED, DROP 

INLET or NORMAL) by markinq out all but one. FLARED INLET is a term 

used to refer to an inlet with a slightly flattened bell shape. This 

is DQ! a reference to standard flared wing walls. When FLARED or 

DROP INLET is specified, no KE value teed be supplied from the user, 

since all necessary information will be automatically supplied by the 

program. The user must always supply a KE value (entrance 

coefficient) when a NORMAL inlet is specified. 

Culvert ID 
(Alphanumeric) 

Choose one. Required when a NOR
MAL inlet has been 
selected. Refer to 
HYdraulic Manual 
for proper KE 
values (decimal). 

Choose one. If NORMAL is selected, 
the KE value must be provided~ If 
FLARED, no KE value is required. 
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The computations for FLARED inlets may be requested directly on 

this card by specifying FLARED; however, if the user specifies a 

NORMAL inlet with a circular shape and the design achieved by the 

program indicates a resulting super critical slope, the program will 

automatically attempt a FLARED inlet design. In this card the 

results of both designs will be printed. It should be noted that the 

NORMAL specification refers to a standard State Department of High-

ways and Public Transportation headwall (with the appropriate 

entrance coefficient as outlined in the Hydraulic Manual). 

Culvert ID 
(Alpha numeric) 

Elevation, arbitrary 
or above MSL, at cor
responding INLET STA 
(decimal}~ 

Inlet Station along centerline 
of structure. (See sketch 
in discussion~) 

Elevation, arbitrary or above Mean Sea 
Level, at corresponding OUTLET STA 
(decimal). 

Outlet station along centerline of structure. 
(See sketch in discussion.) 
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This card provides the culvert length and slope by virtue of 

inlet and outlet stations and elevations. For design problems the 

inlet and outlet stations and elevations should usually be given at 

the toe of the slope of roadway embankment along the centerline of 

the culvert. The program will then deteraine the actual barrel 

length based on the size of barrel and degree of side slope. In 

analysis problems the inlet and outlet stations and elevations should 

be given at the flow line (inside bottom) at each end of the barrel. 

A B 

Computation 
__ In!L __ 

Design 

Analysis 

c D 

Inlet Station Is 

Point A Point D 

Point B Point C 
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~LVR!_ClR~reak statiopinq and elevptions} (C-51 

This card allows entry of positions of breaks when BROKEN BK 

culverts are specified on the CLVRT Card (C-3). The stationing must 

be at the point of slope change along the centerline of the structure 

and the elevation must be the flow line elevation at the point of 

slope change at the indicated station. 

culvert ID 
{Alphanuaeric) 

elevation at 
break station 

(point of slope change) 
(decimal). 

bitrary stationing along centerline of 
structure at points of slope change. 
Stations must be relative to other break 
stations, inlet stations and outlet 
stations (decimal). 

~LVRT_~ARD (maximum allowable headwater and outlet velocity) (C-6L 

The maxiaum allowable headwater elevation provides the basis for 

culvert design calculations. It is, therefore, aandatory for DESIGN 

and should be a realistic value. Both aaximu• allowable headwater 

elevation and maximua allowable outlet velocity are discretionary 

values determined by the engi~eer's judgment based on criteria as 

outlined in the HydrAulic Manual. If the calculated outlet velocity 

exceeds the specified maximum, a message to this effect will be sup

plied in the output, but no further action is taken regarding that 

velocity. 

5-16 



Culvert ID 
(Alphanumeric) 

This value should be determined 
as outlined in the ~ygraulic 
Manual. It has no control over 
the structure design, but is 
output for the purpose of com
parison with the computed 
velocity. 

MAX HEADWATER ELEVATION should be deter
mined as outlined in the ~g~~Y!i~-~~~1· 
This value required as it controls the de
sign. It must be realistic because the 
program will search for a beginning cul
vert size until it finds one which most 
nearly fits the maximum headwater eleva
tion (decimal). 

This card provides for entry of culvert dimensions when ANALYSIS 

has been specified. DIAM must be provided only when the culvert 

configuration is specified as CIRCULAR on CLVRT card (C-2). The 

diameter of the circular culvert should be given in inches. HIGH and 

WIDE are used to describe culverts with a box, arch, or oval confiq-

uration. If BOX is specified on CLVRT card (C-2), then these dimen-

sions must be given in feet. If ARCH or OVAL is specified on the 

CLVRT card (C-2) , then these dimensions must be given in inches. 
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culvert ID 

The number of bar
rels for the culvert 
is given here. If 
it is left blank, 
however, a value of 
1 will be assumed. 

( Alphanumeric) 

of culvert barrel 

Depth of culvert barrel. If a box 
culvert specified, HIGH and WIDE 
should be given in feet. If ARCH 
or OVAL, they should be in inches. 
Otherwise, leave blank (decimal). 

DIAM, which is required if CIRCULAR shape has 
been specified, is given in inches (decimal). 

Required for this card. 

The value entered in the field NO. OF CULVERT BARRELS refers to 

the number of barrels composing the culvert. {A culvert is composed 

of the entire structure which serves the flow in a particular chan-

nel.} If no value is entered the program will assume one barrel. 

This value~§! be right justified with no decimal. 

ROAD CARJL (C-§.1 

This card is required in every culvert design problem. The 

UPSTRM ss and the DNSTRM ss refer to the numerators of the embankment 

side slope ratios along the centerline of the structure when the 

denominators have been reduced to one (e.g., 2:1, SS=2}. 

The MAXIMUM DEPTH specified by the user will not be exceeded by 

the program in the culvert design. The program will find the small-

est barrel that will fulfill the design criteria, but in no case will 

it attempt to use a depth that exceeds the maximum depth. 
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Culvert ID 
(Alphanumeric) 

MAX DEPTH (in feet) should 
represent the maximum depth 
of culvert barrel the 
engineer is prepared to 
accept in a culvert design. 
Required entry (decimal). 

DNSTRM SS is the numerator of the embankment side 
slope ratio on the downstream side of the road
way section. 

UPSTRM SS is the numerator of the embankment side 
slope ratio along the centerline of the structure on 
the upstream side of the roadway section (decimal). 

Due to the logic in the box culvert design routine (and because 

of geometry limitations inherent in the box culvert standards}, 

situations may arise where a culvert design has less than optimum 

efficiency if the maximum depth is too high with respect to the 

allowable headwater elevation. For this reason, the maximum depth 

should be no higher than the engineer deems necessary. On the other 

hand, too low a maximum depth, while yielding an efficient hydraulic 

design, will often yield an uneconomical structure. Ideally, the 

user should strive for a realistic balance in his assignment of maxi-

mum depth for a box culvert design. However, this balance may be 

difficult to anticipate until the user gains some experience in the 

system. Experience in the use of the system and, in particular, the 

box culvert design option should give the user more insight on how to 

handle this particular problem. 
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For bridge design the MAX and MIN AVERAGE VELOCITIES must be 

supplied. If either or both values are omitted, a maximum of 6 

and/or a minimum of 4 ft;sec will be assumed. 

MIN AVERAGE VELOCITY should indi
cate the minimum through-bridge 
velocity the engineer is prepared 
to accept. If not supplied, pro
gram will assume 4.0 fps. Although 
it should be supplied in all 
cases, it is used primarily in 
multiple bridge design (decimal). 

Maximum through-bridge {or restricted) velocity. If 
not supplied, program will assume 6.0 fos. MAX AVERAGE 
VELOCITY should be based on criteria as indicated in 
the ]ygraulis;~ill!al (decimal) • 

SUBSEC ID - Alphanumeric. It must match the SUBSEC ID 
indicated on (C-11). 

The left and right side slopes on this card must be supplied for 

all bridge problems. The values entered must be the numerators of 

the header slope ratios (denominators reduced to one) normal to the 

stream flow direction. 
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This item has no 
internal use but 
should be supplied 
for identification 
and clarification 
of output. 

This item indicates locations of 
RIGHT and LEFT SS relative to the 
stream flow direction. 

RIGHT SS is the numerator of the header slope 
ratio normal to the stream flow direction and 
opposite to the LEFT ss. Default is 2.0 
(decimal). 

LEFT SS is the numerator of one of the header slope 
ratios normal to the stream flow direction. Default 
is 2.0 (decimal). 

SUBSEC ID - Alphanumeric. It must match the SUBSEC 
ID indicated on (C-11). 

The user must specify UP {looking upstream) or DN (looking down-

stream) when making reference to left and right side slopes. The 

original section name may be entered in the field ORIG SEC ID if the 

name was changed in order to define the section as a skewed section. 

This item is not required for computations, but it should be included 

for clarification of the output. 

FL-DV CARD (C-11t 

This card is used any time cards C-9 and/or C-10 are used and 

specifically defines the boundaries of flow divides. It is presently 

used only in coniunction with BRIDGE problems since· the program is 

not equipped to handle CULVERT problems with divided flow. 
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,'' ''~- Subsoc 10 Cross- section 10 Distance alon cross- section 
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w· t~ t 

lard Lher ID limit of the flow-
divide being described (deci-
mal) • (Station of toe of other 
header slope for bridge 
analysis) 

~one limit of the flow-divide being described 
for the section. This would be the same as 
some stationing of X COORDINATE along the 
cross-section. (decimal) (Station of toe of 
one header slope for bridge analysis) 

Alphanumeric identification of a section which must 
first have been stored in the HYDRA subsystem. 

L . . . . SUBSEC ID should be a un~gue alphanumer~c ~dent1f~cat~on. 

If BRIDGE is specified, this card must be used. SUBSEC ID must 

correspond to SUBSEC ID on Cards C-9 and c-10. The section (real or 

artificial) on which the bridge is based should be indicated under 

CROSS-SECTION ID. For bridge design, FRM X DIS and TO X DIST should 

correspond to the first and last X values in the sub-section. For 

analysis, FRM X DIS and TO X DIST refer to the toes of slope for the 

existing structure, and the shape of the cross-section should be as 

it was before the structure was built. The SUBSEC ID describes the 

name given to the portion of the cross-section which is identified in 

the field CROSS-SECTION ID and which is defined on this card. This 

cross-section must have been previously stored in HYDRA 

subsystem. For SINGLE BRIDGE ANALYSIS, the SUBSEC ID is arbitrary 

but must be supplied. For multiple bridge design, the limits of the 

5-22 



suhsection are defined by entering the beginning and ending stations 

of the subsection in the FRM X DIS and TO X DIST fields. In SINGLE 

BRIDGE ANALYSIS, the toe of slope X locations are defined in these 

fields. The stations must correlate with the stationing of the 

section as stored in HYDRA. (Note that if a given skewed cross

section has been normalized by use of the MOVE card in HYDRA, the FRM 

TO X DIST values should correlate with the ad;usted X value in the 

new section.) 

~Q]_NQ~-~!BQ_1C-1ll 

If several culvert designs and/or analyses are interrelated 

(e.g., all pertaining to the same pro;ect), the user may wish to have 

one report in which the results of these computations are summarized. 

This summary will be in addition to the automatic individual report 

for each problem. When this is desired the user must assign an iden

tification (possibly the pro;ect number) to all problems which are to 

be included in the summary. This alphanumeric identification must be 

entered on a JOB NO. card (C-12) at the end of each set of data for 

which the results are to be included. The same identification must 

be entered in the same position on each JOB NO. card, and the JOB NO. 

card must be placed before the ENDATA card for each included problem. 

When the final problem to be included has been entered, then the PLAN 

SUMMARY card (C-14) must follow the ENDATA card for that problem. 

All iobs to be summarized under one job identification must be 

grouped together and must have the identical job identification. If 

a ;ob with a different identification is placed within the group, 

then only the iobs following it will appear in the summary. This 

summary has been tailored for inclusion in design plans. 
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C-!2 D 

This item is a 10-space (maximum) alphanumeric identifi
cation for storage of related culvert designs and/or 
analyses if a plan summary is to be requested. 

This card marks the end of a set of input data for one problem 

and signals the program to begin compatations. 

Required at the end of each problem. 

This card is used only when a summary is desired as outlined in 

the discussion for JOB NO. card (C-12). When all of the problems 

which are to be included in the summary {i.e.r having the same ;ob 

identification) have been enteredr then this card must be placed 

after the ENDATA card for the last problem in that series. other 

problems may follow this plan summary and other summaries may be com-

piled. 
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Required when a Plan Summary is desired~ 

COST CARD (C-121 

The COST card (C-15) is optional. It specifies that the cost 

feature for culverts will be used and initiates a temporary price 

file which uses the Statewide Average Low Bid prices, or the prices 

inserted by the userr or a combination of both for a series of CULBRG 

problems in a run. When specifying STATEWIDE on the first COST card 

in a run or a single problem, a temporary price file is automatically 

built using prices from the "Statewide Average Low Bid Price" list 

published by D-19 each month. Not all prices are available on this 

list and no attempt is made to supply an arbitrary price fo~ any 

item. The Statewide Average Low Bid Prices available to THYSYS are 

those for which item and code numbers have been officially issued and 

an average bid price is available. This list will be expanded as 

code and item numbers are issued, and the prices will be updated as 

new statewide average prices are available. The output for the COST 

option is useful for comparison purposes only. 
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C-15 0 

If not deleted, a temporary price file is automatically 
built using the "Statewide Average Low Bid Prices". STATE
WIDE should be indicated only on the first COST card of a 
run to set these prices for all subsequent problems in the 
run and deleted on subsequent problems of the run. If 
marked out on first problem in a run the user must supply 
prices. 

The user may supplement or change this temporary price file by 

completing the PIP or BOX cards. Data entered on these cards modi-

fies the temporary price file accordingly, and this data is used for 

subsequent CULBRG problems in the run. Should another COST card 

specifying STATEWIDE be encountered in the run, the entire temporary 

price file will be deleted and replaced with only the statewide aver-

age prices. The user may again update the file as before. Each 

subsequent CULBRG problem in the run should contain a COST card with 

STATEWIDE ~£~~Q_out if the current temporary price file for the run 

is correct. 

If STATEWIDE is marked out on the first COST card in the run, 

the temporary price file for the run is built entirely from the data 

supplied by the user on the BOX and PIP cards in the first problem. 

The file again may be altered in succeeding problems as previously 

discussed. Should STATEWIDE be specified on a subsequent COST card 

in the run, the entire temporary price file is deleted and the state-

wide average prices inserted. Again the COST card must be indicated 

on each culvert problem in a run. 
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When the system has no price data for an item that is used by 

one of the culvert solutions, the cost of that culvert will appear as 

a series of asterisks in the TOTAL COST column of the CULBRG output 

listing. The items available to the THYSYS cost feature from the 

Statewide Average Low Bid Price file are listed in the following 

Table I. If the COST option is not used the output column labeled 

TOTAL COST will contain zeros. 
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TABLE I. ITEMS AVAILABLE TO THYSYS COST ANALYSIS 
FROM THE STATEWIDE AVERAGE BID PRICE 
LIST AS OF APRIL, 1972* 

I1EM N.Q.:. DESCRIPTION 

421 506 CL C CONC ( CU LV) 

440 501 REINF STL 

460 503 CGM PIPE ( 18 in) 
460 504 CGM PIPE ( 21 in) 
460 505 CGM PIPE (24 in) 
460 506 CGM PIPE ( 30 in) 
460 507 CGM PIPE ( 36 in) 
460 508 CGM PIPE (42 in) 
460 509 CGM PIPE (48 in) 
460 510 CGM PIPE (54 in) 
460 511 CGM PIP! (60 in) 
460 512 CGM PIP! (66 in) 
460 513 CGM PIPE (72 in) 
460 514 CGM PIPE (76 in) 
460 515 CGM PIPE (84 in) 

460 546 CGM PIPE ARCH (DES 1) 
460 547 CGM PIPE ARCH (DES 2) 
460 548 CGM PIPE ARCH (DES 3) 
460 549 CGM PIPE ARCH (DES 4) 
460 550 CGM PIPE ARCI (DES 5) 
460 551 CGM PIPE ARCH (DES 6) 
460 552 CGM PIPE ARCH (DES 7) 
460 553 CGM PIPE ARCH (DES 8) 
460 554 CGM PIPE ARCH (DES 9) 
460 555 CGM PIPE ARCH (DES 1 0) 
460 557 CGM PIPE ARCH (DES , 2) 
460 558 CGM PIPE ARCH (DES 1 3) 
460 559 CGM PIPE ARCH (DES , 4) 
460 560 CGM PIPE ARCH (DES 15) 
460 561 CGM PIPE ARCH (D!S 16) 
460 562 CGM PIPE ARCH (DES 17) 

464 503 RC PIPE (CL III) ( 18 in) 
464 504 RC PIPE (CL III) (21 in) 
464 505 RC PIPE (CL III) (24 in) 
464 506 RC PIPE (CL III) (27 in) 
464 507 RC PIPE (CL III) (30 in) 
464 508 RC PIPE (CL III) (33 in) 

*This list will be expanded as code and item nuabers are issued and 
average bid prices are available. 
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TABLE I - Continued. 

464 509 RC PIPE (CL III) (36 in) 
464 510 RC PIPE (CL III) (42 in} 
464 511 RC PIPE (CL III) (48 in) 
464 512 RC PIPE (CL III) (54 in) 
464 513 RC PIPE (CL III) (60 in) 
464 514 RC PIPE (CL III) (66 in} 
464 515 RC PIPE (CL III) (72 in) 
464 516 RC PIP! {CL III} (78 in) 
464 517 RC PIPE (CL III) (84 in) 

464 545 RC PIPE ARCH {CL III) (DES 1) 
464 546 RC PIPE ARCH (CL II I) (DES 2} 
46 4 547 RC PIPE ARCH (CL III) (DES 3) 
464 548 RC PIPE ARCH (CL III) (DES 4) 
464 549 RC PIPE ARCH (CL III) (DES 5) 
464 550 RC PIPE ARCH (CL III) (DES 6) 
464 551 RC PIPE ARCH (CL II I) (DES 7) 
464 552 RC PIPE ARCH (CL III} (DES 8) 
464 553 RC PIPE ARCH (CL III) (DES 9) 
464 554 RC PIPE ARCH {CL III) (DES 1 0) 
464 555 RC PIPE ARCH (CL II I} (DES 11) 

4005 501 FLARED METAL INLET (36 in) 
4005 502 FLARED METAL INLET ( 4 8 in) 
4005 503 FLARED METAL INLET ( 66 in) 
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]Q!_£ARD (C-161 

The BOX card is required if STATEWIDE is marked out and BOX is 

specified in a CULBRG problem. It is used to specify the prices for 

concrete and steel or the cost per linear foot of a box culvert. The 

concrete and steel prices refer to the cost of the barrels only. The 

headwall is not included. If the cost per foot is specified~ it 

applies to any size box culvert calculatedr and it supersedes the box 

price based on concrete and steel quantities. Alsor cost per foot 

applies only to the current problem. If STATEWIDE has been indicated 

previously, this card may be used to override either concrete or 

steel prices or both if desired. 

Price per foot for any and 
all box culvert sizes. 

Price per pound of reinforcing steel for 
barrel portion of the box culvert. 

Price per cubic yard of concrete for the barrel portion 
of a box culvert. 
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C-170 

D 
D 
0 

This card is required if STATEWIDE was not previously indicated 

and is used to give the prices for circular or arch pipe and circular 

flare units. If circular prices are being given, the diameter must 

be given in inches in the field DIAM. OR RISE of this card. Any or 

all of the prices that apply to this diameter may be given on one 

card. If arch prices are givenr the rise and span in inches must be 

given in the appropriate columns. If STATEWIDE has been previously 

specified, the PIP card may be used to override any price in the 

statewide averages. 

' 
p I p PR ICE CG MP 
pIp PR ICE CG MP 
pI p 9t PR ICE CG MP 
P I P(;..: P R T r l="t f "•«• 

La ID 

Oiom. or Span 
Specify one price or both. 

Rise (m.) (in.) 
Estimated cost per flare unit for this diameter. 

l$1 I I 1 I 1/ILIFI IIRICIPI l$1 I I/ LF LA RE UN I T J$1 I I I I I lJ 
l$1 I I 1 I 1/ILIFI I IRICIPI l$1 I I/ LF LA RE UN I T J$1 I I II I I I 
l$1 I I 1 I 1/ILIFI J IRICIPI l$1 I I/ LF LA RE UN I T l$1 I I I I I I I . 

tt 
~ 

'I I F l l=l R F I I ~I T T .. 
t + 1 ~ 

I 

'Lf flare unit for 
circular pipe only. 

Required entry for arch 
pipe span (in inches) • 

Required entry for this card. 
Enter diameter (in inches) 
for circular pipe or rise 
(in inches) for arch pipe. 

'--Price per foot of concrete pipe for the 

..___ 

size indicated on this card. 

Price per foot of corrugated galvan1zed metal p~pe 
for the pipe size indicated on this card. 
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This card is used to supply the maximum height of roadway fill 

above the flow line of a box culvert and must be completed when 

designing or analyzing a box culvert and requesting cost data. It is 

not required for pipe culverts, or for problems where cost data is 

not desired. When there is more than one box problem in a run, the 

data on this card should be entered for each of them; otherwise, the 

system will use the fill height given for a previous box problem in 

the run. 

Maximum height of fill for the box culvert measured from 
the flow line (in feet). 

Additional costs for a culvert may be given on this card. The 

cost specified will be added to the computed barrel cost of each cul-

vert size listed. The preprinted descriptions appearing on the card 

{CONC, STEEL RIPRAP, etc.) are informational only. Those that are 

not marked out on the card will appear in the echo print of the 

input. Miscellaneous costs must be input for each problem in a run. 

5-32 



If applicable specify any miscellaneous costs for each culvert design. 

Mi I c co ST lSI$ I I I I I I I I ICIOINICI 151TIE EL R I PR AP HE AD lolA LLS E XiCIAIVIRITIIIOINIIGIEINIEIRIA L 
Mi I ICill TIS I$ I I I I I I I I JCIOINICL JSITIE IE L R I PR AP HE ow AL LS E XiCIAIVIAITIIIOINLJGIEINIEIRIA L 
Mil c co T S $ I I I I L I I I ICIOINIC! ISITIEI EL R I PR AP HE AD lolA LLS E XICIAIVIAITI IIOINI !GiEINIEIRIA L 
MIS c n s r )., tt ----- TC I -RTPRAP 

' - HE AD 1-JR I I S J:" v ("' '"'" ..... -- --··~nnlf .. 

La ID Lav a line through those items which do 

I-. 

not apply to the price given on this 
card. 

. . F1ll 1n the m1scellaneous cost to be appl1ed to the cur 
rent culvert. 

-

FREQ=100 CARD JC-201 

This card is used to input the discharge Q100 and tailwater 

TW 100 for a 100 year flood analysis. Also the CLEAR ELEV (the aver-

age maximum elevation at which water can pass under a bridge) is 

input on this card. Entries for Q100 and TW 100 are not necessary if 

they were previously entered or computed in HYDRO and;or HYDRA. 

CLEAR ELEV is used whenever BRIDGE is specified on the CULBRG Control 

card and when a 100 year ANALYSIS is desired. 

I I I I I II I I I II I I I I I II I II !! I I 

~------Required entry for 
bridges. 

Tailwater elevation for 100 year flood. 
Required if not supplied or computed in 
HYDRA. 

Discharge for 100 year flood. Required if not computed in 
HYDRO or supplied in HYDRA. 
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This card is used to input the road profile along the crown line 

of the road and is required for a 100 year flood analysis. The RD 

PROFILE cards are not needed if the road ~rofile was defined in HYDRA 

on the SECX (B-6) cards with a CROSS-SECTION ID of HIWY~ This pro-

file must have a minimum of three points in order to define a valid 

section that can be used to compute a depth of flow over the roadway. 

Coordinate point Coordinate point Coordinate point 

X Coordinate ( Dist.) Y Coordinate ( Elev.) X Coordinate (Dist.) Y Coordinate ( E lev.) X Coordinate (Oist.) Y Coordinate ( Elev.) 

RD PR OF IL EX I I I I I I I Yl I I I I I I X y X I I I t I I I L Yl I I I I I 
RD PR OF I L EX I I I I I I L Yl I I I I I I X y ~ I I I I I I I L Yl I I I I I 
RD PR OF I L EX I I I I I I L Yl I I I I I I X y X I I I i I I I I Yl I I I I I 
RD PR [IFTI ~v y y v 

• t 

La ID 

. . . . Supply suff1c1ent X d1stances (Roadway stat1ons) and Y 
elevations to define the roadway profile (minimum of 
three sets). 

A tabulation of the required and optional cards for each of the 

CULBRG options is shown in Figure S-6. This may be used to check the 

completed input form for possible omissions prior to submission. 
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U't 
I 
w 
U't 

CARD 
I DENT. 

CONTRO 
CARD 

C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

C-10 

CULBRG 
DESIGN ANALYSIS 

CARD TYPE BRIDGE BRIDGE & BRIDGE 
QR (SINGLE DR CULVERT CULVERT (SINGLE OR CULVERT 

REFERENCE l!ULTIPLE) (SINGLE) (SINGLE) IIULTIPLE) (SINGLE) 

CULBRG YES YES YES YES YES 

SUPPLY YES' YES' YES 1 YES' YES' 

CLVliT YES YES YES 

CLVRT YES YES YES 

CLVRT YES YES YES 

CLVRT YES 2 

CLVRT YES YES 

CLVRT YES 

ROAD YES YES 

BRDG YES YES 

BRDG YES YES YES 

• Required only for items not previously assigned values in HYDRO 
and/or HYDRA. 

z Reauired only if BRD~EN BK specified an CLVRT Card (C-3). Only 
two Break Stations allowed. 

• Include enough cards to define flov divides for each opening. 
Only one FL-DV Card for single bridge DESIGN or ANALYSIS. 

• Required for 100 yr. flood analysis if not supplied in HYDRA 
and CLEAR ELEV must be supplied if 100 yr. analysis on single 
bridge DESIGN/ANALYSIS is specified. 

CARD 
I DENT. 

C-1 1 

C-12 

C-15 

! C-16 

C-17 

' 

I 
C-18 

C-19 

C-20 

C-21 

C-13 

C-14 

DESIGN ANALYSIS 

CARD TYPE BRIDGE BRIDGE & BRIDGE 
011 SINGLE DR CULVERT CULVERT (SINGLE OR CULVERT 

REFERENCE IIULTIPLE) (SINGLE) (SIJIGLE) IIULTI PLE) (SINGLE) 

FL-DV YES' YES' YES• 

JOB NO. OPTIONAL• OPTIONlL• OPTIONAL' 

COST OPTIONAL 7 OPTIONAL OPTIONAL 

BOX PRICE OPTIONAL 7 OPTIONAL OPTIONAL 

PIP PRICE OPTIONAL7 OPTIONAL OPTIONAL 

FILL HEIGH' YES• YES• YES• 

!HSC COSTS OPTIONAL' OPTIONAL OPTIONAL 

FREQ;1QO OPTIONAL• OPTIONAl• OPTIONAL• OPTIONAL• 

BD PROFILE OPTIONAL• OPTIONAL• OPTIONAL• OPT! ON AL • 

ENDlTA HS YES YES YES YES 

PLAN OPTIONAL• OPTIONAL• OP~IONAL 6 

-----

• When a PLAN SUIIIIARY including this culvert is to be requested. 
NOTE: Bridge design will not be included in PLAN SUIIIIARY. 

• After the last problem vith the current JOB NO. vhen a su••ary 
is desired. 

7 Required vhen cost comparison is desired. Enter prices on Cirds 
C-16, C-17, and C-19. 

s Required for cost computations for box culverts. 
9 Designates toe of slopes for structure. 

FIGURE 5-6. CARD USE CHECKLIST 



III. QUTPUT 

The output for the CULBRG routine may be one of the following 

basic reports plus the additional option of a summary report of 

results for specified culvert problems. 

Multi£le Opening Bridge Design 

This report reflects the following: 

1. Section name and station at the given bridge site - given 

2. Total design flow (cfs) - given or computed in HYDRO 

3. Water surface elevation (ft) - given or computed in HYDRA 

4. Frequency (yrs) - given 

5. Backwater head (ft) This value is the water surface 
differential at the upstreaa limit of the bridge due to the 
constriction of the stream flow by the bridge structure 
computed 

6. Number of openings - This value refers to the number of flow 
divides rather than the number of bridge spans - given 

7. A table shoving for each stream subsection: 

a. Subsection I.D. given 

b. Left side slope given 

c. Right side slope - given 

d. Left toe of slope - computed 

e. Bight toe of slope - computed 

f. Length at the water surface through the bridge opening 
(ft} computed 

g. Flow in the subsection (cfs) - computed 

h. Per cent of the total section flow represented by the 
flow through this subsection - computed 

i. Conveyance of the bridge opening - computed 

j. Per cent of the total conveyance represented by the 
conveyance of this bridge opening - computed 

k. Velocity (fps) - computed. 
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This report reflects the following: 

1. Section name and stream station at the given bridge site 
given 

2. Design flow (cfs) - given or computed in HYDRO 

3. Water surface elevation (ft) - given or computed in HYDRA 

4. Frequency (yrs) - given 

5. Placement of toe of slope of left and right headers in terms 
of stationing across the stream reach at the cross-section -
computed 

6. Length between headers at water surface - computed 

7. Backwater head (ft) - computed 

8. Average through-bridge velocity across the entire bridge 
section (fps) - computed 

9. Maximum allowable velocity (fps) - given. 

This report reflects the following: 

1. Section name and stream station at bridge site given 

2. Design flow (cfs) - given or computed in HYDRO 

3. Water surface elevation (ft) - given or computed in HYDRA 

4. Frequency (yrs) - given 

5. Placement of toe of left and right header slopes - given 

6. Length between headers at the water surface- computed 

7. Backwater head (ft) - computed 

8. Average through-bridge velocity across the entire bridge 
section (fps) - computed 

9. Average channel velocity unrestricted by the bridge {fps) -
computed. 

The reports for single opening culvert design and analysis are 

similar and will, therefore, be discussed concurrently. Each culvert 
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problem will receive an automatic report reflecting the following: 

1. Job Number - In addition to this auto•atic report for each 
culvert problem, there is an option of receiving a summary 
report (plan summary) of the results of related problems. 
These related problems are grouped according to a job number 
assigned by the user and printed on each report. 

2. Culvert I.D. - given 

3. Discharge or flov (cfs) - given or computed in HYDRO 

4. Frequency (yrs) - given 

5. Tailvater elevation (ft) - given or computed in HYDRA. 

6. Culvert description: 

In most culvert DESIGN problems the program will 

attempt several solutions and will print the results of each 

solution under the culvert description section. The cri-

teria for these solutions vary with the types of culverts: 

Circular. If a circular culvert design is specified, 

the output will reflect the program's search for a proper 

culvert size by listing all trial sizes used (as in the case 

for box culvert design). The program considers standard 

circular pipe diameters from 18" minimum to 120" maximum in 

size increments of 3" for pipe diameters between 18" and 36" 

and 6" increments for the remainder. (For structural plate, 

the minimum is 60".) For a circular culvert design, how-

ever, the tolerance is very narrow since diameters may be 

varied independently from the number of barrels. Therefore, 

the program searches for a circular culvert size so that the 

calculated headwater elevation is less than or equal to the 

specified allowable headwater elevation and, at the same 

time, is no less than the top {soffit) of the pipe. In fur-

ther steps, the program continues its search until it 
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encounters a culvert size in which the calculated headwater 

is greater than the specified allowable at which time the 

program reverts to the last acceptable design. It will be 

noted that if the program takes the route of increasinq suc

cessive trial sizes, a trial size may be reworked and 

relisted. However, in any case, the proper accepted size 

will be clearly indicated on the output. 

Box. After determining a starting box size, the pro

gram prints a solution for this box size aftd each a4ditional 

box size (if necessary) in standard increments of width and 

height and number of barrels (never exceeding maximum depth) 

until the headwater falls within the acceptable range. The 

acceptable range encompasses calculated headwaters which are 

less than or equal to the specified allowable headwater 

elevation and, at the same time, are no more than 0.5 ft 

lower than the top (soffit) of the box. This tolerance is 

built in so that a standard sized culvert can be used. 

Without this tolerance, in certain circumstances, the pro

gram would be unable to find a standard structure size. 

Arch. If a pipe-arch culvert design is specified, the 

output will indicate all trial sizes used. The program con

siders standard pipe-arch sizes as follows: 
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RCP 

11x18 
13x22 
18x29 
22x36 
27x43 
31x51 
36x58 
40x65 
45x73 
54x88 
62x102 

STANDARD PIPE-ARCH SIZES 

CGPI 

11x18 
13x22 
1Bx29 
22x36 
27xll3 
31x51 
36x58 
40x65 
45x73 
54x88 
62x102 
63x87 
66x 95 
71x103 
75x112 
79x117 
83x 12 8 

PLATE (18"r) 

55x73 
57x76 
59x81 
61x84 
63x87 
65x92 
67x95 
69x98 
71x103 
73x106 
75x112 
77x114 
79x117 
81x123 
83x128 
85x 131 
87x 137 
89x139 
91x142 
93x148 
95x150 
97x152 
100x154 
101x161 
103x167 
105x169 
107x171 
109x178 
111x184 
113x186 
115x188 
118x190 
119x197 
121x199 

PLATE (31"r) 

128x190 
130x195 
132x 198 
134x204 
136x206 
138x209 
140x215 
142x217 
144x223 
146x225 
14Bx231 
150x234 
152x236 
154x239 
156x245 
158x247 

The program searches for a pipe-arch size so that the 

calculated headwater elevation is less than or equal to the 

specified allowable headwater elevation and also is no lower 

than the soffit of the pipe. When such a configuration is 

found, the number of barrels is held constant and the size 

is reduced in steps until the calculated headwater elevation 

exceeds the allowable. The process is then stopped and the 

prior solution is accepted as optimum. 
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Descriptive Data. Following is the data printed for 

each culvert solution attempted: 

a. Number of barrels - computed (given for analysis) 

b. Diameter (inches) 
(given for analysis) 

circular culverts only - computed 

c. Width and height (feet for box, inches for arch or oval) 
- all shapes but circular - computed (given for analy
sis) 

d. Length of barrels (feet) - computed (given for analysis) 

e. Allowable headwater elevation (ft) - given for design 

f. Calculated headwater elevation (ft) 
design only 

computed for 

g. Headwater elevation (ft) - given for analysis only 

h. Calculated headwater (ft) - computed 

i. Allowable velocity (fps} - given for design 

j. Velocity (fps) - computed 

k. Cost- computed when specified (otherwise 0.0). If COST 
is specified but no cost data is available for the com
puted culvert size, this column will contain asterisks 
{ *) • 

7. Stations and elevations of inlet and outlet 
design; given in analysis 

computed in 

8. Stations and elevations of breaks in broken back culverts -
given (for analysis only) 

9. Additional descriptive values are then printed as they apply 
to the culvert accepted in design or given in analysis: 

a. Slope (ft/ft) - computed (directly from given data) 

b. Profile - given 

c. Shape - given 

d. Inlet type 
design) 

e. KE value given 

given (although sometimes changed in 

f. Barrel material - given 

g. Manning's coefficient for barrel material - supplied by 
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proqram (or may be given) 

h. "SUPER CRITICAL SLOPE = 
instances in analysis. 

" is output for applicable 

Hundred Year Flood Analysis for Single 0Eening Bridge 

This report reflects the following: 

, . Basic flood applied (100 year frequency) computed in HYDRO 
or given in HYDRA or CULBRG 

2. Hundred year velocity at structure outlet - computed in 
CULBRG 

3. Hundred year tail water elevation given or computed in 
HYDRA 

4. Greatest depth of flow over road - computed in CULBRG 

5. Elevation of water surface over road - computed in CULBRG 

6. Percentage of basic flood over road - computed in CULBRG. 

Hundred Year Flood Design or Analysis for Sin~g~eni~Culv~£! 

This report reflects the following: 

1. Culvert identification and culvert size 
puted in CULBRG 

given and/or com-

2. Basic flood applied (100 year frequency) - computed in HYDRO 
or given in HYDRA or CULBRG 

3. Hundred year velocity at structure outlet 
CULBRG 

computed in 

4. Hundred year tailwater elevation 
HYDRA 

given or computed in 

5. Elevation of water surface over road - computed in CULBRG 

6. Low elevation of road profile - computed in CULBRG 

7. Greatest depth of flow over road - computed in CULBRG 

8. Percentage of basic flood over road - computed in CULBRG 

Discussion of basic reports for other CULBRG functions will be 

added to this manual as these capabilities are acquired. 

Plan Summary 

This is a report reflecting the results of culvert design or 
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analysis problems that have been grouped together under one iob 

number. For each successful run, in this job number grouping, the 

followinq information is printed: 

1. Job No. 

2. Culvert I.D. 

3. Barrel shape 

4. Number of barrels 

5. Width and height (inches for circular. arch and oval; feet 
for box) 

6. Length {feet) 

7. Culvert material 

8. Type inlet 

9. Profile 

10. Slope ( ft/ft) 

11. Flow (cfs) 

12. Calculated headwater (ft) 

13. Calculated velocity (f ps) 

Length of culvert for culvert design output is only approximate 

and the engineer should plot the culvert cross-section for the plans 

to determine the exact length. The final exact length should ordi-

narily not vary appreciably from the computer-indicated length. 
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**************** E R R 0 R M E S S A G E S ***************** 
************** T E X A S H Y D R A U L I C S Y S T E M *************** 

ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH 
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDEP WITHIN EACH GROUP. 
'EXPL' DENOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE. 
!FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE 
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD 
ENGINEER FOR YOUR DISTRICT.) 

****************************************************************************** 

CLBOOOl--NEITHER DESIGN NOR ANALYSIS SPECIFIED. 
EXPLo ON THE 1 CULBRG 1 CONTROL CARD, EITHER 'DESIGN' OR 'ANALYSIS' MUST 

BE SPECIFIED. IF BOTH ARE SPECIFIED, 'DESIGN' WILL BE ASSUMED. 
BUT, IF NEITHER IS SPECIFIED, THIS MESSAGE WILL BE PRINTED. 
FATAL ERROR. 

CLB0002--ROUTINE NOT AVAILABLE TO DESIGN OR ANALYZE MULTIPLE OPENING CuLVERTS. 
EXPLo THE PROGRAM IS NOT PRESENTLY eQUIPPED TO HANDLE PROBLEMS 

INVOLVING MULTIPLE OPENING !DIVIDED FLOW) CULVERT PROBLEMS. IF 
'BRIDGE' WAS ALSO SPECIFIED, THE PROGRAM WILL HANDLE THE PkOBLEM 
AS IF 'BRIDGE' ALONE HAD BEEN SPECIFIED. NON-FATAL IF 'BRIDGE' 
ALSO WAS SPECIFIED. FATAL IF 'CULVERT' ALONE WAS SPECIFIED. 

CLB0003--NEITHER BRIDGE NOR CULVERT SPECIFIED. 
EXPLO WHEN 'ANALYSIS' IS SPECIFIED ON THE 1 CULBRG' CONTROL CARD, IT 

IS NECESSARY THAT EITHER 'BRIDGE' OR 'CULVERT' BE SPECIFIED. IF 
'DESIGN' IS SPECIFIED, THEN EITHER 'BRIDGE' OR 'CULVERT' OR BOTH 
MAY BE SPECIFIED. IF NEITHER 'BRIDGE' NOR 'CULVERT• IS SPECIFIED, 
THEN THIS MESSAGE IS PRINTED. FATAL ERROR. 

CLB0004--NUMBER OF OPENINGS NOT SPEClFIED. 
EXPLa ON THE 'CULBRG' CONTROL CARD, IF 'SINGLE' IS NOT SPECIFIED, THEN 

THE NUMBER OF OPENINGS MUST BE SPECIFIED. IF NEITHER SPECIFICA
TION IS MADE, THIS MESSAGE WILL BE PRINTEu. FATAL ERROR. 

CLB0005--NO FREQUENCY GIVEN. 
EXPLa ON SOME OF THE REPORTS FROM 'CULBRG 1 , FREQUENCY IS REFLECTED 

ALTHOUGH THIS VALUE IS NOT USED DIRECTLY IN ANY 'CULBRG' 
CALCULATIONS. IF A DISCHARGE WAS OBTAINED FROM A PREVIOUS 'HYDRO' 
OR 'HYDRA' PROBLEM AND NO FREQUENCY WAS GIVEN OR IF A 'SUPPLY' 
CARD IC-11 WAS READ AND THERE WAS NO VALUE FOR FREQUENCY FROM ANY 
SOURCE, THEN THIS ~ESSAGE WILL BE PRINTED. ~JN-FATAL. 

CLB0006--NO Q SUPPLIED OR COMPUTED. 
EXPLa THE DISCHARGE (Q) FOR USE IN 'CULBRG' COMPUTATIONS MAY BE 

SUPPLIED FROM EITHER A PREVIOUS 'HYDRO' OR 'HYDRA' COMPUTATION 
OR IT MAY BE SUPPLIED ON 'SUPPLY' CARD IC-ll. THIS MESSAGE 
INDICATES THAT THE PROGRAM FOUND NO Q VALUE AVAILABLE FROM ANY 
OF THESE SOURCES. FATAL ERROR. 

CLB0007--NO SUPPLY Q GIVEN. PREVIOUS VALUE USED. 
EXPLa THIS MESSAGE INDICATES THAT THERE WAS NO ENTRY ON 'SUPPLY' CARD 

(C-ll FOR DISCHARGE, BUT THE PROGRAM FOUND A PREVIOUSLY STORED 
VALUE FOR DISCHARGE AND HAS ASSUMED THIS DISCHARGE FOR THE 
CURRENT PROBLEM. NON-FATAL. 

CLBOOOS--NO TAILWATER ELEVATION GIVEN. 
EXPLc THE TAILWATER ELEVATION FOR USE IN 1 CULBRG 1 COMPUTATIONS MAY BE 

SUPPLIED FROM EITHER A PREVIOUS 'HYDRA' PROBLEM OR 'SUPPLY' CARD 
(C-l). FOR CULVERT PROBLEMS, IF A TAILWATER ELEVATION IS NOT 
SUPPLIED FROM EITHER OF THESE SOURCES, THEN THE TAlLWATER 
ELEVATION WILL BE ASSUMED TO BE THE SAME AS THE OUTLET ELEVATION 
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PROVIDED ON THE 'CLVRT' CARD (C-41. FATAL ERROR IF 'BRIDGE' 
SPECIFIED. NON-FATAL FOR 'CULVERT'. 

CLB0009--NO TAILWATER ELEVATION GIVEN. PREVIOUS VALUE USED. 
EXPLc THIS MESSAGE INDICATES THAT A 'SUPPLY' CARD (C-1) WAS READ BUT NO 

TAILWATER ELEVATION WAS ENTERED. HOWEVER, THE PROGRAM FOUND THAT 
A 'HYDRA' PROBLE~ HAD BEEN PREVIOUSLY RUN AND THE FIRST TAILWATER 
ELEVATION CALCULATED IN THE LAST 'HYDRA' RUN WILL BE USED IN THIS 
PROBLEM. NON-FATAL. 

CLB0010--NO FREQUENCY GIVEN. PREVIOUS VALUE USED. 
EXPLc IF NO FREQUENCY IS ENTERED ON A 'SUPPLY' CARD (C-11 AND A 

FREQUENCY HAS BEEN PREVIOUSLY DEFINED IN A 'HYDRO' OR 'HYDRA' 
PROBLEM, THEN THIS MESSAGE WILL BE PRINTED AND THE PREVIOUSLY 
DEFINED VALUE WILL BE ASSUMED FREQUENCY FOR THIS PROBLEM. 
NON-FATAL. 

CLB0011--NO INITIAL COORDINATE. REST OF CARD IGNORED. 
EXPLc THERE MUST BE AN ENTRY IN THE FIRST COORDINATE SPACES ON THE 

'RDPROFILE' CARD IC-211. IF NOT, FURTHER ENTRIES ON THE CARD ARE 
IGI\lORED. 

CLB0012--Y COORDINATE MISSING. THIS SET AND REST OF CARD IGNORED. 
EXPLc THERE MUST BE AN ELEVATION ENTERED FOR EACH COORDINATE SET. IF 

NOT, FURTHER ENTRIES ON THE CARD ARE IGNORED. 

CLB0013--TOO MANY POINTS DESCRIBING ROAD PROFILE. PRESENT LIMIT IS 100. 
EXPLc DUE TO CAPACITY LIMITATIONS OF THE PROGRAM, SETS OF COORDINATES 

IN THE ROAD PROFILE SPECIFICATION MUST NOT EXCEED 100 IN NUMBER. 

CLBOOl4--NO 'N' VALUE SPECIFIED OR SUPPLIED. 
EXPLc ON 'CLVRT' CARD IC-21 NO CULVERT MATERIAL WAS SPECIFIED FROM 

WHICH THE PROGRAM COULD DERIVE A ROUGHNESS COEFFICIENT NOR WAS 
THE COEFFICIENT SUPPLIED DIRECTLY. FATAL ERROR. 

CLB0015--NO 'KE' VALUE SPECIFIED OR SUPPLIED. 
EXPLc WHEN A NORMAL INLET HAS BEEN SPECIFIED ON 'CLVRT' CARD IC-31, A 

'KE' VALUE !ENTRANCE COEFFICIENT) MUST BE SUPPLIED. THIS MESSAGE 
INDICATES THAT THE 'KE' VALUE WAS OMITTED AND A NORMAL INLET WAS 
SPECIFIED. FATAL ERROR. 

CLB0016--TYPE OF INLET CONDITIONS NOT SPECIFIED. 
EXPLc THIS MESSAGE INDICATES THAT NO INLET CONDITION WAS INDICATED ON 

'CLVRT' CARD IC-3) OR THAT THIS CARD WAS NOT READ. FATAl ERROR. 

CLB0017--CULVERT STATIONING AND ELEVATIONS INCOMPLETE. 
EXPLc ON 'CLVRT' CARD (C-41 EACH BLANK MUST HAVE AN ENTRY (ZERO IS 

ALLOWED). IF AN ENTRY IS OMITTED OR INCORRECTLY ENTERED OR IF 
THE CARD IS NOT INCLUDED, THIS MESSAGE WILL BE PRINTED. 
FATAL ERROR. 

CLB001B--CLVRT CARD READ BUT DATA MISSING. 
EXPLc UPON READING A 1 CLVRT' CARD THE PROGRAM SCANS THE INFORMATION 

TO DETERMINE WHICH TYPE OF 1 CLVRT' CARD IS BEING READ. IF A 
PROPER SPECIFICATION OR IDENTIFYING WORD IS NOT FOUND IN THAT 
SECTION THEN THIS MESSAGE IS PRINTED. FATAL ERROR. 

CLB0019--BREAK STATIONING AND ELEVATION DATA INCOMPLETE. 
EXPLc ON 1 CLVRT' CARD IC-51, THE DATA MUST BE ENTERED IN PAIRS !I.E., A 

BREAK STATION AND AN ELEVATION). THIS MESSAGE INDiCATES THAT THE 
PROGRAM DETECTED ONE MEMBER OF A PAIR ENTERED WITHOUT ITS 
COMPANION MEMBER. FATAL ERROR. 
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CLB0020--MAXIMUM H.W. ELEV. NOT GIVEN. 
EXPLa IN ALL CULVERT DESIGN PROBLEMS A MAXIMUM HEADWATER ELEVATION MUST 

BE PROVIDED ON 'CLVRT' CARD (C-6). IF THERE IS NO ENTRY FOR THIS 
VALUE ON THIS CARD OR IF THIS CARD IS OMITTED AND CULVERT DESIGN 
HAS BEEN SPECIFIED, THEN THIS MESSAGE WILL BE PRINTED. 
FATAL ERROR. 

CLB0021--MAX. OUTLET VELOC. NOT GIVEN. VALUE SET AT a.o. 
EXPLa IN All CULVERT DESIGN PROBLEMS A MAXIMUM OUTLET VELOCITY SHOULD 

BE PROVIDED ON 'CLVRT' CARD (C-6). IF THERE IS NO ENTRY FOR THIS 
VALUE AND CULVERT DESIGN HAS BEEN SPECIFIED, THIS MESSAGE 
WILL BE PRINTED AND THE MAXIMUM OUTLET VELOCITY WILL BE 
AUTOMATICALLY SET AT 8.0 FPS. NON-FATAL ERROR. 

CLB0022--CULVERT DIMENSIONS MISSING. 
EXPLa ON 'CLVRT' CARD (C-7), EITHER 'DIAM' MUST BE GIVEN (FOR CIRCULAR 

BARREL) OR BOTH 'HIGH' AND 'WIDE' MUST BE GIVEN (FOR OTHER BARREL 
CONFIGURATIONS). THIS MESSAGE INDICATES THAT THESE VALUES WERE 
NOT ENTERED PROPERLY. (IF THE NUMBER OF BARRELS IS NOT ENTERED, 
1.0 IS ASSUMED.) FATAL ERROR. 

CLB0023--NO ROAD CROSS-SECTION J.D. GIVEN. 
EXPLa NO 'CLVRT ID' WAS ENTERED ON 'ROAD' CARD (C-8). NON-FATAL. 

CLB0024--NO SLOPE GIVEN. VALUE OF 3.0 ASSUMED. 
EXPLa ON 'ROAD' CARD (C-8) SPACE IS PROVIDED FOR UPSTREAM AND DOWN

STREAM SIDE SLOPES. IF EITHER OF THESE VALUES IS OMITTED, THE 
PROGRAM WILL ASSUME A SIDE SLOPE RATIO OF 3.0a1.0 AND PROCEED. 
IF THE USER WISHES TO ENTER 0.0 SLOPE HE MUST INSERT 0.0 IN THIS 
SPACE SINCE THE PROGRAM WILL SUPPLY A 3.0 IF THIS SPACE IS BLANK. 
NON-FATAL. 

CLB0025--NO MAX BARREL DEPTH GIVEN FOR CULVERT DESIGN. 
EXPLa A 'ROAD' CARD (C-8) MUST BE INCLUDED IN EACH CULVERT DESIGN 

PROBLEM AND EACH 'ROAD' CARD MUST HAVE A VALUE FOR 'MAX DEPTH'. 
THIS MESSAGE INDICATES THAT EITHER THE CARD WAS OMITTED OR THERE 
WAS NO VALUE GIVEN ON THE CARD FOR MAXIMUM DEPTH. FATAL ERROR. 

CLB0026--BRIDGE SUBSECTION IDENTIFICATION MISSING. 
EXPLa 'SUBSEC ID' IS A REQUIRED ENTRY ON ALL 'BRDG' AND 'fl-DV' CARDS. 

IF IT IS OMITTED ON ANY OF THESE CARDS THIS MESSAGE WILL APPEAR. 
FATAL ERROR. 

CLB0027--UNIDENTIFIED BRDG CARD READ. 
EXPLa THIS MESSAGE INDICATES THAT THE PROGRAM ENCOUNTERED A CARD WITH 

'BRDG' PROPERLY PLACED ON THE CARD, BUT OTHER NECESSARY 
IDENTIFIERS WERE NOT RECOGNIZED. THIS CARD WAS IGNORED. 
NON-FATAL. 

CLB0028--NO MAXIMUM VELOCITY GIVEN~ 6.0 ASSUMED. 
EXPLa IF A 'BRDG' CARD (C-9) IS SUPPLIED BUT THE 1 MAX AVERAGE VELOCITY' 

IS NOT ENTERED, THEN THIS MESSAGE WILL BE PRINTED AND THE 'MAX 
AVERAGE VELOCITY' WILL BE ARBITRARILY ASSIGNED A VALUE OF 6.0 
FPS. NON-FATAL. 

CLB0029--NO MINIMUM VELOCITY GIVEN. 4.0 ASSUMED. 
EXPLa IF A 'BRDG' CARD (C-9) IS SUPPLIED BUT THE 'MIN AVERAGE VELOCITY' 

IS NOT ENTERED, THEN THIS MESSAGE Will BE PRINTED AND THE MINIMUM 
OUTLET VELOCITY WILL BE ARBITRARILY ASSIGNED A VALUE OF 4.0 FPS, 
NON-FATAL. 
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CLB0030--BRIDGE HEADER SLOPE DATA MISSING. 
EXPLa ON 'BRDG' CARD (C-101 BOTH RIGHT AND LEFT SIDE SLOPES MUST BE 

ENTERED AS WELL AS WHETHER LOOKING UPSTREAM OR DOWNSTREAM. 
OMISSION OF ANY ONE OF THESE ENTRIES WILL CAUSE THIS MESSAGE TO 
BE PRINTED. FATAL ERROR. 

CLB0031--PROBABLE BLANK CARD. 
EXPLa THIS MESSAGE INDICATES THAT THE PROGRAM ATTEMPTED TO IDENTIFY THE 

PREVIOUS CARD BUT FOUND NO ENTRIES IN SPACES USUALLY OCCUPIED BY 
CARD IDENTIFIERS. THIS CARD WAS IGNORED AND THE NEXT CARD WAS 
READ. NON-FATAL. 

CLB0032--BRIDGE CROSS-SECTION I.D. MISSING. 
EXPLa ON THE 'FL-DV' CARD (C-111 THE 'SECX' IDENTIFICATION MUST BE 

PROVIDED IN ORDER FOR THE PROGRAM TO RETRIEVE THE PROPER SECTION 
FROM STORAGE. IF THIS IDENTIFICATION IS MISSING IT CONSTITUTES A 
FATAL ERROR. 

CLB0033--FLOW DIVIDE X-DISTANCE MISSING. 
EXPLa ON THE 1 FL-DV' CARD (C-111, THE BOUNDARIES OF THE FLOW DIVIDE 

ARE DEFINED BY GIVING THE 1 X1 COORDINATES AT EACH OF THE FLOW 
DIVIDE LIMITS. THIS MESSAGE INDICATES THAT ONE OF THE LIMITS 
(FRM X DIS OR TO X DISTl IS NOT PROVIDED. FATAL ERROR. 

CLB0034--LAST GIVEN FILL HEIGHT ASSUMED. 
EXPLa NO FILL HEIGHT SPECIFIED FOR CURRENT PROBLEM. A DEFAULT VALUE IS 

ASSUMED BASED ON THE LAST FILL HEIGHT WHICH WAS SPECIFIED. 

CLB0035--DATA MISSING ON BOX PRICE CARD. 
EXPLa ONE OR MORE ITEMS OF SPECIFICATION HAVE BEEN OMITTED ON THE 'BOX 

PRICE' CARD lC-161. 

CLB0036--PIPE SIZE NOT AVAILABLE. 
EXPLa SELF-EXPLANATORY. 

CLB0037--TAILWATER FROM SUBSYSTEM HYDRA IS NOT REALISTIC FOR Q=* *• 
EXPLa AN ARBITRARY TAILWATER VALUE WAS ASSUMED IN SUBSYSTEM 'HYDRA' DUE 

TO SOME DESCRIBED DEFICIENCY IN THE 'HYDRA' COMPUTATION. THAT 
ARBITRARY VALUE IS NOT AUTOMATICALLY USABLE IN 'CULBRG 1 

CALCULATIONS. 

CLB0038--NUMBER OF BREAK STATIONS READ EXCEEDS CAPACITY OF 4. 
EXPLa AS THE PROGRAM READS 'CLVRT 1 CARDS (C-51 IT COUNTS THE NUMBER OF 

BREAK STATIONS STORED. UPON REVIEWING THE STORED DATA, THE 
PROGRAM WILL PRINT THIS MESSAGE IF IT FINDS MORE THAN THE 
ALLOWED FOUR BREAK STATIONS HAVE BEEN READ. (NOTEa THE PROGRAM 
WILL READ AND ACCEPT UP TO FOUR BREAK STATIONS, BUT IN THE 
CALCULATIONS FOR A BROKEN BACK CULVERT NO MORE THAN TWO BREAK 
STATIONS WILL BE ACCEPTED.) FATAL ERROR. 

CLB0039--NUMBER OF BRIDGE SUB-SECTIONS READ EXCEEDS CAPACITY OF 10. 
EXPLa AS THE PROGRAM READS 1 BROG' CARDS IC-9 AND C-10) AND 'FL-DV' 

CARDS (C-ll), IT COUNTS THE NUMBER OF DIFFERENT 'SUBSEC ID'S' 
ENCOUNTERED. UPON REVIEWING THE STORED DATA, THE PROGRAM WILL 
PRINT THIS MESSAGE IF IT FINDS THAT MORE THAN THE ALLOWED TEN 
BRIDGE 'SUBSEC ID'S' HAVE BEEN USED. FATAL ERROR. 

CLB0040--ERRORS PRECLUDE COMPUTATION. 
EXPLc THIS MESSAGE INDICATES THAT THE PROBLEM HAS BEEN ABANDONED DUE TO 

FATAL ERRORS WHICH SHOULD HAVE BEEN INDICATED BY PRIOR MESSAGES. 
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CLB0041--NUMBER OF FLOW DIVIDE CARDS EXCEEDS CAPACITY OF 10. 
EXPLa AS THE PROGRAM READS 1 FL-DV 1 CARDS (C-11) IT COUNTS THE 'fL-DV' 

CARDS READ. IF MORE THAN THE ALLOWED TEN ARE READ, THE PROGRAM 
WILL PRINT THIS MESSAGE. FATAL ERROR. 

CLB0042--DATA MISSING ON CULBRG CONTROL CARD. 
EXPLD THIS MESSAGE INDICATES THAT A FATAL ERROR ON THE 1 CULBRG' CONTROL 

CARD HAS CAUSED THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS 
MESSAGE SHOULD HAVE INDICATED THE NATURE Of THE ERROR. 

CLB0043--DATA MISSING ON SUPPLY CARD C-1. 
EXPLD THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-1 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE ERROR 

CLB0044--DATA MISSING ON CLVRT CARD C-2. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-2 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE ERROR. 

CLB0045--DATA MISSING ON CLVRT CARD C-3. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-3 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE ERROR 

CLB0046--DATA HISSING ON CLVRT CARD C-4. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-4 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0047--DATA MISSING ON CLVRT CARD C-5. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-5 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0048--DATA MISSING ON CLVRT CARD C-6. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-6 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0049--DATA MISSING ON CLVRT CARD C-7. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-7 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0050--DATA MISSING ON ROAD CARD C-8. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-8 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0051--DATA MISSING ON BRDG CARD C-9 OR C-10. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-9 OR C-10 HAS 

CAUSED THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE 
SHOULD HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0052--DATA MISSING ON FL-DV CARD C-11. 
EXPLa THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-11 HAS CAUSED 

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD 
HAVE INDICATED THE NATURE OF THE PROBLEM. 

CLB0053--NO Q SUPPLIED OR COMPUTED. 
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EXPLc THE DISCHARGE (Ql FOR USE IN CULBRG COMPUTATIONS MAY BE SUPPLIED 

FROM EITHER A PREVIOUS 'HYDRO' OR 'HYDRA' COMPUTATION OR IT MAY 
BE SUPPLIED ON A 'SUPPLY' CARD (C-ll. THIS MESSAGE INDICATES THAT 
THE PROGRAM FOUND NO 1 Q1 VALUE AVAILABLE FROM ANY OF THESE 
SOURCES. FATAL ERROR. 

CLB0054--TAILWATER ELEVATION NOT SUPPLIED. BRIDGE CANNOT BE PROCESSED. 
EXPLc TAILWATER ELEVATION FOR USE IN BRIDGE PROBLEMS MAY BE PROVIDED 

FROM EITHER A PREVIOUS 'HYDRA' PROBLEM OR IT MAY BE GIVEN ON A 
'SUPPLY' CARD (C-1). THIS MESSAGE INDICATES THAT THE PROGRAM 
FOUND NO TAILWATER ELEVATION FROM EITHER SOURCE. FATAL ERROR. 

CLB0055--NO TAILWATER ELEVATION GIVEN. IT IS ASSUMED TO BE THE SAME AS THE 
OUTLET ELEVATION. 
EXPLc IN A CULVERT PROBLEM THE PROGRAM FOUND THAT NO VALUE WAS STORED 

FOR TAILWATER ELEVATION. WHEN THIS SITUATION OCCURS, THIS MESSAGE 
WILL BE PRINTED AND THE OUTLET ELEVATION SUPPLIED ON THE 'CLVRT' 
CARD (C-4) WILL BE THE ASSUMED TAILWATER ELEVATION. NON-FATAL. 

CLB0056--NEITHER DESIGN NOR ANALYSIS SPECIFIED. 
EXPLc ON THE 'CULBRG' CONTROL CARD, EITHER 'DESIGN' OR 'ANALYSIS' MUST 

BE SPECIFIED. IF BOTH ARE SPECIFIED, 'DESIGN' WILL BE ASSUMED, 
BUT, IF NEITHER IS SPECIFIED, THIS MESSAGE WILL BE PRINTED. FATAL 
ERROR. 

CLB0057--WHEN PIPE OTHER THAN CONCRETE IS SPECIFIED, KE VALUE MAY NOT EQUAL 0.2. 
VALUE SET AT 0.5. 
EXPLc IF MATERIAL OTHER THAN CONCRETE IS SPECIFIED ON 'CLVRT' CARD 

(C-2), THEN THE USER MAY NOT SPECIFY A 1 KE' VALUE OF 0.2 ON 
'CLVRT' CARD (C-3J. IF THE USER INADVERTENTLY ENTERS THIS 
COMBINATION, THIS MESSAGE WILL BE PRINTED AND THE 'KE' VALUE 
WILL BE ARBITRARILY SET AT 0.5. NON-FATAL. 

CLB0058--ROUTINE NOT AVAILABLE TO DESIGN OR ANALYZE MULTIPLE OPENING CULVERTS. 
EXPLc THE PROGRAM IS NOT PRESENTLY EQUIPPED TO HANDLE PROBLEMS 

INVOLVING MULTIPLE OPENING (DIVIDED FLOW) CULVERT PROBLEMS. IF 
'BRIDGE' WAS ALSO SPECIFIED, THE PROGRAM WILL HANDLE THE PROBLEM 
AS IF 'BRIDGE' ALONE HAD BEEN SPECIFIED. NON-FATAL IF 'BRIDGE' 
ALSO WAS SPECIFIED. FATAL IF 'CULVERT' ALONE WAS SPECIFIED. 

CLB0059--MAXIMUM H.W. ELEV. NOT GIVEN. 
EXPLc IN ALL CULVERT DESIGN PROBLEMS A MAXIMUM HEADWATER ELEVATION MUST 

BE PROVIDED ON 'CLVRT' CARD (C-61. IF THERE IS NO ENTRY FOR THIS 
VALUE ON THIS CARD OR IF THIS CARD IS OMITTED AND CULVERT DESIGN 
HAS BEEN SPECIFIED, THEN THIS MESSAGE WILL BE PRINTED. 
FATAL ERROR. 

CLB0060--CULVERT STATIONING AND ELEVATIONS INCOMPLETE. 
EXPLc ON 'CLVRT' CARD lC-41 EACH BLANK MUST HAVE AN ENTRY (ZERO IS NOT 

ALLOWED). IF ANY ENTRY IS OMITTED OR INCORRECTLY ENTERED OR IF 
THE CARD IS NOT INCLUDED, THIS MESSAGE WILL BE PRINTED. FATAL 
ERROR. 

CLB0061--TAILWATER ELEVATION IS GREATER THAN OR EQUAL TO MAXIMUM HEADWATER 
ELEVATION -0.05 FOOT. THIS CONDITION IS IMPOSSIBLE TO SATISFY IN 
DESIGNING A STRUCTURE. 
EXPLc THE PROGRAM COMPARES THE 'MAXIMUM HEADWATER ELEVATION' ON 'CLVRT 1 

CARD (C-61 WITH THE TAILWATER ELEVATION FOR THIS PROBLEM AND IF 
IT FINDS THE TAILWATER ELEVATION TO BE GREATER THAN OR EQUAL TO 
MAXIMUM HEADWATER ELEVATION -0.05 FOOT, AN ERROR CONDITION 
EXISTS. FATAL ERROR. 
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CLB0062--THE DIFFERENCE BETWEEN THE MAXIMUM HEADWATER ELEVATION AND TAILWATER 
ELEVATION IS LESS THAN 0.1 FOOT. DESIGN WAS ATTEMPTED BUT CULVERT SIZE 
MAY NOT BE REALISTIC. 
EXPLc DESIGNATION OF MAXIMUM HEADWATER ELEVATION AND CORRESPONDING 

TAILWATER ELEVATIONS SUCH THAT THE DIFFERENCE IS LOWER THAN 0.1 
FOOT CREATES A VERY DIFFICULT ENGINEERING SITUATION DUE TO THE 
FACT THAT ANY CULVERT MUST NECESSARILY HAVE HEAD LOSSES. 

CLB0063--NO MAX BARREL DEPTH GIVEN FOR CULVERT DESIGN. 
EXPLa A 'ROAD' CARD (C-8) MUST BE INCLUDED IN EACH CULVERT DESIGN 

PROBLEM AND EACH 1 ROA0 1 CARD MUST HAVE A VALUE FOR 'MAX DEPTH'. 
THIS MESSAGE INDICATES THAT EITHER THE CARD WAS OMITTED OR THERE 
WAS NO VALUE GIVEN ON THE CARD FOR MAXIMUM DEPTH. FATAL ERROR. 

CLB0064--CULVERT PROFILE NOT SPECIFIED. 
EXPLa THE PROGRAM ATTEMPTED TO SELECT THE PROPER PROCEDURE BUT FOUND NO 

PROFILE SPECIFICATION. THIS PROBABLY RESULTED FROM FAILURE TO 
INCLUDE A 1 CLVRT 1 CARD (C-3). FATAL ERROR. 

CLB0065--CULVERT SHAPE NOT SPECIFIED. 
EXPLa THE PROGRAM ATTEMPTED TO SELECT THE PROPER PROCEDURE BUT FOUND NO 

SHAPE SPECIFICATION. THIS PROBABLY RESULTED FROM FAILURE TO 
INCLUDE A 'CLVRT' CARD (C-2). FATAL ERROR. 

CLB0066--TYPE OF INLET CONDITIONS NOT SPECIFIED. 
EXPLa THIS MESSAGE INDICATES THAT NO INLET CONDITION WAS INDICATED ON 

'CLVRT' CARD (C-3) OR THAT THIS CARD WAS NOT READ. FATAL ERROR. 

CLB0067--ANOTHER CULVERT DESIGN WILL BE TRIED USING A FLARED INLET. 
EXPLa IN CULVERT DESIGN PROBLEMS INVOLVING CIRCULAR INLETS, WHEN SUPER 

CRITICAL SLOPE IS ENCOUNTERED IN THE DESIGN, THE PROGRAM WILL 
ATTEMPT ANOTHER DESIGN USING A FLARED INLET. NON-FATAL. 

CLB0068--CALCULATED EXIT VELOCITY EXCEEDS ALLOWABLE VELOCITY. 
EXPLa THE CALCULATED OUTLET VELOCITY FOR THE CULVERT DESIGN WHICH MOST 

CLOSELY APPROXIMATES THE DESIGN CRITERA IS GREATER THAN THE 'MAX 
OUTLET VELOCITY' SPECIFIED ON 'CLVRT' CARD (C-6}. THIS MESSAGE IS 
INTENDED ONLY AS A FLAG TO THE USER TO CALL HIS ATTENTION TO THE 
SITUATION BUT DOES NOT PRESENTLY AFFECT THE COMPUTATIONS. 
NON-FATAL. 

CLB0069--FLARED INLET MAY NOT BE SPECIFIED FOR THIS CULVERT SHAPE. 
EXPLa FLARED INLETS ARE NOT PERMITTED FOR ARCH OR OVAL CULVERT SHAPES. 

THIS MESSAGE INDICATES THAT A FLARED INLET WAS SPECIFIED WITH 
ONE OF THESE NON-ALLOWABLE CONFIGURATIONS. 
FATAL ERROR. 

CLB0070--NEITHER BRIDGE NOR CULVERT SPECIFIED. 
EXPLa WHEN 'ANALYSIS' IS SPECIFIED ON THE 1 CULBRG 1 CONTROL CARD THEN IT 

IS NECESSARY THAT EITHER 'BRIDGE' OR 'CULVERT' MUST BE SPECIFIED. 
IF 'DESIGN' IS SPECIFIED, THEN EITHER 'BRIDGE' OR 'CULVERT' OR 
BOTH MAY BE SPECIFIED. IF NEITHER 1 BRIOGE 1 NOR 'CULVERT' IS 
SPECIFIED, THEN THIS MESSAGE IS PRINTED. FATAL ERROR. 

CLB0071--CULVERT DIMENSIONS CARD NOT SUPPLIED. 
EXPLa IN A CULVERT ANALYSIS PROBLEM A DIMENSION CARD MUST BE SUPPLIED. 

FATAL ERROR. 

CLB0072--* *FILL HEIGHT EXCEEDS STANDARD LIMIT, COST COMPUTED ON THE BASIS OF 
MAXIMUM FILL HEIGHT STRUCTURE. 
EXPLa 'SDHPT' CULVERT STANDARDS ARE INCORPORATED INTO THE COST 
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DETERMINATION ROUTINE. WHEN THE FILL HEIGHT EXCEEDS THESE 
STANDARDS, THE ROUTINE USES THE MAXIMUM STRUCTURE TO ESTIMATE 
THE COST. 

CLB0073--NO STANDARD AVAILABLE FOR **X**X** FILL HEIGHT =**· 
EXPLc 1 SDHPT 1 CULVERT STANDARDS ARE INCORPORATED INTO THE COST 

DETERMINATION ROUTINE. ONLY A CULVERT OF STANDARD DIMENSIONS 
CAN BE ACCOMODATED. 

CLB0074--THIS CONDITION EXISTS BECAUSE THE CHANNEL CONFIGURATION AND THE BRIDGE 
CONFIGURATION ARE THE SAME. 
EXPLc THIS MESSAGE INDICATES A SITUATION WHERE THE ONLY CROSS-SECTION 

SPECIFIED WAS THAT IMMEDIATELY UNDER THE BRIDGE. A MORE PROPER 
SPECIFICATION WOULD BE THE UNRESTRICTED SECTION. 

CLB0075--THE MINIMUM SIZE PIPE CONSIDERED FOR DESIGN IS 18 IN. THIS EXCEEDS THE 
ALLOWABLE DEPTH. 
EXPLc IN CULVERT DESIGN THE MINIMUM PIPE SIZE CONSIDERED IS 18 INCHES 

IN DIAMETER. IF THE MAXIMUM ALLOWABLE DEPTH IS LESS THAN 18 
INCHES AN IMPOSSIBLE CONTRADICTION EXISTS. 

CLB0076--CONDITIONS FOR THIS CULVERT CANNOT BE ECONOMICALLY SATISFIED. 
EXPLa DUE TO A VARIABLE SET OF CIRCUMSTANCES, THE ROUTINE WAS UNABLE 

TO SATISFY THE GIVEN DESIGN SPECIFICATIONS WITHIN A REASONABLE 
NUMBER OF COMPUTATION ITERATIONS. 

CLB0078--CURVES ARE ONLY VALID FOR STANDARD REINFORCED CONCRETE PIPE OR 
CORRUGATED METAL PIPE. 
EXPLc THE EMPIRICAL CURVES UPON WHICH THE ROUTINE FOR DESIGN OF 

STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CULVERTS IS BASED 
WERE COMPILED AND DERIVED FOR STANDARD REINFORCED CONCRETE PIPE 
AND STANDARD 'CGM' PIPE. OTHER MATERIALS WERE NOT USED. 

CLB0079--FLARED INLET DESIGN NOT PRACTICAL BECAUSE SLOPE OF CULV~RT IS 
SUBCRITICAL. PROBLEM TERMINATED. 
EXPLa WHEN A CULVERT SLOPE IS DETERMINED TO BE SUBCRITICAL, THERE IS 

POSITIVE INDICATION THAT THE HEADWALL GEOMETRY IS NOT 
SIGNIFICANTLY INFLUENTIAL IN THE CULVERT HYDRAULIC OPERATION. 
THEREFORE, A FLARED INLET APPLICATION WOULD NOT BE PRACTICAL. 

CLB0080--0RIGINAL CONVENTIONAL !NON-FLARED) DESIGN IS ACCEPTABLE. NO FLARED 
INLET DESIGN IS PRACTICAL. 
EXPLc IN ATTEMPTING TO DESIGN A STRAIGHT, CIRCULAR, NORMAL, SINGLE

OPENING CULVERT THE PROGRAM FOUND THAT THE SLOPE WAS SUPER 
CRITICAL AND AUTOMATICALLY ATTEMPTED A FLARED INLET DESIGN. 
THIS MESSAGE IS PRINTED UNDER THESE CONDITIONS WHEN THE FLARED 
INLET DESIGN FINDS THE SLOPE IS LESS THAN CRITICAL. NON-FATAL. 

CLBOOB1--FLARED INLET HAS NO EFFECT - HEADWATER BASED ON ENTRANCE CONTROL WITH 
KE=0.2'. 
EXPLa THIS MESSAGE INDICATES THAT THE CULVERT CONFIGURATION IS SUCH 

THAT SUPER CRITICAL FLOW OCCURS BUT THE COMPUTATIONS INDICATE 
THAT NO ADVANTAGE IS GAINED BY THE APPLICATION OF A FLARED INLET. 

CLB0082--0UTLET CONDITIONS NOT CONSIDERED BECAUSE TW INSIGNIFICANT. 
EXPLc IN DESIGNING A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CULVERT 

THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE TAILWATER 
WAS NOT HIGH ENOUGH TO AFFECT THE DESIGN. NON-FATAL. 

CLB0083--0UTLET CONDITIONS CONSIDERED BUT FOUND NOT TO CONTROL. 
EXPLa IN THE DESIGN OF A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING 

CULVERT THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE 
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TAILWATER WAS NOT HIGH ENOUGH TO HAVE AN EFFECT ON THE CULVERT 
DESIGN. NON-FATAL. 

CLB0084--0UTLET CONDITIONS CONTROL- FLARED INLET HAS NO EFFECT. 
EXPLo IN DESIGNING A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CULVERT 

THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE TAILWATER 
WAS AT A HIGH ENOUGH LEVEL THAT INLET CONDITIONS DID NOT AFFECT 
THE DESIGN. THE FLARED DESIGN IS PROVIDED, BUT A NORMAL INLET 
WILL SUFFICE. NON FATAL. 

CLB0085--THIS IS THE SMALLEST STRUCTURAL PLATE SIZE AVAILABLE. 
EXPLD THIS MESSAGE INDICATES THAT THE GIVEN DESIGN SPECIFICATIONS 

CAUSED THE ROUTINE TO SELECT THE SMALLEST SIZE STRUCTURAl PLATE 
AVAILABLE. THIS MAY IMPLY THAT A DIFFERENT STRUCTURAL SHAPE/ 
MATERIAL WOULD BE ~ORE PRACTICAL OR ECONOMICAL. 

CLB0086--THE CONDITIONS FOR THIS BOX DESIGN CANNOT BE REASONABLY SATISFIED. 
EXPLo THIS MESSAGE INDICATES THAT IN BOX CULVERT DESIGN AND FOR THE 

GIVEN DESIGN SPECIFICATIONS, AN ACCEPTABLE DESIGN COULD NOT BE 
FOUND AFTER A REASONABLE NUMBER OF COMPUTATION ITERATIONS AND 
TRIAL SIZES. 

CLB0087--THIS IS THE SMALLEST BOX SIZE AVAILABLE. TRY PIPE. 
EXPLo IN DESIGNING A SINGLE-OPENING, STRAIGHT, NORMAL BOX CULVERT, THE 

PROGRAM FOUND THAT THE SMALLEST BOX SIZE AVAILABLE (3 1 X2' l WOULD 
NOT ESTABLISH A BACKWATER ELEVATION WITHIN 6 IN. OF THE TOP OF 
THE BOX UNDER DESIGN CONDITIONS. THIS MESSAGE IS FOR USER 
INFOR~ATION ONLY. NON-FATAL. 

CLB0088--NO CROSS-SECTION IDENTIFICATION GIVEN. ISEE FL-DV CAROl. 
EXPLo IN A BRIDGE DESIGN A CROSS-SECTION AT THE SITE MUST BE PROVIDED. 

SINCE ALL CROSS-SECTIONS ARE STORED IN 'HYDRA', IT IS NECESSARY 
THAT THE PROPER CROSS-SECTION IDENTIFICATION BE GIVEN IN 'CULBRG' 
IN ORDER THAT THE REQUIRED CROSS-SECTION MAY BE RECALLED FROM 
STORAGE. SPACE HAS BEEN PROVIDED ON THE 1 FL-DV 1 CARD CC-11) FOR 
ENTRY OF THIS IDENTIFICATION. THIS MESSAGE INDICATES THAT THIS 
IDENTIFICATION IS NOT PROVIDED. FATAL ERROR. 

CLB0089--THERE IS NO CROSS-SECTION ID FROM HYDRA WHICH CORRESPONDS TO FLOW
DIVIDE SECX. PROBLEM ABANDONED. 
EXPLo IN ORDER TO DESIGN OR ANALYZE A BRIDGE IN 1 CULBRG 1 , A CROSS

SECTION MUST BE PROVIDED AT THE DESIRED LOCATION. ALL CROSS
SECTIONS USED IN THE 1 THYSYS 1 SYSTEM MUST BE STORED BY ENTERING 
THEM IN THE 1 HYDRA 1 SUBSYSTEM. AT THE TIME OF ENTRY EACH CROSS
SECTION IS ASSIGNED A UNIQUE NAME BY THE USER. THIS NAME IS 
ENTERED ON THE 'SECX• CARDS (B-61 DESCRIBING EACH CROSS-SECTION. 
IN ORDER FOR THE PROGRAM TO RETRIEVE THE PROPER SECTION FOR USE 
IN 'CULBRG•. THE CROSS-SECTION MUST BE REFERENCED ON 1 FL-DV 1 CARD 
CARD CC-111 IN EXACTLY THE SAME MANNER AS PREVIOUSLY ENTERED. 
THIS MESSAGE INDICATES THAT THE PROGRAM COULD FIND NO CROSS
SECTION STORED BEARING THE IDENTICAL NAME AS THE ONE GIVEN ON THE 
'FL-DV' CARD CC-11). THE USER SHOULD CHECK TO BE SURE THAT THE 
CROSS-SECTION NAMES ARE PLACED IN THE SAME POSITION WITHIN THE 
ALLOTTED SPACES. FATAL ERROR. 

CLB0090--VALUE FOR LEFT AND RIGHT HEADER SLOPES NOT GIVEN. 2.0 ASSUMED FOR BOTH. 
EXPLc SELF EXPLANATORY 

CLB0091--MULTIPLE BRIDGE REQUESTED, BUT NUMBER OF FLOW-DIVIDES NOT EQUAL TO THE 
NUMBER OF OPENINGS SPECIFIED. 
EXPLo THE MULTIPLE BRIDGE DESIGN ROUTINE REQUIRES THAT THERE NOT BE ANY 

DISCREPANCY IN THE NUMBER OF FLOW DIVIDES. IF THE NUMBERS ARE 
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DIFFERENT, ONE CAN NOT NECESSARILY TAKE PRECEDENCE OVER THE 
OTHER. FATAL ERROR. 

CLB0092--CALCULATED VELOCITY IS LESS THAN MINIMUM VELOCITY. SUGGEST BREAKING 
DESIGN SECTION INTO MORE X AND Y POINTS. 
EXPLc SELF-EXPLANATORY. 

CLB0093--CALCULATED VELOCITY EXCEEDS INPUT MAXIMUM VELOCITY. SUGGEST THAT THIS 
MAX VELOCITY IS UNREALISTIC FOR THIS COMBINATION OF Q, WATER ELEVATION, 
AND DESIGN SECTION. 
EXPLa IN DESIGNING A SINGLE OPENING BRIDGE, THE PROGRAM CALCULATED A 

VELOCITY IN EXCESS OF THE MAXIMUM ALLOWABLE VELOCITY ENTERED ON 
'BRDG' CARD !C-9). NON-FATAL ERROR. 

CLB0094--*** AREA NEEDED TO SATISFY MAX VELOCITY IS GREATER THAN TOTAL AREA OF 
FLOW-DIVIDE. 
EXPLc SELF EXPLANATORY. 

CLB0095--BROKEN BACK ANALYSIS ROUTINE CAN NOT ACCOMOOATE MORE THAN TWO BREAKS. 
EXPLa THE ROUTINE AS WRITTEN CAN ACCOMODATE NO MORE THAN TWO BREAKS OR 

A MAXIMUM OF 3 UNITS FOR BROKEN-BACK CULVERT COMPUTATIONS. 

CLB0096--BROKEN BACK ANALYSIS ROUTINE CAN NOT ACCOMODATE MORE THAN TWO BREAKS. 
EXPLc SELF-EXPLANATORY. 

CLB0097--THYSYS IS NOT PRESENTLY EQUIPPED TO HANDLE THE BROKEN-BACK SITUATION 
WHERE CRITICAL DEPTH !* *) IS GREATER THAN BARREL DEPTH. 
EXPLc SELF-EXPLANATORY. 

CLB0098--HEADWATER CALCULATION CURVES ARE ONLY VAllO FOR STANDARD REINFORCED 
CONCRETE PIPE OR STANDARD CORRUGATED METAL PIPE. 
EXPLa THE EMPIRICAL CURVES UPON WHICH THE ROUTINE FOR DESIGN OF 

STRAIGHT, CIRCULAR, FLARED, SINGlE-OPENING CULVERTS IS BASED WERE 
COMPILED AND DERIVED FOR STANDARD 'RC' PIPE AND STANDARD 1 CGM 1 

PIPE. OTHER MATERIALS WERE NOT USED. 

CLB0099--0UTLET CONDITIONS NOT CONSIDERED BECAUSE TW INSIGNIFICANT. 
EXPLc IN DESIGNING A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CulVERT 

THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE TAILWATER 
WAS NOT HIGH ENOUGH TO AFFECT THE DESIGN. NON-FATAL. 

CLBOlOO--OUTLET CONDITIONS CONSIDERED BUT FOUND NOT TO CONTROL. 
EXPLc IN THE DESIGN OF A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING 

CULVERT THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE 
TAILWATER WAS NOT HIGH ENOUGH TO HAVE AN EFFECT ON THE CULVERT 
DESIGN. NON-FATAL. 

CLBOLOl--OUTLET CONDITIONS CONTROL- FLARED INLET HAS NO EFFECT. 
EXPLc IN DESIGNING A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CULVERT 

THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE TAILWATER 
WAS AT A HIGH ENOUGH LEVEL THAT INLET CONDITIONS DID NOT AFFECT 
THE DESIGN. THE FLARED DESIGN IS PROVIDED, BUT A NORMAL INLET 
WILL SUFFICE. NON-FATAL. 

CLB0102--CONVENTIONAL CULVERT ANALYSIS USED. FLARED INLET NOT EFFECTIVE. 
EXPLa FOR VARIABLE REASONS, INCLUDING THAT OF THE CULVERT HAVING 

SUBCRITICAL FLOW, THE ENTRANCE CONDITIONS HAVE NO SIGNIFICANT 
INFLUENCE ON THE CULVERT HYDRAULICS. THEREFORE, THE FLARED INLET 
IS NOT EFFECTIVE. 

CLB0103--HEADWATER BASED ON ENTRANCE CONTROL BUT NOT FLARED ENTRANCE. 
EXPLc IN THE CASE OF A CULVERT OPERATING AT SUPERCRITICAL FLOW, THE 
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FLARED INLET WAS FOUND NOT TO HAVE SIGNIFICANT INFLUENCE ON THE 
CULVERT HYDRAULICS BECAUSE OF TAILWATER EFFECTS. 

CLB0104--NOMINAL DIMENSIONS GIVEN DO NOT AGREE WITH STANDARD DIMENSIONS. 
EXPLc THE SPECIFIED DIMENSIONS FOR THE ARCH PIPE GEOMETRY IN QUESTION 

MUST AGREE WITHIN 2 INCHES OF THE NOMINAL SIZE. 

CLB0105--ROAD PROFILE DATA NOT PROVIDED. 
EXPLD IN ORDER TO PERFORM COMPUTATIONS REGARDING THE 100 YEAR FLOOD, 

SPECIFICATIONS DESCRIBING THE ROAD PROFILE MUST BE PROVIDED. THIS 
MAY BE DONE BY MEANS OF 1 SECX 1 CARDS IN 'HYDRA' OR 'RDPROFILE' 
CARDS IN 'CULBRG'. 

CLB0106--HIGHWAY PROFILE DOES NOT FORM A VALID SECTION. 
EXPLD A VALID SECTION IS FORMED BY AT LEAST 3 POINTS AND THE MIDDLE 

POINT MUST BE LOWER THAN THE OUTSIDE POINTS. (THE SECTION MUST 
HOLD WATER). 

CLB0107--SUPERFLUOUS POINTS HAVE BEEN DELETED FROM HIGHWAY PROFILE 
EXPLc WHERE THERE ARE POINTS OUTSIDE OF A VALID SECTION WHICH WOULD NOT 

DEPICT VALID SECTIONS THEMSELVES, THESE POINTS ARE CONSIDERED 
SUPERFLUOUS. 

CLB0108--HIGHWAY PROFILE DOES NOT HAVE AT LEAST THREE X Y COORDINATES. 
EXPLD A VALID PROFILE MUST HAVE AT LEAST 3 COORDINATE PAIRS TO FORM A 

SECTION CAPABLE OF CONTAINING AN OVERFLOW. 

CL80109--CULVERT DIMENSIONS NOT SUPPLIED. 
EXPLc WHEN A 100 YEAR ANALYSIS ON A CULVERT IS REQUESTED, THE ROUTINE 

MUST HAVE CERTAIN INFORMATION CONCERNING THAT CULVERT, INCLUDING 
THE CULVERT DIMENSIONS. NORMAL CULVERT ANALYSIS INPUT IS 
REQUIRED. 

CLB0110--THYSYS DOES NOT PRESENTLY PROCESS 100 YEAR FREQUENCY CALCULATIONS FOR 
PIPE CULVERTS. 
EXPLD SELF-EXPLANATORY. 

CLB0111--UNABLE TO ACHIEVE BALANCE FOR 100 YEAR FLOOD. 
EXPLD IF THE 100 YEAR FLOOD OVERFLOWS THE HIGHWAY EMBANKMENT, THE 

ROUTINE ATTEMPTS TO BALANCE THE DISCHARGE OVER THE ROAD WITH THE 
REMAINING DISCHARGE THROUGH THE STRUCTURE. THIS MESSAGE INDICATES 
THAT BALANCE WAS NOT ACHIEVED AFTER A REASONABLE NUMBER OF 
ITERATIONS. 

CLB0112--NO CLEARANCE ELEVATION GIVEN. 
EXPLD THE ELEVATION OF 'LOW STEEL' FOR A SPAN TYPE BRIDGE MUST BE GIVEN 

FOR A 100 YEAR ANALYSIS. THIS CLEARANCE ELEVATION INDICATES TO 
THE ROUTINE AT WHAT POINT ADDITIONAL CROSS-SECTIONAL AREA OF FLOW 
UNDER THE BRIDGE IS IMPOSSIBLE. 
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SEWER SU BSYS'l'El'l 

I. DESCRIPTION 

The SEWER subsystem has three functions (options) • They are as 

follows: 

1 • To compute the flow for each drainage area (RUNOFF) 

2. To design or analyze inlets (INLET) 

3. To design or analyze a sewer pipe network {SEWER). 

In the RUNOFF option, the flow for each drainage area is com-

puted by the Rational Method with the option of adding a base flow to 

the calculated values. 

In the INLET option, inlets are analyzed or designed. Design 

flows for inlets may be computed in the RUNOFF calculations mentioned 

above or they may be supplied directly for each inlet. In the Design 

of Curb on Grade and Grate on Grade inlets there is the choice of 

specifying CARRYOVER which will allow a portion of the water to flow 

past an inlet to another designated inlet. However, it should be 

noted that CARRYOVER is only beneficial in optimizing inlet lengths 

since the design flow directed at any inlet is neither increased nor 

decreased by carry over quantities for pipe sizing computations. In 

analysis, the theoretical ponding depth is computed with no carry 

over even though the inlet may be inadequate. The following types of 

inlets are available: (1) CURB on GRADE, (2) CURB at SAG, (3) GRATE 

on GRADE, and (4) GRATE at SAG. 

The SEWER function designs or analyzes a sewer pipe network. If 

inlet flows have been provided in the other option(s), there is the 

choice of adding a flow and;or a CA value for each inlet. An added 

function of the SEWER option is a graphical printout of the pipe flow 

lines, hydraulic gradient lines, and stationing of the iunctions. 
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II. INPUT 

The data form for the SEWER subsystem is printed on the front 

and back and is shown in Figures 6-1 and 6-2. 

Gen~~l 

The SEWER subsystem does not interact with any of the other 

subsystems of THYSYS. It receives no information from other 

subsystems and feeds no information to other subsystems. Therefore, 

all data to be used in a SEWER problem must be entered in the SEWER 

input. It is also important that no SEWER problem be placed within a 

series of CULBRG problems where CULBRG results are to be saved for a 

PLAN SUMMARY. 

The input required for sewer pipe design includes upstream and 

downstream soffit elevations and ''maximum size rise". This input 

procedure allows the user to bury the pipe as much or as little as he 

deems necessary. A straight line connecting the upstream and down

stream soffit elevations describes the inside top of the pipe run. 

Then, by specifyinq "maximum size rise", the user indicates a line 

defining the greatest depth to which there will be a desiqn. This 

allows the user to clear any utility lines or other obstacles which 

may be in the path of the run. output for sever pipe design will 

include the flow line elevations as determined by the program. At 

first, the above overall technique appears to be a departure from the 

established technique of storm sever design; however, it will be seen 

from using this subsystem that the departure is more apparent than 

real. The difference is, mainly, that the computer must have on 

record all information and criteria controlling the design whereas 

the engineer may not necessarily note or record all data and criteria 

used in his design. 
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The following is a list of terms and rules that apply to this 

subsystem. In this discussion the term "points" will be used to 

refer to inlets, outlets, or junctions. The term ''junction" encom

passes manholes, pipe junctions, changes in grade and size chanqes. 

Figure 6-3 indicates the application of these terms. 

1. A line is composed of a series of one or more inlets and 

junctions; and, generally, terminates at either a junction 

or an outlet. Each designated line is identified by one of 

the alphabetic characters A through z. Each alphabetic 

character is known as a LINE LETTER on the input form. The 

maximum number of lines is 26. 

2. Each inlet, outlet, and junction is called a point and is 

identified by a unique combination of alphabetic and numeric 

characters. The alphabetic character must be the same as 

that of the line to which the point is assigned. "E16", for 

instance, indicates that the point is on Line E. The 

numeric characters may range from 1 through 99. A maximum 

of 100 points may be used. If the sewer network is larger 

than the allowed limits, it may be broken into smaller seg

ments which the program can accept and run as separate prob

lems. If this proves necessary, it should be done in con

sultation with the Bridge Division Hydraulic Section. 

3. A run lies between two points. Runs are generally identi

fied by simply numbering them from 1 to 99. Optionally, the 

identification can be any combination of up to three 

alphanumeric characters. 

4. A maximum of three Runs may enter a Junction and only one 

Run may leave a Junction. 
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FIGURE 6-3. ILLUSTRATION OF POINTS, RUNS, AND LINES AS USED 
IN SEWER SUBSYSTEM 
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As in the other subsystems of THYSYS, the SEWER subsystem allows 

the user several options in order to achieve flexibility. on the 

SEWER Control Card the first option is a choice between DESIGN or 

ANALYSIS. The user must select one of these. If the DESIGN option 

is specified the program will use the information provided on subse-

quent cards to design inlets and/or a sewer network capable of handl-

ing a given flow for a given flood frequency. If the ANALYSIS option 

is specified, the program will analyze existing inlets and/or a sewer 

network to determine the capability to handle a given flow. The 

flood frequency is not required for calculations but should be pro-

vided since it is included in several reports. 

Frequency should be 
supplied when RUNOFF is 
specified. It must be 
right justified. 

Requires cards (D-3) , cards (D-4) (if 
the junction is not shown on either a 
(D-3) or (D-5) card) , a card (D-5) , 
cards (D-6) and cards (D-7) {if 
ANALYSIS is specified.) 

Requires cards (D-3) and cards (D-4). D-4a is op
tional. 

Requires cards (D-3) for each inlet and may also require card 
(D-1), card (D-2) , and card (D-9) under conditions described 
in SEWER INPUT discussion. 
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With either DESIGN or ANALYSIS the user may select any combi

nation of three procedures based on the amount of information already 

known. These procedures are RUNOFF, INLET, and SEWER. A minimum of 

one of these procedures must be specified and up to three may be 

specified at one time. 

If flows to all inlets are known it is not necessary for the 

user to specify the RUNOFF option. However, if he wishes a report 

Leflecting the input flows, the RUNOFF option must be specified. If 

flow to any one inlet is not known, then the RUNOFF option must be 

specified. The INLET option must be specified if the user wishes to 

DESIGN or ANALYZE inlets. The SEWER option must be specified in 

order to DESIGN or ANALYZE a sewer pipe network. 

fQ~f_Q~~£_£ARQ_jD-1} 

If RUNOFF is specified on the SEWER Control Card and flow to any 

one inlet is not known, then this card is required. The user may 

enter up to six eight-letter descriptions of runoff surfaces con

tributing to the unknown flows. These descriptions are primarily for 

output identification and may consist of any combination of alpha

betic andjor numeric (alphanumeric) characters. 

Provide a description for up to 6 runoff surfaces. 
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This card is required when RUNOFF is specified on the SEWER Con-

trol Card and flow to any one inlet is not known. The user must 

enter runoff coefficents relating to the surfaces described on the 

previous card. Care should be taken to assure that the spaces with 

the same reference letters are used to refer to each subarea on Cards 

D-1, D-2 and D-3. Minimum allowable time of concentration is to be 

entered on this card along with rainfall intensity factors e, b and d 

be assumed. 

If MIN TC is not entered, 10 minutes will 

Rainfall intensity factors 
(decimal) from BY4~~Y1i£ 
Man~l, Chapter 2. 

Minimum allowable time of concentration in 
minutes (decimal). If no entry, 10 min
utes will be assumed. 

Specify the runoff coef. "C" for each runoff stirface 
(decimal). Refer to ~raulic Manual for coefficient 
determination. 

In every problem computed in this subsystem, one of these cards 

must be included for each inlet regardless of whether the flow to the 

inlet is known or not known. If the flow to the inlet is known, it 

may be entered in the field BASEFLOW OR SUPPLY Q of this card and the 

other information for this inlet need not be supplied. 
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Baseflow or 

D-3 D ~-----+----lo-< 
D ~-lllii--M--+---iii~,i~. 
0 

ase flow or dis
charge (Q), if known, 
for each inlet in 
ft3jsec (decimal). 

ncrements of pipe sizes 
to be considered in sewer 
design. If blank, 3" 
will be assumed. 

Minimum Size Pipe (in) to be con
sidered in sewer design. 

If TC is known, it must be entered with LENGTH and 
VELOCITY omitted. TC must be given in minutes 
(decimal). If TC is not known, LENGTH in feet and 
VELOCITY in ft;sec as described in the M~drauli£ 
Manual must be provided (decimal) • 

If the discharge to this inlet is to be computed, 
necessary data must be supplied in this section. RUNOFF 
must be specified on the SEWER Control card and cards 
(D-1) and (D-2) must be supplied. Drainage area size 
for each subarea must be specified (decimal). 

Required - LINE LETTER must be an alphabetic character and 
INLET NO. must be a number. This ID must exactly match this 
inlet's ID on a (D-4), (D-6) or (D-7) Card. (Maximum total 
of 100 different ID's can be accepted. These ID's can orig
inate from this card, Card (D-4) or card (D-5). 

For inlets where the flow is not known, it is necessary to pro-

vide data to allow the program to compute the flow using the Rational 

Method. The area of each type of runoff surface contributing to the 

flow to the inlet must be indicated in the subarea fields A thru F. 

In most cases the user will know these areas in acres and will use 
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acres as units for these drainage area entries. However, if it is 

more convenient, the user may enter these areas in units of square 

miles or square inches measured directly from a map. If square miles 

or square inches are used, it is necessary that a SCALE card (D-9) be 

included indicating SQ MILES or SQ INCHES. If SQ INCHES is used the 

SCALE (ft;in) of the map from which the square inches were measured 

must also be given. 

For inlets where the flow is not known, it is also required that 

information relative to time of concentration be included. For each 

of these inlets the user must provide a LENGTH-VELOCITY combination 

or a ~no~~ time of concentration (TC). If all three values are left 

blank or indicated as zero, the time of concentration for the drain

age area served by the inlet will be assumed as the minimum TC. 

(This minimum may be specified on RAT COEF card (D-2); but, if not, 

the minimum time of concentration is assumed to be 10 minutes.) For 

RUNOFF calculations and for INLET calculations, the time of concen

tration used in discharge determination will be no less than the 

specified minimum (or 10 minutes if not specified). However, in the 

SEWER calculations, if the input L and V or TC yield a time of 

concentration of less than the established minimum, the input value 

will be used as a base for time of concentration accumulation as 

calculations proceed through the sewer subsystem. No discharge in 

the sewer subsystem will be based on this accumulated time of concen

tration unless and until its value has equalled or exceeded the 

established minimum. Therefore, if the established minimum time of 

concentration is 10 minutes and the input time of concentration for 

the most remote drainage area is 5 minutes, the accumulated time of 

concentration will be based on the 5 minutes. However, discharge 
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will be based on the 10 minute minimum until the accumulated time of 

concentration equals or exceeds this minimum. The inlet serving this 

drainage area will be designed or analyzed on the basis of a dis-

charge which has been calculated with no less than the established 

minimum time of concentration. The user may also specify the MINIMUM 

SIZE PIPE (IN) and a DESIGN INCREMENT (INSERT 3" OR 6 11
) on the first 

D-3 card. 

If the user provides the data necessary for the Rational solu-

tion of flow to an inlet and also wishes to provide a BASEFLOW, he 

may enter it in the field BASEFLOW OR SUPPLY Q of this card. This 

value will then be added to the computed flow and the sum will be 

considered as the flow to the inlet. 

used. 

Table 6-I indicates the required entries for each type of inlet 

TABLE 6-I. REQUIRED ENTRIES FOR EACH TYPE OF INLET USED 
FOR CARD D-4 

Manrn ng~ Gutte·r-~;ond1nq 
Analys1s Distance only iNLET TYPE 

Max1mum 
Gutter 

Slope Slope "c Depress10n depth above 
Inlet Jnlet foe slope 

Ponding 
Slope 

1 I l I va 1 ue "a" grilte or length area 
1 I 

DESCRIPTION INPUT Width 
COOE 

(ft.) (gutter} (tt.l utter {ln.) (ft. I (sq. ft.) 

Curb on Grade CURB 

\ojJdth of 

Grate on 

Grade 

I ft I 

~-----------+---+----~----4-----~~--+------~- -4-~--+------~-----+-----~---4 
Curb @ Sag CSAG 

-- --· ----+-----~~--!---·-~------ ---- ~·--~---l------l-------1 

z Grate on Grade GRATE X 
~ ·- ---· -----l--------l------ll-----4--------1------1 
c Grate@ Sag GSAG 

-------r----

Grate & Curb on Grade NOT AVAILABLE 

Grate & Curb @ Sag GCSAG I 
Curb on Grade CURB 

CurD @ Sag CSAG 

Grate on Grade NOT AVAILABLE 

Grate iO Sag GSAG 

Grate & Curb on Grade GC 

Grate & Curb @ Sag GCSAG 
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A JUNC card (D-4) is required for each inlet when INLET is 

specified on the SEWER Control card. This permits the user to pro-

vide required data describing each inlet and its approaches. 

Gutter 

Slope 
Slope 

r I 

D1slonce 

for slope 
Slope 

r 2 

Monn1ngs Gutter Max pond1ng r------:---Ao_oly,-sis_oo_ly_--1 

n Depression depth above Inlet Inlet 

value "a" grate or length 

Width of 

Grate on 

Grade 

Manning's "n" value as de
fined in ]Y£I~Y1i£_tl~ng~1 
(decimal). 

~-----Reciprocal of Trans~ Slope Z 2 
in ft/ft (decimal) • If no 
entry, Slope Z 1 is assumed. 

~--Distance in feet from curb to beginning of 
Trans. Slope Z 1 if both transverse slopes 
are given (decimal). If only one slope is 
given or if they are equal, omit this entry 
and a value of 1.0 will be assumed. 

Reciprocal of Transverse Slope Z 1 (decimal). 
If blank, Slope Z 2 assumed. 

Longitudinal gutter slope in per cg_n!:_ (decimal) . 

Maximum allowable ponding width in feet {decimal). 

Enter the symbol on the right side of the table for the type 
of inlet desired (left justified). If entry is JUNCT, 
other entries on the card may be omitted~ 

Required - LINE LETTER must be an alphabetic character and INLET 
NO. must be a number. This ID must exactly match the corres
ponding IDona Card (D-3), Card (D-6) or Card (D-7). (Maximum 
total of 100 different ID's can be accepted. These ID's can 
originate from this card and Card (D-5). 
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When SEWER is specified on the SEWER Control Card. the JUNC 

Cards (D-4) are required to provide identification for each junction 

which is not associated with an inlet or outlet or not otherwise 

previously identified in the sewer network. This would apply to 

manholes. changes in grade, changes in size of pipe or junctions 

where two or more pipes join. In this case only the first twenty 

columns of Card D-4 need to be completed. 

JUNC Card Continued 

Maximum 
June 10 

pending 
Gutter 

Wldfh 
Slope 

Slope 

i'l 

Distance 

for slope 
Slope 

i' 2 

Mannings Guiter Max pending 1-:-:-:-----',----:-'.,--,----1 
DepressiOn depth above 

value "a" grate or 

Gutter depression in feet (decimal) • 

Maximum allowable ponding depth in inches. Not 
required when CURB specified (decimal) • 

Inlet length in feet {decimal) 

Inlet area in sg ft (decimal). 

Transverse width in feet----~ 
{decimal) used in GRATE 
computations when GRATE ON 
GRADE is specified. If 
left blank, 3 feet assumed. 

The WIDTH OF GRATE ON GRADE is an optional entry when GRATE ON 

GRADE is specified and is used to enter the transverse width used in 

GRATE computations. If left blank the program will default to a 

standard width of three feet. 
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CARRYOVER CA]Q_JD-4al 

This card is required when CARRYOVER is desired and can only be 

used when CURB or GRATE has been entered as the type of inlet on the 

D-4 card. 

Under INLET IDENTIFICATION the inlet ID at which carryover may 

occur and the inlet ID to which the carryover is assigned must be 

specified. There are no limitations to this assignment except that 

such ID must be on the sewer system under consideration by the cur-

rent computer run. 

~i~~;rY "'7,. '·~~:: 
Inlet Identification Standard Inlet Allowable Carryover . .. 

i-',c\ ;5, !/ ' 
I L~;~~~ I 1N1

;.
1 I I L ~:~:, Inlet 

Openmg(ft.) Length (ft.) .. ·~ .. ;~ ' . ::"' :;• . ~ ,' . No. 

D-4a 0 C AIRIRIY OIVIEIRI FIRIOIMI J Pt I I ITIOI \Lf.i r' ! , L, I . 1 I I l f;~ PI= I l f .t''l>T . '<: ·:Z ' . il' 
C AIRiRIY O!VIEIRL FIRIOIMLI I 1 I I ITIOITTI f:. I u- r f I I I f P -:I l II t I .::-:;; 

{ AIR!R[Y.(liVIIC"IOtf n n •• tt 
-' .L:'J I , 

' ~=I I I I I 'f- t 
--- ~ .. ·. . - "' ~--- .. ,. 

j 

Ld ID -Required entry for allowable 
carryover in terms of feet 
of inlet required. 

'-Optional entry for standard inlet 
length, if blank 5 feet is assumed. 

. - Inlet ID to which carryover 1s ass1qned. 

Inlet ID at which carryover may occur. 

An entry for STANDARD INLET OPENING is optional. If used, the 

value represents a standard inlet length measured parallel to the 

curb line for either curb or grate inlets. If no entry is made, a 

value of five feet is assumed. 

An entry in the ALLOWABLE CARRYOVER field is required and speci-

fies the allowable carryover in terms of feet of inlet £~Ui£~g for 

Grate on Grade and Curb on Grade. If, for example, an inlet opening 
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were computed to be 8.29 feet in length, and the specified allowable 

carryover is 4.0 feet with a 5 foot standard length, carryover would 

be allowed and computed. If the specified allowable carryover had 

been 3.0 feet instead of 4.0, carryover would not be allowed nor com-

puted. 

OUTLET CARD 1Q=2l 

An OUTLET card (D-5) is required only when SEWER is specified on 

the SEWER Control Card. This card supplies the required data 

describing the location, T.W. elevation, and identification of the 

outlet of the sewer network. A usual practice is to assign this sta-

tion the number of 0.0. 

Required. LINE LETTER must be an 
alphabetic character and OUTLET NO. 
must be a number. This ID must exact
ly match the corresponding ID on a 
(D-6) or (D-7) card. The maximum for 
different ID's on cards D-3, D-4, and 
D-5 cannot exceed 100. 

~--------Tailwater elevation must be entered 
(decimal). If not actually known, it is 
suggested that the user enter soffit ele
vation of the outlet. 

Numeric station description (decimal). For example, a station 
normally described as 22+56.0 should be entered as 2256.0. 
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Upstream Sofftt Downstream Soffit Run {ft.) CA 

CA as defined in HYdraulic 
Manual to be added to up
stream inlet only if not 
included in flow determina
tion from cards (D-2) and 
(D-3) (decimal). 

Length of RUN in feet (decimal) • 

Upstream and downstream elevs. of the top inside 
surface (soffit) of the RUN (decimal). 

ID of the upstream and downstream limits of the RUN. 

~--Run ID may be any combination of alphanumeric characters. 
(Must not be duplicated.) 

These cards are required to describe runs any time SEWER is 

specified on the SEWER Control card, regardless of whether the prob-

lem is a DESIGN or ANALYSIS. A DSGN card (D-6) must be included to 

describe each run in the sewer network (maximum of 99). All entries 

are required except CA ADDITION and Q ADDITION. LINE LETTER and 

INLET NO. must exactly match the ID's for corresponding inlets on 

cards (D-3) , (D-4) , and (D-5). 
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o-oO 
0 
0 

DSGN Card continued 

Flow to be added to upstream inlet is entered here 
when INLET is specified and flow addition enters 
the network by means other than an inlet. (Useful 
in accommodating previously determined carryover 
values- may be positive or negative.) 

Manning's "n" value for the RUN (decimal). 
If no entry, .012 will be assumed. 

Upstream Junction Loss Coeff (decimal). 
If no entry, 0.0 will be assumed. 

Max. barrel size for design 
of a RUN (decimal). Units 
are inches unless BOX spec
ified. Then units are feet. 

Barrel shape 
entered as shown 
and left justi
fied. If blank, 
CIRC assumed. 

These cards are used to supply further information when SEWER is 

specified on the SEWER Control Card and the problem is an ANALYSIS. 

The identifiers used to describe the points and runs in a sewer net-

work must always be consistent in every respect whenever reference is 

made on different cards to the same point or run. One card must be 

used for each run (maximum of 99) . All entries required. LINE 

LETTER and INLET NO. must exactly match the ID's for corresponding 

inlets on card (D-3), (D-4) , and {D-5) • 
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0-70 

0 
0 

II I I U.S. Inlet D.S. Inlet Actual no. Actuc I rise Actuol span Actual U.S. 

Lmel Inlet of barrels 
or D (in) (in.) junction 

Run 10 Line Inlet (ft. if box) (ft. if box I head loss(ft) 

RN RL I I I. l i I I I I I I I I I I I I I I I I I I i I 
RN RL J l I I I I I IJ I I I I I I I I I I ! I I I I I 
RN RL I I 1 • .1 t · t t I I t I I I l_t til t 

- -- -~ 

rd ID ~upstream head loss (decimal) • 
If blank, 0.0 is assumed. 

~span of barrel in inches, feet if box 
(decimal) • In circular pipe this entry 
must be the same as the rise, or it may 
be omitted. 

~Rise (or diameter) of barrel in inches, 
feet if box (decimal). 

~Number of barrels in the run {decimal). If 
blank, 1.0 assumed. 

~upstream and downstream inlet ID. 

Run ID may be any unique comb1nation of alphanumeric characters. 

The optional GRAPHS cards (D-8) may be used to secure a 

graphical printout of the data generated for any lines in the prob-

lem. Graphs may be requested for any or all of the allowed 26 lines. 

The graph will include plots of the flow line elevation profile, 

soffit elevation profile, hydraulic gradient profile, normal depth of 

flow, and identifiers for each line requested. The LINE LETTER 

designations of the lines to be graphed must be entered on GRAPHS 

cards {D-8) with up to five per card. 
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Alphabetical line ID's 
Plot scale factors. If left 
blank 1"=100 1 for horizontal 
(X), and 1"=5' for vertical 
{Y) will be assumed. 

This card is required only when the areas entered on DA cards 

(D-3) are expressed in units of square miles or in square inches as 

read directly from a map. In the latter case the SCALE of the map 

(feet per inch) must be entered in the field scale of ft/in. If the 

areas on DA cards are expressed in acres, then this card may be omit-

ted or ACRES may be specified on this card. 

If SQ. INCHES w SCALE is 
selected, enter scale of 
map in ft;in. (decimal). 

Choose one. If no selection is made, acres 
is assumed. 
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~NQAT!_~!RD J~=JQt 

An ENDATA card (D-10} is required at the end of each set of data 

associated with one problem~ 

~~~g_Q§~_Chec~li§! 

A tabulation of the required and optional cards for each of the 

SEWER options is shown in Figure 6-4. This may be used to check the 

completed input form for possible omissions prior to submission. 
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0\ 
I 

"-1 
"-1 

CARD 
I DENT. 

CONTROL 
CARD 

D-1 

D-2 

D-3 

D-4 

D-4a 

D-5 

D-6 

D-7 

D-8 

D-9 

D-10 

ClBD TYPE ROlOFF INLET SEWER 
OB 

REFEBEICE 

SEVER YES YES YES 

COEF DESC YES 

RAT CO!F YES 

DA YES' YES 7 YES 7 

JUNC YES' YES' 

ClRRY OVER OPTIONAL 

OOT.LET YES 

DSGN Y ES 4 

lllL 

GRAPHS OPTIONAL' 

SCALE OPTIONAL• 

ENDlTl YES YES YES 

1 IDclude a Dl Card for each Drainage A~ea. 
z Include a Dl card for eacb inlet. 

SEWER 
DESIGN 
RUNOFF RUNOFF INLET RUNOFF 

& INLET & SEVER & SEVER INLET 
& SEVER 

YES YES YES YES 

YES YES YES 

YES YES YES 

YES z YES' YES 7 YES> 

YES' YES' YES' YES' 

OPTIONAL OPTIONAL OPTIONAL 

YES YES YES 

YES" YES• YES• 

OPTIONAL• OPTIONAL 5 OPTIONAL• 

OPTIONAL• OPTIONAL• OPTIONAL• 

YES YES YES YES 

~ Include a JOIC Card for each inlet and junction not otherwise identified. 
• Include a DSGN card for each pipe run. 

ANALYSIS 
RON OF!" INLET SEVER RUNOFF RUNOFF INLET RUNOFF 

& INLET & SEVER & SEVER INLET 

& SEVER I 

YES Y!S YES YES YES 

YES YES YES 

YES YES YES 

YES 1 YES 7 YES1 YES 2 YES 2 

YES' YES' YES 3 YES' 

YES YES 

YES• YES• 

YES• YES • 

OPTIONAL• OPTIONAL 5 

OPTIONAL• OPT 10NAL 6 OPTIONAL• OPTIONAL• 

YES YES YES YES YES 

---

s If graphs of na•ed lines are needed. 
• If units other than acres are used. 

YES r::s 

YES 

YES 

YES7 YE sz 

YES' YES' 

YES YES 

YES• YES" 

YESS YES• 

OPTIONAL' OPTIONAL 5 

OPTIONAL• OPTIONAL• 

YES YES 

7 Include a DA Card for each inlet with SUPPLY Q specified. 
• Include an ANAL Card for each pipe run. 

' 

FIGURE 6-4. CARD USE CHECKLIST 



III. OUTPUT 

output for the SEWER subsystem may consist of any of five 

reports based on the procedures requested by the user in the input 

data. 

Runoff Calculations 

The report for this procedure is the same for both design and 

analysis and includes the following: 

1. Frequency (yrs) - given 

2. Surface descriptions and rational coefficients for up to six 

runoff surfaces - given 

3. Minimum time of concentration (minutes) - given or automati

cally set to 10. 

4. Rainfall intensity factors (e, b and d) - given 

5. A table including for each inlet or junction: 

a. Identification of inlet or junction - given 

b. CA - computed 

c. TC (minutes) - computed 

d. Supply Q (cfs) - base flow or given discharge to be 

included in the total flow - qiven 

e. Rainfall intensity (inches per hour) - computed 

f. Total flow (cfs) - total discharge (including SUPPLY Q) 

to this inlet or junction - computed. 

NOTE: Also included are other junctions which have no con

tributing discharge. 

~~!!.er Design and Analysis 

The reports for SEWER DESIGN and ANALYSIS are identical and con

sist of the following: 

1. A table of configuration data including for each run: 
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a. Run identification - given 

b. Upstream and downstream junction identifications - given 

c. Upstream and downstream flow line elevations (ft) - com-

puted 

d. Length of run (ft) - given 

e. Slope (ft;ft) - computed from given data 

f. Number of barrels - computed (given for analysis) 

g. Rise {ft if BOX; inches if any other shape) - computed 

(given for analysis) 

h. Span (ft if BOX; inches if any other shape) 

{given for analysis) 

i. Shape - given 

2. A table of hydraulic data including for each run: 

a. Run identification - given 

b. Upstream and downstream junction identifications 

c. "n" value (Manning's friction factor) - given 

d. Junction loss - given 

e. Flow (cfs) - given or computed 

f. Upstream and downstream heads {ft) - computed 

g. Hydraulic gradient slope (ft/ft) computed 

computed 

given 

h. Depth (for most shapes depth will be expressed as a 

ratio of water depth over rise; for box shapes depth 

will be expressed in feet and noted as such in the 

report) - computed 

i. Velocity (fps) - computed 

j. Pipe capacity {cfs) - This is the maximum volume of flow 

which could be handled by this ron - computed 

3. A table defining stationing as follows: 
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a. Run identification - given 

b. Upstream junction identification given 

c. Stationing (ft referenced to outlet station) - computed. 

lnlet_De§jgg 

This report consists of a table which reflects for each inlet: 

1. Inlet identification- given 

2. Inlet type given 

3. Flow (cfs) given or computed 

4. Minimum length required - computed 

5. Minimum standard length required - computed 

6. Standard inlet opening - given or 5 feet assumed 

7. Grate width- given or 3 feet assumed 

8. Carryover CPS computed (where allowed) 

9. Carryover assignment inlet ID - given 

10. Minimum area of grate required (sq ft) - computed 

11. Ponding width- computed 

Irrlel_!n~1Y§i§ 

This report consists of a table which reflects for each inlet: 

1. Inlet identification- given 

2. Inlet type given 

3. Flow (cfs) given or computed 

4. Inlet capacity (cfs) - computed 

5. carryover (cfs) - computed 

6. Pending width (ft) computed 

7. Actual length (ft) given 

8. Required length (ft) - computed length of inlet needed to 

pass the given flow 

9. Actual area (sq ft) - given 
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10. Required area (sq ft) - computed area of inlet required to 

pass the given flow 

11. Actual head {ft) - computed. 

~raph~ 

This output consists of a computer line plot of: (1) the flow 

line and soffit line of the inside of the barrel; ( 2) the calculated 

unifora (normal) depth of flow in the barrel; ( 3) the calculated 

hydraulic gradient line; (4) identifiers such as line letter, run 

name, run size and length, iunction !D's, and tailwater elevation 

(labeled T.W.); and (5) elevation scale. 

standard scales on the plot are 1"=5' vertically and 1"=100' 

horizontally. Either or both scales may be varied by the user by 

inserting the new scale factors in the proper place on the first 

GRAPHS card (D-8). (X= for horizontal and Y= for vertical scale.) 

Any and all lines which are part of the storm sewer system may be 

plotted. The plot can be used for direct application in the plans. 

The hydraulic gradient line on the plot is represented by the 

short-dashed line; the uniform depth of flow in the barrel is repre

sented by the long-dashed line; and the flow line and soffit line are 

represented by solid lines. In analysis, if the barrel is flowing 

full, the uniform depth line is coincident with the soffit line. 
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MAR 14, 1977 
**************** E R R 0 R M E S S A G E S ***************** 
************** T E X A S H Y D R A U L l C S Y S T E M *************** 

ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH 
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP. 
'EXPL' DENOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE. 
IFQR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE 
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD 
ENGINEER FOR YOUR DISTRICT.) 

****************************************************************************** 

SEWOOOl--SHAPE OF PIPE FOR RUN CANNOT BE IDENTIFIED. ASSUME CIRCULAR. 
EXPLc SELF EXPLANATORY. 

SEW0002--ARCH PIPE ROUTINE IS NOT YET AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEW0003--0VAL PIPE ROUTINE IS NOT YET AVAILABLE. 
EXPLa SELF EXPLANATORY. 

SEW0004--METHOD FOR ANALYSIS OF ARCH AND OVAL PIPE IS NOT YET AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEW0005--LINE LETTER FOR GRAPH* * IS NOT IDENTIFIABLE. 
EXPLc THE SPECIFICATION FOR A LINE TO BE GRAPHICALLY PLOTTED MUST BE AN 

ALPHABETIC CHARACTER FROM A TO z. ANY OTHER DESIGNATION IS NOT 
ACCEPTABLE. 

SEW0006--THE SUBROUTINE WHICH COMPUTES THE THEORETICAL AREA AND LENGTH OF A 
COMBINED GRATE AND CURB INLET TO PASS THE GIVEN FLOW IS NOT YET 
AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEW0007--BOX SIZE WAS TOO SMALL. CIRCULAR PIPE SUBSTITUTED ON PREVIOUS RUN. 
EXPLa IN A 'SEWER DESIGN' PROBLEM THE MINIMUM BOX SIZE WAS LARGER THAN 

REQUIRED FOR PASSAGE OF THE DESIGN FLOW. A SMALLER CIRCULAR PIPE 
WAS FOUND TO BE MORE PRACTICAL FOR THIS DESIGN. NON-FATAL. 

SEW0008--CAPACITY OF RUN * * IS EXCEED. 
EXPLa THIS MESSAGE IS PRINTED WHEN THE NAMED RUN IN AN ANALYSIS DOES 

NOT HAVE ADEQUATE CAPACITY TO HANDLE THE INPUT FLOW. THIS 
INDICATES PRESSURE FLOW. NON-FATAL. 

SEW0009--ERROR IN JUNCTION IDENTIFICATION OF RUN * *• 
EXPLc AN IDENTIFICATION HAS BEEN GIVEN ON A 'DSGN' CARD ID-61 OR AN 

'ANAL' CARD (D-7) WHICH DOES NOT MATCH AN IDENTIFICATION ON ANY 
1 JUNC 1 CARD ID-41. FATAL ERROR. 

SEW0010--THE SUBROUTINE WHICH COMPUTES THE THEORETICAL CAPACITY OF A COMBINED 
GRATE AND CURB INLET IS NOT YET AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEWOOll--THE SUBROUTINE WHICH COMPUTES THE REQUIRED HEAD TO PASS THE FLOW FOR 
AN OVERCHARGED COMBINED GRATE AND CURB INLET IS NOT YET AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEW0012--THE SUBROUTINE WHICH COMPUTES THE THEORETICAL CAPACITY OF A COMBINED 
GRATE AND CURB INLET AT A SAG IS NOT YET AVAILABLE. 
EXPLc SELF EXPLANATORY. 

SEW0013--THE SUBROUTINE WHICH COMPUTES THE REQUIRED HEAD TO PASS THE FLOW FOR 
AN OVERCHARGED COMBINED GRATE AND CURB INLET AT A SAG IS NOT YET 
AVAILABLE. 
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~AR 14, 1977 
EXPLa SELF EXPLANATORY. 

SEW0014--BOTH DESIGN AND ANALYSIS SPECIFIED. 
EXPLa BOTH 'DESIGN' AND 'ANALYSIS' ARE SPECIFIED ON THE 'SEWER' CARD. 

ONE OF THESE SHOULD BE DELETED. FATAL ERROR. 

SEW0015--NEITHER DESIGN NOR ANALYSIS SPECIFIED. 
EXPLL NEITHER 'DESIGN' NOR 'ANALYSIS' WAS SPECIFIED ON THE 'SEWER' 

CONTROL CARD OR THE ONE SPECIFIED WAS MISSPELLED OR IMPROPERLY 
PCSITIONED ON THE CARD. FATAL ERROR. 

SEW0016--NO SPECIFICATION OF RUNOFF, INLET, OR SEWER. 
EXPLa AT LEAST ONE OF THESE THREE PROCEDURES MUST BE SPECIFIED ON THE 

'SEWER' CARD. THIS MESSAGE INDICATES THAT NONE OF THESE WAS 
SPECIFIED OR THOSE THAT WERE SPECIFIED WERE EITHER MISSPELLED OR 
IMPROPERLY POSITIONED ON THE CARD. FATAL ERROR. 

SEW0017--NO FREQUENCY GIVEN. 
EXPLa THERE IS NO ENTRY ON THE 'SEWER' CONTROL CARD. NON-FATAL. 

SEW0018--NO DESCRIPTION OF TYPE OF RUNOFF SURFACE. 
EXPLa NO ENTRY WAS MADE FOR ANY RUNOFF SURFACE (A THROUGH Fl ON 

'COEF DESC' CARD ID-1J. NON-FATAL. 

SEW0019--NO RUNOFF COEFFICIENTS GIVEN. 
EXPLa NO ENTRY WAS MADE IN ANY RUNOFF COEFFICIENT SPACE (A THROUGH Fl 

ON 'RAT COEF 1 CARD (D-2). FATAL ERROR. 

SEW0020--NO MINIMUM TC GIVEN. ASSUME 10 MINUTES. 
EXPLa MINIMUM ALLOWABLE TIME OF CONCENTRATION (TCl WAS LEFT BLANK ON 

'RAT COEF' CARD (D-2). COMPUTATION WILL PROCEED ASSUMING 
MINIMUM TC = 10 MINUTES. NON FATAL. 

SEW0021--0NE OR MORE OF "E", "8", AND "0" MISSING. 
EXPLc All OF THE RAINFALL INTENSITY FACTORS IE, B, & Dl MUST aE 

PROVIDED ON 'RAT COEF' CARD ID-21. FATAL ERROR. 

SEW0022--DA IDENTIFICATION MISSING OR INCOMPLETE. 
EXPLa COMPLETE DA IDENTIFICATION MUST BE PROVIDED ON EACH DA CARD 

(D-31. IF 'liNE LETTER' IS NOT AN ALPHABETIC CHARACTER, 
'INLET NO.' IS NOT NUMERIC, OR IF EITHER 'LINE LETTER' OR 
'INLET NO.' IS BLANK, AN ERROR CONDITION EXIST. FATAL ERROR. 

SEW0023--NO SUBAREA TC DATA GIVEN. ASSUME MINI~UM. 

EXPLc THIS MESSAGE INDICATES THAT NEITHER 'LENGTH AND VELOCITY' 
NOR 'TC' WERE PROVIDED ON A 'DA' CARD {0-3). IN THIS CASE THE 
MINIMUM 'TC' PROVIDED ON 1 RAT COEF' CARD (0-2) IS ASSUMED. 
NON FATAL. 

SEW0024--JUNCTION ID MISSING OR INCOMPLETE. 
EXPLc THIS MESSAGE IS PRINTED WHEN {1) 'LINE LETTER' IS NOT ENTERED 

AS AN ALPHABETIC CHARACTER OR (2) 'LINE LETTER' OR 1 INLET 
NO.• IS NOT ENTERED ON THE 'JUNC' CARD {0-4), 'DESIGN' CARD 
!D-6) OR 'ANAL' CARD ID-7). FATAL ERROR. 

SEW0025--DESIGN RUN LENGTH MISSING. 
EXPLc 'RUN LENGTH' WAS NOT ENTERED ON 'DSGN' CARD (D-6). FATAL ERROR. 

SEW0026--ERROR IN SPECIFICATION OF INLET OR JUNCTION 
EXPLc 'TYPE• SYMBOL IS INCORRECT ON 'JUNC' CARD (D-4). THE SYMBOL WAS 

NOT ENTERED, OR WAS MISSPELLED. FATAL ERROR. 
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SEW0027--MAXIMUM PONDING DEPTH NOT GIVEN. 
EXPLa THIS MESSAGE IS PRINTED WHEN 'PONDING DEPTH' IS NOT ENTERED AS 

REQUIRED OR IS ZERO ON A 'JUNC' CARD !D-4). THE TABLE IN THE 
INPUT SECTION UNDER 'JUNC' CARD !D-4) INDICATES WHEN 'PONDING 
DEPTH' IS REQUIRED. FATAL ERROR FOR THIS INLET. 

SEW0028--INLET DATA INCOMPLETE. 
EXPLa ON 1 JUNC 1 CARD (D-4), (1} 'MAXIMUM PONDING WIDTH', 'GUTTER 

SLOPE', 'MANNING$ N VALUE' AND/OR 'GUTTER DEPRE~SION A' 
HAVE NOT BEEN ENTERED, 12) 'SLOPE' l 1 AND/OR 'SLOPE' l 2 HAVE 
NOT BEEN GIVEN, OR ( 31 IF BOTH SLOPES ARE Gl VEN AND ARE NOT 
EQUAL, 'DISTANCE FOR SLOPE' l 1 HAS NOT BEEN SPECIFIED. 
FATAL ERROR FOR THIS INLET. 

SEW0029--0UTLET STATION NOT GIVEN. ASSUME 0+00. 
EXPLa ON 'OUTLET' CARD (D-5), THE STATIONING WAS NOT GIVEN. AN OUTLET 

STATION VALUE OF 0+00 WILL BE ASSUMED AND COMPUTATION CONTINUED. 
NON-FATAL. 

SEW0030--TAILWATER ELEVATION NOT GIVEN. 
EXPLc 'T.W. ELEV' ON 'OUTLET' CARD !D-5) HAS NOT BEEN SPECIFIED. IF 

THE PROPER VALUE IS NOT KNOWN, THE SOFFIT ELEVATION AT THE 
OUTLET SHOULD BE ENTERED AS 1 T.W. ELEV 1 • FATAL ERROR. 

SEW003L--OUTLET IDENTIFICATION MISSING OR INCOMPLETE. 
EXPLa THIS MESSAGE INDICATES THAT ON 'OUTLET' CARD lD-5) Ill AN 

ALPHABETIC CHARACTER WAS NOT FOUND IN THE 'LINE LETTER' SPACE, 
12) 'liNE LETTER' OR 'OUTLET NO. 1 WAS BLANK, OR (3) 'NO 
OUTLET' CARD ID-5l WAS READ. FATAL ERROR. 

SEW0032--INLET IDENTIFICATION MISSING OR INCORRECT. 
EXPLa MISSING OR INCORRECT SPECIFICATION!Sl ON •CARRYOVER' CARD (0-4AJ. 

SEW0033--CARRYOVER FROM THIS INLET HAS ALREADY BEEN ASSIGNED TO ANOTHER INLET 
ON ANOTHER CARRYOVER CARD. 
EXPLa CARRYOVER DISCHARGE RATES FROM A GIVEN INlET SHOULD BE ASSIGNED 

TO ONLY ONE LOCATION* HOWEVER, MORE THAN ONE CARRYOVER DISCHARGE 
RATE MAY BE ASSIGNED TO ANY ONE LOCATION. 

SEW0034--ALLOWABLE CARRYOVER LENGTH NOT SPECIFIED. 
EXPLa CARRYOVER COMPUTATIONS CANNOT PROCEED WITHOUT THE SPECIFICATION 

OF ALLOWABLE CARRYOVER liN TERMS OF LENGTH OF INLET). 

SEW0035--RUN IDENTIFICATION MISSING. 
EXPLa 'RUN ID 1 ON 'DSGN 1 OR 'ANAL' CARD IS BLANK. FATAL ERROR. 

SEW0036--SOFFIT ELEVATION MISSING. 
EXPLa THIS MESSAGE INDICATES THAT EITHER UPSTREAM OR DOWNSTREAM 

ELEVATION IS MISSING ON 'DSGN' CARD (D-61. FATAL ERROR. 

SEW0037--THE D.S. ELEVATION MUST BE LOWER THAN THE U.S. ELEVATION. 
EXPLa THE PIPE DESIGN ROUTINE REQUIRES THAT ALL RUNS HAVE A POSITIVE 

SLOPE. THE ANALYSIS OPTION ALLOWS EITHER POSITIVE, ZERO, OR 
NEGATIVE SLOPES. 

SEW0038--DESIGN RUN LENGTH MISSING. 
EXPLa 'RUN LENGTH' WAS NOT ENTERED ON 1 DSGN 1 CARD {0-6). FATAL ERROR. 

SEW0039--RUN N VALUE MISSING. ASSUME N=O.Ol20. 
EXPLa 'MANNING$ N VALUE' WAS MISSING ON 'DSGN' CARD (D-61. AN N 

VALUE OF 0.0120 HAS BEEN ASSUMED AND COMPUTATIONS CONTINUED. 
NON-FATAL. 
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SEW0040--MAXIMUM PIPE SIZE FOR A RUN NOT GIVEN. 
EXPLc ON 1 DSGN 1 CARD (D-6) •MAXIMUM SIZE RISE' WAS NOT SPECIFIED. 

FATAL ERROR. 

SEW0041--MAXIMUM SIZE RISE NOT PROPER FOR CIRCULAR PIPE. SHOULD BE IN INCHES. 
EXPLc THIS ERROR CONDITION EXISTS WHEN PIPE SHAPE IS CIRCULAR AND 

MAXIMUM SIZE RISE (ON THE 'DSGN' CARD lD-6ll IS LESS THAN 12. 
THIS INDICATES THAT (1) USER INTENDED TO SPECIFY 'BOX' AND 
'MAXIMUM SIZE RISE' WOULD BE IN FEET, BUT 'BOX' WAS NOT PROPERLY 
SPECIFIED, OR (21 USER SPECIFIED 'CIRC•, BUT GAVE 'MAXIMUM SIZE 
RISE' IN FEET RATHER THAN INCHES. FATAL ERROR. 

SEW0042--SHAPE OF PIPE FOR RUN CANNOT BE IDENTIFIED. ASSUME CIRCULAR. 
EXPLc IF NO ENTRY IS MADE ON 1 DSGN' CARD (D-6) OR IF THE ENTRY MADE 

IS MISSPELLED OR NOT LEFT JUSTIFIED, THE PROGRAM IS UNABLE TO 
IDENTIFY THE SHAPE. CIRCULAR SHAPE WAS USED AND COMPUTATIONS 
CONTINUED. NON-FATAL 

SEW0043--PIPE SIZE FOR ANALYSIS NOT GIVEN. 
EXPLc 'ACTUAL RISE' OR 'D' lIN) WAS NOT ENTERED ON 'ANAL' CARD (D-7). 

FATAL ERROR 

SEW0044--NO AREA UNITS GIVEN. ASSUME ACRES. 
EXPLc NO UNITS ARE GIVEN ON 'SCALE' CARD (D-9), OR THE TYPE OF UNITS 

IS MISSPELLED OR MISPLACED ON THE CARD. THE UNITS WERE ASSUMED 
TO BE ACRES AND COMPUTATIONS CONTINUED. NON-FATAL. 

SEW0045--PROBABLE BLANK CARD. CARD IGNORED. 
EXPLc THIS MESSAGE INDICATES THAT THE PROGRAM ATTEMPTED TO IDENTIFY 

THE PREVIOUS CARD BUT FOUND NO ENTRIES IN SPACES USUALLY OCCUPIED 
BY CARD IDENTIFIERS. THIS CARD WAS IGNORED AND THE NEXT CARD WAS 
READ. NON-FATAL. 

SEW0046--CARRYOVER SPECIFIED FOR LINE * * INLET * * WHICH IS NOT SPECIFIED 
AS A CURB OR GRATE INLET- CARRYOVER DISREGARDED. 
EXPLc CARRYOVER DISCHARGE CAN ONLY PROCEED FROM A CURB ON GRADE INLET 

OR A GRATE ON GRADE. 

SEW0047--DATA MISSING ON SEWER CONTROL CARD. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0048--DATA MISSING ON RAT COEF CARD 0-2. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0049--DATA MISSING ON OA CARD D-3. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL CO~~ENCE. 

SEW0050--DATA MISSING ON JUNC CARD D-4. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 
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SEW0051--DATA MISSING ON OUTLET CARO D-5. 
EXPLc WHEN THIS MESSAGE IS PRI~TED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE Of THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMI~ATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0052--ERROR ON DESIGN CARD D-6. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0053--DATA MISSING ON ANAL CARD D-7. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0054--DATA MISSING ON CARRYOVER CARD D-4A. 
EXPLc WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE 

THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM 
WILL BE TERMINATED WITHOUT FURTHER COMPUTATION AND THE NEXT 
PROBLEM WILL COMMENCE. 

SEW0055--NUMBER OF POINTS STORED EXCEEDS CAPACITY OF 100. 
EXPLc EACH UNIQUE IDENTIFICATION GIVEN BY THE LINE LETTER AND NUMBER 

WHETHER ON A 'DA', 'JUNC', 'OUTLET', 'DESIGN', OR 'ANAL' CARD 
INDICATES A POINT. THESE POINTS MUST NOT EXCEED 100 IN NUMBER. 
FATAL ERROR. 

SEW0056--NUMBER OF DESIGN RUNS STORED EXCEEDS CAPACITY OF 99. 
EXPLc THE NUMBER OF 'DSGN' CARDS (D-61 MUST NOT EXCEED 99. FATAL ERROR. 

SEW0057--NUMBER OF ANALYSIS RUNS STORED EXCEEDS CAPACITY OF 99. 
EXPLc THE NUMBER OF 'ANAL' CARDS (D-71 MUST NOT EXCEED 99. FATAL ERROR. 

SEW0058--SUM OF CA'S FOR LINE * * INLET * * IS ZERO. 
EXPLc THIS ERROR CONDITION COULD EXIST IF THE SCALE OF FT/IN. ON THE 

'SCALE' CARD (D-9) WAS ENTERED AS ZERO OR IF ALL THE 'DRAINAGE 
AREAS' (A-Fl ON 'DA' CARD (D-31 WERE BLANK OR ZERO. FATAL ERROR 
FOR THIS INLET. 

SEW0059--RUNOFF TO LINE * * INLET * * IS ZERO. 
EXPLc THIS MESSAGE IS PRINTED WHEN NO SPECIFIED OR COMPUTED RUNOFF 

VALUE (Q) WAS GIVEN THAT CAN BE CORRELATED WITH THE INLET 
SPECIFIED BY LINE AND INLET • THE RUNOFF FOR EACH INLET MUST 
BE PROVIDED ON THE 'DA' CARD !D-3) BY GIVING 'SUPPLY Q• OR THE 
RUNOFF DATA. IF THE RUNOFF DATA IS USED ON ANY ONE 'DA' CARD THEN 
'RUNOFF' MUST BE SPECIFIED ON THE SEWER CARD. IF THE 'SUPPLY Q• 
ITEM IS ALL THAT IS EVER USED, THEN 'RUNOFF' NEED NOT BE 
SPECIFIED UNLESS THE USER DESIRES A 'RUNOFF' REPORT IN THE 
OUTPUT. IF RUNOFF CALCULATIONS APPEAR TO BE IN ORDER, THE USER 
SHOULD CHECK TO BE SURE THAT EACH INLET IDENTIFICATION ON 'JUNC' 
CARDS (D-4), 'DSGN' CARDS ID-61 AND 'ANAL' CARDS ID-71 
CORRESPONDS EXACTLY TO A 'DA' IDENTIFICATION ON A 1 0A' CARD 
ID-31. FATAL ERROR FOR THIS INLET. 

SEW0060--INLET DATA MISSING FOR LINE * * INLET * *· 
EXPLc THE 'JUNC' CARD (D-4) RELATlNG TO THE INLET SPECIFIED IS IN 

ERROR. FATAL ERROR FOR THIS INLET. 
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SEW0061-- * CALCULATED PONDED WIDTH EXCEEDS ALLOWABLE PONDED WIDTH, CALCULATIONS 
CONTINUE WITH NO SPECIFIC ACTION TAKEN. 
EXPLc THIS MESSAGE IS PRINTED AS A FOOTNOTE TO ASTERISKS THAT MAY OCCUR 

IN INDIVIDUAL DATA LINES. NON-FATAL. 

SEW0062--MAXIMUM PONDING DEPTH NOT GIVEN. 
EXPLc THIS MESSAGE IS PRINTED WHEN 1 PONOING DEPTH' IS NOT ENTERED AS 

REQUIRED OR IS ZERO ON A 1 JUNC 1 CARD lD-4). THE TABLE IN THE 
INPUT SECTION UNDER 'JUNC' CARD lD-4) INDICATES WHEN 'PONDING 
DEPTH' IS REQUIRED. FATAL ERROR FOR THIS INLET. 

SEW0063--0UTLET IDENTIFICATION MISSING OR INCOMPLETE. 
EXPLc THIS MESSAGE INDICATES THAT ON AN 1 0UTLET 1 CARO (0-51, (l) AN 

ALPHABETIC CHARACTER WAS NOT FOUND IN THE 'LINE LETTER' SPACE, 
(2) 'LINE LETTER' OR 'OUTLET N0. 1 WAS BLANK, OR l3l NO 'OUTLET' 
CARD (D-5l WAS READ. FATAL ERROR. 

SEW0064--FLOW TO RUN NUMBER * * IS ZERO. PROBLEM ABANDONED. 
EXPLc IN A 'SEWER DESIGN' PROBLEM THE PROGRAM FOUND THE FLOW TO THE 

NAMED RUN TO BE ZERO. FATAL ERROR. 
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PUMP SUBSYSTEM 

I. DESCRIPTION 

The PUMP subsystem has two functions. They are as follows: 

1. To design a syste• of pumps (sizes, starting sequences and 

starting times) using a specified flow and storage capacity 

such that the storage is fully utilized without being 

exceeded. 

2. To compute the hydraulic characteristics including storage 

volume for a specified pump station operation for each 

•inute of storm with a given discharge by using a specified 

number of pumps of known size, their starting sequence and 

the starting storage volume. 

Up to five storms may be specified for pump design or analysis 

for each use of the PUMP subsystem. The computed flow from the most 

recent HYDRO problem may be specified as one of the five flows to be 

considered each time the PUMP subsystea is used. However, ordinarily 

only one storm is considered by the user. 

The design function always seeks to use at least two pumps, 

whether they are of the same size or not. This is a safety factor 

which is in the form of a back-up pump should one fail. The design 

itself, however, will be based on no pump failure. 

The storage allowed in the system in which the pumps are 

employed may consist of one sump (either rectangular or circular), 

any number of manholes and;or inlets, and submerged pipe lengths. 
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II. INPU! 

The data form is printed on the front and back and is shown in 

Figures 7-1 and 7-2. 

The PUMP Control card is required for entry into this subsystem. 

The user must specify whether this is a DESIGN or ANALYSIS problem by 

drawing a line through the option that does not apply. The rainfall 

intensity factors (b, d and e) must be entered on this card. These 

factors may be determined by reference to the ~~yli£_~~~al. 

b, a, and e factors (from 
Hydraulic_~~l) must be 
provided. 

Either DESIGN or ANALYSIS must be specified. 
Cards (E-1) and {E-8) must accompany each problem. 
If DESIGN is specified, the total storage capacity 
must be supplied by giving the known capacity on 
card (E-2) and;or the storage dimensions for 
unknown capacities on cards {E-2), {E-3), and 
(E-4) {where applicable). Card (E-5) must be 
provided. If ANALYSIS is specified, cards {E-6} 
must be provided. (In addition, a card (E-7) may 
be provided if plots are desired for either 
DESIGN or ANALYSIS.) 

The METHOD Card (E-1) is required for each problem so that run-

off data can be obtained. 

There are three methods by which discharge data describing up to 

five storms may be supplied for use in one entry into the PUMP 
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subsystem. These methods are: 

1. HYDROLOGY - Using values of CA and TC determined in the most 

recent HYDRO problem 

2. CA and TC user supplies these values 

3. Q and TC User supplies these values. 

Up to five of these cards for specifying different discharges 

may be used in one pump problem; however, if the user wishes to spec-

ify HYDROLOGY, the HYDROLOGY specification should be made on the 

first METHOD card and the values from HYDRO will automatically be 

used for the first solution. On all other METHOD cards (E-1) the 

user must supply a time of concentration {TC) (in minutes) along with 

either a CA or Q (cfs) value. If HYDROLOGY is not specified on this 

card and TC along with either CA or Q is not provided, then the pro-

gram will not consider this card and will solve for only those storms 

having proper input. 

A value for TC must be provided by 
the user if either CA or Q is 
specified. If HYDROLOGY is speci
fied, the value of TC will come 
from the HYDRO subsystem. 

One of these 3 methods of supplying the runoff data 
must be selected by deleting the remaining 2. If 
HYDROLOGY is selected, a HYDRO problem in which the 
desired values for CA and TC were calculated must pre
cede this problem and card (E-1) specifying HYDROLOGY 
must precede any other (E-1) cards. If CA is select
ed, then that value and the value for TC must be pro
vided by the user. If Q is selected, then that value 
and the value for TC must be provided by the user. 
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FORM CONTINUED ON BACK 
FORM 1310-1 

FIGURE 7-1. FRONT SIDE OF THE PUMP SUBSYSTEM (PUMP) INPUT FORM 



PUMP. ( Continued ) BACK, SHEET ___ QF ---

--
I 2 3 4 5 6 7 8 9 I 11!12 13 14 15 16 17 18 19]2 2112cl23 2~2~2~2~2~2~3 "3~3~3~3~3613713~3~4 41 4cl4~4J4~4~4~4~4~5 51 5 5 5 5 56 55 59 6 61 6 6 6 6 6 67 6 6 7 71 7 7 7 75 76 7 78 79 8( 

From To Height or diameter (ft.) Width (ft.) Length (ft.) .,;_ ' ..... 

E-4 0 p I PE I HI GH WI DE Ul NG 
0 p I PE H I GH WI DE- Ul NG 
0 p I PE ~ H I GH WI DE LD NG 
0 p I PE I i I HI GH WI DE LD NG 
D p I PE ! H I GH WI DE LD NG 
D pI PE I I 

' HI GH WI DE- LD NG 
D p I PE I HI GH- I D E- LD NG-
0 pI PE I H I GH= WI DE- LD NG-
0 pI PE ~ HI GH- WI DE- LD NG-
D p I PE ' HI GH- WI DE LD NG 
D p I PE ! H I GH- WI DE- LD NG-
0 p I PE H I GH- WI DE- LD NG-
0 p I PE H I GH- WI DE- LD NG-
0 

...,J 0 I 0 1.11 
D 

p I PE HI GH= WI DE- LD NG= 
pI PE HI GH= WI DE= LD NG-
pI PE HI GH= WI DE= LD NG-
p I PE HI GH= WI DE= LD NG-

0 PI PE HI GH= WI DE= LD NG= 
0 pI PE H I GH= WI DE= LD NG= 
0 pI E i H I GH- WI DE= LD NG= 
0 p I PE ' H I GH- WI DE= LD NG= 
0 p, I PE I HI GH- WI DE- LD NG= 
0 pI PE HI GH- WI DE- LD NG= 
0 pI PE H I GH- WI DE- LD NG= 
0 p, I PE H I GH- WI DE- LD NG= I 
0 pI E H I GH- WI DE- LD NG= 
0 pI PE I G H= WI DE- LD NG-
0 T ' T Tlr IF- lfl N = 

Specify ranoe of pump capacities and increment 1n opm for desion. 

E-5 0 T MITINI:-- IMI~IXI I I I ITINirl, I I 
Specify known pump capac1ty a storaoe volume at which pump starts. -

E-6 0 AN AL YS IS GP M= CF= GP M= CF= I GP M= CF= 
a N 'rS I iS PM- - PIM- IF- M= if-

E-7 0 A p s 
•-8 a 'N T 

I 2 3 4 5 6 7 8 9 IC I I 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 27 2 29 3 31 32 33 34 35 36 37 38 39 4 41 4 4 44 45 4 4714S 4 OC 51 52 !53 54 55 56 57 58 59 6 61 6 63 64 65 66 67 6€ 69 7C 71 72 7:3 74 75 76 77178 79 0 

FORM 1310-2 

FIGURE 7-2. BACK SIDE OF PUMP SUBSYSTEM (PUMP) INPUT FORM 



SUMP CARD {E-21 

Total available stor
age space in cu. ft. 
for water storage. or 
additional storage not 
indicated by dimen
sions on (E-2) • {E-3) 
and/or (E-4) • 

maximum elevation to 
which water may be stored 
is a required entry for all 
pump design problems in 
which storage volumes are 
to be calculated in the 
program. 

Distance in feet between maximum 
allowable water level and bottom 
of sump. 

sump is rectangular, the short hori
zontal (inside) dimension must be specified 
here. If circular. these columns may be 
left blank. If the sump is square. enter 
identical LONG and WIDE values. 

If the sump is of rectangular shape. the long horizontal 
(inside) dimension must be specified here. If circular, 
the inside diameter is used. 

Pump station ID (any name or number the user wishes to associate 
with this data on the reprint of input). It is not used in any 
computations or reports but should be useful as identification. 

The SUMP card {E-2), MH/INLET card (E-3) and PIPE card (E-4) are 

related in that they are used to define the storage capacity for a 

pump design problem. Total storage may be entered in three ways. 
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(1) The total storage for the entire system may be given on SU~P card 

(E-2} in the field SUPPLY STORAGE (cu. ft.) and no dimensions may be 

entered on SU~P, MH/INLET, or PIPE cards. (2} The SUPPLY STORAGE 

(cu. ft.) field on card (E-2) may be used to enter a portion of total 

storage for which the capacity is known and dimensions for any 

unknown portion(s) may be entered on SUMP, MH/INLET, and/or PIPE 

cards. In the latter case, the program will compute the volume 

represented by the diaensions and add it to the known volume to 

secure the total storage capacity for use in the problem. (3) If 

none of the storage capacity is known, the dimensions of all portions 

of the system must be entered on SU!P, MH/I!LET, and/or PIPE cards 

and SUPPLY STORAGE on the SUMP card must be left blank. In any case 

care should be taken so that a volume is not entered twice by includ

ing it in the SUPPLY STORAGE and also giving dimensions. 

SU~P card (E-2) is required for all pump design problems as 

noted above. In addition, ELEV must be entered on this card to indi

cate the maximum allowable water surface elevation any tiae dimen

sions are used to describe a portion of a systea for which the total 

capacity is not known. 

The IDENTIFICATION field is not presently used in any report but 

will appear in the reprint of the input data and should be useful for 

identification. 

MH/INLET CARD {E-3} 

The MH/INLET card (E-3) is required for pump DESIGR problems 

when this volume has not been included in SUPPLY STORAGE on SU~P card 

(E-2}. When this card is used, the dimensions and flow line eleva-

tion must be entered. 
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E-3 0 
0 
0 

,;i\ l 
I" H I I NL E Ti 
I" H II NL ETI 
I" J1 I IN L F T; 

• 1 

~rd ID 

Identification I Lenoth or diameter (ft.) Width (ft.) Flow line elevation J U JJ 1.1 iTt. . : ~· 

I I I I I I I I I ILI{l~GI-=1 I I I I~ILI..lEi=ll I I I fiLI-=1 I I I I I I UJJIIII I I , 
I I I I I I I ! I IWl ~ Gl-=1 I I I IWILI..lEJ=illll Fl Ll-=1 I I I I I L I I II J I I .I I I 

f 

.... 

t 
. - ,u TlllFI~ I I I L ~LI-=1 I I I I I I t ' ~ ..... 

·~ < ' ' ~ ' 

-Bottom elevation of manhole 
or inlet. 

'-Short dimension of manhole or inlet 
{horizontal inside) • Leave blank 
if circular .. 

-Long dimension of manhole or inlet (hori-
zontal inside). Diameter if circular. 

. . . 
ID of manhole or 1nlet under cons1derat1on (any name or 
number the user wishes to associate with this data on 
the reprint of input) • It is not used in any computa
tions or reports but should be useful as an identifica
tion. 

PIPE CARD (E-41 

This card is also required for pump DESIGN problems when the 

storage capacity of the pipes has not been included in SUPPLY STORAGE 

on SUMP card {E-2}. All dimensions on this card must be entered in 

feet. In some installations a pipe which is placed in other than a 

horizontal position may not be full of water over the entire length 

when the maximum storage elevation is reached. In this case, the 

user should enter the estimated length of the pipe which will be full 

of water (Figure 7-3). If the entire pipe is only part full, the 

user should estimate a length of pipe in proportion to the 

depth/diameter (d/D). 
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·-· 0 p I p E 
0 PIPE 
DPIPF~• 

• 

Card ID 

From I To I Height or diometer (fl.) Width I ft.) Length lrft.7--) .,.--J+++-HI-+1-+1-+I~IHII-11-1-IH-1+-+-++++-+-+~H 
IIIIIII,JlHJIJGJHI= II~ I WIIIDIEic.:lllll Ll(jiNIG=IIII i 111111 I II 
I I I I I I I I I IHI IIGIHI:- I I ~ I WI IIDIEI=I I I I I LJ(jiNIG =I I I I I I I I 1 II I I I · t f · ""- 1 1 1 w1 TlniFI=I 1 1 1 _LfUOINIGI=I 1 1 1 1 

~Length {in feet) of pipe or 
box under consideration. If 
water does not fill the 
entire length of pipe, this 
dimension should be esti
mated by the engineer. 

--If box, arch, or oval, this is the 
inside width dimension in feet. If 
circular pipe, this may be left 
blank. 

~If box, arch, or oval, this is the inside 
depth dimension in feet. If circular, this 
is the inside diameter in inches. 

--Eng1neer 1 s designation of pipe run limits. These may 
be any values the user wishes as aids in identification 
on the reprint of input data. They are not used for 
any computations or reports but should be useful as 
identifications. 

The FROM and TO designations on this card are arbitrary iden-

tifications for the user's convenience and will appear only on the 

reprint of the input data. They are not used in any computations and 

will not appear in any reports but should be useful for identifi-

cation. 

This card is required for all pump DESIGN problems. The user 

illY§i specify the pump sizes available by indicating both the minimum 
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and maximum capacities and the increment at which intermediate sizes 

are available. Thus, if MIN = 6000, MAX = 12000 and INC = 2000, then 

pumps with capacities of 6000, 8000, 10000 and 12000 gpm will be 

considered in the design problem. Values for MIN and MAX must be 

entered; however, if INC is left blank, then increments of 1000 

between the MIN and MAX will be considered~ INC should never be 

specified as 0.0 but may be left blank. If only one pump size is 

available, then this size must be entered in both MIN and MAX, and 

INC must be left blank. 

Increment of pump sizes available 
for this problem (e.g., 500 gpm, 
2000 gpm, etc). If not supplied, 
value is assumed to be 1000 gpm. 

The maximum size of pump available for 
this problem (in gallons/minute). 

~--The minimum size of pump available for this 
problem (in gallons/minute). 

This card is required for analyzing an existing pump station. 

The pump sizes and the storage volumes at which the pumps begin pump-

ing must be given. It will be assumed that the pumps begin pumping 

in the sequence in which they are entered on the input forms. Three 

pumps may be entered per line, and a maximum of 10 pumps may be 

entered per problem. 

7-11 



same data for third pump. 

same data for second pump. 

Water storage volume at which pump comes on. 

Actual capacity (in gallons/minute) of each pump. The 
order in which pumps are started is assumed the same 
as the order of input. Maximum of ten pumps may be 
indicated. (Up to four cards are allowed.} 

This card must be used if graphical output in addition to 

printed output is desired for either DESIGN or ANALYSIS. The graphs 

produced by this option will be generated on the plotter in a space 8 

1/2" by 11 11 in size. They will reflect the accumulated volume of 

inflow with no pumps on, the maximum allowable storage and the accu-

mulated remaining volume using pumps as indicated in the printed 

output for either the accepted DESIGN or the given ANALYSIS. 
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ENDATA CA~D (E-81 

An ENDATA card is required following the input data for each 

problem. 

card Use Checklist 

A tabulation of the required and optional cards for each of the 

PUMP options is shown in Figure 7-4. This may be used to check the 

completed input form for possible omissions prior to submission. 
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PUMP 

CARD TYPE 
CARD OR PUMP PUMP 

IDE NT. REFERENCE DESIGN ANALYSIS 

CONTROL PUMP YES YES 
CARD 

E-1 HYDROLOGY YESl YESl 

E-2 SUMP YES 

E-3 MH;INLET OPTIONAl2 

E-4 PIPE OPTION ALl 

E-5 APC DATA YES 

E-6 ANALYSIS YES 5 

E-7 GRAPHS OPTIONAL• OPTIONAL• 

E-8 ENDATA YES YES 

1 Include a HYDROLOGY card for each discharge considered. 
z Include one for each MH/INLET not included in given storage. 
J Include one for each PIPE not included in given storage. 
• Include if graphs are needed. 
s Include enough cards to enter all pumps in the installation. 

FIGURE 7-4. CARD USE CHECKLIST 

7-14 



III. QUTPQI 

The output for the PUMP subsystem aay consist of one report for 

each analysis problea or one or aore reports for each design problem. 

Design probleas will usually have several solutions based on using 

different poap si%e8 and starting sequences and a report will be 

generated for each solution. The report for each puap analysis or 

design solution consists of: 

1. Available storage capacity (cf) - given or coaputed 

2. For each puap used in the solution the following will be 

printed: 

a. Pump output capacity (gpm) - given for ANALYSIS; com

puted from within the given range for DESIGN 

b. Storage Yoluae at which the puap is started (cf) - given 

for ANALYSIS; coaputed for DESIGN 

3. l table reflecting for each minute of a given storm: 

a. l!inute 

b. Accuaulated inflow at that ainute if no pumps are used 

(cf) - coaputed 

c. Volume remaining when pumps are used according to the 

starting sequence shown above (cf) - computed. 

If graphs are requested a line plot will be produced shoving the 

above information as volume versus time curves. 
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MAR 14, 1977 
**************** E R R 0 R M E S S A G E S ***************** 
************** T E X A S H Y D R A U L I C S Y S T E M *************** 

ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH 
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP. 
1 EXPL' DENOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE. 
!FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE 
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD 
ENGINEER FOR YOUR DISTRICT.) 

****************************************************************************** 

PMP0001--NEITHER DESIGN NOR ANALYSIS SPECIFIED. 
EXPLc NEITHER 'DESIGN' NOR 'ANALYSIS' WAS SPECIFIED ON THE 'PUMP' 

CONTROL CARD. FATAL ERROR. 

PMP0002--RUNOFF COEFFICIENT MISSING. 
EXPLc THE B, D, AND E FACTORS MUST BE GIVEN ON THE 1 PUMP 1 CONTROL CARD. 

THIS MESSAGE INDICATES THAT AT LEAST ONE OF THESE FACTORS IS 
MISSING OR IS BLANK OR ZERO. FATAL ERROR. 

PMP0003--PROBABLE BLANK CARD. 
EXPLC THE CARD PRECEDING THIS MESSAGE WAS NOT RECOGNIZABLE AS A VALID 

'PUMP' DATA CARD OR 'CONTROL' CARD FOR ANOTHER SUBSYSTEM. THE 
CARD IS IGNORED AND PROCESSING CONTINUES. NON-FATAL. 

P~P0004--SUPPLY CA SPECIFIED BUT NOT GIVEN. 
EXPLc 'CA' WAS INDICATED ON 'HYDROLOGY' CARD IE-1) BUT ITS VALUE WAS 

ZERO OR BLANK. IF THE 'SUPPLY CA ~ TC' OPTION IS NOT BEING USED, 
'CA' MUST BE CROSSED OUT. CARD IGNORED. 

PMP0005-- TC NOT GIVEN. 
EXPLc WHEN A VALUE FOR 'CA' OR 1 Q1 IS GIVEN ON 'HYDROLOGY' CARD (E-1), 

THE VALUE FOR 'TC' MUST BE GIVEN ALSO. CARD IGNORED. NON-FATAL. 

PMP0006--SUPPLY Q SPECIFIED BUT NOT GIVEN. 
EXPLc 'Q' WAS INDICATED ON HYDROLOGY' CARD IE-1), BUT ITS VALUE WAS 

ZERO OR BLANK. IF THE 'SUPPLY Q ~ TC' OPTION IS NOT BEING USED, 
•Q• MUST BE CROSSED OUT. CARD IGNORED. NON-FATAL. 

PMP0007--NO SUMP WATER DEPTH GIVEN. 
EXPLa IF 'LENGTH' AND 'WIDTH' ARE GIVEN ON 'SUMP' CARD lE-2), DEPTH 

BELOW STORAGE ELEVATION MUST BE GIVEN ALSO. FATAL ERROR. 

PMP0008--NO STORAGE DATA GIVEN. 
EXPLc THIS ERROR RESULTS WHEN NEITHER 'LENGTH' OR 'DIAMETER' NOR 

'SUPPLY STORAGE' ARE GIVEN ON 'SUMP' CARD IE-2). ONE OR THE 
OTHER MUST BE GIVEN WHEN 'SUMP' CARD lE-2) IS USED. 'SUMP' 
CARD IE-2) MUST BE USED IF 'DESIGN' IS SPECIFIED. FATAL ERROR. 

PMP0009--NO STORAGE ELEVATION GIVEN. 
EXPLc THIS ERROR RESULTS FROM FAILING TO GIVE THE MAXIMUM ALLOWABLE 

STORAGE ELEVATION IN THE FIELD 'STORAGE ELEVATION' ON THE 'SUMP' 
CARD lE-21. THIS VALUE IS NECESSARY FOR USE IN PUMP DESIGN WHEN 
'MH/INLET' STORAGE IS USED. NON-FATAL ERROR. 

PMP0010--INSUFFICIENT MH/INLET DIMENSIONS. 
EXPLC THIS ERROR RESULTS FROM FAILURE TO GIVE A VALUE FOR 'LENGTH' OR 

'DIAMETER' ON 1 MH/INLET 1 CARD IE-31. FATAL ERROR. 

PMP0011--MH/INLET FLOW LINE ELEVATION NOT GIVEN. 
EXPLc THE FLOW LINE ELEVATION MUST ALWAYS BE GIVEN WHEN 1 MH/INLET' CARD 

IE-31 IS USED. FATAL ERROR. 
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PMP0012--INSUFFICIENT PIPE DIMENSIONS. 
EXPLo THIS ERROR RESULTS FROM FAILURE TO SUPPLY 'HEIGHT' OR 'DIAMETER', 

'WIDTH', AND 'LENGTH' ON 'PIPE' CARD !E-4l. FATAL ERROR. 

PMP0013--AVAILABLE PUMP SIZE DATA MISSING. 
EXPLo THIS ERROR RESULTS FROM FAILURE TO GIVE MINIMUM OR MAXIMUM PUMP 

CAPACITY ON 1 APC DATA' CARD !E-5). IF ONLY ONE CAPACITY IS 
AVAILABLE, IT MUST BE PUT IN BOTH COLUMNS. 

PMP0014--MAXIMUM PUMP SIZE IS GREATER THAN MINiMUM PUMP SIZE, BUT THE GIVEN 
INCREMENT IS ZERO. MAXIMUM IS ASSUMED AS THE ONLY PUMP SIZE. 
EXPLo THIS ERROR OCCURS WHEN THE INCREMENT IS GIVEN AS LERO, BUT THE 

MINIMUM AND MAXIMUM PUMP SIZES (CAPACITIES) ARE NOT EQUAL {ALL ON 
'APC DATA' CARD !E-5)). UNDER THESE CONDITIONS, THE MAXIMUM PUMP 
SIZE IS THE ONLY ONE USED IN DESIGN. THIS ERROR WILL NOT OCCUR IF 
THE INCREMENT IS BLANK, SINCE AN INCREMENT OF 1000 GPM WILL THEN 
BE ASSUMED. NON-FATAL. 

PMP0015--STARTING VOLUME FOR PUMP MISSING. 
EXPLo THIS ERROR RESULTS WHEN A PUMP SIZE IS GIVEN ON 'ANALYSIS' CARD 

!E-6) AND ITS STARTING VOLUME !CFl IS NOT. THE STARTING VOLUME IS 
ALWAYS GIVEN IN THE COLUMN TO THE RIGHT OF THE CORRESPONDING PUMP 
SIZE. FATAL ERROR. 

PMP0016--DATA MISSING ON PUMP CONTROL CARD. 
EXPLo THIS MESSAGE IS PRINTED AFTER ALL CARDS HAVE BEEN DECODED FOR ONE 

PROBLEM AND AN 'ENDATA' CARD !E-8) HAS BEEN ENCOUNTERED. IT 
INDICATES THAT A FATAL ERROR WAS DETECTED AND NOTED WHEN THE 
'PUMP' CONTROL CARD WAS READ. 

PMP0017--DATA MISSING ON SUMP CARD E-2. 
EXPLo THIS INDICATES A FATAL ERROR WAS DETECTED WHEN 'SUMP' CARD (E-2) 

WAS READ. A PREVIOUS MESSAGE WILL HAVE INDICATED THE NATURE OF 
THE PROBLEM. 

PMP0018--DATA MISSING ON APC DATA CARD E-5. 
EXPLD THIS INDICATES A FATAL ERROR WAS DETECTED WHEN 'APC DATA' CARD 

{E-5l WAS READ. A PREVIOUS MESSAGE WILL HAVE INDICATED THE NATURE 
OF THE ERROR. 

PMP0019--DATA MISSING ON ANALYSIS CARD E-6. 
EXPLo THIS INDICATES A F~TAL ERROR WAS DETECTED WHEN 'ANALYSIS' CARD 

!E-6) WAS READ. ~ PREVIOUS MESSAGE WILL HAVE INDICATED THE NATURE 
OF THE ERROR. 

PMP0020--NUMBER OF CA'S STORED EXCEEDS CAPACITY OF 5. 
EXPLa ONLY FIVE STORMS !INDICATED BY 'HYDROLOGY' CARDS !E-1ll MAY BE 

SPECIFIED FOR EACH PROBLEM. THIS MESSAGE INDICATES THAT MORE THAN 
FIVE WERE SUPPLIED. 

PMP0021--NUMBER OF MH/INLETS STORED EXCEEDS CAPACITY OF 100. 
EXPLo SELF-EXPLANATORY. 

PMP0022--NUMBER OF PUMPS STORED FOR ANALYSIS EXCEEDS CAPACITY OF 10. 
EXPLo THE MAXIMUM NUMBER OF PUMPS THAT MAY BE USED IN AN ANALYSIS IS 

TEN. THE DATA DESCRIBING THESE PUMPS MUST BE ENTERED ON 
'ANALYSIS' CARDS (E-6), WITH A MAXIMUM OF THREE PUMPS PER CARD. 
FATAL ERROR. 

PMP0023--ERRORS PRECLUDE COMPUTATION. 
EXPLo THIS MESSAGE INDICATES THAT A FATAL ERROR HAS BEEN DETECTED AND 
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NOTED EARLIER. THE PROBLEM IS TERMINATED AND THE NEXT ONE 
ATTEMPTED. 

PMP0024--STORAGE ELEVATION =0.0. 
EXPLa THIS MESSAGE IS PRINTED WHEN THE 'MH/INLET' VOLUME IS BEING ADDED 

TO THE TOTAL STORAGE VOLUME. IT INDICATES THAT THE STORAGE 
ELEVATION ON 'SUMP' CARD IE-2) WAS EITHER BLANK OR ZERO. THIS 
COULD INDICATE AN ERROR, AND THE 1 MH/INLET 1 FLOW LINE ELEVATION 
SHOULD BE EXAMINED TO DETERMINE IF THE TWO ELEVATIONS ARE 
RELATIVELY CORRECT TO EACH OTHER. IF NOT, AN ERRONEOUS STORAGE 
VOLUME WILL BE USED IN THE PUMP DESIGN. NON-FATAL. 

PMP0025--MH/INLET FLOW LINE ELEVATION IS ABOVE STORAGE ELEVATION. 
EXPLa THIS MESSAGE RESULTS WHEN THE FLOW LINE ELEVATION GIVEN ON 

'MH/INLET' CARD (E-3l IS GREATER THAN THE MAXIMUM ALLOWABLE 
STORAGE ELEVATION IN THE FIELD 'STORAGE ELEVATION' ON THE 'SUMP' 
CARD (E-2l. THE INPUT STORAGE ELEVATION IS ASSUMED TO BE 
CORRECT AND PROCESSING CONTINUES, BUT THE 1 MH/INLET 1 UNDER 
CONSIDERATION WILL NOT BE INCLUDED IN THE TOTAL STORAGE. 
NON-FATAL. 

PMP0026--NO HYDROLOGIC DATA GIVEN. 
EXPLa THIS MESSAGE IS PRINTED WHEN THE 1 TC 1 FOR THE FIRST STORM 

(ENTERED ON 'HYDROLOGY' CARD lE-l)l IS FOUND TO BE ZERO. FATAL 
ERROR. 

PMP0027--PUMP DATA FOR ANALYSIS NOT GIVEN. 
EXPLa THIS MESSAGE INDICATES THAT NO 'ANALYSIS' CARDS lE-6) WHICH 

PROVIDE THE PUMP INFORMATION FOR All PUMP ANALYSIS PROBLEMS HAVE 
BEEN SUPPLIED. FATAL ERROR. 

PMP0028--THE RANGE AND INCREMENT OF AVAILABLE PUMP SIZES GIVEN ON APC DATA CARD 
E-5 PERMIT MORE THAN 10 ALLOWABLE PUMP SIZES. THE MINIMUM PUMP SIZE 
CONSIDERED IN THIS SOLUTION IS * *· 
EXPLa THE PROGRAM ALLOWS FOR STORAGE OF NO MORE THAN 10 DIFFERENT PUMP 

SIZES. lNOTEa A MAXIMUM OF 10 DIFFERENT PUMPS PER INSTALLATION 
IS ALLOWED.) NON-FATAL. 

PMP0029--CA VALUE =0.0. 
EXPLa THIS ERROR OCCURS DURING THE PUMP DESIGN CALCULATIONS. THE 1 CA 1 

VALUE FOR ONE OF THE STORMS IS ZERO. THEREFORE, THIS STORM IS 
IGNORED AND CALCULATIONS CONTINUE. THIS ERROR COULD OCCUR IF A 
'CA 1 VALUE IS GIVEN AS ZERO ON 'HYDROLOGY' CARD (E-1), OR A VALUE 
OF ZERO IS PASSED FROM 'HYDRO' WHEN 'HYDROLOGY' OPTION IS USED ON 
THAT CARD, OR IF 'CA' IS CALCULATED AS ZERO BECAUSE 'Q' HAS A 
VALUE OF ZERO ON 'HYDROLOGY' CARD lE-ll. NON-FATAL. 

PMP0030--DURATION OF STORM EXCEEDS CAPACITY OF THIS PROGRAM. 
EXPLa THIS COMPUTATION ROUTINE CAN ACCOMODATE A STORM UP TO A MAXIMUM 

OF 500 MINUTES. 

PMP0031--AVAILABLE STORAGE CAPACITY IS ADEQUATE FOR THIS DISCHARGE 
WITHOUT USING PUMPS. 
EXPLa THIS MESSAGE INDICATES A SITUATION WHERE THE ENTIRE FLOOD CAN BE 

ACCOMODATED BY THE GIVEN STORAGE CAPACITY. THEORETICALLY, NO PUMP 
WOULD BE NECESSARY. (REALISTICALLY A WATEk REMOVAL PUMP WOULD BE 
NECESSARY). 

PMP0032--THE MINIMUM AVAILABLE PUMP SIZE IS TOO LARGE TO PROVIDE FOR MORE THAN 
ONE PUMP IN THIS SOLUTION. 
EXPLC THIS ~ESSAGE IS PROVIDED FOR USER INFORMATION AND IS A STATEMENT 

OF FACT RATHER THAN AN ERROR MESSAGE. HOWEVER THE PUMP DESIGN 
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WILL BE WITHOUT A SAFETY FACTOR IN THE FORM OF A BACK-UP 
PUMP. STEPS SHOULD BE TAKEN TO REMEDY THIS SITUATION AS IT IS 
NOT CONSIDERED GOOD DESIGN PRACTICE TO HAVE ONLY ONE PUMP 
AVAILABLE IN AN INSTALLATION. NON-FATAL. 
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SA~PLE PROBLEMS 

I. SA~PLE OUTPUT 

The following probleas are provided as examples of the results 

obtained from each subsystem. Not all of the options in each 

subsystem have been used but the selected examples should give the 

user an understanding of the output from each subsystem. 

The first three problems also show how data may be passed from 

one subsystem to another. For example, the discharge is calculated 

in HYDRO, and used in HYDRA where the tailvater is calculated, and 

then both these values are used in CULBRG for the design of a box 

culvert and a circular corrug~ted galvanized metal pipe (CGMP) cul

vert. 

The fourth problem uses the HYDRO, HYDRA and CULBRG subsystems 

for the 100 year flood analysis. A SEWER problem is next in the set 

of example problems and involves the Inlet carryover option. 

The sixth problem uses the SEWER subsystem and includes runoff 

calculation and sever design. A PU~P problem is next in the set of 

example problems and involves the pump design option. Last is a 

CULBRG problem which is included as an example of what one may expect 

when fatal errors are encountered in the input data. 

All printout has been positioned so the pages may be trimmed to 

8 1/2 11 by 11". Because of the number of items printed on the PLAN 

SUM~ARY sheet in CULBRG, the INLET DESIGN in SEWER, the WATERWAY 

OPTION in HYDRA, and the HYDRAULIC DATA sheet in SEWER, these pages 

must be turned on their side to fit the 8 1/2" by 11" criteria. One 

title page is provided for each set of problems. 
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FIGURE 8-1. TITLE PAGE FOR THYSYS REPORT 
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II. HYDRO SAMPLE PROBLEM 

Figure 8-3 on the following page shows the input for the HYDRO 

problem. In this problem, data is given for the RATIONAL METHOD 

since the size of the drainage area is less than 200 acres. An 

illustration of the problem is shown in Figure 8-2. 

e = . 786 
b = 69 
d = 9.7 

Pecos County 

I.H. 10 

Station 1314 + 70 

DA = 128 Acres 
L = 4000' 

V = 2.5 fps 

t. I. H. 10 

FIGURE 8-2. DRAWING FOR THE HYDRO EXAMPLE PROBLEM 
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r 
.l:: 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO-----

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 

COUNTY __________ _ HYDROLOGY SUBSYSTEM ( HYDRO) 

t:\· 

Total Drainage Area 

DIAl I I I i I tl281AlCIR!EIS 
Cross out one 

Method card - Select one of the four options listed below. Cross out all others. 

-t ~ I 

200 Acres< D.A. < 3000 square miles 
Method Card 

(Supply data for selected method) 

D. A. < 200 Acres I Log- Pearson method 
Supply only rational data Supply only gage data 

User supplies peak discharge 

PREPARED BY 

DATE--:-----,-
SHEET_f_OF_/_ 

Prob. No. 

IJiS!obil 
I 

Frequency 

of discharge 

A-IIIMIEITIHI0IDI It II I I IT TTT RIAITIII01NIAIL 121S1YIRf t!sb~f/ 
~~~--+--,-,.--.--~· rf ned! ~~ pi~IFI~rTI! tni W t I I I I I I i 1 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 1 1 l 1 I 
F~~ 

USGS Data 

Rat'1onal I Subarea 
data I D 

A-4 I R A DA T Ajj JzlZ 
0 R AD AT A 
D R AD AT A 
o R AD AT A 
D R AD AT A 
o R AD AT A 
0 R AD ATA 
o R AD ATA 
o R AD ATA 
D R AD AT A 
o R AD AT A 
0 R AD ATA 
o R AD ATA 
o R AD ATA 
0 R AD ATA 
o R AD ATA 
D R AD ATA 

A-71 EN DA IT A 
1 2 3 • s s I 7 I a I 9 l1o 1 

Note 

Select proper area number from map. 

Possible numbers I through 6. 

I l l 
determination 

'C" Coeffic1ent Subarea (acres) 

! ld.l7!5" 712181 

[ 

I 

T~ 

Slope in feet per mile 

Supply if Region : 1,2,4, or 5. 
Total annual precipitation 

Supply if Region ' 6. 

PIRIEICII iPI I= IINI/IYiR SiLI01PIE1 1: 

Time of concentration determ1nat1on 

Enter Sublenglh 8< Veloc1ty , OR Tc 

Sublength (It) Velocily (It /sec I Tc ( m1nutes) 

141ololo 1ZI.lS' 

FITI/IMII 
Constants from SDHPT 

Hydraulrc Manual 

~18~ 

f 

b 

d t .j 1 :r!.·-60: 

~~~ 9171/IS!=>~ I/ 

W:J(· 
r···fc{ri 
~"Ff~ 

·.~r~r!t: 
·="'"p;:; 

i· 

f:l"' 
qtfJ"f;·• 

I·· 

PT 
r;r; 

t····k ~ 
f'C· 

,J, -. 

PFl/11~ 

I I 
I 

r1 rrr~ ~ ~ ~ r("·.~J& I b I/ 
12]13]14]15]16]17 ]iS] 19]2012 I ]22]23]24]2 5]2 6]27]2 8]2 9]3013 I ]32]33]34]35]36]37]38]39]40]41 ]42]43]44]45[46 ]47]48]49]50 151 ]52]53]54]55]56]57]58]59]60 l61]62]63]64]65]66j67]6 8]69]70 171 ]72]7 3]74]75176]77]78]7 9]80 

I Mark bo~ as shown bes1de each l1ne used 

FORM 1306-1 (Revised 12/76) 

HYDRO INPUT FORM COMPLETED FOR SAMPLE PROBLEM FORM CONTINUED ON BACK FIGURE 8-3. 



The input data is printed out exactly as it is read into the 

computer. (See Figure 8-4.) The data editing portion of the 

subsystem checks the data for input errors; and, if any are found, a 

message explaining the nature of the error will be printed immedi-

ately after the line containing that error. After the ENDATA card is 

printed, checks are made to determine whether necessary data items 

have been supplied. If there are any errors, a message will be 

printed. If any of the errors noted were fatal errors, the message 

"ERRORS PRECLUDE CO~PUTATIONS" will be printed, and the program will 

qo to the next problem. In this example, no errors were encountered • 

• 
• 
• 
• 
• 

$STATION 
$ 

~YDRO 

METHOD 
R~CATA 22 
ENDATA 

1314+70 

DA 12BACRES 

0.75 

FIGURE 8-4. 

RATIONAL 
12E 4COO 2.5 

COMPUTER PRINTED INPUT DATA 

78b 69 

15001 
15001 
15001 

25YR15001 
9715001 

15001 

The results of the rational procedure are shown in Figure 8-5. 

The values used in the computations are again printed out so that the 

user may verify that the values were input properly. The computed 

values are printed out also, with the discharge (PEAK FLOW) printed 

as the last item on the report. 
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0 

0 
HYDRO 

0 RATIONAL PROCEDURE 

E = 0.786 B = t<; 0 = '1.1 
0 

I. D. COEFFIC lENT AREA(ACRE5l LENGTH(FT) VELOC(FPS) TC(MINl 

0 22 0.7'5 121?.00 4000 2.50 26 

TOTAL CA = G6.00 
0 

TOTAL TC = 26 MINUTES 

0 RAINFALL INTENSITY= 4.09 INCHES PER HOUR 

FREQUENCY = 25 YR. 
0 

ORA INAGE AREA = 128.00 ACPE S 

0 PEAK FLOW = 3<;3 CFS 

0 

0 

0 

0 

0 

0 

0 

0 

FIGURE 8-5. TYPICAL HYDRO OUTPUT LISTING 
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Using the discharge computed in HYDRO. the HYDRA subsystem is 

nov utilized to find the tailvater value for later use in a culvert 

desiga (CULBRG). On the data input sheets shown in Figures 8-7 and 

8-8, the ONE SECTION method is specified, and the following data is 

supplied: the slope of the channel, the section identification. sta

tions at the section and at the culvert location. and whether the 

culvert is upstream or downstream from the section. In this problem. 

the approximate dovnstrea• end of the culvert is 200' upstream from 

the cross-section site. The WATERWAY option is used with an optional 

specific elevation and an increment elevation given. The cross

section data and the Mannings ("n") value for the section are also 

given. The GRAPHS option is used which requires section identifi

cation, plot length and plot height. A graphical representation of 

this problem is shown in Figure 8-6 and the edited input data is 

shown in Figure 8-9o 



CD 
I 

CD 

----

"=-

~•.on 

Sta. 1314 + 70 
/Culvert Site ~t_ I.H.- 10 

--------- - --~~--- - -

'-

Cross- section site 
Section AB 12 

Section AB 12 

Sta. 3 +71 

·~ 
fT; 

~ 
f:1'! 

~ 

FIGURE 8-6. CULVERT LOCATION AND CROSS-SECTION DATA 



(X) 

I 
ID 

DISTRICT ___ RES. NO. ___ _ 

~-· STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

, - HYDRAULIC SYSTEM 

CHANNEL ANALYSIS SUBSYSTEM (HYDRA) 

PREPARED BY __ 
DATE ____ :--

SHEET __f_oF __i__ 
I.P.E. PROJ. NO.----
COUNTY ___________ _ 

I 2 3 4l·s' 6 · 7 8 9 10 II 12 13[14 15 16 17 18 19 2( 21 22 23
1

2 25 26 27 2E 29 30 31 3 3 34 35 36 37 3 39 4C 41 42 4 44 45 4€.47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 ed 

Comments I 
I 
0 

$ l5 If It Tl i<PN I~ 14 l-f17 ~ _,__ liS 00~ 
$ I I~ ooz; 
$-- f-+--- -- ~ 1---

i I 
Drarnage area Cross out one User supplres Q (cfs) Freq. Q (cis) Freq. Q (cis) Freq. I Pro b. No. 

cg~:~oll Yl[ RA ~ I I J lltl::ltl:l I- Jt; ooe 
(Insert one) ·'') .. r, 1 -

Water surface slope (ft./ft.) Section ID Station Station at which water elev. is needed- Which is: UPSTM ; ; l DNSTM 

8-11 NIE IS t- ( T ISILieiPTi:' 1:- ! I t.l~6or?bl ISiEIClT~Igl I Z o : , ~171/1 I WiRITIEIL o _JSITiAI i I i/,7i/ i ~If ST 'M I ~ CIOZ. 

Optional specific elevation Optional specific elevation Specify one increment of elevation I 

8-la I WA TF lA w·A Y IWI lSI IEIL.IEIV 131/ Zi41· o i I .I I ' I I I I IN If iRI IF!I IF IV I ' , !.l.JI I I' ooz 
Downstream section at station Upstream section at station Station at which water elev. is needed : 

8-2 0 rwe I<:; Fl( T ISIEIC T I I 0 1 I I I ISIEIC ITI ' Ia' I I ' I ' I I WlRITiEIL 'ol ISIT:RI i · I ' I I 
Downstream station where W.S. profile starts Elevat1on at downstream station Station at which water elev. is needed I 

8-3 0 MA NY SE CT ST A To STA i i WI. sl. E LIE Vi I i I i WiA TIE LiO STiR i i l 
D MA NY SE CT I I w • s. ELEV I 
D MA NY SE T I I IW: 51 ;t-ILIE v 1 I I J I I I 

Section ID at station Section ID at station Section I D at station 

e-4 D SE QU ENCE SECT i i 0 i SiECT i II) i l i SECT iTi oLJ' : i I 

e-5 0 SEIQ [( e:N T ISIEIC T I I ol I I I ISIEIC ITI a I I I I SIEICIT . I a I i i I I 
Cross-sect. Coordinate point Coordinate point Coordinate point ------- ---~~----~-~--~- ----~- - ~-- ·-· - --- ----· ·-· .. ----

ID X Coordinate ( Dist) Y Coordinate ( Elev) X Coordinate ( Dist) Y Coordinate ( E lev.) X Coordinate (Dis!.) Y Coordinate ( Elev.) 

8-61 SE ex IIIII I 2. X I 
~ y $1 'Z 4·S' X ' 15 y i3 I iZ 4· 0' X 2'7 y ~/'rZ o.7 1$ ooz 

I SiE ex IJIB 112. X e~ y l1l zo ·0 X 8' y 111 19 .z X 914- y 111 I 9. I /~ ~oz 
I SE ex 1118 I z. X 19~ y IJ/ Zo • I X 118 y 11 Zo . s X 11~ y ~I/ il1 ·0 I~ o~Z: 
I SE ex IJIB I IZ X 11'8 y 111 ZJ ·9 X /SO y 3/ Z4 . I X ~~ y 11 zo .~ lr ooz 
D S1E ex X y X y X y 
0 SE CXI X y X y X y 
0 SE ex X y X i y X y 
D SE ex X y X y X y 
0 SE CX' X y X y X y 
0 SE ex X y X y X y 
0 SE ex X y X y X ' y 
0 SE ex X y X y X y 
0 SE 1CX X y X y X y 
n SE ex X y X y X y 
0 SE ex X y X IY IX y 

I I 2 I 3 4 5 6 7 8 9 10 II 12j13 14115_16 17 18 19.20 21 22 23 24 25 26 27 28 29 30 l31 32 33.34135 36 37 38 39 40141 4243 ~4145 46147 4849 olsr 52 53 54155 5657 58 9 lso sr 6263 64~5 Iss 67 6869 70 71 72r73 74!75176 77178 7980 

Note: 
I Mark box as shown besrde each line used. FIGURE 8-7. HYDRA INPUT DATA (FRONT OF SHEET) FORM CONTINUED ON BACK 

FORM 1307- I 
(Revised 8/74) 



B-6 0 
0 
0 
D 
D 
0 
0 
D 

B-71 

0 
0 
D 
D 

co D 
I 0 ..... 

0 0 
0 
0 
n u 

0 
~ 
u 

B-8 0 

B-9 D 

B-10 I 
0 
0 

B-11 I 

HYDRA (Continued ) 

FIGURE 8-8. HYDRA INPUT DATA (BACK OF SHEET) 

BACK, SHEET _1___ OF __ /_ 

FORM 1307-2 
(Revised 8/74) 



• $STATION 1314+70 15002 
$ 15002 • HYDRA 15002 
ONE SECT SLOPE = .00070 SECTAB12@ 371 WATEL@ STA 171 UPSTM15002 
WATERWAY w.s • EL EV 3124.C INC R E LEV .3 1500 2 

• S ECX AB12 X 0 y ~12<\.5 X 15 'y 3124. 0 X 27 '( 3120.7 15002 
S ECX AB12 X 80 y ~120.0 X 86 y 3119.2 X 94 y 3tl9.1 15002 
S ECX AB12 X 97 y 3120.1 X 118 y 312 o. 5 X 13 6 v 3123.0 15002 

• S ECX AB12 X 138 y :?123.9 X 15C 'y 3124.1 X 50 y 3120.2 15002 
S ECN AB12 N=CC3 15002 
GRAPHS SECT AB12 X= 7 Y= 3 15002 • EN CAT A 15002 

FIGURE 8-9. COMPUTER PRINTED INPUT DATA 

As shown in Figure 8-10, the program then arranges the cross-

section data in order, if necessary, and lists the poict coordinates 

and the "n" value information so that they may be checked by the 

user. In Figures 8-7 and 8-9, it may be noted that the last cross-

section point is out of order, but in Figure 8-10, it has been placed 

in the proper sequence. This information is tabulated for each 

section and is identified by the heading on the page • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

SECTION SPECIFICATIONS FrJP SECTION AB12 AT STATEN 

DRAINAGE AREA PATIO 

FROM X TO X 

1.COC 

COORDINATE INFORMATION 

o.o 
15.CC 
27.0C 
50.00 
80.00 
86. oc 
94.0C 
<;7.CC 

118.CC 
136. cc 
138.0C 
1'5C.CC 

y 

3124.50 
3124.00 
3120.70 
3120.20 
3120.00 
3119.20 
3119.10 
3120.10 
3120.5') 
3123.00 
3123.90 
3124.10 

'N' 'vALUE Ir\FCRMATICN 

'N' BELCII ELEVATI'JN 

o.o 1'50.00 C.G30 3124.50 

FIGURE 8-10. HYDRA CROSS-SECTION DATA 

8-1, 

3 7 l. 00 

I"' ABCVE 

0.030 



The next report (Figure 8-11 and 8-12) gives the results of the 

tailvater calculations. The identification is given at the top of 

tke page (after tke heading). The WlTERWlY option, as used in the 

saaple problea, produces aore priated output data than the normal 

printed calculations which only shov the water surface elevation, Q 

and velocity. Following this, the tailwater elevation for the design 

discharge is printed both at the culvert site and at the cross

section. The design Q in this case vas computed in the HYDRO 

aubsystea, but it could have been supplied directly in HYDRA by 

entering it on the control card in its proper place. Figure 8-13 is 

a plot of the cross-section. 

8-12 



• RESLLTS OF ONE SECTICN MET~CO CALCULATIONS 

• WATERWAY CUT PUT CPT ION 

• ORIGINAL SECT ION IS AB 12 
ORIGINAL STATION IS 371.00 

• STATION WHERE ANSWER APPLIES I~ 1 7l. 00 

SLOPE = C.00070 • 
ELEVATION SUB N WATERWAY WETTED HYDRAU Ll C VELOCITY K-FACTOR TOTAL TOTAL Q/A • SECT ION VALUES AREA PERI METER P.ADIUS DISCHARGE AREA 
3119.40 

1 0.0300 2.2 e 10.45 0.22 0 .47 40.84 • T8TALS FCR ELEVATION 3119.40 1.08 2. 2 8 0.4 7 

• 3119.70 
0.0300 5.86 13.67 0.43 0.75 165.24 

• TOTALS FCQ ELEVATION 3119.70 4.37 5.86 o. 75 

3120.00 
CD 1: 1 0.0300 10.40 16.89 0.62 0.95 37 2. 65 
I ...... TOTALS FCR ELEVATION 3120 .00 9.86 10.40 o. 95 
~ 

3120.30 
1 0.0300 22.70 62.19 0.36 O.b7 57 4. 12 • TOTALS FCR ELEVATION 3120.30 15. 19 22.70 0.67 

• 3120.cc 
0.0300 45.4e 87.2 7 0.52 0.85 1458.92 

• TOTALS FCR ELEVATION 3120.60 38.60 45.48 o. 85 

3120.90 • 1 0.0300 73.13 94.87 o. 77 l. 10 30 45.57 

TOTALS FCR ELEVA:!ON 3120.90 80.58 73.13 1. 10 • 3121.20 
1 0.0300 101. s e 98.18 1.04 1.34 5180.78 • TOTALS FCR ELEVATION 3121.20 137.07 101. 'l8 1.34 

• 3121.50 
0.0300 131.80 101.49 1. 30 1.56 7770.69 

TOTAlS FCR ELEVATION 3121.50 205.59 131.80 1.56 

FIGURE 8- 11 . WATERWAY OPTION TAILWATER CALCULATIONS 



• EL EV AT ION SUB N WATERWAY WETTED HYDRAULIC VELOCITY K-FACTOR TOTAL TOTAL Q/A 
SECTION VALUES AREA PERI METER RADIUS DISCHARGE AREA • 3121.80 

1 0.0300 H2.59 104.80 1.55 1.76 10 793. 15 

• TOTALS FOR ELEVATION 3121.80 285.56 162.59 1. 76 

3122.10 • 1 0.0300 194.36 108.11 l. 80 1.94 14233.85 

TOTALS FCR ELEVATIQN 3122.10 376.59 194.36 1.94 • 3122.40 
1 0.0300 227.10 111.42 2.04 2.11 18083.38 • TOTALS FCR ELEVAT ICN 3122.40 478.44 227.10 2.11 

• 3122.70 
0.0300 26C.81 114.73 2.27 2.27 22335.55 

• TOTALS FOR ELEVATION 3122.70 590.94 260.81 2.27 

3123.00 • 1 0.0300 2'15.50 118.04 2.50 2.42 26'186. 54 

TOTALS FCR ELEVATION 3123.00 714.00 295.5C 2.42 
()) 1: I 3123.30 _.. 

1 0.0300 330.94 11'1.91 2.76 2.58 32253.30 
+= 

TOTALS FCR ELEVATION 3123.30 853.34 330. '>4 2.58 

• 3123.(:0 
1 0.0300 366.91 121.78 3.01 2. 73 37913.91 

• TOTALS FCR ELEVATION 3123.60 1003. 11 366.'11 2.13 

3123.90 • 1 0.0300 403.41 123.64 3.26 2.88 43958.83 

TOTALS FCR ELEVATION 3123.90 1163.04 403.41 2.88 • 3124.00 
1 0. 0 300 416.4t 130.05 3.20 2.35 44817.55 • TOTALS FOR ELEVATION 3124.00 1185.76 416.46 2.85 

• 3124.10 
0.0300 42<;.7<; 139.04 3.09 2.78 45175.09 

• TOTALS FCQ ELEVATIC~ 3124.10 1195.22 '<2'1.7<; 2.78 

• 
FIGURE 8- 11 . (CONTINUED) WATERWAY OPTION TAl U1ATER CALCULATIONS 



0 

0 DESIGN ELEVATION 
AT SECTION AT SITE DESIGf\ Q 

0 3122.15 3122.2 9 393. 

0 

0 

0 

FIGURE 8-12. TAILWATER CALCULATIONS FOR DESIGN ELEVATIONS 

--i- _j__ , 

--!..---~-----.; __ _ 
I I I 

..: --4- _._ --

J 
+t-If~i+Tf 

-+---L-----~-

FIGURE 8-13. PLOT OF CROSS-SECTION 

8-15 



IV. CULBRG SlftPLE PROB~ 

AD illustration of a culvert design (CULBRG) problem is shown im 

Figure 8-15 and the input is shown in Figure 8-16. A concrete box 

culvert with straight profile and normal inlet is given. All other 

pertinent information is also supplied such as inlet and outlet sta-

tions with their elevations, maximum headwater elevation, maximum 

velocity, road side slopes along the centerline of the culvert, maxi-

mum culvert depth, statewide cost and, since a plan summary will be 

requested later, a job number. 

The data is printed as it is read and edited (Figure 8-14) • 

• 'STATION 1314+70 15003 
$ 15003 • CULeRG DESIGN CULVERT SINGLE 15003 
CLVRT 131 BOX CONCRETE 1500 3 
CLVRT 131 STRAIGHT t\ORMAL KE=040 15003 • CLVRT 131 OUTLT STA 111. El3119. 30 INLET S TA o. EL3llqo42 15003 
CLVRT 131 MAX HEADWATER ELEV 3124.50 ~AX OLTLET VELOCITY 10 FT/SC15003 
ROAC 131 UP STRM ss 3 ON S TR M ss 3 MAX DEPTH= 4 15003 • COST STATEWIDE 15003 
JCB NO. IP E 905 15003 
FILL I-EIGHT 6FT 1500 3 • EN OAT A 1500 3 

FIGURE 8-14. COMPUTER PRINTED INPUT DATA (FIRST CULVERT) 

The culvert calculations are performed, and the results tabu-

lated {Figure B-18). The culvert identification is printed alonq 

with factors supplied by the user. For box culvert design, the trial 

sizes and their related values are tabulated. One or more lines of 

size may be listed, with the last line being the acceptable size. 

Then the adjusted stations, their elevations, and other factors used 

in the design (slope, profile, etc.) are printed. 

8-16 



(X) 

I 
~ 

...J 

-- /

HEADWATER 

ALLOWABLE 

3124.50 

-------
l~t. I.H. 10 

--____ 7 -- I 
1----3 

~ 

INLET STATIONs 

INLET ELEVATION = 3119.42 

MAXIMUM --------
DEPTH= 4 ---

OUTLET STATION = 0} 
OUTLET ELEVATION= 3119.30 

FIGURE 8-15. ILLUSTRATION OF CULVERT DESIGN PROBLEM 



()) 

I ..... 
()) 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO.----
COUNTY ___________ ___ 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

~- HYDRAULIC SYSTEM 

CULVERT I BRIDGE SUBSYSTEM ( CULBRG) 

PREPARED BY __ 
DATE ____ -,--

SHEET _l._oF_/ ___ 

. bs 51 is 61 lnl78179/ac 

Comments 0 I-I-H'4-'+-4''-+""P'Pt-f-'-t"4-'+-'-+''+''-F1 
0 ~~~~~~~~~ 
D I$ 

c~~:~oll 

C-1 D 

C-21 

C-31 

C-41 

C-5 D 

C-61 

C-7 D 
c-al 

C-9 D 

C-10 0 

C-11 D 
D 
0 

C-15 I 

C-121 
C-13 D 
C-14 0 

Note: 

Cross out one 
Design: Cross out one or neither 

Prob. No. 
Analys1s: Cross out one Numb 

l't1SII!QN! llllt3:hl'lilii::IYI~iii!;III~i~IIIQIOEi IIIICIUILiVIEiRIT fOlll81RlC ""''''M ---- -' -,_,_- ="'· This card is necessari only for values not supplied from other subsystems. (HYDRO or HYDRA) 

iUIPIPILIYLJQI-L1 1 1 I 1 I II LICiFISIJUL m I I I IT! WI IEIUEIVI 1-l I : I : I 1 I I I LIFIRIEIQI!JEINICIYI=LL I I LJIIASJ'-~-r 
Select pipe shape. 

11
n

11 
value 

t I Ill I I I J l I Design: Station at toe along t. of structure Design: Elev. at toe I Design: Station at toe along t_ of structure I Design: Elev. at toe 

;. Clvrt ID Analysis: Station at end of structure along t_ of structure Analysis: Elev. of culv. F.L. Analysis: Station at end of structure alongt.of structure Analysis: Elev.of culv. F. L. 

iUVRITII/l?llf ICJIUiTILiTiiSITIAflTI ltl7l/i.l i I IEILlti/1/~i·l.tiOIIIINILIEITIISITIAll I I k5i·l I I IIIEILlS111/I91.~C?F 
Clvrt ID I StationinQ along centerline of structure I Break elevation J Stationing alonQ- centerline of structure I Break elevation 

UW'lTT IBTRIEiAIKTlS!tiAI I I ITTTI 1 I I IEILI I I 1 I i I I IBIRIEIATRrnflfATI-T TITTJ 1 I UEILI I I I I I I [II F 

~ 
lll51olo 13' 

f,~~rorJ 
l:.t;lS:. 

1115"bloi.S 
I' 

Clvrt ID 

]LViRITrl /131/ 
Maximum he~dwat~~stream of cuI vert IMT RIXTIAIElA1DIW1 AI TTEIRITEJLTETCC>"VI--r-tr=r-:-~~~--,--,--+.-,==,_..,.....~...---';~~~~~~'T-'-r-~~"-;.;--,.-.....,..,..~~~~~'-+= 

j I j I J Clvrt ID 

;L ViR;T 
Required entr~ for this card I Culvert diameter (in.) I Culvert rise I Culvert •ran ' . No. of culvert barrels r lc::r4-i-

I1M:EINIS1ICJIN!S IIIII i Ill DII!A!Mi=!: 11 I HiiiGIHI=rT! 1 I WIIIDIEi=l I I IIBIAIRIRIEILISI=fllll 
[CtB1E J /LJiHJUIP!S TIR!MUS!SU • I I ! I i :31 I JO.Ni51TIR!MI!5151 I I I ! i I I !.l'LIJMIRIXI IDIEIPIT!HI=I I I I I I I 141 J I" I 11Jit(S"Joi~Jt 

l..!..!l.l=~.L...L.....:.......J...~~=-..~.!...!:...!..i-=.:..!..!~U:..:....J....!..:.:~~~~~"':_J........I.......:.......J......:.......J.......l-l.-'-':....::...=...l.!..!l.....l.!..!:....!..~:I.!..!:..:::1.!=1...~==-.:!.J...!.J...!..I........!-.-J....: ITlltlii/ISIJfR::J 
Subsec ID I . Left header sir . Right header slope . . Insert one, UP or DN jorig. sec. ID if skewed 

·~·~·~· .-.--TT-Turwnusr.lsT.TIT LU1_ ITIJRTilGiHIJTISL.TsD T r 11 TTIDJI.lCJfCJiKI I!NJGOIIslf!A!ET""T. • • • • I I,_, 

I 

f1R}t111Rffis FfRIMXD~S 
!L-ID!VII I I I ISiEICIXI I I I I I IFIRIMI lXI loiiisl I I I I I I I I I I ITICJI lXI lol IISIT 

Delete if Statewide Averages not desired 

!CJIS!T ISITIAITiEIWfiiDIE f7TSTO!ol3 

CJIBnN•eJ 
r"'ft I Supply lOb number for culvert If plan summary desired IIPl€!19!615'-;--, I I I I ! I ' I I I Jtt-+ lrls16Tol? 

IF.NIDIA!T!A 
IPiLIA:NI JSIUIMIMIAIRII t .... ~~·J~t:]:· 
~Is! sl1 Ia is !1ol11J12 i13l14 J,s l1sl1711al19 i2ol21l22[,, bel?712a~s 6ob1 l32 ~3l34~o bs b 13ai39 ~ol41l42k3~4h~~.i<!7~ah~.bolsJJ~~-bls4 bs issb7 bab9~ lssls7lsals9~ol11 l12f73~4 ~5[76~7:78 ~9 ~oi 

I Mark box as shown bes1de each I me used. 
FORM CONTINUED ON BACK 

FORM 1308-1 
(Revised 8/74) FIGURE 8-16. CULBRG INPUT DATA (FIRST CULVERT DESIGN) 



c- 16 D 

C-17 D 
D 
0 
0 
0 
D 
0 
D 
D 
0 
D 
D 
0 
0 
0 
0 

(X) 

I c 18 I 
~ 

..0 
c -19 D 

D 
D 
D 
0 
D 

c -20 0 

= "D 
0 
0 
0 
D 
0 
D 
D 
D 
0 

C-131 
c -14 0 

CULBRG (Continued) BACK,SHEET __ ,_OF_/ __ 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 

Specify Concrete and Steel prices OR Cost per Foot 

BOX PR ICE CONCRETE $ ICY IRE I N F STL $ /LB COST/FT $ I 
Diom. or Span 

Specify one price or both. Rise (in_) (in_) 
Estimated cost per flare unit for this diameter. 

pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN IT $ 
pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIP PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIP PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE L:N I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 

Required card for each Box culvert design. 

F I LL HE I G HT ~FT I 
If applicable specify any miscellaneous costs for each culvert design . 

M I sc co ST S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I IS C CIO IS TS$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc co ST S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc co ST S$ co NC ST EEL R I PR AP HE AD WR LLS EX CA VA T I ON GE NE RAL 
M I sc co S T S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc cc IS TS$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 

FR IE Q :: 1 IC D Q= I ICIFISI I ITIW IC Lit R Rl EILitiVI 1 I l J lJ J J I I I I I I 
Coordinate point Coordinate point Coordinate point 

X Coordinate ( Dist.) Y Coordinate (Eiev-) X Coordinate (Dist_) Y Coordinate ( E lev_) X Coordinate (Dist.) Y Coordinate ( Elev_) 

RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX I y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX I y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX I i I 

I 
I y I X y X y I 

RD PR OF I L EX y X I y X y 
RD PR eF I L EX y X I y X y 
t- N IUH IH 
PL !AN SiU MIM A RIY 
I 2 3 4 I 5 6 7 8 9 10 II 12 13 14,15 16 17 18 19 20 21 22 23 24 25 26 27 28 2CJ 30 31 32 33 34 35 36 37 3Bi39 40 41 42,43 44 45:4bj47 48,4'::1 50 51 52 53 54 55 56 57 58h9 60 61 62 63 64 6~ 66 67 68 69 

FIGURE 8-17. CULBRG INPUT DATA (FIRST CULVERT DESIGN) 

70 71 72 73 

70 71 72 73 

74 75 76 77 78 79 80 

I/ '!;() 0'? 

74 75 76 17 78 79 80 

FORM IJ08- 2 
(Revised 8/74) 



• 
• CESIGN SINGLE OPENING CULVERT JOB NUMB~R=!PE 905 

• CULVERT ID = 131 

DESIGN FL0\0 = 393,0 CFS FREQUENCY 25 YEAP 

• TAILWATER ELEVATION= 3122.29 

• eeLs ClAM WIDE HIGI-' LENGTH ALl Clo, CALC. CALC. ALL CW, CALC, TOTAL 
H W E LEV HW ELEV HW VELOC. VEL OC, COST 1$) • 2 0 6 4 147 3124.50 3124.94 5,53 10.00 10. 18 18578. 

2 0 7 4 147 3124.50 3124.35 4,94 10.00 9. 38 21319. • 
lNL ET STATION 12 ELEVATlO~ 3119.41 • OUTLET STATION= 159 ELEVATION 3119.31 

• SLOPE PROFILE SHAPE I NLE 1 KE BARREL 'N' 
TYPE MATER! AL 

• 0.00070 STRAIGI-<T 80 X NORMAL 0,400 CONCRETE 0 .o 12 

FIGURE 8-18. CULVERT CALCULATIONS FOR THE FIRST CULVERT DESIGN 

Several culvert designs for the same site may be attempted by 

entering all the data for one CULBRG problem (including the CULBRG 

Control card and ENDATA card) followed by consecutive problems where 

only the cards containing changes and an ENDATA card are used for 

each additional design_ When changes are to be made in this manner, 

it is necessary to reenter all data for only the cards containing the 

changes and to include an ENDATA card following each new design. As 

shown in Figure 8-19, the user wishes to try a circular CGMP culvert 

with a different KE factor; therefore, only those data lines are com-

ple ted. The Job card is included so that this data may be printed in 

the plan summary. The ENDATA line siqnals the end of the data, and 

then the PLAN SUMMARY line is indicated so that a list of the pre-

vious design sizes will be printed. 

The edited input data for the second culvert is shown in Figure 

8-20. The output in Figure 8-21 is identical to the output for the 

box culvert, except that the acceptable design size is printed again 

after all the trial sizes have been tabulated. 

8-20 



CD 
I 
N 
~ 

. 
Comments I 

I 
0 

c~~;~ol 0 

C-1 0 

C-21 

C-31 

C-4 0 

C-5 0 

C-6 0 

C-7 D 
C-8 0 

C-9 D 

C-10 D 

C-11 D 
D 
D 

C-15 I 

C-12' 
C-131 
C-141 

Note 

' ' AND PUBLIC TRANSPORTATION 
" DISTRICT ___ RES. NO. ___ _ a--. . STATE DEPARTMENT OF HIGHWAYS 

-- -
HYDRAULIC SYSTEM 

PREPARED BY ___ _ 

I.P.E. PROJ. NO.----
CULVERT I BRIDGE SUBSYSTEM ( CULBRG) 

DATE---,----;-
SHEET__l_oF__i_ COUNTY ___________ ___ 

I 2 3 4 5 6 7 8 9110 II 12 13114115116 17 18 19120 21 22 23124 25 26 27 28 29130 31 32 33[34 35 36137 38 39 40 41 42 4344 45 46 47 48 49 50 51 52 53 54 5556 57 58 59 60 61 62 63 64 65166 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
$ ~ Till rr~ WI 11 1'41+17 0 j(j,q Llr e1~ NA rl€1)1 I i /IS' ooi $ I I I i I i I ! I~ op I I 'H- ' $ I I ' ' ! 

I i I ' I I 
' 

I I ' I I I 
' 

Design: Cross out one or neither Specify opening configuration. Cross out one. 
Cross out one 

I 
Prob. No. 

Analysis: Cross out one ffTr 
SIIN GIL E 

Number 
eUL BAG D'Er~TITGTNI R' N A L Y Si I s~ B1RTHO:GIE 1e1UIL VIE Rrl J JM U L T I PillE i 

This card 1s necessary only for volues nat supplied from other subsystems. (TYllf H~TtA) I J 
SUPP LY Q= e F S IT W ElL E V = - FrR EfQI U E N e Yl =t YIRSI I 

Clvrt ID Select pipe shape. Cross out all but one. Select 11
0

11 vakJe. Cross out all but one. 11 
n 

11 
value 

e L1V'R T 1'111 e Jif~letOfUR R I II ~IIIII I 1e GMP I I I I I I I I /5 004 
I I Clvrt ID Select proftle conftguration. Cross out all but one. Select inlet condition. Cross out all but one. 11 Ke11 value I I 

euv~R T 11311 S TIRIRlliGIH Tl I -I I I I NelRMRU KIEI= 05 ,,~ 0'04 
I I I I I 1 Design: Station at toe along I. of structure Design' Elev. at toe Design' Station at toe along t_ of structure Design: Elev. at toe I 

Clvrt ID el i:ttsil. -f'"tios "1-eAITTcture along t_ of structure Analysis' Elev. of culv. F.L. Analysis' Station at end of structure olong t_ of structure Analysis' Elev. of culv. F. L. l 
e LV'R T EL I N lliTIITSfT R l l EL 

Clvrt ID 
BTRI E'RiRtTsTfTRlTrfn-T 01f -T'T-TlTT Break elevation Stationing along centerline of structure Break elevation I 

CLV1R T EL BRERK STR j_ EL I ! 
Clvrt ID ~fXfJfm headwater RTltrea~mulvert Elevation Maximum allowable outlet velocity from culvert I 

DLV RT ' MTR HIEiRTOIWIR TfEiR ElL EIV MRX elUTLET VELeleiTY 1 FT/S ' 

Clvrt ID Required entry for this card o 1uAeMf=n'el (i~-' culve;fTl- _[ Culvert sp"t-r No. of culvert barrels I 
e1L VAT Dd M!E N S I:el N S HI G Hi= -~ WIDE= B R A R E U Sl =I I I I I 

RiC Rl[ J I I UIPI51T R,M 15151 I , I I ' ' I I JIN151TIRIM 15151 I Ml Rl XI llJI EIPIT HI= I I I I II ll I I 

Subsec ID 
R~·ER R~ 1Gtle VvEaL oecc!Ymt"i~~i-r-TTI Minimum a~CfEmf{aftj(~JwTtrfrtgh brid1e -1 I 

BR OG MRX Ml I Nl RIVTE:TR Rl E VEL elfe nr Tl T ~ IF TIS I 

Subsec ID 
L E FTfnsr.LiST~t~~s!_f"l TTTrmRl IlG!HITnsi:lsfTrj"[l!1 I TTl 1-rrC!CJiellRfli~J'cTTu( oSDT A E R-P 

Oria. sec. ID if skewed 
BR OG 

Subsec ID Cross- section 10 Distance alan cross- section 
. I 

F!L -ov SE ex ~M X DIS Tel X 0 I ST i 

F u- ov SE ex RM X DIS Tel X 0 I ST 
F'L -0 V· SE ex FRM X DIS Tel X 0 I ST 
I Delete if Statewide Averaqes not desired 

Cel ST S T R TIE W I DIE I I I I II I I I I~ b ol4 
'!. Supply job number for culvert if plan summary desired . 

'·''"'-Jl el B Nel. IPe ~0~ 115 oo4 
It- N OR TR [' 1/~o 0~ 
PL IHN su MM ART i' ;.. I sc 019-
I I 2. 3 14 5 I 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 4 5 6 27 8 9 0 31 32bb4:35 6 37!38~9~0 41 42 3 4">5 647 849 0 51 52 3 54 5 56 7 8 9 0 61 62 3 64 5 6"7 68.69 0 71 72 3 4175 76 7778179 0 

I Mark box as shown bes1de each line used. FIGURE 8-19. CULBRG INPUT FORM (SECOND CULVERT DESIGN) 
FORM CONTINUED ON BACK 

FORM 1308-1 
(Revised 8/74) 



• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

S STATION 
s 
CLVRT 131 
CLVRT 131 
COST 
JOB NO. 
EN CAT A 

1314+70 (ALTERNATEI 

CIRCULAR. 
STRAIGHT. 
STAT!:WIDE 
IP E 90 5 

CGMP 
1\iCRMAL KE=050 

1500 4 
15004 
15004 
15004 
15004 
15004 
15004 

FIGURE 8-20 . COMPUTER PRINTED INPUT DATA (SECOND CULVERT) 

DESIGN SINGLE OPENING CULVER1 JOB NUMBER=IPE 905 

CULVERT I D = 131 

DESIGN FLOW = 393.0 CFS FREQUENCY 25 YFAR 

TAIL WATER ELEVATION = 3122.2<; 

!!BLS OIAM WIDE 1-'IGH LENG1H ALL C II. CALC. CALC. ALLOW. CALC. TOTAL 
H k E LE 'v HW ELEV HW 1/ ELOC. 1/ EL DC. COST IS I 

4 48 0 c 147 3124.50 3126.79 7.38 10.00 9. 71 15106. 
5 48 0 c 147 3124.50 3125.26 5.85 10.00 7.81 18882. 
6 48 0 c 147 3124.50 3124.43 5.02 10.00 6. 51 22659. 
6 42 0 c 150 3124.50 3125.87 6.46 10.00 7.49 18792. 

**** !!ARR EL S= 6 DIAMETER= 4S LENGTH= 147 IS THE ACCEPTED CES IGN **** 

INLET STATION 12 ELEVATIOI\ 3119.41 

OUTLET STATION., 159 ELEVATION 3119.31 

SLOPE PROFILE SHAPE INLET KE BARREL IN' 
TYPE MATERIAL 

0.00070 5 TRA lt;HT CIRC NORMAL 0.500 CGM 0.024 

FIGURE 8-21. CULVERT CALCULATIONS FOR SECOND CULVERT 

8-22 



When a plan summary is specified, that instruction will be 

printed (Figure 8-22) and the plan summary will appear on the follow

ing computer output page as shown in Figure 8-23. Due to the number 

of items printed on each line, this report must be turned on its side 

before tri•aing to fit an 8 1/2" by 11" binder • 

• 
• 

PLAN SUMMARY • 15004 

• 
• 
• 
• 

FIGURE 8-22. PLAN SUMMARY INSTRUCTIONS 

Oaly culvert data will be printed on the plan summary, but it 

aay include both analysis and desiqn problems. Up to 100 culverts 

may be listed per job. Each line represents a preceding report for 

either culvert design or analysis; and, in the case of design, only 

the accepted design size is printed. 

8-23 



• 
• SUMMARY Of CULVERT DESIGN/ANALVSI~ 

• JOB NO. IPE 905 

• CLVRT I!Bl CULVERT TYPE Q CALC cue 
1.0. SHAPE BBL S WIDE HIGH LENGTH MATE Rl AL INLET PROFILE SLOPE lCFS J HW VELOC 

• 131 BOX 2 1 4 147 CONCRETE NORMAL STRAIGHT 0 .00070 393 4.94 9.38 
131 CIRC 6 48 4i! 14 7 CGI'I NORMAL STRAIGHT 0.00070 393 5.02 6.51 

• 
• 

CD ,. 
I ,.., 

.1:: • 
• 
• 
• 
• 
• 
• 
• 
• 

FIGURE 8-23. COMPUTER PRINTED PLAN SUMMARY SHEET 



V. 100 YEAR FLOOD ANALYSIS SAMPLE PROBLEM 

An illustration of an existing bridge is shown in Figure 8-24. 

Pollovinq is the input and output required to perform a 100 year 

flood analysis for this structure. Note that the Q for a 100 year 

flood was computed in HYDRO and passed to HYDRA and CULBRG. 

8-25 
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(X) 

I 
IV 
-...1 

* 
Comments I 

I 
0 

Coc~~~ol I 

A -I' 

A -2 D 

A- 3 I 

A- 4 D 
0 
D 
[] 

0 

A 71 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO. ___ _ 
COUNTY ___________ _ 

I 2 3 4 5 6 7 8 9 10 fl 12 13 14 15 16 17 18 19 20 21 

$ IS Ill MP Ll£ pg tbl8 L'l= ~- - I ()() 

$ 
$ . Tollll Drainage Area 

HY DRD DA I~· ZZ2 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 

HYDROLOGY SUBSYSTEM ( HYDRO) 

22 23 24 25 26 27 28 2 9 30 31 32 33 34 35 36 37 38 39 40 41 42 4344 45 46 47 4si4~:dso 

lv ~V:M. ,:L (Jitf>D l4 WIA IL VIS IS I I 
--

I -

Cross out one 

SIOIM I 

51 :.,2 53 54 55 56 57 58 59 60 61 62 63 64 65 66 6 7 68 69 70 

I 

PREPARED BY __ 

DATE---.-----...-
SHEET __l_oF _3_ 

71 72 73 74 75 76 7 7 78 79 80 

!/IS Oi'? a 
II$ 00 8 

Prob. 'No. 

IS OIO 8 
. •' ~· •. \ ~: >.,:,;,,: Method card - Select one of the four options listed below. Cross out all others . 

Method Card D. A. < 200 Acres Log- Pearson method Frequency 
200 Acres < D. A. < 3000 square miles - User suppiies peak discharge 

(Supply doto fOf se lee ted method) Supply only rational data Supply only gage data of dischorge 

MIE THI0ID j .I IISIGIS I /0 YR !IS 00 B 
Peak change card Q added to peak discharge 

IB AS FF r>tW = ICF S 
Select proper area number from map. Slope in feet per mile Total annual precipitation 

Possible numbers I through 6. Supply if Region:: 1,2,4, or 5. Supply if Regioo o 6. 
USGS Data 

ISGS I R EIGII 0 N = ~I SLOPE = l51/. OFT /M I IS o~ 8 
.J .t.J _l.l. .LU Weighted ' C" coefficient determination Time of concentration determination Constants from SDHPT 

Rational Subarea 
"C" Coeff1c1ent 

Enter Sublength S. Velocity ; OR Tc Hydraulic Manual 
Subarea (acres) 

dolo ID Sub length (It) Velocity (It /sec I Tc { mtnutes) e b d 

RA DA TA 
RA DA /rA 
RA DA TA 
RA DA TA ++ -
RA DA TA I I 

. -· 

RA DA TA ! 
RA DA TA ' 

RA DA TA 
RA DA TA I 
RA DA TA -h 

I 

t' I i -RA DA,TA I I 
RA DA TA I I 

- f-- ·- .. 

I 
RA DA TA : I I I ' I I 

1R1 A DA TA ! ! I I 

RA DA TA ·:· I . - i 
--j-. I I -!---tt- -~--

RA DA TA i t I ! i 
RIAID ATA ' I i I I 
EIN.D AIT A I 1'6 o~a 

I 12 : 3 i 4 5 I 6 I 7 18 ! 9 110 II ! 12113] 14 i :"i '6 L 11 16 I 19 20 ,, !22H241" 26!u 2 ejzg 
' ' 

30 31132 33 34 3536,37 3e 39 40 41 421431441~5 46 47148 49 50 51 52 53 54 55 56 57 58 59160 61 62 63 64 65 66 67 6 6 c."" ,"". ~ 72 73 74 75 76 ?_!!_!__ ~~ 

J ~.-lor~ be) o~ S~'CJ"'~' b>1. Ge eoclo l;seo FIGURE 8-25. HYDRO INPUT DATA FORM 1306-1 (Revised 12/76) 

FORM CONTINUED ON BACK 



• 
• 

ss~~PL E • s 
HYDRO 
MET HOD • USGS 
EN OAT A 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

PROBLEM--100 YEAR FLOOD ANALYSIS 

DA 9.222 SOM I 
USGS 
REGION = 5 SLOPE 51. OFT I 1-'1 

FIGURE 8-26. COMPUTER PRINTED HYDRO INPUT DATA 

HYDRO 

USGS PROCEO!JlE 

REGION = 5 

F~EQUENCY = lOC YR. 

DRAINAGE AREA = 9.222 SQMI 

SLOPE = 51.0 FEET PER ~ILE 

PEAK FLOW • 16000 CF S 

FIGURE 8-27. HYDRO CALCULATIONS FOR PEAK FLOW 

8-28 

15008 
15008 
1500 8 

l00YR15008 
15008 
1500 8 



CD 
I 

N 
>D 

DISTRICT ___ RES. NO. ___ _ 
•

, STATE DEPARTMENT OF HIGHWAYS 
1 1 AND PUBLIC TRANSPORTATION 

/ 

. HYDRAULIC SYSTEM 
PREPARED BY __ _ 

CHANNEL ANALYSIS SUBSYSTEM (HYDRA) 
I.P.E. PROJ. NO.----
COUNTY ___________ __ 

DATE _____ _ 

SHEET___k_oFl__ 

D - tt-Rtmttt 111111 ttttttttioo~ 
Freq. 

c~~!~oll T 
Water surface slope (ft./ft.) Section I D Station 

Q (cis) Freq_. Q (cis) ~ II II J Prob.INo. ;I 
-.-IILIUJ I I · LLS'biolB. 

(Insert one) 
Station at which water elev. is needed- Which is: UPST M I r' f t ·t I 

DNSTM 
8-1 o I CIN IE ISE:tiT fSfGCJlPlE:LJ=I UJ i l i fsiE:lCliLL I lo' I j_lj_ ~ IWlAITlE !L lo[ .. lsltiATiiJ-~i'Tr 

Optional specific elevation Optional specific elevation Specify one increment of elevation 

8-lo 0 WA TF AW AIY WI.JSl IEILiEIVI I 1 l i IIWi.ISi.l IEILIEIVI I 1 l IIINICiRI IF!I IFIVI I i ! I I ! i I l 
Downstream section at station Upstream sect1on at stat1on Station at which water elev. is needed 

8-2 0 TW CJ ISE!CIT ISIEICITI i loi I i I ISiEICITI loi I I IWiRITiEILiol IS!T:RI i ! : I I 

SECTT 8-3 0 MA NY i WiAITiEILiol iSITiAI : I I I i I I 
Station at wh1ch water elev. 1s needed Downstream station where W.S. prof1le starts Elevation at downstream station 

SITIAiTiol ISITIAI I i I i I I i Wi.IS1. EIL:EIVi 
0 M ANY SIE CIT I I I II I I II WI.IS,. ElLIE IV I ll 
0 M AN y SiE CJ.T I I I I II I I I I I I I I I IWI.ISI IFILIEIVI Ll I I J LLL 

SE u I 
8-4 0 UIC:II'I·CII::. -.. ·,--
8-50 S E Q.JCIC!iNIT 

Cross-sect. Coordinate point Coordinate point t Coordinate point 
X Coordinate I D1st) I Y Coord mate I Elev) . .XC~~rdi~;,t;(Distl-- -Y Co.;;di~ate -<EI;v~)--

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

X Coordinate I Dist.) Y Coord mate ( Elev.) ID 
8-61 SIE ex IAI IX I 0 y /00 .o X t'~ y l 9S . 0 X 7i$ y ,1 ·0 ts~bl8 

1 s~ ~ ~ I S E c X 
I S ECX 

I !fl~ y 914 • 0 X /80 y 9Z ·14 X 19 k:> y IR7 .. o -- i71 
to~ y 8S ·0 X Z40 y i 8~ . ~ X Z'- (i, y 9/ .a 1.1 
I! i/ 'b y 91 • :r X 14 ( 7 y 9Z .~ X 440 y 94 • 9 ~~ IS o~ls 

AI IX 
lll IX 
IAI IX 

I SE ex Ill IX 14 7Z y I o 0•0 ~ ~ ~ ~ IS ~108 
D S EC XI X y X y X y I 
0 s EC XI X y X I y X y 
D S E c~ o 5E ex· 

y X y I X y 
y ·x y X Yl 

X 
X 

0 s ECX X y X y X yl 
0 s ECX X y X y X i y 
0 s ECX X y X y X ! y 
0 s E'CX X y X Y1 I X y 
0 s ECX X y X y I X y 
D S EC X Y1 IX __ ' Yl l_l X iY i IX 

I I 2' 3 415 61 7 I sl 9 110111 I12(13(14(15116I17(18(19(20I21 :22I23(24(25I26I27128(29I30I31I32(33!34(35136137138I39kol41l42l43144f.>5k6l•l7l48l49~ols 1152153154 b5l56l57l5sls9isol61l62is3l64is5is6is7l6sl69l7ol71i72l73l74l75i76lni78l79 ~ 
Note: 

I Mark box as shown bes•de each ltne used. FIGURE 8-28. HYDRA INPUT DATA FORM CONTINUED ON BACK 

FORM 1307- I 
(Revised 8/74) 



B-6 0 
0 
D 
0 
0 
0 
D 
D 

B-7 D 
D 
D 
D 

(X) 0 
I 0 w 

0 0 
D 
0 
0 
0 
0 
0 

B-8 0 

B-9 0 

B-10 0 
0 
D 

B-11 I 

HYDRA { Continued ) 

FIGURE 8-29. HYDRA INPUT DATA 

BACK, SHEET __z_ OFJ_ 

FORM 1307-2 
(Revised 8/74) 



• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

S S~MPLE PROBLEM--100 YEAR FLOOD ANAL '\'SI 5 
s 
HYOR~ 

S ECX 
S ECX 
S ECX 
S ECX 
S ECX 
ENCH ~ 

CA= 9.222 
A X 0 y 

A X 116 y 

A X 200 y 

~ X 316 y 
A X 472 y 

FIGURE 8-30. 

SQMI 
1CC.C X 25 

<;4.0 X leO 
e5. o X 240 
S3.3 X 417 

100.0 

'r 
'\' 
y 
y 

95.0 X 
92.4 X 
85.5 X 
92.6 X 

75 y 
190 y 
266 y 
440 y 

93 .o 
87.0 
91.8 
94.9 

COMPUTER PRINTED HYDRA INPUT DATA 

SECTION SPECIFICATIONS FOR SECliON A AT STATIC~ ********* 

ORA IN AGE AREA RA TID o.c 

COORDINATE INFORMATION 

)( y 

o.o 100.00 
25.00 95.00 
15.CC 93.00 

116.CC 94.00 
180.CC 92.40 
p;c.cc 87.00 
2CO.OC 85.00 
240.0C 85.50 
266.00 91.80 
316.CC 93.30 
417.CC 92.60 
440.CC 94.90 
412~cc 100.00 

'N 1 VALUE lt\F ORMATI CN 

HYA0067--ND 'N' VALUE SPECIFIED FOR SECTION A • 

FIGURE 8-31. COORDINATE INFORMATION FOR CROSS-SECTION 

8-31 

15008 
15008 
1500 e 
15008 
15008 
15008 
15008 
15008 
15008 



CX> 
I 
w 
t\.) 

. 
Comments I 

I 
0 

c~~:~ol 1 

C-1 D 

C-2 D 

C-3 D 

C-4 D 

C-5 0 

C-6 D 

C-7 D 
C-8 D 

C-9 D 

C-10 I 

C-11 I 
D 
D 

C-15 D 

C-12 D 
C-13 0 
C-14 U 

STATE DEPARTMENT OF HIGHWAYS 
AND PUBLIC TRANSPORTATION 

DISTRICT ___ RES. NO. ___ _ a PREPARED BY ___ _ 
HYDRAULIC SYSTEM 

I.P.E. PROJ. NO.----
COUNTY ___________ ___ 

DATE _____ ~-

SHEELLOF~ CULVERT I BRIDGE SUBSYSTEM ( CULBRG) 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 3334 35 36 37 38 39 40 41 42 4344 45 46 47 48 49 50 51 52 53 54 5556 57 58 59 60 61 62 6364 65 66 67 6€ 69 7C 71 72 73 74 75 76 7778 79 aq 

$ S!J ~p '-~ PIR ~18 L'IE 1'1- - I e>o I 'I ~~If( FL. cf>~ 0 14N ~~ Y'5 !S /15 "" 21' 
$ IS 00 I~ 
$ I ! 

Design' Cross out one or neither Specify opening configuration. Cross out one. 

1:- ~. .. Cross out one Prob. No. 
Analysis: Cross out one Number 

cu LBR G . I I I IRtN HL Y SIS B R I Dt G El I I I I I S IlN!G LEt l.J:J11 f:S o.oa 
This card is necessary only for values not supplied from other subsystems. (HYDRO or HYDRA) r::. >: f-" ~ec;; t~1.1 

su pp L y JQ= I I I I I I IIC F 51 I I I I I I IT WI E LEVi I= I I I IF Rl E Ql U E N C II =I I I t IIIRSU. 
-~, -

• 

Clvrt ID Select pipe shape. Cross out all but one. Select 
11
n

11
vakle. Cross out all but one. "n" value ~· f"''[~ iii CL VR T I Cl I RIC UILIA Rl I lA RIC HI ICJIV A L 1810 XI I I I I I I CiONICRiETiEI IICGMPIII It IIPLRTEU. l•i\11 I I ' 

Clvrt ID Select profile configuration. Cross out all but one. Select inlet condition. Cross out all but one. "Ke11 value •f;,; ~~·:: ·: I 
CL VR T I I l STIRAII GHITr liBROKIEN IBIKJ S T E P PiE Dl I I Fl LA R E Dl I I I ID R 0 P INLT NORMAL:- K El= 

.:flll Design' Station at toe along t. of structure Design, Elev. at toe Design' Station at toe along t. of structure Design: Elev. at toe ] 
Clvrt ID Analysis: Station at end of structure along t. of structure Analysis' Elev. of culv. F.L. Analysis' Station at end of structure along t. of structure Analysis' Elev. of culv. F. L 

- .,-..-
[;_;; 

CL VR T J OUTLT STR I I EL I Nl Ll E Tl S T A I I I .1! Ell I l": 
Clvrt ID Stationing along centerline of structure Break elevation Stationing along conterline of structure Break elevation ··-t.'" ~!'':: r:'' f .. ~-j 

CIL:V RT lJ BIRIE AIK IS1T A I I I Ell BIR E A K S T H I 'I' E L I ~-;; , ii ~ !d. I ~1 Clvrt ID Maximum headwat~fAr-fream of culvert Elevation Maximum allowable outlet velocity from culvert ,,~~j 

cuv RT M A X HfETATDIW A lTE R E L1 E VI I I .1 MIA XI 01 U T L EIT V E L 0 Cl I T Y I I l H F T I SiC 
Clvrt ID Reauired entrv for this card Culvert diameter (in.) Culvert rise Culvert span No. of culvert barrels b-J k~.t~ ~ 

CL VRT DIME N S IiOIN 51 t ~ I l I i I I I Dl I AM= HiiGH= I W IIDIE = I f B A R R El L 51 =I I I I I 

IR'(j IR' J I Ult-'1~: IIH!M l~i~l I I I , I I JiNi~IIIH\MI i~l~l I ! I L MIHIXI IUitiPIT Hi= I I t .1.1•1 Jl I ' I 
'.!. .< Subsec ID Maximum allowable average velocity through bridge Minimum allowable average velocity through bridge ~-- ~- "'''~){ 

BR DG . ,J MAX AVERAGE VELOCITY 1 MIN RVETRRIQE VELOCITII I I U 1 I FIT I SIC I 

,. [£\[!;• Subsec ID Left header slope 

ZillRTITGlATT ~t seajer Sli>TTTIZ lJL omn~filNlGf·.;~oSDT REAM 
Orig. sec. ID if skewed ··.h . . :1; I 

BR DG ~ IJ L E F Tl S. iS. fl.S 0~ & 
[~~:~ Subsec ID Cross- section ID Distance alan cross -section '~ ·1 
FL- DV 8 SECX \R FRM X DIS ' ' /80 TO X D I ST ZB~ IS oo& 
FU- DV SECX FRM X DIS TO X D I ST [' ·.· ' .·• k 
FL -D Vr''' SEICX I FRM X DIS TO X D I ST ,- ~- r•-.'' 

:'\W Delete if Statewide Averages not desired _,:: ;,.~ 

' 
,, ;I 

co ST ' ~S TIA T1E W I DEl I I I I I I I I I I l .. 
•- cf,.. 

,. :, Suppl job number for culvert if plan summary desired !'"<'•t -· .: '•'<' ,, I.e;;;·· J >- :_< ' 
0 8 NO. -'"'' ~· 111' . 

N DR TA '-;;[''1 ,.· ' ·:·· ) ' 

P,l AN ., . 'i UM M H T ' -~~ .:.~· 

t·~.; ~r::l': 
:-;~, "'-· 

69!! 

~'(! '; 

I I? 
' 4 ' . 7 A a :n II I? ·~ 14 l"i IF\ 17 IR IQ :>n ?I ?? ?~ 4 ' . ?7~8 9l.o 31 326364 l.s s .37 !38 l39 041 42 3 4 5 ~6 7 ~8~9 0 51152 15354 55 56 7 8 9 0 61 62 63k>4 s6s 7 68 .173~4 ~sl7s ~7!78 ~980 

• Nota: I Mark box as shown bes•de eoctl line used . FIGURE 8-32. CULBRG INPUT DATA 
FORM CONTINUED ON BACK 

FORM 1308-1 
(Revised 8/74) 



C-16 D 

c -17 D 
D 
D 
D 
0 
0 
0 
D 
0 
0 
D 
D 
0 
0 
0 
0 

Q) 

I c-Is D 

""" """ c -19 D 
D 
D 
D 
0 
D 

C-201 

c- 211 

' I 0 
D 
D 
D 
D 
D 
0 

c -131 

c -14 0 

CULBRG (Continued) BACK,SHEET~OF~ 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 1s 16 11 1a 19 zo 21 22 23 24 zsjzs 21 zejzg 30131 32 33 34j3s 36 37 38 39 40 41 42 43 44 45 46 47 48 49 so 51 sz 53 54 ss ss 57 sa 59 so 61 sz 63 64 ss ss 67 sa 69 70 71 72 73 74 75 76 77 78 79 80 

Specify Concrete and Steel prices OR Cost per Foot 

BO X PR I C E CONCRETE $ ICY IRE IN F STL $ /LB OST/FT $ 
Diam. or Span 

Specify one price or both. Rise (in.) (in.) 
Estimated cost per flare unit for this diameter. 

pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF LA RE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PI p PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PI p PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
p I p PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIP PR ICE CIC MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIp PR ICE CG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CG MP $ /LF RCP $ /LF FL ARE t..;N I T $ 
pIp PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 
pIp PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIP PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 
PIp PR ICE CIG MP $ /LF RCP $ /LF FL ARE UN I T $ 

Required card for each Box culvert design. 

F I LL HE I L1 HT FT I II I I 
If applicable specify any miscellaneous costs for each culvert design. 

M I sc co ST S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I 0C co IS T iS$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc co ST S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc co ST S$ co NC s TE EL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc co ST S$ co NC ST EEL R I PR AP HE AD WA LLS EX CA VA T I ON GE NE RAL 
M I sc cc ST S$ co NC ST EEL R I PR AP HF AD WA LLS EX CA VA T I ON GE NE RAL 

IF R EIQ - 1 (I( e= I I I ~ I ITIWI- I ~ 71• ~IS"I ICILit A Rl ltllitiV :1 9lS" • ill J J 1 J IIIII IIIII 
Coordinate point Coordinate point Coordinate point 

X Coordinate ( Dist.) Y Coordinate ( Elev.) X Coordinate (Dis!.) Y Coordinate (Eiev.) X Coordinate (Dis!.) Y Coordinate ( Elev.) 

RD PR OF I L EX z 41$~ y /0 ~ .8 X z 131~ 8~ y 1/0 '2·7 X IZ BIS :JS y I co ·1 
RD PR OF I L EX 12 (r!J':) y 9~ .2.. X z !8 1lS" y I/O 0·10 D< z e~ 8S y I~ z.'(l. 
RD PR OF I L EX k! ~13~ y /0 6 • I X z :JS 8~ y 1/D o.~ ~ !!!: 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR OF I L EX y X y X y 
RD PR eF I L EX y X y X y 

Nil IH IIH 
IL lAIN IS LIM iMIH t<T 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 

FIGURE 8-33. CULBRG INPUT DATA 

70 71 72 73 

IS ooe 

I 5'~ 0~ 
I Gb OE 
/~ ~olE 

1/ 5~ 0~ 
74 75 76 77 78 79 8 

FORM 1306-2 
(Revised 8/74) 



• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

HYA0072--NO MET~OD SPECIFIED, NO CONVEYANCE, NO GRAPHS. 
S SAMPLE PROBLEM--100 YEAR FLOOD ANALYSIS 
s 
CUL BRG ANALYSIS BRIDGE SIN:>LE 
8ROG B LEFT S.S. 
FL- CV e S EC X A FR M 

2 RIGHT S.S 2 
X DIS 18C 10 X DIST 

LOCKI 1\G CNSTRE.AM 
285 

FREQ= 100 
RC PROFILEX 
QO PRQFILEX 
RD PROFILEX 
END AT A 

28435 y 
28785 y 
28935 y 

TW= c;1. 65 CLEAR ELE V= 95.7 
1C6.8 X 2E4E5 Y 102.7 X 28535 Y 
99.2 X 2E835 Y 100.0 X 28885 Y 

1C6.1 x 2ese5 Y 1oo.o 

100.7 
10 2.4 

CLB0107--SUPERFLUOUS POINTS HAVE BEEN DELETED FROM HIGHWAY PRCFILE • 

FIGURE 8-34. COMPUTER PRINTED CULBRG INPUT DATA 

HUNDRED Y E A R F L C C D ANALYSIS 

fASIC FlOOD APPLIED (100 YEAR FRECI = 16000.3 CFS 

1-'UNDR EO YEAR VELOCITY A l S lR l:C TL RE OL TLE T =14. 71 

HUNDRED YEAR TAil~AlER ELE~ATICI\ 97.65 

GREATEST DEPTH OF FLOW O~ER RCAD = 3.02 

ELEVATION OF ~A TER SURFACE O~ER RCAD = 102.22 

PERCENTAGE OF. BASIC FLOOD CVEP ROAC =21.96~ 

FIGURE 8-35. CALCULATIONS FOR 100 YEAR FLOOD ANALYSIS 

8-34 

15008 
15008 
15008 
15008 
15008 
15008 
15008 
15008 
15008 
15008 



VI. INLET CARRYOVER SAMPLJ_PRQ~LEM 

An illustration of a storm sever systea is shown in Figure 8-36. 

Following is ~he input and output required to perform the inlet 

carryover calculations for the design of the system. 

Fl 

--r:-
1 E4 

Carryover Situation 

FIGURE 8-36. INLET LAYOUT TO SHOW CARRYOVER 

8-35 



CXl 
I 
~ 

"' 

DISTRICT RES. NO.~---

I.P.E. PROJ. NO.~--~ 

COUNTY~----------

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 
SEWER SUBSYSTEM (SEWER) 

PREPARED BY_~ 

DATE --;-----:::::

SHEET_l___oF_3_ 

* r..r-~~~~~j-+.:r=rrl~~~~~~~-f~~~~t=~~-t~~~~tr~~~~~+-+=rr~-+-t-r~+-~r-~-t~-r-r+-+-+-~-+~-r~+-t-t-~-+-+~~~+.r 
Comments I ~4-~~UC~~,~~-fLf~~~~~~+-~~ 

Prnh No. 

Alphanumeric descrtption of type of runoff surface for each subarea A through F 

o ,11c;o]EjFj IDlEJsjcjjAI~IpiBiRIKI I :··r]B""I=.,..IR~t1=s,--l.'"'l iCATill ~-'cl=IR!c!s,. LJRL I lo :=tci~IMIMI·I I : IE!=iPinlv~M!eWI~ , 
Minimum Rainfall Intensity Constants 

I/ Is k:11ol7 

1Ja1 1/IO.lo 
Drainage area 10 Drainage areas for subareas A through F 

LLin' ~~~~ A 8 C 0 E F Length Velocity -· Tc Size Pipe (in.) {Insert 3"or 6") SupplyQ 

Design Increment I Baseflaw or I I I I . t I 

Time of concentration 

o211RlAH lclolElFLl.lor.r4.rs-llol·i~IODo!.~ls-doi·I;!Odcr.8orl! IF! i IMIIIN 
b I d 

Tlc 1 t blol8b lo: 
Time of concentration data Minimum 

/ISiolol7 

o31 OIA c !5 l I I :--:----:- I I JsiS'· I l 1 1T LTlztr>VTt!. ·o ~ ltls"b~7 
I D1 A c 4 . I I . • .Jj~ I I I ~ i L I iZ 40 ViZ.. s ~ ~-~ 
• 0 A c 3 ~ I 1/lJI~ I I I .i. L ,S 40 v I • 51 ~ I ·\ 

I 0 A c z .• I ! I.I.ZiO I .I i l '--L L"-- d'8'iJV 2 • ~ ~ . \1 
• 0 A c I l : J_9~ I T i l I I T . L I Lr~~ v z. l5 1$. . I 11 
I 0 A D 'l l I I I .s~: ! ! i I l 1 I Ll :zlz. t) vIZ • iO 1:;: . I ' I 
I 0: A D II I . .. I ! i I i l i I 6 O! I l I i l I L I iz 14 0 v z.: ,§ ~ : 
1 o'A 11 ~ ·+- 11! 1 1

1 J.3oi 111 1_JI f-L-ll4.9ovzf.s ~ ·1· t 
1 OJ.A EL JZ • : l . ll 1 ~ i I i .z:s-1 ~I i. + LiT/'§_~vt}iS !:E.. ~ ___ ~- __ .__ -·~~ : lt ~~~o1 

CUR8 0" GRAD£ cuRB I Maximum 
June 10 CURBol SAG CSAG 

GRATf on GRADE GRATE 

I f J' J I 1 I GRATE o' SAG GSAG 

pending 

Width Line I Inlet GRAT[ 8 CURB on GRADE GC 

Gutter 

Slope 
Slope 

rl 

Distance 

for slope 
Slope 

r2 

Mannings 

"n" 

valuB 

Inlet 

Gutter 'Max pending I Analys
1

is only I 
Depression depth above 

a grate or area 

letter No. ~~:~~~~N CURB 
01 

SAG ~~~~~ (ft.) 
0

/ 0 l: I (gutter) (ft.) gutter (in.) 

Inlet 

length 

(ft.) I sq. ft.) 

Width of 

Grate on 

Grade 

(ft.) 

iJIS'Iobt7 D·<~ J u N c c l5 TIY P:El::: ICURB I l rzo-r;,s·or. ' T T 5t) u ~+~ . lL I lo fiG lZ 5' I T~T 
1 J u N c c 14 TtY PiE=' ~ _rr:_ 55· 1 I tr 1 · TT 1 .-7: I rr 1 1 ' 

• J u N c rc 13 T y P•E = (: ~JL r--~or 1 , 1 1 • I : I ~ · . 1 1 ' 11 1 1 1 1 ~ 
I J u N!C c z T y p E = I ' Sb! I : • :l i I ! I I • I i I 1 I IJ 
I J·U N1C c ! I TypE I= . - I '/1 610 I I I I L 1/ ' I : I : I I i I I ~ i It 
I J;U :N c . P. z TypE·= :t I I S"i . i \ i i ! I I ... i ~ I I I i . I i I I 1 I \1 I I I 
I J u N c D I TtY p E =i j i I 5 I I i i .... \ 
I J UN C A 3 T'Y P E =~ ,. I Oj I J 
I ..J_U N Cc...IA Z TIY P:E -:l.JC.URB l 1 "~ !21_ I I S...'P 

Inlet Identification 

l;~~~r I l~}g_' L•ne 
LeHer 

Standard Inlet 

I Opening (ft.) 

~OI/Si 
Allowable Carryover 

Length (ft.) 

ZS_I 
I M 

/ISiolotT 

04ol CTARRYOVER FRfoM·'"· 14 no~ C> :z c~l ~~ . PT- 1 1ZTS' 1 I Jr51oo'1 
I C A R R Y 0 V E R F R 0 M II l5' T 0 /J. ~ L I P i~ .iD I 
I CIA R R Y 0 V E R F R 0 M C 12 T;O C I L ~ PI- f5"b ., \ I 
I CARRYOVER FROM l1 II TiO C I L-i Pi- ZJS / 
I CAtRRYOVER FIROM ~ IZ TO I~ I L-: P'- If]() 
I CARRYOVER FROM 3 TO it; L-:i P- Ifill 
I c A R R y 0 v E R F R 0 M I Ill g T 0 1.4 L -I p - [j lG ' 
I A R R y 0 v E I R F R 0 M I IE 4 T 0 ~ L -: I !7 . p - [? 0 I 510 0 1 
I 1 2 3 4 s o 7 s 9 10 ;1 IZi 13 14 15 16 17 1s 19f2c 21 22 23,24 25 26 27 2s 29j3o 31 32[33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 46 49 50 51 52 53.54 ss 56 57 58 59,60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75:76 77 78 79 soj 

Nole * I Mark boJ os shown beside each l•ne used. FIGURE 8-37. CARRYOVER INPUT DATA 
FORM CONTINUED ON BACK 

FORM 1309-1 (Revised 9/75) 



CD 
I 

(,oj 

-..1 

• 
Cc.,rnn'er.Ts 

::ontrol 1 

Card J 

D- I j 

D-? [ 

D-31 

I 
I 

• I 
I 
I 
I 
I 

D- 4 I 
I 
I 
I 
I 
I 
I 
I 
I 

D-4o 0 
0 
IJ 
0 
0 
0 
0 
0 
J 

Note * 

DISTRICT ___ RES. NO. 

I.P.E. PROJ. NO. __ _ 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

~~HYDRAULIC SYSTEM 

SEWER SUBSYSTEM (SEWER) 

I I ? ! 3 I 4 ! 5 6 I 7 I 8 9 10 r' rzlr3lr4!rs r6 r7 rs 1rg 20 21 :zz 23 24 zslz& zy:zcs Z9i3o 31 32133 34135 36 37 3b 39;40 41142 143 44:45 46147 48'43 

$ ' I i I I I I I ,i ~-l i I 
---<------+- ---r-----1 --+-
$ · 1 i I ! I i I I I I I +--4--t I i I i I T-+~-t--~1 t -

i ! l i i I I I i 

so st ~2 53~54!SSiS6 S7ise:s9j60 61 162 63164 65 66 67168 69'70 

t i i '+ -f--- +-1--- -I 
' 

I I i 

' ' 

PREPARED BY __ 

DATE_~-------,~ 

SHEET_____L OF_.!._ 

71 72 73 74 75 76 77!?s:79ieo 

I I 

l i 
- ·-

I 

I I Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No. 

SE W E!R 0 E&I GN I I lA N:A L1Y S ITSiT RTlJTNlO FF IIII'NLE.T' I I ISTE!W E !R I I I I FREQUENCY- YR ,-
Alphanumeric descnption of type of runoff surface for each subarea A through F 

c OIEF D E:S C R-T--~- 1 B= I I ;--TtT.:._T DI=T I E = r 
F~-I I I 

"c" (ruf"loff coefficient) applicable to each runoff surface A through F Minimum Ra1nfall Intensity Constants 
-

I f A B c D E > T1me of concentration e b d I 
CIOEiF 

-
! I i i T l TIC l i -r T RAT ' 

! I M I N -
' 

I I 
Drainage area ID Drainage areas for subareas A through F Time of concentration data Minimum Design Increment Baseflow or 

L•ne Inlet------- ------,------------
(Insert 3"or 6") Letter No. A B c D E F Length Velocity Tc Size Pipe (in.) Supply Q 

DR lA 14 /Jo~ ' Tr , ~+ Ll 4 ~~ v,z .s r-t: /15:0 107 -
DR A s i I [flO~ i L _4 20 v z .. o ~ ! :r ·-- ~~ ·-DR E I l ! • I .. 7 9,0 ·-- L 4'86 V+/ .~ ; 1\ I 
DR B I ! ' ! al7~ L ~oo vrz ··0 

e z l ol4~ I I i L 180 .,s :l== 
·-OR ,foo ,j, I 

' t-
vz. 

DR iF I i ' I • L :!I~ <?V /1,$ :!Iii I 
,~---:-- ~--+-·- .__I I 

OR Ill 8 ~ + ' L 44 ov ;t.p :ijil I i I J 
OA le' 1 IJ3~ 

c--- 4:6 zT.~ =F: 
1-

! I i : d L ov j 

IIJ 9 ~ l 
. - f- --

lt~S 44 ov z, s '.fT 
1 . ~-

IS C) crJ DR ' . • L, I 
CURB on GRAD£ = CURB Max;imum Mannings Gutter Max. pending Analysis only Width of 

June ID CURBotSAG CSAG Gutter Distance 
GRATE o~ GRADE GRATE pending Slope Slope n Depression deptn above Inlet Inlet Grote on 
GRATE ot SAG 'GSAG Slope for slope 

"a" Line Inlet GRATE S CURB Ofi GRADE' cc width i'l i' 2 value grate or lengtn area Grade 
GRATE 8 CURB ol SAG 'GCSAG % i'l 

letter No. JUNCTION 'JUNCT (ft.) (gutter) (ft.) gutter (in.) (ft.) (sq. ft.) (ft.) 

JU NC lA 4 T Y1P El=1 IC u~B z~ LS5i s.o f-- - ' 

.. Of~ :Z$ J_ tiS' 00~ -"-
I 

JU NC l.Q ~ TIY P E'-1 I ' 
-

7 L~o T .-v ~ I I +-+ JU NC I;& I T,Y PE= ISS \' I\ i 1- I I 1\ 
JU NC IB I TY PE= l4'/'l i I 

-. 

lL 
-

i ' I ' 
JU NC I~ z. TY p E.= I Lc 0 . ~ j__ r"-~ i i 

JU NC "IF I TY PE= '' 
- r--

' ~ ! ~ -· JU NC lA a. TY PE= I i ) I ' _i_ I i i 
JU NC ~ 3 TY PE - 1'1 ' I rPOi If I I ! 

• ' I 1 ' I ' JU NC lA 9 TY P~E -:i ~UR B T 2. ·~ S~l i IS"O 
-

IJi/ .> ·' S' /IS OO'l 
Inlet Identification Standard Inlet Allowable Carryover 

Lone Inlet L1ne Inlet Opening (ft.) Length (ft.) Letter No Letter No 

CA RR YO VER FR OM TO L'- P= I 
--~ 

CA RR YO VER FR OM TO I L= p-
' 

CA RR YO VER FR OM Wc L- p-
CAR RY OV ER F R 0'M TO L= P= I I 

CA RR YO VER FIR O'M TO L!- P- I i 

CR RR YO VER F'R OM I TO L= P= 
CA RR YO VER FR OM TO c---+- L= f-- p -, 
CIA'R R1Y ov ER FR OM ro L- p.-, I 

I ! 2 j 3 
1 

4 : 5 6 7 si9 10 II 121 131 14 15 161 17 18 19 2 21122123!24 25 26127 28129 30 31 32 33134135 36 37:38139140 41 !42!43 4445146 : : 47!48 49150 51j52 53 54 55[56, 57 ss,s9160 61 62 63 64 65 66 67]68 69 70 71 72 73174 75 76177 78 79 80 

I Marl< bo~ as shown bes1de each l•ne used. FIGURE 8-38. CARRYOVER INPUT DATA 
FORM CONTINUED ON BACK 

FORM 1309-1 (Revised 9/75) 



CD 
I 
w 
CD 

* 
Comments J 

l 

0 

c~~t,~ol 0 

D· I J 

0· 2 [ 

D-3 I 
c 
D 
u 
J 

D 
J 

D· 4 I 
0 
~ 

n 
I' 
L 

0 
0 

D-4a 0 
~ 

J 
Q 

[ 

0 
D 

D 

N-J'~ .. 

DISTRICT RES. NO. ___ _ 
I.P.E. PROJ. NO. __ _ 
COUNTY __________ _ 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 
SEWER SUBSYSTEM (SEWER) 

PREPARED BY __ 

DATE --=------==-
SHEEL ... ~- OF L 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17]18 '9 20 21 22 23 24 25 26 27128 29 30 31 32 33134
1
35 36 37,36!39 40 41 42 '43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

$ i ' I I I I I 
$' I ' I ! I ! ! i I I i I I I i 
$1 i I I I I I i I I i i 

Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No. 

S E WE R 0 E S I G N J I I lA N A L Y S I S R U 'N 10 F F I I I II N L E T I I 1 l IS E W E R I I I J l F R E Q U E N C Y -:I I Y R 
, ' ~lphanumeric descn~tion of type of runoff surface for each .su.barea A through F .< ,,~ ~:-

0

; [>< "~ _ ~ 

coEF OE'SC A= ' B1= I I c~1 o- E= F= " iiliif~....,·,,. ~-+-~-+-+-~-
"c" (runoff coefficient) applicable to each runoff surface A tt1rough F M1n1mum Rainfall Intensity Constants ~;~~i~ -~"" ~-, ~ '0':: 

A 8 c o E F Time of concentration e b d ::.- -:: :-~, 

R A T c iO E F I I ! I M :r N T c - i ! ~ 
Drainage area 10 Drainage areas for subareas A through F Time of concentration data Minimum Design Increment Baseflow or H-+++-

L~~~!r ~~~: A 8 C - D E F Length Velocity Tc S1ze Pipe (in.) (Insert 3"or 6") SupplyQ 

OA c. ~ I tJZ> Li 41Z'oVZ.iO i:f;l I /ISO'()( 
0 A I ~ • I ! i I L v +---r+-To+---<-+--HI-I--t-1-t--i-l-t--t-i-+-t-i-+-t-t-+-+-t--+-+-+-+--+--+-
0 A I - I - f-H I I I L v T. ! i 
OA ' , '~ L V l T I 
0 A i ~ I • --J.- c..+.. . : '. l ! : , i L VI 1 T : i ! 

O!A ll i I.! i --+.l.-1-··- ._) L VIi . T-+ I I I 
0 A ' ! -· i • ! ...... . ! .. _,_ L. VL .. t ! T i I I 

0 A ' i • i I I ' I ~ ... ~ c--r-i I LlJ. v T i i T I I ' 
OA ! lli .: ~ · •. ,. CTI v T ' I I 

CURB on GRADE = CURB Maximum Mannings Gutter Max ponding Analysis only Width of 
June 10 cuRB ol SAG CSIIG • Gutter Distance " " 

GRATF on GRADE GRATE pondlng Slope Slope n Depression depth above Inlet Inlet Grate on 
H-t-1--t---.------f GRATE a! SAG GSAG Slope for slope " 

Line Inlet GRATE 8 CURB on GRAOE GC Width r I -r 2 value a grate or length area Grode 

letter No. ~~:~;I~NcuRB 
01 

SAG o~~~~~ (ft.) 
0

/
0 l: 1 (gutter) (ft.) gutter (in.) (ft.) (sq. ft.) (ft.) 

JIUNC £. 14 TYP!El= 'C.URB _g~-;:55-- ! l.r-SE j ,:j_ I_ r~- .orS ~51 ;L_ jJ_t-r-l$~Z 
J u N c i TyPE=· I I ' -~ I I f I ' I I I ' I 
JUNC i-_ TYIP'E=1.~1' I I I~-.-:~: .. ·-!! -+--t--;· l,_ --~-----+-...1-+~- i I ! 

JUNC TYPE=! i ~ I I I .+- ·-· l i ·-··---i-- I • 

~ LJN c TIYP E = ! -+ • I : l ' I + - . I ! : 

J U:N.C T Y}E_EI= -~ .1. I i I I ' I i ~ -·~~+- -:- j- - - -+- ......, ~ i i. i L 
J UN.C T YIP E = 1 

+ • i .._ --+-~ i i :_(__;_I _. t.....:. I l-+- _ • +---'-
~~C i TYIPiEi= i '--+-_L------1-l I i_;_.l !~. IiI --"11 1 i' '. 'I I . I --I I! I 
JIUINC TY:PE= Tl li 'I' l:il • I ,r-+: 

1-------.~cc-l•nlet Identification Standard Inlet Allowable Carryover 

L~;~~r 1 ;:}~.1 L~;~:r In~~~ Opening (ft.) Length (ft.) 

CAR. R.Y 0 V E R FlR=r.o-OccM-1-'f-T'· T+ T 0 L~=j T P'~.~l.- ,--,-....,........-,-r-+-+-+-+-+-++-t-I-H--+-i-l-+-+-+-i-+-H--+-+-+-t-+-+-1'-t-

~J..RYOVER FRO'M T'O L=' + P=+j- +--r--
CARIR.1Y~O V EIR F R O~M 1- T 0 +-l_ Lf= P =I , -L--r-+-

~
~,R'RIYiO v E R F R QiM T 0 i Li= p ='1 I ~ I 
ARR'T'"o v ER .. ~FR. 'oM I • : fo, -:tt~ · p:: . 1 , i 
ARRYO'VER FROMr-t -J'f!Oi ~-r-r~· P- 1 

A R R Y ~.x.~ R FIR: o M L , T fo T r ==L~-+-f-+-+-H--fp~~+r-.....,.t+--+~-H-+-+-I++-1-+-+-I-+-+-I""+-f-;f-+-+-t-+-+-f-+-Hf-+-+-t-H -+-+-+-+-
:C'ARR'Yov:ER FRO'M I i TO L-' 1 P- I 

I ' 2 3 4 5 : 6 7 : 8 ; 9 ! 10 !I ~ 12113 14 15 16! 17 18 ! 191 ? 21 ]22 2 3 24 2 5 26 127 : 81 ?9 3( 3 1 I .3213313413 5 36 3 7138 39 AO 41 : 42 43 4 4 4 5 146! 4 7 45 49 50 51 :52 53 54 55 56
1

57 58159 60 61 62 63 64 :55 66 67 68 69 70 71 72 73 74[75 76 7 7 78 79 80 

I Mar~ box os shown t>es•de each line u~ed. FIGURE 8-39. CARRYOVER INPUT DATA (FRONT OF SHEET) 
FORM CONTINUED ON BACK 

FORM 1309-1 (Revised 9/75) 



CD 
I 

f.N 
~ 

SEWER ( Continued ) BACK, SHEET 3_ OF _L 

D-50 IOIU!T!L[EIT 

D-60 0 5rG N 
0 0 SGN 
0 0 S G N 
0 0 S GN 
0 0 S GN 
0 0 S G N 
0 D SGN 
0 0 S GN 
0 0 S G N 
0 0 S GN 

Run 10 I Lme I Inlet I Lme I Inlet 

UIS 

Tl .I WI • I I El Ll El V 
Upstream Soffit Downstream Soffit 

elevation elevation 

DIS 

Run (ft.) 

length 

CA 

addition 

1 ;,~~:r---r'~~et 

Q 

addition 

Mannings ,U.S. Junction I Maximum 

"n11 value Loss coeff. size rise 
~~~:~.t :~~~.I I I I I I 
OVAL, BOX 

U.S. Inlet D.S. Inlet 

Run ID Line( Inlet Line! Inlet 

Actual no. 

of barrels 
A~trua~ (f~s)e I Actu(,~ ipan Af~~~\;~;,s 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 
(ft. 1f box) (ft. if box) head loss(ft) 

D-70 A N A L J l . I I I i --+--t-++-+-+-H- I I I I I I I I I I I 

~~~~c 'l 1 1 L • I 111111111111111111111111111111111111 

~ ~ ~ ~ C , t J · 1 ' J J+++~+++ 1 1 1 1 1 1 1 I I 1 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 AN A L j 1 _W ±t I I I J I I I I I 
0 f=(N Rlllt- I t-\Tr ·1 I I J J j_l I I 1 1 J J H+ I 1 1 1 1 1 1 1 1 i 1 1 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 
o ~e~~~ 
D A NcB~ 
0 AN A L 

fi---1--1 I II I -ll--f-r----··Jf-1-.Tr ~-f-1_ TTTT --~r- Ill I IIIII i J !II!J II II II I 
l I ITT T Ill I 

I Line letter Line letter Line letter ~ine letter Line letter Scale Factor +-1-l 

D-sO G R A P H Si L I N E L I N E L I N E L I N E L I N E I I I I Xl =t I I l J lFJ 1 

0 G R A P H S L I N E L1 I N E L I N E L I N E L I N E I I I I I J I I I I 1 T • +-++-
0 G R A P H S' L I N E L I 1 N E L I N E L I N E L I N E 1 

0 GRAPHS LINE LINE LINE LINE LINE 1. 1 

D G~ R PHS L I,N E L I·N E. L IN El L IN E L IN E I I ! I 1 

Cross out all but one Scale of ft. /in. 

D-90 SCALE ACRES T SIQ M I LEIS I ISiQ l NCHES 1D SCALE I . ' 
D-lol Nl[ AT AI I lllllllllllllllllllllllllllll lllllllll 

1 i 21 3[ 41 sl617i s]9l1oj 11[12l13[14l15116l17[ IBI1912g21j2]2{2~2512d2i2~2913ci31132!3313~3~3d3-,j3~3914g4114:l''94~4514~4J4~4~5oJ51152153154\5515557[5sJ59]6q6116~6f4165]66l6716~6917~71172173f74!7~7~7*sl791so! 
/ISiolol'l 

FIGURE 8-40. CARRYOVER INPUT DATA (BACK OF SHEET) FORM 1309-2 (Revised 9/75) 



• $ SAMPLE PROBLEM ILLUSTRAT I"'G CARRYOVER OPTION 15007 
$ 15007 • SEWER DESIGN RUNOFF INLET FREQUENCY=25 YR 15007 
COEF DESC A=PARK B=RES. A C=RES. a D=C OMM. E=PAVEMENT 15007 
RAT COEF 0.45 0.60 0.65 0.70 0.80 MIN TC = 100800 75 100 15007 • DA C 5 55 L 220V2.0 15007 
0 A C 4 60 L 240V2. 5 15007 
DA C 3 135 L 540V1.5 15007 • DA C 2 120 L 480V2.0 15007 
DA C 1 90 L 360V2.5 15007 
OA 0 2 55 L 220V2.0 15007 • DA D 1 60 L 240V2.5 15007 
D A A 3 130 L 490V2.5 15007 
DA A 2 25 L 150V1.5 15007 • JU"'C C 5 TYPE= CURB 20 50 50 015 25 15007 
JUNC C 4 TYPE= CURB 20 55 50 015 25 15007 
JUNC C 3 TYPE= CURB 20 40 50 015 25 15007 • JU"'C C 2 TYPE= CURB 20 50 50 015 25 15007 
JUNC C 1 TYPE= CURB 20 60 50 015 25 15007 
JUNC 0 2 TYPE= CURd 20 55 50 015 25 15007 • JU"'C D 1 TYPE= CUR 8 20 45 50 015 25 15007 
JUNC A 3 TYPE= CURB 20 50 50 015 25 15007 
JUNC A 2 TYPE= CURB 20 40 50 015 25 15007 • CARRYOVER FROM C 4 TO 0 2 L= 5 P= 25 15007 
CAil-R YOVER FROM A 5 TO A 4 l= 5 P= 50 15007 
CARRYOVER FROM C 2 TO c 1 L= 5 P= 50 15007 • CARRYOVER FRCM D 1 TC c 1 L= 5 P= 25 15007 
CARRYOVER FROM E 2 TO E 1 l= 5 P= 10 15007 
CARRYOVER FRCM E 3 TO E 2 L= 5 P= 10 15007 • CARRYOVER FROM A 9 TC A 8 L= 5 P= 30 15007 
CARRYOVER FROM E 4 TO E 3 L= 5 P= 30 15007 
DA A 4 105 L 420V2.5 15007 • DA A 5 105 L 420V2.0 15007 
DA E 1 190 L 480V1.5 15007 
DA 8 1 075 L 300V2.0 15007 • DA E 2 045 L 180V2.5 lS007 
DA F 1 100 L 380V1.5 15007 
DA A 8 125 L 440V2.0 15007 • OA E 3 130 L 460V2.5 15007 
DA A 9 12 5 L 440V2.5 15007 
JUNC A 4 TYPE= CURB 20 55 50 015 25 15007 • JUNC A 5 TYPE= CURB 20 50 50 015 25 15007 
JUNC E 1 TYPE= CURB 20 55 50 015 25 15007 
JUNC B 1 TYPE= CURB 20 40 50 015 25 15007 • JUNC E 2 TYPE= CURB 20 50 50 015 25 15007 
JUNC F 1 TYPE= CURB 20 45 50 015 25 15007 
JUNC A 8 TYPE= CURB 20 55 50 015 25 15007 • JUNC E 3 TYPE= CURB 20 60 50 015 25 15007 
JUNC A 9 TYPE= CURB 20 50 50 015 25 15007 
DA E 4 125 l 420V2.0 15007 • JUNC E 4 TYPE= CURB 20 55 50 015 25 15007 
ENDATA 15007 

• 
• 
• 

FIGURE 8-41. COMPUTER PRINTED INPUT DATA 

B-40 



0 

0 
SEWER 

0 RUNOFF CALCULATIONS 

RAINFALL FREQUENCY = 25 YR. 
0 

SURFACE 0 ESC RIP T l 0 N OF RATIONAL COEFFICIENTS 

0 A B c 0 E F 

PARK RES. A RES. B COMM. PAVEMENT 
0 

0.4500 0.6000 0.6500 0.7000 0.8000 o.o 

0 MINIMU~ TIME OF CONCENTRATION = 10.0 MINUTES 

E= 0.800 B= 75. 0= 10.0 
0 

I. 0. CA TC SUPPLY Q INTENSITY TOTAL FLOw 

0 c 5 0.38 1. 83 o.o 6.83 2.6 
c 4 0.42 1.60 0.0 6.83 2.9 
c 3 0.81 6.00 o.o 6.83 5.5 

0 c 2 0.72 4.00 o.o 6.83 4.9 
c 1 0.54 2.40 o.o 6.83 3.7 
0 2 0.33 1.83 o.o 6.83 2.3 

0 D 1 0.42 1. 60 o.o 6.8 3 2.9 
A 3 C.9l 3.27 o.o 6.83 6.2 
A 2 0.17 1. 6 7 o.o 6.83 1.2 

0 A 5 0.63 3.50 0.0 6.83 4.3 
A 4 0.63 2.80 o.o 6.83 4.3 
E 2 a. 31 1.20 o.o 6.83 2.2 

0 E 1 1.52 5.33 o.o 6.83 10.4 
E 3 o. 91 3.07 0.0 6.83 6.2 
A 9 0.87 2.93 o.o 6.83 6.0 

0 A 8 0.56 3.67 o.o 6.83 3.8 
E 4 0.87 3.50 o.o 6.83 6.0 
8 1 0.52 2. 50 o.o 6.83 3.6 

0 F 1 0.65 4.22 o.o 6.83 4.4 

0 

0 

FIGURE 8-42. RUNOFF CALCULATIONS 

8-4, 



• 
• SEWER 

• !"lLET DESIG~ 

MINI IliUM MINIMUM • CO..,PUTED STMIDARO STA"'OARD "'l"liMU"' 
LENGTI-i LENGTH INLET GRATE CARRYOVER AREA CALCULATED 

INLET I"lLET FLOW REQUIRED REQUIRED OPENING WIDTH CARRYOVER ASSIGNMENT REQUIRED POND WIDTH • I • D. TYPE tCFSI I FT l I FT I I FT I ( FT l tCF S l INLET I.D. lSQ.FT.I (FTI 
c 5 CURB 2.6 6.72 10.0 5.0 o.o o.o - -- c.o 11.51 
c 4 CURB 2.9 7.28 5.0 5.0 o.o 0.6 D 2 o.o 11.68 • c 3 CURB 5.5 11.87 15.0 5.0 o.o o.o - -- 0.0 15. 87 
c 2 CURB 4.9 11. 10 10.0 5.0 o.o 0.3 c 1 o.o 14.56 
D 1 CURB 2.9 7. 15 5. 0 5.0 o.o 0.6 c 1 o.o 12.13 • A 3 CURB 6.2 13.32 15.0 5.0 0.0 o·. o - -- o.o 15.89 
A 2 CURB 1. 2 3.42 5.0 5.0 o.o o.o - -- o.o 8.93 
A 5 CURB 4.3 9.9<; 5.0 5.0 o.o 1. 6 A 4 o.o 13.85 • A 9 CUP B 6.0 12.92 10.0 5.0 o.o 0.8 A 8 o.o 15.66 
E 4 CURB 6.0 13.06 15.0 5.0 o.o o.o E 3 c.o 15.38 

QD I• '3 1 CUR 8 3.6 8.45 10.0 5.0 o.o o.o - -- o.o 13.48 
I F 1 CURB 4.4 10. 13 15.0 5.0 o.o o.o - -- o.o 14.29 
~ c 1 CURB 4.5 10.60 15.0 5.0 o.o o.o - -- o.o 13.64 ....., 

D 2 CURB 2.9 7. 28 1 o. 0 5.0 o.o o.o - -- o.o 11.68 • A 4 CURB 5.9 12.91 15.0 5.0 o.o o.o - -- o.o 15.30 
E 3 CURB 6.2 13.60 15.0 5.0 0.0 o.o E 2 o.o 15.36 
A 8 CURB 4.6 10.68 15.0 5.0 0.0 0.0 - -- o.o 13.97 • E 2 CURB 2.2 5.70 5.0 5.0 0.0 0.2 E 1 c.o 10.68 
E 1 CURB 10.5 20. 14 25.0 5.0 0.0 0.0 - -- o.o 19.04 

• 
• 
• 
• 
• 

FIGURE 8-43. INLET DATA DESIGN CALCULATIONS 



VII. SEWER SAMPLE PROBLEM 

In this SEWER sample problem, the runoff to the inlets is to be 

calculated, and the sever network is to be designed. An illustration 

of the problem is provided in Figures 8-44 and 8-45. 

The data input forms, shown in Figures 8-46 through 8-51, are 

then completed giving all information necessary to the solution of 

the problem. The control card specifies the type of calculations to 

be performed. The data pertaining to the runoff calculations is 

given on the COEF DESC, RAT COEP, and DA cards. The results of these 

calculations plus data given on the JUNC, OUTLET, and DSGN cards are 

used in the sever design. The input data as it has been read and 

edited by the program is shown in Figure 8-52. 

The output resulting from the runoff calculations is shown in 

Figure 8-53. The user supplied factors are printed at the top of the 

page in this figure, and the runoff {TOTAL FLOW) for each iunction is 

listed as well as other calculated factors which have been used in 

determining the TOTAL FLOW. The CONFIGURATION DATA is the next 

output page and is shown in Figure 8-54~ This report gives all the 

physical characteristics of the pipe for each run specified on the 

DSGN card. The HYDRAULIC DATA (shown in Figure 8-55) follows the 

configuration data. This report presents the hydraulic character

istics of the pipe for each run specified on the DSGN card. The last 

SEWER report is STATIONING and is shown in Figure 8-56. This report 

lists the stationing for all junctions referenced from the outlet. 

8-43 
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FIGURE 8-44. MAP OF DRAINAGE AREAS AND RUNOFF DATA FOR SEWER SAMPLE PROBLEM 



CD 
I 
+:" 
I.JI 

LINE jj\ _ 8·1 

z 136 L ~~ L F_ ~ 234 L F- ~-
A-1 ::_e? L _l___ -------o-=""'---=~---=~==- Run 4) J 

Run I Puro .:-- LiN£ A-' 

~,~;/ ~· 
-£_-OurLET 0-6 

(LINE F 
, F I 

G~• 

195 L F) A-.5 83 LFl k6 35" LF) 
- j C)=c= ..., _ - f Dun 7} 

--!Acdch 

LINE D 
~460 l F o~:> 

-Run 12 

LINE G 

33E L F 
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FIGURE 8-45. MAP OF SEWER NETWORK FOR SEWER SAMPLE PROBLEM 
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DISTRICT RES. NO.~---
I.P.E. PROJ. NO.~~--
COUNTY __________ ~ 

~ STATE DEPARTMENT DF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 
SEWER SUBSYSTEM (SEWER) 

PREPARED BY __ 

DATE_~--

SHEET_/_ OF~ 

* 1-:-1-++-..+-:-f-.:. 

Cross out one Select one 1 two 1 or three. Cross out others. Design Frequency I Prob. No. 

I I I IFIR!ETQJD[INic Yl::l ISOYIR tle;J'~ DIEISIIGINI I I R U NIOFFI I I I II lrslitiE: ll I I I I ISIEIWIE!R 
Alphanumeric descnption of type of runoff surface for each subarea A through F 

R!=lf/IIV GM.GH[iTB"'.--,=1--=-c,.-14>=~-c:-~i- 1 
, i IC =Ri€'St· I 'Di=6~VI£.,,i IE = iSitbiPi ' I I ~ I I I T I I I 1.1 I I IJIZl3'14k" 
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Rainfall Intensity C.::,_:ons--'--ton~ts ----l~f-4~-+~-+~-l-~-1-f tf+-HH-J 

1 ol.: lol7419. I ' 61J 1 !d 171?·· f1 zri~ , , •IR~R~T! lclolE
1;L[jo . ;lol lo!-l~tol fo1. §,if=[. ~ol loi·IJ,ol I Time of concentration 

M II IN []T ;c 
Uro1noge area 10 Drainage areas for subareas A through F Time of concentration data Minimum Design Increment Boseflow or 

~ 
·~ ..... ·-· 

Letter !'Jo A ~. C D E F Length _ Vel~city Tc S1ze Pipe (in.) (Insert 3"or 6") SupplyQ J J 

IDA 1
/ I ..Jill ~z!t -t----.Lr-+·•Zl1-Jj f~l- ·tl •1 L1 i51~SYzT;~o ~ I / 12. 3 /i21.?4~1 

' D R ·t ~ z 4 I .413.! I • : I z. J ___.. I . ; L ' 31 0 v ,. s ::;:. IF 

I DR lj 1 ~ll3 1 
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1 oR A ·~ · (9 , • , • , .~i?._! _ (_._ . L: , l1oo v·z'- OL ~ • 1 ) 1 

I ~~. ' 4 .Z,4- ' ( ifD1 

! i '0 i i I Ll .. ~~p V./ ;._~ '!. I i ll~-~ 
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I D A C I I .IZ I I . liZ. _._ L • L ,z~~o V Z ·~ =F' /2:3Ji~ 

CUR8onGRADE Mo)(imum 
cuRB o1 SAG o csAG Gutter 

I I I I I ~::~~ :~ ~=~Dr_ , G;~:~ pan ding S I o e 
line Inlet GRATE B CURFl on GRADE' Width p l:_ 

June 10 Distance s I ope 
for slope 

Slope 

'1- ? 

Monnings 

"n" 

value 

Gutter 

0 epression 

a 

Max pending 1 Analysis only 

depth above llnlet I Inlet 

area 
GRAH_ B CURB ot SAG _ GCSAG o;; ?: j -
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Grafe on 
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Note * I Mark box as shown bes1de each l1ne used. FIGURE 8-46. SEWER INPUT DATA (SHEET 
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FRONT) 
FDRM CONTINUED ON BACK 

FORM 1309-1 (Revised 9/75) 



SEWER ( Continued ) BACK, SHEET __ ,_OF :I_ 

I 2 3 4 5 6 7 8 9 I II 12 13 14 15 16 17 18 19 2 21 2 2 2 2 2€ 2 2 2 3 31 3 3 3 3~ 3E 37 3 3S 4 41 4 4 4 4 4 4 4 49 5( 51 5~5~5~55 56 57 5E 59 6 61 62 6 6 6~ 6E 67 6 6 7( 71 7 7 7 7 76 7 78 79 8( 
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11 

n
11 

value Loss coeff. size rise CIRC, ARCH, 
OVAL, BOX 
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FIGURE 8-47. SEWER INPUT DATA (SHEET 1 - BACK) FORM 1309-2 (Revised 9/75) 
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DISTRICT RES. NO. ___ _ 
I.P.E. PROJ. NO. ___ _ 
COUNTY __________ ___ 
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~ AND PUBLIC TRANSPORTATION 
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Minimum Design Increment 

Size Pipe (in.) (Insert 3"or 6") 

r 
t; 

8 
!T 

f<t:l;f ' 
E 

·FfJF m 

Supply Q 
-,---,----,-

f; 
:~;; __ 

~ 
~ 

r7 

If 

(i 
r';;t, 

o~4, 0 IEIRjRIEJOIVJE]R[ jFIRIOIMIIIII I jTIO 1=1 I I I I I I I IPI=- r~1-
0 CRR[RYOVIER F[R[OIM I I TiO 
o ICIAIRIRiYIOIVIElRTlFIRTOTFlrl ITT OtlO 
o ICIRIRIRIYiolviEIRI lF!RiOIMI I I I I I ITIO 
0 ICIRIRIRIYIOIVIEIRUFIRIOIMI I Ll I []TIO 
o ICIRIRIR!YIO!VIEIRI lFIRIOIMI I I I I I ITIO 
o ICIRIRIRiYIOiVIElRTlFIRIOIMn nl ntTO-
D lciRTRTRIYIOTVIEIRI IFIRIOIMI I I I I I ITIO 
0 l1 jzj ;-r •fsf•J7-f819 H" I 12H 1411511•: +• H 2~ 21Tzz12>[z41z*6 

Note * 

Ill= I i I I I I I IP I= 
I= I I I t L LLJ IPJ=-
1=1 I I I I I I I IPI= 

[1=1 I LLLLUJPl=-
ILi= i I I I 1 I I IP 1=-

1=1 I I I I I I I IPI= 
1=1 I I I _I I I I IPI= 

'I'D 
~c;; 

(
,~: 

v: 
rs 
r~ 
t<~ 

zsfzgj3of 31~3-4f,sf,•l37[3sj39[4of41 f•zl4314 •14sH47 J.sl 49jsol Slfsz js>j o.lssls•lsilssls916ol•l l•zi631B41Bsl••l•716sl•91701711721~-;174 H 7BJnl7sl791sc 
I Mork box os shown beside ecch 1"1ne used. FIGURE 8-48. SEWER INPUT DATA (SHEET 2 - FRONT) 

FORM CONTINUED ON BACK 
FORM 1309-1 (Revised 9/75) 



SEWER ( Continued ) BACK, SHEET ~OF _L_ 

I 2 3 4 5 6 7 8 9 IC II 12 13 14 15 16 17 18 19 2 21 2 2 2 2 2 2 2 2 3 31 3 3 3 3: 3E 37 3 3 4 41 42 4 4 4e4 4 4 49 5( 51 5~5~5~55 56 57 58 59 6 61 6 6 6 65 6E 67 6 6 7( 71 7 7 7 7 76 7 7 8 79 sc 

Outlet ID t£ fB 0~ 0 ;~ frC 
0 "' , ~1ne Outlet 

letter No 
,' h 0 0 

D-50 I)U TL ET ST AT I I) N I N( T . w. EL E.V 
I JunctiOn or unct1.o,7

111
or Upstream Soffit Downstream Soffit Run (ft.) CA Q Mannings U.S. Junction Maximum Insert one: ;_~ 

Run ID L1ne Inlet Lme Inlet elevation elevation length addition addition .. n" vak.Je Loss coeff. size rise 
CIRC, ARCH, 
OVAL, BOX 

[o·_._· • 

D-61 OS GN I I 0 I ID z us 91J .o ~ OS ,, . ,z 4f3 ~.0 /Z Z4 It II RC1 1/ z 4-~ 
I OS GN IZ D z ID us 91 ·9 l OS 89 .z, 14~0 ' 

~,.. 

I OS GN ,. II ID us B' .~8 OS 89 ·14-8 9$ I 

I OS GN I f. I> 3 ID us 8~ .z~ OS 88 .zo /GB \ 
I OS GN 6 I IG z us 91 ·99 OS 90 .o7 11S 

' OS GN z II> 4 us go ·04 OS Ji18 • (; 4 i24~ I i I 
I OS GN 1 [) 4 ID 5 us 8~ . ' ~ OS ~ls .~o ZJ~ 

I ' 
i\ 

I OS GN /8 I E 2 us 9. 19 OS l~, .70 42 18 
I OS GN /9 "3 z ~ 3 us 9. "9 OS 189 ·3lJ /ZO 24 

CD I OS GN zo 3 q , us ~· 31 OS s• ·SZ. IS4 :tJ ,(j IZ I zq. Iff C. ./213 tiS 
I 
~ 

\0 D-70 

U.S. Inlet D.S. Inlet Actual no. Actua I rise Actual span Actual U.S. 
or D (in.) (in) junction 

Run ID Line Inlet Line Inlet of barrels (ft. if box) (ft. if box) head loss(ft.) 

AN AL 
0 AN AL 
0 RN AL 
0 AN AL 
0 RN AL 
0 RN AL 
0 AN RL ! 
0 RN RL 
0 RN RL 
D RN RL ' 

U ne letter Line letter Line letter Line letter Line letter Scale Factor 

o-sO GR RP HS L I NE L I NE L I NE L I NE L I NE X= 'I'-
D GR AP HS L I NE L I NE L I NE L I NE L I NE 
0 GR AP HS L I NE L I NE L I NE L I NE L I NE 
0 GR RP HS L I NE L I NE L I NE L I NE L I NE 
D GR RP HS L I NE L I NE L I NEI LINE L I NE 

Cross out all but one Scale of ft./in. 

D-90 sc RLE AC RES SQ M I LE s SQ IN CH ES I!) sc ALE 
o-1oO Ni[ ATA I I I I I I ~\ 

I 2 3 4 5 6 7 8 9 10 11112 '1~~15 ~~ ~ 19 2( 21 2~23 2~5 ~2 2d29[3c 31 32 33 3 35 3~ 3 3~39 L~-~ 4~4 4 45 4~4~4~49 50 51 52 5 54( 55 56 57 5E 59 6( 61 6 6 s<ls5 66.67 6E 69 7 71 72 73 74 n 76 7 7 8 79 80 

FIGURE 8-49. SEWER INPUT DATA (SHEET 2 - BACK) 
FORM 1309-2 (Revised 9/75) 



(XI 

I 
U'l 
0 

DISTRICT RES. NO. ___ _ 
I.P.E. PROJ. NO. __ _ 
COUNTY ___________ __ 

* 
Comments 0 

D [$ 
0 1$ 

i 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 
SEWER SUBSYSTEM (SEWER) 

i 

Cross out one one, two, or three. Cross out others. Design Frequency 

C~n0tr~ol C IWit' IRP~,~ D lEIS IHJ.!N ll H IA1NJA][JYJ5Jt]S[DRJOJNJO]FIF I I I I II IN IL IE IT IT:ITIJS IE IW IE IR fTri';~~~F IR IE IQ IU IE IN lr:IYI: 
Alphanumeric description of type of runoff surface for each subarea A through F 

0-1 0 I~ lA I= I I I I I I I I IB I= I I I I I I I I IC I= I I I I I I I I ID l= I I I I I I I I IE I= I ! I I I I I I IF!= I 
:lct;il:l rt• Minimum 

A Time of concentration d 

o-, D IRIAITflC:lOIE:lF'IJ I I I I l l I I I ll I I I f 1 I I I I 1 I I I IJ I ! 1 lJMIIINUTicLl=LD I I I I II I I I I I I I I I I I II 

D-3 I 
I DfAIIG~I 1Zf11Tl 121911 iII II: II II II! IIi 11 i-1 ll I [Ill 11~1VI/I.lSII* 

IDIAIJG[IIIILLII1714111 I Ill. I II II I' II! I lllll; f-lLII9IZ~IVItl·~l-~ I I ' Q DIA[l [1 I [Tfl I l I nT: I I I I I i I I ~ : I I : • I [] I i I I ILl I I I lVI I I I IT 
D ID!Ril 11 ! !TTl I • I 11 I • I 11 . 1 I :1 I l : 11 : l I II I • I I ILl I I i lVI I I liT 
c ln 1RL I II 1 I II l I 1 I I I I 1 I I I : l I 1 I I I I I 1 1 I I I I • I I ILl I I : lvl I • I IT 

lo!AI I I I 1 I II I I I : I I I I I I I : I I I I I : , I I : I I I I I • : I ILl I I 1 lvl I liT c 
IDIR I 1 I l I I I I I I 1 . I I I I . I I I l I I I I • i I I . l I I I I • I I ILl I I i IV I I • I IT 

rAn TT 1 1 1 l 1 1 1 1 1 1 ! I : 1 1 1 ~ 1 1 1 1 • 1 1 1 ~ 1 1 1 1 • ' 1 ILl 1 1 i lvl 1 : ITT )] 

CURB on GRADE cuRs I Maximum 
June 10 Gutter 

% 

CURB a! SAG 

GRATE on GRADE 
0 

GRATE I pending 
1--T-++-+-----,..-----j ~=:;~ ~~ c~~~ on GRADE o GS~~ width I Slope 

GRATE B CURB at SAG = GCSAG 

JUNCTION "JUNCT ( ff .) 

D 4 0 IJJUINI 
0 J.UIN C ~ I • ! I 

~~~ 

~ IJiUIN ITIYiPIE:= ! 

~ IJ:UINIC ITIYIPIE!= I I • 
o IJ:UINIC ITIYIP!E = 

ITIYIPIEI= 
ITiYiPiEi= 

o IJ!OTN 
o IJTDfN 
o IJIUIN ITIYIPIEI= 
o IJIUIN ITIYIPIEI= 

Inlet Identification 

L~~~~r I 1N16.1 L~~~~r~ 

I 
Distance 

Slope 

rl 
for slope 

rl 

I I 

Standard Inlet 

Opening (ft.) 

Mannings 

Slope "n" 

r2 value 

(gutter) 

I I • 
I I I • 

Allowable Carryover 

Length (ft.) 

]=I I I I I I I I IPI= ~~~18Im II l llli·g I II 1=1 I 11 I I I LIPk 
o ICIAIRIRIYIOIVIEIRnFTRTOTMil n I llT!O 1=1 I I I I I I I IPI= 

l=i I 1111111~1~ 

1-1 I I I I I I I IP[;:_t 

o CARRYOVER FROM : TO 
o CAR R Y 0 V E R FiR 0 M TJQ_ 
0 CAR R Y 0 V E R FiR 0 M 1 TjQ 
0 C A R R Y 0 V E R F RiO M T}O-
D!CARRYOVER FROM W 

Gutter 

Depression 

a 

(ft.) 

• 

rl 

Max. pending 

depth above 

gr.ote or 

gutter (in.) 

I Design ~~.crem~nt 

(Insert 3 or 6 ) 

Analysis only 

Inlet Inlet 

length area 

(ft.) (sq. ft.) 

r;:.:r:: F't~ 
1 ,, r: 

"';! r:::~" 
I 

PREPARED BY~-
DATE ____ _ 

SHEET_.!_oFL 

IT 

Baseflow or 

SupplyQ 
o--ro-

Width of 

Grate on 

Grode 

(ft.) 

Prob. No. 

I/IZIJ'I4~ 
1/IZIJ~IS 

··"~s! iJY;Jtt~ 
~· ~ ~~-" 

h 
t~j, 
["' 

l-' 
~ 

D 1 2pl4!5 6 7 e.g 1011 121131415.16,17 1s 19 2 21122[23i24l25l26 j28lz9l3ol3113213313413 sl3sl371381391•ol41 [42] 4314+sl4++sJ.gisols' [s2[s3154[sslssls71ssls9[saJsl lszHs41ssl••l•71ssls917oj71 ·174175176177178179180 
Note * I Mark box as shown bes1de each line used. FIGURE 8-50. SEWER INPUT DATA (SHEET 3 - FRONT) 

FORM CONTINUED ON BACK 
FORM 1309-1 (Revised 9/75) 



SEWER ( Continued ) BACK, SHEET ~OF _L 

I 2 3 4 5 6 7 8 9 IC II 12 13 14 15 16 17 18 19 2 21 2 2 2 2~ 2 2 2 29 3 31 3 3 3 3 36 37 3 3 4 41 4 4 4 45 4 4 4E 4 5 51 5~5~5~5: 56 57 5 59 6C 61 6 63 6 6 6E 67 6E 69 7 71 7 7 7 75 7E 7 787 9 8( 

Outlet ID 'tk 
!;t1 ~:r 

Outlet 
No 

o-50 OU TL ET ST AT I (j N I NIC I T. W. EL EV 
I Juncft1~~ 8~ Jgnct1~~af Upstream Soffit Downstream Soffit Run (It) CA Q Mannings U.S. Junction Maximum Insert one·. :'; 

Run ID L•ne Inlet Line Inlet elevation elevation length addition addition "n11 vakJe Loss coell. size rise CIRC, ARCH, 
t·' OVAL, BOX 

D-61 OS GN Z I R ' A I/ 0 us 817 , IS" o OS 8l,. 75" ~8 oo IZ. ' i3C. ~ r1~ ~-~· liZ~ ! 
I OS GN zz. iJ /0 p s us g~ • 71/ OS 8~ • CIS 114 0 lo~ I Z. ' !C. c .Ci~lc /IZ:l ! 
I OS GN z~ 0 IS p ~ us as • o'o OS 81 • liZ 4170 ole liZ.. 14 't Cl ~I C. I Z's ~ 
0 OS GN us OS 
0 OS GN us OS i 
0 OS GN us OS i 
0 DS GN us OS i 

D OS GN us OS 
D OS GN us OS 

Q) D I 
U'l .... 

OS GN us OS I 

U.S. Inlet D.S.Inlet Actual no. Actual rise Actual span Actual U.S. 
or D (in) (in) junction 

Run ID Line Inlet Line Inlet of barrels (ft. if box) (It if box) head loss(ft) 

D-70 AN AL ' 

0 AN AL 
D RN RL 
D RN RL 
0 AN RL 
0 RN RL 
0 RN RL I 

D fiN RL I 
D RN RL 
0 RN RL 

Line letter Line letter Line letter Line letter Line letter Scale Factor 

o-el GR RP HS L I NE A L I NE 18 L I NE c L I NE p L I NE ~ X= ~b '1'- z IZ ~ 14r 
I GR RP HS L I NE F L I NE K' L I NE L I NE L I NE /Z.. 3 14~ 
D GR RP HS L I NE L I NE L liNE L I NE L I NE 
0 
D 

GR RP HS L I NE LIN E LINE L I NE L I NE 
GR RP HS L I NE LIN E LIN El LINE L I NE 

Cross out all but one Scale of ft./in. 

D-90 sc ALE AC RES SIQ M I LES SQ l N CH ES a sc ALE 
D-IDI Nl[ ATA I I I I ]'2. 1 ~S" 

I 2 3 4 5 6 71 8 9 I( II 12 13 14 15 16 17 18 19 2C 21 2 2 24125 26 2112829 3( 31 32 33 3 35 3~3 3!J 39 4 41 4~4 4 45 4~4 4~4 50 51 52 53 54 55 5E 57 58159 6C 61 6 63 64165 66 67 6E 69 7( 71 72 73174 75 7E 7 78 7 9 8( 

FIGURE 8-51. SEWER INPUT DATA (SHEET 3 - BACK) 
FORM 1309-2 (Revised 9/75) 



• S THIS IS A SAMPLE PROBLEM FOR INCLUSION IN THE THYSYS USER MANUAL 12345 
s 12345 

• SEWER DESIGN RUNOfF SEWER FREQUENCY= 5 YR12345 
COEF DESC A=PAVEMENTB=COMM. C=RES. O=GRVL. E=SOD 12345 
RAT COEF 0.90 0.70 0.50 0.40 o. 30 Ml N TC = 10. 0749 70 77 12345 

• OA A 1 32 21 27 l 395V2.0 12 3 12345 
DA A 2 24 43 23 l 370V1.5 12345 
OA B 1 03 47 L 325V1.5 12345 

• DA A 3 19 21 l 180V2.0 12345 
OA A 4 24 16 60 L 380Vl. 5 12345 
OA A 5 18 33 49 l 380V1.5 12345 

• OA A 6 20 23 06 05 l 290V2.5 12345 
OA A 7 30 11 30 39 l 370V2.0 12345 
OA C 1 12 12 l 290V2.5 12345 

• JUNC 0 4 TYPE=J UNCT 12345 
JUNC 0 5 TYPE=JUNCT 12345 
OUTLET STAT ION lNG o.o T.W. ELEV 84.66 0 06 12345 

• DSGN 1 A 1 A 2 US108.47 OS104.90 265 0012 24 CIRC 12345 
DSGN 2 A 2 A 3 US104.84 DS102.89 156 0012 24 CIRC 12345 
OSGN 3 B 1 A 3 US102.97 OS102.83 40 0012 18 CIRC 12345 • OSGN 4 A 3 A 4 US102.83 OS 99.84 234 0012 24 CIRC 12345 
OSGN 5 A 4 A 5 us 99.78 OS 97.28 195 0012 24 CIRC 12345 
OSGN 6 A 5 A 6 us 97.22 OS 96.18 83 0012 24 CIRC 12345 • DSGN 1 A 6 A 1 us 96.12 OS 91.64 358 0012 30 CIRC 12345 
DSGN 8 A 7 A 8 us 91.58 OS 90.65 82 0012 30 CIRC 12345 
OSGN 9 c 1 A 8 us 91.79 OS 91.66 65 0012 18 CIRC 12345 

• OSGN 10 A 8 A 9 us 90.60 OS 87.55 276 0012 30 C!RC 12345 
OA A 8 15 08 16 l 315V2.5 12345 
OA A 9 37 161 40 102 l 595V1.5 12345 • OA E 3 11 23 11 47 L 360V1.5 12345 
DA E 2 14 09 170 l 435V1.5 12 345 
OA E 1 20 15 L 415V2.0 12 345 • OA F 1 420 L1000V1.5 123··5 
OA D 1 44 112 44 l 650V2.0 1.2345 
DA 0 2 40 60 L. 550V2.5 12345 • DA D 3 36 34 L 470V2.5 12345 
OSGN 11 0 1 D 2 us 93.00 OS 91.92 413 0012 24 CIRC 12 345 
OSGN 12 0 2 0 3 us 91.92 OS 89.29 460 0012 24 C IRC 12345 • DSGN 13 F l D 3 us 89.68 OS 89.48 95 0012 24 CIRC 12345 
OSGN 14 D 3 D 4 us 89.24 OS 88.20 15 8 0012 24 CIRC 12345 
DSGN 1 5 G 1 G 2 us 91.99 OS 90.07 335 0012 24 CIRC 12345 • DSGN 16 G 2 0 4 us 90.04 OS 88.64 245 0012 24 CIRC 12345 
OSGN 17 0 4 0 5 us 88.15 OS 85.50 235 0012 24 CIRC 12345 
DSGN 18 E 1 E 2 us 89. J9 OS 89.70 42 0012 18 CIRC 12345 • OSGN 19 E 2 E 3 us 89.69 OS 89.38 120 0012 24 CIRC 12345 
DSGN 20 E 3 A 9 us 89.37 OS 88.52 154 0012 24 CIRC 12345 
OA A 10 31 l 305V2.5 12345 • OA G 2 29 l j45V1.5 12345 
DA G 1 74 L 920V1.5 12345 
DSGN 21 A 9 A 10 us 87.50 OS 86.75 68 0012 36 CIRC 12 345 • OSGN 22 A 10 D 5 us 86. 1l OS 85.08 140 0012 36 CIRC 12 34 5 
OSGN 23 D 5 0 6 us 85.00 OS 83.12 't70 0012 42 CIRC 12345 

• GRAPHS LINE A LINE B LINE c LINE 0 LINE E X= 50 Y= 2 12345 
GRAPHS LINE F LINE G liNE liNE LINE 12345 
ENDATA 12345 

• 
• 

FIGURE 8-52. COMPUTER PRINTED INPUT DATA 

8-5 2 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SEWER 

RUNOFF CALCULATIONS 

RAINFALL FREQUENCY = 5 YR. 

SURFACE DESCRIPTION OF RATIONAL COEFFICIENTS 

A 8 c D E F 

PAVEMENT COMM. RES. GRVL. SOD 

0.9000 0.7000 0.5000 0.4000 0.3000 o.o 

MINIMUM TIME OF CONCENTRATION = 10.0 MINUTES 

I .o. 

A 1 
A 2 
B 1 
A 3 
A 4 
A 5 
A 6 
A 7 
c 1 
D 4 
D 5 
D 6 
A 8 
A 9 
E 3 
E 2 
E 1 
F 1 
D 1 
D 2 
D 3 
G 1 
G 2 
A 10 

E= 0.749 B= 70. D= 

CA TC SUPPLY Q INTENSITY 

0.54 3.29 o. 0 8.14 
0.61 4. 11 o.o 8.14 
0.36 3.61 o. 0 8.14 
0.25 1.50 o. 0 8.14 
0.57 4.22 o.o 8.14 
0.59 4.22 o.o 8.14 
0.38 1.93 o.o 8.14 
0.58 3.08 o.o 8.14 
0.16 1.93 o.o 8.14 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o. 0 o.o o.o 
0.21 2.10 o.o 8.14 
1. 93 6.61 o.o 8.14 
0.44 4.00 o.o 8.14 
0.67 4.83 o.o 8.14 
0.22 3.46 o. 0 8.14 
1.26 11.11 o.o 1.17 
1.09 5. 42 o.o 8.14 
0.54 3.67 o.o 8.14 
0.43 3.13 o. 0 8.14 
0.67 10.22 o.o 8.06 
0.26 3. 83 o. 0 8.14 
0.28 2. 03 o.o 8.14 

FIGURE 8-53. RUNOFF CALCULATIONS 

8-53 

1.7 

TOTAL 

4.4 
5.0 
2.9 
2.1 
4.6 
4.8 
3.1 
4.8 
1.3 
o.o 
o.o 
o.o 
1.7 

15.7 
3.6 
5.5 
1.8 
9.8 
8.9 
4.4 
3.5 
5.4 
2.1 
2.3 

FLOW 



0 

0 
SEWER 

0 SEWER DESIGN 
CONFIGURATION DATA 

0 u.s. D.S. 
u.s. D.S. F.L. F. L. LENGTH 

RUN ID 10 ELEV ELEV 
0 

FEET SLOPE BBLS RISE SPAN SHAPE 

1 A 1 A 2 107.47 103.90 265 0.01347 1 12 12 C I RC 
2 A 2 A 3 103.34 101.39 156 0.01250 1 18 18 CIRC 

0 3 B 1 A 3 101.72 101.58 40 0.00350 1 15 15 CIRC 
4 A 3 A 4 101.08 98.09 234 0.01278 1 21 21 CIRC 
5 A 4 A 5 98.03 95.53 195 0.01282 1 21 21 CIRC 

CD 10 6 A 5 A 6 95.22 94.18 83 0.01253 1 24 24 CIRC 
I 7 A 6 A 7 94.12 89.64 358 0.01251 l 24 24 CIRC 

\,11 
8 A 7 A 8 89.33 88.40 82 0.01134 1 27 27 CIRC ,f;:: 

0 9 c 1 A 8 90.79 90.66 65 o. 00200 1 12 12 CIRC 
10 A 8 A 9 88.35 85.30 276 0.01105 1 27 21 C I RC 
11 D 1 D 2 91.00 89.92 413 0.00262 1 24 24 CIRC 

0 12 0 2 0 3 89.92 87.29 460 0.00572 1 24 24 CIRC 
13 F 1 D 3 87.68 87.4 8 95 0.00211 1 24 24 CIRC 
14 D 3 D 4 87.24 86.20 158 0.00658 2 24 24 CIRC 

0 15 G 1 G 2 90.49 88.57 335 0.00573 1 18 18 CIRC 
16 G 2 D 4 88.54 87.14 245 0.00571 1 18 18 CIRC 
17 D 4 0 5 86.15 83.50 235 o. 01128 2 24 24 CIRC 

0 18 E 1 E 2 88.54 88.45 42 0.00214 1 15 15 CIRC 
19 E 2 E 3 87.94 87.63 120 0.00258 1 21 21 CIRC 
20 E 3 A 9 87.62 86.77 154 0.00552 1 21 21 CIRC 

0 21 A 9 A10 84.50 83.75 68 0.01103 1 36 36 C I RC 
22 A10 0 5 83.71 82.08 140 0.01164 1 36 36 CIRC 
23 D 5 0 6 82.00 80.12 470 0.00400 2 36 36 C IRC 

0 

FIGURE 8-54. CONFIGURATION DATA 



0 

0 
HYDRAULIC DATA 

0 u.s. D.s. JUNC u.s. D.S. HYDR. PIPE 
RUN ID ID IN' LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

0 ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. 1 IS 1.94 
1 A 1 A 2 0.012 o.o 4.42 109.41 104.71 0.01310 0.81 6.5 4.5 
2 A 2 A 3 0.012 o.o 9.37 104.30 102.35 0.00678 0.64 7.8 12.7 

0 3 8 1 A 3 0.012 o.o 2.90 102.49 102.35 0.00171 0.62 3.6 4.1 
4 A 3 A 4 0.012 o.o 14.34 102.20 99.43 0.00698 0.64 8.8 19.4 
5 A 4 A 5 0.012 o.o 18.96 99.43 96.93 0.01221 o.8o 9.2 19.4 

0 6 A 5 A 6 0.012 o.o 23.75 96.74 95.96 0.00940 0.12 9.8 27.4 
1 A 6 A 1 0.012 o.o 26.85 95.96 91.67 0.01200 o.8o 10.0 27.4 
8 A 7 A 8 0.012 o.o 31.60 91.67 90.94 0.00887 0.73 10.2 35.7 

(J) 

10 
9 c 1 A 8 0.012 o.o 1.27 91.43 91.30 0.00108 0.64 2.4 1.7 

I 
U1 10 A 8 A 9 0 .. 012 o.o 34.62 90.94 88.00 0.01065 o.8o 10.2 35.3 
U1 11 0 1 D 2 0.012 o.o 8.85 92.24 91.18 0.00130 0.62 4.3 12.5 

0 12 0 2 D 3 0.012 o. 0 13.24 91.18 88.55 0.00292 0.63 6.4 18.5 
13 F 1 D 3 0.012 o.o 9.79 89.12 88.92 0.00160 0.72 4.0 11.2 
14 0 3 D 4 0.012 o.o 25.36 88.40 87.42 0.00268 0.58 6.7 3 9. 8 

0 15 G 1 G 2 0.012 o.o 5.37 91.34 89.59 0 .. 00223 0.57 5.2 8.6 
16 G 2 D 4 0.012 o. 0 7.15 89.59 88.19 0.00395 0.10 5.4 8.6 
17 D 4 0 5 0.012 o. 0 31.77 87.42 86.43 0.00420 0.56 8.8 52.0 

0 18 E 1 E 2 0.012 o.o 1.83 89.21 89.16 D.00068 0.54 2.7 3.2 
19 E 2 E 3 0.012 o.o 7.30 89.16 88.86 0.00181 0.70 4. 1 8.7 
20 E 3 A 9 0.012 o.o 10.92 88.86 88.01 o. 0040 5 0.71 6.0 12.8 

0 21 A 9 A10 0.012 o.o 61.20 88.00 87.51 0.00717 0.68 12.0 75.9 
22 A10 0 5 0.012 o.o 63.47 87.51 86.43 0.00772 0.69 12.2 78.0 
23 0 5 0 6 0.012 o. 0 88.72 86.43 84.66 0.00377 0.79 7.4 91.4 

0 

FIGURE 8-55. HYDRAULIC DATA 



0 

0 
STATIONING 

0 UPSTREAM 
RUN JUNCTION 10 STATIONING 

0 1 A 1 2327 
2 A 2 2062 
3 B 1 1946 

0 4 A 3 1906 
5 A 4 1672 
6 A 5 1477 

0 1 A 6 1394 
8 A 1 1036 
9 c 1 1019 

Q) 

10 
10 A 8 954 

I 11 D 1 1736 U1 
C7l 12 0 2 1323 

0 13 F 1 958 
14 D 3 863 
15 G 1 1285 

0 16 G 2 950 
17 D 4 705 
18 E 1 994 

0 19 E 2 952 
20 E 3 832 
21 A 9 678 

0 22 AlO 610 
23 D 5 470 

0 

FIGURE 8-56. JUNCTION STATIONING REFERENCE FROM OUTLET 



VIII. PUftP SlftPL~ PROBLEft 

In this exaaple, a puap desiqn will be calculated froa the data 

supplied by the user. The iaput data sheets for this problem are 

shown in ligures 8-58 and 8-59 on the following pages. The input 

includes the rainfall intensity factors, values for CA and TC, sump 

storage capacity, and available puap sizes that may be used i~ the 

desiqn. 

line. 

A graph is also called for; this is followed by the ENDlTA 

The input data is printed out as it is read and edited by tke 

program (Figure 8-57) • 

• 
• 
• 
• 
• 

$ FORT BEND CO. US 59 CONTROL 27 SECTION 12 IPE 290 FIRST 15000 
$ 

PUMP DESIGN B= 71.10= 81E= 0760 
HYDROLOGY CA= 14.72 TC= 11.0 
SUMP CF=24032. 
PMP0009--NO STORAGE ELEVATION GIVEN. 
APC DATA MIN= 5000~AX= 15000INC= 5000 
GRAPHS 
ENDATA 

FIGURE 8-57. EDITED PUMP DATA 

07290 
07290 
07290 
07290 
07290 

07290 
07290 
07290 

If the data contains aay errors which are discernible by the program, 

they will be noted. In this exaaple, the aessage "NO STORAGE ELEVA-

TION GIV!N" is printed immediately after the SU"P card is read. This 

does not constitute a fatal error in this case because this value is 

not used in any calculations; but, if ftH/INLET data were given it 

would be fatal because this elevation is used to calculate storage 

capacity. No fatal errors are present and calculations continue. 

8-57 



(J) 

I 
U1 
(J) 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO.----
COUNTY __________ __ 

~ STATE DEPARTMENT OF HIGHWAYS 
~ AND PUBLIC TRANSPORTATION 

HYDRAULIC SYSTEM 

PUMP SUBSYSTEM (PUMP) 

PREPARED BY __ 

DATE-----:-
SHEET_LoF__l_ 

• 1 1 ]2]3]4]sls_l!W 9Jiobl[13_[i~~hl,sll7llaJ19l2oi_21]22J23]24]2s[*?j2~29]3cf31J3**413s]3s]37]3~39l4oL41]42]4*~45]4~47j4ej49]soj51 ]se]sg]so!E;,]s2]s3]64]ss]ss]s7]6B!•~ I~U 

Comments: I~ n~I~ITII8r~I0IIC~·jjulsl frl f~~~~~~ll.llzl7 1 Fffi1Xr1NII' FIIIIPfl Fl9 I Flri~IS ITLlLJ5l~~Jo 

0 

ct~~J1 1 ~to~tEt=t:t:f:t:~to~~:I~~~~EjtJ~~~~~;;~~~=t~~~=:~~~If~!]Qt;[:t:i:!:t~:j~~~~~~~~~~~~~~~ 
----------------~S~el~e~c!~one. Cross ou.~t~o~th~e~r41~w~o~.--------------~ 

CA a TC From HYDRO I Supply CA a TC:_ _2"_fpi)<_Q a TC 

H~ ~~~l~lffifr!H+ED It+--- T 

o I H 11 /I I I Nl Ll El Ti I I I I I I I I I I I ILl Cl N Gl =I I I I I I~ II 0 El = 
o 1!1H1/JilNJUELIITJ_LLl I I !LJ_lllll_,...Gl=l I I I I JH_IIUEI= 
o 1!11111 IINILIEITI I I I I I I I I I I I ILI(lNGI=I I I I I I~ IIOEI= 
o IJ1Bl.IDINLIEITi-I'I LLL~J I I I I ILI(lN._G!=LJ LJHJLCU:I= 
o lt1HI!I IINILIEITI I I I I I I I I I I I ILI(lNGI=I I I I I I~ IIOEI= 
o I t1_H[!li I Nl Ll El T[D I I I I I I I _lllllOLI\!Gl:=LLI I I I H II 0 El = 
o IMHII IINILIEITI ll I I I I I I I I I ILIClNG!=I I I I I I~ IIOEI= 
o [1'1[Jj/l IINILIEITf-fl I I I I I I I I I ILI~NGI=J I I I I IH IIQEI= 
o IHHII IINILIEITI IJ I I I I I I I I I ILIClNGI=i I I I I I~ IIOEI= 
o I t1 H II I I Nl Li El TI-Il I I I i I I I I I I Ll Cl N Gl=J I I I I I H I I q El = 
Olt1HIIIINIUEIT! !II I I I I I I I I ILIClNGI=I I I I I I~IIOEI= 
oiMJVIIINIUEITfllllll! IIIIILI(lNGI=IIIIII~IIOEI= 
0~~~~~~~~~++~~~~~~~~+.+~~ 
o~~~~~~~~++++~~~~~r++-+~~ 
0 
o Lt1HII IINLIEITII I I I I I I I I I I ILICINGI=I I I I I I~ IIOEI= 
o 1111-VI IINILIEITUJ I I I I I I I I I JLI~NGl;;l I l LLlHll!lE:I= 
o lMtl!l IINLIEITI II I I I I I I I I I ILICJNGI=! I I I I I~ IIOEI= 
o lt11111 IINLIEITW I I I I i I LLLILf[li'>{GELU II IH IlaEI= 
Olt1HIIIINLIEITLIIIIIIIIIIIILIONGI=IIIIII~IIOE!= 
o lt11111 IINJLIEITW I I I I I I I I I ILillf\4~L=LLLLllHllllE1= 
O~~~~~~~-r~-r~~~~~-r~-r~~~44-r~ 

IFILl= 
lEUJ= 
IFILl= 
lEW= 
IFILl= 
lfl11= 
iFI Ll= 
IFILl= 
IFILl= 
lEI Ll= 
IF!LI= 

Ill= 
ILl::: 
ILl= 
ill= 

IFILl= 
il-l= 

IFILl= 
IFil-l= 
IFILl= 
[ill= 
IFILl= 

~ls3]s4]ssJ~s]s7 

Note I Mark box as shown bes1de each I me used. FIGURE 8-58. PUMP DATA SHEET (FRONT OF SHEET) 

r. 

~-

fsc·· 

I 

~i~ 
~ 

I 

rol71]72]73]74]75176]77]78]79 ~o 

FORM CONTINUED ON BACK 
FORM 1310-1 



PUMP ( Continued ) BACK I SHEET __j__ OF __ , __ 

I 2 3 4 5 6 7 8! 9 10 II 12 13 14 15 16 17 18 19 2C 21 2d23 2~d2Eh~2~2~3 31 3~d3~3~36 37 3Eb~4 41 4~4~4J4~4~4~4~4~5 51 5 5 5 55 56 57 5 59 6 61 62 6 6 6 6 67 6 6 7 71 7 7 7 75 76 7 78 79 8 

From To Height or diameter (ft.) Width (fl.) Length (fl.) 

E-4 0 p I PE : I HI GH- WI DE- Ll) NG -I 
0 pI PE· I HI GH - WI DE- Ll) NG-
0 pI PE HI GH - WI DE- LO NG- / 

0 PI PE ' ! HI GH - WI DE- Ll) NG= 
0 pI PE I I I HI GH - WI DE- La NG-
0 pI PE I I HI GH - WI DE= Ll) NG= 
0 pI PE I HI GH - WI DE- Ll) NG-
D pI PE I HI GH - WI DE- Ll) NG= 
0 pI PE I I HI GH = WI DE - Ll) NG -
0 P1 I PE i HI GH = WI DE - Ll) NG = 
0 pI PE i I HI GH - WI DE - Ll) NG -
D p; I PE l I HI GH = WI DE - Ll) NG = 
D pI PE ! i ' HI GH - WI DE - Ll) NG = 
D pI PE ! HI GH = WI DE = Ll) NG = 
D pI PE i I HI GH - WI DE - Ll) NG = 

CD D I 
V1 0 

pI PE I HI GH - WI DE = Ll) NG = 
pI PE HI GH - WI DE = LO NG -

"" 0 pI PE I I HI GH = WI DE = Ll) NG = 
0 pI PE ' HI GH - WI DE - Ll) NG = 
0 pI PE HI GH - WI DE = LO NG = 
0 pI PE I HI GH = WI DE = Ll) NG = 
0 pI PE I HI GH - WI DE = Ll) NG = 
0 pI PE I HI GH - WI DE - La NG - -
0 pI PE i HI GH - WI DE - Ll) NG = 
0 P: I PE : HI GH - WI DE - Ll) NG - I 

D p: I PE I I HI GH - WI DE - Ll) NG = I 

0 pI PE i i HI GH - WI DE - Ll) NG -
D IP T IPIF I I II- T I( IH- T If IF - ! e1t-. -I 

Spec1fy range of pump capacities and increment in gpm for design. 

E-51 lp IR'liR IM! TINI- I 15~~101MIRIXI- I/~ 1CJ~IOIT1Nif'l- I ISO~Ii' ' It: 7 1;'[910 
Specify known pump capacity a storage volume at which pump starts. 

E-6 0 AN AL 15 I 5 GP M- C'F= GP M- CF= GP M= CF= 
0 j::jt\ IY c; IT c; PM= If IF- If P IM -~ If F- ·p IM- ~"'F-

E-71 R PIH ~ ()7 ~9 ~ 
E-8 I FN I=IT 1=1 t>7 29 ~ 

I 2 3 4 5 ~ 7_ 8 -~ 10 II 12 13 14 15 16 17 18 19 ~ 21 22 23 24 25 26 27 2 29 ~ 31 32 33 34!35 36 37 38.39 ~ 41 4 43 44 45 46 4 714 49 50 51\52 53 54 55 56 57 58 59 ~ 61 6 63 64 65 66 67 ~ 69 ?.f 71 72 73 74 75 76 77 78 79 ~0 

FIGURE 8-59. PUMP DATA SHEET (BACK OF SHEET) FORM 1310-2 



The printed output for the first pamp design solution is shown 

ia Figure 8-60 on the following page. The output contains: (1) 

storage capacity; (2) the pump sizes, their starting sequence and 

storage capacity at which they start; and (3) a table for each minute 

of runoff until the accuaulated volume reaches a peak. The table 

lists, for each minute of storm, the accumulated volume, and the 

volume remaining after the indicated pumps have been started. If a 

graph has been requested, the graph number associated with that prob

le• is printed at the bottom of the page. The graph for this problem 

is graph E-1 (shown in Figure 8-61) and it has accumulated volume as 

its ordinate and time (minutes) as its abscissa. The long, smooth 

curve represents the accumulated voluae with no pumps on. The other 

curve which branches out from the first curve represents the reaain

ing volume as the pumps are s~arted, and the straight horizontal line 

represents maximum storage (as it is labeled). 

If the pump sizes are not the same, another solution is provided 

reversing the starting order of the pumps. The condition exists in 

this example, and the printed output is shovn in Figure 8-62. Graph 

E-2 (Figure 8-63) for this output is also shown. 

8-60 



0 

0 
PUMP 

0 DESIGN 

STORAGE = 24032. CF 
0 

PUMP 1 = 15000. GPM 

0 START PUMP 1 WHEN STCRAGE = 2730. CF 

PUMP 2 = lCOOO. GPM 
0 

START PUMP 2 WHEN STCRAGE = 3573. CF 

0 

0 
TIME ACCUMULATED VOLUME 

INFLOW RE-..AINING 
0 

1 303. 303. 
2 1213. 1213. 

0 3 2730. 2730. 
4 4853. 2848. 
5 7583. 3573. 

0 6 10920. 3568. 
7 14863. 4169. 
8 19413. 5377. 

0 9 24570. 7192. 
10 3033 3. 9613. 
11 36703. 12641. 

0 12 43073. 15669. 
13 48 83 7. 18090. 
14 53993. 19905. 

0 15 58543. 21113. 
16 62487. 21714. 
17 t5823. 21709. 

0 18 68553. 21097. 
19 70677. 19878. 
20 72193. 18053. 

0 21 73103. 15621. 
22 73407. 12 5 82. 

0 
GRAPHICAL OUTPUT FOR THIS PROBLEM IS GRAPH E 1 

FIGURE 8-60. PUMP DESIGN FOR FIRST SOLUTION 

B-61 



' - ~ 

. ~~ : p: ~ ! -~-. r ~----r-. . --- -----r---
. . .......~ - . . I • ~ ~ -- ·-t-- -. -~------r _, -=J- 1 - j . ... . I . 
~~-:---~--t·~~""+! __ .__~' l . -1 .•••. ·. I . I j 

~---~-- -~ -·--- r-- -- ~- --- ---.--,.,-~ t---+. -- ·- - --r---. . '.1:('1) . , ; . , , . I 

' I . i I i ! I 

' --- --t ~~ ___ , __ +-- ~ --]~---~- ---;-· I-- ·~-- -~----. - - ~-r------ -- _; -·--- -- - t -- ~ 
i e · I 1 · 1 · . ·.l -~Ax • ro R~ GE 1 - -T "' f I . j I . · , k 2!403 cui FT -·--~---

---lJ ~- !~~ ==-~t· -~--r .vEr-t~'0J· ! ----·-i -
' l ' ' ' . '. f . . . . .. . t . . ! . : i . . I. . . . . . . . . .. '' . I I -- _ _:_ __ +~~ -- ---~---- ---- ------ __ · '~--~- r---· ~~~ ---·- __ . - ------------- ------l--.. ----

. j, (:) ·I' ·,bl ' ... , ... I' .. ! ' j . . I ·~ . '. . . ! . . . I i 
f.---:- . I -~- ----r_:_ . -+--_:_ - -+ ·r- -----f--- I t---
....... · -- 1 · I . · I > . • . •. 1 . ' .. I . I . 

=-1-l:~ YT ·J- ,' I . I --- ·-... j-· + -
...... , .. 9l.oo 1 .~ .. oo.l·- el'no j ·1 .oo1·· .• l.·p.ooj1 

· 20.ooi· 2~.ooj I i . . . '1 . ' MINt TES i ' ! ' ' 

FIGURE 8-61. GRAPHICAL OUTPUT FOR FIRST PUMP DESIGN 
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0 

0 
PUMP 

0 DESIGN 

S TO ~AGE = 24032. CF 
0 

PUMP l = 10000. GP~ 

0 START PUMP 1 WHEN STORAGE = 1213. CF 

PUMP 2 = 15000. GPM 
0 

START PUMP 2 WHEN STORAGE = 35 73. CF 

0 

0 
TIME ACCUMULATED VOLUME 

IN FLOW REMAINING 
0 

l 303. 303. 
2 1213. 1213. 

0 3 2730. 1393. 
4 4853. 2180. 
5 7583. 3573. 

0 6 10920. 3568. 
7 14863. 4169. 
8 19413. 5377. 

0 9 24570. 7192. 
10 30333. 9613. 
11 36703. 12641. 

0 12 43073. 15669. 
13 48837. 18090. 
14 53993. 19905. 

0 15 58543. 21113. 
16 62487. 21714. 
17 65823. 21709. 

0 18 68553. 21097. 
19 70677. 19878. 
20 72193. 18053. 

0 21 73103. 1562 l. 
22 7 340 7. 12 5 82. 

0 
GRAPHICAL OUTPUT FOR THIS PRCBLEM IS GRAPH E 2 

FIGURE 8-62. PUMP DESIGN FOR SECOND SOLUTION 

8-63 



.. ; ; .. fb DO . ·-· q, no· -' ~ b -hp' .l : H-" ~-on· . - : 1. ~- o· o· . c ~.,-no· : '~ ~h··;1p· '- .1....; q 
: • ' • ~. :, • • :.:-:.-:-.~.-- ~. • IJ.--•' . ~. :, _, -"1,- . .!"', ', ~-l .• ~;::!+~ t:t1.-c ~ r-'r:S· -:_ : ~- .u. - : ·;: .. ~ • L oJCo : - .• , ~-~I"-;"- . i ~,_,_.-i:t ~ . . . - -- - ·-· . . ~ ·--+ __ ,__._-+ -,·-r'+-+- -t-H 

·-- -~-·' •-+-~ <-•-!-i __ _.___~-·-·r- l.~-• ·~--- +-t--··! ,, __ .J --..-t---+-J- -~-t-....-· t------7--+-f 

FIGURE 8-63. GRAPHICAL OUTPUT FOR SECOND PUMP DESIGN 
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IX. CUL8RG SAMPLE PROBLEM SHOWING FATAL ERRORS 

This CULBBG sample problem has been included to acquaint the 

user with the action taken when a fatal error is encountered in the 

input data. Even though a CULBRG problem is used in this example, 

all subsystems (HYDRO, HYDRA, etc.) work the same in this respect. 

The input data sheet is shown in Figure 8-64. 

The following errors have been incorporated in the input data. 

On the Control card, both DESIGN and ANALYSIS were deleted. On Card 

C-3, all types of inlet conditions were deleted. On Card D-6, the 

maximum outlet velocity vas not given, but a value of 8.0 vas sup

plied by the program which would have allowed the problem to be com

pleted, assuming there were no fatal errors present. On Card C-8 the 

maximum barrel depth was left blank. The edited input data is shown 

in Figure 8-65 with each of these errors noted following the card on 

which it appeared. After the ENDATA card vas read, the program 

checked to see if any of the errors noted were fatal. When a fatal 

error is detected, as it vas i• this case, the program indicates the 

last card having a fatal error and proceeds to tke next problem. 

Thus, although fatal errors occurred on several cards in the sample 

problem input, only the error on C-8 vas noted after ENDATA was 

printed. The final message, "ERRORS PRECLUDE COMPUTATION", is 

printed under any conditions that prevent completion of the problem. 

Following this message the program proceeded to the next problem. 
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CD 
I 
"' "' 

. 
Comments I 

I 
0 

c~~:~otl 

C-11 

C-21 

C-31 

C-41 

C-5 D 

c-d 

C-7 0 
c-al 

C-9 0 

C-10 0 

C-11 0 
~ 

u 
0 

C-15 0 

C-121 
C-131 
C-14 0 

Note: 

~ STATE DEPARTMENT OF HIGHWAYS 

DISTRICT ___ RES. NO. ___ _ 

I.P.E. PROJ. NO.----
COUNTY __________ _ 

~ AND PUBLIC TRANSPORTATION 
HYDRAULIC SYSTEM 

CULVERT I BRIDGE SUBSYSTEM ( CULBRG) 

PREPARED BY __ 

DATE---,---,..-
SHEET~oF__L__ 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23242526 27 28129 3C 31 32 33 34 35 36 37 3839 4041 42 43 44k5 4647 4849 50 51 52 53 5455 56 57 58 59 6C ~I 62 63 6465 66 67 68 69 70 71 72 73 74 75 76 7778 79 aq 
$ l5 11A 11 I~AI I/ Z. 171/ r:f'(, 9 Dill Ill L· I' I) LV ~ RT IW .511 IIJ £(. liT ItJ IAI WI TIJI ST AIT I~~ liz 17 4+ IZ. /0 714 l 
$ i I i JO 74 l' ' I 

$ l I I 
Design: Cross out one or neither Specify opening configuration. Cross out one. 

Cross out one I Prob. No. 
Analysis: Cross out one Number 

cu LB RG l I I I I I I IC U L VIE R~T ST1TNfG1t E I J l II I t'o7:4s 
This cord is necessary only for values not supplied from other subsystems. (HYDRO or HYDRA) I 

su pp L II IQ =I I 5' 41 I I I I C F Si I I I I I I IT W ELEV = Z~7 7 • s-~1 IF R E Q J E N C II =I IS~I IIR~ I I/o 7'4r" 
Clvrt ID Select ~ipe shape. Cross out all but one. Select 

11
n

11
value. Cross out all but one. 

11
0

11 
value I 

CL VAT ~ I 18 Cl Xi J I I I I CCINCRETEII I I l J IOI/~1 I/O 7'4r 
Clvrt ID Select profile configuration. Cross out all but one. Select inlet condition. Cross out all but one. ''Ke"value J 

CL VAT ~I STRAIGHT J l ·1 I I K Ei= IN ?:tt-r-
JJ 1 Design: Stot1on at toe along t. of structure Designo Elev. at toe Design: Station at toe along t. of structure Design: Elev. at toe 

' 

Clvrt ID Analysis' Station at end of structure along t. of structure Analysis• Elev. of culv. F.L. Analysis' Station at end of structure along t. of structure Analysis' Elev. of culv. F. L. ! 

CUV:R T I 1 Cl U T L·T STR /08 EL ZS77•> INLET ST R I 1012141 J E L IZIS 7 7 I~ 1/0 17'4~ 
I I Clvrt ID Station1ng along centerline of structure Break elevation Stationing along centerline of structure Break elevation ! 

CILVR T i BREAK s~T R TfT1 EL 8 R E1RIKf1S T H I I EL I ' I 
I 

I Clvrt-/Jr 
M R xximH fi#oiWfATTf'~fRrTEt"l"EtiV 

Elevation Maximum aliowable outlet velocity from culvert J j 

CLV RT ZIS81~. 8 1Z MAX CIUTLET VELCICITI F T I SiC 1/10 7'4~ 
I Clvrt ID Required entry for this cord CulveM~meter (in.) Culvert rise Culvert span No. of culvert barrels J I 

C1L V1R T O'I MENS I:CJN'S 01 I Rlf·11 = I i ~- Ht I G HI= WIDE= I 8 R' R R E L Sl =I J : i 
laCIRi[ I ~~l U!PI51TIR!MI 15151 I I i I ,. o, l I JINj51T R M lSI 51 • o, /I MIRIXL IOIEIPJT:HI= I I I Ill I I I I 017'4 

I I I Subsec ID Max1mum allowable averaae velocity throuah bridae Minimum af[j-E{l?ver~IL velocity throuah brid~e II- -rrnr=·rr I I I I 

B:RO<G I MAX A V ETRIATGIE VIE L Cl Cl I T I T1 MIIINnFfVIEIR AI E V]E UCJIC I Till T F TT/51( I I 

l Subsec ID 
LlElFirnsr.lST~fdey'fe, TTl-lTTIRTilGfHfTTl;i~11 sTT1T1fQ1 I 1 T 1 1-ncl CJfCilRfiffiTGfluf a~:l-f-t::l E AM 

Oria. sec. ID 1f skewed l 
B.R OG 
I Subsec ID Cross- section 10 Distance alon cross -section I 

fil -ov --+ SECX ~ ~~ miS 
---T. TCI X 0 I ST I j 

Ffli-,D·V SECX FlAiM X r- Di ItS TCI X 0 I ST ·~--F1L,- 0 V SECX FRM X DIS TCI X 0 I ST I I 

Delete _if Statewide Averages not desired 
CCI ST S T HT1E1W I 0 E I I I I I I I I I 

~~ E'i' Supply job number for culvert 1f plan summary desired iF .,._ "'{ 

CIB N·CI • I 14 S" /I~ 7ifiS 
IF N OR T:R I I/ o7:4~ 
PL IH N JS1U MM RR I I I 

I II 2 3 4 5 617 819 !0 II 12 .13 !14 15 16 17 18 19 20 21 22 23 4 5 6 27 8 9~0 31'32i:33641,3sb6.37!3ai.39~0 41 42~3 4';5 \4647 \48~9 lso 51 5253 5455 56 7 8 9 l;o 61 62 3 64 5 ~sis7l6a 69 0 71 72, 3 4 5176 77.78179130 

I Mark box as shown bestde each I me used. FIGURE 8-64. INPUT DATA SHEET WITH ERRORS 
FORM CONTINUED ON BACK 

FORM 1308-1 
(Revised 8/74) 



CD 
I 

0'1 
-..I 

:) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

$ STATIO~ 1271+69 DUAL CULVERT INSTALLATION WITH STATIJN 1274+12 
$ 

CULBRG CULVERT SlNGLE 
CLBOOOl--NEITHER OESIG~ N8R A~ALYSIS SPECIFIED. 
SUPPLY Q= 1564 CFS TW ELEV = 2577.50 FREQU=NCY= 50 YRS 
CLVRT 3 30X CONCRETE 
CLVRT 3 STRAIGHT KE= 
CLB0016--TYPE OF INLET C~NDITIONS NOT SPECIFIED. 
CLVRT 3 OUTLT STA 108 EL 2577.5 INLET STA 024 EL 2577.8 
CLVRT 3 MAX HEADhATER tLEV 2585.82 MAX OUTLET VfLOCITY 
CL80021--MAX. OUTLET VELOC. NOT GIVEN. VALUE SET AT 8.0. 
ROAD 3 UPST~M SS .~l DNSTRM SS .01 MAX DEPTH= 
CLB0025--NO MAX BARREL DEPTH GIVEN FOR CULVERT DESIGN. 
JOB NO. 745 
ENDATA 
CLB0050--DATA MISSING ON ROAD CARD C-6. 
CLB0040--ERPrRS PRECLUDE COMPUTATION. 

FIGURE 8-65. COMPUTER PRINTED INPUT WITH ERRORS 

10745 
10745 
10745 

10745 
012 10745 

10745 

10 745 
FT/SC10745 

10 745 

10745 
10745 



X. FINISH 

The Finish page shova in Figure 8-66 is the las~ page for any 

TRYSTS run. It indicates that the job terminated properly after all 

data vas processed. 

0 

0 

0 

0 

0 

FINISH 

FIGURE 8-66. FINISH PAGE PRINTED BY THE COMPUTER 
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APPENDIX A. GLOSSARY 



GLOSSARY 

~1£h~ny~g£i£ - Refers to alphabetic letters or numbers or any combi

nation of the two. 

~£hQ_~r~n! - A printed copy of information exactly as it was coded on 

input form. 

E~!~! __ ~££2£ - Following explanations of some error messages. This 

term is used to indicate that the condition causing the message 

to be printed is such that the program cannot continue in the 

problem solution. Data editing will continue, however. 

NQ~-f~!~! - Used to indicate that, although an apparent error was 

detected, the computations continued under the conditions stated 

in the error message. 

~~~~- Each use of one of the maior subsystems in THYSYS is termed a 

pass through that subsystem. Usually each problem will require 

one pass through a subsystem. 

~£QQ!~~ - One set of input data for one subsystem solution. Each 

problem must be followed by an ENDATA card and conversely each 

ENDATA card signifies the end of a problem. 

~£Qg£~~ - The THYSYS system including all of its subsystems. 

Rg£Q£~ - Refers to the printed output from the computer reflecting 

the results of a pass through a subsystem. 

R2~iin~ - A procedure which performs a specific function within the 

framework of a subsystem. 

R~n - 1. Generally, a run (computer run) refers to a complete set of 

input data submitted at one time for entry into THYSYS. A 

run may consist of one or several problems. 

2. Sewer runs are defined in the SEWER subsystem on page 6-5. 
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~~Q~I~1~~ - A term used in reference to any of the five major divi

sions of THYSYS. 

~I~ig! - 1 network of related computer procedures which are available 

to oae another for solution of a problem. 

Unigq~ - Term normally used in reference to names used for identifi-

cation. It indicates that each name or number used for iden-

tification must be different in some respect from any other 

identifier used in the same problem. 
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TWO-SECTION METHOD ERROR ANALYSIS 

The HYDRA Subsystem of the Texas Hydraulic System (THYSYS) contains several 

optional methods for computing water surface elevations in open channels. The use 

of one of these options, the Two-Section Method, has led to numerous inquiries re-

garding the reasons for failure of the computer program to produce a solution, as 

evidenced by the following error message: 

11 LIMITS OF THE CONVEYANCE CURVES ARE INSUFFICIENT FOR A PROPER SOLUTION WHEN 

DISCHARGE EQUALS nnnnn. 

LAST UPSTREAM ELEVATION = nnnn.nn 

LAST DOWNSTREAM ELEVATION = nnnn.nn 

UPSTREAM SECTION aaaa 

Elevation 

nnnn.nn 
nnnn.nn 

Conveyance 

nnnnn 
nnnnn 

DOWNSTREAM SECTION bbbb 

Elevation 

nnnn.nn 
nnnn.nn 

Conveyance 

nnnnn 
nnnnn 

THE ABOVE TABULATION INDICATES A FAILURE IN THE TWO SECTION METHOD. IF 

FURTHER INFORMATION IS REQUIRED CONTACT YOUR D-19 FIELD REPRESENTATIVE OR 

BRIDGE DIVISION HYDRAULIC SECTION. 11 

This is a generalized error message indicating a fatal problem in the processing 

for solution by the Two-Section Method. The failure of the method can occur in 

one of several possible ways as explained on the following pages. The error 
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message contains enough information for the user to determine which of these 

failings has occurred. Actual use of the information and data contained in the 

error message is also discussed. 

A comprehensive discussion of the Two-Section Method and its use is given in 

Chapter III of the Hydraulic Manual and the user should refer to that manual for 

particular details. Briefly, the method is based on the premise that the discharge 

is continuous and unchanged and the water surface slope is constant between two 

adjacent cross-sections in a reach of stream. Elevation versus conveyance curves 

are calculated for each of the two-sections (upstream and downstream). Since 

conveyance (K) is equal to discharge (Q) divided by the square root of the water 

surface slope for any trial slope and given design discharge, a corresponding 

conveyance may be calculated. The application of a vertical line at this conveyance 

on the plots of the two conveyance curves describes an elevation difference for 

that particular conveyance-discharge combination. A slope is then calculated by 

dividing this described elevation difference by the stream reach distance between 

the two sections. This process is repeated until the calculated slope approxi

mately equals the original trial slope. 

In Figure 1 the 45° line represents the 

locus of points at which the calculated slope 

(Sc) equals the trial slope (St). Ideally, the 

curved line would represent the locus of trial 

points in a successful solution to the Two- 5c 

Section Method; the point of intersection of 

the two lines is the point where Sc equals St. 

Unfortunateiy, the Two-Section process does 

not always follow the ideal. The failures are 

as follows: 
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sc 

A. In Figure 2, the locus of points of Sc versus St falls short to the left 

of the Sc = St line. As indicated in Figure 3, one or both of the con

veyance curves do not extend to a low enough value of K. The last 

possible trial yielded a calculated slope greater than the corresponding 

trial slope. 

st 
Figure 2 

c 
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+> 
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QJ 
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Conveyance K 

Figure 3 

B. In Figure 4, the locus of points of Sc versus St falls short to the right 

of the Sc = St line. As indicated in Figure 5, one or both of the con

veyance curves do not extend to a high enough value of K. The last 

possible trial yielded a calculated slope less than the corresponding 

trial slope. 
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Figure 4 
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Figure 5 

It is probable that most failures will be resultant from either A or B. How-

ever, other possibilities are as follows: 

C. In Figure 6, the locus of points of Sc versus St approaches then veers 

away from the Sc = St line on the left side. This is the result of a 

condition as indicated in Figure 7 where the ends (both left and right) 

of the conveyance curves are mutually divergent with a relatively close 

approach in the middle area. 

Figure 6 

c 
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D. In Figure 8, the locus of points of Sc versus St approaches then veers 

away from the Sc = St line on the right side. This is the result of a 

condition as indicated in Figure 9 where the ends (both left and right) 

of the conveyance curves are mutually convergent with a divergence in the 

middle area. 

Figure 8 

E. Figure 10 depicts a situation which 

is rare but possible. The two con-

veyance curves may be in such a 

relationship to each other as to 

yield more than one Sc = St inter

section. The logic in the computer 

routine forces the answer to be 

that nearest the stream bed slope. 
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F. In Figure 11, the locus of points of Sc versus St is a straight horizontal 

line ending to the left of the Sc = St line. This is the result of a 

situation as indicated in Figure 12 where the two conveyance curves are 

exactly parallel with only a constant difference in elevation. The con

veyance curves either do not extend far enough to the left or (and less 

likely) they are too far apart in elevation. 

st 
Figure 11 

G. In Figure 13, the locus of the 

points of Sc versus St is a 

straight horizontal line ending 

to the right of the Sc = St line. 

As indicated in Figure 12, this 

is the result of a similar 

situation as in Item F except 

that the conveyance curves either 

do not extend far enough to the 

Conveyance K 

Figure 12 

st 

Figure 13 

right or (and less likely) they are too close together in elevation. 
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H. Two other conditions may cause an abnormal termination of the Two-Section 

Method in the computer process. These are indicated in Figures 14 and 15. 

In Figure 14, the upstream and downstream conveyance curves do not over-

lap; that is, they have no common conveyance values from which a solution 

may be derived. An appropriate message to this effect is output. In 

Figure 15, the upstream and downstream conveyance curves cross. Obviously, 

any computation to the right of the intersection would be incorrect. 

Therefore, for this situation, a solution is possible and is sought only 

until it is determined that the curves do cross. Again, an appropriate, 

self-explanatory error message is output. 

~ 
I 
I 

c 

I 0 

~ 

I 
m 
> w 

I r--
uu 

I I 
I I 

Conveyance K Conveyance K 

Figure 14 Figure 15 
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The physical reasons for the above failures and shortcomings are many and 

varied. A comprehensive, but probably not complete, list of these reasons is 

given below. Any one or a combination of these physical errors may cause a failure 

in the Two-Section Method process. 

remedy. 

The errors are listed along with a possible 

l. 

2. 

The upstream or downstream or both section elevations and distances have 

not been extended far enough. The remedy is a more extensive survey. 

The upstream or downstream or both sections are not truly representative 

of the channel configuration under design discharge conditions. (See the 

discussion of 11 typical 11 sections in Chapter III of the Hydraulic Manual.) 

The remedy is to relocate and survey section(s) as necessary. 

3. Upstream or downstream or both section 11 n11 values and/or subsection 

locations are invalid. The remedy is to reinvestigate roughness and sub

division characteristics of appropriate section(s). 

4. Input QPEAK (design discharge) may be too large or some way in error. 

The remedy is to reinvestigate hydrology for the design site. 

5. Input sections are too far apart to be represented realistically by a 

constant slope and/or discharge. The remedy is to try to locate calcula

tion sections closer together but no closer than the width of the flood 

plain. 

6. Upstream or downstream or both sections were input on a skewed basis and 

not normalized. Normal sections (90° to flood flow direction) are required 

for this method. The remedy is to normalize section(s) either by manual 

means or by computer. (See MOVE CARD discussions in THYSYS User's Manual.) 

The type of failure as given in Items A through H may be determined by using 

the data supplied in the error message. The error message given on the first page 

includes a tabulation of conveyance curves for each of the sections (upstream and 
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downstream). In using the tabulations, the conveyance value is plotted as the 

abscissa (x-direction) and the elevation value as the ordinate (y-direction). 

Both the upstream and downstream curves are plotted on the same graph. By means 

of the 11 LAST UPSTREAM ELEVATION 11 and the 11 LAST DOl~NSTREAM ELEVATIOW, the user can 

determine the location on these curves at which the program recognized a failure 

situation. Only when the calculated slope is within 2% of the assumed slope is the 

Two-Section Method successful. The calculated slope is the difference in upstream 

and downstream water elevation divided by the distance between the sections. The 

last assumed slope may be determined by locating that conveyance on the two con

veyance curves at which the 11 LAST UPSTREAM ELEVATION'' and the 11 LAST DOWNSTREAM 

ELEVATION 11 are subtended. Since Q = Ksl/2 and s = (Q/K)2, the design discharge 

should be divided by that conveyance and the result squared for the assumed slope 

last used by the program. This determination, along with the original conveyance 

plots, should give some indication of which of the failure situations exists for 

the current two-section problem. A comparison of the conveyance curves and the 

St versus Sc situation to those given in this write-up should give that indication. 

It is very likely that the particular problem for a given failure lies in one 

or more of the reasons listed. However, the Two-Section Method is relatively new 

and virtually unresearched so that it may be fallible for certain problem situations. 

If one or both of the cross-sections involved is of a relatively complex nature 

(e.g., a large number of subsections, highly varied topography or extreme flood 

plain width), it is suggested that the user consult with the Bridge Division 

Hydraulic Section before attempting to process the problem under the Two-Section 

specification. 
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