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PREFACE

The THYSYS hydraulic system which was implemented in- 1970 has
had several nmodifications 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. CARBYOVER option for inlet design
4. 100 year flood analysis computations
5. COST analysis option
A1l 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 1307-1,2 Revised 8/74
CULBRG 1308-1,2 Revised 8/74
SEWER 1309-1,2 Revised 9/75
PUMP 1310-1,2

Additional general changes in the user manual have been made in
the alphanumeric referencing of error messages, card use check 1lists
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.



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 S5AG
ANALYZE INLET GRATE AT SAG
ANALYZE SEWER BOX
ANALYZE SEWER CIRCULAR

GRAPHS
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PART T - INTRODUCTION



TEXAS HYDRAULIC SYSTEM (THYSYS)

INTRODUCTION

The Texas Hydraulic System (THYSYS) is an integrated system of
computer programs for hiqh&ay hydraulic design and analysis. It is
conposed of five major proqrams or subsystems (Figure 1-1). They are
as follows:

HYDRO (abbreviation of hydrology) — which computes peak flow

for surface runoff;

HYDRA (abbreviation of hydraulics) - which computes channel

flow characteristics;

CULBRG (abbreviation of <culvert/bridge) — which designs or

analyzes hydraulic structures;

SEWER which designs or analyzes storm sewer networks; and

PUMP which designs or analyzes pump stations.

THYSYS 1is designed so that computed data from one subsystem may
be automatically passed'on to other subsysters and used as input. 1In
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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THYSYS

HYDRO HYDRA CULBRG SEWER PUMP
SUBSYSTEM SUBSYSTEM SUBSYSTEM SUBSYSTEM SUBSYSTEM

FIGURE 1-1. TEXAS HYDRAULIC SYSTEM (THYSYS)
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FIGURE 1-2.

PATHS OF DATA EXCHANGE WITHIN THYSYS
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METHOD A METHOD B METHOD C

HYDRO FORM HYDRO FORM HYDRO FORM
\ HYDRO
Variables to DRO DRO
Subsyst
compute Q c:m:ﬁ:ezmo < system = system
g NOT USED NOT USED
3 [
4
HYDRA FORM § HYDRA FORM HYDRA FORM
Variables to HYDRA Variables to g:bzs:t\em SRA
compute TW ——= Subsystem compute TW . > ,
(except Q) computes TW including Q (;o“r/npu es ystem

NOT USED

uQ pessod
Mmi80

uQ PBSSDd
mi8D0

CULBRG FORM CULBRG FORM

CULBRG FORM

Variables to CULBRG Variables to CULBRG Variables to CULBRG
design or an - Subsystem design or an- Subsystem design culvert Subsystem
alyze culvert, designs alyze culvert, designs including designs
(except QBTW) culvert (except Q & TW) culvert Q8 Tw culvert
Answer Answer 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 tajlwater elevations. TIn Method
C, both the HYDRO and HYDRA subsystems have been bypassed by entering
the peak flow and tailwater elevation directly into CULBRG. Another
option available to the wuser in this problem is to compute a dis-
charge in HYDRO and bypass HYDRA, supplying a tailvater elevation
directly in CULBRG. SEWER is the only subsystem that is independent.
Data entered 1into 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.

HYDRO_Subsystem

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

gaged analysis method which employs major runoff history on a stream

to determine peak flow; and the USGS 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 fiood region.

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

HYDRA Subsysten

The HYDRA subsystem is used to compute water surface elevations

1-5



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

twvo—section method is a variation of the one-section method in which

two adjacent cross—sections are anaiyzed and a water surface slope is
determined from the interacting properties of the two sections. The

many—section 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 subsysten includes water surface
(tailwater) elevations and/or cumulative conveyance at the given sec—
tions. Graphic output of cross—-section and conveyance data may be
requested by the user.

The HYDRA subsystem may also be used to calculate solution(s) to
Manning'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, vwetted 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 subsysten.

CULBRG _Subsysten

The CULBRG subsystem, using previously determined or specified



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 desiqn a bridge and/or culvert to satisfy certain
criteria. The system may also be used to analyze existing struc-
tures. The first two subsystems (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.

For 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 ornly for analysis of <circular and box
culverts. Two types of inlets are available. These are the normal
and flared (improved) inlets. Flared inlets may 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 coeputations.

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

headwalls, excavation and miscellaneous costs is not computed but can



be entered to obtain a total cost. The total cost is printed for
each culvert tried in the solution.

SEWER_Subsystem

The SEWER subsystem is independent of the other subsystens. It
accomplishes complete design of a storm sewer netvwork including run-
-off calculations, inlet design, and sewer network design. It nmay
also be used for analysis of existing systeas.

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

available as an option.



PUMP Subsystem

The PUMP subsystem is used for design or analysis of pump sta-
tions used to lift storm drainage.

Wwhen 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 1is fully utilized
vithout 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 stormn.

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.



Manual Orgapization

Part II of this manual provides a more general description of
the 1input forms and the output 1listings. 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. 1In 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 subsysten.
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 Tvwo-section

Method failures.



PART I1 - INPUT/QUTPUT



Input/Output
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I. Input.-Qo.‘......o....n-no-.noncu-nnunn-o-nnuouncuunooo.noﬂ 2‘_

INpUt FOLMoeeonacsvnevcmnoonunennsnnnesennansennanennnonennn o—
Control CardSuuecnnscensnnsanoomonesnneannenasnsannnessn 2—
Endata CardSinnencuosnonenansnnnannonnsnsencnnnasannonnnns 2=
COMMeNtS.cvenvonunensonnovnnsnununsnoosss snunonsnonesnne &=
Problel NOmeennoenennuneennnsnnunnnnanassennnnsnennsnenos 2=
Data ERtfYuwoonsenmnovcnmnoonosnennuanesannnonsanonnnnon 2—
Blank SpPaACEScvacnneuvmsusunonnnnnnsnonssssnnaanasasennne 2—
Data Orderuvuowcenunvnocosnnsnnnnonoseannssannunsomnsnnans 2—
Decimal Points, Numeric Entries..vuvwocveencencwcesovvacas 2—
Alphabetic EntrieScuosvemnncsunennononsessanssunsncannnnes 2—10
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Problem SubRiSSiONuovuoowvevoenanaseaevsesnanensonaensean 2—17
Hydraulic MaNualiuveseanswonsocnnascassunsnonounaonnnoenon 2—11
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INPUT/OUTPUT

I. INPUT
Input Form

A typical input form for THYSYS is shown in Figure 2-1. The
form 1is 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 1line 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
FORMS.

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 bhe 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 wvwords: CIRCULAR, ARCH, BOX. 1In 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"
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] STATE DEPARTMENT OF HIGHWAYS
¥ Z AND PUBLIC TRANSPORTATION

DISTRICT RES. NO.— = HYDRAULIC SYSTEM PREPARED BY

LPE.__ PROJ. NO. DATE

COUNTY CULVERT / BRIDGE SUBSYSTEM  ( CULBRG) SHEET____ OF

« L i2|3la|5i6]7]8 9 iofi]i12}13 14118 116 |17 18 |19 20|21 |22 /23 |24 |25 26]27]2 8203031 | 32]33]34|35]36 |37 [38]30]a0]41 |a2]asla alas(asla7|aslas]s0ls |s2]53]54]55]56 |57 |58]59]s0ls | |6 2l 3|6 4|6 5|sels7{s8l60l70) 71| 72| 73| 7al7siTe| 77| 78] 7s]e ]
Comments I $ 5 T 5 3o+oo | ;
] % : } |
IR E3 l
Cross out one Design:  Cross out one or neither Specify opening configuration. Cross out one. i Prob. No
i Analysis: Cross out one _ _Number i
corai g ICULIBIRG DESIGN TT T Irrrersrs | jeaateE [ [ 1 ICULVIERT T TISITINGIL 1 1
This cord is necessary only for values not supplied from other subsystems. (HYDRO or HYDRA) sE g
-l [SUPPPILIYL Q[ [ { T [7'e8 TTTICFISI T T T {11 ATW TFILEIVE I5] 122 /Bl T TIFIRE[QUEINCY Y]
Clvrt ID ] ___ Seiect pipe shape. Cross out all but one. Select "n" value. Cross out ail but one. "n" value
-2 [CL VIR T} 157301 [esEac a1 | BIOTX CIOIN[CIRTETTTE] IﬁﬁﬁﬂillljjﬂﬁﬂﬁﬂJ_“i
Clvrt 1D ___Select profile_configuration. Cross out all but one. Select inlet condition. Cross out all but one. "Ke"value
-3 [CLIVIRITE 151310l IS TIRIATLGIHT asi INORMALT K] 0
Design: Station at toe along & of structure Design: Elev. at toe Design: Station at toe along & of structure Design: Elev. at toe
. Clvrt 1D Analysis: Station at end of structure along & of structure] Analysis: Elev. of culv. F.L. | Analysis: Station at end of structure along & of structure ] Analysis: Elev.of culv. FL. |
-« [CLVRTLISRO JOUTILTTISITIAIT T 1 7 [ 33T THELiglzil/l- gl JUNILIETTT [SITIALT [ [ ] [ [ 7T 1 JellglzlelZl.lolf
Clvrt 1D Stationing along centerline of structure Break elevation Stationing along centerline of structure Break elevation
s G VIRTLT T T TBRERK ST T T T T T e T T T T T B RE AR ISTA T T T T T T T TEE T
[ Civrt ID Maximum heodwmer stream _of cuivert Elevation Maximum_allowable outlet velocity from culvert _
o b [CLVR T 1530l IMAX HEADWATER EILIEVT]222)5 . sl T T MAX[ TOUTLET] VELOCITY [ T 1 [ [ [ BEEEIFT/S
Clvrt 1D Reqmred entr hr his_card Culvert diameter (m) Culvert rise Culvert span No. of culvert barrels_ =
7 0O LIVIRT DIIIMEINISITOINS | DIAM= L JHIGH= | TIWIDE][= 11 BARRELSTEL] ]
=} [R0OD 530l [UPSTIBRMIS Pl & | IDNSTRM 155 6 | IMHX [UEPTH=S FEEEEEaR
I Subsec 1D Maxnmum allowable average velocity through bnd Minimum allowable average veiocity through bridge o ‘ b
c-o [ IBIRDIG [ T IMAX AVERRGET (VIEILIBICTTI [ ] llllll MIINL 1AVIETRAIGEL IVIEILIBICTI T 1 F | LEIFITI/AS0 ‘
Subsec 1D Left header slope header slope nsert one: P or DN i if skewed
co 0 [BIROG T [ T TJUIEIFITIISI ISl [ ] 1 | L CTIRIGHTIS Os T T T I T T TTIC 8K TING T 1 {STREAH
.} Subsec ID Cross — section |D Distance_along cross - section ey L =
e [FiLI-|DIV SIEICIX FIRML (X! DTS 710 LST i
0|kl -DIV SIEICIX FIRML XL DTS T8 (XL D IISIT
0{EL-DIVE SIEICIX FIRM[ X ID{I!S TI00 (XL IDLLSIT
Deletye if Statewide Averages not desired
ci5 0 CIAISIT STATEWIDETIITTTTTI]

%] Supply job number for culvert if plan summary desired |'v§ " i : Sopey o f
c—lzlé_QB NI . 43 43
sl [ENDATA ‘ ' Edds
c-a U [PILIAINL ISIUMIMIAIRY : é j & i

IJZ 31alslel7!alolioln iizlizlialislisli7 lislis lzofzi 2223 e ps e o7 ks solsi 132 33 13435 6 37 36 39 koja 42!4314445 1464748 49b0l5) 15263 54 55 16657 5859 B0[61 [62636465 ssls? sslsa 70|71 [72 73174 Irs|76l77 78 79 o
No'e:* FORM CONTINUED ON BACK

l Moark box as shown beside each line used.

FORM 1308~
(Revised 8/74)

FIGURE 2-1. TYPICAL INPUT FORM FOR THYSYS; COMPLETED FOR A SAMPLE PROBLEM
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value in the field "n" value. The shaded portions of the form are
not used; 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 marking the box in the left hand margin of the form adjacent to
the 1line. Oonly those cards preceded by a box which has been marked
will be keypunched. The cards necessary to solve each type of prob-—
lem are 1listed and explained in the Input sections for each of the
five subsystenms.

Control Cards

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
subsysten.
Endata_cCards

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. 1In 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



further detail in the discussions of input for each subsysten.
Comments

THYSYS is designed to allov the user to insert comments concern-
ing the problem. The comments will be printed along with the output
data in the exact sequence that the user specified on his input form.
Comment cards are identified by a dollar sign im column 1. The
actual nmessages are entered in columns 2 through 80 and may be made
up of any letter of the alphabet, the numbers 0 through 9 and the
symbols / + — ., () $* , = % in the form of a message. There are
three Comment cards at the beginning of each input form for each of
the subsystems although an wunlimited number may be used. 1It is
reconnended that the first three Comment cards be used for problenm
identification. The message or messages in these first three cards
on each of the subsystem input forms will be printed out at the
beginning of each subsystem output listing.

In the event the user desires to insert comments within the data
portions of any form, a supplemental Comment form entitled "Addi-
tional Comments" is used and it is shovn in Figure 2-3. Each Comnment
card is numbered in the left margin. There is also a small box in
the 1left margin which must be marked to indicate that the message on
that Comment card is to be keypunched. The number of the Connment
card must be written in the left margin of the subsystem input form
along with a directive arrow indicating where this particular Comment
card should be inserted as shown in Pigure 2-4. If a blank 1line is
desired, the user marks the box preceding the line and makes the
notation in the margin of the subsystea input form where it is to
appear. Comment numbers 1 and U4 are blank lines wvhich appear as

blank lines in the output (Fiqure 2-4).
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AND PUBLIC TRANSPORTATION

DISTRICT RES.NO._ HYDRAULIC SYSTEM PREPARED BY
IlPE _ __  PROJ. NO.— DATE
coUNTY ADDITIONAL COMMENTS SHEET_or
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Note:
l Mark box as shown beside eech line used. 13114

FIGURE 2-3. ADDITIONAL COMMENTS FORM
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Civet 1D wntinn Stationina alana sams--t

O
$ STA 530+00
s
O CULBRG DESIGN CULVERT  SINGLE TE443
SUPPLY Q= 768 CFS TW ELEV = 2222.18  FREQUENCY= 50 YRS TE443
CLVRT 530 BOX CONCRETE 7E443
O CLVRT 530 STRAIGHT NORMAL KE=015007€443
$
$ USER MAY INSERT ANY COMMENT HE DESIRES IN THIS MANNER AS LONG AS IT PRECEDES
O $ THE ENDATA CARD.
$
CLVRYT 530 OUTLT STA 335 EL2221.18 INLET STA 75 EL2222.01 TE443
O CLVRT 530 MAX HEADWATER ELEV 2225.50 MAX OUTLET VELOCITY 8 FT/SC7E443
ROAD 530 UPSTRM SS 6 ODNSTRM SS 6 MAX DEPTH= 3 TE443
JOB NO. 443 7E443
O ENDATA 7E443

FIGURE 2-4. PROCEDURE FOR INSERTING ADDITIONAL COMMENTS



Problem_ No.

Columns 76-80 on all cards are assigned by the user for the
problem identification number. It is recommended that the first tvo
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.

Data Entry

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.

Blank Spaces

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.

Data_Order

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 problen,

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



Decimal Points, 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 rade 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

[TTT2B ]

For entering 47.7
LTI 1]

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 dJusti-
fying".

[1T 123

Any numeric entry which is not specified as a decimal must

be right Jjustified.
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
[ [1]2]3] | Note that pre-—
printed decirals

appear between colunmns.

For entering 41.7

[4[117] B



2. The user may override the preprinted degimal as shown below.

For entering 6.2978 Preprinted decinmal

+E_(BANEON

\\\\§_~___”,,,———-Uset 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 then. 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.

Alphabetic Entries

Alphabetic entries should be capital 1letters. The alphabetic
letter 0 should be marked @ to differentiate it from zero. The
letter Z should be written 3 to differentiate it from the number 2.
The 1letter I should be written with a line at the top and bottom to
differentiate it from the number 1.

Justifying (Left or Right)

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

allotted spaces for the field must be used first:

TY[PIE]=ICIUR[B] |
When "right justifying" is specified, the rightmost columns in
the allotted spaces for the field must be used first:

NIC'Y|=

Station Numbers

This program is not designed to recognize stationing notation in

the form familiar to engineers. It will accept only a decimal
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number. Therefore, station 22+56.31 must be entered on the form as
2256.31 (the plus sign would not appear and the decimal point occu-
pies a space).

Problem Submission

The user may submit several probleas in the same run (entry into
the THYSYS system) subject to limitations which are discussed in the
sections pertaining to the individual subsysteas.

Hydraulic Manual

References made to the Hydraulic Manyal refer to the manual pre-
pared and compiled by the Bridge Division of the State Department of

Highways and Public Transportation.



II. OUTPUT

Fiqure 2-5 is an example of a typical output 1listing 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 pages may be trimmed to 8 1/2" by 11", 1In addition, one
title page 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 1is called an "echo” print. 1In each case the
echo print precedes the computed output.

Extensive error checking is incorporated into the THYSYS pro-
gram. Inputs are checked for consistency, completeness, and reason-—
ableness. Error conditions which can be ignored are flagged 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 Messages 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 subsysten
each error message has a sequential number. Section IV of each

subsystem ccntains the Error Messages with additional explanations.
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FIGURE 2-5.

O
DESIGN SINGLE OPENING CULVERT JOB NUMBER= 443
O CULVERT ID = 530
5 DESIGN FLOW = 768.0 CFS FREQUENCY = 50 YEAR
TAILWATER ELEVATION = 2222.18
O
BBLS DIAM WIDE  HIGH LENGTH  ALLONW. CALC. CALC. ALLOW.
5 HW ELEV HW ELEV  HW VELOC.
6 0 7 224  2225.50 2225.43  3.48 8.00
O
INLET STATION = 93 ELEVATION = 2221.95
O OUTLET STATION = 317 ELEVATION = 2221.24
SLOPE PROFILE SHAPE  INLET KE BARREL 'N?
O TYPE MATERIAL
0.00319 STRAIGHT BOX  NORMAL 0.150 CONCRETE 0.012
O
Q SUPER CRITICAL SLOPE
O

CLBO068-—CALCULATED EXIT VELOCITY EXCEEDS ALLOWABLE VELOCITY.

\

CALC.
VELOC.

8.50

TYPICAL QUTPUT LISTING (REPORT)

TOTAL
COST(s)

0.




PART III - HYDROLOGY SUBSYSTEM (HYDRO)



Hydroloqy Subsystem (HYDRO)
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]
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HYDROLOGY SUBSYSTEM (HYDRO)

I. DESCRIPTION

The primary function of the HYDRC 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
Method 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 flowv. Only one peak flow is com-
puted per pass in this subsystem and this peak flow will be reflected
in the HYDRO report. Ih 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. INPUT
The data form for the HYDRO subsystem is printed on the front
and back and is shown in Figures 3-1 and 3-2.

HYDRO CONTROL_CARD

The HYDRO Control Card is reguired 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.

Total Drainage Area Cross out one

TYBEG BALT T 11 L] | ACRES] BlaM

A A A

Card ID Required selection. Delete one.

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

METHOD CARD_(A-1)

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 1less than 3,000 square miles, the USGS method
should be used. However, it should be noted that the USGS method 1is
not applicable for urban developed areas. If the USGS method is se-

lected, the user must provide additional information on the USGS card

3-2



STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. PREPARED BY.
PE._  erosmNO HYDRAULIC - SYSTEM DATE
COUNTY. HYDROLOGY  SUBSYSTEM  ( HYDRO) SHEET__OF
x |r]z|3lals|s|7]e s [io|n|i2]13)1alislis|i7|18}i9)20]er|22]e3]zalzs|26]27]28]2 9}30]31 [32[33{34[35|36 /37|38 |39 |a0fa1 |a2[43]4a|a5]a6|47]a8|4 9|50}51|52|53|54]5 5|56{57]58]59]606 1|6 2|6 3|64{6 5|6 6[6 7|68[6 9|70{ 71| 72|73 70] 7 5|76 |7 7| 78] 79|80
Commants [] {4
0
B d
Total Droinage Area Cross out one kR i ) R i T4 1 1k E wei| Prob. ‘No.
G0 AET [ [T [T IaCRIEISI ISiQMITETd 14 [ 1 L1 Ll VIRUE i
Meathod card — Select one of the four options listed below. Cross out all others. 3 z
(Supply dota for selected method) 200 Acres < D.A- < 3000 square miles St?w?y oﬁy rivcl?:na?c:!s:m ‘—S(:Ji;lse:r:;mw';:'d:is User supplies peak discharge »«F';::'»:z- d =
a0 METHRDEEEFUSIGISE T T T T TT T T T E T IRATIIONIALL I IGIAIGIE] JAINIAL L YR
Peak change card Q added to peck discharge 1 ) PSg ]
a2 oMWl TTTTTTTTTICFISITITITE i 55 '
e Saelect proper area number from map. Siope in feet per mile Tota! annual precipitation
" Possible numbers | through 6. Suppty if Region = 1,2,4, or 5. Supply if Region = 6. :
USGS Data g
w0 UG ISR R RE G OINEE L LT L T L[ |SLIOPEL [ [ [ {11 [FIZMI] PRECI P L[ [ TIN/IVR r
3 0 1 3 Y 8 Weighted "C” coefficient determination Time of concentration determination Constants from SDHPT A &
Rational Subarea aon . Enter Sublength 8 Velocity ; OR Tc Hydraufic. Manual s X
C" Coefficient Suborea (acres) 4
dato D Sublength  (ft) Velocity (ft/sec) Te (minutes)
a- 0 IRIADATIA
0|RADATIA
0|RADATIA
0|RIADATA
0 [RIADIA[TA
0 [R|ADIA[TA
0|RIADIAITIA
0|RIADA[TA
0|RIAIDA[TIA
0|RIADAITIA
U|RIAIDAITIA
T|RIADATIA
0 |RIADATIA
0 [RIAIDIATIA
1 IRIAIDIATIA
0|RIADIATIA :
0{RIADIATIA 3
+-0 [E|NDIATIA R rERRE L O T R I P O T e s L L e P ey
q‘z—t 4|s|s|7|atejiojnizfi3fialis|ie)i7 m{w]zoz» 22l23p4i2sl26|27]z8|29}30] 31{32[3313 435|368 373539‘40«[42 3la4}as|46(a7 -%ﬂ Tsnlszsslsulsss 575853 50 |61 [62{63 (64 6566|676 8l89 (70|71 72737475]7577"79:0

NMN;M . FORM (306 -1 (Revised 12/76)
ark x a hown besi c ine w .
o o8 shoun beside each line used FORM CONTINUED ON BACK

FIGURE 3-1. FRONT SIDE OF THE HYDROLOGY SUBSYSTEM (HYDRO) INPUT FORM
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FIGURE 3-2.

FORM 1306-2 (Revised (2/76)

BACK SIDE OF THE HYDROLOGY SUBSYSTEM (HYDRO) INPUT FORM
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(A-3). If the RATIONAL method is selected, RADATA cards (A-4) for

all subareas are required.

} l }l l [ [ [ [ Method card —— Select one of the four options listed below. Cross out all others. I f l ] R

Method Card D.A. < 200 Acres Log - Pearson method Frequency

200 Acres < D.A. < 3000 square miles

li k discharge
(Supply dota for selected metnod ) Supply only rational data Supply only goge data User supplies pea ischarg

of discharge

ETHeDI FTTIVSIGISTTTTTITTILLIFTTT 1 IRATTIONIALL T IGIAGE] IANALL SUPPILN REI[TTTTIITII]I[MR

| O 11 A t Af f f

o

A

Card ID Required. Right
justified.

If USGS is This statement specifies the

specified first discharge for HYDRA

card {A-3) computations which may be

is required. used in CULBRG. This value
replaces in computer storage
any previous discharge
generated in HYDRO. See
discussion under HYDRA Con-
trol Card. This value may
not be used in conijunction
with PUMP subsystem.

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

If 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 1in
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 1in other



subsystems even though that discharge 1is 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
subsysten. (Refer to METHOD card discussion in the PUMP Input
Section.)

Regardless of the option selected, the flood frequency mnust
always be provided on the METHOD card {A-1).

BASEFLOW _CARD_(A-2)

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.

[Pear_enange cors T added 1o peuk dcnaras RN NN AN NE N AR TT
a2 |BlAREFILIOMW =l [T T TTT T TTIFISEII T I I ET T P TP I TiTT)] ]ll[!lllllllll}%{ﬂi K
} } 1
Card ID Base flow that is to be added to peak discharge. (decimal)

USGS _DATA_CARD_ (A-3)

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 1if 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 Annuval precipitation if Region number equals 6. Pre-
cipitation can be obtained from a map in Appendix B.

|

1 Select proper area number from map. Slope in feet per mile Total annual precipitation
Possible numbers | through 6. Supply if Region =1,2,4, or 5. Supply if Region = 6.

USGS Daoata

skl TTT T REGIN =L T T T T T I T IshloPEl =TT T T T [ IFm/MITJPRIEECHIP =L 1 [ 11 TIN/IYRLT

A T A A

Card ID 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.

RADATA CARD ({A-U)

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.



Weighted "C coefficiant determination

Time of concentration determination

Constants from SDHPT

Rational S\;uveu "C" Cosfficient Subareo (acres) Enter Sublength 8 Velocity ; OR Tc¢ Hydraulic. Manual
dato 1D Sublength  (ft) Velocity (ft/sec) Tc (minutes) e b d
s+ 1 [RIADATIA
0 |R|ADA[T]A
0[RADA[TIA
|} A f A f 1
Subarea size in acres
{decimal). Sum of sub-
areas must equal drain-
age area on HYDRO Control
card.
—Runoff coef. from e nhn and ngn
Hydraulic Manual factors from the
(decimal). Hydraulic Manual
(decimal) .
—2Any alphanumeric REQUIRED ENTRY FOR
name. EACH SUBAREA TO DEFINE
RUN-OFF COEFFICIENTS
Card ID
Each RADATA card nust also contain entries for the M"Cu
coefficient and size of each subarea. The "C" coefficient is gov-

erned by

obtained from the Hydraulic Manual.

the nature

equal the drainage area entered on the HYDRO Control

does not,

the subarea total will be used.

card.

If

of the terrain within the subarea and may be

The subarea total should exactly

it
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RADATA Card Continued

M” [N L1 Weighted "G coefficient determination Time of concentration determination Constants from SDHPT

Rational Subarea Enter Sublength & Velocity ; OR Tc Hydroulic. Manual

"¢c" cCoefficient Subarea {acres)

data 1D Sublength  (f1) Velocity (ft/sec) Tc {minutes) e b 4
T T

ADATT T ; T

>

R
R
R

ADAT
ADAT

REQUIRED ENTRIES FOR
AREA_OR_SUBAREAS — TC in minutes for
TO_DEFINE_ TC the sublength.
Determined as set
forth in the
Hydraulic 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 1is the 1longest route and provide time of concentration
data for that path only. 1In each subarea where time of concentration
data 1is 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 Hydrawlic Manual 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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GAGED_CARD {A-5) and GAGED CFS CARD (A-6)

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

Data for Texas" available from USGS.)

Gaged data for analysis Required entry for this card Stationing Station name

GIRICEI[ T T JANRILYZIEl Tol ISITATITONG LT T T T T T T L TP I TP T TITITO]T]

|

b H

Card ID L—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 1is 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 wvater 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 vyear 1941. The peak discharge to be entered for each year is

the momentary maximum for that water year expressed in CFS. The user




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 (cfs) Water ysor Date of event Peak Discharge (cfs)
s [ |GAGIEIQL_ICIFIS !

0 [CIRIGIED; [CIFIS

0 [GIRGE D |CIFiS

1 {GIAIGIEIDTIFFTS l 1]

N O U N OO | B I L1
Card ID Same as for previous

wvater year.

— Momentary maximum flood for the
given event in CFS.

For example, 12/18/69 or DEC1819609.

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

ENDATA CARD (A-7)

lem.

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

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 subsysten.

~» | EINDEATIA

EREAREEREEENE NN NI EE RN RESRERSEEEERNNERESEEERRRNEEERRERREE

4

)

Card ID

3-11



Card Use

Checklist

—

A tabulation of the required and optional cards for each of

HYDRO

options is shown in Figure 3-3.

the

This may be used to check the

completed input form for possible omissions prior to submission.

HYDRO

CARD TYPE METHOD OR APPLICATION
OR GAGED
REFERENCE RATIONAL ANALYSIS SUPPLY Q
CONTROL HYDRO YES YES
CARD
A-1 METHOD YES YES YES YES
A-2 BASEFLOW= OPTIONAL! OPTIONAL?} OPTIONAL! CPTIONAL!
A-3 USGS YES
A-4 RADATA YES2
A-5 GAGED YES
A-6 GAGED CFsS YES3
a-7 ENDATA YES YES YES YES

1 Required i1f adjustments to computed flow are needed.
2 A RADATA Card for each sub-area.
3 Include enough GAGED CFS Cards to enter all water

years to be considered,

FIGURE 3-3.

two per card.

CARD USE CHECKLIST
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ITI. QUTPUT

Output for the HYDRO sSubsystem may consist of one of four

different reports depending upon the procedure used.

U.S. Geological 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. Annual Precipitation (in/yr) - given
6. Baseflov (cfs) - If given, otherwise omitted
7. Peak flow - computed
8. 0,00 — computed.
Ratjonal Procedure
The report for this procedure prints the following information.

1.

2.

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

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

Total CA — computed

Total time of concentration {minutes) - computed
Rainfall intensity (inches per hour) - computed
Frequency — given



7. Total drainage area — given

8. Base flow - If given, otherwise onitted

9. Peak flov - computed.
Gaged Analysis Proceduyre

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 wvhen
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 fron

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

tains:
1. Frequency - given
2. Drainage area {(sq mi) — given
3. Base flow (cfs) -~ If given, otherwise omitted
4. Peak flow - computed
S: Qio00 — computed.
Supply Q

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 sq mi)
4. Base flow — If given, otherwvise omitted

5. Peak flow (cfs).

3-14



MAR 14, 1977 !
Aok o ok ok koK ok % ERROR MESSAGES ook KRk R Rk Rk K
e Ao Aok Rk K ok K T EXAS HYDRAULTIGC SYSTEM ok dokok Rk kKR ok ok k&
ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP.
YEXPL' DENOTES A DETAILED £XPLANATION 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.)
e o ok K koK % Rk R R sk ol o ok o ok ok K ok sk ok ok ook ok o ok o o ok ok ok o ok ok ok ok K R ok e ok o koK ok ok ok ok X

HY0O0001-—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.

HYC0002--NG DRAINAGE AREA GIVEN
EXPLO ON THE 'HYDRO' CONTROL CARD NO 'DA' IS ENTERED.

HYO0003-—FREQUENCY GIVEN NOT EQUAL TO 2, S5+ 10, 25, 50, OR 100
EXPLO THE ROUTINE CAN ACCOMODATE HYDROLOGY COMPUTATIONS FOR ONLY THESE
6 FREQUENCY VALUES.

HYDO0004—-NO FREQUENCY GIVEN
EXPLo ON THE *METHOD' CARD {A-1) ND FREQUENCY WAS INDICATEO. FATAL
ERROR IF 'USGS OR GAGED ANALYSIS* WAS SPECIFIED.

HYOOO00S5-—UNIDENTIFIED COMMAND CARD IGNORED
ExXPLo THE CARD IMMEDIATELY PRECEDING THIS MESSAGE IS NOT RECOGNIZED BY
THE PROGRAM AS AN INPUTY CARD FOR THE 'HYDRO' SUBSYSTEM. THE
PROBLEM WILL BE COMPUTED IF THE OTHER CARDS CONTAIN THE INFORMA-
TICN REQUIRED FOR THE SOLUTION. NON-FATAL.

HYO0006—-—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 wWwILL STILL BE
COMPUTED IF NECESSARY INFORMATION IS PROVIDED ON OTHER CARDS.
NON-FATAL.

HYOO0007-—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.

HYO0008—--FOR HYDROLOGIC REGION * % A SLOPE VALUE MUST BE PROVIDED
EXPLO FOR REGIONS 1,2,4,465 THE USGS PROCEDURE REQUIRES A GIVEN SLOPE
VALUE.

HYO0009—-~T0O0O MANY RADATA CARDS READ. PROGRAM CAN ACCEPT NO MORE THAN 20.
EXPLa IF MORE THAN 20 SUBAREAS ARE TO BE CONSIDERED, THE USER MUST
COMBINE SUBAREAS HAVING THE SAME RUNOFF COEFFICIENTS. FATAL
ERROR.,

HYQ0010--FOR HYDROLOGIC REGICN 6 A PRECIPITATION VALUE MUST BE PROVIDED
EXPLO USGS PROCEDURES REQUIRES A PRECIP.VALUE If REGION 6 IS SPECIFIED.

HYO0011--THE (A-1) CARD (METHOD) IS MISSING
EXPLo EITHER THE 'METHOD®' CARD (A-1) 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



MAR 14, 1977
EXPLO A METHOD CARD WAS PROVIDED BUT METHOD WAS NOT PROPERLY SPECIFIED.

HY00013--USGS PROCEDURE MAY NOY 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.

HY00014--USE OF RATIONAL METHOD IS NOT RECOMMENDED FOR DRAINAGE AREAS IN EXCESS

CF 200 ACRES.
EXPLO 'RATIONAL' WAS SPECIFIED BUT 'OA' 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 NQO *'C*' COEFFICIENT
ENTERED. FATAL ERROR.

HYS0016~-TOTAL ACRES ON RATIONAL METHOD INPUT CARDS DISAGREES WITH DRAINAGE AREA
ON HYDRO CARD.
EXPLO THE PRGGRAM ATTEMPTED TO WORK THE PROBLEM USING THE *RATIONAL!
METHOGC 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, By 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
(Ey, By OR D) MISSING. FATAL ERRCR.

HYD0018-—STATION IDENTIFICATICN NOT GIVEN FOR GAGED ANALYSIS
EXPLo 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
EXPLO THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'GAGED ANALY-
SIS' PROCEDURE BUT FOUND NO GAGED DATA. FATAL ERROR.

HYC0020—-ONLY * % YEARS OF DATA SUPPLIED. A MINIMUM OF * x* (CONSECUTIVE YEARS OF
RECORD SHOULD BE SUPPLIED FOR A FREQUENCY PERIOD OF * * YEARS., USE OF
THIS METHOD IN THIS INSTANCE SHOULD BE COORDINATED WITH D0-5 BRIDGE
DIVISION.
EXPLO IN A GAGED ANALYSIS, STATISTICAL REQUIREMENTS ARE THAT THE DIS-
CHARGE DETERMINATION COMPUTATIONS CONFORM TO THE FOLLOWING

FREQ. MIN. YEARS OF GAGED DATA
5 5
10 10
25 15
50 20
100 25

HY00021--NO Q CFS DATA SUPPLIED
EXPLa SUPPLY Q WAS SPECIFIED ON THE *METHQOD' CARD (A-1) BUT NO VALUE
WAS ENTERED FOR 'Q'. FATAL ERROR IF 'SUPPLY Q' WAS SPECIFIED.

HY00022--RATIONAL SUB—-AREA MISSING.
EXPLo THE PROGRAM ATTEMPTED TO WORK THE PROBLEM USING THE 'RATIONAL!
METHOOD BUT FOUND AT LEAST ONE SUBAREA SIZE MISSING. FATAL ERROR.

HYOD023--ABSOLUTE VALUE OF SKEW COEFFICIENT EXCEEDS 4.1 - M= % %, S= & %,
G= * * ,
EXPLa IN THE 'GAGED ANALYSIS' PROCEDURE THE CALCULATED ABSOLUTE VALUE
OF THE SKEW COEFFICIENT EXCEEDS THE MAXIMUM ALLOWABLE OF 4.1.



MAR 14, 1977
VALUES OF MyS AND G ARE GIVEN TO AID IN LOCATING THE PROBLEM. THE
USER SHOULD CONSULT THE D-5 HYORAULIC SECTION WHEN THE OQUTPUT
CONTAINS THIS MESSAGE. FATAL ERROR,
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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 sSubsysten.
Three methods of determining water surface elevations are available:

1. One Section Method

2. Tvo 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 rotating an
existing cross-section to create a new cross-section. The maximunm
number of points to describe a cross-section 1is 100. Fach 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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Control
Cord D

II. INPOT
The data form for the HYDRA subsystem is printed on the front
and back and is shown in Figures 4-1 and 4-2.

HYDRA _CONTROL_CARD

The HYDRA Control Card 1is 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 subsystenm. 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 problen.
Otherwise, the drainage area should be entered on this card although

it is not necessary for computations in HYDRA.

g NE 2N Drainage area Cross out one [ User supplies Q{cfs) Q (cfs) Freq. Q {cfs) Freq.

Bk Freq.
Y Ll R#Ll][liHmmﬂﬂjﬁmmﬂmﬂgjﬂﬂﬂmﬂJllfflrrrUIIl[]VLL" IEEEEERRN

i f f il ’

Card ID Required for 100 year

frequency calculations if
not supplied in HYDRO or
CULBRG.

——Up to 2 discharges (Q) and fre—
guencies 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.



STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. = HYDRAULIC SYSTEM PREPARED 8Y.
LPE. PROJ. NO. DATE
COUNTY CHANNEL ANALYSIS SUBSYSTEM (HYDRA) SHEET____OF
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comments [] |$ :
i) £ | :
0is { | ]
i 2 A N b SO Drainage area Cross out one User supplies Q{cfs) Freq. Q (cts) Freq. Q (cfs) Freq. B Prob. |No.
‘a0 HY IRAR NEREEEENEE - H EEEENEN AN FENE RN RS N R R RN
v/’ ”.\ gt Ny ik Water surface slope (f1./ft) Section ID Station Station at which water elev. is needed — Which is: ("g'p:éi&“)
o-1[) [QINELS T SOPEA=CE T T T[T TEISECT [ [ Tl T T T T T T T T T TWiATiF e ISTiRl {1 71 ¢ ¢
__ ~EE Y Ty Optional specific elevation Optional specific slevation Spacify one increment of elevation
e (WATTIEBIWAY WL IS IR eV T T T L TR ST VI T T T T P TP T T IINCRUERENVI T [ T [T T 1L
: F ¥ } b Downstream section at station Upstream section at station Station at which water elev. is needed
a-zDTNG~S+ECT SECT [ (o [ TT T T T I TTISECTI T (e JTT T TTTEIWATElIRITAl T TTT 1]
] RN Downstraam station where W.S. profile starts Elevation at downstream station Station at which water elev. is needed
e-30 IMANIY [SEICIT TS[TIA Wi. [Si. [ EILEV i WATELe] SITA] | Ll
0 MBINIY - ISIEICIT Er EEE WSl | EILIEIV
DMANY. GSIEICIT I W, S EILEY
g 5 1 Section ID at station l Section 1D at station Section |1D at station
s-a [ [SIEIQUENICIE] .} ISIEICT [ SIEICIT L LI LT SIEC R ERE NS
a—snrgg TCIONT LISIEICT 0 SEICT 0 T ISIFCT ol T
i) Cross-sect. Coordinate point V. _Coordinate point | _ Coordinate point
< 1. o X Coordinate (Dist) Y Coordinate {Elev) X Coordinate (Dist.) Y Coordinate (Elev.) X Coordinate {Dist.) Y Coordinate (Elev.)
e-s [ {SIEICIX] . X Y X Y X Iy
0 [SIEICIX X Y X Y X Y
0 {SIEICIX X Y X Y X Y
0 SIECIX]: X Y X Y X Y
0 [SEEICIX X Y X \ X Y
¢ [SIEICIX X Y X Y Y
0 [SEICIXE X Y X Y X Y
0 [SEEICIXE] X Y X Y Y
0 [SEICXE X Y X Y X Y
0 |SIEICIXE. X N X Y X Y
D ISIECIXE X Y X Y X [Y :
DISIECIX X 3 - 4X Y X JY :
D ISIEICIXE: X Y X Y X Y
DISIE[CIX X Y - X q X I
0 [SIEICX 3 i Y i %A
I! 2i3jais ej7iejojiolnjleliaiiaisiiei7]ialioi2of2)22/2324]28(26/27i28/29/3031 |32(33/34/35/36/37138/30 14041 142143144 M5 647814960 | (5215354 b5 156 /57 5859 k6061 [62}63 1645 657566970[7! 72(73[74 [7576 177 78 [9 80]
Not FORM CONTINUED ON BACK

o
[ Mork box o3 shown beside each line used.
FORM 1307~

{Revised B/74}

FIGURE 4-1. FRONT SIDE OF THE CHANNEL ANALYSIS SUBSYSTEM (HYDRA) INPUT FORM
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HYDRA ( Continued ) BACK , SHEET oF
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B rst i3 Cross-sect. Coordinate point Coordinate point Coordinate point c¥y PUE Sag oh e
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4434 | Cross-sect. Subsection definition “n" value specification by subsection Drainage area ratio
o b D From X Distance | Yo X Distance "n" or "n" below Elev Elevation "n" above Elev. (Monyuieszgl,(o:;;hemod)
SIEICINE X T N = = 1L
SIE.CINE X X = =
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SIEICIN X X N = =
SIEICINL X X N = =
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o : Section Specify tailwater elevation and plus ; OR minimum headwater, maximum headwater, and increment ARG b
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GIRIA.P SIEICIT X = Y= SECTL, X = Y= |
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FORM 1307-2
{Revised 8/74)

FIGURE 4-2. BACK SIDE OF THE CHANNEL ANALYSIS SUBSYSTEM (HYDRA) INPUT FORM



It 1is 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 iny one may be
passed on for use in CULBRG. Therefore, spaces have been provided 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 fregquency discharge. TIf a discharqe has been comn-
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
subsysten.

Provisions have been made in HYDRA for computing a 100 vyear
flood (basic flood) frequency. The tailwater is calculated in HYDRA
and passed on to CULBRG for further basic flood <calculations. This
feature 1is entirely separate and is in addition to the normal
computations <carried out and passed on to the rest of the systen.
The Q0 for the 100 year (basic flood) frequency 1is 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.

IF _HYDRO NOT USED

HYDRA CULBRG
Q1s, Q> (From HYDRA Control Card) Q; and Tw, used in CULBRG
TH,, TW, - computed calculations



IF _HYDRO USED

HYDRO HYDRA CULBRG
Qy — computed Q; (From HYDRO) Qy and TW, used in
Q2, Qx (From HYDRA CULBRG calculations

Control Card)
TW,, TW,, TW3; — computed

If several HYDRO problems precede HYDRA, the last HYDRO computed
discharge will be used. TIf 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 discharqge to be
entered through the HYDRO subsystem by entering it under SUPPLY Q on
the METHOD card (A-1) and as a separate HYDRO problem immediately

preceding the entry into HYDRA.

FIRST_HYDRO SECOND_HYDRO HYDRA CULBRG
Q - computed Q; — computed or Q; (From HYDRO) Q, and TW, used
(Not for use entered under Q2s, Qs (Fronm in CULBRG calcu-
in HYDRA SUPPLY Q (For use HYDRA Control lations
and/or CULBRG) in HYDRA and/or Card)
CULBRG) TW,, TWa, TW, -
computed

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 subsysten.

HYDRO HYDRA HYDRA CULBRG
Q, — computed Oy (From HYDRO) Qsr, Os (Fronm Qs and TW, used
0>, Q03 (Fronm HYDRA Control in CULBRG cal-
HYDRA Control Card) culations
Card) TWey THg —
TWy, TWp, TWy — computed
computed



Methods of Cormputation

The HYDRA subsystem gives the user the choice of three
computational methods for TW elevation determination depending upon
the amount of information given. Regardless of the option selected,
the user nmust 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) vwhich will be discussed later.

ONE_SECT_CARD_(B-1)

The ONE SECT card (B-1) is required wvhen 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
nust 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 mnust 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 UPSTHM,

DNSTM (upstream, downstream).



{insert one)
Water surface slope (ft./f1) Section ID Station Station at which water elev. is needed - Which is: UPSTM
DNSTM

ST
LOPELI=TTTT [ | SECTI I Tl T T T T T T T I IWRME el STAl | [t T T TTT ] 7]

i { S {1

!

Card ID

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

Water surface slope-
in ft/ft {(decimal).

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. TIf the input cross—section 1is
at the site, either UPSTM or DNSTM may be entered. If neither is

entered, DNSTM is assuned.

WATERWAY CARD(B-1a)

The WATERWAY card (B-l1a) is optional and is used in conjunction
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/R are also

printed. The output produced is described in Section III, Output.
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Optional specific elevation l Optional specific elevation Specify one increment of elevation

|
ATERWAY WL SLTELENV T T T [T T T WL ISLIIENENI T T T T T IIINCIRIEL VI [T T 1 T]

hf

H H1 }

Card ID

-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-la. 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 increments 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—%a). Increments may be specified no smaller than
0.1 foot. (If smaller increments are specified, the program defaults

to 1.0 foot 1increments.) If small increments are specified, care

should be exercised to prevent exceeding 250 elevations, the maximum




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 WATFRWAY cards (B-la). 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.) When such a
change 1is 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.

The TWO SECT card (B-2) is required for the TWO SECTION method.
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
data and stream station for the downstream section and the upstrean
section must be provided in addition to the stream station at the

structure site. On the B-2 card, fields are provided for entering



ZL—n

STATION
800.0

UPSTREAM SECTION//
STATION 600.0

DOWNSTREAM SECTION
STATION 400.0

STATION 200.0

FIGURE 4-4. LIMITS OF ALLOWABLE SITES FOR TWO SECTION METHOD
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the cross-section name (ID) and corresponding station for the down-
stream and upstream sections. The stream station at the structure

site must be entered in the WATEL®STA field.

WO SECT ECm (i I T T T T I T T IISE T [ [T T Il T il iaTFie TR T i T

Downstream section at station Upstream section at station Station at which water elev. is needed

' lf [O ) A { f A

Card ID

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 then.

Normally the structure site should be 1located 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 _surface _slope _is

constant. 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 AR2 3) npn
which vyields 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. {(Refer to
Appendix C for a more detailed explanation of the TWO SECTION METHOD
failures.)

MANY SECT CARD (B—3)

I Downstream station where W.S. profile starts Elevation at downstream station _ Station at which wme! elev. is needed
MAINIY! [SEICIT| ISITRITIe| |S/T|A W [SL T EILEV] [ | WATEL®e 1SITA] | ‘
MANY |SEICIT W. IS | EILIEIV | 1
MEBINTY_ISIECIT] JOSLLELEY l l
“ 1 $ f 1 }
Card ID Stationing of site (struc-

ture location) at which
final calculated W.S. ELEV
is desired. 1If no station
is given, backwater pro-
files will be calculated
but no tailwater Jdetermi-
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 containing only the
CARD ID and W.S. ELEV.

Stationing of the profile of the cross-—
section farthest downstreanm.

The MANY SECTION method requires more input data than either the




ONE SECTION or TWO SECTION method, but the results are usually hiqghly
reljable. 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 Hydraulic Manual for further discussion of this
method. On the first MANY SECT card (B-3) the user must enter (1)
the stream station of the cross-section that is farthest downstreanm
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 MANY 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.

SEQUENCE CARD_(B—4) AND SEQ CONT CARD (B-5)

In addition to the MANY SECT card, the MANY SECTION method
requires a single SEQUENCE card (B-4) and as many SEQ CONT cards
(B—-5) as needed to show the stream stations of the cross—sections to
be considered for the MANY SECTION procedure. Section 1ID's and
stream stations of all cross-sections considered 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 program
checks the cards from left to right and goes to the next card when it
encounters a blank Section 1ID. The section identifications must
exactly match section identifications for these sections on SECX and

SECN cards used to describe them.
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Card ID 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.

SECX CARDS_ {(B—6) AND SECN_CARDS (B-7)

The SECX cards (B-6) and SECN cards (B-7) are required in all
HYDRA tuns 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 1is
required for a 100 year flood analysis. When using SECX cards (B-6)
for defining the road profile, the identifier HIWY 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 pcints 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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L _“ 4 Cross-sect. Coordinate point Coordinate point ~ Coordinate point
oF 1D X Coordinate ( Dist) Y.-Coordinate { Elev.) X Coordinate (Dist.) Y Coordinate (Elev.) X Coordinate ( Dist) Y Coordinate (Elev)
CIx[- X Y X Y
CIX ' Y X Y X Y
CIX\. X Y X Y X Y
) f { v Y v *

Card ID The X COORDINATE refers to the distance of the
point across the section traverse and the Y COOR-
DINATE refers to the 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
¥3. 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 wuser attempts to describe an undercut, the points will be

reversed by the progranm. Therefore, the closest description

approximating an undercut would be a vertical face.



8Lt

FIGURE 4-5.

STREAM CROSS-SECTION SHOWING UNDERCUT BANK
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Card ID Drainage area ratio 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
INPOT.

-The values in SUBSECTION DEFINITION and "n" VALUE
SPECIFICATION are entered according 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. 1If one "n" value applies to a subsection,
X DISTANCE information is required but no
ELEVATION or "n" ABOVE are necessary.

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

—CROSS—-SECT ID must exactly match the section identification
of the referenced section on previous cards for the method
used.

The SECN <cards (B-7) describe the Manning'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




several possibilities concerning these subsections and the options
are outlined below:

1. If there 1is 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 entered.

2. If there 1is more than one subsection in the section and a
particular subsection has only one "n", the ELEVATION and
wp" ABOVE ELEV may be left blank. 1In Figure 4-6 the subsec-
tion from X, to X is of this type. The DA ratio is entered
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 froem the "n" value for the subsection when the
water surface is above that elevation. {See Figqure U-6.)
When such a change in "n" value is indicated, the program
will automatically make a 1linear 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. Tf there is more 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 1is used
in a MANY SECTION problenm).

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

essarily coincide with any X COORDINATE on the SECX cards.

In the use of the MANY SECTION option in HYDRA, provision has
been made to vary the discharge along the reach of stream being
considered. This is done by means of the DRAINAGF AREA RATIO. The
design discharge 1is 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 1length such as at the inflow of a tributary, those sections
downstream from the reference section should ordinarily have DRAINAGE
AREA RATIO (DAR) values dgreater than 1.000 and those sections
upstream from the reference section should ordinarily have DRAINAGE
AREA RATIO values less than 1.000. The user nrust assure that no
upstream value is greater than any downstream value since this con-
stitutes an error condition. The discharge is adjusted by the arbi-
trary hydrologic method Q = Q (DAR)O97. If no entry is made the
value of 1.0 will be assumed for this section. It 1is 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 confiquration 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 con-
pleted and should follow the HYDRA Control Card. Any section stored
in HYDRA, whether or not accompanied by a computations specification
{such as ONE SECT, CNVY, etc.), may be subsequently used in CULBRG.

CNVY CARD_(B-8)

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 1is calculated from 1left bank to right bank of the designated

cross—-section and an accumulated total conveyance is kept and subse—
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guently 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
accunulated 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 upstreanm.

Input For Bridge Type Structures.

Section Specify tailwater elevation and plus; OR minimum headwater, maximum headwater, and increment

s} Tailwater elevation + ptus = backwater elevation f1 Minimum H.W. elevation Maximum H.W. elevation Increment (ft.)

A L
NVIVEL T LT WL CJE[UEVIE T DT T T T PRIPIOUSIE [ 1] (LTI TP LTI T CFIINGRI=T T T |

it i N

Card ID A PLUS value may be added to T.W.
ELEV to simulate bridge headwater
{decimal). 1If blank, 0.5 is assumed.

‘——1If 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 systen.
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 wused 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.

Input For Multiple Culvert Type Structures Requiring Flow
Divides Directly Upstreanm.

4 Section [ Specify tailwater elevation and pius ; OR minimum headwater, maximum headwater, and increment

1D Tailwater elsvation + plus = backwater elevation ft. Minimum H.W. elavation Muxlmum H.W. elevation Increment (ft.)

[ TEIT WL RECEVEL T T T T T T T PRPIUUSE T TR T[T T TP L [ TV TTTHUNCIR=[ [ T 1

.ttt ‘

Card ID

MINIMUM H.W. to te applied to the section.

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.



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 reguired instead of T.W. ELEV and PLUS. When these are
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 problenm.

MOVE _CARD_ (B-3)

. Realignment perpendicular to water flow direction
10 Identification Cross - section Insert one: powN

swfCross — sect. | Cross - section Stationing of new Adjust all cross - section Y values. (If applicabie)

AT T THEIOE T ITITA T T T TERVERTT TR T T T T TIFTTTASKEWTICIORIREY [ 1 T [DETGIREIELS

{1 | [ } } H ]

s-e [] [M

Card ID 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 Jjustified.

— 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 SECY and SECN cards describing the referenced
section.




The MOVE card (B-9) is used to normalize a skewed section and/or
change a datum and/or change stationing. The CROSS-SECT ID must be
the name of the cross-—section to be modified. A newv name for the
nodified 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 MOVE 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 problenm.

GRAPHS_CARD (B—10)

The GRAPHS card (B-10) is provided'to allov 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. 1If the X and Y fields are left blank

the plots will be 8 1/2 by 11 inches.
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L—-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_(B-11)

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

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.



8Z—h

HYDRA

FIGURE 4-7.

CARD USE CHECKLIST

CARD TYPE ONE VATERWAY THO MANY ADD'L. CNVY
CARD OR SECTION CALC. SECTION SECTION CONVEYANCE CALC. CROSS-SECT
IDENT. REFERENCE METHOD ONLY METHOD METHOD CALC. AND/OR HOVE STORAGE
w
CONTROL HYDRA YES YES YES YES YES YES
CARD
B-1 ONE SECT YES YES
B-1a WATERWAY CPTIONAL YES
B-2 TWO SECT YES
B-3 MANY SECT YES
B-4 SEQUENCE YES
B-5 SEQ CONT YESS
B—6 SECX YES1 YES!? YES? YES1? YES? YES!?
B-7 SECN YES2 YES2 YES2 YES2 YBS? YES?
B-8 CNVY OFTIONAL OPTIONAL OPTIONAL OPTIONAL YES YBS
B-9 MOVE OPTIONAL3 OPTIONAL?3 OPTIONALS3 OPTIONAL?3 OPTIONAL?J OPTIONAL? OPTIONAL?
B-10 GRAPHS OPTIONAL* OPTIONAL® CPTIONAL* OPTIONAL® OPTIONAL* OPTIONAL* OPTIONAL®
B-11 ENDATA YES YES YES YES YES YES YES
! Include enough SECX Cards to enter all points describing the section.
2 Include one for each subsection.
3 Required only for normalizing a skewed cross—section and/or changing a datum.
4 Required if plots of named cross-section is needed.
S Include enough DEQ CONT Cards to list all remaining sections.



III. OUTPUT

The HYDRA subsystem output consists of two reports. The first
report describes the given section of the channel under consider-
ation. 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
S« The "n" value data for each subsection across the reach of
the stream. — given

Cumulative Conveyance

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.

One Section

The output for the ONE SECTION method consists of:

1. Slope (ft/ft) - given

2. Name of the described section - given

3. sStation of the described section — given

4, sStation of the section at which answer is needed -~ given

L-29
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10.

The

A table beginning with the first even .25 ft. above the low-
est point in the section and then for each .25 ft. 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
Tailwater elevation at the described section — computed
Tailwater elevation at required site - computed

Design flow {(cfs) - given or computed in HYDRO

Qi00 — given or computed in HYDRO (if regquested)

TWy00 — computed (if requested).

output for the WATERWAY option used in conjunction with the

ONE SECTION method consists of:

1.

Name and station cf the described section — given
Station of the section at which the answer is needed - given
Slope (ft/ft) - given
A table beqginning with the first even foot above the lovest
point in the section and for each given increment to and
including the highest possible water elevation of the given
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 (conveyance) - computed

c. Total Discharge — computed
d. Total Area - computed

e. QO/A — computed

4-30
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6.

7.

Tailwater elevation at the described section - computed
Tailwater elevation at required site — computed

Design flow (cfs) — given or computed in HYDRO

Two Section

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. Qi100 — given or computed in HYDRO (if requested)
10. TW,90 — computed (if requested).
Many Section

For the MANY SECTION method the program lists the following:

1.

2.

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

A table 1listing for each section (proceeding upstream)
considered in the solution:

a. Name of the section - given
b. Stream station - given

c. Water surface elevation -~ computed (given for first
section)

d. Contributing drainage area — computed
e. Drainage area ratio - given

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

gd. Qipo — given or computed in HYDRO (if requested)



h. TW,450 — computed (if requested).

This procedure usuvally 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 showing the profile of water sur-

face elevations computed in Item 2c above.

4-32
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K XK AR KK R K ERROR MESSAGES AR KA K K K
kAR R KRR K TEXAS HYDRAULTIC SYSTEM e e o oo K
ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX fOR EACH
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP.
YEXPL' DENOTES A DETAILED EXPLANATION CF THE ERROR MESSAGE.
(FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIOGE
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD

ENGINEER FOR YOUR DISTRICT.)
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HYAQOQOL1--TOD MANY SECTIONS. PRESENT LIMIT IS 50.
EXPLo 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

HYAQOQO2--STATIONING TOC LARGE FOR VERTICAL BANK.
EXPLO 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.

HYAOQOQO3-—-SECTION * % [S NOT A VALID SECTION.
EXPLo [F 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.

HYAOOO4——-SUPERFLUOUS CROSS-SECTION POINTS HAVE BEEN DELETED FROM SECTION * %,
EXPLOD WHERE THERE ARE POINTS OUTSIDE OF A VALID SECTION WHICH wWOULD NOT
DEPICT VALID SECTIONS,THEMSELVES,THESE POINTS ARE CONSIDERED
SUPERFLUQUS.

HYAOOOS—--SECTION * * DOES NOT HAVE AT LEAST 3 X STATIONS.
EXPLo WHEN THE ENDATA CARD {8-11) FOR THIS PRCBLEM WAS ENCOUNTERED, THE
PROGRAM SCANNED THE DATA AND FOUND THAT THE NAMED SECTION OID NOT
HAVE THE MINIMUM OF THREE POINTS REQUIRED FOR A VALID SECTION.
FATAL ERRCR.

HYAQGO06~~X COORDINATES WITH ABSOLUTE VALUES GREATER THAN 99993.99 CANNOT BE
ACCEPTED.
EXPLO X VALUES OF GREATER THAN 99999.99 EXCEED THE SIGNIFICANT DIGIT
CAPABILITIES GOF THE PROGRAM,

HYAOOQOT—~-MINIMUM ALLOWABLE W.S. ELEVATION INCREMENT IS 0.10 FOOT. ONE FOOT
INCREMENT IS ASSUMED.
EXPLO ANY INCREMENT LESS THAN O.1 FOOT WOULD YIELD INSIGNIFICANT
DIFFERENTIAL RESULTS.

HYAOOO08—--GIVEN INCREMENT PERMITS MORE THAN THE ALLOWABLE 250 ELEVATIONS. ONLY
THE HIGHEST 250 ELEVATIONS WILL BE CONSIDERED.
EXPLO SELF-EXPLANATORY.

HYAQ0009—-—SECTION * * AS GIVEN DOES NOT HAVE ENOUGH DEPTH FOR USE IN THIS
WATERWAY SOLUTION.
EXPLOo ANY DEPTH LESS THAN 0.1 FOOT WOULD YIELD RESULTS THAT PROBABLY
ARE NOT VERY REALISTIC.

HYAOOL0——NO SOLUTION POSSIBLE FOR DISCHARGE = * %,
EXPLO GIVEN DISCHARGE IS GREATER THAN ALL CALCULATED DISCHARGES.

HYAOOQ11-—-THE WATERWAY AS GIVEN CANNOT ACCOMODATE A DISCHARGE OfF * %,



MAR 14, 1977
EXPLO THE GEOMETRIC CHARACTERISTICS AND ROUGHNESS CHARACTERISTICS OF
THE CROSS-SECTION AS GIVEN WILL ACCOMODATE LESS THAN THE GIVEN

DISCHARGE (Q PEAK) AS A MAXIMUM.

HYAQO012--DESIGN FLOW * % IS LESS THAN THE LOWEST CALCULATED FLOW WHICH

WILL BE ASSUMED DESIGN FLOW FOR THIS PROBLEM.

EXPLO 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 NOT BE KEPT FOR LATER TRANSFER INTO THE *CULBRG!
SUBSYSTEM. NON-FATAL.

HYAOO13—~DESIGN FLOW * * IS GREATER THAN THE HIGHEST CALCULATED FLOW WHICH

WILL BE ASSUMED DESIGN FLOW FOR THIS PROBLEM.

EXPLo IN THE *ONE SECTION' METHOD COMPUTATIONS,THE PROGRAM FOUND THAT
THE SECTION AS GIVEN DID NOT 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.

HYAOO14—--SECTION * * AS GIVEN DOES NOT HAVE ENOUGH DEPTH FOR USE IN THIS
PROGRAM.
EXPLo IN PERFORMING THE TAILWATER COMPUTATIONS THE PRQOGRAM FOUND THAT
THE NAMED SECTION WAS TOO SHALLOW TO ALLOW CALCULATION OF ANY
FLOWS. FATAL ERROR,

HYAOOL5-—-NUMBER OF COMPUTED WATER SURFACE ELEVATIONS EXCEEDS MAXIMUM OF 250

ALLOWED. NO VALUE GREATER THAN * * WAS CONSIDERED.

EXPLa 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
WITHIN THE ALLOWABLE DEPTH WILL BE INDICATED AND THE COMPUTATIONS
WILL CONTINUE. [F 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.

HYAOO16——IN GIVEN DATA, UPSTREAM BED IS LOWER THAN DOWNSTREAM BED. DIFFERENCE QF

AVERAGE ELEVATIONS WILL BE USED AS THE BASE.

EXPLO 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.

HYAQQ17-—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.

EXPLO THIS MESSAGE IS ONLY PRINTED AFTER MESSAGE NUMBER HYAQOl6 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.

HYAOO18--MAXIMUM WATER SURFACE ELEVATIONS IN GIVEN SECTIONS FAILED TGO PROVIDE A
USABLE SLOPE. PROBLEM ABANDONED.
EXPLo THIS MESSAGE INDICATES THAT ALt AVENUES HAVE BEEN EXHAUSTED IN
ATTEMPTING TO USE THE CROSS-SECTION DATA PROVIDED IN A 'HYDRA TWO
SECTION®' SOLUTION. THE PROGRAM COULD NOT FIND A VALID BASE SLOPE
FROM WHICH TO BEGIN CALCULATIONS. FATAL ERROR.

HYAOO19--COMPUTED CONVEYANCE CURVES DO NOT QVERLAP. NO SOLUTION POSSIBLE FOR
Q= * %,
EXPLO 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.

HYAQO20--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.

HYAOO21——LIMITS OF THE CONVEYANCE CURVES ARE INSUFFICIENTY FOR A PROPER SOLUTION
WHEN DISCHARGE = % %,
EXPLO SELF-EXPLANATORY.

HYAQQ22--LAST UPSTREAM ELEVATION = * %,
LAST DOWNSTREAM ELEVATION = * %,
EXPtu THIS IS SUPPLEMENTAL TO TROUBLE-SHOOT THE SPECIFIC CAUSE OF
FAILURE OF THE TWO-SECTION METHOD.

HYAQO023—-THE ABOVE TABULATION INDICATES A FAILURE IN THE TWO-SECTION METHCD. IF
FURTHER INFORMATION IS REQUIRED REFER TGO THE SECTION OF THIS MANUAL
TITLED '"REASONS FOR TWO-SECTION FAILURES®'.
EXPLE THIS MESSAGE IS TO SUMMARIZE FAILURE AS SPECIFICALLY DESCRIBED IN
ONE OR MORE PRIOR MESSAGES.

HYA0O024—-—-SITE IS LOCATED TOO FAR FROM KNOWN SECTIONS TO PERMIT A VALID SOLUTION.
EXPLO IN THE 'TwWC SECTION' METHOD PROCEDURE, THE STATION AT WHICH THE
ANSWER IS NEEOED LIES QUTSIDE OF THE TwWO GIVEN STATIDNS BY A
DISTANCE GREATER THAN THAT SEPARATING THE GIVEN STATIONS. FATAL
ERROR.

HYAQO025—-—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
[F THE CROSS-SECTION IS TO BE USED ONLY FOR BRIGCGE DESIGN OR
ANALYSIS.

HYAQQ26—-—DRAINAGE AREA RATIOC FOR UPSTREAM SECTION IS GREATER THAN FOR DOWNSTREAM
SECTION. SECTION * % NOT CONSIDERED.
EXPLa AN UPSTREAM CROSS-SECTION USUALLY SERVES A SMALLER DRAINAGE AREA
THAN A DOWNSTREAM SECTION AND SINCE A DRAINAGE AREA RATIO OF LESS
THAN 1. IS USED TO REDUCE THE DRAINAGE SERVED IT IS NOT REALISTIC
FOR THE UPSTREAM RATIO TO BE GREATER THAN THE DOWNSTREAM RATIO.

HYAQO027--COMPUTED UPSTREAM WATER SURFACE AT SECTION * % IS LOWER THAN DOWN-
STREAM WATER SURFACE.
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EXPLO 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.

HYAQO028~-COMPUTED WATER SURFACE EXCEEDS HIGHEST POSSIBLE WATER SURFACE IN
SECTION x  *,
EXPLo THE CROSS-SECTION IN QUESTION [S INADEQUATE IN CAPACITY TO
PERFORM ENERGY BALANCE COMPUTATIONS.

HYA0029--FROUDE NUMBER * % NOT ACCEPTABLE. SECTYION x * [GNORED.
EXPLo THE *MANY-SECTION® ROUTINE IS DESIGNED TO ACCOMODATE SUB-CRITICAL
FLOW ONLY. IF THE FROUDE NUMBER IS GREATER THAN 1.0, THERE IS AN
INDICATION OF SUPERCRITICAL FLOW. THE SECTION IN QUESTION IS
IGNORED.

HYAOO30--ENERGY BALANCE NOT ACHIEVED AT SECTION * * SECTION IGNORED.
EXPLo AFTER A REASONABLE NUMBER OF ITERATIONS, THE ROUTINE WAS
UNSUCCESSFUL IN BALANCING THE ENERGY EQUATION. THE SECTION IN
QUESTION IS IGNORED.

HYAQO31--NO SOLUTION FCR BEGINNING WATER SURFACE = x x,
EXPLa 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.

HYAQ032--MOST UPSTREAM SECTION GIVEN IS BELOW SITE.
NO SOLUTION POSSIBLE.
EXPLO THE 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.

HYAQO033--USER SHOULD EXERCISE DISCRETION IN ACCEPTING ANSWER DUE TO CONDITIONS
NOTED.
EXPLO WHEN IT IS NECESSARY TO IGNORE CNE OR MORE CROSS—SECTIONS IN THE
PROCESS OF THE MANY-SECTION COMPUTATIONS, THE FINAL RESULT MAY BE€
QUESTIONABLE.

HYADO034-—-NUMBER COF WATER SURFACES COMPUTED AT STATION * % NOT SUFFICIENT TO
AUTOMAT ICALLY DETERMINE DESIGN WATER SUKRFACE ELEVATIONS.
EXPLo 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.

HYAOO35——WATER SURFACES AT STATION * % FAILED TO ACHIEVE AN ACCEPTABLE
CONVERGENCE.
EXPLo THE VARIOUS PROFILES MUST CONVERGE [N ORDER TQ BE CLASSIFIED AS
LEGITIMATE. IF ACCEPTABLE CONVERGENCE IS NOT ACHIEVED THE DESIGN
WATER SURFACE AT THE DESIRED LOCATION IS NOT COMPUTED.

HYAQOO036-—NO Q CALCULATED IN HYDRO--WILL USE ONLY HYDRA DATA.
EXPLo EITHER THE 'HYDRO' ROUTINE WAS NOT USED OR THE LAST Q CALCULATED
IN A *HYDRO' PROBLEM HAS BEEN PREVIOUSLY USED IN A 'HYDRA!
RCUTINE AND IS NO LONGER STORED. UP TO TWO T.W. ELEVATIONS WILL
BE COMPUTED 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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HYAOO37--NO Q AVAILABLE.

EXPLo NO PEAK DISCHARGE HAS BEEN SUPPLIED TO *HYDRA' EITHER FROM HYDRO
OR FROM THE HYDRA CONTROL CARD. FATAL ERROR.

HYAOO38—-—SLOPE NOT GREATER THAN ZERO.

EXPLO ON THE 'ONE SECT* CARD (B-1)s NO SLOPE WAS ENTERED OR A NEGATIVE
SLOPE WAS ENTERED. FATAL ERROR.

HYAQO39-—-SECTION IDENTIFICATION NOT GIVEN.
EXPLO NC SECTION NAME WAS ENTERED ON THE CARD PRECEDING THIS MESSAGE
WHICH WAS ONE OF THE FOLLOWINGT
(A) ONE SECT CARD (B-1)
{B) TWO SECT CARD (B-2)
(C) SEQUENCE CARD (B-4%)
(D) SECX CARD (8B-61)
{E) SECN CAROD {B-7)
(F) MOVE CARD (B8-9)
FATAL ERROR.

HYA0040—--NO CROSS-SECTION STATION GIVEN.

EXPLO NO STATION VALUE WAS ENTERED ON THE CARD PRECEDING THIS MESSAGE
WHICH WAS ONE OF THE FOLLOWINGO
(A) ONE SECT CARD (B-1}
(B) TWO SECT CARD (B-2)
(C) SEQUENCE CARD (B-4) OR A SEQ CONT CARD (B-5) WHERE A SECTION

NAME HAS BEEN SUPPLIED.

FATAL ERROR.

HYAQO41--NO STATION GIVEN WHERE ANSWER IS REQUIRED.
EXPLO 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.

HYAO0O042--NO UPSTM/DNSTM GIVEN. ASSUME DNSTM .
EXPLO ON THE ONE SECT CARD (8-1) NO INDICATION WAS GIVEN AS TO WHETHER
THE STATION AT WHICH THE ANSWER IS NEEDED IS UPSTREAM (UPSTM) GR
DOWNSTREAM (DNSTM) FROM THE INPUT STATION. THIS IS A NON-FATAL
ERROR SINCE IN THE ABSENCE OF ANY INDICATION °*DNSTM®' IS ASSUMED
AND THE CALCULATION PROCEEDS ON THAT BASIS.

HYAOO43--0ONLY 25 GIVEN WATER SURFACE ELEVATIONS ARE ALLOWED FOR WATERWAY.
EXPLo DUE TO THE LENGTHY NATURE OF THE WATERWAY OQUTPUT FORMAT, THE
NUMBER Of GIVEN WATER SURFACE ELEVATIONS IS LIMITED TO 25.

HYAQO044——-T00 MANY WATER SURFACES SPECIFIED. PRESENT LIMIT IS 25. THIS VALUE
IGNORED.

EXPLo THE W.S. ELEV. SPECIFIED ON THE PRECEDING 'MANY SECT* CARD (8-3)
BROUGHT THE TOTAL NUMBER OF WATER SURFACES TO MORE THAN THE

MAXIMUM ALLOWABLE OF 25. THE COMPUTATION WILL PROCEED WITHOUT
THIS VALUE. NON-FATAL.

HYAQQ45--NO STARTING STATION GIVEN.
EXPLO ON "MANY SECT' CARD (B—3) NO STATION WAS GIVEN 7O INDICATE THE

DCWNSTREAM POINT WHERE THE WATER SURFACE PROFILE IS TO BEGIN.
FATAL ERROR.

HYAQQ46——-NO WATER SURFACE ELEVATION GIVEN.
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EXPLO ON *'MANY SECT* CARD (B—3) NO WATER SURFACE ELEVATION AT THE
STARTING STATION WAS GIVEN. FATAL ERROR.

HYA0O047—-NO SECTION IDENTIFICATION. CARD IGNORED.
EXPLO NO CROSS—-SECTION IDENTIFICATION WAS GIVEN ON 'SEQ CONT' CARD
(B-5) OR ON *GRAPHS' CARD (B-10). 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.

HYAOO048~—-NO INITIAL COCORDINATE. REST OF CARD I[IGNORED.
EXPLO ON THE 'SECX' CARD (B~-6) IMMEDIATELY PRECEDING THIS MESSAGE,
THERE WAS NO ENTRY FOR THE FIRST X COORDINATE. THE PROBLEM wWwlLL
BE COMPUTED WITH NO CONSIDERATION OF ANY ENTRIES ON THIS CARD.
NON-FATAL.

HYAQ049--Y COCRDINATE MISSING. THIS SET AND REST OF CARD IGNORED.
EXPLO ON THE *SECX*' CARD (B-6) IMMEDIATELY PRECEDING THIS MESSAGE,
THE PROGRAM ENCOUNTERED AN X COORDINATE THAT HAD NO MATCHING
Y COCRDINATE. WHEN THIS OCCURS NO VALUE IS STORED FOR THIS SET
OF COORDINATES OR ANY SET TQO THE RIGHT OF THIS SET ON THE CARD.
NON-FATAL.

HYAQ0O050-~-T00 MANY POINTS DESCRIBING SECTION. PRESENT LIMIT IS 100.
EXPLO ON THE *'SECX* CARD (B-6) PRECEDING THIS MESSAGE, A SET OF
COORDINATES WAS ENTERED WHICH BROUGHT THE TOTAL NUMBER OF
COORDINATES FOR THAT SECTION TO MORE THAN THE ALLOWABLE MAXIMUM
OF 100. FATAL ERROR.

HYAO0O51--NO °*N' VALUE SPECIFIED.
EXPLa ON THE 'SECN' CARD (B-7) PRECEDING THIS MESSAGE NO VALUE WAS
ENTERED FOR *N' OR 'N BELOW ELEV.' NON-FATAL ERROR.

HYAQO0S52--"N' VALUE ABOVE ELEVATION MISSING. ASSUME 'N*' VALUE BELOW APPLIES FOR
ALL ELEVATIONS.
EXPLO 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.

HYAQO053--*'T0O X' DISTANCE MISSING.
EXPLa ON THE 'SECN' CARD (B-7) 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.

HYA0O0S54--TO0 MANY SUBSECTIONS. PRESENT LIMIT IS 10.
EXPLTO THE *SECN' CARD (B-7) PRECEDING THIS MESSAGE BROUGHT THE NUMBER
OF *SECN®' CARDS FOR THE CROSS-SECYION NAMED ON THE CARD TO A
TOTAL GREATER THAN THE ALLOWED MAXIMUM OF 10 PER SECTION.
FATAL ERROR.

HYADQS55~-CONVEYANCE SECTION IDENTIFICATION MISSING.
EXPLo ON THE PRECEDING 'CNVY' CARD (B—8), NO SECTION IDENTIFICATION wWAS
ENTERED, FATAL ERROR,

HYAQO056--PLUS MISSING. 000.50 ASSUMED.
EXPLO ON THE PRECEDING 'CNVY' CARD (B-8), A VALUE WAS STORED FOR 'T.W.
ELEVATION' BUT NO '"PLUS' VALUE WAS ENTERED. *'PLUS® IS AN
ESTIMATED VALUE, OFTEN LESS THAN 1.0 FT, WHICH IS ADDED TQ THE
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TeWe ELEVATION YO SIMULATE BRIDGE HEADWATER. IF IT IS OMITTED THE
PROGRAM WILL CONTINUE THE COMPUTATION WITH AN ASSUMED *PLUS' OF
0.5 FT. NON-FATAL.

HYAOQOOST-—TAILWATER ELEVATION BLANK. ASSUME COMPUTATION VALUE PRESENT.
EXPLo ON THE PRECEDING *'CNVY' CARD (B-8) NEITHER *T.W. ELEV' NOR
*MINIMUM H.W. ELEVATIGON®' WAS ENTERED. THE PROGRAM WILL ASSUME
THE 'T.W. ELEV' STORED FROM THE PREVIOUS 'HYDRA' CALCULATION AND
PROCEED WITH THE CONVEYANCE COMPUTATIONS. NON-FATAL.

HYAOO058—--MAXIMUM HEACWATER MISSING.
EXPLo ON THE PRECEDING *'CNVY' CARD (B-8), A VALUE WAS ENTERED FOR
*MINIMUM H.W. ELEVATION® BUT NONE WAS GIVEN FOR 'MAXIMUM H.W.
ELEVATION'. FATAL ERROR,

HYAQOS9-—INCREMENT MISSING.
EXPLO ON THE PRECEDING 'CNVY' CARD (B-8), VALUES FOR BOTH *MINIMUM
HeW. ELEVATION' AND *MAXIMUM H.W. ELEVATION® WERE ENTERED, BUT
NGO VALUE WAS ENTERED TO INDICATE INCREMENTS OF ELEVATION AT WHICH
CUMULATYIVE CONVEYANCE CURVES ARE DESIRED. FATAL ERROR.

HYAQOO060--"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.

HYAQ061--VERTICAL DISTANCE SPECIFIED, BUT NO ODIRECTION GIVEN. ASSUME UP.
EXPLa 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.

HYAOQ62——-'MOVE TO' SECTION IDENTIFICATION MISSING.
EXPLO ON THE PRECEDING *MOVE' CARD (B~9), NO NEW SECTION NAME WAS
PROVIDED TO IDENTIFY THE MOVED SECTION. FATAL ERROR,

HYAQO063--NO VERTICAL DISTANCE OR SKEW CORRECTION SPECIFIED.
EXPLO ON THE PRECEDING 'MOVE®* CARD (B—9) NEITHER VERTICAL DISTANCE NOR
SKEW CORRECTION WAS GIVEN. FATAL ERROR.

HYAQO064—-—-GRAPH REQUESTED FOR MORE THAN 50 SECTIONS. THIS REQUEST IGNORED.
EXPLa ON THE PRECEDING *GRAPHS' CARD (B8-10) 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 wWILL BE IGNORED. NON-FATAL.

HYAQO065~-PROBABLE BLANK CARD. CARD IGNORED.
EXPLo ON THE CARD PRECEDING THIS MESSAGE, NO ENTRIES WERE FOUND IN
POSTTIONS NORMALLY OCCUPIED BY CARD IDENTIFIERS. THE CARD IS
IGNORED AND THE PROGRAM WILL PROCEED TGO THE NEXT CARD.

HYAQO66~-—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.,

HYAQOQ67--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 SECTIUN EXCEPT IN
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*MANY SECTION' PROBLEMS WHERE THIS SECTION WOULD BE DROPPED FROM
THE SEQUENCE. HOMWEVER, THE GIVEN CROSS—SECTION COORDINATES HAVE
BEEN STORED AND ARE AVAILABLE FOR USE IN 'CULBRG'.

HYADQ068——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.

HYAQ069-—-THE *N' 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 HYAQO70.

HYAQO70-—THE *N*' VALUE LIMIT OF * *x HAS BEEN ADJUSTED TO * %,
EXPLo DUE TO A DISCREPANCY IN *N' VALUE LIMITS, ARBITRARY ADJUSTMENT OF

THESE LIMITS IS MADE BY THE ROUTINE.

HYAQOT71-—SECTION * * IMPROPERLY SPECIFIED. NO COORDINATE TABLE WILL BE PRINTED.
EXPLa THIS MESSAGE WILL BE PRINTED IN THE SECTION SPECIFICATIONS OUTPUT
WHEN THE PROGRAM FINDS THAT THE SECTION BEING DESCRIBED HAS LESS

THAN THREE STATIONS. NON-FATAL.

HYAQO72-——NO METHOD SPECIFIED, NO CONVEYANCE, NO GRAPHS.

EXPLo THIS MESSAGE FOLLOWS AN *ENDATA' CARD (B-11) WHEN NO METHOD {ONE
SECTION, TWO SECTION, OR MANY SECTION) HAS BEEN SPECIFIED AND
NC *CNVY' CARD (B-8), *MOVE' CARD (B-9), OR 'GRAPHS' CARD (B-10)
HAS BEEN INSERTED PRIOR TO THE 'ENDATA* 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 *CULBRG' SUBSYSTEM. NON-FATAL.

HYAQO73-~~NO COORDINATES SPECIFIED FOR SECTION * * REQUEST FOR GRAPH IGNORED.
EXPLa IN PLOTTING THE GRAPHS REQUESTED ON *GRAPHS' CARDS (8-10), 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.

HYAQO74—-—CONVEYANCE SECTION IMPROPERLY SPECIFIED. REQUEST FOR CONVEYANCE IGNORED
EXPLo THE SECTION FOR WHICH A CONVEYANCE WAS REQUESTED ON THE *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.

HYAOQO75—-NO ENDATA CARD PRESENT,. HYDRA NOT PROCESSED.
EXPLO SELF-EXPLANATORY.

HYAQO076--NO Q AVAILABLE
EXPLo THE DISCHARGE (Q) FOR USE IN 'CULBRG' COMPUTATIONS MAY BE
SUPPLIED FROM EITHER A PREVIOUS 'HYDRO®* OR YHYDRA' COMPUTATION
OR IT MAY BE SUPPLIED ON *SUPPLY' CARD (C-1). 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)

I. DESCRIPTION

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 ands/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 geometrics 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, 1Inlet: flared and normal

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. 1In order to be compatible with the HYDRA subsystenm,
the values of tajlwater 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 1is provided.
Specifically HYDRO will compute Q;50- HYDRA will compute the Qyg0
tailwater elevation if the 100 year peak discharge is computed 1in
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 Q,p9 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 c¢f bridges) is given in CULBRG. The
user may also request cost comparision information by supplying a

request indicating whether to use a statewide or local cost base.



II. INPUT

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 formn.

The CULBRG subsystem is capable of handling a large variety of
problems concerning culverts and bridges. There are, generally,
three major categories in which the user must make choices in order
to select the proper procedure for his problen. 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 design a bridge
that will satisfy the given conditions and tabulate the results if a
feasible design is found. The program will then attempt to design a
satisfactory culvert if feasible and tabulate the results. oOrdinar-
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
bridge spans. The MULTIPLE option may be used only in conjunction
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, BRDG and FL-DV cards, reference is made ¢to
CLVRT ID and SUBSEC ID. This is the conveyance subsection identifj-
cation which in BRIDGE problems identifies the portion of the total

csection of flood plain that the individual structure is to serve. It
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presently has no bearing on CULVERT designs and is for the engineer's
structure identification in culvert probless. 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 multiple opening bridge design or
analysis, flow divides and their assocjated c¢onveyances must be
matched and, in design, the conveyances 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 itens
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
subsysten. 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

CUOLVERT when the user wishes to compare the twvwo designs. MULTIPLE



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.

Design:  Cross out one or neither Specify opening configuration. Cross out one.

Cross out one
Analysis: Cross out one mber

1) Nu
e 0 {QULIBRG OESTGNT T TTIANACNSIS T8 RIIDGE T T TICULVIEIRT T TIS INGLE [ TTIMUUTIPUET TT T TTT

L4 1 ! 44

Card ID Number of
openings for

MULTIPLE

Choose One.
Choose one. YOPENING 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. 1Include (C-1) for data not passed from
HYDRO or HYDRA.

SUPPLY CARD (C-1)

This card is wused 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.



c-if]

. This card is necessary only for values not supplied from other subsystems. (HYDRO or HYDRA)
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Card ID-Required Frequency value if differ-
only if Q is to ent from value used in pre-
be supplied. ceding HYDRO, HYDRA or
CULBRG problem. Not
required, but should be
entered if card is used.

LTailwater 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 HYDRA (decimal).

CLVRT CARD ({shape and "n" value) (C—2)

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 - 0.012
cGMP - 0.024
Plate, Arch

6'—-1" X u4'-7" — 0.0327 (maximum)
207" X 13'-2" — 0.0298 (minimum)
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Plate, Circular

5.0' dianm. — 0.0328 (maximum)
15.0' diam. — 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" g
logarithmic. For further information contact the Bridge Division,

Hydraulic Section.

4 Civrt ID Select pipe shape. Cross out all but one. elect "n" value. Cross out all but one. "n" value

Ak Sl
LUVRTEL T EICTRCUL AR AR RICIHE JaviaL T IBoXC T T T ciaNCIRE TIEL TICCMPE T L T TIPILATEE T T E T T 1]
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Card ID Enter desired "n" value
here if different fronm
value implied by material

Culvert ID selection or box culvert.
(Alphanumeric)

Manning's Coef. determined here
by culvert material selection.
One may be chosen.

— Choose one. If BOX specified, "n" will be
0.012 unless otherwvise indicated in the
field "n" VALUE of this card, and no mate-
rial type need be indicated.

If the confiquration is specified ARCH and the material is
specified PLATE, the standard "n" value may be overridden by specify-
ing the desired "n" wvalue 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 must 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



CLVRT_CARD (profile and inlet) (C-3)

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 1inlet conditions. One of three culvert profiles (STRAIGHT,
BROKEN BACK, or STEPPED) must be chosen. A STRAIGHT profile 1is one
in which the flow 1line subtends a straight line from the upstrean
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
TNLET or NORMAL) by marking out all but one. FLARED INLET is a ternm
used to refer to an inlet with a slightly flattened bell shape. This
is not a reference to standard flared wing walls. When FLARED or
DROP INLET is specified, no KE value meed 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.

I Clvrt ID Select profile configuration. Cross out ail but one. Select inlet condition. Cross out all but one. "Ke"value
™

(@)
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Card ID Choose cne. Required when a NOR-
MAL inlet has been
selected. Refer to

Culvert ID Hydraulic Manual
(Alphanumeric) 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 7refers to a standard State Department of High-
ways and Public Transportation headwall (with the appropriate

entrance coefficient as outlined in the Hydraulic Manual ).

CLVRT CARD (stationing and elevations) (C-4)

| Oesign: Station at toe along & of structure Design: Elev. at toe Design: Station at toe glong & of structure Design: Elev. at toe

Clvrt 1D

Analysis: Station at end of structure along ¢ of structure] Analiysis: Elev. of culv. F.L. § Andlysis: Station at end of structure along ¢ of structure | Anaiysis: Elev.of culv. FL. g .31 . ;
OUTILTEISITAEL T [ [T T TEEIet T I T T CAINCIETEISITRET T LT T T T TR T T T 11 B

1 4 i H i !

Card ID Elevation, arbitrary
or above MSL, at cor-
responding INLET STA
Culvert ID (decimal).
(Alphanumeric)

Inlet Station along centerline
of structure. {See sketch
in discussion.)

.L_Flevation, arbitrary or above Mean Sea
Level, at corresponding OUTLET STA
(decimal).

L outlet station along centerline of structure.
(See sketch in discussion.)



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 roadwvay embankment along the centerline of
the «culvert. The program will then dJdetermine the actuyal 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 flov line (inside bottom) at each end of the barrel.

—

| |
4 4
A B C D

Computation
Type Inlet Station Is Qutlet Station Is
Design Point A Point D
Analysis Point B Point C



CLVRT _CARD (break statioping and elevations) {C-5)

This card allows entry of positions of breaks wvhen 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.

Civrt 1D Stationing along centerline of structure Break slevation Stationing along centerline of structurs Break elevation
CLVIRTIN [ T IRSIEEIRK] g T[] ELLTT [T 1T IMCAEAKESTAR [ [[T1] ANERNEEE

t_# # i it i !

c-5 ]

Card ID Flow line elevation at

indicated break station
{point of slope change)
Culvert 1ID {decimal).

(Alphanumeric)

Arbitrary stationing along centerline of
structure at points of slope change.
Stations must be relative to other break
stations, inlet stations and outlet
stations {decimal).

CLVRT_CARD (maximum allowable headwater and outlet velocity) (C—6)

The maximum allowable headwater elevation provides the basis for
culvert design calculations. It is, therefore, mandatory for DESIGN
and should be a realistic value. Both maximum allowvable headvater
elevation and maximum allowable outlet velocity are discretionary
values determined by the engipeer's judgment based on criteria as

outlined in the Hydrauljc 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.
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Civrt 1D Maximum headwater upstream_of culvert Elevation aximum_allowable outlet velocity from culvert

cul M.
MIAXT THETAIOWA[TIE/R TEILENVI TR T [ T 77 | MAX JOUTILETT IVIEILeIC IT]Y

T T T T ITTIEm/Sg

#

TRY 11

A

Card ID
Culvert ID This value should be determined
{Alphanumeric) as outlined in the Hydraulic

Manuyal. 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 Hydraulic Manual.
This value reguired 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).

CLVRT CARD (dimensions)_ (C-7)

This card provides for entry of culvert dimensions when ANALYSIS
has been specified. DIAM must be provided only when the culvert
configuration 1is 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 config-
uration. If BOX is specified on CLVRT card (C-2), then these dimen-
sions must be given in feet. If ARCH or OVAL 1is specified on the

CLVRT card (C-2), then these dimensions must be given in inches.



c-7

SR Clvet 1D Required entry for this card Culvert diameter (in.} Culvert rise Culvert srgni No. of culvert barrels

VIBITFY T | IO MEINIS|ITOINIS) i 11 MTTW17—WTGW3WTW‘ NEER Ilﬂﬂﬂﬂﬂu&4]1ll
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Card ID The number of bar-
rels for the culvert
is given here. 1If

Culvert ID it is left blank,
(Alphanumeric) however, a value of
1 will be assumed.
Width 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 conmposed
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 must be right justified with no decimal.

ROAD CARD (C—8)

This card 1is 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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Card ID MAX DEPTH (in feet) should
represent the maximum depth
of culvert barrel the

Culvert ID engineer is prepared to
(Alphanumeric) 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-
wvay 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 lcgic 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 optimunm
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 wuneconomical 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
systen. 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.



BRDG _CARD (velocities) (C—9)

For bridge design the MAX and MIN AVERAGE VELOCITIES nust be
supplied. If either or both values are omitted, a maximum of 6

and/or a minimum of 4 ft/sec will be assunmed.

4 Subsec 1D Maximum__allowable average velocity through bridge Minimum_ollowable uvera]ga velocity through bridge
clThy L

ROGL MAX IAVIERAGE VELLOCOTY T T T [T TTTIMINC TRV ERAGE] TVIEILIGL [T ITTIFT/ISd

{ LN Il |

c-9 D

Card ID 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 fps. MAX AVERAGE
VELOCITY should be based on criteria as indicated in
the Hydraulic Manual (decimal).

SUBSEC ID - Alphanumeric. It must match the SUBSEC ID
indicated on (C-11).

BRDG_CARD (side_slope) (C-10)

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.



Subsec ID Left header slope_ Right _header siope Orig. sec. ID_if skewed

[we]lB
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This item has no
internal use but
should be supplied
for identification
and clarification
of output.

Card ID

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—~11)

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 conjunction with BRIDGE problems since- the program is

not equipped to handle CULVERT problems with divided flow.
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Subsec 1D

s Cross - section 1D Distance_along cross - section

FILI-IDV] SIEICIXE: FIRML i XE D TS T ix ST

FILi-|DVE ASIEICIXE: FIRMLIXEADITISE, 70 X {DIIST

FL-0V SIECIXE: CAPIRIMEIXE 0 TISE: ToL XL OIST

Card 1D The other 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 subsysten.

SUBSEC ID should be a unigque alphanumeric identification.

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 the HYDRA
subsysten. For SINGLE BRIDGE ANALYSIS, the SUBSEC ID is arbitrary

but must be supplied. For multiple bridge design, the limits of the
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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 adjusted X value in the
new section.)

JOB_NO. CARD (C-12)

If several culvert designs and/or analyses are interrelated
{e.g., all pertaining to the same proiject), 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 1individual report
for each problem. When this is desired the user must assign an iden-—
tification (possibly the project 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 1identification 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 problen.
When the final problem to be included has been entered, then the PLAN
SUMMARY card (C-14) must follow the ENDATA card for that problenm.
All jobs to be summarized wunder one Jjob identification nmust be
grouped together and must have the identical job identification. T€
a job with a different identification is placed within the group,
then only the Jobs following it will appear in the summary. This

summary has been tailored for inclusion in design plans.
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Card ID 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.

ENDATA CARD (C-13)

This card marks the end of a set of input data for one problem

and signals the program to begin computations.

Card ID Required at the end of each problenm.

PLAN SUMMARY CARD (C-14)

This card is used only when a summary is desired as outlined in
the discussion for JOB NO. card (C-12). Wwhen all of the problenms
which are to be included in the summary {(i.e., having the same djob
identification) have been entered, 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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Card ID Required when a Plan Summary is desired.

COST CARD_(C-15)

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 vprices
inserted by the user, 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" 1list
published by D-19 each month. Not all prices are available on this
list and no attempt is made to supply an arbitrary price for any
iten. 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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Card ID 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 omn 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. Fach

subsequent CULBRG problem in the run should contain a COST card with

STATEWIDE marked out if the current temporary price file for the run

is correct.

If STATEWIDE 1is 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 1listed in the following
Table I. If the COST option is not used the output column labeled

TOTAL COST will contain zeros.



TABLE I. ITEMS AVAILABLE TO THYSYS COST ANALYSIS
FROM THE STATEWIDE AVERAGE BID PRICE
LIST AS OF APRIL, 1972%

ITEM_NO. DESCRIPTION

421 506 CL C CONC (CULV)

440 501 REINF STL

460 503 CGM PIPE (18 in)

460 S04 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 PIPE (60 in)

460 512 CGM PIPE (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 ARCH (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 10)
460 557 CGM PIPE ARCH (DES 12)
460 558 CGM PIPE ARCH (DES 13)
460 559 CGM PIPE ARCH (DES 14)
460 560 CGM PIPE ARCH (DES 15)
460 561 CGM PIPE ARCH (DES 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 numbers are issued and
average bid prices are available.



TABLE I - Continued.

46U
464
464
L6
46U
464
46l
464
464

ue 4
1)
usy
ueu
Léeu
Léy
uey
464
uey
464
Lé6y

4005
4005
4005

509
510
511
512
513
514
515
516
517

545
546
547
548
549
550
551
552
553
554
555

501
502
503

RC
RC
RC
RC
RC
RC
RC
RC
RC

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE

PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE

(cL
(CL
(cL
(CL
(CL
(CL
(CL
{CL
(CL

ARCH
ARCH
ARCH
ARCH
ARCH
ARCH
ARCH
ARCH
ARCH
ARCH
ARCH

FLARED METAL
FLARED METAL
FLARED METAL

III)
I11)
111)
I11)
III)
I11)
I11)
1IT)
1984

(CL
(CL
(CL
(CL
(CL
(CL
(CL
(CL
(CL
(CL
(CL

(36
(42
{48
(54
(60
(66
{72
(78
(84

1171)
II1)
1I7)
I11)
I111)
ITI)
I111)
I171)
I171)
I1I)
I1171)

in)
in)
in)
in)
in)
in)
in)
in)
in)

(DES
(DES
(DES
(DES
(DES
(DES
(DES
(DES
(DES
(DES
(DES

INLET (36 in)
INLET (48 in)
INLET (66 in)



BOX_CARD_(C—16)

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 1is specified, it
applies to any size box culvert calculated, and it supersedes the box
price based on concrete and steel quantities. Also, cost per foot
applies only to the current problem. Tf STATEWIDE has been indicated
previously, this card may be used to override either concrete or

steel prices or both if desired.

Specify Concrete and Steel prices Cost per Foot

0K ) " OR
e[ [BIOIXLIPIRIIICIET ICTOINICIRIETTTEL T IST T [ { [ I/ICIYT JRIETIINFT ISTTLT 8T T I [ [ [/ILBl JCIOISITI/FITI [ T 18T TT T[T 11 ¢

} i} \f Jf }

Card ID 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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PIP_CARD (C-17)

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 given, 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.

[
< 000

] Specify one price or both. RDi;cem- (:}n’_) S(f):? Estimated cost per flare unit for this diameter.
PLIPRITICIEL JCIGMP] |$ /ILIFI B IRICIP! |$ /ILIF FILIARIEL [UNITIT] |$
PLAPRIIICIE] JCIGIMIP! |$ /ILIF RICPI |$ /|LIF FILARIEL JUINITIT] |$
PEAPIRITICIE] JCIGMIP [$ /ILIF RICIPL I$ /ILIF FILARIEL UNTITT i$
TIPEIPIRITTFET Ininmis 1= RS JTTIF 1 SRECE RN AL
i it T i
Card ID Price of 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 galvanized metal pipe
for the pipe size indicated on this card.
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FILL CARD_ (C-18)

This card is used to supply the maximum height of roadway £ill
above the flow 1line 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 vwhere cost data 1is
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.
P JHEL G T T L LT L LTI S aRAE
1 TR
Card ID Maximum height of fill for the box culvert measured from

the flow line (in feet).

MISC COSTS CARD (C-19)

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.




[l s e N |

c-za]

If applicable specify any miscellaneous costs for eoch culvert design.
M IIS|C] ICIO[S[T|S CIO|N|C STEEDL RII[PIRIA[P HIEAIDIWIRILIL[S] JEIXICIAIVIR[TTIOINE IGIEINIEIRIAIL
MIIS|C 1CIO[S[T(S]$ CIONIC! ISITE[EILL [RIT|PIR[AIP HIE[RID[WIRILILIST JEIXICIA[VIR[T|TIOIN |GIEINERRIAIL
M ISICI [CIO[S[TIS|$ C[OIN[C] ISITIE[EILY {RIIIPIR]A[P]- HIETAIDIWIAILILIS] JEIX[CIAIVIR[T|I[O|N] {GIEINIEIRIAIL] |
pIsccnRT]f *fhuﬁmn?c:"R‘PRRPM‘_ﬁEnowR*'Q T —_“Fni}'
Card ID Drav a line through those items which do

not apply to the price given on this
card.

LFill in the miscellaneous cost to be applied to the cur-

rent culvert.

FREQ=100 CARD_(C-20)

This card is wused to input the discharge Q,90 and tailwater

TWi0p for a 100 year flood analysis. Also the CLEAR ELEV (the aver—

age maximum

input on this card.

they were previously

elevation at which water can pass under a bridge) is

Entries for Q,g90 and TW;oo are not necessary if

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.

FREQEIO0

[EEERERRRNEERE HUSEENEEEERE SR ERNEERE EEEEANEENERE AR ERERRERERE NN RN

3

H i

*{_A A

Card ID

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.




RD_PROFILE CARD (C-21)

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 profile 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.

Coordingte point Coordinate point Coordinate point
X Coordinate (Dist.} Y Coordinate (Elev.) X Coordinate (Dist.} Y Coordinate (Elev.) X Coordinate (Dist.) Y Coordinate ( Elev.)

o[} IRIDL [PIRIBIFITILIEX Y X Y X Y

0 IRIDL_JPRIOIFITILIE]X Y X Y X Y

0 IRIBLIPRIOIFIIILIEIX Y X Y X Y

0 [RIDCIPIRIAIFTTIN IR N B\ v

A } R

Card ID

Supply sufficient X distances {Roadway Stations) and Y
elevations to define the roadway profile (minimum of
three sets).

Card Use Checklist

A tabulation of the required and optional cards for each of the
CULBRG options is shown in Figure 5-6. This may be used to check the

completed input form for possible omissions prior to submission.
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CULBRG

DESIGN ANALYSIS DESIGN ANALYSIS

CARD TYPE BRIDGE BRIDGE & BRIDGE CARD TYPE BRIDGE BRIDGE & BRIDGE
CARD OR H(SINGLE OR | CULVERT CULVERT (SINGLE OR | CULVERT CARD OoR SINGLE OR CULVERT CULVERT (SINGLE OR | CULVERT
IDENT. | REFERENCE BULTIPLE) (SINGLE) (SINGLE) NULTIPLE) (SINGLE) IDENT. | REFERENCE JMULTIPLE) (SINGLE) (SINGLE) MULTIPLE) (SINGLE)
CONTROL CULBRG YES YES YES YES YES c-11 FL-DV YES3 YES3 YES?®
CARD
c-1 SUPPLY YES? YES? YES? YES? YES? c-12 JOB NO. OPTIONALS OPTIONALS OPTIONALS
C-2 CLVRT YES YES YES c-15 COST OPTIONAL? OPTIONAL OPTIONAL
c-3 CLVRT YES YES YES C-16 BOX PRICE OPTIONAL? OPTIONAL OPTICNAL
Cc-4 CLVRT YES YES YES c-17 PIP PRICE OPTIONALY OPTIONAL OPTIONAL
C-5 CLVRT YES? C—18 ||FILL HEIGHT] YES® YES® YES®
Cc-6 CLVRT YES YES c-19 MISC COSTSH OPTIONAL? OPTIONAL OPTIONAL
c-7 CLVRT YES Cc-20 FREQ=100 OPTIONAL* OPTICNAL* ] OPTIONAL* | OPTIONAL®
c-8 ROAD YES YES c-21 BRD PROFILE OPTIONAL® OPTIONAL* | OPTIONAL* | OPTIONAL*
c-3 BRDG YES YES c-13 ENDATA YES YES YES YES YES
c-10 BRDG YES YES YES c-14 PLAX OPTIONAL® OPTIONAL® OPTIONAL®

Required only for items not previously assigned values in HYDRO
and/or HYDRA.

Required only if BROKEN BK specified an CLVRT Card
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.

(C-3). Only

FIGURE 5-6.

S When a PLAN SUMMARY including this culvert is to be requested.
NOTE: Bridge design will not be included in PLAN SUMMARY.

¢ After the last problem with the current JOB NO. when a summary
is desired.

7 Required vhen cost comparison is desired.
¢-16, C-17, and C-19.

® Required for cost ccmputations for box culverts.

9 Designates toe of slopes for structure.

CARD USE CHECKLIST

Enter prices on cards



III. OUTPUT

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 problens.

Multiple Opening Bridge Desiqn

This report reflects the following:

Section name and station at the given bridge site - given
Total design flow (cfs) - given or computed in HYDRO

Water surface elevation (ft) - given or computed in HYDRA
Frequency (yrs) - given

Backwater head (ft) - This value 1is the water surface
differential at the upstream limit of the bridge due to the
constriction of the stream flow by the bridge structure -

compu ted

Number of openings — This value refers to the number of flow
divides rather than the number of bridge spans — given

A table shoving for each stream subsection:
a. Subsection I.D. — given

b. Lleft side slope - given

c. Right side slope — given

d. Left toe of slope — computed

e. Right 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
flovw 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.



Single Opening Bridge Design

This report reflects the following:

Section name and stream station at the given bridge site -
given

Design flow (cfs) - given or computed in HYDRO
Water surface elevation (ft) — given or computed in HYDRA
Prequency (yrs) - given

Placement of toe of slope of left and right headers in terms
of stationing across the stream reach at the cross—section -
computed

Length between headers at water surface — computed

Backvater head (ft) - computed

Average through-bridge velocity across the entire bridge
section (fps) -~ computed

Maximum allowable velocity (fps) — given.

Single_Opening Bridge Analysis

This report reflects the following:

1.

Section name and stream station at bridge site — given

Design flow (cfs) — given or computed in HYDRO
Water surface elevation (ft) - given or computed in HYDRA
Frequency (yrs) - given

Placement of toe of left and right header slopes - given
Length between headers at the water surface — computed
Backwater head (ft) - computed

Average through-bridge velocity across the entire bridge
section (fps) - computed

Average channel velocity unrestricted by the bridge (fps) -
computed.

Single Opening Culvert Design or Analysis

The reports for single opening culvert design and analysis are

similar and will, therefore, be discussed concurrently. Each culvert



problen

1‘

will receive an automatic report reflecting the following:

Job Number -~ In addition to this automatic report for each
culvert problem, there is an option of receiving a summary
report (plam summary) of the results of related problenms.
These related problems are grouped according to a job number
assigned by the user and printed on each report.

Culvert I.D. — given

Discharge or flov (cfs) - given or computed in HYDRO
Frequency (yrs) — given

Tailwater elevation (ft) - given or computed in HYDRA.
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 1is 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 1is 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. 1In fur-

ther steps, the program continues its search until it



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 increasing 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 and each additional
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 followvs:



STANDARD PIPE-ARCH SIZES

RCP CGHM PLATE (18'r) PLATE (31"r)
11x18 11x18 55x73 128x 190
13x22 13x22 57x76 130x195
18x29 18x29 59x81 132x 198
22x36 22x36 61x84U 134x 204
27x43 27x43 63x87 136x206
31x51 31x51 65x92 138x209
36x58 36x58 67x95 140x215
LOx65 40x65 69x98 142x217
45x73 45x73 71x103 144x 223
54x88 54x88 73x106 146x225
62x102 62x102 75x112 148x 231

63x87 T7x114 150x 234
66x95 79x117 152x236
71x103 81x 123 154x 239
75x112 83x128 156x245
79x117 85x 131 158x 247
83x128 87x137

89x139

91x 142

93x 148

95x150

97x152

100x154

101x161

103x167

105x169

107x171

109x178

111x184

113x186

115x188

118x190

119x197

121x199

The program searches for a pipe-arch size so that the
calculated headvwater 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) - <circular culverts only — computed
{given for analysis)

c. Width and height (feet for box, inches for arch or oval)
— all shapes but circular - computed (given for analy-
sis)

d. Llength of barrels (feet) - computed [given for analysis)

€. Allowable headwater elevation (ft) — given for design

f. Calculated headvater elevation (ft) - <computed for
design only

g. Headwater elevation (ft) - given for analysis only

h. Calculated headwater (ft) — computed

i. Allovable 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
{* .

Stations and elevations of inlet and outlet - computed in
design; given in analysis

Stations and elevations of breaks in broken back culverts -
given (for analysis only)

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
€. Shape - given

d. Inlet type -~ given (although sometimes changed in
design)

e. KE value — given
f. Barrel material - given

g. Manning's <coefficient for barrel material - supplied by

54 1



Hundred

program (or may be given)

h. "SUPER CRITICAL SLOPE = " is output for applicable
instances in analysis.

Year Flood Analysis for Single Opening Bridge

This report reflects the following:

1. 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 tailvater elevation - given or computed 1in
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 Single QOpening Culvert

This report reflects the following:

1.

2'

Culvert identification and culvert size — given and/or com-—
puted in CULBRG

Basic flood applied (100 year frequency) — computed in HYDRO
or given in HYDRA or CULBRG

Hundred yvear velocity at structure outlet - computed 1in
CULBRG

Hundred vyear tailwater elevation - given or computed in
HYDRA

Elevation of water surface over road — computed in CULBRG
Low elevation of road profile — computed in CULBRG
Greatest depth of flow over road - computed in CULBRG

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 1is a report reflecting the results of culvert design or

5-42



analysis problems that have been grouped together wunder one job

number.

For each successful run, in this job number grouping, the

following information is printed:

1.

2.

10.

11.

12.

13.

Job No.

Culvert I.D.
Barrel shape
Number of barrels

Width and height (inches for circular, arch and oval; feet
for box)

Length (feet)

Culvert material

Type inlet

Profile

Slope (ft/ft)

Flow ({(cfs)

Calculated headwater (ft)

Calculated velocity (fps)

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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ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FUR EACH
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP.
TEXPL' DENOTES A DETAILED EXPLANATION OF THE ERRDR MESSAGE.
(FOR ADDITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE
DIVISION HYDRAULIC SECTION DR THE DIVISION OF AUTOMATIGN FIELD

ENGINEER FOR YOUR DISTRICT.)
A e ok ok o ok ke ol sk ok o ol oK o O ok k0K R K Ok ok ok ok ok Xk ko K ok ok s ok koK K Ok 0% o KoK R ok k ok K

CLBOOO1--NEITHER DESIGN NOR ANALYSIS SPECIFIEC.
EXPLa 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.

CLBO002-—ROUTINE NOT AVAILABLE TO DESIGN OR ANALYZE MULTIPLE OPENING CULVERTS.
EXPLO THE PROGRAM IS NOT PRESENTLY cQUIPPED TO HANDLE PROBLEMS
INVOLVING MULTIPLE OPENING (DIVIDED FLOW) CULVERT PROBLEMS. IF
*BRIDGE' WAS ALSQO SPECIFIED, THE PRGGRAM WILL HANDLE THE PKOBLEM
AS IF 'BRIDGE' ALONE HAD BEEN SPECIFIED. NON—-FATAL IF 'BRIDGE'
ALSO WAS SPECIFIED. FATAL [F 'CULVERT' ALONE WAS SPECIFIED.

CLBOOO3--NEITHER BRIDGE NOR CULVERT SPECIFIED.
EXPLO WHEN C*ANALYSIS® IS SPECIFIED ON THE °*CULBRG' CONTROL CARD, IT

IS NECESSARY THAT EITHER '*BRIDGE' OR *'CULVERT'®' B8& SPECIFIED. IF
*DESIGN®* IS SPECIFIED, THEN EITHER *BRIDGE' OR 'CULVERT' OR 80TH
MAY BE SPECIFIED. IF NEITHER *BRIDGE' NOR 'CULVERT®' IS SPECIFIED,
THEN THIS MESSAGE IS PRINTED. FATAL ERROR.

CLBOO0O4~-—-NUMBER OF OPENINGS NOT SPECIFIED,
EXPLD ON THE 'CULBRG' CONTROL CARD, IF *SINGLE' IS NOT SPECIFIED, THEN
THE NUMBER OF OPENINGS MUST BE SPECIFIED. IFf NEITHER SPECIFICA-
TION IS MADE, THIS MESSAGE WILL BE PRINTED. FATAL ERROR.

CLBOOOS5——ND FREQUENCY GIVEN,
ExpPLo ON SOME OF THE REPORTS FROM *CULBRG', FREQUENCY IS REFLECTED

ALTHOUGH THIS VALUE IS NOT USED DIRECTLY IN ANY 'CULBRG!
CALCULATICONS. IF A DISCHARGE WAS OBTAINED FROM A PREVIOUS 'HYDRO!'
DR *HYDRA' PROBLEM AND NO FREQUENCY WAS GIVEN OR IF A 'SUPPLY?!
CARD (C—1) WAS READ AND THERE WAS NO VALUE FOR FREQUENCY FROM ANY
SCURCE, THEN THIS MESSAGE WILL BE PRINTED. NON-FATAL.

CLBO006~-NO Q SUPPLIED OR COMPUTED.
EXPLO 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 (C~-1). THIS MESSAGE
INDICATES THAT THE PROGRAM FOUND NO Q VALUE AVAILABLE FROM ANY
OF THESE SCURCES. FATAL ERRQR.

CLBOOO7--NO SUPPLY Q GIVEN. PREVIOUS VALUE USED.
EXPLO THIS MESSAGE INDICATES THATYT THERE WAS NO ENTRY ON 'SUPPLY' CARD
{C-1) FOR DISCHARGE, BUT THE PROGRAM FOUND A PREVIOUSLY STORED
VALUE FOR DISCHARGE AND HAS ASSUMED THIS DISCHARGE FOR THE
CURRENT PROBLEM. NON-FATAL.

CLB0008--NO TAILWATER ELEVATION GIVEN,
EXPLO THE TAILWATER ELEVATION FOR USE IN 'CULBRG' COMPUTATIONS MAY BE
SUPPLIED FROM EITHER A PREVIOUS 'HYDRA' PROBLEM OR *'SUPPLY!' CARD
(C-1). FOR CULVERT PROBLEMS, IF A TAILWATER ELEVATION IS NOT
SUPPLIED FROM EITHER OF THESE SOURCES, THEN THE TAILWATER
ELEVATION WILL BE ASSUMED TO BE THE SAME AS THE CQUTLET ELEVATION



MAR 14, 1977
PROVIDED ON THE 'CLVRT' CARD (C-4). FATAL ERROR IF 'BRIODGE®
SPECIFIED. NON-FATAL FOR 'CULVERT'.

CLBO009--NO TAILWATER ELEVATION GIVEN. PREVIOUS VALUE USED.
Expto THIS MESSAGE INDICATES THAT A *SUPPLY' CARD (C-1) WAS READ BUT NO
TAILWATER ELEVATION WAS ENTERED. HOWEVER, THE PROGRAM FOUND THAT
A 'HYDRA' PROBLEM HAD BEEN PREVIOUSLY RUN AND THE FIRST TAILWATER
ELEVATION CALCULATED IN THE LAST 'HYDRA®' RUN WILL BE USED IN THIS
PROBLEM. NON-FATAL.

CLBOO10-—NC FREQUENCY GIVEN. PREVIOUS VALUE USED.
EXPLo IF NO FREQUENCY IS ENTERED ON A 'SUPPLY' CARD (C-1) AND A
FREQUENCY HAS BEEN PREVICUSLY DEFINED IN A 'HYDRO' OR 'HYDRA!
PROBLEM, THEN THIS MESSAGE WILL BE PRINTED AND THE PREVIOQUSLY
DEFINED VALUE WILL BE ASSUMED FREQUENCY FOR THIS PROBLEM.
NON—-FATAL.

CLBOO11-—NO INITIAL COORDINATE. REST OF CARD IGNORED.
EXPLO THERE MUST BE AN ENTRY IN THE FIRST COORDINATE SPACES ON THE
"ROPROFILE® CARD (C-21). IF NOT, FURTHER ENTRIES ON THE CARD ARE
IGNORED.

CLBOO12—-Y COORDINATE MISSING. THIS SET AND REST OF CARD IGNORED.
EXPLo THERE MUST BE AN ELEVATION ENTERED FOR EACH COORDINATE SET. IF
NOT, FURTHER ENTRIES ON THE CARD ARE IGNORED.

CLBOO013-—-T0O0 MANY POINTS DESCRIBING ROAD PROFILE. PRESENT LIMIT IS 100.
EXPLO DUE TO CAPACITY LIMITATIONS OF THE PROGRAM, SETS OF COORDINATES
IN THE ROAD PROFILE SPECIFICATION MUST NOT EXCEED 100 IN NUMBER.

CLBOO14-—NO 'N' VALUE SPECIFIED OR SUPPLIED.
EXPLa ON *CLVRT* CARD (C-2) NO CULVERT MATERIAL WAS SPECIFIED FROM
WHICH THE PROGRAM COULD DERIVE A RQUGHNESS COEFFICIENT NOR WAS
THE COEFFICIENT SUPPLIED DIRECTLY. FATAL ERROR.

CLBOO015--NQO 'KE' VALUE SPECIFIED OR SUPPLIED.
EXPLa WHEN A NORMAL INLET HAS BEEN SPECIFIED ON *CLVRT' CARD (C-3), 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.

CLBOO16~-TYPE OF INLET CONDITIONS NOT SPECIFIED.
EXPLO THIS MESSAGE INDICATES THAT NO INLET CONDITION WAS INDICATED ON
fCLVRT' CARD (C-3) OR THAT THIS CARD WAS NOT READ. FATAL ERROR.

CLBOOL17——CULVERT STATIONING AND ELEVATIONS INCOMPLETE.
EXPLO ON *CLVRT' CARD (C-4) 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.

CLB0O018-—-CLVRT CARD READ BUT DATA MISSING.
EXPLO UPON READING A 'CLVRT' CARD THE PROGRAM SCANS THE INFORMATION
TO DETERMINE WHICH TYPE OF *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.

CLBOO19—--BREAK STATIONING AND ELEVAYION DATA [NCOMPLETE.
EXPLo ON *CLVRT* CARD (C-5), THE DATA MUST BE ENTERED IN PAIRS (l.E., A
BREAK STATION AND AN ELEVATION). THIS MESSAGE INDLCATES THAT THE
PROGRAM DETECTED ONE MEMBER OF A PAIR ENTERED WITHOUT ITS
COMPANION MEMBER. FATAL ERROR.
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CLBOO20--MAXIMUM H.W. ELEV. NOT GIVEN.
EXPLo IN ALL CULVERT OESIGN 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.

CLBOO21--MAX. OUTLET VELOC. NOT GIVEN. VALUE SET AT 8.0.
EXPLn IN ALL CULVERT DESIGN PROBLEMS A MAXIMUM OUTLET VELOCITY SHOULOD
BE PROVIDED ON *'CLVRT®' CARD (C-6). IF THERE [S 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.
EXPLO ON SCLVRT' CARD (C-7), EITHER 'OIAM®' 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 [S NOT ENTERED,
1.0 IS ASSUMED.) FATAL ERROR.

CLB0023-—NO ROAD CROSS—SECTION I.D. GIVEN.
EXPLO NO *'CLVRT ID* WAS ENTERED ON *ROAD®' CARD (C-8). NON-FATAL.

CLB0024—-NO SLOPE GIVEN. VALUE OF 3.0 ASSUMED.
EXpLo 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 3.0O01.0 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.

CLBO025~--NO MAX BARREL DEPTH GIVEN FOR CULVERT DESIGN.
EXPLa A 'ROAO' 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.
EXPLO '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.

CLBO027-~UNIDENTIFIED BRDG CARD READ.
EXPLo THIS MESSAGE INDICATES THAT THE PROGRAM ENCOUNTERED A CARD WITH
*BRDG' PROPERLY PLACED ON THE CARD, BUY OTHER NECESSARY
IOENTIFIERS WERE NOT RECOGNIZED. THIS CARD WAS IGNORED.
NON-FATAL .

CLB0028--NO MAXIMUM VELOCITY GIVEN. 6.0 ASSUMED.
EXPLao IF A 'BRDG' CARD (C-9) IS SUPPLIED BUT THE *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.

CLBO029-—NO MINIMUM VELOCITY GIVEN. 4.0 ASSUMED.
EXPLo IF A *'BRDG' CARD (C-9) IS SUPPLIED BUT THE *MIN AVERAGE VELOCITY!
[S 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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CLBO030——BRIDGE HEADER SLOPE DATA MISSING.
EXPLo ON 'BRDG* CARD (C-10) 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.

CLBO0O31~-—PROBABLE BLANK CARD.
EXPLO 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.

CLBOO032--BRIDGE CROSS-SECTION [.D. MISSING.
EXPLO ON THE 'FL-DV' CARD (C-11) THE 'SECX' IDENTIFICATION MUST BE
PROVIDED IN ORDER FOR THE PROGRAM T0O RETRIEVE THE PROPER SECTION
FROM STORAGE. IF THIS IDENTIFICATION IS MISSING IT CONSTITUTES A
FATAL ERROR.

CLBOO33—-FLOW DIVIDE X-DISTANCE MISSING.
ExPto ON THE *FL-DV' CARD (C-11), THE BOUNDARIES OF THE FLOW DIVIDE
ARE DEFINED BY GIVING THE 'X' COCRDINATES AT EACH OF THE FLOW
DIVIDE LIMITS. THIS MESSAGE INDICATES THAT ONE OF THE LIMITS
(FRM X DIS OR TO X DIST) IS NOT PROVIDED. FATAL ERROR.

CLBO0O34-—-LAST GIVEN FILL HEIGHT ASSUMED.
EXPLO NO FILL HEIGHT SPECIFIED FOR CURRENT PROBLEM. A DEFAULT VALUE IS
ASSUMED BASED ON THE LASTY FILL HEIGHT WHICH WAS SPECIFIED.

CLBOO35-—DATA MISSING ON BOX PRICE CARD.
EXPLo ONE OR MORE ITEMS OF SPECIFICATION HAVE BEEN OMITTED ON THE YBOX
PRICE' CARD (C-16).

CLBO036——PIPE SIZE NOT AVAILABLE.
EXPLo SELF-EXPLANATORY.

CLBOO37-—-TAILWATER FROM SUBSYSTEM HYDRA IS NOT REALISTIC FOR Q=% *,
EXPLO 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!
CALCULATIONS.

CLBO038——NUMBER OF BREAK STATIONS READ EXCEEDS CAPACITY OF 4.
EXPLo AS THE PROGRAM READS 'CLVRT!' CARDS (C-5) IT COUNTS THE NUMBER QOF

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. (NOTED THE PROGRAM
WILL READ AND ACCEPT UP TO FOUR BREAK STATIONS, BUT IN THE
CALCULATIONS FOR A BROKEN BACK CULVERT NO MORE THAN TwW0O BREAK
STATIONS WILL BE ACCEPTED.) FATAL ERROR.

CLBOO39--NUMBER Of BRIDGE SUB-SECTIONS READ EXCEEDS CAPACITY OF 10.
EXPLO AS THE PROGRAM READS *'BRDG* CARDS (C-9 AND C—-10) AND 'FL-DvV?
CARDS (C-11), IT COUNTS THE NUMBER OF DIFFERENT *SUBSEC [D'S!
ENCOUNTERED. UPON REVIEWING THE STORED DATA, THE PROGRAM WitLlL
PRINT THIS MESSAGE IF IT FINDS THAT MORE THAN THE ALLOWED TEN
8RIDGE 'SUBSEC ID'S' HAVE BEEN USED. FATAL ERROR.

CLBO0O40-—-ERRORS PRECLUDE COMPUTATION.
EXPLo 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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CLB80041-—-NUMBER OF FLOW DIVIDE CARDS EXCEEDS CAPACITY OF 10.
EXPLO AS THE PROGRAM READS 'FL-DV' 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.
EXPLo THIS MESSAGE INDICATES THAT A FATAL ERROR ON THE *CULBRG" CONTROL
CARD HAS CAUSED THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS
MESSAGE SHOULD HAVE INDICATED THE NATURE OF THE ERROR.

CLBO043—~-DATA MISSING ON SUPPLY CARD C-1l.
expLo 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

CLBO044——-DATA MISSING ON CLVRT CARD C-2.
EXPLo 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.

CLBO045--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

CLBOO46—--DATA MISSING ON CLVRT CARD C-4.
EXPLo THIS MESSAGE - INDICATES THAT A FATAL ERROR ON CARD (-4 HAS CAUSED

THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD
HAVE INDICATED THE NATURE OF THE PROBLEM.

CLBOO47--DATA MISSING ON CLVRT CARD C-5.
EXPLo 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.
EXPLo THIS MESSAGE INDICATES THAT A FATAL ERROR ON CARD C-6 HAS CAUSED
THE PROGRAM TO ABANDON THE PROBLEM. A PREVIOUS MESSAGE SHOULD
HAVE INODICATED THE NATURE OF THE PROBLEM.

CLBO049——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.

CLBOO50——-DATA MISSING ON ROAD CARD C-8.
EXPLo 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,

CLBO0S1--DATA MISSING ON BRDG CARD C-9 DR C-10.
EXPLO 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.

CLBOOS52-—-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.

CLBOO53--NO Q SUPPLIED OR CCMPUTED.
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ExPLo THE DISCHARGE (Q) FOR USE IN CULBRG COMPUTATIONS MAY BE SUPPLIED
FROM EITHER A PREVIOUS 'HYDR(O®' OR 'HYDRA' COMPUTATION OR IT MAY
BE SUPPLIED ON A *'SUPPLY®* CARD (C-1). THIS MESSAGE INDICATES THAT
THE PROGRAM FOUND NO 'Q' VALUE AVAILABLE FROM ANY OF THESE
SCURCES. FATAL ERROR.

CLBOOS54—-TAILWATER ELEVATION NOT SUPPLIED. BRIDGE CANNOT BE PROCESSED.
EXPLo TAILWATER ELEVATION FOR USE IN BRIDGE PROBLEMS MAY BE PROVIOED
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.

CLBO055~-~NO TAILWATER ELEVATION GIVEN. IT IS ASSUMED 7O BE THE SAME AS THE
OUTLET ELEVATION.
EXPLa 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.

CLBOO56——-NEITHER DESIGN NOR ANALYSIS SPECIFIED.
EXPLO ON THE 'CULBRG' CONTROL CARD, EITHER 'DESIGN' OR *ANALYSIS' MUST
BE SPECIFIED. [F BOTH ARE SPECIFIED, °*DESIGN®' WILL BE ASSUMED,
BUT, IF NEITHER IS SPECIFIED, THIS MESSAGE WILL BE PRINTED. FATAL
ERROR.

CLBOOST-—WHEN PIPE OTHER THAN CONCRETE IS SPECIFIED, KE VALUE MAY NOT EQUAL 0.2.
VALUE SET AT 0.5.
EXPLo IF MATERIAL OTHER THAN CONCRETE IS SPECIFIED ON 'CLVRT' CARD
{C-2), THEN THE USER MAY NOT SPECIFY A *'KE' VALUE OF 0.2 ON
*CLVRT®' CARD (C-3). 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.

CLBOOS58-~ROUTINE NOT AVAILABLE TO DESIGN OR ANALYZE MULTIPLE OPENING CULVERTS.
EXPLa THE PROGRAM IS NOT PRESENTLY EQUIPPED TO HANDLE PROBLEMS
INVOLVING MULTIPLE OPENING (DIVIDED FLOW) CULVERT PROBLEMS. IF
'BRIDGE' WAS ALSG 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.

CLBOO59~—MAXIMUM H.W. ELEV. NOT GIVEN.
EXPLo 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.

CLBOO60—~CULVERT STATIONING AND ELEVATIONS INCOMPLETE.
EXPLO ON 'CLVRT' CARD (C-4) 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 .

CLBOO61--TAILWATER ELEVATION IS GREATER THAN OR EQUAL TO MAXIMUM HEADWATER
ELEVATION ~-0.05 FOOT. THIS CONDITION IS IMPOSSIBLE TO SATISFY IN
DESIGNING A STRUCTURE.

EXPLo THE PROGRAM COMPARES THE 'MAXIMUM HEADWATER ELEVATION®' ON 'CLVRT!
CARD (C-6) 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.
EXPLo 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.
EXPLO 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.

CLB0064——-CULVERT PROFILE NOT SPECIFIED.
EXPLO THE PROGRAM ATTEMPTED TO SELECT THE PROPER PROCEDURE BUT FQUND NO
PROFILE SPECIFICATION. THIS PROBABLY RESULTED FROM FAILURE TO
INCLUDE A 'CLVRT' CARD (C-3). FATAL ERROR.

CLBO065--CULVERT SHAPE NOT SPECIFIED.
EXPLO THE PROGRAM ATTEMPTED TO SELECY THE PROPER PROCEDURE BUT FOUND NO
SHAPE SPECIFICATION. THIS PROBABLY RESULTED FROM FAILURE TO
INCLUDE A 'CLVRT' CARD (C-2). FATAL ERROR.

CLBO066~-TYPE OF INLET CONDITIONS NOT SPECIFIED.
EXPLO THIS MESSAGE INDICATES THAT NO INLET CONDITION WAS INDICATED ON
fCLVRT' CARD (C-3) OR THAT THIS CARD WAS NOT READ. FATAL ERROR.

CLBOO67--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.
EXPLo THE CALCULATED OUTLET VELOCITY FOR THE CULVERT DESIGN WHICH MOST
CLOSELY APPROXIMATES THE DESIGN CRITERA IS GREATER THAN THE *'MAX
OQUTLET VELOCITY®' SPECIFIED ON *'CLVRT®' CARD (C-6). THIS MESSAGE IS
INTENDED ONLY AS A FLAG TD THE USER TO CALL HIS ATTENTION TO THE
SITUATION BUT DOES NOT PRESENTLY AFFECT THE COMPUTATIONS.
NON-FATAL.

CLBOO6S—-—-FLARED INLET MAY NOT BE SPECIFIED FOR THIS CULVERT SHAPE.
EXPLOo FLARED INLETS ARE NOT PERMITTED FOR ARCH OR QVAL CULVERT SHAPES.
THIS MESSAGE INDICATES THAT A FLARED INLET WAS SPECIFIED WITH
ONE OF THESE NON-ALLOWABLE CONFIGURATIONS.
FATAL ERROR.

CLBOO70--NEITHER BRIDGE NOR CULVERT SPECIFIED.
EXPLO WHEN 'ANALYSIS® IS SPECIFIED ON THE 'CULBRG' 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 'BRIDGE' NOR 'CULVERT®' IS
SPECIFIED, THEN THIS MESSAGE IS PRINTED. FATAL ERROR.

CLBOO71--CULVERT DIMENSIONS CARD NOT SUPPLIED.
EXPLa IN A CULVERT ANALYSIS PROBLEM A DIMENSION CARD MUST BE SUPPLIED.
FATAL ERROR.

CLBOO72~—% *FILL HEIGHT EXCEEDS STANDARD LIMIT, COST COMPUTED ON THE BASIS OF
MAXIMUM FILL HEIGHT STRUCTURE.

EXPLO *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.

CLBOO73--NO STANDARD AVAILABLE FOR #%X*¥%xX%%x FILL HEIGHT =%x,
EXPLO 'SDHPT' CULVERT STANDARDS ARE INCORPORATED INTO THE COSTY
DETERMINATION ROUTINE. ONLY A CULVERT OF STANDARD DIMENSIONS

CAN BE ACCOMODATED.

CLBOO74~—-THIS CONDITION EXISTS BECAUSE THE CHANNEL CONFIGURATION AND THE BRIDGE
CONFIGURATION ARE THE SAME.
EXPLu 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.

CLBOOT75--THE MINIMUM SIZE PIPE CONSIDERED FOR DESIGN IS 18 [N. THIS EXCEEDS THE
ALLOWABLE DEPTH.
EXPLa IN CULVERT DESIGN THE MINIMUM PIPE SIZE CONSIDERED IS 18 INCHES
IN OIAMETER. IF THE MAXIMUM ALLOWABLE DEPTH IS LESS THAN 18
INCHES AN IMPOSSIBLE CONTRADICTION EXISTS.

CLBOO76-—-CONDITICNS FOR THIS CULVERT CANNOT BE ECONOMICALLY SATISFIED.
EXPLo DUE TO A VARIABLE SET OF CIRCUMSTANCES, THE ROUTINE WAS UNABLE
TO SATISFY THE GIVEN DESIGN SPECIFICATIONS WITHIN A REASONABLE
NUMBER OF COMPUTATION ITERATIONS.

CLBOO78-—-CURVES ARE ONLY VALID FOR STANDARD REINFORCED CONCRETE PIPE OR
CORRUGATED METAL PIPE.
EXPLo 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.

CLBOO79——-FLARED INLET DESIGN NOT PRACTICAL BECAUSE SLOPE OF CULVERT IS
SUBCRITICAL. PROBLEM TERMINATED.
EXPLO WHEN A CULVERT SLOPE IS OETERMINED 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.

CLBOOBO--ORIGINAL CONVENTIONAL (NON-FLARED) DESIGN IS ACCEPTABLE. NO FLARED
INLET DESIGN IS PRACTICAL.
EXPLO 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 SULOPE IS LESS THAN CRITICAL. NON-FATAL.

CLBOO81--FLARED INLET HAS NO EFFECT - HEADWATER BASED ON ENTRANCE CONTROL WITH
KE=0.2",
EXPLO 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.

CLBO082—~-0UTLET CONDITIONS NOT CONSIDERED BECAUSE TW INSIGNIFICANT.
EXPLO 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.

CLBOO83—-—0OUTLEY CONDITIONS CONSIDERED BUT FOUND NOT TGO CONTROL.
EXPLO 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.

CLBO084—~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 ENQUGH LEVEL THAT INLET CONDITIONS DID NOT AFFECT
THE DESIGN. THE FLARED DESIGN [S PROVIDED, BUT A NORMAL INLET
WILL SUFFICE. NON FATAL.

CLBO085~-—THIS IS THE SMALLEST STRUCTURAL PLATE SIZE AVAILABLE.
EXPLO 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 MORE PRACTICAL OR ECONOMICAL.

CLBOO8B6——-THE CONDITIONS FOR THIS BOX DESIGN CANNOT BE REASONABLY SATISFIED.
EXPLO THIS MESSAGE INDICATES THAT IN BOX CULVERT ODESIGN AND FOR THE
GIVEN DESIGN SPECIFICATIONS, AN ACCEPTABLE DESIGN COULD NOT BE
FOUND AFTER A REASONABLE NUMBER OF COMPUTATION ITERATIONS AND
TRIAL SIZES.

CLBOO87—-THIS [S 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'X2') WOULD
NOT ESTABLISH A BACKWATER ELEVATION WITHIN 6 IN. OF THE TOP OF
THE BOX UNDER DESIGN CONDITIONS. THIS MESSAGE IS FOR USER
INFORMATION ONLY. NON-FATAL.

CLBO0OB8~—ND CROSS—-SECTION IDENTIFICATION GIVEN. (SEE FL-DV CARD).

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 'FL-DV®' CARD {C-11) FOR
ENTRY OF THIS IDENTIFICATION. THIS MESSAGE INDICATES THAT THIS
IDENTIFICATION IS NOT PROVIDED. FATAL ERROR.

CLBOOB9—-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 'CULBRG*', A CROSS-
SECTION MUST BE PROVIDED AT THE DESIRED LOCATION. ALL CROSS-
SECTIONS USED IN THE °*THYSYS' SYSTEM MUST BE STORED BY ENTERING
THEM IN THE 'HYDRA' 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—-6) 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 'FL-DV' CARD
CARD (C—-11) 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 (C-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.

CLBOO90--VALUE FCR LEFT AND RIGHT HEADER SLOPES NOT GIVEN. 2.0 ASSUMED FOR BOTH.
EXPLO SELF EXPLANATORY

CLBOO91-~-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.
EXPLO SELF-EXPLANATORY.

CLB0O093--CALCULATED VELOCITY EXCEEDS INPUT MAXIMUM VELOCITY. SUGGEST THAT THIS
MAX VELOCITY IS UNREALISTIC FOR THIS COMBINATION OF Q, WATER ELEVATION,
AND DESIGN SECTION.
EXPLO IN DESIGNING A SINGLE OPENING BRIDGE, THE PROGRAM CALCULATED A
VELOCITY IN EXCESS OF THE MAXIMUM AL{OWABLE VELOCITY ENTERED ON
*BROG' CARD (C—-9)., NON-FATAL ERROR.

CLBOO94~-—*%%* AREA NEEDED TO SATISFY MAX VELOCITY IS GREATER THAN TOTAL AREA OF
FLOW-DIVIDE.
EXPLO SELF EXPLANATORY.

CLBOO95——BROKEN BACK ANALYSIS ROUTINE CAN NOT ACCOMODATE MORE THAN TWO BREAKS.
EXPLO THE ROUTINE AS WRITTEN CAN ACCOMODATE NG MORE THAN TWO BREAKS OR
A MAXIMUM OF 3 UNITS FOR BROKEN-BACK CULVERT COMPUTATIONS.

CLB0O096~--BROKEN BACK ANALYSIS ROUTINE CAN NOT ACCOMODATE MORE THAN TWO BREAKS.
EXPLO SELF-EXPLANATORY.

CLBOO97~—~THYSYS IS NOT PRESENTLY EQUIPPED TO HANDLE THE BROKEN-BACK SITUATION
WHERE CRITICAL DEPTH (* %) IS GREATER THAN BARREL DEPTH.
EXPLO SELF-EXPLANATORY,

CLBO098-—HEADWATER CALCULATION CURVES ARE ONLY VALID 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 'CGM!
PIPE. OTHER MATERIALS WERE NOT USED.

CLBOO99--0UTLET CONDITIONS NOT CONSIDERED BECAUSE TW INSIGNIFICANT.
EXPLo IN DESIGNING A STRAIGHT, CIRCULAR, FLARED, SINGLE-OPENING CULVERT
THE PROGRAM FOUND THAT THE BACKWATER EFFECT FROM THE TAILWATER
WAS NOT HIGH ENOUGH TC AFFECT THE DESIGN. NON-FATAL.

CLBO100—--OUTLET CONDITIONS CONSIDERED BUT FOUND NOT TO CONTROL.
EXPLo 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.

CLBOLO1--OUTLET CONDITIONS CONTROL — FLARED INLET HAS NO EFFECT.
EXPLOD 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.

CLBO102——-CONVENTIONAL CULVERT ANALYSIS USED. FLARED INLET NOT EFFECTIVE.
EXPLE FOR VARTABLE REASCNS, INCLUDING THAT OF THE CULVERT HAVING
SUBCRITICAL FLOW, THE ENTRANCE CONDITIONS HAVE NO SIGNIFICANT
INFLUENCE ON THE CULVERT HYDRAULICS. THEREFQORE, THE FLARED INLET
IS NOT EFFECTIVE.

CLBO103——-HEADWATER BASED ON ENTRANCE CONTROL BUT NOT FLARED ENTRANCE.
EXPLO 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.

CLBO104—-NOMINAL DIMENSIONS GIVEN DO NOT AGREE WITH STANDARD ODIMENSIONS.
EXPLOo THE SPECIFIED DIMENSIONS FOR THE ARCH PIPE GEOMETRY IN QUESTION
MUST AGREE WITHIN 2 INCHES OF THE NOMINAL SIZE.

CLBO105~-—-ROAD PROFILE DATA NOT PROVIDED.
EXPLO 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 *SECX* CARDS IN 'HYDRA' OR 'RDPROFILE?
CARDS IN *CULBRG'.

CLBO106-—HIGHWAY PROFILE DOES NOT FORM A VALID SECTION.
EXPLOD 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).

CLBO107--SUPERFLUOUS POINTS HAVE BEEN DELETED FROM HIGHWAY PROFILE
EXPLo WHERE THERE ARE POINTS OUTSIDE OF A VALID SECTION WHICH WOULD NOT
DEPICT VALID SECTIONS THEMSELVES, THESE POINTS ARE CONSIDERED
SUPERFLUOUS.

CLBO108--HIGHWAY PROFILE DOES NOT HAVE AT LEAST THREE X Y COORDINATES.
EXPLa A VALID PROFILE MUST HAVE AT LEAST 3 COORDINATE PAIRS TO FORM A
SECTION CAPABLE OF CONTAINING AN OVERFLOW.

CLBO109--CULVERT DIMENSIONS NOT SUPPLIED.
EXPLa WHEN A 100 YEAR ANALYSIS ON A CULVERT [S REQUESTED, THE ROUTINE
MUST HAVE CERTAIN INFORMATION CONCERNING THAT CULVERT, INCLUDING
THE CULVERT DIMENSIONS, NORMAL CULVERT ANALYSIS INPUT IS
REQUIRED.

CLBO110--THYSYS DOES NOT PRESENTLY PROCESS 100 YEAR FREQUENCY CALCULATIONS FOR
PIPE CULVERTS.
EXPLD SELF-EXPLANATORY,.

CLBO111--UNABLE TO ACHIEVE BALANCE FOR 100 YEAR FLOOD.
EXPLO 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.
EXPLO 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 SUBSYSTEM

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 1lengths
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 junctions.
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II. INPUT

The data form for the SEWER subsystem is printed on the front
and back and is shown in Figqures 6—1 and 6-2.

General

The SEWER subsystem does not interact with any of the other
subsystens of THYSYS. It receives no information from other
subsystems and feeds no information to other subsystenms. 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 Trise". 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-
streamn soffit elevations describes the inside top of the pipe run.
Then, by specifying "maximum size rise", the user indicates a line
defining the greatest depth to which there will be a design. This
allows the user to clear any utility lines or other obstacles which
may be in the path of the run. Output for sewer pipe design will
include the flow 1line elevations as determined by the program. At
first, the above overall technique appears to be a departure from the
established technique of storm sewer design; however, it will be seen
from using this subsystem that the departure is more apparent than
real. The difference 1is, 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. 1In this discussion the term "points" will be wused to
refer to 1inlets, outlets, or junctions. The term "junction”" encom-
passes manholes, pipe junctions, changes in grade and size changes.
Figure 6—3 indicates the application of these terms.

7. A line 1is composed of a series of one or more inlets and
junctions; and, generally, terminates at either a Jjunction
or an outlet. Each designated line is identified by one of
the alphabetic characters A through Z. Fach 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 unigque combination of alphabetic and numeric
characters. The alphabetic character must be the same as
that of the line to which the point is assigned. "g16", for
instance, indicates that the point is on Line E. The
numeric characters may range from 1 through 99. A maximunm
of 100 points may be used. If the sewer network is 1larger
than the allowed limits, it may be broken into smaller seg-—
ments which the program can accept and run as separate prob-
lems. TIf this proves necessary, it should be done 1in con-
sultation with the Bridge Division Hydraulic Section.

3. A run lies between two points. Runs are dgenerally 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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SEWER_CONTROL_CARD

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. 1If 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 sever
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.

Select one, two, or three. Cross out others.

S S S

Card ID Frequency should be
supplied when RUNOFF is
specified. Tt must be

right justified.

Requires cards (D-3), cards (D-4) (if
the junction is not shown on either a
(p—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-Ua is op-
tional.

— Requires cards (D-3) for each inlet and may also require card
{(p-1), card (p-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
knovwn. 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 tinme.

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
reflecting 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.

COEF_DESC_CARD_(D-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 and/or numeric (alphanumeric) characters.

Atphanumeric description of type of runoff surfoce for each subarea A through F

AT T T T T8 T T [T T el [T T [T T[T T[T [T [T TFE[TIT1I1] MR

i |

Card ID

Provide a description for up to 6 runoff surfaces.




RAT_COEF_CARD_(D-2)

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 nmust
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

from the Hydraulic Manual. If MIN TC is not entered, 10 minutes will

be assumed.

"C" {runoft coefficient) applicable to each runoff surface A through F Minimum Rainfall Intensity Constants

I ) l F Time of concentration b d

A | 8 T ¢ | E e | [
HENGEEERIEEERANEERNNERES! WINTTel BTy (TP TP Ty

i i |

Card ID Rainfall intensity factors
(decimal) from Hydraulic

Manual, 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 surface
(decimal). Refer to Hydraulic Manual for coefficient
determination.

DA_CARD_{D-3)

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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Orainage area 1D Drainage oreos for subareos A through F Time of concentration dota Minimum Design increment Baseflow or

B C D € F Length Velocity Tc Size Pipe {in.) (Insert 3"or 6") Supply Q
T & v ? 7 I : T 2 3 g ae i 1 - i

I l | ] 3 RN 711
i % :

] V ] <l ;

Tt e EARERY -
b i

O 0|0,
DD D
3
T 171

[t == =T

Base flow or dis-—
charge (Q), if known,
for each inlet in
ft3/sec (decimal).

Card ID

LIncrements of pipe sizes
to be considered in sewer
design. If blank, 3v
will be assumed.

—Minimum Size Pipe (in) to be con-
sidered in sewer design.

LIf 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 Hydraulic
Manual must be provided (decimal).

—-If the discharge to this inlet is to be computed,
necessary data must be supplied in this section. RUNOFF
rmust 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) Carad. (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, 1if it 1is
more convenient, the wuser 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 vere measured
nust 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 1inlets the user must provide a LENGTH-VELOCITY combination
or a known 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 1less 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 accunulation as
calculations proceed through the sewer subsystem. No discharge in
the sevwer 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



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") 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.

JUNC CARD_({D-4)

Table 6-I indicates the required entries for each type of inlet

used.
TABLE 6-1. REQUIRED ENTRIES FOR EACH TYPE OF INLET USED
T - .
’ : INLET TYPE Max imum Cutter bistance Mannings Gutter Max pondina Analysis only Width ofj
ponding Slope Slope "n" Depression | depth above Grate on
Stope for slope inlet Inlet
DESCRIPTI INPUT Width 21 Z2 value "a" grate or Grade
s oN 00F y 7 tength area
(ft.) (qutter) (ft.)  jgutter {in)|  (ft.) (sq.ft.) (ft.)
T
Curb on Grade CURB X X X X X X X
—
Curb @ Sag CSAG X X
—t -+
= Grate on Grade GRATE X X X X X X X X
&
= | —
& Grate B Sag GSAG *
L Grate & Curb on Grade NOT AVAILABLE r
Grate & Curb @ Sag G6CSAG J X
T
Curd on Grade CURs X X X X X X X
Curb @ Sag CSAG X X X
) Grate on Grade NOT AVAILABLE
<
o
<
E Grate @ Sag 65AG X X
Grate & Curb on Grade GC ¥ * *
Grate & Curb @ Sag 6CSAG X x X
L L




A JUNC card (D-4) is required for each inlet when INLET 1is
specified on the SEWER Control card. This permits the user to pro-

vide required data describing each inlet and its approaches.

CURB on GRADE = cura Maximum Mannings Gutter Max ponding Analysis only Width of

Junc ID CURB ot 546 T CsAG . Gutter Distance "o .
GRATE on GRADE = GRATE ponding Slope Slaope n Depression | depth above Inlet Iniet Grate on

GRATE ot 586 : asa Slope for slope " o
Line Intet GRATE & CURB on GRADE *  6C width 2| z2 value a

GRATE 8 CURB o) SAG GCSAG o
letter No. JUNCTION = JUNCT (1.} % z! (gutter) (f1.) quiter {in.) (ft.) {sq.ft.} (1)

UNICET L] [JTYPE RN P RERE . 1. L AEE D
UNCIT [T T TV PE
UN i i TVIBET

L i R )

I R O O P . . lr ] ! »
Card 1ID Manning's "n" value as de-
fined in Hydraulic_Manual
(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 egqual, omit this entry
and a value of 1.0 will be assumed.

grate or length areo Grade

=z
)

= 0

—Reciprocal of Transverse Slope Z 1 (decimal).
If blank, Slope Z 2 assumed.

—Longitudinal gutter slope in per cent (decimal).

L.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). 1f 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 ID on a 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).




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 Jjunctions
wvhere two or more pipes join. In this case only the first twenty

colunns of Card D-4 need to be completed.

JUNC Card Continued

Junc 1D CURB o1 Sag  ocsag Gutter Distance

GRATE of 5AG = GSAG Slope for stope v
GRATE & CURB on GRADE *  GC width e Z1 z2 value a grate or tength area Grade
GRATE B CURB at 586 = GCSAG % F

JUNCTION = JUNCT {f1.)

(qutter) (ft.) gutter (in.) (ft.) (sq.ft) (f1.)

CURB on GRADE = cure Maximum Marnnings Gutter Mox ponding Analysis only Width of

GRATE on GRADE = GRATE ponding Stope Slope "n" Depression | depth above Inlet Inlet Grate on |

|

:
i

l | 3 [

<
<
m

i

] ! |
| i i

| L.

]

b

Gutter depression in feet (decimal). —J

Maximum allowable ponding depth in inches. Not —
required when CURB specified (decimal).

Inlet length in feet {decimal) ~—

Inlet area in sqg ft (decimal).—

Transverse width in feet
{decimal) used in GRATE
computations vhen GRATE ON
GRADE is specified. 1If
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.



e

CARRYOVER CARD {D-4a)

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 1is 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.

'; ,, Inlet Identification Standard Iniet Allowable Carryover { 1
2 gy dater | e e [N Opening (ft.) Length (f1.) NEYXE
CIARIR[YIBIVERIFIRIOMET TF TIOEL: AL=1 T T TP TVE
ClARIRIYDIVERLIFIROIM 10 IRERNE = I
CIARIRIYIRVIFTR TeTniatE " LR (B e - :
f i i i
Card 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 is assigned.

—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 assunred.

An entry in the ALLOWABLE CARRYOVER field is required and speci-

fies the allowable carryover in terms of feet of inlet required for

Grate on Grade and Curb on Grade. 1If, for example, an inlet opening
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0-5[)

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 conm-—-
puted.

QUTLET CARD {D-5)

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.

Outlet ID |

Line uilet]
letter No.

Card ID Required. LINE LETTER must be an
alphabetic character and OUTLET KNO.
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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DSGN_CARD_ {D-6)

P11 | dunenonor [ duncrion or Upstream Soffit Downstream Soffit Run () CA Q Mannings |U.S. Junction| Maximum | insert one:
I Run ID Line | tniet | Line| Inlet elevation elevation length addition addition "n" value Loss coeff { size rise 8{,1%,“5‘8;"
o-s[l ID|SIGINI, - 1U1S DIS : ‘ J &
0 [BISIGINL us 0/S , . L
0 # T T |
Card ID 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).

'——7ID 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 sewvwer 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 1inlets on

cards (b-3), (D-u4), and {(D-5).




DSGN Card Continued

Insert one:
CIRC, ARCH,
OVAL, BOX

Run (ft) CA Q Mannings  |U.S. Junction| Maximum
length addition addition “n" vakie Loss coeff. | size rise

g4 ] Juncton or unction or Upstream Soffit Downstream Soffit
Run ID Line§ Inlet § Line| inlet elevation eievation

g b B B
55 2% pE - s |

200
2

Ook:
[2)low)loy)
Z|Z|Z

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 Fjusti-
fied. If blank,
CIRC assumed.

ANAL CARD_(D-7)

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). A11 entries required. LINE
LETTER and TINLET NO. must exactly match the ID's for corresponding

inlets on card (p-3), (D-4), and (D-5).
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I' I 1 l U.S. inlet

D.S. Inlet

Run 1D Ling|

Inlet

Line| inlet

Actual no. | Actual rise | Actuai span Actual US.
or D (in in. junction
of barrels frifbox) | (ft if box) head loss(ft)

L]

zlziz
DDD
=

IR

I

GRAPHS_CARD_(D-8)

The optional

graphical

Upstream head loss (decimal).
If blank, 0.0 is assumed.

LSpan 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 assuned.

——Upstrean and downstream inlet ID.

“Run ID may be any unique combination of alphanumeric characters.

GRAPHS <cards (D-8) may be used to secure a

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 plcts of the flow 1line elevation profile,

soffit elevation profile, hydraulic gradient profile, normal depth of

flow, and

identifiers for each 1line 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.



41 Line letter |34 % i Line letter | 421"
e ‘ AL L L

i wa J 44| 4 AN , ._¢ 1 : :

] Line letter ["13.3 "% Line letter Scale . Factor

B X: Y‘=

T e b

-4 [ Line letter | |~
o-s0 |GIRIAPIH : Ml
U |GRAPIH

RIAPIH

g

mm

s 23

[ ) 24
= v

nmim

ZiZ|zZk

Card ID
Plot scale factors. If left

Alphabetical line ID's blank 1"=100' for horizontal
(X), and 1"=5' for vertical
{Y) will be assumed.

SCALE_CARD (D=9)

This card 1is 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) nmust 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.

BBbLkunE Cross out all but one Scale of ft./in.
usﬂllm.l‘@f&*l‘RESVw&%ﬂSQWWIUﬂﬂlﬂﬂ@ﬂﬂMUHHS?BEHUNUHﬁﬁﬂ|lllllll[ ?W

t H !

Card ID If SQ. INCHES @ SCALE is
selected, enter scale of
map in ft/in. (decimal).

-——Choose one. 1If no selection is made, acres
is assumed.



ENDATA_CARD (D-10)

An ENDATA card (D-10) is required at the end of each set of data

associated with one problem.

ool JEINOIRTTAL T | [ LT T TP T P T T T T T I T T PTT  TPTT PT T TT PT P TTTUITI I TTITTRITITL

Card ID

Card Use Checklist

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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SEWER

DESIGN ANALYSIS
CARD TYPE RUROFF IRLET SEWER RUNOFF RUNOFF INLET RUNOFF RUNOFY INLET SEWER RUNOFF RUNOFF INLET RONOFF

CARD OR & INLET & SEWER |& SEWER INLET & INLET & SEWER & SEWER INLET
IDENT. REFPERENCE £ SEWER & SEWER
CONTROL SEVWER YES YES YES YES YES YES YES YES YES YES YES YES YES YIS
CARD
D-1 COEF DESC YES YES YES YES YES YES YES YES
D-2 RAT COEF YES YES YES YES YES YES YES YES
D-3 DA YES? YES? YES? YES? YES2 YES? YES2 YES? YES7 YES? YES2 YES? YES? YES?
) JUNC YES3 YES? YES3 YES3 YES? YES? YES? YES3 YES3 YES3 YES? YES?
D-4a CARRY OVER OPTIONAL OPTIONAL OPTIONAL JOPTIONAL
D-5 OUTLET YES YES YES YES YES YES YES YES
D—6 DSGN YES* YES* YES* YES* YES* YES* YES» YES*
D-7 ANAL YES® YESS YES® YES®
D-8 GRAPHS OPTIONALS OPTIONALS [OPTIONALS|OPTIONALS OPTICNALS OPTIONALS|OPTIONALS {OPTIONALS
D9 SCALE OPTIONALS® OPTIONAL®|OPTIONALS® OPTIONAL® JOPTIONAL® OPTIONAL® |OPTIONAL® |OPTIONAL® |OPTIONAL® yOPTIONALS
D-10 ENDATA YES YES YES YES YES YES YES YES YES YES YES YES YES YES

1 Include a DA Card for each Drainage Area. s If graphs of named linres are needed.

2 Include a DA Card for each inlet. & If units other than acres are used.

3 Include a JUNC card for each inlet and junction not othervise identified. 7 Include a DA Card for each inlet with SUFPLY ¢ specified.

¢ Include a DSGN card for each pipe rum. s

FIGURE 6-4.

Include an ANAL Card for each pipe run.

CARD USE CHECKLIST




III. QUTPUT

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 fcllowing:
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. TIdentification 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 — given
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.

Sewer Desiqn_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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i.

Run identification — given

Upstream and downstream junction identifications — given
Upstream and downstream flow line elevations (ft) - com-
puted

Length of run (ft) - given

Slope (ft/ft) - computed from given data

Number of barrels - computed {given for analysis)

Rise (ft if BOX; inches if any other shape) — computed
(given for analysis)

Span (ft if BOX; inches if any other shape) - computed
{given for analysis)

Shape — given

2. A table of hydraulic data including for each run:

a.

Run identification — given

Upstream and downstream junction identifications - given
"n" value (Manning's friction factor) - given

Junction loss — given

Flow (cfs) - given or computed

Upstream and downstream heads {ft) - computed

Hydraulic gradient slope (ft/ft) - computed

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

Velocity (fps) — computed

Pipe capacity (cfs) — This is the maximum volume of flow

which could be handled by this run — computed

3. A table defining stationing as follows:



This report consists of a table which reflects for each inlet:

1.

2.

10.

11.

a. Run identification - given
b. Upstream junction identification - given

c. Stationing (ft referenced to outlet station)

Inlet identification - given

Inlet type — given

Flow {(cfs) — given or computed

Minimum length required - computed

Minimum standard length required — computed
Standard inlet opening - given or 5 feet assumed
Grate width - given or 3 feet assumed

Carryover — CFS computed (where allowed)

Carryover assignment inlet ID - given

Minimum area of grate required (sq ft) - computed

Ponding width - computed

Inlet Analysis

This report consists of a table which reflects for each inlet:

1.

Inlet identification - given

Inlet type — given

Flow (cfs) — given or computed

Inlet capacity (cfs) - computed

Carryover (cfs) — computed

Ponding width (ft) - computed

Actual length (ft) - given

Required length (ft) — computed length of inlet
pass the given flow

Actual area (sqg ft) - given

- computed.

needed

to



10. Required area (sq ft) - computed area of inlet required to

pass the given flow

11. Actual head (ft) - computed.

Graphs

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
uniform (normal) depth of flow in the barrel; (3) the calculated
hydraulic gradient 1line; {(4) 1identifiers such as line letter, run
name, run size and length, junction 1ID's, and tailvater 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 1lines which are part of the storm sewer system may he
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 1line; 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. 1In analysis, if the barrel is flowing

full, the uniform depth line is coincident with the soffit line.



MAR 14, 1977
Aok A ok Aok ok ok ok ok E R ROR M ESSAGES At Aok ok A ko ok ko ok ok KRk
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ERROR MESSAGES ARE GROUPED B8Y ALPHABETIC PREFIX FOR EACH
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP.
*EXPLY DENDOTES A DETAILED EXPLANATION OF THE ERROR MESSAGE.
(FOR ADOITIONAL INFORMATION AND ASSISTANCE CONTACT THE BRIDGE
DIVISION HYDRAULIC SECTION OR THE DIVISION OF AUTOMATION FIELD
ENGINEER FOR YOUR DISTRICT.)
Ao o o ke e ok ok o o oo o oo o ook ok o ol o ook o e ok oo oo ok ok sl sk ok ok ok K o o R ok s ol ok ok ok % ko i ok B0k K

SEWO0001--SHAPE OF PIPE FOR RUN CANNOT BE IDENTIFIED. ASSUME CIRCULAR.
EXPLO SELF EXPLANATORY.

SEW0002-—ARCH PIPE ROUTINE IS NOT YET AVAILABLE.
EXPLa SELF EXPLANATORY.

SEW0003—-0VAL PIPE ROUTINE IS NOT YET AVAILABLE.
EXPLO SELF EXPLANATGRY.

SEW0004-—-METHOD FOR ANALYSIS OF ARCH AND OVAL PIPE IS NOT YET AVAILABLE.
EXPLO SELF EXPLANATORY.

SEWO005-—LINE LETTER FOR GRAPH * *x [S NOT IDENTIFIABLE.
EXPLa 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.

EXPLO SELF EXPLANATORY.

SEWO0Q07--B0OX SIZE WAS TOO SMALL. CIRCULAR PIPE SUBSTITUTED ON PREVIOUS RUN.
EXPLaO 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 =* * [S EXCEED.
EXPLao 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.

SEWOO009-—ERROR IN JUNCTION IDENTIFICATION OF RUN * *,
EXPLO AN IDENTIFICATION HAS BEEN GIVEN ON A 'DSGN' CARD (D-6) OR AN
" ANAL' CARD (D-7) wWHICH OOES NOT MATCH AN IDENTIFICATION ON ANY
T JUNC' CARD (D-4). FATAL ERROR.

SEWO010-—-THE SUBROUTINE WHICH COMPUTES THE THEORETICAL CAPACITY OF A COMBINED
GRATE AND CURB INLET IS NOT YET AVAILABLE.
EXPLO SELF EXPLANATORY.

SEWO0011--THE SUBROUTINE WHICH COMPUTES THE REQUIRED HEAD 7O PASS THE FLOW FOR
AN OVERCHARGED COMBINED GRATE AND CURB INLET IS NOT YET AVAILABLE.
EXPLa SELF EXPLANATORY,

SEW0012-~THE SUBROUTINE WHICH COMPUTES THE THEORETICAL CAPACITY OF A COMBINED
GRATE AND CURB INLET AT A SAG IS NOT YET AVAILABLE.
EXPLmn 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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EXPLO SELF EXPLANATORY.

SEW0014-—-B0TH DESIGN AND ANALYSIS SPECIFIED.
EXPLo BOTH *DESIGN' AND 'ANALYSIS' ARE SPECIFIED ON THE 'SEWER®' CARD.
ONE OF THESE SHOULD BE DELETED. FATAL ERROR.

SEWOOL5--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.
EXPLO THERE IS NO ENTRY ON THE *SEWER' CONTROL CARD. NON-FATAL.

SEW0018——NQO DESCRIPTION OF TYPE OF RUNOFF SURFACE.
EXPLO NO ENTRY WAS MADE FOR ANY RUNOFF SURFACE (A THROUGH F) ON
"COEF DESC* CARD (D-1). NON-FATAL.

SEW0019—NO RUNOFF COEFFICIENTS GIVEN.
EXPLO NO ENTRY WAS MADE IN ANY RUNOFF COEFFICIENT SPACE (A THROUGH F)
ON 'RAY COEF* CARD (D-2). FATAL ERROR.

SEW0020——NO MINIMUM TC GIVEN. ASSUME 10 MINUTES.
EXPLO MINIMUM ALLOWABLE TIME OF CONCENTRATION (TC) WAS LEFT BLANK ON

YRAT COEF' CARD (D-2). COMPUTATION WILL PROCEED ASSUMING
MINIMUM TC = 10 MINUTES. NON FATAL.

SEW0021--0ONE OR MORE QOF 't'E*', *'B3%t, AND ''D'*' MISSING.
EXPLo ALL OF THE RAINFALL INTENSITY FACTORS (£, B, & D) MUST Bt
PROVIDED ON 'RAT COEF' CARD (D-2). FATAL ERROR.

SEW0022—--DA IDENTIFICATION MISSING OR INCOMPLETE.
EXPLa COMPLETE DA IDENTIFICATION MUST BE PROVIDED ON EACH DA CARD
(D-3). IF 'LINE LETTER® IS NOT AN ALPHABETIC CHARACTER,
' INLET NO.? IS NOT NUMERIC, OR IF EITHER *LINE LETTER® CR
*INLET NO.* IS BLANK, AN ERROR CONDITION EXIST. FATAL ERROR.

SEW0023-—NO SUBAREA TC DATA GIVEN. ASSUME MINIMUM,
EXPLo THIS MESSAGE INDICATES THAT NEITHER 'LENGTH AND VELOCITY?®
NOR *TC' WERE PROVIDED ON A 'DA*' CARD (D-3). IN THIS CASE THE
MINIMUM *TC* PROVIDED ON *RAT COEF* CARD (D-2) IS ASSUMED.
NON FATAL.

SEW0024——JUNCTION ID MISSING OR INCOMPLETE.
EXPLO THIS MESSAGE IS PRINTED WHEN (1) *LINE LETTER' [S NOT ENTERED
AS AN ALPHABETIC CHARACTER OR (2) *LINE LETTER' OR 'INLET
NO.' IS NOT ENTERED ON THE 'JUNC' CARD (D-4), *'DESIGN' CARD
(D-6) OR *ANAL' CARD (D-7). FATAL ERROR.

SEWO025-—DESIGN RUN LENGTH MISSING.
EXPLO 'RUN LENGTH®' WAS NOT ENTERED ON *DSGN®' CARD (D-6). FATAL ERROR.

SEW0026——ERROR IN SPECIFICATION OF INLET OR JUNCTION
EXPLO *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 NOYT GIVEN.
EXPLO THIS MESSAGE IS PRINTED WHEN *PONDING DEPTH®' IS NOT ENTERED AS
REQUIRED OR IS ZERD 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—-—INLEYT DATA INCOMPLETE.
EXPLO ON *JUNC' CARD (D-4), (1) *MAXIMUM PONDING WIDTH'y 'GUTTER
SLOPE', 'MANNINGS N VALUE' AND/OR ‘'GUTTER DEPRESSION At
HAVE NOT BEEN ENTERED, (2) 'SLOPE' Z I AND/OR 'SLOPE' Z 2 HAVE
NOT BEEN GIVEN, OR (3) IFf BOTH SLOPES ARE GIVEN AND ARE NOT
EQUAL, 'DISTANCE FOR SLOPE!' Z 1 HAS NOT BEEN SPECIFIED.
FATAL ERROR FOR THIS INLET.

SEW0029--0OUTLET 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.

SEWO030-—TATLWATER ELEVATION NOT GIVEN.
EXPLO *T.W. ELEV' ON 'OUTLET' CARD (D0-5) HAS NOT BEEN SPECIFIED. If
THE PROPER VALUE IS NOT KNOWN, THE SOFFIT ELEVATION AT THE
OUTLET SHOULD BE ENTERED AS 'T.W. ELEV'. FATAL ERROR.

SEWOO03L1——0UTLET IDENTIFICATION MISSING OR INCOMPLETE.
EXPLO THIS MESSAGE INDICATES THAT ON 'OUTLET® CARD (D-5) (1) AN
ALPHABETIC CHARACTER WAS NOT FOUND IN THE 'LINE LETTER®' SPACE,
(2) '"LINE LETTER' OR 'OUTLET NO.' WAS BLANK, OR (3) *'NO
OQUTLET' CARD (D-5) WAS READ. FATAL ERROR.

SEW0032-—INLET IDENTIFICATION MISSING OR INCORRECT.
EXPto MISSING OR INCORRECT SPECIFICATION(S) ON 'CARRYOVER®' CARD (D-4A).

SEW0033--CARRYOVER FROM THIS INLET HAS ALREADY BEEN ASSIGNED TO ANOTHER INLET
ON ANOTHER CARRYOVER CARD.
EXPLo 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.

SEWO034——ALLOWABLE CARRYOVER LENGTH NOT SPECIFIED.
EXPLa CARRYOVER COMPUTATIONS CANNOT PROCEED WITHOUT THE SPECIFICATION
OF ALLOWABLE CARRYOVER (IN TERMS OF LENGTH OF INLET).

SEWO035-—-RUN ITOENTIFICATION MISSING.
EXPLo 'RUN ID' ON 'DSGN®' OR ‘*ANAL' CARD IS BLANK. FATAL ERROR.

SEWO0036——-SOFFIT ELEVATION MISSING.
EXPLO THIS MESSAGE INDICATES THAT EITHER UPSTREAM OR DOWNSTREAM
ELEVATION 1S MISSING ON 'DSGN' CARD (D-6). 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 GOPTION ALLOWS EITHER POSITIVE, ZERO, OR
NEGATIVE SLOPES.

SEW0038——DESIGN RUN LENGTH MISSING.
EXPLo 'RUN LENGTH' WAS NOT ENTERED ON 'DSGN' CARD {D-6). FATAL ERROR.

SEW0039-—RUN N VALUE MISSING. ASSUME N=0.0120.
EXPLO 'MANNINGS N VALUE' WAS MISSING ON 'DSGN®' CARD (D-6). AN N
VALUE OF 0.0120 HAS BEEN ASSUMED ANG COMPUTATIONS CONTINUED.
NON-FATAL,
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SEWO040--MAXIMUM PIPE SIZE FOR A RUN NOT GIVEN.
EXPLO ON 'DSGN' CARD (D-6) 'MAXIMUM SIZE RISE" WAS NOT SPECIFIED.
FATAL ERROR.

SEW0041—--MAXIMUM SIZE RISE NOT PROPER FOR CIRCULAR PIPE. SHOULD BE IN INCHES.
EXPLo THIS ERROR CONDITION EXISTS WHEN PIPE SHAPE IS CIRCULAR AND
MAXIMUM SIZE RISE (ON THE 'DSGN' CARD (D-6)) IS LESS THAN 12.
THIS INDICATES THAT (1) USER INTENDED TO SPECIFY 'BOX' AND
YMAXIMUM SIZE RISE' WOULD BE IN FEET, BUT *'B0OX' WAS NOT PROPERLY
SPECIFIED, OR (2) USER SPECIFIED 'CIRC*, BUT GAVE *MAXIMUM S5IZE
RISE®* IN FEET RATHER THAN INCHES. FATAL ERROR.

SEW0042-—SHAPE OF PIPE FOR RUN CANNOT BE IDENTIFIED. ASSUME CIRCULAR.
EXPLo IF NO ENTRY IS MADE ON 'DSGN' CARD (D-6) OR [F THE ENTRY MADE
IS MISSPELLED OR NOT LEFT JUSTIFIED, THE PROGRAM [S UNABLE TO
IDENTIFY THE SHAPE. CIRCULAR SHAPE WAS USED AND COMPUTATIONS
CONTINUED. NON-FATAL

SEW0043—-PIPE SIZE FOR ANALYSIS NOT GIVEN.
EXPLO *ACTUAL RISE' OR 'O' {IN} WAS NOT ENTERED ON *ANAL* CARD (0-T7).
FATAL ERROR

SEWO044——NO AREA UNITS GIVEN. ASSUME ACRES.
EXPLE 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.
EXPLO THIS MESSAGE INDICATES THAT THE PROGRAM ATTEMPTED 7O 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.
EXPLO CARRYOVER DISCHARGE CAN ONLY PROCEED FROM A CURB ON GRADE INLET
OR A GRATE ON GRADE.

SEWO004T7--DATA MISSING ON SEWER CONTROL CARD.
EXPLO 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 wWILL COMMENCE.

SEW0048--DATA MISSING ON RAT COEF CARD D-2.
EXPLO WHEN THIS MESSAGE IS PRINTED, A PREVIOUS MESSAGE SHOULD DESCRIBE
THE EXACT NATURE OF THE ERROR. AT THIS POINT THE CURRENT PROBLEM
WILL BE TERMINATEO WITHOUT FURTHER COMPUTATION AND THE NEXT
PROBLEM WILL COMMENCE.

SEW0049--DATA MISSING ON DA CARD D-3.
EXPLO 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.

SEW0050--DATA MISSING ON JUNC CARD D-4.
EXPLo 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 wWitLL COMMENCE.
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SEWO0051--DATA MISSING ON OQUTLET CARD D-5.
EXPLo WHEN THIS MESSAGE IS PRINTED, A PREVIODUS 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.

SEW0052--£RROR ON DESIGN CARD D-6.
EXPLo 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.
EXPLO WHEN THIS MESSAGE IS PRINTED, A PREVIQUS 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.
EXPLO 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.

SEWO0055-—-NUMBER OF POINTS STORED EXCEEDS CAPACITY OF 100.
EXPLO 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,
EXPLa THE NUMBER OF 'DSGN®* CARDS {(D-6) MUST NOT EXCEED 99. FATAL ERROR.

SEWOO057——NUMBER OF ANALYSIS RUNS STORED EXCEEDS CAPACITY OF 99.
EXPLao THE NUMBER OF ‘*ANAL' CARDS (D-7) MUST NOT EXCEED 99. FATAL ERROR.

SEW0058—-—SUM OF CA'S FOR LINE * * INLET x * [S ZERQ.
EXPLo THIS ERROR CONDITION COULD EXIST IF THE SCALE OF FT/IN. ON THE
*SCALE®' CARD (D-9) WAS ENTERED AS ZERQO OR IF ALL THE *DRAINAGE
AREAS' (A-F) ON 'DA' CARD (D-3) WERE BLANK OR ZERC. FATAL ERROR
FOR THIS INLET.

SEWO0S59—-—RUNOFF TO LINE = * INLET = * [S ZERO.

EXPLO 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. [F THE *'SUPPLY Q!
ITEM IS ALL THAT IS EVER USED, THEN 'RUNOFF' NEED NOT BE
SPECIFIED UNLESS THE USER DESIRES A *RUNDOFF* REPORT IN THE
QUTPUT. IF RUNOFF CALCULATIONS APPEAR TO BE IN ORDER, THE USER
SHOULD CHECK TO BE SURE THAT EACH INLET I[DENTIFICATION ON 'JUNC!
CARDS (D-4), 'OSGN' CARDS (D-6} AND "ANAL' CARDS (D-7)
CORRESPONDS EXACTLY TO A *DA' IDENTIFICATION ON A '*DA' CARD
{D-3}). FATAL ERROR FOR THIS INLET.

SEWON60-—INLET DATA MISSING FOR LINE * * INLET =* *,
EXPLo THE *JUNC' CARD {D-4) RELATING TGO THE INLET SPECIFIED IS IN
ERROR. FATAL ERROR FOR THIS INLET.
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SEWO061-— * CALCULATED PONDED WIDTH EXCEEDS ALLOWABLE PONDED WIDTH, CALCULATIONS
CONTINUE WITH NO SPECIFIC ACTION TAKEN.
EXPLO THIS MESSAGE IS PRINTED AS A FOOTNQTE TO ASTERISKS THAT MAY OCCUR
IN INOIVIDUAL DATA LINES. NON-FATAL.

SEW0062-—MAXIMUM PONDING DEPTH NOT GIVEN.
EXPLO 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.

SEWO0063——0UTLET IDENTIFICATION MISSING OR INCOMPLETE.
EXPLo THIS MESSAGE INDICATES THAT ON AN 'OQUTLET' CARD (D-5), (1) AN
ALPHABETIC CHARACTER WAS NOT FOUND IN THE 'LINE LETTER' SPACE,
{2) *LINE LETTER' OR 'OUTLET NO.' WAS BLANK, OR (3) NO 'OQuTLET!
CARD (D—-5) WAS READ. FATAL ERROR.

SEW0064—-—FLOW TO RUN NUMBER x* * IS ZERQO. PROBLEM ABANDONED.
EXPLO 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 system of pumps (sizes, starting sequences and
starting times) using a specified flov and storage capacity
such that the storage 1is fully wutilized without being
exceeded.

2. To <compute the hydraulic characteristics including storage
volume for a specified pump station operation for each
minute of storm with a given discharge by using a specified
number of pumps of known size, their starting sequence and
the starting storage volunme.

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 subsystem is used. However, ordinarily
only one storm is considered by the user.

The design function always seeks to use at least two pumps,
wvhether 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 nc pump failure.

The storage allowed in the system in which the pumps are
employed may consist of one sump (either rectangular or c¢ircular),

any number of manholes and/or inlets, and submerged pipe lengths.



II. INPUT
The data form is printed on the front and back and is shown in
Fiqures 7-1 and 7-2.

PUMP CONTROL_CARD

The PUMP Control card is required for entry into this subsysten.
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, 4 and e) must be entered on this card. These

factors may be determined by reference to the Hydraulic Manual.

Cross out one. Constants From THD Hydraulic Manual

UMP OESIGN TTTIANAUYSOI T8 [ [ T T T[0T T T T T [ e ] T T]]

1 }

Card ID b, d, and e factors (from

Hydraulic_Manual) must be
provided.

— Either DESIGN or ANALYSIS must be specified.

Cards (E-1) and {E-8) must accompany each problen.
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.)

METHOD CARD_(E-1)

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




subsystem. These methods are:

1. HYDROLOGY - Using values of CA and TC determined in the most

recent HYDRO problenm

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.

CA & TC From HYDRO Supply CA & TC Supply @ 8 TC for CAor Q

HYOROUEGY JCA= T[T T[T TTI T[] TIMAgTITI]]

'
&)

Select one. Cross out other two. Must be supplied

4 1\ J

2 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 subsysten.

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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STATE DEPARTMENT OF HIGHWAYS
< AND PUBLIC TRANSPORTATION
\ 7/

DISTRICT RES.NO.______ e HYDRAULIC SYSTEM PREPARED BY______
LPE ______PROJ. NO. DATE
COUNTY PUMP SUBSYSTEM (PUMP) SHEET____OF
« lri2|3lalsle]|7i8|o]io]iliz]i3]14]15]16]17]18l19]20{ 21l22|23|24[25] 26|27 28 29| 30] 31| 32{33]34{3536/37{38 39|44 41| 42{43]44(45]46/47|4849|50]5!} [52{53{54[55/56|57) I62""““¢°"6859707|72737475%7877787980
commens ] | ]
E]
RES
Cross out one. Constants From THD Hydreulic Manual Prob. No.
ot [PLUMP DESIGN T T T JANAUYS IS [{B= [T 11 [0= £
Select one. Cross out other two. Must be supplied
CA & TC From HYDRO Supply CA & TC Supply Q & TC for CAor Q
e (HYOROUAGY A= TT T T [ [T {TT[[ING [T I]]]
\dentification T Specify sump dimensions and / or storage, and storage elevation
Length or diameter (ft.) Width (ft) Water depth {ft) Storage elevation Supply Storage (cu. f1.)
-20 [SUMP [TTTIIII|UGNG= [ [ 1] [WOoE= [ [ [ |0EEP= 1] 1] |[fUEv= CF=
Identification Length or diameter (ft.) Width (f1.) Fiow line elevation
e) [MH/ IINLET LONG= | WIOES FIL=
CIMHZIINLIE|T LIGNG/H WIDE = FiLi=
CIMH/IINLET LIGNG/H W I DE = Fll=
O IMH/IIINLIET LIGNG= WIOE = Fili=
0 {MH/ INILET LIGNG = WIOE S Fill=
0[MH/ZINUET LIONG = WIOE = FiL=
0 [MAZINOET LGNG = WIOE= FIL=
OIMHALNLET LIGNG = WIOE= FlLi=
OIMHALNLET LIONG= WIDE = FlL =
DIMH/ALNLET LIONGS WIOE= | | FiLl=
0(MHAINUET LIGNGH WIDE = FiLl
DIMHATINUET LIGNG S WIDE = Fill=
DIMH/AINLET LIGNG= WIDE = FiL =
0 MHZTINUET LONG= WIDE= FlL=
0MH/ZINLET LIGNG = WIDE = Fil=
0MH/ZINLET LIONG = WIOE S FEE
0MH/IINLET LIGNG = W El= Fili
D (MH/IINUET LIGNG = WIOE = Fili=
0 [MH/ZINLET LONG= WIOE = GIE
JIMH/ZINLET LIONG = WIDE S Fill=
0 {MHZINLIET LIGNG= W El= FlU=
0MH/ZIINLET T UONGS HIDE= FIL= BRR
0[MH/ZIINUET |UBNG WIDES FlU=
0MH/ZINLET LGN[‘:Tﬁ= WI0E= FlL =
1{2]3]al5]6]7|8|5]101]12l13[14]15]16]17]18]I9 202|22252412525272529303\ 3213334 35(36/37/38{39/40}4 1|42 4 46/47|48|49]50}51!52|53|54/55|56|57 ole1| 6263|64l65/66|67|68169]70|71|72|73|74|75[76]77|78|7980|
Note: FORM CONTINUED ON BACK
§ Mark box os shown beside each lins used. FORM 1310-1

FIGURE 7-1. FRONT SIDE OF THE PUMP SUBSYSTEM (PUMP) INPUT FORM
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SUMP_CARD_{E-2)

Specify sump dimensions and / or storage, and storage elevation

iicat -
Identification Length or diamater (ft) Width (ft) Water depth (ft.) Storage elevation Supply Storage (cu. ft.}

UMP [TTTTITTT(UeNG= [T [ IWIOE [ [T OEEP= [T TIETLIEMV=[ [ [ [ TICIFI=[ [ [ [ [ []

I S S SO N S

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).

Card 1ID

The 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 bottonm
of sump.

If the sump is rectangular, the short hori-
zontal (inside) dimension must be specified
here. 1If circular, these columns may be
left blank. If the sump is square, enter
jdentical LONG and WIDE values.

If the sump is of rectangular shape, the long horizontal
{inside) dimension must be specified here. 1If 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.




(1) The total storage for the entire system may be given on SUMP card
(E-2) in the field SUPPLY STORAGE (cu. ft.) and no dimensions may be
entered on SUMP, MH/INLET, or PIPE cards. {2) The SUPPLY STORAGE
(cuo. ft.) field on card (E-2) may be used to enter a portion of total
storage for which the capacity 1is 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 dimensions and add it to the known volume to
secure the total storage capacity for use in the problen. (3) 1f
none of the storage capacity is known, the dimensions of all portions
of the system must be entered on SUMP, MH/IMLET, 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.

SUMP card (E-2) 1is required for all pump desiqgn problems as
noted above. In addition, ELEV must be entered on this card to indi-
cate the maximum allowable water surface elevation any time dimen-—
sions are used to describe a portion of a system for wvhich the total
capacity is not known.

The IDENTIPICATION 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 DESIGN problenms
vhen this volume has not been included in SUPPLY STORAGE on SUMP card
(E-2). When this card is used, the dimensions and flow line eleva-

tion must be entered.
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ik s Identification Length or diameter (ft.) Width {f1.} Fiow line elevation
MH /I IINLIE[T] L%NG= WIOE FIL|=
MH/Z IINLIEIT ] LIONG/= WIOE = FiL[= ,
MH /! r\,ﬁTfr f T e WTINF S IF= J‘ =
Card ID Baottom elevation of manhole

or inlet.

l-Short dimension of manhole or inlet
{horizontal inside). Leave blank
if circular.

—Long dimension of manhole or inlet (hori-
zontal inside). Diameter if circular.

LID of manhole or inlet under consideration (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—4)

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 1length of pipe in ©proportion +to the

depth/diameter (4/D).




MAXIMUM

STORAGE
ELEVATIOFN

FIGURE 7-3. PIPE LENGTH FOR STORAGE DETERMINATION
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; 1 j From To Height or diameter (ft.} Width (ft.) Length (ft.)
PLIIPEE[” | [HI]GH= WIDE= LIONIG=
P IPE | HTIGH= W IDE|= LIAINIG[=
P! TIPIFisd. Ty el WITINIF!= | ILIBINIGI= B
f i t | i
Card ID LLength {in feet) of pipe or

box under consideration. If
water does not fill the
entire length of pipe, this
dimension should bhe esti-
mated by the engineer.

__1f box, arch, or oval, this is the
inside width dimension in feet. TIf
circular pipe, this may be left
blank.

—-I1f box, arch, or oval, this is the inside
depth dimension in feet. If circular, this
is the inside diameter in inches.

— Engineer'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.

APC_DATA CARD (E-5)

This card is required for all pump DESIGN problens. The user

must specify the pump sizes available by indicating both the minimum



E-5]

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 nust be
entered; however, if INC 1is 1left blank, then increments of 1000
between the MIN and MAX will be considered. INC should never Dbe
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.

Specify range of pump capacities and increment in gpm for design.

MIN=T T TP MAX=T TT T TITINICI=T T [ (T

t

? t, * * A

Card ID Increment of pump sizes available
for this problem {(e.g., 500 gpm,
2000 gpm, etc). If not supplied,
value is assumed to be 1000 gpn.

The maximum size of pump available for
this problem (in gallons/minute).

The minimum size of pump available for this
problem (in gallons/minute).
ANALYSIS CARD_ ({E—6)

This card 1is 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.




Specify known pump capacity & storage volume at whichpump starts.
~ BNAC R TR eHE RS S RN RN = AR RN 5 SRR
A ) 1 r * " *
Card ID Same data for third pump.

L same data for second punmp.

—HWater storage volume at which pump comes on.

i——Actual capacity (in gallons/minute) of each pump. The
order in which pumps are started is assumed the sanme
as the order of input. Maximum of ten pumps may be
indicated. (Up to four cards are allowed.)

GRAPHS_CARD_ (E-7)

This card must be wused 1if 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
172" by 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.

e0[GRAPHSI [V TV I TP TP P P TP Rl i P PP T I CL TTPL e b e e te iy

Card ID



An ENDATA card is required following the input data €for each

problem.

N EN SR EEEEEEER NN EEE N AN EE RN AR RN NENEENAREEEE
4

Card ID

Card Use Checklist

A tabulation of the required and optional cards for each of the
PUMP options is shown in Fiqure 7-4. This may be used to check the

completed input form for possible omissions prior to submission.



PUMP

Include

CARD TYPE
CARD OR PUMP PUMP
IDENT. REFERENCE DESIGN ANALYSIS
CONTROL PUMP YES YES
CARD
E-1 HYDROLOGY YES!? YES1
E-2 SUMP YES
E-3 MH/INLET OPTIONALZ2
E-4 PIPE OPTIONAL3
E-5 APC DATA YES
E-6 ANALYSIS YESS
E-7 GRAPHS OPTIONAL* OPTIONAL®
E-8 ENDATA YES YES
1 Include a HYDROLOGY Card for each discharge considered.
2 Include one for each MH/INLET not included in given storage.
3 Include one for each PIPE not included in given storage.
'y
S

Include

if graphs are needed.
enough cards to enter all pumps in the installation.

FIGURE 7-4., CARD USE CHECKLIST



IIY. UTP

The output for the PUMP subsystem may consist of one report for
each analysis problem or one or more reports for each design problen.
Design problems will usually have several solutions based on using
different pump sizes and starting sequences and a report will be
generated for each solution. The report for each pump analysis or
design solution consists of:

1. Available storage capacity (cf) — given or computed

2. PFor each pump 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 volume at which the pump is started (cf) - given
for ANALYSIS; computed for DESIGN

3. A table reflecting for each minute of a given storm:

a. Minute

b. Accumulated inflow at that minute if no pumps are used
{cf) - computed

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 showing the

above information as volume versus time curves.
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AR R kR KK KK Rk ERROR MESSAGES KRR KRR R R E KK
ok ok ko ok ok kKoK Ok K TEXAS HYDRAULTIC SYSTEM g Ak Ao Aok o e A AOK K o
ERROR MESSAGES ARE GROUPED BY ALPHABETIC PREFIX FOR EACH
SUBSYSTEM AND ARE LISTED IN NUMERICAL ORDER WITHIN EACH GROUP.
YEXPL' DENOTES A DETAILLED 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.)
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PMPOOOL1--NEITHER DESIGN NOR ANALYSIS SPECIFIED.
EXPLO NEITHER 'DESIGN' NOR 'ANALYSIS' WAS SPECIFIED ON THE *PUMP!
CONTROL CARD. FATAL ERROR.

PMPO0O02-—-RUNOFF COEFFICIENT MISSING.
EXPLO THE B, D, AND E FACTORS MUST BE GIVEN ON THE 'PUMP' CONTROL CARD.
THIS MESSAGE INDICATES THAT AT LEAST ONE OF THESE FACTORS IS
MISSING OR IS BLANK OR ZERO. FATAL ERROR.

PMPO003-—-PROBABLE BLANK CARD.
EXPLO THE CARD PRECEDING THIS MESSAGE WAS NOT RECOGNIZABLE AS A VALID
'PUMP' DATA CARD OR 'CONTRQOL' CARD FOR ANOTHER SUBSYSTEM. THE
CARD IS IGNORED AND PROCESSING CONTINUES. NON-FATAL.

PMPO004——-SUPPLY CA SPECIFIED BUT NOT GIVEN.
EXPLTO 'CA' WAS INDICATED ON 'HYDROLOGY®' CARD (E-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.

PMP0O0O0OS5—— TC NOT GIVEN.
EXPLO WHEN A VALUE FOR *'CA* OR 'Q* IS GIVEN ON 'HYDROLOGY' CARD (E-1),
THE VALUE FOR °*TC* MUST BE GIVEN ALSO. CARD IGNORED. NON-FATAL.

PMPOO06——SUPPLY Q SPECIFIED BUT NOT GIVEN.
EXPLO *'Q' WAS INDICATED ON HYDROLOGY' CARD (E-1), BUT ITS VALUE WAS
ZERQ OR BLANK. [IF THE 'SUPPLY Q & TC' OPTION IS NOT BEING USED,
'Q' MUST BE CROSSED 0OUT. CARD IGNORED. NON-FATAL.

PMPOOO7-—NO SUMP WATER DEPTH GIVEN.
ExpPLo IF 'LENGTH®' AND 'WIDTH® ARE GIVEN ON *SUMP' CARD (E-2), DEPTH
BELOW STORAGE ELEVATIDN MUST BE GIVEN ALSO. FATAL ERROR.

PMPO008——-NO STORAGE DATA GIVEN.
EXPLO THIS ERROR RESULTS WHEN NEITHER *LENGTH' OR *DIAMETER' NOR
*SUPPLY STORAGE' ARE GIVEN ON 'SUMP' CARD (E-2). ONE OR THE
OTHER MUST BE GIVEN WHEN *SUMP' CARD (E-2) [S USED. 'SuMp!?
CARD (E—-2) MUST BE USED IF °*DESIGN' IS SPECIFIED. FATAL ERROR.

PMPO0O09-——NO STORAGE ELEVATION GI VEN.
EXPLa THIS ERROR RESULTS FROM FAILING TO GIVE THE MAXIMUM ALLOWABLE
STORAGE ELEVATION IN THE FIELD 'STORAGE ELEVATION' ON THE 'SUMP!
CARD (E—2). THIS VALUE IS NECESSARY FOR USE IN PUMP DESIGN WHEN
"MH/INLET' STORAGE IS USED. NON-FATAL ERROR.

PMPOO10-—INSUFFICIENT MH/INLET ODIMENSIONS.
EXPLO THIS ERROR RESULTS FROM FAILURE TO GIVE A VALUE FOR 'LENGTH* OR
'DIAMETER' ON 'MH/INLET® CARD (E-3). FATAL ERROR.,

PMPOOLL~-—MH/INLET FLOW LINE ELEVATION NOT GIVEN.
EXPLO THE FLOW LINE ELEVATION MUST ALWAYS BE GIVEN WHEN *MH/INLET' CARD
(E-3) IS USED. FATAL ERROR.
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PMPOOL12-—-INSUFFICIENT PIPE DIMENSIONS.
EXPLO THIS ERROR RESULTS FROM FAILURE TO SuUPPLY 'HEIGHT® OR *DIAMETER?',
"WIDTH*, AND 'LENGTH' ON *PIPE' CARD (E-4). FATAL ERROR.

PMPOOL13-——AVAILABLE PUMP SIZE DATA MISSING.
EXPLO THIS ERROR RESULTS FROM FAILURE TO GIVE MINIMUM OR MAXIMUM PUMP

CAPACITY ON 'APC DATA' CARD (E-5). If ONLY ONE CAPACITY IS
AVAILABLE, IT MUST BE PUT IN BOTH COLUMNS.

PMPOO14——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 [ERO, 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.

PMPOO15--STARTING VCLUME FOR PUMP MISSING.
EXPLo THIS ERROR RESULTS WHEN A PUMP SIZE IS GIVEN ON 'ANALYSIS* CARD
(E-6) AND ITS STARTING VOLUME (CF) IS NOT. THE STARTING VOLUME IS
ALWAYS GIVEN IN THE COLUMN TO THE RIGHT COF THE CORRESPONDING PuMPpP
SIZE. FATAL ERROR.

PMPOO16--DATA MISSING ON PUMP CONTROL CARD.
EXPLO THIS MESSAGE IS PRINTED AFTER AlLL CARDS HAVE BEEN DECODED FOR ONE
PROBLEM AND AN 'ENDATA' CARD (E-8) HAS BEEN ENCOUNTERED. IT
INDICATES THAT A FATAL ERRCR WAS DETECTED AND NOTED WHEN THE
'PUMP' CONTROL CARD WAS READ.

PMPOO17--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.

PMPO0O18~-DATA MISSING ON APC DATA CARD E-5.
EXPLD THIS INDICATES A FATAL ERROR WAS DETECTED WHEN 'APC DATA' CARD
(E-5) WAS READ. A PREVIOUS MESSAGE WILL HAVE INDICATED THE NATURE
OF THE ERRCR.

PMPOO19—-DATA MISSING ON ANALYSIS CARD E-6.
EXPLo THIS INDICATES A FATAL ERROR WAS DETECTED WHEN 'ANALYSIS' CARD
{E-6) WAS READ. & PREVIOUS MESSAGE WILL HAVE INDICATED THE NATURE
Of THE ERROR.

PMPOO20--NUMBER OF CA'S STORED EXCEEDS CAPACITY OF 5.
EXPLao ONLY FIVE STORMS (INDICATED BY *HYDROLOGY* CARDS (E-1)) MAY BE
SPECIFIED FOR EACH PROBLEM., THIS MESSAGE INDICATES THAT MORE THAN
FIVE WERE SUPPLIED.

PMPOO21--NUMBER OF MH/INLETS STORED EXCEEDS CAPACITY OF 100.
EXPLO SELF-EXPLANATQRY.

PMPO022~-NUMBER OF PUMPS STORED FOR ANALYSIS EXCEEDS CAPACITY OF 10.
EXPLa 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.

PMPO023-—-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.

PMPO024—--STORAGE ELEVATION =0.0.
EXPLa THIS MESSAGE [S PRINTED WHEN THE *MH/INLET® VOLUME IS BEING ADDED

TO THE TOTAL STORAGE VOLUME, 1T INDICATES THAT THE STORAGE
ELEVATION ON *SUMP' CARD (E-2) WAS EITHER BLANK OR ZERO. THIS
CCULD INDICATE AN ERROR, AND THE 'MH/INLET' FLOW LINE ELEVATION
SHOULD BE EXAMINED TO DETERMINE IF THE TWO ELEVATIONS ARE
RELATIVELY CORRECT TO EACH OTHER. IFf NOT, AN ERRONEOQUS STORAGE
VOLUME WILL BE USED IN THE PUMP DESIGN. NON-FATAL.

PMPO025--MH/INLET FLOW LINE ELEVATION IS ABOVE STORAGE ELEVATION.

EXPLo THIS MESSAGE RESULTS WHEN THE FLOW LINE ELEVATION GIVEN ON
"MH/INLET® CARD (E-3) IS GREATER THAN THE MAXIMUM ALLOWABLE
STORAGE ELEVATION IN THE FIELD 'STORAGE ELEVATION®* ON THE 'SUMP!
CARD {E-2). THE INPUT STORAGE ELEVATION IS ASSUMED TO BE
CORRECT AND PROCESSING CONTINUES, BUT THE *MH/INLET' UNDER
CONSIDERATION WILL NOT BE INCLUDED IN THE TOTAL STORAGE.
NON-FATAL .

PMPO0O26——N0O HYDROLOGIC DATA GIVEN.
EXPLO THIS MESSAGE IS PRINTED WHEN THE *TC' FOR THE FIRST STORM
{ENTERED ON 'HYDROLOGY' CARD (E-1)) IS FOUND TO BE ZERO. FATAL
ERROR.,

PMPO0O27—--PUMP DATA FOR ANALYSIS NOT GIVEN.
EXPLO THIS MESSAGE INDICATES THAT NO *ANALYSIS' CARDS (E-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 * x%,

EXPLO THE PROGRAM ALLOWS FOR STORAGE OF NO MORE THAN 10 OIFFERENT PUMP
SIZES. (NOTEo A MAXIMUM OF 10 DIFFERENT PUMPS PER INSTALLATION
IS ALLOWED.) NON-FATAtL.

PMP0029--CA VALUE =0.0.

EXPLo THIS ERROR OCCURS DURING THE PUMP DESIGN CALCULATIONS. THE t!'CA!
VALUE FOR ONE OF THE STORMS IS ZERO. THEREFORE, THIS STORM IS
IGNORED AND CALCULATIONS CONTINUE. THIS ERROR COULD OCCUR IF A
*CA' VALUE IS GIVEN AS ZERO ON *HYDROLOGY' CARD (E-~1)y OR A VALUE
OF ZERQO IS PASSED FROM *'HYDRO' WHEN 'HYDROLGOGY* OPTION IS USED ON
THAT CARD, DR IF 'CA' [S CALCULATED AS ZERO BECAUSE *Q' HAS A
VALUE OF ZERO ON 'HYDROLOGY' CARD (E-1). NON-FATAL.

PMPOO30~-—DURATION OF STORM EXCEEDS CAPACITY OF THIS PROGRAM,
EXPLO THIS COMPUTATION ROUTINE CAN ACCOMODATE A STORM UP TO A MAXIMUM
OF 500 MINUTES.

PMP0031--AVAILABLE STCRAGE CAPACITY IS ADEQUATE FOR THIS DISCHARGE
WITHOUT USING PUMPS.
EXPLO 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 WATER REMOVAL PUMP WOULD BE
NECESSARY).

PMPO0O32~-THE MINIMUM AVAILABLE PUMP SIZE [S TOO LARGE TO PROVIDE FOR MORE THAN
ONE PUMP IN THIS SOLUTION.
EXPLa THIS MESSAGE 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 0OF 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
AVATLABLE IN AN INSTALLATION. NON-FATAL.
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SAMPLE PROBLEMS

I. SAMPLE OUTPUT

The following problems are provided as examples of the results
obtained from each subsystenm. 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 subsysten.

The first three problems also show how data may be passed fronm
one subsystem to another. For example, the discharge is calculated
in HYDRO, and wused in HYDRA where the tailwater is calculated, and
then both these values are used in CULBRG for the design of a box
culvert and a circular corrugated galvanized metal pipe (CGMP) cul-
vert.

The fourth problem uses the HYDRO, HYDRA and CULBRG subsystenms
for the 100 year flood amalysis. 1A 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 sewer design. A PUMP 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" by 11". Because of the number of items printed on the PLAN
SUMMARY 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. OCne

title page is provided for each set of problenms.
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II. HYDRO SAMPLE PROBLEM

Figqure 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 1less than 200 acres. An

illustration of the problem is shown in Figure 8-2.

W

.786
69
9.7

o
LI N B 1)

28 Acres
4000’
2.5 fps

Pecos County
LH. 10
Station 1314 +70

< T
woon

' )

FIGURE 8-2. DRAWING FOR THE HYDRO EXAMPLE PROBLEM




STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES.NO. PREPARED BY____
IPE — PROJ. NOwooo HYDRAULIC  SYSTEM DATE .
COUNTY HYDROLOGY  SUBSYSTEM  ( HYDRO) sheeT_£__oF__{
« [ 12130456 7 810 [io]ti|i2]13]1a]15]16]17 118 18 |20|el |22|23]ea 25 26|27 28]z |30| 31 |32 [33]34]35]36 37| 58|39 ]90]4 1 |az|a 3]aa|aslas]arlas s s]s0|51|s2]33]5a]s slse]s7]s8ls9]s0s1]6 26 3]s ale o6 6]6 7[e |6 o] 70| 71| 72|73 74l 75|76 |7 7| 787580
commenrs @ |$] ISITIATIION |13 ool
] 1500/
0i$
b : . ;; Total Drainage Area Cross out one g ‘ . g Prob. No.
“us' 8 HYDRDQ "1 IDIAL] [ [ 1 [/[ZBIACRIEIS] jsieits i T ‘ T T T liseel!
bk ol b Method card — Select one of the four options listed below. Cross out all others. bbb oL
(Suppyy“::::;ie‘eccirddmemd) 200 Acres < D.A. < 3000 square miles Sfp:y on_<ly rif?:ﬂﬂ'?c;e:m [—Sti;ljegglio;a';:'d’;o?g User supplies peak discharge 07:‘:2::;5 B 1.
~- METHOD T 1T TITTTITTITTTITTTRATIIONIAIL] | 658 =T s =l 2 SYR[[Soo//
Peak change card Q added to peok discharge E
a2 BIASEIFTLIOW [=| [T T TT T T TICFISTTTTTTT
: 1— Select proper area number from map. Slope in feet per mile Total annual precipitation
L Possible numbers | through 6. Supply if Region =1,2,4, or 5. Supply if Region = 6.
USGS Data ‘
w0 USES T L L CRECoN L T ET T T T T T PRECIPIIE T T | TNy R T ISCOPE =[] [ [T L /Ml
EEECOSHETE Weighted "C” coefficient determination Time of concentration determination Constants from SDHPT
Rational Subarea o ) Enter Sublength & Velocity ; OR Tc¢ Hydraulic Manual
C" Coefficient Subarea (acres)
data 1D Sublength  (ft) Velocity (ft/sec) Tc {minutes) e b d
+-+ 1 [RIADIAITIA Hl 0.7 11218 400 2.5 78%[ ] 9
(IRIADATA
0IRADIATA
1 RADA[TIA \
0 RIADIATIA
0 |RIADIATIA Il
I IRIADATIA
0 [RIADATA
¢ [RIADIATIA
0|RADAATA
IIRIADATA 1 b
0 |RIADIA[TIA :
1 |RIADIAITIA e
0 [RIADATIA B
0 [RIADA[TIA
0 [RIADIA[TIA
0|IRADATA
8 EINDATAEEEEE T T LT ETT 1 ‘ ‘ + RERE AN
ilelsfalsis|7|8te lio|n|reliz|ia]is 16|\7 18|19)20]21 (22|23 4 2526 |2 7|2 8|2 9(30| 31| 32|33(34|35136 |37|38|39(40|41 |a2|43|a4]a5]a6|a7laslasis0 |51 |52|53]54 55 |56/57 158 |59 60 |61 [62 (6316465 |66 676869I7O 71i72|73i74|75]76 |77 7817 9)80
Note: FORM 1306 -1 (Revised 12 /76 )
I Mark box as shown beside each line used. FORM CONTINUED ON BACK

FIGURE 8-3. HYDRO INPUT FORM COMPLETED FOR SAMPLE PROBLEM



The input data is printed out exactly as it is read into the
computer. {See Figure B8-4.) 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 Wwill be
printed. If any of the errors noted were fatal errors, the message
"ERRORS PRECLUDE CCMPUTATIONSY will be printed, and the program will

go to the next problem. 1TIn this example, no errors were encountered.

$ STATION 1314+70 15001
$ 15001
HYDRO DA 128ACRES 15001
METHOC RATIONAL 25YR15001
RACATA 22 0.75 12¢ 4C00 2.5 786 69 S715001
ENCAT A 15001

— T/

FIGURE 8-4. COMPUTER PRINTED INPUT DATA

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.



HYDRO
RAT IONAL PROCEDURE
E = 0.786 B = €S D = G.7

[.D. COEFFICIENT AREA(ACRES) LENGTH(FT) VELOC(FPS)

22 0.7% 12€.00 4000 2.50
TOTAL CA = G6.C0
TOTAL TC = 2€ MINUTES
RAINFALL INTENSITY = 4,09 INCHES PER HQUR
FREQUENCY = 25 YR.
DRAINAGE AREA = 128.00 ACPRES
PEAK FLOW = 363 CFS

\)ooooooeo

FIGURE 8-5. TYPICAL HYDRO OUTPUT LISTING

TC(MIN)

26

T~ 4_____’,,————————--\\\\¢




ITI. HYDRA SAMPLE PROBLEM

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 1location, and whether the
culvert is upstream or downstream from the section. In this problen,
the approximate downstream 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 Fiqure 8-6 and the edited input data 1is

shown in Piqure 8-9.



Sta. 1314+ 70

.~ Culvert Site ¢ ILH-10
|+ 71—
3 + 71—~ TCross - section site
o Section ABI2
N
HESEEEEENEEREEEE
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Sta. 3 + 71
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FIGURE 8-6. CULVERT LOCATION AND CROSS-SECTION DATA




. STATE DEPARTMENT OF HIGHWAYS
/ AND PUBLIC TRANSPORTATION
\

DISTRICT RES.NO.______ S HYDRAULIC SYSTEM PREPARED BY.
LPE._____ PROJ. NO. OATE —————
COUNTY CHANNEL ANALYSIS SUBSYSTEM (HYDRA) sHeeT__ [/ oF_/
112{3lals|e 7i8]|9lioln]iz]ia]ia]i5]16] 17} 1819|120 21| 22|23 24/25 26| 27| 28 29| 30} 31| 32|33 34| 35| 36| 37|38 39 40| 41{ 42| 4 3|4 4}a5|46]47|48|a9|50]51 | 52/53|54|55|56|57| 58 59]60]6 | | 6263|6 4]65|66|67i68|69|70] 71{ 72| 73| 74|75 761 77| 78| 79| 8
commenss§ |5 SITAT LIPW! |1 31{ 41H710 1 Sloe
i1i$ : ‘ [Klo0/2]
0is |
Droinage area Cross out one User supplies Q (cfs) Freq. Q (cfs) Freq. Q (cfs) Freq.
‘e 8 [HYDIR A EREEN RERERERRE [T TTTTTIHITIT 0T )
Water surface siope (ft./f1) Section 1D Station Station at which water elev. is needed - Which is: (|n§§gs1;&ne) - { -
o- [ANEl SECTL L BILOPE E[ 11 l.eleoiol | [ LISECTARNZe I [ [T E7 [ IWATElL el ISTRA[ [ [ [ [ /71 PsT oo
Optional specific elevation Optional specific elevation Specify one increment of elevation K3 SN
B—wltNHTEBNHT ’ Zdl. o || (LT TINCRTIEREVE T 1 [ [ [e3] ] L1/Sloo/2
. Downstream section at station Upstream section at station Station at which water elev. is needed b B et
-2 |TIWQ _ISECIT TJSIEICT[ [ [ [l T T [ T[T T TTISEICTI [T (o JTTilil i [lilwATFie iSTAl [ [i! 1]
Downstream station where W.S. profile starts Elevation at downstream station Station at which water elev. is needed
e-30 IMIAINIY] ISEEICIT] ISITIRIT/®] [STIA ' W.ISi.] EILEV, | | WATEILe] SITA] | |
0MANY SIECT Wi IS|. | [EILEEIV ‘
0 MANYLISECIT JWL SLLIFILEY
Section ID at station Section ID at station Section ID at station
e-4[) [SEEIQUIEINCCIE] | |SIEICT [ ] SIEC|T e ! SIECIT LT
e-s[} ISIEIQL_ICIONITI [ [SIEICIT ] l SIECIT e [ 1] SIECT ol | 111 7]
Cross-sect. Coordinate point Coordinate point o ~_ Coordinate point B
1D X Coordinate ( Dist) Y Coordinate { Elev) X Coordinate (Dist.) Y Coordinate (Elev.) X Coordinate (Dist) Y Coordinote (Elev)
o {SIEICIX]_|ABTI2] X ol 1] 311 24. 057 [ IX s 31214 lo | X 2 Y[ Bl/gle|-[7, (Slole
1ISIEICIX 112 JX o| {Y! 2t 1Zlol-0] | X g6 v [iplsi2l | Ix o v 3191 (5002
1 |SIEICIX] Jai8li]2] X ol Yl Bl1zol-1{] | |X (181 1Y 3[12k].]5] X (26 v 2]/i23]- b [[SololZ]
TSECX 28I112] IX 128 1Y 211123-0 | X 5ol IY| 131124/ | IX oy 3|120.2 /Siolo
0ISEICIX X M X Y X Y
0 ISEECX X Y X Y X Y
IIBECX X Y X Y X Y
JISEECIX X Y X Y X Y
TISEECIX X M X Y X Y
I ISEICIX X Y X \ X Y
0 ISEICIX X Y X Y X Y
LISIEICIX X Y X Y X Y
0ISIEICIX X Y X Y X Y
BFECX X i X Y X 1
UISEICIX X Y . Y Y :
l|]2 3,415 el7i8lsliofn i2{13l1ai151i6]17118]19 12021 22/23124/25126(271282913031132|33/34/35136/37138/39140j4 1 14243144146146/4714814950)51152|5315465 15657 158159 §60]61 162/6316465 166 67 16869(70)71(72/73|74 75|76 7778 {79 8O
NOI0 L ork sox a3 shown bonde sach fine used. FIGURE 8-7. HYDRA INPUT DATA (FRONT OF SHEET) FORM CONTINUED ON BACK

FORM 1307~ 1
(Revised 8/74)



HYDRA (Continued) BACK , SHEET / ol

|
ororracac oo

oL—8

COCSCICICOCIC GBS I D) .-

1]2]3{as76l 7 8leniofili2l3j1alis 16]17[ 8]19)20 21| 22]23]24l25f 2ef 27| 2d 29 3d 31| 39 33 34[35] 36| 37| 3 39 ad a1] 42| a4 4| as] g 47| aslas| 5] 51| 5[5 54 55]56[ 57| 56l 59 6 61 | 62[ 636 4l6 S 6q 67|66 7] 71| 72 75 74 75]76] 77/ 78) 79 8
“F §] Cross-sect. Coordinate point Coordinate point Coordinate point
ik -} 1D X Coordinate (Dist.) Y Coordinate ( Elev.) X Coordinate (Dist.) Y Coordinate (Elev.) X Coordinate { Dist.) Y Coordinate {Elev.)
SIEICIXE. - 1X Y X 1Y 11X Y
SIEICIX: | X Y X i X -
SIE|CIX] X Y X Y X Y
SIE|CIX X T 1X Y| X Y
SIEICIX X \ X Y X Y
SIEICIX X Y X Y X Y
SIEC X X Y X Y X Y
SECX] X Y X My X | Y
pbor Cross-sect. Subsection definition "n" value specitication by subsection |, Drainage area ratio
1D From X Distance To X Distance "n" or "n" below Elev. Elevation 'n" above Elev. ( Aanyuiesggliyo:l';hem“
SECINEABLIZ2I B ~HNaN N=0013] | = .
SECN X X = N =
SIECIN X X N = N =
SECN X X = N=
SIEICIN X X N= N=
SIEICIN X N= =
SECCIN X X N= N= i
SIECN X | 5 N=
SECN X | X N = N=
SIECN X i X N= ‘ N=
SIECIN X ‘ X NE N=
SIECN X N= =
SECN X X1 N=" 1 IONE T |
Section Specify tailwater elevation and plus ; OR minimum headwater, maximum headwater, and increment

1] Tailwater elevation + plus = backwater elevation ft. ) 7Mjpimurr] H.W. e~levcmon Mcxlmum H.W. elevation Increment (f1.) i
CNVYVIY T T DT WLLTEUEVIS] T [T [ T ] PILUSIE [T ] RENEEERRNEERREERERE Y CEENRNEN

i Cross — sect. | Cross - section Stationing of new Adjust alt cross section Y values. { If applicable)
"": & “‘ 0 |dentification Cross — section insert one: DOW Realignment perpendicular to water flow direction
MOVEL] | oy S T IT VERTII T 11 LT T TIFTISKEW JCioRRL Y | [ [ IDEIGIRIE]ETSE
o 1k LL ¥ - VStzcm_)inlotjreﬁd” o ELO' Length (lnches) «_F,’,lo_'_ﬁflgft, (|nches)__ﬁ ) S,?Sfio_'l p,'ol':'q,,,,__ frlofﬂvlr_gngﬂ\r (inphgslq Plot Height (inches) &
GRAPHSEF L ISECT! jaBll2] [X= 7 0= 2 15EQT Ko 1
GRIAPHIS EASEICIT X = = SEICT X= Y=
GIRAPHSL L SEICT X = Y= SEICT X = Y = ]
ENDATAL _ RS 1GR3
1l2lsiaislei7]|8laliodinlieliz]iahis|isliz]islio]ed2i|22l23l24l25| 26l 27128293 31| 3213334 35 36| 37| 38| 3914 41| 42 43 44 45| 464 7] 48 49 504 51] 52153 5455| 56|57/ 58/59/6] 61| 6363 6416566/67! 68 69| 7] 71/ 72| 73|74, 751 76l 77| 78 79eq

FIGURE 8-8. HYDRA INPUT DATA (BACK OF SHEET) o 1507

{Revised 8/74)



¢ $ STATION 1314+70 15002
s 15002
® HYORA 15002
ONE SECT SLOPE = .00070 SECTAB123 371 WATEL® STA 171 UPSTM15002
WAT ERWAY W.S. ELEV 3124.C INCR ELEV .3 15002
® SECX ABl2 X 0 Y 2124.5 X 15 Y 3124.0 X 27 Y 3120.7 15002
SECX AB12 X 80 Y 2120.0 X 86 Y 3119.2 X 94 Y 3119.1 15002
SECX AB12 X 97 v 2120.1 X 118 Y 3120.5 X 136 Y 3123.0 15002
o SECX AB12 X 138 ¥ 2123.5 X 15C ¥ 3124.1 X 50 Y 3120.2 15002
SECN AB12 N=CC3 15002
GRAPHS SECT AB12 X= 7 Y= 3 15002
o ENCAT A 15002

FIGURE 8-9. COMPUTER PRINTED INPUT DATA

As shown in PFigure 8-10, the program then arranges the cross-—
section data in order, if necessary, and lists the point 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 B8-10, it has been placed
in the ©proper sequence. This information is tabulated for each

section and is identified by the heading on the page.

o
SECTION SPECIFICATIONS FOR SECTION ABL2 AT STATICN 371.00
® CRAINAGE AREA RATIO l.coc
@ COORDINA TE INFORMATION
X Y
®
0.0 3124.50
15.¢CC 3124.00
@ 27.0C 3120.70
50.00 3120.20
80.00 3120.00
® 86.0C 3119.20
94.0C 3119.10
s7.CC 3120.10
L 118.¢CC 3120.59
136.CC 3123.00
138.0¢C 3123.90
o 15C.CC 3124.10
o 'N' VALUE INFCRMATICN
° FROM X O X 'N' BELCw  ELEVATION *A' ABCVE
0.0 150.00 €. C30 3124.50 0.030
W\

FIGURE 8-10. HYDRA CROSS-SECTION DATA
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The next report (Pigure 8-11 and B8-12) gives the results of the
tajlvater calculatioans. The identification is given at the top of
the page (after the heading). The WATERWAY option, as wused in the
sample problem, produces more priated output data than the normal
printed calculations which only showv the water surface elevation, Q
and velocity. Folloving this, the tailvater elevation for the design
discharge is printed both at the culvert site and at the cross-
section. The design Q in this case was conputed in the HYDRO
subsystem, but it could have been supplied directly in HYDRA by
entering it on the control card in its proper place. PFigure 8-13 |is

a plot of the cross-section.

8-12
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RESULYS OF ONE SECTICN METHCC CALCULATIONS

WATERWAY CUTPYT CPTION

ORIGINAL SECTION IS AB12

CRIGINAL STYATION IS 271.0C
STATION WHERE ANSWER APPLIES IS 171.00
SLOPE = (.00070
EL EVAT ION sus N WATERWAY WETTED HYDRAULIC VELOCITY K-FACTOR
SECTION VALUES AREA PERIMETER RADIUS
3119.40
1 0.0200 2.28 10.45 0.22 0 .47 40.84
TOTALS FCR ELEVATION 3119.40
3119.70
1 0.0300 5.86 13.67 0.43 0.75 165.24
TOTALS FCR ELEVATION 3119.70
3120.00
1 0.0300 10.40 16.89 0.62 0.95 372,65
TOTALS FCR ELEVATICN 3120.00
3120.320
1 0.03060 22.70 62.19 0.36 0.67 574.12
TOTALS FCR ELEVATICON 3120.30
3120.€C
1 0.0200 45,48 87.27 0.52 0.85 1458.92
TOTALS FCR ELEVATION 3120.60
3120.5C
1 0.0200 73.13 94.87 0.77 1.10 3045.57
TOTALS FCR ELEVATICN 2120.90
3121.20
1 0.0300 10l.5¢8 58.18 1.04 1.34 5180.78
TOTALS FCR ELEVATION 3121.20
3121.50
1 0.0200 131.80 101.49 1.30 1.56 7770.69
TOTALS FCR ELEVATION 3121.50

FIGURE 8-11.

WATERWAY OPTION TAILWATER CALCULATIONS

TOTAL
DISCHARGE

5.86

15.19

38.60

80.58

137.07

205.59

TOTAL
AREA

10.40

22.70

45.48

73.13

101l.98

131.80

Q/A

C.47

0.75

0.95
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3121.80

3122.10

3122.40

3122.70

3123.0C

3123.20

3123.€0

3123.90

3124.0C

3124.10

ELEVATION

susa
SECTION VALUES

1

FIGURE 8-11.

N

0.03C0

0.0300

0.0300

0.0300

0.0300

C.0300

0.0300

0.0300

WATERWAY
AREA

1€2.56

154.36

227.10

26C.81

295.50

330.54

366.51

403.41

4l16.4¢

425.75

WE TTED
PERIMETER

104.80

108.11

111.42

114.73

118.04

119.91

121.78

123.64

130.05

139.04

HYDRAULIC VELOCITY

RACIUS

1.55

TOTALS FOR

1.80

TOTALS FCR

2.04

TOTALS FCR

2.27

TOTALS FOR

2.50

TOTALS FCR

2.76

TOTALS FCR

3.01

TOTALS FCR

3.26

TOTALS FCR

3.20

TOTALS FOR

3.09

TOTALS FCR

1.76

ELEV AT ION

1.94

ELEVATION

2.11

ELEVAT ICN

2.27

ELEVATION

2 .42

ELEVAT ION

2.58

ELEVAT ION

2.73

ELEVATION

2.88

ELEVATION

2.85

ELEVATION

2.78

ELEVAT ICN

K-FACTOR

10793.15

3121.80

14233,.85

3l22.10

18083.38

3122.40

22335.55

3122.70

26986.54

3123.00

32253.30

3123.30

37913.91

3123.60

43958.83

3123.90

44817.55

3124.00

45175.09

3124.10

TOTAL

DISCHARGE

285.56

376.59

478 .44

590.94

714.00

853.34

1003.11

1163.04

1185.76

1195.22

TOTAL

AREA

162.59

194.36

227.10

260.81

295.5¢C

330. 54

36€.951

403.41

416.46

429.7S

(CONTINUED) WATERWAY OPTION TAILWATER CALCULATIONS

Q/A




DESIGN ELEVATION
AT SECTION AT SITE

3122.15 3122.29

o O O O o O

FIGURE 8-12. TAILWATER CALCULATIONS FOR DESIGN

DESIGN @
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FIGURE 8-13. PLOT OF CROSS-SECTION
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IV. CULBRG _SAMPLE PROBLEM

Anrn jillustration of a culvert design (CULBRG) problem is shown in
Figqure B8-15 and the input is shown in Figure 8-16. 1A 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 headwvater elevation, maximum
velocity, road side slopes along the centerline of the culvert, maxi-
mum culvert depth, statewvide cost and, since a plan suammary will be
requested later, a job number.

The data is printed as it is read and edited (Figure 8-14).

o
$ STATION 1314+70 15003
3 15003
® CULBRC DES IGN CULVERT  SINGLE 15003
CLVRT 131 BOX CONCRETE 15003
CLVRT 131 STRAIGHT NORMAL KE=040 15003
® CLVRT 131 QUTLT STA 171. EL311S.30 INLET STA 0. EL3119.42 15003
CLVRT 131 MAX HEAOWATER ELEV 3124.50 MAX OUTLET VELOCITY 10 FT/5C150073
ROAC 131 UPSTRM SS 3 DNSTRM SS 3 MAX DEPTH= 4 15003
@ cosT STATEW IDE 15003
JC8 NO. IPE 905 15003
FILL FEIGHT 6FT 15003
o ENDAT A 15003
\./——'—_\—/’_-\/——\/_\

FIGURE 8-14. COMPUTER PRINTED INPUT DATA (FIRST CULVERT)

The culvert calculations are performed, and the results tabu-—
lated ([Figure 8-18). The culvert identification is printed along
with factors supplied by the user. For box culvert design, the trial
sizes and their related values are tabulated. One or more 1lines of
size may be 1listed, 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.




L8

HEADWATER
ALLOWABLE
3124.50

—

zMAXIMUM T —
DEPTH = 4

INLET STATION%

INLET ELEVATION = 3l19.42

OUTLET STATION = O)
OUTLET ELEVATION = 3118.30

FIGURE 8-15. ILLUSTRATION OF CULVERT DESIGN PROBLEM
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7 We,  STATE DEPARTMENT OF HIGHWAYS

AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. HYDRAULIC SYSTEM PREPARED BY
I.P.E. PROJ. NO. DATE
COUNTY CULVERT / BRIDGE SUBSYSTEM  ( CULBRG) sheer 1 or 7
« 11 ]2i3lalsle 7|8 |90 12131415 |16 {17 [18(I9 [20[2122[23 ]24{25(26/27 28l2930[31[32}33]34/35/36 37 [38/30]a0]41 /42 a3ja4la5|a6la7 [aslas s0l51 |52 )5 3]s alss 56 |57 sals9s0ls | [s2l6 3l6 a6 5l66l67 6 dlealrol 71|72 73l74 75 76 7778  70l80)
commens [ 3] ISITRIT LOW] |1 214+ 70 JISlolel3
IR E3 /1Slolo[3
g 3 E
Cross out one Design:  Cross out one or neither Specify opening configuration. Cross out one. Prob. No
I Analysls Cross out one . Number ]
comea ) ICTUTIBIRG DESIIGN JTTexacrdsss | I8 CIULVIERT T TIS IINGILE 53 ke
This card is necessary only for values not supplied from othe'r subsysteg'ns (HYDRO or HYDRA) _ —
c-O(SUPPILIVT Q= ¥ I T T T TTIICFISI T T T T AW JEIEVE d=[ 1 [ T T T T T T T IFIREIQUEINCGYI T T T TTYIRST
. Clvrt 1D Select pipe shape. Cross out all but one. Select "n"value. Cross out all but one. n" value
-2 [CLIVIRITL T2 BRI C] soxi JT1T1TICIONCRETE ral [l
{ Clvrt 1D Select profile configuration. Cross out all but one. Select inlet condition. Cross out all but one. "Ke"value
c-s B JCL VRT3 ISTRATLGHT] 1 1 == AN £ INOIRMALL [KE]doldlo
. Design: Station at toe along & of structure Design: Elev. at toe Design: Station at toe along € of structure Design: Elev. at toe )
Clvrt 1D Analysis: Station at end of structure along & of structure] Analysis: Elev. of culv. F.L. ] Analysis: Station at end of structure along ¢ of structure | Analysis: Elev.of culv. F L. g
-« W |CLVRTL T IOUTILTT SITAL T T 1 7T TTIEL Y /o Zof [TINLIETI ISITIAL] [ [ ol [ 1 ElLZ 1/l di2] £
Civrt 1D Stationing along centerline of structure Break elevation Stationing along centerline of structure Breuk elevation mlic Mgl s
o0 [COVRI[T [ T TIBREAKI [STAL] [ || CTTIE [T T T T |SAEAR STAT [ TT T T TR T 1 1
Civrt 1D Maximum headwater upstream of culvert Elevation _ Maximum_allowable outlet velomu from culvert Silgre o1
c-o B [CLVRTLI3T IMAX THEIADWATER JELENV T{Zli2g-Sol T T IMAX [OU TILET] IVIEL[OTIITY [ el T TIFT
1 Clvrt 1D Required entry for this card Culvert diameter (in.) Culvert rise Culvert span No. of culvert barrel e
D GLVRIT L LIO DMEINSI TN T 1 L1 DHAM = HIGH= L WIDE= BIARRELS S L]
-« B {R0A ] JUPISTIRM SIS ¢ | [ 2 DNSTRM 155 | * 3 MAX [DEPTHS EEEERE GRS
l Subsec ID Moximum allowable average velocity through bridge Minimum allowable average velocity through bridge a
-0 [BRDG 1 [ (WAXAVERAGE VELOCTTN 1 11 [ TIMINIAVERAGEL VELGEITN 11111 ] [LTIFT/SE
Subsec ID Left header slope Right header slope insert one: Por DN . [Orig.sec. ID if skewed [
o0 [BROGLET [ T TLEIFTI{SE.[SI. | TR OeHTISS T T T T aek NG T T[S TiRE]AM
Subsec ID Cross —section D Distance_along cross — section X A
e I JELI=0V CLISIEICIX] {1 FIRM X (DTS Ti0 X IiS|T B0
11FL-DV SIEICX FIRML [X] 1DITLS T IXL DITISIT
0 [EIL[DVE SEICIX FIRMIX[IIIS TO X OIS T
Delete if Statewide Averuges not desired i :
s |CAST STATEWIOETTTTTFTTTT] /.51000
& .3 Supply job number for culvert If plan summary desired 3 %
2§ [JQB INO, PE Pols /iS6l0
c-13 {] '_*ﬂg AT A i ‘
c-ia 1 [PLLIAINE [SIUMIMIAIRIY EEgERE
tl2i3lalslel7 8laliollizlizlialis ielizlislio leole) lpolpababs e 2725}29@& 32’@3}34’3556 37 259,«1041 22193144 95 ke T nslasbols| 5216354 bs 56 57 bsba bolst e_zsseassbs sﬂsess o|71[r2lr3lra lrs 767778 79 BO
Nota: | FORM CONTINUED ON BACK

I Mark box as shown beside esch line used.

FIGURE 8-16.

CULBRG INPUT DATA (FIRST CULVERT DESIGN)

FORM 1308-1
(Revised 8/74)
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FORM 1308-2

CULBRG INPUT DATA (FIRST CULVERT DESIGN)

FIGURE 8-17.

(Revised 8/74)



CESIGN SINGLE OPENING CULVERT JOB NUMBER=]PE 905
CULVERTY 1D = 131
CESIGN FLOW = 393,0 CFS FREQUENCY = 25 YEAR

TAILWATER ELEVATION = 3122.26

BELS C{AM WIDE HIGH LENGTH ALLCh, CALC. caLcC. ALLCW. CALC. TOTAL

HW ELEV HW ELEV HW VELOC. VELOC. COST($)
2 0 6 4 147 3124.50 3124.94 5.53 10.00 i0.18 18578.
2 0 7 4 147 3124.50 3124.35 4.94 10.00 9.38 21319.
INLET STATION = 12 ELEVATION = 3119.41
OQUTLET STATION = 156 ELEVATION = 3119.31
SLNPE PROFILE SHAPE INLETY KE BARREL N
TYPE MATERT AL
0.00070 STRA IGHT BOX NORMAL 0,400 CONCRETE 0.012

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 problen {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 Fiqgure 8-19, the user vishes to try a circular CGMP culvert
with a different KE factor; therefore, only those data lines are com-
pleted. The Job card is included so that this data may be printed in
the plan summary. The ENDATA line signals 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 Pigure
8-20. The output in Figqure B-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
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2N STATE DEPARTMENT OF HIGHWAYS
‘ &  AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. HYDRAULIC SYSTEM PREPARED BY
IlPE._____ __PROJ. NO. S ——
COUNTY CULVERT / BRIDGE SUBSYSTEM  ( CULBRG) SHEET_/ oF_{
« 11 12]3]la]5]ei7]8loliofini2}i3hali5116[1718]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/a5|46|47]48|49]50[51 |52|53|54155/56 5758159 |60|6 | |62/63!64]6 5/66|67|68]69|70}71172|73|74(75(76| 7778|7980
comments ff [$ TI¢ 1214 +70 (AL TERNATE)! L5004
R E3 Ll | = sS04
s RN E ! a
Cross out one Design:  Cross out one or neither Specify opening configuration. Cross out one. Prob. No
Analysis: Cross out one Number
cema T CIUILIBIRIG DESIGN JTTIaNALYSIS [I8RITOGE [ [T ICULVERT T TISIINGLE [T TIMUUT IPUE T
' This card is necessary only for vulues not supplied from other subsystems (HYDRO or HYDRA) 1
-0 QUPPILYT Q= R T T T T T TIGFSI T P T T TITW eI eV = T L T T LT T T T T IFREQUEINCYI T T [ [ IYIRS ] ;
Clvrt D Select pipe shape. Cross out ail but one. i Select "n"value. Cross out all but one. "n" value
c-2 0 [CLVRT /B T{CTRICUILAR T [rrerEerear femad [ 11 [ [ |emsene e TJOoMPI [ [ [T Tieaasa [TTT] T[] |/Sood
Civrt ID Select profile configuration. Cross out all but one. Select inlet condition. Cross out all but one. "Ke"value
s {CLVIRT IFI STIRATLGHIT] T |Biesdesain [Serepre et | ] | B NORMAL [KFdolslol | [[Sloo
] Design: Station at toe along & of structure Design: Elev. at toe Design: Station at toe along & of structure Design: Elev. at toe
Civrt 1D Anglysis: Station at end of structure along & of structure] Analysis: Eiev. of culv. F.L. ] Analysis: Station at end of structure along ¢ of structure ] Analysis: Elev.of culv. F L.
e+ QICILVRITIT T TIOUTILTI STARLY (1T T T e Ti0) TiTINNLIETISITaf] [T 1111 ITReti i l] 111
I Clvrt 1D Stationing along centerline of structure Break elevation Stationing along centerline of structure Break elevcnion f
s ICLVIRTET [T [ ABIREIAKI [STIRT T [ T T [ T[T THELT [T T T T [ IBREAKIISITIAL [ [ [T T 1] EILL T T 101 '
Clvrt D Maximum headwater upstream of culvert Elevation Maximum allowable outlet velocity from culvert
e J[CGLIVIBITET T AXI THEADWATIERL JEILENV T T T T T T T TIMAX ey T e IVEHOC T [ T T T T T T TIFITASG
Clvrt 1D Required entry for this card Culvert diometer (in.} Culvert rise Culvert span No. of culvert barrel 1
CIGLVIRT DIMEINSILONSET ] L DIAM= HIGH-= W 10E[= BRRRE LSS i
1[REA OPSTRM 1SS TIONSTRMAL 5SS MAX [DEPTHS '
Subsec ID Maximum allowable average velocity through brid e Minimum allowable average velocity through brid .
o 0 [BROG L] WHMHWWEHWGEﬁWBU@UDWH% HENE WHMﬁRWHHWGH]WEU@UHﬂﬂII?IT 1T TIFTASIS
Subsec ID _______Left header sic i . Right header s| Q Insert ong:  UPor DN Orig. sec. ID_if skewed
o0 [BADGLYI | | [JUEFITISLISL L] 1 b T T TR GHTIISIS LT 1 LT T [TIdeeKIING 1 | [STIRE]AM
Ao ;] Subsec ID Cross ~section 10 Distance_along cross - section )
c-o [l FIL{=[DIV SIE|C|X FIRML XL DTS 70 ] IS9T
1|FIL =DV SIEICX FIRML X[ DS 7100 (x| [DIIS[T
0lFL-=DVE SIEICIX FIRML X 10/ 11S 100 X DIIST
I 3 Delete if Statewide Averages not desired : '.
s B|CAISIT ISTATEWDOE T T T]TTTITT o lGoo
s {3 R Supply job number for culvert if plan summary desired |- b psb 4 B E L g ]
c—|z' E’_U__B NQ. T § 905 /solo04
c—|3|_?ﬂD:TR‘ i ‘ {5004
ca B [PILIANE ISIUMMIAIRLY ] ) e R (S0 04
112'3]ais 617 8l9lioliilizlizlialislie|i7]islig 2olai o2 p30aps Pel27 2893031 1323313413536 37138 30 wola | |a243ka a5 w6 uraslabolsi 52/53]54 55 56657 5859 B0)61 |6263 (6455 B6167 [68i69 [70]71 72173174 7576 (77 78 79 BO
Note: FORM CONTINUED ON BACK

J| Mork box as shown beside each lina used. FIGURE 8_']9. CULBRG INPUT FORM (SECOND CULVERT DESIGN)

FORM 1308-1
(Revised 8/74)



$ STATION 1314+70 (ALTERNATE)
$

CLVRT 131 CIRCULAR
CLVRT 131 STRAIGHT.

cosT STATEWIDE
JCB NO. IPE 905
ENCATA

FIGURE 8-20.

CGMP

15004
15004
15004
15004
15004
15004
15004

NCRMAL KE=050

COMPUTER PRINTED INPUT DATA (SECOND CULVERT)

FIGURE 8-21.

CFS FREQUENCY = 25 YFAR
= 2122.2S
ENG TH ALLCh, CALC. CcaALC. ALLCW. CALC. TOTAL
HW ELEV HW ELEV HW VELOC. VELOC. COST(s)
147 3124.50 3126.79 T.38 10.00 9.71 15106,
147 3124.50 3125.26 5.85 10.00 7.81 18882,
147 3124.50 3124.43 5.02 10.00 6.51 22659.
15¢ 3124.50 3125.87 6.46 10.00 7.49 18792.
48 LENGTH= 147 IS THE ACCEPTED CESIGN *%**x
12 ELEVATION = 3119.41
156 ELEVATION = 3119.31
HAPE INLETY KE BARREL N
TYPE MATERT AL
CIRC NORMAL 0,500 CGM 0.024

o
DESIGN SINGLE OPENING CULVERT
o CULVERT ID = 131
DESYIGN FLOW = 3932.0
o
TAILWATER ELEVATION
o
BBLS DIAM  WIDE  WIGH L
o
4 48 0 c
5 48 0 c
o 6 48 0 c
6 42 0 ¢
@ #x#x BARRELS= 6 ODIAMETER=
@ INLET STATION =
OUTLET STATION =
®
SLOPE PROFILE S
o
0.00070 STRAIGHT
o

8-22

JOB NUMBER=IPE 905

CULVERT CALCULATIONS FOR SECOND CULVERT



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 trimming 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
may include both analysis and design 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 desigm, only

the accepted design size is printed.

8-23
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SUMMARY OF CULVERT OESIGN/ANALYSIS

JOB NO. IPE 905

CLVRYT 8BL CULVERT TYPE Q CALC CALC

I.C. SHAPE 8BLS WIDE HIGH LENGTH MATERIAL [INLET PROFILE SLOPE (CFS) HW VELOC
131 BOX 2 1 4 147 CCNCRETE NORMAL STRAIGHT 0.00070 i3s3 4.94 9.38
131 CIRC 6 48 48 147 CGM NORMAL STRAIGHT 0.00070 383 5.02 6.51

__,//’”/"——-_—_-555\“\--_____——/’

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.
Following 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.
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STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES.NO.____ HYDRAULIC - PREPARED BY
lPE ___  PROJ NO._ v SYSTEM DATE
COUNTY HYDROLOGY  SUBSYSTEM  ( HYDRO) sHeeT 1 ofF. 3
x|ijel3la 5[6 78|90 lez 13118 listie]17 [18[19 [2of2i |22|23(24 |26 |26]27 2529]30 31(32{33|34]35[36|37|38[39|a0}4t |a2]a3|aa|as|a6{a7{asau{50{s1l52{53]54|5 5|56(57[58(59(s0)6 1|6 2|6 3(64|6 5l6 66 7|6 8[6 9{70| 71| 72| 73| 74| 7 5|76|7 7| 78| 79|80
conmers § |$] [SIAMPILIE] PIRPBILEM-]-110l0] Y€ FLDIPD] 4 Vs [Soos
1% /Sico8
Ue
oo 4z Toial Drainoge Area Cross out one Prob. No.
e $HYDRIOUT T 11 IDIA[ T [ B [2[2/2lmemies] [SiQMIT /lsblog
% MEL g Method card — Select one of the four options listed below. Cross out all others.
Method Card . D.A. < 200 Acres Log - Pearson method . . Frequenc
(Supply dota for selected method ) 200 Acres < D.A. < 3000 square miles Supply only rational data Supply only gage data User suppiies peak discharge of di:chur;e
sy METHERLT LT SIGISI T T LT I LT ET]] ; e AR | (Sl [looYR|/ 5008
Peak change card Q added to peak discharge
a0 |BIASEIFILOMW =l TTTTTTTTICFISLIIT]]]
" o Select proper orea number from map. Slope in feet per mile Total annual precipitation
- Possible numbers | through 6. Supply if Region = 1,2,4, or 5. Supply if Region = 6.
USGS Data
a2 § [UISIG[S] ] REGHON =[ BLI{{][[T[1|ShioPlEl =[] [S/.IOFTI/MI] PREcae=] [ [ | | [ENR} | 008
Weighted " C coefficient determination Time of concentration determination Constants from SDHPT
Rational Subarea "o Enter Sublength & Velocity ; OR Tc Hydraulic. Manual
C '~ Coefficient Subarea (acres) -
data 1D Sublength  (ft) Velocity {ft/sec) Te¢ {minutes) e b d
a-o 0V [RIADJATIAL [T T 1] [ L] L] HEEEEEN [T
0 [RIAIDIATTIA |
0 [RADATA
¢ [RADATA
U [RIADDIATIA
0|RIADIATA
0 [RIADATA
0 [RIADIATA
0|RIADATA
0 [R|A|IDIATIA
0|RIADIAITIA
U|RIAIDIAITA
0|RIAIDIATA
DIRADATIA
1 |RIAIDIAITA !
1 [RIADA[TIA |
0RIADIATA
«7# [EINIDIATIA /5008
2z als]e 7|8 |o]ofujielizpalisienzisyio]2ofari2zl23ppalesizeiav]28jz|30]31|32133]34]3556|37|3839|40]41 4214314 4/45|46|47|48]49 |50 |51 | 52|53{54)55|56/57 |58(59 60 |61 [62|63]6416566|67 6 8]69|70| 71 [ 72173(74|75|76|77 78|73 [80

*

FORM 1306 -1 (Revised 12/786)
FORM CONTINUED ON BACK

R [ FIGURE 8-25. HYDRO INPUT DATA



$SAMPLE PROBLEM--100 YEAR FLOOD ANALYSIS 15008
$ 15008
HYPRO 0A 9.222 SQM 1 15008
METHOD USGS . 100YR15008
USGS REGION = 5 SLOPE = 51.0FT/M 15008
ENDAT A 15008

FIGURE 8-26. COMPUTER PRINTED HYDRO INPUT DATA
®
o
] HYDRO )
USGS PROCEDWRE
o
REGION = S
@ FREQUENCY = 10C YR.
. DRAINAGE AREA = G9.222 SQMI
SLOPE = 51.0 FEET PER MILE
[ ] PEAK FLOW = 16000 CFS
[
o

FIGURE 8-27. HYD

RO CALCULATIONS FOR PEAK FLOW
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PN © STATE DEPARTMENT OF HIGHWAYS
' AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. = HYDRAULIC SYSTEM PREPARED BY.
LPE._______ PROJ. NO. DATE ————
COUNTY CHANNEL ANALYSIS SUBSYSTEM (HYDRA) SHEET_Z oF_2
1j2|3{405 G_L‘( 8{9]l0 H|\21I3[14 15| 16| 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| 4314 4|4 5|46 47|48l49]50]51 |52/53|54|55|56157| 68]59|60[6 | |62|63(64]65|66|67|6869{70] 71| 72| 73| 74{ 75|76 77] 78] 79|8]
commens | 3] ISIGMP LIE| PIRGBLEM~-110l0] YE Lolop A Yis|Ils [IS|ojo/®
53 ‘ {Slojoial
i 3 L 1 |
Drainage area Cross out one User supplies Q (cfs) Freq. Q (cfs) Freq.w Q (cfs) Freq.' - ) Prob. Ngh
e 1 [HYDRA A=) | Ol.22@Z = BN NN R RN | Lilsioio
Water surface slope (f1./ft) Section 1D Station Station at which water elev. is needed - Which is: (lngsﬁgst;&ne) . e 5
e-p|QNEL ISECT  WOILgplel ST TTT T T T T IT ( TTISECTI I T T ef J [T T T it  iTlwaTE e isiTal ([ 7 (71
Optional specific elevation Optional specific elevation Specify one increment of elevation
B-wD‘:NFITEHNFIY WLISLTIE VI T [ T T T T I STV T TP Tt [ THINCRIIFLEVIT T T T1 71
. Downstream section at station Upstream section at station Station at which water elev. is needed .
o2 [ TIW@ ISECITI TISIEICTHT [ T [ fef ¥ 1 7 [ [ [ [ TTISEICAT I { (o JiT{[ (][] LHMHITEL;@I Sral [T LQ
Downstream station where W.S. profile starts Elevation at downstream station Station at which water elev. is needed
e-3( IMANY! |SEICIT] IS TIRTI® |STA Ll W.ISLT EILEIV i WATELe] STA| | Ll
0MANY] [SEICT WIS [ELIEV ‘
0 MBNY] ISEICT W, IS, L ELEY
Section ID at station Section ID at station Section ID at station
-+ [SEIQUENCIE] | ISEEICT 5] | SIEICIT o | Ll SIEIC|T e LT
5[ [SIEQ_ICIANIT! [ ISIEICIT [ ! SIEIC o || N SIECT R EEREEER
Cross-sect. Coordinate point o Coordinate poit 1 ~  Coordinate point
1D X Coordinate (Dist) Y Coordinate ( Elev.) X Coordinate (Dist.) Y Coordinate (Elev.) X Coordinate (Dist) Y Coordinate (Elev)
s-s | [SIE[CIX ALIX | el ly Hlojolelof IX [ 1] s |y 9/s]- 0] X 75 |y | 93]-io] /S0 8]
§ISEICIX Al X e Y 9d. |0 |X 18| IY 92]. 14 IX 190! IY L 87-0
IISIECIX X zloo| Y 85 10| IX 240 |Y 8is|- |15 IX 26/¢| |Y 9/1.18 >
8 ISIECIX X 3. Y 9313 X 4T 926 X 440 Iy 94 90 /iSloo 8]
1S ECX X 4.72] |Y (00 O BR ax b ia 1Soo8
IISECX X Y X Y X \
0 ISIECIX X Y X Y X Y
1 ISIEICIX X Y X i X Y
1 ISIEICIX X Y 1X Y X Y
DTISEICIX X Y X Y X \f
I ISECX X Y X Y X Y
1ISECX X Y X Y X Y
[ ISECX X Y X Y X Y
IISEICIX X Y X Y X Y
[ SIEEX Y X Y Y
12131415 el7isioliofijiziizliajistieliziisliol2o)a) 2223|24/25126/27128129130]31 132/33134/35/36/37138|3914014 142143144 1451464714849 5051 52153154 55 156/67 158159 160161 (6263 164)65 6667 |68|69170]71|72\73(74{7576!77(78 [79 BO|
Note: I Mark box os shown beside each line used. F I GU R E 8 - 2 8 . HY DRA I N P U T DATA FORM CONTINUED ON BACK

FORM 1307~ 1
(Revised 8/74)
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$ SAMPLE PROBLEM-——100 YEAR FLOOD ANALYSI S

$

HYDRA CaA= 9,222 SQMI

SECX A X oY 1¢C.C X 25 Y
S ECX A X 11¢ Y S4.0 X 180 v
S ECX A X 200 VY £5.0 X 240 Y
SECX A X 216 Y $3.32 X 417 ¥
SECX A X 472 Y 100.0

ENCAT A

95.0 X 5 Y 93.0
92 .4 X 190 Y 87.0
85.5 X 266 Y 91.8
92.6 X 440 Y 94.9

FIGURE 8-30. COMPUTER PRINTED HYDRA INPUT DATA

15008
15008
1500¢8
15008
15008
15008
15008
15008
15008

DRAINAGE AREA RATIO 0.C

X

0.0
25.0¢C
15.CC

l1i6.CC
18C.CC
16C.CC
2€0.0C
240.0C
26€.0C
316.CC
417.CC
440.CC
472.CC

HYAQO67--NO *N' VALUE SPECIFIED FOR SECTION

FIGURE 8-31. COORDINATE INFORMATION FOR CROSS-SECTION

SECTION SPECIFICATIONS FCR SECTICN

A AT STATICA

COORDINATE INFCRMATION

Y

100.00
95.00
93,00
94.00
92.40
87.00
85.00
85.50
91.80
93.30
92.60
94.90

100.00

'N' VALUE TNFORMATICN

AI

Ak ok ok ok
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STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. p— HYDRAULIC SYSTEM PREPARED BY.
I.P.E. PROJ. NO. DATE
COUNTY CULVERT / BRIDGE ~ SUBSYSTEM  ( CULBRG) SHEET_T oF_%
« b12]3]4 516 7iel9liofu 2|3 |4J|5 16 17 18}i19 [20]21122[23 242526272829[30]3| 32133|34/35/36{37|38]39(40}41{42[43|44/45(|4647/48]49!50]51 [52|53[54[55/56 |57 0l6! |62163|64{6566/67[686970§71|72|73{74|75{76{77|78|79/80)
comments § [ _|S|QMIPILIE| PIROBILEM~-110l0] YE FiLe 0| A¥ALYS|LIS [§0 08
 ES {Soo®
1R E3
o : L] ¢ : Design:  Cross out one or neither Specify opening configuration. Cross out one. Prob. N
AP b ross out one Anglysis: Cross out one Number vob. To.
Core BIRG T [ IeEsete T T TIANALYS IS T IBRIDCE T T T IceewemTr | TS INCUE TETIseTrre s | ] | [Sloos!
This card is necessary only for values not supplied from other subsystems. {HYDRO or HYDRA) 4
-0 SUPIPILIYEAQI=p T T T 1 T I PTTTCAST T T T P IJTW TETCEViET=[ T [ [ T T [ [ [ TTIF[RIEfQIUEINCIYI T ] [ TIVIR
44 Pd cvitio Select pipe shape. Cross out all but one. Select "n" valie. Cross out ail but one. “n" value
-2 [CQLVIRTET [T TJCHRICIULARC T JARCH o VIR LT I8ieiX T T T TT TICIOINCIRE[TIE] T JCIGMP PILUATIEEEEEEL T [ 1]
F b4 1§ Cirt D Select profile configuration. Cross out ail but one. Select inlet condition. Cross out all but one. "Ke"value
e-30 |CILIVIBITE STRIATLGH T TIBRGKEN 1BIK] JSITIEIPIPIEIDL T TFILIARIETDT [ T T IO RIGIPLTINLITLIN GIRMALTIKELS
f - Design: Station at toe along & of structure Design: Elev. at toe Design: Station at toe along ¢ of structure Design: Elev. at toe o
8 11 . Clvrt ID Analysis: Station at end of structure along & of structure] Analysis: Elev. of culv. F.L. | Analysis: Station at end of structure along ¢ of structure | Analysis: Elev.of culv. F L. EEE R
e+ 0 [COVRITT [T CJQIUTILTIISTALT [ T [ F T TJE [T T [PNCESA ] [T [ BRI [ [T E
At 4 Clvrt ID Stationing along centerline of structure Break elevation Stationing along canterline of structure Break elevation
s D[CLVRIFT T T TIBREAKI ISTALT [T T 111§ EL T T 11 [ IBRERK ISTA] ] T i
Lk Clvet 1D Maximum hgodwmer upstream_of culvert Elevation Maximum allowable outlet velocity from culvert
s [CLVIRTE] T MHMEWEmmMmﬁTmUBUBWJ (T T T T MAX Oy L EM Ve eI I T T T T T T EEFIFITI/IS
] 11 Clvrt 1D Required entry for this card Culvert diameter (in.) Culvert rise Culvert span No. of culvert barrel
qu%%VRT DLIMEIN[S| TONIS DI1AM= HIGH= WILDE = BARRELSH T 1]
o[} [ROR UPTSTRM 1SS DNSTRM 1SS MAXDEPITHS
4 'i 1§ Subsec ID Maximum allowable average velocity through bridge Minimum allowable average veiocity through bridge i d 1
o0 |BRDGH L MAXT TAVIETRAGIEL JVIEILIOCOTY [ T Ti T T TIMIN IAVIETRIATGE] TVIETLTGICITIT LI ERTIFITIASIH |
‘E i Subsec 1D Left header siope Right header slope. __Insert one:  UP or DN  lorig.sec. ID if skewed o3 44
col [BRDGIEL L BLJUEFTIISLISL L] | 1 [ [ @l TIANGHTIS.ISLL | 11 [ 11 2] TTeeK NG oW|[STIRE] 11 /S0
3 §5] Subsec ID Cross —section D Distance along cross - section Tibit bbb e sy
enH|FILI=IDIVE] | BE]SIEICIX FIRML XL 101L)S 8ol | |70 ST 2 aam /\So08
JFL ASEICIX] FIRIMLX] [DILS TIO [X] DI IISIT e
olEL -ISIEICIX FIRML XD IS 10 IXE O TISIT 1+
piina i Delete if_Statewide Averages not desired : ' "
cas SITATEWIOEITTTTTTI T 11 L Ll
HeEl1EE Supply job number for culvert if plan summary desired |%f== 1 : 5= T 1
N Y T T \; T
Jz 3.4 5.6[7 8 9‘10 () 112 113 114 )15 [i6 117 lswlglzazs apspei27282930[31 3233343&37}38594o4||42|4344454647143'4950]5_1‘5_23 bs ls6 57 5859 ols! i62163i64 55 56 k67 leslea rol71 (72 /73174 75 76 7 78 79 0]

Note:

l Mark box as shown beside eoch line used.

FIGURE 8-32.

CULBRG INPUT DATA

FORM CONTINUED ON BACK

FORM 1308-1
(Revised 8/74)
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CULBRG INPUT DATA

FIGURE 8-33.



HYAQQ72--NO METHOD SPECIFIED, NO CONVEYANCEs NO GRAPHS.
$ SAMPLE PROBLEM--100 YEAR FLOOD ANALYSIS

$

CUL BRG ANALYSIS BRIDGE SINGLE

BROG B LEFT S.S. 2 RIGHT S.¢S 2 LOCKING CNSTREAM
FL-Cv B SECX A FRM X DIS 18C 10 x DIST 285
FREQ=100 TW= 57.65 CLEAR ELEV= 95.7

1C¢.8 X 2E4E5 Y 102.7 X 28535 Y 100.7
96.2 X 2£835 ¥ 100.0 X 28885 Y 102.4
1Cé6.1 X 28585 Y 100.0

RC PROFILEX 28435
RC PROFILEX 28785
RD PROFILEX 28935
ENDAT A

CLBO107--SUPERFLUDUS POINTS HAVE BEEN DELE TED FROM HIGHWAY PRCFILE.

< < <

FIGURE 8-34. COMPUTER PRINTED CULBRG INPUT DATA

15008
15008
15008
15008
15008
15008
15008
15008
15008
15008

ELEVATION OF WATER SURFACE OVER RCAD = 102.22

PERCENTAGE OF. BASIC FLCOD CVER RCAC =21.96%

o HUNDRED YEAR FLCCD ANALYSTIS
) PASIC FLOOD APPLIED (100 YEAR FREQ) =  16000.3 CFS
° MUNDRED YEAR VELOCITY AT STRUCTLRE CUTLET =14.71
HUNDRED YEAR TAILWATER ELEVATICN =  $7.65
o
GREATEST DEPTH OF FLOW OVER RCAD = 3.02
o
o

FIGURE 8-35. CALCULATIONS FOR 100 YEAR FLOOD ANALYSIS

8-34




VI. INLET CARBYOVER SAMPLE PROBLEM

An illustration of a storm sewer system is shown in Figure 8-36.
Follovwing is the input and output required to perform the inlet

carryover calculations for the design of the systen.

Carryover Situation

FIGURE 8-36. INLET LAYOUT TO SHOW CARRYOVER

8-35
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sster meswo. @ STATE SEPTUENT oF Homors erePaRED By
I.PE. PROJ. NO. HYDRAULIC SYSTEM DATE
COUNTY SEWER SUBSYSTEM (SEWER) sueer_L_or 3
SHEEE Tsle|7]8]ol0fniz]is Lm 5 »6].’7%5%9 }rzo 21|22 23‘24 2526 |27|28 29“30 313213334 35‘36737}38 39]40 4|}42 43]4416546]47| 48|43 |50] 51]52153(54]55]56 57,58|59/60]61162|63[6465 6616768 |69| 70| 71 |72 | 73] 74| 75] 76| 77] 78|79 8O
e 1 [$] [SAMPLIE PIRGBILIEM TLLUSTRATIING [CARRYSVER! PP rIe 115/00[7
$ 1 L | - , BN L , | i , [ SloofT
i $ . ! i i IL ; | l i ‘& | \ i g - L \ { i [ | l H ‘\ J 1 ! \ L
. : : Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No.
T U[SEMER DESITIGNI TT T Teemreeesnst TIRIUNOFFI T T TIINLETETTT T IsEmeRt [T 1 1 [FRIEGUENCIY=2ISTIYR]/ 5007
, Alphanumeric description of type of runoff S',”che for each subarea A through F ' i i“ e
- [COEIF IDESC] R=lPlARK " [ [ B=IR&Ss.] A [C=IRI€s.] B [ P=lc[dMm.] [ [ [E-PAVEMENTIE= [ [ [ ] | il ll/s00T
"C" (runoff coefficient) cpplicable to each runoff surface A through F Minimum Rainfall Intensity Constants L4 i G B 1
A 8 c D I3 F Time of concentration e [ b d S \ -
- W [RIA[T] ICIOEIF] { Jol. 45T lol-lelo] 10l. 65T Jolel7i0l lo[-80[ | | | [ TIMINT TCI =1 T [ [ [{oloi8olol | | | [7is] [ [tlojof | [ E]lSeoT
Draincge area 1D Drainage areas for subareas A through F Time of concentration data Minimum Oesign Increment Baseffow or [ s /
Loner e A B [¢ D £ F Length Velocity R Size Pipe {in.) {Insert 3"or 6") Supply Q .
o« [DA[]C[] 15 L Ld S [ [L ] Ta[[]l][22oN2.o & | ’ |Seool
1[ojA] e[ ] 4 4 bo | L 24eN2. s E
1[0l {c] 3 135 1 » ol LT T sigolNl-is] B |
¥ [01A} IC z 1i2o . . L. 480N 2.0 \
s DAL lcl ] 11 20 . . L ZéoNiz.5 & /
Vopl ol 2 ; A Ll 22ojve.o & ]
NEIRADE BT 60 : | Ll 2dolvie-S &
s[onAflal] 3 ‘ 1,30 ]l doolve. S I v
oA A 4 L8 . | 2S5 . Ll /seNv/-5 F [ {Solo]T
one o e e | Moximum Mannings Gutter  |Max ponding Analysis only width of -4 4 44
Junc 1D gii?;mﬂfﬂobnui Zomare ponding Gutter Slope Distance Slope "t Depression | depth above Inlet Inlet Grate on ‘
Line inlet 2::1; ;’ ci:Ga on GRADE; Gség width Slope Z 1 for siope z2 value "a" grate or length areqg Grade
. letter No. ?S:;EH?N CURE o Sae 35::? (ft.) Yo L Z i {gutter) (ft.) qutter {in.) (ft.} {sq.ft.) (1) .
-« 1 [JUNC] e ITYPEET [CURB| | | 2] SO sol [ . 1l lels | 2s 1 1,/Seol
B[JUNCLICL] 4l [TIYPE]= =7 ; S5 ralE L harsmlBv.a Ll
1 |JUNIC LTYPEE[ . C T V140 |\ || e N\ N ! RN \ |
1 |JUNC] i€ 2 {TYPE= T | | o | ! ! | J] |
8 |[JUNC[Ip 2 qTiYPE=| | /] s (
CJUNCL b | [/ ITIYPE= 5 \ . \
1 [JIUNIC 3 |TYPE=] o || 1 A .y | |
1 |JUNIC Z |TIYPEl=| ClURB| | (20 do | ||| S i OS], 1 /Solofl
. Inlet Identification Standard Inlet Allowable Carryover g0 e
Aine, et e, A N Opening (ft.) Length (ft.) e 4
o+ 0 |CIARIRIYIOVIER [FIRIO[M| I¢ 4, |70 Dl Z2]L=] 6 Pl=] 2! : 14 _I_T_SEQO?
1 [CIARIRIYIBIVIEIR] [FIRIOM 7.0 4 1L=| T Pi=| S, £
VICIARRYIOVIER] JFIRIOM] € | 2 |T.0 C ML= ) P= IS B l
§ICARRIYIBIVIERR JFIRIOME ipi | (1] |TO C [TREEEN Pl= 2
8 |ICARRIYIBVER] JFIRIOM] | 211710 3 [IRMEINV Pi=l I
§ICARR|YIOVIER! |FIRIOM]. 31710 €| 2 JL= Pl=| If
tiClARIRIY|OVIERLIFIRIOM 9. 11lo g L=l ¥ P=| 3.0 )
:CHRRYOVER FROM & | 4 1T0 £ L= . Pl=] 5,0 i /5001
if2|3]a|s|e|7l8io|w0falizji3]14 |5‘|e[|7 18 \912’0 21|22|23l2a|25|26[27|28]29]30] 31 |32|33| 3435 36]37|38|39|40] 41 | 42{43[a a|45|as|a7]a8|45|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)
Note. ¥ ) FORM CONTINUED ON BACK
vt won o enom ot e v FIGURE 8-37. CARRYOVER INPUT DATA FORM.1309-1 (Reuised 9/75)



LeE—8

y STATE DEPARTMENT OF HIGHWAYS

DISTRICT__ RES.NO._ % J, AND PUBLIC TRANSPORTATION PREPARED BY___
WRE o PROJNO. =" HYDRAULIC SYSTEM DATE AT 3
COUNTY SEWER SUBSYSTEM (SEWER) SHEET_.ZOF
! |23 J‘ 4 J 5 l 678 l so|r xehs}lm}@‘ \61\7“8‘;‘9‘20 2122 23‘24[25146}27 25‘ 30 3||32133‘54135 35‘37155 39140 4\142143‘44145 46}47[43149—[50 5|]52[53A154555=‘56 57i58j59160 61 ‘62163\64165166‘67‘68[69‘70 71 72‘73‘74[75‘76 77378179180
AR R BN T NEEEEREEEREE R 11 L] ! ’
L8, ‘ : || B .? L BEERREE N 1]
G T I N R N RSN |
{ . Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No.
Ss JISEWER DESTIGN T I TIANALIYSTISI TIRUNGFFI T I TTINLETITT T TISEWERI T T I T IFREBUEINCY[= YR
l Alphanumeric description of type of runoff surface for each subareo A through Fﬁ__ o - F }
- [CIOEF IDESIC]|RIZ] T BET TTTIREITT Tl Tl [ TIEEL CJTTTIIFEEITTITIT]
'c" (runoﬁ coefficient) applicable to each runoff surface A through £ Minimum Rainfal! Intensity Constants
A 8 c D £ 3 Time of concentration e b d
N RN TEEN N RN SN EEEE NN EE NS AR TN = A AN RS RN AR
Drainage area 1D Draincge areas for subareas A through F Time of concentration data Minimum Design Increment Baseflow or
Li‘.".i. ‘m? A B C D E F Lené'h Velocity Te Size Pipe (in.) (Insert 3"or 6") Supply Q
o+ 1 |0A 4 | osl 114 [T ‘ e ET%?OV;Z.S = [ . [ 11/s007
1|0A s 105 ‘ . L# ZOVJZ-JO [ ) i
1 DA} & { /90 . Ll 4€coNi/. S B | !
oAl el | Il o7 L 3oo|vi2]. o B |
1[0al €] 2 ol4< L (180§ (
vjoRl g ] |/ 100 i L _Zgoli/. S & R \
1 DAl A | 8 125 . L 44pi2. 0 ! /
ipRl e 3 ‘ e 130 . L, 4éovi2. S B | -
1oal Al @ Lo s ., L. dablvizl. s & || ] _ l1j5l0en
CURB on GRADE * CuRs Maximum Mannings Gutter Max ponding Analysis only Width of ’
Junc ID CURB ot SAG csa6 . Gutter Distance Wb X
GRATE on GRADE * GRATE ponding Slope Slope n Depression | depth above Inlet Inlet Grate on
Line Inlet ES:JE g'cSU:GB on GRADE% 6522 width Stope Z | for slope z2 value "o grate or length areq Grade
fetter | No. | somerion T Ik (1) % z! (gutter) (1) qutter (in.) (1.) {sa.f1) 1)
-+ [JUNC 4 [TYPE=] UK zo;gst G [ []ioregl] 26 I | . 1560
1 {JIUNC ¢ |TIYPEE=[ 7. .50 || 7 - ( 1 7
1 [JUNC (TvPE= s u JHDAY | \
1 [JUNC I8 ITIYPEE= ' o | / {
1 [JUNC] 1& 1 2L ITIYPE= W50 \‘ \ L
¢ [JUNCEIECT T PER [ [ U Tas ‘
¥ [JUNC 8 ITYPE= ) 35 ) ] {
1 |JUNC TYPE= v : o [4 ‘
1 [JUNC TYPE= cURE 11 20 iSo go . | (S]] ,25 [So0]
Inlet ldentification Standard Inlet Allowable Carryover
L;m:r 'R‘:.’ Ltwgv ‘"n'fo', Opening {f1.) Length (f1.)
o-«s 0 {CIARRIR[Y[GIVIER[_IFIRIOMM L LTlol HERE RSN Pl [ 1]
0 [C/ARR]Y[OVIER[ JFIRIOM T/0 REREIRE Pl= |
0 [ClRR[RIY|OVIEIRL_IFIRIOIM T.0 L= Pl=
U{CIARR|YOIVER, IFROM T10 L= P= .
1|C/RRIRYIOVIER IFIRIOM T0 L= Pl=] |
0 |CIAIRIR|Y|O|VIER] JFiRIOM T0 L= P =
0ICIARRIYICIVIER].IFRIOM 10 L= P=
%CHRRYOVER FIRIGM 1.0 L= . Pi=
1 1l2i3lals|e;7|Bo0fu|i2li3i1af1s]16)17|18 (19|20 21| 22|23]24] 25|26 |27} 28|29|30] 31|32|33]34]35|36{37!38|39(a0|41{4a2]a3]a4|as]a6|a7]a6]a0l50}51152|53|54|55]56]57 {5859 60| 61|62|63|64 [6566|67]68|69| 70| 71 | 72| 73] 74 | 75| 76| 77| 78| 79|80
Note i FORM CONTINUED ON BACK

s e st s U FIGURE 8-38. CARRYOVER INPUT DATA FORM 1301 (Revised 8/75
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STATE DEPARTMENT OF HIGHWAYS

DISTRICT RES. NO. JY " AND PUBLIC TRANSPORTATION PREPARED BY____
e 7
SEWER SUBSYSTEM (SEWER)
« | ]2f3]4 5|6 |7]e]o|ofn ‘\2 13]12 15|16 ] 7] 1819 [20]21 |22]23] 24 25126 27|28(29 30| 31|32 33134 35/36 37‘138;39 40|41 (a2 (43|44 |a5la6|a7|a8|as 50| 51]52(53|54|55|56(57|58159 (6061 |62|63|64{65|66|67 68 |69(70| 71 |72 | 73] 74{75| 76| 77| 78|79 |80
Commemsg $ ! i
118 ‘
f $ i i | l j ; i l
22 : T o T Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No.
e 0 [SEWER] DESTIGINCT T TIANRILIYISITISITIRIUNOFIFITT TTINLENTT I T TISEWERITITTIFRIEQUENICIY[Z[ [ FIYRE L 1 | ]
; . Alphanumeric description of type of runcff surface for each subarea A through F & st 4o
oo dfCOEF DESCIRI=[ [ [ [T T1I8= T[], [[IC= [ [[[I[PEII[T{[[TIEETTI [T]]IF=ITT]TT]]
7 : i "C" (runoff coefficient) applicable to each runoff surface A through f Minimum Rainfall Intensity Constants
- A 8 c D E F Time of concentration e b d
o[ [RIAITL ICIOFEIF T T T AT T T T T PN el LTI DT PP T T T it d
Draincge area 1D Crainage areas for subareas A through F Time of concentration data Minimum Design increment Baseflow or
. e e A 8 c D £ F Length Velocity | Te Size Pipe (in.) (Insert 3"or 6") Supply Q
=<0 [DR] €] | ¢ ; i 1zls L LI qgeblviel.lo] E [ /5l
o [0]A - . L v T, |
0 |ojA : . ) . L v T
010|A ‘ 4 . . L V T
o)) )] . . L v T
2lo'a i . e L v T
L|0A . . . Ll Vv T )
J|oA . L | " . . Ll \i T
110/8 ) I } Py L I | o ¢ L { i\ T‘ i L
CURB an GRADE = Ccurs Moximum Mannings Gutter Max ponding Analysis only Width of
Junc 1D CURB o1 $AG T oCsaG A Gutter Distance o on .
GRATE on GRADE ;GfME ponding Slope Slope n Depression | depth above Inlet Inlet Grate on
Line inlet SRaTe & come on GRADE - e width Slope Z1 for slope z? value "a" grate or fength area Grade
letter No. jS:gE\; FURS ar sac f\?:é? (1) %o z| {gutter) (ft.) gutter (in.) (f1.) (sq.ft.) (f1.)
o« 0 [JUNCL €[ | 4L ITYPEE=" CURB| [2lo| 55 TS0 oS 5 B REE | /Slee7
0 JJUNIC ‘ TYPE= || f . ‘ b o |l ' . “ |
1 [JIUNIC TYPE= T L F ; |
0|JIUNIC TIYPIE|Z] L . \ i N |
¢ [JIUNIC T PE|= | ' i
i [JIUNCE TYPE= | | ;! ] i
1[JIUNC TTYPE= T - v i
0 [JIUNC TITYPES] ) 1 | | .. i
0JWUINC | LTYPIE=] 5 \ ‘ | | ‘ ‘
Inlet ldentification Standard inlet Allowable Carryover
B ane | e e, F‘“‘. . Opening (it Length (1)
o+ 0 {CIAIRIR]Y]O[VIERRT_[FIRIOM TI0 L] Pl=
J|CIARIRYIBIVIER_[FIRIOM T0 L= P=
JICARIR)YIOVIEIR| {FIRIOM T0 i Li= P=
JIC/ARIRIYIOVIEIR [FIRIOM 170 L= Pi=].. & .
CICIAIRIRIYIO\VIEIR] JFIRIOM T.0| Li= Pl=l | 1
0|C/ARIRYIOVIER! FIR.OM T0 L= P=| .
U[CIARIRIYIB,VERLIFROM| | | | T0 L il= Pl= |
I [CARRYOVER[|FRIOM 1o L:i . Pl= _
3 1203 4.5'6 7%819 o A N T 18] 19] el 21| 22|23 2a]25|26 27|28 29|30 31]32|33 34/35/36)37)38/39 40f 41 142)43 4alasjaelar|as 49/50|5115253| 54|35]56]57| 58159 60| 61|62|63\64 165|66|67|68|69| 70| 71 72| 73| 74|75/ 76| 77(78|79|80)
Note X FORM CONTINUED ON BACK
B vors wox o snown nesise eacn tine ure. FIGURE 8-39. CARRYOVER INPUT DATA (FRONT OF SHEET) FORM |309-1 (Revised 9/75)
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SEWER ( Continued) BACK , SHEET __-?__.OF _3_

i| 2l 3}a|ls|el 7| aloliqiie|izlialis!ie]17]18]19t2q 2122 23 2425 26 27 28 29 3q 31| 324 33 34 39 363734 39 aq 41| 49 4F 44 45 4§47/ 4549 5 5|[52lsa[54]55565758596cel 62/6364|65 66 67|6d 69470 71{ 72 73 74 75| 76| 77 78| 79| 8]
Outlet 1D FYPFEFTERYELYEY
iatiee | Ne. '
o-si} |QUITILIELT ASITRTIHAN NG TW. ! ELEV 1 .
| Junction or Junetlon of Upstream Soffit Downstream Soffit Run (ft) CA Q Mannings |U.S. Junction| Maximum | Insertone: |-
Run ID Line{ Inlet | Line{ Inlet elevation elevation length addition addition "n" vakie Loss coeff.| size rise 8{/1%“;&1'
o-¢] [DIS|GIN Us | DS I
0 |DISGN Us 0S
IIDISGN us DS ,
0 IDISIGIN Us BS ]
0 [DIS|GN us 0S
010.SGN Us DS
0 [OISIGN us 0S
0 |DSGN UsS DS
[ |DISIGIN us 095 | |
0 10 SIGIN REREVEREER 0S l '
U.S. Inlet D.S. Inlet Actual no. { Actual rise | Actual span Actual US.
- - or D (in) {in) junction
Run 1D Line] inlet |Line| Inlet of barrels (f1. if box} { ft. if box) - head loss(ft)
o7 {AINAIL ‘ [ | [ | '
¢ |ANAL |
0 [ANAL
0 {ANAL
I [ANAL |
0 [ANAL 1 1 Ll
g |ANAL
U]aNAL
0 {AINAIL 5 I .
0 [ANAL L1 |
Line letter Line letter Line letter Line letter Li_rle letter Scole Factor
o~ [GRAPHS LINE CINEL T [T OINE CINE ] [ T TTIUIINE X3 Y=
I (GRAPHS LIINE L IINE LIIINE LIIINE LI IINIE -l
0 [GIRIAPHS L IINE L IINE LIIINE LITINE LIIINE
0|GRAPHS LITINE L INIE LIIINE LIINE LITINIE
0 IGBIAPHS L IINE LIINE LITINIE LIIINE LIIINIE
Cross out all but one Scale of ft /in.
o-oll |S|CIAILIE AICIRES Sq MIILEEIS | {SIQ [TINICHE'S| {e |SICIALE
o-ol [E[NIDIAITIAH 150
123 4]sl| 6l 7208l olio iz 13]1al15]16]17] 18] 19| 2d] 21} 22 23] 2 al 25| 2627/2829/30 31|32/ 33| 341 35/ 36/37) 381 39(4] 41 48 43 444546147148 4950] 51| 521631 54/55| 56/ 57{58/59|60} 61| 62 6364165661 67| 68 69| 70 71| 72| 73| 741 75| 76{ 77| 78| 79|80}

FIGURE 8-40. CARRYOVER INPUT DATA (BACK OF SHEET)

FORM 1309-2 (Revised 9/75)



$ SAMPLE PROBLEM TLLUSTRATING

$
S EWER

DESIGN

COEF DESC A=PARK
0.45 0.60 0.65 0.70

RAT COEF
DA 5

DA
DA
DA
DA
DA
DA
DA
DA
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
CARRYOVER
CARRYOVER
CARRYOVER
CARRYOVER
CARRYOVER
CARRYOVER
CARRYOVER
CARRYOVER
DA
DA
DA
DA
DA
DA
DA
DA
DA
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
JUNC
DA E 4
JUNC E

ENDATA

> >OOOOOOO
BNW o= N =W

PD>OOOOOOO
NWEeENeEF~NWRD

PmMPe> NtmMmEMD> >
O WO = N = P

PMP>NnMoMZII P>
O W 00NN

»

TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
FRCM
FROM
FROM
FRCM
FROM
FRCM
FROM
FROM

125

TYPE=
TYPE=
TYPES=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=
TYPE=

TYPE=

MPpmMMOO PO

135
120
90
55

CURB
CURB
CURB
CURB
CURB
CURSB
CURSB
CURB
CURB

DO WA =N, P

— -
ol e
(SN

CURSB
CURB
CURB
CURB
CURSB
CURB
CURB
CURSB
CURB

CUrRSB

B=RES,

T0
70
0
TC
T0
T0
TC
TO

100

mMemMmOOD> O

A

55
60

WO MNP =N

FIGURE 8-41.

CARRYOVER CPTION

RUNOFF
C=RES. B
0. 80

LEGRGRECRURG RS RGO RS
loNeNeoloNoNoNolNoNo]

|
(SRS IRC, IR G R RN RN ) |

190

50
50
50
50

50
50
50
50

50

INLET
D=COMM.
MIN TC =
L 220v2.0
L 240V2.5
L 540V1.5
L 480Vv2.0
L 360V2.5
L 220V2.0
L 240V2.5
L 490V2.5
L 150V1.5
015
015
0l5
015
015
015
015
015
015
P=
P=
P=
P=
P=
P=
P=
P= 30
L 420V2.5
L 420Vv2.0
L 480V1.5
L 300vz2.0
L 180v2.5
L 380V1.5
L 440V2.0
L 460V2.5
L 440V2.5
015
015
015
015
015
015
0L5
015
015
L 420V2.0
015

E=PAVEMENT

100800

15007
15007

FREQUENCY=25 YR15007

75

COMPUTER PRINTED INPUT DATA

8-40

100

15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007
15007




O
SEWER
O RUNCFF CALCULATIONS
o RAINFALL FREQUENCY = 25 YR.
SURFACE DESCRIPTION OF RATIONAL COEFFICIENTS
O A B C D £ F
o PARK RES. A RES. B COMM. PAVEMENT
0.4500 0.6000 0.6500 0.7000 0.8000 0.0
O MINIMUM TIME OF CONCENTRATION = 10.0 MINUTES
E= 0.800 B= 75. D= 10.0
O
{.D. CA TC SUPPLY Q INTENSITY TOTAL FLOW
O cC 5 0.38 1.83 0.0 6.83 2.6
C 4 0.42 1.60 0.0 6.83 2.9
C 3 0.81 6.00 0.0 6.83 5.5
O C 2 0.72 4,00 0.0 6.83 4.9
c 1 0.54 2.40 0.0 6.83 3.7
D 2 0.33 1.83 0.0 6.83 2.3
O D 1 0.42 1.60 0.0 6.83 2.9
A 3 .91 3.27 0.0 6.83 6.2
A 2 0.17 1. 67 0.0 6.83 1.2
O A S 0.63 3.50 0.0 6.83 4,3
A &4 0.63 2.80 0.0 6.83 4.3
E 2 0.31 1.20 0.0 6.83 2.2
C E 1 1.52 5.33 0.0 6.83 10.4
E 3 0.91 3.07 0.0 6.83 62
A 9 0.87 2.93 0.0 6.83 6.0
O A 8 0.56 3.67 0.0 6.83 3.8
E &4 .87 3.50 0.0 6.83 6.0
8 1 0.52 2.50 0.0 6.83 3.6
O F 1 0.65 4,22 0.0 6.83 4.4
O
O

O//f \_/—_\
FIGURE 8-42. RUNOFF CALCULATIONS

8-41
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SEWER

INLET

INLET
1.D0.

MMPMPOOMOMPBPDED P>»IOOAO
PN WENM =P ONNWENWS W

DESIGN

INLET
TYPE
CurSB
CURB
CURB
CurR3
CUrB
CURB
CURB
CURB
CurB
CuR8B
CURSB
CURB
CURB
CURSB
CURB
CURB
CURSB
CURSB
CURB

FLOW

(CFS)
2.6

ONSOCUVNNLEDPNVNOTEr 0NV N
. L] * . L[] L) L]
NN ONDODOVMPOCOOWNNLC O

—

MINIMUM

COMPUTED

LENGTH

REQUIRED

(FT)
6.72
7.28
11.87
11.10
7.15
13.32
3.42
9.96
12.92
13.06
8.45
10.13
10.60
71.28
12.91
13.60
10.68
5.70
20.14

MINIMUM
STANDARD
LENGTH
REQUIRED
(FT)
10.0
5.0
15.0
10.0
5.0

15.0
15.0
15.0

5.0
25.0

FIGURE 8-43.

STANDARD
INLET

OPENING
(FT)
5.0

o o 8 & o 8 ¢ 6 B 0 s .

[eNeNsReNoNeNoNoNololoNaoleNoNoRoRoNe]

(R R IRV U RS IRV IR AR R C IR B R R C R

GRATE

WIDTH
(FT)
0.0

6 o 6 8 8 + o s e 8 8 ¢ s s s @
[eNoNoNoNoNeNoloNeNoNoNoNoNoN«RoNoNe]

[eNoReolNoNoNoNeoloNoNoNoloNoNoRaloNoNe]

CARRYOVER
(CFS)
0.0

s s 0 0 s ¢ ¢ & 68 o ¢ @

OCQOO0OO0OO0OOCO0OOCOO0OO,OOODOOO
.
ONOQOOCOO0OCOO®OOCO> WO

CARRYOVER
ASS IGNMENT
INLET I.D.

D 2

c 1

c 1

A 4

A 8

E 3

E 2

E 1

INLET DATA DESIGN CALCULATIONS

MINIMUM
AREA

REQUIRED

(SQ.FT.)
.0

4 6 6 8 8 6 0 8 & 0 0 b s o
[+NoNeNoNoNoNoNeNoNoNaoNoNoNoNoNoNoRe

[cNoNoNoNeNoNoNoNoNoNoNoRoNeoNoNoNo el

CALCULATED
POND WIDTH

(FT)

11.51
11.68
15.87
14.56
12.13
15.89
8.93
15.85
15.66
15.38
13.48
14.29
13.64
11.68
15.30
15.36
13.97
10.68
16.04




VII. SEWER_SAMPLE PROBLENM

In this SEWER sample problem, the runoff to the inlets is to be
calculated, and the sewer 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 sewer 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 1is shown in
Figure B8-53. The user supplied factors are printed at the top of the
page in this fiqure, and the runoff {TOTAL FLOW) for each Jjunction 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 rum 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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Jaf_Sireer
P Siree?

i

RUNOFF DATA

Acrwes ~ Draingd I [ rime of
Rt |Corvem. | Resid | Oravel | #ryoery ‘Mfﬂ"‘d/
/D A= ic.asic-or e c-aa (=05 - vutes
Al |ae los | an “lezr
AZ a9 | ooa | 043 azy
8-/ |05 | 005 oaT,
A-. ad » ors
A< /0 |aoi|am aeo
25140 jomlam ]~ loe ]
A-6 | O 0|02 | 008 | 0.05
AT 2 REHILU _loxio®
| o | a@ [ Jeorz
[ A-# | aw | os -]
-9 44 | av7| 787 040
-, 210 ors 0.11
793 0/ 069
~{ | 08| of0 T
=7 | 4F
- 5 | add 77
T ar e
7| &
e ayr | asr|
-&
-7 | oM Ta T
1

Dewrgr Frequency 5 Yedrs

Twme of Concentratrors: Minimuwmn [0 minutes

MAP OF
DRAINAGE AREAS

FIGURE 8-44,.

MAP OF DRAINAGE AREAS AND RUNOFF DATA FOR SEWER SAMPLE PROBLEM
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LINE FE\H' .3

[
JOLF. . Lo CLINEC
At 285 L £y A2 meLey A-3 65 234 L Fy 28 195 L Fy A5 g3.py A6 358 LFy AT pun s A8 276 L Fy
Rur 17 < Ron 2 Ron 47 T Rur &7 . Run 67 Rors 7% =2zl 77 Ror 107
LINE AZ
_Match Line—""""
-
i
LINE F
{ ( I
i £-2, 42 LF-
-
\ LF
122 < LINE D
| 276 cr, A9 (154 LF £:3 _HCp 460 L F ( D-2 413 LF 01
5 e T ™~ - —_—
’V pULr/'/\;oE A) p“?,i‘/’,g [) Rur 12 Rur /1
w N
3
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FIGURE 8-45. MAP OF SEWER NETWORK FOR SEWER SAMPLE PROBLEM
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A STATE DEPARTMENT OF HIGHWAYS

'DLS;-R‘CT RES. NO. ’ AND PUBLIC TRANSPORTATION PREPARED BY
conry HYDRAULIC SYSTEM ATE ———3
SEWER SUBSYSTEM (SEWER) SHEET ———OF=-
« 1 12)3]alo]e |78 |9 0]n f»z‘“s s se[wl»e?ng S H ;2?123 2425 zs{zqzs 29(30{31|32 33}54 3536 57'}55‘39 40 4»?42 43 44‘45 46147 485 [50] 5t 5253415515657 [58 59]60] 61 |62 GSJGQ 65 sa?eﬂ‘ss 69|70} 71 |72 |73|74|75| 76|77 |78{75 |80
megg THIS| s [ SAmPLE PROBLEM FOR| TNCLIOSION] TN THE THANSYS [USIER MANJAL 15:&
i L L i | : ‘ ‘ L L (22
(s { L il L ' L il i L i
comtra . Cvoss out one Se!ec' one, two, or three. Cross out others. ' Design Fre‘quency Prob. No.
R | SENE‘R DESTGINI [ ] [eneeyiSIEs [ IRUNOFF[TT] @E@l [TTTISEWERI T T T TIFREQUENCYZ[ S IYR[/23¢
Alphanumeric description of type of runoff surface for each subareg A through F 2% 2 E -
o~ B[COEF _DESC |R=PAVEMENTB=Clomm. | | [C-RES. | [ P=6RvVL.[ [[E=5dp [[[[BE=[[[[] | 1234S
"C" {runoff coefficient) applicable to each runoff surface A through F Minimum Rainfall {ntensity Constants .

A 8 c D £ F Time of concentration e d .
~-#[RAT_CIOEF| [ |o.90[ lo-70[|o].50 |o. 4o [o-30[ | [ [ [MIN[TCIE[T] [o.llo74lo | | | 70 [ [ [7.7 | J12zds
Drainage area 1D Orainage aregs for subareas A through F Time of concentration data Minimum Design Increment Baseflow or
L‘;‘,",ee, et A 8 C D e F Length | Velocity Tc Size Pipe (in.) (Insert 3"or 68") Supply Q
Y N oi[2] I 3211 2i] ], ZA LT [ Bosvel.o E | 12 3 12348

V|0 z 2¢ | 431 . Zs | . LTI 370N .S |
# DA} B I 03 41 . - R . L. ZZSV/‘lfk |
1 DA 2 J9 . . 21 . . L /8olvz2. 0 FF )
10a 4 24 J6 . Lo . . L| 38oN /-5 i (
voRl 1A | § J8 1 23] . g9 1 . o L. 38Ol /-S| | :
1on 4] & 20| 23 .1 e | oS L 29ovz.5 s
V[DA 7 20 |01 . 3p 391 L 370vz.0 AN
toRlc | o2 ol . A2 . . L _Z29o0N2-5 ¥ L 112248

Junc 1D g::z va g:ébﬁ j Ccl;iz Maximum Gur Dist Mannings Gutter Max ponding Analysis only Width of

GRATE on GRADE 7 BRATE ponding utter Slope istonce Slope "n" Depression | depth above _mlei Inlet Grate on

Line inlet gg:gg ;’F:Suicn on GRAOE - NZ width Stope Z 1 for slope z2 value "a" grate or length arec Grade

IeHerr No. fﬁ:i{;& CoRe o sae 05323 {ft.) % Z1 (qutter) (ft.) qutter (in.) {ft.) {sq.ft.) (11.)

o« W[JUNCI DL | 14 [TYPEETUNCTL | |1 B L ol | i BERRRNNAy
§[JUNCI Ip | 5] [TYPE=JUNCT bl i . i ) . 112345
0 [JUNIC TITYPE= i : . : |
n[JUNC TYPEE= | : IEE o : |
 [JUNC TIVPE = | . i . . ! , )
C[JUNC[” TYPE= X .

T [JUNC TYPEE= i | . . i
JJUN;C TYPEI= L [ T I T A A O I O O I O . *
1 [JIUINIC TYPE = . L IEREEE HEREEEP .
| Inlet Idenliﬁﬁriq!'\rqn o Standard tnlet Allowable Carryover
Leiter ‘Rx‘g’,‘ g mr:fo’ Opening (ft.) Length (ft.)

o-ao [ [CIAR[R YO[VIEIR]_|F|IRIOM HRLE T P=t [

- |[CIARRY[OVERL|FROM 1o | L= p= ;

UCARRYIOIVIER| |FROM L {110 Li=| P= | \

CARRYIOVER| JFIROM 110 N Li= P=

JICARRYOVER| JFROM 10! ‘ L= P=11 . 1

1]CARRIYIOVERLIFROM[] 10 L= P= | .

TICARRYCVER| [FRIGM 10 Li= P= ]

JICIARRYIBVIER |FIRIGM 10 =l P=

Jlilei3laisie|ris 9 o] npizlisiiafsiie]17) 1819|2021 22l2sleajes.26]27|28]29]30| 31 32,33 34|35 36]37 383340 4\42%43 44145 46/47/48.49.505: 5253]5a155]56)57|58]59 60| 61162|63]64 |65]66| 67|68 691 70| 71| 72) 731 74 |75[ 76| 77| 78| 79|80
Note FORM CONTINUED ON BACK

B s v 0 snons s o e . FIGURE 8-46. SEWER INPUT DATA (SHEET 1 - FRONT) FORM.1309-1 (Revised 9/75)



Lh—8

SEWER ( Continued ) oncx, sweer 1 or S

11 2] 3] a]ls|6| 7| 8] oiq nfie|13}1a]1s! 16| 17| 18] 19l2q 21| 22 23| 2425 2§ 27| 2d 29 3 31| 39 33 34 3 36| 37|34 394 41| 4 44 a4 a5 ag 4748495 5\]52{53{54{5556 5758 59)6q 61| 62636465l 6q 67|68 69 7d 71| 72 79 74 75/ 76| 77 78] 79| 8]
Outlet ID >
stter | "N ‘
o-sf [QUITILIEIT P ISITRTIIANIING 0.0 T.IW.{ JEILIEV 4. 66 Dl o6 . 12345
| “unction or Junetion or Upstream Soffit Downstream Soffit Run (ft) CA Q Mannings |U.S. Junction| Maximum | Insertone: |-
Run 1D Lire | 1net | Line| Inlet elevation elevation length addition addition "n" valie Loss coeff.| size rise 8{,’;&?&;‘

o-sll |0 SIGIN I 1A | 2 luslzo8 .4 | |0jSl/0/4]- 9|0 2165 0] 2 24, |C|1RC ié34

# [OSGN 2 a2 3 Jusl/logl. g4 | I0/S /loz]. 8|9 /56 e 24| 117 7

1 [DIS|GIN 2 | I8 I 1A 3 jUS[lo2l.9/7 DS /02 .83 40 \ g \

1 ID[S|GN 4 114 113 1A 4 {UsS /|02|-83 DS 99.84¢ 2134 J 2¢ \

i [D[SIGN S| 1 1Al ] 14| JA S5LUS 99.78 | 0S| 97-128 19S5 24 ] ]

1 |DSGIN ARRIEESRL 6 JUS 917122 DS |9/6/.118 83 2|F / /

i |DSGN 7 A |6 1A 71JUSl 9lei-11l2 | |0IS Ieit].l6/H 358 3o (!

4|0 SGN 8 114 | 7 iA 8| {US 9il-58 DS 9. 65 B2 2o \

1 I0/SIGIN 9 c { 8 _{usS [9il-]79 DS 9. ée 6s [ / L]

1 {DSGIN {0l 1A 118 9| |USl olel. 60 DS 87-55 276 92,0112 3lo| IcIRcl {12345

U.S. Inlet D.S. inlet Actual no. | Actual rise | Actual span Actual US.
Run iD Line] Inlet | Line] Inlet | of barreis (?{ IP&% (ft. (ilfnb)ox) heéudnlcotsl.(s)?ft)

o-7[] [AINIAIL [

0 |AINAL

0|AINAL

0 1AINAL

JIAINAL |

0 [AINIAL

0 [ANAL

0 18INAL

DIAINAL | .

0 [AINAIL [ 1]

Line letter Line letter Line letter Line letter Line letter Scale Factor

o-s} [GIRAIPIHS LI IINE LIIINE LIIINE LIIINIE LITINIE X=| Y=

0 [GRAPHS LIIINE LITINE LIIINE LIIINE LIIINIE

0 [GRIAPHS LIINE LIIINE LIIINE LIIINE LITINE

0 |[GIBAPHS LIIINE LITINE LIIINE LIIINE LIIINE

J [GRAPHS L IINE LITINE! LITINE] LITINE L TINIE

Cross out all but one Scale of ft./in.
o-o0 1S|ICALE ACIREIS SQ MILES 5@ [IIN[CHEIS! |e ISICIAILIE
o-of) [EINIDIAITIA
112l 3talste|7ls|slioilizli3lialis|iel17{18l19]2d 2120232425 26 27| 2d 29| 30] 31| 32| 33| 34| 35 36| 37| 38( 39|44 1| aF 43 44| 45{ 4614 7|48 49 50| 51| 52|53 54/55| 56|57 |58|59|60{ 61| 62 63| 6.dl65|66] 67| 66 69| 70 71| 72| 73 74l 75] 76] 77 78| 7980

FIGURE 8-47. SEWER INPUT DATA (SHEET 1 - BACK)

FORM 1309-2 (Revised 9/75)
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STATE DEPARTMENT OF HIGHWAYS

DISTRICT RES. NO. AND PUBLIC TRANSPORTATION PREPARED BY
IWRE.__________ PROJ.NO. HYDRAULIC SYSTEM DATEﬁ
COUNTY SEWER SUBSYSTEM (SEWER) SHEET & OF
* Il i 23,4 l S|6e |7 (8910121314 15|16 (17[18/[19 |20]2} |22123|24|25(|26(27{28]29(30)31(32{33|34}35|26(37(36(39]40]4! 42'43 44145 |46|47148(49{50] 51|52 |53|54[55|56|57|58|59160| 6! {62163|64(65|66|67[68|69{70|7! |72|73|74|75| 76} 77| 78| 79|80
CommemsD $[
IRE ]
0 l " Rl f
o Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No.
o [ DESITGNEL T2 IANAL IYISTISEEARIUNGFIF LR FIIINLIET T RIS WERE L EEIF RIFIQIUEINICIY]= YR 1]
Y Alphanumeric description of type of runoff surfoce for each subarea A through F
o O|COEF IO ESIEAIET (11 [ [T IBI=[TT[ [ [ TJC=[ [ [ [T Tl [Tl [T TTTIIFE[ T[] T1]
: .t fi1 1 "C" (runoff coefficient) applicable to each runoff surface A through F Minimum Rainfail Intensity Constants
F A i 8 c D 3 F Time of concentration e b d
ozl AT TATTATT I I T T T T T P ENP el LT T TP T I [T T TTT]
. Droinn_ge area ID Drainage areas for subareas A through F Time of concentration data Minimum Design increment Baseflow or T8
b e e A | B c D E F Length Velocity Tc Size Pipe (in.) (Insert 3"or 6") Supply Q o
- N |DIREIALI] 8. (sid 1,11 08 16| ' L B/SNVe. ST LE - 1 g 12245
1 DAL 9 1 37. 1 [Le! |l 40 ] 102 Ll sloislVi/]. 5] B :
1|0 2 J4T T L 109 ] 170 Ll 412Zsiv (.S )\
vioRbier] [/ 1200 | < G Ll ¢//5Nz.jo = JI ]
VIDALIFEY (1] . 20 L {000 {5
JGIEI SIS MIES 44 12 4¢ L 6Siov2- o
s oaflei ] 201 qlo | Ll 60 L] ISselve- S
1 pip[ o] 3 36 l [ 11134 L 47zl st 1L
kg ”‘ June 1D gs:; :-: g:gne : Cclézg Maximum Sutter Distance Mannings Gutter Max ponding Analysis only Width of
“E SRATE on oRAvE sorate ponding Siope Siope for siope Slope "n" De?.re?Sion depth above Inlet Inlet Grate on
% Line Inlet GRATE 8 CURB on GRADE:  GC width Z | z2 value Q grate or length area Grade
= letter No. JGS:gsroEN e or ae 555:? (ft.) %o z ! {qutter) {f1.) gutter (in.) (ft.) (sq.ft.) (ft.)
o-+ 0 JJUNICT JTYPEE] ] [T [ ] | NEREN e 11 }
0 [JJUNICE: JTYPE= | o ' L ! SN |
0 [JUNICE TYPEE T [T | | l BEEED 1
0 [JIUNIC TYPE] T]T J NS |
0 [JIUINIC} . TIYPIE|]= . ' i
0 [JIUNC JTYPEE]= ‘
nJIUINIC ATYPE=
I [JUNIC TYPEI= | | 1§ [ .
1 [JIUNLC TYPIE= il [ | T
¥ Inlet Identification Standard Inlet Allowable Carryover
. Liher e e, WA Opening (ft.) Length (ft.)
o-so 0 [CIAIRIR]YIBIVIEIR] |FIRIOM 10 L=l T Pl=] |
0 |CIARIRYIO\VIER] |FIR|OM {10 L= Pl=|
0ICIAIRIR;YIOIVIEIR| JFIRIOM T8 L= Pl=
0|CIAIRIRIYIBIVERR! FIROM 10 L= Pl=
0 [CARRIYIOIVERJFIRIOM 70 L= | Piz| |
0JCIARIRYIOVIER: FIROM T0 L= Pi=
0ICIARRYOVIER, |FIROM T0 L= Pl=
ECRRRYOVER FROM 10 L= Pl= T :
rje|3s|e|s|s|7|s|o]io]uliz[31a|is|e:17is 15|20 21 22|2324 25/26(27|28/29(30[ 31 |32|33)34{35|36]37(38[39 (4041 |42|43|4 4|45[a6[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|BO
Note: ¥ ) FORM CONTINUED ON BACK
B s s e srom e o e FIGURE 8-48. SEWER INPUT DATA (SHEET 2 - FRONT) FORM 1309-1 (Revised 9/75)



64h—8

SEWER ( Continued ) BACK, SHEET 2 of 3_

1| 2]3[4ls]e] 78} o]id nliz13] 14 15| i6| i7] 8] 192d 2] a2 eqd2d 26 27l 2d ed sd 31| 33 33 34 39 36l 37139 39 ad 41} 4Aadaq a5 4g 474g 45 515253 5455565758 596 6! 676364656 67/ o4 69[7(1?(172173 7475|7677 78,795
‘ Outlet ID BB TR ,
istter | Ne
o-s[] [QUTILIEIT CASITIATITONTING T.0W.| [ELFIV | .
i Junction or “netion or Upstream Soffit Downstream Soffit Run (ft) CA Q Mannings [U.S. Junction| Maximum [ Insertone: f-f -} 1}
. Run ID Line{ nlet | Line| Intet elevation elevation length addition addition "n" vaie Loss coeff. | size rise SUZ(,:_‘_A;&" =
o-of [OSIGIN T I IO {1 1ol | 20 JUS_ 1913].]e0 | 1019 191/1.[92] [ | 4[I]3 12 | 124 IcIRC {1123
POSGN_| (/2 11D {2 Ip {13 lUS 9//+92 | ]0S 8929 i) | { 7/
§|0SIGN.] [/ F 117 Ip ] 13 JUS B9.68 | I0S 89(-48 9 \ | i
1{OSIGNL] (/4 31D UsS B89l.2¢ | 0[S 88-12i0 /58 \
B[OSIGNY (76T Tle[ 1 17 2[ |US_l9/{]-|9l9] |0IS |9lo|. 07 23S / )
¥ [0SGNT] [Ziel L6 ] 2l o[ ] 4l JuS 190-lo¢| 0S| B8: 6|4 | | 24K
1IDSGN | /17 4. 10 | 5 s &8-]1s 0S| BS .50 235 \
B[OSIGINL ] 1118 L1 1] 2 JUS B9.792 [0S 18979 42 qa \
B[OSIGNL ] /9 L 1 12 3 1US F9-69{ O3S 822 2o 4 24 4
PDSGN.Y 2ol K |13 9 US| 89.2(7 [ [0S 88[-512 /54 g.012 2¢H Ki1Rcl 1/2/3¢4S
U.S. Inlet D.S. inlet Actual no. A%truuDl (Eti‘s)e Actut(:iln )spun ApJ:glml)J’.\S, ] .
Run ID | Line] iniet |Line] inlet | ofbarrels | (ft.if box) | (ft if box) hebd loss(ft)
o-7f] [AINIAIL
0 |AINAL
0[aNAL
0 {AINIAIL
0 [ANAIL
0 jaNA L
0 |ANAL
0|aNAaIL
O [ANAL
0 [ENBIL [
‘ Line letter ) -] Line letter Line letter Line letter Line letter Scale Factor
o-e[} |GRIAIP|HS LITINE LI IINIE LIINE LI IINE LITINIE X = Y=
0 |G RAPHHS LIIINE LIINE LIIINE LITINE LITINIE
01GRIAPHS LIIINE LI IINIE LITINE LIIINE LITINE
0 |GRIAIPHS L IINE L INE LITINE LITINE L I|NIE
0 [GIRIBPHSE LIIINE LIIINE LIIINE L INE LITINIE
Cross out all but one Scale of ft. /in.
o-ol] IS|CIALIE AICIRES SIQ_MILIEISE | [SIQL [TINCHEIS| le] [SICIALIE
o-of JEINID{RIT]A 2
1{2/3]4]5]6 7|8 olid1i]i2]13]14l15| 16]17] 18l 19| 2q 21| 2223 24 25| 26 27| 28 29| 30| 31 32|33 34 35 36/ 37 381 39| 4| 41| 49 43 44|45 46 47|48 4950 51| 52| 53] 54/55| 561 57| s8i59|6 ] 61| 6@ 63 64l65|66| 67| 6 69/ 7] 71[ 72| 73| 741 75| 76| 77 78] 79]80

FIGURE 8-49. SEWER INPUT DATA (SHEET 2 - BACK)

FORM 1309-2 (Revised 9/75)



06—8

STATE DEPARTMENT OF HIGHWAYS

DISTRICT RES. NO. AND PUBLIC TRANSPORTATION PREPARED BY______
.PE.____ _____PROJ.NO. HYDRAULIC SYSTEM DATE =
COUNTY SEWER SUBSYSTEM (SEWER) sheeT_ 3 or. S

2314 (56 i7i8 901 |t2ii3]14]iS{16|17|18]19 [20])2} |22 2‘3 24125126 (27(28(29(30|31|32133(34(35(36{37|38|39(|40]41 |42 (43|44|45|46]4748[43|50] 5t (52|53|54|55{56|57{58|53|60]61 |62|63(64{65166|67|68|69|70)7)|72|73|74|75|76|77|78!79|80

*

Comments D $
3
(s [

N
Cross out one Select one, two, or three. Cross out others. Design Frequency Prob. No.

‘w0 SERER eI GN T TIANALYEIS RUNGEF [T TINLET[TTTTISEWERI T T EEIFREIGUENCIYI=] T Y] '

Atphanumeric description of type of runoff surface for each subarea A through F

o | D E S CRET T T T TTBEI T L [Tl {11 pe (LI TR T T T FE LTI IIL]

'C" (runoff coefficient) applicable to each runoff surface A through F Minimum Rainfo!l Intensity Constants
A ) c D E F Time of concentration e b d
HEREEREEE ERERZREERE RRERE RERER NSRS ENEREPEREENRENE RREN!

Drainoge area 1D Draincge areas for subareas A through F Time of concentration dota Minimum Design Increment Baseflow or

intet

Sid . No. A B c D 3 F Length Velocity Tc (in) "or 6") Supply Q
-0 [DIRLTAL 10T T T [iEl ‘a L T BlelSIVIZ[, ST T 1]
p[oiRblel] 20 29 ; ? L 248NV 5 B [
! DIRL.IG l 74 ; L 220V (.S
C DA . N ‘ . L V T
010A . . L v T
CiDA . L v T
C oA L B T
10IA . . . L LV T :
T . CURB on GRADE = CURS Maximum Mannings Gutter Max ponding Analysis only Width of
o Junc 1D CURB ot SAG * CsAG . Gutter Distance W .
) GRATE on GRADE *GRATE ponding Slope Slope n Depression | depth above Inlet Inlet Grate on
‘ Line Intet g:::i ;’ cSu‘:wGs on GPADEE ngg width Slope Z for slope z2 value "o grate or length area Grade
i letter | No. | sonenion T ones (1) % z| (qutter) (1) qutter {in.) () (sq.f1) (1)
DADJUNC 1‘ TY'PE: l ' l ; i l‘
0 [JIUN[C TYPE= i SN .
7 {JIUNNIC TYPE= . .
1 [JUNC TIYPE = l
0 [JUNCL . TIYPIE = |
0 [JIUNIC] - TIYPIEE|= L
0 [JIUNIC AT YPE= |
0|JUNC TYPE= L : R
0 JUNC TYPE= i : .
it Inlet identification Standard Intet Allowable Carryover
o Lever | e cattee | Opening (f1.) Length (f1.)
oo 1 |C/IAIRIR|YIOVIEIR| |FIRICM T0 L= P =
0|CIARRY|OVIEIR, JFRIOM 1.0 L= 1 P =
UCIARIRY|Q|VIER] IFIRIOM 10 L= Pz
0)1ICIARRYOVEER [FIRIOM TO L= Pl=
0 |CIARIRYOVIER| {FIRIOM T0 L= Pz
I1CIARIR|Y0VIER] JFIRIOM T0 L= P =
UICIARIRY|O|VIEIR] IFIRIOM T0 L= Pl=
H ARRIYQVIER! {FIROQM 1.0 L= Pl= ; i :
vl 2i3[aisie|7|8lofo]nliz[iz|1a]isie]17]18|is|2021|22]23l24|25|26[27|28]{29]30)31|32|33|34|35|36|37|38]39|a0]|41[42]43|4a4|as5]a6[a7]48]40i50) 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
Note. ¥ ) FORM CONTINUED ON BACK
I e o s i e e o FIGURE 8-50. SEWER INPUT DATA (SHEET 3 - FRONT) FORM 1309-1 (Revised 9/75)



LS8

SEWER ( Continued ) BACK, SHEET 3 of S

1{203|aislel 7{8| 9l ]i12)13]14| 15! 16| 17| 18] 19l 2d 2| 2225 24 29 2§ 27 2d 294 39 31| 39 3434 35 26 37| 3§ 34 4d 41| 34439 45 46 47 ag 495 5||52{53|54!555657 sgs9l6d61l62/6364es 66 67|6d69 7 71]72 73 74 75| 76| 77 78| 798
Outiet ID : : i_ EEE G
Line  [Outlet|
o-s{l [QUITILIEIT CISITIATILANTING T.W. 1 EILEV l | v
] dunction or dunefion or Upstream Soffit Downstream Soffit Run (ft) CA Q Mannings {U.S. Junction | Maximum | Insertone: - 3.} 1-
Run ID | Line] inlet | Line| Iniet elevation elevation length addition addition "n" vale Loss coeff.{ size rise gbicﬁ.Agg):‘ pEn
-l [DSGN 1 [211 [ 14 1 191 14 l1lo] uS 817.Slel | 10[S] 86.17IS 68 ooi2 36 laiTiRei { 112131¢€
1|OSGN_} [22 Jo I | s JUS Bl6l. 7/ DS 8. &8 {40 1z ZQF_CIRC 11212
BIOSIGN [ 123 [fol | s ol | @] JUS 85.lo DS 8311 €70 0,011Z 42 [cl1Rr/c] J/2[3
0 |0 S|GIN us DS
8 1DIS|GIN us BiS
0 IDISIGIN us DS
I 10 S|GIN Uus DS
0 10 SIGN Us DS
0 10 SIGIN | us | 0S
010/ SIGIN I s T oSt 1
U.S. Inlet D.S. Inlet Actual no. | Actual rise | Actual span Actual US. . 3-
- - or D (in} (in) junction 5
Run 1D Line| Inlet |Line} Inlet | of barrels f1. if box) (f4 if box) head loss(ft)
o-7{] JAINIAIL [
I ANAL !
0 ANAL
0 |AINIAL
0 [ANIAL
I 1ANAL
[lANAL
0 |AINAIL
0 1ANAL §
ENEN [ 1]
Line letter | Line letter Line letter Line letter Line letter Scale Factor =3
o-of [GIRAPHS CINE LA L L ICINECL 8L L [ JUTINE el | [ JCTINEL L Pl [ TICTINE e L1 IX= ol Y= | 12 11234
1 |GRAPHS LIINE } [F LIIINE| | & LIIINE LITINE LITINE (1234
1 IGRAPHS LIIINE LI IINE LIIINE LITINE LIIINE
1IGRAPHS LIIINE LI IINIE LIIINE LIIINE LIIINE
01GBIAPHS LI IINE LIIINE! LITINE LIIINIE LIINELT |
f Cross out all but one Scaie of ft./in.
o-of |SICIAIL[E ACRES S8 MILIEISE 1 1S@ [TINCIHEIS] le IS[CIALIE
o-1of {EIN|DIAITIA : 1123 dS
11 2]3/a|5|6]7ielgliofifiz|iz4lisiel17] 1819|2921 22 23 24l2s| 26 2712 29[30131|3233) 34| 3536/ 37381394 41| 44 4344145/ 4614 7] 48 49)50] 51/ 52 53| 54/55| 56{57| 58{59|60) 61| 624 6 3{ 64l6566! 67| 68 69| 70] 71| 72| 73| 74| 75/ 76| 77| 78] 79r56

FIGURE 8-51. SEWER INPUT DATA (SHEET 3 - BACK)

FORM 1309-2 (Revised 9/75)



$
SEWER
COEF DESC
RAT COEF
DA
DA
DA
DA
DA
DA
DA
DA
DA
JUNC D 4
JUNC DO 5
QUTLET
DSGN
DSGN
DSGN
DSGN
DSGN
DSGN
DSGN
DSGN
DSGN

OPPE>E>®P>P>
NS W N -

OOV &S WN -

W e e N L) D 0D

DSGN 18
DSGN 19
DSGN 20
DA A 10
DA G 2
DA G 1
DSGN 21
DSGN 22
DSGN 23
GRAPHS
GRAPHS
ENDATA

e ¢ 6 o ¢ & o & o o o & o o °o o & o o o O
o
-4

DESIGN
A=PAVEMENTB=COMM.
0.90 0.70 0.50 0.40 0.30

32 21

24 43

03 47

19

24 16

18 33

20 23

30 11

12
TYPE=JUNCT
TYPE=JUNCT
STATIONING
A 1A 2
A 2A 3
B 1A 3
A 34 &
A 4 A 5
A S5 A &
A 6 A 7
A TA 8
C 1A 8
A BA 9

15

37 1el

11 23

14

20

44

40

36
D 10 2
D 20 3
F 1D 3
D 3D 4
6 16 2
G 2D 4
D 40 5
E 1€ 2
E 2 E 3
E 3 A 9

31

29

74
A 9 A IO
Al10D 5
D 5D &
LINE A
LINE F

27
23

21
60
49
06
30
12

0.0

US108.47
US104.84
us102.97
UsS102.83

99.78
97.22
96.12
91.58
91.79
90.60
08
40
11
09

112

us
us
us

93.00
91.92
89.68
89.24
91.99
90.04
88.15
89.79
89.69
89.37

87.50
86.71
85.00

LINE B
LINE G

FIGURE 8-52.

RU
C=

T.
DS
DS
DS
DS
DS

1

1

4

DS
DS
DS
LI
LI

NOFF
RES.

05

W. ELEV
104,90
102.89
102.83
99.84
97.28
96.18
91.64
90.65
91.66
87.55
16

02

47

70

15

20

44

60

34
91.92
89.29
89.48
88.20
90.07
86.64
85.50
89.70
89.38
88.52

86.75
85.08
83.12
NE C
NE

D=GRVL.

MIN TC =
395vV2.0
370V1.5
325V1.5
180v2.0
380V1.5
380V1.5
290V2.5
370v2.0
290v2.5

~rrece e

84.66
265

156

40

234

195

83

358

82

65

276
L 315V2.5
L 595V1.5
L 360V1.5
L 435Vi.5
L 415v2.0
L1000V1.5
L 650V2.0
i. 550V2.5
L 470V2.5
413

460

95

158

335

245

235

42

120

154
L 305v2.5
L 345V1.5
L 920V1.5

68

140

470
LINE D
LINE

SEWER
£=S00

10.

LINE
LINE

0749

ool2
0012
0012
0012
0012
0012
0012
0012
0012
0012

0012
0012
0012
0012
0012
0012
0012
0012
0012
0012

0012

0012

0012
E

FREQUENCY=

12

$ THIS IS A SAMPLE PROBLEM FOR INCLUSION IN THE THYSYS USER MANUAL

70 17

3

24
24
24
24
24
24
24

24
24

36
36
42
50 Y=

COMPUTER PRINTED INPUT DATA

8-52

12345
12345

5 YR12345

CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC

CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC

CIRC
CIRC
CIRC
2

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12545
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345




SEWER
RUNOFF CALCULATIONS
RAINFALL FREQUENCY = 5 YR.

SURFACE DESCRIPTION OF RATIONAL COEFFICIENTS

A B C D E F
PAVEMENT COMM, RES. GRVL. SO0
0.9000 0.7000 0.5000 0.4000 0.3000 0.0

MINIMUM TIME OF CONCENTRATION = 10.0 MINUTES

E= 0.749 B= 70. D= T.7
[.D. CA TC SUPPLY Q INTENSITY TOTAL FLOW
Al 0.54 3.29 0.0 8.14 4.4
A 2 0.61 4011 0.0 B8.14 5.0
B 1 0.36 3.61 0.0 8.14 2.9
A3 0.25 1.50 0.0 8.14 2.1
A 4 0.57 4.22 0.0 8.14 4.6
A S 0.59 4.22 0.0 8.14 4.8
A 6 0.38 1.93 0.0 8.14 3.1
AT 0.58 3.08 0.0 8.14 4.8
c1 0.16 1.93 0.0 8.14 1.3
D 4 0.0 0.0 0.0 0.0 0.0
DS 0.0 0.0 0.0 0.0 0.0
D 6 0.0 0.0 0.0 0.0 0.0
A 8 0.21 2.10 0.0 8.14 l.7
A9 1.93 6.61 0.0 8.14 15.7
E 3 0.44 4. 00 0.0 8.14 3.6
£ 2 0.67 4.83 0.0 8.14 5.5
E 1 0.22 3. 46 0.0 8.14 1.8
F 1 1.26 11.11 0.0 T.77 9.8
D1 1.09 5. 42 0.0 8.14 8.9
D 2 0.54 3.617 0.0 8.14 4.4
D 3 0.43 3.13 0.0 8.14 3.5
G 1 0.67 10.22 0.0 8.06 5.4
G 2 0.26 3.83 0.0 B.l4a 2.1
Al0 0.28 2.03 0.0 B.14 2.3

FIGURE 8-53. RUNOFF CALCULATIONS
8-53
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O
SEWER
O SEWER DESIGN
O
UeS. D.S.
RUN 1D 10
O
1 A1 A2
2 A2 A3
O 3 B1 A3
4 A3 A 4
5 A4 A S
O 6 A S A6
7 A6 AT
8 A7 A B8
O 9 C1 A 8
10 A8 A9
11 D1 D2
O 12 D2 0 3
13 F1 D 3
14 D3 0 4
O 15 61 6 2
16 G 2 D 4
17 D 4 D S
O 18 E1 E 2
19 €2 E 3
20 E 3 A9
O 21 A 9 AlO
22 AlO D 5
23 DS D6
O

UeS.
Falo
ELEV

107.47
103.34
101.72
101.08
98.03
§5.22
94.12
89.33
S0.79
88.35
91.00
89.92
87.68
87.24
G0.49
88.54
86.15
88.54
87.94
87.62
84.50
83.71
82.00

CONFIGURATION DATA

D.S.
Fel.
ELEV

103.90
101.39%
101.58
98.09
95.53
94.18
89.64
88.40
90.66
85.30
89.92
87.29
87.48
86.20
88.57
87.14
83.50
88.45
87.63
86.77
83.75
82.08
80.12

FIGURE 8-54.

LENGTH
FEET

265
156
40
234
195
83
358
82
65
276
413
460
95
158
335
245
235
42
120
154
68
140
470

SLOPE

0.01347
0.01250
0.00350
0.01278
0.01282
0.01253
0.01251
0.01134
0. 00200
0.01105
0.00262
0.00572
0.00211
0.00658
0.00573
0.00571
0.01128
0.00214
0.00258
0.00552
0.01103
0.01164
0.00400

BBLS

PO b e bt et e NI Pt gt N e Pt et Pt et Pt st bl et e el et et

CONFIGURATION DATA

RISE

12
18
15
21
21
24
24
27
12
27
24
24
24
24
18
18
24
15
21
21
36
36
36

SPAN

12
18
15
21
21
24
2%
27
12
27
24
24
24
24
18
18
24
15
21
21
36
36
36

SHAPE

CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC
CIRC

o T~




S6—8

O
HYDRAULIC DATA
O UesS. DeSe JUNC UeSe D.S. HYDR. PIPE
RUN 10 ID  'N? LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC.
O ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. 1 IS 1.94
1 A1 A2 0.012 0.0 4.42 109.41 104.71 0.01310 0.81 6.5 4.5
2 A2 A3 0,012 0.0 9.37 104.30 102.35 0.00678 0.64 7.8 12.7
O 3 B81 A3 0.012 0.0 2.90 102.49 102.35 0.00171 0.62 3.6 4.1
4 A3 A4 0.012 0.0 14.34 102.20 99.43 0.00698 0.64 8.8 19.4
S A4 A5 0.012 0.0 18.96 99.43 96.93 0.01221 0.80 9.2 19.4
O & A S A 6& 0.012 0.0 23.75 96.74 95.96 0.00940 0.72 9.8 27.4
7 A6 A7 0.012 0.0 26.85 95.96 91.67 0.01200 0.80 10.0 27.4
8 A7 A8 0.012 0.0 31.60 91.67 90.94 0.00887 0.73 10.2 35.7
O 9 C1 A8 0.012 0.0 1.27 91.43 91.30 0.00108 0.64 2.4 1.7
100 A8 A9 0.012 0.0 34.62 90.94 88.00 0.01065 0.80 10.2 35.3
11 D1 D02 0.012 0.0 8.85 92.24 91.18 0.00130 0.62 4.3 12.5
O 12 D2 D3 0.012 0.0 13.24 91.18 88.55 0.00292 0.63 6.4 18.5
13 F 1 D3 0.012 0.0 9.79 89.12 88.92 0.00160 0.72 4.0 11.2
14 D3 D4 0.012 0.0 25.36 88.40 87.42 0.00268 0.58 6.7 39.8
O 15 G 1 6 2 0.012 0.0 5.37 91.34 89.59 (©.00223  0.57 5.2 8.6
16 G2 D 4 0.012 0.0 7.15 89.59 88.19 0.00395 0.70 5.4 8.6
17 D4 D5 0.012 0.0 31.77 87.42 86.43 0.00420 0.56 8.8 52.0
O 18 E 1 E 2 0.012 0.0 1.83 89.21 89.16 0.00068 0.54 2.7 3.2
19 E 2 E 3 0.012 0.0 7.30 89.16 88.86 0.00181 0.70 4.1 8.7
20 E3 A9 0.012 0.0 10.92 88. 86 88.01 0.00405 0.71 6.0 12.8
O 21 A 9 Al0 0.012 0.0 61.20 88.00 87.51 0.00717 0.68 12.0 75.9
22 Al0 D 5 0.012 0.0 63.47 87.51 86.43 0.00772 0.69 12.2 78.0
5 23 DS D6 0.012 0.0 88.72 86.43 84.66 0.00377 0.79 T4 91.4

V’—\/—\/_\

FIGURE 8-55. HYDRAULIC DATA
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O
STATIONING
O UPSTREAM
RUN JUNCTION 1D STATIONING
O 1 Al 2327
2 A 2 2062
3 B 1 1946
O 4 A 3 1906
5 A4 1672
6 A S 1477
O 7 A 6 1394
8 AT 1036
9 c1 1019
O 10 A 8 954
11 D 1 1736
12 0 2 1323
O 13 F 1 958
14 D 3 863
15 G 1 1285
O 16 G 2 950
17 D 4 705
18 E 1 994
O 19 E 2 952
20 E 3 832
21 A 9 678
O 22 Al0 610
23 D5 470
O

/_\_/_\/_\

FIGURE 8-56. JUNCTION STATIONING REFERENCE FROM OUTLET



VIIXI. PUMP SAMPLE PROBLENM

In this example, a pump design wvill be calculated from the data
supplied by the user. The imput data sheets for this problem are
shown in Figures 8-58 and 8-5% on the followving pages. The input
includes the rainfall intensity factors, values for CA and TC, sump
storage capacity, and available pump sizes that may be used in the
design. A graph is also called for; this is followed by the ENDATA
line.

The input data is printed out as it is read and edited by the

program (Figure 8-57).

®
$ FORT BEND CO. US 5S CONTROL 27 SECTICN 12 IPE 290 FIRST 15000 07290
o $ 07290
PUMP DESIGN B= 71.10= 81E= 0760 07290
HYDROLOGY CA= 14.72 TC= 11.0 07290
® SUMP CF=24032. 07290
PMPO009--NO STORAGE ELEVATION GIVEN.
APC DATA MIN= 5000MAX= 15000INC= 5000 07290
[ GRAPHS 07290
ENDAT A 07290
o

FIGURE 8-57. EDITED PUMP DATA

If the data contains aay errors which are discernible by the program,
they will be noted. In this example, the message "NO STORAGE ELEVA-
TION GIVEN" is printed immediately after the SUMP card is read. This
does not constitute a fatal error in this case because this value is
not used in any calculations; but, if MH/INLET data wvere given it
would be fatal because this elevation is used to calculate storage

capacity. No fatal errors are present and calculations continue.

8-57




868

¢ STATE DEPARTMENT OF HIGHWAYS
. AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. HYDRAULIC SYSTEM PREPARED BY.
lPE. . PROJ. NO. DATE___
COUNTY PUMP SUBSYSTEM (PUMP) sHEeT_{_oF_1
« 1112]3]4|5|s|7]|8is]i0fn]i2[13]14]15)16{17|18| 19201 21|22 23124252 27|2d29 3cisl 32133(34|35/36|37|34 39]40441|42|43(4 4/45{46(47| :)I5| 52|53|54|55/56|57|58|59|60f6 1 {62{6 3|6 4|6 5|66|67 |68{69[70{ 71| 72| 73| 7475176 77|78 |79|8}
commenss | [${_{FIPIR[T| [BEWID| [ClP-| WIS| S19] CRNITIRDIL| [217] SECITITION] [112] TIPE] 2i9M0 FITIRST| |[|5lolojo 071290
1($ 07121900
013$
4 ~ : Cross out one. Constants From THD Hydraulic Manual
e [PUMPI T T T T T IOEISTIGN T 1T IopeeeeSase [ (B [ [ [ [70/{[1]0 L [[EI=o7l6l0] |
Select one. Cross out other two. Must be supplied ; ‘ 1
Supply CA & TC Supply @ 8 TC for CAor Q :
A= T[I4.0ee= 1 [ [ 1| [ 1]TCH ([0 ] |
s |dentification Specify sump dimensions and / or storage, and storage elevation
y Length or diameter (ft.) Width (ft) Water depth {ft) Storage eievation Supply Storage (cu. ft.)
e-20 [SUMPL L (I T ITT ] [ [ [ 1] | | [ [ [ [DEEER= [ [ [ [ | | [CFl=2goi32].
T Identification Length or diameter (ft.) Width (ft.) Flow line elevation . Yo B
e-s[ [MH/IIINLIET LIGNG = WIDE S FIL =
CIMH/IINLE|T LABNG= WIDE < FiLi=] ;
o MAZINLET LONG= WIDE= L= Tt
0IMH/IINLEIT LIGNG = WIOE4 Fl= mEl
0DIMH/IINLIE T LIONG = WIOES FlLi=
OIMH/ZIINLIEIT LIANG = WIOES FlLi=
OIMHATINLE|T LIGNG = WIDE = Fill= 1
0JMH/ IINLET LIONG= WIOE < Fill= 1
DIMHZTINLUET LIONG= RGEE Fl=
JIMH/ZTINLET LIGNG WIOE S Fill=
I MHATINLET LIANG = WIOE = Fill=
CIMH/INLET LBNG= HIOE= Flll=
0DIMHZIINLET LANG= WIOES Fill=]
0MH/IINLET LONG= WIOE= Fiil=] i
DIMHZIINLET LANG = WIDE= Fl=
TIMH/ZINLET LONG= WIDE= FiLi= T
O[MH/IINLET, LONG= WIDE = FlLi=
0[MH/IINLIEIT LANG= WIDE = FIL=
0IMH/IINLET LIANG = WIDE = FiL=
0MH/IINLET LIGNG = WIDE= F L=
0MH/ZIINLET LIGNG =] WIDE= Fll=
0 [MH/ZIINLET LONG = WIDE= FU=
0IMH/IIINLE|T LIONG 4 WIDES Fll=
OIMH/ZTINLIET LIONG WIDE = FL= ﬁig T.
1l 2]3|alsle|l7|8loliofit]izliz|ialis|isi17]i8l19|2d 21|22 2324|2526 27| 2d 29{3031| 32 33| 34|35/ 36] 37| 38| 39(a0f4 1| 4 43{44|45|46|47|48)4950]51!52|53]64(55)56|57|58{59]|60 61| 6263/ 64/65(66|67 |68 69(70| 71 72|73|74|75|76| 77|78 (7980!

Note: FORM CONTINUED ON BACK

IMark box as shown beside each line used. FIGURE 8_58. PUMP DATA SHEET (FRONT OF SHEET) FORM 1310-i



/

BACK, SHEET _L OF

Length (ft.)

L IAOING

Width (ft.)

DE|=

GH|=

Height or diameter (ft.)

To

From

1] 2]3]als]6]7la! ofid i1]i2lia]ialis] il 7] 18 15]ed 21]eeleslod2e| 26 27 2d 29 3d 31| 3d 39 34l 35 361 37| 3d 39« 41|47 a34dageda7]adag5d 51! 5259 54 55/56|57] sl ssled 61 [s2ls3l6 s 66 67|68 69l 7d 7. 72 74 74| 7576 77 78| 5|8 d]

PUMP ( Continued )

C[PLIIPIE

OO
2212222
OO0 DOO
OV DU | O |
ninjuinnn
Wilwiwwiiw
[an]{an][an][an[a )[em]
| | | | | i
I
npnjnfnnn
I I XTI I
(R} (1) (3] [ 1) [0 [ E)
Lo | Lt I 1y}
T T T LT LT LT
Ll L b L L
aoo oo n
] | ]| et | e

[ I { o'W o N [ T [ {0
CocIcacacacIca

8-59

07%90

FORM 1310-2

CiFl=
ClE=

QP

LANG =

CF=
ClE]=

[ [ Sloop

PUMP DATA SHEET (BACK OF SHEET)

WIDE

Specify range of pump capacities and increment in gpm for design.

GPM

| |GIP|M

Specify known pump capacity & storage volume at which pump starts.

| 1{[5oloiof TINC]

HIGH
FIGURE 8-59.

CFl=
(=

[ | SleloolMAX

MIN
GPM
GIPIM

PIE
PIE

0[P IIPIE

112131415/6[(78]8]10[11]12}13]14]15]16|17[i8}19/20021{22/23{24|25|26|27|2829|3031|32/33]34!35{36/37|38/39(40141{4243|44({45/46|47{48/49|50]|511{52|53|54|55/56/57 58|59[60161]62{63/64/65!66|67 |68/69,70] 71172/73|74 75]76 7778 79180

0 [PIIPIE

1 lPyIPIE
es 1 [APICLIDATA
s [AN[AL[Y/S[I[S

0 [ANALYISlS
-7 b [GRIAPHS
s | [EINIDIAITA



The printed output for the first puamp design solution is shown
in Fiqure 8-60 on the following page. The output contains: (1)
storage <capacity; {2) the pump sizes, their starting sequence and
storage capacity at wvhich they start; and (3) a table for each minute -
of runoff until the accumulated volume reaches a peak. The table
lists, for each mnminute 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-
lerm is printed at the bottom of the page. The graph for this problen
is graph E-1 (shown in FPigure 8-61) and it has accumulated volune as
its ordinate and time (minutes) as its abscissa. The 1long, smooth
curve represents the accumulated volume with no pumps on. The other
curve which branches out froe the first curve represents the remain-
ing volume as the punmps are started, 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 Fiqure 8-62. Graph

E-2 (Pigure 8-63) for this output is also shown.

8-60



O
PUMP
O DESIGN
STORAGE = 24032. CF
O
PUMP 1 = 15000. GPM
O START PUMP 1 WHEN STCRAGE = 2730. CF
PUMP 2 = 1C000. GPM
O
START PUMP 2 WHEN STCRAGE = 3573, CF
O
O
T IME ACCUMULATED VOLUME
INFLOW REMAINING
O
1 303. 303.
2 1213. 1213.
O 3 2730. 2730.
4 4853. 2848,
5 7583, 3573,
O 6 10920. 3568.
7 14863. 4169.
8 19413. 5377.
O 9 24570. 7192.
10 30333, 9613.
11 36703. 12641.
O 12 43073. 15669.
13 48837. 18090.
14 53693, 19905.
O 15 58543. 21113.
16 62487. 21714.
17 £5823. 21709.
O 18 68553, 21097.
19 70677. 19878.
20 72193. 18053.
O 21 73103. 15621.
22 73407. 12582.
O

GRAPHICAL OUTPUT FOR THIS PROBLEM IS GRAPH E 1

R N

FIGURE 8-60. PUMP DESIGN FOR FIRST SOLUTION

B—-61



Edion |

8hD.0x

| gRAPHEN [T L
SIZESTART | [

iii NOEIT£GPH).1: VOoL| - ijf{fjjfi}j PEEN N
R T e e et A e

{7p0.00

2110080 | -3§73 4t p A

sho.00

m
|

'8 .

«10°

- 4BD.00

4ho.oo

i
I
t
-
i
|

320.00 ..

!
|
i
|
!
f

ACCUM, VOLUME (CF)

240.00 .

- N |

1" “bloo | caloo | -8LO0 | 1p.00|  1B.DD | . 2p.DD | . 2K.00
O N N T 'ﬂ‘HINUTESL A I R N A

FIGURE 8-61. GRAPHICAL OUTPUT FOR FIRST PUMP DESIGN
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O
P UMP
O DESIGN
STORAGE = 24032. CF
O
PUMP 1 = 10000. GPM
O START PUMP 1 WHEN STORAGE = 1213. CF
PUMP 2 = 15000, GPM
O
START PUMP 2 WHEN STORAGE = 3573, CF
O
O
TIME ACCUMULATED VOLUME
INFLOW REMAINING
O
1 303, 303.
2 1213. 1213.
O 3 2730. 1393.
4 4853, 2180.
5 7583. 3573.
O 6 10920. 3568.
7 14863, 4169.
8 19413, 5377.
O 9 24570, 7192.
10 30333. 9613.
11 26703. 12641.
O 12 43073. 15669,
13 48837. 18090.
14 53693, 19905.
O 15 585413. 21113.
16 62487. 21714,
17 65823, 21709.
O 18 £8553. 21097.
19 70677, 19878.
20 72193. 18053,
O 21 73103. 15621.
22 72407. 12582.
O

GRAPHICAL OUTPUT FOR THIS PRCBLEM IS GRAPH E 2

T~

FIGURE 8-62. PUMP DESIGN FOR SECOND SOLUTION

8-63
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GRAPHICAL OUTPUT FOR SECOND PUMP DESIGN

FIGURE 8-63.
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IX. CULBRG SAMPLE PROBLEM SHOWING FATAL_ ERRORS

This CULBRG 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 beemn incorporated in the input data.
O0n the Control card, both DESIGN and ANALYSIS were deleted. On Carad
c-3, all types of inlet conditions were deleted. On Card D-6, the
maximum outlet velocity was not given, but a value of 8.0 was 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 PFigure B8-65 with each of these errors noted following the card on
which it appeared. After the ENDATA card was read, the progran
checked to see if any of the errors noted were fatal. When a fatal
error is detected, as it vas in this case, the program indicates the
last card having a fatal error and proceeds to the next problem.
Thus, although fatal errors occurred on several cards in the sample
problem input, only the error on C-8 was noted after ENDATA vas
printed. The final message, "“ERRORS PRECLUDE COMPUTATION", is
printed under any conditions that prevent completion of the problemn.

Following this message the program proceeded to the next problen.

8-65



99-8

STATE DEPARTMENT OF HIGHWAYS
AND PUBLIC TRANSPORTATION

DISTRICT RES. NO. HYDRAULIC SYSTEM PREPARED BY.
lLP.E.——__ PROJ. NO. DATE ————
COUNTY CULVERT / BRIDGE SUBSYSTEM  ( CULBRG ) sheeT_/_oF 1
« Dil2islalslei7|sleioliii2li3liahsisli? s [1s20l21[22]23 242526272829[3 31[32[33(34(35/36 |37 [38]39l40]41 [42]43laala5 4647 |48las|50i51 |52[53|54]55 ﬁ!w 58|59 SO[GI 62|6316465(6! 67[8 69|70{71|72|73{74(75|76]77|78{79]8
c= § TIIPN {127/ +6]9 UAL cUiLVERT TWCCATIION WIITH| STRITIDOW, [112[7i4/+ /]2 /372:
1107
s ]
Cross out one Design:  Cross out one or neither Specity opening configuration. Cross out one. Prob. No
Analysis: Cross out one | Number
comra g [CTULIBIR G et | BEETeE | | | ICULVERT T TS TINGUE T I iveesreasl | [07¢4
1 This card is necessary only for values not supplied from other subsystems. (HYDRO or HYDRA) ' s
- [SUPPILYL [Q= 1 | [7isleld[ JTTICIFTS [T LT T LITW JETLIETVI T=[ [ [2leT7]7]-sTol | JFIREIQUEINCIY ] Isio] YIRS ] lozd
Clvrt 1D B Select pipe shape. Cross out all but one. Select "n" value. Cross out all but one. "n" value
-2} [CLVIRTH] | Bl IS GEERR! | = 1BOX | 0| CONCRETE [T [T T T [Ieease [ 1111 oiiiel |Jez¢
Clvrt D Select profile configuration. Cross out all but one. Select inlet condition. Cross out all but one. "Ke"value
c-s 1 [CILVIRIT STIRIATGHT ] B |SEHREPEDE] | |5 R KIE] Lo174S]
Design: Station at toe along & of structure Design: Elev. at toe Design: Station at toe along & of structure Design: Elev. at toe .
Clvrt 1D Analysis: Station at end of structure along ¢ of structure] Analysis: Elev. of culv. F.L. J Analysis: Station at end of structure along ¢ of structure | Analysis: Elev.of culv. F L. ) Bisi
-+ [CILVRITLT T T OUTILTTISITIRL] T [ T [ [fog TIElL [ 1215177/ iSTHINLUIETISITIALT T [ [T o2 TIEIL] 12IeT77]. 181 [o74
Clvrt 1D Stationing along centerline of structure Break elevation Stationing along centerline of structure Break elevation
csOICLVRTET [ T TIBRTERKI ST T [ [P [ [T [T THENT [T T T TIBREAK ISTA L [ TTT] (] B [ TTTTT]
[ Clvrt ID Maximum heodwoter upstream of culvert Elevation Maximum aliowable outlet velocity from culvert .
co N|CIL VIRITET T (37 IMAXT THEIADIW! ﬂENjHUEV[IZBBKLBZHI MAX JOUTILET IVIEILOCITYT L T [ T [ T T T TIFITI/AS[d{ 074
I Clvrt 1D Required entry for this card Culvert diameter {in.) Culvert rise Culvert span No. of culvert barrel
quCLV~T D IMEINSITIOIN'S | DIAM= HIGH= WIDE= HQRHEES=
s} [ROAD T 3L JUPSTRM IS5 .ol TIONSTRM 155 T Lol T IMAXDEPTHS ; 1074
I Subsec 1D Mcmmum allowable average velocity through brld Minimum allowable average velocity through bridge .
o 0 [BRDG [ [T IMaix] [AVIERAIGIET VIEILBICTOT [ [ 1 llllll MIIN {AVIETRIAIGE] JVIEILIGICIITIY 1 LTI IFTASO
Subsec ID Left header slope 7 e o Right header slope =~ nsert one: Por D | Orig. sec. ID_if skewed
o0 [BROGT L L CJUEFT IS S Ty T L T T T T AGH TS s T T L L1 ] [T OKTING 1 | (S T[RElAM J
] Subsec ID Cross - section 1D Distance along cross — section § j l
e [ {FILI=DIV SIEICIX FiRM (X IDIIS T0 DIST i
I{EIL =0V SIEICIX FIRM (X ID 1S T0 x| IDIST ]
DIEL-DVE SIEICIX FRM X IDIIS 70 X 0 IST
Delete if Statewide Averages not desired
s 0 [COS T SITATEWIDEITTTTTITTII] i
£ 4 ASupply job number for culvert if plan summary desired s Py !
oo @ [JOBL NG, 145 ~ 07,45
cs ﬁ_ﬂg:m ' . ; (o145
c-a T [PILIAINE ISIUMIMIAIRIY -~
ilzl3lals el7laiolioliiizlizlialislieliz 18119 120121 2212342526127 28RIBOJ31 323313435536 37/3813940l41142\4314 145 146 47148149560]51 152163154 65156 57 859 50]61 16216316455 6667 16816917071 72 l73(74 75|76\77 78 79 80
Note: FORM CONTINUED ON BACK
I wore s s shown besde aach e used. FIGURE 8-64. INPUT DATA SHEET WITH ERRORS

FORM 1308-1
(Revised 8/74)
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$ STATION 1271+66G DUAL CULVERT INSTALLATION WITH STATION 1274+12 10745

$ 10745
CULBRG CULVERT SINGLE 10745
CLBOOOL--NEITHER DESIGN NOR ANALYSIS SPECIFIED.

SUPPLY Q= 1564 CFS TW ELEV = 2577.50 FREQUENCY= 50 YRS 10745
CLVRY 3 30X CONCRETE 012 10745
CLVRT 3 STRAIGHT KE= 10745
CLBOO16~—TYPE OF INLET CONDITIONS NOT SPECIFIED.

CLVRT 3 QUTLT STA 108 EL 2577.5 INLET STA 024 EL 2577.8 10745
CLVRT 3 MAX HEADWATER ELEV 2585.82 MAX CUTLET VELOCITY FT/SC10745
CLBOO21--MAX. OUTLET VELOC. NO3T GIVEN. VALUE SET AT 8.0.

ROAD 3 UPSTRM SS .01 ONSTRM SS «01 MAX DEPTH= 10745
CLBO0O25--N0 MAX BARREL DEPTH GIVEN FOR CULVERT DESIGN.

JOB NO. 145 10745
ENDATA 10745

CLBOOS0--DATA MISSING ON ROAD CARD C-6.
CLBOO4O—-ERRICRS PRECLUDE COMPUTATION,

FIGURE 8-65. COMPUTER PRINTED INPUT WITH ERRORS




X. TYINISH

The Pinish page shova in Figure 8-66 is the last page for any
THYSYS run. It indicates that the job terminated properly after all

data wvas processed.

FINISH

S T

FIGURE 8-66. FINISH PAGE PRINTED BY THE COMPUTER

8-68
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GLOSSARY

Fatal _Error — 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, howvever.

Non-fatal — Used to indicate that, although an apparenrt error was
detected, the computations continued under the conditions stated
in the error message.

Pass — Each use of one of the major subsystems in THYSYS is termed a
pass through that subsystem. Usually each problem will require
one pass through a subsysten.

Problem — 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 problemn.

Program — The THYSYS system including all of its subsystenms.

Report — Refers to the printed output from the computer reflecting
the results of a pass through a subsysten.

Routine — A procedure which performs a specific function within the
framework of a subsysten.

Run — 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.



Sybsystem - A term used in reference to any of the five major divi-
sions of THYSYS.

Systen — 1 netvork of related computer procedures which are available
to ome another for solution of a problenm.

Uniqyue — 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 problen.
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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:

"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 Conveyance
nnnn.nn nnnnn
nnnn.nn nnnnn

DOWNSTREAM SECTION bbbb

Elevation Conveyance
nnnn.nn nnnnn
nnnn.nn 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."
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

Cc-1



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° Tine represents the
Tocus 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-
Section Method; the point of intersection of

the two lines is the point where S. equals St.

Unfortunateiy, the Two-Section process does S
t
not always follow the ideal. The failures are .

Figure 1

as follows:



In Figure 2, the locus of points of SC versus S¢ falls short to the left
of the S¢c = S¢ 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.

Elevation

St Conveyance K

Figure 2 Figure 3

In Figure 4, the locus of points of S. versus St falls short to the right
of the S, = S; 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.



Elevation

e e —— — — — c— — c—

St Conveyance K

Figure 4 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 S. = 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.

L7

St Conveyance K

Elevation

Figure 6 Figure 7



In Figure 8, the locus of points of Sc versus Si approaches then veers
away from the S = S; line on the right side. This is the result of a
condition as indicated in Figure 9 where the ends (both Teft and right)
of the conveyance curves are mutually convergent with a divergence in the

middle area.

Elevation

St Conveyance K

Figure 8 Figure 9

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 S. = S; inter-
section. The Togic in the computer

routine forces the answer to be

that nearest the stream bed slope.

St
Figure 10



In Figure 11, the locus of points of Sc versus St is a straight horizontal
line ending to the Teft of the Sc = S; 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

Tikely) they are too far apart in elevation.

ey
o
=
(4o
>

— [¢§)
L

St Conveyance K
Figure 11 Figure 12

In Figure 13, the locus of the
points of S. versus S; is a

straight horizontal line ending

to the right of the S. = S Tine.

S
As indicated in Figure 12, this ¢
is the result of a similar
situation as in Item F except
that the conveyance curves either St
Figure 13

do not extend far enough to the

right or (and less likely) they are too close together in elevation.
C-6



Elevation

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.

/

|
|
oy
| 2
)
| 2
[«F]
|| L
|
|
| |
| |
Conveyance K Conveyance K
Figure 14 Figure 15

Cc-7



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. The errors are listed along with a possible
remedy.

1. The upstream or downstream or both section elevations and distances have
not been extended far enough. The remedy is a more extensive survey.

2. The upstream or downstream or both sections are not truly representative
of the channel configuration under design discharge conditions. (See the
discussion of "typical" 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 "n" 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



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 "LAST UPSTREAM ELEVATION" and the "LAST DOWNSTREAM ELEVATION", 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 "LAST UPSTREAM ELEVATION" and the "LAST DOWNSTREAM
ELEVATION" are subtended. Since Q = KS1/2 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 S, 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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