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FORWARD

This program was written for use by the Los Angeles County Flood Control
District or by its Contractors on District projects.

The use of this program by cthers is made and accepted with the understanding
the Los Angeles County Flood Control District makes no warranties, express or
implied, concerning its accuracy, completeness, reliability, usability or
suitability and the District shall be under no liability for any use made
thereof.

This program is the property of the District. Therefore, a recipient further

agrees not to assert any proprietary rights to this program or modification
of or to represent it to anyone as other than a District program.
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Introduction

This program is a hydraulic analysis system developed by the
Design Systems and Standards Group of the Design Division and
the Data Processing Section of the Business and Fiscal Division
of the Los Angeles County Flood Control District.

Purpose

The program camputes and plots uniform and nonuniform steady flow
water surface profiles and pressure gradients in open channels

or closed conduits with irregular or regular sections. The flow
in a system may alternate between super critical, subcritical

or pressure flow in any sequence. The program will also analyze
natural river channels although the principle use of the program
is intended for determining profiles in improved flood control
systems.

General Program Description

2.2 Basic Theory

The camputational procedure is based on solving Bernoulli's
equation for the total energy at each section and Manning's
formula for friction loss between the sections in a reach. The
open channel flow procedure utilizes the standard step method.
Confluences and bridge piers are analyzed using pressure and
momemtum theory.

The program uses basic mathematical and hydraulic principles to
calculate all such data as cross sectional area, wetted perimeter,
normal depth, critical depth, pressure, and momentum.

3.3 Computational Procedure

3.3.1 Input Preparation

The channel or conduit system is initially subcivided
into the following elements: system outlet, reacn,
transition, confluence (junction), bridge exit, bridge
entrance, wall entrance (sudden contraction), wall exit
(sudden expansion), and system headworks. Each element
is internally assigned a number. The input data must
consist of a minimm of three elements (system ocutlet,
system headwork and any other element) and is limited to
a maximm of 200 elements. A greater number of elements
will require a breakup into two or more systems.




3.3.2 Flow Rates

The starting flow rate (Q) at the upstream terminus of
a system is specified on a "Q" card. The flow rate

(Q) is increased at the desired locations by specifying
lateral inflow rates on the "JX" cards. The flow rate
can be reduced by using a negative lateral Q, this
reduction is intended to account for channel storage.
If it is used in cases where the channel or conduit
branches it should be understood no loss is computed.

3.3.3 Multiple Profiles

To obtain additional watersurface or pressure gradient
profiles for different flow rates in the system, additiocnal
Q cards may be supplied. The only limitation on the
number of profiles that may be run at cne time is the
limit on the program execution time which is set by the
conputer center.

3.3.4 Manning's "n"

The program uses the Manning formula for the friction
loss in all types of conduits or natural channels. The
program can only take one "n" value per element, however,
the "n" value can change at subsequent elements. If a
section has a lining camposed of different roughness
coefficients a composite "n" based on anticipated depth
of flow should be hand camputed. If an "n" value is not
specified with the input data, the program ises a valiue
of .014.

3.3.5 Water Surface Controls

Water surface controls at the downstream terminus
(System Outlet S.0.) or the upstream terminus (System
Headworks S.H.) are optional input values. If water-
surface controls are not given the program will use
critical depth controls.

3.3.6 Critical and Normal Depths

Critical depth is computed for everv section for the
given Q utilizing the "Specific Energy Bquation”.

Normal depth is computed in every reach element on a
positive slope for the specified Q.




The velocity head (H,) is computed using the mean
velocity of the section. This may not be:accurate in
the case of a camplex section such as one with shallow
flow in the horizontal overbank area where velocity
distribution is not uniform. If the program is to be
used in this situatior. the user should be aware that
same error may be introduced in the results. A check
on the magnitude of the error can be made by the user
utilizing the parabolic method to determine specific
energy (see Appendix).

3.3.7 Watersurface Stages

The lower stage w.s. profile begins at the system
headworks and ends at the system outlet. The computation
will proceed downstream in every consecutive element as
long as energy is available to maintain flow in the
supercritical stage. When energy becomes expended at any
point in an element, the lower stage profile will be
discontinued from that point to the downstream end of
that element. Then computation will resume in the next
element with a critical depth control until the system
cutlet is analyzed.

The upper stage w.s. profile, begins at the system ocutlet,
and ends at the headworks. Computation proceeds upstream
in every element as long as the water surface at the.
downstream end of any two adjacent points can support the
moving mass of water to flow at the critical or subcritical
depth. Otherwise, computation will be discontinued from
the downstream point to the upstream end of that element.
Then computation will resume at the downstream end of the
next element with critical depth control, provided no depth
less than critical depth has been computed at that point
on the lower stage profile. Then camputation will proceed
upstream until the system headworks is analyzed. Note that
if the camputed depth of flow in any open section exceeds
the given section height the program will assume an
additional 10-feet of vertical wall except for Channel

Type 1 (see Figure 6-1) where the side slopes are extended
outward until the 10-feet vertical height is reached.

The jump routine begins at the system outlet and ends at
the headworks. It searches the lower stage and the upper
stage profiles for points of equal energy. If a jump is
encountered, it will be approximately located; and data
on either the upper stage or lower stage not consistent
with the greater energy theory will be deleted from every
element. The final profile will be a composite of upper
stage and lower stage with hydraulic jumps in between.




4,1 Data Processing System Description

All programs are written in FORIAN IV, compiled using the

IBM FORTRAN H compiler executing on an IBM 370/158 using OS/VS2 MVS.
The system requires the use of an input media (such as a card reader),
temporary disk storage, and a printer. It is designed to run in
batch mode.

Required input to the system consists of:
1. Title information.
2. Channel element definitions.
3. Cross section definition.
4. Cross section points definition.

5. Q card, of which the first is required and the subsequent
Q cards are optional for change of flow rate in the system.

The entire input is thorouwshly scamned for required information and
range values of optional information before processing begins. If
any errors are detected, processing will stop. Warnings may be
issued, but they will not prevent processing.

Processing consists of three phases: Analysis of the system in the
downstream direction (phase I), analysis of the system in the upstream
direction (Phase II), and analysis of the downstream profile (from
Phase I) and the upstream profile (fram Phase II) to obtain a compasite
profile (Phase III). The processing was designed to continue
calculating unless gross errors are encountered. Warning messages

may be issued concerning tolerance levels not being reached on an
iterative approximation. These may or may not effect the overall
solution to the problem; however, processing continues. If gross
errors are encountered, an error message will be issued and

processing will stop.

Output of the system consists of three reports:
1. A listing of input with edit scanning messages.

2. A w.s. profile listing of the composite profile obtained
in Phase III of processing.

3. A profile plot of watersurface and channel gecmetry.




5.1 Element Description

The channel, conduit or natural river system to be analyzed

is subdivided into elements as stated in Section 3.3.1. The
program internally numbers the elements beginning with the System
Qutlet (SO) as number 1. Each successive element 1s numbered
continuing upstream to the System Headworks (SH). The maximum
number of elements permissable by the program is 200.

5.1.1 Boundary Lines (Refer to Figure 5-1)

All elements are bounded on the upstream end by Section 1 and
the downstream end by Section 2 except System OQutlet (SO) and
System Headworks (SH) which only have Section l. The user
inputs data such as base width, conduit height, etc. for
Section 1 of every element. The data for Section 2 for every
element is taken by the program from the upstream Section 1 of
the adjacent downstream element. Elements may have considerable
length between Section 1 and Section 2 as in a reach element
or may have a zero length as in a bridge entrance element.

L = length of element
X = number of the element under consideration

X+1

adjacent upstream element

X-1

adjacent downstream element

5.1.2 System Qutlet (SO) (Refer to Figure 5-2)

The system outlet is the downstream terminus of a channel.
X is egual to one. X+l can be any element except a System
Headworks (SH). Note the element length is zero.

5.1.3 System Headworks (SH) (Refer to Figure 5-3)

The system headworks is the upstream terminus of a channel.
Element X-1 can be any element except a system outlet.
Note the element length is zero.

5.1.4 Reach (R) (Refer to Figure 5-4)

The reach element is a length of channel, drain or natural
river with a constant invert slope, Q, cross section and
Manning's n. A reach may have a straight or curving
horizontal alignment, however, a curved reach must coincide
with the beginning and end cf the curve. The same applies
to an angle point in the horizontal alignment, a reach must
end or begin at the angle point.




In open channels (regular rectangular or trapezoidal sections)

the superelevation of the watersurface is computed and printed
for each point in the curve. In pressure flow, bend losses, angle
point losses, and manhole losses are computed and added to the
friction loss for the reach.

Element X+1 can be any element except a system cutlet.
Element X-1 can be any element except a system headworks.

5.1.5 Junction Structure (JX) (Refer to Figure 5-5)

The junction structure element is used where there is lateral
inflow into the system. Two different laterals can be handled
by this element. Element X-1 can be any other element except
a System Headworks (SH). Element X+1 can be any other element
except a System Cutlet (SO).

5.1.6 Transition Structure (TS) Refer to Figure 5-6

A transition structure is a gradual expansion or contraction
from Section 1 to section 2. The length L may be any positive
number. Element X+1 may be any element except a system outlet.
(SO) Element X-1 may be any element except a system headworks
(SH).

5.1.7 Bridge Entrance (BE) (Refer to Figure 5-7)

A bridge entrance is an element used where flow enters fram
an element without piers into an element with piers.

A bridge entrance is considered to have a zero length
element even though the bridge pier nose may have a
minor length.

Element X~1 may be a SO, R, JX or TS.
Element X+1 may be a R, JX, TS or SH.
It is noted that neither section 1l or 2 can be a pipe.

5.1.8 Bridge Exit (BX) (Refer to Figure 5-8)

The bridge exit is also considered tc have a zero length
element.

A bridge exit is an element used where flow exits from an
element with piers into an element without piers.

Element X-1 may be a SO, R, JX, or TS.
Element X+l may be a SH, R, JX, or TS.
It is noted that neither section 1 or 2 can be a pipe.




5.1.9 Wall Entrance (WE) (Refer to Figure 5-9)

This element is used when there is a sudden change in the
conduit section such as a headwall or an abrupt contraction.
This element is considered to have a zero length.

The user should supply the loss coefficient Kc expressed
in terms of the velocity head. If left blank on the input
card the program uses a value of .5 for kc. (See Hydraulic

Handbooks for typical values).

Element X-1 may be a SO, R, JX, or TS.
Element X+1 may be a SH, R, JX, or TS.
The section for element X+1 cannot have piers, however,

it can be an open channel or closed conduit. The section
for element X-1 can also be an open channel or closed
conduit and it can be with or without piers.

5.1.10 Wall Exit (WX) (Refer to Figure 5.10)

This elu\gnt is used when there is a sudden expansion from
a smaller| to a larger channel or conduit section. This
element is considered to have a zero length.

Element X+1 may be a SO, R, JX or TS.

Element X+l may be a SH, R, JX or TS.

The section for element X+1 may be an cpen channel or
closed conduit with or without piers. The section for
element X-1 may be an open channel or closed conduit
however it cannot have piers.
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6.1 Channel and Conduit Section Description

Channels and conduits sections are classified as regular or
irreqular sections. The regular sections (Channel Types #1 - #4)
are trapezoidal, rectangular channels, box conduits or pipes.
The irregular sections (channel Types #5 and #6) can be natural
river sections or irreqular shaped improved sections with or
without a cover. Piers or center walls can be included in any
section except a pipe section.

6.1.1 Regular Channel Type Sections
The program utilizes the following regular sections:

Chan. Type # 1: Trapezoidal open top with or without
piers. See Figure 6-1.

Chan. Type # 2: Rectangular open top with or without
piers. See Figure 6-2.

Chan. Type # 3: Box, covered trapezoidal or covered
rectangular with or without piers.
See Figure 6-3.

Chan. Type ¢ 4: Circular "pipe" one cell only.
See Figure 6-4.

Note in multiple cell sections the cells may have variable width
but must be of equal height and on the same invert elevation.
The top elevation of all piers in both reqular or irregular
channels are assumed equal.

6.1.2 Irregular Sections

The program utilizes the following irregular cross sections:

Chan. Type # 5: Irregular cpen top with or without piers.
See Figure 6-5.

Chan. Type # 6: Irregular covered top with or without
piers. See figure 6-6.

14




6.1.3 Definitions & Restrictions for Irreqular Sections

An irregular cross section (facing upstream) is defined by x and y
coordinates of points i (X, y) given in a counter clockwise direction,
fram point i=l to point i=n (minimun 3 points and maximum 99 points).
Point i = 1 (x, y) is where

X (1) = x min and if x (2) is also x minimm then

y (1) is greater than y (2)
LIMITATIONS
Location of x and y axis:

The center of the reference axis (x=o,y=o) must not fall on the
perimeter of the cross section.

Flow Line:
A section can have only one low flow channel.
Section Shape:

A section is allowed one minimum and maximum in the x and y
directions. For example between points from x minimum to

x maximum the consecutive values of x must be equal or greater.
From x maximum to x minimum the consecutive values of x must be
equal or smaller. The same holds in the y direction.

Piers:

The reference (x, y) axis for piers must be the same as used for
the cross section. The "y" values are given from left to right.

45
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7.1 Input Data Description

This section contains the detailed description of each variable
on each input card. With the exception of the three title cards
all fields are fixed as indicated on the exhibits. If data is
entered into a field the decimal points must be punched in the
card column as shown.

Input data is placed by the user on Input Forms l-4. All dimensions
are in feet unless otherwise specified on the forms. Form 1 lists
the title information and starting with the system outlet (SO) all
elements are listed in chronological order upstream to the system
headworks (SH). Form 2 is used to identify and list all data for
regular cross sections, also to input data on piers for irregular
cross sections. Form 3 is used to identify and list all irregular
cross section data. Form 4 is used to list the starting Q at the
system headworks. Form 4 is also used to list new starting Q's
and optional Q factors when multiple water surface profile
camputation is desired.

18




7.1.1 TITLE CANDS
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105 ANGELES COUNTY FLOOD CONTROL DISTRICT Page ol Dale
HYDRAULIC ANALYSIS COMPUTER PROGRAM Nome
FOS515 (FORM NO. |) Projecl

N30 RAEAT uus[nlos?nzuhkrﬁﬁkluulovlih 1[2[3]«]s]s]7]e]o leulilun}ﬂlzus 100 sfe
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oc

Title Cards 'I'l, T2, and 13

Title cards are entercd once per project
Title cards are used for onlput title

IFirsl title card T1 is reguired to start processing

Card Col. Variable l)escription
1 & 2 T Card identification characters
4 - 80 None

Second title card T'2 is an optional card

Card Col. Variable Description
1 & 2 12 Card identification characters
4 - 80 None

Third title card T3 is an optional card

(ard Col. V_ariable l)cscription
1&2 13 Card identification characlers

4 -80 None

Legend

Numbcer and alphabetical characters

XX
Yy

Number and alpbabetical characters for oulput title

for output title

Required
Optional

Number and alphabetical characlers for output title




7.1.2 ELEMENT CARDS
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System Outlet 'SO': Seclion at the D/S end of the system.
Card Col. Variable Descriplion
I & 2 50 Card identification characlers
4 thru 12 Sla. 1 A reference station from which the V/S end of all elements are
measured
N 13 thra 19 Inv. 1 Invert elev, at the system outlel
20 tloa 22 ('ross beet, A number assigned on IForim No. 2 Lo identify a specific section
Ident. No. used at the U/S end of this element
49 thru 55 W.S. Wlev. at The W.S. /HGI, elevation control at the SO = 0,0 unless given
SO otherwise. If the W.S. /IIGT, elev, control is less than

Inv. 1 4 DC the program will set the control elevation equal
toinv. 1 1 DC

Legend

NXNONN Req'd Data
YYYLOVY Optional Data

)$



LUY  ANOLLLEYS CUOUNTY FLOOD CONTROL DISTRICT Pago.__ .
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name
FOS5I5 (FORM NO. |)

Ot~ Date_

Project . _.

[ |ilels]slslelrlels ol 2| lels el o oal (22 Jel[e oIAl [2[21sls]s felo 3] [231a o el e a1 12I3Ta o [elrJe o151 12| slals sl le|slA[t 2] 3]s ls] o]
aenl ZNO3S SECT MENE HO PaANKING: w8 FLEV. AT| RADIUS oOF . e “h
STA | v | ¥ ROM T 0NN HO, 2 n 8Q AHD OR 8I CUNVE X°orcunve| X° roint g
1YPE atofspateniating 3 b X° cont
5 I T qwn | /e Q, INV 3 INV 4 |4, X conr |4 X° conr
[ el [sfrlololbe [ els el s]e |ds 2| ofale [lrla ol 1 T2 Rl Rl R e R e R R T o AT e T e oo o
l ‘ I L] . . . . . .
_.,_.......‘.....!.1..._._...).~ - -~ —-4—-3-1- “f-$-1-1- ~f-4—-F= .J_._ -t-t--11- -8-F $-1-4- -4=t-t-1-1-08-%1-
2 P AL A ] L JYINY . . ] .
F—ud_ Bt B B o - - B2 B = B BIE SR S = —--r—-~ - B B —1-¢ ¢+ -4 11t -1-40-
' K3 . . ,, L] (] . .

' 6 7 0
|2!456709ml21456709ml23456]789 )2 1|2]3]4]9 93!23‘55709°|2J‘5870‘)n!23456'0!0‘
Reach (Chan, Type 1, 2 or D),

Card Col. Variable Desceription
1 or 2 N Cavd identification character,
1 -12 Stal 1 Station al the /S end.
13 - 19 Inv, 1 invert clevalion at the U1/S end of this clement,
)
ity 20 - 22 C'ross Scal, A number assigned on 1'orm No. 2 o ideulify the specific
[dent, No. seclion used at the U/S end of this element.
29 - 32 NManning's n 11 left blank program uses (014,
56 - 62 Radins of curve Radius of curvature necessary to compule super clev,

(Beginning and end ol curve must coincide with beginuing
and end of reach.)

Legend

XXXXSX Required
YYYY. VY Oplional



I

)

Card Col.

1 or 2
4 - 12
13 - 19
20 - 22
29 - 32
63 - 68
60 - 71
™™ - 176

Variable

R
STA |
INV 1

('ross Hecet,
ldent, No.

Mamning's n

Angle of Carve

Angle Point

No., ol Nanl

ioles

Descriplion
Card idenlification character,

Stalion at the VS end.

Invert clevation at the 11/S end.

A nummber assigned on Form No. 2 to idenfity the specilic

scction used at the U1/S end.

If tefl blank program uses 014,

Angle ol curve (0 to 180 degrees) necessary to compute hend
loss. (Beginning and end of curve must coincide with beginning

and end of reach.)

Angle poinl (0 to 15 degrees) necessary Lo compute angle
point loss. (Location of angle pt. must coincide with beginning

ol the reach.)

Number of manholes (0 to 10) necessary to compute manhole

losses.

Legend

AXXXN. Begld data

YYYY

Optional dala

LU ANLLELLEYS COUNTY FLOOD CORTROL DISTRICT Pago 0Ol Dole )
NHYDRAULIC ANALYSIS COMPUTER PROGRAM OIS o r  cmisaa
FOSI5 (FORM HO. ) Peofecd . _ .
eo]sfsler[elo I8l [z lsls e 7o [o Al [2 2112 el [e o Al T2 (2 [slsleffa o 18] [213) [afel [efo R T Tel3[alo el o IR 12 sl [o Tl lefoTAT 1213 L2 el o ]o
o ® {NOSS SECT MENT NO FAANRHND: W8 CLEV. AT ]| RAOIUS OF e T h
ELEM STA | IV | [ruemsowiuo.z n 9g anp onai{  cunve | N7 OF CUnVE] XeronT g
TYPE AT SFATERRIATEN Q ) INV 3 INV 4 |}, X° conr |}, X conr
- L ;Jlu.u* (4111 8 _TQ'[L sltar 3r, 2 -1x e - 3 |3y Rl
ags.csleglnsbu Yafsfs[]ofs 1]z o]sls [slzle jol] 2 |3[2[e]e] e [o [3 2 2] slal T3las [ [ Jo TR [2]3] 4[s [e[ e [oTa]: 2!!5"°§m
! 2 Al HEF A R R A IHEEERRRE A J1LLLLL
2 AN NN AR SN SARREE R JYLY]Y . ) A1l ANRE [%!.___Y_L[
' : ] . . . . . . .
Ve pfslols|r[ols[aii [213[alo]e][osfali [z ]3]sls [e[r]e [s[3 |1 [2 ]3[4 s [e] le]s 3] 2 2] o[g | [z[3{a]s|slr]e[oI§]  [2]3]als 6] fo]s] 3]t [2]s]a]s]s]7[e[o 5]
Reach (Chan. Type 3, 4 or 6) .



1LUS ANGELES COUNITY

FLOOD CONTROL DISTRICT

HYDRAULIC ANALYSIS COMPUTER PROGRAM
FOS515 (FONM NO. |)

Page__ oL____Date

Name

Projecd __ ___
. 12l3)[sls[7]eo JAlt L2]a]s[3 el 7]e ]o aI'H’M’ Ié[ﬂiglgﬁl_ﬂimilgﬁ ojo alf|:|§|3|5|s[ﬂﬁfﬂgﬁﬁls|i]imm§_ éE[:lee
EL '“ * NOSY SECT NENT NO paaNruNG W8 ELEV. AY | RADIUS OF
Ivzé STA | INV | nou]rmmuo.z n 1Q AND OR 8) CURVE X ° OF cunve
| ] A e e A BT Q, INV3 | INV 4 4 K com
i z:ulnn&ﬁg 3alss[7[e]s|& 1 [2]3]als |slzlo|s]d[+ T2 [s[+[3 [ [e[o]a ]2 [[e[s[e [ ede o] e ]3] fe [e] o o TR  T2[3] ls e[
| _ el el | o . A1 1 I°L . ).‘ [ . 2
t TIsEAAdAL ] T X< <Ix JYN]Y X ; il ) g
3 2] ‘Lj TT17 Trrr & T
R L] . . . . . . .
1
l!!l&G'ﬂS IZSQSGIOS"%}IZ!!SGIOQ lZSCSBFGLn.IISQSGIIIQ |234567098l2!45670 Sﬁliﬂa
Pransgition Structure "I'S": Flement with gradual change between lwo adjacent
sections. 'The length of transition must be greater than 0.0,
Card Col. Variable Description
1 &2 'S Req'd card identification characlers,
4 -12 STA 1 Station at the U/S end,
m 13 - 19 INV Invert elevation at the U/S end.
20 - 22 C‘ross Sect., A number assigned on I'orm No. 2 to idenlify the specilic
Ident, No. section used at the U/S end.
29 - 32 I\lannin‘g's n IT left blank program uses . 014,

l.egend

AXXX.
YYYY

Reqghd data
Optional data

cnN



LUS ANLLLLES COUNIY FLOUD CONTROL DISTRICT Page______OL___ Dale__
HYDRAULIC ANALYSIS COMPUTER PROGRAM Mamwme____
FO515 (FONM NO. )

PROIREL o i s i S i
—_JiRzalskl e Al 2 [slsTe 7o o [Al 2l 143 [e[r e o[l (22 s ls e 7 [e o Ta[ 12 T3] [ofe 7 [efo Rl [2[3]413[s [ To[o] & 2] al«]a[s[r [e[]AIt 2]3[ ]2 6| ]e[e [}
. “N03S SECT NENT NO PLATENIDY we ELEV. AT | mADlus of | . 0
UM sTa o INV | oM ronuwo 2 n__ 90 AND on el  cunve [T orcunvel Xeromt o
e 1 . et L | Qy Q4 INV 3 | INV 4 |}, %° conr [}, e conr.
1 23] ss[e[rlels}lls [2)3[]3]e]]e[o |8l 1 [2| lala jvloﬂau 234'56?09!3023456710!]8!234&61[59[51 2[3][s[s[r]e|sl]1 ]2[5[+|3]¢|]e]o J
i ——°=~'r~ . AEEENNORER 3 4;_ "R . . . . A1)
2 MKE A4 ) LR PP YA A L . “e L P L
' . . » . . . . . .
12 3]sjsls]r[aioloir [2]3]s s slv]e[oigit |2 |31l fsl7]o |sla v |2 ]3] o [e] riels o |t (2 ]3] 4 3 ] oo I ]! |2[3] 4] s|r]o]sl8]1]2]slals]s]r]e]o]2]1]z|s]4]s]s]]e]o[2
Junction Structure "JX'": BElement where side flow enters the main channel from one or
two laierals. TL.ength may be equal orr greater than zero.
Card Col. Variable I)csuripli(m
1 &2 IX Req'd card identification characters.,
4 - 12 STA | Station at the U/S end.,
B 13 -19 INV 1 Invert elevation al the U/S end.
20 - 22 (ross Secl, A number assigned on I"orm No. 2 lo identify the specific
Ident. No. section used at the U/S end.
23 - 256 Cross Sect. Ident. A number assigned on IForm No. 2 to idenlify the specific
No. Lat. One section used for T,ateral One.
26 - 28 ('ross Secl. I[dent. A number assigned on I'orm No. 2 to idenlify the specific
No. T.at. T'wo section used for lLateral Two.,
29 - 32 NManning's n Il left blank program uses . 011,
33 - 40 Q3 I"low rate in I.ateral One.
41 - 48 (MK} I"'low rate in I.ateral I'wo.
49 - H5 INV 3 Imvert elevation for lateral One.,
56 - G2 INV 4 Invert elevation for l.aleral T'wo,
63 - 68 © 3 Confluence angle of Lateral One with main line (0.1 to 90 deg,)
69 - 74 O 4 Confluence angle of Lateral Two with main line (0.1 1o 90 deg.)

l.egend

XXXX.XX Req'd data
YYYY.YY Oplional data

[~
><



LUQ  ANULLLY CUUNT T FLUUD GUNTROL DISITRICT Page . OL_ _ Daje __

HYDRAULIC ANALYSIS COMPUTER PROGRAM Hame___
FO5I5 (FORM NO. 1)

Projecd ____ __
123 Dolelrlefe IE[ 12[alals]el e [o 3]t |2 3[s[= e [o I3 T2[a als]s 7 e o I3[ [2[ 2 2le T efe [R1 12130+ e[ 7 Te o BT T2 (s s el Te{s 1AL 213 [*]a [e] ] [o
el "RO3S SECT mntuornmm: We ELEV. AT] RaDIUS OF |. ¥ N '
_ FROM FONM NO, 2 n $Q AND on B} cunve  |A°ofcunvel X point g
TYPE STA | INv | y . el
[ o, |, [ | v e | g
11z[3]als[e[rlels[Li [z I3[ a]3ls[7]alo ]2l 1 |2 3[a]s é‘rlo o[Al [z 3[al5 L6y fels [AL R I3[ e s]s e le s B[ e 3] 3 e [e [ TR Tzls[ [ [e[ e |oIZ] 2[5 [«
. :: - J-1 - L r—-—L s [ _v_:,_ . L .*_ b .r-4— L4
8 Plel:bO e f R o)L e Jufi iR .| L g s '
' ' (] . L] . [] . .
1[2[sfsls s Jols it [2]o]s Ia]s[7]e[s a1 |2 ] s[als Jelr]a [sla | [2]s]als e[ v ele o]t [2]3] 4 s]sl Iefe |4t [2[3] [s e e ]o g ]3] el5 Je| 7 elo gl J2]3 s

Bridge Entrance 'BE': [lement of zero length
STA 1 = STA 2

INV 1 =INY 2

SECT 1 may be channel type 1, 2, 3, 5 and 6 and must not have picrs

SECT 2 may be channel type 1, 2, 3, 5 and 6 and must have a minimum of one pier below
the W.S. (No. of piers, { to 10)

(Sect 1 and Sect 2 must be identical except for the piers or cover)

Card Col. Varviable Descriplion
(9]
! 1 &2 131 Req'd card identification characters.
4 -12 STA 1 Station at the UJ/S end. If Sta 1 is left blank it will be set

cqual to the sla. at the U/S end of the previous clement,

13 - 19 INV 1 Invert Elevation at the U/S end. 1T INV 1 is left blank
it will be set equal to the invert elevation at the 11/S
cnd of the previous element.,

20 - 22 Cross Secl. A number assigned on FForm No, 2 to idenlify the specific
Ident. No. section used at the UJ/S end.
20 - 32 fp A reduction lactor for arca of pier (if left blank program

uses 1,0),

Fegend

XXX. XX Req'd data
YYY.YY Optional data

18



QS ANGELES COUNTY FLOOD CONTROL DISTRICT Page ot Dale_
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name
FOS5I5 (FORM NO. 1)

Projecl -
3] slsler ol [A[1 [ [>[e]s]e[7]e [o[3] 213 [«[2 [el[e [P AT [2Jo1a o el o L[ [23[+ [o e[ es ALt 23 [s e e [ [e Is IV 2] I3 [e [ e[ s AL IS [ <[ [e[ 7 [e o |
el ROSS SECT DENT MO 14 8 el e e e or cunve| X+ pomnr |
2oem STA l INV ‘ ‘:o.:;’ro:'u(“o,:n n 9Q AND OR 8¢ CURVE
m o 0 [ ',/“e 0 ! Q’ le 3 |NV 4 ’g ‘. COMF. *4 4. CONF.
1[2]3]«]s]s[v]s]s[X[s 12| 3] a]s]e]7]a]o nussﬁis uzuuno"lzuslnomlzus-nﬁsnozuslnul’nzuisvlesm
] -:3 . . . . . . . . .
. A‘ ‘1". 11“0 H AKX . 0 . . s . . .
' . . L] ] ] . . . [
1[2]s]slsls]r]e[olgis[2]>[als]e v]e]s]3 [2]3]4ls [e[r]e falal 1 ]2 ]3] a[s]e]7lelo g s |2 [3]«]s [s|re]o[R s [2]3]s[s [s]7]o[s /3]s |2 3] ls s[]o]s|d]s[2]3 s]s [s]le[o (2

Bridge Bxil 'BX': FElement of zero length

STA 1 =5A 2

INV 1 = 1INV 2

SECT 1 may be channel type No. 1, 2, 3, 5 or 6 zid must have a minimum of one pier
below the W.S. (No. picrs, 1 lo 10).

SECT 2 may be channcl type No. 1, 2, 3, 5 or 6 and must not have piers.

(Sectl 1 and Sect 2 musl be identical except for the piers or covers)

Card Col, Variable l)escrip(inn'
)
m 1 & 2 BX Req'd card idenfification characters.
4 - 12 STA 1 Station at the U1/S end. If STA 1 is left blank it will be set
cqual to the station at the U/S end of the previous element,
13 -19 INV 1 Invert clevation at the U/S end. If INV 1 is left hlank it will
be set equal lo the invert at the U/S end of the previous
element,
20 - 22 tross Sccl. A nummber assigned on I'orm No. 2 to identify the specific
Ident. No. seclion used at the U/S end.

I.egend
XXXX. Req'd Data
YYYY Optional dala

X4



1OS ANGELES COUNTY FLOOD CONTROL DISTRICT Page______0(____Dale

HYDRAULIC ANALYSIS COMPUTER PROGRAM Name
FOSI5 (FORM NO. 1)

Project . L
lk],;lgkl'la'gm‘ ilmiisg 093 ‘mi,.,S-'.’ .23‘5“
ELEM y "ROSS SECT INENT NO PAANIIHG 8 ELEV. AT ] RADIUS OF . o [
: STA | INV | e iomwo. 2 " 8Q ano on 81 cunve | 4° OF CURVE] X° POINT
s lTuusq 'y /¥%c Q Q4 INV 3 INV 4 [§, K° conr. [§ X° conr.
2[3]«[s]e[7]els [A[1 [2]3]«]s]s[]e !ﬁ”’iﬁlismnnunloo‘nuson%ﬁhnnstﬁsl‘nzuslnni'uzu t]o]s

2 peb [ rivivld 1 vy, JIY . . i : 3 :

2 [sJalsle] Jolo T 2 slalslsl e s{efs fel7]e [sja]s [2]3[s[s]s]7lels]g]t 2 [3]as]s[r[o]o[A s |2[3]]s []7|e]o I8+ |2[3]«ls |6 rle]o[a]s 2[5 ]a]s]s ogﬁ

6c

WALL ENIRANCE (or Sudden Contraction) WE: Element of zero length

STA 1 = 5TA 2

INV 1 = INV 2

SECr. 1 Must be without piers.

SECI'. 2 Scct.

Card Col. Variable
1&2 WF
4 - 12 STA 1
13 - 19 INV 1
20 - 22 Cross Sect.

Ident. MNo.

29 - 32 Kc

2 may have piers (max. 10)

Descript.ion
Required card identification Characters.

Station at the u/s end. 1If Sta. 1 is left blank
it will be set cqual to Sta. 1 at the u/s end of the
previous element.

Invert elevation at the u/s end. 1f INV 1 is lett blank
it will be set equal to the invert elevation at the u/s oend
of Lhe previous element.

A number assigned on Form No. 2 to identify a specific section
used at the u/s end.

A factor for conputing the loss at Wi (if left blank
program uses 0.5).

legend XXXX.XX Required bata
YYYY.YY Optional Dhata

M



UL ANDELLED CUUNITY

IF1.0UD CONTROL DISTRICT Page_______0OL____Dale_

20 - 22 Cross Secl.
Ident. No.

HYDRAULIC ANALYSIS COMPUTER PROGRAM Newme __ .
FFOS5I5 (FORM NO. 1) Project __ __ . LUE e
e EGLEERERE 2 AFERREBLRGIGR R T TS o = —_— o . .
| B slslefTala il lapslefajelr e o 3]+ [234[3 [lrlo e a0 [2[s[]s e[t e p A [2[3[a [2[olIef [y [2[>Tlo[elr 1o [lB[+ 2] lals sl ofolRL: 2s[efa s]rle o
- 'N033 SECT WIENT. HO PeAINNNG: w8 ELEV. AV| RADIUS OF . .
ELEM STA | INV | [ rowna 2 n 8Q Ao on si{ cunve |¥° OF CUnVE] X° POINY
W s S e R e R Qq INV 3 | NV 4 |1, 5 conr. |§, X+ conr
v [2[3]4]s[slz]e]a[A[1 [2] 3[a]3]6]]e 203[als [el7la o[} 1 T2 }3[a[s [e[r[o]o R 1 Tz [s]«]s[s]r]o]ol2 1 [zl 3]alo [c] 7 [e [o[ETi [2|5]4]s [6[7 [e o] T T2 3145 e] 7 ele
b -1 i Q
] ‘ p . . "_“f—"’"’ . el Hm ol . . . 1
 § Sy oJ 4 DYDY . X . . . J 1. . . .
‘ ,' . . . . » L L4 . .
] sqslsrnu'mu 2|3]slsls|7]o 2[3]als [sl7la[ala|1|2|3[als]s[r}e]o o |+ [2]3]s]s]s[r]e]o |31 zsqssnsglzusnasglzuseuﬂz
NAI.I._. EXIT (or sudden expansion) WX is an element of a zero length
STA 1 = 5TA 2
INV 1 = INV 2
SECT. 1 may have picrs (max. 10)
SECI. 2 must not have picers.
Card Col. Variable Description
w nd cription
1 & 2 WX Requived cavd identification characters.
4 - |2 STA Station at the u/s end. 1L STA 1 is left blank
it will be set equal to STA 1 at the u/s end of the
previous element.
13- 19 INV 1 Invert elevation at the u/s end. If INV 1 is left blank

it will be set equal to the invert elevation at the
u/s end of the previous element.

A number assigned on Form No. 2 Lo identify a specilic section
used at the u/s end.

legend XXX XX Reguired Data
YYY.YY Optional Data

XM



L9 ANLLELES LUUNIY

tLOVD CONTROL DISTRICT Poge____OL___Dale_
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name
FO515 (FORM NO. |) Project
ill3[als]s[r[elo IAL 2l Le 3 e[ [e [o (3]t [2I31«]s el Ie e LI I2loTla [e [Tle Je IAT Tz [3]* o el 7 Iefe LAl T2 3] 2 s|1|i|s|§||]z 34]s[s[r]o[s] ]! [e[s]¢]s]e]r]e]o |
soid 'R093 SECT IDENT MO Ne: ws tvev. AT | maows of | 3 |
ko STA | INV | r.r:ol:;:on:c‘no,:m n 2Q AMO OA 8I CURVE & oF curve] X° POINT
or P:;H o] /% Q; Q4 INV 3 INV 4 4, X* cowr. |§ X+ conr.
' z;ulsns 1[2|3]4]s]6[7{e]a]sT1]|2]3]als £ﬁgﬂ|z:usno[},nznlsnhoglasuuloslgu 2|3fals]s|r|efslT]i |2[3]a]s][6]r]e]e
nENnRGANNENONNRRRRZEE) 41T 1 TRRRI: : :
lzupﬁnsl&uunes 1[2]3]als [s{r|a]sla]s [2]3]a[s]s|]efp Jo s [2]3]4]5 |6[r|s]o| |t [2]3]4]s o|7[o]sl8[1[2]3]als]s[v]o]s| Z]1]2]3|a]s|s]la]0[®

SYSITM IIPAIWORKS *SiI*

Cara Col.

1 & 2
4 - 12
13 - 19
20 - 22
49 - 55

SecLion at the u/s end of the system.

Variable

SH

STA 1

NV 1

(ross Soect.

No.

W.S. Flev.

Ident..

at S,

Description

Required card identification charvacters.

Station at the u/s end of the system. If Sta. 1 is left
blank it will be sct equal to the station at the

u/s end of the previous element.

Invert elevat ion at the u/s end of the system. 1f 1INV ]

is left blank it will be set equal to the invert elevation at
the u/s end of the previous element.

A nulet assigned on Form Ho. 2 to identify a specific section
used at the u/s end of Lhe syslon.

1f left blank the program assumes critical depth control.

Tegend XXX.XX Required Data
YYY.YY Optional bata

HS



7.1.3 CD CARD CHANNEL DEFINITION

32




-

—gc-—\

R R LV X (AR R Y] rage . Ui Uale

to

HYDRAULIC ANALYSIS COMPUTER PROGRAM Name.__
i C
cuol ;E%?: CHAN| NO. OF | AVE WiDTH “‘Jg“' BASE WIOTH | 2| In W'r'ﬁf‘(‘.gf °
” A
. . TYPE|PIERS| OF PIERS | prameTER YIPR. 1) VIPR.2) IV(PR.3) | Y(PA.4) VIPR.8) [VIPR.6) |Y(PR.T) [ V(PR @] [Y(PR.9) |v(PA.10)

J3E0340 slel7[o]s]gl! [2]3]4]s]s] 2[afafs[sfvielo Jalt [2]s]als| s{lel ol [ 3] «[s Is]r o [ IR+ [2[3] sl lsT o] old N Jo[3[«ls e[ 7o ]o

R e e T e e P RO T TR TR
g -1

kb 7Y L4 X )f b . [ * [ L . . . » . 3

E .h ? . L) : ° . (] ; [ . [] [ o [

1080330340880 30 ﬂczs ad 048803343 3404383:304 NHAECRRAAL hlzhbls) p&lzﬂlbnr

CIANMEL CROSS SECTION DEFINITION ARDS "CD" (legular)

ype 1 - ‘Napewidal * ype-1 Pipe diaveter.

Iype 2 - Rectangular ** qype-4  Base widlh is nol rvequired for a pipe
Type 3 - Box or Covered Tapezoidal

Type 4 - Pipe

Card Col. Variable bescription

1 &2 Cn Required card identification characters.

4 -6 Cross Sect. A number between 1 and 200 assigned to identify a
Ident. Mo. section (a section need not be entered wmore than once

per project).

9 (han. ‘fyje Channel ‘Type munber (scce above).
12 - 13 tlo. of Piers thober of piers (max. 10).
16 — 20 Ave Width of Piers Sum of picr widths divided by nuber of piers.
23 - 27 Height * Height of wall above the invert.
30 - 35 Base Width ** Width ol base (sec Figures 6-1 Lhwu 6=3)
36 - 40 an Teft side slop.
41 - 45 ZR Right side slopx.
46 - 50 Invert Cross Fall ln-vert slab cross fall in inches (see Figure 6-2) o ba used wilth

chan. type o (optional)

Legend XXX Required hata
YYY vt el vl n

H



LUS ANGELES COUNTY FLOOD CONTROL DISTRICT Page_____Ol____ Dale

HYDRAULIC ANALYSIS COMPUTER PROGRAM Nome._ _
FO5I15 (FORM NO. 2) Poject ____
CROSS
|cno Sect Jouan|no oF |ave wioTn | MEMT - Jease worn | 2, 2y [0 chots
Co0k 0. [TYFE|PIEAS| OF PIERS | piauever [“vipr. 1) | viPR. 20| vIPR. 31| v(PR. 4) [ YIPR. 8) [YIPR.6) [¥(PR.7) | viPR. 8) | viPA. 9 |v(PR.10)
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CHANNEL, CROSS SECTION DEFINITION CARD 'CD' (Trregular)
1ype 5 - Irvegular, open
1ype 6 - Inregular, coverad
NOIE: A points (P1S) card is requived in conjunction with every Ch card to conplete the
definition of an irreqular cross section.
£ Card Col. Variable bescription
1 &2 Ch Requived card identification charvacters.
4 -6 Cross Sect. A number between 1 and 200 assigned Lo identify a
Ident. Ho. section. (A section need not be entered more

than once per project).
9 (han. ‘'lype Channel type number (sce above).

12 - 13 No. ol Piars Momber of piers (max. 10).

16 — 20  Ave Width of Piers  Sun of pier widths divided by mmber of piers.

31 - 80 Y (PRi) from he elevation of the bottom of the picr above the

i=l to i =10 x-axis, (max Y(PR) = 99.99)

All piers are assumed to have egqual Lop elevation.
For an irreqular section with picrs the X and Y axis st

be the same for cross section and pier coordinates.

legend XXX, XX required data
YYY,YY optional data

1)
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LOS ANGELES COUNTY FLOOD CONTROL DISTRICT

Page Qat Dale
HYDRAULIC ANALYSIS COMPUTER PROGRAM -
FOS5I§ (FORM NO. 3) Project
Pe. Ha,y) P M, y) Pr L la,y) Po. i, y) e ila,y)
| xeoo | ovenr | oxenn | ovenn o | ovenr x| oven | x| vin
2]3]a]sls]zle]sla]r [z I3 ]els Js ] %wazsqlsslh 1f2]s]elsls]rlolo]als |2]slals [z el |R] 1|2 ]3] «sls]7]e]0|X]s
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Irregular Channel Cross Section Points (X,Y) Card "PTS".

The PIS card is used in conjunction with the Ch card to define irregular channel cross sections
(Chan. ‘Type Ho. 5 or No. 6).

Card Col. Variable Description
1 &3 s Required card identification characters.
W
= 4 -6 Cross Sect. The number assigned on the Cb cavd.*
Ident. No.
7 -8 No. of Points Specifies the mmber of points i (X,Y) in a cross section.*
9 - 68 Pt i(X,Y) The X and Y coordinates of the points in a cross section
x(i), Y(i) entered in consecutive order fram left to right.

(minimuwn 3 pts and maximwm of 99 pts).

Iogend XXX, XX Revuired Data
YYY,YY (ptional Data

* If nore than one line (card) is required to define a cross section the Ident. tlo. and

the No. of pts. are entered on the first line (card).
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LOS ANGELES COUNTY FLOOD CONTROL DISTRICT

Puqo_ > ﬂ_.OII L _Uolc

Nomse
HYDRAULIC ANALYSIS COMPUTER PROGRAM | e .
FO515 (FORM NO. 4) Project
Q Q al Systemn Q
Cord Headworks Faclor
na:aaerao&uzsauovnsﬁuzulaarooqlz:aao:c-&-rsaonvunalzla 7felo|8¢[2]s]s]s]e|7|o]o]]] ole|7
| o A H
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[ | {Jihivviein. LS 1 ]
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Q CARDS
The [irst Q card is a required card Lo specify the Q at the headworks.
Card Col. Variable Description
1 O Required card identification character.
11 - 18 O alt S.H. Q in cfs at the headworks.
w  Sccond, Third ——— nth Q cad
o

These are optional cards used to obtain w.s./hgl profiles for diffevent flow rates

in the system (see Scc. 3.3.3 for program limitation)

Card Col. Variable Description
1 Q Rexquired card identification charactler.
11 - 18 Q at S.H. Hew Q at Lhe system headworks.
21 - 25 QO factor A multiplier which alters all lateral inflow in

the syslom.

legend XXX, XX
YYY,YY

Requir ed Data
Optional Data
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Control Cards

The District user need generally not be concerned with the control cards.
However, if additional data on specific runs is required the following options
are provided.

Control Card No. 1 - (trace switch card)

This is a required card that is placed ahead of the title cards. A
"O" placed in CC 1 results in the regular camposite water surface
profile printout. (the District's Data processing center always
includes this card with a O in CCl unless otherwise instructed.) If
"1" is placed in CCl the element file will be included in the print

out.

Control Card No. 2 - (JDEBUG)

This is a required card that is placed immediately before the Q CARDS.
A 0 (zero) is placed in CCl results in the regular composite water
surface profile printout and plot. (The District's Data processing
center always includes this card with a O (zero) in CCl unless
otherwise instructed) A "1" placed in CCl results in the regular
composite watersurface profile print out and plot and in addition
prints out the lower and upper stage profiles and prints camputational
flow. A "2" placed in CCl results in the regular composite water surface
profile print out and plot and in addition prints out the lower and
upper stage flow profiles.

40
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Los Angeles County
Flood Control District

DATA CENTER JOB WORK ORDER
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y
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8.

1

OUTPUT DATA DESCRIPTION

8.

a)
b)
c)
d)
e)
f)

g)

1.1 Normal Output

Listing of channel cross section definitions (CD card data)
Listing irregular channel cross section points (PTS data)
Listing of element input data

Listing of title data
Listing of computed water surface profile or pressure gradient data

Plotting of the conduit and water surface data
If additional Q's cards are inputed then multiple output will occur

for each set of Q's

8.1.2 Optional Output

Program FO0515P will provide, in addition to the above output, a listing
of all lower stage water surface profile points and all upper stage
water surface profile points.
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9.1 ERROR MESSAGES AND EXPLANATIONS
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2.1.1 ERROR MESSAGES IN EDITING THE ELEMENT CARDS

THE ABOVE SYSTEM OUTLET WAS FOUND TO BE IN ERROR -
ELEMENT NOT EQUAL TO 001

Pt
~

The system outlet must be the first element to be processed.
Check order of input to make sure the system outlet card follows

the title cards.

2) THE ABOVE INPUT CARD DID NOT CONTAIN THE REQUIRED DATA
XXX

Check the data on the input card with the input documentation for
that element to make sure all the required data is present, see a

programmer if data is correct.
2) THE ABOVE INPUT CARD CONTAINED AN INVALID ELEMENT NUMBER

The above card contained an invalid code in the element type field.
Check input field with input documentation description and correct
data.

4) THE ABOVE INPUT CARD CONTAINED AN INVALID STATION

The station on the above card was not in sequence with the
previous stations. The value was less than the station of the

previous element. Correct input data.
3) THE ABOVE INPUT CARD CONTAINED AN INVALID INVERT

6) DURING EDIT PHASE XXX ERRORS WERE ENCOUNTERED -
PROCESSING WILL NOT START

The number of errors in the edit phase is printed. The calculations
will not begin until all edit errors have been corrected.

7)  NO EDIT ERRORS ENCOUNTERED - COMPUTATION IS NOW
BEGINNING

This message indicates that all of the input data was correct and
processing calculations will begin.

8) A BLANK INVERT WAS GIVEN ON AN ELEMENT CARD

The above card was required to have an invert but none was given,
check and correct input data.
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9)

10)

11)

12)

13)

INVALID SECTION NUMBER ON ELEMENT CARD

The section number given for this element is not between 1 and 200.
Correct input with correct channel number reference. ,

SECTION NUMBER EAD NO DATA FOR CHANNEL DEFINITION

The section number on the element card refers to a section that was
not defined or that was labeled as being in error in editing the channel
definition cards. Check the channel number and the results from the

channel definition editing.
SECTION NUMBER HAD NO DATA FOR CROSS SECTION

Same as Message No. 10 only for cross section data instead of
channel definition data.

THE CHANNEL DEFINITION REFERENCED DID NOT CONTAIN THE
REQUIRED DATA TO BE USED IN THIS ELEMENT

There is a conflict between the data in the channel definition used to
describe this element and the type of element being described. Check
the restrictions for this element and make sure the channel definition
selected has applicable data.

THE PREVIOUS SECTION OR CHANNEL DEFINITION DID NOT
COINCIDE WITH THE DATA UTILIZED IN THIS ELEMENT

There is a conflict between the data in the channel defintions of the
previous element and the current element being used in the element
being described. Check the restrictions for the element type and the

channel definition data used.
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9.1.2 WARNING MESSAGES IN EDITING THE ELEMENT CARDS

1)

THE ABOVE ELEMENT CONTAINED AN INVERT ELEV WHICH WAS
NOT GREATER THAN THE PREVIOUS INVERT ELEV.

Check the inverts on the preceeding and current elements to make
sure they are what you want. Program assumes data is good and

continues.

WARNING - ADJACENT SECTIONS ARE NOT IDENTICAL - SEE
SECTION NUMBERS AND CHANNEL DEFINITIONS

The two adjacent sections are supposed to be identical, but if only
the channel height varies it is alright. Check channel definitions
to see if data is correct and only height varies, program assumes
data is correct and continues.

WARNING - PREVIOUS SECTION NUMBER WAS INVALID OR 0 -
SEE PREVIOUS DESCRIPTION

Previous element should have been flagged as being bad so the
data passed to this element is zeroes. Processing for the other

elements continues.




2.1.3 ERROR MESSAGES IN SEQUENCE CHECKING THRU CHANNEL

1)

3)

4)

5)

6)

DEFINITION DATA

NO SYSTEM HEADWORKS CARD - CANNOT TELL WHERE THE START
OF CHANNEL DEFINITION DATA IS - NO PROCESSING

There must be a system headworks card at the end of the element
cards just preceeding the channel definition cards. Check input data.

CHANNEL DEFINITION DATA (CD) DID NOT FOLLOW THE SYSTEMS
HEADWORKS CARD - CONTINUING TO LOOK FOR CD OR PTS

There must be at least one CD card following the system headworks
card, and all CD cards follow the system headworks and come before
the cross section points (PTS) cards. Check input data.

NO CHANNEL DEFINITION (CD) OR CROSS SECTION POINT CARDS
(PTS) WERE RECOGNIZED - CHECK DATA

There must be at least one channel definition card following the
system headworks card. Check input data card code columns.

NO CHANNEL DEFINITION CARDS BEFORE CROSS SECTION
POINT CARDS - CHECK DATA

Check order of input cards. Element cards ending with system
headworks must be followed by at least one channel definition card.
Cross section point cards follow the channel definition cards.

INVALID CHANNEL TYPE ON CHANNEL DEFINITION CARD
ITYPE = X SECT = XXX

ITYPE is the channel type requested and SECT is the section number
the channel type is specified to define. Channel tvpe must be a number
between 1 and 6. Check and correct this CD card.

NO CROSS SECTION POINTS ENCOUNTERED - ASSUME NO
IRREGULAR CHANNELS

No irregular channels or cross section points are indicated for
this problem. This is a warning message. Processing wiil continue.

INVALID CARD CODE ENCOUNTERED WHILE PROCESSING CD AND
PTS CARDS CODE = XXX

After the first CD card a card was found which did not have a code
of CD or PTS. CODE indicates the invalid card code which should
be corrected or placed in the correct order.

~1
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8)

NO SYSTEM HEADWORKS CARD BEFORE CHANNEL DEFINITION
OR CROSS SECTION POINTS

The system headworks card was omitied or is out of sequence. It
should be the last element card and should immediately preceed
the channel definition cards.

-1
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9.1.4 ERROR MESSAGES IN SEQUE’\ICE CHECKING CROSS SECTION

6)

POINTS CARDS

INVALID OR MISSING NUMBER OF POINTS VALUE - MUST BE
BETWEEN 3 AND 99. CODE = XXX ISECT = XXX NOPTS = XX

The number of points value is in error or the card is out of sequence,
make sure this is supposed to be the first card of a cross section for
the section points. CODE is the card code, ISECT is the section number
and NO PTS is the number of points indicated. Correct the invalid card

and resubmit.
INVALID CARD CODE FOR CROSS SECTION POINTS

While processing PTS cards a code not equal to PTS was found.
Either wrong or out of sequence. Correct the data error.

STARTED ANOTHER CROSS SECTION GROUP BEFORE PREVIOUS
GROUP WAS COMPLETED.

A new cross section group was indicated (no of points was given) before
all the points indicated by the previous the number of points were read.
Check card sequencing and make sure the number of points is only on the
first card of a section and is correct with the number of points to be read.

SECTION NUMBER IS INVALID OR JMISSING - MUST BE BETWEEN
1 AND 200 CODE = XXX ISECT = XXX NO PTS = XXX

The section number given is in error. CODE is the card code, ISECT
is the invalid section no. and NO PTS is the number of points. Correct
the invalid cross section points card and resubmit.

END OF FILE BEFORE ALL POINTS WERE READ CN LAST CROSS
SECTION

The last input card was read before 21l the points indicated to exist
in the current cross section were read. Supply the remaining cross
section points cards to complete the section or correct the number
of points indicated to define the section. i

END OF FILE ON CROSS SECTION POINTS

The last cross section points card was read and processing in this
program is completed.

NO CHANNEL DEFINITION RECORD FOR THIS SECTION CODE -
GOING ON TO NEXT CROSS SECTION SECT = XXX

There was no channel definition or an invalid channel definition was
given at the corresponding section number so no processing is done on
these cross section points.
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8)

MISSING NUMBER OF POINTS FOR CODE XXX FOR SECTION XXX

The first card to describe the cross section points of a section did
not have the number of points value to indicate how many points are
to be read to describe the channel. Make sure this is supposed to
be the first card of the section points and supply the number of
points value for the section; if it is not supposed to be the first
card of the section points put the cards in their proper sequence.
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9.1.5 ERROR MESSAGES IN CHANNEL DEFINITION PROCESSING

1) SECTION NUMBER INVALID OR MISSING, DATA CANNOT BE
WRITTEN TO THE OUTPUT FILE

There was an invalid section number on a CD or PTS card. Section
number must be between 1 and 200. Correct invalid data.

2) INVALID VALUE FOR THE NUMBER OF PIERS - MUST BE BETWEEN
0 AND 10 IF GIVEN

The number of piers on the CD card is invalid. Correct the invalid
data.

3) AVERAGE WIDTH OF PIERS IS INVALID OR NOT GIVEN WHEN
THERE IS A VALUE FOR NUMBER OF PIERS IN THE CHANNEL

When number of piers is given there must be a vaiue for average
width of piers. Correct whichever field is wrong.

4) CHANNEL HEIGHT IS INVALID OR IS NOT GIVEN
Correct the height data in the channel definition.

5) CHANNEL DIAMETER IS INVALID OR IS NOT GIVEN
Correct the width data in the channel definition.

6) CHANNEL WIDTH IS INVALID OR IS NOT GIVEN
Correct the width data in the channel definition.

7) THERE IS A DIFFERENCE BETWEEN THE NO., OF PIERS AND
THE NUMBER OF VALUES FOR PIER DEPTHS

If fewer depths are given for piers in an irregular section than the
number of piers indicated, then the remaining pier base values must
be added even if they are 0.0. If more depths are given only the
amount up to the number of piers declared will be considered.




8.1.6 ERROR MESSAGES IN CROSS SECTION POINT PROCESSING

1) ENCOUNTERED A POINT WHERE X = 0 AND Y = 0 BEFORE ALL
THE INDICATED POINTS WERE PROCESSED - ASSUMING ERROR

Only the first coordinate of the cross section points can be 0, 0 -
otherwise the program cannot distinguish between blanks and zeroes.
If point desired is 0, 0 use .01, .01 for approximate data. Correct
invalid data.

2) THE CROSS SECTION POINTS ARE OUT OF SEQUENCE FOR AN
IRREGULAR OPEN SECTION -~ MUST BE COUNTER - CLOCKWISE

FROM MINIMUM X

Check the sequence of points on the cross section point cards for
the data which is out of order. :

3) THE CROSS SECTION POINTS ARE OUT OF SEQUENCE FOR AN
IRREGULAR SECTION - MUST BE COUNTER - CLOCKWISE FROM

MINIMUM X

Check the sequence of points on the cross section point cards for
the data which is out of order. When maximum X is reached the
following X values must continually decrease.

4) MAXIMUM Y IS NOT AT EITHER SIDE OF AN OPEN IRREGULAR
CHANNEL ASSUMED BAD DATA AND PROCESSING IS STOPPED

For some reason maximum Y was not at the end of an open irregular
channel. Check input data and correct if wrong, otherwise see
programmer. - :
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6)

.7 COMPUTATION ERROR AND WARNING MESSAGES

INVALID RECORD CODE IN XXX, IREC = X, ELEMENT = XXX;

The subroutine, record code, and element number are printed. An

invalid record code was encountered, the record code value should be
between 1 and 9. This code is set internally in the edit phase so it is
a program problem - see programming staff. Processing is stopped.

WATER SURFACE ELEVATION GIVEN IS LESS THAN OR EQUALS
INVERT ELEVATION IN XXX, W.S. ELEV =INV = DC;

The subroutine name is printed. This is a warning message that there
was no water surface elevation inputted for either the headworks or
outlet or that the water surface inputted is less than the invert elevation

causing DC to be the controlling depth. Processing continues.

WENTDS, NO AREA OF OBSTRUCTION IN ELEMENT XXX, Al = XXX,
A2 = XXX;

The element number, area in the U‘/S end, and area in the D/S end
(based on depth from the U/S end) are printed. The area in the U/S
end must be greater than the area in the D/S end. Make sure this is
supposed to be a wall entrance and that the channel sections are
described properly. Processing is stopped.

W.S. ELEV. IS 10 FEET OR MORE ABOVE OPEN CHANNEL WALLS
IN XXX, STATION = XXX, D = XXX, DH = XXX;

The subroutine, station, depth, and maximum open flow depth are
written. Open flow depth reached the maximum limit in the program.
Raise the heights of the channel walls at this point and resubmit.
Processing is stopped.

OVER 50 RECORDS WRITTEN IN XXX ELEMENT = XXX
STATION = XXX;

The subroutine, element, and station are printed. The maximum
number of 50 intermediate points in a reach eiement have been
processec. Divide this reach element into two or more reaches at
the station printed and resubmit. Processing is stopped.

CANNOT SOLVE QUADRATIC FORMULA FOR START OF OPEN FLOW
IN RCHUS, STATION = XXX;

The station at the D/S end of the reach is printed. The solution to
solving the quadratic formula was negative for the length of reach

in pressure flow. There is no solution for this problem (it should not
occur), if it does this element must be hand calculated and the other
elements can be run with the hand calculated control depths.
Processing is stopped.
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10)

11)

OTLTJP HAS ERRONEOUS PROCESSING CODES, U/S CODE = X,
D/S CODE =X, D = XXX, DC = XXX;

The U/S and D/S processing codes, depth, and critical depth are
written. There must be at least U/S processing in the outlet.. This
is an internal program error because the processing codes for the
outlet are improperly set. See programmer. Processing is stopped.

A STATION ON THE U/S OR D/S FILE IS PAST THE END OF THE
REACH IN RCHJP, STATION FROM FILE = XXX, REACH

STATION = XXX;

The station from the U/S or D/S file and the station at the U/S or D/S
end of the reach are printed. The station on the file is not between
the U/S and D/S ends of the reach. This is an internal problem, a
station computed in U/S or D/S processing is in error or the value
for the number of U/S or D/S records written is in error. See
programmer. Processing is stopped.

THE KNOWN DEPTH EQUALED THE NORMAL DEPTH IN BERNLI,
DEPTH = XXX;

The known depth is printed. This is a warning message that normal
depth has already been reached. The depth at the end of the reach is
set equal to normal depth. Processing continues.

THE UPPER AND LOWER LIMIT VALUES CALCULATED IN BERNLI
WERE THE SAME, LOWER LIMIT = XXX, UPPER LIMIT = XXX;

The values from Bernoulli's equation based on the lower and upper

limit depths are printed. This is a warning message indicating that
depth cannot be found by Bernoulli's equation and that the upper and
lower limit depths are the same. The depth at the end of the reach
is set equal to the current known depth. Processing continues.

THE VALUE TO SOLVE FOR DEPTH IN BERNLI IS NOT BETWEEN
THE UPPER AND LOWER VALUE LIMITS, DESIRED VALUE = XXX,
UPPER LIMIT VALUE = XXX, LOWER LIMIT VALUE = XXX, UPPER
LIMIT DEPTH = XXX, LOWER LIMIT DEPTH = XXX;

The value needed to solve Bernoulli's equation, the upper and lower
limit values from Bernoulli's equation, and the upper and lower limit
depths are printed. This is a warning message indicating that depth
to solve Bernoulli's equation cannot be found between the limits where
it is expected. Depth at the end of the reach is set to the current
known depth or to normal depth depending on whether the desired value
to solve Bernoulli's equation is greater or less than the prescribed
limits. Processing continues.
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13)

14)

15)

THE XX FILE DOES NOT HAVE DEPTH AT THE HYDRAULIC JUMP
IN JUMPR;

The U/S or D/S file is printed. The station of the hvdraulic jump
cannot be computed although it is indicated to exist because the U/S
and D/S force curves crossed. The actual location of the jump is not
included on either the U/S or D/S file. This is an internal problem
and should not happen. Check U/S and D/S reach processing to see
if they are valid (print switch = 2). See programmer. Processing
is stopped.

NO INTERSECTION OF FORCE CURVES COULD BE FOUND FOR THE
HYDRAULIC JUMP IN JUMPR;

A hydraulic jump was indicated but there was insufficient data on the
U/S and D/S files to locate the point of intersection. This is an
internal problem and should not occur. Check U/S and D/S reach
processing to see if they are valid (print switch = 2). See
programmer. Processing is stopped.

THE FORCE AT THE HYDRAULIC JUMP IS NOT BETWEEN THE
FORCES FROM THE UPPER AND LOWER LIMIT DEPTHS, UPPER
LIMIT DEPTH = XXX, LOWER LIMIT DEPTH = XXX, UPPER LIMIT
FORCE = XXX, LOWER LIMIT FORCE = XXX, FORCE AT JUMP =

XXX IN PPMDEP;

The upper and lower limit depths (depth from either side of indicated
nydraulic jump), the upper and lower limit forces, and the force at
the hydraulic jump are written. The force at the jump should be equal
or between the forces on either side of the jump but this was not the
case. Either the force given for the jump or the points given from
the U/S or D/S file adjacent to the jump are wrong. Check the U/S
and D/S files for valid data (print switch = 2). This is an internal
problem. See programmer. Processing is stopped.

THE TEST DEPTH EXCEEDED THE UPPER LIMIT DEPTH BEFORE
THE FORCE AT THE JUMP WAS REACHED, TEST DEPTH = XXX,
UPPER LIMIT DEPTH = XXX, TEST FORCE = XXX, JUMP FORCE =
XXX IN PPMDEP;

The iterated depth, upper limit depth, iterated force, and force at
the hydraulic jump are printed. The depth causing the force at the
hydraulic jump should be equal or between the depths on either side
of the jump but this was not the case. Either the force given for the
jump or the points given from the U/S or D/S file adjacent to the
jump are wrong. Check the U/S and D/S files for valid data (print
switch = 2), This is an internal problem. See programmer.
Processing is stopped.




16)

17)

18)

ELEMENT NO. XXX HAS DNORM OR DCRIT LESS THAN OR EQUAL
TO ZERO IN ELMCHG;

The element number is printed. Either normal depth or critical depth
could not be computed for this reach. This should not happen, check
the channel description for the reach element. Hand calculate normal
and critical depths and if they exist in the channel description see a
programmer because either function DNORM or function DCRIT is in
error. This exists as a warning message and processing will
continue but will probably terminate before the end of the run.

XXX ERRORS WERE ENCOUNTERED IN SETTING THE PRELIMINARY
VALUES IN ELMCHG;

The number of errors in analyzing adjacent elements and flow rates
and computing critical and normal depths in written. These errors
must be corrected and the program must be rerun before actual
processing will start. If this message occurs on the same run for
other than the first flow rate there is an internal problem, then

see the programmer. Processing is stopped.

NO XX RECORDS EXISTED WHERE INDICATED - ELEMENT NO.
XXX IN WRITEN;

The U/S or D/S file and the element number are printed. The U/S or
D/S processing code indicated the computation for the element was
valid but there were no records on that file for the element. This is
an internal problem with the processing codes. See programmer.
Processing continues with the next element.

THERE WAS NO JUMP INDICATED WHEN BOTH U/S AND D/S
RECORDS EXISTED FOR ELEMENT XXX IN WRITEN;

The element number is printed. There was a problem in the jump
processing for this element. Either one of the profiles should be
deleted or a hydraulic jump should be indicated. This is an internal
problem, see programmer. Processing continues with the next
element.

A JUMP WAS INDICATED BUT THERE WERE NOT RECORDS ON
BOTH THE U/S AND D/S PROFILES FOR ELEMENT XXX IN
WRITEN;

The element number is printed. There was a problem in the jump
processing for this element. If the entire U/S or D/S profile is
deleted then there cannot be a jump and if there is a jump there
must be U/S and D/S profile data. This is an internal problem,
see programmer. Processing continues with the next element.
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THERE WERE NO RECORDS FOR ELEMENT XXX IN WRITEN;

The element number is printed. This is a warning message to indicate
there was no U/S or D/S processing for this element. Check the U/S
and D/S profiles (print switch = 2) to verify this. If there is data
there is an internal problem, if there is no data check the construction
of the element. Processing continues with the next element.

NO PLOT GENERATED, BAD DATA OR NOT ENOUGH POINTS, 3 OR
LESS;

If there are only 3 elements being run no plot will be generated, other-
wise there was a problem in processing one of the elements and there
is an internal problem. This is a warning message and processing
continues.

ELEMENT NUMBER XXX HAS ADJACENT ELEMENTS WHICH ARE
IN ERROR;

The element number is printed. There is an error in the sequence of
elements submitted (such as bridge exits back to back) which are not
allowed. Check the sequence of the elements, correct the error, and
resubmit the data. This is a user error, seguence checking will
continue but actual processing will be stopped.

XXX DEPTH COULD NOT BE FOUND IN ELEMENT XXX;

Either normal or critical depth and element number are printed.

There is either an error in function DCRIT or DNORM or there is a

bad channel description. Hand calculate the value and if it is valid
for the channel see a programmer. The elements will continue to
be checked but no actual processing will take place until the error
is resolved.

- IRREGULAR XXX VALUES ARE ZERO OR NEGATIVE, SET XXX

EQUAL TO ZERO, XXX = XXX, PIER XXX = XXX, IN XXX;

Either force, area, or wetted perimeter values are printed from
functions FORCEI, AREACI, or WETPI for irregular sections.
The appropriate data could not be computed in this irregular
section. The problem is internal. The cross section points used
for the computation are probably distorted. See a programmer.
The desired value is set to zero and processing continues but will
probably be in error and processing will probably terminate before
the end of the run.
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PIER WIDTH 1S WIDER THAN CHANNEL WIDTH IN XXX, DEPTH =
XXX, PIER WIDTH = XXX;

Zither force, area, or wetted perimeter, depth, and average pier width
is printed. The width of the number of piers at the given depth is wider
than the channel width at that depth. This is a user error. Correct the
input data and resubmit. The desired value is set to zero and processing
continues but results will probably be erroneous and the program will
probably terminate before the end of the run.

DEPTH EXCEEDS XXX WITH FORCE TOO LOW IN FORCEM, TEST
DEPTH = XXX, TEST FORCE = XXX, XXX = XXX, DESIRED FORCE =

XXX

The iterated depth and force, the maximum or minimum depth, and the
desired force value are printed. The desired force in the bridge exit
could not be reached within the prescribed depth limits. The desired
depth is set to zero and no processing is done in that end of the bridge
exit. Processing continues with the next element.

DESIRED FORCE IS OUT THE RANGE OF DEPTHS IN FORCEF, TEST
DEPTH = XXX, TEST FORCE = XXX, XXX = XXX, DESIRED FORCE =

XXX;

The iterated depth and force, the maximum or minimum depth, and the
desired force are printed. In D/S processing the desired force in the
D/S end of the bridge entrance could not be reached within the prescribed
limits of depth so the desired depth is set to zero and no computation is
done in the D/S end. In U/S processing the bridge entrance was under
pressure at the U/S 2nd so pressure flow calculations will be done.
Processing is continued for pressure flow going U/S and in the next
element going D/S.

DESIRED FORCE IS OUT OF THE RANGE OF DEPTHS IN FWALL,
TEST DEPTH = XXX, TEST FORCE = XXX, MINIMUM DEPTH = XXX,
DESIRED FORCE = XXX;

See Message 28 for D/S bridge entrance only use wall entrance instead.

DEPTH IS OUTSIDE THE RANGE OF THE POINTS DESCRIBING THE
CHANNEL IN XXX, DEPTH = XXX, YTMIN = XXX, YMAX = XXX;

Either force, area, or wetted perimeter values for depth and minimum
and maximum Y values are printed. If the depth is not above maximum
open flow depth there is an internal error, see programmer. If the
depth exceeds maximum open flow depth raise the channel walls. The
desired value is set to zero and processing continues but will probably
be in error and processing will probably terminate before the end of
the run.
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34)

36)

UNABLE TO CALCULATE FRICTION SLOPE WITH MANNINGS
EQUATION IN SF, AREA = XXX, WETTED PREIMETER = XXX;

The area and wetted perimeter are printed. Either the area or
wetted perimeter should be less than or equal to zero. This is an
internal problem, see programmer. Processing is stopped.

CRITICAL DEPTH MAY BE INACCURATE IN ELEMENT XXX,
INCREMENT = XX;

The element number and increment value are printed. If the
increment is large then critical depth is probably above the top of
the channel but is set equal to the channel height. If the increment
is small critical depth is probably pretty accurate but for some
reason it cannot be computed precisely. This is a warning and
processing continues.

Q VALUES IN THE JUNCTION ARE INCORRECT FOR DEPSMP,
QL = XXX, Q2 = XXX, Q3 = XXX, Q4 = XXX;

The Q values for both U/S and D/S ends and for the laterals are
printed. Q2 should equal the sum of the other Q's. If it does not
there is an internal error in subroutine ELMCHG, see a programmer.
If these Q values are in error, resubmit the input data with the
correct Q values. Processing is stopped.

A LATERAL ANGLE OF CONFLUENCE IS GREATER THAN 20
DEGREES IN DEPSMP, FIRST ANGLE OF CONFLUENCE = XXX,
SECOND ANGLE OF CONFLUENCE = XXX;

The angley of the laterals are printed. This is a user error, check
the values inputted for the angles of the laterals, they should be in
degrees. Processing is stopped.

INVALID PROCESSING CODE WAS ENCOUNTERED IN XXX,
PROCESSING CODE = X, AND IT SHOULD BE 1 OR 2;

Function DEPSMP, SUMM, or SUMP is printed with the processing
code. The processing code should be 1 for D/S processing and 2 for
U /S processing representing the known end of the element. This
code is internally set just before the function is called so it is a
programming problem. Processing is stopped.

MOMENTUM AND PRESSURE CURVES DID NOT CROSS IN DEPSMP,
SETTING DEPTH EQUAL TO UPPER LIMIT DEPTH PLUS ONE FOOT,

DEPTH = XXX;

The depth is printed. The intersection of the pressure and momentum
curves was above the maximum open flow depth. For a closed channel
pressure flow calculations will be executed, otherwise, processing
will stop because depth is too high in an open channel. This is a
warning message.
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9.1.8 DEBUG MESSAGE

NO COMPUTATION IN XXXX - A BREAK IN WATER SURFACE PHOFILE,
STATION = XXX, XXXX

The station, subroutine, and paragraph number are printed. This is
a notification message which identifies whether there was any
computation for the U/S or D/S end of an element.

Other messages printed in debug trace have the subroutine or function
and paragraph number printed.
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10.1 SYSTEM RECOVERY PROCEDURE

If any job fails to process to a normal end for any reason, please

contact the Data Processing Section and bring all pertinent information
with you to aid in solving the problem.
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111 PROGRAM LIMITATIONS

1) A maximum of 200 elements are allowed per run.

2) A maximum of 50 intermediate points can be computed in a reach
element.

3) Critical depth cannot exceed 100 feet.

4) Program will not compute the water surface profile when the friction
slope is at one or greater.

5) Open channel processing is limited to a depth ten feet above the height
of the described element.

6) Undulating bottoms cannot be calculated properly in an irregular shaped
section unless the depth of flow is above the undulations.

7) The program will not accept vertical drops in invert elevations.

8) Calculations in the Water Surface profile print out may be slightly
inaccurate (to .001) due to rounding variables to be contained on the
U/S and D/S data files.

9) The invert cross fall "e" in inches is optional and may be used cnly
with channel type two, a rectangular open channel or R.C. Box Sections.
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12. APPENDIX

This Appendix contains the computational symbols, methods, procedures,
and equations used in the program.
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12.1 SYMBOL DEFINITICNS

mtm
q"e

GRHEEe™
: 3

X
ot

R

e

81%’%'1@:00'11%33

Definition

Cross sectional area of flow

Cross sectional area of pier

Base width of channel

Net base width of channel

Average base width of piers

Depth of flow

Critical depth

Length between two stations

Drop in invert between two points
Maximum open flow depth in a section:
Ten feet above channel height in open section,
Height of channel in closed section
Nommal depth

Specific Energy

Energy Grade Line elevation

Invert cross fall in inches may be used with
channel type two only (optional)

Force

Gravitational constant (32.2 ft/sec/sec/)
Head loss due to angle point

Head loss due to bend or curve

Bead loss due to friction

Head loss in a junction

Head loss in a manhole

Head loss in a transition

Ve_ocity head

Invert elevation in a channel section
Mamentum

Manning's n, coefficient of rouwghness
Number of piers in a section (max. of 10)
Hydrostatic Pressure

Flow rate

Radius of pipe

Hydraulic radius

Radius of curve on horizontal aligrment
Friction slope (energy loss per foot)
Critical slope (slope at critical depth)
Invert slope

Super elevation

Station

Velocity

Wetted perimeter

Water Surface or Hydraulic Grade Line Elevation
Left side slope

Right side slope
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These variables may have one of two suffixes

1: Identifies the variable at the upstream end of an element.
2: Identifies the variable at the downstream end of an element.

Example: V1: is velocity at the upstream end
V2: is velocity at the downstream end.

Throughout this program: U/S is the upstream end
D/S is the downstream end
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12.2 IRREGULAR SECTION DEFINITIONS

Points i(X,Y) from i =1 toi = n, in counter clockwise direction (3 <n<99)
define an irregular cross section.

X(i) : X coordinate of point(i)
Y(i) : Y coordinate of point(i)
Y(p) s Y cqordinaée oé base of pier, from P =1 to P = n given from left
to right (0=n=10)
A X)) = X({) - X(i-1)
AY(@H) = Y(i) - Y(i-1)
Ymin = The least Y(i)
Y(i) =  Y(i)=Ymin, subtract Ymin from every Y(i) on file
Y(P) = Y(P)-Ymin, subtract Ymin from every Y(P) on file
Ymax : Maximum open flow depth in a cross section
All points whose Y (i) > Ymax will be dropped from file
Y(D) : Depth of flow in a section part full or under pressure
DH = Ymax + 10' in an open top section
DH = Ymax in a covered section

Point iBEG(X,Y): Contact Point of W.S. and the left bank.

If [Y(D)2 Ymax] then YGBEG) = Ymax
and X(iBEG) is least X for Ymax

If [Y(D)< Ymax] then Y(BEG) = Y(D)
X({BEG) = [ A X(i+1) /AY(i+1); [Y(D)-Y ()] ~ X(i)

where Y(i) and Y(i+1) are the domain of Y(D) from Y(1) to Ymin.
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Point iEND (X, Y): Contact Point of W.S. and the right bank.

If [Y(D) 2 Ymax] then YGEND) = Ymax

and X(iEND) is the maximum X with Ymax.

If [Y(D)< Ymax] then Y(iEND) = Y(D)
X(HEND) = [AX(i+1) / AY(i+1)] [Y(D)=-Y(i)] = X(i)

where Y(i-1) and Y(i) are the domain of Y(D) from Ymin to Y(n).
Let Point 1 (X,Y) = Point iBEG (X, Y)

X(iBEG)
Y(HBEG)

where X(1)
Y(1)

Let Point n (X, Y) = Point iEND (X, Y)

where X(n) = X(iEND)
Y(n) = Y(1IEND)

Also Point n+1 (X,Y) = Point 1 (X,7Y)

where X(n+1) = X(1)
Y(n+1) = Y(1)
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12.3.1 AREA (A)

The

Area (A) of flow is a function of the depth of flow and the geametry of the

channel or conduit section.

1e

w
.

4,

S.

6.

9-28-81

CRN. TYPE 1:
A =D [bnet + 0.5 D (ZI+ZR)]
CRAN. TYPE 2:
A = [D . bnet)] - [e . bnet/24]

CRAN. TYPE 3:

If D is less than Chan. height (H) see Process 1. Otherwise:
A =H [bnet + 0.5 H (2I#2R)] - [0.25 (1 + NOP)]

CHAN. TYPE 4:
If D is equal or greater than Diameter
A= T ®?*

otherwise

A = (D-R) \/m- (D)* + [T (R)* ,180] [Arcsin ((D-R)/R)] + 7T (R)Y/2

CHAN. TYPE S:
t=ny/ P=n

A= ) AX() (D) - ¥()] + 0.5[AK(1) = A YW - (5p) (YD) - ¥(P)]
(-2 Pey

CRN. TYPE 6:

See Process 5.
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12.3.2 WETTED PERIMETER (WP)

WP is a function of the depth of flow and the geometry of the conduit or
channel section.

.

CHAN. TYPE 1:

H 2
WP =D [ \l1 +(zLY + \1+(ZR) +(2+NOP)] + bnet

CHAN. TYPE 2:

WP = 2D (1 + NOP) + bnet
CHAN. TYPE 3:
If D is less than chan. height (H) see Process 1. Otherwise

wP = p{\[1 +(zL) =\1 +(ZR)° +(2-NOP)] + [2bnet] + [H (ZL + ZR)]

CHAN. TYPE 4:
If D is equal or greater than pipe diameter (2R) then

WP = 27R
Otherwise

WP = [TTR/90] [ARCCOS ((R-D)/R)]
CHAN. TYPE 5:

=n e
WP = ‘\: \N[AR@]T +[a¥Y®F - ) 2[¥D) - Y@®)]-bp
U= 2. P=\

CHAN. TYPE §:

If D is less than Ymax see Process 5. Otherwise

P

]
3

[~

N[ axXW +[ avan® 2 [¥(D) - Y(P)] - bp

"
N
]
i
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12.3.3 HYDROSTATIC PRESSURE (P)

Pressure is a function of the depth of flow and the geometry of the conduit or
channel section.

1.

(8]
.

w
.

1

CHAN. TYPE 1:

z
P = 0.5 (D) [bnet +D (ZL + ZR)/3] , where bnet =b - (NOP - bp)

CHAN. TYPE 2:
=
P = 0.5 [bnet (D) ]

CHAN. TYPE 3:

If D is not greater than chan. height (H) see Process 1. Otherwise:
2 2
P = 0.5 (D) [bnet +D (ZL+ZR)/3] - 0.5 (D=-H) [(1/3XZL+ZR)2H + D) + bnet]

CHAN. TYPE 4:

If D is equal or greater than the pipe diameter then
P = (D-R) 7 (R)"

Otherwise: C = (D/R) and:

¥ —
P = (K /3) 1[(C)z - (20)+3) \2C - (] +[ & (C-1)] [30 + ARCSIN (C-l)]}

CHAN. TYPE 5:
i:;-kl
P =0.5)AXE) [D-YW)) + AXMG) AYE) [D - Vi) +AYE)/3] -Zo.s bp [D - Y(P)]

. ——
¢ - P=) d

CHAN. TYPE 6:

Paen
2

If D is not greater than Ymax see Process 5. Otherwise:
=Wl

P = Z 0.5AX(H) D-YW*+0.5AXE) AYE [D-YE + AY(E)/3)

L= 2
Pz=aw_

- ) bp [Ymax - Y(®P)][D - 0.5 Ymax - 0.5 Y(P) ]
.
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12.3.4 DEPTH OF FIOW (D)

Depth computation when area of flow is known.

1. CHAN. TYPE 1:

A
Dim - ul -bnet + \/(bnet) + 2(2L + ZR) [A]}
Lo yfon

2. CHAN. TYPE 2:
D = (1/bnet) [A] + (e.bnet/24)

3. C&AN. TYPE 3:
Compute AH (The Full Area of a closed section).
If A is less than AH see Process 1. Otherwise:
D = HGL - Inv.
4. CAN. TYPE 4:
Compute AH.
If A is not less than AH
D = HGL - Inv.
Otherwise
Find D by trial and error from Area of part full pipe.
5. CHAN. TYPE 5:
Find D by trial and error from Area of part full section.
6. CHAN. TYPE 6:
Compute AH
If A is nét less than AH then
D = HGL - Inv
Otherwise
Find D by iteration from Area of part full irregular section.

98

9-28-81




12.4 COMPUTATIONAL PROCEDURES

Assumptions are: Steady one dimentional flow and incompressible fluids.

12.4.1 BASIC EQUATIONS CF STEADY FLOW

a) Egquation of Continuity

Al1.V1 = A2.V2 = Q

b) Manning's Formula (friction slope)

2 2
Sf = {Qn/[1.4asA(RH)3 3}

c) Bernoulli's Equation (open flow)

| 2
D2 +HV2+ AL Sfav=D1+HV1+ ALSo whereHV =V/ 2g

d) Bernoulli's Equation (pressure flow)

C2+HV2+ ALSfav+Hm=D1+HV1+ ALSo

where Hm is miscel.losses.

e) Angle Point Loss

Hapt = 0.0033 € HV

Where ©- is deflection angle in degrees. The District recommends

not to exceed 6° .-

f) Bend L.oss

HB = 0.2 HV \" A /90

where A is central angle of bend in degrees.
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g)

h)

i)

i)

k)

Manhole Loss
Hmh = 0.05 HV (No. MN) where No. MH is number of manholes in a reach

Specific Energy

E=D+HBV

Pressure - Momentum

P2+M2=P1+M1=F
Z
where M = (Q)~ / (Ag)

Critical Depth Dc

Dc is the depth of flow at minimun energy, to find Dc by parabolic method
see References 12.6.4 otherwise iterate for Dc in the specific energy equat.

Ec =f (Dec) = Dc +HVC

Normal Depth Dn

Dn is the depth of uniform flow and is found by iteration from Manning's
formula

2 \
ARH)” =£(Dn) = [Qn] / [1.486 So * |
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12.4.2 REACH ANALYSIS

a)

b)

Open Flow
Intermediate points are computed on the W.S. profile in a reacn using
the standard step method. The difference in velocity head between two
adjacent points is held to a maximum of ten per cent.

AL = (E2 -E1)/ (So - Sfav)

Pressure Flow

EGL 1 =EGL 2 +Hf +HEm
D1 =EGL1-HV1 -INV. 1

If W.S. profile rises to the soffit of a conduit before the end of the
reach or if the H. G. L. breaks seal before the end of the reach,
minor losses are adjusted to reflect only the portion of the reach
under pressure.

Super Elevation (S.E.)

Super elevation is computed in curving channels as follows:

CHAN. TYPE 1: (Trap. Sect.)

Subcritical flow: S.E. =1.15 [HV/r] [b + D (ZL + ZR)]

2.6 [HV/r][b+D (ZL + ZR)]

Supercritical flow: S.E.

CHAN. TYPE 2: (Rect. Sect.)

Subcritical flow: S.E. =HV b/r

Supercritical flow: S.E. = 2 HV b/r
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12.4.3 TRANSITION ANALYSIS

If V2 is greater than V1 then
Ht= 0.1 [HV2 - HV1]
otherwise

Ht = 0.2 [HVI1 - HV2]

12.4.4 JUNCTION ANALYSIS

AY = [(Q2.V2) - (QL.V1) - (Q3.V3.COSO3) (1/g) (1/A ave)] + AL Sf av

where A ave = [(Al + A2)/2]
and AY=D1+AH-D2

HI = AY+ HV1 - HV2
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12.4.6 WALL ENTRANCE ANALYSIS (Sudden Contraction)

Lower Stage Profile (U/S Control)

Find depth at the D/S end by iteration in the eguation.
M2 + P2 = M1 [(A1-A1WALL) / A1] + P1 - P1 walls

where Al wall is the area of the obstructed part of Al. And P1 wall is the
pressure on the obstructed part of Al

Uppér Stage Profile (D/S Control)

If the control depth is less than the conduit height find the depth at the U/S
end from '

M2 + P2 = M1 [(A1-A1WALL) / A1] + P1 - P1 wall
otherwise find D1 by iteration from the following equation:
D2 +HV2 +Kc ABS [HVZ2 - HV1] = D1 + HV1

where Kc ABS [HV2 - HV1] is the head loss at WE.

Kc = 0.5 unless given otherwise

ABS = the absolute value

12.4.7 WALL EXIT (Sudden Expansion)

Energy loss in a wall exit = 1.0 ABS [HV2 - HV1]
In WX find D1 or D2 by iteration in the following

D2 +HV2 +1.0 ABS [HV2 - HV1] = D1 + HV1
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12.5 PICTORIAL OF INPUT DECK

9- CarDs

P-rs—Cnrjps

ﬁ C ARDS

JeL-¢ AR DS o5 P3
(Pts Camos
(CO Canocs
(Evam crres] | I
TiTLeCages Lot

ch'Ca3os

| | Co~15°\-C =0
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